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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 is
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
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EDITORIAL PREFACE

Preparation of this volume was post
poned until most volumes in the series were
either published or well on their way to
ward completion. Initial organization and
assignment of authors for Part A began
about 1968 under the direction of CURT
TEICHERT. Some authors soon submitted
manuscripts, but for a variety of reasons,
preparation of other manuscripts was de
layed. With the death of R. C. MOORE in
1974, other Treatise responsibilities required
TEICHERT'S attention, and major responsi
bility for the Part A project was transferred
to R. A. ROBISON for completion.

As originally conceived, this volume was
intended to include three major parts: 1) a
general chapter on fossilization, 2) discus
sions of the evolution and geographic dis
tribution of invertebrate faunas, and 3)
stratigraphic distribution charts compiled
for all invertebrate groups covered by the
Treatise. The first part was assigned to
Prof. A. H. MULLER, the second part was

subdivided with each Phanerozoic system
and the Precambrian being assigned to
either one or two authors, and work on the
third part was begun by T,-eatise staff
members.

Because some authors, again for a variety
of reasons, were unable to complete original
assignments, a few replacements were made
during 1974 and 1975. At the same time
it was decided that publication of the strati
graphic range charts had become imprac
tical, partly because delays had made com
pilations from the earliest Treatise volumes
out-of-date, and partly because of lack of
information for some invertebrates covered
in a few first-edition volumes still in prepa
ration. Therefore, all authors dealing with
evolution and biogeography were asked to
add a discussion of biostratigraphy to their
respective chapters, a request was made for
updating of those manuscripts already re
ceived, and the stratigraphic range charts
were abandoned for Part A. Response was

xu

© 2009 University of Kansas Paleontological Institute



poslt!ve, and for this the editors express
appreciation, particularly to those authors
who completed their assignments promptly
and were patient and cooperative when sub
sequent revisions were solicited.

The chapter on the Precambrian differs
from other chapters in this volume by the
addition of a section with systematic descrip
tions of metazoans as well as comprehensive
generic lists of other fossils. Some Ediacaran
taxa were assigned to the Lower Cambrian
in previous Treati.re volumes, but an assign
ment to the Upper Precambrian is now gen
erally accepted. Other recently described
taxa are unrecorded in the Treati.re. There
fore, the updating and assembly of these
descriptions and lists should be of value to
many readers. Features of style in zoolog
ical nomenclature that apply to these Pre
cambrian taxa have been discussed in the
prefaces of other published Treatise parts.

The aim of the Treatise on Invertebrate
Paleontology, as originally conceived and
consistently pursued, is to present the most
comprehensive and authoritative, yet com
pact statement of knowledge concerning
invertebrate fossil groups that can be formu
lated by collaboration of competent special
ists in seeking to organize what has been
learned of this subject up to the year of pub
lication of each individual part. Such work
has value in providing a most useful sum
mary of the collective results of multitudi
nous investigations and thus constitutes an
indispensable text and reference book for all
persons who wish to know about remains of
invertebrate organisms preserved in rocks
of the earth's crust. This applies to neo
zoologists as well as paleozoologists and to
beginners in study of fossils as well as to
thoroughly trained, long-experienced pro
fessional workers, including teachers, strati
graphical geologists, and individuals en
gaged in research on fossil invertebrates.
The making of a reasonably complete in
ventory of present knowledge of inverte
brate paleontology is yielding needed foun
<btion for future research.

The Treatise is divided into parts which
bc-ar 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 publication, because
it was judged desirable to print and dis
tribute each segment as soon as possible
after it is ready for press. Pages in each
part bear the assigned index letter joined
with numbers beginning with 1 and run
ning consecutively to the end of the part.
In numerous cases materials for individual
parts were so voluminous that these parts
had to be published in two or even three
volumes. In such cases, pagination is con
tinuous through successive volumes.

A generous grant of $35,000 was made in
1948 by the Geological Society of America
for initial work in preparing Treatise illus
trations. Additional grants were made by
The Geological Society of America in 1971
($6,200), 1972 ($6,000), $7,000 each year
for 1973 and 1974, and $20,000 each for
1975-1978. Administration of expenditures
has been in charge of the editors and most
of the work by photographers and artists has
been done under their direction at the Uni
versity 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 System
atic Bio!ogy, 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 1966-1967, 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 $66,000 each for calendar years 1970
1972. For the years 1973-1977 grants totaled
$197,400. These funds were used primarily
to maintain editorial operations at the Uni
versity of Kansas and to provide assistance
to authors needed in preparation of manu
scripts and illustrations. Grateful acknowl
edgement to the Foundation is expressed on

Xlll
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behalf of the SOCietIes sponsoring the Trea
tise, the University of Kansas, and innumer-

ab~e individuals benefited by the Treatise
project.

ABBREVIATIONS

Abbreviations used in this division of the Treatise, except for those in the references or
peculiar to specific figures, are explained in the following alphabetically arranged list.

all., affinis (related to)
Afr., Africa, -an
Am., America, -an
approx., approximately
Arg., Argentina
auctt., auctorum (of authors)

B.P., before present
by, billion years

C, centigrade
C., Central
ca., circa (about)
Can., Canada
CCD, carbonate compensation

depth
cf., confer (compare)
Cham., Charnian
em, centimeter(s); em', cubic

centimeter (s)
Co., Company
Coil., Collection
Congr., Congress

Dept., Department
Dev., Devonian
diagramm., diagrammatic
DSDP, Deep Sea Drilling Project

E., East, eastern
ed., editor
e.g., exempli gratia (for ex

ample)
emend., emendatus (-a)

(emended, emendation)
Eng., England
et aI., et alii (and others,

persons)
etc., et cetera (and others,

objects)
et seq., et sequens (-tes) (and

those that follow)

fig., figure(s)

gen., genus
Geol., Geology, Geological
gm,gram
Gr., Group

i.e., id est (that is)

IGC, International Geological
Congress

indet., indeterminata
(indeterminate)

INQUA, International Union for
Quaternary Research

int., internal
InternatI., International
I.U.G.S., International Union of

Geological Sciences

Jour., Journal

K., kaiserlich, koniglich
kg, kilogram(s)
km, kilometer(s)

L., Lower
Loc., locality
low., lower

M, monotypy, monotype
M.,Middle
m, meter(s)
Ma, mega-annum, unit of years

multiplied by 10·, measured
from 1950 A.D. pastward

Miss., Mississippian
mm, millimeters(s); mm2

,

square millimeter(s)
Mt., Mount
Mus., Museum
my, million years
mya, million years ago
MYBP, million years before

present

N., North, northern
n(.), new
N.Car., North Carolina
no., number
nom. nud., nomen nudum

(naked name)
nom. transl., nomen translatus

(transferred name)
nom. van., nomen vanum

(vain, void name)
nr., near
NW, northwest

obj. syn., objective synonym

XIV

OD, original designation
Ord., Ordovician

p., page(s)
Penn., Pennsylvania
Perm., Permian
pers. commun., personal

communication
pl., plate
Precam., Precambrian

R., river
reconstr., reconstruction
reg., region
Repts., Reports

S., South, southern
SE, southeast
sec_, series
Sib., Siberia
Sil., Silurian
s.l., sensu lato (in the wide

sense, broadly defined)
sp., species
Spec., Special
sp. nov., new species
sq km, square kilometer (s)
s.s., senJII stricto (in the strict

sense, narrowly defined)
SSR, Soviet Socialist Republic
SW, southwest
Swed., Sweden

Trias., Triassic

U., Upper
Univ., University
unpub., unpublished
up., upper
USA, United States of America
U.S.S.R., USSR, Union of Soviet

Socialist Republics

v., volume
Vend., Vendian
vs., versus

W., West, western

Yudom., Yudomian
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REFERENCES TO LITERATURE

Each part of the Treatise is accompanied
by a list, or lists, of references to the pale
ontological literature. In Treatise parts pub
lished in the 1950's and early 1960's, these
lists were highly selective, consisting pri
marily of recent and comprehensive mono
graphs, but also including some important
older works. In time, however, Treatise
authors and readers pressed for more ex
haustive documentation, and for volumes
published from about 1965 the aim has been
to provide documentation, complete with
author, publication year, and page number,
for all publications to which reference is
made anywhere in the text.

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 re
search work. The list is alphabetized accord
ing to the serial titles which were employed
at the time of original publication. Those
following in parentheses are those under

which the publication may be found cur
rently 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
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
included in the serial title).

The method of transliterating Cyrillic let
ters that is adopted as "official" in the Trea
tise is that suggested by the Geographical
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 al
ternative (unaccepted) form is given en
closed by square brackets (e.g., Chernyshev
[Tschernyschew], T.N.).

List of Serial Publications

Academie Imperiale des Sciences, St. Petersbourg
(Akademiya Nauk, SSSR. Leningrad), Memoires.

Academie Polonaise des Sciences (Polska Akademia
Umiej~tnoSci), Bulletin. Warsaw.

Academie Royale de Belgique, Classe des Sciences,
Bulletins; Memoires. Brussels.

Academie des Sciences, Agriculture, Commerce,
Belles-lettres et Arts du Departement de la
Somme (Academie des Sciences, des Lerrres, et
des Arts d'Amiens), Memoires.

Academie des Sciences de Paris, Comptes-rendus.
Acta Geologica Polonica. Warsaw.
Acta Geologica Sinica (Ti Chih Hsiieh Pao). Peking.
Acta Geologica Taiwanica, Series 1. Taipei, For-

mosa.
Acta Palaeontologica Polonica. Warsaw.
Acta Palaeontologica Sinica (Ku Sheng Wu Hsiieh

Pao). Peking.
Acta Universitatis Stockholmiensis (Stockholm Con

tributions in Geology).
Akadcmie der Wissenschaften in Giittingen, mathe

matisch-physikalische Klass, Nachrichten.
Akadcmie der Wissenschaften und der Literatur

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

[K.] Akademie der Wissenschaften zu Wien, mathe
matisch-naturwissenschaftliche Klasse, Anzeiger;
Denkscriften; Sitzungsberichte. Vienna.

xv

Akademiya Nauk Gruzinskoi SSR, Soobshcheniya.
Tillis.

Akademiya Nauk Kazakhskoi SSR, Institut Geolo
gicheskikh Nauk, Trudy. Alma-Ata.

Akademiya Nauk SSSR, Dalnevostochnyy Nauchnyy
Tsentr. Vladivostok.

Akademiya Nauk, SSSR, Doklady; Trudy; Vestnik.
Moscow.

Akademiya Nauk SSSR, Geologicheskiy Institut,
Trudy. Moscow.

Akademiya Nauk SSSR, Izvestiya, Seriya Biolo
gicheskaya; Izvestiya, Seriya Geologicheskaya.
Moscow.

Akademiya Nauk SSSR, Komi Filial, Trudy. Syk
tyvkar.

Akademiya Nauk SSSR, Mezhduvedomstvennyi
Geofizicheskiy Komitet. Moscow.

Akademiya Nauk SSSR, Paleontologicheskiy Institut,
Trudy. Moscow.

Akadcmiya Nauk SSSR, Paleontologicheskiy Zhur
nal. Moscow.

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

Akademiya Nauk, SSSR, Zoologicheskiy Zhurnal.
Moscow.

Akademiya Nauk Ukrainskoy SSR, Dopovidi. Kiev.
Akademiya Nauk Uzbekskoy SSR, Doklady.

Tashkent.
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Allgemeine Schweizerische Gesellschaft fiir die
gesammten Naturwissenschaften, Neue Denk
schriften (Schweizerische Naturforschende Gesell
schaft). Zurich.

Ameghiniana (Asociacion Paleontologica Argen
tina). Buenos Aires.

American Association for the Advancement of Sci
ence, Publications. Washington, D.C.

American Association of Petroleum Geologists, Bul
letin; Memoirs; Special Publication. Tulsa, Okla
homa.

American Chemical Society, Journal. Baltimore,
Maryland.

American Geologist. Minneapolis, Minnesota.
American Journal of Science. New Haven, Con

necticut.
American Museum of Natural History, Bulletin.

New York, New York.
American Philosophical Society, Proceedings. Phila

delphia, Pennsylvania.
American Scientist: The Sigma Xi Quarterly. New

Haven, Connecticut.
American Zoologist. Utica, New York.
Annales des Mines. Paris.
Annales de Paleontologic, Invertebres. Paris.
Annales des Sciences Naturelles. Paris.
Antarctic Research Series, Antarctic Oceanology.

American Geophysical Union, Washington, D.C.
Archiv fiir Hydrobiologie und Planktonkunde.

Stuttgart.
Archiv fiir Mikroskopische Anatomie. Bonn.
Archiv fur Molluskenkunde. Frankfurt am Main.
Archives Geologiques du Viet-Nam. Saigon.
Arctic Institute of North America, Technical Paper.

Montreal.
Arkticheskiy i Antarkticheskiy Nauchno-issledova

telskiy Institut, Trudy. Leningrad.
Asociacion Geologica Argentina, Revista. Buenos

Aires.
Asociacion Venezolana de Geologia, Mineria y

Petroleo, Boletin Informativo. Chacao.
Ateneo Parmense. Parma.
Australia Bureau of Mineral Resources, Geology and

Geophysics, Bulletin; Reports. Canberra.
Australia, Geological Society of, Journals. Adelaide.
Australian Journal of Science. Sydney.
Bayerisch Akademie der Wissenschaften, Abhand

lungen. Munich.
Bayerische Staatssammlung fur Palaontologie und

Historische Geologie, Mitteilungen. Munich.
Beitrage zur Mineralogie und Petrographie. Berlin.
Beitrage zur Mineralogie und Petrologie. Berlin,

Heidelberg.
Beitrage zur Palaontologie und Geologie Osterreich

Ungarns und des Orients. Vienna.
Biological Reviews (Cambridge Philosophical So-

ciety). Cambridge, England.
Biologisches Zentralblatt. Erlangen, Leipzig.
Boletin de Geologie Publicaeion Especial. Caracas.
Boreas. Oslo.

Brigham Young University, Geology Studies. Provo,
Utah.

British Museum (Natural History), Geology, Bulle
tin. London.

Bulletins of American Paleontology. Ithaca, New
York.

Bureau de Recherches Geologiques et Minieres, Bul
letin; Memoires. Paris.

Canada, Geological Survey of, Department of Mines
and Resources, Mines and Geology Branch, Bul
letins; Economic Geology Reports; Memoirs;
Papers; Report of Activities; Summary Reports.
Ottawa.

Canadian Journal of Earth Sciences. National Re
search Council, Canada. Ottawa.

Canadian Petroleum Geology, Bulletin. Alberta
Society of Petroleum Geologists. Calgary.

Cape Town, University of, Department of Geology,
Chamber of Mines Precambrian Research Unit,
Bulletin. Cape Town.

Centralblatt fiir Mineralogie, Geologie und Palaon
tologie. Stuttgart.

Centre National de la Recherche Scientifique,
Groupe Fran~ais des Argiles, Bulletin. Paris.

Ceska Akademie Ved a Umen! v Praze, THada II.
Matematicko-pl'irodnicka, Rozpravy. Prague.

China, Geological Survey of, Palaeontologia Sinica,
Memoirs. Peking.

Compagnie Fran~aise des Petroles, Notes et
Memoires. Paris.

Congres et Colloques de I'Universite de Liege.
Congres pour I'Advancement des Etudes de Strati

graphie du Carbonifere, 2nd, Heerlen, 1935.
Compte Rendu.

Congres pour l'Advancement des Etudes de Strati
graphie et de Geologie du Carbonifere, 4th,
Heerlen, 1958; 5th, Paris, 1963; 6th, Sheffield,
1967; 7th, Krefeld, 1971. Compte Rendu.

Connecticut Academy of Arts and Sciences, Memoirs.
New Haven, Connecticut.

Copeia. New York, New York.
Cushman Foundation for Foraminiferal Research,

Contributions. Washington, D.C.
Decheniana. Varhandlungen des Naturhistorischen
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Deep-Sea Research (Papers in Marine Biology and

Oceanography). London.
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Eclogae Geologicae Helvetiae (Schweizerische Geol

ogische Gesellschaft). Basel.
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Eesti NSV Teaduste Akadeemia (Loodusuurijate
Selts) Toimetised.

Electromedica. Erlangen.
Erdiil und Kohle (Erdgas-Petrochemie Vereinigt mit

Brennstoff-Chemie). Hamburg.
Evolution. Lancaster, Pennsylvania.
Experientia. Basel.
Fieldiana, Geology Memoirs. Chicago, Illinois.
Forschungen und Fortschritte: Korrespondenzblatt

der Deutschen Wissenschaft und Technik. Berlin.
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Freiberger Forschungshefte. Berlin.
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Indian Science Congress Association, Proceedings.
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Sciences Naturelles, Physiques et Mathematiques,
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Institut Royal des Sciences Naturelles de Belgique,
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Iran, Geological Survey of, Report. Teheran.
Israel Geological Survey, Bulletins. Jerusalem.
Izvestiya Sibirskogo Otdeleniya Akademyi Nauk

SSSR.
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Journal of Foraminiferal Research. Washington,

D.C.
Journal of Geography (Chigaku Zasshi). Tokyo.
Journal of Geology. Chicago, lllinois.
Journal of Geophysical Research. Washington, D.C.
Journal of Geosciences. Osaka City University,
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Journal fUr Ornithologie. Leipzig.
Journal of Paleontology. Tulsa, Oklahoma.
Journal of Petrology. London.
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Kyushu University, Memoirs of the Faculty of Sci
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Vestnik.

Lethaia. Oslo.
Linnean Society of New South Wales, Proceedings.

Sydney.
Louvain Universite, Institut Geologique, Memoires.
Lvovskiy Universitet, Paleontologicheskiy Sbornik.

Lvov.
Lyon Universite, Annales.
Magyar Allami Fiildtani Intezet, Evkiinyve. Buda

pest.
Marine Geology. Amsterdam.
Maroc Service Geologique du Division des Mines et

de la Geologie, Notes et Memoires. Rabat.
Materiaux pour la Carte Geologique de I'Algerie.

Alger, Macon.
Meddelelser om Gr91nland. Kommissionen for

Videnskabelige Unders91gelser i Gr91nland, Copen
hagen.
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Meyniana, Kiel Universitat Geologisches
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Trudy. Moscow.

Micropaleontologist. New York, New York.
Micropaleontology. American Museum of Natural

History, New York, New York.
Mijnbouwkunde Nederlandisch-Oost-Indle (s'Gra

venhage), Jaarboek. Copenhagen.
Mijnwezen in Nederlandisch-Oost-Ind'ie, Jaarboek.

The Hague.
Monitore Zoologico Italiano. Florence.
Moskovskogo Obshchestva Ispytatelei Prirody, Byul

letin.
Mountain Geologist. Rocky Mountain Association

of Geologists, Denver, Colorado.
Munsterische Forschungen zur Geologie und Pala

ontologie. Marburg.
Musee Royal d'Histoire Naturelle de Belgique, Bul

letin; Memoires. Brussels.
Museum fur Bergbau, Geologie, und Technik,
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Museum (National) d'Histoire Naturelle, Bulletin.

Paris.
Musk-Ox. Saskatoon.
Nanking Institute of Geology and Paleontology

(Nan King Ti Chi Ku Sheng Wuh Yan Jiow
Shoo), Memoirs.

National Academy of Sciences, Proceedings. Wash
ington, D.C.

Natur und Museum (Natur und Volk) , Sencken
bergische Naturforschende Gesellschaft. Frankfurt
am Main.

Nature. London.
Nature. Paris.
Nature, Physical Science. London.
Naturforschende Gesellschaft in Basel, Berichte;

Verhandlungen.
[K.K.] Naturhistorisches Hofmuseum, Annalen.

Vienna.
Naturhistorisches Museum in Wien, Annalen.
Die Naturwissenschaften. Berlin.
Nauchno-Issledovatelskiy Institut Geologii Arktiki,

Trudy. Leningrad.
Nederlandisch Geologisch-Mijnbouwkundig Genoot

schap (Geologisch-Mijnbouwkundig Genootschap
voor Nederland en Kolonien), Jaarboek. Amster
dam.

Neftyanoy Geologo-Razvedochnyy Institut, Trudy.
Moscow.

Neues Jahrbuch fur Geologie und PaIaontologie
(Neues Jahrbuch fur Mineralogie, Geologie und
Palaontologie), Abhandlungen; Beilage-Bande;
Monatshefte. Stuttgart.

New York Academy of Sciences, Annals.
New York State Museum and Science Service, Geo

logical Survey Map and Chart Series. Albany,
New York.

New Zealand Geological Survey, Paleontological
Bulletins. Wellington.

New Zealand Journal of Geology and Geophysics.
Wellington.

New Zealand Journal of Science and Technology.
Wellington.

Newsletters on Stratigraphy. E. J. Brill, London.
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Hanover.
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Forening, Oslo.
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ceedings. Chicago, Illinois.
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Palaeontology. Palaeontological Association, Lon-

don.
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Paleontological Society of Japan, Special Paper.

Tokyo.
Paleontologicheskiy Zhurnal. Akademiya Nauk

SSSR, Moscow.
Paleontologiya SSSR. Akademiya Nauk SSSR, Pale

ontologicheskiy Institut, Moscow.
Pan-American Geologist. Des Moines, Iowa.
Peking, National University, Contributions from the

Geological Institute.
Petroleum Geology of Taiwan. Chinese Petroleum

Corporation, Chinese Petroleum Exploration Di
vision, Miaoli.

Philosophical Magazine. London.
[K.] Preussische Geologische Landesanstalt und
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dam.
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Royal Society of Canada, Transactions. Ottawa.
Royal Society of Edinburgh, Transactions.
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Royal Society of New South Wales, Journal; Pro
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lington.
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Royal Society of Tasmania, Papers and Proceedings.

Hobart.
Royal Society of Victoria, Proceedings. Melbourne.
Schweizerische Naturforschende Gesellschaft, Ab

handlungen. Basel.
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of Science, Washington, D.C.
The Science Teacher. Normal, Illinois.
Scientia Sinica, Academia Sinica. Peking.
Search. London.
Sedimentology: Journal of the International Asso

ciation of Sedimentology. Amsterdam.
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lungen). Frankfurt am Main.
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handlungen. Frankfurt am Main.
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STRATIGRAPHIC DIVISIONS

As commonly cited in the Treatise, classification of rocks forming the geologic column
is reasonably uniform and firm throughout most of the world as regards major divisions
(e.g., series, systems, and rocks representing eras), but it may be variable and unfirm as
regards minor divisions (e.g., substages, stages, and subseries), which tend to be provincial
in application. Users of the Treatise have suggested the desirability of publishing reference
lists showing the stratigraphic arrangement of at least the most commonly cited divisions.
Accordingly, a tabulation of European and North American units, which generally follows
usage by authors of this volume, is given here. Some of the minor divisions are applicable
also to other continents.

Generally Recognized Divisions of Geologic Column

EUROPE NORTH AMERICA

CENOZOIC ERATHEM

QUATERNARY SYSTEM

Holocene Series (Recent)
Pleistocene Series

TERTIARY SYSTEM1

Pliocene Series

Astian-Piacenzian Stage
Tabanian-Zanklian Stage

Miocene Series
Messinian Stage
Tortonian Stage
Serravallian Stage
Langhian Stage
Burdigalian Stage
Aquitanian Stage

Oligocene Series
Chattian Stage
Rupelian Stage
Lattorfian Stage

Eocene Series
Wemme1ian Stage
Lutetian Stage
Cuisian Stage

Paleocene Series
Ilerdian Stage
Thanetian Stage + Montian
Danian Stage

MESOZOIC ERATHEM

CRETACEOUS SYSTEM

Upper Cretaceous Series
Maastrichtian Stage
Campanian Stage
Santonian Stage
Coniacian Stage
Turonian Stage
Cenomanian Stage

Lower Cretaceous Series
Albian Stage
Aptian Stage
Barremian Stage

XXI

CENOZOIC ERATHEM

QUATERNARY SYSTEM

Holocene Series (Recent)
Pleistocene Series

TERTIARY SYSTEM1, 2

Pliocene Series
Upper Pliocene Stage
Middle Pliocene Stage
Lower Pliocene Stage

Miocene Series

Clovellian Stage

Ducklakean Stage

Napoleonvillean Stage
Anahaucan Stage

Oligocene Series

Chackasawayan Stage

Vicksburgian Stage

Eocene Series
Jacksonian Stage
Claibornian Stage
Sabinian Stage

Paleocene Series

Midwayan Stage

MESOZOIC ERATHEM

CRETACEOUS SYSTEM

Upper Cretaceous Series
Maastrichtian Stage
Campanian Stage
Santonian Stage
Coniacian Stage
Turonian Stage
Cenomanian Stage

Lower Cretaceous Series
Albian Stage
Aptian Stage
Barremian Stage
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Hauterivian Stage
Valanginian Stage
Berriasian Stage

JURASSIC SYSTEM

Upper Jurassic Series
Tithonian Stage
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series
Callovian Stage"
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

PALEOZOIC ERATHEM

PERMIAN SYSTEM

Upper Permian Series
Tatarian Stage
Kazanian StageS

Lower Permian Series
Artinskian StageS
Sakmarian Stage
Asselian Stage

CARBONIFEROUS SYSTEM

Silesian Subsystem

Stephanian Series"

Westphalian Series"

Namurian Series"

Dinantian Subsystem

Visean Series"

Tournaisian Series"

XXll

Hauterivian Stage
Valanginian Stage
Berriasian Stage

JURASSIC SYSTEM

Upper Jurassic Series
Portlandian Stage
Kimmeridgian Stage
Oxfordian Stage

Middle Jurassic Series
Callovian Stage"
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)
Spathian Stage
Smithian Stage
Dienerian Stage
Griesbachian Stage

PALEOZOIC ERATHEM

PERMIAN SYSTEM

Upper Permian Series
Ochoan Stage
Guadalupian Stage

Lower Permian Series
Leonardian Stage
Wolfcampian Stage

PENNSYLVANIAN SYSTEM

Virgilian Series"

Missourian Series"

Desmoinesian Series"

Atokan Series"

Morrowan Series"

MISSISSIPPIAN SYSTEM

Chesterian Series"

Meramecian Series"

Osagian Series"

Kinderhookian Series"

© 2009 University of Kansas Paleontological Institute



DEVONIAN SYSTEM

Upper Devonian Series

Famennian Stage

Frasnian Stage

Middle Devonian Series

Givetian Stage

Eifelian Stage

Lower Devonian Series
Emsian Stage
Siegenian Stage
Gedinnian Stage

SILURIAN SYSTEM

Pridolian Series

Ludlovian Series

Wenlockian Series

Llandoverian Series

ORDOVICIAN SYSTEM

Ashgillian Series

Caradocian Series

Llandeilian Series
Llanvirnian Series
Arenigian Series

Tremadocian Series·

CAMBRIAN SYSTEM

Upper Cambrian Series (Merioneth)

Middle Cambrian Series (St. David's)

Lower Cambrian Series (Comley)

ROCKS OF PRECAMBRIAN ERAS

PROTEROZOIC ERATHEM

Dalradian, Eocambrian,
Vendian, Riphean,
and equivalents

1 For convenience Miocene and Pliocene are often assigned
to the Neogene Subsystem, and Paleocene, Eocene, and Oligo
cene are assigned to the Paleogene Subsystem.

2 Follows essentially Gulf Coast usage.
:J Included in Upper Jurassic by some authors.
'" Lower part includes Aalenian of some authors.
5 The Kungurian Stage of some authors is a probable

DEVONIAN SYSTEM

Chautauquan Series'
Bradfordian Stage'
Cassadagan Stage'

Senecan Series'
Cohocton Stage'
Fingerlakesian Stage'

Erian Series'
Taghanican Stage'
Tioughniogan Stage'
Cazenovian Stage'

Ulsterian Series
Onesquethawan Stage'
Deerparkian Stage'
Helderbergian Stage'

SILURIAN SYSTEM

Pridolian Series

Ludlovian Series

Wenlockian Series

Llandoverian Series

ORDOVICIAN SYSTEM

Cincinnatian Series (Upper Ordovician)
Richmondian Stage
Maysvillian Stage
Edenian Stage

Champlainian Series
(Middle Ordovician)

Mohawkian Stage
Chazyan Stage
Whiterockian Stage

Canadian Series (Lower Ordovician)

CAMBRIAN SYSTEM

Upper Cambrian Series (Croixian)
Trempealeauan Stage
Franconian Stage
Dresbachian Stage

Middle Cambrian Series (Albertan)

Lower Cambrian Series (Waucoban)

ROCKS OF PRECAMBRIAN ERAS

PROTEROZOIC ERATHEM

Algonkian, Beltian,
Hadrynian, Helikian,
Aphebian, and equivalents

RICHARD A. ROBISON and CURT TEICHERT

facies of the upper Artinskian and lower Kazanian stages.
6 These units have been designated as stages in previous

Treatise volumes.
1 Applies essentially to eastern United States; in western

North America, European stage terminology is used.
S Tremadocian is placed in Cambrian by some authors.
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