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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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This study would not have been possible without the

following generous financial support: Geological Society

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



12

~r

of America Grant (1677), Sigma ¥i Grant-in-Aid (1977), U.S.
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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

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



17

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

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



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).
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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).
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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
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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.

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



91

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™
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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.

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



119

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.
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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
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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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