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(i) 

ABSTRACT 

At its type section near the village of Cow Head on 

the Great Northern Peninsula, Newfoundland, the Cow Head Group 

consists of carbonate breccias, micrites, graded bioclastic 
J 

limestones and non-calcareous sha~s with minor sandstones, 

shaly limestones and non-~?lcareous siltstones. Many of the 

limest6nes 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 transported westward by gravity -sliding during 

the Middle Ordovician and it now overlies shelf facies lime-

stones. The sequence was carefuLly logged and sampled for 

conodonts in order to determine the existence and extent of 

conodont zones, and to define the transition between the 

Cambrian and Ordovician Systems in terms of conodont bio-

stratigraphy. 

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 

~hose elements which do not fit into any known multielement 

species are listed under form taxonomy. 

The Cow Head Group is divided into 14 Units primarily 

on the basis of conodonts. No conodonts were recovered from 

the Middle Cambrian and thus it is correlated on the basis 
? 

of previo~sly reported trilobite faunas. Reasonable correlation 
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(ii) 

can be made with the conodont zones of Balto-Scandia erected 

by Lindstr~m and Bergstr~m for the Lower Ordovician, however 

not all of these zones have been recognised. The zones 

erected by Lin~str~m for the Volkhovian and Kundan Stages of 

the Baltic Shield (Baltoniodus triangu~aris 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 slope of eastern North ~rica. 

It was laid down as a series of mass gravity slides which 

flowed from the outer shelf and upper slope into an area of 

active dep~sition and redistribution of thin carbonate and 

non-calcareous muds. 

_/ 
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l. 
CHAPTER I 

INTRODUCTION 

''"' ( i) ACKNOWLEDGMENTS 

Sincere thanks are due to Dr. Lars E. Fahraeus for 

providing exc~llent guidance and encouragement to the writer 

during the compilation of this thesis. 

A scholarshij from Chevron Oil (Canada), for field work 

and equipment, held during 1972, is gratefully acknowledged. 

Thanks are also due to Ms. Diane England who processed 

most of the samples for conodonts. 

Earl and Agnes Payne and family of Cow Head are to be 

· thanked for provid ing such enjoyable living conditions in the 

field. 

(ii) LOCATION OF STUDY 'AREA 

.c· \ The carbonate breccias of the Cow Head Group, western 

I 

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°4S'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. 
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4. 
(iii) • PURPOSE 

The purpose of the present study is to describe the 

conodont biostratigraphy of the Cow Head Group in detail. 
I 

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 the nature and 

origin of the unusual carbonate breccias and associated bedded 
• 

limestones and shales. An explanation of the depositional 

environment is attempted. 

(iv). PREVIOUS REGIONAL WORK: 

The breccias were first described by Richardson (in 

-......... 
Logan 1863, p. 291), but he did not account for their origin. 

( 

Writing about some very large blocks in the breccia, he states: 

" .•.• it is difficult to decide whether these are sediments de-

,posited in the bed,· or enclosed transported masses, notwith
;, 

standing that they are divided into beds with pa~tings of 

black shale". 

After four expeditions between 1910 and 1933, Schuchert 

and Dunbar (1934, p.84), described the breccias at Cow Head in 

some detail, and assigned a tectonic 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". 



• 

) 5. 
~·. 

Oxley (1953) broadly accepted the view of Schuchart 

and Dunbar (1934) on the origin of the breccias, and pointed 

out the difficulty of correlating the breccias from place to 

place along th~ ·~ast. 

In the area of Portland Creek to the north, Nelson 

(1955) recogn i sed 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 ~ffectinq 

semi-consolidated muds. However, after reviewing the work of 
0 

Schuchart and Dunbar (1934) and noting that they h~d studi~rl 

exposures all along the coast, he felt " ••• inclined to the 

view that thein_hypothesis of orig in is p r obably the best so 

far presented". 
( 

The first detailed paleontological study was made hy 

Kindle and Whittington (1958) who recognised that the breccias 

were stratified sediments rang ing in age f rom ~he Middle Cambrian 

to the Middle Ordovicia.. They studied trilobites in the 

boulders of the breccias, and graptolites in the interbedded 

shales to determine the biostratigraphic sequence. They state 

that, (Kindle and Whittington 1958, p.341): "with few 

exceptions the boulders of any conqlornerate are'approximately 

the same age as the inunediately underlying strata". They 

reg~rded the Cow Head Group as a flysch sequence. 

Baird (1960), in a.cornprehensive r e view of the carbonate 

breccias in western Newfoundland, concluded that both shallow 

and deep-water breccias occur. He suggested that some intra

formational breccias were produced by wave and shore current 
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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 activi~y. He also - suggested ~hat 

"occasional fault scarps contributed to the formation of 

breccias throughout the _basin." 

Stevens (1970, p. 167}, writing on sedimentation and 

· tectonics in western Newfoundland, suggests that the possible 

origin 6f 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 ~ow 

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 succession to 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) . 
..... 
\Preliminary findings - of the work 

thesis~ave been reported by Nowlan and 

presented in this 

Fahraeus (1972). 

(v). PREVIOUS CONODONT RESEARCH 

This section is a brief review of studies which have 

been published on conodonts of comparable age to those 

' collected from the Cow Head Group. __ , 
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Middle and Upper Cambrian: 

E~cept 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. 

" Muller (1959) reported several species of conodonts 

recovered from Cambrian rocks of Sweden and North Germany. 

In 1961, Cambrian conodonts were reported from North 

America in a paper dealing with material from the Big Horn 

Mountains, Wyoming, U.S.A., (Koucky,Cygan and Rhodes, 1961) . 

Poulsen (1966) ctescribed a few middle Cambrian conodonts 

from unconsolidated clays on Bornholm 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 here for 

completeness. Clark and Rohison (1969), described a ·· few middle 

Cambrian conodonts from the Emiqrant Springs Limestone ~n 

Nevada, U.S.A. Clark and Miller, (].969), extended the low.er 

" ranges of some Cambrian conodonts described by Muller (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. ' Mii-1-er and Rushto": ·(19J3) report 

natural conodont assemblage s from the Upper Cambrian of 
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Warwickshire, Great Britain. 

Tremadocian: 

Pander (1856) described c onodonts from Tremadocian beds 

in Estonia and the Leningrad region. Further studies by Viira 

(1966, 1967) detail more complete Estonian sequences. Similar 

conodonts have been reported from the Leningrad reg ion 

" (Sergeeva 1962, 1963) and from Sweden (Lindstrom 1955, 1960, 

1964, 1971). 

In the United States, Tremadocian co n odonts have been 

recorded from the Prairie du Chien beds of the Upper Miss i ssippi 

Valley (Furnish, 1938), the Stonehenge Lime stone of Pennsylvania 

(Sando, 1958) · and the Monocline Val l ey For:mation of Nevada, 

(Longwell and Mound, 1957). 

The Columbia Ice-Fields sec tion 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 

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), 

S~eeva (1962, 1963), Viira (1966, 1967), Ethington and Clark 

(1971), and Sweet and Bergstrom (1966, 1972). 
j 
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CHAPTER II 

METHODS OF STUDY 

(i) Collection of Samples 

A total of 156 rock samples were collected at fairly 

closely spaced intervals. Each sample weighed approximately 

5 kilos. 

The Cow Head Group, in the ~tudy area, is folded into 

a broad syncline, exposinq rocks of the same aqe on both the 

northern and southern shores. The Middle Cambrian is, ~wever, 

exposed only on the north shore. Both limbs of this syneline 

were sampled for conodonts, thus givinq two more or les~ 

correlative sections. 

Samples were taken of both boulders ant matrix of 

breccias, and also from the intervening limestones and shales. 

The samplinq interval varied, but was never more than two 

metres or less than a few centimetres. As many lithologies 
/ 

as possible were sampled. /< 
The samples were generqJ.ly crushed to fragments with 

a diameter of about 4 ems., 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. ~-
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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 disfolution was passed through a 

250-micron mesh sieve, ann washed. The residue in the sieve 

was placed in an oven to dry. The dried resid~e was then 

separated in Tetrabromoethane (Sp. Gr.=2.92) and the heavy 

fraction was washed with al~ohol and 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 NewfGundland 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, 

Kenn~dy 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 division 

) of Wi~liams (1964). For illustration of the main geological 

elements of the area, see Fig. 1. A brief description of the 

major components of the geology 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 ~erlies this basement. 

Three units are recognised within this sequence. The lower 

unit consists of conglomerates and quartzites overlain by 

volcanic~ 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 composed of light grey, 

evenly bedded dolomite and dolomitic limestone. This interval 

/ 
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is interpreted as representinq shallow water outer shelf 

facies (carbonate bank). The Table Head Formation is the 

upper part of the middle unit of the autochthon. This 
• 

\ormation is about 335m. thick and rests with an erosional 

disconformity on the St. George Formation. It consists of 

a rubbly limestone at the base, which grades up into evenly 

bedded, locally dolomitic, limestone, which is in turn ~ 

• overlain by thinly bedded limestones and shales. The lower 

part of the Table Head Formation represents a continuation 

of outer shelf deposition. The middle and upper oarts of the 

Table Head Formation are probably upper slope deposits, 

(Fahraeus pers. comm.). 

The upper unit of the autochthonous succession is a 

clastic sequence which is fine-grained at the hase 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 continental . 
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 Newfoundlnnd 

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 Neale (1963) compared the alloch-

thonous rocks with the Taconic Klippe. 

The transported se~nces now recognised are (Stevens 

1970): (i) The Cow Hec;td \Group consisting of a condensed. ,. 

succession of carbonate breccias, with intercalated thin beds 

of limestone and shale. 
~ 

(ii) A cl~stic succession of the Humber Arm Group, which 

has a condensed sequence of carbonate breccias, limestone 

beds and shale in its middle po~tion, known as the Cook's 

Brook Formation (Stevens, 1970). 

(iii) An ophiolite sequence. 

The C~ Head Group is thought to he allochthonous on 

the basis of circumstantial evidence. The basal contact is 

not seen anywhere and no melange zone has been noteq in close 

' 
proximity, thus the existence of a thrusJ 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 Group, and this inter

pretation is followed here. The Cook's Brook Formation is 

transported, (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 slidinq 
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in the MidtUe Ordovician. The Cow Head Group -now lies on 

top of the largely shelf deposited St. Georae and Table Head 

Formations, from which th~ breccias . may have been partially 

derived. (A later section in this thesis describes the 

paleoenvironment of deposition of the succession). 

The Cow Head succession is overlain by un-named green 

sandstones' (Kindle and Whittington, 1958), which crop out on 

the shores of St. Paul's Inlet, (Fig. 2). These green sand-

stones are part of the ea~erly derived clastics which make 

up the upper part of the autochthon. These clastics were 

probably derived from the ophiolit~, which form the upper-
/ I.\ 

most allochthonous slices, (Stevens, pers. comm.) • . 

\, 

,, 
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CHAPTER IV 

STRATIGRAPHY 

( i) . INTRODUCTION: PREVIOUS STRATIGRAPHIC INTERPRETATION 

The earliest stratigraphical description of the Cow 

Head region is given in Schuchert and Dunbar (1934). As has 

been rn~ntione.d above, they considered the breccias at Cow 

Head to be talus and slides from a fault sc"arp. They re-

e~gnised a sequence of shales, limestones, and limestone 

brecc.ias occurring at Martin Point, Broom Point and St. Paul's 

Inlet ee Fig. 2) as the Green Point Series. These outcrops 

nterpreted as parts of the Cow Head Group (Kindle and 

ittington, 1958). 

Johnson (1941) includes the sequence at Cow Head 

as a different facie~f the St. George and Table Head For

mations, and describes two new gooups for the rocks in the . 
area: the Green Point Group and the Western Brook Pond Group . 

. Oxley (1953) recognised two different Lower Ordovician 

facies in the area, but considered the" Cow Head sequence to 

be Middle Ordovician in age. 

Kindle and Whittingtort (1958) first used the term 

Cow Head Group, and rec-ognised the sequence 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 Cape Cormorant on the Port-au-

Port Peninsula in the south (Fig.!). 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 

i nto a number of informal stratigraphic units termed b~ds. 

This subdivision has been found to be largely satisfactory f or 

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 units of the sequence, and thus 

the age of these is based on the trilobites reported by J<:indle 

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 Co~e (Fig. 3). It .is also exposed at low tide in the 

eastern corner of Beachy Cove. This Unit is a limeston~ 

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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FIG. 4. CLOSE-UP OF THE LITHOLOGY OF UNIT l, N.E. TIP OF 

COW HEAD PENINSULA. 

FIG. 5. CLOSE-UP OF LITHOLOGY OF UNIT 2, N.E. TIP OF 

COW HEAD PENINSULA. 



18. 

flaggy nature. Sporadic pebbles of calcarenit~ are present. 

Between Units 1 and 2, there is about 15 ems. 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 point of the peninsula, and along 

the shore in Beachy Cove. (Fig. 3) 

UNIT 3 

This unit 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, interbedded micrites and · shales 

(Figs. 9 and 10). Man~ smaller ' flat pebbles are also presen~, 

and these are composed of the same material as the large fold-, 

ed blocks. Unit 3 is in fault contact with Unit 4 on the east 

side of Beachy Cove. 

Intercalated between Units 3 and 4 is a thin (70 ems.) 

sequence of bedded calcareous siltstone which is rich in 
~ 

authigenic pyrite and seemingly rather siliceous. 

, 
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FIG. 6. BEACHY COVE FROM THE WEST: UNIT 2 CROPS OUT ALONG 

THE SHORE, AND UNIT 3 IS EXPOSED IN THE CLIFFS· 

FIG. 7. DETAIL OF LARGE BLOCK OF BEDDED LIMESTONE IN UNIT 3, 

BEACHY COVE · 
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FIG. 8. CLOSE UP OF MARGIN OF THE BLOCK SHO\~ IN FIG. 7. 

FIG. 9. CONTORTED SLAB OF BEDDED LIMESTONE AND SHALE IN 

UNIT 3, BEACHY COVE. 
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UNIT 4 

This \tni t 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 lm. 

Several smaller boulders contain trilobite fragments. Most 

of the pebbles are of a flaggy nature. ~ 

A thin (30 ems.), interbed of calcareous siltstone and~ 
"---. • 

shal~ separates dhit 4 from Unit 5. 

UNIT 5 

This unit is largely a flat-pebble breccia (Fig. 11), 

with a few larger subrounded boul~ers (Fiq. 12), some of which 

contain trilobite fragments. The smaller flat chips are mostly 

clean micrite~, but coarser grained sandy calcarenites occur 

as well: Boulders of folded limestone are rare. The unit 

· var.ies in thickness from 12m. at its eastern extremity to 

20m. on the shore.just east of the lighthouse. This unit forms 

a ridge runn~ng 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 part of the northern shoreline ·(Figs. 

13a and b). It is largely a successioD of .interbedded micrites 

and shales with some 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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FIG. 10. CLOSE-UP OF A BRECCIATED PORTION OF A BEDDED BLOCK 

IN UNIT 3, BEACHY COVE. 

FIG. 11. CLOSE-UP OF LITHOLOGY OF UNIT 5, CENTRAL PORTION 

OF NORTH SHORE OF THE PENINSULA· 



FIG. 12. LARGE BOULDER IN UNIT 5, NORTH SHORE OF COW 

HEAD PENINSULA · 

23. 

FIG. 13a. EXPOSURE OF UNIT 6 ALONG THE FORE-BHORE BELOW THE 

LIGHTHOUSE. 
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FIG. 13b. EXPOSURE OF UNIT 6 JUST WEST OF THE FAULTS ON THE 

NORTHERN SHORE. 

FIG. 14. NOBBLY BEDDING SURFACE OF A BED OF LIMESTONE IN UNIT 

6, NORTH SHORE OF COW HEAD PENINSULA· 
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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. 1~), and may be folded in such a 

way as to suggest soft-sediment deformation (Fig. 15). These 

thin micrite beds are typically laminated, aryd many of them are 

dolomitic. 

A 3m-thick layer of quartz sandstone is present about 

~ 35m.~rom the base 

ment, this horizon 

well so ted quartz 
1 

o·t t!nit 6 (Fig. 16). In its best develop-

consists almost exclusively of rounded and 

grains in a calcite matrix. Many of the 

sand grains are coated with pyrite, giving the appearance of 

rounded pyrite grains, These quartz grains are common through-

out Unit 6 but are particularly concent-rated 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 Sm. 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 they are 

broken up and thrown into folds and contortions beneath th~. 

coarse breccia of Unit 7 (Fig. 17). Several low angle faults 

' 0 ! 
which thrust and dip northwestwards at about 25 , confuse the 
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FIG. 15. SOFT SEDIMENT DEFORMATION IN BEDDED LIMESTONES AND 

SHALES OF UNIT 6, NORTH SHORE OF COW HEAD PENINSULA. 

FIG. 16. COARSE PORTION OF QUARTZ SANDSTONE IN UNIT 6; THE 

FLAT PEBBLES DECREASE IN ABUNDANCE UPWARDS IN THE 

BED, NORTH SHORE OF COW HEAD PENINSULA. 
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FIG. 17. CONTORTED MUDSTONES OF UNIT 6, IMMEDIATELY BELOW 

THE BRECCIA OF UNIT 7, BENEATH THE CROW ' S NEST. 

FIG. 18. LOW ANGLE FAULT IN UNIT 6; THE DIP ON THE FAULT PLANE 

IS NORTHWARDS. THE DISPLACEMENT IS ABOUT 60 ems., 
(LEFT TO RIGHT), NORTH SHORE OF COW HEAD PENINSULA• 
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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 pat~hily 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, ·P,rominent bed of breccia up rto 

20~. thick. This breccia contains ·ru1ders of white dolo

mitic limestone up to 4m. in diamete'r. The whiteness·· of the 

boulders makes Unit 7 very conspicuous along the shore. (It 
I 

is a boulder in ·this bed which was sha~ed like a cow's head 

. 
•. 

that provided the., inspiration for the naming of the peninsula) . 

Unit 7 crop~ 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 e'ast of the lighthouse and Unit 

7 prob)bly forms the conspicuous. scarp which runs some distance 

across 'the peninsula. It is interesting to note that this 

scarp is a beautifully preserved raised sea-cliff (Fig. 21). 
I 

"Sub-fossil" Lithothamnion was found on the verticai 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 • . 

a 

.. ' 
/ 
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FIG. 19. A FAULT ON THE NORTH-EAST POINT OF THE PENINSULA, 

WHICH DOWNTHROWS UNIT 6 AGAINST UNIT 4. UNIT 6 

IS ON THE LEFT AND UNIT 4 IS TO THE RIGHT IN THIS 

PHOTOGRAPH 

FIG. 20. UNIT 7 NEAR THE POINT OF HEAD. UNIT 6 FORMS THE 

BEDDED MATERIAL BELOW. NOTE THE SLIGHTLY IRREGULAR 
BASE OF UNIT 7. 
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FIG. 21. UNIT 7 JUST BELOW THE LIGHTHOUSE. NOTE THE WAVE 

CUT SHAPE OF THE SCARP FACE. 

FIG. 22. FLAT-PEBBLE BRECCIA OF BASAL UNIT 8 AT THE POINT 

OF HEAD. VIEW OF "BEDDING PLANE." 
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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 (Fig. 22). 

This part also contains more or less lensoid bodies of coarser 

breccia with sub-rounded boulders. A few discontinuous layers 

of thin-bedded micrites are also present (Fig. 23). Most of 

the pebbles are brown or ~ark 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/south-east trending faults is minor, so that samples 

could be taken in stratigraphic order with a good degree of 

certainity. The low angle faults mentioned in the discussion 

of Unit 6 are also present here and it is ve~' difficult to 
' 

pick out the amount of displacements in this ~elatively 

homogeneous mass {Fig. 24). 

Above this basal 35m. of breccia is about 18m. of 

intercalated flat-pebble breccias and thin-bedded micrites 

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 
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FIG. 23. OUTCROP PATTERN OF LOWER UNIT 8 AT THE POINT OF 

HEAD. NOTE THE THIN~BEDDED LIMESTONES AND SHALES, 

THESE PARALLEL BEDDING. 

FIG. 24. LOW ANGLE FAULTING IN UNIT 8 AT THE POINT OF HEAD 

NOTE THE DISPLACEMENT OF THE JOINTS. BEDDING DIPS 

TO THE RIGHT (SOUTH-EAST) . 
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FIG. 25. INTERBEDDED BRECCIAS, LIMESTONES AND SHALES OF 

FIG. 26. 

THE UPPER PART OF UNIT 8 AT THE POINT OF HEAD. NOTE 

MAN STANDING AT CENTRE. 

"RIPPLED", UNEVEN BEDDING IN THE UPPER PART OF 

UNIT 8 AT THE POINT OF HEAD. 
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and these include dolomites, micrites, and chert. 

The thin beds of micrite intercalated in this sequence 

have unusu:l l~oid 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 ' caco
3 

dissolution acted on sorne of the beds during .and 

after depo~ition. 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 noncalcareous. Vertical worm burrows are present 

in some of the thin micrite beds as well. 

Unit 8 also crops out at the eastern end of the penin

suly on the point between Little Cove and Tucker's Cove. 

The character of the sequence changes considerably here, and 

a large proportion of it consis~hi~ bedded, lalllinated, 

graded limestones with intercalations of shale {Fig. 28). 

S~veral beds and lenses of flat-pebbl~ ~reccias are present· 

(Fig. 29) along with a few much coarser beds with boulders up 

to lm. across. This succession is well exposed in the cliff 

behind the powerhouse 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. 

• 

·i 
:'i 
J 
:~ 
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FIG. 27. LENSOID LIMESTONE BEDS IN UPPER UNIT 8 AT THE POINT 

OF HEAD. · SVGGESTED SOLUTION SURFACES. 

FIG. 28. UNIT 8 ON THE SHORE OF LITTLE COVE. NOTE RIPPLED 

AND LENSOID BEDDING FEATURES. 
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FIG. 29. SMALL ~ LENS OF BRECCIA IN UNIT 8 IN TUCKERS COVE. 

THE BEDS ABOVE ARE DRAPED OVER THE IRREGULARITIES 

OF THE SURFACE OF THE BRECCIA LENS. 

FIG. 30. THE INTERBEDDED LIMESTONES AND SHALES OF UNIT 9 AT 

THE POINT OF HEAD; THESE ARE OVERLAIN SUCCESSIVELY 

BY UNITS 10, 11 AND 12. 
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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 ~f 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 exhibit 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 Uni) The whole 

unit is about 27m. thick. 

Unit 9 is also exposed to the west of the cabins ~m the 

west side of Shoal Cove, and also all along the southern shore 

from the east of Shoal Cove to the sand bar where it attains 

a similar thickness (32m.). Parts of the succession are ' re-

pe~ted by a number of faults. There is a greater proportion 

of breccias in this exposure of Unit 9 (Fig. 32) than at the 

Point of 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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FIG. 31. L~1INATED LIMESTONES OF UNIT 9 AT THE POINT OF HEAD. 

NOTE CHERT NODULE AT LOWER RIGHT AND LENSOID BEDS IN 

THE UPPER PORTION. 

FIG. 32. BRECCIA AND THIN-BEDDED LIMESTONES IN UNIT 9 AT COW 

COVE. NOTE SMALL FAULT ON THE RIGHT. 
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FIG. 33. COARSE BRECCIA AT THE BASE OF UNIT 9, IN COW COVE. 

THE SAND BAR IS IN THE BACKGROUND. 

FIG. 34. UNIT 10 IN SHOAL COVE. 
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in this section. They are usually brown and gr~y 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 samples from this 

tinit 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, 

(Unit 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 Sm. thick {Fig. 34). 

Several of the boulders in this breccia consist of interbedded 

micrites and shales which are haphazardly f olded in places . 

Other boulders are commonly pale micri tes with some ma·cro-

fossils, usually gastropods. The top o f the bed is covered 

by ·a layer of chert (Fig. 35). 

UNI'l' 11 

This unit is a sequence of thin-bedded limestones and 

shales, with rare beds and lenses of flat-pebble breccia (Fig. 
I 

(16). It crops out along the Ledge and along the shore between 

Shoal Cove and Jim's Cove (Fiq. 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

mitised. Some of the beds are lensoid with shale thickened 
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FIG. 35. THE TO? 0~ UNIT 10 AT THE LEDGE LOOKING SOUTH- WEST. 

UNIT 11 IS IN THE FOREGROUND. 

FIG. 36. A LENS OF FLAT-PEBBLE BRECCIA IN UNIT 11 AT SHOAL 

COVE. NOTE THAT THE PEBBLES ALMOST ALL DIP TO THE 

RIGHT (i.e. NORTH), GIVING THE EFFECT OF CROSS-BEDDING. 



42. 

FIG. 37. UNIT ll EXPOSED FROM SHOAL COVE TO JIM'S COVE 

LOOKING WEST FROM THE WEST SIDE OF SHOAL COVE. 

FIG. 38. CLOSE-UP OF UNIT 12 IN A CLIFF AT THE LEDGE 
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above and below the thin interconnections of the lenses. At 

The Ledge a ~ prominent beds ~ buff-weathering siltstone 

' rre present towards the top of the sequence. These distinctive 

units occur pm. from the top of the sequence ,.on the south 
I 

shore. Unit 11 is about 13m. thick on The Ledge arid thickens 

to over 30m#' on the shore between Shoal Cove and Jim's Cove. 

This may suggest erosion of sediments or non-deposition at the 

easterly portion of outcrop. Beds at the base of Unit 11 at 

The Ledg~ are generally silicified, and entirely si·licified 

lenses of · microbreccia .are to be seen. At The Ledge, an 

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

Unit 11 (Fig. 38). 

UNIT 12 

This \mit 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 

td 3m. in Jim's Cove. 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 Wlit is repeated by faulting 

on the headland east of Jim's Cove. 

.. 

' . 
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FIG. 39. LARGE SLABS OF BEDDED MICRITES AND SHALES IN THE 

BASE OF UNIT 12,JUST TO THE EAST OF JIM'S COVE. 

NOTE HAMMER AT CENTRE LEFT. 

FIG. 40. BEDDING IN UNIT 13 AT THE POINT OF HEAD 
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UNIT 13 

Overlying Unit 12 is a series of thin-bedded micrites, 

graded bioclastic limestones and shales (Fig. 40). In Deep 

Cove this series appears to have been laid down oW!r an un-

even surface of Unit 12. This Unit can be traced for only 

a short distance in Deep Cove. The Unit is ~. thick at this 

exposure and it is broadly folded · (Fig. 41). In Jim's Cove 

the exposure of Unit 13 is rather poor, but shales appear to 

be~re dominant and the whole sequence is thicker. This 

thickness is probably accentuated by faulting (Fig. 42), but 

it may be as much as 12m. A single breccia unit within Unit 

13 occurs in Jim''s Cove, below which there are limestone shales ... ' 

with beautifully preserved qraptolites. On the east side of 

Jtm's Cove, there · are thin-bedded limestones which stronqly 

resemble those of Unit 13 in D~ep 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 loca~ities. 

UNIT 14 

~ 

ThLs 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 litho~ogies is evident in the boulders. Several 

masses of bedded limestone and shale are included in the 

) 
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FIG. 41. FOLD IN UNIT 13 AT THE POINT OF HEAD. 

FIG. 42. FAULT IN UNIT 13 IN JI~1'S COVE. 
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FIG. 43. UNIT 14 ON THE WEST SIDE 0~ DEEV COVE, CONTAINING 

VERY COARSE BOULDERS 

FIG. 44. CLOSE-UP OF UNIT 14 ON THE WEST SIDE OF DEEP COVE. 
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breccia and they are often contorted and broken up (Figs. 45 

and 46). Other 1 · thologies incorporated as boulders in the 

breccia include icrites, (as smaller boulders _and pebbles), 

oclastic limestones, flat-pebb~e breccias, and 

rarely chert. A larger variety of macrofossils are pr~sent in 

the boulders in this breccia than in any other. One boulder 

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

brachiopods and orthocone nautiloids were observed~ This is 

the highest unit in the sequence. 

~- . 
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FIG. 45. CONTORTED SLAB OF BEDDED LIMESTONES AND SHALES IN 

UNIT 14 ON THE WEST SIDE OF DEEP COVE. 

FIG. 46. VERY LARGE UNFOLDED SLAB OF BEDDED, DOLOMITISED 

LIMESTONE IN UNIT 14 ON THE EAST SIDE OF DEEP COVE. 
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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. 

" Some explanatory comments on the corre~ation chart will be 
~ . 

useful. The chart has numbered columns and these are 
I 

discussed below. 

1. The ArCligian and Tremadocian although described from 
Great Britain, are taken as being applicable to Balto
Scandia, since they have been used in correlation of 

that area· (Jaanusson 1960) • 

2. The conodont zones are those of LindstrOm (1971) with 

the exception of the Paltodus inconstans Zone which was 

described and defined by Bergstrom (1968). _The zones 
Baltoniodus triangularis to Amorphogna.thus variabilis 

are not represented by their zone fossils in the Cow 

Head sequence. This interval is filled entirely by · 

species of the genus Periodon. 

3. This column shows the units described in this study. 

The abbreviations are: s = Staurograptus; D = Dictyonema; 

I.e. = Isogra~tus caduceus; T.a. = Tetragraptus 

approximatus. 
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4&5. These show the beds described by Kindle and 
f"~hittington (1958) from the south and north shores· 

of the Cow Head Peninsula ' respectively. 

6. The Trempealauan is difficult ~o correlate precisely " 

with the Cambro~rdovician boundary of. Balto-Scandia. 
It is thought, however, to extend somewhat into the 

Tremadocian {Clark and Miller 1969; Jone~ Shergold and 
• Druce 1971) 

7. This column shows the possible correlation of the 

conodont zones 'in the mid-western United States 

defined by Ethington and Clark (1971). The · 

difficulty of correlating cratonic and extracratonic 

faunas was pointed out by Ethington and Clark (1971), 

and this difficulty is evident in this study, because 

correlation with th~ mid-west faunas . ia very poor. 

A stut!Y of conodonts from the Pogonip Group of Nevada 

has, however, revealed faunas similar to those from 

Cow Head (Ethington 1972). 

8. This column shows the stages 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 based on that made by Jones, Shergold and Druce (1971). 

4 

Distinction of stratigraphic units on the Cow Head 

Peninsula is largely based on micro- and macro-faunas collected 

by the writer, or previously described in the literature and 

partly on ~ithological evidence. 

\ 



(iii) THE UNITS 

UNITS 1-5 

52. 

Units 1 through 5 are lithologically distinct and can 

be traced in outcrop along the north shore of the Cow ~ad 

Peninsula. No conodonts were recovered from samples~ these 

units. The age relationships are 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 C?w Head, exposures at Broom Point an9 the 
~ 

White Rock Islets (Fiq.2) indicate an earlier age which is 

equivalent to the Paradoxides davidi~ and Paradoxides hicksi 

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

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

Franconian, which Kindle and Whittington (1958) consider as 

a probable equivalent to Zone 4 of the Olenid Series in the 

Swedish succession. 

..._ 
UNIT 6 

( 

The oldest conodonts found in· the Cow Head sequence 

occur a few metres above the· base of Unit 6_. The .yields from 

these lowermost productive samples are, however, low and the 

taxonomic diversit¥ of the fauna is rathe~~oor. 

elements of the fauna are four types of th genus 

Characteristic 

Hertzina, 

· d.istinguished by the presence or absence of anterior and/or 

f . 

\ 
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I 

posterior edges. Four form-species of the genU$ Proconodontus 

are recognised, viz: P. burke!, P. mttlleri mUlleri 
, 

P. primitivus, and P. tricarinatus. These elements are 

common members of the Upper Cambrian fauna o~ Unit 6. 

P. mUller! m6lleri is reported from the Notch Peak Limestone 

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

occurrence of the other three Proconodontus species from 

the Chatsworth Limestone of Western Q~eensland, 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 Dictyonerna 'and Staurograptus noted by Kindle and 
t 

Whittington (1958) close to the top of Unit 6 are in the 

Upper Cambrian, with the very top of the unit yielding 

Tremadocian graptolites. 
(j 

Unit 6 faunas are found along the north shore (Fig. 3), 
-

and were also indentified from a sample (171) from the north 

side of Tuckers Cove. This latter occurrence is noted from 

beds adjacent to a fault on the north-east point of the 

peninsula. On the other side of the fault are beds described 

as Middle Cambrian by Kindle and Whittington (1958), viz: 

Units 1, 2, 3, and 4. Thus; the Middle Cambrian is missing 
\ 

due to -faulting on the southerly limb of the syn.cline at 

Cow Head. 

Faunal correlations of Unit 6 between ,the · north shore 

and the. __ eastern shore of the peninsula are strengthened by 

., 
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the existence of beds of identical quartz sands at both 

locations. 

UNIT 7 
/ 

Unit 7 can be traced in outcrop from the Point of Head 

to the scarp in the central part of the peninsula, where it 

gradually disappears under drift. The tracing of the east- · 

ward'extension of this unit is based upon conodonts. A 

thin breccia horizon crops out just south of the harbour 

(Fig. 3~: above this are faunas characteristic of Unit 8, 

and below there is a fauna which occurs in Unit 6. This 

breccia ie therefore in the stratigraphic position of Unit 7, 

but it is not necessarily the same breccia as that described · 

as Unit 7 at the Point of Head. 

At the Point of Head, Unit 7 yielded only specimens 

belonging to the genus Hertzina, (thus not allowing precise 

correlation) however, it is bounded below by the Tremadocia~ 

graptoli t.es and above by a fauna characteristic of Unit 8 

(see below). 

Conodonts occurring in Units 6 and 7 are: ( 
Hertzina spp. s.f. 

Proconodontus burkei (Druce and Jones)s.f. 

Proconodontus rnt'Hleri mOlleri Miller s .,f • . 

Proconodontus primi·tivus ' (MOller) s . f . 

Proconodontus tricarinatus (Nogami) s.f. 

' 
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UNIT'S 

The P\oconodontus - Hertzina association continues up 

" into the base of Un~~ 8, where it co-occurs with Cordylodus 

proavus s.f. This form species is regard.ed as the zone fossil 

of the lowermost Tremadocian in the Ninmaroo Formation of 

Queensland (Druce and Jones 1~71). Cordylodus proavus is 

th~ only addition to the fauna in the lower part of Uni~ 8, 
. 

and it appears quite suddenly, with no apparent evolutionary 

forerunner. ~iller (1969) derives C. proavus from Proconodontus 

notchpeakensis but this species has not been found in the 

Cow Head Group. 

The Balto-Scandian zone equivalent to this fauna in 

the lowermost Tremadocian' i~ the Cordylodus angulatus zone 

(Lindstr~m 1971) This species is not reported from the 

Cow Head Group. It is, however, recorded in the Middle 

Warendian (Table 1). in Australia, (Druce and Jones 1971), but 

here it occurs much higher in the sequence, at a level equiv-

alent to the Pal to.dus del tifer ·zone of Ba.l to-Scandia. 

The equivalent to this lower Unit 8 fauna in the mid

western. United States is PFObably Faunas A and B of 

Ethington and Clark .(1971). The correla.tion between the 

mid-wester.n faunas and 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 de]ftifer zone (LindstrOm 1971). No 

drepanodiform elements, and only very few oistodiform elements 

of this species occur in the Cow Head sequence. Other forms 
~ 

characteristic of, but not restricted to this zone do, howeve~, 

occur, viz: Oneotodus variabilis s. f. an<! Paroistodus 

numarcuatus. 

Representatives of the zone fossils for the Upper 
~ ..... 

Tremadoc of Australia established by Druce and Jones (1971), 

are not present in the cow Head sequence, although a number 

of species recorded by them from this interval do occur. 

The top of Unit B 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 

approximatus. In this study_ Prioniodus elegans is . found with

in the T. approxirnatus Zone and thus the boundary of bed 8/ 

bed 9 (Kindle and Whittington 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 abundan't ~t this level, whereas Lindstr0m(l971, 

Figs. 1 and 2) indicateS"··a peak of aburidanc~ of this species _ 

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

Quite a diverse scolopodid fauna is present {see 

li~.t below.) .. All the form-spttcies collected at Cow HeaQ 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 
I • • 

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 top of Unit 8 probably lies in the Paltodus 

inconstans Zone (Bergstrom 1968), although no certain repre-

sentative of the zone fossil has heen noted. No drepanodiform 

elements and only very few oistodiform elements of this species 

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

the first appeat'ance of Prioniodus elegans. It follows, there-

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

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

Arenig boundary. 

Litho logical correlations are impossible to make in 

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

The fauna contained in Unit 8 is listed below: 

Acodtis gratus Lindstr~m s. f, 

Cordylodus proavus Mftller s. f. 

DreJanodus acutus P.ander s.f. 

Drepanodus arcuatus Pander 

Drepanodus simplex Branson and Mehl s ...,f. 

Drepanodus tenuis Moskalenko s. f. 



UNIT 9 

Drepanoilltodus forceps LindstrOm 

Hertzina spp. 

Oneotodus variabilis LindstrBm s.f. 

? Paltodus deltifer LindstrBm 

? Paltodus inconstans Lindstr~m 

Paltodus n.sp.A. s.f. 

Panderodus n.sp. 

Paroistodus numarcuatus· Lindstr~~ 

Pronconodontus burkei (Druce and Jones) s.f. 

Pronconodontus mftlleri mftlleri Miller s.f. 

Proconodontus primitivus (Mfiller) s.f. 

Proconodontus tricarinatus (Nogami) s.f. 

Scolopodus bassleri (Furnish) s.f. . 

S. filosus Ethington and Clark . s.f. 

s. gracilis Ethington and Clark s.f. 

S. iowensis (Furnish) s. f •. 

s. quadriplicatu~ Branson and Mehl s. f. 

58. 

\ 
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 basi~ o~ 

conodonts are impossible. P. elegans is reported ~rom the 

J 
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Pogonip Group, Nevada (Ethington 1972). 

P. elegans extends down into th~ graptolite zone of 

Tetragraptus approxirnatus in the Cow Head sequence. This 

graptolite species is recorded from Unit . 9 by Kindle and 

Whittington (1958} and the existence of the lower Arenig 

conodont P. elegans has been established several metres below 
·? 

their1graptolite localities. Bergstro:~p and Cooper (1973, 

Fig. 6Lextend the P. elegans Zone down into the equivalent 

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

confirms that correlation. 

Associated with Prioniodus elegans a~e a number of 

specimens of Prioniodus navis s~f- Much higher in the sequence 

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

eleMent species Saltoniodus navis (Lindstr6m 1971). The form 

occurring in the Cow Head~roup appears morphologically the 

same as the constituent eiement of Baltoniodus navis. The 

multiele~nt asso~iation of Prioniodus navis s.f. is not 

known at this level, but it may perhaps be an evolutionary 

forerunner to Baltoniodus navis. 

Paroistodus proteus is req:'lrded by Lindstrl'm\ (1971). 

as a aone fossil immediately below Prioniodus elegans, equiv~ 

alent to the Paltodus inconstans zone of Bergstrom (1968). 

In the Cow Head Group Paroiseodus proteus is recovered from 

~amples containing Prioniodus elegans and does not occur below 
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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 ta~en 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-

eluded 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: 

Acodus gratus Lindstr~m s.f. 

Acontiodus arcuatus Lindstr~m s.f. 

Acontiodus reclinatus Lindstr~m s.f. 

Drepanodus arcuatus Lindstr~m 

Drepanoistodus forceps (Lindstr~m) 

Oistodus brevibasis Sergeeva s.f. 

Oistodus lanceolatus Pander s.f. 

Paracordylodus 2racilis Lindstr~m s.f • 
·• 

Paroistodus numarcuatus (Lindstr~m) 

Paroistodus parallelus (Pander 



Paroistodus proteus (Li~dstrOm) 

Prioniodus elegans Pander 

Prioniodus navis Lindstr~m s.f. 

Scandodus furnishi LindstrOm s.f. 

UNIT 10 

Scolopodus bassleri (Furnish) s.f. 

Scolopodus filosus Ethington and Clark s.f. 

61. 

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. 

UN I ill 

The two multielement species identified are: 

Drepanoistodus forceps (LindstrOm) 

Prioniodus elegans Pander 

The next striking faunal change is the replacement of 

Prioniodus elegans by Prioniodus ~· This changeover takes 

place just above the bas~ of Unit 11. This .latter species 

is stratigraphically diagnostic in the Balto-Scandian area, 

(Lindstr~m 1971) where conodont faunas of this type are 

currently best known ~ummarised by Lindstr~m 1971). In the 

Cow Head seq~ence 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. angustifolius 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 

approximately 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 Pogonip 

Group, Nevada (Ethington 1972), 

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

the P. evae Zone. 

Unit 11 yieLded the followin~ species: 

Acontiodus arcuatus Lindstr8m s, f. 

A. reel inatus Lin~strOm s _,. f. 

'Orepapodus acutus Pander ~.f. 

Drepanodus arcuatus LindstrOm 

Drepanodus 'simplex Bra~son and Mehl s. f. 

Oistodus lanceolatus Panc)e·l: s, f, 

Pariosto.dus parallelus (Pander) 

UNIT 12 

Prioniodus ~legan~Pander 

Prioniodus evae LindstrOm 

Scandodus furnishi LindstrOm s.f. 

This unit is within the Prioniodus evae Zone. A few 

probable elements of Periodon flabellum were recovered from 
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a boulder in the breccia of Unit 12. Only two elements of 

the apparatus were found, so positive identification was not 

made. 

The small fauna from Unit 12•consists of: 

Drepanodus arcuatus Lindstr~m 

Drepanoistodus forceps (Lindstr~m) 

Paroistodus proteus (LindstrOm) 

?Periodon flabellum (LindstrOm) 

UNITS 13 and 14 

·Unit 13 is a distinct lithological entity between the 

breccia of Unit 12 and the spectacular and distinct Unit 14. 

The thinly bedded limest;.ones and shales expt!>sed in Jim's Cove 

yield beautifully preserved Isograptus £aduceus. The character 

of the limestones in this unit is different to that in other, 

lower, bedded units. There is a much greater proportion . of 

graded bioclastic lime.stones, some of which are quite coarse. 

Unit 14, which is exposed on either side of D,eep Cove 

(Fig. 3) is lithologically a very characteristic 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 Lindstr~m (1971) for the 

'Volkhov Stage (Table 1) · apply to the Cow Head sequence. The 

.. 
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dominant elements in the faunas from Units ' 13 and 14 are 

representatives of the multielement species Periodon flabellum 

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

from Unit 13, and intermediate forms of some of the . elef!ients .. 

are also present. 

LindstrOm (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 species has quite a lang 

stratigraphic range and is of little use in correlation. 

Periodan aculeatus is ~ot 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 has been identified in the sequence the Periodori fauna 

must represent much, "if not all of the remainder of the 

Arenigian and possibly 'some of the Llanvirnian. It is thus· 

rather difficult to define the uppermost part of the Cow 

Head sequence chronostratigraphically, but it is probably very 

close to the Arenig-Llanvirn bounda~y. 

The fauna contained in Units 13 and 14 consists of: 

Acodus gratus LindstrOm s. £. 

Acontiodus arcuatus LindstrOm s.f. 

Acontiodus reclinatus Linds.trOm s. f. 

Belodella sp. A Faht:aeus ·1970 s.f. 
~ 

• 

/ " 

/ 



Drepanodus acutus Pander s.f. 

Drepanodus arcuatus LindstrOm 

Drepanoistodus forceps · (LindstrOm) 

Oistodus triangularis LindstrOm s.f. 

Paroistodus proteus (LindstrOm) 

Periodon aculeatus H?dding -.-
Periodon flabellum {'Lind&trOm) 

Scandodus furnishi Lindstrorn · s.f. 

Scolopodus gracilis Ethingtpnr and Clark s. f. 

Spathognathodus n, sp. LindstrOm 1960. s.f. 

) 

.· 
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1 CHAPTER VI 

PALEOENVIRONMENT: THE COW HEAD GROUP AS A CONTINENTAL SLOPE 

DEPOSIT 

(i) INTRODUCTION 

• The following discussion is based. almost solely on 
t? 

field observation of lithologies and large-scale sediment~ry ... 
structures. Only very cursory studies have been made of thin-

sections and acetate peels~ It is believed that large-scale 

sedimentary structures provide good evidence f9r the recognition 

of the paleoenvironment. Recognition of the environment of 

deposition will provide clue~ to the paleoecology of the· 

. conodonts. 

The nature of the breccias and thin-bedded limestones is 

discussed, and an· interpretation of the deposi tioria1 em ironment 
.. 

\ is presented with respect to origin, made of transport and 

site of deposition. A brief section is devoted to conodont 

faunal changes and their possible environmental implications. 

The lithologies have been described in a previous section, 

and so it will suffice -to . summarise here. The Cow Head Group 

- is interpreteQ as a flysch sequence consisting of carbonate 

breccia, graded bioclastic limestones, micr~tic limestones and 

J 
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. 



.· 

., 
·,, 

67. 

(ii) THE BRECCIAS 

The breccias are quite varied in forn1 and provide many 

clues to the environment of deposition. All transitions o~~ -

from flat-lying undeformed micrite beds, to beds deformed into 

slump folds, to partially brecciated beds, to breccias. -This 

illustrates the obvious instability of the site of deposition. 

(a) General Characteristics 

In general, the breccias form thin sheets, " 3-20m thick, 

with some smalle~ scale lenses up to 15m across. They are 
........._ .. 

contained in deep-water, thin-bedded limestones and shale. The 

breccias usually have pfanar bases, but some are seen t"o down-

cut l'?.ubstantially. Those breccia-s that down -cut still have 

very even bases. Some of the ~eccias 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 include d 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 partie-

ular lithology may be dominant. In general, clasts range from 

silt and sand size to huge blocks several lO's of metres across. 

The most common clasts are flat, flaggy pebbies Q! micrite. 

The matrix generally consists of m_icrite, but matrices Of sparry 

calc~te are also present. No real grading is seen in tha 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 wit~in any~breccia: they all appear to represent 

more or less single events. A possible exception to this is 
~ 

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

of breccia appears to have coarser lenses within it. 

(b) Types of Breccia 

Two ma1n types of breccia can be distinguished: 

1. · Ma:rJif of the breccias are 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. Usually, these 

pebbles are oriented parallel to the bedding plane, but 

sometimes they may be oriented in many planes. · 

2. The second type of breccl.a is much coarser, and con·tains · 

large sub-rounded to sub-angular b~ulders. There are 

usually flat pebbles in these brec~s as well, and. they 

~ provide ·a "matrix" for the coarseJ fragments. The lithol-

ogies of the sub-rounded boulder~ and the flat pebbles are 
\ 

usually distinct from one another~ 

Gradations between . these two types occur. 

(iii) THE THIN-BEDDED LIMESTONES AND SHALES 

The most common lithology in the thin-bedded limestones 

is micrite~ many of these are laminated. Graded bioclastic 

·limestones occur sporadically in the sequence. Many of these 

beds are partially to completely dolomitisedJ this is probably 

-· 
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seconda~y, late dolomitisation whic~ occurred along porosity 

routes opened up by solution and faulting. 
0 

Many beds. show · ~eatures of bioturbation. The mo~t 

common are vertical or near vertical worm tubes which fre-

quently occur in large numbers. Of secondary importance, are 

U-shaped worm tubes which occur in several beds. They are 

. ne"i'er present in as great numbers as the vertical .worm burrows. 

These burrows are seen to disrupt laminatiQn_s in the beds. 

A peculiar feature of sorrie of the· thin beds, 'is a very 

uneven bedding surface (Fig. 14). The relief 6n these surfaces o 

is of the order of a few centimetres~ They are interpreted as 

being the result of dissolution. Non-calc~reous muds h~ve 

been deposited in the ho+lows of the surfaces. Dissolution 

seems to have had a significant effect on the structures in 

this sequence. . 
In places the beds have pronounced "pinch and swell" 

structures (Figs. 31, 40). F- ·this case~ the thin in,terconnec- . 

· tions b~tween the lenses are overlain by non-calcareou• shale. 
. . 

In its most extreme form, this feature breaks the beds up into 

isolated individual lenses.· This boundinage-like structure 
. 0 

may be the result o~ 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 slope. The thi~ bedded carbona~es 
~ 

.j 
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. and non-calcareous shales are largely considered as lower ,, 

continental slope deposits, some of which . ,ay have been 

laid down by turbidity currents. The action of bottom currents 

is thought to be con~iderable in terms of deposition and 

reworking of the lower slope sediments. 

\ 
The deposi tiot;la.l history of the Cow Head Group is 

discussed under three headings: · (1) Detachment of. blocks 

and initiation of movement; (2) Transport mechanisms; 

(.3) Site of de~osition. 

(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 wa·s probably 

a result of earthquake shocks. The detaclunent mechanism is 

unlikely to have involved wave action, because none of the 

' 
blocks show features of subaerial exposure. Evidence of the 

blocks being algal coated, bored or reworked extensively is 

l also lacking. collins and Smith (1972) suggest that the 

western platform ~as elevated - a~ve · sea level, however there '·' 

is nothing to suggest this· in the blocks at ,Cow ijead. Thus r 
. .. -, ~ 

::. response to earthquake movements is considered the most 

likely means of detaclunent Q~ blocks from the shelf edge. 

:r:n many breccias there appear to be two distinct types -

of boulder (Chapter VI ±i b): 

(1) large stlbrounded or· suban9ular boulders often CQntaining 

macrofossils which are_. herein interpreted a.s shelf 

• 
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litholog-ies (see below). 

2. Flat pebbles (usually rni.cd,.te) which are herein interpreted 

as slope lithologies (see belo-\:1). - , . 

Other factors may have contributed to the initiation 

of movement as well as earthquake activity, e.g., slope 

material onto v1hich the shelf 'hlocks(fell may have had in

' I creased pore pressure, and required ~ttle more than a trivial 
I 

trigger to start movement downslope.__j 

(2) Transport Mechanisms 

With regard to transport, the weight of evidence points 

to the suggestion that the breccias are mass grav.ity flows. 

It is evident that large vol umes of mud to boulder size debris 

have moved downsl~pe, resulting in poorly sorted, ungraded, 

planar units. · These ·characteristics are considered indicative 

of mass flow (Dott 1963; Mountjoy et al. 1972). 

· Dott ().963) divided submarine gravity movements into 

four interg:r'adational types: 1. Rockfalls, . 2. Slides and 

Slumps; .3 .• Mass Flows; and 4. TurJ?idity Flows. These types 

1 depend.'upon the behaviour of bhe ·mass in clastic, plastic or 

viscous fluid flow, and on the physical interaction between 

solids and fluids. All these types of motion are intricately 

related and prov:ide a wide variety' of types of deposits (Fig. 51). 

In t~rft)s of th~ caw Head sequence, mass flow is regarded as 

the most important · type of transport process.· 
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Mountjoy et al. (1972, p. ~84) discuss the Devonian 

Ancient Wall ,megabreccias of Alberta and list features which 
;; 

they s~ggest are indicative.of mass flow. These features 

are listed below and their applicability~ to the Cow Head 

breccias is obvious: 

1. disoriented clasts surrounded by lime mud matrix (para-

conglomerate texture); 
'I 

2. wide variation in size of clasts from silt size to boulders 

. up to 25 X SOm. and larger; 

3. bou·lders and blocks are predominantly angular to sub

angular; 

4. complete mixing of a wide variety of clasts during movement; 

5. lack of stratification and sorting, except poor grading: 

which sometimes occurs at the top of a few deposits; 

6. distinct boundaries and relatively planar lower boundaries; 

7. lack of disruption of underlying strata; 

8. transport. over low slopes; 

9. known lateral extent of a few kilometers • 

. The paraconglomerate 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 the breccias are dominci.ntly subangular and there 

is often a wide variety .of clasts., although one lithology is 

usually dominant. Grading is essentially. absent in the breccias 
( 
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planar (Fig. 32 and Fig. 43). The planar nature of the 
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boundaries obviates a lack of disruption of underlying strata. 

The interpretation of the Cow Head breccias as 1Q6r slope de

posits suggests that transport took place over low slopes. 

With regard to feature 9 in the above list, exposures of the 

Cow Head Group are known over 'l considerable lateral extent 

(Chapter III). In conclusion, it seems reasonable to 

interpret the Cow Head breccias as mass gravity slides. 

The Cow Head Group is not a turbidite succession although 
' 

turbidity currents, as such, were probably associated with t})e 

mass flows. There are extremely few flute casts or tool marks 

at Cow Head and cross bedding is rarely se~n~ More or less · 

microscopic grading is present in several thin carbonate beds, 

and this may be the result of turbidity currents. The classic 

Bouma sequence (Bouma :l962) is never seen. 
' . 

Submarine rockfall (Fig. 51), a process of rolling or 

. freefall of individual clasts. my have contributed _in a minor 

way as an agent of transportation, since, in some place.s, 

isolated boulders are seen· within bedded ~stone~ (Fig. 47). 

These must have rolled as individual blocks ·before or after a 

mass flow •• 

~s gravity flows -wito assoeiated minor turoidity flows 

are considered to be .the vol~trically .most i.mporta~t trans:.. 

portation agents in the cow· Head sequence. 

: j • ~ 
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t 
The wide distribution of bottom currents at the present 

ime suggests that they were probably active in the- past as 

ell. The importance of these bottom currents has been point-

ed out i.e. by Heezen (1968), Stanley and Kelling (1969) and 
) 

Stanley and Unrug (1972). The latter authors (1972, p. 294) 

state: "bottom photographs and cores indicate that there are 

very few areas not in some fashion affected by the movement 

of water masses flowing above the bottom." Bottom currents 

are produced b'y differences in density of water masse{ o r by 

differences in surface level or both. Velocities up to lm. 

per second have been recorded (Heezen and Hollister 1 64). 

Although the activity of bottom currents in the ge ogical 
' 

record has not really been documented, they may h~e been 

impc;>rtant sediment movers and redistributors in the Cow Head 

- sequence in between mass flows. Evidence of their action may 

be suggested by the existence of extremely ,well sorted pseudo-

pellets in the laminae of the thin bedded limestones, (Fahraeus 

et al. in press). 

Thus,it is suggested that -the cow Head succession was 

transported by mass gravity slides·, ~ith relatively minor 

additions of sedi~ent ca_~!i~d by turbidity attd bot.tom currents. 

~Knowledge of the~e transport mec~nisms is still sketchy, 
! 

but they appear to·. be the most likely processes active in the 

transpo~t of · the Cqw Head sediments. 

. .:" ··-·· ' ._. .. z....... '•-""'·: ....... .,_ .... _ 
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(3) Site of Deposition 

The ungraded well sorted micrites present in the C 

Head sequence are interpreted as pelagic and hemipelagic 

sediments deposited along with non-calcareous shales in 

lower continental slope environment. 

Many of the thin bedded limestones exhibit uneven lbed

ding surfaces which have been in-terpreted as surfaces of I 
Ca90 3 dissolution (Chapter VI, iii). This suggests that de

position and consolidation took place close to the carbonate 

.compensation depth {Berner 1 .971, p. 63), which represents the 

d~pth where Caco 3 is dissolved as fast as it is deposited. 

The measured depth of the compensation point varies and often 

persists at depths far below that where the water becomes di~-

tinctly Ufldersaturated {Berner 1971) . Cold water currents 

may also inhibit deposition of carbonate. 

The thin bedded limestones and shales 'lack macrofossils 

with the exception of graptolites. This may suggest that they 

were deposited in "deep water." Macrofossils are, however , 
• ' 

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

shallower water origin (possibly sh~lf) is•invoked for these. 

It is suggested that the breccias are contained in. "deep . 
· water"..- sediments . 

.., The Cow Head sequence which is only about 300m. thick 

rep·resents a ·. long period of deposition {-Middle Cambrian to 

Middly Ordovician). A depositional rate of this order is 
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typical of the continental slope. Seismic reflection profiles 
I 

show that the continental ri.-;e south-east of New England, for 

example, . is a sedirri~ntary sequence 1. 6 kms. · thick, whereas 

the slope is veneered by only 0. 4 kms. of sediment. ,. It seems 

obvious that the Cow Head 'Group cannot represent a rise de-

posit, and since it is contained within probable deep ·marine 

sediments, it seems l;ikely that it is a continental slope de-

posit. 

Further evidence that the sequence was deposited on 

a continental slope is provided by the thin bedded limestones. 

Lateral persistency of ·strata is regarded qS being indicative 

of a lower slope environment, whereas the upper slope is 

.dominated by channel deposits {Stanley and Unrug 1972). At 

Cow Head several dominantly thin bedded units can be traced 

across the peninsula. Shales containing the same graptolites 

a.s Unit 13 have been reported from St. Paul's Inlet {Fiq. 2) 

by Kindle and Whittington {1958). Many of the brec;:cias are 

also quite continuous, eg. Unit 7. 
. 

Stanley and Kelling {1969) _found that core. samples 

from the lower part of a ~odern slope commonly revealed 

lamination and bioturbation. Indeed, Stanl~y and Unrug {1972) 

consider bioturbate structures particularly common on the 

lower slope. A large proportion of the thin bedded limestones 

at· cow Head are laminated, and they locally exhibit burrows dis-

rupting the laminae • 

. -~ . 
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Gravity slides and slumps are ' most common on the .-! . . 

·' lower slope (Stanley , and Unrug 1972) ; ' · The fact that much of 

the Cow Head·G~oup was deposited by this mechanism furthe~ 
. ~ 

reinforces the lower slope as the ~ite of deposition. 

(cT Faunas and Environmental Change 

Close to the top of the sectio.n, between Units 12 
/" . 

and 13, there is an abrupt change from a Prioniodus dominated 

fauna to · an overwhelmingly rich Periodon fauna. This appears 

to . reflec~· a sMlowing of 

Barnes ~ Poplawski 

the depositional environment. 

(1973)" ~lace Periodon forms in a 

shallower water enviro~nt than Prioniodus forms. A 

Periodon fauna occurs abundantly in the Table Head Formation 

~Fahraeus, 1970). This Formatiop is considered to be an 
~ 

upper slope deposit at the time of the abundant occurrence 

of Periodon (Fahraeus . pers. comm.). Since the Cow Head Group 

is interpret~d as a lower slope deposit it seems possible 

that the water-depth shallowed somewha~ towards the top of 

the sequence, i.e. after qnit li was deposited. 

Some evidence of shallowing can be seen in the lithol-
. . 

ogies of Units 13 and 14. Unit 1~ contains a mQch greater 

proportion of biocla&t.ic limestone than underlyi.ng thin bedded 

units.. Boulders in Unit 14 yield a much larger n-umber · and a 

greater.di~ersity of macrofossils than previous breccia unitsc 

' . . ' . 
cr-inoid stems, orthOcone nautiloids, gas.tropods and trilob'ites. 

' have all been found.. The~e two factors may indicate a gr~ater 

·. 
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proximity of the depositional environment to the shelf, and 

thus shallower water. 

This change in the environment was probably associated 
'--

with early tectonism involved with the start of the movement 

of the klippen. At the same time as this faunal change takes 
.j 

place at Cow Head, elsewhere, easterly der~~ed flysc~ first 
.-4. ·~ 

appears~ This flysch is associated with uplift of the 

ophiolite assemblages to the east 

Also, at this time, the disconf 

Formation and the Table Head Formation 

pers. comm.). 

George 

this is a diachronous disconformity, its eailiest 

is in the late Arenig, (Fahr,eus pers. comm.). 

events suggest uplift, and since they are penecontempqraneous 

with the abrupt faunal change in · the Cow H~a~ sequence, it is 

suggested that uplift of the continental slope occurred i n 
' 

upper middle Arenig times, placing the sequence at Cow Head . 

in shallower water. This situation persisted throughout the 

upper Areni~. 

• 

./ 
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FIG. 47. ISOLATED BLOCK IN UNIT 6 ON. THE NORTH SHORE. 

FIG. 48. BRECCIA BOULDER WITHIN A BRECCIA, UNIT 8. 
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FIG. 49. BRECCIA BOULDER WITHIN A BRECCIA, UNIT 14. 

FIG. SO. SLUMP FOLDING IN UNIT 6 ON THE NORTH SHORE. 
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sea level sea level 

SUBMARINE ROCKFALL SUBMARINE SLIDES+ SLUMPS 

sea level sea level 

SUBMARINE MASS FLOW SUBMARINE TURBIDITY FLOW 

Fig. 51. Diagrammatic representations of the types o~ sub

marlne gravity transport mechanisms which produced 

the Cow Head Group ~fter Mount]ny et al A 19721 

Subma~ine . mass flow is volumetrically the most 

important. 
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CHAPTER VII 

NOMENCLATURE 
A great variety of terms have been used in conodont 

literature for purposes of description. Those illustrated 

in Fig. 53, are used in the following descriptions. The 
" terminology used is basically that of Lindstrom (l955a) • 

Fi 53 

cusp 
carina 

a bora I margin 
antero
basalan~~e-----'-

posterior 

cavity 

/ 

C> 

denticles 

basal 

cavity 

'costa 
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CHAPTER VIII 

TAXONOMY 

( i ) PREAMBLE 

Conodonts are one of the larqest and most importarlt . - . 
I 

group of fossils about which the zoological affinities 'are 

unknown. Many suggestions have been rnade to rectify this, 

but so far, none has proved satisfactory. Pander (1856) and 

Ulrich and Bassler (1926) regarded conodonts as fish teeth. 

Other hypotheses have suggested affinities with annelid jaw~ 

(Scott 1934), components of a gastropod radula (Loomis 1936) 

" and copuJ.a<tory . spicules of worms (Denham 194 4) • Lindstrom . 
(1964) proposes a conodont supported organ vlhich resembles 

a lophophore (feeding apparatus) such as exists in bryozoans, 

brachiopods ann the hemichordates. It is known that conodonts 

had bilateral symmetry, that they were mari-ne · and that they 

were internally secreted by the conodontophorid, however, 

the exact biological affinities remain obsc~re. 

One of the problems common in Paleontology is the 

question of how to classify parts or traces of organisms which 

are out of as.sociation with each other or with the whole 

organism. It has long been' realised that conodonts occurred 

in complex assemblages or associations in an animal. Generally 

speaking, conodonts are, however, found as isolated elements .. 
and not as complete apparatuses, thus the classification has 

·.,. 
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( 
had to be baged on these elements of unknown relationship. 

The inevitable r~sult is that d~fferent "species" and 

"genera" are routinely based on what were parts of a single 

ahimal. ·-
Parider (1856) believed conodonts to he teeth o f an 

extinct g roup 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-

eluded that only conical teeth existed in one animal. He 

thought that the classification of conodonts would alwavs be 

"precarious and arbitrary," because we might never know what 

the animal looked like. 

Hinde (1879} proposed a multielement concept of a 

conodont species, which is that several isolated indivi duals 

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 Polygna~hus dubius Hinde 

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

it had little influence on the subsequent schemes of taxonomy. 

Later workers, 1uch as Ulrich and Bassler (1926) be~ 
lieved that the genera and species they described 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-
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genera and form-species. In addition, assemblages have been 

described from several localities and, in classifying these, 
.. 

the authors regarded them as natural genera and species. 

Schmidt (1934), reported natural assemblages from the Upper 

Carboniferous of the Rhineland in Europe, and Scott (1~34) 

reported them from a similar level in Montana, p.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 exists a dual form of taxonomy 

for .conodonts: firstly, th9se names which ~refer to 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 o~viously, it is undesirable 

to have a dualism in the classification. 

A ,natural classification is essentially a biological 

one, making allowance for the recognition of biological 

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 

evoluti~nary trend in a utilitarian classification excep~ 

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

cumbersome. 
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This rather confused situation has been the case for 

several years and, during this time, many attempts have been 

made to rationalise it. It might be said that none of these 

attempts has been very successful, because the utilitarian 

and nattrral classifications are still be'ing used side by side. 

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

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

relation to the corr'odont elements, ~t contained. The pre

cedent for this so)t ~f p;ocedure'had been set by Scott (1942). 

The use of an entirely new name in this situation is a clear 

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, necessary 

to abide by the Rules, and to use the name of the first-

described species in that assemblage, according. to the Law 

of Priority. This is legall~ the correct course to· take and 

reduces Scottognathus to a junior synonym. 

Rhodes (1953), in reply to Sinclair (1953), voiced his 

object~ons, although he did accept that Sinclair's (1953) pro

posals were theoretically preferable. He made the valid point 

that a single form-genus might be present in many different 

assemblages, and that confusion might arise from "double" use 

of well known form-genera. Despite Rhodes' objections, I 

think it is really undesirable to have nomenclatural rules 

for paleontologists which differ from those governing 
::> 
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zoologist .. s. It seems to me that it is better to attempt a 

natural classification by regarding conodont assemblages as 

natural taxa, and proceed with a natural classification from 
'' 

that assumption. 
' 

In the past, attempts have been made to preserve 

rat~er than to replace the duality in conodont taxonomy . 

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

the International Coll)lT\ission on Zoological Nomenclature, 
~ 

suggesting that units of nomefi6lature called "Parataxa" 

should be included in' the Rules. In other words, they suggested 

~ \ a kind of special treatment for conodont workers. These 

parataxa exist in botanical nomenclature-for such things as 

isolated spores. T~is proposal was rejected by the Commission. 

Some quite ~ild suggestions have been made: a notable 

one by Moore (1962). He suggested that one should ~eqard both 

taxonomic systems as "natural," but that one should k~p the 

individual ~lements found in an assemblage taxonomically 

separate from known "isolated" species. This is purel y dis-

honest and as Lindstrom, {196 4) states: " ••. the ser..iousness 

of the situation ~s underlined when Moore, who is one of the 

most outstanding p~leontoloqists of our time, should have 

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

that a natural system is the mo~t desirable, and the present 

tendency is to attempt a natural classification as often as 

possible. 
' 

It is also evident, however~ that it may be 

r 
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difficult to erect a natural system because of t~ - lack of 

much detailed knowledge, and the relatively few appearartces 

of ,conodont assemblages. 

In the er~ction of a natural system of classification 

criteria must be established and the intricate problemslffiust 

be recognised. Several avenues of approach are available 

to us, and these include: 

1. Extensive . studies of avilable natural assemblages. 

2. Reference to morpholog¥ of individual conodonts. 

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

4. Possible reconstruction of lines of evolution of 

individuals and assembla~es. 

5. Statistical reconstructions ,Qf related elements and 
;,. 

assemblages. 

6. Examination of detailed microstructure. 

In any case, it should be a slow step-by-step progres-

sion from the utilitarian single element classification to 

the natural multielement classificati'on. It would be 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 

' I 

the utilitarian approach, or a need for drastic and immediate 

changes to bring about a multielement classification. Some

times materia~ay be insufficient, or the approaches used 
' 

may be ~rongly based in the efforts tb get a totally mult:'i.

element system into operation quickly. Numbers of specimens 
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must be large, and a biological approach must be employed. 

~ith respect to material from the aow Head 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·reasona~le --... 
to account for their identification. The samples from Cow 

Head on the whole yield much too spar~ely to· make it possible 

to comment more than briefly on the .species erected by Lind-
II 

strom (1971). However, I think it is worth. commenting on 

the approaches used to arrive at these species. 
II ~ 

1'Lindstrom (1971) used samples from the Volkhov and 
I . 

Kund ' stages of the Arenigian (see Tahle 1) which are very· 

ric ln conodonts. He first recognised that a "con~tant 

a sociation could ~e~·:established between certain form species 
.. 

present in greater numbers than 5 to 11 in the. samples." It 

is after he reconstructs these numerical associations, that .. 
he recogni~es homologous elements recurring in apparently 

re!ated 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, elernents. 

examir\'ati~n of · symmetry will often reveal evolutionary 

An 

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 to previously established evolutionary 

lineages. Speciation is evolution, thus it is obv{ous that 

identification of natur~l species should be primarily con-
.. 

cerned with evolu~ionary lineages. Simple co-occurrence in 

a series .of samples does not necessarily indicate a biological 

relationship. 
• 

In addition, I believe that many of the multielement 

species described in the literature to date, may really be 

at the generic level. This may be so, becaus~ individual' 

form-speci~s showing a high degree of variability are grouped 

together into assemblages, thus making it possible that species 

ex{st within a multielement species.· The varia~ility of a 

single isolated element may thus be refleqting the existence 
~ 

of many more multielement species than we presently recognise. 

This factor is compounded when we group several variable 

individual elements togethe~. 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 resu~ts and methods of such 

attempts should be ca1refully scrutinised. 

In the present study as many of Lindstrom's (1971) 

multielement species aR pbR~ible are recognised and remarked 

upon. The elements which do not fit ~n~o any known multi

element species are listed under f~m taxonomy. Following 
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Lindstrom's taxo~omy constituent elements are referxed to 

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

genus they resemble. The term s. f. (sensu forme) , is used -whenever r
1
eferring to a form-species. 

A chart showing the actual ntunbers of each species 
• 

obta~ned from productive samples is provided as Table 2. 

( 
' 
' 

) 

I . 
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{ii) MULTIELEMENT TAXONOMY 

DREPANODIDS: 

According to Lindstrom (~971) the drepanodids are 

divisible into two groups, viz. the Drepanodus Group and the 

Paltodus Group. 

"'I'he group represented by Drepanodus has a Scandodu·s-like 

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, 

represepted by Drepanoistodus, Paroistodus and Paltodus, has 

Oistodus-like oistodiform.elements and wider base with a 

somewhat shallower basal cavity than that found in represent-

atives of the first ~roup." (LindstrOm 1971, p. 41 ) .• 

Drepanodus Group 

~nus Drepanodus Pander, 1856-LindstrOm, 1971 

Type species: Drepanodus arcuatus Pander, 1856 

DESCRIPTION: 

The apparatus consists of a drepanod'iform and an 

oistodiform element. 

In 

and deep. 

the cusp. 

th~drepanodiform element the basal cavity is conical 

Th axis is curved. The base is little wider than ,. 
, It is sub-symmetrical with rounded lateral faces 
\ 

\ .. -· .· 

.'··. 

" 
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and sharp anterior and posteFior edges. There may be a 

fold or a notch on one side of the base. 

The oistodiform element is markedl~a&yrnmetrical. 

The base is offset from the cusp. The cusp is more or less . 
straight, with an outer rounded face. The inner face has 

shall6w rounded grooves along the margins. · The cusp may have 

fine costae posteriorly. 

The Genus Dre~anodus contains some of the largest 
.~ 

conodont elements known. 
~ 

Drepanodus arcuatus Pander, 1856, Lindstrom, 1971. 

Pl. ·~ Figs. 11-13, 17. 

Lindstrom's (1971 description comprises the followinq form-

species: 

Drepanodus arcuatus Pander 1856, p. 20, Pl. 1, Figs. 2,4,5,17. 

Lindstr~m 1955a, p. 558, Pl. 2, Fiqs. 30-33; 

Text: Fig. 3J. 
n 

Drepanodus cf. arcuatus Pander, Lindstrom, 1955a, p. 560, P1.2, 

Figs. 45, 46; Text: Fig. 4c. 

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

Scandodus ~ Lindstr6m 1955a, p. 593, Pl. 4, Figs. 38-42; 

Text: Fig. 3P. 
. " 

Drepanodus sculponea Lindstrom 1955a, p. 567, Pl. 2, Fig. 40; 

Text: Fig. 3T~ 

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 drepanodiform element, the basal cavity may be 
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about as deep as it is wide antero-posteriorly. It is 

.curved with its tip near the anterior margin. The base does 

not- flare much, but forms a slight;ly bulging continuat~on of 

the smoqthly recurved outline of the cusp. There may he a 

• sligh~. notch or undulation on one side of the margin of the 

basal cavity. 

The oistodiform element Scandodus ~ s.f. is shaped 

like a smoking pipe with a slightly lateral twtst.. The cusp 

is nearly ~traight and markedly reclined. The base is sub-

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 basal angle. 

The form-species Dreranodus sculponea .is included 

in this species. 

REMARKS: 

The drepanodiform elements are well represented in 

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

The oistodiform element occurs concurrently with the 

drepanodiform elements in several samples. 
~ 

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. sculponea in 

symmetry also suggests a relationship • . 
., 
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OCCURRENCE: "I 

Units B, 9, 11, 12, 13 .• 

MATERIAL: 

51 drepanodiform elements 

44 oistodiform elements. 

I ' 

' , 

I 

/ 

• 

/ 
I 

I 

/ -
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Pal todus Group 

"The basal cavity is larger in representatives of this 

group than in those of the Drepanodus Group. This is par

ticularly evident in the oistodiform elements, which are 

further characterised by a sharp, pointed angle .Posteriorly 

at the base of the cust>• The drepanodiform elements may 

carry a sharp costa on either or both sides of the cusp.·~ 

(Lindstr~m 1971, p. 42) 

) . 
Genus Drepanoistodus Lindstr~m, 1971 

Type species: Oistodus forceps Lindstr~m, 1955 

DESCRIPTION: 

The apparatus consists of a drepanodiform and an 

oistodiform el.eme\t. 

Drepanopiform elements are unornamented except for a . ' 
few specimens which bear a costa on one side. The base of 

oistodiform elements is extenderl antero-poster iorly. Cusp 

and base meet at a sharp anqle posteriorly. A few specimens 

have inverted basal cavity anteriorly. 

Lindstr8m (1971) states tK~t dreparibdiform elements 

outnumber oistodiform elements by 2:1 or 4:1, but this is 

not the case in this study. 

Drepanoistodus fo~ceps LindstrOm 1955 --Lindstr~m 1971. 

Pl. 3, Ftgs. 11-15. 
1. 

In his description Lindstr~m includes the following 

form-species: 

It 

~stodus forceps Lindstrom, 1955a, p. 571., Pl. 4, Figs. 9-13: 

Text: Fig. 3M. 
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Acodus deltatus LindstrOm, 1955a, p. 545, Pl. 2, Figs. 27-29 

Drepanodus homocurvatus LindstrOm 1955a, p. 563, Pl. 2, 

Figs. 23, 24, 39. Text: Fig. 4d. 

Drepanodus planus LindstrOm, 1955~! p. 565 1 Pl. 2, Figs. 

35-37; Text:' Fig.' 4a 

Drepanodus suber~ctus (Branson and Mehl, 1933), Lindstr~m, 

1955, p. 568, Pl. 2 1 Figs. 21 , 22. 

DESCRIPTION: 

The drepanodiform elements are recurved 
1 

slender and 
1/1 

have slender lanceolate 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 s i de. 

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 I strongly 

reclined, and slightly deflexed laterally. 

REMARKS: 

' 
Lindstrom (1971) includes the form-species Acodus 

deltatus in this species, however, Cow Head material shows 

no occurrence 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 drepanodiforrn elements of this species are well 

represented, mainly by forms referred to the form-species 

o. hornb.curvatU:s. 



OCCURRENCE: 

Units B, 9t 11, 12 and 13. 

MATERIAL: 

53 drepanodiform elements. 

61 oistodiform elements • 

.. 

99. 
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Genus Paltpdus (Pander, 1856)-Lindstrem 1971 

Type species: Pal todus subaequalis· Pander, 1R56 

DESCRIPTION: 

Lindstrom (1971, p. 44) describes the member~~of this 
' 

genus as follows: 

"Orepanodiform e],ements of this genus hav& a triangular 

base and a suberect to moderately ~ecurved cusp. There may 

be sharp, prominent costae on either or both sides • 

In oistodiform 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 Lindstr8rn, 1955~--Lindstrem 1971, Pl . 2, 

Figs. lt, 20. 

Drepanodus deltifer Li~~rn, 1955a, p. 562, Pl. 2, Figs. 42-43. 

Oistodus inaegualis Pander, 1856; Lindstrem, 1955a, P l . 3, 

Figs. 52, 55, 56, not 53, 54, 57. 

DESCRIPTION: 

The drepanodiform element of this species is thin and 

sharp-edged. The hase is laterally compressed. In outline 

the basal cavity is an equilateral triangle with conc~e 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 inw~rds at the base. The posterior 
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( 
angle between the base and the cusp ~ay be either rounded or 

sharp. 

REMARKS: 

I am uncertain as to the existance of this spe6ies at 

Cow Head. The oistodiform element is found in four samples, 

but no specimens of the drepanodiform element are found. It 
\ 

is difficult to distinguish the oistodiform elements from 

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

occur in Cow Head. 

OCCUR~CE: 

Unit 8. 

MATERIAL: 

No drepanodiform element. 

4 oistodiform elements. 

' .. 
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?Paltodus inconstans Lindstrom, 195Sa--Lindstr~m 1971 

Pl. 2, Figs. 16, 20 

Lindstr~m lists the following form-species as being 

present in P. inconstans. 

Paltodus inconstans Lindstr~m l~SSa, p. 583, Pl. 4, Figs. 3-8 

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

Oistodus inaequalis Pander 1856; Lindst~m, 1955a, p. 576, 

Pl. 3, Figs. 53, 54, 57, not Figs. 52, 55, 56 . 

?Paltodus subaeq~alis 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. 

Note: Lindst~m (1971) notes that P. inconstans may well be 

junior synonym of at l e as t one o f ,Pander's spe cies 

listed above. He is uncertain of their identifiaction 

and has chosen P. inconstans, realising also, that 

Pander 1 s 0. inaequalis may be a senior synonym of both 
• t 

P. oeltifer and P. inconstans. 

DESCRIPTION: 

The drepanodiform element is assymmetrical. The inner 

face is flat with one or no median costa. The ~uter face 

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

oistodiform element is similar to that in P. deltifer. It 

has a rounded costa on the inner face, towards which the cusp 

is bent. The ratio of drepanodiform to oistodiform elements 

appears to be 1:1. 

\ 

\ . 
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REMARKS: 

The drepanodifrom elem~nt has not been identified 

with certainty in the Cow Head samples. 

Oistodiform elements are found which may belong to 

either P. deltifer or P. inconstans, but at least 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 Lindstrem 1971 

Type species: Oistodus parallelus Pander, 1856 

According to Lindstrem (1971, p. 46) Paroistodus "in-

eludes drepanodid conodonts with drepanodiform and oistodiforrn 

elements. The basal cavity tends to become inverted anteriorly. 

Dr~panodiform elements t~nd to develop a sharp, low costa on 
I 

each side. Base of oistodiforrn elements is roughly square 

in side view and does not extend very far anteriorly. 

The ratio between drepanodiforrn and oistodiform 

elements is about 2:1." 

Paroistodus numarcuatus (Lindstrem, 1955a)--Lindstrem 1971 

(p. 46,Fig. 8) Pl. 3, Figs. 2,3. 

Lindstrom (1971) includes . the following form-species 

in this species: 

Drepanodus numarcuatus LindstrOm 1955, p. 564, Pl. 2, . Figs. 

48, 49; Text: Fig. 3I 

brepanodus arnoenus Lindstr~m, 1955, p. 558, Pl. 2, Figs. 25, 26: 

Text: Fig. 4b. 

Oistodus parallelus Pander 1856 - LindstrOm 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 Read. 

Th~ drepanodiform element is poorly represented. 

Oistodus parallel us s. f. specimeng are recognised without the · 

partially inverted basal cavity and are thus included in this 

species. 

OCCURRENCE: 

Units 8 and 9. 

MATERIAL: 

16 drepanodiform ~lements~ 

19 oistodiform elements. 
{, 

• 

·'.• 
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Paroistodus proteus (Lindstr~m, 1955a)--Lindstr~m, 1971, p.46, 

Figs. 8, 10. Pl. 3;. Figs. 8, 9. 

Lindstr~m includes the following form-species in this 

species: 

Drepanodus proteus Lindstr~m, 1955a, p. 566, Pl. 3, Figs. 18-

21; Text: Fig. 2a-fij. 

Oistodus Earallelus Pander 1856; Lindstr~rn, 1955, p. 79, 
Pl. 4, Figs. 26, 30; Text: Fig. 10. 

DESCRIPTION: \ 

The drepanodiform element has recurved basal cavity 
.~ 

posteriorly which is inverted anteriorly, or very shallow. 

The cusp is very long and slender, its lateral faces 

rounded and non-costate. 

The oistodiforrn element is indistinguishable from 

that of Paroistodus parallelus. The ba~al cavity is inverted 

anteriorly. 

REMARKS: 

Lindstr~m's (1~71, p. 46) de~cription of this species 

refers indirectly and not formally to the form-specie~ 

o. pare.llelus; it is included formally above. 

Th~s species only occurs very spa~~ely in the Cow Head 

sequence •. Only a few specimens from scattered samples have 

been found. 

. . 
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OCCURRENCE: 

Units 9, 11, 12 and 13. 

MATERIAL: 

32 drepanodiform elements. 

21 oistodiform elements. 

~ 

107. 
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Paroistodus parallelus (Pander 1856); Lindstr~m 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 paralielus Pander, 1856; Lindstr~m 1955, p. 579 

Pl. 4, Figs. 26, 30, 21; Fig. 3-0 

Distacodus expansus (Graves and Ellison 1941) . Lindstr~m, 1955, 

p. 555, Pl. 3, Figs. 13-17; Fig. 2 g-i. 

DESCRIPTION: 

On each lateral face of the drepanodiform element 

there is a pos~eriorly directed costa. The cusp is recurved 

or reclined, 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 the 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. 
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Panderodids 

According to Lindstr~m, (1971, p. 49), the panderodids 

are: "simple conodonts with symmetry transition and a _fharply 

conical basal cavity. The surface, at least on the cusp, is 

'• 

ornamented by fine longitudin~l striations. The cu~p consists 

of white matter and is suberect or proclined." Herein, those 

panderodids with erect cusps are included also. Elements are 

usually sulcate or costate or both. The cross-section of the 

base may be either rounded or latera+ly compressed. 

Panderodus n.sp.A 

Pl. 2, Figs. 8, 9, Text: Fiq .. 54. 

DIAGNOSIS 

A laterally compressed panderodid with a ~ng base and 

a short ere~t cusp. The basal ca~ity is deep and conical. 

The anterior margin of the base is defiexed. 

DESCRIPTION: 

The basal cavity is very deep and reache, a little into· 

the cusp. It is more or less triangular in lateral view. The 
·:-... 

cross-section is elliptical with ~ flexu~e at the anterioi 

edge. The apex of the hasal cavity is medially placed and 

extends to the point of flexure of the cusp. 
'-., 

The base is very long and compressed. The lower part 

of.the anterior edge is deflexed so that a sulcus is formed 

on the inner side. The aboral edge is straight or gently 
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.. 
convex in lateral view. The oral edge i~ sharp. It is 

straight to slightly· concave in lateral view. 

The cusp is short in relation to the base. 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 pronounc~d. ' 

Many specimens are very finely striated. 

REMARKS: 

It is probable that this is a component of single-type . . 

multielement species. It hears ':! resemblance to Drepanodus 

altipes Henningsmoen 1948, but d~ffers .in being more com

pressed and having a longer base. 

OCCURRENCE: 

Unit 8. \, 

MATERIAL: 

13 specimens. 
.. 

: 

·. , 

0 • 
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Line drawings of specimens of Panderodus n .sp. A from the 

Cow Head Group. 
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Genus Sto1odus Lindstr~m, 1971. 

Type species: Distacodus stola LindstrOm 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 stela LindstrOm 1955 

Pl. 2, Fig. 15 

Distacodus stola LindstrOm, 1955a, p. 556, Pl. 3, Figs. 43-49. 

DESCRIPTION: 

The basal cavity extends a short distance into the 

cusp. The base is laterally c6mpressed and long. The oral 
• 

edge is straight. 

The cusp is short. It is erect, · proclined or slightly 

recurved. 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 synunetry 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 gradually curves over to the lateral face 

in question and the o~her lateral face develops an additional 

costa that may ultimately replace the oral keel towards the 
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aboral margin," (Lindstrern, 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 LindstrOm (1971, p. 51): "Th~ prioniodids are 

conodont species in which the main units, prioniodiform 

elements, have thr~ main denticulate edges on the base, 
- . 

(anterior, outer lateral, and posterior), a wide baee~d 

a relatively small stout erect cusp. The denticulate edges 

develop into processes that may b·ranch. In addition to the 

main units, there are oistodiform elements and compound 
' 

elements with a 2- to 4- branched base an.d a relatively long 

curved cusp." 

The prioniodids are divisible into the Prioniodus 

Group and the Baltoniodus Group according to LindstrOm (1971). 

No representativ~s of the latter group have been found at 
~· 

Cow Head. 

Prioniodus Group 

There ia no inner lateral flare of the posterior 
'~ 

process in the prioniodiform elements of this group, which .. 
I 

is in contrast to the Baltoniodus . Group. The posterior 

process is unbranched. None of the elements. has a particul.arly 

wide or deep .basal cavity: 

Compound elements are more or less pick-shaped, 

("Oepikodus"), but this basic pattern is complicated by the 

development Qf trichonodelliform and tetraprionio~iform 

symmetry transition elements. 

• 

I 
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nistodiform elements are present in this qroup as 

well, and they sometimes have denticulated extensions 

anteriorly. -
Genus Prioniodus Pander, 1856 

Type specie~~rioniodus elegan~ Pander 1856 

Prioniodus elegans Pander 1856 - sensu Sweet and Bergstrom 

1972; Pl. 4, Figs. 1-8, Text: Fig. SSA. 

The constituent form-species and their synonomies are: 

Prioniodus elegans Pander 18~6, p. 29, Pl. 2, Figs. 22,23. 

Prioniodus eleqans Pander 1856; Lindstr~m 1955a1 p . 589, Pl.S, 

Figs. 26-29; Text:Fig. Sa 

Belodus gracilis Pander 1856, p. 30, - Pl. 2, Fig. 21, Pl. 3, 

. . . Fig. 8. 

Fa!odus prodentatus (Graves and Ellison, 1941); Lindstrern 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 LindstrOm 1955a, p. 569, Pl. 5, Figs. 23-2Sy 

DESCIHPTION: • 
. ~ 

The prioniodiform element has a shallow and narrow basal 

cavity. 'rhe pos~erior 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 oepikodiform element, (Gothodus costulatus s.f.), 

has a stout, short den~iculated 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 oepikodiforrn element. The tetra

prioniodiform element has two lateral processes, one of which 

is more posteriorl'y placed than the other. The cusp 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 

prion\odiform, an oepikodiform, a trichonodelliform, 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 synonym of Oepikodus. n. sp. Lindstr~m, (1964, 

~· 38) s.f., and Gothodus costulatus Lindstr~m, 1955, s.f. 

Lindstrom (1971) .does not list this synonomy. 
• 
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OCCURRENCE: 

Units 9 and 10, with possible occurrence in Unit 11. 

MATERIAL: 

91 prioniodiform elements; 

61 oepikodiform elements; 

95 oistodiform elements; 

60 tetra prioniodiform elements; 

14 trichonodelliform elements. 

+ 
• 

' 



Prioniodus evae Lindstr~rn 

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

The constituent form-species according to Lin~strOrn 
I 

( 1971) are: 

Prioniodus evae Lindstr~m l955a, p. 589, Pl. 6, Figs. ~-10. 

Oe,rzikodus smithensis Lindstr~rn 195Sa, p. 571, Pl. 5 I Figs. 

36, 37. 
' I 

Oistodus lonqiramis LindstrOm 1955a, p. 579/ , Pl. 4 I Figs. 35-37. 

DESCRIPTION: 

The prioniodiform element is slender. The posterior 

process is twisted so that the proxi~l denticles are upright 

and the distal denticles are horiz~ntal or nearly so. The 
/ 

anterior and lateral processes a~ subequal in size. Median 

carinae are developed on both lateral sides of all the pro-

cesses. The ousp is big, flattened and sharp-edged. 

The oepikodif·orm element has no denticles on the 

anterior process and the lateral processes are but weakly 

developed. 

The oistodiform element is elongate anteriorly and . .. 

posteriorly. The post~rior extension is curved downwards, 

thus the ab9ral margin is arched. 

REMARI<S: I 
. No synunetry, variants of the oepikodiforrn $1ement have 

I 
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original description. This species is thus not directly 

derived from its predecessor, Prioniodus eleqans. The 

phyllogeny of this species is not known. 

In the Cow Head material, an oistodiform element has 

been found with both anterior and posterior extensions 

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

OCCURRENCE : 

Units 11 and 12. 

MATERIAL: 

61 prioniodiform elements; 

14 oepikodiform elements~ 

8 oistodiform elements. 

. . J 

• 

/ 

J 

j 

\ 
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2 

2 

3 

A. 
IG. 55. A. Pr£on~odus elegans: - 1. Prioniodiform element. 

2. Oepikodiform element. 3. Tetraprioniodiform element. 

4. Trichonodelliform element. 5. ~ 0istodiform element. 

B. Prioniodus evae: - 1. Prioniodiform element. 

2. Oepikodiform element. 3. Oistodiform element. 

All drawings were made of specimens from the Cow 

Head sequence. No reconstruction of lost parts was made. 
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Periodontids 

The periodontiforrn elements of this group are referred 

to as multiramiform elements. They show a cordylodiform-trich-

onodelliform symmetry 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 basal cavitv posteriorly. Denticles next 

to t~e cusp are small and increase in size and become more 

reclined posteriorly. Posteriorly, the denticles usually 

become small again. 

The elements described by LindstrOm (1971) as 

ozarkodiniform elements a~e here split into prioniodiniform 

elements and ligonodiniform elements. These elements are 

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 species: Periodon aculeatus Hadding 1913 

·., 

Periodon flabellum Lindstr&n 1955--Lindstr&n 1971, Pl. 5, ' 

Figs. 1-6; Text Fig. 56. ,\ 
,...,.~ ·-
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Included in this species are the form-species: 

Periodon flabellum (Lindstr~rn, 1955b) --Lindstr~m 1964, p. 83 

Fig. 28A - 0 

Trichonodella flabellum Lindstr~rn 195$a, p. 599, Pl. 6, 

Figs •. 28-30. / 

Prioniodina ? deflexa LindstrOm 1955a, p. 586, Pl. 6, 

Figs. 3.-35~ 

• 
Oulodus inflatus (Lindstr~m)--Lindstr6m 1964, p. 85, Fig. 30A. 

Falodus prodentatus (Graves and Ellison 1941), sensu Sweet and 

Bergstrom 1962, p. 1227, Pl. 1.70, Figs. 

2,3; Text: Fig. 2B . 

• DESCR!PTION: 

The multiramfform 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 gr~ater than the length of the posterior 

process1 in P. aculeatus the ratio is closer to 1:1. 

The ligonodiniform element ("Oulodus inflatus") . has 

a few, slender denticles anteriorly. In the prioniodiniform . . 
element anterior denticles are eithe~ extremely small or 

else they are missing altogether. Both.have denticulated 

posterior processes with upright to reclined denticles. 
' . , . . 

The oistodiform element ·is short ant~ri~rly wit~ 1-4 

denticles reaching quite,hi~)l on the anteriot: margin. The 
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aboral margin is arched with a curved,posteriorly directed 

extension. 

REMARKS: 

This species is revised from Lindstr~m {1971). Aq 

oistodiform element is included for the following reasons: 

firstly, there is common co-occurrence of an oistodi form 

element with Periodon flabellum in Cow Head samples. Secondly, 

it is difficult to see why P. flabell\.Utl should not have · an 

oistodiform element when all other Periodon species are 

described as containing one , Periodon grandis Ethington 

Sweet and Bergstr~m (1966); Periodon aculeatus described 

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

flabellum and its successor P. aculeatus occur in the same 

samples thus suggesting the presence of an oistodiform 

element in both species. 

The oistodiform element is called Falodus prodentatus 

s.f. but it is not representative of the type described by , 

Graves and Ellison (1941) or' Lindstr~m (1955a). The element 

present in this species is that described by Swee!» and ··. 

Bergstrom (1962, as listed in the synono~y). The element 

illustrated, but not described py Lindstr~m (1960, Fig. 5, 

117) is probably ~o-specific. 

I • 

" 
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OCCURRENCE: 

Unit 13 and possibly in Unit 12 . 

MATERIAL: 

) 

49 mu1tirarniform e l ements; 

49 li.gohodiniform elements; 
· ·' 

20 prioniodiniform elements ; 

46 oistodiform elernel)ts. 

\ .... 

\ 

' 
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5 

6 

FIG. 56. Periodon flabellum. Drawings are of specimens 
from the Cow Head sequence. No reconstruction of 
lost parts has been made. 

1. Multiramiform element, (cordylodiform symmetry) 

2,3. Multiramiform elements, (cladognathiform symmetry). 

4. Oist6diform element. 5. Ligonodiniform element. 

6. Prionidoiniform element. 
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Periodon aculeatus Hadding 1913 

Pl. 5, Figs. 7-14: Text: Fig.57 

The constituent form-species are: 

Per}odon acu1eatus Hadding 1913 - LindstrOm 1955b, p. llO 

Pl. 22, Figs. 10, 11, 14-16 and 35. 

Prioniodina macrodentata (Grav~s and Ellison 1941) - Sweet 

ann Bergstrom 1962, p. 1240, Pl. 171, 

Figs. 7, 8. 

Oulodus tortilis (Sweet and Rergstrom 1962) - Lindstrom 1964, 

p. 85, Fiq. 30. 

Falodus prodentatus (Graves and Ellison 1941) - sensu Sweet 

and Bergstrom 1962, p. 1227, Pl. 170, 

Figs. 2,3; Text: Fig. 2B. 

DESCRIPTION: 

As in Periodon flabellum, the mul tiramiform elements 
\ 
show a cordylodiform - trichonodelliform symmetry transition 

series. The basal cavity is broadly and strong-ly inverted 

posteriorly. The posterior process is more twisted than in 

P. flabellUJI'\, 

The ligonodiniform element also has a twisted posterior 

process, so that the distal denticles are in ajmore or less 

horizontal plane. The anterior denticles are ~w in number 

and somewhat more slender than the posterior denticles. 

The p.rioniodiniform element has stout, robust denticles 

( 
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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 indistinguishable 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 

are quite similar ifi one groups the ligonodiniform elements 

and ~he prioniodini~orm elements in each species. It is 

approximately a hl: 1 ratio. 

OCCURRENCE: 

Units 13 and 14. 

MATERIAL: 

50 multiramiform elements; 

25 ligonodiniform elements; 

53 prioniodiniform elements: 

42 oistpdiform elements. 

.~ . 
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5 

FIG. 57. P·eriodon acul·e ·a ·t ·us. Drawings are of specimens from 
the Cow Head sequence. No reconstruction of lost 
parts has been made. 

l. Multiramiform element, (cordylodiform symmetry) 
2 . . Multiramiform element, (trichonodelliform symmetry) 
3. Multiramiform element, (incipient cladognathiform symmetry 
4. Prioniodiniform element 
5. Ligonodiniform element. 
6. Oistodiform element. 
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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, Pigs. 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. 
·, 

The anqle 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. homocqrvatus 

occur. 

OCCURRENCE: 

Units 8, 9, 10 and 13. 

MATERIAL: 

12 specimens. 
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Genus Acontiodus Pander, 1B56 • 

Type species: Acontiodus arcuatus Lindstrom, 1955 

"Acontiodus arcuatus 

Acontiodus arcuatus, · LindstrOm 195Sa, 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" sickle shaped 

space is formed between its anterior margin and that of the 

tooth," (Lindstr~m 1955a; P. 547). T~e basal cavity is deep. 

The cusp is recurved. 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 smal ler 

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 LindstrOm (1955a). 

OCCURRENCE: 

Units 9, 11 and 13. 

MATERIAL: 

17 specimens . 

' 



• 

Acontiodus reclinatus LindstrOm, 1955 

Pl. 2, Figs~ 10, 14 

Acontiodus reclinatus 

DESCRIPTION: 

Lindstr~m, 1955a, 

Figs. S~xt: 

p. 548, Pl. 2 

Fig. 3C 
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The basal cavity is laterally compressed and rounded in 

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 re·eurved 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 rou~ded. 

REMARKS: 

Specimens from Cow Head agree in all respects with -LindstrOm 1 s ( 19 55 a) 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. 

MA'l'ERIAL : 

4 specimens. 



I 

I 
i 
I 
I 

I Belodella sp. A Fahraeus 1970 
/ 
I 
i Pl.4 Fig.l7 
I 
I 

Belo9e11a sp. A. Fahraeus 1970~ Fig. 3.0 
I 

I 
DESCRIPTION: 

; / The basal cavity is deep and triangular in outline. 

cross section ~s 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 denti·cles become broader 

towards the cusp. The cusp bears lateral costae. 

REMARKS: 

Fahraeus (1970) regards this species as being commonly 

associated with Spathognathodus n.sp. LindstrOm 1960 in the 

Table Head sequence. 

OCCURRENCE: 

Unit 14 

MATERIAL: / 
1 specimen. 

.. 
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Genus Cordylodus Pander, 1856 

Type species: Cordylodus angulatus Pander, 1856 

" Cordyiodus proavus, Muller, 1959 
• Pl. 1 Fig. 14, 15 

Cordylodus 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 posteriorly and the 

basal cavity runs 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 b~sal cavity, the cusp is entirely. filled with white 

matter. 

OCCURRENCE: 

Lower Part of Unit 8. 

MATERIAL: 

7 specimens. 

ic· 
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Genus Drepanodus Pander, 1856 

Type speciesr Drepanodus arcuatus Pander, 1856 

Drepanodus acutus Pander, 1856. 

Pl. 2, Fig. 3 

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

Drepanodus acutus Pander, Druce -and Jones, 1971, p. 73,Pl~ 20, 

Figs. Sa-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 lar9e and oval in cross-section. 

The cusp is at ·right ~ngles to the base and is circular 

to laterally compressed in cross-section. The anterior face 

lies parallel to the aboral margin. A carina may be developed 

on the anterior face. 

REMARJ<S: 

The description of Druce and Jones (1~71) states that . 

the basal cavity is always recurved with the cusp, but this is 

not the case for m~ny Cow Head specimens. 

OCCURRENCE: 

Units 8 , 11 , 13 • 

. MATERIALr : 

4 specimens. ( 

-I 
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Drepanodus simplex, Branson and Mehl 1933 

Pl. 2, Fig. 2 

Drepanodus simplex Branson and Mehl, 1933, p. 5~, Pl. 4, Fig. 2 

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

Drepanodus simplex Branson and Mehl 19711 Druce and Jones, p. 74, 

Pl. 13, Figs. la-4c; Text: Fig. 24b. 

DESCRIPTION: 

The basal cavity is conical. Its apex is medial. The 

basal cavity is shallow and has a circular cross-section. 

The cusp is reclined and long. The proxim~l 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 

p~oximal half. The tip may be slightly bent anteriorly. 

OCCURRENCE: 

Units 8 and 11. 

MATERIAL: 

5 specimens. 

l 
I . ' 
I • 
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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. Sa-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 ma~~n is straight in 

lateral view also. 
'\ 

The cusp is slightly reclined and laterally cQmpressed. 
I 

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 

specimens the apex of the basal - cavity is anteriorly placed. 

I had thought of placing these as Drepanodus cf. o. tenuis s.f., 

but the resemblance is so great that I finally considered them 

identical to D. tenuis s. f . 

OCCURRENCE: 
) 

Unit 8. 

MATERIAL: 

11 specimens. 
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n 

Genus Hertzina Muller, 1959 
n 

Type species: Hertzina americana Muller, 1959 

REMARKS: 

In material from Cow He,d, ~11 specimens of this genus 

are broken, and only cusp fragm~nts remain. In this situation 

four informal types have been recognised. No formal taxa are 

proposed. These type~ are distinguished on the basis of 

presence ol:' absence of the anterior or posterior edges. The 
0 

four 1:ypes are: 

(A) • Those with rounded cross-sections. 

(B) • Those with an anterior edge. 

(C)~ Those with a posterior edge. 

(D) • Those with anterior and posterior edges. 

In all cases the cusp is very slepder. 

Figs. 5-7). 
.... 

n ~ 

Lindstrom (1964, p. ~39), places Hertzina1 ~uller 195~ 
in synonomy with Coe.locerodoiitus.-jthington 1959 ):md suggests· ·. 

that Belodel-la Ethington 1959 may be a junior srnonym. Druce 

and Jones (1971), also list Hertzina in synonorn~~ith Coelo-
··. 

cerodont\ls. 
, ~ 

It is here considere¢1 pre.ferable to retain the 
11 . genus Hertz~na a:; a separate taxon f,or very slender and long 

simple cone~, . which may or may not be laterally compressed. 

OCCURRENCE: . 

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

MATERIAL: 

66 specimens. 

I 

. . 
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Genus Oistodus Pander, 1856 

· T-ype species: Oistodus lanceolatus Pander 1856. 

DESCRIPTiON: 

Elements belonging to Oistodus have a more Or less 

wide basal cavi~y. 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. l 

Oistodus brevibasis, Sergeeva 1963, p. 95, Pl.Vll, 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 laterally com

pressed with sharp anterior anq posterior edges. T.he cusp is 
·'' . 

more rounded on one face than the other and it is thus slightly 

more asymmetrical. The anterior margin is evenly· curved. 

REMARKS: 

n 

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

multi-element species Scandodus brevibasis, however, none df 

·. the other !=onstituent form species are present, so I describe 

o. brevibasis here as a form species. 



OCCURRENCE: 

~ 
Unit 9. 

MATERIAL: 

9 specimens. 

/ 

, 

/ 
/ 

140. 
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Oistodus lanceolatus Pander 1856 

Pl. 3, Fig . 4 

Oistodus lanceolatus Pander 1856, p. 27, Pl. 2, Figs. 17 
"' 18. (not 19). 

Oistodus lanceolatus Pander 1856, Branson and Mehl 1944, 

pp. 239-240, Pl. 93, Fig. 23 

Oistodus lanceolatus Pander 1856, LindstrOm 1955a, p. 577 

Pi. 3, Figs. 58-60. 

DESCRIPTION: 

The basal cavity is shallow anteriorly; the apex is 

anterior and the bas~l cavity is deeper posteriorly. The base 

is laterally compressed. The oral margin is sharp. It is · 

curved in lateral view. The aboral margin is slightly con

cave posteriorly, then convex centrally, 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. LindstrOm (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 

0. lanceolatus is here des-cribed as a form-species. 
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OCCURRENCE: 

Units 9 and 11 

MATERIAL: 

9 specimens • 

. . 
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n 

Oistodus triangularis Lindstrom 1955 

Pl. 3. Fig. 7 

Oistodus triangularis Lindstrom 1955a, p. 581, Pl. 4; Figs. 

14-18. 

DESCRIPTION: 

The basal cavity is deep and wide. The oral edge is 

sharp with a very high · thin keel. The aboral margin is more 

or less straight. 

'fhe cusp is slightly recurved, long and slender. Both . 

anterior and posterior edges are.sharp. In addition to this, 

there is a very prominent lateral costa that reaches the 

aboral margin, causing the base to be extended to that side. 

Thus the cross-section is triangular. 

REMARKS: 

My single specimen concurs with 

" illustrated by Lindstrom {1955a). 

This form species is placed . in 

mateji'al described and 
./ 

I 

I 
thtj 1m1lti~lement species 

" .' 

Oistodus lanceolatus by Lindstrom (197lj p. 38), but since only 
I 

one specimen was found in Cow I:Iead, it,' is here described as a· 

form- species. 

The sipgle specimen found is extremely beatttifully 

preserved. 

OCCURRENCE: 

(!nit 13. 

MATERIAL: . ! . 
1 $pecimen. 

....... 
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Genus .Oneotodus LindstrOm 1955 

Type species.: · oneotodus variabilis LindstrOm, 1955 
Pl. 1 Fig. 21 

Oneotodns variabilis LindstrOm, 1955 
! 

144. 

Oneo~odus variabilis LindstrOm, 1955, p. 582, Pl. 2, Figs. 

14-18, 47, Pl.· -~' Figs. 4,5; Text: Fig. 6. 

One variabilis LindstrOm, 1955a; Mound 1968, p. 414, Pl. 3 

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

dus variabilis LindstrOm; Druce and Jones 1971, p. 84, 
..;;..;;.;;.~~= 

Pl. 13, Figs. Sa-c; Text: Fig. 26m. 

CRIPTION: 

In lateral view the basa1 cavity is triangular with its 

apex close to · the anterior margin. The Cow Head specimens 

always have an elliptical cross-section. Striae are not 

evident on any of the specimens. 

OCCURRENCE: 

Units 8 and 9. 

MATERIAL: 

5 specimens. 

.. 

r 
' 



DIAGNOSIS: 

r--
j Paltodus new species A 

Pl. 2, Figs. 5-7 

145 

A laterally compressed paltodid with two strong 

lateral costaer one on each side, and variaole number cf other 

lateral costae and grooves. 

· DESCRIPT·ION: 

.The b~sal cavity is conical, partially filling the base. 

It sends a shallow anterior extension which does not reach the . 
antero-basal angle. The apex of the basal cavity is medial 

but directed anteriorly. The oral edge is sharp and straight 

in lateral vi~w. It may curve basally to meet the aboral edge. 
il 

The basal out~ine is ellipsoidal. 

The cusp is erect to proclined and laterally comgressed. 

Two strona posteriorly directed median lateral costae are 

developed and these extend onto the base. Troughs may develop 

between these and the sharp posterior edge. The anterior edge 
I 

is /smoothly cuJ:~ve9 and may or may not be laterally deflexed • 
. I 

Tl'le lateral f~oes may be subequally broadly rounded, or else 

jhe inner fac~: is flat and the other face is convex. 

· smaller costae may be developed on the lateral faces. 

Several 

In the 

case 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 • 

. , 
~· 

. ......__ 
.. 
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, 
REMARKS: 

In its symmetrical form this species resembles 

Scolopodus much more than Paltodus and. so it is difficult to 

place it satisfactorily in one or other genus. Besides the 

symmetry variables, t;.he other dimensions remain exactly the 

same. 

OCCURRENCE: 

U~its 8, 9 and possibly 14. 

MATERIAL: 

7 specimens. 

·• 
I . 
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Genus Para,cordylodus Lindstrom 1955 

" Type species: Paracodylodus gracilis Lindstrom 1955 

Paracordylodus gracilis 

Pl. 3, Fig. 10 

" Paracordylodus gracilis Lindstrom 1955a, p. 584, Pl. 6, 

Figs. 11, 12. 
•. 

DESCRIPTION: 
n 

According to Lindstrom (19"55a) 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, strai9ht-

edged and sharply pointed. 

The cusp ·is smoothly recur.ved, with one thin costa on 

each side. These costae do not get near the aboral marqin. 

· The anterior process is rather big, straight and directed 
'· ., 

obliquely backwards, in continuation of the basal part of the 

cusp. 

The whole unit may be slightly curved sideways. 

REMARXS: 
n 

I chGse to follow Lindstrom's (1955a) description to 

the letter because I have only one representative of this 

species a~d it agrees in .all respects with the description. 

" My specimen from Cow Head is very similar to Lindstrom' B(l95Sa) 

Pl. 6, Fig. 11. 
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OCCURRENCE : 

Unit 9. 

MATERIAL: 

1 specimen only • 

• 

\ . 



149. 

Genus Prioniodus Pander 1856 

species: Prioniodus elegans Pander l856 

' " Prioniodus navis Lindstrom 1955 

Pl. 4, Fi~s. 13, 14 

" alatus Hadding, Lindstrom 1955b,- p. 111, Pl. 22, 
Fig. 32 (not 26, 28 29, 30, 31, 33, 34}. 

n 

----~~~ --~~ Lindstrom 195Sa, p. 590, Pl. 5, Figs. 31-35. 

The basal cavity is deep Cl.nd extends alon·g all the 

It projects into the cusp. The basal sheath is 

folded inward between ·the anterior and lateral processes, 

and undul~ted between the lateral and posteri.or processes. 

The posterior·process is straight with small erect 
. ,. 

d'elrticles. The anterior process is curved making an angle of 

less than 90 degreeg with the posterior process. The lateral 

process is straight and makes an angle of 30 d~grees with the 

anterior process. Both the anterior and ~ateral processes 

are denticulated with small erect denticl~. 

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

to each process. 
. . 

I 

REMARKS: ~ 

This form-species is placed in the multielement species 

" 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 consistent 

occurrence of P. navi'S in the Cow ·Head -Group ~uggests that it 

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

element species association of this element is not known hut 

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 on_ly. 

MATERIAL: 

18 specimens. 

\ 

... 
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Genus Proconodontus Miller 1969 

Type species : Proconodontus mdlleri Miller 1969 

Miller (1969) described this genus as "very large simple 
/ 

cones, erect to reclined, laterally compressed, including 

symmetrical and assymetrical species." The most distinctive 

feature of the genus is the very deep basal cavity which may 

extend to the tip of the cusp. 

Ethington (1959) proposed a new genus, Coelocerodontus, 

for Ordovician 5- nodo~ts from the upper part of the Galena 

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

simple, 'hollow c ith deep basal cavities. Ethington {1959) 

identified species on · the basis of the shape of the cross-
,-

section. The Upper Cambrian ~e_presentatives of this genus bear 

remarkable similarity to the genus Procronodontus. 

Druce and Jones (1971) stretch Ethington's definition . f . 
to include simple, horn-shaped cones w;i. thout ·keel~, by in-

cluding C. rotundatus in the genus. 

The genus Proconodontus, ~Miller 1969, needs little or 

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

Druce and Jones 1971), c. primitivus (Mft11er, 1959), C.Rotundatus 

Druce and Jones, 1911, and c.tricartnatus (Nogami, 1967). 
-~ 

Thus a redescription of the genus Proconodontus is 
.. 

necessary: 

Simple cones usually laterally compressed, including 
I 

symmetrical and assymetrical species • 

. . 
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The basal cavity is very deep and large and may extend 

* to the tip\of the basal cavity. Some species are somewhat 

twisted and/or bent over to 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. 

I 

/ 
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Proconodontus burkei (Druce and Jones, 1971) 

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

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

•, 
DESCRIPTION: 

A simple hollm·• cone: erect to gently reclined and is · 

elliptical in cross-section. The anterior and posterior edges 

are sharp, often produced as thin flang-es ·. In some specimens 

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

icles. 

The basal cavity is very deep and possesses a basal 

filling which is commonly opaque and white. Th~· cusp is 

very small. 

OCCURRENCE : 

Lower part of unit 8. 

MATERIAL: 

2 specimens. 
. / 
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" " Proconodontus rnulleri mulleri Miller 1969 

Pl. 1, Figs. 8, 9 

" Scandodus n.sp. Muller 1959, p. 464, Pl~ 12, Fig. 11. 
tl II 

Proconodontus mulleri mulleri Miller 1969, p. 437, Pl. 66, 

Text: Fig. SH. 

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 asynunetri'cal. Anterior 

and posterior carinae exist and extend almost to the basal 

edges. 

REMARKS: 

No lateral carinae are present in Cow Head specimens: 

these are described as weak · and occasional .occurrences by 

Miller (196~. 

OCCURRENCE: 
. 

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

MATERIAL: 

10 speci~ens. 

\ 

. "· . 

.. 
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" Proconodontus primitivus (Muller, 1959). j 

Pl. 1, Figs. 1, 2 

" Furnishina primitiva Muller, 1959, p. 453, ~1.11, Figs. 1-4 

• Coelocerodontus primit"ivus Druce and Jones 1971, Pl. · 9, 

Figs. 5a-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 cavity ~xtends the length of the 

cone. The walls · are thin. 

/ 
OCCURRENCE: 

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

MATERIAL: 

23 specimens. 

\. 

··' 

I 
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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 Nog~i, 1967 (part) Pl. 6, Fig. 27 

Text: Fig. lC,D. only. 
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Coelocerodontus tricarinatus Druce and Jones, 1971, Pl. 11, 

' . 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 hasal cavity is conical, large and deep. 

OCCURRENCE : 

Lowest patt of Unit 8. 

MATERIAL: 

2 specimens • 

. '0 . 
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Genus Scandodus Lindstrom 1955a 

" Type species: Scandodus furnishi Lindstrom 1955a 

Scandodus furnishi 

Pl. .2, Fig. 19 

. " Scandodus furnishi Lindstrom (195Sa) p. 592, Pl. S,Fig. 3 

DESCRIPTION: 

The basal cavity "is shallow and its apex points 

\ 
anteriorly. It opens to the inner side.. The outer side of 

the base is cut off from the inner side by a sharp oral edge • 
. , " 

"The aboral outline is roughly trapezoidal " (Lindstrom 1955a, 

p. 592). 
_) 

The cusp is erect and blade-like ; It has a prominent 

growth axis which is straight and white. The edges are sharp 

and the posterior edge runs at right angles to the oral edge. 

Costae may be .seen to be weakly developed above the base on 

some specimens. 

REMARKS: 

My specimens from Cow Head agree with the descriptiqn 

" of Lindstrom (1955a) • .. 
OCCURRENCE: 

Units ' S, 9. 11 and 13. 

MATERIAL: 

5 specimens. 

.. 

'0 
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Genus Sco1opodus Pander, 1856 ~ 

Type species: Scolopodus sublaevis Pan~er 1856 

Redefined Lindstrom 1955 p. 594-5: "multicostate, 

symmetrical simple conodonts with or without posterior and 

anterior keels." 

Scol~podus bassleri, (Furnish, 1938). 
( 

Pl. l, Fig. 13 

Paltodus bass1eri Furnish 1938, p. 331, Pl. 42, F
. 1 /~ 
1g. 

Paltodus variabilis ~urnish 1938, p. 331, Pl. 42, Figs.9, 10; 

Text: Fiq. lE. 

" Scolopodus n.sp.2 Lindstrom 1960 p. 93~ Fiq. 5, Nos. 6 and 7 

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

Paltodus vari~bilis Mound 1968, Yl~ 4, Figs. 18-38. 

Scolopodus bassleri Druce and Jones 1971, p. 91, Pl. 17, 

Figs. la-4d; Text: Fig. 30b. 

DESCRIPTION: 

The base is shallow and is completely excavated by a 

conical basal cavity. The apex of the cavity is close to the 

anterior margin near the point of flexure. 

The cusp is long and needle-like. It is ~ither erect 

or ~eclined. It has two lateral costae which are separated 

by broadly rounded anterior and posterior 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: . 

Units 8 and 9. 

MATERIAL: 

22 specimens. 

_, .. __ 

' ' 

. . 



Sco1opodus filosus Ethington and Clark 1964 

Pl. 1, Figs. 10, 11 

160. 

Scolopodus filosus Ethington and Clark, 1964, p. · 699, Pl. 114, 

Figs. 12, 17, 18, 19; Text: Fig. 2E. 

Scolopodus 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 conical and deep. The apex of the 

basal cavity is directed anteriorly upward. The base is 

unexpanded and circular or elliptical in cross-section. 

· The cusp is bircular ·in cross-section. It .i~ usually 

. reclined and may be slightly curved. 

The surface is ornamented by several hair-like costae 

which extend almost to the aboral edge. 

REMARKS: 

The description of ~thington and Clark (1964) refers 

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

are reclined. 

OCCURRENCE: 

Units 8 and 9. 

MATERIAL: 

22 spe<;:imens ·• 
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{Scolopodus gracilis ethington and Clar~, 1964 

Pl. 1, Figs. 18, 19 

161. 

Scolopodus gracilis Ethington and Clark, 1964, p. 699, Pl. 115, 

Figs. 2-4~ 8( 9: Text: Figs. 2D,G~ 

Scolo~odus grapilis Ethington and Clark, Mound, 1968, p. 418, 

Pl, 5, Figs. 29-31, 34-38, 40, 42-44, 52-53. 

Scolopodus gracilis Ethington and Clark, Druce and Jones, 1971, 

DESCRIPTION: 

p. 92, Pl. 17, Figs. 5a-7d: Pl. 18. Figs. 

Sa~d; Text: Fig. 3oc. 

- The basal cavi~y is large. Jts 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 ba~ally. 

REMARKS .; 

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

nature of his Scolopodus gracilis s·pecimens. 

OCCURRENCE~ 

Units d, 9 and 13. 

MATERIAL: 

17 specimens. 

; 
·., 

'· 

• 



Scolopodus iowensis {Furnish 1938) 

Pl. 1, Fig. 20 

Acqntiodus iowensis Furnish 1938, p. 325, Pl. 4, F~q. 16 

not Fig. 17 • 
. .., 

162. 

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

Pl. 16, Figs. l~-7e; Text: Fig. 30d,e 

DESCRIPTION: 

The basal cavity is shallow. The base itself is short 

and unornamented. The cross~sectidh is elllptical. 

The cusp is proclined and is antero-posteriorly com

pressed; givirig sharp laterar edges. The anterior face is 

smoothly convex and unornamented. The poste~ior face bears 

a broad, rounded costa, with troughs on either side extending 

to the lateral edges. The cusp is t;iangular in outline, 

looking poste/iorly. 

REMARKS: 

The single specimen recovered from Cow Head fits the 

Druce and Jones (1971) description. It resembles only Fig. 16 

on Plate 4 of Furnish's (1938) illustrations • .. 
, OCCURRENCE : · ~. ·-. 

. '• 

Unit 8. 

MATERIAL: 

1 specimen_. 

-~· 
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Scolopodus quadriplicatus Branson and Mehl 19.33 

P~. 1, Fig. 12' 

163. 

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. 

ScolOJ20dus guadri,elicatus Branson · and Mehl; Graves and Ellison 

1941, Pl.l, Fig. 10; Pi. 3 1 Figs. 2,5. 
0 

ScolOJ20dus guadri,elicatus Branson and Mehl ,· Sands; 1958, p. 842, 

Pl. 2, Fig. 21. 

ScoloJ2odus quadriJ21icatus Branson and Mehl; Ethington and Clark 

1964, p. 699, Pl. 115, Figs. 12,25 

Scolo,eodus 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 short. The cros5;;_section is subcircular to 

elliptical. The base may be extended slightly posteri-orly. 

The cusp is erect to proclined. It is compressed antero-
--

posteriorly, with two lateral costae. 'l_)ro costae also'· occur 

posteriorly', close together. The two sets of costae are 

sepa~ted by postero-lateral broad troughs. The lateral costae 

extend almost to the aboral margin. The p~sterior ~ostae ext end 

as far as the oral margin. 
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OCCURRENCE~ 

Unit 8 only. 

MATERIAL: 

8 specimens. 

- ~ . t 
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Genus. spathognathodu~ Branson and Mehl 1941. 
. . . 

Type species: Spathognathodus prirnus Branson and Mehl 1933 
II 

SpathognathPdu~ n.sp. Lindstrom 

Pl. 4, Fig. 16 

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

The . shor~ robust blade is aboUt twice as long as hiah. 

It bears about sixteen denticles which are laterally compressed. ; 

The dent'icles. ·at the posterior /~nd are small and h.a$ally f~sed. 

Only a ~all part of the denticle is .free. ·Anteriorly the 

depticles are larger and less fused at the b~se. They are 

pointed. 

The basal cavity is widest centrally. It flares ~ro~dly 

to one side and sharply to the other. The posteri,or portion, 
I 

aborally, is eccentric. The : basal cavity reaches almost to 

the antero-basal angle. , Th~s the abor~l section of tb~ base is 

• asymmetrical .• 

REMARKS: 

Only one sp~cirnen has been found in the Cow Head sequence • 
• . r 

Several have been found in the Table Head Limestone in Western 

Newfoundland, (Fahraeus pers. comm.1, and these have been used 

as comparative material. Only Cow Head material is iilustrated. 

It seems likely that this eleroent 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 here may be from a fragment of shelf facies 

limestone included in the graded limestone from which it came. 

OCCURENCE: 

Unit 13. 

MATERIAL: 

l specimen onJy. 

c· 
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EXPLANATION OF PLATE 1 

All ·specimens X30. 

Figs. 1,2 

Fig. 3 

Fig. 4 

Figs. 5-7 

Figs. 8,9 
. ''· · ~ 

• I) 

c.Fl.gs. 10,11 

Fig. 12 

Figs. 13,16,17 

Figs. 14, 15 

Figs~ 1~9 
t 

Fig. 20 

Fig. 21 

Proconodontus priiTlitivus (MUller, 1959) 

s.f.; CH-lOD; lateral view. 

Proconodontus tricarinatus (Nogami, 1967) . 

.s.f.; CH-lOD; lateral view. 

Proconodontus burkei (Druce and Jones, 1971) 

s. f.; CH-lOD; lateral view. 

Hertzi a spp. 

Pr.ocon dontus mtH].er;h mtllleri Miller,l969 

s. f.; CH-100; lateral views. 

Scolopodus filosus Ethington and cl·ark 19,64 

CH-9E; lateral views. 

Scolopodus quadriplicatus Branson and Mehl, 

1-933 s.f.; CH-6472; lateral. and post~ro-lateral 

views. 

Scolopodus bassleri (Furnish 1938) s. f. 

CH-64 72; lateral and postero-lateral views. 

Cordylodus · proavus .M6ller 1959; CH-loD s. f.; 

lateral view!?. 

Scolopodus gracilis Ethington and Clark 1964 

CH-577a; lateral and posferolaterai views. 

Scolopodus iowensis (Furnish 1938); ·cH-5772 

s. f.; posterior v.iew. 

Oneotodus variabilis Lindstrom 1955: CH-6172 

s. f.; lateral view. 

.. . 

,• 
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EXPLANATION OF PLATE 2 

All specimens _} _30, unless othenri_se stated. 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Figs. 8, 9 

·F:i.gs. 10,14 

_Figs. 11-13,17 

Fig. 15 

Fig. 16 1 20 

Drepanodus tenuis Moskalenko, 1967 s.f.; 

CH-5772: lateral view. 

Drepanodus simplex Branson and· Mebl 1933 

s.f.; CH-~772; lateral view. 

· Drepanodus acutus Pander 1856 s.f.; CH-2C; 

lateral vie}"'· ,-

:~ 
Acodus grat~s Lindstr~m 1955 s.f.: . CH-9E; 

lateral view. 

Paltodus n. ~p. A (X25), CH-5972; fig. 6 

the- symmetrical variant; f ·igs; figs. 5, 7 

are the assyrnetrical variants. 

' "-·-~s 

Panderodus n. sp. A, Fig. 8, 

9, (CH-5972; lateral views. 

(CH-5772); Fiq. 

Acontiodus reclinatus Lindstrom 1955 s. f . . : 

CH-1072: lateral viewi X25 

\ ' 

Drepanodus arc.uatus Lindstr~m 1955, Figs. 11 

and 17: oistodiforrn elements, (X25), lateral 

views, Figs. 12, 13: drepanodiform elements, 

lateral views, all from CH-6172. 

Stolodus stola (Lindstr~m, 1955); Ch-34_72; 

lateral view. 

?Paltodus deltifer or ?Paltodus inconstans 

L~ndst~Om 1955; qistodiform element only. 

Fig. 16 I (CH-9A), outer lateral viewr Fig. 20, 

(CH-6372) 1 inner latera} v.iew. 

~ . 

. ' 



Fig. 18 

Fig. 19 

169. 

EXPLANATION OF PLATE 2 (CONTI+D) 

Acontiodus arcuatus Lindstrom 1955 s . f. ; 

CH-3572B; lateral view. \ 
Scandodus furnishi LindstrOm 1955 s.f. 

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

All specimens x·~ unless otherwise stated·. 

Fig. 1 

Figs. 2,3 

Fig. 4 

< ) Figs. 5,6 

Fig. 7 

Figs. 8,9 

Fig. 10 

Oistodus brevibasis Serveeva 1963 s.f.; 

CH-4072; inner lateral view. 

Paroistodus numarcuatus (LindstrOm, 1955); 

CH-8B; Fig. 2: oistodiform element, lateral 

view; Fig. 3: drepano9iform element, lateral 

view; both X25. 

Oistodps lanceolatu~ Pander 1856 s:f.; 

CH-4C; lateral view 

Paroistodus parallel us ·(Pander, 1856); 

CH-8B; Fig. 5: ol.stodiform element, lateral 

view; Fig. 6: drepanodiform element, lateral 

view; · both X25. 

Oistodus triangularis LindstrOm 1955 s. f.; 

CH-0972, lateral view. 

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

Fig. 8: drepanodiform element, lateral view; 

Fig. 9: oistodiform eleJnent ;. lateral view; 

both X25. 

~aracordylodus gracilia Lindstr~m 1955.s.f. 

CH~4772; lateral view. 

Drepanoistodus forceps (L1ndstrom, 1955); 

CH-3572B; . Figs. 11, 13-15: drepanodiform ' ~ 

element variants, lateral views; Fig. 12; 

oistodlform element, lateral view. ' . 
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EXPLANATION QF PLATE 4 

All specimens X30, unless otherwise stated. 

Fig. 1-8 

Figs. 9-12 0 

Figs. 13, 14 

Fig. lS 

.' Fig. 16 

Fig. 17 

, · 

Prioniodus elegans Pander 1856; CH- 3572B 

and CH-4072. Figs. 1-3: prioniodiform 

elements, lateral views~ Fig. 4: 

oistodiform element, lateral view~ .~ 
Fig . 5: trichonodelliform element, lateral 

view~ Fig. 6: trichono?ell i form element, 

posterior view~ Fig. · 7: oepikodiform element, 

lateral view~ Fig. 8:. t~traprioniodiforrn 

element, postero-lateral view~ all X25. 

Prioniodus ~LindstrOm 1955; CH-4C; 

Fig. 9: prioniodiform element, lateral view; 

Figs. 10 and 11: oepikodifo~ element, 

lateral views; Fig . 12: oistodifort'll element; 

.. All X25 . 

Prioniodus navis LindstrOm 1955 s . f . 

fig. 13 , . (CH-4372), antero-late~al view~ 

Fig. 14, (~H-3572B), postero-lateral view. 

"Falodus" new farm; CH-4012; lat(!ral view; 

specimen photographed ori · slide·. .It was not 

moved for fear of breakage • 

Spathognathodus n.sp. LindstrOm, 1960 s,f. 

~H-2C; lateral view. 

Belodella sp. A Fahraeus 1970 s.f. CH-0572; 

lateral ,view. 

. . ., . 

. . ~ .· ~ ··. ... 
. .. . 

• 
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EXPLANATION OF PLATE 5 

All ~pecimens X30. 

Figs. 1-6 

. ' 

Figs. 7-14 

,. / 

Periodon flabellum LindstrOm 1955; CH-2B; 

and 2C; Fig. 1: Multiramiform element, 

(cordylodiform symmetry), lateral view; 

Fig. 2: multiramiform element, 

(cladognathiform symmetry), lateral vie 

Fig. 3: prioniodiniform _element, lateral 

view; Fig:. 4: ligonodiniform element, 

lateral v~ew; Figs. 5 and 6: oistodiform 
" .. 

elements, lateral view. 

Periodon aculeatus hadding 1913; CH-2B and 

1072; Fig. 7: multiramiform element, ... 
(cordylodiform symmetr'y), laterq.l view; 

Figs. 8 and 9: multiramiform element, 

(trichonodelliform element) , lateral and 

posterior view respectively; Fig. 10: 

mul ti'ramiform element intermediate. between 

P. flabellum and P. aculeatus, (inverted 

basal cavity less pronounced); 71g. · 11: 

ligonodi~iform element, lateral view; 

Fig. ·12: ligonodiniform efement, a variant 

of Fig. 12; Fig~ 13 prioniodinLform element, 

lateral view; Fig . . 14 .oistodiform element, 

lateral view . 
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