





Nationa! Library

of Canada du Canada

Canadian Theses Service

. Ottawa, Canada
K1A ON4

'CANADIAN THESES

NOTICE

The quality of this microfiche is heavily dependent upon the
quality of the original thesis submitted for microfitming. Every
etort has been made to ensure the highest quality ot reproduc-
tion possible.

if pages are missing, contact the university which granted the
degree.

Some pages may have indistinct print especially i the original
pages were typed with a poor typewriter ribbon or il the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials (journal articles. published
tests, etc.) are not filmed.

Reproduction in full or 0 part of this film is governed by the ’

Canadian Copyright Act, R§.C..1970, ¢c. C-30

~

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

E

NL-3390r86/06) ©

Bibliothéque nationale

Services des th@ses canadiennes

'

THESES CANADIENNES

AVIS

La qualité de celte microhiche dépend grandement de la quahté
de la thése soumise au microfimage Nous avons tout fait pour
assurer une qualité supérieure de reproduction

S'1Il manque des pages. veullez communiquer avec Funiver-
sité qui a conféré le grade

La qualité dimpression -de certaines pages peut laisser a
désurer, surtout st les pages onginales ont 616 dactylographuées
a I'aide d'un ruban usé ou $i luniversie nous a tail parvensr
une photocopie de quaité mléneure

Les documents qui font déja l'objet d'un dron d'auteur {articles
de revue. examens publiés, elc ) ne scnl pas microfiimes

L a reproduction, méme particlie. de ce microhim est coumise
a la Lol canadienne sur le droil d'auteur, SRC 1470, ¢ C-30

¢

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L’AVONS REGUE

Canada




EARLY ORDOVICIAN TRILOBITE FAUNAS OF THE BOAT HARBOUR AND
CATOCHE FORMATIONS {ST. GEORGE GROUP) IN THE BOAT HARBOUR -

CAPE NORMAN AREA, GREAT NORTHERN PENINSULA, WESTERN NEWFOUNDLAND ~

.

T
e William Douglas Boyce, B.Sc. (Honours)
i y

N

A Thesis submitted in partial fulfillment
of the requirements for the degree of
Master of Science

Department of Earth Sciences.
.Memorial University of Newfoundland

December,




«r

Permission has been granted.

to the National Library of

Canada to microfilm this,

thesis and to lend or sell
copies of the fiim.

©

The author (copyright owner)
h as. reserved other
publication rights, and
neither the thesis ' nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission.

IsSBN

0-315-31093-y5 | o :

\i‘
A4

L'autorisation a 8td accorade
a la Biblioth&gue nationale
du Canada de microfilmer
cette th3se et de priter ou
de vendre des exemplaires. du

. film.

L'auteur (titulailre du droit
d'auteur) se réserve = les
autres droits de publication;
ni la th&se ni de longs
extraits de celle-ci ne
doiwvent &tre imprim&s ou
autrement reproduits sans son
autorisation &crite,

r~




ABSTRACT

.

Detailed biostratigraphic sampling of the Lower Orduvician Boat

Harbeur and Catoche Formations in the Boat Harbour - Cape Norman arca

.

of western Newfoundland " has yielded hitherto unrecorded  trilobite

faunas se far unparalleled in richness and diversity anywhere in the
» —~—

Appalachians.
L

¢,

~

Thirty species are systematically treated. Three new gincra are
- ‘v

o -

proposed (Randaynia, Magnusnasus and .Parapeltabellia). Seventeen

" species. are new (Leiostegium proprium, Kandaynie saundersi, R. lanﬁ--

doni, Hillyardina minuspustulata, H. levis, Hystricurus Bséudoculilun-.

atus, Magnusnasus ,proprius, Parahystricurus smithiae, "Bolbocephalus -

stéAv)énsi, Jeffersonia angu§timargina;a, Parapeltabellia i)oatﬁarbour-:

“ensis, Peltabellia lznight‘i', P. pseudopeltabella, Strigigenalis brevi-
. ()

caudata, Grinnellaspis newfoundlandensis, Uromystrum forteyi and

B~enthamasgi§ hintzei). Hyperbolochilus Ross is 4 junior synonym ot

E

Hillyardina Ross.

Five new biostratigraphic zones are pro‘Posed, three' of which are
- ) ,

. N B - ' 4
based on trilo‘bites. These zones, in ascending order, are as ftollows:

Y

1) Barren Inrerzone I,

2) Randaynia saundersi Assemblage Zcone,
3) Barren Interzone II, ‘ SN

4) Strigigenalis brevicaudata Range Zone and

5) Strigigenalis caudata -Range Zone.

a




‘s

. - .
These zones are correlated with the\ standard trilobite. zonation of the

- a .. E ' - i .
 proposed Ibexian Series as well as the stages of the classical Canadian

\

Series.

Pt

A major Parly Ordovician (Late Tremadoc - Early Arenig) faunal- and

sedimentological break is documented in western Newfoundland. The dis-—

contormity represented by a solution surface and pebble horizon is

documented faunally by the absence of Ross-Hintze trilobite zone Gl.

'

This break is correlated with comparable Wreaks in the four major

trilobite provinces- which then existed, and it is proposed that these

- .

breaks are related to a.-world-wide Late Tremadoc - Early_Arenig" regres=

sive event followed by a Early Arenig transgressive event.

.
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"Remember that trilobites, with few exceptions = mainly Cullison's
work, are poorly known in the Canadian of the Ozarks, Miseissdippl
Valley and Appalachians" (Flower, written communication, December 27,

1978).




1. INTRODUCTION

&

1.1 Problems

Fer over a century there has been a distinct paucity of systematic
paleontological research into the trilobite faunas of the autochthpnous

Farly Ordovician St. George Group of western Newfoundland. Until

recently the most comprehensive treatment was that of Billings (1865).
: 1

There are two rteasons for this. Firstly, the lithostratigrfphy ot the
Cambrian-Ordovician carbonates as a whale was poorly understood and

gsecondly, most . previous work was large-scale regional geologival

mapping. : ~ - ‘

Ay

Befuore the breakthrough stodies  of  Steveas  (1970),  Knight
(1977a,b, 1978, 1980a,b, 19H3), lLevesque (1977), Knight and Saltman

(1980), Klappa et al. (1980), Stouge and Codfrey (1982) and Pratt and
. ' ) .
James (1982}, the lithostratigraphy of the St. George and Table Head

Groups was poorly understood. With the exception of Schuchert and
Dunbar (1934), Kindle (]9145)‘.and lohnson (1949), most pruviu}m;‘ workers
labored under the erroneous assumptions that the St. Ct’urg(l' Groap con- -
sisted primarily of _sparscly 'lossilil;eruu.q dolostone and that only t;n-

. b N
autochthonous Table Head Group and the allochthonouas Cow Head Group

contained any appreciable amount of fossiliferous Ordovician limestone
(e.g. Oxtev, 1953; Nelson, 1935, Woodard, 1957). Consequently, with the
exception of Billings (1865), Raymond (1913, 1925}, Kwndle (1945),°

Johnson :{1949) and Whittington (1953), most previous paleuntolngical

investigations have concentrated on the Table tiead Group (Whittington,

0




2 -
1961, 1965, 19;;8; Whitrington and Kindle, 1963, 196;9) and the Cow Head
Group (Rasetl:‘n, 1854; Kindle and Hhivttington,-l958; Whittington, 1961,
11963, 1968; whittington and kindle, 1963, 1969) . OFf the ‘studies in-
cluding ttilobite‘s.frém the St. George Group only Billings (1865),
Raymc;mi (1913, 1925} and Hhit‘tingt-on (1953). provided detailed.@stém-

-

atic descriptions, ’

Most of the original studies done’, in western Newfound[and were
large-gcale regional mapping efforts i relatively inaccessible terrain
(e.g. Cooper, 1937; Betz, 1939; Ualthief,- 1949; Oxley, 1953; Nelson,-
1955; Woodard, 1957; Baird, 1960, Lilly,l 1961‘, 1963) some of[which were
summarized and augmented by Cumming (1983). The time demands ©f pro-
ducing géological map.s and rep‘orts in such areas presumably discograged
determined .fosail searches a;1d mitigated ag;inst the collection of any
but tr;e most common or striking fossils ’(generally gastropods and

-

cephalopaods) from any given outcrop.

Because of the insufficient systematic investigation of the St.

Ceorge trilobite faunas, biostratigraphic correlations with the stand-

ard Roas (1951) - Hintze (1953) Ordovician trilobite zones in Utah -

Nevada have been hampered. ‘Most previous correlations have been based
on the generic, similarity of (the trilobite faunas (e.g. Kindle and
Whittington, 1958; Whittington, 1968; Whittington and Kindle, 1963,

1969). Ross and Ingham (1970) and Flhraeus (1977a) have demonstrated
. r

the inherent inaccuracy of this practice, Their documented examples

A ¥

show that faunas of high generic similarity méy be of radically differ-

ent Bges. Fortey (1974, 1976, 1979a, in press), Fortey and Ske-vington




A
\
i

(1980), and Fortey et al. (1982) have proposed, however, regional and

intercontinental correlations based on common trrilobite specie‘s. These
correlations have been confirmed by graptolite gfo'nndont data in the
same studies. Correlations based on spécific identity (i.e. t‘he pres-
cence of one or}more common species).the author there'fore‘ regards  as
more reliab‘le than those baseq on .generic similarity.

Biostratigraphic correlations of the St.- George trilobite faunas
, .

with those of the classic deposits of the Canadian Series in New York -

“Vermont and Missouri - northern Arkansas (Fihraeus, 1977b; Flower,

1964; Whittingron, 1968) have also been hampered. This 1is a result of

the lack of detailed lithostratigraphic studies and up-to-date system-

atic studies of the faunas of these areas as well..

-

The most complete systematic studies of the Farly Ordovieian tril-
obite faunas of New York - Vermont are those of Cleland (1900, 1903),

Dwight (1884), Fisher (1954), Flower (1968b,c), Taylor and Halley

(1974), Welby (1962), whitfield (1886, 188%a,b, 1896, 1897) and

Wwhittington (1953), and for Missouri - northern Arkansas those of

Cullison (1944), Heller (1954) aund Ulrich and Bridge (19%). Because

these studies are generally out-of-date, trilobite-based correlations

between the classic Canadian Series deposits and the Ross-Hintae zones
have also so far proven fruitless. Macrofaunal correlatinnsg have
largely been based on the generic similarities of the cephalopod and

. A '
gastropod faunas (Flower, 1964, 1968a;b,c, 1976, 1978) .

~




;2 Previous Work

Until recently ‘the most complete‘_work on the Early Ordovician
trilebite fas:nz-m of the St. George Group wasj .that ‘of Billi'ngs (1865).
Raymond (1913, 1925) and khittingt‘on (1953) subsequently‘redescribed
and revised some of Billings' genera. KindFe (I%S.) 'a‘nd‘ Johnson §l949),
in unpublished manuscripts, and Whittington and Kindle’ (1969) added
,preliminary identifications of several genera and species not known -ta,
- Billings. However, significant additions to Billings' (1865) pioneering
study .c:mp, only with the work7 of Boyce (1978, 197%a,b, 1983), Fortey
(1979a,b, 1980a) and Boyce in Stouge and Boyce (1983).

Fortey (1979a) reinvestigated in d.etail the original collection
" area of Billings' (1865) describ®d trilobites on Port au Choi..x' Penin-
sula (Fig. 1.1). Here he recognized two _succes'sive faungs comprising
more than twice the number of trilobite species than Billings had
.recnr.ded. Boyce (1978, 1979a,b) discovered two prev,,iou(sly .unknéwn
faunas in the Boat Harbour - Cape Norman region (Fig. 1.l) stratigraph-
ically beneath thgse of Fortey (1979a). These new faunas; were found to

be separated by a significant faunal and sedimentological break, Both

Boyce (1979a,b) and Foftey (1979a,b, 1980a) correlated their faunas

with those of the standard Ross (1951) - Hintze (1953) zonation of Utah

- Nevada. For the first time these correlations were based on common

- - . 4
species rather than genera.







1.3 Putpose * .

.

v

The purpose of this study is twofb?t:

A. Systematic Descriptive Paleontology

The primary purpose of this portion ,of the study 1is to gaxonomi;
cally describe the trilohite faunas of the Boat Harbour and Catoche

-

A
Formations in the Boat Harbour - Cape Norman tegion.
B. Biostratigraphy

The biostratigraphié aspects of this studj are regarded as having

the most practical value. The main purposes are: .
e

4
1. to erect a biostratigraphic zonation for the Boat Harbour and

Catoche Formations,

2. to correlate the trilobite faunas with those of the standard
"Ross  (1951) - Hintze (1953) Ordovician trilobite zones of Utah -
Nevada, and the classic deposits of the Canadian Series in New York -

Vermont and Missouri - northern Arkansas (F8hraeus, 1977b; Flower,

1964; Whittington, 1968),

"3. to propose, on.the basis of the above correlations, a correia-~

tion of the Canadian Stages proposed by Flower (1964, p, 17-19) with

the Ross - Hintze zones.

1 4




All biostratigraphic correlations proposed in this study are based

on specific identity (i.e, the presence of one or more common species).
: .

1.4 Methods :

Preliminary trilobite collections were obtained from the sStudy

area during the summer of 1976. After it becamy evident that previously
unknown faunas were represented, ‘further .zollections were obtained in

the summer of 1977, At that time a detdiled bed-by-bed composite litho-

’

stratigraphic section was measured at Boat Harbour (Fig. l.1). Individ-

uval beds were measured to the nearest centimetre using a metre stick.

)

Small covered intervals (less than | w). were also mrasured with the

metre stick but larger ones were estimated nsing paced distances and

bed geometry. : - .

Note:

Several covered intervals in the Boat Harhour sequence were not
measured by the author. Instead, thickness values obtained by Knight
(1977b) and- Pratt (1979) have been utilized. These intervals are” indi-

cated in the appropriate portians of Appendix A,

During the summer of 1978 the HRoat Harbour section was revisited.
Certain problematical intervals were restudied for clarification pur-
poses. The sequence was then the object of detailed bed-by-bed sampling
for trilobites. Other macrofossils were also collected (i.e. articalate

and inarticulate brachiopods, cephalopods, echinoderms (eoncrinoid

“debris), gastropods, and ostracnds. Each fossiliferous hdrizon located

was sampled whether or not trilobites were present, and a sample was




teken for conodont analysis. The author is collaborating with Drs, 1.

Knight (Newfoundland Department of Mines and Energy) and S. Stouge.

"(University of Copenhagen) on the new trilobite and conodont faunas
recovered, Preliminary results of this collaboration have already been

‘publishéd (Stouge, 1982; Sgouge and Boyce, 1983; Boyce et al., 1983).

-
~

During the summer of 1978 the author also measured a lithoskrati-
graphic section north of the lighthouse at Cape Norman, 7% km northeast

of Boat Harbour (Fig..l.l). Each fossiliferous horizon located here was

also sampled for trilobites and conodonts.

‘

5

During the field seasons of 1976 - 1978 and 1980 - 1982 additional

trilobite (and conodont) collections were mada in the following areas:

Canada Bay, Hare Bay, Brig Bay, Eddies Cove West, Port au Choix,

Parson's Pcnd,” Bonne Bay Little Pond, and Port au Port Peninéula
(Fig. 1.17). |

In the laboratory the best trilobite specimens were readied for
photography in the following ways. Firstly, specimens obscured by rock

4
matrix were prepared out using either a hand-ﬁeld variable stroke per-
cussion vibratcol or a hand-held variable . speed rotary grinder.
Secondly, negative fossil impressions were coated with 1£quid latgx
(when available) to obtain a 'pngitﬁve replica. Before photography,
specimens were coated with either black photoengrager's gpaque or
dilute India ink, then whitened with a thin iayer of ammonium chloride
to heighten contrast and surface detail. A bellows-mouynted 35’mm Leica
o

with Panatomic-X film was used to photograph the specimens, which were

illuminated by & strong NW microscope light and a weaker NE one.

)

el




2. LITHOSTRATIGRAPHY

2.1 Terminology

Autochthonous Lower Ordovician carbonates in western Newfoundland
are‘irouped together in the ét. George Group (Kluyver, 1975%; Knight,
1978, 1980b). Knight (1978, 1980b)} subdivided these plattormal lime-
stones iﬁ‘the'Boat Harbour - Cape Norman area into three lithostrati-
graphic units ~ the Watts Bight, éoat'Harbour'and Catoche Formations.
Knight's terminology has been widely utilized (Boyce, 1978, 197%9a,b,
1981b, ‘$#983; Klappa et al., 1980; Knight, 1980a, 1983; Knight and
FEdwards, 1978a,b; Knight and Saltman,: 1980; Snow and Knight, 1979;

Stouge, 1980, 1981, 1982, 1983a,b; Stouge and Boyce, 1983; and Stouge
TN

and Godfrey, 1982), consequently it is adopted for this study as well.

The component formations of the St. George SGroup ia the sfudy ared

(Fig. 2.1) are described below. The descriptive carbonate terminology

follows Dunham (1962). \

\

k)

2.2 Watts Bight Formation

ya
The Watts Bight Formation (Knight, 1978) is the lowest unit- of the

St. George Group in the study area. It consists of about B0 to 100 m of

-
dark gray ij black, vuggy, bituminous and sucrosic diagenetic dolo-
d

r
stones. The/dolostones, which are massive and thickly bedded, hdve a
cream, light gray and white burrow-mottling and are medium to coarsely
- . -

crystalline. The dolostones replaced bioturbated 1lime mudstones and

stromatolitic boundstonea consisting of mounds up te 2 m in diameter.
- ‘ t .

v
.
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The formation, especially the lower part, is rich in black and gray
chert which occurs as nodules and streaks wund also replaces stromato-
lites. The middle part of .the formation contains thin .bedded, biotur-
bated, gray and honey-colored Llime mudstones and wackstones, dolo-
stones, packstones and grainstones, some ycllow dolostones andjcuvarse
=9
crystalline, honey-colored dolostones (Knight, 1977a,b, 1978, 198&1).

The unit is best exposed at the type section along the coast at
v
Watts Bight, 2 lm southwest of Boat Harbour. It alse underlies much of

Boat Head (Fig. 2.2).

—
The Watts Bight Formation is sparsely fossiliferous and to date

has only yielded silicified ellesmeroceratid cephalopods and larye,

low-spired gastropods.

2.3 Boat Harbour Formation

The Boat "Harbour Formation (Xnight, 1980b; Stouge, 1981) is aheut

130 m thick. It is subdivided into two members (Knight, 19758).

The Boat Harbour Formation may disconformably overlie Lhe Watts
Bight Formation in ‘the study area. Knight (1980a, p. %) reports a
breccia zone on the northeastern point of Boat Head above the uppermost
watts Bight dolostones (Fig. 2.2). A dolomite-chert breccia horizon
cemented by chert and fine crystalli;'ne dolostone also occurs at the

contact between the two formations south of the study area in the
,

Eddies Gove East - Salmon River area (Knight, 1980a). There the breccia







vertically penetrates the top beds of the Watts Bight Formation. These
features suggest that either = discnnfnrmit} (of unknown magnitude) or-
a stratabound collapse breccia possibly related to solutton of evapor-
ites occurs at the Watts Bight - Boat Harbour contact (Knight, 1980a,

p. 9.

(a) Lower Member

The lower member of the Doat Harbour Forwation is puarly expused

in the type section at Boat Harbour where it underlies the bay (Fig.

7.2). However, inland exposures of the member uvccur south ot Boat Har-

“bour (Knight, 1978).

s

“ Knight (1977a,b) originally included the lower member of " the Boat
Harbour Form® ion in the upper part of the underlying Watts Bight
Formation, calling it the Upper Dnlostone - Limestone Facies. He wub=
sequently assigned it to the "Unnamed Unit", as the Boat Harbour torma-

tion was originally called (Knight, 1978, p. l4l).

The lower member of the Boat Harbour Formation is about 4% m
thick. It consists of (1) thin bedded and laminated primary dolostones,
(2) v‘uggy., coarse crystalline honmey-colured diagenetic dolostoncs, (3)

gray and honey-colored limestones, (4) diagenetic pseudobreccias®
. »

% pgeudobreccia - a name coined by Cumming (1964) for limestone/primary
dolostone that has been intensely diagenetically dolomitized 8o that
the origiriél vrock remains only as c¢lots, streaks and small masses
surrounded by prismatic crystals and mosaics of white sparry dolomite
(Knight, 1977b, p. 21). ’




replacing burrowed lime mudstone and wackestone, and {5} rare beds of

I3

dull brown and white bucrrow-mottled, blocky weathering, vuggy, coarse

crystalline, dark gray to black diagenet ic dolostone (Knight, 1878),

To date, no fossils have been recovered from the lower member of

the Boat Harbour Formation in the study area.

(b) Upper member ‘ . .
| Y S
N K]

The upper member of the Boat Harbsur Formation consists of inter-
bedded limestones and dolostones, It is #est exposed in the type sec—

ES

t‘i‘on along the coast northeast of Boat Harbour (Fig. 2.2}. The base of
the member is here placed ‘at the '\baéfe of a 1.48 m bed c';)nr.aini.ng. dis-’
tinctive Ch‘e_rt—ri"r‘nmed_ algal mounds (Bed 1 of Sectio.n BHS-1, Appendix
A). The top of the member” (and the formation) is defined a‘t. .the t0p> ’of
a 2.42 m bed of laminated and mudcracked, appa.r‘ent ly unfossiliférous

blue-gray lime midstone and ‘wackestone with buff dolomitic laminae (Bed

-

. .
40 of Section BHS~6, Appendix A).

.

.
.

The thickness of the upper member of the Boat Harbour Formaticn as

measured by the author was found to ‘be nearly 87 m (Appendix A), a.

figure somewhat at variance with the 125 m thickness recorded _by Knight
(1978, Fig. 3). This discrepancy js easi.ly‘uexplained. Knight (1977a,b)
originally included the upper- me.mber' of the Boat Harbour Formation in
the overlying Catucﬁe’ Formatiion,- which he estimated to be 125 m in

thickness (Knight, l§77b,_p. 17). when Knight (1978, p. 141) separared

the wupper member, of lthe“Boat Harbour Formation from the <Catoche

d

4




_ . . : .
Formation,. he apparently neglected to subtract the 40 m still remaining

h
in the Catoche (see Knight, 1978, Fig. 3} from their original combined

thickness. If this error is corrected then the thickuness ot the upper

N
N -

member according to Knight (1978, Fig. 3) is 8% m,.a figure very close

to the author's value of 87 m. d

.
The lower 71 m of the upper wmember of the Hoat Harbour Formation

is composed of repetitive shoaling-upward sequences. Four Llithofacies

",

are commonly developed in these sequences. Frum bottom to tup they are:

(1) stromatolitic and thrombolitic lime boundstones, (2) wextensively

bioturbated lime mudstones and wackestones, (3) sparsely bioturhated
dolomitic lime wmudstones and wackestones, and (4) lamipated prinary

dolostones (dolomite mudstones _{mdlvwackestom's) and dolomitic bime

¢ ~ mudstones. s

- ~ The stromatolitic and thrombolitic lime boundstones are light

blue-gray and hackly weathering, massive and irregular\bedded, sparsely

fossiliferous and dark blue-—gray when Ffresh. They occur as 1isolated

mounds and caalesced mound complexes and commonly. contain black, orange
or white chert. Lime grainstories and packstones, which are. locally

richly fossiliferous and oolitic, are comonly associated with the

boundstones and generally occur in the intermound areas.

The extensively biaturbated lime mudstones and wackestones are
light blue-gray, gray and rubbly weathering, massive and planar bedded,

and dark blue-gray and gray when fresh. The ‘abundant horizontal and

. - . ) N
vertical burrows, trails, etc. are preserved by buff and yellow




weathering argillaceous dolomitic material. These rocks are sparsely
[ . B
fossiliferous and generally only-yield planispiral gastropods and rare

cephalopads.

-

The sparse‘l’y bioturbated dolomitic lime midstones and wackestones
are iight’ blrt'm—gray and blocky weathering, massive>to thin,- planar
bedded and larﬁinated, and dark blue-gra-y when fresh, The rare hori-
zontal burrows and trails are preserved “by‘buff and yellow weathering
argillaceous dolomitic material. Thin, irregular dolomitic Iaminaeo and
layers, r‘ipp'le—m;a'rks, flat-pebble conglomerates, and ;mall scours and

channels also occur. These rocks are moderately fossiliferous.’

4 ‘ -
. 4
The laminated primary dolostones (dolomite mudstones and wacke-

- - /
stodes) and dolomitic lime mudstones complete many of the shoaling-

LIS o . .
upward “sequences. These rocks are buff and cream weathering, thin and

planar bedded, and dark i)lu.e-z;ray and gray when fresh. They are appat-

ently unfossiliferous.

A 'pebble bed" (Pl. 1A) occurs approximately 7] m above the base
of the upper member of the Boat Harbour Formation (Knight:, 1977b, 1978,
1980b; Boyce, 1978, 1979; Stouge, 1980, 1981, 1982; Stouge and Boyce,

1983) (Bed 9 of Section BHS-6, Appendix A), This 6 cm thick bed con-
sists if buff weathéring', fine ygrained, apparently’ Lnfo‘s‘si‘l_iferc;us
light blue-g'ray diagenetic dolos.tone which coqtains the following
pe‘bble types: ’(a) subangular to well rounded, white m’g-—qlxértz clasts

up to 3 cm in diameter, {b) angular gray to black chert clasts up to b

-cm lonyg, (¢) subangular to subrounded gray chert clasts containing tiny







pyrite crystals and (d) pyrite nodule clasts up to l cm in diameter.
4 .

Small, straight, symmetrical bimodal ripples occur in the bed but, as

Knight (1978, p. 143) reports, "the clasts show nQ evidence of sorting
or movement by currents and 'pebble’ der'\siicy is ‘variable within the

horizon.,'" Three 9 to 43 cm thick beds of fime crystalline diagenetic

.~ A

c.iolost(_)ne occur immediately beneath the "pebble bed" (Beds 6-8 ;>f Sec-
tion HHS5-6, Appendix A). Th‘ese beds‘, which t‘otal 91 ¢m iq thickness;
are planar bedd_ed, bior.u'rbated and rippled, apparently unfossiliferous
a".d. light blue-gray when free;h. They represeat dolomitized limestones
.(Knight, 1978). .Thé_ top of the "pebble bed” (Pl. IB)' is irregular,
pitted, an‘d pot-holed (Kﬁight, 1978) and ’cai:xped by aAthin l‘(;m seam of
a.:pparent‘ly .unfossiliferou:s d~ark gray argillaceouaadolomite wackestone
_(Bed 10 of Sectionl_BHS-() ,A Appendix A)’. 'i'his thin seam 1is in tur.n ;)\}er—
lain by a 29 cm thick bed of b-ufé ueaﬂth.ering', .massive, fine crystal-
l'ine-, apparently unfo.s:silifer-ous light blu.e-gra-y diag‘enetfc dolostone
containing rare 5 mm.size placﬁ_cg\rt c%ésts’ (Bed 11 of Section BHS-6,

-
’

Appendix A).

§ .

» The ubpe'r 16 m qf‘,thg Boat Ha}:bour Format ion, includesl 1 to 7-m
th;ck sequencex; of variﬁablyi interbedded roé.kvt:y{)es. These include thin,
irregularly bedded, e‘xt'.ar_\sivély bioturbated, ,fos’s'iliferou‘s light blue-
gray lime mudstones aﬁd wackestones to skeletal packstones with dolo.—
mitic burrow .mottl.ing; rsmall circula‘: stromatolite mounds 'pp to 25 cm
Ain_ diameter; and 3 cm thick beds QPd lenses 'of lqcally.cross-larﬁinated..
intrgclaétic and skeletal packstone and' grainstone, Upwards, tfxe lime-

stones in the "sequences become unfossiliferous. Finely laminated and

mudcracked primafy-dolostones (dolomite mudstones and wackestonesa) and

N




(-iolomitic lime mudstones cap the sequences. These rocks locally contain
small, exceptionally ‘well preserved stromatolite mounds and leuses ol
intraclastic dolomite packstone and grainstone uit.h flat intraclasts ll;;
t0 10 cm in length. One bed of stromatolitic lime boundstone composed
- of steep-sided, circular to elliptical mounds up to 1 m in diameter
occurs near the base of this s'uccession‘ (Bed 25 of Section Blig—b,

Appendix A).

The .upper member of the Boat Harbour Formation is locally abuan-

dantly fossiliferous, To date it has yielded articulate and inarticu-

late brachiopbds, straight and curved cephalopods, echinoderms (eocrin-
oid fragments), high- and low-spired and planispiral gastropods, as

well as trilobites and c¢onodonts.

¢ .

o

2.4 Catoche Formation

The Catoche Formati‘on was originally defined by Kluyver (197%) at
Catoche Point on Port au Choix Peninsula, south of the study area
(Fig. 1.1). 1t was subsequently restudied by !(night (1977a,b, 1978,
1983) at the 'f:ype loc.?lity, where the formation was redefined, and
measured in the study area as well. In the study are¢a the formation

consists of a lower limestone sequence at least 40 m thick and an upper,

25 to 50 m thick sequence of diagenetic dolostones known informally as

the “Diagenetic Carbonates” (Knight, 1977a,b, 1978).

e

' Th® lower limestone sequence consists predominantly of lime mud-

stones and wackestones. These rocks are characceris:icall)} light blue-




gray and ruBbly weathering, thin and lenticular bedded to massive and
planar bedded, moderately bioturbated, fossiliferous, and d;rk blue~-
.grax,_and gray when fresh. Burrows and trails’ are preserved by buft
weathering, argillac}eous dolomitic material. Lenses of skeletal and

intraclastic lime packstone? and rainstone and wminor beds of ra
pact g gray
. &

s
weathering, apparently unfossiliferous diagenetic dolgsapne also occur.

l

t

The basal beds of the lower limestone sequence are exposed at the

top of the measured Boat Harbour sequence, conformably overlying the

uppermost beds of the Boat Harbour -Formation (see. Appendix A). The

uppermost beds of the lower limestone sequence are exposed in the sea-

cliffs at Cape Norman (Fig. 2.2). There, spectacular patches of white
weathering dolomicte-pseudobreccia occur in the limestones immediately

below the dolostones of the "Diagenetic Carbonates”.

The basal contact of the "Diagenetic Ccrbonates“ is both conform-

f;ble and laterally transgressive. These dblostonqs arerlight'gray to
yellow weathering,. has;ive padéed, sparsely fossiliferous, vuggy to
tight, medium to.coarse crystalline, commonly bituminous, and dark gray
to blbc# ;hen freéh. They com only congain dark éray to black chert.
Some Tight gray lrmestones occdr above these dblostones in the core of
g syncline 1.3 km inland of the Boat Harbour —~ Cape Norman coast. They

Iy . .

are, so far, the highest bedé of the St. George Group recognized in the

study area, ’ _ ’ 1

Generally, the Catoche Formation in the study area is thin and

hence probably incomplete. It is also more dolomitic and less fossili-




.
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ferous than that. in the type area,

range between 32 and 40+ m in thickness (Knight, pers. comm., 982,

Pratt and James, 1982).

The lower 1imestohe sequence of the Catoche Formation in the study .
area has‘yielded articulatg brachiopods, stréight and " curved uephéln—
pods, echinoderms (eocrinoid fragments), high~ and low-spired gastro—
pods, ostracods, as well as crilosite; and cbnodoqu. Té date the

"Diagenetic Carbonates' have yielded only silicified straight and

curved cephalopods,

receptaculitids,

3

L

high-

and

In the Eddies

low-spired

Cove West -_Pért

Choix type area it is up to 165 m thick and the "Diagenetic Carbonatea"

\

gastropods,

au

and
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3. BIOSTRATIGRAPHY

3.1 Terminology

Recent papers by Murphy (1977) and Johnson (1979)vhavg questioned

and modified the biostratigraphic zonal concepts originally outlined in
the International Stratigrgphic Guide (Hedberg, 1976). Murphy (1977)
stressed the .imporcénce of distinguishing between @efinition {the
establishment of boundaries), characterization (unit content) and
identification (ihe recognition of established units) when describing
zones, Johnson (1979) e@phasized the necessity -of differentiating
between boundaries based on stratal events and those based on phyletic
events. St{htal events as defined b}_&Johnson are biological events
whose position in the stratal succession depends on giofacies and pre-

servation (i.e. first appearance, migration, extinction). A phyletic

event as defined by Johnson is a biological (specifically evolutionary)

event such that there is no long-sustained diversity increase due to

{taxonomic) splitting in a single lineage. Johnson (1979, p. 932) pro-

ceedin'from the statement boundaries are defined; units are character—
L] "

ized stated that all Eypes of biostratigraphic zones could be evaluated

in t’pms of whether they did or did not employ boundaries and in terms
. .

of how they employed characterization. Johnson's analysis of the

various kinds of biostratigraphic zones previously distinguished in the

International Stratigraphic Guide (Hedberg, 1976) &uggested they shouLa

be regrouped as three distinct typea. Johnson'’s (1979, p. 932) revised

classification of biostratigraphic zones is as follows:

!




Type 1°'Zones —-' based on a characterization amd lacking detined

a) Assemblage Zone - a group of. strata characterized by u«
‘distinctive natural assemblage of all torms present or of
the forms present of a certain kind or kinds (Hedberg,

* 1976, p. 50). ' '

b) Acme Zone - a group of strata based on the dabundance or
development of certain forms, regardless of either- asso-
ciation or range (Hedberg, 1976, p. 50}.

“~. .Type 2 Zones - based on boundaries defined by stratal events.®
, a) Range Zone - a group of strata representihg the strati-
. graphic range of some selected element of the total
assemblage of fossil forms present (Hedberg, 1976, p.
50).

b} "Overlap Range Zone (= ésﬁcurrent-range—zone ot IhG-
Hedberg, 1976; includes Oppel-Zone_ of I8G-Hedberg, 1976)
- the concurrent or coincident parts of the range-zanes

\ of two or more specified taxons selected trom among the
. total forms contained in a_ sequence of strata {(Hedberg,
1976, p. 55). L '

c)} Interval Zone - the stratigraphic interval between two
distinctive biostratigraphic horizons (Hedberg, 1976, p.
50). ' , -

L : o
Type 3 Zones - based on boundaries defined by phyletic events,

a) Lineage Zone - the body of strata containing Bpecimens
representing 'a segment of an evolutionary or develop-
mental line or tread, defined above and below by changes
in features of the line or trend (Hedberg, 1976, p.
58-59). . .

L] . \
. In this study Type 1 - ‘assemblage zones and Type 2 - range zones
5

boundaries.

have been found to have the most utility, With .respect to the naming of

the zones, the assemblage zone has been named for its most common

-

. -
trilobite; the range “zones are named for the bpecfzs defining them.

Intervals lacking trilobites between successive zones have been .called

barren interzones following Hedberg (1976, p. 49). -

.




3,2 Trilobite Zonation

a) Watrs Bight Formation

-

To date only silicified ellesmeroceratid cephalopods and large

_ lew-spired gastropods have been recovered from this unit in the study

area. Consequently, It remains unzoned with respect to trilobites.
1
b) Boat Harbour and Catoche Formations

So far the lower member of the Boat Harbour Formation in the study
m"eé has proven nonfessiliferous. Consequently, it is not zoned. Poten-
tial for zonation exists, however, farther south in the vicinity of
Eddies Cove Qeat. Here the author collected a low-diversity trilobite
fauna (n'ot‘ yet described) fr"f_)m the lower member of the formation at

.Fish Point (Boyce, 1_933, p. 1L}.

Five bio.straAt’igraphic zonl_es are proposed in the ‘upper membgr-' of
. the Boat Harbour Formation and the Ca_toché Formation in the s‘tud;y
area. Following Ludv>i.gserv1 (1982) for‘ all faunal ‘list.-;. in ‘this section,
those species that continue frorﬁ the subjacent zone' are indicated by =

and those that conttnue into che superjacent zone are, indicat’é;.l’by +,

The proposed zones, shown in Fig. 3.1 (in back pocket), in ascending

order are as follows:

1)° Barren Interzone I ‘0 to 2.31 m above base of Boacr Harbour

composite sect ion)\/




This =zone 1is characterized by an apparent complete lack ot

fossils.

Randaynia saundersi (Assehblage) Zone (2,31 to 66.2]1 m above base

-

of Boat Harbour composite section)

This zone is characterized by the presence ot the following trijo-

bite species:

Hystricurus oculilunatus Ross

Hillyardina minuspustulata sp. nov,

Randaynia saundersi gen. et sp. nov.

Hystricurus pseudoculilunatus sp. nov.

Parahystricurus smithise sp. nov.

Hillyardina levis sp. nov.

Paraplethopeltis seelyi (Whitfield)

Parapeltabeilia boatharbourensis sp. nov.

Magnusnasus proprius gen. et sp. nov,

Assigned collections: Upper member of the Boat Harbour Formation at

Boat Harbour, BH-1 to BH-38. _fi?v

A1
¥

The trilobites of the Randaynia saundersi Zone are predominantly
-

hystricurids. None of the species range into the overlyling zones.

3) “ Ba;ren Interzone II (66.21 to 71.80 m above base of Boat Harbour

composite section)




This zone 1is characterized by an abundance of planispiral pgastro-

pods and an apparent complete lack of trilobites.

* N
+

LY
Assigned collections: Upper member of the Hoat Harbour Formation at

Boat Harbour, BH-39.

il Pl

2

T

4) Strigigenalis brevicaudata (Rauge) Zone (71.80 to 83.88 m above

base of Boat Harbour composite sectionj

8
The base of this zone is defined by the first appearance of the

nowinate species, The top of the zone is detined by the first appear=

ance of Strigigenalis caudata (Billings) which the author regards as

the direct evolutionary descendent of S. brevicaudata. The zone 1is

characterized by the following trilobite species:

Id

Grinnellaspis newfoundlandensis sp. nov.

Styigigenalis brevicaudata sp. nov.
4

+Jeffersonia angustimarginata sp, nov.

+BolBocephalu-s convexus (Billings)
T

Peltabellia knightli sp. nov,

Randaynia langdoni sp. nov.

+Bolbocephalus stevensi sp. nov.

Peltabellia pseudopeltabella !p. ‘nov.

+Petigurus nerc (Billings)

+lsoteloides peri Fortey

+Benthamaspis hintzeli sp. nov.




Assigned collections: Upper member of the RKoat Harbour Format tou at

Boat Harbour, BH-40 to BH-93.

The trilobites of the Strigigenélis brevicaudata Zoue are predom-

inantly bathyurids. None of the species range into the underlying

zones,

5) Strigigenalis caudata (Range) Zone (83.88 to 93.60 m above base of

the Boat Harbour composite scction plus O to 16,73 m above the

base of the Cape Norman section plus 6 to 47 wm above the base ot

Fortey's, 1979a, Port au Choix section)

The base of this composite range zone is defined at Boat Harbour
at theifivrst occurrence o‘f the nominate species. As well as breing a
stratal event in the sense of Johnson (1979a, p; 932) the first appear-
ance of 5. caudata is also a phyletic event because, ns»Jnhnsnn (ly79a,
p. 935)‘ states ''there 1s no lo.ng l‘suscained‘ diversity increasc due (o

brc;vicaudat-g. [n

5. brevicaudal

splitting", the parent species in this case being |
fact there is no overlap at all in the two species' ranges. The top ot
the S. caudata range zone is tentatively defined as the last occurrence

of the nominate species in Fortey's (l1979a) Port au Chuix section.

Although the lower and upper boundaries of the §. caudata Zone have

been defined, the internal details of the zone remain unclear because
there is no overlap between the author's boat Harbour and Cape Norman

séctions and Forcey's (1979a) Port au Choix section. However, informa-

tion obtained by the author from a continuous section in the vicinity

of Eddies Cove West (Boyce, 1983) will allow all three ot these

)

4




“gections to be linked, Preliminary analysis of the Eddies Cove West

gsection, .which 1is not discussed in this study, suggests Lhat the
\ : ,

St.rigigenalis caudata Range Zone may be divisible into as many as three

’

widely recognizable subzones, with all boundaries based on phyletic

events.

e .
The Strigigenalis caudata Zon .is characterized by the fullowing

¢

trilohite species:

,
[ §

. . .k o
-Jeffersonia angustimarginata sp. nov. -

-Bolbocephalus convexus (Billings)

-Petigurus nero (Biltings)

-Isoteloides peri Fortey

—Benthamasyié hintzei sp. nAv.

Strig_i'genalis caudata (Bi l.! ings)

Uromystrum affine (Poulsen)’

I€chyrotoma parallela sp. nov.

Ischyrotoma anataphra Fort&y

- Jeffersonia timon'(Bilfings)

lsoteloides sp. undet,

Bath&urellus abruptus Billings

Uromyatrum fortej:i §p., nov.

Benthamaspis conita Fortey
Punka? sp. undet.

Carolinites genacinaca nevadensis (Hintze)

Punka flabelliformis Fort ey

Catochia ornata Fortey
b




.

Strotactinus insularis (Billings)

Isoteloides latimarginatus Fortey

Benthamaspis gibberula ( Billingg’

Opipeuter sp. ct. O, angﬁlaris (Young)

Catochia glabra Fortey

" Bathyurellus plat-ypus Fortey
> -

As;igned collection;: Upper member of the Boat Harbour Formatjyon and
the lower limestone ‘sequeﬁce of the Catwoche Formation at Boat Harbour,
BH-94 to BH.‘-H&;' the lower limestone sequence of the Catoche Formation
at Cdpe Norman, CN-1 to CN-20; the Catuch’n Formation at Port aub(:hui'x,
lower il of Foirtey's (1979a, Fig. 11) 13 unnumbered cnllt'(:t._inns.

3.3 Correlative Faunas in the St. George Group

Since 1976 additional trilobite cnllect-i()ns have bnvnv made by 'th--
author and others from the St (;eor\r‘ Group autside the Boat Harbour -
Cape Norman study area. These col{?&ms were made in the tollowing
areas: Canada Bay, Hare Bay, Brig Bay, Eddies Cove West, Port au Chotx,
Parson's Pond, Bonne Bay Litt_le-Pon‘z‘l and Port aul Port Peninsula. The

majority of the collections were made for the tirst time. The results

are summarized in Table 3.1 and below.

a) Canada BRay

4

Johason in Betz (1939, p. 19) identified a cranidium of Hystri

.

curus from the 5t. George Group limestones exposed here, but did not







specify where. it was collected, This suggests the preseace ot the

Randaynia saundersi Zone.

Il

Beds of the Catoche Formation exposed on Fane (Sprucy) lIsland,
’

. . 3
west of Drummond (Davie) Island in Northegst Arm, have yielded the

following trilobites: Bolbocephalus convexus (Billings), Isoteloides

eri- Fortey, JeffersGnik angustimarginata sp. nov., Petigurus neru

(Billings) and Uromystrum affine (Poulsen) (Boyce, pers. comm. 1in

Knight and Saltman, 1980, p. 19-20). These trilobites are indicative ot

the oldest part of the Strigigenalis caudata Zone.

b) Hare Bay
N

Murray in Murray' and Howley (1881) first’ reported the occurrence

of the §. brevicaudata to S. caudata Zone trilobite Petigurus nero

(Billing® in Hare Bay. y

&

The distinctive Strigigenalis brevicaudata Zone to lowest 5.

caudata Zone trilobite Bolbocephalus stevemsi sp. nov. has been col-

-

lected from limestones cqmprising the upper few metres of the Breot

‘

Island Formation of Stouge and Godfrey (1982) on Bruent Islands’ (N.#.

James, pers. comm,, 1979). Dr. R.A. Fortey -éBritish Museum = Natural

History) has identified the following Strigigenalis caudata Zone trilo-
bites from the basal beds of the conformably overlying Southern Arm
Formation of Stouge and Godfrey (1982), also exposed on Breat Lslands:

“

Bolbocephalus convexus (Billings), {1laenus sp., Jeffersonia timon

" (Billings) and Petigurus nero (Billings) (N.P. James, pers. comm.,

1379).




The Southern Arm Formation has also yielded ‘trilobites at a number
.. .

of other localities in the Hare Bay area. .Beds exposed at the communityJ

whatfs in Main Brook have yielded Jeffersonia timon (Billings). Peti-

gurus nero (Billings) and Uromystrum forteyi sp. nov. have been “col-

.lected on the north shore of Pradet .Island (Boyce, pers. comm. in

‘Stouge, 1981). Petigurus nero (Billings) has also been collected on

Maria Island, These trilobites taken together are indicative of the

Strigigenalis caudata Zone as well.

o

¢) Brig Bay

Trilobites have ibeen>collected from the B-dat Harbour Formation at -

a number of .localities in the Brig Bay area. Paraplethopeltis seelyi

(Whitfield) was collected from a thrombolitic lime boundstone bed

forming the top of Moyrac Istand, just north of Old Ferrolle Island.

Hystricurus p'sei.ldoculilunatus sp. nov. and Randaynia saundersi gen, et

sp. nov. were collected at the northern tip of Old Ferrolle Island,

while Hillyardina levis sp. nov., Hystrjcurus oculilunatus Ross and ¢

Randaynia laundersi gen. et sp. nov. were obtained from the northwest

~

side. Hystricurus oculilunatus Ross was also collected at Beach Point

on the Dog Peninsula (Boyéé, 1979a,b). These trilobites are all indica-

tive of the Randaynia saundersi Zone,

-
g
d) Eddies Cove We¥t

Along the coast rorth of Fish Point and south of Squid Cove, beds

assigned by Knight >(1983)mt0 the Hoat Harbour Formation have yielded




the Randaynia saundersi Zone trilobite Hystricurus oculilunatus Koss in

L
1

_association with rare straight cephalopods and the planispiral pastro-

pod Lecanospira. At;?{;h Point, the lower member of the BRoat Harbour

LN - S
‘Formation ha# yielded the trilobites Parahystricurus sp. «cf, P.

s

"carinatus Ross and ?Paraplethopeltis sp. (Boyce, 1983). This represeats

.an older previously unreported fauna.

- r
.

»
In the vicinity of Eddies Cove West at Old Man Cove an incom-
plerely exposed dolomitized interval occurs near the top of the upper
membez\of the Boat Harbour Formation. This dolomitized interval the

autho
' , . '
in Boat Harbour containing the "pebble bed" disconformity ot Knight

——

(1977b, 1978), i.e. Barren Interzone 1I, as pointed out by Knight

(1983)..

In Eddies Cove West, -21 fossiliferous horizons were sampled in the

upper member of the Boat Harbour Formation below the 0ld Man Cove dolo-

mitized interval, The following were identified: Hystricurus pseudo-

culilunatus sp. nov., Randaynia saundersi gen. et sp. nov., Hystricurus
¥

oculilunatus Ross, Parahystricurus smithiae sp. nov., Leiostegium -

-

regards as stratigraphically equivalent to the barren interval ’

proprium sp. nov., Tesselacauda sp. cf. T. depressa Ross seasu Demcter

(1973; pl. 1, figs. 5, 6), Paraplethopeltis seelyi (whitfieid), Kystri-~

curus sp. nov. 2 Boyce (1983) and Hillyardina levis sp. nov. Associated
with these trilobites were brachiopods {Diaphelasma, orthids), cephalo-

pods (Bassleroceras), echinoderms ‘(eocrinoid debris) . and gastropods

(Eccul iomphalus, Lecanospira). The same fauna occurs below the Aoat
‘ - P
Harbour "pebble bed" in the Randaynia saundersi Zone.

/N
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Above the Old Man Cove dolomitized interval, 4 fossiliferous hori~

zons were sampled in_the upper member of the Boat Harbour Formation.

The following were identified: Bolbocephalus stevensi sp. nov., Isotel-

oides‘ peri Fortey, Bolbocephalus convexus (Billifigs), Benthamaspis

hintzei sp. nov.,-Hystricurus sp. nov. 3 Boyre (1983 - probtably the
same species as Genus(?) sp.{?) Cullison, 1944;?pl;‘XXXV,‘figs. 23, 24,
_and the undetErmined pygidium ovain:ze: 1953; pl. X, tig. 14), Jeffer-

sonia angustimarginata sp. nov. and Bathyuteilus abruptus Billings.

Esgsentially the same fauna occurs above the Boat Harbour 'pebble bed"

.

in the Strigigenalis brevicaudata and lower §5. caudata Zones.

-

~

In the Eddies Cove West area, 41 fossiliferous horizons wers sam-

pled in the Catoche’ Formation. The following’ were identified:

Isoteloides peri Fortey, Bolbocqphalué convexus}(Billings), Hxstricufus

sp. nov. 3 Boyce (1983), Jeffersonia angustimarginata sp. nov.,

'Bathyurellds abruptus Billingsy Peltabellia sp.icf. P. willistoni Loch-

man, Petigurus sp. cf. P. groenlandicus Fouisen, Uromystrum affine
3

1

(Poulsen), Petigurus nero (Biilings), Grinnelﬂagpis newfoundlandensis
f .

sp. nov., Benthamaspis sp. undet., Ischyrotoma ép. undet,’, Benthamaspis

conica Fortey, Strigigenalis caudata (Billings), Isoteloides latimar-

ginatus  Fortey, Punka flabelliformis Fortey,é Ischyrotoma anataphra

Fortey, Uromystrum sp. nov. 1 Boyce (1383), Jeffersonia timon

L . , N . iy
(Billings), Catochia ornata Fortey, Strotactings insularis (Billings),

Benthamaspis gibberula,(Billings), Bolbocephalué sp. nov. 2 Boyce (1983

= Genus et sp. ind. Poulsen, 1937; pl. 8, Eig{ 2), Uromystrum forteyi -

s

§p. nov., Bathyurellus platypus Fortey amnd Catochia glabra Fortey. The

"same species occur in the Strigigenalis brevicaudata and Strigigenalis

caudata Zones sbove the Boat Harbour 'pebble bed" and at Cape Norman.
4 ’ :




e) Port au Choix

\
Fossiliferous beds of the Boat Harbour Formation dre exposed in a

ro;a@ide quarry along the Viking Trail, 4 km north of the junction with

the road to Port Saunders. Here the Randaynia saundersi Zone trilobite

Hystricurus oculilunatus Ross and the plan.ispirél gastropod Lecanospiry

»
-

were <oklected {Boyce, 1983).

~

At Barbace Point on the north side of Barbace Cove on l’(;rt au
Choix Peninsﬂa a dolomitized interval occurs near the top of the upper
member of the Boat Harbour Formation. This interval the author,
agreleing with Knighf_ (1983), regards as stratigraphically equivalent to
the incompletzly exposed Old Man Cove dolomitized intervalk at kddies
Cover(-Jest and .the "pebble bed"” interval at Boat Ha}bour; i.e. Harren

Interzone 1I. In thé Barbace Point dolomitized interval Knight (1983)

has identified two sequences containing numerous quartz-liged spherical

.vugs. A solution surface has also been identified at the top ot the

.
A

second sequence,.

-

Above the Barbace Point dolomitized interval, b f'()ssfll{feruuﬂ

horizons were sampled in the upper member of the Boat Harbour Forma-

4

tion. The_‘on-ly trilobite identified Mas the Strigigenalis brevicaudata

.

to S. cdudata Zone species Isoteloides peri Fortey (Boyce, 1983).‘_

u

At Barbace Poiat on the north side of Barbace Cove o¢n Port au

Choix Peninsula, 7 fossiliferous horizons were sampled in the Catoche

‘Formation. The following were identified: ILsoteloides peri Fortey,

. : o
“ - R .

i
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Beﬁthamaapiu hintzel sp. nov., Ischyrotoma ep. undet., Hzétricurus Ep.

nov. 3 Boyce (1983), Jeffersonia angustimarginata sp. nov., Bolbo-

cephalus convexus (Billings), Peltabellia sp. cf. P. willistoni Loch-

man, ﬁrinnéllaapis newfoundlandensis ep. nov., Petigurus sp. cf. P.

groenlandicus Poulsen, Petigurus nero (Billings), Benthamaspis conica

Fortey and Strigigenalis caudata (Billings). These species are indica-

tive of the Strigigenalis brevicaudata and Strigigenalis caudata Zones.

At Catoche Point on the south side of Barbace Cove, Fortey (1979a)
and Boyce (unpublished) sampled a minimum of 13 fossiliferous horizons

in- the” Catoche Formationr The fellowing —‘have been identified:

Isoteloides peri Fortey, Jeffersonia angustiﬁarginata sp. nov., Bolbo-

cephalus convexus (Billings), Petigurus nero (Billings), Benthamaspis

conica Fortey, Strigigenalis caudata (Billings), Uromystrum forteyi

.
IS

sp. nov,, Bathyurellus abruptus Billings, Punka sp. undect. fdrtey

{1979a), Carolinites genacinaca nevadensis Hintze, Punka flabelliformis

. J
Fortey, Catachia ornata Fortpy, Isochyrotoma anataphra Fortey,

Strotactinus insularis (Billings), Benthamaspis gibberula (Billings),

Isoteloides istimarginatua Fortey, Petigurus sp.” ind. Fortey (1979a), -~

Jeffersonia timon (Billings), Opipeuter sp. cf. 0. angularis (Young),

Catochis Biabrn Fortey, and Bathyurellus plarypus Fortey. Most of these

. Zone,

species are indicative of the younger half of the Strigigenalis caudata’
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f) Parson's Pond
. ij» o
- - ’ N LY

At the eastern end of Parson's Pond, limestones uassigned by Buyée

;

(1981b) to the Corner Brook Formation of Lilly (1961, 1963) have’

yielded the following Strigigenalis caudata Zone t}iLobites:'Hafhx;relj

" lus abrugius Billings, Benthamaspis sp. cf. B. conica Fortey, Bolbo-

cephalus convexus (Billings), Ischyrotoma anataphra Fortey, Jeffersonia

(= Bathyurina) sp., Isoteloides latimarginatiis Fortey, Jeffersonia (=

Bathyurina) timon (Billings), Petigurus nero {(Billings), Strigigenalis

caudata (Billfngs), Punka flabelliformis‘Fortey and lschyrotoma sp. In

addition, silicified articulate brachiopods and a cehpalopod or echinn-
den1 frag@ent were collected (Boyce, J981b, p. 15-16). -

-
lg) Bonne Bay Little Pond ‘ " T

Approximately 2.1 km west-northwest of Bonne Bay Little Ppad,

limestones assigned by Boyte (198la) to the Cortter Brook Formatioa of

Lilly (1§61, 1963) have yielded the folloﬁiﬁg Sfrigigenaiia caudat a -

Zone trilobites:F—ﬂénthamasgis sp. indet. and 'Strotactinus insulnris

(Billings) (Boyce, 1980). ~ - . . ’ \
h) Port au Port Peninsula

’ Beds assignable to the uppermost part of the Isthmus Hay Formaﬁion T
- (James et al., 1980; Pratt and James, '1982)- and the lowermost part of
the Catoéﬁe Formation are exposed- just southwest of the southern bar of

‘The Gravels. Here the author collected the following trilobites: Bolbo-
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cephalug convexus .(Biilings), Isoteloides sp., Jeffersonia sp., and

Petigurus. nero (Billingé): whittington and Kindle (1969, p. 658) also

report Peltabellia sp. from this locality. These trilobites probably

represent the youngest part of- the Strigigenalis brevicaudata gone

-

and/or the oldest part. of the Strigigenalis caudata Zone:

Limestones of the Catoche Formation exposed north of Pigeon Head.
in Lower Cove have yielded the following trilobites: Bathyurellus sp.,

| RolbocepHalus convexus (Billings), Ischyrotoma sp., Isoteloides sp.,

Jeffersonia timon (Billings), Petigurus nero (Billings) and Uromystrum

affine (Poulsen). Whittjington and Kindle (196§, p. 658) also report
—_— , ' . )
Strigigenalis sp. from here. These species taken together are sugges-

tive of the Strigigenalis caudata Zone.

3.4 Correlative Formations in Platform Facies

Several of ‘tﬁe species found in the Boat Harbour and Catoche

Formations in the study area also occur in'Early 6rdovician platforﬁ
facies rocks elsewhere. The common species and their fo;mational occur- .

srences are summarized in Tablé 3.2 and below. Pertinent conodont infor-

mation is also mentioned in the text below where available.

‘a) Ellesmere Island, Arctic Canada

L4
E 4 K

+ .
Poulsen (1946; pl., XXIII, fig. 10) 1illustrated an  incomplete

v pygidium of the Strigigenalia brevicaudata to Strigigenalis caudata

: Zone trilobite Jeffersonia angustimq;ginéta from the Canyoﬁ Elv Forma-

)
;

f

J







tion (Peel and Cowie, 1979) exposed at Scoresby Bay (Poulsen, 1946;

pl. XX1v, fig. 2, locality 9). There it occurs associated with Grinnel-

- . ——

. - y
laspis félildenij'

'(P'"ou'lsen, 1946; pl. xxXII, figs. &, 9), a species

rlosely rrsembling but nnt identical tﬁo"'G. newfoundlandensis,

’

¢
The Canyon Elv Formation east of Ellesmere Island in Washington

L.and, northern Greenland contains’ the conodont Oepikodus communis
A

(Kthington and Clark) (Stouge, 1982). In the study area this species
first appears - at the base of the Catoche Formation (Stouge, 1982, Fig.

3}, 3.10 m above the base of the Strigigenalis caudata Zone; it con-

-

. \ .
rinues to the top of this zone.

Poulsen (1946; pl. XXII, figs.. l&-—lé)_alsb illustrated an incom~
L

plete cranidium, of Benthamaspis problematica P011Lsen, 1946 from the

Nunat ami Formation (Poulsen, 1927) exposed at Gape Steven (Poulsen,

1946; pl. XXIv, fig. 2, locality 6;. Fortey (1979a, p. 100) tentatively

synonymized this species with the Strigigenalis caudata Zone species

B. gibberula (Billings). The auther concurs with this assignment. Among

the trilobites associated with B. problematica is a species of Jeffer-
-
sonia (= Genus et sp. indet II Poulsen, 1946 p. 329; pl. XXIIT, figs.

6-Y only) closely resembling and possibly identical to the S. caudata ?

7Zone species i_ timon (Billings),

.

b) Fagt Greanland

The lower Strigigenalis caudata Zone trilobite Uromystrum affine

(Poulsen), which occurs in the basal beds of the Catoche Formation, was




originally described by Poulsen (1937, p.' 55; pl.~7, figs. 6, 7) from

the ecastern part of the anticline on the -south coast of Ella Islawml.
Here the Cape Weber Formation (Poulsen, 1930; Cowie and Adams, 1957,

"Peel and Cowie, 1979} 311‘50 'yielded Bolbocephalus groenlandicus Poulsen

(1937, p. 48-49; pl..5, figs. 9-13). The author has synonymized _l}__

groenlandicus with the Strigigenalis brevicaudata to Strigigenalis

caudata Zone species B. convexus (Billings).

c) Co{qrado

Berg and Ross (1959, p. 112; pl. 21, fig. 2) ill;lﬁtrat!'lj the

Randaynia saundersi Zone trilobite Hystricurus oculilunatus Ross f(rom

the Manitou Formation in Williams Canyon near Cnlorado Sprinps. Ething-

ton and Clark ,( 1981, p. 9) ‘report that the same beds have yielded the

concdont Macerodus dianae Fahraeus and Nowlan, which also ovccurs 1n the

Randaynia saundersi Zone in thé study. area.

d} North Dakota

Oculomagnus obreptus Lochman (1966, p. 541-542; pl. 62, figs. 1-7)

accurs in subsurface beds of the Deadwood Formation in the wWilliston

Basin-of western North Dakota. Fbrtey (1979a, p. 102) assigned scveral

of her illustrated specimens (Lochman, 1966; pl. 62, fig«. 1,2,4) to

 the lower Strigigenalis caudata Zone species .Benthamaspis conica

Fortey, assignments with which the aythor concurs.

-
]




3.5 Correlation with lbexian Trilebite and Conodont Zonations

e

Ross and Hintze 1in Ross et al, (1982, p. 5-7 and 7-10', respec—
tively) have recently championed the erection ,of. ‘the Ibexian Series to
replace the tr’aditionally accepted Can.;éiian Series. T'o'date there has
been little comment on this proposal; it is discussed in‘detail in sec-

tion 3.7, Suffice it to say, however, the Ibexian trilobite zonation of

Rogs (1951) and Hintze (}953) is the standard reference for Early Ordo-

Vi.CiF-!n trilobite faunas of North America. FEthington and Clark (1981)
have also recent l‘y ppéposedvsubdivisions for comodonts of the Ibex area
relative ‘to the- tri.l.obi\(e zoyes. These subdiviéicns, which replaced
earlier informally proposed '"faunas" {Ethihgton and Clark, 1971).', they
designated as “intervals' rather than zones, wishing to await conf-irma—

_tion from collecting in other areas before defining more formal zones

(Hintze in Ross et al., 1982, p. 9).

Table 3.3 and Fig. 3.2 summarize the ranges of those trilobite and
‘conodont species i;1 the lbexian reference section which also occur in
the Boat Harbour and .Catoche Formations. What 1is immediately obvious
'upc;n comparisqn of the » r'anges of the two groups 1is that indiviu‘uql
trilob'ige species have much shorter ranges than individual conodont

‘species. With the exception of Macerodus dianae, which ranges through

two trilobite zones, the remaining conodont species range through four

to eleven trilobite zones.{see Ethington and Clark, 1981, Fig. 3). The

longest  ranging trilobite .species in. Fig. 3.2, Hystricurus
%

oculilunatus, ranges through only two trilobite zones; the remainder

have ranges no greater than half a trilobite zone. The shorter

-
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trilobite ranges could be construed as indicating that trilobites were

more susceptible teo environment;l factors than conodonts. However,
Bérnes and Fahraeus (i975) have shown that conodonts were quite
scrongly environmentally controlled. Furthermore, Fortey and Barnes
(1'1'377) have found that conodont communities in the Arenig-Llanvirn of
Spitsbergen paral]éled thase of the trilobites. Harris and Repetski
have also shown that conodeont dist;ibutidn in many of the’(same intere=
vals as those-covered by Ethington andeIark (1981} was controlled by.
determinable environmental factors to such an ext;:nt that some .n[ the
strétigraphic ranges of fossils may differ from place to place

(reported in Ross et al., 1982, p. 3).

'fo sumarize, the shorter ranges of the Ibexian trilobites the
author -tegards as indic;tive .Of a higher wevolutionary rate, Conse-
quently, the [Ibexian 'trilobite conation of Ross (1951) and Hintze
(1953) promises a greater degree of resolution as a biostratigraph.ic
standard. The informal conodont zonation df Ethington and Clark (1981)
remalns the best standard n;here trilobites -a;'c abs.lent.'however. In this
study primary reliance 1is placea on specific correlation ot the trilo-
bites: secondary reliance 1is placed on specific codrelation of the
concdont assemblages obtained by Barnes and Tuke (1970), Stouge (}982)

and Stouge in Stouge and Boyce (1983). -

The ranges of the trilobite and conodont species common to Thex,

Utah and western MNewfoundland are compared 1in Fig. 3.3 (in back

pocket). The actual correlations of the trilobite - conodont. species

<

‘ ‘ ' <z .
associations are shown in Fig. 3.4 (in back pocket) and discusaud




further in the text below. These figures also show the relation of

Stouge's (1982) conodont fau‘nas to the authors bpmposed trilobite -

zones. :
. ) v v

Note:

Figures 3,2-3.4 and 3.6-3.9 have been plotted with the same verti-
cal scale as Ethington and Clark's (1981) Fig. 3. The purpose is to
show the relative thicknesdes of all the rock sequences discussed in
the text. ) ) x5

o
b . .
\,‘ Hystricurus oculilunatus- Ross, a characteristic species of the

Randaynia salindersi Zoﬁe, ranges through most of Ibexian trilobite Zone

E and the bottom half of Zone F (Hintze, 1953; Terrell, 1973); this

- L]

suggests that Barren Interzone I is of Zone E age or older. The cor-

relation of the Randaynia saundersi Zone with Ibexian Zones-E and F is
. : \ ,

supperted by the comdn .presence of the conodont species "Stalopodus”

gracilis Ethington and Clark and Macerodus dianae FAhraeus and Nowlan.

In the study area they occur together ‘through most of the Randaynia

saunderai zone and -almost to the top of Barren Interzone II to theé base

of the ''pebble bed': Macerodus dianae does not occur above this hori-

zon. The mutual occurrence of "S." gracilis and M. dianae below the

"pebble bed" in Barren Interzone II suggests that most of this barren
: : i

imterval is no younger than latesk Zone F. In the Ibexian sequence the

two 'species only range together from latest Zone E to latest Zone F.
\ - ) ‘

<

*  Benthamaspis hintzei sp. nov. in the study area ranges through the

uppermost part of the Strigigenalis brevicaudata 2one to the lowermost

&,

part of the Strigigenalis caudata Zone. In the Ibexian sequence this

‘Bpecies occurs slightly above the lower one-fifth of Zone 'Gz; This sug-.

s
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gests that the §. brevicaudata Zone lies- tétally within Zone (; and

that the base of the 5. caudata Zone also occurs within-Zone G2 The

associated conodont species "Scolopodus" quadraplicatus Branson ~and
. ;

Mehl, "Scolopodus" gracilis Ethington and Clark, Drepanodus? gracilis

(Branson and Mehl) and Tropodus comyhtus (Brans n and Mehl) support this
correlation., 1In ;;he Il;exian sequence the;e species do not  occur
together below Ithe upper third of Zone G]; in .the study area they occur
~in the uppermost part of Barren Interzone II above the "pebble bed'.

This suggests that the maximum possible age of this part ot Barcen

Interzone II is latest Zone Gl-

Benthamaspis gibberula (Billings) and  Carolinites genacinaca

nevadensis Hintze occur togcther'-in the upper part of the Strigigenalis
cauduta Zone on Port au Choix Peninsula (Fortey, 1979a, Fig. 11).
.' Fortey (1979a, p. 64) has 3lready pointed out the tact that these

‘species occur together in Ibexian Zone H; they occur in"the lower half

of the zone, The associated conodont species "Scolopodus' quadrapli-

catus Branson and Mehl, "Scolopodus" gracilis Ethington and Clark,

. ] .
Drepanodus? gtacilis (Branson-and Mehl), Tropodus comptus (Branson and

Mehl) and Oepikodus communis (Ethington and Clark) supporft this'cor-

relation. The upper part of the Scri&lﬂenélis caudata Zone may extend

into Ibexian Zode I based on cephalopod data (Flower, 1978, Fig. 43.2).

; _ )
In summary then Barreh Interzone I is probably of Zone E age or

N

older and the -Randaynia’ gaundersi Zone probably ‘correlates with the

later part of Zone'g and most of Zone F, Barren Interzone IL below the

"pebble bed" is probably latest Zone F age whilst immediately above it




Y

is of probable early Zone G age. The Strigigenalis brevicaudata Zone

lies entirely ‘within Zone G2. The base of the'S{rigigenalis cauddta

Zone occurs within Zone G2.whilst the top of the zone may extend into

.

zone I.' These conclusions are in general accord with those of Boyce
A ! .

(1979a,b, 1983), -Fortey {(1979a) and Stouge (}1982). The 1Ibex, Utah =~
western Newfoundland correlations are summarized in Fig. 3.5 (in back
_pécket). Figure 3.5 also shows the relation of Stouge's (1982). conodont

‘faunas and Flower's (1978) cephalopod. zones to the au;hor's proposed

trilobite zones, ’

v
+

Note:

The magnitude of the hiatus marked by the '"pebble bed" was deter-

.mined in the followlng way. The intervals marked by Tt and T2 in Fig.
3.4 were assumed to represent the same perlod of time because they con-
tain ' identical trilobite-copodont species associations. The distance
from T} to the "pebble bed" was measured on the western Newfoandland
column then converted to the proportional distance on the Ibex, Utah
column. The same procedure was folLowed for'the., distance from T2 to the

“pebble bed". : -

Boyce (1978) correlated the beds Cu‘rréln,t-ly asgigned to Barren

interzone I, the Randaynia saundersi Zcone and the part: of the Barren

Interzone II below the "pebble bed" to Ibexian Zones B to D; the beds

of the Strigigenalis brevicaudata and Stl.:igigenalis caudata Zones’> were
i
correlated with Zone G. These correlations, now known to be erroneous,

were tentative correlations based on sparse, poorly preserved trilobite

material .

F}ower's (1978, Fig. 43.2) correlations differ somewhat from those

of the author. e co‘rr'elated.che beds of Barren Interzone I>,’ the
1 -
-
Randaynia saundersi Zone and Barren Interzone II below the ''pebble bed"
" . N .

.-
- A
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‘with -1bexian Zones .D (in part) and E (his Bassleroceras - Lecanospira

PSS

Zone 1IV). The beds of Barren Interzome II above the "pebble bed" and

the Str1giggnalxs brevicaudata Zone (his Pycnoceras apertum Zone Vl)

Flower correlated with TIbexian Zone G|. The beds of the Stflﬁl&eﬂalls

‘caudata Z2one (his Cassinoceras worthenl Zone VIII) Flower correlated

with Ibexian Zone I. Flower's correlations were based on the generic

similarities of .the compared cephalopod and gastroped faudas,

¢

3.6 Correlations with Standard Canadian Series Depositas

The Cahadian-Series'was formally introdﬁced by Dana (1874, p. 214)
for thg-EOSSiliferous deposits Jf the Levis Formation exposed‘ét Levis,
Quebec {Fahraeus, 1977b, ‘p. 982}, However, ag_present, the Beekmantown
Group of New York—Vérmont and laﬁerally equivalent deposits in
Missguri-nbrchern Ar;ansas areﬂ commonly utilized as the standard
deposits, of the Canadian Series (Flower, lé&&% Whiﬁtingfon, 1968 ;
F&hraeus, 1977b). glower (1964; p- 17?19) treated the -Canadian Series

as a system and proposed four stages: Gasconadian - from Missouri-

northern Arkansas, Demingian (= Roubidouxianm of Fisher, .1982) = from

"New Mexico and New York, Jeffersonian - from Missouri-northern Arkansas

and Cassinian from New Yofk. The purpose of this portion ot the study

.

is to correlate the trilobite faunas of the Boat Harbour and Catochc

Formations with those of the Canadian deposits of New York-Vermont and

Missouri-northern Arkansas.
(\
The trilobite spécies common to New York-Vermoﬁt,’ Missouri-

northern Arkansas and western Newfoundland are listed in Table 3.4. The




. .

Table 3.4. Canadian Series trilobite species common to western Newfoundland. Canadian Series trilobite data
from Cullison (1944), Flower (1968c), Whitfield (1889a, 1897) and Whittington (1953). Western
Newfeoundland trilobite cata from Boyce (1979a, b, 1983, this study), Fortey (1979a) and Boyce in
Stouge wnd Boyce (1983). : . =

»

OCCURRENCES L' CANARUAN SERTES DFPQSITE

WESTERN

TRILOBITE NEW YORK-VERMONT MISSOURI-NORTHERN ARKANSAS NEWFOUNDLAND

SPECIES STAGE FORMATION ~ FORMATION . ZONAL RANGE *

Demingian Ft.-Ffnn t sawiiors’ lone

Demingian Ft. PAnn : - ——— Tz snoviore’ Lone
Cassinian. Ft. Cassin Cassintan Cotter o aiemaTis omeizr e Zone
2

Cassinian Ft. Cassin ‘v lone
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.

ranges of these species are compdred in Fig. 3.6 (in back pocket). The

actual correlations of the trilobite species associations are shown in

Fig. 3.7 (in back pocket) and discussed fu;ther in the text below.

-

0

a) New York-Vermont
\/

The Randaynia saundersi Zone trilobites Hystricurus oculilunatus

.

Ross and'Paraplethopeltis seelyi (whitfield) also occur in the standard

'deposits of the Deminéian Stage, the Fort Ann and‘lower'Basc}m Forma-—
tions of Edsher and Mazzullo *(1976) and Mazzullo and Friedfan (1975,

+

1977). - .

The trilobites Gen. et sp. ind. Whiftington (1953, p. 670; pl. 68,

figs. 30-32) and Nileus striatus Whitfield (1897, p. 184; pl. 5, figs.

S, 6) occur in the standard’ deposits of the Cassinian Stage, the Fort

Cassin and upper Bascom Formation of Fisher and Mazzullo (1976) and

Mazzullo: and Friedman (1975, 1977). Fortey (l1979a) synonymized these

species with the Strigigenalis caudata Zone trilobites Strigigenalis

\\~° = caudata (Billings) and Benthamaspis.gibberula (Billings), respectivelx;

assignments with which the author concurs.

b) Missouri-ncorthern Arkansas

~

Genus(?) sp.{?) Cullison (1944, p. 84-85; pl. XXXV, figs. 23, 24)

« occurs in the standard deposits of the lower part of the Jeffersonian

5

Stage sensu Flower (1964), the Theodosia Formation of the Jefferson
. , _ '

City Group (Cullison, 1944). This species, on morﬁho[ogical grounds, 1is
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c tentatively - regarded as synonymous with the undescribed ctrilobite
Hystricurus sp. nov. 3 reported by Bdyce (1983) from beds at Eddies

Cove West and at Barbace Point, Port au Choix Peninsula, beds assigned.

b'by the author to the Strigigenalis brevicaudata Zone. Here this species

is associated ,with Peltabellia sp. cf. P. willistoni- Lochman, 1966, a.

* species closely similar to P. crassimarginata (Cullison, 1944) which

‘also occurs in the Jeffersonian Theodosia Formation,

i

]

\‘.\The author has synonymized Goniotelus semicircularis Cullison

(1944, p. 84; pl. XXXV, fvigs. 25, 26) with the nominate species of the

Strigigenalis caudata Zone. This species occurs 'in the Cotter Formation

1, . - .
which was as$igned by Flower (1964, p. 19) to the uppermost part of the

Jeffersonian Stage. ST . .

LI
(o

1f the synonymy of the Jeffersonian Goniotelus semicircularis

‘Cullison and th(e Ca;sinian Gen. et sp. ind. Whittington as /gx\"oiposed by
Fortey (1979a) and the author (this stud.y) is g:i'rrect,’the.Cotter
Formation is probably better referred to the lowermost part of the
Cassinian Stage rather than the uppermost part of the Jeffersonian
Stage. This is in aéreement with Flower (1978, p. 220, Fig. 43}.2) who
did, in fact, reassign. the Cotter Forma;i.bn to th.e lowermost part of

the Cassinilaqg.

¢} Summary

o

The Randa!nia'ssundersi Zone is probably Demingian, the Strigig-

enaljs brevicaudata Zone is probably Jeffersonian, and the Strigig‘—




o

enalis caudata Zone 13 probably Cassinian. This information 1s summar-

g
.

ized in Fig. 3.8, “ .

3.7 Correlation of the Canadian Series with the lIbexian Series Trilo-

bite Zonation

Roés and Hintze in Ross et al. (1982, p. 5-7 amd 7-10, respec-

vtively), have recently championed the erectign—of the Ibexian Series
¢ ’ B

(based on Lower Ordovician strata at lbex, Ut&h) to replace the Lragi—
tionally ugilizéd Canadian Series. As Ross in Ross et al. (1982, p. 5)
stated "The Canadian Series has been used for about 90 years by conven-
tion, really because there was nothing befter. It lacks a coherent
stratotype, 1s based largely on tradition and survived until now as a
patchwork at best." Ross (p. 7) also pointed out that the name Canadian
is far removed from Dana's (1874) concept of tﬁe Canadian Period and
dependent on stratigraphic sections distant from the type areas nug:?
Quebec and northeastern New York, Becguse-l) the Canadian Series lacks
any complete type section (see Secéion j.S) and E) the Ibex section }u’
the standard biostratigraphic reference section for the karly Ordo-
vician, it was.recommepded that the new term Ibexian Sg}ies be adopted
in place of the Canadian Series_(Ross in Rbss et al., 1982, p. 1), a

position which the author strongly favors.

Hintze in Ross et al. (1982, p. 7) ennumerated the factors
favoring the adoption of the Lower Ordovician strata at Ibex, Utah as
4

N ? »
the stratotype of the proposed Ibexian Series. These are:

‘
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the abundance and diversity of taxa present (trilobites, couo-

donts, brachiopods, graptolites, cephalopods, etc.}.
complete and unambigucus documentation of the rocks and the con-

takned fossils.

excellent exposures which are easily accessible abmost yesar—round.

»

Notwithstanding theé above considerations, tor the purpose of this

section the Canadian Serles 1is treated as still valid.

,C‘o'trelations. .o-f the Canadian. Series trilobite Faunas with the
Ibexian{rilobit; zonation of Ross (1951) and Hintze (1953) have been
hampered becausé of the apparent low div- rsity and paucity of up-to-
date systematic studies of fhe' Cénadian r:rilobite faunas. Comnon

speciecs have been masked under ditterent names.

The trilobite species common to the Canadian and [bexian Series
are l"Lstéd in Table 3.5. The actual correlations of the ranges ot these
species are shown in Fig. 3.9 (in back pocket). The correlation, of the
stages of the Canadian Series with ‘the trilobite zones and conu‘dontv
inter‘vals of the lbexian Series‘is summarvized in Fig. 3.10.

4

The common occurgence of Hystricurus oculilunatus Russ Buggests

that the Demingian Stage is partly equivalent to Ibexian Zomwes FE and

F. This agrees with Flower: (1964, 1978, p. 220; Figs. 43.2).

Hystricurus sp. nov. 3 of Boyce #1983), tentatively synonymized

»

with the Jeffersonian Cenus(?) sp.(?) Cullison (1944, p. B4-85; pl.o

-




Table 3.5. Trilobite species common to Canadian and Ibexian

a

Series. C(anadian Series trilobite data from

Cullison (1944), Flower (1968c) and Whitfield
Ibexian Series trilobite
data from Hintze (1953), Terrell (1973) and

(1889a, 1897).
Young (1973).

TRILOBITE
SPECIES

OCCURRENCE IN

~ CANADIANLSERIES

OCCURRENCE "IN
IBEXIAN SERIES

ELgtriourus 2wl 1ov1tus

Genus(?) sp. (7).

Bevithamzs ie Thhorulz

Demingian Stage

‘Jeffersonian Stage

Cassinian Stage

; Zone E-F e

Zone~G2

lone H

[y
L&)
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XXXV, figs. 23, 24) the author tent?tively regards, on wmorphological
grounds, as synonymous also with the undetermined pygidium illustrated

by Hintze (1}953; pl. XX, fig; 14) from Zone G3. [f valid, thisg suggests

1

thgt the Jeffersonian Stage is .partly equivalent to Ibexian Zone G2-

‘This is in accord with Flower (1978, p. 220; Fig. 43.2).

The synonymy of the Cassinian apecies Nileus striatus Whitfield

and the Zone H species Benthamaspis distinctus Young with Benthamaspis

gibberula (Billings) (Fortey, 1979a, p. 100) suggests that the Cassin-
ian stage is partly equivalent to. Ibexian Zone H. This is also in
agreement with Flower (1978, p. 220; Fig. 43.2). .

Y

3.8 Correlation of the Ibexian Series Trilobite Zonation with the

Standard British — Scandinavian Ordovician Graptolite Zonation

Ay

The relatively short-ranging Ibexian Zone E-F conodont species

1

Macerodus dianae FAhraeus and Nowlan was originally defined from Bed 8

3

of the Cow Head Group of Kindle and Whnittington (1958) (Fahraeus  and

Nowlan, 1978). Graptolites from the upper part of Bed 8 are indicative

of the earliest Arenig Tetragraptus approximatus Zone (Kindle and

Whittington, 1938) stratigraphically above M. dianae. This conodont

»

does not occur later than Zone F. This suggests that _Zones' E and F’ lie

at the top of the late Tremadoc Adelograptus hunnebergensis - Clono-.

-
Y

graptus tenellus Zone' of Britain - Scandinavia and Zone Gl lies partly

v

or wholly within the Tetragraptus approximatus Zone.




p—

Berry (1950; pl. 7, Figs. 1, 3) illustrated a trilobite specimen

{

("New genus related to Strigigenalis and Benthamaspis®) from Zone &

(Tetragraptus fruticosus & branched) of his graptolite zonation in the

Marathon region of Texas, equivalent to the lower half of the Arenig

Didymograptus deflexus Zone of Britain-Scandinavia (Skevington, 1963,

1968;‘.Jack36n, 1964). Fortey (1979a, p. 102, 104) synonymized this

trilobite with Benthamaspis conica Fortey. In western Newfoundland H.-

conica occurs in beds correlative with Ibexian Zone G2. Underlying beds

also contain Zone Gy trilobites. This suggests that Zone G2, as well as

Zone Gl, 18 partly equivalent to the basal Arenig Tetragraptus approxi-

matus Zone.

Fortey (1976) showed that 1in Spitsbergen the ‘range of the Ibexian

Zone H trilobite Carolinites-grenacinaca nevadensis Hintze extends into

-~

Berry's (1960) Zone 5 (Tetragraptus fruticosus 3-and &4 branched) equiv-

alent to the upper half of the Arenig Didymograptus deflexus Zone ot

Britain-Scandinavia (Skevington, 1963, 1968; Jackson, 1964).

In summary Zones E and F probably Llie at the top ol the late

Tremadoc Adelograptus hunnebergensis — Clonograptus tenellus Zone, Zone

G] and part of Zone G2 lie within -thé basal Arenig Tetragraptus
approx imatus Zone, and the rest of ;o"n'e G2 and Zone H probably lie

within the Arenig Didmograptus deflexus Zone of Britain - Scandinavia.

i

This information is summarized in Fig, 3.11 (in back pocket).

o
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3.9 The Significance of the Boat Harbour 'Pebble Bed'

Prior to 1977 no major breaks were recognized within the St.
George Group. At that ‘time Knight recognized a‘diétinct sediment#ry
break 15 m below the top of the Boat Harbour Formati.onj'at Boat Har-
bour. Here hé identified a lag deposit comprising c}zaicedon‘ic an;l vug
quartz and chert pebbles scattered upon an irregular solution surface
and capped by a thin shale seam. This he called the "pebble bed"
(Knight, 1977b, 1978). The full significance of' this sedim_gntaty break
within the Boat Harbour Formation only became e;pp‘;rent'with the collec-
tion of trilobite v-and, later, conodont -taunas belé_u"and above the

"pebble bed".

There is an abrupt.' change in the trilobite faunas coincident with
the "pel':ble bed"” (Boyce, 1978,. 1979a,§, 1983; Bo_;,'(.:e in Stouge and
Boyce, 19835.-Below, the trilobites are\;;redominantly hystricurids;
above they are largely bathyurids. There are no common taxa below and
above the "pebble bed” (Boyce in Stouge and Boyce, Fig. 3.3; this
study). There is also an abrupt ;hapge in the conodont faunas. at the
"pebble bed"; only a veryb few taxa are inherited from the older faunas
(Stouge, 1982; Stouge in Stouge and Boyce,, 1983, F-i;g. 2.&).‘ |

.Below the "pebble bed" late Tremadoc Zone E-F trilobitevapd cono-
dont faunas occur in the Boat Harbour Formation, ;.rhi’l].st above, the

: i

faunss are indicative of early Arenig Zone G2; Zome F’/l faunas are not
. , / .

represented (Boyce,A1979a,b, 1983, this study} Stouge) 1982).




The absence of Zone §] faunas and the distinct and 'abrupt changes
in both the trilobite and conodont Faunas coincident with the "pebble
bed" suggests that this is a disconformity produced by sea level

lowering and subaerial exposure of the platform. This suggestion is in

accord with that originally put forward by Knight (1978).

This major late Tremadoc-early Arenig regressive episode was fol-
lowed by repetitive cyclic shoaling upward sequences in the upper 15 m
6f the Boat Harbour FormatLpd. This supgests £hat qedimentatioﬁ at
firsttkept péce with sea level fise (Knigﬁt, pers.: comm.,  1983). The
mudcracked wunit at the top of the Boat Harbour Formation prebably’
repyesents a‘s;aller early Arenig ;egrgssibe ev;nt._The shelf was gub-

sequently drowned by a major transgressive event slightly later 1in the

early Arenig and)sub:idal deposits of the Catoche Formation blanketed

the platform.
An analogous horizon to the Boat Harbour "pebble bed" was located

by Knight (1983) in the Eddies’?ove West area; Boyce (1983) recognized

a comparable gap'in ihe biostratigraphic succession of the trilobite

faunas.

The major regressive-transgressive events described above are also

recorded in the Cow; Head. Group of western Newfoundland and in central

-~

e

Newfoundland -

Pre-Arenig deposits in the Cow Head Group (Kindle and Whittington,

1958) are predominantly of gravity slide and slump origin (Fahraeus and




. Nowlan, '1978) - these are interpreted by the author as the result of

collapse of the\oversteeper;ed edge of the carbonate platform durihg
regre_uaiile episades. The Arenig deposits are mostly bedded fine grained
carbonéte‘s (FAhraeus and Noﬁlan, 1978) wh'ich "the author interprets as
ha-ving Eormed in deep.er' water duri‘ng transgressive episodes.” Fihraeus

and Nowlan (1978, p. 449) also report a change in the composition of

the conodont faunas coinciding closely with the Tremadoc-Arenig bound-
ary; this they believe was related to one *of the wmajor regressive-

transgressive episodes during the Egrly Ordovician,
'.
- Stouge (1980, 1982) re‘ports a faunal gap between late Tremadoc and

earl-y Arenig conodont faunas occurring immediately below and above the

"Boat Harbour "'pebbie bed". However, in central Newaun'dlaﬁ;i, Stouge

. v ) °
(1980) records the missing fauna from' limestones exposed at “JOUTh

.
{

Catchers Pond. Stouge (1982) explained this by suggesting that during

this~late Tremadoc - early Ar!enig‘ interval a major regfession occur-
re.d. Accdrding_ to Stougeﬁ the w‘e.stern Newfoundland. cono@oyt faunas
during this regres’sion were forced to migrate seaward tchxwar‘ds central
Ne\frféundiand; duriﬁg the ;subsequent early Arenig btransgression they
migrated back to -western Newfoundlqnd. In central Newfoundland the
early Arenig transgression is »'r‘nar’ked‘ bf' a cha‘nge_jfrom-sha]rlow water\
1limestone deposition to deep water black shale deposition * (Stouge,

1980). 4 '

. The regional extent of these regréssive-transgressive events is

not confined to Newfoundland. Ad examination of existing' literature -

.

indicg:es the presence of the same eventd elsewhere in the werldg—this

o .
v -t . . )

- 4 !

7 . N . * !
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information is summarized in Fig. 3.12 (in back pocket). These areas

-are as follows:

a) southeastern Ontario, Canada
\ | /

The lithostratigraphy and conodont biostratigraphy of the March

—

and Oxford Formarions in the area of Brockville, Ontario have recently

been detailed by Bond and Greggs (1973, 1976) and Greggs and  Bond )

(1971), respectively.

A well defined lithological break .sefarates the predominantly
clastic sediments of the Matl'ch Formation (below)» from the carbonates
and 7‘sandy carbonates of the oxford Forr_neti.on (ab(;ve). This abrupt
lithological ¢hange Bond and Gfegg, (1976, p. 21) cunsidere,d indjcative
of a disconformity, as there was evidence of erosion ot the March.

. r.

. <
Format ion prior to deposition of the Oxford Formatidn.

A distinct change’ in the conodont faunas coincides with the ab;upt
contact’betgeen the Marchu‘ and Oxford Formations (Gregg.a and HBond,
‘1971.). Many taxa make ‘their first appearance in the successim; immedi- -
ately above the Marcl; - Oxford Formation contact (Bond{and Creggs ,
197.6, P- 2{‘); On the basis of their contained faunas the March and
Oxford Formations were‘assigned ﬁo the late Tremadoc {Bond and Greggls,
1973, p. 1147) and the early Arenig (Bond and Gregys, 1976, p‘. 25),

respectively. Oneotodus variabilis Lindstrow which is present i.h the:-

March Formation also occurs in the upper member of the Boat Harbour

Formation below the "pebble bed" (Stouge in Stouge and Boyce, Fig.




2.2). The following species which occur in the Oxford Formation, also

are present in the Boat Harbour Formation above the 'pebble bed":

.. 1
"Scolopodus” quadraplicatus Branson and Mehl and Qistodus inaequalis

Lindstrom (Stouge in Stouge and Boyce, Fig. 2.2).
Trilobites have so far only been recovered fronm the lower sandy

division of the Oxford .Formation in southeastern Ontario where the fol-

lowing apec'inéa have been identified (Ludvigsen,.197%9a,b): Bolbocephalus

convexus {(Billings), Gignopeltis rarus (JBilAlings), Goniotelina sub-

. rectus (Bradley), Strotactinus salteri (Billings) and Isoteloides sp. \

Of these species B.- convexus has been shown to.occur in western New-

foundqland in rocks of demonstrable eérly Arenig 2one G2-H age; G. sub-
rectus also occurs in the Fort Cassin Formation (Whitcington, 1953)
R ,

which has been demonstrated to contain the early Areniyg Zone H species

Benthamaspis gibberula (Billings). Combining the conodont and trilobite

data,  the Oxford Formation can, therefore, be no older than early

Arenig ZDT‘{G." G2. This 1is at variance with Ludvigsen (1979c, Fig. 2) who

cam

depicts the. Oxford as old as Zone F.
. : :

[ . .
In the southeastern Ontario area lithostratigraphic and. biostrati-

graphic. evidence indicates a late Tremadoc—early Arenig regression at <
the top of the March Formation followed by an early Arenig transgres="

.. v
sion at the base of the Oxford Fprmation.

E-4

b) New York - Vermont, U.S.A.

~

An erosion surface separates the Fort Ann (= lower Bascom) Forma-

tion from the overlying Fort Cassin (= upper. Bascom) Formation (Flower,
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1968c; Mazzullo and Friedman, 1975; Fisher and Mazzullo, 1976). This
erosion surface is overlain by a, laminated dolomitic siltstene unit
(the Ward Siltstone of Fisher, 1982), which may be analogous ta the

thin shale seam overlying the Boat Harbour ''pebble bed". *

The Fort Ann Formation is 30 to 35 m thick.{(100 to 115 ft -
Flowér, 1964, 1968c). The lower 12 m consists of al;ernéting beds of

gray wea'thering dolostone and ,highly fossiliferols, locally ex:tehsively

. 4 )

bioturbated (vermicular) black limestone and dolomitic limestone. The ..
upper part of the -formation consists of 18 to 23 m of \’dolgatone con~
taining only rare, silicified fossils; thickness varies because the top

rd

of the formation is an erosion surfacdddFlower,~ 1964, 19b8c).
, v

. .
. . .
The overlying Fort Cassin Formation is divided into three members
(Fisher in Ross et al., 19-’82, Fi.g..3,.Fisher, 1982). ‘fhe basal Nard'
.8iltstone member 1is a l4,to 19 ;u‘thick unit of lamina.ted dolomitic
siltstone; thickness presumably varies because the ‘membe”r overlies the
erosion surface developed at tl.le top of the underlying Fort Ann Forma-
t'i::m. The middle Sciota Member consists of 47 to Ssur'nlof highlyvfossil-
iferous medium to dark gr:«;y dolomi’t,ic limestone with lighter gray,
co;rse calcarenitbit; lenses and iLnterbedded tan weatihé‘ri.ng fine grained
pale gray dolostones. The upper Providence Island Dolostonhe‘cunsisgs of
at least <44 m of tan weathering, massive, fine grained bluish—'grvay

. dolostone (Fisher in Ross et al., 1982, Fig. 3); Flower (1964, Fig. 52)

previously reported the thickaess-of this unit as 91 m (300 fr.).
-
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The trilobite fauné of the Fort Ann Formation occurs in the lower

12 m thick lihestone’member and includes Hystricurus oculilunatus Ross

and Paraplethopeltis aeelyi.(Whitfield);-it correlates favorably with -~

(

the late Tremadoc -Zqpe E-F fauna tound below the Boat Harbour ™"pebble
bed”. The Fort Cassin trilobite fauna occurs in the middle 50 m thick

Sciota member .and includes Strigigenalis caudata (Billings) and

Benthamaspis gibberula (Billings); this correlates with "the early

Arenig Zone H Catoche Formation fauna. These correlations suggést a

hiatus of ‘greater magnitude than that in western Newfoundland as might

be expected of strata deposited closer to the shore line of the Ord;—
k

“ician plat form. _ ' -

e

s

¢} northern Estonia.

Roomuscks (1972) réports a stratigraphic break in upper Tremadoc
deposits in northern Estonia followed by a transgression at the begin--
ning of the Arenig. With this trénsgression a completely new inarticu-

late brachiopod fauna appeared (Roomﬁsoks, 1972, p. 607).

d) Bohemia

Havlicek (1976, p. 352) states:

"The ¢lose of the Tremadoc and the beginning of the Arenig was a =’
period of important paleogecgraphical changes, which are well docu-
mented from Bohemia. There the upper Tremadoc Milina Formation is com-—
posed of regressive deposits; sedimentation was predominantly chemical
as is apparent from the fact that 501 or more of its total thickness is
formed of chert. At the beginning of the Arenig, this regression was
succeeded by a new transgression ....."
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"Whea comparing the conditions at the base of the Arenig with
those at the base of the Tremadoc, there is & similarity in that in
some areas the majority of the upper Tremadoc fauna was destroyed at
that time. The .ensuing Arenig transgression then repopulated these
areas with a new fauna of varying origins"

Boucek (1973, p.~ 143) reports the absence of the basal Arenig

Tetragraptus approximatus Zone in Bohemia.

e) Morocco

Destombes (1962, p. 455; 1971) records a major Upper Tremadoc

.

regress'i'obp followed by a Lower Arenig transgression in the Schistes des
N .
Fezouata of the anti-Atlas Mountains,

.

f) Wales

There is a paleontological break at the upper boundary ol the
Tremadroc Series in Wales (and below t‘he ba;:e of the'Areﬁig as defined
in Britain). The youngest Tremadoc rocks exposed théré, thg Ampnodd’
,Shales and equividlents (Williams et al., 1972), are of late Tremadoc™,

/;

Adelograptus hunnebergensis - Clonograptus tenellus Zone age (Cope et

al., 1978; Owens et al., 1982). The fauna of the earliest Arenig (in

the Scandinavian, sense) Tetragraptus approximatus Zone has not been

recognized; it is likely that it is not represented by grap:olice-y'

bearing strata {(Skevington, 1969, p. 163). Fortey (1979a, p. 67) first

suggé)sted that the basal Arenig transgression of Wales was apprbxi-

mately coincident with the deepening event that accompanied the trilo-

bite faunas of the Catoche Formation.




g) Australia

" Webby et al. (1981; pi. 1) depiét a hiatus within the K;kly Creek '

Foxmation of the Georgina Basin spanning the Bendigonian Bé 1 Tetra-

graptus approximatuvs - Tetragraptus fruticosus Zgre and hal;f of Be 2

B . e
Tetragraptus fruticosus 4-branched., In terms of the British' - Scandi-

- - - ".
navian graptolite zonation this corresponds to the early Arenig Tetra-

graptus approximatus Zone and the lower quarter of the Didymograptus

deflexus Zone (Skevington, 1973; Table 1). This hiatus was first
repurted by‘Jones et al. (1971) because of a break in the succession of:
. conodont faunas, although no physical discontinuity has so far been

demonstrated (Webby et al., '198l). Shergold et al. (1976) depict the
s <~ i v '

hreak as spanning an interval from middle to late Warendian (= Lanc~
. fieldian La 1-2; Webl;y et al., 1981) in British - Scandinavian terms

equivalent to the upper part of the late Tremadoc Adelograptus hunne-

bergensis - Clonograptus tenellus Zone (Ross et al., 1982). Shergold
. T

and Druce (1980) depict the break as extending from late Warendian to

earliest Are‘nig,_ in British - Scandinavian terms latest Tremadoc Adelo-

graptus hunnebergensis » Clonograptus tenellus Zone to earliest Arenig

Tetragraptus approximatus Zone. As Webby et al. (1981, p. 29) note, the
nature and timing of the break is in doubt but they _suggest ic may

represent 8 short-lived early Arenig phase of regression.

3.10 Summary

_During the early Ordovician western Newfoundland, southeastern

Ontario, and New York - Vermont were all part of the equatorially dis-




\-, :

posed Bathyurid Province (Whittingfon and- Hughes, 1972, 1973). Because
_southeastern Ontario and New York = Verrt'ront‘ lay closer to the cratonic
margin of the platform, which was developed around the CLanadian Shield,
. late Tremadoc - ear.ly Arenig regression affected thox%e areas first and
lasted ‘longer there;, s'ubsequent early Arenig tran;gression affected

western Newfoundland first as it lay closer to the edge of the plat—

form. The platform edge and continental slope were affected least by

these events., o -

Northern Estonia during the early Ordovician was part of

Asaph™ Province (Whittington and Hughes, 1972, 1973). Wwhittington
‘Hughes (1972, 1973, Fig. 3) depict this province as equatorially to
tropically located, ‘ho;ever, Cocks and Fortey (1982) have preseated

faunal evidence suggesting that its location was "in wmore temperate

. ;
latitudes,’

During .the early- Ordovician, Bohemia, Morocco and Wales were part

of the temperate latitude to polar Sele'nope.l'tis Province (Whittington

and Hughes, 1972, 1973) developed around the supercontinent of Gond-

wanaland. Australia at this time was also attached to Gondwanaland but

its position was at more tropical latitudes within the Asaphdpsis Prov-

ince (Whittington and Hughes, 1972, 1373). .

: .
During the late Tremadoc - early Arenig all the above faunal pro-

vigices were affected by a major late Tremadoc regressive event followed
3 _ .

13

by a major early Arenig transgression. Fortey, (i97%9a, p. 67) first

addressed the 'questidn- of contemporaneity of the early Arenig trans-

oy 4
<.
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gression in western Newfoundland and Wales. He concluded that it might
be necessary to. invoke a world-wide sea level rise to account for its
effects  in what were then separate concinehtal plates.. It therefore

follows that a world-wide sea level drop must be invoked for the late
;Tre\Kadoc'-: early Arenig regression,

. i3
~ .

’

Denovan and Jones (197,9) discussed in detail the causes of world-
' [ )
* wide changes of sea level.' For major changes (i,e, between 150 m and

‘ 300 m) they concluded that thedfollowing are likely rto b.e most
effective: ' - |

| . - ! )
1) _(Q‘.han,ges‘ in the volume of land ice - increases in the volume of
- land ice resulting 1in ‘ regressions, decreases fresulting in

. transgressions.

-, 2) Changes in the volume of ocean ridges - the development -of oceanic

ridges 'during cénti.nentgl fr'agmenl:;t:ion resulting in transgres-

.sions; the collapse of oceanic ridges during the formation of

Su}}ercontihents resulting in regressions.

Another possible cause of world-wide changes in sea level |is
changes in the size of ‘the earth, i.e. earth expansion/coantraction.
This cause‘is generally dismissed with little discussion, howe:ver.,
(Donovan _gn;i Jones, 1979; Hallam, 1981) despite its great explanatofy

potential, 1f the volume of water in the cearth's oceans remained rela-

tively constant throughout geological time then episodes of ‘earth

expansion would result in world-wide regressions, contractions would

result in transgressions.




The late Tremadoc =- early Arenig regression and subsequent early .
Arenig transgression prec'i.p;ltated uid.espread and profound "evolutionary
‘changes in the brachiopod, conﬁogont, grapcdlité and trilobite taunas of
‘the Bathyurid, Adaphid, Selenopeltis and Asaphopsis Provinces. In the
Bathyl;rid Province hystricurid trilobite fau;\as were rcplace;i ‘by
‘totally new bath‘yqrid faunas; there was also a change in the composi-
tion of the conodont faunas. 'In the Asaphid Province a cm-ﬁpl.etely new
inafticulate‘ brachioppd fauna‘ appeared, There was a marked change in
the articulate brachiopod .and -graptolit.e faunas of the Selenopeltis
Province. In the Asaphopsis Province there was a change in the conodont
1 ‘ faunas, : : ' _ —

I ' VNewell (1967) first proposed the hypothesis explicitly relaring
f.;lunal extinctions and radiatioms to eus;atic sea level changes and,
indicated that a good correlation exists between biotic divefai[y and

' the area of habitatvavailnable for colonization. A decrease in the arca
of epicontinental sea habitat during regression should, therefore, have
a deleterious effect on t:ne marine organisms and iead ‘to widespread
extinction; adaptive* radiation of .the sutvibors would take place during
' : v the subsequent tranégreasion as a result of r,hg consequent expansion of

habitat area (Hallam, 1981, p. 225).

I ! ~

i ,

| Sheehan (1?73), related the Ordovician - Silurian Jchangnover in
North American brachiopod faunas to the Late Ordovician™ Gondwanaland
glaciation; t;e suggested that sea level may have been iowered en(ough to
severely strea'a the wi;ieSpreadr shhallow marine North American faunas,

.(a‘ ]
resulting in their eventual extinction. Sheehan (1973, p. 150) alsé
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proposed a number of points to be established before glaciations could

be éonsidergd as explaining faunal ch_angeoveré. These are:

1) The preaen;:e of a-continental size glaciation must be confi'l"mec.i.
and precisely dated.

_ﬁ) The extent of the glaciation must have been sufficient to ha;)e

| caused a significant lowering of sea level.

3) The faunal chaﬁgeover must be—shown to have occurred daring or
immediately after glaciation. |

4) The eustatic lowering of sea level should be feflected in the
rsedimentary | record of shallow -water .8eas as a worl;i-wide regres-

sive phase.

Of the above points, only 4) has been established with respect to
| ,

the late Tremadoc - early Arenig regression. As far as-the author knows
~there is no record of any glaciatioﬁ during this time Lnterval. Con- .

v -

sequently, he proposes that there be a concerted search effort for late
Tremadoc . early Arenig glacial pavements aﬁd thillites around the ianer
_cratonic margjln of the Selenopeltis Province of Condwan‘aland, particu-
iarly in northwest Africa and northeas-t South America (s;:e Whittington,
197}, Fig. 3). A search for dropstones would e;lso be advisable in
marine  sediments rimming Gondwanaland in. lower Ala'atitudes, _1._e__ in

f

Australia and Antarctica.
Should no evidence for a glaciatioﬁ during the late Tremadoc -
" early Arenig interval be uncovered then the hypotheses of oceanic ridge

collapse and earth expansion merit serious attention.
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4. SYSTEMATIC PALEONTOLOGY

4.1 Association of Trilobite Parts

. .
Guidelines for the" association of 'separate pieces of individual

trilobite species havé been outlined previously by Fortey {(1979a, p.

63).

3

In general, the  association of librigenae with cranidia is
¥ .

o straightforward, accomplished merely by comparing their size, convex-
ity, prosopon (surface ornaméntation) and the fit" of their facial

. P
/) sutures. The association of pygidia and hypostomata with cranidia, how-
ever, 1is mc;re difficplt. Fortunately the problem can be obviated 1t 1)
a complete or nearly combiete specimen is oPt‘aimfd or 2) the remaing ot
a single species or several highly d'.istinct species are concentrated in

- :

one *horizon, Furthermore, pygidié and hypostomata often have ghe, same
type of‘prosopor.l and display similar dégrees of effacement (or lack of

it) and/or convexity as their associated cranidia. In particular, the

glabelia and ‘the pygidial axis often have the same prosoponvtype.

4.2 Terminology

The terminology utiljzed_is 'l:h;gt of .Mqore (1959) with additional
terms from Opik (1967), Ri:chte'r and Richter (1949) , and whittiﬁgt‘cn
(1965). The glabella include‘s the occipital ring except when the term
preoccif)itai glabella is used. The common morphological nomenclature of

‘trilobites is shown in Figure 4.1. The orientation of the trilobite

exoskeleton is showtt in Figure 4.2. ‘ ) .
“ .
) r/
) ;
-7 // \_\ :







> ABAXIAL o ADAXIAL

Figure 42 Trilobite orientational
pomenclature.

Modified from Moore
{1959, Fi1g.27)
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4.3 Location of I1lustrated Material

'

-

) . : . . o v .
The specimens illustrated 1in this study are housed 1im several
different institutions, each of which has their own particular abbrevi-

ation., These are as follows:

.
‘AM.N.H. - American Museum of Natural History, New York, New York,

U.S.A. - o N

G.M. - Geologisk Museum, Copenhagen, Denmark.

»
&

G.S.C. - Ceological Survey of Canada, Ottawa, Ontario, Canada.

[

NFM ~ Newfoundland Museum, St. John's, Newfoundland, Canada. -

U.S.N.M, - United States National Museunm, Smithsonian Institution,

~Washington, D.C., U.S.A.
Y?P.M. - Yale Peabody Museum, New Haven, Connecticut, U.S.A.

4.4 Systematic Descriptions

~

.The classification followed is basically that of Moore (1959)
except that Hupé's.(1953) concept of the Bathyuridae is used and the

order Proetida of Fortey and Owens (1975) is recognized.

’ .
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Order PTYCHOPARIIDA Swinnerton, 1915

’

Superfamily LEIOSTEGIACEA Bradley, 1925
A
Famtﬂy LEOISTEGIIDAE Bradley, 1925

:

Sybfamily LEIOSTEGIINAE bradley, 1925
\ , | -

\

(‘G_enus Leiostegium Raymond, 1913

e

Type spec fes: Bal:l[yurus ‘quadratus Billings, 1860 from the Levis Forma-
T

Ntion at Point Lé){is, Quebeé.
N

—

Diagnosis: Glabella straight—, parallel-sided, quadrate, subrectangular
to gently tapering. Pygidium subtriangular, semicircular Lo parabolic;
axis narréwer than pleural fields; posterior border narrow to wide,

_convex,

Remarks: For some time there has been a debate as to-.whyther Leiosteg-—
ium Raymond, 1913 is more properly a subgenus of Llo Vogdeé, 1890
or vice-versa (Berg and Ross, ,1959; Lochman, 1964, 1965; Shaw, 1966;

Flower, 1968a). Ross (1970, p. 73) pointed out that 1) the type speci-

men of Lloydia Vodges is cranidium of Bathyurus bituberculatus B.ill.in‘gs.
(1865, p. ‘410, fig. 391) characterized by discrete oblong preoccipital
giabellar lobes, and 2) that no pygidium had ever been describec% for
this species. Ross (1970, p. 74) fl;rther .recomm‘ended th.;t Lloydia be

restricted to species having preoccipital glabellar lobes as in L
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i

bituberculatus. Until a pygidium. is assigned to L. bituberculatus,

thereby allowing the setatus of Ll'oydia and leiostegium with respect to

each other to be clarified, the two are regarded as 6eparate genera,

and, following Ross (1970, p.” 74), Lloydia is regarded as being

monotypic.

Leiostegium proprium sp.nov.

Vs

(Pl. 2, figs. l-4)

1983 Leiostegium sp. nov. — Boyce in Stouge and Boyce; pl.
1, 2. -

Diagnosis: Glabelia strongly convex, with weakly defined pair of

preoccipital glabellar lobes. Pygidial axial lobe cylindro-conical; at.

least seven distinct axial rings. Posterior ‘border Strongly defined.

Prosopon of dense punctae.

Derivation of name: From proprium (Latin), distinctive, referring to

the nature of the prosopon.

Stratigraphic range: Upper member of the Boat Harbour Formation, unit 9

of Pratt's (1979) Eddies Cove -Wes{ section. :

«

Material: One (1) cranidium; one (1) pygidium.
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Holotzge:'Cranidium,‘NFM F-110, from unit 9 of Pratt's (1979) section
in the upper member of the Boat Harbour Formation at Eddies. Cove West, -

N

western Newfoundland (designated herein).

Paratype: iygidiunh NFM F-111 from the same horizon as the holotype

{designated herein).

Descrigtion: Glabella ﬁighly convex, transversely strongly vaulted}
‘straight- and parallel-sided, anteriorly broadly rounded; - it extends
total cranidialh length. Cccipital ring sagittally narrow,
_ subrectangular. Weakly defined * pair of predccipital glabellar lobes
immediately. Preglabellar and axial furrows well defined, narrow deep;
occipital furrow slightly less so. Preglabellar field lacking. Anterior
border and anterior border furrow not preserved. Anterior fixigenal
areas wide, convex, anterioriy steeply;downsloping. Palpebral fixigenal
areas only slightly wider than anterior fixigenal arbés, “abaxially -
horizontal to veéy gentlyrdownSIOping, sagittally anteriorly steeply
: : 7
downsloping. Palpebral lobes relatively short, exsagittal length about
one-quarter sagittal glabellgr length, wide . Palpebral furrow
)indistinct, narrow, shallow. Line through centers of palpebral lobes
crosses glabellar gagigtal line at about one-half glabellar length frow -
posterior edge of occiﬁital ring. éﬁstgrior Eixigeﬁal areas wide,

weakly convex, posteriorly horizontal to weakly downsldﬁing. Posterior

border furrow well defined, wide, &eep. Prosopon of dense punctae,

Hypostoma, librigenae and thorax unknown. -

o
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Pygidium moderately con‘vex, obl,o-ng; lelngt:h about three—fifths
maximum width (estimated) at postefio? end of articulating facets.
Axial :].obe cylindro-conical, transversely strongly a:rched, posteriorly
gently tapering and abruptly rounded, highly convex; it extends about
six-sevenths total pygidial length. At least seven qxial rings
(exchuding terminal ring) of posteriorly decreasing sagittal width.
Axial furrows distinct, narrow, deep. Pleural and interpleural‘furrows
not developéd. ‘Posteriar border strongly defined, narrow, weakly
convex, Posterior border furrow distinct, narrow, deep. Prosopon of

dense punctae., o -

Remarks: The oﬁly other presently known species of Leiostegium with a

punctate prosopon is Leiostegitm (Alloleiostegium) punctatum Zhou and

Zhang 7(].978, P- 13; 24-25; pl. 1II, figs. 1-B) from basai Ordovician
rocks of the “Tangsham area, China, '1“he clearly defined latc;ral
glabella_r furrows, thé prese’nce of. Athree pairs of pleural furrows on
the pygldium and the absence of. a pygidial Vposr.erior border an’d
posterior border furrow however, readily distinguishes this species

v

from L. proprium.

Superfamily ASAPHACEA Burmeister, 1843 - -
Family ASAPHIDAE Burmeister, 1843
Subfamily I1SOTELINAE Ange'lin, 1854

Genus Isoteloides Raymond, 1910
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Type Species: Asaphus canalis wWhitfield, 1886 from the Fort Cassin

Formation at Fort Cassin, Champlain Valley, New York.

'S

Diagnosis: See Jaanusson in{Moore (}9;;§_p. 0341) .

IsoteloiQes”péfi“Fortéy

(Pl., 2, figs. 5-8)

1958 ?Isoteloides ¢f. I.- flexus Hintze -~ Sando,” p. B4Z, 854; pl.

figs. 33-35.

1979a% Isoteloides peri sp. nov. - Fortey, p. 69-72; pl. 23, figs. 1-8.

r

1983 [soteloides peri Fortey - Boyce. in Stouge and Hoyce; pl. 14,

fig. 8; pl. 15, figs. 2, 5. ’ !

Diagnosis: Anterior  sections of facial sutures slightly divergent,

A * ‘
Eyes small. Pygidium about two-thirds as long as wide, distinct border

of moderate width. Fortey (1979a, p. 69).

Stratigraphic rahse: Upper member of the Boat Harbour Formation and

lower limestone sequence of the Catoche Formation, 80.17 to 93.h0 m

above the base of the Boat Harbour measured sequence,

. ¢
. . . . = I
Material: Eight (8) cranidia; five (5) hypostomata; seven  (7)

-

‘ ' : -
librigenae; fourteen (14) pygidia. -
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Holotype: Cranidium, G.S.C. %799, from the Catoche Formation, Port au

’ {
Choix Peninsula, western Newfoundland (Fortey, 1979a).

Description: Fortéy (1979a) has already provided a detailed description

: [
of I. peri which is not repeated. i

Remarks: Sando (1958, p. 842, B54; pl. 2, figs. 33-35) iMustrated
Isoteloides «f. 1. f_lexus Hintze from the Rockdale Run Fuormation near
Chambersburg, Pennsylvania. Accérding vto. Fortey (1978b, p. 38) this
species i..s probably identical te 1. peri. A comparison of the phato-
graphs of the two ﬁpec les su-ggests that Fortey may be correct in hia
assignment. Accordingly, the Isoteloides species from Pennsylvania ts

te.ntatively placed 1n synonymy with 1. peri

Subfamily SYMPHYSURININAE Kobayashi, 1955

Genus Randaynia nov.

~

Type species: -Randaynia saundersi sp. nov. frow the Boat Harbour Forma-
tion on Old Ferrclle Island, Brig Bay, western Newfoundland (designated

herein) .

Diagnosis: Cranidium highly convex, featureless except for concave

anterior border, thorax with six or seven segments. Pygidium feature-
less except for 1) weakly defined axial lobe which is posteriorly
tapering and abruptly rounded or truncated and 2) distinct posterior

border which is flat to concave and of constant width.

. »
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Derivation of name: In honor of the late objectivist philosopher\Ayn'

-

Rand.

Assi&ned ‘species: Species which the author assigns to Randaynia nov.

(in addition to those -described in this study) ‘inclyde 1) Bathyutrus
‘taurifrons Dwight from the Rochdale Formation (Wappinger Group) at

Rochdale, Lutchess County, MNew York (Dwight, 1884, p., 252-253; pl. VII,

figs. 1-3); 2) Bathyurus perkinsi Whitfield from the Fort Cassin Forma-
tion (Beekmantown Group) at the mouth of Otter Creek, Vermont (Whit-

field, 1897, p. 183; pl. V, figs. 7, 8); and 3) Asaphellus gyracanthus

Raymond from the Tribes Hill Formation (Beekmantown Group) of the

Mohawk Valiey (Raymond, 1910, p. 39, 40; pl. XIV, figs. .5—7- ar;&\F\i.sher,

v

1954, p. 85, 87, 89, 90; pl. 4, fig. 10). :

The unidentified pygidium illustrated by Ross (1951; pl. 26, fig.
15) from Zone G in the Garden City Formation o6f northeastern Nevada is

questionably assfgned to Randaynia; it may actually belong to

Isoteloides or some other asaphid genus. .

. . . .
Remarks: Randaynia most closely compares with Bellefontia Ulrich in

Walcott, 1924 and Parabellefontia Hintze, 1953. The differences are

discussed below.

Py

—

Randaynia is generallyﬂimore effaced than Bellefontia; the cran-
idial and pygidial axes are not as well developed.‘ In addition, the
cranidial anterior bborder, the librigenal lateral border - and the

pyridial posterior border are concave-upward rather than convex:upward




’ 4 -
- . - *

as in Bellefontia. Randaynia also has mo dore than seven thoracic seg-

ments; see R. saundersi (this study; pl.3 ' fig. 3). Bellefont ia has at
- <@ -‘ ’ ’ . .
least eight thoracic segments; #hexensis Hintze (1953; pl. 1V,

£i3. 6).

v

Randaynia is more strongly furrowed than the monotypic Parabelle-

fontia. The cranidial and pygidial ‘axes are better defi'ne;d;_in Para-

bellefontis they are not develgped.' In addition, .the cranidial anterior

border and librigenal ,lhteral border are strongly dev.elo‘p'ed; they are -

lacking in ParabefTéfontia. Furthermore, the pygidium of Randaynia has

" a strongly de\}eloped posterior border, ‘which. is also much wider than

that of Parabellefo‘/ntia. See Boyce (this stu'dy; pl 3, figs. 1-7; pl. B

4, figs..-I-5) and Hintze (1953; pl. IIL, figs. 1-8) to photographically

compare the two genera. : . o

Randaynia differs from bofh Bellefontia and Pa»rabelleiom':\iab in

that the posterio po‘rtion.‘o’f the pygidial axis di.splays"a prominén-t
pair of muscle infertion scars (this study; pl. 3, ‘figs. 2-4; pl.. 4,
. . ) . o H
fig. 3). The latter two genera do not exhibit this feature.
Undetermined genus, and spe.cfés No. 2-of Ross (1954, p. 567, 5_68;

pl. 84, figs. 12, ‘H—IS)"from theLVallmy. Forma,tion of Nevada may be

closely related but 'not ,cbngeneric with Knhdaznia. Although .the cra-

" nidium and librigenae ﬂar"re comparablé with those of Randaxlnia, particu~ °
larly R. langdeni sp. nov.',‘, the i:Ygidiunﬁ lacks the distinctive flat_td ‘—-_\'_;‘-

‘qoncave posterior border. :
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Randaynia saundersi sp. nov.

(pl. 3, figs. 1-7)

+ 1983 "parabellefontia” -s.p‘. - Boyce in Stouge and Béyce, 1983; -pl. 14,
£ : -

fig. 3; pl. 16; fig. 9.

‘

o

- .

Diagnosis: Cranidium sagittally loag, anterior border wide; glabella -

. ¥ , . ‘
undefined; palpebral lobes smal@, crescentic, Librigenal lateral

. borders . wide, abaxially tapering; . posterior borders lacking; genal
spines ‘long, wide. Pygidium semicircular; poster-ior border wide,
pos_teriorly gently 'downsloping. Prosopon‘]/co:nsists of fine terrace-. ,

o
.

. lines. -

»

Derivation of name: For P.D. Saunders, who introduced the author to Ayn

- AN
Rand's writings. )
-

’ "~ B co . . . o
Stratigraphic range: Upper member of the Boat Harbour Formation, 9.84%

" to 58.46 m above the base o\f\ the Boat Harbour measured sequence.,

. ./’1_7. - . ' - °
»
Id

Material: Fourteen (14) “cranidia; forty-four. (44) ‘librigenae; six,tg-
A » .

¥

four (64) pygidia;  omne (1) nearly complete individual lacking

y -

* -librigenae; ore (1) jnhi-vidual ltacking cephalon’®

3 .

.

Holotype: Nearly completé individualf lacking librigenae, NFM F-94, from

the Boat HKarbour Formation on 0ld Ferrolle Island, Brig Bay, western

Newfoundland (d'esi'ghated-herein). Yo .
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-\I] ) N . . ) > . . - . . . - -
Paia:zges: Cranidium, NFM F-119 from BH-18; librigena, NFM F-i17 f{rom

-

'BH-30; pygidia, NFM F-120 from BH-23; NPM F-121' from BH-30; the upper

member of ‘the Boat “Harbour Formation - at _ Boat Harbour, western

.
. - - ..

Newfoundland (designated herein).’
[ ' '

D <.

' Des,c'rigtion: Cranidium long, strongly convex; ".glabella undefined. Pre-

-

-~ glabellar, «nccipitél and lateral glabellar furrows no,t ~developed. ﬁAxia_I.

furrows weakly defined; they extend anteriorly “to liné joining

. *

posterior ends of palpebral lobes, rarely to line joining anterior ends

of palpebral lobes. Anterior portion of  &ranidium.highly convex,

anteviorly steeply downsloping. Anterior border yelllqefined, ‘widv,.

: abaxially tapering, and broadly -arched in - anterior view. Palpebral
CoL s : .

fixigenal areas of. cranidium’ weakly convex, abaxially gently
downsloping, sagittally anteriorly gently to -steeply downsloping.

. . i . . 4
Palpebral ~“lobes - small, crescentic, short- exsagittal length about

one-third total cranidial. length; palpebral furrows not develaped. l:ine. -

through centers _of’ palpebral lobes crosses cranidial sagittal line at

1

about one-third cranidial length from \pbsmrior edge of cranidium.

a

. . _ _~ L v , .
Posterior . fixigenal 'areas .of -cranidium narrow, convex, posteriorly
; o . "

moder’atel}: vsceeﬁly do.urislgping;’ posterior ' border fur.::ou! absent .
Prosopon conéi;ts of '\.:‘ery fine :errace‘ lines;pa:_'a-l-‘lel to anteri'or

Ty ;m‘érgin' of ci‘hﬁidiutﬁ, except for paipebr‘a_l and fixigenal areas '.of
cranidium which are Su;ool;h. Int;ernal‘ mould smooth ‘algo.

‘}

Hypostoma unknow@.
]:ilbrigena with genal field highl'y' convex. "Lateral borc,l:ar wide ,,

concave,. abaxia.lly tapering. Genal spine ' long. Posterior ‘bgrder




4.

-

N s ) - . . . : . .
absent. Prosopom consists of fine .terrace-lines, convex-forward on

genal field and concave-forward on lateral barder. On genal spine

. ’ ) i . . . L4 ’
terrace-lines form forward-pointing tight chevron pattern.

4
.

. Thorax cansists of six or seven long, narrow segments of about
i h ‘

equal size with "large articulating half-rings. Pleural furrows dis-—

tinct, narrow, 'dé_ep, subparallel to aqterior margins of ple.ura'e. -Axial
furrows less dlsr.lnct,. ‘narrow, shallow Prosopon mooth exceb for
fme ,‘ convex-— forward terrace llnes on artl.c:ulatzng half-—nngs.

e

- . , .

Pygidilﬁm " moderately convex, semicircular; length about three-
fifthsrmiaxim':ﬁb width at posterior end of articulating facets. ‘Axial
-lobe transvérsely weakly afch_ed, posteriorly strongly tapering" and

"abruptly' truncated weakly convex; it extends about three-quarters

total pygid-ial length. 'Axial fings not developed. Promnent pair of

s

muscle insertion scars at ‘posterior end of axial .lobe. Axial furr\o;

weakly 'defined, narrow, shallow. Pleurdl and ' interpleural furrows

v \ -~

generally not developed; weak pairs are displayed by'p}gidia greater
than 1.5 cm in width, howeve'_r. Posterior border well defined, wide - of
. constant width, flat to concave, posteriorly gently downsloping. Proso—-

pon consists of fine terrace-lines paraliel to posterior margin.

- -

Randaynia langdoni sp. nov.

)

(Pl. 4, Figs. 1-5)

Diagnosis: <Cranidium sagittally short; anterior border narrow;
Jlagnosis; 1ag] A . i .
-

glabella, occipital ring and posterior border furrow weakly dgt‘ined;

2
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palpebral- lobes aﬁirge, broadly crescentic.‘Librig-e'nal iate:ral borders
~well a?fined, concave;- genal spines short, narrow. Pygidium’ subtri-

‘angular; axis well defined; posterior border well defined, narrow, tlat

_ to concave, posteriorly steeply downsloping,‘\ S

<

KDefivation of name: Fo;"C.S. Langdon, fellow graduate student.

Stratigraphic range: Upper member of the Boat Harbour .Formatlz.(m,

to 75.89 of above the base of the Boat Harbour_me__asuf;ed sequence.,

<

¢

Material: Three (3) cranidia; one (1) librigena; .niné (9) pygidia.

- . N

~——

'Holo\tzge: Pygidiem, NFM F-125,-from BH-47 in the upper member of, the
Boat Harbour Formation‘ at- Boét Harbour, western Newfmmdlland

(designated herein).

-
- ) »

Paratypes: Cranidium, NFM F-123; librigena, NFM F-124; éygidium. NFM

“

F-126% frotfl the same hotizon as holotype (designated hereinj.

-~ * .

Desc&gtio&: Cranidium short, strongly convex. ‘Glabella weakly defined, .

v

wide, - straight—éid'ed, anteriorly slightly expanding and broadly
“rounded; it extends about nine-tenths total cranidial length. Occipital

ririg weakly defined, narrow, Subrectangulér. Preglabellar furrow weakly

defined, narrow, shallow. Axial furrows- equally fa‘int, nearly

- dndistinct. Occipital furrowwell defin slightly convex-forward,

A -

wide,’ shalldw; best defined mediaily. Late ,glabellar" furrows. not

developed. Faint, medihn ‘glabellar ridge developad anterior to line

)
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-;joining anterior ends of palpebral lcbes. Preglabellar field sbout
one-twentieth total cranidial sagittal length. Anterior border .well

defined, narrow, concave, of caonstant width; flat in anterior view. -

Anterior fixiggnal' areas. narrow, convex, anteriorly. steeply

~
-

downsloping. Palpebral fixigenal ‘areas slightly . wider, . convei,

abaxially. and sagittally steeply ‘downél.oping. Palpebf&l lobes large,

- . - . . .
lopg- exsagittal Llength about one-half glabellar sagittal length,

broadly . Vc"rescént‘ie»rw ueakly ‘ defined. Palpebral furrow nearly .
: i.hd,iatinct. Line through 'centers of palpebrgl lobes crosses glabellar

sagittal liné at about one-half glabellar length . from posterior edge of

S

occipital ring. Posterior fixigenal areas narrow, ccnvex, posteriorly

-

steeply ddundloping. Posterior bhorder furrow well defined, narrow,
v . .

ahallow..Posterior Bérder flat to, weakly convex, ‘triangula\f (abax‘ially

. ’ " . -
widening). posteriorly gently upsloping. Prosopon smooth.
—— I . :

3

—
s

{

.'Hypostoma u;iknown.\
Librigena with genal field moderately convex. I_,aterla't border well

- ) . L3
defined, narrow, concave; of constamt width until point immediately
' anterior to posterior edge Jf ocular facial suture where it becomes

a‘ba';.(ially tapering and disappéar—s. Gendl spine short, narrow. Prosopon

. -

smooth, . 4 : -

Thorax unknown.

. i ® ‘) - [J8 i
S ?Y.gfdit::-:?o(ately cnl'livex, subtriangu.r; length about two-thirds
) . : . ) ¢ e °
maximum wid t posterior tnd of articulating fscets. Axial lobe well

~~

‘ -
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defined, transversely dealgly axlched,—-posteriogly"strongl_y tapering and

abruptly rounded to pointed, —wéakly convex; it extends about
* o Sl

six-sevenths total pygidial length, Axial rings generally not- developed
but eighf prominent. pairs of wmuscle insertion scars, as well as a
mediah axial ridge occur on‘severai. spépimens; up to foug axiﬂlarings
have been observed in small s;;ecimens. Axial furrows well defined,

narrow, ‘shalloy, One pairs# distinct, narrow, deep, pleural furrows.
'An incomplete paif of inte::plvéural furrows cuts the posterior border

only. "On 'vet'y"7 small sp.écimgns 2 to 3 pairs of pleurdl and interpleural

furrows may be seen. Posterior 'border well defined, narrow, flat to

concave, posteriorly .steeply’ downsloping, of constant width. Prosopon

smooth. 7 - = . ﬁ .

-

: v S .
Remarks: The respective diagnoses of R. langdoni and RI saundersi serve

to distinguish the two. species. (
R .

bl

Order PROETIDA Fortey and Owens, 1975

'~ Subfamily HYSTRICURINAE Hupe, 1953

. +
AN

Genus Hillyardina Ross, 1951
, .

- 1951 Hyperbolochilus Ross, p. 77

.Type speties: Hillyardina semicylindrica Ross, 19}{ fr the Garden '

City Formation of northeasterm Utah. . !
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Diagnosis: Glabella straight— to convei—sideé, anteriorly tapering and
abruptly rounded to pomced 0cc1p1t49 ring vell defined, subrecr.angu-

lar, Preglabellar field wide, »antenorly steeply dowr_tsloplng, median

preglabelln'r furrow variably develope Anterior border wide - of con-
“atant width, flat to strongly concave. Palpebral lobes small,‘pl,ace-
8

like. Anl:ernxor portions of, facul suture slightly to strongly diver-

L .
gent; posterier po:;tlons strongly dxvergent Poeter).gr; fuugenal areas

.

acutél'y t'ri'ar.lgular Cranidial prosopon pustulose to smooth. Genal field

of lib xgena h1ghly convex. Latetal border 1de, flat. to strongly con-

‘cave, abaxLally gently tapenng Thorax with) nine narrow thoracic seg--

ments of‘equal‘ length; long, narrow, curved dorsal axial spine on-fifth

‘segment. ‘Pygid‘ium small, semiellipt;i'cal to triangular. Axial Llobe
straight- to convex-sided, posteriorly stronély tapering and abru_pt:ly“
rounded £o pointed ;)r truncated, composed of 3 to 5 a)si.él_.ri'ngs.‘
Pleural and. i.ntérpleufal “Furrows well dgve_loped,- 3 ) 4 pairs.
P(_)sl:é‘rior border posteriorly stee;)ly downsloping to verticai, flat to .

- -

weakly - convex.. : B . ' . ¢

»

C.

Remarks: The closely asimilar gemera Hillyardina and Hyperbolochilus.
were originally described by Ress (1951) frow Zome F in ‘northe;; Utah.

Hyperbolochilus was differentiated -from Hillyardina by the more

strongly divergent anterior portions of the facial suture, 'lack of a.’
median preglabelldr furrow,s shape of the glabella, position of
posterior border furrow, lack of pus‘tu.!s. and the .lack of a boss within

the genal angle (Ross, 1951, p." 77). They were particularly differ-

entiated genéricallz by the presence of the raised -boss within the

genal angle on Hillyardina and by the more strongly divergeﬁt anterior

- "
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portions of the facial ‘suture of Hyperbolochilus. ‘Hintze (1953) and

Terrell (1973) suggested that these differenéeg are of specific rathey

than generic value, Cthereby implying that the two genera are “con-

B
- -

generic. Hintze (1953; p. 162-163; pl. VII1, figs. 5, 6) and Terrell

(1973, p. 71-73; pl. 3, figs. 1-5) described Hillyardina sp. A from

Zones E and F in western Utah. This species exhibits both the boss:
v o= :
'within the genal angle (Hillyardina) and the xtrongly divergent

' L) . R .. ) .
anterior portions of the‘facial suture (Hyperbolochilus).

[

Hillyard"m&/ﬁ;inusyustulaté sp.. nov, exhibits the median pre-

.~ glabellar furrow characteristic of Hillyardina. The cranidial prosupon -

is transitional between Hillyérdlina_ and Hyperbolochilus - the glébeila

- - / - . . " ~
‘exhibits the pustulose prosopon of Hillyardina whilst the rest of the

3

cranidium is smooth like Hyperbolochilus. The boss within thé genal

. -

angle characteristic of Hiilzardina is variablz deve loped\ Hillyardins
‘ . -
levis- sp. nov. also \:.aria}bly' displays this boss although {he rest of

its features are typical of, Hyperbolochilus.
° . - P N .

Ross (1951), Hintze- (1953) and Terrell (1973) were not -able’ to

assign -pygidia to either Hi.ll‘zardi'na‘or Hyperbolochilus. Hillyardina

minuspustulatﬂ“ and H. levis belong to Hillyardina and Hyperbglochilus

sensu Ross (1951), respectively. Their pygidia are clearly congeneric
r(c_ompa.re pl. 5, fig. 2 and pl. 7, figs. 3, 4). Qn the basis af this
fact and the preyiOusly mentioned intergradatidnal -nature. of the

morphological characters, the.-author proposeés ‘that Hillyardina

semicylindrica Ross 'and Hyperbolochilus marginauctum Ross ‘i—epresent two

different species of the same genus. Because Ross (1951) defined
-~ , .
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Hillxafdina first in his. study, Hyper‘bolochilu,s‘.i-s regarded asma.'j.unior

subjective synonym of this genus.

‘Hillyardina minuspustulata sp. nov.

&

+

(Pl. 4, figs.6-8; pl. 5, figs. 1, 2)
¢ : e

[N . L —
. -

v

Diagnosis: Anterior A;wder relatively -marrow, strongly concavé.

Prosopon smooth except for pustu.loaé glabella, except in smallest

_specimepns. » ‘ o -
%

Derivation of name: minus (Latin), less plus Eustuia (Latin), pimple

plus ata, referl;i“n_g to the genéral lack of pustules.- . ¢

5

Stratigraphic range; Upperv member of the Boat Harbour Formation, 9.84

to 19.13 m above the base of the Boat Harbour measured sequence.

(4

Material: Eighteen - (18) p}anidia; nine (9) librigenae; one (1)
ﬁygid ium.

r——

»
.

Holotype: Cranidium, NFM F-127, from BH-9 in the upper member of the
Boat" Harbour Formation,at Boat Harbour, western Newfoundland

(deaignate& ‘herein). |

Paratzges:ACrQnidﬁium, NFM F-128; librigena, NFM F-129; pygidium, NFM -

F~130 ; all from the same bed as holotype (designated herein).

. - -
Ce -
L9
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Description:’ Cranidia'ﬁrange from 1.5 to .5 -mm it tength. labella

. s AT - .
: strongly convex and @ transversely highly wvaultedy convex-sided,

anteriorly tapering and <abruptly rounded td pointed;. it extenda about
seven-tenths total cranidial :;éngth.,; Occipital. fing narrow,

repténgu¥ar. Preglabellar, axial and occipital furrows distinct,

“ .
-

narrow, deep. Prgglgbellar_field wide, ‘about one-tenth total cranidial

‘lengthn, convex, anteriorfy steeply downsloping. Median preglabellar
furrow variably developed, when . present extremely short. Anterior

border furrow distinct, narrow, shallow. Anterior border narrow, about

4
-

one—tenth total cranidial length, -abaxially tapering, strpﬁgly concave,
transversely broadly arched in anterior view. Anterior fixigenal areas
wide, convex, anteriorly steeply downsloping. Anterior portions of

facial suture s{rongly divergent. Palpebral fixigenal areas small,

N

transversely extreﬁely narrow, weakly convex, abaxially> upsloping,
sagittally horizontal to gently anteriorly downsloping. Palpebral lobes

extremely small but relatively wide for their size, plate-like, short -

[ o K

exgsagittal length about one-fifth sagittal glabellar length. Palpebral
furro; indistinct. .Line through 'Centeré .of‘ palpebral lobes brosseﬁ
:glaBellar sdgittal line at‘ about one-half ‘glabella} length 'from
posterﬂbr edge of o;pipitaL ring. Posterior fixigenal areas‘generaliy
not preserved but inférred‘ to be’ transversely long, very acutely
triangular,; convgx; ’posteriorly downsloping from shape of iateral
"portion of facial sutures onm librigenae.“Poaterior portions of facial
sutute s:;;;Lly divergent. Posterior border furrow distinct, narrow,
deep. Posterior border wide, convex. On large specimens prosopon smooth
except . for scattered glabellar pustules; smalle; gpecimens display

pustule®” on rest of cranidium as well.
-




Hypost oma unknown .
! . .
4
S N
i L3
Librigena with™.genal field highly convex. Lateral border furrow
distinct, narrow, shallow. Lateral border wide ~ of constant width

except posteriorly tapering from posterior border to end of 'genal

spine. Postocular bass variably developed at genal angle. Genal spine
e
short, abaxiaily narrow, curving  posteriorly. Posterior border

transversely short, sagittally wide, convex. Prosopon smcoth,

v

Thorax wunknown.

Pygidium acutely triangular, length ( 1 mm) about one-quarter

maximum width (4 mm). Axial Tobe transversely arched, straight-sided,

ponteriorly strongly tapering and abruptly truncated; it extends at

least two-thirds total pygidial length. Five axial rings of pcsceriorly

decreasing sagittal width including terminal ring 'consisting of an

extremely small pair of rtubercules. Axial furrows distinct, narrow,

deep. Pleural fields poorly preserved but pleural and interpleural
furrows developed. Posterior border wide - of constant width, about
one-third total pygidial length, - convex, posteriorly steeply down-

sloping. Prosopon smooth.

Hillvardina levis sp. nov.

-

(P1. 5, figs. 3-7; pl. 6, figs. 1—6)

\ .

1983 Hillynrdiné/Hypefbolechilus ép. nov. -~ Boyce in Stougé and

‘Boyce; pl. 13, figs. 7, 8; pl. 14, figs. 1, 2.




Diagnosis: Anterior border.wide, concave. Pygidial axial lobe concave-
sided, posteriorly tapering and truncated - five axial rings, tncluding

terminal ring bearing two tubercules. Prosopon amooth.

Derivation of name: levis (Latin), smooth, referring to prosopon,

St:ratigraphic range: Upper member of the Boat Harbour Focmation

to 66.2]1 m above the base of the Boat Harhour measured sequence,

A

Material: Twelve (12) cranidia; sixteen (16) librigvnnel; six (6)

pygidia; one (1) nearly compiete individual lacking librigenae,

Holotype: Cranidium, NFM F-90, from BH-18 in the upper member of the

1
Boat Harbour Formation at Boat Harbour, western Newfoundland

(designated herein),

Paratiges: Cranidium, NFM F-93; librigéna, NFM - F=32, NKFM - P-132;
pygidium, NFM F-91, from the same bed as the ho.lotype {designated
herein).. Cranidium, NFM F-133, from BH-23; pygidium, NFM F-134, from
BH-30; both in the upper member’l of the Boat Harbour Formation at Boat
Harbour, western Newfoundland {designated herein). Nearly complate
exoskeleton, NFM F=131, from the Boat Harbour Formation on 0Old Ferrolle

.

Island, Brig Bay, western Newfoundland (designated herein). .

Description: Glabella moderately convex and transversely broadly

vaulted, convex-sided, anteriorly tapering and gently rounded; it

extends at least three-‘fif‘ths total cranidial length, Occipital ring
)

Fd




sagittally narrow, rectangular. Preglabellar, axial and occipital
furrowe distinct, narrow, deep. Weak lateral 1P glabellar furrows
variably developed. Preglabellar field wide, about one-tenth total
cranidial Iengtﬁ, convex, anteriorly steeply downsloping. Anterior
border fu::o-\r distinct, narrow, shallow, weakly convex-forward.
An!eridr border wide, akout one-seven‘th total cianidialr length, of
conatant width, strongly c;ncellve, flat in anterior view. Anterior

fixigenal areas wide, convex, anteriorly steeply, downsloping. Anterior

portions of facial suture strongly divergent. Palpebral fixigenal areas

- "

small, weakly convex, abaxially horizontal ¢to weakly wupsloping,
sagittally anteriorly gently downsloping. Palpebral lobes extremely
small, plate-—l‘ike, short, about one-fifth sagittal glabellar length; '

palpebral furrow not developed. Line through centers of palpebral lobes

crosses glabellar sagittal line at about two-thirds glabellar length

from posterior edge of occipital ring. Posterior fixigenal- areas
transversely long, very acutely triangular, poasteriorly downsloping.

Posaterior border furrow well defined, narrow, deep. Posterior border

narrow, convex, Prosopon smooth,

Hypostoma unknown .

i )
Librigena wit?: genal field 'highly convex. Lateral border furrow

distinet, narrow, shallow. Lateral border wide, of constant width,

except posteriorly tapering from pesterior border to end of g'e‘nal.

spine. GCenal sapine long, narrow, abaxially curving "poat;riorly.

-

Posterior border transversely short, sagittally narrow, convex.

iy

Prosopon smooth. ) - K .
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Thorax composed of nine thoracic segments which ar¢ tranaversely
- -

long and sagittally narrow but af equal width. Long, narrow, curved
dorsal axial spine on fifth segment,

Pygidium . acutely triangular. Length about one-third - maximum’
. width. Axial lobe transversely y.regkly' arched, concave-sided,

posﬁeriorly ‘tapering and abruptly truncated; it extends about f:iv:-

sixths total pygidial length. Five axial rings of érmgl ‘sagit_tal'-width.
including terminal ring 'bearing pair ‘of tubercules. Axial turrows

distinct, narrow, deep. Pleural fields flat, horizontal to posteriorly

- -~ » . .
gently downsloping. Four pairs of, pleutal furrows which are distinct, -

w-ide, deep; three pairs of intérpleural furrows which  are distinct,
harrow, deep. Furrows extend to edge of *gand slightly cut  posterior
border which™ is narrow, flat to weakly convex, steeply posteriorly

v

downsloping and flat in postecrior view.

. Remarks: The collection of a specimen of Hillyardina levis lacking only
‘ . ) -

the librigenae (pl. 5, fig. “4) allows a comparative assignment of

" pygidia to other speéiea. The pygidium illustrated by Ross. (l95};.pl.

e

19, figs. 32, 139) is nésigned to H. ‘semicllindrica Roas (1951, pl. 16,

N

figse. 1-%) on the basis of its matching prosopon of tuhercules. the
. .

pygidia a‘nd thorax illustrated by Ross (1951; pl. 19, Figs. 33, 3h,-37)

. are assigned to H, mnrjinhuctum (Roes, 1951; pl. 17, tigs. 24-27, 130,

31, 34, 35) pec.iuse of their matching smooth prosopon. The above

ncranidia and pygidia were all collected from the same horizon in Zone
L]

F. The pygidia illustrated by Hintze (1953; pl. VIIL, Fig. 13) and

Tervell (1973; pl. 6, figs. &4, 7, 8, 10\.‘11) are assigned to

~
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Hillyardina Aap. A Hintze “of Hintze (i953";'p1. 'V‘II[A,'_ gis. 5, 6) and

Terrell (1973; pl, 3, figs. 1~5)..

F}
f_—
.

o . S
According to Fortey and Owens (1975) and Thomas and Owens (1378)

the trilobite family Aulacopleuridae evolved in the Tremadoc - from

‘hystricurine species. For-tey and Owens (1975, p. 231} concluded that

"Hystricurus paragenalatus Ross,‘ H. genalatus Ross and Parahystricurus

Eustulo% us Ross are probable members of the hystricurine plexus from
- R - cq 'S *

which Otarion (the earliest aulacopleurid arose). The author proposes,

however, that Otanon was denved dl.rectly from Hxllzardma
. &
» !

~

The earjiest known, speci’esiof Otarion is Otarion (Aulacopleura)

~>sze‘chuanica, (Lu, 1975, p. 187-189, 393-395; pl. XXXIV, figs. 8, 9) from -

" the Tremadoc Dactylocephalus daétyloides Zone in the Panho Formation at

«

Hanshengchan of Chunking, Szechuan, China, The latest known sbecies of .

Hlllzard1na are all of late Tremadoc Ross- Hlntze Zone F age; ta date
~ .

~ there are no demonstrnbly Arenxg specn.es.

Hillyardina is rﬁorpholc;gically similar to Otarion. The shape, gize

and’ convexity of,iheir cranidia\, librigenae and pygldm are compar-

—

.'able, (see” Figure, ‘.3) Cqmpare Hlllyardma aemmylz.ndnca Roas (195];

-

pl. .‘16, Eiga. l-‘9), H. mamnauctm (Roaa, 1951; pl. 17, Eigs. 24—27..

30, 31, 3, 35), H. sp. A Hintze (1953; pl. VIII; figs. 5, 6, 13)

Terrell (1973 p1. 3, figs. 1-5, pl.o6, figs. 4, 7,78, 10, 11}, H.

mnuapu-tulau 8p. fnov, (thu study; pl. 4, figs. 6- 8 pl. 5, figs. 1,

2) amd u. levis (thia utudy, pl. S, figs. 3-7; pl. 6, figs. 1-6) with

Otlr‘lon {Aulacopleura) dnwanenals “(Lu, 1975; pi. XXXIV, figs. ‘8,. 9,




" Hillyardina  marginauctum (Ross);
Ordovician '

Otarion (Otarion) diffractum Zenker
Silurtan

"Figure 43. Reconstruchons ot Hiliyarding and Ovonon(prosopon omitted) Reconstruction of
) HMillyarding by the-author, hased of Ross (1953, pl.17, figs. 25,26,35;p1.19, tigs. 33, 37)

_Reconstruction of Qtarion modified from Moore {1959, ig. 39-4a). .
B ﬁ' ¥
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0. (&.) roquemailerensis Chaubert (Thomas and Owens, 1978; pl. 7, fig‘ .

P

9) and 0. (A.) koninkii (Barrande-Thomas .and Owens, 1978; pl. 7, fig.

[ W

10). The comfien morphological features of Hill"zardina and Otarion

* )

include: . —_— ,

-

]

preglabellar field wide, anteriorly steeply downsloping,

palpebral ‘lobes small; palpebral ‘furrows ;:orncave-voutuard,

.
3

anterior portions of facial suture'slightiy to strongly divergent;

-

posterior portions strongly dive'rgent,

‘posterior fixigenal areas acutely triangular,
» 3
-

cranidial prosopon postulose to amooth,

genal field of librigena highly convqk; length of genal spines

similar, * . - ~

+
Y ) '
thoraxes with narrow axes, broad pleural areas; long, narrow,
’ * . ~ " P - - . r

cutved dorsal axial wspine,
] . L

. +

pygid'ium small, semielliptical to triangular; natrrow axes, broad

pleural areas,.

N

The two génera»differ in the following respects:

———
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Hillysrdina has concave-upward anterior border; Qtarion bhas

convex—upward anterior border,

. -

2. Hillxardina generally lacks eye. ridges; Otarion has faint to well

e déyeléped eye ridges,

- N
> . .

Hillxarfyi'na generally lacks glabe'llar;'. furrows although H. levis

variably displays extremely weak IP furrows; Otarion has strongly

" - developed fur}'owe,

‘Hillyardira has 9 thoracic segments; - Otarion has 13 to 22,

. ’

- .
. -~ -

® .
Hillyardina has axial spine’ developed on fifth thoracic segment;.

Otarion has axial spine developed on sixth segment ,

. : ‘. . P ‘
Hillyardina: has 3 to 5 axigl rings amd 3 to 4 pairs ot pleural

riba in -pygidium; Otarion has 5 to 8 axial rings and 3 to 7 pairg

A

] p

of pleural ribs. .

*
’

.

The above differences are regarded as évoluti.-onary changea. The most -
. . 4

conspicuous trend is the increased segmentation of the cranidium, -
- N . . _\ ) .
thorax and pygidium. This is the Otarion (Aulacopleura) type evolution-

. [ . . .
.ary ‘tremd identified by Fortey and Owens (1975) for the Proetida.

Fortey and Owens (1S, p. 237) conaidered that the Otarion (Auloico:

pleura) t'ype, with its ivultipl.ication of thoracic ugmentrs, hence of
¢ o ' ,
thoracic appendages and "gill branches", may hive been connected with a

mode of life in deep water undar relatively deoxygenated conditions.

Pl
v
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They‘pointedbu!; the occu‘rrence:\osteveral speciesr ‘of Otarion (Aulaco- |,

.pleura) "in deep water lithofacies comparable to those known to

W

previously contain olenid trilobites.

Genus Hystricurus Raymond, [913

-
*

Type species: Bathyurus conicus Billings, 1859 from the Beekmantown

- v
.

CEOup at St. Timothy, QuebeG.

. _ bd
Diggnosis: Glabella straight- to convex-sided, anteriorly' tapering.
Océipital ring éub-réctanguiar;' cccipital a‘pine variably,de;elopéd‘.‘Pre;,
grlab_ellar, o;ccipithl ‘and axial furrows well defin ,, deep. Lateral
glabellar furro;va_ absent or repfe.sen:ed by ‘eha4llo pikta "Ln‘ ;xia;
furrown‘_ or . by sn;ooth' 'patches on asides of glabella, Anterior border
.fur.roww‘listinc't, narrow to wide, shallow to deep. Anterior border
narrow, »ntfo.ngly-convex‘t—o aﬁbtubu‘la.r; gonvex—forward.‘ Eye‘ridgea not
.developed. Palpebral lobes large, lc'm'g - éxhagil;tal length one-third to’
one-half sagittal glabellar ‘length, always e.x'tending. to rear of
glabelﬂlar ‘n;idpoi.nt ,' crescen.Eic to 'semicircular. Line through centers of
palpebral 1lobes croue; glabellar 'bagi-tr.ul line 4t or very slightly
> forward of glabellar midpoiﬂt."?o:terviovr border furrovs wvell defined,
wife deep. Prosopon of .tuberculea; Librigem? with modeﬁtely conirex‘ .
genal field. Lateral border furroy dist.inct‘, narrow to wide, shallow tov
dere'p.'L.ater‘al border narrow, co;\vex to subtubular. Genal api‘ﬁe long,
cot;vex. Proiopon of iubercules. Thorax wifh eleven segments. Axial l_t;be

e .

about one-third to one-half total width. Proximal half of each pleuroh

horizontal; distal half flexed gently'cto stesply downward. Tips of
a . : . . )
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. » ! .
pleurae spined or bluntly rounded. Pygidium subtriangular, semiellipt-

ical . to %emicircular. Awial "lobe moderately “to strongly convex,

.

posteriorly ' tapering and abruﬁtly rounded to_truncated, Four or five

axial rings including‘terﬁinal ring. Axial and axial ring furrows well
. ———— - A - .

defined,,deeﬁ-.Pleural and in leural furrows variably definéd. Three
or four pairs of pleural ribs. “Prosbpon of tubercules. Modified from

-

Ross (1951, p. 39-40): ‘ L —~ e

Remarks: ‘The narrow, convex to subtubular anterior border, the abhsence

of eye ridges and the distincfﬁve prosopon of tubercules readily .

distingdish Hystricurus from Paraplethopeltis Bridge and Cloud, 1947.

3
N

Hystricurus oculilunatus Rods, 1951°

© (Pl. 6, figs. 7, 8; pl. 7, figs. 1-8; pl. &, figs. 1-3)

. Bathyurus conicus Billings - Whitfield, p. $1-62; pl. 13, figs.

15-21. R

Hystricurus oculilunatus Ross, n._ sp. - Ross, p. 47-48; pl, 10, L

figa. 1-3, 5, 8, 9, 12. ’

Unassigned pygidium_frbm_lone “F" - Ross; pl. 17, Figs. 23, 28,
29, ‘ :

Hyatticurua oculilunatus Ross - Berg ‘and Ross, p. 112; pl. Zf.

fig. 2.
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”
L 4

1959 Hystricurus conicys (Billings) - Poulsen in Moore, p. 0277,

0278; Figs, 204-4a,b. . ' : &

’ <

1962 Hystricurus conicus (Billings) - Welby, p. 78, 79;.pl. XIII,

Yy
fig. 10.

1968c Hystricurus cf. conicus (Billings) - Flower, p.33; pl. 7, fig.
4. 4 .
i : d . . -
""*\
1973 Hyatricurus azumensis Ross (in part) - Terrell, p. 73; pl. 1,
F .Y

fig. 8 not figs. 1, 4~6.

1973 Hystricurus oculilunatus Ross (in.part) - Terrell, p. 73; pl. 1,

figs.- 11, 12, 14 not figs. 15, 16.

1983 Hystricurus oculilunatus Ross - Boyce in Stouge _and Boyce; pl.

12, figs. 5, 6. ' s B

.
]

' Diagnosis: Glabella slightly bell-shaped, convex sided. Anterior border

narrow, highly convex, smooth, Palpebral lobes large, crescentic,
, -
Posterior f{xigenne tranavérsely long. Librigena lacks pogterior
border, Lateral bor&egb highly conv;x, sﬁooth (internel mould) to
éerrace-lined (external mould), abaxially widenink to posterior mar-
gin. Genal spine continuous with Iitéral border(‘long, highly convex,
;nooth (in;ervll mould) to terrace-lined (external mould), ponteriorly:

tapering, projects outward from posterior margin. Pygidium with promin-

ent pair of tubercules on terminal ring. Four pairs of pleural ribs -

v
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three pairs displaying paired tubercules; posterior pair small, poorly .
developed, no tubercules. Posterior border well defined, narrow, flat

tg convex-outward, smooth ‘(internal mould) to terrace~lined (external

. mould), posteriorly gently downsloping, straight in posterior view with

small ~postaxial arch. Prosopon of coarse tubercules.

‘Stratégraphic range: Upper member ¢f the Boat Harbour Formation, 2.131

ey

to 50.64 m above the base of the Boat' Harbour measured sequence.

s

-

Mate¥ial: Twenty-two (22) cranidia; four (4) librigenae; seventeen (17)

~ .7

pygidia:-\"

. -

) A .
Holotype: Cranidium, Y.P.M. 17960 (designated by Ross, 1951).

. N e csnigrates by wan,
Paratypes: Librigena, Y.P. 17961 (désignated by Ross, 1951);
pygidium, Y.P.M. 18061 (the original of Ross, 1951; pl. 7, figs. 23,

28, 29 - designated herein).
“ L

’ , N
Description: Glabella highly convex, transversely moderately. vaulted,

slightly bel}-shAped, convex-sided, anteriorly _tapering and broadly

rounded; it extends about four-fifths total cranidial length. Occipital
ring sagittally narrow, subrectangular, abaxially. curving forward.

R .' . | --
Occipital and axial furrows well defined, wide, deep; preglabeltlar

* furrow shallowef. Lateral glabellar furrows not developed. Preglabellar

- ' ’ c. -
field narrow, convex, anteriorly moderately steeply downsloping,

variable but averages aboyt one-tenth tgtal cranidial length. Anterior

- border furrov‘diatinct, wide, deep. Anterior border transversely long,
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narrow, highly ' coanvex, smooth (internal mould) to terrace-lined

(external mould),.ip anterior view transQérsely éently drched: Anterior
fiiigenal areas ‘4qide, con;ex, anteriquy. moderately  steeply
downsloﬁing. Pafbéﬁralh Eixigepal a;eas only aiightly wider than
anterior fixigenal areaa,"- abaxially horiiontgl ‘to very gently
upsloping, s‘agitt;nll); anteriorly genily downsloping, Vague alignment of
tubercules .suggests remn.ant ocular ridges.. 'Palpebrai'ilobes large,, 1on§
- exsagitt;ﬂl. length  about one-hal f sagit~tal glabellar length,

crescent ic. Palpebral furrow distihct, narroJ, shaIIOHk Line through

centers of palpebral -lobes crosses gl;bellar ségittal line at about

one-half glabellar length from posteriot edge’ of occipital ring.
- * ’ .
Posterior fixigenal areas long, narrow, convex, posteriorly steeply
‘ ) /

downsloping. Posterior border furrows well ,de ined, wide, deep;

Al . .
Prosopon . of coarse tubercules. Anterior border narrow, all furrows

t

wider, deeper on internal mould than on exfernal mould.
Hypostoma unknown.

Librigena with genal field moderately convex. Lateral border .
furrow distinct, yide; deep. Lateral - border higﬁly convex, smooth

(internal moulq) to terrace-lined (external mould), abaxially widening

-
. . M

td posterior margin. Genal ‘spine continuous with lateral border, long.
highly - convex, smooth (internal would) to terrace-lined {external
mould); it projects outward from posterior wmargin. Lateral border

fufrows well defined, wide, deep. Nd posterior border or' posterior
border furrows. Prosopon of coarse tubercules except for lateral border

1

and ‘genal spine. )
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Pygidium moderately convex, semicircular, length about oune-half
. : - :

maximum width at posterior end of articulating facets. Axial lobe

transversely gently arched, posteriorly gently tapering and truncated;

v

it ‘extends to poste.rior border, in profile poateriorly very gently

downsloping. Three well defined axial rings of even sagittal Qidtl\;

’
terminal ring with prominent pair of tubercules. Axial and pleural

furrows distinct, wide, deep. P.leural“ furrows curve pmgreusively
abaxially posteriorly and stop at posterior border, Four pairs u.t
plet;ral ribs - three pairs displaying paired tubercules, posterior paif
small, poorly develaped, no tube‘rculles. In .poaterior view pleural ribs

and tubercules form nearly horizontal surface. Posterior border well
. _ : s

defined, narrow, flat to convex-outward, smooth (internal mould) to
[

terrace-lined (external mould). Posterior border Turrow distinct,

narrow, shallow. Prosopon of coarse tubercules except for posterior

border. On internal moulds surface tuberculation is less pronounced and -

all furrows are wider.

o
»

-

Remarks: Although in westel';\ Newfoundland Hystricurus oculilunatus is
known mostly from internal moulds, the smooth, convex anterior border,
the slightly bell-shaped, convex-sided glabella, the large, crescentic

. ."\‘
palpebral lobes, the characteristic librigenae and the distinctive

pygidium readily distinguish this species from all other presently

known Hystricurus species.

Alg_hough Ross (1951, p. 47-48; pl. 10, figs. 1-3, 5, 8-9, 12)

proposed the spgcies, H. oculilunatus was originally described and

illustrated by Whitfield (1889%a, p. 61-62; plL. 13, figs. 15, lb', 18=-21)




from “the subcrystalline layers of the Calciferous about one and a half
miles north of Beekmantown Station en the Delaware and Hudson Railroad,
three miles north of Plattsburgh, N.Y." (Whitfield, 1889a, p. 42, 62).

whitfield assigned his specimens to Bathyurus conicus Billings, 1859,

which is the type species of Hystricurus Raymond (1913, p. 60). This

assignment was 'accepted by Poulsen in Moore (1959, p. 0277, 0278;

figs. 204<4a,b) and Welby (1962, p. 78, 79; pl. XIII, fig. 10) as well
) : < .
as by Flower (196B8¢, p. 33;'pl. 7, fig. 4) who reported a cranidium of

H. oculilunatus from the Fort Ann Formation (Beekmpantown Group) of Fort

Ann, New York as H. cf. conicus. Hystricurus conicus was originally

described apd illustrated by Billings (1859, p. 366; Fig. 1-2—"i-'~',.q

Beekmantown Group- at  St. Timothy, Quebec. I
ocylilunatus in that it possesses a more abruptly rounded glabella and
4 wider preglabellax'- field. - .

Ross (1951, .p. 47-48; pl. 10, figs. 1-3, 5, 8, 9, 12) described
- S : . ; .

H. eculilunatus from Ross - Hintzé Zone F in the Garden City Formation

) . ¢ —

) ’ : .

of northégstern Utsh and illustrated a pygidium from the same horizon
SN o - '

(Ross, 1951; pl. 12, figs. 23, 28, 29) which the author now assigns to

that species. The cranidial, librigenal and pygidial borders of the

' Utah "apecimena‘ d'iapl'ay fine ' tgrrace%-inea, _whereas the western

Nevfoundland and 'New'York‘spec-i.mem do not. This is attributed to the

fact that the latter material is repmeﬁted primarily “by . internal

omoulds. Terrace-lines are generally preserved only on external moulds.

]
; -

Sando (1957, p. F36-137; p1. 11, fig. 4) described and illustrated

as stt;icurus?‘ ep., from the Stonehenge limestone (Beelunantog Group) -

of. Maryland, a pygidi'.u'n similar but no't, identicai to H. oculilunatus.

J +
1
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Y

Berg h‘nd Ross (1959,, p. 112% pl. 21, fig. 2). illustrated an incowm-

- L]
plete cranidium of H. oculilunatus from the Manitou Formation of

-

Colorado.

s

Terrell (1973, p. 73; pl. 1, figs. 11, 12, 14) illustrated M.

oculilunatus from Ross — Hintze Zonés E and F in the lower Fillmore

Formation (Pogonip Group) of western Utah but incorrectly asa;igned its

pygidium (Terrell, 1973; pl. 1, fig. 8) to H. acumensis (= H. acumen

nasus) Ross.’

Group) of western Newfoundland it occurs in:

a) the Fort Ann Formation (Beekm.?ntown Group) ot attsburgh and
Fort A-nn, New York (Whitfield, 1869a; Flower, /1968c) - i-n the
type deposits of the Canadian Series (Fahraeds, 1977b; Flower,
1964; Whittington, 1968),

g -

the Msaitou Formatiion of Colorado (Berg And Ross, 1954),

Zone F in the Garden City Formation ¢gf northeastern ltab (Roes,

. d)

of western Utah and eastern /Nevada (Hintze, 1953; Terrell,

1973). o ' S
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.

Hys'tric urus pseudoculilunatus sp.

" (Pl. B, figs. 4-8)

- 1983  Hystricurus sp. nov, - Boyce in Stouge and Boyce; ‘pl. 12, figs.
. ( i *
N

7,8. . o’

LY

» Y

'Diagndsia_:_' Glabella _strai'gh't-'s-ided. Median preglabellar. furrow. *
Palpebral Llobes large, semicircular. Librigenae with posterior border

transversely short,” smooth, distinct.. Genal spine short, Pygidium with

subdued pair of tubercules on terminal ring. Posterior border -almost
. , .. . L 7 o B \

nonexistent (but well defined, narrow, smooth, posteriorly steeply down-

sloping to 'v.erI;icsl, in _pdsterior view transversely gently arched.

- b

a

Derivation of name: pseudes (Greek), false plus ocul'ilunatus,‘ referring
- N ~ K . . - . .

to this species resemblance to H..oculilunatus Ross.
. . P - .
¢ —

Stratigraphic range: Upper member of the, Boat H:&l’boul‘ -qumat io.n, .38.9¢4

.

to 57.89 m above the base of the Bg&‘t Harbour measured aeq\'xence..

R - '
- . . +

’ iy . . . . . \
'Hateri—al: Seven l7) cranidia; thirteen (I3) librigenae; eleven (11).

.. . Y

pygidia.

Holotype: Ctanidium,_ NFM 'F-BZ, _from BH-18 in the upper wember of the

‘

Boat Harbour Formatiom'  at Boat Harholnr; ‘western Newfoundland
(designated herein). . -

‘u
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. . Cn

Paratypes: Cranidium, NFM F-i40; librigena, NFM F-]139; pygidium, NFH

Al

F;83; all flfot.ll the same bed as holotype (designafed herein)’,

- o,
.

. Description: Glabella hivghlyrconvex,_' transvefse’lx strongly vaulted,
st;éight-sided to very slightly ctonvex-sided in large-::.' -illd_iVi.dllﬂl}i,l
anteriorly tapering and‘broadly t_runcat.ed;( it extends abuut tour-fiftha
total c‘ranid'ial' le;lgth. Occipital rzng 'hagitt:ally‘ 'nark'u‘u.,""irec't-angulai.
Preglabellar and axial furrovfs well de,Finéd, narrow, deep; occipital-
fur;r::w vwider. Lateral glabellaﬁ- furrowe not developed. Preglabellar
field narrow, convex, an_teriorly ste‘éply downsloping, ‘arbc;ut oné-tenth
.cri’m-id'ial length. Median pre;;lab;al'lar furr:ou na_rruu;,' sha.ll'l‘ou, dia—!

~ : “

tinct. Anterior border furrow distinct, wide,-.deep, slightly narrower

. - . ' . -
than occipital furrow, broadly convex-forward. Anterior border narrow,,
 highly:convex, smooth, in anterior view transversely strongly arched.
-Anterior fixigenal areas wide, convex,  anteriorly teepfy, dowasloping.

Palpebral fixigenal areas wider: than anterior ixigenal areas,
. ~ .

abaxially -upsloping, sagittally anteriorly’ , steeply duwnsloping.
. \ : . L

Palbebral labes large, long =~ exsag.i}xal length qbout‘”‘or;‘e-hal-i

RN giabeliar "length,' Jemic_ircul.é;. Pal-‘-;eb,ra furrow disti‘nct‘, ﬁarruw,
shall'ou.r. L‘I‘.I_'Ie throq:gh centers of p:;lﬁebrval"~obes crosdesrglabellnr
éégiftal line at .a'bout’llﬁve-eighths’ glabellar. 1"811\§th from pust.efior :
edge of occ_i_.pitalr ring. vP,o_stre‘rioxf fixigenal areas long,Q convex, .’

posteriorly steeply downsloping'. Posterior border furruws well defined,

wide, deep. Prosopon of coarse tubercules reflected on internal moulds.

" Hypostoma unknown.




Librigena with modetate_l'y. convex-génal' field. Lateral border

" furrow distinct, wide, deep. Latera]l border highly convex, smooth

- - . 3 »

(internal mould) to terrace-lined (external mould), abaxially videning -
to and thgrging with posterior border. Genal spine éont‘in'uoua with

lateral border, short, highly convex, smooth (internal ‘would) “to
terrace-lined (external mould); it" projects outward from posterior

border. Posterior border distinct, transversely short. Posterier border

furrow distinct, _s'hallow'.' Prosopon of “coarse tubercules except for-
L : . ‘ : ” -

lateral ‘bdrder and genal spine.

" thorax unknown.

- ’ -

< Pygidium%derately convex, semielliptical, length about one-hg“l-f‘

maximup width at postérior end of articulating facets. Axial lobe
t . ' . : » .
moderately convex, transversely gently arched, posteriorly gently

tapering and ,truncated; M. extends to posterior border, in profile

posteriorly very gently downsloping., Three well defined axial rings of
even sagittal width, terminal ring with subdued pair of tuﬁgrcuiéa.-

'Axial' and pleural furrows well defined, harrow, deep. Pleural furrows
" curve progressively 4baxially posteriorly and stop at posterior

: bogder. Four pairs of pleural ribs - three pairs. displaying paired
- . . Lt . :

tubercules, posterior pair -smal:l“, poorly develpped, no tubercules. In

posterior -view pleural. ribs form txjandverse'ly ~downward-curving sur-
face. Posterior border well defined, narrow, flat to slightly canvex—
& S S .

‘outward, ~smooth, posteriorly s‘teepl'y" downsloping ., to vertical, im

posterior, view transversely ggnﬁly axv'cAhea. Prosopan of coarse tuber—

cules except for posterior border. -
h : . . . R




.

Discussion: =The median preglabellar furrow, the straight-sided
—_— . . .

v

‘~lanter.iorly tapering and b_'roadly tfqncnr.e glabella, the short  posterior

fi‘xigenal.. areas and the greater ‘overqlrl degi'ee of convexicly of the
‘ oot \ . . : ) .
cranidium readily distinguishes H. pseudoculilunatus from H. conicus

and H. oculilufatus,.the species it most resembles. {n addition, the

I3

shorter genal spine and the narrower, vertical pygidial border of H. ..

- pseudoculilunatus readily distinguishes it trom H. oculilunatus.-

.. , ;-
v ]
> «

"Tﬁg close resemblance of H. oculilunatus ‘ar}d i. pseudocul ilunatus

@ . -

as well aé ‘the fact that.the latter succeeds ihe former in the Boat
, ’ ‘ . v

[
S - N

" Harbour sequence suggests that H. pseudoculilunatus is an evolutionary

4

descendent of H. oculilunatus, l!owe'\'ver, because these two species have - -

not: been found tog‘et_ﬁ‘er in the same environment, the author s.uggesta
that -evolution: took"place’ by allopatric speciation (Eldredg/d, 1971,

Mayr et al.;, 1953). - Furthermore, the author. proposes _that H.

a

X

pueudoculilunatus' .records evalutionary trends which eventually

culminated in the bathyurid .genus Petigurus Ray,md d, 913, These trends

;
// .
. .

_are: -
T

/- L :

o . L

1) increased convexity of crenidium 'and pygidium, especially axipl

-

region,"

L) .I A: ,.

[

v 2) .\"'s'tr‘aighter, .more paralle{-aide& glabelln,_ narrower preglabellar. .

. ] o~

]

‘area, and ‘shorter anteyrior border,

.\ : . .
P o ' . 5
. . . C.

3) glabella increasingly overhangs preglabellar area,

.




4) . etyonger and increased uegnehtation of\axial rings and pleural .
. ribs in pygidium,’ .

inc’i-éa‘a‘eﬂ nar;o;ing and steepening of posterior pygidial bordez,

increased transverse arching of pygidial border.

N
)

Smxth‘ of t'ige'a:uthor'sv étudy area, in the ‘Pt;rt‘ aux C.hoixfE&dTFE"
Cove ;He‘st .iégion, .th’é #uthor hiils"“co,lrlected i; trillotfite whl;.ch ‘i8
mo;pllologically. and A:l:ra:igraph‘ically} interme'dioate between Hxsfriciu'us
pae.udoculilunat;us ul'i..;nov.. and Pet’igérus n'e.t"'o (Bi.l.lings)'. '

N . N . PN IO 2

5 e

. .E - LT
Genus 'Hagnusna.sus nov.
o . e ‘

N v
<
-

L ,-Tyi)e species: Magnusnasusf.ﬂop_riﬁs s.p.»'-: nov,

from the’ upper member of
" the Boat HarbourgFormation (St. ‘George Group) at “Boat Harbour, western

Newfoundland (designated ‘herein). . . .

. i .
o . . . —
N L} .

Y

oo
]

Dia;nosiab Cranidium _highly ' convex. . Glabella weaklf defined, wide, '

_elliptical to subcircular. Anterior border 'str:ight. to convex-forward, =
" narrow, convex-upwarl, Posterior border narrow, convex-upward, R

. AN .
. v . e

%

'Derivarion of name: magnus (Latin), big “and nasus (Latin), " nose,

' .

_réferring to the size bf the glabella.

.
: Fl

A.’saiined species: The only .spetied (besi_dea' the génotype) which the

author assigns to Magnusnasus nov. 'is Undetermined geaus and species B

¢

o




-
)

of Roas (1951, p. 121-1212; bl. 28, figs. 16, 20, 25-28) from Zone F in
the_ Garden City, Formation of northeuﬁern -U'tah and Zone E in the Fill-
' more Formation (Pogonip Group) at Ibex, western Utah (the unasseigned

~cranidia of Terrell, 1973; pl-. 3, figs; 8, 11).

- )
.

“.

- .

Remarks: Magnusnasus nov. most close-ly- reSen_:t;"‘t.Qs P'a,l:ahystlricurun Ross,

1951" -in size, shape and convexity. There are three important ditfer-

ences hovever. Firstly, .Hagnuanasus is more effaced than 'Parah!str'-

CUrus ;. the glabella in particular is not as’ well defined. Secondly,

"despite its lesser definition, the glabévlla‘_of Magnusnasus is rounder '

than that of,_?arah}atricurus which is more bullet-shaped. Finally; Mag-
') : 2 .

nusnssus has a smooth prosoi:on; that of Parsbystricurus ceafists of
—— , . _ -

pustules and/or tubercules. ‘ , . o -

Y

Magnusnasus proprius sp.

(P1. 9, figs. 1-3)

. .
Diagnosis: Glabella relatively well defined; occipital ring distinct.

Prégl abellar field narrow.

Derivation of name: proprius {(Latin), distiactive.

s '
- -

-

] ‘ ' . . . - . - Y
Stratigraphic range: Upper member of the Boat Harbour Formation, 6h.21

m_above the base of the Boat Harbour measured séquence.

»
&

v

Material: Four (4) specimens.
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"Flolot!Ee: Cranidium, NFM F-141 from BH-38 in the .upper_ member of the

- -

Boat Harbour Formnéion at Boat ' Harbour, western Neqfoundlar‘

(deiignated herein). AR

o

Descrigt.ion: Clabella  elliptical, highly convex, transversely

moderately vaulted, convex-sided, anteriorly’ tapering and 'abrup-tly

rounded; it extends almost seven-eighths total cranidial length.

Occipitdl ring small, uubtriangﬁl#r. Preglabeliar and axial furrows

weakly defined, narrow, shallow; occipital furrow well defined, wide,
deep, convex-forward. Lateral- gisbeilar furrows not develgpped. Median
i - ‘ :

glabellar :ub'e'rcu'le (pres_ent'. Preglabellar = field narrow, about ore-

lixteentﬁ':otal crAnni.ldial sagittal lengt!’i, convex, gnteriorl}"steeply_
d0wn-slopi.ng. Anterior border furrow distinct, narrow, s'ha‘l}‘cm, broadly
conveg-forward, Ant.eri.o:f border ektremgfy', narrow, léss thanﬂ one-eighth
tot_a'l cranidial_nagi-ttal‘ lengfh, 'tdlnv‘ebx, of c_:ohstant width, and flat in
hnteriqr v:igwl wAnterior.' Eixig‘en\al“.a.reas ‘wide, c;rwex, an‘teriorrly,

sieepL} dovnsloping’. " Anterior portiﬁnu"'of facial . suture ‘éarall,gl to
ueak.ly divergent, Paléei:?al fixiggnai areas the same width as antetioi" .,
fixigenal ar:_aa, ‘abaxially . and sagittally convex ! an:i -s.r.eepiy
L - E . . s .,
doynsloping and traversed by ext_re_vmef( narrow  and _ faint ocular
‘f-urrows. Pnlpebr-:ll lobes, sma'llv_, short = e;lsagi'ttal' léngth about

- . P

t'hreef'ten_thn sagittal - ;labél_,lar length, w.ide.lv <'Palpe‘i~rra1 furrow.
,._distiqét. - wide, - i‘hal'low. Liné through " centers of .;;alpeblralA lobes
cx:o;se; glab;;llar’sagiptalv l.ivine at about -o‘ne-h‘elf‘g»l..abel‘llar léng.th fromj-'_
posterie:t :'edge‘ of occipi;a.l;.rin‘g. Pq;tefiér . i'fixrig‘en'el ar‘eéa
» ,,tin'con‘:'pletely preaervedv, at lga;t aﬁ. wide ' as.:,"cnt_erior 5ﬁd ‘pal.p‘ebral..vl

fixigemal - ueaa'.,‘ Posterior xbordér furrow Ll>istit_|t-t, wide, shallrc{w._A

L

Prosopon smooth. ' S
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Hypostéﬁa,,librigenae, thorax and pygidium unknown.

»

Remarks: The less distinct, straighter, narrower anterior bovder, the

narrowver pregla_blellar area, the better defi.:ned. more convex glabellla,

the faint ocular furrows, and the ﬁiore'di.étinct, wider occipital and

posterior border furrows readily distipguish Magnusnasus proprius from
A . )

Undetermined genus and species of Ross (1951)..

- ‘ .
‘e

_Geﬁus Parghystricurus Ross, 1951

[ .
Type species: Parahystricurus fraudator Ross, 1951, from the Garden

‘City Formstion of northeastern Utgh.

.

Diagnos‘is; See Ross ‘(l‘;PSi,; p‘.— 56, 57) for diagnosjs' of ¢ranidium,

.lib.rigena.e. P'ygi.diuml oblong; ) 'subtriaﬁgular' | to ..5emvielliptica.l'. Up to
koht-axi;l rings.- Pleural and interpleural -furrows w.ellv d‘evegropedv,

prosc.)p_on‘ su;ooth. |

N

. S : .

 Parahystricurus smithiae sp, nov.

(PL. 9, figs, 4-8)

1983 Parahystricurus ap.v.ndv. - Boyce in Stouge and
. V-4 . ’ ’ ‘
figs. 5, 6.

e 1

Dxagnosxa. Cramdxum highly convex. Glabella strongly convex, ell:pJ

tical. 'No pa1rn of 1ar.eral glabellar furrows - weakly defmed, wide,

<




’ shallow. Median preglabellar ‘furrow weakly defiﬁed; wide, shallow.
"Anterior border distinct but - extremely n;rrow,‘fiat‘to weagly convex,
smooth, Posterior -fixigenal areﬁs long, narrow. Posterior border
furrow ueakly deflned wvide, shallow. Cranidial prosopon of mixed f:ne'
pusbules and’ coarser tubercgles. Pygidium oblong, semiellipt-ical. Fout
axial r.,i.ngs (~inc,ludingA terminal ring) of. postez;iorl'y declreasin'g
sagittal width, Three pairs of pieural furrows ~"d'istinct', wid'e,
"shallow. Thrée pairs of int.erpl.eural furrows ‘-wwell defined, -narrow,’_
deep. Posterlor border ueakly defxned but dlstlnct moderately narrow

flat, smooth, posterxorly 'steeply dovnsloplng. Pygidial .prosopon_

amoath. i

n . . o : N

" Derivation of name: For J.L. Smith in appteciati.c;n of he'r,veighl:-loss-

~

supervision. oo \\\

Stratigraphic range: Upper member‘of the Boat: Harbour Fo:maiion, 38.94

e R
to 58.46 m above the base of the Boat Harbour measured sequence.

[ ]
. ’ ' * . ) )
Material: Thirty (30} cranidia; eleven (11) |librigefiae; two (2)

pygidia.

W

LY
’

Holotype: Cranidium, NFM F-88 from BH-130 'in the upper member of the

. & ) . : :
Boat Harbour Formation - at Boat Harbour, western Newfoundland

(designated herein).
- L]

Paratypes: Cranidium, ﬁFH F-142; librigena,” NFM F-144; pygidium, NFM

‘. F-89, from the same bed .as holotype (aegignated herein). Librigena, NFM
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F-143, from BH-18 in the upper member of the Boat Harbour Formation at

Y

" Boat HarbOur;.weacern Newfoundland (designated herein).

“,D'escrigtion: Glabella highly convex, tranaverseW strongly vaulted,

ellipticgl, convex-gided, anteriorly aBruptly .rounded;’ it extends about

nine-tenths total cranidial length. Occipital ring narrow, subtriang-

uln'lj. Two pairs of lat‘lera'l‘. glabellar fyrrows - weakly defined; wide,

shallow. Posterior ~ pair directed diagonally backwards from axial
L . ) . v . . ) .
furrows, become progressively shallover. Anterior pair directed trans-

verégiy' across glabella, about one-third length of posterior "pair.
Occipitél.a_nd axial furrows well defined, " wide, ’deep. Axial furrows

become markedly narrower and shallower. in front of anterior. pair of

glabella;"'furroﬁ's; forming hreglabel-lar. fUrlfOU; Preglabellar field

narrow, convex, anteriorly steeply downsloping. Median preglabellar’
furrow weakly ‘defined, wide, shallow, abodt one-twentieth total

-cranidial sagittal length. Anterior border furrow-distnct, narrow,
" Ll ) ' .
shallow, convex-forward except for immediately amterior portion of pre-

glabellar field where intersection with median fdrrov.' results in ab}upt

forwerd-concavity. Anterior border transversely long, sagittally

nafro'w, flat td weakly cbh\fex, _smooth, sbaxihlly strongly tapering, in

anferior view transversely gentiy_arched. Anterior fixigenal areas

.wide, convex, anteriorly steeply downsloping. Palpebral ?ixigeml areas
about the same width as anterior fixigenal areas, abaxially horizontal
. to lvery» gently upaloping,gcagitt\ally-' horizontal to veryv gently dawn-

sloping. Palpebral lobes not preserved; palpebral furrows wide,
. B » . - .

shallow, suggest palpebral 'lobes relatively emall - ‘exeagittal length.

about one-fifth sagittal glabellar length. Line through centers of

]

'

4
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Y

palpebral furrows crosses glabellar sagitral - line at about oné-half'“-
glnb#llat,lengtﬂ'f?a; poqterior.nge of occipital ring. Posterior fixi-
genal areas long, narrow, weakly com‘rex,,'poateriorly moderately steep_ly.
‘_downaloping.' Poaterior border furrows weakly defined, wide, shallow,
Postefi;r i?or&ér"extremely narrow, convex. Prosopon of mixed. fine

‘pustules and coaraser tubercules. s

[E]
¥

) Hypostom}ar unknown.(

- -Li.bri.g't'ma with genal‘ field ‘Amoderately _convex, ~La‘teral border
fﬁit§v>dis£inct,_narroﬁ, hhallouf Latéral border nargow - QT:constant 
>vidth; convex. Genal” spi;g continuous with ‘lateral border, smooth;
coqve-).(; 1: grojects outward ‘from pos‘tefior mai'giln. liOnposterior border

. or posféri&r border furrow. Pr;50ppn ;f wixed fiﬁe pustules and coarser

)

'tubel.:cules: . P
Thorax unknown.

L]
Pygidium moderately convex, 'oblong“, aemielliptical, leagth about

one~half maximum width at posterior end of artic?latin’g facets. Axial
. . . ay e

°

- lobe weakly convex, transversely weakly arched’ po'st.eriorly gently
ti.pering and ::runcatﬁe, éx‘tem‘:l; ﬁbOut three—qunrte.ﬂ total pygidial
.I?ngth. . Fout distinct axial I-ringa (including terminal ringv)l of
pog'tei'riorly d-‘gcrea_s'ing ;agit’tgl width, Axial ring fu;rows abaxially
-deepen mrkedly.‘uinl fu_rruws'.diltinc-t, narrow, deep. Three pairs of

pleural furrows - diatihct, wide, shallow. Threé.pnirl of interpleural

. furrows - well defined, narrow, deep. Pleural and interpleural furrows

- -
-




-

posteriorly curve very gently backwards and stop slightly past
-posterior border, Posteriot border weakly defined but distinct, mader-

ately narrow, flat, smooth, posteriorly steeply‘dounsléping. Prosopon

’

smooth.

0y

RemarQL: When Ross originally proposed Parahystricurus he stated that

no pygidia could be assigned with certainty to the genus (Ross, 1951,

p. 57). However, he illustrated a pygidium (Ross, 1951; pl. 19, figa.

.

6, 1t, 15).uhich’he thoﬁght"was possibly referable to P. carinatus Ross

1951, p. 60-61; pl. 13, figs. 23-27, 30-32,:35-37).,Thé present authot
p :

. «

. 1’
has been able to associate cranidia and pygidia of Parahystricurus with

certainty. Fcssil horizon BH-30 in the Boat Harbour sequence yielded

ta .

only three trilobite species, namely‘P. smithiae, Hillyardina levis and

< -
A

-

"Randaynia saundersi. Since Hill{i‘dina levis and R. saundersi were

already known from nearly complete: individuals (pl. , figs. ) and is
. _ - : ‘ . : P
a much larger trilobite than P, smithiae it is a simple matter to

agsign the small pygidia;lobtained to P. smithiae.. The._general

similarity of Ross' illustrated pygidium at of P. smithiae (pl. 9,

fig. 7)csuggests that his proposed assignme of it to P. carinatus was

corredt. v - . i »
)

\ . 1
. - 3

The highly convex, ellipticsl glabella with its two fﬁin&-paitﬂiof,: .
‘ .. : '

lsteral glabellar furrowé, the long, narrow, weakly convex posterior

fixigenal areas, and the characteristic dorsal surface ornamgntationvot

the cranidium readily distinguish‘ P. smithiae from most described

. species of Parahystricurus. Howgver, Sando (1957, p.. 137; pl. 11, Eig.

\r\\\$<tj) described and illustrated an incomplete cranidium of Parahystricurus
‘ P - o ’ . -




from the Rockdale Run Formation (Beekmantown Group) of Maryland which

.c.losely> resembles P. smithiae. This cranidium, which probably

[ . ; . :
represents a new gpecies of Parahystricurus, Sando assigned to
Hyetricurus. [t differs from P, smithiae in that it is less .convex, has

- =) ‘ . . N
a wider preglabellar area and is “more strongly furrdwed than P.

smithiae,

Génus Paraplethopeltis Bridge and Cleud, 1947

.

" Type species: Paraplethopeltis obesz Bridge and Cloud, 1947, from the

Tanyard Formation of central Texas .

°

Diagnosis: Glabella strongly, convex,  straight- to convex—sided,

anteriorly- tapering. Occipital ring subrectangular; occipital spine
variably developed.‘ Preglabellar and axial furrows well defined, deep.

Occipital furyw faint, shallow ro™ well defined, deep. Lateral

glabellar furrows not developed. Anterior border furrow indistinct to

well defined, narrow to wide, shallow to deep. Anterior border narrow,

concave, flat to convex, convex-forward. Eye ridges faint, Palpebral

<

lobes small to large, short to long, cresgehtic. Posterior border fur-

.

rows faint, shallow to well defiﬁed, deep. Cranidial prosopon smooth.

i’ ]

-

Librigena with mod‘erétely convex genal field. Lateral border furrow
Jin_distiqct to well defined, narro‘w to wide, shé‘llow to deep. Latei:al
border narrow to wide, concave, "flat  ®o weakly codnvex'. I:ibrAirg;enal
pro'sopon smooth. Pygidium‘ subtriangu‘lar .to aéﬁielliptical. Axial lobe

wide, moderately to strongly convex, postériorly taperihg and abruptly

to -broadly rounded; end merges into posterior margin.. Four or five




J : ;
axial ringe including tefminal ring. ’Axial and axial ring turruws well
defined, deep. Pleural/ and interpleural furrows well defined, deep.
Three or four phirs bf pleural ribs. Posterior border furrow taint.

Posterior border nagrow, convex to concave, Pygidial prosopon smoath,

Modified and expanded from Lochman-Balk in Moore (1959, p. 0410).

Revmarks: Lochma-Bia\l&ig Moore '(1959, p. 0410) assigned Parapletho-

peltis to Ffhe/family Plethopeltidae Raymond, 1925. Paraplethopeltis

closely resembles Hystricurus Raymoﬁd_, 1913, being distinguished

chiefly by fts less convex anterior border, the presence of faint eye
ridges ami/-its distinctive smooth prosopon. For this reason ‘the author
/

i

has assiéned Parapletho'peltis to the subfamily Hystricurinae Hupe,

1953. |

”’
/‘Hmtze (1953, p. 201) questionably referred to Paraplethopeltis
two’ species with well defined anterior borders, i.e. Paraplethopeltis?
’ pg .

gg’nacurvis Hintze (1953, p. 202-204; pl. Vi1, figs. 1-5) and ‘Para-
- ‘ _—

I !
* »plethopeltig? genarectus Hintze (1953, .p. 204; pl. VII, figs. 6-9). A

/
/ comparison of illustrated Bygidia of the two species (Hintze, 1953;

pi. VII, figs. 4, 5. 9) with that of Paraplethopeltis obesa Bridge and
Cloud (1947; pl. 2, figs. 1-7,, 1_2-16) suggeats the three spécimens are
conéeneric; the pygidia of these Qpecies ate fully comparable with
reapéc;t to size, shape, convexity, number of. axial rings, and number

-and style of pleural and interpleural furrows. £ Consequently-

Pinraple'thép'eltis? genacurvis and Paraplethopeltis? genarectus are

-

‘assigned to Péiéplet-hopeltis without question. The presence of a well
developed : anterior border in Paraplethopeltis is '‘regarded as a derived
7 ’ .

or secondary evolutionary character. -
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Hintze (-1953, p. 201) identified several other épecies as being

congeneric with Paraplethopeltis? genacurvis and Paraplethopeltis?

gen#rectus»” - hence with Paraplethopeltis - (see. above), namely

Hystricurus? sp. E. Ross (1951; pl. 15, figs. lb, 11, 13, 14),

Hystricurus? sp. 1 Ross (1951; pl. 17, figs. 1-5; f’achycrénium? sp.“
. . ) T

Ross (1951; pl~ 17, figs. _Z—b.i;;:;-ll, 14, 15) and Hystricurus nudus

Poulsen (1937; pl. 2, figs. 10), assignments with which the author.

r

concurs. Hystricurus? %p. is probably conspecific .with Parapletho-
y P P y P : 2arap etho

peltis genacurvis, based on the close gimilarities of their cranidia

and pygidia. Hxstricurus? sp. 1 probably represents a new species of

Pnraplethopéltis while Pachycranium? ep. may represent Pa:aﬁlethopeltis'

generectus, the librigena illustrated by Ross (1951, pl. .17, figs. 6,
. i . . l ’ .

sp.’ L. Paraplethopeltis nudus is

14) possibly belongiﬁg to Hystricurus?

a distinctive species with a narrow corcave-upward anterior border,
[ - . - N - -

- . B
e a

-~ . . : .
The author algo assigns to Paraplethopeltis the following species:
T B

[ .

Bar.hyurﬁs cordai Billir;gs,' ]859

/

Bathyurus seelyi Whitfield, 1889a

Hystricurus? -ep. aff. H.? genacurvis (Hintze) * Berg and Ross 1959

R
//‘I/"‘ 2 ¢

Hystricurus cf. H. oculilunatus Ross - Ross (1970)

-

AN
N

N -

The earliest species Jf Paraplethopeltis (i.e. P. obesa Bridge and

Cloud,, 1947; P, depressa ‘Bridgé' and Cloud, 1947; and P. éarinifera
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. Flower, 1968b), earliest Ordovician in age, &r; characterized by poorly

developed anterior borders, relatively small palpebral lobes and weakly
) i . () : »r

defined occipital rings. The Trempealeauan (latest Cambrian) genus

-

PlethoEeltia"Raymo'rtd'. 1913 also exhibits <hese featdres, The main_‘

. .
difference between thé two genera is the greater degree of segmentat jon.

in the. pygidium of FParaplethopeltis. The fact that ‘}Parapiethopeltis
' ‘ . /
biostratigraphically succeeds Plethopeltis coupled with the close

resemblance of the two genera suggests “that Paraplethopeltis evolved
. . ) <, .

from Plethopeltis.
T .. '
Paraplethopeltis seelyi (Whitfield)

4

(PL. 10, figs. 2-7; pl. L1, figs. 1, 2)’

1889%a Bathyl;rus seelyi n.. sp. - whitfield, p,; 62-63; pl. 13, figs.

8-14. | E

’

Hystricurus cordat (Billin.gi) -~ Raymond, p. 6l.

- -

Para}ilethopeltis seelyi (Whitfield) - Bayce in Stouge and Boyce; ¢

Cpl. 15, figs. 6-8. » ' ¢

-

Diagnosis:' dhnidium highly convex.. €labella straight-sided, anteriorly
tapering -and broadly rounded. Eye ridges weakly developed. Palpebral,
! : ; !

\
lobes large, long, wide, broadly crescentic. Pygidium with + four -

strongly defined axial rings - and four pairs of astrongly dafined pleural

furrows.~ Interpleural . furrows not: developed. Posterior\drder _well

'

e
defined, narrow, concave-outward, vertical.




>

. -Stratigraphic range: Upper member of the Boé; Harbour Formation, 47.10

m above the base of the Boat Harbour measured aequen’cé; thrombolitic
. . . . a .
lime boundstone bed forming the top of Moyrac Island, immediately north

of 0ld Ferrolle 1sland; Unit 9 of.Pratt's (1979) Eddies Cove West

©
3

Section.

Material: Three (3) cranidia; one (1) kibr_igena; four (4) pygidia.
J - —_—

Sznﬁzgés: Cranidit‘un," AMN.H, 35502; l'iﬁrigena'; A.H.N.H. +35503;

cranidiu;ﬁ. A.M.N.H. "35504; pygidium, A.M.N.H. 35505 (the originals of
. Y8 L .

Hhitf\lkld, 1889a; pl. 13, 'figs. B-14), from the Fort Ann Formation near

Plattsburgh,.New York. )

.
LY

.
[3

Description: Glabella hiéhly convéx,' transversely moderately vaulted,

. straight-sided, anteriorly tapering and broadly -rounded; it extends
about four-fifths total cranidial length;, "Occipita-l r;ing s.agittAall'y
wide, réctangu}ir. Preglabellar and axial furrows well defi.hed,- narrow,
'deép; occipital furrow sl.ighl:ly les‘s so. L;teral. glab‘e.llar Eu.rrowg n;'n:
developed, Pr".egl_ébellar-,- field "na‘rrou, "éor;vex, anteriorly steeply down-
sloping, sbout one-fourteenth total cranidial length. Anterio;: bordel'-
f'urrow—' well defined, narrow, deep{ m front of él;bella straight to
sli:gh_tnly‘*' concave-fogﬁard, avbax:ial!y ' con-vex—fo'f'vard. Anferior- bo;der

‘transversely long, relatively wide, flat to abaxially "slightly convex,

‘
'

-

horieontal to anteriorly. very gently downsloping,  in anterior yie-n._r‘
tranaversely broadly tfirched. Anteribr fixigenal areas wide, convex,

anteriorly steeply downsloping. Palpebral fixigenal areas only slightly _ .

wider then anterior fixigenal areas, abaxially horizontal to very -.




'gentiy_ upsloping., sagittally anteriorly very gentiy downsloping. Eye

ridges, faint, extremely narrow. Palpebral lobes large, long -
L

exsagittal length about two-fifths sagi!toal. glabellar length,. wide,

broadly crescentic, Palpebral furrow distinct, narrow, ‘sl’?allow\. Line.‘

through genteré of WP}ebral lobes crosses glabellar sagittal line at

about one-half glabella? length from posterior edge of oécipitai ring.
" Posterior fixigenal areas. narrow, ;qonve(;t, pdsteriorly moderateljv

. *

Bteepily downsloping. Posterior border furrow well defined, narrow,

-

deep. Posterior border flat to slightly convex, poscarioriy gently up-
sloping, 'Prosopon smooth. _
-~
Hypostoma unknown.

Lo Lilgigené' ‘with genal field . moderately convex. Lateral border

‘furrow well defined; narrow, -deep, abaxially shaJllowing. Latefai border
L . : ! - .

"wide, convex, ‘abaxially expanding. Genal spine short, s:ubby.' Posterior

border furrow and posterior border not developed. Prosopon smooth.
. . *

. . . . RS - -

5

Thorax unknown.

.\ “ . ,

v

Pygidium highly convex,_subelliptvical. length about two-thfrds
maximum width at posterior end of articulatihg facets. Axial lobe

moderately convex, transversely moderately arched, posteriorly geatly

tapering and abruptfy rounded; it -extends about nine-tenths total

pygidial lehgth. Four well defined axial rings (including -terminal
ring) of posteriorly decreasing sagittal width. Axiak and axial. ring
' furrows distinct, narrow, deep; axial ring furrowé abax'ially become

—-—
Y




[
v
’ o

" shaliower. Four paifa of pleural fu_‘rro‘ws. equally distinct, narrow,
. > ¢ . - ) L . ) ‘; .
deep, curve ptogressively backwards and stop at. pesterior border. Four .

i pnrs of wel.l defmed pleural nba,,in;e’rpieﬁrai furrows not ‘devel-
‘ope.d. Pos‘ter‘iqr border 'vell defined, nar.row, flét to ciéncave-OL;.l:v::ac'd,‘
posterib:'-l-j _'uteep.ly .dovnslop_iLné to ve:tiéal, in po;teriot "vie.ﬁ'v:rans\-
Av’eru‘eﬂly broad'ly.'ar'cheg.'P:c;so’ﬁén smooth; on inner mould -pleure‘l."r-ii)s
_ finel;:punct;;g.

v -

Remarks: Paraplethopeltis s’eelyi was 6riginally described by Whitfield

7(!8893, p. 62-63; pl. 13, Afigs 8-14) from "the lower six or eight feet

of the Calcxferous sandrock as expoaed about one and a "half mlles nor,th‘
of Beekmantown S.tauon, on l:hev Delaware Fnd Hudson Raxlroad, three
miles north of P.lgtt‘sburgh, N.Y. (whitfield, 1889a, p. 42., 63) The
-c-o"l_lec‘tiAon. locality, knbwn as the "Kirby;.Ledge".'i's an_old qﬁ;rry,

. . v
‘smalt ‘and ove,rgrown which occurs in the lower 40 ft (12 m) limestone

unit of the Fort Ann Fomatxon (Flouer, wru:ten commum.catxon, December
Jh

27, Hhxtfleld (l889a, P. 63) report’s that P. seelyi probably

. also occurs at _C_omntock waahl.ngton County, New York

5
. . 5.

seelz dlffers from the type species P. obesa Brxdge and . Cloud.

e
1947 in. havn.ng a well defmed an:euor box:der, famt eye ridges, and
only four axial _rings (mcludmg the terminal ring) in the pygldxum In

:these respects P, seelz;.,cl?sely resembles P. genacurvu Hintze (19533
pl. "VII, E_ig‘s.. }-5) and P. genarectus Hintze (1953; pl. 7, figs. 6-'9.).'

However, -pygidia of the la‘tter'tﬁo species (Berg and Ross, 19597 have

nnrrower, more conical axes and vell developed mterpleural Eurrowo as

v

well u pleural furroua. aeelx:. has a otrnght sided glabella m'_‘

¥




.

‘ genaréctus and has shorter, stubbier genal spines.

_eye ridges, the 'narrower
.t Bt

contrast to the convex-sided glabellas of P. ;enacurvin'and P

Raymond (1913, p.. 61) and the author (Boyce, 19792, p. 8, 1979b)

assigned P, seely{ ta P. cordai (Bi}lings, 1860, p. 3lZl;'Fig. 26). How-

ever, subsequent examinati\oﬁ of the syntype cranidium of P. cordai

(G.S.C. 836c) from Levis, Quebec (pl: 10, fig. - ];) showed that the

gla
i:»alpebrai areas and Ehe sma‘f'ler palpebra:l'

-

. “lobes readily distinguish P. cordé’i from .P. —seéle.

. The 'co',nve).(-sided glabellas of P. grenscurvi‘a ‘Hintze, 1953, P

ge'nbarect‘us Hintze, 1953_,‘Pamplethépel(:is' sp. E (Ross, 1951 .=

szst‘ric_urus?'sp. E. Roas, 1951), Paraplethope{tia sp. .1 (Roas, 195¢ ~

sttri_c‘urus? sp._.l_ Ros.s, 1951), Piraple\tﬁope}tis sp. (Ross, 1951 =

. * T . ) .
- Pachycranium? Ross, 1951), P.araplethopeljtis sp.- aff. P. genacurvis

Hintze (Berg and Ross, 1959) ‘snd P. nudus (Pgulsen'v, 1937) ‘-,readiiy

L distingu.ish‘t.hem'from P. seelyi. - . R o . _,-

)

Paraplethopeltis seelyi (Hhitfie_ldd records évolutionafy t.rendav

which the author believes eventually/culminated in the bachyu-rid .genus
' Ly - .

Bolbocephalus Whitfield, 1890. 'I'he\s;e trends are:

™

1) - incredsed convexity of cranidium and pygidium,

4

—

lar, axial, occipital and posterior border furrows, [t‘he “lack of

. . . . Y . A » v v . . M :
strtly convex . anterior border, thé much. wider and deeper pre- '

=




straighter and moréyparallél-sided glabellé, narrower preglébellar

'fiéld‘and shorter anterior boféer,_

élabellr increasiogly oyerh;ngs pregf‘béllar field,

\

" shorter, stubbier .genal spines,

. .
d . o

progressive effacement qnﬁ decreased segﬁentatidn of axial rings

-

and pleural ribs in pygidium,

N \

progressively less diatihét‘bqsterior border,
transverse arching of posterior border.

a

goﬁpare Parapiéthopel;ié.seeiyiuwhiﬁfield (pl. 10, figs. 2-7; pl. -

"11, figs. 1, 2) to Bolbocephalus jéffersonensis Cullison (1944, p.

species

- 77-78; pl. XXXIV, figs. 28, 29), currently the earliest knowh

of Bolhoceéhalus.

Superfamily BATHYURACEA Walcott, 1886
Family- BATHYURIDAE Walcott, 1886

Subfamily BATHYURINAE Walcott, 1886

e
E}

Genus ﬁolbbcephalus Hhitfield.‘1890

e
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. . ’ ’ f

Type speciés: Bathy_urus- seelyi Whitfield, 1886, non Bathyurus seelyi

Whitfield, 1889&, from the Fort Cassin Formation (Beekmantown Group) at
. . o %Y T ' .
Fort. Cass»_‘m, New: York.

-
-«

' Diagnosié: See Whittington in Moore (1959, p. 0376-0377) .

>

Bolbocephalus éonvexus-(Billings, 1865)

(Pi. 11, figs. 3, &)

LN

Dolichometopus? convexus (n. sp.) -.Billings, p. 269; Fig. 253.
I3

&

]

Gignopeltis convexa (Billings) - Raymond, p. 455.

"Dolichometopus” ,convexus (Billings) - Raymond p. 164

]

.Bolbocephalus groenlandicus n, sp. - Poulsen, p. 4B-49; pl. 5,

figs. 9-13. | -
. o : _ , .

+1978¢_ Gignopeltis convexus (Billings) - Ludviéseﬁ',‘ p. 76; pl. 1, fig.

o

5.

]

'1979a Cignoheltis convexus (Billings) — Ludvigsen, p. 35; fig. 19E.

i

1979¢ Bolbocephalus convexus ('ﬁiliingg)-ﬁ- Judvigsen, p. B861; pl, I,

figs. 5, 6«

- -»
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.

1979a Bolbocephalus convexm,‘(Bi-'lliings) - Fortey, p. .78-80; ‘pl. 26,
’ » ! : .

figs. 1-10; pl. 28, figs. 9, 10.

}

-1983 Bolbocephalus'convexua (Bi_llinga) - Boyce in Stouge and Boyce;

pl. 15, figs. 9, fo.

Diavgnoais: Glabella sagitcally relatively short, 'antefiofly_ rapidly
@xpancting', in dorso-veatral plane highly.‘:jnvei:.. Pygidium - generally
effaced, interpleural furrows almost obsolete, ‘poaierior border not

developed. Modified from Fortey (1979a, p. 78).

» ) . -

7Stra;i3r§phic r&ng_g_: Upper member of the Boat Harbour Formation and

lower liniestlo_ne equence of the Cat-‘bctge Formation, 72.48 to 93.60 m

above the bhse of the Boat.'Harbpur measured sequence.

Material: Six (6) cranidia; eleven (11) librigenae; twencty-four (24) -

| pygidia. , , .

! ‘ . T

Holotype: Pygidium, G.§5.C.-718 from the‘Catoche> Formation on. Port aux

“Cﬁoi;: Peninsula, western Newfoundland (the orig-inal of Billings, 1865;

fig. 253 ~ by monotypy, Fortey, 1979a). B ’

‘ .'Deacrigtion: Fortey (1979a, p. 78-80) has already provided a detailed

~description-of B, convexus wh‘i.::h/is not repeated. .
. R . - : A ) - !

. Remarks: Fortey (1979a, p. B0) distinguished Bbl‘bo;:ephalub groen-

lardicuar"i’oulaen. 1937 from B, convexus on the basig of more distinct

PR

-




. . b i : .
interpleural furrows on the pygid{um and dense, rather than scattered

punctation on the internal would. The author has observed. that the

definition of the i'nterpleu.rair furrows in B. convexus is quite vari-

able; dense punctatiom also occurs. Conéeguéhtly B. groentandicus 1is

" regarded as .a junior subjective synonym.

- Fortey (1979a, p. 80)' _sqggested‘ that the wore . convex, eftaced
. . . : K

Bolbocephalus species would prove to be characteristic of faunas

“

younger than Ross-Hintze Zones Gl gnd GZ. The author suggests the oppo-

. hd -

"gite is true. The youngest specids of Bolbocephalus the asuthor has

found in western Neufoundlan;:l is a strongly furrowed form conspecific

with genus et. sp. ind. Poulsen, 1937 (= Bolbocephalus sp. nov. 2 Boyce,
.'198.3, P. 12). It occurs widely in the Catoche Formation in western New—

foundland, associated with the Zone H specied# Benthamaspis tgibberula

(Billings). This Bolbocephalus species may also be conspecific with the

strongl_y - furrowed Bolbocep.b&l:’us species’ illustrated as wunassigned

pygidium 7 by Young (1973;. pl. 6, figs.-’klh,- 15). This sp'eci.es' also .-

L
L

occurs in a fauna of Zone H age. o o

Bblboceghalus stevensi sp. nov.

Pl., 11, figs, 5-8)

Diagnosis: Glabella sagittally relatively long, almost parallel-sided,
x N - ! .

anteriorly only slightly "lepanding. Pygidium with posteri.c;r border well
L ‘ . \. e o ) oo C ) 4
defined, relatively narrow. 'Axial lobe highly  convex, posteriorly

tapering- and hbruptly round‘ea; four well defined ‘axial rings eicluding
p i . ,

b

Ig




*a
2

"~ terminal ring.. Two anterior ‘pairs of interpleural furrows incomplete,

"almost- nonexistent. Four pairs-of pleural furrows well defined, deep.

. . 7
S - . ( . . 3
* Derivation of name: For Br. R.K. Stevens (Memorial University) who

originally collected the sPecies.

Stratijs;raphic range: Upper member of the Boat Ha-t;bour.Formtion, 75 .44
R e . . 4 . ' “ e

‘to B4.56 m above'the ,b.ase of the Boat Harbour measured segquence.

Material: Three (3)-‘cranj.dia; nine (9) py'gidia.

. Ll
-

Holotype: Pygidium, NFM F-149, from BH-95 in the upper member of the
‘Boat - Harbour Formation at Boat Harbour, western Newfoundland

(designated herein), . ' A .

Paratypes: Cranidium, NFM F-Mé, from BH-69; pygidium, NFM F-150, from

Béd 39 of* Section BHS-6; pygidium, NFM F-151, from BH-87; all in the
. upper n?mber of the Boat Harbour ‘Forma_t'ion at Boat Harbour, western

Newfoundland (designated herein). ‘ T N

-

Description; Glabella .highly convex; trinsversely moderately vaulted,
_ 73 : A
sagittally rvelatively lomg, almost’ setraight— and - parallel-sided,

anté{iorly only slightly -expanding and a‘b_i-,u"ptly rounded, forward ‘pro—

truding; it overhangs anterior border. . Forward glabellar. outline.
broadly lemici_r_cular./ Occipital ring sagittslly relatively wide, rec-
tangular.: Preglabellar, occipital and axial furrows well .defined, nar-

row, deep. Lateral'glabellar furrows not developed. Préglabéllar field

)




- "

and .anteriot border not preservéd on ctanidium ;llustrated (pl. 11,

fig. 5).- Anterior fixigenal. Vqreas nar_r:oﬁ, flat to weakly convex,

anteriorly steeply dgbnsloping: Pélpgbraf fixige;al areas about twice
. the width of _anterio:". fixigengl areas, pbaxvially_ hori’zOntal, sagittally

anteriorly very geatly downsloping. Palpebral lobes relatively large

:

(for Bolbocephalus) - exsagittal length about one-third sagittal

glabellar length,’ wide, crkascentic. Palpebral furrow distinct, narrow
' deep. Line through centers of palpebral* lobes croeses glabellar
sagittal line at one-half glabellar length from posterior edge of

accipj.tal.'ring. Posterior fixigenal areas weakly, convex, posteriorly

gently downsloping. Posterior border furrow distinct, narrow, deep,

Prosopon “smooth. Internal’ mould® fiqglg( punctate except- for, palpebral

lobes.

. .

Hypostoma, librigena and thorax unknown.

Pygidium highly ‘conve);, semiel liptical]l, length‘ qbom‘xt one—haltf
maximum width at posl:erior. end of Varti‘cula.ti.ng facets. Axial .lobe

, _strongly convex, cylindro-conical, é;ansve)sely arched, posteriorly
gently tapering and abruptly rounded; it extends about four-fifths
total pygidial length.ﬂFour well defined axial ringg of even sagittal
width and terminal ring with faint pair of tubercules at its posterior
end {representing nﬁso{g?ﬁﬁ‘ertion argas - visible on internal mould

- .oﬂly).‘;osthxial area moderately steep, flat; posteriorly qOunsloping.
dAxi.él f:urrows distinct, deep, narrow. i?Ol;Ir pafi_rs of pleural furrows

deeper, more "distipnct; they slope. backwards posteriorly and stop at

posterior border. Posterior border relatively narrow, flat, posteriorly

» -
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B

e ’ i , » . .
mdeMly downs loping. Two anterior pairs of interpleural
: : ) <~ :

. b

. N " .f .
"furrows very shalioh\incomplen almost nonexistent; u}terpleural

furrows start just shead of posterior”border furrow and slope back.uards”

poateriorly, stopping at lpostericr margint 'PosteriW“Lbogder furrow

indistinct. Prosopon smooth. Internal mould finely punctate.

<

Bemarks: The Arelatively long, nearly parallel-sided,. only slightly

-antermrly expandmg glabella nyad the relatively large palpebral lobes
'ot' the' cram.dlum and the strongly convex, cylmdro-comcal axial lobe

with four yel] defined axial ‘rings, the two anterior pairs of incom~

plete almoét nonexi.stent interpleural" furréws and the four pairs of

vcll defined, deep pleurat furrows of the pygldxum rendlly dlstlngulsh

B. stevensi f?om all other presently known specxes of Bol“bocephalus.

The morpholngwally c.losest species B. jeffersonensis Cullison (1944,
N n ,

plate xxxiv, fiéures 28, 29) has a relatively shorc; esgsentially

- i
stralghter- and more parallel-sxded glabella compared to B. stevensi.

In addition the pyg1d1al axial lobe of B, _]effersonensls contains only
three clearly defined axial rings comparéd to the four present in B.
™ * .

stevensi, The type species B. seelyi (Whitfield - Whittington, 1953;

pl. 66,.figa. 1-10, 12-14, 17, 21, 22; text-figure 2)‘differs from BA
stevensi in that the glabella is mote convex and anteriorly expanding,

the .pygidium has extremely strongly developed interpleural as well as

pleural! furrows, and a prosopon of fine granules or pustiles.

-

"
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Genus Jeffersonia Poulsen, 1927

3

Type species: -Jeffersonia exterminata Poulsen, 1927, from the Nunatami
Formation at Nunatami, on the soUth coast of Hashin(ton Land, northwest

‘Gteenland‘. ’ R - \ - ’ /

"Diagnosis: Pygidium moderately convex, slightly wide?\ tha& long. Axial
Iobe:strongly convex, conical. Five axial rings, including terminal
ring; ;)osterior two weakly defined. Axial furrow strongly impressed, -

narrow. Posterior border broad, slightly concave. FPosterior margin

almost evenly rounded, Prosopon of fine granules (Modified from

.

Poulsen, 1927, p, 303).
- ’ -

RN

o

Remarks: Poulsen {1927, p. 303) defined the new species exterminata on o '
—_— : ——

two pygidia and attributed i._t"' to Jefférsonia Ulrich, manuscript. Ulrich

"

- never published a generic diagnosi’s"ao Jeffersonia exterminata Poulsen

became the type species by mono‘t_yApy (Cull.isoni,. 1944, p. 70).

-
4 .

Cul_‘li‘son (19&4),1 attributed nine- new species.’to Jefi;enu;ni_a...
" Whittingtdn '(1953, p.. 6.o62) doubted that all these spgcies ‘were goh=
generic. and sugéestec:l thét the r;;ame Jefferaonia_aught.tro bg erd solely
~ for the-.gype spécies. '

3

Poulsen (1937, p. 51) erected the genus Bathyurina. The t(ype

species Bathyurina megalops Poulsen (1937, p. 52; pl. 6, fi.ga.' 14, t5;
pl. 7, fig. 1) was defined on two cranidis from the Cape Weber Forma-

tion at Mt. Gum}or, l’ast Greenland.. Fortey and kruton (1973) ‘evidently




were able to associated pygidia with" cranidia ‘of"Bathxui:ina; they

reported the presence of ‘Bathyurina cf. timon (Billings). Bathyurina

timoh (Billin_ga_, 1865,{- p. 261; fig; 244) was previously known from .

pygidia only.

~
]

. - ‘¢
Fortey (1979a) redescribed B. timon and illustrated. its ‘pygidia
’ P ‘ . » T . ’
and cranidia from the Catoche Formation on Port au Choix Peninsula in.
western Newfoundland. ‘ o o

hY

»

The "pyg‘idia'of Bétt}vur-ina “timon (Billings) and Jeffersonia
. ‘ . , » - . .

-

- exterminata are similar:
gxterminata

- 1)  The pygidia are wider than long.

.
r.

The pygidium of J. exterminata has s length/wid;h ratio .of 0.88

- ’(Poulsen, l§27; pl. 20, fig. 28). The pygidium of B. timon illustrated

‘by. Fortey (1979a; pl. 25, fig. 3, the original of Billings, 1865; fig.

"244) has a length/width ratio of 0.78.

) “The posterior marging of both pygidia are almost evenly rounded.
3) The pygidial *borders of both species. are broad- and flat or

'
it

7

slightly concave-upward. - .
L T
The pygidial axial lobes of 'bqth- species  are strongly convex, -

conical and divided into five axial rings (ihéludil_lg the terninal

ring) of which only the anterior three are well defined.
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.

5) _' ‘The pygidial prosopon consists of gvranules or, tﬁbercul‘es‘.

On the basis of the above mrpho}qgical gimilarities and the facg

that Jeffersonia Poul‘s-en; 1927 was defined ten years before Bathyurina

‘Poulsen, 1937, the authf); h,ere-in\_ assjigns Ba.th)rurina timon to

Jeffersonia.

v
A

The' author s‘uggesl'tn; that 'Bathzurina will eveatually prove to be a

junior s_ubjective synonym of Jeffersonia - because presently .known
. “ R . LR o ’
gpecies can be assigned to either genus depending on whether cranidia

E‘.'I

or pygidia are used in the assignment. However, wuntil cranidia and

1

pygidla are assigned to. Jeffersonia ‘exterminata 'and‘ Bathyurina

. ’ [ i3 ) ‘ ] . .
megalops, rtespectively, the congenericity . of _the'_tuo species will

- .

remain unproven.

Jeffersonia angustimarginata sp. nov,
" (Pl. 12, figs. 1-6) ,
1946 Genus et 8p. indet. 11 (in part)'- Poulsen, p. 330; pl. XXIII, °

fig. 10 only.

- 1979a Bathyurina sp. indet. - Fortey, p. 78; pl. 28, figs. 8, 10, 1.

"

1983 Bathyurina sp. - Boyce in Stouge and Boyce; pl. 13,‘ fig. 4. ..




axial rings. Four pairs of deep interpleural _g-ft;rroys "Postaxial area

ateep (almost vertical). posteriorly downsibping/”foi'f'ericr border

'_unool:h, narrow, flat to slightly concavqﬁupﬁard. " moderately down- -

;

sloping. Prosopon of fine granules or tubercules.
y - . !

]
kK . .

. ; y o '
Derivation of name: From angustus {Latin) narrow, and marginis (Letin),."

' border, plus ata (feminine), referring to the characteristic narrow
border of the pygidium. .

Stratigraphic range: Upper member - of the Boat‘v Harbour Formation and

- lower limestone s'equ'ence ofv the Catoche Formation, 71.80 to 93.60 o
. . K ‘ o :
above the base of the Boat Harbqﬁr-meaaured sequence,
) 4 i

/ ,
Material: Six (6) cranidia; Fifteen (15) pygidia.

. s - . ) N - e .
Holotype: Pygidium, NFM F-87, from BH-101. in the ‘lower limestone
sequence of the Catoche Fgrmation at Boat Harbour, western Newfoundland

(designated herein). ¢

‘
s

Paratypes: Cranidium, NFM F-152, from BH-40 in the upper member of the
Boat Harbour Formation at Boat Harbour,: western Newfoundland;
etanidvium, NFM F—lfy/:i, from BH-112 in the lower limestone sequence of

\ / : , :
the Catoche Formation at Boat Harbour, western Newfoundland (designated

herein}. L ‘ ' o }




-

A

convex, .transversely strongly vaulted,
1] . - " -

Description: Glabella strongly

traight- and paral}el_»'sided‘ to anteriorly Js'li’ghtly expanding,
: L v ‘ : ¥ o o
anteriorly gently rounded, forward protruding; -it overhangs anterior

border. Anterior glabellar

’

outline broadly elliptical. Occipital ring
L . .-

sa‘g‘it‘tally narrow, rectangular. Préglabellar turrow poorly defined,
narrow, shallow. Occipital and axial furrows well defined wide, deeﬁ.'

- Axial furrows anteriorly less well defined, narrower, shatlower. - -

Lateral glabellar. furrows not 3 developed. . Pre‘g‘.labe];lar‘ field = not

developed. Anterior berder furrow.indistinect, Anterior border narrow,

convex; at;axiall); of constant width; :'a.nrte'rior ‘profile im;ned‘iately in,
front = of _ glabella‘.j i.s> convex—fors;erd, abaxially c‘oncévé‘-f'otward;
'-An:etiof';nd posterior fi’.xigenalr areas narrow, c;)nQéx, stee.;;ly do_un- )
sloping. Pal.pebraf fi;igena_l " areas large, high, gbaxiall‘y-'.upwa‘,rd-
Qlop?.ng. Palpet.)ral‘ lobes large, narrow, semielliptical. Pal~pe‘b'lral .
furrow indistinct, narrow, shallow, L}ine ,th?ough cent,e,'li'a of palpebral'

lobes crosses glabellar sagittal Line at_about six=tenths _‘g‘lal‘:ei\ler'-
length from posterior edée of occipit;l ring. A‘P-r,oéop‘oﬁ of fiﬁe 'granul.el‘_-
or' tubercule‘s,gxcepr for a‘nvterior border .and phipebral ‘lobes. Tuber-

culation only fai.nt-ly}_ reflected on internal moulds, however, internal

moulds of glabellar axes display fine, scattered pits. - | .

: : ' {
Hypostoma,, librigen_ae--and' thorax unknown.

.

Pygidium strohgly convex, sémicircular, length about four-fifths
[ ’ : ? -

maximym width at postearior end 'of'art.iculat‘_in'g facets. Axial lobe
strongly‘.conve‘x, cylindro-~conical, ftransversely arched, pbuteriorly,

gently tapering and ab'i-uptly rounded; it extends about seven-eighths

rmean
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total pygidial length. FOu:’ well defined axial rings of posreriorly
A . . . . . :
decreasing sagittal width and ‘distinctiugness and terminal ring.

Lateral lobes partially develop'ea on_abaxial portions _Vo‘f anterior two,,
r‘ings\' Axial furrows well defined, deep. Four pairs of lpleu;al furrows,
" 'well defined, deep; they '»310p'e posteriorly bdckwards and stop at

posterior border. Posterior imrder.' well defined, smooth, narrow, flat _
% concave-upward. Prosopon. of fine granules or tubercules except for
posterior border; internal mould finely punctaté except for posterior. .
border. -
‘Remarks: - The pfosopotl’ of fine granvules'or tubercules, the axial lobe

. . 3 . )
with fb_ur, rather 'thaq' three, well defined axial rings and the rela-

tively narrow border’.readily distinguish pygidia of J. 'angustimar‘g'inata.

from those of the stratigraphically later J. timon. The pygidium of" the

_‘type's‘pecies J. exteminat'avPbulse'n (1927, plate XX, figure 28) -is less

‘convex, more. 'effa_éed"and only has ‘three gas{ly‘ recognizable axial

. a

rings.

n P

.Culli}son_A (1944) " described and ill_ustrate:i nine species of
Jeffersonia from the Rich Fountain, Theodosis- and Cotter Formations of

" - \ . . - ’ 4 . : . . ‘Vv, - . B
Misgouri and porthern Arkansas, Of these the author only recognizes J.

. granogsa, J. producta, J. delicatula, J. jenii, Jefférsonia sp. 1 and
. . . - 7 -

o 4, ™S . -

Jeffersonia sp. 2 as fitting within the concepl"f Jeffersonia. Of the

. .

excluded species, J. wissouriensis probably represents a new genus -

"4 its pygidium lacks pleural ribs end has a extremely wide, convex-upward

. -

posterior border rather than a narrow, flat to concave-upward posterior

border;v J. mediacrista is elsewhere (this study, p. 146) designated the .
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v

type species of the new genus Parspeltabellia; and J. crassimarginate - -
_ ' : |

.‘is,' herein a@s'i_gned {to Peltabellia. With re’s.;:ect to .the Cullison species..

included in Jeffersonia “the author regards Jeffersonia sp. 1 and
'V'JeffersoniaA'sp.\" ‘2 . as conspecific. - The two species, which are

represented by one pygidia each,  are identical exce;it for a small :

diffeteﬁcé 'in longitudinal profile; this is: probably due - to  their

slxght size dxfference (compare Cullison, 1944, pl. XXXV, hga 7, 8 to -

fxgs 9, 10). Of the Culll.son specxes J. ]em Culllson (l%-‘o plate

. XXXV, ftgures 17 22) most cloaely resembles J. an;usnmargmau. 1‘hej"

dxstmgulshmg dxfference is that the pygldxal borden of J. ]enu is

much narrover.

‘Poulsen (1946, plate XXJL, figure 10) illustrated an incomplete
‘pygidium from the Canyon " Elv Formation _(Peel.' and Cowie, 1979)  at

s .

Scoresby Bay, Ellesmere Island which the -author herein agsigns to 'J_.

an'guatimérjin'ata.as‘ it possesgses  the cha"racte'riatic' four well defined

axial rings ',ind narrow poat;-eri"o.ri Bordé.r:. Poulsen (194¢; -pl. XXILL,

figs. 6-9). also illustrated a cranid.ium', libriﬁena, ‘and two flattened

3
-

“pygidia: from other beds exposed &t Cape Steven, Sdu‘thnst of Scoresby

Bay and north o_f chhe Penmsula. Thls he 1ncluded in the same species

as the Scofesby 5ay pygidium, Hoveve'r, ,the author .regards‘_ the Cape
: . . " . ‘ ) . Pl '. . " . N .
Steven species as a different, possibly new species of Jeffersonia as

Co.

its pygidium only has -tﬁr'ee, rather than. four, well defined axial rings

. and a wide,.rather than narrow, posterior border. .

)

”

-

Bathyurina sp. indet. (Fortey, 1979a, p. 78; pl. 28, figs. 8, 10,

11) is herem assigned to J, an guatmargnnatn ‘a8 -its pjgidi;iin_han the

a




chira‘c;eriotically_ developed four well defined axial rings and narrow
pécterior border.

]

Jeffersonia timon (Billings, 1865)

<

(not" figured)

. : . - -

‘ 1865_‘ 'Bnthyuru;'timon.('n. sp.) - Billings, p. 261; Fig. 244.

¢ - -

. 71925 ‘)Peti&uruslti}non (Billinés) - ‘Raymoﬁd-, p. 164.

i .
.

. 1969 'f’Baﬁhyurua“ timon Billings - Whittingtos and Kindle, p."658‘.

S . . .

1.97‘93 Bethyur'in.a't'imon (B‘illings)'- Fdrtey. p.'76-_-78; Fig. 12; pl. 25,
figs. 1-10. . S

. D,iagf nosis: Lateral lobes on occipital ring. Pygi;i.ium of moderate con~
- i . . . » 5 v'_‘ -

vexrity. Axial lobe with three well defined axial rints.‘ Posté‘rior»_‘

Fofder”_br'oad, flat  or slightly downsloping; median acumination

lacking. Prosopon of coarse tube:cuiea except for almost smooth
poatgridi bogder; postaxially prosopon of fine tuberqﬁles. Modified and -

expanded fron’Fo‘rl:ey (1976&, P 76},

Stratigraphic unLe: Lower -limestQne sequence of. Catoche Formation,

2 41 to’ 16.'73 n. above the base of Cape Norman measured é*ﬁctioh.
Material: Four (4) cranidia; seven (7). librigenae; seven (7) pygidia.
' ' t L

'
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Holotype: Pygidium, G.S.C. 636, from the Catoche .Formation on Port au-

;’Choix‘Penina'ula (fhe_origin‘al of Billidgs, -1865; Flg 244 - by mono-

typy, Fortey, 1979a). .
. - . s -~ - .. : o

+ 3

«

£

Description: Fortey (1979a) has already provided a detailed de.sc‘-ripticmv"T

of J. timon which is not repeated.

Genus Parapeltabeiiia nov.

_ o : S - i - S
Type speciés: Jeffersonia mediactrista CGullison, 1944 from the Rich

. Fountain Formation (Jefferson’ City. Group) - of Missouri - northern .

Arkansas (designated herein). -

Diagnosis:: Glabe‘ll‘ia‘co.nve:‘:, straight- and paral'lel-sided, ‘subrectén-

4 ° - v \ - :
gular,”’ 'an_teriorly gently rounded. Occipital ring sagittally narrow,
subréctahgvu.iar, Preglabe[la‘r,- occipital ‘and - axial furrows well

_defined .'_ p Fixigenae . nartow, palpebral area relatively large, low,
located poasterior to glabellar midpoint. Facial suture extends directly

S

fory_ai-d from 'éalpeb'z;a'l 'lobe almost to anteridt.mrgin‘,.' ﬂab'axially
cur;r»irn.g wheré. it ir)‘teraect.a ’antef_‘iq:l bo:‘-deﬂr.' Y'A‘m:er'i'or border narrow,
convex,.ra‘bax‘ially t_apét.'ing.. Pygidium'cbn‘;ex, semic'irc‘ul&‘r.v Axial :'lobe
) weakly convex, ‘postetiorlyv t-apetin'g"ana abruptly r‘Oundi_ed. Fivg’ axial

o, . ; Lo, . , .
rings including terminal ring. Four pairs of pleural ana interpleural

furrows. Posterior hordér poorly defined; relatively wide. Prosopon

smooth.




¢

T beriv&:ibn of name: Fr'omigara {Greek), near and peltabellia, referring
- : i B

. -

to the similarity of Parapeltabellia ig- the genus Peltabellia."

.

]

4 S
x

Auiﬂéd spe?:ies: Jeffersonia mediacrista Cullison and i’arape_ltabeilia

boatharbourensis sp. nov, (both' described in this study) are. the, only’

Atwo‘ species the author currently recognizes as belonging to Parapelta-

_bellia nov.

)

Remarks: P r'apeltabellyia nov. most closely resembles Pal:aplethopeltis

Bridge _dﬁd-Cloud,' 1_‘147 and Peltabellia Whi'tti'ngton. 1953. The differ--

-

“ences dre discussed below,

-
[l
' o

The glabella of Parapeltabellia is p‘a‘rillel-sided whereas that of

_Paraplethopeltis is , anteriorly tapering.’ In' addition, ‘the pygidial '
postér,ior border is wider.

il

’

The cranidial °~ anterior border of Parapeltabellia is. less .

distinct, narrower and less convex than that of Peltabellia. In addi- =

tion, the glabella of Parapeltabellia is antegd gent,lly'i'c‘!unded-

whereas that of Pgltabel'l.ia is abruptly rofinded. Furthermore, the

pygi’d'iumvof Parapeltabellfa lacks the well develweged pledral .ribs char-
\ A - . . .
acterstic of Peltabellia.,
s

Parapeltabellia is less convex and more effaced than\ both Para-—
N

1 . . a - / X
plethopeltis ahd Peltabellia; in particular, the pygidial posterior.

border.o.f Pnrnpeltabéllia i.-u, less distinct.




-

Parapeltabellia mediacrista (Cullison)

(i, 12, fig. 7; pl, 13, figs. 1, 3)

[

1944 Jeffersonia mediacrista n. sp. Cullison, p. 74-75; .pl. XXXLV,

- 4

figs. 25-27. ‘ C o ' T '_ ] . .

8

.Diagnosis: Two pairs of lateral glabellar furrows, weakly defined.”
. ’ . t [ . . ..
Anterior border well defined. Palpebral lobes relatively large, narrow,

v

semicircular,

Scratlgraphlc rang R1ch Fotmt.am Forma:xon (Jefferson Cxty Gtoup) lU‘

to-29 m above the base, M1asoun - nqrthern Arkansas (Culltson, 1944

pl., 1) .0 - B B -

Material: One (1) cranidium; one (1) pygidium.

Holofzgé: Cranidium U.S.N.H.- 155393,- from the Rifh Fountain Formation. -
of Missouri - northern Arkansas (thé ongmal of (,ulltson, 1944; pl.

r

xxxlv,,fxgs 25,2 26 - by monobypy)

] Paratxg Pygxdxum, U.S.N.M. 155394 from the Rxch Fountain Formatlon of o

H1asour1 - northern Arkansas (the ongmel of. Cullxson,‘ 1944 ; pl.
.. . b

XXXIV, fig. 27.- by monotypy). !
Descrlgtxon The followmg is a redescnpuon of the apecmans ong:n-
ally described by Culluon (l?lolo, p- 74-,75; pl. XJO(IV ngi». 25-27)

based on examination of the original material. . L
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Glabella‘ _convéx, transversely broadly vaultved, straight- and
parallel-sided, subrectangular, anteriorly gently rounded, with faint.

" median longitudinal ridge; it extends about seventeen-twentieths total

¢ranidial length. Dccipital ring -sagittally ;narr(w. subr_ec_tdngular.-

Preglabel'la‘r,_ occipital and axial’ furrows well defined. Two pairs of-

lateral glabellar . furrows, weakly defined, shaltow, posteriorly

-directed; anterior pair anterior to palpebral 1lobe, posterior pair

“

K oppdsite pal"pebrall ‘lobe midpoint. Preglabellar field narrow, convex,
. v, i - .

anteriorly steeply downsloping, about onc-terni:h". total cranidial

length. Anterior ~ border well defined, narrow, convex, abakially
. N . . . .
tapering, in anterior view "hor"izc‘)ntal. Anterior fix_ige@arens narrow,
convex, anteriorly -ateeply downsloping., Anterior portions of facial
. X . J .

suture .éxtend directly forward from palpebral lobes almost to anterior
margin, abdxially curving whete they intersect antetiorj border. Pal-
..pebrai fiixi‘;enal'areas' relatively lktge, abou._l: ‘twice. width of anterior
fixigegal areas, lfow, abaxial’iy gently downsloping, sagittally
an-t‘g.riorblyb gehtlsv downsgloping, located just. behind glabellar miﬁpoint.
VlPalpebral" lobes large, long - exsagittal length about ‘two-thirdsﬁsagit—' .
tal glabellar [ength, nal:to'w, semicircular. Palpebral furrow distinct.
L'i.ne through certers of palpebral lobes croaées glabellar sa'gittal'line

at  about one-half glabellar length from posterior edge of occipital |

o "

- ring, Posterior fixigenal areas not preserved. Prosopon smooth.

Hypostoma, librigenae, and thorax unknown.

;

Pygidium convex,- semicircular, length sbout eight-ninthd maximum \

width. Axial lobe weakly convex, transversely gently a.rch'ed,
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Vi

posteriorly tapering and abruptly rounded. Five axial rings, inclﬁding
termtnal - ring, posteriorly of de;réasing distihctiveﬁesi.'ﬁour pairs of
‘-‘pleural'vand~ interpleurélr.;furrbws weakl;r defined, pos;eriorly of
- decreasing distinctiveness. Posterior border furrow extremely faint.

Poaterior border poorly defined, wide, weakly convex. Prosopon smooth ,

.
N

1
Parapeltabellia boatharbourensis sp. nov.

—

., E¥g.:8; pl. 13, fig;. 2, 4)

)

+

Diagnosis: Lateral glabellar furrows not developed. Anterior bordet

fain;fy defined. Palpebral lobes relatively small, narrow, Crescentic.<:\

PA
o

" Derivation of name: After the community of Boat Harbour where the

species was discovered.

Stratigraphic range: Upper member of Boat Harbour Formation, 58.46 m’

above the base of Boat Harbour weasured sequen&e.

Material: Owe (1) cranidium,

-

Holotype: Cranidium, NFM F-155, from BH-34 in the upper member of the

Boat Harbour Formation at Boat Harbour, western Newfoundland °

.

-

(designated. herein):
I

Description: Most of the description given for P. mediacrista

(Cullison) also applies to this species. and is not repeated. The dis~

criminating differences are as follows:

-




Lateral g'l"abellar furrows not developed. *
. Tt 3 N .
e N c A
Anterior border furrow weak. Anterior border faintly defined; less

convex .than that of P. mediacrista.

" .

Palpebral lobés"éxelatively,sma,ll, nartow and_ crescenfic; located

more posteriorly than those of P mediacrista. Prosopon smooth.

-

The hygoatotﬁa,u librigenae, thorax and pygidium dre unknown. .

genus Peltabellia:Whittington, 1953

- @

P}

Type - species: Jeffersonia peltabella Ross, 1951 frqlﬁ .'th‘e Garden City.

. . - -
Formatiopn of northeastern Utah:

¢ ‘

Diagnosis: .C'ephalo'n strongly convex, Glabella straight- and ‘parallel-

-

sided, anteriorly abruptly rounded to .poirted. Lateral glabellar
‘furrows not devel‘oped. Anterior border extremely narrow and convex, - of

_ cdnstant \‘ridtht. Anterior sectiogs of facial suture sligﬁtlvy'-’fdlv'érgent,
Genal spines short . Pygidium with’ posterier border bfoqﬂ:, " smooth,

weg@to mderéie].-y cogvex, Prosopon punctate, smooth or tuberculate.
R . '

Peltabellia knigh-ii sp. nov.

(P1, 13, figs. 5-8; pl. 14, fig. 1)
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)

1983  Peltabellia sp. nov. 3 Boyce in St;ouge_and Boyce; pl. lt':,'figs..

3-5.

@

. - A
4y "

Diagnosis: Glabella anteriorly effaced. Pjgidiuﬂl with two to three
axial* rings variably defined; only two ;:lgdral ribs. Posterior bofter

relatively narrow. Prosopon smooth. Interpal mould punctate.

¥

D,eriv‘ati_on of name: For L. Knight (Newfoundland Départmedt of Mines and

4

Energy - who oi'igj.nally"collected this species aid who has done .much to

unravel. the Cambrian-Ordovician strat igraphy of western Newfoundland. °

L

Stratigraphic range: Upper member of the Boat Harbour Formation, 73.62
K ) . ) . . ' . 3 o
to 79.39 m above' the base of the Boat” Harbour measured .aequence‘.'

3 - :
‘Material: Fourteen (14) cranidia; e€ight (8) librigena; thirty-six {36)

pygidia,

hHoIotXEe: Pygidium, NFM F-157 from BH-46 in the upper wember of theé

e . ~

 Boat- - Harbour Formation at Boat Harbour, 'uestern‘ Newfoundland

]

(des ignaﬁed herein).

Paratzges: Qranidia, N_FH'F;-I_'L2 from-'BH-lob; cra‘nidiuﬂ;, NFM F-156 from
nu—u;i’ibrigena, NFM_F-113 from BH-46; pygidium, NFM F-114 from ﬁu;aé;
all in the upper member of the Boat Ha.r,.bo;:r. Formﬁtion at B‘oat Harbour, - ‘
western?Newfound‘land (designated herein;.

BN




¢

.Descrigtion: Glabells highly convex, traneversely strongly vaulted,

[

straight- and parallel-sided, anteriorly abtuptiy rounded and effaced;
it extends about nine-tenths “‘total cranidial length. Oc,cipital - ring
sagittally narrow, rectangular. 'Preglabellar furrow 1 defined,

-narrow deep, abaxially becomes shallow, indistinct. ial furrows well

" 'defined, wide, deep; -occipital furrow narrower. a(:eral glabellar

Eurrou.sA not de»veloped. Preglabellar fxeld extremely narrow, ~convex,
steeply antgriorli.dow‘nslo;:.ing," about one-twentieth total sagitf-ﬂ
(l:ranidi.al lel_‘;gth. Anterior border furrow distinct, narrcow, :dee;;,
cqn\'/_exjforuafd. Anterior Bbgder ltral_nsversely long, ‘extremely narr.ow and

a

convex, of constant wvidth in anterior view; ‘transverae:ly broadl).r Aarched .
R I
in anterlor view. Antenor T1x1genal areas of moderate w1dth coinvex,
anterxorly steeply downsloplng Palpebral fxxtgenal .areas only slightly

wider than anterior fxxxgenal dreas, .abaxlally..horlzon_tal to very

gently’ hp;lopiﬁg, sagii:tai[‘ly anteriorly  very gepr._l‘yb downsloping.

" Palpebral lobes reluatively-large, long - éxsééittal length about one- '

third sagittal glabcllar length, Hide, conv.ex', ﬁemicircuiar; Palpebral
furrow histinct, narrow. On J.nter-nal mould palpebral Iobe is extremely'

narrow and convex and »palpebral furrow dlstmcc extremely wide,

-

- ghallow.’ Ilje through centers of palpebrql lobes crosses glabellar
1

‘sagittal Iine at about one~half glabellar length from postenor edge of

occxpltal ring. Postenor flxlgenal. araas narrow convex, posterlorly
2 J h

. ‘“ .
derately steeply dounslop1ng. Posterxor border ~furrows . distinct,
. > b : .

narrowv, deep. Poatenor bordet strongly‘ convex. Prosopon smeooth. On
'-.. X ‘ . o

intetnal moyld, glabella fmely punctate.\ ' e

n',

EIIN




Hypostoma unkpown.

* .
o

Librigena with genal field highly convex. Létefql .bb_rder furrow:

distinct, narrow, deep ad jacent to facial suture, abaxially becomes

less distinct, wider, shallower to postérior border furrow. Lateral

. v .
border extremely narrow and convex, abaxially becomes substantially
wider and less convex to posterior border. Posterior border furrow

* distinct, narrow, shallow. Posterior border wide, weakly ¢o‘nvex. ‘Genal,
. - . R ‘ -
spine dong and narrow, flat to moderately convex. Prosnpon smooth.

o &

-Thorax unknown.

A

Pygidium moderately canvex, senﬁellipt.ical, length about two-:

o

thirds maximum Qid_t‘h at posterior end -of articulating facets. Axie®

3 -

lobe hfghly'convex, transversely stro‘ngly arched, postepiquy gently

.l:ap'ering,and abruptly r0qndéd; it extends about three-quarters total

pygidigl lefngth. Two t:olth;'ee" axial rings.var'iabty defined, ol coustant

sa‘lgittal’ width., . Axial furro‘us and two pairs of pleura'rl furr'owsh

distin;t, wide, tfeep. Interpleural furro;s not'developéd. Unly two
pairs of pleural '_ribs; these‘ stop at posterior border. Posterior border
\\}aakl'y‘xde_fri;ne'd, relatively narrow, weakly tu méderate[y conven,
.mocier;-ite‘ly 'ste;ply d-owns.vloping,vanteriorliy narrower thdn postaxially,
' ..in posterior view horizontal. Pu.psopon s:_nooth; Int’ernel,.mqul.d f'i'ncly4
.. punctafe. o - ‘ : o

Remarks:. P. knighti moset «closely. resembles P. crassimarginata

(Cullison, 1944, p. 75-76; pl. XXXV, figs. 13-16) and P. willistoni

®
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. figs.-.lo, li), However, the: pygidia of

\ ro_m‘ that of P. 'Knighti in having four to
" width,

Pelcbabei lia pseudopeltabella
!
[

 (P1.. 14, figs. 2-5)
| . * .

P

- *
» .
Al

bbia osis: Pygidial axiall lobe cqmpdsed of at le@st four axial rings of

; pbsteriqgly» decreasing, ‘distinctivgneas: osterior Dborder weakly
. A . : \ . ! . . .
defined . extremely wide, (convex, Prosopon smooth. Internal mould. finely

punctate.

3

Derivation. of name: Friom -'Eseudes (Grgék). false, ' and peltabella,

réfe'rri;\g to -the sin;ilafity.p.f this specieé to Reltabellia peltabellab

o

(Ross). ST

Strati_grhphic range: Upper member of the Boat Harbour Formation, -76.50

@ above "the base of the Boat Harbour weasured sequence.

, A i . . .
Hatepia["fl‘hrvee (3) pygidia. _ o T . ' ,
. .‘ N .S .‘ . . v ; v . . )

- Holotype: Pygidium, NFM F-159, from BH-49 in the upper-ﬁlembé_r of the

Boat  Harbour Forqation at . Boat .Harbour, western Newfoundland

{designated herein).
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. Paratype; » ‘Py'gi.di‘um, NFM F-158, -from the same horizon as holotype
(designated herein). ‘

-

Descfigtionr Cranidium, hgpos:bmé; librigenae and thorax unknown.

Pygtdtum moderately convex, semicircular, Axlal lobe strongly con~-

- vex, transversely highly vaulted ,cyll.ndro-com.cal, almost_ parullel-’
sided, pos,teriorly' gentvly tapering and abruptly - rounded; u: extends

about one-half total- pygidial length. ‘ At  least four ;xial_ tings; -
excluding terminal ring, pgstériorly becoming progressive‘ly ingiétinc't
but -of_. equal s.agittalA width. Axial Mfutroys', v;ré_bl d‘éfined*. P_le‘ura‘l .
‘ fur}ows narrow,'postériorlbiecomink lésé;distinct an& éhalldvei.'Tﬁ;eeV

axtal r1nga of equal (sagittal) width becommg progresswely indistinct

posterxorly Axial Eurrows well defmed Three paxrs of pleural rl.bs,"

LI
A

Vpostenor pair almost nonexistent. [nterpleural furrows nol: devetoped

Posterior border weakly defined - almost 1ndlat1nct in llu'ge individual
“(pl. 14, fi.>g. 3), extremely wide, convex, strongly downslaping.

" Prosopon smooth. Internal mould smooth except posterior border finely

P
P “

punctate.

. -] .
Vi .

Remarks: P,  pseudopeltabella :post closely resembles P, .'ail;iricn '

(Maximova 1955; pl. VIII, fig. 6) and the type species P. peltabellav

(Roés, 1951 pl. 17, figé. 19., 21). However the pyguha of the latter

spec1es are 1ess effaced and have more poatenorly taperlng axtal lobes

and narrower postermr borders. The prosopon pf tubercules,_len convex

ax1s, and posterlorly less downslopm-g and convex postenor border also

distinguishes P. peltabella fjrom{ E. pseudopeltabelll. The much wider

£




‘ palter.ibrwb'order‘ of P, j;aeudopeltabeiln also readily dis;inéuishea it

 from Peltabellia sp. B'(Hintie;-. 1953; .pl. IX, fig. B), P. Knighti sp.

nov. (pk. 13, fig. 8; p»l.I 14, fig. 1) and P. willistoni Jochman, 1966; -
pl. 62, figs. 10, 11). ~ - a-

L ‘Genus P.etig'urus Raymond, 1913

PN
-4
‘8

Type s.pecies: Bathyu:us\}gro -Billings, 1865, from the Catochg Fon;mtion

(S¢. George Group) on Port Choix Péninsula, western _N.ewfoundland .

+ -
” B

.Diagnosis: Glabella strai t-sided, anteriorly' weakly -e#panding and

_strongly ,fthard-ﬁrocruding; ‘it overhangs anterior margin. Posterior .

fixigenal areas) long, “narrow. Pygidium subtriangular to semielliptical

.with five axial rings including terminal ring well defined. Four to

A 1

five pairs of pleural firrows strongly developed. Inte.rpleural furrows

vari.hbly vd‘eveloped’. Prgao‘pon of coarse tubércules,

Petigurus néro (_Billings, ‘1865),

(Pl. 14, fig. 6)

N

1865 i Bathyurus nero (n. sp.) - Billings, p. 260-261; Fig. 243.

1913 Petigurus nero (Billings) - Raymond, p. 58-59; 'pl. 7o fig. 8.

1925 Petigurus nero (Billings) - Riymond, p. 164,
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. 1953 Petlgurus nero (ﬁillings) - Whittington, p. 658; [;1. bb,;ﬁgb. ‘

18-20.

1959 Petigurus nero (Billings) - Whittington in Moore, p 037}, 0579;
Figs. 285-5a,b. : ,_ - oL v

¢

t

‘ \ _ oL ] : L .
1979a . Petigurus nero (Billings)"r Fortey, p. 84-86; pl. 29, figs.

1-12, 15. B S

1980 ~ Petigurus mero (Billings) - Boyce, pers. comm. in Knight and
. Saltman, p. 20. . : A S

»

1983 Petigurus nie ro (Billings) - SOYCQ-EI; Stouge and Boyce; pl. 13,
. figs. 1, 2.
Dv‘iagno'siq: Pygidial interplegra'l_“furroﬁa abaxially obsqletve.';Prbaopon‘ v
' of coarse tubercules. Modified frow Fortey (1979a, p. 84). ; R
j' .

Sttat'igraphic range: Upper member of the Boat Harbpur- Formation and

lower limestone sequence of the Catoche Formation, 76.85 to 93.60 m
above the base O.f'ythe-Boét Harbour measured sequence; l(ouer-li;méstone

i

sequence of the Cgtoéhe Formation, 7.43 to 16.73 m above fthe base of

the Cape- Norman measured sequence.

Material: Six (6) cranvri..dia;”nine'@) librigenae; five ('5_) pygidia.




° Lectotype: Incernal  mould .of gldbellﬁ;'ﬁ.s,c. 750, fxom the Catoche

Formation (St.'. George Group) on. Port -au Choix Peninsula, western New-
foundland @selected'by Whittington, 1953, p. 658).

’1. ~ . N Cowt

Dencri‘g't,ion: Foctey (1979a, p. B4, 86) has ,Already provided a detailed

description of P. nero which is not repeated,

. 'Genus Strigigenalis Whittington and Ross in Whittington, 1953

»

Typé speciea: Strig_igéndlia cassinensis Whittington, 1253;* from the
. - , . O S E . é‘ ) :
Fort Cassin Formation (Beekibantown Group) at Fort Cassin, Vermont.

‘Diagﬁbaid: Cephalon weakly to moderate1y convex. Glabella straight- and
parq‘l._lel--sidgd . 'to convex-s ided. - Lateral .glabellar furrows not.
developed. Anterior border ‘harrob,b cohve;. Pygidium with posterior

border broad, smootﬁ; qeaklf tolmbdérately convex. Posterior spine

short to long. - *.
- o . . ‘ R : \

- F .
’ - » . L3 ; ) . 7
. Strigigenalisa brevncav.{data 8p. nov.

(PL. 14, figs. 7, 85 pl. 15, Eigs. 1-4)
o , |

.-1983 N Stﬂgigehalis sp. nov. - Boyce in Stouge k,nd~.]$oyce;"91».~ 16,

fig. 6. R

R R .

-
[ ]
N

Diagnosis: Pygidial axial lobe convex-sided, posteriorly tapering and

" abruptly rounded. At

+

least three ‘axial rings of posteriorly 'decregsing_

"




. - . A o : ‘
. , b . . -~

. . B a2

. | - o - 160 3 ' ' T

¢ m 4 " _ S, -
: b#gitgalﬁuiatﬁ: Poaterior.lpine‘ahort;~brba§1y triangq{ar.with m;dian - .
bl‘carina on intefnal mould. ' :;. . . . ' o
: : S ) . - . ’ r
Derivation of name: brevis (Latin), short and-cauda (Latin) tail, plus
EEE (feminine), referring.to th? ch;tacteristiéaaﬁd;t pdsteridt”spine._ '
. t - )
._Stratigraph%c raqgsi Upper meaber of the BoﬁlearbouriFofmatiéh, 71.80
- to 82.57 m above the baae‘of the Boatpﬂprbbug measured sque;ce.
. ’ : ,
Ha.té‘rialé Si,xtv.’een‘ 'f16) cranidia; se'vente.en (17)‘ ~libri§enae; twet)t‘y-six
(26) pygidia. | e .
E Holotzeé:.Pfgidiuﬁ; NFM F-163 from BH-67 in ;he&léperrmember bf the
T . . . Boat Harbour Fo'tm.ﬂ'tiop. at  Boat Harb.ou'r, western Newfoundland 0‘ . \
§ (designated herein). b ' . . SR
3Par§tzgé§: branidiuﬁ,' NFM F-160 from Bed 39 of Sect ion Bﬁs-e; .
‘ . l‘i.br‘i;g'ena, NI-‘H F-161 from Bed 39 of Section BHS-6; p}gidium, Nf-‘H f‘-llﬁ i
P 7 . from‘BH-92; gll from the upper memﬁer af the Boat Harbour v?‘o:mation -ét

Boat Harbour, westernnue‘ufoundlarid ‘(dvesigna‘ted herein}. -

Description: Clabella highly convex, transversely moderately vaulted, .
‘straight- and -parallel-sided to slightly convex-sided, anteriorly T

abruptly rounded; it extends about six-sevenths total cranidial

length. Occipital ri‘ng..ugit‘télly narrdu, rectangular. Preglabellar,

c axial and occipital .fqrrows’ well defined, narrbw, deep. Lateral glabél- '

. lar furrows not developed. Preglabellar field extremely narrow, g:on'vex,"

o -




',anteriorly 'st;eply doﬁpalopiné, about one-fourtee'nth- total sagitcal
cranﬂid‘u"l: length. Anterior“ border: furrow _diatinct,? n;rrqw! deep,
c;)ﬁvex-forward.' Anterio-r border transveraely long, -narr'ow - o_f constant
width, convex, in’ anﬁe:iqr'- \;ieu‘ transversel& bro,adjly‘ arched. Ante_szi_.qrr
fixigenal ﬁréaﬁ of .1n.od§ra't‘a w'i“dth, ;cénvex, ’ anter-iorly ~£téeply
downsloping. i’alpebral fixigenal a“reasr ohl.)r sligh;ly wider “tflan~>

- anterior fixigenal areas', sbaxially very gently upsloping, sagittaliy )

~anteriorly very gent-ly'ddunaloping. Palpebral lobes réletivgly large,

long - exsagittal length about one-third sagittal glabellar length,

wide, convex, cr_esce_nt"\c. Palpebral furrow distinct, narrow. On

jﬁternal mould,b palpebraf lobe extremely narrow, convex; palpebral

- .

futrow'diatiﬁgt,' extremely wide, éhaijlow. Line fhrough centers _of

_pa'lvpeb'ral lobes crosse'sl'.gla_bell_ar sag'ittal. line at abdut_ one-half
.glabellar_ l\engéh from posteriyor ‘edge of occipital r'ing;A Posterior
fixigenai. areas ‘narrow, cAonvex,. posteriorly moderately . éteeply

downsloping, Posterior border furrows distiact, narrow, deep. Posterior

“Border strongly convex. Frosopon smooth. ‘ " -
(\ - ", : . L . N " - N

Hypostoma unknown, .

, - )

W

.y "

,-_L'Dbrigena with  gemal field wmoderately convex. Lateral border

furrow distinct, nan"ow,' deep adjacent to facial suture, abaxially

becomes -less distinét, wi.der',‘ ahallower to posteri\of border furrow.

» .
.

- hateral - bgrder narrow, convex, gbaxially becomes substantially wider

.and 1léss ‘convex to posterior border.. Posterior border furrow distinct,

narrov, shallow. Genal apiné‘-ge‘latively long ;s_nd ‘narrow, flat to moder-

_ate"l} co'nirei. Prosopon smooth, Ny
. . . Y




- Thorax unknown. ) o / :

; -

. Pygidium weakly to moderately 'convex, t;iat\:gul?ﬂr, length about g
e two-thirds wmaximum width a@=pueterior end of articularing facets. Axial T

N !

lobe highly convex, transversely strongly - ntchéd,’ convex-sided,
‘posteriorly .gentdy ‘tape"i'”ing' and abruptly rounded; it extends about’’

one~half total pygidial length. At least three  gxial rings of

Epstefigrly decreasing sagittal width. Axial furrows, distinct, narrow,
d:!ep. Tﬁree pairs of pleu'ral’fur& disti?x;:t, ‘wide, shallow. Oge
, anterior pair.of interpleural furrows almost indistinct. Three pairs of

L pleural ribs, posteriorly progressively less d‘istinct; these stop at

-, . - posterior border. Posterior horder weakly defined,—narrou,_wea_‘ly Lo

- moderately convex, modsratelly steeﬁly downsloping, narrower anteriorlyr_ _ .
than poatakially. Posterior- spine short, broadly triangular, ?\
.posteriorly. horizontal to- gen::ly upsloping; on internal moulds’siaine

carries median carina. Prosopon smooth.

- : . . T e

. [y
’

Remarks: Young {1973; p‘l'...6, figs. 16, 19, 22) illustrated two pygidiar
from Zone H in the Fillmore Formation (Pogonip Grouﬁ) of western Utah,

- L - " which the author'assigna to Strigigenalis. These pygidia closely = °*

. - -resemble S. brevicaudata. However, “their straight- .to c-oncavé-;ided
axial lobes with only two distinct ‘axial rings, less distinct pleural © -
‘ribs, relatively wider posterior borders and differently . shaped 'and

variably deviﬁped posterior spines readily diastinguish them from that’

species, .‘I'heae pygidia ("unassigned pygidia & and 11" of Young, 1973)

the author assigns to Bathyurellus(?) teretus Young (1973; pl. 22,

"fige. 5, 8-10, 13, 14). Fortey (1,.9795, p. 92) attributed “unassigned




pygidium 9" off‘}:;ung" (1973; pl, 6, figs. 17-20) to this r;‘pen::iet;.

However, the author assigns this pygidium to Benthamaspis  giberula

3

(Billings), based oa a ‘compa‘rison with pygidia of B. gibberula

illustrated by Fortey (1979; pl. 34, figs. 8, 10, 11, 13). Fortey

(19794, p.‘>92) ‘referred Bathyurellus(?) teretus to Bathyurellus sensu

i

stricto but ‘the size and shape of the anterior border, glabella,

Qccipi‘tal ring and palpebral ldbe the author regards as more
. . ) ' ’ v - .

characteristic of Strigigenalis.

L ’

. Strigigenalis brevicaudata and Peltabellia knighti‘: closely

’

- resemble each other, the distinguishing difference being the greater

degree of segmentation and the short posteriot spine of the pygidium of
the former. The two species are regarded as being as indire'ctlf
related. Evidence from collections made on the north side of Barbace

Cove, Port au Choix Peninsula (Boyce, 1983, p. 13) suggests that ‘both

species were 'probably derived - from Peltabellia cf. P. willistoni
Lochman. - Pygidia of this species resemble’ those of P. knighti with
' S 4

respect to overall size, shape and‘convexit'y, and the width and lateral

profile of the posterior border. 'However, like 5. brevicaudata, pygidia

" of this undescribed, species have five axial rings and three_.'ialeural .
ribs (P. knighti pygidia have fewer axial rings and only two pleural

“ribs). Although Peltabellia cf. P. willistoni lacks a posterior sp‘in"e,

certain apecimeq's display'bpostaxi‘al flattening; this is interpreted as

.

_ the first stage in posterior spine development.

N o
o

7.7

i

A Ay

' The author concludes ‘that Peltabellia cf. P. willistoni anmd S.

‘Kbrevicaudata record “the direct evolution of Strigigenalis from

‘ Peltabellia. ' , s ; o
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'F
Y .
Strigigenalie caudata (Bi;liggs. 1865)
(P1. 15, figs. 5, 6; pl. 16, figs. 1,2)
N /‘.\; : A ) . . . ’
e 1865 Bathyurus caudatus (n. sp.) - Billings, p. 261, 262; Fig. 245.

® s

'19.25 Gohiurus caudatus (Billings) - Raymond, p. 164.

Lo " : ‘ ) 4
L. .
|

* 1944 Goniotelus semicircularis n. sp. - Cullison, §. 84;‘ pl. XX)& .
- — 7 : )
i

i d

figs. 25-26.

) 2 1953 Gen. et ‘*sp. ind. (pygidium) =~ Whittington, p. 670; pl. o8,

figs. 30-32. ) . : e

“
-

©

-

.- 19798 Strigjgenalis caudata (Billings) - Fortey, p. 88-90; R{QQ 12;

. ‘ ~ pl. 30, figs. 1-10,

-

1983 Strigigenalis caudata (Billings) - Boyce in Stouge and Boyce;

pl. 16, fig. 7.

Diagnosis: Glabella anteriorly pointed.‘ Preglabellar tield- short, down-

=

sloping. .Anterior border not acuminate medially. Pygidium wiih

. . . ooy,
posterior spine relatively long, triangular with median carina on

internal mould. Prosopon smooth., Modified from Forfey (1979a, p. 853.

L a
~ ’ e
b .

Stratigraphic range: Upper member of the Boat Harbour Formation and

lower limestone sequence of the Catoche Formatien, 83.88 to 88.31(+7) m

. above the base of the Boat Harbour measured sequence. , ST

| C . R




" _Katerial: Seven (7) cranidia; one (1) librigena; two (2) pygidia.

5

Hol.otzg‘e: Pygidium, G.S5.C. 635 from the Catoche Formation (St. George
Graup) on Port au Chaix Peninsula, western Newfoundlafid (the original
. of Billings, 1865; Fig: 245 = by mbnotypy).

v *

‘Description: Fortey (1979a, p:. 88, 90) has already provided 4 detailed

".des‘cripciqn of S. caudata which is not re.peal:g_d here.

. Remarks: Goniotelus semicircularis“Cullison (1944; pl.'xxxv, figs. 25,

. 26) ii uynonyni'zed ‘with Sctrigigenalis saudata based on the comparable
i E . - g RN .

- size and shape of 1) the. ﬁygidi&l axial lobes and 2) the posterior

-

. -spines of the two. species. .

O

-—

. 8.% caudata is regarded as the direct syﬁpatric‘ evolutionary
_.descendent of §, brevicaudata for the following reasons:

‘

,"_ . - ! f
| 1) ~ The two species st:ongly resemble each .other; the distinguishing
ditference is the longer posterior aspine of S. caudata.
i - . R —_——e——

i

S. caudata first é‘ppears 1.31 m above the last éample& gccurrence

of §. brevicaudata within the Bbame environment in Bed 39 °cf,

Section BHS-6. . o . b i )

-

" Subfamily BATHYURELLINAE Hupe, 53

" Genus Bathyurellus Billings, 1865

.
i




a

Type species: Bathyurellus abruptus Billings, 1865,' from the Catoche.
Formation (St. George Group) on Port au Choix P,gninan;la" and Keppél.

Island‘, western Newfoundland (designated by Raymond, 1905, p. 337).

ot
.

Diagnosis: Cra'n.idium"‘re‘se;nble that’ of Punka Fortey, 1979a but glébella

transversely nog’:highl'y vaulted. Anterjor border- narrow. j[.ibt‘_irgenae_

exsagittally “convex. Lateral border narrow,. rim-like. ‘Pygidium with

———

" pleural ‘fields h’ardly furrowed behind anterior segment. Posterior:
. . . - .

]

"\ .o -'border bx:dad_j\e;:ressed.—ﬂodified from Fortey (1979a, p. 90).

. Bathyurellﬁs a-br'uptus Billings, 1865 -

-4

( not - fig‘ute-'d)

Ty

R ¥

Bathyurellus sbruptus (n. v'gen. n. sp.) - Bijlings, p. 263, 264; -

Figs. 247, 250. - - - ¥

Bathyurellus abruptus Billings - Raymond, p. 337.

E.:

Bai:hyurell_us‘ gbruptus Billings - Raymond, p. 71-72, '164;;’ pl. 3,
fig. 18. o s o . | -

A .
. .
i ¢ !

" Bathyurellus abruptus Billings - Whitfington, p. 660; pl. &9,

figs. 26, 27.
Y.

pl. 32, figs. 1-12. gﬂ

>

1979a  Bathyurellus abruéfus Bill‘ings - Forr."ey, p. 92, 94,




.-_'. .

1983 Béthyurellua abruptus Billings - Boyce in Stouge and Boyce; pl.'

14, figs. 6; pl. 15, figs. 1, 4.

Diagnosis: Prost;‘:po‘n of dense terrace-lines on preoccipital glabella and

over most of librigenae, &Pyg'idium with posteridr border postaxially

—

broad, concave-upward, Modifiéd from Fortey (19792, p. 92). » B

, .

Stréti&raphic range: ‘Lower limestone sequence of the Catoche ‘Format ion,

10.36 tS 14,54 m above the base of Cape Norman measured section,

Hatefi#l : Three (3) c}anidia; one (>l ) hypostoma; two (2) librigenae;
six (6) pygidia. | | T |

o | o ‘. - ‘ S - S
Lectoty_'Ere: Pygid‘ium, G.S.C. 648, from the Catoc;he Formation on-Port au
.'Choiig' Per.ii:nsula,- western’ Newfoundland (selected _by Whiccingtén, .1953,

" p. 660).

Deacription: Foftey (1979a, p. 92,‘,94) 'hgs already provided a detailed

description of B. abruptus which is not repeated.

7 Genud 'Gtinnellésp.i's Poulsen, 1948

.. Type apecie#: Actinopeltis feildeni Poulsen, 1946, fromrth-e Cape Weber

‘Formation at Scoresby Bay, Ellesmere Island.

¢

Remarks: The type species. Grinnellaspis feildeni (Poulsen), is known

onlév from one pygidium (Poulsen, 1946, p. 324-325; pl. XXII, ‘figs. 8,




(this s;udy) algo recognizes G. ‘newfoundlandensis. sp..

‘no¥. 'Based on their "prosobon of terrace-lines and the. fif of the

'?ﬁnidi’a'l and librigenal facial sutures it haé been posgible to

associate cranidia, librigenae, and pygidia of this new species. Based
on the new material descfibed bélov, the generic diagnosis by Rasetti
. in Moore (1959, p. 0522, 0523; Fig. 412-7) has been revised and

expanded, - ' ’

- . »

Diagnosis: Clabe'll-a straight- and -patjallel-sided, anteriorly evenly
rounded. Preglabellar area wide. -‘Anterior .border wide, strongly

[ : : L ;
\-concave, ?xej.d.ium subelliptical to elliptical, flat." Axial lobe

1

P

conical, short, composed of up té seven distinct axial rings. Three
pairs of pleural ribs distinct, small, highly convex. Posterior Eurder
Qidé, almost flat. Four pairs of : interpleurdl . futrrows, inéomplete;

v

postaxial ridge or furrow déveloped.

-

Grinnellaspis newfoundlandensis sp. nov.

*

(P1. 16, figs. 3-8)
- o /

3

“ Diagnosis; Pygidium élliptic;l. Axial . lobe composed Of*."“LP to three’

¥ 7 .
furrs"w, wide, shallow, poorly defined. Prosopon of terrace-lines.

axial rings of “posteriorly decreasing “dietinctiveness. Postaxial .

©

Derivation of name: For the province of Newfoundland where this species

was discovered.




« . - - * -
PR . . . )

Scr‘at&raphic z:ange: Upper' nember\f the Boat Harboﬁr Formation, 71.80

to 80,98 (ﬂtov‘ ’>po.ssib1y 81.29) m above the  base ‘of the Boat Hart;o‘ur'

<
.

' measured sequence;

%

Hat;;{alz Five (5) cranidis (iacomplete); three (3) librigenae; gig—hf
.(8) pygidia, - 4 p o .

. . o
. ' ' 4 : . ' . .
"Holotype: Pygidium, NFM F-170, from BH-60 in the upper member of the
Boat Harbour Formation at -Boat = Harbour, western Newfoundland

'(desighated herein).

~

Parat‘zg' es:.ernidium, NFM F=166 from BH‘—EO; librigena, NFM F-167 from

| BH-60; pygidium, NFM F-168 from BH-40; pygidium, NFM F-169 from BH-49;

‘pygidium,i‘NFHT F-171 from BH-69; all {n “the upper wmember of the_ Boat

Harbour Formation at -Boat. Harbour, western Newafoundla.nd (designated

“herein). | i

. , . P .
(. . h
~
R

- Description: 'Glablel.vla. transversely broadly veulted, straight- and

parallel-sided, anteriorly ‘evenly ‘_"'roi_mded; e extends about ‘five-

]

sevenths total cranidial length. Occipital ring incompletely preserved '

but well defined, extends omejseventh total cranidial length. Pre-

.

glabellar, axial and occip‘i.tal'f fut‘rbgs distinct, narrow, deeﬁ. Lateral,
glabellar furrows not developed. Preglabellar field wide, about:  one-
seventh total cranidial length, anteriorly downsloping. Anterior border

"furrow - indistinct. Anterior border wide about one-seventh total

d £

cranidial length - of constant width, ._sn’trovngly- doncave, in anterior .
- ) o ; . ° ] .~ '. - Lo
view straight. Anterior fixigenal areas wide, anteriorly downsloping. .

!

o~




Anterior portions .of facial suture display strongij convex-outward

.

profile, Palpebral- fixigenal ‘areas wider than therior_ fixigenal '_areaq'

@

by about Al.Sx,- abaxially horizontal to gently upsloping, sagitcally

anteriorly gently downaloping. Palpebral lobes large, semicircular,

'lqng'_;- exsagittal. length about -three-fifths total ‘sagittal gla‘bel‘lu

1 PN

léngth. Palpebral furrow not developed. Line throu'gh' centers of
palpebral lobes crosses giabella'r sggittal line at about _one-ha'lf

glabellar length from postervior edge -of" cccipital ‘riing‘.-, - Posterior

"f‘iiigenal areas not “preserved. Prosopon coﬁsi._sta of terrace-lines on

occipital ring. Prosopon not preserved on remainder of cranidium.

.Hypostoma not known .

Py

a-

Librigena-e longv, broadly'. triangular, strongly convex. Létefal
’ - . . . ) . ; \
b'order; strongly concave, abaxially tapering. Prosopon smooth except for

" genal spine, where it consiste of terrace-lines perpendicular tao' the

lateral margin. . S o -

1

Thorax not known.

Pygidi‘@ elliptic'a.li, length abqgt three-qunrte;sl ma.ximlm- ‘width.

Axial lobe gransverggl’y broadly ‘arched, sit-'m'.gh_t‘r-tsided,~ ﬁgoete;rj?r[y :

‘tapering vand- -abruptly rounded; it: exteads "about one-h‘alf totai ..i:yg'idia'l

length.. As mn)\g as three Qxigl ringé of 'poat-:eriorly decf’eaeing diséi;lc-"'
. B . S : .

tiveness. Axial furrows distinct, narrow, deep. 'Pleural fields small,

triangular, strongly convex in ‘vcompari;\aﬂ"to posterior border. Three.
.pairs of pleural ribs. Three pairs of pieural furfoiqi distinct, narrow,

- -+

e-.




)

deep, extend only to posterior border furrow. Posterior border furrow

“

indistinct, wide, shallow. Posterior.-border wide', at least one-half

K ’

‘tobal pygidial -iength, flat to weakly convex “and pesteriorly gently

downs-lol':ing. Four ‘pairs‘ of mterpleural furtowa distinct, w:l.de.'

‘shnllov., incomplete - “extend ogly from vposte.rior border fu‘r,:row to

>

~ . posteriar nia‘rgin'. ‘Postaxial furrow less distinct, wider; it ' extends

from axis to posterl.or mergln. “Prosopon consists’ of terrace-lines

parallel to posterl.or margxn. E L o o *

-
e
b Lo

ﬁemarks: The small number of am.\al rings and ‘the development of - a

™. . e

; poetax:.al furrow rather ,than a ndge readxly dmtmgulahea newfoung-

landensu from G fe1lden1.

1 K = .
- SRR

Grinhellhspi»s and' P’unkd (Fbrtey,' 1979a; pl‘.-' 33, ‘figq. 1 10

n' e

35, figs. 12, th, 15) share the followmg morphologmal features' :

# e

.’ “ -
. Anteriar borders wide,- cohcav’é».
" Glabellas ‘-trﬁigh_t? and parallelfs‘ici_ed, anteriorly evenly_:ro'unded.

'Pélpebral -lobe;s.v 1at3e,,vs‘eniicircula‘r.’ -

», +
‘5"~.

.Librigenée' long, broadly -triangular; lateral border ‘céncay'e,'

nbuully tapering. o R - . I

Sde ot

pygidia lubeAl_li.pl:‘i.cu_l to elliptical. . .

.




“Pygidial axial lobes short, straight-sided.

I, convex.

Pygidial pleural fields smal
Posterior borders wide, filat.

a .

- Pleural and intefplgural furrows indo\npiete;

Prosopons »ofﬂ terrace~lines.

rd

Ow the basis. of the above morphological similarities and the fact

that Punka speci%s stratigraphically, succeed Grinnellaspis 'sp?ciés' in

F

b

,. western HNewfoundland, the author "augrgres'ta that Punka evolved -d-i.tecr.'l_y

from Grinnellaspis. The Eollowing_nor'ph_ol'ogical changes are observed.

v

. -
. ‘
“i e

1. Glabella increases in length,

™
Mo

.

2. Libfigenae become longer and narrower. .

. - . A o
. - ¥

3. . Maximum number -of ,éxigl rings in the pygidium decreases Yrom seven

<o R

to five,

&, PygidigL/pieura_l lfield‘s ‘become less convex and the pleurat ribs-

. -lésa distinct from the posterior border.
“ . - \ . L. .“l“. ’

+ LA

The postaxia‘f. r._i.dge‘/‘\furrbv‘_ disappears.

e




The pygx.du of Punka? BP. mdet. of Fortey (1979&, P 91, pl. 35, )

figs. 12, 14, 15) Lllustrates the last three changee "gbove, while it

reteina the shape of G.. newfoundlandenus. This species occurs -

lttatigraphicall; between C. newt‘omdlandensiﬁs and P. flabelliformig at

Eddies vae West .

Genus Uromxstium Whittington, 1953

.

Type epecies: Bathyurellus validus Billings, 1865, from the Table Point

° Formation (Table Point ;Groﬁp) at Pointe Riche, - vestera Newfoundland
(designated by whittington; 1953).
Diagnosis: See whittington _li‘l_ Hpofe (1959, p. 0380).

V_Uromys't:"m affine V».(lsou"l's‘en, 1937)
(Pl 17, figs. 1-4)

K

— - - T

.‘_‘]9-37_»_ Batﬁyprellus afﬁnAi.s:in.g»sp.‘[f. Poulsen, p. -55;. ‘bi. 7,‘ figs. &, 7..

Ty : '

1983 Urmystrum affme (Poulsen) - Boyce in’ Stouge and Boyce, pl. 14

- f1gs 4 S pl 15 f1g. 3.

O
A

Dlngno!iO' Glabella weakly deftned Occxpztal riﬁg not developed

\Pygidul axul lobe effaced Postenor bordet wide, concave-upward.

4




Al“‘
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e

g

Stratxgraphlc tang Lower l.unentone sequence of t.he Cltoche\‘ormtion,. :

. 86.76 to 93. 60 m above the base of the Boat Harbour measured aequence

Hé-terialz"'l;uo (2) ecranidiay 'g'ix (6) librigenae; el.e‘ven (11) pygidia.

Holotzg : Pygldmm, G.M. 3705 from the Cape ‘Weber i‘oi‘mation»on. Ella

Island ln‘ central East Greenland (the original of Poulsen, 1937;

{

pl. 7
fig. 7 - by monotypy). Lo ‘ s w

Paratypes: Cranidium, NFM F-95 from BH—lO_l/BH-llO;_ librigena, NFM
F-104 from, m-loxlsn-no? Ppygidiva, ui'u F-96 from su-wé- all in the
Iow 11mestone sequence of the Catoche Formation at Boat Harbour,

vestern Ne@oundland (dea13natéd herexn)

Description: Cranidium highly etfaced, strbngly convex. Glabel'la‘wenkly .
convéx. transve;svely broadly arched slightly above level of palpebral

fixigenae, s_trai'ght- and parallel-sided. Axi.al“ furrows aiiaos; indis~

tinét -narfow, shallow,' disappear at point along line jointing diver= '
gence poxnts of anl:erlor branchea of- facml suture. ?reglabellar aad’

occ1p1tnl " furrows . developed Lateral glabellﬁf' Eurrowa ‘n'or.‘_‘

—_—

aev'eloped. Anterlor fxxlgenal areas and preglabellar field wide, eon=

vex, anteriorly steeply downslopmg. Antermr border transveraely 10"8:

sagittally wlde, hfoad}.y convex-—forward gently concave- upuard, mnooth

abanally gently taper;ng; defxned by dut:._qct! ‘lbrupt broadly

tconvex-@pv,lrd chan'ge" in alope. ‘Anterior branches of fncial’ sutures

'strongly d:.vergent Pnlpebrnl hngenal areas abaxully and uglttally

ueeply dovnllopl.ng. Palpebnl lobes not preserved Pouenor Exxlgenll»




-

.

areas appalrent‘ly very small, posteriorly steeply downsloping. Posterior

Wer furrows not developed. Proscpon smooth.

'y .

Hypostoma ann_ov;'l.

Librigena with genal field strongly convex, extending‘direct’lj

backward into 16ng! equally convex genal spine. Lateral border poorly

defined, wide, gently cdncave—upﬁard, abaxially -disappears rapidlyl

Post_erio-t' border not developed. Prosopon smooth. . .

- . | . ‘.

’ -
‘Thorax unknown.

+

s

. - . &
Pygidium - weakly  convex, almost flat, ‘agmicj.rcula_r, lengch . about

qne-half maximum lwidtﬁ -;t posterior eng; of irtiéul#ting facets.‘
;\nteéio_r margin straight. Articulating half-ring sagittally narrow,
almost nonexistent. A}tigulating facets sagittally narrow,. parallel to
gnteribr‘warﬁin.-Axiai lobe almost indistinct, slightly concavé-aided,
-?ostefiorly‘taperihg and dbruﬁtly founded. Axial furrows faint, almost
noneiistent. :Pleural' field narcow, nubtfi;ngular. displays obséure
furroiu. Posterior border wid«g‘,’ cror‘lcave-‘upward_ - of nearlf cbnstant
-;uidth, postaxially élightiy vider than' at, anterior mnrgin.-.?ro;opon
, amooth. . . - C  . p |
Discussion: frha: wide, ccnéaveﬂupuard pygidial border of,--:. aff-ine‘
" readily diuin‘guiahes ‘it frﬁm u. fortexi"sp. no.v.»which,’-nor; t;an ariy

other Uromystrum pégci.u. it most closely resembles.

~— ‘
‘oD .
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Uromystrum forteyi sp. nbv. '

(Pl. 17, fig. 5)

a

Diagnosis; Pygidial axial lobe distinct. Posterior border  narrow,

" concave-upward, oo

. . i ‘ .
’ - . . 3

.

i collected the apeéiea.

a

'Stratigraphic'range: Lower’ limestone sequence of the Catoche Formation,

15.09 m above the base of the CaPé Norman measured section.

Material: One (1) pygidiud.

Holotype: Pygidium, G.S.C. 56864, from the Catoche Formation on Port au

pl. 37, fig. 10 - designated herein)..

4

Paratzge: Pygidium,> NFM- F-172 from CN-16 in the lower limestone

sequence of the Catoche Formation at Cape Norman, western Newfoundland

(designated herein).

Description: Cranidium,.hyﬁoscoma; librigenée and thorax unknown.

iy . - .

Pygidium semicircular, }ength>nb9ut one-half width. Axial lobe and

v

.pleural region effaced, but axial lobe quite distinct for Uromystrum

. . . o~

: - .
. . o .«{
- - . . . - .

)

Derivation of name: For Dr. R.A.|Fortey (British Museum) who originally .

Choix Peninsula, western Newfoundland (thé original of Fortey, 1979a;
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Posterior border narrow - of even width, concave-upward. Less effaced
individuals display the .-flo‘llowingl features, (see Fortey, 1979a, pl. 37,

fig. 10).

1) Articulating half-ring _;ilmbst nonexistent, -sagitt.‘ally narrow.

2) - Afticutating facets sagittally - narrow, parallel to .anterior

pygidial matgin.

—
-

- - . - - s .
3) Axial lobe almost indistinct slightly concave-sided, postsriorlx
. s - - . «
‘ tapenng and abruptly rOunded Axial furrows faint; two anterior

\

axxal rxngn weakly defxned

4) One pair of furrows, faint, incomplete, in the median portion of

the anteripr pleural field.

The posterior border is niore well defined and appear's to exhibit a

- Wreater degrée of concavity in the smaller, less effaced individuals.

Diacuusion: Fortey (1979a. p. 99, 100) has -already pointed

dxfferences between U, forteyi and U, affxne which the forner wore

any orher Urmnxstrm speclea most closely -resemblea. At that

" because tlle cranidia and lib ngenae of nexther species were k wa he

belleved there was insufficient evidence to diagnose a new species from

>

Ileufoundlnnd The author has been cble to conlutently recogmze both

species’ pygtdu outude Fortey's original study area.
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.In the ' Boat Harbour - Cape Nofé;;i\::;::;\\u. forte&i appears
/-. [P -

Hhsirﬁffgtaphically later than U. affine and b??é!!;,ﬂg_ght.limil&;&ey;uf

the two species pygidia, 1is regarded as its direct evolutionary

deacendent,

v

Y [ L J
Family LECANOPYGIDAE Lochman, 195%

Genus Bentﬁamasgis Poulsen, 194b

—

Type spec{es: Benthamaspis problematica Poulsen, 1946, trom the

Nunatami Forma;ion(?) at Cape Steven, Eldlesmere 1sland.

Diagnosis: Glabglla straight- and parallél—sidédfto anteriorly geantly

tapering and broadly rounded. Palpebral i#bes long, thin, crescentic,

Cranidial prosopon of convex-forward terrace lines. Pygidium with axial

lope Qmall, st;aighf—aided, posteriorly taPering and nbruptiy rduﬁ@bd
’to. tpuncated. .Pygidial' érosopon Eonsists of convex-forunrh.‘terrace

lines:on axial ;gbg and concave-forward terrace lines on pleﬁral field.

4 -

Benthamaspis conica Fortey, 1979a

-

(not figured) -

[

1960 "New genus related to Strigigenalis and Benthaﬁaapi-" - Berry;

B

pl.-7, figs. 1, 3. C ‘ ' -

~ = — R . - o —— ma” T o e——




1966 ’Oculomagnus obreptus n. gen. n. sp. (in part} - Lochman, p.

541-542; pl. 62, figs. 1, 2, &4 only.

P -

1979a  Benthamaspis conica sp. nov. - Fortey, p. 102, 104; pl.

“figs. 1-10.

Diagnosi#: Preglabellar furrow defined. Occipital turrow extends slmost

to axial .furrow (Fortey, 1979a, p. 102)}. ‘

Stratigraphic range: Lower limestone sequence of the Catoche Formation,

15.41 to 15.54 m above the base of the Cape Norman measured section.
Material: Two (2) pygidia.

Holotype: Cranidium, G.$.C. 56873, from the Catoche Formarion (St.

George Group) on Port au Choix Peninsula, western Newfoundland (the

. original of Fortey, 1979a; pl. 35, figs. |, 3, 10,- by monotypy).

Description: Fortey (1979a) has already provided a detailed description

-

'
Benthamaspis hintzei sp. nobV.

/

of B. conica which is not repeated.

(Pl. 17, figse. 6-8; pl. 18, figs. 1-3)

Undetermjned gen. and sp. B - Hintze, p. 242; pl. XIII, fig. 17

only.




1953  Unassigned pygidium - Hintze, pl. XV, figs. 18a,b.

Diagnosis: Pygidium with five axial rings (including terminal ring)

vieible on internal mould. Pleural and interpleural furrows faint.

Derivation of name: For Dr. L.F. Hintze (Brigham Young Unjiversity) who

originally illustrated the species.

y

Stratigraphic range: Upper member of the Boat Harboulr Formation and

lower limestone sequence of the Catoche Formation, 80.82 to 93.60 m

‘above the bagse of the Boat Harbour measured sequence,

Material : Three (3) cranidia; three (3) pygidia.

™~

Holotype: Pygidium, NFM F-175 <from BH-110 in the [dwer limestone
sequence of the Catoche Formation at Boat Harbour, western Newfoundland

(designated herein),

Paratypes: Cranidium, NFM F-173 from vBH-lOl/BH—llO; pygidium, NFM F~174
from BH-112; both in the 1lower limestone sequence of the Catoche
Formation &t Boat Harbour, western Newfoundland (designated herein).

Pygidium, NFM F-176 from BH-62 in the upper member of the Boat Harbour

Formation at Boat Harbour, western Newfoundland {designated herein).

Description: Glabella highly convex, transversely strongly vaulted,

straight-sided, anteriorly gently tapering and broadly rounded to

slightly truncated. Occipital ring sagittally wide, subrectangular.




¢

Preglabellar, axial and occipital furrows distinct, narrow, shallow,
PreglabellaY a.nd -ante.rio'r' 'fi.xigenal areag not preservéd.'PaIpebrnl
fixigenal areas wide, convex, am":‘erior(ly ;nd abaxially steeply down-
sloping.-Palpebral l;)bes poorly defined, long ~.ex§ngitta1 “length a>bo'u,t

two-thirds sagittal glabellar length, narrow, broadly 'crescent'ic.
Palpebral furrows indistin;:t. Line »r.hrough ce.nters. of palpebral ‘lol;:s
crosses glabellar sagittal line at about one-half glabellar length from
posterior edge of occipital ring;‘ Posterior E‘ixigenal x;reaa small,
convex. Posterior border furrow distinct, na.rrou,.\:‘ shallow. Posterior

border short, weakly convex. Glabellar prosopon consists .of fine,

dengse, convex-forward terrace-lines. Fixigenal prosopon smooth.

L)

~Hypostoma, librigenae and thorax unknown,

Pygidium convex, ‘sqﬁiellip‘tical,‘ length about three-ﬁuafters maxi-
mum width at .poaterior end of articglating facet's, Axial lobe trans-
versely strongly arched, posteriorly tapering gnd .ab‘ruptly rounded to
pointed; it extends one-half to two-thirds tot:.al pygildiai length. Five
ax~i.al rings (including terminal ring) of approkimately e'g_ualxsagit.tal
width are observed on inte,fnal mon ™ '; these are'‘only, faintly reflected
on external mould. Postaxial area and pleural fields wide, .eve-nly con-
vex, steeply downsloping. -An_terior pair of pleural fur»rowe distinat,

Anteriar pair ‘of .interpleural furrows less distinct. Additional pairg

ot fainter, -incomplete pleural and- inierplgural__ furrows. are also-

N

developed. Posterior Jorder not developed. Doublure of constant width,

about one-half total pygidiali-length, paralle]l to posterior margin;

-

inner dorsal surface flat to concave, ,-s'r.ee;ly downsloping. Pygidia]
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prosopon of fine, dense, convex-forward terrace lines on axial lobe and

concave-forward terrace lines parallel to posterior margin on. postaxial ,

area, pleural fields and doublure.

b

Discussion: The pygidium illustrated by Hintze (1953; pl~. Xv, figs.
18a,b) has a’lightly\ better defined "axial rings than the Newfoundland

specimens but agrees' closely in most other respects. the cranidium

illustrated by Hintze (1953; pl. XIEI, fig. 17 only) is assigned to B.,

. r . . . '
hintzei because it has a similarly shaped glabella and a well defined

occipitai ring. ' : ' .

Superfamily PROETACEA Safper, 1864

" Family DIMEROPYGIDAE Hupe, 1953
n. . - f

Genus Ischyrotoma Raymond, 1925

Type species: Ischyrotoma twenhofeli Raymond, 1925 from the Cow Head

Group at Lower Head, western Newfoundland. . .-

.Ischyrotoms anataphra Foriey, 1979a

(P1. 18, fig. &)

~

N ’ 4

1979a  Ischyrotoma anataphra sp. nov. - Fortey, p. 104, 106; pl. 36,

figs, 1-113.




Diagnosis; Glabella anteriorly alightly tapering. . Preglabellar field

——

sagittally short. Anterior border indi‘séinctly defined, Progopon of

coarse tubercules on stratigraphica{lg early forms; on stratigraphi-
& . . - -

cally 'later forms tuberculation less pronounced, especially on

Il
v

librigenae. Genal spines small. Modified from Fortey (1979a, p. 104).

. -
- L]
.

Stratigraphic range: Lower limestone sequence of the Catoche Formation,

2.41 t& 13.50 m above the base. of the Cape Norman measured section.

L

R - T - - -\. .
Material: Seven (7) cephalons; two_(2) librigenae; one (1) pygidium.

.
-
-

Holotype: Cephalon, G.S.C. 5-6879, from the Catoche Formation on Port au

- Choix Peninsula,‘weatérn Newfoundland (the origimal of Fortey, 1979a;

N .

pl. 36, figs. 1, 6 - by monotypy).

.
N
~

. \ i
Description: Fortey (1979a, p. 04, 106) has already provided =a
detailed description of 1I. anét_aghra which is not repeated.
. = -

Ischyrotoma parallela sp. nov.

4

(PL. 18, figs. 5-8)

~ t
D - . et
A

1983 Ischzrot‘oma sp. - Boyce in Stouge and Boyce; pl. 13, fig’.'3.

0

Diagnosis: Glabella straight- and p;irallel-’sided, s‘hm/ngly forward-pro~

truding. Anterior border furrow distinct. Anterior border transversely
. ‘ M
long, narrow, convex, in anterior view straight. Proscpon of coarse .

tubevcules. :
i
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Q

, - _
Derivation, of name: parallelus {(Latin), parallel, referring to .the

sides of the glabella (feminine). -~

o

Stratigraphic range: Lower limestone sequence of the Cetoche Formation,

88.24 to 93.60 m above the base of the Boat Harbour measured sequence.
[ ]

Material: Eleven (11} cephalons; three (3) librigenae..

3

Holotype: ' Cranidium, .NFM F-178 from BH-101/BH-110 in the lower

limestone sequence of the ‘Catoche Formation gt Boat Harbour, western
Newfoundland (designated herein). !

e

.Paratypes: Cranidium, NFM F-86 from BH-100; cranidium, NFM F-179 from
BH-112; both in the lower limestone sequence of the Catoche Formation

at Boat Harbour, western Newfoundland (designated herein).

-

v

, Description: Caphalon highiy convex with broad anterior aqrch.

.Librigen‘ue'n attached ‘almost vert'ically to cranidium. Glabella highly
convex, transversely strongly vaulted, straight- and parallel-sided,

e
~

subrectangular, ‘anter,i,dfly gently rounded, fotwarh—protruding; it. over-

hangs anterior _border. Forward glabellar outline " semicircular.
. —Occipital ring'/ugittally narrow, rectangular, Preglabellar, occipital

and axial furrows well defined, deep; occipital furrow wider than
~ v

preglnbelhr and axial furrows. Two pairs of indistinct, anteriorly

PR
I

directed lateral glabellar furrawvs occur on thel',aidea of the glabella

at about mid;length of cephalon. Preglabellar field narrow, vertical,

convex.. Anterior border furrow distinct. Anterior bor¥W transversely

x




’

long, narrow, convex, in .anterior view straight. Posteriot fixigenal

’

areas triangular, about four-fifths transverse width of occipital

ring. Posterior border furrows well def inedw™ deep.rPoaterior border
narrow, convex. Anterior portions of facial suture con\}erge ali‘gl'it ly in
front of éyes, strongly so in front of anterior bordér; poatetior,
portiond diverge at an angle of about JS] degrees, I:.ibrigenae with
lateral border furm\!vs well developed. Genal spines ,if present, not
pr,eservéd. Eyeb convex, placed at about cepl'!"_ali.c mid-léngth. Prosopon
of'co§r3¢ ‘tubercules excé‘pt for aﬁter_ior and lateral borders.’

Tuberculation reflected on internal moulds.

Hypostoma,’ thorax and pygidium unknown.

Remarks: 1. parallela most closely resembles the Fstr;tigraphfcably
ear{y forms of 1. anataphra Fortey (1979a; pl. 36, fige. 2-4, 7.~10,
12). The strongly forward-protrudirg, straight- and parallel-sided,

glabella and the welll defined anterior border of I. Earaliela, however ,

readily distinguish the two species. The stratigraphically early forme .

of I. anataphra .are viewed as intermediate forms on a direct

evolutionary line between 1. parallela. and the stratigraphicalily late

forms of I. anataphra. Ischyfotoma parallela differs from the (younger)

®

type s‘peﬁ\ies 1. twenhofeli Raymond (Whittington, 1963; pl. 7, figs.

1-13) in that. the glabella is strnig'l:t- and parallel-sided; the

r*.
preglabellar field is slightly larger and the anterior border appears

straight, rather than transversely arched, .in anterior view.
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APPENDIX A

MEASURED STRATIGRAPHIC SECTIONS - BOAT . HARBOUR

Seven sections 'were measured along the shore northeast of Boat
Harbour. The base of the measured sequence is a 1.48 m bed cantaining
distinctive chert-rimmed algal mounds which forms the base of the upper
member of the Boat Harbour Formation (Knight, 1980b; Stouge, 1981),
This bed 1is located in the village of Boat Harbour on the southern

shore of the cove south of Boat Head. The top of the measured sequence
" is sityated about 3.5 km northeast of the village at the top of a 15
m+ clitf landward of & wave-cut platform. The cumulative thickness of
the measured sequence is about %4 m. '

SECTION BHS-1: ASCENDING SBECTION TO NORTHEAST FROM BOAT HARBOUR

Bed/Unit Description Thickness (Metres)
' Bed/Unit Total

St, George Group

Boat Harbour Formation

. upper member

Lime mudstone and wackestone (dolo-

~ mitie?), light gray (when fresh). Top
18 c¢m of bed consists of stramatolite
mounds which are circular, distinctly
"laminated, composed of dolomite and’
rimmed by chert. Mounds are separate
entities in early stages, later are
linked. Stlicified {(chert) mound seen
. formed in the depression between the
dolomitic mounds although most com~
monly chert forms ridges separating
dolomitic mounds.

Cherty dolostone or dolomitic chert, 0.12(av.) 1.60!
dark gray weathering, draped over 0.10.0.14
underlying mounds; preserves thin, )

irregular, wispy laminations. Vugs of

prismatic quartz.

Dolostone, dark gray, white or very
light gray weathering; thin, irreg-
ular, wispy algal lamination.

Dolomitic lime mudstone and wacke-

stone, light blue-gray weathering,
planar bedded, flaser and cross-
laminated; extremely ~“thin, Dbuff,
dolomitic laminae. A scour/channel of
intraclastic blue-gray packstone and




grainstone occurs at the top of the
bed and eroded down 1.2 cm into the
"highly laminated portion. The intra-
clasts are subangular to subrounded
and up to 2 cm in dismeter. .The
acour/channel' is ahout 100 ¢m wide.
Adjacent to it 1is another scour/
channel 4-5 cm thick and greater than
300 cm in lateral extent.

Dolomitic lime mudstone and wacke-
stone, light blue-gray, thin and
irregularly bedded, sparsely bistur-
bated. Fossil trails buff, dolomi-
tized. Erosive base cuts down as much
as 10 cm into underlying bed. Hystri-
curus. ‘'oculilunatus and planispiral
gastropods collected 26 cm above base
of bed (BH-1), Planispiral gastropods
also collected 81-106 cm above base
(BH-2).

Lime mudstone and wackestone, light

. blue-gray, thinner, less irregularly,
more planar - bedded; thin, buff
weathering dolomitic laminae.

Dolomite packstone and grainstone,
buff weathering, highly laminated and
cross-laminated; occasional flasers
of blue—gray lime mudstone and
wackeatone,

Lime boundstone, stromatolitic and

thromholitic,- blue-gray, rubbly
weathering, massive., Mounds contain
abundant buff weathering, irregular,
wispy dolomitic laminse and quartz-
lined wvugs. Internal lsaminations in
mounds suggest they are stromato-
litic. Basal laminations are of LLH
.-type; these change upward into SH-C
and SH-V. Mound surfaces are irreg-
ularly pitted; the surface of the
wound interfill is flat and smooth,.
Mound interfill consists of blue-gray
lime mudstone and wackestone and buff

dolomite packstone and grainstone-

which is thin and flaser-bedded

rather than massive awd rubbly

weathering. Interfill extends to top
of bed and caps smaller mounds.
Interfill laminations turned up at
nmound edges. Orientation of interfill
channels 314, 318.

0.15(av.)
0.10-0.20

J.69




Planispiral gastropods collected from

mound interfill 6-10 cm above base of
bed (BH-3). '

Dolomitic lime mudstone and wacke-
stone, dark gray, massive, exten-—
sively bioturbated-burrows dolomi-
tized, more resistant to weathering.

Planispiral gastropods collected from
bed (BH-4).

Lime boundstone, stromatolitic and
thrombelitic, gray weathering, mas-
sive. Basal 20 ¢m conctaing SH-C and
SH=¥™~ lamination but rest of bed 1is
structureless. Mounde are circular to
irregular in shape, up to 100 cm in
diameter and, except for weather
pitting, have featureless top sur-
faces. Mound 1interfill consists of
planar interbeds of coarse grained
blue—gray lime packstone and
grainstone, buff dclomite packstone
and grainstone and dark gray
dolomitic lime mudstone and
wackestone. The darker color and buff
dolomitic matrix of the mound
interfill helps outline the mounds.

Planispiral gastropods collected 36
cm above base of bed (BH-5). Curved
(cyrtoconic) cephalopod as well as
planispiral gaatropods seen at top of
bed (BH—6).

Dolomitic lime mudstone and wacke-
stone, dark buff weathering, massive,
internally thin bedded, extensively
bioturbated-burrows, trails
dolomitized.

Planispiral gastropods collected near
top of bed {(BH-7).

Dolomitic lime mudstone and wacke-—
stone, dark gray, thin bedded, less
extensively bioturbated-burrows,
trails dolomitized.

Planispiral gastropods collected near
middle of bed (BH-B).
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bBasal 34 cm of bed consists of lime
and dolomite boundstone, thrombo~
litic, Mounds are isolated, circular,
up to 200 cm in diameter and up ta 34
em thick., Centers of mounds are
generally elevated 18 c¢m above
edges. Mounds cored by dark blue-gray
dolomitic limestone and rimmed by
buff wearhering - vuggy peseudo-
brecciated diagenetic dalostone; vugs
contain rhombic dolomite, pseudo-
breccia veins contain cryptocrystal-
line’ dolomite and purple fluorite.
Mounds are replaced by massive, buff,
diagenetic dolostone to MNE. ’

Middle 55 cm of bed consiats of well
laminated and int erbedded light

"blue-gray lime mudstcone and wacke-

etone and buff dolomite packstone and
grainstone. Bottom 30 cm is massive,
well laminated, buff dolomite pack-
stone snd grainstone: top 25 em is
mostly thin bedded, light blue-gray

lime mudstone and wackestone with

abundant thin, buff dolomite pack-
stone and grainstone laminae. Bed of
constent thickness, drapes over and
follows contours of underlying
mounda, Consequently, top of bed in
one apot may be I8 cm above top close

by.

Upper 118 cm of bed consists of lime
boundstone, stromatolitic &and throm-
bolitic, - darker blue=-gray, rubbly
weathering, masgive, internally
thinly and wispily: laminated. Mound

interfill cunsists of lime mudstone,-

wackestone, packstone and grainsgtone,
blue-grey, thin bedded, . with more

"buff dolomitic laminae than present

in mounds. A thin 1 cm layer of buff
dolostone was seen between ‘two
mounde. An intraclastic -packstone/
grainstone dike(?) was seen pene-
trating 40 cm into the unit. Topo-
graphic imperfections even out

progressively towards top of bed.

Iiillyardinn minuspustulata, ijdaynia

' saunderai, the clarkellid brachiopod
" Diaphelasma and planispiral gastro-
pods collected 134 to 187 cm above

~

.07

10.57




base of bed (BH-9), Hillyardira
minuspustulata, Randaynia saundersi,
echinodern fragments and planispiral
gastropods collected from top of bed,
crytoconic  cephalopod  (7Basslero-
ceras) also seen (BH-10).

Lime mudstone and packstone (dolo-
mitic?) dark blue-gray, light blue-
gray weathering, thin bedded, well
laminated; planar and irregular, buff
dolomitic laminae. Thin layers ot
intraclastic (flat-pebble) packstone
and grainstone also occur 1in bed;
clastg are flat, subangular to sub-
rounded, up to 3 cm in diameter, and
lie flat, scattered over bedding
plane surfaces.

Planispiral gastropods collected
approximately 130 cm above base of
bed (BH-11).

Lime mudstone and wackestone, dark
blue-gray, light blue-gray weather-
ing, massive; buff dolomitic laminae.

Lime mudstone and wackestone (dolo~
mitic?), massive, internally thinly
laminated, bioturbated; laminae,
burrows buff, dolomitized.

W .
Lime mudstone and wackestone, blue-
gray, nmassive, e’ensively biotur-
bated-burrows buff, dolomitized.-

Dolomitic lime/limy dolomite mudstone
and wackestone, dark gray, medium
gray weathering, massive, internally
thin and irregularly bedded; irreg-
ular, buff  dolomitic laminae;
sparsely bioturbated-burrows, trails
buff to dark brown, dolomitized.
Lime mudstone and wackestone-Adolo-
mitic?), blue-gray weathering, mas-
sive, internally thin and irregularly
bedded; thin, irregular, buff
weathering dolomitic . lamilnae;
sparsely bioturbated-burrows, trails
buff, dolomitized.
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20 Dolomitic lime mudetone and wacke- . , 0.40 16.99

stone to packstone and grainstone) r

blue-gray, more planar, thin bedded;

buff dolomitized laminae, abundant

dolomitized trails on bedding sur-

faces. Basal 10 cm consists of dolo-

mite. pack#tone and grainstone, buff .

“to blue, cross-laminated.

* 21 Lim¢ mudstone and wackestone to pack- 0.77 17.76 «+:
stone and grainstone, blue-gray, thin
and irregularly bedded; buff weather-

- ing dolomitic laminae; sparsely bio- '
turbated (mostly horizontal biotur-
bation); symmetrical and interference .
ripple marks in upper part of bed.
Bimoda! ripple marks — 266, 308, 325,
326, 328, 352, 004, ' !

22 Lime mudstone and wackestone, blue- . 1,13 '18.89°
gray, massive, internally thin
bedded, bioturbated horizontally and .
vertically~-burrovs, traila. buff,
dolomitized. Beds of lime packstone
and grainstone seen, well <cross- -
laminated, bioturbated, very fine
grained. ‘

_Planispiral gastropods seen in bio-
turbated beds. Hystricurug' oculilu-
natus and planispiral gastropods
collected 32 to 42 cm above base of
bed (BH-12).

Al

23 Dolomitic lime mudstone and wacke- 1.19 - 20.08
stone to packstone and grainstone,
dark gray, light blue-gray weather-
ing, thin and irregularly bedded, : .
sparsely bioturbaPed, wuggy -~ vugs
buff, quartz- or chert-lined.

Hystricurus oculilunatus’, Hillyardina

minuspustulata, echinoderm fragments -

and planispiral gastropods collected :

24 ¢m above base of unit (BH-13)}. - -

TOP OF SECTION BHS-1 : : 20.08

Note:

Between Sections BHS-l1 and BHS-2, there are two covered intervals
vith some intervening unfossiliferous pseudobreccia beds generally
exposed only at low tide. The author has accepted Knight's (1977b,
Fig. 6) thickness values for these intervals. . .




Bed/Unit Description . Thickness (Metres)
‘ Bed/Unit’  Total

TO TOP- OF SECTION BHS-1 ' ‘ 20,08

Cover ' . . 25.08
3.

Dolomite bOundsEone, buff weathering, 2. 27.96
diagenetic pseudobreccia mounds.’ ,

Cover ' . 32.19

SECTION BHS-2: ASCENDING SECTION TOrNORTHEg\ST

o Thickness - (Metres)

Bed/Unit :

Bed/Unit Total

TO BASE OF SECTION BHS-2 "32.19
. . » ) . -

1 Lime mudstone and wackestone, dark 34,39
gray (when wet), massive, extensively
bicturbeted-ramifying network of
buff, dolomitic burrows cuts matrix.

. Lime mudstone and wackestone, blue-
gray, .thin and planar bedded; thin
beds or laminae of buff, dolomitic
material. :

Lime mudstone and wackesrnné, blue-
gray, "~ massive; buff, dolomitic
‘burrows. Top of bed slightly irreg-
ular due to presence of lime bound-
stone mounds, 50 to 80 c¢m in- didm-
eter, elevated 15 cm above rest of
bed. Top of mounds taken as top of
bed. 7

Planispiral gastropods collected 30
to 67 cm above base of bed; cephalo-
pod (?Bassleroceras) seen in & verti-
cal orientation 39 cm above base also
collected (BH-14). ‘

\

Lime mudstone and wAckestone, blue- No1.96
gray, thin bedded, sparsely biotur-

bated although local patches of abun-

‘dant organiec traces occur on bedding

plane surfaces; burrows, trails buff,
dolomitic. ' 1

High~spired gastropeds seen  and
planispiral gastropods and partly
silicified cephalopod collected 54 cm
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above base of bed (BH-15). Hystri-
curus oculilunatus,  Diaphelasma,
echinoderm fragments and plenispiral

gastropods collected 82 to 115 cm .

above * base  (BH-16), High-gpired
gastxopods seen 80 to 85 c¢m above
base.

Dolostone, buff. Bioturbation evident.

near planar base. Top undulose,
laminated, contains flasers of lime
mudstone and wackestqgneé, blue-gray.

Planispiral gastropode collected from °

top of bed (BH-17). -

Lime boundstone, stromatolitic, dark
blue-gray, rubbly weathering, mas-
sive, Huge mounds, up to 300 cm diam-
eter and averaging 120 cm in thick-
ness. Two mound horizons. Lower
mounds developed on topographic highs
of underlying bed and highs formed of
stacked. up edgewise flat pebble-

conglomerate (intraclastic packstone . -

and grainstone); they are built up by
colloform digitate stromatolites and
outlined by occasional ldyers of
black chert. On top of lower mounds

circular rings of black chert 60 cm .

in dismeter suggest that the large
mounds are fiormed by smalletr coal-
‘egsced mounds. Lower wmwound interfill
alternsting blue-gray lime mudstone,
and wackestone, packstone and grain-
stone and buff dolomitic material,
thin bedded, planar laminated; chert

also occurs in narrowest\ gaps between
mounds. Upper mounds developed 1in
depressions between lower mounds;
they are built up by digitate stro-
matolites and also contain orange
. chert. Upper wound complexes
isolated,” distance between any two
varying from 15 to 200 cm. Upper
mound interfill lime mudstone, wacke-
stoune, packstone and grainstone, well
- bloturbated in wide intermound areas,

g8y (vugs lined by sparry calcite),
and particularly fossiliferous.

Randaynia saundersi, Hystricurus

pseudoculilunatus, Parahystricurus

smithise, Hillyardina levis,

O

0.22{(av.)
0.16-0.27

37.85
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Diaphelasma, c¢ephalopods, and plani-
spiral gastropods. collected from
mound interfill 109 to 159 cm above
base of bed (BH-18). Randaynis
saundersi, Hystricurus pseudoculilu-
natus, Hillyardina levis,
"cephalopods, and planispiral
gastropodas collected 189 to 209 cm
above base (BH-19). '

Lime mudstone and wackestone, dark

blue-gray, light blue=gray ‘weather-
.ing, thin,_ and irregularly bedded;
thin, irregular, buff weathering
dolomitic laminae; sparsely biotur-
bated - horizontal trails buff
_weathering, dolomitic. Planar top.

High-spired and planispiral gastro-
pode collected, one straight cephdalo-
pod seen 20 cm below top of bed
. (BH-2Q): '

Cover

Lime mudstone and wackeatone, dark
blue-gray, light blue-gray weather-
ing, planar base and top, internally
thin -and - irregularly bedded;” thin,
irregular, buff weathering dolomitic
laminae. ’

Cover ' : _ 7.70 49 .49

See description for Bed 12 of Section 0.50(av.). 49.99
BHS-3 . » - +0.30-0.70

TOP OF SECTION BHS-2 o : 49.99

Note:

Sections BHS-2 and BHS-3 are apparently in normal fault contact,
with the beds of BHS-3 (on the northwestern side of the fault) down-
thrown with respect to the beds of BHS-2. Both dides of the fault were
_examined in detail in order to find matching beds. Bed 9 of BHS5-2 and
Bed 12 of BHS-3 were found to be of essentially the same lithology and
were, therefore, assumed to be the same bed. In addition, the top of
"Bed 9 of EHS-2 was assumed to be equivalent strafigraphically‘ to the
top of Bed 12 of BHS-3. ’ )
/ : :

The largely covered interval between the tops of Beds 7 and 9 of
BHS-2 was w180 measured and compared with the cumulative thickness of
Beds 1-12 of BHS-3. This.was done to check if Beds 1-12 of BHS-3 could
be accommodated between Beds 7 and 9 of BHS-2, as would be ‘expected.

)
N
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Thip was found to be the case. The cove-red interval between the tops of
Bede 7 and 9 of BHS-2 was calculated to be 9.10 m, while the cumulative
thickness of Beds 1-12 of BHS-] was measured as 7.32 m. This leaves a
covered interval of only 1.78 m between Sections BHS-2 and BHS-3.

For the following Section BH§-3, the top of Bed 12 is assumed to
be 49.99 m above the base of the measured Boat Harbour sequence (i.e.
ltrntxgraphlcally equwalent to the top of Bed 9 of BHS-2, as stated
above).

" SECTION ﬂBHS-j: -ASCENDING SECTION TO NORTHEAST

¢

Bed/Unit ; Description . Thickness (Metrea)
‘ : ' - . Bed/Unit Total
TO BASE OF SECTION BHS-3 42.67

1 Lime mudstone and wackestone, dark 1.00+ 43.67
gray, massive, interrmally ‘thin and
irregularly bedded; thin, irregular,. ' ,
buff dolomitic laminae. _. '

Planispiral gastropods COllected from'
. top of bed (BH-21). : ‘

2 Dolouute mudstone and- wackestone, 0.-’28 43.95
~ light gray, massive, planar bedded, .
very thinly laminated. :

3 - Lime mudstone an:‘l_wackes‘tone,‘blué- 0.46 44 .41
‘ - gray,” thin and planar- bedded; “thin, ~

planar, buff dolomitic . laminae become

less regular towards top of bed, some

thin dolomitic' interbedg at base. '

C b . Lime mudstone and uackestone, blue-: 1.18 ' 45.59
) gray, . massive, internally thin and : ’
"irregularly bedded; thin, irregular,
buff dolomitic laminde; - abundant

bioturbation-burtows, trails buff, A
. dolomitized. “Top . of bed gently
¢ undulating. R
Randaynia saundersi’, ‘Hystricurus
*pseuddculilunatus, Parahystricurus
smithiae, . Diaphelasma, - orthid -

brachippods, cephalopods, and. plani- ..
.apiral gastropods collected 65 to 118 :
cm above base of bed (BH-22).

« *

:‘o' ‘Lime mudstone and wackenl:ofxe, blue- 0.24(av.) 45.83
gray, thin bedded; thin, buff dolo- . 0.22-0.27
mitic - laminae, abundant biotur- - ’

bation-burrows, t;nila buff, dolomi-

.




4

tized. Bottom of bed slightly undu-~
lating. Top of bed depressed by over-
lying bed. 4
EKosails cqllected as in underlying
bed (BH-23). N :

-Limé boundatone, stromatolitic.

Mounds circular, up t¢ 50 cm in diam-
eter, 42 .cm maximum thickness pustu-
lar looking in plan view, built up by
colloform columnar (SH-C) stromato-
lites, internally well laminated.
Larger mound complexes up to 100 cm
in diameter composed of 15 to. 30 cm
diameter coalesced mounds. Distance
between mound complexes up to 150 cm
Mounds/mound complexes developed in
depressions of underlying bed.
" Mound/mound complex interfill blue-
gray lime mudstone and wackestone and
buff dolomitic material, thin and
" flaser-bedded. -

Lime mudstone and watckestone, blue-

gray, thin and 1irregularly bedded;
thin, irregular, buff dolomitic
laminae; extensively bioturbated-
burrows, trails on bedding plane sur-
faces, buff dolomitized. Planar top.

r

Lime mudstone and wackestone, rubbly
weathering, masgsive, sparsely
bioturbated.

Randaynia saundersi, Hystricurus
pseudoculilunatus, Hillyardina levis,

cephalopods, and planispiral gastro- .

pods collected 18 to 63 cm above base
af bed; Paraplethopeltis seelyi
collected from top of bed only
(BK-24).

Lime mudstone and wackestone. Base of
bed essentially planar; top undulose,
possibly stromatolitic.

Planispiral gastropods collected from
bed (BH~25). :

Lime packstone and grainstone, blue-'
gray, thin, irregular and lenticular

bedded; thin, interbedded buff dolo-

mitic layers and laminae; extensively

0.22(av.)
0.20-D.25

47,32
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bioturbated-burrows, trails buff
dolomitized. Thicknaess wmeasured over
mounds of underlying bed.

Dolomite mudstone and wackestone,
buff weathering, thin and irregularly
bedded, extensively bioturbated. Top
undulose, mound-like,

Lime boundstome, stromatolitic and
thrombolitic, dark blue—gray, rubbly
weathering, massive. Mounds Farge,
built up by digitate stromatolites
and thrombolites; beef-calcite struc-
tures sgeen. Mounda fossiliferous,
although fossils small, hard to
find. Mound interfill blue-gray lime
mudstone, wackestone, packstone and
grainetone and buff dolomitic
material, thinly interbedded, locally
extensively bioturbated. Top .of bed
extensively bioturbated.

Randaynia saundersi, Hillyardina
levis, and orthid brachiopods

collected; cross-section of large
straight cephalopod seen 75 to 50 cm
below top of bed (BH-26). Cephalopods
and planispiral gastropods (some

pyrite-filled) collected from top of

bed (BH-27).

Lime mudstone and wackestone, thin
and irregularly bedded; thin, irreg-
ular buff dolomitic laminae;. moder-
ately bioturbated. Base and top of

‘bed undulose. -

Hyatricurda oculilunatus, Parahystri-

curus smithiae, Diaphelasma, echino-

derm fragments, and high-spired. and
planispiral gastropods collected 87

" to 65 cm below top of bed (BH-28),

Dolomite mudstone and wackestone,
buff to light .gray weathering,
massive, bioturbated. '

Lime boundstone, stromatolitic and

thrombolitic,: blue-gray, rubbly
weathering, massive - essentially the
same lithologies present as in Bed 6
of BHS-2 except for chert rimming the
. mounds., :

0.52(av.)
0.24-0.80

1.53(av.)
1.81-1.25

1.30

/0.64

1.73

48.46

49.99

51.29

51.93

53.66




Randaynia saundersi, Hystricurus
pseudoculilunatus, Parahystricurus
smithige, Hillyardina levis caol-
lected, planispiral gastropoda aeen
100 to 25 cm below top of bed
(BH-29) . A S

)

Lime mudatone and wackestone, light
blue-gray, thin, planar bedded; thin,
irregular, byff dolomitic laminae.

Lime mudstone,  wackestone, packstone

_and grainstone, intraclastic, dark .
blue-gray, massive, hard, sparsely .
bioturbated, Intraclasts subrounded,
up to 1.5 cm in diameter, lime mud-
stone and wackestone. Bed has hum-
mocky surface. _ R

Randaynia saundersi, Hillyardina
levis, Parahystricurus smithiae, and
planispiral gastropods collected 10
¢m below top of bed (BH-30).

Dolomite mudstone and wackestone,
(light ‘gray, thia, irregularly
bedded Dolomite boundstone, stro-
matolitic, 100 to 120 cm above base
of bed - mounds LLH and fipproxlmately
30 ¢m in diameter.

Lime mudstone and wackestone, light
blue-gray, rubbly weathering, mas-
sive; buff dolomitic laminae; exten-
sively bioturbAted. Basal 15 cm of
bed boundstone, stromatolitic, Llight'
blué~gray, less massive, unbiotur-
bated-mounds LLH, approximately 20 to
30 cm in diameter. This bed is
stratigraphically equivalent to the
lower 1.22 cm of Bed 1 of Section
BHS=4, e :
Hystricurus pseudoculilunatus and.
Parahystricurus smithiae collected 25
‘to 80 cm above base of bed, Randaynia
saundersi collected only at 80 cm
gbove base (BH-31). :

TOP OF SECTION BHS-3
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.
SECTION BHS-4: ASCENDING SECTIQN TO NORTHEAST

Note:

_ Bed 1 of Section BHS-4 directly overlies Bed 18 of Section BHS-3,
and is in part stratigraphically equivalent to Bed 1Y of Section BHS-3,

as stated above. ¢

Bed/Unit Description Thickness (Metres)
Bed/Unit Total

TO TOP OF BED 18 OF SECTION BHS-3 (BASE OF SECTION BHS-4) 56.64

1 Lime mudstone and wackestone, dark 1.50 . 58.14
blue~gray, light blue-gray weather- :
ing, massive, overall planar bedded,
internally thin and irregularly
bedded; thin, irregular buff dolo-
mitic laminae; extensively biotur-
bated-burrows, trails buff, dolomi-
tized; abundant black chert, mostly
yellow - but locally white-weather-
ing, irregular nodules and occasional
lenses parallel to bedding.

' : . /

Hystricurus  pseudoculilunatus - aad

planiaspiral gastropods collected 90

to 80 cm below top of unit (BH-32);

Randaynia saundersi, Hystricurus

pseudoculilunatus and Hillzardina

levis collected 40 to 25 cm below top

(BH-33). -

Note concerning facies change:

Where Bed 19 of Section BHS-3 and Bed | of Section BHS-3 link up,
there is an apparent abrupt facies thange, a8 the sequence of beds is
different, This difference is not attrxbuthd to faulting as both beds
overlie Beds 1'8 of BHS-3. The following section is thus partly equiva-—

lent to Bed 19 of BHS-3 and Beds 1-3 of BHS—4. The details of the
section are as follows: :

SECTION BHS-4A: ASCENDING SECTION TO NORTHEAST

Bed/Unit Description Thickness (Metres)
Bed/Unit Total

TO TOP OF BED 18 OF SECTION' BHS-3 (pASE OF SECTIDNS
BHS—4 and BHS—4A) 56 .64.
ld . Lime mudstone and wackestone, dark . 57.21
) blue-gray, light -blue-gray weather-
Ln;, massive, overall planar bedded,
internally thin °~ and irgegularly
bedded; thin, "buff dolomitic laminase.

[
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Lime mudstone, wackestone and bound-
stohe, dark blue-gray, light blue-
gray weathering; thin, irregular,
buff dolomitic laminae. Undulose’
upper surface due to pustular stro-
matolites, circulsr, up to 40 cm in
diameter, flanked by intraclastic
(flat-pebble) 1lime packstone and
grainstone.

Lime boundstone, stromatolitic, as in
Bed 3 of Saection BHS~4. Mounds cir-
cular, well laminated. Stromatolite
mounds diameters as follows:

1) 40 to 55 cm at 40 cm above base .
of enit (LLH)

2) 30 cm at 50 cm above base

3) 22 cm at 62 cm above base

4) 10 cm at 70 cm above base

Mound tinterfill oolitic lime pack-
stone and grainstone which is silici-
fied except from 58 to 80 cm above
base of unit, ’

"Lime mudstone and wackestone, dark
gray, rubbly weathering, wmassive,

Randaynia saundersi, Parahystricucus
smithige, Hillvardina levis, Para-
peltabellia boatharbourensis, cyrto-
conic cephalopods and' planispiral
gastropods collected 0 to 25 cm above
base of unit (BH-34).

TOP OF SECTION BHS-4A , 58.76 °

SECTION BHS-4 (CONTINUED) ‘ .

N

Bed/Unit Description Thickness (Metres)
: - Bed/Unit Total

TO TOP OF BED 1 OF SECTION BHS-4 58.14

2 Lime mudstone and wackestone, light . 58.26
blue-gray; thin, irregular, buff
dolomitic laminae; some intraclastic
(flat-pebble) packstone and grain-
stone, Undulose top, probably
stromatolitic.
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Lime boundstone, stromatolitic, light
blue-gray and extremely rubbly
wedthering, well laminated; abundant
black chert, Mounds include LLH, .SH-¥
and club-shaped forms (like those of
Shark Bay, Australia). Some LLH
stromatolites only 28 cm in maximum
thickness, others 56 * 3 cm cthick.
SH-V stromatolites extend to top of
bed. ‘Some circular mounds, 40- cm 1in
diameter. Mound interfill lime pack-
stone and grainstone, oolitic,
ailicified; it caps the thinner
stromatotlices’

Lime boundstone, thrombolitic, dark
blue-gray, rubbly weathering, mas-
sive. Mound complexes large, 200 to
300 cm in diameter, bui]lt of smaller
circular mounds, up to 40 cm in diam-
eter, in a honeycomb arrangement -~
each "cell” highlighted by silicified
or buff, dolomitized, bioturbated
" rims, etc. Mound complex interfill
lime mudstone, wackestone, packstone
and grainstone, thin and essentially
. planar bedded. :

Hillyardina levis collected 38 cm
above base of unit (BH-35). Plani-
spiral gastropods seen 64 to 230 cm
-above  ‘base; Hillyardina levis,
cephalopods, and planispiral gastro-
pods collected 100 cm above the base
(BH-36). '

]
v

TOP OF SECTION BHS-4 = _ ' ' 61.36

Covered interval. ‘ : ! ’ .63.36

Note:

Knight (1977b, Fig. 6) gives a thickness of 7.97 m for this
covered interval, however, Pratt (1979, Appendix F, Unit 120). gives a
thickness of 2.0 m. This second figure is believed to be-more -accurate

a

and is therefore-utilized. _ S
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SECTION BHS-S:'ASCENDIHC SECTION TO NORTHEAST
' TO BASE OF SECTION BHS-5 63 .36

Bed/Unit Description Thickness (Metres)
. Bed/Unit Total

Lime mudstone and wackestone, light 6.87 70.23
blue-gray, rubbly weathering, mas-

sive, . extensively bioturbated-

burrows, trails buff, dolomitized,.

Diaphelasma collected 255 cm above

bdse - of wunit (BH-37). Hillyardina

levis and Magnusnasus proprius
llected 285 cm above base (BH-38).

TOP OF SECTION BHS-5

Note:

. The top 2,20 m of Section BHS5-5 is equivalent tc Beds 1-5 of
Section BHS-6. The top of Bed 5 of BHS-6 is, therefore, 70.23 m above
the base of the-measured Boat Harbour sequence and the base of Bed 1 of
BHS-6 is 68.03 m above the base.

’ .
SECTIPON BHS-6: ASCENDING SECTION TO NORTHEAST

Bed/Unit Description Thickness (Metres)
' Had fUnit Total

TO BASE OF SECTION BHS-6 o 68.0%

1 * Lime mudstone and wackestone, dark . 68.43
gray, magssive, planar bedded, exten-
sively bioturbated (horizpntally).
Bed contains planispiral gastropods.

Lime mudstone and wackestone, dark . 68.467
grayy, massive, planar bedded, ;
'sively bioturbated (vertically).

Lime mudstone and uackeatone,‘dark
sray, massive, planar bedded,
sparsely bioturbated.

Lime mudstone and wackestone, dark
gray, thin and planar bedded, exten=-
sively bioturbated (horizontally).
Top 27 cm more massive, alsoc has
vertical bioturbation.

Planispiral gastropods collected 4 to
42 cm above base of bed (BH-39), also
seen on top of bed.
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. £

Lime mudstone and wackestone, medium
blue-gray, massive, essentially
planar bedded, extensively biotur-
bated-burrows light gray, dolomi-
tized, Numeroue elongare, elliptical,
circular - and irregular patches of
ultra-extensive bioturbation evident
on top surface of Dbed, locally
aligned. Largest patch 569 cm by 325
. cm, another 112 c¢m by 50 c¢m. Orienta-
tion of patches' long axes as
follows: 304, 318, 318, 322 and 340.
Patches start 14 cm above base of
bed, in general are 45 cm thick. Most
are alwost 100 diagenetic dolostone,
the burrows having been dolomitized,
although the smaller ones appear’to
be less so. The patches have slighrly
upturned rims. They became smaller
and disappear to the NE, and the bed
surface © appears less extensively
bioturbated.,

Diagenetic dolostone, light blue-
gray, buff weathering, rippled, bio-
turbated, finely .crystalline.

" ,Straight symmetrical ripples - 060

bimodal direction. Bed thins slightly
to NE (to 7 cm). o

Diagenetic dolostone, light blue-
gray, buff weathering, massive,
planar bedded, bioturbated, finely
crystalline.

Diagenetic¢ dolostone, light blue-
gray, buff weathering, massive,
planar bedded, bjoturbated(?), finely
cryetalline./

Diagenetic dolostone, light blue-
gray, buff weathering, finely -
crystalline, containing a) subangular
‘to well rounded, white wug - quartz
clasta up to 3 cm 1in diameter, b)
angular gray to black chert clasts up
.to 6 cm long, ¢) subangular to sub-
rounded gray chert clasts containing
tiny pyrite crystals, and d) pyrite
nodule clasts up to 1 cm in dia-

meter. Swall, straight, symmetrical,

bimodal ripples measuring 052 seen.
Bed has irregular, undulose top.

0.06(av.)
0.05-0.06

71.18




This is the "pebble bed" of Knight
(1978, p. 143) and Boyce (1978, »p.
81, 83; 1979a, p. 8, 9). '

Dolomite wackestone, argillaceous,
dark gray, draped over undulose
surface of '"pebble bed". ,
Dolostone (diagenetic?), light blue-
gray, buff weathering, massive,
finely crystalline; rare, tiny,
rounded black chert clasts up to 5 mm
in size.

Dolostone (diagenetic?), medium
blue-gray, dark gray ~ weathering,
planar ©bedded, finely crystalline.
Tiny planispiral gastropods seen.

Lime mudstone and vackestone, light
blue-gray, thin bedded; thin, 1irreg-
ular, buff to yellow weathering dolo-
mitic laminae. ’

Grinnellaspis newfoundlandensis,
Serigigenalis brevicaudata, and
Jeffersonia angustimarginata
collected 3 cm below top of bed
{(BH-40) .

Lime packstone and grainstone, intra-
clastic, light blue-gray; subangular
to subrounded clasts up to 1 cm 1n
diameter.

Lime mudstone and wackestone, light
blue-gray, thin bedded,; buff to
yellow weathering dolomitic laminae.

Lime packstone and grainstone, intra-
-clastic, light blue-gray, massive,
cross—-laminated; intraclasta up to. |l
cm in diameter. '

Lime mudstone and wackestone, light
blue-gray, planar bedded, containing
small, circular, algal(?) mounds
which project up to 5 cm above top of
bed, -

Lime mudstone and wackestone, thin
‘and ircegularly bedded; thin, irreg-
ular, wigpy, buff to yellow
" weathering dolomitic’ laminae.




19

20

21

22

23

26 .

"0 td 33 cm above base of bed. Bolbo-

-~

- 222 -
\

_Bolbocephalus convexus collected 10

to 15 cm above base of bed (BH-41),.
Gastropods seen at top of bed.

Lime packstone and grainstone, light
blue-gray. .

Lime packstone and grainstone, intra-
clastic, light blue-gray. 26 cm long
intraclast seen. Bed appears to grade
2 cm down into underlying bed. Fosesil
fragments seen.

Lime mudstone and wackestone, light.
blue-gray, thin  and irregularly
bedded; buff dolomitic laminae;
minor, thin (3 ¢m) lime packstone and
grainstone beds also occur.

Bolbocephalus convexus, orthid
brachiopods, cephalopods, and high~-
spired and planigpiral gastropods
collected 19 cm above base of unit
{BH-42); Bolbocephalus convexus also
collected 57 cm above base (BH-48).

Lime packstone and grainstone, light
blue-gray.

Peltabellia knighti, planispiral .

gastropods collected 11 cm above baTe
of bed (BH-44).

Lime mudstone and wackestone, light.
blue-gray, thin, and_ irregularly
bedded; buff dolopitic laminae.
Bolbocephafus convexus and high-
spired and planispiral gastropogs
collected 21 to 36 cm above base of
bed. .

Lime packstone and grainstone, dark

blue~gray, massive. Abundantly
fossiliferous. "hash" bed contains
straight cephalopods, high-spired and

planispiral gastropods, .and ‘trilo-’

bires. Peltabellia knighti collected

cephalus convexus and Randdynia lang-
doni collected 28 to 33 cm above base
(BH-46). ;

//'

4
.

0.22

0.05

0.62

0.36

0.33

72 .84

72.89

73.51

73.65

74.01

74.34
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Lime boundstone, stromatolitic, dark
blue-gray. Mounds large, 1isolated,
step-sided, <cirtcular - to alightly
elliptical, up to 150 cm in diameter;
"mound tops taken as top of bed,
elevated 43 cm above rest of bed.
Mound interfill lime mudstone, wacke-
stone, packstone, and grainstone,
slightly - lighter in c¢olor than
mounds, thin bedded. Minor thin hori-
zous of lime packstone and graimstone

" near base of bed. 3

Bed abundantly fossiliferous, con-
tains articulate brachicpods, curved
and coiled cephalopods, high-spired
and planispiral gastropods, and
trilobites. Bolbocephalus convexus

and Randaynia langdoni collected 0 to

155 cm above base of bed, Peltabellia

"knighti collected 0 to 117 cm above
base; Bolbocephalus stevensl

collected 110 cm above base;
Strigigenalis brevicaudats collected
111 to 155 cm above base (BH-47).

Lime mudstone and wackestone, light
blue-gray, and boundstone, stromato-
litic, dark blue-gray. Mounds rarely
vuggy, range in diameéter from 8 to 50
cm; maximum -elevation above rest of
bed is 11 cm.

Bed contains high-spired gastropods;
straight cephalopods and planispiral
gagtropods collected from top of bed
(BH-48) . -

Dolomite packstone - grainsto%nd

mudstone-wackestone, light blJ8-gray,
buff = weathering, mudcracked on top
surface. Bottom and top su_rf\:cea of
bed irregular, Bed ranges between 13

and 17 cm -in thickness due to
undulose top of underlying mound bed.

Lime mudstone and wackestone, blue-
gray, massive, internally thin

bedded; cthin, buff weathering dolo-
witic laminae; scattered lenses of
lime packstone and grainstone
throughout. Bioturbation most- common
towards top of bed-burrows = hyff
weathering, dolomitized. Bottom of

0.90(av.)
0.85-0.95

77.05
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bed irregular. Bed ranges from 85 to
95 cm in thickness from SW to NE,

respectively; bed thickens and thins

before gradually rteaching maximum
thickness - where thickest, 10 to 13
cm of darker blue-gray lime packgtone
and grainstone forms base of bed.

Bed contains articulate brachiopods
and trilobites. Jeffersonia angusti-
marginata collected 25 to 94 cm above
base of bed; Peltabellia pseudopelta-
bella collected 35 cm above base;
Bolbocephalus convexus collected, 63
to 90 cm above base, Petigurus nero
collected 70 to 90 cm above base, and
Grinnellaspis newfoundlandensis

collected B0 cm above base (BH-49).

Lime mudstone and wackestone, blue-
gray; slightly irregular surfadte
displaying buff, dolomitized trails.

Bed' contains cephalopods, high-spired
. and  planispiral - gastropods, and
.trilobites. Bolbocephalus convexus

recovered 8 c¢m above base of bed

(BN-50).

Lime mudstone and wackestone, blue-
.gray, thin bedded; thin, 1irregular

-

buff dolomitic lam bioturbation
more common towayds top bed. Top
of bed boundstbne, stromatolitic/
thrombolitic; circular mounds 'up to
25 cm in diameter and up to 8 cm in
elevation above top of bed.

Coiled cephalopods, gastropods seen

in bed, Strigigenalis brevicaudata

collected = from top of bed,
Bolbocephalus convexus, Bolbocephalus

stevensi collected from mounds

(BH—SI). L
o

Lime mudstone and wackestone, biue-

gray, extensively - bioturbated

relative to underlying bed. _

“Delomite mudstone and wackestone,
dark gray, buff td gray weathering,
thin bedded, finely laminated. Bed is
35 cm thick’' in extreme SW, 40 cm
thick in extreme NE. EXCELLENT MARKER
BED.

0.38(av.)
¢.35-0.40

17.84

78.22

.
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,Limé madstone and wackestone, blue-
gray, massive; thin, irregular, buff
dolomitic laminae; local patches of
lime packstone and grainstone,

Bed contains brachiopods, cephalo-
pods, gasttopods, and trilobites.
Jeffersonia angustimarginata and
Bolbocephalus convexus collected from
bed; Strigigenalis brevicaudata

collected 20 cm above base (BH-52). s

Lime packstone and grainstone, blue-
gray, thin bedded; thin, irregular,
buff dolomitic laminae,

Bed contains t:%hiopods, cephalo-
pods, echinoderm debris, gastropods,

and trilobites. Jeffersonia angusti-
marginata, Bolbocephalus convexus and

Peltabellia knighti collected from
bed; Grinnellaspis newfoundlandensis

collected 25 cm above base (BH-51).

Dolomite boundstone, stromatolitic,

buff weathering, blue-mottled. Mounds
exceptionally well preserved (diam-—
eters of 8, 15 and 33 cm observed),
truncated by overlying bed, diaappear
to NE. Mound interfill lime and dolo-
mite packstone and grainstone, intra-
clastic, buff weathering, blue—
mottled; intraclasts up to 0 cnm

lo‘g.

Dolomite mudstone. and wackestone, -
darke gray, thin and irregularly
bedded. Bed disappears to NE.

Lime mudstone, uackestoné, packstone
and grainstone, thin bedded; irreg-
ular, buff to yellow weathering dolo-
mitic laminae up to 5 mm thick
commonly enclosing lenses of matrix.

Trilobite cross-sections seen.

Lime packstone and grainstone, intra-
_clastic, dark blue-gray; intraclasts
subangular to subrounded, up to 3.5
cm in leagth and Z cm in diameter,
lime mudstone and wackestone, pink to
reddish.

LY
-

0.05Cav.)
0.04~-0,06

-

0.68

79.54
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Bed contains Buchiopoda, trilo-
bites, Petigurus nero collected 6 cm
above base (BH—-54). :

Lime mudstone, wackestone, packstone
and grainstone, locally intraclastic,
dark  blue-gray; light blue-gray
“weatbering, thin  and irregularly
bedded; thin, buff dolomitic laminae;
some horizontal bioturbation; intra-
clasts flat pebbles up to 7 cm 1in
diameter, 2 cm in thickness. Top of
unit marked by thin, 10 cm marker bed
of lime mudstone and wackestone, dark
-blue~-gray, '~ light blue-gray and
.recessive weathering.

‘The unit is abundantly fossiliferous,
altogether the most fossiliferous in
the Boat Harbour measured sequence.
In the 424 ¢m of the unit, 41 fossil-
iferous horizona were sampled (BH-S5
to BH-95). Isoteloides. peri collected
5 to 424 cm above base (BH-55 tp
BH-95); Strigigenalis brevicaudata
collected 16 to 225 cm above base
(BH-56 to BH-91); Bolbocephalus con-
‘vexus collected 34 to 98 ecm above
base (BH-59 to BH-82); Grinnellaspis
newfoundlandensis collected 45 to 66
and possibly 97 cm above base (BH-60
to BH-69 and possibly BH-81); Peri-
gurus nero collected 45 to 100 cm
above base (BH~60 to BH-83); Bentham-
aspis hintzei collected 50 cm above
base (BH-62); Jeffersonia angusti-
marginata collected. 52 and .424 cm
bove base (BH-63 and BH-95); Bolbo-
ce lus stevensi collected 85 to 424
¢m above base (BH-76 to BH-95); a 27
cm thick blue and yellow weathering
marker bed contains Isoteloides peri
and articulate brachiopods 268 cm
above base; Strig'ijennlil " caudata
(Billings) collected 356 ¢m above
base (BH-94); Jeffersonia angusti-
marginata, Bolbocephslus stevensi,
Isoteloides pexri, and articulate
brachiopods collected 414 to 424 cm
above bdse (BH-95).

Lime mudstone and wackestone, dark

blue-gray, light blue-gray weather-
ing, and dolomite mudstone and wacke-
stone/dolomitic laminae, very thin
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and . planar ‘interbedded, extremely
laminated near top .0of bed. Laminar
tions disrupted but not displaced by
probable. mudcracka; vertical con-
torted laminations \‘indicative of
shrinkage also seen. Top surface of
bed midcracked. ’

This bed forms the top of the upper
member of the Boat Harbour Forma-
- tion. The contact between the Boat
Harbour and Catoche Formations accurs
at the top of the bed. . .

Catagche Formation

lower limestone sequence

-

‘Lime mudstone and wackestone, dark 6.62+
gray, light blue-gray and rubbly :
. weathering, massive, wmoderately bio-
turbated=-burrows buff weathering,
Qolomitized; birdseye calcite and
hite, sparry calcite-lined
fenestrae. .

. In the 662 cm of this unit, 18 fossil
collections were made (BH-96 to
BH-1]4), ‘including & from various
levels on the scree slope developed
along the sides of the cliff formed

. by this unit-on the underlying bed
(BH-101, BH-109, BH-110. and BH-112).
Because fossils had to be obtained
from a vertical cliff face, collec-
tions-were not as complete as would
have been liked. Articulate brachio-
pods, cephalopods, gastropods, ostra-
cods, and trilobites collected.
Strigigenplis caudgta collected 191
and 375 cm abovetn:e of bed (BH-96 .
and BH-102); ystrum affine

- collected 220 rto 662 cm above base-
(BH-97 to BH-114); Petigurus nero and
Jeffersonia ) angustimarginata
collected 222 to 662 cm above base
(BH-98 to Bl-114); Isochyrotoma '
parallela collected 368 to 662 above
base of bed (BH-100 to BH~ll4);
Bolbocephalus convexus collected 385
to 662 cm above base (BH-104 to
BH~-114); Benthamaspis hintzel
collected 562 to 662 cm above base

(BH-108 to BH-114); Isoteloides peri,
. - 4

.
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collected 585 to 662 cm above base
(BH-112).

TOP OF SECTION BHS-6 AND MEASURED BOAT RARBOUR SEQUENCE

-




APPENDIX 8
MEASURED STRATIGRAPHIC SECTION - CAPE NORMAN

A reconnaissance section was measured through the lower limestone
sequence and the Diagenetic Carbonates of the Catoche: Forqatlon exposed
on the shore below the lighthouse at Cape Norman. The base of the
gsection was taken 16.86 metres below the stratigraphic contact of the
lower limestone sequence and the Diagenetic Carbonates. .Lower beds of
the Catoche Formation present along the shore were not measured because
of heavy seas. Unliké the beds of the Baat Harbour sequence, which dip
to the northeast the beds exposed at Cape Norman dip toward the
southwest. i

©

" SECTION-CNS-1: ASCENDING SECTION TO SOUTHWEST

Bed/Unit Description a Thickness (Metres)
: : Bed/Unit Total

©

St. George Group

Catoche Formation

lower limestone sequence

Lime mudatone and wackestone, dark
blue-gray, . light blue-gray weather-
ing, thin and rubbly bedded, biotur-
‘bated; spectacular pipes and patches
of diagenetic dolostone-pseudo-
breccia, white to light gray weather-
ing - one pipe saeen to flare out
horizontally and replace top portion
of a limestone bed. Immed:tately east
of measured section stratigraphically
equivalent beds totally dolomitized.
This indicates that the stratigraphi-
cally succeeding Diagenetic Carbon-
ates are transgressive to, as well as
conformably overlying the lower lime-
stone sequence.

Ischyrotoma anataphra and Jeffersonia
timon collected 241 cm above base of
unit® (CN-1); lsoteloides sp. undet.
.and Jeffersonia timon collected 324
and 400 cm above base (CN-2 and
CN-3). /

Dlagenetxc doloutone, gray veather-
ing, massive. o

Lime: mudstoue and wackestone, dark
. blue-gray, light blue-gray weather-

&
« -
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ing, thin and rubbly bedded, biotur-
bated; top of bed contains thin
lenses of skeletal lime packstone and
grainstone and spectacular patches of
diagenetic dolostone-pseudobreccia,
white weathering.

3

Unit 3 more fossiliferous than untt
l, esperially near top in the thin
lenses of skeletal lime packstone and
grainscone. Petigurus nero  and
piloceroid cephalopods tollected 40
cm above base of unit (CN-4); Jeffer-
sonia timon collected 171 cm above
base zQN-55; Petigurus nero collected
321 to 329 cm above base- (CN-6);
Jeffersonia timon, Petigurus nero and
Bathyurellus abruptus collected 333
cm above base (CN-7); Jeffersonis
timon collected 373 to 402 cm above
base (CN-8); Bathyurellus abruptus
collected 383 to 398 cm above base
{CN-9); Ischyrotom anataphra
collected 401 cm above base (CN-10);
Jeffersonia timon collected 428 cm
above base (CN-11); Jeffersonia timon
and Petigurus nero collected 508 and
520 cm above base (CN-12. and CN-13);
Jeffersonia- timon,  Petigurus nero,
and Bathyurellugs abruptus collected
547 above base (CN-14); Ischyrotoma
anataphra, Jeffersonia timon, Peti-
urus nero, and Bathyurellus abruptus
collectéd 647 cm above base (CN-15);
Petigurus nero and Uromystrum forteyi
collected 806 cm above base (CN-16);
Jeffersonia timon, Petigurus nero,
.Bathyurellus abruptus, and Bentham-
aspis conics collected 838 and 851 cm
‘above base (CN-17 and CN-18); Jeffer-
sonia timon and Petigurus nero
collected 911 and 970 cm above base
(CN-19 and CN-20).

Whittington and Kindle (1969, p. 659)
aleo report Carolinites sp. from this
unit, probably the upper part where
the lenses of skeletal lime packstone
and grainstone are most common,
Fortey (1979a, p. 64) also identified
" lsoteloides peri, Punka flabelli-
‘formis, Bolbocephalua convexus,
Benthamaspis cf. B. gibberula and
- Strotactinus insularis from collec-




tions obtained by Hﬁitqing:on and
Kindle at Cape Norman,

Diagenetic Carbonates

.Diagenetic doloatone, dark gray, 6 .00+
light gray to yellow weathering,

massive, medium to coarse crystal-

line, chert-bearing. '

TOP OF SECTION CNS-1




APPENDIX C

LOCATION OF SAMPLED FOSSILIFEROUS HORIZONS-BOAT HARBOUR COMPOSITE
. ’ SECTION -

Distance Below Base of
"Pebble Bed" (Metres)

" Diatance Above Base of

Horizon(s) Section (Metres)

BH-

W0 W N

10
11
12
13
14
15
16
17
18
19
20
- 21
22
23
24
25
26
27
28
29
30
3l
32 -
33
34
35
36
37
s
39
PEBBLE BED

2.31
2.86-3.11
3.75-3.79
4.64-5.42

5.78

6.73
‘7.92
8.21
- 9.,84~10.37
10.57
11,87
" 18.08~18.18
19.13
35.30-35.67
36.21
36.49-36 .82
37.85
'38.94-39 .44
39.74-39.94
40.69
43.67
45.06~45.59
45.59-45.83
46.65~47.10
47.,10-47.32
49.24-49.49
49.99
50.42-50.64
52.66=53.41
55.21
56.89-57.44

#57.24-57.3

57.74-57.89
58.21-58.46
59 .44
59.70-61.36
65.91
66.21
68.91-69.29

71.12-71.18-,
&

68.81 -
68.26-68.01
67.37-67.33
66.68-65.70
. 65.34
64.39
63.20
62.91
61.28-60.75
60.55
. 59.25
53.04-52.94
51.99
35.82-35.45
34.91
34.63-34.30
33.27
32.18-31.68
31.38-31.18
:30.43
27.45
20.06-25.53
25.53-25.29
24 .47-24.02
24 .02-23.80
21.88-21.63
21.13
20.70~20.48
18.46-17.71
15.91
14.23-13.68
13.88-13.78
13.38-13.23
12.91-12.66 .
11.68

,11.42- 9.76

5.21
4.91
$2.21- 1,83

Diastance Above Basg of
Section (Metresa)

Distance Above Top of
"Pebble Bed" (Metres)

Horizon(s)

BH- 40 71.80 : 0.62
41 72.&8-72.?3 1.30- 1.35




€ -, A b
PCREY a'
Distance Above Base of Disghnce Above Top of
Horizon(s) Section (Metres) , "Pebble Bed" (Metres)

BH- &2 73.08 . “1.90
43 73.46 2,28
44 73.62 2.44
45 73.86-74 .01 | , 2.68- 2,
46 74 .01-74 .34 2.83- 3.
47 74.34-75.89 3.16- 4.
48 . . 76.00 ' 4.82
49 76.40877.05 5.22- 5.
50 77.13 ‘ © . 5.95
51 77.53 6.35
52 .62,78.22-78, , 7.24,7.04-
53 .12,78.87-79. 7.94,7.69-
54 80.28 © 9.10
55 80.37 9.19
56 80.48 9.30
57 80.56 . 9,38
58 , 80.62 9.44
59 80.66 : 9.48
60 . 80.77-80.79 .9.59% 9.6
61 80.80 9.62

" 62 - 80.82 9.64
63 80.84 9.66
64 80.87 - 9.69
65 80.89 9.71
66 80.90 9.72
67 80.92-80.94 : 9.74- 9.
68 80.95 ’ 9.77
69 80.96-80.98 9.78- 9.
70 81.01-81.02 . 9.83-'9,
71 81.03-81.06 9.85- 9.
72 81.07" | 9.89
73 « . 8109 9.91
74 81.10 ' _ 9.92
75 . 81.12 9.94
76 - 81.17 _ 9.99
77 : 81.19 ) 10.01
78 81.20 10.02
79 81.22 ©10.04
80 8l.27 - 10.0Y
81 81.29 : 10.11
82 81.30 10.12
83 © 81.32 © 1014
84 81.34 ' 10.16
85 81.37 : 10.19
86 8l.42 _ 10.24
87 82.27 . 11,09
88 82.42-82.43 11.26-11.25
89 82.50 11.32
90 82.53 11.35
91 ‘ 82.57 11.39
92 : 82.76 11.58




b

Distance Above Base of Distance Above Top of
Horizon(s) Section (Metres) "Pebble Bed" (Metres)

BH~ 93 . 83.84 12,66

9% 83.88 ‘ 12.70
95 .46-84. ~ 13.28-13.
96 . 88.89 17.71
97 1 89.18 18.00
98 - 89.20 ' A 18,02
99 89.24 ' 18.06
100 ’ 90.66 ’ v 19.48
1ol 90.66 o 19.48
102 } 90.73 2 19.55
103 . 90.78 : T 19.60 -
o4 - 90.8F - C 19,65
105 n 90.90 ‘ _ 19.72 °
106 92.03 : 20.85
107 92.08 . 20.90
108 o 92.60 21.42
109% 92.60 , 21.42
L1o* S 92.70 : 21.52
ki1 ‘ S 92,75 : .- 21.57
L1z S . 92,85 , 21.67-22.42
13- . 92.85,93.60 _ 21.67,22.42

BH-114 . 93.00-93.10 21.82-21.92

T ,
Note: . i e

’

Collec'l:ions by W.D. Boyce, summers "1‘976, 1977, 1978; * indicates
samples from float or talus. - )

%
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APPENDIX D
LOCATION OF SAMPLED FOSSILIFEROUS HORIZONS - CAPE NORHAN SECTION
Distance Above Base of i Distance Below Base of

Horizon(s) Section (Metres) Diagenetic Carbonates
(Metres)

2.41 - 14 .45
3.24 13.62
4.00 12.86
7.43 : 9.43
4.74 8.12
10.24-10,32 - 6.62-6.54
10.36 . , 6.50
"10.76-11.05 6.10-5.81
10.86-11.01 : 6.00~5.85
11.04 5.82
11.31 o : 5.55
12.11 ' 4,75 -
12.2% - 4,63 %
12.50 _ 4.36
13.50 .3.36
15.09 1.77
15,41 .45
15.54 .32

OO DWW R e

1
: 1

16.14 . 0.72
' 0

16.73 .13

Cgllections' by W.D. Boyce, September 1978.

,




APPENDIX E.

RANGES UF INDIVIDUAL TRILOBITE SPECIES - BOAT HARBOUR COMPOSITE SECTION

Trilobite Species : Range of Species Above Base of Boat,
4 Harbour Composite Section {Metres)

Hystricurus oculilunatus Ross 2.31~50.64>
Hillyardina minuspustulata . 9.84~-19,13
8p. nov. . : ‘
Randaynia saundersi gen, et 9.84-58.46
8p. nov. . -
Hystricurus pseudoculilunatus " '38.94-57.89
8p. nov. '
Parahystricurus smithiae sp. " 38.94-58.4¢6
nov. . ’
Hillyardina levis sp. nov. < 3B.94-66.21
Paraplethopeltis see1y1 I 47.10
Awhitfield) 7 .
Parapeltabellia ‘ v 58.46
boatharbourensis sp. nov. ) ) .

Magnusnasus proprius gen et - ’ 66.21

8p. nov. ' :
Grinnéllaspis newfoundlagdensm 71.80-80.98 (81.297)

8p. NOV.
Strigigenalis brsvxcaudata sp. \ . - 71.80-82.
nov.

Jeffersonia aniuntunargmatn ‘ ' 71.80-93.
sp. nov. .
Bolbocephalus convexus 72 .48-93,
(Bi1lings) ) '
Peltabellia knighti sp. nov. T 73.62-79.
Randaynia langdoni sp. nov. 74.29-75.
Bolbocephalus stevensi sp. nov. : 75.44-84,

. Peltabellia pseudecpelcrabells : 76.50

. 8p. mov, ' :

.: Petigurus nero (Billings) 76 .,85-93,
Isoteloides peri Fortey : 80.37-93.
Benthamaspis hintzei sp. nov, ‘ 80.82-93.
Strigigenalis caudata ’ : 83.88-83.
(Billings)

Uromystrum affine (Poulsen) ] 86.76-93.
Jechyrotoma parallela sp, nov. 88.24-93.




APPENDIX F

RANGES OF INDIVIDUAL TRILOBITE SPECIES - CAPE NORMAN SECTION

Trilobite Species Range of Species Above Base of
Cape Norman Section {Metres)

Ischyrotoma anataphra Fortey .61-13,50

Jeffersonia timon (Billings) bl-16.73

Isoteloides Bp. undet. (not . 24~ 4,00

described) ' ‘ ,

Petigurus nero (Billings) 43-16.73

Bathyurellus abruptus - .36-15.5%

Billings ~ T

Uromystrum forteyi sp. -nov. 15.09

Benthamaspis conica Fortey i 15.41-15,54
P : .
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Plate 2

Leiostegium proprium sp. nov.

Upper member of the Boat Harbour Formation, Eddies Cove West. Both
_epecimens from unit ¥ of Pratt's (1979) section.

Figure 1,2. Holotype cranidium, dorsal and lateral ‘views, NFM F-110, «x
3,4, Paratype py.gidi.um. dorsal and lateral views, NFM F-~111, x
6. ‘

Isoteloides peri Fortey

. e
Upper member of the Boat Harbour Formation, Boat Harbour., All from
BH=-94.

Figure 5. Cranidium, dorsal view, NFM F-99, x 6.
6 Librigena, dorsal view, NFM F-103, x &,
7. Pygidium, -dorsal view, NFM F-102, x 5.
8. . Hypostoma, ventral view, NFM F-118, x 7,







.

, Plate 3

.

Randaynia saundersi gen. et sp, nov.

Figure 1. Paratype cranidium, dorsal view, NFM F-119, x 5, upper
. member of the Boat Harbour Formation, Boat Harbour, BH-18.
T2, Paratype pygidium (latex cast of external mould), doraal

view, NFM F-120, x 3, upper member of the Boat Harbour
Formation, Boat Harbour, BH-23, .

Holotype dorsal shield (incomplete), dorsal view, NFM F-94,
x 3, Boat Harbour Formation, 0ld Ferrolle Island, Brig Bay
area. : . —_—

Paratype pygidium, dorsal view, NFM F-121, x 6, upper .
member.of the .Bopat Harbour Formation, Boat Harbour, BH-9. '
Paratype librigena, dorsal view, NFM F-1l7, x 3, upper
member of the Boat Harbour Formation, Boat Harbour, BH-30.
Paratype pygidium, *dorsal and lateral views, NFM F-122, x
4, wupper member of the Boat Harbour Formation, Hoat
Harbour, BH-30.







‘Plate 4

Randeﬂia langdoni sp. nov.

Upper member of the Boat Harbour Formation, Boat Harbour, All from
" BH-47. ' ‘ '

Figure 1, Paratype cranidium, dorsal view, NFM F-123, x 8. )
cL 2. - Paratype librigena (latex cast of external mould), dorsal
view, NFM F-124, x 7. ’
3,4. Holotype pygidium,- dorsal and lateral views, NFM F-125, x
6. ‘
5. Paratype transitory pygidium retaining one thoracic
segment, dorsal view, NFM F-126, x B.

Hillyardina minuspustulata sp. nov.

Upper member of the Boat Harbour Formation, Boat Harbour. All from BH-9,

Figure 6. Holotype cranidium, dorsat view, NFM. F=J27, x 7.
7,8. Paratype cranidium, dorsal and lateral views, NFM F-128, x
7. ’ ' : ' »







Plate 5 el

Hillyatdiﬁa minuspustulata sp. nov.

vUpper member of the Boat Harbour FSrma;ion, Boat ﬂerbqur. All from BH-9.

Figure 1.
2.

Figure 3,

-

Paratype librigene, dorsal view, NFM F-129, x 8.
Paratype pygidium, dorsal view, NFM F-130, x 8.

Hil[yaraina levis sp. nov.

v o ) ) .
Paratype librigena (latex cast of external mould), dorsal
view, NFM F-92, x 6, upper member of the Boat Harhour
Formation, Boat Harhour, BH-18.

Paratype dorsal shield (incomplete = latex cast of external
mould), dorsal view, NFM F-131, x 4, Boat Harbour
Formation, Dld Ferrolle Island, Brig Bay area. ’
Paratype cranidium, dorsal and lateral views, NFM F-93, x
6, upper: member of the Bobat Harbour Formation, Boat
Harbour, BH-18. T

Paratype librigena, dorsal view, NFM F-132, x 6, upper

" member of the Boat Harbour Formation, Boat Harbour, BH~-18.

.







¢

Plate 6'

Hillyardina levis sp. nov.

Upper member of the Boat yarbour Formation, Boat Harbour.

Figure 1. Paratype cranidium, dorsal view, NFM F-133, x 4, BH-23.
2. Holotype cranidium, dorsal view, NFM F-90, x 5, BH-]8,
3. Paratype pygidium (latex cast of external mould), dorsal
: view, NFM F-91, x 8, BH-18.
4-6. Paratype pygidium, doreal, posterior and lateral views, NFM
F-134, x 8, BH-30.

Hystricurus oculilunatus Ross
I .

Garden City Formation, northeastern Utah, U.%.A,

Cranidium, dorsal and lateral views, Y.P.M. 18299 (the

original of Ross, 1951; pl. 10, figs. 8, 9, 12), x 4,
S

Figure 7,8,







Plate 7 -

' N

o A Hystricurus oculilunatus Ross

Figure 1,2. Cranidium (latex cast of external mould), dorsal and
lateral views, NFM F-135, x 2.5, upper member of the Boat
Harbour Formation, Boat Harbour, BH-28. '

3. Cranidium, dorsal view, NFM I-')—BO, x 4, upper member of the
Boat Harbour Formation, Boat Harbour BH-28. )

4, Cranidium, dorsal view, A.M.N.H. 41335 (the original of
‘ T&Whitfield, 1889a; pl. 13, figs. 15, 16), x 2.5, Fort Ann (=
lower Bascom) Formation, Plattsburgh, New York, U.S.A.

5. Pygidium, dorsal view, NFM F-136, x 2.5, upper member of

the Boat Harbour Formation, Boat Harbour, BH-16.

6. Librigena, dorsal view, NFM F-137, x 2.5, upper member of
the Boat Harbour Formation, Boat Harbour, BH-28,

7. Pygidium (incomplete); dorsal wview, NFM F-138, x 4, Boat
Harbour Formation, Beach Point, Dog Peninsula, Brig Bay
area. ' :

8. Pygidium, dorsal view, AM.N.H. 41339 (the original of
Wwhitfield, 1889a; pl. 13, figs. 20, 21), x 5, Fort .Ann (=
lower Bascom) Formation, Plattsburgh, New York, U.S.A.

'

- 'l







‘" Plate 8

Hystricurus oculilunatus Ross

Figure 1,3. Pygidium, lateral and dorsal viewsg NFM F-81, x 5, Boat
, Harbour Formation, Beach Point, Dog Peninsula, Brig. Bay

area, )

2. Pygidium, lateral view, A.M.N.H. 41339 {(the original of
: Whitfield, 1i889; pl. 13, figs. 20, 21}, x 5, Fort Ann (=
#louer Bascom) Formation, Plattsburgh, New York, U.S5.A.

* .

Hystricurus pseudoculilunatus sp. nov,

Upper wember of the Boat Harbour Forma:ion‘, Boat Harbour. All from
BH-18 . i

Figure 4. Holotype cranidium, dorsal view, NFM F-82, x 8.
5. Paratype librigena, dorsal view, NFM F-139, x B,
6. Paratype cranidium, dorsal view, NFM F-140, x 4.
7,8. Paratype pygidium, dorsal and lateral views, NFM F-83, x 8,

.
3 v







Plate 9

Magnusnasus proiyriua gen, et §gp. pov.

Upper member of the Boat Harbour Formation, Boat Harbour. Specimen from
BH-38 .

‘

Figure 1-3, Holotype cran-idium, dorsal, lateral and anterior viéw:, NFM
F-141, x 8. : )

Parahystricurys smithiae sp. nov.

Upper member of the Boat Harbour Formation, Boat Harbour.

Figure 4, Holotype cranidium, dorsal view, NFM F-88, x 7, BH-30.
5. Paratype cranidium, dorsal view, NFM F-142, x 8, BH-10,
6. Paratype librigena, dorsal view, NFM F-143, x 8, BH-18.
7. Paratype pygidium, dorsal viéw, NFM F-89, x B, BH-10Q.
8. Paratype librigena (latex cast of internal mould), dorsal
view, NFM F-144, x 8, BH-30.







Plate 10

Paraplethopeltis cordai {(Billings)

Levis Formation, Levis, Quebec.

Figure 1. Syntype cramidium, dorsal view, G.S.C, 836c, x 4,

- - Paraplethopeltis seelyi (Whitfield)

Figure 2. Cranidium, dorsal view, NFM F-105, x 2.5, upper member .of
the Boat Harbour -Formation, Eddies Cove West, unit 9 of
Pratt'as (1979) section. . o
3. Syntype cranidium, dorsal wview, -A.M.N.H. 35504 (the
original of whitfield, 1889a; pl. 13, figs. 11, 12), x 2.5, \
Fort Ann (= lower Bascom) Formation, Plattsburgh, New York,

U.S.A. )
4. Cranidium, *dorsal view, NFM F-106, x 4, Boat Harbour ,
Formation, Moygac Island, Brig bay area. ‘
5. - Cranidium (latex lcast of external mould), dorsal view, NFM

F-145, x 4, upper member of the Boat. Harbour Formation,
Eddies Tove West, unit 9 of Pratt's (1979) section,

6.  Librigena (latex cast of external mould), dorsal view, NFM
F-146, x 8, Boat Harbour Formation, Moyrac Island, Brig Bay
area. - -

7. Syntype librigena, dorsal wview, AM.H.H. 35503 (the

original of Whitfield, 1889a; pt. 13, fig. 10}, x 3, Fort
" Ann (= lower B)scom) Formation, Plattsburgh, New York,
U.5.A.

R D I







Upper member
Figure 5.

6.

7.

8.

Plate 11

Parqglefhopeltis seelyi (Whitfield)

Pygidium, dorsal wview, NFM F-107, x 'l.5, upper member of
the Boat Harbour Formation, Boat Harbour, BH-24, .-
Syntype pygidium, dorsal wview, AM.N.H. 35505 (the original
of Whitfield, 1889a; pl. 13, figs. 13, 14), x 5, Fort Ann
(= lower Bascom) Formation, Plattsburgh, New York, U.S.A.

~

Bolbocephalus convexus (Fillinga)

Cranidium, dorsal view, NFM F-108, x 4, upper member of the
Boat Harbour Formation, Boat Harbour, BH-46.

Pygidium, dorsal view, NFM F-147, x b, lower limestone
sequence of the Catoche Formation, Boat Harbour,
BH-101/BH-~110.

f

Bolbocephalus stevensi sp. nov.

of the Boat Harbour Formation, Boat Harbour -

Paratype cranidium, dorsal view, NFM F-148, x 5, BH-69.
Holotype pygidium, dorsal view, NFM F-149, x 6, BH-95,
Paratype pygidium (latex caat of 'external mould), dorsal
view, NFM F-150; x 3, Bed 39 of Section BHS-6.

Paratype pygidium, dorsal view, NFM F-151, x 8, BH-87.

I d
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Plate 12

Jeffersonia angustimarginata sp. nov.

Figure X,2, Paratype cranidium, dorsal and lateral views, NFM F-152, x
- 3, upper member of ‘the Boat Harbour Formation, Boat
- Barbour, BH-40, . .
3,4. Paratype cranidium, anterior and lateral views, NFM F-153,
x 2.5, lower limestone sequence of the Catoche Formation,
. Boat Harbour, BH-112. .
5,6. Holotype pygidium, dorsal and lateral views, NFM F-87, x 6,
lower limestone sequence of the Catoche Formation, Boat
Harbour, BH-101. S

.

AN

Parapeltabellia mediacrista (€ullison) gen. nov.

Rich’Fodutain‘Fofmation,.Miséouri - northern Arkansas, U.S.A.

Figure 7.  Holotype cranidium (mfdelling clay cast of external mould);
dorsal wview, U.S.N.M. 155393 {(che original of Cullison,
1944; pl. Xxx1v, figs. 25, 26), x 6.

Parapeltabellia boatharbourenaia({ﬁﬁ nov.,

2

Upper member of the Boat Harbour Formation, Boat Harbour. Specimen from
BH-34.

Figure 8, ~ Holotype cranidium (latex tast of internal mould), dorsal
. view, NFM F-154, x 8.







Plate 13

Parapeltabellia medidcrista (Cullison) gen. nov.

-

Rich Fountain Formation, Missouri - northern Arkansas, U.S.A.

Figure 1,3,

Upper member
BH-34 .

Figure 2,4.

Uppér member

Figure 5.

7.
8.

Holotype cranidium (modelling clay cast of external mould),
anterior and lateral wiews, U.S.N.M. 155393 (the original
of Cullison, 1944; pl. XXXIV, figs. 25, 28), x 6.

Parapeltabellia boatharbourensis 8p. nov.

. 0w
of the Boat Harbour Formation, boat Harbour, Specimen from

Holotype cranidium (latex cast of internal mould), amterior
and lateral viewa, NFM F-155, x 8. )

Peltabellia knighti sp. nov.

of .the Boat Harbour Formation, Boat Harbour.

Paratype librigena, dorsal view, NFM F-113, x 3, BH-46."
Paratype cranidium, dorsal view, NFM F-112, x 4, BH-46!
Paratype cranidium, dorsal view, NFM F-156, x S, BH-47.
Paratype pygidium, dorsal view, NFM F-ll4, x 5, BH-46,

rd







Uppe>r member
BH~-46.

Figure 1,

Upper member
BH-49 . ’

Figure 2,4.

3,5.

Upper member
BH-49 .

Figure 6.

Upper weémber
Figure 7.

8.

Plate 14

. Peltabellia‘knig"hti sp. nov.

of the Boat Harbour Formation, Boat Harbour. Specimen from

 Holotype pygidium, dorsal view, NFM F-157, x 8.

yfeltabellia pseudopeltabella sp. nav.

of the Boat Harbour Formation, Boat Harbour, Specimens from

Paratype pygidium, dorsal and lateral views, NFM F-i58, x
3 .

Holotype pygidium (latex -cast from internal mould), dorsal
and lateral views, NFM F-159, x 2.5.-

Petigurus nero (Bil l_Engs )

of the Boat Harbour Formation, Boat Harbour. Specimen from

N

S

Pygidium, dorsal view, NFM F-85, x 5.

Strigigenalis brevicaudata sp. nov.

of the Boat Harbour Formation, Boat Harbour.

Paratype cranidium, dorsal view, NFM F-160, x 6, Bed 39 of
Seetion BHS-6.

Paratype pygidium, dorsal view, NFM F-115, x 6, BH-92. -







Plate 15

Strigigenalis brevicaudata sp. nov.

Upper member of the Boat Harbour Formation, Boat Harbour. .

Figure }.

l’-_‘igu;e 5.

6.

Paratype librigena, dorsal view, NFM F-161, x 8, Bed 39 of
Section BHS-6, .
Paratype pygidium, dorsal view, NFM F-162, x 7, BH-59.
Holotype pygidium, ‘dorsal and 1lateral views, NFM F-163, x -

-Q,bﬂﬂf67 .

Strigigenalis caudat a (/ﬁillings)

Pygidium, dorsal view, NFM F-164, x 3, upper member of the
Boat Harbour Formation, Boat Harbour BH-94. ,
Pygidium, dorsal view, Y.P.M. 17407 (formerly 17182 - the
original of Cullison, 1944; pl. XXXV, figs. 25, 26), x 3,
Cotter and lower Powell Formations, Missouri - northern
Arkansas, U.5.A.







Plate 16

<
Strigigenalis caudata {Billings)

Figure 1. Pygidium, lateral view, NFM F-165, x 3, upper member of the
' Boat Harbour I"oma'ti.on, Boat Harbour, BH-94. J
2. Pygidium, lateral view, Y.P.M. 17407 (formerly 17182 =~ the
'~ original of Cullison, 1944; pl. XXXV,. figs. 25, 26), x 3,
low angle 1lighting, Cotter and lower Powell Formations,
Missouri - northern Arkansaa, U.S.A.

Grinnellaspis newfoundlandensis ap. nov.

Upper member of the Boat Harbour Formation, Bogt Harbour.

Figure

. Paratype cranidium, dorsal view, NFM F-166, x 6, BH-60.
. Paratype librigena, dorsal view, NFM F~167, x &4, BH-60,

3
R 4
5 Paratype pygidium, dorsal view, NFM F-168, x 5, BH-40.
6, Paratype pygidium, dorsal view, NFM F-169, x 4, BH-49.
7. Holotype pygidium, dcrsal view, NFM F-170, x &, BH-60.
8. Psratype pygidium, dorsal view, NFM ¥-171, 'x 3, BH-69,







Plate 17

Uromystrum affine (Poulsen)

Figure 1.  Paratype cranidium, dorsal view, NFM F-95, x &, lower
limestone sequence of the Catoche Fomatxon, Boat Harbour,
BH-101/BH-110.

Paratype librigena, dorsal view, Nl-"H F-lolu ' x 3, lower

limestone sequence of the Catoche Format).on, Boat Harbour,

BH-101/BH-110,

Paratype pygidium (latex cast of internal mould), dorsal

view, NFM F-96, x 3, lower limestone sequeace of the
Catoche Formation, Boat Harbour, BH-103. '

Holotype pygidium (latex cast of plaster mould), dorsal

view, G.M. 3705 (the original of Poulden, 1937; pl. 7,

fig. 7), x 6, Cape Weber Fomauon, Ella Island, central

East Greenland. o~

Uromystrum forteyi sp. nov. [

Lower limestone sequence of the Catoche Formstion, Cape Norman, Specimen
from CN-16,

Fipure 5. Paratype pygidium, dorsal view, NFM F-172, x 3,

Benthamaspis hintzei sp. nov.

- ' ? . R
Lower limestone sequence of the Catoche Formation, Boat Harbour.

Figure 6. Paratype cranidium, dorsal’ view, NFM F-173, x 8,
T BH-101/BH-110.

7. - Paratype cramdmm doreal view, NFM F-174, x 8, BH-112.

8. Holotype pygldxum dorsal view, NFM F-175, x 6, BH-110.







Plate 18

ot

Benthamaspis hintzei sp. ' nowv.

- _
Upper member of the Boat gur Formation, Boat Harbour. Specimen from
BH-62. ’ - :

Figure 1-3. Paratype pygidium (latex cast of external mould), dorsal,
‘ poasterior and lateral views, NFM F-176," x 8. .

+

. . Ischyrotoma an;taphta Fortey

-
By

Lower limestoné& seciuénce
from CN-10.

of. the Catoche Formation, Cape Norman. Specimen

Figure 4.  Cephalon, dorsal view, NFM F-177, x 6.

) J - Ivs'ch;rbtoma parallela-sp. nov.

. 4

Lower limestone sequence of the Catoche Formation, Boat Harbour.

Figure 5. Paratype cephalon, dorsal view, NFM F-86, x 6, BH-]00.
638. Holotype ¢ephalon, dorsal and lateral viewa, NFM F-178, x
8, BH-101/BH-=110, : 1 _
7y - Paratype cephalon, anterior view, NFM'F-179, x 8, BH-112.
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Figue 3.12.. Correiotion of late Tremadoc- early Arenig regressive - transgressive epnsodes in the four mo;or

other correiations by the author
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