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ABSTRACT

The Middle Cambrian to Middle Ordovician Cow Head Group, western
Newfoundiand, was deposited at the toe-of -slope and continental rise of a passive rhargin
adjacent to a carbonate platform. Early Ordovician (Arenig) strata are characterized by

massive megaconglomerates interbedded with deep-water carbonates and siliciclastics and

minor conglomerate. The St. Pauls Inlet and Martin Point sections arc.' interpreted as
intermediate and distal facies, respectively, of this sequence. Arenig strata in these and in
other Cow Head sections of the St. Pauls Member of the Green Point Formation record the
transition from a tectonically passive to a tectonically active margin. In the Middle Ordovician
these rocks were thrust over coeval platform strata.

Previous conodont investigations focused entirely on sections on the Cow Head'
Peninsula. This study is an investigation of the biostratigraphy, palececology, and the
taxonomy of Arenig conodont faunas from bedded strata of both the St. Pauls Inlet and
Martin Point sections - Each seclic;n was measured and sampled inlcns.ivcly. with 3.5 kg. -
samples taken at approximately 1 m intervals. The majority of processed samples were
limestones which were dissolved in 10-15% acetic acid, and then sieved, separated, and picked
for conodonts. A total of 35,659 conodont elements were recovered from 64 limestone and
shale samples.

Apparatuses of Lenodus Sergeeva, Oistodella Bradshaw, and Spinodus Dzik are
described. The occurrence of Oepikodus communis Ethinglon and Clark below the first
occurrence of 0. evae (Lindstrém) supports the hypothesis that Lhc?e species belong to
separate ﬁncgges. Morphologic evidence from Cow Head material supports the assignment of
elements rcsémbling "Secolopodus” gracilis Ethington and Clark s.f. to monoelemental species
of Parapanderodus Stouge. Periodon flabellum evolves gradually into Periodon ;adeam. with

early, intermediate, and late forms of the latter species recognized. The triangulariform

element of Protoprioniodus papiliosus van Wamel is recognized as belonging in the apparatus




\

of this spet\:ies in Cow Head cc;lleclions. Elements representing an!ifucr'mediatc cvolu'tionax;y
stage of “Scolopodus” peselephantis Lindstrom are recognized. A nvcw species is described :
Polonodus? pe&vyl n.sp..

Fivc faunal assemblages (Al-AS) are recognized in Arenig rocks at St. Pauls Inlet. An
additional late Arenig fauna was recovered from a limestone clast in the Lower Head
Formation overlying the Cow Head Group at Martin Point. The early 10 middle Arenig North
Atlantic Province Paroisu;dus proteus, Prioniodus elegans, and Og;ikodus evae Lones are
recogriized in Beds 9-11 at St. Pauls Inlet. In these same beds North American Midcontinent
Fauna D and the Oepikodus comimunis Zone are recognized. Fauna 2 is recognized in Beds
13-15. Beds 9-12 are dated using conodonts as'uppermost Canadian and Beds 12-15"as
Whiterockian, The Arenig-Llanvirn boundary may lie ih uppermost Cow Head strata at St.

Pauls Inlet. Arenig strata at St. Pauls Inlet can be correlated with those on the adjacent

platform and equivalent sequences around the North American craton and in Argentina and

Australia, The bases of the Tetragraptus approximatus and Paroistodus proteus zones coincide

“in both sections. Cofiodont - based correlations at St. Pauls Tnlet support correlations based on’
macrofossil c\‘ridcnce. /

The size and robustness of conodont elements in bedded carbonates was found 10 be
correlative with grain size. The abrupt tmover from Oepikodu;s-dominated 1o
Periodon-dominated faunas is documented in Bed 11 at St. Pauls Inlet. Significant changes in
paleoecological patterns and major i;1ﬂuxcs and extinctions of taxa commonly coincide with
each other and with major lithologic changes representing the onset or termination of aerobic,
condc;nsed ind anaerobic phases in Arenig Cow Head strata. The predomiﬁancc of deep water
taxa in Beds 9, 10, and the lower part of 11, and the predominance of shallower water taxa fn
upper Bed 11, and Beds 12-15 support the interpretation that lower to middle Arenig Cow

Head strata at St. Pauls Inlé¥ are transgressive and middle to upper Arenig strata are

regressive, . .
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- 1. INTRODUCTION

" 1.1 Previous studies

1.1.1 Stratigraphic studies
The Cow Head Group is a sequence of interbedded limestones, shales and siltstones
between sometimes massive limestone conglomeral‘e beds ( =megaconglomerates: for’

terminology see James and Stevens, in press). The group has its type section on the Cow Head

Péninsula and extends from Daniels‘Harbour in the north to at least Rocky Harbour in the

south (Frgure 1). The firct modern comprehensive study of the Cow Head Group (Kindle and

Whiuington, 1958) was undertaken by Schuchert and Dunbar (1934). In this important work

- they established the stratigraphic nomenclature with descriptions for many of the rock units

within this group and for correlative strata. Johnson (1541). using graptolite biostratigraphy,
showed that the predominantly argillaceous rocks.of Schuchernt and' Dunbar's'brccn Point
Series were equivalent in age to the predominantly carbonate St. George and Table Head )
series. He also suggested that the Green Point rocks were perhaps emplaced by ‘thrusting from
the east. Oxley (1953) published the first geologica} map Qf the Cow Head Group. Hcl‘furthcr
subdivided lhe Green Point Series into the St. Pauls and Green Point groups on the basis. of
graptolites. In these studles the Cow Head Breccias were considered to be a different age .from
the Green Point Group. The age of the breccias was (houghl 10 be Middle Ordovrcran Whrlc
the Green Point rocks were considered Early Ordovician (Schuchert and Dunbar, 1934; Oxley,
1953).

A major revisi'on of the stratigraphy of the Cow Piead rocks was undertaken By _
Kindle and Whittington (1958). They showed that the Green Point strata and the Cow Head

Breccias are essentially coeval. In addition, they suggested a syndcposiliona! origin of the

brcccras which constrasted with earlier tectonic interpretations. Until recently, IhlS papcr was

~ the single most comprehensive refcrcncc on the Cow Head Group
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FIGURE 1--Map of western Newfoundland showing major tectonic elements of the
Humber Zone (Williams, 1979). Humber Arm Allochthon extends from Daniels
Hal.'bour to Stephenville; Hare Bay allochthon by St. Anthony. Study area
indicated by rectangle (after James and Stevens, in press).
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Rodgers and Neale (19(;3) suggested that the Cow Head Group and Humber Arm
Supergroup (Stevens, 1970) are allochthonous, originating from east of White Bay. A
comparison-between these units and the Taconic Klippen of New York State suggcsted. that
the Cow Head and Humber Arm strata are of deep water origin. Gravity sliding from the east
was considered the mechanism of transport which emplaced these rocks aiop autochihonous
platform strata (Rodgers and Neale, 1963). Stevens (1970) interpreted these allochthonous
rocks in terms of a plate tectonic model suggesting that overthrusting came about during the
closure of the Proto-ALlan}ic or lapetus Ocean. The Cow Head Group was interpreted as
accumulating on the slope of a passive continental margin. Carbonate debris flows were
derived from the edge of an-adjacent carbonale platform.

Nowlan s (1974) study of conodonts from the Cow Head Peninsula used a
depositional mode! similar to that of Stevens (1970). However, Hubert er af. (1977) proposed”
a radically differe:l model ir which the continental slope was a series of oblique ridges with
slumping occurring off both sides of cach ridge. More recent work has attempted to show that
depositional patterns in the Cow Head Group can be explained using a simpler model with
debris flows originating at the carbonate platform edge and on the upper slope and moving
downslope. James and Stevens (in press) and Hiscott and James (1985) dcmonstra.lc that the
Cow Head Group has a definite proximal to distal polarity {rom the northwest to the
southeast. This northeast 1o southwest trend is thought to 1epresent the original paleoslope
(Hiscott and James, 1985). The most proximal facies are distinguished by megaconglomerates
characterized by large blocks commonly of shallow water origin (J.;\mes and Stevens, in press).
These flows commonly downcut into underlying bedded strata. In the more distal facies the
megaconglomerates are thinner and finer with the bedded strata more comptete. Individual
conglomerates can be traced many tens of kilomnetres from their proximal to distal ends.

Other recent works concerning the authochthonous platformal strata of the St. George .
and Table Head groups include Knight (1977, 1983), Knight and Boyce (1984), Klappa et al.
(1980) and Knight and James (in press). The straligraplhy of both units has recently been

revised with several new formations proposed. These studies document the effects of eustatic




and tectonic events on sedimentation patterns in platf ofmal strata in western Newfoundland
from the Early to Middle Ordovician (e.g. Stouge, 198D; Barnes, 1384; Knight and Bovce,

1954).

1.1.2 Biostratigraphic studies

The carly iostratigraphic studies of the Cow Head Group were done in conjunction
with the stratigraphic studics mentioned above (e.g. Schuchert and Dunbar, 1934, Johnson,
1944, Oxley, 1953). Correlation w;s largelv based upon graptolite occurences with particular
reference to the shale sequences of New York State (e.g. the Schaghticoke and Deepkill
* shales, Ross er af., 1982). Shetly fossils were compared primarly with those of North
American cratonic sequences. Kindic and Whittington (19585 attempted to zone the Cow Head
Group using trilobites and graptolites. Trilobites were found te be of both Pacific and
Atlantic provincial affinity, thus enabling correlation of the Cow Head faunas in terms of
both North American and Europcan zonation schemes. The graptolite faunas showed close
affinity to those from the Victoria sequence in Australia. Here lay the first hint of the Cow
Head Group’s potential for correlating the North American-Pacific faunal successions with
those of Europe.

Erdimann’s (1971) study of graptolites from the Cow Hcead Group and adjacent
sequences also recognized a distinctive faunal grouping of Pacific and Baltic graptolite
associations. He suggested that these associations were separated by some physical barrner,
such as an island arc system, in the Early Ordovician and that their present close apposition is
explained by the closure of the lapetus Ocean in the Middle Orddvic:an (Erdtmann, 1971).
The co-occurrence of North American and European shelly fossils, graptolites. and conodonts
was again rccognifcd in a recent study by Fortey er a/. (1982). This work on the
Cambro-Ordovician boundary in the Cow Head Group at Broom Point illustrated the
difficulties encountered in correlating European and North Amenican series and system
boundaries. It is also one of the first attempts to use a nun;bcr of fossil groups 1o solve the
Cambro-O:;ovician boundary problem in the Cow Head Group. .

1




- 1.1.3 Conodont binstratigraphy and provinciality

Provincialism in Ordovician conodonts was first recogmzed in work carried out by
Sweel e al. (i959) and by Sweet and Bergstrom (1962). Most conodonts in this and previous
studies of the Cow Head Group can be assigned to either one of two faunal provinces for the
Early Ordovician. These are the Midcontinent and North Atlantic Faunal Provinces (e.g.
Barnes and Fihracus, 1975). These provinces are characterized by the occurrence of conodont
faunas which were adapted 1o clevated temperatures and salinities { Midcontinent) or norntal
marine salinities and cooler temperatures ( North Atlantic). Conodonts presumablylfapied 1o
the former conditions were described from the Midcontinent of North Arﬁcrica by workers
such as Branson and Méhl (1933), Furmish (1938), Ethingion and Clark (1964, 197]), Sweet
et al. {1971) and others. Conodonts more cosmopolitan in character that were adapted to the
latter conditions were described from the Baltic refion of Furope by Pander (1856).
Lindstrom (1955), Sergeeva (1962), Viira (1966), and Lofgren (1978). Separatc zonation
schemes have been erected {or each faunal province. Ethington and Clark (1971) erected such
a scheme for the Midcontinent while Lindstrom (1971) suggested onc for the North Atlantic
I’rovince. Since these zonalions were established refinements have been proposed by van

Wamel (1974), Lofgren (1978) and Ethington and Clark (1982).

1.1.4 Conodont biostratigraphy in the Cow Head Group and equivaient sequences

Fihraeus (1970) first recognized conodonts of North Atlantic affinity in thc Cow
Head and Table Head groups. Conodonts of Midcontinent affinity were seen to predominate
1n the St. George Group although some North Atlantic forms did occur (Barnes and Tuke.
1970). Both studies showed it was possible 1o correlate widely strata in western Newloundland
using conodonts. Conodont studies by Fihracus (1973) and Bergsirom er al. (1974) of the

l.ong Point Group placed an upper limit on the time of emplacement of the Humber Arm

Allochthon. Fihraeus (1970). Nowlan (1974) and Fihraeus and Nowlan (1978) described

conodonts of Tremadow to Arenig-Llanvirn age in the Cﬁrw Head Group from the Cow Head

Peninsula. These studies were of a preliminary nature. Stbugc (1982, 1984) studied conodonts




of the St. George and Tabie Head groups. In both studies the intermingling of Midcontinent
and North Atlantic faunas was rccognvizcd with domination by species of one province over
the other in a particular interval reflecting episodes of either shallowing or deepening on the
shelf . Thus the shift of relative abundances of Midcontinent versus North Atlantic conodont

species was interpreted to reflect eustatic or tectonic events by Stouge.

1.2 Objedtives of study

Previous investigations of Arenig conodonts in the Cow Head Grpup by, Fahracus
(1970}, Nowlan (1974), Fahracus and Nowlan (1978) focused on small faunas collected from
sections rcprcscnlmg‘proximal facies (Shallow Bav Formation, James and Stevens, in press)

‘#of this sequence on the Cow Head Pentnsula. Fihracus and Nowlan (1978) 1axonomically

described the conodont faunas collected from these strata. To date no published taxonomic
dcscn‘puons:exlsl of Arenmg conodont faunas from distal Cow Head sections. Therefore, the
main objective of this study is to investigate the taxonomy of Arenig conodont faunas from
distal sections of the Cow Head Group.

A second objective of this study is to test xi-nc validity of both North Atlantic and -
North Amcrican Midcontinent faunal and zonation schemes in Cow Head strata. Sections in
the Cow Head Group ar’c much more expanded and more continuous than equivalent strata in
Balto-Scandia which are highly condensed and marked by many hiatuses (e.g. Tjernvik, 1956;
Lindstrom, 1971; van Wamel, 1974; Lofgren, 1978, 1985). Some of the North Atlantic zonal
taxa found in this latter sequence are jrobably endemic (Lindstrom, 1984). Thicker Cow
Head strata should allow.a better assessment of the stratigraphic range of taxa of these zones.

A third objective of this study is 10 abserve how well Midcontinent a)nd North
Atlantic faunas can be correlated with each oihcr. using data fIO;‘Tl both bedded strata and - |
conglomerates and to observe how closely conodont faunas in Cow Head strata compare with

graptolite and shelly fossil zonations in this sequence.

The Arenig marks a crucial stage in the history of the Cow Head Group. Cow Head

and platformal strata of this age Tecords the transition from a tectonically passive 10 an active




continental margin with the closure of the lapetus Ocear; (Hiscott and James, 1985; James and
Stevens. in press; Stouge, 1982. 1984; Williams, 1979). This margin is also affected by eustatic
cycles which are reflected in both platform and slope strata (Barnes, 1984; Fortey, 1984;
James and Stevens, in press: Stouge, 1982, 1984). The change in composition and distribution
- of conodonft faunas as a probable result of these eustatic and tectonic events has been

l doéumented in platformal strata (Stouge, 1982, 1984). Previous Cow Head conodont studies
suggests that slope faunas in proximal facies of this group might also be affected by thesc
events (Fdhraeus and Barnes. 1975;‘ Fihraeus and Nowlan, 1978). The final objective of this
study is to observe whether or not the composition and distribution of conodont faunas in

more distal Cow Head facies undergo the same changes as faunas in the proximal facies.

1.3 Location

Both the Martin Point and St. Pauls Inlet sections can be located on the St. Pauls Inlet
mapsheet: NTS no. 12H/3, scale: 1:50.000. In the Martin Point section (49" 46°' N, ST 55 W)
(Figure 2) the Arenig section is mostly covered on the cliff face. On the cliff top, patches 61‘
outcrop mostly of shale and siltstone exist between covered intervals. The entire section 1s
ncarly completely exposed on the shore at low tide. Thin conglomerate beds form prominent
ribs extending along strike obliquely out to sea. Measuning commenced from the top of a
megaconglomerate bed forming part of the most southerly hogback ridge on the shore at this
locality. Access (o this section is gained from Highway 430, which is about 200 meters from
the section.

The St. Pauls Inlet section (49" 51" N, 57 42° W) (Figure ) is exposed on the
shoreline of a narrow- peninsula extending into the inlet which is immediately north of the
village of St. Pauls. Measuring of upper Tremadoc and ‘Arenig strata in this section began at
the top of a conglomerate bed just t;clow an abutment on the east side of the highway bridge
spanning the inlet. Measuring contifued to the point formed by Bed 10 (Appendix B) where
the section then continues along strike roughly parailel to the shore northeast of the end of

the peninsula for approximately one kilometre (Figure 2). Access to the lower part of the
—_ Y
Y : }
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FIGURE 2--Simplified geological map of study area enlarged from Figure 1 showing location
of Martin Point and St. Pauls Inlet sections plus other important localities of the Cow
Head Group. Note imbricate nature of thrust slices and occurrence of studied sectiofis
on separate thrust sheets. Geology after Williams er a/. (1985).
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section is directly off the highway by the bridge. The upper part is accessible only by trails
and a private lane extending in from the highway approximatelv one-half a kilometre north of
the bridge.

- J_ AN

1.4 Sampling methods

1.4.1 Field sampling

- Each section was measured using a tape measure and Jacob's staff. Mecasurements
were compared to sectigns to be published in James and Stevens (in press). Thicknesses for
the St. Pauls Iniet and Martin Point scctions came within 20% and 15% respectively of lh'qsc
obtained by these authors. Each section was sampled for conodonts at an interval of
approximately one metre stratigraphic thickness where possible or from small outcropns
between covered intervals. Bedded limestone, conglofnerale. siltstone, and shale were sampled.
Individual boulders ‘werc sampied in conglomerate beds and limestone clasts were collect-ed
from a conglomerate bed in the Lower Head Formation (James and Stevens, in press) at
Martin Point (Figﬁre 3. p. 17). Fach sample weighed an average of five kilograms. A total of

219 samples were collected at both sections, with 129 coming from St, Pauls Inlet.

1.4.2 Processing

Limestone samples were processed in 10-15% acetic acid. The average processing
weight for each sample was three and a half kilograms. Shale and silistone sampies were
processeﬁ mostly by gentle doiling with detergent. Residue weights are given in Tables 1-3 (p.
225-231).

Sieved residues were scp?atcd with tetrabromomethane at S.G. 2.84 and the heavy
residues were then picked for conodonts. Photography was by light microscopy (Wild M400)

or by the Hitachi S570 scanning electron microscope.




2, GEOLOGIC SETTING

2.1 Tectonic elements

The Cow Head Group lies within the Humber Zone ( Williams., 19:/5_ 1979) which
consists of Lower Cambrian to Middle Ordovician platformal rocks overthrust by
allochthonous rocks of equivalent age (Figure 1. p. 2). These transported rocks have been
réccml_v named the Humber Arm Terrane (Williams and Hatcher, 1983). This terrane
comprises scdimcmar‘:\', volcanic, and igneous rocks deposited at a continental margin and in
the adjacent ocean basin. Both the platformal and deep waicr strata of the Humber Zone are
underlain by l;rccambrién Grenville basement {(Williams, 1975; 197?).

To the east and north of the Cow Head Group are oulcréps of platformal r(‘>cks of
" Early Cambrian 1o Middle Ordovician age. The Early Cambnan rocks (LabradorlGrou_p of
James and Stevens, 1982) are predominantly siliciclastic in nature, with some volcanics near
therr basc’. These are interpreied as being related 10 an episode of nfung which marked the
’ininal opening of the lapetus Ocean. Rocks higher in the sequence record siliciclastic and -
carbona'le deposition on a shallow shelf, followed«by a quartzitic sequence indncalin;\}~,’~
possible r‘egrcssivc event at the Lower-Middle Cambrian boundary ( Palmer and James, 1579).

The rest of the sequence is compriscd mostly of carbonates which range in age from
Middle Cambrian to Middle Ordovician, Of particular importance are the carbonates of the
St. George Group {Schuchert and Dunbar, 1934; Knight, 1977, Knight and Boyce. 1‘384;
Knight and James. in press). These rocks are equivalent in age to those of the Cow Head
Group and represent intertidal to subtidal shell carbonates. The intertidal carbonates are
Eychc in nature, with cycles consisting of shallowisgupward sc‘qucnccs. Within the St. George
are several horizons which indicate regressive eveats { "pebble beds®, see Knight and Boyce,
1984; Haywick and James, 1984). These horizons have bccn,'gonclated with major limestone
breccia beds in the Cow Head Group (Barnes, 19%4). f‘oér formations have been recognized
in the St. Geotge Group. These are, in ascending order, the Watt’s Bight, Boat Harbout,

Catoch; and Aguathuna formations (Haywick and James, 1984; Knight and Boyce, 1984,

11
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Stouge, 1982; Knight and James, in press). Beds of the lower two formations r‘ecord subtidal
to intertidal carbonate deposition. The Catoche Formation consists of subtidal limestone,
marking a majot transgression across t-he shelf . The Aguathuna Formation reflects a major
shallowing. culminating in the formation of a karst surface near the top. close to the comaci
with the overlying Table Head Group. This formation may also represent discontinuous
deposition across a periodically subacrially exposed topographic surface controiled by block
faulting (Kmght and Bovce, 1984).

The Table Head Group is of Middle Ordoyician age, and records the transition from
shell to basinal depoailion (Slevens,-1970; Fahraeus, 1970, 1977a, b; Stouge, 1984; Kiappa e
al., 1980). This sequence documents the final destruction of the continental margin. It has
been divided into several formations. The Table Point Formation represents supratidal to
Sublidal shell carbonates. The Table Cove Formation reflects deposition on the upper slope,
The overlying formations, the Black Cove and the Cape Cormorant, reflect basinal depasition
and the influx of debris flows derived from the platformal and upper slopcxstrala. Capping
the Table Head Group is flysch derived from the approaching allochthons (Stevens, 1970,
Klappa er al., 1980).

Transported rocks in western Newfoundland are included in the Humber Arm
Allochthon in the south, and in the Hare Bay Allochthon in the north (Figure 1). The
Humber Arm Allochthon is comprised of a series of tectonic slices. The lowest slices are
sedimentary rocks deposited at the continental margin while those towards the top are volcanic
and igneous rocks, with minor sedimentary sequences, foméd in the adjoining occan basin,
This entire sequence is equivalent in age to the platform strata (Williams, 1975). Rocks
comprising the Curling Group are deep water siliciclastics and carbonates which are equivalent
1n part to the Cow Head Group (Williams, 1975). The provenance of the sediments in the
lower part of the sequence was the craton. At the top of the sequence, their provgnancc is the
approaching allochthons (Williams, 1975; Stevens, 1970).

The higher volcanic and igneous slices are interpreted to represent island arc

volcanism, plus a section of oceanic crust and mantle. The Skinner Cove Formation or
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tectonic slice consists of alkél;c volcanics and assocrated sediments. This sequence has been
interpreted 10 represent "off-axis”™ ocean ridge volcanism (Strong, 1974). although it rﬁay be
*associated with rifting at or near the continental margin associated with tensional stress caused
by closure of the lapetus Ocean ( Williams, 1975). The Little Port Complex consists of
gabbroic and granitic rocks intruded by mafic dikes with associated mafic volcanics. This
entire scquence is interpreted to be associated with island-arc development (Strong and Pavne,
1973; Williams and Pavne, 1975). The Bay of Islands ophiolite complex consists of ultramafic
rocks, with gabbros, sheeted dikes. and pillow lavas overlying them in sequence. These rocks.
of probable Early Ordovician age, are interpreted to represent ocearnic crust aﬁd mantle. A
metamorphic aurcole 1s developed at the bottom of the ophiolite pile (Sievens, 1970; Williams,
1975).
2.2 Nature of emplacement
The structural shices of the Humber Arm Aliochthon were assembled from the east
{Stevens, 1970: Williams, 1975). The highest slices are the farthest travelled (Stevens, 1970;
Wilhams, 1975). Transport of the allochthons first began near the end of the Farly
Ordovician with the obduction of oceanic crust and mantle over continental crust. Associated
with this carly phase of deformation is the metamorphic aureole. This aureole marks the
contact between hot ocean lithosphere and sediments of the continentai margin (Stevens, 1970;
Williams, 1975, 1979). \A;Vilh further movement the volcanic and igneous sequences associated
with "off-axis” and island arc volcanism were incorporated into the allochthon. In the final
stages of emplacement, the lower structural slices comprising the rocks of the Curling Group -
were incorporated into the entire assemblage (Stevens, 1970; Williams, 1975, 1979). Melanges
started to form during the later stages of movement as a result of mass movement and
tectonic mixing in the flysch basin and the décollement zones. (Stevens, 1970; Williams,
1975). They are confined to the lower structural slices, and are comprised of material from
both lower and higher slices (Williams, 1979). Flysch was deposited ahead of the structural

stack into the foreland basin formed as a result of downwarping of the conunental margn.
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The flysch covers both the autochthonous platformal and proximal continental margin strata.

Cessation of movement was prior to the deposition of the Long Point Group a'top the
allochthons in early Caradoc time (F3hraeus, 1973; Bergstrom et al., 1974).

The presumed source of the allochthonous strata is to the east of White Bay (Rodgers
and Neale, 1963, Stevens, 19'{0). Metamorphosed equivalents of aﬁlochlhonous strata to the
west are found on the Baic Verte Peninsula and around White Bay. This and geophysical data
suggest tﬁal the ancient edge of the continent lay along the Baie Verte-Brompton Line
(Stevens. 1970; Williams, 1975, 1979). Ophiolites found along this boundary are presumed ta
be time equivalent to those in western Newfoundland. Strata cemparable to the higher
structural slices of the Humber Arm and Hare Bay allochlhéﬁs are also found in central
Newfoundland (Williams, 1979). Therefore, it is presumed that the Cow Head Group and
other allbchlhonous scqucncés in western Newfoundland were transported at least 100 km to

the west.




-

3. LITHOSTRATIGRAPHY

3.1 Description of bedi and lithological features
Kindle and Whittington {1958) subdivided the Cow Head Group into Beds numbered .
1-14. In a recent revision of the stratigraphy of this sequence. James and Stevens (in press)
recognized én additional Bed, Bed 15, and proposed new formational names for the proximal
and distal facies of the Cow Head Group (James and Stevens, in press: Willlams et al.. 1985)
(in lurther discussion in this and subscquc‘rll chapters, "Bed” will refer to the entire unit (¢ g.
~Bed 9; conodonts in this Bed) while "bed” Mll refer to just a single horizon (g.g. h

conglomerate bed)). The St. Pauls Inlet and Martin Point sections are included with other

distal Cow Head sections in the Green Point Formation (James and Stevens. in press). Arcnig ‘

strata are represented by the St. Pauls Member (James and Stevens, in press; F'lgurc 3). This
membher encompasses Beds K-15. Beds 8, 9, 11, 13 and 15 are bedded limestones and '
siliciclastics, interbedded with minor conglomerate horizons. Megaconglomerates ;re
represented by Beds 10, 12, and 14, Th'csc' samc beds are represented in proximal facies by the
Factory, Cove Mcmbcr of the Shallow Bay Farmation, (James and Srcvens_gn press) on the
Cow Head .Pcninsula, at Broom Point. and at Lower Head (Figure 2, p. 9).

Figure 3 depicts the stratigraphic columns (after James and Stevens, in press) for
both the Martin Poinl. and St.-Pauls Inlet sections and the biostratigraphic and lithologic =
correlations between them. The 1otal measured thickness for these sections 15 214 m and 226 )
m, respectively. Measuring commenced from the tops of conglomerate beds in strata dated as
Tremadoc (James and Stevens, in press) in both sections. Part of the measured thicknes< of
the Martin Point section includes the overlying green samdstone of the Lower Head Formation
(James and Stevens, in press) up to a 1 m thick conglomerate bcd with carbonate clasts
vielding late Aremig-early Llanvirn conodont faunas. Of the lh.ickncsscs given above, only 154
m at Martin Point and 180 m at St. Pauls Inlet are considered Arenig.

The qbasc of the Arenig at St. Pauls Inlet begins in Bed 9 at the top of a 15 m thick

bedded limestone and conglomerate unit approximately 35 m above the base of the measured

-
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FIGURE 3--Suatigraphic columns (after James and Stevens. in press) showing
biostratigraphic and lithological correlations between St. Pauls Inlet section on left and -

Martin Point section on right. Datum is first appearance of Oepikodus evae Lindstrom.

Bed numbers. stratigraphic units and series to left of columns and above Martin Point
section. Stratigraphic nomenclature after James and Stevens (in'press) and Williams et

al. (1985).
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section. The overlying unit consists of beds of dolomitized siltstone interbedded with red and

green shale and rare limestone conglomerate overlain by red shale and minor siltstone. This

unit 1s about 20 m thick. The next unit m a 29 m thick bedded limestone unit consisting
mostly of ribbon and parted limestone in the lower part and parted limestone in the upper
part (for definition of these terms, see Wilson, 1969, and James and Stevens, 1982).

Bed 10 at St. Pauls Inlet consists of a series of conglomerate beds, some of which
downcul into each other and also exhit‘n'l graded bedding. (James and Stevens. in press).

Bed 11 strata at this section begin with a 10 m thick red and green shale unit with
bedded chert near the base. The réméining 45 m of this Bed consists of mainly green and
black shale, rare dolostone, bedded limestone, and conglomerate. Conglomerates are more
common towards the top of this Bed. as are phosphorite pebbles within the conglomerates.

Bed 12 at St. Pauls Inlet consists of a single megaconglomerate containing some
boulders exceeding | m in diameter. This Bed is the Lhic\‘esl megaconglomerate of the (wo
sections. | ' w

Bed 13 strata at St. Pauls Inlet begin witha 4 m thick unit bf green shale followed by
6 m of grainstone. Bedded limestone and conglomerate interbedded with green and black shale
occur in the next 14 m above the grainstone, with conglomerates thickening toward the top of
this interval. The uppermost 30 m of Bed 13 consists mainly of red shale and dolomitized
siltstone, with minor grainstone beds. A 1 m thick bed of green sandstone of the Lower Head
Formation (James and Stevens, in press) occurs 8 m below the top of this Bed (Figure 3)

v

Bed 14 at St. Pauls Inlet is a single megaconglomerate. Bed 15 consists red shale and

‘ 3

dolomitized silistone in this section.

Atrenig strata at Martin Point begin approximately 16 m above the base of measured

section within a unit of parted and ribbon limestone and nodules interbedded with black and
green shale. This unit occurs in the uppermost part of Bed 8. Bed 9 in this seclionisa 25 m
thick unit of.rcd and green shale near the base and top and massive red shale in the middle
(Appendix A, p.206, 207). Bed 10 at Martin Point consists of several conglomerate beds

separated by thin beds of shale.

‘
N
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Bed 11 a1 Martin Point is predominantly argillaceous. A prominent conglomerate bed
occurs in the middle of this Bed (Figure 3) and minor limestone and conglomerate occur

- sporadically throughout. The upper 3 m of this Bed consists of ribbon limestong and
conglomerate. The overall thickness of Bed 11 at Martin Point is 40 m (Figure 3). Bed 1215 a
single megaeenglomerate. but with only half the lhicknesslor the same Bed at St. Pauls Inlet.

¢ .

Green shale comprises the lower 14 m of Bed 13 al Mariin Point. Rare limestone
nodules occur with the green shale. These hithologies are capped by a mmor conglomerate bed ‘
(Figure 3) which is overlain by 20 m of dolomitized siltstone interbedded with red and green
shale. The uppermost 10 m of Bed 13 at Martin Point consists of red shale and dolomitized
siltstone. Bed 14 in this section is a single mfgacon!glomerale bed with a gramnstone cap and
Bed 15 comprises of red shale and dolomiuzed siltstone.

The shale, siltstone. and bedded limestone in the two sections are interpreted as
hemipelagic and turbiditic ‘in origin (Coniglio, 1985; James and Stevens, inﬁ)r&ss). Thc.

. rurbiditic origin of some beds (Coniglio, 1985) is suggested by both cross bedding and graded
bedding which was observed in both limesione and siltstone in both sections. Some of these
lithologies may have undergone winnowing by botiom currents to produce contouriles
(Mcllreath and Jame;. 1984).VMOSl£mC mudstones in both sections exhibit fine lammanon;

cﬁaracten‘slic of hemipelagic limestones (Mcllreath and James, 1984).

Bioturbation is evident with U-shaped Arenicolttes burrows in the bedded limesiones.

/\Rcd shaie and siltstone in both sections commdnly have vertical burrows filled with red mud

/ -—

penetrating several silt layers. Intervals of red shale lacking siltstone alsmcrved in both
sections are interpreted to have undergbne intense bioturbation (Comglio, 1933; James and
Stevens, in press). Bedded carbonates in bolh-sccu'ons appear lo have been affected by
solution, as many of them have a wavy texiure {Coniglio, 1985). Syndepositional slumping
was observed in bedded carbonates at St. Pauls Inlet.

Clasts in the conglomerates in both sections range from large bouider to pebble size.
The matrix is mostly argillaceous in the thicker and younger megaconglomerates ('Jamcs and

Stevens, 1982, in préss). Clast shape ranges from f{latiened and elongate 10 rounded. The




thickness of the conglomerates ranges from several centifneters 1o, several meters. Some are
lenticular and commonly pinch out over short distances. One conglomerate in Bed 13 at St.
Pauls Inlet pinches out over a short distance, but the chert layer capping it continues as a
dis_crclc bed along st?ikc for several tens of meters. Younger conglomerates in both sections
also contain clasts and grains ¢f phosphorite. A common feature in both sections is |
reddish-brown chert capping many conglomerate beds. These cherts commonly truncate
individual boulders in the proximal localiies siénifying possible erosion due to solution (James
and Stevens, in press). .

" The green sandstone of the Lower Head Fo‘rmalion (James and Stevens, in press)
overlying Cz)w Head strata is generally massive, with bedding obscure. Crude bedding was
observed in this formation at Martin Point south of the contact between Lower Head and

Cow Head strata above the conglomerate bed.

3.2 Interpretation

The Cow Head Group is currently interpreted to represent deposition on a continental
- slope adjacent to a carbonate bank from Middle Cambrian to Middle Ordovician time (Hiscott
and James, 198S; James and Slcvens; in press; Williams and Stevens, in press). This slope is
considered to have been relatively steep in Arenig time (Hiscott and James, 1985). This is
suggested by the occurrencé-of large blocks of shallow water limestone in megaconglomerates
interbedded with deep water limestone, shale and siltstone (Hiscott and James, 1985; James
and Mountjoy, 1983; Mcllreath and James, 1978, 1984) . These deposits accumulate on the toe
of the slope and the continental rise according fo the by-pass margin mode! first proposed by
Mclireath and James (1978). In this model the platform margin is a steep rampary, with an

apron of peri-platform taius on its seaward side. The upper siope is composed of hemipelagic

ooze and lime turbidites, and is dissected by infraformational truncation surfaces (James and

Mountjoy, 1983; Mcllreath and James, 1984). The occurrence of rafts of bedded hemipelagic
carbonates in megaconglomerates is one line of evidence suggesting the Arenig margin in

western Newfoundland was a by- pass type margin (James and Stevens, in press).




The Martin Point and St. Pauls Inlet sections are interprelcc;l 10 occupy a more distal
position on the continental rise than equivalenfslrala oulcropping at Broom Point, on the
Cow Head Peninsula and at Lower Head occupying the toe-of -slope (James and Stevens, in
press). Bedded (':arbonalcs and siliciclastics are more abundant volumetrically than the lime
conglomerates in these two sections, with siliciclastics being the dominant lithology in the
Arenig ponion‘;'o( the section at Marun Point. Minimal undercutuing of bedded strata by
conglomerates was observed at these localilie;. In more proximal ]ocalil:gs. undercutting by
conglomerates can be quite pronounced.'For instance, at Lower Head Bed 14 appears to have
cut out Beds 12 and 13 completely (James and Stevens, 1982). .

The predominance of argiilites in the Arenig portion of the Marun Point section, plus
the red shales indicali;lg well-oxygenated bottom waters (Williams and Stevens, in press),
suggests that the Martin f’dinl section was deposited more distally on the continental rise than
the St. Pauls Inlet section. The latter section is interpreted to be deposited in the most
proximal part of the Green Point Formation because it contains volumetrically more bedded
limestone and conglomerate than the other distal sections {James and Sievens, in prcss)ﬂ

The preceeding was only a brief discussion of the lithostratigraphy and interpreted

g
»

depositional environments of the Cow Head Group at Martin Point and St. Pauls Inlet. For as
more detailed description and discussion of the lithologies of these sections, the reader is

referred 10 Appendices A and B (p. 203-223). and to Coniglio (1985). Hiscott-and James

(1985). and James and Stevens (in press).




4. BIOSTRATIGRAPHY

4.1 Preservation and characteristics of conodont faunas

* Nearly all the conodonts recovered from the Manin Point and St. Pauls Iniel sections

‘

are well preserved, with the majority of specimens lacking any .crystal overgrowth. The colour

alleration index (CAIl) for these conodonts is low (1.5-2). This indicates low burial
temperatures in the order of 50 -140° C for the enclosing rocks ( Epstein et al., 19.77). Most
conodon! samples were productive, although the number of elements varied from lesg than ten
to a few thousand per sample (see Tables 1-3, p. 225-231). A total of 35,659 conodont
elements (Tables 1-3) were recovered from 64 samples from the two sections. Elements
 recovered from bedded hrﬁcslones and conglomeralcsrwerc commonly unbroken. Those

- recovered from shales are fragmentary, although still identifiabie.

4.2 Faunal assemblages

Most of the discussion in this and the following sections centers on conodont data
from the St. Pauls Inlet section. Conodont data from the Martin Point section are sparse, and
come mostly from conglomerate beds. Many taxa from these conglomerates are probably
teworked, which diminishes their biostratigraphic value in this section. However, a few
fragmentary conodont elements have been recovered from shales. These conodonts and those
from bedded limestones are the basis for the limited correlation proposed between this and the
St. Pauls lnlcbt seclion in Section 4.5.

Figure 4 shows the stratigraphic ranges of key conodont taxa at St. Pauls [nlet. Most
species appear as part of major influxes of taxa occurring in step-wise fashion up the section
(Figure ‘4). Some major g,aps Lctwun major influxes are accounted for by lack of data. These
intervals were either not collected or samples from them remain unprocessed. The other gaps
may be due to paleoecological factors. The latter hypothesis will be discussed more fully in the

next chapter.

%
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FIGURE 4--Range chart showing stratigraphic ranges of key conodont taxa in St. Pauls Inlet
section. Conodont faunal assemblages and equivalent Arenig graptolite zonation
(Willilams and Stevens, in press) also shown. Possible extensions. of ranges are shown by
dashed lines. Llan. =Llanvirn. Bed numbers’ stratigraphic units, and lithologies as in
Figure 3. ) '
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Five major faunal assemblages {Al-AS) were recognized at St. Pauls Inlet, 1;hc
assemblages are defined by the first appearance of specific taxa.

Assemblage Al.--This assemblage is characterized by the first appearance of
Parotstodus prole:ts (Lindstrom) which occurs 50 m and 70 m above the base of the measured
section in Bed 9. This jmcrval is characterized by red shale and buff-weathering dolomitized
siltstone. These lithologies overlie the lowermost bedded limestone and.::onglomerale unit
straddling the Arenig-Tremadoc boundary (Figure 4). It is not known if P. proteus occurs 1n
the shale and siltsione unit as processed samples from this unit yielded only a few
umidentifiable conodont fragments. These samples are not shown in Tabie 1 (p. 225).

Assemblage A2.--The base of this assemblage is defined by the first appearance of
Oustodus n. sp. | Serpagli and “Oustodus™ sp. aff. "0." cristatus Ethington and Clu‘k sf..
These taxa co-occur wilth Prioniodus elegan;t Pander and Paracordylodus graciis Lindstzom "
which are both abundant (Table 1 and Figure 6, p. 43). This assemblage occurs in the
uppermost 25 m of Bed 9 and in Bed 10 (Figure 4). |

Several important taxa are introduced in this assemblage. These are
Bergstroemognathus sp. cf. ;! extensys Serpagli, "Microzarkodina™ sp. aff. "M." adeniaia
McTavish, Oneotodus costatus Elhihgton and Brand, Proroprioniodus simplicissimus McTavish,
Sgmiacontiodus cornu formis (Sergeeva) and Walliserodus australis Serpagli. Taxa appearing
briefly in this assernblage are " Acontiodus”™ stauffer: 'Fumei‘sh s.f.and "_Drepanodus" toomeyi

- Ethington and Clark s.f..

Assemblage A3.--The base of this assemblage is defined by the first appearance of
Acodus? gladiatus Lindstrom. It is‘aécompanicd throughout its range by Acodus? sweeli
(Serpagli), "Belodeila” sp. B Serpagli, Rewlterodus andinus Serpagli, "Scolopodus” carlae
‘Repetski s.f., anc Stolodus n. sp. 1 Serpagli (Figure 4). Oepikodus evae (Lindstrom) is very

abundant in this assemblage (Figure 6). This assemblage occurs in the lower 46 m of Bed 11.

Important taxa appearing for the first time in this assemblage include species of

Juanognathus, Periodon flabellum (Lindstrom), and Protopanderodus reausv(LindstrOm).




Assemblage A4.--The base of this assemblage is defined by the first appearance of
Oepikodus intermedtus Serpagli. This species is associated with Cordylodus sp. cf. C. horridus
" Barnes and Poplawski, Jumudontus gananda Cooper, and Strachanognathus parvus Rhodes.
All these taxa bul S. parvus have single occurrences in this interval (Figure 4). J. gananda has
a longer stratigraphic range reported from elsewhere ( Ethington and Clark, 1982). Early
forms of Periodon aculeatus are abundant in this assemblage. This assemblage occurs between
155 m and 174 m above the base of the measured section in the upper part of Bed 11, Bed 12
and the lower part of Bed 13. Two important species that first appear in this interval are
Protoprioniodus aranda Cooper and Tripodus laevis (Bradshaw).
Assemblage AS5.--The base of this assemblage is defined by the first appearance of
Acodus” robustus (Serpagli), Drepanalstadus ba:wvalis (Sergeeva), "Scandodus” flexuosus
Barnes and Poplawski .. and Walliserodus ethingtoni (Fihracus). These forms are
accompanied by Dischidognathus sp., Jumudontus sp. aff J. gananda, species of
- Parapanderodus. and Pieracontiodus crypiodens (Mound). Intermediate forms of P. aculeatus
are very abundant. This assemblage occurs between 174 m and 180 m above the base of the
section in lower Bed 13 strata.

Late forms of P. aculeatus and Spinodus sp. cf. S. sgmsms Hadding appear in the
middie of Bed 13. They could be considered part of another assemblage, except that they are
intermixed with forms from older strata in conglomerates, soyhat a discrete association is not
recognized. This intermixing is also the reason for these taxa not being included in Assemblage
AS. .

An additional fauna occurs in a limestone clast collected from a conglomerate bed in

o

the Lower Head Fdfxﬁ;gtion overlying Cow Head strata at Martin Point. The age of this fauna

is considered late Arenig (see Section 4.3). This fauna is charactefizcd by Erraticodon sp. c.f.
£. balticus Dzik, Histiodella holodentata Ethington and Clark, Lenodus falodiformis Sergeeva,
Oistodella sp. cf . O. pulchra Bradshaw and Polonodus? peavyi n. sp. Late forms of F.
aculeatus are abundant in this fauna. This fauna has many taxa in common with those in

uppermost Bed 13 and Bed 14 strala iﬁ both sections. Some of these taxa include Ansella




Jemtlandica (Lofgren), Drepanoistodus? sp. cf. D.? venustus (Stauffer). P. aadeatus (late

form). Protopanderodus cooperi (Sweet and Bergstrom), and S. sp. cf. S. spinatus.

4.3 Comparison with North Atlantic zoaation

Only the Paroistodus proteus, Prioniodus elegans, and Oepikodus evae tones are
recognized in Cow Head strata at St. Pauls Inlet. This assigns a Latorpian age to the upper
half of Bed 9, and Beds 10 and 11 in this section ( Figure S). This s‘,ame age is tentatively
assigned to Bed 12 on the Cow Head Peninsula as suggested by the occurrence of O. evae in
this unit (F&hraeus, 1970, Fihraeus and Nowlan, 1978; Pohler e a/., in préss), although a
younger age for this Bed is possible. The base of the Arenig is recognized in both sections by
the first occutrence of P. proteus (Lindstrom, 1971; Lofgren, 1978, 1985). The O. evae Zone
may extend into the lower part of Bed 13 at St. Pauls Inlet (Figure 5), however, the few
elements of this species in this Bed may be reworked.

The stratigraphic thickness of these zones far exceeds that of equivalent zones in
Balto-Scandia. There the thickness of the P. elegans Zone is about 0.5 m while the Q. evae
and P. proteus zones are approximately 1.0 m (e.g. Lindstrom, 1955; Lofgren, 1978, 1985; van
Wamel, 1574). In Cow Head strata at St. Pauls Inlet the former zone is about 46 m in
thickness while the latter two are approximately 60 m and 20 m in thickness, respectively. The
greater thickness of North Atlantic zones in’ pow Head strata allows a more exact assessment
of the stratigraphic ranges of the conodonl' taxa of each ione.”

The l;;zlwr;iodus navis/triangularis and Microzarkodina flabellum parva 1ones
(Lpfgren, 1978) are not recognized. Several hypotheses may explain the absence of these taxa.
One 1s that strata containing ‘{hm laxa are mussing because of erosion. This hypothesis is
" discounted by graptolite data- assembled by Williams and Stevens (in press) which show that
Cow Hea_d strata are complete in having all the Australian graptolite 20nes rc;;rcscmcd
equivalent to the upper Arenig. It is more likely that their absence is due to endemism of

these taxa. Previously reported Early Ordovician occurrences of Baltoniodus have been from

platformal facies in Balto-Scandia (Lindstrom, 1955, 1971, 1984; van Wamel, 1974; Dzik,
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FIGURE 5--Correlation chart showing conodont-based correlations of Arenig Cow Head beds
and conodont faunal assemblages at St. Pauls Inlet with standard British, North
American, and Scandinavian series and stages, North American and North Atlantic
conodont faunas and zones. and Cow Head graptolite zones. Correlations with other
North American Early Ordovician (Arenig) sequences mentioned in text also shown.
Sources of conodont and graptolite-based correlations from the Cow Head Group and
other sequences given at top of chart. Megaconglomerates are drawn in manner shown
to indicate they are geologically instantaneous depositional events. LPM = Laignet Point
Member.
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1976, 1978; Lofgren, 1978, 1985). No species’ of Baltoniodus have been reported from Early
‘Ordovician platformal strata in North America. It is probable that this genus was restricted to
Balto-Scandia in the Arenig (Lindstrdm, 1984). Microzarkodina was probably also restricted
.10 this area, although elements of M. flabellum Lindstrom have been reported from the
Pogonip Group (Elhing!on. 1979. Ethington and Clark, 1982) and from the Tetagouche
Group in New Brunswick (Nowla"n,v 19&1). Neiiher genus has been recovered from boulders
representing shelfbre:auk and upper slope facies in the megaconglomerates (S.L. Pohler, pers.
comm., 1985).

An acodontiform element tentatively assigned to Scandodus sp. cf. S. brevibasis
Sergeeva, occurring in one sample (StP1 90) near the base of - Bed 13 at St. Pauls Inlet together
with Drepanoustodus basiovalis and Paroistodus pa:ra.’lelu.s { =originalis) suggests that the P.
originalis Zone of Lindstrom (1971) may be represented. The base of this zone is usually
recognized by Ehe first appearance of S. brevibasis with D. basiovalis outnumbering D, ’
Jorceps, and with P. originalis occurring in abundance. Neither of the tw;:) latter species occur

in large numbers in the Cow Head Group, although the presence of D. basiovalis does suggest

the lower part of Bed 13 is Volkhovian in age (e.g. Lindstrom, 1971, Lofgren, 1278, 1985)

( Figure S)‘.

The occurrence of Ansella jemtlandica in Bed 14 at St. Pauls Inlet may suggest that
the Eoplacognarhus? vari%zbills Zone is presém. This species is first found in the uppermost
part of the E.? variabilis-M. ﬂabcll‘um Subzone and above (Lofgren, 1978). Few spec.icé of ;
this zone f ;om the Baiu’c area occur in the Cow Head Group. Bed 14 is dated as late early 10
early ‘r'niddle Kundan in Scandinavian tefms. In British terms this is eciuivalem to the latest
Arenig or éarlicst Llanvim (Lofgren, 1978). This age assignment appears to be in agreement ,
with graptolite data of Williams and Stevens (in press) (Section 4.7).

The occurrence of Ansella jemiiandiea and Erraticodon sp. cf. E. balucus suggests that
the fauna frorﬁ the limestone clast in the Lower Head Formation is latest Arenig-earliest
Llanvim in age (Ldfgrcn. 1978, 1985). For the purposes of this study, this fauna is

P—

considered late Arenig.

¢




.4.4 Comparison with North American Midcontinent Faunas

Fauna D is sparsély represented in lowermost Arenig strata at St. Pauls Inlel. It is
tepresented by Parapanderodus gracilis (Ethington and Clark) at the base of the Arenig.
Eucharodus’ parallelus (Branson and Mehl) and Glyploconus qugdrap‘llcatus (Branson and

) Mehl) appear higher in this interval. Fauna D is represcnted by Macerodus dianae Fihraeus
and Nowlan s.f. in underlying Tremadoc strata.

The Qepikodus commurus Zone {Ethinglon and Repetski, 1984) is recognized, with the
zone species first appearing 'f8 m above the base of the measured §cction in the upper part of
Bed 9. It ranges near the 1op of Bed 11, where it is replaced by its descendant, O. intermedius
(see Remarks for Oepikodus under taxonomy). The occurrence of 0. communs and associated

‘forms in Beds 9-11 assigns a late Canadian age 10 these strata (Figure 5).
The O. communis Zone is generally considered to be coeval with the O. evae Zone
“(Ethington and Repetski, 1984). In Cow Head strata 1t 1s equivalent 10 both the P. elegans
and O. evae zones (Figure 5). The O. commums Zone in this sequence is apparently of greater
temporal extent than that suggesied by previous studies. The occurrence of O. commums with
both these North Atlantic zone fossils enables more precise corrclali'ons to be made between
faunas of the Midcontinent and North Atlantc provinces.
| S.pecies of Fauna 2 of Swgel et'al. (1971) (= Histiodella alii frons Chronozone of
Sweet, 1984) first appear near the base of Bed 13. These are Pieracontiodus cryptodens
(Mound) and Scandodus sinﬁosus‘(Mound). They are associated with Histiodelia altifrons

Harris and Multioistodus aurisws (Harris and Harmis) in the Whiterockian Kanosh Shale,

Pogonip Group, Utﬁh (Ethington and Clark, 1982). The octurrence of P. cryptodens and S.

sinuosus in Bed 13 suggests that this Bed is Whiterockian in age {Figure 3).

Fortey (1980) proposed the Valhallan Stage which equates to the interval between the
last occurrence of trilobite Zone J and the first occurrence of Zone L in the Pogonip Greup.
This interval in Spitsbergen is characterized by new species of Oepikodus and Periodon (Fortey
and Barnes, 1977) and graptolites of the /sograptus group, which occur in the Castlemanian

Stage (Ca2-3) of Australia (Fortey, 1980). The occurrence of Whiterockian conodonts with
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Castlemanian grapiolites { Williams and Stevens, in press) in Bed 13 in the Cow Head Group
would suggest that equivalent strata of the Vathallforna Formation should gquate to the lower
‘ Whiterock. This correlation is also supported by the occurrencé of Endymionia clayaria Fortey
in Bed 13 (James and Stevens, in press). This species is one of the trilobite taxa characteristic
.» of the Valhallan Stage (Fortey, 1980).~.

‘ The occurrence of Histiodella holodentata Ethington and Clark in the fauna recovered
from the limestone clast in the Lower Head Formatioﬁ would equate this fauna with Fauna 4
of Sweet et al. (197]) (= Histiodella holodentata Chronozone of Sweet, 1984),

An alternative conodont zonation to the Faunas proposed. by Ethington and Clark
(1971) and Sweet er al. (1971) for the North American Midcontinent has been proposed
recently by Elhin'gton and Clark (1952) for the Early and early Middle Ordovician. Thirteen
conodont intervals were erected spanning the entire Pogonip Grqup. Each interval is defined
by the occurrence of conodonts that belong to both North Atlantic and Midcontinent faunal
provinces, as well as by forms described from Argentina by Serpagli (1974). These taxa
include Acodus deltatus, species of Drepanodus, Drepanotstodus, Juanognathus, Macerodus
dianae, and Oepikodus commu“rﬁf.' This new scheme has the advantages of being based on
conodont distributions in measured sections a;1d in which. the distrib;tion of other fossil

-

groups is well known. However, since this scherne was first proposed, 1t has been little used.
4.5 Correlation of St. Pauls Inlet with Marti Point section

A limited biostratigraphic correlation is proposed between the two sections based.on
the first occurrences of Paroistodus proteus, Prioniodus elegans, and Oepikodus evae. These
correlations are depicted in Figure 3 (p. 17). The correlation between the bases of both
sectons differs from tha,L proposed by James and Stevens (in press). The conodont evidence
suggests that the base of the Martin Point section correlates with the first bedded limestone
and conglomerate unit at St. Pauls Inlet (Figure 3). The former unit is considered older than

the latter by James and Stevens (in press). No correlations are attempted between the upper

part of the Martin Point section and equivalent strata at St. Pauls Inlet. Taxa from bedded

A




limestones at this level in the Martin Point section have only single bccurrences or are
undiagnostic, James and Stevens' (in press) lithological correlations in Beds 10-15 are

lentatively accepted pending further data. !

4.6 Correlatioh with other sequences

Figure 5- shows the suggested correlations between Cow Head Beds 9-15 at St. Pauls
Inlet and the coeval St. George Group and other Early Ordovician sequences represen.lauve of ’
different parts of the North American craton. - - .

The occurrence of Afacerodus dianae Fihraeus and Nowlan in Bed 9 just below the
Arenig-Tremadoc boundary and immediately below the "pebble bed™ in the upper part of the’
Boat Harbour Formation of the St. George Group (Stouge, 1982) suggests that Boat Harbour
strata above the "pebbie bed " are perhaps correlative with earl_x.cSL Arenig strata in Bed 9. The

correlation of the lower part of the Catoche Formation with the upper part of Bed 9 (Figure

5) 15 based on the occurrence of Oepikodus communis at the base of the former unit (Stouge.

1962) and in the latter unit (Figure 4). The occurrence of Acodus? sweeti, Bergstroemognathus

extensus, Oustodus n. sp. 1 and Semiacontiodus cornu farmis in the Laignet Point Member
suggests the correlation depicted in Figure 5 between this 'qum'l and Cow Head strata. The
upper Catoche Formation is probably correlative with most of Bed 11, except the uppermost
part, which is probably equivalent t0 basal Aguathuna Formaton strata (Figure 5). The latter
correlation is based on the occurrence of species characteristic of Fauna E-1 near the base of -
the Aguathuna Formation (James and Stevens, in press, Kenna, 1985, Slodgc, 1982) and in
uppermost Bed 11 strata in the Cow Head Group (Figure 4). Beds 12-15 are probably
equivalent to the rest of the Aguathuna Formation.

The occurrence of Oepikodus evae and associated taxa such as Acodus? gladiatus,
Bergstroemognathus sp. cf. B. extensus, Paroistodus parallelus, Periodon flabellum. Stolodus
aff. §. stola ( ="?Stolodus n. sp. 1) and Walliserodus australis in"the lower Deep Kill Shale

and in Bed 11 suggests the correlation of the former unit with the latter (Figure §).




The correlation of Arenig strata in Cow Head Beds 9-11 with the El Paso Group
shown in Figure $ is suggested by the occuneﬁce in both sequences of Macerodus dianae and
Oepikodus communis stratigraphically above this species and then b): the appearance of
Reutterodus andir;us and Semiacontiodus cornu formis above these first two taxa.
Protoprioniodus aran!da occurs near the top of the El Paso Group (Repetski, 1982). As
suggested b& the previous correlation of Cow Head with St. George strata, El Paso strata
between the last occurrence of M. dianae and [irst appearance of Q. communis can perhaps be
considered earliest Arenig.

Macerodus dianae, Oeptkodus communis and Reutterodus andinus also appear in the
same order in the Fillmore Formation. Their occurrence in this formation suggests that the
Fillmore is correlative with Beds 9-11 (Figure 5). The overlying Wah Wah Formation is
conclatgd with the upper part of Bed 11 (Figure ). This correlation is based on the
occurrence of Protoprioniodus aranda in both units. V(Elhinglon and Clark, 1982; Figure 4).
The Juab Formation is possibly correlative with Bed 12 and the lowermost strata of Bed 13
(Figure §) as suggested by the occurrence of Tripodus laevis 1.0 m below the base of Bed 12
(Figure 4). The correlation of the Kanosh Shale and Bed 13 is suggested by the occurrence of
Pieracontiodus cryptodens and Scandodus sinuosus in both units (see aiso Section 4.4). The
lack of diagnostic conodont taxa in the upper part of Bed 13 prevents the corfelation of Cow
Head strata at this level with higher Pogonip Group-formations.

The occurrence of Histiodella holodentata in the fauna in the Lower Head Formation
suggests that this fauna is correlative with that in the Lehman Formation (Ethington and
Clark, 1982). :

The correlation between the Broken Skull and Sunblood formations Tipnis er al N

1978) and the Cow Head Group depicted in Figure § is based on the occurrence of

"Microzarkodina” sp. aff. "M." ademata, O. communis, Oistodus lanceolatus, and

W alliserodus australis in the lower part of the Broken Skull Formation and Jumudontus
gananda and Protoprioniodus aranda in uppermost Broken Skull and in lowermost Sunblood

strata. The occurrence of Scandodus sinuosus slightly higher in the Sunblood suggests that this




part of the formation is correlative with the lower part of Bed 13.

The occurrence of O. evae between 20 and 95 m above the base of the Road River
Formation (Tipnis e al., 1978) suggests that this interval is possibly correlative with Bed 11.

The correlation of the uppermost part of the Baumann Fiord and Eleanor River
formations with Beds 9-11 is suggested by the occurrence of Macerodus dianae slightly lower
in the Baumann Fiord Formation than shown in Figure 5 and also by the occurrence of

~Semiacontiodus cornuformus in Member 2 and Proloprioniodus aranda in Member 3 of the
Eleanor River Formation (Nowlan, 1976). A hialus%pcxhaps exists between topmost Eleanor
River strata and overlying Bay Fiord, because conodants of Fauna 4 appear in the next
productive horizons above this presumed hiatus {Nowlan, 1976).

In Argentina the lower 120 m of the San Juan Formation (Serpagii, 1974) is perhaps
correlative with uppermost Bed 9, Bed 10 and Bed 1] strata. This interxal is typified by the
occurrence of QOepikodus evae, O. intermedius, and Periodon flabellum plus other North
Atlantic taxa. The upper 80 m of the San Juan is possibly correlative with lower Beri 13
strata, as suggested by the occurrence ol Scandodus brevibasis in the former unit and
Scandodus sp. cf. S. brevibasis in the latter.

In Australia the uppermost part of Zone OCB and all of OCC of the Australian
conodont zonation (McTavish and Legg, 1976) is probably equivalent to uppermost Bed 9

strata. Zone OCD is possibly correlative with Bed 11.

4.7 Comparison of conodont faunas to graptolite and shetly fossil zonations in the Cow Head
Group )
Williams and Stevens {in press) have recently erected a grap:olite biozonation for the
Arenig in the Cow Head Group for which eight zones were recognized. Many of the :

graptolites in this zonation also occur in Australia, so that the Australasian standard is partly

, applicablc to the Cow Head Group. This scheme is used .l'or zoning Cow Head strata, but in a

modified form (Williams and Stevens, in press).
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The bases of the Paroistodus proteus and Tetragraptus approximalus tones are shown
to be equivalent in Figure 5. The first appearance of P. proteus is within a meter or two of
the first appearance of T. approximatus in both sections. Thus the base of the Arenig occurs ;

al roughly the same level in both sections as defined by either conodonts or graptolites. The

- occurrence of P. proteus and T. approximatus together in Cow Head sirata demonstrates the
equivalence of the zones named for these taxa. Their equivalence is implied by indirect
correlation of the British graplolilc\sequcnce with the §canqinav1‘an conodont succession {e.g.
Lindstrom, 1971; Lofgren, 1978).

The base of the Didymograplus bifidus Zone appears to coincide with the base of the
Oepikodus evae Zone (Figure 5). The equivaience of these two zones was first esta bl'ished by
Bergstrom and Cooper (1973; from conodont and graptolite faunas from the upper part of
the Marathon limestone in Texas. The occurrence of these taxa together reaffirms that the D.
bi fidus Zone is middle Arenig in age.

The base of the Isograptus victoriae lunatus Zone appears to correspond to the

simultaneous disappearance of several conodont taxa in the middle of Bed 11 (Figure 4). At

this level Acodus sweeti, Bergstroemognathus sp. cf. E. extensus, "Microzarkodina” sp. aff.

"M." adeniata, Prioniodus elegans, and "Scolopodus™ carlae disappear from the sequence.'The
base of this graptolite zone also coincides with the first appearance of early forms of Periodon
aculeatus (Table 1). The base of the 1. v. victoriae Zone coincides with first appéaranccs of |
Oepikodus intermedius, Protoprioniodus aranda, and Strachanognathus parvus. The base of the
1. v. maximus tone coincides with the disappearances of Acodus? robustus, Jumudontus sp.
aff. J. gananda, Scandodus sinuosus, and Wal/iserodus ethingtoni (Figure 4). The /. v.
. vicloriae Zone straddles the Canadian-Whiterock boungdary as defined by conodonts in this
" study and by shelly fossils. No major changes in the graptolite fauna occurs across this
boundary while conodonts show a marked change.
Graptolite evidence suggests that the Arenig-Llanvirﬁ boundary may possibly be

. found at Bed 14 or above. Some grapiolites with the first thecae having a metasicular origin

- occur in Bed 15 (Udwograptus wlfoderuwu: Zone) (Williams and Stevens, in press). This
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morphology may represent an evolutionary event which could be the basis for establishing a
biostratigraphic boundary at this level. The occurrence of Ansella jemtlandica in Bed 14 at St.
Pauls Inlet is evidence tI:m the Arenjg-LlanVirn boundary may be placed at the base of this
Bed or above (see Section 4.3).

Data based on shelly fossils from Bed 10 (Kindle and Whitungton, 1958; James and
Stevens, in press) are generally consistent with conodont data from immediately over- and
underlying beds. Zone H and possibly Zone | trilobites occur in boulders of this bed (James
and Stevens, 1n press). Conodonts occurring in these zones in the Pogonip Group occur in
beds above and below Bed 10 in Cow Head strata. Trilobites of zones H and | occur in Bed
12, as well as those of Zone J (James and Stevens, in press). The Jeeurrence of Zone J
trilobites in this.bed support the correlation of underlying strata with the Wah Wah
Formation, These trilobites co-occur with Prolopnomodu.; aranda in this formation. P.
aranda first appears near the top of Bch 11 in Cow Head strata (Figure 4).

The occurrence of brachiopods of the genus Orthidiella in Beds 12-14 in Cow Head
strata supports the Whiterockian age assignment suggested by the conodonts. This genus
defines the base of the Whiterock stage in the Antelope Valley Limestone in Nevada (Ross et

al., 1982).

4.3 Conclusions_fq

Five faunai assemblages are recognized in Arenig Cow Head strata at St. Pauls Inlet
{ Figure 5). Each assemblage can be considered a distinct fauna oc(:um"ng within a certain
'slrau'graphic interval in each bed. The distribution of these faunas is paleoecologically
significant. This will be discussed in greater detail in the next chapter.

Only the three lower North Atlan{ic conodont zones were recognized (Figure 5). The
base of the Arenig is recognized by the first appearance of Paroustodus proteus. The
stratigraphic thickness of these zones far exceeds the thickness of equivalent strata in

Balto-Scandia, which allows a more exact assessment of the ranges of taxa of each zone. Only

two of the upper five North Atlantic zones are tentatively recognized (Figure 5). The




probable endemism of Baltoniodus .in the Early Ordovician and the rare occurrence of
Microzarkodina in North America {e.g. Ethington, 1979; Ethington and Clark, 1982; Nowlan.
1981) limits the applicability of the North Atlantic conodont zonation schemes outside the
Balto-Scandian craton. Perhaps the use of species of other genera in this interval might prove

1o be more suitablefor subdividing middle to late Arenig strata. The possible occurrence of

-

the Arenig-Llanvirn boundary in uppermost Cow Head strata at St. Pauls Inlet is,suggested by
the occurrence of Ansella jemilandica at this level. This species occurs in latest Arenig-early
Ilanvirn strala in Ballo-Scan'di’a \( Lofgren, 1978).

Midcontinent Fauna D, the Qepikodus communis Zone, and Fauna 2 are recognized in
Cow Head strata at St. Pauls Iniet. The O. communts Zone equates with both the O. evae and
Prioniodus elegans 10nes. Previous studies have equated the O. communis Zone with the O.
évae Zone. This study shows that the Q. communis Zone is more extensive than previously
thought. The occurrence of this zone fossi] with both the O. evae and P. efegans provides an
important tie point for correlating North Atlantic and Midcontinent faunas.

The occurrence of Fauna 2 conodonts in lower Bed 13 strata assigns a Whiterockian
age (o this and overlying Cow Hcad units. The occurrence of graptolités and shelly fossils
characteristic of the Valhallfonna Formation of Spitsbergen with Whiterockian conodonts in
Bed 13 suggest that the Valhallan Stage of Fortey (1980) is equivalent to the lower Whiterock.

Correlations with the St. George Group suggest that Arenig Cow Head strata are
equivalent to the uppermost Boat Harbour, Catoche, and Aguathuna formations. The same
Cow Head strata are correlative with rocks from the lower part of the Fillmore Formation to
at least the base of the Kanosh Shale in the Pogonip Group. Arenig Cow Head strata are also
equivalent to the upper part of the El Paso Group, the lower D;:ep Kill Shale, the Broken
Skull. Road River and lower Sunblood formations, and uppermost Baumann Fiord and

Eleanor River strata. Most of these sequences can only be correlated 1o the top of Bed 11.

Strata equivalent to Beds 12-15 are eilher_‘abscm or barren of conodonts. This probably

reflects the hiatus resulting from the regressive event that occurs around the North American

craton in lower Whiterockian strata (Fortey, 1980).




The bases of the Paroistodus proteus and Tetragraptus approximalus 10n¢es neatly

comncide in both sections. The occurrence of these fossils together demonstrates the

gquivalence of these zones, which has only been implied in previous correlations. The
Didymograptus bifidus and O. evae zones are equivalent in Cow Head strata, which reaffirms
the age of the former zone as middle Arenig. The possibic occurrence of the Arenig-Llanvirn
boundary is uppermost Cow Head strata is suggested by graptolite as well as conodont data.
Correlations based on shelly fossil data from megacongiomerates in Cow Head strata
are generally supported by conodont data. The occurrence of Orthidieila in conglomerales in

Beds 12-15 supports the Whiterockian age assigned to these beds (Jamgs and Stevens, in

press).




S. PALEOECOLOGY

5.1 Review of conodont paleoécology

Several models have been proposed for conodont paleoecology. Conodonts were first

v
considered pelagic organisms because they occur in various lithofacies (Muller, 1962;

Lindstrom, 1964). Seddon and Sweet (1971) proposed a depth stratification model where

conodont species were vertically zoned in the water column. In an alternative moX roposed

by Barnes e a/. (1973}, Barnes and Fihraeus (1975), and Fihraeus and Bames’%

conodont taxa were laterally segregated, which implies that most were benthic or nektobenthic

with relatively few pelagic taxa. Both models have been utilized, often 1ogether, for

interpreting the disln’bpon of conodont taxa in Paleozoic and early Mesozoic rocks (eg. .

papers in volumes on conodont paleoecology edited by Barnes (1976) and Clark (1984)).
: Pelagic and nektobenthic habits for conodonts were probably both common, given the large .
% : diversity of the group (Lindstrom, 1976b, 1984). Klapper and Barrick (1977) caution that

both models may be too simplistic and that more complex ones aré perhaps necessary.

-

Several faciors are considered to have controlled conodont distribution. Many workers
consider temperature and salinity to be the primary controlling factors (e.g. B;rnes and
Fdhraeus, 1975; Le Févre et al., 1976, Lindstrom, 1984, Ethington and Repetski, 1984).
Substrate may have also have controlied their distribution (e.g. Barnes and Fihraeus, 1975) as
well as scawa£er chemistry (e.g. Merrill and von Bitter, 1976; Jeppsson, 1984) and oxygen

levels (Fortey and Barnes, 1977).
5.2 Paleoecology of Arenig conodonts at St. Pauls Inlet and Martin Point sections

5.2.1 Relationship of conodouts to lithology

The size of conodont elements appears 10 be related 10 grain size in the bedded

carbonates. Lime mudstones usually contain small and delicate conodont elements while

grainstones usually contain large and robust elements. The largest and most robust elements
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.oceur in coarse sand-sized grainstones while smaller and less robust elements occur in fine

sand -sized grainstones. The size and robustness of elements generally increases from Bed 9 to
Bed 13. Faunas are less diverse ln mudstones than in grainstones. For example, faunas from
both bedded and nod.ular mudstones in Beds 11 and 13 in both sections generally contain only
species of Coelocerodontus, Diaphorodas, Drepanodus, Pa(oisxodus. Perwdon.
Protopanderodus, and Protoprioniodus {Tables 2 and 3. p. 227, 229).

Conodonts were recovered from processed samples of red shale. Thev were also
observed on the surfaces of hand specimens of red and green shales from both sections. being
generally large and robust. In these shales, tone taxa occur most frequently, although
ramiform taxa such as QOepikodus. Paracotdylodus, Periodon, and Prioniodus also occur,

Almost &1l Cow Head bedded carbon.alcs. shales and siltstones are interpreted as
turbiditic or hemifxlagic in origin (Coniglio, 1985). This means that manv conodont ¢lements
may be transported. Transported elements do not necessarily need 1o show signs of wear
{Ethington and Reiaezski. 1954; Lindstrom. 1984). Therefore, abrasion cannot be used as an

unambiguous criterion for distinguishing between ¢n su#u and “exotic” taxa. Some conodont

taxa may then occur together because of post-mortem transport.

J

5.2.2 Paleoecological patterns of conodont taxa in the St. Pauls Inlet section

Figure 6 shows the relative abundanc;s of selected conodont taxa in certain samples
from bedded limestones pom all Beds plus the nufnber of elements per sampie. In each Bed
the most abundant taxa are plotted together with the coniform écncra Drepanodusy,
Paraisro@, and Protopanderodus and "other taxa”. The coniform genera are singled out for
comparison with other studies (e.g. Fortey and Barnes, 1977). "Other taxa” include other
Midconlir;enl and North Atantic species. The relative abundances of Oepikodus communis, O.
evae and O. intermedius are depfcled in Bed 11.

Figure 7 illustrates the relative proportions of endemic to cosmopolitan to

"Argentiman” to residual taxa for the same samples. Endemic forms are Midcontinent taxa

that occur in warm shallow shelf environments (e¢.g. Eucharodus parallelus, Glyptoconus

/




FIGURE 6--Relative abundances of key conodont taxa in upper part of Bed 9, and Beds 11 R
and 13 in St. Pauls Inlet section. Sample size is indicated to right of relative abundance’
curves. Sample size is total number of elements per sample. Sample numbers are given

on the left for referral to sample descriptions in Appeadix B and to conodont
* distributions in Tabies 1 and 2. Depositional phases after James and Stevens (ih press)
(see text). Beds, stratigraphic columns and units as in Figures 3 and 4.
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FIGURE 7--Relative proportions of "Argeptinian” versus cosmopolitan versus endemic and
residual taxa in Beds 9, 11, and 13 in the St. Pauls Inlet section. Bcds stratigraphic
columns and units as in Flgure 6.

! -




45

DEPOSITIONAL PHASES (after James and Stevens, in press) \
g T,
: )
s o ™ Z
w = @ <
=
15 o
40 — 8
] 14 "ARGENTINIAN® o
m COSMOPOLITIAN 9
7 ENDEMIC 2
<
|] RESIDUAL
94 O
9022— S m
- &
Z|w:n[12 S L
84-4 — o — <
a| =2 =
gl = z Q<_
H -
— =)
75b
c B 11 w
0 FTL] CD
TR T T rr E
T B
Z
71 — (@)
O
i —
53§_L
4780 _— o
a5 = 8
y T T
Y= o
L
3T <
@ - - —
0% 50% 100% L'\f




quadraplicatus and specics‘ of Ulrichodina) (Ethington and Repetski, 1984). North Atlantic
taxa that occur in outer sheif to basinal settings are considered cosmopolitan (e.g. Oepikodus
evae, Paracordylodus gracilis, species of Periodon. Prioniodus elegans) (Lindstrom, 1976b,

] 1984). "Argentinian” taxa described by Serpagli (1974) are considered by some authors to
partly cc;mprisg a shelf -edge biofacies together with North Atlantic taxa (Ethington, 1979;
Fortey and Barnes, 1977; Landing and Ludvigsen, 1984; Lindstrom, 1976a). These include
Bery stroemognathus extensus. species of Juanognathus and Walliserodus australis. Residual
taxa are forms‘ that cénnol be classified in the previous three catago;ies (e.g. Paroistodus? sp.
A, 6repanodontiform clement A, New Genus A sp., etc). Certain paleoecological patterns are
observed to occur in each Bed (Figures 6 and 7). These patterns are described Bed by Bed in
the following accounb:,,i‘g\ greater detail. |

Bed 9.- - Paracordylodus gracilis and Prioniodus elégans comprise about 40% and 12%,
respectively, of the faunas in this Bed. (Figure 6). Drepanodus and Paroistodus are more
abundant in this Bed than in the others. Together they comprise 15-20% of the faunas while
in the beds above they comprise less than 5% (Figure 6). Protopanderodus (represented by P.
elongatus and P. feonardii) comprises about 1-2% of the faunas. Other taxa (predominantly
hyaline species) are more abundant in Bed 9 than in Beds 11 and 13. Cosmopolitan species
comprise about 40% of the faunas in this and in overlying beds (Figure 7).

In one sample (StPl 42) P. gracilis comprises only 2% of the fauna. (Figure 6). The
propot_tion of cosmopolitan taxa declines sharply to 20% (Figure 7). These changes also
coincide with the second major influx of taxa in Bed 9 (Figure 4, p. 24). Conodonts in this
sample are generally large and robust, with Midcontinent hyaline taxa dominating the fauna.
Hyaline taxa also occur in larger numbers than usual in one other sarhple (StPI 55). These do
not dominate the fauna since the relative abundance of ’P. gracilis 10 P. elegans as wel| as
. cosmopdlitan 10 endemic taxa remains the same as other samples in Bed 9. In StP1 55 and
samples above the relative percentages of endemic and "Argentinian” taxa begins to drop

(Figure 7). This decrease coincides with the first occurrence of Acodus sweeti and

"Micozarkodina™ sp. alf. "M." adentata and the disappcarahce of "Acontiodus" stauffen';




"Drepanodus” toomeyi, and Paroislodus'."sp. A (Figure 4).

Bed 11].--The changeover from Oepikodus evae-dominated 10 Periodon-dominated
faunas is the most dramatic faunal event recorded in this bed (Figure 6). This has been
documen;Lcd previously in sections on the Cow Head Peninsula by Fihraeus and Barnes (1975)
and vFihracus and Nowlan (1973). ‘O. evae dominated faunas occur between 10 and 32 m
above the base of Bed 1] (Figure 6). This interval is also marked by an influx of new taxa
(Figure 4) ..In the k')wm 8 m of this interval. Periodon comprises only 2% of the faunas. The
percentage of endemic and "Argentinian” taxa is also low and in one sample (StPl 73) -
endemnic taxa are absent (Figure 7). The £elalive abundance of Periedon increases to 20% in

(lhc upper 14 m of this. interval (Figure 6) and the percentages of endemic and "Argentinian”

taxa increase 1o previous levels (Figure 7). The increased relative abundance of Periodon is

accompanied by the simultaneous disappearance of several taxa each at 18 and at 32 m above
the basc of Bed 11 (Figure 4). Some are carry-over taxa from Bed 9 (e.g.
Bergstroemognathus sp. cf. B. exlensu:r, Paracordylodus gracilis. Prioniodus elegans) while
ﬁthers arc short-ranging taxa of Bed 1] (e.g. "Bellodella™ sp. B and 'Scolapodus' carlae)
(Figure 4). .

Periodon comprises 80-90% of the faunas in the upper 20 m of Bed 11 (Figure 6). A
majot faunal turnover occurs 46 m above the base of Bed 11 with the disappcaréncc ol taxa
that briginate in Beds 9 and 11 (e.g. Acodus” gladiatus, Protoprioniodus simplicissimus, and
‘ Walliserodus australis) and the appearance of several new taxa (e.g. Oepikodus intermedius
and Protoprioniodus aranda) (Figure 4). The abundance of Drepanodus, Paroistodus, and
Protopanderodus does not change significantly throughout Bed 1l although the abundance of
“other taxa“” is reduced dramatically (Figure 6).

Bed 3. - Periodon compriscs/ about ninety percent of the faunas in the lower 10 m of
this bed (Figure 6). The relative abundance of coniform genera does not change from Bed 11,
with only P(olopanderodus absent from one sample (StPI 8. Figure 6). The abundance of

other taxa is small (Figure 6). The proportion of endemic taxa doubies from that of previous

Beds (Figure 7) at the expense of "Argentinian® and other taxa. The larger percentage of
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endemics coincides with the influx of forms such as Pteracontiodus cryptodens and Scandodus

sinuosus (Figure 4).

Most of the paleoecological patterns depicted in Figures 6 and 7 and the major
influxes of taxa in Figure 4 can alsq be correlated with major, and in some cases, minor
changes in lithology at St. Pauls Inlet. For example, a change from mudstone to grainstone
deposition occurs between the first and second major influx of taxa in Bed 9 (Figure 4). Red
and green shale and chert deposition occurs in the interval of Oeptkodus évae dominated
faunas in Bed 11. These lithologies also coincide with the low representation by €ndemics
(Figure 7)'and a major influx of new taxa (Figure 4). The domination of faunas by
Periodon, plus the major influxes and extinctions of taxa in the upper part of Bed 11 and in
Jower Bed 13 strata (Figure 4). coincides with blac.k and green shale deposition and an
incrca;e in the frequency of phosphorite pebbles in conglomerates.

Each of the above lithological units represents a depositional phase in Arenig Cow
Head strata (James and Stevens. in press). The first phase, the aerobic phase, is represeAmed
by rocks of Bed 9. The sea bottom at this time is interpreted 10 be oiygcnalcd in distal
sections of the Cow Head Group. This interval is marked by deposition of red shales with
extensive bioturbation occurring in both carbonates and siliciclastics. Transgressive conditions
occur on the shelf (lower Catoche Formation) (James and Stevens, in press). The next phase,
represented by lower Bed 11 strata, is interpreted as a condensed phase. It represents a time of
maximum transgression on the shelf (Laignet Point Member and upper Catoche) and starved

sedimentation on the slope and rise {James and Stevens, in press). The anaerobic phase is

" represented by upper Bed 11 and lower Bed 13 strata. The sea floor is interpreted as

commonly anoxic at this time, due to expansion of the oxygen mimimum layer. Conditions on
the s_helr are regressive (Aquatbuha Formation), with subaerial exposure and karsting (Knight
and James, in press). The final phase, rcpicscmcd by rocks in the ixppicr half of Bed 13,
marks a transition from carbonate to flysch deposition. Red and green shales are again
deposited and beds of green sandstone of the Lower Head Formation (James and Stevens, in

press) occur in the shales, marking the onset of flysch deposition (Figures 3 (p. 17) and 4)




within an aerobic environment.

-
-

Red and green shales in Cow Head strata are generally interpreted to indicate the
presence-of well oxygenated bottom waters (Coniglio, 1985). Such conditons in the deep ocean
are well developed during periods of glaciation ( Fischer and Arthur, 1'977). It has been
suggested by Barnes (1984) and Fortey (1984), on the basis of eustatic curves, that glaciation
may have occurred in the Arenig, Blackm—n-;rﬂg}n the Cow Head Group are
interpreted to be deposited under anoxic or dysaerobic conditions (éoniglio. 1985). Deposition
of black shale commonly occurs under anoxic bottom conditions (e.g:. Rhodes and Morse,
1971; Schlanger and J;nkyns. 1976; Hallam, 1980; Williams and Rickards, 1984). The
occurrence of phosphorites in slope environments generally indicates strong coastal upwelling
(Schopl, 1980).-The oxygen minimum layer is usually expanded under zones of ‘upwelling due
to increased oxygen consumption by bacteria decomposing lafge amounts of organic matter
produced by incréased prodhclivilg' (Rowe and Haedrich, 1979). The occurrence of
phosphorites in conglomerates and exlensn‘ve black and green shale deposition in upper Bed 11
and lbwcr Bed 13 strata suggests that strong upwelling was occurring and anoxic conditions
existed on the slope and most of the rise (James and Stevens, in press). The large robust
conodont elements in this interval suggests that ample phosphate was available {or
mineralization. i

Conodoni data from St. Pauls Inlet appear to support James and Stevens ' ~in press)

interpretations. The occurrence of Oepikodus evae, Paracordylodus gracilis, and Prioniodus

elegans in great abundances in Beds 9 and 11 suppors the interpretation that conditions were

transgressive. These taxa are comrr;only considered deep water forms according to Barnes and
Fihraeus (1‘975) community segregation model. The occurrence of taxa such as
Bergstroemognathus extensus, Oepikodus communis, Oistodus n. sp. 1. and Walliserodus
australis in both the lower Catoche Formation (Stouge, 1984; Kenna, 1985) and Beds 9-11
(Figure 4) suggests that there was free and open exchange between shell and oceanic
_conodont faunas. This also would be expected during times of transgression (Stouge, 1982;

Fortey, 1984). The low percentage or absence of endemic taxa in lower Bed 11 strata also




suggests that this interval represents maximum transgression. Few endemic species would be
‘expected 10 occur in the slope-nse environment since most were presumably adapted to
warmer e;nd shallower waters far shoreward of the shelf -edge (Barnes and Fahraeus; 1975).

The occurtence of 'Peri‘a'don-dominated faunas in the upper\part of Bed 11 and the
lower part of éd 13, plus the large number qf’cndemic taxa present (Figures 6 and 7)
supports the interpretation that conditions were regressive. The change. from
QOepikodus-dominated to Periodon-dominated f aﬁnas has been interpreted to represent shif ting
biofacies in response 1o a sea level drop (e.g. Fahraeus and Barnes (1975), Fortey and Barnes
(1977)). This drop is also indicated by the appearance of more endemic forms which have
previously been reported to occur in outer shelf sequences (e.g. Mound, 1965a, b; Ethington
and Clark, 1982; Repetski, 1982). The increase of these endemic taxa in Bed 13 may reflect a
greater degree of ecological overlap with deep water forms than in underlying beds or’
transport of elements into deep water by periodic collapse of an oversteepened margin (James
and Stevens, in press; Pohler e al., in press).

The relatively constant abundances of individual taxa aﬁd consistent p‘crccrilagcs of
cosmopolitan, endemic and "Argentinian” species, except for StPI 42, in Bed 9 suggests
enviromental conditions were relatively stable throughout the deposition of the
mudsxdne-grainslone facies of Bed 9. The general increase in size of conodont elements and
frequency of burrowing towards the top of this unit may indicate a progressive oxygenation,
although the increase in element size may just mirtor the increase in overall grain size
observed in this interval by James and Stevens (in press). The low percentages of P. gracilis

angd cosmopolitan taxa, plus the large abundance of hyaline laxé in StPI 42, perhaps reflects a

local change in ecological conditions, although the coarse grain size of the sample lithology

suggests that elements were transported some distance.

The distribution patterns of Oepikodus evae and Periodon in Bed 11 at St. Pauls Inlet
are unlike the distribution patterns of these {axa reported by Fortey and Barnes (1577) in the
Valhallfonna Formation in Spitsbergen. In this formation Oepikodus occurs with olenid

trilobites which are inferpreted to have lived on the lower slope under near anoxic conditions.
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Spfzcics of Periodon co-occur with ni}cid trilobites which lived on the upper slope under
aerobic conditions &Foney and Barnes, 1977). This same generél pattern is observed in the
Table Head Group where P. aculeatus co-occurs with nileid -type trilrhites (Stouge, 1984).

0. evae appears to thrive under aerobic conditions in lower Bed 11 strata. Higher up in
this bed and in Be:d 13 Periodon predominates under anoxic conditions (Figure 6). Because the
distribution patterns of these taxa were observed in a slopc setting by Foriey and Barnes
(1977). their distrnibution in the St. Pauls Inlet section and in sections on the Cow Head
Peninsula (Fahraeus and Barnes, 1975; Fihraeus and Nowlan, 1978} might reflect
post-mortem distributions due 1o the transport of elements of thesc and associated taxa onto
the lower slope and rise. Alternatively, if these taxa and associated farms were living in this
environment, then their distributions may suggest that depth was a more significant
controlling factor- than oxygen levels.

The previous observations and interpretations are based on conodont data from a
single section of the Cow Head Group. Future work will determine if the paleoecological
patterns of conodont taxa discussed here are applicable only to the one locality (St. Pauls

Inlet) or throughout all the Cow Head Group.

5.3 Conclusions -

The size and robustness of conodont' elements in bedded carbonates generally
correlates with grain size while large and robust elements occur in red and green shales. Lime
mudstone and shale faunas are less diverse than faunas in grainstones. Future work should
involve systematic collecting of mudstones, grainstones, shales and siltstones to test whether
the relationships of conodonts to lithological characteristics noted above are consisient in
other sections of the Cow Head Group.

There appears 0 be a general correlation between the paieoecological patterns depicted
in Figures 6 and 7 and the major influxes and disappearances of taxa in Figure 4. Faunas in

Beds 9-11 are dominated by deep water taxa. while those in the upper part of Bed 11 and

lower part of Bed 13 are dominated by shallower water forms as suggesled by Barnes and
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Fahraeus (1975) comm_uhity segregation model. These patterns can also be tied 0 major

changes in lithologies. The distribution patterns of conodont taxa in the St. Pauls Iniet section

-
generally support James and Stevens' (in press) interpretation that the lower part of the

Arenig sequence in the Cow Head Group is transgressive and the upper part is regressive. The
transgrcssivc-regrcss-ivc cycles that occur on the shelf (James and Stevens, in press) appear
also 10 be reflected by changes in the composition ana abundance patterns of conodont faunas
on the slope and/or rise in addition 10 the lithological changes. Thc:;e patlerns may}xlpﬂect

major changes in the oceanic environment during the trangition from transgressive to

regressive conditions.




6. CONCLUSIONS

The Arenig stratigraphy of the Cow Head Group first established by Schuchert and
Dunbar (1934) has recently been ised by James and Stevens (in press). The taxonomy and
biostratigraphy of both Arenig shelly fossils and graptolites is currently being revised (e.g.
James and Stevens, in press; Williams and Stevens, in press). Prior investigations of Arenig
conodont faunas by Fihraeus (11970), Nowlan (1974). Fihraeus and Barﬁcs (1975), and
Fahraeus and Nowlan (197) focused on small faunas collected from proximal Cow Head
sections on the Cow Head Peninsula. -

This study is an investigation of the taxonomy, biostratigraphy, and paleoecology of
Atenig conodont faunas from both intermediate and distal sections of the Cow Head Group.
It is undertaken in conjunction with other studies currently investigating Arenig conodonts inw
other Cow Head sections and from boulders derived from shelf -break and upper slope facies
in the megaconglomerates (e.g. Pohler er al., in press).

Arenig section is represented at St. Pauls Inlet and Martin Point by 180 m and 154 m
respectively of deep-water limestone. shale, siltstone, and conglomerate belonging to the St.
Pauls Member of the Green Point Formation (James and Stevens, in press; Williams er al.,
1985). The Green Point Formation represents distal shale-dominated Cow Head strata which
was deposited on the continental nise at the Early tdovician (Arenig) margin. The St. Pauls
Iniet and Martin Point sections are interpreted as proximal and distal facies of this formation
respectively with the former section containing significantly more carbonate than the latter
section.

Each section was intensively sampled with 3.5 kg. limestone and shale samples taken
at approximately 1 m intervals. The majority of processed samples were limestones collected
at St. Pauls Inlet. Limestones were dissolved in 10-15% acetic acid while shales were gently
boiled in water and detergent. Residues were sieved and separated with tetrabrorhomethane at
S.G. 2.84. Heavy residues were picked for conodonts. A total of 35,659 conodont e]cmcms
were recovered from 64 limestone and shale samples from both sections (Tables 1-3, p.

225-231). Elements were well preserved with low colour alleration indicies (CAl=15-2).
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The appafatus of Lenodus Sergeeva is revised to include falodontiform and a
multiramiform senies consisting of cordylodontiform, trichonodelliform, and
tetraprioniodontiform elements in addition to previously known prioniodiniform ;lcmems.
These elements ‘are characterized by small albid denticles which form serrated edges on the
processes. Oepikodus coqpmunis (Ethington and Clark ) appears in section before the first
occurrences of either O. evae (Lindstrom) ot O. intermedius {Serpagli). The first occurrence
of 0. communis below the first appearances of both the latter taxa supports McTavish's
(1973) hypothesis that 0. communis and O. evae belong to sepatate lineages. The occurrence
of 0. communis below O. intermedius (’Figure 4, p. 24) suggests the former species is ancestral
to the latter. . -

The apparatus of Oistodella Bradshaw consists of cyrtoniodontiform. oistodontif ormA.
and a multiramiform series comprising of cordylodontiform, cladognathiform, and
trichonodellifdrm elements. These elements are hyaline with albid oral denticles that
commonly continue partly onto the cusp. The cusp of each element has a prominent growxh
) axis which is MNanked first by hyaline and then by white maue.r.

Specie's of Parapander.odus Stouge with elements resembling "Scolopodus™ gracilés s .f.
Ethington and Clark (e.g. P. arcuatus Stouge, P. sp. cf. P. arcuatus) are perhaps
monoelcment;al taxa. A recént apparatus reconstruction has grouped "S." gracilis s.f. with
Protopanderodus asymmetricus Barnes and Poplawski s.f., and "S." cornu formis Sergeeva s.f.
(B;rgstrOm. 1979; Lofgren, 1985). However, elements of P. arcuatus Stouge and P, sp. cf. P.
arcuatus are mostly elbid and have triangular cross sections in contrast to hyaline and
antero-posteriorly coinpressod elements of Semtacontiodus cornuformis Sergeeva. "5." gracilis
s.f. cannot be associated with "S." triangularis s.f. in an apparatus since the latter form
taxon occurs sporadically in lower and is absent in upper strata of the Cow Head Group.

Early, intermediate and late orms of Periodon aculeatus Hadding are recognized in
middle and late Arenig Cow Head strata. Early forms are characterized by falodontiform,

prioniodiniform. and oulodontiform elements that resemble those in ybunger beds while

multiramiform elements strongly resemble those of P. flabellum (Lindstrom). Intermediate
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forms have multiramiform elements which resemble those of late form.s of P. aculeatus which
have an acute antero-basal angle and the aboral margins of the base and posicrior process
meeting at right angles. Prioniodiniform and oulodontiform elements have shorter, less twisted
- posterior processes than late forms of thcsc.clcm_cms.

Elements of this species appear to undergo mosaic evolution with falodohtiform.
oulodontiform, and pﬁoniodiniform elements evolving faster than multiramiformﬂelemcms
(Figure 10, p. 111). In some samples the majority of prioniodontiform elements have a long
anterior process while in others the anterior process is short in the majority of these elements.
Strongly denticulate falodontiform elements are usually associated with the first type (;f
prioniodiniform element ;vhile weakly dcmicﬁlated falodontiform elements are associated with
the iatter type. P. flabellum is distinguished from P. aculeatus by having an adenticulate
oistodontiform element, prioniodontiform and oulodontiform elements with inﬂ.ﬁed basal
cavitics, and multiramiform elements with several large denticles behind the "big” denticle on
the posterior process and an open antero-basal angle. ’

A new species tentatively assigned to Polonodus Dzik comprises aéymmelrical and
subsymmetrical elements characterized by medially denticulated anterior and posterior lobes
that meel at a righl_inglc at the abex. The occurrence of deltaform ar{d oistodontiform
elements of Protoprioniodus papiliosus van Wamel with triangulariform elements of this
species suggests that this lauer element js not an aberrant form of the oistodontiform element
of P. aranda Cooper as suggested by Ethington and Clark (1982).

Elemems of "Scolopodus™ peselephantis LindstrOm representing ~n intermediate stage
in the evoiution of this species occur in one sample (dMP 16) at vMartin Point. These elements
have laterally compressed cusps which are constricted near the base. The cross section of the
element is circular below this constriction.

(3 - Spinodus Duik is revised to include falodontiform and prioniodiniform clements in its

ap‘bafatus in addition to ramiform elements. Cusps and denticles of S. sp. cf. §. spinarus

Hadding are albid in contrast to other occurrences of Spinodus where the cusps and denticles

are entirely hyaline.




Five faunal assemblaées (Al-AS5) are recognized from the above taxa at St. Pauls
Inlet. The first assemblage (Al) is characterized by the first appearance of Paroixtodu&
proteus (Lindstrom), the second (A2) by the first appearances of-Oistodus n. sp. | Serpagli
and "Oustodus” sp. aff. "0." cristatus Ethingion and Clark. The third assemblage (A3) is
characterized by the first appearance of Acodus? gladiatus Lindstrom while the fourth (A4) is
characterized b)" the first occurrence of Oepikodus intermedius Serpagli. The f i_flh assefnblage

(AS5) 15 defined by the first appearances of Acodus? robustus (Serpagli). Drepanoistodus

basiovalis {Sergeeva), "Scandodus™ flexuosus Barnes and Poplawski s.f. and Walliserodus

ethingtoni (Fihraeus).

Only the three lowermost Arenig North Atlantic congdont zones are recognized at St.
Pauls Inlet. Some late Arenig North Atlantic zones are tentatively recognized while others are
missing. Zonal taxa are absent probably due to endemism. The absence of specieg of
Baltoniodus Lindstrom and Microzarkodina Lindstrom in Cow Head strata underscores the
limited applicability of the North Atlantic Province conodont zonation outside tﬁc
Balto-Scandian craton for the late Arenig. The greater thickness of the Paroistodus proteus,
Prioniodus elegans, and Oepikqdus evae rones in Cow Head strata suggests that rates of
sedimentation were much higher 1n this sequence than in Baho-Scandia in the Early
Ordovician. The occurrence of Ansella jemtlandica (Lofgren) in Bed 14 at St. Pauls Inlet
suggests thal the Arenig-Llanvirn boundary is close to this level. This species occurs in
uppermost Arenig and Llanvirn strata in Balto-Scandia (Lofgren, 1978). -

Components of Midcontinent Fauna D, the Oepikodus communis Zone {Ethington and
Repetski, 19.84) and Fauna 2 ( = Histiodella altifrons Chronozone, Sweet. 1984) were
recognized in Arenig Cow Head strata at St. Pauls Inlet. The 0'. communis Zone is coeval with
-both the P. elegans and O. evae z0nes (Figurc 5, p. 40), which suggests that this zone is of
grcater'duration than previously thought. The occurrence of Preracontiodus cryptodens
(Mound) and Scandodus sinuosus (Mound) in Bed 13 at St. Pauls Inlet suggests that this Bed

is Whiterockian in age. The Valhallan Stage (Fortey, 1980) is shown to be equivalent to the

Lower Whiterockian, as suggested by the occurrence of Valhallan trilobites and graptolites
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with Whiterockian conodonts in Bed 13 at St. Pauls Inlet.

The first appearance of the zone taxa .Terragrap:us approximatus and Paroistodus
proleus occurs at about the same level in both sections; their zonal cqunialcncc was only
implied in previou§ correlations. Graptolite data also suggests that the Arenig-Llanvirn
boundary may lie in uppermost Bed 13. Bed 14. and Bed 13 strata. Shelly fossils evidence
corroboraies with conodont evidence suggesting that Beds 12-15 are Whiterockian in age.

The Arenig conodont biostratigraphy of the Cow Head Group suggests that the St.

Pauls Inlet section can be correlated with the uppermost Boat Harbour, Catoche and

- *Aguathuna formations of the platformal St. George Group.

The size and robustness of conodont elements in bedded carbonates was found 10
generally correlate witﬁ érain size.-Elements in shale. however, tend to be large and robust..
The abrupt turnover from Oepikodus-dominated to Periodon-dominated faunas observed in
proximal sections of the Cow Head Group (Fihraeus and Barnes, 1975, Fdhraeus and
Nowlan, 1978) was also observed in the intermediate facies of this group at St. Pauls Inlet
(Figure 6, p. 43). Significa'm changes 1n paleoecological patlerns (Fig'urcs 6and 7, p. 43 and
d45) generally coincide with major influxes and extinctions of conodont taxa (Figure 4, p. 24)
al particular horizons in Beds 9,' 11, and 13 at St. Pauls Inlet. Significant changes in

pajeoecological patterns and faunal influxes and/or extunctions occur in each of the aerobic,

condensed, and anaerobic phases in this section (Figures 6 and 7). The predominance of

deep-water taxa in lower to middle Arenig Cow Head strata and shallow-water taxa in middle

10 upper Arenig strata support the interpretation that Beds 9, 10, and the lower part of 11
represent overall transgressive and the upper part of Bed 11 and Beds 12-15 represent

regressive conditions (James and Stevens. in press).




7. SYSTEMATIC PALEONTOLOGY

7.1 Preamble
. Because the suprageneric classification 6f conodonts proposed in Robison (1981) is in

-~dispute (e.g. Fahraeus, 1983, 1984), conodont taxa~herein are only classified 1o genus.

Conodont genera and species are listed in the following sections in alphabetical order. The

qugslionable assignmcnll of conodont elements to some geneta is indicated by a Qquestion mark

(e.p. Baltoniodus? sp.. Polonodus? peavyi). Quo{es indicate lh; traditional generic assignment

of form and multielement species in the literature, although such taxahouid be ?ssngned 10

other genera (e.g. " Drepanodus” toomeyi sf., "Microzarkodina™ marathonensis). Form taxa ’ -
are designaléd by the suffix s.f. (sensu formo) (Ba;'nes and Poplawski, 1973).

Elemcm\ terminology gcnéral]y follows that psed in Lofgren (19785 and Ethington and
,Ciark_(1982)‘ Most element ty pes are named alter the form génera or species ‘Lhey most
resemble (e.g. drepanodontiform, concaviform). Some elements in some apf)aratuses do not

. . Closely resemble lhe—f orm taxa they are named after, but these terms are $till used for
convenie‘n'cve (e.g. prioniodiniform elemcnts'or Spinodus sp. cf . S. spinatus). Elements are
also named on the basis of their shape, symmetry or ornamentation, ‘(e.é. platform,
coniform:; symmctricgl. asymmetrical; costate, acostate). Letter designations with descriptive
terms are used as well (e.g..symmetrical A, B, etc.) The letter designations and terms
proposed by Sweet apd SchOnl;ub (1975), Barmnes er al. (1979) and in Robison (1981) have
not been used because of the incomplclenes’s.' of many apparatuses, and the uncertainty about
the homologies of elements in several taxa. However, reference is made 10 these schemes in
some taxonomic des&ripu’ons. -

Al types, figured and unfigured, are deposited in ihe Nal_ional Type Fossil Collection,
Geological Survey of Canada (GSC). Ottawa. | »
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7.2 Conodont taxonomy

7.2.1 Cenodont taxa to be illustrated
The following taxa, becausc they are few or because nothing rew can be stated about
them taxonomically, are only illu;sualed.
Acodus deliatus Lindstrom Figures 15.2-15.4, 15.6-15.9.
A.? russot Serpagli Figures 15.18, 15.22, 15.23, 15.27.
A.7 sweeti (Serpagli) Figures 15.15, 15.19.
" Acontiodus” staufferi Furnish s.f. Figure 26.34.
Ansella jemtlandica (L.0fgren) Figures 19.10-19.12, 19.17.
Coelocerodontus bicostarus van Wamel s.f. Figure 20.9.
C. latus van Wamel s.[. Figure 20.10. a -
" Drepanodus” toomeyi Ethington and Clark s.f. Figure 26.1.
"D." n.sp. C Barnes and Poplawski s.f. Figures 25.28, 25.29.
' Drepanoistodus bas:ova_xlls (Sergeeva) Figure 25.11.
D. tableheadensis Stouge Figures 25.7-25.9,%25.12, 25.13.
Ecplacognathus? sp. Figure 28:20:
Eucharodus parallelus (Branson and Mehl) Figures 26.2, 263.
Glyploconus quadraplicatus (Branson ;jl-nd Meh!) Figures 26.4, 26.5.
Histiodella altifrons Harris Figure 29.2.

H. holodentaia Ethington and Clark Figure 29.7.

H. serrata Harris s.f. Figure 29.6. ' -7
Juanognathus—variabilis Serpagli Figure 27.6.
Jurhudontus gananda Cooper Figure 18.22.
Oepikogus communis (Ethington and Clark) Figures 16.14-16.16.
" O. evae (Lindstrém) Figures 16.24-16.26.

Oistodus n. sp. 1 Serpagli Figures 19.15, 19.20, 19.25, 19.29.




Oneotodus costatus Ethingion and Brand Figure 29.10.

Parapanderodus arcuatus Stouge Figures 26.22-26.27.

Paroistodus proteus (Liﬁdstrbm) Figures 23.20, 23.21, 23.24, 23.25.
Periodon flabellum (Lindstrom) Figures 27.7-27.10; 27.14-27.16, 27.19.
Pteracontiodus crypiodens (Mound) Figures 21.12, 21.15, 21.16, 21.19-21.21.
Reuwtterodus andinus Serpagli Figures 27.4, 27.5.

Scandodus sinuosus (Mound) Figures 21.26-21.29.

"Scolopodus” carige Repetski s.f. Figure 26.16.

"S." emarginatus Barnes and Tuke s.f. Figure 25.35.

S. quadratus Pander Figures 26.6, 26.7.

*S." triangulans Ethington and Clark s.f. Figure 26.12.

Semiacontiodus cornu formis (Sergeeva) Figures 26.17-26.19.

Stolodus sp. | Serpagli Figure 29.5.

Strachanognathus parvus Rhodes Figures 20.13, 20.14.
Tripodus. {aevis Bradshaw Figures 19.1-19.4, 19.7, 19.13, 19.14.
Ulrichodina sp. aff. U. wisconsinensis Furnish s.f. Figure 26..’30.
U. cristata Haris and Harris s.f. Figures 26.31, 26.32.

U. n. sp. Barnes 1977 s.f. Figure 26.29,

U. sp. Stouge 1982 s.f. Figure 26.33.

Walliserodus ethingtoni Fihraeus Figures 19.18, 19,19, 19.21-19.24.

7.2.2 Taxonomic descriptions ’
Genus ACODUS Pander, 1856
Type species.--Acodus erectus Pander, 1856
Remarks.- -The apparatus of Acodus is considered here to comprise of acodontiform,
oistodontiform, rand a ramiform series of drepanodontiform. gothodontiform,

trichonodelliform, and distacodontiform elements. This apparatus composition is in accord

with recent reconstructions in the literature (e.g. Ethington and Clark, 1982; Dzik, 1983),
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- with the exception of Lofgren (1985) who recognized only three morphotypes of the ramiform
series. | |

Acodus has an apparatus composition very similar 1o that of Diaphorodus Kennedy.
However, the apparatus of Acodus includes a gothodontiform element (e.g. Ethington and
Clark, 1982). Diaphorodus lacks this element (Kennedy, 1980; see also Remarks for D.
delicaius Kennedy). In addition, acodontiform elements of Acodus héve large; bases and
deeper basal cavities than corresponding elements of Diaphorodus (lindstrtdm, 1977). The
angle between the oral margin and the posterior edge of the cusp is much more acute in
oistodontiform elements of Acodus. Drepanodontiform and trichonodelliform elements in both
genera are éenerall)' the same 1n overall morphology.

Both genera are represented in Cow Head strata by the occurrence of both A4. deltatus
Lindstrom and D. delicatus (Table 1, p. 225). These species also co-occur in the_ El Paso
Group (Repetski. 1982). The distribution of Diaphorodus appears o be restricted 1o cratonal
sequences (Kennedy, 1980; Ethington g‘;ld Repetski, 1984), while Acodus' distribution appears
10 have been more widésprcad (e.g. Lindstrom, 1955; Viira, 1974; Ethington and Repetski,
1984). Some doubt exists as 10 whether adenticulate prioniodids described by McTavish (1973)
from the Canning Basin should be assigned 10 Ac_odus ot Diaphorodus (e.g. McTavish, 1973;
Lindstrom, 1977; Kennedy, 1980; Ethington and Clark. 1982).

The taxonomic status of Acodus is presently dispu'tcd because the apparatus of the
type species remains yndescribed. Kennedy (1980) considers Acodus 10 be a nomen dubmm..

However, due to the scarcity of material, the writer chooses to retain the forms described

herein and illustrated on Figure 15 (p. 169) in Acodus. following Stouge (1982, 1984) as no

opportunity for revision of this genus is possible at this time.

Only A. deltarus Lindstrom and A. sp. aff. A. deltatus are definitely assigned to
Acodus, as both have complete apparatuses. The other taxa are assigned tentatively to this
genus. Most lack complete apparatuses (e.8. A.? gladiatus, A.? robustus, and A.? sweeli),

-3

making their relationship to Acodus uncertain.




The wﬁlcr agrees with Cooper (1981) that A.? russoi Serpagli may belong to
Protoprioniodus McTavish because of its similar colouration and surface ormamentation 1o
species of this genus. r

ACODUS? GLADIATUS Lindstrdm s.f.
Figures 15.1, 15.5 .
Acodus gladiaius LINDSTROM, 1955, p. 544, 545, PL. 3, figs. 10-12; SERPAGLI, 1974, p.
" 18-19, PL. 7, figs. Sa-10c, PL. 20, figs. 4, 5. PL. 30, fig. 6, LANDING, 1976, p. 629, PI.
1, fig. 7. |

Remarks.--Only acodontiform elements occur in the writer's co-llecti'on. WNo other
elements like those described by Serpagli (1974) and by Lofgren (1978) were found in _
association with these elements. In general they show little vaniation, although in one sample
(StP1 75b) some had short broad'cusps and bases with a medially situated lateral carina,

OC;:urrence."Bed 11 at St. Pauls Inlet and Martin Point.

Material.- -48 specimens.

Types.--Hypotypes. GSC 82419, 82481.

ACODUS? ROBUSTUS (Serpagli)
Figures 15.10, 15.11-15.14.
"Scandodus® robustus SERPAGLI, 1974, p. 69, PL. 18, [igs. 3a-4d, Pl. 28, figs. 12, 13;
ETHINGTON and CLARK, 1982, p. %4, Pl. 10, ligs. 25-27.

Remarks.- -Both morphotypes of A.7 robustus described by Ethington and Clark

(1982) are recognized in Lhc-Cow Head collections. Included with these elements are those

with basal cavities asymmetrically flared to one side and lacking the "anticusp” of the other

morphotypes. All these elgmems may comprise a symmetry transition series, This series is
made up of acostate asymmetrical, unicostate and bicostale elements with an "anticusp”. This
series is partly analogous to the drepanodontiform-gothodontif orm- prioniodontiform
transition series of Acodus. It is {or this reason that these elements are tentatively assigned to

this genus.




Elements of the form species "§." flexuosus in Cow Head collections should perhaps
also be included in this apparatus. Their siraligraphic‘ range- and those discussed above are
concurrent. They are similar in robustness and development of white matter. *S." flexousus
s.f. has previously been matched with "S." mysticus s.f: in an apparatus ¢Lofgren, 1978).
The latter species does not occur in the Cow Head collections. However, with relatively few
numbers and shght morphologica{l differences, "S." Jflexuosus s.f. and A.? robustus are
retained as separate taxa.

Occurrence.--Bed 13 at St. Pauls Inlet.

Material. - - 32 coslate, 14 acostate asymmetrical elements.

Types.--Hypotypes. GSC£2420-82422.

ACODUS? sp.
Figures 15.16, 15.17, 15.20, 15.21

Description.--Elements in an incomplete transition serie~s are assigned 1o Acodus? sp.
Elongate elements with deep basa] cavity ,and sharp lanceolate cusp. Base elongate with cavity
extending to point of curvature between cusp and base. Apex situated near anterior margin.
Cross section of base plano-convex o triangular in ou;line. Oral margin conca.ve. sharply
keeled, continues as smooth curve onto cusp. Aboral margin deeply concave (may be artifact
of broken basal sheath). Anterior margin of base straight, undergoes abrupt change in
curvature at junction of base and cusp. Cusp albid, proclined, and short relative to base’
Anterior and posterior margins sharp, tapering rapidly 1o point distally; cross section
lanceolate.

Acodontiform element characterized by strong costa or carina developed medially on

outer side of basal cavity. Gothodontiform element has just strong carina. Drepanodontiform

element laterally compressed, symmetrically biconvex. Trichonodelliform element lriangula‘r In
cross section at base. Oral and antero-lateral margin may be keeled.

Remarks._- -The elements described above, although rare, appear to follow the
apparatus pattern of Acodus Pander. It is for this reason that they are tentatively assigned (o

this genus. No distacodontifdrm or oistodontiform elements were found.




Occurrence.--Bed 11 at St. Pauls Inlet. .
" Material.- -1 drepanodontiform, 1 acodontiform, 3 gothodoniiform, and 4
trichonodelliform elements.
Types. - -Figured specimens, GSC 82427-82430.
ACODUS? sp. aff. A. SWEETI (Serpagli)
Figures 29.14, 29.15.
aff, " Paltodus?” sweeti SERPAGLI.‘1974, p. 42, 43, PL. 14, figs. 13a-14b, P1. 24, figs. §-10,
text- f:g 12, STOUGE, 1982, PI. 6, fig. 16; REPETSKI, 1982, p. 38, Pl 15, fig. 8.
Remark.s --Cow Head specimens have antero-lateral processes Lhat are weakly
developed and are situated more anteriorly than the type specimen. No oistodontiform
elements were found.
Occurrence.--Bed 10 at St. Pauls Inlet.
Material .- -20 spccimcn;.
Type.--Figured specimen, GSC $2440.
ACODUS sp. aff. A. DELTATUS Lindstrom
anurcs 16.6-16.8; 16.10-16.13, 16.17, 16.21
al'f Acodus deliatus UNDSTROM 1955. p. 544, PL. 3, fig. 30; ETHINGTON and CLARK,
1982, p. 18. 19, PL. 1, figs. 1-6, text-fig. 4, REPETSKI, 1982. p..12, Pl. 2, figs. 1-6;
LOFGREN, 1985, p. 124, figs. 4Z, AA, AB.
Remizrks.- -The bases of acodontiform elements appear to be shallower than those of
A. deltatus. The posterior process is longer than the anterior process in several specimens. and
the latter process is of ten turned inward. Oistodontiform elements have longer. mote arched
posterior processes, and the antero-basal angle is sharper. A slight concavity is developed on
the anterior margin of the base in some specimens.
- The elements discussed above and others making up this apparatus were recovered
from a limestone boulder in Bed 1.2 at St. Pauls Iniet. Collections of S. Pohler (pers. comm.,
1985) may suggest that these forms are a new species of Acodus, with some distacodontiform

elements developing incipient denticulation on the posterior process. '

.
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Occurrence.--Bed 12 at St. Pauls Inlet.

Material.--19 acodontiform, 9 drepanodontiform, 4,Lrichoﬁodellifonn, g
distacodontiform, 4 gothodontiform and 9 oistodontiform elements.

Typés.--Figured specimens, GSC 82431-82439,

‘ Genus BALTONIODUS Lindstrom, 1971

Type species.- - Prioniodus na-ws Lindstrom, 1971.

R | BALTONIODUS? sp.
Figure 17.12
?Prionwodus aff. Dichognathus sp. VIIRA, 1967, text-fig. 1:6.

Remarks.--Several prioniodontiform(?) elements with elongate posterior and lateral
processes and a short posteniorly directed, denticulaled anterior process are tentatively referred
to this genus. They lack the flared basal cavity of Baltoniodus Lindslrdm. The illustration of
7P, aff. Dichognathus sp. in Viira (1967) appears to lack the posteriorly directed denticulated
process of the Cow Head material.

Occurrence.--Bed 13 at St. Pauls Inlet and Martin Point.

Material.--5 specimens,

Type.--Figured specimen, GSC 82448.

Genus BELODELLA Ethington, 1959

Type species.- - Belodus devonicus Stauffer, 1935.

"BELODELLA" sp. B Serpagli
Figures 16.20, 16.23
"Belodella™ sp. B SERPAGLI, 1974, p. 23, P1. 7, figs. la-c. PL. 20, fig. 11.
Description.--Laterally compressed, asymmetric simple cones with elongate bascs and
denticulated oral and anterior margins. Laterally directed keel runs entire length of element on
anterior margin. Base elongate, laterally compressed. Oral margin keeled, with numerous |
small denticles that are confluent basally. Oral keel continuous with posterior keel of cusp.
. Aboral margin concave towards apex of basal cavity. Basal cavity clongate cone, with apex

—

extending past point of curvature between base and cusp. Anterior margin of base keeled,




with denticles forming serrated edge. Apices of denticles anteriorly directed. Anterior keel
inwardly directed and continuous with anterior keel of cusp. Both oral and anterior keels
extend beyond aboral margin as short processes, Base subtriangular in cross section with outer
side forming one non-keeled, undenticulated corner anteriorly. Inner side slightly 10
moderately convex. Sides of base thin, translucent,

Cusp albid, proclined 1o érccl. with anterior and posterior keels. Quter side of cusp
convex, with bulge more anteriorly directed. Inner side is fat. Anterior keel sharp, inwardly
directed, continu;)us with oral keel. Cﬁsp twisted inward with rcspf:cl to base, so thal anterior
and posterior edges are oriented postero-laterally, and antero-laterally, respectively.

Remarks.-- " Belodella™ sp. B superficially resembles plano-convex elements of Ansella
Fihraeus and Hunter except that the oral and anterior margins of "B." sp. B are both
denticulated. This denticulation is not developed as exlensively as that in Ansella. The cusp of
"B." sp. B is also less proclined and the base is narrower and n;ore elongate than in elements
of the latter genus. With these differences "B." sp. B is probably not assignable to Ansella,
unlike other Ordovician belodelliform elements (Fihraeus and Hunter, 1985). Howevér.
because of'scarcily of materijal, the present generic assignment will be retained.

The illustration of *B." sp. B in Serpagli (1974) lacks denticles on the ameriof margin
of the base, but otherwise is similar to Cow Head material.

Occurrence---Bed 11 at St. Pauls Inlet.

Material.- -6 specimens.

Types.- -Hypotypes, GSC 82449, §2450.

Genus BERGSTROEMOGNATHUS Serpagli 1974

Type specces:- -bl:lodu.s extensus Graves & Ellison, 1941,

" BERGSTROEMOGNATHUS sp. cf. B. EXTENSUS (Graves & Ellison)

Figures 18.10, 118.12. 18.15-18.17, 18.19
Oistodus extensus GRAVES & ELLISON, 1941, p. 13, PL. 1, figs. 16, 28.
Berstroemognathus of . B. extensus (Graves and Ellison) LANDING, 1976.-p. 630, Pl. 1, figs.

1-6, 9, 10, (contains synononmy to 1976).




cf. Bergstroemognathus extensus (Graves and Ellison), COOPER, 1981, p. 161, PL. 31, fig.

12, P1. 32, figs. 7, 9-11.
cf. Bergstroemognathus extensus Serpagli, ETHINGTON, 1979, p. S, Figs. 6E, F; STOUGE,
1982, PL. 6, figs. 1-4; STOUGE and BOYCE, 1983, PI. 4, figs. 15, 16.

Remarks .- -Most tnchonodelliform elements in Cow Head collections are highly
symmetrical, with broad denticles on the lateral processes rising evenly towards the cusp. Th
posterior faces of these denticles are costate. The lateral process can be cxlremel-_\ long in
telation to the cusp. These elements most closely resemble trichonodelliform elements of
Landing (1976) which are less strongly arched, and do not show the same dcnliculalion
pattern as specimens illustrated by Serpagli (1974‘). Trichonodelliform and dlher el.cmenls of
B. ;p. cf. B. extensus occur in different facies from that of B. extensus. Those of Serpagli
(1974) and Stouge (1982) occur in shelf carbonates whereas those of Landing's (1976) and
the Cow Head specimens occur in lower slope-continental rise strata. These latter
trichonodelliform elements may belong to a different species of Bergstroemognathus.

Three types of prioniodiniform elements aré recognized. The first type is narrow in
width and generally keeled (Figure 18.10). It occurs with Prioniodus elegans Pander in Bed 9
at St. Pauls Inlet as well as in a limestone boulder in Bed 14 at Martin Point. The second lype
1s broadly arched with the cusp and denticles lacking keels {Figures 18.16, I§.17). This type
occurs with Oepikodus evae in lower Bed 11 strata at St. Pauls Inlet. The third type has
narrow denticles that are usuz'llly.long and discrete basally. It was reco;rcrcd from a limestone
boulder in a conglomerate in the middle of Bed 11 at Martin Point. The first and second type
may represent evolutionary change in this element, although keeled forms do occur with
unkeeled forms in Bed 11 at St. Pauls Inlet. The third type may belong to another species of
Bergstroemognathus. These observations and interpretations need .conf irmation through larger
collections.

White matter appears to be dcveldped more extensively in younger prioniodiniform
elements of B. sp. cf. B. extensus. In older elements white matter is restricted 1o the growth

axis while in younger elements it is spread throughout the cusp. This trend is also seen in




falodontiform elements, but to a lesser degree.

Occurrence.--Beds §, 10,and 11 at St. Pauls Inlet; Beds 10, 11, and 14 at Martin

Material.--23 falodontiform, 10 trichonodelliform, and 33 prioniodiniform elements.
Types.- -Figured specimens, GSC 8245]-82455.
Genus COELOCERODONTUS Ethington, 1959
Type species. - -qulacerodonzus trigonius Ethington, 1959,
COELOCERODONTUS sp.
Figures 20.11, 20.12, 20.16
Remnarks.--Simple cone elements w'ilh triangular cross section anvd basal cavity
extendling to the tip are asigned 1o Coelocerodontus. Two types of elements occur: those with

sharply keeled oral and antero-lateral margins and those with the oral margin sharply keeled

and with rounded antero-lateral margins. Both have flattened or slightly concave lateral sides

and rounded anterior faces. Several of both types of elements are iwisted asymmetrically.

Occurrence.--Beds 9-11 and 13 at St. Pauls Inlet.

Material.--30 specimens.

Types.- - Figured specimens, GSC 82458, 82459.

Genus CORDYLODUS Pander, 1856
Type species.- -Cordylodus angulatus Pander, 1856.
CORDYLODUS sp. cf. C. HORRIDUS Barnes and Poplawski
Figure 20.15
cf. Cordylodus horridus BARNES and POPLAWSKI, 1973, p. 771, 772, PL. 2, figs. 16-18:
LANDING, 1976. p. 631, PL. 1, fig. 11; BERGSTROM, 1979, p. 305, Fig. 4l.

cf. Cordylodus? horridus Barnes and Poplawski, STOUGE, 1984, p. 45, 46, P1. 1, figs. 1-11.

Remarks.--Specimens of C, sp. cf. C. horridus differ from C. horridus in the
following ways: there appears to be less than four denticles developed on the posterior
process; there is no enlarged third or fourth denticle; the basal cavity is largely restricted 1o

below the first denticle and the posterior process is shorter.




)

Occurrence.--Bed 11 at St. Pauls Inlet and Martin Point.
Material .- -18 specimens.
Types.--Figured specimen, GSC 82460.
Genus CORNUOQDUS Fihraeus, 1966
Type species. - -Cornuodus erécms Fahraeus, 1966.
CORNUODUS LONGIBASIS (Lindstrom)
Figures 21.3, 21.4, 21.8, 21 .9
Drepanodus longibasis LINDSTROM, 1955, p. 564, PL. 3, fig. 31,
Cornuodus bergstroemi Serpagli, LOFGREN, 1978, p. 51, PL. 4, fig. 37, wext-fig. 25D.
Cornuodus longibasis (Lindstrom) LOFGREN, 1978, p. 49-51, Pi. 4, figs. 36, 38-42,
text-figs. 25A-C (contains synonymy 1o 1978): BEDNARCZYK. 1979, p. 423-424, Pl. 6. ‘
fig. 2: AN, 1981, PL. 2, figs. 24, 25: COOPER, 1981, p. 161, 162, P1. 26, figs. 10, 11;
LANDING and BARNES, 1981, p. 1614, P}. 2, fig. 6; LANDING and LUDVIGSEN,
1984, p. 1484, PI. 1,.Ng. 4; STOUGE, 1984, p. 62, P1. 8, figs. 1-8.
Protopanderodus longibasis (Lindstrom), REPETSKI, 1982, p. 40, PL. 17, figs. 11, 12.
Description.- -Elements occur which resemble the illustrations of C. bergstroem: of
Lofgren (1978), which are hereafter referred 10 as bergstroemiforn elements: Albid, laterally
compressed elements ;Vilh hyaline basal cavity flaring abruptly posteriorly, and with costae of

different heights running entire length of cusp. Base short, laterally compressed. with aboral

portion fared widely posteriorly. Oral margin keeled with curved posterfor portion meeting

rest of margin at high angle. Basal cavity hyaline, with anterior margins of cavity concave
posteriorly; intersects anterior and oral margins of base so thal cavity forms posterior part of
base. Apex of cavity sharply pointed, situated anteriorly in base and cusp. Aboral maréin
highly convex. Antero-basal angle of basal cavity acute, with anterior margin of basal cavity
meeting same margin of base at aproximately 120 degrees. Anterior margin of base and cusp
form continuous curve. Basal outline elongate oval; lateral sides of basal cavity may be

slightly concave.
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Cusp albid, proclined to semi-erect, triangular proximally in cross seélion and
lanceolate distally. Medial 'kcel developed on posterior margin, flanked by pair of costae that
are of different heights with respect to each ‘olhcr.v Anterior margin of cusp sharp, almost
keel-like. Cusp and base are in same plane.

| Remarks.--The same symmetry transition series in C. longibasis as Lofgren's (1978)
was recognized in the Cow Head collections. ‘However, some major morphological differences
were observed on the elements comprising this series. Elements comparable to Lofgren's
(1978) symmetrical element A were noted 1o have slight keels developed on the oral margin on
older horizons. Specimens comparable to symmetrical element B have one side that is flatiened
and L‘fic anterior keel is directed laterally on thal' side. This configuration of the ameri.or keel
makes lhcsg elements shightly asymmetrical. In a younger sample (SlPi 92). one such element
was observed to be glmost asymmetrical. Stouge (1984) reported elements of C. longibasis
intermediate in morphology between symmetrical A and B elements from the Table Head
Group. |

The symmetrical element B occurs throughout the suau’gra.phic range of C. longibasis,
unlike in Lofgren’s Swedish material (1978, p. 50). Asymmetrical elements [it Lofgren's
(1978) description, except that there is an oral keel in older specimens.

B‘ergs[roemiform elements described under the previous heading occur with the
elements discuss.cd above in larger samples from the writer's collections. Their concordant
range with the symmetrical and asymmetrical forms may suggest that they may belong in the
apparatus of C. longibasis. This was also suggested by Stouge (1984). The apparent absence
of bcrgsuoerﬁiform elements in younger Cow Head samples might be explained by their
relatively few numbers with respect m——Lh: other—e—lzmems.

Occurrence.--Beds 9-11, 13 at St. Pauls Inlet; Beds 9, 11, and 13 and limestone clast
in Lower Head Formation at Martin Point.

Material.--68 symmetrical A, 34 symmetrical B, 15 asymmetrical and 15

" bergstroemiform elements. /

J

-
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Types.--Hypotypes, GSC 82461 -82364.
Genus DIAPHORODUS Kennedy, 1980
Type species.- - Acodus delicatus Branson and Mehl, 1933,
DIAPHORODUS DELICATUS (Branson and Mehl)
_Figure 16.1-16.5, 16.9
Acodus delicatus BRANSON and MEHL, 1933, p. 56, Pl. 4, fig. 10; REPETSKI, 1982, p. 12,
PL. 2, figs. 1-6.
Acodus” sp. cf . A. delicarus Branson and Mehl, STOUGE, 1982, p. 33. Pl. 4, figs. 1, 2, 5‘.
Diaphorodus delicatus (Branson and Mehl), KENNEDY. 1980, p. 52-54, PL. 1, ligs. 3-25
(contains symonymy to 1980).
Remark;.-»ThE lack of gothodontiform clements. the pronounced asymmetrical
twisting of the distacodontiform elements, and the small base in acodontiform elements were
the reasons for assigning these elements to this species. Several elements near the base of Bed )

13 at St. Pauls Inlet are assigned tentatively to D. delicatus. Acodontiform elements at this

level have nearly hyaline baseé, with a wide, flange-like costa developed laterally on one side.

The cusps of stratigraphicélly older oistodontiform etements of D. delicatus are inclined more
strongly than those in younger samples. These oistodontiform elements are like those
belonging to D. delicatus vulgaris, A subspecies of D. deficatus (Kennedy, 1980). Kennedy
Teports that mainly oistodontiform elements of the subspecies D. delicatus delicatus were
recovered from the Jefferson Cify' Formation. |

Occurrence. - -Beds 9-11, 13, 14 at St. Pauls Inlet; Bed 11 and 13 at Martin Point.

Material.- -96 acodontiform, 82 drepanodontiform, 47 trichonodemrbrm. 46
distacodontiform and 80 oistodontiform eiements.

Types.--Hypotypes, GSC 82465-82469.

Genus DISCHIDOGNATHUS Etﬁington and Clark, 1982
Type species.-- Dischidognathus primus Ethingion and Clark, 1982,
DISCHIDOG.NATHUS Sp.

Figures 21.5, 21.16
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Description.--Palmate, bilaterally symmetrical c!ement with media] cusp and short
lateral denticles. Base is small, with basal opening directed poétcriorly. Oral margin short and
nearly straight in ,laleral view. Oral and aboral margins meet at near right angle. Aboral
margin slraj@_l: wm; opening to basal cavily quadrate (0 oval in posterior view. A notch
extends anlc;:)rly from the edge of the aboral mmgin orally. Antero-basal margin nearly
perpendicular; anterior margin short, meels anterior edgé of central cusp at aproximately 120
degrees, Base and proximal parts of c‘usp and denticles hyaline.

"Central cusp albid, nearly Lrianéula‘r in cross section, with broad V-chaped groove

extending from tip lo.proximal end. Thin posterior slit situated in middle of groova. extends 3 A
" to proximal end of cusp. Lateral edges sharp, and directed posteriorly. Anterior margin sharp,
* almost keel-like. Lateral denticles symmetrically disposed about central cusp, making an angle

of aproximalciy 30 degrees with it. Denticles triangular in cross section, with posterior groove

and siil like central cusp, and almost keel-like anterior margin. Inner edges are fused with
"central cusp, outer edges extend nearly to aboral margin, becoming more medially directed.

Tips and inner sndes of denticles are albid.

Remarks.- -This specxes lacks the posterior recess and groove wmch runs the enure
length of the posterior side ol D. primus. Disclu‘dognallms sp. differs from elements described
by Nowlan (1976) by having a posteriorly directed base, with a symmetrical basal cavity.

Occurrence.--Bed 13 at St. Pauls Inlet.

Material.- -7 specimens.

Types.--Figured specimens, GSC 82470, 82471.
Genus DREPANODUS P:nder 1856
Type species.- - Drepanodus arcuatus P:nder, 1856.
DREPANODUS ARCUATUS Pander
Figures 24.1-24.9, 24.12, 24.13
Drepanodus arcuatus PANDER ., 1856, p. 20, Pl. 1. Figs. 2, 4, 17, non figs. 30, 31;
LOFGREN, 1978, p. $1-53, PL. 2, figs. 1-8 (contains synonymy to 1978); FAHRAEUS
and NOWLAN, 1978, p. 458, PL. 2, figs. 1, 2, 8; TIPNIS, CHATTERTON gad




13

LUDVIGSEN, 1978, Pl. 2, figs. 1-3; ETHINGTON, 1979, text-fig. 3B; AN, 1981, Pl. 3,
fig. 22; ETHINGTON and CLARK, 1982, p. 36, 37, Pl. 3, figs. 4-6; 12; REPETSKI,
1982, p. 19. PL. 6, “ig. 1, STOUGE, 1982, PL. 5, figs. 18, 19: DZIK. 1983, p. 336, 337,
PL. 3. figs. 5-7, lexl-f"igl 3: LANDING and LUDVIGSEN, 1984, p. 1484, PI. 1, figs. 2.
3.5.6. 10, 11, wble 1. '

Drepanodus sculponea Lindstrom s.{., REPETSKI, 1982, p. 22, P1. 7, fig. 9.

Scandodus f . S. pipa Lindstrom s.f.. REPETSKI, 1982, p. 44, P1. 20, fig. 5.

Remarks.--The occurrénce of costate and acostate versions of elements of D. arcuatus
suggests that two species of Drepanodus méy be present (Fihraeus and Nowlan, 1978).
Costate drepanodontiform (=acontiodontiform) and pipalorm. elements occur in
.approz(imately' _éven propottion to their acostate counterparts. Costate sculponeaform elzments
out-number their acostate counterparts by a ratio of about 4:1. _Thc small number of acostate
sculponeaform elements, plus the inability to distinguish between these and their.coslate
counterparts in some samples, ca{xses both acostate and costate elements 10 be included in D
arcuatus. .

Costate drepangdontiform elements of D. arcuatus are distinguished from symmetricat

acontiodontif orm elements of Protopanderodus Lindstrom by.havmg bases with a constricted

" antero-basal margin that almost forms a keel. The base near the oral margin is usually flared

laterally. Symmetrical acontiodontiform elements of Proropanderodus have aboral margins
which are open up 10 and including the antero-basal margin, which usually forms a
characteristic "notch” (e.é. Lofgren, 1978). ElcinenlS resembling Acontiodus robustus
(Hadding) s.T. have usually been assigned to Pr&topanderodus (eg. Lof grch. 1978; Stouge,
1984). They are assigned to Drepanodus here (see Remarks for P. cooperi).

In addition to the elements discussed above, drepanodontiform elements with.a
proclined cusp with sharp anterior and péstcrior keels and carinate sides (Figure 24.3) are
included in this specio_e's.

Occurrence.--Beds 9-11, 13 and 14 at St. Pauls Inlet; Beds 8-11, 13 and 14 and

. limestone clast in Lower Head Formation at Martin Point.

~

©




Maierial .- -217 drepanodontiform, 187 acontiodontiform, 134 costate, 47 acostale
sculponeaform, and 163 costate, 122 acostate pipaf ofm elements.

rypes.-'Hyp&y‘pes. GSC 82472-82480, 82482.
‘4. . Genus DREPANOISTODUS Lindstrom, 1971
Type ;pecies.--Oistodus Jorceps Lindstrom, 1955,

Remarks.- - D.” concavus (Branson and Mehl) and D.? sp. ¢f. D.? venustus (Stauffer)

are both tentatively assigned 1o Drepanoistodus, although both species probably belong in

cther genera. Early forms of the former species are predominantly hyaline, whereas later

forms are mostly albid (see Remarks for D.? concavus). Elements of the latler species are
costate. D.? sp. A has the same apparatus plan as other species of Drepanoisiodus, but its
oistodontiform elernent is dif ferent {rom typical oistodontiform elements of Lhislgenus. This
' species should perhaps be assigned 10 a scparate genus, but it will be retained in "
Drepanoistodus because of limited material. )
. DREP:ANOISTODUS‘? CONCAVUS (Branson and Mehl)
Figures 25.14, 25.17, 25.20, 25.21
Oustodus concavus BRANSON and MEHL, 1933, p. 59, Pl. 4, fig. 6.
Drepanodus concavus {Branson and Mehl), KENNEDY, 1980, p. 55-57. Pl. 1, figs. 26-34
(contains synonymy to 1980); REPETSKI, 1982, p. 20, PL. 6, fig. 11.
Drepanodus? gracilis (Branson aﬁd Mehl) s.f., REPETSKI, 1982, p. 34, P1. 3, figs. 2, 3.
Drepanodus. pandus (Branson and Mehl) s.f., REPETSKI, 1982, p. 20, Pl. 6, fig. 7.
Oistodus gracilis Branson and Mehl s.f., REPETSKI, 1982, p. 32, Pl. 9, fig. 10,

Remarks.- -Nowlan (1976) included suberectifomn elemenis in this species, thereby
assigning it 10 Drepanoisiodus. Suberectiform elements exhibiting the same general robustness
and coloration as elements assigned to D.? concavus in the Cow Head Group are also assigned '
to this species. The assignment of this species to Drepanoistodus is tentative because older
representives of this species are hyaline. .

The cusps of elements »of D. conéavus become albid in younger strata. Elements of

this species in older strata show varying amounts of white matter. The occurrence of white
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matter in the cusps of D. concavus was noled by Stouge (1982) in specimens recovered from

the St. George Group.

Occurrence.--Beds 9-11 and 13 at St. Pauls Inlet; Beds §-11, 13 and limestone clast in
Lower Head Formation at Martin Point. |

Materia!.- -149 homocurvatiform, 9 suberectiform, and 28 oistodontiform elements.

Types.--Hypotypes, GSC 82489-82492.

DREPANOISTODUS sp.
Figures 25.15, 25.16

Remasks.- - Oistodontif orm elements of Drepanotstodus do not occur with
drepanodontiform elements of this genus in lower and middle Arenig strata in both sections.
The former elements characterize species of this gemfs. With the absence of these elements
drepanodontiform elementsin this interval are assigned to Drepanotsiodus. |

Occurrence.--Beds 9-12 at St. Pauls Inlet; Beds 8, 11, 13 and limestone clast in Lower
Head Formau’on.at Martin Point.

Material.- - 194 homocurvatiform and 17 suberectiform elem‘ehls.

Types.--Figured specimens, GSC 82497, §2498.

DREPANOISTODUS? sp. A
Figures 25.18, 25.19, 25.22, 25.23, 25.26, 25.27
Drepanoistodus aforceps (Lindstrom), SERPAGLI, 1974, p. 30. P1. 10, figs. Sa-12c, non figs.
8a-c, Pl 21, figs. 9-11, 13, 14; non fig. 12.
"Oustodus” inequalis Pander s.f., ETHINGTON and CLARK, 1982, p. 67, 68, Pl. 7, fig. 7,
text-fig. 15 (contains synonymy to 1981).
Remarks.- -Oistodontiform elements ’with a prominent carina and hasal swelling on the
inside and sharp anterior and posterior keels occur in association with robust

homocurvatiform elements with a thickened rim around the basal cavity. Also included are

homocurvatiform elements with sh2.p anterior and posterior keels and suberect cusps. The -

oistodontiform elements become less angular inyounger strata. Only one suberectiform

element which might be associated with the other elements discussed above was found.
>
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Occurrence.--Beds 9-13 at St. Pauls Inlet; Beds 10, 11, 14, and limestone clast in
Lower Head Formation at Martin Point.
Material.- - 73 homocurvatiform., 1 suberectiform, and 28 oistodontiform elements.
Types.- - Figured specimens, GSC 82499-82502.
DREPANOQISTODUS? sp. ¢f. D. VENUSTUS (Stauffer)
Figures ‘25.1-25.6. 25.10

cf . Oistodus venustus STAUFFER, 1935, p. 146, 159, PI. 12, fig. 12,

Drepanoistodus? cf. venustus (Stauffer), STOUGE, 19847 p. 55, PL. 4, figs. 18-25 (comains

synunymy to 1984).

Description. - - Apparatus consisting of homocurvatiform, concaviform, and
oistodontiform elements. The homocurvatiform element has asymmetrically arranged costae
and torsion of cusp. The concaviform element (named so because of its resemblance 10
Drepanodus concavus s.f.) has a rounded, posteriorly flared base and suberect albid cusp. The
oistodontiform eiement was described by Stauffer (1935), and recently by Lofgren 1978) and
Stouge (1984). "

Base of homocurvatiform clement roughly triangular in outline, with keeled convex
oral margin continuing as smooth curve onto posterior margin of cusp. Aboral margim
semicirculat in outline. Basal cavity shallow, with apex situated medially and pointed
anteriorly. Anterior region of base flange-like, with antero-basal angle acule.{ Base hyaline;
anterior margin of base forms smooth curve with anterior margin of recurved albid cusp.
Outer side of elements convex, inner side concave. Costae variable in number and
arrangement, begining on base and continuing onto cusp. Concave side may have single
medially placed simple or double costa with opposite side acostate or with postero-lateral
caos'la. In other elements costac on concave and convex sides are placed postero-laterally and
directed posteriorly. Highly asymmetrical elements have anterior margins keeled and directed
laterally, with cusp twisted. Inner costa laterally direcied; outer costa directed posteriorly.

Base of concaviform element triangular with keeled oral margin. Aboral margin

straight; basal cavity shallow, rounded in outline, flared laterally, and restricted 1o posterior




portion of base. Anterior margin of base has small triangular flange. Quter side of element
.

convex, inner side concave. Cusp albid, slightly proclined to suberect. Costa developed on
inner and outer surface of cusp, antero-lateral in position. Faint costa may be developed
between outer postero-lateral costa and posterior rmargin near base.

Remarks. - - Drepanodontiform elements were desribed only briefly by Stouge (1984).
Above is a more complete description. The concaviform element was not reported previously.
The inner costa on the cusp of the oistodontiform element is weakly developed in specimens
from Bed 14. A carina may also occur in place of this costa. No costate suberectiform
elements of D. sp. cf. D. venustus occur in Cow Head strata.

Occurrence.--Bed 14 at Martin Point and St. Pauls Inlet; limestone clast in Lower

Head Formation at Martin Point.

Materiwal .- -23 drepanodontiform and 21 oistodontiform elements.
Types.--Figured specimens, GSC 82503-82508.
Genus ERRATICODON Duik, 1978
Type species.-- Erraticodon ballicus Diik, 1978.
ERRATICODON sp. ¢f. E. BALTICUS Dzik
Figures 18.18, 18.20, 18.23, 18.24, 18.29
cf . Erraticodon balucus DZIK, 1978, p. 66. Pl. 15, figs. 1-3, 5, 6, text-fig. 6a-e.

Erraticodon afl. E. balticus Dzik, ETHINGTON and CLARK, 1982, p. 45, Pl. 45, figs. 15,
17, 23, 24,

Erraticodon sp. HARRIS, BERGSTROM, ETHINGTON, and ROSS. 1979, Pl. 3, figs. 1-5.

"Fibrous™ conodont-¢lements, SWEET and BERGSTROM, 1962, p. 1249, 1250, Pi. 169, figs.
5. 713, 15, 16, non figs. 1, 2, 10.
Remarks.- -Ligonodiniform, cyrioniodontiform, and plectospathodontif orm elements
agree with the descriptions of these elements in Dzik (1978). Prioniodiniform and
trichonodelliform elements lack the "big denticle” on the posterior process. White matter

occurs in the growth axes of the cusps of most elements in smail amounts.
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Occurrence.; -Limestone clast in Lower Head Formation at Martin Point.

Matenali—iS cyrioniodontiform, § priom‘odiniform,- 5 plectospathodontiform, 3
trichonodelliform, and 7 ligonodiniform elements.

Types.--Figured specimens, GSC §2510-82514.

Genus FRYXELLODONTUS Milier, 1969

Type species.- - Fryxellodontus inornatus Miller, 1969.

Remarks.--The presence of albid nodes in F.? sp. cf. F.? reudemanni suggests that
this species. and perhaps F.? sp. aff. F.? corbatoi, are euconodonts and hence do not belong
in Fryxellodontus. This genus has usual'ly little white matter developed (Mil.ler, 1981).

FRYXELLODONTUS? sp. aff. F.? CORBATO! Serpagli
Figures 28.17, 28.18. 28.2] B
aff. Fryxellodonius? corbaloi SERPAGLI, 1974, p. 31, :'42. Pi. 10. figs. la-6¢c, Pl1. 22, figs.
1-5.

Description.- - Elements trangular in lateral view, with a lateral costa to one side or
. situated medially. Edges are sharﬁ, sertated, with sides of element biconvex in cross section.
Lateral costa also sh.arp and serrate; directed outward and to one side. Surface of element
undulating: with series of tfansverse ridges and grooves devéloped on cach lateral face. Aboral

margins broadly concave, with costate side convex underneath costa, then again concave.

Costae may be situated more to one side than> the other.

Remarks.--This rare element has a few features in common with F.7 corbatoi. These
are the transverse ridges connécting the edges of the‘elements and uic (?)posteriorly situated
costa. F.? sp. aff. F.? corbatoi lacks the strong nodes developed along the lateral and
posterior ;adgcs of F.? corbatoi and there is little variance in the Anglcs between the lateral
edges, as there is in the latter species. |

Occurrence.--Beds 9 and 13 at St. Pauls Inlet; Bed 8 at Martin Point,

Material.- -7 specimens.

Types.- -Figured specimens. GSC §2517. 82518.

FRYXELLODONTUS? sp. c¢f. F.? REUDEMANNI Landing




Figure 28.8

cf. Fryxellodonius? reudemanni LANDING, 1976, p. 632, 633, Pl. 2, figs. 1-10.

Remarks.--Sertatus elements of F.? sp. cf. F.? reudemanni generally agree With the
descriptions given in Landing (1976), although some may be transitional between the serratus
and symmetricus elements. Intermedius elements of this taxon differ from those of F.?
rexdemanni by having only two carinaé which are both nodose. A single antero-posteriorly
flattened element with antero-lateral and posterior nodose carinae will be assigped to this
species, although it could belong to F.? corbatoi Serpagli.

4 Occurrence.--Beds 9-11 at St. Pauls Inlet.

Material. - -12 specimens

Ty;;es.- -Figured specimens, GSC §2519.

G-enus JUANOGNATHUS Serpagli, 1974
Type species.- - Juanognathus variabilis Serpagli, 1974,
JUANOGNATHUS JAANUSSONI Serpagli
Figure 27.11 “
Juanognathus jaanussoni SEiPAGLI, 1974, p. 34, P1. 11, figs. 8a-12c, Pl. 23, figs. la-5b,
text-fig. 9; ETHINGTON and CLARK, 1982, p. 50, P1. S, figs. 12, 13 (contains
— —=2ynonymy t0-1982): REPETSKI. 1982, p. 26, P1. 8, fig. 8.

Remarks.--Repetski (1982) reported the co-occurrence of J. variabilis andr J.
jaanussont in the El Paso Group. Serpagl (1974) suggested that these species might comp;isc
a lineage, with J. variakilis being ancestral 1o J. jagnussoni. He also noted that many
specimens of J. variabilis ap'proach J. Jaanussoni in appearance. The two species have
concordant stratigraphic raﬁges in the Cow Head Group. These data may suggest that these
two taxa may possibly belong to the same species. They are retained as separate taxa because

they are rare.

Occurrence.--Beds 11 and 13 at St. Pauic Inlet; limestone clast in Lower Head

Formation at Martin Point. «
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Material .- -22 specimens.
Type.--Hypotype, GSC 82525.
| Genus JUMUDONTUS Cooper, 1981
Type species.- -Jumudontus gananda Cooper, 1981.
JUMUDONTUS sp. aff. J. GANANDA Cooper
Figures 18.21, 18.25-18.28
aff. Jumudontus gananda COOPER. 1981, p. 170, 172, Pl. 31, fig. 13; ETHINGTON and
CLARK, 1982, p. S1, 52, PL. 2, figs. 9. 10 (contains synonymy to 1981).
Description.--High, laterally compressed blade element with broad, triangular
posterior albid cusp and erect anterior denticles. Aboral part of element twisted inward
posteriorly; hyaling base t'la.red 1o outside beneath cusp. Base hyaline, extending entire length
of element becoming twisted inward posteriorly. Base b-roadens rapidly on outer side to
maximum width beneath ‘n‘lain posterior cusp, then narrows rapidly posteriorly. Shallo»v‘
groove or sulcus developed above aboral margin with slight ridge or shoulder developed just
below denticle row and cusp. Basal cavity shallow, with deepest part beneath cusp. Basal
filling prescnt in several specimens. Posterior cusp albid, broad. lanceolate in cross section and
triangular in lateral view. Anterior margin of ‘cusp ve}lical with respect to aboral margin and
posterior margin slopes posteriorly reaching its widest extent above base. Basal portion of
cusp twisted inwardly along with base. Anterior denticles erect, laterally compressed and
discrete distally. Denticles albid distally, hyaline basally. Number of ‘amcn'or dentcles
variable. Indistinct accessory denticles may be developed on the posterior margin of the cusp.
Remarks.--Elements assigned to this taxon ére more laterally compressed, and have a -
broader cusp than J. gananda. The basally twisted posmeriolr process bearing denticles is not
evident in most specimens (Figures 18.21, 18.25). These taxonomic features warrant assigning
. tlements of this type to a separate species, unnamed because of limited material. 7
Short, sharply carinate coniform elements with sharp anterior and posterior edges and
convex outer and concave inner sides are included with the blade elements (Figures 18.27,

18.28). These elements exhibit the same colouration pattern as the blades, suggesting that both

1
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elements may belong together in an apparatus.
| Occurrence.--Bed 13 at St. Pauls Inlet; Bed 11 at Martin Point.
Material.- -20 blade and 13 ¢oniform elements.
Types.--Figured specimens, GSC 82527-82530.
Genus LENODUS Sergeeva, 1963
Type species.- - Lenodus clarus Sergeeva, 1963.
Emended diagnosis. --Multielement apparatus consisting of mostly hyaline

prioniodiniform, falodontiform, cordylodontiform, trichonodelliform, and

_ tetraprioniodontiform elements. Prioniodiniform elements have broad, laterally expanded

triangular bases ar}d serrated anterior and oral margins. Multiran;iform clements have serrate
processes continuous with sharp costae. Falodontiform elements have short bases with flat,
blade-like cusp, and serrate anterior processes.

Remarks.--This genus was previously defined on the basis of the prioniodiniform
element of L. falodiformis (emended herein) and L. clarus s.f.. Lenodus 1s considered a
junior synonym of Amorphognathus Branson and Mehl by LiﬁdstrOm (1977). 1t is shown here
to have a prioniodid-like apparatus similar to A‘codus Pander and Prioniodus Pander. No
specimens of L. clarus occur in Cow Head material, so that the apparatus of this species
remains unknown.

Lenodus has a similar apparatus o that of Prioniodus Pander, except that the former
genus lacks a costate belodontiform (Sb) element. Basal cavities of elements ql‘ Lenodus are
more excavated than corresponding elements of Prioniodus, with the exception of
tetraprioniodontiform elements of both genera. Denticulation on processes is less well
developed in Lenodus. P elements in Lenodus are prioniodiniform; corresponding elements of
Prioniodus are pn'oniodémiform. Falodontiform (M) elements of Lenodus have short anterior
and posterior processes. with the latter process lacking denticles. Ramiform elements of
Lenodus are broadly similar to those of Pri;'mtodus eicepx that trichonodelliform (Sa)
elements are wider in anterior view, and tetraprioniodontiform (Sd) elements have

asymmetrically disposed processes.




Lenodus is also close to Hamarodus Viira in elemental morphology and apparatus
composition. These two genera share prioniodiniform (P), cordylodontiform (Sc), and
trichonodelliform (Sa) elements in common. As noted above, Lenodus lacks a costate
belodontiform (Sb) element. Hamarodus retains this element in its apparatus (Orchard,
1980). No tetraprioniodontiform (Sd) element has been associated with the apparatus of
Hamarodus. The M element in Lenodus is falodontiform; the corresponding element in
Hamarodus is oistodontiform. Elements of the latter genus appear to have more open basal
cavities, while those in Lenodus are more enclosed. Denticulation on ramiform elements of
Hamaredus appears more pronounced (e.g. Dzik, 1976, figs. 36a-g) than on corresponding
elements of Lenodus.

LENODUS FALODIFORMIS Sergeeva
Figure 8A-L, 17.16-17.31
Lenodus falodiformis SERGEEVA, 1963b, p. 140, Fig. 1:A-D,
Amorphognathus falodiformis (Sergeeva), LINDSTROM, 1977, p. 29, 30, PI1. 1, figs. 4, 5.
7 Reutterodus borealis REPETSKI, 1982, p. 41, 42, P1. 19, fig. 4, non figs. 5-7.

?Reutterodus sp. ETHINGTON and CLARK, 1982, p. 91, 92, PI. 10, figs. 14, 15, 19, non fig.

16.

Diagnosis.--As for genus.

Description.- -Multiclement apparatus consisting of mainly hyaline prioniodiniform,
falddomiform. and muluramiform elements. Processes and oral margins denticulate, with
small, albid, sharp denticles commonly fused together to form serrate edges. Processes
conlinuoﬁs with sharp costae or edges on cusp. Base and basal cavity triangular in
prioniodiniforth and cordylodentiform elements. Apex of basal cayity anteriorly pointed, with
growth axis orginating at apex and extending to tip through middle of cusp. Cusp in
prioniediniform, cordylodontiform and falodontioform elements laterally compressed, with
slightly convex outer side and medially situated carina on inner side. Some white material may

be present in body of elements in addition to white matter in denticles.

’




FIGURE 8--Apparatus of Lenodus falodiformis Sergeeva showing outline of basal cavity and
cross-section of cusp of each element; A-C, lateral views, prioniodiniform elements,
GSC 82538, GSC 82542, GSC 82539, x 83, x 95, and X 71; D, G, lateral views,

cordylodontiform elements, GSC 82531, GSC 82537, x 83 and X 98; E. F. lateral views,
oistodontiform elements, GSC 82536, GSC 82535, X 95 and X 83; H, L, posterior and
lateral views, trichonodelliform element, GSC 82533, X 65 and X 117: 1, lateral view,
tetraprioniodontiform element, GSC 82541, x 95; J, lateral view, tetraprioniodontiform
element, GSC 82540, x 103; K, anterior view, trichonodelliform element, GSC 82532, X
83. '







Prioniodiniform elements roughly triangular in lateral view, with outer side convex
and inner side concave. Base flared outwards anteriorly and inwards posteriorly. Carina

usually developed on inner side of base. Anterior and posterior ends of basal cavily connected

by broad sheath. Antero:basal process turned inwards and pointed aborally. Oral margin

straight, forming about 30 degree angle with aboral margin. Aboral margin sinuous, with most
convex portion at point of maximum flexure on both sides. Cusp reclined to slightly
proclined. Anterior margin of base and cusp denticulated nearly to tip.

Cordylcdontiform elemén}s have laterally compressed base and slightly arched oral
margin and aborally directed anterior process. Aboral maftgin concave; base restricted 10 '
medial portion of element, with slight flare to outside. Element may be concavo-convex or

straight. Cusp proc med Llongale and slender. /:‘ N—"

Tnchonodclh orm element triangular in antero-postgrior profile with Letrahedral base
Laleral processes exte &_erpdv'awu-y;mee 4 aboral margin at angle of 120
degrees. Medlally suuatcd posterior costa continuous with straight posterior process. Processes
connected by basal sheath; anterior sheath has mcdial carina. Cugp proclined, ﬁ)nvex
anteriorly and concave posteriorly, with sharp tip:

Te'lraprioniodomiform element quadriramate, with posteriorly expanded base and
pyramidal basal cavity extending into processes with apex of cavity nearly touching anterior
margin. Oral process highly arched. and extends the farthest posteriorly of the processes:
beyond the aboral margin. Oral-lateral and antero-lateral processes extend the next farlflcsl.
Oral-lateral process runs parallel to oral process and is continuous with oral-lateral costa
merging with posterior costa on proclined cﬁsp. Antero-lateral costa forms outer edge of
antero-lateral plate on cusp with anterior costa forming other edge. Anterior process cucnds‘
just beyond aboral margin, with several an.teriorly directed dcnticlcs on cusp. Areas betwcen'

processes and costae concave. 5

I}

Falodontiform element has short, laterally compressed, r&ungular base with
proximally straight oral keel becoming curved posteriorly. Abora! margin convex anteriorly forn -

three quanters of its length, the other quarter is straight. Basal cavity extends for entire length
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N of base, flared slightly at midlength. Apex of éavity situated bencalh median carina, usually
just bchi_hd pdsterior-most denticle on an[cr_ior process. . : Coe
Remarks.- -Cow Head prioniod_inif orm elements of L. falod:formus have bases strongly
~ flared outwards unlike similar elements described by Sergeeva (1963b) with straight gi;dcs. The
a{merior margin of the cusp meets with the anterior margin of the base at about 30 degr?cs in
large speci:r;ens of this element. In small elements the anterior margins of the base and cusp
are in line with each olhe‘ri. Those elements identified'in the synonymy as belonging to
Reutterodus borealis (Repetski, 1982) and ?Reutterodus sp. (Ethingion and Clark, 1982) are
similar to L. falodiformis in morpt;(\)lOgy. but are probabiy not conspccific with the latter
species. These forms also occur in much older strata. .
Occurrence.- -Bed 13 at St. Pauls Inlet; imestone clast in Lower -Heald Formation at
Martin Point. " |
Material.- -39 prioniodiniform, 14 falodontiform, 7 cordylodontiform, 12
uiéhonodellif orm, and 4 letraprioniodomiform elements.”
© Types.--Hypotypes, GSC 82531-82533, 8253582542, °

Genus MICROZARKODINA Lindstrom, 1971+

i
i

Type spectes.- - Prioniodina flabellum Lindstrdm, 1955. . .-
Remarks.--Both " M.” marathonensis (Bradshaw) and "M." sp. aff. "M." adentata
McTavish should be assigned to 2 different genus. As pointed out by Ethington and Clark
(1982, p. 56), species of Microzarkodina described by Lindstrom (1971) and more recently by
Lofggc\n (1978) lack the ledges occurring onAboth "M." marathonensis and “M.” sp. aff. "M."~
aderuat;. They also point out that these species, although denticulated, may be more closely
related to Protoprioniodus McTavish. Microzarkodina? sp. has been tentatively agsigncq to this
genus, because of its similar ozarkodiniform elements. '
"MICROZARKODINA " MARATHONENSIS (Bradshaw)
Figures 20.1, 20.2, 20.5, 20.6
—=Lsothodus marathonensis BRADSHAW, 1969, p. 1151, PI. 137: figs. 13-15, text-figs. 35, T.
U.




'Mlcroszlm' marathonensis (Bradshaw), ETHINGTON and CLARK, 1982, p. 55, 56, .
Pl. 5. figs. 14,19, 24, 27, non figs. 20, 23" (contains synonymy to 1982); REPETSKI,
1982, p. 28, PI. 10, figs. 1, 2, 3. 4, S, 6.

Description.--Apparatus consists of ozarkodiniform, ramiform and oistodontiform

clements. The latter two clements are described adequately in the literature. Triangular

orarkodiniform elements bladelike, strongly flexed, and arched in'lateral view with
X 4

denticulated oral margin. Base hyaline near aboral margin for entire length of element. Basal
cavity-tow-shit-tike-flaring slightly benca;h posterior margin of cusp. Prominent ledge
developed along base of cusp and denticles. Ledge slighgly sinuous, follows bends in aboral
margin becoming sub-paraliel 10 anterior margin in antero-basal region. Aboral margin
slightly to ‘strongly arched, with anterior and pqslerior portions meeting at aproximately 150
- degrees. Baﬁal part of anterior margin rectangular ip lateral view and upper part cominu'c)us
with anterior margin of cusp. Reclined cﬁsp bladelike, with sharp anterior and posterior edges
and costae on either side. Cusp followed by posterior .denliclc row, with denticles becoming
smaller and narrower posteriorly. Denticles sharp, costate on bbLh sides, and fused for most
of lhcir‘ length. Cusp, denticles, and upper portion of basal region albid. Posterior portion of
element strongly flexed with respect to anterior portion,

Remarks .- -Small oarkodiniform and multiramiform elements of “M." marathonensis
occurring ir; uppermost Bed 11 and in Bed 13 strata probably belong 10 a new genus (S.L.
Pohler, pers. ‘cornm.. 1985). Because these elements are few, they are included in "M. "
marathonensis. A new dcscriblion of the ozarkodiniform element was thought necessary
because Ethington and Clark’s (1982) description of this element covers both early and late
forms, herein recognized as separate taxa (see Remarks under “M." sp, aff. "M, " aderi:aza);

Occurrem:eBeds 11 and 13 at St. Pauls Inlet and limestone clast in Lower Head
Formation at Martin Point. -,

Material. - -49 orarkodiniform, 50 multiramiform, and 8 oistodontif c;rm clements.

Types.- - Hypotypes, GSC 82543 -82546.

WCROZARKOI?INA? sp.
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Figures 20.3, 20.7 A
Desc;ipzion.- -Robust, denticulate blade -like clcmcr;ts with row of large, compressed,
anterior denticles that are flexed inward. Base elongate, constricted in middle, and flared
aborally. Aboral margin' straight. Basal cavity restricted beneath cusp, continues as groove
anteriorly and posteriorly. Base beneath cusp expands outward. Prominent ledge developed at

base of denticle row,.most strongly i;1 central portion of element. Albid cusp is reclined,
robust, lanceolate in cross .seclion. 6n’ginating at .basal expansion. Denticles on posterior
process rcclined, confluent and lalerally‘ compressed. Posterior denticles about half height of
cusp. Anterior process flexed inward with respect 1o rest of element. Denticles on anterior
process tightly compresséd. and decreasing i;‘l height anteriorly.
Occurrence.--Bed 9 at St. Pauls Inlet.
Material. - -4 specimens.
Type.--Figured specimen, GSC §2547.
! "MICROZARKODINA" sp. aff. "M." ADENTATA McTavish
Figures 20.4, 208
aff. ?Microzark;zdina adentata McTAVISH, 1973, p. 49, 50, figs. 28, 33-35, 38-40, 42-44.
Cordylodiform? element A TIPNIS, CHATTERTON and LUDVIGSEN, 1978, PL. 3, fig. 8.
Microz;rkodina marathonensis (Bradshaw), ETHINGTON and CLARK'. 1982, p. 55. 56. PI.
5. figs. 20, 23, non figs. 14,19, 24, 27, REPETSKI, 1982, p. 28, PL. 10, figs. 7. 9. ‘non
figs. 1, 2. 3. 5.6.
Prioniodus cf. P. sp. C. m.s. McTavish, TIPNIS, CHATTERTON. and LUDVIGSEN, 1978,
Pl. 3, fig. 6.
Rermyzrks.- -Specimens included in this species are considered to have signit: icant
differences in morphology from corresponding elements of "M." marathonensis, as reflected
in the synonymy. Ozarkodiniform eleméﬁts are nearly bilaterally symmetrical, with robust
denticies of equal size. Multiramiform ¢lements rescxﬁbic the iﬁustradons of the same elements
of M. adentata (McTavish, 1973). They exhibit the same genera! arching of the posterior

A

process which has confluent denticles. However, like Ethington and Clark's (1982) Pogonip

.8
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specimens, the Cow Head multiramiform elements do not exhibit the same trﬁnsition series as
those of h.dcTavish (1973).

Occurrence. - -Beds 9-11 and 13 at St. Pauls Inlet.

Material.- -8 ozarkodiniform elements, 23 multiramiform elements.

Types.--Figured specimens, GSC 82548, 82549.

Genus OEPIKODUS Lindstrom, 1955

Type species.--Oepikodus smithensis Lindstrom, 1955.

Remarks.--The apparatus of species c;f Oepikodus consists of denticulated
p}ioniodonu'form clements with free processes, oepikodontiform elements with a subdued
symmetry transition series, and non-denticuated oistodontform elements (Fihraeus ar}d
Nowlan, 1978) 7 As Landing (1976) pointed'oul for O. evae, the prioniodontiform element is
, cxuen{cl.y variable in the number of denticles on and the }xmouhl of lWisting of the posterior
process. This variation is evident in prioniodontiform elerhenls of both 0. evae and O. )
intermedius, and to a lesser extent, O. communis. The only difference is lh__at the number of '
denlicies on the posterior process of O. evae has a gréter range thah .Lha-l repongd by Landing
.(1976). The number of denticles varies from as fcw as two to as many as fifteen.
Correspondingly. the amoynt of twisting of the posterior pl:OCCSS is -greater,

Great difficulty is encountered in disﬁnéhishing bél\ﬁ;een ramiform and oistodontiform
elements of O. evae and O. intermedius. Ramiform elements of O. evae and O. intermedius are
identical, cxce\:t for their size. It was also difficult 10 distinguish between the same element of
O. communis and the belodontiform element of Prioniodus elegans Pander. Only
tetraprioniodontiform elements could be associated with elements of 0. communis with
certainty. The angle between the cusp and posterior process of oistodontiform elements of
both O. evae and O. intermedius is va;riablc with no cliar distinction between them.
Oistodontiform el&nen& of these two species are distinguished by this angle (Serpagli, 1974).
Because of this difficuity, the Cow Head ramiform and oistodontiform elements of Oepikodus

are assigned 10 particular species of this genus arbitrarily, The number of these elements may

therefore be over- or under-represented. Their lack of distinctiveness suggests that they
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evolved slowly in constrast to the prioniodontiform elements.

The occurrence of O, communis bclow the first appearance of O. evae supports
McTavish's (1973) hypothesis that these species belong to separate lineages. Serpagli (1974)
suggests that 0. communis and O. intermedius both evolved from O. evae with O. poﬁmunis
evolving from O. intermedius. The occurrence of the 0. intermedius above O. communis
(Figure 4, p. 24") suggests that the latter species is ancestral to the former.

OEPIKODUS INTERMEDIUS Serpagli
Figures 16.18, 16.19, 16.22 _
Prioniodus (Oepikodus) intermedius SERPAGLI, 1974, p. 53-57, PL. 15, figs. la-4b, Pl. 27,
figs. 1-7, leil-ﬁgs. 15D-F (contains synonymy to 1974); DZIK, 1983, p. 71, text-fig.
6:16. ' |

Remarks.- -Both Ethington and Clark (1982) and Repetski (1982) considered this
s'_pec'ies a junior synonym of O. communis. The writer considers O. intermedius to be a distinct
species. It occurs in the upper ;;arv of Bed 11 at both St. Pauls'lnlel and Martin Point. In '
lateral view, the anterior process of the prioniodonlirofm clement is twisted posteriorly so that
it is nearly occluded by the lateral process. The distal part of the lateral process is also
directed anteriorly. No intermediates between these elements and .lhosc of 0. commuﬁis, which
have the anterior process directed forward, were found in samples containing O. inlermedius.
Oepikodontiform and ramiform elements appear indistinguishable from the same elements of
O. evae. |

Specimens illustrated by Stouge (1982, PI. 6, figs. 17-20) were considered to be
probably conspecific with 0. intermedius. However, the anterior process of the f igured
prioniodontiform element is directed f orward; unlike those of Q. intermedius which are
directed posteriorly. | o

Occeurrence.--Beds 11 a1 St. Paul§ Inlet and Martin Point.

Maurc‘él.»-ZOl prioniodontiform, 80 oistodontiform, and 121 ramiform elexflenls.

_ Types.--Hypotypes, GSC 82556-B2558. o
Genus ‘OISTODELLA Bradshaw, 1969




Type species.--Qistodella pulchra Bradshaw, 1969.

Description .- - Apparatus is comprisefi of i:yaline cyrioniodontiform, oistodontiform,
aqd ramiform elements. Ora_l margin of ba,sc' arched and .dcmicillated on cyrtoniodontiform
and ramiform elements. Oral denticle row-begins on posterior margin of cusp just above
junction of base and cusp in oistodontiform ana ramiform clements. Posterior margin of cusp
denticulated in oistodontiform elements. Sharp antero-lateral costae developed on base and
cusp of cladognathiform and trichonodelliform clements.

Remarks.- -Bradshaw's (1969) original description of this genus was based on an
oistodontiform element. This element occurs with cyrtoniodontif orm and ramiform elements
with denticulation beginning 0;1 the posterior margin of mc/cﬁép and continuing alon£ the oral
margin. These clements may all belong in the same apparatus. The cusps of the
cyrtoniodontif 6rm‘ and oistodontiform exhibit the same colouration, with anterior and
posterior ponltions partly albid, and hyaline material ﬂaxiking the growth axis.

The ramiform symmetry transition series of this genys is Qistodus-like, especially the °

cladognathiform and trichonodelliform clemcnis which have sharp costae developed on their

vw_iantero-la'teral margms Thc aﬁiﬁratus of Oistodus Pandér differs from Qistodella by lacking P
elements (e.g. Lindstrom, 1964; Barnes et al., 1979). Elements of Oistodu;s_ also differ from
those of Qistodella by lacking denticulau'oP. The ;:Iadogmmif orm element o?b_isrodella has a ,
more open and curved aboral margin (Figure 17.3. 17.4) than the corresponding element of

Oistodus.

Otstodella is broadly similar in apparatus plan to Periodon Hadding, except that the

former genus has one type of P element, which is neoprioniodontiform. The M element of
Oistodella is oistodontifotm; the corresponding element of Periodon is oistodontiform and

f aloddhtiform. Both genera havé similar ramiform uansiﬁ;»n series {Sa-Sc), except that both
ligonodiniform and cladognathiform elements occupy the Sb position in the ramiform series of
Periodon. Ramiform elements of Oistodella have wider base?ﬁnd deeper basal cavities than
comspon‘dipg.elemcnw of Periodon, as well as shorter denticulated posterior pﬁsmscs.

OISTODELLA sp. cf. O. PULCHRA Bradshaw
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Figures 9A-H, 11.3, 17.4, 17.8-17.10; 17.13-1_7.15
cf. Oistodella pulchra BRADSHAW - 1969, p. 1155, PL. 13_6. figs. 10, 11, text-figs. 3L, M, Q.

Descrtption.- -Multielement apparatus of hyaline cyrtoniodontiform,
cordylodontiform, cladognathiform, trichonodelliform and oistodontiform elements. Elements
havc denticulated oral margins with albid denuclcs becoming more inclined.posteriorly,
commonly originating above the junction of oral and postenor margins of the base and cusp.
Denticles commonly laterally é)mpressed. and blade-like. Anterior and postcrior_ porlions_ of
cusp in cyrtoniodontiform and cistodontiform elements albid. with white matterudxtcnding )
down to antero-basal corner in-former element. Growth axis ﬂanked by hyalin¢ material.

Elements of ramiform series laterally compressed with highest part of triangular base
situated anteriorly. Oral margin straight in cordylodontiform, and arched in cladognathiform
and uichoﬁodeUif orm elements. Oral margin meets aboral margin at abopt 30 degrees. Ba'sal
cavity also triangular in outline, with arcl?ed oral margin, and posteriorly curved anterior
margin. Apex of cavity anteriorly directed. Aboral margin broadly concave, with anterior and .
posterior_ends of base mmmlhfcusﬁ hyaline, recurved, with sharp posterior
keels in all ramiform and sharp anterior keels in cordylodontiform and cladognathiform
elements. Cross section flat on inside and convex on outside in cordylodontiférm and -
cladognathiform, triangular with convex anterior margin in trichonodelliform clements.
Growth axis originates anteriorly at apex proximally, bct;.oming medially situated in distal
ﬁnion of cusp. Oistodontiform element described by Bradshaw (1969) with differences noted
under Remarks.

Cyrtonjodontiform element has base aproxunately cqual in length to cusp with outer
side broadly convex. Oral margin wnh Lhree to four broad. triangular dcnucles directed
outwardly and fused basally and discreie apically. Aboral margin convex with greatest
curvature beneath cusp. Basal cavity elongate cone, with apex pointed slightly anteriorly and

situated beneath mid-point of cusp. Cavity flared to inner side anteriorly. Cusp reclined,

, triangular, lanceolate in cross section, and inwardly directed at tip. Anterior and posterior

edges of cusp sharp. Antero-basal margin may be turned outward slightly. Growth axis
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FIGURE 9~°-Aprpa.mus of Oistodella sp. cf. O. puichra Bradshaw showmg outline of basal

cavity and cross-section of cusp of each element. A, B, lateral views, cyrtoniodontiform
element, GSC 82573, both-X 42; C, D, lateral views, cordylodontiform element, GSC
82571, both X 21; E, F, lateral views, cladognathiform element, GSC 82570, both X 21;
G, lateral view, oistodontiform element, GSC 82572, X 21; H, lateral view,
trichonodelliform element, GSC 82574, X 42.







extends medially from apex 6f basal cavity to tip.

Cor&flo&bnﬁform clements have elongate oraj margin meeting posicrior margin of
cusp at about 120 degrees. Oral dcnticl:s sub-roundedv ir‘x croés section, fuscd basally,
becoming discrete at aproximately half Icngui orally, Antero-basal angle aproximately 45

- degrees. A;xleﬁor portion of base ﬂahgc like, narrowing rapidly and becoming inwardly

- directed anterior costa on cusp, Cladognathiform element has sharp antero-lateral costa on

cusp becoming’ medially situated and posteriorly directed basally. Anterior Ibasal flange

separated from antero-lateral costa by sharp indentation. Trichonodelliform element has sharp

ah.lcro-lateral costae directed laterally on cusp and anteriorly on base. Antcn‘c;r margin.-of base

indently aborally, with low keel developed proximaily on cusp. | |
Remarks.- -The oi.stodomif' orm elments differ from those described by Bradshaw

Bl

(1969) by having up to four denticles posteriorly. The white matter occurring in both anterior

and posterior portions of the cusp and the hyaline inatzﬂal around the growth axis are

features not noted by Bradshaw.’ ]
éccurr‘ence.- -limestone clast in Lower Head Formation at Martin Point.
-+ Material.- -3 cyrtoniodontiform, 7 oistodontiform, 4 cordylodomii' orm, 2
cladognathiform, and 6 trichonodelliform elements.
| Types.--Figured specimens, GSC 82570-82574.
Genus OISTODUS Pander, 1856
Type species.- -Oistodus lanceolatus Pander, 1856.
OISTODUS LANCEOLATUS Pander
Figures 19.26-19.28; 19.30-19.33
Qistodus lanceolatus PANDER, 1856, p. 27, Pl.j._figs. 17, 18, 19; LOFGREN, 1978, p. 63,
64, Pi, 1, figs. 26-28 (contains synonymy to 1978); FAHRAEUS and NOWLAN, 1978,
p. 467, PL. 2, figs. 15, 16; LANDING and LUDVIGSEN, 1984, p. 1484, 1485, PI. 1, figs.
18; 19, table 1.
Olstodus ¢f. O. l.anceolm_lander, REPETSKI, 1982, p. 33, Pl 11, fig. 13, PL. 12, figfs. 2. 4,
6-8. ‘ -




20istodus” of. 0.7 striolatus Serpagli, REPETSKI. 1982, p. 35. Pl. 13, Eig. 10,
?0istodus? siriolatus SERPAGLI, 1974.’Ep. 41, Pl. 12, figs. Sa-9b, Pl. 24, figs. 5-7, Pl. 30,
figs. 7a, 8.

Remarks.- -Elements in Bed 13 have sharp, postcriquy directed, single and multiple
costae on the inner and outer ,surfacc; of cordylodontiform and cladognathiform elements.
These elements are simillar to l/hose of 0" striolatus illustrated by Serpagli (1974) from
Argentina. The similarity is such that the two forms could be considered consp;cif ic. Other
elements that occur with these look like 0. lanceolatus. Several elements transitional between
these latter forms and the coélale forms als;o' occur. They are all assigned 1o 0. lanceolatus.
Variable amounts of -white matter are developed in this sﬁecies throughout its stratigraphic
range.

Occurrence.--Beds 9, 11, 13, and 14 at St. Pauls Inlet; Beds 11 and limestone clast in

L)

Lower Head Formation at Martin Point. 7
Material.- -35 oistodontiform, 45 cordylodont;f orm, 50 cladognathiform and $
deltiform elements’ .
Types.--Hypotypes, GSC 82559-82564, |
"OISTODUS" sp. aff, "6.' CRISTATUS Ethington and Clark s.f.
Figure 29.1 .
aff. Oistodus cristatus ETHINGTON and CLARK, 1982, p. 66, 67, P1. 7, fig. 4.
Description. - -Broad, spatulate or leaf-shaped element with blunt anterior end and
cusp strongly reclined with sharp tapered tip. Base elongate, narrow, extends three-quarters -
length of cusp and comprises approximately one-quarter of the lateral arca of the element.
Oral margin short, slightly curved orally, meets posterior margin of cusp at sharp angle.

- Aboral and oral margins meet at sharp angle. Aboral margin gently convex downwards. Baggal
cavity elongate, occx‘xpics mostly aboral portion or; base. Basal outline lanceolate, with greatest
width at midlength. Antero-basal angle aproximately 60 degrees.

Cusp strongly reclined, si-alulatc or lcaf shaped in lateral view. Anterior margin of

cusp forms continuous  smooth curve towards distal end. A slight concavity may be developed

A
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near the distal end of the cusp. Sharp tip formed at distal énd. Posterior margin of cusp

_ moderately concave and then strongly convex towards oral margin of base. Faint medial ) -
carina may be developed on one side of cusp. |
I'(emarks.--El.ements of this type are oomparable io outline to those of "0." cristatus
s.f.. There is a considerable gap in the stratigraphic occurrences of these elements and "0."
cristatus s.f.. *0." sp. af r . "0." cristatus s.[. occurs in lower Arenig strata in the Cow Head
Group whereas "0." cristatus s.f. occurs elsewhere in Whiterock strata. They also differ in
several morphologcal featufcs. *0." sp. aff. "0.." cristatus s.[. lacks the inner bulge on the
distal portion of the cusp. The outline of Lﬁe posten‘or_,margins and antero-basal angle of the
cusp differ as well. The anterior margin is considerably more slopgd in "0." sp. aff. "0.”
cristatus s.f.. The same margin is stlraight ir; '0.'.cri5ratus s.f.. The posterior margin is highly
" convex in "0." sp:'a’t"f. "0." cristatus s.f.. .
Occurrence.- -Beds 49 and 10 at St. Pauls Inlet; Bed 10 at Martin Point.
Material.--1 spedﬁms. o ) | s
Type.--Figured spe@mcn, GSC 82568. ’ .
"OISTODUS" sp. aff. "0." HUNICKENI Serpagli s.f.
Figure 29.11 -
_aff. Olsrodus hunickeni SERPAGLI, 1974, p.‘38. Pl 13.Vfigs. la-3b. l-’l. 23, figs. 6, 7:

ETHINGTON and CLARK, 1982, p. 67, P1. 7, fig. 8.

* Remarks.--These elements differ from O. hunickeni by lacking a basal ledge. This
ledge was said to be evident in most specimens described by Serpagli (1974). The anterior
margin also appears shorter.

Occurrence.--Bed 10 at St. Pauls Inlet.
Material.- -4 specimens. '
Types.: -Figured specimen, GSC 82569.
Genus PARACORDYLODUS Lindstrom, 1955
Type species.- - Paracordylodus gracilis Lindstrom, 1955.
- PARACORDYLODUS GRACILIS Lindstrdom
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Figures 18.3, 18.4, 18.8, 18.9 _
Paracordylodus gracilis LINDSTROM, 1955, p. 584, 585, P1. 6, figs. 11, 12; LOFGREN.,
1978, p. 67, 68, Pl. 9. figs. 15, 16 (contains synonymy to 1978); FAHRAEUS and

NOWLAN, 1978, p. 466, Pi. 3, fig. 26; BARNES, KENNEDY, McCRACKEN,
NOWLAN and TARRANT, 1979, p. 136.' text-fig. 7, Typé IVEa-c, e, f; E'I‘Hl'NGTON.
1979, p. 5. text-fig. 6H, I; REPETSKI, 1982, p. 38, PL. 15, figs. 3,5.7. R

Remarks.--Two distinctive paracordylodontiform elements were recognized. One type

- i - -

- has a narrow elongape 'anué:usp" in laﬁex#l view, with a costa running from the tip of the

cusp to the distal cn'ci of the anticusp on ¢ach side. These costae :aic exactly or nearly opposite -
;ach or.hef: and are disposed more pos;eripgly on the anticusp. In the other form, the anticusp
is broad, and in some caseé. lobate in lateral view. A prominent costa is usueily developed on
the outer side. A weakly developed costa may occur on the inner side extendir{g only half as
far as the outside costa. The outer side is gencrally convex while the inner side is concave. The
distal end sometimes curves outward. Sm‘ations usually run acuuf:ly onto the costa in both
types of elements. . - . -

Sorting these clements in large samplés has shown that the two types of
paracordylodontiform elements described above form a symmetry trar'xs"i.Lion series. This series
consists of asy:ﬁmctrical-unicdstate. asymmcmmi-bicosmlc. and sym&:ctrical to n;aily
symmetrical bicostate elements. Paracordylodontiforms with broad anticusps with '
conéavc.-cohvcx sides compfiic the former elements of thc series while those with elongate
anticusps and symmetrical to nearly symmetrical costae comprise the latter ejemem‘s. This
arrangement is similar in configuration to the apparatus of P. gracilis illustrated in Barnes et '
al. (1979). This apparatus (Type IVE) is characterized by a first transition series (in this
case, the paracordylodontiform elements) which is weakly developed. Th; elements in this

series are distinguished only by the number and arrangement of costae (Barﬁcs et al..' 1979).

However, someiamplcs are dominated by paracordylodontiform clements with elongate

. .
anticusps and nearly symmetrical costae which are commonly larger than the other type.




Occurrence.- -Beds 9-11 at St. Pauls Inlet and Martin Point.

' Male:i;.- - 28] paracordylodontiform, 122 cordylodontiform, and 214 oistodontiform
elements.

Types.--Hypotypes, GSC 82576-82579.

Genus PARAPANDERODUS Stouge, 1984

Type species.- -Scolopodus ;p. cf. S, quadraplicatus Branson and Mehl, 1933.

Remarks. - -Stouge (1984) erected the genus Parapanderodus for laterally compressed,
striated, and costate drepanodontiforms with a posterior groove. Several spog:ies belonging to
this genus are present in the Cow Head colle:lions. These forms have been pfqviﬁpSIy .
identified as 'ScoloMu:' gracilis Ethington and dark s.f. (for the most rcccht'synonym)'t}
see Stougc. 198-'1). The °S." gracilis s.f. clement Has been placed in an apparatus with "S.” ”
triangularis by several authors (e.g. Barnes and Poplawski, 1973; Ethington and Clark, 1982;
Repetski, 1982). More recently, this element has been grouped with 3¢Wacom@us
cornuformis (Sergeeva) (Bergstrom, 1979; Lofgren, 1985). Evidence from the Cow Head
" collections indicates that "S." gracilis s.l. may not belong with any of these ¢elements, but to
a monoclemental apparatus. This conclusion is based upon a comparison of the younger
species of Pwapand?rodus with the form taxa mentioned above.

Forms such as P. arcuasus'Stouge and P. sp. cf. P. arcuatus are mostly triangular to
laterally compressed in CToss section. Tms is iﬁ-cont.rast o the antero-posterior flattening seen
in elements of Semiacontiodus cornuformis. In addition, this latter species is mostly hyaline,
while P. arcuatus and P. cf. P. arcuatus are predominantly albid. P. striatus (Graves and
Ellison), P. elegans Stouge andf. sp. ¢f. P. siziatus, although hyaline, have cixcuiax 10
triangular cross sections. "S." triangularis does not appear to belong with "S." gracilis s.f. in
an apparatus because they do not co-occur in younger strata (see remarks for P. gracilis).

Several species assigned 10 Parapanderodus herein may belong to a different genus.
The hyaline nature of P. striatus, P. elegans, and P. sp. cf. P. striatus and their similar
external morphology may be reason to group them together in a single genus. However, the

present state of knowledge of these taxa, plus limited material. does not permit their being

{
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given a scparate taxonomic assignment at this time.
PARAPANDERODUS ELEGANS Sto;.:ge T
Figures 26.9. 26.10
Parapanderodus elegans gTOUGE. 1984, p. 66, 67, P1. 9, figs. 20-27 (contains synonymy to
1984).
Scolopodus gracilis Ethington and Clark, STOUGE, 1982, p. 43, PL. §, figs. 10, 11.

Remarks.--This species is distinguished from P. sb. cf. P. striatus by having a
straight oral margin and a long base. P. elegans Stouge differs from P. striatus (Graves and
Ellison) by having a sharply proclined cusp, and not hiving a thickened rim around the basal
margin. P. elegans tends to be smaller in size than these other two species.

This species first appears in the top half of Bed 11 at St. Pauls Inlet. lis range may
extend down farther, but possible older forms are indistinguishable from P. gracilis
(I;thington and Clark) (see remnarks for this species),

Occurrence.--Beds 11, 13 and 14 at St. Pauls Inlet

Material.--14 specimens

T ypes.--Hypotypes, GSC 82583, 82584.

PA;IAPANDERODUS GRACILIS (Ethington and Clark)
Figl;re 26.11
Scoiopodus gracilis ETHINGTON and CLARK, 1964, p. 699, P1. 115, figs. 2-4. 8,9,
text-fig. 2D, G; ETHINGTON and CLARK, 1965, p. 200; MOUND, 1968, p. 418, PI. 5,
figs. 29-31, 34-38, 40, 42-49, 52-53; BARNES and TUKE, 1970, p. 92, PL. 18, figs. 11,

12; ETHINGTON and CLARK . 1971, p. 76, Pl. 2, figs. 3. 9; BARNES, 1974, p. 227, PI. '

_l. fig. 2; BARNES and SLACK, 1975, figs. JA-D; F.AHRAEUS and NOWLAN, 1978, p.
468, Pl. 1, figs. 10, 11; ETHINGTON and CLARK, 1982, p. 100, 101, Pl 11, fig. 28,
non fig. f?; REPETSKI. 1982, p. 48, P1. 22, fig. 8. non figs. 5, 10-11: STOUGE, 1982,
P. 43, 44 Pl 2, figs. 12, 13.

Scolopodus? sp. A STOUGE, 1982, p. 43, 44 PL. 2, figs. 3.8 1, non figs. 1, 2, 4-6, 10.

/

/

.




Remarks .- -Elements of the form taxa "Scolopodus” gracilis Ethington and Clark s.f.
and "Scolopodus” triangularis Ethington and Clark s.f. are commonly assigned to the same
apparatus. This is because of their usually concurrent stratigraphic range and the occui'renc_'e
of transitional forms (e.g. Barnes and Poplawski, 1973; Ethington and Clark, 1982 Stouge,
1982). In the Cow Hcead material elements identified as "S." trangularis s.f. occur sporadically
and not with other species of Parapenderodus Stouge in younger strata. In thisvwork "S."
triangularis is treated as a separate form taxon, although it may belong with Giypitoconus
quadraplicatus (Branson and Mehl).

Small elements with a posteriorly expanded base and an erect cusp which are
commonly asymmetrical occur in lowest samples of both sections. These elements, which have
a posterior groove, may possibly be ancestral to P. gracilis and other species of
Parapanderodus.

Many of the elements of P. gracilis studied show morphological features similar to
both P. elegans Stouge and and P. arcuatus Stouge. These elements have bases which are
cither rounded or laterally compressed, and th;ir cusps are roughly triangular in cross section.
These [eatures occur especially in younger specimens. It is possible that P. gracilis may be an
ancestor to both P. elegans and P. arcuatus.

The synonymy excludes those elements herein assigned to other species of }

Parapanderodus. These forms occur in youﬁger strata of Middle Ordovician (Whiterockian)

age (e.g. Uyeno and Barnes, 1970; Barnes and Poplawski, 1973; Bergsuirom, 1977; Stouge,

1980)
Occurrence.--Beds 9-12 at St. Pauls Inlet; Beds 8, 11.and 14 a1 Martin Point.
Material . - -89 specimens.
Types.- - Hypotype, GSC 82585.
PARAPANDERODUS sp. cf. P. ARCUATUS Stouge
Figures 26.20, 26.21, 26.28
cf. Parapanderodus ercuatus STOUGE, 1984, p. 65, 66, Pl 9, figs. 10-15.
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Remarks.- -Most elements agree well with the déscripu‘on of the second element type
of P. arcuatus (Stouge, 1984) which lacks the slightly asymrﬁc’trical posterior costa. The first
element type with the costa does not occur. However, in the youngest sample cdn'laining this
species. some elements approach the costate farms in appearance. P. sp. cf. P. arc:;a:u_s
Stouge may represent an intermediate stage df evolution between P. gracilis (Ethington and
Clark) and P. arcuatus.

Occurrence.--Beds 11, 13 and 14 a1 St. Pauls Inlet; Bed 13 at Marin Point.

Material.- -84 specimens.

Types.- -Figured specimens, GSC 82589-82591.

PARAPANDERODUS sp. cf. P. STRIATUS (Graves and Ellison)
Figure 26.8
cf. Drepanodus striatus GRAVES AND ELLISON, 1941, p. 11, PI. 1, figs. 3, 12.
Parapanderodus Slri;zim (Graves and Ellison), STOUGE, 1984, p. 67, PI. 10, figs. 1-3
(contains synonymy to 1984).

Description. - -Curved, robust, hyaline elements with surface striations and a deep
posterior groove and base broadening towards the aboral margin. Elongate basal cavity
extends 1o anterior margin. Base expanded posteriorly, and subtriangular in lateral view, Oral
margin concave, continues onto posterior makgin_ of cusp in smooth curve. Oral and aboral
margin meet at approximately 60 degrees. Aboral margin straight; basal cavity elongate cone
with Lip pointed downward, nearly touéhing anterior rﬁargin at point of greatest curvature.
Antero-basal margi.n perpendicular; anterior margin of base stra ght, joining anterior margin
of cusp in smooth curve. Base subcircular to quadrate in ¢ross section.

Cusp proclined, triangular in cross section, Lateral surfaces smooth, anterior keel
faintly developed. Deep medial posterior groove extends from near tip of cusp to aboral
margin. Groove deepest near aboral margin. Surface of element striated, with strongest
development on base, and fading distally on cusp. Striations form acute angle with posterior
groove. Growth axis situated anteriorly, near margin, being medial in position distally, filling

tip with white matter.




103

-

Remarks.--P. sp. cf. P. striatus differs from P. striatus in Cow Head strata by having
a proclined cusp that is shorter relative to the base. These elements are completely hyaline,
unlike P. striatus which is partly albid in the base. P. sp. cf. P. striatus {(Graves and Ellison)
has several features in common with P. elegans Stouge. These features are the proclined cusp,
elongate basal cavity, and the concave oral margin meeting the aboral margin at an acute
angle. Tﬁe stratigraphic occurrence of this species is younger than the oldest occurrence of
cither P. striatus or P. elegans. Therefore, it is improbable that this species gave rise to either
taxon.

QOccurrence.- -Limestone clast in Lower _Hcad Formation at Martin Point.

Material .- -15 specimens.

Types.- - Figured specimen, GSC 82592.

' PARAPANPERODUS STRIATUS (Graves and Ellison)
Figures 26.13-26.15
Drepanodus striatus GRAVES and ELLISON, 1941, p. 11, PIL. 1, figs. 3, 12,
1" Scolopodus” sp. BERGSTROM, 1579, p. 302, 303, Fig. 4B, D, text-fig. 2K.

Description .- -Hyaline, suberect, slightly asymmctrical elements with short or
moderately long bases with a thickened rim around the aboral margin. Basc expanded
posteriorly and short to moderately elongate. Oral margin concave to straight, with oral and

-aboral margins meeting at slightly acute angie. Abaral margin straight; basal cavity conical,
with lip extending nearly 10 anterior margin. Antero-basal angle acute, showing no break in
curvature between anterior margin of base and cusp. Base thickened and darker in colour
around rim of aboral margin. Base partly alﬁid.

Cusp hyaline, slightly proclined to nearly erect, and triangular to lanceolate in cross
section. Some specimens are asymmetrical, wiu; the cusp twisted with respect to the base.
Lateral faces are smooth 1o slightly grooved, with some having a slight anterior keel. Posterior
faces of cusp and oral margin marked by posterior groove extending from just below tip to
aboral margin. Surface of base weakly striated, with striations fading distally on the cusp.

Growth axis begins near anterior margin above tip of the basal cavity and occupies the medial
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portion the cusp distally. ’ B

Remarks.- -One feature of this species not noted by Graves and Ellison (1941) is
white matter in the base. Forms which may be ancestral 1o P. striatus are found in Beds 9-11
at St. Pauls Inlet. These elements are characterized by having an erect cusp with a posteriorly
expanded base, and a posterior groove. These specimens are herein included in P. gracilis
(Ethington and Clark).

In vounger specimens of this species, the cusp tends to become laterally compressed
distally. becoming almost spatulate, with sharp anterior and posterior keels. Symmetrical and
asymmetrical qlcmcw with short and elongate bascs may form a symmetry transition serics.

Specimens illustrated as " Scolopodus” sp. by Bergstrom (1979) méy belong to this .
species. One element(Figure 4B) exhibits a concave oral margin, while the other ( Figure 4D)
has a straight oral margin.z Both appear to have nearly erect to slightly proclined cusps.

Occurrence.--Beds 13 and 14 at St. Pauls Inlet; Bed 11 and limestone clast in Lower
Head Formation at Marlin Point.

Material .- -35 specimens,

Types.--Hypotypes, GSC 82586-82588.

Genus PAROISTODUS Lindstiom, 1971

Type species.--Qistodus parallelus Pander, 1856.

Remarks. - -Lindsttom (1971) defined Parc;modui as comprised of two clements:
drepanodontiform and oistodontiform. This concept is followed by Barnes et al. (1979),
although they suggested that a more subtle transition may occur in the q elements. Viira
(1974, fig. 15) illustrated several curvature transition series for the drepanodontiform -
elements of each species of Paroistodus. Each element within a series exhibits a different
degree of curvature of the cusp, as well as a different morphology, with respect to other
elements of the series. chcral morphotypes of the drepanodontiform element of P. parallé.’u:
in the Cow Head Group are recognized, most correspond to the types illustrated by Viira
(1974). One other type was also recognized. All types are given-letter designations A-E and

described briefly under P. parallelus.
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Only two types of drepanodontiform elements can be recognized in P. proteus. The
one type has a roughly rectangular base, while in the other the base is aborally rounded. The .
cusp is reclined in the latter type. The aboral margins of some elements of the first type are
tounded. The other motphotypes of this element are absent. .

PAROISTODUS PARALLELUS (Pander)
Figures 24.10, 24,11, 24.15-24.17, 24.20

Oistodus parallelus PANDER, 1856, p. 27, Pl. 2, fig. 20.

Olstodus originalis SERGEEVA, 1963a, p. 98, Pl. 7, figs. §, 9, text-fig. 4.

Paroistodus originalts (Sergeeva), LOFGREN, 1978, p. 69-71, P1. 1, figs. 22-25; text-fig. 28
(c_:omains synonymy to 1978); DZIK, 1983, p. 69, text-figs. 4:15, 4.177

Paroistodus parallelus (Lindstrom), ETHINGTON and CLARK, 1982, p. 79, P1. 9, fig. |
(contains synonymy to 1982); STOUGE, 1982, Pl. 6, figs. 6-8, non fig. 5; DZIK, 1984,
text-fig. 4:16. ' ,

Description. - -Several morphotypes of the drepanodontiform element are recognized.
They will be designated Types A-E in the following descriptions:

Type A -Element has clongate base with posterior end pointed. Basal cavity flared;
antero-basal corner in line with aboral margin, forming right angle. Small flange formed on
anterior margin.

Type B.--Base short or elongate and rounded posteriorly. Element weakly or strongly

{lexed outwards; oral margin forms continuous curve with posterior margin of cusp. Anterior

part of base rounded, with triangular keel that may be flexed inwards.

Type C.- -Base broad, with basal cavity low, oblong, usually restricted to posterior
portion of base. Oral and posterior margins of base and cusp form continuous line with no
break in curvature. Narrow keel formed along anterior margin of element. ,

Type D.--Element laterally compressed, with strongly reclined cusp. Triangular
anterior keel developed with apex situated opposite bend between base and cusp.

Type E.--Element with strongly reclined cusp. carinate on inside. Basal cavity flared

to the inside and opens posteriorly. Strong anterior keel developed.
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Remarks. - -Morphotypes A and B occur in varying proportions throughout the range
. of P. parallelus. Type A occurs most frequently in lowar strata; it then becomes rare higher
up in section. Type B becomes more frequent in younger strata, being dominant in the
youngest sample. Types C-E occur uniformly throughout. All these elements represent a
curvature transition series like that depicted in Fig. 15 of Viira (1974) ¢(see Remarks for this
genus),

The writer follows van Wamel (1974), Serpagli (1974), and Landing (1976) in
assigning elements of both P. originalis and P. parallelus to the latter specics. Costate
drepanodontiform elements resembling homologous elements of P. orginalts co-occur with
non-costale or strongly carinate forms throughéut the lower part of the range of P.
parallelus. 1t is uncertain whether these costate forms are a separate species, since some
weakly costate forms also occur. The writer concurs with van Wame! (1974) who suggested -

that the presence of costae is not a strong criterion for distinguishing P. paralielus from P.

originalis. van Wamel also reported that non-costate drepanodontiform elements predominate
and then occur solely in samples from younger strata at Ola;'nd. Sweden. The same pattern is
evident in the Cow Head Group.

Barnes and Poplawski (1973) reported the occurrence of large oistodontform elements

without corresponding large drepanodontiform elements in their collections. Large

oistodontiform elements occur in collections from younger strata of the Cow Head Group. In I
oldet material the drepanodontiform and ocistodontiform elements are approximﬁtcly of the
same size.

Occurrence.--Beds 9-11, 13 and 14 at St_ Pauls Inlet; Beds 8-11, 13, 14, and limestone
clast in Lower Head Yormation at™Martin Point.

Material .- -555 drepanodontiform and 588 oistodontiform elements. )

Types.--Hypotypes, GSC 82593, 82594, 82;96‘-82599. unfigured specimen, GSC
§2495.

PAROISTODUS? sp. A
Figures 24.14, 24.18, 24.19, 24.21-24.24
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Paroistodus parallelus (Pander), SERPAGLI, 1974, p. 4S, 46, Pl. 14, figs. 8-12b, Pi. 25, figs.
1-6.°Pl. 30, fig. 5.

. [ ]
Description.--Robust drepanodontiform element with triangular, inwardly directed -

anterior keel and sharp, high oral keel. Base offset posteriorly from cusp, may behqed
sigmoidally in lateral plane. High, sharp oral ke;l developed on base, with rounded posterior
portion. Oral keel forms continuous curve with posterior margin of cusp. Oral and aboral
margins meet at approximately 45 degrees. Aboral margin mostly straight, with some
specimens developing strong central undulations on outer side. Undulation concave with
respect to rest of margin. Anterior portion of aboral margin qicets posterior portion at 45
degrees. Basal cavity shaped t;roadly like phrygian cap. with apex directed anteriorly. Sides of
cavity strongly or moderately inflated. Inwardly directed antcn’or‘ keel triangular in lateral
view. Outer side convex and continuous with outer side of base. Cus;p albid, suberect,
lanceolate in cross section, with sharp anterior and posterior keels.

Remarks.--The elements differ from others of Paroistodus by the apparent absence of
an inverted basal cavity, and hence are tentatively referred 1o Paroistodus. These eleméms
may be related to Drepanodus Pander, excepl that the aboral margins of non-costate

4 - . arcuatiform elements of that genus are straight and the anterior flange is not developed as
extensively.

Oistodontiform elements with inverted basal cavities of ;aqual size and robustness to
and co-occurring with the drepanodontiform elements described above in some samples are in
included in Paroistodus? sp. A. .

Occurrence.--Bed 9 at St. Pauls Inlet, Beds 10 and 14 at Martin Point.
Maierial.--19 drepanodontiform and 7 oistodontiform elements,
Types.- - Figured specimens, GSC 82604-82607.
PAROISTODUS? sp. B
Figure 23.29
Description. - -Highly laterally compressed, recurved drepanodontif orm element with

strong anterior kee! developed basally and rounded antero-basal margins. Base strongly
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laterally compressed. Oral margin forms continuous unbroken curve yvith posterior margin of
cusp, and meets aboral margin at near right angle. Aboral margin short and straight. Basal
cavity-shallow, rounded, with deepest part situated posteriorly and anterior portion restricted
to a groove. Apex directed anteriorly. Anteriorly directed keel begins at rounded antero-basal
corner; widcns then narrows distally. Basal portion of keel may be nearly equal in width to
base. Cusp albid, recurved, laterally compressed. lanceolate in cross section.
Remarks.--These elements generally tend 1o be small and delicate. They occur
sporadically throughout the sequence.
Occurrence.- - Beds 9-11 at St. Pauls Inlet.
Material. - -45 specimens.
Types.- -Figured specimen, GSC 82608. _
| Genus PERIODON Hadding, 1913
Type species. - - Periodon aculeatus Hadding, 1913.
PERIODON ACULEATUS Hadding
Figures 10.8-10.28, 11A-D, 27.12. 21.13, 21.17, 27.18, 27.20-27.31; 28.1-8.7
Periodon aculeatus HADDING, 1913, p. 33, Pl. 1, fig. 14; REPETSKI and ETHINGTON,
1977, p. 98, Pl. 1, figs. 16-18, 20, 22, 24, Tabic 2; LOFGREN, 1978, p. 74, 75, PL. 10.
figs. 1A.B, Pl Ilb. figs. 12-26, fig. 29 (in part) (contains synonymy to 1976);
FAHRAEUS and NOWLAN, 1978, p. 462, Pl. 3, figs. 1, 7-13, text-figs. 5G-C; TIPNIS,
1978, p. 77, Pl. 31.1, figs. 1-5; LINDSTROM, 1981, p. 237, 238, PI. 1, figs. 12-14, 17,
18; NOWLAN, 1981, p. 12, PL. 2. figs. 7-10, PL. 4, figs. 1-9; NOWLAN and
THURLOW, 1984, p. 293, PI. 1, figs. 12-14, 17, 18. '
Periodon aculeatus aculeatus Hadding, NICOLL, 1980, p. 150, 151, Fig. 3A-G.
Periodon aculeatus zgierzeﬁsi: Dzik, SfOUGE and BOYCE, 1983, P1. 9-14; STOUGE, 1984,
_p. 82, 83, PL. 16, figs. 1-15. -
kan'odon cf. P. aadeélus Hadding, KENNEDY. BARNES and UYENO, 1979. p. 544, 546,
Pl. 1, figs. 1-7, 87, 35,

Periodon flabellum (Lindstrom), FAHRAEUS and NOWLAN, 1978, p. 462, 463, Pl. 3, figs.




2-6, text-fig. SA-F.

" Periodon sp. cf. acleatus Hadding, SIMES, 1980, p. 530, Fig. 5.

Remarks.--Early, intermediate and late forms of P. aculeatus a.rc recognized al St.
Pauls Inlet. Early forms occur in upper Bed 11 strata while intermediate and late forms are
found in Bed 13. Apparatuses representative ‘of each form of P. acwlearus and of P. flabellum
Lindstrom are illustrated in Figure 10, '

Early forms retain several primitive features characteristic of P. flabellum, their
immediate ancestor (see below), while showing more advanced traits. Qistodontiform
( =falodontiform) elements (Figures 10:8, 15) usually have from on-e to three denticles
anteriorly. The anterior process of the prioniodiniform element carries one to several
denliclc;. Both single and multidenticulated forms have restricted basal cavities. Those with
several denticles on the anterior process have a strong carina on the inne‘r surface of the basal
cavity. When these elements are abundant in a sample (see below), they are commonly
associated with strongly denticulated falodontiform elements. Weakly denticulated
fa]oddntifoﬁn elements usually occur with abundant prioniodiniform elements with a single
anterior denticle. Oulodontiform elements have a sharp carina developed on the inner side.
This feature is retained in younger oulodontiform elements of; P. aculeatus. Multiramiform
clements have an aboral margin which is still openly curved like the same elements of P.
flabeltum (Figures 10:11-14, 18-21). The earliest multiramiform elements of P. aculeatus still
rewain the primitive denticulation on the posterior process ( Figures 10:11-14) while younger
carly forms have several elongate, narrow, deaticles developed behind the “big”™ denticle. The
antero-basal angle is the same as_that in multiramif orm elements of P. flabellum.

Elements of the intermediate stage exhibit more advanced features, especially the
multiramiform e¢lements. Falodontiform elements are strongly denticulated anteriorly (Figure.
10:22). Prioniodinif c.mn elements have resticted basal caviu'?s. and the majority have only a
single anterior denticle. The sides of the cusp and denticles are strongly carinate, and their
edges are strongly kecled. Oulodontiform elements are also strongly carinate and keeled and

the posterior process is longer and more twisted (Figure 10:24). Multiramiform clements have
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FIGURE 10--Apparatuses of Periodon flabellum Lindstrom and P. aculeatus Hadding

demonstrating the gradual evolution of the former species into the latier by mosaic
evolution. Sample numbers given in parenthesis. 1-7, P. flabellum, GSC 82653-GSC
82659, (StP1 71); 8-14, early form, P. aculeatus, GSC 82609-GSC 82615, (StP1 75b):
15-21, early form of P. aculeatus showing more advanced falodontiform,
prioniodontiform, and oulodontiform ¢lements while multiramiform elements retain
more primitive features, GSC 82643, GSC 82644, GSC 82638, GSC 82641, GSC 82639,
GSC 82640, GSC 82642, (StP1 81); 22-28, intermediate forms, P. aculeatus, GSC
82616-GSC 82622, (StPI 90); 1, oistodontiform element; 2, 9. 16, 23, prioniodiniform
elements; 3, 10, 17, 24, oulodontiform elements; 4, 11, 18, 25, cordylodontiform
elements; 5, 12, 19, 26, ligonodiniform elements; 6, 13, 20, 27, cladognathiform
elements; 8, 15, 22, falodontiform elements; all figures X 40.
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elongate, commonly twisted, posterior processes with many narrow, delicate denticles situated
bchin& the "big" denticle As well as in front of it. The aboral margin of this process meets the
aboral margin of the basal cavity at right angles. The antero-basal angle is more acute, like in
younger multiramiforms of P. aculeatus (Figures 10:25-28). The late forms of P. aculeatus
are typified by elements which first appear in the up;;er half of Bed 13 andAare reported in
late Arenig-Llanvirn strata elsewhere (e.g. Lofgren, 1978; Stouge, 1984).

Prioniodiniform elements of P. aculeam;\Mth only a single anterior denticle dominate
over those with several denticles in some samples containing large numbers of .this species. In
other samples with large numbers of P. aculeatus, elements of this type with several anterior
denticles are prec!omx’nam. These changes in dominance patierns happen over a short
stratigraphic irﬁcrval. This is illustrated in Figure 11. The prioniodinilorm elements illustrated
in this figure represent the lerigth of the anterior process on the majority of these elements in
each sampie. Most prioniodim'form elements in samples StP1 75b and SPI84-4 have a long
anterior process, with typically three denticles. Some elements carry up to four or five
denticles on the anterior process. Typical prioniodiniform elements of P. aa;leanu in the Cow
Head Group have usually long anlerior processes that carry up to five denucles. In samples
StPI 81 and 90, the majority of prioniodiniform elements have a short anterior process, with
just a single denticle. A few clements have long anterior dcnticu!atc processes. These patterns

_are interpreted to represent phenotypic v;riau'on in this ¢lement. The other elements in li\:
apparatus appear to undergo very little change, except the falodontiform elements, as noted
above. ' ‘

Lofgrén (1978. fig. 29) attempted 10 demonstrate graphically that the number of
anterior denticles on the prioniodiniform elements increases over time. Figure 11 shows that
this is apparently not the case., Prioniodiniform clements with long anterior processes occur
more frequently in younger Cow Head horizons above those indicated in Figure 11. It seems
that this ﬁeinicular character state becomes stable in younger populations of P. aculeatus.

The gradual evolution of P. flabelium into P. aculeatus has been noted in the literature

(e.g. Lofgren, 1978; Serpagli. 1974). In Cow Head collections elements of these species




FIGURE 11--A-D. Prioniodiniform elements of Periodon aculeatus Hadding from StPI 75b,
81. 90 and SPI84-4 showing the variation of length of the anterior process and the
nuggber of corresponding denticles in the majority of thess elements from sample to

sample; A, StPl 75b, GSC 82610; B, StPI 81, GSC 82644; C, SPI84-4, GSC 82623; D,
StPI 90, GSC 82617; all X 80.
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undergo mosaic evolution with certain elements in the apparatus evolving [aster than others.
Figure 10 shows that the.prioniodiniform elements appear to evolve the fastest, with the basal
cavity rapidly becoming shallower proceeding from StPl1 71-81. The next fastest evolving
clements are the oistodontiform and oulodontiform elements, with the former element
acquiring persistcnt.dcmiculalion (and thus becoming a falodontiform element) and the latter
acquiring an outer postero-lateral costa on the base and the lower part of the cusp. The
slowest evolving elements are the multitamiforms, which only lose the large denticles posterior
to the milddlc "big" denticle in the last step between StP1 75b and StPI 81, but still retain the
primitive smoothly curved aboral margin and steep antero-basal angle (Figures 10:11-14,
18-21).

P. aculeatus aﬁ'd P. flabellum cor-occur in the upper part of Bed 11 and Bed 13. The
latter species is distinguished from the former by the following characleristicé: The
oistodontiforfi element remains adenticulate throughout the range of P. flabellum, although
younger elements show incipient denticulation anteriorly. The prioniodiniform and
oulodontiform of P. flabellum have wcavkly carinate cusps and expanded basal cavities. The
latter elements do not have a sharp outer carina on the outer side. Multiramiform elements of
P. flabellum have smoothly curved aboral margins, with antero-basal angle more open. A few’
large, broad denticles occur behind the "big” denlicle on the posterior process. ) -

Occurrem;e.--Beds 11, 13, and 14 at St. Pauls Inlet; Beds 11, 13, and 14 and limestone
clast in Lower Head Formation at Martin Point.

Material.--5259 prioniodiniform, 2749 oulodontiform, 6042 multiramiform, and 4236
falod;»miform elements. o

Types.--Hypotypes, GSC 82609-82623; 82630-82652, unfigured specimens, GSC
82624-82629.

PERIODON? sp.
Figures 27.1-27.3

Periodon flabeltlum (Lindstrom), VAN WAMEL, 1974, p. 80, 81, Pl. 4, fig. 18, non figs.

14-17, 19, 20.
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Periodon” oistodontiform element LOFGREN, 1978, p. 71, PI. 10, fig. 7.
? Periodon prioniodontiform element A LOFGREN, 1?78. p. 71. PL. 10, figs. 4, 6.

Remarks.--No multiramiform elements were found associated wlilh prioniodinif orm
and oistodontiform elements of this taxon. Prioniodiniform e¢lements with low bases and short
oral margins have been included in this species. These clements may be a separate taxon.

Occurrence.--Beds 9, 11, and 13 at St. Pauls Inlet.

Material.--77 pridniodiniform and 31 oistodontiform elements.

Types.--Figured specimens, GSC 82668-82670.

Genus POLONODUS Dzik, 1976
Type species.- - Ambalodus clivosus Viira, 1974.
POLONODUS? PEAVYI n. sp.
Figures 28.9, 28.10, 28.12, 28.13, 28.15, 28.16

Dertvation of name.- - This species is named for Samuel Thomas Peavy. recent
gradualé student in the Department of Earth Sciences, Memorial University of
Newfoundland.

Diagnosis.--Multielement apparatus consisting of highly arched lobate platform
elements with medially situated denticle row extending along each lobe. Plane of anterior and
posterior lobes intersect each other at 90 degrees. Subsymmetrical element highly arched with
four lobes, with anterior lobes paddle shaped. Asymmetrical element s three lobes with
broad, oval posterior lobe and elongate and narrow anterior lobes.

De.;cripuan.-‘MulticlcmenL platform apparatus comprising subsymmetrical and
asymmetrical elements. Elements highly arched, with three or four lobes with a thick rim and
narrow ledge developed around each lobe. Plane of anterior a;d posterior lobes intersect each
other at nearly 90'degrees. Ornamentation of oral surface honeycomb texture. Strongly to
- weakly developed transverse ridges occur on oral surface of each lobe. Denticles stout,
pointed, and developed most strongly near cusp. Cusp short, broad, blade-like, with sharp

anterior and posterior edge commonly continous with denticle rows extending away from cusp

in middle of each lobe.
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Subsymmetrical element wilh_f our lobes converging and constricted at apex with sides
of each lobe slop}ng away from denticle row. Anterior and antero-lateral lobes elongate, «
roughly paddle shaped in oral view. Lobes meet at aproximately 30 degrees at apex of
clement, with distal end of antero-lateral lobe curving outward with respect to its proxima!
end. Lobes confluent f&r half their length, becoming discrete distally. Posterior portion of
element bilobed with each lobe sub-;:irculax in outline. Incipient ridge may be developed on
one posterior lobe, extending obliquely from the posterior denli-clc row. Denticles on posterior
denticle row fused for most of their length, and are discrete distally.

Asymmetrical element trilobed, with anterior and amcro-lalcrai lobes narrower and
shorter than posterior lobe. Anterior lobe begins at anterior keel of apical cusp, then [lexes
inward. Amero-la‘lcral lobe in line with posterior denticle row. Posterior lobe broad, oval in
oral view, with outer side gently convex, and inner side strongly convex. Width of posterior
lobe variable, with some elements appearing elongalc‘ in oral view. Denticle row of posterior
lobe may be situated medially or to one side with denticles sometimes occurring sporadically.

Remarks.- - This species is only tentatively r.cf erred 1o Polonodus Drik, because strong
tuberculated transverse ridges appear 10 be ‘lacking on most elements, and the asymmeirical
element is trilobed unlike other species of this genus. The subsymmetrical element of P.?
peavyi may have some affinities with Polonodus? sp. A (Ldfgren, 1978), which has four
lobes, though it lacks the turberculated ridges of the latter species.

Occurrence. - - limestone clast in Lower Head Formation at Martin Point.

Material.- -25 subsymmetrical and 24 asymmetrical elements.

Types. --Holotype, GSC 82671, paratypes, GSC 82672- 82674.

Genus PRIONIODUS Pander, 1856

Type species.- - Prioniodus elegans Pander, 1856.

PRIONIODUS ELEGANS Pander
Figures 17.1, 17.2, 17.5-17.7, 17.11

Prioniodus elegans PANDER, 1856, p. 29, PL. 2, figs. 22, 23; LOFGREN, 1978, p 78. M9, PL,
9, figs. 1-6 (contains synonymy 10 1978); FAHRAEUS and NOWLAN, 1978, p. 464-466,
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Pl 3, figs. 19. 20, 22-25, text-fig. 6; DZIK, 1983, p. 71, text-fig. 6:6; LANDING and

LUDVIGSEN, 1984, p. 1485, Pl. 1, figs. 8. 9,

?Falodus sp. A s.f. FAHRAEUS and NOWLAN, 1978, p. 466, 467, Pl. 3, fig. 18.

‘ Remarks.--Younger tetraprioniodontif 6rm and trichonodelliform elements of P.
elegans develop denticulation on their lateral processes. The latter element is denticulated at .
lh; first appearance of this species. The lateral processes of most Lhcs? elements in Bed 9 are
adenticulate. ? Falodus sp. A. s.I. of Fihraeus and Nowlan (1978) is included in P. elegans,
In most falodc;ntiform elements, the posterior process is broken near the base of the cusp.
The posterior process with denticles deveioped on the distal end is a delicate feature and not
readily preserved. ?Falodus sp. A, which retains this process, appears to be similar in
morphological detail to to other falodontiform elements which just retain the anterior portion.
The number of belodontiform elements listed under Material may be over representative for
P. elegans. Those in one sample (StPI 67) may also include ramiform elements of Oepikodus
communis (see Remarks for that genus). '

Occurrence.- -Beds 9-11 and 13 at St. Pauls Inlet; Beds 9-11, 13, 14, and limestone
clast in Lower Head Formation at Martin Point,

Material.- -206 prioniodontiform, 246 belodontiform, 16 trichonodelliform, 135
tetraprioniodontiform, and 94 falodontiform elements. ’

Types.--Hypotypes, GSC 82676-82681.

Genus PROTOPANDERODUS Lindstrom, 1971

Type species. - -Awmiadus rectus Lindstrom, 1955.

Remarks.--The writer concurs with Lofgren (1978) that Protopanderodus should be
restricted to taxa resembling the type species. Some of the forms described b_y Serpagli (1974)
(e.g. P. elongatus and P. leonardii) should be assigned to other genera because the apparent
apparatus plan %f these taxa differ from typical Protopanderodus, and the elements
themselves do not resemble the type species.

PROTOPANDERODUS COOPERI (Sweet and Bergstrdm)
Figures 13.12-13.14;13.17-13.19; 22.24-22.26; 22.30-22.32

¢
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FIGURE 12--Line drawings of species of Protopanderodus discussed in text; 1-6, 12-15,

22-26, P. sp.cf. P. varicostatus, lateral views; 1, 2 ~scandodontiform element, GSC
82717, X 18; 3, 4, asymmetrica! drepanodontiform element, GSC 82715, x 18: 5, 6,
scandodontiform element, GSC 82716, X 18; 12, 13, asymmetrical drepanodontiform
element, GSC 82714, X 47 14, 15, asymmetrical drepanodontiform clement, GSC 82713,
X 18; 22, 23, asymmetrical drepanodontiform element, GSC 82710, X 47; 24, 26,
asymmetrical drepanodontiform element, GSC 82712, X 18; 25, symmetrical
drepanodontiform element, GSC 82711, X 18; 7-11, P. gradatus, 7, symmetrical
acontiodontiform element, GSC 82690, X 29; 8, 9, scandodontiform element, GSC_
82689, both X 48; 10, 11, sulcatiform eiement, GSC 82691, X 29; 16, 17, 27-30, P. sp.
aff. P. gradatus; 16, symmetrical acontiodontiform element, GSC 82703, X 31; 17,
asymmetrical acontiodontiform element, GSC 82702, X 31; 27, 28, sulcatiform element,
GSC 82704, both X 31; 30, scandodontiform element, GSC 82705, both X 64: 18-21, 31,
32, P. rectus; 13, 19, asymmetrical acontiodontiform element, GSC 82695; 20.
acontiodontiform element, GSC 82696; 21, sulcatiform element, GSC 82697; 31, 32,

- scandodontifurm element, GSC 82698; all X 48.
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FIGURE 13--Line drawings of species of Prefopanderodus discussed in text; 1, 2, 6, 9, P.
leonardii; 1, 2, asymmetrical elément, GSC 82694, X 48; 6, symmetrical element, GSC
82693, X 64; 9, scandodontiform element, GSC 82692, X 64; 3-5, 7, 8, P. elongatus; 3,
symmetrical element, GSC 82685,'X 48; 4, §, slightly asymmetrical element, GSC 82686,
X 48; 7, 8, asymmetrical clement, GSC 82688, X 64; 10, 11, 15, 16, 22, P. strigatus; 10,
11, asymmetrical acontiodontiform element, GSC 82700; 15, 16, asymmetrica)
acontiodontiform element, GSC 82699; 22, symmetrical element, GSC 82701: all X 64.
12-14, 17+19, P. cooperi; 12-14, asymmetrical acontiodontiform element, GSC §2682:
17, 18, scandodontiform element, GSC 82684; 19, symmetrical acontiodontiform -
element, GSC 82683; all X 29. 20, 21, 23-25, P. sp. aff. P. rectus; 20, 21, asymmetrical
acontiodontiform element, GSC 82708, X 78 and X 47; 23, symmetrical acontiodontiform
element, GSC 82707, X 78; 24, 25, scandodontiform element, GSC 82706, both X 48.
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Acontiodus cooperi SWEET and BERGSTROM, 1962, p. 1221, 1222, PI. 168, figs. 2, 3.
text-fig. 1G; BRADSHAW, 1969, p. 1147, P1. 131, fig. §.

Acontiodus rectus Lindstrom, LINDSTROM, 1960, text-figs. 6:10, 3:77, non text-fig. 2:8.

Acontiodus robustus (Hadding), FAHRAEUS, 1966, p. 16, Pl. 2, figs. Sa-b. .

Acontiodus unciformis FAHRAEUS, 1966, p. 17, Pl. 2, figs. 7a-b.

Distacodus n. sp. HAMAR, 1964, p. 263, Pl. 1, figs. 19, 20.

Protopanderodus cooperi Sweet and Bt.;rgslem. BARNES and POPLAWSKI, 1973, p. 782, Pl.
a, rig. 15, non PI. 3, figs. 1, 4, 5, Pl. 4, fig. 8.

Prolopanderodu: rectus (Lindstrom) LOFGREN, 1978, p. 90, 91, P1. 3, fig. 1, non figs. 2-7,
J6A, B. _

Protopanderodus robustus (Hadding). LOFGREN, 1978, p. 94, 95, PL. 3, figs. 32-35,
text-figs. 3lG-.J; NOWLAN and THURLOW, 1984, p. 293, Pl. 2, figs. 7. 13, 14; k_/
STOUGE. 1984, p. 49, PL. 2, figs. 5-8. non figs. 3. 4.

Scandodus dubius BRADSHAW, 1969, p. 1161, PL. 134, figs. 19, 20.

Scandodus formosus FAHRAEUS, 1966, p. 30, Pl. 3, fig. 'll. text-fig. 3K.

?Scandodus rectus Lindsirom, HAMAR, 1964, p. 282, Pl. 2, figs. 6, 7, text-fig§:_15:9, 6:11.

1Scandodus sp. SWEET and BERGSTROM. 1962. p. 1246, P1. 168, figs. 13, 16.

Remarks.- - Acontiodus robustus (Hadding) s.f. is assigned herein to Drepanodus
Pander fqllowing ;.indsut&m (1971, p. 41). However,.symmetrical acontiodontiform elements
are assigned to A. cooperi Sweet and Bergstrom s.1..

Barnes and Poplawski's (1973) definitionr of P. cooperi included asymmetrical
d;epanodonu'form and scandodontiform clements resembling S. rectus s.f. in an apparatus
with symmetrical acontiodontiform .elemcnts. In the prcs?n& work the first two elements have
been assigned to P. sp. of. P. varicostatus and P. rectus, respectivel‘y. Lofgren's (1978)
concept of the sfieciu is followed in which the apparatus consists of syn;metriml and
uymmcuial‘ aconﬁodo;liform. and scandodontiform elements. '

Some asymmetrical acontiodontiform elements appear to differ from Distacodus n. sp.

s.f. by having a more quadrate cross section in the proximal part of the cusp. The
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symmetrical acontiodiform elements form a weak symmetry transition series. This series
coﬁsists of elements with a postero-lateral furrow on one side of the cusp to those with a
medially placed posterior costa flanked by postero-lateral ridges. The same transition series
appears to be developed in P. sp. aff. P. rectus (see remarks for that species).
Occurrence.--Beds 13 and 14 at St. Pauls Inlet: Beds 13 and 14 and limestone clast in
Lower Head Formation at Martin Point.
Material. - -40 symmetrical, 16 asymme(rical acontiodontiform and 9 scandodontiform
elements.
Types.--Hypotypes, GSC 82682-82684.
" PROTOPANDERODUS ELONGATUS Serpagli
“Figures 13.3-13.5, 13.7, 138, 22.17-22.21
Protopanderodus elongatus SERPAGLI, 1974, p. 57; Pl.- 16, figs; 8a-1lc, PI 25, figs. 13-16,
Pl. 30, fig. 4, text- fig. 16; ETHINGTON and CLARK, 1982, p. 84, P19, fig. 15;
REPETSKI, 1982, p. 39, PL. 16, figs. 4, 5. 7, 9, 11, 12, text-fig. 6T.
Re;narks.- -No scandodontiform elements of P. elongatus, described by Serpagli
(1974), were found in the Cow Head collections. The absence of this element was also
reported by Ethington and Clark (1982) in their Pogonip material. Younger specimens of this
species exhibit a greater degree of curvature, and are more asymmetrical. The costae are
sharper. and the basal cavity is much more flared on younger material.
| Occurrence.--Beds 9-11, 13 and 14 at St. Pauls Inlet; limestone clast in Lower Head
Formation at Martin Point.
Material .- -31 symmetrical, 10 slightly symhlelrical. and 9 asymmetrical elements.
Types.--Hypotypes, GSC §2685. 82686, B2688.
PROTOPANDERODUS GRADATUS Serpagli
Figures 12.7-12.11; 22.7-22.9, 22.11 |
Protopanderodus gradatus SERPAGLI, 1974, p. 59-61, P1. 15, figs. Sa-8b, Pl. 26, figs. 11-15,

Pl. 30, figs. la, b, text-fig. 17; LANDING, 1976, p. 639, Pl. 4, figs. 8, 9, 11, 12,
TETHINGTON and CLARK, 1982, p. 84, 85, P1. 9, figs. 16, 17, 20, 21; 'REPETSKI.
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1982, p. 39, PL. 17, figs. 1-5.
Remarks.--Symmetrical and sulcatiform elements belonging 1o P. gradatus are close

to homologous clements of P. sp. aff. P. gradatus and P. sirigatus. They differ from these

>~

robustness of the lateral costae. Elemer;ls assigned to this species by Ethington and Clark
(1982) and Repetski (1982) appear to have a more rounded to oval basal cross section and !
wider spaced lateral costac. These elements may belong to P. strigatus. The apparatus of P.
gradatus seems to lack asymmetrical acontiodiform elements.

Occurrence.--Beds 11 and 14 at St. Pauls Inlet; Beds X1 and limestone clast in Lower
Head Formation at Martia Point,

Material.--23 symmetrical, 30 asymmetrical acontiodontiform and 8 scandodontiform
clements. -

Types.--Hypotypes, GSC 82685-82691.

PROTOPANDERODUS LEONARDII Serpagli
Figures 13.1, 13.2, 13.6, 13.9, 23.22, 23.26-23.28
Protopanderodus leonardii SERPAGLI, 1974, p. 61-63, PI. 16, figs. la-4c, Pi. 27, figs. 12-16,
text-fig. 18; ETHINGTON and CLARK, 1982, p. 85, P1. 9, figs. 18, 22, 23; REPETSKI,
1982, p. 40, Pl. 17, figs. 8, 10, text-fig. 6X.

Remarks. --Sulcatiform and scandodontiform elements are included in P. leonardii.
These elements have not been previousiy reported for this species (e.g. Serpagli, 1974;
Ethington and Clark, 1982). Suluﬁfom elements have a short base and erect cusp, with an
.antero-lateral groove on one side. Sc'a.rfdodontif orm elements are costate, with two major
costae developed on the outer-lateral and inner-antérior edges of the base. Several minor
costa¢ may occur on the inner lateral surface of the base between the major costae. Slightly
asymmetrical elements are included in this species. They have wii‘ted, cusps with respect to the

base. In younger specimens, the cusps tend to become more concavo-convex in Cross section.

Occurrence.--Beds 9-11 and 13 at St. Pauls Inlet; Beds 11 and 19 at Martin Point.
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Material.--15 asymmetrical, 12 symmetrical, 2 sulcatiform and 13 scandodontiform
elements. “
Types.- -Hypotypes, GSC 82692-82694.
PROTOPANDERODUS RECTUS (Lindstrom)
~ Figures 12.18-12.21, 12.31, 12.32, 22.1-22.4, 2.5, 22.6
Acontiodus rectus LINDSTROM, 1955, p. 549, PI. 2, figs. 7- 11, text-figs. 2K-M, 3B,
?Protopanderodus graeai (Hamar), LOFGREN. 1978, p. 93, 94, PI. 3, figs. 19-25, text-fig.
31K-M; NOWLAN, 1981, p. 14, PI. 3, figs. 9. 11, 13 .
?Protopanderodus parvibasis LOFGREN, 1978, p. 93, P1. 3, figs. 11-18, texi-figs. 31D-F.
Protopanderodus rectus (Lindstrom), LOFGREN, 1978, p. 90, 91, Pl. 3, figs. 2-7, 36A, B,
non fig. 1, text-figs. 31A-C (contains synonymy to 1978 (in part));: NOWLAN, 1981, p.
15, PL. 1, figs. 6. 7.
?Proropanderodu%rectus'.’ {Lindstrom), NOWLAN, 1981, p. 15,‘ Pl. 1, figs. 8, 11, PL. 3, figs.
8. 10. ' .
Protopanderodus sp. LOFGREN, 1978, p. 95. PL. 3, figs. 8-10.
Prolopande[odus ;p. cf. P. rectus(Lindstrdm), REPETSK?, 1982, p. 40, PI. 17, fig. 9, PI. 18,
figs. 2-3. ) .
Remarks.- -The majority of symmetrical and sulcatiform Elcmems resemble

homologous elements of P. graeai in b rs:al outline (Lofgren, 1978, Pl. 3, figs. 19, 20). These
oY

JANti
4."‘

1978). The oldest occurrence of symmetrical acontiodontiform and sulcatiform elements with

latter elements occur in late middle and younger strata in Balto-Scandia (Lofgren,

long and short laterally compressed bases in the Cow Head Group is near the base of the
Oepikodus evae Zone. Asymmetrical acontiodiform elements at this level and higher up appear

to agree with the description of the same element of P. graeai in Lofgren (1978). However,

only a few scandodontiform elements carry an inner costa.

The sulcatiform element is apparently absent in P. graeai. This species may be
conspecific with P. rectus, having similar symmetrical acontiodiform ‘elements. The

sulcatiform element may have been lost during the evolution of the apparatus.
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Elements like Proopanderodus sp. (Lofgren, 1978) are included in P. rectus. These
fbrms occur in younger horizons with the latter species. They may reflect a trend towards -
asymmetry in non-sulcale acontiodontiform elements. Scandodontiform elements appear t0
show a great deal of varistion in their morphology, especially near the base of Bed 13 at St.
Pauls Inlet. However, this variation is not systematic, $0 it does not seem to have any
mxc’momic si;nificanoe.

Ocmrrence.--&qs 10, 11, 13 and-14 aL §l. Pauls Inlet; Beds 11 and 13 and limestone
clast in Lower Head Formation at Martin Point.

) Materld.- -117 symmetrical and 48 asymmetrical acomic;dontif orm, 81 sulcatiform,
and 110 scandodontiform elements.

Types.--Hypotypes, GSC 82695 -82698.

PROTOPANDERODUS STRIGATUS Barnes and Poplawski
Figures 1310, 13.11, 13.15, 13.16, 13.22, 23.14, 23.15, 23.18, 723.19. 23.23
Prampam;erodus strigalus BARNES and POPLAWSKI, 1973, p. 784, P1. 3, figs. 14, 17,
text-fig. 2E; STOUGE, 1984, p. 50, 51, PL..2, figs. 15-16, 18-24.
' Walliserodus iniquus (Viira), LOFGREN, 1978, p. 116, 117, P.l. 4, figs. 15-26.

Remarks. - -Sevenai strongly costate ;symmcLﬂal tlements of this species seem to be
ind;’su'nguisbai;le from ho'm‘ologous elcmentﬁ of 'P. gradatus. This element has a rounded
anterior margin, and is much less laterally compressed in cross section basally. It is also
distinguished from the same elémenl of P. gradatus by having a antero-lateral goove on the
side opposite the strongly costate face. .' |

Elements 61" W. iniqus appear to show the same general shape and arrangement of

costae as those identified herein as P. strigatus. The former species seems close tQ if’ not ‘

Y

conspecific with the latter. '
" Ocawrence.--Beds 13 and 14 at St. Pauls Inlet: Bed 11 and limestone clast in Lower

o

Head Formation at Mattin Poin;.

Material.--26 symmetrical and 5 asymmetrical acontiodontiform elements. -
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Types.--Hypotypes, GSC 82699-82701.
PROTOPANDERODUS sp. aff. P. GRADATUS Serpagli
Figures 12.16, 12.17, 12.27-12.30, 22.10, 22.12-22.16
aff. Protopanderodﬁs gradatus SERPAGLI, 1974, p. 59-61. P1. 18, figs. S;-Sb, Pl. 26, figs. .
11-15. '

Description. - -Simple cone apparatus consisting of symmetrical and asymmetrical
acontiodontiform, sulcatiform, and scandodontiform elements. Shallow grooves are commonly
developed on antero-lateral faces of first three forms. Elements laterally compressed, with
bases expanded posteriorly. Oral margins keeled in acontiodontif orm and sulcalifdrm
glements, straight to strongly concave. Oral margin forms continuous curve wir.hﬁ ;;osv.cn‘or
margin of cusp; meets aboral margin at acute or right angle. Aboral margin gently convex.
Basal cavity laterally compressed cone, exlending a third to half the length of the base, with
the apex situated close to the mid h'f;e. Antero-basal angle slightly obtuse with anterior margin
of base and cusp form continuous smooth curve. Cusp albid, proclined to semi-erect, with
posterior keel flanked by a postero-lateral costa in acor;tiodontif orm and ';slcafi'f orm )
elements. Cusp may exhibit varying degrees of torsion with respect to base; anterior margin
may form keel.

Symmetrical acontiodontiform elements laterally compressed with posterior keel on the
cusp and base flanked by a pair of postero-lateral costae. Antero-lateral groove on these
elements most strongly developed below the postero-lateral costae on the base. Asymmetrical
acontiodontiform have one postero-lateral costa v;rhch is more strongly developed than the
other, and directed posteriorly.

Sukmifdrm element has narrow lateral groove on one side opening proximally on base
(0] produ&: recess. Edges of grooves may be costate or carinate in some specimens. Slight
symmetry transition series developed in this element with sides opposite lateral groove having
strong or weak poster-lateral costa.

Scandodontiform elements lanceolate in cross section, with lateral groove situated

_about one-third the width of cusp away from anterior margin. Flat flange developed between

1

\
|
|
i
|
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groove and .amcrior_ margin on base, l;roadening al')orally. ‘

Ren;arks.--As noted under P. gradatus, £his species is close 10 P. gradatus and P.
strigatus. However, the composition of the apparatus &iffcrs. P.sp. aff. ®, gradatus has
asymmetrical acontiodiform elements. These elements are lacking in P. gradalus; P. strigatus
appears (o lack both asymmetrical acontiodontiform and scandodt;nu'f orm elements. The
apparatusof P. sp. aff. P. gradatus ié close to that of P. rectus.

Elements found in the high‘csl sample (dMP 56C) resemble the syn;;nctrical
acontiodontiform. sulcatiform; and scandodoﬁ;ifofm elements from older strata but are less
compressed and have more rounded margins,

L]

Occurrence.--Bed 11 at St. Pauls Inlet; Bed 11 and limestone clast in Lower Head

-

. Formation at Martin Point.

Material.--23 symmetrical, asymmﬁrical acontiodontiform, 17 sulcatiform, and 7
scandodontiform elements. |
Types.--Figured specimens, GSC 82702-82705.
PROTOPANDERODUS sp. aff. P. RECTUS (Lindstrbm)
Figures 13.20, 13.21, 13.23-13.25, 22.22, 22.23, 22.27-2.9
aff. Acontiodus rectus LINDSTROM, 1955, p. 549, P1. 2, figs. 7-11, text-figs. 2k-m, 3B.
aff. Prompande'rodu: rectus (Lindstrom), LOFGREN, 1978, p. 90, 91, Pl. 3, figs. 2. 3. 36A.
B, non figs. 1, 4-7 (contains synonymy to 1978). |
Remarks.--Symmetrical, slightly asymmetrical, and asymmetrical acontiodontiform
elements are assigned to this species. Most elements have a slightly 1o nioderately sinuous
aboral margin similar to those in the apparatus of P. rectus. In 'younger samplcs: the aboral
margin is more angular, comparable to that of 4 rectus s.f. (Lindstrom, 1955, Pl. 2; fig. 10,
text-Fig. 2 nnd Lofgren, 1978, PL. 3, figs. 2, 3 and 36A, B). Asymmetrical acontiodiform
elements are virtually identical to those of P. cooperi. Only a few scandodontiform elements
were fo!mq. Their appearance is strongly suggestive of Juanognalhus jaanussoni.

P.sp. aff. P. rectus may be an ancestor to P. cooperi, with probable change in

symmetrical acontiodontiform element with the aboral margin of this element becoming more




'sinuous, and finally developing the antero-basal "notch of P. coopm Younger specimens of
this element have an aboll margin that is either slightly or moderately sinuous. These
elements also appear 10 exhibit the same arrangement o{ posterior costae on the cusp as seen
in P. cooperi. Hence they may have the same symmetry transition series. This feature in both
P. cooperi and P. sp. alf. P. rectus suggests the apparatuses of these species are related,
Occurrence.--Bed 13 at St. Pauls Inlet; Bed 1] al,Marl’in Point.
Material. - -12 symmetrical, 9 asymmetrical acontiodontiform and 3 ?scandodontiform .
elements. ’ ‘
Types.- - Figured specimens, GSC B2706-82708.
PROTOPANDERODUS sp. cf. P. VARICOSTATUS Sweet and Bergstrom
Figures 12.1-12.6; 12.12-12.15; 12.22-12.26; 23.1-23.13, 23.16. 23.17
cf. Scolopodus varicostatus SWEET and BERGSTROM, 1962, p. 1247, 1248, Pl. 168, figs.
4-9, text-figs. 1A, C, K. . ’
Protopanderodus coopérl (Svir'eel and Bergstrom), BARNES and POPLAWSKI, 1973, p. 783,
Pl. 4, fig. 8. non Pl. 3, figs. 1. 4,5, Pl 4, fig. 15

Protopanderodus cf . varicostatus (Sweet and Bergstrom), LOFGREN, 1978, p. 91-93, Pl. 3.

Figs. 26-31 (contains synonymy to 1978); STOUGE, 1984, p. S1. 52. P1. 3. figs. 1115,

17A, B, non fig. 16.

Protopanderodus gradatus Serpagli, LANDING and LUDVIGSEN, 1984, p. 1487, Pl 1, fig.
7.

Protopanderodus rectus (Lindstrom), MERRILL., 1980, Fig. 6:17.

Protopanderodus varlms.tam: (Sweet and Bergstrom), BERGSTROM, 1978, Table 1, PI. 79,
figs. 6, 7, SIMES, 1980, p. 530, Fig. 6: GASTIL and MILLER, 1981, Tabie 1, Figs. 2j, k
NOWLAN and THURLOW, 1984, p. 293, 294, P1. 2, figs. 1-3, 8.

Scolopodus n. sp. 2 UYENO and BARNES, 1970, p. 116, 117, Pl. 21, figs. 3-S5, text-fig. 7A.

Remarks . - -Most elcmcnls assigned to P. sp. cf.-P. varicostatus lack the prominent
antero-basal "notch” characteristic of P. varicostatus (Sweet and Bergstrom, 1962) as also -

noted by Lofgren (1978). Some scandodontiform elements in the youngest Cow Head sampie




(dMP 56C) are close lc; S..unistrigtus Sweet and Bergstrom s.f., the presumed
scandodontiform element of P. varicostatus (Lofgren, 1978). The occurrence of these elements
may imply that P. varicostatus is present, but the writer follows Lofgren (1978) in assigning
clements of this type to a possibly separate waxon.

Early repreéénuu’ves of this species occur near the base of the Oepikodus evae Zone in
Bed 11 at St. Pa;xls Inlet. Al this level the angle between the anterior and posterior portions of
the basal margin is slightly obtuse in most asymmetrical drepanodontiform elements. This
angle becomes a right angle in younger specimens. This transition appears to be gradual, so
that assigning these older elements to a separate taxon may be difficult.

Fine 1o coarse to striations occ;lr on the posterior and postero-lateral surfaces of
asymmetrical drepanodontiform and scandodontiform elements. There appears to be no
regular pattern of occurrence of this feature, Scandodontiform elements also have variable
cross sections with some lanceolate like S. unistriatus s.f. while others are triangular with the
inner lateral and posterior faces of the element meeting at right angles. There are also
clements intermediate between lh;sclchaxaclcr states.

Occurrence.--Beds‘II. 13, and 14 at St. Pauls Inlet; Beds. 11, 13, and 14 and limestone ~
clast in Lower Head Formation at Martin Point.

Material.--15 symmetrical aconLiodonLi.f orm, 128 asymmetrical drepanodontiform,
and 51 scandodontiform elements.

Types.- -Figured specimens, GSC 82710-82717.

Genus PROTOPRIONIODUS McTavish, 1973
Type species.- - Protoprioniodus simplicissimus McTavish, 1973.
PROTOPRIONIODUS ARANDA Cooper
Figutes 20.17, 20.22-20.24, 20.26, 20.30
Protoprioniodus aranda COOPER, 1981, p. 175, 176, P1. 30, figs. 1, 6. 7, 10, 12;

ETHINGTON and CLARK, 1982, p. 86. 87, Pl. 9, figs. 24-30 (contains synonymy to

1981). f
New Genus A (Sweet, Ethington and Barnes), REPETSKI, 1982, p. 56, Pl. 27, figs. 1-6.
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Protoprioniodus sp. A STOUGE, 1982, p. 42, PL. §, figs. 5-7.

? Protoprioniodus sp. B STOUGE, 1982, p. 42, PL. 6,"figs. 9-11.

Protoprioniodus yapu COOPER, 1981, p. 178, PI. 30, figs. 3-5. 8, 9, 11, 13,
Remiarks.-Elements of P. yapu described by Cooper (1981) are included in P.

aranda. These elements have sharp, reclined, carinate cusps with an arched and keeled

posterior process. Two types are distinguished: those with and those lacking an extended

anterior process. Those with the anterior process resemble oistodontiform elements of

Microzarkodina marathonensis of Ethington and Clark (1981) and always occur with other

etlements of P. aranda in the Covg Head collections. They are similar iﬁ both external

morphology and development of‘white matter. They may occupy the "Pa” and "Pb” (f and g)

posiuions in the apparatus of P. aranda.

P. arandu and P. simplicissimus overlap in range near the top of Bed 11 at St. Pauls
Inlet. Some juvenile oistodontiform elements of P. aranda resemble some adult specimens of

P. simplicissimus. This may suggest that the evolution of the one species into the other is

grédual. with P. simplicissimus evolving into P. aranda by progressive elongation and arching
of the anterior and posterior processes of the elements.
‘ Occurrence.--Beds 11, 13, and 14 at St. Pauls Inlet; Beds 11 anﬂ 13 at Martin Point.
Material.--121 prioniodiniform, 51 ramiform, and 121 oistodontiform elements.
Types.- -Hypotypes, GSC 82718-82722.
PROTOPRIONIODUS PAPILIOSUS (van Wamel)
Figures 20.18-20.21
Oistodus papiliosus VAN WAMEL, 1974, p. 76, 77, Pl. 1, Figs. 18-20.
Gen. Nov. B n. sp. 1 SERPAGLI. 1974, p. 77, P1 19, figs. 4a, b, P1. 29, figs. 4. S, text-fig.
26. .
Protoprioniodus paptliosus (van ’Wamel), ETHINGTON and CLARK, 1982, p. 87, 88, Pl. 10,
fig. S.

Remarks.- -Ethington and Clark (1982) suggested that the triangulariform element
might be an aberrant tamiform element of P. aranda Cooper. Oistodontiform and deltiform

- i
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elements of P. papiliosus like those illustrated by van Wame! (1974) were recovered in small
numbers in the Cow Head Group with this element. The occurrence of these elements together
is evidence that the triangulariform element does not belong in the apparatus of P. aranda.

Occurrence.--Beds 9-11 and 13 at St. Pauls Inlet; Bed 11 at Martin Point.

Material.- -31 tn'angulariforrﬁ. 4 deltiform, and 24 oistodontiform ¢lements.

Types.--Hypotypes, GSC 82723-82725.

PROTOPRIONIODUS SIMPLICISSIMUS McTavish
Figures 20.25, 20.27-20.29, 20.32, 20.33

Protoprioniodus simplicissimus McTAVISH, 1973, p. 48, 49, P1. 2, figs. 6, 8, 9. -

Remarks.- -Oistodontiform elements with elongate anterior and posterior processes
and weakly develped cannac on the cusp are included in this species. Most oitodontiform
clements included in P. simplicissimus have strongly carinate cusps with prominent anterior
and posterior flanges developed on the cusp and base. Elements similar to P. yapu are
included in this spegies, although these have posterior processes which are shorter and more
arched.

Occurrence.- -Beds 9-11 at St. Pauls Injet. - ,

Material.- -44 prioniodiniform, 25 ramiform, and 85 oistodontiform elc‘nienls.

Ty pes.--Hypotypes, GSC 82726-82730.

| PROTOPRIONIODUS? sp.
Figure 20.31 .

Descr)puon.--Bhde-like element with sharp, triangular cusx; and narrow base wiLh‘
medial constriction. Base separated from cusp by sharp ridge or ledge. Base hyaline,
rectangular in lateral view, with square antero- and postero-basal corners. Base constricted in
" “middle portion, flares orally and aborally. Aboral margin nearly straight, with basal cavity
forming narrow slit. Cusp albid, redmed triangular in lateral view, with anterior edge

straight or slightly convex. Posterior margin straight or slightly concave; forms notch with
short oral margin. Anterior and posterior edges sharp, forming keels. Inner side of cusp
carinate anteriorly, with flange proximal to base, Outer side cusp broadly convex; tip flexed
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inwarc.i. Sharp ledge formed of junction of base and cusp on inner side, same ledge subdued
on outer side.
Remarks .- -These elements ar;: tentalively assigned @ Protoprioniodus, although a full
/ apparatus cannot be reconstructed. In the youngest sample (dMP S6C) containing
Protoprioruodus? sp., oistodontiform eiements associated with 'Mx‘crjozarkodina"
' marathonensis (Bradsh'aw) may possibly be associated with this form. However..
Protoprioniodus? sp. is more albid and robust than these clcrﬁems.
Occurrence.- - Beds 1] ai St. Pauls Inlet; limestone clast in Lower Head Formation at
Martin Point. |
Muaterial.- -72 specimens.
Types. - -Figured specimen, GSC 82731.
Genus SCANDODUS Lindstrom, 1971
Type species.--Scandodus furnishi Lindstrom, 1971.
"SCANDODUS" FLEXUOSUS Barnes and Poplawski s.f.
Figures 25.24, 25.25
Scandodus flexuosus BARNES and POPLAWSKI, 1973, p, 785, Pl. figs. 1, 4, text-fig. 21:.
Remarks.--White matter is much more exiensively, developed in elements of this form
species in the Cow Head collections than in those described by Barnes and Poplawski (1973).
This element may belong in the apparatus of Acodus? robustus (Serpagli) (see Remarks for
| that species).
Occurrence.--Beds 11 and 13 at St. Pauls Inlet.
Material.--17 specimens.
" Types.--Hypotype, GSC 82738.
~ SCANDODUS FURNISHI Lindstrom
, Figures 21.17, 21.18, 21.22-21.25
Scandodw.ﬁtmislu’ LINDSTROM, 1955, p. 592, PL. 5, fig. 3; REPETSKI, 1982, p. 42, Pi. 20,

figs. 3, 4 (contains synonymy to 1982).

?Drepanodus cf . D. comalatus Lindstrom s.f., REPETSKI, 1982, p. 20. PL. 6, fig. 6.




1Drepanodus subarcuatus Furnish, MOUND, 1965a, p. 19, P1. 2, fig. 19, non figs. 14, 18.

Drepanoistodus conulatus (Lindstrdm), VAN WAMEL, 1974, p. 63, 64, PL. 3, figs. 1-4.

Scandodus :lnuosﬁ: Mound, ETHINGTON and CLARK, 1982, p. 94-96, Pl. 11, fig. 4, non
figs. 1-3, 5.

Trigonodus larapintinensis (Crespin), COOPER, 1981, p. 180, Pl. 27, fig. 12, non figs. S, 6
11, 16, 17. ‘

Remarks. - -Several elements have been assigned 1o this species. Of special interest are
erect drepanodontiform elements with the basal portion of their anterior keels directed
laterally and postergd;i\y (Figure 21.24). These elements occur in middle Arenig strata together
with other forms'assigncd to this species. Other possible occurrences are noted in the
synonymy list, These elements may occupy a "scandodontiform” position in the apparatus.

Alternatively, they could be scandodontiform elements in the apparatus of S. sinuosus

(Mound). However, in Ethington and Clark's ( 198?) description of the scandodontiform

e[emcm o{ this latter species, the anterior and posterior keels are basally pointed
antero-posteriorly. The Cow Head specimens do notl exhibit this feature, instead, the anterior
keel has the configuration noted above. They have the same colouration pattern as other
clements assigned to S. furnishi at this level, with a distinct albid growth axis developed in the
cusp. ) .o

Specimens of S. furnishi occurring in late Arenig strata in the Cow Head Group are
generally larger and more robust than those occuring in the early Arenig. The bases aie
shorter in drepanodontiform elements, a_nd the oral margins appear more concave. These
clements may belong to a separate species but being few in number, they are retained in S.
Jurnishi.

Occurrence--Beds 9, 10, and 13 at St. Pauls Inlet; Beds 8, 11, 14 and limestone clast
in Lower Head Formation at Martin Point. '

Matertal.- -33 drepanodontiform, 9 oistodontiform, 5 scandodontiform; and 3

suberectiform elements.
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Types.--Hypotypes, GSC 82740-82743,
SCANDODUS sp. cf. S. BREVIBASIS (Sergeeva)
Figures 21.1, 21.2, 21.7, 21.10-21.14
Oustodus brevibasis SERGEEVA, 1963a, p. 95, Pl. 7, figs. 4, 5, text-fig. 2.
Scandodus brevibasis (Sergeeva), LOFGREN, 1978, p. 104, P1. 1. figs. 30-35 (contains
synonymy to 1978). - T
Remarks.--White matter is extensively developed in the cusps of elements fitting the
description of S. brevibasis. This species is normally considered to be hyaline (Lindstrom,
1971). The proximal eﬁd of the growth axis is visible in most specimens. The distal portion of
the growth axis of Cow Head specimex;s of S. brevibasis is diffuse. Ethington (1972) noted
the presence of white m;ttcr in elements he called §. brevibasis in the Nilemile Formation It
was his opinion that these elements should be assigned 1o a separate” genus and species
(Ethington, 1972).
No oistodontiform elements of S. sp. ¢f. S. brevibasis were recognized in the Cow
Head collections. ’
Occurrence.--Bed 13 at St. Pauls Inlet and limesﬁl(\nc clast in Lower Head Formation
at Martin Point. '
Material.- -6 acodontiform, 6 drepanodontiform, and 3 distacodontiform elements.
Typés.--Figured specimens, GSC 82748-82751.
Genus SCOLOPODUS Pan{lcr. 1856
Type species.--Scolopodus sublaevis Pander, 1856.
. "SCOLOPODUS" PESELEPHANTIS Lindstrom k
Figure 29.3
Scolopodus? peselephantis LINDSTROM, 1955, p. 595, Pl. 2, figs. 19, 20, text-fig. 3Q;
LOFGREN, 1978, p. 108, 109, Pl. 4, figs. 43-47 (contains synonymy (o 1978); )
ETHINGTON and CLARK, 1982, p. 102,-103, Pl il. fig. 26.
Scolopodus peselephantis Lindstrom, BEDNARCZYK , 1979, p. 434, 435, P1. 4, fig. 9; ‘

7SZANIAWSKI, 1980, p. 116, 117, P1. 18, figs. 3, 4.
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"Scolopodus® peselephantis Lindstrom, NOWLAN, 1981, p. 13, PL. $, figs. 10, il,
Remarks.- -Specimens of ,,’S.J' peselephaniis in the Cow Head Group appear to show
the same evolutionary trcnds:s those found in Lower to Middle Ordovician s:rau in
Jamtiand, Swgdcn (Lofgren, 1978i. Asymmetrical and symmetrical forms intermediate
between early and later fo)rms of this species occur in one sample (dMP 16) in lower strata
sampled at Martin Point. These forms have laterally compressed, striated cusps that are
straight or twisted laterally. A sharp keel is developed posteriorly. A slight groove or

indentation may be detected on the inner side of the cusp of asymmetMmms.

Symmetrical forms may have a slight ridge developed on both sides, followed by a constriction

~ at the point of greatest curvature. Distally from this constriction, the cusp is laterally

compressed and keeled, but rounded in cross section proximally.

Occurrence.--Beds 9-11 and 13 at St. Pauls Intet: Beds 8-10, and 13 at Martin Point.

Material.--151 specimens.

Types.--Rypotype, GSC 82754,

Genus SPINODUS Duik, 1976

Type specie.i.--Cordylodus Spinatus Haddu;g 1913.

Emended diagnosis.- -Multiclement apparatus compris.ing of prioniodiniform,
oulodomifoﬁn. falodontiform and multiramiform elements. Elements have hyalipe. clongate
and narrow denticulated processes. Cusp and denticles are elongate, reclined, and laterally
compressed with denticles commonly alternating from side to side on the posterior process.
Basal cavity commonly inverted on posterior process of multiramiform clements. Angle
between anterior and posterior processes commonly approaches 90 degrees. Distal ends of
agiterior and posterior processes commonly connected by broad and thin basal sheath.

Remarks.--In previous discussions of Spinodus only the multiramiform elements were
considered. Tﬂcy were shown to comprise a symmetry Lransition series of
co;dylodiform-ligouédiniform- cladognathiform - trichonodelliform elements (Lindstrom, 1964;
Uyeno and Bnnes 1970; Barnes and Poplawski, 1973; Duk 1976). The occurrence of

falodontif orm, prioniddinifom. and oulodontiform elements similar in gross morphology to
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multiramiform elements of Spinodu& in Cow Head strata suggests that the apparatus of this
genus (Figure 14) is similar to that of Periodon Hadding. Uyeno and Barnes (1970) have
already noted that the multiramiform elements of Spinodus have nearly the same symmetry

lm{nﬁ series as the latter genus.
The apparent absence of these elements in other reported _occurrcnc:s of Spinodus
might be explained by the relatively few numbers of these elements recovered per sample.
However, Repetski and Ethington (1977) reported the occurrence of 16 specimens of C.
_ spinatus s.{. in one. sample from the Womble Shale of Arkansas. They did not cOmmcﬁt on
variation among these clements.
SPINODUS sp. cf. S. SPINATUS (Hadding)
i—‘igures 14A-'K. 18.1, 18.2, 18.5-18.7, 18.11, 18.13, 18.14

cf. Polygnathus spinatus HADDING s.f ., 1913, p. 32', Pl. 1, fig. 8.
cf. Cordylodus spinatus (Hadding), NASSEDKINA, 1975, p. 123, P1. 4, fig. 11; REPETSK!

and ETHINGTON, 1977, Pl. 2, fig. 20; TIPNIS, Cl:lA'ITERTON and LUDVIGSEN,

1978. Pl. 8, fig. 16. . '

?Cordylodus sp. aff. C. spinatus (Hadding), LANDING, 1976, p. 631, Pi. 1, fig. 14 {contains

synonymy to 1976).
of . Spinodus spinatus-{Hadding), DZIK. 1976. text-fig. 2lc.

Description. - -Multiclement ramiform apparatus consisting of prioniodiniform,
ohlodifqrm, fﬁlodomiform, and multiramiform elements. The multiramiform series has been
described extensively in the literature an;i is not described herein. ‘

| Prioniodini@rm elements blade-like, with basal caviiy situated medially. Aboral
margin almost straight or curved; commonly sinuous. Apex of basal cavity situated beneath
third or fourth denticle. Basal cavity extends to tips of both anterior and posterior processes.
Cavity flares laterally near apex. Denticles mostly albid, lanceolate in cross section: anterior
denticles may be hyaline. Denticles small, recurved'anuriorly. become larger and more

reclined posteriorly, pointing aiternately from side to side.

|




FIGURE 14- -Apparatus of Spirodus sp. cf. S. spinatus (Hadding) showing outline of basal
cavities and cross-sections of cusps of all elements and basal cavities of falodontiform
and prioniodiniform elements; A, D, lateral and aboral views, cordylodontiform

clement, GSC 82761, X 107 and X 110; B, E, lateral and abora! view, cladognathiform
clement, GSC 82760, X 107 and X 116; C, F, lateral and aboral view, ligonodiniform
element, GSC 82763, X 120 and X 160; G, oral view, trichonodelliform eiement, GSC
82687, X 143; H, aboral-lateral view, tricnonodelliform element, GSC 82762, X 143: 1,
lateral view, falodontiform element, GST 82765, X 200; J, lateral view, prioniodiniform
element, GSC 82766, X 133; K, aboral-lateral view, falodontiform element, GSC 82764.
X 185.

~




140




o 141

Oulodontif orm‘cicmcms asymmetrical, with.broad expanded base with posterior and
anterior processes nieeting at oblique angle in oral view and nearly right angle in lateral view,
Base broad. expansive, with basal sheath connecting tips of posterior ;nd anterior prooasés.
Outer side of base broadly convex.'Post_e:ior proo;bss denticulate, with denticles albid, reclined,
and lanwolaic in cross section, with sharp posterior and anterior keels. Denticles appear 1o
point alternately inwards and outwards slightly. Anterior process also denticulate, with
denticles pointing mwa.xds laterally and slightly posterioriy.

Falodonnform elements inwardly bowed, with posteriorly cxpandcd short base and

anterior proccss carrying commonly several inwardly directed denticles. Base mostly hyaline,

- asymmetrically to symmeétrically triavngular in lateral view. Oral margin short, slightly curved,

meets posterior margin of cusp at near right angle. Abofal and oral margins meet at nearly
forty-five degrees. Aboral margin sinuous, with posterior portion convei downward. Base:;
roughly .wedge- shaped\m abora) view, with inner side cxpanded postcnorly Anterior margin

of element fange- hke commonly cartying several denudes Denticles albid. sub- rounded in

cross section, keeled anteriorly and posteriorly. Cusp reclmed. albid, lanceolate in cross

section, shafply keeled anteriorly andv posterigrly. Prominent carina dcvelo;')ed on inner side of
cusp, cxten‘ds onto base as slight bulge. Outcr sides of denticles and cusp highly° convex; outer
side of basc slightly convex.

Remarks.- -Multizamiform elements of S. sp. cf. S. spinatus differ from those of
Cordylodus spinatus s.f. by having denticles on ihe posterior process spaced closely together.
These denticles are albid. In other occurrences of Spinodus they are hyaline (e.g. Uyeno and
Barnes, 1970; Barnes and Poplawski, 1973). No clements of C. ramosus Hadding s.f. occur in
Cow Head strata. However, Nowlan (1981) reported Lhavl these clements were outnumbered by
C. spinatus s.f. by a ratioof 7:1 in material from the Teuwgouche Group of .Ne‘w Brunswick,

?rioniodinif orm and oulodontiform elements are described and listed separately. Itis
possible that the oulodontiform clements are extreme variants of the prioniodiniform

)
clements. This is suggested by the far greater number of prioniodiniform elements in

comparison to oulodontiform elements. There are several prioniodiniform elements that are
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transitionai between the two types.
Occurrence .- - Beds 13 and 14 at St. Pauls Iniet; Bed 13 and limestone clast in Lower
Head Formation at Martin Point.
Material .- -15 prioniodiniform, 4 oulodontiform, 6 l'alodontit:orm. and 14
multiramiform elements. |
Types.--Figured specimens, GSC 82687, 82760-82766.
Genus TRIANGULODUS van Wamel, 1974
Type species - -Oi.\'lqdus'brevibasis Sergeeva, 1963.
TRIANGULODUS sp. cf. T. SUBTILIS van Wamel
‘ . Figures 15.24-15.26
cf. Triangulodus subtilis VAN WAMEL, 1974, p. 97-99, Pl 5, figs. §-13.
~ Remarks.- - The oral margins of acodontiform etements are straight, in contrast ot
7lhOSC of T. subtilis described by van Wamel (1974), which are concave. Aboral matgins of
drepanodontiform and acodontiform elements are straight or slighlly convex. No erect
scandodontiform and oulodontiform elements were found to occur with the elemcm; discussed
above.
Occurrence.- - Beds 9-11 at St. Pauls Inlet; Bed 10 at Martin Point.
Material.- -6 acodontiform, 22~ d;cpanodomil' orm, and 11 trichonodelliform elements.
Types.--Figured specimens, GSC 82776-82778.
Genus ULRICHODINA Furnish, 1938 .
Type sp.ecie-:.--Acon':iodu: abnormalis Branson and Mehl, 1933.
ULRICHODINA? sp. s.f. .
" Figures 29.4, 29.9
Remarks.--This specimen is tentatively placed in Ulrichodina ‘Fumis_h although it
‘probably belongs in some other genus. The single specimén recovered differs from other
species of Ulrichodina by having whf_te matter in the cusp. This specimen has low, sharp

costae which are developed on the antero-lateral portion of the base. A single costa on each

side extends onto the cusp.




The presence of sharp costae on this elémcntm"a’y suggest that it may belong in an
apparatus with clements assigned to New Genus A sp. (see Remarks for that species).
Occurrence.- -Bed 11 at Martin Point-
Material.- -1 specimen
Types.--rigured specimen, GSC 82783.
' Genus WALLISERODUS Serpagli. 1967
Type species.- - Acodus curvalus Branson and Mehl, 1933.
WALLlSERODUS‘AUSTRAL!S Serpagli
Figures 19.5,19.6, 19.8, 19.9, 1-9.16
Walliserodus australis SERPAGLI, 1974, p. 73-75, P1. 19, figs. 5a-10c. P1. 29, figs. 8-15,
text-figs, 23, 24; LANDING, 1976, p. 641, 642, Pl. 4, figs. 16, 19, 22, 23,
ETHINGTON, 1979, p. 5, text-fig. 4D; LANDING and LUDVIGSEN, 1984, p. 1485,
1487, Pl. 1, fig. 16.
Remarks.--Several multicostate specimens from a sample (StPI 42) in Bed 9 at St.
" Pauls Inlet appear to match descriptions of comptiform and pseudoquadratiform elements of
Tropodus comptus (Branson and Mehl) (Kennedy, 1980). These same elements were included
in an apparalus with asymmetrical multicostate, tricostate, and qu;d;icoswte forms in W.
comprus by Ethington and Clark (1982). The latter type of elements occur in the Cow Head
collections. Some small quadricostate forms may be juvenile multicostate elements, since a
faint medial costa on the outer side was observed on some specimens. 'fhe similarity of the
multicostate clements mentioned above to those of W. comptus and the occurrence of
quadﬁcosute'clemcnts with those normally asSociated with W. australis may suggést that both
species are present. A recent work, h:)wever. has suggested that these species may be
conspecific (Landing and Ludvigsen, 1984). As abundant material is not available, it is not
possible to conﬁrm this péss/ibility. hence elements discussed above will be included in W.

australis.

Occurrence.--Beds 9-10 at St. Pauls Inlet; Beds 11 and 14 at Martin Point.
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Material.- -22 three-costate, 16 four-costate, 15 five-costate, 28 multicostate elements.

Types.- -Hypotypes, GSC 82784-82787.

+71.2.3 Residual taxa
' DREPANODONTIFORM ELEMENT A
Figure 29.16
. Description. - -Drepanodontiform (=homocuwatiform) element with suberect to
proclined cusp. Outer side of element broadly convex while inner side nearly ﬂ_at. Base small,
with shallow, rounded basal cavity, and short straight oral margin. Anterior flange on base
nearly forms process. Flange continuous with inwardly directed keel on cusp. Basa! outtine -
rqughly oval.
Occurrence.--Beds 9-11, and 13 at St. Pauls Inlet; Bed 14 at Martin Point.
Material.- - 27 specimens 7
Type.--Figured specimen, GSC 82791.
DREPANODONTIFORM ELEMENT B
Figure 29.8
Description .- -Laterally compressed drepanodontiform element with sharp, keeled
anterior and posterior edges and basal cavity extending into cusp. Quter side of element
convex, inner side concave. Base triangular, laterally compressed, with straight keeled oral
margin. Oral and aboral margin meet at about 45 degrees. Aboral margin slightly sinuous.
Basal cavity triangular with apex at junction of base and cusp and pointed anteriorly.
Anterior portion of base flange-like, continuous with anterior margin of cusp. Albid cusp
proclined, lanceolate in cross section. Posterior margin forms nearly right angle with ora)

margin.

Occurrence. - -Bed 10 a'l St. Pauls Inlet.

Material.- -6 specimens
Types.--Figured specimen, GSC 82792,
DREPANODONTIFORM ELEMENT C
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Figures 29.12, 29.13

Description. - -Drcpanodondform eiement with blade-like cusp and basal cavity with
sides nearly equidimensional. Base mangular with straight keel.ed oral margin mecting
posterior _m.irgin of cusp at sﬁéhtly obtuse angle. Oral and aboral margin meet at nearly 45
degrees, with aboral margin straight. Basal cavity cc_mical. with sides nearly equidimensional in
length. Sides of basal cavity flared laterally. Anterior portion of base flange or keel-like,
continuous with cusp. Antero-basal angle approximately 45 degrees. Albid cusp slightly
proclined, lanceolate in cross section with sharp anterior and posterior keels.

Remarks. - - This element is distinguished from drepanodontiform element B by its
equidimensional basal cavity, and the flared base. It differs from "Qistodus® sp. aff. "0."
hunickeni by the base being flared on both sides, rather than on one side in the latter species.

Occurrence.- -Beds 10 and 11 at St. Pauls Inlet.

Material.- -5 specimens.

Types.--Figured specimen, GSC 82793.

. : NEW GENUS A sp.
‘ Figures 29.17-29.19
YProtopanderodus varicostatus? (Sweet and Bergstrom), NOWLAN, 1981, p. 15, P1. 3, fig.
15, non P1. 1, fig. S.
?"Scolopodus” glganteus Sweet and Bergstrdm s.f., NOWLAN, 1981, p. 13, P1. 3, fig. 14;
LANDING, 1976, p. 639, 640, P1. 4, fig. 13 (contains synonymy to 1976).

Description. - -Symmetrical and asymmetrical albid drcpanodontifom clgments with
strong, posteriorly directed multiple costae developed on base. Base laterally compressed to
moderately expanded with major portion simaled posteriorly of the cusp. Lower part of base
hyaline, upper part albid. Oral margin straight to slightly curved in symmetrical elements,
;omewhal concave in asymmetrical elements. Oral and aboral margins meet at approximately
45 degrees. Aboral margin mostly straight in lateral view. Basal cavity placed posteriorly with
basal outline indistinct but appearing to be semicircular. Antero-basal angle slightly to

moderately acute. Anterior margin of base forms either continuous curve with anterior margin
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of cusp or showg aprupt break in curvature at junction of base and cusp. Anterior margin of
base may be keelcc! Strong posteriorly directed costag developed on both sides of base,
extending part way up the cusp. Costae become successively longer posteriorly, Most
postero-oral set developed between postero-lateral ridges and posterior ridge proximally on  /
cusp. Proxilznal ends of 'some costae may bifurcate towards aboral margin. Accessory costae
may be developed in between major costae. Costae terminate short of aboral margin. T

Cusp albid, recurved, Acontiodus-like in cross section proximally, lanceolate distally.
Central posterior ridge flanked by postero-lateral ridges with faces between ridges concave.
Postero-lateral ridges placed more anteriorly on cusp;- Posterior ridge situated to one side in
asymmetrical element. Antero-lateral faces straight or slighp\tly concave ,ox convex. Anterior
margin sharp, may be keel-like.

Remarks. - '-Tlﬁ occurrence of strong posteriorly directed costae suggests that these
elements should be assigned to a new genus. The presence of strong costae on Ulrichodina? sp.
may suggest it may belong in the same apparatus as the elemans" described above. Both this
form and elements of New Genus A sp. are retained as separate taxa because of the scarcity
of material.

Occurrence.--Bed 11 at Martin Point.

Material.- -3 symmetrical, 2 asymmetrical elements.

Types.- -Figured specimens, GSC 82795, 82534.

NEW GENUS B sp.
Figures 28.11, 28.14

Description.--Broad elongate platform element with oral ridge ornamented with albid
nodes, intersected by lateral ridge also with nodes near its anterior end. Element broad, flaring
laterally and aborally from oral ridge, with undulating aboral margin. Quter side broadly
convex, and inner side gently convex. Oral margin straight posteriorly in lateral view for
three-quarters length of element. Anterior quarter rises up to and slopes doﬁn from apex,

continuing straight anteriorly. Slight lobe developed apposite apex. Oral ridge also straight in

oral view, twists inward past apex then straightens anteriorly. Several antero-oral and
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postero-aboral ridges developed; most anterior of these the strongest with nodgs closely spaced
and intersects oral ridge at apei of platform. Posterior ridges with noélcs spaced widely apart,
weakly developed. Slight recess developed behind anterior lateral ridge and oral ridge.
" Remarks.--This single element in the éow Head collections may have affinities to

New Genus E sp., although it lacks the apical pit ang ’ridgcs converging on it and the
extensively developed on’tamcnted outer oral surface. )

Ocaa}rence.--Bed 9 at St. Pauls Inlet.

Material.- -1 specimen.

Type.--Figured specimen, GSC 82796.

NEW GENUS C sp.
Figures 28.22, 28.24, 28.25, 28.28

Description.--Triangular platform element with posterior process and node. Small'
denticles occur on posterior edge of main cusp and gently sloping posterior edge of posterior
node. Main cusp high, triangular in cross section basally, laterally compressed distally, with
sharp antero-lateral edges. Apex of cusp directed inwards, so that outer surface slopes away
from aﬁoral margin, Anterior fice between antero-lateral edggg‘nfu or sightly arched. Slight
postero-lateral ridge developed at junction of cusp and posterior process on outer side.
Posterior process elongate, deflected imwardly from main axis of element at aproximately 30
degrees. Distal end rounded in oral view. Node developed in anterior portion of oral surface
of process. Anterior edge of node steep, posterior edge sioped gently. Node separated f rom
main cusp by gap. Aboral outline of cusp biconcave laterally, slightly convex anteriorly, same
outline of posterior process straight laterally, rounded distally. Basal cavity deep, extends to -

apex of both cusp and node. Posterior margin of cusp and node denticulate; denticles small,

discrete, Denticles developed on antero-lateral and postero-lateral edges. Surface

ornamentation consists of low transverse carina and grooves.

Remarks.--These clements appear to be a very primitive platform, unlike those
illustrated by Lindstrom (1955). They resemble in a superficial way elements of Gen. et. sp.
nov. illustrated by Lofgren (1978, fig. 34A-F). These forms are subpyramidal, but lack the
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postetior process and denticulation of New Genus C 's.p.. One clement is included with those
. déscribed above with three processes basally. It may représent an early growth stage, or
correspond to the "haddingodontiform” element in an apparatus analogou§ to that of Pygodus
Lamont and Lindstrom. ' ! T
Occurrence.--Bed 8 at Martin Point.

Material. - -4 specimens,

Types.- -Figured specimens, GSC 82797, 82798.

NEW GENUS D sp. s.f.
Figure 29.20, 29.21, 29.24, 29.2§ ,
Description.--Triangular coniform element with deep basal cavity extending to tip.
Element triangular in lateral view with sharp edges tapering rapidly to tip. Sides of element
biconvex, with some clements more strongly so than others. Tips may curve away from the
plane of the element or are recurved.
Remarks. - »These‘elcmcn‘ts have a éener-alized form, and could be associated with
many of the taxa described in this report. Their range appears to be restricted to the lower
- Arenig. One specimen was found in Bed 13 at St. Pauls Inlet, but being from a limestone
conglomerate it may have been reworked from older strata.
Occurrence.--Bed 9 and 13 at St. Pauls Inlet; Bed 8 at Martin Point.
Material .- -15 specimens.
Types.- -Figured specimens, GSC 82799, 82800. '
NEW GENUS E sp.
Figures 28.19, 28.23, 28.26, 28.27
Description.- - Apparatus consists of platform and coniform elements. Platform
element broad platform with strong, outwardly directed, undulating lateral flange. Inner side
aborally directed, concave plate. Two sets of paired ridges developed on inner edge of clement
on either side and converging on ¢entral apical pit. Ridges consist of rows of short. stout, and

albid nodes. One pair directed orally and inwards with ridges meeting at aproximately 3

degrees at pit. Apical end of ridges directed aborally and inwardly. Area between ridges
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concave, generally smooth with concentric growth lamellae commonly observed. Second pair
of ridges di;t;cted inwardly. lnnc.m;OSl ridge with nodes generally s.machr. more widely spaced
across transverse ridges. Oral ridge runs -along inner edge and nearly around outer edge of
apical pit. Apical pit separates ridge pairs; pit deep, with depth one-third width of inner side. \
Cptter flange undulating, broadly convex in oral outline on outside. Nodes developed radially
"//ahd concentrically around apical area, situated on low transverse carina. Medial row of nodes
opposite apical area ﬂa;nkcd by auxiliary rows of nodes directed towards apical pit. Quter
flange and inner side of element meet at aproximately 90 degrees. Basal cavity occupies entire )
underside; inner surface smooth with junction‘s of inner and outer sides and interareas
between ridg;s meeting at central knob.
’ Coniform elements triangular in lateral view having either sharp, serrate or smooth,
broadly rounded edges. Element may have cither lateral process posteriorly directed with
notch between lateral edge and main body of element, or sides timl are smoothly rounded.
Basal cavity extends 1o apex; basal outline elongate oval continuous wiih lateral process.
Remarks.- -The elements described above are suggestive of Pygodus Lamont and
Lindstrom in terms of general form but the platform element differs significantly from those

normally assigned to this genus. The sides of \{form elements of Pygodus meet at a low

angle of the anterior end. The oral surfacy of these elements have strong nodes arranged
antero-posteriorly in rows. In New Genus E sp..- the sid;:s of the outer flange meet at oblique
angles, and most nodes are weakly developed. The phylogenetic relationships of this species to
other platform species is unéertain because of its sporadic occurrence. Complete specimens of
ST platform elements occur only in one sample (StPI 71).
~ Oceurrence.- -Beds 9-11 at St. Pauls Inlet.

=  Matertal,--16 platform and 4 coniform elements.

Types.- -Figured specimens, GSC 82801-82803.
SCANDODONTIFORM ELEMENT
Figures 29.22, 29.23 |
?*Scandodus” sp. 4, ETHINGTON and CLARK, 1982, p. 98. Pl. 11, fig. 11.
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Description. - -Sharply keeled element with base expanded to the inside. Base triangular
in outline with straight oral keel. Aboral margin straight, basal cavity conical with apex
situated near anterior margin. Inner side of base expanded while outer side is flat or slightly
concave. Anterior portion of element forms keel that continues ﬁnlo cusp. Albid cusp
proclined, sharply keeled anteriorly and posteriorly with carinae developed on inner face.
Outer side of cusp .gcntly convex, P;men'or keel wurned outward and slightly downward
basally. )

Remark .- -Forms described as "Scandodus” sp. 4 by Ethington and Clark (1982)
might be conspecific, although they occur in much younger strata.

Occurrence.-*Bed 9 at St. Pauls Inlet.

Malerial.- -4 specimens.

Types.--Figured specimens, GSC §2794.




BIBLIOGRAPHY

AN, T. 1981. Recent progress in Cambrian and Ordovician biostratigraphy of China. p.
209-224. In, C. Teichert, L. Lu and C. Pie-ji (eds.), Paleontology of China, 1979,
Geological Society of America Special Paper 187, 264 p. ‘ ‘

BARNES, C.R. 1974, Ordovician conodont biostratigraphy of the Canadian Arctic. p.

221-240. In, 1.D. Aitken and D.J. Glass (eds.), Canadian ArctRt Geology, Geological
Association Canada - Canadian Society .of Petroleum Geologists Special Volume, 368 p.
. (ed.). 1976. Conodont paleoecology. Geological Association of Canada Special
Paper 15, 324 p.

. 1984, Early Ordovician eustatic events in Canada. p. 51-63. /n, D.L. Bfuton
(ed.), Aspects of the Ordovician System. Palaeontological Contributions from the
University of Oslo, No. 295, Universitetsforlaget.

and M.F. TUKE. 1970. Conodonts from the St. George Formation
(Ordovician), northern Newfoundland. Geological Survey of Canada Bulletin, 187;79-97.

and M.L.S. POPLAWSKI. 1973. Lower and Middle Ordovician conodonts from
the Mystic Formation, Quebec, Canada. Journal of Paleontology, 47:760-790.

.C.B. REXR/O:E.\ajd J.F. MILLER. 1973. Lower Paleozoic conodont.
provincialism. p. 151-190. /a, F.T.H. Rhodes (ed.). Conodont Paleozoology. Geological
Society of America Special nPaper 141, 296 p.

and L.E. FAHRAEUS. 1975. Provinces, communities, and the proposed
nektobenthic habit of Ordovician conodontophorids, Lethaia, 8:133-149.

and D.J. SLACK. 1975. Conodont ultrastructure: The subfamily
Acanthodontinae. Royal Ontario Museum Life Science Contribution 106, 21 p.

. DJ. KENNEDY, A.D. McCRACKEN, G 5. NOWLAN. and G.A.
TARRANT, 1979, The structure and evolution of Ordovician conodont a;;paraluscs.
Lethaia, 12:125-151.

BEDNARCZYK, W. 1979. Upper Cambrian to Lower Ordovician conodonts of Leba
Elevation, NW Poland, and their stratigraphic significance. Acta Geologica Polonica, 29:

151




) 409-442,

BERGSTROM, S.M. 19‘;8. Miglidlc and Upper Ordovician conodont and graptolite
biostratigraphy of the Marathon, Texas graptolite zone reference standard. Palaeontology,
21; 723-758.

. 1979. Whiterockian (Ordovician) conodonts from the Helonda Limestone of
the Trondheim region, Norwegian Caledonides. Norsk Geologisk Tidsskrift §9:295-307.-

—__z:’xl:i—il.A. COOQPER. 1973. Didymograptus bifidus and the trans-Atlantic
correlation. pf the Lower Ordovician. Lethaia. 6:313-339.

. J. RIVA, andlM. KAY. 1974. Significance of conodonts, graplolitcs..and
shelly fanu?s f rom the Ordovician of western and north-central Newfoundland. Canadian
Journal of Earth Sciences, 11:1625-1660. -

BOYCE, W.D. 1579. Further developments in wesiern Newfoundland Cambro-Qrdovician
biostratigraphy. p. 7-10. In, R.V. Gibbons (ed.), Report of Activities for 1978,
Newfoundland \Dcparlgsm of Mines and Energy, Mineral Development Division, Report
79-1, ‘

BRADSHAW, L.E. 1969. Conodonts from the Fort Pefia Formation (Middle Ordovician),
Marathon Ba;in, Texas. Journal of Paleontology, 43:1137-1168.

BRANSON, E.B., and M.G. MEHL. 1933. Conodont studies. Numbers 1 and 2. University

of Missouri Studies, vol. 8, nos. 1, 2, p. 1-167.

CLARK, D.L. (ed;) 1984. Conodont biofacies and provincialism. Geological Society of

America gpeaa.l Paper 196, 340 p.

CONIGLIO, M. 1985. Origin and diagenesis of fine-grained slope sediments: Cow Head
Group (Cambro-Ordovician), western Newfoundland. Unpublished PhD. thesis,
Memorial U‘niversity of Newfoundland, St. John's, 684 p.

COOPER, B.J. 1981. Early Ordovician conodonts from the Horn Valley Siltstone, central
Australia. Palacontolgy, 24:147-183.

DZIK, J. 1976. Remarks on the evolution of Ordovician conodonts. Acta Palacontologica
Polonica, 21:395-455.




153

. 1978. Conodont biostratigraphy and paleogeographical relations of the Ordovician

‘Mojeza Limestone (Holy Cross Mountains, Poland). Acta Palacontologica Polonica,
23:51-72.
----=+--. 1983, Relationships between Ordovician Baltic apd North American Midcontinent

* . faunas. p. 59-85, Fossils and Strata No. 15.

EPSTEIN, A.G., 1.B. EPSTEIN, and L. HARRIS. 1977. Colour alteration-an index to ‘ ;
organic metamorphism: United States Geological Survey Professional Paper 995, 27 p. 1’

ERDTMANN, B.-D.. 1971. Ordovician graptolite zones of western Newfoundland in-relation
to paleogeography of the North Atlantic. Geological Society of America Bulletin,
82:1509-1528. ~ |

ETHINGTON, R.L.. 1959. Conodonts of the Ordovician Galena Formation. Journal of
Paleontology, 337257-292.

--------------- . 1972, Lower Ordovician (Arenigian) conodonts from the Pogonip Group,
central Nevada. Geologica et Palaeontologica, 1:17-28.

--------------- . 1979. Conodonts from the Pre-Eureka Ordovician of the Great Basin. p.
1-16. In, C.A. Sandberg and D.L. Clark (eds.), Conodont Biostratigraphy of the Great
Basin and Rocky Mountains. Brigham Young University Geology Studies, vol. 26, Part 3.

--------------- and D.L. CLARK. 1964, Conodonts from the E! Paso Formation
(Ordovician) of Texas and Arizona. Journal of Paleontology, 38:685-704.

--------------- and ----------. 1971.'Lower Ordovician conodonts in North America. /n,
W.C. Sweet and S.M. Bergstrom (eds.), Symposium on conodont biostratigraphy.

. Geological Society of Americal Memoir 127, 495 p.

L seesessecena and --------n- . 1982. Lower and Middle Ordovician conodonts rom the Ibex
area, Qﬂter_n Mlllard County, Utah. Brigham Young University Geology Studies, vol. 28,
160 p. ;

------------- and J.E. REPETSKI 1984. Paleobiogeographic distribution of Early
Ordovician conodonts. p. 89-101. /n, D.L. Clark (ed.), Conodont biofacies and

K

, ! )
~ p%cidism. Geological Society of America Special Paper 196.




154

FAHRAEUS, L.E. 1966, Lower Viruan (Middle Ordovician) conodonts from the Gullhogen
ré

Quarry, southern central Sweden. Sveriges Geologiska Undersdkning Avhandlinger och
Uppsatsér, Ser. C, o 610, Arsbok 60, no. 5. 40 p o
------ e 1970 Conodont - based corrclauons of Lower and Middle Ordovician strata in
western Newf oundland. Geological Soc1ely of America Bulletin, 81:2061-2076.
------------- . 1973, Deposmonal environments and conodont based correlation of the Long
Peint Formation (Middle Ordovician), western Newfoundliand. Canadxan Journal of

Earth Sciences, 10:1822-1833.

R T R . 1977a. Correlation of the Canadian/Champlainian series boundary and the

Whiterock Stage of North America with western European conodont and graptolite zones.
Bulletin of Canadian Petroleum Geology. 25:581_-994.

------------- . 1977b. Isocommunities and correlation of the North American Didymagrapll;:
bifidus Zone (Ordovician). Newsletters on Stratigraphy, 6:85-96.

------------- . 1983. Phylum Conodonta Pander, 1856 and nomenclatural priority. Systematic
Zoology, 32:455-459. .

------------- . 1984. A critical look of the Treatise family-group classification of Conodonta:
an exercise in eclecticism. Lethaia, 17:293-305. )

------------- and C.R. BARNES. 1975. Conodonts as indicators of paleogeographic regim;s.
Nature, 258:515-518. 9

------------- and G.S. NOWLAN. 1978. Franconian (Late Cambrian) to Early
Champlainian (Middle Ordovician) conodonts from the Cow Head Group, western
Newfoundland. Journal of Paleontology, 52:444-471,

------------- and D.R. HUNTER. 1985. Simple-cone conodont taxa from the Cobbs Arm
Limestone (Middle Ordovician), New World Island, Newfoundland. Cana.dian Journal of
Earth Sc:cnces 22: 1171-1182.

FISCHER: A.G.. and M.A. ARTHUR. 1977. Secular variation in the pelagic realm. p. 19-50.
In, H.E. Cook and P. Enos (eds.), Deep-water carbonate environments. Society of

Economic Paleontologists and Mineralologists Special Publication No. 25.




B

155

FORTEY, R.A. 1980. The Ordovician of Spitsbergen. and its relevance to the base of the
Middle Ordovician in rjlorth America. p. 33-40. /n, D.R. Wones (cﬂ.). Proceedings "The
Caledonides in the bSA' I.G.C.P. project 27, Caledonide Orogen, i)epahment of
Geological Sciences, Virginia Polytechnic Institute and State University, Memoir 2,
Blacksberg, Virginia. - .

------------ . 1984. Global earlier Ordovician transgressions and regressions and their
biological implications. p. 37-50. /n, D.L. Bruton (ed.), Aspects of the Ordov‘ician
Systemn. Palaeontological Contributions from the University of Oslo, No. 295,

Universitetf OIlagct.

€

cmeereanan and C.R. BARNES. 1977 Early Ordovician conodont and trilobite communmes

of Spnsbergen influence on biogeography. Alcheringa, 1:297- 309

reresncanans .E. LANDING. and D. SKEVINGTON. 1982. Cambrian -Ordovician boundary
_section in the Cow Head Group, western Ncwfoundland.. In, M.G. Bassett and W.T.
'Dean 'geds.). The Cambrian-Ordovician boundary: sections, fossil distributions and

correlation. Natural Museum of Walc‘:s. Geologiml Series no. 3, Cardiff, 277 p.

"FURNISH, W.M. 1938. Conodonts from the Prairie dy Chien beds of the upper Mississippi~

valley. Journal of Paleontology, 12:318-340,

GASTIL. R.G. and R.H. MILLER. 1981. Lower Paleozoic strata on the Pacific Plate of
North Ametica. Nature, 292; 828-830.

GRAVES, R.W. and S.P. ELLISON. 1941. Ordovician conodoms of the Maxathon Basin,
Texas. Umversuy of stsoun School of Mines and Memllurgy Bulletin ‘l‘echmml Series
14, 26 p.

i

.HADDING, A.R. 1913. Undre dicellograptusskiffern i Skina jimte nigra diArmed ekvivalenta

bildningar Lunds Universitets Arsskrift Series 2, 54:5,1-262.
HALLAM, A. 1980 Black shales. Journal of the Geologlca.] Society of London, 137:123-124.
HAMAR, G. 1964. Conodonts from the lc'>wcr Middle Ordovician of Ringerike. Norsk
Geologisk Tidsskrift, 44: 243:292. '

: HARRIS A.G., S.M. BERGSTROM, R.L. ETHINGTON, and R.J. ROSS. 1979. Aspects of




156

Middle and Upper Ordovician conodont biostratigraphy of carbonate facies in Nevada
and southeast California and comparison with some Appalachian successions. p. 7-44. 4In.
C.A. Sandberg and D.L. Qlark (eds.), Conodont Biostratigraphy of x\he Great Basin and
Rocky Mounuains. Briiham, Young University Geology Studies, vol. 26, Part 3.

HAYWICK, D.W., and N.P. JAMES. 1984. Dolomites and dolomitization of the St. George
Graoup (Lower Ordovician) of western Newfoundland. p. 125-130. /n, M.J. Murray,
J.G. Whelan, and R.V. Gibbons (eds.), Newfoundiand Dcparlmenl!! of Mines and
Eneréy. Mineral Development Division, Report 84-1,

HlSCOT'(. R.N., and N.P. JAMES. 1985. Carbonate debris flows, Cow Head Group, western
Newfoundland. Journal of Sedimentary Petrology. 55:735-745.

HUBERT, J.K., R.K. SUCHECKI, and¢ Rl.K.M. CALLAHAN. 1977. The Cow Head Breccia,
Sedimentology of the Cambro-Ordovicign continental margin, Newfoundland. p- 125-154.
In, H.E. Cook and P. Enos (eds.), Deep-water carbonate environments. Society of
Economic Paleontologists and Mineralologists Special Publication 25.

JAMES, N.P., and E.W. MOUNTIJOY. 1983. Shelf -slope break in fossil cari)onalc
platforms: an overview. p. 189-206. In, D.J. Slanlc.y and G.T. Moore (eds.), The-
shelfbreak: critical interface on continental margins. Society of Economic Paleontologists
‘and Mineralologists Special Publication 33. '

JAMES, N.P., and R.K.STEVENS. 1982. Anatomy and evolution of a lower Paleozoic
continental margin, western Newfoundland. Guidebook, Eleventh International Congress
on Sedimcnl;logy. Excursion 2B, Hamilton, Ontario, 75 p.

weeeeeeeeeaeand ---=----+---in-press. Stratigraphy and correlation of the Cow Head
Group (éambro-Ordovician), western Newfoundland.'Geological Survey of Canada
Bulletin.

JEPPSSON. L. 1984. Sudden appearances of Silurian conodont lineages: provincialism or
special biofacies? p. 103-112. In, D.L. Clark (ed.). Conodont Liofacies and
provincialism. Gedlogiml Society of America Special Paper 196.

JOHNSON, H. 1941. PaJeozoic‘.lowlands of northwestern Newfoundland. New York Academy




157

of Sciences Transactions, Series 11, vol. 3, no. 6, p. 141-145.

KENNA, K. 1985. Upper Canadian to Whiterock conodonts of the upper St. George Group.
western Newfoundland. /a, J .’F . Riva (ed.), Canadian Paleontology and Biostratigraphy
Seminar. Program with Abstracts, p. 9.

KENNEDY, D.J. 1980. A restudy of conodoius described by Branson and Mehl, 1933, from
the Jefferson City Formation, Lower Ordovician, Missouri. Geologica et Palaeontologica,
14:45-76.

------------ . C.R. BARNES, and T.T. UYENO. 1979. A Middle Ordovician conodont
faunuie from the Tetagouche Group, Camel Back Mountain, New Brunswick. Canadian
Journal of Earth Sciences, 16: 540-551.

KINDLE, CH., and H.B. WHITTINGTON. 1958. Stratigraphy of the Cow Head region,

western Newfoundland. Geological Society of America Bulletin, 69:315-342,

: 'KLAPPA. C.F.,R.R. OPALINSKI, and N.P. JAMES. 1980. Middle Ordovician Table Head

Group of western Ne.v;ff oundland: a revised stratigraphy. Canadian Journal of Earth
Sciences, 17:1007-1019.

KLAPPER, G., and J.E. BARRICK. 1978. Conodont ecology : pelagic versus benthic.
Lethaia, 11:15-23.

KNIGHT, 1. 1977. The Cambro-Ordovician platformal rocks of the Northern Peninsula,
Newf opndland. p- 27-34. Newfoundland Department of Mines and Energy, Mineral
Developement Division, Report 77-6.

------ r-l --. 1978. Plaformal sediments on the Great Northern Peninsula: stratigraphic siudies
and geological mapping of the North St. Barbe District. p. 140-150. /a, R.V. Gibbons
(ed.). Report of Activities.for 1977, Newfoundland Department of Mines and Energy,
Mineral Development Division, Report 78-1. 7

--------- . 1983. Geology of Cambro-Ordovician rocks in parts of the C;;lors River, St. John
Istand and Port Saundefs Map Sl(xeet.s. p.1-10. In, W .}, Murxay.. P.D. Saunders, W.D.
Boyce, and R.V. Gibbons (eds.), Newfoundland Department of Mines and Energy, '
Mineral Development Division&lepon 83-1. '

Y




and W.D. BOYCE. 1984. Geological mapping iof the Port Saunders and St. John
Island, and parts of Torrent River and Bellburns mapsheets, northwestern Newfoundland.
p. 114-123. Ia, M.J. Murray, J.G. Whelan, and R.V. Gibbons (eds.), Newfoundland
Deparument of Mines and Energy. Minera! Development Division, Report 84-1.
and N.P. JAMES. in press. Stratigraphy of the Lower Ordovician St. George
Group, western Newfoundland. Canadian Journal of Earth Sciences _
LANDING. E. 1976. Early Ordovician (Arenigian) conodont.and graptolite biostratigraphy
of the Tatonic allochthon, eastern New York. Journal of Paleontology, 50:614-646.
and C.R. BARNES. 1981. Conodonts from the Cape Clay Formation (Lower
Ordovician), southern Devon Island, Arctic Archipelago. Canadian Jourﬁal of Earth
Sciences, 18:1609-1628.
and R. LUDVIGSEN. 1984. Classification and conodont-based age of the
Ordovician trilobite Elisaspés (middle Arenigian) Ville Guay, Quebec. Canadian Journal
of Earth Sciences, 21:1483-1490.

LE FEVRE, J., C.R. BARNES, and M. TIXIER. 1976. Paleoecology. of Late Ordovician and
Early Silurian conodontophorids, Hudson Bay Basin. p. 69-89. /a, C.R. Bamés (ed.).
Geological Association of Canada Special Paper No. I5.

LINDSTROM, M. 1955. Conodonts from the lowermost Ordovician strata of south central
Sweden. Geologiska Foreningens i Stockholm, Forhandlingar, 76:'517'604.

. 1960. A Lower-Middle Ordovician succession of conodont faunas, 21st. -
International Geoldgical Congress Reports, 7:88-96.

. 1964. Conodonts. Elsievier, New York. 196 p.

. 1971. Lower Ordovician conodonts of Europe. p. 21-61. In, W.C. Sweet (ed.),

Symposium on conodont biostratigraphy. Geological Society of America Memoir 127.

. 1976a. Conodont paleogeography of the Ordo.vici;n. p. 501-522. In. M.G. -
Bassett (ed.), The Ordovician System: Proceedings of a Palaeontolog\ical Association
Symposium, Birmingham. University of Wales Press and National Museumn of Wales,
Cardiff.




159

------------ . 1976b. Conodont provincialism and paleoecology - a few concepts. p. 3-9. /n,
C.R. Bamnes (ed.), Geological Association of Canada Special Paper No. 15.

------------ . 1977, Contributions. /n, Catalogue of Conodonts. E. Schweizerburtsche
Verl_agsbuchhandlung. Stuttgart, Germany, 3:429-431. *

------------ . 1981. Contributions. /n, Cataloque of Conodonts. E.‘ Schweizerburtsche
Verlagsbuchhandlung, Stuttgant, Germany, 4:219-244,

----------- ~-. 1984, Baltoscandic conodont life environments in the Ordovician:
sedimentologic and paleogeographic evidence. p. 33-42. Ia, D.L. Clark (ed.). Conodont
Biofacies and Provincialism. Geological Society of America Special Paper 196.

LOFGREN, A. 1978. Arenigian and Llanvirnian conbdonts from Jimtland, northern Sweden.
Fossils and Strata, No. 13, Universitetsforlaget, Oslo, 129 p..

---------- . 1985. Early Ordovician conodont biozones at Finngrundet, south Bothnian Bay,
Swéden (Geology of the southern Bothnian Sea, Part II1.). Bulletin of the Geological
Institutions of the University of Uppsala, N.S., 10:115-128.

McILREATH, 1. A., apd N.P. JAMES. 1978, Carbonate slopes. p. 133-143. /n, R.G. Walker
(ed.), Facies Models, Geoscience Canada, Reprint Series 1, Geological Association of
Canada, 221 p.

-------------- and ---------- 1984, Carbonate slopes. p. 245-257. In, R.G. Walker (ed.),
Facies Models”, Second Edition, Geoscience Canada, Reprint Series 1, Geological )
Association of Canada, 319 p.

McTAVISH, R.A. 1973. Prioniodontacean conodonts from the Fmanuel Formation (Lower
Ordovician) of Western Australia. Geologica et Palacontologica, 7: 27-58.

McTAVISH, R.A ., and D.P. LEGG. 1976. The Ordovician of the Canning Basin, Western

~ Australia. p. 447-478. /n, M.G. Bassett (ed)., The Ordovician System: Proceedings of a
Palacontological Association Symposium, Birmingham, University of Wales Press and
National Museum of Wales, Cardiff. ‘

- MERRILL, G .K. 1980. Ordovician conodonts from the Aland Islands, Finland. Geologiska

FoOreningens i Stockholm, Forhandlingar, 101: 329-341.




160

------------ and P.H. VON BITTER. 1976. Revision of conodont facies nomenclature and
interpretations of environmental controls in Pennsylvanian rocks of eastern and central
North America. Royal Ontario Museum Life Sciences Contribution 108, 48 p.

MILLER, J.F. 1969. Conodont fauna of the Notch Peak Limestone (Cambro-Ordovician),
House Range, Utah. Journal of Paleontology, 43:413-439,

----------- - 1981. Contributions. p. W119. /n, R.A. Robison (ed.), Treatise on Invertebrate
Paleontology, Part W, Miscellanea, Suppement 2, Conodonia. Geological Society of
America and University of Kansas Press, Lawrence.

MOUND, M.C. 1965a. A conodont fauna from the Joins Formation (Ordovician),
Oklahoma. 'fulane Studies in Geology, vol. 4, no. 1, 46 p.

---------- . l955b. Two new conodont genera from the Joins Formation (lower Middle
Ordovician) of Oklahoma. Biological Society of Washington Proceedings, 7:193-200.
---------- . 1968. Conodonts and biostratigraphy of the lower Arbuckle Group (Ordovician),

Arl;ucklc Mountains, Oklahoma. Micropaleontology, 14:393-434. |

MULLER, K.J. 1962. Taxonomy, evolution and ecology of conodonts. p. W3-W91. /n, R.C.
Moore (ed.), Treatise on Invertebrate Paleontology, Part W, Miscellanea. Lawrence.

NASSEDKINA, V.A. 1975. On Ordovician conodonts from the western slope of Urals. p.
110-153. /a, N.P. Malakova and B.1. Tsuvashov (eds.), New miospores, formanifera,
ostracods and conodonts from the Paleozoic and Mesozoic of the Urals. Akademic Nauk,
Uralian Science Centre, Sverdlovsk, 119:110-153. (in RusSian).

NICOLL, R.S. 1980, Middle Ordovician conodonts from the Pittman Formation, Canberra,
ACT. Bureau of MincraI. Resources Journal of Australian Geology, and Geophysics, §:
150-153.

NOWLAN, G.S. 1974. Conodonts from the Cow Head Group, Western Newfoundland.
Unpublished MSc. thesis, Memorial University of Newfoundland, St. John's.

---------- . 1976. Late Cambnan to Late Ordovician cbnodom evolution and biostratigraphy
of the Franklinian miogeosyncline, eastern Canadian Arctic Islands, Unpublished PhD.

dissertation, University of Waterloo, Waterloo, 591 p.




161

-------- +-, 198]. Some Ordovician conodont faunules from the Miramichi Anticlinorium,
New Brunswick. Geological Survey of Canada Bulietin 345, 35 p.
--------- - and J.G. THURLOW. 1984 Middle Ordovician conodonts from the Buchans

Group. central Newfoundland, and their significance for regional stratigraphy of the
Central Volcanic Belt. Canadian Journal of Earth Sciences, 21:284-296.

ORCHARD, M.J. 1980. Upper Ordovician conodonts from England and Wales. Geologica et
Palaeonlologica; 14: 9-44,

OXLEY, P. 1953.-Geology of Parsons Pond - St. Pauls area. west coast Newfoundland.
Newfoundland Geological Survey Report no. §, 55 p.

PALMER, A .R., and N.P. JAMES. 1979. The Hawke Bay Event: a circum-lapetus regression
near the Lower-Middle Cambrian boundary. p. 343. /a, D.R. Wones {ed.), Proceedings.
"The Calcdor;ic-les in the USA". 1L.G.C.P project 27, Caledonide Orogen, Department of
Geological Sciences, Virginia Polytechnic Institute and State University, Memoir 2,
Blacksberg. Virginia.

PANDER, C.H. 185. Monographic der fossilen Fische der Silurischen Systems der
Russisch-Baltischen Gouvernements. Akademie der Wiscenschaff én, St. Petersburg, p.

© 1491 |

POHLER, S.L., C.R. BARNES, and N.P. JAMES. in press. Reconstructing a lost faunal
m: conodonts from megaconglomerates of the Ordovician Cow Head Group, western
Newfoundland. /n, R.L. Austin (ed.), Conodonts: Investigative Techniques and
Applications. British Micropalacontological Series.

REPETSKI, J.E. 1982. Conodonts from the El Paso Group (Lower Ordovician) of
westernmost Texas and southern New Mexico. New Mexico Bureau of Mines and Mineral
Resources Memoir 40, 121 p. ==~ ™~

------------- and R.L. ETHINGTON. 1977. Conodonts from graptolite facies in the
Ouchita Mountains. Arkansas Geological Commission, Symposium on the Geology of the
Ouchita Mountains, 1:92-106.

RHOADS, D.S., and J.W, MORSE. 197]. Evolutionary and ecologic significance of




oxygen-deficient marine basins. Lethaia, 4:413-428.

ROBISON, R.A. (ed.). 1981. Treatise on Invertebrate Paleontology. Part W, Miscellanea,
Supplement 2, Conodonea. Geological Society of America and University Kansas Press,
Lawrence 202 p. -

RODGERS J.,and E.R.W. NEALE. 1963. Possible "Taconic" khppcn in western
Newfoundland. American Journal of Science, 261:713-730.

ROSS, R.J., F.J. ADLER, T.W. AMSDEN, D. BERGSTROM, S.M. gERGSTROM, C.
CARTER, M. CHURKIN, E.A. CRESSMAN, J.R. DERBY, J.T. DUTRO Jr.. R L.
ETHINGTON, S.C. FINNEY, D.W. FISCHER, J H. FISHER, A .G. HARRIS, L F.
HINTZE. K.B. KETN.ER, D.L. KOLATA, E. LANDING, R.B. NEUMAN, W.C.
SWEET, J. POJETA Ir., AW POTTER, E.K. RADNER, ].E, REPETSKI, R.H.
SHAVER, T.L. THOMPSON, and G.F. WEBER. 1982. The Ordovician System in th
United States. International Union of Geological Sciences Publication No. 12, 73 p.

ROWE, G.T.. and R.L. HAEDRICH. 1979. The biota and biological processes of the

continental slopes. p. 49-60. /n, L.J. Doyle and O.H. Pilkey (eds.), Geology of

continental siopes. Society of Economic Paleontologists and Mineralologists Special

Publication No. 27,

SCHLANGER, 5.0., and H.C. JENKYNS. 1976. Cretaceous anoxic events: causés and
cbnsoqucnccs. Geological Magazine, 55:175-184.

SCHOPF, T.J.M. 1980. Paleoceanography. Harvard University Press. 341 p.

SCHUCHERT, C., and C.O. DUNBAR. 1934 Stratigraphy of western Ncwfoundland
Geological Society of America Memoir 1, 123 p.

SEDDON, G., and W.C. SWEET. 1971. An ecologic mode! for conodonts. Journal of
Paleontology, 45:869-880.

SERGEEVA, S.P. 1962. Stratigraphic distribution of conodonts in the Lower'Ordovician of
the Leningrad region. Akademiya Nauk SSSR Koklady, vol. 146, p. 1393-1395 (in

Russian).

. 1963a. Conodonts from the Lower Ordovician of the Leningrad region.




163

Paleontologicheskii Zhurnal no. 2, p. 93-108 (in Russian). ‘

------------- . 1963b. A new Early Ordovician conodont genus of the family Prioniodontidae. _
Paleontologicheskii Zhurnal no. 4. p. 138-140 (in Russian).

SERPAGLI, E. 1967. 1 conqgionti del'Ordoviciano Superiore ( Ashgilliano) delle Alpi
Carniche. Bolletino della Societd Paleontologica Italiana, 6:30-111.

----------- . 1974. Lower Ordovician conodonts from Precordilleran Argentina (Provinge of
San Juan). Bolletino della Societd Paleontologica ltaliana, 13:17-98.

SIMES, J.E. 1980. Age of the Arthur Marble: conodont evidence from Mount Owen,
northwest Nelson. New Zealand Journa! of Geology, and'GCOphys‘cs. 23: 529-532.

STAUFFER, C.R. 1935. Conodonts of the Glenwood beds. Geological Society of America
Bulletin, 46:125-168.

STEVENS, R.K. 1970. Cambro-Ordovician flysch sedimentation and tectonics in west
Newfoundland and their possible bearing on a Proto-Atlantic @n. p. 165-177. In. J.
Lajoie (ed.), Flysch sedimentology in' North America. Geological Association of Canada
Special Paper No. 7.

STOUGE, 8. 1980. Conodonts of the Table Head Formation (Middle Ordovician); western
N.cwfoundland. Unpublished PhD. dissertation, Memorial University of Newfoundland,
St. John's, 413 p.

--------- . 1982. Prehmmary cc;nodont biostratigraphy and correlation of Lower to Middle
Ordovician mrbon;tes of the St. George Group. Great Northern Peninsula, -
NewfounMd. Newfoundland Department of Mines and Energy, Mineral Development
Division, Report 82-3, 59 p. -

ERLELLLE . 1984, Conodonts of the middie Ordovician Table Head Formation, western
Newfoundland. Fossils and Strata No. 16, Universitetsforlaget, Oslo, 145 p.

---------- and W.D. BOYCE. 1983. Fossils of northwestern Newfoundland and southeastern
Labrador: conodonts and trilobites. Newfoundland Department of Mines and Energy,
Mineral Development Division, Report 83-3, 55 p.

STRONG, D.F. 1974. An "off -axis " alkali volcanic suite ass;xiat.ed with the Bay of Islands




Ophiolites, Newfoundland. Earth and Planetary Sciences Letters, 21:301-309.

STRONG. D.F., and J.G. PAYNE. 1973. Early Paleozoic .yolcanics apd metamorphism in the
Morten Harbour-Twillingate area, Newfoundland. Canadian Journal of Earth Sciences,
10:1363-1379.

SWEET, W.C. 1984. Graphic correlation of upper Middle and Upper Ordovician rocks, North
American Midcontinent Province, U.S.A.. p. 23-35. /n. D.L. Bruton (ed.). Aspects of
the Ordovician System, Palaeontological Contributions from the University of Qslo, No.
:‘295, Universitetsforlaget.

and S.h:i. BERGSTROM. 1962. Conodonts from the Pratt Ferry Formation
(Middle Ordovician) of Alabama. Journal of Paleontology, 36:1214-1252.
. C.A. TURCO, E. WARNER Jr., and L.C. WILKIE. 1959. The American Upper
" Ordovician Standard. 1 Eden conodonts from the Cincinnati region of Ohio and
Kentucky. Joumal of Paleontology, 33:1029-1068.
. R.L. ETHINGTON, and C.R. BARNES. 1971. North American Middle and
Upper Ol:dovician conodont faunas. p. 163-193. /n, W.C. Sweet and S.M. Bergstuom

(eds.), Symposium on conodont biostratigraphy. Geological Society of America Memoir

and H.P. SCHONLAUB. 1975. Conodonts of the genus Oulodus Branson and

Mehl, 1933. Geologica et Palacontologica, 9:41-59.

SZANIAWSKI, W. 1980. Conodonts from the Tremadocian chalcedony beds, Holy Cross
Moumains (Poland).‘AcLa Palaeontologica Polonic;a, 25: 101-121.

TIPNIS, R S. 1978. Middle Ordovician conodonts of North Atlantic Province from
north-eastern Ellesmere Island, Arctic Canada. /n, Current Research, Part C, Geological
Survey of Canada Paper 78-1C. p. 75-78.

. B.D.E. CHATTERTON and R. LUDVIGSEN. 1978. Ordovician conodont
biostratigraphy of the southern Disujct of Mackenzie, Canada. p. 39-91. /n, C.R. Steick
and B.D.E. Chatterton (eds.) Geologicﬂ Association of Canada Special Paper 18.
TIJERNVIK, T.E. 1956. On the Early Ordovician of Sweden, stratigraphy and fauna. Bulletin




s o

=4
ey

165

of the Geological Institutions of the University of Uppsala, 36:107-284.

UYENO, T.T., and C.R. BARNES. 1970. Conodonts from the Lévis Formation (Zone D1)
(Middle Ordovician), Lévis, Quebec. Geological Survey of Canada Bulletin, 187:99-123.

VAN WAMEL, W.A. 1974. Conodont biostatigraphy of the Upper Cambrian and Lower
Ordovician of northwestern Oland, south-eastern Sweden. Utrecht Micropaleontological
Bulletins 10, 126 p.

VIIRA, V. 1966. Distributions of conodonts in lh>e lower Ordovician sequence of Suhkrumagi
(Tallinn). Eesti NSV Teaduste Akakemii Toimetised, Koide 15, p. 150-155 (in Russian
with English abstract).

-------- . 1967. Ordovician conodont succession in the Ohesaare core. Akademii Nauk
Estonskoi SSR Izvestiya 16:319-329 (in Russian).

-------- . 1974.. Ordovician conodonts of the east Baltic. Institut Geologii Akademii Nauk.
Estonskoi SSR Tallin, 142 p. (in Russian).

WILLIAMS, H. 1975. Structural succession, nomenclature, and interpretation of transported
rocks in western Newfoundland. Canadian Journal of Earth Sciences, 12:1874-1894,

----------- . 1979. Appalachian Orogen in Canada. Canadian Joumnal of Earth Sciences,
16:792-807. '

------------ and R.D. HATCHER. 1983. Appalachian suspect terranes. p. 33-53. /n, R.D.
Hatcher Jr., H. Williams and 1. Zieu (eds.), Contributions to the tectonics and
geophysics of mountain chains. Geological Society of America Memoir 158, 223 p.

------------ md J.G. PAYNE. 1975. The Twillingate Granite and néarby volcanic groups:
An island arc complex in nord;xeast Newfoundland. Canadian Journal of Earth Sciences,

- 12:982-995.

------------ . N.P. JAMES, and R K. STEVENS. 1985. Humber Arm Allochthon and nearby
groups between Bonne Bay and Portand Creek, western Newfoundland. /n, Current
Research, .Pm A, Geological Survey of Camda Paper 85-1A, p. 399-406.

WILLIAMS, S.H., and R.B. RICKARDS. 1984. Paleoecology of graptolitic black shales. p.

159-166. {a, D.L. Bruton (ed.), Aspects of the Ordovician System. Palacontolgical




166

Contributions from the Unversity of Oslo, No. 295, Universitetsforlaget.
------------- and R.K. STEVENS. in press. Lower Ordovician (Arenig) graptolite
" biostratigraphy of the Cow Head Group, western Newfoundland. Proceedings 11
International Graptolite Conference, Geological Society of Denmark Bulletin.
WILSON, J.L. 1969. Microfacies and sedimentary structures in "deep-water” lime mudstones,
p. 4-19. In, G.M. Friedman (ed.), Depositional environments in carbonape rocks. Society

of Economic Paleontologists and Mineralologists Special Publication No. 14.




PLATES AND PLATE DESCRIPTIONS -

Sample numbers from which specimens were recovered are given in parentheses after

type numbers.
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FIGURE 15

1, 5, Acodus? gladiatus Lindstrom s.f., hypotypes; 1, postero-lateral view, GSC 8248] (StPl -
71), X 116, specimen lost; 5, lateral view, GSC 82419(StPI 71), X 68.

2-4, 6-9, Acodus deltatus Lindstrom, hypotypes; 2, lateral view, drepanodontiform clcmcni.
GSC 82413 (StPl 67), specimen lost; 3, lateral view, distacodontiform element. GSC
82414 (StP1 67). X 43; 4, lateral view, oistodontiform element, GSC 82515 (StP1 67), x
77, 6, .latcral view, gothodontiform elémem, GSC 82416 (StP1 67); 7. lateral view,
acodontiform element, GSC 82417 (StPl 67): 8, 9, laicral and posterior view,
trichonodelliform element, GSC 82418 (StPl1 67); 2, 4, 6, all X 77; 7-9 all X 68.

10, 11-14, Acodus? robustus Serpagli, lateral views, hypotypes; 10, acostate asymmetrical
element, GSC 82420 (StPl 94); 11, 12, costate acodontiform element, GSC 82421 {StPI
94), X 43 and X €6; 13, 14, costate acodontiform element with "anticusp™. GSC 82422
(StPI 94); 10, 13, and 14 all X 4].

15. 19, Acodus? sweeti (Serpagli), lateral views, hypotypes; 15, oistodontiform element, GSC
82441 (StPI 71), X 68; 19, acodontiform element, GSC 82442 (StPI 71), X 145.

“ -

16, 17, 20, 21, Acodus? sp., lateral views; 16, acodontiform element, GSC 82427 (StPI 75a);
17, trichonodelliform element, GSC 82428 (StPI 74): 20, gothodontiform element, GSC

4 82429 (StPI 71); 21, drepanodontiform ¢lement, GSC 82430 (StPI 71): 16 and 17 both X
43; 20 and 21 X 68,

18, 22, 23, 27, Acodus? russoi Serpagli, lateral views, hypotypes; 18, distacodontiform
elemeni, GSC 82423 (StPI 31), X 125, specimen lost; 22, trichonodelliform element, GSC
82424 (StPI 31), X 191; 23, oistodontiform element, GSC 82425 (StPI 31), x 133; 27,
belodoatiform clement, GSC 82426 (StP1 31), x 383, .

24-26, Triangulodus sp. cf .‘ T. subtilis van Wamel; 24, lateral view. acodontiform ;lemem.
GSC 82776 (StPi 71), X 166; 25, posterior view, trichonodelliform element, GSC 82777
(StP1 71), specimen lost; 26, lateral view, drepanodontiform clement, GSC 8{7‘18 (StP1

71); 25 and 26 X 116.
IS ~







FIGURE 16
1-5, 9, Dzaphorodus delicatus (Branson and Mehl) hypotypes; 1, lateral view, oistodontif’ orm
element, GSC 82465 (StPI 73); 2, lateral view, drepanodontiform element, GSC 82466
(StPI 73); 3, 4, lateral and posterior views, trichonodelliform clemcm. GSC 34467 (lStPl
73); 5, lateral view, dismcwontiforﬁ"clcmenl. GSC 82468(StPI 73); 9, lateral view".:

acodontiform element, GSC 82469 (StPI 73). GSC (StP173), X 204; 1,2, and $'X '187: 3

and 4X 217. |

-

6-8, 10-13, 17 21, Acodu§ sp. aff . A, deliatus LindstrOm"6 7, lateral views, acodomiform
elcmcnls GSC 82431 (StPI 86), GSC 82432 (StP1 86), lattcr speamen lost, both X 116; 8,
lateral view, oistodontiform elcment GSC 82433 (StP1 86) X &B 10, lateral view,
drepanodontiform element, GSC 82434 (StP1 86), X 68; 11, 12. lateral and posterior
views, trichonodelliform elements, GSC 82435 (StP1 86), GSC 82:36 (StPI 86), X 170 and
X 116; 13, lateral view, gothodontiform element, GSC 82437 (StPI 86), X 68; 17, 21,
lateral views, dnstacodonuf orm elements, GSC 82438 (StPI 86), GSC 82439 (StP1 86),
both X 116

14-16, Oepikodus communis (Ethington and Clark), lateral views, hypolypcs; 14,
priéniodontiform element, GSC 82550 (StPI 67); 15.7 ramiform clemenf, GSC 82551 (StPI
67). 16, oistodontiform element, GSC 82552 (StPI 67); all specimens X 68

18, 19, 22, Oepxkodus mlermedqu (Scrpagh) Jatcral vitws, hypotypes, 18, pnomodonuform
element, GSC 82556 (StPI 81); 19, oistodontiform element, ‘GSC 82557 (StPI 81); 22,
ramiform element, GSC 82558 (SIPI 81), X 68; 18 and 19X 77.

20, 23, "Belodella” sp. B Serpagli, lateral views, hypotypes, GSC 82449 (StPf71). GSC 82450
{StPI 715. both X 41. 7

' 24-25. 0e1;ilcadus‘ evae (Lindstrom), lateral views, hypotypes; 24, oistodontiform element,
GSC 82553 (StPI 71); 25, famif orm element, GSC ﬁ2554’(StPl 71); 26, prioniodontiform
element, GSC 82555 (SPI 71), X 77: 24 and 25 X 34,







'FIGURE 17

1, 2, 5-7, 11, Prioniodus elegans Pander, hypotypcs;'l. lateral view, prioniodontiform
element, GSC 82676 (StPl 67); 2, lateral view, fa]oc}omil'onn element, GSC 82677 (StPI
67); S, posterior view, trichonodelliform elemeni, GSC 82678 (StPI 67). X 128:; 6, lateral
view, costate belodontiform element, GSC 82679 (StP1 67): 7, lateral view, acostate
"belodontiform element, GSC 82680 (StPI 67). X 77; 11, lateral view,
tetraprioniodontiform element, GSC 82681 (StPl 67); 1, 2, 6, and 1] all X 88,

3, 4,8-10, 13-15, Oiustodella sp. cf. O. pulchra Bradshaw, lateral views; 3, 4, cladognathiform
element, GSC 82570 (dMP 56C); 8, 10, cordylodontiform element, GSC 82571 (dMP
56C). 9, oistodontiform element, GSC 82572 (dMP 56C); 13, 14, cyrtoniodontiform
element, GSC 82573 (dMP 36C); 15, trichonodelliform element, GSC 82574 (dMP 56C);
3.4, 8-10 all X 26; 13-15 all x 43.

12, Baltoniodus? sp., lateral view, GSC 82448‘(3“‘1’ 76),.X 170.

16-31. Lenodus falodiformis Sergeeva, hyp;)types; 16, 23, aboral and lateral vie\i:s,
cordylodontiform element, GSC 82531 (dMP 56C), X 116 and X 101; 17, anterior view,
trichonodelliform eiemem, GSC 82532 (dMP 56C), x 101; 18, 19, posterior and lateral
views, trichonodelliform element, GSC 82533 (dMP 56C). X ilé and X 145; 20, 21, aboral
view showing basal cavity and\"latcral view, falodontiform element, GSC 82535 (dMP
56C), X 101; 22, lateral view, falodontiform element, GSC 82536, (dMP S6C), X 101; 24,
lateral view, cordylodontiform element, GSC 82537 (dMP 56C), X 134; 25, lateral view,
prioniodiniform element, GSC 82538 (dMP 56C), X 101; 26, 27, aboral and lateral views,

prioniodiniform element, GSC 82539 (dMP 56C). X 116 and x 87; 28, 29, lateral and

aboral views, tetraprioniodontiform element, GSC 82540 (dMP 56C), X 116 and X 243,
specimen lost; 30, lateral view, tetraprioniodontiform element, GSC 82541 (dMP 56C), )
177; 31, lateral view, prioniodiniform element, GSC 82542 (dMP 56C), X 116.
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FIGURE 18
1,2,5:7. 11, 13,14, Spinodus sp. cf. S. spinatus (Hadding); 1, lateral view, cladognathiform
element, GSC 82760 (dMP 56C), X 77, specimen broken; 2. lateral view,
cordylodontiform element, GSC 82761 (dMP 56C), X 77; S, 11, oral ‘and aboral views,
trichonodelliform elements, GSC 82687 (dMP 56C), GSC 82762 (dMP 56C), X 85 and X
87, specimens broken; 6, lateral view, ligonodontiform element, GSC 82763 (dMP 56C), X
87, 7. aboral-lateral view, falodontiform element, GSC 82764 (dMP 56C), X 87: 13,

lateral view, falodontiform element, GSC 82765 (dMP 56C), X 116; 14, lateral view,
prior:iodinilform element, GSC 82766 (dMP 56C), X 89;

3, 4, 8, 9, Paracordylodus gracilis Lindstrdm, lateral views, hypotypes; 3, 9,
paracordylodontiform elements, note difference in anticusp outline in both specimehs,
GSC 82576 (AMP 45a), .G_SC 82579 (dMP 45a), both X 68; 4, cordylodontiform element,
GSC 82577 (AMP 45a), X 243; 8, oistodontiform clcfncm. GSC 82578 (dMP d5a), x\77.

. 10, 12; 15-17, 19, Bergstroemognathus sp. cf. B. extennu‘Scrpagli; 10, lateral view,
prioniodiniform clc;rxcnt (keeled form), GSC 82451 (StPI 55), X 77; 12, lateral view,
falodontiform element, GSC 82452 (StP1 71), X 26; 15, anterior view, trichonodeliform
element, GSC 82453 (StPI 71).' X 77; 16, 17, lateral views, prioniodiniform element
(non -keeled form}. GSC 82454 (StPI 71), both X 34; 19, posterior view, |
trichonodcllifonﬁ element, GSC 82455 (StPI 71), X 66.

18, 20, 23, 24, 29, Erraticodon sp. cf. E. baiticus Dzik; 18, lateral view, trichonodelliform
element, GSC 82510 (dMP 56C). X 168; 20, posterior view, piectospathodontiform
element, GSC 82511 (dMP 56C). X 168; 23, lateral view, cyrtoniodontiform element, GSC
82512 (dMP 56C), X 88; 24, lateral view, prioniodiniform element, GSC 82513 (dMP
56C). X 133: 29, lateral view, ligonodiniform element, GSC 82514 (dMP 56C), X 77.

21, 25-28, Jumudontus sp. aff. J. gananda Cooper, lateral views; 21, blade element, note
slightly denticulate posterior of cusp, GSC 82527 (StPl 94), x 44; 25, 26, blade elements.
GSC 82528, (StP1 94), GSC 82529 (StPI 94); 27, 28, lateral views, coniform elcmc}lt.
GSC 82530 (StP1 90); 25-28 all X 68..
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Jumudontus gananda Cooper, lateral view, hypotype, blade element, GSC 82526
(SPI84-4), X 88.
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FIGURE 19

1-4, 7, 13, 14, Tripodus laevis Bradshaw, hypotypes; 1, agterior view, trichonodelliform
element, GSC 82770 (S1P1 94), specimen broken: 2..14. posterior and lateral views,
trichonodelliform element, GSC 82771 (StPl 94), specimen broken; 3, anterior view,
paltodontif orm element, GSC 82772 (StP1 94), specimen broken; 4, 7. lateral views,
distacodontiform element, GSC 82773 (StP] 94), specimen broken; 13, lateral view,
drepanodontiform element, GSC 82774 (StPl 94); 1-3, 7, 13, 14, all X 77, except 4 which

"is X'87.

5.6, 8,9, 16, Walliserodus australis Serpagli. 5, 8. lateral and postero-lateral views, 5-cosate

element, GSC 82784 (StP] 71), X 165 and X 190, specimen broken; 6, oral-lateral view,

3-costate element, GSC 82785 (StP1 71), X 133; 9, postero-lateral view, 4-costate

element, GSC 82786‘(StPI 71). X 88, specimen broken; 16, mulLicostaAle element, GSC
32787 (StPY 71), X 88.

10-12, 17, Anseila jemtiandica (Lofgren), lateral views, hypotypes; 10, oistodontiform
clement, GSC 82443 (dMP 56C); 11, wiangular element, GSC 82444 (StP1 120); 12,
plano-convc;x element, GSC 82445 (dMP 56C); 17, biconvex element, GSC 82446 (dMP
56C). x 68; 10-12 all X 43. : .

15, 20, 25, 29, Oisiodus n. sp. 1 Serpagli, lateral views, hypotypes; 15, 20, GSC 82565 (StP1
55); 25, GSC 82566 (StPI 55); 29, GSC 82567 (StPI 55); all specimens X 43,

18, 19, 21-24, Walliserodus ethingtoni FAhracus, hypotypes; 18, 19, lateral views,

-subsymmetrical elements, GSC 82788 (StP] 94), specimen lost; 21, 22, posterior and
lateral views, symmaetrical element, GSC §2789 (StPI 94), both X 54; 23, 24, lateral views,
Asymmetrical element, 82790 GSC (StPI 94); 18, 19, 23, 24, all X 66.

26-28, 30-33, Oistodus lanceoiatus Pander, hypotypes; 26, lateral view, oistodontiform
clement, GSC 82559 (StP1 71), X 34; 27, 28 posterior and antero-lateral views, deltiform
clement, GSC §2560 (dMP 59). both X 41; 30, lateral view, cladognathiform element,
GSC 82561 (StPI 71), x 54; 31, lateral view, trichonodelliform element, GSC 82562 (StP1
71), X 54; 32, lateral view, cladognathiform ( =ligonodiniform) element, GSC 82563 (StPI '

.~
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FIGURE 20
1.2,5.6, "Microzarko‘dina" Mathonemi: (Bradsha‘w). latcrai views, hypotypes; 1,
ozarkodiniform element, GSC 82543 (dMP 56C): X 46; 2, multiramiform element, GSC
82544 (dMP 56C), X 46; 5, oistodontiform element. GSC 82545 (dMP S6C), X 77'; 5,
multiramiform element, GSC 82546 (dMP 56C), X 68.
3. 7, Microzarkodina? sp., lateral views; GSC 82547 (StPl 42), X 41,
4; 8. "Microzarkodina” sp. aff. "M.'f adentala McTa?/ish. lateral views; 4, ozarkodiniform

eiement, GSC 82548 (StP] 71), X 68; 8, multiramiform element, GSC 82549, (StPI 71), X
: i

4l. ' * .

9, Coelocerodontus bicostatus van Wamel s.f., lateral view, hypotype. GSC 82456 (dMP 16). X
68. | ’

10, Coelocerodontus latus van Wamel s.f ., lateral view, hypotype, GSC 82457 (dMP 16), X 68.

11, 12, 16, Coelocerodontus sp.; 11, 16, lateral and oral view of tri-keeled element, GSC 82458
(StP1 71), both X 68. 12, lateral view, single-keeled el:ment, GSC 82459 (StPI 71), X 68;

13, 14, Strachanognathus parvus Rhodes, lateral views, hypotypes, GSC 82768 (StPI 81), GSC
82769 (StPI 81), X 66 and X 54, )

1S. Cordylodus sp. cf. C. horridus Barnes and Poplawski, laleral\view, GSC 82460 (StPl 81),
X 43.

17, 22-24, 26, 30, Protoprioniodus aranda Cooper, hypotypes; 17, lateral view, .
prioniodiniform element with long anterior process, GSC 82718 (StPI 94), X 68; 22,
lateral view, prioniodinif ormb with short anterior process, GSC 82719 (StPI 94), X 68; 23,
24, aboral and lateral views of oistodontiform element, GSC 82720 (StPI 94), both X 133;
26, lateral view, ramiform element, GSC 82721 (StPI 94), x 126; 30, lateral view,
oistodontiform element, GSC 82722 (StP1 94), x 126.

18-21, Protoprioniodus papiliosus van Wamel, hypotypes; 18, lateral view, triangulariform
clement, GSC 82723 (StPi 81), X 166; 19, latera! view, oistodontiform element, GSC
82724 (StPI 81), X 166; 20, 21, lateral and posterior view, deitiform element, GSC 82725.
(StPI81), X 2437and X 170. : *
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25, 27-29, 32, 33, Protoprioniodus stmplicissimus McTavish, lateral views, hypotypes; 25,
prioniodiniform element, GSC 82726 (StPI 67),. X 128; 27, ramiform element, G§C 82727
(StPI 71), X 168; 28, prioniodiniform element,"GSC 82728 (StPI 67). X 128; 29, lmiform
element, GSC 82729 (StPI 67), X 29; 32, 33, lateral views, oistodontiform element, GSC
82730 (StPI 67), both X 77. |

31, Protoprioniodus? sp., lateral view, GSC 82731 (dMP 56C). X €8.







. FIGURE2l

1. 2.7.10-14, Scandodus sp.cf. S. brevibasis (Sergeeva); 1,2, oral and anterior vigw,

d distacodontiform element, GSC 82748 (dMP $6C) . X 85 and X 88; 7, lateral view,
drepah;)dontiform element, GSC 82749 (AMP 56C), X 100; 10, 14, lateral and posterior
view, acodontiform e-lemenl, GSC 82750 (dMPp 56C), X 85 and X 115, 11, 13, lateral and

. posterior view, distacodontiform element,-GSC 82751 (dMP 56C). bolh X 85;

_3, 4, 8, 9, Cornuodus longibasis (l:i\ndsuom), lateral views, hypotypes: 3. asymmetrical
clement, GSC 82461 (StPl 81); 4, beréstrocmiform clement, GSC 82462 (StPI 81). 8,
symmetrical A element, GSC 82463 (StPI 81); 9. symmetrical B element, GSC 82464
(StP1 81). X 68: 3, 4, and 8 all X 77, \

5. 6. Dischidognathus sp.. postero-lateral and anterior views, GSC 82470 (StPI 77), 82471

GSC (StP1 77). both X 170. ‘

-

12, 15, 16, 19-2}, Pteracontiodus cryptodens (Mound), hypoly\pes; 12, lateral view,

cordylodontiform element, GSC 82732 (StPI 92), x 88; 15, 20, lateral and posterior views,

distacodontiform clemeng. GSC 82733 (StPt 92), X 77 and X 88, specir'nen broken; 16..

lateral view, acodondiform element, GSC 82734 (StPI 90). X 66; 19.  anterior view,

o trichonodelliform element, GSC 82735 (StP1 90), X 116; 21, posterior- view,

trichonodelliform elemcn’lt GSC 82736 (StP190), x 88, speﬁimcn lost. <

17, l@.\22-25. Scandodus furnishi Lindstrom, hypotype_s: 17, 18, lateral views. oistodontiform
clement, GSC 82740 (StPI 94); 22, latefal view, subercctiform element, GSC 82741 (StP!
94); 23, lateral view, drepanodontiform element, GSC 82742 (StPl 94); 24, 25, inner view
with antero-lateral costa and outer view, scandodontiform element, GSC 82743 (StP1 77);
all specimens X 34,

26-29, Scandodus sinuosus Mound, lateral views, hvpotypes; 26, acodontiform element. GSC
82744 (StPI 92). X 133; 27, scandodontiform elen.=nt, GSC 82745 (StPI 92); 2.

oistodontiform clement, GSC 82746 (StPI 92); 29, distacodontiform element, GSC 82747

(StPI 92); 27, 28, and 29 all X 88.

-







FIGURE 22

1-4.5.6. v}’rotopanderbodus rectus (Lindstrom), lateral views, hypotybcs; 1.2, asymmetrical
acontiodontiform e‘lémem. 82695 GSC (StPl 75b); 3, symmetrical acontiodontiform
element, GSC 82696 (StPl 75b); 4 sulcatiform_ element, GSC 82697 (StP175h); §. 6,
scandc;domiform element, GSC 82698 (Sle 75b); all specimens X 68. ‘

'7-9, 11, Protopanderodus gradatus Serpagli, lateral views, hypotypes; 7, 11, scandodontiform
clémenl. GSC 82689 (SPi84-4). both X 6§; 8/, acom‘iodonlifdrm element, GSC 82690
(SPI84-4), x.41; 9; asy‘mhelriml acomiodpnliform element, GSC 82691 (SPI84-4), x 41,

10. 12-16, Proopanderodus sp. aff. P. grqdatus Serpagli. lateral views; 10, asymmetrical \

" .acontiodontiform element, GSC 82702 (StPi 81.). specimgnrlo.st; 12, symmetrical

acomiodomiform_ element. GSC 82703 (StPl 81); 13, 14, sulcatiform element, GSC 82704

(StPI 81); 15, 16, scandodontiform element, GSC 82705 (StPI 81). both x-77; 10, 12-14
all X 44. ' ’

17;21, Protopanderodus elongatus Serpagli, lateral views, hypotypes: 17, symmetrical element,
GSC 82685 (StP1 71); 18, 19, slightly asymmetrical element, GSC 82686 (StPI 71). 20, 21,
asymmetrical element, GSC 82688 (StPl 71), both X 77, 17-19 all X 68.

. 23, 2.7-29, Protopanderodus sp. aff. P. rectus (Lindstrom), lateral views; 22, 23;
scandodontiform element, GSC §2706 (StP1 92). 27, symmelriéal'acomiodomiform
.element, GSC 82707 (StPI 94), X 126: 28, 29. asymme.Lrical aconLiod:miform element,
FSC 82708 (StP1 94}, x l126 and X 66.

-26, 30-32, Protopanderodus co\open' (Sweet and Bergstrom). hypotypes; 24, 26. lateral
views, 25, postero-lateral view, asymmetrical acontiodontiform elemcn_l, GSC 82682

" (dMP 560C); 30, lateral view, Ssymmetrical acontiodontiform element, GSC 82683 (StP1
56C): 31, 32, lateral views, scanc!odomirorm eléx"nem. GéC 82684 (dMP 56C), specimen

lost; specimens all X 41.
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' FIGURE 23
1-13, 16, 17, Protopanderodus sp. cf. P. varicostatus (Sweet Qnd Bergstrom), laieral views; 1,
2, asymmetricd] drepanodontiform element, GSC 82710 (dMP 56C): 3. symmetrical
drepanodontiform element, GSC 82711 (dMP 56C); 4, 5, asynimem‘cal drepanodontiform
element. GSC 82712 (dMP 56C): 6, 7. asymmetrical drepanodontiform element, GSC
82713 (dMP 56C). 8. 9. asymmetrical drepanodontiform element, GSC 82714 (dMP 56C);
10, 11, asymmetrical drepanodontiform element, GSC 82715 (dMP $6C); 12,13,
scandodoﬁ!iform el&mcnl. GSC 82716 (dMP 56C); 16, 17, scandodontiform element, GSC ‘
82717 (dMP 56C); 1, 2, 8, 9“311')( 66, 11»-14 all X 26.
" 14,15, 18, 19, 23, Protopanderodus strigatus ﬁames and Poplaw‘ski, lateral views, hypotypes;
4 ‘14, 15, asymmctricai acontiodontiform element, GSC 82699 (dMP 56C); 18. 19, '
asy;nrpelrical aconliodonli_form element, GSC 82700 (dMP 56C)‘: 2}. sy‘mmetrical
aconliodo_ntiform element, GS5C 82701 (dMP 56C):; specim;:ns all x 77. )
20, 21, 24, 25, faroislodus proteus (Lindstrom), lateral views, hypotypes; 20, 21,24, —
. drepanodontiform elements, NGSC‘82600 (dMP 16), GSC 826bl (dMP 16), GSC 82602
(dMP 16).-all X 68; 25, oistodontiform element, GSC 82603 (vdMP 16), x 77.
22, 26-28, Protopanderodus leonardii Serpagli, lateral views, hypotypes; 22, scandodontiform

element, note major antero-lateral costa and minor costae on inner-lateral surface, GSC

82692 (StPI 71), X 77; 26, symmetrical element, GSC 82693 (StP1 71), X 77; 27, 28,
\asymmetrical element, GSC 82694 (StPI 71). both X 68.

29, Poxoistogdus sp. |.. lateral view, GSC 82608 (StPI 74), X 77.
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FIGURE 24 \
1-9, 12, 13, Drepanodus arcuatus ‘Pandcr. lateral views, hyponypes; 1. 2, acontiodontiform

element, GSC 82472 (StPI 71’/); 3, aberrant drepanodontiform element, GSC 82473 (StP]
71); 4, costate pipiform element, GSC 82474 (StP1 71); 5, asymmelriéal,
d:epanodonﬁf orm element, GSC 82475 (StPI 71); 6, asymmetrical acontiodontiform
element, GSC 82476 (StPI 71); 7. sculponeiform clement, GSC 82477 (StPF 71); 8,
pipiform element, G§C 82478 (StP1 71): 9. symmetrical drepanodontiform element, GSC?
82479 (StPI 71); 12, costate sculponeifprm element, GSC 82480 (StPl 7.1 ) 13,
acontiodontiform element, GSC 82482 (StP1 71); 1,2, 4.5, 8, allx54;3,6,7,9, 12, 15.
all x 41, '

10, 11, 15-17, 20, Paroistodus parallelus (Pander), lateral views, hypotypes; 10, Type A

drepanodontiform element, GSC 82593 (StP1 81), X 77; 11, costate drepanodontform

element, GSC 82594 (StP1 71), X 116; 15, oistodontiform element, GSC 82596 (StPI 81);

16, Type C drepanodontiform element. GSC 82597 (StPI 81); 17, Type D
dycpanodomiform element, GSC 82598 (StP] 81); 18, Type E drcpanodémiform element, .
GSC 82599 (StPI 81), X 77; 15-1';a1l X &68. -

14, 18, 19, 21-24, Paroistodus? sp. A., lateral views; 14, 18, drepanodontiform element, GSC
82604 (StP] 42), both X 66; 19, oistodontiform element, GSC 82605 (StP1 42), AX 43: 21,
22, drepanodontiform element, GSC 82606 (StPl 42), both X 54; 23, 24,

drepanodontiform element, GSC 82607 (StP1 42), both X 34.
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FIGURE 25 .
1-6. 10, Drepanoistodus” sp. cf. D.? venustus (Stauffer): 1, lateral view. drepanodontiform
) (:con_caﬁform) element, GSC 82503 (dMP 56C). X 87: 2. 3, lateral views.
drepanodonti(onn ( =homocurvatiform) elements, GSC 82504 (dMP 56C). GSC 82505
* (dMP S6C), x 88 and X 126:‘4. 5. lateral and poslen'or_viéws. strongly costate
drepanodontiform element. GSC 82586 (dMP S6C, x 1262 and X;122; 6, lateral view,
dbrepanod'ongiform ( =concaviform) elentent, GSC A8250'7 {dMP 56C), x 126; 10, lateral
view, oistodontiform element, GSC 82508 (dMP S6C}, X 43, -
7-9. 12, 13, Drepanoistodus (l‘ableheadensi: Stodge. lateral views, hypotypes:.7, suberedif orm
element, GSC 82493 (dMP 56C): 8. drepanodontiform element, GSC 82494 (dMP 56C):
9, oistodontiform element, GSC 82495 (dMP 56C); 12. 13. drepanodontiform element,
GSC 82496 (dMP 56C); specimens all X 68, |

Ld o

11, Drepanbislodu: basiovalis' (Sergeeva), lateral view, hypotype, ocistodontiform elementk,.

- GSC 82486 (StPI 94), X 90. |

14, 17, 20. 21. Drepanoistodus? concavus (Branson and Mehl), lateral views, hvpotypes; 14,
17, drepanodonliférm elements, GSC 82489 (StPI 42), GSC 82490 (SﬂPl 42);.20,
suberectiform element, QSC 82491 (StPI 42), X S4; 21, oistodontiform element, GSC
82492 (StPI 42); 14, 17, and 2L all X 4].

15, V‘]6. Drepanoistodus sp., lateral views‘. 15, homocurvatiform element, GSC 82497 (S1PI
81); 16, suberectiform element, GSC 82498 (StPI 81); both X 68.

18,19, 22, 23, 26, 27, Drepanoistodus? sp. A., lateral views; 18, 19, drepanodontiform
element, GSC 82499 (S-lPl 42), 22, oistodontiform element, GSC 82500 (StPI 42); 23,
suberectiform eiement, GS’C 82501 (StPl 42); 26, 27, drepanodor{liform element, GSC
82502 (StPI 42); specimens all X 43. S .

24, 25, "Scandodus™ flexuosus Bames and Poplawski s.f., lateral views, hypotype; GSC 82735

(StP1 94), X 77 and X 26. |
28, 29, "Drepanodus” n. sp. C Barnes vand Poplawski s.f., lateral views, hypotype, GSC 82483
(StPI 94), both X 68.
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FIGURE 26 ‘
1, "Drepanodus”™ 1oomeyi Ethington and Clark s.f., lateral views, hypotype, GSC 82485 (StP!

A

42), X 41.

2. 3, Eucharodus paraflefus (Bransén and Mchl), lateral views, hypotypes, GSC 82515 (StPI'-
42), GSC 82516 (StPI 42), X 4] and X 26.

—

4, 5,%Glyptoconus quadraplicatus (Branson and Mehl), hypotypes, lateral and posterior views,
GSC 82520 (StPI 42), both x 41. B

6, 7, Scolopodus quadratus Pander, hypotype, posterior and lateral views, GSC 82755 (dMP
: 68). both X 66, specimen broken.

8. Parapanderodus sp. cf. P. striatus (Graves aﬁd Ellison), lateral view, GSC 8259‘2 (dMP
S6C). X 4.

9. 10, Parapanderodus e!egézns Stouge, lateral views, hypotypes, GSC 82583 (dMP 56C), GSC
82584 (StPI 77), both X 68. - ) .

11, Parapandero;ius gracilis"(Ethington and Clark). lateral view, hypotype, GSC 82585 (StPl
67). X 68. - |

12, "Scolopodus” triangularis Ethingion and Cla{k s.f., postero~latefal view, hypotvpe, GSC -
82756 (StPI 75b). x 170. .

. 13-i5. Parapanderodus stri&tus (Graves and Ellison). hypotypes; 13, 14, lateral views,
symmetrical elements, GSC 82586 (StPl 90), GSC 82587 (StPI1 90). X 43 and X 41; 15,
postero-lateral view, asymmetrical element, GSC 82588 (StP! 87), X 68. .

16, 'Scofopodux:' carlae Repetski s.f., posterior view, hypotype, GSC 82752 (StPI 75b), X 44,

17-19, Semiacontiodus cornuformis (Sergeeva), hypotypes; 17, posterior view, asymmetrical
element, GSCﬂ82757 (StP1 90), x 68; 18, 19, lateral and posterior views, svmmetricad
elements, GSC 82758 (StPI 94), GS(E 82759 (StP194), X 87'and X 9.

20. 21, 28, Parapanderodus sp. cf. P. arcuatus Stouge. lateral views: 20, 21, Typc’2 elements,
GSC 82589 (StP1 90), GSC 825?0 (StP1 90), x 87 and ¥ 68; 28. latcrally compressed
element, GSC 82591 (SiP} 90). X 68, |

~ 22-27, Parapanderodus arcuatus Stouge, hypotypes; 22, 23, lateral and oral-lateral views with
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latter view showing costa adjacent to posterior groove, Type 1 element,; GSC 82580 (dMP .
"56C). x 88 and X 87; 24, 25, lateral and oral views, Type 2 element, GSC 82581 (dMP
56C), X 88 and X 87; 26, 27. oral and lateral views. laterally compressed element, GSC
82582 (dMP 56C}, X 116 and X 126. "
29, Ulrichodina n. sp. Barnes 1977 s.f., lateral view, hypotype, GSC 82781 (dMP 59), X 41.
30, Ulrichodina sp. af'f-. U. wisconsinensis Furnish s.f .. lateral view, GSC 82779 (dMP 54A), X

-

41. . o

31, 32, Ulrichodina cristata Harris and Harris s.f., lateral and antero-lateral views, hypotype,

. v
GSC 82780 (dMP 59), both X 41.

33, Ulrichodina sp. ‘Stoug.e 1982 s.[., lateral view, hypotype, GSC 82782 (StPI 92),X 41.
34, "Acontiodus™ staufferi Furnish s.f., posterior view, hypotype. GSC 82447 (StPI 42), X 68.
35, "Scolopodus® emarginatus Barnes and Tuke s.f. postero-lateral view, hypotype, GSC

82753 (StPI 42), X 54.







®

FIGURE 27

. 1-3, Periodon? sp., lateral views; 1, 3, prioﬁiodiniform elements, GSC 82668, GSC 82670

(S.tPl 853, both ';_87; 2. oistodontiform elemont, GSC 82669 (StP1 55), X 105.

4, 5, Reurterodus andinus éerpagli, lateral views, hypotype, GSC 82737 (S'.P!.SI). both X 26.

6. Juanognat hus variabilis Serpagli, oral view, hypotype, GSC 82524' (StPl 8§1). x 126.

7-16, 14-16, 19, Periodon flabellum (Lindstrdm), hypotypes: 7, posterior view,
trichonodelliform element. GSC 82660 (StPI 81), x 88; 8, lateral view * cladognathiform
element, GSC 82661 (StPI 81), x 88: 9, laleral‘ view, ligonodiniform element, GSC 82@
(StPI 81),. x 87, specimén br_oken; 10, lateral view, cordylodf)ntiform element, GSC 82663
(StPI 81), x 88, specimen lost; 14, 15, lateral views, oulodontiform elements, GSC 82664
(StPI 81), GSC 82665 (StPI B1), X B8 anci X 87; 16, lateral viev:/, prioniodiniform element,
GSC 82666.(StPI 81), X 116; 19, lateral view, oistodontiform element, GSC 82667 (StPI
81), x 77. |

11, Juanognathus jaanussoni Serpagli. oral lateral view, hypotype. GSC 82525 (StPI 81). X
146.

12,13, 17, 18, 20-31, Periodon aculeatus Hadding, lateral views, hypotypes; 12, 13,
oulodontiform elements, GSC 82630 (Sl.Pl 94}, GSC 82638 (StPI 81), both x 88; 17, 18,
ligonadiniform elements, GSC 82631 (StP1 94), GSC 82639 (StPI 81), X 88 and X R7; 20,
21, cladognathiform elements, GSC 82632 (StPI 94), GSC 82640 (StPI 81), X 77 and X 88;
22, 23, falodontiform elements, GSC 82643 (StPI 81), GSC 82635 (StPI 94), X 88 and X
77, 24, 25, cordylodontiform elements, GSC 82633 (StPI 94), GSC 82641 (StPI 81), x 87
and X 88. 26. 27, prioniodiniform elements with single anterior denticle, GSC 82644 (StPI
81). GSC 82636 (StP1 94), x 87 and X 88: 28,79, trichonodelliform clements, GSC 82634
(StPI 94), GSC 82642 (StPI 1), both X 87. 3‘0, 31, prioniodiniform elements with several
anterior denticles, GSC 82645 (StPI 81), GSC 82637 (StP1 94), x 87 and X 77. 12, 17, 20,

23, 24, 28,27, and 3] intermediate forms, 13, 18, 21, 22, 25, 26. 29, and 30 carly forms.
. (

-~







FIGURE 28

1-7, Periodo)z aculeatus Hadding, (late ferm), lateral views, hypotypes; 1, cordylodontiform

element, GSC 82646 (dMP 56C); 2, ligonodiniform element, GSC 82647 (dMP 36C): 3,
cladognathiform element, GSC 82648 (dMP 56C); 4, trichonodelliform element, GSC
82649 (dMP 56C). X 45; 5, prioniodiniform element, GSC 82650 (dMP $6C); 6.
oulodontiform element, GSC 82651 (dMP 56C): 7. falodontiform element, GSC 82652
(dMP 56C), X 77;1-3, S, and 6, all X 66. )

8. fryxcllodantus’.’ sp. cf. F.? reudemanni Landing, posiero-lateral view, GSC 82519 (StPI
67). X 170. ,

9,10, 12, 13, 15, 16, Polonodus? peavyi n.sp., 9, 15, holotype, lateral and oral views,
subsymmetrical element, GSC 82671 (dMP 56C), X 116 and X 136. 10, 13, paratype,
lateral and oral view, asymmetrical element with narrow posterior platform, GSC 82672
(dMP 56C), both X 116; 12, paratype, aboral view, asymmetrical element, GSC 82673
(dMP 56C‘), X 101; 16, paratype, oral view, asymmetrical element with broad posterior
platform, GSC ?2674 (dMP 56C), x 101,

11, 14, New Genus B sp., oral and lateral views, GSC 82796 (StPIASS), both X 42,

17, 18, 21, Fryxellodontus? sp. aff. F.? c‘orbatoi Serpagli; 17, 18, posterior and lateral views,
GSC 82517 (dMP 16), X 101 and X 134; 21, anterior view, GSC 82518 (dMP 16), X 116.

19,23, 26, 27, New Genus E sp.; 19, 23, oral and lateral view, platform element, GSC 82801
(StPI 71), X 43 and X~51; 26, aboral view, platform element, GSC §2802 (StPl 71). X 34; .
27, lateral view, coniform element, note serrations on e’ach edgé. GSC 82803 (StPI1 71), x
43 . ¢

20. Eoplacognathus? sp., oral view, ambalodontiform? element, GSC 82509 (dMP 56C), X 88.

22,24, 25, 28, New Genus C sp.; 22, 25, aboral and lateral views, platform element with
three processes, GSC 82797 (dMP 16), both X 116; 24, 28, lateral and aboral views,

platform element, GSC 82798 (dMP 16), X 116 and x 101.







FIGURE 29.
, "Qistodus” sp. aff. "0." cristatus Ethington and Clark s.f., lateral view, GSC 82568 (S{LPI
67). X 77, <>
. Histiodella alti frons Harris, lateral view, bryantodontiform element, GSC 82521(dMP 56C). ]

X 126. >

3.ypodus' peselephantis Lindstrom, lateral view, GSC 82754 (StPI 90). X 68.

4. 4. Ulrichodina? sp. s.f., oral and lateral views, GSC §2783 (dMP 59), both x 41.
5, Slolodus- sp. 1 Serpagli, lateral view, hypolype.\GSC 82767 (StP1 71), x 41,
6, Histiodelld serrata Harris s.f., lateral view, hypotype, GSC 82523 (dMP 56C). X 68.
7. Histiodella holodentala Etbinglon and Clark, lateral view, hypotype, GSC 82522. (dMP
£ 56C). X 77, | '
8. Drepanodontiform elen{enl B. lateral view, GSC 82792 (StPl 67}, X 43.
10. Oneotodus costatus Fthington and Brand, lateral view, hypotype, GSC 82575 (StPI 42), X
116.
., "Qistodus” sp. aff. "0." hunickeni Serpagli, lateral view, GSC 82569 (StP1 67), X 68.
. 13, Drepanodontiform element C, lateral view, GSC 82793 (StPI 67). x 41,
. 15, Acodus? sp. aff. A sweet: Serpagli, lateral views. GSC 82440 (StPI 67). both X 68,
. Drepanodontiform clement A, lateral view, GSC 82791 (StPI 67). X 68.
-19, New Genus A sp\.; 17. 18, aboral and lateral views, symmetrical element, GSC 82795
,(dMP 59), both x 116; 19, lateral view, asymmetrical éleménl. GSC 82534 (dMP 59), X
68.
21, 24, 25, New Genus D sp.; 20, 24, 25..latcral. aboral and oral views, GSC 82799 (dMP
16), X 88, X 100 and X 88; 21, oral view, GSC 82800 (dMP 16). X 87.

. 23, Scandodontiform element, lateral view, GSC 82794 (StPI 42). both X 44.
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APPENDIX A

Lithologic descriptions of conodont samples from the Martin Point (South) section.
The number of each sample is given along with its height above the base in meters. Due {o

sampling methods, the numbering is not consecutive, but the samples are placed in

stratigraphic order, [ronr oldest Lo youngest. A more detailed description of the lithologic

units comprising this and the St. Pauls Inlet (North Tickie) section is given in Jameé and

Stevens (in press). \




-

| | ,
“Martin Point (South) section.- -Measuring comrenced from the top of an

approximately 2 m thick limestone conglomerate-unit. The section continues southward ffom
“this unit along the cliff top and the shoreline, tefm,inating at the top of the 1 m thick
conglomerate bed in the Lower Head Formation. Each sample is prefixed by "dMP",
"dMP84" . or "dMP35". '
m above base Sample no. Description
0 dMP 1 ' Limestone conglomerate, clasts sub-angular to
sub-rounded, with diameters less than 5 cm. Matrix
sparry calcite.
Lime mudstone, medium brown, thinly bedded, wavy,
low crystallinity.
Grainstone, light grey, intraciasts sub-rounded to
angular, moderately to poorly sorted. bed lhick{less 2
cm, possible cross-bedding. moderate crystallinity.
Lime mu’&éfénc, medium brown, weathers light brown,
bed wavy, 1 cm thick, cross bedded, low crystallinity,
Graptolites on bedding plane.
Shale, green, weathers red, bed thickness 0.5 ¢m.
Grainstone, grey with some green intraclasts, nodular.
Intraclasts coarse sand-sized, sub-rounded, poorly
séned.
Lime mudstone, medium brown, bed thickness 3 cm.
Lime mudstone, medium grey, weathers light grey, bed ‘
thickness 3-4 cm. loadcasts(?) on upper bedding plane.
Low cr'ys(allinity. K

Lime mudstone, medium grey, bed 2 cm thick. Low

crystallinity.




g3 . dMP 9 Lime mudstone. medium grey, weathers light grey, bed

thickness 10 cm. Chert nodules in bed as well as .

Arenicolites burrows filled in with calcite. Low

crystallinity,
10.2 " dMP 10 " Lime mudstone, light brown 10 green, Cross-bedded.
11.3 » ' dMP 11 Lime mudstone, light brown to olive green, wavy

bedding with béd thickness about 2 cm.
i2.5 dMP 12 Shale. black. laminated, graptolitic.
134 dMP 13 Lime gnudstone, medium grey, weathers light grey.
. nodular. Low crystallinity. 7’
14.4 dMP 14 Same as above.
154 dMP 15 Lime mudstone, medium grey, weathers light grey. Bed
_ wavy, about 3 cm thick. Low cr;mlliniu.
16.4 dMP 16 Lime' mudstone, medium grey, weathers light grey. chert
cap on upper bedding plane. Low crystailinity.

Graptolites occur on upper and lower bedding planes.

17.4 dMP 17 Lime mudstone, light brown, bed thickness 2-3 cm. Low
crystallinity.
18.3 dMP 18 Shale, black, weathers light grey. calcareous, laminated. e

Graptolites and inarticulaté brachiopods on upper and

lower bedding planes.

19.5 dMP 19 Shale, black. laminated. interbedded with chert lenses
approximately 5 cm in drameter.

\143 d’MP 20 Limcslo._ne conglomerate. clasts pebble to coarse
sand-sized, sub-rounded 10 sub-angular. Bed lenticular,
about 4-5 cm thick. Pyrite grains.

232 JdMP 21 Lime mudstonc, medium grey. weathers ight grey. bed

thickness 2.5 cm. Low crystallinity.

i




Shale, green, fissile, non -fossiliferous.

Shale. green and black, laminated, with green and black

laminations up to 2 mm in thickness. Non-calcareous.

Limestone conglomerate, with l'nudswne clasts 0.25-2.0
in diameter. Bed thickness 1-3 cm. Clasts rounded to
sub-rounded, very poorly sorted, comprising several
.lithologies. Pyrite grains. i
Shaly siltstone, green, weathers same, thinly to thickly
laminated. Shale and siltstone interbedded.
non-calcareous.
Shale and sillstong', red and green, laminated, with
minor siltstone laminations allernalelyt light and dark.
Non-calcareous.
Shale, red, weathers same, with thin green siltstone
laminations.
Shale and silistone, green, weathers same. thinly bedded
to thickly laminated, with wavy bedding. Traces of red
shale visible.
Shale, red, weathers same, wjth minor green siltstone
laminations.
Same as dMP 28.
Shale, red, weathers same. non-calcareous.

—
Same as previous sample.
Green shale and siltsione, other features same as dMP
28 and 30.
Shale, red, weathers same,

Same as previous sample.




46.3

47.6

50.4

51.3

52.6
53.8

54.6

55.5

56.0

56.0

S8.5

59.7
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dMP 36
dMP 37
dMP 38
dMP 39

dMP 40

dMP 41
dMP 42

dMP 43
dMP 49
dMP 45
dMP 45a
dMP 46
dMP 43

dMP 47

dMP 49
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Shale, red, interbedded with gresn shale and siltstone w
weathering light green. Silistone laminated.

Shale, red, weathers same, non-calcareous.

Shale, red, interbedded with green shale and siltstone.
Siltstone exhibits alternating light and dark bands.
Lighter bands contain coarser grains.

Shale, red and green. with silty laminations in red shale,
thinly bedded, non-caicareous.

Shale and siltstone, green, weathers same, laminated,
with tighter-coloured lamipalions consisting of
coarse-grained particles, and darker laminations
fine-grained material.

Same as AMP 40.

Shale and siltstone, green, laminated, non-calcarcous.
Shale, green and red. Black shale with lenses of green
shale within, Non-calcareous.

Shale, green, weathers same. non-calcareous.
Limestone cdnglomcrate, medium grey, weathers light
grey. matnix grainstone. Clasts and intraclast rounded,
poorly sorted.

Lime mudstone, mcdtum’(o dark grc'y. bedding
lenucular, ‘with hght coloured mudstone interbedded with
dark mudstone.

Shale, green. weathers same, non-calcareous,

Shale, red and green, laminated. Green shale occurs as
lenscs within red shale.

Lime mudstone, light grey. weathers buff, nodular. |

Shale. red. weathers same. non-calcareous.




dMPE5-1

Shale, red, weathers same, with thin laminations or
lenses, non-calcareous.

Shale, green, weathers same, non-calcareous.

Sﬁale, red, weathers same, with thin bands of green
shale interbedded with red shale.

§hale, green, weathers same, non-calcareous.

Shale. red and green, with green shale thinly banded.
Siltstone, red and green, forms resistant Bed immediately
above and below shale.

Shale, red and green, weathers same, with interbedded
red and gre;n bands. Vertical burrows filled with red
shale perpendicular to bedding.

Lime mudstone, medium brown, weathers grey, bed
thickﬁcss 2 cm. Pyrite grains, possible occurrence of
burrows infifled with green shale on underside of bed.
Shale. red and green, siliceous, laminated, with red shale
predominant lithology, and green shale occurring in
minor amounts. Vertical burrows perpendicular to
bedding.

Limestone conglomerate, limestone clasts set in
argillaceous matrix.

Lime mudstone, medium grey, weathers light grey, wavy
bedding.

Shale and siltstone, medium brown to black, weathers
grey, laminated, with black shale bands aliernating with

brown siltstone bands.

Shale, green-black, weathers light green, non-calcareous.

Shell fragments of inarticulate brichiopods.




85.2

94.0

945

95.2

96 .0

96.8

97.4

98.0 -

105 .8

113.3

dMP 66

dMP84-1

dMP 67

dMP 68

dMP 70

dMP 69

dMP 58
dMP 57

dMP 74

dMP 75

dMP 76

dMP 77

dMP 78

dMP 84

dMP 79
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Siltstone, green, weathers reddish brown.

Siltstone, shaley. black and grey, laminated, with clasts
of black shale in grey siltstone.

Lime mudstone, medium grey, wcather\s light grey, wavy
bcdding_*\u'{mrbal'ed. pyrite grains. -

Limestone conglomerate, clasts boulder to pebble size.,
roundéd. Matrix argillaceous. '
Lime mudstone, medium to dark grey, bed thickness 2-3
cm. |

Lime mudstone, medium to dark grey, weathers light
grey, thinly bedded, with light grey mudstone
interbedded with dark grev mudstone.

Limc mudstone, ‘

Limc'mudstone boulder at base of conglomerate bed

along shore.

Lime mudstone, medium grey, weathers buff. nodular.

~ with weathering "halo” on outside.

Shale, green, weal.hcrs light green, bedding undulating,
Limestone conglomerate, clasts bebble size, rounded,
poorly sorted, matrix argillaceous.

Dolomitic siltstone, green, weathers reddish brown.
Siltsione, red, with laminations of dark grey silt.stonc.
Siltstone, green and grey. interbedded with bioturbated
red shale.

Shale, red, and green siltstone, shale weathers red,
siltstone light brown. Siltstone laminated wnh. vertical
burrows filled with red shale perbendicular to

laminatons.




dMP 54A

dMP 54B
dMP 55

dMP 56C

dMP 56A

dMP 56A

Dolomitic siltstone, green, weathers buff-yellow.

Silistone, green. weathers red, thinly laminated.

Siltstone, green and grey, weathers same, massive.
Dolomitic siltstone, light grey, weathers same,
laminated. non-calcareous.

Siltstone, red, weathers same. Laminations possibly
present.

Siltstone and shale, red and grey, weathers rust-brown,
bed thickness 1 cm. Red and grey laminations in
siJtstone,

Lime mudstone and red-green siltstone., Laminated,
shows some traces of burrowing. Lime mudstone light

brown, weathers same, cross-bedding possibly present.

Lime mudstone boulder in limestone conglomerate,

diameter about 30 cm. ,

Lime mudstone boulder in limesione conglomerate.
Limestone conglomerate grading into g’rainslone.
Overlain by chert cap.

e 3

Lime mudstone clast collected from conglomerate bed in
[ 5

green sandstone.

Lime mudstone with abundant sponge spicules.

Lime mudstone clast in green sandstone.




APPENDIX B

Lithologic descriptions of conodopt samples from the St. Pauls Inlet North Tickle

section. All samples are numbered in ascending stratigraphic order except those designated

"SPI847 . Sample numbers and height above the base are given as in Appendix A,




[
—
(2%

St. Pauls Inlet North Tickle. - -Measuring commenced from the top of the
conglomerate bed immedialely below the abutment on the north side of the bridge spanning
the inlet and then east to the end of the peninsula (Figure 2, p. 9). Mcasuring continued

along strike on the northeast shore of the peninsula for about 1 km.

m above base Sample no, Description

1.0 : StPl ) Dolomitic siltstone, light grey, weathers buff, bed

thickness 5 cm, cross-bedded.

34.0 .SlPl 2 Shale, black, weathers medium grey, laminated.

34.8 StPI 3 I Lime mudstone, black, weathers light grey. pyrile grains.
35.8 StPl Ja Lime mudstone, dark grey. bed lhickhess 2-3 cm, low

, © crystaltinity .

37.1 StPI 3b Lime mudstone, medium grey, weathers buff, Bed

-

ihickness 2-3cm,
38.0 StPI 4 Lime mudsloﬁe, medium ‘brown. Bed thickness 4 cm,
calcite infills small veins, -
154 StPls Grainstone, medium brown, intraclasts sub-rounded to
rounded, poorly sorted, cross-bedded. Bed thickness 10
cm. Light coloured grains interbedded with dark

coloured grains, lenticular.

40.5 StPI 6 Shale. black. bed thickness 2-3 cm thick, laminated,
calcareous, pyTite grains. ;
42.7 StP1 7 Grainstone, light brown-grey intraclasts sub-rounded to

angular, poaorly sorted. Bed thickness 2-3 cm, high

crystallinity .
43.6 SiPI 8 Lime mudstone, light brown,
44.6 StP1 9 Lime mudstone, light grev, bed thickness 1-1.5 cm, with

laminations alternately hight and dark grey.




StP1 10

StPI 11

StbI 12

StPlL 13

StPl 14

StPL 15

StPI 16

StP1 17

StPl g

Shale, dark green, weathers rust colour in fraciure
planes. Bc'd thickness (.25 cm, non-calcareous.
Lime mudstone, light to dark grey, bands of light grey
limestone vary from 1.5 1o less than 0.5 ¢m in thickness,
interbedded with dark grey limestone, for total bed
thickness of S cm.
Lime mudstone, medium grey, weathers light grey . N
nodular. Small amounts of green and red mineral
present.
Lime mudstone, light to dark brown, weathers light
yellowish-grey. Bed thickness 10 cm, Light brown lenses
occur within dark matrnix, solution features possibly
present.
Dolomitized siltstone, weathers light brown, grains
sub-angular 1o sub-rounded, poorly sorted. Bed
thickness variable with truncated cross- and graded

*
bedding.
Shale, gret;n, weathers red, laminated.
Dolomitized siltstone, medium grey, weathers light
brown to buff. Grains of chert and/or quartz more than
1 mm but le;s than 0.5 cm at bottom of bed fining

upwards. Cross-bedded. best displayed on weathered

surface.

* Dolomitized siltstone, grey-green, graded bedding. chert

* pebbles at bottom of bed. Alternately light and dark

banded.
Shale, red, and siltstone, green shale non-calcareous,

siltstgne laminated with ligri( and dark bands.




StPI 19

StPl 20
StPI 2]
Sl};l 22
StP1 23
StPI 24
\StPL 25

StPI 26

StP-27

StPI 28

StPl 29

StP1 30

StPI 31

StPI 32

Shale, red, with green siltstone bands, shale siliceous,

hard. Siltstone with fine laminations faintly visible, some

bands possibly lenticular.

Shale, red, bed thickness 10 cm, non-caicareous.
Shale, red, with very thin laminations.

Same as previous satﬁp]e.

Same as previous sample.

Same as previous sample.

Shale, rea‘. no bedding observed, non-calcareous.

Shale, red, and siltstone, green, Shale much like
previously descﬁbed lithologres; siltstone thinly bedded, .
consisting of 1wo bands about 2 ¢cm apart.

Shale, red, Qith dark siltly laminations.

Shale and siltstone, green, weathers dull brown,
laminated, with upper part of bed Eomaining coarse
grains, lower half fine-grained. l:aminations interbedded
with shale.

Shale, red, and siltstone, dark grey, both weather same.
Shale non-calcareous, siltstone finely laminated.

Shale, red. and silistone, dark grey-green, shale contains
1 cm long siltstone lenses; barely visible laminations in
siltstone.

Lime mudstone, light grey, contains Tetragraptus
approximatus.

Dolomitized siltstone, light to dark grey, larﬁinaled.
interbedded light and dark beds 11 mm-2 cm thick,

non-calcareous.




StPI 33

StP1 34
SIPI 35
StPI 36

StPI 38

StPl 39

StPl 40

StPI 41

StiPr 42

StPl 43

Lime mudstone, light brown 10 dark grey. lighter
material nodular\‘ surrounded by dark. highly siltly
mudstone.

Same as previous sample.

Same as in previous sample, except that matrix greenish.

Lime mudstone, medium grey, weathers Light grey, bed

thickness 1-3 cm. Wavy bedding, occasionally lenticular,
burrows visible on bedding surface.

Lime mudstone, medium to dark-grey, bed thickness 10
cm. Light coloured lenses occur in dark-coloured matrix
towards 10p of bed, see evidence of cross-bedding(?) on
weathered surface. |

Shale, green, laminated, non-calcareous.
Grainsione(?), lime mudstone, §hale. green, mudsione
associated with grainstone, commonly thin-bedded,
above lithologies lenticular or thinly bedded, shale
calcareous, laminated.

Shale, green, laminated or thinly bedded.

Shale, green, laminated. Laminations about 1 mm, green
bands interbedded with brownish-red bands.
Non-calcareous. )

Grainstone and lime muzjstone. intraclasts sub-rounded
1o rounded, poorly sorted, high crystallinity. Mudstone
dark grey, overlies grainstone. -

Lime mudstone, medium brown. bed thickness 2-5 cm,

nodular. low crystallinity.




85.8

86.8

87.8

88.4

89.9

91.0

92.0

92.9

93.9

94.9

L]

StPl &4

StP1 45

StPl 46

StP1 47

StPl 48

StPl 49

StPI 50

StPI 5]

StPI 52

StPI 53

StPI 54
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Lime mudstone, medium grey, bed thickness 5-10 cm,
nodular. Graptolites on lower bedding surface, rare chert
nodules.

Lime mudstone, medium grey, bed thickness 12 cm.
Lithology may be very fine grainstone.

Lime mudsu’)ne, medium grey, bed thickness 5 cm,
mottled.

Grainstone, medium grey, intraclasts fine-grained,
sorting indeterminate, bed thickness 10 cm, laminated.
Lime mudstone, medium grey, weathers light grey, dark

laminations near top of bed. graptolites on top bédding

-

plane.
Lime muds;one. medium grey, thiﬁly bedded, burrows
on upper bedding plane.

Lime mudstone, bed thickness generally 1 c¢m, although
variable. Wavy Ibcdding, burrows.

Lime mudstone, medium grey, bed thickness 3 cm.
thinly bedded 1o thickly laminated with laminations
alternately light and dark.

Grainstone, medium grey, intraclasts sub-rounded,
poorly sorted, bedding lenticular, pyrite grains.
Grainstone or lime mudstone, medium grey, medium
bedding to thick laminations, chert nodules. Arenicolites
burrows filled with calcite, grapiolites on upper bedding
plane.

Grainstone or mudstone, light grey, bedded, pyrite

present in small amounts. Arenicolites burrows,

Tetragraplus. ®




96.0

96 &

99.0

100.0

100.6

102.5

103.5

StPI 55

StPI 56

StPI 57

StPI 58

StPI 59

StPL 61

StPI 62

StPI 63

StPI 64
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Grainstone, medium grey, weathers light grey,
intraciasts sub-rounded. moderately to poorly sorted
with chert nodules 10-15 cm in diameter.

_Grainstone, medium grey. bed thickness 3-4 cm, thin
bedding 1o thick laminations. Arenicalires burrqws filled
with calcite.

Lime mudstone, medium grey . weathers light grey.,

laminated, pyrite grains. Arenicolties burrows filled with

calcite.

£l

Grainstone, medium 1o dark grey, weathers light grey to

buff, intraclasts sub-rounded, lenticular light-coloured
maleria! surrounded by darker matrix, graptelites on
lower bedding plane. ,

Grainstone, medium to light grey, intraclagls
sub-rounded, chert present, forms nodules and encrusts
around limestone.

Limestone conglomerate, clasts coarse sand-size 1o large
flat pebbles to boulders. Clasts mostly mudstone.
Limesmnéconglomerate. clasts coarse sand-size to large
pebbles, clasts generally smaller than those of last two
samples. Sparry calcite matrix’

Limestone conglomcra'le. clasts angular, although flat.
.range from coarse-sand to boulder size. Bed thickness

0.5 m, argillaceous matrix.

Limestone conglomerate, clasts coarse-grain 1o pebbie

size, sub-rounded to rounded. matrix sparry.




StPI 65

StPI 66

StPI 67

StPl 68
StPl &9
SPig4-2
SPIg4 -'3

StPI 70

StPI 71

StPl 72°

StPI 73

StPI 74

 weathering reddish- brown caps entire bed.
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5

‘Lim,estone conglomerate, grains very coarse-grain sized,

about 3 mm, grain supported, some clasts up to 3 ~m in

diameter.

.Grainslone, dark grey, weathers buff, texture

indeterminate, contains three dimensional graptolitc
material.

Limestc;ne‘ conglomerate. clasts medium grey to dark
brown to black, mostly mudstone, pebble 10 small
boulder size, argillaceous matrix. Layer of black c,hertl
\\
Shale. black, non-calcareous. graptolitic.

Shale, green, laminated, pyrite grains.

Shale, red, calcareous(?).

§£151e. green, laminated.

Dolomitic silistone, green, weathers yellow to buff, bed
thickness 25 ¢cm, non-calcareous, burrows in bedding
planes. |

Lime mt;dstonc and grainstone, light browh, exhibits
graded bedding, chert within bed and ‘on bedding
surfaces.

Lime mudstone, medium brown, weathers light grey, bed
thickness 3-4 cm.

Lime mudsloxi;e. medium brown, bed thickness 4 cm.
Limestone conglomerate, clasts smail bouldér to pebble

size, argillaceous matrix, conglomerate overlain by chert

laver.

“




126.6

1395
141.0

1420

143.3

151.0

152.8

154.7

155.5

156.5

187.3

StPl 75

StPl 75a

StPI 75b

.StPI 76

StPI 77

StPI 78

StPI 79
SPIg4-1

StPl 81,

StPI 82

StPI 83

StPI &4
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Lime mudstone, medium brown, weathers blue’-;rey.
Entire bed grades from light-coloured at base to
dark-colouged at top.
Lime mudstone, medium brown. weathers light grey. bed
thickness 10 cm.
Same as previous sampie.
Same as previous sample.
Lime mudstone, medium brown, weathers light grey,
'Aremcolues burrows;

-

Same as previous sample.' L
Lime mudstonc, medium brown, weathers hight grey, bed -
thickness 1-2.5 cm.

Lime mudstone, brownish-grey, thinly beddeq.
laminated. .high 'cryslallinily.

Lime mudstone and grainstone, medium brown,
weathers grey, graded bedding, coarse-grained particles
at bottom of bed graded into finer-grained particles
towards 1op. Cross-be'dding, Arenicolites burtows.
Shale, black and green, weathers sa;nc except for
Q}idalion of surface. Black and green shale imcr't\)edded.
laminations and lenses of green shale occur within black
shale.

Lime mudstone, medium brown, weathers light grey,
thick bedding, wavv. Arenicolites burrows filied with

calcite.

Lime mudstone, medium brown. weathers Light grey,

truncated cross-bedding.




158.4

161.2

162.0
166.0

169.2

170.9

171.8

1727
173 4

174.7

175.5

176.4

StP1 85

SPIg4-4

SPIg4-5

- StPl 46

StP! 87
StPI 88

StPI 89

StPI 90
StPl 91

StPI 92

StP1 93

StPl 94
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Limestone conglomerate, clasts sub-rounded to
sub-angular, matrix argillaceous, phosphorite pebbles.
Lime mudstone, light brown, weathers grey, wavy

bedding, high crystallinity.

" Chert, green, light bands with coarse sand-sized grains.

Limestone boulder in megaconglomerate (Bed 12). grey,
prominent banding throughout, matrix weathers brown.
Shale, green, r;ard. pyrite present. ‘

Lime mudstone, medium to dark brown, weathers light
grey (o buff, bed thickness 3-4 cm. laminated at top.
Lime mudstone, medium brown, weathers light grey, bed
thickness 10 cm, chert nodules dark grey to black, with
light brown "halo” on rim,

Grainstone, medium to dark brown. weathers lLight grey,
clasts sub-rounded, poorly sorted.

Lime mudstone, medium brown, weathers light grey,
with chert nodules.

Grainstonq and mudstone, medium brown, weathers
light grey, with thin bands of chert, black, weathering
reddish-brown. |

Lime mudstone, medium brow;m, weathers light grey,
with chert nodules. \
Grainstone, medium brown, weathers buff, inufcl:t"'s.ls
sub-angular to sub-rounded. poorly sorted, bed

thickness 15 cm. Bed capped by dark grev chert layer, |

cm thick.




1716

178.5

179.3

1%0.1

181.2

182.3

183.2

185.4

156.0

187.6

188.6

185.7

190.0
190.0

StPl 95

StPI 96

StPI 97

StPI 9%

StPl 99

StPI 100

StPl 101

StPI 102

StPI 103

StP1 104

StPI 105a

StPI 105b

StPI 105

StPI 105¢

Limestone conglomerate, clasts very coarse-grained size
1o long, angular flat pebbles, phosphorite pebbles up 10
3cem.

Shale, green, non-calcareous.

Lime mudstone, medium brown, weathers light grey . bed
thickness 7 c¢m, wavy bedding.

Lime mudstone, hight brown, weathers grey, wavy
bedding, almost nodular. Calcite infillings, pyrite grains.
Lime mudstone, light brown, weathers medium grey,
cross-bedded,

Shale and siltstone, black to green to light grey, weathers
greenish-yellow, laminated, non-calcareous.

Limestone conglomerate, clasts rounded to flat, large
granule 1o small pebble size, argillaceous matrix.

Shale, green, non-calcareous.

Limestone c;)nglomerale. clasts small pebbles and large
flat clasts, includes bed of dolostone. green, weathering
yellow,

Limestone conglomerate, clasts commonly large

boulders, rounded to sub-angular, clast supported.

Grainstone, light grey, weathers same, intraclasts -
sub-rounded 1o rounded, very poorly so.rled, Top
dolomitic, weathering green-yellow,

Silty shale, black and green, laminated, no;-calcareous.
Limestone conglomerate with phosphorite pebbles.

Chert, blue-black, wecathers reddish-brown, brittle,

includes other minerals with colours ranging from buff

10 green.




192.0

193.3

194.2

195.6

196.6

197.1

198.0

205.8

206.6

© 2076

208.3

209.8

2104

220.8

StPl 106
StPI 107

StPI 108
StP1 109

StPI 110

StPI 111

StPI 112

StP1 113

StPl 114

StPI 115
StPI 116

StP1 117

StPI 118

StP1 119

Shale, red, dolomitic siltstone lenses 5 cm wide, weather

" yellow, interbedded with red shale, non -calcareous.

Shale, red, with lenses of siltstone, weathering yellow,
non-calcareous. .
Same as previous sample.

S;haly siltstone, green, thinly bedded, with lenses of
light-coloured material.

Doldstone, medium grey, weathers buff, bed thickness
10 cm. |

Grainstone, medium grey, weathers yellowish-brown,
intraclasts rounded, very pooily sorted, slight graded
bedding.

Shale and silistone, green, weathers buff -yeliow,
light-coloured banding.

Silty shale, grey-black, weathers buff, laminated.
Notable feature is 1 cm thick horizon of coarse-grain
sized particles. ”
Shale, red, and siltstone, black, dolomitic, laminated

with siltstone lenses and bands about 1 cm thick.

. Same as previous sample.

Limestone conglomerate, large clasts supported by coarse
sand-sized particles. |
Grainstone, mEdium brown, weathers same, texture
indeterminate.

Shale, green. dolomitic(?), thick bedded, beds of light
and dark material interbedded, non-calcareous.

Shale, red, thick bedded, lenses of green shalc,

non-calcareous.




224.2

StPl 120

StPI 121

“a

Limestone conglomerate, clasts small pebble to small

boulder size, argillaceous matrix.

Shale, red, with siltstone bands and lenses, other

features much like previous samples of red shale.




APPENDIX C

Distribution tables for productive samples from Martin Point and St. Pauls Inlet sections.
Diss. Res. Wi.= Dissolved Residue W% for all tables. L.H.= Lower Head Formation for

Table 3. The following is a key to the abbreviations used for the element types listed 1n Tables

1-3.

acoed.= acodnntiform
acont.= acontiodonliform
acos.= acostale

asym.= asymmetrical
ambal. = ambalodontiform
belod. = belodonu't:orm
bergstro, = bergstroemiform
bicon.= biconvex
brvanio.# bryantodontiform
clad. cladognath.iform
coni.= coniform :

cordv.= cordylodontiform -
€0s.= cos‘lale

cyvrt. = cyrtoniodontiform
delt. = deltiform '
dist. = distacodontiform
drep. = drepanodontiform
falod. = falodontiform
goth.= gothodontiform
homo.= homocurvatiform
ligono.= liggnodiaiform

multi. =. multicostate

multiram. = multiramiform

oist. = oistodontiform

oulod. = ouiodontiform

ozark. = ozarkodiniform

palt. = paltodontiform
paracordy.= paracordylodontiform

pip. = pipiform .

plano-con. = plano-convex.

plat. = platform

plect. = plectospathodontiform

prion. = prioniodiniform; prioniodontiform
ramif .= ramiform

scand .= scandodontiform

sculp. = sculponeiform

sl. sym. = slightly symmetrical -«
suberect. = suberectiform

subsym. = subsvmmetrical

sul. = sulcatiform .

sym.= symmetrical

tetra. = tetraprioniodontiform

triang. = triangulariform; triangular

irich, = trichonodelliform -
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TABLE 1-Distribution of conodonts in lower part of St. Pauls Inlet section.

B

BED 9 10 11
T I 1 [
AMPLE E - | © D N DIWVINID|[~DN|m O Ig
\ = Noemmg‘[m‘v,ggg l?Smmnmmoowhv\rxh
SPECIES\_ DISS. RES. WT. (kg) [2.0[1.1]2.7[3.2[1.2]3.2[3.5/3.4]2.7|3.43.3]3.1]3.3[3.2]3.1]3.1[3.4]3.3]2.7]3.3[2.1]3.3|Tortal
acod. 3 2 [T ) 17
ost | 2 » 4 6
dep.| 3 5 1 4 16
Acodus deltatus goth |1 11 1 1 8 22
nch |1 1
cst ] 3 3 2 8
A.”? gladiatus s! T 27
ost. 2 2 1 2 1 8
belod 1 1 2
A.? russoi trich. 2 1 3
dist. 4 2 6
agod. 1 1
” ep. 1 1
A.? sp. goth. 3 3
tnch. 1 1 1 1 4
A.? sp. aft A. sweeti 20 20
acod. 1 | 10
n
A.? sweeti S 4 o 8
“Acontiodus” stautferi st 8 2 = 1 1
“Belodella”sp B 5 1 6
Bergstroemognathus sp. ci. % 3 § 3 192 1 ;‘25
B. extensus nch., 2 1 4 7
Coelocerodontus bicostatus st 1 2 T 5
C. latus st 2 1 3
C. sp. -9 1 13- 2. 53 78 29
asym. B 1 12
bergstro. 3|4 3 10
Cornuodus longibasis SsymA 1 1 4 5|11 6 28
sym.B 512 2 L 10
acod. 10 1 1 1 2 1 7 1 BIIFST 13 55 48] 58
: ost. 17 1 4 2212 7 2 8 63
Diaphorodus delicatus drep. 12 1 1 17la 13 8 5 62
nch 4 1 1 1 1 78y B 4 | 38 21
dist. 9 1 1 1 Q) BBl w4 3 33
acont. g i3 5 2 1425 8 4 61
COS. pp. 3 9 2 22 1 5 ; 0 4 12 3 71
COS. SCuip. 2 i8N 28 a8 1 6 4 3 4 56
Drepanodus arcuatus PO. 3 19 2 1 7 8 |10 5 55
scup. 9 2 9 1 8 29,
sym. drep. 10 1 PNy 6 4 1 35 1 lax 2 (sll2w 4 46 13 20
“D.” n. sp. C sf. 3 7/ 1 1
“D.” toomeyi st 6 2 1 9
homo. 2 10" B8r 8 1 2 22 W 3 1 54
Drepanoistodus” concavus osst 9 2 2 3 a1 18|
suberect 1 1 3 1 6
D homo.| 2 16 7 1 8 2 26|12 4 7 85
ek suberect. o8 2 {
homo. 19 6 2 8 1 36
D.? sp. A oist. 9 2 4 1 16
suberect 1 1
Eucharodus parallelus 10 19 < =—=6 1 4 8 53
Fryxeffodontus” sp. aft. F.? corbatoi 1 1
F.? sp. ct. F.? reudemanni 1 3 3]a i 12
Glyptoconus quadraplicatus 5 M- 3 2 PR 1 1 2 69
Juanognathus jaanussoni 1 5
J. variabilis 6 B I ) 9
Microzarkodina” sp. 4 a4
- - ozark. 2 1 1 4
“M." sp. aff. “‘M.” adentata mutram. 1 0 = 8 - 4 19
pnorn. 2 39 9 50
Oepikodus communis ost. 15 1 16
ramd. 25 1 26
pnon. 2551 §7 232 487| 3337
0. evae oist. 454 37 105 145| 741
ramd 1346 119 266 364| 2095
osst 11 11
cordy. i3 13
Oistodus lanceolatus clad. 1% 17
mch 6 1 7
delt. 1 1
O.n.sp. 1 1 1 b | P Com B 1] g 62
“0.” sp. aft. “O." cristatus st 2 11 1 1 6
*0.” sp. aft “O.” hunickeni si. 4 4
Oneotodus costatus 6 1 6 4 17




cordy. 47 2013 @ 85 3 ZZ 9 2 2 1 14
Paracordylodus gracills st 50 10 S 15078 RS 92BN N2 412 200
paracordy 20 3 13 4 15 4 17 9 7 43 42 2 | 4 4 1 1 1 190

Parapanderodus gracills 2 4 1 1 4 1 43| 1 2 4 T
arep. 6 T 3 7 1 2 I g 2] 4 1 33|24 S5 32 9 172
Paroistodus parallelus oSt 13 3 4 2 2 139 2 3 a1|34 > - a 136
aep.| 3 5 g

P. proteus ost | 1 :
arep. 8 1 6 15
P? sp. A o?s? 7 v
P.sp. B a4 102 2 1 112 30 2 45
pnon, 15 1 5 40 61
oulod 1 4 46
Periodon flabellum orst 3% ‘33 gg 84
57 9 33 112 211
5 pnon. 17 2 8 2 1 132 8 4 75
P.? sp. ost 8 1 6 9 32 1 31
pnon 6 1 5 15 1 a4 1 37 2 6 21 69} 1 1 170
falod. 4 1 10 4 1 S 8 8 & a5 22| & 1 -9
Prioniodus elegans belod. 4 1 10 6 7 2 3 2 20 10 2414 9 150 230
Tch. ! i 6 1 2 1 7 19
tetra. 8 I 5 1 “ 3 T O3 10 6 541 116
asym. 1 IS v
Protopanderodus elongatus S. sym. 2|3 5
sym. 6 1 7 |92 2 28
k . 2 2
P. gradatus Rt mv 1 i
asym 1 5 (| & 1 2 14
scand. 2|5 i 2 10

P. leonardli S 5 >
Sym 2 2 3 1 212 12
asym. acont. 415 1 1 4 15
Sym. acont. 2 e 9 iy @ 27
p. rectus scand, 9|15 2 7 s 38
su. 2zl 5 B 5 49
asym. arep. 3 4 6 i3

P.sp ct P. varicostatus sym Jrep. 2 2
scand S 1 &
1 g 1 2

Protoprioniodus papillosus m%r‘lgt 2 10 . 3 1 2 zg
) ] pron 1 2 5 27 1 36

P. simplicissimus orst. 14 2 4 2 54 4 81
ramd 1 4 2 B ) 612 25

P.? sp 2 2
Reutterodus andinus 1 1
Scandodus furnishi drep i 1 3
“Scolopodus” carlae st 2 3 3
“S.” emarginatus s { 2 1 2 i 5 1 1 1 24
“S.” peselephantis 3 g e 1 8
“S.” triangularis st 2 1 1 1 5
Semia js asym 19 2 21
contiodus comuformis sym. 1 1 12 4 21
Stolodus sg i 9 5 © 21
acod. 6 6

Trlangulodus sp ct T. subtills  drep 14 1 v 22
tnch 8 2 10

Ulrichodina so 2 U 3
3-cos. 1 1 13 1 16

4-cos 1 11 1 14

Walliserodus austrails SR ; 5 5 |3 3 5%
1 . 17 1 1 10| 3 i) 1 36

Orepanodontiform element A 1 7 1 111 21
Orepanogortiiorm gement B 6 6
Drepanodontifor alement C 1 4 5
New Gerus 8 sp 1 1
New Gens D sp 7 1 g
e con. 13 4
New Genus E sp dat | 4 108 1 15
Scandodonttor element 4 &
T T T
Total[22 342 & [as [ 2 200169 53" 3 794 55 [39]s81 02712 |80 58 [o28]- 2 [a24 ag2r-+-<ho 550
. I " .
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TABLE 2-Distribution of conodonts in upper part of St. Pauls Inlet section.

BED 11 12 e 14
\ SAMPLE NO. | 8 I 8lo|n|o
MW 0|~
D OO DM WO ©il®o NS
RRIRR 3333328332228
SPECES\DISS. RES. WT. (kg)|[3.0[3.0]3.0[2.4]2.4]3.2]2.9| = [2.6[1.9[2.6[3.1]3.2[3.0[2.1]1.9[3 3]3.0] 03 2.8/0.2}1.0|Total
Acodus” gladistus s f. 13 il 20|
acos. acod. 4 57 0 14
A.7 robustus cos. acod. 9 4 19 32
A.? russoi oist. 1 1
acod. 19
oist. 9
drep. 9
A. sp. aft. A. deltatus goth. 1
trich. 4
dist. 8
acod. | 3
A.? sweeti ost. | 1
plano-con. ]
Ansella jemtiandica et 5
Baltoniodus? sp. 7
Bergstroemognathus plfalodnu 2 1
-l 2
sp. cf. B. extensus tich. | >
Coelocerodontus latus si. 1 3
C. sp.
Cordylodus sp. cf. C. homridus 16
asym g
i — sym A/ 4 24 2 2kt
syn B 20 ;- A )
acod. | 1 1 14 B R 5
oSt 2 1 1
Diaphorodus dedicatus drep. 12 1 3
tich | 1 7 1 2 1 i
dist 6 1 2
Dischidognathus sp. 8 2 W 1 7
acont. T 14 10 10 20 N W 67|
—= 44 O 1 I - |3 %
cos. .
Drepanodus arcuatus =Y 3 1 2 1 11 19 2 ¥
Sscup. 1 %4 1 1 1 8
syndep. | 7 1 LB (IS | 6712193 .8 19 19 1 78|
"D." nsp.C st 1) 2 2 3 6 2 3 37
homo. | 1 g -&--8 1 19§
Drep istodus b, oist. 2 2 1 i 2 8
suberect. a4 @ 1 8|
homo. | 1 8 1 3, 5y 7 & 1 39
D.? concavus oist | 2 1 i 1 8
suberect. 2 3 5
homo.| 7 15 B-]1'3 30
D. ». suerect. | 2 3 5
homo. [ 1 Ciil B 2 9
”
D.7sp. A oist. 3 L
D.7 sp. ct. D. venustus %:‘s: ? ‘75
Eucharodus parafielus 4 = %5 14
Fryxellodontus? sp. aff. F.? corbatol 1 1
Glyptoconus quadraplicatus 1 3 ] 5|
Juanognathus jaanussoni 0 $ 6 J 13
J. variablils 8 ] 9
Jumudontus ganands blade 4 4]
blade B - g 19]
J sp. aff L gananda Gl P 3 3 13
Lenodus falodiformis pnon., 5 5|
“Microzarkodina” ozark. 5 1 6
marathonensis multram. w 1 i 9|
“M.” sp. aff. “M.” adentata oAk 3 ; 2
pnon. 4 1 1? 6
Oepikodus communis Oist. 2 2
ramit. | 1 1 2
pnon.{392 5 1 ar 2 1 1 S Tl 435
O. evae ost |167 5 1 8 2 2 185
ramd. {211 26 1 2 13 2 gy 1 25
prion. 162 5 19 18
O. intermedius oist. 68 2 6 76
ramif. 91 6 13 1"
ost. 1 I ¥ " T = 1 22
cordy. 4 0 7 4 40 3 29|
Oistodus lanceoiatus clad. 7 7 10 e 3 81
tnch. 2 i 3
delt. 3 3
Parapanderodus elegans 4 2 1 1 8
P. gracilis 4 4
P. sp. ct. P. arcuatus 4 3 1 26 21 18 1 9 8.
P. striatus 11 4 12 3 30
Paroistodus paraliek drep.| 7 64 2 16 2 33 18 18 3 3 A 1139 208
ost | g 68 16 2 B 27 28 2 Be B 2 ]40f 26




Dfd‘gg 91 3 1 0= 257 16 ".7: 557 (v 3 4 19 2 4 5 25|76} 4812
Periodon aculeatus oulad.| 30 872 93 5 675274514 1 4 5 12 25| 2510
talod {115 2 3 917 3 1221 1 9 828 364 957 1 3 9 23 1 5 40|82 3585
muitram | 157 25 B =¥ 2 U o =dt PG G 2 il 22 gk 1 2 10 11]100] 5322
pron 1 1 54 1 33 20 3t 1 1 2 145
outod 25 7l % 2 66
P. tiabellum oist i 23 8 36 20 78 1 167
muitram 49 5 44 19 61 1 1 180
P.7 p pnon. | 1 1 2
falod. | 1 1
Prioniodus elegans tetra. 2 >
Protopanderodus ag;rr;\ aa%ggt! :2; §
cooper! scand. t]2 3
asym, 2 2
P. elongatus sl. sym 1 1 1 B 5
sym 1 1
acont.| 1 l 2
P. gradatus asym acont. | 2 7 7 2 18
scand.| 2 6
asym | 2 1 8
P. leonardil scand. 1 1
asym. acont. | s 7 2 4 2 1 1 1 23
& o sym. acont | 8 28 3 113 1 3 67
CoUS scand. | 6 6 2 9 5 3 2 6 49
su.| 3 1 10 5 1 2 22
asym. acont. 1 1
P. strigatus sym. acont. 3 1 1 5|
asym acont. | 2 2 1 5
sym. acont. [ 1 2 1 4
P. sp. att. P. gradatus scand. | 2 5 3
su. 16 16
asym. acont. 1 8 9
P. sp.aff P. rectus sym. acont. 2 1 5 2 10
?scand. 2 1 3
asym. arep. | 9 7 6 3 4 10 1 444 48
P. sp. ct. P. varicostatus Sym. arep. 2 1 S
scand. 3 4 1 u 8 1 2 15
prion. 1 3 2 37 14 31+ 3 2 1 1 15 110
Protoprioniodus aranda ost. g 4 2RO NG R 8 4 17 113
ramd i 2 4 98 8 1@ g 1 SN 4 50
ceft. 2 1 3
P. paplliosus mang. 4 Bl 1 1 N
ost.| 3 k] 4 2l 1y 4 1
P pnon 3 8
P. simplicissimus aep || 3 4
P2 sp. 2 10 4 16
acod 1 2 3 3 9
11

Pteracontlodus cryptodens C?ﬂ 4 1 5 g
ast. 1 1 2
Reutterodus andinus 4 4
“Scandodus” flexuosus si. i 4 8 ! 20
€2 9 11
. ost. 3 3
S. furnishi ceansl z : 3
suberect 1 1
acod. 1 i 2
1 1
S. sinuosus i; > 2 3 -
scand 1 1
S. sp. ct. S. brevibasis acod. 1 1
“Scolopodus” carlae sf 2 2
“S.” emarginatus s 2 1 2 5
“S.” peselephantis 4 4 1 9
S. quadratus ! !
“S.” triangularis st 1 1
i« asym.| 1 8 1 5 k) 19
Semlacontiodus cornuformis sym | 3 A al iz 5 35
pnon 2 2
Spinodus sp ct S. spinatus cordy 1 \ a2
kgono 1 1
Stolodus sp 1 3 b 10
Strachanognathus parvus 14 1 15
oSt ] 3 3 ° : =
drep 1 2 3
Tripodus laevis dist 8 5 11
mch. 4 1 5)
pan 7 2 13 1 23
Ulrichodina cristata st 2 2 4
U. " spost 2 2
. 3-cos | 3 1 4
Walllserodus australis a-cos | 1 ;
W. ethingtoni 5 5 © 1)
Drepanodontiform element A 1 1 2
New Gerus D sp 1 1
New Genus E sp plat | 1 1

T T
Total ['~<[76] 2 [22b.sf22] 8 [ 6" 113[45-: \sm-‘~¥32]29 lvo 1133] 8 !14[2319* 197[20 566}

"
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TABLE 3-Distribution of conodonts in Martin Point section.

BED/FORMATION 8 9 i0 11 13 | 14 JLH]
SAMPLENO.coo'ercn mmu‘gr\mmmvw¢o<m8
— | ON(N{N N 3 D ([ F (WO WD|O|O N 3 w|w

SPECIESN\ _DISS. RES. WT. (kg) |2.9|31{3.1{1.5(2.0{2.0|1.9{3.3|2.5/{2.9/2.0|2.0(2.0{2.4{1.2|2.2|2.9{3.1|0.5|1.1[Total

Acodus? gladiatus st 1 1

A.? sweeti acod 1 1

oicon 28] 28

Ansella jemtiandica st 11 11

plano-con. 10 10

Baltonlodus? sp. 4 4

falod. & 2 5

Bergstroemognathus sp. cf. pnon. 1 4 3 8

B. extensus tnch. 1 1

Coel d bicostatus s f 23 B E 5 30

C. latus sf 8 2 10
Cordylodus sp. cf.C. horridus 1 1

asym 1 1

Comuodus longibasis sym. A 9 1 1 A 9 q a

acod. 1 1 10 12

ost. 2 9 11

Diaphorodus delicatus drep 4 4

tnch. 1 1 1 3

dist. 1 3 4

acont. 1 1 3 1 1 2 2 |48 59

COS. pp. g 1 1 2 228! 29

COS. SCUp. 1 1 2 2 i 4 1 |22 35

Drepanodus arcuatus o q ol & 1 & 5 3l s g e

SCUp. 3 7 10

sym. drep. | 2 3 1 2 2 1 2 1|5 19

“D.” n.sp. C st 2 4 6

homo. | 1 1 4 8 3 |18 21 56

Drepanoistodus? concavus osst. 1 1 2

8k 1 j

homo | 62 2 3 12 79

D. sp suberect. | 4 1 5

. drep. 324 32

D. tableheadensis oist 8 8

n homo 4 1 11 12 28

D? sp. A o] g : :

: 7

D.” sp cf. D. venustus d:; 12 :g 114

Eoplacognathus? sp. ambal. 5 1

[3%4 8 25 25

gono. e =

Erraticodon sp ci. E. balticus piect. 5 5]

pnon. 5 5

tnch. <) 3

Eucharodus paralleius 1 8 1 1 11

Fryxellodontus? sp. aft. F.? corbatoi | 5 5

Glyptoconus quadraplicatus 1 19 1 4

Histiodella altifrons bryanto. §

H. holodentata 3 23

H. serrata s f 1 1

I} g hus j i 4 4

J. variabilis 2 2

Jumudontus sp aft J. da blade. 1 1

prion 34 34

falod 14 14

Lenodus falodiformis cordy M 7

trich 12 12

tetra <l 4

"Microzarkodina” 5 Zoanrskr 4aJ 43

marathonensis mutram. 41 41

prion. 3 4 3 1 1 s

Oepikodus evae oist 17 1 1 19

ramyt 16 4 1 7 28]

prion 15 15

O. intermedius oist 4 3

ramit 11 11

cyrt. 3 3

Jist > e

Oistodelia sp c! O. pulchra Ccordy 4 4

clad 2 2

trich. 3} 6




oIst ] T
cordy 3
Oistodus ianceolatus clag. 2
aelt 1
O.n sp. 1 1 11 10
"0." sp. aff “0.” cristatus st 1
cordy 211 5
Paracordylodus graciils ISt 114 9
paracordy. 1 2 86| 2
Parapanderodus arcuatus 31
P. elegans 2 4
P. gracilis 10 v 1 3
P.sp cf. P. arcuatus 1
P.sp.ct P. striatus 15
P. striatus 1 S
1 8 7 6 14
Parolstodus parallelus dgf;[:_' § 3 5 1 Z 3lls 7 132 ,42
drep |42 1
P. proteus et | 5a s
P2 sp. A drep. 2 2
pnon 4 15 18|43 12 25330
oulod. 9 3 13|26 7 3 17
Periodon aculeatus falod 31 25 32|29 15 18 [501
multiram 19 17 27|133 27 14 1483
pnon. 8
ouod. 4
P. flabellum e 24
YA 21
: subsym. 25
9
Polonodus? peavyi asym. 53
PNoN. 2 8 2 2 21 1
falod. 1 1 2 2 2 5
Prioniodus elegans belod. 2 73 1 1
nch. 2 2
tetra. 3 4 416
asym. acont. 1 |13
gz%t:::nderodus sym. acont. 1 1 |35
scand. 6
asym 1
P. elongatus sym 1
acont. 15
P. gradatus asym acont. 1 9
scand. 1
P. ieonardii scand. 1 2
asym acont. 1 S
Sym. acont 1 1 1 1 19
(2 GBI scand. 2 ilag 4 16
sul 2 1 7
asym acont. 3
P. strigatus s% acont 3 20
asym acont )
sym. acont. 1 18
P. sp. atf. P. gradatus Sl P
Sul. 1
P. sp. aft P. rectus Sy/m. acont. 1 1
asym arep. 4 1|62
P. sp ct P. varicostatus Sym. drep. 10
scand. 1 1 430
pnon. J|3 &
Protoprioniodus aranda st 12 S
rarmf 1
Cett 1
P. papiliosus tang. 1 1
orst. 1
P2 sp. 2 52
acod 27 !
Pteracontiodus cryptodens meh 12
dep | 17 1 1
Scandodus fumishi ost | 6
scand 1 1
suberect | 2
S. sinuosus acod 12
acod 5
S. sp ct S. brevibasis dst 3
arep 6

— N LN

N
- N

V55
183

- (5]
b N

DO~ w

D -

230
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“Scolopodus” peselephantis 109 g 1 1 113

S. quadratus 1 :

q asym 6 o

Semiacontiodus comuformis Syrr y 1 7 3

Pnon. 13 13]

oulod. 4 4

falod. 6 6

Spinodus sp. ¢t S. spinatus cordy. 7 ‘1‘ ?

claa 5 5

neh. 3 S

Strachanognathus parvus 1 R

arep. 1 1

Tripodus laevis dist. 1 1

ot y 1

Triangulodus sp. cf T. subtilis  tch. 1 l

Ulrichodina sp. aft U. q 1
wisconsinensis s f

U. cristata s f 1 3

U.n sp st 2 2|

U.? sp si. 3 4

3cos. ] ] 2

Walllserodus australis 4-cos. 1 1

5-cos. K 4

W. ethingtoni 1 3 4

Drepanodontfonm alement A 4 4

. asym 1 2 3

New Genus A sp. sym 5 5

New Gerus C . 4 4

New Genus D sp 6 6

Total 317| 2 [ 81s I 3 I 2 ]13 39[117 42L11381744A1461120 322[136 120] 90 |.rue] 4543
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