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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-
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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
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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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