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TREATISE ON INVERTEBRATE PALEONTOLOGY
Directed and Edited by RAYMOND C. MOORE

and (for supplements and revisions) CURT TEICHERT

Assistants: LAVON MCCORMICK, ROGER B. WILLIAMS
Advisers: EDWIN B. ECKEL, D. L. CLARK (The Geological Society of America), ADOLF
SEILACHER, J. WYATT DURHAM (The Paleontological Society), W. M. FURNISH, D. M. RAUP
(The Society of Economic Paleontologists and Mineralogists), R. V. MELVILLE, W. T. DEAN
(The Palaeontographical Society), W. D. IAN ROLFE, J. M. HANCOCK (The Palaeontological
Association) .

PARTS
Parts of the Treatise are distinguished by assigned letters with a view to indicating

their systematic sequence while allowing publication of units in whatever order each may
be made ready for the press. The volumes are cloth-bound with title in gold on the cover.
Copies are available on orders sent to the Publication Sales Department, The Geological
Society of America, P.O. Box 1719, Boulder, Colorado 80302. The prices quoted very
incompletely cover costs of producing and distributing the several volumes, but on receipt
of payment the Society will ship copies without additional charge to any address in the
world. Special discounts are available to members of sponsoring societies under arrange
ments made by appropriate officers of these societies, to whom inquiries should be
addressed.

VOLUMES ALREADY PUBLISHED
(Previous to 1972)

Part C. PROTISTA 2 (Sarcodina, chiefly "Thecamoebians" and Foraminiferida), xxxi+900
p., 5311 fig., 1964.

Part D. PROTISTA 3 (chiefly Radiolaria, Tintinnina), xii+ 195 p., 1050 fig., 1954.
Part E. ARCHAEOCYATHA, PORIFERA, xviii+122 p., 728 fig., 1955.
Part F. COELENTERATA, xvii+498 p., 2700 fig., 1956.
Part G. BRYOZOA, xii+253 p., 2000 fig., 1953.
Part H. BRACHIOPODA, xxxii +927 p., 5198 fig., 1965.
Part I. MOLLUSCA 1 (Mollusca General Features, Scaphopoda, Amphineura, Monoplac

ophora, Gastropoda General Features, Archaeogastropoda, mainly Paleozoic Caeno
gastropoda and Opisthobranchia), xxiii+351 p., 1732 fig., 1960.

Part K. MOLLUSCA 3 (Cephalopoda General Features, Endoceratoidea, Actinoceratoidea,
Nautiloidea, Bactritoidea), xxviii+519 p., 2382 fig., 1964.

Part L. MOLLUSCA 4 (Ammonoidea), xxii+490 p., 3800 fig., 1957.
Part N. MOLLUSCA 6 (Bivalvia), Volumes 1 and 2 (of 3), xxxviii+952 p., 6198 fig., 1969;

Volume 3, iv+272 p., 742 fig., 1971.
Part O. ARTHROPODA 1 (Arthropoda General Features, Protarthropoda, Euarthropoda

General Features, Trilobitomorpha), xix+560 p., 2880 fig., 1959.
Part P. ARTHROPODA 2 (Chelicerata, Pycnogonida, Palaeoisopus), xvii+181 p., 565 fig.,

1955.
Part Q. ARTHROPODA 3 (Crustacea, Ostracoda), xxiii+442 p., 3476 fig., 1961.
Part R. ARTHROPODA 4 (Crustacea exclusive of Ostracoda, Myriapoda, Hexapoda),

Volumes 1 and 2 (of 3), xxxvi+651 p., 1762 fig., 1969.
Part S. ECHINODERMATA 1 (Echinodermata General Features, Homalozoa, Crinozoa, ex-

clusive of Crinoidea), xxx+650 p., 2868 fig., 1967 [1968].
Part U. ECHINODERMATA 3 (Asterozoans, Echinozoans), xxx+695 p., 3485 fig., 1966.
Part V. GRAPTOLITHINA, xvii + 101 p., 358 fig., 1955.
Part V, Second edition (revised and enlarged). GRAPTOLITHINA, xxxii+163 p., 507 fig.,

1970.
Part W. MISCELLANEA (Conodonts, Conoidal Shells of Uncertain Affinities, Worms, Trace

Fossils, Problematica), xxv+259 p., 1058 fig., 1962.
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THIS VOLUME
Part E, Second edition (revised and enlarged), Volume 1. ARCHAEOCYATHA, xxx+158 p.,

871 fig., 1972.
VOLUMES IN PREPARATION (1972)

Part A. INTRODUCTION.
Part B. PROTISTA 1 (Chrysomonadida, Coccolithophorida, Charophyta, Diatomacea, etc.).
Part J. MOLLUSCA 2 (Gastropoda, Streptoneura exclusive of Archaeogastropoda, Euthy-

neura).
Part M. MOLLUSCA 5 (Coleoidea).
Part R. ARTHROPODA 4, Volume 3 (Hexapoda).
Part T. ECHINODERMATA 2 (Crinoidea).
Part X. ADDENDA, INDEX.
Part E (revision), Volume 2. PORIFERA.
Part F (supplement). COELENTERATA (Anthozoa Rugosa and Tabulata).
Part G (revision). BRYOZOA.
Part L (revision). AMMONOIDEA.
Part W (supplement). MISCELLANEA (Trace Fossils).

CONTRIBUTING AUTHORS
[Arranged by countries and institutions; an alphabetical list fol1ows. An asterisk preced
ing name indicates author working on revision of or supplement to a published Treatise
volume.]

AUSTRALIA

Macquarie University (North Ryde)
J. A. Talent

South Australia Geological Survey (Ade
laide)

N. H. Ludbrook
University of Adelaide

M. F. Glaessner
University of Queensland (Brisbane)

Dorothy Hil1

AUSTRIA
Universitiit Wien (Palaontologisches Insti

tut)
Adolph Papp

BELGIUM
Universite de Liege

Georges Ubaghs

CANADA
Geological Survey of Canada (Ottawa)

J. A. Jeletzky, A. W. Norris, G. W. Sin
clair

Institute of Sedimentary & Petroleum Geol
ogy (Geological Survey of Canada,
Calgary)

D. J. McLaren
National Museum (Ottawa)

A. H. Clarke, Jr.

v

Royal Ontario Museum (Toronto)
*D. H. Col1ins

University of British Columbia. (Vancouver)
V. J. Okulitch

DENMARK
Universitet K~benhavn

Chr. Poulsen, *Eckart Hakansson

FRANCE
Universite de Paris

Colette Dechaseaux

GERMANY
Bergakademie Freiberg (Geologisches In

stitut)
A. H. Miil1er

Freie Universitat Berlin
Gerhard Hahn

Hamburg Staatsinstitut
Walter Hantzschel

Natur-Museum und Forschungs-Institut
Senckenberg (Frankfurt)

Herta Schmidt, Wolfgang Struve
Unattached

Hertha Sieverts-Doreck (Stuttgart
Mohringen)

Universitat Bonn
H. K. Erben, K. J. Miil1er

Universitat Miinster
Helmut Holder
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Universitat Tiibingen
*Jurgen Kullmann

Universitat Wiirzburg
Klaus Sdzuy

ITALY
Unattached

Franco Rasetti (Rome)
Universici Modena

Eugenia Montanaro Gallitelli

JAPAN
Tohoku University (Sendai)

Kotora Hatai
University of Tokyo

Tetsuro Hanai

NETHERLANDS
Rijksmuseum van Natuurlijke Historie

(Leiden)
H. Boschma, L. B. Holthuis

Vrije Universiteit Amsterdam
A. Breimer

NEW ZEALAND
Auckland Institute and Museum

A. W. B. Powell
Dominion Museum (Wellington)

R. K. Dell
New Zealand Geological Survey (Lower

Hutt)
C. A. Fleming, J. Marwick

NORWAY
Universitet Oslo

Gunnar Henningsmoen, T. Soot-Ryen,
Leif Stjilrmer

POLAND
Polska Akademia Nauk

(Warszawa)
Gertruda Biernat, Adolf Riedel

SOUTH AMERICA
Unattached

H. J. Harrington (Buenos Aires)

SWEDEN
Naturhistoriska Museet Goteborg

Bengt Hubendick
Rijksmuseum Stockholm

Valdar Jaanusson
Universitet Lund

Gerhard Regnell
Universitet Stockholm

Ivar Hessland
Universitet Uppsala

R. A. Reyment

vi

SWITZERLAND
Universitat Basel

Manfred Reichel

UNITED KINGDOM
British Museum (Natural History)

(London)
Leslie Bairstow, *P. L. Cook, Isabella

Gordon, *M. K. Howarth, S. M.
Manton, N. J. Morris, C. P. Nuttall

British Petroleum Company (Middlesex)
F. E. Eames

Geological Survey of Great Britain
(London)

Raymond Casey, R. V. Melville
Iraq Petroleum Company (London)

G. F. Elliott
Queen's University of Belfast

Margaret Jope, *R. E. H. Reid, *Ronald
Tavener-Smith, Alwyn Williams, A.
D. Wright

Unattached
Dennis Curry (Middlesex), R. P. Tripp

(Sevenoaks, Kent), C. J. Stubblefield
(London), C. W. Wright (London)

University of Birmingham
L. J. Wills

University of Cambridge
O. M. B. Bulman, M. J. S. Rudwick,

H. B. Whittington
University College London

*T. H. Callomon, *0. T. Donovan
University College of Swansea

D. V. Ager, *J. S. Ryland
University of Durham
*G. P. Larwood

University of Glasgow
W. D. I. Rolfe, John Weir, C. M. Yonge

University of Hull
*M. R. House, E. R. Trueman

University of Leicester
P. C. Sylvester-Bradley

UNITED STATES OF AMERICA
Academy of Natural Sciences of

Philadelphia (Pennsylvania)
A. A. Olsson, Robert Robertson

American Museum of Natural History
(New York)

R. L. Batten, W. K. Emerson, N. D.
Newell

Brown University (Providence, R.I.)
R. D. Staton
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California Academy of Sciences
(San Francisco)

Eugene Coan, L. G. Hertlein, Barry Roth,
A. G. Smith, V. A. Zullo

California Institute of Technology
(Pasadena)

H. A. Lowenstam
Carnegie Museum

(Pittsburgh, Pennsylvania)
Juan Parodiz

Chevron Oil Field Research Company
(La Habra, California)

A. R. Loeblich, Jr.
Continental Oil Company

(Ponca City, Oklahoma)
J. A. Eyer

Cornell University (Ithaca, New York)
W. S. Cole, J. W. Wells

Esso Production Research Company
(Houston, Texas)

H. H. Beaver, R. M. Jeffords, S. A. Levin
son, L. A. Smith, Joan Stough, J. F.
Van Sant

Field Museum of Natural History
(Chicago)

Fritz Haas, G. A. Solem
Florida Geological Survey (Tallahassee)

H. S. Puri
Florida State University (Tallahassee)

W.H.Heard
Harvard University

(Cambridge, Massachusetts)
Kenneth Boss, F. M. Carpenter, W. J.

Clench, H. B. Fell, Bernhard Kum
mel, A. R. Loeblich III, Ruth Turner

Illinois State Geological Survey (Urbana)
M. L. Thompson

Indiana Geological Survey (Bloomington)
R. H. Shaver

Kent State University (Kent, Ohio)
A. H. Coogan

Louisiana State University (Baton Rouge)
W. A. van den Bold, H. V. Howe, B. F.

Perkins, H. B. Stenzel
New Mexico Institute Mining & Geology

(Socorro)
Christina Lochman-Balk

New York State Museum (Albany)
D. W. Fisher

Ohio State University (Columbus)
Aurele La Rocque, W. C. Sweet

Oklahoma Geological Survey (Norman)
T. W. Amsden, R. O. Fay

Oregon State University (Corvallis)
A. J. Boucot, Joel Hedgpeth, J. G. Johnson

Paleontological Research Institition
(Ithaca, New York)

K. V. W. Palmer
Pennsylvania State University

(University Park, Pa.)
'*R. J. Cuffey

Princeton University
(Princeton, New Jersey)

A. G. Fischer, B. F. Howell
Queens College of the City of New York

(Flushing)
'*R. M. Finks

Radford College (Radford, Virginia)
R. L. Hoffman

St. Mary's College of California (St. Mary's)
A. S. Campbell

San Diego Natural History Museum
(San Diego, California)
George Radwin

San Francisco State College
(San Francisco, California)

Y. T. Mandra
Shell Development Company

(Houston, Texas)
John Wainwright

Sinclair Oil & Gas Company
(Tulsa, Oklahoma)

A. L. Bowsher
Smithsonian Institution (Washington, D.C.)

R. H. Benson, '*R. S. Boardman, '*A. H.
Cheetham, G. A. Cooper, T. G. Gib
son, E. G. Kauffman, P. M. Kier,
R. B. Manning, David Pawson, H.
A. Rehder

Southern Illinois University (Carbondale)
'*John Utgaard

Stanford University (Stanford, California)
A. Myra Keen

State Geological Survey of Kansas
(Lawrence)

D. E. Nodine Zeller
State University of New York

(Stony Brook)
A. R. Palmer

Syracuse University (Syracuse, N.Y.)
J. c. Brower

Tulane University
(New Orleans, Louisiana)

Emily Vokes, H. E. Vokes
Unattached

R. Wright Barker (Bellaire, Texas)
United States Geological Survey

(Washington, D.C.)
J. M. Berdan, R. C. Douglass, Mackenzie

Gordon, Jr., R. E. Grant, '*0. L.
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Karklins, K. E. Lohman, N. F. Sohl,
I. G. Sohn, E. L. Yochelson; Dwight
Taylor (Menlo Park, Calif.); J. T.
Sprinkle (Denver, Colo.)

University of Alaska (College)
C. D. Wagner

University of California (Berkeley)
J. W. Durham

University of California (Los Angeles)
N. G. Lane, W. P. Popenoe, Helen Tap

pan
University of California (San Diego, La

Jolla)
M. N. Bramlette, R. R. Hessler, W. A.

Newman
University of Chicago (Illinois)

J. M. Weller
University of Cincinnati (Ohio)

K. E. Caster, *0. B. Nye
University of Florida (Gainesville)

H. K. Brooks, F. G. Thompson
University of Illinois (Urbana)

*D. B. Blake, H. W. Scott
University of Iowa (Iowa City)

W. M. Furnish, B. F. Glenister, H. L.
Strimple

University of Kansas (Lawrence)
A. B. Leonard, Lavon McCormick, R. C.

Moore, A. J. Rowell, Curt Teichert,
R. H. Thompson

University of Massachusetts (Amherst)
C. W. Pitrat

University of Miami (Florida)
F. M. Bayer, Donald Moore

University of Michigan (Ann Arbor)
J. B. Burch, R. V. Kesling, D. B. Macurda,

C. P. Morgan, F. H. T. Rhodes
University of Minnesota (Minneapolis)

F. M. Swain
University of Missouri (Columbia)

R. E. Peck
University of Missouri (Rolla)

Harriet Exline, D. L. Frizzell
University of Oklahoma (Norman)

C. C. Branson
University of Wyoming (Laramie)

D. W. Boyd
Western Reserve University

(Cleveland, Ohio)
F. G. Stehli

Wichita State University (Kansas)
Paul Tasch

Yale University (New Haven, Connecticut)
A. L. McAlester

DECEASED

W. J. Arkell, R. S. Bassler, Andre Chavan,
L. R. Cox, L. M. Davies, Julia Gardner,
G D. Hanna, W. H. Hass, H. L. Hawkins,
L. H. Hyman, J. B. Knight, M. W. de
Laubenfels, Marius Lecompte, A. K. Miller,
H. M. Muir-Wood, Alexander Petrunke
vitch, Emma Richter, Rudolf Richter, O. H.
Schindewolf, W. K. Spencer, M. A. Stain
brook, L. W. Stephenson, E. C. Stumm,
O. W. Tiegs, Johannes Wanner, T. H.
Withers, Arthur Wrigley

Alphabetical List

Ager, D. V., Swansea, Wales (Univ. College)
Amsden, T. W., Norman, Okla. (Oklahoma Geol.

Survey)
Arkell, W. J., (deceased)
Bairstow, Leslie, London (British Museum Nat.

History)
Barker, R. W., Bellaire, Texas (unattached)
Bassler, R. S. (deceased)
Batten, R. L., New York (American Museum Nat.

History)
Bayer, F. M., Miami, Fla. (Inst. Marine Sci., Univ.

Miami)
Beaver, H. M., Houston, Texas (Esso Prod. Re

search Co.)
Benson, R. H., Washington, D.C. (Smithsonian

Inst.)
Berdan, J. M., Washington, D.C. (U.S. Geol.

Survey)
Biernat, Gertruda, Warszawa, Poland (Polska

Akademia Nauk)

*Blake, D. B., Urbana, Ill. (Univ. Illinois)
*Boardman, R. S., Washington, D.C. (Smithsonian

Inst.)
Bold, W. A. van den, Baton Rouge, La. (Louisiana

State Univ.)
Boschma, H., Leiden, Netherlands (Rijksmuseum

van Natuurlijke Historie)
Boss, Kenneth, Cambridge, Mass. (Harvard Univ.)
Boucot, A. J.. Corvallis, Ore. (Oregon State Univ.)
Bowsher, A. L., Tulsa, Okla. (Sinclair Oil & Gas

Co.)
Boyd, D. W., Laramie, Wyo. (Univ. Wyoming)
Bramlette, M. N., La Jolla, Calif. (Scripps Inst.

Oceanography)
Branson, C. C., Norman, Okla. (Univ. Oklahoma)
Breimer, A., Amsterdam, Netherlands (lnst.

Aardwetensch. Vrije Univ.)
Brooks, H. K., Gainesville, Fla. (Univ. Florida)
Brower, J. C., Syracuse, N.Y. (Syracuse Univ.)
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Bulman, O. M. B., Cambridge, Eng. (Univ. Cam-
bridge)

Burch, J. B., Ann Arbor, Mich. (Univ. Michigan)
·Callomon, J. H., London (Univ. College)
Campbell, A. S., St. Mary's, Calif. (St. Mary's

College)
Carpenter, F. M., Cambridge, Mass. (Harvard

Univ.)
Casey, Raymond, London, Eng. (Geol. Survey

Great Britain)
Caster, K. E., Cincinnati, Ohio (Univ. Cincinnati)
Chavan, Andre (deceased)

·Cheetham, A. H., Washington, D.C. (Smithsonian
Inst.)

Clarke, A. H., Jr., Ottawa, Ontario, Canada (Natl.
Museum)

Clench, W. J., Cambridge, Mass. (Harvard Univ.)
Coan, Eugene, San Francisco, Calif. (Calif. Acad.

Sci.)
Cole, W. S., Ithaca, N.Y. (Cornell Univ.)

·Collins, D. H., Toronto, Ontario, Canada (Royal
Ontario Museum)

Coogan, H. A., Kent, Ohio (Kent State Univ.)
·Cook, P. L., London (British Museum Nat. His-

tory) ,
Cooper, G. A., Washington, D.C. (Smithsonian

Inst.)
Cox, L. R. (deceased)

·Cuffey, R. J., University Park, Pa. (Pennsylvania
State Univ.)

Curry, Dennis, Middlesex, Eng. (unattached)
Davies, L. M. (deceased)
Dechaseaux, Colette, Paris (Laboratoire de PaIeont.

des Vertebres et de Paleont. Humaine)
Dell, R. K., Wellington, N. Z. (Dominion Mu

seum)
·Donovan, D. T., London, Eng. (Univ. College)
Douglass, R. C., Washington, D.C. (U.S. Geol.

Survey)
Durham, J. W., Berkeley, Calif. (Univ. California)
Eames, F. E., Middlesex, Eng. (British Petroleum

Co.)
Elliott, G. F., London, Eng. (Iraq Petroleum Co.)
Emerson, W. K., New York (American Museum

Nat. History)
Erben, H. K., Bonn, W. Germany (Univ. Bonn)
Exline, Harriet, Rolla, Mo. (Univ. Missouri)
Eyer, J. A., Ponca City, Okla. (Continental Oil

Co.)
Fay, R. 0., Norman, Okla. (Oklahoma Geol. Sur

vey)
Fell, H. B., Cambridge, Mass. (Harvard Univ.)

·Finks, R. M., Flushing, N. Y. (Queens College)
Fischer, A. G., Princeton, N. J., (Princeton Univ.)
Fisher, D. W., Albany, N. Y. (New York State

Museum)
Fleming, C. A., Lower Hutt, N. Z. (New Zealand

Geol. Survey)
Frizzell, D. L., Rolla, Mo. (Univ. Missouri)
Furnish, W. M., Iowa City, Iowa (Univ. Iowa)
Gardner, Julia (deceased)

ix

Gibson, T. G., Washington, D.C. (Smithsonian
Inst.)

Glaessner, M. F., Adelaide, S. Australia (Univ.
Adelaide)

Glenister, B. F., Iowa City, Iowa (Univ. Iowa)
Gordon, Isabella, London, Eng. (British Museum

Nat. History)
Gordon, Mackenzie, Jr., Washington, D.C. (U.S.

Geol. Survey)
Grant, R. E., Washington, D.C. (U.S. Geol. Sur

vey)
Haas, Fritz, Chicago, Ill. (Field Museum Nat.

History)
Hantzschel, Walter, Hamburg, Germany (Geol.

Staatsinst.)
Hahn, Gerhard, Berlin (Freie Univ.)

·Hlkansson, Eckart, Kpbenhavn, Denmark (Univ.
Kpbenhavn)

Hanai, Tetsuro, Tokyo (Univ. Tokyo)
Hanna, G D. (deceased)
Harrington, H. J., Buenos Aires, Argentina (un-

attached)
Hass, W. H. (deceased)
Hatai, Kotora, Sendai, Japan (Tohoku Univ.)
Hawkins, H. L. (deceased)
Heard, W. H., Tallahassee, Fla. (Florida State

Univ.)
Hedgpeth, J. W., Newport, Ore. (Oregon State

Univ.)
Henningsmoen, Gunnar, Oslo, Norway (Univ.

Oslo)
Hertlein, L. G., San Francisco, Calif. (California

Acad. Sci.)
Hessland, Ivar, Stockholm, Sweden (Univ. Stock

holm)
Hessler, R. R., La Jolla, Calif. (Scripps Inst.

Oceanography)
Hill, Dorothy, Brisbane, Australia (Univ. Queens

land)
Holder, Helmut, Munster, Germany (Univ. Mun

ster)
Hoffman, R. L., Radford, Va. (Radford College)
Holthuis, L. B., Leiden, Netherlands (Rijksmuseum

van Natuurlijke Historie)
·House, M. R., Hull, Eng. (Univ. Hull)
·Howarth, M. K., London (British Museum Nat.

History)
Howe, H. V., Baton Rouge, La. (Louisiana State

Univ.)
Howell, B. F., Princeton, N. J. (Princeton Univ.)
Hubendick, Bengt, Giiteborg, Sweden (Natur

historiska Museet)
Hyman, L. H. (deceased)
Jaanusson, Valdar, Stockholm, Sweden (Rijks

museum)
Jeffords, R. M., Houston, Texas (Esso Prod. Re

search Co.)
Jeletzky, J. A., Ottawa, Ontario, Canada (Geol.

Survey Canada)
Johnson, J. G., Corvallis, Ore. (Oregon State

Univ.)
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Jope, Margaret, Belfast, N. Ireland (Queen's Univ.
of Belfast)

·Karklins, O. L., Washington, D.C. (U.S. Geol.
Survey)

Kauffman, E. G., Washington, D.C. (Smithsonian
Inst.)

Keen, A. Myra, Stanford, Calif. (Stanford Univ.)
Kesling, R. V., Ann Arbor, Mich. (Univ. Michigan)
Kier, P. M., Washington, D.C. (Smithsonian Inst.)
Knight, J. B. (deceased)

·Kullmann, Jurgen, Tubingen, W.Germany (Univ.
Tubingen)

Kummel, Bernhard, Cambridge, Mass. (Harvard
Univ.)

Lane, N. G., Los Angeles, Calif. (Univ. California)
La Rocque, Aurele, Columbus, Ohio (Ohio State

Univ.)
·Larwood, G. P., Durham, Eng. (Univ. Durham)
Laubenfels, M. W. de (deceased)
Lecompte, Marius (deceased)
Leonard, A. B., Lawrence, Kans. (Univ. Kansas)
Levinson, S. A., Houston, Tex. (Esso Prod. Re-

search Co.)
Lochman-Balk, Christina, Socorro, N. Mex. (New

Mexico Inst. Mining & Technology)
Loeblich, A. R., Jr., La Habra, Calif. (Chevron Oil

Field Research Co.)
Loeblich, A. R., III, Cambridge, Mass. (Harvard

Univ)
Lohman, K. E., Washington, D.C. (U.S. Geol.

Survey)
Lowenstam, H. A., Pasadena, Calif. (California

Inst. Technology)
Ludbrook, N. H., Adelaide, S. Australia (South

Australia Geol. Survey)
McAlester, A. L., New Haven, Conn. (Yale Univ.)
McCormick, Lavon, Lawrence, Kans. (Univ.

Kansas)
McLaren, D. J., Calgary, Alberta, Canada (Inst.

Sed. & Petrol. Geology)
Macurda, D. B., Ann Arbor, Mich. (Univ. Michi

gan)
Mandra, Y. T., San Francisco, Calif. (San Fran

cisco State College)
Manning, R. B., Washington, D.C. (Smithsonian

Inst.)
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EDITORIAL PREFACE

INTRODUCTION

The present volume is the second of a num
ber of revised editions of parts of the Trea
tise on Invertebrate Paleontology planned
for publication during the next several years,
directed and edited by CURT TEICHERT. The
first volume of the Treatise, Part G, was
published in 1953. Seven more parts fol
lowed in the 1950's. Experience has shown
that after a period of about 10 years, many
volumes or at least sections of volumes,
begin t~ decline in usefulness, ex.cept in
fields where progress in research IS slow.
The first revised edition was that of Part
V published in 1970. The description of
the phylum Archaeocyatha formed only a
small section (p. EI-E20) of the first Part
E. It was authored by V. J. OKULITCH and
published in 1955. When planning began
for a revised edition of Part E, Dr. OKU
LITCH, because of other pressing commit
ments, found it impossible to undertake
this task and Professor DOROTHY HILL ac
cepted the assignment. The increas:. in
volume from 20 pages in the first edItion
to 152 pages in this revision accurately r:
flects the increase in knowledge of thIS
group in the intervening period.

In general, style and format of the re
vised editions and supplements conform
with those of earlier Treatise volumes.
Much of the contents represents the results
of new research by many paleontologists.

The general Editorial Preface prepared
by R. C. MOORE which has been reprinted,
with modifications, in all parts of the Tr~a

tise is included here because it also applIes
to revised editions.

The aim of the Treatise on Invertebrate
Paleontology, as originally conceived and
consistently pursued, is to present the most
comprehensive and authoritative, ye~ co~

pact statement of knowledge concermng m
vertebrate fossil groups that can be forn:u
lated by collaboration of competent specIal
ists in seeking to organize what h~s be.en
learned of this subject up to the mId-pomt
of the present century. Such work has value
in providing a most usefu~ sUl?mary. of th:
collective results of multItudmous mvestI
gations and thus constitutes an indispensable
text and reference book for all persons
who wish to know about remains of in-
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vertebrate organisms preserved in rocks
of the earth's crust. This applies to neo
zoologists as well as paleo~oologists and to
beginners in study of foss tis as well as to
thoroughly trained, long-experienced pr~

fessional workers, including teachers, strati
graphical geologists, and .in~ividuals en
gaged in research on fOSSIl mvertebrat:s.
The making of a reasonably complete m
ventory of present knowledge of inverte
brate paleontology is yielding needed foun
dation for future research.

The Treatise is divided into parts which
bear index letters, each except the initial
and concluding ones being defined to in
clude designated groups of invertebrates.
The chief purpose of this arrangement is to
provide for independence of the several
parts as regards date of pu?lication,.be~ause
it is judged desirable to print and dIstrIbute
each segment as soon as possible after it is
ready for press. Pages in each part bear the
assigned index letter joine? with nun;bers
beginning with 1 and runnIng consecutively
to the end of the part. .

The outline of subjects to be treated .m
connection with each large group of m
vertebrates includes (1) description of mor
phological features, with special reference
to hard parts, (2) ontogeny, (3) classifica
tion, (4) geological distribution, (5) evolu
tionary trends and phylogeny, (6) paleo
ecology, and (7) systematic description ~f

genera, subgenera, and higher taXO?OmIC
units. A selected list of references IS fur
nished in each part of the Treatise. .

Features of style in the taxonomIC por
tions of this work have been fixed by the
editors with aid furnished by advice from
representatives of the societies which have
undertaken to sponsor the Treatise. It is the
editors' responsibility to consult ,,:ith au
thors and coordinate their work, seemg that
manuscript properly incorporates features of
adopted style. Especially they are called
on to formulate policies in respect to many
questions of nomenclature and ~rocedure.

The subject of family and subfa~lIly na~es

is reviewed briefly in a followmg sectIOn
of this preface, and features of Tr~atise

style in generic descriptions are explame?
A generous grant of $35,000 was made.m

1948 by the Geological Society of Amenca
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for initial work in preparing Treatise illus
trations. Additional grants were made by
The Geological Society of America in 1971
($6,200) and 1972 ($6,000). Administra
tion of expenditures has been in charge of
the editors and most of the work by photog
raphers and artists has been done under their
direction at the University of Kansas, but
sizable parts of this program have also been
carried forward in Washington, London,
Ottawa, and many other places.

In December, 1959, the National Science
Foundation of the United States, through
its Division of Biological and Medical Sci
ences and the Program Director for Sys
tematic Biology, made a grant in the amount
of $210,000 for the purpose of aiding the
completion of yet-unpublished volumes of
the Treatise. Payment of this sum was pro
vided to be made in installments distributed
over a five-year period, with administration
of disbursements handled by the University
of Kansas. An additional grant (No. GB
4544) of $102,800 was made by the National
Science Foundation in January, 1966, for
the two-year period 1966-67, and this was
extended for the calendar year 1968 by pay
ment of $25,700 in October, 1967. This
grant was extended further by payments
of $57,800 in 1968 for calendar year 1969,
and $66,600 each for calendar years 1970-71
(Grant Nos. GB8345, GB18390, GB27274).
These funds are used primarily to maintain
editorial operations at the University of
Kansas and to provide assistance to authors
needed in preparation of manuscripts and
illustrations. Grateful acknowledgment to
the Foundation is expressed on behalf of the
societies sponsoring the Treatise, the Uni
versity of Kansas, and innumerable indi
viduals benefited by the Treatise project.

ZOOLOGICAL NAMES

Many questions arise in connection with
zoological names, especially including those
that relate to their acceptability and to alter
ations of some which may be allowed or de
manded. Procedure in obtaining answers
to these questions is guided and to a large
extent governed by regulations published
(1961) in the International Code of Zoolog
ical Nomenclature (hereinafter cited simply
as the Code). The prime object of the
Code is to promote stability and univer
sality in the scientific names of animals,
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ensuring also that each name is distinct
and unique while avoiding restrictions on
freedom of taxonomic thought or action.
Priority is a basic principle, but under speci
fied conditions its application can be modi
fied. This is all well and good, yet nomen
clatural tasks confronting the zoological
taxonomist are formidable. They warrant
the complaint of some that zoology, includ
ing paleozoology, is the study of animals
rather than of names applied to them.

Several ensuing pages are devoted to
aspects of zoological nomenclature that are
judged to have chief importance in rela
tion to procedures adopted in the Treatise.
Terminology is explained, and examples of
style employed in the nomenclatural parts
of systematic descriptions are given.

TAXA GROUPS
Each taxonomic unit (taxon, pl., taxa)

of the animal and protistan kingdoms be
longs to a rank in the adopted hierarchy
of classificatory divisions. In part, this
hierarchy is defined by the Code to include
a species-group of taxa, a genus-group,
and a family-group. Units of lower rank
than subspecies are excluded from zoolog
ical nomenclature and those higher than
superfamily of the family-group are not reg
ulated by the Code. It is natural and con
venient to discuss nomenclatural matters in
general terms first and then to consider each
of the taxa groups separately. Especially im
portant is the provision that within each
taxa group classificatory units are coordinate
(equal in rank), whereas units of different
taxa groups are not coordinate.

FORMS OF NAMES
All zoological names are divisible into

groups based on their form (spelling).
The first-published form (or forms) of a
name is defined as original spelling (Code,
Art. 32) and any later-published form (or
forms) of the same name is designated as
subsequent spelling (Art. 33). Obviously,
original and subsequent spellings of a given
name mayor may not be identical and this
affects consideration of their correctness.
Further, examination of original spellings
of names shows that by no means all can
be distinguished as correct. Some are in
correct, and the same is true of subsequent
spellings.
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Original Spellings

If the first-published form of a name is
consistent and unambiguous, being identi
~al wherever it appears, the original spelling
IS defined as correct unless it contravenes
some stipulation of the Code (Arts. 26-31),
unless the original publication contains clear
evidence of an inadvertent error, in the
sense of the Code, or among names belong
ing to the family-group, unless correction of
the termination or the stem of the type
genus is required. An unambiguous origi
nal spelling that fails to meet these require
ments is defined as incorrect.

If a name is spelled in more than one
way in the original publication, the form
adopted by the first reviser is accepted as
the correct original spelling, provided that
it complies with mandatory stipulations of
the Code (Arts. 26-31), including its provi
sion for automatic emendations of minor
sort.

Incorrect original spellings are any that
fail to satisfy requirements of the Code, or
that represent an inadvertent error, or that
are one of multiple original spellings not
adopted by a first reviser. These have no
separate status in zoological nomenclature
and therefore cannot enter into homonymy
or be used as replacement names. They call
for correction wherever found. For ex
ample, a name originally published with a
diacritic mark, apostrophe, diaeresis, or
hyphen requires correction by deleting such
features and uniting parts of the name
originally separated by them, except that
deletion of an umlaut from a vowel is ac
companied by inserting "e" after the vowel.

Subsequent Spellings

If a name classed as a subsequent spelling
is identical with an original spelling, it is
distinguishable as correct or incorrect on
the same criteria that apply to the original
spelling. This means that a subsequent
spelling identical with a correct original
spelling is also correct, and one identical
~ith an incorrect original spelling is also
mcorrect. In the latter case, both original
and subsequent spellings require correction
wherever found (authorship and date of
the original incorrect spelling being re
tained).

If a subsequent spelling differs from an
original spelling in any way, even by the
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omission, addition, or alteration of a single
letter, the subsequent spelling must be de
fined as a different name (except that such
c~anges ~s altered terminations of adjec
tIval specific names to obtain agreement in
gen~er with associated generic names, of
family-group names to denote assigned tax
onomi~ ra?~, and corrections for originally
used diaCrItic marks, hyphens, and the like
ar: excluded from spelling changes con
ceived to produce a different name). In
certain cases species-group names having
variable spellings are regarded as homonyms
as specified in Art. 58 of the Code.

Altered subsequent spellings other than
the exceptions noted may be either inten
~ional. or unintentional. If demonstrably
mtentIonal, the change is designated as an
emendation. Emendations are divisible into
those classed as justifiable and those com
prising all others classed as unjustifiable.
Justifiable emendations are corrections of
incorrect original spellings, and these take
the authorship and date of the original spell
ings. Unjustifiable emendations are names
having their own status in nomenclature
with author and date of their publication;
they are junior objective synonyms of the
name in its original form.

Subsequent spellings that differ in any
way from original spellings, other than pre
viously noted exceptions, and that are not
classifiable as emendations are defined as
incorrect subsequent spellings. They have
no status in nomenclature, do not enter into
homonymy, and cannot be used as replace
ment names.

AVAILABLE AND UNAVAILABLE
NAMES

Available Names
An available zoological name is any that

conforms to all mandatory provisions of
the Code. Such names are classifiable in
groups which are usefully recognized in
the Treatise, though not explicitly differ
entiated in the Code. They are as follows:

l) So-called "inviolate names" include
all available names that are not subject to
any sort of alteration from their originally
published form. They comprise correct
original spellings and commonly include
correct subsequent spellings, but include
no names classed as emendations. Here be
long most genus-group names (including
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those for collective groups), some of which
differ in spelling from others by only a
single letter.

2) Names may be termed "perfect
names" if, as originally published (with or
without duplication by subsequent authors),
they meet all mandatory requirements,
needing no correction of any kind, but
nevertheless are legally alterable in such
ways as changing the termination (e.g.,
many species-group names, family-group
names). This group does not include
emended incorrect original spellings (e.g.,
Oepikina, replacement of Opikina).

3) "Imperfect names" are available
names that as originally published (with or
without duplication by subsequent authors)
contain mandatorily emendable defects. In
correct original spellings are imperfect
names. Examples of emended imperfect
names are: among species-group names,
guerini (not Guerini) , obrienae (not
O'Brienae), terranovae (not terra-novae),
nunezi (not Nuiiezi) , Spironema rectum
(not Spironema recta, because generic name
is neuter, not feminine); among genus
group names, Broeggeria (not Broggeria) ,
Obrienia (not O'Brienia), Maccookites (not
McCookites; among family-group names,
Oepikidae (not Opikidae), Spironemati
dae (not Spironemidae, incorrect stem),
Athyrididae (not Athyridae, incorrect
stem). The use of "variety'" for named divi
sions of fossil species, according to common
practice of some paleontologists, gives rise
to imperfect names, which generally are
emendable (Code, Art. 45e) by omitting
this term so as to indicate the status of this
taxon as a subspecies.

4) "Vain names" are available names
consisting of unjustified intentional emenda
tions of previously published names. The
emendations are unjustified because they
are not demonstrable as corrections of in
correct original spellings as defined by the
Code (Art. 32,c). Vain names have status
in nomenclature under their own author
ship and date. They constitute junior ob
jective synonyms of names in their original
form. Examples are: among species-group
names, geneae (published as replacement of
original unexplained masculine, geni, which
now is not alterable), ohioae (invalid change
from original ohioensis); among genus
group names, Graphiodactylus (invalid

change from original Graphiadactyllis);
among family-group names, Graphiodactyli
dae (based on junior objective synonym
having invalid vain name).

5) An important group of available
zoological names can be distinguished as
"transferred names." These comprise au
thorized sorts of altered names in which
the change depends on transfer from one
taxonomic rank to another, or possibly on
transfers in taxonomic assignment of sub
genera, species, or subspecies. Most com
monly the transfer calls for a change in
termination of the name so as to comply
with stipulations of the Code on endings
of family-group taxa and agreement in
gender of specific names with associated
generic names. Transferred names may be
derived from any of the preceding groups
except the first. Examples are: among spe
cies-group names, Spirifer ambiguus
(masc.) to Composita ambigua (fem.),
Neochonetes transversalis to N. granulifer
transversalis or vice versa; among genus
group names, Schizoculina to Oculina
(Schizoculina) or vice versa; among family
group names, Orthidae to Orthinae or vice
versa, or superfamily Orthacea derived
from Orthidae or Orthinae; among supra
familial taxa (not governed by the Code),
order Orthida to suborder Orthina or vice
versa. The authorship and date of trans
ferred names are not affected by the trans
fers, but the author responsible for the
transfer and the date of his action may ap
propriately be recorded in such works as
the Treatise.

6) Improved or "corrected names" in
clude both mandatory and allowable emend
ations of imperfect names and of suprafam
ilial names, which are not subject to regu
lation as to name form. Examples of cor
rected imperfect names are given with the
discussion of group 3. Change from the
originally published ordinal name Endo
ceroidea (TEICHERT, 1933) to the presently
recognized Endocerida illustrates a "cor
rected" suprafamilial name. Group 6 names
differ from those in group 5 in not being
dependent on transfers in taxonomic rank
or assignment, but some names are classi
fiable in both groups.

7) "Substitute names" are available
names expressly proposed as replacements
for invalid zoological names, such as junior
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homonyms. These may be classifiable also
as belonging in groups 1,2, or 3. The glos
sary appended to the Code refers to these
as "new names" (nomina nova) but they
are better designated as substitute names,
since their newness is temporary and rela
tive. The first-published substitute name
that complies with the definition here given
takes precedence over any other. An ex
ample is Marieita LOEBLICH & TAPPAN, 1964,
as substitute for Reichelina MARIE, 1955
(non ERK, 1942).

8) "Conserved names" include a rela
tively small number of species-group,
genus-group, and family-group names
which have come to be classed as available
and valid by action of the International
Commission on Zoological Nomenclature
exercising its plenary powers to this end or
ruling to conserve a junior synonym in place
of a rejected "forgotten" name (nomen ob
litum) (Art. 23,b). Currently, such names
are entered on appropriate "Official Lists,"
which are published from time to time.

It is useful for convenience and brevity
of distinction in recording these groups of
available zoological names to employ Latin
designations in the pattern of nomen nudum
(abbr., nom. nud.) and others. Thus we
recognize the preceding numbered groups
as follows: 1) nomina inviolata (sing.,
nomen inviolatum, abbr., nom. inviol.), 2)
nomina perfecta (nomen perfectum, nom.
perf.), 3) nomina imperfecta (nomen im
perfectum, nom. imperf·) , 4) nomina vana
(nomen vanum, nom. van.), 5) nomina
translata (nomen translatum, nom. transl.) ,
6) nomina correcta (nomen correctum, nom.
correct.), 7) nomina substituta (nomen sub
stitutum, nom. subst') , 8) nomina conser
vata (nomen conservatum, nom. conserv.).

Additional to the groups differentiated
above, the Code (Art. 17) specifies that a
zoological name is not prevented from
availability a) by becoming a junior syn
onym, for under various conditions this
may be re-employed, b) for a species-group
name by finding that original description of
the taxon relates to more than a single
taxonomic entity or to parts of animals be
longing to two or more such entities, c) for
species-group names by determining that it
first was combined with an invalid or un
available genus-group name, d) by being
based only on part of an animal, sex of a

species, ontogenetic stage, or one form of a
polymorphic species, e) by being originally
proposed for an organism not considered to
be an animal but now so regarded, f) by in
correct original spelling which is correctable
under the Code, g) by anonymous publica
tion before 1951, h) by conditional proposal
before 1961, i) by designation as a variety
or form before 1961, j) by concluding that
a name is inappropriate (Art. 18), or k)
for a specific name by observing that it is
tautonymous (Art. 18).

It is worthy of mention that names pub
lished for collective groups (see later dis
cussion under "Genus-Group Names") are
authorized by the Code (Art. 42c) for use
in zoological nomenclature and therefore
may be construed to be available names
which are treated for convenience exactly
as if they were generic names.

Unavailable Names

All zoological names which fail to com
ply with mandatory provisions of the Code
are unavailable names and have no status
in zoological nomenclature. None can be
used under authorship and date of their
original publication as a replacement name
(nom. subst') and none preoccupies for pur
poses of the Law of Homonymy. Names
identical in spelling with some, but not all,
unavailable names can be classed as avail
able if and when they are published in con
formance to stipulations of the Code and
they are then assigned authorship and take
date of the accepted publication. Different
groups of unavailable names can be dis
criminated as follows.

9) "Naked names" include all those that
fail to satisfy provisions stipulated in Article
11 of the Code, which states general re
quirements of availability. In addition they
include names, if published before 1931,
that were unaccompanied by a description,
definition, or indication (Arts. 12, 16), as
well as names published after 1930 that
lacked accompanying statement of charac
ters purporting to serve for differentiation
of the taxon, or definite bibliographic ref
erence to such a statement, or that were not
proposed expressly as replacement (nom.
subst.) of a pre-existing available name
(Art. 13,a) or that were unaccompanied by
definite fixation of a type species by original
designation or indication (Art. 13,b). Ex-
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amples of "naked names" are: among spe
cies-group taxa, Valvulina mixta PARKER &
JONES, 1865 (=Cribrobulimina mixta CUSH
MAN, 1927, available and valid); among ge
nus-group taxa, Orbitolinopsis SILVESTRI,
1932 (=Orbitolinopsis HENSON, 1948, avail
able but classed as invalid junior synonym of
Orbitolina D'ORBIGNY, 1850); among family
group taxa, Aequilateralidae D'ORBIGNY,
1846 (lacking type-genus), Helicostegues
D'ORBIGNY, 1826 (vernacular not latinized
by later authors, Art. II,e,iii), Poteriocrini
dae AUSTIN & AUSTIN, 1843 (=fam. Poterio
crinoidea AUSTIN & AUSTIN, 1842) (neither
1843 or 1842 names complying with Art.
11,e, which states that "a family-group
name must, when first published, be based
on the name then valid for a contained
genus," such valid name in the case of this
family being Poteriocrinites MILLER, 1821).

10) "Denied names" include all those that
are defined by the Code (Art. 32,c) as in
correct original spellings. Examples are:
Specific names, nova-zelandica, miilleri,
lO-brachiatus; generic names, M'Coyia, StfJr
merella, Romerina, Westgardia; family
name, Ruzickinidae. Uncorrected "im
perfect names" are "denied names" and un
available, whereas corrected "imperfect
names" are available.

11) "Impermissible names" include all
those employed for alleged genus-group
taxa other than genus and subgenus (Art.
42,a) (e.g., supraspecific divisions of sub
genera), and all those published after 1930
that are unaccompanied by definite fixa
tion of a type species (Art. 13,b). Examples
of impermissible names are: Martellispirifer
GATINAUD, 1949, and Mirtellispirifer GATI
NAUD, 1949, indicated respectively as a sec
tion and subsection of the subgenus Cyrto
spirifer; Fusarchaias REICHEL, 1949, with
out definitely fixed type species (=Fusarch
aias REICHEL, 1952, with F. bermudezi des
ignated as type species).

12) "Null names" include all those that
are defined by the Code (Art. 33,b) as in
correct subsequent spellings, which are any
changes of original spelling not demon
strably intentional. Such names are found
in all ranks of taxa.

13) "Forgotten names" are defined (Art.
23,b) as senior synonyms that have re
mained unused in primary zoological lit-

erature for more than 50 years. Such names
are not to be used unless so directed by
ICZN.

Latin designations for the discussed
groups of unavailable zoological names are
as follows: 9) nomina nuda (sing., nomen
nudum, abbr., nom. nud.), 10) nomina
negata (nomen negatum, nom. neg.), 11)
nomina vetita (nomen vetitum, nom. vet.),
12) nomina nulla (nomen nullum, nom.
null.), 13) nomina oblita (nomen oblitum,
nom.oblit').

VALID AND INVALID NAMES
Important distinctions relate to valid and

available names, on one hand, and to in
valid and unavailable names, on the other.
Whereas determination of availability is
based entirely on objective considerations
guided by Articles of the Code, conclusions
as to validity of zoological names partly may
be subjective. A valid name is the correct
one for a given taxon, which may have two
or more available names but only a single
correct name, generally the oldest. Obvious
ly, no valid name can also be an unavailable
name, but invalid names may include both
available and unavailable names. Any name
for a given taxon other than the valid name
is an invalid name.

A sort of nomenclatorial no-man's-land
is encountered in considering the status of
some zoological names, such as "doubtful
names," "names under inquiry," and "for
gotten names." Latin designations of these
are nomina dubia, nomina inquirenda, and
nomina oblita, respectively. Each of these
groups may include both available and un
available names, but the latter can well be
ignored. Names considered to possess avail
ability conduce to uncertainty and instabil
ity, which ordinarily can be removed only
by appealed action of ICZN. Because few
zoologists care to bother in seeking such
remedy, the "wastebasket" names persist.

SUMMARY OF NAME GROUPS
Partly because only in such publications

as the Treatise is special attention to groups
of zoological names called for and partly
because new designations are now intro
duced as means of recording distinctions
explicitly as well as compactly, a summary
may be useful. In the following tabulation
valid groups of names are indicated in bold-

XVll

© 2009 University of Kansas Paleontological Institute



face type, whereas invalid ones are printed
in italics.

DEFINITIONS OF NAME GROUPS

nomen conservatum (nom. conserv.). Name un·
acceptable under regulations of the Code which
is made valid, either with original or altered spell·
ing, through procedures specified by the Code or
by action of ICZN exercising its plenary powers.

nomen correctum (nom. correct.). Name with in
tentionally altered spelling of sort required or
allowable by the Code but not dependent on trans·
fer from one taxonomic rank to another ("im.
proved name"). (See Code, Arts. 26-b, 27, 29,
30'a-3, 31, 32-c-i, 33-a; in addition change of
endings for suprafamilial taxa not regulated by
the Code.)

nomen imperfectum (nom. imperf.). Name that as
originally published (with or without subsequent
identical spelling) meets all mandatory require·
ments of the Code but contains defect needing
correction ("imperfect name"). (See Code, Arts.
26-b, 27, 29, 32-c, 33-a.)

nomen inviolatum (nom. invio!.). Name that as
originally published meets all mandatory require
ments of the Code and also is not correctable or
alterable in any way ("inviolate name").

nomen negatum (nom. neg.). Name that as orig
inally published (with or without subsequent
identical spelling) constitutes invalid original spell
ing, and although possibly meeting all other man
datory requirements of the Code, cannot be used
and has no separate status in nomenclature ("de
nied name"). It is to be corrected wherever found.

nomen nudum (nom. nud.). Name that as origin
ally published (with or without subsequent iden
tical spelling) fails to meet mandatory require
ments of the Code and having no status in
nomenclature, is not correctable to establish orig
inal authorship and date ("naked name").

nomen nullum (nom. null.). Name consisting of
an unintentional alteration in form (spelling) of
a previously published name (either available
name, as nom. inviol., nom. perf., nom imperf.,
nom. transl.; or unavailable name, as nom. neg.,
nom. nud., nom. van., or another nom. null.)
("null name").

nomen oblitum (nom. oblit.). Name of senior
synonym unused in primary zoological literature
in more than 50 years, not to be used unless so
directed by ICZN ("forgotten name").

nomen perfectum (nom. perf.). Name that as
originally published meets all mandatory require
ments of the Code and needs no correction of any
kind but which nevertheless is validly alterable by
change of ending ("perfect name").

nomen substitutum (nom. subst.). Replacement
name published as substitute for an invalid name,
such as a junior homonym (equivalent to "new
name").

nomen translatum (nom. trans!.). Name that is de·
rived by valid emendation of a previously pub
lished name as result of transfer from one taxo
nomic rank to another within the group to which
it belongs ("transferred name").

nomen vanum (nom. van.). Name consisting of an
invalid intentional change in form (spelling) from
a previously published name, such invalid emenda-

tion having status in nomenclature as a junior
objective synonym ("vain name").

nomen vetitum (nom. vet.). Name of genus·group
taxon not authorized by the Code or, if first pub
lished after 1930, without definitely fixed type
species ("impermissible name").

Except as specified otherwise, zoological
names accepted in the Treatise may be
understood to be classifiable either as nom
ina inviolata or nomina perfecta (omitting
from notice nomina correcta among specific
names) and these are not discriminated.
Names which are not accepted for one
reason or another include junior homo
nyms, senior synonyms classifiable as nom
ina negata or nomina nuda, and numerous
junior synonyms which include both objec
tive (nomina vana) and subjective types;
rejected names are classified as completely
as possible.

NAME CHANGES IN RELAnON
TO TAXA GROUPS

SPECIES-GROUP NAMES

Detailed consideration of valid emenda
tion of specific and subspecific names is
unnecessary here because it is well under
stood and relatively inconsequential. When
the form of adjectival specific names is
changed to obtain agreement with the
gender of a generic name in transferring a
species from one genus to another, it is
never needful to label the changed name
as a nom. transl. Likewise, transliteration of
a letter accompanied by a diacritical mark
in manner now called for by the Code (as
in changing originally published broggeri
to broeggeri) or elimination of a hyphen
(as in changing originally published cornu
oryx to cornuoryx) does not require "nom.
correct." with it.

GENUS-GROUP NAMES

SO rare are conditions warranting change
of the originally published valid form of
generic and subgeneric names that lengthy
discussion may be omitted. Only elimi
nation of diacritical marks of some names
in this category seems to furnish basis for
valid emendation. It is true that many
changes of generic and subgeneric names
have been published, but virtually all of
these are either nomina vana or nomina
nulla. Various names which formerly were
classed as homonyms are not now, for two
names that differ only by a single letter (or
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in original publication by presence or ab
sence of a diacritical mark) are construed
to be entirely distinct.

Examples in use of classificatory designa
tions for genus-group names as previously
given are the following, which also illus
trate designation of type species as explained
later.
Kurnatiophyllum THOMPSON, 1875 [OK. concentri·
cum; SD GREGORY, 1917] [=Kumatiophyllum
THOMPSON, 1876 (nom. null.); Cymatophyllum
THOMPSON, 1901 (nom. van.); Cymatiophyllum
LANG, SMITH & THOMAS, 1940 (nom. van.)].

Stichophyma POMEL, 1872 [OManon turbinatum
ROMER, 1841; SD RAUFF, 1893] [=Stychophyma
VOSMAER, 1885 (nom. null.); Sticophyma MORET,
1924 (nom. null.)].

Stratophyllum SMYTH, 1933 [OS. tenue] [=Eth
moplax SMYTH, 1939 (nom. van. pro Stratophyl·
lum); Stratiphyllum LANG, SMITH & THOMAS,
1940 (nom. van. pro Stratophyllum SMYTH) (non
Stratiphyllum SCHEFFEN, 1933)].

Placotelia OPPLIGER, 1907 [0Porostoma marconi
FROMENTEL, 1859; SD DELAUBENFELS, 1955]
[=Plakotelia OPPLIGER, 1907 (nom. neg.)].

Walcottella DELAUBENFELS, 1955 [nom. subst., pro
Rhopalicus SCHRAMM, 1936 (non FORSTER, 1856)].

Cyrtograptus CARRUTHERS, 1867 [nom. correct.
LAPWORTH, 1873 (pro Cyrtograpsus CARRUTHERS,
(1867), nom. conserv. proposed BULMAN, 1955
(ICZN 1963, p. 105, Opinion 650)].

FAMILY·GROUP NAMES; USE OF "NOM.
TRANSL."

The Code specifies the endings only for
subfamily (-inae) and family (-idae) but all
family-group taxa are defined as coordinate,
signifying that for purposes of priority a
name published for a taxon in any category
and based on a particular type genus shall
date from its original publication for a taxon
in any category, retaining this priority (and
authorship) when the taxon is treated as
belonging to a lower or higher category.
By exclusion of -inae and -idae, respectively
reserved for subfamily and family, the end
ings of names used for tribes and super
families must be unspecified different letter
combinations. These, if introduced subse
quent to designation of a subfamily or fam
ily based on the same nominate genus, are
nomina translata, as is also a subfamily
that is elevated to family rank or a family
reduced to subfamily rank. In the Treatise
it is desirable to distinguish the valid
alteration comprised in the changed end-

ing of each transferred family-group name
by the abbreviation "nom. transl." and
record of the author and date belonging to
this alteration. This is particularly im
portant in the case of superfamilies, for it
is the author who introduced this taxon
that one wishes to know about rather than
the author of the superfamily as defined by
the Code, for the latter is merely the
individual who first defined some lower
rank family-group taxon that contains the
nominate genus of the superfamily. The
publication of the author containing intro
duction of the superfamily nomen trans
latum is likely to furnish the information
on taxonomic considerations that support
definition of the unit.

Examples of the use of "nom. transl."
are the following.

Subfamily STYLININAE d'Orbigny, 1851
[nom. transl. EDWARDS & HAIME, 1857 (ex Stylinidae

D'ORBIGNY, 1851))

Superfamily ARCHAEOCTONOIDEA
Petrunkevitch, 1949

[nom. transl. PETRUNKEVITCH. 1955 (ex Archaeoctonidae
PETRUNKEVITCH, 1949)]

Superfamily CRI0CERATITACEAE Hyatt, 1900
[nom. transl. WRIGHT, 1952 (ex Crioceratitidae HYATT, 1900)]

FAMILY·GROUP NAMES; USE OF "NOM.
CORRECT."

Valid name changes classed as nomina
correcta do not depend on transfer from
one category of family-group units to anoth·
er but most commonly involve correction of
the stem of the nominate genus; in addition,
they include somewhat arbitrarily chosen
modification of ending for names of tribe
or superfamily. Examples of the use of
"nom. correct." are the following.

Family STREPTELASMATIDAE Nicholson, 1889
[nom. correct. WEDEKIND, 1927 (pro Streptdasmidae

NICHOLSON, 1889, nom. imperl.)]

Family PALAEOSCORPIIDAE Lehmann, 1944
[nom. correct. PETRUNKEVITCH, 1955 (pro Palaeoscorpionidae

LEHMANN, 1944, nom. imper!.)]

Family AGLASPIDIDAE Miller, 1877
[nom. correct. ST~RMER. 1959 (pro Aglaspidae MILLER, 1877,

nom. imper!.)]

Superfamily AGARICIICAE Gray, 1847
[nom. correct. WELLS, 1956 (pro Agaricioidae VAUGHAN &
WELLS, 1943, nom. transl. WELLS, 1956, ex Agaricidae GRAY t

1847) ]

FAMILY·GROUP NAMES; USE OF "NOM.
CONSERV:'

It may happen that long-used family
group names are invalid under strict appli.
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cation of the Code. In order to retain the
otherwise invalid name, appeal to ICZN is
needful. An example of use of nom. conserv.
in this connection, as cited in the Treatise,
is the following.

Subfamily OMPHALOTROPIDINAE Thiele, 1927
[nom. conserv., ICZN (pending)] [=Realiinae PFEIFFER,

1858, nom. correct., KOBELT, 1906 (ex Realiea PFEIFFER,

1858) 1

FAMILY-GROUP NAMES; REPLACEMENTS

Family-group names are formed by
adding letter combinations (prescribed for
family and subfamily but not now for
others) to the stem of the name belonging
to genus (nominate genus) first chosen as
type of the assemblage. The type genus
need not be the oldest in terms of receiving
its name and definition, but it must be the
first-published as name-giver to a family
group taxon among all those included. Once
fixed, the family-group name remains tied
to the nominate genus even if its name is
changed by reason of status as a junior
homonym or junior synonym, either objec
tive or subjective. Seemingly, the Code
(Art. 39) requires replacement of a family
group name only in the event that the nom
inate genus is found to be a junior hom
onym, and then a substitute family-group
name is accepted if it is formed from the
oldest available substitute name for the
nominate genus. Authorship and date at
tributed to the replacement family-group
name are determined by first publication of
the changed family group-name, but for
purposes of the Law of Priority, they take
the date of the replaced name. Numerous
long-used family-group names are incorrect
in being nomina nuda, since they fail to
satisfy criteria of availability (Art. 11 ,e).
These also demand replacement by valid
names.

The aim of family-group nomenclature is
greatest possible stability and uniformity,
just as in case of other zoological names.
Experience indicates the wisdom of sus
taining family-group names based on junior
subjective synonyms if they have priority of
publication, for opinions of different work
ers as to the synonymy of generic names
founded on different type species may not
agree and opinions of the same worker may
alter from time to time. The retention sim
ilarly of first-published family-group names
which are found to be based on junior ob-

jective synonyms is less clearly desirable,
especially if a replacement name derived
from the senior objective synonym has been
recognized very long and widely. To dis
place a much-used family-group name based
on the senior objective synonym by disin
terring a forgotten and virtually unused
family-group name based on a junior objec
tive synonym because the latter happens to
have priority of publication is unsettling.

Replacement of a family-group name may
be needed if the former nominate genus is
transferred to another family-group. Then
the first-published name-giver of a family
group assemblage in the remnant taxon is
to be recognized in forming a replacement
name.

FAMILY-GROUP NAMES; AUTHORSHIP
AND DATE

All family-group taxa having names
based on the same type genus are attributed
to the author who first published the name
for any of these assemblages, whether tribe,
subfamily, or family (superfamily being al
most inevitably a later-conceived taxon).
Accordingly, if a family is divided into
subfamilies or a subfamily into tribes, the
name of no such subfamily or tribe can
antedate the family name. Also, every fam
ily containing differentiated subfamilies
must have a nominate (sensu stricto) sub
family, which is based on the same type
genus as that for the family, and the author
and date set down for the nominate sub
family invariably are identical with those
of the family, without reference to whether
the author of the family or some subsequent
author introduced subdivisions.

Changes in the form of family-group
names of the sort constituting nomina cor
recta, as previously discussed, do not affect
authorship and date of the taxon concerned,
but in publications such as the Treatise it is
desirable to record the authorship and date
of the correction.

SUPRAFAMILIAL TAXA

International rules of zoological nomen
clature as given in the Code (1961) are
limited to stipulations affecting lower-rank
categories (infrasubspecies to superfamily).
Suprafamilial categories (suborder to phy
lum) are either unmentioned or explicitly
placed outside of the application of zoolog
ical rules. The Copenhagen Decisions on

xx

© 2009 University of Kansas Paleontological Institute



Zoological Nomenclature (1953, Arts. 59
69) proposed to adopt rules for naming sub
orders and higher taxonomic divisions up to
and including phylum, with provision for
designating a type genus for each, hopefully
in such manner as not to interfere with the
taxonomic freedom of workers. Procedures
for applying the Law of Priority and Law
of Homonymy to suprafamilial taxa were
outlined and for dealing with the names for
such units and their authorship, with as
signed dates, when they should be trans
ferred on taxonomic grounds from one rank
to another. The adoption of terminations
of names, different for each category but
uniform within each, was recommended.

The Colloquium on zoological nomen
clature which met in London during the
week just before the XVth International
Congress of Zoology convened in 1958
thoroughly discussed the proposals for reg
ulating suprafamilial nomenclature, as well
as many others advocated for inclusion in
the new Code or recommended for exclu
sion from it. A decision which was sup
ported by a wide majority of the partici
pants in the Colloquium was against the
establishment of rules for naming taxa
above family-group rank, mainly because it
was judged that such regulation would un
wisely tie the hands of taxonomists. For
example, if a class or order was defined by
some author at a given date, using chosen
morphologic characters (e.g., gills of pele
cypods), this should not be allowed to
freeze nomenclature, taking precedence
over another later-proposed class or order
distinguished by different characters (e.g.,
hinge-teeth of pelecypods). Even the fixing
of type genera for suprafamilial taxa might
have small value, if any, hindering taxo
nomic work rather than aiding it. At all
events, no legal basis for establishing such
types and for naming these taxa has yet
been provided.

The considerations just stated do not pre
vent the editors of the Treatise from making
"rules" for dealing with suprafamilial
groups of animals described and illustrated
in this publication. At least a degree of
uniform policy is thought to be needed,
especially for the guidance of Treatise-con
tributing authors. This policy should ac
cord with recognized general practice
among zoologists, but where general prac-

tice is indeterminate or nonexistent our
own procedure in suprafamilial nomencla
ture needs to be specified as clearly as pos
sible. This pertains especially to decisions
about names themselves, about citation of
authors and dates, and about treatment of
suprafamilial taxa which on taxonomic
grounds are changed from their originally
assigned rank. Accordingly, a few "rules"
expressing Treatise policy are given here,
some with examples of their application.

1) The name of any suprafamilial taxon
must be a Latin or latinized uninominal
noun of plural form, or treated as such, a)
with a capital initial letter, b) without dia
critical mark, apostrophe, diaeresis, or hy
phen, and c) if a component consisting of a
numeral, numerical adjective, or adverb
is used, this must be written in full (e.g.,
Stethostomata, Trionychi, Septemchitonina,
Scorpiones, Subselliflorae). No uniformity
in choice of ending for taxa of a given rank
is demanded (e.g., orders named Gorgon
acea, Milleporina, Rugosa, Scleractinia,
Stromatoporoidea, Phalangida).

2) Names of suprafamilial taxa may be
constructed in almost any way, a) intended
to indicate morphological attributes (e.g.,
Lamellibranchiata, Cyclostomata, Toxo
glossa), b) based on the stem of an in
cluded genus (e.g., Bellerophontina, Nau
tilida, Fungiina), or c) arbitrary combina
tions of letters, (e.g., Yuania), but none of
these can be allowed to end in -idae or -inae,
reserved for family-group taxa. A class or
subclass (e.g., Nautiloidea), order (e.g.,
Nautilida), or suborder (e.g., Nautilina)
named from the stem of an included genus
may be presumed to have that genus (e.g.,
Nautilus) as its objective type. No supra
familial name identical in form to that of a
genus or to another published suprafamilial
name should be employed (e.g., order Deca
poda Latreille, 1803, crustaceans, and order
Decapoda Leach, 1818, cephalopods; sub
order Chonetoidea Muir-Wood, 1955, and
genus Chonetoidea Jones, 1928). Worthy of
notice is the classificatory and nomenclatural
distinction between suprafamilial and fam
ily-group taxa which respectively are
named from the same type genus, since one
is not considered to be transferable to the
other (e.g., suborder Bellerophontina Ul
rich & Scofield, 1897; superfamily Bellero
phontacea M'Coy, 1851; family Bellero-
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phontidae M'Coy, 1851). Family-group
names and suprafamilial names are not co
ordinate.

3) The Laws of Priority and Homony
my lack any force of international agree
ment as applied to suprafamilial names, yet
in the interest of nomenclatural stability
and the avoidance of confusion these laws
are widely applied by zoologists to taxa
above the family-group level wherever they
do not infringe on taxonomic freedom and
long-established usage.

4) Authors who accept priority as a
determinant in nomenclature of a supra
familial taxon may change its assigned rank
at will, with or without modifying the
terminal letters of the name, but such
change(s) cannot rationally be judged to
alter the authorship and date of the taxon
as published originally. a) A name revised
from its previously published rank is a
"transferred name" (nom. transl.), as illus
trated in the following.

Order CORYNEXOCHIDA Kobayashi, 1935
[nom. transl. MOORE, 1955 (ex suborder Corynexochida

KOBAYASHI, 1935) J

b) A name revised from its previously
published form merely by adoption of a
different termination, without changing
taxonomic rank, is an "altered name" (nom.
correct.). Examples follow.

Order DISPARIDA Moore & Laudon, 1943
[nom. correct. MOORE, 1952 (pro order Disparata MOORE &

LAUDON, 1943) 1

Suborder AGNOSTINA Salter, 1864
[nom. correct. HARRINGTON & LEANZA, 1957 (pro suborder

AgnoSlini SALTER, 1864)]

C) A suprafamilial name revised from its
previously published rank with accompany
ing change of termination (which mayor
may not be intended to signalize the change
of rank) is construed to be primarily a nom.
transl. (compare change of ending for fam
ily-group taxa -idae to -inae, or vice versa,
and to superfamily) but if desired it could
be recorded as nom. transl. et correct.

Order ORTHIDA Schuchert & Cooper, 1931
[nom. transl. MOORE, 1952 (ex suborder Orthoidea

SCHUCHERT & COOPER, 1931) 1

5) The authorship and date of nominate
subordinate and superordinate taxa among
suprafamilial taxa are considered in the
Treatise to be identical since each actually
or potentially has the same type. Examples
are given below.

Subclass ENDOCERATOIDEA Teichert, 1933
[nom. transl. TEICHERT, 1964 (ex superorder Endoceratoidea
SHIMANSKIY & ZHURAVLEVA, 1961, nom. transl. ex order

Endoceroidea TEICHERT, 1933)]

Order ENDOCERIDA Teichert, 1933
[nom. correct. TEICHERT, 1964 (pro order Endoceroidea

TEICHERT, 1933)]

Suborder ENDOCERINA Teichert, 1933
[nom. correct. TEICHERT, 1964 (pro suborder Endoceracea
SCHINDEWOLF, 1935, nom. transl. ~x order Endoceroidea

TEICHERT, 1933) 1

TAXONOMIC EMENDATION
Emendation has two measurably distinct

aspects as regards zoological nomenclature.
These embrace 1) alteration of a name
itself in various ways for various reasons,
as has been reviewed, and 2) alteration or
taxonomic scope or concept in application
of a given zoological name, whatever its
hierarchical rank. The latter type of emen
dation primarily concerns classification
and inherently is not associated with change
of name, whereas the other type introduces
change of name without necessary expan
sion, restriction, or other modification in
applying the name. Little attention gener
ally has been paid to this distinction in
spite of its significance.

Most zoologists, including paleozoologists,
who have signified emendation of zoolog
ical names refer to what they consider a
material change in application of the name
such as may be expressed by an importantly
altered diagnosis of the assemblage covered
by the name. The abbreviation "emend."
then may accompany the name, with state
ment of the author and date of the emenda
tion. On the other hand, a multitude of
workers concerned with systematic zoology
think that publication of "emend." with a
zoological name is valueless, because more
or less alteration of taxonomic sort is intro
duced whenever a subspecies, species, genus,
or other assemblage of animals is incorpor
ated under or removed from the coverage
of a given zoological name. Inevitably asso
ciated with such classificatory expansions
a.nd restrictions is some degree of emenda
tIOn affecting diagnosis. Granting this, still
it is true that now and then somewhat
radical revisions are put forward, generally
with published statement of reasons for
changing the application of a name. To
erect a signpost at such points of most sig
nificant change is worthwhile, both as aid
to subsequent workers in taking account of
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the altered nomenclatural usage and as indi
cation that not to-be-overlooked discussion
may be found at a particul~r p!ace in the
literature. Authors of contnbuuons to the
Treatise are encouraged to include records
of all specially noteworthy emendations of
this nature, using the abbreviation "emend."
with the name to which it refers and citing
the author and date of the emendation.

In Part G (Bryozoa) and Part 0 (Pro
tista 3) of the Treatise, the abbreviation
"emend." is employed to record various
sorts of name emendations, thus conflicting
with usage of "emend." for change in tax
onomic application of a name without
alteration of the name itself. This is objec
tionable. In Part E (Archaeocyatha, Por
ifera) and later-issued divisions of the
Treatise, use of "emend." is restricted to its
customary sense, that is, significant altera
tion in taxonomic scope of a name such as
calls for noteworthy modifications of a
diagnosis. Other means of designating
emendations that relate to form of a name
are introduced.

STYLE IN GENERIC DESCRIPTIONS

CITATION OF TYPE SPECIES

The name of the type species of each
genus and subgenus is given next follow~ng

the generic name with its accompanymg
author and date, or after entries needed for
definition of the name if it is involved in
homonymy. The originally published com
bination of generic and trivial names for
this species is cited, accompanied by an
asterisk (*), with notation of the author
and date of original publication. An excep
tion in this procedure is made, however, if
the species was first published in the same
paper and by the same author as tha~ co~

taining definition of the genus which It
serves as type; in such case, the initial l~t~er

of the generic name followed .by the trlVlal
name is given without repeatmg the name
of the author and date, for this saves needed
space. Examples of these two sorts of cita
tions are as follows:
DipIotrypa NICHOLSON, 1879 [*Favosites petropoli-
tanus PANDER, 1830].

Chainodictyon FOERSTE, 1887 [*C. laxum].

If the cited type species is a junior synonym
of some other species, the name of this
latter also is given, as follows:

Acervularia SCHWEIGGER, 1819 [*A. baltica
(=*Madrepora ananas LINNE, 1758)].

It is judged desirable to reco~d the man
ner of establishing the type speCies, whether
by original designation or by subsequent
designation.

Fixation of type species originally. The
type species of a genus or subgenus, accord
ing to provisions of the Code, may be fixed
in various ways originally (that is, in the
publication containing first proposal of the
generic name) or it may be fixed in speci
fied ways subsequent to the original publi
cation. Fixation of the type species of a
genus or subgenus in an original publica
tion is stipulated by the Code (Art. 68) in
order of precedence as 1) original designa
tion (in the Treatise indicated as 00)
when the type species is explicitly stated or
(before 1931) indicated by "n. gen., n. sp."
(or its equivalent) applied to a single species
included in a new genus, 2) defined by use
of typus or typicus for one of the species
included in a new genus (adequately indi
cated in the Treatise by the specific name),
3) established by monotypy if a new genus
or subgenus includes only one originally in
cluded species which is neither 00 nor
TYP (in the Treatise indicated as M), and
4) fixed by tautonymy if the genus-group
name is identical to an included species
name not indicated as type belonging to
one of the three preceding categories (indi
cated in the Treatise as T).

Fixation of type species subsequently. The
type species of many genera are not deter
minable from the publication in which the
generic name was introduced and therefore
such genera can acquire a type species only
by some manner of subsequent designation.
Most commonly this is established by pub
lishing a statement naming as type species
one of the species originally included in the
genus, and in the Treatise fix~tio.n of the
type species in this manner is mdlCated by
the letters "SO" accompanied by the name
of the subsequent author (who may be the
same person as the original author) an~ the
date of publishing the subsequent. deSigna
tion. Some genera, as first descnbed and
named included no mentioned species and
these ~ecessarily lack a type species until a
date subsequent to that of the original pub
lication when one or more species are as
signed to such a genus. If only a single
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species is thus assigned, it automatically be
comes the type species and in the Treatise
this subsequent monotypy is indicated by
the letters "SM." Of course, the first publi
cation containing assignment of species to
the genus which originally lacked any in
cluded species is the one concerned in fixa
tion of the type species, and if this named
two or more species as belonging to the genus
but did not designate a type species, then a
later "SD" designation is necessary. Ex
amples of the use of "SD" and "SM" as
employed in the Treatise follow.
Hexagonaria GURICH, 1896 [*Cyathophyill/m hexa

gonl/m GOLDFUSS, 1826; SD LANG, SMITH &

THOMAS, 1940].
Muriceides STUDER, 1887 [*M. fragilis WRIGHT &

STUDER, 1889; SM WRIGHT & STUDER, 1889].

Another mode of fixing the type species
of a genus that may be construed as a special
sort of subsequent designation is action of
the International Commission on Zoological
Nomenclature using its plenary powers.
Definition in this way may set aside appli
cation of the Code so as to arrive at a deci
sion considered to be in the best interest of
continuity and stability of zoological nomen
clature. When made, it is binding and com
monly is cited in the Treatise by the letters
"ICZN," accompanied by the date of an
nounced decision and (generally) reference
to the appropriate numbered Opinion.

It should be noted that subsequent desig
nation of a type species is admissible only
for genera established prior to 1931. A new
genus-group name established after 1930,
and not accompanied by fixation of a type
species through original designation or
original indication, is invalid (Code, Art.
13,b). Effort of a subsequent author ~o

"validate" such a name by subsequent desig
nation of a type species constitutes an origi
nal publication making the name available
under authorship and date of the subsequent
author. This provision of the Code has not
been consistently applied in previous Trea
tise volumes, but is rigidly adhered to in the
present volume.

HOMONYMS

Most generic names are distinct from
all others and are indicated without am
biguity by citing their originally published
spelling accompanied by name of the
author and date of first publication. If
the same generic name has been applied

to two or more distinct taxonomic units,
however, it is necessary to differentiate
such homonyms, and this calls for dis
tinction between junior homonyms and
senior homonyms. Because a junior homo
nym is invalid, it must be replaced by
some other name. For example, Callopora
HALL, 1851, introduced for Paleozoic trep
ostome bryozoans, is invalid because GRAY
in 1848 published the same name for Cre
taceous-to-Recent cheilostome bryozoans,
and BASSLER in 1911 introduced the new
name Hallopora to replace HALL'S homo
nym. The Treatise style of entry is:

Hallopora BASSLER, 1911, nom. subst. [pro Callo-
para HALL, 1851 (non GRAY, 1848)].

In like manner, a needed replacement gen
eric name may be introduced in the Trea
tise (even though first publication of
generic names otherwise in this work is
avoided). The requirement that an exact
bibliographic reference must be given for
the replaced name commonly can be met in
the Treatise by citing a publication re
corded in the list of references, using its
assigned index number, as shown in the
following example.

Mysterium DE LAUBENFELS, nom. subst. [pro Mys
trium SCHRAMMEN, 1936 (ref. 40, p. 60) (non
ROGER, 1862)] [*Mystril/m porosl/m SCHRAM
MEN, 1936].

Otherwise, no mention of the existence of
a junior homonym generally is made.

Synonymous homonyms. An author some
times publishes a generic name in two or
more papers of different date, each of which
indicates that the name is new. This is a
bothersome source of errors for later work
ers who are unaware that a supposed first
publication which they have in hand is not
actually the original one. Although the
names were separately published, they are
identical and therefore definable as homo
nyms; at the same time they are absolute
synonyms. For the guidance of all con
cerned, it seems desirable to record such
names as synonymic homonyms and in the
Treatise the junior one of these is indicated
by the abbreviation "jr. syn. hom."

Identical family-group names not infre
quently are published as new names by dif
ferent authors, the author of the later-intro-
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duced name being ignorant of previous pub
lication(s) by one or more other workers.
In spite of differences in taxonomic con
cepts as indicated by diagnoses and group
ing of genera and possibly in assigned rank,
these family-group taxa are nomenclatural
homonyms, based on the same type genus,
and they are also synonyms. Wherever en
countered, such synonymic homonyms are
distinguished in the Treatise as in dealing
with generic names.

SYNONYMS

Citation of synonyms is given next fol
lowing record of the type species and if two
or more synonyms of differing date are
recognized, these are arranged in chron
ological order. Objective synonyms are
indicated by accompanying designation
"(obj.)," others being understood to con
stitute subjective synonyms. Examples
showing Treatise style in listing synonyms
follow.

Calapoecia BILLINGS, 1865 [*C. anticostiensis; SD
LINDSTROM, 1883 J [=Columnopora NICHOLSON,
1874; Houghtonia ROMINGER, 1876J.

Staurocydia HAECKEL, 1882 [*S. crudata HAECKEL,
1887J [=Coccostaurus HAECKEL, 1882 (obj.);
Phacostaurus HAECKEL, 1887 (obj.)J.

A synonym which also constitutes a homo
nym is recorded as follows:
Lyopora NICHOLSON & ETHERIDGE, 1878 [*Palaeo

pora? /avosa M'Coy, 1850J [=Liopora LANG,
SMITH & THOMAS, 1940 (non GIRTY, 1915)J.

Some junior synonyms of either objective
or subjective sort may take precedence de
sirably over senior synonyms wherever uni
formity and continuity of nomenclature are
served by retaining a widely used but tech
nically rejectable name for a generic assem
blage. This requires action of ICZN using
its plenary powers to set aside the unwanted
name and validate the wanted one, with
placement of the concerned names on appro
priate official lists.

ABBREVIATIONS
Abbreviations used in this division of the Treatise are explained ill the following

alphabetically arranged list.

Abhandl., Abhandlung(en)
Abstr., Abstract
Afr., Africa, -an
Aldan., Aldanian
Am., America, -n
Amg., Amgian
Antarct., Antarctic (a)
approx., approximately
art., article
Atdaban., Atdabanian

Baykal., Baykalia
Bazaikh., Bazaikha
B.C., British Columbia
BioI., Biologicheskaya
Botom., Botomian
Bull., Bulletin
Byull., Byulleten

Calif., California
Cam., Cambrian
Can., Canada
coli., collection (s)
Comm., Commission, Committee
Contrib., Contribution(s)

Dev., Devonian
diagram., diagrammatic
diam., diameter

E., East
ed., edited, editor
edit., edition
emend., emendattls( -a)
Eng., England
enl., enlarged
et aI., et alii (and others,

persons)
Eu., Europe
Exped., Expedition
ext., exterior

fam., family
fig., figure (s)

gen., genus
Geol., Geological,

Geologicheskaya,
Ceologicheskoe, Geology

Geol.-razvd., Ceologo-
razvedochnogo

Glav., Clavnogo

hom., homonym
hor., horizon

ICZN, International
Commission on Zoological
Nomenclature

mst., lnstitut, Institute

xxV

int., interior
Izdatel., lzdatelstvo

Jour., Journal

Kenyad., Kenyadian

L., low., Lower
Len., Lenian
long., longitudinal

m., meter
M., mid., Middle
M, monotypy
med., median
Mem., Memoir(s), Memoria,

Memorie
Mem., Memoire(s)
mm., millimeter(s)
mod., modified
Mon., Monograph
Mont., Montagne
Mts., Mountains

n., n, new
N., North
N.Am., North America(n)
Natl., National
Nev., Nevada
no., number
nom. conserv., nomen conserva-
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tum (conserved name)
nom. correct., nomen correctum

(corrected or intentionally
altered name)

nom. dub., nomen dubium
(doubtful name)

nom. imperf., nomen imperjec
tum (imperfect name)

nom. neg., nomen negatum
(denied name)

nom. nov., nomen novum (new
name)

nom. nud., nomen nudum
(naked name)

nom. null., nomen nul/um (null,
void name)

nom. oblit., nomen oblitum
(forgotten name)

nom. subst., nomen substitutum
(substitute name)

nom. transI., nomen translatum
(transferred name)

nom. van., nomen vanum (vain,
void name)

nom. vet., nomen vetitum
(impermissible name)

Nomencl., Nomenclature
NW., Northwest
N.Y., New York

obj., objective

OD, original designation
opp., opposite

p., page(s)
Paleont., Paleontological,

Paleontologicheskikh
pI., plate(s), plural
Platf., Platform
Precam., Precambrian
Proc., Proceedings
Proteroz., Proterozoic

Quart., Quarterly

R., River
reconstr., reconstructed, -ion
Rept., Report(s)

S., South
Sanash., Sanashtykgolian
Sci., Science, Scientific,

Scientifique
SD, subsequent designation
sec., section(s)
ser., serial, series, seriia
sec., series
Sess., Session
Sib., Siberia
SiI., Silurian
SM, subsequent monotypy
sp., species

Spec., Special
subfam., subfamily
superfam., superfamily
syn., synonym

tang., tangential
Tasousekt., Tasousektian
Terr., Territory, -ies
Timghit., Timghitian
Tommot., Tommotian
Trans., Transactions
Transbayk., Transbaykalia
transl., translated, -ion
transv., transverse

U., up., Upper
Univ., Universitiit, Universite,

Universitet, University
Uprav., Upravleniya
USA, United States of America
USSR, Union of Soviet Socialist

Republics

v., vol., volume(s)

W., West

Zeitschr., Zeitschrijt
Zool., Zoological, Zoologie,

Zoologisch. Zoology

REFERENCES TO LITERATURE

Each part of the Treatise is accompanied
by a selected list of references to paleon
tological literature consisting primarily of
recent and comprehensive monographs
available but also including some older
works recognized as outstanding in im
portance. The purpose of giving these ref
erences is to aid users of the Treatise in
finding detailed descriptions and illustra
tions of morphological features of fossil
groups, discussions of classifications and
distribution, and especially citations of more
or less voluminous literature. Generally
speaking, publications listed in the Treatise
are not original sources of information con
cerning taxonomic units of various rank but
they tell the student where he may find
them; otherwise it is necessary to turn to
such aids as the Zoological Record or
NEAVE's Nomenclator Zoologicus. Refer
ences given in the Treatise are arranged
alphabetically by authors and accompanied
by index numbers which serve the purpose
of permitting citation most concisely in
various parts of the text; these citations of

listed papers are enclosed invariably in
parentheses and, except in Parts C and N,
are distinguishable from dates because the
index numbers comprise no more than 3
digits. The systematic descriptions given
in part C are accompanied by a reference
list containing more than 2,000 entries
with the index numbers marked by an
asterisk, and in Part N (containing over
1,000 entries), they are italicized.

The following is a statement of the full
names of serial publications which are cited
in abbreviated form in the lists of references
in the present volume. The information
thus provided should be useful in library
research work. The list is alphabetized ac
cording to the serial titles which were em
ployed at the time of original publication.
Those following in brackets are those un
der which the publication may be found
currently in the Union List of Serials, the
United States Library of Congress listing,
and most library card catalogues. The
names of serials published in Cyrillic are
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transliterated; in the reference lists these
titles, which may be abbreviated, are accom
panied by transliterated authors' names and
titles, with English translation of the title.
The place of publication is added (if not in
cluded in the serial title).

The method of transliterating Cyrillic let
ters that is adopted as "official" in the
Treatise is that suggested by the Geographi-

cal Society of London and the U.S. Board on
Geographic Names. It follows that names of
some Russian authors in transliterated form
derived in this way differ from other forms,
possibly including one used by the author
himself. In Treatise reference lists the alter
native (unaccepted) form is given enclosed
by square brackets (e.g., Chernyshev
[Tschernyschew], T.N.).

List of Serial Publications

Academie Imperiale des Sciences, St. Petersbourg,
Memoires (Zapiski Imperatorskoy Akademii
Nauk, Leningrad).

Acta Palaeontologica Sinica. Peking.
Akademie der Wissenschaften und der Literature

zu Mainz, mathematisch-naturwissenschaftliche
Klasse, Abhandlungen. Wiesbaden.

Akademiya Nauk Gruzinskoy SSR, Soobshcheniya.
Tillis.

Akademiya Nauk Kazakhskoy SSR, Izvestiya.
Alma-Ata.

Akademiya Nauk SSSR, Doklady. Moskva.
Akademiya Nauk SSSR, Geologicheskikh Institut,

Trudy. Moskva.
Akademiya Nauk SSSR, Instituta Morfologii

Zhivotnykh im. A. N. Severtsova, Trudy.
Moskva, Leningrad.

Akademiya Nauk SSSR, Institut Paleontologiches
kikh, Trudy. Moskva.

Akademiya Nauk SSSR, Izvestiya, Seriya Geolo
gicheskaya. Moskva.

Akademiya Nauk SSSR, Mongolskaya Komissiya,
Trudy. Moskva.

Akademiya Nauk SSSR, Paleontologicheskiy Zhur
nal. Moskva.

Akademiya Nauk SSSR, Sibirskoe Otdelenie, Institut
Geologii i Geofiziki, Trudy. Novosibirsk.

Akademiya Nauk SSSR, Soobshcheniya DVF SO.
Leningrad.

American Journal of Science and Arts, New Haven,
Conn.

Annales des Sciences Naturelles, Zoologie. Paris.
Arkticheskii i Antarkticheskii Nauchno-issledovatel

ckii Institut, Trudy. Leningrad.
Australasian Association for the Advancement of

Science, Reports. Sydney.
Australia Bureau of Mineral Resources, Geology and

Geophysics, Bulletins. Canberra.
Biological Reviews (see Cambridge Philosophical

Society). Cambridge, Eng.
Breviora geologica asturica. Oviedo, Spain.
British Museum (Natural History), Bulletins. Lon

don.
Cambridge Philosophicay Society, Biological Re

views and Biological Proceedings. Cambridge,
Eng.

Canada, Geological Survey of, Deartment of Mines

and Resources, Mines and Geology Branch, Bulle
tins; Memoirs. Ottawa.

Deutsche Geologische Gesellschaft, Zeitschrift. Ber
lin, Hannover.

Estudios Geol6gicos, Instituto de Investigaciones
Geol6gicas "Lucas Mallada." Madrid.

Ezhegodnik Russkago Paleontologicheskago Ob-
shchestva. Petrograd.

Fieldiana, Geology. Chicago.
Geological Magazine. London, Hertford.
Geological Society of America, Bulletins; Memoirs;

Special Papers. Boulder, Colo.
Geological Society of Australia, Journals. Sydney,

Adelaide.
Geological Society of London; Memoirs; Proceed

ings; Quarterly Journals; Transactions.
Geologicheskii Vestnik, Izd. Geologicheskago

Komiteta. Petrograd.
Harvard University, Museum of Comparative Zool

ogy, Bulletins. Cambridge, Mass.
Journal of Paleolltology. Tulsa, Okla.
Kansas, The University of, Paleontological Contri

butions, Papers. Lawrence, Kans.
Kyancutta Museum, South Australia, Memoirs.
Materialy po geologii Krasnoyarskogo kraya,

Zapadno-Sibirskogo Geologicheskogo Tresta.
Materialy po geologii i Polezynym Iskopaemym

Dalnyago Vostoka. Vladivostok.
Materialy po geologii zapadnoi Sibiri. Tomsk.
Moskovskoe Obshchestvo Ispytatelei Prirody, Byul

leten. Moskva.
Nauchno-issledovatelskii Institut Geologii Arktiki,

Trudy. Leningrad.
Neues Jahrbuch fur Mineralogie, Geologie lind

Palaontologie, Abhandlungen. Stuttgart.
Nova Acta Leopoldina (Nova Acta Academiae

Caesareae Leopoldino-Carolinae Germanicae na
turae curiosorum). Halle.

Paleolltographical Society, Monographs. London.
Royal Society of Canada, Proceedings and Transac

tions. Ottawa.
Royal Society of Edinburgh, Transactions.
Royal Society of New Zealand, Transactions. Well

ington.
Royal Society of South Australia, Memoirs; Pro

ceedings; Transactions. Adelaide.
Senckenbergiana Lethaea (Senckenbergische Natur-
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forschende Gesellschaft, Wissenschaftliche Mit
teilungen). Frankfurt.

Senckenbergische Naturforschende Gesellschaft, Ab
handlungen. Frankfurt.

Service des Mines et de Carte Geologique du Maroc,
Notes et Memoires. Rabat.

Sibirskogo Nauchno-Issledovatelskogo Instituta Ge
ologii, Geofiziki i Mineralnogo Syrya (SNUG
GUMS), Trudy. Moskva.

Societe Geologique de France, Comptes Rendus des
Seances; Bulletin; Memoires. Paris.

Tomsk, Gosudarstvennyi Universitet, Trudy.
United States Geological Survey, Bulletins. Wash

ington, D.C.
United States National Museum, Bulletins; Pro

ceedings. Washington, D.C.
Vsesoyuznyi Nauchno-Issledovatelskii Geologicheskii

Institut, Trudy (VSEGEI). Moskva.
Zapadno-Sibirskogo Geologicheskogo Tresta. Tomsk.
Zentralblatt fiir Mineralogic, Geologie und Palaon

tologie. Stuttgart.
Zoological Society of London, Proceedings.

SOURCES OF ILLUSTRATIONS

At the end of figure captions a name and
date are given to supply record of the
author of illustrations used in the Treatise,
reference being made either (1) to publica
tions cited in reference lists or (2) to the

names of authors with or without indication
of individual publications concerned. Pre
viously unpublished illustrations are marked
by the letter "n" (signifying "new") with
the name of the author.

STRATIGRAPHIC DIVISIONS

Classification of rocks forming the geo
logic column as commonly cited in the
Treatise in terms of units defined by con
cepts of time is reasonably uniform and
firm throughout most of the world as re
gards major divisions (e.g., series, systems,
and rocks representing eras) but it is vari
able and unfirm as regards smaller divisions
(e.g., substages, stages, and subseries),

which are provincial in application. Users
of the Treatise have suggested the desir
ability of publishing reference lists showing
the stratigraphic arrangement of at least the
most commonly cited divisions. According
ly, a tabulation of European and North
American units, which broadly is applic
able also to other continents, is given here.

Generally Recognized Divisions of Geologic Column

EUROPE

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM1

Pleistocene Series (including Recent)
Pliocene Series
Miocene Series

PALEOGENE SYSTEM

Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM

Upper Cretaceous Series

Maastrichtian Stage'
Campanian Stage'
Santonian Stage'
Coniacian Stage'
Turonian Stage
Cenomanian Stage

Lower Crt"taceous Series

Albian Stage

xxviii

NORTH AMERICA

ROCKS OF CENOZOIC ERA
NEOGENE SYSTEM'

Pleistocene Series (including Recent)
Pliocene Series
Miocene Series

PALEOGENE SYSTEM

Oligocene Series
Eocene Series
Paleocene Series

ROCKS OF MESOZOIC ERA

CRETACEOUS SYSTEM

Gulfian Series (Upper Cretaceous)

Navarroan Stage
Tayloran Stage
Austinian Stage
Eagle Fordian Stage
Woodbinian (Tuscaloosan) Stage

Comanchean Series (Lower
Cretaceous)

Washitan Stage
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Aptian Stage
Barremian Stage"
Hauterivian Stage"
Valanginian Stage"
Berriasian Stage"

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage'
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series
Callovian Stage (or Upper Jurassic)
Bathonian Stage
Bajocian Stage

Lower Jurassic Series (Liassic)
Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage

TRIASSIC SYSTEM

Upper Triassic Series

Rhaetian Stage"
Norian Stage
Carnian Stage

Middle Triassic Series

Ladinian Stage
Anisian Stage

Lower Triassic Series

Scythian Stage

ROCKS OF PALEOZOIC ERA

PERMIAN SYSTEM

Upper Permian Series
Tatarian Stage"
Kazanian Stage 7

Kungurian Stage
Lower Permian Series

Artinskian StageS
Sakmarian Stage
Asselian Stage

CARBONIFEROUS SYSTEM

Upper Carboniferous Series
Stephanian Stage

Westphalian Stage
Namurian Stage

Lower Carboniferous Series

Visean Stage

Tournaisian Stage
Strunian Stage

DEVONIAN SYSTEM

Upper Devonian Series

XXIX

Fredericksburgian Stage
Trinitian Stage

Coahuilan Series (Lower Cretaceous)
Nuevoleonian Stage

Durangoan Stage

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series
Callovian Stage (or Upper Jurassic)
Bathonian Stage
Bajocian Stage

Lower Jurassic Series (Liassic)
Toarcian Stage
Pliensbachian Stage
Sinemurian Stage
Hettangian Stage

TRIASSIC SYSTEM

Upper Triassic Series

Rhaetian Stage
Norian Stage
Carnian Stage

Middle Triassic Series

Ladinian Stage
Anisian Stage

Lower Triassic Series

Scythian Stage

ROCKS OF PALEOZOIC ERA

PERMIAN SYSTEM

Upper Permian Series
Ochoan Stage
Guadalupian Stage

Lower Permian Series
Leonardian Stage
Wolfcampian Stage

PENNSYLVANIAN SYSTEM

Virgilian Stage
Missourian Stage
Desmoinesian Stage
Bendian Stage
Morrowan Stage

MISSISSIPPIAN SYSTEM

Chesteran Stage

Meramecian Stage
Osagian Stage
Kinderhookian Stage

DEVONIAN SYSTEM

Chautauquan Series (Upper
Devonian)
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Famennian Stage

Frasnian Stage

Middle Devonian Series

Givetian Stage

Couvinian Stage

Lower Devonian Series

Emsian Stage
Siegenian Stage
Gedinnian Stage

SILURIAN SYSTEM

Ludlow Series

Wenlock Series

Landovery Series

ORDOVICIAN SYSTEM

Ashgill Series

caradoc Series

Llandeilo Series
Llanvirn Series

Arenig Series
Tremadoc Series·

CAMBRIAN SYSTEM

Upper Cambrian Series

Middle Cambrian Series
Lower Cambrian Series

ROCKS OF PRECAMBRIAN ERA

PROTEROZOIC SYSTEM
Belt Series

1 Considered by some to exclude post·Pliocene deposits.
2 Classed as division of Senonian Subseries.
3 Classed as division of Neocomian Subseries.
4. Includes Purbeckian deposits.

5 Interpreted as lowermost Jurassic by some authors.

xxx

Conewangoan Stage
Cassadagan Stage

Senecan Series (Upper Devonian)
Chemungian Stage
Fingerlakesian Stage

Erian Series (Middle Devonian)
Taghanican Stage
Tioughniogan Stage
Cazenovian Stage

Ulsterian Series (Lower Devonian)
Onesquethawan Stage
Deerparkian Stage
Helderbergian Stage

SILURIAN SYSTEM

Cayugan Series

Niagaran Series

Medinan Series

ORDOVICIAN SYSTEM

Cincinnatian Series (Upper
Ordovician)

Richmondian Stage
Maysvillian Stage
Edenian Stage

Champlainian Series (Middle
Ordovician)

Mohawkian Stage
Trentonian Substage
Blackriveran Substage

Chazyan Stage
Whiterockian Stage

Canadian Series (Lower Ordovician)

CAMBRIAN SYSTEM

Croixian Series (Upper Cambrian)

Trempealeauan Stage
Franconian Stage
Dresbachian Stage

Albertan Series (Middle Cambrian)
Waucoban Series (Lower Cambrian)

ROCKS OF PRECAMBRIAN ERA

PROTEROZOIC SYSTEM

Vendian, Riphean, Vindhyan,
Adelaidean, and equivalents

CURT TEICHERT AND RAYMOND C. MOORE

6 Includes some Lower Triassic and equivalent to upper
Thuringian (Zechstein) deposits.

7 Equivalent to lower Thuringian (Zechstein) deposits.
8 Equivalent to upper Autunian and part of Rotliegend

deposits.
9 Classed as uppermost Cambrian by some geologists.
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ARCHAEOCYATHA

By DOROTHY HILL
(University of Queensland]
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INTRODUCTION

The Archaeocyatha were, geologically
speaking, a very short-lived group that in
habited the carbonate-shelf and reef envi
ronments of the Early Cambrian and early
Middle Cambrian seas. They are possibly
the only phylum of animals to have become
extinct. They were among the first to de
velop mineral skeletons and used calcium
carbonate for this purpose. From the be
ginning of their study they have excited
interest in their systematic position and in
the nature of their soft parts, and both of
these are subjects of lively controversy in
current literature. The relations of the phy
lum to the Protista on the one hand and to
the Porifera or Coelenterata on the other
are by no means fully apparent; indeed, the
phylum invites speculation on the nature
of the soft parts.

The individual skeleton, the cup, is fun
damentally an inverted cone; most cups
have two fairly widely spaced walls and a
central cavity, some have only one wall.

Since publication of the first edition of
Treatise, Part E, in 1955, our knowledge
of the phylum has grown perhaps more
spectacularly than that of any other. The
great importance placed upon it by those
Russian geologists interested in the correla
tion of Lower Cambrian sequences through
out the USSR has resulted in an increas
ingly extensive literature. Archaeocyathan
species have been found to be of strati
graphic and provincial value; several suc
cessive assemblages of species (or "hori
zons") have been distinguished. The suc
cession of genera in the USSR is also well
established and is applicable in other parts
of the world.

Archaeocyathan skeletons are aesthetical
ly pleasing and' the mental reconstruction
of their elegant structures from thin sec
tions is intellectually satisfying. Indeed, for
students their attractions rival those of
corals.
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Morphological Features-Skeleton

MORPHOLOGICAL FEATURES

GENERAL FEATURES OF
SKELETON

E3

The Archaeocyatha are an extinct phylum
of animals that formed calcareous skeletons,
the basic form of which is an inverted cone,
called the cup. This may be erect or curved,
slowly or rapidly expanding, and may have
holdfasts. Compound skeletons, catenulate
or dendroid, are not common. Some cups
are one-walled; most have two walls and a
normally empty central cavity (Fig. 1,2).
The walls are perforate and are connected
across the inner space termed the interval
lum by perforate radial longitudinal plates
(septa) (Fig. 2), by radial rods, by perforate
transverse plates (tabulae), by small, arched
or sagging imperforate plates (dissepi
ments), or by radial or inclined hexagonal
tubules with perforate walls. The pores of
the walls may be screened or protected by

FIG. I. Etched specimens from the Ajax Limestone,
South Australia. On the left, T halamocyathus
trachealis (TAYLOR) with finely porous outer wall
removed from most of the large elongately conical
two-walled cup to display outer edges of septa; on
the right, a cross section of an irregularan cup,
showing inner and outer walls connected by ir
regularly radial septa, and empty central cavity

(Taylor, 1910).

intervallum

inner wall
with large pores

FIG. 2. Reconstruction of the skeleton of an
archaeocyathan (Regulares, Ajacicyathina), a two
walled septate conical cup with central cavity and
supported basally by holdfasts, X 13 (Vologdin,

1962c) .

various formations but only exceptionally
on their intervallar surfaces.

MICROSTRUCTURE

The skeletal elements of Archaeocyatha
commonly consist of a very finely granular
mosaic of calcite, the grains being about
0.01 or 0.02 mm. in diameter, arranged with
their coaxes in random directions, and com
monly of a uniform color. Some forms have
coarser grain, others, irregular grains. Such
variations are possibly due to diagenetic
change. Another common diagenetic
change is replacement of the calcite by
silica. In a few, an alternation of bands
occurs. These bands are light and dark in
transmitted light, and white and more
densely white in reflected light, almost
certainly representing growth layering.
The darker (and denser) bands may rep
resent either greater original concentration
of organic matter or possibly concentrations
of finer crystalline grains, as also may spots
seen in sections of a few specimens (Fig. 3).

The skeletal matter differs from that of
corals in the seeming absence of acicular
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FIG. 3. Granular microstructure shown in median
longitudinal section of septum of Ajacicyathus
gigantoporus ZHURAVLEVA, X50 [a, patch of denser

granularity; b, pore) (Zhuravleva, 1960b).

crystals, though their original presence is
suspected in a few species. The septa never
show median dark lines such as appear
where the needles of two halves of a coral
septum meet, nor is there ever a dark line
at the junction of one plate with another,
such as forms in corals where plates having
differently oriented fabrics are in contact
or where one plate is formed later than
another. All appearances in thin section
suggest complete continuity of the skeletal

elements, but this appearance conceivably
may be due to recrystallization of the
original. Dissepiments, which are always
very thin, may form an exception to this
rule of continuity, for they seem to have
been formed later than those parts of septa
or walls that they touch.

Although septa and walls may be ana
lyzed as constructed of longitudinal pillars
and transverse rods, the pillars do not seem
to be analogous with the trabeculae of
corals. No median dark axis is seen III

them, and they lack any appearance of
fibrosity.

All the skeletal elements except the dis
sepiments are perforate. In none are
spicules discernible. Further, no element
by itself can be considered to be a spicule,
and no axial canal like that of sponge
spicules has been observed.

Secondary thickening of all elements ex
cept dissepiments has been observed; such
thickening is usually growth-layered.
Thickening may be effected as follows.
First, layers invest the outside of the outer
wall; next, the inside of the outer wall and
the septa are invested simultaneously; then
both sides of the inner wall become coated
until finally all space in the lower part of
the cup may be filled; in some species all
pores are closed off, but in others the pore

FIG. 4. External form in solitary Archaeocyatha (facing page).

1. Slenderly conical and erect form of Dokido
cyathus simplicissimus BEDFORD & BEDFORD,
XO.3 (R. Bedford & W. R. Bedford, 1936).

2. Slenderly conical form with basal holdfasts,
shown by Tumuliolynthus karakolensis ZHURA
VLEVA, XI (Rozanov & Missarzhevskiy, 1966).

3. Cylindrical form of Sigmocoscinus sigma BED
FORD & BEDFORD, XO.7 (R. Bedford & W. R.
Bedford, 1936).

4. Curved conical form of Kotttyicyathus kotu
yikensis ZHURAVLEVA, XI (Zhuravleva, 1960b).

5. Transversely annulated, annulation not involv
ing inner wall, as seen in Pycnoidocyathus
synapticulosus BEDFORD & BEDFORD, X 0.3 (R.
Bedford & W. R. Bedford, 1936).

6. Transversely annulated type, annulations in
volving inner wall, as shown by O/'bicyathus
mongolicus VOLOGDIN; 6a, ext. view, X2;
6b,c, tang. sec. of two rings, X4 (Vologdin,
1937b).

7. Longitudinally ribbed and fluted externally,
with basal holdfasts, exemplified by Beltana
cyathus ionicus BEDFORD & BEDFORD, X 0.3
(R. Bedford & J. Bedford, 1936).

8. Conical, suddenly expanding form of Parana
cyathus subartus ZHURAVLEVA, XO.7 (Zhura
vleva, 1960b).

9. Broadly conical form of Cryptoporocyathus
junicanensis ZHURAVLEVA, X 5 (Zhuravleva,
1960b).

10. Subspherical form of Fransuasaecyathus sub-
tumulatus ZHURAVLEVA, X5 (Zhuravleva,
1960b).

11. Bowl-shaped form, with irregular longitudinal
folds affecting both walls, shown by Cosci
noptycta convoluta (TAYLOR), XO.7 (Taylor,

1910).

12. Discoid form, with concentric waves (cut in
half diametrically), seen in Okulitchicyathus
disc%rmis (ZHURAVLEVA), XO.l6 (Zhura
vleva, 1960b).
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openings may remain free; sinuous canal
like spaces opposite them and through the
secondary thickening enable them to main
tain communication with the environment.

The secondary thickening may be lamel
lar, lamellar-granular, granular, or of co
lumnar calcite, and is distinct from the
nonorganic clear columnar calcite deposited
during diagenesis.

EXTERNAL FORM

The calcareous skeletons of both solitary
and colonial Archaeocyatha are known.
The skeleton of an individual is termed a
cup. Of solitary cups, the great majority

2

are slenderly conical (Fig. 4,1-2), especially
in the class Regulares; most slender cones
are erect or suberect, but some are curved
(Fig. 4,4), the curvature normally decreas
ing during growth; some become cylindri
cal in the adult stage (Fig. 4,3). Periodic
expansions of the intervallum may affect
both walls in parallel or only the outer wall,
and there may be transverse or annular
(Fig. 4,5-6) or longitudinal (Fig. 4,7) flut
ings that may affect only the inner wall
around the central cavity. Broadly conical
and saucer-shaped cups are not common
(Fig. 4,8-9,11). Some large bowl-shaped
cups with narrow intervallar rims have
irregular longitudinal folds in their rims
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A
young cup

"bud?"

FIG. 5. External form in colonial Archaeocyatha.
--1a-c. Massive; serial sections through colony
of Ajacicyathus sanaschticolensis VOLOGDIN, X3
(Vologdin, 1937b).--2. Dendroid; increase by
opposed indenting of intervallum, in "Archaeocya-

(Fig. 4,11); others have irregular dents.
Discoid cups, in which the angle of the
cone is approximately 1800 are found in a
few species (Fig. 4,12); the discs may be
concentrically waved. A small number of
species, especially in two-walled cups with
out septa, have subspherical, hemispherical,
or irregularly bulbous cups that may not
be attached to substrates (Fig. 4,10). In
the Irregulares, expansions and contractions
may be very irregular, and in many, finger
like protrusions occur. The shape of the
older part of the cup may be hidden under
outgrowths of tubular, heel-like, or irregular
form that acted as holdfasts. In many one
walled cups (and in a few two-walled cups)
the upper edge arches over the cavity, leav
ing only a small orifice.

The colonial habit is rare, and form of
colonies is less varied than in corals. In a
catenulate colony the cups are contiguous
in a row or chain and the outer wall fails
to develop between neighbors (Fig. 5,3);
a few cups in such a colony may have no
central cavity. In a massive colony cups
are massed together without outer walls be
tween them, but each has its own central
cavity (Fig. 5,1). In a dendroid colony
each individual cup is a branch isolated
from the others except at its point of origin
in either the inner or the outer wall (Fig.
5,2,5-6). In some Irregulares, the buds
originate from the outer part of the inter
valIum and the outer wall. A few species
of Irregulares have fingerlike projections of
the central cavity that cause the intervallum
to bulge outward beyond the normal conical
outline to form wider projections of the
intervallum (Fig. 5,2). Lateral outgrowths
from one or more cups may surround
neighboring cups of the same species, giv
ing the appearance of a colony (Fig. 5,4).

thus" aequttrzens BEDFORD & BEDFORD, X 0.7 (R.
Bedford & J. Bedford, 1937).--3. Catenulate;
Salairocyathus (Polystillicidocyathus) erbosimilis
DEBRENNE, X 1.5 (Debrenne, 1959b) .--4. Pseu
docolony? Linkage of cups by tersioid outgrowths
(Taylor, 1908).--5. Dendroid, new cup arising
from intervallum; Sa, oblique thin section, and 5b,
transv. sec. of Loculicyathus frondosus VOLOGDIN,
X2.5 (Vologdin, 1962c).--6. Dendroid form of
Archaeolynthus polaris (VOLOGDlN), XO.7 (Zhura-

vleva, 1960b).
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OUTGROWTHS FROM CUP

Lateral expansions affecting a sector or
the whole circumference of the archaeo
cyathan cup are quite common and fall into
two groups.

Group I consists of expansions from the
intervallum in which are skeletal elements
usually similar to those in the original
intervallum. Among included types are
the following: 1) Slender, tubular processes,
commonly of the width of an interseptal
space, hollow or crossed by dissepiments
(Fig. 6,15). These are commonest in the
Irregulares. 2) Tersiae, or tersioid process
es; these are fingerlike, as wide as several
interseptal spaces; they contain septa, and
dissepiments, normally somewhat thicker
than those of the cup from which they
originate (Fig. 6,1,5). They form in many
genera of Irregulares and in a few Reg-
ulares. 3) Intervallar expansion in width,
near the base of the cup, acting as a hold
fast, with the form of a talon, a pedestal,
or a heel (Fig. 6,4). 4) Exocyathoid ex
pansions; these are formed by the growth
of an additional intervallum, in sectors
or circumferentially, the septa of the addi
tion being continuous or discontinuous with
those of the original intervallum (Fig.
6,3,6). When the expansion is external the
outer wall may be repeated; expansions into
the central cavity (Fig. 6,7,11,14) are less
readily relatable to the septa and perhaps
may be complex outgrowths of the inner
wall. Exocyathoid expansions normally ap
pear to have had an adherent function, and
occur in both Regulares and Irregulares
(Fig. 6,13). Those of Coseinocyathina have
been called labyrinthomorph (Fig. 6,9),
those of some Regulares exocyathoid, and
those of some Irregulares metaldetimorph
(Fig. 6,8). Originally, separate generic
names were given to these three types.

Group II consists of expansions of dense
skeletal tissue applied outside the outer wall.
They are found basally only, at a cup height
of 2 to 5 mm. and always have an adherent
function. Types distinguished are as fol
lows: 1) Dense skeletal tissue without
canals or spaces, commonly seen in small,
slenderly conical Regulares (Fig. 6,12).
2) Dense skeletal tissue pierced by canals
proceeding from the pores of the outer wall
and parallel with the outer surface of the

mass (Fig. 6,2). 3) Dense skeletal tissue
laminate, the laminae parallel to the outer
surface of the mass being separated by
similar parallel spaces (Fig. 6,10). This
type is rare.

SIZE OF CUP

The diameter of the overwhelming ma
jority of archaeocyathan cups ranges from
10 to 20 or 25 mm. The height is normally
proportional to the diameter; and for the
above diameter, the height may be 80 to 150
mm. Some species, especially one-walled, or
two-walled cups without septa, never attain
an adult diameter greater than 1.5 to 3 mm.,
though nearly all one-walled forms have a
diameter of 4 to 6 mm. at a height of 15 to
25 mm. The maximum diameter known is
500 to 600 mm. in the disc-shaped
Okulitchicyathus where the cup has the
relative minimum height of 6 to 10 mm.
The maximum known height is 250 to 300
mm. Microscopic forms regarded by
VOLOGDIN as planktonic archaeocyathans are
here considered to be probably not referable
to the phylum.

Small forms were prevalent on the
Siberian Platform when the phylum first
appeared in Early Cambrian (Sunnaginian)
times, and again in Tolbachanian
(Botomian) times when, it is thought, the
seas became highly enriched in magnesium
salts. Maximum size of Archaeocyatha in
dividuals both in height and diameter, as
well as abundance, is attained in strata con
taining bioherms, but the largest species
are found in the interbiohermal pockets.
Species with small adult diameters accom
pany the large species in strata with bio
herms.

OUTER WALL

The outer wall of two-walled Archaeocya
tha is homologous with the single wall of
one-walled Archaeocyatha. It shows con
siderable diversity of structure, though
less than that of the inner wall (Fig. 7,8).
Present knowledge indicates that the outer
wall is imperforate at the extreme base, or
tip, of the cup. It then becomes simply
porous. In cups with complex pores in
adult stages this simply porous stage lasts
only fleetingly.

Simply perforate, thin walls are fairly
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FIG. 6. Outgrowths from the cup.

1. Tersioid process in Robustocyathus robustus
ZHURAVLEVA, X2.5 (Zhuravleva, 1960b).

2. Holdfast of dense skeletal tissue without canals
of Tumuliolynthus tubexternus (VOLOGDIN),
X 4 (Zhuravleva, 1949).

3. Unconformable intervallar segment and ir
regular processes in Paranacyathus subartus
ZHURAVLEVA, Xl (Zhuravleva, 1960b).

4. Expansion in width of intervallar space to

form adherent talon in Bicyathus bateniensis
(VOLOGDIN), X3 (Vologdin, 1959c).

5. Tersioid processes in ParanacyathtlS sp., X2.5
(Zhuravleva, 1959b).

6. Exocyathoid processes, one doubling the in
tervallum and outer wall, and the other un
conformable; thin section, X 3 (Zhuravleva,
1960b).

7. Outgrowths into central cavity; dissepiments
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common in the Regulares. They may be
described as perforate, when the area oc
cupied by wall tissue is greater than that
occupied by the pores (Fig. 7,1,10); or
retiform, when the pores are so closely
spaced that the wall is netlike (Fig. 7,11).
The pores may be rounded, oval, polygonal,
or chinklike in outline (Fig. 7,10)1,12),
or, as in many Irregulares, they may be
irregular in outline and in arrangement
(Fig. 7,2). Commonly pores are arranged
in longitudinal rows, one to eight such rows
to an intersept (Fig. 9). The pores of
neighboring rows may be opposite (Fig.
7,20) or alternate (Fig. 7,10). In many
species the wall tissue between the rows,
especially in the midline of the intersept, is
thicker than that between the pores of a
row, giving the appearance of a low longi
tudinal rib, projecting either outward or
inward or both. Spines may project from
the tissue between four pores. The lower
lip of a pore may be produced like a spine
(Fig. 7,17), or like an uncurved or only
slightly curved scale (Fig. 7,13), or as a
bract with a concave upper surface like a
half cupule; or the upper lip may be pro
duced into a peak like the projection from
the brim of a man's cap. From the whole
rim of a large pore, a domelike tumulus
may develop, pierced by one opening or by
many smaller ones (Fig. 7,18); a smooth
tumulus with one opening is a simple
tumulus and the opening may be central
or on the upper or lower surface (Fig. 7,19;

8,2). A tumulus with many pores is com
monly knobby, a small pore piercing each
knob.

Where simply porous walls are thick,
length of the pores may be greater than
their diameter so that they may be called
pore-eanals (Fig. 7,15). Where the skeletal
tissue between these pore-canals is thin, or
formed of louvre-like or resupinate plates,
the pore-canals may be termed pore-tubes.
Pore-canals and pore-tubes commonly are
circular but may be hexagonal in section
(Fig. 7,3), and are arranged in opposite or
alternate longitudinal rows, one to four to
an interseptal space. They may be straight
and perpendicular to the wall surfaces,
oblique, or geniculate, either V- (Fig. 7,4)
or inverted V-shaped. The outer upper or
lower lip of the pore-canal or pore-tube may
be produced into a peak or a bract (Fig.
7,5). Pore canals that branch outward, giv
ing finer porosity on the outer surface of the
wall than on the inner one, are known in
Cryptoporocyathus (Fig. 7,22). The de
scription "with branching pores" earlier
was used for a wall with a finely porous
outer (supplementary) sheath (Fig. 7,14).

Some external walls consist only of a
series of troughed or S-shaped annuli ap
plied at regular short intervals to the outer
ends of the septa (Fig. 7,16) or of rows
of scales forming annuli (Fig. 7,7).

Walls may be developed with an ex
ternal sheath. The sheath is commonly
perforate, and its perforations are always

FIG. 6. (Continued trom tacing page.)

and rods? in Loculicyathus sp., X 3 (Krasno
peeva, 1960).

8. Exocyathoid expansion from an irregularan
cup, thin section, X2; "Metaldetimorpha"
yorkei BEDFORD & BEDFORD (R. Bedford & J.
Bedford, 1937).

9. Exocyathoid expansion [a, "Labyrinthomorpha
tolli" VOLOGDIN, associated with b, Proto
pharetra laxa BORNEMANN, and c, Coscinocya
thus dianthus BORNEMANN], thin section, X 5
(Vologdin, 1959c).

10. Dense, laminate, basally adherent skeletal tis
sue, Tumulocyathus sp., X 40 (Zhuravleva,
1960b).

11. Outgrowths into central cavity, lined by sec
ondary thickening interpreted by VOLOGDlN
as calcified soft parts, Ajacicyathus demboi

VOLOGDIN, transv. sec., X 10 (Vologdin,
1962d).

12. Holdfast formed of dense skeletal tissue in
Loculicyathus salairicus VOLOGDlN, X3 (Volog
din, 1962b).

13. Exocyathoid expansion forming holdfast for
Beltanacyathus ionicus BEDFORD & BEDFORD,
thin section, X2 (R. Bedford & J. Bedford,
1937).

14. Outgrowths into central cavity, lined by sec
ondary thickening, in Robustocyathus robustus
(VOLOGDIN), interpreted by VOLOGDlN as cal

cified soft parts, X?4 (Vologdin, 1962b).

15. Slender tubular process with dissepiment in
Protopharetra polymorpha BORNEMANN, X2
(Zhuravleva, 1960b).
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FIG. 7. Outer wall structures, diagrammatic.

1. Thin perforate wall with scattered small pores
in Bicyathus sp. (mod. Debrenne, 1964).

2. Thin retiform wall with irregular pores (mod.
Debrenne, 1964).

3. Thick wall with hexagonal geniculate pore
tubes, in Coscinocyathus (mod. Debrenne,
1964).

4. Thick wall with cylindrical geniculate pore-
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finer than those of the coarse framework it
sheaths (Fig. 7,21). It may be a network
growing tangentially from the thinned outer
edges of the coarse framework (Fig. 7,20),
or it may be suspended from short rods
extending outward from the framework
(Fig. 7,14). In some Irregulares with much
imperforate dissepimental tissue, an im
perforate pellis or pellicle is considered by
DEBRENNE (1964) to be present (Fig. 10).
A clathrate wall consists of a fine grill of
tenuous longitudinal plates applied to a
series of thin annuli (Fig. 7,8); the grill of
longitudinal laths may develop without the
second aystem of transverse plates.

The outer wall of some Archaeocyatha is
formed by conjunction of the downturned
peripheral edges of the tabulae and an ex
ternal microporous sheath may cover it
(Fig. 7,9). An outer wall may be formed
in some by lamellar thickening of the
peripheral ends of the septa (e.g., An
thomorpha). In older forms of Protophare
tra and Dictyocyathus the wall is not in-

dependent of the intervallar elements but
is formed by them. Some Irregulares have
an aporose external wall (Archaeopharetra),
which may show growth lineation as in the
epitheca of a coral.

INTERVALLUM
GENERAL FEATURES

The space between the outer and inner
skeletal walls in Archaeocyatha is the inter
vallum. It becomes defined when the inner
wall appears; in the Regulares this is com
monly at a cup diameter between 0.13 and
0.2 mm., and in the Irregulares at a slightly
greater cup diameter-O.5 to 0.7 mm. In a
few species width of the intervallum is
proportional to width of the central cavity,
expressed as intervallum coefficient
width of intervallumjwidth of central
cavity. In other species the width of the
intervallum varies little once the adult char
acters are stabilized.

The two walls are commonly connected

FIG. 7. (Continued from facing page.)

canals (mod. Debrenne, 1964).
5. Thick wall with cylindrical, oblique pore

canals whose outer lower lips are extended as
bracts, thus forming geniculate pore-tubes in
Porocyathus (mod. Debrenne, 1964).

6. Clathrate wall, composed of longitudinal laths
applied to oblique annuli that are in turn ap
plied to outer edges of septa, in Botomocyathus
zelenovi ZHURAVLEVA (Hill, n).

7. Wall of opposed peaks forming wide inverted
V's at the outer edges of neighboring septa in
Annulocyathus pulcher VOLOGDIN (Hill, n).

8. Wall of slightly resupinate louvers in three
longitudinal series connecting outer edges of
neighboring septa (Hill, n).

9. Wall formed from downturned edges of tabulae
and with external microporous sheath (mod.
Debrenne, 1964).

10. Simply perforate thin wall, circular pores in
alternating rows in A;acicyathus (mod. De
brenne, 1964).

I I. Retiform thin wall with hexagonal pores,
shown in Erismacoscinus (mod. Debrenne,
1964).

12. Thin wall with alternating chinky or slit-like
pores (mod. Debrenne, 1964).

13. Perforate thin wall with an obtuse bract spring
ing obliquely from the outer lower lip of

each pore, the rows of pores alternating (mod.
Debrenne, 1964).

14. Thick wall with conical pore-canals, covered
by microporous sheath (mod. Debrenne, 1964).

15. Thick wall with horizontal pore-canals (mod.
Debrenne, 1964).

16. Annulate wall formed by a series of resupinate
horizontal shelves applied to outer edges of
septa (mod. Debrenne, 1964).

17. Perforate thin wall with acutely pointed bract
springing horizontally from the lower rim of
each pore, the rows of pores concordant, shown
m Robustocyathus spinosus ZHURAVLEVA
(Hill, n).

18. Thin wall with tumuli each with several small
pores (mod. Debrenne, 1964).

19. Thin wall with tumuli each with small, circular
pore (mod. Debrenne, 1964).

20. Thick wall with conical pore-canals, covered
with coarsely porous sheath (Hill, n).

2I. Obliquely tangential thin section of a wall with
a finely porous sheath developed externally,
shown in Ladaecyathus (Hill, n).

22. Thick wall with large and small pore-canals,
the latter opening from the surface through the
wall segments into the large pores, shown in
Cryptoporocyathus ;unicanensis ZHURAVLEVA
(Hill, n).
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FIG. 8. Etched silicified specimens from the Ajax Limestone, South Australia.--l. Outer wall and
outer edges of septa of Metacoscinus reteseptatus BEDFORD &; BEDFORD, X6 (Debrenne, 1969a).--2. Outer
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and the intervallar space divided into in
terradial loculi by various types of radial
skeletal elements-septa, pillars, rods, or
tubules. Septa are more or less regular
plates that divide the intervallar space into
interseptal loculi, and interseptal segments
of the walls may be referred to as intersepts.

The radial coefficient RK (number of
radial elements/diameter of cup) is a useful
magnitude, if for a given species the width
of the interradial space is constant. In many
species, however, this width increases
slightly with growth of the cup. The size
of pores and distance apart of the longi
tudinal rows of pores in the outer wall in
crease perceptibly with increase in diameter
of the cup, so that the expression Rk defined
as number of longitudinal rows of pores per
intersept/ diameter of cup is also useful in
the description of species.

The intervallum is divided transversely
except in the relatively small suborder
Ajacicyathina and in the order Syringocne
midida. Transverse skeletal elements are
tabulae (porous or pectinate) and imper
forate dissepiments. Normally only the dis
sepiments may extend into the central
cavity. The height of the intertabular loculi
is seldom constant in a species.

SEPTA

In the two-walled Regulares, except in
the suborder Dokidocyathina (with radial
skeletal elements formed by radial rods ar
ranged in horizontal planes), and the
Putapacyathida (with the walls connected
only by tabulae), the walls are connected by
unwaved normally porous radial longitudi
nal plates or septa (Fig. 11,1-11). In the
Regulares the pores are simple, rounded, or
oval and arranged in longitudinal rows.
In the Coscinocyathina these rows diverge
from the middle of the septum toward the
inner and the outer walls, and range in
number up to 20; the pores are also ar
ranged in transverse lines that curve per
pendicularly to the rows they cross, with
curvature the same as that of the tabulae

• • •••••••••.-............. - ..- ..:- -.-.- ..-.- .
FIG. 9. Development of new longitudinal series of

pores in intersept of outer wall shown by Ajaei
eyathus sunnaginieus ZHURAVLEVA, X 100 (Zhura-

vleva, 1960b).

(Fig. 11,5). New longitudinal rows appear
near the axis of divergence of the rows. In
the Nochoroicyathina the rows are in hori
zontal lines parallel to the tabulae. Nor
mally the size of the pores is fairly constant
in anyone species, but some species have a
few large pores in the older parts of the
septum, and more and smaller pores higher
up (Fig. 11,2,3). The pores of septa have

~"/-...
I ..........,

'l' ~pellis---; ....•.... •

~
\\ \ ....) ~)

.. ,.. "--
- tersioid outgrowth

FIG. 10. Pellis of CapStlloeyatJlIIs mbeal/oms
ZHURAVLEVA, X 1.7 (Zhuravleva, et al., 1964).

FIG. 8. (Continued from facing page.)

wall of Ethmoeoseinus papil/ipora (BEDFORD & BEDFORD), with tumuli, each with single pore, X4 (Hill,

1965).--3. Partial transverse section of Putapaeyathus regulal'is BEDFORD & BEDFORD, showing walls

and part of tabula, X8 (Hill, 1965).--4. Longitudinal section of PyenoidoeyatJlIIs decipiens BEDFORD

& BEDFORD, showing walls and septa, X6 (Hill, 1965).
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1. Growth of a new septum in Ajacicyathus sp.,
lateral view, outer wall to right, X 15 (Zhura-

vleva, 1960b).
2. Decreasing size of pores with growth of septum
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no screening devices or projections from
their rims. Where the pores are large and
close the septum becomes retiform, but
commonly width of septal tissue between
the pores is subequal to the diameter of the
pores. In a few species the septa are porous
only at their junction with one or both
walls, where wall pores may be excavated
in them to form stirrup pores (Fig. 11,4).
Septal thickness commonly is characteristic
for a species, but a few species have septa
thicker in the middle of the intervallum,
whereas in others the septa thicken at their
junction with the walls. Especially in reti
form septa one can analyze the septal tissue
into longitudinal pillars and radial bars.

In the Anthomorphidae the septa are
described as aporose plates showing a
median dark zone surrounded on each side
by clear, nonlaminated carbonate.

In the two-walled Irregulares the septa
commonly are neither straight nor flat
sided, but appear irregularly waved or may
be composed of irregularly sized and curv
ing segments (taeniae); the name taeniae
has also been used as a general term for
septa of the Irregulares, but in view of the
variety in methods of construction of the
radial longitudinal plates in the class, the
still more general term "septa," used for
the radial longitudinal plates of Regulares,
is preferred here, supplemented by phrases
descriptive of the particular construction.

The commonly unequal to ragged pores
of the irregularian septa in many genera are

arranged in longitudinal rows curving
slightly upward and outward from the in
ner wall (Fig. 11,6), and in transverse rows
parallel to the curvature of tabulae; in some
of these the septa may be waved in similar
longitudinal curves, with crest of the waves
occurring between the longitudinal rows.
Where the crests of neighboring septa are
opposite to one another and connected by
synapticulae, a Syringocnema-like tubular
boxwork is obtained.

In many Irregulares the radial elements
are irregularly retiform due to their large
unequal pores (Fig. 11,7); they then appear
to consist of cylindrical or laterally flattened
unequal pillars directed upward and out
ward from the inner to the outer wall,
united in the radial plane by irregular rods
(Fig. 11,8). This suggests that possibly
the irregularian septum is built up from
the rodlike skeletal elements of the early
family Dictyocyathidae. In the young stages
of this family no particular orientation of
the rods is evident (Fig. 11,9,10), but in
adult stages of some the radial skeletal
elements consist of radial rows of longi
tudinal pillars that may be directed upward
and outward from the inner wall with con
nection to one another in the radial plane
by rods and to those of neighboring radial
rows by synapticulae (Fig. 11,11). A very
coarsely porous septum may thus be formed.
Septal pores are unscreened and have no
outgrowths from their rims.

Radial longitudinal pillars as such are

FIG. 11. (Continued from facing page.)

in Ajacicyathus sunnaginicus ZHURAVLEVA; lat
eral view of septum, X30 (Zhuravleva, 1960b).

3. Decrease in number of pore-rows with growth
of septum m Erbocyathus heterovallum
(VOLOGDIN); lateral view of septum, X 30
(Zhuravleva,I%Ob).

4. Septum with stirrup pores at outer (to left)
and inner wall of Tumulocyathellus unicumus
ZHURAVLEVA; lateral view, X30 (Zhuravleva,
1960b).

5. Pore arrangement common in Regulares Casci
nocyathina in diverging longitudinal rows and
curving transverse rows (Zhuravleva, 1960b).

6. Pore arrangement common in Irregulares, in
longitudinal rows curving upward and outward
from inner to outer wall (Zhuravleva, 1960b).

7. Pores of different diameter and form in septum

of Irregulares (Repina, et al., 1964).
8. Pores of septum of Pycnoidocyathus synapticulo

sus TAYLOR; 8a, part of transv. sec.; 8b, lateral
view of septum; X3 (R. Bedford & W. R.
Bedford, 1936).

9. Septa of Vo/t'acyathus (Debrenne, 1964).
10. Rods and bars of Dictyocyathus (Dictyocya

thus), outer wall to left (Debrenne, 1964).
11. Radial rods between inner and outer walls of

Dokidocyathus regularis ZHURAVLEVA, X7.5
(Zhuravleva,1960b).

12-14. Hexagonal tubuli of Syringocnema favus
TAYLOR (R. Bedford & W. R. Bedford, 1936).
--12. In transverse fracture of cup, X3.
--13. In longitudinal fracture of cup, X3.
--14. Serial sections of single hexagonal
tubulus from inner to outer wall, X 6.
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FIG. 12. Intervallar structures: synapticulae, tabulae, and dissepiments.--l. Different curvature of
tabulae, shown diagrammatically in longitudinal sectIOn of the cup; la, horizontal as in Nochoroicyathus

and rarely in Coscinocyathina; lb,c,d, curved with axis of curvature within the intervallum, as in
Coscinocyathina and Putapacyathida; Ie, curved with axis of curvature in central cavity as in Archaeosy
conina (Debrenne, 1964).--2. Synapticulae connecting septa in Metafungia reticulata BEDFORD &

BEDFORD; 2a, part of transv. sec. of cup; 2b, oblique tang. sec. of septum, X2.7 (R. Bedford & W. R.
Bedford, 1934).--3. Dissepiments shown in long. sec. of Bicyathus bateniensis (VOLOGDIN) (Vologdin,
1959).-4. Harrow-like tabulae in Hupecyathus sp. (Debrenne, 1964).--5. Tabulae and septa with
rounded pores in Coscinocyathus sp. (Debrenne, 1964).-6. Tabulae with slit-like pores in Retecoscinus

sp. (Debrenne, 1964).--7. Pectinate tabulae in Nochoroicyathina (Debrenne, 1964).
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cup, and the radial longitudinal pillars may
be discontinuous above it (Fig. 12,4).

DISSEPIMENTS

These imperforate thin plates are nearly
always convex as seen from above and may
be either horizontally based, or inclined to
ward either the outer or the inner wall (Fig.
12,3). They cross interradial spaces in the
intervallum and also may be found in the
central cavity. They appear to have formed
later than the septa against which they abut
and are always thinner than the septa; only

FIG. 13. Distal surface of cup (all from Zhuravleva,
1960b).--1. Pelta in single-walled cups, diagram
matic long. sees; la, flat, porous pelta without cen
tral orifice in Archaeolynthtts polaris (VOLOGDIN);
1b, flat pelta with central orifice screened by porous
membrane, in Archaeolynthtts ttralocyathoides
ZHURAVLEVA; 1c, curved porous pelta with central
orifice, in Archaeolynthtts sibirictts (TOLL); 1d,
curved aporose pelta with central orifice screened
by porous membrane, in Archaeolynthtts ttralocya
thoides ZHURAVLEVA.--2. Coscinocyathine with
curved tabulae.--3. Nochoroicyathine with pec
tinate tabulae.--4. Ajacicyathine with hirsute

cap.--5. Dictyocyathine, with dissepiments.
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TUBULI

In the order Syringocnemidida the inter
vallum is filled with prismatic, porous
walled tubuli alternating in position in
superposed rows; commonly the later young
stages have randomly disposed rods and
bars in the intervallum, the tubuli appear
only after the inner wall is developed (Fig.
11,12-14). The tubuli are directed upward
and outward from the inner wall, steeply
upward at first, but then flattening to meet
the outer wall almost at right angles.

present in the intervallar framework of the
Archaeosyconidae. They curve upward and
outward from inner to outer wall and per
pendicularly to the tabulae, and may be
homologous with the "pillars" of septal
tissue between the longitudinal rows of
pores in septa.

TABULAE

Tabulae are the perforate horizontal
skeletal elements that connect inner and
outer walls surrounding the central cavity
(Fig. 12,1,4-7). In the Regulares they may
be convex upward, quite flat, or absent;
where they are convex the crest of the curva
ture lies midway between inner and outer
wall (Fig. 12,1a-e); commonly the tabulae
of neighboring interseptal loculi are on the
same level. Tabulae are commonly porous,
with round or oval pores (Fig. 12,5); in
Retecoscinus the pores are slit- or chink
like (Fig. 12,6). Tabulae become retiform
when the diameter of the pores is greater
than the width of skeletal material between
the pores; the pores are never protected by
spinules or rims. In one suborder with flat
tabulae, the Nochoroicyathina, the tabulae
are pectinate (Fig. 12,7); in each loculus
the tabula consists of two opposed rows of
cylindrical spines, that is, each tabula is
formed of two combs, with teeth not quite
meeting in the radial midline of the inter
vallum; these spines themselves may carry
smaller spinules. Pectinate tabulae are of
sporadic development. In the Irregulares
only curved porous tabulae are known, but
the curvature is centered within the central
cavity. Synapticulae may be so positioned
as to form a floor like a tabula (Fig. 12,2).
In the Archaeosyconidae each tabula ex
tends as a complete plate right around the
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FIG. 14. Inner wall of Archaeocyatha.

1. Wall with rectangular pores and lintels,
Pycnoidocoscinus pycnoideum BEDFORD &

BEDFORD; la, part of transv. sec.; lb, part of

radial long. sec.; 1c, tang. sec. inner wall, all
X2.7 (R. Bedford & W. R. Bedford, 1936).

2. Four types of spines projecting from the lower
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in rare cases are layers of secondary thicken
ing seen on their upper surfaces. Very small
dissepiments may be concentrated at the
periphery of the intervallum in Irregulares,
and may take over the binding function of
the wall when the thin wall of such species
is not preserved. Dissepiments are always
the first skeletal elements formed in the
apical cavity of Irregulares and are charac
teristic of this class. They may occur in the
intervallum of some Regulares.

UPPER SURFACE OF CUP
It seems probable that individuals of

tabulate Archaeocyatha ended their devel
opment and existence with the formation of
the top tabula, whether porous or pectinate
(Fig. 13,2-3). In the dissepimented
Loculicyathus the upper surface is formed
by dissepiments (Fig. 13,5). In at least one
nontabulate species, the intervallum may be
closed above by the union of the outer and
inner walls in a cap from which spinules
project (Fig. 13,4). In some single-walled
Archaeocyatha a pelta is developed over the
cavity, in some by the wall arching or bend
ing over (Fig. 13,1).

INNER WALL
Endless variety, far greater than in the

outer wall, is found in construction of the
inner wall, but, in nearly all species, open
ings of the inner wall are larger than those
of the outer wall (Fig. 14-16).

The inner wall is commonly a simply
porous sheath developed at inner ends of
the septa; if thin, it has round or hexagonal
pores (Fig. 14,8), but if thick, horizontal,
inclined, or elbowed pore-canals (Fig. 14,7;

15,6). In some walls pores, then called
stirrup-pores, are excavated from the axial
edges of the septa (Fig. 14,9). Another
simple wall is one formed by growth of
horizontal lintels between the septa or longi
tudinal ribs so that rectangular pores, which
may have rounded corners, occur (Fig.
14,1).

In slightly more complex walls horizontal
or inclined or resupinate scales or louvres
grow into the central cavity from these
lintels (Fig. 14,4,10); if the septa or longi
tudinal ribs also are produced into the cen
tral cavity, pore-tubes that are oblong or
hexagonally prismatic spaces may be
formed. Such pore-tubes may be geniculate
upward or downward (Fig. 15,6), or be
resupinate. In Porocyathus slats extend up
ward and inward to the intervallum op
posite those that extend upward and inward
to the axial cavity so that geniculate pore
tubes are formed.

Tuberculate and tumulose inner walls
have perforate tubercles or tumuli springing
from the rims of the pores (Fig. 14,3).

A spinose inner wall has spiny processes
springing from beneath each pore, axially
with an excavate upper surface, and curving
upward and inward to the central cavity
(Fig. 14,2,5; 15,7). In Leptosocyathus the
bases of the spinose processes each extend
across three interseptal loculi (Fig. 14,6).
In others the spines may be interconnected
by lateral and dorsal and ventral spinules
(Clathricyathus robustus) (Fig. 15,8). In a
bracted inner wall the lower lip of the pore
is produced inward and upward into the
central cavity, in some resupinately, and
when the sides of neighboring bracts join,
pore-tubes are formed (Fig. 14,11).

FIG. 14. (Continued from facing page.)

flms of pores; 2a-d, diagram. (Zhuravleva,
1960b).

3. Tumulose and tubulose waU pores with pro
tective hairs and screens; 3a-d, diagram.
(Zhuravleva, 1960b).

4. WaU of curved louvres, diagram., in Beltana
cyathus ionicus BEDFORD & BEDFORD (HiU, n).

5. Spinose inner waU of Archaeofungia sutJorotJae
ZHURAVLEVA, the spines partially screening the
pores (Zhuravleva, 1960b).

6. Scaly inner waU in Leptosocyathus polyseptus

(LATIN), with each spinose scale extending in

front of three intersepts (Zhuravleva, 1960b).
7. Thick wall with straight pore-canals (De

brenne, 1964).
8. Simply porous, thin waU with round pores in

one longitudinal row to an intersept (Hill, n).
9. Wall with stirrup pores and two longitudinal

rows of simple pores to an intersept (Hill, n).
10. Scaly inner waU, scales lateraUy contiguous,

forming incomplete annuli, in Cadniacyathus
asperatus BEDFORD & BEDFORD (HiU, n).

11. WaU of pore-tubes projecting into inner cavity
(HiU, n).
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FIG. 15. Inner wall (continued) (Hill, n; all except 6 modified from Debrenne, 1964).--1. Annulate
wall, annuli of inverted Y section.--2. Annulate wall, annuli of V section.--3. Annulate wall, annuli
of S section.-4. Inner wall formed of downturned inner edges of tabulae to which auxiliary screen is
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Tubulose inner walls may be formed in
many different ways additional to those
mentioned above. Pore-tubes may be bent
and in more than one series radially
(Formosocyathus) (Fig. 16,3). The inner
edge of a pore-tube may be fringed with
spines or have resupinate processes extend
ing from its lower sector, or have a perforate
domed shield separated from it by an ex
tension of one part of the edge (Fig. 14,3).

Septal pore-tubes are partly formed by
a transverse (in Ethmocyathus ) or inclined
(in Ethmophyllum) opposed waving of the
inner edges of the septa so that opposite
crests join (Fig. 16,2). In Ethmocyathus
the pore-tubes have hexagonal openings
(Fig. 17).

Annulate inner walls are fairly common.
In these walls, annulate shelves, which are
flat or upright, or inverted D-, V-, or
S-shaped in section, are applied to the axial
edges of the septa (Fig. 15,1-3,5). They
may be fringed with spinules (Fig. 16,4).
In some species the shelves may project
slightly into the intervallum between the
septal ends.

An inner wall formed by the downturned
edges of tabulae is known in Calyptocya
thus. This has an additional fine screen
suspended on short spines (Fig. 15,4).
Similar additional very fine screens are
found lining some inner walls, facing the
central cavity (Fig. 16,1). These may be
porous, supported by the axial edges of
pore-tubes, or by projecting spines (Fig.
16,4) or they may consist of close, very
thin threads (Ethmocyathus) applied to the
axial edges of pore-tubes (Fig. 17).

CENTRAL CAVITY
The central cavity is the space inside the

inner wall. As a rule it is free of skeletal
elements, but these may occur in the lower
parts of the cup (Fig. 18; see Fig. 75,4).
Thus dissepiments are found in some and
may be continuous with the dissepiments of
the intervallum. Radial rods may occur
with the dissepiments. The cavity may be
filled with secondary thickening deposited

parallel to the inner wall and this may be
canaliculate. More rarely it may be filled
with septate (and tabulate) outgrowths
from the intervallum. In some forms the
outgrowths may be tubulose, the tubuli be
ing bent and having porous and secondarily
thickened walls. In discoid cups the central
cavity scarcely can be regarded as a cavity.
In some sections of a cateniform colony op
posite intervalla are in contact without any
intervening cavity.

SOFT PARTS
No impressions of the soft parts of

Archaeocyatha have been found in mud or
fine sand. Some authors hold that acci
dentally calcified soft parts have been found
(VOLOGDIN, 1931, 1948, 1957b, 1962b;
MAsLov, 1960). These "calcifications,"
which they suggest occurred because of the
absence of putrefactive microorganisms in
the water, or because the dead bodies fos
silized very rapidly in water that was rich
in dissolved bicarbonates of calcium and
magnesium, are of two kinds: 1) dense
enveloping material sheathing both the
septa and the outer and inner surfaces of
the walls, and 2) material surrounding
canal-like spaces within the central cavity,
the canals being continuous with the pores
of the inner wall (Fig. 6,11,14). VOLOGDIN
(1962b) considered that in some instances
true skeletal supporting plates exist at the
angles between three such surrounded
spaces.

ZHURAVLEVA (1959b, 1960b), however,
pointed out that the sheathing tissue of the
first type, which has something of the ap
pearance of the intracameral deposits of
nautiloids, is often banded in such a way
as to indicate periodic accretion parallel to
its surface. This seems a better explanation
than the one of accidental calcification of
soft parts. The question of the origin of
the second type is more difficult and is
bound up with the interpretation of the
nature of the archaeocyathan individual.
VOLOGDIN interpreted the tubulose structure
as due to accidental calcification of a ramify-

FIG. 15. (Continued from facing page.)

applied by thin rods, in Calyptocoscinus sp.--5. Annulate wall, annuli of inverted S section.---6. Wall
of branching, geniculate pore-tubes, in Heckericyathus heckeri (ZHURAVLEVA).--7. Spinose inner wall.

-8. Spinose inner wall with spines connected by transverse and longitudinal spines.
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ing digestive system; this would suppose an
organization higher than that of sponges.
ZHURAVLEVA regarded it as formed from an
extrusion into the central cavity of soft
tissue from the intervallum, this soft tissue
then proceeding to secrete septal or dis
sepimental or tabular skeletal elements; and
hers seems the better explanation. FONIN

(1961) objected to both interpretations. He
was unconvinced of the existence of an "in
ternal digestive organ" in the central cavity,
but could not accept that this was normally
empty during the life of the individual. An
other explanation offered for certain of the
calcareous elements in the central cavity is
that they were deposited by a second, single
walled archaeocyathan in symbiosis with
the first (MASLOV, 1960).

The intervallum and not the central
cavity is now generally considered to have
been the site of the principal life processes.
The pores of the walls are commonly con
sidered to have enabled food-bearing
currents to be drawn into the body.
ZHURAVLEVA (1960b) and FONIN (1961)
agreed that the currents flowed through the
outer wall into the intervallum and then
out through the central cavity via the inner
wall. VOLOGDIN preferred the reverse direc
tion. MASLOV (1961), basing his conclusion
on his observation that either perforate or
aporose pelta or opercula may develop at
the growing end of the cup, considered that
currents must have been able to flow either
way through the pores of one-walled cups.

In ZHURAVLEVA'S view, the skeleton of an
archaeocyathan is an external, continuous
sheet, formed in a similar way to that of
the Protozoa. She considered the proto
plasm to be continuous through pores in the
septa but thought that the differing develop
ment of dissepiments, of skeletal thickening
and sometimes of tabulae in neighboring
interseptal loculi indicated a certain amount
of independent vital activity from loculus
to loculus. She thought this indicated that
digestion took place not in a distinct layer
of epithelial cells, as in coelenterates, but
intracellularly, and also that special secre
tory organs were absent. Her view of the
living matter of the archaeocyathan is thus
that it consisted of uniform, undifferentiated
cells (except for some sex cells), filling the
intervallar loculi, the basic life processes
taking place intracellularly, digestion and
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FIG. 16. Inner wall (continued).--l. Composite
wall; simply porous, with auxiliary microporous
screen (Repina, et al., 1964).--2. Wall of eth
mophylloid pore-tubes formed by the contiguity of
waves of the inner edges of neighboring septa;
2a, long. sec. of wall; 2b, part of transv. sec. of
cup, inner wall to left (Hill, 1965).--3. For
mosocyathoid wall of tortuous pore-tubes and with
a microporous auxiliary screen; 3a, oblique radial
long. sec. of part of cup, inner wall to right;
3b, part of transv. sec., inner wall below (Vologdin,
1962d).--4. Annulate wall with microporous
screen supported by radial spines, in Composito-

cyathus (Zhuravleva, 1960b).
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secretion being analogous to these in proto
zoans and sponges. This view seems to
accord well with the facts. However,
VOLOGDIN (1962b) thought, as a corollary
to his views of "calcification" of the soft
tissues, that the latter were cellular, having

Ethmocyothus

FIG. 17. Inner wall of EthmocyathtlS, viewed from
central cavity, showing inner ends of pore-tubes
and part of screen of fine transverse laths (Hill,

1965).

FIG. 18. Central cavity shown in transv. sec. of
Asterocyatlltls salairiCl/S VOLOGDIN with inner wall
to central cavity longitudinally deeply grooved at

septal edges, X 13.5 (Vologdin, 1962d).

functional and morphological differentia
tion, and that there was a system of capil
lary vessels connecting the various parts of
the body in a single organism.

ZHURAVLEVA noted the presence of pores
in both septa and tabulae, the continuity of
the several skeletal elements and the fact
that after injury to some loculi of the living
cup, the archaeocyathan could heal the in
juries and continue to build the cup. From
these observations she concluded that the
connection between the groups of cells in
neighboring loculi was "incommensurably
higher" than that between the cells even in
such complex colonial unicellular organisms
as the Volvocidae.

She concluded that the Archaeocyatha
were the result of nature's first attempt to
create a simple multicellular organism, and
that with the beginning of a broad prolifera
tion of the sponges, which were of similar
ecology, the archaeocyathans were quickly
extinguished. She considered the Arch
aeocyatha to be a multicellular phylum that
arose independently from the unicellular
organisms, with a degree of differentiation
higher than that of the Protozoa, but lower
than that of the Porifera.

ONTOGENY
The wide distribution of species and

genera, and analogy with coelenterates and
sponges, suggest that the Archaeocyatha
had a planktonic larval stage that was with
out skeleton. However, certain small cal
careous problematiea from the Lower Cam-

brian of the USSR (Fig. 19) have been
considered by VOLOGDIN (1932; 1957c) to
represent larval or young stages of archaeo
cyathans and they were named by him
"sphaerion," "fistula," and "doliurn" stages,
and to have been planktonic.
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E
FIG. 19. Small calcareous problematica considered
by VOLOGDlN (1931, 1932) to be larval and young
stages of Archaeocyatha; A, "sphaerion"; B,

"fistula"; CoG, "dolium"; all X 13.

The few studies of ontogeny based on
longitudinal or serial transverse sections of
individual archaeocyathan cups suggest that
postlarval development began with the for
mation of an aporose curved sheet that be
came the tip of the cup as the archaeocya
than grew. The edge of this calcareous
sheet grew upward and outward to form
the outer wall of the conical cup (Fig. 20).
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Archaeolynthus

FIG. 20. Ontogenetic stages of development in one
walled cups (Zhuravleva, 1963b).--1. Archaeo
lynthus, showing wall with simple pores through
out.--2. Tumuliolynthus, showing adult wall
with tumuli.--J. "Rhabdocyathella," showing
adult wall thick with external microporous sheath.
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Kotuicyathus Jakutocyathus lenocyathus

FIG. 21. Ontogenetic stages of development in
genera of the family Lenocyathidae. Outer wall
tumuli appear before inner wall, septa, and tabulae,
in Jakutocyathus (Jakutocyathus) and after them in
Kotuyicyathus and Lenocyathus, demonstrating
heterochronous parallelism (after Rozanov, 1963).

At a cup diameter of 0.15 to 0.2 mm., simple
pores appear. In Irregulares, dissepiments
next appear, followed in two-walled forms
by disoriented rods, and then by the inner
wall, simply porous at least at first, and by
some tabulae; in later stages the disoriented
rods may be replaced by septa, or, in the
Syringocnemididae, by hexagonal tubuli,
and either or both walls may become com
plex. In two-walled Regulares a simply
porous inner wall appears with or slightly
earlier than the first intervaliar structures,
which in some are rods, in others are septa;
tabulae may then appear, and both walls
may become complex, and the complexity
may increase; in some, complication of the
outer wall may begin before the appearance
of the inner wall and septa (Fig. 21).
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cation of the Archaeocyatha is a phyletic
one, and that ontogenetic studies support
this view. Thus, ZHURAVLEVA (l960b) con-It has been suggested that current classifi-

EVOLUTION

ONTOPHYLETIC SPECULATION
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Cup
Diam
mm.

Closs Irregulares Long. Sec. Closs Regulares Long. Sec.
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Ajacicyathus type
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0·7
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FIG. 22. Ontogenetic stages in Archaeocyatha. The cup diameters at which the different stages appear
are shown in the left-hand column; in the middle column are representatives of the Irregulares. A, the
embryonic, aperforate tip, is common to both classes; Bl-Cl are stages of development in representative
Irregulares [x, form with tabulae; y, form with septa and tabulae; z, form with radial tubuli
(Syringocnemidida)]; B2-C2 are stages of development in representative Regulares [a, form with pectinate
tabulae (Nochoroicyathina); {3, atabulate form (Ajacicyathina); "I, form with porous tabulae (Coscino
cyathina)] (after Zhuravleva, 1960b). [Explanation: a, outer wall; b, inner wall; c, radial rods in
intervallum; d, septa; e, pectinate tabula; j, porous tabula; g, pore-canal of outer wall; h, composite
tumulus of outer wall; i, rudimentary pore-tube of inner wall; j, pore-tube of inner wall; k, "hairs" at
end of pore-tube of inner wall; I, rod in intervallum; 111, dissepiments; n, taenia; 0, taenial spines; p,

convex tabula; q, hexagonal radial tubulus.]

sidered that the class characters (presence or
absence of dissepiments before the inner
wall appears) are established at a cup
diameter of 0.13 to 0.2 mm.; that the inner
wall appears between 0.5 and 0.7 mm. in
two-walled Irregulares, and between 0.13
and 0.2 mm. in Regulares. She regards the
regularian subordinal characters, mainly

type of tabulae, as established between 0.22
and 0.45 mm., whereas the subordinal char
acters of Irregulares do not appear until 0.5
to 0.7 mm. The family (outer wall) char
acters of Regulares develop between 0.5 and
0.7 mm., but in Irregulares not until 0.8 to
1.0 mm., at which diameters subfamily
characters develop in Regulares. Generic
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M. Cambrian

Obruchevian

Solontsovian

Sanashtykgolian

Kameshkian

Bozaikhian

Archaeocyatha

Monocyathida Dokidocyathina Ajacicyathina Nochoroicyathina Coscinocyathina

11 8
,---:-:----:..;=-------1

17

• forms with simple walls • forms with outer-wall tumuli • forms with reticular outer walls

1//1 forms with additional outer-wall membranes ~ forms with ethmophyllid-like inner wall

FIG. 23. Assumed phylogenetic relationships within the suborders of Regulares, according to ROZANOV
(1963) .--1. Archaeolynthus.--2. "Rhabdocyathella."--3. Tttmuliolyntlltls.--4. Dokidocyathus
and Vacuocyathus.--5. Kidrjasocyathus and Uralocyathella.--6. Fransuasaecyathus.--7. Ajacicya
thidae.--8. Erbocyathidae.--9. Tumulocyathidae (9a) and Annulocyathidae (9b) .--10. Tercya
thidae.--11. Ethmophyllidae.--12. Nochoroicyathidae.--13. Kordecyathidae.--14. Lenocyathidae.
--15. Piamaecyathidae.--16. Formosocyathidae.--17. Coscinocyathidae.--18. Kasyricyathidae.

--19. Alataucyathidae.--20. Coscinocyathelltts.

characters appear in both classes between
1.1 and 1.7 mm. cup diameter and specific
characters enter thereafter. Figure 22 shows
ZHURAVLEVA'S hypothesis diagrammatically.

This generalization is very useful, though
certainly oversimplified, as shown for in
stance by Figure 21. Figure 23 shows
ROZANOV'S views of how the main families
in suborders of the Regulares may have de
veloped from an early and primitive stock
for each suborder, by trends of develop
ment in complication of the outer walls.

PARALLEL EVOLUTION
Numerous trends in archaeocyathan de

velopment resulting in parallel, heterochro
nous, or convergent evolution, have been
suggested. Most have been based in part on
morphological comparison of bioseries in
successive strata and in part on ontogenetic
observation. The majority relate to com
plications in the wall structure (Fig. 21).
The end result seems to be greater efficiency
in straining currents of water through the
wall pores; thus, the outer part of the outer
wall is frequently more finely porous than
the inner part of this wall, and wide variety
in the construction of such double walls is

observed; pore-canals, pore-tubes, and
tumuli of varied construction develop.
Trends towards colony formation occur.

In addition there are trends in reduction,
such as reduction in the number of longi
tudinal pore-rows to an intersept, reduction
in the porosity of septa, and reduction in
the number of pectinate tabulae (Fig. 24).

INTRASPECIFIC VARIABILITY
Dimensional differences noted between

individuals of the same species have been
correlated by ZauRAvLEVA (1960b) with dif
ferences in depth of floor, in character of
bottom, and possibly in rate of flow of
currents, in temperature, gas regime, and
faunistic composition. Thus, outer wall
tumuli may be larger in individuals from
deeper seas.

Geographical variation has also been
demonstrated by ZHURAVLEVA (1960b). Thus
individuals of a species show in space as
well as in time, variation in size of cup,
range of numbers and size of wall pores
and septal pores, frequency of septa, number
of spines in the inner wall, and tendency
to form colonies.

Growth form of a species may differ in
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FIG. 24. Trend in reduction in number of longitudinal rows of pores to each intersept of outer wall in
AjacicyathltS and in Coscinocyathtls (Rozanov & Missarzhevskiy, 1966).

biohermal and interbiohermal facies
(ZHURAVLEVA, 1960b). Thus, 0kulitchicya
thus discoformis (ZHURAVLEVA) may be
discoid in the interbiohermal facies, pre
sumably because it was there subject to
frequent overturning, but is often of ir
regular conical form in the bioherms.
Biohermal individuals of most species com
monly have external adherent processes,
interbiohermal individuals usually lack

them. Many species have smaller indi
viduals in the bioherms. ROZANOV (1963)
noted that latticed walls occur in representa
tives of two suborders in volcano-terrig
enous facies, and considered that such a
wall is an adaptive character.

Pectinate tabulae are so-rare as to be hard
to find in some individuals of one species
but are very common in others (R. BEDFORD
& J. BEDFORD, 1936, p. 25, 1939, p. 75).

PALEOECOLOGY
The Archaeocyatha are marine, ben

thic, shallow-water organisms, mainly
sessile with adherent outgrowths, but some
were probably passively shifting in the
bottom layers of the water, especially discoid
forms whose shape is thought to be due to
repeating overturning. All colonies are
basally adherent, and solitary forms may
adhere by various types of tubular processes
or wide expansions from the base of the cup.

The predilection of the Archaeocyatha
for the carbonate sedimentary facies has
long been known. They have been con-

sidered the reef-builders of the Lower Cam
brian, but it would seem that they were
less important in this respect than algae.
Algal-archaeocyathan bioherms and bio
stromes were constructed (Fig. 25) but
archaeocyathans are also common in the
interreef facies and in nonbiohermal lime
stones. Associated with them in interbio
hermal strata are algae and the benthic
gastropods, brachiopods, and trilobites, but
hyolithids and coniconchs are also found.
Where sponges are common, archaeocya
thans tend to be rare.
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DEPTH
The most favorable depth, as indicated by

the studies of ZHURAVLEVA and ZELENOV

(1955), ZELENOV (1957), and ZHURAVLEVA

(1960b) was from 20 to 30 m. and down to

FIG. 25. Migration of archaeocyathan and algal
archaeocyathan bioherms in time and space in the
Aldanian of the Siberian Platform, Rivers Lena and
Aldan (Zhuravleva, 1966). [Explanation: A,
littoral archaeocyathan dilophoid; E, fringing ar
chaeocyathan dilophoid; C, archaeocyathan monolo
phoid; D, pseudostromatolitic algal-archaeocyathan
biostrome; E, algal-archaeocyathan onkoidal dilo
phoid; F, bedded algal-archaeocyathan biostrome;
G, onkolites; H, limestone without bioherms; 1,
stromatolites; 1, shallow, littoral zone; ll, depth
over 10 meters; llT, depth some tens of meters.]

50 m. (Fig. 26). The evidence on which
this is based is the association with the blue
green alga Renalcis, the fragmentation of
many skeletons, and the dimensions of the
bioherms which, with the algae, they were
able to construct. Above and below these
optimum depths they were smaller and did
not construct bioherms. From 50 to 100 m.
they are commonly associated with the red
alga Epiphyton, thin-walled with a narrow
intervallum and not fragmented by wave
action. They are not known in sediments
presumed to have been deposited below
100m.

TEMPERATURE

VOLOGDIN (1932) and ZHURAVLEVA (1960b)
assumed that the Archaeocyatha were orga
nisms of the warm seas, on the grounds
(not always reliable?) that bioherms are
constructed always in warm-tropical or near
tropical seas. On the Siberian Platform
they are abundant in the varicolored
suite of brick-red to violet argillaceous
dolomitic limestones which ZELENOV (1957)
and others considered formed off land with
a hot damp climate.

.. , "':'''::''':;~:''-
,,' .. , .~'7:. I' . "0 •• .', • ••••• : : .. ~ ... ' ••

.".':.::: :: ..:::::.:...::....~..::.:.:.:. :".::: .:::;.;.:~:.~:\~:.~:.: ~>:.~: :':::' '.:.:.::: :.~:: .:~ ..:~:;.;;;
,4)" ••••••• •• ,.... • • .

FIG. 26. Archaeocyathan growth-form in relation to depth (Zhuravleva, 1960b). [Explanation: A, a
few small cups at depths up to 12 m.; E, small archaeocyathan bioherm at 20-30 m.; C, a few large
discoid or conical cups between 30 and 50 m.; D, a few small cups between 50 and 60 m.; E, occasional

cups to a depth of about 100 m.]
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SALINITY
The salinity tolerances of Archaeocyatha

are thought to be related to the characters
of the sediments in which they occur.
ZHURAVLEVA (1960) found that they are
commonest, and constructed bioherms, in
rocks with 46 to 50 percent CaO (=78-91
percent CaCOs), but that they may be quite

rich in rocks with a CaO content of only 7
percent. Percentages of 5 to 8 percent MgO
were endured by very few species, and with
a still greater concentration of MgO, as in
lagoonal deposits, the Archaeocyatha disap
peared entirely. They were quite tolerant of
terrigenous matter, and actually flourished
best in sediments that contained 19 to 34
percent of insoluble residues.

GEOGRAPHIC AND STRATIGRAPHIC DISTRIBUTION
Archaeocyatha have been described and

illustrated from all continents except South
America, from which, however, an occur
rence has been reported recently by
DEBRENNE (1964). They are characteristic
of the calcareous facies of the Lower Cam
brian (but not the Eocambrian), with a
maximum in the Botomian Stage of the
south Siberian fold belt. Whether they de
veloped during Precambrian time is prob
lematical. RADUGIN (1966) recently has de
scribed as primitive archaeocyathans a num
ber of small calcareous problematica from
the Late Proterozoic of Siberia, but these are
not appended to this part of the Treatise.
Only a few genera are known from the
early Middle Cambrian Paradoxides oelan
dicus Zone in Australia (OPIK, 1956, 1961)
and the Altay Mountains of Siberia
(KHOMENTOVSKIY et al., 1962), where they
include, in the Katun anticline, Tegero
cyathus, Ethmophyllum, and Nochoroi
cyathus. However, VOLOGDIN (1957a) con
sidered the Elanska faunal horizon at the
top of the Lena Stage on the Siberian Plat
form to be Middle Cambrian, and OPIK
(1956, 1961) suggested that the greater,
upper, part of the Lena Stage is in the
P. oelandicus Zone. If either of these con
tentions is correct, the number of genera
ranging into the Middle Cambrian becomes
quite large. An Upper Cambrian occur
rence in Antarctica has recently been re
corded (WEBERS, 1966), but all other occur
rences later than early Middle Cambrian
have been discounted (HILL, 1965, 1967).
See map (Fig. 27) and Table 3.

SUBDIVISION AND
CORRELATION OF THE

LOWER CAMBRIAN
Russian work on Cambrian biostratigra-

phy has been exceptionally vigorous over
the last decade and some degree of una
nimity has been achieved on the correlation
of the various stratal sections on the Si
berian Platform and in the Altay-Sayan
fold belt, as well as between these two
groups of sections. Ranges of archaeo
cyathan genera in the USSR can thus now
be expressed in terms of the four stages
into which the Russian Lower Cambrian is
currently divided: Tommotian, Atdabanian,
Botomian, and Lenian (RozANov, et al.,
1969; ZHURAVLEVA, KORZHUNOV, &
RozANov, 1969; MEsHKovA, 1969;
ZHURAVLEVA, 1970b).

Previously the Lower Cambrian of the
Siberian Platform had been divided into
two units, the Aldanian and the Lenian
stages. These names are now being used as
superstage names. The Tommotian and
Atdabanian stages replace the earlier upper
or Zhurian Substage of the old Aldanian
and the lower or Tolbian Substage has been
excised from the Lower Cambrian, named
Vendian and transferred to the Precam
brian. Also, the Tarynian horizon has been
subtracted from the top of the old Aldanian
and treated as the lower part of the new
Botomian. The old Lenian has been di
vided into the thus augmented Botomian
and the new or restricted Lenian Stages.
The old Atdabanian Substage has had
added to it the Profallatopsis Zone and the
equivalent zone of Retecoscinus zegebarti
(including the beds with bioherms of the
second type of ZHURAVLEVA, 1960b) from
the top of the old Kenyada horizon. The
Tommotian therefore includes the Sun
naginian horizon and the thus restricted
Kenyadian horizon. No trilobites are found
anywhere in strata currently regarded as
Tommotian. These nomenclatorial changes
are shown in Table 1.
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Whether the base of the Tommotian will
prove acceptable internationally as the base
of the Cambrian remains to be seen, but a
good case has been argued for this by
ROZANOV (1967). Whether the division be
tween the Lower and Middle Cambrian
should be drawn at the incoming of the
Paradoxides fauna as advocated by R.
RICHTER & E. RICHTER (1948) or at the
extinction of the Olenellus fauna as advo
cated by OPIK (1967) also remains to be
determined internationally. In the USSR
the former boundary is generally adopted,
and it is taken between the Elanskian faunal
horizon at the top of the Lenian Stage and
the Oryctocephalops-Schistocephalus Zone
at the base af the Amgian Stage of the
Siberian Platform. This boundary is here
accepted. If OPIK'S criteria were accepted,
the division possibly would fall at the base
of the Botomian (incoming of the Protole
nus fauna).

Table 2 shows the current biostratigraph
ical correlation between the Lower Cam
brian of the Siberian Platform and that of
the Altay-Sayan Fold Belt, courteously sup
plied to me by Mme. I. T. ZHURAVLEVA.

Correlation of the North African, western
European, Canadian, Australian, and Ant
arctic strata bearing Archaeocyatha with
those of the USSR is still uncertain. It
seems that the North African Amouslekian,
Timghitian, and Tasousektian stages range
from the Atdabanian into the Botomian
(DEBRENNE, 1964; ROZANOV, et al., 1969).
In Spain, France, and Sardinia the ranges
appear to be within the Atdabanian and
Botomian (DEBRENNE, 1964). In western
Canada Archaeocyatha range from possibly
the Atdabanian Stage into the Botomian;
in western U.S.A. (Nevada) the range
would seem to be Atdabanian. In South
Australia, WALTER (1967) considered the
range in the Hawker Group of the Wilka
willina Gorge region to be Kundatian (now
upper Tommotian) to Sanashtykgolian (=
Botomian). From the Northern Territory
of Australia, OPIK (1956, p. 41) recorded
Archaeocyathus from a chert with the tri
lobites Xystridura, oryctocephalus, and
Peronopsis, north-northeast of Alexandria,
and from the Ranken limestone with
Peronopsis and Asaphiscus; he considered
these trilobites to be of early Middle Cam
brian age. The South Australian fauna

from the Ajax Mine correlates best within
the range of upper Atdabanian (Kameshki
horizon) to lower Botomian (Taryn hori
zon). The Antarctic fauna similarly may
range from the upper Atdabanian into the
Botomian (HILL, 1964a,b; 1965).

RANGES OF GENERA
The ranges of genera are given In

Table 3.
The Russian entries in the table represent

two groups of sections; the first, the heavy
unbroken line, represents the combined
ranges in the various parts of the Siberian
Platform. This includes the northwest
(Igarka and Norilsk) region, the south
(Angara-Lena watershed), the southeast
(middle section of R. Lena and R. Aldan),
the northeast (lower Lena R. and neigh
boring Kharaulakh Mts.), and the flanks
of the Anabar massif. Data for this are taken
mainly from ZHURAVLEVA, KORSHUNOV, &
ROZANOV, 1969, from DATZENKO, ZHURAV
LEVA, et aI., 1968, and from ROZANOV, et al.,
1969, but also from other papers. The
second group, entered as heavy dashed
lines, applies to Russian sections in the
folded regions of the Southern Urals,
Kazakhstan, the Altay-Sayan (including
Tuva), the ranges beyond (east of) Lake
Baykal, and the Far East. Data for these
entries have been taken mainly from
REPINA, KHOMENTOVSKIY, ZHURAVLEVA, &
RozANov,1964; ROZANOV & MISSARZHEVSKIY,
1966; ZHURAVLEVA, et al., 1967; KHABAKOV,
1967; KONYUSHKOV, 1967; and YANKAUSKAS
& ZHURAVLEVA, 1969.

Ranges for Australia (from BEDFORD &

BEDFORD, 1934-39; HILL, 1965; WALTER,
1967; DEBRENNE, 1969) are shown in a
medium broken line, those for North Africa
(from DEBRENNE, 1964; DEBRENNE &

DEBRENNE, 1965) in a fine broken line, and
those of western North America (HAND
FIELD, 1971) are indicated by a line of small
circles.

ZOOGEOGRAPHIC PROVINCES
In view of the tentativeness of intercon

tinental correlation, it may be too early to
delineate paleozoogeographical provinces
using archaeocyathan faunas, but ZHURAV-
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TABLE 3. Stratigraphic distribution of archaeocyathan taxa plotted by region: Siberian
Platform, Russian folded regions, North Africa, western North America, and Australia

(Hill, n).

SYMBOL REGION LOWER CAMBRIAN M.CAM.
--- PLATFORM (SIB.) TOMMOTIAN ATDABANIAN BOTOMIAN LEN IAN AMGIAN
••••• FOLD BELTS (USSR) ~__liJ!Lo!!.BA~.-=U~.~BA~ZA~I~K:.j.'~K;;A~M!.:i'i--:-'S!!;A~N;!:A~S~H,:....+S~O~L:::O::..'N~.~O~B~R"'-I'I-----j
--- N. AFRICA AMOUS. I TlM.1 TAS. AG •
....... N. AM.(CAN.) ~-----A----B+C.-- .?
-------- S. AUST. ?-l AJAX .?

I I I
ARCHAEOCYATHA

REGULARES
MONOCYATHIDA

MONOCYATHINA
Monocyathidae

Archaealynthus

? Rhabdalynthus
Tumulialynthidae

Tumuliolynthus

Praprialynthus
Ethmalynthidae

Ethmalynthus
Cryptaparocyathidae

Cryptoporocyathus
GLOBOSOCYATHINA

Globosocyathidoe
Globosocyathus

Capsolynthidae
Capsolynthus

llRhobdocyathellidae ll

IIRhabdocyathella"
CAPSULOCYATHINA

Capsulocyathidae
Capsulocyathus ~:._~- ~ ~ ~__ I

Fransuasaecyathidae I
Fransuasaecyathus ' ... 1

·I-------I---·,.-_·.--~'.·.·_-.',Ura Iocyathe II idae
Uralocyathella '_~'-.'

?Urolocyathidae \ I I I I I

~:~~:~r;;:~~us ·---I------I----~-_:~:--·I
Velicyathus :--:

PUTAPACYATHIDA
Putapacyathidae I I

Pvtapacyathus --?-;---~---~

Aptocyathidae I '
Aptocyathus I ,--------
Alphacyathus . I I I
Aptocyathella I----~ .:.._.
Chabakovicyathus ) I.... I

Ge~!~~~~:~~;~tf~:s L-L_L---.l -lI__·_tL~_·_·-_·L~_:_-_i.L___..L-_ __L__---1

LEVA (1968a) has given a useful preliminary
analysis.

Archaeocyatha of Tommotian age are
well known only in the USSR; here
ZHURAVLEVA has distinguished two sub
provinces, that of Yakutia (southeastern
part of Siberian Platform), in which Ar
chaeocyatha are relatively common, and
that of the Altay-Sayan fold belts where
they are sparser. The Tommotian fauna
includes representatives of 15 families.

Eight of the more important of these, the
Monocyathidae, Dokidocyathidae, Ajacicya
thidae, Nochoroicyathidae, Coscinocyathi
dae, Dictyocyathidae, Metacyathidae, and
Archaeosyconidae no doubt provided start
ing points for their respective suborders.

In Atdabanian time, Archaeocyatha
greatly diversified, and became more widely
distributed, being known from the Urals to
the Far East of Asia, as well as in western
Europe, North Africa, North America,
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TABLE 3. (Continued.)

SYMBOL REGION
--- PLATFORM (SIB.)

FOLD BELTS (USSR)
- N.AFRICA

N. AM. (CAN.)
u S. AUST.

LOWER CAMBRIAN
TOMMOTIAN ATDABANIAN I BOTOMIAN

LBA. U. BAZAIK:TKAM. SANASH.
AMOUS. I TIM. TAS. AG.

I.. A -B+C·-- ...?
?-f AJAX .?

LEN IAN
SOLON. OBR.

M.CAM.
AMGIAN

I
mW~~'WH~

, 'L

......_-------------

I
i·········t~~~~~~r::::::
i···········~

......-I I
Spain

USA INew York) IUSSR I Tuvo IUSSR IAltoy)

;--i:::::=:--

-------------------~

~jJ HnXt&:,&H_% 11

I
, I' 1'--r~~;I::;-;:r~)::~---i---I'

--------------_.I I r---:---'

US~:~~~I:;;-1------
I f- u

-- ------

USSR IAltey)

-I?>....:-.i--==--.,.....,...;--~---~--~---i
i--m~:::::~. ~

.............•••.••
r--?-T----~ ::

U~SR (SoI~;r1 f
'-••• 1 II -- _

......... e.. I 1

,2£ r

I I I I

,1=~?;.;§§~,~>'~"'''~'i!IJ'~,%;;:m~!ji;n~:''11l1;!ji.~.~!ji;'_;:;~.;;'~:11l._1'!, 'lMr _
:M"~M ~1li$WMWHygk&fW N~

._----------------_.I I I I I •

·_--------I----::::\:::~

.!!--~-----~ I

I
llIIii & I

~---~-.:_!

~=+::~--~ I

·····-['~~.::~~-:-:--:-l- I
I , •.........•

IL [ ~--ffil'~MW 'I ml

:~~o/U~/li

AJACICYATHIDA
DOKIDOCYATHINA

Dokidoeyothidoe
Dokidocyothus
Dokidoeyothello
Incurvocyathus

Acanthinocyathidae
Acanthinocyathus

Soanicyathidae
Soonicyathus
Zhuravlevaecyathus

Kidr josocyothidee
Kidrjasocyothus
Teho joeyothus

Koltotoeyothidoe
Koltatocyathus
Popilloeyothus
Sekwieyothus

AJACICYATHINA
Ajacicyathacea

Ajacicyathidae

A joe ieyothus

Ajocieyothellus
Archaeocya theII us
Dentatocyathus

Locul icyathus

Loculicyathellus
Nevadacyathus
Orbiasterocyathus
Orbieyothus
Pachecocyathus
Protocyathus
Serrotocyathus
Subtiloeyothus
Ureyothus

Robustoeyothidoe

Robustocyathu5

Afioeyothus
?Carpicyathus

Gorskinocyathus
Holysieyothus

Inessocyathus

?Plenocyathus
PI icocyathus

? Rugocyathus
Rotundocyothus
Sibirecyathus
Stopieyothus
Turgidocyathus

Australia, and possibly in Antarctica. At
least 10 families attained a worldwide dis
tribution. The number of genera present
increased almost threefold. Perhaps the
more important first occurrences are of the

Putapacyathida, Compositocyathidae, Eth
mophyllidae, Cyclocyathellidae, and Erbo
cyathidae. Toward the end of the Atda
banian, it seems possible that three zoo
geographical regions were present, Afro-
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TABLE 3. (Continued.)

SYMBOL REGION
--- PLATFORM (SIB.)
- •••• FOLDBELTS(USSR)
--- N. AFRICA

N. AM. (CAN.)
-------- S. AUST.

LOWER CAMBRIAN
TOMMOTIAN ATDABANIAN BOTOMIAN

L.BA. U.BAZAIK. KAM. SANASH.
AMOUS. TIM. TAS. AG.

1+-- A- -B+C· .?
?-l AJAX ...?

LEN IAN
SOLON. OBR.

M.CAM.
AMGIAN

I-----~------,

__ant,WiiMlhJ-

, I
~~-~-~----..-, ,

I I I J----,---------I USSRITuvo)

I~-~:,---,

I I-------

IKazok~ston fup.L.Co?" to bas~ M.Com.?

Kozakhstan ?up.L.Com. to base M.comHi?, ' ,-------------

~--~, ,

,

I I
I I •••••~••• ~

_ -\ I I' ,._------
_._-------~ __~ I

Kazakhstan ?up.LCam. ta base M.Cam.?
Kazakhstan ?lup.LCar'!'. to bose ~.CQm.?,

~--~---~-----------

. '. ,. .' '

i·····~···r-·~-··~····-··-~··

..... .,...... !......J I
I rUSSR'(\~ :ansboykol io)

-------•.....,.............•, . ~-----i--- ....-':"
,

Tennericyothidae
Tennericyathus
Cadn iacyathus

Ethmocyath idee
Ethmoeyothus
Denaecyathus

Compositocyathidae
Compositocyathu5
leptosocyathus

Cyel oeyathell idae
Cyciaeyathella
Cyathocricus
Gordonicyothus
Gordonifungia

? Hemi tho Iamocyothus
Svetlanocyathus

Tayloreyathus

Tersicyathus
Chankaeyathidae

Chankaeyathus
Ethmophyll idae

Ethmophyllum
? Degeletticyathus
?Mackenziecyathus
?Palmericyathus
?Salopieyathus

? Zonocyothus
Erbocyathacea

Erboeyathidae
Erboeyathus
Krasnopeevaecyathus

? Krishnanicyathus
Ladaecyathus
Sehidertyeyathellus
Tegeroeyathella
Tegeroeyathus

? Sa janoeyath idae
Sa janocyathus
Serl igocyathus

Pretiosocyathocea
Pretiosocyathidoe

Pretiosocyathus
Robertoeyathidae

Robertoeyothus
Ureyathella

Peregrinicyathidae
Peregrin icyathus

Hupeeyathellaeea
Hupeeyathell idae

Hupeeyathellus
BoscecuIcyathacea

Bosceculcyathidae
Boscecul cyathus

Seh idertyeyathidae
Sehidertyeyathus

?Syringocyathus

European, Siberian, and Australian. The
Siqerian region is divisible into two as be
fore, the Yakutian and the Sayano-Altay,
both widely extended in area.

In Botomian time the Archaeocyatha
reached their acme, not only in distribution
but also in diversity. ZHURAVLEVA (1968a)
distinguished two centers of differentiation,
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TABLE 3. (Continued.)

SYMBOL REGION
--- PLATFORM (SIB.)
_____ FOLDBELTS (USSR)

- N.AFRICA
N. AM.(CAN.)

-------- S. AUST.

LOWER CAMBRIAN
TOMMOTIAN ATDABANIAN BOTOMIAN

L.BA. U.BAZAIK. KAM. SANASH.
AMOUS. TIM. TAS. AG.

14---- A --B-tC·-- ..?
?~ AJAX -?

LEN IAN
SOLON. OBR.

M.CAM.
AMGIAN

--'--' ,---"---,

•............ ~ ' , ,

I I '"------_., , ,-------.,•••••••••••••,•••••••, I I

I I

.------.--- I...... ....• ,I ~ ~u__u,
•••• * •••••• ~ ••••••••••••••...........~:~~---i--·I

Jlllt JOk_

~um_'u~:

'. __ ~"_ :i:,,: ~:='~

I ' I,

I I

I 'I I '_._------.-.-----_.iuu--i----u,
._-----------
I,----------_.
I._-----------,

MI i .. ·....·.. '..... ··111

lF~W~~:::::::::::~::::::C
, I I I'---------:::::::::::............•....-

'. '- __ J
I I

I r--~---~--~I

I ;--- .------, I

I .J..
·-i------r~~~~~~~--·

I~~=--=~---;:.;.--~

I I I I I

'\ i-----1~-~-~i~~r--i

:_---------------~-_.I ~~-,.;--:~

Tumulocyathacea
Tumulocyathidae

Tumulocyofhus
Doilycyothus
Tumulocyathellus

Sanorkocyathidae
Sanarkocyathus

Vologdinocyothidoe
Vologdinocyathus
Gogorinicyo.thus

Annulocyathacea
Annu Iocyath idae

Annulocyathus
Annulofungia

Kijacyathidae
Kijacyathus

Gloriosocyathidae
Gloriosocyathus
Ringifungia
Rossocyathella
Russocyathus

?Tumulifungia
Porocyathidae

Porocyathus

?Cordillerocyathus
Squamosocyathu5

?Yukonocyathus
Sigmocyathocea

Sigmocyathidae
Sigmocyathus

Tercyathacea
Tercyathidoe

Tercyathus
Clathricyathus

NOCHOROICYATHINA
Nochoroicyathacea

Nochoroicyathidae
Nochoroicyathu5
Pectenocyathus
Trin inaecyathus

Bronchocyathidae

Thalamocyathus
Cricopectinus
Glaessnericyathus

Ethmopectinidae
Ethmopectinus

Formosocyathidae

Formosocyathus

Heckericyathus
Kordecyathacea

Kordecyathidae
Kordecyathus

Lenocyathacea
Lenocyath idae

lenocyathus
Japhanicyathus

Geocyath idae
Geocyathus
Jakutocyothus
Jakutocarinus
Kotuyicyathus
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TABLE 3. (Continued.)

SYMBOL REGION
--- PLATFORM (SIB.)
----- FOLDBELTS(USSR)
-N.AFRICA

N. AM.(CAN.)
-------- S. AUST.

LOWER CAMBRIAN
TOMMOTIAN ATDABANIAN BOTOMIAN

li...BA. U. BAZAIK. KAM. SANASH.
AMOUS. I TlM.1 TAS. AG.

I.-----A----B-+C·-- .'
?..1 AJAX .?

LEN IAN
SOLON. OBR.

M.CAM.
AMGIAN

~'_]ldl~ l. __~ ' I
I I 1-----

II

Eu. (Sordinia)l and Ca~. (YukOn)
I I

Fansycyathacea
Fa11aeyath idae

Fallaeyathus
Fansyeyathidae

Fansycyathus
Carinacyath idee

Carinacyathus
Angaricyathus

Piamaecyathocea
Piamaecyathidae

Piamaecyathus
Piamaecyathellus

Botomocyathidae
Botomocyathus

COSCINOCYATHINA
Coscinocyathacea

Coscinocyathidae

Coscinocyathus

Asteraeyathellus
Asteraeyathus
Coscinoteichus I I

- '
:.__~ I

'~~~'~~~'~ I: ".,
-,- I

I

I
___ l :::::·I::I::~::

(Europe} I

~4Wm

i i

~------', , ,

.------;-----; I

I I::::::::i
Sardinia I

1liffiWf4f~4t4i'Jill,@4i'JiII.·····
, , 1 I-------------- .....
• I : I

Kozakhstan ?up.L.Cam. to base M.Cam.?

~. I' ,-,--,

~----------------~Iliilli'. t::i::~ ~

, , , I
i------~--.... ~

-------------------------
I I r..=t..:j:....Erismacoscinus

Genicul icyathus
Pluralicoscinus

Reteocoscinus

Rozanoy icase ious

Torgoschinocyathus
Still icidaeyathidae

Still icidaeyathus
Salairocyathus

Palysti II icidaeyathus
Coscinocyathell idee

Coscinocyathellus
Agyrekaeyathidae

Agyrekaeyathus
Tannuolacyath idee

Tannuolacyathus
Clathricoscinacea

Clathricoscinidae
Clathricoscinus

Anaptyctocyathacea
Anaptyctocyothidae

Anaptyetoeyathus
Alataucyathaeea

Alataueyathidae
Alataueyathus

Ethmoeose in idae
Ethmoeoseinus
Asterotumulus
Cose inoptyeta
Tumuloeoseinus

Sigmoeoseinidae
Sigmoeoseinus

? Sehumny ieyathus
Rozanovicyathacea

Rozanovicyathidae
Rozanovicyathus

Porocoscinidae
Porocoseinus

the Pacific-Atlantic and the Australo-Ant
arctic (Fig. 28). The first is subdivisible

into three subregions, North America, Afro
Europe, and Siberia. The Afro-European
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TABLE 3. (Continued.)

SYMBOL REGION
--- PLATFORM (SIB.)
----- FOLDBELTS (USSR)

N. AFRICA
N. AM. (CAN.)
S. AUST.

LOWER CAMBRIAN
TOMMOTIAN ATOABANIAN IBOTOMIAN

L.BA. U.BAZAIK. KAM. SANASH.
AMOUS. TIM. TAS. AG.

~-- A- --B+<:·- ..7
7-l AJAX .7

LENIAN
SOLON. OBR.

M.CAM.
AMGIAN

-

~-----.;.-----~

t I ,------------1

~----~-----~
i-----~-----,

WI

l -------
,

I Sor~inio

----
I

NO it
&W.$jWk~M¥t_f'~~'_;$.' Ii - &IIi

------~---~-~~- IussRISala'd I, '

f.w:.-gN;P~

I..
- I I Ir-----------------

I
,_!fjtt_~,_~_~_:

.. .,:, ,-------
,-~~

1-.... - ..-+......--·: I
--------------------------------------,
._--~---~--~--_.t-----j-··--·l

" I..·_---=-j-~-~~~~~--_···········I

au

Mrossucyathacea
Mrassucyathidae

Mrassucyathus
Kosyricyathidae

Kasyricyathus
Orienticyathus

Polycosc inidae
Polycoscinus

Erugotocyathus

Tomocyathus

Calyptocoscin idee
Calyptocoscinus
Membranacyathus

IRREGULARES
THALASSOCYATHIDA

Bocatocyathidae
Bacatocyathus
Thalassocyathus

ARCHAEOCYATHIDA
ARCHAEOCYATHINA

Archoeopharetridae
Archaeopharetra

Bicyathidae

Bicyathus

Dictyocyathidoe

Dictyocyathus

Echinocyathus
Spinosocyathus
Agostrocyathus
Bottonaecyathus
Chouberticyothus

? Pinacocyathus
Protopharetridae

Protopharetra

Volvacyathus

Metacyathidae

Metaldetes I I I ~ I

Ardrossacyathus s.A~;;-7A;d';~;;n)

Cambrocyathellus --I I I
Cambrocyathus Canl.ILobroror)

7~:~:;~~~~;hus ~~~~~..'~~:::~,Iumbio II

I I I I?Metethmophyllum _
Okulitchicyathus ,....-~=~~_:::_;.;_:._:__ I I I
Paranacyathus I ••a. . .

?Spirillicyathus
Archaeofungiidae

Archaeofungia
Beltanacyathus

Sigmofungiidae
Sigmofungia

region is divisible into a northern and a
southern, or North African, province which
has many genera in common with the rich
Siberian subregion. The Siberian subregion
is again divisible into a Sayano-Altay

province extending from the Urals in the
west to Baykalia and the Far East, with
some differentiation between the eastern
and western parts of this great belt, and a
Yakutian province which shows differentia-
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TABLE 3. (Continued.)
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Syringocnema

? Beticocyathus

Fragilicyathus
Pseudosyringocnema

?Tubacyathus
Syringocoscinidae

Syringocoscinus

FI indersicyathidae
Pycnoidocyathus
Syringsella

Copleicyathidae
Copleicyathus

Prismocyothidae
Prismocyathus

Protocyc Iocyath idee
Protocyclocyathus
Fenestrocyathus

Archaeocyathidoe

Archaeocyathus

Tabellaecyathidae

Tabellaecyathus
Combronanus
Tcen iaecyathe II us

Anthomorphidae

Anthomorpha

Sh ivel igocyathus
Toll icyathus
Voznesenskicyathus

ARCHAEOSYCONINA
Archaeosyconidae

Archaeosycon
Hupecyathus
Sphinctocyathus

Dictyosycon
Tabulacyathidae

Tabulacyathus
Abakanicyathus
Tabulacyathellus

Dictyocoscinidae
Dictyocoscinus

Metacoscinidae
Metocoscinus
Batenevia
Claruscosc inus
Claruscyathus
Flindersicoscinus
Gobrielsocyathus
Palmericyothellus
Paracosc inus

Pycnoidocoscinidae
Pycnoidocosc inus

SYRINGOCNEMIDIDA
Syringocnemididae

tion between its northern and southern
parts.

In Lenian time the tempo of archaeocya
than evolution was greatly retarded, and
Archaeocyathus is the most widespread

genus, but in Siberia the Erbocyathidae and
?Ethmophyllidae also occur, and no provin
cial differences are noted.

By Amgian time, at the beginning of the
Siberian Middle Cambrian, only a few spe-
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• Occurrences of Archaeocyathan-algol bioherms
X Occurrences of Upper Cambrian algal reefs and

?Archaeocyatha

, Occurrences of Archaeocyatha in Lower Cambrian
t?Z3 Land during Cambrian

• Occurrences of Archoeocyathan-algol biostromes

FIG. 27. Occurrences of Archaeocyatha and algal-archaeocyathan reefs in Lower Cambrian seas (Hill, n).

cies were still extant; and, except for a some
what doubtful survivor in the Upper Cam
brian of Antarctica, the phylum may be

considered to have become extinct in early
Middle Cambrian time.

GLOSSARY OF RECOMMENDED MORPHOLOGICAL TERMS
annulus (pI., annuli). Ring-shaped plate taking

part in construction of wall.
bar. Elongate, thin skeletal element, rectangular

in section.
bract. Scooplike extension from lower half of rim

of pore of wall.
central cavity. Axial space enclosed by inner wall.
cup. Archaeocyathan skeleton.

dissepiment. Aporose plate shaped like film of a
bubble.

framework. Underlying, coarsely porous wall of a
double wall.

inner wall. Wall enclosing central cavity in a two
walled cup.

internal cavity. Space enclosed in one-walled cup.
intersept. Tha t portion of wall between edges of 2
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FIG. 27. (Continued from facing page.)
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neighboring septa.
intervallum. Space between inner and outer walls.
link. Radial lath connecting the walls or vertical

pillars of dictyocyathid cups.
loculus (pI., loculi). Space between two neighbor

ing septa.
louvre. Wall plate, commonly oblique, developed

between edges of 2 neighboring septa or longi
tudinal ribs.

pariety. Not recommended; replaced by more gen
eral term "septum."

peak. Extension shaped like peak of a cap-brim,
from upper half of rim of pore of wall.

pectinate tabula. Tabula consisting of two rows of
spines like teeth of combs each projecting to
ward the other from 2 neighboring septa.

pellis. Thin, commonly aporose sheet or sheath

outside cup.
pelta. Lidlike flap closing or partly closing in

ternal cavity distally, porous or aporose.
pore. Hole in thin wall, septum or tabula, round,

oval, slitlike, rectangular, hexagonal or polygonal
or irregular.

pore-canal. Cylindrical or prismatic hole through
thick wall; distance between pore-canals com
monly greater than their diameter.

pore-tube. Cylindrical or polygonal thin-walled
tube formed by horizontal or oblique or curved
wall-plates, or by bracts or peaks or by a
combination of these.

rod. Thin, elongate cylindrical or prismatic skeletal
element.

scale. Flat or but slightly curved plate rising
obliquely from the wall below a pore.
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FIG. 28. Archaeocyathan zoogeographic provinces in Botomian time (Zhuravleva, 1968a). [Explanation:
A, Pacific-Atlantic region (1,2,4); B, Australo-Antarctic region (3,5); 1, Afro-European subregion (la,
northern province; lb, southern province); 2, Siberian subregion (2a, Yakutian province; 2b, Sayano
Altay province); 3, Australian province; 4, North American subregion; 5, Antarctic province; 6, Indian

and Chinese occurrences.)

septum. Radial longitudinal plate connecting walls
of a 2-walled cup, commonly flat, waved in
some.

sheath (or sheet). Microporous covering to a wall.
spitz. Not recommended; replaced by English

term "tip."
synapticula (pl., synapticulae). Transverse rod

connecting 2 neighboring septa.
tabula (pl., tabulae). Transverse porous skeletal

element connecting walls of a 2-walled cup.
taenia. Small curved segment of an irregularian

septum; usage previously extended, but not sup-

ported herein, to mean the whole irregularian
septum.

tersioid outgrowth. Holdfast of roughly cylindrical
form, consisting of close, subparallel or curved
plates connected by dissepiments.

tip. Inversely conical initial part of cup.
tubulus (pl., tubuli). Porous-walled, prismatic,

radial tubules filling the intervallum of
Syringocnemidida.

tumulus (pI., tumuli). Small bulge in wall, per
forated by one or many pores.

TECHNIQUES OF STUDY

Two different techniques are applicable
in the laboratory study of archaeocyathans,
differential solution and thin sectioning.

In some localities, such as at the Ajax
Mine near Beltana in the Flinders Ranges of

South Australia, the calcareous skeletons
have been replaced by silica. Silicification
is commonly sufficiently delicate not to ob
scure the finer details of morphology, and
the construction of the walls, the septa, and
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the tabulae can be studied from exposed
surfaces when the skeletons are dissolved
out from the surrounding limestone by di
lute hydrochloric acid.

However, in most specimens, where the
skeletons remain calcareous in limestone,
thin sections must be prepared. In order to
complete the three-dimensional picture of
the various structures, transverse, radial
longitudinal, and tangential longitudinal
sections are required and it is often neces
sary to take sections slightly obliquely to
the structure being studied. Thus, to study
a tabula, one needs a thin section within
the tabula parallel to its upper and lower
surfaces and two at right angles to the

upper and lower surfaces of the tabula, one
radial to the cup and one tangential. To
study a septum one needs three sections,
similarly, and one also needs to observe
changes in the construction of the septum
during ontogeny. To study the walls, sev
eral sections are needed; perhaps most use
ful is a section tangential and slightly
oblique to the wall, so that elements pro
jecting inward and outward from the wall
can be observed. Changes in the walls dur
ing ontogeny also must be noted, by taking
sets of sections from the young, intermedi
ate, and adult stages. Very small species
must be reconstructed from many random
sections.

CLASSIFICATION OF ARCHAEOCYATHA
The systematic position of the Archaeo

cyatha has been much debated. The first ar
chaeocyathan encountered by a scientist ap
pears to have been a species from Labrador,
Canada, that was referred to the coral genus
Cyathophyllum by BAYFIELD (1845, p. 457).
The next, from the variegated suite of the
Lower Cambrian of the River Lena, Siberia,
was originally determined as a Carbonifer
ous plant, Calamithes cannaeformis (fide
GEKKER, 1928). The first archaeocyathan
described as such was Archeocyathus at
lanticus BILLINGS (1861). BILLINGS at first
thought that this fossil might be a coral or
a sponge, but later he (1865) listed it under
Protozoa. DAWSON (1865) and MEEK
(1868) thought that the American archaeo
cyathans discovered up to that time were
Foraminifera. The first representative to be
found in Europe (Spain) was considered
allied to the Receptaculitidae by ROEMER
(1878). BORNEMANN (1884, 1886, 1891)
thought the Sardinian archaeocyathans were
best regarded as a special division of the
Coelenterata. WALCOTT (1886) referred the
family to the sponges, but HINDE (1889),
after the most detailed microscopic examina
tion and review made up until that time,
considered that they were a special family
of the stony corals. The first detailed
description of Siberian archaeocyathans by
VON TOLL (1899) referred them to the cal
careous algae. Australian archaeocyathans
first were described by ETHERIDGE (1890)
and TAYLOR (1910), and TAYLOR concluded
that they were a new class closest to cal-

careous sponges. TAYLOR'S estimate received
fairly general acceptance, and apart from
the discovery and description of Antarctic
Archaeocyatha (TAYLOR in DAVID &
PRIESTLEY, 1914, p. 236; GORDON, 1920),
little work was done on the group for
twenty years.

In the decade 1930-40, work was vig
orously pursued in Russia and Asia by
VOLOGDIN, in Canada by OKULITCH, and in
Australia by the BEDFORDS. Recognition of
the systematic importance of ontogeny was
a considerable step forward. SIMON (1939,
1941) indexed the species and genera de
scribed up to that time.! OKULITCH (1955)
reviewed all earlier work and advocated a
division of the Archaeocyatha into three
classes: Monocyathea (one-walled), Ar
chaeocyathea (two-walled, with porous
septa), and Anthocyathea (two-walled,
with aporose septa). These divisions have
not proved acceptable and although VOLOG
DIN (1962) in the Russian Treatise (Osnovy
Paleontologii) accepted the Monocyathea
for all one-walled cups, these are now di
vided between the Regulares and the Ir
regulares. Anthocyathea is now Incor
porated in Irregulares.

The great surge of Russian work since
1950, by VOLOGDIN and ZHURAVLEVA and
their many colleagues, together with work
on North African and Australian Archaeo
cyatha by DEBRENNE, and on Antarctic
forms by HILL, has led to wide acceptance,

1 An index of North American Archaeocyatha has been
provided by NlTECKI (1967).
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by paleontologists working on the group
of the view that the taxon is an indepen
dent phylum, somewhere near the sponges
in the animal kingdom. However, this is
not acceptable to all zoologists. Thus
ZIEGLER & RIETSCHEL (1970) are not con
vinced that Archaeocyatha are not sponges.
ZHURAVLEVA (1959b, 1970a) has given a de
tailed comparison with the Protozoa, the
Porifera, and the Coelenterata. She regards
the Archaeocyatha as a primitive phylum of
multicellular animals, with a level of orga
nization lying between that of the Protozoa
and of the Porifera, and this view is adop
ted in the Treatise. KRASNOPEEVA (1960,
1969) and VOLOGDIN (1962b) seem to prefer
a position nearer the Coelenterata.

Fundamentally, like this chapter, DE
BRENNE (1964), and HILL (1965), ZHURAV
LEVA (1960b) divided the Archaeocyatha
into the Regulares and Irregulares, follow
ing the pattern set by VOLOGDIN (1937) and
others, but she interpolated the class
Euarchaeocyatha between the phylum
Archaeocyatha and the Regulares and Ie
regulares, which she considered to be sub
classes because the morphological distinc
tions between them are insignificant in com
parison with those by which classes are dis
tinguished in other groups of animals. This
interpolated taxon is omitted herein.

Two small groups, the Silurian Aphro
salpingidae MYAGKOVA, 1955, and the Car
boniferous to Cretaceous Sphinctozoa STEIN
MANN, 1882 (=Thalamida), which are
homeomorphic with some families of Ar
chaeocyatha, the first with the Syring
ocnemididae and the second with the Ar
chaeosyconidae, are sometimes included
(VOLOGDIN, 1957a, as classes Aphrosalpingo
idea and Tabuloidea?) in the Archaeocya
tha, or doubtfully compared (ZHURAVLEVA,
1960b), but they are here excluded by me.
Aphrosalpingidae might possibly be algae,
and Sphinctozoa seem best left in the
Porifera as calcareous sponges as SEILACHER
(1962) and REID (1968) have done.
VOLOGDIN (1962d) included the Syringo
cnemidida in the Aphrosalpingidea, but
this course is not followed herein.

VOLOGDIN (1962c, 1964a) included in the
Archaeocyatha a new class, the Cribricya
thea, which comprises very small (approx.
1 mm. diam.), one or two-walled cylindri
cal, isometric, or conical cups in which at

least the outer wall is peripterate, i.e., of
ribbonlike horizontal elements, or periptera
tae, commonly applied to the outer edges
of lathlike longitudinal elements so that a
lattice is formed; these forms have neither
septa nor tabulae, and no bilateral sym
metry. VOLOGDIN considered them plank
tonic. Their characters seem to me to dis
tinguish them from Archaeocyatha, and I
prefer to consider them Problematica. How
ever, since they were referred originally to
the Archaeocyatha, and since YANKAUSKAS
has left them doubtfully in this phylum, I
have appended a summary treatment.

In the following the phylum Archaeo
cyatha is divided into two classes: 1) Reg
ulares: this class comprises one-, or com
monly two-walled, cups in which the radial
elements and the inner wall of the skeleton
appear in ontogeny earlier than the dis
sepiments (though this generalization is
based on very few studies). The radial ele
ments consist either of septa or of rods or
bars, the septa having divergent longitudi
nal rows of pores. Regulares exhibit nu
merous types of wall construction. 2) Ir
regulares: in this class dissepiments appear
in ontogeny earlier than radial skeletal ele
ments or inner wall, ontogenetic changes
are relatively slow. The radial skeletal ele
ments consist of rods, or of straight or wavy
septa in which the longitudinal rows of
pores curve upward and outward from the
inner wall, or the intervallum may be filled
with radiating hexagonal tubuli. Porosity
of walls and septa is less regular than in
Regulares, and there are fewer and simpler
types of wall construction.

The presence or absence of an inner wall
and the presence or absence of septa or
radial tubules serve to divide the classes
into orders.

The orders are divided into suborders on
the presence or absence of tabulae and on
the type of tabulae. Tabulae are of con
siderable taxonomic interest. KRASNOPEEVA
(1955) adopted a family classification in
which the presence or absence of tabulae
was regarded as of generic value only. But
experience seems to show that tabulae are
of subordinal value, although RAYMOND
(1931) had suggested that their absence
might mean they had been resolved by the
protoplasm. An interesting problem of
classification arises in the Archaeocyatha
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with pectinate tabulae. The presence of
pectinate tabulae in two-walled septate
Regulares is considered diagnostic of the
suborder Nochoroicyathina, but in some
genera and species only 10 percent of in
dividuals may show them. It is suspected
that some of the two-walled septate forms
without tabulae at present included in the
Ajacicyathina may simply be atabulate in
dividuals of nochoroicyathine species and
genera, and more properly should be in
cluded in the Nochoroicyathina. It could
also be argued that the presence or absence
of pectinate tabulae is immaterial tax
onomically, since it is not universal in a
given species, and such a finding would lead
to amalgamation into one suborder of the
Nochoroicyathina and Ajacicyathina. How
ever, in this volume the principle followed
by ZHURAVLEVA and her colleagues is
adopted, that when species of genera can
be shown to have pectinate tabulae, albeit
sporadically, the genera are included in the
Nochoroicyathina.

The suborders, particularly in the Reg
ulares, are divided into superfamilies
mainly on the type of construction of the
outer wall; and the superfamilies into
families mainly on the construction of the
inner wall. In the Regulares generic char
acters are commonly based on the subor
dinate features of wall construction such as
forms of canals, forms of annuli, and cor
rugation of wall. Thus, the classification
currently used, particularly of the Regulares,
has the advantage of a morphological key.
Its value is enhanced if, as many archaeo
cyathan workers suspect, ontogenetic dif
ferentiation of the walls from simply to
complexly porous is consistent with phylo
genetic differentiation, but far more onto
genetic studies are required to establish this
happy conclusion.

In the Irregulares the general irregularity
in pores and intervallar structures, combined
with the apparently lesser complication of
the walls, makes superfamilial, familial and
generic classification more difficult, and the
taxonomy of this class is at present much
more tentative.

In her preliminary new classification of
the Irregulares, DEBRENNE (1970b, p. 25)
has given the same diagnostic weight to
the characters of the intervallum, and to
those of inner and outer walls, as in the

currently acceptable classification of the
Regulares. She considers that the Regulares
with two walls may be allotted to five new
orders based on the types of their intervallar
structures, though it seems to me that the
analogous rank in Regulares is the suborder.
Her new orders are:

I. CHOUBERTICYATHIDA. Intervallum with rods
radial and oblique.

II. ARCHAEOPHARETRIDA. Intervallum with rods
and "booklets" [platelets=plaquettes (F.)]
vertical and oblique.

III. METALDETIDA. Intervallum with "pseudo
septa" (defined as plates with wide pores
to true radial plates with small, numerous
pores, the area of which is less than that
of the skeleton), without or with
synapticulae, or with synapticulae and
"pseudo-tabulae" (defined as synapticulae
in horizontal planes reinforced by sieves).

IV. PARANACYATHIDA. Intervallum with stout
radial septa without synapticulae and
tabulae.

V. PARACOSCINIDA. Intervallum with septa and
independent tabulae.

The Syringocnemidida of this Treatise
is treated not as an order but as a family
incertae sedis by DEBRENNE (1970b, p. 23),
who states that radial, "honeycomb" tubes
in some ways resemble the "tube-like struc
tures" built by the wavy sides of septa and
flat synapticulae of Pycnoidocyathus type;
but in other characters, such as the constant
diameter of pores and the regular honey
comb construction, Syringocnema resembles
regular Archaeocyatha.

DEBRENNE (1970b, p. 27) has suggested
that five groups each with a different type
of outer wall may occur in each of her
ordinal ranks, and that each of these five
groups, by analogy with Regulares, should
be regarded as superfamilies. But she did
not give them superfamily names, because
of the preliminary nature of her studies on
this Class. She has considered, however,
that six different types of inner wall could
occur in each of the five groups, and each
of these types she considers diagnostic of a
family.

In what follows I have recognized the
tentativeness of Mme. DEBRENNE'S classifica
tion by placing the families she recognizes
within the currently accepted ordinal clas-
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sification of the Irregulares, and have for
the time being included her five new orders
in the synonymy of the currently accepted
orders.

The ever-increasing precision in the ob
servation of wall structure and of the char
acters of septa and tabulae requires frequent
restudy of type specimens, to see whether
previously acceptable definitions of genera
are still valid. If, as seems likely, significant
differences can be established between pore
canals and pore-tubes, and between pore
tubes of different types, meanings attached
to these terms in many of the older defini
tions must be reevaluated.

OUTLINE OF CLASSIFICATION
The following outline of the Archaeocya

tha summarizes taxonomic relationships,
geologic occurrence, and numbers of rec
ognized genera and subgenera in each
suprageneric group from class to family.
A single number refers to genera; where
two numbers are given, the second indicates
subgenera additional to nominotypical ones.

Main Divisions of Archaeocyatha

Archaeocyatha (phylum) (252 ;7). L.Cam.-M.Cam.
(base), ?U. Cam.

Regulares (class) (173;4). L.Cam.-M.Cam.
Monocyathida (order) (14;1). L.Cam.(low.

Tommot.-low.Len.}.
Monocyathina (suborder) (5;1). L.Cam.(low.

Tommot.-low.Len.}.
Monocyathidae (2). L.Cam.(low.Tommot.

lowLen.}.
Tumuliolynthidae (1;1). L.Cam.(up.Tom

mot.-Botom.}.
Ethmolynthidae (1). L.Cam.(up.Atdaban.

Botom.}.
Cryptoporocyathidae (1). L.Cam.(low.Tom

mot.-low.Atdaban.}.
G1obosocyathina (suborder) (3). L.Cam.(up.

Atdaban.-lowLen.} .
Globosocyathidae (1). L.Cam.(Botom.}.
Capsolynthidae (1). L.Cam.(up.Atdaban.

Botom.}.
"Rhabdocyathellidae" (1). L.Cam.(up.

Atdaban.-low.Len.}.
Capsulocyathina (suborder) (6). L.Cam.(up.

Tommot.-Botom.}.
Capsulocyathidae (1). L.Cam.(up.Tommot.

Botom.}.

Fransuasaecyathidae (1). L.Cam.(Atdaban.
Botom.}.

Uralocyathellidae (1). L.Cam.(Botom.).
?Uralocyathidae (3). L.Cam.(up.Tommot.

Botom.}.
Putapacyathida (order) (7). L.Cam.(Atdaban.

Botom.}.

Putapacyathidae (1). L.Cam.(up.Atdaban. or
low.Botom.}.

Aptocyathidae (5). L.Cam.(Atdaban.-
Botom.}.

Gerbicanicyathidae (1). L.Cam.(Botom.}.
Ajacicyathida (order) (152;3). L.Cam.-M.Cam.

(base).
Dokidocyathina (suborder) (11). L.Cam.(low.

Tommot.-up.Botom.} .
Dokidocyathidae (3). L.Cam.(Tommot.-

Botom.}.
Acanthinocyathidae (1). L.Cam.(up.Atdaban.

or low.Botom.}.
Soanicyathidae (2). L.Cam.(Botom.}.
Kidrjasocyathidae (2). L.Cam.(Atdaban.-

low.Botom.}.
Kaltatocyathidae (3). L.Cam.(Atdaban.-

Botom.}.
Ajacicyathina (suborder) (85;1). L.Cam.-base

M.Cam.
Ajacicyathacea (superfamily) (47;1). L.Cam.

baseM.Cam.
Ajacicyathidae (13;1). L.Cam.(low.Tom-

mot.-Botom.}.
Robustocyathidae (13). L.Cam.
Tennericyathidae (2). L.Cam.(Atdaban.-

Botom.}.
Ethmocyathidae (2). L.Cam.(?up.Atdaban.

Botom.}.
Compositocyathidae (2). L.Cam.(up.Tom

mot.-up.Botom.}.
Cyclocyathellidae (8). L.Cam.(up.Tommot.

up.Botom.}.
Chankacyathidae (1). L.Cam.(Botom.}.
Ethmophyllidae (6). L.Cam.(Atdaban.}-M.

Cam.(low.Amg.}.
Erbocyathacea (superfamily) (9). L.Cam.

(Atdaban.-Len.}-base M.Cam.
Erbocyathidae (7). L.Cam.(Atdaban.-Len.)

baseM.Cam.
?Sajanocyathidae (2). L.Cam.(Botom.-low.

Len.}.
Pretiosocyathacea (superfamily) (4). L.Cam.

(Atdaban.-Botom.).
Pretiosocyathidae (1). L.Cam.(up.Atdaban.}.
Robertocyathidae (2). L.Cam.(Atdaban.

Botom.}.
Peregrinicyathidae (1). L.Cam.(Botom.}.
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Hupecyathellacea (superfamily) (1). L.Cam.
(Botom.).

Hupecyathellidae (1). L.Cam.(Botom.}.
Bosceculcyathacea (superfamily) (3). L.Cam.

(Botom.-Len.}-?base M.Cam.
Bosceculcyathidae (1). L.Cam.(Botom. or

?Len.) or ?base M.Cam.
Schidertycyathidae (2). L.Cam.(Botom.-

Len.} or ?base M.Cam.
Tumulocyathacea (superfamily) (6). L.Cam.

(up.Tommot.-up.Len.) .
Tumulocyathidae (3). L.Cam.(up.Tommot.

Botom.}.
Sanarkocyathidae (1). L.Cam.(Botom.}.
Vologdinocyathidae (2). L.Cam.(Atdaban.

up.Len.}.
Annulocyathacea (superfamily) (12). L.Cam.

(Atdaban.-Botom.).
Annulocyathidae (2). L.Cam.(Botom.}.
Kijacyathidae (1). L.Cam.(Atdaban.-up.

Botom.}.
Gloriosocyathidae (5). L.Cam.( Atdaban.

Botom.}.
Porocyathidae (4). L.Cam.(Atdaban.-Botom.}.

Sigmocyathacea (superfamily) (I). L.Cam.
(up.Atdaban. or low.Botom.).

Sigmocyathidae (1). L.Cam.(up.Atdaban. or
low.Botom.}.

Tercyathacea (superfamily) (2). L.Cam.
(Botom.-low.Len.) .

Tercyathidae (2). L.Cam.(Botom.-low.Len.}.
Nochoroicyathina (suborder) (22;1). L.Cam.

(Tommot.-Botom., rare Len.), ?M.Cam.
(base Amg.).

Nochoroicyathacea (superfamily) (9). L.Cam.
(Tommot.-Botom., rare Len.), ?M.Cam.
(base Amg.).

Nochoroicyathidae (3). L.Cam.(Tommot.
Botom., rare Len.}, ?M.Cam.(base Amg.}.

Bronchocyathidae (3). L.Cam.(Atdaban.
Botom.}.

Ethmopectinidae (1). L.Cam.(up.Atdaban.
or low.Botom.).

Formosocyathidae (2). L.Cam.(up.Tommot.
Botom.}.

Kordecyathacea (superfamily) (1). L.Cam.
(?up.Atdaban.-Botom.) .

Kordecyathidae (1). L.Cam.(?up.Atdaban.
Botom.}.

Lenocyathacea (superfamily) (5;1). L.Cam.
(mid.Tommot.-Botom.) .

Lenocyathidae (2). L.Cam.(Atdaban.}.
Geocyathidae (3;1). L.Cam.(mid.Tommot.

Botom.}.
Fansycyathacea (superfamily) (4). L.Cam.

(Atdaban.-low.Len.).
Fallocyathidae (1). L.Cam.(Atdaban.}.
Fansycyathidae (I). L.Cam.(Atdaban.}.
Carinacyathidae (2). L.Cam.(Atdaban.-low.

Len.}.
Piamaecyathacea (superfamily) (3). L.Cam.

(up.Atdaban.-Botom.)
Piamaecyathidae (2). L.Cam.(Botom.}.
Botomocyathidae (1). L.Cam.(up.Atdaban.

Botom.}.
Coscinocyathina (suborder) (34;1). L.Cam.

(mid.Tommot.-low.Len.}-base M.Cam.
Coscinocyathacea (superfamily) (15;1). L.

Cam.(mid.Tommot.-low.Len.}-base ?M.
Cam.

Coscinocyathidae (10). L.Cam.(mid.Tom
mot.-low.Len.).

Stillicidocyathidae (2;1). L.Cam.(?up.At-
daban.-Botom.} .

Coscinocyathellidae (1). L.Cam.(Botom.}.
Agyrekocyathidae (1). L.Cam.-base M.Cam.
Tannuolacyathidae (1). L.Cam.(low.Bot-

om.}.
Clathricoscinacea (superfamily) (1). L.Cam.

(Atdaban.-low.Len.)
Clathricoscinidae (1). L.Cam.(Atdaban.-

low.Len.}.
Anaptyctocyathacea (superfamily) (1). L.Cam.

(Atdaban.-Botom.)
Anaptyctocyathidae (1). L.Cam.(Atdaban.

Botom.}.
Alataucyathacea (superfamily) (7). L.Cam.

(Atdaban.-Botom.).
Alataucyathidae (I). L.Cam.(Atdaban.-

Botom.}.
Ethmocoscinidae (4). L.Cam.(Atdaban.-

Botom.).
Sigmocoscinidae (2). L.Cam.(up.Atdaban.

or low.Botom.}.
Rozanovicyathacea (superfamily) (2). L.Cam.

(Botom.).
Rozanovicyathidae (1). L.Cam.(Botom.}.
Porocoscinidae (1). L.Cam.(up.Atdaban. or

Botom.}.
Mrassucyathacea (superfamily) (8). L.Cam.

(Atdaban.-Botom.).
Mrassucyathidae (1). L.Cam.( Atdaban.}.

Kasyricyathidae (2). L.Cam.(Atdaban.-Bo

tom.}.

Polycoscinidae (3). L.Cam.(Atdaban.·Bo-

tom.}.

Calyptocoscinidae (2). L.Cam.(Atdaban.-

?low.Botom.} .

lrregulares (class) (60;3). L.Cam.-M.Cam.
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Thalassocyathida (order) (2). L.Carn.(Tornrnot.
Botorn.).
Bacatocyathidae (2). L.Carn.(Tornrnot.-

Botorn.).
Archaeocyathida (order) (52;3). L.Carn.-M.Carn.
Archaeocyathina (suborder) (36;2). L.Carn.

M.Carn.
Archaeopharetridae (1). L.Carn.(Atdaball. or

low.Botorn.).
Bicyathidae (I). L.Carn.(up.Tornrnot.-Bot

om.).
Dictyocyathidae (5;2). L.Carn.(mid.Torn

mot.-Botorn.).
Protopharetridae (2). L.Carn.(mid.Tornrnot.

low.Len.).
Metacyathidae (10). L.Carn.(Tornmot.-low.

Len.).
Archaeofungiidae (2). L.Carn.(up.Atdaban.

or low.Botorn.).
Sigmofungiidae (1). L.Carn.(up.Atdaban.

low.Botorn.) .
Flindersicyathidae (2). L.Carn.(?Atdaban.

Len.).
Copleicyathidae (I). L.Carn.(up.Atdaban. or

low.Botorn.).
Prismocyathidae (I). L.Carn.(Botorn.).
Protocyc!ocyathidae (2). L.Cam.
Archaeocyathidae (I). L.Carn.(Botorn.)-M.

Cam.
Tabellaecyathidae (3) . L.Carn. (Botorn .-low.

Len.).
Anthomorphidae (4). L.Carn.(Atdaban.·/ow.

Len.).
Archaeosyconina (suborder) (16;1). L.Carn.

Archaeosyconidae (3;1). L.Carn.
Tabulacyathidae (3). L.Carn.(Atdaban.-

Botom.).
Dictyocoscinidae (I). L.Carn.(up.Atdaban.

or low.Botom.).
Metacoscinidae (8). L.Carn.(up.Atdaban.-up.

Len.).
Pycnoidocoscinidae (1). L.Cam.(up.Atdaban.

or low.Botom.).
Syringocnemidida (order) (6). L.Carn.

Syringocnemididae (5). L.Carn.(?up.Atda
ban.-Botorn.).

Syringocoscinidae (I). L.Cam.
Class Uncertain (19). L.Carn.-M.Carn.

Kazakhstanicyathida (order) (I). Up.L.Carn.
?base M.Carn.
Kazakhstanicyathidae (1). Up.L.Carn.-?base

M.Cam.
Order Uncertain (18). L.Carn.-M.Carn.

Acanthopyrgidae (I). L.Carn.
Family Uncertain (extravallar outgrowths)

(12). L.Carn.-M.Carn.
Family Uncertain (supposed planktonic or

larval Archaeocyatha) (5). L.Carn.-M.
Cam.

Phylum Uncertain (probably not Archaeocyatha)
(45). Precarn.-U.Carn.(U,Sil.), M.Dev.

Aphrosalpingoida (class) (3). U.Sil.(Ludlow).
Aphrosalpingida (order) (2). U.Sil.(Ludlow).

Aphrosalpingidae (I). U.Sil.(Ludlow).
Nematosalpingidae (I). U.Sil.(Ludlow).

Palaeoschadida (order) (I). U.Sil.(Ludlow).
Palaeoschadidae (I). U.Sil. (Ludlow).

Cribricyathea (class) (problematical microfossils)
(29). L.Carn.

Conoidocyathida (order) (3). L.Carn.
Conoidocyathidae (3). L.Carn.

Cribricyathida (order) (13). L.Carn.
Cribricyathidae (6). L.Carn.(Botorn.-So-

lontsov).
Pyxidocyathidae (6). L.Carn.(Botorn.-So-

lontsov).
Capillicyathidae (1). L.Carn.(Botorn.).

Vologdinophyllida (order) (13). L.Carn.(Al
dan.).

Vologdinophyllacea (superfamily) (7). L.
Carn.(Aldan.).

Leibaellidae (3). L.Carn.(Aldan.).
Vologdinophyllidae (4). L.Carn.(Aldan.).

Akademiophyllacea (superfamily) (6). L.
Cam.(Aldan.).

Akademiophyllidae (4). L.Carn.(Aldan.}.
Achorocyathidae (2). L.Carn.(Aldan.}.

Class Uncertain (3). L.Carn.(Aldan .-low.Botorn.) .
Archaeophyllida (order) (2). ?L.Carn.(low.

Botom.).
Archaeophyllidae (2). ?L.Carn.(low.Botorn.}.

Order Uncertain (1). L.Carn.(Aldan.}.
Manacyathidae (1). L.Carn.(Aldan.).

Radiocyatha (class) (1). L.Carn.(up.Atdaban.
low.Botom.) .

Hetairacyathida (order) (1) . L.Carn. (up.Atda
ban.-Iow.Botorn.).
Hetairacyathidae (1). L.Carn.(up.Atdaban.

low.Botorn.).
Class Uncertain (probably not Archaeocyatha)

(9). Precarn.-U.Carn., M.Dev.
Order Uncertain (9). Precarn.-U.Carn., M.Dev.

Matthewcyathidae (1). M.Carn.
Korovinellidae (I). L.Carn.(up.Botorn.}.
Family Uncertain (7). Precarn.-U.Carn., M.

Dev.
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PHYLUM ARCHAEOCYATHA Bornemann, 1884 E50

CLASS REGULARES Vologdin, 1937 £50
Order Monocyathida Okulitch, 1935 E50
Suborder Monocyathina Okulitch, 1935 E50
Suborder Globosocyathina Okuneva, 1969 E53
Suborder Capsulocyathina Zhuravleva, 1964 E54

Order Putapacyathida Vologdin, 1962 E55
Order Ajacicyathida R. Bedford & J. Bedford, 1939 E58
Suborder Dokidocyathina Vologdin, 1957 E58
Suborder Ajacicyathina R. Bedford & J. Bedford, 1939 E61
Superfamily Ajacicyathacea R. Bedford & J. Bedford, 1939 E61
Superfamily Erbocyathacea Vologdin & Zhuravleva, 1956 E73
Superfamily Pretiosocyathacea Rozanov, 1969 E75
Superfamily Hupecyathellacea Rozanov, 1969 E76
Superfamily Bosceculcyathacea Krasnopeeva, 1959 E77
Superfamily Tumulocyathacea Krasnopeeva, 1953 E78
Superfamily Annulocyathacea Krasnopeeva, 1953 E80
Superfamily Sigmocyathacea Krasnopeeva, 1953 E84
Superfamily Tercyathacea Vologdin, 1937 E84

Suborder Nochoroicyathina Zhuravleva, 1956 E85
Superfamily Nochoroicyathacea Zhuravleva, 1956 E85
Superfamily Kordecyathacea Missarzhevskiy, 1961 E88
Superfamily Lenocyathacea Zhuravleva, 1956 E89
Superfamily Fansycyathacea Korshunov & Rozanov, 1969 E90
Superfamily Piamaecyathacea Zhuravleva, 1960 E91

Suborder Coscinocyathina Zhuravleva, 1955 E92
Superfamily Coscinocyathacea Taylor, 1910 E92
Superfamily Clathricoscinacea Rozanov, 1964 E96
Superfamily Anaptyctocyathacea Debrenne, 1970 E97
Superfamily Alataucyathacea Zhuravleva, 1955 E97
Superfamily Rozanovicyathacea Korshunov, 1969 E99
Superfamily Mrassucyathacea Vologdin, 1960 E100

CLASS lRREGULARES Vologdin, 1937 E103
Order Thalassocyathida Vologdin, 1962 E103
Order Archaeocyathida Okulitch, 1935 E103

Suborder Archaeocyathina Okulitch, 1935 E103
Suborder Archaeosyconina Zhuravleva, 1950 E121

Order Syringocnemidida Okulitch, 1935 E128
CLASS UNCERTAIN E130

Order Kazakhstanicyathida Konyushkov, 1967 E130
Order Uncertain E131

PHYLUM UNCERTAIN (probably not Archaeocyatha) E134
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PAGE
CLASS APHROSALPINGOIDA Myagkova, 1955 --- EI34
Order Aphrosalpingida Myagkova, 1955 --- --- --- E134
Order Palaeoschadida Myagkova, 1955 --- --- --- --- E134

CLASS CRIBRICYATHEA Vologdin, 1961 h h E134
Order Conoidocyathida Vologdin, 1964 .. --- --- .E135
Order Cribricyathida Vologdin, 1964 h ------ .E135
Order Vologdinophyllida Radugin, 1964 h E137

Superfamily Vologdinophyllacea Radugin, 1964 .. EI37
Superfamily Akademiophyllacea Radugin, 1964 .E139

CLASS UNCERTAIN h ••• • .. EI41
Order Archaeophyllida Okulitch, 1943 EI41
Order Uncertain .. EI41

CLASS RADIOCYATHA Debrenne, H. Termier, & G. Termier, 1971 EI41
Order Hetairocyathida R. Bedford & J. Bedford, 1937 EI41

CLASS UNCERTAIN (probably not Archaeocyatha) .E141
Order Uncertain . EI41

Phylum ARCHAEOCYATHA
Bornemann, 1884

[nom. transl. OKULITCH, 1955, p. £8 (ex class Archaeo·
cyathinae BORNEMANN, 1884, p. 706), nom. correct. VOLOG~

DIN, 1937, p. 464J [=Archaeocyathinae TAYLOR, 1910, p.
105 (class); Cyathospongia OKULITCH, 1935, p. 88 (class);
Archaeocyathi R. BEDFORD & W. R. BEDFORD, 1936, p. 9
(class); Archaeocyatha VOLOGOIN, 1937, p. 464 (subphylum
of Porifera); Pleospongia OKULITCH, 1943 (class); Archaeo
cyatha OKULlTCH, 1955, p. £8 (phylum)j Archaeocyathi
KRASNOPEEVA, 1955, p. 17 (phylum); Euarchacocyathi
ZHURAVLEVA, 1960, p. 80 (class)] [equivalent to Archaeo·

cyathaceae SIMON, 1939, p. 5 (superfam.)]

Skeleton in form of calcareous cup com
posed of porous wall, or more commonly
porous outer and inner walls, with central
cavity; porous septa, tabulae, and nonporous
rods, bars, and dissepiments may form in
intervallum. Plates of skeleton not spiculate,
of microgranular calcite. L.Cam.-M.Cam.
(base),?U.Cam.

Class REGULARES Vologdin, 1937
[nom. correct. et transl. ZHURAVLEVA, 1960, p. 80 (sub·
class) (ex Regularia VOLOGDIN, 1937, class) (use of this
term to be avoided, because of its frequent use for major
subdivisions of Echinoidea and Cystoidea)] [=:Monocyatha
OKULITCH, 1943, p. 44 (subclass); Septoidea KRASNOPEEVA,

1953, p. 55 (class); Monocyathea OKULITCH, 1955, p. E9
(class) (nom. correct. pro Monocyatha OKULITCH, 1943)]

Solitary, rarely colonial; outer form of
cup conical, ranging from cylindrical to
saucer-shaped. Cups with one or more
commonly two walls; intervallum with
tabulae alone or with septa and commonly
with flat or convex tabulae; axis of curva
ture of convex tabulae in intervallum; lon-

gitudinal pore-rows of septa diverge fan
wise; dissepiments may be present. In early
stages of Ajacicyathus type aporose tip wid
ens and extends as one-walled porous cup
without dissepiments, then, porous inner
wall develops, quickly followed by septa
or tabulae or both. L.Cam.-M.Cam.(Para
doxides oelandicus Zone).

Order MONOCYATHIDA
Okulitch, 1935

[nom. correct. OKULITCH, 1955, p. E9 (pro Monocyathina
OKULITCH, 1935, p. 90) 1 [=order Archaeolynthida

ZHURAVLEVA, 1957, p. 174]

Solitary, or rarely colonial; small. Cup
either conical with one wall, porous except
at tip, and in some, a pelta; or saclike and
two-walled without pelta, the inner wall
like a pocket, closed at base. L.Cam.(low.
Tommot.-low.Len.).

Suborder MONOCYATHINA
Okulitch, 1935

lnom. transl. ZHURAVLEVA in ZHURAVLEVA, KONYUSHKOV &
ROZANOV, 1964, p. 59 (ex order Monocyathina OKULITCH,

1935, p. 90)]

Solitary or rarely colonial; not large. Cup
conical or cylindrical, with one wall, porous
except in early stages, and commonly with
a pelta; without inner membranous sac.
L.Cam.(low.Tommot.-low.Len.).
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Family MONOCYATHIDAE Bedford
& Bedford, 1934

[Monoeyathidae BEDFORO I< BEDFORD, 1934, p. 2J [=Rhab
docnemidae OKULITCH, 1943, p. 45 (nom. subs!. pro
Rhabdocyathidae VOLOGDIN, 1931, p. 52, invalid family
group name based on junior homonym); Archaeolynthidae
ZHURAVLEVA, 1949, p. 550; Monocyathinae (nom. transl.
ZHURAVLEVA, 1963, p. 74); Rhabdocyathellidae ZHURAVLEVA,

1963, p. 114J

Small, solitary or colonial. Single wall,
simply porous, or with pore canals. Pelta
commonly porous. Adherent outgrowths
massive, tubulose. L.Cam.(low.Tommot.
low.Len.).

Archaeolynthus TAYLOR, 1910, p. 158 [*Monoeya
thus porosus R. BEDFORD & W. R. BEDFORD, 1934,
p. 2; SD SIMON, 1939, p. 21] [=Monoeyathus R.
BEDFORD & W. R. BEDFORD, 1934, p. 2 (type, M.
porosus; SD R. BEDFORD & W. R. BEDFORD, 1936,
p. 20); Rhabdoenema OKULITCH, 1937, p. 252
(nom. subst. pro Rhabdoeyathus VON TOLL, 1899,
p. 45, non BROOK, 1893) (type, R. sibirieus, M),
for discussion see HILL, 1965, p. 51; Rhabdoeya
thella VOLOGDIN, 1937, p. 474 (type, R. lebedevae;
M), for discussion see HILL, 1965, p. 53]. Small,
solitary or colonial, conical or cylindrical; wall
with simple, rounded or angular pores which are
arranged in quincunx and may be protected
with spines. Top of cup may be screened by a
porous pelta, commonly with central orifice.
Tersiae may develop both externally and in central
cavity. Anchoring processes tubular. L.Cam.
(low.Tommot.-low.Len.) , USSR (S.Urals-Altay
Sayan-Sib.Plat£'-Far East) -Mongolia-N.Afr.-Aus
tralia-Antarct.--FIG. 29,4a. *A. porosus (BED
FORD & BEDFORD), lectotype, Botom., S. Australia;
X7 (Hill, 1965).--FIG. 29,4b. A. lebedevae
(VOLOGDIN), Mongolia; thin sec., X5 (Vologdin,
1940).

?Rhabdolynthus ZHURAVLEVA, 1960, p. 91 [*R.
eonieus; M]. Cup conical; wall with rounded
pores, and with inner side strengthened by short,
horizontal rods; anchoring processes massive. One
specimen only figured. Wall structure may be
questioned. L.Cam.(low.Botom.} , USSR (central
R. Lena).--FIG. 29,3. *R. eonieus, Taryn hor.,
R. Lena; holotype, long. sec., X?4 (Zhuravleva,
1960).

Family TUMULIOLYNTHIDAE
Rozanov, 1966

[Tumuliolymhidae ROZANOV in ROZANOV & MISSARZHEVSKIY.

1966, p. 65]

Small; single wall with pores in tumuli;
pelta may occur, but is without dependent
sac1ike membrane; tersioid outgrowths may
occur. L.Cam.(up.Tommot.-Botom.).

Tumuliolynthus ZHURAVLEVA, 1963, p. 101
[*Rhabdocyathus tubexternus VOLOGDIN, 1932, p.

65; OD]. Like Monoeyathus but wall with pores
in tumuli. L.Cam.( up.Tommot.-Botom.) , USSR
(S.Urals - Altay - Sayan - Sib.Plat£' - Transbayk 
Far East)-Mongolia-Australia.
T. (Tumuliolynthus). With pores opening on

upper surfaces of tumuli. L.Cam.(tlp.Tommot.
low.Bolom.) ,USSR (S.Urals-Altay-Sayan-Sib.Platf.
Far East)-Mongolia-Australia.--FIG. 29,1. *T.
(T.) ttlbexternus (VOLOGDIN), up.Aldan.-Botom.,
Altay; la, transv. sec. with secondary thickening,
X?3 (Vologdin, 1940b); lb, reconstr., X15
(Zhuravleva, 1963b); Ie, long. sec. through
tumulus, X40 (Zhuravleva, 1963b).

T. (Propriolynthus) OKUNEVA, 1967, p. 133
[*Arehaeolynthtls vologdini YAKOVLEV, 1956,
p. 855; OD]. With pores opening on lower
surfaces of tumuli. L.Cam.(Botom.) , USSR
(Tuva-Sib.Platf.-Far East) -Can.(Yukon) .-
FIG. 29,5. *T. (P.) vologdini (YAKOVLEV),
USSR(Far East); tang. sec., X 15 (Okuneva,
1967).

Family ETHMOLYNTHIDAE
Zhuravleva, 1963

[nom. transl., herein, ex Ethmolynthinae ZHURAVLEVA,

1963, p. 112J

Solitary, single-walled, free of internal
skeletal elements; wall with horizontal pore
canals, communicating with one another.
L.Cam.(up.Atdaban.-Botom.).
Ethmolynthus ZHURAVLEVA, 1963, p. 112 [*E.
rosanovi; OD]. Solitary, slenderly conical or
cylindrical; wall with horizontal intercommunicat
ing pore-canals. L.Cam.(up.Atdaban.-Botom.} ,
USSR(Altay-Sayan).--FIG. 29,2. *E. rosanovi,
up.Atdaban., Kameshki; 2a, Tuva, part of transv.
sec., X ?4; 2b, Altay, part of long. sec. of holotype,
X ?13.3 (Zhuravleva, 1963b).

Family CRYPTOPOROCYATHIDAE
Zhuravleva, 1960

[Cryptoporoeya'hidae ZHURAVLEVA, 1960, p. 92] [=Crypta
poroeyathidae ZHURAVLEVA. 1963, p. 117 (nom. null.)]

Solitary, widely conical, without anchor
ing processes. Single wall thick, with pore
canals of two sizes, the smaller all opening
at outer surface and many into the larger.
L.Cam.(low.Tommot.-low.Atdaban.).

Cryptoporocyathus ZHURAVLEVA, 1960, p. 92 [*C.
junieanensis; OD] [=Cryptaporocyathus ZHURA
VLEVA, 1963b, p. 117 (nom. null.)]. Solitary,
widely conical, without anchoring processes.
Single wall thick, with pore canals of two sizes,
the smaller all opening at outer surface and into
larger. L.Cam.(low.Tommot.-low.Atdaban.} ,
USSR (Yakutia).--FIG. 4,8; 30,2. *c. junica
nensis, ho!otype, up.Tommot.; 30,2a,b, long. sec.,
X?7 (Zhuravleva, 1963); 4,8, reconstr., XO.75;
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Family GLOBOSOCYATHIDAE
Okuneva, 1969

30,le, long. sec., diagram., X 13 (Zhuravleva,
1960b).

[Capsolynthidae OKUNEVA, 1969, p. 75]

Cup saclike or hemispherical; pores of
wall simple or with tumuli. L.Cam.(up.
Atdaball.-Botom.) .

Capso1ynthus OSADCHAYA in ZHURAVLEVA, et al.,
1967, p. 26 ["C. helenae; aD]. Small, solitary,
saclike or almost hemispherical, without anchoring
processes. Pores of single wall simple, rounded.
Pelta flat, aporose, with central orifice from edge
of which a porous membrane sags deeply into
cavity of the cup. L.Cam.(up.Atdaban.-Botom.) ,
USSR(Tuva) ,--FIG. 30,3. "C. helenae, holo
type, Botom., R. Shivelig-Khem.; long. sec., X4
(Zhuravleva, et al., 1967).

Suborder GLOBOSOCYATHINA
Okuneva, 1969

Family CAPSOLYNTHIDAE
Okuneva, 1969

[Globosocyathina OKUNEVA, 1969, p. 74J

Solitary, cups one-walled, saclike or
hemispherical; upper surface with pelta
having deep invagination bounded by
porous membrane simulating an inner wall;
pores of wall may be simple, or with tumuli,
or may be canals. Heel-like outgrowths ab
sent. L.Cam.(up.Atdaban.-lowLen.).

[Globosocyathidae OKUNEVA, 1969, p. 75J

Solitary, saclike cups, almost spherical;
wall with canals provided with beaks; pelta
sparsely porous with deeply invaginated
membrane closed at proximal end. L.Cam.
(Botom.).

G1obosocyathus OKUNEVA, 1969, p. 75 ["G. bel/us;
aD]. Solitary, cup saclike, almost spherical; wall
with pore-canals provided with beaks; pelta
sparsely porous, with a deep invagination bounded
by a thin wall. L.Cam.(Botom.) , USSR(Far
East).--FIG. 30,4. "G. bel/us, holotype, near
Chernigorsk, Primore, Far East; 4a, long. sec.,
X4; 4b, outer wall, tang. sec., X 13; 4e, tang. sec.,
porous membrane, X 13 (Zhurav1eva, 1969).

Family "RHABDOCYATHELLIDAE
Zhuravleva," 1963

FIG. 30. Cryptoporocyathidae (2); Globosocyathi
dae (4); Capsolynthidae (3); "Rhabdocyathellidae"

(1) (p. E51, E53-E54).

[RhabdocyathellidJc ZHURAVLEVA. 1963, p. 114; invalidly
based on a genus whose monotype species, Rhabdocyathella
lebedevae VOLOGDIN, 1937, p. 474, was transferred to

Archaeolynthus by ZHURAVLEVA (1963, p. 84)]

Single-walled cups, the wall with pore
canals and modified externally as micro-
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Ie

chose as type C. slIbcallos/IS ZHURAVLEVA in
ZHURAVLEVA, Ko YUSHKOV, & ROZANOV, 1964,
p. 62)]. Cup oval in transverse section, wall with
simple rounded pores and with weakly marked
porous inner wall. L.Cam.( IIp.Tommot.-Botom.},
USSR (Sib.Platf.-Altay·Sayan-Transbayk·Far East)
Mongolia.--FIG. 31,1a,b. C. irreglliaris

/~'~1:'4'"
! ( ....
" i "
~ .J

i
'.3b

Uralacyothello

FIG. 31. Capsulocyathidae (l); Fransuasaecyathidae

(2); Uralocyathellidae (3) (p. E54-E55).

porous sheath; upper surface of cup with
pelta, from edge of orifice in which depends
saclike thin porous membrane. L.Cam.(up.
Atdaban.-lowLen.).
[ZHURAVLEVA (1963, p. 84) accepted VOLOGDIN'S (1940b, p.
95) invalid citation of R. bailey; VOLOCDIN, 1940b, as t}'pe
of Rhabdocyathdla VOLOGDIN. 1940. The genus based on
R. bailey; should be given another n:lme. The holotype
of R. baiky; is not known, however (fide Zl-IURAVLEVA.

el al.. 1967, p. 29); further. in this last work, a figure
was given (fig. 7, p. 29) showing a cup with a pelta
forming the upper 5l1rface, from the edge of the orifice
in which is suspended a sad ike porous membrane like
th:H of Capsolyntlws and Globosocyo/lws. Until the halo
type is found or a neotype is selected for R. bailey;, the
s~'stcmalic position of "Rhabdocyo/hella" must be in doubL)

[Capsulocyathidae ZHURAVLEVA in ZHURAVLEVA, KONYUSHKOV,

& ROZANOV. 1964, p. 60]

Solitary, saclike or hemispherical, with
eccentric inner wall; outer wall with nu
merous simple pores; inner wall thinner
than outer, with numerous, simple pores.
L.Cam.(up.Tommot.-Botom.).

Capsulocyathus VOLOGDIN, 1962, p. 75 [0c. cap
stlli/er (not figured, described or separately
diagnosed); OD (ZHURAVLEVA in ZHURAVLEVA,
KONYUSHKOV, & ROZANOV, 1964, p. 61, invalidly

Family CAPSULOCYATHIDAE
Zhuravleva, 1964

[Capsu!ocyathina ZHURAVLEVA in ZHURAVLEVA, KONYUSHKOV,
& ROlANOV, 1964, p. 59] [=:Uralocyathina DI::BRENNE,

1964, p. 113]

Solitary, rarely colonial; saclike or hemi
spherical; outer wall with simple or com
plex pores, inner wall eccentric, formed by
pushing down of part of outer wall into
cavity; no skeletal elements in intervallum.
At upper rim of cup inner wall may be
produced funnel-like. L.Cam.(up.Tommot.
Botom.).

Suborder CAPSULOCYATHINA
Zhuravleva, 1964

"Rhabdocyathella" VOLOGDIN, 1940, p. 95 [OR.
baileyi; OD] [no12 Rhabdocyathella VOLOGDIN,
1937, p. 474 (type by monotypy, R. lebedevae
VOLOGDIN, 1937, p. 474)]. Single-walled cups,
the wall with funnel-shaped pore-canals and
modified by external microporous sheath; upper
surface of cup with pelta from edge of orifice in
which depends thin, saclike microporous sheet;
anchoring processes massive, tubulose. [Type
specimen not known; definition following
ZHURAVLEVA, et al., 1967, p. 29.] L.Cam.(lIp.
Atdaban.-Iow.Len.), USSR(Altay·Sayan-Sib.
Platf.).--FIG. 30,1. OR. baileyi, Sayan; la,
reconstr., X ?1.33; lb, part of transv. sec., X ?27
(Zhuravleva, 1963b); lc, long. sec., diagram.,
X 1.3 (Zhuravleva, et al., 1967).

© 2009 University of Kansas Paleontological Institute



Monocyathida-Capsulocyathina-Putapacyathida E55

(ZHURAVLEVA), Sanashtykgol, Altay-Sayan; la,
reconstr., lb, long. sec., both X ?4.5 (Zhuravleva,
et ai., 1964).--FIG. 31,lc. C. subcallosus
ZHURAVLEVA, Sanash., Sayan; thin sees., X3
(Zhuravleva, et al., 1964).

Family FRANSUASAECYATHIDAE
Debrenne, 1964

[Fransuasaecyathidae DEBRENNE, 1964, p. 113]

Solitary, saclike or hemispherical, with
eccentric inner wall; outer wall with pores
in tumuli; inner wall thinner than outer,
with numerous simple pores. L.Cam.
(Atdaban.-Botom.).
Fransuasaecyathus ZHURAVLEVA, 1960, p. 103 [*F.
subtumulatus; 00]. Solitary, hemispherical or
saclike; pores of outer wall tumulose, of thin
inner wall simple, rounded or angulate. L.Cam.
(Atdaban.-Botom.) , USSR(S.Urals-Sayan-Sib.
Platf.-Far East).--FIG. 4,11; 31,2. *F. sub
tumulatus, holotype, Atdaban., Yakutia; 4,11,
reconstr., X ?5; 31,2a, transv. sec., X5; 31,2b,
part of transv. sec., X 1.6; 31,2c, thin sec., X8
(Zhuravleva, 1960b).

Family URALOCYATHELLIDAE
Zhuravleva, 1964

[Uralocyathellidae ZHURAVLEVA, 1964, in ZHURAVLEVA,
KONYUSHKOV, &: ROZANOV, p. 72]

Solitary, saclike, hemispherical cups with
eccentrically arranged inner wall. Outer
wall comprises thick main wall with large
pores and an outer sheath with small pores.
Inner wall thin, with numerous simple
pores. L.Cam.(Botom.).
Uralocyathella ZHURAVLEVA in ZHURAVLEVA, KRAS

NOPEEVA, & CHERNYSHEVA, 1960, p. 99 [*U. repinae;
00]. Solitary, hemispherical. Outer wall with large
pores, and external microporous sheath. Inner
wall thin, with simple pores. L.Cam.(Botom.),
USSR(Altay-Sayan).--FIG. 31,3a. *U. repinae,
holotype, Sanashtykgol, Sayan; tang. sec. outer
wall, X ?32 (Zhuravleva, et al., 1964).--FIG.
31,3b, U. bullata ZHURAVLEVA, Sanashtykgol, E.
Sayan; oblique long. sec., X ?22 (Zhuravleva,
et al., 1964).

?Family URALOCYATHIDAE
Zhuravleva in Vologdin, 1956

[Uralocyathidae ZHURAVLEVA in VOLOGDIN, 1956, p. 878]
[=Vacuocyathidae VOLOGDIN, 1962, p. 77]

Solitary, cylindrical to saclike. Outer wall
vaguely porous, inner wall simply porous;
no other skeletal elements. L.Cam.(up.
Tommot.-Botom.).
Vacuocyathus OKULITCH, 1950, p. 392 [*Coelo-

cyathus kidr;assovensis VOLOGDlN, 1937, p. 478
(nom. nud.), 1939, p. 237; 00] [=Coelocyathus
VOLOGDlN, 1934, p. 502 (nom. nud.), 1937, p. 472
(nom. nud.), 1939, p. 269 (non Coelocyathus
SCHLUTER, 1886, p. 899 (type, C. socialis); nec
SARS, 1857, p. 126); Uralocyathus ZHURAVLEVA,
1950, p. 8 (nom. nud.), 1960, p. 102, nom. subst.
pro Coelocyathus VOLOGDlN, 1939]. Solitary,
?cylindrical. Outer wall with ?simple pores; inner
wall commonly eccentric with simple pores; de
void of other skeletal elements. Holotype in
sufficiently known. L.Cam.(up.Tommot.-Botom.) ,
USSR (S.Urals-Transbayk.)-Mongolia-N.Afr.-Eu.
(France).--FIG. 32,1. *V. kidr;assovensis
(VOLOGDIN), Botom., Urals; la,b, transv. sees.,
X?6 (Vologdin, 1939); lc,d, transv. sees., X?5
(Vologdin, 1940b).

Me1kanicyathus BELYAEVA, 1969, p. 88 [*M.
limitatus; 00]. Solitary cups with extensive
beaks over pores of outer wall and with spine
like beaks over pores of inner wall; intervallum
void. L.Cam.(Botom.), USSR(Far East).--FIG.
32,2. *M. limitatus, R. B. Melkan, Far East;
2a,b, transv. and long. sec., X 10 (Zhuravleva,
1969).

Velicyathus DEBRENNE, 1964, p. 125 [*V. levil
laini; 00]. Solitary, cylindroconical; outer wall
regularly porous, with simple, close pores; inner
wall regularly porous; dissepiments in intervallum.
L.Cam.(Tasousekt.) , N.Afr.(Morocco).--FIG.
32,3. *V. levillaini, holotype; 3a, part of transv.
sec.; 3b, part of long. sec., both X2.5 (Debrenne,
1964).

Order PUTAPACYATHIDA
Vologdin, 1962

[Putapacyathida VOLOGDIN, 1962, p. 118] [=Putapacyathina
(sllborder). nom. transl. ZHURAVLEVA, KONYUSHKOV, &

ROZANOV, 1964, p. 101]

Solitary, rarely colonial. Cup conical or
cylindrical in form, composed of commonly
complex outer and inner walls; neither
radial links nor septa present, but walls are
connected by tabulae; dissepiments may oc
cur. L.Cam.(Atdaban.-Botom.}.

Family PUTAPACYATHIDAE
R. Bedford & J. Bedford, 1936

[Putapacyathidae R. BEDFORD & I. BEDFORD, 1936, p. 24]
[=Putapacyathacea DEBRENNE, 1970 (superfamily), p. 24]

CUp conical or cylindrical; outer wall
with simple pores, inner wall with pore
canals, both walls strengthened by alternat
ing longitudinal ribs; only tabulae present
in intervallum. L.Cam.(up.Atdaban. or
low. Botom.).
Putapacyathus R. BEDFORD & J. BEDFORD, 1936,
p.24 [*P. regularis; 00]. Solitary, cups conical
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FIG. 32. Uralocyathidae (p. ESS).

ld

with outer and inner walls longitudinally ribbed
or corrugated, ribs of outer and inner surfaces of
wall alternating; outer wall simply parous, inner
wall complex with pare canals; without septa or
radial links; tabulae present, and in some, dis
sepiments. L.Cam.(up.Ardaban. or low.Borom.),
S.Australia-Antarct.-USSR (S.Urals) .--FIG. 8,3;

33,3; 34,5. ·P. regularis, holotype, S.Australia
(Ajax Mine); 8,3, part of etched transv. sec., X8;
33,3, view of inner wall, XS; 34,5a,b. parts of
transv. and long. sees., X8; 34,5c, int. view of
inner wall, XS; 34,5d, ext. view of outer wall,
X8; 34,5e, inner wall, diagram. (Bedford &

Bedford, 1936).
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Aptocyathus VOLOGDIN, ]937, p. 471 [OA. gordoni;
M]. Solitary or colonial cups slenderly conical or
cylindrical; outer and inner walls represented by
longitudinal, inwardly projecting ribs invested
with thin sheath having one longitudinal row of
round pores between neighboring ribs; tabulae and
dissepiments present. L.Cam.( BOlam.), USSR(S.
Urals-Altay-Sayan) .--FIG. 34,2. °A. gordoni,
Sanashtykgol, Altay-Sayan; 2a-c, transv. sec.,
X6.7 (Vologdin, 1940, Atlas).

Alphacyathus R. BEDFORD & J. BEDFORD, 1939, p. 72
[ODiclyocyalhus annularis R. BEDFORD & W. R.
BEDFORD, 1936, p. 13; OD]. Cup cylindrical or
conical; outer wall with small round pores ar
ranged in qUincunx; no septa; tabulae with 2

Putopacyothus 5b

3

Chabakovicyathus

FIG. 34. Putapacyathidae (5); Aptocyathidae (1-4)

(p. E55-E58).

o
;~

,@lb
Aptocyothello

Putapacyathida

Putapacyathus3

FIG. 33. Putapacyathidae (3); Aptocyathidae (2);

Gerbicanicyathidae (1) (p. E55-E58).

[Aptocyathidae KONYUSHKOV in ZHURAVLEVA, KONYUSHKOV,

& ROZANOV, 1964, p. 102] [==Aptocyathacea DEBRENNE,
1970 (superfamily), p. 24]

Solitary or colonial; cups conical or cylin
drical. Outer and inner walls with simple
pores, commonly complicated by longitu
dinal ribs developed on the intervallar sur
faces of the walls. Tabulae and dissepi
ments present. L.Cam.(Atdaban.-Botom.).

Family APTOCYATHIDAE
Konyushkov, 1964
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circles of large pores between the two walls; inner
wall with one horizontal row of pores to each
intertabular space (see Debrenne, 1970b, p. 28).
L.Cam.(up.Atdaban. or low.Botom.}, S.Australia.
--FIG. 33,2. *A. annularis (BEDFORD & BED
FORD), Ajax Mine; 2a,b, transv., oblique long.
sees., X 6 (Hill, 1965).

Aptocyathella KONYUSHKOV in ZHURAVLEVA, KON
YUSHKOV, & ROZANOV, 1964, p. 111 [*A. prima;
OD]. Cup solitary, small, slenderly conical or
cylindrical; outer wall simply porous, inner wall
with longitudinal ribs on intervallar face; pores
of both walls rounded; tabulae and sparse dissepi
ments present. L.Cam.(Botom.}, USSR(W.Sayan
Far East).--FIG. 34,1. *A. prima, Sanashtyk
gol, W.Sayan; 1a-c, transv. sees., X20 (Zhura
vleva, Konyushkov, & Rozanov, 1964).

Chabakovicyathus KONYUSHKOV in ZHURAVLEVA,
KONYUSHKOV, & ROZANOV, 1964, p. 114 [*C.
tumulatus; OD]. Solitary, slenderly conical or
cylindrical small cups; outer wall with tumular
pores; inner wall with simple rounded pores;
tabulae flat or weakly domed. L.Cam.(?up.
Atdaban.-Botom.}, USSR(S.Urals).--FIG. 34,3.
*C. tumulatus, ?up.Atdaban. or Botom.; long. sec.,
X20 (Zhuravleva, Konyushkov, & Rozanov,
1964).

Galinaecyathus KONYUSHKOV In ZHURAVLEVA,
KONYUSHKOV, & ROZANOV, 1964, p. 102 [*G.
lebedensis; OD]. Solitary cups small, regularly
conical or cylindrical; inner and outer walls with
round pores; tabulae and sparse dissepiments
present. L.Cam. (low.Atdaban.-Botom.), USSR(S.
Urals-Altay-Sayan-Sib.Platf.).--FIG. 34,4. *G.
lebedensis, L.Cam., USSR; transv. sec. showing
inner and outer walls and part of tabula, XI 0
(Zhuravleva, Konyushkov, & Rozanov, 1964).

Family GERBICANICYATHIDAE
Belyaeva, 1969

[Gerbicanicyathidae BELYAEVA, 1969, p. 90]

Solitary; cup conical or cylindrical; outer
wall not independent, formed from the up
turned edges of the tabulae; inner wall in
dependent; tabulae porous; no septa. L.
Cam.(BOlom.).

Gerbicanicyathus BELYAEVA, 1969, p. 90 [*G.
emili; OD]. Solitary; cup widely conical or
cylindrical in form; outer wall formed of up
turned edges of porous tabulae; inner wall simply
porous; no septa. L.Cam.(Botom.}, USSR(Far
East) .--FIG. 33,1. *G. emili, holotype, R.
Gerbikan, Far East; la, oblique long. sec., X6;
1b, paratype, long. sec., X 14 (Zhuravleva,
1969).

Order AJACICYATHIDA
R. Bedford & J. Bedford, 1939

[nom. COY1'eet. OKULITCH, 1955, p. EID (pro Ajacicyathina

R. BEDFORD & J. BEDFORD, 1939, p. 70)] [=order Acan.
thinocyathida R. BEDFORD & W. R. BEDFORD, 1936, p. 11
(n.om. correct. VOLOGDIN, 1962d, p. 131, pro Acanthinocya.
thIna R. BEDFORD & W. R. BEDFORD, 1936, p. 11; nom.
subst. pro Acanthocyathina OKULITCH, 1935, p. 90, invalid
name based on junior homonym); order Loculicyathida
ZHURAVLEVA, 1955a, p. 9, nom. correct. VOLOGDIN, 1962d
p. ,lIB (pro Loculocyathida ZHURAVLEVA, 1955a, p. 9, in~
valid name based on nom. null.); order Coscinocyathida
ZHURAVLEVA, 1955a, p. 9; superorder Loculicyathina
ZHURAVLEVA, 1955, p. 9 (nom. transl. VOLOGDIN, 1962d,
p. lIB, ex order LocuJicyathida ZHURAVLEVA, 1955a, p. 9)'
order Nochoroicyathida ZHURAVLEVA in VOLOGDIN, 1956',
p. 879; order Dokidocyathida VOLOGDIN, 1957a, p. 205·
order Bosceculida KRASNOPEEVA, 1960, p. 41; order Ethmo:
phyllida VOLOGDIN, 1962d, p. 121; order Cyclocyathellida
VOLOGDIN, 1962d, p. 122; order BoscekuJida KRASNOPEEVA,

1969, p. 63 (nom. null.)]

Solitary or rarely colonial. Cup cylin
drical or conical, with porous outer and
inner walls, the pores not infrequently com
plex. Intervallum with plane septa, or with
septa and tabulae, or with radial links in
horizontal planes; dissepiments or synap
ticulae may develop. Anchoring processes
massive. In early stages cup is single-walled

and simply porous; then appear a porous
inner wall and radial links, and later, septa,
or tabulae and septa; finally complex pores
may appear, first those of outer wall, then
those of inner wall. L.Cam.-M.Cam.(base).

Suborder DOKIDOCYATHINA
Vologdin, 1957

[nom. transl. ZHURAVLEVA, 1960b, p. 95 (ex order Doki
docyathida VOLOGDIN, 1957a, p. 205)] [=order Acanthino
cyathida R. BEDFORD & W. R. BEDFORD, 1936, p. 11 (nom.
correct. VOLOGDIN, 1962d, p. 131, pro Acanthinocyathina
R. BEDFORD & W. R. BEDFORD, 1936, p. 11; nom. subst. pro
Acanthocyathina OKULITCH, 1935, p. 90, invalid name based

on junior homonym)]

Solitary, with simply or complexly porous
outer and inner walls connected by sparse

2b~
~

20

FIG. 35.--1. Open conical central cavity (la) of
Dokidocyathina compared with 1b, hemispherical
central cavity of Capsulocyathina.--2. Radial
horizontal links of Dokidocyathina; 2a, rounded
in section; 2b, flattened and platelike (Zhuravleva,

Konyushkov, & Rozanov, 1964).
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(1,7); Kaltatocyathidae (5-6,10) (p. E 59-E61),

radial horizontal links or by septa with single
longitudinal row of pores almost as wide as
septum, [DEBRENNE (1970b, p. 33) has dis
covered that in Dokidocyathus simplicis
simus the links are parts of septa in which
a single longitudinal row of large round or
oval pores occurs, The other forms at pres
ent placed in this suborder should be in
vestigated to establish whether this condi
tion is general (Fig. 35),] L.Cam,(low.
Tommot,-up,Botom.),

Family DOKIDOCYATHIDAE
R. Bedford & W. R. Bedford, 1936

[Dokidocyathidae R. BEDFORD & W. R. BEDFORD, 1936, p.
12] [=Dokidocyalhacea DEBRENNE, 1970 (superfamily),

p. 24]

CupS conical or cylindrical. Outer and
inner walls with simple pores; walls con
nected by sparse radial horizontal links or
by coarsely retiform septa with one row of

such large round or oval pores that area
of pores vastly exceeds area of septal tissue,
No tabulae, L.Cam,(Tommot,-Botom),

Dokidocyathus TAYLOR, 1910, p. 146 [·D.
simplicissimt/s; M]. Cup cylindrical or conical;
outer and inner walls with simple pores. Walls
connected by radial horizontal links or by retiform
septa with one longitudinal row of very large
round or oval pores (see Debrenne, 1970, p. 33).
L.Cam.(Tommot.-Botom.), S.Australia-USSR(S.
Urals-Sib.Platf.-Altay-Sayan-Transbayk.-Far East).
--FIG. 36,9. ·D. simplicissimt/s, up.Atdaban.
or low.Botom., S.Australia (Ajax Mine); long.
sec., X3, showing 2 septa each with I long. row
of large round or oval pores (photo courtesy MAX
DEBRENNE, Paris, negatives in colI. Dr. F.
DEBRENNE, Natl. History Museum, Paris).

Dokidocyathella ZHURAVLEVA, 1960b, p. 100 [·D.
incognita; OD]. Outer wall with simple, small
pores; inner wall longitudinally ribbed on in
tervallar side, with large pores each protected by
deep bract on side of central cavity; walls con-
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nected by radial links. L.Cam.(up.Tommot.
Botom.) , USSR (Altay-Sayan-central R.Lena-?Far
East.--FIG. 36,2. *D. incognita, Atdaban., cen
tral R.Lena; 2a, transv. sec., X 5.5 (Zhuravleva,
1960); 2b, bracts of inner wall, central cavity on
right, diagram. (Zhuravleva, et al., 1964).

Incurvocyathus ROZANOV in ROZANOV & MIS
SARZHEVSKIY, 1966, p. 50 [*1. voronovae; OD).
Walls waved in parallel transversely, giving peri
odic annular expansions of the cup; outer wall
with simple pores, inner wall with bracts around
pores; links at acute angle to axis of cup. L.Cam.
(Botom.), USSR(Tuva).--FIG. 36,/l. *1.
voronovae, holotype; /la,b, part of thin long. sec.,
inner wall with bracted pores to right, outer wall
thinner with simple pores to left; /la, X 1.3;
/lb, X7 (Rozanov & Missarzhevskiy, 1966).

Family ACANTHINOCYATHIDAE
R. Bedford & W. R. Bedford, 1934

[Acanthinocyathidae R. BEDFORD & W. R. BEDFORD, 1936,
p. 11 (nom. subst. pro Acamhocyathidae R. BEDFORD &
W. R. BEDFORD, 1934, p. 4, invalid name based on junior
homonym)] [=Acantinocyathidae ZHURAVLEVA, KONYUSH·

KOV, & ROZANOV, 1964, p. 99 (nom. null.)]

CUp with two walls connected by thin
cylindrical radial horizontal or oblique
links. Outer wall with long pointed scales
projecting upward and very slightly out
ward from wall above each pore; inner
wall with simple pores. L.Cam.(up.
Atdaban. or low.Botom.).
Acanthinocyathus R. BEDFORD & W. R. BEDFORD,

1936, p. 11 [*Acanthocyathus apertus R. BEDFORD
& W. R. BEDFORD, 1934, p. 4; OD) [=Acantho
cyathus R. BEDFORD & W. R. BEDFORD, 1934, p. 4
(non EDWARDS & HAIME, 1848, p. 292, a coral);
Acantinocyathus ZHURAVLEVA, KONYUSHKOV, &
ROZANOV, 1964, p. 100 (nom. null.)). Cup with
two walls connected by thin, cylindrical, radial,
horizontal links. Outer wall retiform, with long
pointed scales rising from wall above each pore
and projecting upward and very slightly out
ward; inner wall retiform with simple pores
(see Debrenne, 1969b, p. 306). L.Cam.(up.Atda
ban. or low.Botom.) , S.Australia(Ajax) .--FIG.
36,8. *A. apertus (BEDFORD & BEDFORD); 8a,b,
views of etched outer wall and of etched long.
sec. showing inner wall, X2.7 (Bedford & Bed
ford, 1934).

Family SOANICYATHIDAE
Rozanov, 1964

[Soanicyathidae ROZANOV in ZHURAVLEVA, KONYUSHKOV, &
ROUNOV, 1964, p. 97]

Slenderly conical cups with two concen
tric walls connected by thin radial links;
outer wall with Raring bracts over the pores,
inner wall with similar Raring bracts or

with annular shelves over horizontal rows
of pores. L.Cam.(Botom.).

Soanicyathus ROZANOV in ZHURAVLEVA, KONYUSH
KOV, & ROZANOV, 1964, p. 98 [*S. admirandus;
OD). Cups with bract rising from lower edge of
each pore in both outer and inner walls; walls
connected by thin radial links. L.Cam.(Botom.),
USSR(Altay-Sayan).--FIG. 36,4. *S. admiran
dus, Sanashtykgol; bracts of inner wall, central
cavity to left, reconstr. (Zhuravleva, Konyushkov,
& Rozanov, 1964).

Zhuravlevaecyathus ROZANOV in ZHURAVLEVA,
KONYUSHKOV, & ROZANOV, 1964, p. 98 [*Z.
pulchellus; OD). Walls connected by radial
links; outer wall pores each with upwardly
flaring bract; inner wall with upwardly directed
annular shelves rising from below each horizontal
row of pores. L.Cam.(Botom.), USSR(W.Sayan).
--FIG. 36,3. *Z. pulchellus, holotype, Sanash
tykgol; parts of inner and outer walls, diagram.
(Zhuravleva, Konyushkov, & Rozanov, 1964).

Family KIDRJASOCYATHIDAE
Rozanov, 1964

[Kidr;asocyathidae ROZANOV in ZHURAVLEVA, KONYUSHKOV, &
ROUNOV, 1964, p. 95]

Conical or cylindrical cup with two con
centric walls connected by radial links or
plates; outer wall with supplementary finely
porous sheath, inner wall with simple or
complex pores. L.Cam.(Atdaban.-low.
Botom.).
Kidrjasocyathus ROZANOV, 1960, p. 43 [*K.
uralensis; OD) [=Kidrjassocyathus ROZANOV,
1960, nom. null. in REPINA, et al., 1964, p. 174).
Walls of cup connected by radial horizontal or
inclined links, and sometimes by dissepiments;
outer wall coarsely porous but with supplementary
finel y porous external sheath, inner wall with
simple large pores. L.Cam.(up.Atdaban.-Iow.
Botom.) , USSR(S.Ural-E.Sayan).--FIG. 36,1.
*K. uralensis, ?low.Botom., S.Ural; part of transv.
sec., diagram. (Zhuravleva, Konyushkov, &

Rozanov, 1964).
Tchojacyathus ROZANOV, 1960, p. 46 [*T. validus;
OD). Cups with walls connected by inclined,
sometimes inosculated links; dissepiments abun
dant. Outer wall of S-curved plates forming
pore-canals directed irregularly upward and out
ward; external finely porous sheath present. Inner
wall of S-curved plates forming pore-canals di
rected irregularly upward into central cavity.
L.Cam.(Atdaban.), USSR(Altay).--FIG. 36,7.
*T. validus, holotype, R. Tyrga, Kameshki; 7a,b,
parts of transv. and long. sees., X3 (Zhuravleva,
Konyushkov, & Rozanov, 1964).

Family KALTATOCYATHIDAE
Rozanov, 1964
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[Kahatocyathidae ROZANOV in ZHURAVLEVA, KONYUSHKOV, &
ROZANOV, 1964, p. 92]

CUp with walls connected by radial hori
zontal links, outer wall with simple or
knobby tumuli, inner wall with simple
pores. L.Cam.(Atdaban.-Botom.).
Kaltatocyathus ROZANOV in ZHURAVLEVA, KONYUSH-

KOV, & ROZANOV, 1964, p. 92 ["K. kaschinae;
OD]. Cup with radial horizontal links connecting
an outer wall in which each pore is in simple
tumulus to simply porous inner wall. L.Cam.
(Atdaban.-low.Botom.), USSR(E.Sayan-Far East)·
Can.(Yukon).--FIG. 36,6. "K. kaschinae,
Atdaban., E.Sayan; long. sec. of pore in tumulus
of outer wall, diagram. (Zhuravleva, Konyushkov,
& Rozanov, 1964).

Papillocyathus ROZANOV in ZHURAVLEVA, KONYUSH'
KOV, & ROZANOV, 1964, p. 94 ["P. vacuus; OD].
Small; walls of cups connected by flattened
radial horizontal links; outer wall with multi·
perforate knobby tumuli; inner wall simply
porous. L.Cam.(up.Atdaban.-low.Botom.}, USSR
(Altay-Sayan).--FIG. 36,5. "P. vacuus, Sayan;
multiperforate, knobby tumulus of outer wall,
diagram. (Zhuravleva, Konyushkov, & Rozanov,
1964).

Sekwicyathus HANDFIELD, 1971, p. 34 ["S.
nahanniensis; OD]. Outer wall with spherical
tumuli that protrude into intervallum also; tumuli
open upward(?) on both sides of wall; interval·
lum with links flattened in longitudinal plane;
inner wall simpiy porous. L.Cam.(up.Atdaban. or
low.Botom.}, Can.(NW.Terr.).--FIG. 36,10.
"S. nahanniensis, Sekwi F., NW.Terr.; lOa, holo·
type, transv. sec., X8; lOb, oblique long. sec.
showing subspherical tumuli with pores opening
on both sides of wall, X 10 (Handfield, 1971).

Suborder AJACICYATHINA
R. Bedford & J. Bedford, 1939

[nom. transl. et correct. ZHUR.AVLEVA, 1960b, p. 106 (ex
order Ajacicyathina R. BF,DFORD & J. BEDFORD, 1939, p.
70)] [=superorder Loculicyathina VOLOGD1N, 1962d, p. 118;
order Loculicyathida VOLOGDIN, 1962d, p. 118 (nom. cor·
rect., pro Loculocyathida ZHURAVLEVA, 1955a, p. 9, invalid
name based on nom. null.); suborder Boscekulcyathina
KRASNOPEEVA, 1969, p. 63j suborder Schidertycyathina

KRASNOPEEVA, 1969, p. 63]

Solitary or rarely colonial. Cup cylindri
calor conical, with porous outer and inner
walls, pores simple or complex. Intervallum
with planar septa, without tabulae; synap
ticulae and dissepiments may occur and
latter may penetrate into central cavity.
L.Cam.·base M.Cam.

Superfamily AJACICYATHACEA
R. Bedford & J. Bedford, 1939

[nom. transl. ZHURAVLEVA, 1960b, p. 106 (ex Ajacicyathidae
R. BEDFORD & J. BEDFORD. 1939, p. 73)]

Solitary, rarely colonial. Cup conical or
cylindrical. Outer wall with simple pores.
Inner wall with simple pores, with pore
canals, or pore-tubes or annulate. Inter
valium with porous or rarely almost aporose
septa, and without tabulae; in some with
dissepiments or synapticulae. L.Cam.-base
M.Cam.

Family AJACICYATHIDAE
R. Bedford & J. Bedford, 1939

[Ajacicyathidae R. BEDFORD & J. BEDFORD, 1939. p. 73]
[=?Somphocyathidae OKULJTCH, 1935, p. 98; Densocyathi
dae VOLOGDIN, 1937b, p. 471; Archaeocyathellidae SIMON,
1939, p. 57; Loculocyathidae ZHURAVLEVA, 1955a. p. 9]

Cups conical, may have transverse or lon
gitudinal corrugations. Outer wall with
simple pores; pores of inner wall simple
or with bracts or scales, and in more than
one longitudinal row to each intersept.
Intervallum with septa that are porous or
very rarely aporose, and in some with dis
sepiments or synapticulae; without tabulae.
L.Cam.(low.Tommot.-Botom.).

Ajacicyathus R. BEDFORD & J. BEDFORD, 1939, p. 73
[*Archaeocyathus ajax TAYLOR, 1910, p. 118;
OD] [=?Somphocyathus TAYLOR, 1910, p. 134
(type, S. coralloides; OD) (for discussion see
HILL, 1965, p. 62); Ventriculocyathus VOLOGDIN,
1931, p. 51 (type, V. caulius; M) (for discussion
see HILL, 1965, p. 62); Densocyathus VOLOGDIN,
1937b, p. 471 (type, D. sanaschticolensis; M)
(colonial, for discussion see HILL, 1965, p. 63);
Ascocyathus VOLOGDIN, 1960, p. 422 (type,
Archaeocyathus arteintervallum VOLOGDIN, 1931,
p. 84; OD) (for discussion see ZHURAVLEVA, 1960,
p. 126); Sclerocyathus VOLOGDIN, 1960, p. 424
(type, S. scrofulosus; OD) (for discussion see
HILL, 1965, p. 67)]. Pores of both walls in
several longitudinal rows in each intersept; those
of inner wall may be protected by simple spines
and may include stirrup-pores; septa sparsely
porous or aporose; no tabulae. L.Cam.(low.
Tommot.-Botom.} , USSR (S.Urals·Altay·Sayan·
Sib.Platf.·Transbayk.-Far East)-Mongolia·N.Afr.
(Morocco)·S.Australia-Antarct.·N.Am. (Yukon·B.
C.-Nev.).--FIG. 37,6. "A. ajax (TAYLOR), up.
Atdaban. or 10w.Botom., S.Australia (Ajax Mine);
6a, outer wall and septa; 6b, inner wall and septa,
seen from outside; 6c, inner wall seen from central
cavity; all X4 (Hill, 1965).

Ajacicyathellus DEBRENNE, 1959, p. 64 ["A.
hollardi; M]. Conical, outer and inner walls
crenulate (furrowed at junctions with septa);
outer wall with 4 to 5 longitudinal rows of
simple pores to an intersept, in quincunx; septa
perforate; inner wall thick, with 2 to 3 longi
tudina� rows of large oval simple pores to an
intersept. L.Cam.(Atdaban.}, N.Afr.(Morocco).
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FIG. 37. Ajacicyathidae (p. £61-£65).

Archaeocyathellus FORD, 1873, p. 135 [·Arc11aeo
cyathtls? rensselaerictls FORD, 1873, p. 211; M].
Very small, conical; outer 'wall longitudinally
furrowed at septa; pores of outer wall alternating
in 2 longitudinal rows to each intersept, 1 row
close beside each septum; septa 'imperforate,
dissepiments (or ?synapticulae) present. Charac
ters of inner wall unknown. Type-species in
sufficiently known. L.Cam., USA (N.Y.); L.Cam.
(Atdaban.-Botom.), USSR(Sayan-Sib.Platf.-Far
East).--FIG. 37,5. ·A. rensselaericlls (FORD),
Troy, N.Y.; sector of cup, diagram. (Okulitch,
1943).

Dentatocyathus OKUNEVA, 1967 (quoted in
BELYAEVA, 1969, p. 92) [·D. maritimtls; ?OD].

Solitary, cup conical; outer wall simply porous,
with cog-like projections between septa, 2 or 3
longitudinal rows of pores to each side of the
cog; septa straight, porous; inner wall with simple
pores; no tabulae. L.Cam.(Botom.), USSR(Far
East.--FIG. 38,3. D. indigenus BELYAEV(>., R.
Melkan, Far East; holotype, transv. sec., X 10
(Belyaeva, 1969).

Loculicyathus VOLOGOIN, 1931, p. 54 [.L. tolli
(=Coscinocyatlltls irregularis VON TOLL, 1899,
p. 44, for which it was invalid nom. nov.); OD]
[=Loclliocyathus VOLOGOIN, 1937b, p. 468 (nom.
1I1l11.); Mikhnocyathus MASLOV, 1957, p. 307
(type, M. zolaensis; OD) (for discussion see
VORONIN, 1964, p. 20); Mllkhnocyathus MASLOV,
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FIG. 38. Ajacicyathidae (J -5); Tennericyathidae (6) (p. E62-E67).

1957, p. 308 (nom. null.); ?Zolaeyatlllls VOLOG
DIN, 1962, p. 10 (type, Z. lomloms; M), incom
pletely described]. Cup cylindrical, with simply
porous outer and inner walls and septa and
with dissepiments crossing both intervallum and
central cavity; no tabulae. L.Cam.( Atdaban.
Botom.}, USSR(S.Urals-Sib.Platf.-Altay-Sayan
Transbayk-Far East) -S.Australia-N.Afr.-Can. (Yu
kon).
L. (Loculicyathus). Outer wall without longitu

dinal furrow at junction with each septum. L.
Cam.( Atdaban.-Botom.}, USSR(S.Urals-Sib.
Platf.-Altay-Sayan-Transbayk.-Far East) -S.Aus
tralia-N.Afr.-Can.(Yukon) .--FIG. 37,2. 0L.
(L.) irregularis (VON TOLL), up.Atdaban.,
Kameshki; 2a, part of transv. sec., X2.7; 2b,
long. sec., X2 (Vologdin, 1931).

L. (Loculicyathellus) DEBRENNE, 1969, p. 310
[OArehaeocyatht/s f!orellS R. BEDFORD & W. R.
BEDFORD, 1934, p. 2; OD]. Outer wall with

longitudinal furrow at junction with each sep
tum. L.Cam.(t/p.Atdaban. or low.Botom.}, S.
Australia(Ajax Mine).--FIG. 37,1. 0L. (L.)
f!oret/s (BEDFORD & BEDFORD), holotype; I a,
transv. sec.; lb, outer wall; Ie, inner view of
inner wall, all approx. X 4 (Bedford & Bedford,
1934).

Nevadacyathus OKULITCH, 1943, p. 59 [0Archaeo
eyathus septapol'lfs OKULITCH, 1935, p. 101; M].
Cup very small, cylindrical; outer wall with small,
sparse, oblique pore-canals (directed upward and
inward); inner wall with numerous, small pores;
septa with very large pores, commonly in one
longitudinal row; no tabulae. L.Cam.( Atdaban.
low.Botom.), N.Am.(Nev.) -USSR(Sib.Platf.) .-
FIG. 37,3. ON. septapol'lfs (OKULlTCH), Nev.;
reconstr., X7.5 (Okulitch, 1935).

Orbiasterocyathus ZHURAVLEVA in REPINA, KHO
MENTOVSKIY, ZHURAVLEVA, & ROUNOV, 1964, p.
183 [°0. geri; OD]. Cups starshaped in trans-
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FIG. 39. Robustocyathidae (p. E65-E66).

verse section due to deep longitudinal folds affect
ing both walls; pores of walls simple; septa
porous; no tabulae. LCam.(up.Atdaban.}, USSR
(Shoria Mts.).--FIG. 38,5. *0. geri, holotype,
Kameshki; transv. sec., X4 (Repina, Khomentov
skiy, Zhuravleva, & Rozanov, 1964).

Orbicyathus VOLOGDIN, 1937, p. 470 [*0. mon
golicw; M]. Cup conical, with periodic annular

expansions due to both walls being waved in
parallel transversely; outer wall with numerous
small pores in quincunx; septa porous; inner wall
with up to 3 longitudinal rows of simple pores per
intersept. Tabulae absent. LCam.( up.Tommot.
Botom.}, Mongolia-USSR(S.Urals-Sayano-Altay
central R.Lena) -N.Afr.(Morocco) .--FIG. 4,6.
*0. mongoliCIIs, Mongolia (L.Kara-Usu); 6a,
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reconstr., X3.5; 6b,e, tang. sec. through two
transv. expansions, X7 (Vologdin, 1937).

Pachecocyathus RINCON, 1971, p. 81 [*P. cabanasi;
00). Outer wall and septa simply porous; inner
wall thick, two longitudinal rows of pore-canals
to an intersept. L.eam., Eu.(Spain).

Protocyathus FORD, 1878, p. 124 [*P. rarus; M).
Very small, conical, with pores of ?outer wall
confined to single row of stirrup-pores in each
septal furrow, with thin septa, and inner wall of
unknown structure. Type-species insufficiently
known. L.Cam., USA(N.Y.).--FIG. 37,4. *P.
rarus, Troy, N.Y.; sector of cup, diagram.
(Okulitch, 1943).

Serratocyathus VOLOGDIN, 1960, p. 424 [*S. eehi
natus; 00) [=?Eehinoeyathus VOLOGDIN, 1960,
p. 424 (type, E. bilateralis; 00) (for discussion
see HILL, 1965, p. 66); non Eehinoeyathus
TERMIER & TERMIER, 1950, p. 47 (type, E.
goundalensis; 00)]. Cup conical; outer wall with
?pore-canals with short outwardly projecting
?rims; inner wall pores simple; septa thin, radial,
plane, porous; no tabulae. L.Cam., USSR(Tuva).
--FIG. 38,1. *S. eehinatus; part of transv. sec.,
X2.7 (Vologdin, 1960).

Subtilocyathus VOLOGDIN, 1960, p. 423 [*Arehaeo
eyathus subtilis VOLOGDIN, 1932, p. 41; 00).
Cup conical, with finely porous outer and coarsely
porous inner walls, connected by few, ?coarsely
porous septa; wall pores (?screened with bubble
like sheaths). Imperfectly known. L.Cam., USSR
(Altay).--FIG. 38,2. *S. subtilis (VOLOGDIN);
2a, part of transv. sec., X 13 (Vologdin, 1940b);
2b, transv. sec., X2.7 (Vologdin, 1960).

Urcyathus VOLOGDIN, 1940, p. 64 [*U. asteroides;
00). Outer wall and septa finely and simply
porous; inner wall plicate longitudinally (ribbed
between the septa and furrowed at the septa),
with several longitudinal rows of simple pores to
each flank of plication; tabulae absent. L.Cam.
(Atdaban.-Botom.), USSR(E.Sayan-Salair)
?Spain-?N.Afr.(Morocco).--FIG. 38,4. *u. as
teroides, Salair; oblique transv. sec., X ?2.2
(Vologdin, 1957a).

Family ROBUSTOCYATHIDAE
Debrenne, 1964

[Robustocyathidae DEBRENNE, 1964, p. 140] [= ?Leecyathi.
dae VOLOCOIN, 1957c, p. 495]

Outer wall with simple pores; inner wall
with single longitudinal row of pores to
each intersept; inner wall pores may have
bracts; septa porous or almost aporose, may
be synapticulate. L.earn.
Robustocyathus ZHURAVLEVA, 1960, p. 133 [*Ar

chaeocyathus robustus VOLOGDIN, 1937a, p. 25;
00) [=?Septoeyathus VOLOGDIN, 1937b, p. 468
(type, S. pedasehenkoi; M) (for discussion see
VORONIN, 1964, p. 16); ?Leecyathus VOLOGDIN,
1957, p. 495 (type, by 00, Archaeoeyathus

yavorskii VOLOGDIN, 1931, p. 86, has a fringe
of tersioid outgrowths»). Cup slenderly conical,
with 2 to 4 longitudinal rows of simple pores to
an intersept in outer wall and 1 such row in inner
wall; pores of inner wall much larger, may have
protective spines or bracts; septa porous; anchor
ing processes massive, canaliculate. L.Cam.(low.
Tommot.-Botom.}, USSR(S.Urals-Altay-Sayan-Sib.
Platf.-Transbayk.-Far East)-N.Am.(B.C.-Nev.)-S.
Australia-Antarct.-Spain-N.Afr. (Morocco).-
FIG. 39,1. *R. robustus (VOLOGDIN), L.Cam.(up.
Tommot.-Botom.), USSR(R.Lena); 1a,b, ?transv.
secs., X8 (Vologdin, 1937a); 1e, transv. sec. of
cup with secondary thickening of outer wall,
X5.6; 1d, long. sec. of cup without secondary
thickening, X4.8 (Zhuravleva, 1960b).

Afiacyathus VORONIN, 1962, p. 26 [*A. lativallum;
00). Cup conical; outer wall with simple pores;
septa straight, porous, united by synapticulae;
inner wall thick, perforated by straight pore-canals
not interconnected, one longitudinal row to each
intersept. L.Cam. (?Atdaban.-Botom.) , USSR
(Tuva)-Mongolia-N.Afr. (Morocco)-?N.Am.-
FIG. 40,2. *A. lativallum, holotype, Botom., Tuva;
2a, part of transv. sec., X2; 2b, part of oblique
long. sec., X2 (Voronin, 1962).

?Carpicyathus OSADCHAYA, in ZHURAVLEVA,
ZARDOROZHNAYA, OSADCHAYA, POKROVSKAYA, RODI
ONOVA, & FONIN, 1967, p. 51 [*C. mystieus; 00).
Solitary, slenderly conical or cylindrical cups;
outer wall strong, its short pore-canals each with
vertically rising bract, inner wall thick, with two
longitudinal rows of pore-canals to an intersept,
the pore-canals with bracts sharply bent up into
central cavity; septa porous. [VORONIN (1969,
p. 102) lists this as synonym of lnessoeyathus.]
L.Cam.(up.Botom.} , USSR(Tuva).--FIG. 40,1.
*C. mystieus, holotype; 1a,b, transv. and long.
secs., X2.7; 1e, tang. sec. outer wall, XI0; 1d,
part of inner wall, X 10 (Zhuravleva, et al., 1967).

Gorskinocyathus VOLOGDIN, 1960, p. 422 [*Ar
ehaeoeyathus gorskinensis VOLOGDIN, 1940b, p. 60;
00). Outer wall thin and finely porous; inner
wall thicker with 1 or 2 longitudinal rows of
pores per intersept; septa thin, porous, not radial.
L.Cam., USSR(Salair).--FIG. 39,8. *G. gor
skinensis (VOLOGDIN); transv. sec., X 4.8 (Volog
din, 1960).

Halysicyathus DEBRENNE, 1965, p. 143 [*H. multi
lureus; 00). Colonial, cups associated in Halysites
like chain; outer wall with simple pores; inner wall
with single longitudinal row of pores to an inter
sept, each pore with thin-edged peak from its
upper edge; septa straight, sparsely porous; no
tabulae or dissepiments. L.Cam.(up.Atdaban.}, N.
Afr.(Morocco).--FIG. 39,4. *H. multilurcus,
Timghit.; 4a, holotype, thin sec., X 4 (photo
courtesy of MAX DEBRENNE, Paris, negatives in
coli. Dr. F. DEBRENNE, Natl. History Museum,
Paris); 4b, tang. sec., X8 (Debrenne, 1965).

Inessocyathus DEBRENNE, 1964, p. 143 [*Arehaeo
eyathus spatiosus BORNEMANN, 1887, p. 59; 00).
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Outer wall with simple rounded or hexagonal
pores, inner wall thickened with one longitudinal
row of large pore-canals to an intersept; septa
thin, porous, without synapticulae. L.Cam.
(Atdaban.-Botom.) , Eu. (Sardinia-Spain) -USSR

FIG. 40. Robustocyathidae (p. E65-E66).

(Altay-Sayan)-Mongolia-N.Afr. (Morocco)-Ant
arct.-N.Am.(Ney.).--FIG. 40,3. °1. spatiosus
(BORNEMANN), Botom., Sardinia; part of transy.
sec., X 2 (Oebrenne, 1964).

?Plenocyathus VOLOGDlN, 1962b, p. 13 lOp. eras
siseptattlS; M]. Incompletely figured and not
described. L.Cam.(Botom.), USSR(Sayan).

Plicocyathus VOLOGDlN, 1960, p. 424 lOp. krassnyi;
00]. Conical cups; porous outer wall longitudi
nally plicate with deep furrows at outer ends of
the septa; inner wall slightly thickened, with a
single longitudinal row of large pores; septa
indistinctly porous, radial, thickened at inner wall.
L.Cam., USSR(Far East).--FIG. 39,2. 0p.
krassnyi; transy. sec., X4 (Vologdin, 1960).

?Rugocyathus VOLOGDIN, 1962b, p. 13 [OR. venus
tus; M]. Incompletely figured and not described.
L.Cam.(Botom.), USSR(Sayan).

Rotundocyathus VOLOGDIN, 1960, p. 422 [OR.
rotaeeus; 00]. Cup conical, with smooth com
monly finely porous outer wall; inner wall and
septa coarsely porous; septa thickening toward
thick inner wall, in which is one longitudinal row
of pores to an intersept; no tabulae. [May be
senior synonym of Robustoeyathus.] L.Cam.,
USSR(Altay).--FIG. 39,6. OR. rotaeeus; transy.
sec., X3 (Vologdin, 1960).

Sibirecyathus VOLOGDlN, 1937, p. 468 [OS. naletovi;
M]. Outer wall thin, finely and simply perforate;
inner wall with ?1 longitudinal row of pores to
an intersept, the pores may be protected by thorns
or bracts springing from below; septa porous,
connected by synapticulae. L.Cam.(?up.Tommot.
up.Botom.), USSR(Altay-Sayan-Sib.Platf.) -Mon
gol ia -Eu. (France [Mont.Noire] -Sardinia) -N .Afr.
?N.Am.(Can.).--FIG. 39,7. OS. naletovi, Atda
ban.-Botom., Mongolia; 7a,b, oblique sees. of two
specimens, X3 (Vologdin, 1937b).

Stapicyathus OEBRENNE, 1964, p. 127 [nom. transl.
OEBRENNE, 1970b, p. 43, ex Arehaeoeyathellus
(Stapieyathus) OEBRENNE, 1964] [0Arehaeoeya
thus stapipora TAYLOR, 1910, p. 118; 00]. Cup
conical; outer wall thin, with simple pores; septa
imperforate except at their junctions with inner
wall where all pores are stirrup pores, deyeloped in
one longitudinal row to each septum. L.Cam.( up.
Atdaban. or low.Botom.), S.Australia-Antarct.-
FIG. 39,3. OS. stapipora (TAYLOR), Ajax Mine;
tang. long. sec., X2.4 (Taylor, 1910).

Turgidocyathus VOLOGDIN, 1960, p. 422 [OT.
ippolitovensis; 00]. Cup conical, longitudinally
arched between septa; outer wall thin; inner wall
thickened, with one (?or two) longitudinal rows
of simple pores to an intersept; septa thin, straight,
perforate, angles at walls rounded; no tabulae.
L.Cam.(Botom.), USSR(W.Sayan).--FIG. 39,5.
°T. ippolitovensis; transy. sec., X4 (Vologdin,
1960) .

Family TENNERICYATHIDAE
Rozanov in Zhuravleva, Korshunov,

& Rozanov, 1969
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[Tennc:ricyathidae ROZANOV in ZHUJlAVLEVA, KORSHUNOV, &
ROZANOV. 1969. p. 34]

Outer wall pores with short outwardly
projecting ?rims; inner wall with several
longitudinal rows of pores provided with
scales that commonly cover several inter
septs or several pore mouths; intervallum
with porous septa; no tabulae. L.Carn.
(Atdaban.-Botorn.).

Tennericyathus ROZANOV in ZHURAVLEVA, KORSHU
NOV, & ROZANOV, 1969, p. 35 [·T. malycanictls;
OD]. Cup conical, rounded in transverse section;
outer wall with simple pores with short outwardly
projecting ?rims, septa abundantly porous, inner
wall with several longitudinal rows of pores to
an intersept, provided with bracts amalgamating
with one another to form scales common to several
intersepts. L.Cam.( Atdaban.}, USSR(Sib.Platf.
Altay-Sayan) .--Flc. 41,1. ·T. malycanictls, R.
Lena, near Malykan, Sib.Platf.; 1a,b, parts of
transv. sees., X20; 1c, part of long. sec., XIO
(Zhuravleva, Korshunov, & Rozanov, 1969).

Cadniacyathus R. BEDFORD & J. BEDFORD, 1937,
p. 36 [·C. asperattls; OD]. Cup conical, outer
wall longitudinally furrowed at the septa; outer
wall and septa simply porous; 3 longitudinal rows
of opposed pores to each intersept of inner wall;
each pore protected by scale projecting inward
and upward into central cavity, neighboring scales
being contiguous and forming incomplete annuli;
tabulae absent. (See Debrenne, 1970b, p. 30.)
L.Cam.(lIp.Atdaban. or low.Botom.}, S.Australia.
--FIC. 38,6.•c. asperattlS, S.Australia (?Ajax
Mine); etched oblique transv. sec., X 5 (Hill,
1965).

Family ETHMOCYATHIDAE
Debrenne, 1969

[Ethmocyathidae DEBRENNE. 1969. p. 322J [= ?Ethmopec
tinidae DURENNE, 1970, p. 34]

Solitary; outer wall simply porous; septa
sparsely porous; inner wall a thin porous
sheet, with one or two longitudinal rows
of pores to an intersept and with narrow
annuli projecting into central cavity from
sheet. L.Carn.(?up.Atdaban.-Botorn.).

Ethmocyathus R. BEDFORD & W. R. BEDFORD, 1934,
p. 2 [·E. lineatlls; M] [=?Ethmopectinlls
DEBRENNE, 1970, p. 34 (type, E. walteri; OD)].
Solitary; ou ter wall simpIy porous; septa straight,
sparsely porous; inner wall a thin sheet with
hexagonal pores (one longitudinal row to an
intersept) screened from central cavity by thin,
flat, narrow, horizontal annuli. [May be atabulate
specimens of Ethmopectintls DEBRENNE, 1970b,
p. 34.] L.Cam.(tlp.Atdaban. or low. Botom.},
S.Australia (Ajax Mine).--FIC. 17,1; 42,6.
·E. lineattls; 17,1, holotype, view of inner wall,
X14; 42,6, inner wall and septa, diagram.

FIC. 41. Tennericyathidae (p. E67).

(Debrenne, 1969).
Denaecyathus ZHURAVLEVA in ZHURAVLEVA,

ZADOROZHNAYA, OSADCHAYA, POKROVSKAYA, ROD!
ONOVA, & FONIN, 1967, p. 57 [·D. biporostls; OD].
Cup slenderly conical; outer wall simply porous,
septa aporose or sparsely porous; inner wall com
monly a thin porous sheet with two longitudinal
rows of pores per intersept, and V-shaped annuli
attached to sheet. L.Cam.(Botom.), USSR(Tuva)
Mongolia.--FIC. 42,1; 43,1. ·D. biporoSt/s,
Tuva; 42,1, reconstr. of part of inner wall and
septa, enl.; 43,la, holotype, part of transv. sec.,
X4; 43,1b, part of oblique long. sec., X7; 1c,
tang. sec. outer wall, X 20; 1d, part of tang. sec.,
showing annuli of inner wall, X 7 (Zhuravleva,
1967).

Family COMPOSITOCYATHIDAE
Zhuravleva, 1967

[Compositocyathidac ZHURAVLEVA in ZHURAVLEVA, ZADORO

lHNAYA. OSADCHAYA, POKROVSKAYA, RODIONOVA & FONIN, 1967,
p. 52]

Solitary; outer wall with simple pores;
septa sparsely porous or aporose; inner wall
of annuli with their axial edges attached to
a porous sheet directly or by spines. L.Carn.
( up.Tornrnot.-up.Botorn').

Compositocyathus ZHURAVLEVA, 1960, p. 159
[·Thalamocyathus ml/chattensis ZHURAVLEVA in
ZHURAVLEVA, & ZELENOV, 1955, p. 71; OD].
Slenderly conical cups with simply porous, thin
outer wall, narrow intervallum and aporose septa;
inner wall constructed of horizontal annuli; a
porous sheet is applied to axial edges of annuli
or to horizontal spines projecting from them.
L.Cam.( IIp.Tommot.-Botom.), USSR(Altay-Sayan
Sib. Platf.).--FIG. 16,4. ·C. mllchattensis
(ZHURAVLEVA), Kenyad., Sib.Platf.; reconstr. of

© 2009 University of Kansas Paleontological Institute



£68 Archaeocyatha-Regulares

FIG. 42. Ethmocyathidae (l ,6); Compositocyathidae
(2,3); Cyclocyathellidae (4-5,7-9) (p. E67-E70).

Family CYCLOCYATHELLIDAE
Zhuravleva, 1960

[Cyclocyathellidae ZHURAVLEVA in KHALFIN, 1960, p. 104]
[=Cyclocyathellidae ZHURAVLEVA, 1959, p. 426, invalid
name based on MS generic name; Cyc1ocyathe1lidae ZHURA·
VLEVA. 1960, p. 155, invalid name based on Cyclocyathella
VOLOGDIN MS in ZHURAVLEVA, 1960, p. 155, generic name

without assigned species]

DIN, 1940a, p. 146); OD] [=Leptoeyathus
VOLOGDIN, 1937, p. 468,. nom. null. pro Leptoso
eyathus VOLOGDIN; non Leptoeyathus EDWARDS &
HAIME, 1850, a scleractinian]. Cup slenderly
conical; outer wall thin with simple pores; septa
aporose or sparsely porous; inner wall scaly, the
base of the scales wide and each stretching across
2 to 7 intersepts; pores of inner wall large,
formed by the spaces between the septal edges
and the edges of successive scales. L.Cam.(up.
Tommot.-Botom.), USSR(S.Urals-Altay-Sayan-Sib.
Platf.-Transbayk.-Far East)-Mongolia.--FIG.
14,6; 42,3. L. polyseptus (LATIN), up.Tommot.
Atdaban., Sib.Platf.(R.Lena); 14,6, reconstr.,
showing parts of inner and outer walls, X40;
42,3, early stage of development, X 5 (Zhuravleva,
1960b).

Solitary, cups slenderly conical or cylin
drical, without deep transverse wrinklings.
Outer wall simple, with two to eight longi
tudinal rows of rounded or chinklike pores
to an intersept. Intervallum with straight,
porous or aporose septa. No tabulae. Inner
wall of annuli. L.Cam.(up.Tommot.-up.
Botom.) .
Cyc10cyathella VOLOGDIN in ZHURAVLEVA, KRAS

NOPEEVA, & CHERNYSHEVA in KHALFIN, 1960, p.
105 [*Cycloeyathus yakovlevi VOLOGDIN, 1931,
p. 49; OD] [=Cycloeyathus SIMON, 1939, p. 27
(type, C. yakovlevi VOLOGDIN, 1931, p. 49);
Cycloeyathus VOLOGDIN, 1931, p. 49, nom. nud.
(non Cycloeyathus EDWARDS & HAIME, 1850, a
genus of Scleractinia; nee Cycloeyathus DUNCAN
& THOMPSON, 1867, a genus of Rugosa); Cyclo
eyathella VOLOGDIN in ZHURAVLEVA, 1960, p. 155,
nom. nud.]. Solitary, cup conical; outer wall
with simple pores, inner wall of annuli; annuli
inverted V-shaped in section; septa porous; no
tabulae. L.Cam.(Atdaban.-Botom.) , USSR(Altay
Sayan).--FIG. 42,7. *C. yakovlevi (VOLOGDlN),
up.Atdaban., Kameshki; 7a, part of transv. sec.,
X7; 7b, part of long. sec., XS, inner wall to
right (Vologdin, 1931).

Cyathocricus DEBRENNE, 1969, p. 318 [*Archaeo
eyathus traeheodentatus R. BEDFORD & W. R.
BEDFORD, 1934, p. 2; OD] [=?CrieopeetimlS
DEBRENNE, 1970, p. 32 (type, C. dentulus; OD)].
Outer wall simply porous; septa with sparse pores;
inner wall of undulating annuli, horizontal or
slightly inclined plates that are neither S- nor
V-shaped in section, having a dentate axial rim;
no tabulae are known. [May be atabulate spec-
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Tersicyathus

<
~

\ ~

\ ~
\ ~

"50 \

Ethmocyathus

Gordonicyathus

septa and inner wall, X67 (Zhuravleva, 1960b).
--FIG. 42,2. C. vladimirskii ZHURAVLEVA,
Bograd, Tuva; view of part of inner wall,
diagram. (Zhuravleva, et al., 1967).

?Leptosocyathus VOLOGDIN, 1937, p. 470 [*L.
eurviseptum (=Leptoeyathus eurviseptatus VOLOG-
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Svetlanocyothus2

Denaecyathus

1c

3 4 Toylorcyathus

FIG. 43. Ethmocyathidae (1); Cyclocyathellidae (2-4) (p. £67, £69).

imens of CricopectinttS DEBRENNE, 1970, p. 32.]
L.Cam.(up.Atdaban. or low.Botom.) , S.Australia.
--FIG. 42,9. *C. tracheodentatus (BEDFORD &

BEDFORD), S. Australia (Ajax Mine); inner wall
and septa, diagram. (Debrenne, 1969a).

Gordonicyathus ZHURAVLEVA, 1959, p. 426
[*Thalamocyathus gerassimovensis KRASNOPEEVA,
1955, p. 95; aD]. Solitary; cup conical or
cylindrical with simply porous outer wall and
septa; without tabulae; inner wall of annuli, V-
shaped in section. L.Cam.( up.Tommot.-up.
Botom.), USSR(Altay-Sayan-Zabaykalia) -S.Aus-
tralia.--FIG. 42,8. *G. gerassimovensis
(KRASNOPEEVA), Botom., Sayan; oblique sec.,
X2 (Krasnopeeva, 1955).

Gordonifungia ROZANOV in REPINA, KHOMEN
TOVSKIY, ZHURAVLEVA, & ROZANOV, 1964, p. 193
[*G. batinensis; aD]. Like Gordonicyathus but
with synapticulae connecting the septa. L.Cam.
(up.Atdaban.-Botom.) , USSR(Kuznetsk Alatau).
--FIG. 43,3. *G. batinensis; holotype, oblique
transv. sec., X2.7 (Rozanov in Repina, et al.,
1964).

?Hemithalamocyathus TING, 1937, p. 367 [*Ar
chaeocyathus sibiricus VON TOLL, 1899, p. 40; M].
Type-species insufficiently known. L.Cam.(up.
Atdaban., Kameshki) , USSR(Sayan).

Svetlanocyathus MISSARZHEVSKIY & ROZANOV, 1962,
p. 43 [*5. primus; aD]. Like Cyclocyathella but
pores of outer wall chinklike and septa aporose.
L.Cam.(Botom') , USSR(Tuva).--FIG. 42,4;
43,2. ·S. primus, holotype; 42,4, part of long.
sec., X4; 43,2, view of prepared part of cup, X3
(Missarzhevskiy & Rozanov, 1962).

Taylorcyathus VOLOGDIN, 1955, p. 143 [*Cyclo
cyathus subtersiensis VOLOGDIN, 1940, p. 63; aD].
Cup slenderly conical; outer wall with small,
simple pores; inner wall of annuli S-shaped in
section directed upward and inward into central
cavity; septa porous; no tabulae. L.Cam.(Atdaban.
Botom.), USSR(Altay-Sayan-Sib.Platf.-Trans
bayk.)-Eu.(Sardinia-France [Montagne Noir])-S.
Australia(Ajax).--FIG. 43,4. ·T. subtersiensis
(VOLOGDIN), USSR(Salair); part of oblique sec.,
X2.7 (Vologdin, 1940a).

Tersicyathus VOLOGDIN, 1955, p. 143 ['Cyclocya-
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Polmericyothus

lb
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FIG. 44. Chankacyathidae (4); Ethmophyllidae (1-3,5) (p. £71-E73).

thllS tersiensis VOLOGDIN, 1931, p. 87; 00]. Cup
slenderly conical; outer wall with small simple
pores; septa porous; inner wall of annuli S-shaped
in section projecting downward into central
cavity; no tabulae. L.Cam.( Atdaban.-Iow.Botom.) ,
USSR(Altay-Sayan-Transbayk.) .-FIG. 42,5. ·T.
tersiensis (VOLOGDIN), low.Botom., Kuznetsk

Alatau; 5a, part of long. sec., 5b, oblique transv.
sec., both XU (Vologdin, 1931).

Family CHANKACYATHIDAE
Yakovlev, 1959

[Chankacyathidae YAKOVLEV, 1959, p. 91]
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FIG. 45. Ethmophyllidae (p. E73).

Degel etticyothus

Solitary or colonial; cups cylindrical, outer
wall with pore-canals; inner wall with
simple pores; septa porous; no tabulae;
abundant dissepiments. L.Cam.(Botom.).
Chankacyathus YAKOVLEV, 1959, p. 91 [*C.

stracholJi; 1M]. Pore-canals of outer wall genicu
late, opening downward. [See OKUNEVA, 1969,
p. 82.] L.Cam.(Botom.}, USSR(Primore, Far

East).--FIG. 44,4. *C. stracllOlJi, neotype; 4a,
transv. sec., X4; 4b, part of long. sec., outer wall
to right, X 13 (Zhuravleva, 1969).

Family ETHMOPHYLLIDAE
Okulitch, 1943

[Ethmophyllidae OKULITCH, 1943, p. 52)

Solitary or colonial; outer wall with
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FIG. 46. Erbocyathidae (p. E73-E74).

simple short pore-canals; septa porous; inner
wall composed of pore-tubes which are
formed by junction of opposed waves in
inner edges of neighboring septa and are
commonly intercommunicating. L.Cam.
( Atdaban.)-M.Cam.(low.Amg.).

Ethmophyllum MEEK, 1868, p. 64 [·E. whitneyi;
OD). Solitary, rarely colonial; cup cylindrical or
slenderly conical; outer wall with simple short
and curved (or ?geniculate) pore-canals in
quincunx; septa porous, inner edges waved; inner
wall of pore-tubes formed by junction of opposed
waves in inner edges of neighboring septa (Fig.
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16,2). L.Cam.(Atdaban.}-M.Cam.(low.Amg.}, N.
Am. (Calif.-Nev.-B.C.)-Antarct.-S.Australia-USSR
(S. Urals-Altay-Sayan-Sib. Platf.-Transbayk.-Far
East)-Mongolia.--FIG. 44,2. "'E. whitneyi,
lectotype, L.Cam., Nev.; 2a, part of transv. sec.,
X5; 2b, same, X3; 2e, part of long. sec., X3
(Hill, 1965).

?Degeletticyathus ZHURAVLEVA in ZHURAVLEVA,
KORSHUNOV, & ROZANOV, 1969, p. 36 ["'Ethmo
phyllum? galusehkoi ZHURAVLEVA, 1960, p. 169;
00]. Large solitary cups of conical form; outer
wall with rounded pores; septa with sparse,
small pores in median parts and large stirrup
pores at their junctions with the inner wall;
inner wall thick, with one longitudinal row of
stirrup pore-canals to an intersept. L.Cam.
(Atdaban .-Botom.) , USSR (Sib.Platf.) .--FIG.
45,2. "'D. galusehkoi (ZHURAVLEVA), ?Atdaban.,
Oy-Muran, Sib.Platf.; 2a, part of transv. sec., X7;
2b, part of long. sec., X 4 (Zhuravleva, Korshunov,
& Rozanov, 1969).

?Mackenziecyathus HANDFIELD, 1971, p. 43 ["'M.
bukryi; 00]. Cup cylindrical; outer wall with
simple pores; inner wall of intercommunicating
oblique pore-tubes, two longitudinal rows to an
intersept; septa imperforate. L.Cam.(up.Atdaban.},
Can. (Yukon).--FIG. 45,1. "'M. bukryi, holo
type; la, transv. sec., lb, med. long. sec., both
X2.7; Ie, tang. sec. outer wall, X7; ld, tang.
sec. inner wall, X2 (Handfield, 1971).

?Palmericyathus HANDFIELD, 1971, p. 44
[OEthmophyllum lineatum GREGGS, 1959, p. 66;
00]. Cup solitary; outer wall with simple pores;
septa imperforate; inner wall of geniculate pore
tubes, 1.5 to 2 longitudinal rows to an intersept.
L.Cam.(up.Atdaban. or low.Botom.} , Can.(B.C.
NW.Terr.).--FIG. 44,1. "'P. lineatus (GREGGS),
NW.Terr.; la, transv. sec., X4; lb, long. sec., X5
(Handfield, 1971).

?Salopicyathus VOLOGDIN, 1962, p. 86 [OS. com
planatoporosus; 00] [=Salopicyathus VOLOGDIN,
1958, p. 706, nom. nud. (occurs only as generic
and specific name in list)]. Slenderly conical cup;
outer and inner walls with complexly branching
intercommunicating pore-canals; septa ?aporose.
L.Cam., USSR(Transbayk.).--FIG. 44,5. "'S.
eomplanatoporosus, holotype, R.Yangud,Trans
bayk.; oblique sec., X4 (Vologdin, 1962c).

?Zonacyathus R. BEDFORD & J. BEDFORD, 1937,
p. 36 ['"Archaeocyathus retevallum R. BEDFORD &
W. R. BEDFORD, 1934, p. 2; 00]. Solitary; outer
wall simply porous; septa sparsely porous to
aporose; inner wall has branching pore-tubes with
initial tube located in middle of each intersept,
then branching so that secondary tubes open in
front of septa. Tubes may lengthen and curve
into central cavity, never formed by fluting of
septa. L.Cam.(up.Atdaban.-Iow.Botom.} , S.Aus
tralia-USSR (Altay-Sayan)-Mongolia-Can.(Yukon
NW.Terr.-B.C.).--FIG. 44,3. Z. retezona
(TAYLOR), S.Australia(Ajax); inner wall and
septa, diagram. (Debrenne, 1969a).

Superfamily ERBOCYATHACEA
Vologdin & Zhuravleva, 1956

[nom. transl. ZHURAVLEVA, 1960, p. 187 (ex Erbocyathidae
VOLOGDIN & ZHURAVLEVA, in VOLOGDJN, 1956, p. 879»)

Colonial, rarely solitary, cups slenderly
conical, cylindrical; outer wall thick with
pore-canals screened externally, elements of
screen increasing in number and decreasing
in thickness outward; septa porous, outer
edges decreasing in thickness to form part
of screen; pores of septa may be irregularly
disposed; dissepiments may occur; inner
wall with simple pores, or pore-canals, or
of annuli. L.Cam.(Atdaban.-Len.)-base M.
Cam.

Family ERBOCYATIIIDAE
Vologdin & Zhuravleva in Vologdin, 1956

[Erbocyathidae VOLOGDIN & ZHURAVLEVA, in VOLOGDIN, 1956,
p. 879 (nom. nov. pro Polycyathidae VOLOGDIN, 1928, p. 35,
invalid name based on junior homonym)] [=Ladaecyathi.

dae DEBRENNE, 1964, p. 114]

Colonial, rarely solitary, cups slenderly
conical or cylindrical; outer wall thick with
pore canals screened externally, elements of
screen increasing in number and decreasing
in thickness outwards; septa porous, pores
may be irregularly disposed; dissepiments
may occur; inner wall with simple pores or
pore canals. L.Cam.(Atdaban.-Len.)-base
M.Cam.

Erbocyathus ZHURAVLEVA, 1950a, p. 11 [nom.
subst. pro Polycyathus VOLOGDIN, 1928, p. 32
(type, P. heterovallum), non Polycyathus DUNCAN,
1876, a coelenterate] ["'Polycyathus heterovallum
VOLOGDIN, 1928, p. 32; SO SIMON, 1939, p. 34]
[=Pluralicyathus OKULITCH, 1950, p. 503 (nom.
subst. pro Polycyathus VOLOGDIN, 1928, p. 32)].
Colonial; individual cups cylindrical or slenderly
conical. Outer wall thick with pore-canals
screened externally, elements of screen increasing
in number and decreasing in thickness outward;
septa widely spaced, each with row of stirrup
pores at junction with outer wall, and with
sparse pores elsewhere; dissepiments may occur;
inner wall with one or two longitudinal rows of
simple pores to an intersept; anchoring processes
absent. L.Cam.(Len.}, USSR (Altay-Sayan-Sib.
Platf.).--FIG. 46,1. "'E. heterovallum (VOLOG
DIN), Len., Mt.Dolgiy Mys; transv. sec. of part of
colony, X2 (Vologdin, 1962d).

Krasnopeevaecyathus ROZANOV, in REPINA, KHO-
MENTOVSKIY, ZHURAVLEVA, & ROZANOV, 1964,
p. 208 [OK. tyrgaensis; 00]. Outer wall with
auxiliary finely porous sheath; septa regularly
porous; inner wall complex and crenulate, with
complexly intercommunicating pore-tubes extend
ing into central cavity. L.Cam.(Botom.} , USSR
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(Altay).--FIG. 46,5. OK. tyrgaensis; R. upper
Tyrga, Altay; 5a, transv. sec. holotype, X2; 5b,
part of oblique long. sec., X2 (Rozanov, 1964).

?Krishnanicyathus VOLOGDIN, 1964, p. 358 [OK.
elegans; aDJ. Cup conical; outer wall with wall
screened as in Erboeyatlltls [? J; inner wall thick,
complexly porous, of intercommunicating ?hori
zontal pore-canals or ?pore-tubes; ribs of inner
wall porous tissue project into intervallum, each
rib continuous with inner end of one septum or
of two axially confluent septa. No tabulae or
dissepiments. L.Cam.(Botom.}, USSR(Sayan).
--FIG. 46,3. OK. elegans, R.Abakan, Sayan;
3a,b, transv. sec., X2.7,X7; 3e, oblique long.
sec., X 7; 3d, part of long. sec., X 17; 3e, partly
tang. sec. inner wall, X7 (Vologdin, 1964).

Ladaecyathus ZHURAVLEVA, 1960a, p. 43 [OTegero
eyathlls limbatlls ZHURAVLEVA, 1955, p. 46; ODJ
[=?Neoeyatlltls VOLOGDIN, 1960, p. 422 (type,
Arehaeoeyathlls laevlls VOLOGDIN, 1940b, p. 57;
=?A. laevus VOLOGDIN, 1932, p. 41)J. Solitary,
rarely colonial; outer wall screened as in Erboeya
thus; septa uniformly porous; inner wall with
simple pores in 2 10 5 longitudinal rows to an
intersept, bars and ribs between pores with short
hairlike outgrowths on side of central cavity,
forming screen across mouth of each pore. L.Cam.
( Atdaban.-Botom.) , USSR(Altay-Sayan-Sib.Platf.
Far East) -Can. (Yukon) -Antarct.--FIG. 46,4. 0L.
limbatlls (ZHURAVLEVA), holotype, Botom., Mt.
Martyuh kin, Kuznetsk Alatau; 4a,b, transv. sec.,
part of long. sec., X 7; 4e,d, parts of long. and
transv. sees., X5 (Zhuravleva, 1955).

Schidertycyathellus KONYUSHKOV, 1967, p. 108 [OS.
bortleaevi; aDJ. Solitary, conical, cylindrical or
fungus-like cups; outer wall strong with branch
ing or conical pores covered with thin finely
porous sheath; inner wall strong, with straight or
somewhat crooked pore-canals; septa closely
porous. Up.L.Cam.-base M.Cam., USSR(Kazakh
stan).--FIG. 47,1. OS. borueaevi, Mt. Agyrek,
Kazakhstan; oblique sec. holotype, X6 (Konyush
kov, 1967).

Tegerocyathella KONYUSHKOV, 1967, p. 109 [OT.
borovikovi; aDJ. Solitary, conical cups; outer
wall strong with conical pores widening outward,
covered with finely porous sheath; septa aporose,
commonly thickening at edges where stirrup
pores are developed; inner wall thick, with rare,
somewhat crooked pore-canals; central cavity
free of skeletal elements. Up.L.Cam.-base M.Cam.,
USSR (Kazakhstan).--FIG. 47,2. °T. boro
vikovi, Mt. Agyrek, Kazakhstan; oblique sec.
holotype, X5 (Konyushkov, 1967).

Tegerocyathus KRASNOPEEVA, 1953, p. 36 (fide
ZHURAVLEVA, 1960, p. 192) [OT. edelsteini
(=£thmophylillm edelsteini VOLOGDIN, 1931, p.
47, fide ZHURAVLEVA, 1960, p. 193); MJ. Solitary,
rarely colonial; outer wall as in Erboeyatlllls;
inner wall thick, with crooked, intercommunicat
ing pore-canals; septa sparsely porous. L.Cam.
(Botom.-Len.), USSR(Altay-Sayan-Sib.Platf.).--

Tegerocyothe 110

Schidertycyothellus

FIG. 47. Erbocyathidae (p. £74).

FIG. 46,2. °T. edelsteini (VOLOGDIN); diagram.
long. sec. showing ontogenetic changes (Zhura
vleva, 1960b).

[KRASNOPEEVA (l953b, p. 52, 56) cited T~gaocya/IJlts as a
new genus, but mentioned and illustrated only two (new)
species, T. potauhini (cited as g~n. ~t. sp. nov.) and T.
lanna-ola. These two were transferred to Porocyathus
ZHURAVLEVA. 1960, by ZHURAVLEVA 1960, p. 180. KRASNO

HEVA (1955, p. 90) cited T~guocyathus as a new genus
and designated as type-species "T~g~rocyathlls aba*.an~nsis

(VoL) .. · ZHURAVLEVA (1960, p. 193) and ZHURAVLEVA,
KRASNOPEEVA, & CHERNYSHEVA (1960, p. 116) included both
E. ~ddsuini and E. abakan~nsis in T~gaocyalhlls.]

?Family SAJANOCYATHIDAE
Vologdin, 1956

[Sajanocyathidae VOLOGDIN, 1956, p. 879J [=?Serligocyathi.
dae VOLOGDIN, 1959, p. 671]

Colonial, branching; outer wall finely and
?simply porous; septa almost aporose, dis
sepiments sparse; no tabulae or synapticulae;
inner wall thick with curved, intercommu
nicating pore-canals. Porosity of outer wall
insufficiently known (see Zhuravleva, 1960b,
p. 188). L.Cam.(Botom.-lotllLen.).
Sajanocyathus VOLOGDlN, 1940b, p. 81 [OS. ussowi;

ODJ [=Sajanoeyalhus VOLOGDIN, 1937, p. 471,
nom. nud.; Sayanoeyatlllls VOLOGDIN, 1937, p.
479, nom. nlld. (type, Sayanoeyatllt/s ussovi
VOLOGDIN, 1937, p. 479, M); Sajanaeyatlllls
DEBRENNE, 1964, p. 114, nom. "ull.; ?Leioeyathus
VOLOGDIN, 1959, p. 671 (type, L. inaequitaenialis,
00) J. Colonial; outer wall structure uncertain
(fide ZHURAVLEVA, 1960, p. 188); septa porous,
no tabulae or synapticulae; inner wall with curved,
intercommunicating pore-canals in 2 to 3 longi
tudinal rows to an intersept. L.Cam.(Botom.-low.
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FIG. 48. Sajanocyathidae (p. £74-£75).

Len.), USSR(Altay-Sayan) .--FIG. 48,1. *S.
tlSSowi, R.Sanashtykgol, Sayan; la, transv. sec.
of colony; lb, tang. sec. of outer wall, Ie, tang.
sec. of inner wall; all X3 (Vologdin, 1940b).

Serligocyathus VOLOGDlN, 1959, p. 671 [*S.
/Ilkashevi; OD]. Solitary or colonial; outer wall
with ?simple pores; septa aporose; inner wall
thick with single longitudinal row of chinky
pores to an intersept. L.Carn., USSR (Tuva).-
FIG. 48,2. *S. /Ilkashevi, R. Serlig, Tuva; transv.
sec. of colony, X2.7 (Vologdin, 1959b).

Superfamily
PRETIOSOCYATHACEA

Rozanov, 1969
[Ptttiosooyathacta ROZANOV, 1969, p. 112]

Outer wall consists of a framework and
an openwork finely porous isolated auxiliary
sheath. L.Cam.(Atdaban.-Botom.).

Family PRETIOSOCYATHIDAE
Rozanov, 1969

[Ptetiosocyathidae ROZANOV, 1969, p. 112]

Inner wall with pore-canals. L.Cam.(up.
Atdaban.).

Pretiosocyathus ROZANOV, in ROZANOV & MIS
SARZHEVSKIY, 1966, p. 55 [*P. subli/is; OD].
Outer wall a framework screened with finely
porous independent sheet; septa very porous; inner
wall thicker, with two longitudinal rows of
pore-canals to an intersept, canals not opening
into one another. L.Carn.(up.Aldaban.), USSR
(Kuznetsk Alatau).--FIG. 49,3. *P. sllbli/is,
holotype, Kameshki; part of transv. sec., X 7
(Rozanov in Rozanov & Missarzhevskiy, 1966).

lc

FIG. 49. Pretiosocyathidae (3); Robertocyathidae
(2); Peregrinicyathidae (1) (p. £75-£76).

Family ROBERTOCYATHIDAE
Rozanov, 1969

[Robenocyathidae ROZANOV, 1969, p. 112J

Outer wall a framework with isolated
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FIG. 50. RoberIocyathidae (p. E76).

auxiliary sheath; no tabulae; septa porous;
inner wall with simple pores. L.Cam.
( Atdaban.-Botom.).

Robertocyathus ROZANOV, 1969, p. 112 [OR.
polaris; 00]. Outer wall with isolated auxiliary
sheath; septa evenly porous; no tabulae; inner
wall with simple pores. L.Cam.( Atdaban.
Botom.) , USSR(Sib.Platf.-Altay-Sayan) .--FIG.
50,1. OR. polaris, holotype, Botom., Olenek uplift;
la, transv. sec., X8; lb, pari of transv. sec., X 13
(Rozanov, 1969).

Urcyathella ZHURAVLEVA, 1961, p. 25 lOU. tercya
thoides; 00]. Solitary; outer wall with simply
porous framework invested externally with in
dependent microporous sheath; septa porous; inner
wall with angular longitudinal crenulation and
with small, simple pores. (Structure of outer wall

fide ROZANOV, 1969, p. Ill). L.Cam.( Atdaban.) ,
USSR(Sayan).--FIG. 49,2. °U. tercyathoides,
Bazaikh.; transv. sec., X 4 (Zhuravleva, 1961).

Family PEREGRINICYATHIDAE
Zhuravleva, 1967

[Peregrinicyathidae ZHURAVLEVA in ZHURAVl.EVA, ZADORO-
ZHNAYA, et al .• 1967, p. 74)

Solitary; outer wall coarsely porous with
finely porous independent external sheath;
septa porous; no tabulae; inner wall of
annuli. L.Cam.(Botom.).

Peregrinicyathus ZHURAVLEVA in ZHURAVLEVA,
ZADOROZHNAYA, et al., 1967, p. 75 lOp. dorotheae;
00]. Solitary; outer wall coarsely porous with
microporous external sheath; septa porous; inner
wall of annuli, V -shaped in section. L.Cam.
(Botom.), USSR (Tuva) .--FIG. 49,1. 0p.
dorotheae; la, holotype, pari of oblique transv.
sec., X4; lb, part of oblique transv. sec., X4;
lc, outer wall and septa; ld, part of long. sec.,
both X2 (Zhuravleva, 1967, in Zhuravleva, et al.).

Superfamily
HUPECYATHELLACEA

Rozanov, 1969
[Hupecyathe1lacea ROZANOV, 1969, p. 111]

Outer wall of cup a framework of pore
canals (or tubes?) of S-form in longitudinal
section, covered with microporous external
sheath. Septa porous, inner wall of S
shaped pore-tubes; no tabulae or dissepi
ments. L.Cam.(Botom.).

Family HUPECYATHELLIDAE
Rozanov, 1969

[Hupecyathellidae ROZANDV, 1969, p. Ill)

Outer wall a framework of pore-canals
( ?or tubes) of S-form in longitudinal sec
tion, covered with microporous external
sheath; inner wall of S-shaped pore-tubes;
no tabulae. L.Cam.(Botom.).
Hupecyathellus ROZANOV, in DATzENKo, ZHURA

VLEVA, et al., 1968, p. 149 [OH. schuberti; 00].
Framework of outer wall with canals (lor tubes)
close to S-form; thin external sheath with con
sistent verIical rows of sub-rectangular pores;
septa regularly porous; inner wall with two longi
tudinal rows of S-shaped pore-tubes to an inter
sept. L.Cam.(Botom.), USSR (NW.Sib.Platf.).
--FIG. 51,2. °H. sc1wbeni, holotype, Taryn
horizon, R. Sukharikha, Sib. Platf.; 2a, pari of
long. sec., X 13; 2b, part of tang. sec. of outer
wall, X 12 (Datzenko, et al., 1968).
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Schidertycyathus

3c

FIG. 51. Hupecyathellidae (2); Schidertycyathidae (1,3) (p. £76, £78).

Superfamily
BOSCECULCYATHACEA

}(rasnopeeva, 1959
[nom. transl. HILL, herein (ex Boscecu1cyathidae KRASNO·

PEEVA, 1959, p. 7)] [==Bosceculida KRASNOPHVA, 1960, p.
41 (order); Boscekulida KRASNOPEEVA, 1969, p. 63 (order);
Boscekulcyathina KRASNOPHVA, 1969, p. 63 (suborder);

Schidenycyathina KRASNOPEEVA, 1969, p. 63 (suborder)]

Outer wall of cup framework of pore
canals covered with microporous external
sheath; inner wall with simple pores (?or
pore canals); intervallum with some or no
normal ajacicyathoid interseptal loculi, and
with vertical polygonal subloculi formed by
bending or ?branching of the septa; pore
rows of septal elements vertical or sub-
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Bosceculocyathus

lb

FIG. 52. Bosceculcyathidae (p. E78).

vertical; tabulae absent, dissepiments excep
tional. L.Cam.(Botom.-Len.)-?base M.Cam.

Family BOSCECULCYATHIDAE
Krasnopeeva, 1959

[Bosceculcyathidae KRASNOPEEVA, 1959, p. 71

Outer wall framework of pore-canals
covered with microporous external sheath;
inner wall thick with simple pores (?or
pore-canals) intervallum with vertical poly
gonal loculi formed by bending or branch
ing of porous septa; pore rows of septal
elements vertical or subvertical; tabulae
?absent and no dissepiments. L.Cam.
(Botom. or ?Len.) or ?base of M.Cam.

Bosceculcyathus KRASNOPEEVA, 1959, p. 7 [*B.
agyrekensis; OD] [=Boscekulcyathus KRASNO

-·PEEVA, 1959, p. 7, nom. null.]. Characteristics
of family. L.Cam. (Botom. or ?Len.) or ?base
M.Cam., USSR (Kazakh.).--FIG. 52,1. *B.
agyrekensis, Mt. Agyrek, Kazakh.; la, part of
transv. sec., X7; Ib,c, parts of tramv. and long.
sees. near wall, X 14 (Krasnopeeva, 1959).

Family SCHIDERTYCYATHIDAE
Krasnopeeva, 1969

[Schidertycyathidae KRASNOPEEVA, 1969, p. 63]

Outer wall of cup framework of simple
pores (?or pore-canals) covered with a
microporous external sheath; intervallum

with some normal ajacicyathoid interseptal
loculi; in other parts of cups septa bend or
branch to meet neighbors and form vertical
polygonal subloculi; septa porous, longi
tudinal pore-rows vertical or subvertical;
dissepiments exceptional and tabulae ab
sent. L.Cam.(Botom.-Len.) or ?base M.
Cam.

Schidertycyathus KRASNOPEEVA, 1959, p. 3 [*S.
borucaevi; M] [=Sehidertieyathus DEBRENNE,
1964, p. 117, nom. null.]. Possibly a junior
synonym of Syringoeyatllt/s, q.v.; below. Outer
wall with funnel-shaped pores and a finely porous
external sheath; inner wall thick, with simple
pores or pore-canals; septa porous, mostly straight,
some curved; synapticulae present but rare; dis
sepiments present? ?L.Cam., USSR(Mt.Agyrek,
Kazakhstan).--FIG. 51,3. *S. bomcaevi, Mt.
Agyrek, Kazakhstan; 3a, transv. sec., X 10; 3b,
long. sec., X 10; 3e, transv. sec. outer wall, X 14
(Krasnopeeva, 1959).

?Syringocyathus VOLOGDIN, 1940, p. 82 [*S.
aspeetabilis; OD] [=Syringocyathus VOLOGDIN,
1937, p. 471, 477, nom. nud. (type, S. spirocya
thoides nom. nud.)]. Cup cylindrical; may be
compound; outer wall with large pores; septa
porous and for the most part regular, some curv
ing and confluent or connected by longitudinal
but not radial porous plates so that some vertical
polygonal subloculi are formed; inner wall thick
with simple pores. [VOLOGDIN'S figures preclude
neither the presence of a finely porous external
sheath to the outer wall, nor synapticulae. Pos
sibly, therefore, Syringoeyathus may be a member
of this family.] L.Cam.(Botom.-ttp.Len. or ?base
M.Cam.), USSR (Altay-Sayan-Kazakh.) -?Antarct.
?Can.--FIG. 51,1. *S. aspectabilis (VOLOGDIN),
L.Cam.(Botom.), USSR (R. Sanashtykgol, W.
Sayan); la, oblique transv. sec., X4; Ib, oblique
long. sec., X4 (Vologdin, 1940b, 1962d).

Superfamily
TUMULOCYATHACEA

Krasnopeeva, 1953
[nom. transl. DEBRENNE, 1964, p. 113 (ex Tumulocyathidae

KRASNOPEEVA, 1953, p. 56) 1

Solitary; outer wall with simple or com
plex (knobby) tumuli; septa porous; no
tabulae or dissepiments; inner wall simple,
or with pores provided with plates, bracts
or scales. (For discussion see Rozanov,
1969, p. 108.) L.Cam.(up.Tommot.-up.
Len.).

Family TUMULOCYATHIDAE
Krasnopeeva, 1953

[Tumulocyathidae KRASNOPEEVA, 1953b, p. 56]
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Tumulocyothellus
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FIG. 53. Tumulocyathidae (1-2); Sanarkocyathidae (4); Vologdinocyathidae (3,5) (p. E79-E80).

Outer wall with pores in tumuli; inner
wall with simple pores that may have
bracts; septa porous; no tabulae. L.Cam.
(up.Tommot.-Botom.).

Tumulocyathus VOLOGDIN, 1937, p. 470 ["T.
puslllialus; M]. Outer wall with 1 or 2 longitu
dinal rows of pores to an intersept, each pore set
in a hollow knob or tumulus; septa thin, some
thickened at their junction with walls, regularly
porous; inner wall simple, within each intersept
1 or 2 longitudinal rows of pores that may be
protected by spines or bracts; anchoring processes
lamellar. L.Cam.( IIp.Tommol.-Bolom.) , USSR
(Altay-Sayan-Transbayk.-Far East) -Mongolia
?Antarct.-N.Afr.(Morocco) .--FIG. 53,2. "T.
pustulatus, L.Cam., Mongolia; 2a,b, oblique transv.
and tang. long. secs., X3 (Vologdin, 1937b).

Dailycyathus DEBRENNE, 1970, p. 32 ["Paranacya-
Ih"s margarita BEDFORD, I< J. BEDFORD, 1937,
p. 34; aD]. Cup large, conical, with narrow
intervallum; outer wall with one longitudinal
row of pores between 2 adjacent septa, each
pore covered by a hemispherical tumulus per
forated laterally; septa straight, perforated only
by stirrup-pores; inner wall with a longitudinal
row of stirrup-pores at each septum; skeletal
structures in central cavity, arising from interval
lum. L.Cam.(l/p.Atdaban. or low.Bolom.) , S.
Australia.

Tumulocyathellus ZHURAVLEVA, 1960, p. 174 [nom.
transl. REPINA, et al., 1964, p. 194 (ex TWlll/lo
cyallltls (Tllnllliocyathelll/s) ZHURAVLEVA, 1960,
p. 174)] ["Tllml/locyatlllls admirabilis VOLOGDIN,
1940b, p. 72; aD]. Like TI/mlliocyailltls but septa
sparsely porous or with stirrup-pores. L.Cam.
(lIp.Tommot.-Botom.), USSR (Altay-Sayan-Trans
bayk.-Sib.Platf.- ?Far East) .--FIG. 53,1 a-c. "T.
admirabilis (VOLOGDIN), Botom., Sayan; la, ran
dom sec. through curving cup; lb, oblique long.
sec.; lc, oblique transv. sec.; X3 (Vologdin,
1940b).--FIG. 11,4; 53,ld. T. tmiCllnllls ZHURA
VLEVA, 10w.Botom., R.Botoma, Sib.Platf.; 11,4,
septum, X30; 53,ld, tumulus of outer wall, X67
(Zhuravleva, 1960b).

Family SANARKOCYATHIDAE
Hill, new family

[Sanarkocyathidae HILL, herein] [= ?Sanaricyathidae Roz·
ANOV, 1969, p. 107, name based on assumedly invalid
generic name Sanaricyotlws ROUNOV, 1969, p. 108, ?nom.

null. pro Sanarkocyalhlls ZHURAVLEVA, 1963a, p. 118]

Outer wall with simple tumuli opening
upward; inner wall squamate, one scale to
each two or three interseptal loculi; scales
S-shaped in section, forming pore-tubes
opening downward; septa porous, no tabuli.
(For discussion see Rozanov, 1969, p. 107.)
L.Cam.(Botom').
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Sanarkocyathus ZHURAVLEVA, 1963, p. 118 [OS.
mamaevi; 00] [=?Sanaricyalhus ROZANOV, 1969,
p. 108 (?nom. null. pro Sanarkocyalhus ZHURA
VLEVA, 1963a, p. 118)]. Cup conical or cylindrical;
outer wall with simple tumuli opening upwards,
S-formed in longitudinal section, one longitudi
nal row to an intersept; septa finely porous; inner
wall squamate, one scale to each 2 or 3 interseptal
loculi, scales S-shaped in longitudinal section,
forming pore-tubes opening downward. L.Cam.
(Bolom.), USSR(S.Urals).--FIG. 53,4. oS.
mamaevi, R.Sanarka, S.Urals; 4a, long. sec., 4b,
transv. sec., both X 4 (Zhuravleva, 1963a).

Family VOLOGDINOCYATHIDAE
Yaroshevich, 1957

[Vologdinocyathidae YAROSHEVICH, 1957, p. 1015]

Solitary; outer wall with tumuli, the
pores being near or at the summits of the
tumuli; intervallum with septa and with
out tabulae; inner wall thick, with pore
canals. L.Cam.(Atdaban.-upLell.).

Vo10gdinocyathus YAROSHEVICH, 1957, p. 1016 [OV.
erbiensis,' 00]. Solitary; outer wall with simple
tumuli, pores being at or near summits of tumuli;
inner wall thick, with one longitudinal row of
intercommunicating horizontal pore-canals to an
intersept, pore-canals narrowing appreciably at
their outlets to central cavity; septa sparsely
porous. L.Cam.(up.Aldaban.-upLen.), USSR
(Altay-Sayan-Far East).--FIG. 53,3. °V. erbien
sis, up.Len., Kuznetsk Alatau; 3a,b, parts of
transv. and long. sees., X 20 (Yaroshevich, 1957).

Gagarinicyathus ZHURAVLEVA in OATZENKO, ZHURA
VLEVA, et aI., 1958 p. 146 [oG. elhmophylloides;
00]. Outer wall with weak simple tumuli, one
longitudinal row to an intersept; septa porous;
inner wall spongy, with large ramifying pore
canals opening into one another horizontally, one
longitudinal row to an intersept. L.Carn.
(Atdaban.-Iow.Bolom.) , USSR(NW.Sib.Platf.).
--FIG. 53,5. °G. elhrnop/lylloides, low.Botom.,
Sib.Platf.; 5a, oblique transv. sec., X4; 5b,c,
parts of tang. and long. sees. outer wall, X 19,
X20 (5b, showing pore opening); 5d, part of
septum in tang. sec., X 13; 5e, part of inner wall
in long. sec., X 17 (Oatzenko, Zhuravleva, el al.,
1968).

Superfamily
ANNULOCYATHACEA

Krasnopeeva, 1953
[nom transi. ZHURAVU\'A, 1960, p. 171 (t'x Annulocyathidae

KRASNOPHVA, 1953, p. 56) J

CUp solitary, conical or cylindrical; outer
wall either with plates of S-formed longitu
dinal section forming pore-tubes, or with
short pore-canals with bracts forming genic-

2b

Annulofungia

FIG. 54. Annulocyathidae (1,3),' Kijacyathidae (2)
(p. £80-£81).

ulate pore-tubes; septa porous or aporose; no
tabulae; inner wall with simple pores, or
with different types of pore-tubes, or of
annuli. (For discussion see Rozanov, 1969,
p. 109.) L.Cam.(Atdaban.-Botom.).

Family ANNULOCYATHIDAE
Krasnopeeva, 1953

[Annulocyathidae KRASNOPEEVA, 1953, p. 56]

Solitary, cup conical or cylindrical; outer
wall with short canals with external bracts
forming geniculate pore-tubes; septa porous,
synapticulae may occur; no tabulae or dis
sepiments; inner wall of annuli. L.Cam.
(Botom.).

Annulocyathus VOLOGDIN, 1937, p. 468 [OA.
pulcher; M]. Outer wall with short canals
braeted externally to give geniculate pore-tubes;
inner wall of annuli S- or V-shaped in section;
septa porous; no synapticulae, tabulae or dis
sepiments. L.Cam.(BOlom.), USSR(Altay-Sayan
Transbayk.) .--FIG. 54,1. °A. pulcher, W.
Sayan;la,b, parts of transv. and long. sees., en!.
(Repina, el al., 1964).

Annulofungia KRAsNoPEEvA, 1955, p. 99 [OA.
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FIG. 55. Gloriosocyathidae (1-3,5-6); Sigmocyathidae (4) (p. £83-£84).

L.Cam.(Atdaban.-up.108.)1969, p.
Botom.).
Kijacyathus ZHURAVLEVA, 1959, p. 424 [oK.
ehomentovskii; OD) [=Annuloeyathella VOLOG

DIN, 1962d, p. 123 (type, An nztloeyatlllls lavreno
vae KRASNOPEEVA, 1955, p. 99 (=Ann/lloeyathus
lavrenovae KRASNOPEEVA, 1937, p. 32); OD; for
discussion see REPINA, et al., 1964, p. 196»).
Outer wall with S-form plates forming pore-tubes;
septa closely porous; inner wall of annuli of V
or S-section. L.Cam.( Atdaban.-Botom.}, USSR(AI
tay-Sayan-Transbayk.) .--FIG. 54,2. OK. ehomen
tovskii, Atdaban .• R.Kiya, Kuznetsk Alatau; 2a.
part of oblique transv. sec. of holotype, X2.8;
2b, part of long. sec., X 8.5; 2e, tang. sec. inner
wall, X 5.7 (Zhuravleva, 1959a).

Family KIJACYATHIDAE
Zhuravleva, 1964

taylori; OD] [=Annulojlwgia KRASNOPEEVA,
1953b, p. 56, nom. nud. (summary diagnosis given
but no species named); Annulojungia KRASNO
PEEVA, 1954, p. 602, nom. nud. (two species
named but no definitions given)]. Like Annulo
eyathus but septa connected by synaptieulae.
L.Cam.(Botom.) , USSR(Altay-Sayan); L.Cam.
(with Holmia and Nevadia) , N.Am.(Nev.).-
FIG. 54,3. °A. taylori, up.Botom., USSR (R.Erba,
Kuznetsk Alatau); 3a, transv. sec., X 2; 3b,
oblique long. sec., X4 (Krasnopeeva, 1955).

[Kijacyathidae ZHURAVLEVA in REPINA, KHOMENTOVSKIY,

ZHURAVLEVA, & ROUNOY, 19M, p. 195J

Outer wall with S-form plates forming
pore-tubes; septa porous; no tabulae or
dissepiments; inner wall of annuli of V
or S-section. (For discussion see Rozanov,

Family GLORIOSOCYATHIDAE
Rozanov, 1969

[Gloriosocyathidae ROZANOV, 1969, p. 1081
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FIG. 56. Porocyathidae (p. £83-£84).

Squamosocyathus

Outer wall of plates of S-form in longi
tudinal section, forming tubes; inner wall
pores provided with bracts, scales or plates

of various section; intervallum with porous
septa and without tabulae. L.Cam.(Atda
ban.-Eotom').
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bracts so that openings are geniculate In

longitudinal section; septa close, porous;
inner wall with pore-tubes of plates, or with
simple pores with bracts or scales. L.eam.
( Atdaban.-Botom.).

Porocyathus ZHURAVLEVA in VOLOGDIN, 1957, p.
206 [·EtIImophyllum eaveaquadratum VOLOGDIN,
1932, p. 47; M (ZHURAVLEVA, 1960, p. 180,
treated the genus as new and invalidly named P.
pinw ZHURAVLEVA, 1960, p. 180, as type-species)].
Outer wall with short pore-canals with external
bracts so that openings are curved or geriiculate
in longitudinal section; septa porous; no tabulae;
inner wall with pore-tubes formed by plates,
bracts or scales; tubes may intercommunicate.
[Genus requires redefinition following restudy of
VOLOGDIN'S type-specimens.] L.Cam.(Atdaban.
Botom.) , USSR(Altay-Sayan-Sib.Platf.-Trans
bayk.) -Antarct.-Can.(Yukon) .--FIG. 56,2a-e.
·P. eaveaquadratw (VOLOGDIN), Botom., R.
Karagan, Altay; 2a, oblique long. sec.; 2b, transv.
sec., 2e, part of long. sec. showing pore-tubes of
inner wall, diagram. (Vologdin, 1940b).--FIG.
56,2d,e. P. sq/lamoSIls (ZHURAVLEVA), low.
Botom., Yakutia; 2d, R.Lena, long. sec., X 13;
2e, R.Botoma, long. sec., X 13 (Zhuravleva,
1960b).--FIG. 56,2/. P. pinw ZHURAVLEVA,

1c

Cordi lIerocyothus

FIG. 57. Porocyathidae (p. E84).

lb

10

Family POROCYATI-IIDAE
Zhuravleva, 1957

[Porocyathidae ZHURAVLEVA MS in VOLOGDIN, 1957, p. 206;
ZHURAVLEVA, 1960, p. 179, see below under Poro(:yathus]

CUp slenderly conical or cylindrical; outer
wall with short pore-canals with external

Gloriosocyathus ROZANOV, 1969, p. 108 [·e.
permultus; 00]. Outer wall with pore-canals
S-shaped in longitudinal section, inner wall con
structed of plates almost flat in longitudinal sec
tion; septa porous, in places connected by inner
wall plates or by synapticula-like structures.
L.Cam.(Botom.), USSR(Sib.Platf.).--FIG. 55,1.
·e. permultus, Olenek uplift, Sib. Platf.; la,
holotype, transv. sec., X7; lb, part of transv. sec.
showing inner wall, X 27; 1e, part of long. sec.,
inner wall to left, X 13 (Rozanov, 1969).

Ringifungia KORSHUNOV in ZHURAVLEVA, KORSHU
NOV & ROZANOV, 1969, p. 38 [.R. vavilovi; 00].
Solitary, cylindrical; pores of outer wall provided
with small S-shaped plates, forming tubes; septa
porous, connected by synapticulae which are com
monly under-developed; inner wall with one lon
gitudinal row of pores to an intersept, pores
screened by scales, mostly common to several
intersepts. L.Cam.( Atdaban.} , USSR(Sib.Platf.).
--FIG. 55,5. ·R. vavilovi, R.Lena; 5a, holotype,
transv. sec., X4; 5b, transv. sec., X4 (Zhuravleva,
Korshunov, & Rozanov, 1969).

Rossocyathella ZHURAVLEVA, 1960, p. 178 [·R.
ninaekosti; 00]. Conical; outer wall with S
shaped plates forming pore-tubes; septa almost
aporose; inner wall of geniculate pore-tubes,
single longitudinal row to an intersept. L.Cam.
(up.Atdaban.-Botom.) , USSR(Altay-Sayan-Sib.
Platf.-Transbayk.).--FIG. 55,2. ·R. ninaekosti,
10w.Botom.(Taryn.), R. Botoma, Yakutia; 2a,
halotype, part of tang. sec., X 13; 2b, part of long.
sec., X 13 (Zhuravleva, 1960b).

Russocyathus ZHURAVLEVA, 1955, p. 104 [·R.
basaiehensis; 00]. Solitary; outer wall with S
shaped plates forming pore-tubes; septa aporose;
inner wall of larger, S-shaped pore-tubes. L.Cam.
(Atdaban.-Botom.), USSR(Altay-Sayan).--FIG.
55,6. ·R. basaichensis, R. Bazaikha, Sayan; part
of long. sec., X 13 (Zhuravleva, 1955).

?Tumulifungia ZHURAVLEVA in OATZENKO, ZHURA-
VLEVA, et al., 1968, p. 144 [·T. datzenkoi; 00]
[=Tumuli/ungia ZHURAVLEVA in ZHURAVLEVA,
ZADOROZHNAYA, et al., 1967, p. 68, invalid name;
no diagnosis, no species named, but descriptions
and illustrations of T. sp. given]. Outer wall
with plates of S-form in longitudinal section,
forming pore-tubes (see Rozanov, 1969, p. 108);
septa synapticulate; inner wall with simple pores
that may be toothed with bracts or spines. L.Cam.
(up.Atdaban.-Botom.) , USSR(Sib.Platf.-Tuva-Far
East).--FIG. 55,3. ·T. datzenkoi, Taryn., R.
Sukharikha; 3a,b, part of transv. sec., diagram.
(Oatzenko, Zhuravleva, et al., 1968).
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Atdaban., R.Botoma, Yakutia; holotype, part of
Iiong. sec., X 127 (Zhuravleva, 1960b).

?Cordilleracyathus HANDFIELD, 1971, p. 49 [*C.
blussoni; M]. Conical or cylindrical cups; outer
wall with pore-tubes (lor -canals) of inverted-V
shape; septa aporose; inner wall with pore-tubes
of reversed-S section, partitioned so that central
cavity has one 10ngiJudinai row of pores to each
intersept, while intervallar side of wall has 2;
spines(?bracts) project upward into central cavity
from edge of pore-tubes. L.Cam.(Atdaban. or
Botom.}, Can.(Yukon).--FIG. 57,1. *C. blus
soni, Atdaban. or Botom.; la, tang. sec. inner and
outer walls, X 12; Ib, radial long. sec. inner and
outer walls, X6.5; Ie, the same, X 18 (Handfield,
1971).

Squamosocyathus ZHURAVLEVA, 1960, p. 183 [*S.
taumatus; aD]. Slenderly conical or cylindrical
cups; outer wall with short pore-canals provided
with beaks or scales at angle to canals; interval
lum wide; septa porous, no tabulae or dissepi
ments; inner wall of horizontal or downwardly
inclined, strongly bent, intercommunicating pore
tubes, whose mouths may have protective forma
tions. L.Cam.(Atdaban.-Botom.} , USSR (Altay
Sayan-Sib.Plat£').--FIG. 56, 3. *S'. taumatus,
Atdaban., Yakutia; 3a, oblique sec., X7; 3b,e,
holotype, 3b, septum, X 13, 3e, long. sec. of inner
wall, X7; 3d, part of transv. sec., X7 (Zhura
vleva, 1960b).

?Yukonocyathus HAND FIELD, 1971, p. 51 [*Y.
franeesi; aD]. Cup slenderly conical; outer wall
with inclined pore-canals, whose external openings
are provided with short protective formations
turned down like peak of cap; septa each with
pores in single longitudinal row near outer wall;
inner wall with one longitudinal row of simple
pores to an intersept. L.Cam.(?Atdaban.) , Can.
(Yukon).--FIG. 56,1. *Y. franeesi; la, transv.
sec., X 3; ] b, long. sec., X 4 (Handfield, 1971).

Superfamily SIGMOCYATHACEA
Krasnopeeva, 1953

[nom. transl. DEBRENNE, 1970, p. 25 (ex Sigmocyathidae
KRASNOPEEVA, 1953, p. 56) <as Sygmoeyathidae nom. null.) 1

Both walls of annuli, septa aporose or
with remote large pores; no tabulae or
synapticulae. L.Cam.(up.Atdaban. or low.
Eotom.).

Family SIGMOCYATHIDAE
l(rasnopeeva, 1953

[nom. correct. ZHURAVLEVA, 1960, p. 49 (=Sygmocyathidae
KRASNOPEEVA, 1953b, p. 56, nom. null., based on erroneous

spelling of generic name)]

Both walls of annuli, S-shaped in longi
tudinal section; septa aporose or with re
mote large pores; no tabulae or synapticulae.
L.Cam.(up.Atdaban. or low.Eotom.).

Sigmocyathus R. BEDFORD & J. BEDFORD, 1936,
p. 23 [*Coscinoeyathus didymoteiehus TAYLOR,
1910, p. 140; aD] [=Hemistillieidoeyathus TING,
1937, p. 368 (type, Coseinoeyathus didymoteiehus
TAYLOR, 1910, p. 140), obj.; Sygmoeyathus KRAS
NOPEEVA, 1953, p. 56 (nom. null.)]. Cups large;
both walls of annuli, S-shaped in longitudinal
section; septa aporose or sparsely porous; no
tabulae or synapticulae. (For discussion see
Debrenne, 1970, p. 42.) L.Cam.( up.Atdaban. or
low.Botom.}, S.Australia.--FIG. 55,4. *S.
didymoteiehus (TAYLOR), Ajax Mine; 4a, transv.
sec., X2; 4b, part of radial long. sec., 4e,d, ext.
and int. views of outer wall, 4e, view of inner
wall from central cavity, all X 4 (Bedford &

Bedford, 1936).

Superfamily TERCYATHACEA
Vologdin, 1937

[nom. transl. ZHURAVLEVA, 1960, p. 184 (ex Tercyathidae
VOLOGDIN, 1937, p. 495)]

Solitary; slenderly conical or cylindrical;
outer wall latticed; inner wall of pore-tubes;
intervallum with porous septa, without
tabulae; dissepiments may occur. L.Cam.
(Eotom.-lowLen.).

Family TERCYATHIDAE Vologdin, 1937
[Tereyathidae VOLOGDIN, 1937, p. 495]

Solitary; slenderly conical or cylindrical;
outer wall latticed; intervallum with porous
septa, without tabulae; inner wall of pore
tubes. L.Cam.(Botom.-lowLen.).
Tercyathus SIMON, 1939, p. 40 [*T. duplex

VOLOGDIN, 1932, p. 55; aD] [=Tereyathus
VOLOGDIN, 1932, p. 55 (nom. nud., established
without designation of type-species)]. Solitary,
conical; outer wall clathrate; septa finely porous;
inner wall thick with numerous crooked pore
tubes in communication with one another by
small pores. L.Cam.(Botom.-low.Len.}, USSR
(Altay-Sayan) .--FIG, 58,]a,b. *T. duplex,
Botom., R.Lebed, Altay; ]a,b, parts of transv. and
long. secs., X5(Vologdin, 1932).--FIG. 58,Ie.
T. sp., Botom., Kuznetsk Alatau; tang. sec.
clathrate outer wall, X7 (Zhuravleva, 1960b).

Clathricyathus SIMON, 1939, p. 25 [*C. firm us
VOLOGDIN, 1932; aD] [=Clathrieyathus VOLOG
DIN, 1932, p. 50 (nom. nud., established without
designation of type-species); Clathroeyathus
VOLOGDIN, 1937, p. 495 (nom null.)]. Solitary,
conical; outer wall latticed; septa porous; inner
wall thick, of geniculate pore-tubes opening up
ward and in communication with one another by
small pores in their walls; arID of V adjoining
septa is shorter than other. L.Cam.(Botom.-low.
Len.}, USSR(Altay-Sayan).--FIG. 58,2. *C. fir
mus, R.Lebed, Altay; 2a, part of transv. sec.; 2b,
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Nochoroicyathus

simple pores; intervallum narrow, with
numerous thin, porous septa and rare, flat,
pectinate tabulae; rare dissepiments may
occur; inner wall simply sieve-like, but
pores may be protected on side of central
cavity by spines or bracts. Central cavity
free of skeletal elements. L.Cam.(Tommot.
Botom., rare in Len.), ?M.Cam.(base oj
Amg.).
Nochoroicyathus ZHURAVLEVA, 1951, p. 78 [*N.

mirabilis; 00] [=Howellicyathus VOLOGDIN,
1962, p. 126 (type, CoscinocyatllUs howelli
VOLOGDIN, 194Gb, p. 88)]. Outer wall thin with
simple pores; intervallum narrow with numerous
thin, porous septa, and rare, flat, pectinate tabulae;
dissepiments rare; inner wall with simple pores
that may be protected on side of central cavity
by spines or bracts. L.Cam.(Tommot.-Botom.,
rare Len.), ?M.Cam.(base Amg.), USSR(S.Urals
Altay-Sayan-Sib.Platf.-Transbayk.-Far East) .-
FIG. 59,1. *N. mirabilis, Tommot., R.Nokhoroi,
Sib.Platf.; la, transv. sec. of part of cup showing
pectinate tabula and inner wall simply porous
with bracts, X27; lb, long. sec. showing nodular
swellings representing bases of pectinate tabulae,
X 45 (Zhuravleva, 196Gb).

Pectenocyathus KASHINA in REPINA, KHOMEN
TOVSKIY, ZHURAVLEVA, and ROZANOV, 1964, p. 211
[*P. torgaschinicus; 00]. Outer wall thin,
smooth, with simple pores; septa porous; tabulae
pectinate; inner wall with simple pores, but plicate

Clathricyathus

Solitary Archaeocyatha with simply
porous outer wall; intervallum with straight
septa and pectinate tabulae; inner wall with
simple pores, pore-tubes or annuli. L.Cam.
(Tommot.-Botom., rare in Len.), ?M.Cam.
(base oj Amg.).

[nom. Iransl. ZHURAVLEVA, 1960, p. 198 (ex Nochoroicyathi.
dae ZHURAYLEVA in VOLOGDIN. 1956, p. 879)]

Superfamily
NOCHOROICYATHACEA

Zhuravleva, 1956

tang. sec. inner wall; 2c, radial long. sec. of inner
wall, intervallum to right, all X2.6 (Vologdin,
1957a) .

FIG. 58. Tercyathidae (p. £84-£85).

Family NOCHOROICYATHIDAE
Zhuravleva, 1956

[nom. transl. ZHURAVLEVA, 1960b, p. 198 (ex order Nocho~

roicyathida ZHURAVLEVA in VOLOCDIN, 1956, p. 879) 1
[=Bronchocyathida ZHURAVLtVA in VOLOGPIN, 1957, p. 207]

Suborder NOCHOROICYATHINA
Zhuravleva, 1956

Solitary Archaeocyatha with simply or
complexly porous outer and inner walls;
intervallum with straight porous septa and
pectinate tabulae; rarely with dissepiments.
L.Cam.(Tommot.-Botom., rare in Len.),
?M.Cam.(base oj Amg.).

)~

~!hl
\'~lb

[Nochoroicyathidae ZHURAVLEVA in VOLOCDIN, 1956, p. 879]
[=Trininaecyathidae DEBRENNE, 1964. p. 114]

Trininaecyathus Pectenocyathus

Cups not large. Outer wall thin with FIG. 59. Nochoroicyathidae (p. £85-£86).
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longitudinally, starshaped in transverse section.
L.Cam.(up.Atdaban.-Botom.} , USSR(Altay-Sa
yan).--FIG. 59,3. P. densus (VOLOGDIN), L.
Cam., R.Bazaikha, Sayan; part of transv. sec.
showing pectinate tabula and plicate inner wall,
Xl0 (Repina, et al., 1964).

Trininaecyathus ZHURAVLEVA, 1960, p. 21S [*T.
macroporus; OD]. Outer wall with large simple
pores, 1 longitudinal row to an intersept; interval
lum narrow with sparsely porous septa and pec
tinate tabulae; inner wall wide, of bracted pore
canals opening upward into central cavity. L.Cam.
(Atdaban.-Botom.), USSR(Altay-Sayan-Sib.Platf.).
--FIG. 59,2. *T. macroporus, Taryn., R.Bo
toma, Sib.Platf.; 2a, holotype, part of long. sec.,
outer wall on left, X 13; 2b, oblique transv. sec.,
X7; 2c,d, long. and transv. secs. outer wall, and
2e, long. and oblique long. sec. bracts of pore
canals of inner wall, central cavity to left; all enl.
(Zhuravleva, 1960b).

Family BRONCHOCYATHIDAE
R. Bedford & J. Bedford, 1936

[Bronchocyathidae BEDFORD & J. BEDFORD, 1936, p. 25)
[==Thalamocyathidae ZHURAVLEVA, 1951, p. 98; Glaessneri·

cyathidae DEBRENNE, 1970, p. 35)

Outer wall with simple pores; intervallum
with porous septa and sporadic pectinate
tabulae; inner wall of annuli. L.Cam.
( Atdaban.-Botom.).

Thalamocyathus GORDON, 1920, p. 6S7 [*Archaeo
cyathus trachealis TAYLOR, 1910, p. 125; SD
TING, 1937, p. 36S, by elimination] [=Broncho
cyathus R. BEDFORD & J. BEDFORD, 1936, p. 25
(type, Archaeocyathus trachealis TAYLOR, 1910,
p. 125; OD)]. Solitary, conical or cylindrical;
outer wall simply porous; intervallum with porous
septa and with sporadic pectinate tabulae (in 10%
of specimens; see DEBRENNE, 1969 (26a), p. 263,
but absent from TAYLOR'S syntypes; see DEBRENNE,
1970b, p. 45; lectotype shows no tabulae;
nontabulate specimens have morphology of the
ajacicyathine Gordonicyathus ZHURAVLEVA); an
nuli of inner wall V-shaped in longitudinal sec
tion of cup. L.Cam.( Atdaban.-Botom.} , USSR
(Altay-Sayan-Transbayk.) -Antarct.-S. Australia
?Can.(NW.Terr.).--FIG. 60,1. *T. trachealis
(TAYLOR), up.Atdaban. or 10w.Botom., S.Australia
(Ajax Mine); la, ext. view, X1.6; lb, inner wall
from intervallum, X 4.S; 1c, outer wall, X 4.S;
ld, oblique transv. sec. showing V-shaped annuli,
X4.S (photos courtesy MAX DEBRENNE, Paris,
negatives in colI. Dr. F. DEBRENNE, Natl. History
Museum, Paris).

Cricopectinus DEBRENNE, 1970, p. 32 [*C. dentu
Ius; OD]. Outer wall simple, with pores con
tracted outwards; septa aporose except for one
longitudinal row of pores near outer wall, tabulae
pectinate; inner wall complex; horizontal canals
serve as apertures for several interseptal loculi

and extend into central cavity by an annular
shelf with deeply dentate free rims. [Only one
specimen known. May be tabulate specimen of
Cyathocricus DEBRENNE, 1969, p. 31S.] L.Cam.
(up.Atdaban. or low.Botom.) , S.Australia.

Glaessnericyathus DEBRENNE, 1970, p. 35 [*Bron
chocyathus sigmoideus BEDFORD & J. BEDFORD,
1936, p. 25; OD]. Cup slenderly conical; outer
wall with simple pores; septa aporose, sparse
tabulae pectinate; inner wall of annuli, annuli
somewhat S-shaped in section, but with middle
part of S oblique upward and inward, and end
parts nearly flat. L.Cam.(up.Atdaban.-Iow.
Botom.} ,S.Australia.

Family ETHMOPECTINIDAE
Debrenne, 1970

[Elhmopectinidae DEBRENNE, 1970, p. 25J [=?Ethmocyathi.
dae DEBRENNE, 1969, p. 322)

Outer wall simply porous; septa porous,
tabulae pectinate; inner wall double, one
row of rhombic pore-canals to each inter
sept, screened by horizontal annuli. L.Cam.
(up.Atdaban. or low.Botom.).

Ethmopectinus DEBRENNE, 1970, p. 34 [*E. wal
teri; OD] [=?Ethmocyathus R. BEDFORD & W.
R. BEDFORD, 1934, p. 2 (type, E. lineatus; OD)].
Cup conical, outer wall gently fluted, with chinky
pores arranged in quincunx; septa porous, tabulae
pectinate; inner wall double, one row of rhombic
pore-canals to each intersept, screened against
central cavity by horizontal annuli. [May be
tabulate specimens of Ethmocyathus lineatus R.
BEDFORD & W. R. BEDFORD, 1934, p. 2.] L.Cam.
(up.Atdaban.-Iow.Botom.) , S.Australia.

Family FORMOSOCYATHIDAE
Rozanov, 1963

[Formosocyalhidae ROZANOV, 1963, p. 5)

Outer wall simply porous, septa porous,
tabulae pectinate; wide inner wall of in
tercommunicating, crooked pore-tubes.
L.Cam.(up.Tommot.-Botom.).

Formosocyathus VOLOGDIN, I 937b, p. 471 [*F.
bulynnikovi; M]. Solitary; outer wall with simple
pores; inner wall wide, of intercommunicating
crooked pore-tubes; septa porous, tabulae pec
tinate. L.Cam.(up.Tommot.-Botom.}, USSR
(Altay-Sayan-Sib. Platf.-Transbayk.)-Antarct.-
FIG. 60,3. *F. bulynnikovi, Botom., R. Sanash
tykgol, Sayan; 3a, oblique long. sec., XS; 3b,
part of transv. sec., XS (Vologdin, 1940b).

Heckericyathus ZHURAVLEVA, 1960, p. 220 [*Eth
mophyllum heckeri ZHURAVLEVA, 1955, p. 69;
OD]. Slenderly conical or cylindrical cups; outer
wall simply and finely porous; septa porous;
tabulae rare, pectinate; inner wall with 1 to 2
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Formosocyothus
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Heckericyothus

2bTholomocyothus10

FIG. 60. Bronchocyathidae (1); Formosocyathidae (2-3) (p. £86-£87).

longitudinal rows of geniculate pore-tubes to an
intersept; the pore·tubes open upward and may
divide into finer ones at central cavity. L.earn.
(Atdaban.), USSR(Sib. Platf.).--FIG. 60,2. ·H.

hecker; (ZHURAVLEVA), R. Lena, Sib.Platf.; 2a,
transv. sec.; 2b, oblique long. sec., both X4.8;
2c, long. sec. inner wall; 2d, reconstr., part of
inner wall, both X 56 (Zhuravleva, 1960b).
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FIG. 61. Kordecyathidae (2); Lenocyathidae (1); Geocyathidae (3-5) (p. £89-£90).

Superfamily KORDECYATHACEA
Missarzhevskiy, 1961

[nom. transl. MISSARZHEVSKIY in REPINA, KHOMENTOVSKIY.

ZHURAVLEVA, & ROUNOV, 1964, p. 218 (ex Kordecyathidae
MlSSARZHEVSKIY. 1961, p. 21)]

Outer wall of large pores screened with
auxiliary microporous sheath; septa porous;
tabulae pectinate; inner wall of pore-tubes
arranged in one longitudinal row to an
intersept. L.earn .(?up.Atdaban.-Botorn.).
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Family KORDECYATHIDAE
Missarzhevskiy, 1961

fKordecyathidae MISSARZHEVSKIY. 1961, p. 21]

Characteristics of superfamily. L.Cam.
(?up.Atdaban.-Botom.).
Kordecyathus MISSARZHEVSKIY, 1961, p. 21 [ OK.

shiveligensis; OD]. Outer wall of large pores
screened with an auxiliary, finely porous sheath;
septa porous; tabulae pectinate; inner wall wide,
of horizontal pore-tubes, not intercommunicating,
arranged in one longitudinal row in each inter
sept; each tube screened from central cavity by
finely porous film. L.Cam.(?lIp.Atdaban.-Botom.},
USSR(Tuva) .--FIG. 61,2. OK. shiveligensis,
Botom.; 2a,b, holotype, oblique long. sec. and part
of transv. sec., X2.4, X4.8 (Missarzhevskiy,
1961); 2c,d, long. and transv. sees., part of inner
wall, diagram. (Zhuravleva, Zardorozhnaya, et al.,
1967).

Superfamily LENOCYATHACEA
Zhuravleva, 1956

[nom. trans!. ZHURAVLEVA, 1960, p. 224 (ex Lenocyathidae
ZHURAVLEVA in VOLOGDIN, 1956, p. 879)]

Outer wall with pores in tumuli; inner
wall of pore-tubes or annuli, or exception
ally with simple pores protected by bracts;
septa porous and tabulae pectinate. L.Cam.
(mid. Tommot.-Botom.).

Family LENOCYATHIDAE
Zhuravleva, 1956

[Lenocyathidae ZHURAVLEVA in VOLOGDIN, 1956, p. 879]

Conical or cylindrical cups, sometimes
with longitudinal folds. Outer wall with
one longitudinal row of compound tumuli
to each intersept; intervallum narrow, with
porous septa and very rare pectinate tabulae;
inner wall of pore-tubes S-shaped or
V-shaped in section, in one or two lon
gitudinal rows to an intersept, or of annuli.
L.Cam.(Atdaban.).

Lenocyathus ZHURAVLEVA in ZHURAVLEVA &

ZELENOV, 1955, p. 73 [0L. IenaiclIs; OD]. Conical
cups, rarely with longitudinal folds; outer wall
with 1 longitudinal row of compound tumuli to
each intersept; intervallum narrow; septa porous;
tabulae pectinate, flat, irregularly spaced; inner
wall wide with pore-tubes S- or V-shaped in sec
tion, one or two longitudinal rows to each
intersept. L.Cam.( Atdaban.) , USSR(Sib.Plad.).
--FIG. 61,1. 0L. IenaiclIS, R. Lena, Sib.Platf.;
la, long. sec., diagram.; lb, long. sec. outer wall
(diagram.); Ie, view of three tumuli of outer
wall (enl.) ; ld, part of transv. sec., outer wall at
top, X 16; Ie, part of transv. sec. through two

Japhan icyathus

FIG. 62. Lenocyathidae (p. £89).

tumuli, outer wall at top, X 16 (Zhuravleva,
1960b).

Japhanicyathus KORSHUNOV, in ZHURAVLEVA, KOR
SHUNOV, & ROZANOV, 1969, p. 45 [0'. genlll'osus;
OD]. Cup conical with narrow intervallum;
outer wall with compound tumuli; septa porous,
tabulae pectinate, irregular in arrangement; inner
wall of annuli V-shaped in section, some with
spines on edges projecting into central cavity.
L.Cam.(?Atdaban.} , USSR (Sib.Plad.) .--FIG.
62,1. oJ. genlll'OSUS, Oy-Muran, Sib.Platf.; la,
holotype, part of transv. sec. showing compound
tumuli; lb, part of transv. sec., X7.8 (Korshunov,
in Zhuravleva, Korshunov, & Rozanov, 1969).

Family GEOCYATHIDAE
Debrenne, 1964

[Geocyathidae DEBRENNE, 1964, p. 114] [==Kotuyicyathidae
ROUNOV in ROZANOV. MISSARZHEVSKIY, el al., 1969, p. 1861

Outer wall with simple tumuli; interval
lum with porous septa and pectinate tab
ulae; inner wall with simple pores with
thornlets or of S- or V-shaped pore-tubes,
or of annuli. L.Cam.(mid. Tommot.
Botom.).

Geocyathus ZHURAVLEVA, 1960, p. 234 [OThaiamo
cyathlls botomanensis ZHURAVLEVA in ZHURAVLEVA
& ZELENOV, 1955, p. 71 (=T. botomaensis
ZHURAVLEVA, 1960b, p. 234, nom. nllll.); OD].
Cups not large; outer wall with simple tumuli in
one or two rows to each intersept; intervallum
with finely porous septa and sparse pectinate
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Fallocyathus ROZANOV in ZHURAVLEVA, KORSHUNOV,

FIG. 63. Faliocyathidae (4); Fansycyathidae (3);

Carinacyathidae (1-2) (p. E90-E91).

Fa lIocyathus

10

Fansycyathus

Carinacyathus

tabulae; inner wall with simple pores.
L.Cam.(Atdaban.).

Family FALLOCYATHIDAE
Rozanov, 1969

[Fallocyathidae ROZANQV in ZHURAVLEVA, KORSHUNOV, &
ROZANOV, 1969, p. 47J

Outer wall with oblique pore-tubes, their
outer mouths provided with bracts or peaks;
intervallum with porous septa and pectinate

Superfamily
FANSYCYATHACEA Korshunov

& Rozanov, 1969

tabulae; inner wall annuli, flat or S-shaped in
section, their axial edges rising upwards. L.Carn.
(Atdaban.-Botorn.), USSR(Altay-Sayan-Sib.Platf.
Transbayk.) .--FIG. 61,5. 'G. b%rnanensis
(ZHURAVLEVA), holotype, Atdaban., R.Botoma, Sib.
Platf.; 5a, oblique transv. sec., 5b, long. sec., both
X 8 (Zhuravleva, 1960b).

Jakutocyathus ZHURAVLEVA, 1960, p. 228 ['/.
la/ini; aD]. Cups not large, outer wall with I
row of simple tumuli to each intersept; septa
porous; tabulae pectinate, irregularly spaced; inner
wall wide, of S-shaped or V -shaped pore-tubes,
I or 2 longitudinal rows to each intersept. L.Carn.
(Atdaban.-Botorn.), USSR(Altay-Sayan-Sib.Platf.).
J. (Jakutocyathus). Inner wall of S-shaped pore-

tubes; septa sparsely porous. L.Carn.( Atdaban.},
USSR(Altay-Sayan-Sib.Platf.) .--FIG. 61,3a-c.
'/. (J.) latini ZHURAVLEVA, Atdaban.; 3a,b, R.
Botoma, Yakutia, holotype, transv. and long.
sees., X8; 3c, R.Lena, long. sec., X 12 (Zhura
vleva, 1960b).--FIG. 61,3d. /. (J.) krasno
peevae (ZHURAVLEVA), low.Botom., R.Lena;
oblique sec., X 8 (Zhuravleva, 1960).

J. (Jakutocarinus) ZHURAVLEVA, 1960, p. 232
['I. (J.) jakutensis; aD]. Inner wall of V
shaped pore-tubes. L.Carn.(Atdaban.) , USSR
(Sib.Platf.) .

Kotuyicyathus ZHURAVLEVA, 1960, p. 226 ['K.
kotuyikensis; aD]. Cups not large; outer wall
with pores in simple tumuli; intervallum with
porous septa and sparse pectinate tabulae; inner
wall with simple pores that may have protective
thomlets. L.Carn.( up.Tornrnot.-Botorn.), USSR
(Kuznetsk Alatau-Sib.Platf.).--FIG. 4,4; 61,4.
'K. ko/uyike7lSis, up.Tommot., R. Kotuyi, Sib.
Platf.; 4,4, reconstr., X I; 61,4, tumulus, X40
(Zhuravleva, 1960b).

[nom. trans!' ROZANOV in ZHURAVLEVA, KORSHUNOV, &
ROZANOV. 1969, p. 46 (ex Fansycyathidae KORSHUNOV &
ROZANOV in ZHURAVLEVA, KORSHUNOY, & ROZANOV, 1969, p.

47) J

Outer wall with oblique pore-tubes, outer
mouths provided with bracts or peaks;
intervallum with porous septa and pectinate
tabulae; inner wall with simple pores, or
of geniculate pore-tubes, or of annuli.
L.Cam.(Atdaban.-lowLen.).
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& ROZANOV, 1969, p. 47 [*F. dubius; OD]. Outer
wall with oblique pore-tubes, their outer mouths
provided with bracts; inner wall with simple
pores; intervallum with porous septa and very
sparse pectinate tabulae. L.Cam.( Atdaban.), USSR
(Sib.Plat£').--FIG. 63,4. *F. dubius, ?Atdaban.,
Oy-muran, Sib.Plat£.; 4a, holotype, part of oblique
sec., X27; 4b, oblique long. sec., X7 (Rozanov in
Zhuravleva, Korshunov, & Rozanov, 1969).

Family FANSYCYATHIDAE
Korshunov & Rozanov, 1969

[Fansycyathidae KORSHUNOV at ROZANOV in ZHURAVLEVA,

KORSHUNOV, & ROZANOV, 1969, p. 47]

Outer wall with short pore-canals pro
vided with peaks; septa porous, tabulae
pectinate; inner wall of annuli. L.Cam.
(Atdaban.).

Fansycyathus KORSHUNOV & ROZANOV in ZHURA
VLEVA, KORSHUNOV, & ROZANOV, 1969, p. 48 [*F.
lermontolJae; OD]. Outer wall with short pore
canals provided with peak" septa porous; tabulae
pectinate; inner wall constructed of V-section
annuli, widening upward. L.Cam.(Atdaban.} ,
USSR(Sib.Platf.).--FIG. 63,3. *F. lermontolJae;
3a, long. sec., X 13; 3b, part of long. sec., outer
wall to left, X4 (Zhuravleva, Korshunov, &
Rozanov, 1969).

Family CARINACYATHIDAE
Krasnopeeva, 1953

[nom. correct. ZHURAVLEVA, 1960, p. 240 (pro Carinocyathi·
dae KRASNOPEEVA, 1953b, p. 53)]

CUpS cylindrical or slenderly conical
without longitudinal folds; outer wall with
oblique pore-tubes, their outer mouths pro
vided with bracts or peaks; inner wall of
larger oblique pore-tubes with bracts, one or
two longitudinal rows to each intersept;
intervallum with porous septa and pectinate
tabulae. [See ROZANOV, 1969, p. 108.] L.
Cam.(Atdaban.-low.Len.).

Carinacyathus VOLOGDIN, 1932, p. 37 [*C. loeulatus;
M] [=Carinoeyathus VOLOGDIN, 1937, p. 471,
nom. null.]. Characters of family. L.Cam.
(Atdaban.-Botom.), USSR(Altay-Sayan-Sib.Platf.).
--FIG. 63,2. *C. loeulatus, Botom., R. Lebed,
Altay; 2a,b, parts of transv. and long. sees., X4.5
(Vologdin, 1940b).

?Angaricyathus ZHURAVLEVA, 1965, p. 7 [*A.
eyrenolJi; OD]. Outer wall of geniculate pore
tubes opening downward; septa porous; tabulae
pectinate, very rare; inner wall of incomplete
and perforate annuli, V-shaped in section, their
axial edges fringed; successive annuli connected
by one vertical crosspiece to each 3 to 6 in
terseptal loculi. L.Cam.(low.Len.) , USSR(N.
Baykal uplands).--FIG. 63,1. *A. eyrenolJi; la,

reconstr., geniculate pore-tubes of outer wall,
X45; 1b, radial long. sec., annulus of inner wall,
X24; Ie, tang. sec., annuli of inner wall, showing
fringe on axial edge, X 19; 1d, reconstr., annulus
of inner wall, X27; 1e,f, sees. showing tabulae,
X 19 (Zhuravleva, 1965).

Superfamily
PIAMAECYATHACEA

Zhuravleva, 1960
[nom. transl. ZHURAVLEVA, 1960, p. 50 (ex Piamaecyathidae

ZHURAVLEVA, 1960, p. 44)]

Outer wall latticed, with systems of fine
horizontal and longitudinal laths; interval
lum with porous septa and pectinate tab
ulae; inner wall simply porous, or wide,
with one to two longitudinal rows of pore
tubes to each intersept, or of annuli.
L.Cam.(up.Atdaban.-Botom.).

Family PIAMAECYATHIDAE
Zhuravleva, 1960

[Piamaecyathidae ZHURAVLEVA, 1960, p. 44]

Outer wall latticed with horizontal and
longitudinal systems of laths; intervallum
with porous septa and pectinate tabulae;
inner wall simply porous, or wide, with
1 or 2 longitudinal rows of pore-tubes
to each intersept. L.Cam.(Botom.).

Piamaecyathus ZHURAVLEVA, 1960, p. 45 [*P.
sajanieus; OD] [=Piamaesyathus ZHURAVLEVA,
1960a, p. 45, nom. null.]. Outer wall latticed, with
systems of horizontal and longitudinal laths; in
tervallum with porous septa and pectinate tabulae;
inner wall wide, with 1 to 2 longitudinal rows
of pore-tubes to each intersept. L.Cam.(Botom.} ,
USSR(Altay-Sayan).--FIG. 64,2. *P. sajanieus,
W.Sayan; 2a, oblique long. sec., X2.8 (Repina,
et al., 1964); 2b,e, part of transv. sees., X2.8
(2e is holotype) (Zhuravleva, 1960a).

Piamaecyathellus ROZANOV in REPINA, KHOMEN
TOVSKIY, ZHURAVLEVA, & ROZANOV, 1964, p. 217
[*P. simplex; OD]. Cup with latticed outer wall,
porous septa, pectinate tabulae, and simply porous
inner wall. L.Cam.(Botom.) , USSR(Altay).-
FIG. 64,1. *P. simplex, R.B.Isha, Altay; transv.
sec., X2.8 (Repina, et al., 1964).

Family BOTOMOCYATHIDAE
Zhuravleva, 1955

[Botomocyathidae ZHURAVLEVA, 1955, p. 628] [=Bo,oma
cyathidae VOLOGDIN, 1956, p. 879 (nom. null.)]

Cup with latticed (clathrate) outer wall,
porous septa, sparse pectinate tabulae, and
inner wall of annuli. L.Cam.(up.Atdaban.
Botom.).
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Botomocyathus

FIG. 64. Piamaecyathidae (1-2); Botomocyathidae

(3) (p. E91-E92).

Suborder COSCINOCYATHINA
Zhuravleva, 1955

Family COSCINOCYATHIDAE
Taylor, 1910

[CoscinocyJrhidae TAYLOR, 1910, p. 137] [=Asterocyathidae
VOLOCDIN, 1956, p. 879; Erismacoscinidae DEBRENNE, 1964,

p. 166]

Solitary, rarely colonial; cups cylindrical
or conical, curved or erect, not infrequently
with dents and longitudinal folds. Outer
wall with simple or pseudo-latticed pores or
pore-canals; intervallum with porous septa,
and tabulae with round or slit-like pores,
and rare dissepiments; inner wall with
simple pores that may be protected by
scoops or complex spines or with pore-tubes.
L.Cam.(mid.Tommot.-lotllLen.).

Coscinocyathus BORNEMANN, 1884, p. 705 [·C.
tuba; SO TING, 1937, p. 360 (DEBRENNE, 1970a, p.
207, has requested exemption from application of
the Code, and asked for a new type-species, C.
dianthus BORNEMANN, 1884, p. 704, which is more
representative of BORNEMANN'S conception, and of
general use. If the requests are granted, Coscino
cyathus will be defined as ErismacoscinllS (see
below) now is, and ErismacoscinllS will become a
junior subjective synonym of Coscinocyathus. DE
BRENNE, 1970a, p. 207, has proposed a new generic
name TubicoscinllS for the genus at present based
on C. tuba.)]. Cup small, conical; outer wall with
oblique or very widely geniculate pore-canals; septa
and tabulae thin and porous; inner wall with one
longitudinal row of pore-tubes to an intersept. L.
Cam. (Atdaban.-Botom.), USSR(Urals-Altay-Sayan
Baykal.-Far East) -Sardinia-Can. (Yukon-NW.
Terr.)-S.Australia-Antarct. [See DEBRENNE, 1964,
p. 162; 1970a, p. 207.]--FIG. 65,1. ·C. tuba,
Botom., Sardinia; la,b, long. sees. of holotype,
X3.2, X8; le, tang. long. sec. inner wall, X8
(Debrenne, 1964).

Asterocyathellus VOLOGDIN, 1962, p. 126 [·A.

Superfamily
COSCINOCYATHACEA

Taylor, 1910
[nom. transl. ZHURAVLEVA, 1960, p. 245 (ex Coscinocyathi
dae TAYLOR, 1910. p. 137)] [=Erismacoscinacea DEBRENNE,

1964, p. 166 (nom. Iransl. DEBRENNE, 1970, p. 25, <X

Erismacoscinidae DEBRENNE, 1964, p. 166)]

Outer wall simply porous or with pore
canals or pseudo-latticed; inner wall with
simple pores, or of pore-tubes, or of annuli;
septa porous; tabulae with rounded or slit
pores. L.Cam.(mid.Tommot.-lowLen.)-base
?M.Cam.

tabulae and, in some, dissepiments; pores
of tabulae rounded or slit-like. L.Cam.
(mid.Tommot.-lowLen.)-base M.Cam.

Piamaecyathus1
Piamaecyathellus

Botomocyathus ZHURAVLEVA, 1955, p. 629 [·B.
zelenovi; 00] [=BotomacyathllS VOLOGDIN,
1956, p. 879 (nom. null.)]. Solitary, conical;
outer wall clathrate (latticed); septa porous;
tabulae pectinate but sparse (see ZHURAVLEVA,
KORSHUNOV, and ROZANOV, 1969, p. 50); inner
wall of annuli V-shaped in longitudinal section
of the cup. L.Cam.(up.Aldaban.-Botom.) , USSR
(Sib.Platf.) .--FIG. 64,3. ·B. ze!enol'i, up.
Atdaban.-Botom., R.Botoma, Sib.Platf.; reconstr.,
with part of cup cut away (Zhuravleva, 1960b).

[nom. transl. ZHURAVLEVA, 1960, p. 245 (ex order Coscine·
cyathida ZHURAVLEVA, 1955, p. 10) 1

Solitary, rarely colonial Archaeocyatha;
inner and outer walls simply or complexly
porous; intervallum with porous septa and
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Asterocyothell us

Torgoschinocyothus
Coscinocyothus10

50 Erismocoscinus

FIG. 65. Coscinocyathidae (p. E92-E95).

compositlts; 00]. Outer wall furrowed at junc
tions with septa and finely porous; septa and
tabulae finely porous; inner wall finely porous,
with one or two longitudinal folds to an intersept.

L.Cam.(?Botom.) , USSR(Salair).--FIG. 65,4.
·A. compositw; transv. sec., X4 (Vologdin,
1962d).

Asterocyathus VOLOGDIN, 1940, p. 92 [·A. salairi-
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Retecoscinus

40

Plurolicoscinus20

3b

Coscinoteichus30

Gen icul icyothus

FIG. 66. Coscinocyathidae (p. E94-E95).

ellS; aD]. Solitary, rarely colonial; outer and
inner walls simply porous, inner wall deeply
fluted longitudinally, stellate in transverse section
of cup; septa and tabulae simply porous. L.Cam.
(Aldaban.-Bolom.), USSR(S.Urals-Altay-Sayan
Salair) .--FIG. 65,3. *A. sa/airiellS, !Botom.,
Salair; oblique transv. sec., X3.2 (Vologdin,
1962d).

Coscinoteichus DEBRENNE, 1964, p. 180 [*C.
minimiportls (=c. microporosllS DEBRENNE, 1964
(expl. to pI. 26, fig. 1,2), nom. null.); aD].
Outer and inner walls thickened, with straight,
oblique pore-canals; septa and tabulae finely
porous and forming rectangular loculi. L.Cam.

(up.Aldaban. or IOtl/.Bolom.) ,Eu.(Sardinia).-
FIG. 66,3. *C. minimipoms; 3a,b, transv. sec.,
long. sec., X4.8, X12 (Debrenne, 1964).

Erismacoseinus DEBRENNE, 1959, p. 65 [*E.
maroeanllS; M] [=?TUl/aeyalhllS VOLOGDIN, 1940,
p. 112 (type, T. mollimurtls; M); TUl/aeyal/ws
VOLOGDIN, 1937, p. 471, nom. nud.]. Cup slen
derly conical to cylindrical; may be irregularly
folded longitudinally; outer wall with numerous
regularly alternating longitudinal rows fine pores
to each intersept, inner wall thicker, more than
one longitudinal row of simple or stirrup-pores to
an intersept; small spikelets of varied form may
project from wall between pores. L.Cam.(mid.
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Tommot.-lowLen.), N.Afr. (Morocco)-Eu. (Sar-
dinia-Spain-France ,[Montagne Noire]) -USSR
(Altay-Sayan-Sib. Plat£.) -?Mongolia-Antarct.-S.
Australia-Can. (Yukon-B.C.).--FIG. 65,5. "E.
marocanus, Amouslek., Morocco (Jebel Taissa),
holotype; 5a, transv. sec., X3.2; 5b, long. sec.,
X2.4; 5c, outer wall, diagram.(Debrenne, 1964).

Geniculicyathus DEBRENNE, 1960, p. 118 ["G.
varius; M]. Outer wall, septa and tabulae with
simple, rounded pores; inner wall with 2 to 3
longitudinal rows small pore-tubes S-shaped in
long. sec. and opening upward into central cavity.
L.Cam. ( Atdaban.) , N .Afr. (Morocco) .--FIG.
66,1. "G. varius, holotype, Jebel Ta'issa, Morocco;
long. sec., X8 (Debrenne, 1961).

Pluralicoscinus DEBRENNE, 1963, p. 135 ["P.
alanisensis; OD]. Like Erismacoscinus but colo
nial, catenulate. L.Cam., Spain (Alanis) -S.Aus
tralia.--FIG. 66,2. "P. alanisensis; 2a,b, side
view of fan-shaped catenulate colony, X? 1.6,
X ?2.4 (Debrenne, 1963).

Retecoscinus ZHURAVLEVA, 1960, p. 247 ["Coscino
cyathus retetabulae VOLOGDIN, 1931, p. 75; OD].
Outer and inner walls and septa with simple,
rounded pores; tabulae with 2 rows slit-like pores,
1 row on each side of median radial band, pores
of inner wall provided with small bubble-like,
breeched covers. L.Cam.(mid.Tommot.-?low.
Botom.), USSR(Altay-Sayan-Sib.Platf.) -Eu.(France
[Montagne Noire]) -N.Afr. (Morocco) .--FIG.
66,4. "R. retetabulae (VOLOGDIN), up.Tommot.,
R.Moyero, Sib.Platt.; 4a,b, transv. sec., X8, X 16;
4c, part of long. sec., inner wall to left, X 8
(Zhuravleva, 1960b).

Rozanovicoscinus DEBRENNE, 1970, p. 41 ["R.
fonini; OD]. Cup cylindrical with narrow longi
tudinal furrows at outer edges of septa; outer wall
with round pores arranged in quincunx; tabulae
porous, flat, numerous, but irregularly spaced;
inner wall with short pore-tubes as in a honey
comb, two or three to an intersept. L.Cam.( liP.
Atdaban.-low.Botom.), S.Australia.

Torgaschinocyathus VOLOGDIN, 1957d, p. 699 ["T.
spinosus; M]. Cup conical, with thin outer wall
with simple pores; septa and tabulae thin, porous;
inner wall with single longitudinal row of pores
to an intersept, each pore with scoop or half
tumulus over its lower part, spine projecting from
about center of half-tumulus. L.Cam.(?Botom.),
USSR(Sayan) -Antarct.--FIG. 65,2. "T. spinostls,
Sayan; oblique sec., X5.6 (Vologdin, 1962d).

Family STILLICIDOCYATHIDAE
Ting, 1937

[Stillicidocyathidae TING, 1937, p. 367J [=Salairocyathidae
ZHURAVLEVA in VOLOGDIN, 1956. p. 879]

Outer wall simple, inner wall of annuli;
septa and tabulae porous. L.Cam.(?up.
Atdaban .-Botom.).

Stillicidocyathus TING, 1937, p. 367 ["Coscinocya-

E95

~t
~
~..
I a
~....
~, #---.

2 ,,- "I
Tannuolacyathus

Coscinocyathellus

Salairocyathus

FIG. 67. Stillicidocyathidae (3-4); Coscinocyathelli
dae (1); Tannuolacyathidae (2) (p. E95-E96).

thus aulax TAYLOR, 1910; OD]. Outer wall with
simple pores; inner wall of annuli S-shaped in
section; septa and tabulae simply porous (see
Debrenne, 1969b, p. 263). L.Cam.( up.Atdaban. or
low.Botom.), S.Australia.--FIG. 67,4. OS. alliax
(TAYLOR), holotype, up.Atdaban. or 10w.Botom.,
S.Australia (Ajax Mine); oblique surface showing
annuli of inner wall, X 3 (photo, MAX DEBRENNE,
Paris, negatives in colI. Dr. F. DEBRENNE, Natl.
History Museum, Paris).

Salairocyathus VOLOGDIN, 1940, p. 89 ["So zenko-

© 2009 University of Kansas Paleontological Institute



E96 Archaeocyatha-Regulares

[Coscinocyathellidae ZHURAVLEVA in VOLOCDIN, 1956, p. 879]

and tabulae with
geniculate annuli.

USSR(Salair)-N.

vae; aDJ. Outer wall, septa
simple pores; inner wall of
L.Cam. (up.Atdaban .-Bolom.),
Afr. (Morocco) .
S. (Salairocyathus). Solitary. L.Cam.(Botom.) ,

USSR (Salair) -?S.Australia.--FIG. 67,3. - S.
(5.) zenkovae VOLOGDIN, Belaya Gorka, Salair;
oblique sec., X5 (Vologdin, 1957a).

S. (Polystillicidocyathus) DEBRENNE, 1959, p. 14
[-P. erbosimilis; aDJ. Colonial, catenulate.
L.Cam.(up.Atdaban.) , N.Afr.(Morocco) .--FIG.
5,3. -5. (P.) erbosimilis (DEBRENsE); holotype,
X 1.5 (Debrenne, 1959b).

Family COSCINOCYATHELLIDAE
Zhuravleva, 1956

Outer wall, septa and tabulae simply
porous; inner wall wide, of intercommu
nicating, crooked pore-tubes. L.Cam.
(Botom.).

Coscinocyathellus VOLOGDIN, 1940, p. 91 [-C.
parvus; aD J [=CoseinoeyatlzellllS VOLOGDIN,
1937, p. 471 (nom. nud.), genus diagnosed, one
species C. parvus listed but not described or
figuredJ. Outer wall, septa and tabulae with
simple rounded pores; inner wall wide, of in
tercommunicating, crooked pore-tubes. L.Cam.
(Botom.), USSR(Altay-Sayan).--FIG. 67,1. -c.
parvus, R.Sanashtykgol, Sayan; oblique long. sec.,
X3.3 (Vologdin, 1940b).

Family AGYREKOCYATHIDAE
Konyushkov, 1967

[Agyrekocya,hidae KONYUSHKOV, 1967, p. lIO]

Solitary or colonial; outer wall with fun
nel-shaped pores provided with finely porous
sheath; septa porous; tabulae with simple,
rounded pores; inner wall with crooked
pore-canals. L.Cam.-base M.Cam.

Agyrekocyathus KONYUSHKOV, 1967, p. 110 [-A.
malovi; aDJ. Solitary or colonial; outer wall
with funnel-shaped pores provided with finely
porous sheath; septa porous; tabulae with simple,
rounded pores; inner wall with crooked pore
canals. ?Up.L.Cam.-base of ?M.Cam., USSR
(Kazakhstan) .--FIG. 68,1. - A. malovi, Mt.
Agyrek, Kazakhstan; transv. sec. of holotype, Xl
(Konyushkov, 1967).

Family T ANNUOLACYATHIDAE
Debrenne, 1964

[Tannuolacyathidae DEBRENNE, 1964, p. 188]

Outer wall with simple pores; septa and
tabulae porous; dissepiments may be pres
ent; inner wall thick and coarsely porous

FIG. 68. Agyrekocyathidae (p. E96).

and covered on side of central cavity by
finely porous sheath. L.Cam.(low.Botom.).

Tannuolacyathus VOLOGDIN, 1957, p. 496 [-T.
multiplex; aD J. Outer wall with simple pores;
septa and tabulae porous; dissepiments may be
present; inner wall thick and coarsely porous and
covered on side of central cavity by finely porous
sheath. L.Cam.(low.Botom.) , USSR(Tuva)-N.
Afr.(Morocco).--FIG. 67,2. -T. multiplex,
Tuva, part of long. sec., central cavity to right,
X5 (Vologdin, 1957c).

Superfamily
CLATHRICOSCINACEA

Rozanov, 1964
[nom. transl. DEBRENNE, 1964, p. 115 (ex Clathricoscinidae

ROZANOV in REPINA, <t al., 1964, p. 223)]

CUpS with outer wall formed from down
turned edges of tabulae and reinforced by
longitudinal ridgelets and finely porous ex
ternal sheath; intervallum with simply
porous septa and tabulae; inner wall with
simple pores protected by bracts. L.Cam.
(Atdaban.-lowLen.).

Family CLATHRICOSCINIDAE
Rozanov, 1964

[Cla[hricoscinidae ROUNOV in REPJNA, KHOMENTOVSKIY,

ZHURAVLEVA, & ROZANOV, 1964, p. 223]

Cups with outer wall formed from down
turned edges of tabulae and reinforced by
longitudinal ridgelets and finely porous ex
ternal sheath; intervallum with simply
porous septa and tabulae; inner wall with
simple pores protected by bracts. L.Cam.
( Atdaban.-lowLen.).

Clathricoscinus ZHURAVLEVA, 1955, p. 627 ['Cosei
noeyatlzus infirm us VOLOGDIN ("1937") in
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ZHURAVLEVA, 1955, p. 627; 00]. Solitary or
colonial; outer wall formed from downturned
edges of tabulae reinf~rced by finel y porous sheath
applied to longitudinal ridgelets; septa and tabulae
with simple rounded pores; inner wall with simple
pores protected by bracts. L.Cam.( Atdaban.
low.Len.) , USSR (Altay-Sayan-Sib.Platf.-Trans
bayk.-Far East)-Mongolia.--FIG. 69,1. *C. in
firmus (VOLOGDIN), L.Cam., USSR; la, part of
long. sec.; lb, part of transv. sec.; Ie, tang. view
outer wall and outer edges of tabulae; all X25;
ld, bract of inner wall, X50 [r, longitudinal
ridgelets; s, external sheath; t, tabula] (Zhura
vleva, 1955).

Superfamily
ANAPTYCTOCYATHACEA

Debrenne, 1970
[Anaptyctocyathacea DEBRENNE, 1970, p. 25]

Cup conical or cylindrical; outer wall
double, a coarsely porous framework, pores
screened by sieves (see Debrenne, 1970b,
p. 29); septa and tabulae simply porous;
inner wall with simple pores. L.Cam.
(Atdaban.-Botom.).

Family ANAPTYCTOCYATHIDAE
Debrenne, 1970

[Anaptyctocyathidae DEBRENNE, 1970, p. 25]

Characteristics of superfamily. L.Cam.
(Atdaban.-Botom.).

Anaptyctocyathus DEBRENNE, 1969, p. 340, as sub
genus of Alataueyathus ZHURAVLEVA, 1955, p. 626
[*Coscinoeyathus eribripora R. BEDFORD & W. R.
BEDFORD, 1934, p. 3; 00]. Cup conical or
cylindrical; outer wall double, a coarsely porous
framework, the pores screened by sieves (see
Debrenne, 1970b, p. 29); septa and tabulae simply
porous; inner wall simple, with two rows of pores
to an intersept; toward top of cup the two
neighboring pores may coalesce. L.Cam.(Atdaban.
Botom.}, S.Australia-USSR(Altay-Sayan) .--FIG.
69,4. *A. eribripora (BEDFORD & BEDFORD), S.
Australia (Ajax Mine), holotype; 4a, part of
transv. sec., 4b, tang. sec. outer wall; 4e, tang. sec.
inner wall, all X4 (5,BEDFORD & BEDFORD, 1934).

Superfamily
ALATAUCYATHACEA

Zhuravleva, 1955
[nom. transl. ZHURAVLEVA, 1960, p. 264 (ex Alataucyathidae
ZHURAVLEVA, 1955, p. 626)] [=Sigmocoscinacea DEBRENNE,

1970, p. 25]

CUp conical or cylindrical; outer wall
tumulose or of imperfect annuli; tumuli

with one or many pores; septa and tabulae
simply porous; inner wall simply porous
and stellate in section, or of S-shaped pore
tubes, or of poorly developed annuli. L.
Cam.(Atdaban.-Botom.).

Family ALATAUCYATHIDAE
Zhuravleva, 1955

[Alataucyathidae ZHURAVLEVA, 1955, p. 626]

Cup conical or cylindrical; outer wall
with knobby, multipored tumuli or of im
perfect annuli; septa and tabulae simply
porous; inner wall simply porous and
stellate in section. L.Cam.(Atdaban.
Botom.).

Alataucyathus ZHURAVLEVA, 1955, p. 626 [*A.
jaroschevitsehi; 00]. Cup solitary; outer wall
with multipored tumuli; septa and tabulae porous;
inner wall with simple pores and with those parts
between neighboring septa projecting like low folds
into central cavity, or unfolded. L.Cam.(Atdaban.
Botom.}, USSR(Altay-Sayan).--FIG. 69,3. *A.
jaroschevitsehi, Kuznetsk Alatau; part of transv.
sec., XI5 (Zhuravleva, 1955).

Family ETHMOCOSCINIDAE
Zhuravleva, 1957

[Ethmocoscinidae ZHURAVLEVA in VOLOGDIN, 1957, p. 208]
[==Tumulocoscininae ZHURAVLEVA, 1960, p. 265; Ethmo~

coscininae HILL, ]965, p. 110]

Cup solitary; outer wall with simple
tumuli each with one pore; septa and
tabulae simply porous; inner wall simply
porous and unfolded or longitudinally
fluted, or formed of single longitudinal
row of S-shaped pore-tubes to each inter
sept. L.Cam.(Atdaban.-Botom.).

Ethmocoscinus SIMON, 1939, p. 28 [*Coscinoeya-
thus papillipora R. BEDFORD & W. R. BEDFORD,
1934, p. 4; 00]. Cup solitary, conical or cylin
drical; outer wall with single-pored tumuli, one
longitudinal row to an intersept; septa with sparse
simple pores and tabulae with polygonal, some
what irregular pores; inner wall of S-shaped pore
tubes, single longitudinal row to an intersept.
L.Cam.(up.Atdaban. or low.Botom.}, S.Australia
?Can.--FIG. 8,2; 69,8. *E. papillipora (BED
FORD & BEDFORD), holotype, S.Australia (Ajax
Mine); 8,4; 69,8, 2 views, both X4 (Hill, 1965).

Asterotumulus KASHINA in REPINA, KHOMENTOVS
KIY, ZHURAVLEVA, & ROZANOV, 1964, p. 229 [*A.
reeeptori; 00]. Solitary; outer wall with single
pored tumuli; septa and tabulae simply porous;
inner wall longitudinally sharply folded, each
intersept projecting into central cavity; pores of
inner wall simple. L.Cam.( Atdaban.-Botom.},
USSR(Sayan-Sib.Platf.).--FIG. 69,5. •A. recep-
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FIG. 69. Clathricoscinidae (1),. Anaptyctocyathidae (4),. Alataucyathidae (3),. Ethmocoscinidae (5-8),.

Sigmocoscinidae (2) (p. E96-E97, £99).
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Schumnyicyothus

FIG. 70. Sigmocoscinidae (p. E99).

Superfamily
ROZANOVICYATHACEA

Korshunov, 1969

USSR (R.Sukharikha, Sib.Platf.) .--FIG. 70,1.
·S. validus; la, part of transv. sec. of inner wall
[ce, central cavity; s, septum; I, trace of wall of
pore-tube]; 1b, part of long. sec. outer wall [i,
intervallum], diagram. (Zhuravleva, 1968b).

10

lori, Bazaikh., Sayan; part of transv. sec., X 6
(Repina, el al., 1964).

Coscinoptycta BROIL!, 1915, p. 121 [nom. sttbst.
pro Coscinoptyeha TAYLOR, 1910, p. 141 (type,
C. eonvoluta) (non Coscinoptyeha MEYRICK, 1881,
an insect) J ['Coseinoptyeha eonvolula TAYLOR,
1910, p. 141; SD SIMON, 1939, p. 26J. Cup large
and bowl-shaped with irregular longitudinal
folds; outer wall with one longitudinal row of
laterally perforated simple tumuli to an intersept;
inner wall with 2 or 3 longitudinal rows of pores
protected by spines; intervallum very narrow;
septa porous to aporose; tabulae remote, with
micropores. [Diagnosis by courtesy of Dr. F.
DEBRENNE who has studied the type material.]
L.Cam.(up.Atdaban. or low.Bolom.}, S.Australia
Antarct.-Eu.(?Sardinia).--FIG. 4,11; 69,7. ·C.
eonvolula (TAYLOR), S.Australia (Ajax Mine);
4,11, reconstr.; 69,7, part of long. sec., enl.
(Taylor, 1910).

Tumulocoscinus ZHURAVLEVA, 1960, p. 265 [·T.
atdabanensis; ODJ. Cup not large; outer wall
with single-pored tumuli; septa, tabulae and inner
wall with simple pores. L.Cam.(Aldaban.-Iow.
Botom.}, USSR(Sib.Platf.)-N.Afr.(Morocco).-
FIG. 69,6. ·T. aldabanensis, R. Lena, Sib.Platf.,
holotype; transv. sec., Xl0 (Zhuravleva, 1960b).

F'lmily SIGMOCOSCINIDAE
R. Bedford & J. Bedford, 1939

[Sigmocoscinidae R. BEDFORD & J. BEDFORD, 1939, p. 76]

Cup solitary and conical or cylindrical;
each intersept of outer wall with lower
edges of pores projecting as bracts that may
fuse laterally forming imperfect annular
shelves; septa and tabulae simply porous;
inner wall of annuli, S-shaped in section.
L.Gam.(up.Atdaban. or low.Botom.}.
Sigmocoscinus R. BEDFORD & J. BEDFORD, 1936,
p. 24 [·S. sigma; OD]. Cup solitary, conical or
cylindrical; each intersept of outer wall with
several longitudinal rows of pores, pores also ar
ranged in horizontal rows; lower edges of pores
project as bracts that may fuse laterally to
form imperfect annular shelves; septa and tabulae
simply porous, tabulae flat; inner wall of annuli,
S-shaped in section. L.Cam.(up.Atdaban. or low.
Botom.} , S.Australia.--FIG. 69,2. ·S. sigma,
S.Australia (Ajax Mine); 2a, transv. sec.; 2b,
radial long. sec.; 2e, tang. sec. outer wall; 2d,
tang. sec. inner wall, all X 8 (Bedford & Bedford,
1936).

?Schumnyieyathus ZHURAVLEVA, 1968, p. 164 [·S.
validus; OD]. Solitary, cup slenderly conical;
outer wall of large rounded pore-tubes, S-formed
in longitudinal section, each tube closed externally
with finely perforate screen; septa and tabulae
simply porous; inner wall of annuli, S-formed in
longitudinal section of cup. L.Cam.(low.Bolom.},

[Rozanovicyathacea KORSHUNOV in ZHURAVLEVA, KORSHUNOV,

& ROZANOV, 1969, p. 54]

Outer wall with geniculate canals or S
shaped canals; intervallum with simply
porous septa and tabulae; inner wall with
simple pores with bracts, or of V-shaped
pore tubes. L.Garn.(Botom.).

Family ROZANOVICYATHIDAE
Korshunov, 1969

[Rozanovicyathidae KORSHVNOV in ZHURAVLEVA, KORSHUNOV,

& ROZANOV, 1969, p. 54]

Outer wall with geniculate canals or S
shaped canals; septa porous and tabulae
with simple or chinky pores; inner wall
with large pores with bracts. L.Gam.
(Botom.).
Rozanovieyathus KORSHUNOV in ZHURAVLEVA,

KORSHUNOV, & ROZANOV, 1969, p. 54 [·R. alexi;
OD]. Cup conical or cylindrical; outer wall with
geniculate canals, opening downwards; septa
porous, tabulae with chinky pores; inner wall with
one longitudinal row of large pores with bracts
to each intersept. L.Cam.(Botom.}, USSR(Sib.
Platf.).--FIG.71,1. ·R. alexi, R. Mukhatta, Sib.
Platf.; la, transv. sec., X6; 1b, oblique long. sec.,
X 6 (Zhuravleva, 1969).

Family POROCOSCINIDAE
Debrenne, 1964

[Porocoscinidae DEBRENNE, 1964, p. 190]
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FIG. 71. Rozanovicyathidae (1); Porocoscinidae (2)

(p. £99-£100).

Pores of outer wall each protected by
bract surrounding its base and sides; septa
and tabulae porous; inner wall with rec
tangular pores, and V-shaped pore-tubes.
L.Cam.(up.Atdaban. or Botom').

Porocoscinus DEBRENNE, 1964, p. 190 lOp. f/exibilis;
OD]. Cup solitary; pores of outer wall each pro
tected by bract rising from its base and sides; septa
and tabulae porous; inner wall with rectangular
pores, from base of each pore springs, on the
intervallar side, a louvre-like plate extending up
ward into intervallum, and on side of central
cavity, a scoop that protects base and sides of pore.
L.Cam.(tlp.Atdaban. or Botom.) , Eu.(Sardinia).
--FIG. 71,2. 0p. f/exibilis, holotype; 2a,b, parts
transv. and long. secs., X6 (Debrenne, 1964).

Superfamily
MRASSUCYATHACEA

Vologdin, 1960
[nom. transi. ZHURAVLEVA & ROZANOV in REPINA, KHOMEN

TQVSKIY, ZHURAVLEVA, & ROZANOV, 1964, p. 130 (ex
Mrassucyathidae VOLOGDIN in ZHURAVLEVA, KRASNOPEEVA, &
CHERNYSHEVA, 1960, p. 130)] [=Calyptocoscinacea DE*

BRENNE, 1964, p. 115]

Solitary or rarely colonial; outer wall a
framework with large pores covered by

finely porous external sheath; septa and
tabulae porous; inner wall with multipored
tumuli, or of intercommunicating pore
canals, simply porous, or of large pores
covered by finely porous sheath on side of
central cavity. L.Cam.(Atdaban.-Botom.).

Family MRASSUCYATHIDAE
Vologdin, 1960

[Mrassucyathidae VOLOGDIN in ZHURAVLEVA, KRASNOPEEVA,

& CHERNYSHEVA, 1960. p. 130] (=Mrassocyathidae VOLOGDIN,

1956, p. 879, nom. nlld.]

Solitary; outer wall coarsely porous with
finely porous external sheath; septa and
tabulae porous; inner wall with multipored
tumuli. L.Cam.(Atdaban.).

Mrassucyathus KRASNOPEEVA in ZHURAVLEVA,
KRASNOPEEVA, & CHERNYSHEVA, 1960, p. 130 [OM.
scllOriensis; OD] [=Mrassocyathus KRASNOPEEVA
in VOLOGDIN, 1956, p. 879, nom. nud.; Mrasso
cyathus KRASNOPEEVA, 1960, p. 38 (type, M.
micropora; M), nom. null.]. Solitary; with lon
gitudinal folds; outer wall coarsely porous with
a finely porous external sheath; septa and tabulae
porous; inner wall with one to two longitudinal
rows of multipored tumuli to each intersept. L.
Cam. (Atdaban.) , USSR(Shoria Mts.).--FIG.
72,1. OM. schoriensis, Bazaikha; part of oblique
long. sec., X 5 (Zhuravleva, Krasnopeeva, &

Chernysheva, 1960).

Family KASYRICYATHIDAE
Zhuravleva, 1961

[Kasyricyathidae ZHURAVLEVA, 1961, p. 29]

Outer wall with large pores and covered
by a finely porous external sheath; septa and
tabulae porous; inner wall of intercommu
nicating pore canals. L.Cam.(Atdaban.
Botom').
Kasyricyathus ZHURAVLEVA, 1961, p. 31 [OK.
schirokovae; OD]. Outer wall with large pores
and covered by a finely porous external sheath;
septa and tabulae porous; inner wall of intercom
municating pore-canals, one longitudinal row to
an intersept. L.Cam.(Botom.), USSR(Sayan).-
FIG. 73,1. OK. schirokovae; la, oblique sec., X6.4;
1b, part of transv. sec., inner wall of holotype,
X 12.8 (Repina, et al., 1964).

Orienticyathus BELYAEVA, 1969, p. 95 [°0.
mamontovi; OD]. Solitary or colonial; cup slen
derly conical or cylindrical; outer wall a frame
work and microporous sheath; septa and tabulae
simply porous; inner wall with numerous (up to
13) rows of geniculate pore-canals to an intersept.
L.Cam.(Atdaban.) , USSR(Far East).--FIG.
73,4. °0. mamolltovi, R. Gerbikan, Far East;
holotype, part of transv. sec., inner wall below,
X 12.8 (Zhuravleva, 1969).
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2e

Polycoscinus

Erugotocyothus

FIG. 72. Mrassucyathidae (1); Polycoscinidae (2-3) (p. ElOO-ElOl).

Family POLYCOSCINIDAE
Debrenne, 1964

[Polycoscinidae DEBRENNE, 1964, p. 194]

Solitary or colonial; outer wall with large
pores and covered by a finely porous ex
ternal sheath; septa and tabulae porous;
inner wall simply porous, may be longitu
dinally plicate or with spines. L.eam.
(Atdaban.-Botom.).
Polycoscinus R. BEDFORD & J. BEDFORD, 1937, p. 37

[*P. contortus; aD]. Colonial, increasing by
bifurcation; cup longitudinally furrowed at porous
septa and transversely furrowed independently of
the flat tabulae whose pores are closed; outer wall
with large pores in 3 or 4 longitudinal rows to
an intersept and covered by finely porous sheath;
inner wall with longitudinal ridges toward inter
valium and cupules over pores in lower part of
cup toward central cavity. L.Cam.(?Botom.} , S.
Australia("Paint Mine").--FIG. 72,2. *P. con
tortus; transv. sec. of colony, X 1.3; 2b, surface
view of outer wall, X2.5; 2e, tang. sec. outer wall,
XlI; 2d, outer view of inner wall, XlI; 2e,
radial long. sec. showing septum and tabulae,
X 11 (Bedford & Bedford, 1937).

Erugatocyathus DEBRENNE, 1969, p. 334 [*Coscino
cyathus papillatus R. BEDFORD & W. R. BEDFORD,
1934, p. 3; aD]. Like Tomoeyathus but with
unfolded inner wall. L.Cam.(Atdaban.-low.
Botom.}, S.Australia-USSR(Altay-Sayan)-N.Afr.
--FIG. 72,3. *E. papillatus (BEDFORD & BED
FORD), ?Botom., S.Australia("Paint Mine"); re
constr., enl. (Debrenne, 1969a).

Tomocyathus ROZANOV, 1960, p. 663 [*T. operosus;
aD]. Solitary; outer wall with large pores and
covered by a finely porous external sheath; septa
and tabulae porous; rare dissepiments; inner wall
simply porous, longitudinally plicate. L.Cam.
(Atdaban.-Botom.) , USSR (Altay-Sayan-Sib.Platf.
Far East) -S.Australia-N.Afr.--FIG. 73,2. *T.
operosus, Atdaban., R.B.Erba; 2a, part of transv.
sec., X3; 2b, ho!otype, part of transv. sec., X3
(Rozanov & Missarzhevskiy, 1966).

Family CALYPTOCOSCINIDAE
Debrenne, 1964

[CalYPlOcoscinidae DEBRENNE, 1964, p. 196]

Outer wall with large pores and covered
by a finely porous external sheath; septa
and tabulae porous; inner wall coarsely
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FIG. 73. Kasyricyathidae (1,4); Polycoscinidae (2); Calyptocoscinidae (3-5) (p. £100-£103).

porous and covered on side of central cavity
by finely porous sheath. L.Cam.(Atdahan.
low.?Botom.).

Calyptocoscinus DEBRENNE, 1964, p. 196 [·Cos
cinocyathus cOl"nucopiae BORNEMANN, 1887, p. 63
(partim),o ODJ. Slenderly conical, with irregular

bounelets developed between tabulae; outer and
inner walls coarse, each with finely porous sheath
on side away from intervallum. L.Cam.(up.
Atdaban.-low.?Botom.), Eu.(Sardinia).--FIG.
73,5. ·C. cOl"nucopiae (BORNEMANN); Atdaban or
low. ?Botom.; 5a,b, parts of long. and transv. sees.
of paratype, X 3.8 (Debrenne, 1964).
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Order ARCHAEOCYATHIDA
Okulitch, 1935

[nom. corr~ct. ZHURAVLEVA, 1950, p. 9 (pro Archaeocya~

thina OKULITCH, 1935, p. 90)] [=Metacyathina R. BEDFORD
& W. R. BEDFORD, 1936, p. 16 (order); Dictyocyanthina
(sic) R. BEDFORD & J. BEDFORD, 1937, p. 37; Spirocyathida
ZHURAVLEVA, 1950. p. 10j Metacyathida OKULITCH, 1955,
p. EI4 (order); Dictyocyathida VOLOGDIN, 1956, p. 878
(order); Bicyathida VOLOGDIN, 1956, p. 878 (order); Bicya
thina VOLOGDIN, 1962, p. 117 (superorder); Chouberticya
thida DEBRENNE, 1970, p. 25 (order)j Archaeopharetrida
DEBRENNE, 1970, p. 25 (order); Metaldetida DEB RENNE ,

1970, p. 25; Paranacyathida DnRENNE, 1970, p. 25; Para-
coscinida DEBRENNE, 1970, p. 25]

Solitary or colonial; cup cylindrical, con
ical or discoid, frequently of irregular out
line or with outgrowths. Outer wall simply
porous or partially substituted by dissepi
ments; inner wall commonly with one longi
tudinal row of simple pores to an intersept,
or rarely, of annuli. In intervallum are dis
sepiments, rods, and bars differently orien
tated, or septa; septa may be constituted by
curved plates (taeniae), and may be flat
sided or waved or interrupted; tabulae may
occur. L.Cam.-M.Cam.(Paradoxides oe
landicus Zone).

rods; wall with
L.Cam.(Tommot.-

lacking
pores.

sepiments but
sparse, simple
Botom.).

Bacatocyathus VOLOGDIN, 1940, p. 95 [nom. correct.
HILL, 1965, p. 116 (pro Bacatocyathus VOLOGDIN,
1940, p. 95)] [*B. kazakevici; OD] [=Cysticya
thus ZHURAVLEVA, 1955, p. 629 (type, C. tunica
tus; OD); Batschatocyathus VOLOGDIN, 1956, p.
878 (nom. null.); Batchatocyathus ZHURAVLEVA,
1960, p. 268 (nom. null.)]. Cup solitary, of ir
regular baggy form, with marked swellings and
indentations. Single wall has sparse simple pores,
irregularly arranged; only dissepiments in inter
nal cavity. L.Cam.(Tommot.-Botom.} , USSR(S.
Urals-Altay-Sayan-Sib.Platf.).--FIG. 74,5. *B.
kazakevici, Tommot.-Botom., Salair; long. sec.,
X 4 (Zhuravleva, 1963b).

Thalassocyathus VOLOGDIN, 1957, p. 699 [*T.
acutatus; M]. Cup slenderly conical, small, with
constrictions; single-walled; in early stages filled
with dissepiments and sparse, more or less dis
tinctly porous tabulae [?]. Incompletely described.
L.Cam.(Botom.} , USSR(Sayan) .--FIG. 74,1.
*T. acutatus; long. sec., X7.5 (Vologdin, 1957d).

Order THALASSOCYATHIDA
Vologdin, 1%2

Class IRREGULARES
Vologdin, 1937

[Thalassocyathida VOLOGDIN, 1962, p. II 6] [This name re
places Rhizacyathida ZHURAVLEVA, 1955, p. 629, which was
based on Rhizacyathus R. BEDFORD & J. BEDFORD, 1939, p. 69,
an invalid name based on Protopharetra radix R. BEDFORD

& J. BEDFORD, 1937, p. 28 as type-species; DE'RENNE, 1970,
p. 41, concluded that R. radix is not an independent species

but may be only a part of a tcrsioid outgrowth]

CUp one-walled, with a single internal
cavity in which are rods or bars and dis
sepiments. L.Cam.(Tommot.-Botom.).

Membranacyathus ROZANOV, 1960, p. 664 [*M.
repinae; OD]. Outer wall with large pores and
covered by finely porous external sheath; septa
and tabulae porous; inner wall coarsely porous
and covered on side of central cavity by finely
porous sheath. L.Cam.(Atdaban.} , USSR(Shoria
Mts.).--FIG. 73,3. *M. repinae, Kameshki,
Mrassu; oblique sec., holotype, X3 (Rozanov,
1960a).

[nom. correct. ZHURAVLEVA, 1960, p. 267 (as subclass) (ex
Irregularia VOLOGDrN, 1937, p. 461)] [=Syringoidea KRAS
NOPEEVA, 1953b, p. 55 (class); Anthocyathea OKULITCH, 1955,
p. E18 (ex Anthocyatha OKULITCH, 1943); Taenioidea VOLOC·

DIN, 1959a, p. II34 (class)]

Solitary, rarely colonial; cup conical in
outer form, ranging from cylindrical to
discoid, outline frequently irregular. Cups
with one or commonly two porous walls;
intervallum with rods and bars or septa
and commonly with tabulae and always
with dissepiments; septa. are commonly
porous, pores arranged in longitudinal rows
arching upward and outward from inner
wall, at right angles to curvature of tab
ulae, whose axis of curvature coincides with
axis of cup; pores of outer wall may be of
irregular outline. In early stages of Meta
cyathus type, aporose tip widens and ex
tends as one-walled porous cup in which
first dissepiments and randomly disposed
rods and bars arise, then, later than in
Regulares, inner wall, and finally septa and
tabulae. L.Cam.-M.Cam.(Paradoxides oe
landicus Zone),. one genus in U.Cam.,
Antaret.

Family BACATOCYATHIDAE
Zhuravleva, 1960

[nom. correct. HILL, 1965, p. 116 (pro BatchatocyaIhidae
ZHURAVLEVA, 1960, p. 268)] [=?Thalassocyathidae VOLOGDIN,

1962, p. 116]

CUp one-walled, internal cavity with dis-

Suborder
ARCHAEOCYATHINA

Okulitch, 1935
[nom. transl. ZHURAVLEVA, 1960, p. 271 (ex Archaeocyathida
ZHURAVI.EVA, 1950, p. 9, nom. correct. pro Archaeocyathina
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FIG. 74. Bacatocyathidae (1,5); Archaeopharetridae (2); Family Uncertain (3-4,6-8) (p. EI03, EI05,
EI32).

OKULITCH, 1935, p. 90 (order»)] [=Chouberticyathida
DEBRENNE. 1970, p. 25 (order); Archac:opharetrida DEBRENNE,

1970, p. 25 (orderl; Metaldetida DEBRENNE, 1970, p. 25
(order); Paranacyathida DEBRENNE, 1970, p. 25 (order) J

CUp cylindrical, fungoid, discoid or of
irregular form; outer wall with simple
pores, in some with external microporous

sheath; inner wall with simple pores or of
annuli; intervallum with radial rods and
tangential transverse bars, or with septa,
but without tabulae (except in Anthomor
phidae). L.Cam.-M.Cam.(Paradoxides oe
landicus Zone).
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Family ARCHAEOPHARETRIDAE
Debrenne, 1970

[Archaeopharetridae DEBRENNE, 1970, p. 29] [=Archaeo
pharetrida DEBRENNE, 1970, p. 25 (order)]

Outer wall non-porous; intervallum with
irregular skeletal elements, bar- or platelike,
mainly longitudinal or oblique more or less
radial, and with dissepiments; inner wall
defined at diameter of 2 mm., but may be
obscured by presence of skeletal bars and
dissepiments in the central cavity. L.Cam.
(Atdaban. or low.Botom.).
Archaeopharetra R. BEDFORD & W. R. BEDFORD,
1936, p. 17 [*A. typiea; 00]. Small cups with
an aporose outer wall; a true inner wall is defined
late [at a diameter of 2 mm. in typical material],
but may be obscured by dissepiments and ir
regular skeletal elements that are bar- or platelike,
mostly placed in longitudinal or oblique positions
but more or less radial; the apical part may con
sist of one wall and dissepiments only. L.Cam.
(up.Atdaban. or low.Botom.), S.Australia.--FIG.
74,2. *A. typiea, holotype, S.Australia(Ajax
Mine); 2a-c, 3 views, all X5 (photo courtesy of
MAX DEBRENNE, Paris; negatives in coli. Dr. F.
DEBRENNE, Natl. History Museum, Paris).

Family BICYATHIDAE Vologdin, 1937
[Bicyathidae VOLOGDIN, 1937, p. 472] [=?Terektigocyathidae

VOLOGDIN, 1962, p. 419]

Solitary or colonial; outer wall with
simple pores or aporose; inner wall with
simple pores; intervallum with dissepiments
and with longitudinal discrete rods, but
without septa and tabulae. L.Cam.(up.
Tommot.-Botom.}.
Bicyathus VOLOGDIN, 1939, p. 235 [*B. angustus;
00] [=Bieyathus VOLOGDIN, 1937b, p. 472 (nom.
nud.); Potekhinoeyathus VOLOGDIN, 1957, p. 699
(type, P. bateniensis; M); ?Terektigoeyathus
VOLOGDIN, 1962, p. 420 (type, T. primus; 00);
Poteehinocyathus ZHURAVLEVA, KONYUSHKOV, &

ROZANOV, 1964, p. 118 (nom. null.); Tereetigo
eyathus ZHURAVLEVA, KONYUSHKOV, & ROZANOV,
1964, p. 118 (nom null.)]. Solitary or colonial;
cup of cylindrical form, with strong swellings and
constrictions. Outer wall with simple pores or
aporose; inner wall with simple pores; dissepi
ments and rare short longitudinal or slightly in
clined rods in the intervallum, but no septa or
tabulae. L.Cam.(up.Tommot.-Botom.) , USSR(S.
Urals-Altay-Sayan)-Mongolia-N.Afr. (Morocco).
--FIG. 75,la,b. *B. angustus, Atdaban., S.Urals;
la,b, long. and transv. sees., X 10 (Vologdin,
1939).--FIG. 12,3. B. bateniensis (VOLOGDIN),
?Botom., Kuznetsk Alatau; long. sec., X7
(Vologdin, 1957).--FIG. 75,le,d. ?B. primus

Bicyathus 1c

FIG. 75. Bicyathidae (p. EI05).

(VOLOGDIN), ?Botom., Tuva; le,d, transv. and
long. sees., X7 (Vologdin, 1962a).

Family DICTYOCYATHIDAE
Taylor, 1910

[Dictyocyathidae TAYLOR, 1910, p. III] [=Chouberticya
thida DEBRENNE, 1970, p. 25 (order)]

Solitary, cup of diverse form but not
discoid, commonly attached; outer wall
aporose or simply porous and connected to
inner wall by radial or longitudinal and
oblique rods; dissepiments present; synap
ticulae may connect radial rods; no septa
or tabulae; inner wall not distinct, thin,
with large pores in one longitudinal row
to each interradial strip. Earliest stage with
single aporose wall, followed by dissepi
ments and disoriented rods; central cavity
appears later. L.Cam.(mid.Tommot.
Botom.}.
Dictyocyathus BORNEMANN, 1891, p. 500 [*D.
tenerrimus; M]. Cup conical or cylindrical, or
fungoid, with dents and outgrowths and attach
ment processes; outer wall compact at base, in
adult stages formed by densely packed and small
intervallar elements; scaffolding of cylindrical or
flattened rods in intervallum, reinforced at points
of junction; dissepiments commonly present but
subordinate; inner wall simply porous, formed
by ends of intervallar rods. L.Cam.(mid.Tom
mot.-Botom.), Eu.(Sardinia-Spain)-N.Afr.(Mo
rocco) -S.Australia-?Antarct.-USSR (S.Urals-Altay
Sayan-Sib.Platf.-Transbayk.).
D.(Dictyocyathus). Fingerlike extrusions of inter

vallum not developed; rods of intervallar mesh
without spinules. L.Cam. ( mid.Tommot.-Botom.) ,
Eu. (Sardinia-Spain) -N.Afr. (Morocco)-S.Australia
?Antarct.-USSR (S.Urals-Altay-Sayan-Sib.Platf.
Transbayk.).--FIG. 76,3a. D. (D.) sp., dia
gram. view of long., transv. radial and transv.
tang. rods of part of intervallum, X 67 (Zhura
vleva, 1960).--FIG. 76,3b. D. (D.) stipatus DE
BRENNE, Morocco; transv. sec., X 5 (Debrenne,
1964).
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FIG. 76. Dictyocyathidae (p. E105, El 07).
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FIG. 77. Dictyocyathidae (2); Metacyathidae (1)
(p. EI07-EI08, E111-£112).

10

D.{Echinocyathus) TERMIER & TERMIER, 1950,
p. 47 [·E. gounda/ensis; aD] [non Eehinoeya
thus VOLOGDIN, 1960, p. 424 (type, E. bilateralis;
aD)]. With fingerlike extrusions of intervallum
in the adult stages; rods of intervallar mesh
without spinules. L.Cam.( Botom.) , N.Afr.(Mo
rocco).

D.{Spinosocyathus) ZHURAVLEVA, 1960, p. 276 (as
genus) [·Spinosoeyathus maslennikovae; aD].
Without fingerlike extrusions of intervallum in
adult stages, but with spinules clothing rods of
iJltervallar mesh. L.Cam.(mid.Tommot.-low.
Atdaban.), USSR (Sib.Platf.).

Agaslrocyathus DEBRENNE, 1964, p. 209 [.Proto
pharetra gregaria DEBRENNE, 1961, p. 21; aD].
Cup colonial or solitary; outer wall regular net,
sheathed with outer pellis or microporous mem
brane; intervallar network of rods arranged in
regular longitudinal rows without marked radial
disposition, but with tangential and oblique con
necting rods of similar diameter; such network
also fills narrow central cavity, so that inner wall
is indistinct and marked only by slight thickening
of component rods; large subhorizontal dissepi
ments occur but no tabulae. L.Cam.( Atdaban.),
N .Afr. (Morocco) -Eu. (Sardinia-France [Montagne
NoireJ).--FIG. 76,2a. ·A. gregarius (DE
BRENNE, Atdaban., Morocco(Tala'int); thin sec.,
X4 (Debrenne, 1964).--FIG. 76,2b. A. ehou
berti (TERMIER & TERMIER), Atdaban., Morocco;
thin sec., X 4 (Debrenne, 1964).

Botlonaecyathus RODIONOVA in ZHURAVLEVA,
ZADOROZHNAYA, OSADCHAYA, POKROVSKAYA, RODlO
NOVA, & FONIN, 1967, p. 87 [·B. astrae/ormis;
aD]. Solitary, rarely colonial; outer wall indis
tinct; in intervallum, radial rows of longitudinal
and transverse rods, united tangentially by rods
as in Dietyoeyathus; subhorizontal canal-like
spaces project from central cavity into or through
intervallum and are lined by prolongations of
simply porous inner wall. L.Cam.(Botom.),
USSR (Altay-Sayan) -N.Afr.(Morocco) .--FIG.
76,4. *B. astrae/ormis, Tuva; 4a, transv. sec., 4b,
long. sec., 4e, canal; all diagram., enl.(Zhuravleva,
Zadorozhnaya, et al., 1967).

Chouberticyathus DEBRENNE, 1964, p. 208 [.c.
clatratus; aD]. Cup solitary; outer wall aporose;
inner wall porous; scaffolding of longitudinal and
transverse cylindrical rods in intervallum, with
dissepiments. L.Cam.(up.Atdaban.-Botom.), N.
Afr. (Morocco) -S.Australia .--FIG, 76,1. • C.
clatratus, up.Atdaban., Morocco; Ia,b, transv. sees.,
ho!otype, X3; Ie,d, parts of transv. and long. sees.
paratype, X4, X3 (Debrenne, 1964).

?Pinacocyathus R. BEDFORD & W. R. BEDFORD,
1934, p. 4 [·P. spieularis; M]. Outer wall a
scaffolding of longitudinal pillars connected by
horizontal or slightly oblique rods, inner wall
probably a regular net; two walls connected by
oblique, or radial horizontal rods; no dissepiments
or tabulae observed (see Debrenne, 1970, p. 39).
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Metaldetes

Protopharetra Volvocyathus

FIG. 78. Protopharetridae (2.3); Metacyathidae (1) (p. El 09-Elll).

L.eam.( IIp.A/daban. or low.B%m.), S.Australia.
--FIG. 77,2. ·P. spictllaris; diagram. reconstr.,
en!. (Debrenne, 1969a).

Family PROTOPHARETRIDAE
Vologdin, 1957

[Protopharetridae VOLOGDIN, 1957, p. 209]

Solitary or colonial; cups conical to cylin
drical; outer wall with simple or screened
pores; in intervallum are dissepiments and
small radial platelets connected by thin
branches or by synapticulae; inner wall
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with large pores. L. Cam.(mid.Tommot.
lowLen.).
Protopharetra BORNEMANN, 18.84, p. 705 [*P.

polymorpha; SD SIMON, 1939, p. 34]. Colonial,
rarely solitary; cups conical or cylindrical, with
outgrowths and adherent processes; outer wall
with simple, commonly very sparse, pores; inner
wall appears late in ontogeny, with 1 or 2
longitudinal rows of large pores to each intersept;
in the intervallum are dissepiments and small,
branching platelets connected to one another by
thin branches or by little rods; these platelets are
arranged in files widening slightly towards ex
terior, files being less persistent radially than
longitudinally except near inner wall so that
septa are not well-defined; the connections be
tween neighboring files are oblique. (See De
brenne, 1964.) L.Cam.(mid.Tommot.-low.Len.} ,
Eu. (Sardinia)-N.Afr. (Morocco)-USSR (Urals
Altay-Sayan-Sib. Plat£.-Transbayk.) -Mongolia
China-So Australia-Antarct..oCan. (B.C.) -USA
(Nev.).--FIG. 78,2. *P. polymorpha, paratype,
?Botom., Sardinia; transv. sec., X2 (Debrenne,
1964).

Volvacyathus DEBRENNE, 1960, p. 118 [*V_ proteus;
M]. Cups solitary or compound. The solitary
cups have long, wide, initial conical, one-walled
stage with dissepiments and disorientated rods,
followed by cylindrical stage in which an inner
wall and central cavity develop. Outer wall with
screened pores in conical part of cup; inner wall
with coarse pores arranged in quincunx. Interval
lum series of conical envelopes constructed of
rods, curved radial plates, synapticulae and dis
sepiments. Compound forms with two or more
secondary cylindrical cups, each with its own
central cavity, rising from primary conical cup.
L.Cam.(Atdaban.} , N.Afr.(Morocco) -Eu.(Spain).
--FIG. 78,3. *v. proteus, Morocco; transv. sec.
holotype, X2 (Debrenne, 1964).

Family METACYATHIDAE
R. Bedford & W. R. Bedford, 1934

[Metacyathidae R. BEDFORD & W. R. BEDFORD, 1934, p. 5]
{=Cambrocyathidae OKULITCH, 1937, p. 251; Cambrocya.
thinae (subfamily), nom. transl. DEBRENNE, 1964, p. 218;
Metaldetida DEBRENNE, 1970, p. 25 (order); Metaldetinae
DEBRENNE, 1964, p. 218; Paranacyathida DEBRENNE, 1970, p.

25 (order); Paranacyathidae DE'RENNE, 1970, p. 38]

Outer and inner walls simply porous, in
some with pores screened by microporous
sheath; septa more or less well-denned, the
pores arranged in rows inclined upward
and outward from inner to outer wall; no
tabulae; dissepiments present; and in some,
synapticulae; apical part of cups occupied
by rods, plates or dissepiments, without in
ner wall, septa or central cavity. L.Cam.
(Tommot.-lowLen.) .

Ib

Paranacyathus

1Q Ardrossacyathus

FIG. 79. Metacyathidae (p. EII1).

Metaldetes TAYLOR, 1910, p. 151 [*M. cylindricus;
M] [=Metacyathus R. BEDFORD & W. R. BEDFORD,
1934, p. 5 (type, M. taylori, SD R. BEDFORD &

W. R. BEDFORD, 1936, p. 20); Bedfordcyathus
VOLOGDIN, 1957, p. 209 (type, Metacyathus ir-
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2b

Cambrocyathus

Cambrocyathellus

FIG. 80. Metacyathidae (p. El11).

regularis R. BEDFORD & BEDFORD, 1934, p. 6; M»).
Solitary, or rarely, colonial; outer wall an ir
regular framework with microporous sheath
linked to the frame by rods; inner wall also of
double structure, developing late in ontogeny;

apical part of cup filled with irregularly arranged
bars, rods, plates and dissepiments; in intervallum
developed in later stages, longitudinal skeletal
elements are organized into radial septa which
may be connected by dissepiments and in some
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by synapticulae. [For discussion see Debrenne,
1970, p. 36.] L.Cam.(up.Atdaban.-low.Botom.} ,
S. Australia-Antarct.-Eu.(Sardinia)-N. Afr.(Mo
rocco)-Can.(?NW.Terr.).---FIG. 78,1. *M. cy
lindricus, L.Cam., S.Australia(Wilson); Ia,b,
transv. sees. holotype, X2.7, X5; Ic, oblique long.
sec., X2; Id, long. sec., X5 (Debrenne colI., Natl.
History Museum, Paris); 1e,f, parts of transv.
and long. sees., X4.7 (Taylor, 1910).

Ardrossacyathus R. BEDFORD & J. BEDFORD, 1937,
p. 31 [*A. endotheca; OD]. Cup solitary with
?irregularly porous outer wall, straight septa,
dissepiments and thin inner wall with short pore
tubes; central cavity filled with dissepiments and
?septal fragments. L.Cam., S.Australia (Ardros
san).---FIG. 79,1. *A. endotheca, Ardrossan;
1a, part of transv. sec., 1b, part of long. sec., both
X5.3 (Bedford & Bedford, 1937).

Cambrocyathellus ZHURAVLEVA, 1960, p. 284 [*C.
tschuranicus; OD). Outer and inner walls com
monly thick, with 1 to 2 longitudinal rows pores
of large rounded form and uniform size to each
intersept; nap of hairlike spines may protect pores
of inner wall; septa flat-sided, pores of diverse size
and spacing; dissepiments sporadic, more common
in young stages, extramural outgrowths from in
tervallum common; in early stages, intervallum
with syringocnemoid structure. L.Cam.(mid.
Tommot.-Atdaban.), USSR(Sib.Platf.-Far East);
L.Cam., Antarct.---FIG. 80,2. *C. tschuranicus,
up.Tommot., R.Lena, Sib.Platf.; 2a, transv. sec.
holotype, X6; 2b, long. sec., X4; 2c, tang. sec.,
X6, of other specimens; 2d, syringocnemoid early
stage, X20 (Zhuravleva, 1960b).

Cambrocyathus OKULITCH, 1937, p. 251 [*Archaeo
cyathus profundus BILLINGS, 1865, p. 4; OD).
Cup transversely annulated, but inner wall not
affected; outer and inner walls porous, with ex
ternal outgrowths from intervallum; septa branch
ing, strong, regular, laminated, and perforated by
pores in almost horizontal rows; synapticulae
sparse, dissepiments copious. L.Cam., Can.(Labra
dor).---FIG. 80,1. *c. profundus (BILLINGS);
Ia,b, transv. and long. sees., X3, X2 (photo
courtesy MAX DEBRENNE, Paris, negatives in coIl.
Dr. F. DEBRENNE, Nat!. History Museum, Paris).

?Dendrocyathus OKULITCH & ROOTS, 1947, p. 44
[*D. unexpectans; M). Outer wall somewhat ir
regularly porous; inner wall with ?simple pores;
septa in intervallum that branch in dendritic man
ner toward the outer wall; septa connected by
synapticulae; imperfectly known. L.Cam., Can.
(B.C.). [Type-species=D. inexpcctans OKULITCH
& ROOTS, 1947, p. 192, nom. null.)

Metafungia R. BEDFORD & W. R. BEDFORD, 1934,
p. 5 [*M. reticulata; M). Cup large, conical,
basally with large tersioid anchoring processes
and with intervallar extrusions into central cavity
in young stages; outer wall composed of elements
of intervallar mesh reduced in size and compacted
and covered with microporous sheath; inner wall

with one longitudinal row of pores to an intersept,
each pore divided by thin longitudinal rod; septa
straight, connected by synapticulae; pores of septa
aligned upward and outward from inner wall;
dissepiments common in basal parts. (See De
brenne, 1970, p. 36.) L.Cam.(up.Atdaban. or
low.Botom.} , S.Australia.---FIG. 81,2. *M. re
ticulata, holotype, Ajax; 2a, transv. sec., X2; 2b,
inner wall, X2.7; 2c, outer wall, X4 (Hill,
1965).

?Metethmophyllum OKULITCH, 1943, p. 78
[OEthmophyllum meeki WALCOTT, 1889, p. 34;
OD). Conical, outer wall with numerous irregular
pores; intervallum with dissepiments and porous
septa but without synapticulae and tabulae; inner
wall structure not known. L.Cam.(?Atdaban.} ,
USA (Silver Peak, Nev.)-?USSR.

Okulitchicyathus ZHURAVLEVA, 1960, p. 281
[OAjacicyathus discoformis ZHURAVLEVA, in ZHU
RAVLEVA & ZELENOV, 1955, p. 68; OD). Cup
discoid; intervallum narrow with straight septa
and rare synapticulae; outer and inner walls each
with one longitudinal row of simple pores to in
tersept, early stages with dissepiments and random
rods. L.Cam.(low.Tommot.-low.Atdaban.}, USSR
(Sib.Platf.-?Kuznetsk Alatau).---FIG. 4,12; 81,1.
°0. discoformis (ZHURAVLEVA), Tommot., R.Lena,
Sib.Platf.; 4,12, reconstr., XO.3; 81,Ia,b, cups
from above, X 0.7; 81,1 c, long. sec., X 1.3
(Zhuravleva, 1960b).

Paranacyathus R. BEDFORD & J. BEDFORD, 1937,
p. 34 [nom. subst. pro Paracyathus R. BEDFORD &
W. R. BEDFORD, 1936, p. 17 (type, P. parvus;
OD), non Paracyathus EDWARDS & HAIME, 1848,
p. 318 (type, P. procumbens; SD EDWARDS &
HAIME, 1850, p. xv), a coelenterate) [*Paracya
thus parvus R. BEDFORD & W. R. BEDFORD,
p. 17; OD). Solitary, or rarely colonial; outer
wall with 2 longitudinal rows of irregular pores
or 1 row of rectangular pores to an intersept;
inner wall with one longitudinal row of large
regular pores to an intersept, in quincunx; septa
straight, irregularly 'porous'; dissepiments present;
early stages single-walled with dissepiments and
near outer wall, radially arranged plates. L.Cam.
(mid.Tommot.-Botom.), S.Australia-USSR(Altay
Sayan-Sib. Platf.-Transbayk.)-Mongolia-N. Afr.
(Morocco).---FIG.79,2a-c. *P. parvus (BEDFORD
& BEDFORD), up.Atdaban or Iow.Botom., S.Aus
tralia(Ajax Mine); 2a, part of transv. sec., X4;
2b, ext. view showing irregular pores of early
stages, X4; 2c, transv. sec. early stage, X4 (Bed
ford & Bedford, 1936).---FIG. 79,2d. P. subartus
ZHURAVLEVA, up.Tommot., Sib.Platf.; reconstr.,
XO.67 (Zhuravleva, 1960b). [See DEBRENNE,
1970, p. 38.)

?Spirillicyathus R. BEDFORD & J. BEDFORD, 1937,
p. 30 [*S. tenuis; OD) [=Spiralicyathus R.
BEDFORD & J. BEDFORD, 1937, expl. to fig. ll8,
(nom. null.)]. Cups small, conical; outer wall
microporous, covering spurs rising from outer
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FIG. 81. Metacyathidae (p. EIII).

Metafungia

parts of septa; inner wall simply porous, with one
or two longitudinal rows of pores to an intersept;
septa synapticulate and commonly radial but some
branching, no dissepiments known. (See De
brenne, 1970, p. 43.) L.Cam.(?Botom.) , S.Aus
tralia("Paint Minc").--FIG. 77, 1. ·5. tent/is,
Paint Mine, Beltana; la,b, 2 vicws of holotype,
X 8 (photo courtesy MAX DEBRENNE, Paris, nega
tives in coIl. Dr. F. DEBRENNE, Natl. History
Museum, Paris); 1c, tip of cup, X 53; 1d, part

of transv. sec., X53; Ie, part of oblique tang.
sec. outer wall, X 53; 1t, view of part of inner
wall from intervallum, X8; 19, tang. long. sec.,
X53 (Bedford & Bedford, 1937).

Family ARCHAEOFUNGIIDAE
Vologdin, 1962

[nom. corral. HILL, 1965, p. 58 (pro Archaeofungidae
VOLOGDIN, 1962c, p. 90)] [== ?Bdtanacyathidac DEBRENNE,

1970, p. 30]
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Archoeofung io

FIG. 82. Archaeofungiidae (1); Sigmofungiidae (2) (p. £113-£114, £116).

Solitary; outer wall a framework with
irregular pores or pore-tubes and screened
with microporous sheath; septa not wavy,
with few pores; synapticulae present in
some; inner wall with pore-canals or of
pore-tubes. L.Cam.(up.Atdaban. or low.
Botom.).

Archaeofungia TAYLOR, 1910, p. 131 [OA. ajax;
M]. Small, conicocylindrical; outer wall ir
regularly porous and externally with microporous
sheath; intervallum with sparsely perforate septa
connected by numerous irregularly distributed
synapticulae; inner wall with 1 longitudinal row
horizontal pore canals to an intersept, alternating
with those of neighboring intersepts; external out-
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FIG. 83. Archaeofungiidae (p. EI14).

growths of base of cone tersioid; basal parts of in
ternal cavity with oblique, intercommunicating
tubules, applied to inner wall. L.Cam.( up.Atda
ban. or low.Botom.}, S.Australia.-FIG. 82,1. *A.
ajax, Ajax Mine; la, intervallum, inner wall and
central cavity, X4; 1b, inner wall, X6; le, inter
valium, X 8; 1d, outer wall, X 8 (photo courtesy
MAX DEBRENNE, Paris, negatives in colI. Dr. F.
DEBRENNE, Natl. History Museum, Paris). [See
DEBRENNE, 1970, p. 29.]

Beltanacyathus R. BEDFORD & J. BEDFORD, 1936,
p. 23 [*B. ioniClls; OD]. Cups large, conical;
outer wall framework of pore-tubes with irregular
polygonal mouths, framework covered by indepen
dent microporous sheath; septa not waved, regularly
porous; minor septa, with one longitudinal row of
pores at their outer edges, alternating with septa
and extending up to 0.25 radius of intersept; no
tabulae or synapticulae; inner wall of pore-tubes
formed by louvre-like plates between septa, 1
longitudinal row of louvres to an intersept, each
such plate steeply inclined upward and inward to
central cavity. (See Debrenne, 1970, p. 30.)
L.Cam. S.Australia.--FIG. 4,7; 83,1. *B. ioni
CIIS, holotype, Paint Mine, Beltana; 4,7, reconstr.;

XO.3; 83,la, part of transv. sec., X 1.3; 83,lb,c,
view of part of inner and outer walls, X 1.3, X 7;
83,1 d, part of transv. sec., X 0.7; 83,1 e,f, ext.
view and radial long. sec. outer wall, X5; 83,lg,
int. view inner wall, X 1.9; 83,1 h, long. sec.
showing outer and inner walls and side view of
septum, X 1.9; 83,li, transv. sec. near base show
ing outgrowth, X 1.9 (Bedford & Bedford, 1936).

Family SIGMOFUNGIIDAE
R. Bedford & W. R. Bedford, 1936

{nom. correct. DURENNE, 1970, p. 42 (pro Sigmofungidae
R. BEDFORD & W. R. BEDFORD, 1936, p. 16)]

CUpS cylindrical; outer wall with pores
outwardly restricted by upwardly direct
processes; septa straight, porous and synap
ticulate; no tabulae; inner wall of S-shaped
louvres lying at inner ends of interseptal
loculi, forming pore-tubes directed toward
the central cavity. L.Cam.(up.Atdaban.
low.Botom.).

Sigmofungia R. BEDFORD & W. R. BEDFORD, 1936,
p. 16 [*S. flindersi; M] [=Sigmoifungia R. BED-
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Pycnoidocyathus

Copleicyathus

Flc.84. Flindersicyathidae (J): Copleicyathidae (2) (p. EI16-EI17).
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FIG. 85. Flindersicyathidae (p. EI17).

FORD & W. R. BEDFORD, 1936, p. 16; Sygmojllngia
KRASNOPEEVA, 1955, p. 75, nom. nllil. 1'1'0 Sigmo
jllngia R. BEDFORD & W. R. BEDFORD, 1936, p.
16]. Cups cylindrical; outer wall with regular
alveoles outwardly restricted by upwardly directed
processes; septa porous and synapticulate; no
tabulae; inner wall of S-shaped louvre-plates lying
at inner ends of interseptal loculi, forming pore
tubes directed upward toward central cavity. (See
Debrenne, 1970, p. 42.) L.eam.( IIp.Aldaban. or
/ow.Botom.), S.Australia.--FIG. 82,2. *S. flin
dersi; 2a, part of transv. sec., X2.7; 2b, part of
tang. sec. outer wall, X2.7; 2c, radial long. sec.
showing side of septum and S-shaped louvre
plates of inner wall, X5.3; 2d, tang. long. sec.
of inner wall, X53 (Bedford & Bedford, 1936).

Family FLINDERSICYATHIDAE
R. Bedford & J. Bedford, 1939

[Flindersicyathidae R. BEDFORD & J. BEDFORD, 1939, p. 78]
[=::Pycnoidocyathidae OKULITCH, 1950, p. 394; Syringsellidae

KRASNOI'EEVA, 1961, p. 248]

Solitary; outer wall simply but irregularly

porous with or without external micro
porous sheath; inner wall with simple pores
or short pore-tubes; in intervallum porous
septa waved in radial plane, waves having
angulated crests and troughs, crests and
troughlines curving upward and outward
from inner wall; crests of neighboring septa
opposed and connected by synapticulae; rare
dissepiments may occur. L.Cam.(?Atda
ban.-Len.).

Pycnoidocyathus TAYLOR, 1910, p. 131 [*P. synap
liCIt/oms; SD R. BEDFORD & J. BEDFORD, 1939,
p. 78] [=Flindersicyatlltls R. BEDFORD & J. BED
FORD, 1937, p. 28 (type, F. decipiens; SD R.
BEDFORD & J. BEDFORD, 1939, p. 78); Spirocya
thelia VOLOGDIN, 1939, p. 227 (type, S. kyz/ar
lallensis; aD)]. Cup solitary; outer wall with
simple pores of irregular arrangement; inner wall
with one longitudinal row of short pore-tubes to
each intersept, tubes opening upward into central
cavity; septa coarsely porous, waved obliquely up
ward and outward from inner wall; angulated
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crests of wave of neighboring septa opposed and
connected by regularly spaced synapticulae; rare
dissepiments may occur. [See Debrenne, 1970,
p. 35, 41, for discussion of synonymy of Flindersi
cyathus.] L.Cam.(?Atdaban.-Len.), S.Australia
Antarctica-USSR (S. Urals-Altay-Sayan) -Eu.
(Spain)-Can.(B.C.-NW.Terr.).--FIG. 84,lc. *P.
synapticulosus, up.Atdaban. or 10w.Botom., S.Aus
tralia(Ajax Mine); long. sec., Xl (Taylor, 1910).
--FIG. 8,4. P. decipiens (BEDFORD & BEDFORD),
up.Atdaban. or 10w.Botom., S.Australia; long. sec.,
X6 (Hill, 1965).--FIG. 84,la,b. P. IIniserialis
(HILL), Botom., Antarct.; la,b, transv. and long.
sees., X 5 (Hill, 1965).

Syringsella KRASNOPEEVA, 1961, p. 248 [OS. ynyr
gensis; OD]. Like Pycnoidocyathus but outer wall
with external microporous sheath. L.Cam.( up.
?Len.), USSR(Altay-Sayan.--FIG. 85,la,b. *5.
ynyrgensis, holotype, Kuznetsk Alatau; la, transv.
sec., lb, long. sec., both X2.7 (Krasnopeeva,
1961).--FIG. 85,lc,d. S. jaroschevitschi KRAS
NOPEEVA, Kuznetsk Alatau; lc, transv. sec., X2.7;
ld, long. sec., X2.7 (Krasnopeeva, 1961).

Family COPLEICYATHIDAE
R. Bedford & J. Bedford, 1937

[Copleicyathidae R. BEDFORD & J. BEDFORD, 1937, p. 29]

Cup solitary, outer wall simple, but sup
ported by short spurs from septa; septa
retiform, straight, synapticulate; no tabulae;
inner wall complex, a thick, felted mass
opening directly into central cavity. L.Cam.
(upAtdaban. or low.Botom.).

Copleicyathus R. BEDFORD & J. BEDFORD, 1937,
p. 29 roC. confertus; OD]. Solitary, conical; outer
wall simply porous, but supported by shaft spurs
from septa; septa retiform and synapticulate; no
tabulae; inner wall complex, a thick, felted mass
opening directly into central cavity. [DEBRENNE
(1970, p. 31) compares the inner wall with a
second intervallum having three times more
crowded septa connected by synapticulae.] L.Cam.
(up.Atdaban. or low.Botom.), S.Australia(Paint
Mine, Beltana).--FIG. 84,2. *C. confertus; 2a,
etched transv. sec., 2b, tang. long. sec., both X8
(Hill, 1965).

Family PRISMOCYATHIDAE
Fonin, 1960

[Prismocyathidae FONIN, 1960, p. 725]

Cups solitary, slenderly conical; outer
wall with simple round pores; inner wall
coarsely porous, ?incomplete; intervallum
with coarsely porous, wavy septa, and in
constant dissepiments; central cavity with
longitudinal, prismatic, porous tubes. L.
Cam.(Botom.).

Prismocyathus FONIN, 1960, p. 725 lOp. praesignis;
OD]. Cups solitary, slenderly conical; outer wall
with simple round pores; inner wall coarsely
porous, wavy septa, and inconstant dissepiments;
central cavity with longitudinal, prismatic, porous
tubes. L.Cam.(Botom.), USSR(Altay-Sayan).-
FIG. 86,1. op. pracsignis, holotype, Tuva; la,b,
transv. and long. sees., X4 (Fonin, 1960).

Family PROTOCYCLOCYATHIDAE
Vologdin, 1956

[Protocyc!ocyathidae VOLOGDIN, 1956, p. 878]

Outer wall with simple pores; inner wall
annulate; intervallum with porous septa
and dissepiments; single-walled early stage
with dissepiments and randomly arranged
rods. L.Cam.
Protocyclocyathus VOLOGDIN, 1955, p. 142 [OCyclo
cyathlls irregularis VOLOGDIN, 1940, p. 62; M].
Outer wall with simple pores; inner wall annulate;
intervallum with porous septa and dissepiments;
single-walled early stage with dissepiments and
randomly arranged rods. L.Cam., USSR(Salair).
--FIG. 86,2. op. irreglliaris (VOLOGDIN); long.
sec., X5 (Vologdin, 1957a).

Fenestrocyathus HANDFIELD, 1971, p. 72 [OF.
complexlls; OD]. Cup cylindro-conical; outer wall
fine irregular network of skeletal elements form
ing an irregular screen; septa closely spaced
coarsely porous, pores square to rectangular;
synapticulae common, dissepiments sparse; inner
wall of annuli S-shaped in section, each annulus
with hairlike projections screening pores on cen
tral cavity side. L.Cam.( IIp.Atdaban. or low.
Botom.), Can. (NW.Terr.).--FIG. 86,3. OF.
complexlls; 3a, med. long. and 3b, oblique long.
sees., X?4 (Handfield, 1971).

Family ARCHAEOCYATHIDAE
Hinde, 1889

[nom. correct. TAYLOR, 1910, p. 105 (pro Archaeocyathinae
HINDE, 1889, p. 141, family)] [=Spirocyathidae TAYLOR,

1910, p. 105]

Outer and inner wall with simple pores,
may be secondarily thickened; septa ir
regular, with secondary thickening on sides;
some septa proceed from outer to inner
wall, others curve from outer wall to join
others; septa wavy with coarse, irregular
porosity; dissepiments present but not
tabulae. L.Cam.(Botom.)-M.Cam.(Para
doxides oelandicus Zone).

Archaeocyathus BILLINGS, 1861, p. 4 lOA. atlan
ticus; SD WALCOTT, 1886, p. 75] [Original spell
ing was Archeocyathus BILLINGS, with the a of
the diphthong dropped; subsequent authors (ex-
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FIG. 86. Prismocyathidae (1); Protocyclocyathidae (2·3) (p. EI 17).

cept for MEEK, 1868) have used the diphthong]
[=SpirocyathttS HINDE, 1889, p. 136 (type, Ar
chaeocyathus at/anticus BILLINGS, 1861, p. 4);
Retecyathus SIMON, 1939, p. 36 (=Retecyathus
VOLOGDIN, 1932, p. 20, nom. nud.) (type, R.
laqueus SIMON, 1939, p. 36; aD)]. Outer and
inner walls secondarily thickened and with pore-

canals, partly or completely closed by thickening;
those of inner wall larger than those of outer wall;
septa thick, with secondary thickening on either
side; some septa extend from outer to inner wall,
others shorter, with some curving from outer wall
to join neighbors; septa wavy, with coarse, ir
regular pores; dissepiments present but not
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FIG. 87. Archaeocyathidae (3); Tabellaecyathidae (1-2,4) (p. EI17-EI21).

tabulae; synapticulae rare. L.Cam.(Botom.-Len.)
M.Cam., Can. (Labrador)-Antarct.-Australia(S. and
C.)-Eu.(Spain)-USSR (S.Urals-Altay-Sayan Trans
bayk.-Far East) -Mongolia-China.--FIG. 87,3.
-A. at/anticus, L.Cam., Labrador; 3a, transv. sec.,
X 1.3 (photo courtesy MAX DEBRENNE, Paris,
negatives in call. Dr. F. DEBRENNE, Natl. History
Museum, Paris); 3b, holotype, long. sec., XO.7
(Debrenne, 1964).

Family TABELLAECYATHIDAE
Fonin, 1963

[Tabellaecyathidae FONIN, 1963, p. IS]

Cup slenderly conical or of irregular ex
ternal form, with abrupt distensions, deep
depressions and marked constrictions; outer
wall of close, fine horizontal annuli, their
outer edges connected externally by close,
fine, longitudinal laths (metulae); inner
wall of simple pores or of straight or curved

short pore-tubes; In intervallum porous
septa somewhat wavy, synapticulae and
more rarely, dissepiments; central cavity
may have extrusions of intervallar tissue.
L.Cam.(Botom.-lowLen.).

Tabellaecyathus FONIN, 1963, p. 15 [-T. tOlt/s;
aD]. Cup slenderly conical, with very slight
depressions and constrictions; outer wall of close
fine horizontal annuli, their outer edges connected
by close, fine, longitudinal laths; inner wall of
straight or slightly curved aporose pore-tubes;
fairly porous septa in intervallum, wavy in young
stages, straight later, pores in longitudinal rows
inclined upward toward outer wall; synapticulae
numerous; dissepiments common in young stages,
rare later. L.Cam.( Botom.), USSR(Sayan).-
FIG. 87,2. -T. totus; 2a, reconstr., X 1.1; 2b, part
of long. sec., X 16; 2c, part of transv. sec., X 1.3
(Fonin, 1963).

Cambronanus FONIN, 1963, p. 19 [-c. multi
cavitatus; OD]. Cup small, irregularly conical
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Anthomorpho

Voznesenskicyathus

FIG. 88. Anthomorphidae (p. EI21).

with marked distensions and constrictions; outer
wall of fine close horizontal annuli, their outer
edges connected by close, fine, longitudinal laths;
wall may be replaced by films of fine dissepimental
tissue; inner wall simple, 2 to 6 longitudinal rows
of pores to each intersept; septa coarsely porous,
thin and retiform, of curved segments, and con
nected by synapticulae; large fingerlike extensions
of central cavity protrude into intervaIlum, causing
it to protrude externally in sympathy. L.Cam.

(Botom.), USSR(Sayan).--FIG. 87,1. ·C. mlll
ticalJitatlls; la, reconstr. showing central cavity and
extensions into intervaIlum, X4.7; lb, outer wall,
reconstr., X 40 (Fonin, 1963).

Taeniaecyathellus ZHURAVLEVA, 1960a, p. 45 [·T.
semenolJi; aD]. Outer wall of horizontal thin
plates and outer sheath; inner wall of intercom
municating pore-tubes; in intervallum, dissepi
ments and numerous coarsely porous septa, and
synapticulae. L.Cam.(Botom.-low.Len.} , USSR

© 2009 University of Kansas Paleontological Institute



Archaeocyathida-Archaeosyconina E121

(Altay-Sayan).--FIG. 87,4. *T. semenovi, holo
type, Botom., Sayan.; 4a, part of oblique transv.
sec., X 4; 4b, part of long. sec., X 8 (Zhuravleva,
1960a).

Family ANTHOMORPHIDAE
Okulitch, 1935

[An'homorphidae OKULITCH, 1935, p. 97J [=Araneocya'hi
dae VOLOGDIN, 1956, p. 878j Anthomorphida OKULITCH, 1935,
p. 97 (order). nom. correct. OKULlTCH, 1955, p. El8,ex

Anthomorphina OKULITCH, 1935, p. 97 (order)]

Outer wall simply porous, may have sup
plementary finely porous sheath; inner walls
simply porous or of intercommunicating
pore-tubes; septa thick, straight, aporose or
sparsely porous; dissepiments and finely
porous tabulae present. L.Cam.(Atdaban.
lowLen.).
Anthomorpha BORNEMANN, 1884, p. 705 [*A.
margarita; M] [=Araneocyathus SIMON, 1941 ,
p. 5 (=Araneocyathus VOLOGDIN, 1940, p. 59)
(type, A. curvus SIMON, 1941, p. 5; OD); Araneo
cyathus VOLOGDIN, 1937, p. 493, 1940, p. 59, nom.
nud.; Nellicyathus FONIN in REPINA, KHOMEN
TOVSKIY, ZHURAVLEVA, & ROZANOV, 1964, p. 247
(type, N_ nelliae; OD); Nellisyathus, Nellicyathis,
lapsus calami, FONIN in REPINA, KHOMENTOVSKIY,
ZHURAVLEVA, & ROZANOV, 1964, p. 247; ?Utuk
cyathus VOLOGDIN in DEBRENNE, 1964, p. 231
(nom. nud.)]. Outer and inner walls strong, with
simple pores or stirrup-pores, and connected by
aporose or sparsely porous straight septa; dissepi
ments and microporous tabulae present but not
constant. L.Cam.(up.Atdaban.-low.Len.}, Eu.
(Sardinia-France [Montagne Noire])-N.Afr.(Mo
rocco) -USSR(Altay-Sayan-Transbayk.-Far East)
Mongolia.--FIG. 88,2. *A. margarita, Botom.,
Sardinia; 2a, part of transv. sec. holotype, X 4;
2b, oblique long. sec. paratype, X3 (Debrenne,
1964).

Shive1igocyathus MISSARZHEVSKIY, 1961, p. 19 [*S.
vesiculoides; OD]. Cup with thin, smooth, simply
porous outer wall, with radial, weakly porous to
aporose septa and with thick inner wall containing
two longitudinal rows of horizontal and intercom
municating pore-canals to each intersept; dissepi
mental tissue may be copious. L.Cam.(up.Botom.} ,
USSR (Tuva).--FIG. 88,1. *S. vesiculoides; la,b,
parts of transv. and long. sees., each X2; lc,
oblique sec., X2 (Missarzhevskiy, 1961).

Tollicyathus CHERNYSHEVA, 1960, p. 77 [*T.
ischensis; OD]. Cup cylindrical; outer wall thick,
with large rounded pores and microporous ex
ternal sheath; septa thick, aporose except for one
row of stirrup pores at outer wall; porous tabulae
sparse, low domes; dissepiments present. Inner
wall thick, with one longitudinal row of simple
pores to an intersept. L.Cam.(Botom.}, USSR
(Altay-Tuva).--FIG. 89,1. *T. ischensis, Altay;

1b Tollicyothus

FIG. 89. Anthomorphidae (p. EI21).

la,b, transv. and long. sees., X3.3 (Zhuravleva,
Krasnopeeva, f>< Chernysheva, 1960).

Voznesenskicyathus RODIONOVA in ZHURAVLEVA,
ZADOROZHNAYA, OSADCHAYA, POKROVSKAYA, RODIO
NOVA, & FONIN, 1967, p. 99 [*V. florens; OD].
Large, solitary, widely conical cup, with depres
sions and outgrowths on the outer surface; outer
wall with two to three longitudinal rows of pores
to an intersept; septa almost straight, almost al
ways aporose; tabulae sparse, irregularly spaced,
rare, slightly domed, porous; dissepiments present,
profuse in early stages; inner wall thick, with
slightly crooked intercommunicating pore-canals,
one longitudinal row to an intersept. L.Cam.(up.
Botom.}, USSR(Tuva) .--FIG. 88,3. *v. florens;
3a,b, inner wall in long. sec., en!. (Zhuravleva,
Zadorozhnaya, et al., 1967).

Suborder ARCHAEOSYCONINA
Zhuravleva, 1950

[nom. correct. DEBRENNE. 1964, p. 117, pro Archaeosyconiina
ZHURAVLEVA, 1960, p. 303 (nom. transl. ZHURAVLEVA, 1960,
p. 303, ex Archaeosyconida ZHURAVLEVA, 1950, p. 10, order)]
[=Tabulacyathida VOLOGDIN, 1956, p. 878, nom. correct.
HILL, herein (pro Tabulocyathida VOLOGDIN, 1956, p. 878);

Paracoscinida DEBRENNE, 1970, p. 25]
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Archaeosycon
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Sph inctocyathus

FIG. 90. Archaeosyconidae (p. £123).

Cups of diverse form but not mushroom
shaped or discoid. Outer wall with simple
pores, or rarely may be replaced by pellicle
of dissepiments; inner wall formed by ends
of intervallar elements or with simple large
pores which may have protective scoops.
Intervallum with strongly arched, porous
tabulae, and either with rods perpendicular
to tabulae or with porous septa, straight or
wavy. L.Carn.

Family ARCHAEOSYCONIDAE
Zhuravleva, 1950

(Archaeosyconidae ZHURAVLEVA, 1950, p. 101 [=Archaeo·
syconiidae ZHURAVLEVA, 1960, p. 304]

Cups with walls not always clearly dif
ferentiated from tabulae; intervallum with
close, strongly convex porous tabulae and
with longitudinal rods perpendicular to
tabulae; dissepiments may occur; develop
ment of central cavity retarded. L.Carn.
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Archaeosycon TAYLOR, 1910, p. III [0Archaeocya
thtlS bi/lingsi WALCOTT, 1886, p. 29; M]. Solitary
or colonial, cup cylindrical with wide intervallum;
outer and inner walls with simple pores; inter
vallum with porous, domed tabulae; radial rows
of longitudinal rods perpendicular to tabulae, and
rudimentary septa may occur, synapticulae and
dissepiments may be present. L.Cam.( up.Tom
mot.-up.Len.) , USSR(Sib.Platf.-Altay-Sayan) -N.
Am.(Labrador).--FIG. 90,3. °A. billingsi
(WALCOTT), L.eam., Labrador; 3a,b, long. sec.
and transv. sec., X 1.3 (Okulitch, 1943).

Hupecyathus DEBRENNE, 1964, p. 198 [OH.
sphinctoides; OD]. Solitary, cup conical; outer
wall of horizontal or slightly geniculate pore
tubes; inner wall of S-sectioned pore tubes, open
ing upward; tabulae close, arched, with rods ris
ing from tissue between elliptical, lozenge-shaped
or pentagonal pores, rods of same diameter as
tissue between pores, and may reach the succeed
ing tabula. L.Cam.(Atdaban.) , N.Afr.(Morocco).
--FIG. 90,4. °H. sphinctoides, Amouslek.,
Ouijane, Morocco; 4a, transv. sec. holotype, X2.7;
4b, part of long. sec. of topotypes, X2.7 (De
brenne, 1964).

Sphinctocyathus ZHURAVLEVA, 1960, p. 304 [°S.
(5.) oimuranicus; OD]. Solitary or colonial; cups
slenderly conical or cylindrical; outer wall with
simple rounded or angular pores, inner wall
formed by ends of intervallar elements; interval
lum with radial longitudinal and transverse rods
and strongly arched porous tabulae whose axis
of curvature is in midline of intervallum; dis
sepiments present. L.Cam.( mid.Tommot.-Atda
ban.), USSR(Yakutia-Altay-Sayan).
S. (Sphinctocyathus). Pores of outer wall of one

size; intervallum narrow; tabulae numerous,
skeletal tissue transparent. L.Cam.( up.Tommot.
Atdaban.) , USSR(Sib.Platf.-Kuznetsk Alatau).
--FIG. 90,1. °S. (S.) oimuranicus ZHURA
VLEVA, up.Tommot., R.Lena, Oymuran; la, part
of transv. sec., X4; lb, holotype, long. sec., X4;
1c, long. sec., another specimen, X 4 (Zhura
vleva, 1960b).

S. (Dictyosycon) ZHURAVLEVA, 1960, p. 307 [°S.
(D.) gravis; OD]. Pores of outer wall of dif
ferent sizes; walls rarely preserved, may be re
placed by sheath of dissepiments; skeletal tissue
dark. L.Cam.(mid.Tommot.-Atdaban.), USSR
(Sib.Platf.).--FIG. 90,2. °S. (D.) gravIs
ZHURAVLEVA, up.Tommot., R.Lena, Oymuran;
2a, transv. sec., X2.7; 2b, holotype, oblique sec.,
X2.7; 2c, oblique sec., another specimen, X4
(Zhuravleva, 1960b).

Family TABULACYATHIDAE
Vologdin, 1956

[nom. correct, HILL, Iladn (pro Tabulathyathidae VOLOGDIN

in REPINA. KHOMENTOVSKIY, ZHURAVLEVA, & ROU.. NOV. 1964,
p. 249, num. correct. et lapHIS calami pro Tabulocyathidae

VOLOGDIN, 1956, p. 878)]

lc

Ia Dictyocoscinus

FIG. 91. Tabulacyathidae (2 -4); Dictyocoscinidae
(1) (p. £124).
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Solitary, slenderly conical with coarsely
but regularly porous tabulae, flat or slightly
domed; outer and sometimes inner wall
formed. by downturned edges of tabulae, or
outer wall may be independent, porous wall
with finely porous external sheath; inner
wall may be independent of tabulae and
simply porous; in intervallum rare radial
longitudinal rods perpendicular to tabulae,
or porous septa; dissepiments may be pres
ent. L.Cam.(Atdaban.-Botom.).
Tabulacyathus VOLOGDIN, 1932, p. 31 [·T. taylori;
M] [=Tabuloeyathtls VOLOGDIN, 1956, p. 878
(nom. null.)]. Solitary, slenderly conical with
coarsely but regularly porous tabulae, flat or
slightly domed; rare radial longitudinal rods or
short segments of septa perpendicular to tabulae
and not proceeding beyond limits of single inter
tabular chamber; outer and sometimes inner wall
may be formed of downturned edges of tabulae,
both walls with simple rounded pores. L.Cam.
?(up.Atdaban.-Botom.) , USSR(S.Urals-Altay-Far
East.--FIG. 91,3. ·T. taylori, Botom., Altay;
3a,b, transv. and long. sees., X6.7 (Vologdin,
1957a) .

Abakanicyathus KONYUSHKOV in ZHURAVLEVA,
KONYUSHKOV & ROZANOV, 1964, p. 127 [.A.
karakolensis; OD]. Cup solitary, conical or cylin
drical. Outer wall simple; inner wall has longi
tudinal ribs on intervallar side; tabulae porous;
longitudinal rods developed within the limits of
single intertabularloculus; dissepiments present.
L.Cam.(Botom.), USSR(Sayan).--FIG. 91,2.
·A. karakolensis; transv. sec., X 10 (Zhuravleva,
Konyushkov, & Rozanov, 1964).

Tabulacyathellus MISSARZHEVSKIY in REPINA, KHO
MENTOVSKIY, ZHURAVLEVA, & ROZANOV, 1964, p.
249 [·T. bidzhaensis; OD]. Outer wall coarsely
porous with reticular external sheath; inner wall
of downturned edges of tabulae; septa coarsely
porous. L.Cam.(Atdaban.), USSR(Kuznetsk Ala
tau).--FIG. 91,4. ·T. bidzhaensis, Bazaikh.,
Sukhie Solontsy; 4a, part of long. sec., X 10; 4b,
part of outer wall, XI 0; 4e, part of a septum
between 2 tabulae, X 14 (Repina, Khomentovskiy,
et al., 1964).

Family DICTYOCOSCINIDAE
R. Bedford & W. R. Bedford, 1936

[Dictyocoscinidae R. BEDFORD & W. R. BEDFORD, 1936, p. 14]

Cup irregularly conical; outer wall apo
rose; intervallum with retiform septa con
nected by synapticulae, and with tabulae
formed by fine screens developed between
synapticulae that are arranged in curved,
floorlike rows; inner wall with pore-tubes.
[DEBRENNE (1970, p. 26, 33), places this

family in her order Metaldetida.] L.Cam.
(up.Atdaban. or low.Botom.).
Dictyocoscinus R. BEDFORD & W. R. BEDFORD, 1936,

p. 14 [·D. beltana; M]. Cup irregularly conical;
outer wall aporose; septa retiform, connected by
synapticulae; each tabula formed by fine screens
developed between synapticulae that are arranged
in f100rlike rows; inner wall with pore-tubes lead
ing upward into central cavity. L.Cam.(up.Atda
ban. or low.Botom.), S.Australia.--FIG. 91,1.
·D. beltana, holotype, S.Australia(Ajax Mine); la,
transv. sec., X8; lb, septum, X 10 (photos courtesy
MAX DEBRENNE, Paris, negatives in coli. Dr. F.
DEBRENNE, Natl. History Museum, Paris); Ie,
tang. long. sec., X3 (Bedford & Bedford, 1936).

Family METACOSCINIDAE
R. Bedford & W. R. Bedford, 1936

[Metacoscinidae R. BEDFORD & W. R. BEDFORD, 1936, p. 18]
[= ?Paracoscinidae DEBRENNE, 1970, p. 38]

Cup with distinct walls; outer wall may
have finely porous external sheath; tabulae
porous, arched, with axis of curvature com
monly in central cavity, rarely in interval
lum; dissepiments present; septa porous,
straight, or wavy and ramifying; early
stages with dissepiments and rods, not septa.
L.Cam.(up.Atdaban. or low.Botom.-up.
Len.).
Metacoscinus R. BEDFORD & W. R. BEDFORD, 1934,
p. 6 [·M. reteseptatus (=Arehaeoeyathus retesepta
TAYLOR, 1910, p. 120, see DEBRENNE, 1970,
p. 36); M]. Solitary, conical, with transverse
swellings and constrictions not affecting inner wall;
outer wall with short funnel-shaped pore-canals;
inner wall thin with two longitudinal rows of
large pores to an intersept; septa straight and
coarsely retiform; tabulae distant, porous; no synap
ticulae; early stages with dissepiments. L.Cam.
(up.Atdaban.-Iow.Botom.), S.Australia.--FIG.
92,1. ·M. retesepta (TAYLOR), Ajax Mine; la,
part of outer wall, X4; lb, part of transv. sec.,
showing tabula, X4; Ie, part of inner wall, X6.7;
ld, septum, X4 (Debrenne, 1969a).

Batenevia KRASNOPEEVA, 1961, p. 249 [·B. pellisi;
OD]. Solitary or colonial; outer wall with pore
canals and an external finely porous sheath; inner
wall with short pore-tubes; intervallum with
porous arched tabulae; coarsely porous, imperfect,
wavy septa and radial longitudinal rods, are joined
by synaptieulae so that a f1indersicyathoid structure
is attained. L.Cam.(upLen.), USSR(Kuznetsk
Alatau).--FIG. 92,3. ·B. pellisi; holotype, 3a,
part of transv. sec., X6; 3b, part of long. sec.,
X 10 (Krasnopeeva, 1961).

Claruscoscinus HANDFIELD, 1971, p. 74 [·Clarus
eyathus billingsi VOLOGDIN; OD]. Cup cylindrical;
outer wall with simple pores; septa straight, pores
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FIG. 92. Metacoscinidae (p. £124, £126).
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Claruscoscinus

FIG. 93. Metacoscinidae (p. E124, EI26).

in upward and outward curving longitudinal
rows; tabulae convex upward; inner wall of
single longitudinal row of oblique straight or
slightly S-curved pore-tubes to an intersepl. L.
Cam.( Botom.-up.Len.), USSR(Altay-Sayan-Sib.
Platf.)-Can.(NW.Terr.-B.C.).--FIG. 93,1. ·C.
billingsi (VOLOGDIN), ?up.Atdaban. or low.
Botom., NW.Terr. or B.C.; la, transv. sec., X2.5;
1b, med. long. sec., X2; lc, transv. sec. showing
tabula, X4.3 (Handfield, 1971).

Claruscyathus VOLOGDIN, 1932, p. 25 [·C. wm
fundw; M] [=EucyatllllS SIMON, 1939, p. 29
(=Eucyathw VOLOGDIN, 1937, nom. nud.) (type,
Clartlscyathw cumfundw VOLOGDIN, 1932, p. 25);
?Coscinocyathella VOLOGDIN, 1957, p. 699 (type,
C. nikitini; M); non Coscinocyathellw VOLOGDIN,
1937, p. 471; 1940, p. 91 (type, C. pan"'s; M)].
Solitary or colonial; cup slenderly conical; surface
with dents and protrusions; outer wall tightly
connected to tabulae and with 2 to 4 longitudinal
rows of simple pores to an intersept; inner wall
with I longitudinal row of simple pores to an in
tersept; septa straight or wavy, splintering at their
outer edges; tabulae numerous, arched so that
their axis of curvature coincides with axis of cup;
dissepiments common. L.Cam.(Botorn.-lIp.Len.),
USSR (Altay-Sayan-Sib.Platf.-Transbayk.) -W.
Can.-Antarct.--FIG. 94,1. ·C. cumfllndus,
Botom. or Len., R. Karagan, Altay; 1a,b, transv.
and long. secs., X2.67 (Vologdin, 1932).

Flindersicoscinus DEBRENNE, 1970, p. 34 [.Flin
dersicyathw tabulatw R. BEDFORD & J. BEDFORD,
1937, p. 29; OD]. Outer wall irregular; septa
porous, connected by synapticulae; tabulae each
a curved floor of synapticulae with secondary con
nections and thickening but no sieves; inner wall
with one longitudinal row of pores to an intersept.
[DEBRENNE (1970, p. 34) referred this genus
doubtfully to the Pycnoidocyathidae OKULITCH,
1950, p. 394, but because of its tabulae it is here
referred to the Archaeosyconina.] L.Cam.(up.

Atdaban. or low.Botom.), S.Australia(Ajax Mine).
Gabrielsocyathus DEBRENNE, 1964, p. 248 [·Meta

coscinw gabrielsensis OKULITCH, 1955, p. 61;
OD]. Outer and inner walls thin, with simple
pores; tabulae numerous, regularly spaced, simply
porous; septa with rounded pores; dissepiments
abundant; central cavity partially or totally filled
with intervallar elements. L.Cam., Can.(B.C.
Yukon).--FIG. 94,3. ·G. gabrielsensis (OKU
L1TCH), B.C.; 3a,b, parts of transv. and long. secs.,
X ?15 (photo courtesy of MAX DEBRENNE, Paris,
negatives in colI. Dr. F. DEBRENNE, Natl. History
Museum, Paris).

PalmericyatheUus DEBRENNE, 1970, p. 37 [·Sigmo
fungia tabularis R. BEDFORD & J. BEDFORD, 1937,
p. 29; OD]. Outer wall with irregular polygonal
pores, several longitudinal rows to an intersept;
septa straight, finely porous, synapticulate; tabulae
numerous but irregularly spaced; inner wall of
S-shaped pore-tubes, their apertures more or less
hexagonal. [DEBRENNE, 1970b, p. 38, described
the tabulae as consisting "of microporous sieves
developed between septa and special synapticulae
arranged in horizontal planes, instead of along
quincuncial lines as all the others," and placed
this genus in the Sigmofungiidae.] L.Cam.(up.
Atdaban. or low.Botom.), S.Australia(Ajax Mine).

Paracoscinus R. BEDFORD & W. R. BEDFORD, 1936,
p. 18 [·P. mirabilis; M]. Small, solitary, conical;
outer wall aporose in tip, in adult stages a frame
work with coarse rectangular to polygonal pores,
covered by microporous sheath; inner wall with
simple, rectangular pores in transverse and longi
tudinal rows, 2 rows to an intersept; septa straight,
thick, finely porous; tabulae numerous, thick,
nearly flat at inner wall, curved outward and
downward, finely porous; no synapticulae; some
dissepiments. (See Debrenne, 1970, p. 38.)
L.Cam.(up.Atdaban. or low.Botom.) , S.Australia.
--FIG. 92,2. ·P. mirabilis, holotype, S.Australia
(Ajax Mine); 2a. transv. sec., X4; 2b, radial long.
sec., X 4 (photos courtesy MAX DEBRENNE, Paris,
negatives in colI. Dr. F. DEBRENNE, Natl. History
Museum, Paris); 2c. tang. sec. outer wall, 2d,
tang. sec. inner wall, both X3 (Bedford & Bed
ford, 1936).

Family PYCNOIDOCOSCINIDAE
Debrenne, 1970

[Pycnoidocoscinidac: DEBRENNE. 1970, p. 40]

Outer wall with somewhat irregular
pores; outwardly screened by a microporous
sheath; inner wall with rectangular pores
in one longitudinal row to an intersept, may
be subdivided by longitudinal or oblique
rods; septa porous; tabulae curved with
slit-like pores that may have additional par
titions parallel to the septa; no synapticulae.
L.Cam.(up.Atdaban. or low.Botom.).
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lb

Gobrielsocyothus

2b

===- 3a.:-.__~_~

FIG. 94. Metacoscinidae (l,3); Pycnoidocoscinidae (2) (p. E126-E128).

Pycnoidocoscinus R. BEDFORD & W. R. BEDFORD,

1936, p. 19 [-Po pycnoideum; OD]. Cup solitary
with annular bulges not affecting inner wall;
outer wall with two or three irregular longitudinal

rows of pores to an intersept, outwardly screened
by a microporous sheath; inner wall with rec
tangular pores that are in one longitudinal row
to an intersept but may be subdivided by longi-
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Tuboeyathus

FIG. 95. Syringocnemididae (p. E128, EI30).

Batam.}, S.Australia-Antarct.- ?N.Am.(Washing-
ton)-USSR (Altay-Sayan-Transbayk.).--FIG.
11,14; 95,2. *$. favus, up.Atdaban. or low.
Botom., S.Australia(Ajax Mine); 11,14, series of
tang. long. sees. of one tubulus, X6; 95,2a, ext.
view, XO.5; 95,2b-e, X4; 95,2b, transv. sec.;
95,2e, tang. long. sec. outer wall; 95,2d, tang.
long. sec. inner wall; 95,2e, radial long. sec.
(Bedford & Bedford, 1936).

?Beticocyathus SIMON, 1939, p. 73 [*B. betiellS;
OD]. Mushroom-shaped. Intervallum filled with
polygonal tubuli, but in addition septa occur
among tubuli at definite distances, including be
tween them 5 to 8 vertical series of radial, 6-sided
tubuli. Insufficiently known. L.Cam., Eu. (Spain).

Fragilicyathus BELYAEVA, 1969, p. 98 [*F. zhura
vlevae; OD]. Colonial; outer wall with horizontal
pore-canals; intervallum with radially orientated

Syringocnema

2e

tudinal or oblique rods; septa thinner and porous
medially; tabulae strongly arched, with slit-like
pores that may be subdivided by radial partitions;
no synapticulae. L.Cam.(up.Atdaban. or low.
Botom.), S.Australia-Can.(Yukon).--FIG. 94,2.
*P. pyenoideum, S.Australia(Ajax Mine); 2a,
fragment of cup, X I; 2b, part of transv. sec.,
X4; 2e, tang. sec. outer wall, X4; 2d, radial long.
sec., X4; 2e, tang. sec. inner wall, X4 (Bedford
& Bedford, 1936).

Order SYRINGOCNEMIDIDA
Okulitch, 1935

Family SYRINGOCNEMIDIDAE
Taylor, 1910

[nom. correct. DEBRENNE, 1964, p. 117, pro Syringocnema~

tida ZHURAVLEVA, 1960, p. 51 (pro Syringocnemina OKU

LITCH, 1935, p. 98, and Syringocnemida ZHURAVLEVA, 1950,
p. 10. orders)]

Solitary, conical Archaeocyatha; outer
wall simply porous; inner wall simply
porous or with pore-tubes; intervallum with
prismatic, porous-walled tubuli, alternating
in position in superimposed rows, and curv
ing upward and outward from inner to
outer wall; without septa or tabulae; in early
stages, first a one-walled cup in which dis
sepiments and randomly disposed rods and
bars arise, then inner wall, and finally tubuli
appear. L.Cam.

[nom. correct. DEBRENNE, 1964, p. 117, pro Syringocnemati
dae OKULITCH, ]955, p. 49 (pro Syringocnemidae TAYLOR,

1910. p. 153. Syringocnemitidae TING. 1937. p. 370) 1

Solitary, conical Archaeocyatha; outer
wall simply porous; inner wall simply po-
rous or with pore-tubes; intervallum with
prismatic, porous-walled tubuli, alternating
in position in superposed rows, and curving
upward and outward from inner to outer
wall; without septa or tabulae; in early
stages first a one-walled cup in which dis
sepiments and randomly disposed rods and
bars arise, then inner wall and finally tubuli
appear. L.Cam.(?up.Atdaban.-Botom.).
Syringocnema TAYLOR, 1910. p. ]53 [*5. favus;
M]. Solitary, conical; two-walled; intervallum
with prismatic horizontal tubuli that may be
downturned at inner ends; tubuli alternating in
position in superposed rows, walls of tubuli with
simple, round pores; outer wall porous, pores may
be at centers of conical outer covers to tubuli; the
covers formed by rods rising from angles and
edges of ends of tubuli; inner wall of pore-tubes,
each with short louvres directed steeply upward
and inward; central cavity empty; no known
processes of attachment. L.Cam.(?up.Atdaban.-
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20 Pseudosyringocnemo

E129

FIG. 96. Syringocnemididae (p. EI28-E130).

prismatic tubuli with porous walls; inner wall
with geniculate pore-canals. L.eam.(BOlam.),
USSR(Far East) .--FIG. 96,1. • F. zhuravlevae,

R.B. Melkan, Far East; ho!otype, la, oblique secs.,
X5; 1b, oblique transv. sec., X 10 (Belyaeva,
1969).
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Pseudosyringocnema HANDFIELD, 1971, p. 76 [·P.
uniportls; 00]. Solitary or colonial; hexagonal
tubuli of intervallum inclined upward and out
ward from intervallum, each face of tubulus with
one longitudinal row of pores; inner wall of
oblique, S-shaped pore-tubes, 2 or 3 to each
tubulus in vertical arrangement. L.Cam.(?Atda
ball.), Can.{Yukon).--Flc. 96,2. ·P. ulliportls;
2a, oblique long. sec., X ?4; 2b, med. long. sec.,
now X?4 (Handfield, 1971).

?Tubocyathus VOLOCDIN, 1937, p. 473 [·T. smo
liallillolJae; M] [=Tubicyatlllls VOLOCDIN, 1940,
p. 114, 110m. lIull.; T"bulocyat/llls VOLOCDIN,
1956, p. 880, 110m. mdl.]. Solitary, conical; outer
wall thick, intervallum with prismatic tubuli in
which pores are large; with dissepiments. [Genus
insufficiently known; = ?Prismocyatllus FONIN,
1960, p. 725 (type, P. praesigllis; 00).] L.Cam.,
Mongolia.--Flc. 95,1. ·T. smolianinolJae,
Tayshir-Ula Range; la,b, transv. sees., X3.3
(Vologdin, 1937b).

Family SYRINGOCOSCINIDAE
Vologdin & Yazmir, 1967

[Syringocoscinidae VOlOGDIN & YAZMIR, 1967, p. 1375J

Outer and inner walls with numerous
simple pores; intervallum of six-sided pris
matic transverse tubuli, with finely and
evenly porous faces; tubuli arranged in al
ternating transverse series. L.Cam.

Syringocoscinus VOLOCDIN & YAZMIR, 1967, p. 1376
['.s'. angulatus; 00]. Outer and inner walls with
numerous simple pores; intervallum of six-sided
prismatic transverse tubuli, with finely and evenly
porous faces; tubuli arranged in alternating trans
verse series. L.Cam., USSR{Transbayk.) .--Flc.
97,4. ·S. allgulatus; 4a, diagram.; 4b, tang. sec.,
X 10; 4c, oblique transv. sec., X3.6 (Vologdin &

Yazmir, 1967).

Class UNCERTAIN

Order
KAZAKHSTANICYATHIDA

Konyushkov, 1967
[Kazakhstanicyathida KONYUSHKOV, 196i, p. 105]

Solitary, one-walled cups; in the inner
cavity, only porous tabulae are present, with
some rods. Up.L.Cam.-?base M.Cam.

Family KAZAKHSTANICYATHIDAE
Konyushkov, 1967

[Kazakhstanicyathidae KONYUSHKOV, 1967, p. 1061

Solitary, one-walled cups; in inner cavity,
only porous tabulae and some rods are pres
ent. Up.L.Cam.-?base M.Cam.

Exocyothus

Flc. 97. Syringocoscinidae (4); Order and Family
uncertain (1-3) (p. £130, £132).

Kazakhstanicyathus KONYUSHKOV, 1967, p. 106
[·K. /istulatus; 00]. Solitary one-walled, conical

or cylindrical cups; wall aporose or with simple,
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herein is long-standing. Views expressed
range from 1) that they are independent, en
crusting Archaeocyatha (VoLOGrllN, 1940b,
1959d, 1962b), through 2) that they are
one of a symbiotic or parasitic pair
(MASLOV, 1958, p. 699), to 3) that they are
outgrowths from the intervallum of either
the cup that is surrounded, or from another

Aconthopyrgus

FIG. 99. Acanthopyrgidae (p. E13I).

10

lb

Order UNCERTAIN
Family ACANTHOPYGRIDAE

Handfield, 1971

Family UNCERTAIN

GENERA CONSIDERED TO BE EXTRAVALLAR
OUTGROWTHS OF ARCHAEOCYATHA, OR
POSSIBLY ENCRUSTING ARCHAEOCYATHA

WITHOUT INNER WALL
OR CENTRAL CAVITY

Controversy over the forms included

FIG. 98. Kazakhstanicyathidae (p. EI30·E13 J).

sparse pores; inner cavity with porous tabulae and
longitudinally orientated rods. Up.L.Cam.·?base
M.Cam., USSR(Kazakhstan, Mt.Agyrek).--FIG.
98,1. ·K. fistulatus; la, long. sec., XIO; 1b,
holotype, long. sec., X 10 (Konyushkov, 1967).

[Acanthopyrgidae HANDFIELD, 1971, p. 31]

Cup a double-walled cylindrical tube di
vided into distinct segments by whorls of
spines; inner and outer walls perforated by
pores in longitudinal rows; spines, linked
by a calcified weblike membrane, join prox
imally forming collar about outer wall;
skeletal material is calcite. L.earn.
Acanthopyrgus HANDFlELD, 1967, p. 209 [·A.
yukonensis; aD]. Characters of family. L.Cam.,
N.Am.(Yukon Terr.-Can.).--FIG. 99,1; 100,1.
·A. yukonensis; 99,1a, partial whorl of spines
showing striations on spines apd web, X 8; 99,1 b,
two segments showing raised outer pores and size
differences in segments, X8; 100,1a,b, radial sees.,
100,le, ext. view, en!. (Handfield, 1967).
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FIG. 100. Acanthopyrgidae (p. EI3I).

[The history of the suprageneric placing of these forms is
as follows: VOLOGDIN (1931, p. 34) erected the Family
Vesiculoidae (an invalid family name) to contain
Labyrinthomorpha and the problematical Ya~ovlctJia
(VDLDGDIN, 1931, p. 36) (non FREDERICKS, 1925). VOLOG
DIN rejected his Ya/{ovlevia (type, Y. granulosa; M) from
the Archaeocyatha in 1940 (VOLOGDIN. 1940a, p. 25) and
again in 1962 (VOLOGDIN. 1962c, p. 7) when he con
sidered it a siphonate alga. ]n 1956 he placed Labyrin~

thomorpha together with Tersia in the Family Exocyathi
dae which R. BEDFORD & J. BEDFORD (1939, p. 82) had
erected for Exocyathus, Ajacia (an ?alga), and Meta/de
timorpha and had placed in a new order Crommyocyathina
(VOLOGDIN, 1956). Later VOLOGDIN (l9S7a. p. 210) trans
ferred Kameschkovia to the family Palaeoschadidae MYAG

KOVA. In 1962 (135. p. 129) VOLOGDIN founded Ihe Order
Tersiida to include the Exocyathidae and Rhizacyathidae,
and in the Exocyathidae he placed Exocyathus, Tersia, Ter
sid/a, and Metaldetimorpha. At the same time (135, Vo
LOGDIN, 1962. p. 125) he founded the Order Labyrintho
morphida to include the Labyrinthomorphidae (135, VOLOG
DIN, 1962, p. 125), (nom. subst. pro Vesiculoidae VOLOGDIN,
1931, p. 34) with Labyrinthamarpha and Kameschkovia,

tolli; M]. L.Cam., USSR(Kameshki, Sayan).-
FIG. 101,1. *L. tolli, on Coscinocyathus taylori
VOLOGDIN; X 1.3 (Vologdin, 1931).

Metaldetimorpha R. BEDFORD & J. BEDFORD, 1937,
p.31 [*M.yorkei;OD]. L.Cam.(?Botom.},S.Aus
tralia(Paint Mine, Beltana).--FIG. 101,2. *M.
yorkei; 2a, XO.5; 2b-d, enl. of facets marked
b,c,d, on type specimen (2a), X2.67; 2e, X5
(Bedford & Bedford, 1937).

Nostrocyathus FONIN in VOLOGDIN & FONIN, 1966,
p. 189 [*N. aculeatus; OD]. ?Tersioid outgrowth.
L.Cam.(up.Atdaban. or Botom.}, USSR(Trans
bayk.).--FIG. 74,8. *N. aculeatus; tang. sec.,
X20 (Vologdin & Fonin, 1966).

Poletaevacyathus VOLOGDIN, 1959, p. 88 [*P.
obrutchevi; M]. Doubtfully archaeocyathan. [A
figure was given but no formal description. A
diagnosis was given by VOLOGDIN, 1962, p. 125.]
L.Cam.(up.Len.}, USSR(Kuznetsk Alatau).-
FIG. 97,2. *P. obrutchevi; X6.7 (Vologdin,
1959c).

Rhizacyathus R. BEDFORD & J. BEDFORD, 1939, p.
69 [*Protopharetra radix R. BEDFORD & J. BED
FORD, 1937, p. 28; OD]. Small conical form, the
interior occupied by longirudinally oriented bars
with connections, as in "Tersia." L.Cam.(up.
Atdaban. or low.Bolom.} , S.Australia.--FIG.
74,3. *R. radix (BEDFORD & BEDFORD); 3a,b,
transv. and long. sees., X5 (photo courtesy MAX
DEBRENNE, Paris, negatives in coil. Dr. F. DE
BRENNE, Nat!. History Museum, Paris).

Tersia VOLOGDIN, 1931, p. 70 [*T. filiform a; M].
L.Cam., USSR(R. Lower Tersi, Kuznetsk Alatau).
--FIG. 101,3. *T. filiform a; X2 (Vologdin,
1931).

Tersiella VOLOGDIN, 1962, p. 129 [*Tersia nodosa
VOLOGDIN, 1940a, p. 33; OD]. L.Cam., Mongolia
(Tayshiri-ula Range).--FIG. 101,4. *T. nodosa
(VOLOGDIN), on Bicyathus crassimurus VOLOGDIN;
4a-i, random sees., X2 (Vologdin, 1940a).

Usloncyathus FONIN in VOLOGDIN & FONIN, 1966,
p. 188 [*U. miculus; OD]. ?Tersioid outgrowth.
L.Cam. (up.Atdaban. or Botom.), USSR(Trans
bayk.).--FIG. 74,6. *U. miculus; median long.
sec., X8 (Vologdin & Fonin, 1966).

Aeonthopyrgus

Ib~

Ie

(OKULITCH, 1946a; ZHURAVLEVA, 1960b). A
fourth view is also expressed that some are
extravallar outgrowths, and others separate,
encrusting genera (VOLOGDIN, 1962d).

Listed below are the systematic names
given to these problematic forms with lo
calities of their type-species, and references
to illustrations of type-species in this
Treatise.

Cavocyathus FONIN in VOLOGDIN & FONIN, 1966,
p. 189 [*C. pusilis; OD]. ?Tersioid outgrowth.
L.Cam.(up.Atdaban. or Botom.}, USSR(Trans
bayk.).--FIG. 74,4. *C. pusilis; oblique long.
sec., X 10 (Vologdin & Fonin, 1966).

Exocyathus R. BEDFORD & J. BEDFORD, 1937, p. 32
[*E. australis; OD]. L.Cam.(Botom.} , S.Austra
lia.--FIG. 97,1. *E. australis on Coscinocyathus
australis TAYLOR, Ardrossan; la, XI; 1b, x5.3
(Bedford & Bedford, 1937).

Falsocyathus FONIN in VOLOGDIN & FONIN, 1966,
p. 189 [*F. vastulus; OD]. ?Tersioid outgrowth.
L.Cam.( up.Atdaban. or Botom.}, USSR (Trans
bayk.).--FIG. 74,7. *F. vastulus; oblique transv.
sec., X 10 (Vologdin & Fonin, 1966).

Kameschkovia VOLOGDIN, 1957, p. 210 [*K. per
forata; M] [=Kameschkovia VOLOGDIN, 1956, p.
880, nom. nud.]. Doubtfully archaeocyathan.
L.Cam.(up.-Botom.} , USSR(R. Sanashtykgol,
Sayan.--FIG. 97,3. *K. perforata; X5 (Volog
din, 1957a).

Labyrinthomorpha VOLOGDIN, 1931, p. 35 [*L.
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and the Poletaevacyathidae (135. VOLOGDIN, 1962, p.
125), with Poletaevacyathus the sole genus. The
superoeder Labyrinthomorphina he founded to embrace
his order Labyrinthomorphida and the Coscinocyathida.
R. BEDFORD Ie J. BEDFORD (1939, p. 69) fDunded the family
Rhizacyathidae for Protopharetra radix (R. BEDFORD 8t J.
BEDFORD, 1937, p. 28). and ZHURAVLEVA (1955, p. 629)
founded the order Rhizacyathida to include the Rhizacya
thidae and the Bicyathidae (VOLOGDIN, 1937b, p. 472).
However, DEBRENNE (1970, p. 41) concluded that the
slenderly [3 mm. diam.] cylindrical R. radix may be a
tersioid outgrowth and thus only part of an unknown
species. FONIN in VOLOGDIN & FONIN (1966, p. 187)
founded the family Uslo-ncyathidae for Us!oncyathus, Cavo~

cyathus, Falsocyathus, and Nostrocyathus, but it seems to
me that these were based on tersioid outgrowths.]

Family UNCERTAIN
SUPPOSED PLANKTONIC OR LARVAL

ARCHAEOCYATHA

In his early works VOLOGDIN (1932, p. 10;
1937b, p. 459) described and figured certain
minute calcareous bodies as larval and
planktonic stages of Archaeocyatha passed
through prior to attachment. Roelike hol
low calcareous bodies 0.1 to 0.2 mm. in
diameter he called the "sphaerion" larval
stage; bodies of tubular form, diameter 0.1
or 0.15 mm. to 0.5 mm. he considered a
"fistula" stage; bodies 0.4 to 0.8 mm. in
diameter with traces of an inner wall were
the "conosimilis" stage; barrel-like to cylin
drical double-walled bodies 0.2 to 0.3 mm.
or more in diameter he called the "dolium"
stage.

ZHURAVLEVA (1951, p. 100; 1960, p. 40)
suggested that the diameter of the cone of
attachment of an archaeocyathan cup was
smaller than that of the "larva" and that
the "larval" stages were not unlike frag
ments of epiphyton flora; in her opinion the
"larvae" were not Archaeocyatha, and she
regarded them as organic problematica.

VOLOGDIN (1957c, p. 493) considered two
of the "dolium" cylinders from the Lower
Cambrian of the Altay to be planktonic
Archaeocyatha Septaidea, referred them to
two new genera, Szecyathus (type, S. cylin
dricus; OD) and Lucyathus (type, L. ele
gans; OD), and placed them in his family
Tabulacyathidae. BOYARINOV (1962, p. 14)
considered that the two genera are synony
mous, and that their external form and the
structure of the wall suggest that they may
be coelenterates like Conularia. YANKAUS
KAS (1969, p. 131) considered that they may
be Cribricyathida.

Calcareous microfossils from the upper
Middle Cambrian Tankhai Suite of the R.
Amga, Yakutia, herein regarded as organic FIG. 101. Order and Family uncertain (p. E132).
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Problematica, were considered archaeocya
than by VOLOGDIN (1963, p. 946). VOLOG
DIN referred one new species of the genus
Monocyathus to the family Rhabdocyathi
dae; to the family Flindersicyathidae he as
signed Tanchocyathus VOLOGDIN, 1963, p.
947 (type, T. amgaensis; OD). One species
was assigned to the genus Archaeocyathus
of the family Archaeocyathidae, and one to
Binatocyathus VOLOGDIN, 1963, p. 948 (type,
B. obliquiseptatus; OD) of the Ajacicya
thidae.

The conical microfossil 3 mm. long and
1 mm. wide described as Tunkia R. BED
FORD & J. BEDFORD, 1936, p. 21 (type. T.
incerta; M), L.Cam.(Botom.), S.Australia
(Ajax Mine, Beltana), has been restudied
by HANDFIELD & HANSMAN (1967, p. 1002)
and considered not to have archaeocyathan
relationships, but to be incertae sedis.

Phylum UNCERTAIN,
probably not Archaeocyatha

Class APHROSALPINGOIDA
Myagkova, 1955

[Aphrosalpingoida MYAGKOVA, 1955, p. 478] [=Aphrosal
pingidea VOLOGDIN & MYAGKOVA, 1962, p. 134]

Order APHROSALPINGIDA
Myagkova, 1955

[nom. correct. VOLOGDIN. 1956, p. 880 (pro Aphrosalpingi
formes MYAGKOVA, 1955, p. 478)]

This class and order possibly encompass
codiacean algae (ZIEGLER & RIETSCHEL,
1970, p. 35).

Family APHROSALPINGIDAE
Myagkova, 1955

[Aphrosa1pingidae MYAGKOVA, 1955, p. 478, 639]

Aphrosalpinx MYAGKOVA, 1955, p. 639 [*A. textilis;
OD]. USil.( Ludlow), USSR(N.Urals).

Family NEMATOSALPINGIDAE
Myagkova in Vologdin, 1956

[Nematosalpingidae MYGAKOVA in VOLOGDIN, 1956, p. 880]

Nematosalpinx MYAGKOVA, 1955, p. 478 [*N.
dichotomica; M]. U.Sil.(Ludlow) , USSR(Urals).

Order PALAEOSCHADIDA
Myagkova, 1955

[nom. correct. VOLOGDIN, 1956, p. 880 (pro Palaeoschadi
formes MYAGKOVA, 1955, p. 480)]

Family PALAEOSCHADIDAE
Myagkova,1955

[Palaeoschadidae MYAGKOVA, 1955, p. 480]

Palaeoschada MYAGKOVA, 1955, p. 480 [*P. crassi
muralis; M]. U.Sil.(Ludlow), USSR(Urals).

PROBLEMATICAL
MICROFOSSILS,

CLASS CRIBRICYATHEA
VOLOGDIN, 1961

VOLOGDIN (1962c, p. 44; 1964a, p. 1391;
1966, p. 16) grouped a number of calcare
ous microfossils from the Lower Cambrian
of the USSR(Sayano-Altay) into his new
class Cribricyathea, composed of three or
ders, Conoidocyathida (VOLOGDIN, 1964a, p.
1392), Cribricyathida (VOLOGDIN, 1964a, p.
1392), and Pterocyathida (YANKAusKAS,
1965, p. 438). The class comprises oblong
or isometric cups, one-walled or two-walled.
The order of size is up to 5 mm. long and
1.5 mm. wide, the majority being smaller,
a few larger. The outer wall is constructed
of transversely oriented ribbon-like plates
(peripteratae, Fig. 102, 103) conjoined at
the inner edges with longitudinal rocl-like
elements (baculae), so that porosity of
lattice type may result. An inner wall when
present is thin and porous; neither rods nor
septa are present in the intervallum, but
aporose dissepiments (or ?porous tabulae?)
may occur. VOLOGDIN refers some of the
species to the Middle Cambrian; these spe
cies are found in the Upper Monok Suite
of the valley of the R. Abakan in Yakutia,
and this suite (fide YANKAUSKAS & ZHURA
VLEVA, 1969, p. 8) contains a faunal complex
not younger than the Sanashtykgol faunal
complex of Lower Cambrian age. In all
probability, therefore, the range of the class
as at present known is Lower Cambrian
only. VOLOGDIN considers the class to be
overwhelmingly planktonic.

It does not seem to me that these micro
fossils can reasonably be referred to the
Archaeocyatha, and I prefer to regard them
as organic Problematica.

Class CRIBRICYATHEA
Vologdin, 1961

[Cribricyathea VOLOGDIN, 1961, p. 177 (unseen by author;
fide VOLOGDIN, 1966, p. 16); Cribricyathea VOLOGDIN, 1964,
p. 1392] [=Cribrocyathea VOLOGDIN, 1962, p. 44, as class
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[Cribricyathida VOLOGDIN, 1964, p. 1392]

Cups two-walled with peripterate outer
wall and striate inner wall. L.Carn.

Order CRIBRICYATHIDA
Vologdin, 1964

Cups conical or slenderly conical, one-walled;
peripteratae successively developing from simple
forms to asymmetrically curved with supplementary
reversed peripteratae; baculae rounded; pores sub
quadrate. L.Cam.(Len.}, USSR(Kuznetsk Alatau).
--FIG. 102,2. *A. transseptatus; holotype, long.
sec., X6 (or ?; see above) (Vologdin, 1964a).

Pubericyathus VOLOGDIN, 1964, p. 1392 [*P. phiali-
formis; aD; genus diagnosed but species figured
only; VOLOGDIN, 1966, p. 20]. Cups slenderly
conical and tubular, one-walled; peripteratae reg
ularly spaced, separate, curved in section; at
outer edge of cup peripteratae may be in contact
by their inner pectinate edges. L.Cam.(Botom.
Len.}, USSR(Altay-Sayan).--FIG. 102,3. *P.
phialiformis, 10w.Len.; Kuznetsk Alatau; holotype,
long. sec., X8 (or ?; see above) (Vologdin,
1964a).

3
Pubericyothus

Azyricyothus

Conoidocyothus

of Archaeocyatha; ?Proto3rchaeocyatha RADUGIN, 1964, p.
145, footnote]

CUpS very small, elongate or isometric,
one-walled or two-walled; wall constructed
of transversely orientated ribbons (perip
teratae) and conjugate with them, longitu
dinal rods (baculae), giving a lattice-like
porosity. Probably planktonic. L.Carn.

FIG. 102. Conoidocyathidae (p. E135).

Order CONOIDOCYATHIDA
Vologdin, 1964

[Conoidocyathida VOLOGDIN, 1964, p. 1392]

Cups commonly of conical form, single
walled with wall of peripterate structure.
L.Carn.

Family CONOIDOCYATHIDAE
Vologdin, 1964

[Conoidocyathidae VOLOGDIN, 1964, p. 1392]

Cups more or less conical, opening up
ward; with one wall of peripteratae and
baculi giving quadrate or rounded pores.
L.Carn.

Conoidocyathus VOLOGDIN, 1964, p. 1392 [*C.
artus; M; genus diagnosed but species figured only
(VOLOGDIN, 1964, p. 1392); VOLOGDIN (1966, p.
18) described as new C. artus and C. plumosus
and invalidly named C. plumosus as type-species].
Cup conical, opening upward, one-walled, lacking
holdfasts; wall with peripleratae and baculi, pores
subquadrate. L.Cam.(Botom .-Len.}, USSR(Altay
Sayan).--FIG. 102,1. *C. artus, Kuznetsk
Alatau; holotype, long. sec., X8 (or ?; Vologdin,
1964a, 1966, gave different magnifications)
(Vologdin, 1964a).

Azyricyathus VOLOGDIN, 1964, p. 1392 [*A. trans
septatus; aD; genus diagnosed, but species figured
only; VOLOGDIN, 1966, p. 23] [=Azyrocyathus,
Azyrcyathys, VOLOGDIN, 1966, p. 23, nom. null.].

Family CRIBRICYATHIDAE
Vologdin, 1964

[Cribticyathidae VOLOGDIN, 1964, p. 1392]

Outer wall closed or open upward,
formed of peripteratae and baculae; inner
wall transversely striate. L.Carn.(Botorn.
Solontsov) .

Cribricyathus VOLOGDIN, 1964, p. 1392 [*C. longus,
aD; genus diagnosed, but species illustrated only;
VOLOGDIN, 1966, p. 26]. auter wall peripterate,
pores subquadrate; inner wall striate. L.Cam.
(Botom.-Solontsov), USSR(Altay-Sayan).--FIG.
103,1. *C. longus, Solontsov, Kuznetsk Alatau;
holotype, la, almost tang. long. sec., X4; 1b,
long. sec. oblique below, X4 (or ?; Vologdin,
1964a, 1966, gave different magnifications)
(Vologdin, 1964a).

Apocyathus VOLOGDIN, 1964, p. 1394 [*A. ovalis,
aD; genus diagnosed, species illustrated only;
species described by VOLOGDIN, 1966, p. 34]. Cup
oval or a short cylinder closed at its ends. L.Cam.
(Botom.), USSR(W.Sayan).--FIG. 103,5. *A.
ovalis, R. Abakan, W.Sayan; ho!otype, somewhat
oblique long. sec., X6 (or ?; see above) (Volog
din, 1964a).

Dolichocyathus VOLOGDIN, 1964a, p. 1394 [*D.
e[figuratus, aD; genus diagnosed, but species
illustrated only; species described by VOLOGDIN,
1966, p. 38]. Cups more or less regularly, slen
derly conical, walls latticed; peripteratae and striae
conjoin with longitudinal baculae. L.Cam.
(s'olontsov) , USSR(Kuznetsk Alatau).--FIG.
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E136 ?Archaeocyatha-Cribricyathea

FIG. 103. Cribricyathidae (1-5,7); Pyxidocyathidae
(6,8-10); Capillicyathidae (11) (p. E135-E137).

Family PYXIDOCYATHIDAE
Vologdin, 1964

[Pyxidocyathidae VOLOGDtN, 1964, p. 1394] [=Pixidocyathi
dae VOLOGDtN, 1966, p. 16, nom. null.]

CUpS two-walled, conical or tubular.
Outer wall peripterate, but inner wall with
simple porosity, with rounded pores.
L.Cam.(Botom.-Solontsov).
Pyxidocyathus VOLOGDIN, 1964, p. 1394 [*P.
gracilis, M; genus diagnosed, species illustrated
only; species described by VOLOGDIN, 1966, p. 40;
VOLOGDIN (1966, p. 39) invalidly named P.
plumosus VOLOGDIN, 1966, p. 39, as type-species]
[=Pixidocyathus VOLOGDIN, 1966, p. 16, nom.
null.; Puxidocyathus VOLOGDIN, 1966, p. 40, nom.
null.]. Cups funnel or goblet-like; inner wall
exaxial. L.Cam.(Botom.), USSR(W.Sayan).-
FIG. 103,6. *P. gracilis, R.Kyzas, W.Sayan; 6a,
long. sec., XIO (or ?; Vologdin, 1964a, 1966,
gave different magnifications); 6b, part of the
same showing bud further enlarged (Vologdin,
1964a) .

Longicyathus VOLOGDIN, 1964, p. 1394 [*L.
pubescens; aD; genus diagnosed, species illustrated
only; species described by VOLOGDIN, 1966, p. 42].
Cups slenderly conical, some curved; outer wall
peripterate, inner wall with round simple pores.
Central cavity has lateral position. L.Cam.
(Botom.), USSR(Altay-Sayan).--FIG. 103,8.
*L. pubescens, R. Sanashtykgol, W.Sayan; holo-

1966, p. 36] [=Lageniyfathus VOLOGDIN, 1964,
p. 1394, nom. null.]. Cups two-walled, irregular
in form, both ends expanded; each wall a perip
terate lattice. L.Cam.(Botom.), USSR(W.Sayan).
--FIG. 103,7. *L. lamellifer, R.Abakan, W.
Sayan; holotype, long. sec., X8 (or ?; see above)
(Vologdin, 1964a).

Lomatiocyathus VOLOGDIN, 1964, p. 1392 [*L.
clathratus, aD; genus diagnosed, but species illus
trated only; species described by VOLOGDIN, 1966,
p. 27] [=Lematiocyathus and Lomaticythus Vo
LOGDIN, 1966, p. 16, p. 28, nom. null.]. Inner wall
irregularly orientated with respect to axis of cup.
L.Cam.(Solontsot!) , USSR(Altay-Sayan).--FIG.
103,2. *L. clathratus, Kuznetsk Alatau; long. sec.,
X 10 (or ?; see above) (Vologdin, 1964a).

Thecocyathus VOLOGDIN, 1964, p. 1392 [*T. tetra
gonus, aD; genus diagnosed, species illustrated
only; species described by VOLOGDIN, 1966, p. 32]
[=Thecocyathys VOLOGDIN, 1964, p. 1393; Theci
cyathus VOLOGDIN, 1966, p. 31, nom. null.]. Cup
slenderly conical, rounded or subquadrate in sec
tion especially in late stages; inner chamber com
monly closed, arranged excentrically. L.Cam.
(Botom.,up.Monok Suite), USSR(W.Sayan).-
FIG. 103,4. *T. tetragonus, Botom., R.Kyzas, W.
Sayan; oblique sec., X 10 (or ?; see above)
(Vologdin, 1964a).
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103,3. *D. effiguratus, Solontsov; long. sec., X 10
(or ?; see above) (Vologdin, 1964a).
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lamellifer, aD; genus diagnosed, but species il
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Vologdinophyllida-Vologdinophyllacea E137

type, long. sec., XB (or ?; see above) (Vologdin,
1964a) .

Peripteratocyathus VOLOGDIN, 1964, p. 1394 [*P.
cirratus; OD; genus diagnosed, species illustrated
only; species described by VOLOGDlN, 1966, p. 47].
Cups slenderly conical or tubular, commonly
crooked. Inner wall exaxial, developed the whole
length of the cup. L.Cam.(Solontsotl), USSR
(Kuznetsk Alatau).--FIG. 103,10. *P. ci1'1'atus,
Solontsov, Kuznetsk Alatau; holotype, long. sec.,
X8 (or ?; see above) (Vologdin, 1964a).

Radicicyathus VOLOGDIN, 1964, p. 1393 [*R. ca
naliculatus,o OD; genus diagnosed, species illus
trated only; species described by VOLOGDlN, 1966,
p. 48] [=Redicicyathus and Radiacicyathus
VOLOGDlN, 1964, p. 1394, nom. null.]. Cups
tubular with distal distension in which is sited
oblique central cavity. L.Cam.(Solontsotl), USSR
(Kuznetsk Alatau).--FIG. 103,9. *R. canalicu
latus; holotype, long. sec., X 10 (or ?; see above)
(Vologdin, 1964a).

Sunicyathus VOLOGDlN, 1964, p. 1394 [*S. pulcher,
OD; genus diagnosed, species neither described
nor illustrated; species described and illustrated by
VOLOGDlN, 1966, p. 44]. Cup short, more or less
isometric, closed. L.Cam.(Botom.), USSR(W.
Sayan).

Turricyathus VOLOGDlN, 1964, p. 1394 [ *T. pro
cerulus, OD; genus diagnosed, species neither
described nor figured; VOLOGDIN, 1966, p. 45,
named T. tUrl'is VOLOGDlN, 1966, p. 45, type
species]. Cup short, subquadrate in section; inner
wall orientated more or less regularly longitudi
nally, but somewhat exaxial. L.Cam.(Botom.),
USSR(W.Sayan).

Family CAPILLICYATHIDAE
Vologdin, 1964

[Capillicyathidae VOLOGDIN, 1964, p. 1394]

Cups two-walled, slenderly conical outer
wall with flat double peripteratae; inner
wall with simple round pores. L.Cam.
(Botom.).
Capillicyathus VOLOGDlN, 1964, p. 1394 [*C.

fimbriatus,o OD; genus diagnosed, single species
illustrated only; species described by VOLOGDlN,
1966, p. 50]. Cup slenderly conical, peripterate
outer wall in little transverse folds, with slitlike
pores; development of inner wall lags behind
growth of outer wall. L.Cam.(Botom.), USSR(W.
Sayan).--FIG. 103,11. *C. fimbriatus, R.Kyzas,
W.Sayan; holotype, long. sec., XIO (or ?; Volog
din, 1964a, 1966, gave different magnifications)
(Vologdin, 1964a).

Order VOLOGDINOPHYLLIDA
Radugin, 1964

[nom. correct. HILL, herein, pro Vologdinophylloidea
RADUGIN, 1964, p. 145] [=Akademiophylloidea RADUGIN,

1964, p. 145; Pterocyathida YANKAUSKAS, 1969, p. 134, nom.
corral. pro Pterocyathidae YANKAUSKAS, 1965, p. 439

(order)]

Two-walled or one-walled, bilaterally
symmetrical, slenderly conical or cylindrical,
very small cups (order of diameter 0.5
mm.), straight or cornute; outer wall con
sists of separate laminar transverse elements
(peripteratae, Fig. 104), in general infundi
buliform; inner wall transversely annulate
or monolithic. L.Cam.(Aldan.).

Superfamily
VOLOGDINOPHYLLACEA

Radugin, 1964
[nom. trans!' YANKAUSKAS. 1969, p. 134 (ex Vologdino

phyllidae RADUGIN, 1964, p. 145)]

Conical or cylindrical cups, one-walled,
constructed of peripteratae of the first, sec
ond, and third types (see Fig. 104). L.Cam.
(Aldan.).

Family LEIBAELLIDAE
Yankauskas, 1965

[Leibaellidae YANKAU'KA', 1965, p. 439]

One-walled slenderly conical and cylin
drical cups with straight orifices and oval
or round-loaf transverse section. Walls con
sist of peripteratae of first or second type
(Fig. 104). L.Cam.(Aldan.}.
Leibaella YANKAUSKAS, 1964 (unseen by HILL);

1965, p. 439 [*L. elotlica,o OD; in 1965 genus
diagnosed, single species illustrated only; species
described by YANKAUSKAS, 1969, p. 138] [=
Coscinophyllina, Coscinophylltlm RADUGIN, 1966
(unseen), fide YANKAUSKAS, 1969, p. 138]. One
walled cups straight or weakly curved, the wall
formed of peripteratae of the second type (see
Fig. 104). L.Cam.(Aldan.), USSR(Altay-Sayan).
--FIG. 105,3. *L. elotlica, R. Mana, E.Sayan;
3a-e, transv. and long. sees., X 18 (Yankauskas,
1969).

Dubius YANKAUSKAS, 1969, p. 135 [*D. ttncatus,o
OD]. Cups with very thin aporose wall, rarely
with obscurely displayed peripteratae, straight or
bent, in some at an obtuse angle to the longitudi
nal axis. L.Cam.(Aldan.), USSR(E.Sayan).-
FIG. 105,1. *D. tlncatus, R.Mana, E.Sayan; holo
type, 1a,b, long. and transv. sees., X 16 (Yankaus
kas, 1969).

Ramifer YANKAUSKAS, 1965, p. 439 [*R. girattts;
M; genus diagnosed, single species illustrated only;
species described by YANKAUSKAS, 1969, p. 136].
One-walled with single wall formed by periptera
tae of the first type (Fig. 104). L.Cam.(Aldan.),
USSR (Altay-Sayan).--FIG. 105,2. *R. girattts,
R.Mana, E.Sayan; ho!otype, 2a,b, long. and transv.
sees., X 16 (Yankauskas, 1969).
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[Of these new genera, RADUGIN, 1964, p. 146 gave figures
of transverse sections of the following designated (new)
type-species, but without diagnoses or descriptions:
Miophyllum biconvexum. Ophyllum planoconvexum.
Mesophyllum ordinare, Ellipsophyllum typicum, Vando
phyllum khal/ini. Dephyllum tadasi. Laphyllum ordinare.
Nejrophyllum vasi, Rhombophyllum primum, Ellipso.
phyllina rara, Linzophyllum (sic) asimmetricum, Kaphy[
lum irrt'gu[are, Tephy/lum [sic] mirabile, Esphy/lum
originale, Quadriphy/lum koptevi, Trapecephy/lum unicum,
Trigonophy/lum inexpectum. All of these species except
N. vasi, R. primum, E. rara and T. inexpectum were
placed by YANKAUSKAS (1969. p. 141) in synonymy with
V. chlachlovi. For the following generic names, senior
homonyms exist for taxa in the animal kingdom: Circa
phyllum. Mesophyllum, Rhombophyllum <as Rhombo
phylla) and Trigonophyllum <as Trigonophylla); Mono
phyllum. Hemiphyllum and Anomalophyllum <as An
omalophylla) .]

Cardiophyllum RADUGIN, 1964, p. 146 [oc. kelleri;
OD, but figured only; and fide YANKAUSKAS, 1969,
p. 143] [=Cardiophyllina, Stapephyllum, Aphyl-

(a views) and transv. (b views) sees.; 16a,b, first
type; 17a,b, second type; 18a,b, third type; 19a,b,

fourth type; 20a,b, fifth type; 21a,b, sixth (mana
cyathid) type.--22-48. Morphological variety in
peripteratae in radial long. sec., inner surface of
wall to right; 22-25, in first type; 26-30, in second
type; 31-41, in third type; 42, in fourth type;
43-44, in Manacyathidae (sixth type); 45-48, in

fifth type.

Family VOLOGDINOPHYLLIDAE
Radugin, 1964

rVologdinophyllidae RADUGIN. 1964. p. 145] [=Volog·
dinophillidae YANKAUSKAS, 1965, p. 439, nom. null.]

One-walled cups with chambered, ring
chambered or subchambered wall; perip
teratae of third and fourth types (see Fig.
104). L.Cam.(Aldan.).
Vologdinophyllum RADUGIN, 1962, p. 8; 1966
(unseen by HILL) [OV. chachlovi; OD]
[=Hemiphyllum, Miophyllum, Ophyllum, Meso
phyllum, Ellipsophyllum, Monophyllum, Vando
phyllum, Costophyllum, Anomalophyllum, De
phyllum, Laphyllum, Nejrophyllum, Rombophyl
lum, Ellipsophyllina, Gonophyllum, Eophyllum,
Hemiphyllina, Linsophyllum, Kaphyllum, The
phyllum, Esphyllum, Quadriphyllum, Trapece
phyllum, Trigonophyllum, Monstrophyllum, Circo
phyllum, all of RADUGIN, 1966 (unseen by HILL);
synonymy fide YANKAUSKAS, 1969, p. 141].
Cups one-walled, the wall constructed of periptera
tae of the third and fourth types (see Fig. 104);
walls chambered, or ring-chambered, or very rarely
subchambered. Cups characteristically bilaterally
symmetrical, elliptical, oval, round-loaf shaped,
reniform in transverse section. Inner cavity oval
or predominantly reniform in section. L.Carn.
(Aldan.), USSR(Altay-Sayan).--FIG. 106,4.
°V. chachlovi; 4a-e, oblique long. sec., transv.
and long. sees., X20 (Yankauskas, 1969).
[=Vologdinophillum YANKAUSKAS, 1965, p. 439,
nom. null.]
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Vologdinophyllida-Akademiophyllacea E139

Cordiophyllum
lb

Superfamily
AKADEMIOPHYLLACEA

Radugin, 1964

Slenderly conical cups, oval in transverse section,
with simple, camerate wall; peripteratae asym
metrically positioned, their axial edges on the one
side free, on the other side conjunct. L.Cam.
(Aldan.), USSR(E.Sayan).--FIG. 106,2. "'L.
vitalis, R.Mana, E.Sayan; holotype, oblique sec. of
orifice region, X 16 (Yankauskas, 1969).

[nom. transl. HILL, herein (ex Akademiophyllidae RADUGIN,
1964, p. 145)] [=Pterocyathacea YANKAUSKAS, 1969, p. 146J

Conical or cylindrical cups, two-walled;
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FIG. 106. Vologdinophyllidae (p. EB8).
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2L.onga~~ 0
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FIG. 105. Leibaellidae (p. EB7).

lum, Bephyllum, Cephyllum all of RADUGIN, 1964,
p. 146, 1966 (unseen); type new species of these
genera named and figured as C. mani, S. cerskii,
A. lomonsovi, B. lermontovae, and C. costatum
but not described by RADUGIN, 1964, p. 146, and
all were considered synonyms of C. kelleri by
YANKAUSKAS, 1969, p. 143; there is a senior
homonym in the animal kingdom for Aphyllum;
Manaella YANKAUSKAS, 1964 (unseen), 1965, p.
439, only species named and figured, not described,
M. basaika YANKAUSKAS, 1964]. Cups one-walled,
third type. L.Cam.(Aldan.}, USSR(E.Sayan).-
FIG. 106,1. "'C. kelleri, R.Mana, E.Sayan; 1a-/,
transv. and long. sees., X16 (Yankauskas, 1969).

Crispus YANKAUSKAS, 1965, p. 439 ["'C. subdimi
diatus; M; genus diagnosed; single species illus
trated only; type-species described by YANKAUSKAS,
1969, p. 145]. One-walled cups, the wall cham
bered or ring-chambered, formed of peripteratae
of third type (see Fig. 104), upper edges of the
peripteratae on the one side rounded, on the
other, sharply pointed. L.Cam.(Aldan.} , USSR
(E.Sayan).--FIG. 106,3. "'C. subdimidiatus, R.
Mana, E.Sayan; 3a, sec. through initial and early
stages; 3b,c, oblique sec., 3d, oblique long. sec.,
all X16 (Yankauskas, 1969).

Longaevus YANKAUSKAS, 1965, p. 439 ["'L. vitalis,
M; genus diagnosed; single species illustrated only;
species described by YANKAUSKAS, 1969, p. 144].
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[Achorocyathidae YANKAUSKAS, 1965, p. 440]

Cups two-walled, large (1.5 to 2 mm.
diameter), straight, slenderly conical with
rounded, rarely oval transverse section;
outer wall subcamerate, composed of perip
teratae of the fifth type (see Fig. 104);
inner wall striate. Porosity rarely observed.
L.Cam.(Aldan.).

Cup two-walled; outer wall chambered or
ring-chambered, peripteratae of third type
(see Fig. 104); inner wall monolithic. L.
Cam.(Aldan.).
Akademiophyllum RADUGIN, 1964, p. 145 [OA.
eonuforme, aD]. Cup two-walled; outer wall
peripterate, chambered or ring-chambered, perip
teratae of third type (see Fig. 104); inner wall
monolithic, trough-formed. L.Cam.(Aldan.},
USSR(R.Mana, E.Sayan).--FIG. 107,3. "'A.
eornuforme; 3a,b, transv. sees., 3e, long. sec., all
XU (Yankauskas, 1969).

Erphyllum RADUGIN, 1964, p. 146 ["'E. bephylle
forme; aD (figured only; described by YANKAUS
KAS, 1969, p. 148)] [=Arehaeobullathus YAN
KAUSKAS, 1965; p. 440 (type, A. eereiformis
YANKAUSKAS, 1965, p. 438; M; figured only, but
genus diagnosed); Arehaeobullatus VOLOGDIN,
1966, p. 16, nom. null.]. Like Akademiophyllum,
but cup heart-shaped in transverse section. L.
Cam.(Aldan.}, USSR(R.Mana, E.Sayan).--FIG.
107,1. "'E. bephylleforme, R.Mana, E.Sayan; la,
long. sec., lb,c,d, transv. sees., all XU (Yankaus
kas, 1969).

Lacerathus YANKAUSKAS, 1965, p. 440 ["'L. cu
neatus; M; genus diagnosed, single species illus
trated only; species described YANKAUSKAS, 1969,
p. 149] [=Laceratus YANKAUSKAS, 1964, p. 438;
1969, p. 149, nom. null.]. Outer wall peripterate,
chambered, asymmetry of peripteratae as in
Longaevus; inner wall monolithic, trough-formed.
L.Cam.(Aldan.), USSR (E.Sayan) .--FIG. 107,4.
"'L. euneatus, R.Mana, E.Sayan; oblique long. sec.,
X20 (Yankauskas, 1969).

Pterocyathus YANKAUSKAS, 1965, p. 440 ["'P.
glaueus; M; genus diagnosed, single species illus
trated only; species described YANKAUSKAS, 1969,
p. 150, as P. glausus (nom. null.)]. Two-walled
cups; outer wall peripterate, chambered or ring
chambered; inner wall monolithic; upper edge of
peripteratae on "ventral" side acute, on "spinal"
side rounded. L.Cam.(Aldan.), USSR (Altay
Sayan).--FIG. 107,2. "'P. glaueus, R.Mana, E.
Sayan; 2a, long. sec., XU; 2b,e, transv. sec.,
XU; 2d, oblique long. sec., XIO (Yankauskas,
1969).

Family ACHOROCYATHIDAE
Yankauskas, 1965

?Archaeocyatha-Class Uncertain-Radiocyatha

h i<~'d~
1b Erphyllum

Akademiophyllum

o30

Family AKADEMIOPHYLLIDAE
Radugin, 1964

[Akademiophyllidae RADUGIN, 1964, p. 145) [=Pterocya
thidae YANKAUSKAS, 1965, p. 440]

outer wall peripterate, inner wall monolithic
or striate. L.Cam.(Aldan.).

FIG. 107. Akademiophyllidae (1-4); Achorocyathi
dae (5-6); Manacyathidae (7) (p. EI40-EI41).
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Achorocyathus YANKAUSKAS, 1965, p. 440 [*A.
perbellus, M; genus diagnosed, single species illus
trated only; species described YANKAUSKAS, 1969,
p. 152). Cups long, straight, conical two-walled;
outer wall peripterate, subcamerate, composed of
peripteratae of fifth type; inner wall striate, de
veloped for entire length of adult stages. Gyrate
peripteratae have uneven lower edges, causing
short transverse chink-like openings performing
role of pores. L.Cam.(Aldan.} , USSR(E.Sayan).
--FIG. 107,6. *A. perbellus, R.Mana, E.Sayan;
oblique long. sec., X 13 (Yankauskas, 1969).

Topolinocyathus YANKAUSKAS, 1965, p. 440 [*T.
popovi; M; genus diagnosed, single species illus
trated only; species described YANKAUSKAS, 1969,
p. 153). Outer wall as in Achorocyathus; inner
wall striate, barrel-shaped. L.Cam.(Aldan.}, USSR
(E.Sayan).--FIG. 107,5. *T. popovi, R.Mana,
E.Sayan; holotype, oblique sec., X 13 (Yankauskas,
1969) .

Class UNCERTAIN

Order ARCHAEOPHYLLIDA
Okulitch, 1943

[nom. correct. OKULITCH, 1955, p. EIO (pro Archaeophyllina
OKULITCH, 1943, p. 46)] [=Archaeophylloidea RADUGIN,

1964, p. 147]

Family ARCHAEOPHYLLIDAE
Vologdin, 1931

[Archaeophyllidae VOLOGDIN, 1931, p. 60]

Archaeophyllum SIMON, 1939, p. 21 [*A. edelsteini;
OD SIMON, 1939, p. 21). ?L.Cam.(up.Atdaban.) ,
USSR(Kameshki, Kuznets);;. Alatau).

Butovia VOLOGDIN, 1931, p. 63 [*B. serrata; M).
?L.Cam.(up.Atdaban.} , USSR(Kameshki, Kuznetsk
Alatau).

Order UNCERTAIN
Family MANACYATHIDAE

Yankauskas, 1969
[Manacyathidae YANKAUSKAUS, 1969, p. 154]

One-walled, radially symmetrical, conical
or cylindrical cups, the wall composed of
connecting peripteratae of the sixth type
(see Fig. 104). L.Cam.(Aldan.).

Manacyathus YANKAUSKAS, 1969, p. 154 [*M.
mikroporostlS; OD). Cups radially symmetrical,
one-walled; wall composed of a system of perip
teratae each doubled back on itself (sixth type)
forming an annular riffle. Some skeletal elements
microporous. L.Cam. (Aldan.) , USSR (E.Sayan).
--FIG. 107,7. *M. mikroporosus, R.Mana, E.
Sayan; holotype, part of long. sec., X 13 (Yan
kauskas, 1969).

Class RADIOCYATHA
Debrenne, H. Termier, &

(;. Termier, 1971
[Radiocyatha DEBRENNE, H. TERMIER, & G. TERMIER, 1971,

p. 1201

DEBRENNE, et aI., 1971, p. 124, drew at
tention to morphological similarities of this
class to Archaeocyatha and Echinodermata.
L.Cam.(up.Atdaban.-low.Botom.).

Order HETAIRACYATHIDA
R. Bedford & J. Bedford, 1937

[nom. correct. OKULITCH, 1955, p. E18 pro Hetairacyathina
R. BEDFORD & J. BEDFORD, 1937, p. 27 (nom. subst. pro
Heterocyathina OKULITCH, 1935, p. 90, based on invalid

generic name)]

Family HETAIRACYATHIDAE
R. Bedford & J. Bedford, 1934

[nom. subst. R. BEDFORD & J. BEDFORD, 1937, p. 27 (pro
Heterocyathidae R. BEDFORD & W. R. BEDFORD, 1934, p. 6)]

Radiocyathus OKULlTCH, 1937 (April), p. 252
[nom. subst. OKULlTCH, 1937, p. 252, pro Hetero
cyathtts R. BEDFORD & W. R. BEDFORD, 1934, p. 6
(type, H. minor; SD BEDFORD & W. R. BEDFORD,
1936, p. 20), non Heterocyathtts EDWARDS &
HAIME, 1848, p. 323 (type, H. aequicostatus; SD
EDWARDS & HAIME, 1850, p. xv)) [*Heterocyatltus
minor R. BEDFORD & W. R. BEDFORD, 1934, p. 7;
OD) [=Hetairacyathtts R. BEDFORD & J. BEDFORD,
1937 (Sept.), p. 27, nom. subst. pro Heterocya
thus R. BEDFORD & W. R. BEDFORD, 1934, p. 6,
non Heterocyatll/ts EDWARDS & HAIME, 1848, p.
323 (type, H. aeqtticostattts; SD EDWARDS &

HAIME, 1850, p. xv»). L.Cam.(ttp.Atdaban. or
low.Botom.), S.Australia(Ajax Mine, Beltana).

Class UNCERTAIN,
PROBABLY NOT

ARCHAEOCYATHA

Order UNCERTAIN
Family MATTHEWCYATHIDAE

Okulitch, 1943
[Matthewcyathidae OKULITCH, 1943, p. 48]

Matthewcyathus OKULlTCH, 1940, p. 84 [*Archaeo
cyathus pavonoides MATTHEW, 1886, p. 29; OD).
M.Cam., Can.(N.B.).

Family KOROVINELLIDAE
Khalfina, 1960

[Korovinellidae KHALFINA, 1960, p. 80J

Members of this family, together with
Praeactinostroma and Cambrostroma were
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considered to be the earliest stromatoporoids
by YAWORSKY (1932, p. 613), ZHURAVLEVA

(1955, p. 17; 1960, p. 312), KHALFINA

(1960, p. 79), VLASOV (1961, p. 22; 1967,
p. 120), KHALFINA & YAVORSKIY (1967, p.
133) and VOLOGDIN (1940b, p. 102; 1966, p.
7), but NESTOR (1966, p. 3) considered them
to be archaeocyathans of the Order Archaeo
syconida. Herein they are considered prob
ably not archaeocyathans. L.Cam.(up.
BOlom.).
Altaicyathus VOLOGDIN, 1932, p. 27 [*A. notabilis;
M] [=Korovinella RADUGIN (MS in KHALFINA),
1960, p. 81 (type, Clathrodictyon sajanicum
YAWORSKY, 1932, p. 614; OD)]. L.Cam.(up.
Botom.), USSR(Sayano-Altay).

Family UNCERTAIN
Atikokania WALCOTT, 1912, p. 6 [*A. lawsoni;
OD]. ?Precam.(Steeprock Series), Can.

Cambrostroma VLASOV, 1961, p. 29 [*C. rossicum;
OD]. L.Cam.(up.Botom.), USSR(Sayano-Altay).

Miassocyathus FOMIN, 1963, p. 17 [*M. lobanovae;
OD]. M.Dev., USSR(S.Urals).

Misracyathus VOLOGDIN, 1959, p. 82 [*M. vindhia
nus; M]. U.Proteroz.(Vindhyan) , India.

Orlinocyathus KRASNOPEEVA in VOLOGDIN, 1957, p.
212 [*0. olgae; M]. U.Cam., USSR(Salair).
Probably a sponge of the family Archaeoscyphidae
RAUFF.

Praeactinostroma KHALFINA, 1960, p. 81 [*Ac
tinostroma vologdini YAWORSKY, 1932, p. 613;
OD]. L.Cam.(up.Botom.), USSR(Sayano-Altay).

Spongiosicyathus ZHURAVLEVA, 1968, p. 174 [*Dic
tyocyathus translucidus ZHURAVLEVA, 1960, p. 275;
OD]. Solitary or colonial, cups in form like a
round loaf, or commonly conical; skeletal walls
absent; intervallum a framework of regularly
spaced spicules arranged at right angles in three
planes-radial longitudinal, radial horizontal and
tangential; adherent outgrowths form shapeless
carbonate mass. L.Cam.(up.Tommot.-low.Bo
tom.), USSR(Sib.Platf.).
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Italicized names in the following index are considered to be invalid; those printed in
roman type, including morphological terms, are accepted as valid. Suprafamilial names
are distinguished by the use of full capitals and author's names are set in small capitals
with an initial large capital. Page references having chief importance are iQ boldface type
(as EI00). Some divergences, in classification reflect differences of authors concerning
validity of nomenclature.

Abakanicyathus, E124
ACANTHINOCYA THIDA , E58
Acanthinocyathidae, E46, E60
ACANTHINOCYA THINA , E58
Acanthinocyathus, E60
Acanthocyathidae, E60
ACANTHOCYATHINA, E58
Acanthocyathus, E60
Acanthopyrgidae, E48, E131
Acanthopyrgus, E131
Acantinocyathidae, E60
Acantinocyathus, E60
Achorocyathidae, E48, E140
Achorocyathus, E141
Afiacyathus, E65
Agastrocyathus, E107
Agyrekocyathidae, E47, E96
Agyrekocyathus, E96
Ajacia, E132
Ajacicyathacea, E46, E61
Ajacicyathellus, E61
AJACICYATHIDA, E46, E58
Ajacicyathidae, E26, E33, E46,

E61, E134
AJACICYATHINA, E3, E13, E25,

E45-E46, E58, E61
Ajacicyathus, E4, E6, E9, Ell,

E13-EI4, E27, E61
Akademiophyllacea, E48, E139
Akademiophyllidae, E48, E139

E140
AKADEMIOPHYLLOIDEA,

E137
Akademiophyllum, E140
Alataucyathacea, E47, E97
Alataucyathidae, E26, E47, E97
Alataucyathus, E97
Aldanian Stage, E29
algae, E27
algal-archaeocyathan bioherms,

E28
algal-archaeocyathan reefs, E40
Alphacyathus, E57
Altaicyathus, E142
Altay-Sayan fold belt, E29, E33
Amgian Stage, E32
Amouslekian Stage, E32
Anaptyctocyathacea, E47, E97
Anaptyctocyathidae, E47, E97
Anaptyctocyathus, E97
Angaricyathus, E91
Annulocyathacea, E47, E80
Annulocyathella, E81
Annulocyathidae, E26, E47, E80
Annulocyathus, Ell, E80
Annulofungia, E80

Annulofungia, E81
annulus, E9, E40
Anomalopllylla, E138
Anomalophyllum, E138
ANTHOCYATHA, EI03
ANTHOCYA THEA , E43, EI03
Anthomorpha, Ell, E121
ANTHOMORPHEA, E43
ANTHOMORPHIDA, EI21
Anthomorphidae, E15, E48, E121
ANTHOMORPHlNA, EI2l
APHROSALPINGIDA, E48, E134
Aphrosalpingidae, E44, E48, E134
APHROSALPlNGIDEA, E134
APHROSALPlNGIFORMES,

E134
APHROSALPINGOIDA, E48,

E134
APHROSALPlNGOIDEA, E44
Aphrosalpinx, E134
Aphyllum, E138
Apocyathus, E135
Aptocyathacea, E57
Aptocyathella, E58
Aptocyathidae, E46, E57
Aptocyathus, E57
Araneocyatllidae, EI21
Araneocyathus, EI21
Archaeobullatlllls, EI40
Archaeobullatus, EI40
ARCHAEOCYATHA, E2-E3, E9,

E44, E46,E50
Archaeocyathaceae, E50
ARCHAEOCYATHEA, E43
Archaeocyathellidae, E61
Archaeocyathellus, E62
ARCHAEOCYATHI, E50
ARCHAEOCYATHIDA, E48,

EI03-104
Archaeocyathidae, E48, E1l7,

E134
ARCHAEOCYATHINA, E48,

103-104
ARCHAEOCYATHINAE, E50
Archaeocyathinae, EI17
Archaeocyathus, E6, E32, E39,

E117, E134
Archaeofungia, E19, EI13
Archaeofungidae, EI12
Archaeofungiidae, E48, E1l2
ARCHAEOLYNTHIDA, E50
Archaeolynthidae, E51
Archaeolynthus, E6, E17, E24,

E26, E51, E53
Archaeopharetra, Ell, E105
ARCHAEOPHARETRIDA, E45

Archaeopharetridae, E48, EI05
ARCHAEOPHYLLIDA, E48,

EI41
Archaeophyllidae, E48, E141
ARCHAEOPHYLLlNA, EI41
ARCHAEOPHYLLOIDEA, EI41
Archaeophyllum, E141
Archaeosycon, E123
ARCHAEOSYCONIDA, E121,

EI42
Archaeosyconidae, E17, E33, E44,

E48, E122
Archaeosyconiidae, EI22
ARCHAEOSYCONllNA, EI21
ARCHAEOSYCONINA, E16,

E48, E121
Archeocyathus, E43
Ardrossacyathus, El11
Asaphiscus, E32
Ascocyathus, E61
Asterocyathellus, E92
Asterocyathidae, E92
Asterocyathus, E23, E93
Asterotumulus, E97
Atdabanian Stage, E29
Atikokania, E142
Azyrcyathys, E135
Azyricyathus, E135
Azyrocyathus, E135

Bacatocyathidae, E48, EI03
Bacatocyathus, E103
Bacatocyathus, EI03
bar, E40
Batchatocyathidae, EI03
Batchatocyathus, EI 03
Batenevia, E124
Batschatocyathus, EI03
BAYFIELD, E43
BEDFORD & BEDFORD, E43, E133-

E134
Bedfordcyathus, E110
Beltanacyathidae, EI12
Beltanacyathus, E4, E9, E19, E1l4
Bephyllum, E139
Beticocyathus, E128
BICYATHIDA, EI03
Bicyathidae, E48, EI05, E133
BlCYATHlNA, EI03
Bicyathus, E8, EIO, E16, EI05
BILLINGS, E43
Binatocyatlllls, E134
bioherms, E27
biostromes, E27
BORNEMANN, E43
Boscecu1cyathacea, E47, E77
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Bosceculcyathidae, E47, E78
Bosceculcyathus, E78
BOSCECULIDA, E58, E77
BOSCEKULCYATH1NA, E61,

£77
Boscekulcyathus, E78
BOSCEKULIDA, E58, E77
Botomacyathidae, E91
Botomacyathus, E92
Botomian Stage, E29
Botomocyathidae, E47, E91
Botomocyathus, Ell, E92
Bottonaecyathus, EI07
BOYARINOV, E133
bract, E40
BRONCHOCYATHlDA, E85
Bronchocyathidae, E47, E86
Bronchocyathus, E86
Butovia, E141

Cadniacyathus, E19, E67
Calamithes, E43
Calyptocoscinacea, EIOO
Calyptocoscinidae, E47, EI0l
Calyptocoscinus, E21, EI02
Calyptocyathus, E21
Cambrian biostratigraphy, E29
Cambrocyathellus, Elll
Cambrocyathidae, EI09
Cambrocyathinae, EI09
Cambrocyathus, E111
Cambronanus, E119
Cambrostroma, E142
canals, E7
Capillicyathidae, E48, E137
Capillicyathus, E137
Capsolynthidae, E46, E53
Capsolynthus, E53
Capsulocyathidae, E46, E54
CAPSULOCYATHINA, E46,

E54, E58
Capsulocyathus, E13, E54
Cardiophyllina, E138
Cardiophyllum, E138
Carinacyathidae, E47, E91
Carinacyathus, E91
Carinocyathus, E91
Carpicyathus, E65
catenulate colony, E6
catenulate skeleton, E3
Cavocyathus, E132-E133
central cavity, E3, E21, E23, E40,

E58
Cephyllum, E139
Chabakovicyathus, E58
Chankacyathidae, E46, E70
Chankacyathus, E7l
CHOUBERTICYATHlDA, E45,

EI03-£105
Chouberticyathus, EI07
Circophyllum, E138
Claruscoscinus, E124
Claruscyathus, E126
classification, E43, E46
clathrate wall, Ell
Clathricoscinacea, E47, E96
Clathricoscinidae, E47, E96
Clathricoscinus, E96
Clathricyathus, E19, E84

Archaeocyatha

Clathricyatlltls, E84
Clathrocyathus, E84
COELENTERATA, E2, E43-E44
Coelocyathus, E55
colonial Archaeocyatha, E6
colonial habit, E6
Compositocyathidae, E33, E46,

E67
Compositocyathus, E22, E67
compound skeleton, E3
CONOIDOCYATHIDA, E48,

£134-E135
Conoidocyathidae, E48, E135
Conoidocyathus, E135
"conosimilis" stage, E133
Conularia, E133
Copleicyathidae, E48, E117
Copleicyathus, E117
Cordilleracyathus, E84
Coscinocyathacea, E47, E92
Coscinocyathella, EI26
Coscinocyathellidae, E47, E96
Coscinocyathellus, E26, E96
Coscinocyathellus, E96, EI26
COSCINOCYATHlDA, E58, E92,

E133
Coscinocyathidae, E26, E33, E47,

E92
COSCINOCYATHINA, E7, E13,

EI5-EI6, E25, E47, E92
Coscinocyathus, E9-£10, £16, E27,

E92
Coscinophyllina, E137
Coscinophyllum, E137
Coscinoptycha, E99
Coscinoptycta, E4, E99
Coscinoteichus, E94
Costophyllum, E138
CRIBRICYATHEA, E44, E48,

E134
CRIBRICYATHIDA, E48, E133-

E135
Cribricyathidae, E48, E135
Cribricyathus, E135
CRIBROCYATHEA, E134
Cricopectinus, E69, E86
Cricopectinus, E68
Crispus, E139
CROMMYOCYATH1NA, E132
Cryptaporocyathidae, E51
Cryptaporocyathus, E51
Cryptoporocyathidae, E46, E51
Cryptoporocyathus, E4, E9, Ell,

E51
cup, E3, E40
Cyathocricus, E68
Cyathophyllum, E43
CYATHOSPONG1A, E50
Cyciocyathella, E68
CYCLOCYATHELLIDA, E58
Cyclocyathellidae, E33, E46, E68
Cyclocyathus, E68
Cysticyathus, EI03

Dailycyathus, E79
DAWSON, E43
DEBRENNE, EI I, E29, E43-E45,

E133, EI41
Degeletticyathus, E73

Denaecyathus, E67
Dendrocyathus, E111
dendroid colony, E6
dendroid skeleton, E3
dense skeletal tissue, E7
dense skeletal tissue expansions,

E7
Densocyathidae, E61
Densocyathus, E61
Dentatocyathus, E62
Dephyllum, E138
depth, E28
Dictyocoscinidae, E48, E124
Dictyocoscinus, E124
Dictyocyathidae, E15, E33, E48,

EI05
DICTYOCYANTH1NA, EI03
Dictyocyathus, Ell, E15, E105
Dictyosycon, E123
dissepiment, E3, E13, E17, E40
distal surface of cup, EI7
Dokidocyathacea, E59
Dokidocyathella, E59
DOKlDOCYATHlDA, E58, EI03
Dokidocyathidae, E33, E46, E59
DOKIDOCYATHINA, E13, E46,

E58
Dokidocyathus, E4, E15, E26, E59
Dolichocyathus, E135
"dolium" stage, E23, E133
Dubius, E137

Echinocyathus, EI07
Echinocyathus, E65
Elanska faunal horizon, E29
Ellipsophyllina, E138
Ellipsophyllum, E138
Eophyllum, E138
Epiphyton, E28
Erbocyathacea, E46, E73
Erbocyathidae, E26, E33, E39,

E46, E73
Erbocyathus, E15, E73
Erismacoscinacea, E92
Erismacoscinidae, E92
Erismacoscinus, Ell, E92, E94
Erphyllum, E140
Erugatocyathus, E101
Esphyllum, E138
ETHERIDGE, E43
Ethmocoscinidae, E47, E97
Ethmocoscininae, E97
Ethmocoscinus, E13, E97
Ethmocyathidae, E46, E67
Ethmocyathidae, E86
Ethmocyathus, E21, E23, E67
Ethmocyathus, E86
Ethmolynthidae, E46, E51
Ethmolynthinae, E51
Ethmolynthus, E51
Ethmopectinidae, E47, E86
Ethmopectinidae, E67
Ethmopectinus, E86
Ethmopectinus, E67
ETHMOPHYLLIDA, E58
Ethmophyllidae, E26, E33, E39,

E46, E7l
Ethmophyllum, E21, E29, E72
EUARCHAEOCYATHA, E44
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EUARCHAEOCYATH1, E50
Eucyathus, El26
evolution, E24
Exoeyathidae, El32
exocyathoid expansions, E7
Exocyathus, El32
external form, E4-E6
external sheath, E9
extravallar outgrowths, El31

Fallocyathidae, E47, E90
Fallocyathus, E90
Falsocyathus, El32-El33
Fansycyathacea, E47, E90
Fansycyathidae, E47, E90-E91
Fansycyathus, E91
Fenestrocyathus, E1l7
"fistula" stage, E23, El33
Flindersicoscinus, El26
Flindersicyathidae, E48, E1l6,

El34
Flindersieyathus, E116
FONIN, E22, El33
FORAMINIFERA, E43
Formosocyathidae, E26, E47, E86
Formosocyathus, E21, E86
Fragilicyathus, El28
framework, E40
Fransuasaecyathidae, E46, E55
Fransuasaecyathus, E4, E26, E55

Gabrielsocyathus, E126
Gagarinicyathus, E80
Geniculicyathus, E95
Geocyathidae, E47, E89
Geocyathus, E89
geographic distribution, E29
Gerbicanicyathidae, E46, E58
Gerbicanicyathus, E58
Glaessnerieyathidae, E86
Glaessnericyathus, E86
Globosocyathidae, E46, E53
GLOBOSOCYATHINA, E46, E53
Globosocyathus, E53
Gloriosocyathidae, E47, E81
Gloriosocyathus, E83
Gonophyllum, El38
Gordonicyathus, E69
Gordonifungia, E69
Gorskinocyathus, E65

Halysicyathus, E65
HANDFIELD & HANSMAN, El34
Heckericyathus, E21, E86
Hemiphyllina, El38
Hemiphyllum, El38
Hemistillieidoeyathus, E84
Hemithalamocyathus, E69
HETAIRACYATHIDA, E48,

E141
Hetairacyathidae, E48, E141
HETA1RACYATH1NA, E141
Hetairaeyathus, E141
Heteroeyathidae, E141
HETEROCYATH1NA, E141
HeteroeyatllUs, E141
HILL, E43-E44
HINDE, E43
Howellicyathus, E85

Index

Hupecyathellacea, E47, E76
Hupecyathellidae, E47, E76
Hupecyathellus, E76
Hupecyathus, E16, E123

Incurvocyathus, E60
Inessocyathus, E65
inner wall, EI8-EI9, E20, E22-

E23, E40
internal cavity, E40
interradial loculi, E l3
intersept, El3, E40
interseptal loculi, El3
intervallar expansion, E7
intervallar structures, E14, E16
intervallum, E3, Ell, E41
intervallum coefficient, Ell
intraspecific variability, E26
IRREGULARES, E6, E9, Ell,

E15, E17, E24-E25, E43-E45,
E47, EI03

lRREGULAR1A, EI03

Jakutocarinus, E90
Jakutocyathus, E24, E90
]aphanicyathus, E89

Kaltatocyathidae, E46, E60
Kaltatocyathus, E61
Kameschkovia, El32
Kameshki horizon, E32
Kaphyllum, El38
Kasyricyathidae, E26, E47, EIOO
Kasyricyathus, ElOO
KAZAKHSTANICYATHIDA,

E48, El30
Kazakhstanicyathidae, E48, El30
Kazakhstanicyathus, El30
Kenyadian horizon, E29
KHALFINA, E142
KHALFINA & YAVORSKIY, £142
Kidrjasocyathidae, £46, E60
Kidrjasocyathus, £26, E60
Kidrjassoeyatlltls, £60
Kijacyathidae, £47, E81
Kijacyathus, E81
Kordecyathacea, £47, E88
Kordecyathidae, £26, £47, £88-

E89
Kordecyathus, E89
Korovinella, £142
Korovinellidae, £48, E141
Kotuyieyathidae, £89
Kotuyicyathus, £4, £24, E90
KRASNOPEEVA, £44, £74
Krasnopeevaecyathus, E73
Krishnanicyathus, E74
Kundatian Stage, £32

labyrinthomorph, £7
Labyrinthomorpha, £9, El32
LABYR1NTHOMORPHlDA,

£l32-£l33
Labyrinthomorphidae, £l32
LABYR1NTHOMORPH1NA,

£l33
Lacerathus, E140
Ladaeeyathidae, £73
Ladaecyathus, £11, E74

E155

Lagenicyathus, El36
Lagenifathus, £l36
laminae, £7
Laphyllum, £l38
larval Archaeocyatha, £l33
larval stages, £24, £l33
Leeeyathidae, £65
Leeeyathus, £65
Leibaella, El37
Leibaellidae, £48, El37
Leioeyathus, £74
Lematioeyathus, £l36
Lenian stage, £29
Lenocyathacea, £47, E89
Lenocyathidae, £26, £47, E89
Lenocyathus, £24, E89
Leptosocyathus, £19, E68
link,E41
Linsophyllum, £l38
Linzophyllum, £l38
Loculicyathellus, E63
LOCULlCYATHlDA, £58, £61
LOCULlCYATH1NA, £58, £61
Loculicyathus, £6, £9, £19, E62,

£63
LOCULOCYA THlDA , £58, £61
Loeuloeyathidae, £61
Loeuloeyathus, £62
loculus, E41
Lomatieythus, £l36
Lomatiocyathus, El36
Longaevus, El39
Longicyathus, El36
louvre, E41
Lueyathus, £l33

Mackenziecyathus, E73
Manacyathidae, £48, E141
Manacyathus, E141
Manaella, £l39
MASLOV, £22
massive colony, £6
Matthewcyathidae, £48, E141
Matthewcyathus, E141
MEEK, £43
Melkanicyathus, E55
Membranacyathus, EI03
Mesophyllum, £l38
Metacoscinidae, £48, E124
Metacoscinus, £12, E124
METACYA THlDA , £103
Metacyathidae, £33, £48, EI09
METACYATH1NA, £103
Metaeyathus, £ 109
Metafungia, £16, Elll
Metaldetes, E109
METALDETlDA, £45, £104,

£107, £109
metaldetimorph, £7
Metaldetimorpha, £9, El32
Metaldetinae, £109
Metethmophyllum, Elll
Miassocyathus, E142
microstructure, £3
Mikhnoeyathus, £62
Miophyllum, £l38
Misracyathus, E142
MONOCYATHA, £50
MONOCYA THEA , £43, £50
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MONOCYATHIDA, E46, E50
Monocyathidae, E33, E46, E51
MONOCYATHINA, E46, E50
Monocyathinae, E51
Monocyathus, E51, E134
Monophyllum, E138
Monstrophyllum, E138
morphological features, E3
morphological terms, E40
Mrassocyathidae, EI00
Mrassocyathus, EI00
Mrassucyathacea, E47, EIOO
Mrassucyathidae, E47, EI00
Mrassucyathus, EI00
Mukhnocyathus, E63

Nefrophyllum, E138
Nellicyathis, EI21
Nellicyathus, E121
Nellisyathus, E121
Nematosalpingidae, E48, E134
Nematosalpinx, E134
Neocyathus, E74
NESTOR, E142
Nevadacyathus, E63
NITECKI, E43
Nochoroicyathacea, E47, E85
NOCHOROICYATHIDA, E58,

E85
Nochoroicyathidae, E26, E33,

E47,E85
NOCHOROICYATHINA, E13,

EI6-EI7, E25, E45, E47, E85
Nochoroicyathus, E16, E29, E95
Nostrocyathus, E132-E133

OKULITCH, E43
Okulitchicyathus, E4, E7, E27,

El11
Olenellus, E32
ontogenetic stages, E24-E25
ontogeny, E23
ontophyletic speculation, E24
Ophyllum, E138
OPIK, E29, E32
Orbiasterocyathus, E63
Orbicyathus, E4, E64
Orienticyathus, EI00
Orlinocyathus, E142
Oryctocephalops-Schistocephalus

Zone, E32
Oryctocephalus, E32
outer wall, E7
outgrowths from cup, E7-E8

Pachecocyathus, E65
Palaeoschada, E134
PALAEOSCHADlDA, E48, E134
Palaeoschadidae, E48, E132, E134
PALAEOSCHADIFORMES, E134
paleocology, E27
Palmericyathellus, E126
Palmericyathus, E73
Papillocyathus, E61
PARACOSCINIDA, E45, EI03,

E121
Paracoscinidae, E124
Paracoscinus, E126
Paracyathus, Elll

Archaeocyatha

Paradoxides, E32
Paradoxides oelandicus Zone, E29
parallel evolution, E26
PARANACYATHIDA, E45,

EI03-EI04, EI09
Paranacyathidae, EI09
Paranacyathus, E4, E8, E111
pariety, E41
peak, E41
Pectenocyathus, E85
pectinate tabula, E41
pellicle, Ell
pellis, Ell, E41
pelta, E41
Peregrinicyathidae, E46, E76
Peregrinicyathus, E76
perforate walls, E9
Peripteratocyathus, E137
Peronopsis, E32
Piamaecyathacea, E47, E91
Piamaecyathellus, E91
Piamaecyathidae, E26, E47, E91
Piamaecyathus, E91
Piamaesyathus, E91
pillars, E4, E13
Pinacocyathus, E107
Pixidocyathidae, E136
Pixidocyathus, E136
planktonic stages, E133
Plenocyathus, E66
PLEOSPONGIA, E50
Plicocyathus, E66
Pluralicoscinus, E95
Pluralicyathus, E73
Poletaevacyathidae, E133
Poletaevacyathus, E132-E133
Polycoscinidae, E47, E101
Polycoscinus, EI0l
Polycyathidae, E73
Polycyathus, E73
Polystillicidocyathus, E6, E96
pore, E9, E41
pore-canal, E9, E41
pore-tube, E9, E41
PORIFERA, E2, E23, E43-E44
Porocoscinidae, E47, E99
Porocoscinus, EIOO
Porocyathidae, E47, E83
Porocyathus, Ell, E19, E74, E83
Potechinocyathus, EI05
Potekhinocyathus, EI05
Praeactinostroma, E142
Pretiosocyathacea, E46, E75
Pretiosocyathidae, E46, E75
Pretiosocyathus, E75
Prismocyathidae, E48, E117
Prismocyathus, E117, E130
PROBLEMATICA, E44, E134
problematical microfossils, E134
Profallatopsis Zone, E29
Propriolynthus, E51
PROTOARCHAEOCYATHA,

E135
Protocyathus, E65
Protocyclocyathidae, E48, E117
Protocyclocyathus, E117
Protolenus, E32
Protopharetra, E9, Ell, EI09,

E133

Protopharetridae, E48, EI08
PROTISTA, E2
PROTOZOA, E22-E23, E43, E44
Pseudosyringocnema, E130
Pterocyathacea, E139
PTEROCYATHIDA, E134, E137
PTEROCYATHIDAE, E137, E140
Pterocyathus, E140
Pubericyathus, E135
Putapacyathacea, E55
PUTAPACYATHIDA, E13, E16,

E33, E46, E55
Putapacyathidae, E46, E55
PUTAPACYATHlNA, E55
Putapacyathus, E13, E55
Pycnoidocoscinidae, E48, E126
Pycnoidocoscinus, E18, E127
Pycnoidocyathidae, E1l6
Pycnoidocyathus, E4, E13, E15,

E45, E116
Pyxidocyathidae, E48, E136
Pyxidocyathus, E136

Quadriphyllum, E138

Radicicyathus, E137
RADIOCYATHA, E48, E141
Radiocyathus, E141
RADUGIN, E29, E138
Ramifer, E137
ranges of genera, E32
RAYMOND, E44
Receptaculitidae, E43
REGULARES, E5, E9, E13, E24-

E25, E43-E46, E50
REGULARlA, E50
REID, E44
Renalcis, E28
Retecoscinus, E17, E95
Retecoscinus zegebarti Zone, E29
Retecyathus, E1l8
retiform walls, E9
Rhabdocnema, E51
Rhabdocnemidae, E51
"Rhabdocyathella," E26, E51, E54,

E124
"Rhabdocyathellidae," E46, E51,

E53
Rhabdocyatllidae, E51, E134
Rhabdocyathus, E51
Rhabdolynthus, E51
RHIZACYA THIDA, EI03, E133
Rhizacyathidae, E132-E133
Rhizacyathus, EI03, E132
Rhombophylla, E138
RICHTER & RICHTER, E32
Ringifungia, E83
Robertocyathidae, E46, E75
Robertocyathus, E76
Robustocyathidae, E46, E65
Robustocyathus, E8-E9, Ell, E65
rods, E3, E13, E41
ROEMER, E43
Rombophyllum, E138
Rossocyathella, E83
Rotundocyathus, E66
ROZANOV, E26-E27, E32
Rozanovicoscinus, E95
Rozanovicyathacea, E47, E99
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Rozanovicyathidae, E47, E99
Rozanovicyathus, E99
Rugocyathus, E66
Russocyathus, E83

Sajanacyathtls, E74
Sajanocyathidae, E46, E74
Sajanocyathus, E74
Salairocyathidae, E95
Salairocyathus, E6, E95, E96
salinity, E29
Salopicyathus, E73
Salopicyathus, E73
Sanaricyathidae, E79
Sanaricyathus, E79-E80
Sanarkocyathidae, E47, E79
Sanarkocyathus, E79-E80
Sanashtykgolian, E32
Sayanocyathtls, E74
scale, E41
Schiderticyathus, E78
Schidertycyathellus, E74
Schidertycyathidae, E47, E78
SCHlDERTYCYA TH1NA , E61,

E77
Schidertycyathus, E78
Schumnyicyathus, E99
Sclerocyathus, E61
SEILACHER, E44
Sekwicyathus, E61
septa, E3, E13
SEPTAlDEA, E133
Septocyathus, E65
SEPTOlDEA, E50
septum, E42
Serligocyathidae, E74
Serligocyathus, E75
Serratocyathus, E65
sheath, E42
sheet, E42
Shiveligocyathus, E121
Siberian fold belt, E19
Sibirecyathus, E66
Sigmocoscinacea, E97
Sigmocoscinidae, E47, E99
Sigmocoscinus, E4, E99
Sigmocyathacea, E47, E84
Sigmocyathidae, E47, E84
Sigmocyathus, E84
Sigmofungia, El14
Sigmofungidae, El14
Sigmofungiidae, E48, E114
Sigmoifungia, E114
SIMON, E43
size of cup, E7
skeleton, E3
Soanicyathidae, E46, E60
Soanicyathus, E60
soft parts, E21
solitary Archaeocyatha, E4
Somphocyatllidae, E61
Somphocyathus, E61
"sphaerion" stage, E23, E133
Sphinctocyathus, E123
SPH1NCTOZOA, E44
spines, E9
Spinosocyathus, E107
Spiralicyathus, Ell1
Spirillicyathus, E111

Index

Spirocyathella, E1I6
SPIROCYATHlDA, EI03
Spirocyathidae, E117
Spirocyathus, E1I8
spitz, E42
Spongiosicyathus, E142
Squamosocyathus, E84
Stapephyllum, E138
Stapicyathus, E66
Stillicidocyathidae, E47, E95
Stillicidocyathus, E95
stirrup-pores, EI9
stratigraphic distribution, E29
stromatoporoids, EI42
Subtilocyathus, E65
Sunicyathus, E137
Sunnaginian horizon, E29
Svetlanocyathus, E69
Sygmocyathidae, E84
Sygmocyathus, E84
Sygmofungia, E1I6
synapticula, E15, E42
Syringocnema, E15, E45, E128
SYRINGOCNEMATlDA, EI28
Syringocnematidae, E128
Syringocnemida, E128
Syringocnemidae, E128
SYRINGOCNEMIDIDA, E13,

E17, E25, E44-E45, E48, E128
Syringocnemididae, E24, E48,

E128
Syringocnemina, E128
Syringocnemitidae, EI28
Syringocoscinidae, E48, E130
Syringocoscinus, E130
Syringocyathus, E78
SYRINGOlDEA, EI03
Syringsella, E117
Syringsellidae, E1I6
Szecyathus, E133

Tabellaecyathidae, E48, E119
Tabellaecyathus, E119
tabula, E3, E13, E17, E42
Tabulacyathellus, E124
T ABULACYA THlDA , E121
Tabulacyathidae, E48, E123, E133
Tabulacyathus, E124
tabulae, E17
Tabulathyathidae, EI23
T ABULOCYATHlDA, EI21
Tabulocyathidae, E123
Tabulocyathus, EI24
TABULOIDEA, E44
taenia, E15, E42
Taeniaecyathellus, E120
T AENlOlDEA, EI03
Tanchocyathtls, E134
Tannuolacyathidae, E47, E96
Tannuolacyathus, E96
Tarynian horizon, E29
Tasousektian Stage, E32
TAYLOR, E43
Taylorcyathus, E69
Tchojacyathus, E60
techniques, E42
Tegerocyathella, E74
Tegerocyathus, E29, E74
temperature, E28

E157

Tennericyathidae, E46, E66
Tennericyathus, E67
Tephyllum, E138
Tercyathacea, E47, E84
Tercyathidae, E26, E47, E84
Tercyathus, E84
Tercyathus, E84
Terectigocyathus, E105
Terektigocyathidae, E105
Terektigocyathus, E105
Tersia, E132
tersiae, E7
Tersicyathus, E69
Tersiella, E132
TERSIlDA, E132
tersioid outgrowth, E42
tersioid processes, E7
THALAMlDA, E44
Thalamocyathidae, E86
Thalamocyathus, E3, E86
THALASSOCYATHIDA, E48,

E103
Tllalassocyathidae, E103
Thalassocyathus, E103
T hecicyathus, E136
Thecocyathus, E136
Thecocyathys, E136
Thepltyllum, E138
Timghitian Stage, E32
tip, E42
Tolbian Substage, E29
Tollicyathus, E121
Tommotian Stage, E29
Tomocyathus, E101
Topolinocyathus, E141
Torgaschinocyathus, E95
Trapecephyllut>l, E138
Trigonophylla,E138
Trigonophyllut>l, E138
Trininaecyathidae, E85
Trininaecyathus, E86
Tubicoscinus, E92
Tubicyathus, E130
Tubocyathus, E130
tubular processes, E7
tubules, E13, E17
tubuli, E17
Ttlbulocyatlltls, E130
tubulus, E17, E42
Tumulifungia, E83
Tumuliolynthidae, E46, E51
Tumuliolynthus, E4, E24, E26,

E51
Tumulocoscininae, E97
Tumulocoscinus, E99
Tumulocyathacea, E47, E78
Tumulocyathellus, E15, E79
Tumulocyathidae, E26, E47, E78
Tumulocyathus, E9, E79
tumulus, E42
Tunkia, E134
Turgidocyathus, E66
Turricyathus, E137
TUI'acyathtls, E94

upper surface of cup, E19
Uralocyathella, E26, E55
Uralocyathellidae, E46, E55
Uralocyathidae, E46, E55
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URALOCYATHINA, E54
Uralocyathus, E55
Urcyathella, E76
Urcyathus, E65
Usloncyathidae, El33
Usloncyathus, E132, E133
Utukcyathus, EI21

Vacuocyathidae, E55
Vacuocyathus, E26, E55
Vandophyllum, El38
Velicyathus, E55
Vendian Stage, E29
Ventriculocyatllt/s, E61
Vesiculoidae, El32
VLASOV, EI42
VOLOGDIN, E7, E21-E23, E28-E29,

E43-E44, E132-El34

Archaeocyatha

VOLOGDIN & FONIN, El33
Vologdinocyathidae, E47, E80
Vologdinocyathus, E80
Vologdinophillidae, El38
Vologdinophillum, El38
Vologdinophyllacea, E48, E137
VOLOGDlNOPHYLLlDA, E48,

E137-E138
Vologdinophyllidae, E48, E138
VOLOGDlNOPHYLLOIDEA,

El37
Vologdinophyllum, E138
Volvacyathus, E15, E109
Volvocidae, E23
VON TOLL, E43
Voznesenskicyathus, E121

WALCOTT, E43
wall,E7

WALTER, E32

Xystriclura, E32

Yal(ovlevia, E132
Yakutia Province, E33
YANKAUSKAS, E44, E133
YAVORSKIY, EI42
Yukonocyathus, E84

ZELENOV, E28
ZHURAVLEVA, E21-E24, E26, E28-

E29, E33, E43-E45, E133
Zhuravlevaecyathus, E60
Zhurian Substage, E29
ZIEGLER & REITSCHEL, E44
Zolacyathus, E63
Zonacyathus, E73
zoogeographic provinces, E32, E42
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