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ABSTRACT

On New_World Island, north central Newfoundland, the Middle

Oordovician Cobbs Arm.Formation constitutes only a small proportion of the
™ %
dominantly volcanic and volcaniclastic strata of the island arc ter-—

rains characteristic of the Dunnage Zone. The Cobbs Arm Formation is

predominantly composad of limestones that are dark grey in colour when

[
mixed with volcanic detritus and light grey amd tore coarsely crystal-

line when purely carbonate. The purer carbonate accumulations of the

formation would appear to have been deposited in an environment free of
N +
terrigenous detritus between emergent volcanics”and “shallow water vol-

canic sandstones to the north, and trench deposits to the south. The re-

sult was a carbonate grainstone barrier that subdivided parts of the

Middle Ordovician coastline into a landward restricted lagoonal envir-

onment and an oceanward open wmarine environment.
Because of the presentiy deformed nature of the New World
island rocks, several small incomplete sections of the Cobbs Arm

Formation were measured and sampled. Detailed investigation of the 1i-

thologies of the samples revealed a sedimentological pattern indicative
of a slightly errat.ic transgressive phase of deposition. It is possible
that the emergence of the arc terrains, which preceded the deposition

of 'the Cobbs Arm Formation, and the subsequent subsidence of the .’.leernd

arc terrains, which accompanied and succeeded Cobbs Arm Formation depo-

sition, was the fore and aftermath of a ridge-trench interaction. The

transgression resulted in a landward shift of oceanward facies, now re-
corded in the verticle sequences of the Cobbs Arm Formation. 1

The conodont fauna of the Cobbs Arm Formation appears to be




[

divisible into two species associatlons. One relates well with sedi-

m@nts of the proposed (E%ricted environment and the other relates well &

with sediments of a more open marine enviromment. On & finer scale,
there appears toc be a relationship between substratum characteristics
and certain conodontqipeciés. Because of this apparent ecological con-
trol on many of the conodont specles, the conodont zones and subzones of
the Middie Ordovician were difficult to accurately apply. "

Conodonts are found jn relative abundance in the Cobbs Arm

Formation and are represented by 39 pultielement specles and five resid-

"sal forms, including 8 new species and ? new genera. The two n;3 genera

are described on the basis of the two new speciles Pseudobelodina n. Sp-

A and New Genus A n. SPp. A. The fauna is dominantly of North Atlantic
Province affinity yet the most abundantly represented specles 1s more com~.
monly found £n the Midcontinent Province, i.e. Panderodus gracilis {Branson

! . -—a
and Mehl). This species, along with Periodon aculeatus Hadding, Pygodus

anserinus Lamont and Lindstrom, Baltoniodus variabilis (Bergstrom),

Protopanderocdus V& - - Tt ==

Protopanderodus varicostatus (Sweet and Bergstrom), and Pygodus serrus
(Hadding) constitutes more than 75 percent of the total number of recovered

conodont elements. Other important conodont species include: Baltoniodus

prevariabilis—ﬁ. variabilis transition, Distacodus venustus (Stauffer),

Drepanoistodus n. sp. A, Eoplacognathus lindstroemi (Hamar), E. robustus

Bergstrom, Scalpellodus cavus (Webers), Strachanognathus parvus Rhodes,

Wallisercodu$ efhingtoni (Fahraeus), Walliserodus nakholmensis (Hamar) and
. ) .
Walliserodus n. sp- A.
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CHAPTER 1

INTRODUCTION
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1.2 location and Agfess -

The carbonate sediments of the Middle Ordovician Cobbs Arm
Farmation outcrop on New World Tsland in the volecanogenic environment of

the Dunnage Zone, in‘nnrth central Newfoundland (Fig. 1). Type locality
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of this formaticon occurs within Cobbs Arm, north eastern New World Island,
at latitude 49" 37" and 1§ngnude S4 35 (Fig. 1). A series of fault bounded
quarries, at the head of Cobbs Arm, offer excellent exposures of typical
Cobbs Arm Formation lithologies, vet fail to give a true indication of
the formation thickngss. A more complete section can-be seen north of
_Cobbs Arm at Quarry Cove (Fig. 2), (pocket in back of thesis).

A paved highway permits easy access to the study area from
mainland Newfoundland. It transverses New World Island from Summerford,
in the south west, to Twillingate Island, in.the north east, and from it

a gravel road leads to Cobbs Arm and other coastal villages (Fig. 2).
¢

1.3 Previous Work.

GCeological investigation of New World Island began with the
early visit of Murray and Howley (1881). Much later, Heyl (1936} conduc-—
ted a study mainly within the Bay of Exploits, but he included also the
south west portion of New World Island. Twenhofel and Shrock (1937), and
Twenhofel (1947), examined andvdescribed the sedimentary strata in the
north eastern part of New World Island, and Baird (1953) undertook a re-
conaissance study of north eastern New World Island and Twillingate Islands.
H;dern studies of the New World Island area commenced with
mapping by Williams (1963). He compiled a one-mile-to-the-inch gpnlogié

map of New World and Twillingate Islands and recognized fifteen unnamed

lithologic -units. Kay and Williams (1963), and Harris (1966), outlined
the relationships of New World Island geology on a smaller scale.

Kay (1967) summarized New World Island geology and introduced
a system of stratigraphic nomenclature. Subsequent papers have accounted

. for revisions to the stratigraphic nomenclature and refinement of the
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understanding of the structural complexity of New World Island and other
parts of Notre Dame Bay (i.e. Kay, 1969¢c, 1970, 1976; Horne and Helwig,
1969 ; Horne, 1970; Bergstrom, Riva and Kay, 1974; Dean add Strong, 1977).
Twenhofel and Shrock (1937), Williams (1963), and Horne (1970),
contributed much information pertaining to the distribution and composi-
tion of Orodvicion and Silurian faunas of New World Island, but these data
were largely used for stratigraphic purposes. Neuman (1968, 1971, 1972,
1976), discussed, in more detail, the paleogeographic distrigution and
possible palececology of Arenigian and Llanvirnian brachiopods from New
World Island and other northern Appalachian localities. Dean (1971, 1973)
outlined the taxonomic composition and possible affinities of Arenig;an,
Llanvirnian and Llandeilan trilobites from two localities on New World
Island. In addition he (1971), provided a list of conodout genera and
species obtained from a single sample of limestone from Squid Cove (Fig.
2), and identified by T.T. Uyeno, Geological Survey of Canada. Bergstrom,
Riva and Kay (1974), gained additional information about the timing of
Ordovician sedimentation and volcanism on New World Island from their
collections of graptolites and concdonts. McKerrow and Cocks (1977), lo-
cated the proto Atlantic suture in central Newfoundland, as indicated by

the composition of brachiopod and trilobite faunas on New World Tsland

and further to the southeast of the Reach Fault (Fig. 1).

1.4 Present Study.

The Incentive for the present study evolved from the work of
Bergstrom, Riva and Kay (1974), who clearly demonstrated the richness
and signiflcance of the New World Island concdont fauna. The main objec—

tive is to describe intdetail the conodonts and the stratigraphy of the
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Middle Ordovician Cobbs Arm Formation from New World Island. Detailed in-
vestigation of sample litholog;es and an analysis of the distribution
and fréﬁuencies of various conodont species has lead to formulated con-
clusions about the sedimentology of the Cobbs Arm Formatidn and paleoceco-

logical characteristics of some conodont species. Supplementary to this,

the possible nature of the conodont animal is discussed.

ugram—— )
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CHAPTER 2

METHODS OF STUDY
;

12.1 Collection of Samples.

The original nature of the Cobbs Arm Formation lithologies has
been masked by the processes of pressure solution and recrystallization,
and disaggregated by Silurian and Devonian faulting and folding. As a con-
sequence of the latter events, a complete section of the Cobbs Arm For-
mation does not appear to exist. As a ccnsequence of the forementioned
processes the sedimentological characteristics of the sections that are
exposed, are difficult to distinguish.

Therefore, 76 samples, for lithological and conodont studies,
were collected from seven incomplete sectioms In an effort to get examples
of the complete range of the represented sedimentary facies of the Cobbs
Arm Formation.

" Ten samples of limestone, or limy tuff, were cecllecred from
localities within the Summerford Group on New World Island. Additional
samples were collected for interest from localitites in the Bay of Ex-
ploits, Badger Bay, and Lushes Bighr, lLong Island (Fig. 2). Details of
these isolated samples are given in Appendix A.

Prior to collecting, sections were measured and lithologies
noted..Samples weighing in excess of 5 kilos were taken for processing.

See Figure 2 for the sample locations.
‘.

2.2 Processing of Samples.

In the laboratory, samples were crushed to walnut-sized frag-

ments and placed in a 15 percent solution of Glacial Acetic Acid. Total

e
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digestion required as few as ten days for purer limestone and as many as
twenty days for impure limestone.

The resultant residues were washed through a 200 micron mesh
sieve, dried and separated in Tetrabromethane (sp. gr. 2.88), with the
conodonts settling in the heavy fraction, by one of two methods: 1) grav-
ity settling, for periods of 12 hours or more; and ?2) centrifugal separ-
ation, for a period of rwenty minutes at 250 revolutions per minute.

Most samples were separated by the first method, but, because
of the impure nature of manv samples, some very large residues were Te-
covered. In order to speed up separation of such samples, a centrifugal
method was used. Residue was placed into Tetrabromethane in four 5 centi-
metre diamater test tubes, which were necked at their mid-length, and
rotated at a slow speed of 250 revolutions per minute for twenty minutes.
When rotation was completed the light fraection was poureiff the top
half of the test tubes while the heavy fraction was held back by a thick
glass rod in the necked portion of the tube. The heavy fraction then was
washed into another filter paper. This was cleaned with acetone and in-
spected under a binoccular microscope for conodonts.

Gravity settling for perionds of at least 12 hours proved the

superior method.
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CHAPTER 3

GEOLOGICAL SETTING

The field work for this study concentrated on the investigations
and sampling of the carbonate Cobbs Arm Formation on New World Island, but
additional collection was conducted in the Bay of Exploits, Badger Bav

and on Long Island, all within Notre Dame Bay (Fig. 2). On a regicnal

scale, this area lies within the north-central portion of the Dunnage

Zone, one of the four divisions proposed by Williams (in press), for
Newfoundland geology-

The rock succession of the westernmost of these four zones
{Hunmber Zone), 1is interpreted to have formed at a stable continental margin,
underlain by Precambrian metasedimentary and igneous rocks. Destruction of
this continental margin in the latest Early Ordovician apparently resulted
in the transportation and emplacement of packages of outer marginal
mainly siliciclastic sediments and classic ophiolitres onto the shallow:r
water generally carbonate sctrata of the original cont inental margin plat-
form (Stevens, 1970; Williams and Stevens, 19743 Williams SEHﬁl-- 1974).

The significance of rthe casternmos( Gander and Avalon 7Zones
(Fig. 1) 1is presently less well known compared to the Dunnage and Humber
Zones to the west. The metasediments of thy Gander Zone appear to lie on
basement and may represent outer continental margin sediments, mirroring
cimilar sediments in the Humber Zone.

The late Precambrian volcanic and sedimentary rocks of the
Avalon 7one may have originated during an orogeny earlier than that
displayed in the Humber and Dunnage Zones (Williams, in press). The Pre-

cambrian strata of the Avalon Zone 18 unconformably overlain by terrig-
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enous sediments representative of a time interval comparable to the plat-
formal sediments of the Humber Zone. These Lower Paleozolc sedimenés com—
prise a basal quartzite unit, basinal shales of Cambrian age, and inter-
tidal-supratidal sands, silts and muds of Early Ordovician age. This in- =
dicates that the Avalon Zone was gent 1y subsiding to stgble duriog the
parliest Paleozoic.

The main component of the Ordovician geology of MNotre Dame Bay,
and the rest of the Dunnage Zone, 1is 1n§erpreted as in situ oceanic crust
(i.e. Lushes Bight Group and jowermost Mortons Harbour Group (Fig. 2)),
with overlying thick voleanic arc seguences (i.e. Cutwell Group, Wild
Bight Group, lower half of the Exploits Group and Summe;ford Group (Fig.
2)). The chaotic Dunnage Melan%?, to the southeast, ﬁay represent the
vestige of an ancient oceanic trench adjacent to the volcanic arcs (Wil-
liams and Hibbard, 1976).

In the Cobbs Arm Sequence On New World Island (Fig. 1), the
volcanics and sediments of the Summerford Group are locally overlain by
the carbonates of the Cobbs Arm Formation. Elsewhere in the New World
Island area, the arc voleanics, the Dunnage Melange and the Cobbs Arm

Formation are all overlain by an extensive yet condensed unit of Cara-
dacian black shales. In the western part of Notre Dame Bay, this unit
usually consists of carbonaceous and cherty argillites (Dean and Strong,
1976€,¢2) -

These Caradocian shales mark a definite end to volcanism and
melange development in. the Ordovician of Notre Dame Bay, and apparently .
represent tapid sub%idence in the areas south of the Lobster Cove-Chance-

port Fault 'System (Fig. 2). The shales are in turn conformably overlain

© et s il




~-10-

everywhere by the Upper Ordovidian to Siluxilan Sansom Greywacke. The

sediments of this formation are dominantly/volcaniclastic in composition,

o b

of probable turbidite origin (Horne, 1970), and generally grade upwards
into the coeoarser sediments of the Goldsen Conglomerate. This formation

likewise exhibits sedimentary structures that suggesl a fluxo-turbidite

A N R R

origin (Horne, 1970). The most likely source area, for both of these sed-—
imentary units, is the dominantly wvolcanie terrains north of the Lobster
. Cove*Chancéport Fault System. .
On the Fortune Harbour Peninsula and in an area further west

in Notre Dame Bay, the Sansom Greywacke is overlain by sedimentary and

- et ad e -

—~———

volcanic strata of probable Silurian age (Cottrels Cove Group and Roberts
, Arm Group, respectively (Fig. 2)). The basal unit of these packages of
strata is composed of a complex sedimentary-volcanic slump melange that
contains lenses of Goldson type conglomerate (Dean and Strong, 1976f.,g).
The Chanceﬁort Group, of New World Island, lies north of the Lukes Arm
x

Fault (Fig. 2), and is considered to be a correlative of the Cottrels
Cove #d Roberts Arm Grqups to the west (Dean and Strong, 1976h).

The top of all tl;1ree of these groups is faulted to the north
against older strata along the Lobster Cove-Chanceport Fault System
(Fig. 2). This low angle south—eas;,terly directed Silurian thrust is the
most prominent such feature in Notre Dame Bay (Dean and Stromng, 1977).
Thrusts trending east-north-east—west-south-west, of similar style but

- smaller displacement, are most evident south of the Lobster Cove-Chanceport

- Fault System on New World Island, where several low angle thrusts have

- forced older strata to the surface over younger strata. These thrusts now

hen e e

have a vertical attitude.
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Consequently the thrusts and the Ordovician and Silurian Strata were

borh likely folded during the Acadian orogeny (Dean and Strong, 1977).

S

North-cast-south-west trending post-Acadian faults transect the

- i e

stratigraphic pattern created by the low angle S$ilurian thrusts on New
World Island to produce the presedt geometry of {solated blocks; each
with a stratigraphy slightly different from the next. Williams (1961y,
recognized two, Kay (1967), recognized three and Bergstromet al (1974), .

recognized four of these dissimilar fault-bounded structural-stratigraphic

!

seque‘hces to the south of the Lukes Arm Fault on New World Island (Fig. 1].

PSS

The Virgin Arm Sequence (Bergstrom et al., 1874), was defined

to include the Ordovician and Silurian rocks of south-west New World Is-

land and the north-west part of Farmers Island (Fig. 1). It is bounded to

the north by the Toogood Fault (Kay, 1967), oun the east by the post-

* 4
Acadian Virgin-Village Fault and to the south on Farmers lsland by the
Cobbs Arm Fault (Horne and Helwiy, 1969). The geology of this part of
New World Island was interpreted by Horne (1970) to include the Summer-—
ford Group, the Sansom Greywacke {Heyl, 1936), and the Goldson Conglo m-
erate (Twenhofel and Shrock, 1937). The Summerforc Croup, in this sz"q‘ucnce,
ranges in age from the Tremadocian to the Ashgillian. It is composed of
more than 1000 metres of vol‘cemics and sedimentary rocks and has been i
subdivided into six mappable units lettered Z,A,B,C,D,E (Hornme, 1970).
The Summerford Group is conformably overlain by the clastic sediments of
the Upper Ordovician-Lower Silurian Sansom Greywacke, which shows a

tendency to coarsen and become more volcanic #pward to where it {s con-

formably succeded by the Silurian Goldson Conglomerate.

The Summerford Group, in the Cobbs Arm Sequence, is represented




hy abour 300 metres of hasic lava flows, agglomerates, tuffs and volcanic
sandstones of Middle Ordovician age. It is overlain by the sedimentary
Hil)grade Group, which includes the Cobbs Arm and Rogers Cove Format fons.
e Cobbs Arm Formation {Bergstrom et al., 1974), consists of up to 45
metres of light grey, medium to coarsely crystalline limestone, with minor
dark argillaceous limestone, and 1s capped with possible unconformity by
approximately 30 wmetres of the black siliceous shale of the Rogers Cove
Formation. The Hillgrade Group is conformably overlain by the Sansom Crey-
wacke and the Coldson Conglomerate.

The Toogood Sequence consists predominant ly of the Silurian

L

Goldson Conglomerate, which in this sequence has been subdivided inte
three formations; Herring Head Formation, Burnt Island Formation and Mix
Cove Formation (Kay 1969¢, 1376). The Coldson Conglomerate lies uncon-
formably on either the Sansom Greywacke, or on the tuffs or shales of the
Hillgrade Group. The Ordovician stratigraphy of the Toogood Sequence is
similar to that of the Cobbs Arm Sequence, but is not as well represented
(Horne and Helwig, 1969).

Serata of the Dildo-Dunnage Sequence are possibly as old as
Middle Cambrian (Kay and Eldridge, 1968). The Dunnage Melange, a bouldery
mudstone-melange, is the oldest unit of this sequence and may be as thick
as 10,000 metres (Williauws and Hibbard, 1976). 1t is bounded by the Reach
Fault toward the eas; and youngs northward to where it is succeeded by the
conglomerates of the Cheneyville Formarion. Succeeding this are Caradocian

black shales of the Dark Hole Formation, the Sansom Greywacke and the

Goldson Conglomerate.
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CHAPTER 4

LITHOS TRATIGRAPHY AND SEDIMENTOLOCY (F THE COBBS ARM FORMATION

4.1 Introduction.

The Cobbs Arm Formation constitutes the lower of the wwo for-
marions of the Middle Ordovician Hillgrade Group; 2 package of sedimentary
strat’that is defined within, and generally restricted to, the Cohbs
Arm Sequence of New World Island (Fig. 1). The outcrop pattern of the
Cobbs Arm Sequence is strongly fault and fold controlled such that the
presently exposed sections have a near vertical to overturned attitude.
lT‘ne base of the formation is seen to lie on the tholeitic volcanics of the
summerford Croup at several localities,but the top of the formation is
seen with some certainty only at the Sguid tove locality (Fig. 2), al-
though even here, the actual contact between the Cobhs Arm Formation and
the overlying Caradocian black shale of the Rogers Cove Formation is
buried beneath beach rubble.

When examined in the field, the Cobbs Arm Formatlon appears to
be lithologically variable, but only two members need to be distinguished:
a dark grey impure limestone and a light grey, medium to coarsely crystal-
line pure limes-tone.

Examination of thin sections and acetate peels of numerous
samples shows that the dark grey limestone contains appreciable insoluble
volcanic detritus that is generally of silt to mud size. This insoluble
material is the cause of the dark colouration, as both texturally coarsé
and texturally fine limestones can have the dark colouration.

Extensive and complex pressure solution processes have resulted

in concentrations of this insoluble material into major solution surfaces
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that roughly parallel the original bedding. Pressure solution is most

pp——

evident in the dark grey limestones where the concentrations of insoluble

material appear as irregular ome centimetre thick beds, a characteristic

sn a4 me Permaat

that is herein referred to as anastomosis 'bedding". In addition to this,

soome

the dark grey llmeslones have undergone slight recrystallization. The
original nature of the sediment was nonetheless easily distinguishedf
The light grey pure limestones have very little insoluble mat-
erial and are therefore lighter in colour and lack the anastomosis 'bed-
Qing" that is characteristic of the dark grey limestones. Samples of the

light grey limestone vary texturally from grainstones to mudstones as

PO

classified according to Dunham, (1962). The grainstones characferistically
have well developed syntaxial overgrowth cement that appears to have re-
tarded recrystallization. The texturally finer samples, however, are par-
tially to extensively altered by aggrading neomorphism. In the latter

cases, observations of the abundance and variety of fossil fragments and

the density of crinoid grains were made to ensurec that the original sed-

v e ¢

iment had indeed been texturally fine. Crinoidal and other fossil frag-

'
ments are little altered by the aggrading neomorphism; therefore such |
observations were deemed trustworthy. l

In addition to the dark grey and light grey limestoae wembers,

e

the Cobbs Arm Formation has a calcareous tuff component in several in-
stances. These tuffs.are generally green in colour because of the chlor-
itized nature of the constituent volcanic fragments.

Appendix B illustrates some of the characteristic components

and textures of the Cobbs Arm Formation sediments.

-
.
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4.2 Lithostratigraphy.

In an attempt to investigate as much of the conodont compo-
sition and sedimentology of the Cobbs Arm Formation as possible, seven
’ LS
incomplete sections were measured and sampled. The thicknesses, gample

locations and sedimentological characteristics of six of the seven sec—
1

Y
N AL AR ST S tn .

tions are illustrated in Figures 5,6,7,12 and l4. The distribution and

frequencies of the numerically more abundant conodont species are shown '

| !

alongside each of the sections in these figures. See Figure 2 for strike

and dip data and the locations of the sections and Tables la and b (pock~
\

\
et in back) for the complete distribution of the conodont species in each

e A Oty

section.

4.2.1 Cottles Island Section.

' The Cottles Island section (Fig. 2), comprises 46.2 metres of
relatively homogenous and pure coarsely crystalline grey limestone (Fig.
3). The lower few metres of the limestone section is covered and the up-
per contact of the section is faulted. A total of 19 samples, for conodant

Vi »

and lithological study, were taken at 2 Lo 3 metre intervals through the

-

section. The main fossil components and textural properties of each of
these samples is diagramatically illusyrated in Figure 5.
I
4
The four textural classes used in the diagramaric representa-

tion of the sedimentology of the section 1illustrate the wave kinetic

energy of the environment of deposition. The grainstones would be depos-
" {ted in ? sedimentary environment with a high wave kinetic energy release

and the mudstones in a sedimentary environmént with a low wave kinetic

energy release. The cyclic sedimentology of the Cottles Island section

- v

would thus seem to be a response to alternating conditions of high and

e







s o

17~

o 2 tebloblte Proge.
T
,;’}" A [ HSTONE m WACKFSTONE 4 brachlupod froage.
2 COTTIES
< thin ahelird brache,? LSLAND
* bryczcan frage. SECTION
5§
. PACK STOWR OO . cinotd frimm. itk eyn-
b ' tenfal pvernrowihe.
PERCENTACE OF TUTAL NUMBER OF SPECIMENS
1 T
T 17 TTT I F[LTIrIT T r LTI 1LI!L¥L faulted
"~ o ~ ° a4 ™~ ~ -5 o~ ~ ~4 iad
[ REL: z
R =3
J 1092 z
[ w 260 hud
| ! 1 939 b
908 :
o z
X3 =
m o
LY g
ke 4
' L
qin x
[ ]
i ~
[
15 <
16t LA
{12 ke
[ B3 -
PR ~
e -
H He ., H
£ £q . iz 3 = Sl v m
aw ad 2= c e m e 3. Ee 3 P ‘
&2 |§3 3= s 2 3 3¢ 2% 7 Sl e
cw od o T e [ I < : P :
v > K - w T4 < Xo = LA o
28 |29 22 3] €T &L = € Z - H
- : € b= ]
g- [g12% - 13 : é : s ‘
M 3 z = =
e -
Figure 5. Sedimentology of the Cottles Tsland section and the dis-

tribution and relative abundance of some common conodont species.

’

e e ——————




low wave kinetic energy.

4.2.2 quid Cove Sectian.

On the scutheastern shore of Squid Cove (Fig. 2}, there are
three thin beds of limestone in a section of dominantly calcareous tuff
{(Fig. 4). The limestone beds were deposited Qnder conditions of relatively
low wave kilnetic energyrelease and contain abundant insoluble volcanic
detritus except for in the uppermost part of the section. The true nature
of the contact between the uppermost limestone and the overlying black
shale of the Rogers Cove Formation is unknown because that part of the

sequence is covered (Figs. 4,6).

4.2.3 Hillgrade Section.

Approximately 37 metres of garbonate grainstones rich in vol-
canic detritus and rélatiuely pure lime mudstones were measured and sam-
pled near the village of Hillgrade (Figs. 2,8). The textural classif;ca—
tion of each sample suggests that the lower two-thirds of the sediments
were deposited under conditions of high wave kinetic energy release,
whereas the upper one-third of the sediments appear to represent con—
ditions of low wave kinetic energy release (Fig. 7).

4.2.4 Ccbbs Arm Road Section.

A small section of approximately 22 metres was measurgd along
a roadcut on the Cobbs Arm road 1.1 kilometres east of the head of Burnt
Arm (Fig. 2). The sediments of this section have a high percencage of
volcapic detritus and are thus dark grey in colour (Fig. 9). Sediments
of the lower and upper parts of the section were deposited under con-
ditions of relatively low wave kinetic energy release, whereas the sed-

iments of the middle two-thirds of the section represent conditions of

1
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high wave kinetic energy release, very near a source of terrigenous-clas-

tic sediment {(Fig. 6).

4.2.5 Cobbs Arm Section (Middle Quarry Face). .

This section is lecated within the main quarry at ché head
of Cobbs Arm (Fig: 2). 1t comprises approximately 27 metres of sediments
that were primarily deposited under conditions of low wave kinetic energy
release, however, there are three zones within the section that represent
conditions of high wave kinetic energy release (Fig. 12). Parts of the
sections have a fairly high percentage of insoluble terrigencus detritus
and thus exhibit the anastomosis '"bedding" characteristic of the dark grey
limestone. The remaining sediments are relatively pure limestone. In
outcrop, this section is viewed as alternating be;;fPf light and dark

grey limestone (Fig. 10).

4.2.6 Cobbs Arm Section (Western Quarry Face).

Five samples were collected from the 13 metre thick section
of 1ight grey crystalline limestone of the westernmost escarpment in the
Cobbs Arm quarry (Figs. 2,11). For the sample spacings, and a summary of
the distribution of the conodont species, see Figure 13 and Tables ta and

Ib respectively. Detailed examinations of lithology were not done on the

samples from this small section.

4.2.7 Quarry Cove Section.

The Quarry Cove section of the Cobbs Arm Formation (Fig. 2}),
is divisible into two members: a & metres thick lower member composed of
dark grey limestone with anastomosis "bedding", and a 34 metres thick
upper member composed of light grey medium to coarsely crystalline lime-

stone (Fig. 15). The lower contact of the measured section is faulted and
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and the distribution and relative abundance of some common conodont

species.

Sedimentology of the Cobbs Arm section (middle quarry face),
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Figure 13. Sample distribution in the Cobbs Arm section (west
quarry face).

the upper contact is covered by water. A total of 19 samples for conodont

and lithological study were collectedat 2 metre intervals through the
cection. An additional sample was collected close to the volcanic-1ime-
stone ACOﬂtBCC.

‘ The main palecontological components and lithological Classl‘ﬁ-
cation of each of the 20 samples are diagramatically illustrated in Fig-
ure 14. The presence of the calcareous algae Hedstroemia in sample 20
suggests water depths of 0 te 10 metres (Moore, 1977). Girvanella (matrix)
in samples | and 2 suggests depths oi? 10 to 50 metres (Moore, 1977).

The cyclic sedimentation of the Quarry Cove section is con-
gsidered to be the rtesult of alternating coaditiens of high and low wave

kinetic energy release.




piltoniodus pre-
partabilis-B. var
abilis trans.

R
3

i

Baitoniodus
variabilis

repancistodus
n, sp. A.

Eoplacognathus
Tobustus

INOLSNI VYD

[oplacognathus
lindstroeni

Fanderodus
gracilis

ON[Qa3.,
S1S0MOLSYNY
SIINYII0N

Periedon
aculeatus

GNIWI DIdS 40 TIBON TYLAL 40 INIDH3d

Protepanderodus
varicostatus

[

.
-]
o

(r3w) FS0OATS
cu3way N
BINYEIT SRR J

<o

csi9i) podolgInlq weam
“s8vaj airqopis

Py godus
terrus

si1aoadiarc

yafe ‘3w proutsd Q@

Py podus
anserinus

"kwd] JTueI[OA

NIWIQ PAL]I4S vl

sample
totals

O
’lé.@?;@ o @

LY 9 _Aw
ﬁsﬁﬁﬁfggﬁﬁﬁ"

paizand

sample ne. 20

Figure 14. Sedimentology of the Quarry Cove scction and the distribution and relative abundance
of some of the common conodont species.
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4.3 Sedimentclogy of the Cobbs Arm Formation.

The Middle Ordovician volcanism in the Cobbs Axm area is
chouggt to have been very active because the volcanics of the Summerford
Group are dominated by basic flows and submarine pillow basalts with only
minor interlayered tuffs and agglomerates (Harris, 1966). However, in the
Squid Cove-Tilt Cove area (Fig. 2), the volcanic stratigraphy of the
Summerford Group comprises a larger proportion of calcareous tuffs, which
have yielded late Arenigian shallow-water-marine fossil assemblages de-
sciiggh and discussed by Neuman (1976). Similar discoveries have also
been made within calcareous tuffs of the Summerford Group in the Virgin
Arm Sequence (Neuman, 1968, 1971, 1972). Evidence of short eplsodes of
carbonate sedi@entation within the Summerford Group is seeén in the form
of thin limestone lenses (i.e. Fig. 16).

In the later part of the Middle Ordovician, voicanism appears
tc have abated quite suddenly, allowing the development of volcaniclastic
sandstones and the uninhibited organic production and deposition of un-
known thicknesses of Cobbs Arm Formation 1ifiéstone. Kidd, Dewey and Nelson
(1977), suggest that v;lcanism terminated because of the attempted north—
west subduction of a spreading ridge beneath the summerford Group arc
complex. They are alse of the opinion that the Cobbs Arm Formation was
deposited on the outer arc platform during the maximum arc uplifﬁ at- the
height of the ridge-arc interaction.

In the Cobbs Arm area, the slope of the volcanic substratum wWas
probably fairly low since the generally carbonate sediments of the Cobbs
Arm Formation appear to have been deposited in an environment with a high-
jow-high-low pattern of wave kinetic energy release. The Quarry Cove

\
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section, for example, 1is underlain by massive volcanics and comprises a
lower unit of carbonate grainstones rich in volcanic detritus that appear
to gr‘ade upward into wackestones rich in volcanic detritus. These are in
turn succeeded by a series of alternating mudstones or wackestones and
grainstones, all of which are composed of relatively pure limestones.
Presumably the purer carbonate sediments accumulated far enough oceanward
to escape the influx of volcanic detritus Erom_the emergent volcanic arc.

The vertical changes, in the sediment characteristics of the
Quarry Cove section, are considered to be the result of transgression of
the Middle Ordovician sea gnto the arc volcanics. Tnis is possibly the
result of arc subsidence following a ridge—trench interaction (Kidd,
Dewey and MNelson, 1977). The transéression superimposed oceanward faclies
over more landward facies in accordan&e with Walther's Léw (Walther,
1894) .

a

The cyclic nature of the grainstones and mudstones, in the

upper two thirds of the section (Fig. 14), may be indicative of a stop-
- A ]

start condition of transgression, i.e. a sea level rise would cause a
shoreward shift of a grainstone facies over a wackestone facies, but with
a remporary cessation of the transggession, the gfainstone facies would
prograde geaward, followed also by a seaward shift of the more landward
facies. Conceivably, the same effect could be produced by a fluctuation
of sediment influx in an environment with a constant rate of transgres-
sion, But fluctuations in the in-situ praduction of carbonate sediment is
a 3 fficult process Lo assess.

The Cobbs Arm section”(middle quarry face), appears to have

been deposited under environment conditions similar to those of the
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Quarry Cove section, but contains a higher proportion of lime mudstcnes
(Fig. 12). It exhibits a transgressive sequence beginning with inter-
bedded wackestones rich in volcanic detritus ard calcareous tuff, which

are succeeded by alternating high and low energy purer carbonate sediments.

The influx of insoluble terrigenous mud into the lime mudstones, through—

out the section, must herald the seaward progradation of the mixed ter-
rigenous-carbonate facies. The lime mudstones of this section, and most
probé.bly those of the Quarry Cove section, are thus interpreted as la-

goonal rather than basinal. Consequently, these two sections are consid~
ered to represent orily the high-low-high portion of an environment with

a high-low-high-low pattern of wave kinetic energy release.

A conceptual model for such an enviromnent is shown in Figure
17. It is noteworthy that the development of a narrow offshore barrier,
as depicted in this model, would effecrively partition the coastline and
perhaps restrict c}rculation within the lagoon. The restricted circula-

tion within the lagoon could in turn result in slightly raised tempera-

tures and salinities.

Sediments of the Cobbs Arm road section (Fig. 6) are very rich

in volcanic detritus, and consequently are most likely representative of
a terrigenous and mixed carbonate-terrigenous facies (Fig. 17). Sediments
of the Hillgrade section (Fig. 7) were presumably deposited within a
mixed carbonate-terrigenous facles and a 1agoonal_ lime mudstone facies.
Sediments of the Squid Cove section, hovever, may have been
deposited under different environmental conditions than the other ex-

amined sections from the Cobbs Arm Sequence. The calcareous tuffs of the

lower portion of the Squid Cove section most likely represent shallow
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water near—-shore vdlcanic sands and silts. These are interbedded with

~

and overlain by carbonate wackestones rich in volcanic detrirus, which
are in turn overlain by purer carbonate muds. These lime mudstones appear

to be succeeded by basinal shales. If this is indeed the case, the Squid

[ e

Cove section must have been deposited under conditions ofrrelatively high
substratum slope, and thus in an open marine environment rather than in

a restricted marine environment. Sediment; of an oﬁen marine environment
would exhibit a high-low pattern of wave kinetlc energy release.

The only measured section of appreciable thickness occurring

¢ outside of the Cobbs Arm Sequence is located within the Toogood Seguence
near Cottles Island, in the south western part of New World Island (Fig.
2). The conodont faunal and the sedimentclogical characteristics of this
section are different than most of the sectionsin the Cobbs Arm Sequence.
r[f it was similarly deposited in an environment with a high—low—high—lpw
pattefn of wave kinetic energy release, only the low-high-low portion of
this is preserved in the section (Fig. 5). None of the sédiments contain
;zlcanic,detritus and consequently are considered to represent an offshore

area of carbonate sediment accumulation, i.e. far enough basinward to not

[ TR R S

contain volcanic detritus of the near shore high energy facies. It is note-

13
worthy that the grainstones of this section were more fossiliferous than

those of the Quarry Cove section (Figs. 5,14). The wave kinetic energy may

thus have dissipated over a wider zone, more suitable for inhabitation, than
the narrow barrier zone of the Quarry Cove section (Fig. 17).

The mudstones of the mudstone-grainstone cycles, in the lower
part of the section, are considered analagous to those of the Quarry Cove

section (i.e. lagoonal). The mudstones of the mudstone-grainstone cycles
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.
in the upper part aof the section, Yowever, are interpreted as an ocean-—

wafd facies rather than a shoreward lagoonal facies. This follows from the
similar cyclic and transgressive nature of the Cottles Island and Cobbs
Arm area sections. The basinal muds would develop when transgression began
to outdistance the rate of gedimentation. ‘

The most probable direction of Cobbs Arm Formation progradation
was to the south or south east, between an emergent volcanic arc to the
north and the trench deposits of the pildo~-Dunnage Sequence to the south.
The Silurian low angle thrusts, on Nev world Island, have brought inte
close proximity at least three Ordovician and gilurian stratigraphic cross
sections. The volcanies of the summerford Group in the aorthernmost Too~
good Sequence are overlain by pre—Caradocian volcaniclasties only. In the
Cobbs Arm Segquence (Fig- 1), the voleanics of the Summer ford Group are
overlain by minof pre—Caradocian volcaniclastics and a fairly thick se-
quence of carbonates which may have developed close to the trench margin.
The Dildo-Dunnage Sequence to the south contains sediments that may have

[

glumped from the trench margin.




CHAPTER 5

PALEONTOLOGY AND PALEOECOLOGY OF THE COBBS ARM FORMATION

5.1 Paleontology.

The total production of the carbonates of the Cobbs* Arm For-
mation would have required vast organic productivity, and so the rela-
tively shallow Middle Ordovician waters, that surrounded the central New—
foundland arc systems, must have heen overflowing with marine life. Such
a faunal diversity is not very evident, however, because of the generally
poor preservation of the light grey limestones. Nonetheless, one sample

of c¢rystalline limestone from the Cottles Island section has proven to

yield at least four trilobite genera: Nieskowskia, Illaenus, Sphaerexochus,

and Proetus (Dr. Fortey, pers. comm.).

In the volcanic rich parts of the formation, where preservation
is best, a more varied fauna has been found. Dean (1971), recognized }5
genera of trilobites from the calcareocus tuffs that underly and are inter-
bedded with the limestone beds of the Squid Cove section (Fig. 2)._Fr;m
the Cobbs Arm road section (Fig. 2), 11 specles of bryozcans and 3 species
of gastropods have been identified (Bergstrom et al., 19;4). McKerrow
and Cocks (1977), reported 5 species of brachiopods and 2 species of tri-
lobites from the same locality,

Thin section and acetate peel analyses of.both the dark grey

and light grey limestones have also revealed an abundance of trilobite,

brachiopod, bryozoan and calcareous algae fragments, but the most prolific

group of fossil taxa were the crinoids. Fragments of these organisms con-
stituted nearly 100 percent of some beds within the measured sections.,

Abundant and generally well preserved conodonts were recovered-
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from most of the samples of the Cobbs Arm Formation.

2.2 Conodontophorid Palevecology.

5.2.1 Introduction.

Paleoecological studies on benthic communities are possible be-
cause many of the benthic taxa have preservable hard parts that are, in
some cases, found in or near life positions. Careful analysis of substra-
tum association, of the sedimentary matrix and of the morphology of thesg
fossil taxa, can lend ideas on the role and feeding habits of each indi-
vidual “taxon within the benthic community. |

However, formulating conclusions of this nature about the con-
odont bearing animal is difficult, because the conodonts themselves only
represent the disaggregated remains of assemblages that were énce located
within the soft tissue part of the organism. It is possible that the con-
odont bearing amimal had, in addition to conodonts, a shell or qfkeSt,
but these preservable remains would become disassociated upon déﬁth and

\
decay of the soft parts of the animal. Thus, paleoecological analysis of
conodonts is reduced to a study of common associations of particular \
conodont species with other conodent species and with the sedimentary
matrix..ln its strice sense, this should be termed conodontophorid auto-
ecology.

Recently, Barnes and Fahraeus (1975), were able to red®enize,
within both the Midcontinent and North Atlantic Provinces, cdnodont as-—

l - '4
'soclations or communities that show a lateral segregation in a sequence

extending from nearshore into deeper water environments, This indicated
. :

~
to them that the majority of Ordovician conodontophorids were benthic or

nektobenthic in habit. Conodonts of the Midcontinent Province wvere found

.

£t
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to be largely restricted to equatorial regions characterized by raised
salinity and temperature. Conodonts of the North Atlantic Province were
considered to represent a normal-marine, virtually cosmopolitan }auna.
The only pelagic forms recognized, in both provinces, were the simple
cone genera with a primitive symmetry transition series.

Bergstrom and Carnes (1976), analysed the relations between the
distribution of various conodont species and the environments of depo-
sition within the Middle Ordovician strata in eastern Tennessee. They dis-
covered recurrent associations of conodont species (RSA) within four prin-

cipal eavironments, namely mudflat, lagcon, bank with patch reefs and

basinal environments. The conodonts in each of these environments were

’

7
discussed separately within two distinct time zones, i.e. the Pygodus

serrus Zone time and the Pygodus amserinus Zone time of the Middle Ordo-

vician of Europe and eastern North America (Bergstyom, 18971, 1973c).

The mudflat environment was characterized by an impoverished
~
association of mostly fibrous forms, the Leptochirognathus RSA, in both

time zones. The recovered forms belong to the genera Panderodus, Lepto-

chirognathus, Phragmodus, Belodina and Belodella.

In the Pygodus serrus Zone time, the shallow subtidal portion

of the lagoonal environment hosted a relatively varied association of

dominantly Midcontinent Province forms named the Belodella-Phragmodus-

" Polyplacognathus RSA. The deeper subtidal portion of the lagoon environ-

ment, and the basinal environment, were dominated by North Atlantic Pro-

vince forms representing the Periodon-Pygodus RSA. This includes specimens

of Periodon, Pygodus, Protopanderodus, Eoplacognathus, Polyplacognathus

and Walliserodus.
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The bank with patch reefs environment apparently developed in

Pvgodus anserinus Zone time and hosted a conodent fauna similar in com-

position to the Belodella-Phragmodus-Polyplacognathus RSA, but referred

to as the Belodella-Phragmodus-Prioniodus(Baltoniodus) RSA. Tn this RSA,
L]

species of Polyplacognathus appear to have been replaced by forms of

Baltoniodus and Eoplacognathus.

e

5.2.2 Conodontophortid Paleoecology of the Cobbs Arm Formation.

The conodont fauna of the Cobbs Arm Formation is most charac-
teristically of a North Atlantic Province affinity, and is represented

by at least 37 multielement species. However, more than 75 percent of the
L J

total number of recovered elements are represented by only the six most

abundant species: Panderodus gracilis, Periodon aculeatus, Pygodus anser-

inus, Baltoniodus variabilis, Protopanderodus varicostatus and Pygodus

serrus. All of these species exhibited high frequencies only under cgrtain
enviconmental conditions, to which they must have been sg-attuned so as
to flourish over the many other representgd conodont species.

Except for forms of Belodina, Panderodus and Drepanoistodus,

the conodont fauna most clearly resembles the Periodon—-Pypodus RSA of

Bergstrom and Carnes {1976), i.e. deeper subtidal and basinal environments.

Both of these are essentially open marine environments and would thus
represent conditions of normal marine temperatures and salinity, con-
¥
ditions considered essential for a North Atlantic Province conodont
Y .
fauna (Barnes and Fahraeus, 1975). M
Because of the paleogeopraphic position of the Middle Ordo-

vician island are terrain of central Newfoundland, in an cpen marine en-

vironment some distance east of the platformal deposits of eastern North
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America, it is not surprising that the conodont fauna is of North Atlantic
Province affinity. The sedimentology of the Cobbs Arm Formation 1% repre-
sentative of reasonably shal}ow conditions of sedfmentation, and the ge-

‘ometry of the sediment wedge, as depicted in Figure 17, suggests that parts

e e e+ o1

of the coastline adjacent ;o the arc terrain, may have been subdivided into
a ‘nmearshore lagoonal environment with possible conditions of- restricted
circulation and slightly raised temperatures and salinity, and a basinward
open marine envircnment with normal marine temperatures and salinity. The
distribution of cdnodonts, within the measured sections of the Cobbs Arm
Formation,. is somewhat in support of the probable existence of an open

marine and restricted marine environment, and, in additfon, suggests that

I

- . " there may be a relationship between substratum characteristics and conodont

species. \
\

The Quarry Cove section, for example, if deposited under con-

ditions of a high-low-high~low pattern of kinetic energy release (Fig. 14),
has preserved only the high-low-high (restricted) portion of this in the
section. The distribution and frequency, of the 10 most abundant of the 29

represented species, shows that most samples are dominated by the presence

of Panderodus gracilis or Baltoniodus variabilis (Fig. 14). The former dom-

-
inates in the shoreward lower energy zone and the latter dominates in the

relatively‘ high energy zone basinward. Sediments of the highest energy zone

were essentially barren. Within the same section, Pygodus serrus wag mainly

recovered from the lower energy sedements, whereas Pygodus anserinus was

recovered from sediments representative of a higher wave kinetic energy

zone.

The sedimentology of the Cottles Island section suggests that,
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if sedimentation occurred in an environment with a high—low-high-low pattern

of wave kinetic energy release, only the low-high-low portion of this 1is

preserved in the measured section. Again the relarive frequencies of many of

the represented conodongspecies show dramatic changes through the length of

the section (Fig. 5). For example Strachanognathus parvus is most abundant
in the lower part of the section, Protoganderodus varicostatus and Eoplac-

the middle and Periodon aculeatus, E. lindstroemi and

0 gnathus robustus in

Pygodus anserin_l%g in the upper part of the section. 0f these, 5. parvus and
P. varicostatus s}uow their highest frequencies. in the high energy grain—
stones and F. aculeatus and F. anserinus dominate in the low energy (basian-
ward) sediments of .the upper part of the section. These LtwO species are
much more prolific in the upper part of the Cottles Island section than

in any other measured sectlon of the Cobbs Arm Formation. These low energy
sediments were the only ones considered basinal.

Of the two sections referred to above, the Quarry Cove section
would appear to represent an environment of more restrictive circulation
thar'1 the Cottles 1sland section. This is most evident by the high dominance

derodus gracilis in the lagoonal sediments. The fauna recovered from

of Pan g

such sediment can be referred to as a recurring species association, ium the

sense of Bergstrom and Carnes (1976).

In addition to P. gracilis, the fauna of the restricted marine

environment includes Prepanodus robustus, Drepanoistodus n. sp- A. Wallis-

erodus nakholmensis, 7Acodus n. Sp. A, New Genus A Dn. SP- A, New Genus 0.

sp. 1, Psepdobelodina n. sp. A and perhaps ,Distacodus venustus, Baltoniodus

yariabilis, Pygodus gerrus and Eoglacognathus robustus. B. variabilis is

most abundant in the sections of the Cobbs Arm area and may have been a
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most specialized specles, restricted to a relatively high energy envir-

onment shoreward of a barrier complex. P. serrus and E. robustus are nor-
mally found in sediments of normal marine non-restrictive waters but théy
may have been able to endure in the slightly higher saline waters in non-
competition with the closely related and more normal marine species P. an-—

serinus and E. lindstroemi. They also would have been blessed with the ab-

sence of the hypersaline farms common in the shallow Midcontinent Province

to the west of the island arecs, isolated by a\deep water mormal marine bar-

rier. Only free swimming forms such as Panderodus and Drepanodus could have

crossed such a barrier.
The fauna of the open marine environment is dominated by Perio-

don_aculeatus and Pygodus anserinus, but also includes Eoplacognathus lind-

stroemi, Walliserodus ethingtoni and perhaps Protopanderodus varicostatus.

The distribution of many of the recovered conodont species, s
they would appear superimposed on the model of Figure 17, is summarized
in Figure 18. The solid lines are meant to show the species distributions

as suggested by their highest occurrences. The dotted lines represent the

expanded low frequency distributions of the species.
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Figure 18. Spatial distribution of-selected conodont species. Symbols are as in Figure 17.
Numbers refer to the Eollowing species: (1) +Pygodus serrus; (2) Pygodus anserinus; (3) Eoplac-
ognathus robustus; (4) Eoplacognathus lindstroemi; (5) Balteoniodus prevariabilis-B. variabilis i
transition; (6) Baltoniodus variabilis; (7) Panderodus gracilis; (8) Drepanoistodus n. Sp. A; ]
(9) Protopanderodus varicostatus; (10) Periodon aculeatus; (11) Strachanognathus parvus; (12) ?Acodus

u. sp. A; (13) New Genus A . sp. A; (l4) New Cenus n. sp. 1; (15) Pseudobelodina n. sp. A.
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CHAPTER .6 *

CHRONOSTRATLGRAPHY OF THE COBBS ARM FORMATION

6.1 Local Correlation.

’ . . .
Figure 19 summarizes the distribution of the biostratigraph-

ically important conodont species, and attempts cJ/illustrate the possible
temporal relationships between six of .the seven measured sections of the
Cobbs Arm Formation. The sections are all drawn to scale and are posit-

ioned according to the first occurrence of Pygod nsgrinus in the re-

. spective sections,

The distribution of these stratigraphically important conodont

species seems to indicate that the Hillgrade, Cottles Island and Quarry

. [
Cove sections represent successively younger packages of strata. However,

. @ close examination of the conodont distribution in the Quarry Cove sec-

tion and the Cobbs Arm section (middle quarry face), in Figure 19, reveals

that the occurrences of Pygodus serrus and Pypodus anserinus are mutually

exclusive. They occur in alternating samples, or groups of samples,
throughout the length of the sections; suggesting that the two obviously
co-occurring species have different ecological amenities. A similar pat-

tern is seen, to a lesser degree, for Eoplacognathus robust#s and E. lind-

stroemi and Baltoniodus prevariabilis—B. variabilis transition and B. var-

ifabilis.

This kind of evidence, in conjunction with the discussions of
the previous chapter, may indicate that the palecgeographic distribution
of the biostratigraphically important conodont species is somewhat eco-

logically controlled, and, as a consequence, the various sections of the

Cobbs Arm Formation may be more stratigraphically time equivalent than




uorinas dA0) A3dend

uo1ioas apri3TTITH

vot31des Puelsl s2[330D

3

(1) Pygodus serrus

(2}
(3)
(4)
(5)
(6)
(7

ugf3des wiy sqqo)

[CEl:D: Kizenb 21ppPIW)

Pygodus anserinus

Eoplacognathus_ robustus -
Eoplacognathus lindstroemi

pec1 wmiy sqqod

Baltoniodus prevariabilis-B. variabilis trans.
Baltoniodus variabilis

Polyplacognathus sweetl

Figure 19. Correlation of the sections within the study area, as suggested by the first appearance

of Pygodus anserinus.
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previously thought. The sections could be representative of different

' portions of the overall sed}mentation model of Figure 17, and the com-

position of the conodont fauna in any oneé portion would reflect the phys-

ical and chemical conditions of that sedimentary environment.

© A limestone lens within green tuffs along the shore beneath
the Anglican church southwest of Herring Neck (Fig. 2, Appendix A), yiel-

ded several conodont species including Eoplacognat.hus robustus (Table 1a,

lb; referred to as Back Cove Sample)}. This suggests an age in close E:urox—
imity to that of the Cobbs Arm Formation.

Conodonts were recovered from two other 1imestone lenses: one
in the Summerford Group volcanics near Tilt Cove (Figs. 2,l§), yielded
a few elements of Pygodus anserinus, and one from the Summerford Group

volcanics of the Toogood Sequence neart Newville (Fig. 2; Appendix A,

yieldéd specimens of Eoplacognathus robustus. These two samples also sug-

£t an age in close proximity to that of the Cobbs Arm Formation.

-

6.2 Regional Correlation.

From the discussions of the previous section, it 4s concluded
that the conodont zones and subzones of the Middle Ordovician (Bergstrom,
1971, 1973c), cannot be applied, with the same degree of confidence, t0
the conodonts of the Cobbs Arm Formation, of mnorth-central Newfoundland.
In the absence of the apparent ecological control on many of the conodont
species, the Cobbs Arm Formation seems to represent a time period from
the upper part of the Pygodus serrus Zone into the ‘upper half of the
Pygodus anserinus Zone of the Middle Ordovician (Fig. 19). This would

correspond to nearly all of the Glyptograptus teretuisculus graptolite

Zone, and perhaps the base of the Nemagraptus gracilis Zone. This was
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first suggested by Bergstrom et. al. (1974, figs. 7,10).

However, considering the apparent ecological control on many
of the conodont species, the Cobbs Arm Formation could have been deposited
in a shorter period of time; perhips completely within the perlod repre—

sented by the Pygodus anserinus Zone.

This follows’ from the generally homogenous nature of the cono-
dont fauna. For example, two species of Pygodus, two species of Eoplacog-

nathus, Baltoniodus variabilis and the closely rglated Baltoniodus prevar—

iabilis-B. wvariabilis transition, were all recovered from the Quarty Cove

gection (Fig. 14). It is highly conceivable that Pygodus serrus and Ebglac—
)

ognathus robustus were able to inhabit the environments of fered by the arc

’

complexee far longer that the Middle Ordovician eavironments of Sweden

and eastern North America, but it Is less conceivable that Baltoniodus
vafiabilis appeared in the volcgnic environment very much earlier than
elsewhere.

These same conclusions cannot be safely made, for the Cottles

i1sland and Hillgrade sections, {n the absence of Baltonindus variabilis,

in both sections, and Pygodus anserinus in the Hillgrade section. However,

the occurrence of Baltoniodus prevariabilis-8. variabilis transition
throughout may indicate a time interval near the evolutionary transition

to Baltoniodus variabilis. In addition, the Cottles Island, Squid Cove

Hillgrade and Quarry Cove sections all exhibit a style of sedimentation
suggestive of transgression, which, in the case of the Squid Cove section,
appears to have culminated with the appearanée of black shale. It seems
most probable that these gections were the product of a gingle transgres-—

sive phase and thus, for all intent and purpose, time equivalent.

.
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CHAPTER 7

NATURE OF THE CONODONT ANIMAL

7.1 Composfition and Growth.

Conodonts are composed mainly of a calcium phosphate mineral
of the apatite group. This was first discovered by Ellison (1944), and
subsequently confirmed by Hass and‘LiAdberg (1946), and‘Phillip (in
Rhodes, 1954). A more thorough investigation into the composition of con-
odonts was comp}eted by Pietzner et al. (1968), who derived a complex
formula for the phosphate mineral. Bradshaw et al. (1973), .conducted a
series of neutron activation analyses of select conodonts and discovered

commgn traces of Sodium, Manganese, Magnesium and Zinc among others.

X-ray analyses of Panderodus gracilis, in this study, simply

confirmed the fluorapatite composition of conodonts. The X-ray peaks were
rather small, suggesting that the mineral has a weakly crystalline mol-
~ecular structure.

In addition to this, a few conodont. specimens of Panderodus
gracilis were microanalyzed with a JEOL JXA electron microprobe. Most
analyses were taken from parts of the conodont specimens without white
matter. The computed average of these analyses indicated a composition
that consists of: 4.24 welght percent fluorine (F), 41.69 weight percent
phosphate (PZOS)' and 53.85 weight percent calcium (Ca0); for a cumulative
total of 99.78. A few analyses were also taken from parts with white mat-
ter, but these invariably produced low tctals; This may indicate‘a slight-
ly different composition of white matter, but more likely represents

poor analyses because of the non-homogenous (porous) nature of white

ﬁatter (Barnes et al., 1973).
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Conodonts are built of a cone-in-cone series of lamellae that

are added in an outward sequence, OT centrifugally. This mode of growth

can only occur if the conodont 1s surrounded by secreting tissue. Some
conodonts are composed entirely of these lamellae, and, if well preserved,
are amber in colour. These are referred to as hyaline, Other conadonts
have white matter, which 1is generally concentrated in denticles and in
the main cusp. White matter is considered to deﬁelop during growth, by

the recrystallization of the inner (older) parts of the conodont.

A

7.2 Nature of the Conodont Apparatus.

All but a few species of Cambrian conodonts wetre of simple
cone type and thus probably all subsequent conodont taxa originated frem
a simple cone apﬁaratus. One of the most likely ancestral stocks to.
several of the important ordovician simple cone genera 1is the Late Cam-
brian Oneotodus (Druce and Jones, 1971; Nowlan, 1976). Early species of
this genus show variation in cusp curvature; 2 characteristic thatr is
also seen in maay later simple cone genera, noteably Drépanoistodug
(Nowlan, 1976). Early Ordovician concdont apparatuses, of a more complex
nature, &are considered to have originated from a Dreganoistodus stock
(McTavish, 1973; Dzik, 1976). Throughout the rest of the Ordovician, con-
odonts continued to diversify at a rapid pace.

Recently, Barnes et al. (1977) made an analysis of the diver-
sity of Ordovician multielement genesa, and were able O recognize 12
types of apparatuses he longing Umfive principal apparatus groups. All
five principal apparatus groups were recognized among the conodont genera
from the Cobbs Arm Formation.

Apparatus 1 was diagnosed to include simple cones with a
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continuous symmetrical—asymmetriqal symmetry trransition series (Barmes
et al., 1977). In order to classify some of the Cobbs Arm Formatlion con-—
odont genera, however, this diagnosis had to be emended to include dentic-
ulated cones. Thus apparatus 1a includes simple cones only (i.e. Scal-
pellodus and Walliserodus); apparatustb includes denticulated cones (i.e.
EEESQELLE and New Cenus A)3; and apparatus Icyincludes genera with an ap-
paratus similar to Ib, But with a fewer number of constituent forms (i.e.
B§eudobelodina). Apparatus Ia and Th, of tﬂe represented speciles from the
‘Cobbs Arm Formation,commonlycontained five constituent forms (i.e. Scal-
pelodus cavus, Fig. 33A-E; Wallisercdus n. s}. A, Fig. 36A-E; and New
Genus A n. sp. A, Fig. 32A-E).

Apparatus 1T includes cones and compound elements exhibiting a

cordylodiform—zygognathiform—trichonoaelliform symmetry transition series

(1la; i.e- Spinodus spinatus)‘

i ¢

Apparatus ITI includes cones and denticulated cones that exhibit
a curvature transition from proclined through erect to reclined forms.

Conodont genera from the Cobbs Arm Formation also have a symmetrigal-

N ‘

asymmetrical symmetry transition series superimposed on this (1la; Proto—
/

ganderodus, Panderodus and Drepanoistodus). Protoganderodus varicositatus
(Fig. 27A-E), and panderodus gracilis (Fig. 30A-E), have five constituent
forms, each with three curvaturg forms. Drepanoistodus n. Sp- A has at

least four condtituent symmetry forms, each with at least three curva- ;’
;

r
/

ture forms (Fig. 23A-E). This apparatus was difficult to work with he;f
/ -

cause of the lack of characteristic e¢lement surface stru{%ure, and tﬁere—

/

/

fore, 1t may contaln more constituent forms than shown. Apparatus/[[l
El
¥

B

may be reduced to a smaller number of constituent forms (IIIb; {

y =
S

Belodina).
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Apparatus 1V is regarded by Barnes et al. (1977) as two tran-
sition series: cordylodiform-zygognathiform=trichonodelliform (-tetra-
’ . prionicdiform), and cyrtoniodiform-prioiodiform-blade (-platform); each

with three or four elements (Iva; i.e. Amorphognathus, Baltoniodus, and

i / Periodon). Baltoniodus variabilis appears to have six constituent forms

(Fig. 40B,C,E-H), whereas Perlodon aculeatus appears to have'seven (Fig.

41A,B,D-H). Periodon aculeatus also appears ‘to have a second morphotype

(Fig. 41A-E,G,H). Pygodus serrus has a reduced second transition series

¢

(IVc; i.e. Fig. 37A-G).

/ Apparatus Va includes compound concdonts bearing the second

o

transition anly. This may by reduced to two elements (Vb; i.e. Eoplacog-

.nathus, Polyplacognathus and Rhodesognathus).

7.3 Were Conodonts Cephalopods?

| Conodoﬁts represent the disaggregated remains of an assemblage
that occupied a position within, the soft tissue of a highly successful
Paleozoic group of organisms. Their mode .of growth and morphology has led
several workers to conclude that they developed within secreting tissue
‘ and were functionally involwved in feeding, however,‘the true niture of
: the animal, from which the conodonts Qere derived still remains a

mystery.

S0 far they have been taken to be gastropod radular teeth (Loo-

mis, 1936) polychaete jaws (Zittel and Rohon, 1886; Du Bois, 1943; Rhodes,
1954), fish teeth (Pander, 1856; Ulrich and Bassler, 1926), jaws of
chaetognath type (Rietschel, 1973) and lophophore support (Lindstrom,
1964, 1973, 1974). The inner structure, mode of growth, and, in a par-

! tial sense, the composition of conodonts has led Lindstrom (1964, 1973,

e ey
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1974), to a well founded dismissal of the first four of the above five
hypotheses. The last hypothesis, however, does appear to be cne way of

explaining growth, shape, symmetry and homology of conodents.

e e L

Morris (1976), described an invertebrate, named Odontogriphus

pmalus Morris, from the Burgess shale (Cambrian) of British Columbia. It

carries a horse-shoe shaped structure of teeth-like elements that are con-
; sidered to have supported a lophophore. This indeed is an exciting find,

and one that is somewhat ;n support of Lindstrom's hypothesis (Lindstrom,

1964, 1973, 1974}, however, the lophophorate described by Morris is bad-

ly compressed and needs to be supported by additional discoveries.

AT AP A - WA . i S

The fossiiized remains of a small soft bodied organism from the
Bear Gulch Limestone (Carboniferous) in Montana, was found to contain
conodont elements that are disoriented, variable in size and represen-~
tative of incomplete known apparatuses. This organism was‘consideied to
be the conodont animal by Melton and Scott (1973), and Scott (1973), who

referred it to the Conodontochordata, a new subphylum. Lindstrom (1974},

supported the view that the conodontochordates were pelagic, or weakly

necktonic, but considers them conodont preditorg, rather than conadont

/ animals. If the conodonts were eaten by the conodontochordates, the max-
imum size of the conodont animal could not have been much greater than
about 10 millimetres.

However, interpreting the conodontochordates as swimmers does
not necessarily mean they inhabited surface waters. It is conceivable
that instead they scavenged the sediment surface for particles of organic
material, and, in a manner familiar to'many marine organisms, passed sed-

iment through the primitive looking intestinal tract. In rthis way the




conodont elements could have been taken up from the bottom sediment.

Interpretation of the mode of 1life of the conodont animal

+

will probably only be possible from examination of the nature.of the

»
conodonts themselves. It seems apparent, from the previous chapter, that

the .conodont animal was pelagic and/or nektonic as well as nektobenthic,
and was thus likely able to have control over its movements. Most !ﬁrkers
already agree that the conodont assemblage was contained within secfeting
tissue and used to assist in feeding; whether by seizing, grasping, rasp-
ing or carding of food is still unknown.

"“An active swimmer, with such an apparactus, would most likely be
a carnivore or écavenger, and thus would occupy a higher position within
the trophic structure than wbulg its more prolific, diversé, and impor—
tant food sources. The.conodont animal may have preyed upon the myriad of
planktoﬁic, nekfonic and benthic arthropods, larval formg of many other
taxonomic groups, phytoplankton, zooplankton, better protected sessile
organisms, or even other concdont animals. The mobility of such an animal
may mean that its distribution did not rely entirely on temperature and
chemical properties of the environment, but was probabiy also dependent
on the distribution of palatable food.

It seems conceivable to this author, thag the conodont apparatus

could have been used to assist in the swallowing of food particles in a
manner analogous to the radula of recent cephalopods. The individual con-
odont elements may h;ve exhisted within pockets, in a tongue-like appen-
dage, whgre they could have grown and functioned in the manner shown by
Bengtson (1976, Figs, 11C-1, 12). In a plan view, different conodont ap-

paratuses could have appeared as in Figure 20.
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Figure 20. Hypothetical conodunt apparatuses: A, Baltoniodus;«p, Amor-
phognathus; €, Periodon; D, Pygodus; E, Panderodus; F, Scalpellodus.
The meaning of the small letters is as follows: a = amorphognathiform;
b = belodiform; e = eoligonodiniform; f = falodiform; h = holodpntiform;
1 = loxognathiform; 11 = ligonediniform; p = prioniodiniform; pg = pri-
~oniodiform; 't = tetraprioniodiform; tr = trichonodelliform.
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The shape of most elements of each apparatus has a directional
nature to it, which is defined by the curvature and inclination of the
cusp and denticles. In the sense of Figure 20, the posteriorly directed
cusp and denticles point to the directjon in which the food would be

carried.

From Figure 20 (A,B), Baltoniodus and Amorphognathus are seen to

have very similar apparatuses, except for the nature of the amorphognath-

iforms. Pygodus appears most similar to Amorphognathus but shows a drastic

reduction in the size of elements within the first symmetry transition,
and has lost the ‘falodi‘forms (Fig. 20D). Such changes in the nature of_
the apparatus may be a résponse to chingesi in diet or to changes in pre-
ferred habitat. Periodon has a type 1V apparatus, yet, from the numerical
data of this study, appears to have seven, rather than six, structural el-
ements (Fig. 20C). Panderodus and Scalpellodus are composed of simple
cone elements and are representative of apparatuses IIIa and Ia respec-
tively. Apparatus Illa seems to have a finite number of structural ele-
ments, whereas the number of elements within an apparatus of type la is
not indicated by the nature of the constituent forms. It could consist
of one transverse row,r or several.

The upper surface of the fron-c part of the tongue of most re-

cent cephalopods is covered by the radula, a conveyor-like chitonous

ribbon with hundreds of transverse rows of teeth that are secreted by

radular glands at the base of the radula. The teeth in each row exhibit
a symmetrical-asymmetrical symmetry transition series. As an example, the

symmetry transition exhibited by the recent squid Illex illicebrosis

{Lesueur, 1821), can be seen -in Plate 16, figures 12-15. Figure 16 of
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Plate 16 gives a partial view of one of the longitudinal rows. The size

of the individual radular teeth of Illex illicebrosis is similar to the

size of many conodonts.

Recent cephalopods are exclusively marine, are found in oceans
all over the world and range from inside the Arctic Circle to the edge of
the.Antarctic Continent. Octopuses are generally nektobenthic and can
be found in very shallow waters (i.e. mudflat octopus), or in waters over
a kilometre in depth. Shallow water forms lie await in ready made, or self
made lairs and obtain prey by seizing, whereas deeper water forms gen-
erally lack strong appendages and radulae and therefore probably eat
carrion, debris and plankton (Lang, 1960}.

Squids inhabit more diverse environments.They may be pelagic,
nektonic or benthonic and prey on food ranging from tiny plankton to
fast powerful fish. Nektonic squids can live in surface waters or to
great depths. Some of these occupy a narrow zone within the water column;
others live in deep waters during the day and come to the surface at
night. A few species show successfully shallower habitats during phyﬂlo~
geny (Dr. Lu, pers. comm.). The biggest control on nektonic squid dis-
tribution appeérs to b;: latitude.

In four separate reports, Lu and Clarke (1975a,b), and Clarke
and Lu (1974, 1975), discuss the vertical distribution of squids as re-
corded at six different latitude stations between |1 degrees no;fth and
60 degrees north. There were 39 species of squid at 1l degrees niirth,

40 species at 18 degrees north, 29 specles at 30 degrees north, and 18

species at 40, 53, and 60 degrees north.

It is conceivable that the rotral habitat range of the conodont
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animal differed 1ittle from that of recent cephalopods. Cephalopods and
conodonts have often been found to occur rogether in the stratigraphilc
record, but this may only indicate a similarity of life eavironment
(Lindstrom, 1973).

The only realistic similarities berween conodonts and the radulae
of recent cephalopods lies with the simple vone apﬁaratuses. NMautilus,
the recent representatives of the nautiloi;ié, has a chitonous radula
bearing many cransverse rows of simple conical teeth. The radula of a
Pennsylvanian nautiloid, Paleocadmus herdinae Solem and Richards, has

the same structural pattern as the recent nautiloids, but with elements

L]
very similar to elements of some Ordovician and Silurian epecies_of

panderodus. The similarities could be completely guperficial, but in

addition to showing similarity in form, the transverse Tows of the radula
. . - . s '

in Paleccadmus herdinae, and recent species of Nautilis as well, each
carries nine structural elements. This kind of apparatus appears to also

be exhibited by conodont animals with a type la apparatus (i.e. Scalpel-

lodus cavus, Flg. 20F). Most recent cephalopods have seven structural

elements, however, some have onl)" bfi.ve teeth per row, and still others
lack radulae altogeth{:r (Solem and Roper, 1976} . '

- This evidence is far from conclusive, yet the size and functional
similarities of the feeding appendages, and the possible ecological sim-
jlarities between the Paleozoic conodont animals and recent cephalopvods
would tend to indicate some rela‘ltionshii) between the two groups of or-
ganisms. 1f conodonts were indeed parts of Paleozoic cephalopods, there

would have had to be a dramatic evolutionary change in the mode of rad-

glar growth, and in the composition of the individual elements.
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CHAPTER 8

TAXONOMY

8.1 Preamble. ,

Taxonomical classification of the many and varied past forms
of life is frequently complicated because of the difficulty in not al-
ways being able to relate these life forms with present day life forms.
Paleontological classification is usually based on preserved hard-parts
which may or may not directly relate to the at one time 1ife sustaining
scft part; organs that are frequently used by biologists for classifi-

i cation. The problem of taxonomy is compounded further in the case of
conodonts where fossilizedbremainsrhave not assuredly been related to
the external or internal portion of the host organism let alone related
to the nature of the possiblé life sustaining soft parts with which they
E were once associated. °
Initially, it was assumed that conodonts were fish teeth, and,
as such, differing forms of cenodonts would represent differing species
(Pander, 1856). Hinde (1879), proposed the multielement concept of the

conodont species, suggesting that each animal conrained a variety of el-

W -2

ements. Multielement taxonomy in his time, however, was a near impossible
project and may have made the study of conodonts appear too difficult’
since individual elements could not bernamed unless‘whole assemblages
were found. Taxonomical progress, in the first part of this century, was
slow and of a utilitarian nature. Papers by Hadding.(19l3), Bryant (1921),

Roundy (1926), Ulrich and Bassler (1926), and Hibbard (1927) are examples.

Nonetheless, the question of natural assemblages was once again brought

to light.
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Schmidt (1933, 1934), in Germany and Scort (1934, 1942), in the
United States, described physically associated conodonts on shales of Car-
boniferous age as did Du Bois (1943), Cooper (1943) and Rhodes (1952).

Lange (1968), was the first to report assemblages on the et®hed surface

of limestone, aﬁd from digested limestone, Barmes {1967), Rexroad and

Nicol (1964), Austin and Rhodes (1969), and Pollock (1969), reported
fused conodont's that were also thought to'represent assemblages or parts
of assemblages.

Most conodont WOrkers, howéver, continued ,to follow Pander's
approach to conodont taxonomy by regarding discrete forms of conodonts
as differing species. With improvements in laboratery techmiques in the

19%0's and 1840's, more and better reserved comodonts were being recov-
P

ered. Boiling of soft shale allowed Branson and Mehl (1933, 1934) to
safely screen or decant mud, leaving the conodonts along with other re-—
sidual particles. Digesting of limestone with dilute acetic acid was a
more delicate process that left a huch mpre complete material. This me—
thod came into general use as early and 1941 (Graves and Ellison, 1941),
and became standard after 1950.

This new practice of recovering conodonts by dissqlving soluble
rock im acid, destroyed any physical association of elements that may have -
been present in the rock. However, many more Students were taking inter-
est in conodontology and consequentlfﬁthe bank of information grew rap-
idly.

By the late 1950's - conodont workers were drawing from this in-
formation bank, and attempting for the first time to reconstruct "natural"

conodont assemblages based on discrete elements. Huckriede (1958), and
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Walliser (1964), noted the presence of groups of a‘sso;iated element
Species with common ranges. Sweet and Bergstrom (1962), and Lindstrom
(1964), considered members of a Symmetry transition series to possibly
represent elements of g single apparatus. Bergstrom and Sweet (1966),
and Webers (1966), elaborated on earlier studies by recognizing assem-
blages based on frequent association, Commoni Structure, and Symmetry
transition. Kohut (1969) first applied a computer genei’ated .method

of apparartus reconstruction that evalumted recurrent groups of conodont
. elements,

The unde51reable situation of dual classification had, by this
time, become entrenéhed within the literature. It did not have its be-
ginnmg in the early 1960's with the ressurgence of the multielement
concept; rather it arose with the discovery of the Nnatural assemblagis
by Schmidt (1933, 1934) and Scott (1934, 1942). Schmide (1934), followed
the International Rules of Zoological Nomenclature and used the* est
available generic name for the apparatus, whereas Scortr (1942) proposed
a dual nomenclature, establishing a Separate nomenclature for assemblages

and continuing the nomenclature for discrete elements already in use.

Moore and Sylvester—Brédley (1957}, appealed to the International Com-
mission on Zoological Nomenclature to legalize the dual Ssysten of nom-
emclature, but the idea was rejected by the 15th International Zoological

€ongress in London in 1658. Conodont workers, nonetheless, continued to

use separate systems for assenblages and elements.v
The single element utilifarian taxonomy had proven useful for
bilostratigraphical purposes. The possibilities of disruption of exhis-

»ting zonal schemes, by the nomenclature problems that woesld result from
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a restructure of conodont taxonomy was therefqre unsettling to many wor-
kers. In ; biological sense, however, utilitarian classiffcation was not
natural, for a natural classification should not only serve as a means of
identification and communication, but should express evolutionary rela-
tions alsc. An utilitarian classificatiom cannot possibly do this.

Conodont taxonamy cqp&ﬂ’gg\tonger be based on the gross morpho-
logy of individual elements, but had to incorporate the composition and
morphology of the apparatus, as & whole, with information on evolutionary
lineages. A suprageneric taxonomy, which used such eriterion, was first
attempted in 1970 by Lindstrom. It still leaves to be shown, however, that
conodont taxonomy will require the use of higher categories and more sub-
divisions as the conodont apparatus becomes better u;derstood.

This is more or less the foundation to tﬁé taxonomic approach
taken in this study. Where possible, i{solated elements were grouped, as
assemblages, using the criterion of common assoclation and macrostructural
and, to a lesser extenl, microstructural similarities. Subsequent to tﬁ;s,
the true nature of the abparatus was gnferred through a search of all
possible varieties and interrelationéhips of the constituent forgs. The
;nferred apparatus type and plausible evolutionary relationships with
other apparatuses, both in the literature and in thus study, were used
tggenher for the Faxonomical groupings.

The synomomies of the multielgment species, in this study, are
listed by author; -first ordered chronclogically and then alphabetically.
Reports of forﬁ species and reports of multielement species are given

‘ -
equal consideration by this method. The page, plate and figure numbers,
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of the reported species of inrerest are located alongside the author's
nameg. The term "fig.", uncapitalized, refers to platés, whereas the term
"Fig.", capitalized, refers to text tigures. If the publication makes use
of form taxonomy, the individual form species constituents, of the mulri-
element specles in question, are separated by semicélons. For a publica-
: tion to be included in the synénomy, of a multielement sbecies in this
study, enough of 1its constituent elements had to be described and illus-
-
trated so as to leave as little doubt of its identity as possible.
Isclated multielement species are ‘alphabetically listed as form

] taxa. These residuals, like the counstituent elements of the multielement

apparatuses, are treated as nouns by attachipng the suffix "-iform" to the
name of the (form) genus to which the glement is referable. The term s.f.
(sensu formo), is used whenever referring to form species.

The commonly used morphological tgrms are illustrated in Figure
21. It should be noted that not all conodont specimens areillustrated, as
in Lindstrom (1955a), with the oral margin in a horigzontal position.

| The taxonomic descriptions of the simple cones were not based

on discrete elements; rather they were structured so as to give an impres-

sion of the variability of form that defines the symmetry and curvature

transitions. The conodont apparatuses composed of compound and platform
elements, however, do not exhibit curvature transition. Furthermorz, the
symmetry transitions are defined by the presence of very distinct and
easily isolated forms; consequently descriptions of these apparatuses

are easier and more exact.

.
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8.2 Multiclement Taxonomy.

Order CONODONTOPHORIDA Eichenberg, 1930
Superfam DISTACODONTACEA (Bassler, 1925)

Family DISTACODONTIDAE Bassler, 1925

Discussion. Lindstrom (1971), placed the components of this family
T
into two informal groups, i.e. the Drepanodus group consisting of Drep-
anodus Pander, 1856, and the Paltodus group consisting of Distacodus

Pander, 1856, Drepanoistodus Lindstrom, 19%&, Paltodus Pander, 1856 and

Parcistodus lindstrom, 1971. This twe fold division of Distacodontidae

is, in essence, followed herein, but for the addition of the genus Proto-

panderodus in the Drepanodus group..
Dzik (1976), for no definite reason, considers Drepanodus a pos-

sible derivation from Semiacontiodus and consequently placed it within

the superfamily Panderodontacea. Presumably this was done because of the

mutual similarities between Drepanodus and Protopanderodus, both in the

nature of their apparatuses and in their environmencal preferences (i.e.
Norch Atlantic Province), but upon close examination, the apparatuses of

Drepanodus and Protopanderodus, on one hand, and Semiaconticdus, on the

other, show considerable differences.

~

DrcpanOistodus, Drepanodus and Protopanderodus are composed fat

least in the early sgtages) of drepanodiforms and oistodiforms. In Drepan-

odus and Protopanderodus, the vistodiforms have very short Jgses and are

r

usually modified, but are there. Semiacontiodus generally conta;}s erect

to proclined forms. All four Benera show a curvature transition and thus

may have evolved from an earlier simple cone stock exhibicing similar

e e g b A RSN ooty B fo . -
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characteristics, i.e. Oneotodus. 1f so, &t would appear that Dre anois—

s i A S———

todus, Drepanodus and Protoganderodus evolved separately from Semiaconti-

odus since early forms of this latter genus'flrst appear in the Midcont-

<o it~

jnent Province and do not Seem to be found in the North Atlantic Province

———

until Drepancdus and Drepanoistodus are well established.

From comparisons of Figures 23 and 24, of this study, it would
seaem apparent that Dreganqistodus and Dreganodus are closely related.Tnis
is 1in agreement with Lindstrom (1970, 1971). From comparisons of Fig-
ures 24 and 27, it would likewise seem apparent that Dreganodus and Pro—
nggpderodus are closely related. Lindstrom (1973), agrées that Proto-

ganderodus.and Drepanodus were derived from a similar ancestor, bul he

] pointsoutthat Protoganderodus nas fine surface striationswhereasbre an-

odus does not. This was also discovered in this study, i.¢. Plate 14 figs.

»

1, la, but this author is not convinced that the presence of very fine

striations on Protoganderodus varicostatus is enough to place Protopan-

derodus and Drepanodus into different superfamilies.

i Following Dzik (1976), the genus Drepanodus is ﬁlaced close to

i i Procoganderodus, but within Distacodontacea, rather than Panderodontacea.
The genera of the family pDistacodontidae are incorporated into

the twWo subfamilies: Dreganoistodinae Fahraeus and Nowlan, in press; and

: \
Protoganderodontinae Lindstrom, 1970. :
- \

Sub family DREPANOISTODINAE Fahraeus and Nowlan, in press
piscussion. This subfamily jncludes the genera Dreganoistodus, Palc-
j odus, Paraistodus and Distacodus, all of which have apparatuses with

drepanodiforms and olstodiforms only. The drepancdiforms are non-costate

&
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in Drepanoistodus and costate in Paltodus and Distacodus. In this study,
the drepanodiform:oistodiform ratio appears to be 4] for preganoistodug,
-2 for Distacodus and 1.5:1 for Paltodus. All three genera possibly have

a type 11la apparatus.

Cenus DISTACODUS Pander, 1856

Type Species. Machairadus incurvus Pander, 1856

DISTACODUS VENUSTUS (Stauffer, 1935)
p1. 1, figs. la-3b; P1. 13, figs. 2,3; Fig. 22a-1
WEYANT 1968, p. 28, pl. 5, fig. 8; p. 46, pl. 5, figs. 9,11; p. 33,
pl. 2, fig. 9.
Discussion. The &jstodiform (Distodus venustus s.f.), has been re-
ported in many studies (i.e. Stauffer, 1935a: Rhodes, 1933; Ethington,
1959; Sweet and Bergstrom, 1962; Spassov and Teller, 1963), but has failed

to show good association with any other form species. It has a relatively

¢

- . Y
low accurrence and appears in only a few samples in this study, yet shows

favourable association with co-occurring distacodiforms. This apparatus

resembles that of other Distacodontidae.

Description. Drepanodiforms have long and slender sharp-edged cusps
that are proclimed to recurved. Bases are about twice as long as high and
extend pasteriorly only. Their basal cavities are shallow with an anter-
jorly directed apex beneath the centre of the cusp. Basal margins are gen-
"erally convex in lateral view and slightly flared in aboral view. The an-
rero—aboral angle is about 90 degrees in erect forms and about 20 degrees

less in recurved or reclined forms. Symmetrical forms have equally devel-

oped postero—lateral costae that continue {rﬂm~the.tip of the cusp to
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Figure 22. A-T, Distacodus venustus (Stauffer): A,B symmetrical bicos-
tdte drepanodiforms; (-F asymmetrical bicostate drepanodi forms; (-1
oistodiforms. J-0, Paltodus semisymmetricus (Hamar): J Symmetrical bi-
costate drepanodiform; K-M asymmetrical costate drepanodiforms; N,O
oistodiforms. Inner lareral view left of ceatre; outer lateral view
right of centre. Illustrations are all x52.
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A near the basal margin. Anteriorly the cusp faces are slightly conc“ave
. . /’

Asymmefric forms have planar to concave imner cusp faces and cofivex outer
cusp faces, both of which are usually costate or carinate.

Oistodiforms have sharp-edged cusps and bases that are nearly

equal in length. Lateral faces of the cusp are carinate, more conspicu-

ously on the outer face. The nature of the basal margin and the antero-
r‘ ) aboral angle is variable. In one extreme the basal margin anteriorly has a
nearly right-angle upward bend and an antero-aboral angle of about 90 de-
grees. In these forms the cusp and base diverge at a low angle of about
20 degrees. Forms of the opposite extreme have an upward bend in the basal
margin of about 60 degrees, approximating that of the antero-aboral anmgle.
The cusp and base of these latter forms deverge at an angle of about 40

r 2
. degrees.
. S
Remarks. The constituent forms of this species show a morphological

resemblaye to the forms of Drepanoistodus n. sp. A, however, the limited

material available for this species does not indicate the same drepanod-
fiorm:oistodiform ratio as does the material for D. n. sp. A. The two

. L species, nonetheless, would appear to be taxonomieally close together,

1 since both'exhibill‘."? characteristics of apparatus type IIla.

-
R - . Material. 218 specimens (77 drepanodiforms, 141 oistodiforms).
| N v
e Genus DREPANOISTODUS Lindstrom, 1971 .
-Type Species. 0istodus forceps Lindstrom, 1955
A i . )
- P DREPANOISTODUS n. sp. A N
[ ]

P1. 1, figs. 6-15b; Pl. 13, figs. 6-8; Fig. 23A-L




Pigure 23.

A-L, Drepancistodus n. sp. A: A, symmetrlcal oistodiform;
B,C, symmetrical drepanodiforms; D,G,J, asymmetrical oistodiforms;
E,F,H,I,K,L, asymmetrical drepanodiforms. Inner lateral views, left
of centre; outer lateral views,
all X59.

right of centre. Illustrations are
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Discussion. ; Form species considered belonging to the genus Drepan-
oistodus have been reported from strata ranging in age through most of
the Ordovician in both the Midcontinent and North Arlantic Prov;nces
{(Branson and Mehl, 1933, 1934; Rhodes, 1953; Lindstrom, 1955a, Webers,

1966).

Lindstrom (1971), has differentiated the two species Drepan-

olstodus forceps and D. basiovalls, in the Lower Ordovician of the Balto-

Scandic area, by the nature of the oistodiforms of the apparatus. Oisto-
diforms of D. forceps have alow and long base with a small undulation of

the aboral margin. Oistodiforms of D. basiovalis have a relatively low

and short base that is rounded anteriorly, almost eliminating the 90 de-
gree antero-basal angle. Lindstrom (1973),: éuggests 3 range oleower '
Arenigian to lower Llanvirmian for D. forceps and a range of upper Aren~

igian to 1o§.‘rer Llanvirmian for D. basiovalis. The microstructure of both

shows abundant white matter in the cusp.

Midcontinent Province exampl_es' of Drepanoistodus, with a

simila(apparatus, are generally referred to D. subergctus. Oistodifprms

of this species have a relatively high and very ksho‘rt‘w’ ba;se with an antero-
basal angle of about 90' degrees and a postero—oral angle generally greater
than 60 degre‘les. This species is recovered from Middle and Upper Ordovic-

ian strata (Webers, 1966; Dzik, 1976). The microstructure of this species

" shows little white matter if any at all (Barnes’ et. al. 1973).

The cistodiform of Drepanoistodlis ni sp. A has a long straighr
R
cusp and relatively low and short base, with an antero-basal angle of 60
to 830 degrees. Anteriorly the element 1s sowewhat pointed,

Except for the oistodiforms, the apparatuses of these four
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specles 1is very similar. One wonders whether the slight morphological dif-
ferences of the oistodiforms alone is enough to‘ differentiate on the

species level. Van Wamel (1974) questions Lindstrom's (1971) differen-

tiation of D. forceps and D. basiovalis and claims that any subhdivision

of Drepanoistodus would be possible only bn the basis of biometric data

and statistical methods.

Nonetheless, the oistodiforms of the Cobbs Arm Formation species

———

of Drepancistodus are rather uniform'in their characteristics and are dis-

tinct from oistodiforms of the other three species mentioned. Considering
also the relative age ranges of these three speclies it seems appropriate

to, at least tentatively, place the Cobbs Arm Formation species of Drep-

anoistodus as a new species.

Description. This difficult apparatus of simple cone conodoats
comprises drepanodiforms and oistodiforms.

The drepanodiforms have long and slender proclined to reclined
cusps that are generally rather compressed laterally and sharp-edged.
Bases are short and shallowly excavated. Symmetrical forms have a straight
or slightly curved biconvex cusp and a broadly flared base. Asymmetrical
forms have curved cusps with outward convex faces. The inner surfaces
vary from weakly convex to planar to concave with increasifg asymmetry
of form. Basal margins only flare slightly.

Olstodiforms have a comp}essed, pointed and sharp-edged cusp
that- 18_ about three times as long as the oral margin of the base. Basal

margins are biconvex but flare more inward. This inward flare is stronger

in some forms than in others. The postero-oral angle appears to vary

?

.
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inversely with the magnitude of basal flaring. An oistodiform with a large
flare has a postero-oral angle of about 20 degrees, whereas an oistodiform

with a weak flare is nearly symmetrical and generally has a postero-oral

angle of about 40 degrees,

Remarks. Within the Cobbs Arm Formation fauna there are about 500

elements referable to Drepanoistodus n. sp. A, These show a ratio of

drepanodiforms:oistodiforms that supports Lindstrom's (1971) figure of
4:1. The homocurvatid drepanodiform:suberectid drepanodiform:oistodiform

ratio is _épproximately 6:1:2.

The proposed Drepancistodus apparatus has a simple symmetrical

- T ———i—rn, -

i

asymmetrical symmetry transition superimposed on a curvature transition

of proclined or erect drepancdiforms through recurved or reclined drep-

! : anodiforms to oistodiforms. This is classed a type IIla apparatus.

Material. 530 specimens (§ZE~haquurvatid drepanodiforms, 63 sub-—
-

-

. erectid drepanodiforms, 123 oistodiforms). -

Genus PALTODUS Pander, 1856 -

Type Species. Paltodus subaequalis Pander, 1856

PALTODUS SEMISYMMETRICUS (Hamar, 1966)

. Pl, 1, figs. 16-21; Pl. 13, figs. 4,5; Fig. 22J-0

LINDSTROM 1960, Figs. 6:11, 7:10.

HAMAR 1966, pe 51, pl. 7, figs. 5,6, Fig. 3:6. '
ETHINGTON and\SCHUMACHER 1969, p. 450,452, pl. 67, figs. 21,22, Fig. 4c.
v VIIRA 1974, p. 50, pl. 12, figs. 16, 17, Fig. 35; p- 97, pl. 11, figs. 13,

14, Fig. I17.
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DZIK 1976, p. 435, Fig. 18a-f.

Paltodus semisymmerricus is composed ¢f drepanodiforms

Description.

and oistodiforms.
The drepanodiforms have ]:opg and slender proclined to erect
sharp-edged cusps that broaden into posteriorly extended bases. The an-
terior and basal margins meet at an angle of about 90 degrees whereas the
oral and basal margins meet at an angle of about 30 degrees. Basaf cav-
ities are fairly shallow with apices anterior of the mid-point of the
cusp about one-third ?f t'he distance up the base. Symmetrical drepanodi-
forms hav:e gqually developed postero-lateral costae that begin soxﬁeuhat
above the basal margin and continue to the tip of the cusp. Ante‘riorly,
the cusp faces are convex. On sli_.ghtly; asymmetric fo.;ms the outer lateral
costa driginates much nearer to the basal margin than does its immer
counterpart. Anteriorly, the outer lateral face is convex whereas the in-
ner lateral face is planar. S;:;ongly asymmetric forms have inward twisted

cusps and asymmetrically arranged lateral costae. The outer lateral costae

are located

occupy posterior positions whereas the inner lateral costae

- more anteriorly.

The oistodiforms have long and slender compressed and sharp-

edged cusps that are two to three times the length of their respective

.

bases. Anterior and basal margins meet at an angle of about 60 degrees.
Oral and basal margins form an angle of ahout 40 degrees and the poster-
ior and oral margins form an angle of 50 to 60 degrees. Bgsal cavities are
shal‘low and have their apices beneath the point at which the posterior

margin of the cusp and the oral margin of the base join. The inner basal

margin flares more in the posterior half of its length than in the

e e v
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anterior half. The outer basal margin is smoothly convex. Oistodiforms

with large inward flaring of the basal margin have a smaller postero-oral

angle than do forms exhibiting less basal flaring.

Remarks. The limited amount of material from this study probably

does not give full. perspective to the nature of the apparatus of this
species. The general morphology of the constituent elements is similar

b Y
to those of the Distacodus venustus apparatus and thus the two species

. appear to be taxonomically close together. Therefore, P. semisymmetricus

possibly has a type I1lla apparatus.

Mategzrial.' 62 spécimens (37 drepancdiforms, 25 oistodiforms).

Subfamfly PROTOPANDERODONTINAE Lindstrom, 1970

Emended Diagnosis. Conodont apparatuses consisting of symmetrical

and asymmet‘rical simple coﬁe conodonts that are non-costate in early/
species, costate and non-costate to wholly costate in later spécies.
Elements of theA apparatus generally have an anterior and posterior €dge,
and can exhibit a high degree of variation. The elements can nonetheless
be arranged into a simple symmetrical asymmetrical syme{:ry trans»iti‘on
series and a curvature transition series, both of whﬂich‘are characteris-

tic of a type II1la apparatus.

Genus DREPANODUS Pander, 1856

Type Species. Drepanodus arcuatus Pander, 1856

rd

Discussion. Lindstrom (1971), included fo‘ur forms of non-costate

elements in D. arcuatus and pin pointed its first a.ppearaﬁce- to the
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latest Tremadocian. Previously (Lindstrom, 1955a), Acontiodus arcuatus
s.f. and A. reclinatus s.f. were reported from middle Arenigian sections
which also yielded D. arcuatus, but they occurred in small numbers.

A, arcuatus s.f. presumeably evolved from D. arcuatus s.f.
S S ers ——— «
H
during the early Arenigian. A:. arcuatus s.f., D. arcuatus s.f. and forms

transiticnal between these two were recovered from the Orthoceras Lime-

stone, of the Paroistodus originalis Zone, on Bornholm, Demmark (S. Stouge,
pers. comm.). Similarly, these forms were reported from the Llanvirnian
of Sweden (Fahraeus, 1966).

The evolutionary trend, from an apparatus comprising exclusively
non-costate forms to an apparatus with éostate and non-costate forms, ap-
pears to have culminated in the Middle Ordovician withﬂan apparatus com-
prising costa:é forms only. It is conceivable that apparatuses with cos-
tate and non-costate forms and ;pparatuses with only costate forms should

be referred to new genera respectively.

DREPANODUS ROBUSTUS  (Hadding, 1913)

P1l. 2, figs. 5-12; P1. 13, figs. 9,10; Fig. 24A-J
PZIK 1976, p. 400, Fig. 17d,e,g, not f.

Description. D. robustus has symmetrical or nearly symmetrieal bicos-

tate drepanodiforms, symmetrical multicostate drepanodiforms, asymmetric
bicostate drepanodiforms, weakly bicostate asymmetrical drepanodiforms
and costate oistodiforms. “

The symmetrical or nearly symmetrical blcostafe'dreéanodiforms
have a robust recurved cusp-that.is anteriorly sharp and posteriorly

A L} . Fs




Flgure 24. A-1J, Drepanadus robustus (Hadding): A, nearly symgetrical
bicostate drepanmodiform; B,C, symmetrical multicostate drepanodiforms;
D,E, asymmetrical bicostate drepanodiforms; F,H-J, weakly bicostate
drepanodiforms; G, oistodiform. Inner lateral views, left of centre;
outer lateral views, right of centre. Tllustrations are all X32.

f/
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costate. There is a single posterior costa on each lateral facé, which

begins near the basal margin and continues to the tip of the cusp.

The symmetrical multicostate drepanodiforms have proclined ot

erect cusps that bear two posterior costae on each lateral face. The

costae begin near the basal margin.

The asymmetrical bicostate drepanodiforms have a single post-

erior costa on each lateral face of the cusp. Anterior of the costae, the

outer cusp face is convex whereas the inner cusp face is near planar.

The weakly bicostate asymmetrical drépanodiforms have erect to

reclined compressed cusps with postero-lateral costae that are well de-

veloped on the outer face and weak to absent on the inner face. Anterior

edges are always sharp, whereas posterior edges are sharp or costate.

L
The outer lateral cusp faces are convex, the inner faces slightly convex

to concave With increasing asymmetry. The outer basal margin, of strongly

asymmetric forms may have a rather pronounced undulation.

The oistodiforms hive reclined robust cusps which are anter-

iorly sharp and posteriorly costate. The outer lateral face of the cusp

LY
is smoothly convex except where interrupted by a single posterior costa.

The inner lateral face has a prominent carina developed posterior of its

bt g v et S

midline; anterior to this the inner lateral face is planar.

Remarks. The relatively low recovery of elements of this species

makes it difficult to formulate any precise opinions about its appar-

atus, It does, however, show curvature transition and symmetry transition

characteristic of a type IIlaapparatus,

Material. 161 specimens (16 symmetrical bicostate drepanodiforms,
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i 12 symmetrical mul ticostate drepanodiforms, 47 asymmetrical bicostate

drepanodiforms, 52 weakly bicostate asymmetrical drepanodiforms, 34

oistodiforms).

' DREPANODUS sp. cf. D. ARCUATUS Pander, 1856

Pis- 3, figs. la-7; P1. 13, figs. 11-13; Fig. 25A-H P
3 o

. Remarks. Only a few specimens, which possibly represent a deriv-

ative of D. arcuatus, were recovered from the Cobbs Arm Formation. This

. species appears to contain costate and non-costate drepanodiforms. Sym=

}

\ metrical costate drepanodiforms have one costa on each lateral face where-
~

‘ as asymmetrical costate drepanodiforms have a single costa on the outer

! .

i face only. The remaining drepanodiforms, and the oistodiforms, are non-

g costate.

‘*'
Material. 41 specimens ( 11 symmetrical bicostate drepanodiforms,

13 unicostate drepanodiforms, 13 non-costate drepanodiforms, 4 oistod-

R H
iforms). !

Genus PROTOPANDERODUS Lindstrom, 1970 4

Type séecies. Acontiodus rectus Lindstrom, 1955
PROTOPANDERODUS PESELEPHANTIS (Lindstrom, 1955)

p1. 3, figs. 8=11; Pl. 13, fig. 17; Fig. 26G-J

LINDSTROM 1955a, p., 595, pl. 2, figs. 19,20, Fig. 3q.

! AN WAMEL 1974, p. 94-95, pl. 5, figs. 16,17 P
. . i
VIIRA 1974, p. 124, Fig. 162. ?

DZIK 1976, Fig. 14l.




. Figure 25. A-H, Drepanodus sp. cf. D. arcuatus Pander: A,B, symmetri-
cal bicostate drepanodiforms; C, unicostate drepanodiform; F-H, acos-
tate drepanodiforms; D, oistodiform; E, %oistodiform. Inner lateral
views, left of centre; outer lateral views, right of centre. Illus-
trations are all X&5.
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Figure 26. A-F, Protopanderodus_rectus (Lindstrom): A,B, symmetrical
costate drepanadiforms; C-E, asymmetrical costate drepanodiforms; F,
scandodiform. G-J, Protopanderodus peselephantus (Lindstrom): G, sym-f
metrical form; H-J, asymmetrical forms. Inner lateral views, lefr of

’ centre; ouker lateral views, right of centre. Illustrations are all
b
- : i
. h - ; ’
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Discussion. Conodonts Qf,$his species have sharp postgfiorkand an-
terior margins, white matter and striated to definately costate lateral
qurfates. There is a simﬁ%é_symmetrical asymmetrical symmetry transition,

The €hafacter13tic§ of this species best suit the genus Proto—
panderodus., It is consequently removgd from Scolopodus ?here it was ten—

tatively placed by Lindstrom (19553a). ‘

Description. Constituent elements of P. peselephantis are small,

nearly straight to cur;ed and pin shaped. Cusps are pointed, generally
compressed, sharp-edged and ornamentad with lateral costae and coarse
striations. Bases are small, circular or elliptical in shape and flared
slightly all around. Basal cavities are relatively shallow. t
Symmetrical elemgnts have a subcircular cross section with
sharp margins and two or three costae on each lateral face. Asgqpetrical
elements have compressed and sharp-edéed cusps with single lateral costaq'
that are centrally developedon nearlysymmetrical forms and located mofe
posteriorly on forms %iﬁh strong inward deflection of the gugp. Strongly
asymmetrica} forﬁs have costae in an outer postero—latefal position only.

ar

Some forms indicate the presence of a curvature transition.

Remarks. There are only a few e¥ements of P. peselephantis preserved
in the Cobbs Arm Formation and therefore any strong conclusions about the
nature of its apparatus cannct be made. It would appear, however, Ehat the

apparatus is similar to other species of Protopanderodus.

Materkal. 26 specimens.
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PROTOPANDERODYUS RECTUS (Lindstrom, 1955)

Pl. 3, figs. 12-16h; P1. 13, figs. 15,16; Fig. 26A-F

LINDSTROM 1955a, p. 549, pl. 2, figs. 7-11; p. 593, pl. 4, figs.

Fig. 3k;

QEESZ?;BﬁQi:’Q.'5@5;'pi;'1i”££§sf'1;§.' T S S
SWEET and BERGSTROM 1962, p. 1221-1222, pl. 168, figs. 2,3, Fig,

p. 1222, pl. 169. fig. 11, Fig. li; p. 1246, ¥pl. 168, figs.
HAMAR 1964, p. 257, pl. 1, figs. 6,7,14,718, Fig. 4:5; p. 258, pl. 1,

figs. 10,12,13,17, Figs. 4:4a,b; p. 282, pl. 2, figs. 6,7, Figs.

[

6:9,11.

FAHRAEUS 1966, p. 15, pl. 2, fig. 3b; p. s . 2, figs. 5a,b, Figs. %,

f,g; p- 17, pl. 2, figs. 7a,b, Fig. ; . 30, pl. 3, fig. 11,

2

Fig. 2k.
VITRA 1967, p. 321, Figs. 1:12,13.
BARNES and POPLAWSKI 1973, p. 782, pl. 3, figs. 1,4,5, pl. 4, fig. 15,

not 18. Q%@
VIIRA 1974, p. 46, pl. S, figs. 25,26, Figs. 25,26; p. 48, pl. 4, fips.
21-23, Fig. 29; p. 49, Figs. 30,31,34,732,733.

non DZIK 1976, Figs. 16a-d,i,1.

Descriptioff. P. rectus has bicoécate drepanodiforms and non-costate
scandodiforms.
Tpe costate drepanodiforms have a long and slender proclined,
suberect or reclined cusp with costae in a postero-lateral position.
These costae begin near the basal margin, and continue to the tip of'the

cusp. On symmetrical drepanodiforms they are each posteriorly bounded by
- - t
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a furrow. Asymmetrical forms have a furrow bounded costae on cne lateral

face only. The inner lateral faces have a costa or carina that is posi-

»

tioned more centrally and is bounded by a furrow near the base only.
The disposition and distinectness of the lateral costae on different forms
defines a symmetrical asymmetrical symmetry transition. Within each group

+

there are proclined, near ere?t and reclined varieties.

i

Scandodiforms have long and slender sharp-edged cusp with a

broad central carina on the inne~ lateral face. The outer face is convex.

Remarks. The ratio of costate to ngn-costate forms is 5:1, but in
this study the elements of P. rectus occur in low frequency. The costate
»

to non—costate element ratic should probably approximate the 7:2 figure

inferred for P. varicostatus since the two species are part of the same

evolutionary linecage (Dzik, 1976).

’,
i

P. rectus, from the Cobbs Arm Formation, agrees closely with

specimens frommthe collections of Dr. L.E. Fahraeus of upper Llanvirnian

conodonts from the Gullhogen Quarry, Sweden (Fahraeus, 1966}, and with
<

collections of S+ Stouge of upper Arenigian conodonts from Bornholm,

Norway (see Stouge, 1975).. Tt would seem adpparent that P. rectus was a

very conservative animal to have survived from the middle Arenigian to

at least middle LlLandeilian times with no apparent change.

Material. 66 specimens (54 bicostate drepanodiforms, 12 scandodi-

forms).

-




\

PROTOPANDERODUS VARICOSTATUS (Sweet and Bergstrom, 1962)

Pl. 4, figs. la-7b; Pl. 14, figs. I,la; Fig. 27A-E

SWEET ;pa BERGSTROM 1962, p. 1247, pl. 168, figs. 4-9, Figs. la,c,k;

p.,r 1245, pl. 168, fig. 12, Fig. le.

HAMAR 1964, p. 284, pl. 1, figs. 1,2, Figs. 4:7a,b; p. 281-282, pl.
2, figs. 16,17; p. 282, pl. 2, figs. 10,11.

HAMAR 1966, p. 75, pl. 1, fig. 18, Fig. 2:15 p. 74, pl. l,dfig. 1,
not 7.

VIIRA 1974, p. 123, pl. 5, figs. 23,24, Fig. 160; p. 113, pl. 5,

fig. 30, Fig. 151.

non DZIK 1976, Figs. lbe-g.

Discussion. This species of Protopanderodus has numerous represent-

atives in the Cobbs Arm Formation, and shows a definite apparatus consis~
ting of four multicostate drepanodiforms and one non-costate scandodiform

which herein show a ratio of 1:2:2:2:2. The costate fqrms thus outnumber

the non-costate forms by a ratic of 7:2. P. varicostatus exhibits a simple
symmetrical asymmetrical symmetry transition and a curvature transition
characteristic of apparatus type Illa.

- I
i
Descriprion. \ P. varicostatus has one symmetrical and three asymmet-—

rical multicostate'drepancdiforms and one asymmetrical non-costate scan-

dodiform each with a curvature tramsition. ‘
Symmetrical multicostate drepanodiforms have a shgrp anterior

margin and a costate posterior margin. On each lateral face there are

two posterior costae, separated by a deep furrow that begins near the

basal margin and continues ro the tip uf the cusp. The base is about
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one third of the length of the cusp and has a slightly sinuous basal

margin. -

Tricostate drepanodiforms are similar to the synmetricai forms
only in the fact that the cusps are long andlglendef; costate and not
twisted out of the plane of the base, but differ in that one lateral face
has two longitudinal costae; the other has one only. The bases are also
proportionately shorter that those of the symmetrical multicostate drep-~
anodiforms. Basal margins are slightly sinuous in proclined varieties and
notched in reclined varieties.

The asymmetrical multicostate drepanodiforﬁs constitute a rather
uniform group that is divisible, upon ciose examination, into two end mem—
her forms. One of these has a sharp anterior and posterioer margin and a
distally twisted cusp with two low inner lateral costae. The outer lateral
face has one well developed costa bounded by & furr;w‘ Posterior to fhis
a second costa is well developed on the base but generally becomes weaker
further up the cusp.

The other asymmetrical multicostate drepanodiform is nearly
identical with the last described drepanodiform, but has one well devel -
oped costa on the outer lateral face insteédiéf two. The bases of the
asymmectrical multicostate drepanodiforms are proportionately shorter than
rhose of the tricostate drepanodiforms. Rasal margins are not notched in
proclined varieties.

The scandadiforms have a jong and robust sharp-edged cusp that
is laterally compressed and inward twisted out of the plane of the base.

On the anterior half of the inmer jateral face there ig a shallow longi-

tudinal groove that begins near the basal margin and continues to the
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tip of the cusp. The outer lateral face 18 convex.

Remarks. P. varicostatus probably evolved from P. rectus, through
the addition of auxiliary lateral costae, sometime in the upper Arenigian

(Dzik, 1976), P rectus continued with minimal change until at least the

~
middle Llandeilidn and then ceased to exist whereas P. varicostatus, and
its predecessors, underwent changes that culminated in the Ashgill with

P. insculptus, an elongate protopapnderodid having forms with double lat-

eral costae. "

Material. 1291 specimens (157 symmetrical mulricostate drepanodi-

forms, 327 tricostate drepancdiforms, 581 asymmetrical multicostate drep-

-

anodiforms, 226 non-costate scandodiforms).

Family UNKNOWN
"Genus STRACHANOGNATHUS Rhodes, 1955

Type Spegies. Strachanognathus parvus,Rhodes, 1955

Discussion. The affinities of this genus are not clear. It is Aof
simple cone type but for the presence of a single large denticle directly
i;l front of the cuép. It exhibits a simple symmetry transition from sym-
metrical to increasingly asymmetric forms. There is also some evidence -

for a slight curvature transitidn, but this is not conclusive enough to

suggest that Strachanognathus has a type 111 apparatus. Edges of the el-

ements are sharp, basal cavities are shallow and the surface of the forms
lack any conspicuous fine micrastructure.

There seem to be little doubt that Strachanognathus evolved

directly from a distacodontid apparatus, but 1is is not possible at the
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preselit .time to dssign this genus to any presently described family.

STRACHANCGNATHUS PARVUS Rhodes,1955

(

b, . p1. 2, figs. la-4b; Pl. 13) fig. 1; Fig. 28F-1

RHODES 1955, p. 132, pl. 7, fig. 16, pl. 8, figs. 1-4.
BERGSTROM 1962, p. 55-56, pl. 3, figs. 1-6, Figs. 2b,3h,i.

WOLSKA 1861, p. 358, pl. 5, figs. 6a,b. 1

SERPAGLI 1967, p. 71-72, pl. 29, figs. ta-c,?5a~c.
BERGSTROM, RIVA and KAY 1974, pl. 1, fig. 7.

DZIK 1976, Figs. l&4j,k. . \\

Description. This species Is composed of compound conodonts show-
ing slightly differing forms, of basically the same kind of element, ar-
tanéed in a simple syﬁmetrical asymmetrical symmetry transition. Cusps
are long, slender and sharp~edged and are followed anteriordwgby a very
large dent}cle,that is often near equal in length to the cusp and curvea
in towards the cusp. The anterior and posterior margins of the base are
nearlyparalieland sharp.Basal cavitles are shallow, and flare slightly
inward on asymmeteical forms. Symmetrical ornearly symmetrical forms are
compressed and have both the cusp and anterior denticle in the same plane

as the base. Asymmetric forms are concave i{nward and have an inward de-

flected cusp and anterior denticle.

Material.687 specimens.

jﬁ
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Figure 28. A, Rhodesopnathus sp. cf. R. elegans polonicus Dzik: oral
view, top; lateral view, centre; aboral view, bottom; X37. B, Amor-
phognathus sp. .cf. A. inaegualis-A. kielcensis transition: oral view,
, top; lateral view, centre; aboral view, bottom; %37. C, Westergaardo-
. . dina sp. cf. W. bicuspidag Muller: oral view, left; aboral view, right;

X53. D,E, 7Oneotcdus mitratus (Moskalenko): oral views, top; lateral
views, bottom; X53. F-1 Stgachanognathus parvus Rhodes;F,nearly symmet-
rical form; G-T, asymmetrical forms. TIuner lateral views, left of
centre; outer lateral views, right of centre; X53.

-~ _ ‘. 1f’ p—— L,fwm.m ;~_,i..“
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Superfamily PANDERODONTACEA Lindstrom, 1970

Discussions Lindstrom (1970j proposéd this superfamily for ce%o—
dont species with apparatuses consisting of Simple céne conodonts wich

or wirhout lateral costae or carinae and for related spegies having forms

with a row of denticles posteriorly. Important to Panderodontacea, by
definition, is the presence of fine longitudipal striations on the cusps
of the constituent elements.

. . Middle Ordovician taxon of Panderodontacea from the Cobbs Arm

Formation exhibit a' variation obvicus of a large degree of evolutionary
differentiation. There are l4 species belonging to 8 genera which herein

are dssigned to 2 families.

Dzik (1976) considers the genus Semiacontiodus Miller to be

ancestral to Panderodontacea. It first appears in the lower Tremadocian,

’ presumably a descendent of the late Cambrian Oneotodus. From Semiaconti-

odus, the related genera Panderodus and Scalpellodus diverged. Panderodus

is characterized by‘a type I1Ta apparatus and has very noticeable surface
striations. Scalpellodus has surface striations and a type Ia rather. than
a cype LIl apparatus.

These gross characteristics are the foundation to the subdivis-

ion of the superfamily Panderodontacea into two families: Panderodontidae

and Scalpellodontidae.

NS Family PANDERODONTIDAE Lindstrom, 1970

Discussion. Panderodontidae characteristically have a deep basal

cavity, longitudinal striations and a lateral furrow. Scme forms have a

5 denticle row posteriorly.
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The apparatus shows a simple symmetrical asymmetrical symmetry
“transition and a curvature transition, characteristic of type. IITa appar-
f
’

~atuses. The apparétus may be reduced in number of elements (IlIb; 1i.e.

Belodina).

Genus BELODINA Ethington, 1959

P

Type Species. Belodus grandis Stauffer, 1935

BELODINA SERRATA (Dzik, 1976) l

Pl. &4, figs. 8a,b; Pl. 14, fig. 4; Fig. 29a
DZIK 1976, p. 422, Fig. l4f, pl. 41, Fig. 1.

Description. The characteristic form of this species 1s a long and
slender inward bowed simple cone with a -finely denticulated posterior mar-
gin. The element is continuously curved throughout 1its length and con-
sequently cusp and base are not easily distinguished. The anterior margin
is narrowly rounded whereas the posterior margin is disrally and proximally
sharp and centrally proyided with ébout ten small sharp denticles. A carina
is developed on the basal anterior part of the outer surface. Posterior to
this, there is a hairline furrow that begins at a small notéh in the base

and continues to the tip of the cusp. The basal cavity is deep.

'

Remarks. Dzik (1976) considers B. serrata to be a descendent from

Scalpellodus and consequently placed it within the genus Belodella, how-

+
ever, the resembiange of the elements of this species to elements of Pand-
erodus and Belodina is outstanding and it appears to be an intermediate

form between the two. It is possible that the remaining elements of this
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‘apparatus represent non-denticulated panderodiforms.

W : .

» ) Material. 3 specimens. .

BELODINA n. sp. A

P1. 4, figs. 9a,b,llq,b; Pl. 14, fig. .7; Fig. 29B,C

Description. Belodina n. sp. A appears to have a type IITb appar-

o -

atus comprising belodiniforms and eobelodiniforms.™

=

The belodiniforms can be differentiated into erect and proclined

forms; both ;ith 7 to 9 denticles on the posteripr margin that begin at
the base of th cusp and continug upward for threé quarters of itsilength.
The remaining edges of the element are sharp. The basal cavity is rri-
angular and penetrates one third the length of the element.

The eobelodiniforms are strongly compressed laterally and

ﬂsharp edged. The straight posterior edge of the cusp is near parallel

with, and more than twice the 1eng?h of, the basal margin. The anterior
edge is convex and continuously curved to the basal margin.

Both form elements have fine 1o;gitudinal striations on the

lateral faces and a median furrow on the outer surface.

Remarks. Belodina n. sp. A has the genmeral characteristics of Bel-

odina compressa, but the belediniforms of Belodina n. sp.. A have smaller

. .. v
and more numerous denticles and are less robust than belodiniforms of

B. compressa. The eohelodiniforms of Belodina n. sp. A have much longer

cusps.

Material. 30 specimens (16 belodiniforms, 14 eobelodiniforms).

. man e N . [ e PR - e g 1 o s < s Y e s .-
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Genus PANDERODUS Ethington, 1959 !

vape Species. Paltodus unicostatus Branson and Mehl, 1933
PANDERODUS GRACILIS (Branson 4nd Mehl, 1933)

P1. 5, figs. la-7; Pl.» 14, fig. 3; Fig. 30A-E

-
.

BRANSON and MEHL 1933, p. 108, pl. 8, figs. 20,21; p. 109, pl. B, fig. 19;

.

p.-42, pl. 3, fig. 3; p. 42, pl. 3, fig. 4. .

STAUFFER 1935a, p. 150, pl. 12, figs. 17,26; p. 142, pl. 12, fig. 18;

p. 142, pl. 12, fig. 16.

-~

STAUFFER 1935b, p. 612, pl. 74, figs. 6,8,9; p. 612, pl. 74, figs. 1,2,11

13-45,19; p. 612, pl. 74, figs. 4,7; p. 613, pl. 74, figs. 3,16.

7

STAUFFER 1940, p. 427, pl. 60, fig. 6; p. 427, pl. 60, Fig. 10; p. 427,

" pl. 60, figs. 8,9; p. 428, pl. 60, figs. 5,12,13,17; p. 428, pl. 60,

fig, 11. R

BRANSON ‘and MEHL 1943, p. 386, pl. 64, f;g.'s; p. 386, pl. 64, figs. 7,8.

BRANSON 1944, pl. 11, figs. 3,34,35; pl. 12, figs. 20-23, 25-28.

BRANSON and BRANSON 1947, p; 554, pl. 82, figs. 6-8, 11-22; p. 554, pl.
82, figs. 1-5, 23,24. .
BRANSON, MEHL and BRANSON1951, p. 6, pl.’l,'figs. 1—§;vp. 7, pl. 1, figs.

16-22; p. %, pl. 1, figs. 9-15.. -

RHODES 1953, p. 297, pl. 21, figs. 106-109, pl. 22, figs. 162, 165; p.
297, pl. 23, figs. 219,220; p. 298, pl. 21, figs. B4-88,.pl. 22,
figs. 155,156, pl. 23, figs. 214-216.

RHODES 1955, p. 127, pl. 10, figs. 11,125 p. 127, pl. 10, figs.,1,3.

CLENISTER 1957, p. 727, pl. 85, fig. 7; p. 728, pl. 85, fig. 11; p. 728,
Pl. 85, figs. 2-5; p. 728, pl. 85, fig. 10; ?p. 728, pl. 85, figs.

8,9; ?p. 729, pl. 8?, fig. 6; ?p. 729, pl. 85, fig. 1.

~

»




—91-

ETEINGTON 1959, p. 284, pl. 39, fig. 4; p. 284, pl. 39, fig. 2; p. 285,

pl. 139, fig. 15 p. 285, pl. 39, fig. 3.

-~

ETHINGTON and FURNISH 1959, p. S41, pl. 73, figs. 8,9.

STONE and FURNISH 1959, p. 225, pl. 31, fig. 3; p. 225, pl- 31, fig. 23
p. 225, pl. 21, fig. 1; p. 226, pl. 31, fip. 4.

SWEET, TURCO, WARNER and WILKIE 1959, p. 1056, pl. 130. fig. 1; p. 1056,
pl. 13~O, fig. 2;'p. 1057, pl. 131;, fig. 4; p. 1057, pl. 131, fig. 3.

WOLSKA 1961, p. 353, pl. l.,vfigs. la,b: p. 353, pl. 4, figs. 2a,b; p- 353,

] '

pl. 4, figs™Ja.b.
\

-
3

GWEFT and BERGSTROM 1962, p. 1233, Fig. 1h; p. 1234, Fig. 1d.

| A Sl b

BERGSTROM 1964, p. 30, Fig. 14,16,715.

HAMAR 1964, p. 271-72, pl. 1, figs. 25,26, Figs. 6:2a,b: p. 272, pl. 1,

fips. 28,29, Figs. 6:la,b. - \
BARNET 1965, p. 72. pl. 1, fig- 19, pl.'2, €ig. 175 p. 72, pl. 1, fig. 282
}).'72, pl. 1, fig. 32.
-t BERGSTROM and SWEET 1906, p. 355, pl. 35, figs. i-6.

HAMAR 1966, p. b4, pl. 1, figs. 1-4, Figs. 3:8a-c; p- 66, pl. 7, figs.
27-74, Fig. 3:3: p. 67, pl. 1, fig. 6: pl. 1, figp. 7.

OBERG 1966, p. 140, pl. 15, fig. 8; p. 40, pl. 16, fig. 3. op. 1600 pl. 15,
fig. 17; p. 140, pl. 15, fig. 1.

SEHOPE 1966, p. 65, pl. 9, figs. 26,283 p. 69, pl. 5. fig. 235 p- &6,
pl. 5, fig. 307 p. 66, pl. 9, figs. 22,24,

WERERS 1966, p. 38, pl. 2, figs. 8a,b,9a.b3i p. 38, pl. 2, figs. 19,113
Wp- 38, pl. 3, figs. 1a,b,2a,bi p- 39, pl. 3, figs. 10a,b,11a,b,12a,h3

p- 39, pl. 2, figs. la,h,2n,b,h,h,6a,h.

WINDER 1966, p. 58, pl. 9, fig. 23, Fig. 3:2% pl. 9, fip. 19, Fip. 3:19;
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pl. 9, fig. 20, Fig. 3:20; p1. 9, fig. 24, Fig. 3:24; pl. 9, fig. 25,
Fle. 3:25; pl. 9, fig. 2, Fig. 3:26; pl. 9, 11, 27, Fig. 3:27; \
Pl. 9, fig. 28, Fig. 3:28.

ANDREWS 1967, p. 895, o). 113, fig. 3; p. 896, pl. 113, fig. 9.

160 and KOIKE 1967, p. 12, pl. 1, figs. 19a,b,20a,b, Fig. 4b; p. |5,

pl. 1, figs. 3-5, Fig. 4j; p. 21, pl. 1, figs. 12,13a,b, l4a,b,

Fig. 5a; ?p. 18, pl. I, figs. 1,2, Fig. 5h.

g L L

SERPAGLT 1967, p. 56, pl. 6, figs. 4a-c,5a,b; p. 57, pt. 23, figs. 3a-5¢;
p. 59, pl. 23, figs. la-2¢.

VIIRA 1967, Figs. 4:20,217?2.

B e G N

WEYANT 1968, p. 53, pl. S,ing. 7; p- 55; pl. 6, figs. 1,2; p. 56, pl. 5,
tig. 4; p. 36, pl. 5, figs. 1,2, p. 57, pl. 5, Figs. 5,6: p. 57,
pt. 5, fig. 3; p. 58 pl. 5, fip. 13.

GLOBENSKY and JAUFFRED 1971a, »p. 57, pl. 4, figs. 1,2,

MOSKALENKO 1973, p1. 1, figs. 13,14; P. 38-39, pl. 1, figs. 16,17; p- 37-
38, pl. 1, fig. 15. \

UYENG 1974, p. 15, pl. 3, figs. 7.14.

Discussion. FElements of this species have long been {gnored because
of fts apparently long ranging nature and consequent unimportance for cor-
relation purposes, The characteristics of the apparatus have thus not
been thoroughly invest igated,

P. gracilis, in this study, appears to have a simple svmmetrical
asymmetrical symmetry transition of five forms: four of which were pre-
viously referred to as [’_andf-rndli_gia_r_i_]_ji s.f. or P;“ld_“_‘}“{‘%_‘ﬂ‘:fﬂs&"i"f

s.f. and one pPreviously referred to as Plrnd(*rnd_l{:qi_t‘nml{re.-;sus s.f. Super-

imposed on the Symmetry transition there ig a curvature transition;
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characteristic of a type I1la apparatus.

P. gracilis occurs in abundance in both the North Atlantic and
Midcontinent Provinces (Branson and Mehl, 1933; Webers, 1966 ; Rhodes,
1653). A single species would have to have incredihle environmental toler- .
ance to be able to occupy both territaries throughout the Ordovician, but
ne study has yet: offered evidence to suggest otherwise. Presently, the
true time range of P, gracilis and the temporal relationship it has with
the Silurian(?) P. unicostatus is poorly understood. Solution to this
kind of problem will, in the future, require many painstaking hours of
ppservation of varied and prolific faunas in search of possible morpho-
1ogical changes in & apparatus of P. gracilis and related species.

-
In this study, the synonomy of P. gracilis includes only those

works on {rdovician faunas in the North Atlantic and Midcontinent Pro-

vinces.

pﬁi“_"ﬂ’i}_‘?ﬂ- B.Vﬂl;{lﬁrij_»ij, as interpreted hercin, has five symmetry
forms that are described in order from the symmetrical and asvmmetrical :

gracilid panderodiforms to the most asymmetric compressid panderodiforms.

1
(
- '3 - I3 \
The cusp of the symmet'ncal praciiid panderondiforms has A
smooth broadly rounded pusterior margin. The oral edge of the base Is

sharp from the tip of the cusp to where it becomes rounded near the basal

margin. Lateral costae are Rymmetrically disposed and run from near thé
basal margin to the tip of the cusp. Anteriorly, the element is smoothly
convex. Posteriorly, the lateral faces are slightly concave and ornamented
with fine longitudinal striations. Aloug the middle of each of the poster—
jor lateral faces therc isa narrow furrow vhich begins as a notch in the

hasal margin and continues to the tip of the cusp.
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The nearly symmetrical gracilid pandercdiforms are very similar
to the symmetrical forms but lack an inner lateral furrow and basal
notch. The sharp oral edge of the base occuples a slight outer lateral
position and the lateral costae are not quite symmetrically disnosed.

.

The skightly more asymmetrical gracilid panderodiform has an
inward twisted cusp, such that the inner lateral costa of the base moves
anteriorly to become a sharp anterior edge to the r“sp. The sharp post-
erior edge of this form is positioned more outer laterally somewhat par-
allel to the furrow on the outer lateral face. A narrowly rounded outer

lateral carina 1s developed on the base only.

The fourth group of gracilid panderodiforms have developed a
sharp anterior edge at the éxpense of the inner lateral costa present on
less asymmetric forms. The posterior edge of the element is veryv c¢lose
and near parallel to the furrow on the outer lateral face. On the outer
lateral face of the base there is a broadlv rounded carina.

The compressid panderodiforms resemble the last described forms

hut have a narrowly rounded anterior margin, a wider base, and a smooth

outer lateral face.

Remarks . Ouly about 1000 elements, from one sample, were examined
in detail. Forms previously assigned to P. pracilis s.f. and P. unicos-
tatus s.f. were easily separated into svmmetrical, near symmetrical and
distincely asymmetrical form groups that were, along with P. compressus
s.f., respectively represented by 76, 206, 459, and 228 specimens. The
distinctly asymmetrical forms of‘Knglgrilisvs.fi and P. unicostatus s.f.
were not easily subdivided and so end member varieties were used in the

descriptions.

R sy .

N A e M e

P

T e
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The apparatus appears to have five different form groups that
exhibit a curvature transition series superimposed on the symmetry tran-

sition series, i.e. apparatus type IIla. The proportions of the five forms

respectively suggest the ratio 1:2:2:2:2.

Material. S75h specimens (4612 gracilid pandevodiforms, 1144 com-

pressid panderodiforms).

PANDERODUS MUTATUS (Branson and Mehl, 1913}

P1. 5, figs. 8a-12b; Pl. 14, figs. 6,7; Fig. 31A-J

BRANSON and MEHL 1933, p. 126, pl. 10, fig. 17.

ETHINGTON 1959, p. 275, pl. 39, fig. B: p. 268, pi. 39, fig. 1l.
BERGSTROM 1964, p. 9-10, Fig. 2.

HAMAR 1964, p. 256, pl. 1, fig. 3; p. 264-65, pl. I, figs. 4,5, Fig. &:l.
BERGSTROM and SWEET 1966, p. 303-305, pl. 35, [igs. 7-9.

HAMAR 1966, p. 4B, pl. 2, figs. 1,2,10, Fips. 4:1-3.

SCHOPF 1966, p. 51, pl. 5, fig. 1, Fig. 7b: p. 31, pl. 5, fig. 20, Fig. 7Ja.

WERBERS 1966, p. 21-22, pl. 3, figs. 5,6.

160 and KOLIKE 1967, p. 12, pl. 1, figs. 21,22
figs. 6-11.

SERPACLI 1967, p. 18-19, pl. 9, figs. 6a-11c; p. 13-14, pl. 6, figs. la,b,

ba.,bh. 'F"

DZIK 1976, p. 428, Figs. 15g-1i.

Description. This speci#s is an assemblage of simple cone conodonts,
most of which are ornamented with lateral costae and longitudinal stria-

tions. The apparatus has a symmcay transition serles of forms with

. - e e e
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coarsely striated surfaces and has, in additjon, symmetrical forms with
fe@er and finer surface striations.

The coarsely striated forms have long proclined to erect sharp i
edged cusps that are continuously curved with the posteriorly extended
bases. The basal cavities are deep with their apices near the anterior f
margin at the point of greatest element curvature. Symmetrical forms are
non-costate and have no lateral furrows. Nearly symmetrical forms, and forms
of intermediate symmetry, have'; weakly developed carina on the outer
face and a well developed costa on the inner face that is bounded poster-
iorly by a narrow furrqw. Strongly asymmetric forms have a short costa
that is present on the inner face of th: base only. . [

The fi?ely striated forms have a long robust cusp that is con-
tinuously curved, erect, sharp edged and laterally compressed. The outer
face of the element carries a longitudinal furrow that runs the length of

the elewment. The inner face is convex. The base is short, convex inward

and flared slightly outward. The basal cavity has its apex near the an-

e e e e e =

terior margin at the point of greatest element curvature.

Remarks. This species has a type 1T7Ta apparatus, exhibited as a

distinct curvature transition superimposed on a symmetry transition.

Material. 138 specimens.

?PANDERODUS n, sp. A

Pl. 4, figs. 10a-c,12a,b; Fig. 3I1L,M

Description. Two costate forms, possibly representing part of a

Panderodus apparatus, were found. One {s a nearly symmetrical simple cone
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conodont with a rounded anterior margin, a costate posterior margin, and
a well developed costa on each lateral face. The antero-posteriorly com— |
pressed cusp is more than half the length of the element. The basal cavity
is deep and has a broad antero—pos;erior bicorvex margin.

, The other form is stroengly asymmetrical and has a twisted cusp,

such that the costae occupy a posterior and antericr position on the el-

ement.

Remarks. The two recovered specimens of this species proﬂahly are
representative of a simple cone apparatus with a simple symmetrical asvm-
metrical transition series, and are hetrein tentatively brought to Pand-
erodus. There is no way of knowing whether or not a curvature transition
is also characteristic of the apparatus of this species.

This species does not have the lateral furrow rharacteristic
of Panderodus, however, on the asymmetrical form there is a slight depres-

sion, on the outer face of the base, that is possibly a vestige of a

furrow.

3 specimens.

Family SCALPELLODONTIDAE n. fam.

Diagnosis. Panderodontacea with dcep basal cavities and a type [
apparatus (i.e. simple symmetrical asymmetrical symmetry transgition enly).
Surface striations may or may not be present.‘Early forms had no pro-
nounced ornamentation other than surface striations. Some later forms

have posterior denticles (Tb; 1i.e. Belodella), and posterior and anterior

denticles (Ih; i.e. New {ghus A)., Other forms developed strong lateral

]
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costae {(la; i.e. Walliserodus).

Discussion. The genus Scalpellodus presumably was derived from
Semiacontiodus (Dzik, 1976). From Scalpellodus, it is possible to derive
the genus Belodella by the development of posterior denticles and the
genus Walliserodus by the development of lateral costae. New Genus A could
be derived from Beledella by the denticulation of the anterior margin of
one or more of the constituent forms. The pgenus Pseudebelodina n. gen.

.
has the compositional characteristics of Belodina, but, for r*sons dis-

*
cussed below, 1t is considered a descendent from Scal ellodus.

Genus BELODELLA Ethington, 1959

Type Species. Belodus devonicus Stauffer, 1940

BELODELLA n. sp. A -7

Pl1. 5, figs. 13a-16b; P1. 14, figs. 8,9; Fig. 32F-I

SWEET and BERGSTROM 1962, p. 1244-45, Fig. 5. »
ETHINGTON and SCHUMACHER 1969, p. 478-79, pl. 68, fig. 12, Fig. 47j.
FAHRAEUS 1970, Fig. 3o.

BARNES and POPLAWSKI 1973, p. 769, pl. 4, fig. 19,20.

SERPAGLT 1974, p. 38-39, pl. 8, figs. 7a,b, pl. 20, fig. 1D.

Discussion. Belodella n. sp. s.f. and Scandodus mysticus from rthe

Mystic Conpglomerate in Quebec (Barnes and Poplawski, 1973), could belong
to a species that should probably bhe brought to the genus Scalpellodus.
These same forms also occur, with Belodella n. sp. A, in the Parson's
ﬁoint Formation at Lushes Bight, north-central Newfoundland (Fig. 2). *

Some of the elements¥of the fore mentioned species show the vestipes of

s TG T
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detliform; B, asymmetrical bicostate helodellilorm; C, unicostate
belodelliform; D, acostate belodelliform; E, anteriorly denticulated
belodelliform, F-T, Belodclla n. sp. A: F, symmetrical bicostate belo-
delliform; G, nsymuoffazaiw%qrostnte belodelliform: H, acostate helo-
delliform: I, non-costate belodelliform. Inner later views, left of

centre; outer lateral views, right of centre. Tllustrations Xb1.

Figurce 32. A-E, New Genus An. sp. A: A, symmetrical bicostate belo-




~104-

denticles on the posterior margin, and may consequently bear close af-
finicy to the genus Balodella. The tendency for Scalpellodus to produce
denticles can be séen, at a later stage in development, in the Middle
Table Head Formatiom (Dr. L.E. Fahraéus, pers, comm.). A Middle Ordovic-
jan species of Scalpellodus occurs in the Cobbs Arm Formation, but shows

no evidence of denticulation.

Description. Eglggggiﬂ n. sp. Ahas a simple symmetrical asymmet-
rical symmetry transition from symmetrical and asymmetrical bicostate
belodelliforms through acostate belodelliforms to a non-denticulate bel-
odelliform.

The denticulated elements have long and slender proclined cusps
and deeplv excavated bases. Posterior processes Carry many tather uniform-
ly sized, compressed, confluent and sharp chisel-like denticles., Symmet-
rical farms have two well developed sharp Costae,‘ the cusp faces, that
continue downward as thin costa-like processes. The thinly sheathed con-

cave lateral faces enclose a triangulatr basal cavirty. The anterior margin

N

of the cusp is rounded whereas the p&éterior margin is sharp.

Asymmetrical bicostate belnde1lifurms have a slightly inward
twisted cusp with a convex.anterior margin and a narrowly rounded post-
erior margin. The posterior process ig inward concave.

Acostate helodelliforms have an inward twisted cusp and a sharp
posterior margino thar is continuous with the sharp edges of the posterior
denticles. The anterior margin of the elcment i{s sharp and curved slightly
inward and posteriorly producing a convex outer surface. The basal mar-

gin is lanceolate.

Non-denticulate helodelliforms have very sharp posterior and

ot . ——
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interior margins and deep triangular basal cavities that have their apices

at the point of maximum element curvature. Narrow carinae run the length

of the element near the centre of each lateral face.

e e e

Remarks. Very few elements of this species were recovered and so it

L IR OR

is unlikely that the nature of the whole apparatus is represented bv the

descriptions.

Belodella n. sp. s.f. (Barnes and Poplawski, 1373), from the
Parson's PBoint Formation, Long Island (Fig. 2), is illustrated in Figure

29 along with a non-denticulated belodellifarm from the possibly related

-

Belodella n. sp. A.

PRSCINP DU G-,

Material. 26 specimens (5 symmetrical bicostate belodelliforms,
2 asymmetrical bicostate helodelliforms, 7 acostate belodelliforms,

I?2 non-denticulated belodelliforms).

.

Genus SCALPELLODUS Dzik, 1976
Type Species. Protopanderodus latus Van Wamel, 1974
SCALPELLODUS CAXYTIS (Wehers, 1966)

P1. 6, figs. la-7b; PL. 14, figs. 2

SWEET and BERGSTROM 1962, p. 1226, pdg 168, fig. 17.
WERERS 1966, p. 28-29, pl. 2, figs. 4,5.

DZTK 1976, Fig. lba-e.

Description. This species is composed of simple cone elements with
a wide, rompressed and proclined cusp and a deep triangular basal cavity

that has its apex near the anterior margin at the point of maximum
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Figure 33. A-R, Scalpellodus cavus (Webers): A, nearly symmetrical bi-
carinate drepmmodiform: B, unicarinate drepancdiform; C,D, non-carinate
drepanodiforms; E, strongly bowed drepanodiform. F-1, Scalpellodus n.

sp. A: F; near symmetrical drepanodiform; G-1, asymmetrical drepanodi- .
forms. Inner lateral views, lefr of centre; outer lateral views, right

of centre. Illustrations are all X62.
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curvature. The posderior margim is very sharp whereas the anterior margin
is less sharp and may be narrofly rounded on the base, The sharp oral
edpge of the base is slighrly concave but mefgcs almost impercepribly with
the posterior edge of the ;usp.

This species has a symuelry transition of symmetrical or nearly
symnetrical bicarinate drepanodiforms to strongly bowed drepanodiforms,

but differences between the individuval form groups are small. The nearly

symmetrical elements have near equally developed broad carinae on the an-
.

terior part of each lateral face. A second form group constitutes elements

with a well developed carina on the inner face of the base only, and a
slightly inward deflected cusn.

Non-carinate drepanodiforms have biconvex basal margins and in-
ward deflected cusps. The cusp of most of these forms is inward deflected
to the same degree as the unicarinate drepanodiforms, whereas the remain-—
der show a noticeably stronger inward deflection of the cusp.

The most asymmefrical drepanodiforms have a lanceolate basal

margin and a very strongly inward bowed cusp.

Material. 521 specimens (76 near symmetrical bicarinate drepanodi-
forms, 172 unicarinate drepanodifarms, 205 non-carinate drepanodiforms,

68 strongly bowed drepanodiforms).

SCALPELLODUS n.sp. A

P1. 6, figs. 8a-10b; Pl. l4, fig. 10; Fig. 33F-I

Description. This species is composed of shor:t and broad simple

cone conodonts which have sharp posterior margins and generally narrowly




rounded anterior margins. The basal cavities are deep and triangular with
apices near the anterior margin. A shallow trough runs the length of the
element near the anterior margin of the lateral faces. The type la appar-
atus of this species shows a simple symmetry transition from near symmet-

rical forms through forms with inrreasing inward concavity.

The nearly symmetrical forms have a sharp posterior margin and a

narrowly rounded anterior margin that is sharply bounded on both faces
b§1 a shallow trough. Anterior of the midline of the element, the basal
margin flares biconvexly; more to onc side than to the ather. This lat-
eral flaring is expressed, on the lower half of the element, as broadly
rounded carinae.

Definately asymmetrical forms have a thin and sharp posterior
margin that is straight to concave, generally with increasing asymmetry
of form. The inner basal margin is slightly concave, whereas the outer
basal margin is convex and slightly flared. Anterior of the midline of
the element there is a broadly rcounded carina on the outer face of the

element.

Remarks. This species 1is represented by only a few specimens from
widely separate samples but the forms are easily distinguished by the
presence of the sharply bounded troughs adjacent to the anterfor margin

of the elements.

Material. 13 specimens.
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Genus WALLISFRODUS Serpagli, 1967

Type Species. Acodus curvatus Branson and Branson, 1947

Liscussion. Cooper (1975, p. 995), when identifying Walliserodus
debolti (Rexroad) emended the genus Walliserodus to include an acodiform
and a suite of costate paltodiforms in a grading wurphological series.
He regarded the name of the two acodiforms to have age priority over the

names of the other constituents of the dapparatus and consequently chage

cne (Acodus curvatus s.f.), for the name of the species and type species

of the genus Walliserodus.

The apparatuses of the three“represented species of E}_Lia_g_r_o_ggg
from the Cobbs Arm Formarion also have a suite of paltodiforms plus one
form which could be referred to as an gcodiform or which would at least

occupy & similar position in the apparatus as rhe acodiform.

WALLISERODUS ETHINGTONT (Fahracus, 1966)

Pl. 6, figs. lla-16b; P1. 14, fig. 13; Fig. 34A-H

FAHRAEUS 1966, p. 26, pl. 3, figs. 5a,b.
BERGSTROM, RIVA and KAY 1974, pl. 1, fig. 12.

DZIK 1976, Figs. ldo,p

Description. This is an apparatue of strongly variable simple cone
conodonts comprising both costate and non-costate forms; each with a deep,
broad basal cavity with an apex near the anterior margin at the point of
maximum element curvature., The cusps of these forms are erect to slightly
proclined and only slightly longer that the high bases. Posterior marging

are sharp throughout the length of the elements. Anterior margins of the
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bases are smoothly convex whereas the anterior margins of the cusps may
be convex or sharp.

Symmetrical multicostate drepanodiforms have a costate poster-
ior margin, a convex anterior margin and carry two costae on each lateral
face that run the length of the element.

Asymmetrical multicostate drepanodiforms were found to be quite

variable.Nearly symmetrical forms have two costae on each lateral face but

these become indistinct some distance up the cusp. Only the inner post-
erior lateral costa continues to the irregular bassal margin. A second
asymmetrif%l form has two or three costae on each lateral face. The inner
anterior lateral costa of these forms merges with the anterior margin
some distance up thé element. Other asymmetrical forms may be costate on
the inner side only or non-costate. The latter tend to have one lateral
face that is near planar with the other broadly convex.

In addition to the above described forms the apparatus has
non-costate forms with a robust, compressed and sharp-edged rusp that is
strongly deflected inward. The inner cusp face is near planar wvhereas the

outer face is convex. The deep wide basal cavity has a planar outer margin

and a strongly flared inner margin.

Remarks. W. ethingtoni shows an inconsistent variation of form and

is thus difficult to adequately describe, especially when present in low
numbers as is the case in this study. [t nonetheless appears to have a
type la apparatus similar to Scalpellodus.

There does not appear to be longitudinal striations on W. eth-

ingroni.
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Material. 81 specimens (5 symmetrical multicostate drepanodi forms,
45 asymrnetrical multicostate drepanodiforms, 21 non-costate drepanodi-

forms, 10 strongly bowed grepanodiforms).

WALL1SERODUS NAKHOLMENSIS (Hamar, 1966)

bl 7. figs. 1-by PL. 14, fig. 12 Fig. 35A-E

HAMAR. 1966, p- 66, pl. 7, figs. 29-24, Fig. 3:3.

-

DZIK 1976, Figs. l4g-t.

Description. W, nakholmé_n_gi_s_ is an apparatus of simple cone conodbnts
most of which are characterized by lateral costae and fine 1ongitudinal
striations. This species has a type la apparatus that shows a gimple sym~
metry transition from symmetrj,cal multicostate drepancdiforms through tri-
costate and asymmetrical bicostate drepanodiforms to non—-costate inward
bowed drepanodiforms.

The costate elements have slender syberect tO proclined cusps

and deep basal cavities that have their apices near the anterior margin

at the point of greatest element curvature. Posterior margins are sharp
whereas the anterior ‘margins are smoothly coavex. Symmetrical multicos=
rate drepanodiforms have two costae on each lateral face. One lies close
to the anteriof margin and becomes indistinct some distance up the element.
The other is gituated more OF less centrally on the base and continues
to the tip of the cusp. .
Tricostate drepanodiforms have only one posterior lateral costa
which is carried on the cuter face. ‘This outer costa and the inner anter—
ior lateral costa continue to the tip of the cusp. The outer anterior

lateral costa becomes indistinect some distance up the element.
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Figure 35. AE, Walliserodus nakholmensis (Hamar); X62: A, symmerrical
multicostare drepanodlform B, tricostate drepanodlform C, asymmetrical
bicostate drepanodlform, D,E, inward bowed drepanodiforms F, distacodi-
form {residual), X52. G,H, oistodiform 1 (residual), X62, Inner lateral
vieks, left of centre; outer lateral views, right of centre,




Asyﬁmetrical bicostate drepanodiforms have an inward twisted
cusp, a convex outer surface and a planar to slightly convex inner sur-—
face of the base. The posterior margin of the cusp is broadly carinate
from its tip to its base whereupon it becomes indistinct. The anterior
margin is sharp and slightly curved posteriorly. An outer posterior costa
begins near the basal margin and continues to the tip of the cusp. The
sharp oral edge of the base is not continuous with the carinate posterior
margin of the cusp, but rather it continues a short distance up the cusp
between the ﬁosterior margin of the cusp and the outer lateral costa, to
where it begoﬁes indistinct. A short costa is often present on the inner
face of the base.

The non-costate inward bowed drepanodiforms are convex outward

and tapered their full length. The posterior margln of the cusp is nar-

rowly rounded but becomes indistinct near its base. The oral edge of the

base is sharp and swings outer laterally near the cusp base. It disappears

after a short distance.

Remarks. This species is represented in relatively low numbers and

thus the description of the apparatus is probably incomplete.

Material. 149 specimens (22 symmetrical multicostate drepanodiforms,
48 tricostate drepanodiforms, 56 asymmetrical bicostate drepano™®forms,

23 inward bowed drepanodiforms).

WALLISERGDUS n. sp. A
P1. 7, figs. 6a-10bs P1. 14, fig. 11; Fig. 36A-E

rFa

Description, This species has a simple symmetrical asymmetrical




A: A, symmetrical multicostate
te drepancdiform; C, tricos-

Figure 36. A-E, Walllserodus n. sp.

drepanodiform; B, asymmetrical multicosta
asymmetrical bicostate drepanodiform; E, in-

oistodiform 2 (residual). G, strachan-
left of centre; outer lat-

Illustrations are all X64.

tate drepanodiform; D,
ward bowed drepancdiform. F,
ognathiform (residual). Inner later views,
eral views, right of centre.
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symm;try transition comprising four multicostate drepanodiforms and one

inward bowed and unicostate drepanodiforn.

: The multicostate drepanodiforms all have a slender erect or:

proclined cusp that is posteriorly costate or carinate and anteriorly

convex. The triangular bases are deeply excavated, each with an apex near
o

the anterior wargin -ar the point of maximum element curvature. Symmetri-

cal multicostate drepanodiforms bear five costae: one on the posterior

margin and two on each lateral face. Posterior lateral costae run from
near the basal margin along the centre of the cusp faces to its tip. The
anterior lateral costae begin near the basal margin but become indistinct

some distance up the element.

On the asymmetrical multicostate drepanodiforms, the inner an-
terior lateral costae and outer posterior lareral costae continue the
length of the element whereas the inuer posterior lateral costae and the
outer anterior lateral costae disappear near the base of the cusp. The
costate posterior edge of the cusp and the sharp oral edge of the base
are not confluent, but are laterally displaced slightly outward and inwatd
respectively.

The tricostate drepancdiforms each lack an inner posterior lat-
eral cosra. Outer posterior lateral costae and inner anterior 1§tera1 cos—

tae contunue the lengrh of the element whereas the outer anterior lateral

costae disappear some distance up the element. The posterior margin of the

cusp 1s broadly carinate. The sharp oral edge of the base deflects inwards

in the area of the cusp base but disappears ;fter a short distance.
Asymmetrical bicostate drepanodiforms have a continuously sharp

posterior margin and an anterior margin that is convex on the cusp but
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which narrows to a rounded ridge on the base. This ridge is outwardly con-

vex and inwardly planar. A posteriorly positioned costa on the outer lat-

i s >

eral face begins near the basal margin and continues up the cusp to its

tip. An anteriorly positioned costa on the inner lateral face runs most

of the length of the element. The base of this form has near parallel out-

er and inner m;rgins, unkike the triangular basal outlines of the other
multicostate forms.

The inwardiy bowed drepanodiforms are tapered and have sharp
posterior and anterior margins that are somewhat‘curved inward. The outer
lateral face of the element is convex. The inner cusp face carries a

broad carina which narrows to become a costa on the base.

Remarks. This species shows a remarkable resemblance to the Silurian
species W. curvatus (Branson and Branson), and is possibly an ancestral
form to it. Lt does,-however, appear ' to have only one form of acodiform,

(3

rather than the two described by Cooper (1975), for W. curvatus.

Material. 219 specimens (25 symmetrical multicostate drepanodiforms,
38 asymmetrical multicostate drepanodiforms, 67 tricostate drepanodiforms,

34 asymmetrical bicostate drepanodiforms, 55 inward bowed drepanodiforms).

Genus PSEUDOBELODINA n. gen.

Type Species. Ocpikodus copenhagenensis Ethington and Schumacher, 1969

Diagnosis. Included in this genus are species with a type lc appar-
atus comprising denticulate forms with a deep triangular basal cavity
and non-denticulated oistodiforms. There may not be symmetrical forms

present in the apparatus. \
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Discussion. The apparatus of this genus is most similar in compo-
sition to Belodina, but appears to have descended from an entirely dif-
ferent stock (i.e. Scalpellodus)}. The similarities between this genus

and Belodina are probably due to evolutionary convergence.

PSEUDOBELODINA n. sp. A

" p1. 7, figs. lla-13b; PL. 14, 14, figs. 14,15; Fig. 29F,C

ETHINGTON and SCHUMACHER 1969, p. 465, pl. 68, figs. 5,9. Fig. 41; p. 4E7-
68, pl. 68, figs. l-4, Fig. Sc.

BERGSTROM, RIVA and KAY 1974, pl. 1, fig. 1ll.

Description. Thls species has belodelliform and oistodiform con-
stituents.

The belodelliforms have a relatively short, compressed and
shiarp-edged cusp that is followed posteriorly by a row of 10 to 15 small,
sharp, basally confluent and laterally compressed denticles that show a
near constant inclination of about 20 degrees to the cusp. The anterior

margin of the element is sharp and continuously curved from the basal

margin to the tip of the cusp. Each lateral face carries a narroWwly roun-

ded carina which begins slightly posterior of the midline on the cusp and
continues parallel to the anterior margin down to the basal margin. The
inner lateral face is slightly concave with a near planar basal margin
whereas the outer face is convex with a basal margin thac flares outward
in the region of the carina. The basal cavity is triangular in outline
with its apex near the anterior margin about half way up the element.
The more asymmetrical denticulated forms have a broader outer lateral

flaring of the basal margin.




The gistodiforms have a short and slender sharp edged cusp
that is slightly inward deflected. The anterior margin is continuously
curved from the tip of the cusp to the basal margin. The posterior mar-
gin of the cusp is slightly concave and continuous with the keeled convex
oral margin of the base. The outer lgteral-face and 1its hasal margin are
planar to slightly convex whereas the inner lateral face and its basal

margin are proadly conveXx.

Remarks. Like Belodina, the composition of the apparatus of this
genus appears to be reduced in comparison to more normal apparatuses of
.
Panderodontidae. It appears only to have two o three asymmetrical dent-
iculated forms and non—denticulated oiscodiforms. Unlike that of Belodina,

this apparatus appears to show no curvature transition and is therefore

considered to be of apparatus Lype Ic (i.e. a variant of apparatuiikﬁ3.

There is a very noticeable similarity between the belodelliforms
of thié species and the non—-costate belodelliforms of Belodella n.sp.A
(Fig. 29). This may indicate that the two are soméhow related. There is,
hbwever, a distinct difference in the nature of the denticulation between
the two specles, and, in addition, the tWO species were not found to be

associated in the Cobbs Arm Formation. Consequently the two are considered

distinct.
Material. 62 specimens (33 belodelliforms, 29 oistodiforms)

Genus NEW GENUS A n. gen.

Type Species. New Genus n. SP. An. Sp-

Diagnosis. Conodonts with a denticle row posteriorly as well as

P Y S
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anteriorly on at least one of the constituent forms. There is a simple

symmetrical asymmecrical symne try transition only ({.e. apparatus ib)

NEW GENUS A n. sp- A

p1. 7, figs. la-19b; P1. 15, figs. 1,25 Fig. 32A-E

Description. This species has a simple synmmetry trangition from
symmetrical and asymmetrical bicostate belodelliforms through unicostate
~and acostate belodelliforms tc an anteriorly and posteriorly denticulared

belodelliform.

The symmetrical bicostate belodelliform has a relatively long
and slender erect CQFP with a convex agterior margin and a sharp poster—
ijor margin. The arcﬁéd oral margin of the base has about 10 compressed,
sharp and basally confluent denticles that show increasing inclination
away from the cusp. There are two lateral costae Which‘begin at the tip
of the cusp and continue down the anterior margin of the base where they
become costa-like processes. The lateral faces of the base are planar.
The basal cavity is triangular and shallow, with its apex near the anter—
jor margin about one third the distance up the base.

The asymmetrical bicostate belodelliforms have a'relatively
long and slender proclined cusp Wwith a convex anterior margin and a sharp

-
posterior margin. The oral edge of the base is not arched as on the sym=
metrical forms, but is similarly dentfculated. The two costae situated on
the cusp continue along the anterior margin of the hase as costa—-1like pro-
cesses but are nat symmetrically disposed. One costa is located more
posteriorly on the cusp as well as on the base. The basal cavity is trian-

gular and has its apex near the anteriorx margin about omne half the




distance up the base.

The cusp of the unicostate belodelliform is about one half of
the length of the base and has a sharp posterior edge and a narrowly
rounded anterior edge. The denticles of the oral margin of the base de-
crease in size, and show an increase in inclination, away {rom the cusp.
They are compressed, sharp and basally confluent. A single lateral costa
occupies an anterior position am the cugp but near the hasal margin it
merges with the anterior margin. The basal cavity is triangular in outline
and has its apex anterior of the midline of the element about one half
of the distance up the base.

The anteriorly denticulated belodelliform has a short, compres-
sed and sharp-edged cusp and denticulated anterior and posterior margins.
The denticles are compressed, basally confluent and sharp. Those of the
wing-like anterior process are near perpendicular to the hasal margin,
whereas those of the oral margin of the base are near parailel to the
cusp. The inner surface of the element i1s concave whereas the outer sur—
face is convex. In oral view, the basal margin is outward exte ded to a

point. The basal cavity is relatively small and triangular in outhne.

Remarks. This species shares many of itsoverall characteristics

with Belodella n. sp. 4, They both have a type Ib apparatus, characterized

by a simple symme"trical asymmetrical symmetry transition series of forms

that are posteriorly denticulated. Both species have symmetrical bicoctate
belodelliforms, asymmetrical bicostate belodelliforms and acostate bel-
odelliforms, but in addition to forms with a row of denticles posteriorly,
New Genus A n. sp. A has a form with a row of denticles pusteriorly and

anteriorly.
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The latter form is similar to forms described for the genus
Agpalachignathus (Rergstrom, Carnes, Ethington, Votaw and Wigley, 1974),
but other than this, there is very little in common between the two genera.

The anterior denticulation of one of the constituent forms is
considered important to the distiunction of the apparatus and it is here—
in acsigned to & new genus- 1t should be nared, however, that without
the presence of the anterior denticulated helodelliform, th.is apparatus \

[ )
could easily be assigned to Belodella.

Material. 28 specimens (4 symmetrical bicostate belodelliforms,
i asymmeti:ical bicostate beledelliforms, f unicostate belodelliforms,

4 anteriorly denticulated belodelliforms).

7 acostate belodellitorms,

Family UNKNOWN
Genus ONEQTODUS Lindstrom, 1955
Type Species. Q_istacodus? simplex Furnish, 1938
7ONEQOTODLS MITRATUS {Moskalenko, 13773)

P1. 10, figs. 11,12; Fig 28D, E

SERPAGLI 1967, p. 107, pl. 29, figs. Za=ci p. 107, pl. 29, figs. lab. l
MOSKALENKO 1973, pl. 17, figs. 9-11; pl- 17, figs. 12-15.

pZ1K 1976, Fig. 12e,f.

Description. These are irregular simple cone conodonts that have
short conical cusps and squat, broadly flared bases. The oral margin of
the base may be narrowly rounded. Basal cavities occupy the whole of the

underside of the element.

Remarks. There does not appear to be a possible arrangement of
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: these forms into an apparatus; rather, they are all different and have

the irregularicy likely to be shown by dermal denticles.

Material. 6 specimens.

oo ot

Suborder PRIONIODONTINA Dzik, 1976

Superfamily PRIONIODONTACEA (Bassler, 1925)

Discussion. Lindstrom's (1970), diagnosis of Prioniodontacea incor-

porates early apparatuses comprising oistodiforms, compound forms with a

symmetry transition series and platform-1like (prioniodiform or ozarkodini-

form) elements. Younger apparatuses appear to have lost all but the plat-

form elements during evolution. ;
In this diagnosis the presence of an cistodiform in the appar-

atus of the early forms 1s given precedence. However, Dzik (1976} sug-~

gests that Periodontidae, Prioms ntidae and Qistodontidae all evolved

from Drepanocistodus of the inaequalis group. Consequently, carly forms

of each family would no douHt have oilstodiforms within the apparatus.

Dzik (1976, Fig. 4) illustrates Drepanoistodus inaequalis as

a possible ancestor to an Acodus-Oistodus-Triangulodus lineage. McTavish

(1973), 1is convinced that Acodus deltatus and its immediate descendents

are the ancestral stock to Prioniodontidae. Dzik (1976) presumes that

Periodon adentatus is the oldest representative of Periocdontidae, appear-

ing somewhat earlier than Acodus deltatus in the Emmanual Formation of

western Australia (McTavish, 1973),

Members of the family Prioniodontidae are characterized by

forms with three prpecesses, whereas members of the family Periodontidae

-

-
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are characterized by asymmetrical forms with two branches, and sc, follow-
ing -Dzik (1976), Periodontidae is placed within the suborder Ozarkodinina

Dzik, rather than within the suborder Prioniodontina.

A
( Genera within the superfamily Prioniodontacea have a type IV

\

of type V apparatus. Within the family 3alognathidae, Amorphognathus and

Pygodus have a type IV apparatus whereas Eoplacognathus, Polyplacognathus

and Rhodesognathus have a type V apparatus. Within the family Prioniodon-

tidae, Acodus and Baltoniodus have a type IV apparatus .

Family BALOGNATHIDAE Hass, 1959

Discussion. Lindstrom (1970) suggests that this family evolved
from Baltoniodus-1ike ancestors because members of the family Balognath-
idae have two kinds of platform elements: an ambalodiform, with three

processes, and an amorphognathiform with four processes (i.e. Amorphog-

nathus). Amorphognathus has 3 type IV apparatus.
" The genus Pygodus nas an apparatus that is type IV in nature,
but the elements of the first symmerry transition are drastically reduced

in size and the second symmetry transition appears to be represented by

two rather than three forms. This kind of apparatus is most likely der-

rived from an Amorphognathus apparatus. The amorphognathiform of Pygodus,
however, has a surface microstructure of closely spaced pits like Eoplac-
ognathus (i.e. Plate 15, figs. 6,7). The two genera may thus be closely

related but it is undlikely that one is derrived from the other; rather,

the two probably diverged from an Amorphognathus apparatus separately.

The genus Polyplacognathus is clearly derrived from an Eoplac-

ognathus apparatus.
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Genus AMORPHOGNATHUS Branson and Mehl, 1933

Type Species. Amorphognathus ordovicicus Branson amd Mehl, 1933

AMORPHOCNATHUS sp. cf. A, INAEQUALIS-A. KIELCENSIS trans

- v e ——r A ——— =

Fig. 28B

T

Description. This species is represented by only two broken amorph-
ognathiforms that have a ‘long straight and narrow posterior process and
a bifid posterc-lateral process. The latter has a posterior lobe that
’4,] carries about 6 node-like denticles and a poorly developed anterior lobe
that carries a single denticle only. The basal cavity occupies the under—

side of all the processes.

Remarks. This description and identification was made on the basis
-

of two isolated elements of an incomplete apparatus and thus should prob-
ably be cons%kreﬂ rentative. However, the amorphognathiforms of this ap-
paratus are usually considered the most diagnostic form, on the species
level. L
>
The amorphognathiform of A. kiﬁlcenses Dzik, has a postero-lat-—
eral process with a single denticle row and a swollen upper margin where-— 1

as A. inaequalis Rhodes has a bifid postero-lateral process with two den—

\-//

‘~J> ticle rows. The species of Amorphognathus represented in the Cobbs Arm

Formation has a bifid postero-lateral process but the anterior lobe of

this process is weakly developed and carries only a single denticle. It !

is consequently considered transitional between A. kielcensis and A. in-

aequalis.

Material. 2 specimens (2 amorphognathiforms).




<>
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Genus EOPLACOGNATHUS Hamar, 1966 *

Type Species. Ambalodus lindstroemi Hamar, 1964

EOPLACOGNATHUS LINDSTROEMI (Hamar, 1964)

P1. 10, figs. 5,6,9,10; P1. 16, figs. 1-3; Fig 37B,E,F

HAMAR 1964, P- 258-59, pl. 5, figs. 1,4,7,8,10,11, Figs. 5:la,b,3a,b;
p- 275-76, pl. 6, figs. 3,6-10, Figs. 5:7a,b,9a-c.

VIIRA 1967, Fig. 4:5a.b.

BERGSTROM 1971, p. 139, pl. 2, figs. 15-18.

VIIRA 1974, p. 74-75, pl. 8, figs. 14,15,19-22, Fig. 81; p. 106, pl. 9,
figs. 19,20,28,31,32,727, Fig. 134; p. 111, pl. 9, Figs. 22-26, 29,
30, Figs. 142,143

DZIK 1976, Figs. 334,e.

Description. This species comprises Y-shaped ambalodiforms with {
usually markedly dissimilar sinistral‘and dextral forms and star-1ike ‘
polyplacognathiforms (amorphognathiforms).

The dextral ambalodiform has a long anterior process and shorter L
near equal length posterior and lateral processes. The cusp is short and
robust, slightly posteriorly directed and inner deflecred.

The posterior process is tongue-like and has a central row of
low denticles that is straight to slightly curved anteriorly. The anter-
ior process is twice the length of the posterior process, curved insig-
nificantly outward and tapered to a point. Tt has a central row of dent-—
icles th?L is low near the cusp but becomes higher towards the anterior
end of the process, Near the cusp the denticle row swings laterally

about 90 degrees, into the plane of the posterior process. The lateral
’

e
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process develops from the cusp at an angle of about 60 degrees with the
posterior process. It 1snear1ystraight,nearly equal in length with the

posterior process and 1s strongly flexed down away from the cusp.

The sinistral ambalodiform {1s not a mirrored image of the dex-

tral ambalodiform. Posterior and lateral processesareneariyequal in
length and set at an angle of about 30 degrees. The posterior process is
curved slightly anteriorly whereas the lateral process is straight and
is flexed strongly down away from the first or second denticle anterior
to the cusp. The anterior process is more than twice the length of the
posterior process, is tapered to a point and is denticulated in similar
fashion to the dextral ambalodiform. The denticle rows of the posterior
and antefior processes are set at an angle of about 110 degrees.

The basal cavities of the ambalodiforms extends down all pro-
cesses as narrow slits.

The polyplacognathiforms are star-like platform conodonts with
four irregular and denticulated processes. The main denticle row is slight-
ly S-shaped and constitutes a longer posterior process with about 8 low
denticles and a rather broad piatform, and a shorter, pointed anterior
process with about 6 higher denticles bounded by platform ridges. The
platform of the posterior process i{s expanded more taward the outside,
especially so in sinistral forms, where the outer-lateral flare may carry
denticles.

The p&g;ero—lateral process is somewhat short, tongue-like and
set at an angle of 60 to 70 degrees with the anterior process. 1t carries
a central row of four or five low denticles that originate on the side of

a main row deaticle, one or two places posterior to the cusp. The bifid
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antero-lateral process cfiginates from the cusp and has a long, straight
and tapered posterior lobe with at least 15 denticles, and a short and
pointed anterior lcbe with three or four denticles.

The basal cavities of the polyplacognathiforms are narrow slits
that continue down all processes, but they are hidden ia nearly all spec-
imens by basal funnels which are broadly open beneath the posterior and
pPostero-lateral processes and which are narrow beneath the anterior and

antero-lateral processes.

Material. 108 specimens (15 dextral and 17 sinistral ambalodiforms,

76 polyplacognathiforms).

EOPLACOGNATHUS ROBUSTUS Bergstrom, 1971

Pl. 10, figs. 1-4,7-8b; Pl. 15, fig. 6; PL1. 16, Figs. 4-6; Fig. 37A,C,D

WOLSKA 1961, p. 346, pl. 1, figs. 6a,b; Zp. 346-47, pl. 2, figs. lla,b.

THAMAR 15964, p. 259-60, pl. s, figs. 5,12, Figs., 5:2a,b.

VITRA 1967, Figs. 4:3a,b.

BERGSTROM 1971, p. 140, pl. 1, figs. 14-16.

VITIRA 1972, Fig. 8.

VIIRA 1974, p. 79-81, pl. 8, figs. 16-18, Figs. 88-91; p. 108-10, pi. 9,
figs. 3-9,13-18, Figs. 137-139.

DZIK 1976, Figs. 32a-1i.

Description. The dextral ambalodiform is a Y-shaped platform con-

odont with denticulated anterior, posterior and lateral processes. The

cusp is short and stout, slightly posteriorly directed, and inner deflect-

ed. Threc smooth costae diverge away and down from the tip of the cusp
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to form the denticulated processes,
T
The posterior Process isg tongue-like, has about 7 ilow denticles
and is somewhat variable in curvature such that geologically ulder Spec-

imens tend to have 4 strongly curved posterior process while the more ad-

vanced forms have 4 postferior process thatisnearlystraight. The anterior

The sinistra] ambalodiform is markedly differene from the dex-
tral ambalodiform, It iy T~shaped in oral view and has  very short post—
erior and lateral Processes. The bPosterior process is straight reo slightly
bent anteriorly and éhort; about as long as wide. It is tongue-like, with
a central row of two or three low and inconspicuo;s denticles. The anter-—
lor prucess jg Straighe, tapered to 3 point, and nearly three times the
length of the posterior process. g central row of about 16 denticles dis-
tally makes an angle of 100 to 110 degrees with the cusp and the poster-
iur process. The lateral process curves posteriorly and down away from
the first denticle anrerinr to the cusp and makes an angle of about 135

degrees with the posterior process. The proress is sinuous in oral view

and isnearlyequal or slighcly longer than the posterior process.

P
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The basal cavities of the ambalodiforms are narrow grooves that
occur beneath the three processes, but they are hidden by a basal funnel

in almast all of the specimens.

Remarks. The pclyplacognathiforms of E. robustus vary little from

B

those of E. lindstroemi. The main denticle row appears to be a little

. more sinuous and the platform flare of the posterior process broader on

polyplacognathiforms of E. robustus. The postero-lateral process and the

e

anterior lobe of the antero-lateral process are propertionately longer

on polyplacognathiforms of E. lindstroemi.

Marerial. 316 specimens (83 dextral and 103 sinistral ambalodiforms,

130 polyplacognathiforms).

Cenus POLYPLACOGNATHUS Stauffer, 1935

Type Species. Polyplacognathus ramosus Stauffer, 1935
POLYPLACOGNATHUS SWEETI Bergstrom, 1971

p1. 10, figs. 13-15; PL. 16, fig. 7i Fig. 376-1

+ o m————n e bt

HAMAR 1966, pl. 5, figs. 10,11.

BERCSTROM 1971, p. 143-44, pl. 1, figs. 1,2, Figs. lic,d.

Description. The ambalodiforms have a very wide tongue-like anterior

process and a narrov, pointed and spine-like posterior process that 1is
set at an angle of about 100 degrees to the‘anterior process. Opposite
the posterior process, there is a short lateral process that is set at an
angle of about 120 degrees to the anterior process. The anterior and lat-
eral processes each has a central row of low node-like denticles. The

posterior process is similarly gurmounted by rather high denticles. The
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perimeter of the anterior process has low ridges arranged perpendicular
to the margin.

The polyplacagnathiforms (amorphognathiforms) have a relatively
long platformed posterior process,withnearly parallel margins, and a short
pointed anterior process which together are surmounted by a continuous
central row of denticles that are high and node-like on the posterior
process and equally high, compressed and confluent on the anterior pro-
cess. The postero-lateral process is very broad, roughly tri;ngukar and
about the same length as the anterior process. [t has a central row of
poorly developed node-like denticles. The antero-lateral process is about
the same length as the posterior process, tapered to a point and also
surmounted by a central row of denticles.

The surface of both forms is marked by a distinct pattern of
minute, clesely spaced pits like those on the surfaces of forms of the

genus Eoplacognathus and like the surface of amorphognathifcrms of the

Pygodus apparatus.

The aboral surface of both forms has a shallow dish-like exca-

vation showing conspicucus growth lines.
Material. 7 specimens (4 ambalodiforms, 3 polyplacognathiforms).

Genus PYGODUS Lamont and Lindstrom, 1957

Type species. Pygodus anserinus Lamont and Lindstrom, 1957

’

Discussion. Dzik (1976), considered the possibilities that Pygodus

may be connectedt&éjthe genera Amorphognathus and Eoplacognathus because

of the occurrence of primitive ambalodiforms and amorphognathiform—1like

elements in its apparatus. Moreover, the surface of amorphognathiforms
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from the apparatuses of Eoplacognathus and Pygodus are similarly marked

by a distinct pattern of minute, closely spaced pits (Plate 15, figs.
6,7).
It is common for species of Balognathidae to have an apparatus

that is reduced in composition as compared to the early Prioniodontacea

stock. This is the case also for Pygodus, where cistodiforms are complete-

ly lacking and compound elements of the first symmetry transition arc re-—

duced in size and probably in their ratio of occurrence within the appar-

atus. Nonetheless, the genus Pygo@gg‘basically has a type IV apparatus.

PYGODUS ANSERINUS Lamont and Lindstrom, 1957

P1. 9, figs. Sa-14b; P1. 15, figs. 8-10,12,13; Fig. 38E-J

LAMONT and LINDSTROM 1957, p. 67-69, pl. 5, figs. 12,13, Figs. la-d.
SWEET and BERCSTROM 1962, p. 1241-43, pl. 171, figs. 11,12, Fig. 4;
p. 1229, pl. 170, figs. 1,45 p-. 1243-44, pl. 170, figs. 7-9;
p. 1248-49, pl. 170, figs. 5,6.
HAMAR 1964, p. 279, pl. 4, figs. 1-4,115 p. 266-67, pl. 4, figs. 13,16,
Figs. 5:6a,b; p. 280, pl. 5, figs. 15,16,20,21, Fig. 4:12; p. 285,
pl. 6, figs. 4,5, Fig. 4:14,
BERGSTROM'1971, p. 149, pl. 2, figs. 20,21,
BERCSTROM, RIVA and KAY 1974, pl. 1, figs. 16,17.

DZIK 1976, p. 410, Figs. 7, 29t.

Description. P. anserinus is a multielement assemblage of compound

and platform conodonts that comprise two transitions: trichonodelliform-
belodiform- tetraprioniodiform and haddingodi form-pygodiform.

The trichonodelliforms are small, clongate forms with a slender




Figure 38. A-G, Pygodus serrus {(Hadding). E-K, Pygodus anserinus.
L, Pygodus n. sp. A. A4B,J-L, pygodiforms; C,D,H,I, haddingodiforms;
E, trichonodelliform; F, belodiform; G, tetraprioniediform. lmner
lateral views to left. Tllustrations are all X52Z.
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subcircular cusp that is about one half the length of the base. A pos-
terior process and two equally developed lateral processes each have about
8 short proclined denticles.' ‘

The belodiforms are similar to the tric‘honodelliforms, but have
a slightly inward twisted cusp, an inward concave posterior process and
un.equa‘lly developed lateral processes. The outer-lateral process 1s wider
developed than the inner-lateral process and together with the posterior
process have short, basally confluent and sharp edged denticles. The in-
ner—lateral process may or may not bear denticles.

The tetraprioniodiforms are small, elongate, slightly inward
concave and have short and slender subcircular cusps. The posterior and
anterior processes have 6 or 7 short and proclined inward directed dent-
icles whereas the lateral process-like costaec are undenticulated.

The haddingodiforms have shert erect cusps that are sharp-edged

and biconvex. The sharp edges of the cusp continue down and away from the

cuspasneglyequally developed posterior and anterior processes set at an

angle of 60 to 90 degrees and a mean of 75 degrees. The're are 10 to 15
basally confluent and sharp denticles on each process. The outer—lateral
process is about one-half the length of the other two processes and gen-
erally non-%enticulated, however, there may occassionally be one or two
“weakly developed denticles at its distal end. A deep basal cavity extends
under the entire element. )
The pygodiforms are compound platform-like conodonts with a
short blunt cusp situated at the anterior end of the element. Posteriorly,

the platform flares widely and is surmounted by fqur rows of 5 to 15

blunt node~like denticles. The underside of the pygodiform is broadly
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but shallowly excavated. The roof of the cavity is smooth except for the
presence of circular cavities beneath the node-like denticles of the up-

per surface of the element.

Material. 1687 specimens (991 pygodiforms, 617 haddingodiforms, 15

trichonodelliforms, 46 belodiforms, 1B tetraprioniodiforms).

PYGODUS SERRUS (Hadding, 1913)

P1. 9, figs. la-7b,10a,b; Pl. 15, figs. 7-11,14,15; Fig. 3BA-G

/WOLSKA 1961, p. 357, pl. 5, figs. 4,5.

/
HAMAR 1964, p. 280, pl. 4, figs. 5-8, Fig. 6:8.
BERGSTROM 1971, p. 149-50, pl. 2, figs. 22,23.

BERGSTROM, RIVA and KAY 1974, pl. 1, fig. 18.

DZIK 1976, Figs. 7,29a,b,c.

Discussion. The apparatus of P. serrus is the same as that of P. an-

serinus except for the nature of the pygodiforms and haddingodiforms. The
pygodiforms of P. serrus are distimguished from the corresponding forms
of P. anserinus by the presence of three, rather than four denticle rows
on the upper side of the platform. The haddingodiforms are similar to
thBse of P. anserinus but for the angular relationships between the pos-
&terior and anterior processes and the height of the basal sheath., The two
processes are set at an average angle of 60 degrees in P. serrus and 75
degrees in P. anserinus. The basal sheath is longer in P. serrus.
The similarity of the denticulated edges of the haddingodiforms

and the forms of the first transition series convincingly suggests that

they all belong in the Pygodus apparatus, however, the pygodiforms and

D e e e e s A e A
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haddingodiforms strongly outnumber the tiny forms of the first transition

series. In only one sample did the small denticulated forms approach the

o —
freqiency of the haddingodiforms and pygodiferms. It is possible that the ;

ratiog of the trichonodelliforms :belodiforms:tetraprioniodiforms :hadding-

odiforms:pygodiforms is as high as 1:2:2:4:4. The tiny forms of the sym-

——

[

metry transition may well have been sorted out or destroyed during both

the sedimentological and analytical processes. : ,

“«
Remarks. The angular.relationship between the anterior and poster-
ior processes, of the haddingodiforms, was found to be 60 to 90 degrees

with a mean of 75 degrees for P. anserinus and 55 to 80 degrees with a

DU 3 a1« 9 Wb v

mean of 60 degrees to P. serrus. It is true enough that there is a strong

tendencdy ToF haddingodiforms of P. anserinus to have a wider spreading,

but the overlap is too great to make this a strong criterion for iden-

e A

tification. It would appear that the evolutionary changes of the hadding-
g odiforms and pygodiforms were somewhat staggered. The elements of the i

first transition series do not appear to have changed at all across the

transition between the two species.

P

Material.- 1138 specimens (581 pygodiforms, 522 haddingodiforms, 7

trichonodelliforms, 14 belodiforms, l4 tetraprioniodiforms).

~

PYGODUS n. sp. A

PL. 9, fig. 15; Fig. 38L

Description. These forms have a V-shaped platform that marginally is
bounded by non-denticulated ridges. A third ridge begins at the sharp
posterior edge of the short compressed cusp and continues the length of

the platform between the marginal ridges, in a position close to and nearly ,
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parallel with the inner-marginal ridge. The central ridge carries 10 to

I5 node-like denticles. ﬂ

.

Remarks. These platforms have the outstanding characteristics of
the platforms from the P. serrus apparatus, but in the latter case the
Amarginal rows of the platforms bear node-like denticles. The marginal rows
of Pygodus n. sp. Aare non.-dent‘iculated.
It is not clear whether or not the remainder of the apparatus
of Pygodus n. sp. A is the same or similar to the apparatus of P. serrus

and P. anserinus. Pygodus n. sp. A was found in assoclation with elements

of P. anserinus, but only the platform elements were distinct from P. an-

serinus.
Material. 9 specimens.

Genus RHODESOGNATHUS Bergstrom and Sweet, 1966

Type Species. Ambalodus elegans Rhodes, 1953

RHODESOGNATHUS sp. cf. R. ELEGANS POLONICUS Dzik, 1976

Fig. 28A

Desc.rigtion. Only one comple‘te specimen of this species was recov-
ered. It has four processes, three of which diverge from the cusp. The
sharp anterior and posterior edges of the short and robust cusp of this
element develops intonearlyequal lengthed posterior and lateral processes.
Inlateral view these two processes are set at an angle of about 90 degrees.
The short posteriorly curved anterior process merges imperceptibly
with the lateral process at thé bases of the cusp. A postero—latgral pro-

cess diverges from the posterior process near the cusp. Like the other
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three processes, it is surmounted by sharp confluent denticles. The basal

cavity continues under all four processes as a broad open cavity.

Remarks. The single complete element of this species represents an

incomplete apparatus that 1is assigned to Rhodesognathus because of the

unusual and apparently characteristic nature of the ambalodiform of the
genus. The surface of the described element does not bear the distinctive

pattern of minute, closély spaced pits, characteristic of some other

genera within Balognathidae. It is th possible that this genus

has closer affinity to Prioniodus or Balkaplodus, but because of the poor
recovery of elements of the species in question, the genus Rhodesognathus

is placed within Balognathidae following Lindstrom (1970).

Materizl. 3 specimens.

Family PRIONIODONTIDAE (Bassler, 1925)

Discussion. Lindstrom (1970) {ncorporated within this family the

three genera Gothodus, Baltoniodus and Prioniodus.

)
Previously, Bergstrom (1968}, had regarded the form speciles

Gothodus costulatus Lindstrom s.f. as a junior synonym of Belodus gracilis

Pander s.f. which he was including {n a multielement assemblage along

with Prioniodus carinatus s.f., Tetraprioniodus robustus s.f. and an un-

described trichonodelliform. Bergstrom was of the opinion that Belodus,
Gothodus and Tetraprioniodus were synonymous with Prioniodus, the name

giver to the multielement genus.

Bergstrom (1971}, considered Baltoniodus and Prioniodus to be

‘synonyms whereas Sweet and Bergstrom (1972), considered Baltoniocdus to be
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4

a subgenus of Prioniodus. Bergstrom and Cooper (1973) noted the poten-

tial for distinguishing Pricniodus evae, and forms with a similar type

apparatus, as an independent subgenus. They suggested the appropriate name

Oegikodus .

serpagli (1974) reviewed the nomenclature discussions and con-
cluded the most garisfactory solution to be to subdivide the genus Prion-
jodus into the three subgenera: Prioniodus (Prioniodus), Prioniocdus (Bal-

toniodus) and Prioniodus (Oepikodus). ‘McTavish (1973), and Serpagli (1974),

recognized the prioniodiform in Lindstrom's Gothodus to be an Acodus in
form taxonomy and consequently chose the genus Acodus as name bearer in

preference to Gothodus. Dzik (1976) brought Acodus into the family Ois-

todontidae. Van Wamel (1974) raised the status of Oepikodus to the genus
level.

Fahraeus and Nowlan (in press) recognized Serpagli's (1974)
subgenera of Prioniodus as genera because of the major structural differ-
ences between them. They follow McTavish (19731, and Serpagli (1974), for
Acodus, Lindstrom (1971), and McTavish (1973), for Prioniodus and Balton-
iodus and Van Wamel (1974), for Oepikodus. Where applicable these latter
genera are used herein.

McTavish (1973) 1is convinced that Acodus deltatus, and its

immediate descendents,

adiated to originate the Baltoniodus lineage,
(Arioniodus) lineage and the Prioniodus evae

the Prioniodus elegans

(Oepikodus} lineage, during the time span of the upper part of the
Emanuel Formation (lower Arenigian), of the Canning Basin, Westem Aust-—
»
ralia. Lindstrom, McTavish and Ziegler (1972), observed longitudinal i

striations on the cusps of the most primitive prioniodids that are

similar to those of the younger and more advanced specles.
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Genus ACODUS Pander,/lg;b

Type Species. Acodus erectus Pander, 1856

Discussion. This genus was placed by Dzik (1976) within the family
Oistodontidae because of the undenticulated nature, of the processes. Lind-
strom (1970), however, diagnosed the family Oistodontidae to coustirtute

hyaline conodont species and consequently included such differing appar-

atuses ag those of Oistodus and Scolopodus. It has since been debated

g

T

whether the hyaline nature of some species is important for classifica-
tion or whether it is the result of environmental conditions (Dzik, 1976;
Barnes et., al., 1973).

Serpagli (197&),'and McTavish (1973), include within the genus
Acodus trichonodelliforms, cordylodiforms, tetraprioniodiforms, acodi-

forms = prioniodiforms and oistodiforms. This is characteristic of appar-—

atus type 1V (Barnes et. al., 1977). Cistodus and Triangulodus are char-

acterized by a type 11 apparatus. The genus Acodus is therefore considered

more closely related to Prioniodus and Baltoniodus tharI to 0Oistodus and

Triangulodus and is placed within the family Prioniodontidae.

7ACODUS n. sp. A

P1. 11, figs. 1-6; Fig. 39A-G

Description. This multielement species is composed of simple cone
conodonts with high process-like jateral costae and comprises a symmeltry
transition of trichonodelliforms through cordylodiforms to tetrapricniodi-
forms, prioniodiforms and oistodiforms.

Among the small number of elements rec?vered. there is only one

possible trichonodelliform, which 1is broken. It has a suberect cusp and a







sharp posterior edge that 1s continuous with the sharp oral margin of the
base. There are two posteriorly directed costa-like processés that do not
appear to be symmetrically disposed. The basal cavity is deep and trian-

gular in cross section.

The prionipdiforms are superficially similar to the trichonodel-

liforms, but illustrate amore pronounced asymmetry. The basal margin is
convex outward and concave inward.

The tetraprioniodiforms have a proclined cusp and sharp anterior
and posterior margins that become strongly keeled on the base. Two un-
equally developed and asymmetrically disposed process—1like costae emerge
from the lateral faces in a more or less posterior direction.

The oistodiforms have a robust, biconvex and 5harp—edged cusp.
The oral margin of the base is sharp and about aé long as the cusp. The
basal cavity is lanceolate because of lareral flaring of the basal margin.

There are three forms of non-costate elements that are best re-
garded cordylodiforms. One form has a suberect and very robust cusp with
sharp anterior and posterior edges. The outer face of the cusp is convex
and the inner faceis nearlyplanar. The base is shert and not laterally
expanded. A second form has a robust erect cusp with sharp edges and con-
vex lateral faces. Unlike the first described form it is antero-posteri-
orly extended. The basal margin flares in both lateral directions. The
third form has a short cusp, is extended anterg—posteriorly and is broadly

flared laterally. -

Remarks. This species appears to be hyaline, but, nonefheless, is
tentatively placed within Acedus because it has an apparatus more similar -

to Acodus than to Triangulodus or Oilstodus.
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Material. 48 specimens. ’ %

Genus BALTONICDUS Lindstrom, 1971

Type Species. Prioniodus navis Lindstrom, 1955

BALTONIODUS PREVARIABILIS-B. VARIABILIS transition

Pl1. 8, figs. 1-8b,12a-13; Pl. 15, figs. 3,4; Fig. 40A,B,D-F,H

Description. This genus has a type IV apparatus lhat 1s characrer- i
ized by two transition series: trichonodelliform—tetraprion10d1form—belo-
diform series and a falodifo;m-prioniodiform—amorphognathiform transition
series.

The prioniodiform has its posterior and lateral processes set

at an acute angle. The anterior process is strongly curved inward and
varies from one half the len;thtonearlyequal the length of the siightly
flaring posterior process. The lateral process is straight and always
longer than the other two processes. The disposition of the processes of
this form is strongly asymmetrical to nearly symmetrical. In the first ex-
treme, the ante;ior process is about one half the length of, and is sit-
uated 110 to 130 degrees to the posterior process. Orally, there is an
angle of 70 to 90 degrees between the lateral and anterior processes, and

130 to 150 degrees between the lateral and the posterior processes. Lat-

erally, the posterior and the lateral processes are set atgabout 80 de-

grees. In the latter sxtreme, the anterior processisnearlyequal in length

to the posterior process and orlented 130 to 150 degrees from it. Orally,
there is a 70 to 90 degrees angle between the laberal and the anterior
processes and a 130 to 140 degrees angle between the lateral and the pos-

terior processes. Laterally, the posterior and the lateral processes are
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set at an angle of 60 to 80 degrees.

The amorphognathiform has an arched posterior process and a
straight lateral process set at an obtuse angle of 110 to 120 degrees.
The anterior process is short and curved into a plane nearly perpendic;
ular to the plane of the long, slightly sinuous and laterally flared pos—i
terior process. Tthe lateral process is straight and is sifuated anterior
(150 to 160 degrees) to the posterior process. The basal cavity continues
along all three processes. It is narrow in the anterior and the iateral
processes and broadly flared beneath the posterior process.

The falodifor; has a robust and generally long base that exhi-
bits a strong outer-lateral flare. The cusp is laterally compressed, out-
ward deflected and sharp edged.

Elements of the first transition series Have long and slender
proclined cusps and long straight posterior processes with non-uniformiy
slzed denticles. The trichonodelliforms have symmetrical denticulate lat-
eral processes that orally diverge at an angle of 10 io 15 degrees and
which are laterally set at an angle of 20 to 25 degrees with the poster-
ior process. The belodiforms hav; a sharp-edged and undenticulated an-
terior process that encloses an angle of 35 to 45 degrees with the pos-
terior process. The tetraprioniodiforms have an anterior denticulated
and two lateral denticulated processes, When viewed down the cusp, the
lateral processes are set at an angle of abour 135 degrees. Laterally,
the anterior and posterior processes make an angle of about 30 degrees

and the outer-lateral and the posterior processes make an angle of about
1

40 degrees.
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Remarks. The ambalodiforms of the B. grevariabilis apparatus are
distinguished from those of the B. variabilis apparatus by having a total
absence of well aeveloped platform 1pdges along or near the basal margin
of the processes. These ledges make their first~appearance, on ambalodi-

forms in poorly advanced species of B. variabilis oY in highly advanced

species of B. revariabilis, along the‘postErior side of the lateral pro-
cess. More advanced forms also develop ledges along the anterior edge of
the lateral process and along the anterior edge of the anterior process.
Ipuring the short time span of the evolutionary boundary between
the two species it is difficult to set apart an ambalodiform which repre-

gents the B. prevariabilis apparatus trom one representing a B. variabilis - '
e

apparatus, consequently, forms representative of this evolutionary tran-
sition are herein called Baltoniodus Qrevar'abilis-B. variabilis tran-
sition. |

The extremely variable nature of the prioniodiforms was first
noted by Bergstrom (1962), and at ﬁhht time he felt 1it might be possible
to split the species. This variability was also noted herein and was fur-
ther seen to be groupable into two end member clusters, which, when coun—
ted in a few samples, were seen to be about equally represented. This may

{ndicate that there are two different forms of prioniodiforms, which along

with the aumerical data below suggests 2 trichonodelllforms:belodiform:

tetraprionlodiform:falodiform:amorphognathiform:prioniodiform ratio of

1:2:2:2:2:4.

Material. 375 specimens (104 ambalodiforms, 37 amorphognathiforms.

68 falodiforms, 32 trichonodelliforms, 58 tetraprioniodiforms, 56 belodi-

forms).

e e e s
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BALTONIODUS VARIABILIS (Bergstrom, 1962)

Pl. 8, figs. la-5b,9-13; P1. 15, fig. 5; Fig. 40B,C,E-H

BERGSTROM 1962, p. 51-53, pl. 2, figs. 1-7; p. 54, p}. 5, fig. 16;
p. 50-51, pl. 2, figs. B-12, Fig. 2¢: p. 55-56, pl. 2, figs. 15-17;
p. 45, pl. 3, figs. 7-10, Fig. if.

HAMAR 1964, p. 279, pl. 5, figs. 2,3,6; p. 278, pl. 4, fig. \§, pl. 5,

figs. 17,22, Fig. 6:7; p. 281, pl. 3, fig. 16, Fig. 4:11; p. 273,

pl. 5, fig. 9, Fig. 6:13; p. 284, pl. 5, fig. 19; p. 269, pl. 1,
figs. 1,2,7,14.

HAMAR 1966, pl. 4, fig. 6; p. 69, pl. 5, fig. 6, Fig. 6:6; pl.
pl. 7, fig. 25; p. 76, pl. 5, Fig. 43 pl. 1, fig. 21.

é
DZIK 1976, p. 437, Figs. 24h-1.

Discussion. This species has a type IV apparatus that is character-
ized by two transition series: a trichonodelliform-tetraprieniodiform-
belodiform series and a falodiform—prioniodiform—amorphognathifcrh series.

The differences between this species and B. prevariabilis lie

in the nature of the prioniodiforms and amorphognathiforms. The prioniodi-

forms of B. variabills are distingulshed from those of B. prevariabilis

by the presence of well developed plattorm ridges along the basal margin
of the lateral and anterior processes. In the Cobbs Arm Formation, the
anterior process of the prioniodiforms tend to be more conspicuously den-

&
ticulated in B. variabilis than in B. prevariabilis-B. variabilis tran-—

sition.
The amorphognathiforms of the B. variabilis apparatus have pos-

rerior processes with a much broader flaring basal margin than do the

’




,‘

oniodontina. Early species of the lineage inherited, from Drepancistodus,

-149-

corresponding elements of B. prevariabilis. Some of the amorphognathiforms

w

of B. prevariabilis—-B. variabilis transition have broadly flaring poster-

ior processes.

Material. 1397 apecimens (505 ambalodiforms, B84 amorp}llognathiforms,

360 falodifeams, 66 trichonodelliforms, 179 tectraprioniodiforms, 203 bel-

odiforms).

Suborder OZARKODININA Dzik, 1976

Discussion. Dzik (1976}, incorporates, into this suborder, appar-

atuses in which asymmetrical two branched (ozarkodiniforms and hindeodel-

liforms) elements predominate functionally in the apparatus.
The evidence appears to strongly suggest that the early repre-
sentatives of Ozarkodinina evolved from Drepancistodus (Dzik, 1976), and,

that once developed, this lineage became more and more distinct from Pri-

the presence of oistodiforms in their apparatuses. With further advance-

ment, the oistodiforms transformed into neoprioniodiforms (Deik, 1976).

Family PERIODONTIDAE Lindstrom, 1970

Genus PERIODON Hadding, 1913

‘ ’
Type Species. Periodon aculeatus Hadding, 1917

Discussion. Bergstrom and Sweet (1966), incorporated §ix different

coﬁodont forms, including the Cordylodus-Roundya symmetry transition of

Lindstrom (1964), into the genus Periodon. These six forms can be regar-
ded as two transition series referred to as: a trichonodelliform-eoligon~

odiniform-periodontiform (-loxognathiferm) series and a falodiform—
¢
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ligonodiniform-prioniodiniform series. This is characteristic of a type
IV apparatus. The forms of the first transitiom series have slender, re-
curved cusps and long, highly arched posterior processes that are distal-
ly flexed inward, outward or not at ali.

Detalled examinaticon and numerical relationships indicate that,
in the Cobbs Arm Formation, there two varieties of P. aculeatus that are
set apart only by the nature of the loxognathiforms and periodontiforms.
These two forms constitute the third described element of the first sym-
metry transition series 1o their respeclive varieties and are easily dis-
tinguished. The loxognathiform has a well dgweloped cuter-lateral process,
an Inner postero-anterior angle of about 135 degrees and a long posterior
process that is distally flexed inward.The outer-~lateral surfaée of the
periodontiform may or may not have a small costa-like process that, when
present, may occassionally continue to the tip of the cusp. The inner pos-
tero-anterior angle of this form is close to 90 degrees and 1ts long pos-
terior process is distally flexed outward. )

The frequencies of the trichonodelliforms, eoligoncdiniforms,
periodontiforms + loxognathiforms, ligonodiniforms, prioniodirniforms,
and falodiforms suggests the respective ratlos: 1:2:2:2:2:4 . Within in-
dividual samples, the periodontiforms and loxognathiforms were invariably
present at a ratic close to l:l., If the two forms were to have represented
two different species, then one might expect the ratio between the two
forms to vary consi&erably from sample to sample or within differing
lithologies. The ratio was consistent and consequently the two forms
were taken to represent varieties of the same species; possibly a rare

example of sexuval dimorphism. The two varieties are referred to as .

PRSP, B e et b
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morphotype ¥ and morphotype P, respectively.

v

PERLODON ACULEATUS Hadding, 1913 morphotype ¥

_ Pk, 11, Figs. 7-8b,10a-17; Pl. 16, figs. 8-10; Fig. 41A-E,G.H

HADDING 1913, p. 33, pl. 1, fig. 1ll.

LINDSTROM 1955h, p. 110, pl. 22, figs. 11,15,714, not 10,16,35; p. 110,

pl. 22, Eig. 35.

LAMONT and LINDSTROM 1957, pl. 5, fig. 15.
SWEET and BERGSTROM 1962, p. 1235, pl. 171, figs. 3,9; p. 1240, pl. 171,

figs. 7,8; p. 1230, pl. 170, figs. 13,14; p. 1227, pl. 170, figs. 2,
3, Fig. 2b.

HAMAR 1964, p. 274, pl. 3, figs. 17,21; p. 273, pl. 3, fig. 20; p. 278,
o1, 3, flg. 28, Fig. 4:19; p. 265, pl. 4, figs. 9,10, Fig. 4:18.
SCHOPF 1966, p. 67-68, pl. 3, figs. 10,12,13,14; p. 70, pl. 4, figs. 27,

28; p. 59, pl. &, figs. 22,26,723; p. 56, pl. 3, fig. 11.

BRADSHAW 1969, p. 1159-60, pl. 137, figs. 1-3,5; p. 1160, pl. 137, fig.
19; p. 1152, pl. 137, fig. 18; p. 1151, pl. 135, figs. 16,17.
UYENO and BARNES 1970, p. 112, pl. 23, figs. 1,2,6,7,74; p. 113, pl.- 23,

figs. 12,16; p. 108, pl. 22, figs. 8,14,15,18.

DZIK 1976, Flgs. 34i,1-q.

Description. This morphotype of P. aculeatus has a type IV apparatus,

which constitutes trichonodelliforms, eoligonodiniforms and periodonti-

. kY
forms; falodiforms, ligonodiniforms and prioniodiniforms.
The elements of the first transition series characteristically

have slender and sharp edged recurved cusps and long, highly arched pos-—

terlor processes. The posterior processes are surmounted by laterally
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compressed, basally fused and sharp~edged denticles which increase in

size and in inclination coi-rards a great denticle at the arch crest. Pos~
terior of this the process is crowned with nearly perpendicular and smal-
ler denticles and may be flexed inward or outward. The trichonodelliforms
have posterior processes that are unflexed. The lateral costae of the

cusp extend vertically, posteriorly and slightly laterally as symmetrical
wing-like processes that are crowned with small peg-like denticles. A
deep triangular excavation is located directly below the cusp. Posteriorly
the basal cavity Becomes inverted.

The eoligonodiniforms are slightly asymmetrical and have a
posterior process that distally is flexed inward. The anterior edge of
the cusp continues vertically and away from the cusp and the posterior
process as a short blade that is undenticulated to weakly denticulated
with about five fused, peg-like denticles that are upward directed, 1.e.
into the plane of the cusp. The anterior and posterior processes form an
inner angle that is greater than 160 degrees. The basal cavity is slight-
ly flared in both lateral directions. It generally continues anteriorly
as a narrow, shallow furrow. Posterioriy the basal cavity is strongly
inverted.

The periodontiforms are asymmettrical and have a posterior pro-
cess that distally flexes outward. The sharp anterior edge of the cusp
extends as a short denticulated blade down and posteriorly at an angle
near 90 degrees with the posterior process. It carries about seven peg-
like denticles that are upward directed into the plane of the cusp. There
often is an outer-lateral costa on the base, that begins at a flange in

the basal margin. When best developed it continues up the cusp as a ridge
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‘along_the anterior margin of a shallow furrow. The basal cavity varles in
size (and shape depending on the development of tﬁe outer-lateral costa,
but generally is small. It is weakly triangular in outline and inverted
posteriorly.

The ligonodiniforms and the prioniocdiniforms have robust cusps
that are inward deflected, compressed and laterally carinate. The sharp
edges of rhe cusp continue anteriorly and posteriorly as well developed
processes that are surmounted by laterally compressed, sharp and basally
fused denticles. Disrally the posterior processes are twisted such that
the distal denticles are directed outward.

The prioniodiniforms are arched and blade-like and have nearly
equally developed anterior and posterlor processes that enclose an inner
angle of 60 to 70 degrees. The posterior process has five or six denticles
and the anterilor proéess bas four or five denticles. The basal margins
flare convexly outward beneath the cusp and are separated beneath the
posterior process by a narrow and shallow furrow. The basal cavity con-
tinues only a short distance along the cuneate aboral edge of the anter-
ior process whereupon it becomes inverted.

The oral edge, of the long posteriofprocess of the ligonodini-
forms, has about 12 denticles with a posteriorly directed inclinaticn of
abqul: 60 degrees. The generally i)roken anterior processes are deflected
posteriorly and down to an outer—lateral position that encloses an angle
of about 90 degrees with the posterior edge of rthe cusp. The basal cavity
is gently convex cutward, strongly flarec_l_ inward and is inverted poster-~

iorly.

The falodiforms have inward deflected, laterally carinate and
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sharp-edged cusps and posteriorly drawn out bases which are set at an
angle of abour 40 degregs. The basal half of the anterior edge carries
one to five fused denlticles that are directed towards the tip of the

cusp. The basal cavity is slightly flared laterally beneath the middle

part of the base and continues posteriorly as a narrow furrow. The basal

cavity often shows signs of inversion antaglorly.

Material. 274 periodontiforms, 146 trichonodelliforms, 564 eoligono-

diniforms, 347 ligonodiniforms, 547 prioniodiniforms, 1099 falodiforms.

PERIODON ACULEATUS Hadding, 1913 morphotype P

P1. 11, figs. 7-9b,1la-12b,14-17; P1. 16, figs. 8,9,11; Fig. 41A,B,D-G

GRAVES and ELLISON 1941, p. 12, pl. 2, fig. 31, not 29,32; p. 14, pl. 2,
figs. 33,35,36; p. 12, pl. 2, figs. 6,22,23,28.
HAMAR 1964, p. 267-68, pl. 3, figs. 22,24,26,27; p. 273, pl. 3, fig. 20

?

p. 278, pl. 3, fig. 18, Fig. 4:19; p. 255, rl. 4, fig;v 9,10, Fig.

4:18. : v

SCHOPF 1966, p. 67-68, pl. 3, figs. 16,13,10,14; p. 70, pl. 4, figs. 27,
28; p. 59, pl. 4, Figs. 22,26,723; p. 56, pl. 3, fig. 1l.

BRADSHAW 1969, p. 1159-60, pl. 137, figs. 4,6,5,1,3; p. 1160, pl. 137,
fig. 195 p. 1152, pl. 137, fig. 18; p. 1151, pl. 135, figs. 16,17.

UYENO and BARNES 1970, p. 112, pl. 23, figs. 3,5,6,7,2; p. 113, pl. 23,
figs. 12,16; p. 108, pl. 22, figs. 8,14,15,18,

BARNES and POPLAWSKI 1973, p. 780-81, pl. 5, figs. 16-18,18a,?15, 15a.

DZIK 1976, Figs. l4l~-r,

Description. P. aculeatus morphotype p has a type IV apparatus that

constitutes trichonodelliforms, eoligonodiniforms and loxognathiforms;
» .
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falodiforms‘. ligonodiniforms and prioniodiniforms.

The loxognathiforms are asymmetrical'conodOnts with a long and
slender reclined cusp that is sharp-edged and laterally carinate. The
posterior process 1; long, highly arched and distally flexed inward, It
i1s surmounted by laterally compressed, basally fused and sharp-edged den-
ticles that increase in size and in inclination towaxrds a great denticle
at the arch crest. Sequent to this the denticles are nearly perpendicular
to the process and of decreasing size. The sharp anterior edge of the
cusp extends down and inward as a short blade with about six peg-like
denticles that are directed upward into the plane of ‘the cusp. The anter-
ior and posterior processes form an inn;r angle of about 135 degrees. An
outer-lateral cusp carina continues down and posteriorly as a short pro-
cess with an angle of about 40 degrees to the posterior process. This
process is broken in all specimens but is denticulated similar to the
anterior process. A sheath between the outrer-lateral and posterior pro-
cesses encloses a generally triangular basal cavity that becomes inverted

posteriorly.

‘Remarks. The remaining elements of the apparatus are identical to

corresponding elements in the P. aculeatus morphotype ¥ apparatus.
Material. 287 loxegnathiforms,

)
?7Family PERICDONTIDAE Lindstyom, 1970
Genus SPINODUS Dzik, 1976

Type Species. Cordylodus spinatus Hadding, 1913

Discussion. Dzlk (1976) erected this genus to Include species
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having elements with strongly elongate posterlor processes and long den-
ticles circular in crose section. Only the type species was brought into
the new genus.

S. spinatus exhibits a symmetry transition from cordylodiforms
through ligonodiniforms’ to trichonodelliforms. Dzik (1976} assoclates
this kind::fapparatus withprimitive prioniodids and consequently assigns

L
the genus Spinodus to Prionicdontina. The morpheology of the elements of

Spinodus, however, suggests a closer affinity to the lower Llanvirnian

species Cordylodus horridus (Barnes and Poplawski, 1973), and the older

species Cordylodus angulatus. Like C. angulatus, S. spinatus has elements

with slight differences in the basal part. C. horridus and S. spinatus

similarly show inward and outward splaying of denticlaes. Nonetheless, the
apparatuses of €. angulatus and C. horridus contain only two different |
kinds of forms and are thus distinctly different from the apparatus of

S. spinatus. This point was!br0ught out by Lindstrom (1970). Dzik (1976)
points out the structural similarities between Sginodus‘and the hyaline
Multiolstodus, however, the morphological similarities qf the forms is

lacking.

The symmetry transition exhibited by Spinodﬁs is most similar

to the first transition series of Periodon and consequently the two may

possibly be related. The observations of this study can do no more than

suggest that the two belong in the family Periodontidae.

"SPINQDUS SPINATUS (Hadding, 1913)

P1. 12, figs. 1a-3b; Fig. 42A4-C

HADDING 1913, p. 32, pl. 1, fig. 8; ?p. 31, pl. 1, fig. 6.




LINDSTROM 1955b, p. 109, pl. 22, figs. 5,18,27; ?p. 108-109, pl.
figs. 12,19,
LAMONT and LINDSTROM 1957, pl. 5, fig. 10.
SWEET and BERGSTROM 1962, p. 1225-26, pl. 170, fig. 12, pl. 171, fig. 13;
?p. -1225, pl. 170, fig. 15, pl. 171, fig. l0.
LINDSTROM 1964, p. 84, Figs. 27a-c,?d.
L]

UYENO and BARNES 1970, p. 106-107, pl. 24, figs. 7,8,10,79,11.

DZIK 1976, p. 424, Fig. 2lc.

Description. Members of this species characteristically have a long

and slender cusp and denticles that are widely spaced, near circular in
cross section and sharp-edged. Basal cavities are deepest beneath the

cusp but continue along the posterior processes as shallow U-shaped troughs.

The basal margins show the edges of individual lamellae, indicative of

basal inversion,

S. spinatus exhibits a symmetry transition from cordylodiforms
-through ligonodiniforms.to trichonodelliforms. The trichonodelliforms
have long and slender recurved cusps and long slightly arched denticulat-
ed posterior processes. Equally developed short lateral processes each
carry a singlé short and sharp-edged denticle.

Ligonodiniforms differ from trichonodeiliforms in having a
single lateral process, a slightly basally extended anterior m;}gin and
Inward and oupward splaying of denticles.

Cordylodiforms have no lateral processes and are greatly exten-

ded in the basal anterior direction.

Remarks. Some forms have a spine directed downward from in front
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of the base, and for this reason it i{s assumed that C. ramogus s.f. and
C. spinatus s.f. belong together in the same apparatus. The small number

of recovered elements of the genus Spinodus, from the Cobbs Arm Formationm,

do not give strong support to this idea.
Material. 20 specimens.

Suborder UNKNCWN
NEW GENUS Bergstrom, Riva and Kay, 1974
Type Species. New Genus n. Sp. 1 Bergstrom, R;va and Kay, 1974
NEW GENUS n. sp. 1 Bergstrom, Riva and Kay, 1974

P1. 12, figs. 6a-8; Fig. 42D-F

BERCSTROM, RIVA and KAY 1974, pl. 1, fig. 8.

,

Description. This apparatus consists of undenticulated blade-like
forms with short, robust and sharp-edged cusps. The sharp edges of the
cusp continue anteriorly and posteriorly as processes. The basal cavities
are shallow, laterally flared and extend beneath the posterior process

only. A1l of the recovered forms are asymmetrical.

Remarks. This species shows some similarity to previously described
forms of Polycaulodus (Branson and Mehl, 1933), but the nature of the ap-

paratus of either genus is presently unknown.

Material. & specimens.
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L 4
Order WESTERGAARDODINIDA Lindstrom, 1970

Family WESTERGAARDODINIDAE Muller, 1959
Genus WESTERGAARDODINA Muller, 19359

Type Species. Westergaardodina bicuspida Muller, 1959

WESTERGAARDODINA sp. cf. W. BICUSPIDA Muller, 1959

P1. 12, figs. l4a,b; Fig. 28C

Description. A U-shaped element that is entirely excavated on the
aboral side. The two subparallel "points'" are tapered and slightly more
than half the length of the element. Each is strongly convex on the oral

surface and broadly excavated beneath.

Material. 1 specimen.
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8.3 Residuals.

distacodiform . ‘4\

P1. 12, fig. 9; Fig. 35F

HAMAR 1964, p. 263, pl. 1, figs. 19,20, Fig. 6:3a.

Descriptipn. This is a simple cone conodont with a robust and rel- |

atively long amd reclined anteriorly and posteriorly sharp cusp. Tﬁé short

oral margin is convex similarly to the upward flexed pbsteiior”parﬁ of the

basal margin. There is a costa on each lateral face of the baséAthaf con-—

tinues up the cusp. The costa on the outer face is stronger and in a more

© nen by — A

posterior position; it-is bounded posteriorly by a furrow. The inner
costa is bounded by a furrow on the base, but further up the cusp it

weakens to a more centrally developed carina.
Macterial. 1 specimen.

oiscodiform 1

Pl. 12, figs. 10,11; Fig. 35G,H

Description. This is a simple cone conodont with a compressed, hi-

" convex and sharp-edged robust cusp and a relatively short base. The oral

. w

margin of the base is sharp. The basal margin is-biconvek and more broad-

ly flared inward on the form with the smaller postero-cral angle.

Material. 2 specimens.
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.. ' ) oistodiform 2

_ P1. 12, figs. l2a,b; Fig. 36F

Descrigtiqn. Oistodiform with long, slender, compressed and sharp-
. edged cusp that is inward deflected, has a convex outer surface and a

. broadly carinaté inner surface. The base is relatively long and high and

N ‘ is triangular in outline. The basal cavity is fairly deep and has a bi-
' _' - convex margin that flares slightly more inward.
3 4 . Material.. 2 specdmens.
. l ' - panderodiform

P1. 4, figs. 13a,b; Fig. 31K

Description. Simple cor.m conodont with long and slender erect cusp
and a short base. The anterior margin of the el‘ement is narrowly rounded

o whereas the pasterior margin 1s sharp. A narrow furrow‘runs from the
. basal margin to the tip of the cusp on the outer postero-lateral part of

thé element. The baSal margin is pear-shaped and the surface around the

basal margin bears longitudinal striations.

. "Material. 2 specimens.

strachanognathiform

P . P1. 12, figs. 5a,b; Fig. 366

C e Description. A simple cone conodont with a fairly deep triangular

basal cavity, a denticulated anterior margin q::d a sharp posterior mar- -

»

gin. The outer surface of the cusp is convex whereas the inner surface

of the cusp Ais_near planar. The basal margin is biconvex; flaring slightly




more outward.

Macertal.

=164~

1 specimen.
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PLATES

The meaning of the section abbreviations is as follows:

CAm

Cobhs Arm secrion (middle quarry face).

CAw

i

Cobbs Arm section (west quarry face).
CAR = Cobbs Arm road section.

Cl Cottles Island section.

Hill = Hillgrade section.

QC

Quarry Cove section.

SC Squid Cove section.

.,




PLATE 1

a All specimens X45. Sample numbers from which the specimens
were obtained are given in parentheses.
[
Figures la-5b Distacodus venustus (Stauffer)
~

e la, outer lateral: and b, inner lateral view of drepancdiform (5C4).
2a,b, lateral views ;)f symmetrical drepanc’diform (QcC19).

3a, inner; and b, Outer lateral views of drepanodiform (Sc4).

4a, inner; and b, outer lateral views of oistodiform (C119).

5a, outer: and b, inner lateral views of oistodiform (QC19).

Figures 6-15b Drepanoistodus n. sp. A

6, symmetrical drepanodiform (CAm12).

7, symmetrical oistodiform (QC3).

8a,9b,10b,11a,12b,13b, outer lateral; and 8b,9a,10a,1lb,123,13a,
inner lareral views of drepanodiforms (QC3).

l4a, 15b, ocuter lateral; and 14b,15a, inner lateral views of oisto-

diforms (QC3).

Figures 16-21b Paltodus semisymmetricus (Hamar)

LY
16, symmetrical drepanodiform (Cam7).

17a,18b, outer; and 17b,18a, inner lateral views of asymmetrical l\

drepanodiforms (QCJ).V
19a, outer;v and 19b, dinmer lateral views of asymmetrical drepanodi-
form (CI1S).

20a, inner: and 20b, outer lateral views of oistodiform (QC9).

2la, dnner; and 21b, outer lateral views of oistodiform (QC3).
M 1]
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i . PLATE 2
All specimens iSO. Sample numher#ffrom which the specimens

were obtained are given in parentheses.

Figures la-4b Strachanognathus parva Rhodes .
la, 3,4a, inner lateral; and lb,4b, outer lateral views of asymmetri-

cal forms (CI2),.

e i i A e,

2a,b, lateral views of near symmef}ical form ¢CIZ2).

Figures 5-12 Drepanodus robustﬁs‘(ﬂadding)

5, mear symmetrical bicostate drepanodiform (QC13).

6, outer lateral view of weakly blcostate drepanodiform (QC13).
7a, outer; and b, inner lateral view of weakly bicostate drepanodi-
form (CII3);

8a, inner; and b,‘outer lateral views of asymmetrical bicostate
drepanodiform (QC7).

9, 1inner lateral view of oistodiform (CI6).

1Q, lateral view of multicostate drepanodiform (CI8).

' 11, inner lateral view of weakly bicostate drepanodiform (QCB). *

12, inner lateral view of weakly bicostate drepanodiform (QC7)
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PLATE 3 N
! ' . All épecimens X52. Sample numbers from which the specimens
were obtained are given in parentheses.

Figures la-7 Drepanodus sp. cf. D.'arcuat&s Pander

la, outer; and b, 1inner lateral views of acostate drepanodiform (Qc2).
X 2, latgral view of symmetrical bicostate drepénoaiform (CI14).
3a, Buter; and b, iﬁner lateral views of unicos%a:e drepanodiform
(CI17).
4a, inner; and b, outer lateral views of acostate drepangdiform (QC3).
5a, oute?; and b, inner lateral view of 7oistodiform (QC2}.
6, outer lateral view of acostate drepanodiform (QC2).

7, outer lateral view of oistodiform (CAm7).

Figures 8-11b Protopanderodus peselephantis (Lindstrom)

8, symmetrical form (SC4)
9a, cuter; and b, inner lateral views of asymmetrical form (CL19).

10a, inner; and b, ourer Jateral views of asymmetrical form (CI1).

lla, outer; and b, inner lateral views of asymmetrical form (sCa).

Figures 12-16b Protopanderodus rectus (Lindstrom)
*

12, symmetrical costate drepanodiform (SC4)

13a, outer; and b,‘inner lateral views of asymmetrical costate drep-
anodiform (CIB).
l4a, outer; and b, inner lateral views of a#ymmetrical costate drep—
anodiform (CI9).

- 15 outer lateral view of asymmetrical costate drepanodiform (S5C4).

16a, inner; and b, outer lateral views of scandodiform (s5ca).
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PLATE 4 ?

Alllspecimens X52. Sample numbers from which the specimens

were obtained are given in parentheses.
L

Figures la-7b Protopanderodus varicostatus (Sweet and Bergstrom) '

la, outer; and b, inner lateral views of asymmetrical multicostate
drepanodiform (Cl4). .

2, lateral view of symmetrical multicostate drepanodiform (CI&Y".

ﬁ3, inner lateral view of scandodiform (CI9).

#a, inner; and b, outer jateral views of asymmetrical multicostate
drepanodiform (C15). '

5a, outer; and b, janer lateral views of asymmetrical multicostate
drepanodiform (C114).

6a, outer; and b, inner lateral views of scandediform (CI14).

‘ 7a, outer; and b, jnter lateral views of tricostate drepanodiform

IS

(C18).

Figures 8a,b Belodina serrata (Dzik)

8a, outer; and b, inner lateral vigw of belodiniform (CAR1).

Figures 9a,b, 1la,b Belodina n. sp. A
9s, inner; and b, outer lateral views of eobelodiniform (C15).

1la, inner; and b, outer lateral views-of belodiniform (QC4).

Figures 10a-c,12a,b ?Panderodus n. sp. A
10a, posterior; and b,c, lateral views of symmetrical form (QC9).

12a, outer; and b, inpner lateral view of asymmetrical form (QC9).




Figures 13a,b panderodiform .

13a, inner lateral: and b, outer lateral views {(QC9).
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PLATE 5
{ ’ A1l specimens X53. Sample numbers from whi‘ch the specimens
‘k were obtained are given in parentheses.
N ‘Figures la-7 Panderodus gracilis (Branson and Mehl)
la,b, lateral views of symmetrical gracilid pandercdiform (QC3) .
2a,3a,5a, inner lateral: and 2b,3b,5b, ocuter lateral views of asym-
. metrical gracilid panderodiforms (QC3) . ‘
C
4a,bb, inner lateral: and é4b,6a, outer lateral views of compre.qsid.
N panderod'ifnrm (QC3).
7, outer lateral view of 7gracilid panderodiform (QCB).K‘ .
Figures fa-12h Panderodus mutdtus (Branson and .Mek% ¢ \}
f 8a,9%9a,10,1la, outer lateral; and Bb.%.l(lb. inner latera! views of
{nner costate panderodiform {(5C4). "
; 12a, inner lateral; and 12b, outer lateral views of outward cos- ’
tate panderodiform (C17).
Figures 13a-16b Belodella n. sp- A i
- 13a, inner lateral; and 13, outer lateral view of asymmetricaf
bicostate helodelliform (C115).
144, lateral; and l4b, posterior views of symmetrical hicostate
helodelliform (CT15) .
15a, inner lateral; and I5b, outer lateral views of acostate bhelo- i
detliform (C115).
l6a, inner lateral; and teb, outer lateral view of non-cestate \

pelodeltiform (€1 15).
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PLATE 6
All specimens X57. San(ple numbers from which-the specimens

were obtained are given in parentheses.

Figures la-7b Scalpellodus cavus (Webers)

la, b, lateral views of near symmetrical bicarinate drepanodiform
(C1173.
2a,5a, outer lateral; anZb,5b, inner lateral views of non-carinate
drepanadiforms (QC3).
3a. outer:; and 3b, inner lateral views of stronglv bowed drepanodi-
form (CI15).

]
4a, inner:; and Gb, outer lateral views of unicarinate drepanodiform
(QC3).
ba, outer: and hAb, inner lateral view of non-car¥nate drepanodiform

(C18).

Ja, inner lateral; and 7b, outer lateyal views of unicarinate

drepanndiform (C113).

Figures 8a-10h  Scalpellodug n. sp. A
8a,b, lateral views of near svmmetrical drepanodiform (CAR4GY.

9a,10a, outer lateral; and 9h,10h, inner lateral views of asymmetri-

cal drepanodiforms (QC2).

Figures lla-16b  Walliserodus ethingtoni (Fahraeus)
11a, posteriors; and llh,“l;n_nrnl views of symmetrical multicestate
drepanodiform (G116,
ol

12a, inner lateral; and 12b, outer lateral views of asymmetrical

multicostate drepanodiform (CT19).




-

- 134, inner lateral; and 13b, outer

multicostate drepancdiform (CI17).
lda, éuter lateral; and l4b, inner
anodiform (CI8).

15a, outer lateral; and 15b, inner
multicostate drepanodiform (C19).
16a, inner lateral; and 16b. outer

drepanodiform (CLI5).

lateral

lateral

lateral

lateral

views

views

views

views
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PLATE 7 »
v
. Sample numbers from which the specimens were obtained are
given in pargntheses.
'j Figures 1-5b Wallisercdus nakholmensis (Hamar) XS0
l, lateral view of svmmetrical multicostare drepanodiform (CI3).
2, lateral view of symmetrical multicostate drepanodiform (CAwl).
3a, outer; and 3b, inner lateral views of tricostate drepanodiform
(CI5).
4a, inner lateral; and 4b, outer lateral views of asymmetrical
bicostate drep;nudiform (C13).
53, outer lateral; and 5h, inner lateral views of inward bowed
drepancdiform (CI3).
Figures 6a-10b  Walliserodus n. sp. A X50
A Y

fa,b, lateral views of symmetrical multicostate drepancdiform (CI15).
7a, Inner lateral; and b, ourer lateral views of asvmmetrical mil ol -
costate drepanodiform (OT15). N
Ha, duter lateral; and 8h, inner lateral views of asvmmetrical

bicostate drepanodiform (CI15).

/
{
i

%a, outer lateral; and 9b, inner lateral views of inward bowed

drepancodiform (CI15).

l0a, outer lateral; and 10b, dinner lateral views of tricostate
r!rvpnplndifnrm (CT15).
-

-

™

Figures 1la-13b, Psf’_n_d_n_}_)_elruid?i«nrzt n. sp. a X50 !
la, outer:; and 11b, fnner lateral views of belodelliform (CAR1)Y.

12a,1%, outer: and I2b,13h, inner lateral views of oistodiform (CARL),




¥ 3

Figures 14-19b New Genus A n. sp. A X65
M,‘lateral view of symmetrical belodelliform (CAR1).
15a, inner lateral; and 15b, outer lateral views of asymmetrical
bicostate belodéllifor‘m (CARL).
l6a, inner lateral; and 16b,17, outer lateral views of acostate
belodelliform {(CARI1).
183, outer lateral: and 18b, inner lateral views of unicostare
belodellifarm {(CARI).

[9a, inner lateral; and 19b, outer lateral views of anteriarly den-

ticulated belodelliform (CARL),
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PLATE 8 ) 4
All specimens X49. Sample numbers from which the specimens

were obtained are given in parentheses.

Figures la-8b,12a-13 Bal toniodus .{evariabilis-B. variabilis transition

la, lateral; and lb, posterior views of trichonodelliform (QC}):

.o

2a, outer; and 2b,3, inner lateral view;\§f belodiform (QC3). ‘
4a,Sb, outer; and 4b,ba, inner lateral views of tetraprioniodiform
(4a,bh-003; 5a,b-QC8).

fa.7, antero-lateral; and 6b, inner lateral views of prioniodiform
(ha,b-QC7; 7-QC3). -

8a, outer; and 8b, inner lateral views of amorphognathiform QC3). '

12a. 13, inner; and 12b, outer lateral views of falndiforms (QC3).

n

Figures la-%b,9-13 Baltoniodus variabilis (Bergstrom)

9, oral view of pricniodiform (retouched) (QC8).

b om0

10a.11 outer; and 10b, inner lateral view of amorphognathiform

(QC3).
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PLATE 9
All specimens X50. Sample numbers from which the specimens
were obtained are given in parentheses.
Figures la-7b,10a.b Pygodus serrus (Hadding)
la,2, oral; and lb, aboral views of pygodiform (QC3).
3,4, outer lateral views of haddingodifo%mﬁ (Qc3) .
o
lateral views aof trichonodelliform (CIl4).

S5a, posterior; and S5b,
6a, posterior; 6h, inner lateral; and 6c outer lateral views of
belodiform (CI17).

lateral views of tetra-

7a,10a inner lateral and 7b,10h, outer

prioniodiform (7a,b-8C4; 10a,b-CAml2).

Figures 5a-14b Pygodus anserinus Lamont and Lindstrom

8,12,13b, oral; and 13a, aboral views of pvgodiform (8-CT17; 12,13-

CT18).
9,11h, l4a, outer lateral; and 1la,1l4b, inner lateral views of

haddingodiforms (9-CILL7; lia,b-Cl17: l4a,b-CI18).

Figure 1% Pygodus n. sp. A

19, oral view of pygodiform (CI17).
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PLATE 10
Sample numbers from which the specimens were obtained are

given 1n‘pﬂ¥egtheses.

Figures 1a—A,7;¥b Eoplacognathus robustus Bergstrom X538

la, aboral; and 1b, oral view of sinistral ambalodiform (CT14Y.
2-4, orq} views of dextral ambalddiform (2,3-CAml2; 4-Hill 2).

7, oral view of sinistral polyplacegnathiform {CIH).

8a, oral; and Bb, aboral view of dextral polyplacognathiform (CIB).

Figures 5,6,9,10 Eoplacognathus lindstroemi (Hama‘). X48

5. oral view of sinistral ambalodiform {CI17). ™
r
6, oral view of dextral ambalodiform (CT13).

9,10, oral views of sinistral polyplacognathiforms (CIl7).

Figures 11,12 ?Oneotodus mitratus (Moskalenko) X52

11,12, oral views (CAm1?).

Figures 13-15 Polyplacognathus sweeti Bergstrom X52

13,14, oral views of polyplacognathifarm {(QC8).

15, oral view of ambalodiform (OC8).







PLATE !
All specimens )(55.*‘&3111‘_610 numbers from which the specimens

werTe obrtained are given In parentheses.

Figures -6 ?Acodus n. gp. A
I, posterior view of prionioditorm (isolate sample
Zz, Jateral wview of ?trichonodelliform (CAm1).
3y lateral view of tetraprioniodiform ey .
4,9, lateral views of cordylodiforms (QL2).

6, lateral view of oistodiform (QCc2y.

Flgures 7-8b,10a- 17 Periodon aculeatus Hadding morphutype ¥

7, lateral view of trichonodelliform (CT14).

8a, inner; and 8b, outer lateral! views of eoligonodiniform (CI14).
Wa, 14, outer; and 10b, 1%, inner lateral yviews of perivddont iforms
(CAm?2 ),

Ila, outer; and 1lb, inner lateral views of Ligonediniform (CI15).
124, inner; and 12b, outer lateral views of prioniodiniform (C117).
W, inner; and 15-17, outer lateral views of falodiformg (14-CJ117;
15-17-CI15).

Figures 7-9b, [1la—12b, 14~17 Periodon aculeatus Hadding merphotype Br.

94, fmaer; and 9b, outer lateral views of loxognathiform (e3).







PLATE 12
All spevimess X55. Samples numbers rrom which the specimens .

were ohtained are given in parentheses.

Fipures la-3b  Spinodus spinatus (Hadding)
’ la,b, lateral views u‘_f trichonodell{form (CLLL).
Za,b, lateral views of cordylodiform (QC13).

3a,b, lateral views ot ligonodiniform (QCc7y. §

Figures 4a,b w_esLe_r‘b'izie{r»do}l_i_ni sp. ocf . W, bﬁimspig‘g Muller

4a, oral; and 4b, aboral view (Hill B).

Figures 5a,b strachanognathitorm

5a, outer lateral; and Sb, inner lateral view (CAml).

Figures 6a-8 dew Cenus n. sp. | Bergstrom, Riva and Kay
$a,7a, inner lateral; and 6b,7b, 8, vuler lateral views (ha,b,7a,b,-

CAml; B8-CARL).

Figure 9 distacodiform; inner lateral view (CI5}.

R o e TP Y NP

Figures 10,11 oistodiform 1; outer lateral views (CI14).

Figures 12a,b oistodiform 2

12a, inner lateral,; and 12L, outer luteral view (C115).
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PLATE 13
Sample numbers from which the specimens were obtained are

given in parentheses.

Figure | Strachanognathus parva Rhodes; - inner lateral view X124 (CL2).

Figures 2,3 Distacodus venustus (Stauffer)

2, outer lateral view of drepanodiform X102 (QCl1%).

3, outer lateral view of oistodiform X106 (C119).

Fivures 4,5 Paltodus semisymmecricus (Hamar)

4, lateral view of symmetrical drepanodiform X91 {CAm7).
5, outer lateral view of oistudiform X140 (Qryy.
Figures/b*fﬂ Drepancistodus n. sp. A
~
\(, inner lateral view of asymmetrical drepanodiform X89 (QC3).
7, outer lateral view of oistodiform X78 (CI17).

8, lateral view of symmetrical drepanodiform X84 (QC3).

Figures 9,10 Drepanndus robustus (Hadding)

9, lateral view of weakly bicostate drepanodiform X64 (CI13).

10, lateral view of symmetrical multicostate drepanodiform X71 (CI18).

i

Figures 11-13 Drepancdus sp. cf. D. arcuatus Pander
11, lateral view of symmetrical bicostate drepanodiform X81 (Clla).

12, inner lateral view of acostate drepanodiform X84 (QC3).

13, outer lateral view of unicostate drepanodiform X75 (Cll17).

e mm A=~




Figures 14-16 Proropanderodus rectus (Lindstrom)

14, lateral view of symmetricsl costate drepanodiform X126 (5€4),
15, outer lateral view of asymmetrical costate drepanodiform X80

(CI19).

16, ilnuer lareral view of scandoditorm X80 (SC4).
o

Figure 17 Protopanderodus peselephantis (Lindstrom)

17 lateral view of asymmetrical costate form X100







PLATE 14
Sample numbers from which the specimens weTe obtained are

given in parentheses.

Figures 1,la EfQPE&EElQSrOdUS varicostatus (Sweet and Bergstrom)
1, outer tateral view of asymmetrical multicostate drepanodlform
x78 (C18).

la, same X750,

Figures 2,2a Scalpellodus cavus (Webers)

7, inner lateral view of non—carinate drepanodi form X81 (NCY) .

2a, same X250.

Figure 3, Panderodus racilis (Branson and Mehl)

3, lateral view of symmetrical pgracilid panderodiform X160 (QC3).

Figure 4 Belodina serrat§>(Dzik); inner lateral view of belodiniform

X109 (CARL).

Figures 5,6 Egnderodus mutatus {(Branson and Mehl)
5, outer lateral view of outer costrate panderodiform x84 (C116).

6, inner lateral view of inmer costate panderodifarm x78 (CL7).

Figure 7 Belodina n. sp. A

7, outer lateral view of beludiniform %98 (CIL3).

Figures 8,9 nelodella n. SP- A
8, inner lateral view of acostate belodelliform X120 (CI19).

9, lateral Viewfﬂf symetrical wicoarate belodelliform x96 (CI15).




Figure 10 Scalpellodus n. sp. A

10, lateral view of near symmetrical drepanodiform X150 (CARL).

Figure 11 Walliserodus n. sp. A

11, inmer lateral view of inward bowed drepanodiform X100 (CI15).

Figure 12 Walliserodus nakholmensis (Hamar)

Rt i

L2,

inner lateral view of asymmetrical bicostate drepanodiform

X89 (C13).

Figure 13 Walliserodus ethirgtoni (Fahraeus)

13, postero-lateral view of symmetrical nulticostate drepanodiform

X90 (CI116).

Figures 14,15 Pseudobelodina n. sp. A

l4, inner lateral view of oistodiform X98 (QC1l).

15, outer lateral view of belodelliform X101l (CARL).
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PLATE 15
Sample numbers from which the specimens were ocbrained are

given In parentheses.

Figures 1,2 New Genus A n. sp. A .

2

@t e m—

l, inner lateral view of acosrate belodelliform X119 (CARL).

2, inner lateral view of anteriorly Eenticulated belodelliform X141

(CAR1).

Figures 1,4 §9L£9219g2§_252ygr{§bi]1§—B. variabilis transition

3, outer lateral view of prioniodiform X538 (CAm2).

4, antero-lateral view of prioniodiform with incipial ledge devel-

opment ¥55 (QC7).

Figure 5 Baltoniodus variabilis (Bergstrom)

5, oral view of privniodiform with well developed ledge X58 (OCR) .

P SECTPE

Figure 6 FEoplacognathus robustus Bergstrom; close up of lateral process

o

of a dextral ambalodiform, {1lustrating characteristic surface

microstructure. X275.

Figure 7 DPygodus serrus (Hadding); close up of pygodiform {llustrating

characteristic surface microstructure X170.
i

Figures 8-11,14,15 Pygodus_serrus (Hadd ing)
8, posterior view of trichonodelliform X106 (CI14).
9, posterior view of belodiform X94 (CIi4).

i 10, inner lateral view of tetraprioniodiform X938 (CAml2).

i1, oral view of pygodiform X69 (QRC3).




l4, outer lateral view of haddingodiform X88 (0C3).

15 ahoral view of pygodiform X78 (CIl4).

Figures 8-10,12,13 Pygodus anserinus Lamont and Lindstrom

12, oral view of pygodiform X49 (CI17).

[3, outer lateral view of haddingodiform X70 {Cl118).







PLATE 16

Sample numbers from which the specimens were obtained are

. given in parentheses.

Figures 1-3 Eoplacognathus lindstroemi (Hamar)

1, oral view of polyplacognathiformeX77 (CI17)}.
2, oral view of dextral ambalodiform X55 (CT15).

3, oral view of sinistral ambalodiform X42 (CI17).

Fipures 4—-6 Eoplacognathus robustus Bergstrom

4, oral view of sinistral ambalodiform X52 (CT13) .
5, oral view of dextral ambalodiform X50 (Hill 2).

! 6, oral view of polyplacognathiform X60 (CI8).
~~

Figure 7 Polvplacognathus sweeti Bergstrom

7. oral view of ambalodiform X75 (QCB).

7

Figures 8-10 Periodon aculeatus Hadding morphotype ¥

8, lateral view or trichonodelliform X67 (C114).
9, inner lareral view cf eoligonodiniform X59 (CIl4).

-~

10, outer lateral view of periodontiform X5l (Cam2 ).

Fipures 8,9,11 Periodon aculeatus Hadding morphotype s

11, outg reral view of loxognathiform X72 (CI17).

Figures 12-15 Illex illecebrosis (Lesueur)

12, posterior view of rachidiah (trichoncdelliform) tooth X54.
13, posterior view of bicuspid lateral tocoth X52.

14, posterior view of inner marginal tooth X63

e i oA 5 £ T




15, postero—lateral view of outer marginal tooth X57.

16, oral view of part of a row of bicuspid l?[eral teeth X40,

J
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APPEND L&A

In addition to the seven measured sections of the Cobbs Arm
Formation, 13 isolated samplesrwere collected on New World Tsland, in
the Bay of Exploits, Seal Bay and on Long Island. This appendix is desi-
gned to give information about the locations and conodont yields of each

of these samples. They are ordered ! to 13, as in Figure 2.

(1} A small limestone lense or boulder within the lowermost unit of the
Roberts Arm Group (Sops Head Complex), on Duck Tsland, Seal Bay. The Sops
lead Complex is a sedimentary-volcanic slump melange. The sample contains
abundant and good preserved black conodonts that are identical to those
found in the Cobbs Arm Formation. The boulder must have originated from
strata of equivalent age to the Cobbs Arm Formation (see Tables la,b:

isolare sample A).

(2) Several samples of a cocarse limestone breccia unit were collected
from the village of Lusches Bight, Long lsland. The conodont vield was
relatively low and showed close affinity to conodents from the middle

Table Head Formation (S. Stouge, pers. comm.), and the lower Llanvirnian

Mystic Conglomerate of Quebec (Barnes and Poplawski, 1973).

(3} A larpe limestone lense or block within the lowermost unit of the
Cottrels Cove Group (Boones Point Complex) on south west Hummocky Island,
Bay of Exploits. This unit is considered a correlative of the Sops Head
Complex from which sample 1 was collected (Dean and Strong, 1976f).

The conodont vield was relatively low and included a few specimens of

Periodon aculeatus, Protupanderodus varicostatus and Belodella n. sp. A,




an¢ several elements of a species of Eoplacognathus transitional between
E. pseudoplanus (Viira) and E. suecus Bergstrom. This suggests an uppéer-

lower Llanvirnian age ‘for the sample.

(4) A limestone lense in the velcanics of Horne's (1970) Unit D, near
-
the tip of the penninsula illustrated in Figure 2. The sample was harren.

(5) A large limestone lense in the volcanics of Horne's (1970) Unit Z,
1 ,

near Cottles Tsland. The sample yielded a few fragments of ?E_rld_er:)dus
gracilis only.
) A Limeiﬁe jense within the volcanics " of Horne's {1970) Unit D,

on the Cottles Island road about 1.6 km north west of Village Cove. The

sample was barren.

(7) This sample was collected from a limestone outcropping in the hill-
side above the head of the cove illustrated in Figure £, on the south

west coast of New World Island. The sample w@¥ barren.

(8) A small limestone lense in the volcanics of Horne's (1970) Unit Z,

Y
( /! about l.7 km south west from the head of Village Cove. The sample was
.\‘/ .
; barren.
(9) A thick limestone lense in the volcanics of Horne's (1970) Unit £,
about 1.4 km southwest from the head of Village Cove. The sample contained
- only a few indeterminable fragments.

(10) A sample of limy tuff in the volcanics of Horne's (1970) Unit B,

near the mouth of Virgin Arm. The sample was barren.
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(11) A limestone lense in the Summerford Group volcanics on the road to
Tilt Cove. The sample produced a low conodont yleld {see Tables la,b (iso-

late sample B); and Figure 16 of rexr).

(12) A limy lense within green tuffs along the shore beneath the Anglican
church south west of Herring Neck. The sample produced a relatively low

conodont yield (see Tables la,b (ifolarte sample C); and Figure al).

(13) A limestone lense in the Summerford Group volcanics along the

roadside near Newville. The sample produced a relatively low conodont

vield (sce Tables la,b (isolate sample D); and Figure A2).










APPENDIX B

Photomicrographs of some of the characteristic components and

textures of the Cobbs Arm Formation sediments.
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