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ABSTRACT
- On the Great Northern Peninsula, western Newfoundland, the .
transgressive Table Head Formation _(niddle Ordovician) o'ver]‘.ies the
Lower Ordovician St. George Group. ;-'rhe Table Head strata are overlain
. by carbonate brgccias and easterly derived fl).'sch deposits.  The Table

Head" sediments include limestones, mainly rubbly, with dolostones at

'
-

the base (lower Tabie Head), overlain by limestones interbédded with
‘shales (middle Tabie Head) ‘v and_ biacék graptolitifer‘ous' shales at the top
(u\éper Table Head). The lower Table Head limestones represent the
last'platfom carbonate deposit before tﬁe bank foundered probablg

due to .the emplacement of Lower Ordovician allochthons in western
Newfoundland.

The formation has been studied in detail from eight loc‘alities in
tﬂe area f.rom Bellburns community in the south to St. John Island in
the north.- Additional information from locali'ties' ox.m Port an Port
Peninsula and Hare Bay .is included. The .Tahivle Head sediments all
along on the west coast of l‘lewfoundland compare with those in the stﬁdy
area. The thickness of the different units varies ~cons:lderab1§ and
reaches its maximum at 'l‘;blé Point. The detailed investigation of
the rocks rev;hled that carbonate accumulation was 1nterr.upted by
"ca”tastrophic" downwarps of the shelf. These may be related to the
.emplacement of the allochthons.

A total of approximately 17.000 conodonts Qas recorded within

the study area. An additional 3.000 were recorded from elsewhere in

" western Newfoundland. The conodont fauna is described in nult.i-elemenf

taxonomy , and a suprageneric classification is applied. 35 genera and

- i. -




Panderodontidae, and the new regognized family Cornuodontidae n: fam..

Two phylo-zones and four biointerval-zones are defined.v The phylo-
zo;xes are based on phylogenetically related and éacies indes;endeht species
of Histiodella. The spec;.es from the basal 1ower Table Head on Newfound-
land belong to Midcontinent Fauna 4, and are correlativa w:.th strata
from North America. The conodonts reinforce trilobite and cephalopod
data that indicate a late Whiterockian (early Llanvirnidny age for these
strata. The North Atlﬁntic Province conodonts from the middle Table
Head bave a number of species in commbn with the Eoplacognathus suecicus

RN

Zone of Scandinavia. The top of the middle Table Head at Table Point

may be as young as the E. suec;Lcus-g, ‘sulcatus Subzone.
_Thg,Tﬁblé Head strata accumulated in lagoonal, shelf (inner-otiter)
and slope environments. The lateral distribution of conodonts can be
directly related tbithee depositional env‘ironments, and a sequence of
three biofacies and sub—b;ofac%es is introduced. The lagoonal (Midcon~
tinent Province) and slope (Nor\"th Atlantic Province) biofacies are distinct,
whereas the shelf biofacies is less distinct. The occurrence of occasional

invaders from the open oceanic b1ofacies can be related to the osc:l.llating

transgression.
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CHAPTER 1 . . Q.

1.1 Introduction

'rhe Table. Head Formation of the Great Northern Peninsula, western

Nevfoundland, is composed in ascending order of marine carbonates',

‘interstratified carbonates and shales, and black shales. These sediments

were deposited during the marine transgression in the early part of the :

Champlainian Epoch of the Ordovician Period. Table Head strata can be
\ traced from Noddy Bay in the north to Cape Cormorant on Port au Port .

Peninsull\ in the south, a distance of over 400 kilometres. Table

Head strata are exposed from Cape Cormorant in the west to Hare Bay
in the east, which is a distance of over 200 kilometres. The area |
of study is within the central part of Great Northern Peninsula

(Pig. 1.1). ‘ :

e
1.2 Geological setting . T

o

The Great Northern Peninsula forms .part of the westernmost geologic-~
tectonic division of Newfoundland TWilliams, 1964; Williams et al. 1974;
Williams, 1978 a, b; Fig. 1.1). The geology of the western Humber Zzone
consists of a Precambrian (Greenvillian) crystalline ba-.aent overlain by ‘
autochthonous lower Paleogoic sodi-ent-,r that occur in a broad north- ¢
trending belt. The lower Paleogoic is represented by autochthonous plat-

form carbonates and clastics including a basal Lower Cambrian shallow-

water sandstone unit. The sediments of this unit are derived from the




Fig. 1.1

The geologic-tectonic divisions of Newfoundland

(after Williams, {96&; Willisms et al., 1974; Williams,
7

1978 a, b), and the location of the area investigated

in this study. ‘
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west. The lower part of the carbonates and sandstones is the Labrador

Group (I.ower Cambzi‘ah) . The overlying Unnamed Créup (Upper Canbfiéln) and

-

the.St. George .Group (Lower/nxddle Otdovician) represent a stahle shallcm—

water carbonate bank that covered all of west Nevfou‘xdland by Late Cambrian

tune (Knight, 1977 a, b; 1978; Knight s Saltman, 1980; Leveaque, 1977) .
' The Table Head Formation rests on the St. George Group (Schuchert and

Dinbar, 1934). Table Head strata include rubbly weathering; poorly bedded

liniee'tones, limeatohes gnd black to brown shales. Dué to the transgressive
nature of tﬁe s'edimentation the formation is diachronous and f.orms‘a ﬁest—
vard mlgrating series of bank edqe, slope to basi;-nal deposits (Stevens,
1970) The upper authochthonous succession cwprisel a seguence of flysch
deposits, whicf: were derived from the eagt in contrast to the lower units.
Allochthonous sequences as recogniged in "v_aestern Nevfoundland; afe
(1) the Cow Head Group, consisting of a ct;ndensed succession of carbonate -
brecciaé with intercalated thin be.ds 65‘ limestone and shale; (2) the Hum-
ber Arm Group, which includes clastid. sequences and carbonate breccias,
limestone beds and shales. These.are intérpreted as dista)l facies
equivalents to the Cow Head Group (Stevens, 1970); and (3) an ophiolite
sequence, which forms the uépemost allochthonous slices (Stevens, 1970).
y The strata are succeeded by neolautochthomus marine upper Middle
Ordoviciqn carbonateé (Long Point Group) and continental red, clasf:ic

sediments of (? Late Ordovician to) Silurian age.

1.3. Previous Work and development of ideas

Richardson (in Logan, 1863) designated stratigraphic units by letters '

‘of the alphabet. Some of the units in this older classification were

i




never c1e§r1y defined and in some cases a tybe éection was not specifiegd.
Moreover, ,Rlcturdnon'u descriptionl, correlations and stratigraphic_ suc-
cesuouﬁ did not correspond to the stratigraphy of ghe actual rocks
(Schuchert nnd Dunbar, 1936). Therefore, the concepts of  the stratigraphy )
‘of certain divisions hﬁve change;l considerably from author to author .
(Schuchert and Dunbar, 1934; Whittington and Kindle, 1963; Woodard, 1957;
Cumming, 1967 a, b; Table 1.'1). ‘

The ligho-utratigrqphic w-enclat_ure used ylithin th‘e ‘study area is
derived from the work of Schuchert and Iwenhofel in 1910 and Schuchert and
Dunbar, I918. Their work was summarized in the memolr of Schuchert and
Dunbar (lé%), which was the first great step forward in the underatanding
of the geology of the west coast of Newfoundland.

Schuchert and Dunbar (1934) divided the Table Head Formation into
:hre'e units, which the{ informally labelled lower, -iddles. and upfer
Table Head. They also noted that the Table Head Fotmation rests on the
St. George /with a disconformity, and that the upper boundafy of Table Heﬁd@
Formation sibly is cdnfomable, though they noted that the uppermost
beds are disrup ?d and disturbed. They reported the thickness of upper
Table Head to.be 300 feet (IDO -.etrea)..

Schuchert and Dunbar (19345 based the bbundaty between, the St. George

and Table llud divisions oﬁ/ "r.he presence of a ;cg:loml dilconfonitj

‘ be}m the twvo. This bouﬂdary also coincided with the boundary between
the Lower and Middle OrdoJicim. The boundary was later described as a
surface vith karst topography and associated Pb-Zn mineralization (Collins

and Saith, 1972, 1975). The time-gap should correspond to 10-15 millien

years (Colline and Smith, 1972, 1975). Fibraeus (1977 b), Knight (1977 b),




Table 1.1 History o?&ht‘ri‘.!igraphic nonienclaturé.

.
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e ‘ :
. and Levesque @977)‘descr1t{ed the contact als conformable, because the
karst_ topog}-a;hy"is ‘nqt evident in coastsl exposures. The breccia-filled
fractures éenetuting, verticall_y into the upper strata of St. Ceorge are
interprel:gd to represent Va' Bfratabound cbllaps‘e_breccia.related to solution
of evap‘dri;es (Knight, 1977 b; see James, ‘1979). This led to the con-
clusfen that earlier definitions of 1litho- stratigrqphic units such as the
St. George and 'I:able -Head Group/Fomation wvere not definitive, since rock
‘un:lts .to which these names I}ave been commonly applied, are a.ctually strati-
grap.hical_ly recurrent and of late'rally diver;e facies (Woodard, 1957;
Knight, 1977 a, b; Levesque, 1977).- ’ 7

- Recem: biostratigraphical data show that a faunal hiatus (Flower,
1978 Fahraeus, 1977 a, b; Portey, 1979, 1980; Stouge, 1978a, b, in press) is
present, and this could aux;port the presence of a disconfomity. Because
the uppermost St. Georg;a is develfaped ag non-fossiliferous dolostones, the
stratigraphic lnterprétation of this succession is equi\'rocz‘n. It could
represent eithet a depositional ‘hiatus or continuing deposition of non- .
fossilAiferous strata. In general, however, it isg agreed upon that the
'.disconfomity ‘is present'. to éhe so’uth, on ?61‘1: au Port Peninsula, whereas
the bound;ry 18 conformable to the nortix 1# the Hare Bay area V(e.ga.,
Flower, 1978; Fahraeus, 1977 b; S'to'uge,'in press).
Whitti.ngton and Kindle (1963) described the sﬁratigraphic iuc-
", cession .and the ranges of trilobites of the Table Head Formation at Table
Point. ;I'hey con';cted the thickness of dppet ‘Table Head from the 300
feet of Schuchert_and Dunbar (1934) to 30 feet (10 metrgs). They a}lso'

noted that the middle 'l‘abﬂle Head strata are predominantly slumped at

Table Point. They found Table Head trilobites in the f'Isolated Blocks" .

i
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of Schuc;\ert and Dunbar (1934). Rather than changing .the name Tal;le
hHead, Whittington and Kindle (1963) recomerﬁed'continqed application of
the name T;‘sble‘Head for the formation, so well established in the liter-
ature for the rocks ;t Table Point; a pragtice that has been follov;'ed
since.

Recent work is concentrated on de;ailed 1nveatigations’ and re-
classifigations of Middle and Lower Ordovician ;'ock succeséions on Port 
aux Choix Peninsula (Kluyv'er, 1975), H;;wkes Bay to Cabe Norman (Knight,
1977 a, b; 1978, 1980), and Port au Port at Eddies Cove West (Le_vesque,
1977; Nelson, 1955; Woodard, 1957). ®

The use of fossils for correlation of Ordovician rock units in-
cluding fable Head strata in western »Newfoundlz:nd dates back over one
hu;ldred years (i.e., to Logan, 1863).

Taxonomic descriptions of faunas from the Table Head Formation were
published b); Billings (1865) and Rd_ymond'({925). Coqper (l>956, 1976)

dated the formation as Whiterock (lower Middle Oydovician); he indicated

that the Whiterockian genera gthidiellu. Anomalorthis, and Rhysostrophia

are present in the Table Head_fomtion. The exact ranges of the
brachiopocd species occurri‘n/g in ‘ﬁe Table‘ Head Formation are unknown.
Fllower. (1978) rer;ently rgported Whiterockian cephalopods from the Table
Head. Bowever: their distributions and ranges #ithin the: formation are

/
unknown. :

Detailed blostratigraphical analyses of fl'ablc Head strata have

‘ ‘ il
appeared in relatively recent ynrsjased on trilobites, graptolites and

w
-

conodonts.
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The trilobite faunas of the Table Head Formation wvere listed, and
their ranges shown by Whittington and Kindle (19635 » and monographed by

Whittington (1965). Extensive collections from Table Point and Bellburns

© implied correlation with much of the Antelope Valley Limestone ‘q.n Ikes

Canyon, Nevada, at;d with trilobite Zones M and N of the Utah sedtions
> - / “
" (Hintze, 1953; Whittington and Kindle, 1963). This fauna is of latest

Arenig to early Llamnvirn in age (Whittington, 1968; Fortey, 1979, 1980).

Whittington (1968) furthermore considered the Table Head fauna at Table

Point to correlate with .the trilobite fauna in Bed 12 ¢f the Cow Head
%

Group.
Graptolites from the middle and upper Table Head belong to the

Paraglossograptus ‘''etheridgei" Zone (Erdtmann, 1971; Morris and Kay,

2
1966). This is Zone 9 of Berry's (1960) graptolite zonation established

in Texas. In terms of the Australian graptolite zomation (Thomas, 1960),

the Table Head fauna correlates vith the Diplograptus decoratus Zone (or i '

Da 3 Zone) of the Darriwil Stage (Finney and Skevington, 1979). This is

\ '

i near or above the Didymograptus 'bifidus'/Didymograptus murchisoni zonal

' boundary (Llanvirn) (Finney and Skevington, 1979). Erdtmaon (1971) in-

dicated that the fauna at Table Point was transitional betweex.i faunas 9
and 10 of Berry (1960), and was slightly younger than that of Black Ceve
in thie south (Morris and Kay, 1966).

Fahraeus (1970) t;eported on the conodonts from Table Point and Hare

Bay to the north. He concluded that the faunas were mainly of early

Llanvirn age, ranging from the top of Didymograptus hirundo Zone through

the D. bifidus graptolite Zone. He also indicated that the middle Table

Head conodont fauna to the north (Hare Bay) was as old as the fauna from
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the lower Table Head at Table Point. Subsequent work onm conodonts
(Fahraeus, 1977 a2, b; Stocuge, 1977) has séttled the age of the Table
Head Formation as mainly Lower Llanvirn, or Midconti.nent Fauna 4 of
Sweet et al. (1971). Bergetrdm et al. (1972) and F.ahra'eus (1977 a, b)

also showed that correlation of the middle Table Head with Bed 12 of the

Cow Head Group, as:!h/iiington (1968) suggested based on trilobites,
' P
B

could not be corre ed 12 18 early middle Arenig age (Fahraeus and |

Nowlan, 1978) or Prioniodus (Oepikodus) evae Zﬁle of the Scandinavian

conodont succession, and the middle Table Head is of early Llanvirn age.

l.4 l?urpose of this study

The purpose ofﬁ this sﬁudy is to degcr.ibe the lower Middle Ordovician
(Whiterockian) conodont fauna and its succession at Table Point on the

Great Northern Peninsula, Newfoundland, and to propose some tentative

correlations on the basis of conodonts previously described from Europe

and North America.
LA

The distribution of conodonts relative to the rock type is also
taken 1nt5 consideration, and this is compared with present knowledge of

~the distribution of other fossil groups, in particular the trilobites.

“

N

1.5 Technique

Pieldwork for this study comenced in June, 1976 at 'l'able Point,
where the najor part of the month was spent, mapping, musurins, and
collecting samples from the sequence. From July onvardl, detliled
mapping and sample collection were contisued in the Pistolet Bay area

(Fig. 1.1). Late July fieldwork co-ntinud in the Hare Bay area in the
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northeast. 1In Augt}j'et section-measuring and aampie collection in the
Port aux Choix are+ commenced, and by the end of August reconnaissance
in the Port au Port’area"was completed. 1In 1977 fieldwork was concen-
trated at‘: Table Point vith additional visits to Hare Bay and Canada Bay.

Eight aéctiodé were measured and studied. The sections are Table
Point, Bellburns, jPointe Riche, Gargamelle Cove East and West, Back Arm,
Port Saunders 'and ;St. John Island. The sections are readily accessibl:a,
though access to,ﬁta;Joﬁn,Island is difficult at times of strong winds
and heavy seas (Lfe;, throughout the field season). Most of the sectiops
are generally welJ}, exposed and structurally uncogplicated, though a com-
bination of poor é:xwaure and dolomitization ¢onfuse the interpretations
at Back Arm, and at Gargamelle Cove West structpres are not well under-
‘stood and some quijzstions 8till remain to be (clarifi‘ed.’ Collectively,
the sections provide a reasonably comprehensive representation of rock
units within ihe ;tudy area. Minor road sections and coastal exposures
have added further information.

The sections were collected at regular intervals for cbm;lont

research and lithological study. The intervals were usually 5 to 10

metres within uniform lithologies. With a varied l.ithology‘ and at

lithologic boundaries, the collecting intervals were smaller or bed by
bed. All rock. types vere collected and processed for content of cono-
donts. Altogethér 252 4-15 kg samples were collected of which 201 were
processed,

Gross lithological characteristics were studied in the field. - For
detailed sédiment 1nvo:at1g:tion 88 thin-sections and 42 acetate peels

wvere studied, mainly to aid in classification of the sediments and the
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study of depositional enviromments involved (Chapter 4). This investi-
gation was concentrated on three of the sections, namely Table Point,
Pointe Riche, and Back Arm east of Port aux Choix.

The limestones were classified according to Folk's (1962) classi-

' fication, and. a combination of field observations and the results of

laboratory research allowed an informal litho-stratigraphic subdivision.

Processing of limestone samples for conodont studies followed ‘
\ standard procedure (Lindstrom, 1964). The residues were washed through
\ a sieve with the size of 63 um (230 mesh) sieve. After heavy 11{u1d

-

separation the residues were cpmpletely picked. Black shales of the

upper Table Head were broken down with Hzozl

Gy
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CHAPTER 2

STRATIGRAPHY

2.1 The Study area

In the central part of the Great Northern Peninsula the Table Head
Formation is exposed between Spudgels Cove Iin the south and St. John
Island in the nqrth. ‘The study area includes the éoastal exposures from
Cliffy Point in the south to St. Jo.hn Island in the north (Fig. 2.1).

This particular area has been important in previous work on Lower
to Middle Ordovician stratigraphy and paleontology of western Newfound-f
land, and, indeed, North America as a whole. The sectioﬂ at Table Point
has been choseq as tl&s@tratotype for the Tableheadian Suba'tage of the
Whiterockian Stage (lﬁy, 1962; Fiﬁthws, 1977 b). Stfntigraphy of the
Pointe Riche Peninsula“, St. John I;land and Port au Choix areas has been
the topic of controversy.in separation of Fable Head carbonates from St.
George carbona'.tea (Logan, 1863; Schuchert and Dunbar, 1934; Cm-iné, 1'96711, b,

1968; Woodard, 1957). Port au Choix Peninsula has been_ uged as the type

area for subdivision of the St. George Group (Kluyver, 1975), and part of

the area has been subjected to detailed lithologic and paleo-envirommental
. A , .

studieﬂ(night, 1977 a, b, 1978; ‘Levesque, 1977; Levedque et al., 1977;

‘Klappa, 1980).

2.2 Stratigraphical succession

The divisions of the lower Paleozoic succession in the study ares

are: (1) the Lower-Middle Ordovician St. George Group; (2) the Middle
. @ o
Oxrdoviéian Table Head Formation snd Table Cove sandstone and shale; and "

.




Fig. 2.1 UGeneralized geological map of the study area.

(Modified after DeCrace, 1974; Knight, pers. com.,
1

1976-1980; and this study). .
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(3) the Middle Ordovician Cow Hesd.Grbup and the overlying green sand- Y

stones (Schuchert and Dunbar, 1934).
The Lover-Middle Ordovician'St. George Group, the Middle Ordovician’
Table Cove sandstone and shale, and Middle Ordovician Cow Head Group are

- not the topic of this study. They are only briefly discussed below.

2.2.1 St. George Group (Lower-Middle Ordovician)
. ‘The St. George Group was first named by Schuch‘ert and Dunbar (1934)
as the St. George Series., Later workers changed the rank to Group .
(Kluyver, 1975; Knight, 1977 a, b) am:l to Formation (Whittington and
Kindle, 1963; ‘Collins and Smith, 1972; Levesque, 1977; Levesque et al.,
1977).

The St. Geprge Group was divided by Kluyver 7(1975) and Knight (1977a,
b; 1978) 1nt(; aéveral formations, whereas Levesque {1977), because of un-
certainty of the precise meaning of older formation names, assigned Str.
George sediments to informal members designated by the word "cyclic'.
The'ucending order of the formations are:wutu Bight l'ormation‘. Boat
Ba'rbour Fomation; Catoche Formation, and Siiiceoun Dglomite Formation.

The St. George Group is minl& composed of cnrbomtei, vhich vary con-
/s:lderably in composition and color. They are predominantly of supra-
tidal to shallow-water subtidal origin. Cyc;ic stromatolite unit;- at
the base (Watts Bight F;':nution,apd Boat Harbour Formation) alternate
with primarily subtidal biomicrites u.1d biosparites (Boat Harbour For-
mation, and the Cito;:he Formation). This soccession is ’ﬁlloved by_'a
~cy<:11<: dolomitic sequence of the Mliceme Dolomite !'omtl.;n of inter-

tidal to supratidal enviroments.

-
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t The total .range of the age of the St. George Group 15' not conpleteiy
known at present. Flower (1978) reported on the succession of cephalopod
faunas. He found the Canadian (Lower Ord?vician) to be completely repre-
sented in the St. George. Whittington ami Kindle (1969) reported upper
Canadian shelly faunas from Port ;au' Choix Peninsula. Fort)ey (1979)
desctibed the trilobite fauna from the‘Catochev Formation, which 1is
late Canadian  age (Zone G-H Ross/Hintze).  Boyce (1978, 1979) reviewed
the trilobite zones present in the St. George Gro.up. According to him
(Boyce, 1978, 1979) the Zones‘B through G of Ross (1951) anci Hintze (1953)
dre represented in the St. George. A faunal break corresponding to the
Subzone Gl 1s present in the Boat Harbour Formation. Cumming (1967 c) and
Collins and Smith (1972, 1975) recovered grgptolites in the upper dolo-

‘-1ticlpa‘rt of the St. George, and they are of middle to late Arenig age.
The St. George conmodont faunal nucce&sion range from early Canadian (Mid-
continent Fauna B of Ethington and Clark, 197]1) to late Canadian (Barnes

and Tuke, 1970). The top of St. George Group is of Whiterockian age (Mid-

continent Fauna 2-3 of Sweet et al., 1971) (Stouge in press; this study).

N
, ) -

\

-2.2.2.- Table Cove sandstones and shales (Middle Ordovician)

W

This informal name refers to the unnamed green sandstones and shales
(Kindle and Whittington, 1958), which overlie the Table Head Formation
south of Table Point (Schuchert and Dunbar, 1934; Hubert et al., 1977).

The sequence consists of graded-bedded, green to grey sandstones

interbedded with grey micaceous siltstones. Loadcasts and flutecasts are

common sedimentary structures. The exposed thickness 1s about 42 metres.

The sequence 1is exposed along the shore in tﬁc tidal sone between Table
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Point and. Table Cove. . The upper boundary has not been observed and is
probably not exposed in the study area.

‘Graptolites from this seéuence are Zone 9-10 of Berry (1960),
(b. Skevington, pers. comm.). This is equivalent to the upper Table Head

.

(Erdtmann, 1971; Finney and Skevington, 1279).

2.2.3 Cow Head Group (Middle Ordovician)

. In the southern part of the study area two localities are referred to
the Cow Head Group. At Cliffy Point clasts of dominantly lower Table Head

lithologic affinity are present. The clasts vary from walnut-size to 25

metres in the maximum dimension. The matrix is grey micrite. Clasts of a
white mottled dolomii:e of unknown affinity are also common. Daniel's,’
Harbour P;eninsgla is composed of a calcareous breccia, with boulders of
. lower Table Head, middle Table Head and Table Cove l1thologies. Grapto- )
V'lites indicate a Zone 9 age ‘(whitth;gton and Rickards, 1969; Finney and
Skevington, 1979), which correlates with middle Table Bea;:l (Efdtmann, 19715

Finney and Skevington, 1979). The western part of the peninsula is' dom- M

inated by clasts of a light grey to white mottled dolomitized micrite

with clear sparry calcite filled vugs; these clasts are of unknown or of

St. George affinity. »

2.3 Structure

The strata within the study area are generally gently warpgd, but

locally they are more severely disrupted by faulting and folding. . The

ujo:r structural features are the Hawkes Bay Fault, the Sandy Fault at

N
Port ‘Saunders, and the Gargamelle Cove Pault; the Table Poinf/Bellburns

o




syn- and a":\:.icline Fig. 2.'2);rand the fault on St. John 'Island, possibly
‘an overthrust. ‘

| The major NNE tren;iing Hawkes Bay Fault extends inland a:;d can be
traced to Hawkes Bay east of the study area. The gault is marked by spec~
tacular dolomitized fault breccia zones. At Port Saunders, the Sandy
Fault trends NNE and brings St. George Group 1n‘structural contact with
the Table Head Formation, but the fault. itself 1is not exposed. It is

marked by a gravel beach that separatés the tcrops of the two units.

The faults appear to be a combination of/lateral and vertical dis-

. .

.placement, as the Table Head Formation is expoped on both sides of the
fault zone at Bell})urns, but further nbrth strata of the St. George Group
are juxtaposed against the Table Head Formation to the west. Similarly |
along the Back Arm/Gargamelle Cove l;ault, strata of Table Head Formation
are exposed on both sides of the fault in Gargamelle Cove, Vbut Table Head

strata on St. John Island to the west are juxtaposed against strata of St.

George Group to the east on Hare Island.

\ Minor faults and joints within the Table Head Formation and the St.

George Group are abundant, Diaplacalent along these faults is not

-

alvays directly measureable within the Table Head Fomacton mainly due to

4
the llck of marker beds. The faults are assoclated with white calcite

vei.m and sometimes with pronounced slickensideo. Most are vertical to
steeply dipping although bedding plane faults are common. The hportance

. and effect of the faults cannot be estimated, but it is believed that the
-
thickness of the formation has been affected, as at Bellburns, where some

3

beds are thrust over each other.
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L ‘ At Pointe Riche a fault breccia occurs trending N‘NE across the
peninsula. A similar breccia issexposed at Gargameile Cove East, but no
direct evidence of" the presence of a fault wab :;.beerved. .
St. John Island is a gentle dome. Pointe Riche is slmost flat-
lying but in detail it is very gently folded. Strata at Table Poinmt,
Table Cov; and Bellburns are folded, and close to the fauit zone in Table
Cove the western limb of an anticline becomes very steep. .
At Table Point and Bellburns strata at the hinges of the folds are
* ‘ completely recrystallized to large calcite crystals surrounded by dolo-
mitic aureolef oé. former linestone. Furthemore the dolouitiaation 1s
associated with calcite veins and dolomite dikes nlong joints or open
fractures. On Pointe Riche 'Pen:lnsula and St. John Island vuggy whita
dolomite cutl vertically through the section and-also extends’ along
mainly slumped layers (Cumming's (1968) discopforuity). This dolomiti-
sation is associated with minetalii_ation on St. John Island and has been

.

described as "pseudobreccia" {Cumming, 1968).

;I‘he €ow Head facies at Da_piel'liﬂarbo‘ut',lnd Cl1iffy Point 'is con~"
sidered either to be transported (Stevens, 1970; Hubert et al , 1977) or‘
;ut;éhthonoul (Jnﬁ _g_t__‘n_l_., 1979; Finney and Ske:vington, 1979).' The
outcrops are separated by gravel beaches, ai\d no fault plane is exposed.

v

2.4. fabld Head Formatfon and boundaries of the study area. ) )
s 1
The Table Head sequence is considered to have the rank of formation ‘ .

in this study.

’

crite, which

4

is characterized by ostracodes, trilobites and cuphalopodl unlike the




St. George Group, which 18 almost free of fessils in its jopermost

‘part, is chosen as a base for the formation in this stpdy. The
top is the upper boundary of the upper Table Head.

The Table Head Formation is 340 metres (1020 feet) in total
thickness at' Table Point (formerly Table Head - the type seétion).
The cliffs along the shore provide continuous exposure for about two
kilometres from immediately nox_’th of Table Point to Table Cove
(fig. 2.2). Less continuous and shorter ranging se;:l:ions are exposed
on Pointe Riéhe Peninsula, St. John Island, Gargamelle Cove East to
Port Saunders, and along the coast at Bellburns (fig. 2.1). The
upper Table Head is now known to be much thinner (Whittington and
Kindle 1963) and the lower Table Head to llaéiso'mewhat thinner (thi;
-study) than reporte& by Schuchert and Dunbar (1934).

| For the purpose of this study the Table Head Formation is

divided into lettered units (Table 2.1). the divisions are broadly,

 similar to those of Schuchert and Dunbar (1934).

r

2.5. Lithological characteristiﬁs of the Table Head Formation.

Rubbly-weathering iicrir.es and mttléd dolostone are the
;ost characterist -;am abundant rock types in thev. main part of the
Table Head. ¢y are associlated vith a variety of other limestone
types (bloclastic, ‘pelletoidal, .and arenaceous). Rocks that are

predominantly detrital (silty limestones and shal‘es) » occur mainly




.

Table 2.1. Lithostratigraphic units of the Table Head Formation

See Fig. 1.2. for comparison with other subdivisions.




_ Formation Member Subunit Predominant Lithology

TABLE HEAD Upper Black shale with claystone and
- siltstone.

, . B Black micrite, in places laminated,
brown to black shale. : :

B Dark-grey, unsorted biosparite
interbedded with brown shale.

Middle B : ~Black micrite interbedded with
brown to black shale.

B . park—grey, argillaceous biomicrite
and biosparite.

~

——— : —— _—
' A__; Grey biomicrite and biosparite.
i Lower | A, | Grey biomicrite and fine-grained

1 '~ dolostone. :

‘ A Light-grey dolostone, micrite.




in the upper part of the sequence. Because most of the rock types conform

to Folk's standard definitions and descriptions, they will not be

described in detail. o ¢

1_9\
The rubbly, argillaceous micrite, so characteristic of the

formation, will, however, be described in some detail. This lithology

consists of hare':J irregular lumps of micrite (dismicrite) in an

, argillaceous matrix. ‘The lumps are rarely larger than 2 centimetres
‘(maximum diameter) and éppear to be randomly oriented. Loéélly,
the lumps are in con;gct with each othér, but more commonly they are
separated by zones of arg‘illaceous material. The combination
.of resia.t’ant limestone lumps with a softer argillaceous mtrix is
responsible for the distinctive rupl;ly weathering of thé rc;ck in
.outcrop; commonly stratification is poorly defined in thgse‘ units.

The limestone lumps consist of micritic calcite and microspar.
The argillaceous material consists of clay~ to silt-sized quartz,
Iclay minerals, and dolomite. In some varieties of this rock type
the dolomite is in the fprms 'of rhombs (longest axis up to 0.03
mm), which partly.rep‘l;ace calcite shell fragments..

This rock type conionly contains large numbers of llrachiopods,

cephalopods, trilobites, and ostracodes.
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2.6 _Litho-stratigraphic successions

The Table Point section is used as a reference section. Lithological

units identified in ather sections are whenever possible referred to this

standard sectionm.

Details of lithologies and litho-stratigraphic relationships of the
eight stratigraphic sections studies are depicted in ;’13. 2.5. The
evidence.to support these correlations is described below and in Appendices

A to H.

2.6.1 Table Point Section (Fig. 2.2; 2.5; Sectiom 1)

Loca‘tion

The Table Point Section is exposed along the shore morth and s::uth of
Table Point. Measuring of the‘section was started south of the river in
theshwater Cove (nev name - see Levesque, 1977, p.' 1113 Fig. 2.2), and was
continued southwest albng ihe coast for about 2 kilometres.

The rocks dip SsW (142°/7° - 154°/8%) to SE (58°/16°), thus forming a
southwest plunging syncline. The-strata are cut by numerous joints aﬁd
faults, marked by white.calc:lte veins. Secondary dolomitisation along
these structures 1is common.

The oediientn comprise the upper-os.t‘ part of the St. George Group,
the entire Table Head, and part of the Table Cove aandlton; and shale.

>About 80 metres of dolostones of the Siliceous Dolomite ’lfomtion were
measured from the river to the upper boundary of the St. George Group.
.Graptolitu occur in grey, yvellow weathering fine grained dolostone about -

65 metres below the base of the Table Head Formation (Fig. 2.2).

=




Fig.

2.2
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Location map of the Table Point and the Bellburns areas

’
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The section forms the type of the Table Head Series of Schuchert &

Dunbar- (1934) . Logan (1863) described the divisions M and N rom Table
: Vd

Head (now Table Poiﬁt).

Stratigraphic succession

The sectiog has been d:lvided into three parts; lower, middle and
upper Table Head, which again can be subdivided into smaller units. Herein
the Iower-Tablé Head comprises the units Al, Az, and A3 (Table 2.1).

Al is 8 metres thick. It is predominantly mot.tled dolostone, dolo-
stone, and bird‘'s-eye dplogtone associated with minor argillaceous micrite.
Dolomitic pelmicrite is secondarily present. Unit Al has a testricted
fauna of gastropodl (Homotoma sp ) and predominantly leperditiid ostra-
codes. Cephalopods and trilobites were rarely found. Bird's-eye struc-~
tures are associated with mudcracks and minot laminated beds.

- A, 1s sbout 48 metres thick. It consists of argillaceous micrite,
rubbly argillaceous micrite, dolomitic micrite and miner quantities of
bilomicrite, silty dolostone and breccias. Grey micrite has distinctive
ted.‘ iron ‘oxide coating _(jellov weathgring). - Compared to unit Al, th§
fauna is more abundant and more diverse. It includes gastropo&s

Bormotoma sp., M;clutites 8p.), straight and coiléad cephalopods, ostra-
codes and brnéhiopods. Trilobites are rarely present.

In the centrt_;l part of unit A, and at the top of unit Az tvo pfo-

2
nounced slumped layers are present. The lower i.t characterized by chert

nodules, and the upper by breccias. Mudcracks, ripple marks and burrows

are very common in the upper part of unit Az _The top of unit Az grades

into unit A3 .




{
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A3 is 186 metres thick. It is predomir_untly micrite, biomigrite,

and rubbly afgillaceoul nicrite with lenses of biosparite. Color varies
from dark-grey to grey./; Bedding is ‘Ehin t;a massive. The upper middle
4 1 more thinly.bedde‘d than the‘ rest of the unit. Chgtt
is common throughout the sequence (Fig. 2.5). Slumped beds of biomicrite

part of unit A

‘and bilosparite are present. Secondary dolomitisation and calcification
associated with dolomite dikes are common in the upper part of unit A3.

The.top of unit A, consists of rubbly Argill_aceous micrite and dbio-

3
sparite with funnel-shaped b}ogeniic structures (e.g., spongvea).‘

The lower and middle p;rts of unit A3 contain cephalopods, trilo-
bites, and a feﬁ crinoids. The upper part of the unit, particularly the
sponge bed, contains an abundant bryozoan fauna (Klappa, 1980), aloﬂg
with large cephalopods and trilobites, anci crinoids.

Middle Table Head is charact.etized.by an increasing amount of clastic
-uterhl‘ 1t fom a tramition from a predominantly carbonate regi.ué to
‘ a pradominantly clastic regime. In the Table Point Section the" beds form
open folds or are clearly slumped. This prohibits bed to bed neasuring.
There is also prominent lateral variation. Middle Table Head 17é sub-—-

/

divided into four units: B, B,, B, and B, (Table 2.1). _/

ZI
- a is 2] metres thick. It consists of nodular to 1rregular1y bedded,

dark-grey, argillaceom biomicrite and biosparite. The be/z are 2 cm

thicl_: in average. Brachiopods and :rilobites are common, but gastropods,
ceﬁlul.opoda. and ostracodes, are niuing: _
52 is IGAthru thick. It consists of black micrite interbedded with

dark-brown odycar‘ous shales. The micrite beds are 3-5 centimetres thick.
taind 1 _ ) .

- i
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The limesionea contain trilobi‘tes and phosphatic brachiopods. -Grap‘tolites

are common in the shales.

B3 is 6 metres thick., It consists predominantly of argillaceous bio-

sparite 1ntqrbedded with dark-brown to black shalé. The unit contains an
abundant trilobite fauna. The fossils display a random orfentation, and
were probably transported by slumping.

.84 is 43 metres thick. It comprises the top of the middle Table Read

f Section. Unit'Ba is predominantly dark-grey toc black micrite interbedded

with dark-brown to black calcareous and non-calcarecus shales. The

micrite 13 hard and may have fine laminae of bituminoug layers .or, rately,‘

! . silty material.’ The amount of shale increases toward the top of the"

section. Limestone breccias are 'present within this unit. The limestones
c;:nf.a:l.n trﬂ.obit}a and phoaphati:c braéhiopods. Graptolites are common in
the shales, but occur in the limestones aiao.

The upper Table Head is 14 metres thiék. It i{s a black, non-calcareous,
gr'apcaliciferous shale. The graptolites are associated vith phosphatic

| e ‘ :

brachiopods.

Upper Table Head 1s overlain by about {;2‘ metres of the Table Cove
éandstones and shales. Hubert et al. (1977), howevei', reported a total of

100 metres for this unit.

2.6.2 Bellburns Section (Figa. 2.2; 2.5; Section II)

. Location

The Bellburns Section is ixpoled from about 0.5 kilometres north of

Bellburns communigy and along the coi._: south of Bellburns to Spudgels Cove.




4

The section 18 interrupted by the Hawk_es Bay Fault, and is part of

a major anticline associated with the fault. The section has undergone‘
» secondary dolomitisation particularly in the ‘centre of the anticline
and in the fault-zone.

The Bellburns Section has not been studied in detail, but field
identifications are adequate for a general description of thé
succession. The structure of this area permits inspection of only
incomplete sections and a composite section has been compiled;

Measuring of this section began lose to the Hawkes Bay Fault,
and was continued south for gbo_ut 3 kilometres, with several offsets
along strike. Toward the imrth, information was obtained from several

cutcrops, which are isolated fron'che remainder 6f the strata ("Isolated

Blocks" of Whittington and Kindle, 1963). .

Stratigraphic succession.

The general sequencé at this locality is very similar to that of
. Section 1 at.‘rable Poin_t, and this easily perinits confident lithological
correlations (Fig. 2.5).

The lower boundary to the St. George Group has not been observed

with certainty. Dolomitisation, which affects the Table Head Formation

at the Havkes Bay Fault, prohibits a safe separation between lithologies

of ‘the two sequences.

The Bellburns Section 1nc1ude- lower and middle Table Head, and the
lithological nnfn Az (in part), ,A3’ !1 and 32 are ex‘poaed. Units Al, A2
| (in .part), 33, ll. and the upper ,Tabié Heigl are not expou@ or have not

been observed with certainty at this locality.
<

\
\




A3 is possibly 120 metres thick. ~It coﬁsihts of massive, bedd_ed,
rubbly grey biomicrite and minor blosparite. The fauna includes trilo-
bites—,' cephalopods, brachibpods,. gastropods and occasional crinoids. The
urrxit 1s exposed along the coast south of Bellburns. The boundary with the
middle Tab];e Head is exposed at the "Isclated Blocks" (Fig 2.2). This
upper part of A3 consists of grey micrite wit:h sponges;

B 'lls 10 metres thick. It consists of rubbly argillaceous micrite

1
 with nodular bedding. Trilobites are common in this unit. B1 i8 exposed

at the "Isolated Blocks" and in the tidal zome north of Bellburns.

‘. 82 is approximately 7 metres thick. It consists of black mfcrites

-interbedded with brown. to black shale. The fa'una ixicludes graptolites and
soipe trilobites. This unit is exposed in’ the tidal zone in Table Cove.
It ig o§erlain by Table Cove sandstones and shales.

. The Table Cove sandstones and shales consist of about 22 netres of
green—-colored -auive—bedded landstonec and siltstones. The top of this

< . w

unit was not observed.

-

2.6.3 Port Saunders Section (Fig. 2.3; 2.5; Section III)

Location - -
\ : .
The Port Saunders Section is exposed along the coast 0.5 kilometres

west of Port Saunders, ) . : :

. This section was started at the 5‘qje where the Sandy Fault (N 38°E)

smr‘t'ci the St. George Gx.-ou.p from the Table Head Formation.
'nl\ section génoully dips west (3501230‘1) and is gently folded iato
a broad westward plunging syncline. The section is internally disrupted

. by faults and joints; bedding 1is often difficult to obs TVe,




P

Stiratigraphic succession

The lower 23Imetres consist éf nicrices; biésparites and breccias.
-FPossils are trilobites brachiopods and cephalopods

Ihe upper part of the section is ‘24 metres thick. It consists of
grey to dark-grey biomicrite interbedded with argillaceous micrite.
Sponges and latge cephalopdds at the cop are similar to those found on
St. John Island and at Table Point.

This séction was referred to division L in Logan (1863) and to the

lower Table Head in Schuchert & Dunbar (1934, p. 56).

i

'2.6.4 Gargamelle Cove East Section (Figs. 2, 3, 2 R Section IV)

Location

Q The Gargamelle Cove.EastHSection i;rexposed in the coastal ciiffs

along the east s;de of Gargameile Cove, southeast of Port aux Choix. .
Measuring of thé Gargamelle Cove East Sectian was started south of

the inner part of the cove, and was continued south-southeast to‘the head

" of the cove. , .

The beds of this section are gently dipping (690/903) to subhorizon-

tal. The beds are cut by joints and small fgults.

‘,Stritigraphic succession

The. section can bé divided into two parts, IVa and IVb (Fig. 2.5)

IVa consists of abotit 5 metres of -asstvu, bedded, grey micrite,

IVb is 30.5 metres” thick The lower 25 metres consist predominantly
of 8rey, rubbly veathering micrite and minor biospatitcl. Ccphalopods are

comon, and sponges are -paringly prosen: at the top.
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Fig. 2.3 Location map of the Pointe
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The upper 5.5 metres are disrupted by folding >an.d faulting. This
unit consists of micrite luups‘(25 x 10 cm) 1n an argillaceous matrix.
Lack of distinct bedding makes this Gnit unique. Also the 1{tho-

. atratigraphic classification of the breccias mus;: rem:sin unséttled.
They occupy the.same gstratigraphic position as in uﬁit A3 of the Table
- Point Se-;tion, but are not typical unit A3 lithology. Because of uncertain

dei'ivation of these rocks, they are here informally termed "breccia"

beds. A similar unit 1s exposed*at Pointe Riche Peninsula.

-

2.6.5 Gargamelle Cove West Section (Pointe Riche Peninsula) (Figs. 2.3;

2.5; Section V)

Location

The Gargamelle Cove West Section is exposed along the seacliffs of
the east coast of Pointe Riche Peninsula. This section was Qtarted close
to the Port aux Choix community. _

'I:he be;ls are sub-horizontal to westerly dipping (7°/2°w). At the
base of this sectfon grey to reddigir, m;ssi"ve to thin-bedded micrites are
exposed. These beds have been referred to t.h-e St. *George Gréup by several
’ aﬁthofs (S:huchett & Dunbar, 1934; Cumming, 1968; whittington, 1968;
Kluyver, 1975). “I‘Vhe upper paft was referred to division K, 1i.e., Table
Head Formation of Logan (1863) and the lower part to division I of Logan.
(i863) by Schuchert & Dunbar (1934), 1i.e., the St. George Group. Part of
the section {s heavily dolomitized. The dolomite/limestone boundary is
sharp and cuts vertically through the section. A prqninent horizontal

‘laycr is dolomitized and filled with white vuggy dolomite, but can be
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traced inland as & non-dolomitized slumped bed. This particular layer
was d;scribed as the disconformity between theu St. George broup and the
Table Hegd Formation by Cun-:;ing (1968).' The section 18 separated from
the Pointe Riche Sectioﬁ to the west by a fault, trending NNE across the

Pointe Riche Peninsula (Fig. 2.3).

Stratigraphic succession

The lower 13 metres are nicrite, grey to moderate orange-pink with
some argillaceous stringers. Stromatolite-like mounds are presen't.

The upper 36 metres consist of fine to massive bedded nicrite with
mi;tor biosparite beds. Some beds are slumped. Fossils are common and in-

clude trilobites, cephalopods, brachiopods, and gastropods (Maclurites sp.).

. .
- 4‘?

2.6.6 Pointe Riche Section "(Fig. 2.3; 2.5% Section VI)

P

Location ’ S - . -

The Pointe Riche Sectic;n 1s exposed along the eeacl‘i‘ffs from Black
Point in the mrtheaat't:o the lighthouse in the southwest ’of the >pen1nsula.
“The section\ was measured frpom as close to ,t'he St. George Group as
possible to the north and towards xre south to the lighthouse. Four in-
complete sections were measured of which the composite qecfion is shown

(fig. 2.75).

The strata of Pointe Riche, i-_h'oughx N generally flat-lying are

" folded into gentle synclines and ‘anticlines. Dolomitization occurs in -

tite conés of the structares- both along bedding places and vertical frac-
tures. Vuggy vhite dolomite and dolostone is present in the Table Head .

Formation. To the north of Black Point dolostones of the St. George
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Group underlie the Table Head Formation. The actual boundary is not
exposed (Schuchert & Dunbat; 1934), and a covered interval of .

40 me'tres of strata is present (Levesque, 19.77) . The léwest éxposures
of the Table Head strata form an irregular dolo;nitized l;gier, whic;h was”
described as the St. George/Table Head di‘sco‘nformity by Cum‘ing (1968)
and Kluyver (1975). Herein 1t is interpreted as dolomitized Tabie Head

‘-'strata, rather than.a disconformity. The irregular boundary is either a
‘ slumped layer, which 1s dolomitized, or represents the dolomitic "front"”

at this locality (N.P. James, pers. comm., 1978). The dolomitization is

not restricted to the irregular layer, but occurs independent of the bed.

'To the south of the lighthouse folding and minor overthr_ustit?d{

occur. .

Stratigraphic succession

The léwer 27 metres consist of grey massive bedded micrite with
‘minor biosparite lenses. - Occasional minor chert layers are present.
Several small slumped biosparite be‘da are present. The base of the settion
is the dolomitized wavy-bedded micrite. | o

The upper 12 netres Margiﬂaceom;, hard, grey, yellow-
weathering uicrite&. One prominent slumped bed separates the lower |
lithologies from the upper lithologies. This bed thins out to the north,

and becoues dolomitized distally.

Remarks
> ¢ J
The Pointe Riche Section was the basis for Richardson's divisions

K and L (in Logen, 1863). Schuchert & Dunbar (1934) reported that 200
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feet (66 metres) of lower Table Head limestones are present, which is

about 25 metres more than measured in this study.

-

2.6.7 Back Arm East Section (Fig. 2.3; 2.5; Section VIT)

Location

The Back Arm Baet'Secti;m is exposed 111‘ the cliffs along the east
- shore of Back Arm (Fig. 2.3). The cliffs are within fhe dump area of the
Port aux Choix commnity. Because of the ilmount of garbage th; exposure
varies from moderate toAcoverf'e'd - a situation that ch._gnges from season to

N

The beds in the section are sub-horizontal to slightly dipping south-
G .

season.

ward.
At the base and to the notrth the St. Ceorge Group dolostones and

dolomitic micrites conformably underlie the section,

Stratigraphic successfon . ; /

A'rh'e lower 5 metres cénsist of fossiliferous micrite, dolomitic
micrite, calcareous dolostone, and dolostone. Dolostone prédon_ainates in
the lower part, in places associated with fine lmination'sr. These beds
contain ‘a restricted fauna (principally_ ostracodes) .

The upper 13 metres consist of hgrey, reddish-colored (caused by

distinctive red irom oxide coat&'n’gs)_, rubbly-weathering micrite.
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1

2.6.8 St. John Island Section (Fig. 2.4; 2.5; Section VIII)

Location
A ';‘he St. John Island Section i{s exposed from Photograbhic Point to
the cliffs on the south eide of the St. John Island Harbour (F:lg. 2.4).
St.. John Inlandr 18 a large dome. - The strata of the St. John Island
Section form part of the structure, the other flank is the northern side
of the St. John Harbour. At zhotog_raphic Point and 9\0113 the south coast -
predominantly dolomitized anr‘l mineralized Table Head strata are exposed.
A thrust 1is present along the dolomitized layers (Levesqde, 1977)
The St George Group/Table Head Formation boundary as described by

Woodard (1957) on the eastern coast of the 181and is related to a setting

“similar to Pointe Riche Peninsula (Section VII) 1.e., within the dolo-

mitized Table Head strata. Flower (1978) recorded a typical Table Head -

fauna from these dolostones.

Stratigraphical succession

The St. John Se:t:lén was started close to Vthe dolomitized beds at
Photographic Point'. The top of the section 1is exposed on the crest of
the hill to the east of Photographic Point.  Two iﬁmpletg sections
VIIIa and VIIIb were measured. The exact relative positions were diffi-~
cult to determine, and a t‘dnor gap in the composite section exists
betveen the western partb (Section VIITa) and the eastern part (Secﬁion

VIIIb), because debris covered bedding planes. The top of Section VIIIb

is nrkagl by rubbiy debris. The composite section comprises only part of

the total Table Head strata exposed on St. John Island.




Fig. 2.4

Location map of the St. John Island,
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Section VIIIla T
.'rhia section is 15 metres thick. The predominant rock types are

grey fossiliferous micrite and minor biosparite. Tt\:wards the top rubbly

: \
grey, argillaceous micrite with yellow-colored (? 1ro;\: stained) bedding-

planes are common: Fossilas are cephalopods and small \A?onges. At the
o \

top large sponges become common. \\

Section VIITb
The section is 9 metres thick. It consists of grey micrite and

“ninor, argillaceous micrite. Trilobites are present.

*

Remarks ~*

The strata of the north coast of St. John Harbour ana from Pligasse';
Poi‘nt to Menhir Point contain ; profuse fauna of sponjes and large cepha-
polods, a co:occurrence similar to the Port Saunders and Table Point Sec- '
tions. Hahy of ~the sponges, which may be tall or short and mushroom~
shaped, are still in 11fe-§osition. ,

vwoodard (1957) proposed the name Well Cove F&mt:lon for these Table
Head limestones. He also included the straﬁ at Eddies Cove West in his
formation. Whittington & Kindle (1969, p. 659) found the Eddies Cove
West strata to be of St. George age, and thley’ﬂau now correlated with

I . .
the Boat Harbour Formation and the Catoche Formation of the St. George

Group (Enight{ 1977 a, b).
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i
2.6.9 Small outcrops within the study area

I. Between Port Saunders and Garéamelle Cove East
Table Head strata crops out as sub-horj.zontal to undulating beds
along the beach. "Similar beds are exposed along/the road connecting Port
aux Choix and Port Saun.ders. A small ;ection of about 12 metres of argil-

laceous, massive bedded micrite was measured. Cephalopods are common.

I1. Central part of Gargamelle Cove

A small outcrop, only exposed at low tide, consists of 5 metres of
grey massive micrite with gastropods. These 5 metres are included in the i

\Garguelle Cove East Section on Fig. 2.S. '
L

III. Road-section about 2.5 kilometres north of Port aux Choix
Along the road towards Eddies Cove West morth of Port aux Choix about

1.5 metres of massive bedded grey, micrite is exposed. This 1s Table )

Head limestone.

<

2.7 Litho-stratigraphfc correlations

’ . - Litho-stratigraphic correlations are summarized in Fig. 2.5. The

-corre‘latiom suggested Qte hampered by structural co-pliéattons combined

with local‘: dolomitization. s the .lover boundary of the Table Head For- ‘ H'
<. —

mation has been observed o

f: Table Point. In the Back Arm East Section

this boundary is interpreted to be present based or the stratigraphical .

succession. Im the Bellburns Section the Havkes Bay Fault separates Table

Head strata from dolostones, which may be of the St. George Group affinity




/

/

f

!

!

»

or represent dolomitized Table Head lineétonec. The question is left

open in thi- étudy.
In general, litho—stratigraphic criteria are, however, good enough te
permit precise correlations. Lateral variations are minor and the rock

. r .
units identified at Table Point can be traced over most of the study area.

Only the basal units (1.e., Al and Az) of the T;ble Point_ Section show
variatioﬁ in the presence of dolostones versus limestones.

Unit A3 of the Table Point Section is alnosl_:, complete along the coast
of Bellburns and from Pointe Riél)e to Port Saunders. In the Gargamelle
Cove iaat Section the brecciated micrite ("breccia") occupies about .one—
fifri: of the stratigraphic thickness. Table Head beds of St. John Harbour.
on St. John Island have ‘thg same lithologica} char;c,teristics as those of
Poyt Saunders, Table Point and Bellburas, but contain a higher number of
st«onges and fever large cephalopods.

Middle Table Head of Table Point is incompletely exposed at Bellburns,

;

/but the presence of units Bl and Bz could be recognized.

‘.-"J. Upper Table Head strata have no lateral equivalents exposed within

the stud'y,area.

Tah:‘le Cove sandstones aﬁd shales ox;eglie 'ral;ie Head strata at strati-
graphically differgnt positions. Thef succeed the upper Table Head black
shales at Table Point, but overlie unit B, (middle Table Head) at Bellburns.
This difference can be explained as (1) a major di(c’onft?mity separating .
the Table Cc;vg sandstones and shales f;'ou the Table Head Formation, or as

"(2) different reiponu‘ (competence) of the units to the regional deformation.




Sections at Bellburns, Table Point, Port Saunders',

Gargamelle Cove, Pointe Riche, Back Arm, St. John

Island a 1ithologicﬂ correlation.
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Some hplicatiou follow:
1. Regional structural movements have influenced the rocks. Dolomiti-

zation and calcification occurs in the centre of syncliines and anti-

clines, along faults, joints and bedding-planes.

2. The disconformable contact bet!een the St. George ana Table Head
has not been observed in the field. The boundary 1is only exposed
. with certainty at Table Point and perhaps Back Arm East. At these

places it is conformable. 1In other areas, where the bbgndai-y has

been reported to occur, it is the result of dolomf'tization of Table -

Head limestones (i.e., Pointe Riche _P‘niuu'_ln and PEﬂ'lapl St. John

Island). At Pointe Riche the St. George/Tsble Head boundary 1s not

exposed, and there 'is possibly a fault at this locality.




P,

.Period, though it was modified as to areal extent and distinctiveness f
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CHAPTER 3
BIOSTRATIGRAPHY

3.1 Conbdont provincialism .

Ordovician conodont faunal provinces, the North American Midcontinent

Province and the North Atlantic Province, have been reviewed by Barnes

et al. (1973 a); Bergstrdm (1971a, 1973c, 1977a); Barnes & Fihraeus (1975);
and Sweet & Bergstrom (1974). ,
According to the above authors conodont faunal provincialism was

initiated in the Tremadocian. It prevaliled to the end of the Ordovician -

during this time By the cloéing of the Proto-Atlantic ocean (F&hraeus,
1976 ; Beriétr?m, 197713)‘.

The two main faunal provinces are characterized by two distinctly

‘
'

different conodont faunas, and two zonal schemes have been established

)

(Ethington & Clark, 1971; Sweet et al., 1971; Bergstrdm, 1971a, b} .

© 9
Lindstrom, 1971). Correlation between these two schemes is difficult

resuiting in cgnsiderable uncertainty regarding precise relations between

)

them. Correlation of the pfovincial conodont zonations with other faunal’

" successiens has ,Secﬁ more succéssful, and the conodont lucctssions are

tiedJinto 6:n:anda'rd graptolite rzonations (Lindstrom, 1971; Bergstrom, 1971a,
1973¢; Swveet & Bergstrﬁi, 1976; Barnes et al., 1976).

In the Ta}?,lé Head Formation' represenﬁatives of both faunal provinces

occur. The lower part of the 'lla‘wer Table Head includes conodonts of Mid-

s -

s

- comntiment Province affinity. Trigonodus carinatus n. sp. is found in -

3

gi_en:est abuﬁdance.. ‘Other important species of the Table Head colleéttor{a .
belonging to the Midcontinent Province are Plectodina? n. sp. A,

.g\-

TR T




Foneoprioniodus? spp. and Leptochirognathus spp.. In its upper two-

thirds the middle Table Head contains a fauna of North Atlantic Province

affinity, Notable are the genera Pericdon, Cordylodus?, Oistodus?,

. Polonodus, Protopanderodus, and Walliserodus. The main sequence of the

lover Table Head includes genéra, whicﬁ may\ be present in one'or." both

provinces, 'l‘he're are also “genera which to a large degree are restricted
to areas transitional iaetween the two faunal provinces. Previous re;;orts
of t.heir distribution indicate that they are not restricted to the centre

of the Midcontinent or North Atlantic faunal provinces. Belodella, for

example, is represented in the lower and middle Table Head and in nortl;em
Sweden (Léfgrem, 1978) and southern Norway (Fahraeus, 1970). Some genera
cannot be def;‘nitely included in either of the presently recognized
provinces. ?Erraticoéon," for example, has elements with long delicéte

denticles carried on two or three processes, and can easily be distinguished

from the bulk of the hyaline Midcontinent forms.

3.2 Conodont collections
: T

A collect:l.on' jof amber tzérk—brown conodont elanentéz’has .been

obtained by means of acetic acid dissoI\;tion (152) <;f limestones. The

color ig within the range 115—2-of t.he‘ QI (Color Alteration Index) éf

Epstein et al. (1977), indicating a heating of the strata from 50°C to at least .
140°c. Conodonts recovered from dolomites dissolved by formic acid are

vhite in coior. ”

The preservation qf the conodonts varies from fragmentary to almost

complete elements. Broken specimens are most common, in the lower Table
- . ” .

Head. Many of these elements show a sucrose surface. Secondaryrdoloniti-
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sation probably influences thg preservition. thus generally broken speci-
mens are obtained from dolostones and dolomitic micrite in contrast to
generally well preserved conodonts recovered from the biomicri;:e.

The lower part of the lower Table Head yielded@ few conodonts: 407
of the samples were barren and -another 40% yielded fragmentary conodonts.
The remaining 202 yielded c;nodonts which could be identified to the !
specles level.‘ The yield ranged from 1 to 110 specimens per kilogram of

~rock. In the higher pérc of the lower Table Head, conodo:{ts were found
in 90 of ali samples examined. The yield was arffected by secondary

dolomitisation. The St. John Island, Port Saunders, and Gargamelle Cove

West sections ylelded a maximum of 15 specimens per kilogram, whereas the

Gargamelle Cove East section y:lelded‘many well preserved specimens (85

spms. per kg.). .

Unit B, of the middie Table Head produced the highest number of *
specimens per kilogram and accounts for 60% of the total fauna. All sam—
ples yilelded conodqnts with a range from 100 to moi';a than 200 conodonts
per kilogram. Unit B, produced a similér numbef of conodonts, whereas
Unit Bzf'ud Unit B, yielded cohodonts in lower abundances, 1e 30-60 ]
specimens per kilogram. No conodonts were recovered from the shales of
the upper and middlg Tabl\;_ Head, though a2 few specimens have been'obse_rved ’
on bedding planes with a hand lens. Generally, the Tabla. Head fauna is
coiposed of normal size specimeﬁs, but a few genera axe'~composed. of quite

large elements (1 to 5 ma). Thi_g‘is typical. for species of Protopanderodus,

*

Boneoprioniodus?, and Polonodus.

-
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i 3.3 Stratigraphical distribution

Distribution of conodonts recovered from the Table Head .Formation

»

L ¢
is summarized in Table 3.1 and Fig. 3.2.

Acodus 1is represented in modest numbers; it occurs in both lower ard

middle Table Head. ‘

Belodella i3 a common component, and occurs with two well defined

13

species. Belodella sinuosa n. sp. and Belodella Jjemtlandica are present;

and the latter geems to-succeed the former stratigraphically.

The phylogeny of B. sinuosa n. sp. is déscussed below. ) Other Belcdella
species,v unnamed, sporadic,_al{lir occur through the strata.
‘Trigonodus is a hyaline multi-element genus and 1s present with two
species, ‘z. carinatus n. sp. and T. rectus n. sp.. This genus is re-
\ gtricted to the lowermost part of the Tabie Head.

Eoneoprioniodus? 1s a hyaline multi-element genus. Two - species are

pr:sent'inv the lower part of the Table Head Formation.

- ?Erraticodon balticus is a fairly common component in the lower

Table Head and lower part 6f middle Table Head.

-

Histiodella occurs as three'—gpeciea which allow a detailed zonation.
The phylogenetic relationship of these species is summarized in Fig. 3.1.

]

~

. Parapaltodus is a new simple-cone genus.. It occurs in modest numbers,
but 1is represented by several species all with restricted ranges. The  ~ -
species are separated stratigrabhicélly, and they are not closely related.

a Parapaltodus angulatus is restricted to the lower part of lover Table

Head; P. simplicissimus n. sp'. occurl(u the ‘higher part of lower Table .

Head and in the lower middle Table Head, and P. flexuosus occur;naiply

e in the middle Table Bead. ' : . !

[ S
’
¢

o niy
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Periodon is represented by a single species, Periodon aculeatus.

The phylogenetic relationships with oclder and younger species have been
deacribed‘ by Serpagli (1974), Dzik (1976) and Lofgren (1978).

i’olomcius is a rare component of the Table Head fauna and' ocecurs
mainly in the lower middle Table Head. It is‘tepresented by two species,
and prov:}.deﬁ some of the largest specimens ih the fauna. Phylogenetic

relationships of this genus are not clear (Dzik, 1976; Lofgren, 1978).

Protopanderodus is well represented vit;h sévetal néocies, all of
which have previously been describead fr;am the North Atlant':ic on.vinoef

Scalpellodus is a common component in ﬁhe lower Table Head, It is
Tepresented by two species, S. biconvexus and §. Eintensis ‘:V\. 8p.: the
latter succeeds the former stréti(gx(:aphically.

Walliserodus is represeni:et_i in samples from mainly the upper part

of the sequence by W. ethingtoni.

3.4 Phylogeny c,at Forms in Table Head Formation

- The distribution of Histiodella is important, because evolutionary
changes allow a detailed zonation. 'meﬂancest’or of Histiodella so far
is unknown. Fahraeus (1970) indicated that Hiﬁtiode;la'ovolved from a
sinéle cone, but the multi-element apparatus guqqe:i; an intermediate
ancestor with a rami forn construction. The inferred evolution is ex-~

pressed mainly in the spathognathodontiforms (l’:ig. 3.1) VhereaLs the -

-
4

other élements changed very little.

Phylogenetic rélations_hips are also clearly evident between

Semiacontiodus preasymsetricus n. sp. and S. asymmetricus, the




)

-




Histiodella .
beliburnensis n sp.

Histiodello
kristing n sp

.

Histiodello .
tebieheadensis n. sp -




3.5 Conodont Zones

-established for the Table Head Formation. These zones are/ considered

- and singly or in combination with others, they c\'h,\aractei'ize four local
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latter being the direct descendant of the former. During evolution the /

, -

posterior carina becowes prominent and distinct. . ,"
/
B/
jemtlandica is not obvipus. “The first -ny be the ancestor to the yq(nu‘er
. /

Phylogeue:ic relationship between Belodella sinucsa n. sp. and

B. nevadensis, and B. jemtlandica is a closely related species. leése

forms may have déveloped as la'.teral stems from a comn;on ancestor./

Scalpellodus Biconvexuar and Scalpellodus pointensis n. sp. ,ére two

elosely relatéd speci‘es. The second evolved directly from the,vfirst,

Two phylo-zones based on the evolution of Histiodella /ﬁave been
. "'-—-—--—/, .

- : : /‘
: /

Some genera and species have a relatively short range (Fig. 3.2),

valid for regional correlations.

[ N ) ";' : ’.I’
biointerval-zones. : ’ '

The iones recognized in the study area are defin‘t’éd and discussed

below. Fig. 3.2 111uatrates the distribution of conodonta and the zones

within the Table Head Fornation.

3.5.1 Histiodells tsbleheadensis Phylo-zonme

Definition ' o R

N tableheadensis first appears 5 metres above the base of the lower Table Head ; - »

“

'Fne phylo—zone coincides v:lth much of ‘the sttatigraphic range of the
]

species Histlodella tablehéadens:.s.. In the Table Point section its base

is marked by the flrat uppereanq,e of Histiodella tableheadensis., Histiodella

in the Table Point section. The top of the zone is marked by the first
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/l/
occurrence of Histiodella kristina in the Table Point section.

Remarks
_ The base of the phylo-zone cannot at present Se defined in the

Newfoundland succession, because the ancestor to Histiodella tableheagensis
N v

N

has not been recorded. : ' o "oa

Reference section

The Table Point coastal cliffs, Great Northern Peninsula, western
Newfoundland (Fig. 2.2.). The top of the phylo-zone is 215 m above the

base of the sequence exposed along the coast.

; 1]

Characteristic conodont species.

The phylo-zone conkains a varied fauna of Midcortinent Faunal
Provirice affinity, and a fauna transitional between the two major proyinces.

Only a small ‘number of elements belong to the North Atlantic Faunal )‘rovince.

4
“Histiodella tableheadensis is comsmon through the whole zo.nalj,hterval.

) : ) ;
Several stratigraphically important hyaline multi-element taxa arg re-

stricted to this zone in the study area. These are Boneoprioniodus? sp. 1,
. T

~

Eoneoprioniodus? sp. 2, Leptochiroqh}xthus. sp. cf. L. gquadrata, / ﬁrismodus?

sp. 1 and E.? sp. 2. Belodella spp. and ?Brraticodon balticus! are common

. g ;

_in this zone. Periodon aculeatus and Polonodus spp. are ocear’icmally

present. : /
Conodonts from Histiodella tableheadensis !;hylo—zone have been
: i
described by Mound (1965a);. Uyeno .and Barmes (1970}, Bu'ne7/ and Poplawski

¢

(1973); Dzik (1978) and I.bfgren (1978); additional 1nfom‘::l.on has been /:
/

qiven by s|not et al. (1971); Pahraeus (1970);. Bergntrh {1979) and

Harris et al. (1979). ‘ : g ,-’y




Fig. 3.2 Ranges of selected Table Head conodonts from Tabie Point,

Note that reworked specimens are not included in the rangechart

(compare with Table 3.1).
1 - marks a barren interval. ‘
2 - marks a single occurrence of conodonts typiéal of the

Acodus combsi Biointerval-zone. This assemblage does

not occur aéain.l until sample TP 62 (see text).
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Remarks

The lower boundary of this zone has not been esfablished, because the

ancestor to Histiodells tableheadensis has not been recovered. The full

range of this zone 1s-ther‘efore not present at this locality.

The Histiodella tnbleheadenaia_‘ Phylo-zone 1s easily recognized within

.the study ares (Fig .\3.2) and from other localities on the Great Northern

Peninsula (Appendix I)‘. It 18 considered valid over a wide srea in much
of North America and possibly Australia. The evolutionary .transition from

Histiodella tableheadensis to Histiodella kristins, which is manifested by

development of higher anterior denticles than the cusp of the spathognatho-

dontiform is well documented at the reference section, where 1t occurs in

an interval of 30 metres. o ) | - .

" .

3.5.2 Trigonodus carinatﬁs Biointerval-zone

Definition

'

The )ue of the biointerval-zone coincides with .the firat appearance

of Trigogodua carinatus n. sp. and Eoneoprioniodus? sp. 1. "l‘he_top is

marked by the disappearance of Trigonodus carinatus.

Réference section:

The same as for the Histiodella tableheadensis Phylo-zone. The top

of the bigintervnl-:a:me is 40 metres above the ‘bl.ll of the Table n.d

i

Formation. Its base 1s 3 metres below the base<of the Table Head Forma-

- tion st Table Point. Thus the zone is about 43 metres thick at Table .

Point. - P
« o l{

¥4




Characteristic conodont species

The zonal species are restricted to the zone in the study area.
Aasocuted species, which are nlso restticted to the zone in the study

- area {nclude Erismodus? spp., Lepthochirognathus spp., Plectodina? n.

8p. A, and Parapaltodus angulatus. D_repan'odue? sp. aff. D.? gracilis

and Semiacontiodus preasymmetricus occur in the upper third of the zone.

?Erraticodon balticus occurs within th:!.o zone. -

Remarks

The biointetvn.}-zone comprises the lowermost beds of lower Table
Head (unit A, and parg of unit A2). The conodont fauna is unique, dif-
fering markedly from faunas ab::ve it, and includes a variety of hyaline
species 11i abundance. The immediately underlying qblostones, of the St.

George-Group, have 80 far yielded Trigonodus carinatus, Erismodus sp.,-

Oegikodﬁ- sp. and Hultioistodua sp. at Table Poipt, and. !oneoprioniodus?

sp:, Trigonodus rectus and Leptochirognathus prims at Back Arm.
. Elements of this zone have been 1llustrated i:y Sweet et al. (1971),

Mound (1965a), Uyeno and Barnes (1970), Barnes (1974), Tipnis et al.

(1978), and Harris et al. (1979). Sweet et al. (1971) assigned a Mid-

continent Fauna 4 age for these elements.

.

.-
L]
3.5.3 ? aticodon balticus Biointerval-zone

Definition _
The base of this bi.ointerval—zonc in the study area is marked by the

jppannco of ?!.Er.ticodon balticus sand Scalpellodus biconvexus in abun-

dmcc. This 1s . thc same level at which Tr Irigonodus carinatus dis-

appears in the study area. The top is tiken at the level at vhich
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Histiodella tableheadensis evolves into Histiodella kristina.

Y

Reference section

The same as for tiu istiodells tableheadensﬁ_?hylo-:ot;é. The base
of the blointerval-zone 1s about 50 metres above the Jase of lower Table
Head exposed at Table Point. A barren interval is prebent within and
next to the base of the ?Erraticodon balticus bioinﬁcrval-zt;no (_l’ig. 3.2).
The top 18 220 metres above the base of lower Table Head. ’Ih§ thickness .
" of the zone is approxing\ely 180 metres at the 'i'cference section.

o

Characteristic conodont species

Several species are known to be restricted to this zone. At the

réfeg:ence section the index species associated"with Parapanderodus arcuatus .

characterize the fauna. Im this gone the follovin; species occur:

Loxodus? cutvatul, Saiacontiodm grmy-ctrtcul. S.iacontiodun

asymmetricus;, and Juanognathus serpagliei. " Belodellas spp. are common

throughout this zone. Locally Acodus éo-bai. Pe_riodon ‘sculeatus,

- Cordylodus? horridus, _l’aroiatodus? sp. and Polonodus sp. are present.
Many of the spacies of this zone were duvcvibad by Barnes and Poplqwski\

(1975); Daik (1978) and Lsf;rq (1978) . '

o

Remarks A
?Erraticon balticus 1: not restricted to the somal interval, but

occurs also above and below it. S ) ' Consistent dif-

ferences betwesn associated faunal elements from the Histiodella tgblo—‘(\

headensis and H. kristina Zones -ake it possible to date material of

Erraticodon balticus biointcrval-mnc cvcn h\ the nbunco of Histiodells °

mblahudmh. Within the sone local bioltrlu.nphic ranges and co-

occurrences of taxa make s refined loea.l correlation pooatblp.




e

:"of this zone. This level is also characterized by Semiacontiodus prea-

I

. Reference section LT
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Scalpellodus biconvexus associated with Protopanderodus strigatus,

Parapanderodus striatis, and Belodella sinuosa characterize the lower part

smetricus, which is limited to the lower 40 metres. of the zome. Above

it 18 followed by its successor §_: asymmetricus. Drepanodus? sp. ¢. D.?

gracilis and Parapanderodus sp. cf. P. consimilis also '313 common asso-

. . ]
ciates within this part of the zone. In the middle part of the zome

Scalpellodus ‘poinntensis and Belodella sinuosa are characteristic species,

vhereas ‘Juang'mthus serpagliei and Belodella jemtlandica, characterize

the upper part, .
The zone has been identified in the main part of the lower Table \ ¢

lead - at many localities on the Great Northern Peninsula (Appendix 1).

' :
' i
- 1 . {
—~— i

. P P S e - g
3.5.4 Histiodella kristina Phylo-zone

Def 1nition ‘

- The lower bodndai;y.of this zone 1is marked by the first appearance of
. 4 . N 3 '

Histiodella kristina n. sp.. The top of this zone 1s marked by the first

sppearance of Histiodella bellburnensis n. #p. in the atudy area.

The section at Table Point, Creat Horthérn Peninsula, western New-

foundland (Fig. 2.2). The base of the sone is about 16 metres below the
fop of lower Table Head, and the top of the zone is about 70 metres above
the base of middle Table Baad. The o.nl‘ thickness of the sone is 86

metres at Table Point. ~

v

. o : - N .. - i
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Characteristic conodont species

The Histiodella kristina Phylo-zone is rich in conodont taxa. ’The'
fauna is predominantly of North Atiantic Faunal Province affipnity, but
many species are new. In addition to the zonal index fossil, the species

Belodella jemtlandica;'Cordylbdus? horridus, Periodon aculeatus, Oistodus?

_tablepointensis n. sp., Juanognathus serpagliei n, sp., ?Erraticodon

balticus, Stolopodus oldstockensis n. sp., Acodus combsi, Walliserodus

etg\&.ngton:l., and several species of Protopanderodus are important.

Conodont faunas from this zone have been described by Barnes &

Poplawski (1973), Uyeno & Barmes (1970), Viira (1974), ‘and LYfgren
(1978) . ' , .

Remarks - i

Histiodella kristina ranges throughout the middle Table Head. The

evolution of H. kristina into its successoxr occurs in the uppermost beds. -

- -

It 1s mm'.'ked by a reduction in size of the cusp, vhich obtains a more
vedian position. There is aleo an increase in height of the anterior

denticles (Fig. 3.1).

The faunal elements of the Histiodella kristina Phylo-zone d;l.splay

distinct distributions, and '.justify a division into two biointew#l-zonea.

T

3.5.5 Acodus combsi ﬁiointervnl—zone‘
Definition
The, lower boundary of this zone i the study area is marked by the N

sppearance of Acodus combsi and Parapaltodus simplicissimus n. sp, in

abundance. The top of the zone 1s taken at ‘the upper limit of the range

4 ~

of g_gwgr‘wm?uu . sp..

2

s




Reference gection

Same as for the Histiodella kristina Phylo-zone. Acodus combsi
appears in abundance close to the top of lower Table Head. The base of
the zone is about 16 metres below the lithologic boundary between the

lower and middle Table Head. The top of I_:he zone coincides with the

lithologic boundary between unit B1 and unit By of the middle Table Head.

caw yrr e

The thickness of the zone 18 approximately 37 metres at Table-Point.

Lharacteristic conodont species

Several species are restricted to this zone and. many species éﬁom

VN YUV P

the Histiodella tableheddensis Phylg-zone below, range thrdhgh but not -

\
\

above this zone. Acodus combsi and Parapaltodus simplicissimus, dominate

the lower thir& of the zone; Scolopodus oldstockensis and Spinodus cf.

spinatus characterize the middle third, and . the top 18 characterized by
rs .

I3
0

Oistodus? tablepointensis n. sp'.. A1l .tBese specles are restricted to

this zone. Other typical associates are Juanognathus serpagliei and

?Erraticodon balticus in the lower third of the zone. Loxodus? curvatus\, ’

Drepanoistodus? cf. 2.?'venixstus, Cordylodus? horridus\: Periodon aculeatus,

- and Walliserodus ethingtoni are also important speciés in this interval.

Remarks . '

The zone contains the most varied and abundant fauna within the Table
. ) . \
‘ Head Formation, Only a few genera and species range intc the mext- zone.

The faunal assemblage has also been recorded at the base of unit A3 in

the lower Table Head (Fig. 3.2).. Reworked specimens of Oistodus?- table-

* pointensis have bean recorded asbove unit By (in unit B, and unit Bj).

These are excluded from the range of the species in Figure 3.2.

.




3.5.6 walliserodus ethingtoni Biointerval-zone

Def inition -

.

The base 13 at the top of the Acodus combsi Bioihtervgl—zone. The top

is the top.of the middle Table Head at Table Point.

Reference section

The sawre as for the Histiodells kristina Phylo-zdne. The base 18 21

\
metres above the base of the middle 'rable Head; thus the zone 1is 64 metres

thick at Table Point.

Characteristic conodont species
No species is restricted to this ‘zone. Aside from the -zonal fossils
i ! .
Periodon aculeatus, Cordylodus? horidus, and Belodella jemtlandica are

common through the zome. Histiodella bellburnensis n.sp. and Stracha-

nognathus parvus first appear at the top of the zone. .

Remarks s
The iope can best be distinguis}\ed from the Merlying Lc_(_)_q_\i_s__'.l_c_:o_m’b_;_si _
Biointerval-zone by .the absemj.ebf the key foesv;‘l;s of thgt zone. The
fauna 1is leas varied and usu’ally occursﬂ‘in low frequencies. )
At Table Point this zone 1s clearly ,;onnected to the. lithology of

unit Bz and unit 34 of the middle Table Head.

/ ’ : .‘ .

-

3.6 Cortehtion of zones

I'd
'

Fihraeus (1970 1977a) has ‘already discussed the conodont fauna from

S

the Table Head l'omtibn and concluded that the uin part of the succes-
sion at 'l‘able Pg;n: ts of Llanv:l.rn age. Since then conodont taxonomy has

drastictlly chaa.god and also.extensive infomtiou on conodont biostrati-
v . . .
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graphy has appeared. Despite this no major revisions of previous corre-

lations are proposed here, though s;)me comments and some changes in detail

are gﬁggested .

E 3 ' Correlation will be made (1) within the study area; (2) with other ./

Newfoundland localities; and (3) with North America} a:id.\;eétetn Europe

»

and Australia.

1

3.6.1 Table Point and other localities

The distribution within the study area of the above defined phylo-

‘ zones and. biointerval-zones is outlined in Fig. 3.3.

-

Eléments of Histiodella tableheadensis are present in every section

studied. The lower boundary between this species and its immediate

) .o ‘ancestor (? H. serrata) has not been recorded in any sections, thus the

total range of the H. tablehei‘densis}hylo-zone is unknown.

~ The lo"_west zone,.Trigonodue carinatus Biointerval-zone includes

unit Al and part of unit AZ at Table Point, at Back Arm East and at

N . - .

Gargamelle Cove W. It also extends dowm inteo th.'top beds of the St. .
George Group at Table Point. The thickness at Table Point i‘é_k 43 metres,

and 15 metres at Back Arm where the top of the zone is not exposed.

The ZErraticodon balticus Bi/ointerval—zohe includes the upper part
of unit Az and most of unit A3 at Table Point. At Cargamelle Cove East
and West the complete sections are within this zone. The same is true of

. | ' ’ the Pointe Riche Section, the St. John Island, Port Saunders and Bellburns

gsections. ) -




'

Fig. 3.3 Distribution of phylo—zones. and biointerval-zones within

the study area. Full lines are limits of phylo-zones and
the daé‘hed lines are biointerval-zones. See text for
further explanation. _ ' ) -

The letters in the columns are the lithological units of
fig. 2.5. O marks the base of the section at Table Point;
it is included as reference. i
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The Histiodella kristina Phylo-zone and the Acodus combsi Biointerval-

- zone are pr‘esent at Bellburns., However, their complete dietributibna

within the section were not established in this investigation.

L 4

3.6.2 Corfelation with Newfoundland examples

Local correl_ation‘of Table Head strata is s;i,llvdiff_:l.cult to suggeét,
bec@uae'éqnodoﬁts have been reported ‘onJ\.y in a preliminary ﬁaj (Fﬁhraeus,
1970), or ;ha—ve not yet been described. Fihraeus (1970) reported and
illhstra'ted conodonts: from Little Spring Iqlet, Hare Bay. ISpecies in com-

won with Table Point include-Polonodus? .clivo"sua and Periodon aculeatus.

Fahraeus (1970) indicated tha.t this fauna could ‘be.lat_est Areni_g or ear-
liest Lla’nﬂrn in age. ’Aédicioﬁal samples ha\;e been‘collected' from Litrle
8pr1n3 Inlet and other localities ia Hare Bay, and more\infomuon has

. been obtained (Appendix I)—w Species in coumon 'Iwith the Table Point . -

Section :l.nclud’c: Histiodella tableheadeniis,' ﬁelodella sinuosa, Belodella -

’ jemtlvandica, and Periodon aculeatus. This fauna correlates with the H.

-

tableheadensis Phylo-zone.

i
COnodonts from the top of Bed 14 of the Cow llead Group (Fahraeus,

1970 Fahtaeus & Novlan, 1978) are preaent in- t:he lower Table Head. 'rhey

are: Pariodon :culeatu- and Belodella sp... Bed 1‘\9 may be contemporaneous

with the lower part of the Table Point Section or alightly older.
) 1 N ‘f ) - L. " ‘

-0

3.6.3 International correlation

’

Tvo, pocaibly three, ltmdard zonations are availnble for reference

'

vh.n mi;ning an .gc to tho 'rablc nud sttata on the buis oi conuined

TR .. ¥

) . ~
.
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/
conodonts: the Midcontinent Faunal succession (s‘u_zet ;e_tﬂ ., 1971; Swegt
& ‘Beréstr'du, 1976), the Scandinavian conodont succession (iindstriim, 1971;
Bergstrom, 1971a, b, 1973a; L.iifg:‘-eh, 1978),\ and the preliminary Australian

conodont succession (McTavish & Legg, 1976).

Midcontinent faunas

A

-The North Anericai\: Whiterockian Stage comprises conodont Faunas 1 to 4
(Sweet et nl., 1971; Sweet and Bergstrom, 1976). The species Histiodella

sinuosa is considered a key species’ of Midcontinent FPauna 3 (Sweet and

vt

} \ ;
LY A .
Bergstrom, 1976). Histiodella tableheadensis uspciated\ with Eoneoprio-
Y . N

. \ . ‘
" niodus? sp. 1 chat"acterize\uidcontinent Fauna 4. Histiodella kristfina

has not yet been ‘described ‘from t:he Midcontinent.Provinct;\f‘

The Table Head Fomtio:; has. the follow:lng opeciea in common with the
Hidcontinent Faunas, the nunber in brackets refers to the fauna in vhich
‘the genera and spec:lee have been reported to be’ characteristic (Sweet

et al., 1976); Seniacontiodus preasymmetricus (1), Biatiodella table-

headensis (4), Leptochirognachus sp. (4 and higher), Eoneopriodiodus? 8p.
1 %), Multioi-todus (2 thtough 5) and Erismoadus? -p. (5)

The key speciu of Fauna 4 1nc1ude Histicdelh tableheadensis. and

Eoneoprioniodus? Sp.- 1. 'fhesehpeciea occur at the base of the Table Point
.. Al » ' ~ - N *

Section, and Fauna 4 1is repreaent.ed by the Tr:lg\onodu- carin\atus B'lointei-val-’-‘

zone of this study. Hence the Table llead !‘omtion/ 1- not older than
an 4.‘, The range of t.hc additioul np-ciu 1htod above are conuq.mtly g
extended to include Fauna 4. - |
&modonu of Tauns 4 in the USL‘hlAvc ﬁcm r;portad -from the Everton
Porution, lislouri and Arhn-u, 041 Creek l‘orutibn, south-central

Oklahou Lchnn !omtion ud 1om Swan Poak Quctzitc in mtcm Utah.

¢
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and the Antelope Valley Formation of ﬂe‘v-da (Sweet et al., -1971; Sweet
_ and. Bergstrﬂm, 1976; Ethington, 1977; Harris _e_t__a_'l.', 1979). 'l'he- Joins
Formation, ‘south-central Oklahoma (ﬁouné, 1965a) and the Fort Peha
Formation, Hpi‘athon, Texas, are mainly o.f Midcontinent Fauna 3 age
(Betg;;:rﬂn 1978; Bradshaw, 1969; Sweet and BergstrBm, 1976)

In Canada Midcontinent Fauna 4 is recorded from the Ship Point and
Bay Fiord Fomt:lons of Arctic Canada (Barnes, 1974) and from the Sunblood
Fom‘tion of the Mackenzie Mountains (Tipni_s et al., 1978),.‘

A \snall fauna from Scotland (Higgins, 1967) includes Oistodus -

multicorrugatus, but lacks Histiodella species, and cannot be evaluated -
precisely in terms of Table Head zonations. The fauna is probably of
' Midcontinent Fauns 2 to 4 in age, and it 'is considered to be older than the

;

Table Head fauna.

Correlation with the North Atlantic Fnun.nl Province.

' The Balto-Scandic 'conodont‘oeﬁuence wvas smiud by Lindstrbm (1971)
and Bergstrbu (1971a) for the Lower and the Middle Ordovicisn (for a dis-
cussion of chropo-stratigraphic classification of Ordovician of the Baltic
see ;Jann'uo_n. 1960). Viira (1974) and Dzik (1978) summarized the conodont
_ successTons form the East vs-alt'ic area. Refinement of the zomtion for the
.'luddle and Upper Ordovicun vas made by Bcrg-trh (1971b, 1973b) and
LBfgren {1978). Kohut (1972), Scouge (1975) lnd LBfgren (1978) commemted
» "upon and luuutod minor rcvisiom of the upper pcrt of the Lovet Ordovicun
_ zonation of Liuhtrlh (1971). These sonations are now cmidcrad ntnndard
references for the. lorth Atlsatic !rouncc and hav. hun eoreclnnd with
the mnma graptolite sonation (mn. 3.2). B

'In the Table Head fauna 10 sonal fossils of the Scandinawien conations
have bcu rocordd. but thé di-ttﬂm;uu ot Periodon mluml.
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l Walliserodus ethingtoni, and Histiodella kristina allow a confident corre-

lation.

According to Lindstrom {1971) and Lofgren - (1978) Microzarkodina

flabellum evolves into M. ozarkodella and Periodon flabellum evolves into

P. aculeatus at the same time, i.e., at the base of BiIIb. Skevington
(1965) has shown that the oldest Didymograptus 'bifidus' Zone fauna is
present at this level, and the boundary between the D. hirundo and D.
'bifidus graptolite Zones is close to the base of BIIIb (Jaanuason, 1960;
Skevington, 1965). ’
Based on the abgve iﬁfomafioﬁ vthe Table Head fauna cannot be older

than the base of the E.? variabilis - M. ozarkodella Subzone of Lofgren

(1978), because P. aculeatus ranges through most of the sequence at Table

-

Point. This correlation 16 furthermore suppdrted by Walliserodus eth‘:lzgg¥
toni, which first appears in the upper part of the E.? variabilis < M.
ozarkodella Subzone (Lofgren, 1978). In the Table Head the lowermost

occurrence of W. ethingtoni 1s close to the base of the ?Erraticodon

balticus Biointerval—zone or within the Histiodella tableheadensia Phylo-

L] : 4 o
zone. . R N - .

Histiodella kristina has been recorded {rom the Platyurus Linestone

on 51and South-eutern Sweden (Lindstron, 19%0) from Estonia (Viira,

-

1974); and from Poland (Dzik, 1976, 1978), whore it rangec through the E.
pseudoplanus Zone or the Aluoja Substage (BIII;)
The uppar limit o{ the ‘Eqbl. Head fauna in terms of conodonts 1s

not clear. iulli.uro&u; ethingtoni, Belodella jemtlandica and Periodon

aculeatus occur together thtough the E. ﬂcci Zone of Lofgren (1978),

‘and thoy are nho present in the succesading Zone, 1. c., 'the m dus serra

*

*




s

Meiklejohn Peak, Nevada (Ethington, 1977; Harris et al., 1979); the Lévis

' 1973), which also 1nc1udes alightly older fauml elanentn, Deep Kill and

/ Bergstron & Cooper, 1973). In the Marathon hoin the Fort Pefa Formation

.1s older than the Table Head fauna (lersntrﬁ. 1978). The total range

b i e e et e 1 o PR
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1
L4 ‘ '

Zone. The lack of P. serra, and possible presence ¢'>f Pygodus sp. C.
Lofgren in the Table Head fauna indicates & correlation with the E.

suecicus ~ P. sulcntus Subzone (Aseri, CIla).

o

Correlation with North Atla.ntic Faunal Province faunas outside

¢

Scandinavian

The faunal association Pe‘x."i_odon,‘ Cordylodus?, Histiodella, Belodella,

Protopandetod‘usﬁqu, Oistodus?, typical of the middle Table Head is wide-

spread in North America and with an occurrence in Norway. The faunas are

of much the same age as the Table Head fauna though with minor differences

vteen» studied in detail.
“ ~ . ° \ .
These faunas are reported from Ikes Canyon, Toquimas Range, Nevada and

v P

and Mystic Formations, Quebec (Uyeno & Barnes, 1970; Barnes & Poplawski,.

Mount Merino. acct:lon of the Taconic Allochthon, New York (Landing. 1976),
wvhich correlates with the Bistiodella tableheadensir?hylo-zone, and the

Marathon Basin, 'I.’ms (Graves .& Ellison, 1941; Bcrgs:ron, 1978;

in age of the Fort Pefia Pormation still needs to be clarified, as

Bergstrom & Cooper (1973) reported the presence of P. serra in the upper

part of this fomtion._ : *
In Europe the Hsélonda Li.-utom of western Norvay conuin- a fauna of

Table Head age (Bcr;-ttn-. 1971a, 1977, 1979, 1980) or slightly oldez. ‘ 3




r .
Correlation with the Australian succession

A preiiminary conodont :omfiqn in nnsocintiot_x with graptolites and
trilob_iten has been presen;gd by McTavish ‘& Legg (1976). The faunal
elements were not illustrated, and _t:he correlation below is soielyf based
on the identifications of McTavish & Legg (1976). The Australian zonation
18 based on informal zones designated by letters of the alphabet.

Tho Histiodella tableheadensis Phylo-zone correlatea with the upper

part of the OCF zone. The following OCG zone is included in the H.
kristina Phylo-zone. The OCH rone yielded Phragmodus cf. P flexuosus,
vhich is a key fossil for Hidcontlnent Fauna 5 (Sweeét et al., 1971). This

suggests thgt th- OCH zome 18 Yyounger than the Hiatiodella ktiatim ‘Phylo-

zone in the study area. ; ' *

Summary
A summary pf the correiationa given: . above 1is ducribed in Table
- 3.2, ‘
The Table Head omtg;n correlaten with the E.?.-varfabilis - M.
ourkodella Subzone and the E. suecicus Zone of the Scandinavinn conodont
zonation. The Histiodella kristina Phylo-zbn. probably correlates vith\tho

Eoyhcogathus suecicus Zone. and the H. nbhhudmiu Phylo-gone vith th-

E.? varisbilis ~ M. onrkodclla Snbzonc. m Table Eead conodont suc~
Acm?l.on is included in the range of luqeonti.nent Yauna &.

In terms of the srlpt:olite sonal l;scculion the "l'ablc Head fauna at
Table Point ca-pruu the vhole of Didgérap_‘ ‘tu: 'bifiduo' Zone and ranges

1nto thc lmr part of the D. &chi.oni lonc Upper 'ubl.. M grapto~

litu have bm correlated with thc D. -urchuoni Zone (lrdt:-m. 1971;

\
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Finney & Skevimgton, 1979). In the North American graptolite szonation the:
Table Head succession correlates with Zoan 6! Barry (1960) . Upper Table
Head ;r;ptolitoi are timithml from Zone 9 to Zone 10 (Erdtmanm, 19‘71);‘
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Table 3.2

v

Correlation and summary of stratigraphic units referred to

in the text.

. . " {
Data for conodont faunas of North America from Ethington and

Clark (1971); Sweet et al. (1971) and Sweet and Bergstrdm (1976).
Data for Scandinavian éor_mdont zones from LindstrBm (1971);

BergstrBm (1971, 1973a) and LBfgren (1978) .. .
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CHAPTER 4
PALEOENVIRONMENTAL MODfLS

4.1 Introduction : : ’

This section includes an interpretation of the succession of/pﬁi
enviromments recognized in the study area. ‘The aubsequent integrat n of
this information into a sequential paleogeographic interpretation will be

&
dealt wit‘nA but briefly, as the Table Head stratigraphy is more complex
than this invest‘igation would suggest. It would be pPresumptuous to base
a detailed reconstruction on one section. Such a reconstruction must
awalt a three ‘dimensional knowledge of facies Qistribution and paleo- -
g,,eogr;:phy, particulaﬂ’y in terms of sea-level fluctuations. The environ-
mental patterns will be 1llustrated applying Walther's law (Blatt,
Middleton and Murray, 1972; Middleton, 1973) to the depositio'nal envir—\

onments represented in the vertical succession at Table Point.

.

4,2 Crite;—ia of Envirommental Importance
The in'terpretat:lon of an,cier.nt sedimentary enviromments depends

largely on comparis;on with modern analogues (e.g. Bathurst, 1975; Hillim;m,
1974), and on considgration of fossil faunas as well as lithological cri-
terié anﬁ gsedimentary structures (e.g. Heckel, 1972; Laporte, 1967, 1969).
The following principal criteria are ﬁsed to distinguish subtidal rocks
from intertidal sediments. '

 Intertidal enviromments are characterized by unstable energy levels
(Laporte, 1967, p. '80) and.variable salinity, which creates numerous local

micro environments (Friedman & Sanders, 1978) Sediments which accumulate

A

in intertidal enviromments teflect the complex system of physical

ST e T e
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parameters, Therg are frequent lateral and successional facies changes

began et al., 1974). The formation of dolomite and evaporite minerals
1s commonly associated with these enviromments (Bathurst, ‘1975; Friedman
& Sanders, 1978). Tfle variety of sedimentary Etructures, 1n:1ud1ng
desiccation cracks, fenestral i:ores and ripple marks, can also be indica-
tive of an intertidal getting (Logan et al., 1974; Ginsburg, 1975; Grover
& Read, 1978). Associat.ed in giﬂ faunas can be spafse or abundant but.
characteristicaliy are of low diversity (Heckel, 1972). |

" In contrast, subtidal enviromments tend to be more stable and sedi-~
ments deposited there tend to be more extengive verfieally_and laterally.
_ Limestonés of subtidal origin are‘ best distinguished by their autochtho-
nous faunas which may have high individual abundance in addition to diver-

‘

sit:lés distinctly greatér-than in intertidal etrata (Heckel, 1972).

Sessile, colouiai faunal elements éssociated with abundant large
macrofaunas represent a stru_o;tuge of'<biohermal or bilostromal type (e.g.
Friedman & Sanders, '1.978).' 7

Deep-er water subtidal enviromments of open water l:empefatufe‘and -
salinity are characterized by prolific trilobite faunas and predominantly
inarticulate brlachi;:pods, which at f\;rther .depth are associated with the
_epi-planktonic graptolited and radiclarfans. The latter association in-
d:lca.te;s an open oceanic enviromment,

Lithology, when used in conjunction with other factors, can provide
other useful clues about the origin of the rocks (Laporte, 1969; Wilson,
1975; Friedman & Sanders, 1978). The proportion of sfliciclastic

material may increase shorewards (Milliman, 1974) alehoug.h the reverse

has been described (Bathurst, 1975). The ratio of lime mud/lime spar is




:‘J"‘ ) - 70.—_ ¢,
a measure of energy, and may indicate distance frop a shoreline or depth
of the water (Laporte, 1969). ~ ‘ » -

In subtidal rocks slumped layers, chaotic contorted beds, and trans-
ported fossils are indications’ of rapid and early transport along a

gradient. This submarine transport may be .initiated by a storm or earth-

quake, or a slope.

have been deposited in a tidal flat complex of the transgressing early

4.3 Depositional Enviromments of the Lower Table Head (Table 4.1)

Unit A1

The basal unit Al (7-8 metres) of the lower Tai;le Head at Table Point
consists preéominantly of medium light-grey, dolomitic, pelletal micrite.
The unit is characterized by a sparse biota dominated by high spitéd
gastropods (Hoi‘motoma 6p.), and smooth ostracodes (leperditiids). Trilo-

+

bite, cephalopod and brachiopod fragments are scarce or absent. Unit A1

also is characterized by fenestral pores and desiccation cracks, but

laninated beds are rare. Evaporites are mnot present.

Based on the criteria ocutlined above, these strata dre interpreted to

Middle Ordovician sea. The water that periodically covered the flat,
evaporarted and sdbplied magnesium-rich brines to the underlying aragonite
mud, penecontemporanecusly replacing it to form do.lomite mud . The deposi-
tional fabric remained essentially intactA after the replacement with 9o |
apparent :anréase in crysﬁal size. l
Carbonate tidal flat fabrics without layering and supratidal ‘facies
/

have recently been discussed by Crover & Read (1978), who suggested that

a combination of brm:lng' (gastropods), thin inactive algal mats and high

et
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bioturbation rates relative to sedimentation prevailed in these em’lron—

ments. Except for an occasional gastropod, the fossils are écarce ‘and

possibly the second .facﬁor was important duriﬁg the Table Head time.

Also t'he paucity of evaporites indicates that the prevailing paleoclimate

was humid = a Bahamian type 'of climate as opposed to a Persian Gulf type -
. which dinhibited the formation of elevated salinities in a humid climate,

as features of the arid zone tida:.l deposits are lacking.

Unit Aé

This unit consists of argillaceous micrite and biosparite, and minor
dolostone with silty dolomitic s.tr:lngets and grgillac-:eous material. The
unit is u;aiuly thick -~ or massive bedded and medium t§ dark ngr;y in colér.
Yellow weathering, red, silty,’ dolomitic si:ri'ngérs form the matrix nof
hafd, ir;‘egular shaped -lumps of micrite. . Chert bands and nodules are
present; stylolites are common. '

This unit includés_ a characteristic slumped layer with finely-
laminated angular clasts that is overlain by conchoidally fractured cross-
bedded dolomitic siltstdne. The next beds include massive bedcied well
sor'ted"siliceous or dolomitic siltstones with rippie marks. - The beds
have vertical and horizontal burrows associ;:ed with’ desiceag:ion cracks. '
Wt;ole, rolled, highspired.gastropods preserved in pockets ;u'e character-
istic. ' A J

The fat;na becomes more diverse within unit Az, but gastropods
(M SP., Hsclurites sp.) and ostracodea dominate; cephalopods,
ftrilobites and btachiopods occur in low abundance.
l" The sequence is interpreted to re.f].ect intertidal to shallow sub-

tidal environments of a lagoon. At the top of the unit, a shallowing of
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water depth is inferred. It probably represenﬁs a spit. The beds, in-

terpreted to répresent a spit, are only exposed in vertical section at

Table Point, 80 any geometry cannot be demonstrated. However, lateral )

' continuity is indicated by the preservation of the top of unit A, at

2

,Bellbumm ‘The lagoons were elongate, and they were bound;ed on one side

by the intertidal enviromment and op the other side by the spit and the

carbonate bank. .

Sorting resulted in a trend toward concentration of the fi:ner grains
in the centre of .theA Iagqon.and the argillaceous r-ubbly limestone withl
sllty red-colored ‘stringetsr may represent the deepést_part of 'thie envir-
onmel.xt.. The sediments are generally non-laminated probably because of re-

wofking by organismsb. The slumping of argillaceous micrite with chert

nodules was iﬁitiated by periodic storm activity or by periods of high

. wind activity, when 1005eiy packed sediments slumped into the lagoon

(Dickinson; Berryhill, and !folmes, 1972) . Presumably, the slumps. trav-
. , : <y
elled to the deeper parts of the lagoon.

The depths listed here as shallow to deep were in fact intertidal to

-

barely ‘subtidal. The centre of the lagoon is not consideted to be more

t_han one to two metres deep.

3

-

Unit A3 can be divided into three sub-units. The lower sub-unit 1is

.

hemicyclic (ABCABC) formed by argillaceous biomicrite (A), massive

micrite (B) and biosparites (C) in thinner beds and lenses. FEach sequence

.varies from 10 to 35 mefres in t.hickness. The two local prominent chert

bands at Table Point separate tvo mega sequences each about 55 metres

gt vy
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.
thick. A.t the Pointe Riche Sec_tion a well developed sequence is present,
where a coar#ening upward sequence is obvious.' ‘

The fauna is diverse. The gastropod Maclurites sp. dongihates the i
"fauna of the massive bedded micrite; lepérditiids are predominant in the
sparite beds, whereas trilobites, cephalopods, and brachiopods, preferred
sediments forming the medi_}lm—bédded argillaceous micrite. ' a “ - o
The lc;wer sub-unit of unit A3v is idterprete@f-'af a shallo.v\" marir;e,

nearshore deposit, as indicated (lby the high amount of sand-sized detritus

(shell debris) in lenses. At the"’.l?ase, the environments of unit Az grade

- Iy

into those of unit A3 and ‘'represent a lower .intertidal enviromment. In

- this envirpnmental gpne the carbonate sediments and cements were not, ' j
" affected by‘ penecontemporaneous dolomitization. |
The lifhological variatiotlx's reflect variations in the local environ-
mén_ts such as mudbanks, withb channels between them, and protected, slightly

. deeper areas of Iimg mud deposition. N

An alternative explanation for the.sequences is the variation of sub-
“ /,— .

sidence and progradation caused by the carbonate sedimentation. The sub- ' : ‘
sidence was abrupt rather than being a gradual submergence, Once the
typical shelf was flooded tegressi\;e cari)onate' outbuilding occurred until
.‘ | ' it almost reached the sdrf;ce and came into the high:energy ‘zone (bio-
. sparite). o7
The two explanations in éombination ;re)faVOuted here. ' ' ‘ -
Thus the abrupt subsidence was initiated possibly by natural castrophic \
everli_ts and the'rapm carbonate sedimentation returned the enviromment to

the shallow water deposits. It is proposed that each megasequence was

4 Initiated by such an event, and progradation pre:ra:lled within a mega¥
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: , .
sequence until the second abrupt process disturbed the quiet period.

X . -
The chert layers probably filled smaller depressions of the bottom

of the shallow ﬁigher énergy zone, as they are not laterally persistent
Qs seen at Pointe Riche_séctioﬂ. Therrigin of the chert is not known -
it could be§of pu%e diagenetic origin - or the result of remobilization
éf siliceous spongevspicules: . .

The middle sub-unit of unit A, cohsistg ;redomfﬂantly of medium
bedded micrite ;1tﬁ local (packed) biomicritg beds. This middle part

also becomes more thin-bedded and argillaceous material increases. The

biota becomes dominated by cephalopods, brachiopods and tril&bites: These
occur generally as disarticuléted skeletons and occasionally as complete
specimens; Maclurites sp. and 6stra?odes disappear or become les; domi-
nant. The bioclasts of the (packed) bi;micrite are derived from the Qur—
rounding sediments. .
¢ : ' .

The relatively abundant brachiopod-trilobite-cephalopod btgta repre-
-sents.ﬁrogressive deepening of the water and establiéhment‘of widespread
subtidal conditions that continued through the deposition of the.rocks of

unit A, of the study area. This part hay have been deposited in a marine

3

offshore enviromment of moderate depth (outer shelf).

The upper sub-unit of unit A3 changes in lithology to a gfey to

light-grey micrite and biomicrite with dark-grey argillaceous material.
This lithology is not aIways.gasy to separate in th; field fron_thé ﬁiddle
sub-unit oflunit A3, though tﬁe beds tend to be more massive and have an
increasing amount of skeletal debris. '

A wide variety of invertebrates colonized the sea floor. Relatively
abundant brachiopod, trilobite, and crinoid faunaaideveloped perioﬂigally,

but the most conspicuous were the faunas of sponges and bryozoans
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(Table 4.1), o /  The fauna changes gradually with the appear—

ance of sponges and is succeaded by massive or flattened brynzoans. The
~
latter become the most consplcuous up-secfion and cover whole beddingv
N .
Planes. They are associated with the largest cephalopods recorded in the

\

_Table Head Pormation. X T ] .o

y

The upper sub-unit of unit A, - was deposited in a subtidal

environment. A depth cannot be determined with certainty. The sponges,

80 well exﬁosed on St. Juhn Island, have a highiheight-bése dlameter

ratio suggesting substautially greater vertical than horizontal growth.

The presence of small immature mushroom-shaped Sponges ln some units ‘
suggests that conditions were fluctuating enOugh to kill populations

before they_teached maturity. These fedtures were probably caused by high‘r i
sedimentation rates in Quiet water environments and/or changes in 8ali-
nities/temperatures. Thlé is supported by the flattened colonial forms of

the bryozoans. A wide surface area is the’ best adaptation for maximum
exposure to water and light in deeper quiet water. Also, the lack of

S

features such as cross bedding and coarse crinoidal biosparites suggest

“that the bryozoans grew in a deeper subtidal enviromment. -Possibly the

fauna formed only a minor elevation on the sea bottom.

The upper sub-unit A3 may reptesent a low bioutrOmal structure at
the shelf edge. “

The construction of large algal bloﬁerms 80 characteristic for the.
Lower Ordovician St. George Gruup (Stevens & James, 1975; Enight & éalt—
man, 1980) was probably prohibited by the fast Tablé Head transgressiou
and ‘steady deepening. This resulteu in unstable conditions and high stress

on the sessile fauna in contrast to the stable conditions of the St. George

A
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Gtoup platform rocks. Based on field experience from various localities
of the Table Head Formation, the biostromal structure, formed mainly by

bryczoans, was developed énly within the’ study area, and the unit is

rélatively insignificant compared with the bulk of lower Table Head lime— -
. " ‘

stones.

In summary, unit A was dep;asited on the shelf and repres‘ents a cycle
of three d‘:lstirixguishable su%—'environments, name;ly shallow subtidal near-.
shore, dée;er subt;_tdéi, offshope and deep.sm;btidal offshore 'respeétively:

The st;elf was submerged abruptly and without reef growth, vhich ﬁay
be due to changes in the climate("), rate of Submergence, rate of sedi-
mentation, or influx of terrigenous sediments (or ccnnb:lnation of the
four). The fgctors created conditions that exceeded the tolerance limits

of hermatypic organisms.

4.4 Depositional Envirorments of the middle Table Head

The’ middle Table Head was divided 1nto the four units B Bz, 83-

and, B (Cbapter 2)

1 — -

Unit B

Unit A3 ;s overlain conformably by nodular JbecAlded, dafk—gre} bior
sparites and micrites 6f unit ,Bl' These nearly blgclg limestones with an
increasing émount of argillaceous I;Itetill contain abundaﬁt ‘trilobites
and articulate and phospgatic br#chiopods., The profus; fauna of large

-

cephalopods at the top of unit A3 diaappears.

The undulose beds grade into nodular beds with limestone or shale

matr:b: This change of bedding style 1nd1cates -Steepening oft the bottom

- s . 4 . Al
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gradient and subsequent water degping. “The fluctuations of micrite to

biosparite also indicate unstable energy levels, This environment is

interpreted to occupy a high position in the upper slope enrvironment.

’

Unit B,

The lithologic unit B, cons'j(st"'s mainly of uniformly interbedded

. N .
black micrite, and dark-brown calcareous to black fissile shales. The

dense micrite does not show any features in thin section other.than neo-

morphism where the‘;‘origina‘l lime mud has become recrystallized: The
sparse fauna 1nc1udes_ trilobites and brachiopods predominantly ixi the

limestones, .and graptolites in both lithologies.

Interbeds of fine—grai't':ed limestone (micrite) ahd dark shale occur
worlgii}ide in tocks of different ages, and show little variation from‘

rlace to placé (Wwilson, 1969, 1975). These beds are oftem réferred to as
) ‘

hemipelagic, beca"use they are a combination of terrigenous sediment and

-

' pure pelagic sediment. Wilson (1969) and Keith & Friedman (1977) sug-
gested that the lime mud was formed on the shallow shelf and. tfansported

into deeper ' water. Schlager & James (1978) introduced the term 'peri-

-

platform ocoze" for thes? shelf derfved sediments. The basinward trans-

portation processes could either be nepheloid layers or dilute turbidity
currents (Walker & Mutti, 1973; Keith & Friedman,1977). -The sediients
co’ufd later have been reworked by-contour currents (Heezen et al'.‘,1966).

Stevens (1970) consid.ered‘-m:lddle Table Head ‘atrata Eo_ be a catbonate

flysch deposit, and in gengrnl hemipelagic carbonate beds are commonly

associated with’turbite, sequences (&ialker & Muted, 1973; Wilson, 1975).
_-As discussed b‘y. Keith & Friedman (1977) the rhythmic succession of micrite

and shale beds'of very constant and even thickness cannot be explained ‘

- . - . .
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solely by the processes uentionéd above. As yet, however, no acceptabie

depositional process has been proposed.

Unit B2 is interpreted to represent the upper slope enviromment.

) . ¢
Unit B3
An interval of sparry black biosparite and interbedded shales 1s very !
_rich in trilobites within the limestones.  The random orientation of the
'tx_-ilobites, disarticulated organi:srlns, and the mixed faunal composit:lo_n in-

dicate transportation from the enviromments above, 1.e., the outer shelf,

shelf edge and uppermost slope into the lower enviromment of unit 34'

“

Unit Bé

The upper unit of B4 consists of evenly beddea, dark, mostly non—‘
calcareous shales of the same lithology-‘as the overlying Table Head, .,
interbedded with evenly laminated micrite and monomic‘ ¢ breccias. The
dark laminae of the micrite are the result of concentrations of organic.
matter, of iron sulfides, or of argillaceous materi‘gl. The fauna 1in the
limestone 1is sp;rse, conéiéting of trilobites, inartic/\:late brachiopods
z;nd a few radiolarians. r"I‘he shales, however, proguce an .—aigmdant grapto-
11t:e fauna. ‘

Unit BA probably represents the lower slope, or a transi“tion from
the upper slope into the lower slope enviromments. The seabottom was
probably stagnant and reducing in this enviromment and boftom—‘scaven‘ging
orga;aisms were not present, because bioturbation did not- take place and
‘the original laminae were not disturbed. The sporadic occurrence of

radiclarians indicates a relatively increased pelagic faunal influence

within this unit.
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~The strata at Table Point show.evidence of slumping after deposition
and probably represent the initial state of the formation of submarine
cafbonate breccias as a _result of Submar_ine slumping z;nd sliding, iﬂ turn
probably due to storms or other natural castrophies. Ti1e body of sedi- ‘
rﬁent could m:ave downslo;;e along a curved surface of displacement or fault
(8lump scar of Walker,1966). Such a feature haé_ been ol;sérved at Table
Point and possibly at Bell‘t;urﬁs (Chapter 2; Fig. 2.5). The toe of the
slump became incoherent and possibiy fomea a debris flow. Stratifi-

\ cation was destroyed and the sediments moved downsglope as gravity flows,

e st S e e

forming a chaotic mixture of various sizes of particles.

The slope needs nrot to be _steep, becauée,slumping may take piace
anywhere on the continéntal s}ope. The gradient necessary for initiation
may be less than one degree (Johﬁsoﬁ: 1970), and only a slight tremor is
needed to initiate the slump,‘ especi#lly in metastable sediments (micritesv
interbedded with soft shales).

To sum;narize, Unit BA is partly deposited by contour currents, nephe-
loid layers, or dilute turbidity currents. The sedimentary me;:hém:lsm of

R the rhythmic succession of even-bedded micrite and shales remains un- ‘
solved. After deposition, the sediments slumped, were subsequently trans-—
ported by submarine debris flows and were then deposited as chaotic masses

of plastically déformed clasts.

"™

Middle Table Head strata at Table Point are unique. The prominent
slumped nature of the strata has been seen only at this locality. Unit B

is inuch thicker at this locality than its lithologic equivalents in other ;

areas, probably dﬁe to sediment accumulation, but also to the slumping.
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4.5 Depositional EFnviromment of the upper Table Head

The upper Table Heaci is a black bituminous shale., The beds were
fofmed in a quiet euxinic environment. Graptolites are the dominant
fauna. The shale prosably was deposited in a basin or'lo;er élope envir~
onment. Stevens (1970) suggested that the upper Table Head was a pelagic
sediment representing a quiet period before clastic influx from the east

. .
of orogenic sandstones and shales.

4.6 Environmental Reconstruction

The t;ocks of the Table Head sequence are clearly products Ofv sequen-—
tial deposition on a shoreline, a shelf and in a slope envircmment. The
depositional mecha;l:lsms that were active include (in situ) sediment accum-
ulation (carbonate-, hemipelagi;:(?)—, and pelagic sedimentation and
gravity flows (slumping, debris flows, turbidity currents).

‘ There are problems assocliated with the reconst‘ruction' of the environ-
ments of the Table Head sequence. Foremost 18 the lack of specific modern
analogqes to be cdnpared with the transgressive Table .Head. 'However, ‘_the

" formation can be compared wifh generalized modern aﬁalogues. The modern
example that beat fits with Table Head ‘lithofacies.is the shelf-slope - (?)
basin system. In wgstern Newfoundland, the shelf wa\‘b‘- 200 km or so in
width, as represented by present extent of shelf lithcfaciles. The shelf
comprised a varfety of chiefly shallov-water sub—enviromnents. It wavs
fringed by a tidal flat on its landward side, and was separated from the
\slope by an qnimpreasive biostromal structure to the oceanward side. The
~ . T

slope that prevailed im Table Head time was generally gentle, and decrease;i

basinward ‘to a flat basin floor. This corresponds to "Depositional Margin

pg
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slope;' of McIllreath & James (1978). FSediments of the gently incuned
slope were characterized mainly by hemipelagic carbonates, except where
they were aubsequeptly destroy‘ed by current activity. The slope to basin
is represented by the black shales. Subaqueous slumping occurred along
the slope, and the.sediments were transported out to the deeper Qemi-flat
bottom by sediment gravity flows (Middleton & Hampton, 1976). Deposits
and features which could be related to suﬁarine .canyons were not observed
: ‘

and possibly the Table Point represents a scar along the gently inclined

slope. Fig. 4.1 presents a diagramatic ;suman'ry of this model.

4.7 Paleogeography

In general the Table Read Formation has been intef;preted to be trans-
gressive in nature, and therefbrezmﬂcedly diachronous (Stevens, 1970).
The transgression was toward the west along a north-south trending coasct-
line. The basal Table Head 1in the ﬂ:are Bay area is the oldest, the Table
Point strata are intermediate in 'age and thet Port au Port areéa_displays
the youngest strata (Stévens, 1970). The biosgratigraphical data gained
from the study of conodonts (Féhmeua, 1970; Stouge,1977; Apbendix‘l)
Buggest some modifications to the b—re';ti_o,.g;xsly published models with regard
to the regional late;ﬁl arrangement of énvironments during particular time

intervals.

,Duriné the Upper Canadian/Lower Whiterockian, intettidal sabkhalike
/

conditi:Z/e prevailed in the study area (Levesque, 1977; Levesque et al.,

1977; x/ ght,1977b), forming the dolomitic and ?evaporitic "S1liceous
Dolomite Formation". FPurther east perftidal conditio in the Hare Bay

area pievailed. To the south in the Port au Port area the St. George

=~
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1.

Fig. 4.1 Sedimentary environments of the Table Head Formation during

-

Histiodella kristina time.
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surface was subaeriilly exposed. The spatial distribution of these envir-
omments suggests that a shoreline or shoal area lay generally to the south-

west of the study area, and the shoreline probably fluctuated during this

- period.

By early late Whiterockian time - Histiodella tableheadensis time -

the predominantly tidal flat environments in the Hare Bay area were suc-

’ |
ceeded by subtidal enviromments-©f the lower Table Head. These environ-

‘ments igraded westward into the generally shallow water lagoon (unit Az) of

lower Table Head in tha study area and extended further so_utﬁwest to the
shallow subtidal deposits of the lower Table Head in the Port au Port area.
Marine invertebrate life flourished in many of the subtidal areas in waters

shallow enm;gﬁ to periodically affect tt}e bottom by water turbulence.

During H. tableheadensis time, the shelf began to founder in the Hare

Bay area, where the slope to basinal deposits of the middle and upper
Table Head were deposited. These depos-it‘ional facies then spread to the

Port au Port ares as foundering continued. In the study area carbonate

" sedimentation continued.

o

" By late B. tableheadensis to early H. kristina time the upper Table

Head basinal facies was replaced by Goo;ae Tickle turbidite deposits in the
north. 1In the south, the middle and the upper Table Head slope to baeina}
facies were formed. In the study area bios:réuet were constructed.

During H. kristina time all Table He;d deposition had disgppeared from
the Hare Bay area. To the south the basinal upper Table Head sediments

were deposited. ‘ In the study area alope'tnd basinal facies prevailed.

Y B




4.8 Conclusions

One conclusion of this study is that the lowest part of the Table Head
Formation is riot much older in the Hare Bay area to th; north than it 18 in
¥hﬁ Port au Port area to the sputh. In contrast the uppermost beds of‘the
St. George Group are older in the Port au Port area than they are at the
study area and in the Hare Bay are; (Flower, 1978; Appendix I). Based pn‘
the Histiodéila>lineage and the genefal conodont successions so far known
(Ethington &'Clgrk,1971; Ethington,1978; Sweet et al.,1971; Sygéc &'
ﬁergstrSm,lQ?G) it appears - in contrast to most'earlier workers reférring
to the Table Head transgression - that the in#tial %ible Head transgres-

sion in the Port au Port area is not represented by younger s:raia th;ﬁ
that deposited in the north. Resolution of current conodont biostrétigfaphy
is not sufficient to trace the gradual encroachment of the Middle Ordovician
sea over the shelf toward the craton to the west by datiﬁg the oldest pre-
served dateable Middle Ordovician Table ﬁead strata.

In this context it should be mentioned that the strata defined as the
St. George Group straddles the Lower Middle Ordovician boundary. Any
well-defined boundary be;veén the upper Lower drdoviqian and lower Middle

Ordovician cannot easily be found in the rock record due to the fact that

the time interval is represented by mainly non-fossiliferous regressive

dolostones. Fosslls of latest Canadién age and lowermost Middle Ordovician

(lower Whiterockian) beds (Fﬁhzaeds,l977;;'Appendix I) are present through-
out the Great Northern Peninsula (Flower,1978; ;touge}in press). Further
study in the areas mentioned may clarify the age ranges of the faunas
recbrded; and possibly define a boundary in the rock~-sequence. Untfil

then, the exact age difference between the upper strata of the St. George




- .B6 -

Group in the Port au Port area to th‘e south, in ‘the study area and in the
Hare Bay area to the north likewise cannot be determined. The age differ~

ence covers the early Whiterockian or the Didymograptus hirundo graptd-

lite Zone (see also Fortey,1980).

Another consequence of the dat;ng is that the lower Table Head is
everywluere younger than the St. George Group. Such a statement may seem‘
awkward as the Table Heéd overlies the St. George Grdup; It, however, ‘
r‘efets to earlier proposals (e.g. S“tevens) 1970, and 6thers), Qho indicated
that the Table ~Heaci represents bank-edge to basinal deposits, and Table
Head limestones and shales were lateral equivalents to the St. George
'Group. The possible equivalents mentioned by Steveﬁs (1970) i.e., Brent '
1sland Limestone in Pistolet Bay and part of the South Arm Limestone in
Hare Bay (Cooper, 1937) are lithologically .similar to the lower Table Head
and the Catoche Formation of the St. George Gr.oup, respectively. .'l'he /
fix;s;t is of Middle Ordovician age and the second is Early Ordovician in
age’ KAppendix I). “

; The present author generally agrees with the first model, but has
rese:rvations concerning the second proposal{i.e., that Table Head strata
should be lateral equivalent to the St. George Group. Until recently,
ba;li:c assumptions wvere that limestone was generally TableVHead Forhation
or ;arly Middle Ordovician age vhereas dolostone was from the St. Geoggg
frox}pl of Early Ordovician age. Ha'ppin'g and stud)." of the stratigraphy of
the‘:t lower Pnloozoic of the Nortﬁem Peninsula, western Newfoundland (e.g.
Kni\ght,1977, 1978; Knight and Saltman,1980) has revealed that several

megacycles related to major ‘regfonal transgressive and regressive events

océurted during the Middle Cambrian through Lower Ordovician. Each
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- megacycle consists of (1) a basal limestone of subfidal shelf deposition, -

and (2) a dolostone sequence of restricted shallow water conditfons.

Variable salinity conditions prevailed dufing ;his sedimentation. These :
regréssive strata contain somé major and many minor breaks in sedimentation

. (disconformities). .In Neyfoundland the TabléoHead,transgression commenceg
in the early Middle Ordovician, but the cycle was prevented from being
complefed by the inception Qf the Taconic event.

' 7:«, The lack of prominent shelf-edge reef facies in the Tablé Head Forma-

tion 1is probably related to this inception of the Taconic event. However,

variation in the morphology of the ancient margin along western Newfound-

>§ ) . land and the style of éeposition is afso related to this difference. The

’ St. George Group represents a progiading carbonate bénk in a stable envir-

i onment with a reefai shelfjedge Qnd an ;ssociated steep slope (Knight &
1 Saltman)1980; Rodgers)l968): This 18 the "By-pass margin" of McIlreath &
James (1978). The Table Head was deposited during rapid submergence and
fast transgression of the early Middle Ordovician sea. Consequently, the
Table Head formed on the gentle slope of the "Depositional Margin" of K
McIireath and James (1978).

Also the biostratigraphic data gained from this study suggest modi-

fications to earlier ideas concerning the lateral distribution of the

middle Table Head. One important feature, which was also suggested as a

possibility by Fahraeus (1970), Stevens (1970) and Erdtmann (1971), is
that middle Table Head strata are older In the Hare Bay area than they _ -
are at Table Point. However, in.contrast to previous shggestiona (see

however, Erdtmann)197l), middle Table Head strata of the Port au Port are - B .

slightly older than at Table Point, but are of similar age to strata in o
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the Hare Bdy area. The age.difference 1s not greai, but corresponds to

one conodont zone.
Another of the notable paleogeographic features indicated by the
sequence is the nonlinearity of the shelf-edge. The shelf-edée was

probably sinuous in outline, being convex to the west of the Port au Port

and the Hare Bay areas.

The explangtions.for these differences are several. The Lower/Middle
Ordovician regressive/transgressive event marks not only a lithological
change but éleo coincides with a regional change. Thig change has com-
monly been re{prred to &8 the beginning of the desctruction of the car-

bonate bank (e.g. Dewey 1969; Stevens 1970; Williams & Stevens 1974;

Fahraeus 1976; Williams 1978b) of the Appalachians and the progression of
the west moving thrust slices. The present author will not question this
interpretation, but suggests caution, because a similar transgressive/re~
gressive event oecnrs in other areas outside of thé Appalachian-Caledonian
system. These areas, such a; the North Greeniand fold belt (Dawes 1976),
ha& an unrelated structural history. It is probable that more than one
fact;}\vas responﬂibie for the sea level variations.,

The transgression in Newfoungland could be a combination of several
facfots. For example, an eugtatic sea level rise may have“been combiqed
with the downwarping process created by the allochthonous slices moving
onto the former carbonate bank. The result could héve been a very rapid
transgression across wes:ein Newfoundland.

From this study the diachronous character of the regression was much

more pronounced than that of the transgression. The conodont data indi-

cate that the regression was strongly diachronpul. It began in late
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‘Canadian time and lasted into early Whiterockian time. The surface of

N " the St. George Group _did not develo? considerable tepographic relief, as
a prominent basal cong'l_omerate indicating high t;}pography is not present
in basal bed§ of the Tablelrl[ead Formation, and karst features t_xave not
been observed. During ‘the regression a relatively planar surface or a
vef‘y low-angle surface due to ‘progradation. of Outbuild;ng of é:arbon‘bt-eq
evaporite facles was formed. The subsequent early Hiddle Ordovician

transgression rapidly flooded the entire sub-planar St. George surface. ’ e

This transgression was not stroﬁgly -dlachronous.
The statement that the St. George broup did not develop a prominent
. topography 1is in contrast’ to Flower (1’978‘). Flower (1978) found the top
of the St‘. Géorge Gr(';)up represented the i.ower Cassinian Zone in .Port au
Port, but' the ﬁpper zones were preserved at Port au Choix. He inter-
preted this as the depth_of karstification or depth of weathering. If so,
the thickness of the basal shoal water facies of the Table Head Formation

.
" could be strongly controlled by relief on the disconformity surface. of the

St. George Croup. For example, the lower Table Head at the Table’Po‘int !
Section is thicker than elsewhere and could be interpreted as having been

depcsited in a topographic low, whereas sections that are relatively thin

(e.g. Hare Bay and Port au Port) could ha{re been deposited on a regional

topographic high on the disconformity surface. As a result, relief of
tens of metres should be appareft.
This author prefers the first explanatio;\. The early Middle Ordovi~

o

clan marine strata, which vere deposited in the topographically lower areas

are not very thick. A relfef of ohly ten metred at the most hss been noted

in the Aguathuna quarry (Port su Port area). Conodont data aupport'a low
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relief, a slow regression,/égd-a fas; transgression. 2150 the time of
exposure is short - at most a graptolite zone, but pfobably‘much less
(FPahraeus 1977a; Stopée, in press; Appendix I).

‘The sinuous outline of tﬁe transgressive shelffedge c091d possibly be’
caused by the allochthonous depression of the platform, or the sinuous
outline could.simply be original. If so, then the deposits in the embay-
ﬁents would be thicker. Whatever the reaséna fof tﬁe depressions may ge, f
the sinuous outline 1s supportéd by the CAI (conbdont‘alteration index of
Epstein gi_gl.,l977) from the wvarious areas_of Great Northern Peninsula.
CAI_is a measure of the tempefature'ot thermal maturity of the host rock,
mainly imposed by the amount of overburden. Therefore it indicates dif-
fegences in depth of burial and (or) geothermal gradient. Figu;e 4.2 shows-
the distribution of the CAI on the Great Nottﬁern Peninsula. Thé.!tbgréda
reflect a curvilinear outline, which is similar to ihe interpreted outliné
for the shelf edge. IF is also 1n accordance with the regional geology of

Newfoundland (w1lliams,1978a, b). CAIL 5;or above are within areas which

are close to the allochthon ophiolite cqmplexes. The ophioclite may be

exposed only at Bonne Bay and Hare Bay areas, because there were deepenings

in which gravity sliding could take place.
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Fig! 4.2 The distribution of CAI in western Newfoundland.

CAI 5 or above is only present within areas v{igh transported
. mainly ophiolitic rocks. The data are from the ;aut;ochthonous
:' St. George Group and Table Head Formation; from the allochthonous
Cr;w Head Group.at Cow Head, westerﬁ Newfoundland. CAIL 5 or \v‘above
: .jepve recorded {from autochthonou's.and paraautochthonous St.
George Group and Table Head Forma‘t‘ion in the Hare Bay area and
the Bonne Bay area (Appendix I). The information from central

Newfoundland is from Bergstrom et al.(1974); Hunter (1978) and

Stouge (1980a, b).
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CEAPTER 5

PALEOECOLOGY

5.1 1Introduction

Tt has become increasingly apparent over the last ten years or so

that environmental factors influenced conodox;t distribution, particularly
ﬁx the Devonian (Druce, 1970) and the Carboniferous (Merrill, 1962; von
Bitter,1972). Detailed work on facies dependence of conodonts in the
Ordovician has lagged behind tha’t. of the Carboniferous; but an attempt to
describe a facles pattern was outlined by Barnes et al. (1973a), and in a
general way by Barnes & Féhqaeus (1975). In Barnes (1976) several authors
presented detailed analf;ses of smaller areas within the Midco'n'tinent and
the North Atlantic Provinces, demonstrating that particular generic suites

“of ‘conodonts were confined to particular environments (biofacies).

The main problem is the enigma of the zoological affimity of the

~ conodontophorid (the conodoutfbearing animal). Hence, some paleontoiogists

have queried the val{diﬁy of biofacies analysis (Klapper and Barrick,1977),
because the distributfonal patterns of conodonts cannot alone reflect the
mode of life of the conodontophorid. Several paleontologists Have con:-
cluded that conodont taxa are not co:;fingd to a particular sedimentary
facies and that the conodont animal was pelagic. Present day distribution
of pelagic taxa is notvsimple (e.g. Zeitschel 1978). Thus clustering of
taxa 1s typical across the ocean mainly due to temperature differences and
to the access to light and oxygen bu-t is also dependent on the direcgions
of the major currents. Such features have been considered adequate to

explain certain abnormalities in the othervise worldwide distribution of

" the coﬁodonts (e.g. Muller,b1962; Seddon & Sweet,1971; Dzik,61978).
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A corollary to this model 'is that the conodont animal was influenced
appre'ciably by envirommentsl factors in its distribution. Alternatively,
arguments for a largely nekto-benthic mode of 1ife have been advocated by
Barnes and Fihraeu_s (1975). The restricted occurrences of conodont taxa,
which could be related to laterally limited habitats were shown by
Fahraeus & Barnes (1975). 1In additidn, Barnes & Fahraeus (1975) proposed
that the conoéontophorid could have had a pelagic larval stage similar to

other marine invertebrates (Thorsen, 1958 .

¥

3.2 Conodont Associations

The conodont distribution within the Table Head Formation (Figs. 5.1,
| 5.2, 5.3) is very'distinct. Certain genera anci specles ixave a limiced
lateral dist:ibution as indicated 1in Fig. 5.1, The distribution 1s
closely related to the lithology thus suggesting that the faunas are some-
how restricted to certain environments. ‘

Three distinct éssociations (blofacles) of conodont taxa occur in

¢
the H. tableheadensis and H. kristina Zones. These can be recognized by

the percentage couipositions of the genera 'I‘rigonodus, Foneoprioniodus?,

Scalpellodus, Belodella, Parapsnderodus, Periodon, Cordylodus?, and -
e

W'z.illiserodus; " Sub-biofacies denoting speciallzed depositioﬁal environ-
ments within some of the biofacies have been recognized; these include

the genera Acodus, Scolopodus, and Oistodus?.

One biofacies may overlap with a neighbouring biofacies. Species

' that are distinctive of the Trigonodus-Eoneoprioniodus? biofacies are

absent in the Parapanderodus-Scalpeliodus biofacies. Greater overlap

occurs between the Parapanderodus-Scalpellodus and Perfodon-Cordylodus?

biofacies.
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Figure 5.1 Distribution of conodonts and palecenvironments in the b ‘
Table Head Formation.
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5.3 Trigonodixp-;Eoneopr1oniodus? biofacies

This bilofacies i8 dominated by Tr igonodus carinatus and Eoneo-

prioniodus? sp. 1 and contains Plectodina n. sp. A and Histlodella

tableheadensis; these species represent more than 80% of the fauna. The

hyaline forms, Parapanderodus sp., Drepanodus? sp., cf. D? gracilis and

?Erraticodon balticus occur 88 minor constituents. 'I'his biofacies is of

the Midcontinent Province affinity. .

Stratigraphically, this biofacles 1s entirely restricted to the

lithologic unit Al and to part of unit Az.

Conodonts from this biofacies are relatively widespread and are
present at several localitiqs, i1.e., Table Point and Back Arm Fast sec~-
tions and the Port au Port area (Appendix I).

The fauna occurred in the shallow, quiet water, subtidal environ-
ments of higher temperature and salinities (Chapter 4).

/

5.4 Patépanderodus—éca lpellodus biofacies

S

This biofacies 1s usually dominated by Parapanderodus arcuatus and

species of Scalpellodus. Typical North Atlantic Province elements such

as Walliserodus, Periodon, Drepanoistodus and Cordylodus? are sporadic

within thia biofacies, and appear to represent occasfonal invaders from
the adjacent open sea. Their abrupt appearance in this biofacies probably

18 related to the fast transgressive events related to the irregular sub~-

mergence of the shelf (Chapter 4). Their equally abrupt disappearance is
probably a consequence o‘f‘ the relatively fast rate of gtabilization of

habitats on the shallow shelf.

o




.

5.2 Relative sbundance of the dominant conodont genera in the

lower Table Head at Table Point, vestern Newfoundland.

X marks the presence of a genus.
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It appears that maxima of Scalpellodus correspond to minima of

Belodella, and species of Belodella may dominate over Scalpellod®s with-

in the biofacies. Belodella also occurs in the Periodon-Cordylodus? bio- -

" facies, where 1t has 1ts greatest abundance. Speciles of Parapanderodus

occur in other biofacies, but 18 has its greateat abundance in the Para~

panderodus-Scalpellodus biofacies. Species of Semlacontiodus,

Drepanodus?, Histiodella, ?Erraticodon and Protopanderodus occur in

moderate numbers. Acodus and Paragaliodus are locally common, and
Loxodus? is present as an exotic. This fauna canmot be included in the
presently defined provinces.

The Paraﬁanderodus-Scnlpellodus biofacies occupies the top of litho-

logic imit A, and the whole of unit A The fauna of this biofacies is

2 3"
widespread. It is represented at most localities in the study area, in
the Hare Bay and Port au Portqgreas (Appendix I).‘

The deposits represepting the shelf are referred to the inner shelf:‘
outer shelf and shelf-edge. The shelf as a whole was inhabited by varied
species associations though ;he inner shelf had a relatively impoverished

fauna.

The inner shelf deposits include the genera ?Erraticodon, Scalpel-

lodus, Semiacontiodus, Drepanodus? and Protopanderodus. The outer shelf

is dominated by representatives of Scalpellodus pointénsis, Belodella,

Juanognathus, Semiacontiodus aqymnetficus and Parapanderodus. The fauna
is typical of the offshore, relatively deeper and muddier low emergy
environment (below wave base). This trend may allow a further subdivision

. -
of the Parspanderodus-Scalpellodus biofacies into two sub-biofaciles, one

dominated by 7Erraticodon (inner shelf) and one outer shelf biofacies.

Better material, however, than the Table Head fauns is necessary to do so.

- L4
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5.5 Acodus combsi sub-biofacies

The conodonts from the bank environment represent an association

which may be unique. Juanognathus serpagliei, Acodus combsi and Para-

paltodus simplicissimus are common associates 1n or near to this environ-

ment. The fauna is relatively’divérse, but the yield as a rule is low,

-and most of the elements are small. For this fauna the Acodus sub-

blofacies is introduced.

5.6 Periodon-Cordylodus? biofacies

This biofaciles is characteristically dominated by Periodon aculeatus,

Cordylodus? horridus, Belodella jemtlandica and Histfodella kristina.

Walliserodus, Protopanderodus, Paroistodus? and Drepanoistodus are common

associates., 0Oistodus? and Scolopodus are present in a transitional zone

from the Parapanderodus-Scalpellodus biofacies to the Periodon-Cordylodus?

biofacies. All these genera belong to the North Atlantic Province.
The fauna is typicél for the middle Table Head. Conodonts are

abundant in unit Bl' This biofacies has been recorded from the Table

Point and Bellburns sections.

5.7 Scolopodus-0istodus? sub-biofacies

From a palececological point of view, the fauna‘of unit Bl is of
interest because {its distribution exhibits a close correlation between
types of conodont faunal associations and sedimentary envi;onment re—
constructed on lithic and megafossil criteria (Chapter 4). The beds

representing the upper slope of a deepening environment yield a distinct

'féuna. with a restricted occurrence. Scolopodus occurs next tc the bank




Fig. 5.3 Relative abundance of the dominant conodont genera in the

middle Table Head at Table Point, western Newfoundland.

R marks reworked specimens. X marks presence of specimens,
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enviromment and Oistodus? at lower depth. The two genera form a sub- -

biofacies of thejr own and the Scolopodus-Oistodus? sub-biofacies is in-

Fo

troduced for thfs faunal association. Spinodus and Polomodus are char-

aéteristic but rare xhembers of this sub-biofacies.

5.8 Walliserodus sub-biofacies

Except for unit Bl and unit B3 the average frequency of conodonts in

sé.mples from the Periodon-Cordylodus? biofacies is low (25 specimens or

less per kilogram). This probably due to the high mud content in matiy.
samples, which makes complete digestion in acetic acid difficult, but
also, to an origi.nal lov frequency of specimens in the rock. The cono-
donts, are, as a rule, small and the diversity is low.. The genera

Cordylodus?, Periodon,' Histiodella, Belodella and with secondary associ-

ates as Wa'lliserodus, Parapaltodus, Paroistodus?, Protopanderodus and
’ -~

Drepanoistodus", form over 80% of the total fauna. For this fauna the

term Walliserodus sub-biofacies is introduced. Cordylodus? 4increases in

relative numbers at the expense of Periodon and Belodella, and the fauna

is associated with the uppér slop‘e environment, transitional to the
lower slope. ’

In the‘ upper slope envirdme_nt ma‘ny specimens a‘re consi‘derefi to have
been transported from the shel‘f edge biofacies. These elements are frag-
mental and quten silty material ig attached to the specimens. This 1s

in particular true for elements of ?Erraticodon and Oistodus?. This is

directly connected with lithic unit 133.

. The'suggesged relationships between biofacies and their environment

.are summarized in Fig. 5.4.
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Fig. 5.4 Upper Whiterockian conodont biofacies and their relations . ' :
5 - to paleo-tectonic regimes. Note the break that sepafates ‘ -

shelf from lagoon biofacies (Midcontinent Province) and

platform from slope biofacies (North Atlantic Province).

7




Trigonodus Paraponderodus Periodon
Eoneoprioniodus ? Scalpeliodus Cordylodus ?

TN N

Y

'BIOFACIES

SEALEVEL

e}l

An"
J

I____T_l

Acodus
SUB-BIOFACIES . L

Scolopodus - Oistodus ?

Walliserodus

. . 1 ! J
T L L ) T

. LAGOON . SHELF SHELF EDGE s oPE

t
approximately 200 km




5.9 Mode of Life

From the descriptions above the following modes of life may be con-

cluded:

The shallower portions of the Trigonodus-Foneoprioniodus? biofacies

are dominated by Trigonodus and Eoneoprioniodus?. These genera inhabited

environments with the highest temperatures and salinities. It is pos-

sible that they were adapted to a burr‘os;ing mode of 1ife either for 'pro-

tection or camouflage. If this is correct the conodonts may have been

benthic and possibly infaunal. A further speculation could be that

hyaline material may be related to such a mode of life, apd epifaunal
elements, floaters and swimmers, are chiefly conodonts vitﬁ white matter,
Plectodina? inhabited the deeper, though not very deep, subtidal
waters of the lagoon.
Parapanderodus, as a genus, would be interpreted to be i:velagic,

-

because it is represented in all biofacies. The species, however, indi-

cate different adaptions, that may have been controlled by the substratum

or the source of food. P. arcuatus was probably an active swimmer
accepting diffeli‘el‘lce in temperatures, salinities, and energy, but with a
preference for the éhelf enviromrment. P. striatus iphabited shallow
vater, probably with slightly élevated temperatures and salinity. It {s
mainly restricted to the Midcontinent Province. P. sp. cf. P. consimilis
, . —
inhabited the shallow waters of the inner shelf. It may have been a
benthic and an infaunal species. P. elegans inhabit:.ed the shelf and the

open ocean and was mainly restricted to the North Atlantic Province. It

was probably a pelagic species.
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Parapaltodus is similar to Pargpanderodus with respéct to species
distribution and similar conclusions using the same arguments may be
applicable. P. angulatus was restricted to the 1agoonal- environments.

P. simplicissimus mainly inhabited the open shelf, but never appeared

out in the ocean. These species were probably nekto-benthic. )

s

Drepanoistodus and Protopanderodus also show differences in their

preferences in habitat. Most species were oceanic and only a few

appeared on the shelf. Protopanderodus was more indifferent to envir-
l
onments, as P. strigatus was present on the open shelf \‘and the ocean.

\ .
It was probably a pelagic species. P. robustus was oceanic and a free

swimming species (nekto-benthic). Drepanoistodus? sp. cf. D.? venustus

was restricted to the upper slope mainly of the Scolopodus-Oistodus?

- sub-biofacies. .Drepanois todus bellburnensis inhabited the bank environs

and was probably nekto-benthic.
£

Belodella is rebresented by two species each with their own pref-

erence as to habitat. Belodella sinuosa was a shallow shelf species,

‘whereas B. 1emtlan<;lica inhabited the open ocean. This difference was
probably due to differgnce in iemperature and salinity.. The spécies
were probably nekto-benthic.

Scalgeliodus inhabited the relatively shallowr watérs on the shelf
vith ;lightly raised to normal temperatures and salinities. It vas

probably neléto-benthic. As noted above Séalgellodua and Belodella have

an inversely proportional relative abundance. The difference is probably
related to differences in the substrate or temperature. At present,

_ their speéific differences in the preference of the habitat have not been

detected.
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Acodus, Scolopodus and Oistodus? were prébably specialized to a

restricted enviromment at or near to the bank. Their distinct distr%—
bution probably was governed by their different pt:eference in water
depth, due to differences of light and/or temperature. These genera may
have been benthic and/or nekto-benthic. Thus Acodus livec:l associated
with the biostrome and probably was nekto-benthic, but epifaunal element;

Scoloj:odué and Oistodus? were infaunal and benthic species,

Periodon was mainly oceanic and only appeared sporadically on the
shelf. The genus was probably free swimming (mekto-benthic). Cordylodus? -
preferred a habitat similar to Periodon, and it was possibly a free -
swimming species (nekto-benthic).

Histiodella specties do not have a distinct distr;.bﬁtion. H. table-
headensis was indifferent to environment because it roccurred on shelf at\:d

the slope; H. kristina and H. bellburnensis were oceanic. The species

wvere probably pelagic and/or nekto-benthic.

5.10 Relationship to conodont biofacies in other areas

Distribution of the Table Head conodonts can be compared with the
ecological model of Barnes & Fahraeus (1975), which wailgenerally related
to depth and distance from ‘a shoreline. Some changes or additions can be

applied to. the distributions of Barnes & Fihraeus (1975) .. i

5.10.1 Midcontinglit Province

assoclate in the Table Head fnﬁm, ‘and Histiodella is mofé common in the

The Trigonodus-Foneoprioniodus? biofacies 1s similar to Histiodvella—

Hyaline prioniodids-Multioistodus 'community'. Multiolstodus i{s a rare
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‘\ﬁeeper subtidal lagoon and open shelf of the Parapanderodus—Scaipellodus

b"iofacies, and occurs also in the open ocean. Histiodella may be the
fourth most common genus of the North Atlantic Province (Fig. 5.3). It
should be noted that the Table Head lagoon was pfob?bly not very exten-
give iaterally, and cannot be considered as a pure epeiric sea. Also
niixing of faunas of the next biofacies disturb this comparison.

The Parapandetodus—Scalpéllodus biofacies is new and occupies the

|

shallow-deeper open shelf. Thus, it cannot be cmniaared to the 'commun-

ities' of Barnes & Fihraeus (1975).

'5.10.2 North Atlantic Province

w

The Belodella-Cordylodus 'community' (Barnes & Fahraeus 1975)

probably corresponds to the Periodon-Cordylodus? biofacies of this study,

as it was stated to be 'well-developed' in the middle Table Formation
(Bames\& Fihraeus,l975, p. 142). The deeper position of the Amorpho-
J ‘

. gnathus (?=Polonodus)-0Ois todus-Periodon ‘community' cannot be substan-

tiated by this study. -Amorphognathus (?=Polonodus) is a rare associate

present in both the Scolopodus-0istodus? sub-biofacies and in the Para-

panderodus-Scalpellodus biofacies. Based on this study the Belodella-

Cordylodus 'community' and Amorphognathus-Odstodus-Periodon '¢ommunity’
occupy the same habitat. The deeper positian is occupied by the

restricted Wallfserodus sub-blofacies.
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5.10.3 Comparison of Ordovician biofacies in North America

A few works deal with environmental controls over fkne distribution of

conodontns in the Ordovician Period. These intlude - one on Early fo
Middle Ordoviciﬁn platform to slope conodont 'communities' from Spits-
bergen (Fortey & Barnes, 1977), - one on the upper Middle Ordovician plat- _'
form to slope conoddnt biofacies from Tennessee (Befgstr'&m & Camés, 1976),
- one on the Upper Ordovician to Lower Silurian platform conodont 'com-
munities’ from Hudson Bay (Le Févre et al.,1976) and one on Middle Ordo-
vician platform conodont 'communities' from Ket'xtucky (Fahraeus & Barnes,
1975).

For;ey alixd Barnes (1977) distinguished féur possibly five comodont
comunitigs - a shallow water assemblage occurring in pure white liméstone ’

“ " and consisting of genera of the Midcontinent Province (Scolopodus 'com~

{ mi_.mity'), a further offshore assemblage consisting of Walliserodus,

' Bergstroemognathus and Prioniodus (Oepikodus); a deeper water assemblage
occurring in Impure, dark platy limestones and consisting largely of

‘ Periodon and Prioniodus (Oepikodus) (Periodon 'cowmmunity'); a deep water

- o use'mblage in finely laminated and black graptolitic limestones and

b 4 shales and consisting of Prioniodus (Oepikodus) (Prioniodué 'comunit);'),

and a pelagic assemblage consisting of simple cox_lé generg (Drepanodus,

Drepanoistodus and Paroistodus), and occurring in all of the above 'com-

munities' (pelagic 'cmity'). An early Middle Ordovician (Whiterockian)

off-shore 'community' included Ptotopanderodus; Oistodus, Periodon, and

?Belodella. Of the Lower Ordovician 'comunitiesf,.only' the Periodon

'coomunity’ has correspondence with any of the three conodont biofacies

defined in this study. That is the Periodon—-Cordylodus-‘! biofacies. Ome

genhs only (Periodon) 1s shared.
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The Whiterockian assemblage, despite the spafse description, has a

reasonably clear correspondence to the Periodon~Cordylodus? biofacies,

-All the genera mentioned are shared and may be equivalent to the- -

Scolopodus-0istodus? sub-bipofacies of this study. The principal dif-

ference is the lack of Cordylodus?.

Other Spitsbergen 'communities' are unrepresented or unrecognized.

The Prioniodus (Oepikodus) 'community' may be represented by the ex-

clusively graptolitic facles seaward of the Périodon-—Cordylodua?;bio-

facies. The pelagic/-'comunity' has not been recognized or the genera

are mainly present in the Scolopodus-0Oistodus? sub-biofacies. The

Scolopodus 'community' may correlate with the Trigonodus-Eoneoprioniodus?

biofacies, and the Walliserodus, Bergstroemognathus and Oeg‘ ikodus 'com- ) .

|} ‘
munity' may correlate with the Parapanderodus-Scalpéllodus biofacies.

Bergstrom & Carnes (1976) defined four conodont biofacies (RSA's -
recurrent species asabcia_tions of these authors) -~ a shallow water

o . association (Leptochirognathus RSA) occurring in rocks of supra-, inter-

and high subtidal environments and consisting of a restricted Midcontinent

Province fauna (Panderodus, Leptochirognathus, Phragmodus, Belodella,

. S .
Belodina and hyaline conodonts); a deeper, subtidal relatively nearshore

- association (gelodel1a—Phrazmdu-Polyglgcognathus RSA) and consisting of «

b _ a Midcontinent Province fauna (Plectodina, Phtagmodus and Belodina) and

a carbonate bank association (Belodellg—Phrigmodua-Prioniodus RSA) of

3

; mainly Midcontinent Province affinity, but mixed with the North Atlantic .

Province (Prioniodus, Eoplacognathus - ? specialized genera). A deeper ) ¥

water and muddier more offshore fauna (Periodon-Pygodus RSA) is domi-

nated by North Atlantic Province genera (Pygodus, Periodon, Protopanderodus ﬂ;
. i
|

and Walliserodus). Of these, the Perifodon-Pygodus RSA has clear corres- b

——

1)
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pondence with the Periodon-Cordylodus? biofacies. A number of genera are

shared (Periodon, Protopanderodus and Walliserodus). Cordylodus? is the

only sigaificant Periodon-Cordylodus? biofacies element, which 1s missing

in the Periodon-Pygodus RSA. At that time,'Cordz\lodus? was possibly

extinct or confined to another unrepresented biofaciés.

Some of the Tennessee RSA's are present in considerably altered

forms. The Leptochirognathus RSA ‘is similar to the Trigonodus-Foneo-

" prioniodus? biofacies of this study in that it contains Leptochirognéthus,

hyaline conodonts and panderodontids. Belodella-Phragmodus-Polypla-

cognathug RSA and Belodella—Phragmodhs-Prioniodus_ RSA cannot be recognized -

in the studil area. Belodella, the only genus in common, {s also repre-

sented in the seaward. Periodon-Cordylodus? biofacies. The two RSA's from -

Tennessee are, on the family level, similar to the Parapanderodus-

Scalpellodus biofacies and Acodus sub-biofacies in that they contain

parherodids, prioniodinidids (?Erraticodon-"Phragmodus" flexuosus),

balagnathids (Poloﬁodus—Polyplacoggflthus) and prioniodontids (Acodus—

" Pr iopiodua) .

An environmental correlation with Parapanderodus-Scalpellodus bio-

faeles, Acodus sub-bilofacies and the Periodon-Pygodus biofacies cannot

be made directly during late Pygodus anserinus time. This {s indicated

by the occurrence of the Belodella-Phragmodus-Polyplacognathus RSA of the

shallow shelf, the Belodeila-Phtggnodu--Prioniodus- RSA of the cafbonate

-bank and the Perfodon-Pygodus RSA of the deeper shelf. The principal

difference 1s that the Periodon-_l:zgglhs RSA is typical of the deeper

shelf, whereas the deeper shelf is occupied by the Parapanderodus-

Scalpellodus biofacies of this study.
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' Biofacies and envirommental correlatior;s cannot be made with the
sequence of faunal 'communities' esfablished across very broad epi-
continental seas (Fahraeus & Barqes,1975; Le Fevre g_g'_‘ﬂ._’., 1976) . Only a
few genera and families are shared. |

In Fig. 5.5, the distribution of tﬁe biofacies arkmd'sub-biofgcies in -
the stbdy area are related to the Early Ordovician, and Middle Ordovician
environmentally controlled associations of Fortey & Barnmes (1977) and

Bergstrom & Car;zes (1976).

5.11 Comparison with Other Nearly Contemporaneous Faunas

The biofacies introduced in this study can be recognized from other
areas of closely similar faunal composition. The faunas from the Fort
Pena (Bradshaw, 1969), Lévis ‘(Uyeno' & Barnes, 1970) and Mystic Conglomerate
(Barnes & Poplawski, 1973), Deep Kill Shale 'and Styvesant Falls Formations
of the Taconic Allochthon (Landing, 1976), Hélonda limestone of ‘the
Trondheim _)legion; Norway (Bergstrdm,b1971a, b, 1977b‘,A19'79a, 1980), Cow Head Group;,
western Newfoundland (Fahraeus & Nowlan,1978) and Lush's Bight, central

Newfoundland (Stouge, 1980 b) are distributed within oceanic conditions
L4

associated with a high influx of clastic material, and adjacent to a slope.
This slope méy either be the cor.xtinental slope or slopes near volcanic enviromnments.
In most cases these faunas are obtained from conglomeratic units. This

indicates transport of the.faunas into another enviromment, often into

L .

the lower slope or rise. Due to the bconglmneraéic nature these faunas

are p:obaﬁly older than the surrounding faunas.




Fig. 5.5 Comparison of conodont ‘communities’ or biofacies from Lower
to Middle Ordovician. The Lower Ordovician ‘communities' are those

of Fortey and Barnes (1977). The lower Whiterockian communities are

from Barnes and Poplawski (1973).
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5.11.1 Fort PeRa Formation, Texas

The Fort Pena fauna is domihated by Periodon, Protopanderodus and

Drepanoistodus (Bradshaw, 1969). The associa;ion of Periodon acule&tus

and Protopanderodus cef. P. varicostatus ;% eharacterietic This associ-

ation may well be. the same as the Petibdon—Cordylodus? biofacies of this

&

study. The high numbers pf Protopanderodus, and the lack of Belodella

and Cordylodus? (only spora@ic occurrénces)vCOuld be explained in several
ways: fthe biofacies associations &epreéent slightly different ages in.
the two areaé (this is possible -hChapter 3); the'speciés may be
separa:ed paleogeographically; or the environments may have been dif-
ferent in some character that is not obvious to the writer. |

The presence_of Oistodue?, Histiodella, Scalpellodus, Patapanderodus

and Acodus combsi indicates. that faunal associations similar ﬂe Para-

panderodus-Scalpellodus, Acodus and Scolopodus-Oistodus? biofacies and

'éubfbiofacies are represented in the Fort Pena fauna.

5.11.2 Lévis Formation, Quebec

Thg»ﬁévis Formation is dominated by Periodonm, Protopanderodus &nd
| « L) : '

Patqiéfodus? (U}eno & Barnes, 1970). The lack of Cordylodus? and Belodella
.islcharacteristic, which in turn is siniljf to the Fottubéia Pornation, .
and may be explained in the same way. The fauna indicates affinity to

the Petiodcanotdylodua? biofacies.

Eoneoprioniodua? And Parapnnderodus sp. cf j & striatua are

excluaively known from. the Trigonodua-!oneopz1oniodus? biofnciea in the
. .} :
"study area.




1 Fqunas incj.uding Oistodus? and Scolopodus from boulders in third

and fourth conglomeratic units of the Lévis indicate affinity to the

L

Scolopodus-Oistodus? biofaéiesf Other Table Head biofacies may not be

represented in the Lévis.

Q:i. 513 Mystic Conglomerate, Quebec

The Mystic fauna shows the closest affinity to the middle Table Head

\ -fauna together with Lush's Bight, and the different l;iofa;:ies of this

¢
study can be recognized.

The fauna 1is dominated by Periodon, Paroistodus? and frotopanderodus

(Barnes & Poplawski, 1973). Additional forms are Belodella, Ofistodus? and - - ;

i .. Parapaltodus. Cordylodus? horridus appears in two samples only (GSC '

i ) '84521; 84533), the latter of which yielded a fairly high number».‘ These

two samples can be included in the Periodon~-Cordylodus? biofacies. The

Yack of Cofdzlodus? is otherwise similar to the faunas from the Fort Peiia
. and Lévis Formations. The presence of Oistodus? indicates an affinity to

the Scolopodus—-Oistodus? sub-biofacies. Hyaline forms, ?Erraticodon, ..

Scalpellodus, Juanognathus, Semiacontiodus, Acodus? and Parapanderodus

are known from the shelf blofacles, i,e., Parapanderodus-Scalpellodus

biofacies.

5.11.4 TaconicA Allochthon, New York

In the Deep Kill Shale and Styvesant Falls Formation several genera -

(}.aqding;‘1976) are reﬁreégnted common to the biofacies of this stﬁdy.

’ The sedffients represent ‘the upper and lower slope, and some 0f the conodont

faunas were recovered from conglomeratic beds. The genera include

©
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Periodon, Protopanderodus, Histiodella, and Cordylodus?, and the fauna

indicates an affinity to the Periodon-Cordylodus? biofacies. The dis~-

tribution of each genus being present in separate samples at different
- levels, however, indicates a situation similar to that of the Fort Pena

and Lévis Formations. Also the présence of Scolopodus giganteus s.f.,

a rare but typical element of the Mystic Conglomeraté‘ and the Fort Pena

vFormation could indicate affinity to another Biofacies.

5.11.5 Hélonda Limestone, Norway

Bergstrom (1977b, 1979a; 1980) listed a fauna, which is present mainly in

the Parapanderodus-Scalpellodus and Periodon-Cordylodus? biofacies. The

fauna includes Periodon, Cordylodus? and Paroistodus? The Hédlonda Lime-

stone is in a geological settiﬁg vith clastic dominated sediments ‘and
volcanics (Neuman & Bruton, 1974; Bruton & Bockelie, 1980). This sequence
probably occupies a position similar to the central volcanic belt of

Newfoundland.

~

5.11.6 Cow Head Group, Newfoundland

\

Beds 13 and 14 of the Cow Head Group yield an mlmost pure Periodon
fauna assoclated with a few simple cone genera (Fahraeus & Nowlan,1978).

This fauna may belong to the Periodon-Cordylodus? biofacies, but the lack

of Cordylodus? is against such a correlation. & T
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3.11.7 Lush's Bight, Central Newfoundland
Limestone conglomerates deposited ia a volcanic arc complex produced
a large fauna vwhich shares many genera wit;h the Table Head fauna (Stouge 1980b,

c; Appendix I). The most common genera are Polonodus?, Oistodus?, Periodon,

Cordylodus?, Belodella, Walliserodus and Protopanderodus.’ Minor com-

1
ponents are Histiodella and Acodus?. This fauna is typical of the Periodon- .

Cordylodus? biofacies of this study.

t

5.12 Conodonts compared with Trilobites
\

One study éombining the information from trilobites and conodonts

has been published‘from Spitsbergen of late Canadian-early Whiterockian
age (Fortey & Barnes 1977). The major conclusion of that work waé th:ln:
the conodonts and trilobites seem co\occupy the same habitats and have
the same modds of life. .

 The diséfibution of the Table Head trilobite fauna (Whittington &

Kindle, 1963; Whittington,1965) allows a similar investigation. '

The lower Table Head trilobites were included in an (outer) shelf - .

fauna (Shaw & Fortey 1977), and collected in the Illaenid-Cheirurid

'community' of Fortey (1975). -Originally Fortey (1975) suggested an

envirommental correlation of the Illaenid-Cheirurid 'couﬁunity' with

’

organic reef facies, That an environmental correlation"wiih the trilo-

bites from lower Table Head cannot be made is obvious from the inter-

pretation of this ltddy (Chapter 4). The Illaenid-Cheirurid *community’
" of Fortey is, on the family level, similar to the shelf trilobites in
that it contains chefrurids, 1llaenids, dimeropygids, bathyurids and

harpids. Whittington (1965) noted that the fauna was relatively
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impoverished in the lower Table Head. This is understandable, because
according toA the ranges (Whittiﬁgton & Kindle,1963) the major part of
the fauna was obtained from the lower sub-unit of the lithic unit A3,
v}hich represents a nearshore shallow water environment with a restricted

conodont fauna.
Most of the trilobite specles from the lower Table Head are con-
gsidered to be benthic (Fortey,1975; Fihraeus, 1977b) . Among the cono-.

dontophorids , Scalpellodus, Semiacontiodus and ?Erraticodon were best

adapted to the restricted Illaenid-Cheirurid 'Eomunity'.

The middle Table Head trilobites were referred to the upper slope
(Shaw & Fott‘ey, 19‘77_ » which is mainly the Nileid community of Fortey
(1975). The Ni canmgnity corresponds directly to the Periodon-
Cordylodus? bfofacies of this stu;iy. ﬁe majority of the trilobites -~
from the Nileid community are benthic (Fori:ey)l975). mst genera of the

Periodon-Cordylodus? b;lofaci;zs were interpreted to be active swimmers

(nekto—behthic). Fo.rtey_& Barnes (1977) concluded that the majority of
the conodontophorids were nekto-benthic.

The distribution of the middle Table Head trilobites (Whittington &
Kindle, 1963) also indicate t there is an overlap between two benthic
comnunities (Fortey) 1975Y. A transitional zome suggests that the lower
' slope enviromment or Olenid ccrmmuﬁity may be present (Forte§,1975;

Fihraeus, 1977b; Shaw & Fortey,1977). This can be compared to the

conodonts, and the ristrict.ed Walliserodus sub-biofacies is possibly a

representative of the’ lowver slope enviromment. ' Trilobites from the
¢

.0lenid community are 1nterpret:éd as benthic (Fortey, 1975) or pelagic

(Bergstrom, 1973), respectively. The conodonts are interpreted to be
23°4 ) ’ 4 y
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active swimmers and a nekto-benthic mode of life 18 indicated for- this

enviromment.

5.13 Concluding remarks

Based on this ;ti;dy,, the geographical ‘boundaries of the_éonodont bio-
facies correspond aﬁproxinately to the recognized paleoenvironment.s (e.g.
lagoon, shelf and slope). The sub-biofacies may be related to local
variations of the enviromments and to the depth. The marked composition
and diversity brgak between tﬁe shelf biofacies and slope' biofaciés is a
boundary aepaia’ting wam‘ water conodonts from céld water conodonts on the
slope,

Ordovician conodont provinces have already been dealt with by many.
authors (e.g. Bergstriim,l97la', 1973¢c; Barnes g_t__g., 1973a; Serpag11)19_7l.;
Sweet and Bergstrom, 1974; Barnes and Fahraeus,1975; Fihraeus, 1976 and
Lindstrém,1976). According éo those authors temperature was the prime
envirommental factor controlling Ordovician conodont geography. In
addition, Barnes and Fahraeus (1975) defined conodont provincés by their
communities (f'ollovilng _V;alentine;l968). Therefore, biofgcies analygis
should provide new information about geography in the Ordovician,

The Midcontinent Province faunas were adapteci to a high temperature
dand salinity). They are restricfed to epicontinental seas on the craton
in ‘tropical areas.. The North Atlantic Province was a cosmopolitan cold
vater fauna, which occurs in a deeper position at low paleolatitudes and
it 18 found 1n relativély shallower water at higher latitudes. The.

presence of the North Atlantic Province colder fauna along the North

American craton was probably due to upvwelling of cold currents associated

v

with high organic productivity (Fortey and Barnes, 1977).
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Based on this study the Trigonodué-zonégprioniodus? biofacies appears

to be largely limited to North America and possibly Australia. The
shelf biofacies includes a number of geodgraphically widespread genera
and is restricted to the carbonate shelf areas around the Ordovician

’

equator. The slope biofacies (Periodon-Cordylodus?) is also geographically

widespread, but stenohéline and related to the more argillaceous lime-
stones and graptolite bearing beds of the open ocean.

One concusion of this study is that the various biofacies gradually
change from being dominated by largely infaunal taxa to be dominated by

largely epifaunal taxé. The lagocnal biofacies (Trfqonodus-Eoneoprioniodus?)

is occupied by relatively more infaunal taxa-than the shelf biofacies
(Parapanderodus-Scalpellodus). The‘ shelf biofacies is occupied by taxa,
which are nekto-benthic. The slope biofacies .is largely dominated by
fzee. swimmers (nekto-bepthic) . 'The upper slope sub-biofacies (Acodus

and Scolopodus-0istodus?) are occupied by relatively more infaunal taxa

than theé lower slope sub-biofacies (Walliserodus) .

This conclusion is paralleled by decreasing endemicity with depth
previo;xaly proposed f.or(; the trilobites (Fortey and Barﬁes, 1977; Ludvigseﬁ,
1978) .. Also it is parallleled at the present time, where infauna is
generally restricted to very shallow water, whereas the epifauna pns a
much wider bathymetric range (Thorsen, 1957) .~

Furﬁernore, it appears that the type of 'apparatus could be related
to the mode of life. Barnes and Fahraeus (1975) and’Barnes et al. (1979)
indicated that the pelggic genera were mainly simple cones. From this
study it séem; that simple cone apparatuses are restricted to the dif-

ferent biofacies on family level, and a sequence as follows seems to
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prévail: acanthodids (Trigonodus) for the lagoon to panderodontids for

the shelf (Parapanderodus, Scalpellodus, Semiacontiodus) to distacodontids

{Drepanoistodus, Protopanderodus) for the slope enviromments. A similar

trend can be indicated for the apparatus with ramiform elements such as

prioniodontids (Eoneoprioniodus?), prioniodinidids (?7Erraticodon) to

periodontidids (Periodon).

Barnes g_t: al. (1979) stressml;.nflluenc'e of provincialism on the
apparatus‘ types. Accord:l;lg to those authors the apparatus 6pe evolved
independently within each of the two main provinces. If so, then the

apparent similarity in the style of the apparatus of the speciles from tfne

Trigbnodus—Eoneoprioniodus? biofacies (Midcontinent Provipce), from the

Parapanderodus—Scalpéllodus biofacies (province affinity uncertain) and

from the Periodon-Cordylodus? biofacies (North Atlantic Province) 1is

superficial. The gxp].anation for the presence of the apparently similar,
but genetically separated, apparatuses within each province could be a
question of functional adaption. The various apparatus types had disfinct
functions within each biofacies, but similar funcf:lon in a:ill'ibiofacies.
For example ;rrigonodus and ?Erraticodon seem to imitate the apparatus of

Semiacontiodus and Periodon, respectively.

The described examples cited earlier suggested a series of shallow -
. to deep.water depth-related biofacies coinciding with infaunal to epi- -
faunal _ttendé. During eustatic changes the habitats of the shelf area
would,‘decrease (regressién) or increase (transgfession). In a regressive
situation the nearahpte, highly adapted species would not de able to

respond to rapid envirommental alterations. As a result an extinction

could occur (Fahraeus ,1976) . During a transgression the shelf and slope

biofacies would migrate onto the platform ipto the newly created habitats.
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i This would result in a reduction of the number of benthic species.
Furthermore, the introduction of shelf fauna onto the platform destroys
the habitat for the near—shore infaunal species (in our case the hyaline

conodonts of the 'n'iionodus—l':‘.oneoyrioniodus? biofacies).

Also the transgression would promote the invasion of species that
prior to thé transgression, were présent in other geographical sep'arate
(offshore) areas. The.se areas may not necessarily have been loca)ted on
other plates, as different faunal provinces are present on the same plate

(Fortey and Barnes, 1977). The conodonts could also have been inhabitants

i ' of 1slands 1solated from the craton or volcanic 1sl‘anda’ (Stouge, _1980c),
as 1s the case of some Ordovician brachiopods (ﬂeuman,' 1972) and trilobites
(Ludvigseq, 1978; Bruton and Bockelie, 1980). | ’

The }Jhiteroekian tr;nsgressicm is a major transgression at the
eastern and northern edges of the North American plate. The migration’
of: ﬁorth Atlantic Province elements onto the North Americam cratom can be
expl.ain\ed as an éffect of this transgression.

The fapid faunal replacement during the Whiterockian was accentuated
by the collapse of the carbonate bank related to movements of the Taconic
Orogeny (Stevens, 1970; Barnes & Fahraeus, 1975; Fahraeus, 1976). The main ‘

) effect of plate movements on the d:lst;ibution of provinces 18 that ‘routes
6f major currents and paleoclimatic regimes are changed. Major trans-
gresnive/regreuﬁe events, vhich can be tréce_d beyond the limita' of thev

Appalachians/Caledonians, for example, may not necessarily have to be

related to structural events. The change, however, from a steep car-

bonate bank with little or no lateral segregation of facies to an open ) -::,

g shelf and a gentle slope with lateral segregation can be traced and

related to the initial destruction of thé carbonate bank.
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The comparison of closely related Periodon faunas reveals some
differences. 'l'he principal difference 1s the general lack of Cord lodus"

in many Periodon-Protopanderodus dominated biofacies, If a combination

of following factors are considered: (a) the slight age difference ‘of
the faunas; (b) the relative geographical position; (c) the configuration
of the margins (steep mgencly inclined); (d) the application of a

s:llilar principle as Pihraeus & Barnes (1975) and James et al. 1979 did )

’ for the Cow Head Group ({i.e., transgressions—regressions related to

faunal changes), and (e) the proposed transgressive model above, the following
sequence of events may apply (Stouge 1980c) and explain these differences.
The slight age differences are displayed in the degree of evolution

of certain species (Chapter 6). Overall, the Lush's Bight fauna is

similar to much of the Mystic Conglomerate, the geologic setting may be

similar, both are overlain by Caradocian or interbedded vith Llandeilian
black shales, and their conodont faunas are about a conodont zone older

(1.e., _li. tableheadensis Zone) than the fauna at Table Point (H. kristina

Z&me). The Lévis fauna, the fauna of the Taconic allochthon, the Fort

Pena fauna and the Cow Head fauna are in part or generally older than

_the Table Point fauna.

The Lush's Bight, the Hﬂlonda, and ptobably the Mystic Conglomerate

‘ occupy a position in the Open ocean off the craton. The first two are

associated with s volcanic arc sequence and the Mystic Conglomerate was

interpret d to be a horst fsolated from the oraton by Bames & Poplawski

(1973). .These areas were inhabited by the Perio&on-Cordylodus? bio-

facies faunal elements. The margin at these areas included a’ shelf-edge,

and upper slope as the fannal‘ elements of these enviromments were found.
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The open shelf apparently was not present in these areas at that time

.

" (early H. tableheadensis time).
Some of the faunal elements were apparently restricted to these

areas.  Cordylodus?, Polonodus and Walliserodus inhabited the environ-

ments close to the volcanic sedimépts (Lush's Bight), but were not able
to 6ccupy the habitats along the margins of ;he c¢raton. ’ “

The areas next tg/the craton i.e., Cow Head, Lévia Formation, Fort
Pena Formation and thé Taconic conodont faunas were characterized by a

Periodon-Protopanderodu biofacies of the slope. It was noted that the

blofacies on the shelf (Parapanderodus-Scalpellodus biofacies) was
missing in some of the areas along the craton. For éxample, tﬁe Levis

Formation was dominated by Periodon, Protopanderodus and Eoneoprioniodus?

in its lower half (Uyeno & Barnes 1970) " Eoneoprioniodts? is one com~
) _

ponent of the Trigonodus—Eoneoprioniodus? biofacies. This indicates that

the slope was steep during that time. ihis period of time may well be
partly contemporaneous with the Late Canadian-Early Whiterockian regres-
sion. : ‘ |
VToward'the top of the Levis Formation, Fort Pena and the Taconic
conodont—bearing strata, a change in the faunas occurs characterized by
the introductién‘of members of the shelf and shelf-edge biofacies. This
change probably represents the initial Table Head £r-nsgression and for-
huagion of the shelf and the gently inclined slope facies of the Hare Bay
area and equivalents. - |
P
The tr-n-gtcslion, however, also created a dflution and mixiug of

_the biofacies due to the migration »f faunal elements in two directione

Cordylodus? horridus, Belodella, Polonodus and Walliserodus migrated

landward from the island arc complex and inhabited the slope vith Periodon




- 122 -

»

and Protopanderodus (Taconic sporadic, Fort Pena sporadic, Table Head

typical). The shelf facies faunal \elements‘migrated into the area pos~
sibly from other places on the craton with an already developed shelf

factes. Accordingly, faunal elements of the shelf facies migrated sea-

wards (Histiodells, ?Erraticodon, Scalpellodus, and Fa?apanderodu;) and

appeared sporadically in the Mystic, and Lush's Bight areas, and later
reached the facies framing the Balto-Scandinavian platforms (outer shelf)

together with Belodella, Polonodus and Walliserodus (pzik, 1976, 1978;

LBfgren) 1978). Histiodella was represented by H. kristina in Purope,.

?Erraticodon by Erraticodon bal:icu; and Belodella by B. jemtlandica 1in

Sweden and Norway.




6.1 Introduction

The introduction of the tgulti—elanent concept has drastically changed
. . %

the taxonmomy of early Hi;:idle Ordovician conodonts in recent IYears. Thig
concept implies that individual‘conodon; elements are arranged into sup-.
posed natural groupings, which repxjesent; a'.single (1i.e., multi-element)
species. It 18 now widely used by conodont workers and the approach in
this study is fully cpmitted to multi-element taxonomy.

The reconstruction of multi-element gpecies i8 based on the combina-

of some or all of the following criteria (see Jeppssoﬁ,197l).

- Simil{ri}:y oé stratigraphic ranges of the éleneﬁta.

- Consistent co—occurrer;ce in the same sample.

Similarities in color and the _océurrence and distribution of

white matter.

Similafity of one or more morphologic features of different

elements.

- 'Elanental co'mpoé:ltion of aiready describ;d apparatuses.v

The general philosophy of having an objective nomencrlatute for the
conodont apparatuses and their elements'appears to be followed by most
modern conodont workers. The independent evolution of several kinds of
nomenclatural schemes in videly different systems (e.g. Jeppsson 1971 for
the Silurian System; Klapper and philip, 1972 for the Devon:lan’ System:
Sweet et al. 1975; Sweet and Schonlaud,1975; and Barnes et al. 1979 for
the Ordovician System) strohgly suggests that the basic philosophic c_on4

cept is indeed a valid one.’
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. The principal differences within these systems dYe matters such as

&

vhere to draw the boundary lin'es between apparatuses, nomenclature for .
the several types, and how to label the single elements within the ’
appatltl;s'.

These arguments are Intereatingvn, though sc;mewfxat immaterial, for
what matters is how well the apparatus a’nd'the conodont element is de-

scribed. Nomehclature is simply a conveniént handle, and if everyone

would desétibe conodont apparatuses in a systamatic and uniform way, '

"each worker with his own cherished scheme could give it whateve-r pet

name he likes.
i ﬁeni:e in this study, single elements within an apparatus are desig-
nated as traditional form-element genera with the suffix - ‘ontiform",
for instance, drepanodontiform derived from the form genus Drepanodus,
and shouid be referred to as drg’panodontiform element. This practice is
now used by most conodont workers when dealing with taxa o-f Ordovitian

age. Fahraeus and Nowlan (1978) proposed to apply the combined word as

a noun rather than an adjective, i.e., drepanodontiform(-s), which iz a

ey

shorter terminology. Their suggestion is followed in this study. For
single elements, where symmetry transition 18 gradual, such as in

Drepanoistodus and other similar cone genera, this practice is not

applied. When possible the suffix "-tid" is used for this apparatus,
for instance, curvatid or erectid, pending an objective nomenclature in
the futul;C. '

Complete or 1nconplete,app¢rabtuues, vhich have been weil established
elsevhere ;re agsigned to their respective genera and apécies. , Incomplete

apparatuses or single elements, which cannot safely be included in eétab—

- 1ished genera or species are referred to in open nomenclature, or with




AN
the designation s.f. (sensu formo) as dome by Barnes and Poplawski (1973)
and f’a‘htneua and Nowlan (1978). - _

The nérphc;logic terminology 1'3' .adopted fton Lindstrm (1955a, 1964)
and L&fgren (1978, p. 43). One additiénal term, procurved, is introduced
to &1st1nguish ﬁngle cones wifh a curved préclined cusp from single cones.
with straight proclined cusp. The aboral ou.tli:e refe‘r‘s to the outline of
the aborgl margin when geen in lateral view. : '

i genus {1s considered ta consist of a stable apparatus, where évety
element of the apparatus should be present at all evolutionary gtages.
Several coutempo'ran‘eous species may ‘be includéd in % genus. Specles are
determined by morphological variation within the appafctus of the“gemxs.

‘I'l-_ne synonyms of multi-element species nr; listed and new gene;a.;n@
species are named ac¢ord1ng“to the rules gf the I.C.Z.N.. Code. In the
follewing descriptions, MUNSS stands for Memorial University of New-
foundland, Svend Stougé. The collection of types is at present icto.red
at the Departnient of Geology, Hemot:lai University, St.:. John's. All 111::5

strated ’specimens are ciePosi_ted with the Royal Ontario Museum, Toronto,

Canada.

6.2 Classification of the Order Conodonchdphorida

The history of- the classification of counodonts has recently been

_gimmarized by Lindatrdm (1964) and Huddle (1972), who showed that two-

main classifications of conodonts, {i.e., form-element or utili:#rian
taxonomy and “-ulti.-cl.cnt_or natural taxonomy, exist.

The most elnbointe and comprehensive form-element chisifiution ok ‘
thé Order Ccno&on:hOphorida to date is that by Hass in the Treatise (fbore

1962). Present knowledge has advanced far beyond the proposals of that
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work, and Lindstroém (1970) introduced a4 suprageneric clasaification which
was based on multi-element criteria and evolutionary lineages. Dzik (1976,
1978) and Sweet and Bergstrom {(1972) modified the ciassification of
Lindstrom (1970) for Orciovician genera. The author will follow Lindstr®m's
classification (1970) toggther with the propoaila of Dz'ik (1976, 1978).
Increasing knowledge of conodont taxonomy requires new subdivisions of
higher categories and some Sugge'styio:ns are made. |

There may be protests to these revisions, probably on the basis that

the proposed advancement or classification has not provided the final

[ answer. It is, however, unthinkable that any. "'final answer" could arise
in the next few years, when s0 much fgndamental study remains to be done.
Incremental adjustments provide a way of keeping the classification, at

least to some degree, relevent to recent advances.

s
ot
o

6.3 Hyaline versus white matter

The impor,tance of the presence or absence ‘o‘f white matter in supra-
generic taxonomy has been discussed by Lindstrom (1964, 1970), who' chose
t:he rank of Superfamily (Chimgnathacea) to separate apparatuaes with

_ white mattét from apparatuses without white matter. Ethington (1972),
. =van Bamel (1974) and Dzik (1976) did not accept the concept hyaline versus

e

white uatter to be useful 1n taxonomy. These authors included both
r hyaline elements and elements with white, matter 1in the same species of A
- genus and included those w:tthin other superfamilies. Huller and Nogami
(1971) concluded that the presence or lack of whit:e matter was of eco-
logical tather ‘than taxonomical importance. 7

In the Tablc Head u:etinl the problem of hyaline versus white

matter is simple, 8s the multi-element genera include !pecies, in which
_g\ . . .

i

R
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e .
all elements are either hyaline or filled with white matter. The rank' 'of

species seems to be applicable and this practice 1s followved in this study

pending a better understanding of this subject.

6.4 Multi-element Taxonomy

INCERTAE SEDIS
Order: CONODONTHOPHORIDA Eichenberg 1930 ‘ ~

Superfamily: DISTACODONTACEA (Bassler 1925)

Diagnosis
Apparatus of mostly s’iipple conodonts with or without one row of I
denticles. No clearly discernible fine surface ornamentation (Lindstrdm,

1370). The elements of the apparatus form a curvature transition series.

Family: PROCONODONTIDAE Lindstrom 1970

Subfamily: CORDYLODONTINAE Lindatrom 1970

Discussion

Species of Cordylodontinae have apparatuses consisting ofl elen;etits
Hith a denticulat;ed posterior procéss The elements of the apparatus show .
slight differences in the basal part, curvature and denticulation (van

Wamel, 1974). Until now only one Lower Ordovieian species of Cordzlodus

- has been established in multi-element taxonomy, 1.e;, Cordylodus

angﬁlatus Pander, which is composed of C. angulatus s.f. and C. rotundatus
s.f. (Bergstrom & Sweet, 1966). Transit:ional forms exisat and the apparatus
may be miore complicated than surmised by the above authors.

Cordylodus apinatua Hadding s f. and C. ramosus Badding 8.f. exh:l.bic

.

a different symetry transition series (Lindstrom 1964), and they are in-

cluded in the Ozarkodinina and referred to the genus Sgi nodus D:ik
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t To judge from the literature Paracordylodus may have a similar tran-
: sifion series as Cordylodus, but 'Féhraeus & Nowlan (1978) reported that
, the apparatus may be more compl‘icat;zd.
Genus CORDYLODUS Pander 1856
Type Species, — Cordylodus angulatus Pander 1856
CORDYLODUS? HORRIDUS Barnes and Poplawski.’
I"l. 1, figs. 1-11
Synonymy
1969 Gen. et speclies indet. - f;radshaw, p. 1164-1165, P1. ‘137: '20f'23.
1973 Cordylodus horridus n. s8p. - Barnes and Poplawski, p. 771, Pl. 2:' .
. 16-18.
1976 Cordylodus horridus Barnes and Poplawski - Landing, p. 631, '
| P1. 137: 20-23. " | . .
1979 "Cordylodus" horridus Barnes and Poplawski - Harris et al., P1. 1:
6' * |
The Table Heﬁd fauna 1nc1udeav forms which have previously been

described as Cordylodus horridus by Barﬁes and Poplawski (1973). The

eleménts exhibit a characteristic curvature transibtion series. This
feature, t&gether with the lack of obvious descendants of Cordylodus
described from the Arenig,_has led this author io t;uery ihe genéric iden—~
tification. The morpfxological sigilarity alé§ could be aﬁtributed to

N N

homeomorphy. Possibly, the elements represent a genus of their own.
. R . .




Diagnosis

A Cordylodus? with a posterior process that varies from almost
straight to highly arched. The anterior keel of t‘he cusp continues onto
the base as an enlarged anterior basal keel. The ‘basal cavity tends to

become inverted anteriorly and posteriorly.

Description

The elements have an anterior, recurved cusp and a &enticulated
poate;:ior pro;:ess. They form a curvature transition series superpoéed by
© 8 sinuous outline of the elements. The denticles vary from vertical to
reclined at the postét“i_Or end ‘of the pro‘cess. Elements with vertical
denticles have a more arcuate posterior pi'ocess than elements with re-
clined denticles. The process may be deflected outward. The ‘denticles
~may increase in height at'the middle of the process, usually above the
point of sharpest curvature. Large specimens have sbundant small auxil-
iary denticles proximal to the cusp. The denticles are basally fused, and
vhite ‘mattevr outlines the continuation of the denticles down to the basal
cavity. Wh:_[té matter is otherwise confined to the cusp and denticles.

’

No surface ornamentation, such as microstriations, has been observed.

The basal cavity is inverted both anteriorly and posteriorly on many

specimens.

Three morphologically different elements are distinguished.

The first element is straight with an arched posterior process. The

cusp 18 suberect to recufved,\:keeled and with convex faces, Tﬁe, denticles
are free and vertical on the process. ' Characteristically they have an

alternating tilt. | o
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The second element has a recurved an@ keeled cusp with an inner
lateral carina on gerontic Iforms. The outer face is flaty. " The anterior
keel of the cusp continues ag a convex ridge. The anterior keel of tﬁhe‘
base may be deflected outwaz:ds. The aboral outline is sinuous extending
fram the anterior basal junction to the posterior pfocess. The basal
cavity is shallow and'loca.ted underneath the first two denticles. It .
;:ontin_ues as a small groove underneath the process. The fully denticulate
process carries up to eight denticles. lThese are laterally compressed,
free and keeled.

The third type of element is characterized by a keeled cusp, an
inner flare ‘of the bése, and an upwardly: curved a;xd outwardlf deflected
process. The denticlgs are reclined.' The element may carry up to three
free denticles. The anterior edge of the base and a'.boral margin form

an angle of about 90 degr@és. The basal cavity is initially wide, but

becomes a narrow groove beneath the posterior denticle.

Discussion : oo

‘Cordxlodus'.? horridus Barnes and Poplawski shares important morpholo-
gically characteristics with Paroistodus? sp. cf. P.? originalis (Sergeeva).
- ) .
As noted by Barnes and Poplawski (1973) elements of P.? sp. cf. P.? originalis

hayve an anteriorly enlarged basal keel: a feature which is typical for

el‘lements.of Cordylodus? horridus. Also the inverted basal cavity is common
to both species. Both species have the same stratigraphic range, g‘nd occur
together in the Mystic Cox-mgloueratc. Fort Peﬂa, and the Table Head faunas.
LBfgren (1978) reported Paroistodus? sp. from Swed;en, but not ‘(_:_.?'horric‘lus.
Based on this, it is congidered possible that the two species are at
.1'east closely related and may belong to the sm apparitus. The Cotdy_lbliusé

horridus elements could be the homologues to the drepanodontiforms

of Paroistodus. As noted below no drepanodontiforms were found in
Ut ) .
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the Table Head fauna, which could be associated with the oistodontiform,

The lack of a constant ratic between Cordylodus? horridus elements
and Parofstodus? cf. P. originalis elements through the Table Head fauna
and differences in the microstructure preclude inclusion of the two |
species in the same apparatus. Study from o_ther ax:eas 18 npeeded to

verify the. reconstruction of the possible apparatus.

Remarks
The Table Bead forms are similar to the Mystic fauna, which also
are included in synonymy. Some differences exlst, however, which are

- similar to separate species of Periodon and Baltoniodus.

" The differences incl;xde (1) Mystic forms have a conspicuous gap
_between the cusp and the first dentiéle. The ;uccesélve denticles are
generally free. Table Headeoms do not'possesq this open space and the
successive denticles are basally fused. (2) The aboral margin of speci-
‘mens of the Mystic fauna 18 weakly sinwous in lateral view.whereas the
Table Head apecimet{s have a prominently sinuous aboral margin, "The
,. diff'erenf:e is due to the Mystic forms having a hig}‘xer basal sheath than
the Table Heaa elements. And (5) the Mystic elements are not character-
1xed\ by the prominment inverted basal cavity as are the Table_ Head
specimens. N

These fdifferen'ces may be indicative of r;wo different speciés, but
. . ¢ » .

" for the time being, they are all placed in one multi-element species.

Occurrence

» Sporadic in lower Table Head, common in middle Table Head at Table

Point.




D

C.? horridus has been recovered from the Mystic Conglomerate,
southern Quebec {(Barnes & Poplawskd, 1973); from the Marathon basin,vFort
Pefia Pormation, Texas (Bradshaw, 1969); from th;e Taconic allochthon, New
York (Landing, 1976); from the Hélonda Limestone, Norwa; (Bergstrom,
1977b); and from the Antelope Valley Formation, Nevada (Ethington,1977;

Harris et al. 1979).

Material

Element 1: 777; element 2: 596; element 3: 102.

Family DISTACODONTIDAE Bassler 1925

(emend. Lindstrom, 1970)

Discussion

Distacodontid apparatuses exclusively comprise drepanodontiforms

and oilstodontiforms (Lindstrom,1970). The elements of the apparatus may

be acostate and costate. Most of the apparatuses are characterized by a

'

curvature transition series, which includes homocurvatids, erectids and

oistodontiforme (i.e., Drepanoistodus) or homocurvatids and oistodonti-
forms only (e.g. Paroistodus).

Different de\_relopnent of the transition series is the basis for a

twofold subdivision of Distacodontidae. Fahraeus and Nowlan (1978) sub-

divided Distacodontidae into the subfamily Drepanodqntinée for species

.

with a Dregnmdus-type' apparatus and the subfamily Drgbanoistodinae for

species of Drepanoistodus, Paltodus, and Paroistodus.
Originally, Lindstrom-(1970) included Drepanodus in Distacodontidae. '
Dzik (1976) transferred Drepanodus to Panderodontacea, mainly due to the

similarity of Drepanodus and Protopanderodus, and his belief that both
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genera evolved from Semiacontiodus.

Panderodontacea includes genera, which may have elements highly

strigted longitudinally. Protopanderodus includes species with elements

which show inconmspicuous striations (Lindstrom 1971; Lindstrom &4 '

Zieglerv 1971). Protopanderodus, sensu Lofgren (1978, p. 90) 1is very

- simﬂar to Drepanddus. Thus, in contrast to Dzik (1976) and Lindstrom

(1970), Protopanderodus is allocated to Distacodontacea in this study.

The resylt of this procedure is that Drepanodontinae Fihraeus § Nowlan

._(1978) becomes a8 junior synonym of Protopanderodontinae Lindstgb'm

1970) .
\ Subfamily PRDNPANDER.ODONTINAE Lindstrom 1970
Synonymy

1978 Drepano‘dontinae Fahraeus & Nowlan.

1

- Diagnosis
Conodont-apparatus consisting of symmetrical to asymmetrical costate \
and/or non-costate drepanodontiforms and oistodontiforms with a twisted )

cusp (scandodontiforms). The asymmetry of the drepanodontiforms is due

to the varinbli presence of latetal'coatae.

Remarks _

Pro tdpanderodontinae consists of the genera Drepanodus, Parapaltodus

‘n. gen, and'-’Protopanderod_u-.. The genera of Protopanderodontinae pre-

dominantly afe of the Noxrth A;tlantic Province affinity.
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Genua DREPANODUS Pander . 1856

Type Species -~ Drepanodus arcuatus Pander 1856.

Remarks

Drepanodus includes drepanodontiforms and oistodontiforma. The
apparatus has & curvature transition series and a symmetry transition
series, the latter of which includes an oistodontiform with a twisted

cusp (scandodontiform) (Lindstrdm 1971).

DREPANODUS? sp. cf. D? GRACILIS (Branson and Mehl)

Pl. 1 figs. 12-18.

Synonymy o —

cf. 1933 Oistodus gracilis n. sp. - Branson and Mehl, p. 60,

Pl. 4: 20.

cf. 1933 Oistodus concavus n. sp. - Branson and Mehl, p. 59,

PLl. 4: 6.

~ef. 1933 0Oistodus pandus n. sp. - Branson and Mehl, p. 61,

Pl. 4: 21, 22.

1973 Drepanoistodus basiovalis (Sergeeva) - Barnes.and Poplawski,

p. 775, Pl. 4: 3, 4, 7. ‘

1977 Drepanoistodus basiovalis (Sergeeva) - Barnes, p. 101

Pl, 1: 4-6. |

Discussion . B . u

The elements of the apparatus included in Drepanodus im this study

resemble Drepanodus Pander in their mofphology, usually being fairly

'Iargc. The'oisiodontifor-; however, is not a t}picnl "pipaform”, but




symmetrical (i.e., oistedontiform). Also the drepanodontiforms are

similar to Drepancistodus, being curvatid, but the typical erectid ele-

ment is not present. The. data are considered to be in the favour of a

generic assigrfment to Drepanodus, but it 18 queried because of the
symmetrical oistodontiform.

Diagnosis

Oistodontiforms have a small quadratic base, which forms an angle

of 80 to 110 Jdegrees wi.t‘h the anterior edge of the cuép. The drepano-

~ dontiforms have a‘'recurved cusp.

Description

Drepanodontiforms have laterally cﬁptessﬁ cusp and base, which may .
flare. The baysale cavity occuples the whole base and the tip is situated
at the cenitre' of the cusp. Only homocurvatid drepanodontiforms are
present in this species. The cusp is recurved to "sub'-erect, bl;t is

never étraight. The cusp 1is keeled. The anterior keel continues to the

aboral margin and may be flexed to one side. The aboral margin is con-

N -

:'(vex in lateéral view.‘ The outline of the basal cavity is convex in
‘laterai view from the oral edge to the tip. Prom the tip to the nnterior
+ Junction of base and aboral margin, it is sinuous.
The oistodontiform is strongly reclined. The cusp has well
developed keeln‘cnd an inner carina. | The antefior edge of tixe base
meets the ;bdral margin iﬁ an anéle, wh;ch varies from 80 to 110 degrees. '

The outline of the aboral margin is first straighti and continues as a

convex curve to the oral edge. v,"l‘he‘ oral edge is short, straight and

keeled. It meets the cusp in an angle of 30 degrees. The basal cavity




occuplies the whole base. The base is flared, giving a very open basal

cavity.

Bemarks
The elementa are usually large.
-Lower Ordovician elements are similar in morphology to the Table

Head specimens. For example Oistodus gracilis Branson and Mehl s.f. and

Oistodus pandus Branson and Mehl s8.f. form a similar apparatus in the St,

George Group (Barnes & Tuke,1970), which, however, differs in that the
basal cavity 1s more triangular in outline in the drepanodontiforms, and

that the aboral margin of the oistodontiforms forms an angle of about

50 to 70 degrees with the anterior edge of the base. The Table Head

specimens probably represent a new, but closely related species.
The forms from the Mystic Conglomerate (Barnes & Popl'@sk1)1973)
have the open basal cavity, which is typical of the Table Head specimens.

The olstodontiforms differ from Oistodus basiovalis Sergeeva s.f. by their

short oral edge, more square basal outline and the relatively more wide

open basal cavity. \ _ .- .

Occurrence
Lower Table Head and lower middle Table Head.

: \.
Material

404 drepanodontiforms, 134 oistodontiforms,

£
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Genus PARAPALTODUS n. gen

Type species — Parapaltodus simplicissimus n. sp.

_ Derivation of name

Para = (Greek) akin to, referring to the sinilarity to Paltodus.
Diagnosis

A disﬁacodontacgan genusg with an appaxatus consisting of erect to
proc]ﬁ‘lned drepanodontiforms and twisted oistodonﬂfoms (scandodonti-
forms). The elements have a large laterally compressed cusp with sharp
anterjor and posterior keels and a trianqgular base. The basal cavity is
triangular. .
Remarks l\
Parapaltodus n. gen. hés an oistodontiform with\é twis‘ted cusp and

is thus consequently included in Protopanderodontinae.

This genus could be confused with Paroistodus or Paltodus, as two

types of elements form the apparatus. The apparatus of Paroistodus con-
sists of drepanodontiforms and oistodontiforms, the latter of vi'xich has a
rectangular base and strong reclined cusp. Paltodus consists of drepanodonti-

forms and oistodontiforms, the latter of which has a triangular base and a

reclined cusp. In Parapaltodus the homologous element is a scandodontiform
\ \

and it is not strongly reclined.

'PARAPALTODUS ANGULATUS (Bradshaw)

Pl. 2 figs. 1-2.

14 .
} ' - A
1969 Oistodug angulatus n.. sp. - Bradshaw, p. 1156, Pl. 134: 8, 9.

1969 Drepanodus sp. - Bradshaw, p. 1150, Pl. 131: 1, 2.

1965a Oistodus abundans Branson & Mehl - Mound, p. 26-27. PL. 3: 22, '23.

-
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cf. 1964 Drepanodus toomeyi n. sp. - Ethington & Clark, p. 690,

Pl. 113: 17; Pl. 114: 11; Text - fig. 2H.

cf. Oistodus sp. A - Ethington & Clark 1965, p. 196, Pl. 2: 18.

"

Description

The scandodontiform of Parapaltodus angulatus has been described by
Bradshaw (1969), it has a straight to convex aboral outline. The angle

between cusp and oral edge is nearly 90°.

The drepanodontiform is symmetrical, laterally compressed with pro-

curved to rec;nrved cusp. It has a small base with a shot oral edge.
The .‘antetio_r edge of the base forms an angle with the aboral mrgin of
about 70%to 90°. The aboral outline is convex to straight. The basal-
cavity is triangular with convex faces. " 1Its t>ip .ie in theé centre of the

Lusp. : -

Remarks ¢ ;

., This speciés is not abundantly-r*resented._ and the material is too

. ) PR ]
small to evaluate the cemplete varfation of this species.

.

Drepanodus toomeyi Ethington & Clark s.f. has a higher base and a
longer oral edge than the fl'able Head specimens. The anterior basal

angle 1s broken in Oistodus sp. A Ethington & Clark s.f. from the Ice

Fields fsuna. The angle between gusp and oral ed\'ge is smaller for their

ape;_iinen. Possibly Drepanodus toomeyi s.f. and Oistodus 8p. A s.f.

- represent another species of Pﬁra’galtoduag

Occurfence

Unit Az,'lawer Tablae Head.

T e e s et e 5 D (L i i . - e ey e e et e emper e o <2 P




Material 7 2k

18 drepanodontiforms; 16 oistodontiforms.

PARAPALTODUS FLEXUOSUS (Barnes and Poplawski)

Pl. 1 figs. 19, 22-25.
1 L

Synonymy . » .
1973 Scandodus flexuosus n. sp. - Barnes and Poplawski, p. 785-786,

Pl.\?: l; 4; Text - fig. 2L.
@

Scandodus mysticus n. sp. - Barnes and Poplawski, p. 786,

Pl. 4: 1, 2; Text - fig. 2K.

1962 Drepanodus sp. - Sweet and Bergstrom, p. 1226, P1. 168: 17.

1970 Nordiodus n. sp. A - Fahraeus, fig. IN.

71960 Scandodus n. sp. 2 Lindstrom, Fig. 5: 16; fig. 6: 12; fig. 7: llﬁ

¢f. 1978 Paltodus? cf. mysticug (Barnes and Poplaunkijn- Lifgren,

A\

©~" p. 64-65, P1. 4: 4, 5, 11.

s

»

Diaggogis‘

Elements with a wide cusp and a deep coﬁlcgllcnvity. The base 1is

plano-convex or is flexed to the imner side.

°

Deacrigtion‘ i
P. flexuosus has been fully described by Barnes & Poplawski (1973)

as theAfotn species Scandodus flexuosus s.f. and Scandodus mysticus s.f.
N

§.'nzst1cp-v-.£. is the'dtepanoddntiforl with a plano-convex base and

S. flexuosus is the scandodontiform with strongly flexed base.
qd




Remarks

Swedish specinens from Jamtland differ from those of P. flexuosus
at Table Point in having an antero—poster.lor .extended base (Lifgren
1978, . 65) . o o A

Lofgren (1978, p 107) pPoposed that Nordiodus n. sp. A Fahraeus was
" a posgible ‘adenticulate Belodella element, whereas N. sp. A Fihraeus was
considered to be the drepanodontifot;m by Barnes and Poplawski (1973).

The pr,esent material- supports the interpretation by the latter authors. i

Barnes &‘ Poplawski (19?3) noted the general similarity of Scandodus

sp. of Lindstrém (1960) with P. flexuosus. Fahrseus (1966) described.

the form species Scandodus formosus s.f., which is synonymous with

» Scandodus svp.FZ of L;ndsttam (1960) . Lofgren (1978) included S. formosus

s8.f. in Protopanderodus ‘robﬁstus, but not Scandodus sp. 2 8.f.

P. flexdosus dfffers from P. angulatus by the plano-convex base of

the firat.

'-As mentioned in the discussion of Ualliserodus'ethin&toni these
elements could be included in W. ethingtoni. The elements of P.

. flexuosus have much the sane range in the Table Head fauna as V.

Y

ethingtoni. \‘_g flexuosus elements have typically latérllly" compressed

cutpu. in contrast to the rounded croes-sections of ¥. ethingtoni elements.

o

l’. flexuosus, therefore, is considered to be a separate species.

Occurrence

°

hrdy found in la!rerv Table Head, common in middle Table Head.

. Material " . R
o 4

87 drepancdontiforms; 50 oistodontiforms.




- 141 -

PAR.A.PALTODUS SIHPLICISSDIUS n. sp.

P1. 1 figs. 20, 21, 26, 27, 284, B.

a

Synonymy | o ' .

1973 Drepanodus toomeyi Ethington and Clark - Barngs and Poplawski,

p. 773, P1. 2: 10.

1973 ADregar.xodus n. s8p. C s.f. ~ Barnes and Poplawski, p. 773, P1. 2:
11, lla, 13; Text - Fig. 2J. "

cf. 1973 Scanodus sp. — Barnes and Poplawski, p. 786, Y1. 2: 14.

1976\;‘ Scalgeuoaus sp. - Dzik, Fig'. 141.

1978 Drepanodus? sp. A - Léfgrem, p. 53, Pl. 1: 36-37.

Derivation of ) name

:Simplicissimus latin = sgimple; refers to the simple single cones

of the skeletal apparatus. *

Type locality

Table Point, Great Northern Peninsula, Newfoundiand.

Iype stratum . o ' .
11 m above the base of middle Table Head, sample TP 68, Histicdella

. kristina .Phylo-zone, late Whiterockian (early Llanvirnian).

O

Holotype
MUNSS 4 (P1. 1, Fig. 28), a drepanodontiform.

Diagnosis o . - _ o
- A species with- elements 'having a lateraily compreéud, la‘rge cusp -

and a small base with & comtrieted basal uvity. ‘The elements fon;n a

mkly develo;)ed lymetry t.rau:ltion ser:l.e..




P. angulatus by Ats réunded - antero-basal junction..
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Description

The drepanodontiforms Vare laterally compressed.with a wide and

- keeled procurved cusp and a very small base, The outer face of the cusp

has a broad anterior carina, which_beéomes median 1in positidn toward the
apex of the cﬁsp. Anteriorly a lateral fux;'x'dw runs the length of .the
cusp ftoml the apex to the aboral margin., The antérior keel may be-
lateraily‘defléxed inwards at ghe base. The poster’_ior keel com;.:[nues
onto the oral edge. The ,basal cavity is shallow and triangular.with con-
cave sides. The tip is close t'ﬁ the anterior keel of the cusp and . '
di.rected upwards. The inner side of the base is slightly flared. The

aboral outline foms a gently concave curve.

The scandontifoms are similar to the drepanodontiforms, but the

asymmetry ips'formed by a slight torsion of the cusp and the flare of the

K}

:lnher-side of the base,’
Basal filling is‘ present in many  elements. i‘t igvblack in color

and forms a compress’ed hollow cone. White matter is present in the cusp.
_Incbns_picuous longitudinal striations may be presenf. These are

restricted to the anterior keel .of cusp and form an acute angle with the

keel. o ' S

Bemarks

Scandodus sp. Barnes & Poplawski is similar to the Table Iiead
fauna. The cusp (although broken) seemingly does not taper as fast as

in P. s:l.mplicisslnus n. 8p..

7

P. sinpl:lciasims n. sp. differs fron P. flexuosus by its small base,

from Drepanodus toomeyi s.f., which has a high triangular base, and from

s
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Occurrence

Lower Table Head; common 1in the lower part of middle Table Head.

Material ’

. 4
™ i

214 drepanodontiforms; 89 ocistodontiforms. ‘ d 0

Genus PROTOPANDERODUS Linds trom 1971

T

Type Species - Acontiodus rectus Lindstrdm 1955a

Emended diagnosis

Protopanderodus comprises laterally compreésed elements with a cusp
. - ) - <
] h that is higher than the base. The longitudinal striations of the cusp o

are 1ncoﬁsp1cu6;s. The cross-section of the cusp may be comma-shaped,

lanceclate, or bicostate. Most species include symmetrical as well as

asymmetrical drepanodontiforms and scandodontiforms. Most eleﬁents are
. .
costate and/or sulcate, ’ .

Discussion

- In the original definition of Protopanderodus given by Lindstrom

(1971) the cross section of fhé cusp could be subcircular, comma-shaped,

, lanceolate, or Acontiodus-like. This led van Wamel (1974) te 1include

élements with surface striations in Protbpanderodus. Lofgren (19'78),

" however, restricted Ptotdpandetodus to include elements, where striations

‘were inéonspicuqus only. Furthermore, she (Liifgréﬁ,_1978) excluded
'{gpparatuses with elemexits which were anteriorl}/poateriorly compressed

or had a subcircular cross section of the cusp from Protopahderodu's.

H o Highly striated elements with a rounded cross section of the cusp

and the base and with slightly thickened ri;a "tovard the posterior edge

e LT
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¢ N

of the base were included in Semiacontiodus (Panderodontacea) by Dzik

(1976) .

Protopanderodus probably evolved from early speciesvof Dteahodus
. . . ] .
by the development of costae during the early Arenig. Transitional forms

between ‘Protopanderodus and Drepanodus exist (see discussion in Fahraeus

& Nowlan, 1978, p. 458). ’ \

Several species of Protopanderodus have been recovered from the

Tablé Head Formation, most of which have been fully described from
Scandinavia (L8fgren, 1978) or from along the continental margin’ of North

America (Barnes & Poplawski, 19'i3; Landing, 1976; Bradshaw, 1969; kennedy

et al., 1979).

 Some of the species in the Table Head fauna are considered to be

more closely related than to other species of Protopanderodus. This is
res
L . N . ) ! L .
similar to the Swedish material from which LBfgren (1978) noted that
P. rectus were closely related, but stratigraphically separated by the

less closely related ftotopanderodus parvibasis.

L -

Protopanderodus mvibaais probébly emigrated from a stock geo-

graphically separated from Sweden (L8fgren, }9_78) . This indicates that

several contemporaneous species of Protopanderodus existed during the

Ordovician period. ‘These include P. rectus-robustus lineage, the P.

) . : L e - . N . j X
varicostatus lineage, the P. liripipus-R, insculptus lineage and the P. .

.g:édatus—g. strigatus lineage.; To judge from the present knowledge of

the' distribution of the species, P. rectus was mainly a Scandinavian
species (LindstrBm, 195Sa, 1971; van Wamel, 1974; Ldfgren, 1978); P. vari-

costatus was most Jcom‘uon at island arc complexes (Sweet & )erqstrbgn, 1962;

. - ) \
Hunter, 1978) whereas P. strigatus (this study) was restricted to faunas

on the open shélf,




PROTOPANDERQDUS ROBUSTUS (Hadding)

~

Pl. 2 figs. 3-8.
N\
\
Synonymy - : \

1913 Drepanodus robustus n. ap\ - Hadding, p. 31, P1. 1: 5.

cf. ¥973 Protopanderodus cooperi (Sweet and Bergstrb\n)\ - Barnes &
* Poplawski, p. 782 (pars), P1. 3: 4, 5 only.

1978 Protopanderodus robustus (Hadding) - Lofgren, p. 94 95

P1l. 3: 32-35; Text - Fig. 31 G-J (Synonymy through 1978).

bescrig tion

Protopanderodus robustus includes symnetrical and asymmetrical

acontiodontiforms and scandodoﬁtiforms.'

| The symet;icai acontiodontiform has an eret\:{t to recurved cusp with’
an anterior and a posteri'or keel. The b_ase varies 1n length and the
short base types may ’have an 'antero—basal notch. The 1ong-base types
included in this species have a straight aboral outline. The keels and
_t.he two postero-lateral contae extend: the full length of the unit.
Black basal filling may be presgrved in some specimens.

The. asymmetrical acontiodom;iformg are similar to the symmetrical
ones, but have a'-lightly twisted cusp am} the 1t{ner' posterior lateral
costa disappegrs above @bout the mid-length of the cusp. .

The scandodontiform has a twisted keeled cusp and a base which 1is
nuch shorter .thnn the cusp. The unit ii noncostate. The margins of
the baae are keelzd, and the 1nner face 18 flsred. The elqnent may have

N

an inner median carina. \

- -




Remarks

The collection at hand is small, but L3fgren (1978) fully described

[t

-]
Protopanderodus robustus from a large collection.
. ¢

‘The long~base forms may have an anterior flare of the.basal sheath,
vhich 18 similar to the Swedish material. The scandodontiform may have
a slightly shorter base than i1llustrated by L'Pfgrén (1978), and in this

g 'gren (1978) P. rectus and

way resembles P. rectt;s. As discussed by
P. fébug;ggg are very ©£losely related species, and some of the elements
of the two Asp.ecies cannot always be distinguished.

‘The scandodontiform 1s also similar to the 3candodo;ntifom figured
by Barnes & PQplawski (91973) a:}d 1nc1ude;d in P. cooperi. The base of
the Hysti:c_elemenr. is, however, smaller than ;1ny of the Table Head

specimens.

Lofgren (1978) tentatively included Scandodus dubius Brahshaw s.f. .

in synohymy with P. robustus. S. dubius is here Assigned to Scalpel-

+

lodus biconvexus (Bradshaw).

_Dccurrence

Sporad:lc in lowver Table Head; common In middle Table Head,

Material

43 symetrical acontiodontiforms; 99 asymmetrical Vacontiodontiformm
- L
24 scandodontiforms.’
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PROTOPANDERODUS sp. cf. P. LIRIPIPUS Kennedy, Barnes and Uyeno

Pl. 2 figs. 9-14, 17.

Synonymy

71978 Protopanderodus sp. cf. P. varicostatus (Sweet and Bergstrom) -

I.ngren, P. 91-95 (pars), P1. 3: 30 only.

cf. 1979 Protopanderodus liripipus n. gp. - Kennedy, Barnes and Uyeno,

p. 546-550, P1. 1: 9-19.

Diagnosis

A Protopandevrodus specles with a scandodontiform and a tramsition

series of acontiodontiforms. The scandodontiform has an inmer groove and
the asymmetrical acontiodontiforms have one costa oo one side and one

costa and one groove con the other side.

Desctigti;)n ’ ) P : . | : | }

. Jhe symmetrical acontiodontiform has only behen tecovéred as frag-
ments, and :héregore cannot be described completely.- The unit has a
keeled cusp with two po‘stet;)-lgteral costge‘. The posterior part of the
base 18 broken. : | |
The asymmetrical units are of two types. One type vith a long base
" and _inother with a short base. o
The long base type has a recu;:ved cuép’ and ‘a‘ relati;reiy long pos-
~ teriorly extended base. The cusp has sharp keels, vhich continue onto
the oral and 'anntorior miino ©f the base. The cusp has one postero-
lateral costa, which e:/jtenés to the abor.alllurgin just beneath tl_}e
~oral edge/cusp_jun_ctiog. The other side of the unit has a posterior

lsteral costa and a median groove, which extend the vhole length of

“
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the unit. The costa reaches the aboral margin at about midlength.

The asymmetrica_l element“ with a short base has an erect cusp gnd one
costa on egch side of the cusp.. The base 1s keele&. The posterior keel’
of thé cusp meets the oral keeled que in an abrupt angle of 110 ciegt/ees.
The a§oral outli_'ne is convex. This unit {8 transitional to the'scar_\--
dodontiform.

' The scandodontiform has a small base and a rec}xrvec;l. keeled cusp..
The outet.face is emooth and convex. The inner face has a median broad
carina and a groove between the carina anci the anterior keel. The aboral
outline is convex. ’
\’Chat.acteristically, all the elements of this speéies have an ex-

tended antero-basal keel.

Remarks

\

The scandodontiform resembles Scandodus unistriatus s.f. in that 1t

carries one ‘ant‘erﬁor, inner lateral groove. The element is, however,

more laterally cb;nbressed, and the groove is more median in its position

i S

than Scandodus unistriatus s.f.. The differences are subtle and the

elements are commonly ixidintiﬁguishable. The §. unistriatus elements in-

cluded in P. sp. cf. P. varicostatus in this study differ by \'\the "fluted"

\.
keel and & more flexed cusp of the latter species. \

The scandodontiform of Lofgren (1978) is similar to g.»‘» sp. cf. P.

liripipus of this study. The Swedish form has a posteriorly| extended -

oral edge. Lifgren (1978) included the elements in P. sp. cf. P vari-

o:ontitu-. but she mentioned that more than one species was u'?ruented in
i

N . N 3

her material. - ' E ' e
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The apparatus and the elements of P. sp. cf. P. lirigig' us resemble

both Protopanderodus parvibasis Lofgren-and P. liripipus Kennedy et al. -
Characteristically, the eleﬁents of t;heae three sﬁecies are laterally
eo-pressea and with well developed keels. P. sp. cf. P. liripipus dif-
fers from P liripipus in 1tsk§m11et posterior extended base‘of all .
elements and from P. parvibasis by the lateral groove of the drepano-’
dontiforms and the ;)tominent inner groove of the scandodontiforms.

The three species are probably’closely related and form a phyletic
1liheage. Liifgr‘en (1978) noted that the ancestor to P, parvibasis was
not known. According to Kennedy et al. (1979) P. liripipus is the

ancestor to P. insculptus.

~

P. sp. cf. P. 111:12, ipus is also closely related to P. sp. cf. P,
varicostatus, and probably the two species evolved from P. Earvibasis

" via forms described as P, sp. ef, P. varicostatua by Lofgren (1978).

Occurrence ‘
Lre in lower Table Head; spbradic\in middle Table Head.

Material ‘

-

9 symmetrical acontiodontiforms; 31 asymmetrical acontiodontiforms,

#

1 6 scandodontiforms.

g




PROTOPANDERODUS STRIGATUS Barnes- and Popiawski

PL. 2 figs. 15-16, 18-24,

Synonymy

1973 Protopanderodus strigatus n. 8p. - Barnes and Poplawski, p., 784,

Pl. 3: 14,17; Text - fig. 2E,.

cf. 1974 Protopanderodus gradatus n. sp. - Serpagli p 59-61,

Pl. 15: 5a-8b; Pl 26: 11-15; Pp1. 30. la,.b; Text - fig. 17.

cf. 1976 Protopanderodus gradatus Serpagli - Landing, p. 639, P1. 4:

8, 9, 11, 12.

Description ‘

This specles has én ‘appAz;‘ratus con;sistiﬂg of fodr"morphotyp.es of._ a
acontiodontiforms being unicostate to multicostate, and with a"costate}-\
scanﬂodontifopme. All the elements form a simple curva.ture transitioﬁ
series, and the length anq} depth of the_ basal cavity is rel;ted to the.
degree of curvatﬁre. Proélined forms have a slendér cone and base,

which: is .almost as long as the cusp, and a deep basal cavity. Erect"

forms have a shorter base than the cusp and a smaller basal cavity.

Proclined fofms have a reduced base and basgl cavity and a tall cusp.
"The number of costae on the‘:acpntiodontifomg is variable. .Base&
on the number of costae the follM@ types ;re present: the sub-,
symetriéal forms have two costae separated by s gro;);ve on each ;1de; \
uymetricnl elements have one or two costae on one aide, or one costa
on each sid.. and one costa on one ude nnd two costae on the other side;

.all the elcnenu have anterior and posterior keels on the cusp.

The subsymmetrical elen‘xe_nt has a nedian te lateral groove fr'aaad by

two costae. ' The groove videns on the base and disappears close to the




aboral n’mrgin.‘ It narrows on the cusp towards the apex. The anterior

keel runs from the apex of the cusp to the maximum curvature of éusp. :

' i‘he anterior margin of the bése is convex. The pdéte_rior keel continues
frém the cusp onto the oral edge. On each lat(;tal face there are two
additional posterior costae between the groove and the post‘erior keel.
The lateral costaa disapéear a little up on the cusp. The aborz;l outline
is convex on proclined elements, convex to straighl:b or slightly sinuous

~on .elements with an- ereét to reclined cusp.

The a»symmebt’rical” elénents ‘are slightl& twisted and have unequal ’
nuqbérs ’of costae associated with grooves on each side. The unit:é vary
from being'. a nontwisted cone with antero-posterior keels with one
lateral costa on one side and two 1ateral costae on the other side °
separated by a groove to similar forms v:lth a tvisted cusp. The torsion
of the cusp is both sinistral and dextral. Thus elements with an 1inner
groove and two 'ir.:mer" costae and one oul:er_ costa ogceur together: with forms
;vith ox‘xve' :l.,nne.‘r‘. cqs’fa and two outer costae and a groove. With increasing

_ torsion thg outer side becomes acostate and convex.

The scandodontiforna have a long, robust and keeled cusp. The faces

..are convex and may carry an inner lateral c.rina.

Remarks . ’ ——

Barmes and Poplawski (1973) did tiot include a scandodontiform in

this apparatus.

Ptotopanderoduu &radatus Serpagli is very similar to P. strigat

and the two species are con-idered T be clo-ely related. Also both

species occupy the sng h_nbitat. It {s possible that P. strigatus

. gradatus.
e\v‘olved from P. gradatus L \




r
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P. strigitus differs from P. 8p. cf. P. varicostatus by its couvei

outline of the aboral margin of all elemenfs and the symettical. element

has two costae‘on both faces. The scandodontiform has an 1£1net convex - R

face, which may be cn;ipated, but no gto;ve is present. .
Many specimens havehla;:ge black-colored cones of basal filling

similar to those figured by Sweet & Bergstrom (1962, pl. 168, fig. 2, 9).

These cones are aiso preserved separately and resemble elements of the

Cambrian genus 'ﬁertzim or the Ordovician Coelocerodontus.

Occurrence

Lower and lower middle Table Head.

Material : ’ -

109 symmetrical acontiodontiforms; 414 asymetri‘cal. acontiodontiforms;

-

82 scandodontiforms.

PROTOPANDERODUS sp. cf. P. RECLINATUS (Linds tral)

Pl. 3 figs. 6-10.

Synonymy

.

cf. 1955a Acontiodus reclinstus n. sp. - Lindstrom, p. 548, P1. 2
' 5, 6; Text - fig. 3C. -

? 1969 Panderodus sp. - Bradshaw, p. 1159, P1. 135: 1, 2.

? 1969 Scabdodus cf. S. pipa Lindgtrém - Bradshaw, p. 1161, P1. 135:
3.6, . v -

1970- Scandodus pipa Lindstrom - Uyeno and Barnes, p. 115-116, P1. 22:
\ - N - . )
6’ 7; Text -~ fis. 7C.

N
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1973 Oistodus aff. 0. parallelus Pander s.f. - Barnes and Poplewski,
' p. 777, Pl. 5 1-3. '

‘ 1973 Protopanderodus-cooperi (gyeet and Betgotro-) - Barnes and

of the base may fhxo lmurd- 1n some elements.

. oval opening. The sboral outline is COnVex. The aboral margin meets thc '

“oral edge in angles varying from 30 to 80 degreea. -

Poplawski, P. 782 (ga s), P1. 3:1.

1973 Ptotopanderodus reclinatus (Lindltm) - laruea and P0p1a.wak1

v

p. 782, 784, P1. 3: 2, 3.

1976 Drepanodus arcuatus Pander - Landing, p. 632\ (E ). Pl 1:

17-19, .21-23, non 16. )

" -

1976 Protopanderodus cooperi (Sweet and Bergstrom) - Landing, p. 638-
639 (pars), P1. 4: 7, non 6.

.

Deacrigtion‘

" The .ppara:\u 1nc1ndu costate acontiodontifom and acostate scan-
dodontiforms with a long posteriorly utenud base.
The acontiodontiform includes sysmetrical posteriorly bicostate units

with a pottcrioriy extended base and a recurved cusp. The anterior keel

These elements tend to

be unicontgu with a convex ouut face. ’tho aboral outline 13 cuuvex and

\
it meets tho kod.od oral edgc in an angle of 30 degrees.

23

The lcudodonufom havo a twisted tecurved‘cu:p and an inner pos-’

terior carina. The basal opening variu from & emall rounded to a hrser

h . B . ) . - . [

& : - B . ce ’,:

4 1)
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Remarks ¢

The costae v-ary from being_prominent to inconspicuous. The lat'ter

" forms could be referred to the form genus Drepanodus Pander. Also the

apparatus could be referred to the multi-element genus Drepanodus Pander

.

(emend . ‘LindstrSm,lWl)- as Landing (1976) did. However, as the

P

apparatus includes élemegts, vhich are Acontiodus-1ike, the present

author prefers to assign the elements to Protopanderodﬁfs_.

.

Acontiodus reclinatus Lindstrom s.f. broadly resembles the scan-

Jodontiforms of the Table Head. The.base is shorter in the Lower Ordo-

vician specimens. Acontiodus reclinatus s.f. has not yet found 1its place ’

{
in a multi-element taxon. Whereas the Table Head specimens are similar

to Acontiodus reclinatus s.f., the generic affinity of the elements may

suggest that they belong to a new species within ‘the natural genus

Protopanderodus. : -

~

.

Occurrence

.

»

Sporadic in lower Table Head: present in middle Table Head.

-

Material

:
-}

4 symmetr:lcal.acontiodontiforms; 22 asymmetrical acontiodontiforms;

11 scandoddhtifoms .




PROTOPANDERODUS sp. A

Pl. 3 figs. 1-5.

Description

The species eoinpriaes asymmetrical acantiodontiforms;/ with one 1inner
median costa on the cusp and an outer lateral groove and Vsc'andodoitl_n;c-i-
forms. ‘

- The acontiodontiforms are erect to recurved. The unit has a rounded
cusp with la small base. The ab‘ktal outline is convex to straight. The
g;oove and costae extend the whole length of the unif.

The scandodontiform has a procurved cusp with convex faces and an-

terior and posterior keels. The ilnner face may bear a broad carina. .

AR Y

The base 18 small. The cross-section of the basal opening is almost

circular. The aboral outline is convex.

Remarks

The elements are smaller than other elements of Protopanderodus.

They resemble P. strigatus in chat‘ they I:ave an outer groove, and pos-
sibly thel elements are. juveniles of P. strigatus. The apparatus, how-
ever, does not include symmetrical unité, and the lack of intermediate
forms as well as 'the inconsistent appearance lead the author to refer

the elements to a species of their own.

Occurrence

Lower and middle Tgble Head.

: Material

43 asymmetrical acontiodontiforms; 14 scandodontiforms.
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PROTOPANDERODUS sp. cf. P. VARICOSTA‘I;US (Sweet and Bergstrom) ) !

P1l, 3 figs. 11-17.
AN

N Synonymy

cf. 1962 Scolopodus varicostatus n. sp. - Sweet and Bergstrom, .

i ’ p. 1247-1248, P1. 168: 4<9; Text - fig. lA, C, K.

‘ . cf. 1962 Acopt;lodus cooperi n. sp. - Sweet and Bergstrom, p. 1221-1222, ¢
PL. 168: 2, 3; Text - fig. 1G. i
: cf. 1962 Scandodus unistriatus n. sp. - Sweet and Bergstrom, p. 1245,

; / Pl. 168: 12; Text - fig. 1E. . S R

? 1964 Acontiodus cooperi Sweet and Bergstrdm - Hamar, p. 247.

cf. 1964 Scolopodus varicostatus Sweet and Bergstrdm - Hamar, p. 284, ‘ ‘

PL.. 1: 1, 2.

1969 Scandodus unistriatus Sweet and Bergstkram - Bradshaw, p. 1161,

P1. 135: 5, 6.

1969 Scolopodus varicostatus Sweet and Bergstrom - Bradshaw, p. 1163, ' 3

P1. 132: 10; P1. 134: 12. 13.
1970"‘Scologodus n. sp. 2 =~ Uyeno and Barnes, p. 116-117, Pl. 22: 3-5;

Text - fig. 7A.

1973 Protopanderodus cooperi (Sweet and Bergstrf;m) - Barmes and

Poplawski, p. 782 (pars), Pl. 4: 8, 15 only.‘

1974 Scandodus unistriatus Sweet and Bergstrom - Viira, p. 119, P1. 5:
30; ?Text - fig. 151b only. s

1974 Scolopodus varicostatus Sweet and.Bergs'trSm - Viira, p. 123

-(pars), fig. 160a, b, Pl. 5: 23, 24. . -

e
.




*l

1976 Protopanderodus rectus (Lindstrém) - Dzik, p. 429, fig. 16, b,

c, d.

1978 Protopanderodus sp. cf. P. waricostatus (Sweet and Bergstrom) -

4

Lofgren, p. 91-93, P1. 3: 26-29, 731 (mon fig. 30).

1973 Protopanderodus cooperi (Sweet and Bergstrom) — Barnes and

Poplawski, p. 782 (pars), P1. 3: 1, 4, 5.

1976 Protopanderodus cooperi (Sweet and Bergstrom) — Landing,

p. 638-639 (pars), Pl. 4: 7 only.

Discussion

g.' varicostatus has not been formally described as a multi-element
taxon, but the elements are without doubt a valid species of Protopan-
derodus.

Elements identified with Scolopodus varicostatus Sweet and Bergstrdm

s.f. are present in the Table Head material. Some of the elemients do not
possess the deep anterior notch of S. varicostatus, but the size, and the
cross-section of the cusp 1s s’i:lmilar. Associated with Scolopddus sp. cf.

5. varicostatus s.f. 1s Scandodus unistriatus s.f., and elements morpho-

logically similar to Acontiodus cooperi Sweet and Bergstrom s.f. are

tentatively included in the apparatus, until the nature of P. cooperdl is

known. As noted by Sweet and Bergstrom (1962) Acontiodus cooperi s.f.

only differs from Scolopodus varicostatus s.f. fn having one pair of

lateral costae.
" The Table Head material is far from complete and can only indicate
the coinposition of the apparatus. The present apparatus, however, 18 con-

sidered closely relaﬁed to P, varicostatus (Sweet and Bergstrom).

*




The apparatus of P. varicostatus and 1ts closely related species con-
8ists of a series of symmetrical and asymmetrical variously costate aconti- .
odontiforms and a scandodontiform with an inner lateral groove, In the

- apparatus Acontiodus cooperi s.f. is included as the symmetriéél acontio-,
— - .

dontiform. Due to priority the species should be named P. cooperi. The
name P. varicostatus 1s preserved, because the holotype of the apparatus
still needs to verify the apparatus, and because of differences in opinioh

of the composition of P. cooperi.

Barﬁes and Poplawski (1973) suggested that. Protopanderodus cooperi

formed an apparatus with a non—-grooved scandodontiform. (cf. Scandodus

rectus s.f.). Landing (1976) followed that procedure, and Kennedy et al.

AL ame ot

(1979) briefly discussed the apparatus of P. varicostatus as being dif-
ferent from P. lirigigus. Lofgren (1978) found an apparatus similar to
P. varicostatus and included a scandodontiform with an inner gfoove (1.e.,

Scandodus unistriatus s.f.).

The present author shares the opinion of L3fgren (1978) in that the

closely related species of Protopanderodus are conservative in the ele-
]
. . .
. mental composition of the apparatus, and only ginot differences in the

morphologies of the elements are bresent. Therefore, the scandodontiform

included in P, cooperi by Barnes and Poplawski, (1973) is considered to

be re.l;ted to the P. rectus-robustus lineage rather than to the P. vari-

costatus lineage (with S. unistriatus 8.f.). Such an approach is not

contradictary to the Mystic collections, as Acontiodus robustus s.f. also

was recovered (P. robustus).
' Barnes and Poplawski (1973, P1. 3, fig. 1) also included a scando-

dontiform with a 'relatively large and open base in _!"_ -cooperi. Landing

-~




v

(1976) went a step further and included Protopanderodus reclinatus of

Barnes and Poplawski (1973) in the apparatus. The elements of this type

are included in Protopanderodus sp. cf. P. reclinatus (Lindstrém) in this
study, and they are not considered closely related' to P. coogeii.

The apparatus and the elements of P. sp. cf. P. varicostatus of

Lofgren are quite gimilar to Protopanderodus parvibasis Lofgren. The
scandodontiform of P. parvibasis has a weak inner lateral groove and a
base of similar height as P. sp. cf. P. varicostatus. Possibly P. parvi-

basis is the ancestor to the P. varfcostatus lineage (and to P. sp. cf.

P. liripipusy.

Description’

P. sp. cf. P. varicpstatus exhibits a simple éymmetry transition
series overprinted by a curvature transition series. The elementsl are
variously costate asymmetrical and symmetrical acontiodontiforms and
scandodontiforms with an inner furrow.

The acontiodontiforms are variable in length of the base and develop-
ment of the anterior basal angle. This may be rounded ér sinuous fo'r’ming
an anterior notch. Most elements have one outer costa and two costae on
the inner aide‘. These elements vary from symmetrical to slightly asym-—
metrigal due to a twist of the cusp. Other elements may evolve a second
outer lateral carina. v '

Symmetrical elements carry two posterior costae separated by a fur-

row. The posterior edge is "fluted" and the element is similar to

Acontiodus cboperi s.f.

The scandodontiform is similar to S. unistristus s.f. as described

by Sweet and Bergstrom (1962). It has a large twisted eusp with sharp
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”

. : / .
keels. The anterlor edge of the cusp is convex. The inner face is con- |

vex with tendency to develop a median carina. The¢ median carina and the
anterior keel are separated by a well-defined furrow, which excends. the

full length of the unit. The median caring 1s weakly "fluted". The cusp

L "18 highly twisted and the antero-posterior keels are almost vertical in
i .

~4

position to the original antero-posterior direction. The base is small )

with a slightly sinuous aboral outline.

Remarks

I ey e A ST

The specimens are variable, and only large specimens are "fluted".

Most of the élements inecluded in synonymy share the characteristics of P.
sp. cf. P. varicostatus, but 1t 1s possible that the specimens represent
moré than one speéies. For exampié, in P. sp. cf. P. vari*cost:atue; of
L;ngren (1978) the furrows of the elements are wider than the Table Head
specimens. Also éhe base of the scandodontiform is highek than the Table
B
’ Head forms. Landing (1976) illustrated a costate and gro?ved specimen,
. ‘

which broadly is similar to the P. sp. cf. P. varicostatus. The costae

.

seemingly are finer than the Table Head specimens,

Q.

P. sp. cf. P. varicostatus differs f;om P. strigatus by haviné a
sinuous‘aboral outline and a scandodontiform wii:h a postero-lateral
furrow.

Lofgren (1978) discussed the relationship of P. sp. cf. P. vari-

- costatus with P. gfadatus Serpagli, and she concluded that the species

were not closely related. The relationship of P. strigstus and P. gra-

datus is discussed undeér P. strigac\;s.




Occurrence

Middle Table Head.

Material

5 symmetrical acontiodontiforms; 47 asymmetrical acontiodontiforms;

19 scandodontiforms. s .

-

Subfamily DREPANOISTODINAE .Fahraeus and Nowlan .1978

Remarks

f’ihraeus and Nowlan (1§78) established Drepanoistodinae for apparat-
uses forged by non-, uni- and bil’a'teraIiy costate drepanodonti{oms and
symietrical oistodontiforms. In many of the elements included in Drepan-

oistodus in this study, the oistodontiforms have well-developed lateral

PR
N

costae. Drepanoistodinae compris(es_‘f the genera Drepanoistodus, Paltodus,

ar}d Parcistodus. [

Genus' DREPANOISTODUS Lindstrdm 1971

) Type species .- Oistodus forceps Lindstrém 1955a.

Remarks

The Drepanoistodus abparatus comprises drepanoéontifoms and oisto-

dontiforma (Lindstrom 1971), which form a curvature transition series.
The drepanodontiforma are distinguished as curvatid and erectid. Van
Wamel (1974) separated two additional elements one of which was costate.
It 18 not always possible to differentiate the morphotypes within the

species due to the gradual morphologic transition of the elements.




It 1s considered difficult, 1if not impossible to sc‘eparate speciles
on the basis of the dfepanodontifoms alone, in particular for closeiy
relatedrspecires (van Wamel 1974;.Dzik 1976). One dift’erencé, however,
which may appear to be of taxonomic importance is the presence .or absence

of units vwith costae in the apparatus. So far, all the species from the

North A;lantic Provigce (D. forceps-D. basiovalis) do have costate dre-
panodontiforms in the apparacus: Species of the Midcontinent Province
have not yet been formally described or have been identified wit;.h species
of the North Atlantic Province. )

At present, two different approaches in separating species of Dre-
panoistodus exist. V’I'he‘ first focuses on the differences in the mor-
phology of the’base of the oistodontiforms (Lindstrom 1971; Lofgren 1978).
Thus, ;céording to thesé authors two distinct species exist, namely D.
forceps and D. basiovalis. |

In contrast, van Wamel (19745 and Dzik (l9n7'6) did not recognize the
species D. forceps and D. basiovalis of Lindstrom (1971) and Lofgren
(1978). They. fouﬁd that intraspecific vafiation_both during growth and

within the curvature transition series, that otherwise might be 1ﬁter-

preted as specles indicative, occurred, and Quly numerical measures were ‘

considered valid for separation of species (van Wamel 1974;'Dzik‘1976)‘.
Several species have. béen identifled from the Table He.ad mainly

following the ptagtice of Lofgren (197.8). With the above comments in

mnind, statistically more reliable material may ;'educe the number of

species separated on the basis of the present naterial .

TR




1963 Oistodus basiovalis sp. nov. - Sergeeva, p. 96, P1, 7: 6, 7

e e i e non e e PR N B ot A SRR e

»
—

DREPANOISTODUS BASIOVALIS (Sergeeva)

P1. 3 figs. 18-20.

Synonymy

>

Text - fig. 3. ’

4

1971 Drepanoistodus basiovalis (Sergeeva) - ﬁiﬁdstrﬁm, p. 43, figs. 6, 8. .

1973 Drepanoistodus basiovalis (Sergeeva) .- Lindstrom (in Ziegler),
P- 73, Pl. 1: 3-4,

1974 Oistodus basiovalis Sergeeva — Viira, Pl. 5: 9, 10.

.

1976 Drepanoistodus suberectus forceps (Lindstrém) - Dzik, fig. 19a, b

?

°

¢, d, £, ?k; non e, g.

1978 Drepanoistodus basiovglis (Sergeeva) - Lofgren, p. 55-56, P1. 1:

11-17; Text - fig. 26B-c.
-
Non 1973 Drepanoistodus basiovalis (Sergeeva) - Barnmes and Poplawski,

p. 775, Pl. 4: 3, 4, 7.

1976 Drepanoistodus basiovalis (Sergeeva) - Barnes ( in Workum

et al.), p. 171, 173, PL: 4: 1, 2.

Drepanoiatodus basiovalis (Sergeeva) - Barnes, p. 101,

Pl. 1: 4-6.

Remarks

A small collection of olstodontiforms with a small base and large

reclined acostate cusp is identified with D. basiovalis. The size of the

base and the convex aboral outline is typical of Oistodus basiovalis

a

Sergeeva s.f. ) v

A sinilar small collection of drepanocdontiforms can be associated

vith the olstodontiforms.

BN




-
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4

This species has been fully described b;' Ldfgren (1978).
The elements named Drepanoistodua b&siovalis by' Barnes & Poplawski‘_
(1973), Barnes (1n Workum et al. 1976), and Barne; (1977) are considetéd
N
to represent the species Drepanodus? sp. cf D? gracilis. The oisto- ~
dontiform of the Bad Cache Rapide Formation (Barnes 1977) has an angu’lar

. (90%) base/aboral margin junction. In D. basiovalis this 1s rounded .

Occurrence

Lower and middle Table Head.

Material

T 17 diepanodoz;tiforms; 23 oistodontiforms.

DREPANOISTODUS sp. cf. D. BASIOVALIS (Sergeeva)

-4

Pl. 3 figs. 21-23.

Synonymy
1969 Oistodus sp. - Bradshaw, p. 1158, P1. 134: 10, 11.

N

Diag’nosia

A Drepanoistodus with drepanodontiform's having a small base, a con-

vex to straight aboral outl:lne and a convex basal cavity, and oistodont-
/ ifoms with 4 base that varies from rectangular to an anteriorly directed

relatively pointed base. All specimens are noncostate. /
|

Description

The drepanodontiforms have a long slender, latefaliy compressed cusp -

$

and a small base. The base may be flattened or more widely open.
Generally asymmetrical elements have an 'inner flating base and symmetrical

glements have an open base. The faces of the cusp are convex., The oral

S e —————ar |




vredge 1; sifaighf and short, but increases relatively in length in'lq;ge
specimeﬁs. The basal cavity is small. In lateral view the butline of |

_ the basal cayity 1@ a gently éonvex curve with no charaéterigtic tip.
All éhe elements are curvatid in outline.

The oistodontiforms have a compressed, pointed and keeled cusp that

is almost‘pa}allel-to'the posterior-p%rt of the aboral margin.

Occurrence

Lower Table Head.

t

~Mater1a1‘A

29 drepanqdontifofms;,fz oistodontiforms.

.

- DREPANOISTODUS FORCEPS (Lindstrom)

Pl. 3 figs. 24-25.

Synonymy

1955a Oistodus forceps n. sp. - Lindstrom, p. 574, Pl. 4: 9-13;

 Text - £1g. 3M.

A}

- 1955a Acodus gratus n. sp. - Lindstrém, p. 545, P1. 2: 27-29.

1955a Drepanodus homocurvatus n. sp. - Lindstfﬁm, p. 563, P1. 2:

23-24; Text - fig. 4D.

1955a. Drepanodus planus n. 8p. - Lindstrom, p. 565, Pl. 2: 35-37;

Text - fig. 4A.

1955a Drepanodus suberectus (Branson and Mehl) - Lindstrom, p. 568,

P1. 2: 21, 22.
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: -
1971 Drepanoistodus forceps (Lindstrom) - Lindstrom, p. 42-43; Text -

‘fig. 5, 8. - :

4' - . " .
1978 'Drepanoigtodua forceps (Lindstrom) - L8fgren , p. 53-55, Pl. I:

1-6; Text - fig. 26A (includes synonymy through 1978).

Remarks ’

A small collection of drepanodontiforms and ostodontiforms have
been identified with D. forceps. - The material differs from D. sp. cf;
D. basiovalis both in their lighter color, beéing more translucent and
: brighter,-and théir different stratigraphic position. The inner flaref
of oistodontiforms typical of D. forceps also separates D. fércegs from
D. sp.jcf..g. basiovalis. The drgpangdontiforms“are sparsely repre-
sented, but include erectid;. ‘White matter is present in the cusp.

L

.Lafgteﬁ (1978) fully described this specles.

]

Occurrence

Lower Table Head.

Material

9 drepanodontiforms; 7 oistodontifornms. -

. 1

DREPANOISIODUS BELLBURNENSIS n. sp. .

Pl. 4 figs. 1-8.

Synonymy * - . : -
1973 Dtepanodus.sp. B s.f. - Barnes and Poplawski, p. 774, Pl; 5: 4.

1976 Drepanoistoduk 8p. - Landing, p. 632, P1. 2: 12.
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Derivation of name

[y
s

Bellburna, a small village south of Table Point.

Type Locality

Table Point, Great Northern Peninsulé, Newfoundland

‘

m' e stratum (\)

lover middle Table Head, sample TP 67, Histiodella kristina Phylo-zone,

late Whit‘e_rockian (early Llanvirn). ¢

3
.

Holotype

MUNSS 17 (Pl. 4, fig. 4), an oistodontiform.
o ‘ e

-~

Diagnosis )
A spacies of Drepanoistodus with an oistodontiform which has a

base that is short anteriorly andsextended posteriorly. The cusp has

an Inner costa.

Description

This specieé consists of dx:;panodontifoms and oistodontiforms.
The elements foﬁ & curvaturé transition series from procurved to re-
clined (oistodontiform). An erectid element. canr be separated, but is
very rare. All the drepanodontiforms are referred to as cx;r\iétid ele-
. ments, . s
‘Drepamdon,tiforms have a large keeled cusp filled with white matter.

The cusp may be slightiy twisted. The faces are smooth or may carry a

broad carina. The dhterior edg.e continues onto tha base. It meets the

aboral margin in & curve for the procurved elements or an Angle in

r

,




recurved elements. The posterior keel continues on the oral edge on

procurved elements or forms a sharp angle with the oral edge in erect

and recurved elements. 'ﬁxe aboral outline is coinvex 1ln most specimens,
but may be sinuous. The orfl edge is keeled.

The oistodontiforms have a straight reé:lined cu'sp and a iong, keeled
oral edge. The angle between cusp and oral edge 18 about 45 degrees.
The aboral margin is convex and flares slightly to the inner side. It

‘
meets the anterior edge with an angle of almost 90 degrees.

Remarks
Barnes and Poplawski (1973) suggested that this species could belong

to Paroistodus, whereas Landing (1976) included it in Drepanoistodus.

The present material suggests that the elements should be included 1in the -

latter genus, A

The species resembles D. basiovalis, '-but: the oistodontiform has a
longer posteriorly extended base.

The drepanodontiforms differ from other drepaqg;dontifoms of Dre-
panoistodus in ‘their hiéher base and angular junction of the cusp and

the oral edge. . . - B

Occurrence
Very rare in most of lower Table Head; common in uppermost part of

lower Table Head and lower part of middle Table Head. '

Material

101 drepanodontiforms; S?oiatodontiform.




-

DREPANOISTODUS TABLEP@INTENSIS n. sp.

Pl. 4 figs. 9-17.

Synonymy N

cf. 1962 Oistodus forceps Lindstr8m - Sweet and Bergstrom, ps: 1231~

1232, P1. 168: 14-15; Text - fig. 2E.

Drepanoistodus basiovalis m. s. (Sergeeva) - Tipnis et al.,

Pl. IX: 21.

Derivation of name

Table Pojnt, Great Northern Peninsula, Newfoundland.

Type locality

Table Point, Great Northern Peninsula, Newfoundland.

!zge stratum

lower middle Table Head, sample TP 68, Histiodella kristina Phylo-zone,

-

late Whiterockian (early Llanvirnian).

.
N (3

Holotype

MUNSS 19 (Pl. 4, f1g. 10), 4n ofstodontiform.

Description

The- drepancdontiforms have a long and slender proclined to recurved
cusp, which is laterally comp:essed and keeled. The faces are convex.
The base 18 short and slightly excavated. The snterior part of'the 'base‘
may be flexed outward. The aboral outline is convex.

Oistodontiforms ﬁsve a compressed pointed and keeled cusp. The

- antero-basal cormner is relatively pointed to rounded. The angle of the

base varies between 50 to 80 degrees. Thg base variably flares inward.
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The oral edge is keeled and extends posteriorly one-third of the Jength
of the cusp. The angle between cusp and oral edge varies from 20 to 40
degrees for forms with a weak inner flare to forms with a large flare,

respectively. A weak inner carina on the cusp evolves with the angle

as well,

Remarks :

Thid4 species has a ratio of drepanodontiforms: oistodontiforms of
3:1. The species differs from i1ts common associate D.? cf. D.?
venustus by its shorter posteriorly extended base and the congtant lack
of a typical inner costa on the cusp of the oistodontiforms. Also the
angl_e between the oral edge and the cusp 1is smaller in this species.
The drepanodontiforms differ by the lack of costae. The drepanodontiforms

cannot easily be separated from other species of Drepanoistodus of the

North Atlantic Faunal Province. w o

The oiét‘odontiforms are similar to ?0istodus forceps s.f. sensu
Sweet and Bergstrom (1962). The inner sinuous aboral nargin of the Pratt

Ferry forms 18 more pronounced than it is in the Table Head fbfms.

»

Occurrence ‘ i

Sporadic in lower Table Head; cdmmon throdgh, middle Table Head. .
¥
{

Material

.

167 drepanodontiforms; 56 oistodontiforms.

K ’ '
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.

DREPANOISTODUS? sp. of. D? VENUSTUS (Stauffer)

PL. 4 figs. [18-25.

/

Synonymy .
cf. 1935a 0istodus venustus n. sp. - Stauffer, p. 1&6, 159, P1. 12: 12.

1976 Drepanoistodus suberectus forceps (Lindstrém) - Dzik, fig. 19,

e, g.

1978 Drepanoistodus? cf. venustus (Stauffer) - Lifgren, p. 56-57,

PL. 1:77-8.

1978 Drepancistodus? wvenustus (S'tauffer) - Lofgren, p. 57, P1. 9-10.

non 1969 Oistodus venustus Stauffer - Bradshaw, p. 1158, Pl. 134: 4-7.

‘non 1970 0Oistodus venustus Stauffer - Uyeno and Barnes, p. 110, P1l. 21:

6-7.

Diagnosis

An apparatus with costate, short to long base oistodontiforms, and
/ -
costate drepanodontiforms. .

Description

‘Oistodus venustus Stauffer (1935a) s.f. is a very characteristic

oistodontiform with sharp keels, well developed coatae on the cusp and
a long base. It has commonly been reported, but has yet to find 1ts
place in multi-element taxonomy.

Bergstrom and Sweet (1966) and Sweet and Bergstron (1972) were not

"able to connect the venustus-element to any multi-element genera.

Barnes and Poplawski (1973) proposed that the venustus-element was part

of Acodus? mutatus. Lindstrom (1971, p, 43) suggested that Oistodus

£

ISP




venustus 8.f. was coupled with drepanodontiforms and formed a Drepan-
oistodus apparatus. A similar approach was tried by L8fgren (1978), but

she was not convinced, and she concluded that Oistodus venustus s.f.

could be the only type of element in the skeletal apparatus of the
specles.

One major problem with the venustus apparatus is that it may have
includéd drepanodontiforms, but if so they are ‘indistinguishable from

those of other species of Drepanoistodus, with which 0. venustus s.f.

is commonly associated. For example, specimens of D. suberectus
(Branson and Mehl) s.f. are present with 0. venustus s.f. (Bergstrom
and Sweet 1966; Webers 1966) or with D. basioyalis (L3fgren 1978). If
the approach introduced by van Wamel (1974) and Dzik (1976) 1is applied
the problem may only be mi;zor.

In the materifal at hand both costa‘te and weakly costate oisto-
doﬁtifoms are present with intermediate forms. This is similar to
Webers (1966, p. 34-35), who also referred both costate and acostate

elements to Oistodus venustus s.f. In addition, uni-costate to multi-

costate drepanodontiforms occur with O. venustus s.f. throughout the

sequence, and they are interpreted as part of the Drepanoistodus?

venystyg apparatus.

Description

The drepanodo'ntiforms are uni-costate to xl;ulti—costnté with inter-
mediate elﬁents as common as‘sociates. Curvutid elements may have an
antero-basal pointed flaﬁgé.which may be flexed inwards. Som‘e; elements
are very strongly f}exed and have an outer convex face of the cusp,

which may be expressed as a carina or one or two costae. The inner face




/;,
may carry one or two costae.

The erectid element is easy to distinguish., It has a large cusp
which may carry a carina on each side of the Cusp or one ;:r two costae
on each side. The base is variously extefnded anteriorly and posteridrly.
The basg' is often wide and the basal cavity 1s underneath the whole base.
The drepanodontiforms form a gradual and complete curvature transition
series,

The oistodontiform - or venustus—enlement - has a pronounced costa
.‘on one side or both sides of the cusp and a rounded basal margin. The upper
part of the cusp bends characteristically upwards or in an anterior
direction. The antero-basa\l corners vary from sharply pointed to rounded

and ‘mAy reach over half the length of the cusp. The angle between the

cusp and the oral edge varies from 20 to 30 degrees.

Remarks

'The apparatus proposed herein is unusual for Drepanoistodus in the

sense that the drepanodontiforms can be multicostate. Earlier spectes,
however, do include uni-costate elements, for example, van Wamel (1974)

described Drepanoistodus forceps with an apparatus including an

nco;iontiform (Acodus gratus s.f.). Development of more costae is con—
sidered possible during growth or as a response to changes in the envir~
onment . Thus, increases in energy may support the creation of many
costae, which may serve. as muscle attachment areas similar to the ones
described by I:.indstr&n and Ziegler (1971).

The costate elements could be confused with those of Walliserodus,
but in Walliserodus they form a symmetry transition series, which in-

¢ludes a symmetrical element with anterior rounded face. The drepano—

.
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dontiforms described above form a curvature transition series 'iypical for

-gether in the same apparatus 1s their generally similar worphologies. .\

Occurrence

Material

Remarks

‘"“about as far anteriorly as it does posteriorly"” v

Drepanoistodus. Thus, the main reason for grouping these elements to-

\

Except for the costae the elements would with no doubt be identified as

drepanodontiforms of Drepanoistodus. '

Present in lower Table Head, common in middle Table Head.

- ‘

547 .drepanodontifoms; 256 oistodontiforms.

Genus PALTODUS Pander -1856

Type Species - Paltodus subaequalis Pander. 1856. : , »

-

According to Lindstr'dg (1971) Paltodus includes drepanodontiforms

with a "triangular base and a suberect to moderately recurved cusp'.

Costae may be present. The oistodontiforms have a base, which extends

Van Wamel (1974) allocated Paltodus to Drepanoistodus. Both Dzik

(1976) and Lofgren (i978) considered Paltodus valid as a genus of its

own., This is accepted here,




PALTODUS? sp. cf. P? JEMTLANDICUS Lofgren

Pl. 4 figs. 26-33,

Synonymy
1976 ? Paltodus (?) sp. - Dzik, fig. 18a.

1978 Paltodus? jemtlandicus n‘. sp. - Lofgren, p. 65-66, P1. 4: 1-3,

" 6-10.

71978  Gen. et sp. idet. A - L3fgren, p. 118, P1. 4: 12.

Description -

This app’aratus consists of noncostate drepanédontiforms with a
plano-convex base and oistodontiforms with a slight inner flare of the
base. ) . f

The drepanodontiform is laterally compréssed, and in side view it
has a triangulat‘base. The cusp ‘!is keeled and curves smoothly onto the
straight and keeled oral edge. The aboral outline is straight and meets

the anterior margin of the base at an angle of 90 degrees._ The anterior

N
part of the base may have an inmer flare. The cross-section of the base

varies from oval to plano-convex.

The oistodontiform has an anterior extension of the base of about
similar lenth to 1ts posterior extension. It 1s slightly asymmetrical
due to an inner flare of the base. The cusp {8 large and keeled. The

.1deq' of the cusp are smooth.
Remarks

' The number of elements is small in each sample. The basal outline

of ‘the ofstodontiform varies, thus some are quite s.inilat to the




oistodontiform described by Lifgren (1978) as Gen et sp. indet, A, which

is tentatively included in the synonymy.
The base of the drepanodontiform varies and may sometimes by indis-

tinguishable from that of the drepanodontiform of Parapaltodus flexuosus

‘as noted by Lofgren (1978). In the Table Head material the color of

Paltodus? jemtlandicus elements are always dark-brown with a black

colored base. Drepanodontiforms of Parapaltodus flexuosus have a light-

brown colored base.

Occurrence

Lower and middle Table Head.

Material
32 drepanodontiforms; 29 oistodontiforms.

\

Genus PAROISTODUS Lindstrom 1971

!
1
i
H
i
gl
b
1
4

Type specles - Oistodus parallelus Pander 1856.

Discussion

LindstxrGm (1971) defined this genus to consist of drepanédontiforms
and oistodontiforms only. Van Wamel (1974) revised this definition to
include scandodontiforms, but these are in fact slightly asymmetrical
dreépanodontiforms, and the term drepanodontiform is preferred in this
study.

In the present collection ofstodontiforms with an outline similar to
0. originalis Sergeeva s.f. are present. . These could be intetﬁreted as

part of & Paroistodus apparatus. The problem, however, is that the

olstodontiforms are not only abundant, sometimes dominating in the
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collection, but also no drepanodontiforms are represented. A similar
dominance of oistodontiforms is found in the Mystic Conglomerate and
there no drepanodontiforms were fou!:d either (Barnes & Poplawski 1973,
Table 1). : ‘ “

It is therefore considered likely that this species only has one
kind of element in the apparatus. If so the present aplparatus represents
a genus of 1‘ts own. The elements are, however, tentatively included in

Paroistodus in this study.

A possiblé allocation of the elements to Cordylodus? horridus was

commented upon under that species.

PAROISTODUS 7 sp. ef. P. ORIGINALIS (Sergeeva)

Pl. 5 figs 1-4.

Synonymy
1969 Oistodus venustus Stauffer - Bradshaw, p. 1150, P1. 134: 4-7.

1970 Oistodus venustus Stauffer - Uyeno and Barnes, P1. 21: 76, 7.
1973 Paroistodus aff. P. originalis (Sergeeva) - Barnes and Poplawski,

p- 779-780 (pars), P1l. 4: 12 only.

Diagnosis
The oistodontiform has a posteriorly extended base. The species

lacks drepgnodontiforms.

Y
Description

The oistodontiform has a large, straight cusp and a posteriorly
extended base. The base may extend up to two-thirds the length of the

cusp. The aboral outline 1s concave in large specimens but straight in
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small specimens. Large forms have a s‘hort anterior base which meets the
anterior keeled edge of thg c;usp at an anéle of 90 degrees. The 4anterior
part of the base may be inverted. The cusp is strongly reclined and
parallel to the aboral margin. A broad carina is present on the inner

gside of the cusp. The basal cavity occuples the fuyll length of the base.

-

Remarks V

Thé oistodontiform 1s similar to that of P. originalis. It differs
:from the older species by itfa concave outliné of the aboral margin, and
the longer base.

Lofgren (1978, p. 70) found that a‘ yOuhger (early Llanvirn) possibly
new species of Paroistodus sporadically occurred in her material. This
species may be cbuspecific with the Table Head species. Her figured
elements (Lofgren,1978, P1. 1, figs. 22-24, ?25), however, belong to

Paroistodus originalis.

Barnes and Poplawski (1973) interpreted Paroistodus? sp. cf. P.

originalis as the ancestor of Ofistodus venustus s.f. The figured ele~

ments of Barnes and Poplawski (1973) do not resemble Oistodus venustus

Stauffer s.f., and are probably misidentified (see also discussion in

Lofgren, 1978, p. 70). Oistodus venustus s.f. is included in a Drepan-

oistodus apparatus by Lindstrom (1971) and in this study.
The species is at present interpreted to form a single element
apparatus. The morphological similarity toc oistodontiform of Paroistodus

indicates a close relationship with Paroistodus originalis. If so, the

; drepanodontiforms may either have been lost during evolution or 1f

present be of another morphology (see discussion of Cordylodus? horridus).




Occurrence .

Sporadic 1in lower Table Head, common to dominating in middle Table

Head.

Material

834 specimens.

PAROISTODUS? sp. A

Pl. 5 figs. 5-6.

Szp_onm )
? 1978 Paroistodus originalis (Sergeeva) - Lofgren, p. 69-71 (pars),

Pl. 1: 25, only.

Description

Oistodontiforms with a strongly reclined cusp. The Susp 1s keeled

and the faces are convex, it is slightly twisted inward. .The base 1is
large; it has a keelgd orél edge and a straight aboral outline, which
is parallel to the cusp. It meets the Cusp at an angle of 90 degrees.
One or two radial cbstae may be present between the cusp and the base.
The basal cavity is large and occupies the whole base.

No associated drepdpnodontiforms were recovered,

Remarks

The oistodontiform resembles oistodontiforms of Paroistodus, and
is tentatively included in that genus. The element is unlike other
hitherto described species of Paroistodus. The oistodontiform of P,

originalis in L&fgren (1978) has a similar appearance as the Table Head
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species but it lacks costae on the base.

Occurrence

Upper lower Table Head.

Materiai€>

4 specimens.

PAROISTODUS? sp. B.

P1. 5 figs. 7-8 . i .

. Synonymy

? 1965a Oistodus pseudomulticorrugatus n. sp. - Mound, p. 29, P1. &:

?3, 7%, 75, 8, 9; ? Text - fig. 1H.

Description

Olstodontiforms with a small base and a large cusp. The cusp is
straight to slightly bent outward with an anteriorly placed rounded
ca;ina and a sharp posterlior keel. The anteiior murgin is weakly keeled.
The apex of the cusp 18 rounded rather than pointed.

The oral edge is keeled, short and straight. The aboral outline
is straight or convex. The aboral margin meets the anterior edge in an
angle of about 80 degrees. The lower inner side of the base may be

flared.

Renmarks

These elements are tentatively placed {n Paroistodus, but no addi-
tional drepanodontiforms were recovéred. The elgmentu morphologically

resemble the oiatodontiforma_described by Mound (1965a) as Oistodus
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-
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pseudomqlcicorrugatus s8.f, 'I'he larger apecimens as depicted by Mound
i)

have not been recorded, but the present mterial is far too Bparse to

-

evaluate the specles.

o~
9 "Occurrence .
i :
: Upper part of lower Table Head. !
g Material
g 3 specimens.
i . -
{ ’
! 4
! Family UNCERTAIN
o o Genus STRACHANOGNATHUS Rhodes 1955
.i ) t Iype Species - Strachanognathus parvus Rhodes 1955,
! .

/

£ ‘ Remarks <

The variation of the Strachanognathus dpparatus was degcribed by

Bergstrom (1961), and Sweet and Bergstrom (1962). No additional elements have

.been found, which could be inclluded in the apparatus (Sweet an:;\ Bergstrom, |
'.1972) « The elements of the apparatus form a curvature transition series
combi:nedeith &8 sym'netry transition series. This is similarﬂ to Dista-

cbdontidae.' The additional anterior denticles and the lack of oisto-

dontiforms separates Strachanognathus from Distacodontidae,




STRACHANOGNATHUS PARVUS Rhodes

P1. 5 fig. 9.

Synonymy

1955 Strachanognathus parvus gen. et s8p. nov. - Rhodes, p. 132, P1. 7:

16, P1. 18, figs. 1-4.

Strachanognathus parvus Rhodes - lofgren, p. 112-113, P1. 1: 29.

(Synonymy). ("

Strachanognathus parvus Rhodes - Kennedy, Barnes and Uyeno,

p. 550, Pl. 1: 24. (Synonymy)

Description

Elements of Strachanognathus parvus with an inwardly flexed cusp and

with a small base. The unit has a procl:@ned to suberect cusp. The
o
anterior dentic;e is about two-thirds the height of the main cusp. The

aboral outline is convex.

Occurrence

Top of middle Table Head.

Y

Material

4 specimens.

Superfamily PANDERODONTACEA Lindstrom 1970

Diagnosis

Apparatus of mostly simple conodonts, commonly with longitudinal
. oy ,
striations along the cusp. #ome elements may have a row of denticles

posteriorly. The ap;nratus usually forms a symmetry transition series.

Y




Discussion

Lindstrom (1970) divided Panderodontacea into the two families
Acanthodontidae and Panderodontidae. The, first was subdivigled into
Acanthodontinae and Protopanderodontinae. Lindstrom & Ziegler later
(1971) referred Protopanderodontinae to its own family. Protopandero-
~dontinae has been included in Distacodantacea in this study, because

Protopanderodus 1s considered to be closely related to Drepanodus.

By definition, the presence of “longitudinal striations on the cusp
is ﬁnportant in the Panderodontacea. Lindstrom & Ziegler (1971),
Barnes et a1. (1973c) and Barnes & Slack (1975) describec{ the ultra-
structure of panderodontacean elements. Specles of Acanthodontidae
havé moderate longitudinal striations, whereas Panderodontidae carry

abundant longitudinal striae and may display a ''radial lamellar” struc-

ture (Barnes & Slack,1975). The genera Cornucdus, Scalpellodus and

Belodella carry fine to well-defined striations. Scolopodus (Eensu

Lindstrdm,1971) and Walliserodus apparently do not show any surface
o
omamentation in the Otdovician (Lofgren,1978) but are present on

elements of Walliserodus in t.he Silurian (Cooper 1975). Semiacontiodus
" L
carrles clearly visible fine striations on the base and along the cusp.

The Acanthodontidae are of Midcontinent Faunal Province affinity.
' .

According to Barnes & Slack (1975) most genera have an apparatus which

forms a symmetry transition series including an antero-posteriorly

compressed element, whereas Acanthodus apparéntly forms an apparatus of

rounded to laterally compressed posterior keeled elements with a deep

" base (Hoshlenko, 1972). , '




a relatively loné and slender suberect cusp, and the basal cavity not
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Panderodontidae includes eléﬁienta with a very deep conical basal
cavity a.nd a relatively small cusp, which is conspicuously ornamented
with longitudinal striations. Genera of Panderodontidae appear 1in the
two major provinces. ‘

A group of genera such as Scalpellodus, Belodella, Cornuodus,

Scolopodus and Walliserodus cannot conclusively be placed in Pandero-

dontidae due‘ to the lack of the distinctive furrows diagnostic of Para-

panderodus n. gen., Panderodus and som&species of Semiacontiodus.

Scalpellodus, Belodella and Parapanderodus appear in marginal zones of

the two major provinces. .
These facts in combination constitute the basis for a subdivision of

Panderodontacea into three families. A further subdivision at the supra-

generic lev:1 1s possible, however, more information is necessary and

must await a detailed study of large collections.

Panderodontacea probably evolved from Semiacontiodus.

Family ACANTHODONTIDAE Lindstrdm 1970 '~

Discussaion

Lindstrom ‘(1970) defined Acanthodontidae as follows: "Species with

-

much wider than the cusp. The longitudinal striations, if present, are
inconspicuous. Some fom‘s have a couple of lateral longitudinal costae
or grooves". Lindstrom (1970) listed Acanthodus Furnish a; the only
genus. -

Other geners that belong within Acanthodontidae are Juanognathus

Serpagli, Staufferella Sweet, Thomson and Satterfield, Trigomnodus Nieper

13

. e - . e
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and Ulrichodina Furnish.

Many elements of Acanthodontidae have been described as form species

kY
of the form genera Acodus, Acontiodus, Paltodus and Scolopodus. Acodus,

Paltodus and Scolopodus have been redefined in multielement taxonomy

(Lindstrom 1971; McTavish 1973), and are not considered related to
Acanthodontidae.

The status of Acanthodus is unsettled, as the nature of the appa-

‘ratus of the type specles is so far unknown. Moskalanko (1972), however,

described a series of denticulate elements forming a symmetry transition
series. The elements are laterally compressed and have deep basal
cavities.

Two groups of undoubted suprageneric significance, therefore, can be
recogniied among the acanthodids. The first group includes Juanognathus,

Staufferella, Trigonodus and Ulrichodina with elements which are erect

and may be twisted, have shallow basal cavities and a convex anterior

margin., This group probably evolved from Semiacontiodus. Ulrichodina

may belong within an early stage of the evolution. The group is included

_in Trigonodoninae n. subfam.

The second group includes Acanthodus. If the compound conodonts

described by Hosk.alenkd (1972) are true acanthodids an evolution from

simple conodonts with a subelliptical cross-section of the cusp and base -

to laterally compressed denticulate conodonts with deep basal cavities .

can be compared with the evolution within Cornuodontidae n. fam. This

second group comprises thé subfamily Acanthodontinae Lindstrém 1970.
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Subfamily TRIGONODONTINAE_n. subfam,

Diagnosis

Conodont apparatuses of simple cones with mostly suhelliptic;l
cross-section of the cusp and base. The conqQdonts may be antero-
pos:eiiorly comprease;:i with a convex anterior surface. The elements have
a shallow basal cavity. The apparatus forms a symmetry transition series:

Some of the skeletal elements are characteristically twisted.

.

Remarks

The subfamily probably also include the Silurian genus Decoriconus

Cooper.

Genus JUANOGNATHUS Serpagli 1974

: Tyl;e Species - Juanognathus variabilis Serpagli'. 1974,

‘

Diagnosis
Juanognathus includes paired antero-posteriorly compressed simple

cones with aiate lateral eides forming a symmetry transition series.
+ .

Elements do not show conspicuous striations.

Remarks

Juanognathus has an apparatus similaf to Staufferella. The elements

in Staufferella are, however, more rounded than these of Juanognathus.




JUANOGNATHUS SERPAGLIEI n. sp.

P1. 5 figs. 10-20.-

Synonymy B

1979 Juanognathus aff. J. variabilis Serpaglil - Harris et al,,
P1l. 1: 3-5.

cf. 1974 Gen. nov. B - Cooper and Druce, p. 579, fig. 30.

cf. 1973 Protopanderodus? tricarinatus - Barnes and Poplawski, p. 784,

Pl. 1: 5; Text - fig. 2B.

1973 Protopanderodus? sp. - Barnes and Poplawski, p. 785, P1. 1: 15,
‘ . -

Derivation of name

Dr. E. Serpagli. Professor at Modena University, Modena, Italy.

Type locality

Table Point, Great Northern Peninsuld, Newfoundland.

Type stratum |

.
H

Lower middle Table Head, sample TP 66, Histiodella kristina Phylo-zone,

late whiterockian (early Llanvirnian). L‘l
. \

Holotype . .
MUNSS 27 (Pl. 5 fig. 17 ), & symmetrical element.

Diagnosis
A Juanognathus with lateral, alate, horfzontal keels on the sym~

metrical element.
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Description

The apparatus includes a symmetrical element and a prograding series

of asymmetrical elements. The elements have a large recurved cusp and a

short base. ’ ’ e

Symmetrical element

The symmetrical element has a laterally keeled cusp. The keels pro-
ject as short alate undenticulated processes. The anterior face is con~
vex whereas the posterior face is posteriorly co‘ncave, it has a median

carina that extends from the apex to the aboral margin, The posterior

carina is flanked by two deep longitudinal grooves and it may bear a

small median furrow that extends the full length of the carina. The
basal cavity 1is nah:oﬁ and only developed as a slit beneath the processes.
The anterior aboral margin is horizontal and has a median notch. The

posterior aboral margin forms a median concave curve.

Asymmetrical element .

The asymmetrical elements are generally similar -to the symmetrical
element. During increasing asymmetry the outer lLateral process becomes
longer and projects in a posterior direction. The inner lateral process

conversely 1s reduced in éize and ﬁltimately aiuppears. The anterior

notch on the aboral margin, the basal cavity and the central anterior

carina are gradually reduced, and may disappehr with the increasing
asymmetry.
A thickened rim along the aboral margin is well developed. In many

elements black basal filling may be presefved in the basal cavity.

— , .
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Remarks
No microstructure such as striations has been observed.
Landing (1976) described an antero-, posterior compressed ele-

ment which resembles Juanognathus serpagliei. His element has con-

spicuous qtriat_ions, unlike the Table Head species. It also has a
weakly developed median carina.

The Mystic specles Protopanderodus? tricarinatus Barnes & Poplawski

(1973) 18 narrower and higher than any of the Table Head ép!cimens.

The ‘generic assignment of this element is not certain, but probably

represents a spe%ies of Juanognathus.

Protopandercl)dus? sp. differs from J. serpagliei n. sp. by its large
basal cm)ity. amj also more rounded cross-sect‘ion of the element.

Gen. nov. B, Cooper and Druce probably is a seeciea of Juanognathus.
The asymmetrical lelement has a median groove. Perfxaps Gen. nov. B and

Protopanderoédus? !tricarimtus Barnes & Poplawski form an apparatus of an

older speclea of ’Juanognathua than that from the Table Head Formation.
f .
. !

Occurrence

Lower Table Head and lower middle Table Head.

i
© Material i

51 symetriq’:al elements; 103 symmetrical elements.

/
|

t

-




Genus TRIGONODUS Nieper 1969

Type Species - Trigonodus triangulatus Nieper sp. nov..

Discussion
Trigonodus Nieper was defined (im Hill et al. 1969) as follows:

"Trigonodus gen. nov. Simple symmetrical conodonts with deep, conical
basal cavity &nd triangular basal cross section. Anterior margin smooth,
flattened or brogdly convex; posterior margin sharp or keéled. Prom-
inent keeled anterfolateral costa on each lateral facé." As type
species T. triangulatus Nieper sp. nov. (Pl. O VII, fig. 22 in Hill et al.
1969 s.f. The diagnosis of Trigonodus is emended to:

‘ The multi-element genus Trigonodus Nieper has an apgaratﬁs of sim- -
pPle costate cones with a rounded base forming a simple symmetry transi-
tion series, which includes acontiodontiform ('fr:lgonodus s.f.), palto-

dontiforms and scandodontiforms. All elements are hyaline.

The genus includes the form species described as Acodus campanula,

s.f., Acontiodus curvatus s.f., Scandodus sinuosus s.f. and Scolopodus

quadraplicatus s.f. from the Joins Formation (Mound, 1965a).

The relationship of Trigonodus to the Lower Ordovician multi-element

genus. compriged by hyaline simple cones including Scolopodus quadra-

. Plicatus Branson and Mehl s.f. has not been established. The general
outline of these units i:ndicates that they may be congeneric with Tri-.

gonodus Nieper.
. ey .

Trigonodus and Decoriconus Cooper are similar in their apparatus

composition and elements. The genera may be closely related. Trigonodus

resembles Semiacontibdus Miller. It differs by the inclusion of palto-




doantiforms in the apparatus, and in being hyaline.
Barnes (in Workum et al. 1976) described elements similar to Tri-
gonodus, but he ir{cluded these elements in Foneoprioniodus (Barnesl 1977).

Eoneoprioniodus has an oistodontiform in the ‘apparatus.
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SZgonxgz

1969 Trigonodus spi nov. - Hill, Playford and Woods, p. 0.14,

PL. OVII: 23, _ i

cf. 1965a
cf. 1965a
cf. 1965a
cf. 1965a
cf. 1965a
aff. 1971

aff. 1971

aff. #1971

TRIGONODUS CARINATUS n.sp.

Pl. 6 figs. 1-7

Aéodus campanula n.ép. - Mound, p. 8~9, Pl, 1: 19-21; )

Text - fig. ID. .

Acontiodus curvatus n. sp. - Mound, p. 11-12, P1. 1: 19-21;

Text - fig. 1D. ‘ | .

Drepanodus subarcuatus Furnish - Mound, p. 19, P1. 2: 14,

18, 19.

Scandodus sinuosus n. sp. - Mound, p. 33-34, Pl. 4: 21-22,

24; Text - fig. 1J. ' i

Distacodus symmetricus n. sp. - Mound, p. 16, P1. 2: 1-3;
-3

Text -~ fig. 1E.

Acontiodus? curvatus Mound - Sveet, Ethington and Barnes,

p. 173, P1. 2: 35

-Distacodus symmetricus Mound - Sweet, Ethington and Barnes,

Acontiodus coniformis Fahraeus - Sweet, Ethington and Barmes,

p. 173, P1. 2: 20.

p. 173, PL. 2: 34,




- 192 -

Derivation of name

Most of the elen_:ents have cariﬂne.

Type locality ™

Table Point, Great Northern Peninsula, Newfoundland

-

ng gtratum

Lower Table Head, sample TP 25, Histiodella tableheadensis Phylo-zone,

late Whiterockian (early Llanvirnian).

Holotype ' ( ‘
t - MUNSS 29 (Pl. 6 fig.5 ), an acontiodontiform.

| V Diagnosis

; The "acontiodontiform has three notches on the aboral margin of the

base.

Description .
This species has symmetrical bi- and tricostate drepanodontifbrms

(acontiodontiforms), asymmetrical Zi— and quadracostate distacodonti-
forms and a twisted drepanodontifo (scandodontiform) in its apparatus. *

The elements form a simple curvature transition series:

" Acontiodontiform \

The lymetticql acontiodontiform is proclined té\ recurved with two f

3y
lateral costse on the cusp and one posterior median cd\sta. The latetal

costae continue onto the base and may reach the aboral margin. The

cntcrior margin of .the cusp is convex, ‘and the posterior faces are flat

or slightly convex. The postérior keeled costa continues from the cusp




to the basal margin. The cross-section of the base is triangular with
rounded sldes. The aboral margin has a convex oug}ine. It has three
pronounced slits at the junc%ion of the ‘costa and the sboral margin. The
bagal cavity has an anteriorly directed tip. Some specimens may have

additional costae on each side of the posterior median costa. .

\Distacodontiform

The distacodontiform 1s proclined to recurved and with twisted cusp

and rounded to oval base. The costae extend down to the aboral margin.

The outer side of the cusp is convex. The inner side is convex, with a

-

broad carina or costa.

Transitional forms between tri~, and quadra-costae elements are

- present, i.e., having broad carina at the place where the new costae

evolve. FElements with five costae are alsgo present.

Scéndodontifbrm

The scandodontiform is proclined to recurved. The cross-section of

thg base is circular to oval. The faces of the cusp are convex. The
cusp 18 sharply keeled. Transitional forms between distacodontiforms and
scandodontiforms are present, i'i" having an inner carina where the

.

costd of the distacodontiform is present.

Remarks

The species from the Joins Formation described by Mound (1965a)
differs in the shape of the base, and it does not have a slft. The Joins
fauna i{s considered to contain an older related speciea. Although the

posterior an%ﬁéntero-lateral costae are sharp-edged in the Table Head

W

material, they‘do not develop into incipilent processes as in the Joins




and Kanosh faunas (see Sweet gt__aﬂ.)1971, Pl 1, figs. 20, 34, 35).°
¢ .

Occurrence

Lower part of lower Table Head.

Material
: 3

146 acontiodontiforms; 657 distacodontiforms; 793 scandodontiforms.
Ve
L.
TRIGONODUS RECTUS n. sp.
Pl. 6. figs, 10-12,

Synonymy
? 1970 Acontiodus sp. 2 - Uyeno and Barnes, p. 104, P1, 21: 4-5;

Text - fig. 7I. ~

Derivation of name

The cusp 1s erect in all apecimens.

Type locality

- Back Arm East, Great Northern ‘Peninsula. Newfoundland.

Type stratunm

Lower ”i‘able Head, from . Gargamells Cove W, sample GCW 1, Triggnodus“

carinatus Biointerval-zone, late Whiterockian (early Llanvirnian).

Holotype

°

MUNSS 32 (pl. 6 fig. Q& 5), an acontiodontiform.
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Diagnosis . ’

The species forms a symmetry transition eeries due to progressive

e

twisting of the cusp.

Acontiodontifornm
" The acontiodontiform has an erect to slightly proclined cusp with
an-anterior convex face. The cusp fas two lateral median grooves and one

posterior median groove. The grooves are framed by well-developed

carinas. The base is wide with an open shallow basal cavity. The unit

1s slightly asymmetrical due to a lateral bend of the upper part of the
cusp near the apex, and due to the slight difference in the flaring of
the base. The asymmetrical units are transitional to the distacodonti-

form.

Distacodontiform

The distacodontiform 18 similar to the acontiodontifofm, but is

. asymmetrical. The asymmetry i3 formed by the rotation of the cusp and

a corresponding moving of the posterior lateral costa toward the lateral

side of unit.

Scandodontiform

A>sc'andodon;1form has not been recorded, possibly due to the small

' collection at hand. A transitional element with one inner lateral groove

is included ? a scandodontiform. The specimen has one inner carina and

two antero-posterior carinas,




- 196 -

Remarks

All the elements are prominently striated on the surface. Tri-

gonodus rectus n. sp. resembles the closely related Scolopodus quadra-

R

plicatus Branson and Mehl s.f. The Table Head specimens differ by
the lateral bend of the upper part of the cusp and by the wide open base.

Scolopodus quadraplicatus has not yet been established in multi-

element taxonomy. Its apparatus appears to be identical with Trigonodus
rectus n., sp. (Nowlan, pers. comm., 1980)”and possibly the generic assign- .

ment has to be re—evaluated for Trigonodus rectus. At preseni the Table

}iead specimens fit within the definitiom of Trigonodus.
In form-taxonomy the Acontiodus sp. 2 of Uyeno and Barnes (1970)
could be fdentified with the distacodontiform of the Table Head material.

It mainly differs by its sharp costae, whereas the Table Head elements

*
carry carinas.

Occurrence

Top of the St. George Group and basal Table Head Formation.
Material
6 acdntiodontiforns; 16 distacodontiforms; 2 scandodontiforms.

Genus ULRICHODINA Furnish 1938

Type Species ~ Ulrichodina prima Furnish 1938

Remark - Ulrichodina Furnish includes simple conodonts with bilat‘erally

. symmetrical cusp wit.h a rounded anterior margin. 'rhg genug has not
been established in multielement taxonomy.’ ‘ '
ULRICHODIRA? sp. A s.f.
Pl. 6.figl. 8-9




Description

The elements ha‘vg a8 small base and a large, proclined cusp. The
cusp 1s pointed. T‘hé anterior' margin of the cusp is convex. The lateral
faqes are straight and the posterior margin 18 keeled. This posterior'
keel continues onto the oral edge to the aboral margin.‘ The laboral out-
line 18 straight. The aboral margin meets the oral edge with an angle
of 90°, The énterior i:art of the base‘bends into the cusp and is smooth.
The basc‘a has a triangular cross-section with irounded corners. The
basal cavity is a small funnel and is commonly filled by black-colored
basal matter. The cusp is f£illed by white matter.

The specimens are fully striated on the base and continue onto the
cusp along the posterior keel.® A rim next to the aboral margin does not

show any surface ornamentation.

Remarks
The cross-section of the cusp 18 similar to that of Ul‘richo'ﬁf;i\z but

an anteriorly infolded base 15 not present in the Table Head species.

Hence,' the generic assignment is querried.

)

Occurrence .

Lower Table Head.

Material

17 specimeilxs .
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s Family CORNUODONTIDAE n. fam.

Diagnosis ' .
Simple conodonts with relatively long and/or high bases and deep

basal cavities. longitudinal striations, if present, are inconspicuous

in early genera and increase in distinctiveness during evolution. Some

» forms have longitudinal costae. Some forms have denticles posteriorly on

the base. )
L]

Remarks

Cornuodontidae n. fam. includes Cornuodi.ls,' Scalpel'loduér, Belodella,

Walliserodus, Psefidooneotodus and perhaps Scolopodus.

Cornuodusg evolved from Semiacont::lodus, and it is the ancestor to

Scalpellodus, Belodella and possibly Walliserodus (Dzik 1976).

Genus BELODELLA Ethington K 1959

Type species — Belodus devonicus Stauffer , 1940,

Discussion
The 'history of Belodella has been reviewed by Serpagli (1967) and t

Lofgren (1978). lﬁfgrgn .(1978) proposed an apparatus including adenti-

culate and denticulate elements, both of vhich display a symet';ry tran-

‘' sition series, and an oistodontiform. The abundant material at hand

supports the apparatus proposed by Lofgren, and it is considered valid.

The cixoice, however, of the genus name and the choice of the Devonian

a

form species Belodus devonicus Stauffer s.f. as the type species may be

debated for the Ordovician apparatus.

e e ————————————— i . e ) e arm——, e
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The oisﬁdoutifom has not been found in Silurian (Cooper, 1974,

1976) and Devoniad~Belodella apparatuses (Clark & Ethington, 1966; Fahraeus

1971; Chatterton, 1974). Thus the Silurian and Devonian apparatus is quite

different from the Ordovician apparatus. The choice of B. devonicus

. FEARAREG ISR e | oo

@ Stauffer, 1940 as a type may be correct for the Devonian Belodella, but i
: it 1s far from certain that this is the case for the Ordovician‘species

oo referred to Belodella. The apparent similarity of the denticulate forms

may be a question of homeomorphy.

Ny -

BELODELLA JEMTLANDICA Ldfgren

Pl. 6 figs. 13-23; Pl. 7 figs. 1-4

Synonymy

1970 Belodella sp. A - Féhraeus, p. 2064, Fig. 3(0)

1978 'Belodella’ jemtlandica n. sp. - Lofgren, p. 46-49, P1. 15: 1-8;
?

Text - fig. 24 A-D.

cf. 1967 Belodella erecta (Rhodes and Dineley) - Serpagli, p. 54-55,

H Tav. 11: la-6c.

cf. 1967 Drepanodus amplissimus n. sp. - Serpagli, p. 66, Tav. 15: ]

1a-5b. |

cf. 1967 "Oistodus" pseudorobustus n. sp. - Serpagli, p. 80-81, Tav. ; }

. . - . I

21: la-4d. N f
Descgiption

The elements of J. jemtlandica were fully described by L3fgren

(1978). Some comments will, howevei'. be made because the apparatus

appears to be more variable than surmised by LBfgren.
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A

Four element typ'es characterize Belodella: (1) undenticulate bi-

—
convex to plano-comvex elements, (2) denticul‘:kd plano-convex elements,

S

¥V ’ ~
(3) denticulated triangular elements, and (4) oistodontiforms.

Undenticulated bif:onvex ~ planoconvex element

The elen;ént is characterized by a base that is about two-thirds the
length of the whole unit. 1In 'thé Table Head specimens the symmetrical
forms (biconvex forms) are less common th:at the asymmetrical forms with
a broad car;lna on the outer side. The asymmetrical forms have an almost
plane inner side. The aboral outline is slightly concave. Thg ali\tetior
keel of thé base disappears a little before the aboral margin and a narrow

rim of small wrinkles is developed. The upper margin of the basal cavity

is straight and the tip is directed anteriorly. The tip is located”
close to the anterior maréin of the base.
The element is highly striated on the anterior keel beneath the

anterior carina.

Denticulate plano~-convex element

The denticulation, the length of the base, n‘xd the degree of torsion
_of the cusp varies. The denticulation can be finely hairlike or the
denticles can be wider and apically free. The fine hairlike denticles
are usually short and the wider ones are highef. Thi.elements may be
pllno-convex to asymmetrically triangular due to the development of an

outer -anterc-lateral carina/costa. The strongly twisted elements are

similar to those described by Lifgren (1978; Pl. 15, fig. 4). _The less

twisted elements have coarser denticles and an outer .antero-lateral
o .

carina.




vl

The elements are typically striaéed on forms’ developing an outer
lateral carina-costa. These elements evolve prominent striations between
the anterior inner kegl ‘and f:he anterior lateral carina. The remaining |
elements are nonstriated as noted by Ldfgren l(l978) . “All elements are

characterized by the "wrinkles" at the aboral/anteriox; base junction.

Denticulated triangular element

In addition to the eléments described by Ibféren elements with
coarser denticulation as well as elements with hairlike denticulation are
included. ' The elements vary in the length of the base, and long-base
variants often carry the hairlike denticles. All the elements have a

procurved cusp.

The elements are prominently' striated on the anterior rounded margin

of the cusp. The striations continue onto the anterior lateral costae.
The concave area of the base separating the costae 1is non-striated. lIn-
conspicuous striations have been observed on the faces of the base.

The elements have the basal "vrinkle's-" similar to non-—denticulated

and plano-convéx denticulated elements.

Oistodontiform

Two morphotypes can be distinguished. Omne type of oistodontifom
has a cusp/oral edge angle of 80 degrees. The second has a sharper cusp/
base dngle and the c;mp bécames’pa;:nllel wvith the aboral margin. The
latter type has faint striations on the face at the cusp/bn‘ue junction.
The elements a;re character:lfed by a straight aboral outline, an anterior
basal margin of"equal lenéth as the oral edge, giving an equi—laterai

triangular outline of the base when seen in lateral view. Also, & small
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tongue-like posterior extension of the oral edge is characteristic.

s ]
Remarks

The higher degree of variation displayed by Table Head forms than
that of Swedish forms is due to the inclusion of elements with a base of

varying length. The elements form a symmetry transition geries, and

they are similar to Belodella devonica (Stauffer) s.f. These elements

are considered tq be variants of the B. Jjemtlandica apparatus.

The relationship to § sinuosa n. 8p. and'B. nevadensis (Ethinéton
& Schumacher) is discussed under B. sinuosa n. sp. |

The spectes from the Carnic Alps (Serpagli, 1967) has not been
established in multi-element taxonomy. The descriptions of Serpagli
(1967), ho'wevet, suggest that a complete (Ordovician) Belcdella type of
app'araﬁus is present. Also, it is a B. jemtlandica iype of agpar’atus. ’

Drepanodus amplissimus n. sp. Serpagli (i.e., 1967, Tav. 15, figs. 1-5)

undenticulate biconvex-planoconvex element. Belodella erecta (Tav. 11,

fig. 1) may belong to this group as a denticulated variant. The denti-

culate plano-convex and triangular element is represented by Belodella

erecta (Tav. 11, figs. 2-6). "Oistodus” pseudorobustus n. sp. Serpagli
(Tav. 21, figs. 1-4) completes the apparatus aé the oistodontiform.

"Oistodus" pseudorobustus has an equi-lateral triangular base with

a straight aboral outline, and it resembles the oistodontiform of

Belodella jemtlandica. The Carnic Alp specles differs from B. jentlan-

dica by its larger basal cavity with a tip that extends up into the cusp

on the undenticulate and denticulatfe elements. In Belodella Jemtlandica

the tip does not extend up into the cusp.

is the




Occurrence

lower and middle Table Head.

Material

»

373 undenticulated elements; 538 denticulated elements;

oistodontiforms.

BELODELLA SINUOSA n. sp. -

Pl. 7 figs. 5-14.

Synonymy

Belodella erecta (Rhodes and 6ineley) s.f. - Barnes and Poplawski,

p. 769, P1. 4: 19, 20.
Belodella n. sp. s8.f., - Barnes and Poplawski.'p. 769, Pl. 4:
5, 9, 10, 18, 18a; Text - fig. 2F.
1978 Belodella sp. A thraeu; - Fihra;as and &owlan, p. 461, P1. 3: 21.

non 1970 Nordiodus sp. A - Fihraeus. p. 2064, fig. 3(N). -

Derivation of name

The outline of the aboral margin of the oistodontiform is sinuous.

Type locali ty

Table Point, Great Northern Peninsula, Newfoundland,

!220 stratum

Lower Table Head, sample TP 55, Histiodella tableheadensis phylo-zone -

-

late Whiterockian (early Llanvirnian).




Holotype .
MUNSS 35 (Pl. 7, £1g. 10), an oistodontiform.

Diagnosis

Undenticulate elements with a well-developed antero-lateral costa,

and a basal cavi?, which occupies one-half or less of the length of the

unit. Det_xticulaCt elements with a procurved to recurved cusp and high'
denticles. Oistodontiforms have a sinuous aboral outline. The lower
margin of the basal cavity is concave and thre tip is directed anteriorly

in all specimens.

Description
Lofgren (1978) labelled elements of Belodella: undenticulated bi-

convex, denticulate plano-convex, denticulate triangular, and oistodonti-

forms.

Undenticulate biconvex element

The unit has an erect to procurved cusp: It 1§ laterally compressed
with a high base. 'I‘he abqral outline is straight to concave. Ihe cusp
may be larger than the base. In side view the basal cavity is triangular
with a concave anterior margin and a straight to concave posterior margin.
The element has sharp posterior and anterior edges. . The element varies
from almost siymett:lcal to asysmetrical. The unit has an anterior lateral
costa ;:;1- the base wvhich continues onto the cusp as a broad carina. The
element bas characteristic striations on the surface alonv the ante:ipr

keel. The edge along the aboral margin is characteristically "wrinkled".
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Denticulated plano-convex element .

This element has an erect to proclined cusp, a denticulated oral
edge'and deeply excavated base. In lateral view the basal cavity is
deep, triangular with an anterior concave margin and a posterior concave

to straight margin. The tip is anterior. The oral edge carries up' to

ten slender, laterally compressed and basally fused proclined denticles.
The denticles incrgas; in size toward the cuép. In some forms ihe den-
ticles extend up along the cusp. Variation of degree of asymmetry is |
commonly associated with the length of the base. ‘i‘he most asymmetrical

units have a shorter base than those with a smaller torsion of the cusp.

< N ) Denticulated triangular element

The cusp 1is er.ect to prpclined and 1s provided with two lateral
cvoétae, which continue to the anterior maréin of the base. The anterior
margin of the cusp is (;onvex. The anteriqr edge of the base is concave

between the two costae. The posterior margin of the cusp 1s sharp and

o s e e

continues onto the oral edge. The oral edge carries basally fused and

proclined denticles. The ba#al cavity is sickle-shaped with an anteriorly .

directed tip. Due to the outline of the basal cavity the anteriormost
denticles are higher than the more posterior ones.

All elements have cusp and denticles filled with white matter. The ‘

faces of the base have a characteristically striated pattern’on the sur-

face. The convex surface of the cusp and the anterior basal costa are

striated.

T

e e e . ) s e 4
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Oistodontiform

Al

The base is high with a sinuous aboral outline; The oral edge &and
the aboral margin meet in a/. sharp angle. The antexfior basal ang'ie is
about 90 degrees. The cusp is sharp-edged and more o;:' less flexed té
the innér side. | It is reclined and filled x;;ith white matter. The basal:
cavity is moderately deep and with the tip pointed anteriorly. The
anterior margin of the basal cav(ity does not reach the anterior basal

corner. - Two morphotypes can be distinguished due to the degree of re-

clination of the cusp.
i
Remarks

B. sinuosa n. sp. differs from B. jemtlandica by the basal cavity,

the strong costa-like carina and the often smaller base than cusp of the

undenticulated element. The oistodontiforms have a sinuous aboral outline

and a shprt rounded anterior-basal corner, whereas in B. jemtlandica they

have an extended antero-basal corner and a straight aboral outline.
The denticulated plano-convex element is difficult to separate from that
of B jemtlandica, but the concave anterior mrgin of th; basal cavity is
diagnostic. ‘ 7 ‘ ‘

The denticulate element inclyfdés types with a ruuﬁed cusp, which
has not been recordgd for B. j-tlandica.

Lofgren (1978, p- 47) 1ndicated that Nordiodus sp. A Fahraeus 1970\
could be an undenticulated element of a Belodella species with a large-

cusp and 3 short base. These ate B. sinuosa characteristics. Nordiodus

8sp. A, hoveve;, -is herein included in Parapaltodus flexuosus.

> Lofgren (1978) suggested that B. jemtlandica as_the ancestor of

B. nevadensis (Ethington and Schumacher). The adenticulate element of

e s
7
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B. jemtlandica should evolvg into a denticulated element of B. mevadensis.
An incipient denticulation is maéked by the distribution of white matter
between the uppe? margin of the basal cavity and the oral edgéi The
orientation of these‘incipient-denticles 15 radial to the curve formed by
the posterior edge of the cusp and the oral edge, whereas the denticles
are ﬁroclined in B. nevadensis. | .
Thé Copenhagen fauna elements also differ from B. jemtlandica by
concave outline of the anterior margin of the basal cavity ratﬁer :han
straight or convex, and by the presence of the strong antero-lateral
furrow and carina. Also the oistodontiform has a sinuous aboral outline. .

These characteristics are similar to those of B. sinuosa n. sp. which 1s

considered to be the ancestor of B. nevadensis.

Occurrence

Lower Table Head.

Material

129 undenticulated elements; 179 denticulated elements; 91

oistodontiforms.

. BELODELLA? sp. A

Pl. 7 figs. 15-16

1973 Belodina sp. - Barnes and Poplgvski, p. 770, P1. 3: 18. .
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Diagnosis

Denticulated elements with a small basal cavity and a short cusp

St WY

forming a symmetry tranéitionlfefigs.

i

¢

Description
9

The apparatus consists of denticulated plano-convex units and weakly

"

denticulated bi-convex elements.

Denticulated plano-convex element
The element has an inner flare of. the base, a'proclined pointed cusp
and bears up to twelve small- proclined to erect basally fused denticles.

The anterior keel of the base may be twisted outwards.

Denticulated bi-convex element

This element was described by Barnes & Poplawski (1973) as Belodina
sp. The element has an  antero-lateral carina, a proc%}ned cusp and a
o -
small base. The basal cavity is small and triangular in outline, The

v
element is rarely represented in the Table Head collections,

)

Remarks

The apparatus does noé seen té ikclude undenticulate plano—cénvex
elements, oistodontiforﬁs and triangular denticulated elements. This
could be a chance coincidence, but the author does not necesiarily think
80, because althoukh not abundant the elements occur consistently through

the section and cannot at present be associated with other elqunts. The
. 2

3eper1c assigonment, therefore, is querried.

Occurrence

Lover and middle Table Head.
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" Material

. - .
* 66 specimens.

"S-

; o Genus CORNUODUS Fahraeus 1966

: VMe Species - Cornuodus erectus Fahraeus 1966.

v
g‘emarks /A
Cb'rnuodus‘ has an apparatus of moderately laterally compressed cones
-~ foming a symmetry transition series. Dzik (1976) included Cornuodus in
Scalp_&llodus, but Lofgren (1978) revised Scalpellodus and retained
: - Ccvrnuodus as a separate genus. )
! :
! CORNUODUS 'wncxmlsrs (Lindstrom)
P ) o N P1. 8 figs. 1-8 o .
3 S ﬁwssa -.Dtepanodus 16§§1basia n. sp. - Lindstrém, p. 564, P1. 3: 31. ‘
i . 1966 . Cornuodus erectus n. sp.‘- Fahraeus, p. 26, P1.°2: 8a, b;

Text - fig. 2B.

. 1967 Cornuodus betgstréemi n. sp. - Serpagli, p. 57, P1 12: la-2c.

1967 Cornuodus er‘ectus Fahraeus - Serpagli, p. 57, P1. 12: Sa-8b.

1967 -Scandodus? lanzaensis n. sp. - Serpagli, p. 95, P1. 26: 4a-7d.

. 1970  Cornuodus erectus Fihraeus - Lee, 15. 315, P1. 7: 9.

1974  "Cornuodus" longibasis (Lindstrom) - Serpagli, p. 43, P1, 7:

2a, b} Pl. 20: 12 o R B

197\4 Prpt'ogandérodus longibasis (Lindstrb'm) - van Wamel, p. 92,

Pl. 4: 4-6.

| S
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Cornuodus longibasis (Lindsti'b'm) ~ Landing, p. 631, P1. 1: 12,

[

13, 15.

Scﬁlpellodus (?Cornuodus) laevis sp. n. - Dzik, p. 421, P1l. 41:

l; Text - fig. 13a-c.

Cornuodus longibasis (Lindstrom) - Lifgren, p.. 49~51, P1. 4:

36, 38-42; Text - fig. 25A-C.

~Cornuodus bergstroemi Serpagli - Lofgren, Pl. 2: 37; Text -

fig. 25D.

Remarks

All the elements of Cornuodus longibasis have been fully deséribed

by Serpagli (1967, 1974) and Lofgren (1978). The current -interpretation
of C. longibasis 1s broad and probably two species can be distinguished ‘
with further taxonomic work. ’

In contrast to the Swedish material an asymmetrical element incér—
mediate between symmetrical element A and B of Lofgren (1978) 1a preseht
in the collections. |

' Single elements formerly referred to as C. bergstroemi s.f. are
included 1in the appa.ratus, as both m@t:erial at hand and cellections from

the Baltic of this author (see Stouge,1975) confirm this association

‘~'(compar'e Lofgren, 1978, p. 50 and follow text - fig. 25 from D-B-A).

Occurrence

Lower and middle Table Head.

Material

41l specimens.




Genus SCALPELLODUS Dzik 1976

Type Species" - Protopanderodus latus van.Wamel 1974.

Remarks

The diagnosis for Scalpellodus given by Dzik ('1976, p. 421) 1is as
foliows: '"Only asymmetrical ‘conodonts with flattenec} and posteriorly
sharpened denticle. A trend to development of denticula;ion". Lofgren
(1978) based hgr interpretation of the elemental composition of t:h-e
apparatus of the type-species, and emended the diag’ﬁosis to'include
twisted scandodontiforma and drepanodontiforms.v Furthermore,- she added
that the elements are finel} striated. Flements with a trend to develop
denticles were excluded. Thus defined, Scalgellodus“includes simple
cones forming a symmetry transition geries due to torsion of cusp over-
priufed by a8 curvature transition series.

The Sca.lge;lodus species present in the Table Head fauna have three
distinct morphologic types of elements: the first type has a base
shorter than the cusp, the second type has a very long base. Bol;.h types
display ; symetry transition serfes. The third .type of element has a |

short triangular base due t;: the development of an additional outer
costa.

’

SCALPELLODUS BICONVEXUS (Bradshaw)

Pl. 8 figs. 9-14.

-Synonymy
1941 Paltodus variabilis Furnish - Graves and Ellison, p. 21, P1. 2:

17.
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1965a Panderodus panderi (Stauffer) ~ Mound, p. 31, P1. 4: 1.

1969 Scandodus ‘biconvexus n. sp. - Bradshaw, p. 1161, P1l. 134: 16-18.

1969 Scandodus dubius n. sp. - Bradshaw, p. 1161, P1. 134: 19-21.

1969  Scandodus? sp. - Bradshaw, p. 1162, P1. 135: 11, 12.

1973 Paltodus? ép. B - Barnes and Poplavski, p 778, P1. 1: 13..
11973 Drepanodus? sp. 4 —~ Barnes and Poplawski, p. 774, P1. 3: 13
cf. 1965 Acodus n. sp. - Ethington and Clark, p. 187, P1. 2: 3, 4.

cf. 1965 Distacodus n. sp., - Ethington‘and Clark, p. 190, P1. 2: 1, 2.

Description

The cusp 1is twisted in all specimens, and the species comprises two
types of scandodontiforms (element’ 1 and 2) and a three-costate element

(element 3). N

Element 1

. The element has a long cusp and a triangular base, which is shorter

than the cusp. The cusp varies from recurved to suberect in position.'

It has two sharp antero-posteridr keels, which continue onto the base to ‘

the aboral margin. The cusp has a convex outer margin, which may evolve

into a broad carina. The infer margin is flat. The aboral outline is

- eotraight and becomes weakly sinuous to concave in full mature specimens.

The element varies In torsion of the cusp. Highly twisted forms have an
fnner antero-lateral furrow formed by the upward bend of the keel. The
base has an inner posterior flare of these forms. The basal cavity is

deep with a n!ledially ﬁlaced tip.

(Lo L

O N ———
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Element 2

This element has a long, slender base and a long recurved cusp.

Cusp and base are of equal lengths. Well-defined keels extend along the
- whole unit. The aboral outline is traight or convex. The b;ls;al cavity

is deep with the tip anterior of the maximqm éurvature. The elements

form a symmetry transition.seriea simila? to element 1. A weakly ] . <

developed curvature transition series superposes the symmetry transition

series.

Element 3

The element has a recurved cusp and it is strongly twisted. In this

-y

way the outer lateral face of the cusp ©ccuples an.anterior position,
whereas the antero-posterior margins become immer lateral and outer

lateral costae, respectively. The outer lateral face develops a promi-

‘ment carina, 'and the base becomes triangularjin posterior view.

Element 3 is the ultimate state of the symmetry transition series of

Element 1, but it can easily be distinguished as a separate element.

i ~Remarks .

The evolution of this species into S. pointensis n. sp. is marked by

; _ an initial posterior extension of the anterior keel in some specimens of
element 1.

The depth of the basal cavity is related to the degree of curvature.
Those showing marked curvature have shallow broadly flaring conical cav-
ities. In the less sharply bent forms the basal cavity is a more sl.ender
cone, whose tip reaches to nidlet;gth near the‘a‘nterior margin.

Ethington and Clark (1965) noted that their specimens, i.e., Acodus

8p. s.f. and Distacvdus sp. s.f. 'niay belong to the same species. Also

—— p—
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thé elexients shov variation in the length of the cusp, but their 111u-

strated specimens are zll of Element 1 type. When the whole apparatus

is reconstructed the elements may belong to Scalpellodus biconvexus.

Ethington and Clark (1965) also mentioned that their specimens
regembled Acanthodus Furnish. If this is the case, then the generic
"assigmment of the Table Head specimens may have to be re-evaluated. At

present, the general outline of the apparatus falls within the diagnosis

of Scalgeilodus .

Occurrence

Lower Table Head.

- Materfal

87 element 1; 24 element 2; 9 element 3.

SCALPELLODUS POINTENSIS n. sp.

" Pl. 8 figs. 15-19, 22-23,

Derivation of name

The elements have a posteriorly extended pointed anterior costa.

L4

Type locality

Table Point,. Great Northern Peninsula, Newfoundland.

1me stratum ¢

Lover Table Head, sample TP 59, Histiodella tableheadensis phylo-zone

late Whiterockian (early Llanvirnian).

‘Bolotype
MUNSS 40 (P1. 8, fig. 15), an element type 3,




Diagnosis
A species of Scalpellodus with a well-developed anterior, posteriorly

"

directed extension and a concave aboral outline.

Description

All the elements have a concave aboral oytline. The units are con~

tinuously curve& throughout their length.

Element 1

The element has a recurved cusp and slightly higher base than cusp.
The element is anfero—posteriorly keeled throughout its length. The
anterior keel extends beyond the aboral margin to form a small adenticu-

late process-like extension. The aboral outline is concave.

Element 2
e

The element has a cusp and base of equal length. The cusp may have
sharp or blunt anterior and posterior margins, an inner median carina,
». ’ '
.which continues onto the base as a broad lateral carina. The anterior

keel and the :ln;xeg median carina are separated by a furrow. The aboral

outline is concave and the anterior keel projects posteriorly as an un-

denticulated short process. The basal cavity ig triangular in lateral
view with-a tip, which 1is pointed slightly downwards. The tip is placed

close to the anterior margin beneath the maximum curvature of the

elements. - T N ;

Element 3

Element 3, the extreme asymmetrical element, has a short base,

which is triangular in posterior view with sharp edges, and a cusp,

which 18 longer than the base.




Occurrence -
e
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Remarks
This species differs from S. biconvexus by its concave aboral out-
= 2Sconvexus .

line and by 1its posteriorly projected und\euticulated process.

Occurrence
Upper part of lower Table Head; sporadic In lower part of middle

Table Head.

Material

153 element 1; 113 element 2; 42 element 3.

? SCALPELLODUS sp. A

‘ Pl. 8 fig. 20-21,

Description

The apparatus is formed by small scandodontiforms. The cusp is
. o .
antero~posteriorly keeled. The cusp is twisted and its faces are convex.
The keels continue onto the base to the aboral margin. The inner face

of the cusp continues onto the inner flare of the BPase via an inner

median carina at the maximum curvature. The basal cavity is small.

Upper part of lower Table Head.

Material

31 specimens.

e R




Genus SCOLOPODUS Pander 1856

Type Species - Scolopodus sublaevis Pander - 1856.
A J

Remarks

i Lindstrom (1971) redefined Scolopodus in multielement taxonomy :
"Scolopodus includes hyaline, drepanodontiform elements with rounded
section and symmetrical as well as asymmetrical elements. The sides of
the elements may be finely costate. The base is not greatly expanded".

.Lindstrém (1971)V based the definition on Scolopodus rex Lindstrom,

because the nature of the natural association of the holotype ‘Scologodus

sublaevis Pander s.f. 1:{ unknown. Scolopodus rex is hyaline and forms a

symmetry transition ser:le\‘»s. The elements are multi~costate, and without
surface striations. ?ased/ on the hyaline nature of the elements

Lindstrom (1970) placed‘the_genus in Oistodontidae.

Y e

SCOLOPODUS OLDSTOCKENSIS n. sp.

Pl. 8 figa. 24-30

- Derivation

0ld Stock, brand name of the author's favorite beer.

Type locality

. Table Point, Great Northern Peninsula, Newfoundland.

Type stratum

Lower Table Head, sample TP 66, Histiodella kristina Phylo—zona, 1at'§

Whiterockian (early Llamirnian)
\
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Holotype
MUNSS 43 (pl. 8, fig. 28), an asymmetrical element.

e

Diagnosis
" A Scolopodus with a small base and a large cuép. The costae are.

relatively sparse.

Description
Depending on the dg¢gree of asymmetry three types of elements may be

distinguished: symmetrical, intermediate, and asymmetrical. The elements
may have cloudy white matter along the growth axis. Basal f111ing com-

monly is preserved. No surface striations have been observed.

Symmetrical element -

The symmetrical element is recurved, with a rounded cusp, and with

4 convex anterior slqooth surface. The posterior margin has a median
costa. In addition, up to foﬁr smaller postero-lateral cgtae are present.
‘?The‘ ‘cross-sec.tioﬁ of- the base 1s triangular with rounded e‘d\ge\s. Slight
asymfnetry_ 18 only due to a .little variation in development of the postero-

lateral costae.

Intermediate element -

The intermediate ele;nent has a laternlly‘ compr.essed proclined to
krecurved keeled cusp and a small base. It carries two inner central
costae, which end close to the apex of the éﬁsp and. the aboral margin of

’
the base. The outer rounded face varies from smooth convex to multi-

costate with up to four fine costae™ These costae begin close to the

aboral margin leaving a noncostate rim around the base.
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Asymmetrical element

[4
This unit is recurved with a small twisted base due to torsion of
the cusp. An inner sharp median costa continues throughout the length

»
of the cusp to the apex, and gradually changes into a carina close to the

apex. It disappears near the aboralv margin, Due‘ to the 'twi;t of the
cusp this sﬁarp costa rotates toward the .anterior side of the cusp, and
disappears on the most a?ymmetrical elements wvhich only have a con‘veix

face on the inner side of the cusp. Some elements have_“two Inner sharp

costae. The outer surface of the cusp 1is convex and smooth, or may

carry one or two lateral costae. .

Remarks
Only two species of Scélogodus as defined above are known, Serpaglt
(1974), Landing (1976), and Ethington & Clark (1965) identified elements

with S. rex. These elements are not conspecific with S, rex, and should

‘be considered a new species, which 1is partly contemporaneous with 8. rex.

Scolopodus oldstockensis n. sp. differs from the two species by the
presence of the intermediate element. S. oldstockensis n. sp. 18 the

youngest known species of Scolopodus.

Occurrence

Lower middle Table Head.

w

‘Material

1 aymetrfcal; 31 asymmetrical elements.
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Genus WALLISERODUS Serpagli 1967

(emend . -Coober, 1975)

) v . ‘
Iype Species - Acodus curvatus Branson and Branson . 1947.
¢

Remarksg
Serpagli (1976) was the first to propose Walliserodus as a genus of

its own. He selected Paltodus debolti Rexroad 1967 s.f. as the type

épecies.

Cooper (1975, p. 995) emended the diagnosis of'Walliserodus to in-

- clude both Acodus curvatus s.f. and Paltodus debolti s.f. in the same

species. "He found that Acodus curvatus s.f. had name priority for the

‘type specles.

Acc§rdin3 to Cooper (1975) Walliserodus is a multi-element genus
with an acodontiform and a suite of paltodontif;na forming a ayniingtry
transition series. In the Table Head fauna a limited number "of‘ elements

are 311 included in Walliserodus ethingtoni, but no acodontiforms could

be included in the apparatus. Lofgren (1978) discussed Walliserodus in
detail, and she did not include an acodontiform element fn the apparatus.
\.’ ' WALLISERODUS ETHINGTONI (Fihraeus)
"Pl. 9 figs. 1-9

Synonymy
1966 Panderodus ethingtoni n. sp. - Fahraeus, p. 25, P1. 3: Sa-b.

1974 Walliserodus ethingtoni (Fahreaus) - Bergstrom, Riva and Kay,

Pl. 1: 12,
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0

"Walliserodus ethingtoni (F&hraeus) - Dzik, fig, 14 o.p.

Walliserodus ethiggton (Fahreaua) - Lofgren, p. 114-116, P1. 4

27-35; Text - fig. 33.
Walliserodus ethingtoni s.f. (Fahraeus) - Tipnig et al., P1. IX:

23-24.

Des¢ription \

| .
A speciesLof Walliserodus with uni-costate through multi-costate

cones, The copes form a limited Ccurvature transition series from pro-
clined to slightly reclined elements. This 1s associated with differ-
ences.in the length of cusp and base. Proclined elements have a longer
base and a shorter cusp than the elements which are reclined. Due to
torsfon of cusp the cones form a symmetry ttansifion series. All the
elements have g deep, broad basal cavity wit\i -the tip pear the anterior
margin at the na§inum curvature of the element. The anterior margin of
the base is convex. The cusp may be sharp or rounqed anteriorly, The
posterior edge of the‘cusp is sharp. The oral edge of the bage is

keeled. The aboral outline is slightly sinuous.

Symmetrical element

The ly.netrical element 1s erect to slightly recurved; it has a
rounded anterior face on cusp and Sase, and one posterior sharp keel on
the cusp. The keel continues onto the oral edge of the base. There are
two  antero-lateral costae on the base that extend on the anterio; side
of the cusp to the point of maximum curvature. Additional (1 to 3)
symetrically; ﬂlaced costae may develop between the lateral and posterfor

costae. The youngest 1s closest to the oral margin. They extend to

*

e
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various lengths of the cusp, but usually do not reich the whole length of

’the cusp.

Asymmetrical element

The asymmetrical elements are variably costate, from slightly asym—
metrical and uni-costate, bi—Ebatate to multi-costate, often with twq‘
costae on the outer side and three on the iqnet,side. However, many
asymmetrical elemehts can be derived from the symmetrical cone by a sim-

reference.

ple rotation of the costae with the cone axis as

No surface ornamentation such as striations was observed.

Remarks o e

Lofgren (1978) discussed the variable costate elements of Walliser-

odus ethingtoni in detail. She found that the variability was inconsis-

tent, a conclusion with which the 1limited material at hand seems to

agree,

Lofgren (1978) also discussed the possible association of Paltodus?

Jemtlandicus and Walliserodus ethingtoni. and concluded that the two are

distinct taxa. In this material an association could be considered

between Parapaltodus flexuosus and Walliserodus. The elements co-occur,

have the same stratigraphic range, and have broadly similar morphology;

and P. flexuous could be part of the symmetry transitions series. How-
ever, the relatively amail number of elements and the lack of possible

transitional forms appear to prohibit this.

Walliserodus 18 close to Scolopodus, in that both are multi-costate

simple conea and have a curvature transii:ion series superposed by a

symmetry transition series. No surface ornamentation are present on the

L
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1 elements of the two ggnera. The main differ?nces azek the‘presence of
white matter, the large deep basal cavity and the more prominent costae
in Walliserodus N

Occurre_nce
w

Through middle Table Head, rare in lower Table Head,

Hateri&l S

. 6 symmetrical elements; 62 asymmetrical elements.

Genus PSEUDOONEOTODUS Drygant 1974

Iype Species - Oneotodus (?7) beckmanni Bischoff and Sannemann 1958,

PSEUDOONEOTODUS MITRATUS MITRATUS (Moskalenko)
~ (not figured)

Synonymy )

1933 Oistodus (?) sp. - Branson and Mehl, P1. 9: 3,

1966 . Form I - Webers, p. 73, P1. 15: 7.

- 1973 Ambaledus mitratus mitratus 8p. nov. subsp., nov. ~ Moskalenko,

p. 86, P1. 17: 9-11, -

6

-~ 1976 Oneotodus mitratus Moskalenko - Dzik, fig. 12, e.f.

cf. 1967 Gen. et sp. indet B. - Serpagli, p. 107, P1. 29: 1a, b.

cf, 1977 Pseudooneotodus beckmanni (Bischoff and Sannemann) - Cooper,

p. 1068~ 1069 Pl1ij 2, f:l.gs 14, 17

s

' 1978 Ambalodus mitratus mitratus ‘8.f. Moskalenko - Tipnis ‘et al.,
P1. VII: 18. | ’
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Description

A bonnet-shaped, irregular simple cone with a small cusp at;d"!n‘ higﬂ;
broad flared base. The oral edge is rounded. The basal _cavity:’ occuples
the whole of the base. The only element in the collection was fragmental

and part of the inner base was broken.

Remarks

Cooper (1977) reported several species of Pseudooneotodus of which

P. beckmanni (Bischoff and Sannemann) is closest to P. mitratus mitratus.’

The Silurian specimens, however, have a higher cusp and a smaller base

than the Ordovician forms.

The Table Head specimen was lost during office moving.

Occurrence .

Lower Table Head.

Material
1 specimen.
Family PANDERODONTIDAE Lindstrom 1970
Di&gnosis

Conodont apparatuses of simple cones that include laterally compressed
élements with a posterior or latetei furrow and‘some may bear a posterior
denticle row., Characteristically Panderodontidae have longitudinal

[ 3 . -

striations.
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_laterally compressed, costate drepanodontiforms. The base is rounded to

Remarks . ’ : »

- Panderodus Ethington.
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Remarks -

Panderodontidae includes Panderodus, Neopanderodus, Parapanderodus

n. gen., Belodina, and Semiacontiodus.

Genus PARAPANDERODUS n. gen.

Type Species - Parapanderodus arcuatus n. sp.

Derivation of name

Para (Gr. para) = akin ﬂo; refers to the similarity of the genus

to Panderodus.

Diagnosis

- A multi-element genus with a skeletal apparatus of simple, slender, ‘

symmetrical oval. The units characteristically have a posterior grbove,
which extends through the whole length of the element. The elements are
finely striated, and contain vainus amounts of white matter in the cusp.

The elements may form a weakly developed symmetry transition series.

In all elements of Parapanderodus the striations form an angle with
the posterior furrow, and in most spécies the striations begin next to

the aborél_ wargin leaving an unornamented rim.

Parapanderodus n. gen. includes elements, which commonly have been

referred to Scolopodus ‘Lindstrom, the form~genus Drepanodus Pander and

L 4
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Scolopodus has recently been restricted to an apparatus with hyaiine,
multi-co:tate conodonts forming a symmetry transition series (Lindstrdm
1971) pending a better understanding of §S. sublaevis Pander. The .
elements of Scolopodus are more rounded and they are not striated.

* Drepanodus has been redefined in multi-element taxon(;my by Lindstrom
(1971) . Drepanodus includes a scandodontiform in the apparatus.

Panderodus 1is very closely related, but the characteristic lateral

groove and the basal 'wrinkles' are missing in the new genus.

Semiacontiodus is similar to Parapanderodus in that it may have a

posterior furrow and is striated. Semiacontiodus differs by the well

developed ’symmetry transition series :L'ncluding a antero-posteriorly com-
. ‘ < )

pressed symmetrical element, and the striations are parallel to the length

of the cusp.

Parapanderodus resembles the Devonian Neopanderodus Lindstrom and
Ziegler (1971). The principal differences are the coarse surface stri-

‘9
ations and the poétero-lateral position of the groove of Neopanderodus.

PARAPANDERODUS ARCUATUS n. sp.
P1. 9 figs. 10-15
Synonymy -

cf. 1969 Scolopodus cf. §. quadraplicatus Brangtn & Mehl - Bradshav,.

p. 1163, PL. 132: 8-9; Text - fig. 4, no.'E, F.

1973 Scolopodus gracilis Ethington & Clark - Barnes & Poplawski,

p. 786-787, P1. 3: 8, 8a only; Text - fig. H.
| - -
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Der_iva tion of name

The elements are all gently arched.

Type locality

Table Point, Great Northerq Peninsula, Newfoundland.

!de stratum

Lower Table Head, sax_nple TP 46, Histiodella tableheadensis Phylo-zone,

t

late Whiterockian (early Llanvirnian).

Holotype

MUNSS 46 (pP1. 9, fig, 1lOA, B), an element type 1.

Diagnosis ' -

A Parapanderodus with elements carrying few costae on lateral and
posterior faces. The cross-section of the cusp is 'acontiodus'~like with '
elements which are heart-shaped in cross-section. All the elements are

A
procurved .

Description

The elements are slightly asymmetrical because the lateral and

posterior costae are not exactly in a symmetrical position. An anterior
lateral broad furrow is often preéen_t. Cusp and base form a gently con-
tinuous curve. All the elements have an antetidr sixsrp keel.

The e_lements are fully'str:lated on the facés of the base. From the
base and onto the tip of the cusp the striations', are soleiy d‘eveloped
between the two posterior carinas-costae. The s.ériatipns form an acute

angle with the posterior groove.




|
|

- 228 -

\

Two distinct morphotypes are recognized in P. arcuatus.

, The first type has a posterior subsymetriéal. well-developed shar\p,
outer costa, and two posterior 1atera} costae. The p‘;sterior furrow ié
situated next to the posterior costaﬂ. 'I'He sides of chg base are eithe;:.
concave or an additionai antero-lateral inner carin; may be present. The
aboral outline is concave. The aboral margin meets the oral edge at an
acute angle, which gives a characteristic, short tongue-like elongatit;n
éf the base. The anterior edge and aboral margin meet at a right to
obtuse angle. 'The keels continue onto the base to the aboral margint In
large épecimeng' a lateral-anterior furrow is developed, and this beco;nes

broader on the base. Small specimens have weakly developed lateral
costae. The cusp is‘ about“twice as long as the base. I’h; basal cavity
is triangular with the tip‘placed close to the anterior edge and point‘:ed
anteriorly. The cusp 1is filled with white n;atr.er.

The second type of element 1s slender, evenly curved with a pos-
,terior gfoove and one antero-lat.eral furrow on each side. Two rou;;ded
posterior costae surround the central groove. The bas_e, is slightly wider
J than the cusp, The elements are almost symmetrical, and only a slight
latéral poaition of thé posterior groove creétes asymmetry. ’I'he. base 1is

excavated by the basal cavity with 1ts tip near the anterior margin.

The ab\oral outline is convex, when seen in lateral view. Basal matter,

‘when preserved, is black. The elements have white matter in the cusp.

2

Remarks .

The elements are very inhomogeneous in the ratios from sample to
égmple of the two general morphotypes. The feature may be due to varia-

tion in the growth, as mainly gerontic forms seem to be costate.

-
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The second morphotype shows variation in the length of the base, and

a few} short base variants similar to Scdlopodus gracilis of Barnes &

" Poplawski (1973) are included in the species.

_§;.. sp. cf. S. quadraplicatus is slightly d(ifferent than the Table
Head forms in that the basal cavity is small and the elements
apparently are not keeled. The general outline of the Fort Pena speci-
mens, however, firve similar to P. arcuatus n. sp., and they may be con-

specific or closely related.

Occurrence

Common to dominating in the lower Table Head; present in niddle

Tab}i_e Head.

Material

954 element 1; 751 element 2.

" PARAPANDERODUS sp. cf. P. CONSIMILIS (Moskalenko)
Pl, 9 figs. 16-19
Synonymy |

cf. 1973 Scolopodus consimilis n. sp. - Moskalenko, p. 44, Pl. 4:

1-5,

Diamosi‘s» o o 4

" A Parapanderodus with two posterior lateral furrows in addition to

.

the posterior median groove.




Descr iption ¢

4

The cone-shaped elements are hyalime and coneist of a slender cusp
and slightly wider base. Bése and cusp are about the same size. The
basal cavity is dee.p ‘and cone-shaped with anteriorly directed tib: TﬁeI
cusp 1s proclined and has an an_teric?r rounded face. Two posterior
lateral furrows on the oral gdge continue up to one~third of the length
of the cusp. The eiepsnts are flattened slightly antero-posteriorly.
The lateral faces of the cusp and t.We base axée btoad\ly grooved. The oral
edge is straight and meets phe aboral _marglin in an angle of 90 degrees.
\A‘an'm'll tougixe-li‘ke posterior extension ma.y be present in some spzcimens.
};‘vepne forms are thin a‘nd,_“ \}ong, and gerontic elements haye a more com-
pressed i)é.se. ALl specimen; have the two lateral furrows. '

’fhe surface ornamentation inc_ludes striations on the base with a
nonstriated area on the posterior part (;f the base. ‘Th_e striations on

_the cuép are restricted to the posterior face and along the median furrow.

The striations fo:m an acute angle with the median furrow.

Remarks

. . -
P. consimilis of Moskalenko (1973) has a median groove and two _

lateral posterior costae. The specles described above lacks the latgtal

costae. : .

Occu_rrence '
Lower Table Head.

Material

62 specimens.




PARAPANDERODUS ELEGANS n. 8p.
P1l. 9 figs. 20-27
Synonymy

1978 Scolopodus aff. S. gracilis Ethington & Clark - Lifgren, p. 110,
Pl. 8: 10A-B.

berivation of name

-The elements are elegant, {.e., very delicate and slender.

Type localitz

‘Table Point, Great Northern Peninsula, Newfoundland.

!ZEG stratum

Lover Table Head, sample TP 68, Histiodella kristina Phylo—zone,

late Whiterockian (early Llanvirnian). *

\

‘Holotype
MUNSS 49 (P1. 9, fig. 24).

Diagnosis -

A species of Parapanderocdus with a long slender base and a deep

basal cavity. The aboral outline is strajght. v
— : "
Description
The elements vary in the length of the cusp and the base, but mosgt
specimens have a longer base than cusp. The cusp is proclined. The
bual cavity mﬂ extend through the whole base with the tip beneath the

point of maximum curvature of the cusp. Two lateral anterior weakly
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developed furrows may be present. The abobral outline is straight. The
aboral margin meets the oral edge in an angle of 75 to 90 deérees,

A large nonstriated rim on the base next to the aboral margin is
typical fof /this species. The base 1s otherwise fully striated by coarse
parallel striations. These become finer upwards toward the til; of the

cusp. They are restricted to near the posterior furrow on the cusp. The

striations meet the furrow in an acute angle, typical of Parapanderodus.

Remarks

°

The transition from laterally flattened elements to rounded is not
strong in this material, but 1t is indicated by a few flattened elements.
The flattened forms tend~to have a shorter base than the rounded ones.

The aboral outline is straight in most spegimens, ﬁut a small posterior

tongue-like extension of the oral edge may occasionally be developed. o

Ldfgren (1978) did not find forms with a widened base ;18 described
by Ethington & Clark (1964) for S. gracilis s.f. This is similar to the
Table Head mA}:erial, and the specimens are not associated with other
elements, which is in accordance with the Swedish material (L8fgren
1978) . On the other hand Lofgren (1978) did not find speciﬁxens with a

deep basal cavity.

P. elegans differs from P. sp. cf, P. consimilis by 1its lack of

‘posterior lateral grooves. ' The species resembles P. striatus, but the

deep basal cavity and the posterior nonstriated base are diagnostic.

Occurrence , ~_
Lover and middle Table Head.

Material

' 305 specimens.
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PARAPANDERODUS STRIATUS (Graves & Ellison)

P1. 10 figs. 1-3

Synonymy

1941 Drepanodus striatus - Crévesh& Ellison, p. 11, P1. 1: 3,

<f. 1970 Scolopodus gracilis Ethington & Clark - Uyeno & Barnes,

p. 116, P1. 22; 9-10.

Scolopodus-gracilis E. & C. — Barnes & Poplawski, p. 786,

A 787, Pl1. 3; 6, 6a,- ?7. ?7a; Text - f:lg 2G.

133

? 1964 Scolopodus gracilis - Ethington & Clark, p. 699, P1. 115: 8

only; Text - fig. 2D.

Discussion

Drepanodus striatus Graves and Ellison 8.f. has commonly been iden-

tified as Scolopodus gracilis Ethington & Clark s.f. Ethington and

Clark (1964) indicated that Scolopodus gr_ac:llis s.f. showed affinities

with Scolopodus Ladraplicatus Branson and Mehl s.f. and with Scolomdus
triglicacus Ethington and Clark s.f. In multi-element taxonomy such
an association would Aprobqbly form an apparatus of a new genus. Barnes

and l;oplawsk:l (1973) sug'geated that Scolopodus gracilis s.f. and §.

trlaggurlatus '8.f. form an apparatus. They found support for this in
the presence of vintetmediate forms in the Mystic Cong'lomefate.

Only a‘light_vari.iation of the cross-sections of\\*ythe cusp an\d th_e
base and the gize of the poateti;r furrow is represénted by the eléments

of P. sttiatus. Also no adc!itional elements were found, which could be"

included in an appautus such as those proposed by the above authors,
A%




It therefore seems likely that two or posaibly three genera with

closely similar mrpholo& elements will be recognized 1in the future

and Parapanderodus 1s one of them.

%escrigtion

Simple cones with a base that is smaller than the cusp. The elements

are procurved to proclined. They have a rounded cusp with anterforly
concave faces and A wveakly develqper}l anterior keel. The aboral outline
is straight to concave. The posterior furrow is well-developed. The
basal cavity is funnel-shaped and small. All the specimens are char-
acterized by a slightly thickened rim of the base next to _tbe aboral

margin. All specimens are hyaline. )

¢

Remarks . ‘ , : !

The Lavis forms (Uyeno & Barnes 1970) are s little more rounded and
the posterior furrow is deeper than in the Table Head elements.

The elments depicted by Barnes & Poplawski- (1973) share sinilar-
ities with both P. striatus anfl P arcuatus n. sp., The oval cross-
section of the base, the smaller posterior groove and the posterior
tongue-like utension of the base are charactgt‘iatica of P. arcuatus.
The rounded crou-—n;ct:loti of the element and the emall base (Barnes &
Poplawski, 1973; P1. 3, fig. 6) are P. atriatua characteristics that are
not displayed by P -rcuatua. ?ouibly P. striatus is the ancestor to

P. arcuatus.

q
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Occurrence

Lower Table Head.

Material
66 specimens.

-

PARAPANDERODUS ? 8p. aff. P.? TRIANGULARIS (Ethingtoh and Clark).

P1. 10 fig. 4

Synonymy ‘

aff. 1964 Scolopodus triangularis n. sp. - Ethington and Clark, p. 700,

P1 115: 6, 11, 13, 17; Text - fig. 21.

1 1973 Coelocerodontus? sp. 8.f. - Barnes And Poplawski, p. 770,

P1. 5: 19, 19a. ’ -

Description

Simpie cones with an anterior sharp keel, two postero-lateral
costae and a conastricted basal cavity are tentatively included ig Para-

panderodus. The elements are procurved. They form a symmetry thransitioh

: - \ .
. séeries due to the inward twist of the cusp, an_ﬂ associated reduction of
»lthe inner costae on the base. The elqnen"ts have a deep posterior groove

between the posterior cogtae. The hase and the cusp are equal in length

and the basal cavity occupies the whole of i:he base and with its tip

close to the anterior edge.

" Remarks

The element broadly resembles S. triangularis s.f. in the presence

of a sharp anterior keel and the posterior groove. The present knowledge

et 8 <ttt 3 ot

g e 8
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of the Lower Ordovician specles 1s still limited and a closer deter—
mination of the Table Head specles is not possible at present.

Coelocerodontua? sp. s.f. Barnes and Poplawski may represent a

gerontic element of this species.

Occurrence
4 “

N Lower and middle Table Head.

Material 9

21 specimens.

Cenus SEMIACONTIODUS Miller 1969

Type Species - Acontiodus (Semiacontiodus) nogeamii Miller 1969.

Di'agnosis
Simple cones having a central posterior costa, carina or a groove,

two lateral costae and a convex anterior face. The elements generally

have longitudinal striagions on the surface. '
Remarks PES

Miller '(1969) described different "acontiodontiforms” on the level

of subgenus. Dzik (1976) considered Semiacontiodus a genus.

Semiacontiodus has a r.elatively short base with a thickened rim it
the aboral mrglnl El;ne.uts‘of the different species are variable. For
'éxalnple, some species may have a.. posterior groove, and others hxv. asym-
metrical eleme;xta, wixiéh, may become "blade-like" (e.8. S. uEtricun'
(Barnes and Poplawski)) . Allhthe species, however, ‘have & shallow,

rou‘nd@ cone 4n .the ayﬁinetri'cnl position of the apparatus.
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Striations are vell-developed on elements of Semiacontiodus. They

often extend througlout the entire length of the unit.

Semiacontiodus has "an apparatus, which is similar to that of the

geneta Staufferella, Scolopodus, Wallisetodus and Juano gnathus. All

these genera include a symmettical element with a rounded anterior margin.
(."

Staufferella is distinguished by its ,sharp margins and the lack of str:la-

tions on the base. Walliserodus and Scolopodus are mult:l-—costate and

have no surﬁace striations, Juanognathus lacks the surface striations-

on the bage. . = | - g

Semiacontiodus is included -in Panderodontidae rather than Acantho-

dom:ida_.e, becauae it is considered to be: closely related to Parapanderodus
. N gen. 'l'he distribution and appearance of striations are similar to

\Parapanderodﬁs, and also the ptesence of a posterior groove is some

Bpecies of ngiacontiodug are chataccerist:lcs of Parapanderodus. ‘Semi-

acontiodus is ptobably the. direct ancestor of Parapanderodus. -

.. ;
SMAOONTIODUS‘,ASYM?ETRICUS (Barnes and Poplawski)
P1. 10 figs. 5-10, 15. )

Sﬂl_gnm q B
1973 . Protopanderodus l_ymetricus - Barnes and Poplaw-ki, p. 781-782,

P1. 1: 12, 12a, 14, 16; Text - fig. 2A.

| ¥

Deacrigtion _ ‘ ‘
' B-rnes and l’oplmski (1973) deacribod the uyuutrical elenencs. .

The -y-etrical element 1s describod here:ln. '

It has s glend‘er recurved c\up, an l_n-teriorvconvcx face, two lateral

costae lnd a posterior median keel. The Cusp curves oato the base. The

f
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L ]
base is short a!:d wider than the cusp',‘ and has #n oval aboral margin.
Striations_are well displayed on the symmetrical element.' "It has a

striations on both facegi.- The element has véry coarse striations on the

‘base, and carries symmetrical ‘patallel fine striations on each side of

the median posterior costa. in asymme(;ricai'elements the coa;se stria-

tions on the base almost disappeat and the finer striatioms on the cusp

- decrease in abundance with increasing asymmetry. Highly asymmetric

units are almost non-striated.

e e e e o i e e e e~ < e

Occurrence
Uccurrence

Upper lower and middle Table Head,

Material -

138 symmetrical elements; 365 asymmetrical elements.

SEMIACONTIODUS sp. cf. S. BULBOSUS (Lofgren)
P1. 10 figs. 11-14, 20.

Synonymy
~cf. 1978 Scolopodus bulbosus n. sp. — Ldfgren, p. 107-108, P1. 7:

JA, B, 8; P1. 8: 3A, B.

Remarks
i

Snnll symetrical "cornufotm" with recurved cuapa were recovered,

v aud thay are coupanble with those of S bulbo-us Lofgren. ' The elalents

differ in the more proninent re’curved cusp and no one of the Table Head - 4 ]

L}

P
s

’ele-enu has an etect cusp as the sivedish speciea. Lofgren (1978) found

Laiuwy:
(% aw_,};g*h‘

- two eluent-types. cornuforu nnd acandodontifoms, and the spacieu is'a ‘

—
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© typical Semiacontiodus. No scandodontiforms were recoirete,d‘in the present
collection.

The specimens are complet:ély covered by striae.
Occurrence
Lower and middle Table Head.

‘Hat?er ial

21 specimens.

SEMIACONTIODUS PREASYMMETRICUS ‘n. sp.

P1. 10 figs. 16-19 ' . _ i

1971 Paltodus n. sp. A - Sweet, Ethington and Barnes, Pl. 1: 14.

- f19610 Acontiodus iowensis Furnish ‘- Ethington and Clark, p. 687, P1. 113:

- 3.

Derivation of name

; ' Pre = before. The species is consideréed the ancestor of S. asym-

metricus (Barnes and Poplawski).

Type locality

Table Point, Great N_‘f_tﬁglnieniuula, Newfoundland. . }
. Type stratum ‘
Lower Table Head, sample TP 29, Histiodella tableheadensis Pﬂyio-—zone.-

late Whiterockian (early Llanv:{.rnian). . RS

-
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Holotype -

MUNSS 55 (Pl. 10, fig, 18), a symmetrical element.

({
Diagnosis

The symmetrical element is without a posterior median costa. The

median central costa is weakly d'eveloped, but a broad convex carina‘is

. \V‘

present in ‘asyimetrical» elements.

Description

>

This species comprises elements with a small base and a large cusp,

which is proclined to recurved. The cusp is pointed and the anterior

face is convex. The elements have one lateral sharp costa on each side,

o v
and a posterior median rounded carina.. The costaé contin;xe onto t1he o
a‘.borall margin. The oral edge i; rounded,v short and curves onto tﬁ_e cusp.
The aboral margin is sub--circu]‘.at to oval.

The asymmetrical .elements are. antero-posteriorly compressed and i

have laterally extended faces. These continue toward the base and in

most elements narrow towards the basal opening. The cusp is recurved.

The symmetrical elements are slender cones with anteriorly comnvex

faces. They may carry a small weakly developed keel. The elements have

two lateral costae. The posteriox;' face 1is convex. The aboral margin is

sub-circular .

e

This lpeci'ea differs from Semiacontiodus ‘usymetricus by the lack of
a prohiﬁenc posterior costa. The sy-etriéal element has a sub-circular o

aboral margin.” In S. asymmetricus it 1s oval . The aiynetrical element:

. |

¥
-
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. with a wide blade-like cusp is not present in P, Leasynn‘netricus The

figured specimen of Ethington and Clark (1964) is possibly a symmetrical,

juvenile element.
Occurrence
Lower part of lower Table Head.

Material

38 specimené .

SEMIACONTIODUS sp. cf. S. CORDIS (Hamar)

P1. 11 figs, 1-6,

Synonyumy

cf. 1966 Scolopodus cordis n. sp.'-'Hamar, P. 74-75, Pl. 3: 4-6;

Text - fig. 2, no. 5.

11973 Oneotodus gracilig (Furnish) - Barnes' and Poplawski, p. 777~
=778, P1. 1: 1 dnly.

Description

Symetrical elements have a Tecurved cusp with a rounded or weakly
keeled anterior margin. The posterior margin has a narrow furrow, which
. runs the whole length of the cusp apd on?the base., The latergl faces
' ._are c;onvei and carry two postero-lateral f:arinas. The carinap- my be
deve’loped as weak costae. ‘The base is short, 1t has convex faées and a
rounded cr;:u-nectioh.

The uy-ctricnl elenents are similar to the synettical elenents.

_ The aaymtry is due to touion of the cusp. The cu,_p is proclined and

%
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has sharp anterior and posterior keels V.afnd is laterally compressed. The
furrow {s present on the base and becomes i\m:onspicuous on the cusp.

All the specimens are fine]..y striated on the surface of the whole
unit. Striations are best developed on the base, where they begin a
short distance away from the aboral margin.

A basal funnel is commonly preserved; :I.t is black, -

-The distr:lbution of white matter is characteristic. The base and
posterior half of the cusp is hyaline or translucent, and white matter

fills the anterfor of the cusp from the point-of maximum curvature of the

unit. Above that, white matter completely fills the cusp.

.

Remarks

5. 8p. ef. S. cordis (Hamar) does not cérry costae on the lateral

faces of the base. This species is similar to Parapanderodus in that it

possesses-a_post_e'rior furrow, but the apparatus is similar to Semi-

acontiodus.

-

The Mystié ifaunal element resembles an asymmetrical element of S. 8p..

cf. S. cordis. The long base-type (Barnes and Poplawski 1973, Pl. 1,

fig. 2) may belong to their species, but it does not fit within the Table

Head mter ial.

Occurrence

a

Lower and middle Table Head. ’ N

Material

180 symmetrical elements; 2¢¢ asymmetrical elements.
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\
" Superfamily CHIROCNATHACEA (Branson & Mehl 1944) (

Remarks

Chirognathacea comprises Oistodontidae, Chitogné-thidae, apd Rhipi-
dognathidae (Lindstr'a.xla,1970) . Oistodontidae has an apparatus similar to
Prioniodontidae (Dziic, 1976), and is consequerftly allocated in‘Prionio;
QOnti;na; R .

In this w#y Chirognathgcea comprises Appara‘tuées ;:f asymmetrical and

syuimetrical elements, mainly hyaline and mainly of Midcontinent Fauna

‘Province affinity.

Dzik (1976) ind;ﬁ:ated that Chirognathacea -could be related to
Westergaardodina and belohg within Westergéardodinina Lindstrom (emend,

1970) .

Family CHIROGNATHIDAE Branson and Mehl 1944

Remarks

Chirbgnathidae includes Chiroérnathua. Erismodus, Microcoelodus,

Multioistodus, and Lgptdchiro&hathus. Sweet and Schonlaub (1975)\“!‘18—

cussed the relation of Microcoelodus (and Erismodus) to Oulodus, and they

'1nd:lcated that the ancestor of Oulodus should be referred to Prionio-

dinacea. . .
Genus ERISMODUS Bransou and Mehl 1933
Type Species - Erismodus tygﬁs Br#nson and ‘Heh'l, 1933. .

Discussion

Elements of Erismodus have an npicjl 'cua:;, arched denticulate pro-

cesses, and an excavated base containing a boss at'endingpbonlly
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beneath the 'cuép*(Branson and Mehl, 1933, p. 25). Andrews _(1967)\\showed

that the form-ggnera Erismodus, Microcoelodus, and Ptiloconue included
~ components of 'éeveral' closely related fonﬁ iranéi;ion series, and fpur
species of Erismo’gus were described. He also noted that Ei:ismodua.
formed a roundya-ligonodina transition series of Lindstrom (1964).
_ Erismodus ié presently under tévision and a more complex appa_ratu's 8

to be expeéted (Sweet and Schénlaub, 1975).

The present material includes elements which are erismodid-likf;

and the form transitions of Andrews can barely be recogﬁized. The
{

elements are téntatively included in Erismodus. . " 1

'ERISMODUS? sp. A
Pl. 11 figs. 7-9

-

Synonymy _
‘171978 Erismodus sp. A - Tipnis et al., P1. IV: 23-24.

r

Deucrigti;n
The most common eleme'nt: consists of a cusp and has a posterior and
an anterior denticulated process. The cusp is reclined, slightly twisted
to the inner side and has sharp anterior and posterior keels with
énoothly vconvex faces. The anterior _process is directed -dowmra,rd. It
carries from three to six réunded dehtiqleo. The poo.terior process
carries five to six dia;reti denticlq. vhich are recurved. The aboral '

margin has a strong 1nnet‘flare.

"
R

A second element has only been recévered as frngmenis. It consists
of_‘a cusp, whic{u is broi:on, with denticgl;tOd. poc_t_oriot, a.'nterior. 'nﬁd

¢
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lateral processes. The posterior process is nearIy straight. It’ carriés ‘(/ ,
from three to five lateralAly compressed, discrete denticles. The
anterior process extends sharply downward and has six small denticles.

' /

The lateral j:rocess forms a curve. It has six discrete small denticles.-

The basé has a large inner flare. , T

b ‘ Re;narks _

< . &5
\ Erismodus sp. A Tipnis et al. (1978) may belong to this species.
The ahterior pProcess apparently does not extend downwards as in the Table

“Head species,,

. . .Occurrence
4 { )
: Top of St. George 'Grou\p;and lower Table Head Formation.

Material - A /

40 specimens.

N

* ERISMODUS? sp. B. s.f.

Pk, 12 fig. 1

Synonymy.
1973 “Fibrous" conodont elements - Barnes & Poplawski, p. 787-788,

Pl. 5: 14.

~ Description = -

. ' Single elements with a large cusp and two denticulated processes.

! . An additional antufior small procesa’. direccéd do}-vtiward. may evolve as- B ‘“’%_#'

an e:‘:tmion;qf" the anterior keel of the cusp on large specimens. The

. : T éusp is recurved, strongly keeled and ﬁth 8 comvex outer face, . The

/ : B ‘\‘ : - : ) . )
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keels continue as lateral and posterior processes. The basal cavity has

an inner flare. 4

Remarks

The element differs from prioniodontiforms of Eoneoprioniodus? sp. A

by the lack or poor develogment of an anterior process.

Occurrence

Basal top of St. George Group and basal Tabie Head Formation

Materiai .

21 specimens.

Genus LEPTOCHIROGNA’I’HUS Branson and Mehl 1943
i
gype Species - Leptochiroinathus Ddrata Branson and Mehl 1943.

2

Remarks

A few leptochirognathodontiforms were recovered in the collections.

The elements are comstant in their morphology within each sample. The
morphology, however, differs from sample to .sample. .The-eleme'nts are
desc®ibed as form species, but may b§ considered as species of ai multi-
element genus with one -element in the apparatus. Sweet & Bergstron

7

(1972), however, suggested that Leptochirogmthus has an appatatua of

elements, which form a 3y-etry transition series.

<

¢
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LEPTOCHIROGNATHUS sp.-cf. L. QUADRATA Branson and Mehl s.f.

Pl. 12 figs. 2 -~ 3

S~

cf. 1943 Leptochirognathus quadrata - Branson & Mehl, p. 378-379,

The (sp’eéimens are orientated so t‘hat the concave s:l.ée' is the inner

side. The cusp is directed toward the postex;ior.

| The element consists of a“‘cusp, and denticul‘ated anteriof and
posterior processes. The cusp is aligﬁtly reclined, keeled and ﬁas_ an
outer median c-ariné that exte;nds beneath the aboral margin as an apjical

1ip. The inner face carrigs a well déveloped carina,‘uhich fades at‘
- the base. The anterior process carries three denticles; the one ng:t to
the cusp is very wide, keeled and muth larger than the outer two déptz-

cles. The lntter‘are'about one-fifth of the width of the first denticle.

The denticles are proclined. The posterior process has two denticles,

. which are reclined and unequal in size. The one next to the cusp is

 largest and.occupies almost the whiole 1ength of the process. The éecond
denticle is small and broken in most casées. The elements are deeply,

excavated by the basal cavity, vhich 1s deepest underneath the cusp,

. -

The elements are laterally dent to form an open curve.

The elements have fine striations on the cusp and denticles.

-

Remar ks

-

The elements differ from L. qua drata by the presence of auxilliaty.

-

'ap'ical denticles. Hich larger collections thxn the Table Head fauna,

" this possibly is vithin the »variation of L. Mtnta.




Occurrence

"Lower part of lower Table Head.
- '

i
o

e

Material

10 specimens.

LEPTOCHIROGNATHUS PRIMA Branson and Mehl g.f.

P1. 12 fig. 6-7.

.

1943 Leptochirognathus prima - Branson and Mehl, p. 378, Pl. 63: 29-35.

s

Ranrlks
The specimens fit those described by Branson and xehl (1943). No

addit:lonal elements were recovered vhich could be included in the

species. ' ~

Occurrence

. Top of the St. George Group at Back Arm.

'Méterial
l5 specimené.

Genus MULTIOISTODUS Cullison 1938

- Iype species ~ Multioistodus subdentatus Cullison 1938, -

%
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MULTIOISTODUS sp. cf. M. SUBDENTATUS Cullison

Pl. 12 figs, 4-5. - -

Synonymy

cf. 1938 Multioistodus subdentatus - Culiison, p. 226, Pl. 29: 13a,

cf. 1965a Multioistodus subdentatus, Cullison - Mound, p. 25, P1. 3:
" 17, 18, 20, 25.

cf. 1971 Multioistodus subdentatus, Cullison - Sweet, Ethington and

Barnes, P1. 2: .24,

cf. l%Saﬁultioistodua tridens Cullison - Mound, p. 26, P1l. 3: 19, 24,

26.

i

Description
| The apparatus 1s incompletely preserved. One aéymmgtrical element
‘has a large recurved cusp, which :ls keeled. The posteriot keel continues

onto the base in a curve. The oral edge is straight and carries & re-
curved denticle. The denticle ny.te;t;h half the length of thle cusp,
;I‘he _anterior keel of the cusp cohtinuea on the base in Q smootﬁ curve.
The anterior edge of the base may evolve a thin keel. The anterior keel
of the base fofms an angle of about 90 degrees v\ith the aboral margin.
The apofll outline 1s straight to convex. : -
The associated fragmental, asymmetrical elements With one lateral

denticle on each side complete the appardtus as described by Lindstrom
(1964) .

All the specimeﬁ are finely striated.
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Remarks - \
M. sp. cf. M. subdentatus differs from M. subdentatus Cullison by

its rounded antero-basal junction, whereas M. subdentatus Culligon has

an extended anterior base on the symmetrical element.

Occurrence

Top of the St. George Group and lower part of the Table Head

Formation.

Material . - ‘ ' -

€ specimens.

Suborder PRIONIODONTINA Dzik 1976

Superfamily PRIONIODONTACEA (Bassler 1925)

Remarks Ny

Lindstrom (1970) included Periodontidae in Prioniodontacea. Dzik
(1976) transferred Periodontidae to Ozardoninina Dzik, which is followed

in this study.

Prioniodontacea (Bassler 1925) co-pr:l es the families Balognathidae,

Icriodontidae, Oistodontidae and Prioniotiontidae.

" Family BALOGNATHIDAE Hass 1969

. Remarks
: - \ 2 T
Balognathidae include apparatuses with platforms, which may be .

assoclated with ramiforms (e.g. Amorphognathus). The family comprises

Anorph _&mthus, Roplaco ognathus, Polyplacognathus, and gygodus (Lindstr8m,

1970) and perhaps Polonodus.
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Eoplacognathus, Polonodus and Pol?placogn\athus have apparatuses with

platforms but without ramiforms. Whether all these genera should be in- .

cluded within a single family s questionable. The problem 18 not' con-

sidered further in this study: o

- . q

< « o

Genud AMORPHOGNATHUS Branson and Mehl 1933

*

Type Species - Amorphognathus or&ovicicus Branson and Mehl 1933

~

AMORPHOGNATHUS? sp. A. M

P1. 12 figs. 8-12, 14

Renarks

Dzik (1976, fig. 6) recently figured in a schematical wa'y the
. [ 4

. apparatus of Amorphognathus variabilis. Lofgren (1978) included the

»

ty{)e species ‘(1.e., Amorphognathus variabilis Sergeeva s.f.) in Eopla-

cognathus? variabilis. From her discussion it must be concluded that

A. variabilis sensu Dzik does not include the type species. The elements

described below form an apparatus which 1s similar to Amorphognathus

variabilisg sensu Dzik.

Description

i ! »

The apparatus is not complete. It consists of amorphognathodonti-
form, ambalodontiform and ramiforms. A - -
The amorphognathodontiform has a small cusp, an anterior denticulated

process, an - anfero-lateral process and a posterior denticulated Process.

- -

. The posterior process carries two rows of denticles in large n’pecimenﬁ.

Ther possible postero-lateral process' is broken im the material on hand.
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' The amb-alodontifom has ant‘ero-posterior denticuléted processes.

The processes are comected with basal sheath. The bage 1s flared to
the 1nnér side. ‘ )
'me ramiforms include tétraptioniodontiforma and trichonbdelliforms.
“The tetraprioniodontiforms have am anterior and posterior denticulate
process whiéh are in the same plane as the cusp. Two symetricélly
placed lateral processes are posteriorly projectéc}. )
The trichonodelliforms havé tl;ree posteriorly direkted’ denticulated

‘processes. The processes are connected by a basal sheath. The cusp is

proclined.

Remarks
The apparatus was not completely recovered as figured by Dzik (1976),

because holodontiforms have not been found.

Occurrence

Lower and middle Table Head.
Material

13 specimens.

Genus POLONODUS Dzik 1976

'Iyi)e gspecies - ‘Ambalodus clivosus Viira 1974,

Discussion
Dzik (1976) originally defined Polonodus as "Conical conodonts with
4 lobes covered with concentric and radial rows of tubercles. Very large

basal cavity".
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lofgren (1978) queried the validtty of the diagnosis based on the
identification of A. clivosus Viira s.f; by_‘ Dzik (1976). She noted that-
two types of four-branched elements were represented - ;ne group with a
well devgloped anterior platform and the second group, which Dzik (1976)
~ assigned t‘; Polonodus. Shé (Lofgren), 1978), however, did not change the
diagnosis of Polonodus, and she preferred to describe the forms as single
efements.

The present material confirms zthat two apparatuses can be distin-
guishdd. The first apparétus .’ts»composed of paired polyplacognathodonti-
forms and ambalodontiforms and could be assigned to the genus Polypla-
cognathus Stauffer, 1935 (emend. Bergstrom & Sveet, 1966). The Table Head
material is still too sparse to propose a definite transfer t;': Polypla-
c;:»gnathus. In this group the polyplacognathodontiform has a ‘karge basal
cavity, a large outer, iblade-like process and typically an inner anterior
notch on the anterior pr;acess. The ambalodontiform has four lobes of

which the anterior may carry slightly larger denticles. The basal cavity

is restricted. The group includes Polonodus clivosus (Viira) sensu
Lofgren (1978).

. The éecond group is not‘as well known, It is‘conqidered possibler ‘
that the group comprises two kinds of elemerits:’ polyplacognathodonti-
‘ form and_ambalodontiform. Both elemente have four lobes and deep basal
.cavities. |

The polypiacogmthodontifom basfically forms an X, having four pro-

cesses.'~ The anterior procesé ca;:r'ies two rows of denticles, which are
connected by a platform. The anterior and outer ia:eral lobes are of

equal length and the largest of the element. The pos.teriOt and the inner

lateral lobe are also of équal length and generally much smaller than the

e -
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anterior process. Typically, additional processes are formed both ante-
riorly and posteriorl); of the outer lateral process.

The ambalodontiform forms an X with straight to curved processes.
In this element the anterfor process has one denticle ridge.

The elements of the second group were described as Polonodus? sp. A,

¢ " Polonodus? sp. A and Polonodus clivosus (in pars) by Lofgren (1978). The

elements referred to Polonodus clivosus (Viira) by Dzik (1976) have not

been recorded in the Table Head material. The general surface ornamen-
tafion of ‘tﬁe Table Head spécimens and the Swedish specimens is similar 5
to that of the Polish forms. Thus, the group ié probably taxonomically
, valid and should be recognized as the genus Polonodus Dzik.
The elements of the Polqnodus—group differ from polyplacognatho-
dontiforms of the first group by havj;ng small rounded well separated den-

ticles on the outer lateral process.

POLONODUS TABLEPOINTENSIS n. sp.

P1. 12 fig+ 13; Pl1. 13 figs._ 1-5

Synonymy
1964 - Amorphognathus n. sp. - Lindstrom, p. 93-94, fig. 33C.

1970 Amorphognathus n. sp. cf. Amorphognathus n. sp. Lindstrém 1964 -

Fahy:aeua, p. 2065, fig. 3A, B.

1970 Amorphognathus variabilis Sergeeva - Fﬁhtaeus, p. 2065, fig. 3E.

1976 Polondous clivosus (Viira) - Dzik, p. 423, Text -~ fig. 28C, D (only).

et i e e e~ -
»

cf. 1976 Polonodus clivosus (Viira) - Dzik, p. 423, Text - fig. 7,

PL. 43: 1.
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? 1976 Nov. gen. 1l n. sp. 1 - Landing, p. 642, P1. 4: 20.
1978 Polonodus? sp. A - Lofgren, p. 7677, P1. 16: 79, 11, 14A, B.
1978 Polonodus? sp. B = L_Bfgten, p. 77-78, P. 16: 7, 8; Text - fig. 30.

1978 Polonodus clivosus (Viira) - Lofgrem, p. 76, P1. 16: 15A, B, C only.

1979 cf. "Amorphognathus” n. sp. Lindstrom - Harris et al., P1l. 2: 2?11,

15.

Derivation of name

Table Point, Great Northern Peninsula, Newfoundland.

Type locality

Tablé'Point, Great Northern Peninsula, Newfoundland

;zge stratum

Middle Table Head, sample TP 74, Histiodella kristina Phylo-zone,

Whiterockian (early Llanvimiap) .

Holotype
' MUNSS 64 (P1. 13, fig. 3), a polyplacognaﬁhodontiform.

’

Diagnosis
. \ﬁ N
Two typea of elements are present: polyplacognathodontiform and

ambalodontiform. The anterior process of the polyplacognathodontiform
carries two denticle rows, which are separated by a wide platform. The

anterior process of the ambalodontiform has & median denticle ridge and

an outer m]il notch. All the procéssep characteristically become wider

distally.




Description RN

The polyplacognathodontiform has typ:[c-ally an ‘anterior process which
has a well-developed wide platfom.‘ ‘The anterior process is divided by,a
deep inner notch or a strongly concave area separating two almost equal
size anterior procésses. Mature “forms develops a very .
large anterior process. The main denticle:rov curves inward with a
maximum curvaturé anterior of the . cusp. The denticles are rounded and of
equal size. The' denticles are connected by a thin ridge. The surface of

the.platform is covered by blunt contoured ridges. The anterior process

develops an additional outer denticiilated process. The two processes are
,connected by a wide platform. The outer lateral process is long and »
straight. It carries small oval denticles ,. which are equal size ana
apically free. Ome or two additional pi‘:oeesses evolve during the gﬂwth
between the anterior and the outer‘ lateral process. An additional process
betwgen thé outer lateral process and the posterior process is also
present.

The ambalodontiform has four straight t )‘ rved processes. The
anterior process carries one median to o' er denticle ridge. The éur— .
face is ornamented by transverse ridges. The ma‘in‘denticle Tow continues

. : .7
onto the posterior process. The outer lateral process is of the same
length -as the anteriér procéss. : Additiona_i processes are formed on the
(‘\'c;uter lateral process in mature specimens. The outer lateral process . °
” .
carries a median deﬁticle ridge, which initiateé juat anterior of the

cusp. The inner lateral process carries a median to anterior denticle

row. The denticle row runs from just posterior of the cusp to over mid-

length of the process. The posterior process is straight. The whole
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unit has a large basal cavity.

Remarks

The polyplacognathodontiform shows variation in the curvature of the

anterior, the innegy lateral and the posterior processes. The outer

lateral process 1s always straight. Commonly, the outer lateral process

is broken.

Po’lonodus tablepointens_is n. sp. represents the largest conodonts
in the collection. )

Polonodus? sp. A. Lngren (1978; P1. 16, fig. 9) has a strongly
concave area separating_ two- almost equal size anterior processes and it
belongs ‘within the variation othhe polyplacognathodontiform.

Polonodus? sp. A. Lofgren (1978; P1. 16, figs. 11, 14A, B) is
probably a juvenile polyplacognathodontiform.

Polonodus? sp. B. Lofgren (1978; Text - fig. 30-)'hasﬂé.7i‘arge ante-
rior platformal p'roce;s, and it is a i)olyplac;)gnathodontiform.

a

Amorphognathus n. sp. Lindstrom, Amorphognathus n. sp. c£. A. n. sp.

Lindstrom and A. variabilis (Viira) of Fahraeus \(1970) and Polonodus sp.?
B of Lt')'fgtenk(l978 P1. 16, figs.17—8) all have an anterior process wifhout.-
an anterior platformal process. They belong to the ambalodontiform.

Nov. gen. 1 n. sp. 1 of Landing (1976) hasg a Cur\,';ed anterior process.

The element is fragmentary b\t it possibly belongs within the variation of

Polonodus tablepointensis n. sp., as it is similar to Polondus? sp. B g

t

Lofgren and A. variabilis (Vi:lra) of Fahraeus (1970). -

Polonodus clivosus (Viira) ot'ADzik (1976; Text - fig. 7 and P1. 43,

fig. 1) .differs from the Table Head species by its larger angle between
i
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s
the posterior and inner lateral process in the element with straight pro-
cesses. The specilﬁen with curved processes is higher than the Table Head
forns.’ Possib'ly; the elements represent a different species.

/ - -
cf. "Amorphognathus" n. sp. Lindstrom depicted by Harris et al.

(1979; Pl. 2, figa. 11, 15) are fragmental, and the anterior process is

broken off; ¢n both specimens. " The appearance (in particular P1l. 2,

> fig. 15) is similaf ta the polyplacognathodontiform of Polonodus table—

mi%ensis n. 8p.

Polonodus clivosus (Viira) of Lofgren (1978, P1, 16, fig. 15) differs - i

’

from P. clivosus by the lack of an inner lateral notch of the anterior
process. Instead the notch has an outer, position and the element is .

identified with Polonodus? sp. B Lofgren (1978, P1. 16, fig. 8). Also

the denticle pattern is typical of Polonodus tablepointensis n. sp.

rather than Polonodus? clivosus (Viira). ' .
\ - ' f ) )
re
. Occurrence

Lower and middle Table Head.

Material ) . W

13 polyplacognathodontiforms; 13 Ambalodéntifom’s.
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/ POLONODUS? CLIVOSUS (Viira)

P1. 13, figs. 6-13

Synonymy )
Ambalodus n. sp. - Viira, Fig‘. 3, no. 24 a, b.

Polyplacogunathus n, sp. A, - Fﬁhraeus, p.. 2064, Fig. 3F, G.

Ambalodus n. sp A. - Fahraeus, p. 2064, Fig. 3J, K.

, Ambalodus clivqsus n. sp. - Viira, p. 51-52, Pl. 8: 1; Text -

fig. 37, 38.

Polonodus clivosus (Viira) - Lofgren, p. 76 (pars), Pl. 16:

12A, B, 13; non 154, B, C.

"

Description

Ambalodontiform. - The unit is X-shaped. The anterior process

" develops into a straight blade with high apically free, and laterally

compressed denticles. The lateral proc:esseQ are straight with a meddian
row of denticles. The posterior process has a relatively larger plat- -
form vith‘ a rouﬁded ouﬁline. A few denticles continue from the anterior.
process onto the posterior process. 'l‘he angle betveen the ant.erior and
the outer lateral processes is about 90 degrees in juvTe'rﬁTa\specimens

and decreases to almost 45 degrees i\aduit alents. . The inner lateral

process forms an angle of 80 degrees or less with the main denticle row.

The basal cévity 18 restricted..

‘Polyplacognathodontiform. - Two motrphotypes are recognized. The

first morphotype has an anterior, platformal process, which carries an

outer comb-like row of apically.frene denticles. The platfo';in is covered

.
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by tramsverse or contoured ridgés. A small inmer notch is p.resent' on the
platform. The denticle row is sinuous and continues across the entire
unit via a laterally compressed, pointed cusp and 'Qnto the inner side of
the posterior platform-like process.

The inner latera; process is curved and carries a median denticle
ridge.  The posterior procegs 1s small and weakly ornamented b.y transverse

NS
o

ridges. o -

The outer lateral process is straight, blade-like with confluent
large denticles which lean posterjiorly. An additi:onal process develops
during growth between the anterior process and the inner la\tefal process.

-’I'he basal cavity 1s c;eep beneath the anterior and the outer lateral
processes, weakly developed beneath the inner lateral process, and absent
beneag:h the posteridr process.

The second variar'xt has an additional row of denticles on the inner
side of the anterlor platformat process. The outer lateral denticle
ridge fdnsists .of lé;erally%mpressed denticles., The unit has a high
pointed cusp. The inner lateral pro‘cess :is straight, V'Ihe outer lateral

process is sfraight, but typically not blade-like and dOeé not develop an

additional process between the outer lateral and the anterior processes.

Remarks

- I

Some specimens have a dark colored basal filling.

Occurrence .

Lower middle Table Head.

Material

’5 ) : hs
18 polyplacognathodontiforms; 13 ambalodontiforms.

< .

E

e N
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POLONODUS? NEWFOUNDLANDENSIS n.sp.

P1. 13, Pigs. 14-16; Text - Fig. 6.1

Derivation of name

Newfoundland. -

LY
]

Type locality
Table Point, Great Northern Peninsuia, Newfoundland .

. . -

Type stratum

Lower Table Head, sample TP 59, Histiodella tableheadensis Phylo-zone,

late Whiterockian (early Llanvirnian).
&

-Holotype - o . \/\\;
MUNSS 67 (Pl. 13, fig. 16; Text -Fig. 6.1), a polyplacognathodontiform. |

Diagnosis 7 ‘ o/
A Polonodus? with amb'alodontiforms' having an angle 60 degrees

between the ahterior and outer lateral processes. The denticles ;are small
and blunt. The platform of the anterior process of the polyplacognathodon-

tiform has a deep inner notch.

Description

.

All elements atejfour branched in t;.his species.

Ambalodontiform. - The ambalodontiform has a straight anterior pro-

. -

cess which cu:ies small, apically free denticles. The cusp is incon~-
spicuous. The outer lateral process is straight and carries a ridge of
small rounded denticles which meets the antell'ior .de'nticlve ric}ge Just

X anterior of the cusp in an angle of 60 degrees. The inner lateral pro-
cess vextends verticaliy from the unit and carries a low denticle rdw.
The posterior process is platform-like and only a few blunt‘ denticles
are present. The posterior denticle ridge forms an angle close to 90
degrees with the anterior denticle row. The basal cavity is re-trictod»‘

and only narrow qlit.s are present. ‘ N




B

N

- Text - Fig. 6.1 Polonodus? newfoundlandensis n. sp. {x 70). - c

Specimens from aampie TP 9. am = ambalodontiform;
'pol - pdlyplacognathodontifom. The anterior
process is directed downwards and the ouVCer lateral

process is to the right on the illustration.
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N 4 o Polyplacoén#thodontiform. - The ant;zr:lor process forms a wide plat-
form. It has ap outer lateral ridge of small free denticles, and the -

/eurface is ornamented by trgnsverée or contoured ridges. 'I'hé process has

a deep inner notch on the platform which separates the main ptocess from

an additfonal. inner l.ateral process in mature elements. -The additional

‘ ‘ inner lproce;ss is ornaménted by a skal;l median ridge of rounded denticles.

The outer lateral process is long, straight and laterally compressed.

It carries denticles which are high, laterally compressed and apically

) free.- The angle between the outer )1ateral denticle ridge and the ante-
., rior de;xticle ridge varies from 45 degrees in juvenile specimens to 70
degrees ;n édult specimens. ¢In adult elements the outer lateral process
becomes much longer than the anterior process .
An additional outer/ lateral process develops between the anterior
'.and the outerr lateral processes during‘growth of the unit. In Juvenile
specimens this addit:lohai process 1s only p‘tegentA as an inner flare of

the outer lateral process. This additional process 1s ornamented by a

row of small rounded denticles. It meets the main denticlle row on the

lateral process in an angle of 60 degrees.
e ]

z ) The posterior process 1is rounded and d_eveloés é 'smallf secondary
‘ . outer lobe. It is covered by small rounded denticies, which have a
- \ lateral inner position on the process, - '
A o The inner lat_ex;al process is posteriorly cui_'ved. It\has a ’mediat'l ., i

to anteriorly placed row of mmall rounded denticles. The fnner lateral

and the posterior processes are eqiml in stze and they aré much shorter

|
v i

. than the antericr process.
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The basal cavity is wide and large and has\a small thickened rim
along the edge of the element. In some specimens the basal cavity has

not been formed underneath thé’pos terior and posterior lateral processes.

-

Remarks

The species differs from P.? clivosus by the small denticles of the

anterior process of the ambalodontiform and by the deep notch on the

anterior process of the polyplacognathodontiform.

Occurrence

- N

Lower Table Head.

Material A

8 polyplacognathodontiforms; 2 ambalodontiforms.

Genus PYGODUS Lamont and Lindstrom . 1957 -

Type species ~ Pygodus anserinus Lamont and Lindstrom 1957. -

s P

v

Discussion

Bergstrom (1971a) included two elements, pygodontiform and hadding-

odontiform, in Pygodus. Furthermore, he mentioned that ramiforms probably

completed the apparatus. ’ -

Lofgren (1978) found early forpa of Pygodus~like elements. Shé also

included ramiforms in the apparatus. As thu; early representatives only

occurred in small numbers and in frigmental state of preservation the

3

F - - -
i
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apparatus was not complete, and she tentatively included the eYements in

Pygodus?.

In the collections at hand a few ramiforms similar tb‘ ‘the ;mes

rd

depicted by Lofgren (1978) are present. These are tentatively referred

to Pygodus?.

Fahraeus (1970) figured a possible haddingodontiform, this element

is tentatively included in the apparatus.

PIGODUS? sp. A

Pl. 14, Figs. 1-2

-y

~

? 1970 Haddingodus serrus (Hadding) - Fahraeus, fig. 3: 4, 5.

? 1978 Pygodus? sp. B-lLofgren, p. 97, Pl. 16: 2-3; Text - fig. 32F.

Description - ,

The ramiforms are agymmetrical with three processes and have a short
: - .
cusp, which 18 recurved. The procasgeﬂ are asymetrical with three pro-
VI
cesses and have a short cusp, which is regurved. The processes are

connected by a basal ﬁheath.

Remarks
The possible haddingodontifor® could belong to the multi-element
species Pygodus serra, but it differs in the angle between the antetior

and posterior processes being over 90 degrees.
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Occurrence

Middle Table Head.

Material

9 specimens.

Family OISTODONTIDAE Lindstrom - 1970

Remarks

The original diagnosis for Oistodontidae was based on the hyaline
elements of Oigfodus which form a transition series (Lindstrom,1964,
1970). Ch;racteristic for Oistodontidae is that the elements have high
lateral costae, and that they lack accessory denticles (Dzik,1976). 'I:he
architecture of the appardtus is comparable to that of A.codus (Prionio-

dontidae), which also led Dzik (1976) to include Acodus in Oistodontidae.

Acodus 18 here placed in Prioniodpntidae following McTavish (1973).

Lindstrom (1970) included Scolopodus in Oistodontidae, because 1t is
a hyaline ‘genus. The elements of S’cologodue do not possess high lateral

costae, and in overall morphology they- differ from the elements of

Oistodus, and they are not considered to be closely Telated. In this

study Scolopodus 1s allocated to Panderodontacea.

Genus 0ISTODUS Pander . \

Type species - Oistodus lanceclatus Pander 1856. .

Discussion

Oistodus comprises three tyx;es of elements: cordylodontiforms,

cladognathodontiforms and hibbardelliferms (deleaforms) .Lindstrim (1971).

Ay

P 1t M W o =




- - 267 - 51

The apparatus of the collection at hand does not include a deltaform, but °
consists of prioniodontiforms, ramiforms and oistodontiforms.

e’ Oistodus lanceolatus is well known in much older strata than the

the Table Head Formation, and is constantly associated with
{(van Wamel, 1974; 1LBfgren, 1978). Younger species are associated with a
trichonodelliform (Serpagli, 1974).

McTavish (1973) proposed Protoprioniodus for an apparatus of non-

- denticulate elements of prioniodontiforms, oistodontiforms and ramiforms.
Lindstrdm ( in Ziegler, 1973) discussed the phylogenetic relationship

between Protoprioniodus McTavish and Oistodus sensu Lindstrm and Acodus,

.

and he indicated that Protoprioniodus might be a junior synonym of

Oistodus. Dzik (1976), however, suggested t;hat Protoprioniodus and

Oistodus were not idéntical but closely related. This author

. a;;rees with Dzik and the present apparatus may be considered as a genus -
of its own. The ge~neric assignment is therefore queried.

Oelandodus van Wamel has an apparatus similar to Protoprioniodus

and probably is a junior synonym of the latter. ' ‘ -

OISTODUS? TABLEPOINTENSIS n. sp.

Pl1. 14, Figs. 3-12

Synonymy
cf. 1970 Oistodus lanceoclatus P.ander - Uyeno and Barnes, p. 119,

Voo Pl. 24: 23, 24.

1973 Oistodus lanceolatus Pander - Barnes and Poplawski, p. 777, 4

. C P. 5: 5-7, 10, 1l1.

frvae
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Derivation of name

Table Point. The type locality of Table Head stfata‘.

.

Type locality

Table Point, Great Northern Peninsula, Newfoundland.

!zge stratum R

Middle Table Head, sample TP 72, Histiodella kristina Phylo-zone, late

Whiterockian (early Llanvirnian).
Holotype
biagnosis

A species of Qistodus? in which the ramiforms have a long extended

MUNSS 70  (P1. 14, fig. 12), 5 ramiform.

posterior process.

.Description

All specimens have a-long laterally compressed weakly recutved to

erect cuep with well defined anterior and posterior keels.

Prioniodontiforms -~ The units have a wide almost erect, laterally

compressed cusp, ;vhich may be either non-, uni- or bicostate. The cusp
ﬁ; widest where 1t metges with the oral edge. The anterior edge continues
down to the anterior basal corner. Some elmgnta may have an anter;orly
‘extended base, as illustrated by Barnes and Poplawski '(1973, Pl. SA,

fig. 11), forming a small incgnapicuous process. The posteriorly extended
base reaches about the length of tl;e cusp. The base is compressed, curved
and has a high oral keel. _The basal cavity begins beneath the centre of '

the cusp and extends below the entire unit. It {s inverted below the cusp.




/‘
Ramiforms - The uﬁits have slightly recurved cusps and posteriorly
extended bases, which ;lay reach the length of the cusp. Two morﬁhotypes
are present." The first has one lateral outer costa and an anterior costa
which extend from the apex of the t;usp to the aboral margin. Thé face
between these cc;stae is concave. The sides of the cusp are broadly con-
vé:, and may develop-a small costa in the lower part of the cusp, and
extend to slightly above the aboral margin. The cusp"is slightly twisted.
The base forms a convex curve .in lateral view,- and has a slightly outward
R t_wﬁt. The aboral margin is élightly thicka;;d . The basal cavity
extends below the posterior pr&cess. | |
The second morphotype has two outer lateral costae separated by a

deep groove. These extend down to the aboral margin and disappear at the

middle height of the cusp.

Oistodontiforms — These elements have a small posteriorly extended

base. The anterior keel may be a little extended and meet the aboral -
margin in a sharp angle. The elements are asymmetrical having an inner
broad carina, and a twisted cusp. The cusp is recurved. The aboral out-

line is sinuous. The basal cavity fills the whole of the base. .
. o

N

Remarks

Elements of this species have been described as Oistodus lanceo-
latus Pander from the M)flfic Conglonet.nt:e (Barnes & Poplawski 1973). The
Mystic faunal elements have a slightly different appearénce due to a
higher base, & wider and wore reclined cusp and a shorter posteriorly

extendec_l base. Similarly, the prioniodcntifom has a higher and wider

+ i

‘cusp than any of the Table Head specimena. The Mystic faunal elements .

.
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dontidae. ?Eoneoprioniodus Mound (emend. Barnes 1977) described below
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probably represent an early evolutionary state of Oistodus? table-

pointensis n. sp.. .
The specimen from the Lévis (Uyeno and Barnes 1970) has an appear- \ ,
i
1

ance similar to the ramiforms with one lateral costa. The remaining.

elements and the preservation of the Levis specimens (broker base) 'pro-

hibit a definite identification with 0.7 tableheadensis n. sp.

Occurrence

Sporadic in lower Table Head; common in lower middle Table Head.

Material. >

70 prioniodontifoi'ms; 120 ramiforms; 52 oistodontiforms.

Family PRIONIODONTIDAE (Bassler 1925)

Discussion

Lindstrom (1970) included the g’enéra Acodus (Gothodus emend.

McTavish 1973; Serpagli 1974),_ Baltoniodus, and Prioniodus in Prionio-

has an apparatus that imi}:’étes the prioniodont plan. The ancestor td\

' .
iod?ntidae in this study. . f : |

Foneoprioniodus 1s not known, and it is tentatively allocated to Prions /

| The incorporation of Acodus in Prioniodontidae may be debated as
Aco&us has been\ ;dna‘idered to be similar to Oﬁstodo’ntidae‘, mainly a
because of {ts nondenticulated élements (Dziké 1376). Oistodus and
Scandodus have an apparatus, which includes hyuline conodonts with r

_ symmetry transition from simple elements vithth any lateral costa,

through elements with l strongly developed cc}sta on one side, to elmnts
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with two anterior lateral costae and no anterior edge.

%

The ﬁpparat\_xs of Acodus was established by McTavish (1973) and
. Serpagli (1974) as a multi~element genus with an apparatus following the

prioniodontid plan, and M¢Tavish '(1973) considered Acodus deltatus to be

the ancestor of the Baltoniodus lineage. Lindstrom et al. (1972)

described longitudinal striations on the cusp of the early prioniodids

similar to thosvﬁe\ on younger species. Acodus was therefore considered to

be more closeiy related to Prioniodus and Baltoniodus than to Oistodus

and Scandodus. Consequently Acodus is allocated in Pri_.oniodontidae. "

Genus ACODUS Pander 1856

Type species - Acodus erectus Pander 1856. ¢

Remarks .
Acodus was first described a# a form genus by Pander (1856).

Bergstrom and Sweet (1966) included single form elements Acodus mutatus

(Branson and Mehl) s.f. as part of a multi-element apparatus of Acodus.
They did, however, express reservations about the use of the genus name

Acodus, because the apparatus of the type species (Acodus erectus

Pander a.f.) had not yet been established. Lindstrdm (1971) introduced
the me'Gothodus for elements forming a prioniodont apparatus, but
\ Sweet and Bergstrom (1972) showed tha't Cothodus was a junior synonym of
Prioniodus. McTavish (1973) and Serpagli (1974) defined Acodus as &
multi-element genus including acodontiforms (= prioniodontiforms),
- e ,

oistodontiforms and ramiforms (= trichonodelliforms, cordylodontiforms,

and tetraprioniodontiforms). Acodus includes predominantly undenticu-

lated conodonts.
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ACODUS COMBSI Bradshaw
Pl. 14, Figs. 13-19
Synonymy
1969 Acodus combsi n. sp. - Bradshaw, p. 1147, P1. 132: 11, 12..

1969 Scolopodus alatus n. sp. - Bradshaw, p. 1162, P1. 132: 1-4.

1969 Tripodus laevis n. sp. - Bradshaw, p. 1164, P1l. 135: 9, 10.
1973 Distacodus sp. s.f. - Barnes and Poplawski, p. 772, P1, 3: 11.

. -
1973 0Oistodus n. sp. s.f. - Barnes and Poplawski, p. 777, P1. 1: 3.

Diagnosis
An Acodus apparatus consisting of undenticulated elements with all
processes connected with a basal sheath, and the ramiforms with secondary

L]

costae on the inner lateral surface of the specimens.

Description
Acodus combsi Bradshaw s.f. is the prioniodontiform. Scolopodus

alatug Bradshaw s.f. is the trichonodelliform and Tripodus laevis
Bradshaw s.f. is the tetrapridniodontiform. Distacodus n. sp. s.f. and
Oistodus n. sp. s.f. Barnes and Poplawski are the cordylodontiforms.
These units were fully described by the respective authors{ The rami-
forms are unique in the presence of secondary inner lateral costae on
many elements. ‘ v
The oistodontiférn. are new, théy have a large teciined cusp, which
is laterally compressed, keeled and prqvided with an inner carina, The
posterior keel meets the oral edge in an angle of about 80 degrees.

-

‘'The oral edge is short and keeled. The aboral outline is straight with

a small fmmer notch next to the anterior keel. The base is aluosi
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plano~convex with\an inwards 'flaring aboral margin and may resemble the

~‘acodontiform. The base 1s triangular with a flexed outward keel. The

anterior keel of the base extends downward to form a small incipient
process. The basal cavity is triangular with an anteriofly directed tip.

White matter is confined to the cusp in all specimens.

Occurrence

Lower and lower middle Table Head.

Material
|

17 acodontifotms; _50 ramiforms; 20 oistodontiforms.

ACODUS? n. sp. A

Pl. 14, Figs. 20-28

1 k]

Symonymy

cf. 1973 Protoisanderodus n. sp. 5 - Barnes and Poplawski, p. ‘784-785,

Pl. 2: 12 only, Text - fig. 2D.

Discus‘sion.

A serie;s of undenticulated ramiforms can be associated with aco~
dontiforms and oistodontiforms (scandodontiforms). The ramiforms all
include tall, -slender, erect, quadricostate units, which form a symmetry
transition series. The costae are extended downward slightly beyond the
thinly sheathed basal cavity to form short undenticulated processes and
the element therefore 1is to be considered a tetraprioniodontiform.

The apparatus differs from Acodus in the lack of trichonode‘lli-

forms, but instesd has symmetricsl tetraprioniodontiforms. The apparatus
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is probably closely related to Acodus, but it is also similar to

Scandodus and Triangulodus van Wamel (sensu-Dzik 1976). The lack of

trichonodelliforms led the author to query the generic assignment.

~

Diagnosis

An apparatus of(‘ undenticulated acodontiforms, cotdy,lqdontif‘drrms,
v

scandodontiforms (oistodontiforms) and tetraprioniodontiforms.

Description

The acodontiforms have a .wide laterally compressed cusp which is
- keeled, reclined and has one lateral cariﬁa.

The carina continues onto the aboral margin’ as an apical 1ip. .The
al;oral outline is straight. The posterior keel of the cusp meets the
oral edge in a sharp angle. The base is small, ;nd the basal cavity is

4 narrow groove, which expands to a small cavity beneath the cusp and

the lateral carina.
v

7

The ramiforms have a long, slendef. erect to slightly reclined cdsp

N

which is keeled and has_one sharp costa on each lateral face. The costae -

extend below the aboral margin as undenticulated alate processes. The
‘posteriot keel meets the oral edge in a rounded angle. The én:etior keel
continues onto the base and extends downwards as a small process. The
oral edge or posterior process is uuight,;aharply keeled, and longer
than the alate processes. The basal cavity is small, thinly sheathed and
cone-ghaped. The elements form a tetraprioniodont plan. The position of
the lateral and anterior procesases changes forming a symmetry tran-ition'
series, whereas the posterior process remains stable in its position.

The symmetrical element i{s cross-shaped in aboral view, thus having.a

w




“sharp anterior keel in the place of a rounded face present in trichono-

delliforms.

The oistodontiforms have a reclined, keeled, and relatively wide cusp.
The base is flared to the inner side. The oral edge 1is short and meets
the cusp in a sharp angle. The basal cavity is small with a centrally
Placed tip and extendsg beneath the wﬁole unit. Juvenile forms ax;e simple
triangular laterally compressed cones with a straight al;orél outline.
buting growth the angular junction between the cusp and the oral edge
becomes prominent. '

Cordylodontbiforms are laterally compressed cones with a cusp ‘and
triangular base. The cusp forms an angle of about 90 dégrees with the
oral edge. The oral edge .is keeled. .The basal cavity éxtends beneath

the whole base as a narrow slit.

Remarks

iJuvenile specimens of olstodontiforms resemble Histiodells minuti-

- serrata Mound s.f. or H. altifrons Harris s.f. The principal differences

are the lack of flaiing lips and the lack of denticulation of the oisto-
dontiform in Acodus? n. sp. A.

Protopanderodus sp. 5 of Barnes & Poplawski (1973) is similar in

that it is a tetraprioniodontiform, To judge from the description of
; ‘ "
Barnes & Paoplawski (1973) the element is part of a Triangulodus apparatus,

and the similarity may be due to homeomorphy.
L
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Occurrence

Lower Table Head and lower middle Table Head.

Material

32 écodoutif&tms; 36 ramiforms; 19 oistodontiforms.:

“
-

Genus BALTONIODUS Lindstrom 1971

\

Type species - Prioniodus navis Lindstrdm 1955a.

Rema:ks

Fahraeus and Nowlan (1978) reviewed the history of the genera

4 1 N .. -
Prioniodus, O¢plkodus, Gothodus and Acodus. Dzik (1976) and Lofgren (1978)

found that Baltoniodus was a subgenus of Ption%odus,_ﬁut Lindstram'ggigl.
(1974) provided arguments for the rank of genus for Baltoniodus. The
present author agrees with Lindstrom gg_gl{ (1974) and is of the opinion
that the apparatus of Baltoniodus 1s well eétablished and easily can be
regarded as 8 separate genus.

Baltoniodus comériseslg. triangularis, B. navis and B. grevariibilis
as the best known species. Additional species were not‘described from
large collections. Baltoniodus prevariabilis is a transitionai)fPrm

—
between B. navis and elements described as Prioniodus variabilis

(Bergstr&u,i97la)‘

Baltonfiodus prevariabilis has been separated into three subsbeciei

based on differences in the ramiforms, in particular the tetra-

4

/

prioniodontiform (Dzik,1976; Lofgren, 1978).

B e ho—
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A seuiea of ramiforms including paracordylodontifoms, "gothodonti—
forms . trichonodelliforms’ tetraprioniodontifom and falodontiforms was

recovergd 111 the Table Head fauna. No amorphognathodontiforms and amba-

loglontiforms were found, and a certain assignment to Baltoniodus, there-
fore, is not possible. Two possibilitles for the affinity of the E

elements exist. .

! ' The first is to assign‘ thel elements to Baltoniodus and consider the

.

lack of the remaining elemen_ts of the apparatus as a chance coincidence.

i 5 2 b A A e

— The general morphology of the elements are in favour of this approach.

——

. 'l'he~posit1t_m of the processes of the tetraprioniodontiform is
similar to and identified with the medius variant of B. prevariabilis.

N

¥ . | " ‘The fa_lodont_:iform (Ldfgren, 1978, P1. 12, fig. 34) 1s identical to the
Table Head specimens. ”Presence of gothgdontifoms aﬁa paracordylodonti~ *
forms cﬁiracterize the stratigraphically olderAelements of this subgpecies
(Tmiddle Kun;lan into Aserian).

. The second possibility would be that the elements could be ramiforms

in ‘an apparatus lncluding Polonodus? clivosus (Viira). The apparatus

i . : then would be sihilar to Amorphognathus.‘ At present thia possibility is

not considered likely, because the collection at hand is sporadic and far

from concluqive .




BALTONIODUS? PREVARIABILIS MEDIUS (Dzik)
P1l. 15, Figs. 1-6

Synonymy
? 1973 Baltoniodus prevariabilis? (Fahraeus) - Barnes and Poplawski,

p. 769, P1, 1: 20.

Prioniodus alatus mediué ssp. n. - Dzik, p. 423, P1. 42: 1;

Text - fig. 23A-1 (in pars).

Prioniodus (Baltoniodus) pf‘e‘variabilis medius Dzik - Lofgren,

p. 86-87, P1. 12: 27-36, P1. 13: lA-B, 3, 6A-D.

Description

The collection includes paracordylodontiforms, trichonodelliforms,

tetraprioniodontiforms, gothodontiforms and falodontiforms.
4 @

Paracordylodontiform - The unit has a recurved, twisted and keeled

cusp with an inner median carina and an outer convex face. The keels
4

continue onto the denticulated processes.

Gothodontiform ~ The gothodontiform has a cusp and three denticulated

L
processes. The cusp 18 erect and carries three costae. The costae con-
tinue onto the processes. The unit has an anterior, a posterfor and
antero-lateral outer process. All the processes are denticulated. Black

basal matter- is often attached to the unit.

Trichonodelliform - The trichonodelliform has an eréct cusp with

three costae. The anterior wmargin is convex. The lateral and posterior

1! :
costae continue onto the three dgaticulated processes. .




Tetraprioniodontiform - The unit has two lateral processes, an

anterior and a posterior process.” The anterior procesas is almost 1in a

plane with the posterior process, but has a slﬂall lateral deflect.ion.

v

The lateral processes are not completely symmetrical in position. -All

~ 7
processes are denticulated.

t
Falodontiform - The falodontiform has a large reclined cusp with

vell developed keels and a small base. The aboral outline is sinuous.

The anterior process il_; thin and long. It carries up to seven pointed

denticles. The posterior basal extension is short, but may be broken.

The outline from the cusp to the anterior process is sinuous.

Remarks
The paracordylodontiform and gothodontiform are similar to P. (B

prevariabilis norrlandicus Liivfgren in that the anterior process is den-

o
ticulated. The angle with the posterior process 1s about 55 degrees or

less. According to Lafgren :(1978) these characteristics are alsc present

within early forms of Baltoniodus prevariabilis medius. The nearly sym-

wetrical tetraprioniodontiform is characteristic of B. p_revariabilis
vedius, The lack of Va posteriorly extended base on the falodontiform is

typical of the Table Head specimens.

The single prioniodontiform element i{llustrated by Barnes & Poplawski
(1973) from the Mystic Conglomerate may complete the apparatus, and it is

tentatively included in the synonymy.

4
A

Occurrence

Lover and middle Table Head.




Material

30 ramiforms; 18 falodontiformsa.

Genus EONEOPRIONIODUS Mound 1965b

(emend. Barnes 1977)

Type species - Oistodus bilongatus Harris 1962.

Discussion ) P ' }

Barnes (1977) redefined Eoneoyriogiodus Mound as a multi;-elem'eqt

genus consigting of hyaline elements with an apparatus follow"ing the

prioniodontid x;lan. The elements of Eoneoprioniodus are mainly aden-

ticulate or weakly denviiculated. The apparatus includes ois,'todontifofms.
° i

The present material is close to the definition of Eonéoprioniodus

Mound. Hyaline elements form a prioniodus-like skeletal ap;’ﬁaratue, but

differe by the possible presence of a cyrtoniodontiform 1na“tead of an
: ¢ . . !
cistodontiform. The presence of the cyrtoniodontiform in the apparat:m
. K

is, however, not cercain. as the present material is spars;e. *Possibly

t

an oistodontiform will be found in larger collections. One other

principal difference is chat,all the elements are dentlculated. How-

ever, it seems best co tentatively include the elements 1n Eoneo-

/
I

prionipdus pending more information on the nature of :hqj Table Head

i

elements. - ‘1

The sinilarity of Eoneoprioniodua with Acodus, and/ the £orna found

herein with Prion:lodus is striking.
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cf. 1965a
cf, 1965a
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cf. 1971
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EONEOPRIONIODUS? sp. 1

P1. 15, Figs. 7-13, 15-16 -

Cordylodus delicatus Branson and Meh]l - Mound, p. 14,

Pl1. 1: 25, 28, 30.

Dichognathus extensa Branson and Mehl - Mound, p. 15,

P1. 1: 27,
Dichognathus typica Branson and Mehl - Mound, p. 15-16,

P1. 1: 28,

Ozarkodina delecta Stauffer - Mound, p. 30-31, P1. : 15,
Prioniodus evac Lindstrom - Mound, p. 34-35, P1. 4: 17, 18.
Tetraprioniodus costatus - Mound, p. 34-35, P1. 4: 19, 25, i
31; Text - fig. IK.

Priopiodus aff. P. gxgﬁ_Lindstrgm ~ Uyeno and Batnes,

p- 109, P1. 22; 21, 22.

Prioniodina? sp. A - Sweet, Ethixigton and Barnés, p- 170,

P1. 1: 37. ;
Tetraprionlodug sp. A ; Sweet, Ethington and Barnes, p. 170, j
P1. 1: 30, |

Prionlodus sp. A - Sweet, Ethington and Barnes, p. 170,
P1. 1: 26. '
Prioniodus sp. B - Sweet, Ethington and Barnes, p. 170,

P1l. }; 28,

.Hyali&e prioniodiform element - Barnes, p. 236, Pl. 1: 14,




, ' - 282 ~ )

1978  ‘Prioniodus sp. B. s.f. Sweet et al. - Tipnis et al.,
P1. Iv: 1I. ' ]

1978 Tetraprioniodus sp. A. s.f. Sweet et al. - Tipnis et al.,

Pl., Iv: 21.
i 1979 "Prioniodus" n. sp. - Harris et al., PL. 1: 13-15.

Description

.Eoneoprioniodus? sp. | has an apparatus of prioniocdontiforms, para-

cordylodontiforms, 4trichonodellifoms, and tetraprioniodontiforms.

B e e e g g

Prioniodontiform ~ The unit has a large straight keeled cusp and
three denticulated processes. The keels continue onto the outer anterior
process and the postero-~lateral process. The outer face of the cusp 1is

convex, An inner antero-lateral costa extends the full length of the

cusp and continues onto the inner anterior lateral process. The face
betve;en the costa and the posterior keel is convex, where;és the face
between the anterior keel and the antero-—later‘é‘l costa 1s concave. The
outer lateral process is curved. It c'arries 5~6 free, llaterally com-
N _ pressed and pointed denticles. The anterior process is directed down-

wards and it carries three, free, laterally compressed denticles. The

angle between the anterior and the posterior lateral process 1s about . g

100 degrees to 110 degrees. The antero-lateral inner process carries ' ‘;

5 to 7 free, laterally compressed denticles. The angie between the cusp -

v and the antero-lateral process varies between 30°-45°. The two lateral ! x

processes may be twisted outwards and they are in the same horizontal

plane. All the denticles have white matter Qhereas the processes asd




the cusp sre hyaline. The basal cavity 1s a small cone beneath the cusp
énd disappears beneath the processes. A basal sheath may be present

-

between the anterior and the posterior processes.

Paracordylodontiform - The unit consists of a costate cusp w:l_th a

E]

denticulated posterior process and an anterior process. The anterior

process 1s a short, thin extension which may carry denticles. In large
- specimens the anterior process 1s well developed and del.nticulated. The
cusp 18 recurved and more or less twisted, Sharp anterior and posterior
keels extend from the apex of th; cusp to the base, wher§ t.hey continue
onto the anterior and posterior processes. The cross section of the

~

cusp is oval. The posterior process is extended with an outward flegt}ihg.

;
z
!
!
i

It has 3 to 9 laterally compressed, discrete and sharply pointed denti-

cles. The basal cavity has thin walls and is only slightly Qlider than

i e g 5 e N

the cusp. .Asymetrical forms always ha//e denticulated processes.

‘ Trichonodelliform - The unit has a large recurved cusp, two antero-—

!
1\latera1 denticulated processes and ; short posterior denticulated process.

\ L]
The cusp has three costae from the tip to the bage and continuing onto

the processes. The anterior face of the cusp 18 convex. The two lateral
\ , i
i . : :
processes extend downwards and carry from 4 to 7 free denticles. The
1ai;era1 processes are always longer than the posterior process. The

pos"terior procéss is convex in lateral view. The basal cavity 1s shallow

and 1s covered by a thin basal sheath.

/




Tetraprioniodontiform - The unit consists of a costate cusp with

two denticulated posterior processes, one denticulated anterior lateral
process and one adenticulate anterior process. The element has a recurved
cusp. The outer lateral process 1s flexed outwards and carries from 4 to
6 laterally compressed denticles. The posterior process is dix:ected
straight backwards, and it forms an open arch when seen in lateral view.
It carries from 4 to 7 fr’ée, laterally compressed denticles which are
increasingly tilted toward the posterior. The anterior lateral process,
when preserved, carries four free denticler;. ".I'he process 1s aim;t ver-
tical relative to the poster_ipr process. The anterior process 1is short

’

and directed downwards. Al1l the denticles have white matter whereas the

remainder of the unit is ‘hyaline. "The basal cavity 18 a small cone. A

basal sheath connects the processes.

Cyrtonicdontiform ~ The cyrtohiodontiform has a recurved cusp, and

a denticulated posterior process. The vdenticles are free and laterally

compressed. The basal cavity is shallow.

Remarks

”

The paracordylodontiforms of the Jofns Formation (Mound, 1965a)

differ from the ‘Tatgle Héad fauna in their cyrvature of the cusp and that
the denticles are fﬁsed . The prioniodontiform has an anterior lateral
downwards projected process. The tetr‘aprioniodontifom (T. costatus
Mound s.f.) ‘differs in having five costae, whereas the Table Head species

- have four. Some of the Joins specimens may form an apparatus similar to

the Table Head species (e.g. Dichognathus extensa s.f., T. costatus u.f.), ’ _

but othess may belong to a different genus (e.g. Cordylodus delicatulus s.f.).

N\
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Prioniodu;s sp. A and Prioniodus sp. B of Sweet et al. (1971) have a
different orientation of the anterior lateral ,gnd the anterior processes.
The first seemingly i1s directed downwards on P. sp. A, and the second 1is
directed ocutwards on 2. 8p. B. 1In the Table Head apecﬁnens the agterior
lateral process is horizontal and 'thelanterior process has a downward
direction. -

The hyaline prioniodontid elen;: from the Bay Fiord Forﬁhtion
'(_Barnes, 1977) differs by possessing short lateral processé #nd an ante-

rior keel.

Occurrence

Lower Table Head.

Material

-

42 prioniodontiforms; 116 ramiforms.

-
<

EONEOPRIONIODUS? sp. 2

Pl. 15, figs, 14, 17-20.

Synonymy

1971 Cyrtoniodus sp. A. Sweet - Ethington and Barnes, p. 170, Pl. 2: 22.

Description

Thé collection includes hyaline specimens all vith an anteriorly

<

heled base. The elements form a cordylodus-roundya transition series of
L]

Lindstrom (1964) .

-




Cyrtoniodontifqm = The element has a Iarge, laterally compressed,

keeled and recurved cusp and a denticulated posterior process. The cusp
is twisted imwards and the anterior keel continues onto the base to the
aboral margin. Thé denticles are laterally compressed and fused. The
basal cavity is initially wide but becomes a narrow furrow beneath the

process. The aboral outline is sinuous and the base has an inner flare. -

Ramiforms - The ramiforms have one inner lateral denticulated pro-

cess. The lateral process carries from two to three denticles. The

basal cavity is small and extends as a furrow beneath the processes.

Trichonodelliform - The unit has a recurved cusp, two lateral costae,

and 2 posterior costa. All costae continue onto the processes. The
anterior face of the cusp is convex. The two lateral processes are short
and carry up to two free denticles. ‘The posterfor process is long and

almost s traight.

Remarks )

Additional elements of this apparatus have not been found. The

.elements of this possible specles differ from' Eoneoprioniodus? sp. 1 by
the short lateral processes; the laterally compressed and fused denticles
of the cyrtoniodontiform; the prowminent anterior keel on the base, and

the basal furrow beneath the processes of the elements.

Occurrence

Lover Table Head.

Material

50 specimens.




Suborder OZARKODININA Dzik 1976

Diagnosis
¥
Dzik (1976) defined Ozarkodinina as: "Asymmetric two-branched

(ozarkodiniform and hindeodelliform) elements predominant functionally in

the apparatus'.

Remarks

Dzik (1976f erected this suborder to comprise apparatuses consisting
of ozarkodiniforms, asymmetrical to symmetr;éal elements (cordylodus~-
roundya transition series of Lindstrom 1964) and an element with one pro-
ceas reduced in size ({i.e., oistodontifprmg, neoprioniodontiforms). The
apparatus mainly comsists of six types of elements, which can 6& reduced
in number or an extra element may be added.

Ozarkodinina apparently originated from simple apparatuses and pre-

sumably evolved from Drepancistodus in the Early Oédovician (Dzik 1976).
During evolution the oistodontiforms are replaced by neoprioniodonti- °

forms (Dzik 1976, 1978).

Superfamily PRIONIODINACEA (Bassler 1925)

Family PERIODONTIDAE Lindstrom 1970

. * o

Diagnosis

Apparatus having oistodontiforms without posterior denticles.

Anterior denticles may be present on oistodontiforms.

2




Remarks
Apparatuses with posteriorly denticulated oistodontiforms are in-
cluded in Prioniodinidae (Dzik 1978). Periodontidae comprises the genera

Microzarkodina, Phragmodus and Periodon. Microzarkodina includes tricho-

~o.

nodelliforms with or without a short posterior process and oistodontiforms
without anterior denticles. Phragmodus has an upparat:v.fs with an adenti-
culate oistodontiform (Bergstrom and Sweet,1966; Moskalenko, 1972) .
According to Dzik (1978) Phragmodus includes a trichonodelliform vith a
short posterior process. Younger species of Phragmodus have trichono-
dellifoms with a posterior process kSweeta and Bergstrom,1972; Moskalenko,
1972; Uyeno, 1974) . Periodon comprises trichonodelliforms with a long
del;ticulated; posterior process and oistodontiforms with or without

anterior denticles.

Genus PERIODON Hadding 1913

Type species - Periodon aculeatus Hadding 1913.

Discussion

Bergstrom & Sweet (1966) redefined P‘eriodon as a multi-element genus
with e1* elements in its apparatus: "Co_rdylodus-—, ‘ligonod':lna-,
clédognatlhua—, roundya-, prioniodina-, and falodus-—_like conodont elements”',

The cordylodus-;,ligonodina-_:, cladognathodus~ and roundya-like elements

characterize the éordylod}ie-roundya transition series (Lindstrom, 1964).

Lindetrom (1971) suggested that Periodon flabellum did not include a’
falodontiform (or oistodontifo¥m) in 1ts apparatus. The element should bé._

added to the apparatus during evolutiom. Subsequent workers (van Vamel,
. a




1974; Serpagli, 1974; Landing,1976; Fahraeus & Nowlan, 1978; Lbfgren,1978),

however, all found an oistodontiform which completed the apparatus.
Hunter (1978, unpubl. M.Sc. thesis) carefully described two distinct

morphotypes: loxognathodontiform and periodontiform within the

cordylodus-roundya transition series in Periodon aculeatus. The elements

were recovered from the Coobs Arm Limestone,. central Newfoundland of
Middle Ordovician age (Pygodus serra and Pygodus anserinus Zones).

By comparing elementa.of P. fl'abellum (Swedish material available
in own collection from Tomten: Middle to Upper Billingén, Lower
Otdovician)‘ and P. aculeatus (this study) it appears that a similar
structural pattern can be reconstructed in this material as well and it
ias therefore considered to be characteriatic of Periodon.

The definition of Periodon is: Periodon is a multi-element gen&s

with an apparatus consisting of cordylodontiforms, loxogn&tl:odontiforms,
periodontiforms, trichonodelliforms, ozarkodiniforms and ois;:o‘dbntifom.
'mé\ozatkodinifo;:ms are developed as two morphotypes, i.e., érioni;dini-
form and oulodontiform.
L,
PERIODON ACULEATUS ZG}ERZH&SIS Dzik

Plu l6| Pigsn 1‘15

Synonymy
cf. 1941 Loxognathus flabellata n. $p. - Craves and Ell_ioon, p. 12,

P1. 2: 29, 31, 32.

Oistodus prodentatus n. sp. - Graves and Ellison, p; .13-14,
N - A LA .

Pl. 2:}4 22, 23, 28.

Loand




cE. 1970

S~

Ozarkodina macrodentata n. sp. - Graves and Ellison, p. 14,

P1l. 2: 33, 35, 36.

Prioniodina? inflata Lindstrém - Ethington and Clark, p. 199,

Pl. 1: 8.

Trichonodella flabellum Lindstrom - Ethington.and Clark,

p. 199, P1. 2: 8.

Falodus prodentétus (Graves and Ellison) - Ethington and Clatkij///’

‘p. 192-193, P1. 1: 16.

Periodon aculeatus Hadding - Ethington and Clark, p: 198,

-

P1. 2: lo0.

Periodon aculeatus Hadding - Bradéhaw, P. 1159~1160, P1, 137:

-

1, 2, 3, 74, 15, 6.

Falodus prodentatus (thvés and Ellison) - Bradshaw, p. 1151,

PL13Se 16, 77, o

: 1gonod1na tortilis Sweet and Bergstrom — Bradshaw, p. 1152-

1153, P1l. 137° 18.
. B
Prioniodina macrodentata (Graves and Ellison) - Btgdsh&w,

p. 1160, P1. 137: 19,

Falodus prodentatus (Graves and Ellison) -~ UYeno and Barnes,

p. 108, P1. 22: 8, 14, 18. .
Falodus cﬁl--.Uyeno and Barnes, p. 108, P1. 22: 15.

Periodon aculeatus'uadding - Uyeno and Barmnes, p. 112,

PI 23: 1, 2, 3, 4, 25, 6, 7.
Periodon flnbellun (Lindstrém) - Uyeno m%es, p. 112,

Pl. 23: 10, 15.




cf.-
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1973 Periodon acﬁleatus Hadding - Barnes and Poplawski, p. 780,'

P1. 5: 15, 15a, 16-18, 18a.

1976 Periodon aculeatus zgilerzensis ssp. n. - Dzik, p. 424,

Ms, 6; Text - fig. 34E-K.

1976 Periodon aculeatus aculeatus Hadding - Dzik, Text ~ fig. 341-r.

1976 Periodon aculeatus Hadding®- Landing, p. 636, P1. 3: 3-6, l4.-

1978 Periodon,vaculeatus Hadding - Fahraeus and Nowlan, p. 462 (pars), ~

Pl. 3:1,7, 8, 710, 11, 12; Text - fig. SA, 7H, J, K, L.

19':’8 Periodon flabellum Lindstrom - Fahraeus and Nowlan, p. 462-463,

"P1. 3: 2-6; Text - fig. SB-F.

" 1978 Periodon aculeatus‘Hadding - Lofgren, p~ 74-75 (pars),

_ Pl. 10: 1A, B; P1. 11: 12-18 only.

P

1978 Periodon cf. P. aculeatus Hadding -~ Tipnis et al., P1l. VIII:

13-15.

Description

Lofgren (1978) and Hunter  (1978) fully described P. aculeatus. The

Table Head material fits with the early form of P. aculeatus sensu

(Lofgren,1978) and corresponds to P. aculeatus zgierzensis Dzik (1976).

A few remarks are needed, because the Table Head specimens are less

advanced than P. aculeatus typical of the upper Llanvirnm.

The-_ pfionio}lnifom has processes of equal length. 1t carries 3 to

. '5 den;iclea on the e\mterior process and 3 t:c:.» 6, normally 4, denticles on
the posterior process. ';‘he anterior process is directed downwards and
1nward§. It forms an inner 'a'n'xle"with the posterior process that vﬁries

from 9- to 180 degrees, normally.at about 140 degrees.

P




. The oulodontiform has the anterior process deflected outwards. The
anterior process forms an éngle' of 100 to 130 degrees with the posterior
process. It normally carries three denticle's, and the number varies from
2 to 4. Thé posterior process carries from 5 to'7 dent;icles.

The oistodontiform.constantly carries anterior denticles. The number
of dénticle;; varies fro;n two to five, ;mrmally it has three denticles.
The unit is asymmetrical due to an i;;ner flare of the base and the cusp
may be inward fiexed. The oistodontiform varies in morphology and the
extremes can be dia;t-it}guished as c;vo morphotypes. The first type has a
strongly reclined cusp, which fom§ an angle of about 45 degrees with a
gently reclined cusp, which foms'an anglé of about 45 degrées with a
gently sinuous oral edge. The a;:teriorw basal edge meets the aboral margin
in an angle of 45 degrees. The second morphotype has a reclwined"cusp,
which meets the straight distal part of the oral edge in an angle of 60
degrees. The cusp and the oral edge forms an angle of 5 to 10 degrees.
The aboral margig/iaftrongly sinuous in outline. This worphotype 1is
finely striated at;the, podnt o_f_maximum‘ curvature of the cusp. The two
morphotypes were illustrated by.LEfgren (197.8, Pl1. 11, figa. 17, 18).

The cordylodontiforms carry one to three, in juveniles 1ncip:l.ent:,
ante':;lior denticles. The unit 1s slightly laterally bent. Some elements

have an outer lateral carina on the cusp. Thé number of dénticles

between the cusp and the large denticle on the posterior process varies

from 4 to 5.

The loxognathodontiform 1s characterized by the presence of an

-

outer-lateral process and an inner antero-lateral process. The posterior




“

process 1s distally flexed finward. .'I'he inner antero-lateral process
carries 3 to 4 denticles. It forms an anéle of 130 degrees with the
posterior process. The outer lateral process isv directed posteriorly.

It forms an acutge angle with the posterior process. It carries from 2 to
4 denticles. The number of denticles between‘the cusp and the large den-
ticle on the posterior process varies from 4 to 5.

The pgriodontifom has an outer carina or costa, which may extend
downwards as a nondenticulated process, an inner antero-lateral process,
and a posterior process which is distally flexed outward (oulodus-like)
The. number of denticles between the cusp and t:he largest denticle on t.he
posterior process varies from 4 to 5.

The trichonogelliform carries 2 to 4 denticles on the lateral pro- E
v-‘a;sses. The number of smaller denticles between the cusp and the large ‘
denticle of the posterior process varies from 4 to 5.\The large denticle

is posteriorly inclined ftgom 45 degi‘ees in juvenile specimens to 80

degrees in mature units.

Remarks ,
The vari:atio:n of the elements in Periodon 1is gradual and this makes
it difficult to separate closely related speciecs (Lofgren, 1978). In
general, the oistodontiform 1s considered to be diagnostic (Serpagli,
1976; Lﬁfgren’ 1978) and an 1ncrgase in the number of denticles from older

to younger species is characteristic. P. flabellun has been diuinguiahed' ‘

from P. aculeatus zgierzensis by the absence of anterior denticles of its

“

Siatodontifdm, whereas the oistodontiform of P. aculeatus always carries

denticles (i.e., falodontiform). According to L3fgren (1978) P. flabellum
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s
does carfy anterior denticles on the oistodontiforms, but the game
elements should have a ]:ess sinucus aboral oﬁtline than early forms of
P. aculeatus. The increase in the length of the oral edge relative to
the length of the cusp, however, is important in evaluation of Periodon
species. Thus in g; flabellum the ratio of length of oral edge: length

of cusp is 1:2; in P. aculeatus zgierzensis the similar ratio is 3:4,

and in g aculeatus aculeatus the ratio is 1:1. In the Table Head material

the variation of the oistodontiform corresponds to that of early members

of P. aculeatus (i.e., 'P. aculeatus zgierzensis).

The remaining elements of P. flabellum and P. aculeatﬁé wére dis-
cussed by‘ Dzik (1976) and L8fgren (1978}, and a general increase in the
number of denticles was noted. The basa)l sheath becomes narrover in
younger forms, and an increase in the lateral bend of the elements is
also typical.  The angular position Qf the outward directed antezior
process of the oculodontiform may appear to be of taxonomical value. Thus
in P. flabellum the angle varies from 130 to 170 degrees:; in P. aculeatus

zgierzensis the angle varies from 100 to 130 degrees, and in P. acpleatus

e »

the énqular position is 90 to 100 degrees.

The late Llanvirnian Periodon aculeatus (i.e., Hadding, 1913;

Lindstr&m, 1955b; Sweet and Bergstrom, 1962, 1966; Hamar, 1964; Schopf,

1966; Webers, 1966; Viira, 1967, 1974; Bergstrdm, Riva and Kay, 1974;

‘

D.zik, 1976; Bergstrfm, 1978; L8fgren, 1978 (P1. 11, figs, 19-26) and
Tipnis.' (1978).) represents an evolutionary stage which is beyond the one

represented by the Table Head fauna.
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Uyeno and Barmes (1970) and Fahraeus and Nowlan' (1978) described
transitional elements between P. flabellum and P. aculeatus. Their

Periodon aculeatus fits with the Table Heaa specimens. Periodon

flabellum, however, has not been recorded in this study. The Albertan
species (Ethington and Clark,61965) may belong with the range of wvariation

of Periodon aculeatus zgierzensis, or belong to the late form of P.

flabellum of the Mystic Conglomerate (Uyeno and Barnes, 1970) and the Cow

Head Group (Fihraeus and Nowlan,1978). The Albertan specimens are frag-

mental which prohibits a definite species identification.
.Bergstrom and Syeet (1966); Repetski and Ethington (1977); and

Kennédy et al. (1979) have discussed the differences between P. aculeatus

and {ts successor P. grandis.

;

Occurrénce ‘

. Sporadically in lower Table Head; abundant in middle Table Head.

Material

1322 specimens (specified 4in Table 3.1).

Genus PHRAGMODUS Bransgson and Mehl 1933

(emend. Bergstrom and Sweet, 1966, p. 366)

. Type species’'~ Phragmodus primus Branson and Mehl 1933.

Remarks
Uyeno (1974) and Dzik (1978) ‘most recently discussed Phram dus.
, e

The apparatus of Phragmodus comprigses at least five elements:,
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phragmodontiform, dichognathodontiform, oistodontiform and ramiforms

. forming cordylodontiform-gothodontiform and plectodiniform-

/\

‘cyrtoniodontiform transition series. 7

Dzik (1978) distinguished Phragmodus from Plectodina and Oulodus by

the presence of an oistodontiform in the former and neoprioniodontiform

(cyrtoniodontiform) in the latter. Plectodina and Oulodus were included

in Prionidinidae Bassler 1925,

PHRAGMODUS? sp. A

Pl. 16, Figs. 16-20

Synonymy
cf.1979 Phragmodus n.sp. - Harris et al., p. 24, fig. 13.

Remarks
A small collection forms an apparatus including ozarkodiniforms, ‘ !
cordylodontiforms, trichonodelliforms, and oistodontiforms. The tricho- » {

nodelliform has a long pasteriorly extended process and short lateral

_processes. This apparatus 1s tentatively assigned to Phragmodus.

Description
The ozarkodiniform has a large straight cusp, which is laterally

‘compressed, keeled and carinate, The cusp 18 variable in lengﬁh. The

anterior keel continues onto the base through a curve. The antero-~basal
corner 18 pointed and flexed outward. The aboral outline is concave and _ :
? *
the base has an inner flare. The posterior process is flexed outward. '

It carries four to six laterally compressed, pointed and reclined denti-

cles. The ba‘sal cavity is triangular and covered by a thin basal sheath.




% o
"The c\ordyiodontiform has an erect to slightly reclined cusp. The
cusp 18 keeled and the keels coﬂtinue onto the base. The aboral outline
i8 convex. The posterior process is straight and carries erect later- )
ally compressed dent:_lc_les. - The denticles have an increasing tilt
posteriorly from the cusp toward the distal end of the‘ process. The

basal caviﬁy is triangular with the tip beneath the centre of the cusp.

The antero-basal cornez;ris broken in the ;Sresent material.

The trichonodelliform has a long slender reclined cusp. The two

lateral processes are directed posteriorly and each carries one free
denticle. The al;ornl outline is cbn'cave anteriorly and straight pos-
teribrly. The posterior process is:curved next to the cusp; beyond
that it 1s straight. The distal partg'of the posterior process is broken
on the Table'Head specimens, and the total number of preserved denticles
’ dqes not exceed five.

The oistodontiform has a strongly reclined cusp with rounded faces.
ﬁe anterior keel continues onto the base. The antero-basal corner
forms an angle of A'S.éegrees with the aboral margin. The aboral out-
line is sinuous. The .;)ral edge is keeled and arched. It reaches

" between 2/3 to 3/4 the length of the cusp. The unit 1is asymmetrical due

to‘an inmvard twist of the cusp and the inmer flare of the base.

-

Remarks ‘ ' .

Pbragnodontifor\ms have not been reco:ded"in this small collection.

The oistodontiform is the diagnostic element in evaluation of ,

- f

species of this apparatus (Dr. Anita Harris, USGS, Washington D.C. - pers.

comm. 1980). Phragmodus n. sp. Harris et al. has a longer posterior




process than the Table Head species. Phragmodus n. 8sp. Harris. et al.
probably represents a younger, closely related species. ’.

Occurrence

Lower and middle Table Head.

Material
30 specimens.

Family PRIONIODINIDAE Bassler 1925

Diagnosgis
Conodonts having twé-branched ozarkodiniforms and olstodontiforms
with a posieriorly denticulated process (neoprioniodontiforms} (Dzik,

1976, 1978).

Remarks !

Prioniodinidae evolved ftqm Periodon (Lindstrﬁm, 1970) . It differé

from Periodontidae by the transforma_tion of oistodontiforms into neo-

prioniodontiforms (Dzik;1976, 1978).

'

Genus ERRATICODON Dzik 1978

Type species - Erraticodon balticus Dzik 1978,

Discussion

Dzik (1978) defined Erraticodon as: "Three-branched trichonodelli-
form and plectospathodiform elements. Neoprioniodiform element with a

denticulated posterior brinch only ("Cyrtoniodus")”. The elements are

mainly hyaline. ' The apparatus is .comparable to 'th‘ntl of Periodon, and
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Dzik (1978) found that Erraticodon could be the af;cestor of Prioniodinidae.

Dzik (1978) considered Erraticodon balticus, the type species of

Erraticodon, to include six types of elements, i.e., spathognathodonti-
form, ozarkodin'ifoﬁn, plectospathodontiform, hindeodelliform, neoprionio-
diniform and trichonodelliform in the apparatus. He (D_zif 1978) chose the

specimen fllustrated by Viira (1974, P1. 11, fig. 22) as a spathognatho-

dontiform.

According to the terminology of Dzik (1976) the spathognatiwdénti—
form is two-branched, and it does also appear with two branches on the
schematic 1llustration of the apparatus (Dzik 1978, fig. 6). Similarly,
elements with two branches have been illustrated from conodont bearit;g
strata (late Llanvirn) younger than those of the Table Head (Lindstr8m, 1955b,
P1. zi, fig. 13; Lindstrdm 1960).

In the. Téf;le Head mteriai, however, an elagent with ﬂthre.e processes
or prioniodontiform, is always present, and the only two-branched \‘

elements present are ozarkodiniforms and and hindeodelliforms. The

prioniodontiform of the Table Head Fomtio.n is identical to the spec&—

men of Viira (1974), when seex: in lateral view. Furthetmofe, it 1is
eommon that one process ia. broken and, therefore, it has an appearance’
of two branches ohly. A complete prioniedontiform was illustrated by
Muller (1978). . ‘

It 18 not obvious from the data of Dzik (1978, Table 1) if the

Polish species in fact carried two branches only or if it was based on

identiFication with Viira's (1974) specimen. Thus.. alternatively, 1t

is possible that Erraticodon carried s two-branched unit in younger -
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: , species. The third process could either be reduced during evolution or

.

was never present.

Based on the relatively }arge collection from the Table Head, the

K positive identification with the "spathognathodontiform" of Viira (1974),
and also the presence of a prioniodontiform elsewhere (1.e., Australia,
Miller 1978), this author is convinced that Erraticodon includes a

three-branched element or prioniodontiform in its apparatus,

In addition to the prioniodontiforms, the plectospathodontiforms *

can be a'eparated into two distinct morphotypes; here labelled sanneman-
. nuliform (after LindstrSn; 1964) and zygognathodifo‘rm- The elements ‘ !
carry three denticulatgq and variously bent processes. ;

Erraticodon; thefeiore, is definéd_ as follows:

Erraticodon has an apparatus which consists of prioniodontiforms,
hindeodelliforms, ozarkodiniforms, neoprioniodintforms (cytvtoniodofxti- i
forms) and a transition series of elements with three denticulated pro- :
cesses. The transition series comprises symmetrical (ttichonodellij
forms) and asymmetrical elements (zygognaihpdiform and sannemannul-
’\\ liform) and prioniodontiform. All elements are hyaline. |

S~ .
PERRATICODON BALTICUS Dzik

Pl 17, Figs. 9-19 \

cf, 1913 Polygnathus alternans -"ﬁa'dding, p. 32, P1. 1: 7.

cf. 1955b Chirognathus alternans (Hadding) - Lindstrom, p. 107,

Pl. 22: 7, ?13.




1960 Chirognathus sp. - Lindstrom, fig. 7: 16,
. 1960 Chirognathus? - Lindstrom, fig. 7: 9.
. 1962 "Fibrous" 