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ABSTRACT

At its type section near the village of Cow Head on‘
the Great Northern Peninsula, Newfoundland, the’Cow Head Group
consists of carbonat; breccias, micrites, graded bioclasticj
limestones and non-calcareous shales with minor sandstones,
shaly limestones and non-calcareous siltstones. Many of the
limestdnes are laminated and bioturbated, and some are. par-
tially to completely dolomitised. The section is only 300m.
thick and ranges in age from Middle Cambrian to Middle Ordo-
vician. It was tfansported westward by gravity -sliding during
the Middle‘Ordovician and it now overlies shelf facies liée-
stones. The sequence was carefully loéged and sampled for
conodonts in order to @etermine the existence and extent of
" conodont zones, and to define the transition between the
’Cambrian and Ordovician Systems in terms of conodontobio—
;tratigraphy. )

Yields of conodonts from the samples are generally

sparse and the faunas are rarely diverse. The conodonts are

classified using multielement taxonomy wherever possible, and

those elements which do not fit into any known multielement
specieé are listed under form taxonomy.

The Cow Head Group is divided into 14 Units pfimarily
on the basis of conocdonts. No conodonts were recovered from
the Middle Cambrian and thus it_is correlated on the basis

P
of previously reported trilobite faunas. Reasonable correlation
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can be made with the conodont zones of Balto-Scandia erected
by Lindstrd8m and Bergstrd8m for the Lower Ordovician, however
not all of these zones have been recognised. The zones

erected by Lindstr®m for the Volkhovian and Kundan Stages of

the Baltic Shield (Baltoniodus triangularis Zone to the

Amorphognathus variabilis Zone) are not recognised in the

Cow Head sequence. Tentative correlations are likewise made

with the Australian Lower Ordovician conodont zones. Only a

‘

very poor correlation of the Cow Head Group with the conodont
zones of the mid-western United States exists, emphasising

the difficulty of correlating cratonic and extra-cratonic

conodont faunas.
-

The Cow Head Group was deposited near the base of the

Lower Paleozoic continental slopé of eastern North Aﬁérica.

-

It was laid down as a series of mass gravity slides whiéh
flowed from the outer shelf and upper slope into an area of
active deposition and redistribution of thin carbonate and

non-calcareous muds.
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CHAPTER I

INTRODUCTION

~

~
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(ii) LOCATION OF STUDY AREA

The carbonate breccias of the Cow Head Group, western
Newfoundland are world renowned for their extreme coarseness
{Dunbar and Rogers 1957, p. 175). The type section of the
Group occurs at the village of Cow Head, which is situated on
the west coast of the Great Northern Peninsula, at latitude
50°N and longitude 57°45'W. Excellent exposures are easily
accessible along the shores of the Cow Head Peninsula, just
west of the village. At its type section, the Cow Head Group
is about 300m. thick. It is exposed as a broad syncline.
Other 'localities at St. Paul's Inlet, Broom Point and Martin
Point, (see Fig. 2), were not sampled for conodonts in this

study.










(iii). PURPOSE ’ (
The purpose of the present study is to describe the

conodont biostratigraphy of the Coleead Group in.detail.

This involves determining the existence and extent of conodont

zones within the sequence, and defining the transition hetween

the Cambrian and the Ordovician Systems in terms of conodont

biostratigraphy. Supplementary to this is a brief study of

the sedimentology of the sequence, discussing thernature and

origin of thé unusualbcarbonate breccias and associated bedded

limestones and shalés. An explanation of the depositional

environment is attempted.

(iv) . PREVIOUS REGIONAL WORK:

The breccias were first described by Richardson (in
L;;;R 1863, p. 291), but he did not account for their origin.
Writing about some very large blocks im the breccia, he states:
", ...it is difficult to decide whether these are sediments de-
.posited in the ped; or enclosed transported massef, notwith-
standing that they are divided into beds with paxiings of
black shale”. ”

After foﬁf expeditions between 1910 and 1933, Schuchert
and Dunbar (1934, p.84), described the breccias at Cow Head in
some detail, and assigned a tectdnic origin to them. They
were: "forced to interpret, these lenticular masses of coarse
breccia as the material of talus and landslides formed along a

fault scarp that came into existence during mid-Ordovician

orogeny”.




N

far presented".

3 5.

Oxley (1953) broadly accepted the view of Schuchert
and Dunbar (1934) on the origin of the breccias, and pointed
out the difficulty of correlating the breccias from place to
place along the“CQast.

In the area of Portland Creek toc the north, Nelson
(1955) recognised that boulders in any one breccia horizon
were largely made up of one rock type. He concluded that the
breccias were the result of localised earthquakes Affecting
semi—consolidatedt@uds. However, after reviewing the work of
Schuchert and Dunbar (1934) and néting that they had studied
exposures all along the coast, he felt "...inclined to the

*

view that thein_hypothesis of origin is probably the best so

The first detailed paleontoloqicallgtudy was made by
Kindle and Whittington (1958) who recognised that the breccias
wére stratified sediments ranging in age from the Middle Cambrian
to the Middle Ordoviciag. They studied trilobites in the
boulders of the breccias, and graptolites in the interbedded
shales to determine the biostratigraphic sequence. They state
thaé, (Kindle and Whittington 1958, p.341): "with few
exceptions tﬁe boulders of.any conglomerate are*approximately
the same agé as the immediately underlying strata". They
regarded the Cow Head Group as a flysch sequence.

Baird (1960), in a comprehensive review of the carbonate
breccias in western Newfoﬁndland, concluded that both shallow
and deep-water breccias occur. He suggested that some intra-

formational breccias were produced by wave and shore current




action. He envisaged most of the Cow Head.Group as forming
in an embayment of the shelf, with slumping and sliding due
to localised tectonic activity. He also suggested .that
"occasional fault scarps contributed to the formation of
breccias throughout the basin.”

Stevens (1970, p. 167), writing on sedimentation and
tectonics in western yewfoundland, suggests that the possible
origin of the clasts in the breccias is "....the over-steepened
oceanward edge of a carbonate bank that provided detritus from
middle Cambrian to Middle Ordovician."

The only previous research on conodonts from the Cow
Head Group is reported by Fahraeus (1970). He studied a few
samples from the Ordovician part of the Cow Head Group and
compiled a correlation chart for the sequence. He found the
faunas occurring in the successionﬁto be BaltoScandian in
content. The correlations made by Fahraeus (1970), with
Balto—-Scandian and British time-stratigraphic units based on
conodonts from the Cow Head Group, entirely agree with the
correlations suggested by Kindle and Whittington (1958).

h Preliminary findings of the work presented in this
thesis\h

ave been reported by Nowlan and Fahraeus (1972).

(v). PREVIOUS CONODONT RESEARCH

This section is a brfef reviéw of studies which have

been published on conodonts of comparable age to those )
: .
collected from the Cow Head Group. )




Middle and Upper Cambrian:

Except for a few species described by Pander (1856),
which may be of Cambrian age, the study of conodonts from the
Cambrian is of recent date. '

M&ller (1959) reported several species of conodonts
recoveréd from Cambrian rocks of Sweden and North Germany.

In 1961, Cambrian conodonts were reported fromvNorth
America in a paper dealing with material from the Big Horn
Mountains, Wyoming, U.S.A., (Koucky,Cygan and Rhodes, 1961).

Poulsen (1966) described a few middle Cambrian conodonts
from unconsolidated clays on qunholm Island in the Baltic Sea.
Nogami (1966, 1967) has reported conodonts of Upper Cambrian
age from the Kushan Beds of China. Unfortunately, I have not
seen either of Nogami's papers, but they are reported ﬁere for
completeness. Clark and Robison (1969), described a few middle
Cambrian conodonts from the Emigrant Springs Limestone jin
Nevada, U.S.A. Clark and Miller, (1969), extended the lower
ranges of some Cambrian conodonts described by Maller (1959).

Miller (1969) has published detailed conodont
biostratigraphy of part of the Notch Peak Limestone, Utah,
U.S.A., He described several new genera and species of Cambrian
conodonts. Some of the forms reported by Miller (1969} occur
in the Cow Head Group. Druce and Jones (1971) have recently
reported Cambrian conodonts from the Burke River Structural
Belt in eastern Australia. ‘' Miller and Rushton (1933) report

rd

natural conodont assemblages from the Upper Cambrian of




Warwickshire, Great Britain,

Tremadocian:

Pander (1856) described conodonts from Tremadocian beds
in Estonia énd the Leningrad region. Further studies by Viira
(1966, 1967) detail more complete Estonian sequences. Similar
conodonts have been regorted from the Leningrad region
(Sergeeva 1962, 1963) and from Sweden (Lindstrgm 1955, 1960,
1964, 1971). .

In the United.states, Tremadocian conodonts have been
recorded from the Prairie du Chien beds of the Upper Mississippi
Valley (Furnish, 1938), the Stonehenge Limestone of Pennsylvania
(sando, 1958)Iand the Monocline Valley Fommation of Nevada,
(Longwell and Mound, 1957). ‘

The Columbia Ice-Fields section in Alberta, Canada, has
also yielded conodonts of Tremadocian age (Ethington and Clark,

1964). The studies of Druce and Jones (1971) and Miller {1969)

also extend into the Tremadocian.

Arenigian:
The volume of literature on conodonts sharply increases

in studies of Arenigian conodonts, and there are too many to

s )

discuss individually. Some of the publications more pertinent
to this thesis are listed: Branson and Mehl (1933), Bergstrom

{(1968) , Ethington (1959, 1972), Fahraeus (1966, 1970), Lindstrom
{(1955a, 1955b, 1957, 1960, 1964, 1971), Mound (1965, 1968),

SepQeeva (1962, 1963), viira (1966, 1967), Ethington and Clark

{1971), and Sweet and Bergstrom (1966, 1972).




CHAPTER II

METHODS OF STUDY

(i) Collection of Samples

A total of 156 rock samples were collected at fairly
closely spaced intervals. EFEach sample weighed approximately
5 kilos.

The Cow Head Group, in the study area, is folded into
a brecad syncline, exposing rocks of the same age on both the
northern and southern shores. The Middle Cambrian is, hpwever,
exposed only on the north shore. Both limbs of this syntline
were sampled for conodonts, thus giving two more or les#
correlative sections.

Samples were taken of both boulders anf§ matrix of
breccias, and also from the intervening limestones and shales.
The sampling interval varied, but was never more than two
metres or less than a few centimetres. As many lithologies

. /f

as possible were sampled. Vs
. e

The samples were generalfy crushed to fragments with
a diameter of about 4 cms., before being placed in a
labelled bag.

During the collecting, the entire sequence was logged
and mapped‘thus giving good lithological control above and
below each sample.

For details of the sampled intervals and a map of the

-

study area, see Fig. 3.
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(ii). Processing of the Samples

The ready-crushed samples were brought back to the
laboratory and placed in containers with a 15% solution of
Glacial Acetic Acid. Occasionally, samples were dissolved
in a 10% solution of Formic Acid. A small piece of each
sample was retained for reference,

The residue from disgolution was passed through a
250-micron mesh sieve, and washed. The residue in the sieve
wa; placed in an oven to dry. The dried residnue was then
separated in Tetrabromoethane (Sp. Gr.=2.92) and the heavy
fraction was washed with alioholkand inspected for conodonts.
Yields from the lower part of the sequence were generally
low, but some larger faunas were recovered from the

Ordovician part of the succession.
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CHAPTER III

GEOLOGICAL SETTING

The west coast of Newfoundland constitutes the western
portion of the tripartite division of the island proposed by
Williams (1964). It forms the relatively stable western .
margin of the paleozoic orogen. More recently, in a
discussion of the Appalachian Structural Province( Williams,
Kennedy and Neale (1973) divide the island into a series of
zones. Each zone has a distinct depositional and/or'structural
history. The west coast of Newfoundland is designated as Zone
A, which is more or less equivalent to the western divisipn
of Williams (1964). For illustration of the main geological
elements of the area, gee Fig. 1. A brief description of the
major components of the geoclogy of western Newfoundland follows.

The basement of the western part of Newfoundland con-
sists of complexly folded schists and gneisses, which are
intruded by granites. These granites yield Rb-Sr whole rock
and K-Ar ages of around 900my., thus indicating a Grenville
age, (Pringle et al. 1971).

An autochthonous sequence owerlies this basement.
Three units are recognised wiphin this segquence. The lower
unit consists of conglomerates and guartzites overlain by
volcanics and arkoses. The middle unit comprises a Cambro->
Ordovician sedimentary sequence of limestones, dolomites,
sandstones and shales. The lower part of this middle unit is

the St. George Formation which is composea of light grey,
evenly bedded dolomite and dolomitic limestone. This interval
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is interpreted as representing shallow water outer shelf
facies (carbonate b;nk). The Table Head Formation is the
upper part of the middle unit of the autochthon. This
%Prmation is about 335m. thick and rests with an erosionaf
disconformity on the St., George Formation. It consists of
a rubbly limestone at the base, which grades up into evenly
beddéd, locally dolomitic, limestone, which is in turn
overlain by tﬁinly bedded limestones and shales. The lower
part of the Table Head Formation represents a continuation
of outer shelf deposition. The middle and upper parts of the
Table Head Formation are probably upper slope deposits,
(Fahraeus pers. comm.). i

The upper unit of the autochthonous succession is a
clastic sequence which is fine-grained at the base and
coarsens upwards. The sediments in this unit are derived
from the east, which is in contrast to the lower and middle
units in which the sediments were derived from the cpntinental
side to the west.

The Cow Head Group is one of the three allochthonous
sequences recognised in western Newfoundland. Schuchert and
. Dunbar (1934) thought that the sediments of western Newfoundland
were a single succession ranging in age from Cambrian to
Silurian. Johnson (1941), Kay (1951), and Rodgers and Neale

(1963) all proposed that much of the upper part of the section

is not in place, but transported from a sedimentary basin to
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the east. Rodgers and Néale (1963) compared the ailoch—
thonouis rocks with the Taconic Klippe.

The transported seqyences now recognised are (Stevens
1970): (1) The Cow Hegd Group consistiné of a condensed »
succession of carbonate breccias, with intercalated thin beds

L3

of limestone and shale.
»

(ii) A c¢lastic succession of the Humber Arm Group, which
has a condensed sequence of carbonate breccias, limestone
beds and shale in its middle portion, known as the~Con's
Brook Formation (Stevens, 18970).
(iii) An ophiolite sequence.
s The Cow Head Group is thought to be allochthonous on
the basis of ci;cumstantial evidence. The basal contact is
not seen anywhere and no mélange zone has been noted in,isose
proximity, thus the existence of a thrusd cannot be established.
However, it is suggested that the Cow Head Group is a sequence
of deep-water limestones and carbonate breccias, and thus
depositionally "out of place" on the shelf succession of the
St. George and Table Head Formations. Stevens, (1970) related
the Cooks Brook Formation of the Humber Arm Group to the
Cow Head Group. He suggested that the Cook's Brook Formation
is a more distal facies of the Cow Head Grbup, and this inter-
pretation is followed here. The Cook's Brook Formation is
trahsported, (Stevens 1970), and this may suggest a similar
situation for the more proximal Cow Head Group.

Thus, the Cow Head Group was deposited in a basin to

the east, and has been transported westward by gravity sliding

.
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in the Middle Ordovician. T};e Cow Head Group -now lies on
top of the largely shelf deposited St. Georae and Table Head
.Forma'tions, from which thé breccias may have been partially
derived. (A later section in this thesis describes the
palecenvironment of deposition of the succession),

The Cow Head succession is overlain by un-named green
sandstones (Kindle and Whittington,A 1958), which crop out on
the shores of St. Paul's Inlet, (Fig. 2). These green sand-
stones are part of thé easterly derived clastics which make
up the upper part of the éutochthon. These clastics were

probably derived from the ophiolite3, which form the upper-
. /s [§3

I

-

most allochthonous slices, (Stevens, pers. comm.).. ~
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CHAPTER IV

STRATIGRAPHY

(1) '. INTRODUCTION: PREVIOUS STRATIGRAPHIC INTERPRETATION

The earliest stratigraphical description of the Cow
Head region is given in Schuchert and Dunbar (1934). As has
been mentioned above, they considered the breccias at Cow
Head to be talus and slides from a fault scarp. They re-
cognised a sequence of shales, limestones, and limestone
brecc1as occurrlng at Martin Point, Broom Point and St. Paul's
Inlet/See Fig. 2) as the Green Point Series. These outcrops
/interpreted as parts of the Cow Head Group (Kindle and

/Whlttlngton, 1958).

Johnson (1941) includes the sequence at Cow Head
as; a different facies\Qf the St, George and Table Head For-
mations, and describes two new gfbups for the rocks in the
area: the Green Point Group and the Western Brook Pond Group.

~Oxley (1953) recogﬁised two different Lower Ordovician
facies in the Iarea, but considered the Cow Head sequence to
be Middle Ordovician in age.

Kindle and Whittington (1958) first used the term
Cow Head Group, and rec:ognised the sequénce as a sedimentary

. ‘series ranging in age from Middle Cambrian to Middle Ordovician.
In this thesis the term Cow Head Group is used to refer

to the succession on Cow Head Peninsula, and this sequence is

herein considered to be the type-section. Other exposures
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of breccia occur above the lower Table Head Formation, from
Pistolet Bay in the north to Capé Cormorant on the Port-au~
Port Peninsula in the south (Fig.l1l). Stevens (1970, p. 170)
considers these breccias to be of a different origin and
generally younger than the Cow Head Group. The writer agrees.
The Cow Head Group is overlain by gre sandstones in
St. Paul's Inlet, but these do not occur at the type section

and have not been studied in this thesis.

(ii). DESCRIPTION OF UNITS

Kindle and Whittington (1958) divided the Cow Head Group
into a number of informal stratigraphic units termed beds.
This subdivision has been found to be largely satisfactory for
the present study, with a few exceptions (Table 1). For a map
of the distribution of the Units see Fig. 3. No conodonts
were found in the first five ;.mits of the sequence, and thus
the age of these is based on the trilobites reported by Kindle

and Whittington (1958).
UNIT 1

This is the oldest horizon on the peninsula. It is
exposed on the north-east shore, on the point north-west of
Tucker's Cove (Fig. 3). It is also exposed at low tide in the
eastern corner of Beachy Cove. This Unit is a limestone '

breccia (Fig. 4), with some boulders up to lm. in diameter.

Most of the smaller fragments are micrites and of a flat
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flaggy nature. Sporadic pebbles of calcarenite are present.
Between Units 1 and 2, there is about 15 cms. of

thinly bedded micrites and shales.
UNIT 2

This unit is another breccia, distinctive in that it
is entirely composed of flat pebbles which lie in the plane
of bedding (Fig. 5). It is only about 2.5m. thick. it crops

out on the northeastern %oint of the peninsula, and along

the shore in Beachy Cove. (Figq. 3)
UNIT 3

This wnit is also well exposed in Beachy Cove (Fig. 6),
where it forms the cliff and part of the foreshore. In places.
it\appears to consist entirely of bedded limestone and shale,
but these deposits are actually enormous blocks up to 50m,

-in length, (Figs. 7 and 8). This breccia includes many such
blocks of spectacularly folded, inper?edded micrites and shales
(Figs. 9 and 10). Many smaller flat pebbles are also present,
and these are composed of the same material as the large foid-
ed blocké. Unit 3 is in fault contact with Unit 4 on the east
side of Beachy Cove. v

Intercalated between Units 3 and 4 is a thin (70 cms.)
sequence of bédded”calcareous siltstone which is rich in_

authigenic pyrite and seemingly rather siliceous,
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UNIT 4
This uwnit exposed on the west side of Beachy Cove
where the strike swings from east-west to north-south. It
is a breccia with a maximum boulder size of about 1lm.
Several smaller boulders contain trilobite fragments. Most

of the pebbles are of a flaggy nature. ) ’
d

A thin (30 ch.), interbed of calcareous siltstone an

L ]
shale separates Uhit 4 from Unit 5.

oNIT 5 | :

This unit is largely a flat-pebble breccia (Fig. 11l),
with a few larger subrounded boulders (Fig. 12), some of which
contain trilobite fragments. The smalle; flat chips are mostly
clean micrites, but coarser grained sandy calcarenites occur
as well. Boulders of folded limestone are rare. The unit
varies in thickness from 12m. at its eastern extremity to
20m. on the shore .just east of the lighthouse.. This unit forms

r

a ridge running along the foreshore for about 400m.
UNIT 6

This is the first unit to yield conodonts, This unit
forms the low ground all along the wave-cut platform which
runs along the western égrt of the northern shoreline (Figs.
13a and 5). It is largely a successiom of interbedded micrites
and shales with scme lenticular limestone breccias. These

breccias are mainly of the flat-pebble type, but coarser

~

varieties do occur. Some of the lenses of breccia attain
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optimum convex thicknesses of over 10m. The whole unit is
‘ 67.5m. thick.

The thin bedded micrites in most places exhibit peculiar
uneven bedding surfaces, (Fig. 14), and may be folded in such a
way as to suggest soft-sediment deformation (Fig. 15). These
thin micrite beds are typically laminated, and many of them are
dolomitic.

A 3m-thick layer of quartz sandstone is present about
35m. \from the base of ¥nit 6 (Fig. 16). In its best develop-
ment,\this horizon consists almost exclusively of rounded and
well sorted quartz grains in a calcite matrix. Many of the
1sand grains are coated with pyrite, giving the appearance of
rounded pyrite grains, These quartz grains are common through-

out Unit 6 but are particularly concentrated in this horizon.

Crude cross-bedding has been noted in parts of this bed.

Under the scanning electron microscope, these sand grains show
characteristics of beach and dune sands, (R:M. Slatt pers.
comm.).

About 5m. above this sandy layer, a few thin beds
of finely interlaminated greenish mudstones and dolomites
are present. These contain quite a large amount of pyrite.
.Similar mudstones mark the top of Unit 6, where theyvare 
broken up and thrown into folds and contortions beneath the
coarse breccia of Unit 7 (Pig. 17). Several low angle‘fa;lts'

which thrust and dip northwestwards at about 25°, confuse the

&,
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r

section a little, but their displacements are not very large

(Fig. 18),

Unit 6 is traced to the north side of Tucker's Cove
?

(Fig. 3), where it is patchily /exposed north of the harbour
and next to the fault on the north-east point of the penin-

sula (Fig. 19). "

UNIT 7

This is a spectacular, :Rrominent bed of breccia up rto

<

201} thick. This breccia contains ‘b'oulders of white dolo- .
mitic limestone up to 4m. in diametér. The whiteness of the )
boulders makes Unit 7 very conspicuous‘ along the shore. (It
is a ‘boulder in this bed which was sha[ged like a ctow's head
that provided the\ inspiration for the; naming of the peninsula).
Unit 7 crops out along the cliff on the western end of the <
north shore, and is very prominent at the Crow's Nest. The '
exposure swings inland just east of the lighthouse and Unit

7 probﬂbly forms the conspicuous scarp which runs some distance
across the peninsulé. It is interesting to note that this
scarp is a beautifully presefved ra:ised sea-cliff (Fig. 21).
"Sub-fossilt” Lithothamnion was found on the vertical surface.
Unit 7 seems to thin markedly eastward and may crop out on

the south-east side of Tucker's Cove, as a much less coarse

breccia. .
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UNIT 8

The Point of Head (Fig.3) is partially made up of Unit
7, but it is largely formed by the overlying breccia sequence
of Unit 8. At the base of Unit 8,- there is about 35m. of
what is mainly a flat-pebble or flaggy breccia; (Pig. 22).

This par}: also contains more or less lensoid bodies of coarser
breccia with sub-rounded boulders. A few discontinuous layers
of thin-bedded mic:@tes are also present (Fig. 23). Most of
the pebbles are brown or dark grey micrites, A few of the
larger boulders in the lensoid bodies contain trilobite frag-
ments and other macrofossil fragments.

The somewhat discontinuous thin-bedded horizons running
through this part of the Unit demonstrate a considerable amount
of faulting, which is not readily recognisable in the rather
homogeneous breccia. The displacements of most of these north-
west/éouth—east trending faults is minor, so that samples
could be taken in stratigraphic oraer with a good degree of
certainity. The low angle faults mentioned in the discussion
of Unit 6 are.also present here and it is verg’ difficult to
pick out the amount of displacements in this éelatively
homogeneous mass (Fig. 24).

Above this basal 35m. of breccia is about 18m. of
interc#lated flat-pebble breccias and thin-bedded mi_crites
and shales (Fig. 25). The flat-pebble breccias contain

pebbles of clean micrites, dolomites and calcarenites.

Locally, rounded pebbles are present in some of the breccia










34.

and these include dolomites, micrites, and chert.

The‘thin beds of micritq intercalated in this sequencé
have unusual légfoid and "rippled” appearances (Figs. 26 and
27). Many of these features are probably due to compaction
causing bedding surfaces to warp somewhat. It is probable
t_hat"CaCO3 dissolution acted on some of the beds during and
after deposition. This process tended to break the beds into
a series of lenses. On some of these uneven bedding surfaces,
mud fills the depressions. This mud is- often poor in carbonate.
or completely noncalcareouﬁ. Vertical worm burrows are present
in some of the thin mic;ite beds as well.

Unit 8 also crops out at the eastern end of the penin-
sulg)’on the point between Little Cove and Tucker's Cove.

The character of the sequence changes considerably here, and
a large proportion of it consisys thin bedaed, laminated,
graded limestones with intercalations ofrsﬁale (Fig. 28).
Several beds and lenses of flat-pebble breccias are present’
(Fig. 29) along with a few much coarser beds with boulders up
to 1lm. across. This succession is well exposed in the cliff
behind the powerhouée in Little Cove and all along the fore~

shore of the point.” This complete change in proportions of

breccia to bedded limestone between the Point of Head and

Little Cove.illustrates the very rapid lateral facies changes,
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UNIT 9

Succeeding Unit 8 at the tip of the peninsula, is a
sequence of thin-bedded, laminated micrites intercalated with
shales which are locally graptolitic (Fig. 30). Lenses
of flat-pebble breccia occur and one very coarse breccia about
25m. from the base. This sequence is referred to as Unit 9.

The shales in this sequence constitute a greater pro-
portion of the thickness than in other units. The limestone
~ beds consist of brownish micrites and very dense, dark grey
micrites. Some of these beds are dolomitised. The limestones
are very well laminated, and this may cause a single bed to
look like a composite of a number of beds (Fig. 31). In most
places they exnibit a mottled appearance; the darker patches are

usually dolomitic. Vertical worm burrows are extremely common

in some of these beds. These limestones also show the uneven
bedding surfaces common in the upper part of Unit The whole
unit is about 27m. thick.

Unit 9 is also exposed to phe west of the "cabings on the
west side of Shoal Cove, and also all along the southern shore
from the east of Shoal Cove to ﬁhe sand bar where it attains
a similar thickness (32m.). Parts of the succession are-re-
peated by a number of faults. There is a greater proportion
of breccias in this exposure of Unit 9 (Fig. 32) than at the
?oint 6f the Head, and some are quite coarse, notably one with
boulders up to 2.5m. in diameter which occurs at the base (Fig.

33). The thin bedded limestones are relatively less significant
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in this section. They are usually brown and gray micrites,
but some graded bioclastic limestones occur as well. The
limestones are locally burrowed, and exhibit the features
attributed to solution and compaction in Unit 8, and the
easterly outcrop of Unit 9. A number of sﬁmples from this
unit yielded large faunas of conodonts. The contact with

Unit 8 is not exposed on the south shore.
UNIT 10

At the Point of Head, an overlying breccia horizon,
(onit 10), downcuts about lm., into Unit 9., This unit is
only 2.2m, thick at the P9int of Head, but it thickens west-
wards into Shoal Cove where it is about 5m. tHick (Fig. 34).
Several of the boulders in this breccia consist of interbedded
migrites and shales which are haphazardly folded in places.
Other boulders are commonly pale micrites with some macro-
- fossils, usually gastropods. The top of the bed is covered
by a layer of chert (Fig. 35).
'UNIT 11

This unit is a sequence of thin-bedded limestones and
shales, with rare beds and lenses,of flat-pebble breccia (Fig.
(96). It crops out along the Ledge and~along the shore between
Shoal Cove and Jim's Cove (Fig, 37}. " At the latter locality

it is gently folded. The limestones at both localities are

micrites which may be brown or dark grey and locally dolo-

v

ﬁitised. Some of the beds are lensoid with shale thickened
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N

above and below the thin interconnéctions of the lenses. At
The Ledge a ﬂf\ew prominent bgds o\f buff-weathering siltstone
rre present towards the top of tﬁe sequence. These distinctive
units occur 13m. from the top of the sequence/;on i:he south
shore. Unit 1l is about 13m. thick on The Ledge and thickens
to over 30ma on the shore between Shoal Cove and Jim's Cove.
This may suggest erosion of sediments or non—dgposition at the
easterly portion of outcrop. Beds at the base of Unit 11 at
The Ledge"are generally silicified,and entirely silicified
lenses of microbreccia -are to be seen. At The Ledge, an

overlying coarse breccia (Unit .12) downcuts about 6m. into

Uunit 11 (Fig. 38).
UNIT 12

This unit is very resistant to erosion and forms the
southern part of The Ledge, and the eastern headland of Jim's
-Cove (Fig. 3). ‘It is about 9m. thick at the Ledge and thins
to 3m. in Jim's Cgve. In both localities boulders up to 2m.
in diameter are found, and“include buff-weathering siltstones
like those of Unit 11, dolomites, breccias, micrites and rarely
chert. At the base of this bed there are large slabs of bed-
ded micrite and shale which give the appearance of having

been ripped off underlying strata at the time of deposition

of the breccia (Fig. 39). This wnit is repeated by faulting

on the headland east of Jim's Cove, T

ead
¥
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UNIT 13

Overlying Unit 12 is a series of thin-bedded micrites,
graded bioclastic limestones and shales (Fig. 40). 1In Deep | >
Cove this series appears to have been laid down ower an un-
even surface of Unit 12. This Unit can be traced for only
a short distance in Deep Cove. The Unit is 9m. thick at this
exposure and it is broadly fold.ed (Fig. 41). 1In Jim's Cove
the exposure of Unit 13 is rather poor, buf;l shales appear to
bemore dominant And the whole sequence is thicker. This
thickness is probably accentuated by faulting (Fig. 42), but
it may be as much as 12m. & simjle breccia unit within Unit

‘13'.occurs in Jim's Cove, below which there are limestqne shales
with beautifully preserved graptolites. On the east side of

Jim's Cove, there are thin-bedded limestones which stronqu"

resemble those of Unit 13 in Deep Cove. It appears that

more of Unit 13 was ripped up by Unit 14 in Deep Cove than in
Jim's Cove and it is probable that this accounts for the

difference in thickness between the two localities.

UNIT 14

,
This unit is a spectacularly coarse breccia (Pigs. 43

and 44) with boulders up to 20m. in. length. These larger
boulders are mainly composed of white micrites but a great
variety of lithologies is evident in the boulders. Several

masses of bedded limestone and shale are included in the
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breccia and they jare often contorted and broken up (Figs. 45

and 46). Other llithologies incorporated as boulders in the

breccia include pficrites, (as smaller boulders‘and pebbles),
calcareﬁit s, bioclastic limestones, flat—pebb;e breccias, and
rarely chert. A larger varietir of macrofossils are present in
the boulders in this breccia than in any other, One boulder

with crinoid ossicles was noted, and several with gastropods, ’

brachiopéds and orthocone nautiloids were obhserved. This is

the highest unit in the sequence,
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CHAPTER V

CORRELATION

’

(ii) Introduction - Comments to Correlation Chart (Table I

Correlations are made with the conodont zones of

Balto-Scandia, the mid-western United States and Australia.

A

Some explanatory comments on the correlation chart will be

] -

useful. The chart has numbered columns and these are

discussed belowu

_l.

The Arenigian and Tremadocian although described from
Great Britain, are taken as being applicable to Balto-
Scandia, since they have been used in correlation ofv
that area (Jaanusson 1960). -

The conodont zones are those of Lindstr8m (1971) with
the exception of the Paltodus inconstans Zone which was
described and defined by Bergstrom (1968). The zones
Baltoniodus triangularis to Amorphognathus variabilis
are not represented by their zone fossils in the Cow
Head sequence. This interval is filled entirely by

' species of the genus Periodon.

This column shows the units described in this study.
The abbreviations are: S = Staurograptus; D = Dictyonema;
I.c. = Isdgraptus.caduceus;-T.a. = Tetragraptus

approximatus.
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455. These show the beds described by Kindle and
hittington (1958) from the south and north shores’
. of the Cow Head Peninsula resgpectively.

6. The Trempealauan is difficult to correlate precisely'v
with the Cambro=xOrdovician boundary of Balto-Scandia.
' It is thought, howéver, to extend somewhat into the
) Tremadocian (Clark and Miller 1969; Jones Shergold and
. Druce 1971)

7. This column shows the possible correlationn of the
conodont zones in the mid-western United States
defined by Ethington and Clark (1971). The
difficulty of cdrrelating cratonic and extracratonic
faunas was pointed out by Ethington and Clark (1971),
and this difficulty is evident in this study, becéuse

. correlation with the mid-west faunas - is very poor.
. A stugy of conodonts from the Pogonip Group of Nevada
has, however, revealed faunas similar to those from
Cow Head (Ethingtdn 1972).

8. This column shows the stades set up by Jones, Sher-
gold and Druce (1971). The correlations shown are
based on the results of their study.

9. This column shows the conodont zones erected by
Druce and Jones (1971),. Correlation of these zones
is bagsed on that made by Jones, Shergold and Druce (1971).

®

Distinction of stratigraphic units on the Cow Head Tl
Peninsula is largely based on micro- and macro-faunas collected

by the writer, or previously described in the litéfature and

partly on ;ithological'evidence.
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(iii) THE UNITS
UNITS 1-5
Units 1 through 5 are lithologically distinct and can
be traced in outcrop along'the north shore of the‘Cow Head
' \dépthese

Peninsula. No conodonts were recovered from samples

units. The age relationships aré based on the trilobites

reported by Kindle and whittington (1958, Table 2, p. 319).

Units 1-4 are Dresbachian in age and fall in the Paradoxides

forchammeri Zone . Although this is the oldest date for the
Cow Head Group at ng Heéd, exposures at Broom Point and the
White Rock Islets (Fig.2) indicate an earlier age which is

equivalent to the Paradoxides davidis and Paradoxides hicksi

Zones, (Kindle and Whittington 1958, Table 2, p. 319).

Unit 5 is placed in the Taenicephalus sub-zone of the

Franconian, which Kindle and Whittington (1958) consider as
a probableé equivalent to Zone 4 of the Olenid Series in the

Swedish succession.
UNIT 6 ’

The oldést conodonté found in- the Cow Head sequence

occur a few metres above the base of Unit 6. The yields from
these lowermost productive samples are, hoﬁever, low and the
taxonomic'diversity of the fauna is rather loor. Characteristic

elements of the fauna are four types of the genus Hertzina,

distinguished by the presence or absence of anterior and/or
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posterior edges. Four form-species of the genus Proconodontus

are recognised, viz: P. burkei, P. miflleri mllleri

P. primitivus, and P. tricarinatus. These elements are
common members of the Upper Cambrian fauna of Unit 6.

P. millleri mﬁlleri is reported from the Notch Peak Limestone

of Utah by Miller (1969). Druce and Jones (1971) note the

occurrence of the other three Proconodontus species from

the Chatsworth Limestone of Western Queensland, Australia.

The low- yields from these Upper Cambrian horizons

»

preclude a precise definition of the Cambrian-Ordovician

boundary. Occurrences of graptolites belonging to the

genera Dictyonema 'and Staurograptus noted by Kindle and
Whittington (1958) close té the ﬁop ofrUnit 6 are in'the
Upper Cambrian, with the very top of the unit yielding
Tremadocian graptolites.

Unit 6 faunas are found along the north shore (Fig. 3{,
and were'aiéo indentified from a sample (#71) from the nofth
side of Tuckers Cove. This latter occurrence is noted from
beds adjacent to a fault on the nofth—east point'of the
peninsula. On the other side of the fault are beds described
as Middle Cambrian by Kindle and Whittington (1958), viz:
Uni?s 1, 2, 3, and 4. Thus, the Middle Cambrian is missing

due to faulting on the southerly limb of the syncline at

Cow Head.

Faunal correlations of Unit 6 between the north shore

f

and the _eastern shore of the peninsula are strengthened by

‘
!

I
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the existence of beds of identical quartz sands at both

locations.

UNIT 7

g
Unit 7 caﬂ be traced in outcrop from the Poipt of Head
to the scarp in the central part of the peniﬁsula, where it
gradually disappears under drift. The tracing of the east-.
ward extension of this unit is based.upon conodonts. A

thin breccia horizon crdps out just south of the harbour
(Fig. 3): above this are faunas characteristic of Unit 8,

and below there is a faunahwhich occurs in Unit 6. This
breccia is therefore in the stratigraphic position of Unit 7,
but it is not necessarily the same breccia as that deséribed
as Unit 7 at thé Point of Head.

At the Point of Head, Unit 7 yielded only specimens
belonging to the génus Hertzina, (thus not allowing precise
correlation) however, it is bounded below by the Tfemadociaq
graptolites and above by a fauna chgracteristic of Unit 8

(see below).

Conodonts occurring in Units 6 and 7 are: ( -

Hertzina spp. s.f.

Proconodontus buricei (Dfuce and Jones)s.f.
Proconodontus mllleri milleri Miller s.f..
Proconodontus primitivus ‘'(Mfiller) s.f.
Proconodontus tricarinatus (Nogami) 's.f.
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UNIT*8

The ﬁ&oconodontus - Hertzina association continues up
’ T

into the base of Uni; 8, where it co-océurs with Cordylodus

proavus s.f. This form species is regarded as the zone fossil
of the lowermost Tremadocian in the Ninmaroo Formation of

Queensland (Druce and Jones 1971). Cordylodus proavus is

the only addition to the fauna in the lower part of Unit 8,
and it appears quite suddeﬁly, with no apparent evolutionary

forerunner. Miller (1969) derives C. proavus from Proconodontus

notchpeakensis but this species has not been found in the

L4

Cow Head Group.
The Balto-Scandian zone equivalent to this fauna in

the lowermost Tremadocian’ is' the Cordylodus angulatus zone

{Lindstr8m 1971) This species is not reported from the
Cow Head Group. It is,‘Lowever, recorded in the Middle
Wafendian (Tab;e 1), in Austrélia, (Druce and Jones 1971), but
here it occurs much higher in the sequence, at a level equiv-

alent to the Paltodus deltifer Zone of Balto-Scandia.

The equivélént to this lower Unit 8 fauna in the mid-
western. United States is probably Faunas K and B of
Ethington and Clark -(1971). The correlation betwéen the
mid-western faunas ané those of Balto-Scandia and Cow Head
is very poor, however, because few forms occur in all the

regions.
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The upper part of the Tremadoc in Balto-Scandia is

defined by the Paltodus deMtifer zone (Lindstr8m 1971). No
drepanodiform elements, and only \;ery f-ew oistodiform elements
of this species occur in the Cow Head sequence. Other forms
characteristic of, but not rréstricted to this zone do,'however,

occur, viz: Oneotodus variabilis s.f. anéd Paroistodus

numarcuatus.

Representatives of the zone fossils far the Upper
Tremadoc of Au‘stralia esta‘bli’\s)hed‘by Druce and Jones (1971),
are r}ot present in the Cow Head sequence, although a number
of species recorded by them from this interval do occur.

The top of Unit 8 is marked by the first appearance

of the Balto-Scandian zone fossil Prioniodus elegans' (Table 1).

The top of Bed 8 (Kindle and Whittington 1958) is taken

at the first appearance of the graptolite Tetragraptus

dpproximatus. In this study Prioniodus elegans is found with-

in the T. approximatus zone and thus the boundary of bed 8/

bed 9 (Kindle and Whittingten 1958) is higher in the sequence
than that of Units 8 and 9 in this study (Table 1).

It is interesting to note that Drepanoistodus forceps

is relatively abundant at this level, whereas Lindstr8m(1971,
Figs. 1 and 2) indicates™~a peak of abundance of this species

at a higher level in the Baltoniodus navis Zone (Table 1).

Quite a diverse scolopoélid fauna is Present (see

" ligt below). All the form-species collected at Cow Head were
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recorded by Druce and Jones (1971) from the upper part of
the Warendian in Australia (Table 1), with the exception of

Scolopodus filosus s.f. The forms from the Cow Head Group

are quite persistent and extend higher than the Australian
forms, i.e., into the Lower Arenig,

The +op of 'Unit 8 probably lies in the Paltodus
inconstans Zone {(Bergstrom 1968), although no certain repre-
sentative of th;e zone fossil has b.een noted, No drepanodiform
elements and only very few oistodiform elements of this species

are found. The boundary between Units 8 and 9 is défined on

the first appearance of Prioniodus elegans. It follows, there-

fore that the upper part of Unit 8 must be equivalent to the

Padtodus inconstans Zone. Thus, Unit 8 spans the Tremadoc—

Arenig boundary.
Lithological correlations are impossible to make in

this unit, because -0of the great lateral lithological variation,

The fauna contained in Unit 8 is listed below:

Acodus gratus Lindstr8m s.f,

¢ Cordylodus proavus Miller s.f.

Drenanodus acutus Pander s.f.

Drepanodus arcuatus Pander

Drepanodus simplex Branson and Mehl s.f.

Drepanodus tenuis Moskalenko s.f. .
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Drepanoigtodus forceps Lindstr&m 4

Hertzina spp.

Oneotodus variabilis Lindstr8m s.f.

? Paltodus deltifer Lindstrén

? Paltodus inconstans Lindstr8m

Paltodus n.sp.A. s.f.
Panderodus n.sp.

Paroistodus numarcuatus Lindstr&m

Pronconodontus burkei (Druce and Jones) s.f.

Prohconodontus milleri miilleri Miller s.f.

Proconodontus primitivus (M#ller) s.f.

Proconodontus tricarinatus (Nogami) s.f.

Scolopodus bassleri (Furnish) s.f,

S. filosué Ethington and Clark s.f.

S. ~gracilis Ethington and Clark s.f.

S. iowensis (Furnish) s.f.

S. quadriplicatus Branson and Mehl s.f.

UNIT 9

Unit 9 lies entirely within the Prioniodus elegans Zone

and its. base is defined by the first appearance of that species.
No formal stages or zones have been designated for this part
of the sequence in Australia, so correlations on the basisg of

conodonts are impossible. P. elegans is reported from the
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Pogonip Group, Nevada (Ethington 1972).

P. elegans extends down into thf.' graptolite zone of ‘

Tetragraptus approximatus in the Cow Head sequence. This

graptolite species is recorded from Unit.9 by Kindle and
Whittington (1958) and the exist;ence of the lower Arenig
conodont P. _elegans has been established several metres below
their‘graptblite localities. Bergstrom and Cooper (1973,

Pig. 6) extend the P. elegans Zone down into the ecjuivalent

of the T. approximatus zone, and this occurrence at Cow Head

confirms that correlation.

Associated with Prioniodus elegans are a number of

specimens of Prioniodus navis s.f. Much higher in the sequence

this form species is considered to be an element of the multi-

element species Baltoniodus navis (Lindstr®m 1971). The form

occurring in the Cow Head Group appears morpholoqically the

same as the constituent élement of Baltoniodus navis. The
> _

multielement association of Prioniodus navis s.f. 1{is not

known at this level, but it may perhag;s be an evolutionary

"

forerunner to Baltoniodus navis.

Paroistodus proteus is regarded by Lindstr8m (1971),

‘as a yone fossil immediately below Prioniodus elegans, equiv-

alent to the Paltodus inconstans zone of Berg"s.‘trom (1968).

In the Cow Head Group Paroistodus proteus is recovered from

samples containing Prioniodus elegans and does not occur below




this zone, except in one instance on the Point of Head

(sample 8B, Table 2). Thus, the Paroistodus proteus Zone

(Lindstrom 1971) is not considered useful in correlation

of the Cow Head Group. The P. proteus - P. elegans zonal

boundary in the Balto-Scandian area is taken to coincide -

with the Tetragraptus phyllograptoides - Didymograptus batticus

graptolite zones, and to be located in the lowermost part

of the T. approximatus Zone (Bergstrom and Cooper 1973).

.Beds 8a-g (Kindle:  and Whittington 1958) are here in-

cluded ih Unit 9 on the basis of the presence of Prioniodus

elegans (Table 1). The base of Unit 9 is placed lower than
the base of bed 9 (Kindle and Whittington 1958) on the same

basis.

The fauna contained in Unit 9 is listed below:

~

H

Acodus gratus Lindstrdm s.f.

Acontiodus arcuatus Lindstr8m s.f,

Acontiodus reclinatus Lindstr8m s.f., - -

Drepanodus arcuatus Lindstrdm

Drepanoistodus forceps (Lindstr®m)

Oistodus brevibasis Serqgeeva s.f.

Oistodus lanceolatus Pander s.f.

Paracordylodus gracilis Lindstr8m s.f.

>

Paroistodus numarcuatus (Lindstrdm)

Paroistodus parallelus (Pander )
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Paroistodus gxotéus (Lindstrdm)

Prioniodus elegans Pander

Prioniodus navis Lindstr®m s.f.

Scandodus furnishi Lindstr®m s.f,.

Scolopodus bassleri (Furnish) s.f.

Scolopodus filosus Ethington and Clark s.f.

»

/
UNIT 10

Unit 10 is entirely defined and correlated on lithol-
ogical grounds. Only a few conodont specimens were recovered,

.but they clearly indicate the Prioniodus elegans zone.

The two multielement species identified are:

Drepanoistodus forceps (Lindstrdm)

Prioniodus elegans Pander

¢

UNIT\11

The next striking faunal change is the replacemént of

Prioniodus elegans by Prioniodus evae. This changeover takes

place just above the base of Unit li. This latter species
is stratigraphicaliy diagnostic in the Balto-Scandian area,
{Lindstr8m 1971) where conodont faunas of this type are

currently best known gummarised by Lindstr8m 1971). In the

Cow Head sequence P, evae is associated with the graptolite

Tetragraptus fruticosus. Bergstrom and Cooper (1973) report

‘P, evae associated with the index graptolites Phyllograptus

densus and P. anqustifolius elongatus in the Marathon sequence
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in Texas are equivalent to the upper part of the Didymograptus

extensus Zone, (Lindstr#m 1971) . Skevington (1963) correlates

D, extensus with T. fruticosus, thus P. evae occurs at
;pproximately the same level in the Cow Head Group as it does
in the Balto-Scandian sequence and the Marathon sequence of
the United States. P. evae is also reported from the Pogonib

Group, Nevada (Ethington 1972).

A few specimens of P. elegans extend into the base of .

the P. evae Zone.

Unit 11 yielded the following species:

Acontiodus arcuatus Lindstr®m s.f.

A. reclinatus Lindstr®m s,f.

‘Drepanodus acutus Pander s.f,

Drepanodus arcuatus Lindstr8&m

Drepanodus simplex Branson and Mehl s.f.

Oistodus lanceolatus Pandexr s.f.

Pariostodus parallelds (Pander)

Prioniodus elegaqg_Pander

Prioniodus evae Lindstr&m

Scandodus furnishi Lindstrsm s.f.

UNIT 12

This unit is within the Prioniodus evae Zone., A few

probable elementsfof Periodon flabellum were recovered from.




a boulder in the breccia of Unit 12. Only two elements of
the apparatus were found, so positive identification was not
made,

The small faunalfrom Unit 12° consists of:

Drepanodus arcuatus Lindstr&m

Drepanoistodus forceps {(Lindstr&m)

Paroistodus proteus (Lindstrdm)

?Periodon flabellum (Lindstr&m)

"UNITS 13 and 14 -

Unit 13 is a distinect lithological entity between the -
breccia of Unit 12 and the spectacular and distinct Unit 14.
The thinly bedded limestones and shales expesed in Jim's Cove

vield beautifully preserved Isograptus caduceus. The character

of the limestones in this unit is different to that in other,
lower,.bedded units. There is a mﬁch greater proportion of
graded bioclastic limestones, some of which are qﬁite coarse,

Unit 14, which is exposed on either side of Deep Cove
(Pig. 3) is lithologicallf a very characferistic breccia and
marks the top of the sequence. |

The faunas' recovered from these two units make
correlation with the Balto-Scandian sequence rather difficult..
None of the . zones worked out by Lindstrdm (1971) for tbe

Volkhov Stage (Table 1)'app1y to the Cow Head sequence. The
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deinant elements in the faunas from Units’' 13 and 14 are

representatives of the multielement species Perxriodon flabellum

and P. aculeatus. Both of these species co~occur in samples .

from Unit 13, and intermediate forms of some of the elements.

are also present.

Lindstr8m (1971) considers Periodon flabellum to be

abundant from the time of the Prioniodus elegans Zone to the

top of the Paroistodus originalis Zone. After which it be-
comes less abundant. Thus, this spgcies has quite a long
stratigraphic range and is of little use in correlation.

Periodon aculeatus ié,qot reported to occur below the Arenig-

Llanvirn boundary (Fahraeus 1970; Bergstrom and Cooper 1973).
At Cow Head the faunas immediately preceding this Periodon
fauna are of middle Arenigian age (see above). Since no
hiatus_hés been identified in the sequence fhe Periodon fauna
must represent much, ‘if not all of the remainder of the ‘
Arenigian and possibly some of the Llanvirnian. It is thus
rfther difficult to define the uppermost partvof the Cow

Head sequence chronostratigraphically, but it is probably very
close to the Arenig-LlanQirn boundary. )

The fauna contained in Units 13 and 14 consists of:

Acodus gratus Lindstr8m s.E£.

Acontiodus arcuatus Lindstrém s.f.

Acontiodus reclinatus Lindstr8m s.f.

Belodella sp. A Fahraeu5'1970 a.f.

.




Drepanodus acutus Pander.s;f.

Drepanodus arcuatus Lindstr&m

Drepanoistodus forceps (Lindstr®m)

Oistodus triangularis Lindstr®m s.f.
& .

Paroistodus proteus (Lindstr8m)

Periodon aculeatus Hadding

Periodon flabellum fLindstrém)

Scandodus furnishi Lindstr®m s.f.

Scolopodus gracilis Ethingtpnrand Clark s.f.

Spathoghathodus n, sp. Lindstr®dm 1960. s.f.




CHAPTER VI

PALEOENVIRONMENT: THE COW HEAD GROUP AS A CONTINENTAL SLOPE

DEPOSIT

(i) INTRODUCTION

'] The following discussion is based almost solely on

1]

7
field observation of lithologieés and large-scale sedimentary

structures. Only very cursbry studies have been made of thin-
sections aﬁd acetate peels. ”&t is believed that large-scale
sedimgntary structures proQidelgood evidence for the recognition
of the paleocenvironment. Recognition cof the environment of
deposition will provide clues to the paleoecology of the

. conodonts.

The nature of the breccias and thin-bedded limestones is
discussed, and an'interéretation of the depositional erwironment
is presented“with respect to origin, made of transport and
site of deposition. A brief section is devoted to conodont
faunal changes and tﬁeir possible environmental implications.

The lithologies have been described in a pfevious section,
and so it will suffice to.  summarise here. The Cow Head Group
is interpreted as a flysch séquence consisting of carbonate
breccia, graded bioclastic limestones, micrjtic limestones and
non-calcareous shales, with rare sandstones, shaly'limestones

and non-calcareous siltstones. Many of the limestones are

laminated and some are partially to completely dolomitised.

A
v
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(ii) THE BRECCIAS

-

The breccias are quite varied in form and provide'many
clues to the environmeht'of deposition. All transitions oc;nf/~
from flat-lying undeformed micrite beds, to beds deformed into
slump folas, to partially brecciated beds, to breccias. This

illustrates the obvious instability of the site of deposition.

(a) General Characteristics L, -

In ge;eral, the breccias form thin sheets, 3-20m thick,
witﬁ some smaller scale lenses up to 15m across., They are
contained in deep-water?‘thin-bedded limestones and shale. The
breccias usually have pfanaf bases, but some are seen to down-
cut substantially. Those breccias that down-cut still have
very even bases. Some of the ﬁieccias may exhibit an irregular

upper surface because of boulders projecting above the general

>

surface level (e.g. Unit 12).

Large pieces of bedded limestone and shale up to 50m.
in length are locally included as boulders in the breccia, (Unit
3). Boulders of breccia are sometimes included as boulders in
other breccias. Usually, several different.lithologies are
included as boulders in any one breccia, although one partic-
ular lithology may be dominant. In general, clasts range from
silt and sand size to huge blocks several 10's of metres across.
The most common clasts are flat, flaggy pebbles Qf micrite.
The matrix generéllyyconsists of micrite, but matrices of sparry

calcite are also present., No real grading is seen in the breccias
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although the tops of bedsare often composed of generally

finer material than the rest of the unit. No bedding planes

are visible within any .breccia: they all appear to represent

more or less single evgnts. A possible exception to this is
Y

Unit 8 at the Point of Head, where a generally homogeneous mass

of breccia appears to have coarser lenses within it.

(b) Types of Breccia

Two main types of breccia can be distinguished:

1. Marmy of the breccias afe of the so-called flat-pebble type.
This implies that most or all of the pebbles are flat frag-
ments derived from thinly bedded material. Usuallf, these
pebbles are oriented parallel to the bedding plane, b%ﬁ

sometimes they may be oriented in many planes.:

2. The second type of breccia is much coarser, and contain§'
large sub-rounded to sub-angular bﬁ?lders. There are
usually flat pebbles in these breciiks as well, and they

" provide a "matrix" for the coarsey'fragments.' The lithol-
-ogies of the sub-rounded boulderi/and the flat pebbles.are

\
usually distinct from one another.

Gradations between these two types occur..

(iii) THE THIﬁ—BEDDED LIMESTONES AND SHALES '

The most common lithology in the thin-bedded limestones

ig micrite; many of these are laminated. Graded bioclastic

'limestones occur sporadically in the sequence, Many of these

beds are partially to completely dolomitised; this is probably
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secondary, late dolomitisation which occurréd along porosity
routes opened up hy solution and faulting." |

°Many beds show features of bioturbation. The most
common are vertical or near vertical worm tubes which fre-
guently occur in large numbers. Of secondary importance, are
U—shapéd worm tubes which occur in several beds. Théy are

i+

‘never present in as great numbers as the vetﬁical worm burro&s.
These burrows are seen to disrupt laminations in the ﬁeds.

A peculiar feature of soﬁe of the thin beds, is a very
uneven bedding surface (Fig. 14). The relief on these surfaces =
is of the order of a few centimetres. They are interpreted as
being the result of dissolution. Non-calcareous muds have
been deposited in the hollows of the surfaces. Dissolution
seems to have had a siqﬁificant effect on the structures in
this sequencé. i
A In places the beds have pronounced "pinch and swéll"'
structures‘(Figs. 31, 40). n this case, the thin interconnec-’
‘tions bétweén the lense; are overlain by non—calcaredhs shale.
In its most extreme form, this feature breaks the beés up inta

isolated individual lenses. - This Boundinage—like structure
L ' <]

may be the result oF compression or solution, or both.

(iv) INTERPRETATION OF DEPOSITIONAL ENVIRONMENT

(a) Introduction

It is proposed that the Cow Head breccias originated as

gravity slides from the shelf and upper slope and were depos-—

<

ited on the lower continental siope. The thin bedded carbonafes

"
‘
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. and non-calcareous shales are 1arge1y considered as lower
cont1nenta1 slope deposits, some of which. ngay have been

laid down by _turbldlty currents. The action of bottom currents
is thought to be considerable in terms of deposition and
reworking of the lower slbpe sediments. o

The depositional history of‘ the Cow Head Group is

b
discussed under three headings: ' (1) Detachment of blocks

and initiation of movement; (2) Transport mechanisms;

(3) Site of deposition.-

(b) Origin and Deposition of the Cow Head Group

(1) Detachment of Blocks and Initiation of Movement

The breaking of blocks from the shelf edge was probably
a result of earthquake shocks. The detachment mei;hanism is
unlikely to have involved wave action, because none of the
blocks show feat\ures of subaerial exposﬁre; Evidence of the
blocks being algal coated, bored or reworked extensively is
also lacking. Collins and anith (1972) suggest that the -
western platform was elevéted -above’ sea level, however there .. _
is ndthing to suggest this in the blocks at Cow Hez@. Thus r’
response to garthquake movements is- considered the most
likely meaﬁs of detachment of blocks from thé she}:f "edge.r

In many breccias there appear to be two distinct types
of boulder (Chapter VI ii b); .

(1) 1large sdbrounded or subangular boulders often containing

" macrofossils which are herein interpreted as shelf




lithologies (see below).

2. Flat pebbles (usua>11y micrite) which are herein interpreted

as s’lépe lithologies (see bélot_v).

Other factors may have contributed to the initiation
of movement as well as earthquake activity, e.g., slope
material onto vhich the shelf bhlocks,fell may have had in-
creased pore pressure,.and required\ Is'\ittle more than a trivial

[
J

trigger to start movement downslope, |

(2) Transport Mechanisms

With regard to tran;sport, the weight of evidence points
to the suggestién that the breccias are mass grav'ity flbws.
It is evident that; large volumes of mud to boulder size deb.ri's
have méved downslope, resultimj in poorly sorted, unvgraded, 7
planar units. These characteristics are considered indicative
- of mass flow (Dott 1963; Mountjoy et al. 1972).

Dott (1963) divided submarine gravity movements into
four intérgradational types: 1. Rockfalls, 2. Siides and
Slumps; 3. Mass Flows; apd 4. Turbidity Flows. Thes‘e typés

dependa‘updn the behaviour of t#he mass in clastic, plastic or

viscous fluid flow, and on the. physical interaction between
solids and fluids. All thes‘e types of motion are intricately
related and prov1de a wide var:Lety ‘of types of dep051ts (Fig.51).
In terms of the Cow Head sequence, mass flow is regarded as ®

the most important type of transport process.




Mountjoy et al. (1972, p. 184) discuss the Devonian
Ancient Wall megabreccias of Alberta and list features which
: a . .

they suggest are indicative of mass flow. These features

are listed below and their applicability to the Cow Head

breccias is obvious:

disoriented clasts surrounded by lime mud matrix (para-
conglomerate texture);

N
wide variation in size of clasts from silt size to boulders

.up to 25 x 50m. and larger;

boulders and blocks are predominantly angular to sub-
angular;

complete mixing of a wide variety of clasts during movement;

lack of stratification and sorting, except poor grading;

which sometimes occurs at the top of a few deposits;

distinct boundaries and relatively planar lower boundaries;
lack of disruption ‘of underlying strata;

transport over low slopes;

known lateral extent of a few kilometers.

The paraéonglomerate texture is evident throughout the
- Cow Head sequence (e.g. Figs. 4; 5,‘,12, 22) and a wide var-
iation —in the size of clasts is common (e.g. Figs. 20, 22).
‘Boulders in 'tﬁe breccias are dominantly subangular and there
is often a Qide variety of cllasts., although one lithology is

usually dominant. Grading is essentially absent in the breccias
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T

of ‘the Cow Heéd Groui), and boundaries are almos’always

planar (Fig. 32 and Fig. 43). The planar na}:ure.o‘f the
boundaries obviates a lack of disruption of underlying strata.
The interpretation of the Cow Head breccias as lowgr slope de-
posits suggests that trémsport took place over low slopes.

With r_egard to feature 9 in the above list, exposures of the
Cow Head Group are known over a considerable lateral extent
(Chapter III). In conclusion, it seéms reasonable to

interp;et the Cow Head breccias as mass gravity slides.

The Cow ﬁéad Group is not a turbid.ite successionA although
turbidity currents, as such, were.,probably associate.d with the
mass flows. There are extremely few flute casts or tool marks
at Cow Head and cross bedding is rarely seen, Hdre_-or less
microscopic grading is present ibp several thin carbonate beds,
and this may be the feéult of turbidity currents. The classic
Bouma sequence (Bouma  1962) is never seen.

‘Submarine rockfall (Fig. 51), a process of féllingl or
freefall of individual clasts maiy have‘ contributed 1n a minor
way as an agent of tr;nsportation, since, in some places,
isolated boulders are seen within bedded Yimestones (Fig. 47) .
These must have rolled as individual blocks before or after a
n'lass flow. . 7 -

Hhs gra;rity flows with aésbéiated mino; turbidity flows
are cqns.idered to be the volumetrically most important trans-

portation agents 'in the Cow Head sequence.

°
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The wide distribution of bottqm cﬁrrents at the present
ime suggests that they were probably active in the--past as
ell. The importance of these bot tom currents has been point-

ed out i.e. by Heezen (1968), Stanley and Kelling (1969) and
Stanley and Unruqg -(1972). The latter authors (;972, p. 294)
state: "bottom photographs. and cores indicate that tﬁere are
very few areas not in some fashion affected by the movement
of water masses‘flowing above the bottom."” Bottom current;
are produced by differences in density 6f water massei or by
differences in surface level or both. Velocities up to 1m.

-

per second have been récorded (Heezen and Hollister 1964).

Althouéh‘the activity of bottom currents in the geological
record has not fealiy been documented, they may have been
important sediment movers and redistributors in the Cow Head'

:“gequence in between mass flows. Evidence of their action may
be suggested by the existence of ext?emely‘weli sorted pseuddo-
pellets in the laminée of the thin bedded limestohes, (Fahraeus

et al. in press).

Thus,it is suggested that<the Cow Head succession was

transported hy mass gravity slides, with relatively minor

additions of sedi@ent carried by turbidity asd bottom currents.
‘Knowlédge of theée transport mechtnisms is still sketchy,

but they appear to be the most likely processes activg in the

transport of the Cow Head sediments. - .

RPN -J‘."‘f---f.j‘-’_‘-l\




(3) Site of Deposition

The ungraded well sorted micrites present in the Cow
Head sequence are interpreted as pelagic and hemipelagic
sediments deposited along with non-calcareous shales in
lower continental sldpe environment. )
Many of the thin bedded limestones exhibit uneven  bed-

ding surfaces which have been interpreted as_su;faces of
Cago3 dissolution (Chapter VI, iii). This suggests that de-
position and consolidation took place close to the carbonate
compensation depth (Berner 1971, p. 63), which represents the '
E%pth where CaCO3 is dissolved aé fast as it is deposited.
The measured dépﬁh of the compensation point varies and 6f;en
persists aﬁ depths far below that where the water becomes dis-
tinctly ﬁndersaturated {Berner 1971). Cold water currents
may also inhibit deposition‘Of carbonate.

The thin bedded limestoﬁes and shales ‘lack macrofossils
with the exception of graptolites. This mayAsuggest that they
were deposited in "deep water." Macrofossils are, however,

quite -abundant in some of the blocks in the breccias and a

a
.

shallbwer water origin (possibly shelf) is*invoked for these. -
It is suggested that the breccias are contained in "deep

'water",sediménts. .

The Cow Head sequence which is only abeout 300m. thick

represents a‘long period of depositibn {Middle Cambrian to

Middly Ordovician). A depositional rate of this order is

o
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, typicél of the continental slope. Seismic reflection profiles

show that the continental rise south—eaét of New Englénd,'fo;
example, is a sediméntary sequence 1.6 kms. thick, whereas
the slope is venéered by only 0.4 kms. of sediment. . It seems .
obvious that the boeread?Group cannot represent a rise de-
posit, and since it is contained within probéble deep‘marine
sediments, it seems Likgly that it is a cohtinentél slopé de-
posit. N
. Purther evidence that the sequence was deposited on

a continental slope is provided by the thin bedded limestones.
Lateral persisterncy of-strata is regarded as being indicative

of a lower slope environment, whereas the upper slope is

dominated by channel deposits (Stanley and Unrﬁg 1972). At

Cow Head several domiﬁantly thin bedded units can be traced

‘acréss the peninsula. Shales containing the samevgraptolites

as Unit 13 have been feported from St. Paul's Inlet (Fig. 2)
by Kindle and Whittington (i958). ‘Many of the breccias are
also quite continuoﬁs, eg., Unit 7. A |

Stanley and Kelliﬁg (1969) ﬁound that core_sampleé
from the lower part of a modern slope commonly revealed
lamination and bioturbation. Indeed, Stanley and Unrpg (1972)

consider bioturbate structures particularly common on the

. lower slope. A large proportion Qf the thin bedded limestones

P

at;de Head are laminated, and they locally exhibit burrows dis-

ar

rupting the laminae.
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Gravity slides and slumps are most common on the

lower slope (Stanley.and Unrug 1972)3‘ The fact that much of
the Cow Head -Group was deposited by this mechanism further

. )
reinforces the lower slope as the gite of deposition.

" (c¥ Faunas and Environmental Change

Cloée to th%‘toP of the éec;idh, between Units 12
and 13, there is an abrupt change from a Prioniodus dominated
faun; to an overwhelmingly rich Periodon fauna. This appears
to reflect'a shaylowing of the depositional environment.

Baénes nd Poplawski (1973) ﬁlace‘Periodon forms in a
shallower water environment than Prionjiodus forms. A
Periodon fauna occurs abundantly in the Téble Head Fofmation
fFahraeus, 1970). This Formatiopn is‘cons%dered to be gn ‘
upper slope aeposit at the fime of the abund;nt occurrence
of Periodon (Fahraeus.pers._comm.). Sincé the Cow Head Group
is interbrétqd,as a lower élope deposit it seems pqssible
that the water-depth shallowed somewhaf towards the top of
the seQuence,.iié. after Unit.lZ was déposited.

Some evidence of shallowing can be seen in the_lithol—

~ ogies of'Uhits 13 and 14. Unit 13 contains a much greater

proportion of bioclastic limesﬁone than underlying thin bedded
units. Boulders in Unit 14 yvield a much larger number'aﬁd_a

greater.diﬁe:sity of macrofossilé than previous breccia units:
crinoid stems, orthocone nautiloids; gaSterods and trilobites.

. [ . .
‘have all been found. These two factors may indicate a greater

P
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_this is a diachronous disconformity, its earliest ocdurrence

78.
", ’
proximity of the depositional environment to the shelf, and

thus shallower water.

This change in the environment was probably associated
’ (S + -
with early tectonism involved with the start of the movement

of the klippen. At the same time as this faunal change takes
place at Cow Head, elsewhere, easterly derived flysch first

appears, This fiysch is associated with uplift of the

ophiolite assemblages to the east (R.K. vens pers.  comm.).

is in the late Arenig, (Fahrgeus pers. comm.). <Both
events suggest uplift, and since they are penecontemporaneous
with the abrupt faunal changé in the Cow Head seéuence, it is
suggested that uplift of—the~con£inental slébe 6CCurred in
upper middle Arehig times, placing the sequence at Cow Head,
in shallower water. This situation persisted throughout the

upper Arenig.
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‘ CHAPTER VIII

TAXONOMY

(i) PREAMBLE

Conodonts are one of the largestﬂand most importafit
group of fossils about which lt:he zoological affinities are
unknown. Many suggestions have been made to rectify thié,
but so far, none has proved satisfactory. Pander (1856) and
UlrichH and Bassler (1926) regarded conodonts as fish teeth.
Otﬁer hypotheses have suggested affinities witﬁ annelid jaws
(Scott 1934), compoﬁents of a gastropod radula (Loomis 1936)
and copu»la‘tbry,spicules of worms (Denham‘ 1944). ‘Lindstrgm
(1964) proposés a conodont supported organ which resembles
a lophophore (feeding apparatus) such as exists in bryozoans,
brachiopods and the hemichordates, It is known that conodon;s
had bilateral symmetry, that they were marine and that they
were internally secreted by the conodontophorid, however,
the exact bioclogical affinities remain obscyre,

One of the problems common in Paleontoleogy is the
gquestion of how to élassify parts or traces of organisms which
are out of association with each other or with fhe whole |
organism. It has long been’ realised that conodonts occurred
in complex assemblages or associations in an animal. Generally
speaking', couodoﬁts afe, however, found as isolated elements

=

and not as complete apparatuses, thus the classification has
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had to be based on these elements of unknown.relationship.
The inevi£ab1e result is that different "species" and
"genera" are routinely based on what were parts of a single
ahimal.

| Panider (1856) believed conodonts to be teeth of an
extinct group of fishes. The simple conical conodonts whith
he collected from the Ordovician do resemble fish teeth, and,
since many modern fish have only one kind of tooth, he con-
cluded that only conical teeth existed in one animal. He
thought that the clas;ification of conodonts would alwavs be

"precarious and arbitrary,” because we might never know what
the animal looked 1like.

Hinde (1879) proposed a multielement concept of a
conodont species, which is that several isolated individuals
were part of the same animal. He still named the individual

elements in the species, but he grouped them together into

a multielement species. Although Polygnathus dubius Hinde

(1879), was the first multielement conbdont species described,

it had little influence on the subsequent schemes of taxonomy.

Later workers, Juch as Ulrich and Bassler (1926} be=

lileved that the genera and species they déscribed were quite
natural.~ Indeed, in 1925, Bassler had produced a classification
of single conodont elements which he believed to be entirely
natural. Somewhat more-recently, it has been realised that

the taxonomy used for isolated conodonts is a case of form-

Y




genera and form-species. In addition, assemblages have been
described from seve;al localities and, in classifying these,
the aufhors regarded them as natural genera and sﬁecies.
Schmidt (1934), reported natural assemblages fx';om the Upper
Carboniferous of the Rhineland in Europe, and Scott (1934)
reported them from a similar level in Montana, U.S.A. These
reports of natural assemblages occurring on rock surfaces were
not immediately accepted (Branson and Mehl, 1936), but they
were subsequently reported frequently with the same elemental
composition, and thus proven to be natural.

Presently, then, there exisfs a dual form of taxonomy
for conodonts: firstly, those names which-refer toc isolated
elements, which are form-genera and form-species, and secondly,
those names referring to assemblages which are regarded as
natural genera and species. Quite obviously, it is undesirable
to have a dualism in the classification.

A natural classification.is essentially a biological
one, making allowance for the recognition of bioclogical
affinities and evolutionary trends. A simply utilitarian
classification of conodonts is necessarily based on strict
morphological criteria and, as such, it is less valuable in
a biological sense. It is impossible to.,denote an

evolutionary trend in a utilitarian classification except

by the erection of sub-species, and this could become gquite

cumbersome.
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This :éther confused situation has been the case for
several years and, during this time, many attempts have been
made to ratidnalise it. It might be said that none of these
attempts has been very successful, becausé the utilitarian
and natural classifications are still being used side by side.

In naming a conodont assefblage, Rhodes (1952), used

a new generic name for it, Scottognathus , which bore no

relation to the coquont elements it contained. The pre-
cedent for this se#t of pggcedure“had been set by Scott (1942),.
The use of an gntirel§ new name. in this situation is a clearf
contravention of the International Rules of Zoological Nom;
enclature, and this opinion was expressed by Sinclair (1953).
He voiced the view that it was desirable, indeed, ﬁeceséary

to abide by the Rules, and to use the name of the first-
described species in. that assemblage, according,ta the Law

‘of Priority. Thisﬂis legally the correct course to‘ take and

~reduces Scottognathus to a junior synonym.

Rhodes (1953), in reply to Sinclair (1953), voiced his
objections, although he did accept that Sinclair's (1953) pro-
posals were theorefically preferablé. He made the valid point
that a single form-genus might be present in many different
aésemﬁlages, and that confusion might arise from "double" use
of well known form-genera. Despite Rbodes' objections, I
think it is really undesirable to have nomenclatural rules

for paleontologists which differ from those governing
2
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zoologists. It seems to me that it is better to attempt a
natural classification by reg;rding concdont assemblages as
natural taxa, and p;oceed with a natural classification from
that assumptién.

. .

In the pasf, attempts have been made to preserve

rather than to replace the duality in conodont taxonomy.

Moore and Sylvester-Bradley (1957) submitted a proposal to

the International Commission on Zooleogical Nomenclature,
suggesti&é that units of nomeh&lature called "Parataxa"
should be included in the Rules; In other words, they suggested
a kind of special treatment_for conodont workerst These\
- parataxa exist in botanical nomenqlature'?or such things as
isolated sporeé. This proposal was rejected by the Commission.
Some quite wild suggestions have been made: a notable
'one by Moore (1962). He suggested that oné should regard both
taxonomic systems as "natural,"” but that one should kézp the
individual felements found in an assemblage taxonomically
separate from known "isolated" species. This is purely dis-
honest and as Lindstrom, (1964) states: "...the serdousness
of the éigﬁation is underlined when Moore, who is one 6f'the

most outstanding paleontologists of our time, should have

to present a solution that is so desperate." It does seem

that a natural system is the most desirable, and the present
tendency is to attempt a natural classification as often as

possible. It is also evident, however, that it may -be
n , { K

f o
\
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difficult to erect a natural system because of t -1§ck of .
muchvdetailed knowledge, and the relatively few appeafaﬂées
of conodont assemblages. |
In the erection of a natural system of classification
criteria must be established and the intricate problems must
be recognised. Seyeral avenues of approaqh are available
to us, and fhese include: '
1. E#tensive.studies of avilable natural assemblages.
2. Reference to morphology of individual conodonts.

3. Reference to morphology of conbdbnt assemblages as a whole.

4. Possible reconstruction of lines of evolution of \\
individuals and assemblages.

5.  Statistical reconstructions @f related elements and

2~

assemblages.
6. Examination of detailed microétructure.

In ahy case, it should be a slow step-by-step progres-
>sion from the utilitarian single element classification to
the natural‘multielement classificatfon. It would bé best
to let changes come gradually, and for any modifications to
be based on extremely good and convincing research material.
I 'do not think that there is need for official protection'of
the utilitarian approach, or a need for drastic and immediate
changes to bring about a’multielement classification. Some-
times materia}\may be insufficient, or the approaches used
may be wrongly based in the efforts to get a fotally mul €4 -

element system into operation quickly. Numbers of speéimens

4
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must be large, and a biological approach must be éﬁployed.
Wifh respect‘to material from the Gow Heaa Group,
yields of conodonts are generally small, and so difinitive
statements of multielement taxonomy are difficult to make.
The multielement species erected by Lindstrom (1971), are

followed, with reservations, wherever it is thought-reasonable
L - _

N

to account for their identification. The samples from Cow
Head on the whole vield much too sparsely to make it possible
to comment more than briefly on the species erected by Lind-
sﬁrgm (1971). However, I think it is worth, commenting on
the approaches used to arrive at these species.

/Lindstrgm (1971) used samples f;;m the Volkhév and

Kund ﬁStagés of the Afenigian (see.Table 1) which are very"

in conodonts. He first recognised that a "constant
agsociation could be ®established between certain form spécies
present in greater,numbers than 5 to 11 in the samples." It
is after he reconstructs these numerical associations, that

¥,

.he recognises homologous elements recurfing in apparently
ferated apparatuses. After following these two steps,‘he
/ erects taxonomic relationships. . I feel this to be somewhat
the reverse of ‘the way in which these -studies should be
/// ) approached. Primary importance should be placed upon the
'
// symmetry and symmetry transitions of individual.elements. An

examinafien of symmetry will often reveal evolutionary

lineages and associations. Subsequent to the study of morphology

and -
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symmetry, one should look for constant associations of ele-
ments, and compare these toc previously established evolutionary
lineages. Speciation is evolution, thus it is obvfoué that
identification of natural species should be primarily con-
cerned with evolutionary lineag;s. Simple co-occurrence in
a series .0of samples does not necessarily indicate a biological
relationship. v .
In addition, I believe Ehat many of the multielement
species described in the literature to date, may réally be
at the generic level. This may be so, beéause individual
fo?m—species showing a high degreé of variability are grouped
éogether into assemblages, thus making it possible that species
exist within a multielement species.’ The variability of a‘
single isolated element may thus be reflecting the existence
of many more multieiement species than we presently recognise,
This factor is compounded when we group several variable

individual elements together. It is, of course, realised that

given presently available material, it is very difficult to

.work out many multielement species,

All this is not to say that multielement taxonomy

" should not be attempted, but the results and methods of such

attempts should be carefully scrutinised.

In the présent study as many of Lipdstrdm's (1971)
multielement species as possible are recognised and remarked
upon. The elements which do not fit int® any known multi-

element species are listed under fQ{m taxonomy. Following
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Lindstrom's taxonomy constituent elements are referrxed to

by attaching the suffix "-form", to the name of the form-

genus they resemble. The term s.f. (sensu formo), is used

o

whenever referring to a form-species.

A chart showing the actual numbers of each species

-

obtajned from productive samples is provided as Table 2.
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(ii) MULTIELEMENT TAXONOMY .

i

DREPANODIDS: N ' L.

s v

According to Lindstrom (1971) the drepanodids are

divisible into twovgroups viz. the Drepanodus Group and the

Paltodus Group.

"The group represented by Drepanodus has é Scandodus-1like
oistodiform element. Representatives of this group have a
less wide base than those of the other group. There is a
tendency to develop postero-lateral costae, The other group,

represented by Drepanoistodus, Paroistodus and Paltodus, has

Oistodus—like oistodiform elements and wider base with a
somewhat shallower basal cavity than that found in repfesent—

atives of the first group." (Lindstr8m 1971, p. 41).

Drepanodus Group

Genus Drepanodus Pander, 1856-Lindstr6m, 1971

Type species: Drepanodus arcuatus Pander, 1856

DESCRIPTION: '

The apparatus consists of a drepanodiform and an
oistodiform element. X

In th drépanodiform element the basal cavity is conical
and deep. Thg axis is curved. The base is little wider tban
the cusp,. \It is sub-Bymmetricél with rounded lateral faces

s/

rJ
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and sharp anterior and posterior edges. There may be a

fold or a notch on one side of the base.

The oistodiform element is markedlz,akymmetrical.
The base is offset from the cusp. The chsp is more or less
straight, with an outer rounded faée.‘ The inner face has
shallow rounded grooves along'the margins.” The cusp may have

fine costae‘posteriorly.
1

The Genus Drepanodus contains some of the’largest

-
conodont elements known.
]

4

Drepanodus arcuatus Pander, 1856, Lindstrom, 1971
Pl. 2, Figs. 11-13, 17.

Lindstrom's (1971 description comprises the following form-

species:

Drepanodus arcuatus Pander 1856, p. 20, Pl.hl, Figs. 2,4,5,17.
Lindstr®m 1955a, p. 558, Pl., 2, Fias. 30-33;
Text: Fig. 3J.

N n
Drepanodus cf. arcuatus Pander, Lindstrom, 1955a, p. 560, Pl.2,
Figs. 45, 46; Text: Fig. d4c.

Drepanodus flexuosus Pander 1856, p. 20, Pl. 1, Figs. 6,7,8.

Scandodus pipa Lindstr&m 1955a; p. 593, P1. 4, Figs. 38-42;
Text: Fig. 3P.

. ., B "
Drepanodus sculponea Lindstrom 1955a, p. 567, Pl. 2, Fig, 40;
) Text: Fig. 3L

This species includes acostate, simple elements with
long and slowly tapering cusps. The lateral faces are well
rounded. The cross-section is lanceolate to comma-shaped.

"In the drepanocdiform element, the basal cavity may be

R




about as deep és it is wide antero;posteriorly. (It is
.curved with its tip near the anterior margiﬁ. The base does
not- flare much, but forms a slightly bulging continuation of
the smoothly recurved outline of the cusp. There may be a
slight. notch or undulation on one side of the margin of ﬁhe
basal cavity.

The oistodiform element Scandodus pipa s.f. is shaped

like a smoking pipe‘wifh a slightly lateral twist. The cusp

is nearly straight and markedly reclined. The base is sub-

7

quadratic in lateral view. The width of the basal cavity is
greater than the depth. It is deepest and widest posteriorly
§

and ends as a shallow groove at the anterior bhasal angle.

The form-species Drepanodus sculponea is included

in this species.

]

REMARKS:
The drepanodiform elements are well represénted in

the Cow Head material; largely by the form-species D. arcuatus.

The oistodiform element occurs concurrently with the
drepanodiform elements in several samples.
, 2 o
Lindstr&m (1971) is uncertain about the inclusion of

*the form-species D. sculponea in this assemblage. At Cow Head

this form occurs in frequent association with the above forms
. and it seems likely that it made up part of the natural

assemblage. The similarity of S. pipa to D. scuiponea in

symmetry also suggests a relationship.




" OCCURRENCE:

Un;ts 8, 9, 11, 12, 13.

MATERIAL:

51 drepanodiform elements

44 oistodiform elements.




Paltodus Group
"The basal cavity is larger in representatives of this

group thanin those of the Drepanodus Group. This is par-—
ticularly evident in the oistcdiform elements, which are
further characterised by a sharp, pointed anéle posteriorly
at the base of the cusp. The drepanodiform elements ma};
carry a sharp costa on either ‘or both sides of the cusp.®
(Lindstr8&m 1971, p. 42)

L

Genus Drepanoistodus Lindstr#m, 1971

Type species: Oistodus forceps Lindstrbm,

DESCRIPTION:

The apparatus consists of a drepanc;diform and an
oistodiform eleme?xt.

Drepanodiform elements are unornamented except for a
few specimens. which bear a costa on one side. The base of
oistodiform elements is extended antero-posteriorly. Cusp
and base meet at a sharp angle posteriorly. A few specimens

. have inverted Easal cavity anteriorly.

Lindstr8m (1971) states tHat drepanodiform elements
outnumber cistodiform elements by 2:1 or 4:1, but this> is
not the case in this study.

Drepanoistodus forceps LindstrSm 1955 --Lindstr&m 1971,
P1. 3, Figs. 11-15. *

In his description Lindstr8m includes the following

“n

form-species:

Qdstodus forceps Lindstrgm,1955a, p. 574, Pl. 4, Figs. 9-13;
Text: Fig. 3M.

1)
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Acodus deltatus Lindstr®m, 1955a, p. 545, Pl. 2, FPigs. 27-29

Drepanodus homocurvatus Lindstr&m 1955a, p. 563, pPl, 2,
Figs. 23, 24, 39. Text: Fig. 4d.

Drepanodus planus Lindstr&m, 1955:3_, p. 565, P1l. 2, Figs.
35-37; Text: Figu. 4a

Drepanodus suberectus (Branson and Mehl, 1933), Lindstrbm,
S 1955, p. 568, Pl. 2, Figs. 21, 22.

~

N
DESCRIPTION:

The drepancdiform elements are recurved, slender and
have slende: lanceclate cross-section. The antero-basal
angle is 90 degrees or less. The aboral margin is curved.
There is a short straight oral margin. A few specimens bear
a costa on one side.

The oistodiform elements have a more or less straight
anterior margin. A slight undulation sometimes occurs on the
inner side of the basal margin. The cusp is long, strongly

reclined, and slightly deflexed laterally.

REMARKS : Y
Lindstrom (1971) includes the form-species Acodus

deltatus in this species, however, Cow Head material shows

no occurren-ce of this form. The oistodiform element is.only

sparsely represented and specimens thus identified show a

close relationship with the form-species O.parallelus.

The drepanodiform elements of this species are well

represented, mainly by forms referred to the form-species

D. homobcurvatus.




OCCURRENCE:

Units 8, 9, 11, 12 and 13.

MATERIAL:

53 drepahodi form elements.

61 cistodiform elements.
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Genus Paltodus (Pander, 1856)-Lindstr8m 1971

Type species: Paltodus subaequalis Pander, 1856

DESCRIPTION:

L{pdstrom (1971, p. 44) describes the memberd of this
genus as follows:

"Drepanodiform eliements of this genus have a triangular
base and a suberect to moderately recurved cusp. There may
be sharp, prominent costae on either or both sides.

r

In cistodiform elements the base extends about as far

anteriorly as it does posteriorly. The basal cavity is wide

and may flare towards the inner side."

Paltodus deltifer Lindstr8m, 1955a--Lindstrdm 1971, Pl. 2,

Figs. 15, 20,
Drepanodus deltifer LindsTt¥m, 1955a, p. 562, Pl. 2, Figs. 42-43.

Oistodus inaegualis Pander, 1856; Lindstr®m, 1955a, Pl. 3,
Figs. 52, 55, 56, not 53, 54, 57.

DESCRIPTION:

The drepanodiform element of this sgpecies is thin and
sharp-edged. The base is laterally compresséd. In outline
the basal cavity is an equilateral triangle with concaye edges,

The oistodiform element has a basal cavity that is
obtusely triangular in outline. It flares broadly to the inner
side. The cusp is shorter than in the drepanodiform element.

It is reclined and bent inwards at the base. The posterior
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angle between the base and the cusp may be either rounded or

sharp.

REMARKS :

I am uncertain as to the existance of this species at
Cow Head. The oistodiform element\is found in four samples,
but no specimens of the drepanodiform element are found. It
is dif}icult to distingquish the oistodiform elements from

-

those that occur in P. incopstans, but I think both forms

occur in Cow Head.

OCCURRENCE:

Unit 8.

MATERIAL:
No drepanodiform element.

4 oistodiform elements.
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r

?Paléodus inconstans Lindstrom, 1955a--Lindstr8m 1971

Pl. 2, Figs. 16, 20
Lindstr8m lists the following form-species as being

present in P. inconstans.

Paltodus inconstans Lindstrdm 1955a, p. 583, Pl. 4, Figs. 3-8

?Oiétodus inaequalis Pander 1856, p. 27, Fig. 37.

Oistodus inaequalis Pander 1856; Lindstr$m, 1955a, p. 576,
Pl. 3, Figs. 53, 54, 57, not Figs. 52, 55, 56.

?Paltodus subaequalis Pander, 1856, p. 25, Pl. 1, Figs. 24.

?Paltodus rotundatus Pander, 1856 p. 25, Pl. 1, Figs. 33, 34.

?Machairodus angustus Pander, 1856, p. 23, Pl. 1, Fig. 35.

13

Note: Lindstrm (1971) notes that P. inconstans may well be

junior synonym of at least one of Pander's species
listed above. He is upcertain of their identifiaction

and has chosen P. inconstans, realising also, that

Pander's O. inaegualis may be a senior synonym of both

e

P. deltifer and P. inconstans.

DESCRIPTION:

The drepanodiform element is assymmetrical. The inner

face is flat with one or no median costa. The vouter face

c

is rounded and costate. The cusp is smoothly recurved. The

oistodiform element is similar to that in P. deltifer., It
! i

has a rounded costa on the inner face, towards which the cusp
is bent. The ratio of dfepanodiform to oistodiform elements

appears to be 1:1.

PJ'
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REMARKS :
The drepanodifronm element has not been identified

with certainty in the Cow Head samples, v "
Oistodiform elementg are found which may belong to

either P. deltifer or P. inconstans, but at léast some can

be placed with certainty in this species, because they show
a prominent rounded costa on the side towards which they are

bent,

OCCURRENCE :

Unit 8.

MATERIAL:

No drepanodiform elements;

2 oistodiform elements.
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Genus Paroistodus Lindstr8m 1971

Type species: Oistodus parallelus Pander, 1856

According to Lindstr®m (1971, p. 46) Paroistodus "in-

cludes drepanodid conodonts with drepanodiform and oistodiform
elements. The basal cavity tends to become inverted anteriorly.
Dr%panodiform elements tend to develop a sharp, low costa on
each side., Base of oistodiform elements is roughly square
in side viéw and does not extend very far anterio;ly.

The ratioc between drepanodiform and oistodiform
elements is about 2:1."

Paroistodus numarcuatus (Lindstr8m, 1955a)--Lindstrfm 1971
(p. 46,Fig, 8) Pl. 3, Figs. 2,3.

Lindstrom (1971) includes the following form-species

in this species:

Drepanodus numarcuatus Lindstr®m 1955, p, 564, Pl. 2, Figs.
48, 49; Text: Fig. 3I

brepanodus amoenus Lindstrdm, 1955, p. 558, Pl. 2, Figs. 25, 26;
Text: Fig. 4b.

Oistodus parallelus Pander 1856 - Lindstr8m 1955, Pl. 4,
Figs. 27-29; Text: Fig. 3N, not Pl. 4,
Figs. 26, 30, 31; Fig., 30.

DESCRIPTION:

The drepanodifrom element is not fully costate. It

is recurved. The basal cavity may be shallow (Drepanodus
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numarcuatus s.f.)or rather deep (Drepanodus amoenus s.f.).
Neither the drepanodiform nor the oistodiform
.element has an inverted basal cavity anteriorly. Neither

forms are really costate.

REMARKS :

The three form-species elements of this species are
found to coexist in only one sample from Cow Head.

The drepanodiform element is poorly represented.

Oistodus parallelus s.f. specimens are recognised without the -

partially inverted basal cavity and are thus included in this

species.

OCCURRENCE:

Units 8 and 9.

MATERIAL:
16 drepanodiform elements;

19 ocistodiform elements.
' O

BN




Paroistodus proteus (Lindstr&m, 1955a)--Lindstr8m, 1971, p.46,
Figs. 8, 10. Pl. 3, Figs. 8, 9.

Lindstr®m includes the following form-species in this

species:

Drepanodus proteus Lindstrém, 1955a, p. 566, P1. 3, Figs. 18-

21; Text: Fig. 2a-fij.

Oistodus parallelus Pander 1856; Lindstr8m, 1955, p. 79,
Pl. 4, Figs. 26, 30; Text: Fig. 30.

DESCRIPTION: \

The drepanodiform element has recurved bagal cavity
posteriorly which ié inverted ahteriorly, or ve;y shallow.
The cusp is very long and slender, its lateral faces
rounded and non-costate.

The oistodiform element is indistinguishable from

that of Paroistodus parallelus. The basal cavity is inverted

anteriorly.

REMARKS:
Lindstr®m's (1971, p. 46) description of this species
refers indirectly and not formally to the form-species

0. parallelus; it is included formally above.

This species only occurs very spaegsely in the Cow Head
sequence. . Only a few specimens from scattered samples have

beén found.




OCCURRENCE :

Units 9, 11, 12 and 13.

MATERIAL:
32 drepanodiform elements.

21 oistodiform elements.

107.
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Paroistodus parallelus (Pander 1856); Lindstrdm 1971,

Pl. 3, Figs. 5,6.

Lindstrom includes the following form-species in this

species:

Oistodus parallelus Pander, 1856, p. 27, Pl. 2, Fig.» 40.

Oistodus pdrallelus Pander, 1856; Lindstrdm 1955, p. 579
Pl. 4, Figs. 26, 30, 21; Fig. 3-0

Distacodus expansus (Graves and Ellison 1941).Lindstr6m, 1955,
p. 555, P1l. 3, Figs. 13-17; Fig. 2 g-i.

DESCRIPTION:

On each lateral face of the drepanodiform element
£here is a posteriorly directed costa. The cusp is recurved
or r;clined, laterally compressed and slender. It is keeled
anteriorly and posteriorly. The base is wide and flaring and
not very high.

The oistodiform element is robust; the basal part is

square in lateral view.

Both elements have zones of inverted basal cavity

anteriorly. ’
REMARKS :
. Four representatives of thé form-species Distacodus

expansus have been found. Oistodiform elements occur in the
same samples so this species definitely.exists in the Cow

Head sequence.




OCCURRENCE:

Upper part of Unit 9 and in Unit 11.

MATERIAL:

4 drepanodiform elements;

3 oistodiform elements.

109.




Panderodids

According to Lindstr¥m, (1971,'p. 49), the panderodids
are: "simple coqodonts with symmefry transition and a;gharpl&
conical basal cavity. The surface, at leastvon the cﬁsp, is
ornamented by fine longitudinal striations. The cusp consists
of white matter and is suberect or proclined.” Herein, those
pander;dids with erect cusps are included also. Flements are
usually sulcate or costate or both., The cross-section of the

base may be either rounded or laterally compressed;

Panderodus n.sp.A

Pl. 2, Figs. B, 9, Text: Fig..54.

DIAGNOSIS

~

A laterally compressed panderodid with a lgng base and

2

a short eret¢t cusp. The basal caLity is deep and conical.

The anterior margin of the base is deflexed.

DESCRIPTION:

The basal cavity is ver§ deep and reache§ a little into’
the cusp. It is more or less triangular in iateral x}ew. The
cross-section is elliptical with a flexure at the anterior
edge. The apex of the basal cavity is medially placed and
extends to the point of flexure of the cusp. .

The base is very long and compressed. The 1owef part
of- the anterior édge is deflexed so that a sulcus is formed

on the inner side. The aboral edge 1is straight or gently
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convex in lateral view. The oral edge is sharp. It is
straight to slightly concave 'in‘l'ateral view.

The cusp is short in relation to the béée. The oral
margin makes an angle of about 130° with the posterior edge.
The sulcus on the anterior margin of the base extends onto

the cusp but it is less pronounced.

Many specimens are wvery finely striated.

REMARKS :

It is probable that this is a componept of single-~type '

multielement species. It bears a resemblance to Drepanodus

altipes Henningsmoenr 1948, but dYffers in being more com- {

pressed and having a longer base.
OCCURRENCE:

Unit
' MATERIAL:

13 specimens.







Genus Stolodus Lindstrém, 1971.

Type speciesg: Distacodus stola Lindstr¥m 1955

After Lindstrom, (1971, p. 51): "Stolodus includes
conodonts with a wide and deep, thin-sheathed base, small

suberect cusp, and prominent costae reaching the rim of the

basal cavity, >

Stolodus stola Lindstr8m 1955

Pl. 2, Fig, 15

Distacodus stola Lindstr®m, 1955a, p. 556, Pl. 3, Figs. 43-49.

DESCRIPTION:

The basal cavity extends a short distance into the
cusp. The base is laterally compressed and long. The oral
edge is straight.

The cusp is short, It is erect, proclined or slightly
fecu‘rved. The lower part of the cusp is usually keeled, and
these keels, together with the two costae extend to the aboral
edge. The keels and costae become rather pronounced towards
the base.

An intraspecific symmetry transition occurs: "As a
rule the keels and costae are placed symmetrically. Either
of the lateral faces may, '.however, fail to develop a costa.
Then, the oral keel graduaily curves over to the lateral 'face'
in question and the other lateral face develops an additional

costa that may ultimately replace the oral keel towards the




(4
aboral margin," (Lindstr®m, 1955a, p, 551). The specimens

from Cow Head have the keels and costae placed symmetrically
without exception,

OCCURRENCE:

Unit 9.

MATERIAL:

’

2 specimens,
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Prioniodids

After Lindstrdm (1971, p. 51): "The prioniodids are
conodont species in which the main units, prioniodiform
elements, have thregﬁmain denticulate edges on the base,
(anterior, outer lateral, and poséeriof), a wide bases and
a relatively small stout erect cusp. The denticuiate edges
develop into proéesses that may branch. In addition to the
main units, there are’oistodiform elements and compound
elements with a 2~ to 4- branched base and a relatively long

curved cusp."

The prioniodids are divisible into the Prioniodus

Group and the Baltoniodus Group according to Lindstr®m (1971).
No representatives of the latter group have been found at

+

Cow Head.

Prioniodus Group

There is no inner lateral flare of the posterior

process in the prioniodiform elements of this group, which.

is in contrast to the Baltoniodus Group. The posterior

process is unbranched. None of the elements has a particularly

~

wide or deep'baéal cavity. . o
Compound elements are more or less pick-shaped,
("O0epikodus™), but this basic pattern is complicated by the

development of trichonodelliform and tetraprioniodiform ~

syﬁmetry transition elements.
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Nistodiform elements are present in this group as
well, and they sometimes have denticulated extensions

anteriorly.
.

Genus Prioniodus Pander, 1856

Type specieg: Prioniodus elegans Pander 1856
=

Prioniodus elegans Pander 1856 - sensu Sweet and Bergstrom
1972, pl. 4, Figs., 1-8, Text: Fig. 55A.

The constituent form-species and their synonomies are:

Prioniodus elegans Pander 1856, p. 29, Pl. 2, Figs. 22,23.

Prioniodus elegans Pander 1856; Lindstr8m 1955a} p. 589, Pl.5,
' Figs. 26-29; Text:Fig. 5a

Belodus gfacilis Pander 1856, p. 30, Pl. 2, Fig. 21, Pl.'3,

1

Fig. 8.

Falodus prodentatus (Graves and Ellison, 1941); Lindstr®m 1955a
p. 569, Pl., 5, Figs. 21, 22, 30.

Prioniodus carinatus Pander 1856, p. 30, Pl. 2, Fig. 25; Pl.3,
Fig. 7. ‘

‘Tetraprioniodus robustus Lindstr®m 1955a, p. 597, Pl, 6, Figs.
13-15.

Gothodus costulatus Lindstrdm 1955a, p. 569, Pl. 5, Figs. 23-25,

DESCRIPTION: | e

The prioniodiform element has a shallow and narrow baggl ,
cavity. The posterior process is straight, with stout dent-
icles in one plane. The anterior and lateral processes are .

directed downwards, and make an angle of about 90° with each
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other. Both of them are denticulated.

The cepikodiform element, (Gothodus costulatus s.f.),

ﬁas a stout, short denticulated bar posteriorly. The cusp
is long and slender. The lateral processes are very poorly
developed, especially on one side. Trichonodelliform and
tetraprioniodiform elements occur, and may be parts of a
transition series of the oepikodiform element. The tetra-
prioniodiform element has two lateral processes, one of which
is more posteriorly placed than the other. The éusp is
long and slender.

The oistodiform element is elongate and denticulated
‘anteriorly. There may be up to seven small, low, notch-like

denticles.

REMARKS :

This species seems to consist of five elements: a
prionjodiform, an oepikodiform, a trichonodeiliform, a tetra-
prioniodiform and oistodiform element.

Belodus gracilis Pander, 1856, s.f., is a senior synonym

of'Cordylodus multidentatus Graves and Ellison, 1941, s.f.
-which is a senior synoﬁym of Oepikodus. n.sp. Lindstrdm, (1964,

p. 38) s.f., and Gothodus costuiatus Lindstrdm, 1955, s.f.

Lindstrom {(1971) .does not list this synonomy.




OCCURRENCE:

Units 9 and 10, with possible

MATERIAL:

91
61
95
60
14

prioniodiform elements;
oepikodiform elements;
oistodiform elements;

tetra prioniodiform elements;

trichonodelliform elements.

-

118.

occurrence in Unit 11.

’ ,
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Prioniodus evae Lindstr8m

Pl. 4, Figs. 9-12; Text: Fig. 55B ;

The constituent form-species according to Lindstrém
/

(1971) are:

Prioniodus evae Lindstr®m 1955a, p. 589, Pl. 6, Figs. 4-10.

Oepikodus smithensis Lindstr®m 1955a, p. 571, Pl. 5, Figs.
36, 37.

Oistodus longiramis Lindstr8m 1955a, p. 579, Pl. 4, Figs. 35-37,

DESCRIPTION:

-

The prioniodiform element is slender. The posterior
process is twisted so that the proximal denticles are upriqh;
and the distal denticles are horizental or nearly so. The -
anterior and lateral processes apé subequal in size. Median
carinae are developed on both literal sides of all the pro=-
cesses. The ocusp is big, flattened and sharp-edged.

The oepikodiform element has no denticles on the
anterior process and the lateral processes are hut weakly.
developed.

The oistodiform element is.elongate anteriorly and

posteriorly. The posterior extension is curved downwards,

thus the abpral margin is arched. 4 .
/
REMARKS : g //

.No symmetrx,variants of the oepikodiform element have

been fouﬁﬂ, and Lindstr8m (1971), does not include any ,in his
/. o )

.
Y P

'l} ."

»

’
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original description. This species is thus not directly

derived from its predecessor, Prionioqus elegans. The
phyllogeny of this species is not known.

In the Cow Head material, an oistodiform element has
been found with both anterior ahd posterior extensions

denticulated, (Pl. 4, Fig, 15). -

QCCURRENCE:

Units 11 and 12.

MATERIAL:
61 prioniodiform elements;

14 ocepikodiform elements;

8 oistodiform elements.
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Periodontids

The periodontiform elements of this group are referred
to as multiramiform elements. They show a cordylodiform—trich-
onodelliform symmetfy transition series., These multiramiform
elements have slender, recurved anterior cusps, and blade-like
long multidenticulate posterior processes, that may be twisted
out of the"vertical" plane. The aboral edge‘of the process
is excavated anteriorly and is usually characterised by a
prominent inverted ba;al cavity posteriorly. Denticles next
to the cusp are small and increase in size and become more
reclined posteriorly. Posteriorly, the denticles usually
become small again,

The elements described by Lindstrém (1971) as
ozarkodiniform elements are here split into prioniodiniform
elements and ligonodiniform elements. These elements afe
blade-like and multidenticulate, with a prominent main cusp.
The denticles are usually present both anteriorly and poster-
iorly.

An oistodiform element is present in this group as well.

Genus Periodon Hadding 1913

Type sSpecies: Periodon aculeatus Hadding 1913 _—

o

Periodon flabellum Lindstr®m 1955--Lindstr®m 1971, Pl. 5,\‘
Figs. 1-6; Text Fig. 56. A\
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Included in this species are the form-species:

Periodon flabellum (Lindstrdém, 1955b)--Lindstr®m 1964, p. 83
Fig. 28A - D

Trichonodella flabellum Lindstrém 1953a, p. 599, Pl. 6,
Figs..28-30,

Prioniodina ? deflexa Lindstr®ém 1955a, p. 586, Pl. 6,
Fiqs. 3.-35‘-

Oulodus inflatus (Lindstr®m)--Lindstr8m 1964, p. 85, Fig. 30A.

Falodus prodentatus (Graves and Fllison 1941), sensu Sweet and
Bergstrom 1962, p. 1227, Pl. 170, Figs.
2,3; Text: Fig. 2B.

_DESCRPPTION:

The*multiramiform elements illustrate the classic -

‘\ cordylodiform - trichonodelliform symmetry transition series.

They differ from those in Periodon aculeatus in'the lack of

a strongly inverted basal cavity. In this species the length 
of the main cusp is greater than the length of the posterier

process; in P. aculeatus the ratio is closer to 1:1.

The ligonodiniform element {"Oulodus inflatus") has
a few, slender denticles anteriorly. In.the p;ioniodiniform
element anterior denticles are either extremely small or ‘
else they are missing altogether. Both have denticulated‘
posterior processes wiﬁh upright to reclined denticles. -

The oistodiform element -is short anéérﬂgrly witﬁ i—4 y

denticles reaching quite’high on the anterior margin. The

+
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aboral margin is arched with a curved ,posteriorly directed

N

extension.

REMARKS : ¢
This species is revised from Lindstrém (1971). An

oistodiform element is included for the following reasons:

firstly, there is common co-occurrence of an oistodiform

element with Periodon flabellum in Cow Head samples. Secondl&,

it is difficult to see why P. flabellum should not have  an

oistodiform element when all other Periodon species are

described as containing one, Periodon grandis Ethington -

Sweet and Bergstr8m (1966); Periodon aculeatus described

informally by Webers (1966). Furthermore, elements of P.

flabellum and its successor P. aculeatus occur in the same

sampies thus suggesting the presence of an oistodiform

element in both species.

The oistodiform element is called Falodus prodentatus

s.f. buE it is not representative BE the type descripgd by |
Graves and Ellison (1941) or Lindstrdm (1955a). The element
present in this species is th&t descfibed~by Sweéf and ~

Bergstrom (1962, as listed in the synonomy) . ‘Thg eiement
illusﬁrated, but not described by Lindstrdm (1960, Fig. 5,

$17) is probably co-specific.




OCCURRENCE :

Unit 13 and poséibly in Unit 12.

MATERIAL:
49
49

AN

20

46

multiramiform elements;
ligonodiniform elements;
prioniodiniform elemerits;

oistodiform elements.

-

.

125,
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Periodon aculeatus Hadding 19134

Pl. 5, Figs. 7-14; Text: Fig.57
The constituent form-species are:

Per jodon aculeatus Hadding 1913 - Lindstrdm 1955b, p. 110
Pl. 22, Figs. 10, 11, 14-16 and 35,

Prioniodina macrodentata (Graves and Ellison 194]1) - Sweet
'~ and Bergstrom 1962, p. 1240, Pl. 171,

Figs. 7, 8.

Oulodus tortilis (Sweet and Bergstrom 1962) - Lindstrom 1964,
p. 85, Fig. 30,

Falodus prodentatus (Graves and Ellison 1941) - sensu Sweet
and Bergstrom 1962, p. 1227, Pl. 170,
Figs..2,3; Text: Fiag. 2B.

DESCRIPTION:

3

As in Periodon flabellum, the multiramiform elements

\
show a cordylodiform - trichonodelliform symmetry transition

series, The basal cavity is broadly and strongly inverted
posteriorly. The posterior process is more twisted than in

P. flabellunm,

The ligonodiniform element also has a twisted posterior
process, so that the distal denticles are in a>more or less
horizontal plane. The anterior denticles are sw in number

and somewhat more slender than the posterior denticles.

The prioniodinhiform element has stout, robust denticles

-
f
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which are well developed both anteriorly and posteriorly.

The posterior process is only slightly twisted out of the

"vertical"plane,
The oistodiform element is indistinquishable from that

in Periodon flabellum.

REMARKS:
Intermediate, transitional forms between this species

and Periodon flabellum are found in the Cow Head sequence.

The ratios of the elements in both these species of Periodon

. rF
are quite similar if/ one groups the ligonodiniform elements
and ‘the prioniodini‘form elements in each species. It is

approximately a 1l:1:1 ratio.

OCCURRENCE:

Units 13 and 14.

MATERIAL:
50 multiramiform elements;
25 ligonodiniform elements;
53 prioniodiniform elements;

42 oistodiform elements.
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(iii) RESIDUAL SPECIES ®

Genus Acodus Pander, 1856

’

. ' Type species: Acodus gratus Lindstrom, 1955

'Acodus gratus

Pl., 2, Fig. 4

Acodus gratus Lindstrom, 1955a, p. 545, Pl. 2, Figs, 27-29

‘

DESCRIPTION:

The basal cavity is more or less conical. The oral
edge is short, keeled and almost straight. The aboral margin
is convex in lateral view. Its rim may show an undulation,
Tﬁe angle between the basal anterior edge and the base is
sharp.

The cusp is recurved with sharp edges. The anterior

edge is deflexed laterally. To the side of the anterior edge

there runs a thin costa that basally may replace the edge.

REMARKS :

Intermediate forms between A. gratus and D. homocyrvatus

occur.

OCCURRENCE:

Units 8, 9, 10 and 13.

MATERIAL:

12 specimens.




Genus Acontiodus Pander, 1856 »

Type species: Acontiodus arcuatus Lindstrom, 1955

) \\}contiodus arcuatus

Acontiodus arcuatus, Lindstr®m 1955a, p. 547, Pl. 2,

Figs. 1-4; Text: Fig. 3A

DESCRIPTION: .

The base is laterally compressed. It is roughly tri-
angular in outline and curved aborally so that a"sickie shaped
space is formed between its anterior margin and that of the
tooth," (Lindstrém lQSSa;VP. 547) . The basal cavity is deep.

The cusp is recufved. Two keels run the length of the
cusp: one anterior and one posterior. On each side of the

posterior keel there is a ‘costa. On the base, several smaller

costae may develop between the main costae and the oral edge.

REMARKS :
The specimens from Cow Head agree in all respects with

those described and ‘illustrated in Lindstr8m (1955a).

OCCURRENCE:

Units 9; 11 and 13.'

MATERIAL:

17 specimens.




132.

Acontiodus reclinatus Lindstrdm, 1955

Pl. 2, Figs. 10, 14

Acontiodus reclinatus Lindstr®8m, 1955a, p. 548, Pl. 2

Figs. sl\iijfért: Fig. 3C

The basal cavity is laterally compressed and rounded in

DESCRIPTION:

outline. It sends a shallow extension posteriorly. The aboral
margin is evenly curved anteriorly, thus there is no antero-
basal angle.

The cusp is slender., It is strongly reéurved at the
base and then is straight. The anterior and posterior edges

are sharp. The posterior lateral costae are usually only

weakly developed. The lateral faces are rounded.

REMARKS :
Specimens from Cow Head agree in all respects with
' a»

~ Lindstr¥m's (1955a) description.  This element bears a

similarity with some specimens of Drepanodus proteus s.f.

when the costae are poorly developed.

OCCURRENCE :

Units 9, 11 and 13.

MATERIAL:

4 specimens.
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/ Belodella sp. A Fahraeus 1970

! Pl. 4 Fiqg. 17

Belodella sp. A. Fahraeus 1970, Fig. 3.0
I .
/

/
DESCRIPTION:

I

-/ The basal cavity is deep and triangular in outline.
The cross section is narrowly triangular.

/ The anterior edge is deflexed laterally, forming a

/
/
/sulcus on the inner side. The posterior edge is denticulated

/’with basally fused denticles. The denticles become broader

/ towards the cusp. The cusp bears lateral costae.

REMARKS :
Fahraeus (1970) regards this species as Being commonly

éssociated with Spathognathodus n.sp. Lindstr8m 1960 in the

/' Table Head sequence.

OCCURRENCE:
Unit 14

ﬁATERIAL: 4/

1 specimen.




Genus Cordylodus Pander 1856

Type species: Cordylodus angulatus Pander, 1856

, ”
Cordylodus proavus, Muller, 1959

_ » P1. 1 Fig. 14, 15 ) '
Cordyledus proavus Muller, 1959, p. 448, Pl. 15, Figs, 11, 12

18; Text: Fig. 3B.

Cordylodus proavus Druce and Jones 1971, p. 70, Pl. 1, Figs.

la-6; Text: Fig. 23 p, q, r.

DESCRIPTION:

The basal cavity is large and conical; the apex is
medially situated. The base is extended poéteriorly and the
basal cavity iuns along this extension. Posteriorly, the base
is denticulated, with up to three discrete denticles which are
parallel to the reclined part of the cusp.

The cusp is reclined at the tip of the basal cavity;
above the basal cavity, the cﬁsp is entirely filled with white

matter.

OCCURRENCE:

Lower Part of Unit 8,

MATERIAL:

7 specimens,




Genus Drepanodus Pander, 1856

Type species: Drepanodus arcuatus Pander, 1856

Drepanodus acutus Pander, 1856.
1)

2, Fiag. 3

Drepanodus acutus Pandér, 1856, p. 21, Pl. 2, Fig. 9.

Drepanodus acutus Pander, Druce and Jones, 1971, p. 73,P1. 20,
Figs. S5a-7c; Text: Fig. 24a

DESCRIPTION: : ,

The basal cavity is conical and large, similar to that
in D. tenuis. The apex is medial, and may be recurved with
the cusp. The base is large and oval in cross-section.

The cusp is at right anglés to the base and is circular

to laterally compressed in cross-section. The anterior face

lies parailel to the aboral margin., A carina may be developed

on the apterior face.

REMARKS:

The description of Druce and Jones (1871) states that.
the basal cavity is always recurved with the cusp, but this is

not the case for many Cow Head specimens.

OCCURRENCE:

Units 8, 11, 13.

"MATERIAL, :

4 specimens.




13e.

L4

Drepanodus simplex, Branson and Mehl 1933

Pl. 2, Fig. 2

Drepanodus simplex Branson and Mehl, 1933, p. 58, Pl. 4, Fig.

"
Oneotodus sp. indet, Muller, 1959, p. 458, Pl. 13, Fig. 15

Drepanodﬁs simplex Branson and Mehl 1971; Druce and Jones, p.
Pl. 13, Figs. la-4c; Text: Fig. 24b.

DESCRIPTION:

-

The basal cavity is conical. 1Its apex is medial. The
basal cavity is shallow and has a circular cross-section.
| The cusp is reclined and long. Tﬁe proximal half is
circular to ellipsoidal in cross~section, but the distal half
is extremely laterally compressed, with sharp anterior and
posterior edges. The distal half may also be.broader than the

bqoximal half. The tip may be slightly bent anteriorly.

OCCURRENCE :

Units 8 and 11.

MATERIAL:

5 specimens.

———

74,

i




Drepanodus tenuis, Moskalenko, 1967

Pl. 2, Fig. 1

Drepanodus tenuis, Moskalenko; 1967, p. 107, Pl. 23, Figs. 5-11.

Drepanodus tenuis, Moskalenko, Druce and Jones 1971, p. 75,
Pl, 12, Figs. 8a-c; Text: Fig. 24e.

DESCRIPTION:

The basal cavity is conical and large. The apex is
situated medially. The oral margin-is rounded and it is
straight in lateral view. The aboral margin is straight in

1

lateral view also. .
The cusp is slightly reclined and laterally cqmpresigd.
The anterior and posterior edges are sharp and sometimes pro-

duced as low knife-edges. The lateral faces are rounded.

REMARKS : .
///" Material from Cow Head is very similar to that
illustrated by Druce and Jones (1971), except that in some
specimené the apex of the basal-cavity is anteriorly placed.
I had thought of placing these as Drepanodus cf. p, tenuis s.f.,

"but the resemblance is so great that I finally considered them

identical to D. tenuis s.f.

OCCURRENCE: 7

Unit 8,

MATERIAL:

11 specimens.
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I

n ” .
Genus Hertzina Muller, 1959 i ’

Type species: Hertzina americana Muller, 1959

REMARKS : 4

In material from Cow Héi:, all specimens of this genus '
are broken, and 6n1y cusp fragments remain. In this situatiog
four informal types have been recognised. No formal taxa are
proposed. These types are distingﬁished on the basis of

-

presence oYX abse?ce of the anterior or posterior edges. The
four types are: £ '
(A). Those with rounded cross-sections.
(B). Those with an anterior edge.
{C). Thése with a posterior edge.
(D). Those with anterior and posterior edges. .
In all cases the cusp is very slendér. (Segppl. 1,
Figs. 5-7). " )
Lindstrom (1964, p. 139),.places Hertzina{ﬁﬂller 1959
in synonomy with Coeigcgrggéétusnjmhington 1959 %nd suggestgl
that Bélodebla Ethington 1959 may be a junior sfﬁonym. Druce
and Jones (1971), also list Hertzina in synonoggkgith Coelo-
cerodontﬁs. It is here considered preferable to rééain the
“wéenus Hertzina as a separate taxon'ﬁor vgry'slender and long‘

simple cones, which may or may not be laterally compressed.

OCCURRENCE: . .

Units 6 and 7, and the lower part of Unit 8,

MATERIAL:

66 specimens.
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Genus Oistodus Pander, 1856

-

" Type species: Oistodus lanceolatus Pander 1856.

DESCRIPTION:

Elements belonging to Oistodus have a more Or less

wide basal cavity. The oral edge makes a sharp angle with the

posterior edge. Sometimes one or both lateral faces bear

carinae.

Oistodus brevibasis Sergeeva, 1963

Pl. 3, Fig. 1

Oisfodus brevibasis, Sergeeva 1963, p. 95, P1.V1ll, Figs. 4,5.

DESCRIPTION:

_ The basal cavity is moderately deep with the apex

- pointing anteriorly. The whole base is laterally compressed.

The aboral edge is more or less straight.

The cusp is somewhat recurved. It is lat.:érally‘ com—
pressed with sharp anterior and posterior edges. Ti}e'cusp is
more rounded on one face than the other and it is t_t:ius slightly

more asymmetrical., The anterior margin is evenly curved.

REMARKS :

Lindstrom (1971, p. 39) places this form species in the
4

nulti-element species Scandodus brevibasis, however, none of

-y

‘the other constituent form species are present, so I describe

O. brevibasis here as a form species.
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.

OCCURRENCE:

’ Unit 9.

MATERIAL:

ci ) ’
9 specimens. ‘




Oistodus lanceolatus Pander 1856

Pl. 3, Fig. 4

Oisrtodus lanceolatus Pander 1856, p. 27, Pl. 2, Figs. 17
£
18. (not 19).

Oistodus lanceolatus Pander 1856, Branson and Mehl 1944,
pp. 239-240, P1. 93, Fig. 23 '

Oistodus lanceolatus Pander 1856, Lindstr8m 1955a, p. 577
pl. 3, Figs. 58-60.

DESCRIPTION:

The basal cavity is shallow anteriorly; the apex is
anterior and the basil cavity is deeper posteriorly. The base
is laterally compressed. The oral margin is sharp. It is-
curved in lateral view. The aboral margin i;ﬁs slightl.y con-'
cave posteriorly, then convex céntrally, becoming concave
again towards the antero-basal angle.

" The cusp is reclined and curved laterally. It is
broad and laterally compressed. The edges are both sharp.

The lateral faces are smooth.

REMARKS :

The specimens from Cow Head .are very similar to those
illustrated in the literature cited above. Lindstrdm (1971,
p. 38) includes this form-species in a multielement species
of the same name. Other members of this multielement species
are extremely rare or absent in the Cow Head Group and so

—

O. lanceolatus is here described as a form—species.




OCCURRENCE:

Units 9 and 11

MATERIAL:

9 specimens.
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" ' w
Oistodus triangularis Lindstrom 1955

Pl. 3, Fig. 7

Oistodus trianguléris Lindstrom 1955a, p. 581, Pl. 4; Figs.
14-18,.

DESCRIPTION:

.

The basal cavity is deep and wide. The oral edge is
éharp with a very high-thin keel. The aboral margin is more
or less straighﬁ.

The cusp is slightly recurved, long and slender. Both.
anterior and posterior edgés are.sharp. 1In addition to this,
there is a very prominent laterél costa that reaches the
aborél margin, causing the base to be extended to that side. -

Thus the cross-—-section is triangular.

REMARKS :

My single specimen concurs with matqéial described and
" ! - .

illustrated by Lindstrom {1955a). : / ‘
This form species is placed in thg multiclement species

Oistodus lanceolatus by Llndstrom (1971/ p. 38), but since only

/
one specimen was found in Cow Head, it’' is here described as a

form-species.

The sipgle specimen found is extremely beautifully

" preserved.

OCCURRENCE :

Unit 13.

MATERTAL:

1l specimen.
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Genus Oneotodus Lindstr#m 1955

Type species: Oneotodus variabilis Lindstr®m, 1955

Pl. 1 Fig. 21
Oneotodus varigbilis Lf%dstrdm, 1955

Onectodus wﬁriabilis Lindstr8m, 1555, p. 582, P1l. 2, Figs.
14-18, 47, P1.'5, Figs. 4,5; Text: Fig. 6.

K
Oneotodus variabilis Lindstr®m, 1955a; Mound 1968, p. 414, Pl. 3

/ Figs. 59; Pl. 4, Figs. 1-8.

/ .
Oneqfodus variabilis Lindstr®8m; Druce and Jones 1971, p. 84,
/ Pl1. 13, Figs. 5a-c; Text: Fig. 26m.

DéSCRIPTION:

7

In lateral view the basal cavity is triangular with its
// apex close to-the anterior margin. The Cow Head specimehs
/// always have an elliptical cross-section. Striae are not

evident on any of the specimens.

OCCURRENCE:

Units 8 and 9.

MATERIAL:

5 specimens.

\\‘(
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Paltodus new species A

Pl. 2, Figs. 5-7

DIAGNOSIS:
A laterally compressed paltodid with two strong
lateral costae, one on each side, and variable number of other

lateral costae and grooves.

" DESCRIPTION:

.Tﬁe basal cavity is conical, partially filling the basé.
It sends a shallow anterior extension which does not reach the |
antero-basal angle. The apex of the basal cévity is medial
but directed anteriorly. The oral edge is sharp and straight
in lateral v1%w. It may curve basally to meét the aboral edge.
The basal outh1ne is e111p501da1

The cusp is erect to procllned and laterally compressed.
Two strong posteriorly directed med;an lateral costae are
developed and ﬁhese extend onto the base. Tréughs may develop
betyéen these énd the sharp posterior edge. The anterior edge
isthopthly cuéved and may or may not be laterally deflexed,

The lateral fq&hs may be subequally broadly rounded, or else
/Lhe inner facq-is flat and the other face is convex. Several
- smaller costae may be developed on the lateral faces. In the

cage of a more symmetrical species there may be four on either |

side, but in cases of assymmetry the costae may occur only on

the outer face.




REMARKS :
In its symmetrical form this species resembles

Scologodus much more than Paltodus and so it is difficult to -

place it satisfactorily in one or other genus. Besides the

symmetry variables, the other dimensions remain exactly the

same.

OCCURRENCE :

Units 8, 9 and possibly 14.

MATERIAL:

7 specimens.
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’ n
Genus Paracordylodus Lindstrom 1955

. |
Type species: Paracodylodus gracilis Lindstrom 1955

Paracordylodus gracilis

Pl. 3, Fig. 10

N )
Paracordylodus gracilis Lindstrom 1955a, p. 584, Pl. 6,
Figs. 11, 12,

DESCRIPTION:

According to Lindstrgm (1955a) the species has a "very
shallow and narrow basal cavity, slightly deepened beneath
the cusp. '

The posterior process is broadly arched. The denticles
are big and reclined, bigger and more strongly reclined the
farther posteriorly. They are laterally flattened, straighé-
edged and sharply'pointed.

| The cusp is smoothly recurved, with one thin costa on
each side. These costae do not get near the aboral margin.
\The anterior process is rather big, straight and directed
obiiquely backwards, in continuation of the basal pért of the
cusb.. ‘

The whole unit may be slightly curved sideways,

REMARKS : ’
' I chese to follow Lindstrgm{s (l955a) description to
the letter becaﬁse I have only one representative of this '
specieé and it agrees inraly respects with the description.
My specimen from Cow Head is very similar to Lindstr;nfd1955a)

Pl. 6, Fig. 11.
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" ODCCURRENCE:
Unit 9.

MATERIAL:

1 specimen only.
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Genus Prioniodus Pander 1856 -

Type species: Prioniodus elegans Pander 1856

Prioniodus navis Lindstrom 1955

Pl. 4, Figs. 13, 14

n
Pribniodus alatus Hadding, Lindstrom 1955b, p. 111, Pl, 22,
Fig. 32 (not 26, 28 29, 30, 31, 33, 34).

Prionio8us navis Lindstrom 1955a, p. 590, Pl. 5, Figs. 31-35.

DESCRIPEXA: ,

The basal cavity is deep and extends along all the

processes. It projects into the cusp. The basal sheath is
félded inward between -the anterior and lateral processes;
and uﬁdulated between the lateral and posterior processes,

F; The posterior‘procéss is straighf with small erect
déﬁticles. The anterior process is curved making an‘ahqle of
less thaﬁ 90 degrees with the posterior process. The lateral
process is straight and ﬁakes an angle of 30 degrees with the
anterior process, Both the anterior and {lateral processes
are denticulated with small erect dentic;zé.

The cusp is slender, erect and bears three ridges: one

to each process.

REMARKS : /’
This form-species is placed 'in the multielement species

: L
Baltoniodus navis and Baltoniodus triangularis by Lindstrom

(1971, p. 55-56). Both of these species occur higher in the

sequence than the form-species P. navis at Cow Head. P. navis.
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<

occurs in the Prioniodus elegans Zone at Cow Head and must be

a forerunner to the element in both the multielement species
above. The relatively large numbers and fairly consgistent

occurrence of P. navis in the Cow Head Group suggests that it

is not derived but that it is truly in place. The multi-

element species association of this element is nof known but
it may possibly have occurred in some.variant of Prioniodus
elegans, Peculiarly none have been found associated with the

Prioniodus evae Zone,

OCCURRENCE ;

Unit 9 only.

MATERIAL:

18 specimens.
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Genus Proconodontus Miller 1969

Type species : Proconodontus mllleri Miller 1969

Miller (1969) described this genus as "very large simple
cones, erect to reclined, laterally compré;sed, including
symmetrical and assymetrical species." The most distinctive
feature of the genus is the very deep basal cavity wh@ch may

extend to the tip of the cusp.

Ethinéton (1959) proposed a new genus, Coelocerodontus,

for Ordovician nodonts from the upper part of the Galena

Formation in Iowa d Minnesota, U.S.A. These forms are also

et

simplg, hollow ith deep basal cavities. Ethington (1959)
4 identified species on'the basis of the shape of the cross-
section., Thé Upper Cambrian representatives of this genus bear
remarkable similarity to the genus Rrogonodontus.
Druce and Jones (1971) stretch Ethington's definition

to include simple, horn-shaped cones without keeld, by in-

cluding C. rotundatus in the genus.

The genus Proconodontus,fMillér 1969, needs little or

no revision in order to include the ﬁpper Cambrian, C. burkei

' Druce and Jones 1971), C. primitivus (Miller, 1959), C.Rotundatus

Druce and Jones, 1971, and C.tricarjinatus (Nodgami, 1967).
. N -rﬁ]
Thus a redescription of the genus Proconodontus is
necessary:

Simple cones usually laterally cbmpressed, including

S |
symmetrical and assymetrical species.
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The basaltcavity is very deep and large and may extend
v .
to the tip\of the basal cavity. Some species are somewhat
twisted and/or bent over té one side: these assymetrical

forms may have a carina on the concave side. The anterior

and/or posterior edges may be sharp and bear a costa, or

both may occasionally be smoothly rounded.
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Proconodontus burkeli (Druce and Jones, 1971)

Pl. 1, Fig. 4
' B
Coeloceredontus burkei Druce and.Jones, 1971, Pl.11,

Figs. 5a-12b; Text: Fig. 22a,e.

DESCRIPTION:

A simple hollow cone; erect to gently reclined and is’
elliptical in cros.s-section. The anterior and posterior edges
are sharp; often preduced as thin flanges, In some specimens

the posterior oral part of the edge breaks down to form dent-

icles.

The basal éavity is very deep and possesses a basal
filling which is commonly opaque and white. THe cusp is
very small.

OCCURRENCE :

Lower part of unit 8. L N

MATERIAL:

2 specimens,
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Proconodontus mulleri muilleri Miller 1969

Pl. 1, Figs. 8, 9

" .
Scandodus n.sp. Maller 1959, p. 464, P1l. 12, Fig, ll.

. " "
Proconodontus mulleri mulleri Miller 1969, p. 437, Pl, 66,
Text: Fig., 5H.

DESCRIPTION:

The basal cavity is extremely deep‘ and ‘large', extending
to the tip ~of the ‘cusp. The cusp is reclined or erect, and
laterally compressed. It is usually asyxmnetrical. Anterior
and posterior carinae exist and extend almost -to the-basal

edges.

REMARKS:

P

No lateral carinae are present in Cow Head specimens:’
these are described as weak and occasional occurrences by

Miller (1969.

OCCURRENCE: :

"Units 6, 7 and the lower part of Unit 8.

MATERIAL:

10 specimens.




Proconodontus primitivus (Muller, 1959). 4

Pl, 1, Figs. 1, 2

Furnishina primitiva Muller, 1959, p. 453, gl.ll; Figs. 1-4

Coelocerodontus primitivus Druce and Jones 1971, Pl." 9,

Figs. Sa-6c, 8a-c.

®

DESCRIPTION:

-

A simple, hollow cone. The base is conical with an

elliptical cross-section and flaring edges. The cusp is short

and proclined. The basal cav.ity extends the leﬂgth of the

cone. The walls are thin.
OCCURRENCE:
Units 6, 7 and the lower part of Unit 8.

MATERIAL:

23 specimens.
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Coelocerodontus tricarinatus Druce and Jones, 1971, Pl. 11

156.

Proconodontus tricarinatus (Nogami 1967)
Pl. 1, Fig. 3

Hertzina tricarinata Nogami, 1967, Pl. 6, Figs. 5-8;
Text: Fig. 2A, B, C, D,

Acodus cambricus Nogami, 1967 (part) Pl. 6, Fig. 2;
Text: Fig. 1C,D. only.

r’

" - Figs. la-4c,
DESCRIPTION:
A simple hollow cone with a short cusp. The walls are

corrugated with one or two broad rounded, lateral carinae on

either side. The basal cavity is conical, large and deep.
OCCURRENCE:
Lowest part of Unit 8.

MATERIAL:

2 specimens.
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"
Genus Scandodus Lindstrom 1955a

N . n
Type species: Scandodus furnishi Lindstrom 1955a

-

Scandodus furnishi

v

- v

Pl. .2, Fig. 19 >

. L]
Scandodus furnishi Lindstrom (1955a) p. 592, Pl. 5,Fiq, 3

DESCRIPTION:

The basal cavity-is shallow and‘its apex points
antériérly. It opens to the inner side. The outer side of
the base is cut off from the innér side by a sharp oral edge.
“The aboral outline is roughly trapegoidal,“ (Lindstrgm 1955a,
p. 592). E o

The cusp is erect and blade-like. It has a promi;ent
growth axis which is straight and white. The edges are sharp
and the posterior edge runs at right anéles to the oral edge,

Costae may be seen to be weakly developed abave the -base on

some specimens.

REMARKS:
My specimens from Cow Head agree with the description

of Lindstrom (1955a).

OCCURRENCE:

Units '8, 9, 11 and 13.

MATERIAL:

5 specimens.
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Genus Scolopodus Pander, 1856 ~

Type species: Scolopodus sublaevis Pander 1856

~Redefined Lindstrom 1955 p. 594-5: "multicostate,
symmetrical simple conodonts with or without posterior and
anterior keels."

{

Scolépodus baésleri, {Furnish, 1938).

Pl. 1, Fig. 13

Paltodus bassleri Furnish 1938, p. 331, Pl. 42, Figq. 1//

>

Paltodus variabilis Furnish 1938, p. 331, Pl. 42, Figs.9, 10;
Text: Fig. 1E,

Scolopodus n.sp.2 Lindstrom 1960 p. 93, Fid. 5, Nos. 6 and 7

Paltodus variabilis Mound, non 1965, Pl. 4, Figs 13, 14.

Paltodus variabilis Mound 1968, ¥l. 4, Figs. 18-38.

Scolopodus bassleri Druce and Jonés 1971, p. 91, P1. 17,
Figs. la-4d; Text: Fig. 30Db.

DESCRIPTION:

The base is shallow and is completely excavated by a
conical basal cavi;y. The apex of the cavitf is'close.to the
‘ﬁnterior margin near the point of flexure.

The cusp is long and needle-like. It is @ither ere;t
or recliped. It has two lateral cosEae which are separated
- by broadly rounded anterior and posterio; faces. These may or

may not be symmet;ically_placed.

REMARKS:

Mound's (1968) specimens are too badly photographed to

be sure of their affinity.




»

OCCURRENCE :
e L e,
Units 8 and 9.
MATERIAL:
—_——d

22 specimens,

159,
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Scolopodus filosus Ethington and Clark 1964

Pl. 1, Figs. 10, 11

Scolopodus filosus Ethington and Clark, 1964, p.- 699, Pl. 114,
Figs. 12, 17, 18, 19; Text: Fig. 2E. . ‘

Séolopodus filosus Ethington and Clark, Mound, 1968, p. 418, .
' Pl. 5, Figs. 16, 20, 25, 28, 33, 39, 45-46, 59.

\

DESCRIPTION:
The basal cavity is conic;l and deep. The apex of the
basal cavity is directed §nteriorly upward, The base is - -
unexpanded and c;rcular or elliptical in cross-section.
:The cusp is tircular in cross-section. It .if usually = .
_reclined and may be slightly curved.
The surface is ornamented by several hair-like costae

‘

which extend almost to the aboral edge.

REMARKS:

5

The description of Ethington and Clark (1964) refers

to the species as being recurved, but all Cow Head specimens

~are reclined.

OCCURRENCE : ‘ ' \

Units 8 and 9. . o \\\

MATERIAL:

22 specimens. : ' : L/_) ;




‘Scolopodus gracilis Ethington and Clark, 1964

pPl. 1, Figs. 18, 19

Scolopodus gracilis Ethington and Clark, 1964, p. 699, Pl. 115,
Figs. 2-4, 8, 9; Text: Figs. 2D,G.

Scolopodus gracilis Ethington and Clark; Moﬁnd, 1968, p. 418,
P1l, 5, Figs. 29-31, 34-38, 40, 42-44, 52-53,

Scolopodus gracilis Ethington and Clark, Druce and Jones, 1971,
p. 92, Pl. 17, Figs. 5a-7d; Pl. 18. Figs.
'5a-d; Text: Fig. 50C3

DESCRIPTION:

The basal éavity is large, .Its apex is close to the
anterior margin at the point of curvature. The basal cavity
excavates a shallow base, which is slightly expanded posteriorly.

The cusp is erect to reclined, and has a deep groove

in the posterior margin, which is deepest basally.

REMARKS: i , R

Mound's (1968) illustration# are not clear as to the

nature of his Scolopodus gracilis specimens.

OCCURRENCE :

Units 4, 9 and 13.

~

MATERIAL:

17 specimens.
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Scolopodus iowensis (Furnish 1938)

Pl. 1, Fig. 20

Acgntiodus idwensis Furnish 1938, p. 325, Pl. 4, Fig. 16
not Fig. 17.

Scolopoaus iowensis Furnish, Druce and Jones, 1971, p. 93,

PlL. 16, Figs. la-7e; Text: Fig. 304,e

DESCRIPTION:
‘ The basal cavity is_sﬁallow. The base itself is short
and unornamented. The crosséseqtiom“is ellibtical. '
The cusp is proclined and is antero—postériorly com-
pressed, giving sharp lateral edges. The anterior face is
* smoothly convex'and unornamented. The posterior face bears
a broad, rounded‘costa, with troughs on either side extending

" to the lateral edges. The cusp is tfiangular in outline,

looking poéte{;orly.'

REMARKS:

The single specimen recovered from Cow Héad_fits the
Druce and Jones (1971) description. It resembles only Fig. 16

on Plate 4 of Furnish's (1938) illustrations.

+OCCURRENCE : . X

c e

Unit 8.

MATERIAL:

1 specimen.
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Scolopodus quadriplicatus Branson and Mehl 1933

Pl. 1, Fig. 12

Scolopodus quadriplicatus Branson and Mehl 1933, p. 63, Pl. 4
Figs. 14, 15.

Scolopodus quadriplicatus Branson and Mehl; Furnish 1938,
p. 332, Pl, 41, Figs. 1-12.

Scolopodus quadriplicatus Branson and Mehl; Graves and Ellison

1941, Pl.1, Fig. 10; Pl. 3, Figs. 2,5.
. ‘ o
Scolopodus quadriplicatus Branson and Mehl, Sands; 1958, p. 842,

Pl. 2, Fig. 21,

Scolopodus quadriplicatus Branson and Mehl; Ethington and Clark
1964, p. 699, pPl. 115, Figs. 12,25

Séolopodus quadriplicatus Branson and Mehl; Mound 1965, p. 34,
Pl, 4, Figs. 26, 30,

Scolopodus quadriplicatus Branson and Mehl; Druce and Jones 1971,
p. 93, Pl. 18, Figs. 6a-7c; Text: Fig.,
30f.

’

DESCRIPTION: °

¢

The basal cavity is not very deep and it is conical.
The base is éhort. The croéélsection igs subcircular to
elliptical. Thé base may be extendéd slightly posteriorly.

The cusp is erect to ;roclined. It is compressed antero-
ﬁosteriorly, with two lateral costae, Tyo costae alsé“occur
posteriorly, close together. The two sets of costae are

separtated by pbstero-lateral broad troughs. The lateral costae

‘extend almost to the aboral margin. The posterior costae extend

as far as the oral margin.




OCCURRENCE:

Unit 8 only.

MATERIAL:

8 specimens.

N
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‘Genusvspathoénathodus Branson and Mehl 1941,

Type species: Spathognathodus primus Branson and Mehl 1933

" :
Spathognathpdus n.sp. Lindstrom

»

Pl. 4, Fig. 16 v

LY

. . .-
Spathognathodus n.sp. Lindstrom 1960, p. 93, Fig. 5, no. 3.

The .short robust blade is abodt twice as long as hiéh.A 'm
It bears about sixteen denticles which are léterglly comﬁréSsedu
The denticlesﬁaf the posterior end are small and basally qued;
Only a ®mall part~of the dentiéle_is free. ~Anteri6r1y the |
denticles are larger and less fused ét the base. They are
pointed. | |

The basal cavity is widest centfally. Itﬂ%lg:es.bro?ély
to.one side and sharply to the other. The posteriof portion, .
aborally, is eccentric. The basal cavity reacheslalmoﬁt,to
‘fhe antero-basal angle. Thus the aboral seétion'of tbe base is*

asymmetrical, , .

REMARKS : L
b ‘ ! ° “
Only one spécimen has been found in the Cow Head sequence .
. ' .
Several have been found in the Table Head Limestone in Western

Newfoundland, (Fahraeus pers. comm.), and these have been used

as comparativelmaterial. Only Cow Head material is illustrated.
It seems likely that this element is the only element in
) . - »

a multielement species, because nothing .is added to the fauna -

when this element comes in.
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The specimen hére may be from a'fraqmeht of shelf facies

limestone included in the graded limestone from which it came.

OCCURENCE :

+ Unit 13.

MATERIAL:

1 specimen only.
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FEXPLANATION OF PLATE 1

All specimens X30. : 4

Figs. 1,2 Proconodontus primitivus (Miiller, 1959)
s.f.; CH~10D; lateral view,

Fig. 3 Proconodontus tricarinatus (Nogami, 1967).
s.f.; CH-10D; lateral view.

Fig. 4 Proconodontus burkei (Druce and Jones, 1971)
s.f.; CH-10D; lateral view.

Figs. 5=7 Hertziga sﬁp.
Figs. 8,9 Praconddontus mfilleri millleri Miller,b 1969
' s.f.; CH-10D; lateral views.

. \ .

“Fig$. 10,11 Scolopodus filosus Fthington and Clark 1964
CH-9F; lateral views. '

o

Fig. 12 Scolopodus gLuédriplicatus Branson and Mehl,
1933 s5.f.; CH-6472; lateral and postero-lateral
views.

Figs. 13,16,17 Scolopodus bassleri (Furnish 1938) s.f.

CH-6472; lateral and postero-lateral views.

Figs. 14, 15 "Cordylodus proavus Mfiller 1959; CH-1loD s.f.;
\ lateral views. A ‘

Figs. 18,19 Scolopodus gracilis Ethington and Clark 1964

- . CH-577a; lateral and posferolateral views.

Fig. 20 - - Scolopodus iowensis (Furnish 1938); CH-5772

s.f.; posterior view.

Fig, 21 . Opeotodus variabilis Lindstrom 1955; CH-6172

" s.f.; lateral view.

P







EXPLANATION OF PLATE 2-

All specimens_X30, unless otherwise stated.

Fig. 1 Drepanodus tenuis Moskalenko, 1967 s.f.;
CH-5772; lateral view.

Fig. 2 J Drepanodus simpléx Branson and Mehl 1933
s.f.; CH-5772; lateral view.

Fig'. 3 ‘ - Drepanodus acutus Pander 1856 s.f.; CH-2C;

lateral view. -

; 3& . ’
Fig. 4 Acodus gratis Lindstr®m 1955 s.f.; CH-9E;
lateral view. :

Figs. 5-7 pPaltodus n. sp. A (X25), CH-5972; fig. 6 i%
the. symmetrical wvariant; figs; figs. 5, 7 !

are the assymetrical variants. ‘

Figs. 8,9 - panderodus n. sp. A, Fig. 8, (CH-5772); Fig. ' *
' 9, (CH-5972; lateral views.

Figs. 10,14 . Acontiodus reclinatus Lindstrom 1955 s.f.;
) CH-1072; lateral view; X25

Figs. 11-13,17 Drepanodus arcuatus Lindstr8m 1955, Figs. 11

and 17: oistodiform elements, (X25), lateral

- views, Figs. 12, 13: drepanodiform elements,
lateral views, all from CH-6172.

Fig. 15 Stolodus stola (LindstrBm, 1955); Ch-3472;
‘ lateral view. '

Fig. 16, 20 ~ ?Paltodus deltifer or ?Paltodus inconstans
_ L.i'ndstr\é'm' 1955; qistodiform element only.
Fig. 16, (CH-9A), outer lateral view; Fig. 20,

(CH-6372), inner lateral view. -
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w»

EXPLANATION OF PLATE 2 (CONTIN*D)

4

Fig. 18 Acontiodus arcuatus Lindstrom 1955 s.f.;
CH-3572B; lateral view. \\
Fig. 19 . Scandodus furnishi Lindstr#m 1955 s.f.

CH-1072; lateral view; X25.
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. EXPLANATION OF PLATE 3

All specimens X;b\‘unless otherwise stated.

Fig. 1

Figs. 2,3

Fig. 4

Figs. 5,6

Fig. 7

Figs. 8,9

Fig. 10

-

Figs. 11-15

Oistodus brewvibasis Serveeva 1963 s.f.;

CH-4072; inner lateral view.

Paroistodus numarcuatus (Lindstrém, 1955);

CH-8B; Fig. 2: oistodiform element, lateral
view; Fig. 3: drepanodiform element, lateral
view; both X25.

Oistodus lanceolatus Pander 1856 s.f.;

CH-4C; lateral view

Paroistodus parallelus (Pander, 1856); =~

CH-8B; Fig. 5: oistodiform element, lateral
view; Fig. 6: drépanodiform element, lateral
view; both X25.

Oistodus triangularis Lindstrdm 1955 s.f.;
CH-0972, lateral view. -

Paroistodus proteus (Lindstr8m, 1955); CH-8B;

Fig. 8: drepanodiform element, lateral view;
Fig. 9: oistodiform element, lateral view; =
both X25. |

-7 v
“aracordylodus gracilis Lindstrdm 1955 s.f.
CH-4772; lateral view.

Drepanoistedus forceps (Lindstrom, 1955);
CH-3572B; Figs. 11, 13-15: drepanodiform -
element variants, lateral views; Fig. 12;

oistodiform element, lateral view.

s

aj)
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EXPLANATION OF PLATE 4
All specimens X30, unless otherwise stated.

Fig. 1-8 | Prioniodus elegans Pander 1856; CH-3572B
and CH-4072. Figs. 1-3: prioniodiform
eléments, lateral views; Fig. 4:
oistodiform element, lateral view; /ﬂ>

Fig. 5: trichonodelliform element, lateral

. view; Fig. 6: trichonodelliform element,

‘ posterior view;'Fig. 7: oepikodiform element,
lateral view; Fig. B: tgtraprioniodiform
element, postero-ldteral view; all X25.

Figs. 9-12 Prioniodus evae Lindstr8m 1955; CH-4C;
Fig. 9: prioniodiform element, lateral view;
Figs. 10 and 11: oepikodifor( element,
lateral views; Fig. 12: oistodiform element:;
CAll X25.

Figs. 13, 14 - Prioniodus navis Lindstrdm 1955 s.f.
’ Fig. 13, (CH-4372), antero-lateral view;
Fig. 14, (CH-3572B), postero-lateral view.

Fig. 15 "Falodus" new form; CH-4072; lateral view;
) specimen photogfaphed on slide. It was not
moved for fear of breakage.

-
»

QFig.‘ls Spathognathodus n.sp. Lindstrém, 1960 s.f.
CH-2C; lateral wview.
Fig. 17 «. - Belodella sp. A Fahraeus 1970 s.f. CH-0572;

lateral view.
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EXPLANATION OF PLATE 5 ,

All specimens X30.

Figs. 1-6 Periodon flabellum Lindstr8m 1955; CH-2B;

and 2C; Fig. 1: Multiramiform element,

(cordylodiform,symmetry), lateral view;

- Fig. 2: mﬁltiramiform element,
(cladognathiform symmetry) , lateral view;
Fig. 3: prioniodiniform element, lateral
view; Fig. 4: . ligonddiniform element,
lateral v}éw; Figs.'S and 6: oistodiform
elemgnts[:lateral view.

Figs. 7-14 Periodon aculeatus hadding 1913; CH-2B and

1072; Fig. 7:, multiramiform element,

(cordylodiform symmetfy), lateral view;
Figs. 8 and 9: multiramiform element,
(trichonodelliform element), lateral and
posterior view respectively; Fig. 10:
multiramiform element intermediate between
P. flabellum and P. aculeatns, (inverted

-basal cavity less pronounced); Fig. 11:
ligonodiniform elémeht, lateral view;

Fig. 12: ligonodiniform efement,a variant
of Fig. 12; Fig. 13 prioniodiniform element,
lateral view; Fig. 14 oistodiform element,

" lateral view. ‘ A
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