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Late Upper Ordovician Solitary Rugose Corals
of 3astern North America

. e 1
Eobert J., #Blias

AHETRACT

T e e

Late Upper Ordovician solitary rugose corals of eastern
North America are assigned to three provinces distinguished
on the bases of assemblages and characteristic species. The
distribution of these provincas, as well as taxa within
them, was determined by regicnal environmental parameters
related to paleogeography. The Richmond Frovince occupied
a narrow telt extending northward from the Nashville Deme of
Tennessee, along the Cincinnati Arch region of Kentucky-
Indiana-(nic, to lanitoulin Island, Ontario, and eastward
through southern Ontario and Guabec, It coincided with a
carbenate platform at the margin of an spicontinental sea

which wags recsiving clastlic sediments from the Queenston

—t

I

delta (Ontario, New York, Pemmsylvania, Ohio)., Solitary
coral diversity was low, but variability within several
species was great., Thie provincs was isolated by the
positive Canadian Shield, Taconic upland, and Nashville
Dome, and by dzeper water in which the Maquoketa shale was

n'_‘

deposited (upper Mississippi valley).
Solitary corals of the Maquoketa Group and continental

margin welonged to the Red kiver~Stony Mountain Province

] Present address: Departwment of sfarth Sciences, University

of fManitoba, dinnips;, Hanitoba, Canada R3T 2N2,
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which included most of North America during the Late
Ordovician., The vast continental interior portion was
occupied by shallow, interconnected epicontinental seas,
whereas normal open marine environments were present at the
continental margins. The Maquoketa Subprovince was
characterized by the paucity and very low diversity of
solitary corals in carbonate beds within shales of the
faquoketa Group. The diverse assemblage associated with
carbonate sequences in the Maritime Subprovince (Anticosti
Island and Gaspé Peninsula of Quebec, northern Maine)
included typical continental interior species together with
genera characteristic of North American continental margins
and the Baltoscandian Province.

At the close of the Richmondian Stage, regression of
the eastern North American epicontinental sea resulted in
extinction of corals in the Richmond Province and Iaquoketa
Subprovince. The latest Ordovician (? Gamachian Stage)
Edgewood Province coincided with a carbonate sequence
deposited in normal open marine environments during a
transgression into the continental interior (upper
Mississippi valley). The solitary corals resembled those
previously resfricted to continental margins, and

foreshadowed the cosmopolitan Silurian fauna.

Key words: Ordovician, North America, corals, taxonomy,
paleoecology, biostratigraphy, biogeography, lithofacies,

paleogeography.
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INTRODUCTICH

This study comprises a comprehensive taxonomic,
paleoecologic, biostratigraphic, and biogeographic analysis
of late Upper Ordovician (Richmondian~Gamachian -
Ashgillian) solitary rugose corals of eastern North America
(Text—figs. 1, 2).

Text~figure 1,=-Time-stratigraphic subdivisions of the
Upper Ordovician for North America (Twenhofel, et al,
1654) and Burcpe (Ingham and VWright, 1670), including

informal subdivisions of the Richmondian.,

Text~figure 2.-=Late Upper Ordovician paleogesography,
lithofacies, ané éolitary rugose coral localities in
eastern North America (compiled from many sources).
Locations: 1. Cincinnati Arch region, OH-IN-KY; 2.
Burkesville, XY; 3. Goodlettsville-~Gallatin, TN; 4.
Little Sturgeon Bay, WI; 5. Little Bay de Noc, MI; 6.
Drummond Island, MI; 7. Manitoulin Island, Ont.; 8.
Meaford, On%:;' 9. Streetsville, Ont.; 10, lMontreal, Que,;
11. Lake St. John, Que.; 12. NZ Iowa; 13. SE Towa-NZ
Illinois; 14. Thebes, IL; 15. Arbuckle llountains, OK;
16. Cape Girardeau Co., MO; 17. Pike Co., I0O; 18. Will
Co., IL; 19. Penobscot Co., MZ; 20. Ashland, HE; 21,

Percé, Que.; 22, Anticosti Island, Que.
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Text-figure 1.-~Time-stratigraphic subdivisions of the Upper
Ordovician for Forth America (Twenhofel, et al, 1954) and
Zurope (Ingham and %right, 1S70), including informal
subdivisions of the rnichmondian.
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Text—figure 2.--Late Upper Crdovician paleogeography,
lithofacies, znd solitary rugose coral localities in eastern
No:th America (compiled from many sources). Locations: 1.
Cincinnati Arcan region, CH-IN-KY; 2. Lurkesville, KY; 3.
Goodlettsville-Gallatin, TN; ‘4. Little Sturgeon Lay, WI;

5. Little fay de Moc, ¥I; 6. Drummcnd Island, I;

-3

flanitoulin Island, OCnt.; ©&. Meazford, Ont.; 9, Streetsville,
Ont.; 10. lLiontreal, CQue.; 11. Lake 5t. John, Que.; 12.

NZ Iowa; 13. SZ Iowa-NE Illinois; 14. Thebes, IL; 15.
Arbuckle Iountains, OK; 16. Cape Girardeau Co., MC; 17.
Fike Ceo., [O; 18, Will Co., IL; 19. Penobscot Co., ilE;

20. Asghland, IZ; 21. Percé, Gus.; 22. Anticosti Island,
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Field work in Iissouri, Tennessee, Kentucky, Indiena,
Ohio, northern itichigan, and gouthern Ontario in the summers
of 1977 and 1978 provided extensive collections as well as
paleoecologic and stratigraphic data., In order to ensure
stratigraphic control, all sections examined have been
described in the literature, or are near described sections (se
Localities and the text)., The lithology and biota ware
observed at each locality, a2nd an extensive search for
solitary corals was made. Where present, their exact
stratigraphic position was recorded. Relative abundance
was estimated qualitatively (rare, sparse, uncommon, COmMmOn,
abundant), with rare meaning one to several corallites were
found and abundant meaning they were so prolific it was not
feasible to collect all the specimens., Vhen possitle,
orientation on bedding surfaces was noted. All corallites
seen were collected. At the Tew horizons where fhey were
abundant, the search was terminated when a relatively
large number had been found. Almost one thousand specimens
were collected for this study,

In the Cincimnati Arch region, 34 localities weare
examined in order to prepare 14 composite sections (Text-
fig. 3). Data for horizons not seen in this study were
obtained from the literature., Four localities near
Burkesville, Kentucky, and three in the Goodlettsville-
Gallatin area of Tennessee provided data for composite

sections 15 and 16 (Text-fig. 3). Composite section 17 at
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Little Bay de Noc, liichigan, 1s based on three localities
and the literature (Text-fig. 18). Stratigraphy at
Drummond and lianitoulin Islands is shown in composite
section 18-19 (Text-fig. 18). Three sections were studied
on Drummond Island. Of 2% exposures seen on lanitoulin
Island, six have important solitary coral-bearing horizons,
In eastern llissouri, sections 20a, b in Cape Girardeau Co.
and sections 21a, b in Pike Co. were examined (Text-fig. 21).

Approximately one thousand corallites from many of
the above areas and from collections made elsewhere in
eastern North America were obtained on loan. flost specimens
from the Cincinnati Arch region, Michigan, Ontario, and
Quebec were collestted by A.FP, Foerste. W.H. Twenhofel's
extensive collection was thé major source of material from
Anticosti Igland, Quebec., Solitary corals from liaine were
collected by R.B. Neuman (U.S. Geological Survey).
Composite stratigraphic sections for areas not seen in this
study are based on literature cited in the text (Text-figs.,
18, 21, 22).

liorphological and descriptive terminology used herein
follows ZElias (1976, p. 11=-13). 1In order to determine
internal morphology, most corallites were sectioned
transversely in several places and a relatively small
number were sectioned longitudinally. Thin sections of
more than 300 corallites have been prepared.

Repositories of specimens are abbreviated as follows:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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G3C (Geological Survey of Canada, Ottawa), LU (Laurentian
University, Sudbury, Ontario), RON (Lioyal Cntario lluseunm,
Toronto), SIU (Southern Illinois University, Carlbondale),
SUI (State University of Iowa), UCGH (University of
Cincinnati Ceological Iuseum), UI (University of Illinois
at Urbana-Champaign), ULTIP (University of Michigan Kuseum
of Paleontology), USGS (U.S. Geological Survey, Smithsonian
Institution, %ashington, D.C.), USNI (U.8. National luseum,
Smithsonian Institution, Washington, D.C.), YPM (Peabody

ltuseum, Yale University).
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lational Academy of Sciences J.H. Bache Fund Grant (1977),

University of Cincinnati Summer Research Fellowships (1977,
1978), University of Cincinnati Department of Geology TFunds

(1977, 1978).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

R T o T S N S NCATT AT AT T 000 APV - . A
LATZ P23 CoIOVICIALL FAL G S0 KL LITNOTACT Y
et e Fen v e S AT L T VA AT T meaTormTT 4t AT
i COLTITANY TUCOD Y (CrAans O OACToen wGIiTi Ao TCk
~ LR °
G oy IoU

The Lotz Codco. iclan Toceonilce flovntaine along this
continentsl m=2rin of ol th Amsiica wore thz courcz ol the
Uichmondian clzmetic wadg 2 dewnocgited on the cimton (R.B.
lieuman, 1S76; Dennison, 1676) (fext-fig. 2). Iliezresct tne
vplift, the Junists To:maitlion conpiisec Eontinental caannzl
2nd ovesltznk sendstonss with some giltctonse and chales
Digtzlly, it conegiste of lower dzlta plain redbede which
rade into tae riayieh red deltaic cheles ene siltstonze of
the Queenston Formation. The Sscuztchic Pormation and
ILichmond Croun cairbenzte rocks and shaleg, and the Liaguoketla
Group shales were deposited in an epicontinental sea. The
Richmond Group thins and its dolomite and arenaceous content
increases along the Cincinnati Arch, which was probably a
subtle platform, to the positive Nashville Dome., The
carbonate and arenaceous content of the Haquoketa Group
increases and its thickness decreases toward the
Transcontinental and \Wisconsin Arches and the Ozark Dome,
which were slightly positive. In general, Richmondian
sedimentation in eastern North America was affected by
positive structures rather than well defined subsiding
basins., The typically regressive stratigraphic sequences
may reflect a eustatic sea-level drop accompanying Late

Ordovician glaciation centered in Africa (Berry and Boucot,
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1073; Dennison, 1876).

TFollowing a period of post-liaquoketa erosion, a thin
unit of uvppermost Ordovician carboncte rocke formed in the
Artuckle iountain area of Oklahoma, in eastern Kissouri-
western Illinois, and northern Illinois, These deposits
represent the initizl stage of a transgression possibtly

related to deglaciation.

On the continentzl ma:in, 2 thick carbonste-chale

secuvence was depoeited at Anticosti Islanéd, and & carbonaote-
mudcetone unit foined a2t Czspez Peninsula., These cartonate
zocke rrads into a weary thick sescuczncs of pelymict

cong lomezates, ([ raywsclies, and giltsteonss in northarn lizine,

Late Uops:r O:covician conglomeiratss, grayws

ateg, znd volcanic rocks
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‘ewfoundland., Ilack graptolitic shale of ths Polk Creesk

U’)
o)
o
p.l

Tornation occurg in the Quachite ilountains of Arkansas
Oiilahon=z.

Late Unpsr O:rcdovician solitery rugose corals ars found
zlmost exclusively in cartonste rocke, They are most common
in the Fichnmond Crouyp, in carbvonates of the continental
mz:¢in, 2nd in the vppermost Crdlovician carbonats unit
overlying the llacuoketa Group (Text-fig. 2). Solitary corals
are sperse in caibonste bedes within the llaguoxeta. They awce
zogociated with c¢zlczreous debris in the clastic secuence of

northern zine.
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NTECDUCTION
Thz >dicamond C:oup Torme o noriow carbonate Lslt
from tnz Loenville Dome in Tonnzscso along tha
Cincinn=ti A:cn rzyion of entucky-Indianz-Chic to northein

Ticaisen and onitoulin Icland, Cntziioc (Text-Tig. 2). It
wae denositaed at the meroin of zn epiceontinentzl ses Letvesn
thz Quesncton dzltaic shales aznd Maguoketa marine shales.

JI0UD COMDILS2E & I'8i2EglVe ga2tusnce

carbonszta units, and hiorizons cf abundant colonial corals and
stronztonoroide. An incursion of ths Iichmond Grour occurs
at the top of the lzaquoketa in the Green Bay, Wisconsin,
area, In the vicinity of Meaford, Streetsville, and
llontreal in southern Ontario and Quebec, the Richmond Group
is overlain by sediments of the prograding Queenston delta.
An outlier including Richmond strata is present at Lake St.
John, Quebec, Although the Richmond Group is seldom
lithologically distinct from the underlying Zdenian-~
Maysvillian sequence, the term is retained herein for
reference to this belt of Richmondian strata having a

similar depositional history and fauna.
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io: to 1CE0, stratigzizcthic subdivicion of ihe
Tichmond Group in the Cincinnati Azch :2gion (T2:v-7i.. 2,
no. 1) wazs boez2d on faunzl sonation, snd rasulted in
recognition of tho A:nheim, VWayneeville, Libertvy, whitewatey,
and Jlikhioin formaztisns. The history of cevelomment of thails

clasgification was :aoviewad by Veiss and Lorman (1669).

vnite, btuil have cormmonly been used in the sense of tine-

strati;aghic suhdivieione of the Fichnondian Stags. They are

HJomanclature, sttemsts have Leen mads o subdivide the
Cincinnatian gecusnca lithostratigrashically. In Indians,
this has Laen donz by Fox (1¢52), irovn end Linebsck (1668),
end Cray (1972). Sutdivision by Gray (1972, talle 1) into

the Dillstoro To:metion and VWhitewater Tormation with Salud=z

noithezetarn

ct
2
)
[$)]

Jemb is followed, IDichmondien strata on
side of the Cincimnati Arch region are lithologically

ginilar to thoss in Indiana,

o

and Gray'e classification is
herein sxtended into Chio. In :entuciyy, the hicamond Grougp
nas been lithostratiyiarhically subdivided through the
nmepping mogram of the U. S. Ceologicsl Survey in coonsration

vwith thez Hentucky Geologiczl Suivey. Tasse units have besn
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described on U.S., Geological Survey Quadrangle ilaps, ana
discussed by Veir, Greene, and Simmons (1¢65), Peck (1966),
Simmons and Oliver (1967), and Peterson (1970).

The Richmond Group of the Cincinnati Arch region is
overlain by the iiiddle Llandoverian (Lower Silurian)
Brass{ield T'ormation. The contact is generally
disconformable, hut a paraconformity exists in the eastern

part of the region (Gray and Boucot, 1872, p. 1301).

Southeast. On the southeastern side of the Cincinnati Arch

region (Text-fig. 3, sections 6-9), the Ashlock Tormation,

Text-figure 3,--0Ohio, Indiana, Kentucky, and Tennesseea:
Richmond Group stratigraphic sections to scale and

distribution of solitary rugose corals (Streptelasma and

Grewinskia) (see Localities).

viidch ig pertly laysvillian in g2, is overlain Ly the

Draxzes Formstion. Ths Ter:zill llember of thie Asihlock Formation:
congiste p.inzrily of evenly laminatedq,
colonmitic mudstone., Dipple marire end mud cracks z.3 loczlly
COnnon. Eryordans and brachiopods zie occasionzlly spzice
at ths Ttass, ahd enall stromztolitss ars somatimes founc

near the top of ths memte: (%2ir, Gresensz, and Simmons, 1665,

L. 13). The unit is silty in the vicinity of secctions 7 and
1

J
-

<
8

€, ané tecomes mora she to the north 2t scction 9. Ths
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Text-figure 3.=--Ohio, Indiana, Kentucky, and Tennessee:
Richmond Group stratigraphic sections to scale and

distribution of solitary rugose corals (Streptelasma and

Grewingkia) (see Localities).
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basal portion of tihe overlying Reba lember, Ashlock Formation,
consistz of gray, micritic limestons with sparce ostracods and
atundant cylindricnl tursowe parpendilceular to bedaing planse
in southo:n locolitize., Tasz upnes portilon i1s waevy-Leddeq,
cild;, mecdiwn ¢roinsd limestone tiat (ene:ally Lscomac
ci:illaceoue tove:rd ths tor and containe shundont Tiyooanc

end. kiochiownode (WWai:, Cigenz, =nd Simmons, 1667, . 13).

aeenich r:ayv, dolemitic c: limy, silty mudestone. The unit

'f:~ [ v ! - k BV} o
tecomes lese =ilty but increzeingly <olomitic and zrgilllaceous

[ J

1. -+ G A .. e .~ N - 4. Tmesa e el ey Y
to thez novth. I=2dding suifacss sometimes have ripple navlks

G:eens, and Simmons, 1655, p. 17). Ths uppermost Hichnondiszn

vnit ic the Prezchereville Drakes Toxrmoation.

=l
ct
)
mn
6]
=
.—\
[
[
m
ct
C
]
O
-
%)
o
£
2
o
B
b

but coatsine zsigillaceous

Colomite and dolomitic limastone in 1esistant tedas tast

PR
<

3
IS
]

commonly thiciks: ns2r ths baes of tne membs: and incraass

',J.

i

2iundancs no:thvward., TPoosly prgkervsa tryozoans and ep

,__.
‘ )
§-
6}
0]

vrachiorods ccour in some khade (VWeiy, Gresens, and Simmons,

16562, ». 18). Thse Ctte: Cieak coiel had is lcocally prasent
2t ths bass cf the Praschersville Jember in the vicinity of
sections 6 ané 7 (Simmons =nd Cliver, 1867). It is usually
less than a2 mete:r thicik, and conesists of fray, fenerall

medivm ¢rainzd, a:¢illacsous limestons with abundant coloniszl

corals of thz2 gfene:s Calanoscia, Icersteravyllun, and
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Tetradium., Also common are solitary coralc, cylindrical

stromztoporoids, 2nd brachiopods.

- 3 . ~ Toy eae - N 3 A T s . PR P ’ -
Couthwsst, Cn the southwestern £idz of the Cincinnutl srcn
AR MALSE

3 RSN N A o . o oy . o / 4.3 - o T Ve T oA vy e ;
22 ion (Teoxt-fi.. 2, eactione 3, 4), the (ront Daxe Limestcns2
] 3 M SliA T N - T oy e -4 [ER ey - T -
ig overlein by ths l:akxec Termation., The tywe Crant Lalie

Liriecstons on tne 2astern gide of the Cincinnstl Arch ic
avsvillian in age ( . 14, 16), but on tu=2
southweé-ern gide it extendc into the Lichmondisn., Tho unitz
coneicte of i:c2rulerly tedded, siliy 2nd ar;illscsous, gray,
Toceilifeious linmectens, and chele in ciccentinuvous bads and
rairtinse. Thics c.oseg~bedded once o7 linmestons occur
locally. ZI:achionode and r:youoscns arzs abvundant, 2specially
in tae limestone. To ths gouth, tnz zportion of Grant Lzke
Linsston=z 2t thsz bass of thz licmrondian g¢rada: into tae

’

Gilrazt fiember of the Asnlock Tormztion (Wsii, :ieene, and

Simmone, 157, ». 12). Tnis menber, in<ths vicirity of
saction 4, consiste of awvenly to vavy-teddsd, grel,
fooeilife: ous limestone with grvay shzle rartinge end

intzrtede. It containe brachiopods snd cagtropods, with

The Dovlsnd tlzmez: 2% the Lesge of the Dislize Tormztion

grch, tut is no:e calcareoue and foscsiliferous. Tos
overlying Iardetovn iismber consists of gray, silty and

aryillacszous limsstone in diccentinvouve 2and lenticular uels,

with eraise to z2bundant Tossils and foseil Tragments
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Common fossils include brachiopods,

corals, and molluscs., The colonial corals

I'aric

tina,

prominent

tow of tnz I:

-
i)

[ Ry

thinly teda

Tormation con

to gkout

fogeils, Lut

dg ar

ostiaco

a

1, zone o7

o
[~

Lonze

Vel i aC
.A_A.u\.l

shzle content

Tne Szluds Dolomite

Toinetion.

jo

, c2lcitic, ¢ildy, 2rd =z:oillzcsous.  Aleva thieg,

in ouvtcrop and ie ¢{enerally vnfoseiliisrouve.

it finsly laninsted and

limestcene oy colonite

ana locally contzin th

D

reatronods.
£ :

Ay
E

COL iszs

formztionse, Thz Tull Foirk

o
[+ 4

siste oF alteinating shale and limeston=. The

inczza avout 20 percent at whe

£ m2rcant nea tor of thz unit.

limzstons aven 1o viav

occasionslly ripple n

mievitic limestons

2¥ Oug

in abtundznce southward, wnsrszs

lnicr2ege

1s Lor e comnon

rachiopeds ana bryozozns ara the nost abtundant
corale, t:ilotitss, molluscs, ciinoids, and

e loczlly akundznl. vicinity of esecticn

r,

atuncéznt solitary rresent near the

J

cora
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middle of the formation (Peck, 1966, p. 16=-22), The Sunset
lember occures at the base of the Bull Fork Formation in the
vicinity of gaction 10. The manbve: is pradeninanicly

7. illaceoue to £ilty limestons, with the romeinder Leing

ciay ghale., Yrachiowods a2re comatines found neair the base,
and stromatonoroide zre locally vresent, especially near the
tOs.

Overlxiny trhne Iull Foili, the Drakes Formation

rigses 2 noithe:n extencion of the upper part of the

Preschz:svills amtizy, It concicte of cazlcareous to dolomitic

|0}
)LJ

mudctons with mino: ep=2:sely Fossiliilerous dolomits and

limestons interteds and leneze. The mudstonz ic gensrally
(1&yich green, but ig loczlly :1e2adisgh rurzle near tas top,

ag at locality lc.

ths Cincinnati Arch (Pext-Iig

3, section 2), the Zull Forl Toimstion inmtertonguee with the

vop2r Crant Laiks Limestone of the southwest. In ths vicinity
of saction 2, the Lichmond Groupr conpiises the upper part ol
tne Tull Tork Tormation arnd the overlying Liakes Formatilon.

Tnz zull Fo.lr To:mztion ie lithologically

('J

imilar to the type

6]

aroa on the =2aste:n sids. of the arca. The Fowland ilamber at

¢4}

the tasz of the Drelize Tormstion consistes of zirrglllacesou

ricxitic limesston

e 1n =2ven to nodular beds up to a mstar

[¢]

taicl, with mudstone inte:beds. Thzs member is not dolomitic,

as it is to the south. Calonial corals are abundant in local zones,

-

arnd trachiopode and bt:yozoans arz scattered in ths unit. The
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larble Hill bed of this arez is included in the Bowland

ilember and consicts of gastrorodal limestone and bioclastic

o
3 N - P -y PR . e o ey -
(zainetones (Swadley, 1977;. The overlyin, Lardstown lembe:
concicte of Togsilifzous limzgtone in thin, e2ven teo i:zcegula

b b ORI SR - e s : - s T S AR e e -
Lale, with frar shale ints:lods. DTracnlopods zud Liyouooans

3

2: e atundant, tc;a2thner with eclitvary coraleg, mollusce,
crincide, snd t:ilokites. The saale content ig rester than

to the south, The fzicctorn thickens immediately nortn of

secticn 2 whave the Iovland lLlamber prinches out, and ig
indistinzuichatrls f:om the underlying Iull Torl Zormation.

Y

Tha oveirlying S=zluds Dolomites llemte: of thz Drakes Iormation

ie the uvppsimost Lichmendien unit in tails axreaz. In ths basal
rortion, thin kede of =z::illecsouc limscione contsining
brechiogods 2nd tiyoroarns occur in srpoillzcsous dolomise, The

- unfoegiliferous, thickly

ogeilif=srous linestons is

hoo

Kor thiae Cn the northwestern side of the Cincinnati Arch
region in Indisna (Text-fi.. 2, sections 11, 3, 12), tae
Maysvillisn to Richmoncdisn Dillsboro Tormztion ie ovailain by

the vppe: Lichnmondian Waitewats: Tormation, which includes

the Saluds tlemke:, These Tormztions coriesvond to ths Iull

Teryk Tormation and Szluds Delomite llasmber, Diakes Formation,
of Hentucky. The Dillsboro Tormaticn (scuivalent to the
Tanne. s Cresk Formation of Tox, 16562, p. 626-628), consicte

of thinly inte:telded ar¢illaceous linmestons and calcarzou
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shale, Tosgsils are generally common to abundant, and
include bryozoans, brachiopods, and trilobites. Solitary

mes common in tine vugsr Dillsto:o in

I,_l-

coralc mie sonet

soutlhizin localitizc suchas cectvion 171 a2nd the Clifty Powe:

The tiostiatisrzaphny wasg discucead by Tox (1662). Taunzl
dietrilution ond zlundancs ling heen chovnm fox horizon Ha
(Hzy, 1977, fiz. I-1J) =né horizens H1-6 to ¢ (Hay, 1577,

The overlyin, ¥hitewaste: Iormztion is compoced

R}

[43]

vz 2donminently of 2 wariety of thin 2nd often ruklly Lsddsd

£

.‘

n

le and dolomite (o,

[¢]

e

{!
1
1Y

arsillaceous limestonss, with conms

J\

~ S Atam 1 T 3 et ~l- 1CRA ~ NS gt
"8; irowm and Linelacl, 1966, p. 1022). Shals

(@)}

1662, ¥.

intervals occur toward the top of the formation at northern loczlities,

Tocgils, ecpecislly bryonozns, trachiopods, solitary ccorals,
and mollusce, are abundant in ths lowsr Valtewatel Tormavion

in th2 no:th. Taunal distrilution and ztundance haoe besn
shovm for hoiicens 1Zz-1 to ¢ (Hay, 1577, fig. I-6) and
norizons Th-1 to o (lizy, 1977, fig. I-8). Tha usne: “hitewater
ie vnfossgiliferous to crersely fossiliferous. Iicsitratigrazhy
of the formation was diescucsc2d by Fox (1662). The Saluda
ilemper in Indians is & nortaward-thinning wedge of dclomite,
dolomitic limestone, and delormitic mudstone with o colonizal

cox2l rone ne its kase (Zrovm and Linevack, 1965, p. 1021,

1322). The Szluda occurs =t the base of the Whaitewater
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Tormation in the south (Clifty Tower Plant section of Hattin,
et al, 14661, p. 3286-331; section 11), and within the
Winitewater to the north., The dolomitic content decreases
northward, and at section 5 near the northern limit of the
member, the colonial coral zone is overlain by generally
thickly bedded limestone. Zxcept for ths colonial coral
zone, the Saluda liember contains very few fossils other than

ostracods,

Northeast., The Riéhmond Group on the northeastern cide of
the Cincinnati Arch region in Ohio (Text-fig. 3, sections
13, 14) is lithologically similar to the group in Indiana,
but shale is more abundant in the Vhitewater Formation, and

the Szluda MMember is not present.
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v . .~ 43 - Nym - S - ~
Zo2cogitionsl Onoin onmentc

R S v e - s o~ IS SIS S ST SN oy amdor g e
Fradoue woon, Jox (1660) ciudial the comyosition, textur 2,

and structurz of galimentaly :ocio 2g w2ll 2o the biota of the
Tdcimond Croun in Indizna. liz concluded tnot the Dillstoro
Formatlon woo dzpocited in 2 stsile mearine 2nvizomment bLelow
elTective wave Leocs, ile Tound evidance ol shoaling with cone

sutas:ial exvosvi e in tha Whitewats: TFormation immediately

of ghoelin; occurizd curing later "Vhitewster' tims., Tox
(1668), on the basis of the spsrits-micrite ratio in limestonss,
interpreted the Dillsboro as a regressive segquence interrupted
by a transgressive phass near the end.

Scotford (1965) studied the shale petrology of the
"Wwaynesville" in the Cincinnati Arch region and found sand
and silt dominant in the south, and clay more abundant to
the north. Kohut and Sweet (1968) noted that the Hichmond
Group is more argillaceous toward the south and grades into
shales and limestones northward, where they believed
deposition occurred in deeper water. 'They recognized
southern and northern conodont faunas probably related to
depth.

Hatfield (1968) studied the lithostratigraphy and
paleoecology of the lenticular Saluda llember on the western

side of the Cincinnati Arch region in Indianz and Kentucky.

The unit was deposited in a cuiet, saline, very shallow to
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periodiczally subaerizlly exposed lagoon that was isolated

by encompassing colonial coral-stromatoporoid banks.

Cn the tasis of lithology, Anstey end Foulzs:r (1856¢) ctztad
2rth vee 2t o maxinem during "Arnheim—Vo;nesvillo!

4.

cime, a2t 2 minimum dul ing Soluds Llemlbe:

zrocition, znd of

inte.madizta denth in the "Lite:ty" znd "Vhitewater". li2rtin
(1675, 1S77) sctudiad the comnocition, texturs, et u6t¢'3

and tiotz of lichmond Gioup lirnizetones in Indiana end Chio, He
conncluded thnt ths Dillsboio Tormation was dary
chzllow, cencerz2lly lovw ene:yy, oflshoere envivonmmaent,

Following Szluds depocsition, the Vaitewater Tormation vwac
cerosited in nore norm2l ma:ine conditions., Afte. eligh
nzarsnore to Iinally periocdiczlly cubaerially exnossad
environments,

Hay (1977) discussed the Richmondian lithofacies
sequence in Indiana, and suggested a regressive peak with
possible unconformity at the end of "Arnheim" deposition.
The transgression that followed culminated in the
e 1ll°—1otv4 Lite:ty", =nd the finsl regression
with come oscillatlon cceurred during thsz "upnes: Libart
Ynitewater —3Ilkhorn" inte:wval., The "Arnheim" horizon marks
the upover limit of & smell numbsr of conodonte chzrzcteristic

vropazsn fzuna thzt oie more conspicuously rapresanted

@]
N
W

in pre-=ilaysvillian C:céovician strata of the Cincinunati Arch

-

region (Hohut and Swszzt, 196&). During late "Waynesville
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time, an upper Lichmond conodont fauna migrated into the

region and reacned its climax in the '"Whitewater".

Present Studv. Blost stratigraphic, sedimentologic, and

paleontologic work on the Richmond Group in the Cincinnati
Arch region has been done in Indiana, with very few studies
considering the entire region. Hxceptions are the work on
shale petrology by Scotford (1964, 1965) and Butler and
Scotford (1973), and the conodont study of Kohut and Sweet
(1968)., The nature of the Richmond Group is seen in the 14
stratigraphic sections around the Cincinnati Arch region
examined in the present study (Text—fig. 3). The following
characteristics are demonstrated:

T« The Richmond Group thickens from about 45 m in the south
to about 90 m in the north on both eastern and western sides
of the arch,

2. The argillaceous, silty, and dolomitic sediments of the
south grade northward into interbedded shales and limestones,
3. Sections on the eastern side of the arch contain more
shale and dolomite than those on the west, where limestone
is more common.

4, Possils generally increase in abundance northward, and are
more common on the western side than on the eastern side

of the arch.

F» On the eastern side of the arch, dolomitic shale of the

Preachersville llember occurs at the top of the Richmond
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Grouyp, whereas the lenticular Saluda Dolomite [lember is
present at or near the top on the west side {rom section 5
southward.

6. Colonial coral horizons occur on the southeastern cide
of the arch in the Ctter Creek coral bed, and are prominent
on the western side particularly in association with the
Saluda liember.

It is apparent from lithologies and thicknesses that
the Richmondian epicontinental sea became progressively
deeper to the north, w;th depositional strike oriented
east-west., On the sastern side of the Cincinnati Arch
region nearest the Queenston delta, marine environments were
more restricted and terrigenous input was greater than to
the west, Less restricted environments prevailed on the
western side which faced the main body of the epicontinental
sea, although in later Richmondian time the development of
colonial coral banks resulted in Saluda deposition within a
restricted lagoon.

At some sectlons, a regressive peak may have been
followed by transgression near the base of'the Richmond
Group. Such a peak may be represented by the top of the
"Arnheim" in Indiana and the top of the Terrill Member,
Ashlock Formatioﬁ; in the southeastern part of the Cincinnati
Arch region. Generally speaking, the Richmond Group

represents a regressive seguence,

\
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Cinmcinn~ti Arcl

p R 3 e » I~ PN —_ e O T i - ..
Taz Cincimnnsti A:chy, vilca zmtends nortiord i2om the

nashoille Doma, wao d2finitely o vocitiwve ciructure in the
licdle Silusion - olatad to subsidence of the Illinoic Becin
on the weet and Chic Lacin on the ezct. The Cincinnati Azch
Lifurcated into the lonksliee znd indlay arches morizing ths
gouthzrn mei¢in of the subsiding ichiysn Zasin (Shave:, 1974,
fig. 6). Thesga vositive z2ress controlled the locztion and

cdevalopmant of ca:rlonste banlks and reefls,

The histo:y of ctudise desaling with the time of initial

relative uplift of thsz Cincinnati Arch vas swmnzyvized by
Scotford (1964). Few authors have coneiderod the strucihurs

to be earlie: than Silurian in age. Scotford (1S64) examined
the oroblem on ths btasis of (Ordovician shale peticlogy in
th2 Cincinnsti A:ch :egion. Shale paremstsrs in the

ma2svills" vary in & north-soutih rather ithan cog

[

oy

Cirection, indicating that ths zxig of the z2ich wze not a

I_J-

Lerrier o sadimsnvation. Thic wvasistion woull Le =2xpected

20
22

ch

i

ct

-t
T

s gt depoegiticnzl stirike =nd northward div.

(

At the top of the Richmond Group, six of eight

cirnificant chels poremsters diffesr on the cast and wast
sides of the arch. Scotford (1664, r. £36) stated that thess
data "suggest the voseibility that = weak barrier nsy have
bezen developing eloni the axis of the aich, but its influence

-

on the chaiacter of the shzles on oprosgite sides ol t

TV -r—
e a.xle

-

weS minor'. iz Telt that the Cincinnsti Arch shouvld not e
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e - C A ae | C 3N e 2
2eci, 2t on o2 zoolier thon Lilu:ilon.

I7 the Cincinnotil Aok oo zoonte o biozd, nsarly

IS
H
=
-
-
@

.. 4 O S M P L) R foTa
lov2l plotfo.om withovt = dot ciie (Cieon, 1961),

litholosdize of the =ycn zzricn 2o o vholzs ghould b2 compn: ol

o thogae to thz zoet and woet dn oicor to cdeterninse ofiectc
of th2 ctructis e op sa2dinmentation., Zviiny Hiclunondion tine,
the Lichmond (:oun vne depogitod in a naizovw nong extanding
from the pocitive Izenille Tonie no:ihveard slong the

N oo

Cincinnati Azch e

[}
]
(@
[43]
[
[«
Q
B
{0
ct
Q

ion (Text—-fig. 2). It formed

ct

= Tisamncdar eha ] .
the Juocsneton chzlags on the =as

Tichmond Croupn facing thz main boiy of The epicon

3
[ I8)
l\‘l
(]
(=
[
e}

- P 1 -~ A -

sea, Coincidencs of the lichmond (roup 2nd Cincinnati Arca

N

P S P T O . . P TR Y. o \ £ cpa
uosest that ths stiuctuzce wae & subtle, troad nlatiorn

sloping =li ntly to thz no:vh and influsncing coricnats

safimentaetion and ovyanic tuilivres during thae ilcanmondian

Text-Tigure #.——11ddls Iicamondiian ("Libert;") pslecgeography

end lithofzcies of = Q00 km™ =r=za ca2ntor2d on the Cincinnati

Yarticsl scals greatly exagesrated., Colonizl coxzel puildune

caovn in the soutinwestern Cincinnsti Azch region. Ariove
o

- ~

indicats currant direcilons. Iesed on date in Text-figs. 2,

O
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: : s A TS e P N 2 Yy Aea T I R o eeqner v
Text~Tifvre 4.--lIiddle Zicamoniian ("Libve: t;") neleog zography

JsCn - J

znd lithofacies ol & 9}0})km?z:ea cantered on ths Cincinneti

N ? - =y ad - " PO “ -7, e Je
Aich 1egion (ghadead), sesn from the prosant northvest.

Vertical sczle

shovn ln thz southiwwastern Cincinrvati Axrch region. Arviows

IS

a 3 . o2 : P Amta 3 R s}

indicate current directions. Lased on dzta 1in Text-figs. 2,
A [} -~ bl ]

Jy PR =~ a 'WC.:;; (197_)0
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Solitary Rugroce Corals

Two gpecies of wsolitary corals, Grewinckia canadencsis
ju J y

(Billings, 1862) and Streptelasms divaricans (Nicholcon
£S5y ’

1875), are present in the Richmond Group of the Cincinnati
Arch region. Their distribution and relative abundance are

showvn in Text-fig. 3.

A, CGrewinglkia canadensis (Billings, 1862)

Straticraphic Distribution. Grewinglia canadensis generally
) C’ .,

occurs within and on iimestone beds conivaining common to
abundant brachicpods and branching bryozoans. The earliest
occurrence of the species at the base of the "Viaynesville"

in the vicinity of sections 11 and 2 on the western side of
the Cincinnati Arch region and section 1 on the east suggests
introduction during an early Richmondian transgression.

The initial distribution along depositional strike about
half way between the deeper north and shullower, periodically
subaerially exposed southern ends of the region indicates
preference for "normal" marine water in the "intermediate"
depth range Where calcium carbonate sediments accumulated
and brachiopods and bryozoans thrived. The species

migrated to the north and south as favorable environmental
conditions appeared elsewhere, and is most widely

distributed in the "Liberty-lower Vhitewater". G. canadensis

does not occur in the restricted Saluda lagoon, or in very
shallow environments of the final regression at the top of

the Richmond Group.
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Crientation of Ccecrallites, Growth lines, septal crooves
’ ?

and interseptal ridges are rarely preserved on corzllites

o

of CGrawinglis canadensic, and the outer portion of the

stereozone is generally absent. Tips of the corallites are

almost always rounded, and the rim of the calyx was

sometimes broken prior to deposition (Plate 5, figs. 17,

32)., Corallites oriented with the calyx approximately

horizontal and facing up, presuvmably in growth position

(Wells, 1957), are extremely rare, O more than 500

corallites collscted, two 2t horizon 5c-~1 (UCGH 45288) and

one at horizon 14b~1 (UCGM 45465) were preserved in this

way. All others were lying on their sides when buried (Plate

2, fig. 16). Of 143 corallites, 76 percent are oriented in

the most ctable position with an =2lzr side facing ur (;g.

rlzns of curvature horinontal), and only 12 percent and Q
al

percent vers denosited with ths counter znd cardi

corzllites wsre atraded and transporved zrior to final
deposition and burizl.

The &i:ectionzl orientetion of C. conndensis corallites
lying on bedding suryfsces was neasurad at seven sections in

the Cincinnati Aszch i1ogion (Text~Fig, ©). Tha distrikutions

Text—-figure S.—-—C1svingliie csnadencis (Dillings, 1862):

~

directionzl orisntations, Lichmond Croup (£s2 App. 2).
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Text—-Tiyur2 o,=-=0:ewingisiz cansdengic (Zillinge, 18862):

Givactionzl oiientztione, Iichmond Croun (22 Aps. 2).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L
[
e,
%9
1

1Ae-. '
uppsr mbr., YA
Goorgien Bay Fm.

AaN

12s-1%0 6, 8,
Whitewste: Fm

|

!

I

' S6-1.2.
. ‘ANhilewater Fin
!

|
I
|

13b-1. uppar
Dilisboro Fm.

/

-3 to 8./
Whilowater
Fm.

| nb-2 upoer
“

—
Ditishoro Fm
I N1z IN
|
y;
,
N FARS
o
b
E]

) S -
! AICHMOND GROU
[ ’ QUICROP HELY
’ 7

-

i K
N\ b nuddle Bull Fork Fm.
» / -
Bardtiown Mhi, .~
Deanas Fm

Text=-fig, 5

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



suggest preferential orientation due to predominant current
directions. A unidirectional distribution would be expected
if corallites were oriented with the tip facing the current.
A symmetrical distribution with pesks 180 degrees apart
could be produced in an oscillating current, or if the
cylindrical corallites were rolled perpendicular fto the
current or parallel to waves, with tips facing either way
(Nagle, 1967). A current from the south is suggested at
sections 4 and possibly 11 on the western side of the
Cincinnati Arch region. The distributions at sections 5
and 12 on the northwestern side of the region are somewlat
bilaterally symmetrical. This could reflect oscillating
southwest-northeast and southeast-northywest currents at
sections 5 and 12, respectively. If the corallites were
rolled verpendicular to the current, it may have been from
the southeast or northwest at section 5, and southwest or
nortneast at section 12, On the northeastern side of the
region at sections 13, 14, and 1, corallite

oilentations suggeét currents from tha south and weet.
nfoitunzte }, few nzlsocurrant data for the Unper Cidovician
znd p2riticila:ly the Liichmond Czoup of the Cincimnati Arch

. 1 — s -
ison, rotier and Fettijomn

b

region ere zvelilablzs for comp=2

. 4=1%) Tound that megarisnlese in limsstonss of

1

the Cincinnstisn S2:rise, including a2 smell proportion from

-

the Richmmdian Stage in the wvicinity of ecction 1, gene.zlly
etrike appioximatasly north—-soutn. The avsrage cross—-bedding
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 small number of

dizebinne in the Sichmend CGroup,  Thae
PR : b I - B y ke vy e 4 B g A Y ey
nredominant divoction in indizna 1s eagt-northzast, bubl the
:

cinilicone: of thls is uncarhain Lacsuse localitles from

- .y O T I T [ TR P
ad are widoly separated,  Sirike

dizections irn

sdominantly

gast-wzst, This iz conelstent with solitary corales facing

ra

to the north at ee ke directions in Adams Co.,

Ohio, =and PMleming are predominantly northe

northwest and north-south, respectively. hese trends arve

consistent with solitary corals facing east at section 1.

161G, On rivoles and related sedimentary surface forms
and their nalsogegosrapnic interpretation, Am. J,

AT, pp. 149-210, 241-269, 6 tbls.,
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51, althoush directions in quadrants

strale zre o tha

h, south, =aond

-~ o - L i
i . [ M Aoy st i
& . “ .- - H ERA - s
Clall oy . JPENRPY [ T vk Y POY
- 4y 4 - - ' Prae b e g em 'L
wl SN . P EDIH N A ; 10 iy L SUULN

SNEREENS A , nedncedd, C ol orna (O }oconcluaal ot
.- ‘: - - Ny - LR T T
2 - “ [ Lt N OSSN N O S PR ool
vicie. ] Liel Ll ! i e (o) ool
o ‘ - SRR R AT EE Tl VNI 5 UL 8 SO S g
TR
il AR oF

i latarsl conbact are

oy, Tir. 2. <Corallitas are cerateid

4

. res . < . S A : -~ g - B N I P
gensreally very weaxly corved in 2arly to intermedizate

the corals Iilved in lovw enersy, stable

comwtitions in wirich Lhe corallite sl

T i T P 4. - R Sl 4., P I Y [ T fe Te ;90 -
verticelly icto the sadiment due to added weight during

-
~
3

growth Uhlells, €471, The corallites were overtwrned,

toed odn olohwer ey conditions before
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Corallite Siva: Lern,in.,  The lengotbh—{roerusncey digtribution

of Sravwingkis canadensls corallites in the ichmond Giroup,

P . : 5 . = l. 2 e e Y e ceany abe b RIS I e RS I S NS
Cincimnzti Ascn oo2.1ion, 18 blonodal with veaks at 2209 and

7.5 wmm {(Text-Tis. &), Thig gzneral digtribution is
independ 2:nt of sirati,»=ohic horivon oy geograpnic location

(Pext-Iiga, A, 7)., & similar distribution occurs at

gy - - . N K N B L . . ) \ .
Text-Tigu: o S.—-=Crevwinckia coanadensis (Billings, 1862):

the ichmond Crouvp and two

—
!

~
td
o]

lenpth of coinallites

hosizons within it, Cincinnati Arch region (see App. 2;

= P 3 R P PR L - PP T FUNPOR P S SN
Drummoend Telond, wichnizon. Collecting bias ic thougnt to

contritute, at least in ovart, to low frecuency values only
anisthe lose than 10 ov 20 ma,

The length-Trecuezncy distritution of §. canadensig
cannct s underelcood complaicly because bilologic factors

such as bvirth rate, growbth ate; and death rate are unknown,

The bimodal Jdist:iuuvtion of these ceorallitas, which ware

transported before tuwiial, could we due to current sorting

involvins pa:rtisl removal of these less than about 57.5 mm

,—,
{c

oY)

and espacially =tout 27,0 mm long (Text-fig. ). Changes

3
<
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Text—figure 6.—--Crewingkia canadensis (Billings, 1862):

length of corallites (1) in the Richmond Group and two
horizons within it, Cincinnati Arch region (see App. 3;

Table 4).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



44

]O * 20_[_1-‘|——L\LL
%t 5 '
Richmond Group n:247
O]O 30 50 70 0

Text-fig. 6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Text~Tivie T.-=0:ewin:kiz cenadeonsis (Billings, 1862):
length of corsllites (1, mm), hicamond Group secticne (ez22
Texl-Tigce. 3, 1&; Acp. 3).
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in external form and degree of septal dilation during
ontogeny determined surface area and weight, which would
have affected the behavior of different sized corallites in
a particular current.

If the. bimodal distribution is due to removal of
corallites from an initial population by currents, they must
have been deposited elsewnere. The length-frequency

distributions for G. canadensis corallites in horizons 16a-1

and 16c=-1 at Goodlettsville~Gzllatin, Tennessee, and
norizons 19a to e at Manitoulin Icland, Cntario, are
unimodal with peaks at 35 mm (Text-fig. 7). This corresponds
to the low frecuency area of the bimodal distribution
(Text-fig. 7a, b). The very low frequency at 60 mm
corresponds to the maximum length of corallites thought to
have been removed from the initial population. These
features suggest that corallites deposited in these horizons
at Goodlettsville~Gallatin and Manitoulin Island were
removed by currents from an initial population. Further
evidence of extensive transportation will be presented in
the sections on Goodlettsville-Gallatin, Tennessee, and

Manitoulin Island, Ontario. It is noteworthy that the

unimodal distributions occur in near-shore areas at

extremities of the geographic range of G. canadensis. The

rapidly decreasing frequencies below about 35 mm in the
unimodal distribution may indicate that all corallites

removed from the initial population were not deposited
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together. The smallest size fractions could have been
transported elsewvhere, perhaps even closer to shore. A
possible example will be discussed in the section on
Streetsville, Ontario.

It is concluded that the bimodal length-freguency

distributions for C. canadensis in the Cincinnati Arch

region were vroduced by current sorting. The similarity of
these distributions geographically and stratigraphically
indicates uniform conditions during periods of high energy.
Predominant paleocurrent directions to the north and east
suggest that corallites removed from the Cincinnati Arch
region may have been deposited north of the present outcrop
area and shoreward near the extremity of the Richmond Group
to the east.

If the corallites removed by currents could be added to
those left behind, it would be possible to reconstruct the

length-freguency distribution of the initial G. canadensis

population. A combination of the distributions in Text-fig.
T7a and b suggests that the initial distribution may have

been unimodal, following the solid curve in 7a. BSuch a

distribution would resemble those for Streptelasma divaricans

and Grewingckia pulchella, which were buried in growth

position or following very little transportation (Text-figs.

14, 23).

Diameter. The rate of corallite expansion is compared

using the diameter at a height of 45 to 55 mm (Text-fig. 8).
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Text—Tigu. e 8.,--Grewingkia canadensis (Billings, 1862):

corallite diameters (d, mm) at heights (h) between 45 and
55 mm, Richmond Group sections (see Text-figs. 3, 18;

App. 4).

i e o e et e e o o e e e et et et St et et S i i e s iy e A e o it St et e e e ot S e T St e et et

At sections 2, 3, and 4 in the southwestern Cincinnati Arch
region, almost all corallites measured are between 33 and
40 mm in diameter. Elsewhere in the region, virtually all
have a diameter between 22 and 32 mm. The significance of
this distrivbution will be discussed in the Summary of the

Cincimmati Arch region.
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Text-Figure 8.——Cieovinglkia canszdsncic (3illinge, 18562)
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spifauna.  ZIplfaunal organisms on (rewingkia canadensis

corallites comprise bryozoans, solitary corals of Strentelasma

divaricans, and colonizal corals (App. 5). apifaunal bryozozns

were noted on 28% of 52¢ corallites (54 percent) in the
Richmond Group of the Cincinnati Arch region (Plate 6, fig.
4). This percentage is approximately the same at all sections.
Of 36 corallites for which the side facing up on the bedding
surface at the time of final deposition is krown, 39

."

arcent have erifaunal Liyonosns on or mostly on the uppser

o

cida, 26 poicent on or mostly on thz lowe: gz, 11 percant
cn late:al sidzsg, and 14 pex cent have bryoooans evanly
dietzituted around thes exterior. Thie uvniform distiritution
on tha uzpe. expos2d and lowsr Tturiad sidse suggests that
Lzrozoans tecame zssociated with the host corallites belore
they ws:e deposited and vrobably wiiles thsy wars alive in
crowth poeition, Zurizl =2fter dspocition was apparantly
ifauna to colonize thse
exroced corallite surisce., TFive hundrad thirteen colonies
or grours of coleonies of spifaunal Tryozozns on 27¢ corallitess

are oriented as Follows: 37 »nercent on the counter cide, 28

nercant on 2n 2lar side, and 29 rarcent on the cardinal gide,

on solitexy corzllites of the Seliirk llember, iLed hiver
Tormation (late 1iiddls or Uppaer Cidovician), southern

daznitoka (Z2lizs, 1675, p. 25-28).
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gpifeunal $. divaricans corallites are present on

seven ol 52¢ ( anadensis corallites. These occur 2t

Y
—

[@]

horizons 5b=-1, 12a-1, and 13k-1 where G. cancdencis and

[en

divaricans are more zbundant than usual (Text-fig. 2).

Pour epifaunal corallites occur on the counter side of the
host, two are on an alar side, and one is on the cardinal

side, S. divaricans may have preferred the counter side.

Spifaunal corallites occur at any height above the host's
tip. Two were worn dowvn to the base of attachment before
burial, suggesting that they lived on the host before it
was abraded during transportation, One coral that grew
upright from the inner and outer rim of the host's calyx

probably became epifaunal after death of the G. canadensis

polyp but while the corallite was still in growth

orientation, USNH 42517 shows S, divaricans corallites

that became epifsunal on G. canadensis after deposition of

the host on a bedding surface (Plate 2, fig. 16).

Cnly one of 529 G. canadensis corallites has an

epifaunal colonial coral on its counter side. It was found

at horizon 12a-2,
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ondobiota. Organisme that bored into Grewinckia canadensis

corallites comprise annelids, bryozoans, a2nd algae. Spionid
polychaete annelids probably bored for protection (Cameron,

1969b, p. 690, 698). The borings, assigned to Vermiforichnus

cf. V. clarkei Cameron, 196%9a, are straight to slightly

curved with a circular cross-section (Plate 5,

Tigs. 17, 32)., Their diameter~frequency distribution in
corallites of the Richmond Group, Cincinnati Arch region, is
similar to that in brachiopods, bryozoans, and solitary corals
of the "Waynesville" near section 14, as determined by Cameron

(1669b) (Text-fig. 92, b). These borings have an average

Text-figure 9,--Vermiforichnus cf, V. clarkei Cameron,

1969a: diameter of borings (4, mm). a, Borings in 178

Grewingkia canadensis corallites and 2 Streptelasma

divaricans corallites, Richmond Group, Cincinnati Arch

region (see App. 6); b, boriﬁgs in 45 Hebertella insculpta

shells, 6 solitary corals, and 21 bryozoans, "Waynesville"
strata, Richmond Group, near Waynesville, Ohio (from

Cameron, 196%b, fig. 5¢); ¢, borings in 2 Helicelasms, 1

Grewingkia, and 1 Lobocorallium corallite, White Head Fm,,
near Percé, Quebec (seg App. 6); 4, borings in 108

Grewingkia, Helicelasma, and Deiracorallium corallites,

Selkirk Mbr,, Red River Fm., southern lanitoba (from =zZlias,

1976, fig. 17).
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Text-figure 9.--Yermiforichnus cf, V., clarkei Cameron, 196%a:

diametzr of lorings (g, mm) . a, Borings in 178 Grewinglkia

-~

canadensis corgllites and 2 Strentelasma divaricans

corallites, Lichmond Cioup, Cincinnati Arch region (sesz hpp.

P Ay

6); Lk, torings in 47 Hebertells insculpta shells, 6 solitary

corals, and 21 bryozoans, "Waynesville" strata, lichmond

Croup near Waynesville, Chio (from Cameron, 1969b, fig. Sc);

c, borings in 2 Helicelasma, 1 Crewingkisz, and 1

I3 . ar . T - -
Lobocorallium corallite, Y“hite Head Fm, near Perce, Quebec

(gse App. 6); 4, borings in 108 Crewingkia, Helicelasma,

and Deiraccrallium corallites, Sellkirk Iibr,, lLed Hiver Fn.,

southern Manitoba (from Zlias, 1976, fig. 17).
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diameter larger than those of the White Head Formation

fi;. %S¢, &). o:wmifn: iehnve bolings wer s scen in 3C€ nercent
of 455 (. canzdencic coisllitee ficem the Cincimnati Aich

:27ieon., Toile sercentzye is armroximetesl; the some at zall
gections., The location of 1124 Yoringe in 174 corellitec is

ag Tpllows: 48 pe:cent in the counter gids, 36 percent in

I7 nll To:rings woie proGucad 2ftsr dsposition of the corzlliteg,
moet would te sxpectad irn 2n alar gids, vhicn usually facac

un. predominance in thes counter side muvet be due to prafersncs

couthern ilanitobe (IZlize, 1975, ». 23-25). In 26 corz2llit
fo. vwhich ths gids Fzcing vyp on the tedding suriacs at the time

rmostly in the upner gides, 21 pesrcent have borings unifoxnly

istributed ziound the corallite, and in & percant

oA L9,

GIe
Lorings sre in or mostly in the lower side. This indicatses

thst sgome boiring occurzed after deposition of ths corallites.

Tichziée and Shakica (1S69) found that Vermiforichnus borings

in brachiovods of ths "A:nhzim-Veiynzssville" in the vicinity

of saction ¢ wai2 yproduced subsscuent to deposition of the
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Berings produced by ctenostomate bryozoans occur in
only three corallites from the "VWaynesville" at section 14
(Plate 6, fiz. 4). 1In UCGH 45468 (norizon 14L-1) they are
present in the cardinal side, and in UCGL 45459 (horizon
14b=1) and 45470 (horizon 14b-2) they bored into zll sides.

Ordovician algal torings were discussed by Glias (1976,

€

.

p. 134-136). Borings assigned

ct

o Dendroichnus Ilias, 19706

1

form a fine dendritic networlk along the surface and
penetrating very shallowly into the corallite wall, They
are present in the cardinal-alar side of a single corallite
from horizon 11b~1 (UCCH 45304).

aa

Illcroscopic algal borings are very common in G.

canadensis corallites. They are generally filled with

tlack material and penetrate perpendicularly a short
distance into the host (Plate 6, fig. 5). That they were
produced by algae is beavtifully demonstrated by the
presence of modern algal borings in UCGII 45302 (Plate 6,
fig. 6). The specimen was collected in a stream bed and
the exposed surface of the corallite was covered with a
green algal Tilm, Thin sections reveal very fine borings
filled with green material penetrating a short distance
perpendicular to the corallite exterior. Unlike the
Ordovician borings, they psnetrate micrite and secondary

calcite crystals filling Vermiforichnus borings. They are

similar in morphology but are finer than the Ordovician

borings. Almost all Ordovician algal borings are in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



outer corallite wall, hut in two specimens they penetrate
septa from the interseptal chambers and in one of these

they also enter the corallite from a Vermiforichnus boring.

These borings were probably produced after death and decay

of the polyp. The position of microscopic algal

Yorings in 2€ corollites ic age follove: ©5 nercent nLnve
Lorin; g in 211 gidss, 12 selcent in the couvnter side, 2 percent

- - . - o
in a2 counter —olz2: side, 13,97 percent in zn aler side, <

rercent in 2 czsdinal-alay sicdz, 2nd 10,9 varcent in tiho
cz:dinzl side (Lipp. 7). The algas show ne preferecncs for a

rerticule: location in the corallitss, znd ars genersll

oreesant in 211 onto; 2retic sta:sc of the host. Thlg,

. - el ~
topather with thsir commen occurisncs beneath epifszunsl
s . JE N - N wmr Db e
tiyorozns, su;.ests that Toring occurrsd vary soon 2itar

vocition, Ilicioscopic 2lgal boiings 2z 2 nresant in 53 of 7
corallitees Fom sactione 1t05and 10to 14 for wiaich thin se=ctions
were axaminzd., The only sections at which all corallites do not
have borings are £, 12, z2nd 12 in the noivthern paxrt of tha
Cincinnzti Avch zecion. Algsel borings are test developed

(iz. meximum diamste. and length) 2t section 4 in the
cuthwest, and 2:e most weakXly developsd (ie. Tiner and ver
hoxt) at gacticne 12, 13, end 14 in the north. licdern

=2 flourish in intartidsl environmente and ney Le
akunient to a depth of =zhout 20 to 2% m (Tromley, 1670, p.

“d). Thel: cdevelopzent and distribution in ths Cincinnati

e
o
-
(@l

h zecion may reflzct sn inciease in water d2pth northward.
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Algal torings of the same type as those in solitary corals

were described in brachiopod shells from the Richmond Group

in Ohio (Kobluk and Lisk, 19771). The borings are empty,

or partially to entirely filled with pyrite.

'Kobluk, D. R., and Risk, K. J.

1977. Algal borings and framboidal pyrite in Upper

Ordovician brachiopods. Lethaia, vol. 10,
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Sizmetor within foovins i cnnndlancis of the Iicnmond Group

in the Cincinnati Arch regsion is indiceted ty comparing velues
for knovm "Wazynesville", "Literty", and "Whitewater-Ilkhorn"

N

strata (Text-fig. 10). At section 1, however, thers is no

Text-figure 10.--Crewingkis canadensis (Eillings, 1862):

relation between numbker of major septa (g) ant corallite
Ciameter (g) for three horizons in the HKichnmond Group,
Cincinnati Arch 1egion. Kumters indicate frecuency of a

voint if greater than one (ggg‘Text—fig. 2; Appe 8; Table 4).
Curves are average for Hichmend Group, Cincinnati Lrch

region (sge Text-fig. 36).

i s o e e vt e e e e o T i i Ty o i e e et e e o et - o et e i S et et ot S St b Sk ek e e 4t e

chaznge throughout the Richmondian, and distributions at all
horizons resemble those for "Literty" strata elsewnere

(Pext—-fig. 11). This is the only area in the Cincinnati Arch

Text-figure 11.--Grewingkia canadensis (Billings, 1862):

relation between number of mzjor septa (n) and corallite
diamster (d) for five collecting horizons at section 1,
Richmond Group, Cincimnati Arch region. Numbers indicate
freguency of a point if greater than one (see Text-fig. 3; App.
8; Table 4). Curves are average for Richmond Group,

Cincinnati Arch region (sees Text-fig. 36).
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Text-firu. e 10.--Grewingkiz canadensis (Billings, 1862):

relation tetween number of major septa (g) and corallite
diameter (d) for three horizons in the Richmond Group,
Cincinnati Arch region. Numters indicate frecuency of a
point if greater than one (see Text-fig. 3; App. 8; Table 4).
Curves are average for Richmond Grouvp, Cincinnati Arch
region (gsee Text-fig. 26).
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Text-figuie 11.--Grewinglkia canadensis (Billings, 1862):

relation between number of major septa (n) and corallite
diameter (d) for fiwve collecting horizons at section 1,
Hichmond Group, Cincinnati Azrch region. HNunmbers indicate
frecuency of a point if grester than one (ggg Text-fig. 3; ADPPp.

8; Table 4). Curves are average Tor Richmond Group,

Cincinnati A:ch region (see Text-fig. 26).
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region waere there 2re no major lithologic changes within

the Pichmond G:oun, excert fo: an urward increase in snzle

0

the Gueencton delzta

(=5}

srobetly related to progradaticn o

ey

T
e
§

by

(Text-isr. 2). The increzse in tas number of scpta that

4
9]

occurred elsevhers must have teen the result of environmental
chenge. Perhaps it was related to a decrease in water depth,
as suggested by "Wayneswille", "Liberty", and "Whitewater-—

Slkhorn'" lithologies (se2 Depositional IZnvironments).

Axiel Herion., The degree of variation of the exial

recion in later ontogenetic stages within Crewingxia

canadensis spans the genera Grewingkia, Helicelasma, and

Borelasma (see Systematic Paleontology and Text-fig, 26a),

Crewingkia is characterized by a complex axial structure.

Helicelasma normally has a very simple axial structure, or

the major septa may extend to the axis without forming a
structure., The major septa do not reach the axis in
Borelasma, In order to compare the axial region of
corallites, a comparative scale was prepared using 21
corallites assigned values of O, 5...100 on the basis of
decreasing axial region complexity (Flate 4, figs. 33-53).
Other corallites were assigned values using this scale.
The axial region comparative scale wvalue-frequency

distribution for G. canadensis of the Richmond Group in the

Cincinnati Arch region has a pezk at 35, indicating that
most corallites have moderately complex axial structures

characteristic of Crewingkia (Text-fig. 12). Although
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Text-Tigure 12,~-Srewingskis ceradensic (Eillings, 1€62):

axial region comparative scale values for the hichmond
Group and three horirong within it, Cincinnati Arch region
(see Plate 4, figs. 33-53; App. 9).

relatively few values are available for the "iaynesville",
the distribution has a peak at 3% with fairly low fregquency
telow 25 and very low freguency above 45, The distribution
{for "Liberty" corallites has a pronounced peak at 35, and
freguency below 25 and above 45 is low, Tor the "Whitewater-—
Ilkhorn", the strongest peak is at 65. There was apparently

a trend in G. canzdensis toward predominantly simpler axial

regions, although the total range in variability of the
axial region remained approximately constant during the
Richmondian. This trend, like the increase in the number
of septa, may have been relatad to decreasing water depth.
Too few data are available to determine if this trend also

occurred in the vicinity of section 1.
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Text-figure 12.--C1avingkia canadensis (Billings, 1862):

axial region comparative scale wvalues for the Hichmond Group
and three horirons within it, Cincinneti Arch region (ges

Plate 4, figs, 33-53; App. 9)»
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B, Strevtelasmz divaricans (Nicnolson, 1875)

Straticraphic Distribution. The distribution of Streptelasma

divaricans generally parallels that of Grewingskia

(]

canadensis, but this species is not as sbundant (Text~fisg.

3).

Orientation of Corallites. ‘Wwhereas G. canadensis corallites

formed a transported constituent within and on carbonate

beds, 3. divaricans was epifaunal on stabilized carbonate

substrates during periods of non-deposition., Septal grooves
and interseptal ridges are commonly preserved, indicating
little abrasion (Flate 1, Tigs. 20, 27, 30, 33; Plate 2,
figs. 1, 17s). Znergy conditions remained low, and
subsequent generally argillaceous sediments buried many
corallites in an upright position, apparently in growth
orientation (Flate 2, fig. 7). Some were deposited on their
sides and a few at sections 12 and 13 are oriented with the
calyx facing dovwn, indicating transportation before final
burial.

The attachment sites centered on the cardinal side of
5C corallites ars as follows: 68 percent encrusting and
branching brvozoans, 17 percent brachiopods (Plate 2, figs.

i2, 13s, 14s), 8 percent Grewingkia canadensis corallites

(Plate 2, fig. 16), 5 percent colonial corals (Plate 2,
fig. 15), and 2 percent pelecypods (App. 10). Larvae

frecuently attached to living bryozoans, as demonstrated by
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upward growth of bryosoans to surround corallites (Tlate 2,
fir. 9s). The corallite wall is cometimes absent at the
gite of attachment and septa zre connected directly to the

bryozoan (Plate 2, fig. 11). The septa of §. divaricans

are generally undilated, but in UCCGII 45018 and 45128 the
septa are moderately dilated where the corallites are
surrounded by bryozoans (Plate 1, figs. 42-45), Dilation

nay be a response to stress. The location of £. divaricans

on brachiopods is shown in Table 1. Richerds (1972, p. 401,

Table 1,--Streptelasma divaricans (lNicholsen, 1875):

attachment sites on brachionods, Cincinnati Arch region

(data from Hichards, 1972, unless specimen number is given).

fig. 10) stated that "many of the corals are located [on

Rhyncheotrema dentatum and Lenidocyclus capax] so that the

polyp would have been bathed by the exhalent current,
Parhaps the coral fed on food of a size or type systematically

rejected by the brachiopod". At horizon 4-2, S. divaericang

corallites are situated at the uppermost points on colonial
corals, some of which had been overturned before
colonization. bThe species apparently favored elevated
positions on stabilized substrates in low energy conditions.

S. divaricans was not found in the Bull Fork Formation at

section 1, although G. canadensis is common (Text~-fig. 3).

This is the only areza in the Cincinnati Arch region where
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Takle 1.--Streptelasms divaricans (liicholson, 187%):

attachment sites on trachiopods, Cincinnati Arch region (data

from Richards, 1972, unless specimen number is given).
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prominent lithologic changes are not present in the
Ricnmond Group. Ferhaps deposition was more continuous

and wniform, not allowing S. divaricansg an opportunity to

colonive stabilized substrates.

S. divaricans corallites generally occur individually,

O

but 26 percent form clusters of two or more (Text—-fig. 13;

Plate 1, fig. 27; 7Plate 2, figs. 1, 8s). The maximun

Text-figure 13.--Strentelasma divaricans (Nicholson, 1875):

solitary corallites and number of corallites comprising
pseudocolonies and colonies, Richmond Group, Cincinnati Arch

region (see App. 10),

number of corallites seen in a single group is 13. Iiost
clusters apparently represent pseudocolonies, with true
coloniality being rare (see Systematic Paleontology). This
gregarious habit is probably dus to muliiple selection of

favorable attachment sites.
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Text-figure 13.--Strevtelasma divaricans (Hicholson, 187%):

solitery corellites and number of corallites compricing

rseudocolonies and colonies, Richmond Group, Cincinnati Arch
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75,
50
%f
25 n=189 solitary corallites,
pseudocolonies, and colonies
O] 2 3 4 5 6

number of corallites

Text-fig. 13
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Corallite Sice. The length-frequency distribution for

Streptelasma divaricans of the Richmond Group, Cincinnati

Arch region, is shown in Text-fig. 14. Collecting bias is

e e e o L

Text-figure 14.--Streptelasma divaricans (MNicholson, 1875):

length of corallites (1), Richmond Group, Cincinnati Arch
region (see App. 3). Collecting bias is thought to

contribute, at least in part, to low frequencies below 10 mm,

thought to contribute, at least in part, to progressively
lower frequencies below 10 mm. The effects of biologic
factors such as birth rate, growth rate, and death rate are
unknown, The distribution above 10 mm probably reflects
the population because many corallites were preserved in
growth position and few show signs of extensive
transportation.

The longest corallites of 5. divaricans occur at

section 4 on the southwestern side of the Cincimnati Arch
region. The significance of this is discussed in the

Summary of the Cincinnati Arch region.

Lpifauna. Epifaunal organisms are very rare on Sireptelasma

divaricans, probably because of small corallite size.

Bryozoans occur on several larger corallites at horizons

4-3, 4-5, and 12a-9 (App. 5).
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Text-figure 14.--Streptelasma divaricans (Nicholson, 1875):

length of corallites (1), Richmond Group, Cincinnati Arch
region (see App. 3). Collecting bias is thought to

contribute, at least in part, to low frequencies below 10 mm.
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ndobiota. Vermiforichnus boringe were seen in only two

Straptelzemz divaricsns corallites at horizmon 4-5 (App. 6).

Iicroscopic 21;0) bhorings are present in 22 of 40 corzllites

from the Cincinnati Arch region for which thin sections were

examined (App. 7). Corallites without such borings are not

restricted to the northern part of the region, as they are

for Grewinslkia cansadensis., Algal borings are most weakly

developed at sections 12, 13, and 14 in the northern

Cincimnati Arch region, possibly reflecting greater water

depth., The low freqguency of endobiota in S. divaricans
may be related to small corallite size and the fact that
living bryozoang freguently surrounded the corallite soon

after secretion, thereby protecting it.
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Text-Tigu.e 15.--Strevtelasma divaricans (liicholson, 187%):

relation between number of major sapta (n) a2nd corallite

diameter (g) for two horizons in the Hichmoend Group,

'

Cincinnati Arch region. DNumbers indicate frecuency of =

. P o -~ N
point if grezter than one (see Text-fig. 3; App 6; Tatvle 4,.

Curves are average for lichmond Group, Cincinnati Arch region

(see Text-Fig. 28).

The degree of variation of the axial region in later

ontogenetic stages within S. divaricans spans the genera

Streptelasma and Grewingkia (see Systematic Paleontology and

Text-fiz. 26a). In Streptelasma, the major septa are

withdrawn from the axis or extend to the axis without

forming an axial structure. CGrewingkia is characterized by

a complex axial structure. In order to compare the axial
region of corallites, a comparative scale similar to that

for G. canadensis was prepared, using 19 corallites assigned

values of 5, 10...95 on the basis of decreasing axial region

complexity (Plate 1, figs. 1-19). Other corallites were
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Text-fifure 15,-=-Strevtelasma divaricens (Iicholson, 187%5):

relation between number of major septa (nr) and corallite
diameter (§) for two horizons in the Richmond Gioup,
Cincinnati Arch regiorn., Kumbers indicate frecgusncy cof a
voint if greater than one (see Text-fig. 3; App. 8; Table 4).
Curves are average for Richmond Group, Cincimmati Arch region
(sge Text—Ffig. 28).
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assigned values using this scale, The axial region
comparative scale value-frequency distribution for gS.

divaricans of the Richmond Group in the Cincinnati Arch

region has a peak at 65, indicating that in most corallites
the major septa extend to the axis without forming an axial

structure, as is typical of Streptelasma (Text-Lig. 16).

Text-figure 16.--3treptelasma divaricans (icholson, 1875):

axial region comparative scale values for the Richmond Group
and two horizons within it, Cincinnati Arch region (see

Plate 1, figs. 1-19; App. 9).

The distribution for corallites of the "Liberty" has a
troad peak centered about the value 65. TFor the overlying
"Whitewater—ilkhorn", 2 sharp peak is present at 65 and
frequencies at values below 40 are lower than in the

"Liberty" distribution. As in G. canadensis, there was

apparently a trend toward predominantly simpler axial
regions, although the total range in variability of the
axial region remained approximately constant through the
Richmondian., The axial regions of corallites witain

- pseudocolonies and colonies are the same or similar (App.
9). In tha case of pseudocolonies, this could reflect the
similar environment shared by the corallites., Similarity
within colonies could be envirommentally or genetically

controlled, If the trend toward predominantly simpler
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Text-figure 16.--Strevtelasma divaricans (lNichcleon, 187%):

axial region comparative scale values for the Richmond Group
and two horizeons within it, Cincinnati Arch region (see
Plete 1, figs. 1-19; App. 9)..
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axial regions is environmentally controlled, it may be

related to decreacing water depth.
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Cummary
In general, the Michmond Group of the Cincinnati Arch
region represents a yegragsive scecuence, possibly following

a transgression near its base, Watzr aepth becams progressively
| A £ to .

4

ater northward, with dsvositional cstrike oriented east-west.

(0]

£r
The argillaceous, silty, and dolomitic sedimentary rocks of the south

creée northward into interbedded shales and limestonss. Cn

0

ct
oy
0]
(O]
&
[&]
ot
M
¥
o
O]
=
o))
]
]
th

the region nearest the Quesnston delts,
mzrine anvironments were mors restricted and terrigenous

input was greate:r than on the western side, which faced the
main body of the epicontinental sea. In these less restricted
esnvizonments, sxtensive develosment of colonial coral tanks

vroduced a tenporary restri

e}

ta2d lagoon in later Dichmondian
time. On the southwestern side of the Cincimnati Arch region,
colonial coral zones are most prominent (Erowne, 1964, p. 38S),

Grewingkia canadsnsis corallites are broadest, Strentelasma

BN

divaricans corallites are longest, and sndofeunal algae are

best developed. This area, on the shallow, open shelf
edge of the Richmond Group carbonate belt, must have been

an arez of high productivity that was especizlly faverable
for corals. The Cincinnati Arch was probably a subtle,
broad platfofm sloping slightly to the north and influencing
carbonate sedimentation and organic buildups during the
Richmondian Stage.

Grewingkia canadensis (Billings, 1862) and Streptelasma

divaricans (Nicholson, 1875) are the only solitary rugose
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corals known from the Cincinnatian Serieg of the Cincinnati
Arch region. They first appeared at the base of the
"Waynesville" in the Richmond Group, suggesting introduction

during a lower Iichmoncdian transgreession. Ioth species nav

M

a eimilar stratigravhic distritution, end Tavored 'normal' marine
watere of "intermediate" depth whers calcium carbonote sediments

accurtulated and brachiopods and bryozoans thrived. G.

canadensis prolkatly lived in statle, low energy environmense,
but the corzllites were transported in highser energy concditions
before final cdeposition anc rapid burial. any corzllites

lese than about 60 mm and especially about 35 mm long were

removed from the region. Vhereas G. canadensis corallites

formed a clastic constituent within and on carbonate teads,

S. divaricans was epifaunal on stebilized carbonate subsirates

during periods of non-deposition. The corals commonly

attached to slevated areas especially on btryozoans. Insrgy
conditions remained low, and subsequent generally
argillaceous sediments often buried the corallites in growth

position, 1In both G. canadensis and S. divaricans there was

a trend toward predominantly simpler axial regions, although
the total range in variability remained approximately

constant. The average number of septa in G. canadensis

generally increased during Richmondian time, but remained
constant in the vicinity of section 1 where environmental
conditions were apparently relatively uniform. These itrends

may be related to decreasing water depth. During the final
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stages of regression of the spicontinental sea at the end

of the Richmondian Stage, (. cznadensis and 5. divaricans

hecame extinct.
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2. DURKISVILLG, IR LCIY
In the vicinity of Lu:iesville (Text-fig. 2, no. 2),

-

C by the 6 to 40 m taick

[4¥]

S &

[§]

nt

('D

the ZDichmond Croun 1g 127,
Cumterlané Tormaetion, which is predominantly unfossiliferous,
fine grained dolomite (Text~figf. 3). The dolomite is generally
masesive, but bturrows and very Fins laminze (? stromatolites)
ars zlso pressnt. The formation was protally deposited in
restricted, very shallow marine environments, Near the base,

a thin zone of limestone with shale interteds occurs locazally
This was termed Burkesville limestone by Jillson (1951).
Calcaresous mudstone with birdseye structures is

present, &7 well as wackestone containing a few bracniopods,
trenching bryozozns, and gastropocds. This probatly represents

a brief 'normal marine incursion. Jillson (1951, p. 13, 14)

listed a cCiverse Taunz thzt pointed "rather conclusiwvely to

0]

the Waynesville age of the Burkesville limestone"., HNezr the
tor of the Cumkerlané Formz=tion, local limestone lenses and
shale interteds are alsc present. At horizon 15k, one meter
of limestone is overlain by 0.2 m of shale. The limestone
includes wackestone with some branching bryozoans,
brachiopods, and gastrorods, and probably represents a short,
"normal' marine interval. Also present is limestone pebtle
conglomerate and fine laminae suggesfing very shellow marine
to possibly subaerial conditions. Jillson (1953) described
the Haggard limestone f:om this approximate interval at

horizon 15d. He listed a solitary coral, the colonial
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corale Tavistina, Colanozcia, ond Tetiradium, =2s well as

trachiorods, trvoroans, and a few other fossils that

istingui

o3
)

n this limestone "incdisputably as & correlative of

T

the Litert

.
v

division of the Tiichmond" (Jilleon, 1952, r. 9).
All exvosed tvedrock seen zt thie horiron is unfossiliferous
dolomite. Loose Tlocks ol fossiliferous wackestone, packstone,
and grainsitcns with brachiopods, bryozoans, and typical

£

nicamond Group coclonial corals wers found. Solitary rugo

w0
(6]

corals were not seen, and the true identity of the epecimens

Jillson »eferred to as St

[&]

vtaelasma rusticum remains unknovn.

The presance of "Liberty" strata akout 10 m below the top cof
the Cumkerlaend Formation suggests thaet little was removed by
post—~Richmondian - pre-Devonian erosion.

Foerste (19122, p. 447) reported solitary corals,

e

colonizl corzls, and strometoporoids sast of EBurkesville in
Yayne County, Kentucky. He stated that this horizon

probably correlates with the basal "Liberty".
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3. CCCDLZTTSVILLI-GALLATIN, ToNIIOS8LI2
The Nach+ville Dome 1s knovm to a=zve Leen periodically
nositive since the early liddle Ordovicizn (C.W,e VWilson,
16252). It was uplifted abtove gea level during the late
faysvillien, and :emained so excent locelly until the
missiseippian., Hichmondian sediments of the ‘:nneim
and overlying Ternwale itormations we:e deposited on the west

-

and north sides of ths dome (Lasgler, 1%22, p. 120-130; C.

it

W. Wilson, 164S, p. 201-207, 212-21%)., Clastic and
cartonate sediments forming the Seguatchie Tormation to the
east {C,%. ¥ilson, 1949, z. 206-211) intertongue with
various horvizons in the Arnheim-Fernvale on the north side

N

the Nashville Dome. The Richmond Group ie overlain Lty

Yy

0
the Middls Llandoverian (Lowsr Silurian) Brassfield Formation,
which has abundant solitzry corals at its base north of
Callatin (loczlity 16c).

In the Goodlettsville~Gallatin area north of Neshville
(Text-fig. 2, no. 3), the Richmoné Group varies fr atout 6
to 35 m in thickness (Text-fig. 3). The Arnheim Formation
consists of 7vubbly bedded argillacecus limestone with gray
shale interteds. The fauna was discussaé by TFoerste (1512a,
p. 446, £47), and listed by Bassler (1932, p. 124) and C.V.
Yiilson (194¢, p. 207). ZPrachiopods are most aktundant, and
solitary corgls are common, The Fernvsle Formation conesists

cf thicksr and more 2venly bedded crinoidal nackstonss,

¢rainstones, and lesser finely laminated wackestone-mudstone,
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with shale intertecde, Drachiocrods and hryo:zoang arce comnon,

- 3+ AR ] " L S < 1 . Ao o AN 1
tut solitz.y coizle 22 1aro. ossils fror the chal

%

4]

entvivalent of the Fernvale were ligted by C.W. Wilson

[%

(164G, ». 21). A western tongue of the fecusichie Pormation

occu: £ at the torn of the Lichmoné Grouv in the Gooclettsville-
Gallztin ares=z, t conegists primarily of mascive,
wnfossiliferove, argillaceous sandstone with occasional

-
I

turzeows and fine laminze, A few thin beds of wackestone and

mudstone with birdseye ctructures and fine laminae are

present locally., ©Sewveral very thin lenses of fossils including

common solitary corals and brachiopods occur in the sandstone,
The Richmondian sscuence on the northern mergin of the |

Kaehville Dome epnezrs 10 be regressive., The Arnhein was

depositsé in feirly low energy conditions, as indicated by

he lithology (Howe, 1869, p. 1334). The Fernvale sediments
sugzest a higher energy shoal (Howe, 1869, p. 1333). The

4

lithology and sedimentary structures of the Secuatchie
tongue indicete wvery shallow marine to possibly occasionally
subaerial enwvivonments,

Fassler (1932, ». 122, 124) noted that brachiopods of

the Arnheim Formation of Tennesses ars characteristic of the

"Arnheim" in Ohic, ®ut some of the brachiopods and other

H-

foesils are also typical of the “Waynesville". Howe (1969,
v. 13235, 1335) stated that the fazuna of the Arnheim TFormation
indicates a Richmondian age, tut does not warrant precise

correlation with the type Hichmond of the Cincinnati Arch
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1 2.icn., Cn the basic of stratifzaphic pocition, the Arnheim

”e

Tormation of Tennesces may e enulvelent to thz "Arnhein-
viaynegville", I the lower Arnheim Formaticn »roves to be
"Arnheim" in age, 1t contzinc the olcdect gclitery corals in
the DNichmond G:oup. The stratigrephic position and
predominancs of limesstone in the Fernvale I'ormation near
Goodletteville sugrest correlation with the "Liberty". The
upprer tongue of the Secuatchie Formation mey correspond to
the "Whitewater-LElkhorn". Howe (19668, p. 1325) found that

diagnostic Richmond Group brachiopocs occur in the

Arnheim = and basal Fernvalzs formations, whereas llzguoxst

©

Group brachiopods are restricted to higher noricons,.

U)

Grewingkiz canadensis (Billings, 1862) is the onl
(&) D b ]

solitary coral'known from the Richmond Group in the
Kashville Dome area. The corallites were abraded (Plate 6,
fig. 7) and deposited on their sides before burial (App. 1).
Zpifaunal bryozoans are very rare, and were seen on only
two of more than three dozen corallites (App. 5).

Vermiforichnus borings are rare (App. 6). Ilicroscopic

algal borings were seen in only one of nine corallites for
which thin sections were exemined, but the stereozone is
poorly preserved in specimens from this area (App. 7).

The length-freguency distribution for corallites in the
Arnheim Formation suggests that most if not all were
transported from elsewhere, as previougly discussed under

G. canadensis of the Cincinnati Arch region (Text-fig.
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7). The source remains unlkmovwn because palsocurrent data
are not available fo: this area. Distritution of the numkes
of majo: sarta 2t a particula: diameter cuggeste tnzt the
cuzrals lived in zn environmesnt similar to that during
"Waynesville" time in the Cincinnati Arch region (Text-Tige.
17, 10). Valuss for coizllites in the Fernvale TFormation azre

Text-Tijvre 17.~--CGrewinskia canadencgis (Billings, 1862):

relatibn between number of major septa (g) and corallite
diameter (g) for four harizons in the Richmond %roup, Goodlettsville—
Gzllatin =zir22, Tennsssse. Kumkeic indicate frecuency of a
point if greater thzn one (see Text-fig. 3; App. 8). Curve
ig ave:age fo: Richmond Group, Cincinnati Arch region (see

similar to those in the "Literty" of the Cincinnzti Arch
region.

Corallites in a thin, fossiliferous lens in ths
Sequatchie Formation (horizon 16b-2) are unusuzally long and
broad (UCGI 45517, 45518, 45521). They excesed 60 mm in length,
wnich is thought to be the maximum esize of corallites thet
were removad by currents from an initial population (Text-
fig. 7). These co:als may have lived in the Geoodlettsville
a:za. Yalues for the number of mejor septa at a particular
dizmeter are typical of the "Wanitewater-Ilikhorn" in the

Cincinnati Arch region ( Text-figs. 17, 10). Corallites in
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Text-figure 17.--Crawingkia canadencis (Eillings, 1862):

relzation between number of major septa (n) and corallite
diameter (d) for four horizons in the Richmond CGroup,
Goodlettaville-~Gallatin area, Tennessee, DNumbergs indicate
frecuency of a point if greater than one (see Text-fig. 3;
App. 8). Curve is average for Richmond Greup, Cincinnati

Arch region (sse Text-Tig. 36).
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2nother similar lens within the Sequatchie Tormation (haizon
a

15¢=1) hze

£2

lengtkh~frecuvency distribution suggesting they
werre btrancsported fiom eleevhere, a2g previously discuscsed

(pext=figc. 7). Two of the 16 corallites collected at this

S..J

horicon have the steieozone completely removed, indicating
extensive abrasion. Values for the numter of major certa at
g narticular dismster are typical of the Arnheim Formation of

Tennessee anG "VWayneswville" of the Cincinnati Arch region

< O

()]

(Text-figs. 17, 10). These corallites may have been reworked

nd devositsd in the clestic Secuatchie tongue., They ars
Iy &

¢

narrow, naving o diameter-height ratio similar to those of
the Arnheim Formation, and the nortnwestern and eastern
Cincinnati Arch region (Text-fig. 8). One spscimen (UCGH
A45%32) comprises three small corallites, but it is not known

if these represent a pseudocolony or colony.,
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4, LITTLZ STURGIZCH BAY, WISCONSIN

Silicified, poorly preserved corallites of Crewingkia

canadensis (Fillings, 1662) (USCS 347W) and typical

Richmond Group colonial corals (USCS 433K) are present in
dolomite at the top of the llaguoketa Group at Little

Sturgeon Bay (Text-figs. 2, no. 43 18). Chamberlin, et al

Text-figure 18.--Vestern and northern outcrops:
Richmondian stratigraphic sections to scale and

distribution of solitary rugose corals (Streptelasma,

Helicelasma, CGrewingkia, and Bighornia) (see Localities). For

legend of symbols see Text—fig. 3.

R N N N N S NS ms ==

(1883, p. 171) reported that carbonate beds in this area
grade into shales toward the south and west. This zone
appears to represent an incursion of the Richmond Group
associated with final regression of the epicontinental sea

at the end of the Richmondian Stage.
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Text—figure 18.--Western and northern outcrops: Richmondian
stratigraphic sections to scale and distribution of solitary

rugose corals (Streptelasma, Helicelasma, Grewingkia, and

Bighornia) (see Localities). For legend of symbols see Text-fig.

3
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e LITTLZ TAY D2 NCC, IICEIGAN

In no:thern Jichigan, the Lichmond C:oup 1ic exvosz=d in

the peninecula bvetween Little znd Eie Tay de Loc (Text-figs.

2, no. 5; 18&). The baszl tads

w
“
Q
-y

tne 12 m thick Bay ce Loc
Miembter of the Stonington Tormstion are considered [laysvillian
in age (Libte:ty and Snelden, 196&, fig. &, p. 2E8). The
Richmondian porticn coneiste of rubkkly bedded argillaceous
limesteore with gruy shale intertsds (Hussey, 1926, n. 149;
1620, ©. 16, 17). The cartonate content and frecusncy of
fossils increase urward. At locality 17b, a few pelecypods
and trilotites occur in the 1ower vai't, and brachiopods and
some kryozoans are vrasent in thin lenses znd zones in
limestore highe: in tae memter, Hussey (1650, r. 17. 18)
listed the fazuna. Foersts (1918, p. G9) found a solitary

coral, refe:rred hersin to Streptelasma divaricans (Kicholson,

1875), three meters telow the top. The specinen consists of
wo adjacent corallites near the anterior margin of the pedicle

valve of Rafinesquina (Flate 2, fig. 18s). Toerste also found solitary

corals, referred herein to Grewingkia deltensis n. sp., at

the tor of the memter. The Eay de Noc ilemter is probably
hallowing upward seguence deposited in a'normal'marine
environment. Foarste (1918, p. 125, 126) suggested that
fossils of thz RBay de Noc Xember (his "argillacesous Richmond
limestone'") "may reprasent 2 late stage of the Waynesville

faunza or an early stage of the post-~ifaynesville". Hussey

(1626, p. 144) noted that the presences of many "Waynesville™

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



104
anté "Whnitewate:" fogsile togetner with "Ilithoyn" forme
riade positiwve correlation unwiez, tutl suggested tnat the upper
p21rt ol the Bay de Noc lember mey bz "Whitewalzr" in age.
The vosition of the Tiay de lioc Iember a1t the tase of the
stratigranhic c2ction, the general lithology and zbundance of

shale, and the 12:1ity of solita:y corale sugg

o)

gst it may
cor:elate with the "Arnheim-Waynesville",

The ove:lying Cgontsz Xembe:r of the Stonington Formation
is 1 to 6 m thick and consists of cherty micritic limestone
and wackestone with argillaceous material in irregular tands

and lenses. An intraformational conglomsrate of irregular

e
noduvles and thin slabs of Ogontz limestons is present near
the top of thememter (Hussey, 1926, p. 135-128; 1950, p. 17).
dussey (1950, p. 16, 20) listed the fauna. Corallites of

Grewingkia deltensis are common on some surfaces of Ogontz

limestone, where they tend to occur in groups in assoclation
with small gastropods and some brachiopods. The corallites
were abraded and tips rounded before burial (Plate 6, figs.
35, 45). Two corallites were buried with the counter side
up, six had an alar side up, and one had the cardinal side
up (App. 1). G. deltensis corallites arc trochoid,
moderately curved, and attain large size. They resemble

corallites of Grewingkia in the Red River Formation (late

Ifiddle or Upper Ordovician) of southern lanitoba, and were
probakly oriented during life with the convex cardinal side

in the sediment and counter side facing upward (Elias,
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1676, p. 21=-34). MNone of the specimens collected had

epifauna or Vermiforichnus borings. Beth cpecinens for

which thin sections were examined had Crdovician microscopic
algal btorings, and one also had similar Ilscent borings
produced by algae in Lake iiichigan (Plate 6, fig. 38; App.
7). The Ogontz llember was deposited in a shallow marine
environment with little terrigenous influx, possibly

in a shelterad lagoon as suggested by the micritic composition
and common gastropods. The intraformational

conglome:ate may indicate a period of subaeriasl exXposure ra2ie

elztively purs micritic

-

the 2nd of Ogentz depesition. The
limestone characte:rising the Ggontrs Xember is not found
elsewhere in the Fichmond G:oup. Fosresie (1618, p. 12%5)
riovisionally correslzted the Ogontz (his 'cherty Kichmond
limestong") with the "post-izynesville" on the basis of fauna,
HQussey (1926, p. 144) suggested that it may ke scuivalent to
the "Vhitawater"® The vosition of the Ogontz llember in the
stratigrarvhic secuence, the predominance of limestone, and
the common occurrence of solitary corazls suggest 1t may
correlate with the "Liberty".

Cverlying the Stonington Formation is the 38 m thick Lig
Hill Formation. It concists of dolomite with some shale
rartings (Zhlers, Zesling, and Slauvghter, 1967, p. 225). In
g cuarry near the base of the formation at locality 17c¢, burrows

end planzi laminae are present. Hussey (1950, p. 21, 22)

listed the fauna. Atuncant colonial corzls of Faleophyllum
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and Cateniporz and numerous kryozoans occur throughout

(Zhlers, FKesling, and Slaugnter, 1967, p. 228). Near the

tase, the typical Eichmond G:oup colonizl co:ale Calayoecie,

Falesophyllum, Pavietina, and Catanipora occu: in abundance

(Hussey, 1926, p. 14%; 165D, p. 21). Iear ths top,

-— Y

Fzleophvllum and Cateninpo:a were reported (Zhlers, Xesling

P

hter, 1967, p. 22%). ©Solitary corals are rare to

£
&

Slau

ol

a
common in assocization with colonial corals at locality 174

near the base of the formsvion, but are {too poorly pressrved
for identification. Bhlers, Xesling, and Slaughter (1567, p.
22%) zeported solitea:y corals below the very fossiliferous
colonial coral zone at the top of the formetion. The lithology
and sedimentery structures of the Big Hill Formetion suggest
devosition in periodicelly semi-restrictad, shzllow marins
environments, perhaps frecuently in lagoons behind colonial
coral tanks. The formetion resembles the Saluda Dolomite

f*

Mlember of ithe western Cincinnati Arch region. Hussey (1926,

P. 148-180) considersd corrzlation of the Big Hill Formation
uncertain, tut suggested it may te near the "¥hitewater-
Tlxhorn"., Its stratigraphic position above the Cgontz Fember
tut below the llormon Cresk Formation, the dolomitic composition,
and the presence of colonial coral zonss and solitary corals
suggest correlation with the "Whitewéter".

The 36 m thick Mormon Creek Formation ove:lies ths Big
Hill TFormation (¥esling, 1973, p. 5-7). It consists of

thinly tedded dolomite alternating with bands of shale, and
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contains gypsum and occacional hopper-snaped halite molds.
One species of ostracod is abundant on gsome bedding planes,
and certzin units contain trace fosegile. Hesling (175, z.
6) considerad the formation tc nave been deposited in a

asin.,  Ivaporite-procducing environ-

)
o
(o

brine-Tillec, 1cstricts

(@)

ments did not occur elsevhere in eastern North America during
the latest Ordovician. The wvosition of the Lormon Creek
Tormation as the final stage in a regressive sscusnce gt tne
top of the Zichmondian stratig

may corralate with the ".Jlkhorn",
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0. DEUNNICLD ISLALD, LICHIGAL

The Ticnmond G:our is exnosad on the north chore of
Drumnond Iegland (Text-figs. 2, no. 6; 18). <couth of locality
18z, Hussey (1992, p. 4G, T0) reported a stiomztoporoid

..

[\]

ef" extendiny under the wviater, overlain bty 2 m of candy
dolomitic limestone, followed Ly another stromatoporoid-
colonial coral "reef". These "reefg" are acuivalent to the
stromatoporoid—-colonial coral =zones at the top of the Keaford
beds on Manitoulin Island, Ontario. Hussey termed these strata

"hitewater member", and listed the faunz. At locality 182,

0.2 m of rubltly limestone with uncommon to common soclitary

£

corals an

et

a few brachiopods (horizon 18z-1) is overlzin by 2
0.3 m thick colonial coral zone with the typical Richmond

Group colonial corzls Favistina and Czlaroscia (many

overturned) andé uncommon solitzry corals (horizon 18a-2).
This zone is overlain by 0.6 m of more massive limesitone
containing atundant solitary corels and sparse brachiopods

at the top (horizon 18a-3). Orientation of the solitary
corals is showm in Text-fig, 5. At locality 18, the

rubbly bedded argillaceous limestones and shales of the
Meaford teds z:e exposed (Hussey, 1952, p. 50, 51). Near the
base of the section, several fossiliferous surfaces with
brachiopods, branching bryozoans, and uncommon to common
solitary corals are present, The fauna was listed by Hussey
(1952, p. 51). ©North of locality 18c, Hussey (1952, p. 30)

~ a

reportad eaford beds and listed the fauna. At loczlity 18c,
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massive, thickly bedded, vuggy dolomite with branching
tryozoans represents the overlying Kagawong beds of
Manitoulin Island. Solitary corals were not seen in this
unit.

Grewingckia canadensis (Billings, 1862) is the only

solitary rugose coral knovm from Drummond Island. The
corallites were abraded before final burial (Plate 6, fig.
21). At horizons 18a-1 to 3 and 18b-1, sixteen of 19
corallites were oriented at the time of final burial with
an alar side up, two had the counter side up, and one had
the cardinal side up (App. 1). The length-frequency
distribution is bimodal, suggesting that some corallites
were removed from the area as previously discussed under G.

canadensis of the Cincinnati Arch region (Text—-fig. 7).

Very long corallites are more common than usual in the
solitary coral zone at horizon 18a-3, The diameter-height
ratios are similar to those at the northwestern and eastern
Cincinnati Arch region and llanitoulin Island (Text-fig. 7).
The distribution of the number of major septa at a particular
diameter for corallites from horizons 18a-1, 2, and 16b~1

in the upper Meaford teds of Drummond Island is similar to
that for the "Vaynesville" in the Cincinmati Arch region
(Text~-figs. 19, 10). Values in the horn coral zone

ot it e ot S o Rt e e it e P} St b e i s St A g s o e S S e S St it e — o — —

Text-figure 19.-—Grewingkia canadensis (Billings, 1862):

relation between numbher of major septa (g) and corallite
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diameter (g) for horizons in the upper ileaford beds, upper
member, Georgian Pay Formation, Drummond Island, lilchigen
(cee App. 8). Curve is average for Kichmond Group,

Cincinnati Arch region (see Text—-Tig. 36).

s i i 4 o i e A P et T e o P2 S e T P e TR i e e T e e e St Y A U T g il e el o bt L T et e L St et e Stk e et iy e e S St et ot ey R

(horizon 18a-3) tend to be higher, possibly reflecting
shallower water conditions. Although too few axial region
comparative scale values are available for accurate
comparison, the frequency distribution peak at 35 is similar
to that for the Richmond Group in the Cincinnati Arch

region (Table 2; Text-fig. 12). ZIpifaunal bryozoans and

Table 2.-—Grewingkia canadensis (Billings, 1862): axial

region comparative scale values Tor Meaford beds, upper
member, Georgian Bay Formation, Drummond and lanitoulin

Islands (see Plate 4, figs. 33-53; App. 9).

By

Vermiforichnus borings appear to be rare at Drummond Island

(Apps. 5, 6). HKicroscopic algel borings are present in all
five corallites for which thin sections were examined

(Appe T)e
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Text-figure 16.-=-Grewinglkia canadensis (Billings, 1£62):

relation betwaen number of mzjor septa (n) and corallite

diameter (d) for horizons in the upner Meaford tads, upper

memker, CGeorgian Bay Tormation, Drummond Island, liichigan

sae App. 8). Curve is everage for Richmond Group,

)y o~

incinnati Arch region (see Text-fig. 36).
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/ b x 18a-3 9 sections from 4 coralliles
"

/ ® 18a-1,2: 1Bb-1 26 " w15

10 20 30
d mm

Text-fig., 19
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Takle 2,--G: awin/xia canadensis (Billings, 1662): axial

region comparative scals values for I
memkter, Georgien Bey TFormation, Drummond and lianitoulin

Islands (sze Plate 4, figs. 33-53; App. 9).
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Te FNANITCULIN ISLAKD, CHTARIC

The Hichmondian stratigraphy and fauna of lanitoulin
Island (Text-figs. 2, no. 7; 18) were described by TFoerste
(1912b; 1916, p. S7-127; 1924, p. 53, 54) and Caley
(1¢36)., The CGeorgian Bay Formation is Laysvillian
through early Richmondian in age (Liberty and Shelden, 1968,
p. 28, 30, 31; Liberty, 1969, p. 73-79). The upper,
Richmondian portion of the 4% to 100 nm tﬁick lovier menmber

(Wekweniikongsing beds) consists of shale, with a few ihin

5

veds toward the top. Erachicpods, bryowzoans,

O

dolonite inter

¢s are the dominant foseils. Solitary

1+

pelecypods, and gastro

o)
O

!

corallites of Grewingkia canzdenesis (EBillings, 1862) occcur

o

in a2 dolomite bed near the top of the Vekwemikongsing bede

et locality 7%, The distritution of the number of septa at

m

perticular corallite diameter is similar to that for
"Liberty" strazts of the Cincinnati Arch region (Text-figs.
20, 10). The lower mamter of the Georgien Ezy Formaticn

Pext-figure 20.--0rowingkia canadensis (Tillings, 1862):

relztion betwsen number of major sepita (g) anc coirellite
diameter (4) fo: norizons in the Georgian Bay Tormetion,
Manitoulin Islancd, Cntario. Humbers indicate frecuency of a
voint if greater than one (see Text-fig. 16; App. 8).

A

Curve is average for Richmond Group, Cincinnati Arch region
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Tillings, 1862):-

n) ané corallite

12 an 3ay TFormation,
Nunmbers indicate freguency of =2

ifanitoulin Island, OCntaxrio.

reater than one (ssze Te
ereage Tor Lichmond Group, Cincinnati Arch region

xt-fig. 185 App. 8)e

point if g

Curve 1s av

(see Text-fig., 26).
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60 o
n 40
,00

o Mecaford Beds (19a,¢, d-1) 19 sections from 13 coraliites
20 [o} " ' (M61a, GSC 8530 19 " " 8

0O Wekwemikongsing Beds (M75) 4 " " 4

O 10 20 30
d mm

Text-fig. 20
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appears to have been deposited in a "normal" marine
environment, and the upward increace in the number of
carbonate beds and fossils may indicate a ghallowing
sequence., The stratigraphic position of the uppsr portion
of the lower member and the abundance of shale suggest it
may correlate with the "Arnheim-Vaynesville" of the
Cincimmati Arch region.
The overlying HMezaford beds of the upper member, Ceorgian
Eay Formation, consist of about 15 m of rubbly bedded
argillaceous limestocnrne with gray shale interteds.
Brachionods and branching bryozosns are the nost comnon
fossils, Typical Richmond Group colonizsl coral-stromatoporcid
mones occur near the tase and top of the unit. The
favna and lithology suggest deposition in a shallow, 'normal'.
merine environment with colonizl ceoral-stromztororoid banks
devaloping at the beginning znd end of deposition. The
upwaré incresce in limestone at locality 192 mey indicate a
shallowing sscuence. Foerste(1216, p. 104; 1924, p. 51)
congidered the fauna of the ieaford beds to be upper
"iaynesville™. The stratigrephic position and predominsnce
of limestone suggest correlation with the "Liberty".

irewingkis canadsnsis 1s rare to common a2t seven of ten

exposures thaet were examined. Corallites occur most

[
A
(¢}
v
h
O
P
£
-
(¢]
j@]
&}

frecuently near the tasz and top of the unit, and ars
usually associated with brachiopods and branching bryozoans.

At horizon 19a they occur with gestrorods and brachiopods.
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colitary corals are generally absent in colonial
coral-stromatoporoid zones, but are rare in the lavistina
zone at the top of the lesaford beds at horizon 19d-3.
fpifaunal bryozoans and Vermiforichnus borings arc not
common (Apps. 5, 6). DMicroscopic algal borings are present
in six of eight corallites for which thin sections were
examined (App. 7). The corallites at localities 19a to e
vere atraded before final burial (Plate 6, fig. 30). The
length=frequency distribution at these localities suggests
that the corallites were transported from elsewhere, as

previously discussed under G, canadensis of the Cincinnati

Arch region (Text-fig. 7). The diameter-height distribution
is similar to that for Drummond Island and the northwestern
and eastern Cincinnati Arch region (Text-fig. 8).
Distribution of the number of major septa at a particular
diameter is similar to that for "Liberty" strata in the
Cincinnati Arch region (Text-figs. 20, 10). Although too
few axial region comparative scale values are available for
accurate comparison, the freguency distribution peaks at 35
and 65 are Similar to those for the Richmond Group in the -
Cincinnati Arch region (Table 2; Text-fig. 12).

Large corallites of G. canadensis generally showing

little evidence of abrasion occur in the lleaford beds to
the east of localities 19a to e at llanitowaning (locality
¥61a; GSC 8520, a, e=j), Clay Cliffs (GSC 8528, a-d;
8529L, c; 8573a-c), and Cape Smith (GSC 1982, a-g, i-1)
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on Fanitoulin Island (Plate 6, figs. 24, 29). These
corallites are thought to be part of an initial population
that did not undergo extensive transportation. The
distribution of the number of major septa at a particular
diameter for these corallites is similar to that for the
"Waynesville" strata in the Cincinnati Arch region (Text-
figs. 20, 10). These corallites may have lived in slightly
deeper water than those elsewhere in the lleaford beds or in
the uppermost Wekwemikongsing beds.

Except for a single, small specimen of Grewingkia

rustica (Billings, 1858) found in the basal lleaford beds at
locality 19t (Plate 7, fig. 15), the species is known only
from Lake St. John, Quebec. The corallite may have been

transported to lanitoulin Island from the east. Streptelasma

divaricans (Iiicholson, 1875) corallites attached to

btryozoans are rare near the base of the lleaford beds at
locality M6la (Plate 2, figs. 20s, 21s, 27). The absence

of §. divaricans tothe west could be accounted for if

favorable substrates were seldom stabilized during periods
of non-deposSition.

Copper and Grawbarger (1978) studied the paleoecological
succession leading to a lower Meaford biostrome on eastern
Manitoulin Island., Solitary corals were not observed in
the "level bottom" community occupying a muddy substrate,
but were reported in the "wave baffle margin", "protected

gsubtidal', and biostromal "wave baffle'" communities where
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carbtorate sedimente were devosited.

-

Overlyin; the HMeaford todg, tha Iag

)
"

A
Hh

Ft

[¢3]

wwong btedc ol th

W)
¢

O

upnar membe:, Ga2orgian DRy Formztion, concsist of about 20 n

ol ;encrally msegive dolomite, dclomivic limestonc, and
limestone. Zu:irowzd rones and brenching bryozoan horizons

ne laminsze, z2nd

e
e

are present., Crose~hedding, plansy
'v0d cones are less common., otromatoporoid-
colonial co:zl =onzs occur nezr the base and ton of ths univw.

Strevtelasns divericeans is reze, and was found at only two

of 1% Hagawon{ b2d sxvosures sxamined. &t locality 197, in

the middle of the unit, S. divaricans is rere to uncommon in

gsociation with tranching bryozoang and brachiopods. One
co:zllite was attached to a pelecypod. The lithology, faune,
and structures such s burrows and planar fine laminae
suggest deposition in a periodically semi-restricted,
shallow marine environment,.perhaps occasionally behind
colonial coralestromatoporoid banks. Cross-bedded zones
indicate periods of higher energy conditions. The
association of brachiopods, %ryozoans, and rare solitary
corals suggests that more "normal' marine conditions
existed during mid-Kagawong deposition. TFoerste (1916, p.
104; 1924, p. 52) and Caley (1936, p. 43) considered the
Kagawong beds to be "Saluda" or "Whitewater" in age on the
bases of fauna and lithology. The stratigrephic position
at the top of the Richmond Group suggests correlation with

the Y"Whitewater-Slkhorn'.
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8. JIBAFPORD, ONTARIO
Fritz {1926) described the Ordovician stratigraphy and
paleontology in the vicinity of Meaford (Text-figs. 2, no.
8; 18). Toerste (1916, p. 129, 130) listed solitary corals
together with stromatoporoids and the colonial corals

Tetradium, Favistina, and Calapoecia from the richly

fossiliferous limestone and shale (Vincent iember of Fritz,
1926, p. 93, 94; upper Georgian Bay Formation of Liberty,
1969, p. 73-79) immediately beneath the Queenston Formation
red shales. One of his specimens (GSC 8531) has been

sectioned, and is Grewingkia canadensis (Billings, 1862).

Bryozoans were epifaunal on GSC 8531a and endofaunal in
GSC 8531b., ROM 12325 occurs in packstone, associated with
bryozoans and brachiopods. TFoerste considered this horizon
to be "Waynesville" in age, but its position in the
stratigraphic section and the presence of solitary and
colonial corals suggest it may be equivalent to the "Liberty-
Whitewater". The Queenston delta prograded over the |
Richmond Group in this area. Stratigraphic position of the
Queenston Formation suggests it ﬁay correlate with the
"Whitewater-Zlkhorn". Liberty (1969, p. 81) noted a strong
paleontological correlation with the highest "Whitewater"
and Saluda.

On Bruce Peninsula northwest of Meaford, several
colonial coral biostromes occur withinvthe Queenston

Formation (Liberty and Bolton, 1971, p. 25-28). These are
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thoucht to correlate with the Hagawong beds of lNanitoulin
Island, Liberty and Bolton (1971, p. 126) listed solitary

corals Irom several localities.
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9. STRELDTSVILLZI, OHTARIO
Dyer (1925a, b) described the Ordovician stratigraghy

and paleontology in the vicinity of Streetsville, near

no

Toronto (Text-fips. 2, no. 9; 18)., Toerste (1916, p. 133)
reported rare, very small solitary corals in & local

incursion of Richmond Group limestone and shale (Columnariz

reef, [feadowvale liember of Dyer, 1925b, p. 125; upper
Georgian Bazy Formation of Liberty, 1969, p. 73~79) a short
distance beneath the (Gueenston Formation red shales. A
small, poorly preserved corallite with dilated septa is

herein referred to Grewingkia ? sp. (ROK 335HR). If these

small corallites are . canadensis, they may represent the
— 4 J &

smallest size fraction transported farthest toward shore
from the initial population, as discussed previously under
G. canadensis of the Cincinnati Arch region. TFoerste also
reported occasional specimens of the colonial coral

Calavoscia, as well as bryozoans and gastropods, He stated

that the fauna suggested "Whitewater" affinities to 5,0,
Ulrich, Dyer (1925%b, p. 125) suggested correlation with
the Saluda or "Wnitewater"., On the basis of stratigraphic
position, this horizon may be equivalent to the "Liberiy",
with the "Vhitewater~3Zlkhorn'" represented by the Cueenston

Formation.
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10, VGLTYZAD, CQUIL
Tichmnndion stratisreshy in the vicinity of ontreal

i

(Pext-Tise. 2, no. 12; 18) has been suvmmariced

£
(@]
€.

(@]

-
&}
LSy
v
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a]
v

S r

(D
P
l_J.
<
J
®

Stea:n (1663, v. £0). The 48 n thick Tontgy

o

2
2

Pormaticn comp:icses calczicove marine shale and limestone,

-

The overlying Lécancour Eiver Tormation is more than 600 n

5

thick, and consists of the basal 15 m thick Carmel Rive:z

ilember non-marinz gray chale, withred and green non-marine

shale and szandstone of the Queension faciles a2kove,

Foerste (1916, p. 153, 1595) veported solitary corals
from the fosesiliferous "Waynesville" beds (FPonitgrave Hiver
Formetion) teneath ths Quesnston red shales (Becancour Hiver

Formztion) 2t St. Hilaiie and St. Huguves. At St. iHilaire,
rechiopods, relecypods, and gastropods wers also lisved.
Thz corals are associated with brachiopods 2t 3t. Hugues,
and occur in glecizl erretics probatbly from a nearby source,
Foersie (1916, . 14%) found one solitary coral associated
vith Ttrachicpods in a secuence tarmed "Waynesville"
(Pontgravi River Poimeticn) in the Nicolat Riwve: section.
Richmondian solitary corals from the vicinity of licntreal

errad %o Streptelasma rusticum by Foerste, but theilr

identity is uvncertain bteczuse spscimens have not baan

locatad for s=actioning.
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A1 Enelke Islznd, Lalke St. Jonn (Wext-fige. 2, no. 17;
18) solita:y weose corzle are "throwm up in gieat numters
by the waves From some [limscotons] stratum below watcr-~level"
(Foerstz, 1924, n, 5Y)., Toerste (1916, p. 1L6-158) listed

the fzunz including solitary corsals, the tyonical dichmond

Gzoun colonial corale Tavistina, Calopoecils, Lyvopora, and

Tetracium, and stromzioporoids from in citu streta at water
level.
Grewinckia rustica (Hillings, 18%58) is the only sclitary

]

coral Inovn fronm Lake St. John, The species is externally

very similar to C. caznadensis, being ceratoid to trochoicd

eandé straight to wery weakly curved in e2rly to intermediate
stages, and cylindrical in later stages (Plate 7, figs. 5,
9). The corallites are water-worn, but this may be at least
partly of recent origin. Ipifaunal bryozoans occur on five
of 18 corallites, with four on the counter side, three on an

alar side, and four on the cardinal side (App. 5).

Vermiforichnus borings are present in seven of 18 corallites,

and most are in the cardinai side (App. 6). ITicroscopic
algal borings are present in all five corallites for which
thin secions were examined (App. 7). They may be Ordovician
and/or Recent in age (Plate 7, fig. 14). They are generally
very fine, and appear to be different than those of thé
Cincimnati Arch region.

Foerste (1916, p. 156) provisionally correlated this

horizon at Lake St. John with the "VWhitswater",
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II, JACUDISTA CRCUT

INTRCDTUCTICH
The Ilzouo!
Tichmondisn in 2.2 (Tampleton and Fillmen, 1963, n. 130,
131). Thie ma.ine clostic wed,e snmread fiom the eact, and
rapidly thine from nearly 200 m in eastern Indianz (including
the Richmond Croun at ths top) to a2bout 60 m in western
Inéiana (Gray, 1972, ». 1, 4), Illinois (Willmen and

Buschbach, 1975, ». 82), and Towz (Lzd&d, 192S, p. 331

Gutstadt, 1958, figs. 7-S). In Indiana, Gray (1972, fig. 4

o)
Fh

recognized a dee acies in the soutihwest and shelf

o basin

faciece to the north andé et

!

st. The llacuocketa Group is

e
1}
©

edonminently gray shals, Limestone occurs in the middle of

the secuence in northesastern Illincis and northeastern Iowa.
The grouv is elmost completely shals in southsastern Iowa-

northwestern Illinoils, and eastern Visconsin. Thin limestone

-

7]

peds are . esent in the urner Hacuoketa in a2ll theses areas,.
Tne Kede Formation occurs locally at the top of the Nacquolketa

Group in Iovia (Arnew, 1253, ». 1717), Viscensin, northern

Illinois (%illmen =and Duschbach, 1575, p. 86), and possitly
northeaste:n Indiana (Gray, 1672, pv. 1¢). It is gensrally
less than 3 m thick, and consists of red shale interbadded

1"
wita oolitic hematite., A few Hzcuoketa species were reportad

rom the formation by Savage and Ross (1616). The Heds is
thought to e = western tongue of the Gueenston delita

5

(WWillman an¢ Duschkach, 1€75%, p. 66). Only the 3Zdenian
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tarough Maysvillian Scalec Fo.mation ic present in coutheastern

Yinnesota. Tazye: (1967, p. 45) indicated that clastic
materisel in the 31;.in iiember prohetly rerresents the western

e of detritus ched fzom the Taconic liountaine, while cand
in the cverlying Clexmont embe:r carlbonates was cerived fron
the Transcontinental Arch to the weest (Bayer,

1655, ©. 44; Austin, 12972, n. 470). The remainder of t

crour in Finnesota was eroded prior to deposition of the

overlying Devonian (Lustin, 1972, p. 470). Upper Ordovicizn

6]
ct

Lecome thinnzr and the clzstic and carbonats content

4
)
s
)

o)
-ty
o
b
5)

lizguoketa Groun incresasse toward thz Ozarx Dome vhich
was prohakly sligchtly positive, as seen in the wvicinity of

Thekes, southern Illinois (Templeton and Willmen, 1963

-
e}
-

131; TDayer, 1969, p. 45). The Hacuoketa ig termed Sylvan
Shale in OXklshomsz (Ladd, 192¢, p. 311, 407; Tenpleton and

willman, 1963, p. 192).
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12, HCTTIZACTENI IOVA

~ 3

e love:moot Zicanondizn unit ie the Clermont Llember ol tae
Sczles Formetion. This (nay chale ceontzins o favna dominatecd

by brachiopods. Ladd (1929, r. 361) listed a solitary coral

o

-

from the Clsimont lember, and descrited ancd figured =z
rallite vpossitly from the Clermont Kembe:r that he assi;nsd

.. s - . sam - e
to Strantelsema hayvsii (Lzdd, 192¢, ». 367, Pl. 4, figs. 1,

-

t2o specimen (SUI 2-050) hzs not been located,

")
S
L[]
o
(V]
-
3y
ck

and so the iderntity remains uvncsrizsin, Another corallite

probakly Trom this unit is herein sssigned to Helicelssma

(F L

randi Blias, 1676. Thes ove:lying Fort Atkinson Tormeiicn

consists of dolomite a2né limestons contzining brachiopods

and aechincdézim fragments. Righornia cf. patalla (Wilson,

1926) occur's in this uvnit. One of the three known corallites

has Vermiforichnus borings (Plate 8, fig, 26; App. 6),

The Brainard Tormation of the llaguoketa Gréub‘éoﬁbrises
gray shale with some limestone beds at the bottom and top.
It contains bryozoans and brachiopods. One specimen of H.
randi is lmown from the top of the formation in Clayton Co.
2t the southern extremity of this region., The septal
grooves and interseptal ridges are preserved, indicating
little abrasion prior to burial. Savage (1905, p. 487)

listed solitary corals throughout the llaguoketa Group in
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Templeton and Yillmesn (1663, . 135, 133) considared the

(&

- ot

Cleimont [Tembte: similer in litholoyry and stratigraphic

vogition to the "Ainheim" of the Wichmend Grovp., They noted
+hat s Tort Atling Tormation and "VWaynesville! axraz

that the Fort Atkincon Pormation and "VWayneswy ara
remarkatly similer in fzuna, lithology, and stratigraphic
pocsition., The Drainard Formation was correlated with the
"Literty-~rhitewater-3lkho:n'" primaiily on the basis of

lithology. Ladd (19

(9]
0

, P. 36S, 270) consideresd hi

rrotable the faunal correlation of the Brainard Formoction

§
3
£

it

[¢]
O

uppernmest Cornulitss zone witnh the “"Ilkhorn",
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13, SOUTHIAUTERN IOVA-NICRTHVWILTIRL ILLINCIY
In coutheaste:n Iows and northweste:rn Illinois (Text-
e, 2, no. 13; 1&€) ths lzruwoketa Croup is predoninantly
cray ehals, much of it unfossiliferoue (Ladd, 1G2¢, p. 220;
Savare, 192Y, p. 240-24%; Villmen and Luscnbach, 1975, p.
86). Dlear the top, foseiliferous limestone interbeds with

trachiopods and kryozozne =2re present. Ladd (1829, p. 371,

Iy

termed this the Coinulites wone z2nd licted the

fauna. Helicelzesme r12andi Zlias, 1976 occurs in these

argillaceous limestone tads of the Frazinard Formzation zt
Sterling, Illinois, where stratigraphic sections were
described and the fauna was listsd by Savage (1925, . 240-
245)., The septal grooves and interseptal ridges are
generally preserved, indicating little abrasion prior to
burial (Plate 4, figs. 1, 2, 5). Of the epifaunal bryozoans
on eight corallites, six are on the counter side, seven on
an alar side, and three are on the cardinal side (Plate 4,
fig. 2; App. 5). Ladd (1929, p. 391) listed a solitary

coral from the Cornulites zone of southeastern Iowa, and

Savage (1925, p. 244) listed solitary corals as rare in
fossiliferous limestone beds of the upper NMaquoketa Group

near Preston, Iowa.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



132

14, THILIE, ILLINCIS
In the vicinity of Thetes (Text-fifs. 2, no. 14; 18)
the laruoketa Crouv compriges the Thebeg Sendctone and

Oxrchz:d C:aelr Shale members of the Sczleg mation. The

I

‘zouvokete is overlain by the Cizardeau Limestone Formation
(“Willmen andé Tuschitach, 197Y, p. 85, &7, fig. 0-27)., The
Thateg ilember has 2 maxinum thiclkne of 48 n, snd conegists
oi £il4ty, fine grained sandetone in medium to thiclk bede =nd
local croge Lbece, Trzce foseils occur in thzs upper part of
the member. It gradse or inte:tongues eastward and northwzrd
into the lovizr part of the Zlgin Shele Nember. The overlying
i llemter is 3 to 9 m thick znd is predominantly
gray shele, It may be eculvalent to the Slgin Shale liember,
tut could te as young as the Frainard Shale (Willman and

1

Fuschbach, 1S7%, ». 86). The Crchard
1

O

reek fauns including
trachicpeds, molluscs, and trilobites occurs in calcaricous
layers, and was listed and described by Savage (1$17%L, ».

R26L) , ryor end FEoss (1962, p. 9) listed a

—i-

cgraptolite., OCnly two eolit

randi Slias, 1976 have been collected from the Crchard Creek

(¥icsissippi Tiver sectim of Pryos and Ross, 1962, fig. 3
szctionBaof Satterfisld, 1671, fig. 1). The member grades
upvward into the Girardeau Limestone, which is vp to atout ©
m thiclk (Satte:field, 1971, p. 266). It consists of unevanly
tedded, fine grained to lithograrhic limestone with shsle

p2rtings and silicecue interteds and nodulss., The Girardezu
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Limezstone mar be sruivelant to the Tort Atkinson TFormation,
tut an a2 28 young ac or younger than the Liainard ic
niegently fzvored (Willman and TLuschtach, 127%, p. &7). The
auna including echinoderns, bryoroans, trechiopods, mollucce,
andé trilolites was desciibed ty Savage (1817z). Conodonts

g

of the Gira:ceszu indicate a w21y late Crdovician age

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



134

ITI, UTES:IIOET CroCvICIAN CF CHLAMCIA-ITSECURI-ILLINOIS

ILTCOUCTICH
Tnomprson and Satte:field (1¢7%5) revised thes ctratiprapny
and studied conodonts contiguous to the Crdovician-Cilurian
&
.

tounda:ry in ezstern Miesouri (Texi-fiz. 2, nos. 16, 17).

Their work incicsted that etrata previously included at the
btase of the Lower Silurian I&gewood Croupy of the Alexandrian
Series (Sawvage, 1928, 1617a)are Late Ordovician in zge, Theee
strata comp:ise the Cyrens Formation and Kolx Limestone in
Tike Co., noithezstern iissouri, and thz Leemon Tormation in
Cave Cizrazideau Co. in the southezst (Jext-fig. 21). The

Oréovician stratigrsrhic sections and distribution of

solitary rugose corals, Tor legesnd of symbols see Text-fig.
2.

Joix Limestone lies disconformalbtly on the Macguoketa Group
and is disconformally overlain by Lower Silurien strate
(Thompson and Satterfisld, 1973, p. 85, 103). *Waile the
Moix was being deposited, Cyrens streta formed immediately to
the west. The_Leemon FTormation was deposited on an aroded
tlacvoxeta Group-Girzrdsesu Formation surface, and was

followed by 2 perioc of erosion tefore Lower Silurian

deposition (Thomason and Satterfield, 1S7%, p. 101).

& Late Achgillian age for the Foilix Limestons and Leenon
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Text-Tizur e 21,--0kxlanome—liissouri-Illinois: wuppermost
Crdovician strztigraghic ssctions and distribution of
solitary 1ugose corale., For legend cf symbols
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Foimation wag supro.ted by Amsden's (1074)

0

tudy of the
trzchiovods.

The ileel Tormation =t ths lszee of the Chinneyhill
Sulgroup in the A:tuckle ilountains of Oklahomz (Text-Tigs. 2,

no. 1%; 21) hed teen cor:2lated with the 3dgewood Group of
Missouri, and was therefoxzs placed in thz Lower Silurian

iss (izaxwell, 1636). It unconformztly

]
TN
0]
=
[

Alexancriz
overlies the Sylwven Snz2le sna is overlaein, usuzally
unconformztly, by Silurian strata (liaxwell, 1636, p. 48;
Amsden, 1974, 2. 25). amsden (1974, p. 26) found thet all
eel brachiopods cccur in the Nolx Limestons =z. . many are
vrasent in the Leemon Formetion. ne thereforé“tentatively
correlated thsse three units, thereby assigning the ieel
Formztion to the Late Ashgill Series.
Sevage (1910) recognized the Alexandrien Series in

northeastern Illincis (Text~fig. 2, no. 18), and named

rata Chznnszhon Limsstone. He considersd the fauna most
closely related to the Zdgewood of lMissouri., Willmen (1973,
p. 12-14) proposad the Wilhelmi Formation, which includes
the Channaholi Limestone, for sediments depositsd in channels
eroded in the underlying Neda Formztion and Erainard Shale
of the iacuoxeta Group (rext-fig. 21). These deposits are

herein co

=

‘related with the Cyrene and Lesmon formations of
Missouri, as will be discussed in the section on ¥ill Co., Illinois,
Emeden (1974, p. 26) notad that the Keel-Edgewood

brachiopods have little in common with Horth American forms,
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and the acsemitlage most clcoesely resambles the ilirnantian

faouna. The2 ilirnasntian is presently coneildered the uppernost
I s IS

r

Crdowvician stage of

4

the Ashgill Series (Ingham and Viright,
1070) (Text-fiy. 1). The characteristic brachiopod-dominated

Hirnantian fauna n

m

s been widely 1ecogniizeda in Great Lritzin,

)

Scandinavia, northwestern Zurope, northe:n Africa, Kazakastan,
and Turnma (Wright, 1968; Lesparance, 1974). In Forth America,
the Hirnantian faunza may te present in siltstones near

Ashland in Aroostook Co., Xeine (R.L. Keuman, 1968, v. 44;
Ingham and Viright, 1970, p. 240; Lespérance, 1574, p. 14).

The typical brachiopod~dominated north Juropesan Hirnantian
fauns occurs in mudstone in the Perce area of Quebec
Lespérance, 1674; Lesperance andéd Sheehan, 1976). Amsden
1¢74, p. 28) bvelieved that the Leel-Zdgewood trachiopod

il

species were Cifferent from those of the Hirnantian fauna.

D

'_l.

He noted that the gensiic assemtlages have similarities, but
t

he Hirnantian are not up:resent in the Kesel-

N
i

Idgewood, and wvice versa, However, as Amsde
1

0

rointed out,

o]

4

‘awooG fauna occurs in a carbonate facles, whereas
the Hirnentian faunz is almost everywhere in a mudstone
facies, Amsden viewed ths Hirnmantian aspect of the Xeel-
A¢gewood fauna with cauvtion becauvse most genera common 1o

the two formations apvarently have considerable ranges in

the Late O:dovician~3zrly Silurian. Lesperance and Sheehan

(1276, v». 719, T720) stated that the Zdgewood faune could be

a2 latest Orcdovician endemic fzuna derived from the Hirnantian
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)
“+

other No:ith Suropean Trovince epecizsg, but

j

auvna an
considerad mo:e lixely that the fauna ie Silurian with a few
nold—-overge f:om the Late Cidovician Nortn Amsrican Province.

With the stizifigraphic revision and conodont biostratigrapay

~

of Thom»con and Satter{iszld (1¢7%), and thes Ordovicizn
elements in the Keel-todgewood brachiopod feuna, evidence
points to a very Late Ordovician age for the carbonate
sequence of Ciklzhoma~llissouri-~Illinocis,

If the upper laguoketa Group is equivalent to the
"Zlkhorn" of the Richmond Group, as discussed previously
in the section on northeastern Iowa, it
wae deposited during latest Zichmondian time. The uppermost
Ordovician czrtonate secuence in Oklahoma-ilissouri~Illinois
inconformably overlies the llacuoketa, suggesting it may be

vost-Fichmondisn in age. Thsre ie no svidence for comparable

gl

deposition akceve the fichmond CGroup, which is unconformactly
verlain by the Middle Llandoverizan (Lower Silurian)
Irgsefield Tormation, The Irassfield has teen correlatad
witn the Hznkslkes Formation of northezstsrn Illinois, the
Sexton Creek‘iimestone of southwestern Illinocis-southeastern
Missouri (Willman andé Atherton, 1975, p. 99), and the
Cochrane Limestone of Oklzhoma (Haxweli, 1636, fig. 4) (Text-

1), Latest Ordovician znd earliest Silurian carbonate

by
-

U]
.
™y

aéiments were vrobakly depositad above the Ilecuoketa Group

n

during the interwval of non-devosition and/or esrosion

between Fichmoné and .Frassfield time. Irachiopods of the
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uppernost Ordovician units suggest this period of time may

e equivalent to the Hirnantian Stage of urope. SEchuchert
and Twenhofel (1919, p. 700, 701) vroposed the Camachian
Stage to include the 321llis Fay Tormation of Anticosti Islend,
Gueltiec, and all American Crdovician strata later in age than
the voungest iichmondian of Chio and Indiana. Unfortunaztely,
the exact age of the Zllis Bay TFo:mation is uncertzin, and
it has not been demonstrated to be post-Ficnmondian, as will
be discussed in the section on Anticosti Icland, Cuebec,
Mevertheless, the meaning of Gamachian ag a post-Richmondian
stage was made clear by Schuchert and Twenhofel, and has
priority over Hirnantian if the two prove to be eguivalent
(Lesp2rance and Sheehan, 1576, p. 721). The Keel Formation
of Oklahoma, the Leemon, lioix, and Cyrene formations of
Missouri, and the Wilhelmi Formation of Illinoils are
tentatively considered to have been deposited during the
Gamachian Stage.

The uppermost Ordovician deposits in Oklahoma-ilissouri-
Illinois represent the initisl transgression of the middle
Paleozoic égrbonate sequence that formed in a shallow
epicontinental sea covering a large area of the east-central
United States (Amsden, 1974, p. 29). This transgression
suggests that deglaciation began in the latest Ordovician
rather than during the Llandovery (Lower Silurian) as
previously thought (Zerry and Boucot, 1973). The

"
predominance of oolitic and bioclastic limestones and
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presence of btionerms in the latest Crdovician indicate
fairly high energy, shallow, "normzl" marine conditions.
Arenaceous detritus in southeastern liissouri suggests that

the Ozark Dome may nhave been slightly positive at this

time.
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In tho A:buckls fountain recion (Text-Tigs. 2, no. 19;

1), th

W

neel Tormntion nac =z nmaxinum thicknesc of about 4.9
n and comprises thz lowe. Idezl Guarry iember (Hawking

"
Limzstone of laxwall, 1926, p. 45-4S) 2nd an upper oolitic

unit (lleel Limestons of Haxwell, 1936, p. 50-54) (Amsden,
1674, ». 2%). The Ideal (Quarry ilember is loczlly present

and consists of thinly tedded argillaceouslimestone. Crinoid
stems are common on kedding planss, tut other fossils are
1tere. daxwell (1636, tzkle 1) listed solitary and coloniezl

corals, & bryoxocen, tracanionods, pelecypods, and a gastropod.

Tne Ica2al Cuarry Member grad

[}

uvpwarc into the remainder of
the foimation, which consists of thickly becaead oglitic
limestone. Tossils are rare in the oglite from wnich
Maxwell (1936, tatle 2) listedeolitary and colonial corals,

trachiopods, znd gastropods. Ixcluding crinoid fragment

0

?
brachniopods ars the most zbundant and diverss megalossils in
ths ¥eel Formz2tion (Amsden, 1974, p. 26). Iaxwell listed
Strevtelasmz sulbresularis (Savage, 1913) from the Idesl

11
Quarry lembeil and Streptelasmz sp., from the oolite. The

P2

identivy of thaesge corzls is uncert2in beczuse specinens have

not been located for sectioning.
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16, CAPI GIEAXDIAU CCUNTY, ILSCURI

The Leemon Formation of southeastern iissouri is up to
7 m thick, At the type section in Cape Cirardeau Co.
(Text-figs. 2, no. 163 21, locality 20a), the lower
cross—bedded oglite with Cirardeau-type limestone pebtbles
and fine quartz grains is overlain by thickly bhedded,
bioclastic and partly oolitic packstone and grainstone
(Thompson and Satterfield, 1575, p. 76, 77; Amsden, 1874,
p. 16)., 3Ixcept for abundant schinoderm debris, brachiopods
strongly dominate the megafauna., Solitary and colonial
corals and gastropods are rare., The following solitary
corals are present in the upper part of the Leemon Formation

at the type section: Eireptelasma lecmonensis n. SPe, S.

Sp., and Bodophyllum shorti n. sp. A4ll corallites were

aktraded and some were broken prior to turiazl (Plate 2,
figs. 28-31; Plate 8, fig. 7). The only known specimen of
B. shorti has a base of attachment on the cardinal side, and
was epifaunal on a bryozoan (Plate 8, fig. 3).

The Leemon Formation is different to the north at
locality 20t (Thompson and Satterfield, 1975, p. 79, 80;
Amsden, 1974, p. 21, 22) (Text-figs. 2, no. 165 21).

Basal bioherm#l limestone mounds are up to 0.5 m high, with
calcareous shale between and overlapping them. The mounds
contain 0o0ids (Plate 3, figs. 4, 8, 9), glauconite,
phosphatic material, quartz grains, and fossils in a

calcareous matrix. The most abundant fossils are branching
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bryozoans apparently preserved in growth position.
Irachiopods dominate the shelly fauna, some being
ti¥tached to and partly overgrowi by bryozoans.

Amséen (1974, v. 22) conside:ad this krechiopod fauna tne

most chn:octarisgtic Late Crdovicien zscemblage in the upper—

most Cidovician stiata ol Cklahoma-iiissouri. Solitary

corzllite

0

of Strentelasmz svbrerularis (Savap

ce, 1912) are

atundant ot the basz of some mounds. They are randomly
o1iented, and are generally lying on an alayr cice, but
somes ars oriesnted with the calyx facing dovn or un.
Although corzllites have mocerately dilated cepta in early
iere aprarently cuite fragile because of the
ery narrow stereonones, ownen axiesl region, and wvery widely
spaced tabulae (Plate 3, figs., 3-16). llany had their tips
btroken off and some had the rim of the calyx broken hefore
burial (Plate 3, figs. 4, 8). However, all specimens have
growth lines preserved, indicating no abrasion (Plate 3,
figs. 4, 8, 9, 12, 13). The corals may have been knocked
over suddenly and buried near the site of growth, perhaps

by 2 storm. The presence of J. subregularis at the base of

the mounds suggests it may have been the initial species to
colonize the eroded surface of the Orchard Creek Shale.

The corallites are not associated with and did not form a
framework structure, and were not hosts of epi- or endobiota.

S. subregularis is very similar to many corallites of 5.

affinis, which is common in the Zllis Bay Formation
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(? Gamachian) of Anticosti Island, and most closely
resembles &, unicum leuman, 197%, probably from the

Hirnentian Dalmanitina beds of Sweden.
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17. PI¥E COUKTY, MISSOURI
The lioix Limagstons occure at thz eactern mergin of Pixe

Co. (Text-iiy. 2, no. 17). It censists of nmacgecive and
"

croce-vedded oolds in o nicritic matiix. GCGlouconite and

(@]

vhoephatic ;izine s:e mrosant in the lower part (Thonpoon

ané Satterfizld, 1673, »., 8.-C2; Amsden, 1974, v. &, C). At
the tyvs section (Text-fig. 21, locality 21b), Thomrson and
Settexrfizld (1679, “ig. 12) included bed ¢, vounded by chale
inte:teds at ite tase ond toxn, 1n the 2 m thick Foi:x Limestone.
It ¢id not yield conocdonts, =nd w=s 1 e2gsumably includad

Lecauss 1t contzins “glds. Solitary covels ol thc sama

svzcies fthazt igs stundant =t the base of their bed 10

(Kissinger Limsstone iamber of the Silurizn Bryant Lnob

Tormation) are pressnt in bed €. EFed 9 ie herein included
7"

at ths bases of the Xissinger Limestone llember. The colds

the NMNeoix Linestone. Thz fauns of
the Noix Limestons in Pikxe Co. has tean

1
(1¢08, ». 23), =znd ty Szvage (1S17a, p. &2, 83) who also

3
described new spsciss. Rubey (1932, p. 170) listed the

is generally stundant. Erzchiopods dominate ths remaindér

~

of the megaizun=z, with bhryozoans, itrilobites, gastropods,

2lacynods, corals, and tentzculitide malking up 2 small

"

Traction of the cesenb 1974, n. 12). Althoupsh

-
)
¢~
[¢)]
i
¥
[
&)
u
8]
jnt
-

1
e}

ovels havs veen listed from the Noix Limestone,

none wers found a2t locelities 212 or 21b.
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To the weet of thaz Doix Linmecton:s bLilt, ths Crrens

Tormetion occur e in the vicinity of dpewood, Cyrenz, and
Tovling Cresn in Pike Co. (Thompoon snd Setteriield, 167%,

r. 03=C7, fiz. 11) (Text-Tiz. 21). It is about 2 m thick at
Towling (reen and consiets of Tine to medium grained,
foesiliferouvyg, Golomitic limestone. The Cyrens fauvna near
Sdgewood was listed ty Savage (1¢17a, p. 82, &3), vho
consideredit very similar to that of ths Hoi:xx Limestone.
Conocdonts of the Cyrene correlate with the lacuoketa Shale
(Thompson andé Sattsrfi=ld, 197%, p. $6). Thompson and
Satterfield (1¢7%, ». 103) concluéed that Cyrens siratz were
b2ing deposited in the wect, while the INoix Limestone

o the esast. The solitary coral Sitraptelosnmg

t
gubresularis (Savage, 1213) occurs in the Cyrene Formation.

On the kesis of this species, the Cyrens is correlated with

the Lesmon Tormetion 2t locality 20b in southszstern
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18, WILL COUNTY, ILLIKNOIC

Savece (1¢19) discussed the Channahon Limagctonz in Will

24

Co. (Wext-7is. 2, no. 1€) znd listed zand described the
fauna, which is dominzted ©y brachiosodes (Savege, 19174, p.
. The %ilhelmi Tormation of ¥illmen (1973, . 12-14)

includas the Channzhon, It is up to 30 m thaick in some

}_1.

channels but ic absent or wvery thin between them, Tne

formation comp:isss the very argillaceous dolonmite and

dolomitic shale of the Schwelwzer lember and the argillacsous
lolomite of the overlying Birde llember (Yext-fig. 21). 4
faw thin, fossiliferous tedg cccur in the Schweizer Ilember,
anc some of the purer bads in the irds ember ace
Tossilifevous. C.A, Ross (1962) described graptolite sugcesting
an Ea:ly Llsndoverian (Lower Silurizn) aze from 0.5 m below the
firet occurrence of a shelly Taune in the Wilhelni Formation.

Strevtelesma subregularis (Savage, 1613), collectzd by Savags

from the Charnzhon Limestonsz, occurs with this shelly fauna.

0

Its presence indicatss corrsletion with the Cyrane Iormation

]
t

of ncrthecstern ¥Misesouri a2néd the Lesmon Formz=tion at locality
20t in southezstern llissouri., Tae Wilhelmi Formztion is

hei ein considersé latsst Crdovician in age. The overlying
Elwocd Foimation is cherty (¥Willman, 1973, p. 14, 15), as is
the basal Silurian Sexton Cresk Formetion of southeastern
Fissourl znd southern Illinois. Silicified corals are

common in the HZlwood, in the baszl gilurian Eryant knob
Formation of northeastern Iissouri, and in the basal

Eragsfield Formation near Gallatin, Tennessse.
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IV, CONTINENTAL LAICID

TN CoOUCTIOoN
North of the Taconic llountains on the continental
maroin of Worth Ameiica, moele than 1000 m of hignly wvariable
clastic :ockes of fAghgillian ag2 were cdeposited in northern
Zeine (Text-Tic. 2, nos. 19, 20)., The secuence indicates
apidly chansing local tectonic cont:ols (R.B. Teuman, 1968,
p. £5). To the noxth, these clastic rocks grede into

carbonates. The thinly bedded calcaresous strata of the White

]

eninsula (Pext-fig. 2, no. 21), are
Loper Caradocian through Ashgillisn and Llandoverizn (Lower
e (Text-Tig, 2, no. 21). This secuencs
represents devosition in 2 statle environment through a long
veriod of time ( R. L. Meuman, 1668, p. 45). On fnticosti
Islaznd (Text-fig. 2, no. 22), the Upper Ordovician is mors

than 1000 nm thicik in places, znd coneiste 6f interbedded

)

limestonss and sheles of the Vaurezl and cverlying Zllis Tay
formations., The lithology, sedimentary structures, and

fauvnz indicate deposgition in a shallow marins snvironment
Twenhofel, 1928, n. 1¢-21). Twenhofel (1828, p. 18) believed

tne clsestic ssdiments ware dexriwvesd from the north. Tne

H)

|

general upward incrszase in cartonate content and fauna
diversity and atundsnce, and the »rssence of stromatoporoid-
colonial coral tioherms toward the top may indicate a

generally shallowing udpward secuence accomvanied by increased

productivity. Ilicioscopic algal borings are present in four of
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1C¢ solitary corals (21 wnercent) f:om the Vaureal Tormation,

and 186 of 40 corallitss (4% percent) of the overlying 2

Eay Formation (Apn. 7). The c1eat thickness of tho

—

121 ¢in marine seguencze compared with those of the

svicontinentszl sez (Tichmond and liacuoketa groups)

- .

protably largely the rssult of more rapld subsidence.

sedimentation avpears to have been continuous at the

continental margin in upzpermost Ordovicilian time, wheireas the

Tichmond CGroup was followed by a period of non-de

nd

V]

and/or erosion. The Hirnantian strata of Caspc

4]

northern Maine, and the Zllis Iay TFormation (?Gamzchien) of

A

Anticoetl Island msy have bteen depogitsd during this

interval.
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19. TIHCDICOT CCUNTY, nAINZS
Over 1000 m of Ashgillian strata including large
amounts of coarse, bouldery, polymict conglomerate, pebbly
siltstone, and other clastic rocks are present in Penobscot
Co, (R.B. Neuman, 1978, personal communication) (“ext-figs.

2, no. 19; 22)., In addition to brachiopods and trilobites,

Text-figure 22.--Zastern continental margin: late Upper
Ordovician stratigraphic sections to scale and distribution

of solitary rugose corals.

on which the age assignment was made, colonial and solitary
corals and gastropods are present in the secuence (R,B.
Neuman, 1968, p. 44, 45). The assemblage and relatively
high diversity of genera more closely resemble faunas of
Furope than those elsewhere in North America (R.B. Neuman,
1968, p. 36). Solitary rugose corals in this clastic
sequence are associated with carbonate debris and fossil
fragments (Plate 8, figs. 1, 2, 8), The corallite exteriors
are generali& atraded, but the occasional preservation of
septal grooves and interseptal ridges suggests they may
have been transported a short distance from a neardvy

cartonate bank. Densigrewingkia ? sp., is rare 61 m above

the base of the sequence, Solitary corals are more common

520 m above the base, where Streptelasma rankini n. sp.,

Grewingkia penobscotensis n. spv., and EFodopayllum neumani
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Text-figure 22.~-Zastern continental margin: late Upper
Ordovician stratigraphic sections to scale and distribution

of solitary rugose corals.
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N. SP. OCCUr.
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20, ASHLAND, LAINZ

R.BE., Neuman (1S63) reported tuffaceous mudstone,
basalt-limestone conglomerate, and other clastic rocks in &
45 m thick unnamed unit exposed in a gravel pit ¢ km east of
Ashland, Maine (Text-figs. 2, no. 20; 22). Brachiopods are
by far the most common fossils in the sequence, followed by
rugose and tabulate corals. Trilobites, gastropods, bryozoans,
and graptolites are rare., The strata containing these
fossils were deposited near the site of contemporaneous
volcanism. Solitary rugose corals were found in bedrock
exposures in the northeastern part of the gravel pit (R.B.
Keuman, 1963, fig. 30.2). The abraded, apparently randomly
oriented corallites occur in mudstone containing abundant
volcanic fragments. The only species known from this

locality, Grewingkis pulchella (Eillings, 1865), also occurs

in the Caradocian (?) through Ashgillian Vaureal and Zllis
Bay formations of Anticosti Island, Quebec, indicating
connection between the clastic and carbonate facies of the

ezastern continental margin.
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21. PIRCE, QUIEIC

The Vhite Head Form2tion in the vicinity of Percé
(Text-fig. 2, no. 21) is Upper Caradocian through ishgillien
and Llandoverisn in age (Lespérance, 1968t). The White Head
fauna in general is similar to that of Burope (Schuchert and
Cooper, 1230, p. 170; Cooper and Kindle, 1936, p. 349;
Lespérance, 1968bu, p. 812). At the type section, where the
base is unconformably overlain by Carboniferous strata, the
Ashgillian is 140 m thick (Lespérance, 1977, personal
communication) (Text-fig. 22). The Lower and Middle
Ashgillian consists of thinly bedded calcareous nmudstones
with argillaceous interbeds. At Crande Coupe, the solitary

corals Helicelasme selecta (Billings, 18665), Grewingkia sp.,

Lobocorallium trilobatum subsp. vaurealensis (Twenhofel,

1928), and Bodophyllum ? sp. are associated with a diverse

fauna including the colonial corals Paleofavosites, Catenipora,

Propora, and Calaposcia, as well as bryozoans, gastropods,

cephalopods, brachiopods, and trilobites (Schuchert and
Cooper, 1930, p. 169; Cooper and Xindle, 1936, p. 350).
Trilobites, which are the most abundant fossils, suggest a

Lower Ashgillian age for this Stenopareia faunal zone

(Lespérance, 1968b, p. 813, 815, table 1). L.trilobatunm

subep. vaurezlensis and H. selecta also occur on-Anticosti

Island, as will be discussed in the section on Anticosti
Island, Quebec. All solitary corallites were abraded and

some were broken prior to final burial (Plate 4, fig. 17).
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The single specimen of Bodophyllum ? sp. has an area of

attacament on the cardinal side, and was epifaunal on &

brachiopod (Plate 8, figs. 14-16). Vermiforichnus

borings are generally common, and are

abundant in the cardinal side of & specimen of Grewingkia

sp. (USHM 102390(4)). Of 94 horings in three corallites, 27
percent are in the counter side, 23 percent in an alar side,
and 50 percent in the cardinal side (App. 6). The freguency
distritution of bore diameters is shown in Text-fig. Sc.

The average diameter of Vermiforichnus in the ‘hite Head

Formation is smaller than in the Eichmond Group, Cincinnati
Arch region and the Selkirk iember, Red River Formation
(late Middle or Upper Ordovician), southern lianitoba
(Text-fig. 9a, b, d). Microscopic algal borings are present
in corallites of the White Head Formation, but are not well
preserved.,

Solitary corals are not known from the overlying
Remipyga faunal zone,which is Lower or l[iiddle Ashgillian in
age (Lesperance, 1968b, p. 815, 816). Lespérance (1968za,

p. 151=153) found a close correspondence among
trilobite faunas of the Remipyga faunal zone, the Richmond
Group, and the Ellis Bay Formation of Anticosti Island.

Overlying the Remipyga faunal zone are 25 m of mudstone
containing the typical brachiopod-dominated Hirnantian fauna
(Lespérance, 1974; Lespérance and Sheehan, 1976). All

species identified from Perceé also occur in the Hirnantian
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Ctage of the Ashgillian Series in northern Zurope, and the
fauna is most closely related to that of Great Britain and
Ireland (Lespérance and Sheehan, 1976, p. 721, 722). 4 Tew
small colonial corals occur in the cection (Lespérance and
Sheehan, 1976, p. 720), but solitary rugose corals have not

been found.
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22. ANTICOSTI ISLAKRD, QUiBEC

Stratisraphy

Approximately 300m of the Vaureal Formation are exposed on
northern Anticosti Island (Text-figs. 2, no. 22; 22), and
the formation is at least 1000 m thick in a2 well drilled
near the center of the island (Bolton, 1972, p. 3, 5). The
lower member of the exposed Vaureal Formation, including the
north shore argillaceous inglish Head Formation of
Twenhofel (1928), consists of gray shale aad interbedded
fine grained to dense limestone with intraformationzl
conglomerate, The limestone beds increase in thickness
upward and become nodular. The lower member continues in
the subsurface, where the shale content increases with
depth until a gray shale unit is distinguishable. The upper
member of the Vaureal Formation is at least 180 m thick. It
includes the type English Head of Twenhofel (1928) at or
near its base in western exposures. The member consists of gray,
fine grained to dense limestone with abundant intraformational
conglomerate, fine cross-bedding and channel fills, and gray
shale partings and lenses. Inland, it includes thinly
to thickly bedded dense to fine grained limestone with shale
interbeds and partings, and nodular limestone., Toward the top
of the upper memker, colonial coral-stromatoporoid bioherms
are overlain by irregularly bedded, dense to granular
limestone with shale partings. The upper beds of the Vaureal

are thinly bedded, fine grained to granular limestone with
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abundant intraformational conglomerate, and thin interbeds
or lenses of dense to semilithographic limestone with
argillaceous partings. The uppermost beds are argillaceous
nodular limestone,

In the lower gray shale unit of the subsurface Vaureal
Formation, JansoniusA(1967, P. 357) recorded Lower to liiddle
Caradocian chitinozoans. The graptolites (Riva, 1969) and
trilobites (Bolton, 1S70) are characteristic of the
Lorraine-Ashgill~Harjuan, In his English Head Formation,
Twennofel (1928, p. 31) noted that brachiopods are dominant
and gastropods plentiful, He stated that rugose corals‘are
rare compared to tabulates, and listed and described thse
diverse fauna. On the bases of the fauna znd distribtution
of some speciss, Twenhofel (1928, p. 63, 64) correleted the
Znglish Head with the "Waynesville" of the Richmond Group.
Sinclair (1956, p. 1734) considered the "Znglish Head" to be
slightly older, eguivalent to "some part of the Covington of
Ohio and the Lorraine of New York and southern Quebec".
Bolton (1972, p. 8) noted that several genera are apparently
confined to the Richmondian. Twenhofel (1928, p. 31) observed
a greater abundance of corals higher in the section (his
Vaureal Formation), and listed and described the large faunza.
On the bases of the faunza and the vertical distribution of
some species, he correlated his Vaureal with the "Liberty"
through "Zlkhorn" of the Richmond Group.(Twenhofel, 1928, p.

65). The upper member of the Vaureal Formation in the
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suksurface containé a graptolite fauna intermediate between
the youngest Crdovician and oldest Silurian (&iva, 1969, p.
551). These beds contain Upper Caradocian chitinozoans
according to Jansonius (1967, p. 357). Graptolites of the
surface Vaureal Formation suggest a post-Ashgillian - pre-
Llandoverian age (Riva, 1869, p. 553).

The Vaureal Formation is conformably overlain by the
Zllis Bay Formation, which is 50 to 95 m thick
(Bolton, 1961, p. 6). It consists of gray shale with
argillacsous limestone, and units of intsrbedded limestone
and shale. Six members were described by Bolton (1572, p. 8).
In member 6, bioherms with abundent colonial corals are up
to 110 m long and 5 m high, The contact with the overlying
Llandoverian (Lower Silurian) Eecscie Formation is difficult
to define because of the very graduval lithologic transition.
Twennofel {1928, p. 32) noted that the diverse Zllis Bay
fauna is larger than that of the Vaureal (including his
Znglish Head), and contzains almost 25 percent of the species
in thasse earlier units 2s well as many new forms.
Erachiopods are the most abundant faunal element, and corals
are more common than in the Vaureal., The fauna has a
decided Richmoﬁdian aspect, but some species suggest a
Silurian age (Twenhofel, 1928, p. 68, 69). Schuchert and
Twenhofel (1910, p. 700, 701) proposed the Gamachian Stage
to include the Ellis Bay Formation and all American strata

later in age than the youngest Richmondian of Ohio and
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Indiana but below clearly recognizable Silurian strata
(Twenhofel, 1S14, p. 8; 1928, p. 35, 36). J.P. hoss (1960, p.
1060, 1061) found many bryozoans of the Vaureal and Lllis
Bay formetions to be closely related to thoss in the
Richmond Group of Ohio and the lMaguoketa Group of Iowa, and
did not support the concept of the Gamachian Series., Riva
(1969) considered the Ellis Bay graptolites (as well as those
of the Vaureal) to be post-Ashgillian but pre-Llandoverian in
age. Lespérance (1968a, p. 151-153) found a definite close
correspondence among trilotite faunas of the Richmond
Group, Zllis Bay Pormation, and Lower or NMiddle Ashgillian
Remipyga faunal zone of the VWhite Head Formation at Percé,
Guebec. The ostracods appear to be Late Ordovician
(Copeland, 1970). Boucot (in Ayrton, et 21, 196%, p. 462),
however, located the Ordovician-Silurian boundary betweén
the Vaureal and Ellis Bay formations or within the Ellis Eay.
He considered the Ellis Bay to be Barly Llandoverian on the
basis of two brachiopod spscies. Bolton (1972, table 1)
placed the Fllis Bay Formation in the Richmondian.

Bight solitary corals are recognized from the Vaureal

and 2Z1lis Bay formations (Text-fig. 22). Streptelasma affinis

(Billings, 1865) and Grewingkia pulchella (Billings, 1865)

occur in the lower and upper members of the Vaureal Formation
end in the £1lis Bay Formation. Bighornia cf. patella (Wilson,
1926) is found in the lower member of the Vaureal.

Helicelasma selecta (Billings, 1865) is present from the
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tase of the upper member, Vaureal Formation, tarough the

Z1lis Bay Formation. Bodophvllum englishheadensis n. sp.

occurs at the base of the upper member of the Vaureal,

Lotocorallium trilokatum subsp. vaurealensis (Twenhofel,

1628) and Deiracorallium anculatum (Billings, 1862) are

knovn from the upper part of the upper memter, Vaureal

Formation. Paliphyllum ellisensis n. sp. is present in the

Ellis RBay Formation.
The upper member of the Vaureal Formation of Anticosti

Island is herein correlated with the Stenopareia faunal zone

of the White Head Formation at Perce. Lobocorallium

trilobatum subsp. vaurealensis occurs in both units, and the

correlation is strengthened by the presence of Helicelasma

selecta, although this species extends into the Zllis Bay

Formation on Anticosti Islznd., The genus Eodophyllum,

representsd in the upper member of the Vaureal TFormation,

may a2lso occur in the Stenopareia faunal zone (Text-fig. 22).

The presence of Lotocorallium trilobatum subsp.

vaureelensis and Deiracorallium angulatum in the upper

Vaureal Formation and the former in the Stenopareia faunal

zone of the White Head TFormation indicate correlation with
the Gunn and Penitentiary members of the Stony Hountain

Formation, southern Ilznitoba, in which Lobocorallium

trilobatum (Whiteaves, 1895) and a species of Dairacorallium

probably conspecific with D. angulatum occur. The upper

Vaureal and Stenopareia faunal zone would be slightly older
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if L. trilobatum subcp. vaurealensis was the immediate

ancestor of L. trilobatum, but the two could have been

contemporary geographic variants (see Systematic Paleontology).
Twenhofel (1928, p. 66, 67) considered the fauna in his

zones 3~5 of the Vaureal Formation to indicate fairly

positive correlation with the Stony [Mountain Formzation. The
upper Vaureal Formation and Stony Mountain Formation are

Lower Ashgillian if the age assignment of the Stenopareia

faunal zone is correct (Lespérance, 1968b, p. 813, 815,
table 1). The lower Vaureal Formation and the Red River
Formation of southern Manitoba, which underlies the Stony
Mountain, may therefore be Caradocian in age. Bighornisa cf.
pztella occurs in both units, but is widespread geographically
and stratigraphically (see Systematic Paleontology).

Three of the six solitary coral species in the upper
memter of the Vaureal Formation extend through the Ellis Bay

Formation, indicating its Ordovician age. Streptelasma affinis,

which is common in the Ellis Bay, most closely resembles S.
primum (Wedekind, 1927) of the Ashgillian Division 5a of

Norway and Boda Limestone of Sweden. It is similar to S.

subregularis (Savage, 1913) of the latest Upper Ordovician
(? Gamechian) in ¥issouri and Illinois, and S. unicum

Neuman, 1975, probably from the Hirnmantian Dalmanitina beds

of Sweden., Paliphyllum ellisensis represents a genus found

in member no, 3 of the Chasm Creek Formation, Churchill

River Grou northern Kanitoba, which correlates with the
P, ’
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upper Stony Mountain Formation of southern ilanitoba (lielson,

1963, fig. 2). Paliphyllum is also knovn from the Upper

Crdovician of Sweden, Zstonia, and Siberia, and the
Llandoverian (Lower Silurian) of Zstonia. The I1lis Bay may
in part correlate with the Lower or Middle Ashgillian
Remipyga faunal zone of the White Head Formation ét Perce,

as suggested by the stratigraphic position and trilobites
(Lespérance, 1968a, p. 151-153). Strata ecuivalent to the
Upper Ashgillian Hirnantian mudstones of the White Head could also
be represented in the Fllis Bay Formation, but the Hirnantian
fauna has not been recognizzad in the carbonate facies on
Anticosti Island. If the Zllis Bay Formation proves to be at
least partly post-Richmondian and of the same age as the
Hirnentian, the term Gamachian Stage (Schuchert and Twenhofel,
1910, p. 700, 701) has priority (Lespérance and Sheehan,

1976, p. 721).
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Solitary Rugose Corals

Streptelasma affinis occurs in the Vaureal Formation,

and is common in the 3Illis EBay Formation. Corallites show
little evidence of pre-depositional abrasion, and apparently
lived in low energy enviromments (Plate 3, figs. 21-23).
Corallites are ceratoid to trochoid and very weakly to
moderately curved in early stages, becoming cylindrical in
late stages (Plate 3, figs. 17, 27). Talons are sometimes
present in early stages (Plate 3, figs. 17, 21). Corallites
attain very large size in the upper Vaureal Tormation (GSC
1687), and in Twenhofel's (1928) zones 5 (YPM 5552) and 9
(YPH 3063/57k) of the Fllis Bay Formation. ZEpifaunal
organisms are fairly common (Plate 3, fig. 21; App. 5).

In the Vaureal Formation they include stromatoporoids,
bryozoans, and colonial corals. In Twenhofel's zone 5 of
the £11is Bay Formation, bryozoans, stromatoporoids, and
cornulitids occur as epifauna, and in zones 7 and 9,
epifaunal bryozoans and stromatoporoids are present.

Coarse rugae are regularly spaced on some corallites in the
lower Vawredal and Twenhofel's zones 5 and 9 of the Ellis Bay
Formation (Plaﬁe 3, fig. 21; App. 11). Environmental
conditions must have been stable and very favorable for
organisms during deposition of the Vaureal and Twenhofel's

zones 5 and 9 of the £llis Bay TFormation. Vermiforichnus

borings are very rare, being present in two of 29 specimens

(App. 6). Hicroscopic algal borings are present in eight
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of 16 corallites for whicn thin sections were examined
(Lop. 7). Those in YTH 556b are considered Recent in age
because they penetrate secondary calcite crystals.

Helicelasma selecta is uncommon in Twenhofel's

collection. Almost all corallites were abraded prior to
final burial, indicating transportation in relatively nigh
energy conditions (Plate 4, fig. 11). They occur in
argillaceous wackestone and packstone., Spifauna were not

observed. Vermiforichnus borings are present in one of ten

corallites (App. 6). Hicroscopic algal borings occur in
four of five corallites for which thin sections were
examined (App. 7).

Corallites of Deiracorallium angulatum are extremely

well preserved and were not abraded prior to final burial,
indicating that they lived in very low energy conditions
(Plate 4, figs. 20s, 21s, 24s, 25s). The species appears

to be generally sparse, but is cuite abundant in argillaceous
limestones of the Potatoe River area (Bolton, 1977, personalv
communication). ZIpifauna and borings are not present in

the 33 corallites examined.

Grewingclkia pulchella appears to be the most abundant

solitary coral on Anticosti Island. Corallites are
generally not abraded, and presumably lived in low energy
environments (Plate 7, figs. 24, 25, 28, 32). They occur
in argillaceous limestones in association with bryozoans

and brachiopods. YPM 551 was collected in a bioherm within
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the IEllis Bay TFormation. The frecquency distribution of
corallite lengths in Twenhofel's collection is shown in

Text-fig. 23. The distribution above 15 mm is thought to

Text-figure 23.,--Grewingkia pulchella (Billings, 1865):

length of corallites (1) (see App. 3). Collecting bias is
thought to contribute, at least in part, to low frequencies

below 15 mm,

1reflect the population. Collecting bias probably
contributes, at least in part, to the progressively lower
frecuencies of smaller corallites. The effects of biologic
factors such as birth rate, growth rate, and death rate are

unknown. The distribution resembles that for Streptelasma

divaricans (Text-fig. 14). Only one of more than 100 G,

pulchella corallites has epifaunal bryozoans (App. 5).

Vermiforichnus borings are not present. IMicroscoplic algal

borings occur in ten of 19 corallites for which thin
sections were examined (Avp. 7).

Lobocorallium trilobatum subsp. vaurealensis is rare,

These large, trilobate corallites were abraded in relatively
high energy conditions prior to burial (Plate 7, fig. 43s).
YP 20482 occurs in argillaceous limestone with abundant
brachiopods, bryozocans, and arthropod fragments. At GSC
locality 36157, corallites are present in coarse grained

packstone. Epifauvna and boring algae are not present. YT
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Text-figure 23.--Grewingkia pulchella (Billings, 1865):

length of corallites (1) (see App. 3). Collecting bias is
thought to contribute, at least in part, to low frequencies
below 15 mm,
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20482 has abundant Vermiforichnus borings (Plate 7, fig.
43s; App. 6).

Corallites of Eodophyllum englishheadensis are rare.

They have a base ol attachment centered on the cardinal side,
and YP 3019/2¢c was epifaunal on a bryozoan (Plate 8, figs.
18, 21). The corallites were abraded before burial,
indicating relatively high energy condition. YPHM 3063/15a,
b cccur in wackestone with brachiopods and arthropod
fragments, and YPM 3019/2a, c¢ are in echinodermal packstone.
Iipifauna and borings are not present in the five corallites
examined,

Risrhornia cf. vatella is rare., Corallites have

spoon-shaped areas of attachment on the concave cardinal
side near the tip (Plate 8, fig. 38). The species
presumably lived in low energy environments and corallites
were not abraded before burial. dpifauna and borings are
not present.

Paliphyllum ellisensis is uncommon. Several corallites

were collected from an Bllis Bay bioherm (YPH 573, a). A
few were slightly abraded before burial. The corallites
are cylindrical and some have regularly spaced coarse rugae
(Plate 8, fig. 51; App. 11). The species probably lived
in a fairly low energy, stable environment., Hpifaunal

bryozoans occur on five of 26 corallites (App. 5). Borings

are not present.
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LATZ UPPL= CRDOVICIAN SOLITARY RFUGCSS CORAL

3

ROVIKCES OF SASTERN NORTH AMSEICA

INTEODUCTICK

Late Upper Ordovician solitary corals of eastern Forth
America are assisned to three provinces distinguishesd on the
bases of assemblages and characteristic species (Yext-fig.

24). The distribution of these provinces corresponds

Text-figure 24.,--Late Upper Ordovician solitary rugose coral

provinces of eastern North America.

The Richmon@ Province coincides with the Richmond Group.
Solitary corals of the liaguoketa Group and eastern
continental margin belong to the Red River-Stony lMountain
Province of central North America, Those in the uppermost

Ordovician carbonate sequence of Oklahoma-liissouri-Illinois

are assigned to the Zdgewood Province.
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Text-figure 24,--Late Upper Ordovician solitary rugose coral

provinces of eastern North America.
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I. LICHWCKD PIOVINCS

The Richnmond Province is characterized by very low

diversity (Pext-igs. 24). The genera Grewinglkiz and

w

4
L
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!_J
£
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=
o
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+
o

represented by G. cenadensis, G. rustica,

<2

. deltengis, and S. divaricans., G. canadensis occurs in

3

ennegssee, the Cincinnati Arch region, Wisconsin, Drummond
and Xenitoulin Islands, and at Meaford, Ontario. S.

divaricans ig present in the Cincinnati Arch region,

northern llichigan, and at llanitoulin Island. The large

central area of the Richmond Province where G. canadensis

and often £. divaricans occur is termed the Cincinnati

Subprovince. In the Little Bay de Noc region of northsrn

Michigan, 5. divaricans and G. deltensis are present. The

latter species is unique to this area, which is termed the
Stonington Subprovince. G. rustica occurs at Lake St. John,
Cuebec, 2nd a single corallite found at Kanitoulin Island

was transported from an unknown source, The area of the
Richmond Province occupied by G. rustica is termed the Lale
St. John Subprovince. Its exact boundary with the Cincinnati
Subprovince is uncertain because corallites in the vicinity
of lontreal, Cuebsc, and Streetsville, Ontario, are not known at

the species level,

Origin. Solitary corals of the Richmond Province first
appeared in carbonate beds at the base of the "Waynesville”
horizon in the Richmond Group. Those in the lower Arnheim

3
[!

Tormation of Termessee may also be of "VWaynesville" age.
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Solitary corals are not knovn in Upper Crdovician strata
underlying the Richmond Group. They may have been
introduced to this geographic region during an early
Richmondian transgression. The source protably lay to the
west, where solitary corals occur in Zdenian-llaysvillian
strata of the laquoketa Group. Solitary corals in the
Trentonian-Early Cincinnatian of llinnesota, described as

Streptelasma corniculum and S. rusticum in Winchell and

Schuchert (1895, p. 90, S1, 93, PL. G, figs. 20-23) resemble

Crewingxia canadensis and G. rustica externally, and the

Trentonian §. (?) parasiticum Ulrich (in Winchell and

Schuchert, 1895, p. 89, S0, fig. %) is remarkably similer in

growth form to S. divaricans. A detailed study of the late

¥iddle=~esarly Upper Ordovician sdlitary corals of eastern
North America is reguired to determine if the Richmond Group
contains recurrent Black River-Trenton forms (sse Foerste,
1924, p. 43-45).

G. canadensis and G. rustica are virtually identical

externally. A single C. rustica corallite was found on
Ilanitoulin Island at the base of the lieaford beds in which

G. canadcnsis occurs. It was transported from an unknown

source, but suggests close relation in space and time
between the two species. It is possible that both were
derived from a common ancestor, or G, rustica may have

arisen from G. canadensis in the eastern digitation of the

Richmond Group by geographic speciation very soon after
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introduction from the west.

Grewingkia deltensgis, which occurs in micritic lime-—

stone of the Ogontz liember, Stonington Formation, northern
llichigan, has the trochoid, moderately curved form and

large size typical of species of Grewinckia in massive
& 3

-

carbonates of the Selkirk Member, Red Hiver TPormation (late
Middle or Upper Ordovician), southern lanitoba (Zli=zs, 1876).
C. deltensis occurs in the digitation of the Ricamond
Province nearest iManitoba., Selkirk ilember corals of
different genera occur in the Haquoketa Group to the
southwest, indicating that migration across the
Transcontinental Arch was possible., G. deltensis msy have
arisen from Led River species, It was unable to nmigrate
farther into the Richmond Provinces because suitable
environments resulting in Ogontz~type deposition did not

occur elsewhere,

Fate. Following introduction into the belt of Richmond

Group sedimentztion, solitary corals migrated laterally as
favorahle environments became more widespread. They

attained their meximum geographic range during "Liberty-

early Vhitewater" time, [Iigration out of and into the

Richmond Group was restricted shoreward by the CQueenston

delta, the positive HNashville Dome, and the Cénadian Shield,
which was probably slightly positive (Copper and Grawbarger, 1978, p. 1990).
Seaward of the carbonate platform, deeper waters in which

the Macuoketa shale was deposited proved to be an
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impenetrable barrier.

Progradation of the Queenston delta eliminated corals
from the kontreal, Streetsville, and ileaford areas during
Richmondian time (Text~fig. 18). Extinction of Richmond
Province gpecies resulted from withdrawal of the eastern
North American epicontinental sea at the close of the
Richmondian Stage, possibly due to a glacloeustatic
sea-level drop. An incursion of the Richmond Group at the
top of the liagquoketa Shale at Little Sturgeon Bay,

Wisconsin, reflects this final westward retreat.
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II. 23D BIVIE-STOKY MOUNTAIN PROVILCA

The Red River-Stony iiountain Province is characterized
by corallites having peculiar externzl form (Llias, 1976).

Grewingkia includes forms that are circular, compressed,

triangulate, and trilobate in cross—section. Species of

Deiracorallium are compressed, and Lobocorallium is

trilobate. Bighornia is distinct in having the cardinal
septum on the concave side of the depressed corallite.
Diversity in the carbonate facies of the Red River-Stony

Mountain Province is generally high.

A, MACUCHETA SUBPROVINCE
The KMacuoketa Subprovince is characterized by the
paucity and vary low diversity of solitary corals in
carbonate beds within the Macuoketa CGroup, which is

'Y

predominantly shale (Text-fig., 24). Helicelasma randi

occurs in the ¥aguoketa Group in northeastern Iowa-
northwestern Illinois, and southwestern Illinois, It is
elso present in the Selkirk liember, Red River Formation
(late lliddle or Upper Crdovician) of southern lianitoba.
In the laquoketa Subprovince, Bighornia cf. patella is known
only from the Fort Atkinson Formation in northeastern Iowa.
This species also occurs in the Red River and Stony lMountain
formations of southern iManitoba and at other localities in
the Red River=-Stony Mountain Province (sge Systematic
Paleontology). The presence of identical species on both

sides of the Transcontinental Arch indicates that migration
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acrocss this slightly positive structure took place at least
periodically during the late liddle to Upper Ordovician. H.
randi and B. cf. patella became extinct in the Xaquokata
Subprovince when the eastern.North American epicontinental se=z

-
Fy

withdrew a2t the end of the Tichmondian.

B, HARITIMNT SUBPRCVINCZ
A diverse aésemblage of solitary corals occurcs at the

1,

continental margin (FText—fig. 24). 3Bighornia cf. patellsa, a

characterictic Red River-Stony llountain species of wide

o]

zeographic and considerable stratigraphic range, occurs with

w

treptelasmz =2ffinis and Grewingkia pulchella in the lower

[

narber of the Vaurezl Formation on Anticosti Island,

—

Deiracorallium ansulatum of the upper member is probably

conspecific with the form in the Stony Hountain Formation of
southern lianitoka and the correlative Churchill Iiver Group

of northern ilanitoba., Lobocoralliuvm trilokatum subsp.

vaurealensis is very close to L. trilobatum of the Stony

lountain Formation. Also present in the upper member of the

Veureal Formation ars S. affinis, Helicelasma selecta, G.

pulchella, and Bodophyllum englishheadensis. In the

Stenovpareia faunal zone of the White Head Formation at

Percé, L. trilobatum subsp. vaurealensis occurs with H.

selecta, Grewingkia sp., and Bodophyllum ? sp. £. affinis,

H. selecta, and G. pulchella of the Vaureal Formation extend
into the Ellis Bay Formation of Anticosti Island. Also

present is Paliphyllum ellissnsis, representing 2 genus
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found in ths Red River-Stony Iiountain Province in northern
tlanitova. G. pulchella, apparently the most abundant species
at Anticosti Island, also cccurs in the clastic facies near
Ashland, llaine., In Penobscot Co., iiaine, £. rankini, G.

penobscotensis, Bodophyllum nesumani, and Densigrewingkis ?

sp. are present. Although the species are unigque tothis
locality, the generic assemblage resembles that at Percée and
Anticosti Island.

Presence of the characteristic genera

Loktocorallium, Deiracorallium,and Bighornia indicatesthat

the carbonate facies of the Anticosti-Percé rsgion is part of
the Red River-Stony liountain Province., Correspondence at

the species level, especially with southern Manitoba,
indicates communication via the northern Canadian Shield.
during the Upper Ordovician. Although characteristic Red
River-Stony Mountain taxaz are not knovn from laine, the
presence of G. pulchella on Anticosti Island and at Ashland,
¥aine, indicates connection of ths carbonate and clastic

facies. The generic assemblage comprising Streptelasma,

Grewingkia, Bodophyvllum, Helicelasma, and Paliphyllum is

typical of the late Upper Ordoviclan Baltoscandian Province

(Trable 3). Although Grewingkia, Helicelasma, and Paliphyllum

Table 3.--Ashgillian solitary rugose coral genera of
Scandinavia (compiled from B. Neuman, 1968, 1969, 1975).

Division 5b and the Dalmanitina beds contain the

characteristic Hirnantian fauna. The Boda Limestone, which
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comprises reef core and flank deposits, probably corresponds

in part to the Dalmanitina facies. It does not contain the

typical Hirnantian fauna, but more characteristic elements
occur in increasingly shaly beds to the south (Lespérance,
1978, personal communication).

are 2lso represented in the continental interior of the Red

River-Stony !Mountain Province, Streptelasma and Bodophyllum

are unknown., The Maritime Subprovince at the Horth American
conbtinental marzin is characterized by Hed River-Stony
iountein species in association with genera typical of the

Baltoscandian Province.
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Table 2,--Ashgillian solitary rugose coral genera of
Scandinavia (compiled from B. Keumen, 1968, 1969, 1975).

-

Divigion 5b and the Dalmanitina beds contzin the

characteristic Hirnantian fauna. The Boda Limestone, which
comprises reef core and flank deposits, protably corresponds

in part to the Dalmenitina facies, It does not contain the

typical Hirnantian fauna, but more characteristic elements
occur in increasingly shaly beds to the south (Lesperance,

1978, personzl communication).
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ITI, ZDGsWCOD PACVINCI

Solitary corals of the uvppermost Ordovician carbonate
cuence in Tllinois, Iissouri, and probably Clklahoma
constitute the Idgewood Province (”ext—xlb. 24). They are

different from corals of the Red River-Stony iountain and

Richmond provinces of the continental interior. Sireptelasma

subresularis, S. leemonensis, Streptelasma sp., and

Fodophyllum shorti form an assemblage resemnbling those of

the North American continental margin and the Baltoscandian

Province. $S. subregularis is similer to £. gffinis of

Anticosti Island, and most closely resembles £. unicum of

4.

Sweden. B. shorti is the only representative of the genus

known from the continentel interior of North America.

The uppermost Ordovician transgression that marked tae
beginning of Iiddle Paleozoic carbonate deposition in the
east-central United States may be related to deglaciation.
The transgression probably proceeded from the south, and
brought with it an assemblage previously restripted to the
continental margin. This introduction foreshadowed the
cosmopolitan Silurian fauna (Kaljo and Klaamann, 1973).
Laub (1975; 1976, p. 51) found that corals of the lliddle
Llandoverian (Lower Silurian) Brassfield Formation of the
Cincinnati Arch region show greatest similarity to the

eastern North American continental margin fauvna.
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UFPCR ORDOVICIAN SCLITATRY RUCCSZ CORALS CF ICRT:I AMIKHICA

EICGZ0GRATFIY

INTRCDUCTICH
Three Upper Crdovician solitary coral provinces, the
Red River-Stony llountain, Richmond, and Zdgewiood, are
presently recognized in North America (Text-fig. 25). The

Text~-figure 25,-~Upper Ordovician solitary rugose coral

provinces of Korth America,.

geographic and strétigraphic distribution of taxs
characterizing them was determined by regional envirommental
parameters relatsd to paleogeography, The late iliddle
through Upper Ordovician Red River-Stony Ifountain Province

is by far the most extensive.

I. RED RIVER~-STOKRY LOUNTAIN PRCVINCE

Continental Intarior. The vzst continental interior portion

of the Red Hiver-Stony Mountain Province was occupied by
shallow, interconnzcted epicontinental seas centralized in
largs areas of subsidence such as the ¥illiston and Hudson
Bay tesins. Rémarkably similar massive carbonate deposits
formed throuvghout the area, indicating widespread, stable,
uniform environmental conditions (Plower, 1965, fig. 5).

This region corresponds to the North America brachiopod

province (Sheehan, 1975) and Midcontinent conodont province,
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Text~figure 25,--Upper Ordovician solitary rugose coral

provinces of North America.
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thought to have been characterized by rasised temperatures
and salinity (Barnes and F8hraeus, 1975). Solitary coral

assemblages dominated by CGrewinglkia are similar throughout

the region, although there is some differentiation at the
species level from basin to basin (3lias, 1976, p. 48-52).
Diversity is generally high -— nine species representing

five genera are present in the Selkirk Liember, Red River
Formation, of southern HManitoba (Zlias, 1876). Corallites

are often trochoid, generally moderately curved,and frequently
attain large size. ZExternal variation within some species

is great. Crewingkia robusta corallites vary from circular

in cross-section to weakly triangulate to weakly trilobate.
All solitary corals of the continental interior h&ve strongly
to completely dilated septa in early stages and sametimes throughout
ontogeny. An axial structure is present, or major septa
extend to the axis., There is generally little intraspecific
variation in the number of septa at a particular

cross—sectional area (Zlizs, 1976, fig. 3).

Continental llargzin. Carbonate and clastic sediments were

deposited in digitations of the ked River-Stony Hountain
Province at the continental margins of North America. . These
aresas correspohd to the North Zuropean brachiopod province
(Sheehan, 1975) and North Atlantic conodont province,
thought to have been characterized by normal Ordovician

. . o K
open marine environments (Barnes and Fahraeus, 1975),
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Large bioherms devéloped at Anticosti Island and in Arctic
Canada, Solitary coral diversity can be higher at the
generic level than in the continental interior. Zight
genera are lmown from Anticosti Island, each represented by
a single species, Corallites are usually of small size,

although some species such as Sireptelasma affinis attain

very large siuze., There is generally relatively little

intraspecific variation., Streptelasma and Bodophyllum, both

unknown in the continental interior, are often associated
with characteristic Red River-Stony Mountain forms., These
two genera have undilated to weakly dilated septs, and

Streptelasma generally has an open axial region.
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II.

i

ICEMOKXD FRCVINCE
The Nichmond Province corregponds to a carbonate

platform at the margin of an epicontinental sea receiving
clastic sediments from the Cueenston deltz. A wide variety
of environments were present, ranging from open watersg of
the platform margin where colonial coral banks developsd, to
restricted hypersaline lagoons. As would be expected in an
area of clastic sedimesntation, solitary coral diversity is

very low., GCrawingkia canadensis and Streptelasma divaricans

are present in the relztivesly large central arez of the

province, whereas C. deltensis and G. rustica occur in

digitations at the marzin., Vhat the assemblage lacks in

taxonomic diversity is offset by an incredible degree of

-

intraspecific veriability in G. cz2nadengis and £. divericans.,

| 1 €]

The numbter of septa at a particular corsllite diameter is
highly varisble. Variation in the axiel region within these
speclies spens several genera, as they are presently defined.
The Richmond Province was senarated paleogeograprhically
from the Red River~Stony lountain Province by the Canadian
Shield to the north and Taconic upland to the east. On the
west, the deeper waters in which Maquoketa shale was
deposited proved to be an impenetrable barrier for solitary
corals, The Nashville Dome formed the southern boundary of
the Richmond Province. To account for the different
assemblages in these two provinces, Flower (1946, p. 127)

and Nelson (1959a) suggested that the Red River-Stony
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Mountain fauna was tropical whereas the eastern (Richmond)
fauna was temperate. This widely cited climatic influence
need not be invoked, especially when it is seen that the

Red River-Stony Mountain Province occurs on opposite sides
and ends of the Richmond Province. Paleogeography and the
related type of sedimentation are the primary faétors that

determined the nature and extent of these provinces.
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III, ZDCEWGCOD PROVINCE
The Zdgewood Province corresponds to the carbonate
seguence devyosited during & latest Upper Ordovician trans-
gression into the continental interior. INHormzl Ordovician
open marine environments are indicated by the development of
oolite shoals and smzll bioherms. As would be exéected, the
solitary corals (and brachiopods) resemble those previously

restricted to the continentel margsgin. Streptelasma subreguleris

o

is widely distributed, occurring in northeastern Illinois
and north- and southeastern Iiissouri. The corallites vary
from trochoid to ceratoid in external form, but there is

little internal variation. Strevtelasma lesmonensis,

Streptelasma sp., and Bodophyllum shorti are present in

%

gsoutheastern Missouri.
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Upper Ordovician solitary rugose coral provinces of

Horth America have relatively large central areas containing

~

Y

¢

eographically widespread diagnostic taxa, and smaller
marginal digitations in which different taxa are often
associzated with these characteristic forms. This distribution

permits correlation within provinces. For example, Grewingkia

robusta of the continental interior, Red River-Stony llountain
Province, occurs in the Red River Formation of southern
Ilanitoba and the correlative Bad Cache Rapids Group of

northern Manitoba and ielville Peninsula (Zlias, 1976;

Bolton, 1677). Lobocorallium trilohatum is present in the

Stony ilountain Formation of southern lanitoba, and L.

trilobatum -subsp. vaurealensis is known from the continental

margin in the Vaureal Formation of Anticosti Island and
White Head Formation of Perce, Quebec, Correlations must be

made with caution, however, Helicelasma randi occurs in the

Selkirk llember of the Red River Formation, southern Hanitobe,
and in the upper Brainard Formztion of Iowa and Illinois,

which 1s almost certainly younger. Grewingkia vpulchella has
& £

a long stratigraphic range on Anticosti Island, extanding
from the lower Vaureal to upper Ellis Bay Tormations.
Accurate correlation between provinces is impossible
because the species and assemblages are different.
Consequently, strata outside the Richmond Province cannot be

correlated, using solitary corals, with the North American
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Upper Crdovician type cection of the Cincinnati Arch region.
2%

The compressa2d, triangulate, and trilobate taxs characieristic

of the Tad Hiver-==IZtony llountain Province arz unknovn else-
where in the world. Although assemblages on the eastern and
southwestarn continental margin of the Red River-Ltony
ilountain Province, the Daltoscandian Province, ané the latest
Ordovician Idgewood Province are somewhat similsr, they have
no species in common. The solitary corals in these
essemclages reflect similar normal Ordovician open marine

environments, and do not necessarily indicate close genetic

relationship, geographic proximity, or contemporaneity.
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NORPHOLOGY AND TAXONONY

Virtually all Upper Ordovician solitary rugose
corals of North America possess a septal stereozone and
belong to the Tamily Streptelasmatidae Nicholson in
Nicholson and Lydekker, 1889. A single corallite of

Complexophvllum leithi flias, 1976 is known from the Selkirk

llember, Red River Formation, southern NManitoba, and represents
the Family Complexophyllidae Zlias, 1976, It has major septa
inserted in eight positions rather than four as is typical

of the Rugosa. Paliphyllum ellisensis (Twenhofel, 1928) of

the Ellis Bay Formation, Anticosti Island, Quebec, and E.
stummi (Nelson, 1963) of the Chasm Creek Formation, northern
Ilfanitobz, possess a dissepimentarium. They represent the
Family Paliphyllidae Soshkinz, 1955. The phylogenstic
relationship of thess families is unceftain.

Upper Ordovician solitary streptelasmatid genera are
distinguished primarily on the bases of the nature of the
axial region, the degree of septal dilation, and degree of

development of tabulae (Text-fig. 26). llost occupy positions

Text-figure 26,.,~-The conceptual bases for Upper Ordovician
solitary streptelasmatid coral "genera" (some illustrations

adapted from B. Neuman, 196G, 1975).

within the field of variability shown in fext-fig. 26a. In

order to evaluatz the validity of these gensra, the
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Text-Tigure 26.~-The conceptual bases for Upper Ordovician
solitary streptelasmatid coral "genera' (some illustrations

adapted from B. Neuman, 1969, 1975).
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INCREASING AX/IAl COMPLEXITY e

1873

Peirpcoraltium
Netson, 1963

Borelasma Neuman, 1909

—af—— INCREASING SEPTAL DILATION
~ntif———e DECRE ASING NUMBER OF TABULAE

Reuacorplivm
Netson, 1963

“Lobocoralhum Nelson, 1963 A B

® |

Bighornia Duncan, 1857

Densigrewingkia
Neuman, 1960 C

Bodophyltum Neumnan, 1969

Text~fig. 26
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following points must be considered [all species used as
examples are figured in B, Neuman (1969), Zlias (1976), and

herein]:

1. Streptelasme includes species having an open axial region

as in S. subregularis (Savage, 1913) and S. primum (Wedekind,

1927 species such as S. leemonensis n. sp. in which septa
y SP \ 2

extend to or almost to the axis, and specles having a weak

exial structure, for example 5. eccentricum Neuman, 1569.

However, Borelasma and Helicelasma, and Ullernelesma and

Leolasma are considerasd distinct.

2. The axizl region in corallites of Streptelasma divaricans

(Nicholson, 1875) varies from open, to those in which major
septa extend to the axis, to corzllites with an axial

structure of complexity comparable to Grewingkia.

3. An axiael region is not present in some corallites of

Helicelasma randi Zlias, 1976, but in others it is as large
? H

as that of Crewingkia and a week axial structure is

developed. .

4, The axial region in corallites of CGrewingkia canadensis

(Billings, 1862) varies from open as in Eorelasma, to those

resembling Helicz2lassma in having major sents that extend to
(o] (48] S

the axis, to corzllites with simple to complex axial

structures characteristic of Crewingkia,
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5. Streptelasma includes species such as §. divaricang in

which major septa are undilated in early stages, and S.

subregularis and S. corniculum Hall, 1847 having moderately

dilated septa. However, species with strongly dilated septa

are referred to Borelasma and Helicelasma.

6. Grewingkia includes species such as G. penobscotensis n.

sp. and G. anguinea (Scheffen, 1933) having weakly dilated
major septa in early stages, to G. rusticd (Billings, 1858)
in which dilation is complete in early stages and very

strong even in later stages.

7. Species of Helicelasma such as H. selecta (Billings,

1865), in which septa are completely dilated until the

latest stages and takbulae are rare, approach Leolasme.,

8, The following continuous morpnhologic seguence between
o o %

Grewingkia and Lobocorallium is recognized, and involves an

increase in the degree of trilobation and septal dilation,
and a decrease in the number of tabulae: G. robusta

(Whiteaves,  1896) -» G. haysi (Meek, 1865) ~-» L. trilobatum

subsp. vaurealensis (Twenhofel, 1928) =» L. trilobatum

(Whiteaves, 1895).

9, Deiracorallium differs from Grewingkia in that the

corallites are generally compressed and the axial structure
is finer and smaller (fext-fig. 26b). However, (. robusta

and G. haysi are sometimes compressed, and both D. dslicatum
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Zlias, 1976 zand G. robusta can b2 triangulazte to wealkly
trilobate. L. delicatum, a large species, is strongly to
complevely diléted in early stages, but in weallly dilatsad
later stages an axial structure and tabulae develop. D.
angulatun (2illings, 1862), a small species, resemvles
Leolasma., Septa are‘strongly to completely dilated until
immediately below the calyx where dilation decrsases excepf

around the axis, and tabulae are not developed.

10. Bodophyllum is characterized by a dilated median septal

lamella which is the prominent element in the axial structure

(T ext=fig. 26c). However, Crewingkia bilateralis Neuman,

1969, Helicelasma lamesllosa 3lias, 1976, and some corallites

of Streptelasma cyrtur Neuman, 19568 also have a median

lamella: In late stages of Bodopavllum shorti n.sp., the axial

structure resembkles Grewingkia because the median lamella is

weallly dilatzd and irregularn and other septal lobes and

lamellae are present.

11. Bighorniz is very similar to Dodovhyllum, but the

cardinal septum is on the concave side of the corallites
(Text-fig. 26c¢). Corallites of Bighornia are generally

subcalceoloid in form, as is EBodophyllum duncanae (Spjeldnaes,

1961). In an unusuvally long corallite of Bighornia cf,
patella (Wilson, 1926), the axial structure in the latest

stage resembles Grewinckis (Zlias, 1976, Pl. 17, fig. 13).

12. In Densigrewingkia the cardinal septum is on the concave
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side and the dilated median septal lamella is enclosed in
stereoplasmatic deposits until the latest stage, when the

axial structure very much resembles (Grewingkia (Text-Tig.

26c), In some species of other genera having strongly

j ]

dilated septa, such as Lobocorallium trilobatum subsp.

vaurealensis, the strongly dilated axial structure can be

dense because of stereoplasmatic deposits, and the axial

structure resembles Grewingkia.

It is apparent that the generic classificetion of
streptelasmatid corels is to a largs extent artificial and
artitrary. GCenera for which ths most spacles are lmovm

(Stravtalasme =nd Crewinskis ) have besn expanded to include

o]
2

C

the Lroadest ranges in the field of wvariahility shovm in

(g

Text-fig. 26a. "Voids" between 211 geners zre being (or

&
have bsen) filled as more speciss and their intraspecific

Py

Nl
4

variation are described., Similarly, as the ranges

o]

an
increasing number of genera that first appeared in the
Ordovician ars being extended into the Silurian, it is
becoming apparsnt that many "Ordovician" and "Silurian"

genera may be indistinguishatle. TFor example, licLean (1974,

p. 39, 43) suggested that Strevtelasma, Porfirieviella

Ivanovsky, 1953, and Dinophyllum LindstrBm, 1882 may prove

to be gradational, and that Eighornia, Bodophyllum,

Dalmanovhyllum Lang and Smith, 1939, and Ditoecholasma

Simpson, 1800 could be synonymous.
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In order to evaluate the significance of the
morphology of these streptelasmatid corals, the following
points must be considered [morphologic veriability in

Baltoscandian species was discussed by B. Neuman (1974)]:

1. In Streptelasma divaricans and Grewingkia canadencis,

decreasing axial region complexity may be related to
decreasing water depth. This trend is accompanied by an
increase in the number of septa at a particular cross-—

sectional area in G. canadensis. A decrease in complexity

of the axial structure from G. robusta to G. dilata to G.

paucisepta of the Selkirk Kember, Red River Formation,

southern Ilanitoba, is accompanied by a decrease in the
number of major septa at 2 particular cross-sectional area
(Elias, 1976, fig. 3). In the continental interior of the
Red River-Stony Hountain Province, corals having axial

structures such as Grewingkia are predominant, and those

with open axial regions are unknown., Corals with open

axial regions such as Streptelasma are present in normal

open marine environments at the continental margins.

2. Species that lived in stable environments where clezn
carbonzte sediments accumvlated generally have little
variability in the number of septa at a particular cross-—
sectional area. IZxamples are spacies in the Selkirk Illember,
Red River Formation, southern Manitoba (Zlias, 1676, fig. 3),

and Crewingkia deltensis of the Ogontz llemter in the Richmond
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Group at Little Bay de MNoc, liichigan (Text—Tig. 37).
Species inhabiting variable environments, such as G.

canadensis and Streptelasma divaricans of the Richmond

Group, show great variability in the number of septa

(Text-figs. 36, 28).

3. In most corallites of Grewingkia rustica, the major

septa form a counterclockwise whorl when viewed from the

calyx (Plate 7, figs. 12, 18). Hajor septa in Streptelasma

divaricans sometimes twist in a counterclockwise direction

(Plate 1, fig. 17). Development of this feature is rare in
some stages of small 5. affinis corallites., The significance

of axial torsion is unkaown (Laub, 1978).

4, The significance of a median septal lamella in the axial
region is unknown. It occurs in numerous genera and species,

as previously discussed.

5. The mode of septal insertion in the following species is

the same as in corals of Grewingkia, Helicelasma,

Deiracorallium, and Bighornia in the Selkirk llember, Red

o e ey

River Formation, southern Manitoba (Zlias, 1976, p. 44, 45,

fig. 7): Strevtelasma subregularis, Helicelasma randi, H.

selecta, Deiracorallium angulatum, Grewingkia canadensis,
H i s

G. deltensis, G. rustica, G. pulchella, Lobocorallium

trilobatum subsp. vaurealensis, and Bodophyllum shorti.
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6, The degrec of development of the cardinzl fossula is
highly varieble within genera, TFor example, Strentslasma

subresularis, Crewinckis deltensis, and Helicelasma randi

have broad fossulwe. In . affinis, . penobscotensis,

th

and H. lamesllosa, the cardinal fossula is narrow-or

undevaloped,

7. In the continental intesrior of the Hed River-Stony

Iiountain Province, corals have strongly to completely

3
]

dilated major septa a2t least in early ontogenetic stages.

G

Corals with undilated and weakly dilated septa, such as

Strentelasma, are prasent 2t the continental margins. The

dilation can b2 highly variatle within a

1
senuve, an examrls being Grewingkia, Within Helicelasma randi
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to complete, In Crewvingkis contaxta

t
septal dilation on the cardinal side where o fixing structure
is present probatly servsd to strengthen the corallits (B.

lieumen, 1969, p. 33, 34). G. paucisentz, G. robusta, C.

europaea hosholmensis (Kaljo, 1961), and H. randi lack

fixing structures tut often have stronger dilation on the
cardinal side.v In these cases it may have served to
increase stability of the corallites, which lay with the
cardinal side in the sediment, by adding weight to the lower

side (Flias, 1976, p. 33)., Septal dilation in Strentelasms
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w

divaricans may te a recponses to the stress of bryozoan

encroaching on the corallite., Althoush septal dilation
almost alviays decreases cduring ontogeny, the maximum degree
of dilation in L. randi often occurs at some height atove the
tip. If elements of the axizl structure are completely
dilated, the axial region will appear dense, as in some

stages of Grewingkia pulchella and Lobocorallium trilobatum

subsp. vaurezlensis,

8, Tabulae cannot bhe vresent if interseptal cnambers are
absent due to complete dilation of major septa.
It is not surprising, therefore, that a

~ Ty

characteristic of Ullernslasma, Leolasmz, Lokocorallium, and

small corallites of Deiracorsllium and Bighornia is the

rarity or absence of tabulae., In large corallites or species of

Deiracorallium and Bighornia having less strongly dilated

)

septa in latsr steges, tabulae are present. The degres of
dilation and spacing of tabulae is highly variatle, Vithin

a single corzllite of Streptelasma affinis they mey be thin

to moderately thick and very closely to widely spaced,

Tebellas are developed in the szptal region of large speciles

of Crewingkiz, Helicelasma, and Deiracorallium occurring in

<,

the continental interior, and in Lokocorallium wnich occurs

at the continental margin as wall,

g, All late Iiddle and Upper Ordovician streptelasmatid

genera have similar microstructure. The outermost portion
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of the wall concists of tiny fibers or clusters of fibers
oriented approximately perpendicular to the exterior, and
appears to be structurally continuous with the septa (Plate
i, figs. 55, 56). The microstructure of the septa, axial
structure, tabellae, and tabulae is similar. ‘‘then very
thin or in undilated stéges, they appear siructureless in
plane light (Plate 1, fig. 56), and trabeculae are not
distinguishable in longitudinal sections of septa. If
thick or dilated, well developed fibers are visible in
transverse sections (Plate 1, fig. 55), and trabeculae
inclined up toward the axis are distinguishable in
longitudinal sections of gepta., U-shaped lamellae are
developed in the stereozone when septa are not in lateral
contact due to dilation or close spacing (Plate 1, fig. 56).
The microstructure seen in these solitary corals is
dependent to a large extent on the degree of septal

dilation,

10. Host generz include species in which an area of

ivaricans inhabited

je)]

attachment is desveloped. CStreptzleasnma

stabilized carbonzte surfaces, and all corallites possess 2
base of attachment. The larvas oreoferentially selected

bryozosns as a2 substrate., Eodophyllum englishheadensis and

most corallites of Rirhornia c¢f. nztells have bvasss of
attachment. In most solitery coral speciss, however, the

larvae attached to particles so small that no visible record

was preserved on the corsllite. & tiny arez of atitachment
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ic rarely pregsnt on Crewinglidsz pulchizlla, & sginglo

corallites of iizliceslzsma randi having zan area of attachment

on & kryosoan 1ig kmown, but all otherc were unatiochad. The
nature and degree of development of this structure is

determined by preference of the larva for a particular

substrate, and substrate aveilability.

11. In 211 corzllites possessing a base of attachment, the
structure is centered on the cardinal side., Curved
corallites that did not possess a base of attachment are
thought to have boen oriented during life with the cardinal
side in contact with the substrate (Zlias, 1876, p. 31-34).
Growth was directed away from the substrate, resulting in

some degree of curvature (Text-fig. 27a, b). In Bighornia,

Text-figure 27.--Growth orientation of solitary rugose
corals, cardinal side (heavy line) in contact with subsirate.
a, Corallite attached to upper surface; Db, unattached in

sediment; ¢, attached to underside of object.

the shape of the ares of attachment suggests that some
corallites may have been fixed to & cylindrical surface,
such as & cephélopod shell (Elias, 1976, p. 30) (Text-fig.
27c). Upward growth resulted in corallites having concave
rather than the usual convex cardinal sides. Ferhaps the
larvae of all corals possessing concave cardinal sides

(Bighornia, Densigrewingkia) settled in protected areas on
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Text-figure 27.--Crowth orientation of solitary rugose
corals, cardinal sides (heavy line) in contact with substrate.
bl

a, Corallite attached to upper surface; b, unattachsd in

sediment; ¢, attached to underside of object,
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Text~fig. 27
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the underside of objects

12, Species in the Red River Formation and its correlatives
in the continentzl interior are large, trochoid, and
cenerally moderately curved. Species in the HRichmond and
Zdgewood provinces, and at the continental margin of the
Red River-Stony liountain Province are seldom large, range
from trochoid to ceratoid or ars esxclusively ceratoid, and
are generally weakly curved. Corzllites becoming
cylindrical in later stages are extremely rare in the Red
Yiver Formaetion (Zlias, 1976, p. 20). In the Richmond

Province, however, CGrewingkias canadensis and G. rustica

generally become cylindrical, At the continental margin,

Streptelasma affinis tecomes cylindrical and corallites of

Bodovhvllum enzlishheadensis sometimes become cylindrical.,

Bxternal form can bz highly variable within & species, TFor

example, corzllites of Helicelasma randi in the Selkirk
?

Hlember, Red Niver normwtlon, southern Ianitoba, vary from
genearally trochoid to rarely ceratoid, and conical to
strongly curved (Zlizs, 1976, p. 91). In the Selkirk
Hlember, the more strongly curved

corallites may have lived in higher energy environments than
uncurved or weakly curved corallites (Zlias, 1976, p. 33,

34). Corallites of §. canadensis are broadest (iz. most

trochoid) on the shallow, opsn, highly productive shelf edge

of the Richmond Groun carbonate platform. ESolitary rugose

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



212

corals are gsen2rally cilrcular in crogss-section., In the zZed
Diver=Stony lountsin Trovince, howsver, depressed (Zishornia),
e e e s e

compressad (Seirrcornllivn), trizn

Crewingkia and Deiracorsllium), end trilokato

Lobocorzlliun and some epzeizs of Crewingslkis) corsllitsas
Fa £

occur, Cross-sectionzal shape can be highly variable within
a species. TFor example, G. rokustz in the Sellkirk Hember,
Red River Formation, southern Xanitoba, varies from circular
to weakly triengulats to weakly trilobate. The unusual
external forms developsd by these polyps couvld have served to
incresse stability of the corallites, which lay with the
cardinal side in the sediment. This ability may have been in
part genetically controlled because it is restricted to the
Red River=-Stony Ilountain Province during the Crdovician
(Zlias, 1976, p. 35-39). Depressed and compressed solitary
rugose corals appeared a number of times later in the

Paleozoic, but triangulate and trilobate forms are unigue to

this province.

it is apparent that the significance of the morphology
of these streptelasmatid corais is poérly understood. liany
structures are'inter—related, and all are determined
directly or inﬁirectly by environmental factors. Their
genetic and phylogenetic significance is guestionable. The
only known continuous sequence of morphotypes that may

represent a phylogenetic lineage is Grewingkia robusta -

G. haysi -- Lobocorallium trilobatum subsp. vaurealensis -
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L. trilobatum in the Red River-Stony lountain Frovince.

The sequence is characterized by an increase in trilobation
ond septal dilation (Zlias, 1976, p. 38, 29). G. robusta
and G. haysi occur together in the Selkirk liember, Red
River Formation, southern lanitoba, and so it is not known

that the former gave rise to the latter. L. ftrilobatum

subsp. vaurealensis of Anticosti Island, Quebec, and L.

trilobatum, which occurs in southern llanitoba, could be

comtemporary geographic variants. The relation between G,

haysi and L. trilobatum is uncertain. L. trilobatum is
known from the Stony Mountain Formation of southern
Manitoba, but G. haysi occurs in the correlative Churchill
River Group of northern hianitoba. The two forms may be
geographic variants.

The present generic classification of Ordovician
solitary strepteiasmatid corals is to a large extent
artificial and arbitrary, and is based on environmentally
controlled morphologic features of questionable phylogenetic'
significance. A phylogenetic classification will be
possible oniy if fhese corals prove to furnish valid
phylogenetic criteria, and if lineages can be traced to
their origin.. This requires, among other things, a
knowledge of the virtually unstudied lMiddle Ordovician
solitary rugose corals.

The major source of difficulty in classification of

solitary Rugosa at the species level is intraspecific
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variation. A sample large enough to reveal the extent of
morphologic variability within a species must be examined

to ensure that variants are not assigned to different taxa,
and different taxa are not interpreted as variants of a
single species. Because the degree of variability and
available sample size differ greatly from specieé to species,
there will always be uncertainty in this regard. In many
cases where several species occur together stratigraphically,
the morphologic "gaps" separating them are so great that
they can be readily distinguished. Examples are

Streptelasma divaricans (Nicholson, 1875) and Grewingkia

canadencsis (Billings, 1862) of the Richmond Group, and S.

affinis (Billings, 1865), Helicelasma selecta (Billings,

1865), G. pulchella (Billings, 1865), Deiracorallium

angulatum (Billings, 1862), and Lobocorallium trilobatum

subsp. vaurealensis (Twenhofel, 1928) from the upper part

of the upper member, Vaureal Formation, Anticosti Island.
In some cases, however, '"gaps" between species are
relatively small and involve subtle differences among
populations, An example is the Selkirk Member of the Red

River Formation, southern Manitoba, in which Grewingkia

paucisepta Elias, 1976, G. dilata Elias, 1976, G. robusta

(Whiteaves, 1896), and G. haysi (Meek, 1865) have been
recognized (Elias, 1976). An examination of more specimens
might indicate that these are in fact subspecies (if the

populations overlap slightly), or synonyms (if a single
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population is present). The species recognized within the
scope of this study are considered valid because they are

separated from all others by morphologic "gaps".
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SYSTEMATIC PALZONTOLOGY

INTRODUCTION

Morphological terminology and biometrical methods
used herein were discussed by Elias (1976, p. 11-13,
15-20). HMany morphological features are described
gualitatively (for example, "weakly curved", "moderately
convex", "closely spaced"). Relative terms such as these
are used to compare specimens within the scope of this
study, and their meaning is made clear by an examination
of the plates.

The uncertain or guestionable validity of Ordovician
solitary‘streptelasmatid genera, as they are presently
understood, is discussed for each '"genus". The term is
placed in quotation-marks in recognizance of this problem.
Unfortunately, our knowledge of these corals is insufficient
to satisfactorily resolve these problems at the present
time.

The species recognized herein ars considered valid
because they are separafed from all others by

morpholégic"gaps".

Order Rugosa Milne-Edwards & Haime, 1850
Suborder Streptelasmatina Wedekind, 1927
Superfamily Zaphrentoidea Milne-Zdwards & Haime, 1850

Family Streptelasmatidae Nicholson in

Nicholson and Lydekker, 1889
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"Genus" Streptelasma Hall, 1847

1969. Streptelasma B. Neuman, p. 8-10.

1974. Streptelasma McLean, p. 38-41.,

Discussion: The present concept of Streptelasma is based

on Neuman's (1969, p. 8-11) study of the type species S.

corniculum Hall, 1847, from the Middle Ordovician Trenton

Limestone of New York. The "genus" includes solitary corals
having undilated to moderately dilated major septa normally
fused into a weak axial structure in early to intermediate
ontogenetic stages. In later stages, the major septa are
undilated and comparatively short, normally not forming an
axial structure (Text-fig. 26a).

McLean (1974, p. 39) discussed the uncertain relation-

ships of Streptelasma, Porfirieviella'Ivanovskiy, 1963, and

Dinophyllum Lindstrom, 1882, and stated that "future study
of a larger variety of material may reveal that differences

between these two genera and Streptelasma are merely

gradational, in which case they should all be considered
synonymous". The following points must be noted in

establishing the relationships of Streptelasma, Borelasma

Neuman, 1969, Helicelasma Neuman, 1969, and Grewingkia

Dybowski, 1873 (Text-fig. 26a):

1. Streptelasma includes corals having undilated and

moderately dilated major septa in early stages. However,

otherwise similar forms with strongly dilated septa are
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assigned to Borelasma and Helicelasma.

2. The single species 3. divaricans (Nicholson, 1875) is

highly variable and includes corallites having an open

axial region (as in Streptelasma), those in which major

septa extend to the axis (2lso considered Streptelasma),

and forms with an axial structure of complexity

comparable to Grewingkia.

Further study will probably demonstrate the gradational

nature of these "genera". A knowledge of variation within

S. corniculum is vital to this problem, but at present only

the lectotype is known (Neuman, 1969, p. 10, 11).
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Strentelasma divaricans (Nicholeon, 1&75)

Plate 1, figs. 1-56; Plate 2, figs. 1-27

1875b, Palaeophyllum divaricans Nicholson, p. 220, 221,

Pl. 22, figs. 10, 10a, 10b.

1882, Palaeophyllum divaricans Nicholson. Hall, p.

377’ 378’ Pl. 52, flg- 4.

1908, Streptelasma divaricans (Nicholson). Cumings,

p. 707, 708, Pl. 1, figs. 6, 6a.

1909, Streptelasma divaricans (Nicholson). TFoerste,

p. 307, 308, Pl. 10, figs. 4a-e.

1609, Streptelasma divaricans—angustatum Foerste, p.

'

308, P1, 9, fig. 6a, 6b.

1918. Streptelasma cf, divaricans (Nicholson).

Foerste, p. 99, Pl. 4, fig. 2.

1924, Streptelasma divaricans (Nicholson). Foerste,

p. 67, PL. 2, figs. 5a-d.

Lectotype (designated herein): The specimen represented by
Nicholson, 1875b, on Pl. 22, fig. 10, is designated as the
lectotype. It was said to be in the collebtion of U.P. James,
and the horizqn and locality were given as the "Cincinnati

Group, Cincinnati, Ohio". It has not been located.

Paralectotype (designated herein): The specimen represented

by Nicholson, 1875b, Pl. 22, fig. 10a, is designated as the

paralectotype. It was said to be in the collection of U.P.
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James, and the horizon and locality were given as the

"Cincinnati Group, Cincinnati, Ohid. It has not been located.

Other specimens: UCGH 45000~45143, 45611, 456463 Richmond

Group; Cincinnati Arch region, Ohio~Indiana-Kentucky (see
Text—-fig. 3 for stratigraphic horizons and locations);
Zlias collection. UCGH 45144, 45145; "Whitewater" surata,
Richmond Group; entrance to Hueston VWoods Park, Oxford,
Ohio; Elias collection. USNK 70024 (1 of 3 specimens);
"Yaynesville" strata (base of Clarksville), Richmond Group;
near Clarksville, Ohio., USNM 70211 (2 specimens);
"Waynesville" (Blanchester) strata, Richmond Group; near
Clarksville, Ohio. USNM 135761; "Waynesville"- (Blanchester)
strata, Richmond Group; SW of Elanchester, Ohio. USNIN
40086; "Whitewater" strata, Richmond Group; Oxford, Onio.
USNIY 42517; middle Richmond Group; Oxford, Ohio. TUSGS
loc., 4343-CO0 (3 specimens); "Whitewater" strata, Richmond
Group; B&0 railroad cut (Cincinnati, Indianapolis, and
Western R.R., NE%, sec. 21, TSN, R1E, College Corner topo
sheet) just NW of Oxford, Ohio; Boardman collection. USNKNM
135767; "ihitewater™ strata, Richmond Group; Richmond,

Indiana. USNM 84868 (2 syntypes of S. divaricans-angustatum

Foerste, 1909); "Whitewater" strata, Richmond Group;
Osgood, Indiana. USNM 84869 (4 specimens); "Vhitewater"
strata, Richmond Group, 3-4.5 m below Brassfield Formation;
Osgood, Indiana. USNM 50816; Richmond Group; Bardstown,

{entucky. USNM 78449 (S. cf. divaricans of Foerste, 1918);
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Fay de Noc lember, Stonington Formation; Stonington, Delta
Co., Michigan; Stratton collection. UCGI 45146-45152;
Kagawong beds, upper member, Georgian Bay Formation;
locality 19f-1, Hanitoulin Island, Ontario (see Text-fig.
1§_for stratigraphic position and location); Zlias
collection. ILU M6ta=-1, 4; NMeaford beds, upper member,
Georgian Bay Formation; locality l6la, Manitoulin Island,
Ontario (see Text-~fig. 18 for stratigraphic position and

location).

Occurrence: Upper Ordovician (Richmondian): "Vaynesville"

strata to top of Richmond Group; Cincinnati Arch region,
Chio~Indiana~-Kentucky. Meaford and Kagawong beds, upper
member, Georgian Bay Formation; Nanitoulin Island, Ontario.
Bay de Noc Member, Stonington Formation; Delta Co.,

Michigan.

Diagnosis: Corallites generally ceratoid, weakly curved,
of small size, and possess a base of attachment. LEpitheca
with septal grooves and interseptal ridges. Calyx deep,
sometimes with very weakly convex calicular boss. Corallites
generally solitary, but also occur as pseudocolonies and
rarely as colonies resulting from lateral and peripheral
increase.

In late stages axial region varies from complex
structure of septal lobes and lamellae, to septal lobes

only, to septa extending to axis, to septa withdravm from
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axis —— septa most commonly extend to axis., lajor septa
generally undilated throughout ontogeny and wavy. Cardinal
septum indistinct, fossula not developed. Ilinor septa
confined to or extend a short distance beyond a generally
narrow stereozone, Tabulae mostly complete, moderately

convex upward, with complementary plates.

Description of corallites: The length of corallites is

shown in Text-fig. 14. The distribution above 10 mm is
thought to represent the population, as discussed in the
text. The longest corallite examined (UCGHM 45013) has a
length of 32 mm and a diameter of 15 mm immediately below
the calyx where 32 major septa are present.

The corallites are generally ceratold, but sometimes
trochoid., They rarely become cylindrical in late stages
(UCGM 45025; USNM 84868). Most are weakly curved, but
they vary from uncurved to moderately curved. The
cardinal-counter surface is often slightly curved or twisted.

The corallites have a‘relatively small to large base
of attachment generally centered on the cardinal side, but
sometimes toward an alar side. Basal extensions or talons
are sometimes present. The corallites are usually attached
to bryozoans, as discussed in the text under Cincinnati Arch
Region. A wall is sometimes absent at the site of
attachment and the septa are comnected directly to the
bryozoan. Septal grooves and interseptal ridges are

present on the epitheca.
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Corallites generally occur individually, but 26 percent
of 189 specimens occur in clusters of two or more in
lateral contact (Text-fig. 13). The most corallites seen
in a single cluster is 13 (USNN 84869, Foerste, 1909, Pl.
10, fig.-4e). Most of these clusters apparently revresent
pseudocolonies., Often the tips are separate and the
corallites expand into lateral contact soon after. Less
commonly, the tips are in contact or the tip of one
corallite is attached to another corallite, but separating
walls are present with no evidence of increase. In only
two specimens has lateral and peripheral increase resulting
in true coloniality been demonstrated (see "Blastogeny"
below). In USGS loc. 4343-C0(a), the wallé separating
two corallites opened in late stages. Two specimens show
attempted rejuvenation in later stages (UCGM 45070; USGS
loc. 4343-C0(b)).

The calyx has a depth between 0,35 and 0.55 of the
corallite length. The calicular boss, when developed, is

very weakly convexX.

Ontogeny and internal structures: 1In early stages the

major septa generally extend to or almost to the axis,

Above this, a moderately complex axial structure of septal
lobes and laméllae may develop, or a few septal lobes only
may appear, or the major septa may extend to the axis, or
the major septa may become withdrawn from the axis. There

is a complete spectrum of variation from corallites with
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complex axial structures to those with an open axial region
(Plate 1, figs. 1-19; Text-fig. 16). Corallites with
major septa extending to the axis are most frequent.

The number of major septa at a particular diameter is

shown in Text-fig. 28. The septa are generally undilated.

Text-fifure 28.--5t: entelasma divaricans (Nicholson, 1&79):

relation between number of major septa (g) and corallite
diameter (d) or cross—-sectional area (a) for the Lichmond
Group, Cincinnati Arch 2egion. HNumbers indicate freguency of
a point if greater than one. Curve is visual fit of class
averages., USHN 84868, (x), cotype of S.

divaricans-ansustatum Foerste, 190¢, "Whitewater'" strata,

Eichmond Group, Osgood, ‘Indiana; USNM 78449, (o), S. cf.

divaricans of Foerste (1918), Eay de Noc [libr., Stonington

Pm., Stonington, Kichigan (sse App. 8).

In a few corallites the septa are weakly to moderately
dilated, especially in early stages (UCGM 45018, 45128).
The major septa are generally wavy and sometimes twist in a
counterclockwise direction. The cardinal septum is
indistinct, and a fossula is not developed. The minor septa
are confined to or extend a short distance beyond the
stereozone, which is generally narrow.

Tabulae first appear in very early stages. They are

mostly complete and moderately convex upward. Complementary
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Text-figure 28.--8t: eptalagma divaricans (Nicholson, 1875):

relation between number of major septa (g) and corallite
diameter (d) or cross-sectional avea (a) for the Nichmond
Grcup, Cincinnati Arch region. Numbers indicate frecuency of
3 point if greater than one. Curve is visual fit of class
averages., CUSNi 84868, (x), cotype of S.

divaricans-ansustatum Foerste, 180C¢, "Vhitewater'" strata,

Fichmond Group, Osgood, Indiana; USKM 7844¢, (o), S. cf.

divaricans of Foerste (1918), EFay de Noc kbr., Stonington

Tm., Stonington, Michigan (sze App. 8).
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plates are present in the septal region.

Blastogenv: In UCGH 45646, one offset resulted from lateral

increase end another arose by peripheral increase (Text-

fig. 29).

R N S S S S N S S T S N S S S S S N S o T N T S S S N N S S T T S T O N T S T I s

Text-figure 29.--Streptelagma divaricans {(Nicholson, 1875):

blastogeny in UCGH 49646 (x%). a, Offset resulting fiom
lateral increase; L, offset resulting from peripheral
increase (see Plate 2, fig. 1).

a) lateral increase -- The offset (g) developed in a

lateral protuberance of the elongate protocorallite.
The parent septa were initially withdrawn from this
region —— it is not known if the septa in the offset
represent their peripheral ends left behind. A wall
separating the protocorallite and offset appears as a
dense region in Text-fig. 2%9e, and is better defined
in f. This offset was short lived, and is absent

after j.

b) peripheral increase -—— The offset (Q) developed in
a thickeﬁed portion of the protocorallite wall (Text—
fig. 29¢c, d). The offset initially expanded inward at
the expense of the protocorallite (e-j), as is typical

of peripheral increase, Later, however, the offset
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Text—figure 2S.--Strentelacms divaricans {Nicholson, 1875):

blastogeny in UCCGH 49646 (=%5). a, Offset resulting from
lateral increase; L, offset resulting from pesiripheral

increase (see Plate 2, fig. 1).
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curved away from the protocorallite (Plate 2, fig. 1).
This is unusual because peripheral increase is
generally parricidal (Tedorowski and Jull, 1976, bp.

41). The septal arrangement is irregular until l.

Increase in UCGIl 45083 is indicated by an incomplete wall
partially separating two corallites in early stages and
becoming complete in later stages. Lateral increase

probably occurred in UCGLI 45036.

Microstructure: Septal fibers are well developed only in

dilated stages (Plate 1, fig. 55). Trabeculae are inclined
slightly up toward the axis. Lamellae in the stereozone

are well developed only in undilated stages when the septa
are relatively far apart (Plate 1, fig. 56). The outer wall
of the corallite is composed of fibers oriented
perpendicular to the interseptal ridges (Plate 1, figs. 55,

56) .

Discussion: This species, described from the Cincinnati

Arch region, was referred to Palaeophyllum by Nicholson

(1875b) and Hall (1882), and to Streptelasma by later

workers., Toerste (1909) distinguished S.

divaricans-ancustatum on the basis of its cylindrical form.

However, it has been found to lie within the variability of

S. divaricans, both externally and internally. §. cf.

divaricans of Delta Co., Michigan, was described from
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external morphology by Foerste (1918). The specimen has
been sectioned and Foerste's comparison is vindicated. The
species also occurs in the upper member of the Georgiah Bay
Formation on lianitoulin Island.

The degree of variation of the axial region within S.

divaricans spans the "genera" Streptelasma and Grewingkia.

The species is referred to Streptelasma because in the

majority of corallites an axial structure is nov developed.

S. divaricans is distinct in often forming pseudocolonies

and rarely colonies by lateral and peripheral increase., S.

(?) parasiticum Ulrich in Vinchell and Schuchert (1895, p.

89-90, fig, 6) from the Trentonian of Iinnesota also forms
pseudocolonies or colonies attached to bryozoa, but the
corallites are only several mm long -- internal structures

are unknown. S. ostrogothicum Neuman (1969, p. 21-23, fig.

13b, c¢) from the Upper Ordovician of Sweden commonly
produces several intracalicular offsets.by peripheral

increase,
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Streptelasma leemonensis n. Spe.

Plate 2, fig. 28

I

ftymology: The specific name refers to the town of Leemon,

Girardeau Co., lissouri, near which the species occurs,
Holotype: UCGH 45614; Dlias collection.
Paratype: UCGH 45615; Zlias collection.

QOccurrence: Upper Ordovician (? Gamachian): ILeemon

Formation; locality 20a-1, Cape Girardeau Co., llissouri.

Diagnosis: Corallites ceratoid, very weakly curved, and of
small size., Major septa undilated and extend to or almost

to axis., Cardinal septum indistinct, fossula not developed.
IMinor septa very long, sometimes extending more. than half the

corallite radius. Stereozone moderately broad. Tabulae present.

Description of corallites: The holotype is of small size

and has 32 major septa at a diameter of 9 mm, The paratype
has 24 major septa at a diameter of 7 mm, The corallites

are ceratoid and very weakly curved.

Ontogeny and internal structures: The major septa extend

to or almost to the axis, where they meet in several groups.
They are undilated. The cardinal septum is indistinct, and
a cardinal fossula is not present. The minor septa are

very long, extending more than half the radius of the
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corallite in the paratype. The stereozone is moderately

broad. Tabulae are present.

Microstructure: The microstructure of these partially

silicified corallites is unknown.

Discussion: Streptelasma leemonensis resembles corallites

of S. divaricans (Nicholson, 1875) with major septa that

extend to the axis. However, S. leemonensis is distinct in

having very long minor septa.
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otreotelasma sp,

Plate 2, figs. 25-31
Specimen: UCGH 45616; Elias collection.

Occurrence: Upper Ordovician (? Gamachian): Leemon

Formation; locality 20a-1, Cape Girardeau Co., lMissouri.

Description: In this small corallite the major septa

extend to or almost to the axis, where they meet in several
groups. They are moderately dilated in early stages and
undilated in later stages. The minor septa appear to be

confined to the stereozone. Tabulae are present.

licrostructure: The major septa appear to be fibrous, and

lamellae are developed in the stereozone.

Discussion: This corallite resembles Stréptelasne

leemonensis n. sp. and S. divaricans (Nicholson, 1875) in

that the major septa extend to or almost to the axis, where
they meet in several groups. However, in this corallite

the septa are more strongly dilated. The minor septa are

much shorter than in S. leemonensis. This single specimen
is poorly preserved because of secondary dissolution of the

periphery, and a specific name is therefore not assigned.
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Streptelasma subregularis (Savage, 1613)

[

1913, Zaphrentis subregsularis Savage, 1917&, p. 113,

Pl. 5, fig. 5, Pl. 9, fig. 1.

1913. Zaphrentis ambigua Savage, 1917a, p. 149, Pl.

g, fig. 2.

Holotype (by original designation): UI X-851; Cyrene
Formation, 3dgewood Group; near Ldgewood, llissouri;

Savage collection.

Other specimens: UI X-926 (2 specimens); Wilhelmi

Formation (Channahon Limestone of Savage); Will Co.,
Illinois; Savage collection. UI X-947 (type specimens of
Z. ambigua; one slabk with 5 specimens plus a single
specimen); Wilhelmi Formation (Channahon Limestone of
Savage); near Channahon, Illinois; Savage collection.,
UCGM 45618-45634; 1locality 20b-1, Cape Girardeau Co.,

Missouri; 32lias collection.

Occurrence: Upper Ordovician (? Gamachian): Wilhelmi

Formetion; Will Co., Illinois. Cyrene Formation,
Edgewood Group; Pike Co., Missouri. Leemon Formation;

Cape Girardeau Co., Missouri.

Diagnosis: Corallites trochoid to generally ceratoid,

uncurved to weakly curved, and of moderate size. DLpitheca
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Savage (1917a, p. 67) stated: "The first publication of
the new species of fossils noted herein was in this extract
that was distributed in November, 1913". Therefore, all .
references to Savage's descriptive paleontology are cited

as 1913 (see Amsden, 1974, p. 4).
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with prominent septal grooves and interseptal ridges.
Calyx deep, without calicular boss,

liajor septa withdrawn from axis, moderately dilated in
early stages and undilated in later stages, and wavy.
Cardinal septum shorf in later stages, cardinal fossula
prominent. inor septa generally very short, stéreozone
very narrow, Tabulae complete, thin, very widely speced
and somewhat irregular, convex upward in septal region and
horizontal to concave upward in axial region, and strongly

depressed in cardinal fossula,

Description of corallites: The largest corallite examined

(UCCH 45629) is 65 mm long, with a diameter of 29 mm in the
calyx where 37 major septa are present. The corallites are
trochoid (UCGM 45618, UI X-851) to usually ceratoid (UCGH
45619, UL ¥-947), and uncurved to weakly curved. Prominent
septal grooves and interseptal ridges are present., Growth
lines are preserved, and rugae are sometimes present. The
calyx has a depth equal to 0.4 (UCGM 45618) to 0.5 of the
corallite length (UCGHM 45622), A calicular boss is not

present.

Ontogeny and internal structures: In early stages the

major septa extend to or almost to the axis, where they
meet in several groups. In later stages they extend about
half way to the axis. The septa are wavy.

The number of major septa at a particular diameter is
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shown in Text-~fig. 30. The mzjor septa are moderately

Text-figure 30.--Stievtelasma subregularis (Savage, 1913):

relation between number of major septa (n) and corallite
diameter (d) or cross-sectional area (a). Numbers indicate
frequency of a point if grezter than one (see App. 8).

dilated in early stages and undilated in later stages. The
cardinal septum becomes short in later stages, when a
prominent cardinal fossula is present. The minor septa are
generally very short, and the stereozone is very narrow.

The tabulae are complete, thin, very widely spaced, and
somewhat irregular. They are convex upward in the septal
region and horizontal to concave upward in the axial region.
The tabulae are strongly depressed in the cardinal fossula

(UT X-851).

Microstructure: The major septa are clearly fibrous.
J _ ¥

Trabeculae are inclined up toward the axis., Lamellae appear

to be present in the stereozone in undilated stages.

Discussion: Savage

(1917a) distinguished Zaphrentis subregularis and Z.

ambigua primarily on the basis of external form, but

recognized that they were similar internally. Z. subregularis

was trochoid, whereas 7Z. ambigua was ceratoid. In the
’ L. 2M0lgua

Leemon Formation, a complete gradation from trochoid to
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Text-figure 30.--Strevtelasma subresulsris (Savage, 1913):

relation betwsen number of majoir septa (g) and corallite
diameter (&) or cross—sectional area (2). Numbers indicate

frecuency of a point if greazter than one (see App. 8).
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ceratoid forms with similar internal structure is seen.

Therefore, Z. ambigua is a synonym of Z. subregularis,

herein placed in Streptelasma,

Streptelasmz subregularis resembles the lectotype of

S. corniculum Hall, 1847 from the upper Iliiddle Ordovician

Trenton Limestone of New York (B. Neuman, 1969, p. 10-11,
figs. 4-6) in having moderately dilated septa in early
stages, major septa that are withdrawvn from the axis, short
minor septa, and tabulae that are concave upward axially.

However, S. corniculum does not appear to have a short

cardinal septum in a prominent fossula. §., affinis (Billings,
1865) from the Caradocian(?) through Ashgillian Vaureal and
Ellis Bay formetions of Anticosti Island, is often very

similar to S. subregularis externally and internally. S.

subresularis is distinct in having a2 short cardinal septum

in a prominent fossula, and very short minor septa.

S. subregularis most closely resembles S. unicum

Neuman, 1975 from the Ashgillian (Hirnantian Stage)

Dalmanitina beds or lowermost Llandoverian (Lower Silurian)

beds, 8stergbtland, and probably from the Dalmanitina beds,

Siljan district, Sweden. However, S. subregularis has more
strongly dilated septa, more widely spaced tabulae, and
slightly fewer septa at a particular diameter (see B.

Neuman, 1975, fig. 17).
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Streptelasma rankini n. sp.

Plate 2, figs. 32-34

Ztymology: The species is named for D.VW. Rankin, whose
field work for a Ph.D. at Harvard University resulted in
recognition of Upper Ordovician rocks in Penobscot Co.,

Haine.
Holotype: USGS 6344a-c; Neuman collection.

Paratypes: USGS 6262a, b; 6332a-c; 6335a, b; 6337a, b;
6340a, b; 6341a, b; 63452, b; 6346a; 6347a, b; 63502,

b; 63552, b; Neuman collection.

Occurrence: Upper Ordovician (Ashgillian): About 520 m

above base of unnamed formation; between Pond Pitch and
Haskell Rock Pitch, Zast Branch, Penobscot River, Penobscot

Co., Ilaine.

Diagnosis: Corallites ceratoid, usually uncurved, and
attain moderate size. lMajor septa generally slightly
withdrawn from axis, undilated, and wavy. Cardinal septum
indistinct, qusula not developed. Ilinor septa usually
extend a moderate distance beyond a moderately broad
stereozone., Tabulae mostly complete, steeply convex
upward at margins but almost horizontal or slightly concave

upward axially.
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Description of corallites: The specimens are poorly

preserved and incomplete.  The largest corallite examined
(USGS 6262b) has a diameter of 22 mm and 42 major septa at
an unknown distance lelow the calyx. The corallites are

ceratoid. All but USGS 6355 appear to be uncurved. USGS

6332c may have a base of attachment.

Internal structures: The number of major septa at a

particular diameter is shown in Text~fig. 31. The major

Text—figure 31.--Streptelacsma rankini n. sp.: relation

tetween number of major septa (n) and corallite diameter (d)
or cross—sectional area (a). Numbers indicate frequency of a
point if greater than one (see App. 8).

septa are generally slightly withdravn from the axis, They
are undilated and wavy. The cardinal septum is indistinct,
and a fossula is not developed. INMinor septa generally
extend a moderate distance beyond the stereozone, but they
may be very long (USGS 6335b). The stereozone is
moderately broad. The tabulae are thin and mostly

complete, Theyrare steeply convex upward at the margins,
but become almost horizontal or are slightly concave upward

axially. Comblementary plates are sometimes present.

Hlicrostructure: The corallites are poorly preserved.

Septal fibers cannot be distinguished, but weakly developed

trabeculae that are very slightly inclined up toward the
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Text—figure 31.--Streptelasma ranlkini n., sp.: relation

tetween number of major septa (n) and corallite diameter (&)
or cross-—-sectional area (a). Nunbers indicate frequency of a
point if greater than one (see App. 8).
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axis are possibly p:esent.

Discussion: Streptelasma rankini resembles some corallites

of S. affinis (Billings, 1865) and S. primum (Wedekind,
1927) in growth form and in having major septa withdravm
from the axis., However, S. rankini is distinct in having
tabulae that are much more steeply convex upward at the

margins.,
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Streptelasma affinis (Pillings, 1865)

Plate 3, figs. 17-31

1865, Zaphrentis affinis Billings, p. 430.

1865, Zaphrentis bellistriata Billings, p. 430, 431.

1866. Zaphrentis affinis Billings, p. 7.

1866. Zaphrentis bellistriata Billings, p. 8.

1901, Zaphrentis affinis Billings., Lambe, p.

118, 119, Pl. 7, figs. 6, a, b.

1928, Zaphrentis affinis Billings. Twenhofel, p.

114, 115.

Lectotype (designated herein): GSC 1987, c—e; upper
member, akout 30+ m below top of Vaureal Formation; ¥reck
Point, Anticosti Island, Quebec; T.C. Weston collection,

1865,

Paralectotypes (designeted herein): GSC 1987a, b; 1987g,

i; 1987f, h; wupper member, about 30+ m below top of
Vaureal Formation; Wreck Point, Anticosti Island, Quebec;

T.C. Weston collection, 1865.

Other specimens (all from Anticosti Island, Quebec;

Twenhofel collection unless otherwise stated): GSC 2244,

a, b (syntype of Zaphrentis bellistriata); upper member,

about 30+ m below top of Vaureal Formation; Wreck Point;

T.C. Weston collection, 1865. YPM 556a, b; lower member,
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Vaureal Tormation (Twenhofel's ZEnglish Head Formation);
reef at little cliff between Pear Cape and Cape Zagle,

YPI 517a; lower member, Vaureal Formation (Twenhofel's
zone 4, English Head Formation); Carleton Point. YDl 538a;
#1lis Bay Formation; cliff 1.2 km east of Junction Cliff.
YPH 145; Z1lis EBay Tormation; Prinstie Bay. YP 574;
Fllis Bay Formation; near Junction Cliff. YEFII 3063/45a;
5llis Bay TFormation; west side of Prinstie Bay. YPII
3063/52a; ©llis Bay Formation; west side of Ellis Bay.
YPM 3063/44b; ©5Sllis Bay Formation; Prinstie Bay. YBI
548a; Twenhofel's zone 1, Ellis Bay Formation; west side
of Ellis Bay. YPM 3019/3063/35a, e, f, i, j; Twenhofel's
zone 1, Ellis Bay Formation; Junction Cliff,., 7YPHM.515b;
Twenhofel's zone 2, Ellis Bay Formation; coral and
Beatricea zones, Lousey Cove. YPM 3063/36b-e; Twenhofel's
zone 2, Ellis Bay Formation; dJunction Cliff. YPI 555a;
Twenhofel's zone 5, Ellis Bay Formation; Rllis Bay. YPI
"Fllis Bay zone T7"; Twenhofel's zone 5, Ellis Bay Formation;
Ellis Bay. YPM 3063/56a; Twenhofel's zone 7 (Hormotoma
gigantea zone), Ellis Bay Formation; Ellis Bay. YPII
3019/3063/57j, k; Twenhofel's zone 9, Ellis Bay Formation;

Zllis Bay.

Occurrence: Upper Ordovician: Lower member (? Caradocian)

and upper member (Lower Ashgillian), Vaureal Formation,
and Bllis Bay Formation (Ashgillian, ? Gamachian);

Anticosti Island, Quebec.
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Diagnosis: Corallites ceratoid to trochoid, cylindrical
in late stages, very weakly to moderately curved, and attain
very large size, Zpitheca with prominent septal grooves
and interseptal ridges, and rugae. Calyx deep to very
deep, without calicular boss.

Major septa generally withdrawn from axis, undilated
to usually moderately dilated in early stages and undilated
in later stages, and wavy. Cardinal septum indistinct,
fossula not developed. Liinor septa generally long,
extending well beyond a narrow to moderately broad stereo-
zone. A few tabellae in septal region. Tabulae complete

and incomplete, thin to moderately thick, very closely to

widely spaced, and convex upward in septal region, and
concave upward in axial region.
Description of corallites: The largest corallite examined

(GsC 1987g, i) is a fragment 120 mm long, with a maximum
diameter of 55 mm and a diameter of 37 mm at the incomplete
base, YPM "Ellis Bay zone 7" has 70 major septa at a
diameter of 43 mm., The corallites are ceratoid to trochoid
in early stages, and become cylindrical in later stages.
Curvature is very weak to moderate, and the corallites are
generally uncurved in cylindrical stages. Prominent septal
grooves and interseptal ridges are present. Coarse rugae
are often developed, and on some corallites are regularly
spaced at an interval of 8 to 13 mm (App. 11). Talons are
sometimes present in early stages. The calyx has a depth

equal to 0.3 (YPM "Ellis Bay zone 7") to 0.6 of the
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corallite lengtn (GSC 1987, c—e). The base of the calyx is

generally concave upward,

Ontogeny and internal structures: In early stages the

major septa extend to or almost to the axis. In intermediate
and late stages they may extend almost to the axis where a
few septal lobes are sometimes present (YPI 3019/3063/57k),
but are generally withdrawn and may extend less than half
way to the axis (YPM 3019/3063/35i). The septa are
generally wavy.

The number of major septa at a particular diameter is

showvm in Text-fig. 32. The major septa are usually

Text-fijure 32.--Strentelasma affinis (Billings, 1865):

relation vetwsen number of major septa (g) and corallite
diameter (d) or cross-sectional area (a). Nuwabers indicate
freguency of a2 point if greater than one (see App. 8).

moderately dilated in early stages, but may be undilated,
They are undilated in later stages. The major septa
rarely twist in a counterclockwise direction in small
corallites'whén viewed from the calyx (YPK 5172, 3063/36d,
3063/56a). The cardinal septum is indistinct, and a
cardinal fossula is not developed. The minor septa are
usually long and extend well beyond the stereozone. The

stereozone is generally narrow, but ranges from very narrow
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Text-figure 22.-=Streptelasma affinis (Billings, 1865):

relation between number of major septa (g) and corallite
diameter (@) or cross-sesctionzl area (a). Numbers indicate

freguency of 2 point if greater than one (see App. 8).
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(YPH 5172, 548a) to broad (YPI 555a).

A few thin tabellae inclined up toward the axis are
present in the septal region., Complete and incomplete
tabulae are developed. Within a corallite, they may vary
from thin to moderately thick, and be very closely to
widely spaced. They are convex upward in the septal region

and concave upward in the axial region.

Ilicrostructure: Septal fibers are distinguishable only in

dilated stages. The weakly developed trabeculae are
inclined slightly up toward the axis. In undilated stages,

lamellae are developed in the stereozone.

Discussion: GSC 1987, c-e is selected from Billings'

synfypes as the lectotype of Streptelasma affinis because

the specimen has been cross—sectioned. Paralectotype GSC
1987a was figured by Lambe (1901, Pl, 7, figs. 6, a), but
has not been cfoss—sectioned. The source of Lambe's
cross-section in fig. 6b is unknown.

A cross-section and longitudinal section of a syntype

of Zaphrentis bellistriata (GSC 2244, a, b) indicate that

it is a junior synonym of S. affinis, as noted by Lambe
(1901) and Twenhofel (1928).

S affinis resembles S. primum (Wedekind, 1927) (see
B. Neuman, 1969, p. 11-17) from the Ashgillian of Norway in
growth form and in having short major septa and tabulaé

that are concave upward axially. S. affinis is distinct in
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attaining larger size and in having long minor septa.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



"Genus" Helicelasma Neuman, 1969

1969, Helicelasma B. Neuman, p. 28, 29.

1076. Hlelicelasma Elias, p. 86-90.

Discussion: Helicelasma was proposed by Neuman (1969) to

include solitary corals having strongly to completely
dilated major septa extending to the axis in eafly and
intermediate ontogenetic stages. In later stages the major
septa are less strongly dilated and normally join into a
loosely built axial structure (Text-fig. 26a). The
diagnosis was based primarily on the type species H. simplex
Neuman, 1969.

The uncertain relationship between Helicelasma and

Streptelasma Hall, 1847 was discussed under the latter

"genus"., The following points suggest that differences

among Helicelasma, Grewingkia Dybowski, 1873, Leolasma

Kaljo, 1956, and Borelasma Neuman, 1969pare gradational
(Text-fig. 26a):
1. An axial region is not present in some corallites of
H. randi Elias, 1976, but in others it is as large as

that of Grewingkia and a weak axial structure is developed.

In H. lamellosa Elias, 1976, the degree of development of
the axial structure varies during ontogeny, and spans the

"genera'" Helicelasma and Grewingkia.

2. Species of Helicelasma such as H. selecta (Billings,

1865), in which septa are completely dilated until the
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latest stages and tabulae are rare, approach Leolasma.

3. Streptelasma includes corals having a weak axial

structure, those in which septa extend to or almost to

the axis, and forms having an open axial region.

However, Helicelassma is distinguished from Borelasma,
which has an open axial region in later ontogenetic

stages but is otherwise similar.
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Helicelasma rendi Slias, 1976

Plate 4, figs., 1-8

1976. Helicelasma randi Blias, p. 91-96, PL. 13,

figs. 1=15, P1. 14, figs., 1-20,

Specimens: SUI 57-'24; probably Clermont Ilember, Scales
Formation, Maqguoketa Group; SVWi, sec. 21 or NW%, sec., 28,
Clermont Township, Fayette Co., Iowa., USNN 42535, a, b;
Brainard Formation, lMaguoketa Group; Sterling, Illinois.
USGS 2068, a; b; Brainard Formation, laquoketa Group;
Sterling, Illinois; Ulrich and Bassler collection. USGS
206T (3 specimens); Brainard Formation, Maguoketa Group;
Sterling, Illinois; Ulrich and Bassler collection. USNHM
acc. 306219 (2 specimens); Brainard Formation, laguoketa
Group; S&%, SZ%, sec. 35, T91N, R6W, Clayton Co., Iowa;
Gerk collection. SIU 4200, 4201; Orchard Creek liember,
Scales Formation, lfaguoketa Group; bank of Mississippi
River, 1.6 m N of Thebes, sec. 5, T153, R3W, Alexander

Co., Illinois; Guensburg collection.,

Occurrences Late Middle (?) and Upper Ordovician: The

types occur in the Selkirk lMember, Red River Formation (late
Middle or Upper Ordovician); Garson, Manitoba. Probably
Clermont Member, Scales Formation (Richmondian), Maquoketa
Group; Fayette Co., Iowa, Brainard ¥ormation (Richmondian),

Maguoketa Group; Clayton Co., Iowa, and Sterling, Illinois.
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Tescrintion of corallites: The largest corallite examined

(USGS 2065a) has a length of 63 mm and a diameter of 23 mm
immediately below the calyx where 40 major septa are
present. The corallites are trochoid, and uncurved to
weakly curved. Septal grooves and interseptal ridges are
present on the epitheca., The calyx has a depth equal to
0.3 of the corallite length (USGS 206T). The calicular

boss is strongly convex (USGS 206T).

Ontogeny and internal structures: In early stages the

major septa extend to or almost to the axis. In intermediate
and late stages a few septal lobes and lamellae develop in
the axial region. Groups of two or more major septa often
converge near the axis. The number of major septa at a

particular diameter is shown in Text-fig. 33. In early

Text-figure 23.--Helicelasma randi Zlias, 1976: relation

between number of major septa (n) and corallite diameter (4)
or cross-sectional area (é) for the Selkirk Ibr., Red River
Fm., southern Manitoba (ses Zlias, 1976, fim. 12b) and
Mazsuoketa Gp. (§g§ App. 8). lNumbers indicate Tfrequency of a
point if greater than one.

stages, septal dilation is complete (USGS 206Sa) to
moderate (USNM 42535b). Dilation near the axis sometimes
produces a halo around the axial region (USNM 42535b; SUI

4200). The cardinal septum is long and less strongly
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Text—Tigure 33.--Helicelezeoma randi Zliese, 1976: relation

between number of major septa (n) and corallite diameter (&)
or cross-—sectional area (a) for the Selkirk ¥br., Red River
Fm., southern ¥anitoba (gee Slias, 1976, Tiz. 12L) end

Maguoketa Gp. (see App. 8 ). MNumbers indicate freguency of a
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dilated than the other major septa. The cardinal fossula
is moderately broad. Ninor septa are confined to or extend
a short distance beyond the moderately broad stereozone.

In later stages the tabulae are complete, relatively widely

spaced, and moderately strongly convex upward,.

Microstructure: The microstructure is unknovm because of

poor preservation.

Discussion: These corallites from the NMaguoketa Group of

Iowa and Illinois cannot be distinguished morphologically

from Helicelasma randi of the Selkirk kember, Red River

Formation, southern lManitoba., The number of major septa at
a particular diameter is similar in both units, although
corallites from the Maquoketa tend to have slightly lower
values (Text-fig. 33). The specimen from Clermont Township,
Iowa, probably from the Clermont lember of the Scales
Formation, has a larger axial region than those from the

Brainard Formation.
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Helicelasma selecta (Billings, 1865)

Plate 4, figs. S-19

1865. DPetraia selecta Billings [partim], p. 429.

1866. Petraiz selecta Billings [partim], p. 7.

1901, Streptelasma selectum (Billings) [partim].

Lambe, p. 113, P1., 6, figs. &, a.

1928. Streptelasma selectum (Billings) [partim].

Twenhofel, p. 113.

Lectotype (designated herein): GSC 1989, b; upper
member, 27-30 m below top of Vaureal Formation; west end
lighthouse, Anticosti Island, Quebec; Richardson

collection, 1856.

Paralectotypes (designated herein): GSC 1989, g; 1989c,

d; 1989f; wupper member, about 27-30 m below top of
Vaureal Formetion; west end lighthouse, Anticosti Island,
Quebec; Richardson collection, 1856 ( the following belong

to Grewingkia pulchella: GSC 198%e; 198%h; 1989i, j;

1989k; 19891; 1989m, 1989n).

Other specimens (all from the Twenhofel collection, Anticosti

Island, unless otherwise stated): YPIl 508a; upper member
(English Head facies), Vaureal Formation; Znglish Head.
YPI 518c; upper member (ZEnglish Head facies), Vaureal
Formation; West Bay. YP 514a; Ellis Bay Formation;

Cape James. YPM 543; Ellis Bay Formation; zone 21 of
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Twennofel's Vaureal River section. YPI 539a; basal unit,
Z1l1lis Bay Formation; gzone 10 of Twenhofel's Vaureal River
section. YPi 515a; Twenhofel's zone 2, Gllis Bay
Formation; coral and Beatricea zones, Lousey Cove. USHNK
102390(2, 3) and YP¥ "Grande Coupe, Percé, Quebec'"(a);

Stenopareia faunal zone of Lespérance (1968b), Vhite Head

Formation; Grande Coupe, 2.4 km N of Percé, Quebec.

Occurrence: Upper Ordovician: Upper member (Lower

Ashgillian), Vaureal Tormation,and Ellis Bay Formation
(Ashgillian, ? Gamachian); Anticosti Island, Quebec.

White Head Formation (Lower Ashgillian); Percé, Quebec.

Diagnosis: Corallites trochoid, weakly curved, and attain
moderate size, Calyx deep, calicular boss not developed.
Small axial structure of a few dilated septal lobss and
lamellae. Septa generally completely dilated except in
late stages immediately below calyx. Cardinal septum thin
and generally short in late stages, in moderately broad
fossula, IMinor septa moderatelyllong and sometimes extend
a short distance beyond the moderately broad stereozone in

weakly dilated late stages. Tabulae rare.

Description of corallites: The longest specimen observed

(YRl 514a) is incomplete, 2nd has a length of 50 mm. The
broadest specimen (YPM 515a) has a diameter of 27 mm. The
maximum number of septa observed is 44 at a diameter of 25

mm (USNM 102390(3)). The corallites are trochoid and
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weakly curved. Veakly developed septal grooves and
interseptal ridges are sometimes present (GSC 1989, g).
The calyx has a depth equal to 0.4 of the corallite length
(GsC 1989a, b; 198%¢c, ad).

Ontogeny and internal struvctures: In early stages the major

septa extend to the axis, In intermediate stages, a few
completely dilated septal lobes are present at the axis,
and in late stages a2 few dilated septal lamellae sometimes
develop in the small axial structure. The number of major

septa at a particular diameter is shown in Text-fig. 34.

relation bLetween numbter of major septa (g) and corallite
diameter (d) or cross-sactional area (a) (gee App. 8).

The septa are generally completely dilated except in late
stages immediately below the calyx, where septa are weakly
(USNM 102390(3)) to usuzlly strongly dilated. In late
stages the cardinal septum is thin and generally very short.
The cardinal fossula is moderately broad. The minor septa
are moderately long and sometimes extend a short distance
beyond the moderately broad stereozone in weakly dilated
late stages. A few tabulae are sometimes present (GSC

1989a, b).

Microstructure: Septal fibers are well developed and
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Text-figuie 34.--Helicelasma selecta (Billings, 186%9):

relation between numbier of major scpta (g) and corallite

diameter (&) or cross-scctional area (a) (gee App. 8).
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the trabeculae are weakly inclined up toward the axis.

Lamellae are generally present in the stereozone.

Discussion: GSC 1989, a-n are probably the syntypes used

by Billings in his original description. However, two
species are represented in this collection. One is

Grewingkia pulchella. The other is congidered to be

Helicelasma selectz, from which the lectotype and

paralectotypes are herein designated.  Billings' Petraia
pulchella was considered a synonym of P. selecta by Lambe
(1901) and Twennofel (1928), but two species are definitely
involved. ‘
In the latest ontogenetic stages, H. selecta resembles
H. randi Elias, 1976. Eoth species have a small axial
structure of a few dilated septal lobes and lamellae, and
" the thin cardinal septum occurs in a moderately broad
fossula. However, H. selecta is distinct in having
completely dilated septa except in late stages immediately
below the calyx, and in generally possessing fewer septa
than H. zgggl at a particular corallite diameter (Text-figs.

33, 34).
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"Genus" Deiracorallium Nelson, 1963

1963. Deiracorallium Nelson, p. 37.

1976. Deiracorallium HZlias, p. 102-106.

Discussion: Deiracorallium was proposed by Nelson (1963)

to include solitary corals having a markedly angulate
convex cardinal gide and strongly dilated major septa that
extend to the axis without twisting. This diagnosis was

‘based on the small type species D. manitobense Nelson,

1963. This species is probably conspecific with D.
angulatum (Billings, 1862) of Anticosti Island, a
possibility recognized by Nelson (1963, p. 38) and
discussed under the species herein. D. giganteum Nelson,
1963 is of moderate size and has‘major septa that twist in
the axial region. D. delicatum Zlias, 1976 attains
moderately large size and in later ontogenetic stages has
weakly dilated major septa and an axial structure of septal
lobes and lamellze, Therefore, the genus was expanded by
Elias (1976) to include forms with an axial structure.

The following points must be considered in evaluating.

the relationships of Deiracorallium, Grewingkia Dybowski,

1873, and Leolasma Kaljo, 1956 (Text-fig. 26a, b):

1., Large species of Deiracorallium such as D. delicatum

differ from Grewingkia in that the corallites are

generally compressed and the axial structure is finer and

smaller. However, G. robusta (Whiteaves, 1896) and G.
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haysi (lMeek, 186%) are sometimes compressed, and both D.
delicatum and G. robusta can be triangulate to weakly
trilobate. The significance of external form as a
diagnostic generic trait is guestionable. Variability in
the complexity and size of the axial structure in

Grewingkia is great, as will be discussed under that

"genus".,

2. Except for external form, small species such as D.
angulatum resembles Léolasma. The major septa are
strongly to coﬁpletely dilated until immediately below the
cal&x where dilation decreases except around the axis,

and tabulae are not developed.
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Deiracorallium anculatum (Pillings, 1862)

Plate 4, figs. 20-32

1862. Petraia angulata Billings, p. 103, figs.

S0a, b.

1901, Streptelasma ansulatum (RPillings). Lambe,

p. 112,

1028, Streptelasma angulatum (Billings). Twenhofel,

p. 111,112, P1. 3, fig. 5.

1937. "Streptelasma anculatum (Billings)". Cox,

p. 4, P1, 1, fig. 5.

1643, [?] Streptelasma trilobatum (Whiteaves).

Okulitch, PlL. 1, figs. 13, 14.

1959, [?] "Streptelasma angulatum (Billings)".

Nelson, Pl1., 4, figs. 2a, b.

1963. [?] Deiracorallium manitobense Nelson, p. 37,

38, PL. 13, figs. 1, 2a, b,

1963, [?] Deiracorallium manitobense var.

churchillense Nelson, p. 38, Pl., 13, figs.

"3a, b.

Lectotype (designated herein): GSC 1984, a; vupper member,
about 30+ m below top of Vaureal Formation; west end
camp, Anticosti Island, Quebec; Richardson collection,

1856.

Other specimens: GSC loc. 84419 (28 specimens); wupper
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menber, 60+ m below top of Vaurezal Fofmation; main
highway section on upper elevation east of Potatoe River
crossing, Anticosti Island, Cuebec; DBolton collection.
YPY 506a-d; Twenhofel's zone 5, upper member, Vaureal

Formation; Anticosti Island, Quebec; Twenhofel collection.,

Occurrence: Upper Ordovician (Lower Ashgillian): upper

member, Vaureal Formation; Anticosti Island, Quebec,

Diagnosis: Corallites ceratoid to trochoid, weakly to
moderately curved, compressed, triangulate, and of small
size, Calyx deep, without calicular boss,., Illajor septa
extend to axis and are very strongly to completely dilated
until immediately below calyx where dilation decreases
except around the axis. Cardinal septum short and thin in
latest stages, when fossula is long and narrow. Ilinor
septa confined to or may extend well beyond the moderately

wide stereozone in latest stages. Tabulae absent.

Description of corallites: The largest corallite examined

has a length of 23 mm, The maximum number of major septa
observed is 36 at a height of 9 mm (GSC loc. 84419(b)).
The corallites are ceratoid to trochoid. They are weakly
to moderately curved, strongly compressed, and triangulate
in early stages. Later, curvature decreases, corallite
expansion decreases or ceases, and compression and
triangulation decrease. Veakly developed septal grooves

and interseptal ridges are present on the epitheca. The
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calyx has a depth equal to 0.3 of the corallite length. A

calicular boss is not developed.

Ontogeny and internal structures: The major septa extend

to or almost to the axis throughout ontogeny. The number
of major septa at a particular height is shown in Text-fig.

35. As would be expected, trochoid corallites have more

Text-figure 35,—--Deiracorallium: 1relation tetween number of

major sevta (n), corallite height (h), and corallite form.

a-d, GSC loc. 844192-d, D. angulatum (Billings, 1862),

Vaureal Tm., Anticosti Is., Quebec; g, GSC 10646, paratype

of D. manitobenss Nelson, 1963, mbr, no., 1, Caution Creex

Fm., northern ilanitoba; f, GSC 10847, holotype of D.

manitobense wvar. churchillense Nelson, 1963, nmbr. no. 1,

Chasm Creek Fm., no:thern l[ianitoba; g, h, UM 266, 346,

Deiracorzllium sp., Cunn br,.,, Stony Mountain I'm., Stony

liountain, X¥anitoba (se2 App. 8).

septa at a .particular height than ceratoid forms, The
septa are very strongly to completely dilated until
immediately below the calyx where dilation decreases except
around the aiis. The cardinal septum is short and thin in
late stages, and the cardinal fossula is narrow. In late
stages immediately below the calyx, the minor septa may be
confined to (GSC lpc.84419(a)) or extend well beyond the
moderately broad stereozone (GSC loc. 84419(b)). Tabulae
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Text-figure 35,—~-Deiracoralliuvum: relation between number of

major sspta-(n), corallite height (), and corallite form.

ansulatun (Billings, 1862),

a-d, GSC loc. 84419a-d, D.
Ly =
Vaureal Fm., Anticosti Is., Quetec; e, GSC 10846, paratype

of D. manitobenss NHelson, 1963, mbr. no. 1, Caution Creek

fm., northern ianitoba; £, GSC 10847, holotype of D.

manitobense wvar. churchillense Nelson, 1663, mbr. no. 1,

Chasn Creek Fm,, northern lianitoba; g, h, ULl 266, 346,

Deiracoralliuvm s»., Gunn ¥br., Stony lountain I'm., Stony

ountain, Manitoba (see App. 8).
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are not developed.

Microstructure: Septal fibers are well developed and the

trabeculae are weakly inclined up toward the axis.

Lamellae are not present in the stereozone.

Discussion: Billings' original description was based on

three syntypes, one of which was Tigured. Twenhofel (1928)
listed and figured the holotype as GSC 1984 and listed one
paratype as GSC 1984a. Cox (1937) listed and figured the
holotype as GSC 1984a, the original of Billings' figure.
-The specimen represented in Billings' figure is presently
unknown. GSC 1984 is the specimen figured by Twenhofel,
and GSC 1984a is a thin section of GSC 1984. Tais is the
only known syntype, and is herein designated as the lecto-

type of Deiracorallium angulatum.

Specimens of Deiracorallium in the Stony lMountain

Formation of southern ilanitoba were assigned to Streptelasma

trilobatum by Okulitch (1943), to "S. angulatum" by Nelson

[roindal < BdeminashSLAn Y

(1959b), and to D. manitobense by Nelson (1963). Similar

specimens from the Caution Creek and Chasm Creek Formations

of northern Manitoba were assigned to D. manitobense and D.

manitobense var. churchillense by Nelson (1963). These

corals from Iilanitoba are probably conspecific with D.
angulatum, a possibility recognized by Nelson (1963, p. 38).
A1l have similar numbers of septa at a particular height

(Text-fig. 35). Definite assignment must await further
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sectioning and study of the forms f{from lianitoba,

Deiracorallium angulatum resembles Leolasma Kaljo,

1956 (see B. Neuman, 1975, p. 337) in having a solid axial
structure of fused major septa in later stages. Illowever,

Deiracorallium is compressed and triangulate, and larger

species such as D. delicatum Elias (1976, p. 107-111)

develop a fine axial structure in late stages.
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"Genus" Grewinglkia Dybowski, 1873

1969. Crewingkia B, Neuman, p. 33-36.

1974. Grewingkia llcLean, p. 42-44.

1976. Grewingkia Elias, p. 54-60,

Discussion: Until Neuman's (1969) examination of

variability within Grewingkia, diagnoses of the "genus"

were based almost entirely on characteristics of the type
species G. buceros (Eichwald, 1856) alone. Neuman (1969,
P. 33) noted that the degree of septal dilation and nature
of the axial structure are the most variable morphologic
features. As presently understood, the "genus" includes

species such as G. penobscotensis n. sp. and G. anguinea

(Scheffen, 1933) having weakly dilated major septa in early
ontogenetic stages, ‘to G. rustica (Billings, 1858) in which
dilation is complete in early stages and very strong even
in later stages. In general, the axial structure of

Grewingkia is relatively large and consists of numerous

septal lobes and lamellas in later stages.

The unctertain relationships of Grewingkia, Streptelasma

Hall, 1847, Helicelasma Neuman, 1969, and Deiracorallium

Nelson, 1963 were discussed under the latter three "genera".
The following points suggest that the sequence Borelasma

Neuman, 1969 —» Helicelasme - Grewingkia -- Lobocorallium

Nelson, 1963 is gradational (Text-fig. 26a):

1. The single species G. canadensis (Billings, 1862) is
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highly varialle and includes corallites having an open

axizl region as in Forelasma, those resembling Helicelacsma

in having major septa that extend to the axis, and forms
with simple to complex axial structures characteristic of

Grewingkia,

2. The following continuous morphologic sequence between

Grewingkia and Lobocorallium is recognized, and involves

an increase in the degree of trilobation and septal
dilation, and a decrease in the number of tabulae: G.
robusta (Whiteaves, 1896) —- G. haysi (Meek, 1865) — L.

trilobatum subsp. vaurealensis (Twenhofel, 1928) — L.

trilobatum (Whiteaves, 1895).
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Grewingkia canadensis (Billings, 1862)

Plate 4, figs. 33-53; Plate 5, figs. 1-46;

Plate 6, figs. 1-34

1851, Streptelasma corniculum Hall [partim]. Iilne-

Edwards and Haime, p. 398, 399, Pi. 7, figs.
4, a, b.

1862. Zavhrentis canadensis Billings, p. 105, 106,

figs., 93a-c.

1863, Petraia canadensis Billings. Geol., Surv. Can.,

fig. 205, p. 208,

1875a, Streptelasma corniculum Hall [partim].

Nicholson, p. 26, 27.

1875b. Streptelasma corniculum Hall [partim].

Nicholson, p. 218, 219,

1876. Streptelasma corniculum Hall [partim].

Rominger, p. 142, 143, Pl. 51, upper tier
[partim].

1882, Streptelasma corniculum Hall [partim], p. 376,

Pl, 51, figs. 2-4.

1901. Streptelasma rusticum (Eillings) [partim].

Lambe, p. 110-112, Pl. 7, figs. 2, a, 3.

1908. Streptelasma rusticum (Billings) [partim].

Cumings, p. 708, 709, P1. 2, figs. 2, a, b.

1909. Streptelasma vagans Foerste, p. 305, 306, Pl.

11, figs. la-c.
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1824.

1924.

1932,

1937.

1948.

1949.

1963.

1964,

1967,

1967.

1972,

280

Streptelasma insolitum Foerste, p. 306, Pl. 10,

fige 3

Streptelasma dispandum Foerste, p. 307, Pl. G,

figs. 4a, L.

Streptelasma rusticum (BRillings) [partim].

Foerste, p. 65, 66, P1, 1, figs. la-c, 2a-c,

Strevtelasma dispandum Foerste, p. 66, 67, Pl.
2, Tig. 4.

Streptelasma rusticum (Billings). DRassler, Pl.

24, figs. 16, 17.

Streptelasma rusticum (Billings) [partim].

COK, p. 11_13, Plo 2’ figS. 11’ 128""'0’ 13&—(1.

Streptelasma rusticum (Billings). C.%W. VWilson,

Pl. 19, figs. 26, 27.

Streptelzsma rusticum (Billingé). c.W. Vlilson,

Pl. 19, figs. 26, 27.

Streptelasma arcticum drummondense Stumm, p.

27, Pl. 2, figs. 4-T.

‘Grewingkia rustica (Billings). Libverty, Pl. 6,

fig. 8.

Grewingkia rustica (Billings). Simmons and

Oliver, p. FS-F10.

"Streptelasma" spp. A-E and angulatum

(Billings). Simmons and Oliver, p. F10.

Grewingkia rustica (Billings). Bolton and
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Copeland, Pl. B, figs. 9, 11.

Lectotvpe (designated herein): GSC 1983h, i; upper
member, Georgian Bay Formetion; Drummond Island, Ilichigan;

lurray collection, 1847,

Paralectotypes (designated herein): GSC 1983, a; 1983Db,

c, e; 1983d; 1983f, g; upper member, Georgian Bay
Formation; Drummond Island, Kichigen; Iurray collection,

1847.

Qther specimens: UCGH 45153-45500; Hichmond Group; Cincinnati

Arch region, Chio-Indianz-Kentucky (see Text-fig. 3 for

stratigraphic positions and location); Elias collection.

USHNM 70024 (2 of 3 specimens); "Waynesville" strata (base of
Clarksville), Fichmond Gioup; near Clarksville, Ohio. CNIL

70487 (4 specimens); "Waynesville" strata (lower 1 m of
Clarksville), Richmoné CGroup; Stony Hollow, Clarksville,
Chio. USHNK 7874¢ (syntype of S. vagans Foerste, 1S09);
"Liberty" strata, Richmond Group; Tate's Hill, Dayton, Chio.
USKI. 864871.(2 specimens); "Liberty" or "Vahitewater" strata,
Richmond Group; Tate's Hill, Dayton, Ohio. USKW 78742 (5
syntypes of §.Vdisnandum Foerste, 1909); "Waynesville"
(Blanchester) strata, Eichmond Group; Ioore's Hill, Indiana.
UsN 84870 (holotype of S. insolitum Foerste, 1909);
"ihitewater" strata, Richmond Group; 83 of Westport, Inciana,
USHNIT 9719 (9 specimens); "Waynesville" strata, Eichmond Group;

railroad cut, Nadison, Indiana. USNM 15587; "¥hitewater"
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strata, Bicamond CG:oupn; Connersville, Indiana. Otter Creek
coral ted, Preachersville Kember, Dralkees Formation (sez
Simmons and Olives, 1867): USGS loc. 4662-CO (4 specimens),
Lancaster quad., Lincoln Co., entucky; USGS loc. D1370~CO (26
specimens), Lichmond Nortih cuad., Kadison Co., ilentucky; USGS
loc, £308-C0O (1 specimen), Union City cuad., HMadison Co.,
Kentucky; USGS loc. 4468-C0O 01specimcns), Pslmer cuad., Sstill
Co., Kentucky; USGS loc., 4545~C0 6 specimens), Palmer guad.,
Wadison Co., Kentucky; USGS loc, 4760-CO0 § svecimens), Palmer
cuad., Clark Co., Kentucky. UCGH 45501-4553G6; Richmond Grouy;
Goodlettsville-Gallatin area, Tennessee (see Text-fig., 3 for
stratigraphic positions and locations); 2lias collection.

USNN 102371 (7 specimens); Arnheim TFormation (Rhynchotrema

dentatum bed, middle division of Richmond Group); 6.4 xm NE of
GooGlettsville, Tennsssee., USHNI 42512 (21 specimens); 6.4
xm N3 of Goodlettsville, Tennesses, USGS 370U (6 specimens);
Bagsler's bed %, REichmond Group; mear bakers, Tennessee.

USHI: &0609; Arnheim Formation; near Bakers, Tennessee.

USNIE 42515 (13 specimens); Arnheim Formation; 0.8 km S of
Dismukes, Sumner Co., Tennessee, USGS 347W; colonial coral
bed at top of Macuoketa Group; NWi, sec. 17, T27N, R243,
Little Sturgeon Bay, Wisconsin; Ulrich collection. USGS

433 (g. ¢f. canadensis, 6 specimens); colonial coral bed at

tor of NMacuoketa Shale; Little Sturgeon Lay, “Wisconsing
Glrich and kesler collection. UCGH 45537-45562, 4%612;

upper lleaford beds, upper member, Georgian Fay Formation;
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Drummond Icland, MHichigsan (s2e Text—fig. 18 for stratigraphic

nositions and locations); Zlias collection. ULLIT 26927,

n

42352, 453%4 (holotype and maratypes of S. arcticunm

¢

drummondense Stumm, 16563); upper Meaford beds, upper member,

cide of Potaganissing Day, Poe

w2

Georgian Bay Tormation;
Point, Drummond Island, ¥ichigan; Hussey collection. TUCGH
45563-45591; eaford beds, upper member, Georgian Bay

Formation; IHanitoulin Island, Ontario (see Text-fig. 18 for

stratigraphic positicne and locations); Tlizs collection.

LU K75-1 to 7 (plus 6 svecimens); upper Vekwemikongsing lLeds,
lowar membel, Georgian Bay Formation; locality 1179, lanitoulin
Island, Ontario (sez Text-fig. 18 for stratigraphic position
and location). LU I61a=2, 3, 5=7 (plus 8 specimens);

lleaford beds, upper member, Georgian Bay Formation; locality
M61a, Manitoulin Island, Ontario (see Text-fig. 18 for
stratigraphic position and location). GSC 8530, a-c, e-]

(10 specimens); Meaford beds, upper member, Georglan Bay
Formation; gully N of lighthouse, Nanitowaning, kanitoulin
Island, Ontario; Foerste collection. GEC 8529, b~d (4
specimens); V8528, a-d (5 specimens); 8573a-c (3 specimens);
GSC loc. 6259 (1 specimen); Ieaford beds, upper member,
Georgian Bay Formation; Clay Cliffs, [Manitoulin Island,
Ontario; Foerste collection. GSC 1982, a; b, c; d, e;

f» g3 1i; %, 1 (6 specimens); HMeaford beds, uppe. member,

Georgian Day Formation; Cape Smith, Manitoulin Island,
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Ontario; Bell collection, 1859. GSC 8531; upper
Georgian Bay Tormation; 3.2 km NW of KNeaford on road to

Cape Rich, Ontario; Foerste collection.

Occurrence: Upper Ordovician (Richmondian): "Waynesville"

strata to top of Richmond Croup; Cincinnati Arch region,
Ohio~Indiana-Kentucky. Throughout the Richmond Group;
Goodlettsville—Gallatin area, Tennessee. Meaford beds,
upper member, Georgian Bay Formation; Drummond Island,
lichigan. Top of lower member (Wekwemikongsing beds), and
Meaford beds of upper member, Georgian Bay TIormation;
Manitoulin Island, Ontario., Top of Georgian Bay Tormation;
Meaford, Ontario. Top of Maquoketa Group; Little Sturgeon

Bay, lMichigan.

Diagnosis: Corallites ceratoid to trochold and usually
become cylindrical in late stages, generally very weakly
curved, and attain large size., Calyx deep with moderately
convex calicular boss when axial structure is developed.
Axial structure generally of moderate size and
moderately complex consisting of septal lobes and lamellae,
but varies from very complex with many septal lamellae to
simple with only a few septal lobes or hone at all, Iajor
septa completely dilated in early stages, strongly to
completely dilated in intermediate stages, and undilated to
weakly dilated in late stages. Cardinal and counter septa

generally distinct in being long throughout ontogeny and
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often having very strongly dilated lobes in intermediate
stages. Cardinal fossula in late stages narrow and expands
at the axial region. Iinor septa generally confined to the
moderately broad stereozone in late stages. Tabellae in

septal region. Tabulae in axial region mostly complete,

moderately spaced, and generally moderately convex upward.

Description of corallites: The corallites can attain

lengths in excess of 130 mm, and diameters greater than 40
mm. The length of specimens is shown in Text-fig. 6 and
discussed in the text. The corallites vary from ceratoid
to trochoid, and usuvally become cylindrical in late stages.
They are generally very weakly curved in early to
intermediate stages and are uncurved in late stages.
Moderately curved corallites are uncommon. Septal grooves
and interseptal ridges are weakly developed on the epitheca.
Corallites in lateral contact are very rare (USNK 15587;
UCGM 45438, 45307, 45533, 45577). Increase has not been
demonstrated in these cases. The calyx commonly has a
depth equal to about 0,35 of theAcorallite length, but
varies from 0,3 to 0.5 (App. 12). The calicular boss is

moderately convex when an axial structure is developed.

Ontogeny and internal structures: In early stages the major

septa extend to or almost to the axis. In intermediate
stages the small axial structure is composed of a few very

strongly dilated septal lobes, and the cardinal and counter
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septal lobes are often especially prominent. In late
stages the axial region is highly variakle. The axial
structure is generally of moderate size and complexity,
consisting of septal lobes and lamellae, but it varies from
very complex with many fine septal lamellae to simple with
only a few septal lobes. Septal elements are sometimes
completely lacking in the axial region (Plate 4, figs.
33-53; Text-fig., 12).

The number of major septa at a particular diameter is

shown in Text-fig. 36. The major septa are completely

Text—-figure 36.--Crewinskia canadensis (Lillings, 1862):

relation btetween number of major septa (n) and corallite
diameter (d) or cross-sectional area (a) for the Richmond Group,
Cincinnati Arch region. Numbers indicate f{ieauency of a
point if greater than one. Curve is visual fit of class

averages., USNi1 78746, (A), cotyps of Streptelasma vagans

Foerste, 1909, "Liberty" strata, Dayton, Ohio; USHNE 78742,
(O), cotype of £. dispandum Foerste, 1909, "VWaynesville"
strata, Hoore's Hill, Indiena; USKM 84870, (o), holotype of S.
insolitum Foerste, 1909, "Whitewater" strata, Westport,
Indiana (gee App. 8). |

e L N N L N S N I N N N I L N L T T L L N N N S N S N S N N S S NS nm S ez

dilated in early stages, strongly to completely dilated in
intermediate stages, and undilated to weakly dilated in

late stages. The cardinal and counter septa are generally
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Text-figure 36.--Crewingkia canadensie (Billings, 1862):

relation between number of major septa (n) and corallite
dizmeter (d) or cross-sectional area (a) for the Richmond Group,
Cincinnati A:ch region. Numbers indicate frecuency of a

point if greater than one. Curve is wisual fit of class

averages, USNH 78749, (A), cotyps of Streptelasma vagans
Foerste, 1909, "Liberty" strata, Dayton, Chio; USNK 78742,

(O0), cotype of £. dispandum Foerste, 1209, "Waynesville"

[&)]

trata, lloore's Hill, Indiana; USNM 84870, (o), holotype of

jea
L]

insolitum Foerste, 1909, "Vhitewater" stratas, Westport,
Indizna (see App. 8).
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distinct in being longer than the other septa throughout
ontogeny. The cardinal fossula in late stages is narrow
and expands at the axial region. The minor septa are
generally confined to the moderately broad stereozone in
late stages.

Tabellae occur in the septal region in incompletely
dilated stages. They are steeply to moderately inclined up
toward the axis in intermediate stages and become less
steeply inclined with increased height in the corallites.
The tabtulae in the axial region are mostly complete and
generally moderately spaced. In intermediate stages they
are steeply to moderately convex upward, and in late stages

are usvally moderately convex upward,

Microstructure: The major septa are clearly fibrous,

especially when dilated. Trabeculae are inclined slightly
up toward the axis. Tne stereozone in incompletely dilated
sections is composed of lamellas, The epitheca is composed
of small groups of fibers generally oriented perpendicular

to the exterior surface.

Discussion: The syntypes of Grewingkia canadensis are from
Drummond Island, where corals are unfortunately not as well
preserved as elsewhere in the Richmond Province., However,
these and other specimens from Drummond Island are
indistinguishable from specimens at lManitoulin Island, the

Cincinnati Arch region, and the Nashville Dome. GSC 1983h,
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i from Billing' syntypes is designated as the lectotype
because it isan originally figured specimen and cross-sections
have been prepared.

The solitary corals from Drummond Island were

referred to Streptelasma corniculum by Hicholson (1875b)

and Rominger (1876), to 8. rusticum by Lambe (1901) and
Cox (1937), and to G. rustica by Liberty (1964) and Bolton
and Copeland (1972). The solitary corals from Manitoulin

Island were referred to S. corniculum by Nicholson (1875a),

S. rusticum by Lambe (1901), Foerste (1924), and Cox (1937),
and G. rustica by Bolton and Copeland (1972). These are

G. canadensis, Stumm (1963) named S. arcticum

drummondense from Drummond and ianitoulin Islands., His

holotype, which has been sectioned, and figured paratypes

are G. canadensis. The large solitary corals from the

Cincinnati Arch region were referred to S. corniculum by

liilne-Edwards and Haime (1851), Nicholson (1875b), Rominger
(1976), and Hall (1882), and to S. rusticum by Cumings
(1908) and Cox (1937). Foerste (1909) named 5. vagans, S.
insolitum, "and S. dispandum, distinguishing them primarily
on the basis of external form. In 1924 he synonymized S.
vagans with 3. rusticum and reported 5. dispandum from
Fanitoulin Island. His types have been sectioned, and are

G. canadensis. Simmons and Oliver (1967) reported G.

rustica, "Streptelasma" spp. A-E and "§." angulatum. These

specimens have been examined, and represent various growth
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stares and variations of G. canadensis. DBassler (1932)
g =

and C.%W. Wilson (1948, 1949) referred specimens from the

Nashville Dome to S. rusticum. These are C. canadensisg.

Toerste (1924) referred a specimen from leaford, Ontario,
to S. rusticum. This specimen has been sectioned and is

G. canadensis. Specimens from Little Sturgeon Bay are
— o

silicified and poorly preserved, but USCS 347W is G.

canadensis,

The degree of variation of the axial region in later

ontogenetic stages within G. canadensis spans the "genera"

Borelasma, Helicelasma, and Grewingkia, The species is

referred to Grewingkia because the majority of corzllites

have the moderately complex axial structure characteristic

of that 'genudt G. canadensis is distinct in having long

cardinal and counter septa that have very strongly dilated
lobes in intermediate stages. This species resembles those
of the '"genud' from the Red River Province in having well

developed tabellae in the septal region,
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Grewingkia deltensis n. sp.

Plate 6, figs. 35-45

1918. Streptelasma rusticum (Billings). Foerste, p.

99, Pl. 4, fig. 1.

1963. Streptelasma rusticum (Billings) [partim].

Stumm, p. 26, 27, only Pl. 2, figs. 1-3.

Ttymology: The specific name is derived from Delta Co.,

Michigan, where the species occurs,

Holotype: UCGH 45602; Ogontz Member, Stonington Formation;

locality 17b-1, Delta Co., liichigan; Elias collection.

Paratypes: UNMMP 26911; Bay de Noc liember, Stonington
Formation; 1océlity 17b, Delta Co., Michigan. UCGH
45593-45601, 45603, 45604; Ogontz liember, Stonington
Tormation; locality 17b-1, Delta Co., lichigan; Elias

collection,

Occurrence: Upper Ordovician (Richmondian): Bay de Noc

and Ogontz members, Stonington TFormation; Delta Co,,

[iichigan.

Diagnosis: Corallites trochoid, moderately curved, and
attain large size. DLpitheca with septal grooves and
interseptal ridges. Calyx of moderate depth with weakly

convex calicular boss.

Large, coarse axial structure of a few generally thin
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septal lobes and lamellae, liajor septa almost completely
dilated near tip and undilated in late stages. Short
cardinal septum and numerous tabellae in prominent fossula
in late stages. Ilinor septa poorly developed and confined
to a narrow stereozone. Tabulae mostly complete, very
closely to widely spaced, weakly convex upward within
septal and axial regions but concave upward at junction of

the two regions. A few complementary plates present.

Description of corallites: The longest corallite examined

(UCGHM 45604) has a length of 85 mm and a diameter of 33 mm
immediately below the calyx where 59 major septa are
present., UMIP 26911 is 81 mm long and has a diameter of 37
mm_immediately below the calyx where 62 major septa are
present. The corallites are trochoid and moderately curved.
The epitheca has septal grooves and interseptal ridges

(UCGM 45594), The calyx has a depth equal to 0.3 of the
corallite length (UMMP 26911; UCGHM 45602, 45604), The

calicular boss is weakly convex (UCGH 45602),.

Ontogeny and internal structures: Near the tip some major

septa extend to the axis, In intermediate stages a few
long septal lobes érising primarily from septa on the
cardinal side extend to the axis. In late stages the major
septa become short and the large axial region contains a
coarse structure of relatively few generally thin septal

lobes and lamellzae,
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The numter of major septa at a particular diameter is
showvn in Text-fig. 37. Near the tip the major septa are

Text~Tigure 37.~--Crewingkia deltensis n. sp.: relation

between number of major septa (n) and corallite diameter (4)
or cross-sectional area (a) (see App. 8).
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almost completely dilated, Dilation decreases upward.
Septa are sometimes more stronglygdilated on the cardinal
side than on the counter side. In early stages the
cardinal septum is long and more strongly dilated than the
other septa. In intermediate stages it becomes thinner
than the other septa and the fossula is narrow. In late
stages the cardinal septum vecomes short, and a prominent
fossula with numerous tabellae develops. In early to
intermediate stages the major septa on the cardinal side
tend to impinge on the cardinal septum or fossula, and the
septa on the counter side tend to impinge on the long alar
septa. The nminor septa are poorly developed and confined
to the narrow stereozone.

Tabulae first appear when the axial region begins to
develop. They are mostly complete and very closely to
videly spaced. They are weakly cdnvex upward within the
septal and axial region, but are concave upward at the
junction of the two regions, A few complementary plates

are present.
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Text-figure 37.--Crewingkia deltensis n. sp.: relation

between number of major sspta (1) and corallite diameter (4)

or cross-sectional area (a) (see App. 8).
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Hicrostructure: Septal fiters are well developed, and the

trabeculae are slizghtly inclined up toward the axis.

Lemellae are rarely present in the stereozone,

Discussion: Toerste (1918) reported this species as

Streptelasma rusticum in the Ogontz llember and immediately

beneath in the Ray de Noc llember of the Stonington
Formation. Stumm (1963) described and illustrated a single
specimen from the Bay de lloc iiember and referred it to S.

rusticum, These specimens are CGrewingkia deltensis.

G. deltensis is distinguished from other species of
the "genud' by its prominent cardinal fossula with short
cardinal septum and numerous tabellae, and tabulae that are
convex upward within the septal and axial regions but

concave upward at the junction of the two regions.
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Crewinckia rustica (Eillings, 1858)

Plate 7, figs. 1-18

1858a. Petraia rustica Billings, p. 168, 169.

1858b. Petraiz rustica Billings, p. 422, 423,

1901, Streptelasma rusticum (Billings) [partim].

eambe, p. 110-112, PL. 7, figs. 2, a, 3.

1908, Streptelasma rusticum (Billings) [partim].

Cumings, p. 708, 709, non Pl. 2, figs. 2, a, b.

1924, Streptelasma rusticum (Billings) [partim].
Foerste, p. 65, 66, non Pl, 1, figs. la-c,
2z2-c, Pl, 2, figs. ba-c,

1937. Streptelasma rusticum (Billings) [partim].

COX’ p. 11""13.

1963. Streptelasma rusticum (Billings) [partim].
Stumm, p. 26, 27, only Pl. 2, figs. 8-10.

Lectotype (designated herein): €SC 5822b, c; Snake Island,

Lake St. John, Quebec; Richardson collection, 1857.

Paralectotype (designated herein): GSC 5822, a; Snake

Island, Lake St. John, Quebec; Richardson collection,

1857.

Other specimens: GSC 8527, a, ¢, e, £, h, j=s and UMIP

45351, 45352; Snake Island, Lake St. John, Quebec; TFoerste

collection. UCGH 45592; HKeaford beds, upper member,
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Georgian Pay Formation; [lanitoulin Island, Ontario; ILlias

collection,.

Qccurrence., Upper Ordovician (Richmondian): Richmond

Group; ©Snake Island, Lake St. John, Guebec. Iileaford beds,
upper member, Georgian Bay Formation; Ilanitoulin Island,

Ontario.

Diagmosis: Corallites ceratoid to trochoid and become
cylindrical in later stages, straight to very weakly

curved, and attain large size. DEpitheca with septal

grooves and interseptal ridges. Calyx deep with weakly
convex calicular boss,

Complex axial structure of numerous septal lobes and
lamellae in late stages., Major septa completely dilated in
early stages and very strongly dilated in later stages
until immediately below calyx when dilation of septa and
axial structure decreases. In later stages cardinal septum
less strongly dilated, fossula narrow. I[linor septa confined
to or extend a short distance beyond a stereozone of
moderate width. Tabulae mostly complete, moderately to
widely spaced} and weakly concave upward axially to

strongly convex upward.

Description of corallites: The largest corallite examined

(GSC 5822b,c) has a length of 65 mm but is incomplete at
both ends. It haes a diameter of 30 mm immediately below

the calyx where 54 major septa are present. The corallites
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are ceratoid to trochoid, ad become cylindrical in later
stages. They are uncurved to very weakly curved. Septal
grooves and interseptal ridges are present on the epitheca.
The calyx has a depth equal to 0.4 of the corallite length
(GSC 58271, n). The sides of the calyx are steep and the

boss is weakly convex (GSC 5827a).

Ontogeny and internal structures: In early stages the major

septa extend to or almost to the axis. A few strongly
dilated septal lobes soon appear, followed by septal
lamellae., A large, complex axial structure of numerous
septal lobes and lamellae is developed in later stages in
the less strongly dilated zone immediately below the calyx.
The number of major septa at a particular diameter is
shown in Text-fig. 38. The major septa are completely

Text-Tigure 38.-=Crewinskia rustica (Billings, 18%98):

relation between number of major septa (n) and corallite
diamete: (&) o1 cioss-sectional area (a). Numbers indicnte
freguency of a point if graeater than one (sge App. 8).

dilated in eafly stages and remain very sitrongly dilated in
intermediate stages. Dilation of the septa and axial
structure decreases immediately below the calyx in later
stages. In early stages the cardinal septum is long and

generally broader than the other major septa. In
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Text—{isure 38.--Crewingkia rustica (Billings, 1858):

relation between number of major septa (g) and corallite
diameter (d) or cross—sectional area (g). Numbers indicate

frecuency of a point if greater than one (see App. 8).
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intermediate and late stages it becomes less strongly dilated
and a narrow fossula develops. In most specimens the major
septa form & counterclockwise whorl in early to intermediate
stages. In later stages the minor septa are confined to or
extend a short distance beyond the moderately broad
stereozone.

Tabulae, first appearing in intermediate stages, are
mostly complete and moderately to widely spaced. They vary
from slightly depressed axially (UMNMP 45352) to weakly
convex upward (GSC 5822, a) to strongly convex upward (GSC

8527j). A few complementary plates are present.

icrostructure: Septal fibers are well developed, and

trabeculae are weakly inclined up toward the axis. Lamellae

are not present in the stereozone.

Discussion: This species was first listed from Snake

Island, Lake St. John,as Streptoplasma corniculum by

Richardson (1858, p. 89). Billings (1858a, b) described

Richardson's collection as a new species, Petraia rustica,

but did not figure it. ILambe (1901) examined the types and
figured two specimens which were collected from Snake
Island by Richardson in 1857, Because it is probable that
these were Billings' syntypes, they are herein designated as
the lectotype and paralectotype. Only those portions of
the descriptions and illustrations by Lambe (1901), Cumings

(1908), Foerste (1924), Cox (1937), and Stumm (1963)
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dealing with specimens from Snake Island are synonymnous
v 3

with Grewingkia rustica., Theilr other material and all

references to this species not included in the synonymy
belong to other species., ZIEZxcept for one specimen from the
base of the Ileaford beds on Nanitoulin Island, G. rustica
is knovn only from Lake St. John, Quebec.

G. rustica generally has fewer major septa at a

particular diameter than G. canadensis (Billings, 1862),

but the two species are similar in external form and may

be related. . rustica is distinct in having completely to
very strongly dilated septa until immediately below the
calyx in late stages when dilation decreases and a complex

axial structure develops.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



305

Grewingkia penobscotensis n. sp.

Plate 7, figs. 19-23

Stymology: The specific name refers to Penobscot Co.,

llaine, where the species occurs,
Holotype: USGS 6268a~-c; Neuman collection.

Paratypes: USGS 6333a-c; 6334a-c; 6336a, b; 63392, b;
63422, ©t; 6343a, b; 6261a, b; 6266a, b; 6267a, b;

Neuman collection.

Occurrencea: Upper Ordovician (Ashgillian): About 520 m

above base of unnamed formation; between Pond Pitch and
Haskell Rock Pitch, East Branch, Penobscot River, Penobscot

CO. y I\\Eainel

Diagnosis: Corallites ceratoid to trochoid, weakly curved,
and attain moderate size. Prominent calicular boss. Coarse
axial structure of a few moderately dilated septal lobes

and lamellae., Major septa weakly dilated in early stages.
Cardinal sébtum indistinct, fossula not developed. Iinor
septa extend a short to moderate distance beyond a
stereozone of moderate width. Tabulae mostly complete,

moderately convex upward, somewhat irregular.
Description of corallites: The specimens are poorly
preserved and incomplete., The largest corallite examined

(USGS 6268) has a diameter of 25 mm and 51 major septa in

the calyx. The corallites are ceratoid to trochoid and
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weakly curved. The calicular boss is prominent.

Internal structures: A4 coarse axial structure of a few

moderately dilated septal lotes and lamellae appears early
in ontogeny. The number of major septa at a particular

diameter is shown in Text-fig. 39. The major septa are

Text=fifuwr o 3C.--Crewinckia penotscotensic n. cp.: relation

‘Letween number of major septz (n) and corallite diszmeter (4)

or cross-sectional a:ez (a) (sze App. &)

undilated to weakly dilated. The cardinal septum is
indistinct and a fossula is not developed. The minor septa
extend a short to moderate distance beyond the stereozone,
which is of moderate width. The tabulae are somewhat
irregular, mostly complete, and moderately convex upward.
USGS 6268 is the only specimen in which the tabulae are
concave upward at the periphery of the corallite.

Complementary plates are sometimes present.

Microstructure: The specimens are poorly preserved, but

some weakly developed septal fibers can be distinguished,

and weak trabeculae are inclined up toward the axis.

Discussion: Grewingkia penobscotensis is distinct in having

undilated to weakly dilated septa, a coarse axial structure
of a few septal lobes and lamellae, an indistinct cardinal

septum, and no fossula.
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Text-figure 39,--Crewinrskia penoktscotensis n. csp.: ralation

ct

tetween number of major septa (n) and corallite dismeter (d)

or cross-sactional area (a) (sze App. 8).
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Crewingkia pulchella (Billings, 1865)

Plate 7, Tigs. 24-28

1865, Petraia pulchella Billings, p. 429,

1865. Petraia selecta Billings [partim], p. 429.

1866. Petraia pulchella Billings, p. 33.

1866. Petraia selecta Billings [partim], p. 7.

1901. Streptelasma selectum (Billings) [partim].

Lambe, p. 113, Pl. 6, figs. 8, a.

1928. Streptelasma selectum (Billings) [partim].
Twenhofel, p. 113.

Lectotype (designated herein): GSC 2243, a; Zllis Bay
Formation; Ellis Bay, Anticosti Island, Quebec; Weston

collection, 1865.

Other specimens (all from Twenhofel collection, Anticosti

Island, Quebec, unless otherwise stated): YPM 558a; lower
member (Twenhofel's English Head Formation), Vaureal
Formation; cliff between Bear Cape and Cape Zagle. YPil
533a; lower member (Twenhofel's English Head Formation),
Vaureal Formation; Cape Eagle. YPM 506e; Twenhofel's
zone 5, upper member, Vaureal Formation; zone 8 of
Twenhofel's Vaureal River section., GSC 1989e¢; h; i, j;
k; 1; m; n; upper member, 27-30 m below top of Vaureal
Formation; west end lighthouse; Richardson collection,

1856 (probably syntypes of Petraia selecta). YPI 518a, b;
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upper member (English Head facies), Vaureal Formation;

West Bay. YPM 3063/41la-c; :1lis Bay Formation; Cape
James Bay. YPM 3063/45b, c¢; Zllis Bay Formation; west
side of Prinstie Bay. Y Pi 3063/52b-d; ©llis Bay Formation;
west side of 21lis Bay. YPH 538b; Ellis Bay Formation;
cliff 1.2 km east of Junction Cliff. YPil 3063/44a; Ellis
Bay Formation; Prinstie Bay. YPil 537a; Ellis Bay
Formation; Twenhofel's zone 13 at Cape James, YPil 546a;
Ellis Bay Tormation; =zone 15 of Twenhofel's Vaureal River
section, YP 532a; Ellis Bay Formation; zone 22 of
Twenhofel's Vaureal River section. YF 3063/55a; Bllis
Bay Formation; Twenhofel's zone D, west side of Zllis Bay.
YPM 539b; basal unit, Illis Bay Formation; zone 10 of A
Twenhofel's Vaureal River section. YPM 3019/3063/35b—d, S,
h; Twenhofel's zone 1, Ellis Bay Formation; dJunction
Cliff., YPM 548b; Twenhofel's zone 1, Ellis Bay Formation;
west side of Fllis Bay. YR 3063/36a; Twenhofel's zone 2,
Zllis Bay Formation; dJunction Cliff, YPM 529a-c;
Twenhofel's zone 2, Hllis Bay Formation; Junction Cliff.
YPM 547a; “~Twenhofel's zone 2, ©llis Bay Formatioh; west
side of Ellis Bay. YPM "Ellis Bay zone 6"; Twenhofel's
zone 6, Xllis Bay Tormation; east of Junction Cliff. YPIU

3063/56c; Twenhofel's zone 7 (Hormotoma gigantea zone),

3llis Bay Formaticn; Ellis Bay. YPi 541a, b; Twenhofel's
zone 8, Ellis Bay Tormation; west side of Zllis Bay. YPM

536; Twenhofel's zone 9, Ellis Bay Formation; reef at
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2llis Bay. YFi 551; Twenhofel's zone 9, bioherm at base

of Bolton's member 6, Zllis Bay Formation; Ruspberry Point.
YPM 3019/3063/57e-g; Twenhofel's zone 9, ©llis Bay
Formation; DIllis Bay. Y& 540a; Twenhofel's zone 10,
Ellis Bay Formation; west side of Z1lis Bay. USGS loc.
4112-CO0(a=f, + 13 other identifiable specimens); unnamed

unit; 9 km E of Ashland, Maine; Neuman collection.

Occurrence: Upper Ordovician: Lower member (? Caradocian)

and upper member (Lower Ashgillian), Vaureal Formation, and
Z1llis Bay Formation (Ashgillian, ? Gamachian); Anticosti
Island, Quebec. Unnamed unit (probably Ashgillian); 9 km

5 of Ashland, laine.

biaggosis: Corallites ceratoid to trochoid, weakly curved,
and small, Epitheca with prominent septal grooves and
interseptal ridges. Calyx deep with moderétely to strongly
convex calicular boss..

Axial structure generally dense in intermediate stages
and composed of a few septal lobes and lamellae in late
stages. Major septa completely dilated in early stages and
weakly to moderately dilated in late stages., Cardinal
septum generally indistinct, fossula narrow. lNMinor septa
extend a short distance beyond the narrow to moderately
broad stereozone in late stages. Tabulae in later stages

sparse, incomplete, and irregular.
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Description of corallites: The length of corallites is

shown in Text-fig. 23 and discussed in the text. The
longest corallite examined (YPH 541b) has a length of 30

mm and is 13 mm in diameter immediately below the calyx
where 32 major septa are present. The corallites are
ceratoid to trochoid and generally weakly curved; A tiny
area of attachment at the tip on the cardinal side is
rarely present (YPM 3019/3063/35g, h). The epitheca has
prominent septal grooves and interseptal ridges., The calyx
has a depth equal to 0.4 of the corallite length (YPM

538t). The calicular boss is moderately to strongly convex.

Ontogeny and internal structures: In early stages the

major septa extend to the axis. In intermediate stages
the axial structure is generally dehse, consisting of
completely dilated septal lobes. In late stages a few
moderately to strongly dilated septal lobes and lamellse
comprise the axial structure.

The number of major septa at a particular diameter is

shown in Text-fig. 40, In early stages the'septa are

Text-Figure 40.——Crewiggk1u pulchella (Billings, 186%5):

relation between number of majo: septa (n) and corallite
diameter (d) o: cross-sectional area (a). Numbers indicate
frecuency of a point if greater than one (seec App. 8).
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ext-figure 40.--Crewingkia pulchella (Billings, 186%):

relation between number of major septa (E) and corallite
diameter (&) or cross-—sectional area (g). Fumbers indicate
frecuency of a voint if greater than one (see App. 8). .
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completely dilatéd. They are generally strongly but
sometimes completely dilated in intermediate stages. In
late stages they are weakly to moderately dilated, The
cardinal septum is generally indistinct and the cardinal
fossula is narrow. The minor septa extend a short distance
beyond the narrow to moderately broad stereozone in late
stages. Tabulae are sparse in late stages, and are

incomplete and irregular in development,

Hicrostructure: Septal fibers are well developed and

trabeculae are weakly inclined up toward the axis. Lamellae
are present in the stereozone in incompletely dilated

stages.

Discussion: Billings based this species on two corallites.

One of these was figured as Streptelasma selectum by Lambe

(1901) and is herein designated as the lectotype of

Grewingkia pulchella. The other specimen is unknown.

Several of the probable syntypes of Petraia selecta are G.

vulchella, Billings' P. pulchella was considered a synonym
of P. selecta by Lambe (1901) and Twenhofel (1928), but two
species are definitely involved.

G. pulchella is distinct in having a dense axial
structure of completely dilated septal lobes in intermediate
stages, and a few moderately to strongly dilated septal

lobes and lamelleae in late stages.
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Grewingliia sp.

Plate 7, figs. 39-42

Specimens: YPM "Grande Coupe, Percé&, Quebec'"(b); USHNI
102390(4).

‘Occurrence: Upper Ordovician (Lower Ashgillian):

Stenopareia faunal zone of Lespérance (1968b), White Head

Formation; Grande Coupe, 2.4 km north of Perce, Quebec.

Description: The corallites attain moderate size., In

early stages the major septa extend to the axis. 1In
intermediate stages the major septa are withdrawn from the
axis and a few septal lobes and short lamellae form a
small, very weak axial structure., In late stages the
moderately small axial structure consists of moderately
dilated septal lobes and lamellae. The major septa are
undilated to weakly dilated. The cardinal septun is
indistinct and a fossula is not developed. The minor
septa are short and generally confined to the stereozone,

which becomes broad in late stages. Tabtulae are present.

Microstructure: The septa appear to be weakly fibrous, and

lamellae are present in the stereozone,

Discussion: These two specimens are distinct in having the

major septa withdravn from the axis in intermediate stages

there a few septal lobes and lamellae form a small, very
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weak axial structure. Assignment to a probably new species
must await the discovery of more specimens from which

additional information can be obtained.
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"Genug' Lobocorallium lelson, 1963

1963, Lobocorallium Nelson [partim], p. 34, 35.

Tvpe species (by original designation): Streptelasma

rusticum var. trilobatum Whiteaves, 1895.

Diagnosis: Corallites solitary, trochoid, weakly to moderately
curved, and attain very large size. Cross-section trilobate.
Calyx of moderate depth with very weakly convex calicular
boss.
Cardinal septum on convex side of corallite. liajor
septa completely dilated until immediately below calyx.
IMinor septa poorly developed. Axial structure in latest
stage comprises a few strongly to completely dilated
septal lobes or lobes and lamellae. Tabellae in septal
region. Tabulae in axial region mostly complete and

slightly concave upward axially to weakly convex upward.

Species and occurrence: Lobocorallium is known from the

Upper Ordovician of North America., The following species

are included in the genus:

1895, Streptelasma rusticum ver. trilobatum (= L.

trilobatum) Whiteaves, p. 113.

Upper Ordovician: Stony Mountain Formation;
southern lManitoba.

1928. Zaphrentis vaurealensis (= L. trilobatum subsp.

vaurealensis) Twenhofel, p. 116, 117, Pl. 3,
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fig. 5.

Upper Ordovician: Vaureal Tormation
(Ashgillian); Anticosti Island, Quebec.
hite Head Tormation (Ashgillian); Perce,

Quebec,

Discussion: Lobocorallium was proposed to include the

trilobate corals Streptelasma rusticum var. trilobztum, S.

goniophylloides, and L. trilobatum var, major. The last

two species have ontogenies and axial structures

characteristic of Grewingkia, and have been referred to G.

havsi (Zlias, 1976, p. 83). Trilobation appears within

several species of CGrewingkia and Deiracorallium, and

cannot e considered a generic trait. Lobocorallium is

presently considered distinct in having completely dilated
septa until immediately below the calyx, where an axial
structure of a few strongly to completely dilated septal
lobes or lobes and lamellae is developed in late stages.

G. haysi and L. trilobatum subsp. vaurealensis are

intermediate forms linking Grewingekia and Lobocoralliunm,

as discussed previously under the former "“genus".
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Lokocorallium trilobatum subsp. vaurealensis (Twenhofel, 1928)

Plate 7, figs. 43-49

1028. Zavhrentis vaurealensis Twenhofel, p. 116, 117,

Pl. 3, fig. 1.

Holotype (by original designation): YPM 20482;
Twenhofel's zone 5, upper member, Vaureal Formation; =zone
7 of Twenhofel's Vaureal River section, Anticosti Island,

Quebec; Twenhofel collection.

Other specimens: GSC loc. 36157(1, 2): upper member, about

50 m below top of Vaureal Formation; main highway section,
cut approximately 10.4 lkm from Port lMenier, Anticosti
Island, Quebec; Bolton collection. USNM 102390(1);

Stenopareia faunal zone of Lespérance (1968b), White Head

Formation; Grande Coupe, 2.4 km nortn of Percé, Quebec.

Occurrence: Upper Ordovician (Lower Ashgillian): upper

member, Vaureal Formation; Anticosti Island, Quebec.

White Head Formation; Percg, Quebec.

Diagnosis: Corallites trochoid, weakly to moderately
curved, trilobate, and attain very large size., Calyx of
moderated depth with very weakly convex calicular boss,
Axial structure of strongly dilated septal lobes gnd
lamellae in latest stages. Septa completely dilated until

immediately below calyx. Cardinal septum long, fossula not
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developed. lMinor septa poorly developed. Tabellae in
septal region. Tabulae in axial region mostly complete,
often dilated, moderately spaced, and approximately

horizontal,

Descrintion of corallites: The largest corallite examined

(YPIT 20482) has a length of 150 mm, GSC loc. 36157(2) has
71 major septa at a cross-sectional area of 1025 mmz. The
corallites are trochoid and weakly to moderately curved.
They are compressed throughout their length —-— the maximum
cross—sectional length-width ratio is 1.3 (USNM 102390(1)).
In cross=section the corallites vary from weakly to
strongly trilobate. Trilobation is strongest several cm
above the tip, and decreases upward. The calyx has a

depth equal to 0.2 of the corallite length (YPM 20482).

The calicular boss is very weakly convex.

Cntogeny and internal sitructures: In early stages the
major septa extend to the axis; A few completely dilated
septal lobes and lamellae appear in intermediate stages.
In the latest stages the axial structure consists of very
strongly dilated septal lobes and lamelleze,

The number of major septa at a particular

cross—-sectional area is shown in Text-fig. 41. The septa

Text-Tigur

[04]

41, -=Lobocorallium trilotatum (Whiteaves, 189%),

Stony llountain Fm., Stony Mountain, Menitoba; L. trilobatum
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cubep. vaurealencsis (Twenhofel, 1628), Vaureal Fm., Anticosti

Is., Guebec (see App. 8); Grewingkia haysi (Meek, 186%9),

lanitobz, lio:rthwest Teri1itories, northwestern Greenland (s:ze

Zlias, 1976, fig. 11t): 1relation between number of major

septa (n) and corallite cross-cectional area (a).

are completely dilated until immediately below the calyX.
The cardinal septum is long, and a cardinal fossula is not
developed. In early to intermediate stages the major septa
on the cardinal side tend to impinge on the cardinal septun,
and the septa on the counter side tend to impinge ou the
long alar septa. Ilinor septa are poorly developed because
of the completely dilated major septa.

Convex upward tabellae are present in the septal
region. They are inclined up toward the axis in early
stages and become less steeply inclined with increased
height in the corallite. They are oriented horizontally in
late stages. Tabulae in the axial region are mostly
complete, moderately spaced, often dilated, and approximately

horizontal.

Illicrostructure: Septal fibers are well developed, and

lamellae are present in the stereozone,

Discussion: The following specimens of Lobocorallium

trilobatum (Whiteaves, 1895) from the Gunn and Penitentiary

lMembers of the Stony Mountain Formation at Stony lountain,
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Text-figure 41.--Lobocorallium trilokatum (Whiteaves, 183%),

Stony lountain Pm., Stony ountain, lanitoba; L. trilobztum

subsp. vaureslenegis (Twenhofel, 1928), Vaureal Fm., Lnticosti

Is., Quebec (see App. 8 ); Crewingkia haysi (lMeek, 186%),

lfanitoba, Northwest Territories, northwestern Greenland (see
Dlias, 1676, fig. 11b): reletion between number of major

sevta (n) and corallite cross-sectional srea (a).
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southern lianitoba, have been exazmined (Elias, 1976, p. 59):
GSC 6825 (collected by T.C. Weston in 1884; +this specimen
is protably a syntype), Uil 252, 260, 261, 265, 268, 269,

272, 274, 282, and 336. L. trilobatum subsp. vaurealensis

differs from the species sensu stricto in having less

pronounced trilobation, a slightly less dilated and
better developed axial structure in the latest stage, and
fewer major septa at a particular cross—sectional area

(Text~fig. 41). If L. trilobatum subsp. vaurealensis is

the immediate ancestor of L. trilobatum, it can be added to

the possible evolutionary sequence Grewingkia robusta — G.

haysi - L. trilobatum subsp. vaurealensis —> L. trilobatum

(Elias, 1976, p. 38, 39). L. trilobatum subsp. vaurealensis

could also be a geographic variant of the contemporary L.

trilobatum., It is closer to L. trilobatum than to G.

haysi, which is generally less strongly trilobate and has
less strongly dilated septa and a better developed axial

structure., It is therefore included in Lobocoralliuvm, and

is not considered sufficiently different from L. trilobatum

to constitute a separate species.
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"Genus" Densigrewingkia Neuman, 1969

1962. Densigrewingkia B. Neuman, p. 50, 51.

Discussion: Densigrewingkia, knowvm from the Upper

Ordovician of Norway and a cuestionable occurrence in
aine, is presently considered distinct in having a concave

cardinal side and an ontogeny similar to Grewingkia, except

with stereoplasmatic deposits connecting elements of the
axial structure at least until the latest ontogenetic stage.

The relationship of Densigrewingkia with Bighornia Duncan,

1857 is uncertain (Text-fig. 26b). Bighornia also has a
concave cardinal side and a strongly dilated median septal
lamella in the axial region. In an unusually long corallite
of B. cf. patella (Wilson, 1926), the axial structure in the

latest stage also resembles Grewingkia (Zlias, 1976, Pl.

17, fig. 13). It is uncertain whether the position of the
cardinal septum on the concave side is generically
significant, as discussed in the text under "lorphology and
Taxonomy". The significance of stereoplasmatic deposits in

Densigrewingkia is questionable, In some species of other

genera having strongly dilated septa, such as Lobocorallium

trilobatum subsp. vaurealensis (Twenhofel, 1928), the

strongly dilated axial structure can be dense because of

stereoplasmatic deposits.
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Densigrewingkia ? sp.

Plate &, figs. 1, 2

Specimens: USGS 6257a, b; 6258a, b; Neuman collection.

Occurrence: Upper Ordovician (Ashgillian): About 61 m

abtove base of unnamed formation; between Pond Pitch and
Haskell Rock Pitch, BEast Branch, Penobscot River, Penobscot

Co., laine.

Description of corallites: The largest corallite examined

(USGS 6257) has a diameter of 18 mm and 37 major septa at

an unknown distance below the calyx.

Ontogeny and internal structures: In early stages the major

septa extend to the axis. In later stages, a dense, solid
axial structure of a few strongly dilated septal lobes and
lamellae enclosed in stereoplasmatic deposits is present.
In early stages, the septa are completely dilated. The
major septa are strongly dilated in later stages, where the
cardinal septum appears to be shorter than the others.

Minor septa are confined to the stereozone.

Microstructure: The microstructure is unknown because the

specimens are poorly preserved.

Discussion: These two incomplete specimens appear to have

the ontogeny and axial structure characteristic of
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Densicrewingkia, but assignment to the 'genus' remains

cuestionavle until the ontogeny is more completely knovn

and it can be determined that the cardinal side is concave,
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"Genus" Bodophyllum Neuman, 1969

1969. Bodophyllum B. Neuman, p. 54-56.

Discussion: Bodophyllum, as presently understood, is

characterized by a dense to solid axial structure composed
Qf septal lobes and.very few lamellae, with an often
prominent median lamella joining the cardinal and counter
septa and forming a calicular boss. B. Neuman (1969, p.
56) reported this Upper Ordovician "genus" from Sweden and
Norway, and probably Scotland and North America. In North
America it occurs in the late Upper Ordovician of the
eastern CGreat Fasin (Budge, 1977), in the Ashgillian of
Anticosti Island, Quebec, and llaine, questionably in the
Lower or Middle Ashgillian at Percée, Quebec, and in the
Gamachian (?) of Missouri.

The uncertain relationship of Bodophyllum with other

"cenera" is demonstrated by the following points (Text-fig.
26a, c):

1. Bodophyllum is very similar to Bighornia Duncan, 1957,

tut has the cardinal septum on the convex rather than
concave side. It is uncertain whether the position of
the cardinal.septum is generically significant, as

discussed in the text under "lMorphology and Taxonomy".
Corallites of Bighornia are generally subcalceoloid in

form, as is Bodophyllum duncanae (Spjeldnaes, 1961).

2. The significance of a dilated median septal lamella in
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the axial structure is uncertain. Grewingkia bilateralis

Neuman, 1969, Helicelasma lamellosa Elias, 1976, and some

corallites of Streptelasma cvrtum Neuman, 1969 also have

a median lamella. In late ontogenetic stages of

Podophyllum shorti n. sp., the axial structure resembles

Grewingkia because the median lamella is weakly dilated

and irregular, and other septal lobes and lamellae are
present.

McLean (1974, p. 43) suggested that Bodophyllum, Bighornia,

Dalmanophyllum Lang and Smith, 1939, and Ditoecholasma

Simpson, 1900 may be synonymous.
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Bodophyllum shorti n. sp.

Plate &, figs. 3-7

stymology: The species is named for the former owner of
the farm on which this coral was found at the type section

of the Leemon Formation.

Holotvpe and only svecimens UCGM 45613; Elias collection.

Occurrence: Upper Ordovician (? Gamachian): Leemon

Formation; locality 20a-1, Cape Girardeau Co., lissouri.

Diagnosis: Corallite small, uncurved, with base of
attachment and deep calyx., Axial structure solid in early
stages, in intermediate stages prominent dilated median
septal lamella connects with long cardinal and counter
septa, in late stages median lamella weakly dilated,
irregular, and not connected to cardinal or counter segpta,
and a few septal lobes and lamellae present. [ajor septa

undilated, IMinor septa long, extending well beyond the

narrow stersozone., Tabulae present.

Description of corallite: The corallite is about 15 mm

long and has a diameter of 8 mm a short distence below the
calyx where 34 major septa are present. The corallite is
uncurved. The base of attachment is on the cardinal side,
and the corallite was attached to a bryozoan., The calyx

has a depth equal to about 0.4 of the corallite length.
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Ontoseny and internal structures: The axial structure is

solid in early stages. In intermediate stages a prominent
dilated median septal lamella is connected to the long
cardinal and counter septa and a few dilated septal lobes
and rare septal lamellae are present. In late stages the
elements of the axial structure are weakly dilated. The
median lamella is irregular and discontinuous, and is not
connected to the cardinal or counter septa. A few other
septal lamellae and septal lobes are present. The major
septa are weakly dilated in early stages, and undilated in
later stages. A cardinal fossula is not developed. The
minor septa are long, extending well beyond the narrow

stereozone., Tabulae are present.

Nicrostructurs: Septal fibers are present, but lamellae

are apparently not developed in the stereozone.

Discussion: Bodophyllum shorti differs from other species
of the "genus" in having very long minor septa, and a
weakly dilated axial structure in later stages with an

irregular mééian septal lamella. It resembles Streptelasma

leemonensis n.. sp., from the same locality, in having long

minor septa.
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Dodoohyllum neumani n. sp.

Plate 8, figs. 86-13

EnJ

Stymology: The species is named for Robert B. Neuman, U.S.

Geological Survey, who collected the specimens.
Holotype: USGS 6264a, b; Neumen collection.

Paratypes: USGS 6260a, b; 626%a, b; 6270a, b; 6271a, b;
6338a, b; 63512, b; Neuman collection.

Occurrence: Upper Ordovician (Ashgillian): About 520 m

above base of unnamed formation; between Pond Pitch and
Haskell Rock Pitch, Zast Branch, Penobscot River, Penobscot

Co., Haine.

Diagnosis: Corallites ceratoid, uncurved, and of small
size., Epitheca with septal grooves and interseptal ridges.
Axial structure of a dilated median septal lamella and a
few septal lobes. lajor septa undilated. IIinor septa
extend a short distance beyond the narrow stereozone.

Tabulae mostly complete, moderately convex upward.

Description of corallites: The largest corallite examined

(USGS 6269) has a diameter of 13 mm and 30 major septa at
an unknovwn distance below the calyx. The corallites are
ceratoid and uncurved. ©Septal grooves and interseptal

ridges are present on the epitheca.
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Internal structures: The axial structure consists of a

dilated median septal lamella joining the cardinal and
counter septa, and a few septal lobes originating from
other wajor septa. The number of major septa at a particular
diameter is shovn in Text-fiz. 42. The major septa are

Text-figure 42,~--50dophyllum neumani n. sp.: relation

between number of mzjor septa (n) and corallite diameter (4)
or cross-sectionzl area (a) (see App. 8).

undilated, The minor septa extend a2 short distance teyond
the narrow stereozone. The tabulae are mostly complete and
moderately convex upward. Complementary plates are

sometimes present,

Microstructure: The micrositructure is unknovm because of

poor preservetion.

Discussion: Bodophyllum shorti n. sp. differs from B,

neumani in having longer minor septa and a median lamella
that is weakly dilated and irregular in late stages. B.
neumani is distinct in having a more elongate and prominent

median lamella than other species of the "oenus",
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Text-figure 42.--Bodophyllum neumani n. sp.: relation

between number of mzjor sepla (g) and corallite diameter (g)

or cross-sectional area (a) (gee App. 8).
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Bodophyllum ? sp.

Specimen: YT "Grande Coupe, Percé, Quebec"(c).

Qccurrence: Upper Ordovician (Lower Ashgillian):

Stenopareia faunal zone of Lespérance (1968b), Yhite Head

Formation; Grande Coupe, 2.4 km north of Percé, Quebec,

Description: The small corallite has an area orn the

cardinal side where it was attached to a brachiopod. In
early stages a few septal lobes are present. In intermediate
and late stages a moderately dilated median septal lamella
joins the cardinal and counter septa, and a few septal

lobes originate from other major septa. In the late stage,
25 major septa are present. The major septa are undilated.
The minor septa are confined to the moderately broad

stereozone. Tabulae are present.

Kicrostructure: Septal fibers are not distinguishable, and

lamellae are developed in the stereozone.

Discussion: This specimen resembles Bodophyvllum in having
a median septal lamella, but the assignment is questionable
because the axial structure is not as dilated as is typical
of the genus. A new species 1s not erected because only a

single incomplete specimen is known.
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Podophyllum englishheadensis n. spe.

Plate 8, figs. 17-23

Stymology: The specific name refers to Inglish Head,
Anticosti Island, Quebec, where the species has been

collected.
Holotype: YFI 3063/7; Dnglish Bay; Twenhofel collection.

Paratypes: YPM 3019/3063/2a, c; Inglish Head; Twenhofel
collection. YPI 3063/153, by White Cliff; Twenhofel

collection.

Occurrence: Upper Ordovician (Lower Ashgillian): upper

member (Znglish Head facies), Veureal TFormation; Anticosti

Island, Quebec.

Diagnosis: Corallites ceratoid and sometimes cylindrical
in late stages, straight to weakly curved, of moderate size,
and possess 8 base of attachment. Ipitheca with septal
grooves and interseptal ridges. Calyx deep.

Axial structure dense, consisting of a dilated median
septal 1ame11g connected to the long cardinal and counter
septa, and dilated axial ends of septa and septal lobes.
ajor septa weakly dilated. IMinor septa confined to the
stereozone wnich becomes very broad in late stages.

Tabulae mostly complete, moderately spaced, weakly convex

upward, with complementary plates.
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Description of corallites: The largest complete corallite

examined (YPE 3063/15b) is 20 mm long and has a diameter of
14 mm immediately below the calyx where 43 major septa are
present. The corallites are ceratoid and sometimes become
cylindrical in late stages (VPN 3063/2a, YPI 3063/7). They
are uncurved to weakly curved. The base of attachment is
centered on the cardinal side., In YPM 3019/20, two
corallites attached to a bryozoan near one another and grew
into lateral contact. The epitheca has septal grooves and
interseptal ridges, and coarse rugae are sometimes present
(YPH 3063/15a, 3063/2a). The calyx has a depth egual to
0.4 of the corallite length (YPM 3063/15b). A caliculaer

boss does not appear to be developed in YPI 3063/2a.

Ontogeny and internal structures: In early stages the major

septa extend to the axis where they are dilated, forming a
dense axial region. In intermediate and late stages a
dilated median lamella comnecting the long cardinal and
counter septa is the dominant element in the axial
structure. It is surrounded by the dilated axial ends and
septal lobes of other major septa, forming a dense axial
region,

The number of major septa at a particular diameter is

shown in Text-fig. 43. The major septa are weakly dilated

Text—-figure 43.--Bodophyllum englishheadensis n. sp.:

relation between number of major septa (n) and corallite
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diameter (d) or cross-sectional area (a) (see App. 8).

to undilated. A distinct fossula is not developed. The
minor septa are almost always confined to the stereozone,
which is moderately broad in early stages and becomes very
broad in late stages. The tabulae appear in early stages
and are nostly complete, weakly convex upward, and

moderately spaced. Complementary plates are present.

Mlicrostructure: The septal fibers are well developed, and

the trabeculae are inclined slightly upward toward the

axis. The stereozone is composed of lamellae,

Discussion: Bodophyllum englishheadensis is distinct in

having a very broad stereozone, far broader than in B.

euthum Neuman, 1969. In early stages of B. englishheadensis

the major septa are dilated in the axial region, whereas in
B. euthum they are very strongly dilated throughout their

length.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



341

Text—figure 43,--Fodophyllum englishheadensis n. sp.:

relation between number of major septa

St N

diameter (&) or cross-sectional area (a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50 .
8 sections trom S corallites
n .
2OO d mm 20
@) a, mm? 314

Text-fig. 43

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

34

]



343

"Genus" Bighornia Duncan, 1957

1957. Eighornia Duncan, p. 608-611.
1963. Bighornia Nelson, p. 39, 40.

1976. Bighornia Elias, p. 112-117.

Discussion: As presently understood, Bighornia includes

solitary corals having a concave cardinal side, major septa
that are generally completely dilated in early ontogenetic
stages and sometimes strongly dilated even in later stages,
and an axial structure with a prominent, strongly dilated
median lamella, The uncertain relationships of Bighornia,

Densigrewingkia Neuman, 1969, and Bodophyllum Neuman, 1969,

were discussed previously under the latter two "genera".
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Dighornia cf. patella (Wilson, 1926)

Plate 8, figs. 24-42

1928, [?] Streptelasma aff. breve Ulrich in Winchell

and Schuchert, Troedsson, p. 109, Pl1, 26, figs.
6, 7.
1929, ILindstrBmia solearis Ladd, p. 397-399, Pl. 4,

figs. 6"’120

1943, Holophragma anticonvexa Okulitch, p. 68, 69,

PL, 1, figs. 11, 12.

1856, "Holophragma" LindstrBm, Duncan, PL. 22, figs.

la=-c,

1957, "Holophragma" sp. Lindstr®m. R.J. Ross, Pl.
. 37, figso 3, 5"'7.

1957. Bighornia parva Duncan, p. 611-614, PL. 70,

1959b., Righornia patella (Wilson). Nelson, Pl. 4,

figs. 1a-d.

1963, Bizghornia patella (Wilson). Nelson, p. 40, 41,

Plc 11, figs. Ta"C, 2, 3a_d'
1963, Bighornia solearis (Ladd). Nelson, p. 41, PL.

11, figs. 4a-d.
1976. Bighornia cf, patella (Wilson). Elias, p.
118-123, P1. 17, figs. 1-22.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



345

A, Towa
Specimens: SUI 2-051 (holotype of L. solearis Ladd);
Thomas collection., SUI 2-052 (paratype of L. solearis);
Ivson collection. USHII 71926 (paratype of L. solearis);

Tysor collection.

Occurrence: Upper Ordovician (Richmondian): Tort Atkinson

Formation, Magquoketa Group; NW%, sec. 15, T96N, REW, 1.2

km southwest of Ossian, VWinneshiek Co., Iowa,

Description of corallites: The largest corallite examined

(USNIT 71926) has a length of 23 mm. SUI 2-051 has the
meximum number of major septa =-- 49 in the calyx at a
height of 19 mm. The cardinal side is concave., The
corallites are trochoid and weakly curved. They are
depressed throughout their length, especially in early
stages. In intermediate stages the cross-sectional
length-width ratio is 1.4 (SUI 2-052). 1In late stages the
ratio is 1.2 (USNM 71926; ©SUI 2-051). SUI 2-051 and USNM
71926 have a spoon-—-shaped depression on the cardinal side
near the tip. SUI 2-051 also has a depression on the
counter side in early stages. SUI 2-052 is triangulate in
cross—section, but in late stages the corallites become
oval (SUI 2-051; USNM 71926). The calyx has a depth equal
to 0.3 of the corallite length (SUI 2-051)., The calicular
boss is moderately convex and a prominant columella

elongate in the cardinal-counter plane is present (SUI
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2-051; USNii 71926).

Internal structures: In intermediate and late stages the

axial structure consists of a conspicuous, strongly

dilated median lobe that is an extension of the counter

septum, and a few other septal lobes and rare lamellae.
The number of major septa at a particular hneight is

shown in Text-fig. 44. The major septa are moderately

Text-figuie 44.-- Dighornia patella (Wilson, 1926) and B. cf.

patella: relation between number of major septa (n) and
corallite height (h). E. patella: a, GSC 6732, Peaverfoot
Fm., near Golden, southeastern British Columbia. L. cf.
vatella: a', GSC 10872, [B. patella], mbr. no. 1, Caution
Creek Pm., northern llanitota; a'", CSC 10873, [Q. patella],
mbr. no. 1, Chzsm Creek Fm., northern lMlanitota; b, SUI 2-051

and t', USNI 71926, [Lindst:rBmia solearis], Fort Atkinson Fm.,

Ossian, Iowa; D", GSC 10870, [3. golearis], mbr. no. 1,
Chaem Creek Fm., northern Ilanitoba; ¢, Okulitch, 1943, and

c', Nelson, 1963, [Holophragsma anticonvexa], Gunn Mtr., Stony

ilountain Fm., Stony Nountain, Manitoba; 4, USNE 127574 and
d4', TSNt 124801, [E. nggg], upper Bighorn Dolomite, Eighoin
Jlountains, Wybming; e-c'", Ul 214, 216, 331, and 335,
respectively, Selkirk iTbr., Fed Fiver Fm., CGarson, Manitoba;
i, YPiI 505a, lower mbz., Vaureal Fm., Anticosti Is., Quebec,
and ', YPif 3063/17, Anticoeti Is., Cuebec (a—-e from Elias,

1976, fig. 15; for £ see App. 8).

— e — — e
- —

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



347

e o s e e e e et o e e e e e m o S e e e i e e et e e o o e S v ot T e R A By et ot e et o e T et e s e e

Text-figure 44.-- Pichorniz natells (Wilson, 1626) and B. cf.,

ratella: relation between number of major septa (n) and
corallite height (h). E. patella: a, GSC 6732, Beaverioot
'm., near Golden, southeastern DPritish Columbia, L. cf.
vatella: a', GSC 10872, [B. patella], mbr. no. 1, Caution

Creek T'm., northern lanitoba; a'", GSC 10873, [B. patellal,

mbr. no. 1, Chasm Creek Fm., northern IManitoba; b, SUI 2-0%51

o)

and k', USNE 71926, [LindstrBmia solearis], Fort Atkinson Fm.,

Ossian, Iowa; ", GSC 10870, [B. golearis], mbr. no. 1,

Chasm Creek Fm., northern [lanitoba; ¢, Okulitch, 1843, and

c', Nelson, 1963, [Holophrarma anticonvexa], Gunn Ilbr., Stony

-

llountain Fm., Stony Mountain, Menitoba; 4, USNI 127574 and

o

d', TSN 124801, [B. parval], upper Bighorn Dolomite, Pighorn
Hountains, Wyoming; e-e", ULl 214, 216, 337, and 335,

respectively; Selkirk Mbr., Red Eiver ¥m., Garson, [anitoba;
£, YPIf 505a, lower mbr.,, Vaureal Fm., Anticosti Is., Quebec,

and f', YPi 3063/17, Anticosti Is., Quebec. (a-g¢ from Elias,

1976, fig. 15; for f see App. 8).
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dilated in the calyx. The cardinal septum is short in the
calyx, and the cardinal fossula is narrow. I[iinor septa are
confined to or extend a very short distance beyond the

stereozone.

lMicrostructures The microstructure is not preserved in

these 'silicified specimens.

B. Anticosti Island

Specimens: YP 505a, b; lower member (zone 4 of
Twenhofel's Inglish Head Formation), Vaureal Formation;
Girard Harbour, Anticosti Island, Quebec; Twenhofel
collection., YPFI 3063/17; Anticosti Island, Quebec;

Twenhofel collection.

Occurrence: Upper Ordovician (? Caradocian): lower member,

Vaureal Tormation; Anticosti Island, Quebec.

Description of coralliteg: The largest corallite examined

(YPil 505a) has a length of 28 mm. YPI 505b has the
maximum number of major septa —— 42 at a height of about 12
mm immediately below the calyx. The cardinal septum is on
the concave side of the corallite. The corallites are
trochoid and weakly curved. They are depressed throughout
their length, especially in early stages. The maximum
cross—sectional length-width ratio varies from 1.5 at a

height of 7mm (YPM 505a) to 2.7 at a height of about 3 mm
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(YPL 505b). The éorallites become triangulate during
ontogeny. All specimens have a concave spoon-shaped area
of attachment on the cardinal side near the tip. Growth
lines and weak septal grooves and interseptal ridges are
preserved on the epitheca. The calyx has a depth equal to
0.2 (YPi 505a) to 0,3 of the corallite length (YPIl 505b).

The calicular boss is moderately convex.

Ontogeny and internal structures: Up to a height of

several mm the major septa extend to the axis. Above this
the axial structure consists of a conspicuous, strongly
dilated median lobe that is an extension of the counter
septum, and a few other septal lobes.

The number of major septa at a particular height is
shovmn in Text-fig. 44. The major septa are completely
dilated in early stages and moderately dilated immediately
below the calyx. Dilation is strongest on the cardinal
side. The cardinal septum becomes short in the calyx. The -
cardinal fossula is narrow in moderately dilated stages.
linor septa are confined to the moderately broad stereozone.
A few thin, irregular, incomplete tabulae are present in

YPil 5052,

Ticrostructure: The septal fibers are well developed, and

weak trabeculae are present. Lamellae cannot be

distinguished in the stereozone.
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Discussion: Birshornia from Iowa and Anticosti Island

cannot be distinguished from the other species listed in
synonymy, as discussed in detail by Rlias (1976, p. 120,
121). This species, referred to as B. cf. patella (A.E.
Wilson, 1926) is definitely known to occur in the Following
units and localities: Selkirk Member, Red River Formation
(late 1iiddle or Upper Ordovician), Garson, lanitoba;
members no. 1 and 3 and upper member of Caution Creek
Formation, and member no. 1 of Chasm Creek TFormation (Upper
Ordovician), northern lManitoba; Gunn lember, Stony
Mountain Formation (Upper Ordovician), Stony llountain,
llanitoba; shaly beds at top of Bighorn Dolomite (Upper
Ordovician), Johnson Co., Wyoming; lower member, Vaureal
Formation (? Caradocian), Anticosti Island, Quebec; and
Fort Atkinson Formation (Richmondian); Maguoketa Group,
Ossian, Iowa. The species possibly occurs in the Cape
Calhoun Formetion (late Middle or Upper Ordovician), Cape
Celhoun, northwestern Greenland, and in the Beaverfoot
Formation (Upper Ordovician), near Golden, southeastern
British Columbiaz. This species is apparently long-lived

and widely distributed in North America,
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Pamily Paliphyllidae Soshkina, 1955

Genus Paliphyllum Soshlkina, 1955

1968, Paliphyllum B. Neuman, p. 230, 231.

Discussion: Paeliphyllum is characterized by a broad axial

structure composed of septal lobes and lamellae with a
median lamella at least in some stages, and a
dissepimentarium of a few series of medium or large
dissepiments.

B. Neuman (1968, p. 231) reported the genus from the
Upper Ordovician of Siberia, Estonia, and Sweden, and from
the Llandoverian of Estonia. The following species are
knovm from North America:

1963, Phaulactis stummi Nelson, p. 43, 44, Pl. 13,

figs. 7, 8a-c, 9-12.

Upper Ordovician: Ilember no. 3, Chasm Creek
Formation, Churchill River Group; northern
Manitoba,

1928, _Cvathophyllum ellisense Twenhofel, p. 119, Pl,

2’ figs. 10'—130
Upper Ordovician (Ashgillian, ? Gamachian):

Eilis Bay Formation; Anticosti Island, Quebec.
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Paliphyllum ellisensis (Twenhofel, 1928)

Plate 8, figs. 43-53

1028, Cyathophyllum ellisense Twenhofel, p. 119,

Pl, 2, figs. 10-13.

Holotype (by original designation): YPI 103884;
Twenhofel's zone 9, Ellis Bay Tormation; #llis Bay,

Anticosti Island, Quebec; Twenhofel collection.

Paratype (by original designation): The specimen
represented by Twenhofel (1928, Pl. 2, fig. 11);
Twenhofel's zone 9, Illis Bay Tormation; Zllis Eay,

Anticosti Island, Quebec; Twenhofel collection.

Other specimens (all from Twenhofel's Anticosti Island

collection): YPM 3063/52e, f5 Ellis Bay Formation; west
side of Ellis Bay. YPU 3063/58a, b; Zllis Bay Formation;
Cape Henry., YPil 572; near base of [llis Bay Formation;
coral zone above Vaureal Falls. YPiMl 10388B; Twenhofel's
zone 9, Ellis Bay Formation; Ellis Bay. The specimen
represented by Twenhofel (1928, PlL. 2, fig. 12);
Twenhofel's zone 9, Ellis Bay Formation; XIllis Bay. YPi
5732, b; bioherm at base of Bolton's member 6, Ellis Bay
Formation; Raspberry Point. YPM 3019/3063/57a-d, h, i;
Twenhofel's zone 9, Bolton's member 6, Tllis Bay Formation;

=llis Bay.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Occurrence: Upper Ordovician (Ashgillian, ? Gamachian):

Illis DBay Formation; Anticosti Island, Guebec.

Diagnosis: Corallites cylindrical, uncurved, and attain
moderate size, DLpitheca with septal grooves and interseptal
ridges, and prominent rugae. Axial structure varies from
simple with few septal lobes to moderately complex with
septal lobes andilamellae. In early stages a dilated
median lamella is sometimes present. MNinor septa very long.
In early stages the stereozonz 1s narrow to moderately
broad. In later stages dissepimentarium consists of one to
three series of large dissepiments, with narrow stereozone
on axial side of dissepimentarium. Tabulae mostly complete,
very thin, closely spaced, slightly concave upward axially

to moderately convex upward, with complementary plates,

Descrivtion of corallites: The corallites are all incomplete

at both ends. The longest fragment (YPI 103884) is 40 mm
long, and the broadest (YPM 3019/3063/57h) is 28 mm in
diameter. The maximum number of major septa observed is 42
at a diameter of 21 mm (YPIM 3019/3063/572). The corallites
are cylindrical and uncurved. Coarse rugae are common, and
are sometimes regularly spaced at an interval of 6 to 11
mm, Septal grooves and interseptal ridges are present on
the epitheca. In one specimen (YPM 10388B), seven offsets

resulted from peripheral increase,
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Ontogeny and internal structures: In early to intermediate

stages the axial structure consists of a few dilated septal
lobes and lamellae, sometimes with a median lamella (YPH
3019/3063/57d). 1In later stages the major septa may extend
almost to the axis with only a few septal lobes (YPi 572),
but usually a moderately complex axial structure of septal
lobes and lamellae develops.

The number of major septa at 2 particular diameter is

shown in Text-~fig. 45. The major septa are undilated. The

Text-Ffisure 45,--Pali-hvllum ellisensis (Twenhofel, 1928):

relatien ketween numbe:r of major scota (Q) and cornllite
dizmeter (G) or c¢rosz—sectional area (a) (cce App. 8)e

cardinal septum is indistinct, and a fossula is not
developed. The minor septa are very long. Septa are
occasionally interrupted in the dissepimentarium. In early
stages the stereozone is narrow to moderately broad. In
later stages a dissepimentarium consisting of one to three
series of large dissepiments develops, with a narrow
stereozone on its axial side,

The tabulae are mostly complete, very thin, closely
spaced, and slightly concave upward axially (YPM
3019/3063/57a) to moderately convex upward (YPI
3019/3063/57i). Complementary plates are present.
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Text—figure 45.--Pzliphvllum ellisensis (Twenhofel, 1928)

relation between number of major septa (g) and corallite

diameter (d) or cross-sectional area (a) (see 4Lpp. 8).
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Miicrostructure: The septal fibers are well developed, and

the trabeculae are weakly inclined up toward the axis.

Lamellae are not present in the stereozone.

Discussion: Paliphyllum ellisensis differs from other

species of the genus in having larger dissepiments. P.
stummi (Nelson, 1963) is distinct in having a moderately

broad cardinal fossula, many series of small dissipiments,

and a smaller, less complex axial region. P. ellisensis
and P. suecicum Neumen, 1968 have similar tabulae, but the

latter species has a finer axial structure.
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LOCALITIES
The localities examined in this study are listed below.
Locations and stratigraphic-paleontologic data are shown in
Text-figs. 3, 18, and 21. The stratigraphic position of
collecting horizons in the Richmond Group, Cincimnnati Arch

region is presented in Table 4.

Table 4.--Stratigraphic position of collecting horizons,
REichmond Group, Cincinnati Arch region. For each horizon,
the first number refers to the locality and the second to

the stratigraphic interval (see Text-fig. 3).
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Table 4.--Stratigraphic position of collecting horizons,
Richmond Group, Cincinnati Arch region. For each horizon,
the first number refers to the locality and the second to

the stratigraphic interval (see Text-fig. 3).
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TAELE 4

"Wavynegwille® "Libertv" "Whiteviater-cllthorn"
11b=1 3=1 5t=1 12a-8
11p~2 3-2 52 12a-9
141 3-3 5b=-3 12b=-1
14102 4=2 S-4 12h=2

USKH Coll, 4-3 5b=5 12b~3

bt 12a-1 13-1
4~ 12a=2 13=2
5b=6 12a-3 130-3
S5b~7 12a-4 14=3
5b-8 12a=5 14-4
5b~G 12a-6 14-5
6-1 12a-7 14-6
7-2
11-1
12¢c-1
) 12da-1
13b~1
13b-2
141
14 =2

USGS Otter Cr. Coll.
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A, Cincinnati Arch legion, Ohio-Indiana-Kentucky

l_ﬂlf 4277800I

1, 2708503 to 42784501\1, 27047903 Orangeburg
and Maysville East Quads., Mason Co., KY. Type section of
Eull Fork Fm. FRoadcuts on 2 side of Hwy. 1443, 1.45 to 2.3
km N of junction with Hwy. S84, 3 km E of Springdale, Refer
to USGS Guad. Maps GQ-588 and GG-1006, and Peck (1966, p.

B19, 26-~29).

25ON, 2735003: lManchester Islands Quad., Adams Co.,

16, *290
OH. Streamcut in Isaacs Cr. just W of Hwy. 136, 1.8 km § of
intersection with Hwy. 41 at Bentonville. Refer to Kohut

and Sweet (1968, p. 1459, 1460, loc. 14).

1c. #3003%%, 282590 west Union Quad., Adams Co., OH.

Roadcut on W side of Hwy. 41, 5.45 km NE of junction with
Hwy. 247 N in West Union. For nearby section refer to
Schmidt, et al (1961, p., 281-283), and Kohut and Sweet
(1968, p. 1459).

5, 4273750y 650250 4 4279300y 6,46005. pegrord Quad.,

e

Trimble Co., KY. Roadcuts on N and S sides of Hwy. 42, 3.5
to 4.4 km E of Bedford. Refer to USGS Quad. Map GQ-1409,
and Hattin, et al (1961, p. 307-314, stop 3).

42218OON 62865OE to 4221800N, 6283503: Jeffersontown

3.

—

’

Quad., Jefferson Co., KY. Roadcuts and quarry on N side of
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Erush Run Ed., 0.25 to 0.65 km T of junction with Hwy. 1819,
atout 1.% gm WNW of Seatonville. Kefer to USGS Cuad. liap
GQ—999,/%?%wne (1964, p. 388, 390, 391, loc. 6a, b).

4. 37°%672"N, 85°21' 20" to 37°46'24"N, 85°21'31"¥W: Haud
Guad., Nelson Co., KY. Includes type section of Bardstown
lMbr., Drakes Fm, Roadcut on W side of Hwy 150, 1.15 to 1.9
kn NW of bridge over Beech Fork H., about 2 km NW of
Fredericktown. Refsr to USGS Quad. Map GQ-1043, Browne
(1964, p. 388, 390, loc. 1), Hatfield (1968, Pl. 1, key sec.
6), Kohut and Sweet (1968, p. 1459, loc. 5), and Peterson
(1970).

e SEY, sec. 16, TON, R2W: Ilount Carmel Quad,, Franklin
Co., IN. FERoadcut on N side of Hwy. 101 at Bon Well Hill
about 2 km NZ of Brookville. Refer to Hay (1975), and Hay
(1977, p. I-23 to 26).

5b. SZ% and N=%, sec. 36, T10N, R2W: Iount Carmel Quad.,
Tranklin Co., IN. Roadcuts on both sides of Hwy. 101 about
9.5 km NE of Brookville. Refer to Hay (197%), and Hay
(1977, p. I-18 to 22).

Sc. SELSEL, seé. 17, TON, R2W: TErookville Quad., Franklin
Co., IN. Cut at Brookville Dam Spillway about 2 km N of
Brookville. Refer to Hay (1975, p. 12) and Hay (1977, p.
I-27).
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6a. 37°347 15", 84°36'57"W to 37°34124"N, 84°36150"
Lancaster Quad., Lincoln Co., KY., Type section of Ashlock
Pm, Roadcuts on both sides of Hwy. 27 for 0.4 km N of Dix R.,
about 6 km S% of Lancaster. Refer to USGS Quad. lap

GQ-888, Weir, Greene, and Simmons (196%, p. D9, 24, 25), and

Kohut and Sweet (1968, p. 1459, loc. 2).

6b. 37032'N, 84°29148"%: Paint Lick Quad., Garrard Co., KY.
Type section of Drakes FPm, Roadcuts about 0.4 km S of East
Fork, Drakes Ci., on E side of road leading NW from Vanhock
Cemetery, about 3 km E of Preachersville., Refer to USGS

Quad. Map GQ-800, and Weir, Greene, and Simmons (196%, p.

D17, 30, 31).

§E, 37030'4"N, 84°30'53"W: Lancaster Quad., Lincoln Co.,
KY. Type section of Preachersville be., Drakes Fm,
Roadcuts on & side of Hwy. 39, 3.7 to 3.95 km SE of
Preachersville. Refer to USGS Quad. lap GQ-888, Weir,
Greene, and Simmons (1965, p. D33-35), Simmons and Oliver

(1967), and EKohut and Sweet (1968, p. 1459, loc. 4).

7a. 37°48v10"N, 84°11713"W to 37°48'3"K, 84°11'16"W: Union
City Quad., Madison Co., KY. Ioadcuts on both sides of Hwy.
574, 0.8 to 1.25 km KE of Union City. Refer to USGS Quad.

ap GQ-585, and Simmons and Oliver (1967).

Tb. 37°47'36"N, 84°14'7"W to 37°47'25"N, 84°14'20"W: Union

City Quad., liadison Co., KY. Roadcut on E side of road, 0.8
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to 1.3 ¥m NI of junction with Hwy. 974, about 3.5 km V of

Union City. ©ILefer to USGS Quad. Map GG-585.

8. 37%44130"N, 84°14'56"W: Hoberly Quad., HMadison Co., KY.
Includes type section of Terrill and Reba Mbrs., Asghlock TFm.
Roadcuts on both sides of Hwy. 52, about 3 km 5 of Richmond.
Refer to USGS Quad. llap GG-664, and Welr, Greene, and

. 4199800N, 756200}3 to 41989OON, 756550: Hedges Quad.,
Clark Co., KY. Railroad cuts on Louisville and Nashville
R.Rey 14 to 2.4 km N of Howard Cr., 1.2 to 0.2 km S3 of
Agawam, Refer to USGS Quad. llap GQ-1235, Veir, Greene, and
Simmons (1965, p. D18, 19), and Kohut and Sweet (1968, p.

1460, loc. 15).

102, 38917'32"N, 83%42'21"E: Hillsbero Quad., Fleming Co.,
Y, Roadcut on E side of road along Buttermilk Branch, 1.6

xm NW of Sunset. Refer to USGS Quad. Map GQ-876.

10b. 38%°17'26™N, 83°42'E: Hillsboro Quad., Fleming Co.,
KY. Roadcut on E side of road along Buttermilk Branch, 1.1

km NW of Sunset. Refer to USCES Quad. llap GQ-876.

10c, 38°18'22vy, 83°42'12"E: Hillsboro Quad., Fleming Co.,
KY. Roadcut on N side of road 1.5 km S of junction of
Loocust Cr. and Hillsboro EBranch, 4 km WNW of Hillsboro.

Refer to USGS Quad. Map GQ-876.
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10d4. 38°18'8"N, 83°40'11v3: 1illsbo:o Quad., Fleming Co.,
Y. Stream cut in tributary just S of road on N side of
Hillsboro Eranch, 1.3% km NW of Hillstoro. Refer to USGS

Guad. lap GQ-876.

o
10e. 38 19'2"N, 83°41110"E: Hillsboro Quad., Ileming Co.,

Y. Poadcut on N side of road 0.6 km S of Locust Cr., 3.6

km N% of Hillsbo:o. Refer to USGS (Quad. lap GQ-0T76.

10f. 38°1g'8"N, 83°39'41"Z: Hillsboro Quad., Fleming Co.,
KY. Roadcut on I side of Hwy. 111, 3 km N of Hillsboro.

Refer to USGS Quad. Map GQ-E76.

11(a). NWiSEL and N&iSEL, sec. 12, TTH, R11E: Kilan GQuad.,

x £

e

Ripley Co., IN. Roadcut on &I and V sides of Hwy. 50, 1.1 to
1.% km W of Laughery Cr, at Versailles. Refer to Hattin, et
al (1961, p. 334, 347-349), and Hatfield (1968, Pl. 1, key

sec. 2).

11b-1., NEiS3%, sec. 6, TTN, R12E: ilan Quad., Ripley Co.,

IN. Stream cut on S side of Falling Timber Cr., 0.4 km

upstream from Laughery Cr., about 2.3 km NE of Versailles.

11b-2. SWiliW%#, sec. 5, TTN, R123: 1Hilan Quad., Ripley Co.,

IN. Streamcuts on S and N sides of Falling Timber Cr., 1,1
to 1.2 km upstream from Laughery Cr., about 2.8 km NE of

Versailles.

110-3. SZINWL, sec. 5, T7N, R12E: IMilen Quad., Ripley Co.,
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I, Stream cut on N side of Talling Timber Cr., 1.4 to 1.5

xm upstream from Lauvghery Cr., about 3.1 km NE of Versailles,

122, SWiS3k, sec. 29, T14K, R1W: Richmond Quad., Viayne Co.,
I, Stream cut a2t Thistlewailte Falls on West Tork of
Whitewzter R. just S of bridge in Spring Grove. Refer to

Cumings (1908, p. 662) and Hay (1975, p. 23).

12t. SW: and SBEX, sec., 21 and SWi and NWi, sec. 22, T13N,

R1W: Richmond snd New Paris Quads., Wayne Co., IN. Stream
cuts along Elkhorn Cr, between 3traight Line Rd. and Hwy.
227, abtout 6 km S of Hichmond., Refer to Cumings (1908, p.
657, 658, 660), and Hay (197%, p. 26).

12¢. NB4NEL, sec. 23, T13N, R2W: Richmond Quad., Wayne Co.,
IN. Stream cuts at Elue Clay Falls on creek just S of Hunt
Reey 0.55 km W of Salisbury Rd., about 7 km SW of Richmond.

Eefer to Hay (1975, p. 20).

12d., NELSWZ, sec. 2, T12N, R2W: Liberty Quad., Wayne Co.,
IN. Rosdcut on & side of Smithfield Rd,, 0.1 to 0.25 km N
of intersection with Potter Shop Rd., 0.4 km B of Abington.

Tor nearby section refer to Hay (1975, p. 19).

13(a). S3sWi, sec. 7, T2, RB: Fairborn Quad., Greene Co.,
Oil. Railroad'cut primarily on & side of New York Central
R.R. 0.1 km N of Wright Bros. Memoriel, about 6 km gV

of Fairborn. Refer to Utgaard and Perry (1964, p. 35, loc.
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21), and ¥Xohut and Sweet (1868, p. 14£9, loc. 10).

13b, s2isVd, sec. 7, T2, K8: Tairborn Quad., Greene Co.,
O, Cut on S hank of Mad L., 0.1 km SW of Huffman Dam,
about 6 lkm SW of Fairborn. Refer to Kohut and Sweect (1968,

p. 1459, loc. 10).

14(a). 43641, 2477908 1o 435370, 247990%: clarksville

Guad., Clinton Co., OH., Cut on N side of Cowan Cr., 0.2 to
0.75 km downstream from Cowan L. spillway, about 4.7 km =ESE

of Clarksville.

Z: Oregonia

Quad., Warren Co., OH. DRoadcuts primarily on W side of road
just S of Hwy. I71 leading to picnic area on Little Miami R.,
about 1.7 km NW of Ft. Ancient State Memorial. Refer to
olford (1930, p. 304-307),/§2gut and Sweet (1968, p. 1459,

loc, 11).

B. Burkesville, Kentucky

5a. 36°46'21M, 85%22143"W:  Waterview Quad., Cumberland
Co., KY. Roadcut on E side of Hwy. 61, 1.3 km § of junction
with Hwy. 90 a2t Burkesville. Eefer to USGS Quad. liap

CQ-286, and for nearby section refer to Jillson (1951).

15b. 36047'45"N, 85°23120"W:  VWaterview Quad., Cumberland
Co., K¥Y. Roadcut on S side of new Hwy. 90, 2.2 Im E of

junction with Hwy. 691, about 1.3 km NW of Burkesville.
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5c. 36°47148"N, 85°23111vy: Waterview Quad., Cumberlend
Co., ¥Y. FKoadcut on N side of new Hwy. 90, 2.4 lm & of
junction with Hwy. 691, akout 1.2 km NW of Durkeswville.

Fefer to USCS Quad. ilap C(-286.

15d. 36°47'38"N, 85°24140"W: Waterview Quad., Cumberland
Co., XY. Outcrop just B of Cary house, 0.4 km N of junction
of Hwys. 20 and 691, about 3.5 km W of Purkesville, Iefer

to USCS Quad. Map GQ-286, and Jillson (1953).

C., Goodlettsville~(Gallatin, Tennessee

16a. 36°21'57"N, 86942'57"W and 36°2214"N, 86°42'51mi:
Goodlettsville Quad., Sumner Co.,, TN. Roadcuts on W and B
sides of Hwy. 165, 2.4 km N of Goodlettsville interchange.
For nearby sections refer to Bassler (1932, p. 122), and

Wilson (1949, p. 234, 236, sec. 5).

16b. 36%221 33, 86°42148"y: VWhite House Quad., Sumnsr Co.,
TN. FKoadcut on W sice of Hwy. I65, 3.45 km N of
Coodlettsville interchange. Tor nearby sections refer to
bassler (1932,Vp. 122), end Wilson (1949, p. 234, 236, sec.

-
[
] e

16c. 36°27'54"N, 86°25'54"W: Gellatin Quad., Sumner Co.,
TH. Roadcut on W side of Dobbins Pike, 2.75 km S of

Grakall. Tor nearby sections refer to Bassler (1932, p.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



370

D. Little lay de lioc, Ilichigan

17b. S®i, sec. 26, T3QH, F22W: Peninsula Point Cuad.,

Delta Co., MI. Outcrop on T shore of Little Bay de Noc just
% of road, 2.3 Mm K of Stonington. Fefer to Foerste (1918,
p. 98, Rheinholdson sec.), Hussey (1926, ». 116, 117, 133,

o

142, loc.. 17), and Hussey (19%0, p. 16-20, stop 7).

17¢. SE+SW%, sec. 11, T39N, E21%: Rapid River Quad., Delta

Co., NI, Tederal Forest Quarry No. 2 just W of Co. Hwy.

n

11, 0.5 km S of Stonington Lookout tower., Iefer to Kesling
(1975, p. 8, loc. 4, P1. 1, figs. 3, 4, p. 27, map i), and
for nearby section refer to Hussey (1926, p. 116, 117, 146,

loc. 11), and Hussey (1950, p. 21, 22, stop 8).

17d. NW: and N&%, sec., 11, T39N, R21W: Rapid River Quad.,
Delta Co., ¥I. Outctops on B and VW side of road, 0.4 km N
of intersection by Stonington Lookout tower. Refer to

Hussey (1926, p. 116, 117, 145, 146, loc. 12).

o BE. Drummond Island, Michigan

18a. SEY and SWE, sec. 29, T43FK, R78: Drummond SE Quad.,
Drummond Is., KI., Samples collected at exposure on shore
0.3 kin SE of REaynolds Point; paleocurrent data collected on
shore in KZ part of Raynolds RBay, 0.3 km SW of Raynolds Pt.

For nearby section refer to Hussey (1952, p. 49, 50).
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18k, SV, ssc. 24, T43N, R6Z: Drummond Quad., Drummond Is.,
wI. Dxposure on shore 0.3 km £ of Poe Point. kefer to

Hussey (1952, p. 50, 51).

18c. NREi, sec, 30, T423N, R63: Drummond Quad,, Drummond Is.,
MI. Zxposure on shore at Hay Point, 0.65 Ikm S of Chippewa

Pt. Tor nearby section refer to Hussey (1952, p. 50).

P, Manitoulin Island, Ontario

19a. 45°52'40"K, 81°52'54"W: Little Current area,
Ilanitoulin Is., Ont. Eoadcuts on both sides of Hwy. 68, 4.9

km S& of Sheguiendah., Refer to ODM liap 2247,

19b, 45°52136"NH, 81931'17"W: Little Current area,
Manitoulin Is., Ont. Roadcut on Hwy. 68, 7.1 km SE of
Sheguiandah, FRefer to ODH iap 2247.

19¢c. 45°53'46"N, 81°58754"W: Little Current area,
[Manitoulin Is., Ont. Roadcut on S side of road, 4.5 km VW of

Sheguiandah, Refer to ODIl kap 2247,

Jod. 45°54121mN, 82°15'29"Y:  Kagawong area, Manitoulin Is.,
Ont. Roadcﬁ; on W side of road into Xagawong, 0.3 km N of
junction with Hwy. 540, Iefer to ODI Ilap 2246, Foerste
(1916, p. 110, loc. 40), and Liberty and Shelden (1968, p.

7, stop 1).

1Ge. OVB',E"N 82°6 110" Kagawong area, Manitoulin Is.,

Enl

Cnt. Roadcut on ZE side of Hwy. 540, 1.4 km N of Honora.
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)4

S 04~ ' . . .
345, 827156y Hagawong area, Manitoulin Is.,

Ont. Toadcut on K and © sides of Hwy. 540, 1 Im 5B of
junction with road into Kagawong. Refler to ODN lLlap 2246,
and fo1 nearty section refer to Poercste (1916, p. 108, 109,

loc, 38).

Y612, 4594513y, 81°4844"W:  Little Current area,
Manitoulin Is., Ont. Laurentian Univ. collection. Refer to

ODLT Iﬁap 2 247 .

175, 45°52v140"N, 81°571'36"W:  Little Current area,

¥anitoulin Is., Ont. Laurentizn Univ. collection at ditch
on SB corner at intersection of E~VW road and N-5 road, 1 km

I of Pike Laks. Iefer to ODH lap 2247.

G. NMissouri

20a. SENELSW:, sec. 21, T32N, R13E: Cape Girardeau Quad.,
Cape Girardeau Co., ¥0. Type section of Leemon Formation.
Cutcrop in gully btehind barn of Short's farm, Hefer to
Amsden (1974, p. 19-21, loc. K), and Thompson and

Satterfield (1975, ». 76, 77, loc. 3).

20b. NWisEiszmi, sec, 9, T33W, E13E: Neelys Landing Quad.,
Cape Girardeau Co., MO. Outcrops on Blue Shawnee Creek, 0.8

nl

km © o

Hy

New Wells. Refer to Amsden (1974, p. 20-22, loc.
U), and Thompson and Satterfield (1975, p. 79, 80, loc. 4).
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21a. NW%, sec. 9, Tu3Nl, PI1D: Necbo Quad., Pike Co., IiC.

Eozdcut on west side of Ilwy. 79, N edge of Clarksville.

(

Lefer to Amsden (1974, p. 6, G, loc. ), and Thompson and

Sztterfield (197%, p. 91, loc. 6).

21b. SVAKEINWE, sec. 20, TE4H, I1VW: Towling Green Guad.,

Pike Co., 0. Type section of Noix Limestone, Outcrop at
Clinton Sp:iings, S edge of Louisizna. Fefer to Amsden (1974,
p. 6, 9, loc. L), and Thompson and Satterfield (1975, p. 90,

loc. 7).
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PLATIS

Exterior views are of specimens coated with ammonium
chloride., "S" in a figure number denotes a stereopair.
Transverse and longitudinal sections are negatives of thin
sections unless otherwise stated. Transverse sections are
oriented as they appear looking from the top of the
corallite towards the tip. A line and small number beside
an exterior view or longitudinal section refers to the
position and figure number of a transverse section
illustrated on the same plate, unlesé otherwise stated.
When the horizon of a specimen is given, the first number
indicates the locality and the second designates the
stratigraphic interval (see "Localities"; Text-figs. 3,

18, 21).
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SXPLATATICK OF PLATE 1

FPigure

1-56., Streptelasma divaricans (Nicholson, 1875)

(Richmond Group; Cincinnati Arch region)

1-19. Axial region comparative scale and values (small
numbers 5, 10...95), x2 (refer to p. 81 in text).
1, UCGM 45072, horizon 12a-1. 2, UCGH 45061,

horizon 11b-~1. 3, UCGM 45014, horizon 4-2. 4,

UCGM 45037, horizon 5b-2. 5, UCGHM 45137, horizon
13b-2. 6, UCGM 45004, horizon 2-1. 7, UCGH
45133, horizon 13b-1. 8, UCGM 45074, horizon
122=-1. 9, UCGM 45028, horizon 5b-1. 10, UCGII
45054, horizon 5b-9, 11, UCGHM 45084, horizon
12a-2, 12, UCGH 45008, horizon 3-2. 13, UCGH
45611, horizon 13~1. 14, UCGM 45018, horizon
4-3. 15, UCGM 45057, horizon 10-1, 16, UCGH
45020, horizon 4-4. 17, UCGM 45086, horizon
12a-2, 18, UCGM 45034, horizon 5b-2. 19, UCGH
45018, horizon 4-3.

20-22, UCCM 45072, horizon 12a-1. 20, alar view,
cardinal side left, x1. 21, 22, cardinal side
down, X2,

23-26. UCGM 45074, horizon 12a-1, 23, alar view,
cardinal side right, x1. 24-26, cardinal side
down, x2.

27-29., UCGM 45084, horizon 12a-2, 27, xl. 28, 29,

- X2
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30-32. UCGH 45018, horizon 4-3. 30, x1. 31, 32,
X2,

33-36. UCGH 45086, horizon 12a-2. 33, cardinal
side left, x1. 24-36, cardinal side down, x2,.

37-41. UCGH 45034, horizon 5b-2. 37, alar view,
cardinal side left, x1. 38-41, cardinal side
down, x2.

42-45, TUCGH 45128, horizon 13-2, x2.

46-52, UCGH 45013, horizon 4-2. 46, alar view,
cardinal side left, x1. 47-51, cardinal side
dovm, x2, 52, cardinal side left, x2.

53. USNM 84868a, (syntype of S. divaricans-

angustatum Foerste, 1909), "Whitewater" strata,

Osgood, Indiana, x2.

54, UCGH 45145, "Whitewater" strata, Husston VWoods
Park, Oxford, Ohio, x2,.

55. UCGM 45024, horizon 4-5, transverse
photomicrograph, late ontogenetic stage, dilated
ma jor and minor septa in léteral contact in
stereozone, x31,

56. UCGM 45080, horizon 12a-2, transverse
. photomicrograph, late ontogenetic stage,
undilated major and minor septa separated by

U~ghaped lamellae in stereozone, x31.
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SXPLANATICN OF PLATE 2

Figsure

1-27. Streptelasma divaricans (Nicholson, 1875)

(Richmond Group: 1-17, Cincinnati Arch region; 18,
19, Little Bay de Noc, kichigan; 20-27, lanitoulin
Island, Ontario)

1. UCGM 45646, horizon 12a-5, x1 (blastogeny shown in

Text-fig. 29)

2, 3. UCGM 45093, horizon 12a-4, x2., 2, increase
demonstrated by incomplete wall between two
corallites on left. 3, corallites separated
later in ontogeny.

4, 5s. USGS loc. 4343-C0(a), "Whitewater" strata,
NW of Oxford, Ohio. 4 (USGS 6798a), opening in
wall developing between two central corallites,
x2. bs, complete connection between two central
corallites later in ontogeny, x1.

6s. USGS loc, 4343-C0(b), "wWhitewater" strata, NW
of Oxford, Ohio, rejuvenance in calyx of right
corallite, x1.

7. UCGM 45121, horizon 13-1, bedding surface,
corallites in growth position on brachiopod
fragment (upper right) and on bryozoan (lower
right), x1.

8s. USNM 50816, Bardstown, Kentucky, cluster of
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corallites, x1.

\O

s. USNK 70211, "Waynesville" strata, near
Clarksville, Ohio, cluster partly overgrown by
host bryozoan, x1.

10, 11. UCGM 45100, horizon 12a-5. 10, corallite

with large base of attachment on bryozoan, x1.
11, corallite wall not developed at site of
attachment to bryozoan, x2.

12, UCGM 45066, horizon 11b-3, corallite

attached to Lepidocyclus capax, x1.

13s. TUSNIi 40086, "Whitewater" strata, Oxford, Ohio,
corallites attached to L. capax, xl.
14s. TUSNIM 135767, "Whitewater" strata, Richmond,

Indiena, corallites attached to Rafinesguina

alternata, x1.

15. UCGM 45012, horizon 4-2, corallites attached to
colonial coral, x1.

16« USNM 42517, Oxford, Ohio, bedding surface,

some corallites attached to large CGrewingkis

cénadensis corallite, x1.

17s. USNM 84869, “"Whitewater" strata, Osgood,
Indiana, note talons on right corallite, x1.

18s, 19. USNM 78449, a, Bay de Noc Mbr., Stonington
Fm., Stonington, Michigan. 18s, corallites

attached to Rafinesguina, xl1. 19, x2.

20s-26, LU M6l1a-4, NMeaford beds, upper mbr.,
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Georgian Bay Pm., horizon li6la. 20g, alar view,

cardinal side right, x1., 21s, alar view,

cardinal side left, x1. 22-26, cardinal side
down, x2.

27. LU ¥61a-1, Meaford beds, upper mbr., Georgian
Bay Fm., horizon 1612, corallite attached to

bryozcan, x1.

28, Streptelasma leemonsnsis n. Sp.

28, UCGEH 45614 (holotype), Leemon Fm., horizon

20a-1, Cape Girardeau Co., Hissouri, xZ2.

26-31, Streptelasma sp.

29-31, UCGH 45616, Leemon Fm,, horizon 20a-1, Cape

Girardeau Co,, lMissouri, x2.

32-34, Streptelasma rankini n. sp.

32-34, USGS 6344a, c, b (holotype), unnamed

Ashgillian formation, Penobscot Co., kaine, x2.
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SZPLANATION OF PLATS 3

Flgure

1-16. Streptelasma subresularis (Savage, 1913)

(1s, 2, Cyrene Im., near ndgewood, lissouri; 3-16,
Leemon Fm., horizon 20b-1, Cape Girardeau Co.,
llissouri)

1s, 2. UI ¥-851 (holotype), x1. 1s, calyx, cardinal
side down. 2, counter side showing tabulae where
broken.,

3. UCGHM 45628, cardinal side left, x1.

4-8, UCGM 45619, x1. 4, alar view, cardinal side
left. 5, 6, cardinal side down. 7, cardinal
side left., 8, cardinal view.

9-12, UCGHM 45622, x1. 9, alar view, cardinal side
right. 10, 11, cardinal side down. 12, cardinal
view,

13-16., UCGM 45618, x1. 13, counter view. 14-16,

cardinal side down,

17-31. Streptelasma affinis (Pillings, 1865)

(Ellis Bay Fm., Anticosti Island, Guebec)

17-20. 'YPM "Ellis Bay zone 7", x1. 17, polished
section, cardinal side left., 18-20, cardinal:
side down.

21. YPK 5552, note talons near base on right side and

coarse rugae, xl.

22-26, YPl 3016/3063/35j, x1. 22, cardinal view. 23,
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alar view, cardinal side right. 24-26, cardinal
side down.
27-31., YPHU 3019/3063/57k, x1. 27, alar view,

cardinal side right. 28-31, cardinal side dovwm.
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DAPLARATION OI' PLATS 4

Ficure

1-8., Helicelasma randi Zlias, 1976

(Maquoketa Group: 1-~7, Brainard I'm., Sterling,
Illinois; 8, probably Clermont lbkr., Scales I'm.,
Fayette Co., Iowa)

1-4. USNIK 42535b, 1, cardinal view, x1, 2, alar
view, cardinal side right, x1. 3, 4, cardinal
side dowin, X2.

5. USGS 206S, x1.

6. USGS 206S8a, cardinal side down, X2.

7. USGS 206T, cardinal side left, x2.

8. SUI 57-'24, cardinal side down, x2.

9-19, Helicelasma selecta (Billings, 1865)

(9-16, Anticosti Island, Quebec; 17-19, VWhite Head
Fm., Percé, Quebec)

9, 10. GSC 1989%a (1ecto‘cype),’j upper mbr., Vaureal
Fm, 9, alar view, cardinal side left, x1. 10,
cardinal side down, X2.

11-13. YPM 539a, Ellis Bay Fm. 11, alar view,
cardinal side left, x1. 12, 13, cardinal side
doﬁn, x2.

14, 15, YPM¥ 514a, FEllis Bay Fm., cardinal side
dovn, x1.

16. YPW 543, Ellis Bay Fm., cardinal side down, x1.
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17-19. USFiI 102360(3). 17, alar view, cardinal side

left, x1. 18, 19, cardinal side dovm, x2.

20-32, Deiracorallium ansulatum (Lillings, 1862)

(upper mbr., Vaureal I'm., Anticosti Is., Guebec)

20s-23, GSC loc. 84419(a). 20s, cardinal view, x1,
21s, alar view, cardinal side left, x1. 22, 23,
cardinal side down, x2.

24s-28., GSC loc. 84419(c). 24s, cardinal view, x1.
25s, alar view, cardinal side left, x1. 26-28,
cardinal side down, x2.

29, 30. GSC loc. 84419(t), cardinal side down, x2.

31, 32, GSC loc. 84419(a), cardinal side down, x2.

33-53,., Crewingkia canadensis (Billings, 1862)

(Richmond Group, Cincinnati Arch region)

33-53. Axial region comparative scale and values
(small numbers O, 5...100), cardinal side dowm,..x1
(refer to p. 66 in text). 33, UCGM 45334, horizon
11b-2, 34, UCGM 45230, horizon 4-4. 35, UCGH
45156, horizon 1-1. 36, UCGM 45279, horizon
5b-9. 37, UCGHM 45390, horizon 12a-4. 38, UCGH
45206, horizon 3-1. 39, UCGIl 45315, horizon
11b~1, 40, UCGM 45446, horizon 13b-1. 41,

UCGH 45226, horizon 4~4. 42, UCGHM 45394, horizon
12a~5, 43, UCGHM 45191, horizon 2-1. 44, UCGIH
45193, horizon 2—1.. 45, UCGHM 45220, horizon 4-1.
46, UCGM 45357, horizon 12a-1. 47, UCGH 45272,
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horizon 5b-6. 48, UCGH 45355, horizon 12a-1.
49, UCCH 45183, horizon 1-4. 50, UCGH 45344,
horizon 11b-3. 51, UCGH 45228, horizon 4-4. 32,

UCGH 45260, horizon 5b-2. 53, UCGH 45413,

horizon 12b-2.
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E{PLAVATICN OI' PLATE 5

Tigure

1-46. Grewingkia canadensis (Billings, 1862)

(Richmond Group, Cincinnati Arch region)
Note: 4/ refers to fig. in Pl. 4.

1-6. UCGM 45334, horizon 11b-2, x1. 1, alar view,
cardinal side left. 2-4, cardinal side dovm.
5, 6, cardinal side left,

7-10. UCGM 45390, horizon 12a-4, xi. 7, alar view,
cardinal side left. 8-10, cardinal side dowm.,

11-16., UCGHM 45446, horizon 13b-1, x1. 11, 12,
cardinal side down. 13, 14, cardinal side left.
15, cardinal view, 16, alar view, cardinal side
left,

17-22., TUCGHM 45193, horizon 2-1, x1. 17, alar view,
cardinal side left. 18-21, cardinal side dowm.
22, cardinal side left. .

23-31., UCGM 45355, horizon 12&—1, xl. 23, cardinal
view. 24, alar view, cardinal side left.
25-29, cardinal side down. 30, 31, cardinal side
left,

32-34, UCCM 45413, horizon 12b-2, x1. 32, alar view,
cardinal side left. 33, 34, cardinal side dovm.

35-38., UCGM 45310, horizon 11b~1., 35, cardinal
view, x1. 36-38, cardinal side down, x2.

39-42., TUCGM 45258, horizon 5b=-1. 39, alar view,
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cardinal side left, x1. 40-42, cardinal side
down, x3.

43, 44, USNI 84870v, a (holotype of Streptelasma

insolitum Foerste, 1909), "Whitewater" strate, SE
of Westport, Indiana, cardinal side dowm, x%2.
45, TUSNL 78742a (syntype of S. dispandum foerste,
1909),  "VWaynesville'" strata, Koore's Hill,
Indiana, cardinal side down, XxZ2.
46, USNM 78749a (syntype of S. vagans Foerste,
1809), "Liberty" strata, Dayton, Ohio, cardinal

side down, x2.
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SAPLANATION OF PLATZ 6

Pisure

1-34. Crewingkia canadensis (Billings, 1862)

(Richmond Group: 1=6, Cincinnati Arch region;

7-13, Goodlettsville~Callatin area, Tennessee;
15=23, Drummond Island, Michigan; 24-33; Ilanitoulin
Island, Ontario; 34, Meaford, Ontario. Ilaguoketa
Croup: 14, Little Sturgeon Bay, IMichigan)

1s. UCGH 45311, horizon 11b-1, calyx, cardinal side
down, x1,.

2s. UCGH 45340, horizon 11b-3, calyx, cardinal side
dovwn, x1.

3. USNH 15587, "Whitewater" strata, Connersville,
Indiana, bedding surface, corallites in growth
position, x1.

4, UCGH 45469, horizon 14b-1, alar view, cardinal
side left, note epifaunal bryozoans upper left
and boring bryozoans lower left, x1.

5. UCGHM 45226, horigon 4-4, transverse photomicro-
éiaph, Ordovician algal borings in outer corallite
wall and penetrating septa from interseptal
chambers, x31.

6. UCGM 45302, horizon 10~2, transverse photomicro-
graph, Recent algal borings in outer corallite
wall and penetrating secondary calcite filling

Vermiforichnus boring on right side, x31.
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7-11. UCGL 45505, horizon 16a-1, x1. 7, alar view,
cardinal side left. §&-11, cardinal side dovm.

12. UCGIE 45519, horizon 16b-2, cardinal side down
x1.

13. UCGH 45518, horizon 16b-2, cardinal side dowm,
x1. _

14, USGS 347W, top of KHaguoketa Group, cardinal side
dovmn, x2.

15=-17. GSC 1983h, i (lectotype), upper mbr., Georgian
Bay PFm., x1. 15 (1983h), polished section,
cardinal side left. 16, 17 (1983i), cardinal
side down,

18~-20, UCGK 45540, horizon 18a-1, cardinal side
dovn, x1.

21-23, UMMP 26927 (holotype of Streptelesma arcticum

drummondense Stumm, 1963), upper Meaford beds,

upper mbr., Georgian Bay Fm., Potaganissing Bay,
Poe Point, xt1. 21, alar view, cardinal side
right. 22, 23, cardinal side dovm.

24-29, LU K61a~7, horizon l6la, x1. 24, alar view,
cardinsl side left. 25-28, cardinal side dowm.
29, cardinal view.

30=33, UCGH 45585, horizon 19d-1, x1. 30, alar
view, cardinal side left. 31-33, cardinal side
down.

34. GSC 8531, upper Georgian Bay Fm., cardinal side
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dovm, x1.

35-45. Crewingkia deltensis n. sp.

(Ogontz lur., Stonington Fm., horizon 17t-1, Delta
Co., ifichigan)

35-37. UCGIl 45596 (paratype), xl. 35, alar view,
cardinal side right. 36, 37, cardinal side
down.

38-45, UCGHM 45602 (holotype). 38, transverse
photomicrograph, Recent algal borings in outer
corallite wall, x31. 39, 40, cardinal side left,
x1., 41-44, cardinal side down, x1. 45, alar

view, cardinal side left, x1.
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DAPLABATION OF PLATZS 7

Tigure

1-18. Crewingkia rustica (Dillings, 1858)

(Richmond Group: 1-14, Snake Island, Lake St. John,
Guebtec; 15-18, ianitoulin Island, Ontario)

1. GSC 5822¢ (lectotype), polished section, cardinal
side down, x1.

2-4, GSC 8527j, x1. 2, cardinal side right. 3, 4,
cardinal side down.

5-8. GSC 8527c, x1. 5, alar view, cardinal side
right. 6-8, cardinal side dowm.

9-12. GSC 8527n, x1. 9, alar view, cardinal side
right. 10-12, cardinal side dovm,

13s, GSC 85272, calyx, cardinal gide down, x1.

14, GSC 8527c, transverse photomicrograph, age of
algal borings in outer corallite wall uncertain,
x31,

15=-18. UCGI 45592, horizon 19b-1, x1. 15, alar
view, cardinal side left. 16-18, cardinal side

dovm.

19-23, Grewingkia penobscotensis n. sp.

(unnemed Ashgillian formation, Penobscot Co., Maine)
19, 20. USGS 6336a, b (paratype), x2.
21-23, USGS 6268a, c, b (holotype), x2.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



426

24-28, Crewin;kia pulchella (Billings, 186%)

(24-36, Anticosti Island, Quebec; 37, 386, unnamed

unit, near Ashland, liaine)

24-27. GSC 1989h, uvpper mbr,, Vaureal Fm. 24,
cardinal view, x1., 25, alar view, cardinal side
left, x1., 26, 27, cardinal side dowm, x2.

28-31, YPHM 3063/41a, Ellis Bay TFm., x1. 28, alar
view, cardinal side right. 29-31, cardinal side

dovwn.

32-35. YPI 3063/41c, Tllis Bay Pm. 32, alar view,
cardinal side left, x1. 33-35, cardinal side
dovm, x2.

36. YPI 538b, Ellis Bay I'm., cardinal side right,
X2,

37, 38, USGS loc. 4112-C0(a), cardinal side down,

X2,

39-42, Grewingkia sp.

(vhite Head Fm., Perce, Quebec)
39-41. YPi "Grande Coupe, Perc&, Quebec"(b), x2.

42, USNK 102390(4), x2.

43-49, Lobocorallium trilobatum subsp. vaurealensis

(Twenhofel, 1928)
(43-48, upper mbr., Vaureal Fm., Anticosti Island,
Quebec; 49, Vhite Head Fm., Percé, Quebec)

43s, 44, YPU 20428 (holotype). 43s, alar view,
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cardinal side right, x0.5. 44, polished section,
cerdinal side left, x1.
45, 46. GSC loc. 36157(1), cardinal side dovm, x1.
47, 48, CSC loc. 36157(2), cardinal side dovmn, x1.
48, immediately below calyx, several mm above 47.

49, USHN 102390(1), cardinal side dovm, x2.
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CAPLANATICK OF PLATE 8

™ -
risure

1, 2. Densigrewinglkia ? sp.

(unnamed Ashgillian formation, Penobscot Co., llaine)
1. USCS 6258z, x2.

2. USGS 6257a, cardinal side probatly down, %2,

3-7. Bodophvllum shorti n. sp.

3-7. UCCH 45613 (holotype), Leemon Fm., horizon
20z-1, Cape Girardeau Co,, llissouri, cardinal side

down, x2.

8-13. Eodovhyllum neumani n. sp.

(unnamed Ashgillian formetion, Penobscot Co., Iaine)

8, 9. USGS 6264b, a (holotype), x2. 8, cardinal or
counter side dovm.

10, 11. USGS 626%a, b (paratype), x2. 11, cardinal
or counter side down,

12, TUSGS 6271b (paratype), cardinal or counter side
down, x2.

13, TUSGS 6260b (paratype), cardinal or counter side

down, 2.

14-16, DBodophyllum ? sp.

14~16., YPM "Grande Coupe, Percé, Quebec'(c), VWhite
Head Tm., Percé, Quebec, cardinal side probably

dovmn, x2.
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17-23., Bodophyllum enslishhezdensis n. Sp.

(upper mkr., Vaurezl Pm,, Anticosti Island, Quebec)

17-20. YPii 3063/7 (nolotype), x2. 17, cardinal side
left., 18-20, cardinal side dovm.

21-23, YP 3019/2c (paratype), cardinal side

probvably dovm, x2.

24~42, Bighornia cf. patella (Wilson, 1526)
(24-31, Fort Atkinson Tm., [aguoketa CGroup, Winneshiek
Co., Iowa; 32-42, lower mbr., Vaureal Fm.,
Anticosti Island, Quebec)

24s-27., SUI 2-051 (holotype of Lindstrbmia solearis

Ladd, 1929), x1. 24s, calyx, cardinal side
dovm. 25, alar view, cardinal side left. 26,
cardinal view. 27, counter view.

28s-30., USMIl 71926 (paratype of L. solearis Ladd,
1929), x1. 28s, calyx, cardinal side down. 29,
alar view, cardinal side rigant. 30, cardinal
view,

31s. SUI 2-052 (paratype of L. solearis Ladd, 1929),
calyx, cardinal side down, xi.

32-37. YPM 505a. 32, alar view, cardinal side
right, x1. 33-36, cardinal side down, x2. 37,

cardinal side right, =2,

38-42, YPM 505b. 38, cardinal view, x1. 9, alar

view, cardinal side right, x1. 40-42, cardinal

side down, xZ2.
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43-53, Paliphyllum ellisensis (Twennofel, 1928)

(7llis Pay ¥Fm., Anticosti Island, Quektec)

43-46. YP4 3019/3063/5Tb. 43, x1. 44-46, x2.

47, 48, YPI 3019/3063/57a, x1.

49, 50. YPH 3019/3063/57d, cardinal side probatly
dovm, X2.

51« YPiI 573b, note coarse rugae, xl,

52, 53s. YHI 10388B, x2. 52, lateral view. 53s,
calyx with offsets resulting from peripheral

increase,
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Appendix 1.--Crewinskin cenadensis (Eillings, 1862) and G.

deltensis n. ep.: Ireguency of side fzcing up on bedding

surface (I = counter, A = alar, C = cardinsl).

A. Grewingkie canadencis

Horizon L A C
11 2 4 2 12a-1 1T 7 3 13b-2 - 2 -
1-2 3 15 3 12a-2 1 6 - 1303 L
=3 1 - - 12a-3 19 1 142 1T = =
2-1 3 3 2 12a-4 - 2 - 14-3 12 -
3-1 - 2 - 12a=5 12 - 14-4 T3 -
4~1 - 1 - 12a-6 - 5 - 14-5 - 2 -
4-4 37 - 2a~8 T 1 - 16a=1 - 2 -
5b=1 - 3 - 1211 - 7 = 18a-1 - 4 -
5p=-2 - 2 - 12b=2 2 1 18a-2 11 -
=6 - 4 - 12d-1 - 2 - 18a~3 1T 8 1
10=2 = 1 == 13b-1 - 5 = 18b-1 -3 -

1Mb-2 - 6 1

™

B. CGrewingkia deltensis

17o-1

ro
(o))
-
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Aprendix 2.--Crewingliin canadensis (Zillings, 1862):

direcctional orientation of corallites (calyx faces direction

indicated).

Horiron Orientation
1k NO3Z, N09E, N13E, N363, N49E, NO56Z, 62, K683,

6
N697, 169%, N693, N0, NT8E, NSOE, S87E, S873,
S83%, S75E, S628, S5TE, S56F, S31%, S25E, S23E,
S120, S21W, S26W, S40W, S58W, ST2W, ST8W, S80W,
N2V, W20W, WATW.
4-4  WOAT, N2TE, N34T, N35T, N43IE, NA4T, S63%, W, N3SY,
N22%, NW20W, W17V, HO8W, MOSY, NOSYW.
5b-1  N25E, W37Z, NATE, SOAR, S56W, NS5, W3TW.
Spb-2  N18%, S08W, S32W, S38W, S42%, S51W, STSW, HNO6W.
5b-6  S22F, S18W, N50W, I30%.
11p-2 N, NO4E, 1228, S373, S40W, ST5W, N82W, LToW, W42W,
K40W, N15W, NOGW.
12a-1 N15E, N20%, W78E, S82E, S65B, S30E, SOTE, SO5E,
S55W, S60W, ST70W, STOV, S80%W, S82W, S85V,
N4OW, W30W, H3OW.
122~2  NO5Z, S87E, S52E, S50%, S353, S30Z, S25%, S15E,
S08%, ‘S36T, S43F, S80V, NTOW, NS4V, KS3W, NA3V.
122-3 1153, N433, N51E, W56E, N63E, NG3E, S88%, S45E,
S30%, S25%, S50W, N8, NTTW, NT6W, NSTW, NAOW,
NOSW, NOSV,
12a=4  W&1Z, 1BOE, S40V, .
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122-5  HETD, S623, SOTE, S41W, S44%, S84, 1I76W, LTOV,
{20V,
12a—6  T453, $463, S153, 882V, 85w, S86%, N43W, N3Ti,

K37%, wW30W, N24%, KOSV,

12a-8  KN6YE, S38W, H65W.
12b-1  N10E, S41E, S30B, $02W, SO3W, S20W, S22V, S30W,

NETW, NT3W, HT2W, N48W, N43W.
12b-2  KOSE, $855, S74Z, ST0E, S663, S593, S56E, S14V,
S16%, S18W
13b-1  N283I, NG1Z, N75

23]

, N82E, N86Z, H86I, ST793, ST4E,
S63E, S49W, N85W, NTTW, W17V, N14V, H11W,
13b-3  S88E, S57E,

"2
=

, S43%, S338, S02W, SO04W, S83W,

w2
‘s

N74W, N13W.

14-2  S308, Fi3W.

14-3  N75E, S523, S38W, N13W.

14~4  N11Z, N133, S64E, S56E, S31Z.

14-5 N, N, NOSE, N13E, S483, N34¥W.

14-6 29T, S54%, N30W.

182~3 NO1E, HO4Z, N12E, N15E, N17E, N37E, N49E, NTSE,

N85E, SB89E, S80T, S34E, S17Z, S16W, S24W, S25W,
S37W, SL5W, S76W, S85W, NS8W, W5V, N48W, NO1V.
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A

. Orevingkis

corallites

canzdensis

(£illings, 1862)

Horizon
oQ
1-1 22, 30,

1-2 13, 34,

78.
3-1 11, 21,
3_2 300

4-1 29, 63.

6—1 580
7_2 27.
g-1 32,
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[AS]
[AS] o

Ca

[~
L4

27,

40,

40,

60,
33,

29,

42,

41,

46,

42,

Lensth (mm)

2

44,

o~
N

49,
48,

63,

60, 73.

501 &11 511 521 52?

68, 70, 701 82’ 857

57, 63, 66, 66, T0.
52, 56.
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U2,

S0,

436

D4,

90,



11b-1

T1b=-2

1103

43,
41,
14,

63,
1,
40,

> ,
20,

45,
76.

40,

53 2

43,
18,

40,
39,

40,

49,
23,

990.

66.

£
(Vo)

-2 317 32’ 337

51, Y1, 57,

N1
Co
~-
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67,



18a=-1
18a-2
18a~3
18b~1
1%a~1
191
1G¢c-1
19d~-1
18d-2

19e~1
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18, 29, 40, 44.
1.
13, 22, 33, 3%, 27, 40, 41, 41

66.

very large corallitess not collected intact.

1875)

438

17, 18, 20, 22, 22, 30, 34, 3%, 37, 41, 43, 45, 48,
57.
33.
58, T5.
20, 22, 50, 67, 84, 96, 106.
11, 42, %4, 6&6.
30, 48
3.
9, 10, 21, 28, 43, 43.
27, 23, 37, 40, 57.
23,
3.
B. Streptelasma divaricans (Nicholson,
g9, 10, 11.
12, 15,
1%, 32.
10, 25.
24,
21, 23.
9, 10, 11, 12, 13, 15, 18, 20, 21.
9, 10, 12, 13, 14, 14, 15, 20, 23.



g, &.

8, 9.

6, 9, 10, 10, 10, 10,
g, 16, 17, 17.

7, 7, 7, 8, 8, 8, 8,
12, 13, 13, 14, 16,
9, 10.

12, 12, 14.

16, 18.

18,

7, 11, 14.

6, 8, g, 11, 11, 13,
10, 12, 13, 16.

16.

“b-4 11,
ST 6,
-9 6,
11b-1 &,
116-3 g,
12a-1 T,
1.
12a-2 10,
12a-3 Ty
12a-4 14,
12a-5 10,
12a=9 11,
12b=-1 7,
12¢c-1 10.
12d-1 8.
13-1 Dy
13=2 ,
13b=1 8,
13b-2 9,
13b=-3 104
14-3 13,

17b~-1
UMMP 26G11:

C. Grewingkis deltensis n. sp.

11,

11,

13.

12,

12,

81,

12,

30, 38, 40, 53, 54, 57, 63, 69, 85.
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D. (Crewincikia pulchella (Eillings, 1865)

Vaureal Tl : 22, 15, 19, 19, &, 9, 18, 18, 16, 7, 16.

21lis Eay Fm.: 20, 16, 16, 18, 20, 17, 9, 16, 16, %, 8, 14,
4, 4, 2, 5, 4, 4, 14, 11, 12, 14, 14, 9, 10, 12,
6, 11, 13, 13, 13, 9, 10, 6, 6, 11, 11, 13, 16, 19,
22, 17, 12, 14, 12, 9, 12, 15, 19, 14, 18, 14, 15,
16, 1%, 12, 19, 18, 15, 19, 13, 16, 21, 11, 17, 15,
5, 17, 14, 7, 6, 7, 12, 20, 16, 19, 17, 20, 16, 17,
18, 14, 17, 18, 13, 10, 17, 13, 8, 23, 30, 11, 30,
16, 30, 2%, 13, 29, 17, 29, 12, 12, 20, 20, 8, 9,
6, 8, 17, ¢, 19, 1g, 20, 18, 25, 12, 22, 8, 19.
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Apvendix 4.--Ciewingkia canadensis (Dillingc, 1862):

corallite diameter (&, mm) at a particular height (h, mm),

Number Horizon h 4
UCCH 44156 -1 45 27 45152 2-1 50 35
45154 50 27 45202  3=1 50 33
45165 12 50 32 45206 " 50 37
45173 ™ 5 25 45207 ™ 40 28
45161 " 55 33 45203 " 45 33
45171 " 45 25 45208 " 40 28
45164 v 50 29 45220  4-1 50 36
45167 v 40 28 45225  4-4 50 40
45164 " 50 29 45226 " 50 36
45174 v 45 28 45230 " 50 31
45166 " 50 31 45229 M 50 35
A5175 " 50 27 45227 " 50 31
45169 " 50 29 45228 " 50 33
45185 1=4 50 25 45254 5b=-1 40 24
45183 45 27 45247 0 45 32
45186 '__" 50 28 45244 50 28
4%198 2=1 5 26 45260 5b-2 50 27
45194 " 50 35 45261 v 40 29
45196 " 40 33 45279 5b=9 50 33
45197 " 35 30 45280 45 27
45191 " 55 39 45289  6-1 45 31
45193 " 55 37 45302  10-2 40 25
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45318  1ib-1 40 26 45414 12b=2 4% 20
45319 " 45 28 454217  12d-1 55 34
45330 11he=2 50 26 45422 " 40 27
45334 v 45 25 45428  13-2 45 27
45335 " 50 23 45429 v 40 25
45336 " 45 25 45431 " 40 25
45350 11b=3 40 28 45446 13b=1 55 32
45348 v 40 25 45442 40 24
45340 " 45 28 45443 " 45 28
45345 " 40 28 45444 40 23
45346 " 45 26 45455 13b-2 45 22
45347 " 45 26 45459 13b=3 40 32
45358 12a-1 55 29 45457 55 29
45356 " 55 30 45480  14=3 45 26
45359  ® 50 25 45477 50 29
45355 v 55 26 45483  14-4 55 32
£5357 " 55 30 45487  14=5 40 25
45365 12a-2 50 25 45492 " 40 21
45368 v 35 25 45490 v 40 23
45364 - " 45 27 | 45493 " 55 30
45387 12a-4 40 23 | 45496  14-6 40 26
45395 12a-5 55 24 | 45469 14b-1 45 24
45394 v 55 26 § 45536 16c-1 45 27
45399 12a-6 50 28 f 45525 " 40 28
45409 12b=1 55 30 f 45542 18a-2 50 26

3 45543 v 40 23
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45548 18-3 =0 29 CLiMP 26927 40 21
45550 " 50 30 CSC 1983b 50 33
45551 55 32 1983¢ 50 30
45567 19a-1 40 29 1983h 55 29
116 1a-6 1612 50 26 8528a 55 28
- M6ta-T " 50 27 85280 55 25
M75-1 75 50 30 85284 40 23

| 85290 55 31

| 8529¢ 55 26
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Avpendix 5.--Localion of epifauna

side, A =

A,

Horizon
1-1 T
" 2.
" 3.
" 4.,
" Ee
" 6.
" T
" 8.
1=2 1.
" 2
" 3.
" 4.
" Se
" 6.
" Te
" 8.
" 9,
" 10.
" 11.

alar sice,

Grewingkia canadensis (Billings,

cardinal

Location
on

Corallite

K
KAC

A

E C

EA

1. Bryvoroans

" 13. KA

" 14, KA
" 15 K A
" 16. K A
" 17. K
" 180 K
" 19, K

"o 20, A
" 21, K
"o 22,

" 23, A

moo25, A
"o 26,

" 27, X

" 28, A
w29, A
" 30.
"o31,

f 32, A

side).

C

on corallitss (K =

I
s

AV

(@S]
.

I
.

\n
.
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counter

K
v

fa

K

K

¥

K

T

L A

A

A



2-1 6.
" 7.
" 8.
" g.
"0,
"o,
"2,
3-1 1.
" 2.
" 3.
" 4.
" :,
" 6.
" 7.
" 8.
" g.
" 10,
"o,
"o 12,
4-4 1,
" 2.
" 3,
" 4.
" 6.
" 7,

-r

£
K

K

K

N

4-4 8.
" %
" 10.
" 11,
" 12.
" 13.
4=5 1.
5b-1 Te
" 2.
" 3.
" 4.
" Do
" 6.
" 7.
" .
" g,
" 10.
" 1.
S5b-2 1.
" 2.
" 3.
5b=5 1.
" 2.
" 3,
S5b-b6 1.
" 2e

J 4

I

T A C

A

A C

A

A

o=

AC

A

5b=9

1"

10-2
11b-1

1"
"
"

A1
L

"

1t
1"
1 1]

"

\\s} o 3 (NG B R YY)
-

—_ -
- [
. -

12,
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K
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e
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11t~-1 16, KA

" 18. & A&

" 20, A

" 22, KA

" 26, %

" 27. K

" 28. K

" 29, K

" 30, XA

" 31. K

" 32, A

" 33. X
110=2 1. KA

" 2. T A

" 3. KA

" 4, XA

" De A

" 6. X A

" T. X

" 8. KA

"

1"

"

"

K

K

hra
F2Y

-
=21

K

Iiy

A

{ A

Q

Q Q Q O

1 2:‘1"1 9.

" 10,
" 11,
" 12.
12a=2 Te
" 2.
" 3.
" 4.
" 5.
" 6.
" 7.
" 3.
" g,
" 10.
" 1.
" 12.
" 13.
" 14.

" 24
" 3.
" 4
" 5,
" 6.
" 7.
" 8.
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12a~6
14}

1"

"

12a-8
120=1

"

T
1.

big

I
K

K

e e o

A

A

A

N>

e e

Q

Q O O a ©

131
1"

1"

"
1"

13b=3

"

-r

I

A

A

A

K A

=

L -

(@] Q O a Q

Q Q O a O a O

13b=3

143

14-4

14=5

141
1"

1A}

USGS 370u

18a-1
18a-3
18u-1
19a=1
1901
19¢c~1

"
19d-1

"

"

"
6 1a

"

11
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Iibla L, WAC i61a O. A 75 1. K
" Yo X " 9. AC " 2. K
" 6. KA " 10, AC " 3 A
" T. X " 4. KA

2. Streptelasma divaricans

Poegition
Humber Horizon Side Along Condition
Corallite
UCGH 45246 Sh=1 K lower half

45249 " K top

45251 " K top

45253 " )4 top worn before burial

L5359 12a-1 C lower half

45361 " A rim of calyx not worn

5444 13b=1 A middle worn before burial

3. Colonizl coral

UCGM 45364 12a=2 X

B. Strevtelasma divaricans (Nicholson, 1875)

UCGH 45018 4-3  bryozoan
45025 4-5 "
45026 " 1"
45106 12a~9 "

C, Grewingkia rustica (Billings, 18%58)

GSC 5822b, ¢ tryozoan K A C (mostly C)
8oaTa - " K C
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toyozoan L C

GSC 8527j
8527k i, KEA4AC
8527s " K

o~

D. Helicelasma »ancéi 3lias, 1€76

USGS 2068 1. bryoroan A
2. " XKAC
3e " KLAC

2067 Te " K A
2. " X

USNEL 42535 1. " A
2 " ac
3. " KA

2. Grewingkia pulchella (Billings, 1865)

G3C 2243, a bryozoan A

F. Streptelasma alffinis (Billings, 1865)

GSC 1987a colonial coral on C

1687¢, 1 stromatoporoids

YPN 556 _bryozoans and stromatoporoids
555 bryozoans, minor stromatoporoids all around,
cornulitids
ZBT eépecially bryozoans, stromatoporoids
3063/57 stromatoporcids and bryozoans all around

C. Paliphvllum ellisensis (Twenhofel, 1928)

YPi 3063/57 tbryozoans on 4 corallites

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



450

3071¢/%2 tbryozoans on 1 corallite

[
o
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Appendix 6 .~--Ve:miforichnus cf. V. clarkei Cameron,

size and location of bhorings in corallites (E

side, A = alar side, C = cardinal side).

A,
Horizon

1-=1 1.
1t 2.
1"t 3.
1 4.
17" 5‘
n 6.
1"'2 10
" 2.
11" 3.
" 4,
1 5.
" 6.
1] ‘7.
" 8.

451

1969z

counter

Grewingkia canadensis (Lillings, 1862)
(unless otherwise indicateds

Side

of corallite and diameter (mm) of boring

IL1.O’

1230 9,

0.7,
1.1,
A0.8,
E2.1,

K0.9,

co.8.
K1.0,
K0.9,
A1.8,
£1.0,
A0.6,
A0.4,
X0.7,
k0.4,
k0.4,
A1.0,
£0.5.
X0.5,

K2.3,

k2.6,

¥1.8,

I/;1.3’
A1,

k1.7,
¥0.8,
Al1.7,
AT.1,
Cl.5,
40.4,
%0.8,
A0.3.
K1.5,

Al.2.

Al.1,
X0.9,

KO0.4, K2.5, K2.3,

K2.1,

KO.6,
AO.4,

¥1.1,
A1.6,
A1.5,

0.6,

AOQ.4,

40.6,

.[)J.O.8,

A1.8,

1::197,

0.6,
AO. 5’

co. 8.
A2.0,

X0.6,

I:Oo 5,

A40.6,

0.8,
X1.6,
Al1.7,
A1.9,
Cl.3,

CO. 8,

A.Oo‘?,

A2.2,

£1.8,
K1.3,

A2.5,

40.7,

A2.1,
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2.1,
tA&1'7,

KO.7,
40,8,
AO.7T.
Al.T,
AO.T.

AO.4.



1-2 g,
" 10.
v 11.
n 12.
11 13.
" 14.
1—4 1.
1 2.
" 3‘
je=-2 1.
2-1 Te
1" 2‘
" 3.
n 4.
11" 5.
1" 6.

AT.T,
A2.0,

A1.1,
£0.Y,
A0.4,
K1.9,

A1,3,

A1.0,

X2.3,

€o.8.
A1.4,

C0.6.
K1.1,

c1.2,

A8,

AD.G,

KO.9,

AO.6, £

CO.6.
;.:1.7,

A0.9,
¥0.4,
40.3,
K2.8,

AO.G,

A1,8,

A0, 8.

¥1.9, K1.8, K1.8, ¥1.7, 1.2,

C1.5,

A1.0,
1.2,
A0,3.
£2.3,
AO.4,

b=
O
L ]
%]
~

£0.4,

Ct.0.

¥2.0,
A1.0,

¥2.6,

AQ.9,
¥0.6,

Al.4,

AO.6,

AO.T,

40.8,

co0.9,
k0.4,

A2.5,

Cl1.9,

AD.6.
A0.8,

AO.6,

A0.9,

AO, 3,

40.8,

C1.0.
0.6,

A0.6,
C1.O’

Al.T,
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k1.4,

AO.’Y’

0.9,

A1o4,

0.9,



2-1 7. C2.3.
" 8. C1.6.
" 9. %2.4,
" 10. 0.7,
K1.0,
0.7,
40,6,
C1.0.
" 11, ¥1.0,
A0.8,
0.9,
3-1 1. AO.5,
L 2. ¥0.8,
AD.4,
" 3. ¥1.0,
" 4, AQ.5,
" 5. Al.2,
" 6. 1.6,
" 7. A1.3,
" 8. K1.5,

4—1 1. AO.8.

4—4 1, E0.6,

- 0.8,
" 2. 40.8,
" 3. A0.8,
L 4. %0.5.

3.1,
£0.4,
%3.3,
¥1.0,

;;-
s
.
r
-

KO-a,
A2.2,
€0.8,

1.4,
A1.5,
k1.4,
A0Q.6.

£1.7,

Al.3,

AO.5,

Ao.6’

AOQ.B,

¥0.9,
A0.8,
€0.8,
AO.5,

}xo.'?,

C0.9,

¥1.9,

Al.5.

AO.4"

A£0.8,

.A,Oo 8,
AOQ.5,

Et.1,

0.6,

1&0-4,

¥0.7,
Al.1,
C1.0,
A0.4,
%0.7,
A0.5,
C1.7,

AO.4,

AO.T,

£0.8,
A1,0,

ADL'T,
A0.7,
Cl.3.
AQ.D,
k0.6,
40.7,
C0.7.

40,8,

.PLO-'?o

40,5,

K0.5, K1.4,
X0.9, £0.9,
¥1.8, K0.8,

[&0.6, CO.B’

A1.2, AO.6,
A0.5, A0.7,

AO.6, fLO-4’

‘10.8, I:O.Ar’
A0.6, AO.3.

A0.5, CO0.5,
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E1.1,
0.6,
1.2,
Cl.4,

Ao.8’
¢1.2,

AO.5.

A2.0,

C0.3,



1"

454

¥2.1, AD.6, AD.Y, A1.9.
AD.4, AD.3B.

AD.Y, AO.4, AD.S.

%0.7.

K0.%, L0.5.

0.6, 0.6, 0.6 [in Strentelasma divaricans

(Nicholson, 187%)].
1.4 [in Streptelasma divaricazns (Kicholson,

1875) 1.

A
[

.Hy 1.1, 0.9, 1.2,

AO0.6, AQ.6, CO.6, CO.9.

K0.7, C1.1, CO.4.

A1.5

A1.7.

K0.4

A3.3

A0.7, AO.5, AOD.D.

AO0.8, AO.4, AO.7, C1.5, CO.5.

A1.2, A1.4, AO.5, AO.7, A1.4, C2.3, C1.3.

0.7, 0.5, 0.7, 1.2, 0.7, 1.0, 0.7, 0.9, 1.2.
k1.1, K0.6, AO0.6, A1.3, AO0.8, AO0.9, Cl.2.

KO;7, K1.2, KO0.7, KO.7, K0.8, A0.7, AO0.5.

A0, 8.

A1.,1, A1.1, AD.T, A2.3, Al.1, AO.T7, AO.7, AO.4,
c0.3, CO.9.

k3.7, K0.6, KO0.9, KO0.8, K0.5, KO.3, K1.0, EO.5,
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K0.6, K0.8, K0.6, 0.5, KO.7, A1.0, A1.1, AO.S,
AD.4, AD.8, A1.0, CO.9, CO.8, CO.8, CO.9, C2.6,
C0.7.
5b-9 4, C0.8.
" . AD.G,
" 6. ¥1.2, k0.8, KO.5.
-1 1. 1.9, 1.4, 0.7, 0.5, 0.7, 0.5, 1.2, 0.4, 1.1, 0.6,
0.4, 1.6, 0.7.
11-1 1. K0.%, K1.1, A0.6.
T1h=1 1. K0.2, K0.2, k0.5, KO.7, K0.8, KO0.4, KO0.4, A0.5,
40.6, AD.6, 40.6, CO.6, C1.0, C1.2, CO.6, AD.5.

" 2. 0.8, ¥1.0, 0.5, ¥0.8, 0.9, AO.7, A0.5, C1.0.

" 3, A0.7, A0.6, AO.5, AO.5, 40.5, AO.5, A0.7, A0.7,
AO.6.

" 4. ¥1.6, ¥0.5, K0.7, k0.6, K0.5, K0.7, KO0.5, K1.0,

A1.0, A0.7, A1.6.
5. £0.8, K1.4, K0.6, KO.5, A0.6, A0.9, A0.5, AO.6,
40.9, A1.0, AO.7, A0.6, C1.2, C1.4.
" 6. ¥0.7, ¥0.9, X0.5, X0.4, K0.9, 40.7, Al.1, AO.8&,
c0.8, €0.5, C0.8, CO0.5, CO.5, CO.5.
" 7. 40.8, A0.5, AO.5, A0.6, AO.6.
" 8. Ao;s, A0.4, AO.6, AO.3, AO.1, AO.1, AO.2, A0.2,
€0.9, C1.2.
" 9. K0.6, XK0.5, KO0.6, K0.9, K0.5.
11b-2 1. AO.7, A0.9, AO.S.
" 2, X0.6, A1.4, AO.8, CO.6.
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1 11)"'2 30

" 4.
1 5.
11h=3 1.
" 2.
1] 3.
" 4.
" b.
11 6.
1" 7.
1 8.
" 9.
" 10.
1 1] 11.
" 12.
12a-1 1.

A1.0,
£1.1,
A3, E,
¥0.4,
£0.2,
K0.6,
K1.0,
€0.17,
0.8,
K0.6,
40,8,
K0.7,
AO.4,
Al.1,

}:004’ I

AD.3,
3.0,
K0.4,
40.7,
k0.8,
C3.3.
42,3,

C0.7,
£0.5,
A0.3,
k0.6,

A0.8,
KO0.5,
C0.4,
A0.8,
0.5,

KO. 5,

AO.4,

AO.6,
£0.3,

-I{.Oo 5’
0007’
K2.1,

€o0.2,

C0.5,
1‘1007,
Co.4,

£O0.5,

A1.0,
¥0.6,
CO0.5.
A0.6,
K0.7,

A-O.6.

.‘10.5,

AO.7.

k0.5,
CO.5.
AO.7,
c0.7,

CO.6.
¥0.6,
C0.4,
¥0.8,

A1.4,
A0. 3,

At.5,

EOQ.5,

A.Oo7’

AD.7T.

P:Ol’?,

CO.9.

C0.6,

K0.8,

AO.7’

A0.6,
k1.0,

CO0.7,

C0. 3,

Cc2.0.

AO¢7,

AQ.2,

A0.5,
40.8,

CO.4,
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AO.2,

CO.6’

40.5,

A.Oo 9,

A.Oogc
AO|4’

CO.5,



" 3. KO.C.
" 4, A1.3, AD.3.
" 5. Al1.2, AO.T.
" 6. A41.0.
" T. E1.1, A1.7,
" 8. A1.2, A1.7.

1284“'2 1. 30.9, AO¢4’
" 2. 1.3, K0.9,
A2.5, A2.0,

A1l6’ 1’12.0’

" 3. A0.7, AO.7T.
" 4, K1.4, K1.6.
" . A1.7.
" 6. K1.5, K1.2,
" T. £1.4, AO.5,
" 8. KO0.7.

123—3 10 I{.1o6, K1-7’
A1.3, A1.6.

" 2. ¥0.5, K1.0,
Al.1.

" 3. A2.0, A0.9,

" 4. ¥0.6, K0.5,

A1a7.
A1.9,
1.3,

AO.7’
1.6,

K2.0,

A0.8,
X1.4,
K0.6,

Al.2.
K1.0.

A0.8.
K0.5,
Al.4,
Cl.5,

k0.5,
A0.8.

1.7,

£0.7,

A.Oo 9,
Al.4,
CO. 9.

K2.3,

1‘:1 09,

A1.0,

Al.G,

£0.9,

A0.6,

At1,2,

A1.3,

At1.7,
AO'8’
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A1.8,
Al.4,

AO. 9.

./‘LTOS’

Al1.9,



12a-9

"

12b=-2

"

1"

12d-1

1
L ]

1.3,
A1.8.
K1.4.
¥0.9,
X0.8,
KO.8,
1.5,
KO.5,
A1.3,
€0.5,
K1.1,
K1.2,
A1.8.
£1.7,

i0.4,
A1,1,

10.5,

K1.3.
k1.7,
Al.4,
E1.6,
C1.4.

A2.3,

. A.1a4.

%0.5,
AO0.5,
0.7,
k0.9,
K0.4,
A1.3,
C1.5,
k0.5,

A105.

K1.7,

2.1,
AQ.6,
Al.1,

A1.0,

KO0.7,

£0.4.
0.7,
AD.9,
0.9,
K0.4,
1.8,
CO.6.
1,0.

A3.9,

CO.S’.

A1.8,

458

£0.6, %0.4, KO0.4, T0.3, £0.3,

A1.9, C1.3,
A1.0.

c1.8, C0.9.

¥1.9, AO0.5,

A1.0, A1.7T,
A0.8, A1.4,
K1.4, K1.6,
A1.1, AO.9,
C0.3, CO0.5,

[&1.3', A1o1,

C2.4.

Al.7,

0.9.
Al.1,
k0.7,
A1.8,

0.7,

C0.6.

C0.8.

£0.7, C1.2.
Kb.6, EO.5,
C1.0.

c0.4, 0.4,
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12d-1

132
1]
"

"

"

1"

A\l
1"

13b=2
13b-3

24
3.
4"

¥0.7, ¥1.0, ¥0.6,

A1.5, A1.2, A1.8,
c0.8, C0.%, €0.6,
A1.3.

K0.8, K1.4, X0.6,
0.8, 0.7, 0.6.
K0.9,

¥0.6, CO.6,

X0.9, K2.0,

K2, 2,
AOQ6, AO.GO

KO.8’ 11:103, 1&1.3,

K1.7, K1.2, k1.2,

C1.0. C1.3,
A.Oc 5,
3.3,

At.4,

A1.1, A1.9,

K2.3, X2.0,
42.4, A1,3,
A1.7,
X1.7,

K2.3.

A1.5, A1.3,

A1.6, A1.3,
K1.5, KO.7,
X1.7, K0.7,
A1,0, A2.1,
A0.6, £0.9,
K0.6, k1.8,
K1.6, K0.6, K0.5,
k1.9, KO0.4,

A1.1, €O.9,

£1.2,
[10.7’
€0.¢8,

1.2,

CO.5,
K0.6,

A0.9,

k1.5,

A1.8,

A1.0,
A1.0,
AQ.4,

K2.0.
KO.4.
A1.9,
c1.0,

A2.4.

C1.6.
A103,

AOQ.9,
AT,

A1.6.
A2.5,
A2,2.
Al.2.
A1,8.

AO‘8.
Al.4,

A0,2,

A2.6’

COOA.'.

459

A103’ AO.7’ [X107,

Al.4, 1.2, A1.T,

0.8, C1.0.

.A.108, AO.G' .{1007’
A1¢8.

At.7, Al1.1, C1.4,

A2.1,

A3.1, A3.1,

A2‘3’ A201’ A1060
AO.3, AO.4, AO.DH,

A2.2, A1.T, A1.6,
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14=-2

143

"

"

14-4

"

14-5

14b-1

"

14b-2

USGS

3700

1.

Al.2,
0.4,
k0.6,

¥1.9.

KO.4,
£1.7,
A1.6,

0.9,
A1.2,
K1.5,
1.8,
A2.2,

c2,

(U]

’

2T

)

et

’

A1.6,
c2.0,
C1.6,
Al.4.
AT.O,
K2.8,
A1.0,

b
PO
L ]
N
-

CO.7,
¥0.7.

A1.6,
A-1¢7,
40.8,

A0.5,

c1.0,

A1.,0,
A2.2,

A1.2.

A0.9,
c0.8.

40.7,

Lﬂ&OQ 5,

E1.1,
0.8,
£0.4,
A1.5,
A1.6,

01.3.

.A’|09,

c2.0,
c1.8,

C1.0.
CO.S.

A.Ou4’

1' I‘:1.E’, I’;O.B’ I{1.0, I‘;Oo6, 1(1.0,

A

A

1.5, A1.1.

£1.3,
A1.0.
Al.3.
A2.0,

A1.2,

40.8,
C1.6,
C1.5,

A0.6,
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Cc2.3,

Al.3,

AT,

40.6,
AQOO’

1"\.106’
C2.3,
Cl.7.



TSGE 370U

(ew}
(€3]
=
&3
P

"

"

1"

"

™
W

(e

USHIL 102371

18a~3

1.

2

35

(] —
. .

-—
[}

N

VK1.2,
AO0.7,
Al.6.
2.0,
1.4,
C2.2.
Atl.1,
C2.4.
£0.8,

C1.5,

461

}:1.4, :‘:()04, 1‘10020

AO.%.

A1.0, AO.8, AO.4.

I{.O.8’ I’:1.OC
c1.3, C1.5.

A1.3, Al1.1, A2.2.

¥0.6,
Al.4,
A1,
1.0,
A1,0.
Ko.7,
0.6,
Al1.9,
¥1.3,
Al.4,
Cl1.6.
Atl.4,
A1,

A0.7.

K2.4.
A2.5.
Ad.1.
A1.8,

X0.7.
£0.5,
C1.3.
A1.9.

C0.9,

Al.2.

K0.9, A0.5, A0.6, AO.5.

C0.8.
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I'e Lake St., Jonn, Cueltec

Crewingkia rustica (killings, 1858)

csC 5822%t, ¢ I A C (mostly I, numerous)

5822, a K A C (mostly C, numerous)
8u27r C (sparse)

8527h K C (nume:rous)

85273 C (sparse)

8527k C {sparse)

8527s C (sparse)

C. Maguoketa Group

Bighornia cf. patella (Wilson, 1926)
USIL’I 71926 CO-’Y, 01.2’ C105-

D. Perca, Quebec

Lobocorallium trilobatum subsp. vaurealensis (Twenhofel, 1928)

USHH 102390(1) X1.4, KO0.%, KO0.5, K3.0, A2.2, AO.5.

Helicelasma selecta (Billings, 1865)

102390(2) K1.2, £0.3, KO0.3, KO0.3, A0.4, AO.3, AO.2,
40.3, AO0.3, AO0.5, AO.4, 41,0, A0.5, AO.3,
A0.5, AO.2, AO.4, C1.4, C1.3, CO.%5, CO.5,
C1.0.

102390(3) KO.1, K0.2, ¥0.3, K0.3, EO0.4, EO.4, KO0.4,
¥0.3, KO0.3, k0.9, KO.3, X0.3, KO0.3, KO.4,
K0.4, E0.8, K0.3, LO.4, A0.3, AO0.3, AO.2,
A0.2, AO.3, A2.7, C0.3, CO0.2, CO.1, CO.3,
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€0.8, CO.4, CO.3, CD.1, CO.2, CO.4, CO.3,
9.1, CO.1, CO.4, CO.4, CO.4, CO.4, CO.5,
€0.3, €0.2, CD.2, C0.9, 0.6, CO.4, CO.4,
CO.4, CO.4, CO.4, CO.4, CO.4, CO.4, CO.4,
¢0.4, CO.4, CO.4, CO.3, CO.3, CO.3, CO.3,
0.3, C0.2, CO.2.

Crewingkia ep.

USI‘]T’: 102390(4) 004’ 018, 102’ 003’ 1;0’ 0.2’ 003’ 003’ 002,
002’ 0-9, 103’ 003, 003’ 0031 0040

B, Anticosti Island, Quebec

Strentelasma affinis (Eillings, 1865)

GSC 19871 1.7, 1.3, 1.4.
YP}‘\”I’ 555 1.6.

Helicelasma selecta (Billings, 1865)

YPI 543 0.4, 0.4, 0.7, 0.6, 0.5, 1.4.

Lobocorallium trilobatum subsp. vaurealensis (Twenhofel, 1528)

YPH 20482 1,9, 0.4, 0.5, 0.6, 0.6, 1.2, 0.6, 0.6, 0.5,
~ 0.6, 0.6, 0.3, 0.6, 0.5, 0.2, 0.6, 0.7, 1.9,
0.3, 0.6, 0.8, 0.4, 0.3, 0.5, 0.6, 0.7, 0.6,

0.9, 0.4, 1.0, 0.4.
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Appendix T.--llicroscopic endofaunal algae (x = all ontogenetic stages, X =

—

counter side, A = alar side, C = cardinal side, 1 = long, m = intermediate,

s = short).

b A, Hichmond Group

1. Grewingkia canadensis (Billings, 1862)

Occurrence
in Corallite

Number Horizon Oniﬁiﬁiﬁ:lc Sides | Size Development Remarks
UCGM 45158 1-1 X all 1 moderate
45156 " X all 1 good

45174 1=2 x all, 1 sparse
esp. C-A :
45166 " X all R sparse
£5172 " X all m fair
45176 ¢ m V. sparsé
45177 " b d all m moderate
45180 1-3 X all m fair
45184 1=4 m rare

45185 " x all m

vov



465

SAUYITA0JTULID L DUNO.IB
pue Jequweud Tsrdesaslur UT

Feqs 81®T
S

e
Ut sS.geqmeyd Terdesrsiur UT

(ruessad s2r001F Tw1dSES)

(russerd sesAa00x? TBIdSS)

w3880, e3aeT

c1EI9Pou

ss.auds *a
esxeds

99818 pPOW

2.IBI

gqB.Iepow

po0oF

‘g

I

0]

i1 *dse
[4 L) o 7
HHU \.rnﬂ.. ©o

TT®

*Qa

‘x

i

9cchav
veecy

otcsy

0cehab
FLeav
gLeay

GLes

AX4%;
tcoesy
c0eav
9024y
A
66LGY

L6LSY
toLal
€gLaY

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



466

3Te3s£30
grB.I13eued

ugozoXI1qg UT &woOSs

SAUYOTIOITUIS N UT
S9TOTEBO DPUB &3TJIOTU
SEUT.I0Q quUeded SUTF

(russs.xd ser0013F TeldSS)

as.teds

ITRT
2aIBI

acreds

russqe
asards *a
21BE.I8D0W

asaeds *a

JTood

ITST

qussexd w ‘F

u

w

u

i

A

*dse

*dse

Tt®
ite

T®

*dss

*dge

TT®

=Lt

i

L=l

N
6=-a5
8~-14
9-a5

i

reeay
OLESY
Logay
GLEGY

[§N]
Q
™M
[EQ\

[0} (>

~ o

ad Y

L™ N H
<t <t <t

LLe
cleay
cocat
L9cSy

Ly

4

09245
I2LANY
gveav
6424

RCehLV

A4S

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



467

(qrusssad sero0dd TeldeS)

(aueseuad ssaro001F TzrIss)

(russerd ssa0013 TBII8S)

(russead soasocoxd Teldes)

(a2uesoixd seaocoad Tuides)

qruessead
1USSqRB |,
pigat=TaN
ruasaid g
aIBI *A
JITReI
asxeds A
ss.aeds
as.guds
1ussqe

1ussqe

rood

1ussq®

8.IBI °*A

asaeds °*A

S

w 1Te : X
W
T 3 *dse X
u 1% X
X

91 BTPSWISLUT
w 9 -ATI€0
‘1 v=p *dse X
S
S T1e
‘) °dse X
T v *dse X

L—a91
c—-Eg|

I U
G—-ecl
"
p=Bcl
u
L=.cl

E=atl

[TQ
—
L
(TR

[F
(@]
LN
[

v
4
14

L
\

L

90
99tav
6oLy
a8hav
LGyay
arva v
revav
GEVGY

CLbay
143554
coealy
4339/
LGESY
GGEST
A4 %Y%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



468

218l °A
2IBI °*A
qussa.ad
Psmwmam

1uasqe

pocS LTIiter

quesaJd

1UuasqE

pooZF

qusse.ad

gs.aeds

juesaad

1uese.Id

1UBSAE

pesrzesead TIss 90U 11esqe

W.IOM jussqge

it

o

‘w

w

A

*rdss
‘11

1ie

G LI
"

Bl 9N

L—=P61L
L=261

[=261

Z=2L 9l

L-e19i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



"uoissiwiad noypm panqiyosd uononpoidal Jayung “Joumo 1ybuAdoo sy} Jo uoissiuad yum paonposday

Humber Uorizon Siwve

2

(=]

Streptelasma divaricans (Micholson, 1875)

Development

CCGI 45003
45005
45004
45002
45008
45014
45013
45012
45018
45020

2-1

1"
1

1"

tt
5b-1
5h-2
1

11

m

s

+

P

present

sparse

present
present

absent

Remarlks

(sparse in brachiopod corallite is attached to)

fairly common

sparse
present

Ve Yare

fairly common

present
sparse
present

present

(large in a nearly brachiopod)

69Y
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45133
45134
45135

5137
45139
45138
45136
45140
45141
45142
45143

45596
45602

GSC 85271

8527n

"

13b-2

"

1"

13b-3
14-3
14-5
146

17b-1

1"

6]

]

w

absent

rare

sparse also in calyx
absent

absent

sparse

absent

absent

sparse

sparse

absent

3. Grewingkia deltensis n. sp.

present

rare abundant coarse recent borings do not enter
oxidized zones

4, Grewingkia rustica (Billings, 18%8)

A, in one section

LLY

sparse
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GSC 8527c s A
8527 s, ?m present
UMMP 45351 m K
! B. Percé, Quebec
A1l specimens' . present, but not well preserved
YPM (Percé) m in H. selecta

C. Anticosti Island

1. Strevtelasma affinis (Billings, 186%)

YPM 3063/57j, k¥ Fllis Bay zone 9 absent
LEBY " " voq rare
3063/56a n n L present
555 a " " "5 rare
3063/36% " " w2 absent
3063/36¢ " " w2 absent
3063/364 " " "2 absent
3063/36¢2 " " " 2 s present

3063/3%e " " * 1 m present

cLy
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GSC 1989a vaureal 'm  present

1089n " S present

s e

2 specimens Vaureal absent
6. Bodophyllum englishheadensis n. sp.
4 specimens Upper Vaureal absent
7. Bighornia cf. patells (Wilson, 1926)
2 specimens Lower Vaureal absent
8. Paliphyllum ellisensis (Twenhofel, 1928)
7 specimens mTllis Tay absent

5. Lobocorallium trilobatum subsp. vaurealensis (Twenhofel, 1928)

GLY
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Appendix 8 .—-Tiometrical data (d = corallite diameter, mm;

n = numbsr of major septa; da = axial region diameter, mm).

1. Streptelasme divaricans (Kicholeon, 187%)

o

Humber Horizon 4 n
TCGU 45000 1c=1 6.5 23 9 29
45003  2=1 3 16 45012  4-2 7 26
6 23 45018 4-3 9 25
45004 " 4 21 12 29
6 24 45019 9 26
g8 29 45020 4-4 9 26
9 31 11 27
11 32 45024  4-5 5.5 23
45005 " 7T 27 9 25
9 3 13 28
45008(a)3~2 7 30 45026 " 10 26
" (b) 2 14 45025 " 14 29
4 17 16 29
7 27 45023 " 11 35
45013 4=-2 11 32 14 35
15 32 45022 ™ 9 32
45016 W 10 25 45032 Sb-1 8 28
45017 " 9 29 45028 7 30
45015 " 8 26 10 31
45014 " 3.5 15 45030 " 10 32
8 29 45034 5b-2 10.5 32
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45038(2) b2

"(v)
45039 "
45032 (a)"

" (b)
45037 0
45040 "
45042 "
45043 "

45052  5L-T7
45048 "

13 34
1% 42
4.5 23
6.5 26
8 27
S 27
7 30
5.5 25
S 26
10 32
12 32
3 16
6 21
3 18
S 17
6.5 23
8.5 27
10 30
11 32
7 27
4 22
5 26
7 30
6 28
3 16
4 18

~
(%]
(@]
Ea
[

I
w
O
T
(W8]

45067
45064

45077
45071

45076

450775

5b-7

5b-9

1"

11b=-1

11b=3

11t

12a~1

1

\0

1 O o WU
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45073

45074

45082
45088
45087

45081
45083
45085

12a=-2

L]

"

45084 (a)"

45092
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(v)

12a-3

\O

Lo

[6)Y

1

45091

£5030

45103
45108

45106
45110
45113
45114
45611

45119
45120
45118
45122

12a~-3

) 12a-4

"

1"

12a-5

"

12a-6

12a-C

1
"

"

\O

i

12
14

-—
W ~N 3 W W (o) ] N O m o = os}

O 0o 3 0~ O,

o

N [\®)
\0 B

o
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LEAE 13- 7 27 45136 13b-2 5.5 26
45125 " 5 28 7 29
7 30 451386 5 25
45124 " 6 29 45140 13b=-3 6 27
45128 " 15 33 8 29
45132 13b-1 5 26 45141  14-3 8 26
45135 " -4 27 45142 14-5 6 30
6.5 28 8 31
45133 " 7T 31 45143 14~6 7 27
10 31
8 35 USKM 84668 T 23
10 36 116 1a~4 Licta § 21
45136 v 4 22 \ 7 23
74 28 9 24
45137 13w-2 4 22 12 33
7.5 28 USNI 78449 7.5 28

45129 " 7 26

2., Streptelasms leemonensis n. Sp.
UCCH 435614 Z0a-1 9 32 ! 45615 20a-1 7 24
3. Streptelasma subregularis (Savage, 1913)

UCGHM 45618 20bj1 10 28 : 15 36
18 35 45621 20b-1 15 32
28 42 45624 " 13 36
45619 " 15 33 45620 " g 27
21 38 15 32
4n622 " 8 26 45630 ™ 5 16
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45629 Z0b=-1 13

Is)
22

N

9

31
37
37

4, Strentelasma rankini n. sp.

USGS 6344%b 10
6344c Te5
6332% 10
6335% 14
6337b 8
63400 16
63411 9.5

29

63451 T
6346a 1045
6347Tb 12
63501 12.5
6355b 10.5
6262t 22

5. Streptelasma affinis (Billings, 1865)

YPHM 5172 7
11

556a 3
556k 12
21
29
538a - 10
13
3063/36b 9
3063/36¢ 15
3063/364 9
11

3019/3063/35e 11

15
3019/3063/35¢ 9
548a 6
9
145 4
9
11
15
3019/3063/351 6
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3019/3063/575 9 25 3063/56a 10 26
19 30 13 27
3019/3063/07k 12 5 515D 6 22
28 49 16 277
45 50 3063/44% 14 29
555a 19 238 3063/52a 10 30
32 4T 15 39
46 50 GSC 2244 27 4

6. Helicelasma randi Elias, 1976

SUI 57-'24 19 39 USNM acc. 306219 10 31
USNIL 42535a 20 40 SIU 4200 10 28
425350 8.5 28 9 27
15 35 SIU 4201 13 29

USGS 2065 a 23 40

7. Helicelasma selecta (Billings, 1865)

YEIL 543 24 43 515a 16 35
53%a 4 19 27 40

13 33 508a 12 - 34

514a T 17 37 USNM 102350(3) 10 31

24 42 25 44

8. Deiracorallium angulatum (Billings, 1862)
(h = height, mm)

Kumber h n

SC loc, 8441%a = 8 26 i GSC loc. 84419 3 20
15 30 j 9 36
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GSC loc. &

Gc

844194

GSC 10846

Number

13

GSC 10847

UK 266

Uil 346

UCGM 45156

4~ ~
Ul [\
— —
Ui \n
O n
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1
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\1

"

-1
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-y

Horiszon d

8

25
18
18
29
19

27

7

(VoI

n
29
43

419

—_
[\o]

Sa

45176
45177

45161

45170
45171

1"

1"

n

1"

\O

(@s]

14
11

Grewingkia canadensis (Billings, 1862)

\0O

17
24

26

<

38
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4164

45168

45173

45172

45174

45163
45162

"

tt

1"

11

1C

11

11

11

\n

45179

45180

45181

45183

45188

45187

45185

45186

45184

45189

45191

1"’

1"t

"

11"

1c=2

1"

-
o 1

24
34

-]
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45194

45197

45196

RN
A\ W)
—
\0
A

45200
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45209
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1% 36 45225 4=4 12

45214  3-2 9 33 24
13 40 32

1T 49 45231 " 18

23 4 4 45224 " 12

45216 " 6 24 22
11 34 32

45215 5020 45258 5b=1 5
45220  4-1 23 53 6.
29 61 6 4525 " 4

45221 " 13 33 6
45222 " 139 45257 " 10
45234 4=4 13 33 45245 " 12
45228 " 25 53 15
29 59 8 45248 " 19

45230 " 24 50 8 23
30 51 45252 " 26

31 10 45247 " 18

4z227 " 22 52 24
- 25 57 45253 " 13

45229 " 10 31 22
21 52 45251 " 26

26 57 45246 " 20

45226 " 25 60 3 45256 " 14
30 9 45254 " 18

3 68 15 24
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44310 115-1

45316
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10

45338 1113 10 32 45352 11b=3 20 50
18 2t 65341 5 31
45349 " 15 42 45358 12a~1 14 43
18 45 21 53
45351 v 20 41 24 55
15339 " 26 52 8 45356 019 52
45347 " 20 50 27 6o
25 55 8 30
45346 " 18 45 31 66
24 48 45358 " 23 55
45343 " 15 37 29 58
22 46 10 45360 v 18 54
45344 " 21 46 26 59
22 o 45357 " 14 41
28 50 10 | 23 54
45345 " 19 51 28 61
26 56 30 65
45342 " 15 41 45355 " 16 L6
25 50 9 21
45348 v 17 41 22 56
23 a7 26 60
45360 " 15 40 28 61 10
22 46 45361 " 20 54
26 51 11 45364 12a-2 20 56
45350 " 22 48 24 59
27 51 25
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45371 12a-2 12 £1 23 53

5366 " 24 61 4 £5388 12a-4 18 49

4::368 " 22 56 _ 22 55

45382 122-3 & - 27 45392 " 7 26

45381 0 7 28 10 30

11 356 12 34

13 41 45306 12a-45 21 53

45376 " 23 6 30 61

24 £9 45395 " 22 53

45378 " 26 65 6 24 55

45375 " 25 57 45394 " 9 33

45374 v 15 47 ' 19 48

22 56 24 56

45379 " 16 49 27 58
22 61 20 58 10

45383 " 11 38 28 58

451384 " 10 36 29 56

45386 12a-4 22 56 45397 " 11 33

26 61 6 45399 12a-6 20 57

45391 n 16 45 29 65

23 55 45400 " 20 55

453560 " 10 390 45403 " 7 24

16 44 45405 12a-8 23 61

23 53 3 45404 " 17 a7

26 58 7 45407 " 20 56

45387 " 17 43 45410 12b=-1 20 45
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45409

45412
45414

45413

45416

45415

45417

45420
45420
4542
45423

45421

[A]

45425

5433
45430
45431

45429
45434

45428

12L-1

120-2

"
tt
"
1

12d-1

T

13=-1
13=2
121

AWl

27

AV)
(63} o (@) (o)}

w N -
U1 @ 0

21

40

\0

L
w
I
(2
e}

Y
(%1}
>
()
0

45435

45441

45442

45443

45444

45446

45450
45445
45447

45449
45451
45448

13h-1

114

tr

1!

i

14 L2
5 22
7 28
4 20
7 26

10 33

27 53

33 o4

7 44

23 52

18 47

26 56

13 44

19 5

15 42

24 53

31 57

18 51
6 20
S 36

14 45

13 40
9 28
T.5 27

11 32

10 31
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45454

45462

45471

454773

45478

45476

454777

45480

45481
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13L-2

1t

7"

14-1

14-2

14~3

-n

1"

1"

(W)
R

AS}

-

454775 14-3

45483 14-4

45404  14-5

45487 "
45488 "
45450 "
45491 "

45493 "

45489 "
45497 14-6
A5496 "
45498 "

45466 14b-1

491

\O



492

(A 2

2 b4 3] UCGHK 45509 16a-1 13 37
24 =8 8 19 48

45467 14b-1 8 27 21 49

14 38 24 51

17 43 45503 " 18 44

45468 v 15 43 25 50
45469 " 16 42 45509 ¢ 15 40

22 48 7 23 49

45470 14b=2 10 33 45506 " 1639

USHLI 84870 9 33 23 4T
18 48 45504 " 12 36

78742 24 44 16 38
971%a 28 62 45507 " 11 30
97190 23 48 16 35
70024 30 5% 45508 " 11 32
78749 24 53 19 44

USCS 2366¢ 33 57 14 45511 " 11 31
2369c 25 55 6 16 238
23720 21 49 0 45502 " 11 32
23782 14 32 17 40
2413b 20 53 45512 " 10 30
2416¢ 32 61 45513 16a=2 19 43
24190 35 66 12 45514 v 13 41
242%a 26 55 8 20 49
2421¢ 33 59 11 45515 " 11 34
2422¢ 39 59 13 23 45
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45516 16L=1 17 49 21 46
45501 161-2 32 66 45540 18u~1 19 50
4t518 0@ 4z 17 23 53
45519 25 58 27 57
45522 16c-1 12 36 45541 " 11 32
19 48 15 38

23 955 45543 18a-2 20 46

45524 M 11 30 45542 " 18 44
18 44 45548 18a-3 12 41

20 47 18 50

45536 " 11 27 24 61
16 41 2¢ 62

22 44 33 63

45526 " 19 36 45550 " 33 62
4552 " 16 41 45551 " 33 65
45535 13 33 38 65
22 41 45552 " 14 41

45533 " 11 2S 4555% 18b=-1 10 30
45530 " 17 40 12 32
45531 - 15 35 14 37
45529 " 14 33 45556 " 16 38
USNI 42512 29 56 20 42
102371 19.5 47 45557 " 31 63
UCCH 45538 18a=-1 10 32 45558 " 13 3%
16 3° 16 40

45539 " 16 41 45559 " 21 50
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CON L5689 19e-1 18 38
44560 18b-1 6 23 4550 " 18 41
LY 762 " 11 323 61a=-2 I:61a 7 25
ULLTP 45324 Y g 27
26927 11 29 i61a-3 " & 29
19 38 13 34
UCGHN 49564 19a-1 .25 56 16 12=5 v 15 35
45565 " 19 52 21 36
26 60 116 1a-6 " 20 43
45566 " 25 59 25 47
45567 " 19 51 27 48
25 56 16 18T " 13 36
45570 19¢-1 22 45 19 46
45571 N 22 51 23 50
5575 0" 17 32 28 52
AN PR 10 3% 754 75 33 60
5579 198=1 10 32 H75-5 r 25 56
15 37 K756 n 19 47
45580 " 19 46 H75-7 " 12 38
- 24 52 GSC 8530c¢ 8 25
45582 " 24 55 16 41
45583 " 20 49 20 43
45585 " 20 49 23 47
25 5% 8530 30 53
27 =8 8530g 25 43

45586 19d4-2 13 36
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UCCIl 4%59%

454598
45604

45602

85272
8527
8527m
8527p

USGS 6268t

6268¢

10, Crewingkiz deltensis n. =p.

17L-1 g
16

" 21
23

" 34

" 23
33

" 16
23

29

43

52 45599 17u=1
55 45600 "
60 45601 "
50

59 45603 "
41 CKIIP 26911

54

49

26 58
33 62
31 62
25 52
15 41
20 47
24 Y5
37 62

11. Grewingkia rustica (Billings, 1858)

n
—_

na
(%]

oo
i s

I3
-

18

54 85271
43
48
31 852Tn
37
41 UMMP 45351
42
39 UCGH 45592 19b-1
54
43
39

12, Grewingkia venobscotensis n. sp.

25
19

51 6333c
46 6334c

10 30
16 36
20 38
13 35
18 3¢
18 48
21 56
12 28
16 32
20 35
10 32
8.5 28
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6336% LR 33
63290 11 32
62420b 9 34

63430
6267b

13, Crewingkia pulchella (Fillings, 186%)

YPE 3019/3063/97e 6 22
10" 30
30169/3063/57f 6 23

11 31
3063/56¢ 7 22
£20 725

12 28

518a 14 26
5180 6 20
8 24

9 26

3063/36a 4 18
8§ 23

551 T 24
] 10 29

IB6 10 26
536 7 20
3019/3063/57¢ 1T 25
| 13 34

54 1a 9 24
541b 7 21

3019/3063/35%
3018/3063/3%¢

3019/3063/354
3063/41a

3063/41Db
3063/41¢

GSC 1989n
YPM 3063/44a

3063/52b
3019/3063/%52¢

USGS 4112-COa

13
8

BN

0

11

10

11

11

12
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4112-COL
4112-C0c

4112-C0d

14, Lobocorallium trilobatum (Whiteaves,

15
N
6

4112~-C0e 8

4112=-C0f 13

(2=

Number

GM 252

corallite

a
497 T4
657 80
680 82
776 86
848 88

cross—sectional area, mm¢

T 272
UM 268
UM 265

{ UM 336

9T
97T
367
132

684

1895)

15. Lobocorallium trilobatum subsp. vaurealensis

GSC loc, 36157(1)

Number

TCCM 45613 20a~-1

USCGS 6260b
62641
62690b

6270b

(Twenhofel, 1528)
684 65 36157(
258 54 | USKM 102390

16. Dodophyllum shorti n.

d

—

6
7

2

25

29

17. Eodophyllum neumani n.

6
11
13

7

21

6271
6338b

6351Db

2) 1025
(1) 658
SP.

8

SD.
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18, Bodoyphyllum englishheadensis n. sp.

YT 3063/14b 14 42 3019/2¢ (a) 7 26
3063/22 15 43 11 30
3063/7 13 47 3019/2¢ () g9 32

7 AT 13 34

19, Righornia cf. patella (Wilson, 1926)

Kumber h n
YPH 505a 7 34 14 39
13 238 3063/17 14 38

20, Paliphyllum sllisensis (Twenhofel, 1928)

Humber d n
YPN 5730 19 37 15 34
572 16 41 3018/3063/57¢ 8 31
3019/3063/57a 21 42 3019/3063/574 7 25
3019/3063/57b 10 29 12 31

13 33
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Appendix 9 .--01eswinskiz canadensies (Dillings, 1662) and

Streptelasma divaricans (liicholson, 187%): A = axial region

comparative ecale wvalues.

A. Grewingkia canadensis

Number Horicon A

UCCH: 45156 1-1 10 45186  1-4 42 45223) 4-4
AR Ly AL 37 45189 1c=2 43 45223 (c)"
45154 " 34 45191  2-=1 50 45260 5Sb=2
4159 " 38 45120(a)" 37 45261 "
45153 (a)" 17 45190 ()" 37 45266 Sb-4
45153 (b)" 27 45193 * 55 45269 5b-5
45153 (c)" 46 45194 " 28 45268 v
45161 1-2 24 45192 n 22 45272  Gb-6
45171 " 43 45196 " 28 45273 "
45164 " £3 45206  3-1 25 45279 5b-9
45174 " 41 15202 © 44 45280
45169 " 36 45207 42 45292  6-1
45172 " 88 45214  3=2 67|USGS 2401c
4173 " 37 45220  4-1 60 2416¢
45163 " 21 45230  4-4 5 24330
45168 v 22 45226 " 40 2366¢
45175 " 2 ce28  on 90 2367c¢
45166 " 33 45224 M 29 2369c
45179  1=3 42 45225 M 36 2370c
45183  1-4 80 45223(a)" 33 2315b
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2421¢ 61 45358 12a-1 41 45494 14=5
24n2¢ 39 45360 37 45466 14b-1
UCCI 43297  10-1 59 45364 12a=2 67 45469 "
45315 11L=1 30 44365 " 68| USnL 70024
45226 " 29 45363 " 39 9719
45317 37 45376 12a=3 57 9719b
45318 v 24 45378 " 53| UCGH 45505 16a-1
45303(a)" 48 45375 " 83 45503 "
45303 ()" 33 45377 " 42 45509 "
45334 11v=2 0 15390 12a—-4 20 45514 16a-2
45330 ¢ 3 45389 36 45521 16h=2
45333 " 47 45384 12a-5 45 45518 v
45336 26 45396 " 63 45536 16¢—1
45344 11b-3 85 45409 12k-1 36 45534 "
45339 " 38 45413 12b=2 100 45525 "
45367 23 45416 " 71 45540 18a-1
45343 " 33 45422 12d-1 34 45545 18za-3
45344 v 69 45433 13-2 26 45548 v
45345 v 41 45441 13b=1 31 45549 "
45342 36 45446 " 35 45551 "
45340 v 27 45457 13b-3 84 45559 18%1-1
45350 . 88 45458 54 |CIIP 45354
45357 12a-1 65 45477 14-3  28|UCCM 45565 19a-1
45355 o 75 45480 " 53 45566 "
45359 " 61 45485 14—t 42 45572 19¢—1
45356 " 29 45483 v 38 45582 19d~1
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45585 19a-1 76 i6le~6 161a 531 GEC 8Y30c 79
45589 19e-1 68 61a=7 [l61a 24|

. Streptelasma divaricans

Comparison of axial regions within

17 oy Toriz e . .
Number Horizon 4 pseudocolonies and colonies

UCGx 45000 1le-1 37 pseudocolony, 2 similar

45003 2-1 44

45004 " 30
45005 " 18
45008  3-2 65 pseudocolony, 2 same

45006 3-3 23
5014 4-2 15
45015 " 81
45016 " 71
45012 " 52
45017 " 65
45018  4-3 70
45019 " S5

45037 5b-2 20
5038 ¢ 64 pseudocolony, slightly different

45043 " 62
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45034 -2 SO
45036 " 64 colony, 2 same
45042 " 63

45046  SL-T 57
45048 " 71

45052 " 28
45054 Sb-9 5O
45053 " 64

45085 0" 63
45057  10-1 T
45061 110-1 10
45064 11b=-3 28
45067 " 63
45072 12a~1 5
45074 " 49
45071 " 76
45076 " 43
45075 " 93
45073 " 5
45084 12a-2 5

o

pseudocolony, 2 same

1

45086 " 8Y
45082 v 76
45088 " 36
45087 " 37
45083 69
45090 12a-3 63

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



503

450C63 12a-4 41 colony, 3 similar
40100 12u=% 79

45646 " colony, 2 same
45108 122-9 13

45112 12b=3 59

45113 12¢-1 46

45116 124-1 54

45611 13=-1 60 pseudocolony, 3 same
45119 0" 7
45122 " 62

45132 " 31
7 13b=2 2

4513
45136 " 78
4

45140 13v-3 27
45141 14-3 77 pseudocolony, 2 similar
45142 14-% 56
45143 14-6 82
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Appendix 10, -=8trentslasma divaricans (Micholson, 1875):

solitary corallites

peeudocolonies and colonies (%), an

Numbhe:

UCCIM 45000
45001
43004
45004
45002
45003
44,006
45007
45008
45009
45010
45014
45015
47016
45013
45017
45012
£5011
45019
45018
45020

Ho:izon

"

"

1

"

1"

1"

4’;,

i

2
.

N W

N

ro

Attachment Site

d att

and nunmber of corallites compricing

v}

.chment sites.

&

Pseudocolony
or Colony

bryozoan

brachion

tryownoan
bryozoan

bryozoan

colonial

bryozoan

bryozoan
colonial

colonial

bryozoan

bryozoan

pseudocolony

od

pseudocolony

coral

coral

coral
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45027(a)
45029
45246
45251
45028
45030
45032
£5031
45033(a)
45033(%)

45033(c)

45033(4)
£5034
45038
45039
45036
45035

1"
"

"

"
1"t

"

1"
5b-2
"

"
1

"

2 bryozoan
1
1 bryozoan
1 bryozoan
1 Tbryozoan
1
2 bryozoan pseudocolony
1T brachiopod
1
1  brachiopod
1 bryozoan
G. canadsnsis -
G. canadensis
1 brachiopod
]
i
1
1
1
1
2 bryozoan
1
3 pseudocolony
1
2 colony
nuwmnerous

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



47037
45040
45042
45043
45044
45045
45050
45049
45052
45048
45051
45046
45054
£5053

ZO.

o
w
(0]
1

N
S
3

\n
O
N
(@0

)
4
45059(2)
50%9(t)

45059(c)

45059(a)
45059(e)
45059(F)
45059(g)
45059(h)
45062

51=9

"

9

PO

-—

E bryosoan
bryozoan pseudocolony

brachiopod

kryozoan

bryozoan

bryozoan

bryozoan

bryozoan

brachiopod

tryozoan pseudocolony
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45060 11o=1 1 rachiopod
45061 " 1

45063 11L-3 1 bryozoan
47064 " 1

45067 " 1

£5065 " 1

45066 " 1  brachiopod

45068(a) 12a~1 1

45068(b) " 4 Dbryozoan
45068(c) " 4 Ybryozoan
45068(4) " 1
45068(e) " 1
45068(f) " 1
A5068(¢g) " 1
45068(h) " 2
45068(1) " 1
45069 " 1
4235 " G. canadensis
45361 " G. canadensis
45078 " 1, 1 bryozoan
5077 o 1
45071 , " 1
45076 ‘ " 1
45075 " 1
45073 " 1
45074 " 1
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45072 12a-1 1 bryoroan

4507%(a) 123-2 1

£5079(%) " 3

45079(c) " 1

45079(&) " 5

45079(e) " 2

45079(£) " 3

45079(s) " 1

45079(h) " 1

45079(1) " 2

45086 122=2 1

45084 " 2 pseudocolony
45082 " 1 bryozoan

45088 " 1

45087 " 1

45081 " 1

45080 " 1 ‘bryozozn

45083 " 2

45085 " 2 pseudocolony
45089 -  12a-=3 1

45092 " 2

45091 " 2 pseudocolony
45090 " 1

45085 12a~4 1

45094 " 1 bryozoan

45096 " 1
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45097 ()
45646
45098
45100
4%101(a)
45101(5)
45103
45102
45104
45105
45107
45108
45106
45109
45110

25111

45112 7

45113
45114
45115
45116
45117(2)
45117(b)

§S)

2

colony
pseudocolony
colony

" numerous

n
12a-6
"

11

n

12b-1

12b-2
12b-3
12¢-1

13~-1

17"

1
1
1
1

2

12

1
1

pelecypod

tryozoan

bryozoan

bryozoan
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45117(c¢)
45117(a)
45117 (e)
45119

45120

45121(a)
45121(1)
45611

45118

45122

45123(a)
45123(b)
45123(c)
£5123(a)
45123(e)
45123(F)
45123(g)
45123(h)
45123(1)

43123(37

45128
45126
45129
45125
45127
45124

"
"
13—
"
"

1"

tt
L]
17"

1"

"
1"
L1
1t

1"

(WY

A

bryozoan

brachiopod

bryozoan

bryozoan
bryoczoan

bryozoan

510

pseudocolony
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45130
45131(a)
45131(1)
45131(c)
45131(d)
4%131(e)
44132
L5644
45135
45133
45134
45137
45139
45138
45136
45140
45141
45142
5143

16 1a=1 -

M6 1a-4

UCGH 45148
45147
45149
45150

45151

"
1t

)]
13b-2
1"

11

"

13b-3
14=3
14=5
14-5
¥61a

"
19f

"

t

"

N

ra

tryozoan

brachiopod

G. canadensis

bryozoan

brvozoan

pelecypod

pseudocolony

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45157 19 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

51

o



513

Appendix 11,--Strentelasma affinis (Billings, 1865) and

Peliphyllum ellisensis (Twenhofel, 1928): intervals (mm)

ketween regularly spaced rugae,

A, Streptelasma affinis

Humber: Interval
GsC 1987b 10, 12, 13
YPI 55% (one specimen in lot) 8, 10, 10, 10, 12, 12, 12
YPi 555 (one epecimen in lot) 8, 8, 11

YP¥ 3063/%7 (one specimen in lot) 8, 9, 10, 10, 10, 10, 11,
12

-

T. Paliphyllum ellisensis

YPIE 103884 - 7, 7, 11
YP¥ 3063/57 (one specimen in lot) 7, 7

YPH 3063/57 (one syecimen in lot) 7, 7

YPI 3063/52 10, 10, 11
YPN 3063/58 6, 7, 8, 8
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Appendix 12,~-Crewingkiz cenadensis (Fillings, 1862):

corallite length (1, mm) and depth of calyx (dg, mm).

UCGM 45161 80 30 0.38
45164 60 20 0.33
45165 6% 30 0.46
4185 65 18 0.28
45191 73 22 0.30
45182 65 27 0.42
45220 T8 27 0.35
45289 53 28  0.53
45318 60 21 0.35
45358 62 22 0.35
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