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Introduction—Biogeography and Biostratigraphy

INTRODUCTION

It was the prescient recognition by WiL-
L1aM LonspaLe that corals from the lime-
stones of South Devon were intermediate
in typs between those then known from
the Silurian rocks of the Welsh Borders
and those from the Mountain Limestone
[ Mississippian] that led, in April, 1839, to
the founding of the Devonian System by
Apam Sepewick and Robperick MurcHison
(1839a, p. 259, 354; 1839b, p. 121; Lons-
paLk, 1840, p. 721). This correlation be-
tween the marine rocks of Devon and the
Old Red Sandstone of Wales, the Welsh
Borders, and Scotland WiLrLiam Buckranp
hailed as “undoubtedly the greatest change
which had ever been attempted at one time
in the classification of British rocks” (Ger-
KiE, 1875, p. 269). After spending four
months of the summer and autumn of 1839
on the Continent, SEpewick and MuRrcHI-
soN were able to recognize the excellent
development of the new system along the
Rhine valley and Schiefergebirge. In late
1839, MurcHisoN proceeded to Russia
where, in the Leningrad region, he observed
the intercalation of Devonian marine levels
within typical Old Red Sandstone se-

quences. Thus, in an incredibly short time,
the new system was recognized and broadly
correlated over wide areas of Europe (Fig.
1). Subsequently, knowledge has grown
considerably, owing its growth to no small
extent to the German school of geologists
and paleontologists centered in the several
universities that surround the varied De-
vonian rocks of the Rhenish Schiefergebirge.

This contribution is concerned solely
with invertebrates of the Devonian, espe-
cially those that have a bearing on broad
biogeographical problems. A recent review
of Devonian floras was given by Epwarbs
(in Harram, 1973) and one on Devonian
fish by Havsteap and Turner (in Harram,
1973). Invertebrates of the Old Red Sand-
stone facies are similar to those reviewed
for the Western Hemisphere by Norris
(this volume, p. A4218), and especially
various groups of arachnids, scorpions, and
early insects add interest to the fauna. But
for details on these, and the many groups
not discussed here, reference should be
made to the appropriate volume of the
Treatise.

FACIES PATTERNS IN THE EUROPEAN DEVONIAN

The existence of distinct facies regimes
in the Devonian, as in other systems, heigh-
tens the problems of zonal correlation, pale-
oecological interpretation, and the recogni-
tion of faunal provinces. Because a
clarification of these is an essential back-
ground to biogeographical analysis, and
because in the European Devonian litera-
ture several peculiar facies terms are in
current usage, a general discussion of facies
patterns is an important preliminary to the
biogeographical review.

The major facies regimes of continental
fluvial facies, nearshore clastic facies, and
offshore clear-water facies are known in the
European Devonian as the Old Red Sand-
stone, Rhenish and Hercynian or Bohemian
magnafacies (Ereen, 1964). Some difficul-
ties result from different uses of the last two
terms (Brouwer in Oswarp, 1968b, p.
1149), and concern has been expressed
that the Rhenish-Hercynian distinction,

which is clearly seen in the Lower De-
vonian of Germany, becomes less clear up-
ward in the succession. The truth is, how-
ever, that reef and associated carbonates
are almost unknown in the Devonian from
the late Frasnian onward; excepting this
the distinction remains valid. The accom-
panying facies transect illustrates the model
that has been proposed by ScamipT, RABIEN,
Kress, and others to explain the relation-
ships of the facies types (Fig. 2). In some
usages the Rhenish facies would include
all the neritic environments there marked,
in others the reef and associated facies
would be included with the Hercynian or
Bohemian facies.

It is only the carbonate and basinal facies
having a Devonian terminology that need
be commented upon here.

For the carbonate complexes Kress
(1974) distinguished the Schwelm facies
as a bank or biostrome regime in which
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Devenian in the Eastern Hemisphere

the common stromatoporoids and corals
lived essentially below the level of strong
wave action. This often formed the base
on which the true reef, or Dorp facies, was
developed, usually showing rapid growth
of reef organisms, notably stromatoporoids,
associated with a subsidence of the platform
as a whole. The Dorp facies is further
subdivided into backreef, reef, and forereef
facies. The Ilberg facies was the final cap-
ping phase at the apex of the subsiding
reef masses before their final termination
(usually in the early and middle Frasnian):
by the stage at which this facies was formed,
no backreef lagoon existed, and detritus
from the capping lberg facies interfingers
laterally with basinal argillite within a very
short distance.

The basinal argillite areas comprise the
Becken facies. In the lowest Devonian this
is the graptolite shale facies, but with re-
duction of the graptolites, the nowakiids,
and styliolinids, of supposed planktonic
habit, characterize the Styliolinenschiefer
and Tentaculitenschiefer of the middle and
early Late Devonian. Gradually during the
Frasnian these Cricoconarida became ex-
tinct or reduced and their place was taken
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in the planktonic environment by the fin-
gerprint ostracodes of the Entomozoidae
characterizing the Late Devonian Cypri-
dinenschiefer facies. Tongues of allodapic
turbidite limestone from adjacent reefs or
crinoid groves project into the lateral
Becken areas to produce the distinctive
Flinz facies of alternating limestone and
shale units.

The submarine rise or seamount lime-
stones have very much reduced but nearly
complete sequences of nautiloid and am-
monoid limestones. This is the Schwelle
facies of pelagic limestones with the dis-
tinctive associated lithologies of Knollen-
kalk (griotte), Kramenzelstein, and Kalk-
knollenschiefer.

The European Devonian, has a special
place in the international development of
Devonian studies, and many of the bio-
facial, biostratigraphic, and biogeographic
concepts owe their origin here. It is appro-
priate that a discussion of the European
schemes of zonation and some of the facies
concepts should be described as a prelimi-
nary to a broader discussion of the biogeog-
raphy of Devonian rocks of the Eastern
Hemisphere.

STAGES AND ZONES OF THE EUROPEAN DEVONIAN

The diversity of facies represented by
the European Devonian has resulted in
much effort being expended in the estab-
lishment of schemes of biostratigraphic zo-
nation as a basis for interpreting these
changes. Despite this there remain prob-
lems of correlation between the various
facies. There is even no agreed consensus
for the stage nomenclature and the defini-
tion of stages for the European Devonian,
although this is currently the concern of
the Devonian Subcommittee of the I.U.G.S.
Stage or series names in common use are
shown in Figure 3. Some notes on usage
are required.

STAGES

The Silurian-Devonian boundary strato-
type, accepted at the 1972 meeting of the
International Geological Congress at Mon-
treal, is within Bed No. 20 of a section at
Klonk, near Suchomasty, Czechslovakia, as

described by Curupil (1972), at the entry
of abundant Monograptus uniformis (Mc-
Laren, 1972); this is also taken as the
Budnanian-Lochkovian boundary in the
Czech terminology. This decision brings
international stability to the long-continued
boundary problem, but pre-1972 literature
may well use different boundary definitions.
This is particularly so in the British type
area for the Silurian and Devonian where
the Ludlow Bone Bed, a marker horizon
near the original level proposed by MurcHi-
son ( Warre, 1950; Earp, 1973) may corre-
late with the base of the Pridolian and of
the M. wltimus Zone (WestoLL in Housk,
ed., 1977), and the new boundary may lie
well up in the Downtonian or near the
base of the Dittonian. In the classic sections
in Podolia in the Ukraine (Nikirorova &
PREDTECHENSKIY, 1968; Sokorov, 1972) the
new boundary falls within the Borschov,
and in other regions similar corrections

will be needed. The final report of the
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STAGES USED |FRANCE
HERE BELGIUM GERMANY CZECHOSLOVAKIA
TOURNAISIEN
WOCKLUM
DASBERG
. FAMENNIAN FAMENNIEN basBeERe
o NEHDEN
a
a
> FRASNIAN FRASNIEN ADORF
z w GIVETIAN GIVETIEN GIVET
z a SRBSKO
- :
u 2 EIFELIAN COUVINIEN EIFEL CHOTEC
DALEJE
EMS
1AN ZLICHOVIAN
EMSIAN (KOBLENZ)
& COBLENCIEN RAGIAN
2 SIEGENIAN SIEGEN
Q
GEDINNIAN GEDINNIEN GEDINNE LOCHKOVIAN

Fic. 3. Stage level terminology used in Europe and that used herein (House, n). (For definitions see text.)

Committee on the Silurian-Devonian bound-
ary (MarTiNssoN, ed., 1977) gives an in-
ternational review of the placing of the
boundary.

The type of the Gedinnian Stage is in
Belgium and it carries a nearshore clastic-
facies fauna that appears to correlate with
the Lochkovian; it is to be hoped that the
base of the Gedinnian will be so defined
as to agree with the system boundary. The
base of the Siegenian is taken at the base
of the Siegener Schichten of the Rhineland
and to correspond approximately to the base
of the Schistes de Saint Hubert of the
Ardennes; regions again of restricted facies
faunas. The major problem here is the
placing of the Gedinnjan-Siegenian bound-
ary in relation to the Lochkovian-Pragian
boundary of Czechoslovakia (PhisyL &
VaNek, 1968); at present the latter bound-
ary is thought to lie perhaps as high as
the middle-upper Siegenian boundary of
Germany, but the matter is not resolved.
The base of the Emsian in Germany is
taken at the base of the Singhofen Beds
near the type area (KurtscHer & Scumipt,
1958, p. 57 et seq.; ErBEN & ZaGora in

OswaLp, 1968a) and the base of the upper
Emsian at the Ems Quartzite. Again there
are problems in the correlation of this es-
sentially clastic sequence with the more
carbonate-rich rocks of Czechoslovakia. For
example, CarLs and others (1972) con-
sidered that the Zlichov-Daleje boundary
correlates approximately with the lower-
upper Emsian boundary, yet others have
taken the top of the Zlichov as the top of
the Emsian. With such discrepancies, fau-
nal ranges using a “common” stage nomen-
clature must be treated with the greatest
circurnspection.

Similar problems surround the Lower-
Middle Devonian boundary. The Belgian
Couvinian Stage includes the Assise de
Bure and equivalents of the Cultrijugatus
Schichten; these in Germany are referred
to the Emsian, the base of the Eifelian and
Middle Devonian being taken in the Eifel
at the junction of the Heisdorf and Lau-
cher Schichten. But recently it has become
apparent that the latter level may not be
the same as that taken in the Schieferge-
birge where the Gracilis-Grenze (Ersen,
1962, p. 95) has been used and thought to
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correspond to the Czech Zlichov-Daleje
boundary, a correlation disputed by Carcs
and others (1972). The type Givetian
(ERRERA, MAMET, & SARTENAER, 1972) in
northern France raises less problems since
the conodont relations have been established
by Burtynck (1970). The difficulty here
is that the current Couvinian-Givetian
boundary seems likely to be younger than
the base of the Cabrieroceras crispiforme
Zone, which has been used to define the
junction in the Schiefergebirge, Czechoslo-
vakia (CuLuPA¢ in OswaLp, 1968a, p. 117),
North Africa (Horrarp, 1974), and which
has been recognized in North America also
(Housg, 1962). Only an internationally
agreed definition can resolve this problem.

Until very recently, there was consider-
able agreement on the definition of the
Middle-Upper Devonian boundary and on
the base of the Belgian type Frasnian, the
boundary being drawn at the base of the
Assise de Fromelennes (WarerLot, 1957,
p. 199-205) in Belgium and at the base of
the Pharciceras lunulicosta Zone of Ger-
many (KuTscuer & Scumipt, 1958, p. 309),
a level which seems to fall within the
conodont Polygnathus varcus Zone (Housk,
1973a; Bensaip, 1974; BouckAERT & STREEL,
1974). Unfortunately, when the primary
work on Frasnian conodonts was done on
the Adorf type sections (ZiecLer, 1958,
1962, 1966) the correlation with the gonia-
tite Zzonation established by WEDEKIND
(1913) at that locality was misaligned and
it still seems that the la limestone of
WepekIND is placed too high; it is more
likely to be represented by the new Phar-
ciceras-bearing level described by KuLLman
& ZizcLer (1970). The result of this error
has bzen that conodont workers have used
a boundary higher than the basal P. lunuli-
costa Zone that German geologists have
taken as the Middle-Upper Devonian bound-
ary for a considerable time. It seems also
to be the reason behind moves in Belgium
to redefine the base of the Frasnian at some
level near the base of the Assise de Frasnes
(House, 1973a). The lithostratigraphic
definition of the base of the Famennian
Stage is in southern Belgium at the bound-
ary of the Assise de Matagne and the
Assise de Senzeille in the Senzeille railway
cutting (SARTENAER, 1970). This seems to
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be an approximate correlative of the Adorf-
Nehden or Manticoceras-Cheiloceras Stu-
fen boundary used in Germany. The Bel-
gian boundary seems to lie near the base
of the conodont middle Palmatolepis tri-
angularis Zone (Bouckaert ez al., 1972);
the German boundary may be near the base
of the upper P. triangularis Zone (Buccisch
& CrauseN, 1972).

The Devonian-Carboniferous boundary
has been defined at the Wocklumeria-
Gattendorfia Stufen boundary following the
Heerlen Conference decision (JonoMaNs &
GotHaN, 1937, p. 6) and this was also the
recommendation of the Sheffield Confer-
ence (GeorGE & WaGNER, 1969, p. xlv).
The sections considered particularly im-
portant in these discussions are those in
the Oberrodinghausen railway cutting in
the Hoénnetal (Scuinpeworr, 1937; Vou-
RINGER, 1940; AustiN et al., 1970). While
there are detailed problems at this level
(AvrserTI ¢ al., 1974), the boundary has
had the recommendation of the Carbonif-
erous conferences for 40 years and therefore
seems the most acceptable, but no recom-
mendation has been made by the Car-
boniferous Subcommission. Unfortunately,
the Belgian and French geologists have not
redefined the base of the Tournaisian to
correspond with the Heerlen and Sheffield
decisions, and their usage has been fol-
lowed by most Russian authors. It would
appear that the basal Gartendorfia Stufe
agrees approximately with the Tniu-Tnyy,
boundary or lies within Tnp, (ConiL &
Pireet, 1970).

These difficulties of definition and usage,
and the problems of correlation between
the zonal schemes using different groups
need to be borne in mind when Devonian
literature is read, since quite misleading
information on fossil ranges and distribu-
tion at particular times can be inferred if
the local terminology is misunderstood.

ZONES

Biostratigraphic schemes of zonation have
bsen proposed using a range of inverte-
brate groups. Again, because these groups
tend to be restricted to certain environ-
ments, there are substantial problems in
the correlation between such schemes. The
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STAGES STUFEN AMMONOID  ZONES CONODONT ZONES OSTRACODE ZONES
Prionoceras sp. Protognathodus
Cymaclymenia euryomphala
WOCKLUMERIA Wocklumeria sphaeroides | |7 T T — T T — —
Kalloclymenia subarmata Spathognathodus costatus
= Maternetla hemisphaerica
<
- Gonioclymenia  speciosa and Maternella dichotoma =z
g CLYMENIA ~ <
/ thus styriacus -
> | FAMENNIAN i 4 z
w ] [=]
= Platyclymenia annulata . Frankiinella intercostata >
PLATYCLYMENIA | Prolobites delphinus Scaphignathus velifer g
- - Entomozoe(R)serratostriata
Pseudociymenia sandbergeri N Franklinella intercostata
Palmatolepis marginifera Interregnum o
o« CHEILOCERAS [ Poradocerss pompeckl | ¢ is rhomboid £t Riserratostriate o
w Cheiloceras curvispina Palmatoleo - Entomozoe(N)nehdensis o
o almatolepis crepida Ungaretia sigmaoidale o
Q.
Palmatolepis triangularis
p=] Crickites holzapfeli 9! Entomozoe (£ }varwostriata
Palmatolepis gigas Wcicatricosa € barrandi
FRASNIAN | MANTICOCERAS - - Interregnurmn
Manticoceras cordatum Ancyrognathus_triangularis Waldeckella cicatricosa
Polygnathus Y tricus - - .
Pharciceras (unulicosta S hermanni- P eristalus | Weicatricosa Eforleyr Interr- |
Franklinella torley: m
Maenioceras terebratum Polygnathus varcus
E GIVETIAN MAENIOCERAS Maenioceras molarium w
[=] Cabrieroceras crispiforme feriodus obliquimarginatus s
o Polygnathus kokeliana 9
= EIFELIAN | sANARCESTES Pinacites jugleri Spathognathodus bidentatus z
Anarcestes lateseptatus
leriodus  cormiger
Ul nkenbach,
Selianarcestes wenkenbachi non - laterrereserd GRAPTOLITE ZONES
EMSIAN lcriodus - Polygnathus
=z ANETOCERAS Mimagoniatites  zorgensis  “icriodyus biiatericrescens S.5.- z
5 Sp. steinhornenss - Polygnathus 5
ke
g Anet h » leriodus h. curvicauda - Monograptus yukonensis g
> netoceras PUNSrueckianum | yeriodus huddiei s.s. Monograptus falcarius >
W | SEGENIAN M T T T T T T T T T e o P T =TT — o
o ; (=]
feriodus h curvicauda -
rectangularis si angustoides Monograptus hercynicus o
5 Ancyrodelioides- Ic pesavis w
=
% GEDINNIAN » Monograptus praehercynic-| o
pur} feriodus w. postwoschmidt! us | a
lcriodus  woschmidti s.s. | Monograptus uniformis

Fic. 4. Zonal schemes for the Devonian using various invertebrate groups. Precise correlation between
these should not be inferred (House, n). (For sources see text.)

accompanying table (Fig. 4) is intended worr (1923, 1937), Scumipr (1921, 1924,
to illustrate several of these schemes. Cor- 1950), MaTern (1931a,b), Crausen (1969,
relation between columns should be re- 1971), Bensamp (1974) and others. These
garded as an approximate guide only. In mostly concern the German succession. Re-
this section reference will be made to some views have been given by House (1962,
of the more substantial biostratigraphic 1973b) and in the revised Treatise Part L,
works that have formed the basis for these Mollusca 4 (in preparation).
zonations. The conodont scheme has developed over
As for the period up to the close of the the last fifteen or so years, and it now pro-
Cretaceous, the ammonoid succession has vides the most detailed subdivision avail-
been regarded as giving the Devonian able for the Upper Devonian. The major
orthochronology, that of the preceding works are by BiscHorr & ZikcLer (1957),
graptolites giving out in the Siegenian ZiecLer (1958, 1962, 1966, 1971), WiTTE-
where the ammonoids appear. The gonia- kNt (1965), Kress & ZiecLEr (1965),
tite and clymenoid zonations result largely Krapper & ZiecLer (1967), Burtynck
from the works of Wepekinp (1908, 1913, (1970), and Carcs (1969). A general re-
1914, 1917) followed by that of Schinpe- view of the European conodont sequence
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STAGES STUFEN TENTACULITED ZONES | W-EUROPE ABRACHIOPOD | USSR BRACHIOPOD
(INCLUDED WITH THE —‘
CARBONIFEROUS
WOCKLUMERIA N THE USSR)
z
«
z CLYMENIA Adoifia talasica i
o -
> | FAMENNIAN z
w Ptychomaletaechia letiensss g
(=] Lerorhynchus (Zigania) W
PLATYCLYMENIA ursus and =)
Ptychomaletoechta
turanica
Pt dumonts o
« CHEILOCERAS PPI gonthieri: Zitimia polonica and E
t omaliust
w Eoparaphorhrnchus Cyrtospirifer spp [N
a entiformis etc p=]
g Cartorhynchus tumida
Hypothyriding cuboides Hypothyridina cubordes
(FOR DETAILED ZONATION | ¢y rtospirifer mataiser and Theodossta anossoft
FRASNIAN | MANTICOCERAS SEE LYASHENKO 1965 Cyrtospirifer orbelianus
ETC) Cyrtospirifer spp
Cyrt i tentieut Mucrospirifer novosibiricus
yrtospiriter tenticulum Uchtospirifer murchisonianu
Medrospirifer mediotextus | Euryspirifer cheehiet
E GIVETIAN MAENIOCERAS | yowakia otomaria Stringocephalus burtint Stringocephalus burtin w
o Undispirifer undiferus Bornhardtina langurica -QJ
Q a
> Nowakia sulcata Spinatrypa kelusiana Lazutkinia mamontovensis E
EIFELIAN | AnarCESTES xg:gzg Q,%’;{:.?MS Spinacytia ostiolatus
Nowakia cancellata Euryspirifer intermedius Megastrophia uralensis
Nowakia barrander Paraspirifer cultryugatus Eospirifer superbus
EMSIAN Nowakia praecursor Euryspirifer paradoxus Paraspirifer ? gurjevkensis z
z s Nowakia zlichovensis
S ANETOCERAS Acrospirifer pellico Latonotoechia latoma 5
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is given by ZiecLer (1971). Russia. Boudex (1964) followed this
It was not recognized until 1960 that scheme for the Prague area and Harz, and
graptoloid graptolites extend up into the Laroeux (1969) for southern Europe and

Lower Devonian when Lochkovian grapto-
lites were found associated with Rhenish
type brachiopods in the Kellerwald (Jacer,
1965). Notable information has come also
from boreholes in Poland (Korejwo &
TeLLEr, 1965) and from Thuringia, the
Carnic Alps, and other regions. In a re-
view of the Lower Devonian graptolite se-
quence, JaeGEr (1973) recognized the zones
indicated on the accompanying table.
For the Cricoconarida (dacryoconarids,
“tentaculitids,” coniconchines) a detailed
zonation using several of the various groups
has stemmed from the initial studies by
G. P. Lyasuaenko (1953, 1959) in European

North Africa.

The Late Devonian planktonic ostracodes
provide the most useful sequence in the
Late Devonian basinal shale facies, and the
sequence has been worked out by Rasien
(1954, 1956, 1960, 1970), BLUMENSTENGEL
(1959), and Groos-UrreNorpe & UFrre-
Norpe (1974).

For the brachiopods the situation is more
complex. The zonal schemes given here are
taken from NaLIvkIN, RZHONSNITSKAYA, &
Markovskiy (1973). But in reality differ-
ent brachiopod groups have been used for
discrimination without always the formal
distinction of zones. The most thorough
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treatment of Devonian brachiopod ranges
has been given by Boucor (1975), but
since he does not define his stage units
there are problems in his collation. Never-
theless, the work of Boucor and his col-
leagues will be heavily drawn on in the
later sections where specific reference to
monographic works will be made.

For trilobites, the long continued studies
by Ruborr and Emma Ricurer (especially
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1926, 1950, 1952) provide a biostratigraphic
foundation, and this work has been con-
tinued by Avsertt (1968, 1973). WepE-
KIND, using corals, established a series of
zones for the German Middle Devonian
(WepekinD, 1924-25; WepekiND & VoLr-
BRECHT, 1931-32), and Birenueme (1968,
1972) has done much to revise this, but
schemes using corals have not found favor
internationally.

MAIN AREAS OF DEVONIAN ROCKS

Devonian rocks are widely scattered on
all of the continents of the Eastern Hemi-
sphere (Fig. 1), but recorded information
varies considerably. The most comprehen-
sive collation for most areas is the Interna-
tional Symposium on the Devonian System,
edited by D. H. Oswacp, published in 1968.
For the vast area of Russia there are two
volumes of a Silurian-Devonian Boundary
Conference (published under the general
editorship of D. V. NarLwkiN in 1971 and
1973) and the two volumes of the De-
vonskaya Sistema edited by NaLivkin,
RzHoNsNITSKAYA, and Markovskiy (1973).
For China the most accessible source is the
Paleogeograficheskiy Atlas Kitaya (Soxko-
Lova, ed., 1962) and a regional stratigraphy
(Sokorov, 1960). Australia has been re-
viewed in a series of Devonian correlation
charts (Strusz, 1972; Pickert, 1972; Ros-
ERTS et al., 1972).

WESTERN AND SOUTHERN
EUROPE

The areas of Old Red Sandstone sedi-
mentation comprise Ireland, Wales, Scot-
land, and Norway. In southeastern Eng-
land, the North Sea, and probably =z
subsurface belt passing east to the Baltic
States platform, sediments of continental
facies are occasionally intercalated by marine
tongues. From southwest England and
northwestern France, eastward through
southern Belgium, the Eifel, Rhenish Schie-
fergebirge, and Harz Mountains to the
Holy Cross Mountains of southern Poland
lay the Hercynian (Armorican or Varis-
can) geosyncline in Devonian times. Far-
ther south the scattered outcrops mostly
occur in the Paleozoic massifs strongly

affected by late Paleozoic and subsequent
tectonism; these mostly indicate marine de-
posits of geosynclinal type which, with the
Hercynian belt, continue eastward into the
complex series of outcrops of central Asia
and the Himalaya.

SOVIET UNION

From the extensive outcrops of the Main
Devonian Field near Leningrad Devonian
rocks extend in the subsurface eastward
to rise to the surface in the Timan and Ural
mountains. Southward they crop out along
the tributaries of the Don River south of
Moscow and along the Dnieper valley in
Podolia. Across the bulk of the Russian
platform the deposits are of Middle and
Late Devonian age and are represented by
continental and evaporite deposits with
marine intercalations. In Podolia a marine
Lower Devonian sequence follows conform-
ably upward from the Silurian (Kozrcwskr,
1929; NikiForRovA & PREDTECHENSKIY,
1968). A fuller marine sequence is typical
for the Devonian in its development from
Novaya Zemlya, the Ural and the Timan
mountains. The Ural sequences are broadly
eugeosynclinal to the east and miogeosyn-
clinal to the west. This belt formed the
Uralian geosyncline in Devonian times, and
was folded in the late Paleozoic.

Scattered Devonian outcrops stretch from
the Tien Shan, through Kazakhstan, the
Altay to Baikal and Mongolia to the Khre-
bet Dzhugzhur, and along the coast of the
Sea of Okhotsk. This belt broadly formed
the Angaran geosyncline, bounded to the
north by the western Siberian plate and by
the Siberian platform in the east. This bel,
too, was folded by Hercynian movements.
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In most of the Devonian the Angaran geo-
syncline was linked with the southernmost
part of the Ural geosyncline, and there ap-
pears to have been an almost continuous
link with its northern parts via the Altay-
Sayan. The central and southern parts of
the Central Asian fold belts are affected
by the Cimmerian (Carpathian) folding,
and the southern parts also by Alpine fold-
ing. These areas are often considered ex-
tensions of the Tethyan or Mediterranean
geosyncline.

Mostly continental Devonian is known in
the subsurface between the Urals and the
Yenisey River, which forms the western
margin of the Siberian platform. The oc-
currences in the western and southern parts
of the platform are also of continental facies.
Those of the northern margins are mostly
marine and have facies affinities with the
Urals. In the Verkhoyansk-Chukotsk re-
gion of northeastern Siberia, especially
along the Indigirka and Kolyma rivers,
marine deposits are widespread, again with
Uralian affinities.

CHINA, SOUTH
AND SOUTHEAST ASIA

The Devonian outcrops of Russian Kir-
giziya and Tadzhikistan pass eastward in
tracts that are interpreted as a northerly
Mongolian-Manchurian geosyncline (part of
the Angaran geosyncline) crossing Mongolia
to the Sea of Okhotsk, and passing north
of the broad supposed land area of the
Peking platform. Another tract passed
south of this platform forming the wide
outcrops of continental and marine De-
vonian in eastern China, especially in the
ancient provinces of Yunnan and Hunan.
Within this tract several circumscribed posi-
tive areas seem to have been active through-
out the Devonian, such as the Tarim mas-
sif with the Kun Lun Shan geosyncline
of northern Tibet south of it, and the
Tsaidam massif with the Nan Shan geo-
syncline between it and the Peking platform
(which embraced all but the Manchurian
part of Inner Mongolia). A complex archi-
pelago is envisaged for southwestern China
along and south of the Yangtze Kiang
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River. Yet farther south is the broad area
with isolated outcrops that stretch from the
Bosporus coast of Turkey, through Iran,
Afghanistan, Pakistan, the Northern Shan
States, Viet Nam, Thailand, and Malaya.
This last tract is distinctive for the Euro-
pean nature of many of its faunas.

AUSTRALASIA

In New Zealand the Lower Devonian is
known in the Reefton and Baton River
areas. Devonian rocks are widespread in
eastern Australia in a belt from Queens-
land to Tasmania that formed part of the
complex Tasman geosyncline composed of
marine, volcanic, and continental deposits.
In Central Australia the Amadeus basin
has continental deposits. Bordering the
margins of the Precambrian platform of
Western Australia are the marine deposits
forming the three discrete areas of the
Carnarvon, Canning (and Lennard Shelf
basin and Fitzroy trough), and Bonaparte
Gulf basins. In these it is the Upper De-
vonian that is best developed.

AFRICA

The main development of Devonian rocks
is in North Africa in a broad belt from
the Tindouf basin and isolated outcrops in
Mauritania, Rio de Oro, and northern
Morocco eastward to the northern Hoggar,
Polignac basin, Mourzouk basin, and
Tibestt and Koufra basins at the Libya-
Egypt frontier. Broadly, this North African
development is of shelf-facies marine De-
vonian lapping southward onto the African
Precambrian shield. The faunal affinities
are almost wholly European, but with Ap-
palachian elements in the west.

By contrast, the Bokkeveld development
of Lower Devonian marine faunas in South
Africa shows typical elements of the Mal-
vinokaffric province discussed with Ant-
arctica and South America in the Western
Hemisphere section. The Devonian of
Ghana seems to show similar affinities, but
with European elements also ( ANDERsON

et al., 1966).
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Fic. 5. Paleogeographic map for the Early Devonian (Emsian) of the Eastern Hemisphere (based on
Boucot & Johnson, 1973; House, n). [Inferred land areas are stippled and areas of marine rocks are
horizontally lined.]

LOWER DEVONIAN FAUNAS

In the Lower Devonian (Fig. 5), faunal
provincialism has long been recognized. For
the Eastern Hemisphere, and excluding,
therefore, the Appalachian province, the
division is essentially into an Old World
province embracing Europe and North
Africa, Asia, Australasia, and western
North America, and a Malvinokaffric prov-
ince embracing South Africa, the Falkland
(Malvinas) Islands, South America, and
Antarctica (the term Austral province was
introduced for the latter by J. M. Crarke
in 1913, but since this could be confused
with Australasian faunas, Ricuter (1941)
proposed the name “Malvinocaffrisch” and
it is this in anglicized form that is normally
used). Paleomagnetic evidence suggests
that the Old World province lay in equa-
torial and temperate latitudes and that the

Malvinokaffric province lay nearer the
“southern” pole.

The Old World province is commonly
divided into a Rhenish-Bohemian subprov-
ince, comprising Europe excluding the
Urals, North Africa, parts of the Near East
and, for the late Early Devonian, parts of
castern North America; a Uralian subprov-
ince embracing the Urals and Asiatic Russia
and the Angaran geosyncline with elements
of the Appalachian province in the latter;
a Tasman subprovince recognized in eastern
Australia; and a New Zealand subprovince
including South Island but with some links
(Reeftonia) with Southeast Asia (Boucor,
Jonunson, & TaLexT, 1969; Boucor, 1974).

This provincialism is best shown by
benthonic organisms, notably brachiopods
and corals, and probably reached its acme

in the Emsian (Boucor, 1975).
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EUROPE

In this area there are great faunal con-
trasts between the Rhenish facies of near-
shore clastics with abundant brachiopods
and bivalves, the Bohemian facies of cal-
careous rocks, which carry the richest fau-
nas, and the basinal shales, which preserve
graptolites and Cricoconarida. Major prob-
lems remain on the detailed correlation be-
tween these facies. Space permits only ref-
erence to a selection of the many major
works on these faunas.

The brachiopods have generally been used
for the subdivision of the nearshore clastic
facies. The Gedinnian carries Quadrifarius,
Proschizophoria, Podolella, Mutationella,
and Cyrtina as newly appearing forms
(Boucor, 1960; Jounson & Boucor in Har-
LayM, 1973). Near the beginning of the
Siegenian appear genera such as Anoplo-
theca, Bifida, Meganteris, Multispirifer, Pra-
doia, Rhenorensselaeria, and others. The
stratigraphically useful spiriferids of the
Siegenian and Emsian have been mono-
graphed, especially by Sorre (1953, 1971).
Notable studies on Lower Devonian bi-
valves are by Mamrieux (1937) for the
Ardennes and Brusnausen (1895) for the
Schiefergebirge. Trilobite faunas include
Acastella and Warburgella in the Gedin-
nian, and common phacopids, Treveropyge
and Burmeisteria in the Siegenian and
Emsian (Acuserti, 1968; Ricurer & Ricu-
TER, 1954).

The Bohemian facies of Czechoslovakia
is best known through the detailed studies
of CurupAl (1957, 1959, 1960, and in Os-
waLD, 1968a), who gave stratigraphical pre-
cision to many of the faunas monographed
by Barranpe. Cururil (1972) has also
described the faunas around the stratotype
for the Silurian-Devonian boundary where
the base of the Devonian and of the Loch-
kovian is characterized by the appearance
of Monograptus uniformis and Warburgella
rugulosa rugosa. Scyphocrinites is abun-
dant just above and below the boundary.
The Lochkovian carries a rich fauna of
brachiopods including Howellella, Plecto-
donta, stropheodontids, and spiriferids
(Haviiéek, 1959), and trilobites such as
proctids and scutellids. Merostomes, phyl-
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locarids, bivalves and coral faunas are also
richly represented. The overlying Pragian
has distinctive brachiopod faunas, including
species of Sieberella, Glossinotoechia, Ste-
gerhynchus, Hysterolites, and others. The
Lower Devonian here has been subdivided
by using Cricoconarida (Boudek, 1964),
and this work has been extended by Lax-
peux {1969) to southern Europe and North
Africa. In Czechoslovakia (CurupAZ in
OswaLp, 1968a, p. 115) the Zlichov-Daleje
boundary, marked by the entry of the
goniatite Gyroceratites and the loss of the
bizarre Caeleceras and of trilobites, notably
Odontochile, has been used as the Lower-
Middle Devonian boundary, but CarLs and
others (1972) have argued that it corre-
sponds rather with the Lower-Upper Em-
sian boundary of Germany. Representatives
of the Bohemian facies also recur in the
Harz Mountains (Ersen, 1953b, 1960).

The basinal shale facies bearing grapto-
lites extends well up into the Lower De-
vonian (Jarcer, 1965) and Monograptus
hercynicus also occurs in the late Lochko-
vian, enabling correlation between the facies
as well as internationally where the Loch-
kovian-Pragian boundary can be identi-
fied better than the Gedinnian-Siegenian
boundary. In this facies, also, cricoconarids
(LarpEUX, 1969) are increasingly important
upward in the succession. It is in the Sie-
genian Hunsrick-Schiefer of this facies that
goniatites appear (Ersen, 1966), particu-
larly Anetoceras, and in this unit also is
a remarkable pyritic fauna of crinoids, trilo-
bites and other groups revealed in minute
detail by X rays (STUrMER, 1969).

In the Early Devonian of Europe, there-
fore, three facies regimes carried their own
distinctive faunal elements (Ereen, 1964)
and doubtless had independent community
evolution. It is this that has led to diffi-
culties in the use internationally of the
classical stage divisions adopted here.

Analysis of the faunal communities or as-
semblages represented in the various facies
regimes of the Lower Devonian of Europe
has scarcely begun. Fucus (1971) has made
such a study of the upper Siegenian and
lower Emsian factes of the Eifel and recog-
nized a seaward sequence of communities
dominated by Mutationella, Trigonorhyn-
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chia-Subcuspidella, Rhenorensselaria, and
Acrospirifer, followed by a deeper water
community of rarer brachiopods, bivalves
and orthocones. Boucor (1975) has at-
tempted a preliminary review of commu-
nities generally in the Lower Devonian and
has drawn attention to the rarity in most
of these communities of species or genera
of value for time discrimination.

ASIA

Here it is convenient to follow the
broad groupings adopted by Navwvk,
RzroNsnITSKAYA, & Markovskiy (1973)
and Boucor (1975), recognizing the follow-
ing divisions for convenience: the Uralian
region and Arctic Siberia; the Dzhungaro-
Balkhash region; the Altay-Sayan area;
Mongolia and the Tikhookian area (the
Mongolo-Okhotsk  region of Boucor);
China south of the Peking platform; and
the tract of outcrops from Turkey to South-
east Asia. These are in part faunal prov-
inces, in part regionally defined areas.

The Uralian area shows close similarity
to Europe and belongs to the Old World
province as normally defined. Differences
in southern areas, especially southeast Ka-
zakhstan, reflects the terrigenous and vol-
canic facies there. In the more calcareous
tacies Karpinskia is a characteristic brachio-
pod, but it also occurs in the Carnic Alps
and elsewhere. The Arctic area, including
Novaya Zemlya, has widely distributed gen-
era such as Eoglossinotoechia, Howellella,
and Hebertoechia, but the combination of
Phragmostrophia and Cortezorthis also oc-
curs and gives a clear link with Cordilleran
faunas (Jounson & Boucor in Hairawm,
1973). The goniatite faunas of the Urals
and Novaya Zemlya are very close to Euro-
pean groups (BocosLovskiy, 1969, 1972).
Rich coral faunas are present, especially in
the upper Lower Devonian reef complexes,
but these are mostly of European types with
some endemics.

The Dzhungaro-Balkhash area of Kazakh-
stan is distinctive for the presence in it of
brachiopod genera of Appalachian type,
such as Leptocoelia, Rhytistrophia, and
Meristella at levels probably correlating with
the Siegenian. These occur with a mixture
of European and Tasman subprovince types.
Links both west and east, via the Angaran

Introduction—Biogeography and Biostratigraphy

geosyncline, are inferred. The Australasian
Maoristrophia also occurs here.

The Altay-Sayan area is thought to have
been in marine contact with the northern
Urals and with the Dzhungaro-Balkhash
area during much of the Early Devonian.
Here, rich faunal sequences in carbonate
facies continue upward from the Silurian
(RzHoNsNITSKAYA, 1968). The faunas give
good links with the Urals, Podolia, and
Czechoslovakia.

In the Mongolia and Tikhookian area
Lower Devonian faunas are not well de-
scribed, but they include Leprocoelia, Cos-
tispirifer, and Rhytistrophia emphasizing
links with the Appalachian region. Links
to the west are indicated by corals such as
Barrandeophyllum and Lindstroemia, and
the crinoid Kuzbassocrinus.

Very little is known about the Lower
Devonian of China (Hamapa in OswaLp,
1968a). Early Devonian fish are recorded
in Yunnan and other areas, but records of
marine fossils are mostly unspecified (Soko-
Lova, 1962). Hysterolites and “Anastro-
phia” suggest that the upper Lower De-
vonian is present in Old World facies. A
varied Lower Devonian fauna has recently
been described by Mu and others (1974),
which includes Anetoceras, Erbenoceras, and
Mimagoniatites mostly of European type.
Other faunal elements are also described.

For convenience, the scattered outcrops
along the Tethys belt are considered to-
gether. The well-known Lower Devonian
faunas of Turkish Bithynia (PAECKELMANN,
1925; KurLLmany, 1973) contain many Ger-
man genera and species, especially in the
Emsian carbonates. In the many Devonian
outcrops of Iran, Afghanistan, and Paki-
stan, Lower Devonian marine faunas are
only poorly documented, and the same is
true in Burma, Thailand, and Malaya.
Noteworthy records are of Icriodus wo-
schmidti in the Nowshera Formation of
Nowshera, Pakistan (Staurrer in OswaLb,
1968a), and Lower Devonian graptolites
from Maymyo, Burma, and Thailand (Jas-
GER, STEIN, & WoLFrarT, 1969). These show
that at least locally marine sedimentation
continued upward from the Silurian,

AUSTRALASIA

The Tasman geosyncline belt of eastern
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Australia has given its name to the Tasman
subprovince, a subgroup of the Old World
province. Links with Europe are substan-
tial, mainly in Rhenish facies, but also in
the carbonate Bohemian type (Savacg,
1971). The Early Devonian graptolite fau-
nas of southeastern Australia (JAEGER, 1966,
1970) represent the only graptolite faunas
of this age in the southern hemisphere, and
they allow close correlation with those of
Europe. Strusz (1972) has recognized
four successive brachiopod faunas for corre-
lation purposes in this area. Fauna I (lower
Yeringian) commonly contains Eospirifer
parahentius, Isorthis allani, Lissatrypa len-
ticulata, Maoristrophia banksi, and Bou-
cotia; Fauna II (upper Yeringian) has the
association Acrospirifer lilydalensis, Cymos-
trophia stephani, and Boucotia; Fauna III
(Tabberabberan) contains Adolfia, Gypi-
dula vultur, and Nadiastrophia; and Fauna
IV (Buchanian), contains common Bucha-
nathyris, Howittia, Malurostrophia, and
Spinella. Fauna I is thought to be Lochko-
vian, Faunas I and III Pragian, and Fauna
IV is thought to range from the latest
Pragian to the early Eifelian. Part of Fau-
nas III and IV are referred to the Emsian,
and it is then that the Tasman province is
particularly well delimitated with genera
such as Reeftonia, Maoristrophia, Nadiastro-
phia, and Notanoplia (the first two also
occur in New Zealand and in Asiatic Russia
and Manchuria; Boucot, 1975, p. 315).
Australocoelia gives a single link with the
Malvinokaffric province.

By contrast, the coral faunas of this belt,
dealt with in many monographs by Doro-
tHY Hirt, include large numbers of en-
demic elements. The corals and conodonts
(PHiLip & Pepper, 1967) have formed the
basts for the recognition of 11 faunas (A-K)
of which A-F are referred to the Lower
Devonian. The conodont sequence, too,
shows differences from that of Europe, a
matter emphasized again by TeLForp
(1975), who considered the sequence of
taunas better related to those of western
North America.

The New Zealand subprovince is based
on Lower Devonian faunas from Baton
River and Reefton, South Island, New
Zealand. The Baton River fauna was dated
as Upper Siegenian or Lower Coblencian
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by SuirLey (1938), as Gedinnian by Bou-
cot, CasTer, Ives, & Tarent (1963), and
WricHT (in Oswarp, 1968a) has suggested
levels from Gedinnian to Emsian may be
represented. Forms such as Fascicostella,
Acrospirifer, Cyrtina, Howellella, Mutation-
ella, and Hipparionyx all have a European
aspect. The Reefton Beds, on the other
hand, seem to be of Emsian age, and
Acrospirifer coxi in the fauna is sufficiently
close to A. hercyniae of Germany to suggest
early Emsian. Distinctive genera of the
fauna are Reeftonia, Maoristrophia, Taner-
hynchia, Pleurothyrells, and the endemic
Allenetes. Because it is only this fauna for
which any discreteness can be claimed,
elevation of the local early Emsian as a sub-
province seems excessive, particularly as ele-
ments of the fauna are increasingly being
recognized in the Orient.

AFRICA

The South African faunas of the Lower
Devonian are of Malvinokaffric province
type and hence have their affinity with re-
gions discussed in the Devonian of the
Western Hemisphere (Nogris, herein p.
A218). The North African Devonian, on
the other hand, is clearly of Old World
province type.

The Bokkeveld fauna of South Africa
(Reep, 1925; Boucot, CasTEr, Ives, & TAL-
ENT, 1963) appears to be of early Emsian
age. Characteristic brachiopods are Aus-
tralospirifer, Australocoelia, Scaphiocoelia,
and Pleurothyrella. This fauna has clear
links with Antarctica, the Falkland Islands
and South America, and slight links (Aus-
tralocoelia) with Australia. Paleomagnetic
evidence supports the view that this is a
high latitude fauna.

The Accraian Series of Ghana carries a
fauna of bivalves, gastropods, and homalo-
notids (SavL, Boucor, & Fivks, 1963) and
rare mutationellid terebratulids ( AnpERSON,
Boucor, & Jonnson, 1966). Because Muta-
tionella has not been recorded from the
North African Lower Devonian, but occurs
in the Falkland Islands, this has been taken
to indicate affinity with the Malvinokaffric
province.

The North African Lower Devonian of
Morocco and Algeria (HoLLarp & LEGRAND
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Fic. 6. Paleogeographic map for the Middle Devonian of the Eastern Hemisphere (based on Boucot &
Johnson, 1973; House, n). [Inferred land areas are stippled and areas of marine rocks are horizontally

lined.]

in Oswarp, 1968a) shows intimate affinity
with the classical successions of Germany
and Czechoslovakia. But whereas in those
areas tectonic complications and poor ex-
posure raise many problems, those of North
Africa are superbly exposed along enormous
spreads of outcrop. The potential for re-
fined biostratigraphy is immense. Also,
facies of both the European Rhenish and
Bohemian types occur so that evidence from
here has contributed to the correlation be-
tween the Czech and German stages.
Monograptus uniformis and the asso-

ciated Silurian-Devonian boundary faunas
and the faunal sequences have been well
documented by Horrarp (1968, 1974), and
work by specialists on various groups is in
progress, and some on brachiopods (Dror,
1971), cricoconarids (LarpEux, 1969), and
trilobites (ALsErTI, 1969) have appeared.
During the Early Devonian, evidence of
faunal affinity with North America has not
been as well documented as in younger di-
visions, but Oriver (1976) has drawn at-
tention to the occurrence of eastern North
American coral genera in North Africa.

MIDDLE DEVONIAN FAUNAS

By the Middle Devonian little evidence
remains for a Malvinokaffric province in
the area considered here (Fig. 6). In many
areas, extensive transgressions near the
Lower-Middle Devonian boundary, such as
the movements across the Russian platform

and the Onondaga onlap in North America,
led to a general decrease in faunal provin-
cialism, and to a mixing where provinces
were adjacent. The distribution of the Old
World province is as indicated for the
Lower Devonian, but the New Zealand
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subprovince cannot be recognized. Particu-
larly remarkable, and an indication of the
reduction of provincialism by the Givetian,
is the almost international distribution, in
their appropriate different facies, of the
glant Stringocephalus and its relatives (Bou-
cot, JoHNsON, & STRUVE, 1966) and of
Amphipora (Duncan in Croup, 1959), wit-
nessing to the cosmopolitan nature of some
elements of the carbonate environment. But
isolated areas of reef carbonates, in Europe,
the Urals, and other areas are associated
with some endemism. The mixing at prov-
ince boundaries is illustrated by the number
of Appalachian province forms occurring
in North Africa and Spain, and European
elements that are found in eastern North
America, and the Appalachian elements
that, as in the Lower Devonian, extend
westward along the Angaran belt to Ka-
zakhstan.

The Middle Devonian represents one of
the chief periods of generic and familial
diversification known in the Paleozoic.
There appears to be some link between this
and the widespread distribution of essen-
tially shallow-water carbonates in areas
thought to have been near the tropics, and
the early Middle Devonian transgressive
movements made these more extensive. But
the close of the Middle Devonian saw the
loss of many groups, and the brachiopod
groups Rhynchotrematidae, Stringocephali-
dae, Dayiacea, Lyssatripidae, and Palaferel-
lidae appear to have become extinct before
the earliest Frasnian (Harrano ez al,
1967); of trilobite groups, the Calymenina,
homalonotids, and cyphaspids are last re-
corded in the Middle Devonian. The gonia-
tite break is very important, with the loss
of all but two or three genera (Housg,
1973b). The pattern of extinction for sev-
eral groups is shown in Figure 7.

EUROPE

In the European area the distinction be-
tween Rhenish and Hercynian facies is
still clear, although the former is much
less well developed than in the Lower De-
vonian. Here for the carbonate facies fun-
damental work has been done in the
establishment of ecologically based faunal
assemblages, particularly by LrcomprE
(1970) and Tsien (1971) for the Ardennes,
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and by Struve (1963) for the Eifel. These
may be briefly summarized, in shallow- to
deep-water sequence, as follows (Le-
COMPTE'S more interpretative terms are
given in parentheses): Stromatoporoid
Bankriff (Turbulent Zone); Knollen-Block-
#iff, and Rasenriff with crinoid meadows
(Subturbulent Zone); Riibenriff (below
Turbulent Zone); Brachiopod-Siedlungen
(Quiescent Zone). The Knollen-Blockriff
comprises loosely associated cerioid rugose
corals and tabulates, the Rasenriff fascicu-
late rugosans and tabulates, and the Riiben-
riff is the zone of horn corals.

In the deeper water Hercynian facies,
the basinal argillites are now characterized
by styliolinid and nowakiid cricoconarids
of supposed planktonic habit and these are
abundant in the Tentaculitenschiefer and
Styliolinenschiefer units of the Rhenish
Schiefergebirge and in equivalent facies in
Cornwall and other areas. The pelagic car-
bonate sequences of the seamounts are rich
in goniatites and orthocones, but of types
different from those of the Lower Devonian.

In the Middle Devonian brachiopod fau-
nas increased in diversity. The productids
entered first apparently in the Eifelian
(rather than Emsian; Boucor, 1975), and
derivatives are distinctive. Other stocks
show distinctive genera; however, definition
of a Lower-Middle Devonian boundary us-
ing brachiopods is difficult. The Cultriju-
gatus Schichten, here referred to the Lower
Devonian, are characterized by species of
Paraspirifer (Sorig, 1971), but the name-
giving species occurs in the Laucher Schich-
ten, and it is not a diagnostic form. Locally,
especially in the Eifel, various brachiopod
groups have proved useful in time discrim-
ination, particularly atrypids and reticu-
lariids (Struve, 1966, 1970). One of the
most useful genera for the Givetian is
Stringocephalus and its allies. Stringoceph-
alus survived into the earliest Late Devonian
as used here, and the extinction corre-
sponded approximately to the Middle-Late
Devonian boundary as used here.

Middle Devonian goniatites are charac-
terized by the proliferation of anarcestid
and agoniatitid stocks., If CarLs and others
(1972) are correct in correlating the Gyro-
ceratites gracilis boundary (of ErBEn in
Exrsen, 1962, p. 65) with a level in the
Emsian, then it is the occurrence of Sel-
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GROUPS EIFELIANI|GIVETIAN |FRASNIAN [ FAMENNIAN

PORIFERA Receptaculitidae _-— -7

COELENTERATA Coenitida
Heliolitida ?
Petraiidae ?
Streptelasmatidae
Halliidae _
Zaphrentidae
Phacellophyllinae
Stauriidae
Spongophyllidae ?
Chonophyliidae
Ptenophyilidae
Stringophyliidae
Goniophyllidae
Digonophyllidae
BRACHIOPODA Orthacea
Plectambonitacea  ——
Rhynchotrematidae ?
Pentameracea
Uncinulidae
Camerophorinidae ?
Lyssatrypidae
Parafereliidae
Atrypidae
Dayiacea
Rhynchospiriferinidae =
Cyrtiidae —t
Fimbrispiriteridae
Spinocyrtiidae
Costispiriteridae ?
Stringocephalidae
TENTACULITIDA Tentaculitidae
Homoctenidae
Unioconidae
Nowakiidae
Stytiolinidae
NAUTILOIDEA Discosorida ?
Barrandeoceratida

AMMONOIDEA Agoniatitacea
Tornoceratacea
Pharciceratacea
Gephuroceratacea —_—
Clymeniina
TRILOBITA litinacea
Harpina
Calymenina
Cheirurina —
Phacopina
Lichida ?
Odontopleurida
OSTRACODA Leperditiidae ?
Isochilinidae
Beyrichiidae ?
Richinidae
Pribylitidae
Primitiopsidae
Aechminidae
Arcyzonidae
Pachydomellidae
Barychilinidae
Beecherellidae
ECHINODERMATA Rhombifera
Diptoporita —
Machaeridea -
Ophiocistioidea -1

-

>

—?

Fic. 7. Pattern of extinctions for selected invertebrate taxa during the Middle and Late Devonian (after
House, 1975b).
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lanarcestes wenkenbachi (e.g., the Obere
Kondel-Gruppe) that represents the best
fauna taken as terminal Lower Devonian
as recommended by Scummr (1926) and
widely followed. The upper Eifelian fauna
with Pinacites jugler: is distinct and quite
widely spread in Europe, occurring in the
Chote¢ Limestone in Czechoslovakia. The
Cabrieroceras crispiforme fauna makes the
best marker for the basal Givetian; this
occurs in the Kafak Member of the Srbsko
Formation of Czechoslovakia, but the rela-
tions in Belgium are uncertain because it is
not recorded there. The late Givetian is
characterized by Maenioceras, Sobolewia,
Agoniatites, Foordites, Holzapfeloceras, late
Cabrieroceras, and others. Of these, only
Maenioceras may just range into the Phar-
ciceras lunulicosta Zone, taken here as basal
Upper Devonian. Useful as these goniatite
faunas are for correlation in deeper water
facies, their rarity in near-shore and reef
facies raises many problems.

The coral Calceola has been used as a
guide to the Eifelian, and it is widespread
in shale facies of that age but is now
known to range both lower and higher.
The importance of corals generally in cal-
careous facies in the Middle Devonian of
Europe has been indicated in relation to
the recognition of assemblages. It was
WepekinD who did the primary work in
Germany (1924-25) and proved the value
of this biostratigraphic tool. His scheme
recognized five successive faunas through-
out the Middle Devonian. From below
upward, these include the Keriophyllum,
Astrophyllum, Digonophyllum, Dohmo-
phyllum, Leptoinophyllum, Stenophyllum,
Sparganophyllum, and  Dialytophyllum
zones. The truth is, however, that subse-
quent work has shown that the ranges of
several of the groups used to define these
divisions are not as WepekIND supposed,
and taxonomic revisions have eliminated
many of his names (MrwbpreToNn, 1959;
BireNnEDE, 1972).

For trilobites there is a break at the
Heisdorf-Lauch boundary marked by the
disappearance of forms such as Basideche-
nella kayseri, Comura defensor, and Acas-
tordes henni posthumus and the appearance
of Pholonyx philonyx, Schizoproetus onyx,
and Longiproetus cultrijugati. In higher
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Eifelian strata scutellids, harpids, phacopids,
and thysanopeltids characterize shallower
water facies and proetids and subgenera of
Phacops characterize the deeper water facies.
The Givetian limestone facies is character-
ized by bizarre spinose trilobites such as
Acanthopyge, Radiolichas, and Cheirurus,
in addition to traditional groups.

In the basinal argillite sequences, it is
the cricoconarids that are important, and
detailed zonations have been established,
especially for the Eifelian. The earlier fau-
nas have been studied by Avsert1 (1971},
and a general review is given by Larpeux
(1969).

As has already been remarked, there have
been attempts to collate faunal information
in terms of facies faunas, assemblages, or
communities for the carbonate facies of the
Middle Devonian, but there has been little
systematic collation for other facies (House,

1975b).

ASTA

Treatment here will follow the pattern
adopted earlier for the Lower Devonian.
Again, the Uralian faunas show close af-
finity with Europe, but as before those of
the Arctic area differ. The Uralian area,
embracing now the Altay-Sayan, has the
Eifelian brachiopods Zdmir [Conchidiella)
pseudobaschkirica, Megastrophia wuralensis,
Carinatina, Janius, and other European
genera. The Altay-Sayan fauna has a num-
ber of endemics. In the Givetian, a similar
broad pattern is seen, with common Euro-
pean genera such as Stringocephalus, Born-
hardtina, Uncinulus, Schnurella, and Em-
manuella, but in the Alway-Sayan the
occasional exotic form Indospirifer from
the east, and rare endemics such as Urella
occur (NarLivkiN, RzHONsNITskAYA, and
Markovskry, 1973), In the Givetian, when
substantial general transgression had taken
place in the Russian area, there seems to
be a decrease in provincialism.

The goniatite sequences of the Urals, and
indeed of Russia generally, are not well
known (BocosLovskiy in NaLvkiN, ed,
1973, p. 51), although general correlation
with Germany is indicated. Little has been
achieved in conodont work or in using cri-
coconarids (LyasHENKo in OswaLp, 1968b).



A202

Paleogeographic distribution of corals, on
the other hand, has been reviewed by Du-
BaTOLOV & Spasskiy (in Oswarp, 1968b)
and by Seasskiy and others (in Navwvkin,
1973, p. 220, p. 229). The latter authors
recognized three broad time divisions of
coral faunas in the Russian Middle Devo-
nian, and listed endemics of particular areas.
The wide distribution of European forms is
striking, but nevertheless they referred Asi-
atic faunas to a distinct Uralo-Siberian-Asi-
atic province with only a separate Mongolian
fauna (Mongolo-Okhotsk province).

The Dzhungaro-Balkhash region, with
Euryspirifer, Acrospirifer, and Fimbrispi-
rifer in the Eifelian and Mucrospirifer
higher continues its Appalachian province
aspect. Records of corals such as Heliophyl-
lum (Spasskiy and others in NavLvkin,
1973) seem to confirm this, but OLiver
(1976) casts doubt on the Heliophyllum
determination. Several of the brachiopod
genera occur again in the Tikhookian and
Mongolian area, however, confirming the
easterly link in general terms. Corals
thought to be distinctive of this area
include Stellatophyllum, Pseudotryplasma,
Gurjevskiella, and Amurolites, but with
Towaphyllum suggesting an easterly link.

The Chinese Middle Devonian is poorly
known. Common European coral genera,
including Calceola, and brachiopods, includ-
ing Stringocephalus, indicate general links
with Europe. Apart from the early work
on brachiopods by Grasau (1931-33) and
Tien (1938), the work on Yunnan corals
by Wanc (1948) and the revisions by
HaMmapa (in OswaLlp, 1968a) seem to be
the main sources confirming the general
picture. But Seasskry and others (in NaLrv-
KIN, 1973, p. 234) united the corals of this
area with those of Australia in a common
Sino-Australian realm. Rich faunas of cor-
als, tentaculites, and other fossils have been
described by Mu and others (1974).

The Tethyan belt has scattered Middle
Devonian faunas that generally are most
comparable with those of Europe. From
near Istanbul Kurimann (1973) recorded
Latanarcestes noeggerati, Anarcestes latesep-
tatus, and Pinacites jugleri in successively
higher beds following Emsian-Eifelian tran-
sitional faunas. The Middle Devonian is
poorly known in Iran, but Brice (1970)
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and Durkoor (1970) have reported a varied
fauna of brachiopods and corals from Af-
ghanistan, which have a close link with
European and Uralian faunas. Reep (1908)
recorded both Calceola and Anarcestes from
northern Burma (Anperson, Boucor, &
Jounson, 1969), but good Middle Devonian
brachiopod faunas are recorded from Viet
Nam and Cambodia, assigned mostly to
European species, and including Calceola
and Stringocephalus. There are also records
of Stringocephalus in Malaya (GosserrT,
1966), and Boucor, Jomnson, & STRUVE
(1966) have reviewed the distribution of
this genus and its relatives.

AUSTRALASIA

In New Zealand there is no evidence that
the Lower Devonian faunal sequence con-
tinues into the Middle Devonian. In east-
ern Australia, however, along the area re-
ferred to as the Tasman geosyncline, rocks
of this age are well developed. In western
Australia, although a Middle Devonian
transgressive phase has been reported (TEr-
cuErt, 1974), little has been described;
however, Stringocephalus and Stringophyl-
lum have been reported from the Canning
basin (Prckert, 1972). This section 1is
therefore concerned only with eastern Awus-
tralia.

The formal biostratigraphic subdivision
of Pamwir & Pepper (1967) has already
been noted. In this scheme the Middle
Devonian embraces divisions G to K. Most
localities are in New South Wales and
Queensland and are from discrete outcrops.
Fauna G, of Macgeea touti, marks the in-
coming of Dohmophyllum and Stringophyl-
lum, and Fauna H, of Taimyrophyllum
callosum, marks the first incoming of Endo-
phyllum. The Xystriphyllum giganteum
fauna (Fauna I) contains the early stringo-
cephalid genus Bornhardtina, and the top
of this fauna contains conodonts that corre-
late with the Polygnathus kockelianus Zone
of Europe. Fauna | (of Grypophyllum cf.
G. denckmanni) and Fauna K (of “Endo-
phyllum” schlueteri) have been correlated
with the European Polygnathus wvarcus
Zone (Kvrapper, PHiLP, & Jackson, 1970).
Much work remains to be done on the
brachiopod faunas, but the general Euro-
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pean affinity of the coral faunas is clear.
But as Hmr (1957) and Seasskriy and
others (in NaLwvkin, 1973) pointed out, and
has been emphasized by Pepper, there is
much endemism in the faunas at generic
and especially specific level. Thus, the Tas-
man subprovince continued into the Middle
Devonian.

AFRICA

There is no evidence that the faunas of
the South African Bokkeveld beds, or that
of the overlying Witteberg beds, extend up-
ward into the Middle Devonian. The same
is true of the Lower Devonian of Ghana.
In North Africa, on the other hand, the
Middle Devonian is superbly developed
(HorLarp & Lecranp in OswaLp, 1968a).
The fauna is extremely close to that of
Europe, but there is evidence of faunal
links with the Appalachian area.

A sequence of goniatite faunas from near
the Lower-Middle Devonian boundary has
been established by Horrarp (1974). The
levels are characterized, in sequence, by
Sellanarcestes wenkenbachi, Anarcestes late-
septatus lateseptatus, then A. lateseptatus
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plebeius with Pinacites jugleri. The P. jug-
leri faunas Horrarp referred to the upper
Eifelian, as in Germany, and he has dis-
proved the earlier date assigned by Souey
(1969). A widespread fauna containing
Cabrieroceras crispiforme is taken to mark
the basal Givetian (records of Eifelian
Cabrieroceras from this area refer to forms
best assigned to Werneroceras). The de-
tailed affinity of this goniatite sequence
with that established in Germany is most
striking. The C. crispiforme levels seem to
correlate exactly with the New York Wer-
neroceras Bed.

Among brachiopods, too, typical Euro-
pean forms are well represented (Dror,
1964, 1971), but the coral records of Helio-
phylium and Phillipsastrea are of particular
interest (Le Marrre, 1947, 1952). The
former is taken, with otherwise endemic
eastern North American forms (OvLiveg,
1976), to indicate close links with the Ap-
palachian area. The occurrence of Phillip-
sastrea is interesting, as here and in Spain
and England it occurs in the Middle De-
vonian, but generally in Europe it is an
Upper Devonian form (Scrurron, 1975).

UPPER DEVONIAN FAUNAS

Approximately at the Middle-Upper De-
vonian boundary there is widespread evi-
dence of renewed transgression (Fig. 8).
In the European area this is represented by
the extension of marine sediments well on
to cratonic areas (House, 1975a) and there
seems to be a good correlation with the
Taghanic onlap of North America (Jonn-
soN, 1970). Thus, by the middle Frasnian,
faunas of the Devonian were probably
at their most cosmopolitan. Remarkable
changes took place during the late Frasnian.
Apparently as a result of continued eustatic
rise of sea level, or widespread sea-floor
subsidence in shelf areas, there was first a
restriction of reef carbonates, then the at-
tenuation of those that remained, and fi-
nally this facies almost disappeared. Accom-
panying this was an associated diminution
and extinction of the various specialized
reef and associated carbonate organisms.
The end of the Frasnian apparently saw
the extinction of several groups of brachio-
pods (Pentameroidea, Atrypoidea, possibly

Costispiriferidae, and Orthacea), trilobites
(harpids, thysanopeltids, Dalmanitacea,
Odontopleuridae, Lichidae), coral and stro-
matoporoid genera, and almost all groups
of Devonian cricoconarids (Uniconidae,
Tentaculitidae, Homoctenidae, Nowaki-
idae) (Fig. 7).

This faunal break between the Frasnian
and Famennian is a major Phanerozoic
event, and apart from the Permian-Triassic
break, is probably the most marked in the
Paleozoic as a whole. Documentation 1s
not precise enough to state that all these
groups became extinct at the same time,
but the main extinctions are clearly late in
the Frasnian. Some global cause is required,
and McLaren (1970) argued, doubtless
with tongue in cheek, that a meteonte
landing in the Devonian “Pacific” could
have set up a tidal wave giving near in-
stantaneous extinction. House (1973a,b),
on the other hand, has pointed out the
critical relation between the disappearance
of reef carbonates and these extinctions.
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Fic. 8. Paleogeographic map for the Late Devonian (Frasnian) of the Eastern Hemisphere (based on
House, 1973; House, n). [Inferred land areas are stippled; areas of marine rocks are horizontally lined.]

Once reefs had gone, not only could their
specialized inhabitants not survive, but the
removal of any protection that reef carbon-
ates may have provided at platform margins
would have rendered vulnerable many other
shelf environments.

Faunally, as a result of these events, the
Famennian represents a discrete interval
terminated by further extinctions (Cly-
menoidea, Phacopidae) at the close of the
stage. The almost complete absence of or-
ganodetrital carbonates and associated fau-
nas, the replacement of well-known bra-
chiopod groups by a development of
rhynchonellids and spiriferids, the entry and
diversity of the clymenoid ammonoids, and
in the basinal environment, the replacement
of coniconchines by the planktonic ostra-
codes give a quite different stamp to the
Famennian, Some element of provincialism
remains, for example, the restriction of well-
developed ostracode slate facies to Europe

and the Urals, but it is quite diminished in
comparison with the Lower and Middle
Devonian.

EUROPEAN FRASNIAN

The progressive series of transgressions
throughout the Frasnian of Europe resulted
in limited preservation of nearshore clastic
facies. Better represented are carbonate and
reef complexes, basinal argillites, and the
reduced successions of seamount Schwellen.
But these, as has already been indicated,
show faunal distinction from those of the
Middle Devonian following the extinctions
of particularly coral, brachiopod, and trilo-
bite groups near the end of the Givetian.
As used here the Frasnian is treated as
synonymous, or nearly so, with the
Adorfian, named from the reduced gonia-
tite-rich sequence of the northern Schie-
fergebirge.
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The type Frasnian area is in southern
Belgium where spectacular knolllike reef
masses are developed in the middle Fras-
nian, although they appear to have been
overwhelmed in the Palmatolepis gigas
Zone with the onset of the terminal Fras-
nian transgressions. Cyrtospirifer, long con-
sidered the main guide to the Upper
Devonian, enters in the basal Assise de
Fromelennes (LecoMpTE in OswaLp, 1968a)
and this explains why the base of the Fras-
nian was defined at that level in 1952.
Other so-called guide fossils include Hypo-
thyridina cuboides and Phillipsastrea hen-
nahi, but both perhaps have their original
types from the Givetian (OrcHarp, 1974;
ScrutTon, 1968). Boucor (1975) has in-
dicated a range of brachiopod genera re-
stricted to the Frasnian. The type Frasnian
reefs were studied by Lecompte (1970 and
earlier works) and formed part of the basis
for the recognition of depth zonation. This
approach has been followed by Tsien
(1971).

Reduced successions of the pelagic car-
bonates have provided the type sequences
for both the goniatite and conodont zona-
tions, which were established at Adorf (now
Diemelsee). The distinction of the basal
Adorfian goniatite faunas is the occurrence
of multilobed pharciceratids such as Phar-
ciceras and Synpharciceras, also Epitorno-
ceras, Ponticeras, Probeloceras, and others
unknown in the Middle Devonian. In the
middle Fasnian are the typical Manticoceras
and Beloceras.  Crickites holzapfel and
others characterize the late Frasnian. The
pyritic or hematitic fauna of contemporary
shales is referred to as the Biidesheimer
Schiefer. The goniatite sequence was estab-
lished mainly by Wepexkino (1913). The
conodont sequence was established by
ZiecLer (1958, 1962), but, as remarked
before, certain correlation between the two
schemes has not been achieved.

The gradual dominance of fingerprint
ostracodes over cricoconarids in the photic
zones of the basinal regions took place
through the Frasnian, a typical succession
being described by Kress and Rasiew
(1964) and this is reproducible in other
European areas.

One particularly unusual facies, the two
Kellwasserkalk bituminous limestones, were
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recognized by Buccisca (1972) over wide
areas of Europe and in North Africa. These
carry a remarkable fish fauna and gonia-
tites, orthocones, and even coprolites with
conodont assemblages (Lancg, 1968). Buc-
ciscH considered these units were formed
at times of transgression during which
large quantities of organic matter were de-
posited. The deepening in pulses that ter-
minated the various periods of reef develop-
ment in Belgium were of similar type.

A striking coherence exists in the pattern
of Frasnian facies and faunas found in
western Europe and North Africa. In the
Main Devonian Field near Leningrad, and
in the Timan Mountains, widespread shal-
low-water calcareous environments have
rather distinctive brachiopod faunas (Lya-
sHENKO, 1959; NALIVKIN, RZHONSNITSKAYA,
& Markovskry, 1973) and goniatite faunas
(BocosLovskiy, 1969, 1971) that have simi-
larities with Cordilleran types. Also, a
cricoconarid sequence, more detailed than
elsewhere, has been described (LyasHenko,
1959). The abundance of fish in interleav-
ing horizons makes this a critical area for
correlation into the Old Red Sandstone
facies (WestoLL in Housg, 1977).

EUROPEAN FAMENNIAN

The almost complete absence of biohermal
carbonates 1s the most distinctive feature
of the Famennian biofacies of Europe.
From the Holy Cross Mountains of Poland
Rozkowska (1969) has described a sparse
fauna of four phillipsastreaid individuals,
some endophyilids, one genus of cystiphyl-
loids and the earliest known heterophylloids
from the early Famennian, and this is the
best European Famennian coral fauna
known. The limited stromatoporoid fauna
of the Etroeungt (Lt Martre, 1933) repre-
sents the best occurrence of that group.
The result is a marked contrast with the
earlier Devonian.

In the shallower water, clastic-rich facies
brachiopod and bivalve faunas are well de-
veloped, the former dominated by rhyncho-
nellids (SarTenaer in Oswarp, 1968b) and
spiriferines. SARTENAER recognized in France
and Belgium his international Eoparaphor-
hynchus and Basilicorhynchus zones of the
lower Famennian, but higher faunas are
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not well discriminated. In northern Europe,
this facies intertongues with Old Red Sand-
stone type terrestrial facies in which fish,
plant, and spore remains are common.

In the deeper water argillite facies only
proetids and phacopids remain of trilobite
groups. The most remarkable feature is
the dominance of planktonic Ostracoda,
which often cover bedding planes in the
Cypridinenschiefer facies; with them are bi-
valves, such as Karadjalia venusta, which
may have been epiplanktonic on floating
weed. In shallower silty facies the infaunal
Sanguinolites is characteristic.

Occurring in the argillites, especially in
hematitic or pyritic facies, but more par-
ticularly in the seamount or pelagic car-
bonates, are the rich and varied ammonoid
faunas. The goniatite Cheiloceras charac-
terizes the earliest Famennian, and then
the clymeniids enter, characterizing the later
Famennian and showing remarkable diver-
sity until their sudden extinction in the
late Wocklumeria Stufe. Goniatites such as
Sporadoceras and Imitoceras, and also nau-
tiloids, accompany them; however, for bio-
stratigraphical purposes, it is the conodont
sequence established especially by ZiecLEr
(1962, 1971) that has international im-
portance and, for the Famennian, this seems
well linked to the ammonoid scale.

Much detailed work has been done in
Europe on the correlation of beds near the
Devonian-Carboniferous boundary (Ausrin,
et al., 1970; VOHRINGER, 1960; ZIEGLER,
SANDBERG, & AvsTIN, 1974). The boundary,
in the German (and Heerlen and Shefheld
congresses) definition, is marked by the
extinction of both clymeniids and phaco-
pids, whereas in the Belgian and Russian
definitions the boundary is difficult to diag-
nose except at low taxonomic levels.

ASIA

For this enormous area the Frasnian and
Famennian are here treated together. In
the Upper Devonian of Asia the broad geo-
synclinal tracts recognized earlier in the
Devonian remain broadly discrete. These
are 1) the Ural belt, including Novaya
Zemlya in the north and the Tien Shan
and Kazakhstan in the south, 2) the north-
ern Siberian areas of shallow-water sedi-
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mentation conveniently termed the Arctic
area, 3) the Altay-Sayan area, 4) the
Dzhungaro-Balkhash area, linking through
the poorly known regions of China and
Mongolia to the east, 5) the Tikhookian
region of southeast Russia, 6) the Chinese
area south of the Peking platform, and
7) the tract of separated and disjunct out-
crops from Turkey to Southeast Asia. This
grouping (based in part on NALIVKIN,
RzuonsNITSKAYA, & MaRKOWSKIY, 1973) is
here used for discussion.

In the Frasnian and Famennian, the
Uralian and Arctic area, comprising the
Atlantic region of Russian authors, is es-
sentially of European type. Even the char-
acteristic basinal and seamount facies are
known in the Urals. When faunas were
most cosmopolitan, in the Frasnian, typical
European genera such as Manticoceras, Hy-
pothyridina, Ladogia, Theodossia, and Mu-
crospirifer were widely distributed across
this broad area. Ladogioides, a Cordilleran
type, occurs in northeast Siberia. Endemics
were rare; among goniatites there is Tama-
rites, probably earliest Frasnian in age.
Manticoceras of the middle Frasnian is
widely distributed (House, 1973b). The
rich coral faunas (DusatoLov & Spasskry
in NaLvkIN, 1973) show less provincialism
than earlier in the Devonian and the typical
Frasnian genera of Europe are abundant,
The apparent uniqueness of the cricoconarid
faunas of the Russian platform and Urals
in the Frasnian results mainly from the
lack of detailed studies elsewhere.

The Uralian and Arctic areas show fau-
nal differences in the Famennian. The
former resembles European biofacies and
contains a very similar ammonoid sequence
(BocosLovskiy, 1971) and, although only
briefly described, the conodont sequence has
broad similarities (KuaLymsapzua & CHER-
NYsHEVA, 1970), but the brachiopods Zi-
Limia and Dzieduszichia occur in addition
to common European genera. In the Arctic
area Famennian ammonoids are very rare,
and distinction is given by the occurrence
of Gastrodetoechia (according to NALIVKIN,
RZHONSNITSKAYA, & MarKowsk1y, 1973, but
not recorded by SARTENAER, 1969), a bra-
chiopod common in western North Amer-
ica.

In the Altay-Sayan area, both in the
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Frasnian and Famennian, there are close
links faunally to the Urals, but faunas of
the Kazakhstan area and the Dzhungaro-
Balkhash region contain the eastern brachio-
pod Yunnanella, according to NALIVKIN,
RzuonsniTskAYA, & Markovskry (1973),
but SarTENAER (1971) has reassigned most
of the specimens on which the genus was
recognized. Other evidence of eastern fau-
nal affinity is the record by BocosLovskiy
(1971) of Sinotites in the Aktyubinsk dis-
trict, a genus otherwise known only in the
Great Khingan.

The Tikhookian and Mongolian late
Devonian faunas include cyrtospiriferids
and other brachiopods, many of which are
assigned in the literature to New York
species. To the south is the remarkable
sequence of the Great Khingan (Cuaxg,
1958). Here the Lower Suhuho Formation,
with Sinospirifer, atrypids, Yunnanella, and
Nayunella (SARTENAER, 1971), has been re-
ferred to the Frasnian. The overlying
Upper Suhuho Formation contains a rich
goniatite fauna of early Famennian age,
including Cheiloceras, Sporadoceras, and
Pseudoclymenia, whereas Platyclymenia in-
dicates a middle Famennian age. Cnanc
(1960) has described the peculiar goniatites
Sinotites and Sunites from here, which are
endemic apart from the Aktubinskayan rec-
ord mentioned above.

The main Upper Devonian records in
China are from Yunnan, Kwangsi, Hunan,
and Szechwan. The typical Frasnian gonia-
tites Manticoceras, Beloceras, Eobeloceras,
and Ponticeras occur in this area (CHao,
1956), but there has been considerable
doubt as to whether the Famennian is
represented at all, a substantial post-De-
vonian break being thought to be present
above the Frasnian. Whether the Yun-
nanella-bearing rocks, which are very wide-
spread (SARTENAER, 1971), are wholly Fras-
nian is not clear. The earliest Famennian
may be present, but atrypids recorded in
association with Yunnanells suggest that
only Frasnian is involved. This is of some
importance because the type species of
Cyrtiopsis is from this region, and in North
America this genus has been taken as a
Famennian guide. According to the review
by Seasskriy and others (in Narmvkin,
1973), the Frasnian coral fauna is broadly
similar to that of Asia and Australia. The
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plant Leptophloeum is widespread in more
terrestrial facies in China, Japan, and also
eastern Australia (Hamapa in OswaLp,
1968a). Evidence of late Famennian in
southwest China comes from the record of
Cymaclymenia and Parawocklumeria by
Mu and others (1974).

Upper Devonian rocks are widely ex-
posed in scattered outcrops along the
Tethys belt. In Iran, brachiopods of Fras-
nian age, such as Ripidiorhynchus and Cy-
photerorhynchus are widespread (SarTe-
NAER, 1966), Cyphoterorhynchus being
found also from Armenia to Pakistan. Early
Famennian Gastrodetoechia faunas occur,
and in the Tabaz area there is a fauna of
Platyclymenia, Sporadoceras, and Priono-
ceras (WALLISER, 1966). Much richer fau-
nas have been described from Afghanistan
by Brice (1970), including a variety of
corals from carbonate horizons. A rich
fauna of brachiopods and corals is known
from the Northern Shan States (Reep,
1908), which includes a record of Phillip-
sastrea and brachiopods seemingly of Fras-
nian age. Scattered records of Late De-
vonian in Cambodia, Viet Nam, and
Thailand exist. An interesting tie with
Europe is the occurrence of the trilobite
Cyrtosymbole (Waribole) from Malaya
(Koavasui & Hamapa, 1966). This is an
exotic occurrence of a subgenus abundant
in western Europe and eastward to Kazakh-
stan. So much has still to be learned about
these faunas that generalizations are pre-
mature. Nevertheless, the affinities with
faunas of Europe and the southern Uralian
belt seem sufficiently strong to confirm the
same provincial assignment given to earlier
Devonian faunas.

AUSTRALASIA

The Upper Devonian of Australia (Ros-
ERTs et al., 1972) shows a continued de-
velopment along the Tasman geosyncline,
but additionally spectacular reef develop-
ment occurs marginal to the Precambrian
shield in Western Australia.

In eastern Australia terrestrial facies oc-
cur in many areas with European fish
genera and Leprophloenm and other plant
remains of Late Devonian type. Good
marine faunas in Queensland include Fras-
nian corals, cyrtospiriferids and other Fras-
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nian brachiopods and typical European
conodonts. McKerLrar (1970) has estab-
lished a series of Famennian zones using
productoids, some of which have affinities
with the western United States as well as
with Europe. Other faunas, including
“Cyrtiopsis,”  Cyrtospirifer, and Tentico-
spirifer, may be compared with Chinese
and European forms. In New South Wales
conodonts have enabled correlation with
the European zonation in several places
(PHILIP & Jackson, 1971), the faunas rang-
ing through the Frasnian and Famennian.
Also known are the Famennian ammonoid
genera Cheiloceras, Genuclymenia, Platy-
clymenia, and Cymaclymenia (JEnkins,
1968; Pickerr, 1960).

The remarkable Frasnian reef sequences
of the Canning basin (PLayrorp & Lowry,
1966) and other developments in the Bona-
parte Gulf basin and Carnarvon basin are
significant for their incredibly close affinity
with European faunas. For many gonia-
tites (GLENISTER, 1958; Prrersen, 1975)
this is at specific level, as it is for the
conodonts (Druce, 1969; GLENISTER &
Krapper, 1966), brachiopods (VEEVERs,
1959a,b), and phyllocarid crustaceans and
other groups (BrunToN e al., 1969). Fizz-
royella, one supposed endemic brachiopod,
has since been recorded in Poland (Bier-
Nat, 1969). Although indicated in the
literature, it would appear that the evidence
for the stromatoporoid reef facies extending
up into the Famennian in this area is very
slight; the Famennian reefs are stromatolitic.

Introduction—Biogeography and Biostratigraphy

AFRICA

It is only in North Africa that Upper
Devonian rocks are preserved and there
the faunal agreement with Germany is par-
ticularly close. This is well illustrated by
the ammonoid sequences (PerTER, 1959,
1960), which replicate the standard succes-
sions. Goniatite faunas near the Middle-
Upper Devonian boundary have been de-
scribed by Bensam (1974), who showed
that the base of the Pharciceras lunulicosta
Zone (and Manticoceras Stufe) falls within
the Polygnathus varcus Zone of the cono-
dont zonation, thus solving anomalies in
other areas (Housg, 1973a). The rare en-
demic form Petteroceras is in a fauna mostly
conspecific with German forms. This area
has also contributed to the correlation of
conodont and ammonoid zonations near the
Frasnian-Famennian boundary, and Buec-
ciscH & CLAUSEN (1972) have demonstrated
that the boundary between the Manticoceras
and Cheiloceras Stufen falls at the base of
the upper Palmatolepis triangularis Zone.
Their recognition of the Kellwasser Kalk
facies of Germany at the expected levels is
another tie.

For other groups also, the congruence
with central Furope is apparent. ALBERTI
(1973) recognized only a few new forms
of trilobites from the Famennian. For cor-
als, provincialism is mostly lost by the
Frasnian, so similarities with eastern North
America (OLvER, 1976) are to be expected.
North Africa is an area in which much has
still to be contributed in detailed biostra-

tigraphy.

DEVONIAN GLOBAL RECONSTRUCTION

Paleomagnetic data allow some approxi-
mation to be made on the position of the
continents in relation to the magnetic poles
and equator in the Devonian. It is assumed
that then, as now, the dipole field axis was
approximately coincident with the earth’s
rotational axis. The paleomagnetic evidence
cannot give longitude position, and hence
positioning of continental masses along lines
of latitude is an arbitrary matter and can be
changed at will, guided only by the con-
straints of any geological demands. In the
reconstruction given here (Fig. 9), the po-

sitioning of the southern continents is that
of Bripen, DrEwry, & Smrta (1974), and
the same authors in Hucnes (1973); the
situation is given by them as the same
throughout the Devonian. For the north-
ern continents, following the arguments of
Roy (1971), the Late Devonian reconstruc-
tion brings North America and Europe
close together. Russian evidence (Kuramov
in Oswarp, 1968b) would bring Asia per-
haps five degrees or so farther south than
shown.

It is clear from this reconstruction that
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Fic. 9. Global reconstruction for the Devonian using paleomagnetic evidence. The Emsian distribution

of Malvinokafiric province brachiopods is shown by open circles. The Frasnian distribution of the goniatite

Manticoceras is shown by black circles. Note that southcast Asia was probably discrete microplates, the
positions of which are uncertain (House, n; for sources see text).

the Malvinokaffric province of the Emsian
has essentially a high latitude fauna, and this
fact may be the main cause of its unique-
ness. Of the divisions of the Old World
province, the Rhenish-Bohemian subprov-
ince is clearly tropical (Housg, 1975a,b),

as is the Uralian subprovince, but the Si-
berian Arctic faunas, and those of the An-
garan and Tethyan belts, are progressively
of higher latitude. The break between the
Appalachian province and that of the Old
World may be explained in two ways.
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Firstly, some paleomagnetic reconstructions
place North America in a much more
southerly position than that given here for
the Lower Devonian, when the provincial-
ism was best developed. Secondly, the Cale-
donian orogeny and mid-Acadian orogeny
appear to have interposed an oblique moun-
tain barrier stretching from eastern Green-
land and Norway southwestward, between
eastern North America and northwest
Africa. The latter would have been an
effective barrier to migration, although in
the Frasnian its effects were mostly lost.

The Appalachian province links with the
Mongolian, Tikhookian, and Dzhungaro-
Balkhash areas are less readily explained,
and the problem looks deceptively easy
when only present-day projections are used
(as in Boucor, 1975, and elsewhere). Cor-
dilleran links with Europe north of the
Old Red Sandstone continental area, and
with Arctic Siberia, pose fewer problems.

Auempts at global reconstruction using
plate tectonic principles have not progressed
very far. After the establishment of the
Caledonian Mountain belt, the European
Hercynian (Armorican, Variscan) geosyn-
clinal belt stretched from Cornwall and
Britanny eastward to beyond southern
Poland. This has been interpreted as a
subduction zone, some authors inferring
subduction to the north (Burrerr, 1972;
Riping, 1974), others to the south (ANDEr-
soN, 1975). But the review by Kress &
Wacuenporr (1973) and the various opin-
ions expressed by others, make the placing
of any Benioff Zone uncertain, and the
possibility of microplate accretion in the
southerly belts adds to this uncertainty.
Riping (1974), following many earlier au-
thors, linked the European Hercynian belt
with that of the Piedmont and Ouachita
belt of eastern North America.

The Ural belt shows some of the char-
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acteristics of another subduction belt, but
the interpretation of the southern and cen-
tral Asiatic fold belts in the Devonian is
exceedingly difficult, particularly because
the northward movement of India through
the later Phanerozoic, which is so well
documented, may have been associated with
microplate accretion. All this will not be
resolved until much more detailed paleo-
magnetic evidence is available.

Using modern-day maps, even more prob-
lems relate to the inferred link between
Siberia and western North America. CHur-
KIN (1973) has argued that the Franklinian
geosyncline of the Canadian Arctic Islands
may have linked with the ancestral Brooks
Range belt of Alaska to join the Chukotka
geosyncline of northeast Siberia, and he
separated this from the Cordilleran geosyn-
cline, which he linked with the Koryak
geosyncline of northern Kamchatka. As has
been indicated in the preceding pages, there
is faunal evidence for some link of this
kind, and the proposed paleomagnetic posi-
tion for Asia seems sufhciently at variance
to make it suspect. For the southern con-
tinents, the link of the Tasman geosyncline
with the Transantarctic Mountain belt in
Antarctica has been long attested.

It is clear that in the Devonian shallow
seas were widespread over present conti-
nental areas (Fig. 5,6,8). The plate tec-
tonic model requires that ocean areas would
also have been oceanic in the Devonian, so
enormous spreads of seas covered the De-
vonian globe. It is also clear that ice caps,
if they existed, were unlikely to have been
large. Tt would seem, therefore, that a
generally much warmer world climate than
at present was partly the cause of the enor-
mous diversity of Devonian marine faunas,
and was the background for the remark-
able development of vascular plants and
early vertebrates in the period.
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INTRODUCTION

The Devonian System was proposed by
Sepcwick and MurcHison in 1839 for ma-
rine rocks in Devon, England, that were
the lateral equivalent of the Old Red Sand-
stone of Scotland and the Welsh Borders
(House, 1964, p. 262). In North America
the Devonian System was recognized in
1847 as a result of a visit and the subsequent
writings of bE VERNEUIL, whose views were
made known by HarL (Cooper ez al., 1942,
p- 1729). Since 1847, marine and conti-
nental Devonian deposits have been recog-
nized in many widespread areas of the
Western Hemisphere.

Radiometric evidence on the limits of
the Devonian Period on the geological time
scale, summarized by Frieno and House
(1964, p. 233-236), suggests that the base
and top of the Devonian should be dated
at about 395 and 345 million years, respec-
tively. Using cumulative thicknesses, they
estimated the ages of the base of the Middle
Devonian at about 370 million years and
that of the base of the Upper Devonian at
about 358 million years. Accordingly, the
approximate durations for the Early, Mid-
dle, and Late Devonian are 25, 12 and 13
million years, respectively.

Recent precise radiometric age estimates
of the base of the Devonian in eastern
North America (Borrino & FuLLacar,
1966) and the top of the Devonian in Vic-
toria, Australia (McDovucaLL ez al., 1966),
were 413 =5 my and 363 =6 my, re-
spectively.

More recently the International Geo-
chronological Commission (TUGS, 1967)
proposed recommendations for a standard
global chronostratigraphic (geochronologic)
scale in which the averaged datings for the
base and top of the Devonian were given
as 405 and 350 million years, respectively,
with a duration of 55 million years.

Hypothetical Devonian  paleolatitudes
have been illustrated by Jounson (1970c,
p. 2088, fig. 6), SmitH ez al. (1973, fig. 12),
and others. Jounson showed the equator
extending diagonally across North America
from near the north end of the Gulf of
California in the west to the southern part
of James Bay in the east.

Paleogeographic and biogeographic data
have been used by numerous workers in
reconstructions involving the plate tectonic
theory. Various data suggest that the Old
and New Worlds were juxtaposed during
the Devonian, or nearly so at the beginning
of the Devonian (Jounson & Dascn, 1972).
Regarding the southern continents, the ex-
istence of Gondwanaland accounts for the
Malvinokaffric distributions in South Amer-
ica, and the Falkland Islands and Antarctica
in the Western Hemisphere (Jomnson &
Boucor, 1973, p. 95).

The main areas of Devonian rocks in
the Western Hemisphere, both in outcrop
and the subsurface, are shown in a general
way in Figure 1. The distribution of
Lower, Middle, and Upper Devonian rocks
is shown in Figures 2 to 5. These illustrate
the known present distribution for North
America and Greenland as generalized fa-
cies maps from which more interpretive
paleogeographic maps may be drawn if so
desired. For South America, where the
Devonian sediments consist mainly of clastic
rocks and where the geology is known in
considerably less detail, the distribution of
Lower, Middle, and Upper Devonian is
shown on paleogeographic maps. The
standard Devonian ammonoid and conodont
zones of Europe and North America, along
with some other zones and ranges of se-
lected species in Devonian rocks of North
America, are shown in Figures 6 and 7.

MAIN AREAS OF DEVONIAN ROCKS

NORTH AMERICA

In North America two main areas of
Devonian rocks incompletely surround the
Canadian shield on its south, southwest,
and north sides (Fig. 1). One is centered
in northeastern United States and adjoining
eastern Canada, and the other extends

southwestward through the Arctic Islands
into northern continental Canada and then
south-southeastward to north-central United
States. These two main areas are separated
from one another by a northeast-trending
transcontinental arch which extends from
New Mexico to Hudson Bay. Thick, but
areally restricted remnants of the Cordil-
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leran geosyncline are present in the Nevada-
Idaho basin of west-central United States.

Devonian rocks are widespread also in
Alaska but are incompletely known. The
rocks of southeastern Alaska are of eugeo-
synclinal origin, those in northern Alaska
are in a miogeosynclinal belt, and a possible
intervening shelf-like environment is sug-
gested for the rocks in the vicinity of the
Porcupine and Kuskokwim rivers (Gryc
et al., 1968).

Devonian rocks are present also in two
intracratonic basins; the Moose River and
Hudson Bay in the Hudson platform, which
are lithologically and faunally related to
the Appalachian sequence of eastern North
America (Sanrorp & Norris, 1975).

GREENLAND

In the folded belt of central East Green-
land, bordering the Greenland shield, con-
tinental rocks interbedded with volcanic
rocks are present in an elongated basin
(Fig. 1) where they overlie Caledonian
folded formations (BurLer, 1961). The
sequence is 7,000 to 8,000 meters thick and
contains rocks of late Middle (Givetian)
and Late Devonian (Frasnian and Famen-
nian) ages dated on rich vertebrate faunas
(ALLEN et al., 1968).

Besides the vertebrates, the arthropod
Estheria is the only invertebrate found in
the East Greenland Devonian succession,
and fossil plants, although locally abundant,
are generally poorly preserved (HALLER,
1971, p. 246). The exceedingly rich verte-
brate faunas of East Greenland, summar-
ized by Jarvik (1961, 1963), have attracted
considerable interest. Among the large col-
lections of vertebrate remains are forms
that are unique to East Greenland and
forms showing the transition from fish to
tetrapod (e.g., Ichthyostegalia).

Devonian continental beds are present
also on Spitsbergen (Frienp, 1961) and on
Bear Island (Hovrtepanr, 1919) which,
along with the Greenland deposits, are
interpreted as remnants of the Old Red
Sandstone continent (Housg, 1968b).

SOUTH AMERICA AND
FALKLAND ISLANDS

The distribution (Fig. 1) and paleogeog-
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raphy of Devonian rocks of South America
and the Falkland Islands (Fig. 2 to 5)
have been described by Weexs (1947),
HarrincTon (1962, 1968), and others.

Numerous scattered outcrop belts of De-
vonian rocks of geosynclinal origin are
present in the Andean orogenic belt that
borders the entire western margin of the
continent, and these occur in Venezuela,
Colombia, Ecuador, Peru, Bolivia, Argen-
tina, and Chile. Devonian deposits in the
pericratonic basins that lie between the
Andean folded belt and stable cratonic
areas occur in eastern Bolivia, Paraguay,
and the Falkland Islands. Large outcrop
belts of Devonian rocks are present also
in the intercratonic basins, which include
the Amazonas basin of northern Brazil,
the Parnafba and Sao Francisco basins of
eastern Brazil, and the Parani basin of
southern Brazil and Uruguay.

A peculiarity of the Devonian of South
America is that carbonate rocks are con-
fined to the Andes of the northern part of
the continent in the Colombian-Venezuelan
frontier area; southward this limy facies
gives way to clastic rocks. Caster (1952)
has postulated that temperature was prob-
ably the critical lime-controlling factor, and
that the Devonian sediments of a large part
of South America were deposited under a
cool regime that inhibited the precipitation
of calcium carbonate.

The Devonian sequence of the Falkland
Islands has been described by Baker (1923),
and summarized by Harringron (1968).
Lithologically, this sequence is strikingly
similar to that of South Africa, but the
Lower Devonian marine faunas are related
more closely to those of Brazil. The lower
two-thirds of the succession represent shal-
low-marine deposits, whereas the upper
third is of continental, fluviatile origin.

ANTARCTICA

Devonian rocks of Antarctica have been
described by Boucor et al. (1968). They
indicated that Devonian, or probable De-
vonian, rocks had been recognized from
only thirteen scattered localities in ice-free
areas around the edge of the continent
(Fig. 1). Five of the localities are in or
near the Ross Ice Shelf, four are in or near
the Filchner Ice Shelf, and the remaining
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four localities are widely separated in East
Antarctica.

The Devonian of Antarctica is part of
a succession of sedimentary strata belong-
ing to the Beacon Group. Fish remains,
assigned to the Upper or Middle Devonian
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(Woopwarp, 1921) have been collected
from central Victoria Land. A Lower De-
vonian marine fauna has been described
by Boucor ez al. (1963) and by Doumani
et al. (1965) from the Horlick Formation
in the Ohio Mountains.

SILURIAN-DEVONIAN BOUNDARY

Most workers throughout the world now
agree in placing the Silurian-Devonian
boundary at the base of the Gedinnian.
This boundary coincides with the base of
the Monograptus uniformis Zone and is
close to the base of the Icriodus woschmidti
Zone. In shelly successions with corals,
brachiopods, and trilobites the boundary is
recognizable by the disappearance of pen-
tamerids, Azrypella, Gracianella, halysitids,
and Encrinurus, and by the appearance of
terebratulids, Cyrtina, and common Schizo-
phoria (BERDAN et al., 1969).

Recently this boundary was fixed by in-
ternational agreement on a stratotype at

Klonk near Suchomasty, Bohemia, Czecho-
slovakia. The horizon chosen is im-
mediately below the first occurrence of
Monograptus uniformis, within bed 20 at
Klonk (Curupig, 1972, p. 111, 113; Mec-
Laren, 1972). The base of the Gedinnian
coincides with the base of the Lochkovian
(in NaLwrkin, 1973, p. 12).

In the standard section of eastern North
America the base of the Devonian, defined
as the base of the Gedinnian, is located at
or near the base of the Helderbergian,
which traditionally has been regarded as
the lowermost Lower Devonian stage

(BerpaN et al., 1969).

LOWER DEVONIAN FAUNAS
(GEDINNIAN, SIEGENIAN, AND EMSIAN)

EASTERN NORTH AMERICA

The Lower Devonian marine sedimentary
sequence of the Appalachian area contains
coral, brachiopod, and trilobite faunas of
pronounced provincial aspect. Four bra-
chiopod zones, based on rensselariid evolu-
tion, were recognized by Boucor and Jonn-
soN (1967, 1968) as follows: 1) Nanothyris
Zone, occurring in the Manlius-Coeymans
and Kalkberg-New Scotland intervals (Ge-
dinnian age); 2) Rensselaeria Zone, in the
Becraft-Port Ewen of the upper Helder-
bergian and in the Oriskany (Siegenian
age); 3) Etymothyris Zone; and 4) Amphi-
genia (small form) Zone. The latter two
zones occur in the Esopus and Schoharie-
Bois Blanc intervals (Emsian age).

Brachiopod assemblage zones were recog-
nized by Boucor and Jounson (1967, 1968)
also in those areas where the rensselaeriid
zones are poorly represented or absent.

Notable rugose coral assemblages were
reported by Oriver (1968) in the Helder-
berg (Gedinnian and lower Siegenian) and
middle Onesquethaw (Emsian). Rugose
coral genera occurring in stromatoporoid

biostrome facies of the Helderberg include:
Spongyphylloides, Chlamydophyllum, and
Lyrielasma; in argillaceous facies: Cyatho-
phyllum, Enterolasma, Heterophrentis, Si-
phonophrentis, Lindostroemia, and Syring-
axon; and in calcarenite facies, characteristic
genera are Briantelasma, Fletcherina, Naliv-
kinella, Pseudoblothrophyllum, and Akniso-
phyllum (Orwver, 1968).

Few corals are known from the lower
part of the Onesquethaw (Esopus), but the
small assemblage contains the oldest known
“Billingsastraca” (=Asterobillingsa) (OLr-
VER, 1968, p. 740).

The Schoharie (Emsian) fauna includes
the largest and most widespread of the
rugose coral assemblages. Some of the more
important forms include Acinophyllum da-
visi, Acrophyllum oneidaense, Edaphophyl-
lum sulcatum, and Kionelasma (OLIVER,
1968, p. 740).

Lower Devonian trilobites in eastern
North America also display marked pro-
vinciality and their provincial distribution is
stmilar to that of the brachiopods (Ormis-
ToN, 1972). Gedinnian endemic genera in-
clude Cordania, Roncellia, Neoprobolium,
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Phacopina, Kosovopeltis, Homalonotus, Di-
cranurus, Ceratonurus, Odontochile, Dal-
manites, and Echinolichas. Siegenian trilo-
bites are less well known. During the
Emsian, and continuing into the Eifelian,
trilobite provinciality in eastern North
America became even more pronounced
and is marked by a host of endemic genera
including Odontocephalus, Anchiopsis, Syn-
phoria, Synphoroides, Trypaulites, Phacops,
Odontochile, Dalmanites, Corycephalus,
Greenops?, Dechenellurus, Terataspis, Echi-
nolichas, Mystrocephala, Crassiproetus, and
Isoprusia (Ormiston, 1972, p. 599).

Gedinnian conodonts representative of
the Ieriodus (=Pedavis) pesavis faunas of
Nevada are recorded from New York
(Krapper e al., 1971, p. 291). Emsian
conodont faunas in eastern United States
are characterized by the highest occurrence
of Icriodus latericrescens huddlei and the
lowest occurrence of I. latericrescens robus-
tus (Krapper et al., 1971, p. 292).

Monograptids are rare in the Lower De-
vonian of the Appalachian succession
(Jounson & Mureny, 1968).

WESTERN NORTH AMERICA

Throughout the Great Basin of Nevada,
Utah, and Idaho the Lower Devonian is
represented almost wholly by marine car-
bonate rocks that were deposited on a broad
shelf. In the abundantly fossiliferous Lower
Devonian strata of Nevada eight distinctive
faunal assemblages based on brachiopods
have been recognized. These are the Gypi-
dula pelagica beds (lower lower Gedin-
nian), Quadrithyris Zone (upper lower
Gedinnian), Spinoplasia Zone (upper Ge-
dinnian), Oriskania beds (lower Siegenian),
Trematospira Zone (upper Siegenian), Ac-
rospirifer kobehana Zone (upper upper Sie-
genian), Eurckaspirifer pinyonensis Zone
(lower Emsian), and Elythyna beds (upper
Emsian) (Jonnson, Boucor, & Mureny,
1968; JounsoN & Boucor, 1968; JonNson,
1975).

Important forms from the lower Gypidula
pelagica beds include the lowest Cyrtina
and Schizophoria, leriodus woschmidti, and
monograptids representing the Monograp-
tus uniformis Zone (JouNsoN & MurpHy,
1969). The widely distributed index trilo-
bite, Warburgella rugulosa, occurs in upper
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Gypidula pelagica beds, above beds with
M. uniformis (Avperti et al., 1971) and
above beds containing I. woschmidt; (Joun-
soN, Boucor, & Murpry, 1973, p. 11).

Succeeding beds contain two graptolite
zones, Monograptus prachercynicus and M.
hercynicus (JounsoN & MurpHy, 1969);
the latter zone is recognized by the presence
of M. hercynicus nevadensis (Berry, 1967,
1968). Quadrithyris Zone brachiopods, M.
hercynicus nevadensis, and the conodonts
Icriodus pesavis pesavis and Sparhognatho-
dus johnsoni are closely associated and
treated as one fauna (Jomnson & Murrny,
1969, p. 1279).

Monograptus thomasi and M. yukonensis
occur together and are associated with the
conodont Eognathodus sulcatus immedi-
ately underlying beds of the Spinoplasia
Zone (Berry & Murrny, 1972; JoHNsoN,
1975). The Spinoplasia Zone contains a
shelly fauna of Appalachian affinity (Jomn-
soN, 1965, p. 374) dated as late Helder-
bergian (Port Ewen).

An interval above the Spinoplasia Zone
has been referred to by Jounson (1975) as
“beds with Oriskania,” but its fauna has
not been described.

The succeeding Trematospira Zone in-
cludes the highest beds in Nevada assign-
able to the Siegenian. The conodont Eo-
gnathodus sulcatus, a form that overlaps
the lower range of Monograptus yukonensis
in the Yukon, occurs in the zone.

The Acrospirifer kobehana Zone is char-
acterized by many forms that range from
underlying to overlying zones and newly
introduced elements.

The Eurekaspirifer pinyonensis Zone con-
tains a rich megafauna of corals, brachio-
pods, trilobites, and mollusks, and has
yielded the only Lower Devonian goniatites
in the western United States (JouNson,
1970b, p. 58).

The Elythyna beds contain abundant E.
“undifera” and are correlated with the up-
per part of the Sawkill Stage of New York
(Jonnson, 1970b).

NORTHWESTERN
NORTH AMERICA

Lower Devonian strata are distributed
widely in the Cordilleran folded belt of
northeastern British Columbia, Northwest
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Territories, and Alaska. In the Royal Creek
section of northern Yukon Territory, the
Silurian-Devonian boundary is drawn be-
tween beds with Atrypella cf. A. tenuis and
Gypidula pelagica. In the Lower Devonian
of that area, Lenz (1966, 1968) recognized
four brachiopod faunal units and one grap-
tolite zone, and Krarper (1969) has out-
lined the associated conodonts. The four
brachiopod faunal units in ascending se-
quence comprise: Gypidula cf. G. pelagica,
Spirigerina, Gypidula sp. 1-Davidsonia-
trypa sp., and Sieberella cf. S. weberi-
Nymphorhynchia pseudolivonica.

In the Gypidula f. G. pelagica unit the
brachiopod genera Cyrtina and Schizo-
phoria appear at or near the base, and the
conodonts Icriodus woschmidii and Ozarko-
dina remscheidensis occur together in the
unit, an association similar to that known
from Nevada.

The Spirigerina unit is characterized by
Spirigerina cf. S. supramarginalis, Toqui-
maella kayi, and Ogilviella rotunda. It is
correlated with the Quadrithyris Zone of
Nevada, which Jounson (1975) dated as
late Lochkovian and correlated with a level
near the middle of the type Gedinnian.

An unnamed interval above the Spiri-
gerina unit at Royal Creek is characterized
by the first appearance of Eognathodus sul-
catus and the presence of Icriodus lateri-
crescens  subspecies B, forms which are
associated with the Spinoplazia Zone of
Nevada (Krapper, 1969).

The Gypidula sp. 1-Davidsoniatrypa unit,
as emended by Lenz (1968), contains a
rich and varied fauna. The principal cono-
dont species in the unit is Eognathodus sul-
catus, which also occurs in the Trematospira
Zone of Nevada (Krapeer, 1969, p. 7).
The upper part of the unit is overlapped
by the Monograptus yukonensis Zone (Jack-
soN & Lenz, 1963), which also occurs in
Alaska (CuurkiN & Brass, 1965, 1968), in
the Canadian Arctic Islands (THorsTEINS-
soN in BErpaN ef al., 1969), and elsewhere.

The Sieberella cf. S. weberi-Nymphorhyn-
chia pseudolivonica unit succeeds the Mono-
graptus yukonensis Zone. The unit contains
forms ranging from below, as well as newly
appearing species which include the two
name bearers as well as Janius sergaensis,
Strophonella?, Cortezorthis cf. C. bathur-
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stensts, and a distinctive echinoderm ossicle
with a double axial canal (Lenz, 1968).
Associated conodonts include Polygnathus
dehiscens and Pandorinellina exigua dated
as early Emsian.

Regionally the Sieberella cf. S. weberi-
Nymphorhynchia pseudolivonica unit cor-
relates with the lower part of the richly
fossiliferous carbonate and shale Michelle
Formation (Norris, 1968a, 1968b; Lubpvic-
sEN, 1970). Brachiopods in the Michelle
include Cortezorthis cf. C. cortezensis, Cari-
napyga lowery: and Schizophoria cf. S. ne-
vadensis, which suggest a correlation with
the Eurekaspirifer pinyonensis Zone of Ne-
vada of mid-Emsian age (Lupvresen, 1970).
Important trilobites in the formation in-
clude Lacunoporaspis norrisi (most abun-
dant) and Ricticuloharpes cf. R. reticulatus
{Ormiston, 1971). Conodonts in the Mi-
chelle studied by FAuracus (1971) were as-
signed to the Polygnathus dehiscens fauna.
The dacryoconarid fauna of the Michelle
was correlated by Lupviesen (1970, 1972)
with the Guerichina strangulata Zone of
late Pragian (early Emsian) age. The am-
monoid Teicherticeras lenzi described by
House (in House & PeppEr, 1963) occurs
in the lower part of the formation.

Succeeding Lower Devonian faunas in
the lower part of the carbonate Ogilvie
Formation are correlated also with the
Eurekaspirifer pinyonensis Zone of Nevada.
Two Lower Devonian conodont faunal
units were recognized by Krapper (in
Pernry et al., 1974) in the Ogilvie Forma-
tion comprising Polygnathus perbonus per-
bonus and P. perbonus, n. subspecies.

Three Lower Devonian graptolite zones
and one informal unit were recognized by
Lenz and Jackson (1971) in northwestern
Canada. These are, in ascending sequence:
Monograptus uniformis and M. hercynicus
zones of Lochkovian age, and beds with
M. thomasi and the M. yukonensis Zone of
Pragian age.

NORTHERN NORTH AMERICA
(ARCTIC ARCHIPELAGO)

Lower Devonian carbonates and shales
are distributed widely in the Franklinian
miogeosyncline of the Canadian Arctic Is-
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lands. The graptolite sequence of the Cape
Phillips Formation, and partly equivalent
Bathurst Island Formation, contain a faunal
succession that is continuous across the Si-
lurian-Devonian boundary. Beds contain-
ing Pridolian (Late Silurian) monograptids
are succeeded by beds containing a succes-
sion of monograptids similar to that found
in northwestern Canada which include
Monograptus uniformis, Monograptus of
the M. hercynicus type, M. cf. M. thomasi,
and M. yukonensis (THORSTEINSSON in BEr-
DAN ¢t al., 1969; THorsTEINsSsoN in Mec-
Grecor & UveNo, 1972},

The lower Gedinnian trilobite, Warbur-
gella rugulosa canadensis, has been de-
scribed by Ormuston (1967) from lime-
stones on Baillie Hamilton Island. From
Devon Island an equivocal Gedinnian shelly
fauna consisting of Cyrtina, Schizophoria,
and other fossils has been described from
the Sutherland River Formation (Boucor
et al., 1960; Berban et al., 1969). From the
same island, the brachiopod Togquimaella
kay: associated with the conodont Icriodus
pesavis pesavis was reported by JoHNson
(1967) from the lower part of the Stuart
Bay Formation, indicating correlation with
the Quadrithyris Zone (mid-Gedinnian) of
Nevada. From the Stuart Bay Formation on
Bathurst Island, Lenz (1973) has described
a brachiopod fauna containing species in
common with the Spirigerina fauna of the
Yukon and the coeval Quadrithyris Zone
of Nevada. Brachiopods of the Quadrithyris
Zone were recognized by Jounson (1975)
also on Prince of Wales and Cornwallis
Islands.

From the lower part of the Bathurst
Island Formation on Bathurst Island,
Uyeno (in McGrecor & Uveno, 1972) re-
ported Eognathodus sulcatus and Ozarko-
dina remscheidensis suggesting an early
Siegenian age.

The Stuart Bay Formation of Bathurst
Island is characterized by Pandorinellina
expansa and by “two-hole” echinoderm os-
sicles (McGrecor & Uveno, 1972; Uyveno
& Mason, 1975). Polygnathus dehiscens,
suggesting an early Emsian age, occurs in
the lower part of the formaton; and P.
perbonus and other conodonts indicating
a middle to late Emsian age occur in the
upper part of the formation and in the
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overlying Eids Formation. A sparse trilo-
bite fauna has been identified by Ormiston
(1967) from the Stuart Bay Formation.
A rich brachiopod fauna associated with
the conodont Polygnathus perbonus perbo-
nus of late Emsian age has been reported
by Ormiston (in Kraprer, 1969) from the
lower part of the Blue Fiord Formation on
Devon Island. Brachiopods of probable
Emsian age occur also in the Disappoint-
ment Bay Formation on Cornwallis and
Bathurst Islands (Jornson, 1971b, p. 3268).
Brachiopods described by Brice and
Mears (1977) from the lower part of the
Blue Fiord Formation on Ellesmere, Devon,
and Bathurst Islands are related closely to
forms in the Eurekaspirifer pinyonensis
Zone of Nevada of middle or late Emsian
age.
Trilobites of Emsian age described by
Orwmiston (1967) from the Eids Formation
include Platyscutellum brevicaulis, Cornu-
proetus tozeri, Harpes cf. H. macrocephalus,
and other forms. Elements in this fauna
closely resemble forms from Europe and

the Urals.

SOUTH AMERICA AND
FALKLAND ISLANDS

Two distinct provincial faunal assem-
blages are known in the Devonian of South
America. One, characterizing the Lower
Devonian, belongs to the Malvinokaffric
realm, a name proposed by RuboLr RicHTER
(1941) and Ruporr and Emma RicHTER
(1942), and derived from Malvinas (Falk-
land) Islands and the “Kaffric” (South
African) Bokkeveld beds. The other, de-
veloped in the Lower and Middle Devonian
of Venezuela and Colombia, has strong
relationships with the Appohimchi subprov-
ince of eastern North America.

The Early Devonian (?early Emsian)
Malvinokaffric fauna is characterized by
distinctive genera of brachiopods and trilo-
bites unknown in Northern Hemisphere
assemblages. Among the brachiopods, Aus-
tralospirifer, Australocoelia, Notiochonetes,
and Scaphiocoelia are some of the typical
representatives. Among the trilobites, Cal-
monia, Paracalmonia, Metacryphaeus, Pen-
naia, Bainella, Tibagya, and Probolops are
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the most conspicuous. The fauna is char-
acterized also by an abundance of large
palaeoneilid and nuculitid bivalves, and by
a scarcity of corals, bryozoans, aviculids,
pterinids, platyceratids, cephalopods, cys-
toids, and crinoids (HarringTON, 1968, p.
663). In South America, elements of this
fauna have been found in the southern
two-thirds of the continent; in Peru, Para-
guay, Argentina, Parani basin of Brazil
(Crarkg, 1913), Bolivia (WoLFART &
Voces, 1968), and the Falkland Islands
(CLARKE, 1913; SHirLEY, 1964). All of the
Lower Devonian (Gedinnian to Emsian)
is represented in Bolivia according to
WorrarT and Voces (1968), based on a
detailed study of trilobites.

The contemporaneous (?early Emsian)
Amazon-Colombian subprovince of the
Eastern Americas realm is found in north-
ern South America, mainly in Colombia
and Venezuela. The Eastern Americas
realm elements have been noted by Caster
(1939), Amos and Boucor (1963), and
others. Characteristic brachiopod genera in-
clude Leprocoelia, Megakozlowskiella, Eo-
devonaria (arcuata) type, Prionothyris, Am-
phigenia, Pentagonia, and others (Boucor,
Jounson, & TaLenT, 1968). The associated
corals were studied by Scrurron (1973),
who concluded that they have strong affini-
ties with the upper Onesquethaw (early
Middle Devonian) of eastern North Amer-
ica. The brachiopods, dated by Bowen
(1972) as late Early Devonian, were con-
sidered by Jounson (in Scrutrton, 1973)
to represent an overlap of late Early and
early Middle Devonian forms.

ANTARCTICA

A Malvinokaffric realm faunal assem-
blage of probable early Emsian age has been
described by Boucor et al. (1963) and
Doumant et al. (1965) from the Horlick
Formation in the Ohio Range of Antarctica.
Brachiopods are the most abundant fossils
and include species of Pleurothyrella, Aus-
tralospirifer, and Tanerhynchia, Other
forms include the trilobite Burmeisteria,
and a profusion of bivalves and gastropods
that are indistinguishable from “South
American and South African species.
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PROVINCIALISM AND
AMMONOID DISTRIBUTION

Silurian shelly faunas, particularly bra-
chiopods, were relatively cosmopolitan, but
gave way to moderately provincial faunas
during early Gedinnian time. Provinciality
became more pronounced in the late Gedin-
nian when two distinct faunal realms de-
veloped, the Eastern Americas and the Old
World, each characterized by distinctive
brachiopod assemblages (Boucor, Jornson,
& TaLenT, 1968). The Appohimchi sub-
province of the Fastern Americas realm
extended in North America from Gaspé
Peninsula to New Mexico. The Cordilleran
region of the Old World realm extended
from Nevada through the Yukon to the
Arctic Archipelago.

During Siegenian time brachiopod prov-
inciality increased and part of Nova Scotia
became joined to the Rhenish-Bohemian
region of the Old World realm. Western
North America remained a part of the Old
World realm, except for Nevada, which
became an Appalachian enclave (Nevadian
subprovince of Eastern Americas realm) in
the late Siegenian (Boucor, Jonnson, &
Tavent, 1968).

During the early Emsian, marine deposi-
tion was more widespread and brachiopod
provincialism increased by the addition of
the Malvinokaffric realm which, in the
Western Hemisphere, covered parts of the
southern two-thirds of South America and
part of Antarctica. Appohimchi subprov-
ince influence in Nevada ceased as endemic
new forms appeared and were joined by
brachiopod genera of the Old World realm,
the mixture characterizing a Cordilleran re-
gion. During the early Emstan, Uralian
brachiopod elements from the region bor-
dering the Siberian platform mingled with
Cordilleran forms in the northern Yukon
and Canadian Arctic, and this mixture is
referred to as the Cordilleran-Uralian re-
gion of the Old World realm (Boucor,
Jounson, & Tarent, 1968; Boucor, 1975).

Beginning approximately in late Emsian
or early Eifelian time the Malvinokaffric
realm disappeared in Antarctica and re-
mained only in the deeper parts of the
basins of southern South America.

Trilobite provincialism in North America
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during the Gedinnian and Siegenian is
somewhat similar to that of brachiopods
(Ormiston, 1972). During Emsian to Ei-
felian time provincialism among North
American trilobite faunas was most pro-
nounced and at least five biogeographic
subdivisions were recognized by Ormiston
(1972), comprising the “Appalachian Prov-
ince,” “Old World Province,” “Cordilleran
Subprovince,” “Siberian-Canadian Subprov-
ince,” and the “Uralian Subprovince.”

In South America, WoLrarT and Voces
(1968) recognized two major subdivisions
of trilobite provincialism in the Malvino-
kaffric realm, a South American region in
the north and a South African-Malvinian-
?West Antarctic region in the south. They
further recognized two minor subdivisions

Introduction—Biogeography and Biostratigraphy

of the Malvinokaffric realm occurring in
the Andean geosyncline and shelf areas,
each characterized by distinctive trilobite
assemblages.

Goniatites appear in the mid-Siegenian
as simple primitive types which diversified
rapidly (Housg, 1967). The richest Lower
Devonian ammonoid faunas of the Sie-
genian and especially the Emsian occur in
northern Europe, characterizing the Mi-
mosphinctes-Stufe (House, 1964, p. 263).
Only a few occurrences are recorded from
North America; Teicherticeras and Aneto-
ceras occur together in Nevada (Housg,
1962), and Teicherticeras (House & Pep-
DER, 1963) and Anetoceras (Norris, 1968a)
occur separately in the northern Yukon.

MIDDLE DEVONIAN FAUNAS (EIFELIAN AND GIVETIAN)

EASTERN NORTH AMERICA

The Middle Devonian of eastern North
America is represented by the Onondaga
Limestone, Hamilton Group, Tully Lime-
stone, and their equivalents. Characteristic
brachiopods of the Onondaga Limestone
and its equivalents include Coelospira, Le-
venea, Protoleptostrophia, Amphigenia,
“Leptocoelia” of the acutiplicata type, Lon-
gispina, Megakozlowskiella, Elytha, Pen-
tagonia, and Centronella (Boucor, JoHNsoN,
& TaLenT, 1969, p. 25). Within the Onon-
daga Limestone, the Edgecliff, Moorehouse,
and Seneca members have distinct assem-
blages of rugose corals, and many species
range throughout all three members and
into the overlying Hamilton Group (Ovr-
VER, 1968).

Conodonts in the basal Edgecliff Member
of the Onondaga Formation are peculiar to
North America, and cannot be dated pre-
cisely. The Edgecliff is characterized by a
lack of Polygnathus and presence of Icrio-
dus latericrescens robustus as its only index
species (Krapper, 1971, p. 60; Orr, 1971,
p- 10). A Polygnathus costatus patulus-P.
linguiformis cooperi fauna occurs in the
Nedrow and lower Moorehouse members
of the Onondaga Limestone, associated with
the Fifelian ammonoid Foordites in the
upper part of the Nedrow (Krarpegr, 1971,
p. 60). The succeeding Polygnathus robus-
ticostatus fauna is characterized by the

name-giver and P. angusticostatus, as well
as rare occurrences of P. linguiformis lin-
guiformis « morphotype and P. costatus
patulus, which occur in the upper part of
the Moorehouse Member. The P. costatus
costatus-P. aff. P. trigonicus fauna occurs
in the uppermost bed of the Moorehouse
and throughout the Seneca Member of the
Onondaga Limestone. The succeeding P.
pseudofoliatus-P. afl. P. eiflius fauna occurs
in the Werneroceras bed of the Union
Springs Member and the Cherry Valley
Member of the Marcellus Formation. Ac-
cording to Kraprer (1971, p. 60), the cono-
donts of this fauna indicate correlation with
the upper Eifelian and upper Couvinian,
rather than with the Givetian as suggested
by ammonoid evidence (Housg, 1962, p.
253-254).

The Givetian in New York embraces
roughly the Hamilton Group and Tully
Limestone. These sediments form a great
clastic wedge filling a geosyncline in eastern
New York that thins westward onto the
shelf areas of the Midwest where the se-
quence changes mainly to carbonate rocks.
In New York the Hamilton Group has
been subdivided into four formations in
ascending sequence as follows: Marcellus,
Skaneateles, Ludlowville, and Moscow
(CoopEr, 1933-34). These units are traced
westward by means of fossiliferous lime-
stone lenses, the most important of which
is the Centerfield Member at the base of
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the Ludlowville Formation (CoorEr &
WartHIN, 1942; CoopEr, 1957).

Important  brachiopods that range
throughout the Hamilton include Spinocyr-
tia granulosa, Mucrospirifer mucronatus,
Mediospirifer audaculis, and Tropidoleptus
carinatus. Brachiopods confined to the
Centerfield Limestone at the base of the
Ludlowville include Fimbrispirifer venustus
and Pentagonia bisulcata. Pustulatia pustu-
losa first appears in the Centerfield and
ranges upward into rocks of Moscow age.
Spinocyrtia marcyi appears at the base of
the Moscow and ranges upward into beds
of Finger Lakes age.

Stringocephalus was reported by CooprEer
and PueLan (1966) for the first time in the
Midwest from the Miami Bend Formation
of Indiana associated with Subrensselandia
and other megafossils. Conodonts in the
Miami Bend are within the zone of Icriodus
latericrescens latericrescens below the lowest
position of Polygnathus varcus (Orr, 1969,
p. 337), suggesting an early Givetian age.

Much systematic work has been done on
the coral assemblages of the Hamilton and
Transverse groups but their sequences have
not been worked out (OLiver, 1968, p. 743).

Conodonts of probable early Givetian age,
and characterized by the lowest occurrences
of Icriodus latericrescens latericrescens (be-
low the first appearance in sequence of
Polygnathus wvarcus) are known in the
Skaneateles Formation of New York and
in the lower part of the Traverse Group of
Michigan, and elsewhere (Krapper et al.,
1971, p. 296).

The succeeding Polygnathus varcus Zone
is characterized in North America by the
association of P. varcus, Icriodus latericres-
cens latericrescens, and Polygnathus lingui-
formis linguiformis, which occur in New
York in the interval from the Centerfield
Limestone (earliest occurrence of P. var-
cus) to the top of the Tully Formation
(Krareer et al., 1971, p. 297).

In central New York, Cooper and WiL-
Liams (1935) divided the Tully into three
members: the Tinkers Falls at the base
containing abundant RhAyssochonetes aurora
and “Stropheodonta” tulliensis; the Apulia
abounding in Hypothyridina venustula,
Schizophoria tulliensis, and R. aurora; and
the West Brook, containing a great variety
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of Hamilton species including crinoids, bra-
chiopods, corals, and numerous mollusks.

Conodonts of the uppermost Middle De-
vonian Schmidtognathus  hermanni-Poly-
gnathus cristatus Zone are well developed
in a limestone at the base of the New Al-
bany Shale in southern Indiana (Krapper
et al., 1971, p. 297). Conodonts of this
zone have been recognized also in beds in
eastern Wisconsin, southern Illinois, Iowa,
and elsewhere.

The problem of the boundary between
the Middle and Upper Devonian is as yet
unresolved. Coorer and Ovriver considered
the Tully brachiopods and corals to be
Middle Devonian types (CoopEr, 1968; Or-
iR ez al., 1968). House (1962, p. 256)
assigned the Tully to the Upper Devonian
(Frasnian), because of the presence, near
the top of the formation, of Pharciceras and
tornoceratids with lingulate lateral lobes.
Kraprper and ZigcLer (1967) reported that
the conodonts in the Tully are confined to
the Polygnathus varcus Zone of Europe,
and dated them as late Givetian.

Many workers in North America place
the Middle-Upper Devonian boundary at
the base of or within beds carrying the
Pandorinellina insita fauna, which succeeds
the Schmidtognathus hermanni-Polygnathus
cristatus Zone (Kvrapper ez al., 1971, p.
286).

WESTERN NORTH AMERICA

A number of zonal schemes have been
proposed by various authors including
Jounson (1966), Jomnson and Boucor
(1968), and others for the Middle Devonian
succession of western United States.

A zonal sequence based on brachiopods
proposed by Jounson and Boucor (1968,
p. 69) for the Middle Devonian of central
Nevada includes the following in ascending
sequence: the Leptathyris circula Zone
with cricoconarids identified by Boudex
including Nowakia otomari, Variatellina
pseudogeinitziana, and Striatostyliolina stri-
ata; the Warrenella kirki Zone with Cabrie-
roceras cf. C. crispiforme in the lower
faunule; beds with Warrenella franklini
associated with Leiorhynchus castanea, Para-
stringocephalus, Subrensselandia, Mimatrypa
cf. M. insquamosa, and Schizophoria mc-
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farlani; and Warrenella occidentalis Zone
containing Schmidtognathus hermanni-Poly-
gnathus cristatus Zone conodonts identified
by KrappEr, indicating a late Givetian age.

The two brachiopod faunal units above
the Warrenella kirki Zone were later sub-
divided by Jounson (1970c, p. 2089) into
three units comprising, in ascending se-
quence, the Leiorhynchus castanea Zone,
the RhAyssochonetes aurora fauna, and the
Leiorhynchus hippocastanea Zone.

The Leptathyris circula Zone with its
basal Pentamerella Subzone contains a large
brachiopod fauna described by Jomnson
(1966, 1970a). An interval containing
abundant two-hole echinoderm ossicles oc-
curs at the base of the zone in some sections
of Nevada (Jounson, 1971a, p. 304). Cono-
donts in the zone are assignable to the
upper Eifelian Polygnathus kockelianus
Zone.

The succeeding lower Warrenella kirki
Subzone, as restricted by Jounson (1971a),
is characterized by Spinulicosta muirwoodi,
Leptathyris index, and the goniatite men-
tioned above.

The upper Warrenella kirki Subzone
contains a less diversified fauna and is
characterized by a great abundance of W.
kirki kirki and Leiorhynchus miram alpha
(Jounson, 1971a, p. 304-305).

The Leiorhynchus castanea Zone of Ne-
vada is characterized by Parastringocepha-
lus cf. P. dorsalis, Subrensselandia nolani,
Warrenella cf. W. franklini, Polygnathus
varcus, and other fossils (Jomnson, 1969;
1970c, p. 2087). It was dated by Jounson as
pre-Taghanic Givetian.

The succeeding Rhyssochonetes aurora
fauna includes R. awurora solex, Leiorhyn-
chus sp. aff. L. mesacostale, and Polygnathus
varcus. It is correlated with the Lower
Taghanic of New York (Jounson, 1970c,
p. 2087).

The Leiorhynchus hippocastanea Zone
contains Warrenella occidentalis, Hadro-
rhynchia sandersoni, abundant Emanuclla
cf. E. meristoides, and a conodont fauna
of the Schmidtognathus hermanni-Poly-
gnathus cristatus Zone. This is the highest
brachiopod fauna of Middle Devonian as-
pect in Nevada and it is correlated with
the Middle Taghanic of New York (Jonn-
soN, 1970c).

Introduction—Biogeography and Biostratigraphy

NORTHWESTERN
NORTH AMERICA

Faunal assemblages of late Early De-
vonian (Emsian) to late Middle Devonian
(Eifelian) age that are widespread in the
northern Yukon comprise, in ascending se-
quence: Moelleritia canadensis, Gastero-
coma? bicaula, “Schuchertella” adoceta, and
Radiastraea verrilli.

The very large and distinctive ostracode,
Moeclleritia canadensis (CopeLanp, 1962),
is generally the only megafossil found in
dolomitic rocks in the upper half of the
Gossage Formation and upper part of the
Bear Rock Formation in northern Yukon
Territory and adjacent District of Mac-
kenzie. Although formerly dated as Ei-
felian, conodonts recovered from the Bear
Rock Formation (Uyveno & Mason, 1975,
p. 720) suggest that M. canadensis prob-
ably is confined to beds of late Emsian to
early Eifelian age.

Echinoderm ossicles with double and
crosslike axial canals, named Gasterocoma?
bicaula by Jounson & Lane (1969), occur
in a variety of facies in beds immediately
above M. canadensis, but also overlap this
form. In Nevada, G.? bicaula occurs at the
base of the Leptathyris circula Zone of
Eifelian age. In northern Yukon the acme
zone of these ossicles is above M. canaden-
sis, but they range down to the Sieberella-
Nymphorhynchia pseudolivonica unit of
mid- or early Emsian age, and range up-
ward into beds of early Eifelian age.

In succeeding beds two widely distrib-
uted, richly fossiliferous associations that
occur typically in the Hume Formation of
the central Mackenzie River region are
present. These are characterized by “Schu-
chertella” adoceta and Radiastraea verrilli
(approximately equivalent to “Carinatina”
dysmorphostrota and “Spinulicosta” stain-
brooki zones, respectively). These faunal
assemblages have been listed and com-
mented upon by Crickmay (1966), Cavrp-
weLL (1971), Lenz and Pepper (1972),
Pepper (1975), and others.

The “Schuchertella” adoceta Zone con-
tains many brachiopods that extend into
overlying zones, but the corals “Microcy-
clus”  multiradiatus, Radiastraea trocho-
misca, R. verrili, and Taimyrophyllum
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triadorum are diagnostic of the zone (Pep-
DER, 1975, p. 572). Conodonts in the zone
suggest an Eifelian, probably early Eifelian,
age (Uveno in Lenz & Pepper, 1972), and
Eifelian goniatites have been recorded by
House and Pepper (1963) in the strati-
graphically lower Funeral Formation.

The “Carinatina” dysmorphostrota Zone
contains a rich fauna including Spinatrypa
borealis, S. andersonensis, S. cortacea; and
the corals Radiastraea tapetiformis, Taimy-
rophyllum stirps, Aphroidophyllum howelli,
A. meek:, and Mackenziephyllum insolitum
(PeppER, 1975, p. 572). Conodonts identi-
fied by Uveno (in Lenz & Pepper, 1972)
from the zone indicate an Eifelian age.

Upper Middle Devonian (Givetian)
zones, or “hemerae,” recognized by Crick-
may (1966) in western Canada comprise:
Desquamaria (Variatrypa) arctica, Stringo-
cephalus glaphyrus, S. chasmognathus, S.
aleskanus, S. axius, Leiorhynchus hippo-
castanea, Emanuella vernilis, and Desqua-
matia (Independatrypa) independensis.

An alternative zonal scheme proposed by
Peoper (1975) for Givetian strata of the
central Mackenzie valley area is as follows,
in ascending sequence: Letorhynchus cas-
tanea, Ectorensselandia laevis, Stringocepha-
lus aleskanus, Leiorhynchus hippocastanea
and Grypophyllum mackenziense.

Desquamatia (V.) arctica occurs in the
Elm Point of Manitoba, lower Methy of Al-
berta and Saskatchewan, lower Pine Point of
the Great Slave Lake area, upper Hume and
lower Hare Indian of the Mackenzie area,
and is present also in the Hudson platform
and Michigan. Conodonts associated with
D. (V.) arctica in Manitoba (Uyeno in
Norris & Uyeno, 1972) and in the Hudson
platform (Uyveno in Sanrorp & Norers,
1975) are dated as late Eifelian and prob-
ably younger.

Stringocephalus, a guide fossil for the
Givetian, is widely distributed in western
North America (Boucor, JounsoN &
StruvE, 1966, p. 1358, fig. 2) and was dis-
covered recently in Indiana of the mid-
continent area (CoorEr & PHELAN, 1966).
Stringocephalus and the closely related ge-
nus Geranocephalus are extremely variable
forms and some of the named species are
difficult to differentiate and correlate pre-
cisely. The earliest forms in western Can-
ada appear in the Winnipegosis, Methy,

Introduction—Biogeography and Biostratigraphy

and Pine Point formations and include
Stringocephalus glaphyrus and S. sapiens.
The Stringocephalus and associated mol-
lusks in the Miami Bend Formation of
Indiana are closely related to forms in the
Winnipegosis Formation of Manitoba.
Some of the later stringocephalids include
Stringocephalus asteius and S. alaskanus,
which occur in the Ramparts Limestone
of the Mackenzie region.

The Leiorhynchus hippocastanea Zone
occurs in post-Stringocephalus beds below
the reefs of the Ramparts Formation of
the Mackenzie valley. Diagnostic brachio-
pods include Schizophoria mcfarlani, Stelc-
kia galearius, Hadrorhynchia sandersoni,
“Atrypa” percrassa, Warrenella occidentalis
timetea, and other forms (Pepper, 1975,
p. 574).

The Grypophyllum mackenziense Zone
occurs in the upper reefal part of the Ram-
parts Limestone and 1is approximately
equivalent to the Emanuella vernilis Zone
of the Slave Point Formation of the Great
Slave Lake area and the Desquamatia (1.)
independensis Zone of the Swan Hills For-
mation of northern Alberta. Conodonts of
the Schmidrognathus hermanni-Polygnathus
cristatus Zone of late Givetian age occur
with both the Lejorhynchus hippocastanea
and G. mackenziense faunas.

NORTHERN NORTH AMERICA

The Middle Devonian Series in the Ca-
nadian Arctic is represented by marine
clastic carbonate rocks, including some re-
markably persistent formations.

The upper two-thirds of the poorly fos-
siliferous, clastic Eids Formation of Bathurst
Island contains the Icriodus corniger-l.
curvirostratus-l. introlevatus assemblage and
Polygnathus  linguiformis  linguiformis,
which Uveno (in McGrecor & Uveno,
1972) considered to be of mid-Couvinian
age.

The Blue Fiord Formation contains abun-
dant megafossils of which stromatoporoids,
corals, brachiopods and trilobites are im-
portant elements. The upper range of the
“two-hole” echinoderm ossicle, Gastero-
coma? bicaula, extends into the lower part
of the formation on Bathurst Island (Mc-
Grecor & UvEeno, 1972, table 1). Brachio-
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Fic. 7. Some Devonian faunal zones of Appalachian area, western United States, and western Canada,
and ammonoid distribution in Devonian rocks of western Canada and Nevada (Norris, n).

pods from the middle and upper parts of part of Warrenella kirki (late Eifelian or
the formation were correlated by Brice and ~ Givetian), respectively. OrmisToN 1967)
Meats (1977) with the Nevada zones of has indicated that the Blue Fiord trilobite
Leptathyris circula (Eifelian) and lower fauna is highly diverse. Species that are
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identical with Eifelian forms from Europe
include Harpes macrocephalus, Astycorphe
cimelia, Leonaspis elliptica, and Otarion
belanops. About half of the Blue Fiord
trilobites are dechenellids, including Deche-
nella (D.) mclareni, D. (D.) tesca, Delta-
dechenella bathurstensis, and many others.
Associated corals, according to OrmisTon
(1967), consist entirely of genera present
in beds of Eifelian age in Germany. Cono-
donts recorded by Uyeno (in McGrecor
& UyeNo, 1972) include a form close to
Icriodus corniger and Eognathodus bipen-
natus, indicating an Fifelian age.

The succeeding Bird Fiord Formation
has a relatively restricted fauna. Corals are
generally rare; brachiopods include “Cam-
arotoechia princeps,” Emanuella, and abun-
dant Atrypa; trilobites are very restricted,
comprising only five genera of which four
are rare. The presence of Ancyropyge man-
itobensis is the best evidence furnished by
trilobites for the Givetian age of the greater
part of the Bird Fiord Formation. In Mani-
toba this form occurs in the Winnipegosis
Formation with Stringocephalus.

Brachiopods of the Bird Fiord Formation
recently studied by Brice and Meats (1977)
were correlated with the upper Warrenella
kirki Subzone (early Givetian) of Nevada.

Conodonts recovered by Uyveno (in Mc-
Grecor & Uyeno, 1972) from the lower
part of the Bird Fiord Formation of
Bathurst Island are nondiagnostic. How-
ever, Icriodus cf. 1. obliquimarginatus oc-
curs in the upper part of the formation, a
form commonly associated with Poly-
gnathus varcus, and indicating a Givetian
age.

On Melville Island, in a shale-sandstone
facies, the Givetian brachiopod Leiorhyn-
chus castanea was found, indicating marine
connection with the mainland of western
Canada. Swtringocephalus has not been
found in the Canadian Arctic, presumably
because of provincialism and unfavorable
facies during this interval.

PROVINCIALISM AND
AMMONOID DISTRIBUTION

During the Eifelian and most of the
Givetian, excluding the Taghanic Stage,
the contrast between the brachiopod faunas

Introduction—Biogeography and Biostratigraphy

of the Eastern Americas and Old World
realms continued to be pronounced (Joun-
soN & Boucor, 1973). The Malvinokaffric
realm seas had retreated from Antarctica
and remained only in the deeper parts of
the troughs of southern South America.
The Cordilleran region of the Old World
realm in western North America extended
from southeastern California to the North-
west Territories (Jounson & Boucor, 1973).
Throughout most of Middle Devonian time
the Eastern Americas realm in eastern
North America and northern South Amer-
ica continued to bear a distinctly endemic
fauna.

Pronounced trilobite provinciality con-
tinued from the Emsian into the Eifelian
and, in western North America, exhibited
even greater provinciality than the contem-
poraneous brachiopods (Ormiston, 1972).
A decrease in trilobite provinciality occurred
in the Givetian, which is marked by the
southward migration of Ancyropyge from
the Arctic Islands into the Northwest Ter-
ritories, Manitoba, Nevada, and Michigan.
This increasing trend towards cosmopoli-
tanism is marked also by the appearance
of Scutellum in the Appalachian area, and
the wide distribution of Dechenella in west-
ern Canada and the Great Basin (Ormis-
ToN, 1972).

Ammonoid dispersion increased in the
middle Devonian, especially during the
Givetian. Fifelian ammonoids recorded
from North America include Gyroceratites
(Lamelloceras) and Anarcestes from the
Northwest Territories (House & PEeDDER,
1963). Foordites from the New York
Onondaga Limestone and from Virginia
(Housk, 1962), and Foordites and Cabriero-
ceras from the Columbus Limestone of
Ohio (Sweer & MiLLEr, 1956). House
(1964, p. 265) pointed out that a distinctive
feature of North American Eifelian ammo-
noid faunas is the apparent absence of
Anarcestes of the A. lateseptatus group and
Pinacites, genera which in Europe charac-
terize the lower and upper Eifelian, re-
spectively.

Givetian ammonoid faunas in North
America are much more widespread and
begin with the entry of Cabrieroceras ple-
beiforme (Housk, 1964). From the North-
west Territories Wedekindella, Maenioceras,
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Agoniatites, Tornoceras, and Cabrieroceras
are recorded (House & Pepper, 1963;
House, 1964), all of which are closely re-
lated to European forms. Of interest is the
apparent absence of Middle Devonian
goniatites from the more southerly Rocky
Mountains and the platform areas of the
Plains.

The Givetian goniatites which occur in
the New York-Pennsylvania embayment do
not show typical European features (Housg,
1964, p. 265). From this area Tornoceras
(Tornoceras), Agoniatites, and other forms
are known from the Cherry Valley Lime-
stone, but typical genera (e.g., Maenioceras,
Wedekindella, Sobolewia) are lacking.
From farther south in Virginia, however,
Sobolewia and Maenioceras, which resemble
a mid-Givetian fauna from Devon are re-
corded (Housg, 1962). From this distribu-
tion House (1964) suggested that there
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was trans-Arctic contact between Europe,
Russia, and western Canada, and perhaps
trans-Atlantic contact between Europe and
Virginia. During the same time little con-
nection was made across the shelf areas
over much of northern United States and
southern Canada.

The first goniatite from the Devonian of
South America was described recently by
Leanza (1968). It was named Tornoceras
baldisi and was collected from the Chavela
Formation outcropping in San Juan Prov-
ince of Argentina. Lranza (1968) dated
the new species as Late Devonian but, ac-
cording to W. W. Nassicuuk (pers. com-
mun., October, 1973), the suture line of
the new form closely resembles that of
Tornoceras uniangulare aldense (Housk,
1965a), which occurs in the Middle De-
vonian (Givetian) Alden Marcasite of New
York State.

UPPER DEVONIAN FAUNAS (FRASNIAN AND FAMENNIAN)

EASTERN NORTH AMERICA
The Upper Devonian of the New York

standard section is subdivided into the
Senecan Series (Frasnian) with the Finger
Lakes and Cohocton stages, and the Chau-
tauquan Series (Famennian) embracing the
Cassadaga and Bradford stages. The rocks
of this interval are almost entirely clastic
and make up more than two-thirds of the
volume of sedimentary rocks in the Appa-
lachian basin (Rickarp, 1964). The posi-
tion of the base of the Upper Devonian is
not agreed upon but generally it is taken
at the base of the Geneseo Shale.

Conodonts and ammonoids are the prin-
cipal fossils used for correlating the New
York Upper Devonian with Europe. Cono-
donts of the upper part of the Schmidzo-
gnathus  hermanni-Polygnathus  cristatus
Zone occur at the base of the Genesee
Group. The presence of the Pandorinellina
insita has not been demonstrated in New
York (Rickarp, 1975). Conodonts of the
lowermost Mesotaxis asymmetrica Zone oc-
cur in the Lodi Limestone. The lower M.
asymmetrica Zone begins in the lower Penn
Yan Shale where Ancyrodella rotundiloba
first appears. The base of the middle M.

asymmetrica Zone appears in the upper

West River Shale where it is marked by
Palmatolepis punctata. Conodonts of the
upper M. asymmetrica Zone occur in the
lower Rhinestreet Shale; and the “Ancyro-
gnathus” triangularis Zone occurs in the
middle and upper parts of the Rhinestreet.
Upper Palmatolepis triangularis Zone cono-
donts occur in the upper Hanover and Dun-
kirk shales (Rickarp, 1973, p. 9).

Ammonoid zones in rocks of the lower
Upper Devonian (Senecan Series) comprise
in ascending sequences: Epitornoceras pera-
cutum, Ponticeras perlatum, Manticoceras
styliophillum, Sandbergeroceras syngonum,
Probeloceras lutheri, P. strix, Manticoceras
rhynchostoma, and Crickites cf. C. hol-
zapfeli (House & KircHcasser in Rickarp,
1975). Probeloceras strix is a new zone
described by KircHcasser (1975) that oc-
curs in the upper Cashaqua and lower
Rhinestreet shales of New York.

Well-known brachiopods in rocks of the
Finger Lakes Stage include: Mucrospirifer
posterus, limited to the Genesee Group;
Warrenella laevis and Spinocyrtia marcyi,
ranging throughout the stage; and Tylo-
thyris mesocostalis, appearing in the Sonyea
Group and ranging into higher beds.

The brachiopod genus Cyrtospirifer first
appears in the lower part of the West Falls
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Group with C. chemungensis and C. per-
latus as important species; and C. angust-
cardinalis and C. preshoensis make their
appearance in the upper part of the group.

The Frasnian-Famennian boundary in
Belgium traditionally has been placed at
the base of the Assise de Senseille, which
appears to correspond to a level slightly
below the base of the Cheiloceras-Stufe
(Houst in Rickarp, 1975). Opinions dif-
ter on the position of the Manticoceras-
Cheiloceras boundary relative to the cono-
dont zonation. In New York this boundary
is placed at or near the base of the Upper
triangularis Zone (Rickarp, 1975). House
(1967, 1973) recorded that Crickites, indic-
ative of the upper Manticoceras-Stufe, oc-
curs 30 feet below the top of the Hanover
Shale, and Kvarper ez al. (1971) referred
the upper Hanover to the upper zriangu-
laris Zone.

Ammonoids and conodonts are rarer in
the upper Upper Devonian (Chautauquan
Series) and correlation with the Famennian
of Europe becomes increasingly more difhi-
cult.

Conodont zones represented in rocks of
the Cassadaga Stage include the upper Pal-
matolepis triangularis, P. crepida, P. rhom-
boidea, and P. marginifera, but the precise
limits of the zones are unknown (Rickarp,
1975).

The ammonoid Chetloceras amblylobum,
associated with conodonts of the Palmato-
lepis crepida Zone, occurs in the Gowanda
Shale. The youngest ammonoid zone,
Sporadoceras milleri, present in Pennsyl-
vania, occurs in the lower part of the Brad-
ford Stage which correlates with part of
Zone dolll of Europe (OLiver ez al., 1968,
p. 1033).

Scattered conodonts indicate that suc-
ceeding rocks of the Bradford Stage may
include equivalents of the European am-
monoid Zones dolV to doVI (OvL1ver ez al.,
1968, p. 1035).

Brachiopods in rocks of the Bradford
Stage include Cyrtospirifer tionesta that
ranges throughout the stage; and C. olea-
nensis and “Camarotoechia” allegania that
appear in the upper part of the stage.

WESTERN NORTH AMERICA

Various megafaunal zonal schemes have
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been proposed for the abundantly fossilifer-
ous Frasnian rocks of western Canada by
a number of workers including Crickmay
(1966), Maurin and Raasca (1972), Mc-
Laren (1954, 1962), Raascu in Dooce
(1966), Warren and Sterck (1950), and
others. Frasnian rhynchonellid brachiopods
studied by McLaren (1954, 1962) are use-
ful zonal fossils, especially for the lower
three-quarters of the Frasnian succession.
McLareN’s zones are listed on Figure 7,
as well as an alternative zonal scheme pro-
posed by Crickmay (1966).

The Eleutherokomma impennis to E.
killeri zones occur typically in the Water-
ways (Beaverhill Lake) Formation of north-
ern Alberta. Elements of these zones are
recognized in Manitoba, Saskatchewan, the
Alberta Rocky Mountains, and elsewhere.

Conodonts in the Waterways Formation
studied by Uveno (1974) comprise the
Pandorinellina insita fauna, and Lower and
Middle Mesotaxis asymmetrica zones which
correlate with the lower Manticoceras-Stufe
of Europe.

The genus Ladogioides, commonly asso-
ciated with Eleutherokomma impennis and
Platyterorhynchus russelli, is also a valuable
zone marker for the base of the Frasnian
succession in northern Alberta, northeastern
British Columbia, and the southern North-
west Territories.

McLareN’s (1962) Calvinaria variabilis
athabascensis Zone is not contiguous with
the Ladogioides Zone, but is restricted to
the Maligne and lower Perdrix formations
in the Alberta Rockies and the Cooking
Lake Formation of central Alberta.

The Calvinaria variabilis insculpta Zone
of McLaren (1962) occurs in the upper
Perdrix Formation and its equivalents in
the Alberta Rocky Mountains, and in the
Duvernay Formation of the central Alberta
subsurface. Leiorhynchus (=Caryorhynchus
of some authors) carya commonly is as-
sociated with the zone fossil and repre-
sents the last occurrence of the genus in
the area. FEleutherokomma disappears late
in the C. wvariabilis insculpta Zone, within
the “Desquamatia” cosmeta Zone of Crick-
may (1966). Cyrtospirifer first appears in
the lower part of the C. variabilis insculpta
Zone, within the E. reidfordi Zone of Crick-
May (1966), suggesting a correlation with
the lower part of the Cohocton Stage of
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New York of mid-Frasnian age.

The Calvinaria albertensis albertensis
Zone of McLaren (1962) is represented in
the lower and middle Mount Hawk Forma-
tion and its equivalents in the Alberta
Rocky Mountains and in the Ireton Forma-
tion of the Alberta subsurface.

In the upper Frasnian succession, Crick-
MaY's (1966) zones of Cyrtospirifer chari-
topes, Devonoproductus walcorts, and T heo-
dossia keenei are represented. The lower
two zones occur typically in the Redknife
Formation and the upper zone occurs in
the Kakisa Formation of the Trout River
outcrop area described by BeLvea and Mc-
Laren (1962). The fauna of the T. keene:
Zone is separated from overlying faunas
by a profound break that is remarkably
widespread throughout western and north-
ern Canada. This break at the end of the
Frasnian is marked by the disappearance of
numerous corals, stromatoporoids, stropheo-
dontids, pentamerids, and atrypids.

Fossiliferous Frasnian rocks of western
United States are less abundant and less
continuous than those in western Canada.
Various tentative megafaunal zones have
been proposed by PooLk et al. (1968), Joun-
soN (1970c), Baars (1972), and others.
Brachiopod zones used by PooLe ez al.
(1968) in southwestern United States are
listed on Figure 7.

Six brachiopod zones were recognized by
Crickmay (1966) within Famennian rocks
of western Canada comprising in ascending
sequence: Cyrrospirifer mimetes, Basili-
corhynchus basilicum, Cyrtospirifer nor-
manduvillana, C. sp., C. cf. C. monticola,
and Strophopleura raymondi.  Another
zonal scheme based on rhynchonellids and
proposed by SarTEnaer (1968, 1969) for
the same interval is as follows: zones of
Eoparaphorhynchus, Basilicorhynchus, Gas-
trodetoechia, and Sinotectirostrum avellana.

The Eoparaphorhynchus Zone is re-
stricted to the lower part of the lower
Famennian and is represented in the Trout
River and Sassenach formations, and in the
upper part of the Winterburn Group. The
zone is represented by E. maclaren: in the
Mackenzie River area and Alaska; by E.
lentiformis in the area east and north of
Jasper in the Rocky Mountains; and by E.
walcott; in Nevada and Utah.
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The succeeding Basilicorhynchus Zone is
restricted to the upper part of the lower
Famennian and occurs in the Tetcho For-
mation, in the lower part of the Wabamun
Group, and in the upper Sassenach and
lower Palliser formations.

The Gastrodetoechia Zone extends from
the middle Famennian to the lower part of
the upper Famennian. The zone is pres-
ent in the Rocky Mountains and Northwest
Territories of Canada, and in Idaho, Mon-
tana and Utah of the United States. The
zone contains a large brachiopod fauna, as
well as ammonoids described by House
(in House & Pepper, 1963), which include
species of Cheiloceras, Tornoceras and Pla-
tyclymenia.

The Sinotectirostrum avellana Zone oc-
curs in the upper part of the upper Famen-
nian and is known only in the North
Nahanni and Root Rivers areas of the
Northwest Territories and from wells in
northeastern British Columbia. The zone
corresponds to Hume’s (1922) Athyris an-
gelica Zone.

Famennian brachiopod assemblages rec-
ognized by PooLrk er al. (1968) in south-
western United States comprise in ascending
sequence: Cyrrospirifer spp.-C. portae, C.
monticola, Paurorhyncha endlichi-Cyrtiopsis
animasensis, and Syringothyris spp.

NORTHERN NORTH AMERICA

Upper Devonian rocks in the eastern Arc-
tic Islands are predominantly clastic strata
of nonmarine origin. Marine Frasnian
rocks, however, have been reported from
scattered localities in the western Arctic
Islands, notably Banks, Melville, and Prince
Patrick islands. On Banks Island the early
Frasnian is indicated by the presence of
Ladogioides pax, Eleutherokomma cf. E.
impennis, and “Allanaria” allani; and the
mid-Frasnian by Cyrtospirifer thalattodoxa
and Calvinaria albertensis. A rich fauna of
middle to late Frasnian age occurs in reefs
on northeastern Banks Island and includes
Hexagonaria, Phillipsastrea, T heodossia, and
others (Krovan & Emsry, 1971).

Marine Famennian megafossils of the
Canadian Arctic Islands have been sum-

marized by McLaren (in KEerr, McGRrEGOR
& McLaren, 1965). They occur in the
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upper part of the Griper Bay Formation on
Bathurst, Cameron, Byam Martin, and Mel-
ville islands. Brachiopods of this assem-
blage represent a single fauna and include
Acanthatia sp., Basilicorhynchus sp., Pty-
chomaletoechia? sp., and possibly Cyrtospi-
rifer sp. Conodonts associated with the
brachiopods on Byam Martin Island include
Palmatolepis perlobata and Icriodus cos-
tatus. The former ranges from the upper
Palmatolepis triangularis Zone through the
lower “Spathognathodus” costatus Zone

(McGrecor & Uveno, 1972).

SOUTH AMERICA

In Late Devonian time the sea withdrew
from most of the extra-Andean regions of
South America, but seems to have per-
sisted in the Andean belt. The upper bar-
ren parts of the Devonian clastic successions
in western Venezuela, southern Peru, cen-
tral Bolivia, and western Argentina may
belong in the Upper Devonian (Harrine-
ToN, 1962, p. 1786). Recently, CousmINER
(1964, p. 33-35) reported lower Upper De-
vonian palynomorphs from the upper part
of the Devonian succession of Bolivia.
Sparsely fossiliferous rocks present also in
the Parnaiba basin of Brazil are probably
of early Frasnian age (Harrincron, 1968,
p. 662). A few authors, notably Maack
(1964), have argued that South America
was glaciated during the Late Devonian.
Maack (1964, p. 291, 292) cited as evidence
widespread Upper Devonian tillites present
in northeastern Brazil and northwestern
Argentina.

PROVINCIALISM AND
AMMONOID DISTRIBUTION

Beginning in late Eifelian time, routes
for faunal migration were reestablished be-
tween the midcontinent area and western
North America via the Williston basin, as
indicated by an intermingling of Eastern
Americas and Old World shelly elements
in Indiana, Michigan, northern Ontario,
and northern Manitoba. The separation
between the Old World and Eastern Amer-
icas realms apparently was breached com-
pletely by onlap of epicontinental seas
during the Taghanic (Jomnson, 1970c),
resulting in a single cosmopolitan brachio-

Introduction—Biogeography and Biostratigraphy

pod fauna in the marine areas of North
America and elsewhere during the Frasnian
(JounsoN & Boucor, 1973). Important
widespread brachiopod genera of this fauna
include Calvinaria, Cariniferella, Devono-
productus, Douvillina, Eleutherokomma,
Hypothyridina, Nervostrophia, “Spirifer”
of the orestestype, Tenticospirifer, and
Theodossia (Jounson & Boucor, 1973, p.
94).

The tubular stromatoporoid Amphipora
abundant in western North America and
the Old World reached the midcontinent
and Appalachian areas during this interval
(Duncan in Croup, 1959, p. 948, fig. 12);
and similar evidence showing intermingling
of coral genera was cited by Oriver (1975).

In contrast to the cosmopolitanism shown
by Frasnian brachiopods, trilobites are very
scarce at this time; Scutellum and a few
phacopids only are known in western North
America (Ormiston, 1972, p. 602). The
radiation in the cyrtosymbolinids that took
place in Europe did not reach North Amer-
ica because of the shutting-off of the migra-
tion route from Europe to North America
by a continental clastic wedge which was
deposited across northern Alaska and the
Arctic Islands during the Frasnian and
Famennian (Ormiston, 1972, p. 602).

At the end of Frasnian time a number
of important invertebrate groups became
extinct, including the brachiopod taxa
Atrypoidea, Pentameroidea, Stropheodonti-
dae, Delthyridae, and Meristellinae. Among
the trilobites, the harpids and thysanopel-
tids disappeared in the Late Devonian,
probably in late Frasnian time (Housg,
1967).

The principal brachiopod genera that sur-
vived the extinction at the end of the Fras-
nian and continued into the Famennian
include: Artribonium, Aulacella or Rhi-
pidomella, “Chonetes” or Retichonetes, Cru-
rithyris, Cupularostrum or Ptychomaletoe-
chia, Cyrtina, Cyrtospirifer, Productella,
Schizophoria, and Steinhagella (JouNsoN &
Boucor, 1973). Along with these survivors
the Famennian brachiopod fauna comprises
principally new rhynchonellid, productid,
athyridid and spiriferid genera, some of
which are widely distributed (SARTENAER,
1969), indicating continued cosmopolitan-
ism (JounsoN & Boucor, 1973).

The ammonoid genus Manticoceras,
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guide fossil for the Frasnian, is more widely
distributed than any other, but is absent
from South America (Housg, 1964). Ties
between North America and Europe are
indicated by occurrences of early Frasnian
forms in several places. Timanites is re-
corded from Alberta, and Koenenites is
known from Michigan (MirLer, 1938).
Pharciceras is the European guide genus
of the lower Frasnian, and it, or its close
allies, occur in the upper Tully Limestone
of New York (Housk, 1962, 1968a). The
most widespread distribution of Mantico-
ceras apparently occurred in the middle
Frasnian, where the genus is known from
the Northwest Territories, Alberta, Ontario,
including the Hudson Bay Lowlands (Mic-
LERr, 1938, p. 115, 116), Michigan, lowa,
Utah, New Mexico, Missouri, Ohio, Vir-
ginia, and especially New York. These
occurrences form a link with those along
the northern Siberian coast (Housg, 1964,
p. 266). The richest North American
Frasnian goniatite faunas occur in New
York where a succession of species closely
allied to those of Europe may be recognized.

In North America, Cheiloceras is known
from New York (House, 1962) and west-
ern Canada (House & Pepper, 1963), and
is apparently almost as widespread as Man-
ticoceras geographically, but is sparser nu-
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merically (Housg, 1964). This sparseness
marks the beginning of geopraphical restric-
tion of later Devonian ammonoid faunas.

Clymeniids entered with the faunas of
the Platyclymenia-Stufe, a fauna well known
from Europe and North Africa. In North
America representatives of this fauna occur
in the Three Forks Shale of Montana and
include Tornoceras, Platyclymenia, Recto-
clymenia, and Raymondiceras (Housk,
1964). The latter genus is recorded also
from New Mexico (MiLLer & CoLLINSON,
1951). Of interest is the apparent absence
of this fauna from eastern North America,
except for Sporadoceras milleri from Penn-
sylvania, which may occur at this level
(House, 1962, p. 263).

The goniatites and clymeniids of the up-
permost Famennian, including the Cly-
menia and Wocklumeria zones known 1n
England, Germany, France, North Africa,
and elsewhere, are sparingly represented in
North America and the traces found are
equivocal. Cyrtoclymenia and Cymacly-
menia are known from Ohio, and Cyrtocly-
menia from New Mexico (Housg, 1962),
and also from Alaska (SasLe & Durtro,
1961). None of the North American oc-
currences can be dated certainly as latest
Famennian, and all may well be mid-
Famennian in age (Housg, 1954, p. 268).

DEVONIAN CONTINENTAL DEPOSITS AND ASSOCIATED
INVERTEBRATE FAUNAS

Nonmarine Devonian rocks occur in sev-
eral well-known areas in the Western
Hemisphere, the main areas being in the
Appalachians of the eastern United States
and Canada, in Arctic Canada, and in east-
ern Greenland; these are commonly re-
ferred to as “Old Red Sandstone” basins of
deposition. Devonian continental beds also
are represented possibly around the edges
of the cratonic basins of South America and
Antarctica where clastic sequences are
largely barren or sparsely fossiliferous and
difficult to date. Smaller, thinner, and more
isolated occurrences are known also in the
southern part of the Hudson Bay Lowlands

(Sanrorp & Norris, 1975), in Montana and
Wyoming (SanpsErs, 1961), in Arizona
(TercHERT & ScHork, 1958), in the Rocky
Mountains of Alberta (Artken, 1966), and
elsewhere. Many of these deposits contain
abundant plant and fish remains but lack
identifiable invertebrate fossils.
Invertebrate fossils in Devonian conti-
nental beds are generally scanty in variety
and numbers. A few of the more important
forms include the brachiopod genus Lin-
gula, several mollusks (e.g., Amnigenia),
leperditiid ostracodes, the euryptids Prery-
gorus and Eurypterus, ceratiocarid crus-
taceans, and the arthropod Estheria.
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INTRODUCTION

The name Carboniferous was introduced
by Conveeare and PHiLiips (1822) for the
English succession that included the Old
Red Sandstone, Mountain Limestone, Mill-
stone Grit, and Coal Measures. Later Sepc-
wick and MurcHisoN (1839) removed the
Old Red Sandstone from the Carboniferous
to establish the Devonian System. In 1841
MurcHisoN established the Permian System
in the Province of Perm, Russia, as overly-
ing the Carboniferous. Since then the lower
and upper boundaries of the Carboniferous
with adjacent systems have presented prob-
lems. The Old Red Sandstone (Devonian)
of Devonshire is mainly nonmarine, is
structurally deformed, and lacks diagnostic
fossils of worldwide biostratigraphic value.
The overlying Permian (Magnesian Lime-
stone) in England also has few abundant
fossils and the Russian Carboniferous and
Permian sections are far away and have dif-
ferent faunal and floral assemblages than the
Carboniferous and Permian of England.
Furthermore, MurcHIson’s original defini-
tion of the Permian System left some doubt
concerning the placement of beds above the

1 Manuscript received October, 1975.

Moscovian Stage and below the Artinskian
Stage, beds having marine faunas that are
not present in the predominantly nonmarine
sections in northwestern Europe.

The recognition of lateral changes in
factes in the upper part of the Devonian
from continental beds in Devonshire into
marine strata bearing marine faunas in the
lower Rhine valley led to the acceptance
of locating a succession in marine strata
that could serve as a type section to define
the Devonian-Carboniferous boundary. Al-
though the Rhine valley sections contain a
variety of cephalopods and conodonts, fau-
nas of the carbonate facies are poorly rep-
resented. The Belgium succession includes
bioherms and reefs in this interval, and
after considerable study the lower boundary
was agreed upon by the first Congrés de
stratigraphie et de géologie du Carbonifére,
Heerlen, 1927, as the base of the Tournaisian
Stage in Belgium. At the second Heerlen
congress (1935) the base was reassigned as
the first appearance of a zonal guide fossil,
the ammonoid Gattendorfia subinvoluta, a
useful index fossil in the German strati-
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graphic section, which was thought to be
equivalent to the Etroeungt beds at the
base of the Tournaisian Stage. Later study
has demonstrated that the lower beds in the
type sections of the Tournaisian include
strata older than the zone of Gattendorfia
subinvoluta and span nearly the entire latest
Devonian zone of Wocklumeria. The Sub-
commission on Carboniferous Stratigraphy
at the Seventh Congrés International de
stratigraphie et de géologie du Carbonifére
(1971) adopted several working agreements
that attempted to resolve this boundary
problem. These in effect are as follows:

1. The base of the Gattendorfia subin-
voluta Zone will continue to serve as
the accepted base of the Carboniferous.

2. Because the geographic distribution of
the zone name-bearer is restricted, the
evolution (first appearance) of the
conodont Siphonodella sulcata from its
Devonian ancestor (which occurs at
the same stratigraphic position as the
appearance of G. subinvoluta in the
German succession) will be used on a
worldwide basis as the base of the
Carboniferous.

3. The designation of a stratotype will be
postponed until a search has been
made for a suitable, continuous, marine
stratigraphic succession, preferably in
the region of the original chronostrati-
graphic units (stages).

4. The boundary of the lowest Carbonif-
erous stage is to be modified to cor-
respond with the lower boundary of
the system.

The upper boundary of the Carboniferous
has been placed at several positions although
there are at least six major recognizable,
worldwide, marine, faunal biostratigraphic
zones between the top of the Moscovian
Stage and the base of the Artinskian Stage.
Presently most European and North Ameri-
can biostratigraphers follow the recommen-
dations of the All Soviet Committee on the
Carboniferous-Permian boundary (1952) in
placing the top of the Carboniferous at the
top of the Gshelian Stage. In the past the
Carboniferous-Permian boundary has been
placed as high as the top of the Sakmarian
Stage (or base of the Artinskian Stage) or
lower at the top of the Asselian Stage or
even within the Asselian. Some biostrati-
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graphers have continued to use the term
Permo-Carboniferous for the interval be-
tween the Gshelian and Artinskian. Thus,
the Autunian Series of Europe and the
lower part of the Dunkardian Series and
the Wolfcampian Series and even the low-
est parts of the Leonardian Series in North
America at times have been correlated with
the Carboniferous or “Permo-Carbonifer-
ous” based on these various boundary posi-
tions. The top of the Carboniferous has only
infrequently been placed below the top of
the Gshelian Stage in the Soviet Union.

Subdivisions—Three different schemes of
subdivision of Carboniferous rocks are ex-
tensively used (Fig. 1): the western Euro-
pean classic sections with subdivision into
Lower and Upper parts; the southern Urals,
Russian platform, and greater Donetz basin
sections with subdivision into Lower, Mid-
dle, and Upper parts; and the central North
American sections recognizing the Missis-
sippian and Pennsylvanian as independent
systems. Other sets of subdivisions proposed
for various eastern Asia and Gondwana
regions probably are equally useful. Cor-
relations between different Carboniferous
biogeographic realms and regions are still
incomplete and Figure 1 indicates a gener-
ally accepted correlation of the three sets of
series and stages.

In northwestern Europe the Carbonifer-
ous System is divided into two subsystems,
the Dinantian below and Silesian above.
The Dinantian takes its name from the
Dinant area of Belgium where type sections
for the mainly carbonate series, Tournaisian
(MorTELMANS, 1969) and Visean, are located
(GEeorGE, 1969). The Silesian takes its name
from the coal basins of the Silesian region
of Poland. Three series are recognized: the
Namurian (at the base), Westphalian, and
Stephanian, and the successions are largely
nonmarine or paralic with a few marine
bands (transgressions) and a number of
deeply weathered, flinty underclays (seat-
earths). In practice the Namurian (Hub-
soN, 1945; Ramseorrom, 1969) and most of
the Westphalian marine bands are correlated
with the British succession which has a
slightly more complete fauna than the type
succession on the European continent (Fig.
1). The Westphalian (CaLver, 1969) is
subdivided into four stages (A, B, C, and
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groups. Sce Figure 7 for ranges of stratigraphically important genera of conodonts. The megafloral zones
are for the Euramerian floral region (modified from Read & Mamay, 1964).
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D) by three marine bands and some differ-
ences in floral content. The Stephanian
has no marine bands in its type area where
it is subdivided into three stages (A, B, and
C) based on floral differences. The Upper
Westphalian and Lower Stephanian were
separated by the International Subcommis-
sion on Carboniferous Stratigraphy (1967)
by using Tonstein 60 as the boundary in
the Saar-Lorraine area. A floral succession
that either spans Late Westphalian-Early
Stephanian time or fills a gap between them
has been found in northern Spain and
named the Cantabrian Stage (WacNERr,
1969). At present the type section of the
Stephanian lies in the coal basin of St.
Etienne in Loire and passes transitionally
upward into beds having fossil floras of
Autunian  (Early Permian) appearance
(L1aBEUF & ALPERN, 1969). Correlations of
the Westphalian and Stephanian are based
mainly on the distribution of plant leaves,
stems, and spores and become complicated
by ecological differences in floras between
basins of approximately the same age, but
in different environmental settings (i.e.,
elevation, rainfall) (Bouroz, 1969; De Mar-
STRE, 1969).

The North American succession of strata
equivalent to the Carboniferous is separated
into two local systems, the Mississippian be-
low and the Pennsylvanian above. The Mis-
sissippian System, named for a sequence of
predominantly limestone, sandstone and
shale exposed along the Mississippi valley
in Missouri, Illinois, and Towa, is based on
the “Mississippi Group” (WincHELL, 1869),
between the Devonian and the “Coal Meas-
ures.” The “Coal Measures” were renamed
the Pennsylvania Series (WiLLiams, 1891)
for exposures in Pennsylvania. Both system
names gained wide usage in North Ameri-
can textbooks early in this century. The type
Mississippian strata (Fig. 1) have a clastic
and limestone portion at their base (WELLER
et al., 1948), the Kinderhookian Series (the
original definition included some latest De-
vonian beds), which represents a shallow-
water facies with reworked faunas in part.
The mainly carbonate succession is divided
into the Osagian Series, which is mainly
middle and late Tournaisian, and the Mer-
amecian Series, which includes all except
latest Visean equivalents. These two carbon-
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ate series are locally dominated by echino-
derm faunas that, in general, are not a typi-
cal lithofacies and this has made correlation
outside the type region difficult. The upper
part of the carbonate sequence grades later-
ally into the basal part of the Chesterian
Series. The Chesterian has fifteen or so
sequences of transgressive and regressive sed-
iments that are terminated by a major re-
gional unconformity.

The type Pennsylvanian (Branson, 1962)
1s in southwestern Pennsylvania in strata
that are predominantly nonmarine with a
few marine beds. Because of uncertaintly in
correlating the strata of the type area with
marine and paralic strata in much of the
rest of North America, a set of standard
reference sections was established in the
southern Midcontinent region (in Arkansas,
Missouri, Oklahoma, Kansas, and Towa)
(Moozre et al., 1944). These reference sec-
tions form the basis for five standard series,
in ascending order: Morrowan, Atokan,
Desmoinesian, Missourian, and Virgilian.
The lower two, Morrowan and Atokan, are
located near the southern edge of the Early
Pennsylvanian North American craton and
are geosynclinal sequences deposited at a
time of active tectonic deformation of the
main part of the geosyncline to the south
(Gorpon, 1974). The type section of the
Desmoinesian was deposited to the north
in Towa, well on the North American cra-
ton, as were the Missourian and Virgilian
series in Missouri and Kansas. These higher
three series include evidence of numerous
transgressions and regressions and compli-
cations of repeated cyclothems (WanLEss,
1969). On the cratonic shelf, low tectonic
arches and shallow basins (Illinois, Michi-
gan, and Forest City basins) caused sedi-
mentary units to thin and disappear or
thicken and change facies (WaNLEss, 1969).
These standard sections are marine and
paralic and are separated from areas to the
southwest by block-faulted uplifts and ba-
sins and from areas west of the Southern
Rockies by the transcontinental arch.

The third set of sections that are used as
references for the Carboniferous are those
on the Russian platform (DALMATsKAYA ef
al., 1961), southern Urals, and greater Don-
etz basin (Avzenverg, 1969). In these
sections the Tournaisian and Visean strata
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and faunas are similar to those in the Bel-
gian type area and no major correlation
problems are apparent. The “Namurian”
on the Russian platform, which equates to
only the lower part of the Namurian of the
Belgium section, was renamed the Ser-
pukhovian Stage by Evwor in 1970. The
Tournaisian, Visean, and Serpukhovian
stages are included by Soviet biostratigra-
phers in their Lower Carboniferous.

A major unconformity separates these
Lower Carboniferous units from higher
Carboniferous units on the Russian platform
(BarkHATOVA ¢t al., 1970); however, the
sections near the margins of the geosynclines
(Southern Urals) and sedimentary troughs
(Donetz basin) have a succession, called the
Bashkirian Stage, which marks the base of
the Middle Carboniferous. The Bashkirian
is overlain by the Moscovian Stage, which
covers most of the Russian platform and
forms the upper part of the Middle Carbon-
iferous. The Upper Carboniferous, Kasmov-
ian and Gshelian stages, is present on much
of the Russian platform where it is overlain
by the Asselian Stage (Lower Permian).

As revised in 1974, the Lower Carbonifer-
ous of the Russian platform is correlated
with the North American Mississippian; the
Middle Carboniferous is correlated with the
Morrowan, Atokan, and Desmoinesian; and
the Upper Carboniferous with the Missour-
ian and Virgilian. Most marine Carbonifer-
ous sequences on cratonic shelves and in
geosynclines are adaptable to this three-fold
subdivision. In the succeeding discussions
in this paper, Lower, Middle, and Upper
Carboniferous will be used as outlined
above.

The Carboniferous histories of Australia,
peninsular India, South America east of the
Andes, and Antarctica are generally similar,
although not as closely similar as their Per-
mian and T'riassic histories.

Two regions of deposition were present
in Australia during the Carboniferous: an
eastern region along the Tasman geosyn-
cline, which was divided into a number of
structurally delimited basins; and a western
region which included the Carnarvon, Can-
ning and Bonaparte Gulf basins. In the
eastern region seven faunal zones are recog-
nizable in the Lower Carboniferous succes-
sion (Hir, 1957; CampBELL & McKELLAR,
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1969; CampeeLL et al., 1969; Roserrs,
1975), based primarily on coral and bra-
chiopod ranges. Above these seven fau-
nal zones, one brachiopod zone is recog-
nized in Middle Carboniferous strata and
another zone is identified in what are
probably Upper Carboniferous strata. These
two highest zones are interbedded with
rocks having the Rhacopteris flora.

The zonation in the eastern region is not
applicable to the western basins where dif-
ferent brachiopod zones and conodont zones
are used for the Lower Carboniferous suc-
cession. Middle and Upper Carboniferous
strata in the western region are poorly fos-
siliferous and pass upward without much
depositional change into beds of probably
Early Permian age bearing Eurydesma.

The eastern Australian Lower Carbonifer-
ous includes conglomerate and sandstone
beds at its base and a succession of shale
with a few limestone beds. The Middle and
Upper Carboniferous are mainly clastic
rocks and volcanics and include conglomer-
ates, tuffs, flows, tillites, diamictite with a
few limestones and marine and nonmarine
shales. The Tournaisian and early Visean
corals show similarity to those of south-
eastern Asia, but later Visean and early
Namurian corals show considerable endem-
ism (HiLr, 1948, 1957, 1973; CampPBELL &
McKELLar, 1969). This has been inter-
preted as a gradual change from warm or
temperate marine conditions to cooler con-
ditions before the end of the Early Carbon-
iferous. The two marine zones within the
predominantly clastic and volcanic beds of
Middle and Late Carboniferous age having
interbedded tillites and glacial marine beds
represent possible times of climatic warm-
ing in an otherwise cold interval. The Early
Permian Eurydesma fauna is closely associ-
ated with glacial deposits and is considered
to be a cold-water assemblage.

In eastern South America, in Brazil,
Argentina, Paraguay, and Uruguay, Lower
Carboniferous, and possibly Middle Car-
boniferous, strata are separated from Upper
Carboniferous and Permian strata by a
major regional unconformity that forms the
sub-Gondwana surface (Caster, 1952). The
relationship between the Lower and Middle
Carboniferous of Argentina suggests that a
hiatus of some magnitude exists between
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them. The Lower Carboniferous marine
faunas are mainly conulariids, brachiopods,
and bivalves (AMos & SaBaTTiNI, 1969) and
are not completely studied. The Middle
Carboniferous faunas contain brachiopods,
bryozoans, and trilobites, which are similar
to Australian faunas of this age. These
faunas also include the cephalopods Anzhra-
coceras and FEoasianites, which are similar

to those of the Desmoinesian of North
America. Strata of probable Late Carbon-
iferous age in Argentina have plants that
may be Stephanian and locally marine fau-
nas of brachiopods, such as Cancrinella,
Crurithyris, Tornquistia, Spirifer, and Ali-
spivifer. The lateral relationships of these
Argentinian faunas to nearby glacial depos-
its remain unanswered; however, Eoasian-
ites and other faunas and floras of probable
late Middle Carboniferous age are known
from beds within the Tubardo glacial beds
in Brazil and Uruguay. The coals of the
Parand basin in Brazil are in interglacial
deposits that lie between glacial beds and
are probably Carboniferous in age rather
than Permian; however, the upper part of
the tillite succession may be Early Permian
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in age if the occurrence of Eurydesma is a
reliable guide.

In the Cape region of South Africa, the
Lower Dwyka Shale contains a sparse flora
similar to the Rhacopteris flora in Middle
or Upper Carboniferous strata of eastern
Australia. Most of the overlying tillite of
the Dwyka is probably Late Carboniferous
in age. The Eurydesma fauna occurs in
mudstone and shale above the tillites of the
Dwyka and is considered to be of Early
Permian age.

The Carboniferous in other Gondwanan
continents or continental fragments is poorly
understood. In Madagascar the Carbon-
iferous, if present, seems to be represented
by a thin tillite, and in the Falkland Islands,
the succession is remarkably similar to that
in South America and South Africa. The
Lower? Carboniferous contains plant fossils
and is overlain by tillites and clastic beds
interbedded with marine units of probable
Middle and Late Carboniferous age. In
Antarctica, Devonian strata having fish re-
mains are unconformably overlain by tillite
and coal-bearing sandstone that are consid-
ered to be Permian based on the presence
of Glossopteris without non-Gondwanan
plants.

BIOSTRATIGRAPHIC AND BIOGEOGRAPHIC ANALYSIS

The Carboniferous Period, estimated to
extend from 345 mya to 280 mya (Francis
& Woobranp, 1964), had a duration of 65
my, which approximates the length of each
of the four other long geologic periods, the
Cambrian, Ordovician, Cretaceous, and Ter-
tiary. During this long interval of time,
distributions of marine invertebrate faunas
were strongly influenced by changes in cli-
mate; in seaways, their interconnections,
and sea levels; in the relative position of
land areas; and in tectonic, orogenic, and
epeirogenic changes. The details of how
these physical changes modified the Carbon-
iferous physical environment are much less
thoroughly known that is the actual distri-
bution of most of the fossil groups represent-
ing part of the biological environment. At
present the mechanisms of the dispersals of
faunas between different realms and regions
during the Carboniferous are not well un-
derstood and require much more study.
These dispersals appear to reflect the differ-

ent threshhold levels of each faunal group
to dispersal filters that accompanied changes
in paleogeographic climate and environ-
ments during the period. This was a period
of widespread crustal deformation as well
as sea-level and climatic fluctuations, even
unconformities on the more stable parts of
continental masses are commonly irregular
in duration and extent. Later crustal move-
ments have partially obscured Carboniferous
tectonic settings. In addition, Carboniferous
biostratigraphers started only in the late
1960’s to reconsider distributions of pre-
Mesozoic faunas and floras in the context of
plate tectonic models.

The biogeographic distribution of many
invertebrates during the Carboniferous Pe-
riod (Evnor et al., 1973; Ross, 1973) is
marked by times of widespread dispersals
of nearly cosmopolitan faunas but this
is contrasted at other times by well-de-
veloped provincialism with many endemic
genera and families. These distributional
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patterns have been studied for Protozoa
(Foraminiferida), Coelenterata (Rugosa),
Brachiopoda (Articulata), Mollusca (Ceph-
alopoda), and Arthropoda (Insecta). Al-
though many questions remain unan-
swered, a general pattern for marine
invertebrates shows increasing provinci-
alism after the Visean. Provincialism was
particularly strong by the beginning of
the Middle Carboniferous followed by some
decrease in the levels of provincialism near
the end of Middle Carboniferous (Ross,
1970).

During parts of the Carboniferous,
strongly differentiated provincial faunas re-
sult in a number of biostratigraphic prob-
lems. Within individual biogeographic
realms (or regions) correlation is based
largely on successful and abundant endemic
faunas. Therefore, correlation from one
biogeographic realm (or region) to the next
is generally more dificult and less certain
than within a particular realm because dis-
tinctive genera and families may have con-
siderably different stratigraphic and geo-
graphic ranges in different realms. At several
umes during the Carboniferous, incomplete
faunal interchange between provinces took
place and resulted in the introduction of
new lineages into another province and
often the extinction, at least within several
provinces, of another lineage, presumably
by ecologic replacement. The biogeographic
distribution of other invertebrate groups is
less thoroughly studied, but available data
suggest that they also may have a similar
pattern. Terrestrial insect distributions are
closely comparable to those recorded for
plant fossils.

The biostratigraphic distribution of Car-
boniferous fossils is well known for a num-
ber of groups that are extensively used as
zonal index fossils. In marine carbonate
strata protozoans (Foraminiferida), corals
(Rugosa), and brachiopods are commonly
abundant and are widely used for correla-
tion because of their rapid evolution or dis-
tinctive morphological features or both.
Shaly marine sequences may have large
numbers of mollusks (Cephalopoda) which,
because of their rapid evolution, are valuable
guide fossils. Conodonts occur in most Car-
boniferous marine strata and have been
particularly thoroughly studied from Lower
Carboniferous strata.
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FORAMINIFERS

This group of microfossils is widely used
in correlating marine strata, particularly the
calcareous foraminifers that are commonly
abundant in limestone. A large proportion
of the foraminifers used in interregional
correlation are nearly cosmopolitan and are
the basis for a worldwide correlation scheme
(Fig. 2, 3), although numerous species and
genera have endemic distributions.

In summarizing the Lower Carboniferous
foraminiferal zonation, data were compiled
from the publications of Rauzer-CHERNOU-
sova (1948), RevrLiNger (1960, 1962, 1963,
1969), Lirina (1963, 1964, 1965, 1970,
1973) Mamer (1962, 1968), Mamer and
Skrpp (1971), Sanpbo, MaMmert, and Durtro
(1969), ConiL (1964), Conir and Lys
(1968), and ConiL, PaprotH, and Lys
(1968). In the lower Tournaisian (Zones
6 and 7) the earliest Carboniferous foramin-
iferal zone is identified as Zone 6, which is
characterized in Eurasia by an abundance
of Quasiendothyridae, which are absent in
most of North America. Also present in
both regions are species of Sepraglomospir-
anella, Latiendothyra, and Earlandia. This
fauna is not diverse and a number of the
species are endemic. The next younger
Tournaisian foraminiferal zone (Zone 7)
has nearly uniform faunas in Eurasia and
North America. It is characterized by many
genera of the Tournayellidae. Especially
abundant are individuals of Septaglomo-
spiranella and Palaeospiroplectammina, and
the first appearance of Tuberendothyra of
the Endothyridae.

The upper part of the Tournaisian has
two zones, the lower, Zone 8, contains the
first appearance of Spinoseptatournayella
and Spinoendothyra and an abundance of
Tuberendothyra. The upper zone, Zone 9,
is characterized by an abundance of Tuber-
endothyra, as well as Spinoendothyra, and
shows a continued in faunal
diversity. Some genera, which are common
to abundant in Eurasia, such as Brunsia,
Urbanella, Glomospiranella, and others, are
rare or lacking in North America.

increase

Zone 10 is of earliest Visean age. The
important faunal elements in North Amer-
ica are Tournayella, Eoforschia of the group
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E. moclleri, Spinoendothyra (sparse), Cal-
cisphaera, Pachysphaerica, Tetrataxis, Glob-
oendothyra baileyi, Eoendothyranopsis, Pro-
permodiscus, Archaediscus of the group A.
kerstovnikovi, and Planoarchaediscus. In
Eurasia Brunsia, Endothyra of the group
E. prisca, Latiendothyra, Dainella, Eopara-
staffella, primitive Eostaffella, Permodiscus,
Urbanella, and Lituotubella are common but
are unreported or sparse in North America.

Zone 11 is late early Visean in age. The
important genera in North America are
Tournayella, Eoforschia, Eoforschia of the
group E. moelleri, Endothyra of the group E.
prisca, Globoendothyra, and Eoendothyran-
opsis of the group E. spiroides, Tetrataxis,
Archaediscus of the group A. krestovnikouv:
and Planoarchaediscus. In Eurasia Forschia
(first appearance), Lituotubella, Eotextular-
ia, Latiendothyra, Dainella, Eoparastaffella,
Polytaxis, Valvulinella (rare), Permodiscus,
and Archaediscus of the group A. moelleri
are important parts of this fauna but are
sparse or unreported in North America.

Zone 12 is of early middle Visean age.
Characteristic genera of Zone 12 in North
America are Tournayella, Eoforschia of the
group E. moelleri, Palaeotextularia of the
group P. consobrina, Globoendothyra, Eo-
endothyranopsis of the group E. spiroides,
Tetrataxis, Propermodiscus, Archaediscus
of the group A. krestovnikovi, and Plan-
oarchaediscus. In Eurasia, diagnostic faunal
constituents are: Forschia, Forschiella (first
appearance), Lituotubella, Haplophragmel-
la, Eotextularia, Cribrostomum, Climacam-
mina of the group C. prisca, Endothyra of
the group E. prisca, Dainella, Eostaffella,
Vissariotaxis (first appearance), Permodis-
cus and  Archaediscus of the group A.
chernoussovensis (first appearance).

Late middle Visean (Zone 13) foramin-
ifers include: Eoforschia, Paleotextularia
of the group P. consobrina, Climacammina
of the group C. prisca, Globoendothyra,
Eoendothyranopsis, Tetrataxis, Propermo-
discus, Archaediscus of the group A. kres-
tovnikovi, Archaediscus of the group A.
moelleri, Archaediscus of the group A.
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chernoussovensis and Planoarchaediscus, and
the following first appear: Endothyra of
the group E. bowmani, Globoendothyra
of the group G. tomiliensis, Eoendothyran-
opsis of the group E. rarus, and Endothyran-
opsis of the group Endothyranopsis compres-
sus. In Eurasia, important genera include
Forschia, Lituotubella, Haplophragmella,
Cribrostomum, Climacammina of the group
C. prisca, Endothyra of the group E. prisca,
Dainella, Eostaffella, Valvulinella, Vissario-
taxis, Omphalotis, Endostaffella, Endothyra
of the group E. pauciseptata, Janischew-
skina, and Mediocris make their first ap-
pearance.

Early late Visean foraminifers (Zone 14)
in North America are found in the upper-
most part of the St. Louis Limestone and
the lowermost part of the Ste. Genevieve
Limestone and include most of the faunal
elements listed under Zone 13 with the
addition of Cribrostomum, Eoendothyran-
opsis utahensis, Eoendothyranopsis macrus,
Mikhailovella, and Cribrospira. Rare speci-
mens of Forschia and Lituotubella are rec-
ognized in the northernmost Cordillera. In
Eurasia also the faunas of Zones 13 and 14
are very similar.

Middle upper Visean (Ste. Genevieve in
part) (Zone 15) in North America is char-
acterized by abundant Palaeotextularia of
the group P. consobrina, Cribrostomum,
Endothyra of the group E. bowmani, Glo-
boendothyra, Eoendothyranopsis utahensis,
Tetrataxis and the first appearance of Cli-
macammina of the group C. prisca, Palaeo-
textularia of the group P. longiseptata,
Climacammina of the group C. patula, and
Endothyranopsis crassus. In BEurasia, For-
schia, Forshiella, Haplophragmella, Endo-
thyra of the group E. prisca, Endothyranop-
sis compressus, Pseudoendothyra, Eostaffella,
Mediocris, Valvulinella, Vissariotaxis, Ar-
chaediscus of several groups, and Plano-
archaediscus karreri are important.

Late Visean Zone 16i (early Chesterian)
is characterized by common to abundant
Cornuspira, Palaeotextularia of the group P.
consobrina, Climacammina of the group C.

Fic. 2. (Continued from facing page.)
America (mainly western part). [Thick lines indicate abundant, thin lines common, and dashed lines
rare or questionable occurrences. Numbered foraminiferal zones and data from Mamet & Skipp (1971);
Ross, n.]
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prisca, Palacotextularia of the group P. long-
iseptata, Climacammina of the group C. pa-
tula, Endothyra bowmani, Endothyranopsis
crassus, Globoendothyra globulus, Pseudo-
endothyra, Eostaffella (= Paramillerella),
Tetrataxis, Archaediscus of the group A.
krestovnikovi, Archaediscus of the group A.
moelleri, Archaediscus of the group A. cher-
noussovensis, and Stacheia. Archaediscus of
the group A. latispiralis and Neoarchaedis-
cus appear for the first time. The Eurasian
fauna is similar but differs in retaining
Forschia (sparse,), Forschiella (sparse), Lit-
uotubella (sparse), Haplophragmella, Cri-
brostomum, Endothyra of the group E.
prisca, Globoendothyra, Omphalotis, Cri-
brospira, Bradyina, and Mediocris as im-
portant elements.

Latest Visean foraminifers (Zone 16s) in
North America are similar to those of the
preceding zone (Zone 16i) but include, in
addition, the first appearance of Zellerina
and Asteroarchaediscus (very scarce). Glo-
mospira, Planospirodiscus, and Neoarchaed:-
cus become abundant faunal elements. In
Eurasia, the fauna is much the same, but
primitive ancestral Loeblichia? appears.
This is the highest zone having Lituotubella
(very sparse), Haplophragmella (sparse),
Cribrostomum, Globoendothyra of the group
G. tomiliensis, Endothyranopsis compressus
(sparse), Janischewskina, Valvulinella,
Howchinia, Propermodiscus, and Planoarch-
aediscus and marks the top of the Visean.

The lowest Namurian foraminifers (Zone
17) occur in the Glen Dean Limestone
(Chesterian Series) in North American and
include abundant coiled unichambered
calcareous Foraminiferida, such as Pseudo-
glomospira, Trepeilopsis, and Palaeotextu-
laria of the group P. consobrina. Clim-
acammina of the group C. prisca, Palaco-
textularia of the group P. longiseptata,
Climacammina of the group C. patula,
Endothyra of the group E. bowmani, Pseu-
doendothyra, Eostaffella, Tetrataxis, Archae-
discus of the group A. krestovnikovi, Arch-
aediscus of the group A. chernoussovensis,
Archaediscus of the group A. latispiralis,
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Neoarchaediscus, Earlandia, Calcisphaera of
the group C. laevis, Stacheia, and Tuberitina
remain important faunal elements. To these
are added Monotaxinoides, Vissariotaxis,
primitive “Globivalvulina,” Mediocris (very
rare), and abundant specimens of Astero-
archaediscus. The Eurasian fauna is similar,
differing largely in being more abundant
and in possessing a few elements such as
Bradyina and Loeblichia, which have not
been observed in faunas of this age in North
America.

Foraminifers in upper Lower Namurian
strata (upper part of the Chesterian) (Zones
18-19) in North America contain most of
the faunal elements of Zone 17 and also
include the first appearances of highly
evolved Bradyina, Pseudoendothyra of the
group P. kremenskensis, Eostaffellina,
“Globivalvulina” of the group G. parva,
Eosigmoilina, and Quasiarchaediscus. In
these zones Eurasian faunas have a few ele-
ments, such as Loeblichia, which have not
been reported from North America. In the
Donetz basin and in many other parts of
Eurasia, Namurian foraminifers of the
Homoceras Zone (Zone 19) are character-
ized by the transitional archaediscid-miliolid
Quasiarchaediscus-Eosigmoilina? fauna. Al-
though beds of this age are missing in the
type Mississippian section, this foraminiferal
fauna is reported from the North American
Cordillera (MamET, Skipp, SANDO, & MAPEL,

1971).

Foraminiferal zones in the Morrowan of
the North America Midcontinent region
and the Bashkirian of the Donetz basin
(Fig. 3) are particularly diverse and differ
in faunal composition. The Morrowan is
dominated by Millerella, Eoschubertella, and
trilayered Globivalvulina, and the Bashkir-
ian has abundant Bradyina, Archaediscus,
Asteroarchaediscus, Neoarchaediscus, Pseu-
doendothyra, Eostaffella, Novella (primi-
tive), Pseudostaffella, Schubertella, Semino-
vella, Verella, Eofusulina, Ozawainella, and
Profusulinella. The early Bashkirian in the
Donetz basin and southern Ural Mountains
can be divided on the basis of fusulinaceans

Yic. 3. (Continued from facing page.)
Rauzer-Chernousova and others, 1951; Ross, 1967, 1970, 1973; Rozovskaya, 1950, 1969; Thompson,
1948, 1966, 1967: Ross, n). [Thick lines indicate abundant, thin lines common, and dashed lines rare or
questionable occurrences. ]
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into a lower zone having the first appearance
of Pseudostaffella, Seminovella, and Miller-
ella, and a higher zone having the first ap-
pearance of Novella and Ozawainella. The
late Bashkirian is characterized by a lowest
zone having the first appearance of Profusu-
Iinella, a middle zone having the first ap-
pearance of Schubertella and Verella, and a
highest zone having the first appearance of
Parastaffella. In addition, species groups of
Palaeotextularia, Climacammina, Endothy-
ra, Bradyina, Pseudoendothyra, Eostaffella
(=Paramillerella), Tetrataxis, Eolasiodiscus,
and Neoarchaediscus and the first appearance
of Lipinella are important zonal fossils
among the other foraminiferids in the
Bashkirian. In the Midcontinent region of
North America the Morrowan Series is the
time equivalent of most or all of the Bash-
kirian. The middle part of the type Mor-
rowan has Millerella as the dominant for-
aminifer and in other areas higher parts
of this stratigraphic interval have in ad-
dition Eoschubertella and Pseudostaffella
(THoMPsoN, 1948).

Above the Morrowan and its equivalents,
foraminiferal correlations are based largely
on members of the superfamily Fusulinacea
(THompson, 1948, 1966, 1967; Rauzer-
CHerNousovA et al., 1951, 1954, Rozovs-
KAva, 1950, 1969; Ross, 1967, 1970, 1973).
A few long-ranging genera of smaller for-
aminifers appear near the base of the Mos-
covian and Atokan-Desmoinesian sequences,
such as Nodosaria and Cribrogenerina, but
these and their late Carboniferous descend-
ants have not been studied in as much detail
as the earlier Carboniferous genera. Al-
though the Midcontinent North American
and Arctic-Eurasian fusulinid faunas show
general similarities during the remainder of
the Carboniferous, the range of many gen-
era differs between the two regions, and a
number of endemic genera are reported
(Fig. 3) in both regions.

Atokan fusulinids are characterized in
North America by Profusulinella in the
lower part, which evolved with little over-
lapping range into Fusulinella in the upper
part to provide a twofold division into a zone
of Profusulinella and a zone of Fusulinella.
Several long-ranging genera such as Miller-
ella, Eostaffella (=Paramillerella), Parastaf-
fella, Pseudostaffella, and Eoschubertella per-
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sist from the Morrowan in the Midcontinent
North American sections into the Atokan.
One lineage of Fusulinella evolved through
several transitional species into Beedeina
near the base of the Desmoinesian Series
and formed the beginning of the zone of
Beedeina, which characterizes most of the
Desmoinesian strata. Fusulinella, Eoschu-
bertella, and Pseudostaffella continue into
the zone of Beedeina but are usually rare
above the lower third of the zone. Wede-
kindellina first appears slightly above the
base of the zone. In the northern Cordil-
leran region Akiyoshiella, Pseudowedekin-
dellina, Eowaeringella, and Bartramella ap-
pear in the assemblage. The highest species
of Beedeina occur near the top of the Des-
moinesian Series.

The Atokan-Desmoinesian interval is cor-
related with the Moscovian Stage in Eurasia
and the Arctic. The lower part of the Mos-
covian contains a fusulinacean assemblage
that includes most of the Bashkirian genera,
except Verella, and the first appearance of
Aljutovella, Hemifusulina, and Eofusulina.
The upper part of the Moscovian has the
additional genera Fusulinella, Fusulina,
Ozawainella, Fusiella, Wedekindellina, Pu-
trella, and Protriticites.

Except for the lowest part of the Missour-
ian Series, the later part of the Pennsylvan-
ian in North America is characterized by
the zone of Triticites. The oldest Missour-
ian assemblage includes Fusulina (of the
Russian-platform type; it is not a Beedeina),
and associated Oketaella, Schubertella, and
Eowaeringella.

The succeeding zone of Triticites includes
most of the Missourian and Virgilian series
and has the first appearance of Triticites,
lowanella, and Kansanella in the Midconti-
nent region. Of these, Triticites is long
ranging and continues into overlying zones
in the Permian. Within the zone Waerin-
gella and Dunbarinella appear briefly. The
top of the zone of Triticites is usually placed
below the first occurrence of Schwagerina
or Pseudofusulina.

In Eurasia and the Arctic, the zone of
Triticites in its lower part includes forms
ancestral to Triticites that have subsequently
been given generic status, Protriticites,
Obsoletes, Montiparus, as well as Fusulin-
ella, Quasifusulina, and the last of Quasifu-
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sulinoides. Triticites is advanced but rela-
tively unspecialized when it first appears in
the middle part of the zone and early in its
history it gives rise to Da‘xina and Jigulites
and finally to primitive Pseudofusulina near
the top of the zone (REYTLINGER, 1969). In
the Soviet Union, a number of fusulinacean
paleontologists include the overlying zone
of “Schwagerina” (ie., Asselian Stage) in
the Carboniferous, whereas most other pale-
ontologists and biostratigraphers place the
Asselian in the basal part of the Permian.
The Asselian, as a biostratigraphic unit, is
correlated with the lower part of the
North American Wolfcampian Series (Neal
Ranch Formation), which is considered low-
est Permian by most North American pale-
ontologists.

The biogeographic distribution of Car-
boniferous Foraminiferida has been dis-
cussed by Eynor and others (1973), Lipina
(1973), Lipina and Revrrineer (1970),
Mamer and Skier (1971), Ross (1967,
1973), and THompson (1967).

The epeirogenic sea of the North Ameri-
can craton had an impoverished foramini-
feral fauna compared to the seas in the
miogeosynclines and on the edges of the
craton. The fauna on the craton is less
diverse and is characterized by accumula-
tions of monogeneric and even monospecific
assemblages and there are fewer individuals.
The least diverse and most endemic fora-
miniferal faunas in North America are in
the upper Mississippi valley and Midconti-
nent regions and this leads to difficulties in
extending biozones of the type sections of
the Mississippian to the Cordilleran region.
The distribution of different families of
Foraminiferida is affected by the environ-
ments of this epeirogenic sea. Cornuspiridae
and Fischerinidae? are evenly distributed in
North America, Tournayellidae are mainly
restricted to the Cordillera, Forschiidae are
rare in the Midcontinent, and Palaeotextu-
lariidae are common in the Visean of the
Cordillera but scarce in rocks older than
Namurian in the Midcontinent. Endothyri-
dae are widespread in North America and
the variety of species makes them strati-
graphically useful in the Midcontinent.

Early Carboniferous foraminiferal as-
semblages of Eurasia and North America
show some latitudinal differences but there
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is no evidence of exclusive provincialism.
The most complete assemblages are in
miogeosynclines and on shelf margins in
the Urals, Donetz, Turkey, North Africa,
western Europe, Iran, Vietnam, and Aus-
tralia, and form a Tethyan realm. The
foraminiferal faunas in northern Siberia,
Kuznetzk, Japan, and the Cordilleran and
Appalachian geosynclines differ from the
Tethyan populations in having a much
greater percentage of Endothyridae, a spar-
sity of Forschiidae, Bradyinidae, and Palaeo-
textulariidae, and a lower species diversity.

Inverse relations exist between the im-
portance of planispirally coiled Eoendothy-
ranopsis and of Eostaffella and Pseudoen-
dothyra; in the European Visean Eostaffella
and Pseudoendothyra are abundant and
Eoendothyranopsis is scarce whereas in
North America the Visean Eoendothyran-
opsis is abundant and Eostaffella is sparse.
Exchanges of fauna between the two realms
were widespread during most of the Early
Carboniferous and the North American
fauna, despite impoverishment in many
elements, always has counterparts in Eur-
asian faunas,

Middle and Late Carboniferous members
of the superfamily Fusulinacea are widely
distributed, commonly abundant, and
evolved rapidly. Figure 3 shows the strati-
graphic and geographic distribution of gen-
era belonging to the five Carbeniferous fam-
ilies of fusulinaceans. In the Eurasian-Arctic
province many more genera and a more
complex zonal sequence of genera in these
families arose than in the Midcontinent-
Andean province (Ross, 1967). Infrequent
and incomplete faunal exchange through a
filter region between faunal provinces, such
as occurred early in Morrowan time and
again early in Atokan time, established the
initial fusulinacean stock that produced suc-
cessive provincial lineages characterizing the
zones of Millerella, Profusulinella, Fusulin-
ella, and Beedeina in the Midcontinent-
Andean province.

A nearly independent evolutionary history
of the Eurasian-Arctic and Midcontinent-
Andean faunal provinces is indicated by the
different stratigraphic ranges of Profusulin-
elia, Fusulinella, Beedeina, and Fusulina in
the two provinces. In the Eurasian-Arctic
province Fusulinella and Fusulina appear at
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about the same time and persist, along with
their ancestor, Profusulinellz, until near the
end of the Moscovian. In the Midcontinent
province a phylogenetic sequence from Pro-
fusulinella to Fusulinella to Beedeina shows
little stratigraphic overlap between these
three genera. Fusulina appears briefly in the
basal part of the Missourian (Midcontinent-
Andean province) only after the extinction
of Beedeina. The few genera of Fusulinidae
that are nearly cosmopolitan, such as Pseu-
dostaffella, Fusulinella, Wedekindellina, and
Beedeina, have different species complexes
in the different provinces during the Middle
Carboniferous. Near the end of the Middle
Carboniferous, a few genera, such as Fusi-
ella, which is typical of the late Moscovian
of the Eurasian-Arctic province, and Bar-
tramella appear abruptly in the Desmoines-
ian in the Midcontinent-Andean province.

In both provinces many lineages of Mid-
dle Carboniferous foraminiferids became
extinct at about the end of Desmoinesian or
Moscovian time and relatively few genera
survived into the Late Carboniferous. Most
surviving lineages were modified sufficiently
to be given new generic names. In the
Eurasian-Arctic province rapid evolution
produced a sequence of early schwagerinid
genera: Protriticites, Montiparus, Obsoletes,
and fnally Triticites. Triticites is the only
genus of this sequence that successfully
invaded the Midcontinent province. How-
ever, the Midcontinent genera, lowanella
and Kansanella, are probably derived from
the Eurasian-Arctic genus Montiparus and
not directly from Triticites. In Eurasian-
Arctic faunas Fusulinella persisted in a dis-
tinctive facies and gave rise to Pseudofusu-
linella near the end of Late Carboniferous
time. Eowaeringella appears to be restricted
to North America and ranges from the Mid-
dle Carboniferous into the Upper Carbon-
iferous; it gave rise to the Virgilian Waer-
ingella of the Midcontinent province and
possibly gave rise to Thompsonella. During
the later part of the Late Carboniferous in
the European part of the Eurasian-Arctic
province Triticites evolved into several di-
verse lineages with several subgenera, such
as [igulites and Rauserites, and the genera
Pseudofusulina, Rugosofusulina, and Daix-
ina. Some of these are restricted to the
Eurasian-Arctic province and, at times, to

Introduction—Biogeography and Biostratigraphy

only certain of its subprovinces. Within the
Midcontinent-Andean province species of
Triticites form several distinctive lineages.

In comparison with the Early and Middle
Carboniferous, during Late Carboniferous
both the Eurasian-Arctic and Midcontinent-
Andean provinces had less diversity. Major
morphological changes occurred in only the
earliest part and again in the later part of
the Late Carboniferous and seem to coin-
cide with increased dispersal.

The patterns of distribution and dispersal
and intervals of endemic evolution of Fora-
miniferida during the Carboniferous (Ross,
1970) are similar to those that have been
demonstrated for rugose corals (Hirt, 1957,
1973) and ammonoids (RuzrENTSEV, 1966;
Goroon, 1970). As with many questions
of biogeography, it is difficult to establish
causal factors for these similar histories;
however, some speculations are possible.
Lirina and Reyrrivcer (1970) suggested
that the faunal differences between the
European and Siberian subprovinces of their
Eurasian foraminiferal province coincide
with the change from tropical to extra-
tropical floral zones and their interpretation
is supported by the decrease in foraminiferal
diversity and lack of forms having massive
shells. Early and Middle Carboniferous
paleofloral regions (MEevEN, 1970) of the
Euramerican region extending from south-
central Asia across Europe into North
America have woods lacking annual rings
(indicative of tropical climate) and those
in the Angaran region have woods with
annual rings (indicative of extra-tropical
climates).

CORALS

Although Carboniferous coral occurrences
(Fig. 1, 4) are considered to be closely re-
lated to biofacies, they have been widely
used for establishing stratigraphic correla-
tions. Where corals are abundant and
several biofacies are represented, correla-
tions within a province are usually consistent
with those based on other fossil groups.
Corals apparently did disperse slowly and
relatively infrequently between some prov-
inces after the Visean and this limits their
effective use in younger Carboniferous
strata,
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Lower Carboniferous coral faunas in
North America, Eurasia, and Australia are
sufficiently distinct from one another that
Hi (1948, 1957, 1973) considered each of
these areas a separate zoogeographic region.
The Eurasian region includes four major
subdivisions: 1) a western European prov-
ince including part of the maritime prov-
inces of eastern Canada and northwestern
Africa, 2) an eastern European province, 3)
a ChineseJapanese province, and 4) a
southcentral Asian province, which with
additional study may be further subdivided
(HiLt, 1973).

During earliest Carboniferous time
(Tournaisian) the North American zoogeo-
graphic region was subdivided by the trans-
continental arch that partially separated
coral faunas of the stable broad Mississippt
valley epicontinental shelf from the faunas
of the Cordilleran geosyncline and its mar-
ginal shelf. According to Hir (1973), a
number of solitary coral genera of the Missis-
sippi valley shelf appear to be related to cera-
toid genera of the western European prov-
ince. In addition, several North American
endemic lineages developed (e.g., Clinophyl-
lum and Neozaphrentis) and some genera
continued from Late Devonian time (e.g.,
Microcyclus and Hadrophyllum). The North
American Cordilleran coral faunas include
a number of genera in common with those
of the Mississippi valley shelf, such as
Cyathaxonia and Homalophyllites, but also
include several eastern European genera
such as Keyserlingophyllum, Enygmophyl-
lum, and Uralinia? which suggest a shallow
marine connection with the Uralian geosyn-
cline. Zaphrentites, Amplexus, and Vesicu-
lophyllum are also present in this fauna.

Within the Eurasian region, Hiee (1973)
recognized considerable provincialism. The
western European province (including a
portion of northwestern Africa) has great
diversity and includes an impressive as-
semblage of corals characterized by Cra-
venia, Allotropiophyllum, Amplexocarinia,
Amplexus, Caninia, Caninophyllum, Cyath-
oclisia, Koninckophyllum, Cryptophyllum,
Cyathaxonia, Lonsdaleia, Menophyllum,
Sychnoelasma, Palacosmilia, Rotiphyllum,
Siphonophyllia, Thysanophyllum, Zaphren-
tis, and a number of tabulate corals (Hive,
1948). The eastern European corals of the
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Russian platform (and the margins of that
platform) contain different species assem-
blages that were used by VasiLyuk et al.
(1970) to identify three subprovinces: one
in the north in the region of Novaya
Zemlya, another in the Moscow basin, and
a third in southern Ural-Donbas (or south-
shelf edge). In these subprovinces the
tabulate corals Syringopora, Tetraporinus,
Roemeripora, Michelinia, Emmonsia, and
Gorskyites are important and Caninia,
Caninophyllum, Uralinia, Siphonophyllia
and other caninioid genera are present.
Farther east the Kazakhstan Tournaisian
coral faunas are small in number of species
and genera and include a Chinese element,
Cystophrentis, suggesting connections to the
east. The Kuznetzk basin faunas include
Cyathoclisia and possible ancestors of the
Visean Arachnolasma and Yuanophyllum of
China. Late Tournaisian coral faunas be-
came more widely dispersed in the east
European-Asian provinces, and of these
Uralinia, Keyserlingophyllum, and Enyg-
mophyllum are particularly widespread and
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characteristic and were dispersed as far as
the western Cordilleran province of North
America. The southern Ural, Kazakhstan,
and Kuznetzk areas have a number of
distinctive genera, such as Bifossularia, in-
dicating dispersal of some genera was still
partially restricted. Kazakhstan had several
endemic species or subspecies and Kuz-
netzk, in addition to endemic species, had
several endemic genera, such as Kuzbaso-
phyllum, Adamanophyllum, and Tachyphyl-
lum (DoBroLYUBOVA, et al., 1966). The ap-
pearance of Chia and Tetraporinus in the
Donetz basin at this time suggests faunal
dispersals along an east-west seaway (or
shelf margin) with parts of China. Along
the northwestern edge of the Angaran cra-
ton Ivanovskry (1967) reported a small
coral fauna including Amplexus, Campo-
phyllum, Tachyphyllum?, and Trochophyl-
lum and on the northeastern edge of the
Angaran craton the Tournaisian coral fauna
includes Uralinia, Keyserlingophyllum, Am-
plexus, Caninia, Caninophyllum, Rotiphyl-
lum, Sychnoelasma, and Trochophyllum.

Hiii (1973) recognized a Chinese prov-
ince in which Cystophrentis and Pseudoura-
linia are common together with the widely
distributed genera Caninia and Zaphrent-
ites. In Japan a Tournaisian sequence in-
cludes three assemblage zones: Amygdalo-
phyllum and Lithostrotionella at the base;
next, Amplexus and Syringopora; and
Sugiyamaella near the Tournaisian-Visean
boundary.

Thus far, relatively few coral localities
are reported from the Tourpaisian of the
Australian biogeographic region. The earl-
iest occurrences (which may prove to be
latest Devonian) include Lithostrotion,
Amygdalophyllum, Naoides (endemic),
Michelinia, Yavorskia, and Syringopora.
Another locality has Cladochonus and Bibu-
cia (endemic) and a higher locality has
Amygdalophyllum and Merlewoodia (en-
demic).

Visean corals were also divided into three
zoogeographical regions by Hir (1973):
North American region, eastern Australian
region, and Eurasian region. The Eurasian
region includes the maritime provinces of
Canada and Bonaparte basin (northwestern
Australia) in addition to much of north-
western Africa. Visean coral faunas are
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more diverse than those of the Tournaisian
and include a number of new introductions
and newly evolved genera.

In the Cordilleran province of North
America a large representation of species
of Lithostrotionella is associated with Litho-
strotion, Thysanophyllum, Sciophyllum, Di-
phyphyllum, and ?Dorlodotia. In addition,
Ekvasophyllum, Faberophyllum, Liardiphyl-
lum, and Zaphriphyllum, along with a num-
ber of nondissepimented genera, occur in the
northern part of the North American Cor-
dilleran and also in the Taymyr geosyncline
north of the Angaran shield. The epicon-
tinental shelf of central North America con-
tained a less diverse fauna than the Cordil-
leran region and includes at least one genus,
Palaeosmilia, of Eurasian affinities.

On the basis of Visean corals, the Eur-
asian faunal region is divisible into a num-
ber of provinces and subprovinces. The
western European province (including Nova
Scotia and northwestern Africa) has a
diverse fauna with the characteristic genera
Allotropiophyllum, Amplexus, Caninia, Car-
ruthersella, Cravenia, Cyathaxonia, Dibuno-
phyllum, Koninckophyllum, Lithostrotion,
Lonsdaleia, Orionastrea, Zaphrentites, and
Palaeosmilia, but lacks Lithostrotionella,
Ekvasophyllum, Faberophyllum, Liardiphyl-
lum, Zaphriphyllum, and Gangamophyl-
lum. The Nova Scotian Visean coral fauna
includes the distinctly Eurasian genera
Lonsdaleia and Dibunophyllum. The east-
ern and southeastern European Visean prov-
ince includes most of the genera of the
western province and, in addition, has some
distinctive genera, such as Gangamophyl-
lum, Turbinatocaninia, and Paralithostro-
tion, as well as a few genera, such as Eolith-
ostrotionella  and  Melanophyllum, that
suggest connections with parts of central
and eastern Asia. The Donetz basin fauna
is largely western European in its affinities
but does carry representatives from the
proto-Tethys geosynclinal margin, such as
Neoclisiophyllum and Arachnolasma of
Chinese afhnities, Amygdalophyllum with
Australian affinities, and a number of en-
demic genera.

Farther south in Turkey, Iran, and south-
ern Soviet Union, Visean corals include a
mixture of eastern Furopean and Chinese
genera, including Kueichouphyllum and
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Kueichowpora, and in Ferghana the fauna
appears to be a combination of various gen-
era from western European, eastern Euro-
pean, central and eastern Asian, and Aus-
tralian faunas. In the Visean, other areas
in central Asia also include mixtures of
genera from western or eastern European
or Chinese faunas but with endemic species,
as in Pamir and Kazakhstan. In the Kuz-
netzk basin, endemism is more marked and
is indicated by the genera Kuzbasophyllum,
Adamanophyllum, and Bifossularia. Also
present is the North American Faberophyl-
lum. In the eastern part of the Taymyr area
(VasiLyuk et al., 1970) the mainly Eurasian
genus Lithostrotion occurs with Chinese
tabulate and North American rugose genera.

The Chinese coral province of the Visean
has a distinctive mixture of western Euro-
pean, North American, and more or less
endemic southeast Asian genera. Subprov-
inces are apparent. In Hunan, Yu (1934,
1937) recognized two assemblages, the
Thysanophyllum and Yuanophyllum as-
semblage zones, based on endemic species.
In the lower zone Kueichouphyllum,
Bothrophyllum, Caninia, Dibunophyllum,
Kwangsiphyllum, and Lithostrotion are
common and in the higher zone Cyathax-
onia, Rotiphyllum, Zaphrentites, Zaphren-
toides, Heterocaninia, Dibunophyllum, Clis-
tophyllum, Koninckophyllum, Arachnolas-
ma, Ekvasophyllum, Caninostrotion, Litho-
strotionella, Lithostrotion, and Aulina form
the dominant part of the assemblage. The
upper part of the Hunan Visean succession
has reduced diversity and Lonsdaleia and
Arachnastrea appear in this province for the
first time.

In Sinkiang and Kansu, Visean coral
faunas include Siphonophyllia, Palacosmilia,
Kueichouphyllum, Yuanophyllum, Arach-
nolasma, Gangamophyllum, and others with
important endemic species and many en-
demic species of more widespread genera.
Elements of this fauna have been traced into
Yunnan, Tibet (Yanc & Wu, 1964), Nepal
(FLUGEL, 1966), and farther along the proto-
Tethys. Much of this coral fauna is trace-
able along the western margin of the South
China-Indochina craton (FonrtaNg, 1961;
SmrTH, 1948) and into the Bonaparte Gulf
basin of northwestern Australia.

In Japan, Visean corals form a separate
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subprovince of the Chinese province and
are further divisible into an inner and outer
zone based on sedimentary environmental
features as well as faunal composition. The
outer zone of dark limestone facies includes
many genera typical of the main part of
the Chinese province but also includes
Pseudodorlodotia, Sciophyllum, Setamain-
ella, and Tschussovskenia; this assemblage
may extend into the lower part of the
Namurian. The inner zone is largely a reef
and slope facies and contains Nagato-
phyllum, Echigophyllum, Taisyakuphyllum,
Pseudopavona, and Akiyosiphyllum. In this
inner zone the fauna ranges from upper
Visean into Middle Carboniferous and be-
comes increasingly endemic.

Eastern Australia forms a separate Visean
coral region and has Lithostrotion, Michel-
inia, Caninophyllum, Amygdalophyllum,
Nothaphrophyllum (endemic), Symplecto-
phyllum (endemic), Meriewoodia (endem-
ic), Orionastraea, Palaeacis, Aphrophyllo-
ides, Heterophyllia, Syringopora, and Aph-
rophyllum. Although many endemic species
and several endemic genera are important
constituents of this fauna, the lower endem-
ic Tournaisian genera, such as Bibucia and
Naoides, are not found in Visean faunas,
and only the endemic Merlewoodia appears
as a holdover among the Visean assem-
blages.

Lower Namurian coral faunas are much
less widely distributed than either Tourna-
isian or Visean faunas and usually are a
continuation of upper Visean assemblages
that are reduced in diversity and numbers.
The central North American region con-
tains coral faunas having Palaeosmilia, Kin-
kaidia, Caninostrotion, Koninckophyllum,
and a few other genera, all with distinctive
endemic species (Easton, 1945). The Nam-
urian fauna of the western Cordillera of
North America has Caninia, Zaphrentites,
Lithostrotionella, Syringoporella?, Haya-
sakaia?, and Siphonophyllia? (Sanpo, 1965;
RowertT, 1969) most of which have endemic
species but are predominantly descended
from faunas of the Chinese Visean province.

The Eurasian region is still clearly dis-
tinguished during the Namurian and is
composed of faunal provinces that are re-
lated to their Visean predecessors. About
a dozen genera range from the Visean into
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the Namurian of western Europe (Hiry,
1973) although species (and individuals)
are much less numerous. These genera
are Aulina, Aulophyllum, Carcinophyllum,
Clisiophyllum, Dibunophyllum, Konincko-
phyllum, Lithostrotion, Lonsdaleia, Zaph-
rentites, Carruthersella, Palaeacis, and Pal-
aeosmilia?. The Donetz basin continues to
have a dominantly western European fauna
with a few Chinese genera. The eastern
European province has Arachnolasma,
Gangamophyllum, Kazachiphyllum, Melan-
ophyllum, Nervophyllum, and Paralithostro-
tion, in addition to most of the western
European genera.

In central Asia, Kazakhstan, and Pamir,
the Namurian corals are closely similar to
those reported from the eastern European
province. The Chinese province carries a
continuation of its Visean coral faunas and
Namurian coral assemblages are difficult to
distinguish from Visean ones. Corals have
not been reported from the Namurian strata
of Kuznetzk and Australia.

Late Namurian (or Bashkirian) coral
faunas are relatively poorly known probably
because rocks of this age with a coral-bear-
ing carbonate facies are not extensively ex-
posed. In the Donetz basin and southern
Ural regions a continuation of earlier gen-
era, such as Lithostrotion, Orionastraea, and
Corwenia, is accompanied by the appearance
of Eolithostrotionella, Cystophora, and Don-
ophyllum. Endemic complexes of species of
caniniid-clisiophyllid corals, in which the
axial structures are poorly developed or lack
a clearly defined pattern, are common and
include species of Lophophyllum, Neokon-
inckophyllum, Yuanophylloides, Caninia,
Campophyllum, Yakovleviella, and others,
including the endemic genus Sestrophyllum.
The Chinese genus Arachnolasma is present,
and in the Donetz basin Cyathaxonia, Loph-
ophyllidium, Zaphrentites, Allotropiophyi-
lum, and the endemic Parastereophrentis,
Kumpanophyllum, and Cystilophophyllum
have been recorded. In the southern Urals,
the endemic Lytvophyllum is present at this
time. Bashkirian coral faunas from Japan
are rare, not widely distributed, and include
Diphyphyllum, Thysanophyllum, Lithostro-
tionella, Nagatophyllum, and Chaetetes. A
Cyathaxonia-bearing fauna has been re-
ported from the Atokan of the United States
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and may be of late Bashkirian age.

Near the western end of the proto-Tethys
in northwestern Spain, e Groot (1963) re-
ported endemic species of Litkostrotionella,
Dibunophyllum, Clisiophyllum, Konincko-
phyllum, Pseudozaphrentoides, Konincko-
carinia, and Carcinophyllum. Other Bash-
kirian (or Morrowan) coral faunas are
poorly known, but apparently are present
in the marine part of the proto-Tethyan
geosyncline in Tien Shan along the south-
ern edge of the Angaran craton. In North
America, Morrowan corals are widely dis-
tributed but are not well known.

Moscovian (Atokan-Desmoinesian) corals
are more widely distributed than Bashkirian
corals, but have not been thoroughly studied.
Most of western Europe had nonmarine
deposition during most of this time (West-
phalian) but in the eastern European prov-
ince along the edges of the Russian platform
Cystophora and Arachnastraea are common
and Koninckocarinia, Carniaphyllum, Can-
inophyllum, Bothrophyllum, and Timania
may be present in various localities in the
Ural, Donetz basin, Tien Shan, and Kazakh-
stan regions. The first species of Durham-
ina has been reported from the northern
Urals (Mivato & Karo, 1965a). Farther
east, the Middle Carboniferous of China
contains Kionophyllum and Gshelia. How-
ever, these faunas are poorly known and
are apparently not abundant or common.
The earliest waagenophyllid, Huangia, oc-
curred in China during the Moscovian
(Mmvato & Karo, 1965b). In Japan the
inner zone assemblages with Nagato-
phyllum apparently range from strata of
late Visean age upward into strata of
Namurian age and probably into strata as
young as Moscovian age. In northwestern
Spain, pE Groot (1963) recorded endemic
species of Koninckophyllum, Carcinophyl-
lum, Lithostrotion, Corwenta, Arachna-
straea, and Lithostrotionella from Moscov-
ian strata. In North America a number of
genera and species were endemic to central
North America during the Pennsylvanian
including the middle Pennsylvanian (Ato-
kan-Desmoinesian)  genera Empodesma,
Stereocorpha, Lophotichium, Barytichisma,
Acaciapora, and Cumminsia; endemic spe-
cies of Dibunophyllum and Neokonincko-
phyllum; and also the highest occurrence of
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Chaetetes in the North American region.

During Moscovian time (HiLt, 1957), a
distinctive coral province extended at least
from Spitsbergen along the Russian plat-
form and western side of the Ural geosyn-
cline across southern Europe to northwestern
Spain. In southeastern Asia several genera,
such as Gshelia, Cyctophora, and Arachna-
straea, suggest a separate province at this
time.

Post-Moscovian—pre-Permian (i.e., Late
Pennsylvanian) coral faunas have not been
widely studied and apparently are not com-
mon. The eastern European province has
a continuation of dominant Moscovian gen-
era, such as Timania, Gshelia, Bothrophyl-
lum, Caninophyllum, Eolithostrotionella,
Tschussovskenia, and Protolonsdaleiastraea.
Kionophyllum and Amandophyllum spread
to the Carnic Alps during latest Carbonifer-
ous time. Also, in very Late Pennsylvanian
time in southwestern North America Dur-
hamina, Stereostylus, and Leonardophyllum
formed the beginnings of several endemic
lineages that extended into Early Permian
time. Lophophyllidium, Syringopora, Aulo-
pora, and “Caninia” also are recorded from
the Upper Pennsylvanian at several localities
in central North America. Limited knowl-
edge of post-Moscovian (post-Desmoines-
ian)—pre-Permian corals of the Carbonifer-
ous does suggest well-developed provincial
and regional faunas. These faunas included
new families and genera that led to an in-
creasing diversity marking the beginning
of the Permian; however, the details are not
presently known.

BRACHIOPODS

Near the end of the Devonian many of
the major brachioped superfamilies and
families either became extinct or were
greatly reduced in importance. These in-
clude the strophomenaceans, punctate and
impunctate orthids, pentamerids, atrypa-
ceans, dayiaceans, and early terebratulids
(RUDWICI\ 1970). The surviving rhyn-
chonellids, spiriferids, and strophomenids
(particularly those with tubular spines or
shell cementation) evolved rapidly to give
the Lower Carboniferous brachiopods high
taxonomic diversity (Fig. 5), and they
were adapted to a wide range of environ-
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mental habitats. Other strophomenids, such
as chonetaceans, davidsoniaceans, and stro-
phalosiaceans, spiriferids, atrypids, rhyn-
chonellids, and the few surviving terebra-
tulids also underwent significant taxonomic
expansions. In the Early Carboniferous
several major families of spiriferids evolved
(Ivanova, 1972): Spiriferidae and Syringo-
thyrididae (both of which may have first
evolved in the Late Devonian), and Brachy-
thyrididae, Choristitidae, Paeckelmanellidae,
Davidsoninidae, and Spiriferellinidae. Sev-
eral Carboniferous subfamilies have short
stratigraphic ranges. The subfamily Spirif-
erinae appears to range no higher than the
upper part of the Visean. Although present
carlier, Neospiriferinae were common in
the Middle and Late Carboniferous and
gave rise to the Trigonotretinae during the
Late Carboniferous. The family Davidson-
inidae appeared in the Visean and became
extinct by the end of the Namurian (Ivan-
ova, 1972). Rapid evolution and short
stratigraphic ranges of species of the family
Choristitidae are useful in subdividing the
Middle Carboniferous in Eurasia (KnaLym-
BaDZHA & TiknvINSKIY, 1967).

During the Tournaisian and Visean, spirif-
erids were widespread and most groups
were cosmopolitan. Beginning in the Na-
murian their distributions became increas-
ingly more restricted as endemic species
and then endemic genera replaced the older
more cosmopolitan species and genera. Mid-
dle Carboniferous spiriferids are less well
known but are commonly abundant and
diverse in regions of marine epicontinental
deposition (KuaLyMBADZHA & TIKHVINSKIY,
1967). However, the number of cosmopoli-
tan species and genera was considerably less
than in the Early Carboniferous. The data
available for spiriferid distributions in the
Late Carboniferous are less complete than
for the other parts of the Carboniferous, but
a renewed diversification in the Early Per-
mian suggests increasing geographic dis-
persal during the Late Carboniferous.

The general history of the evolution and
geographic distribution of productoid brach-
iopods (Muir-Woop & Coorer, 1960) is
similar to that of the spiriferids. Most Early
Carboniferous diversity in the productoids
was in lineages that first appeared in the
Late Devonian. Tournaisian and Visean
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productoids evolved into diverse and wide-
spread groups that contained many cosmo-
politan elements as well as a number of
endemic and locally important genera (e.g.,
the four genera of the Gigantoproductidae).
During the later part of the Early Carbonif-
erous a number of genera and subfamilies
became extinct (Sinuatellidae, Productelli-
dae).

Middle Carboniferous productoids had
less cosmopolitan distributions. Most Car-
boniferous genera of the Linoproductidae,
except Striatifera, had endemic distributions
and only near the end of the period or in
the Early Permian did this family become
widely dispersed. This distributional pat-
tern is also apparent in the Buxtoniidae,
Dictyoclostidae, and Echinoconchidae. Sev-
eral families had subfamilies or genera with
disjunct distributions during the Carbon-
iferous: during the Visean the family Stro-
phalosiidae had only one genus in Europe
and two in North America; and during the
Late Carboniferous the subfamily Echino-
steginae had two endemic stocks, one in
North America, and other in the Ural
region, that gave rise to major lineages that
subsequently dispersed in the Early Per-
mian. Several of the surviving Devonian
lineages, such as the Leioproductidae, Pro-
ductininae, Overtonidae, and Productidae,
evolved a number of endemic genera in ad-
dition to a few cosmopolitan genera in the
Lower Carboniferous. The reduction in
productoid generic diversity near the begin-
ning of the Middle Carboniferous was fol-
lowed by a gradual increase in diversity
again near the end of Middle Carboniferous
time, and it continued through the late
Carboniferous into the Early Permian.

CEPHALOPODS

Carboniferous cephalopods were a diverse,
rapidly evolving, free swimming, benthonic
group that forms one of the important series
of stratigraphic index fossils for the period.
As with several other groups of Carbonif-
erous fossils, the cephalopods of Europe
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and central and southwestern United States
are known in considerably more detail than
in many other parts of the world because of
the availability of collections of specimens
and more detailed study. Many species and
genera are believed to have lived within
particular depth intervals and, as a conse-
quence, if a cephalopod assemblage was
derived from the overlying water column,
deeper water sediments commonly contain
a greater diversity than shallower water sed-
iments. On the other hand, many empty
shells floated and were carried by currents
hundreds, perhaps thousands, of kilometers
beyond the biogeographic areas occupied by
living specimens, as presently happens to
shells of recent Nautilus. Thus, a number
of cephalopod fossil assemblages, particu-
larly those having an unusually large num-
ber of species and genera, is believed not to
be living assemblages, but postmortem col-
lections of drifted shells concentrated at
shorelines.

Carboniferous cephalopods include the
remnants of the subclass Actinoceratoidea,
which had a long history in the early and
middle Paleozoic, the long-ranging subclass
Nautiloidea, and the rapidly diversifying
subclass Ammonoidea. Only a few genera
of the subclass Actinoceratoidea have been
reported from Carboniferous strata (TEIcH-
ERT et al., 1964): Mstikhinoceras from the
Visean of the Russian platform, Carbactino-
ceras and Aploceras from Visean strata in
western Europe, and Rayonnoceras, which
is longer ranging and more widespread in
both North America and Europe.

In the subclass Nautiloidea three orders
occur in the Carboniferous: Orthocerida,
Oncocerida, and Nautilida. The Orthocerida
includes a smaller superfamily, Orthocerat-
aceae, having long-ranging genera that are
mainly European and North American in
distribution and a larger superfamily, Pseud-
orthocerataceae. This latter superfamily in-
cludes Pseudocyrtoceras, Cyrtothoracoceras,
five closely related genera, Pseudactinoceras,
Bergoceras, Campyloceras, Eusthenoceras,
and Paraloxoceras, which are known only

Fic. 5. (Continued from facing page.)
in each family is shown by the type of line; less than three (single fine line), three to six (double fine

lines), seven to twelve (broken thick line), and more than twelve (solid thick line).

(Data from

Rudwick, 1970; Ross, n.)
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from the Tournaisian and Visean of western
Europe, and Ewuloxoceras from the upper
Misstssippian and Pennsylvanian of central
North America. The remaining seven pseu-
dorthoceratid genera are widespread and
apparently cosmopolitan. The order Onco-
cerida has three Lower Carboniferous gen-
era of which Argocheilus is known only
from China and the other two from North
America and Europe,

The order Nautilida has nine families in
the Carboniferous, six of which contain a
number of genera that appear to be wide-
spread in Europe and North America in
Lower Carboniferous strata; for example, in
the family Koninckioceratidae, Millkoninck-
ioceras, Endololobus, Knightoceras, Planet-
oceras, and Temnocheilus; in the family
Trigonocerataceae, Aphelacceras, Maccoyo-
ceras, Rineceras, Stroboceras, Thrincoceras,
and Vestinautilus; in the family Solenochil-
idae, Acanthonautilus; in the family Liro-
ceratidae, Liroceras; and the family Ephip-
ploceratidae, Ephippioceras. A few of these
genera are recorded elsewhere also, such as
Liroceras and Ephippioceras. Among the
nine nautilid families, many other genera
are known from Lower Carboniferous stra-
ta from limited geographical areas, for
example, Tylonautilus, Duerleyoceras, Lo-

phoceras, Subvestinautilus, Trigonoceras,
Discitoceras, Epistroboceras, Leuroceras, Lis-
poceras, Mesochasmoceras, Pararineceras,

Subclymenia, Diorugoceras, Phacoceras, Epi-
domatoceras, and Bistrialites are known
from Europe (mostly western Europe), and
Edaphoceras, Tylodiscoceras, Chouteauo-
ceras, and Diodoceras are known only from
central and eastern North America.
Middle and Upper Carboniferous genera
of the family Tainoceratidae are widely dis-
tributed in North America and Europe, ex-
cept for Gzheloceras from the Urals. In the
family Grypoceratidae most genera are
nearly cosmopolitan, such as Domatoceras,
Stenopoceras, and Titanoceras, and in the
family Solenochilidae Solenochilus is also
cosmopolitan. A few Pennsylvanian genera
seem restricted to North America, including
Coelogasteroceras, Condraoceras (which ap-
pears also in the Permian of Europe), and
Megaglossoceras. A few additional distrib-
utions are of interest largely because they
indicate the incompleteness of these records.
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Valhallites has been reported only from
Siberia and Arkansas, and Phacoceras is
known not only from the Lower Carbon-
iferous of Europe but also from the Lower
Permian of Australia.

The subclass Ammonoidea is widely, and
commonly abundantly, distributed in Car-
boniferous strata and appears to be generally
more cosmopolitan than the Actinocerat-
oidea and Nautiloidea (MiLLER & Furniss,
1957). The evolution and biostratigraphic
zonation of Carboniferous ammonoids have
been extensively studied in Europe and
North America because of the usefulness of
this group as stratigraphic index fossils.
Based on these studies, ammonoids from the
rest of the world have been compared and
analyzed and assigned to biostratigraphic
units. RuzaenTsev (1966) recognized nine
major biostratigraphic assemblages (Fig. 6)
using the stratigraphic ranges of 158 am-
monoid genera.

Few recent studies have considered the
geographical distributions of Carboniferous
Ammonoidea in detail. Data available for
Tournaisian and Visean goniatites (Bisar,
1924; Dranovzar, 1972; HobsoN & Rams-
BoTTOM, 1973) indicate that seven assem-
blage zones were widely distributed. The
oldest of these Carboniferous goniatite fau-
nas appears at the edges of the Hercynian
belt in Europe, Kazakhstan, and North
Africa, and commonly occurs in strata that
rest without hiatus on highest Devonian
strata. The succeeding five zones are iden-
tified mostly on the basis of ranges of genera
of Goniatitidae that are widely distributed
in the northern hemisphere, but they are
poorly known from the southern hemi-
sphere except Australia where two of
the assemblage zones are recorded. Based
on wide geographic distribution, these five
sets of late Tournaisian and Visean assem-
blage zones are considered to be cosmopol-
itan. The highest Visean assemblage zone
is likewise widely distributed but the species
show provincial distributions.

Provincialism becomes characteristic of
ammonoids for the remainder of the Lower
and Middle Carboniferous. For example,
about half of the Ural faunas are made up
of members of the Prolecanitidae, Agathice-
ratidae, Pronoritidae, Delepinoceratidae, and
Ferganoceratidae; forms that are absent in
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Fic. 6. Ranges of ammonoid genera in the Upper Devonian, Carboniferous, and Lower Permian. (Data

northwestern Europe. Namurian and early
Westphalian ammonoid distributions are
characterized by a number of provincial
faunas in which generic ranges extend ir-

from Ruzhentsev, 1960, 1966; Ross, n.)

regularly upward in the succession (Rams-
BoTTOM, 1971); some lineages became ex-
tinct or evolved into new but endemic gen-
era. Goniatitids persisted in North Africa
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and Arkansas well into the Namurian to
give rise to Proshumardites, and in the Ural
region Dunbarites and Platygoniatites per-
sisted into the Namurian, whereas in north-
western Europe the only goniatitids to sur-
vive are in the base of the Namurian. Al-
though the genus Cravenoceras (Zone E,)
is widespread and cosmopolitan, its species
tend to be endemic to several provinces.
Eumorphoceras and Delepinoceras are wide-
spread but their contribution to various
faunas varies considerably and Craveno-
ceratoides (Zones Ezy, and Ez.) is a common
northwestern European genus that has also
been recorded from Spain, the Sahara, and
central Asia.

At the top of Zone Es and in Zone H,
goniatite zonal index faunas are lacking
in North America, but they are common
in northwestern Europe, North Africa, and
possibly in the eastern Urals; the zonal
genus Homoceras has been reported from
as far east as the Tien Shan Mountains.
Pronoritids are commonly associated with
these occurrences except in northwestern
Europe.

Reticuloceras is common in the Ural
Mountains, Donetz basin, and to the south
along the proto-Tethyan geosyncline where
it is associated with Proshumardites and
pronoritids, but Reticuloceras is rare in
North America where Syngastrioceras and
Cymoceras dominate. In northwestern Eu-
rope the goniatite fauna is less diverse and
restricted. Later Reticuloceras stocks in
northwest Europe and North America ap-
pear to have had independent histories.

Gastrioceras, Branneroceras, and Syngas-
trioceras form the typical assemblage of
Zone Gy and are nearly cosmopolitan ex-
cept for northwestern Europe where Gastri-
oceras occurs without the other two typical
genera. In succeeding strata with Zone Gs,
northwestern European goniatites represent
a relict fauna with the exception of Polito-
ceras, which was introduced from North
America. In North America the Middle
Carboniferous is an interval of increasingly
diverse goniatite faunas, and a number of
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genera, such as Bisatoceras, Gonioloboceras,
Gonioglyphioceras, Wiedeyoceras, Dunbar-
ites, Vidrioceras, Paralegoceras, Diabloceras,
Winslowoceras, and Owenoceras, are en-
demic.

Late Carboniferous ammonoids appear to
be more cosmopolitan in distribution than
those of the Middle Carboniferous. Dun-
barites was still endemic to south-central
North America as were Eupleuroceras and
Vidrioceras, and in the Ural Mountains
Gleboceras was endemic.

Tournaisian and Visean seas covered a
larger proportion of continental platforms
than did Namurian and later seas (Rams-
BoTTOM, 1971). The most varied cephalopod
faunas are in the proto-Tethyan region
which was connected at various times to
these epicontinental seas. When ammonoid
distributions are plotted on reconstructed
Carboniferous paleogeographic maps, they
occur between Carbeniferous latitudes 60°N
and 50°S.

CONODONTS

The use of discrete conodont elements in
establishing a detailed biostratigraphic zona-
tion for the Devonian and Lower Carbon-
iferous has provided a tool for accurately
dating many marine strata that have rela-
tively few other fossils (Fig. 7). Litte
biological information is available about the
organism which bore the conodont elements.
Assemblages containing different types of
conodont elements are not commonly pre-
served, so the custom of referring to each
type of element as a different form taxon
is a useful biostratigraphic expedient. Al
though many of the conodont guide fossils
have an uneven geographic and stratigraphic
distribution (Ruopes & AusTiN, 1971), they
form a widely used biostratigraphic scheme.
The British Tournaisian and Visean are
divided into 14 zones based on conodont
succession and the comparable sections in
North America are divided into 13 zones
and in Germany into eight zones.

In North America and in many other

Fic. 7. (Continued from facing page.)
range through the Carboniferous, such as Spathognathodus, and have species with distinctive stratigraphic
ranges, are not shown. (Data from Rhodes and Austin, 1971; Collinson, Rexroad, & Thompson, 1971;
Lane, Merrill, Straka, & Webster, 1971; Meischner, 1970; Ross, n.)
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parts of the world (SanpBzrc ez al., 1972),
Siphonodella has an important succession
of species that permits subdivision of the
lower part of the Lower Carboniferous.
These are succeeded in the upper part of the
Lower Carboniferous by a number of species
of Spathognathodus, Polygnathus, Bactrog-
nathus, Taphrognathus, Apatognathus, and
Cavusgnathus, which have distinctive strati-
graphic ranges.

In England the Lower Carboniferous con-
odont succession is characterized by a
large number of short-ranging species of
spathognathodids and pseudopolygnathids.
Siphonodella, a distinctive genus for the
Tournaisian elsewhere, is very rare in Eng-
land. Gnathodus has many shortranging
species in Visean and lower Namurian stra-
ta. Idiognathodus first appears at about the
same horizon as the cephalopod Reticulo-
ceras and different species of Idiognathodus
are distinctive in the upper part of the
Namurian. Gnathodus becomes increasingly
rare in this interval and finally disappears.
Westphalian conodont faunas lack Gnatko-
dus and are dominated by species of Idzo-
gnathodus.

In North America, Mississippian conodont
zonation has been well studied in the upper
Mississippi valley and adjacent areas (Cor-
LINSON, RExroaD, & THoMPsoN, 1971) and 16
named conodont zones and several subzones
are recognized (Fig. 7). The Kinderhook-
ian Series has six zones based on strati-
graphic ranges of species of Siphonodella,
Gunathodus, and Protognathodus. The
Osagean Series is subdivided using ranges of
species of Bactrognathus, Doliognathus,
Gnathodus, Pseudopolygnathus, Polygna-
thus, and Taphognathus. The base of the
Chesterian Series falls within one of these
zones. Species of Kladognathus appear in
the upper part of the Chesterian and the
highest zone in the Mississippi valley region
has the first appearance of Streptognatho-
dus. The top of the type Mississippian Sys-
tem is marked by a major hiatus; however,
at least part of the missing interval is repre-
sented by strata in Nevada where a higher
conodont zone, Gnathodus girtyi simplex
Zone, is assigned to the Mississippian.

Studies in North American Pennsylvanian
conodont zonation have concentrated on the
lower part of the succession, particularly the
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Morrowan Series (LANE ez al., 1971). Four
Morrowan zones are recognized based on
ranges of species of Spathognathodus, Idio-
gnathoides, and Gnathodus. In the Mid-
continent area, Idiognathoides dominates
the Morrowan conodont faunas. Several
species of Gondolella are restricted to the
Desmoinesian, Missourian or Virgilian
series and a species of Gnathodus occurs
in the Desmoinesian. Idiognathodus and
Streptognathodus are important in late Car-
boniferous conodont faunas of the Mid-
continent region.

In the central Appalachian Mountains,
Pennsylvanian lineages of Gnathodus start
in the lower part of the Pottsvillean Series
and have not been found above the middle
part of the Conemaughan Series. Specimens
of Idiognathodus are the most abundant
conodont in the Pottsvillean and Allegheny-
an Series but Streptognathodus dominates
the Conemaughan Series.

In the southwestern part of the Cordil-
leran miogeosyncline, the first appearance
of species of Streptognathodus and Idiogna-
thoides is in strata of early Morrowan
age. A number of species appear in both
the Cordillera and the Midcontinent areas
but they seem to have different regional
stratigraphic ranges and apparently reflect
intermittent connection between the two
regions.

The Carboniferous succession in Germany
is divisible into 14 conodont zones and sub-
zones (MerscuNEr, 1970). Tournaisian
strata are divided into five conodont zones
based on ranges of species of Protognatho-
dus, Pseudopolygnathus, Polygnathus, and
Siphonodella. Five zones are recognized in
Visean strata based on ranges of species of
Scaliognathus, Grathodus, and Paragnatho-
dus, some of which range upward into the
lower part of the Namurian. From strata of
the Homoceras Zone and higher Namurian
and Lower Westphalian, species of Gnazho-
dus dominate the conodont faunas. The
first appearance of Idiognathodus is in the
middle part of the Gastrioceras Zone at
the base of the Westphalian, a stratigraphic
position that suggests Idiognathodus occurs
higher in Germany than in England or
North America.

Studies of the biogeographic distribution
of conodonts (Druce, 1973) have come
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about only since the completion of detailed
stratigraphic analyses from a number of
different regions. Several Carboniferous
genera are apparently geographically re-
stricted to certain regions. The late Tour-
naisian genera Bactrognathus and Stauro-
gnathus are found only in the Midcontinent
and southwestern regions of the United
States and other reported occurrences are
questionable. Cavusgnathus occurs in the
Visean of North America, England, Scot-
land, and Germany, but is rare or lacking
in other parts of Europe (Druce, 1973);
however, this genus may be closely associ-
ated with nearshore deposits (LANE ez al.,
1971) and these distributions may reflect
inadequate sampling. Other Tournaisian or
Visean genera with restricted distributions
include Clydagnathus (Western Australia
and southern England), Doliognathus and
Dollymae (Europe and central North Amer-
ica), Mestognathus (Nova Scotia, Australia,
and Europe), and Taphrognathus (North
America, British Isles, and Australia).
Among the Middle and Late Carboniferous
conodonts, Gondolella was restricted to cen-
tral North America but became widespread
during the Permian Period.

Most other important zonal index genera
are cosmopolitan in distribution including
Gnathodus, Idiognathodus, Spathognathus,
and Siphonodella. Several genera have
patchy distributions but are reported from
many different parts of the world; these
include Idiognathoides, Scaphignathus, and
Streptognathodus. Conodont distributions
in the Carboniferous are not particularly
provinctal and many of the patterns of
distribution may be the result of inadequate
sampling of all of the biofacies for each
zone (Drucg, 1973). Most conodont studies
have concentrated on Lower Carboniferous
(Tournaistan, Visean, and lower Namur-
ian) strata where other faunas generally also
suggest cosmopolitan distributions. At pres-
ent there is insufficient knowledge of Middle
and Upper Carboniferous conodonts to eval-
uate their geographic distributions.

INSECTS

Insect fossils from the base of the West-
phalian through the remainder of the Car-
boniferous have the potential of being ex-
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tremely useful as index fossils (Fig. 8, 9).
They show considerably greater taxonomic
diversity and more rapid evolution than do
the fossil flora with which they are com-
monly associated. Many insects have stra-
tigraphic ranges that are closely similar in
North America and Europe and relatively
few have strongly endemic distributions.

Although relatively few of the 17 orders
of Insecta of the Carboniferous have been
studied in terms of their world paleoge-
ography, several analyses have examined the
evidence from one or two orders in a more
limited geographic framework. The early
Insecta of the eastern Canadian (Maritime
provinces) Carboniferous have a pronounced
number of European elements (DurbpEN,
1967, 1969) as do the plant fossils (BeLr,
1938). Some European clements appear
farther to the southwest and some American
elements appear to the east in Wales and
France, suggesting a transitional belt of
provincial differentiation and a lack of
major physical barriers. Blattoid (cock-
roach-like) insects appear in lower or mid-
dle Namurian strata of central Europe and
upper Namurian of western Europe and
eastern Canada. By early Westphalian time,
the insect assemblage, characterized by
blattoids, dispersed into central eastern
North America (Pennsylvania and Mary-
land) and two parallel bands of geograph-
ically distinct assemblages (but with over-
lapping boundaries) are recognized. By
middle Westphalian time, additional as-
semblages are recognized and have distri-
butions that also form subparallel geo-
graphic bands from central North America
into western Europe. During the later part
of Westphalian time several earlier assem-
blages were reduced in size but the assem-
blage from the southern part of western
Europe expanded markedly over a much
larger area. Several assemblages were miss-
ing during this time, but because they (or
their descendants) reappear in younger stra-
ta, Durben (1974) assumed that they were
displaced geographically outside present col-
lecting localities.

The early Stephanian of Europe was
complicated by the Asturian orogenic phase,
which disrupted many of the Westphalian
depositional patterns and caused major
changes in insect distributions and also in
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plant distributions (pE Marstre, 1970).
Southwest European insect assemblages of
this age are found as far west as Pennsyl-
vania associated with the remnants of an
carlier north-central (Mazonian) North
American assemblage. Many of the non-
blattoid insect assemblages of the Stephan-
ian include a significant percentage of new
groups that have no known immediate an-
cestors suggesting dispersal from earlier
isolated provinces that are not known at
present. During the Stephanian an eastern
North American (Ottweilerian) assemblage
developed and expanded westward into
Missouri and eastward into the Saar basin.
During middle Stephanian time (Missour-
ian-early Virgilian) the southwest European
(Iberian) assemblage occurred in Portugal,
southern Pennsylvania, Missouri, and pos-

extinct during the Permian. Lineages with arrows
(Data from Durden, 1969; Ross, n.)

sibly in Brazil. Just to the north of the
Iberian assemblage the Ottweilerian assem-
blage continued to be widespread, reaching
from eastern Germany to Pennsylvania and,
as mixed faunas, as far west as central
Colorado. In Kansas, the beginnings of two
assemblages are seen, the Zavjalovian and
the Elmoan, which are mixed with Ottweil-
erian genera. The Elmoan assemblage has
many new genera and these are presumed
to have dispersed into Kansas at this time
from an unknown area to the northwest.
During late Stephanian to early Autunian
time the Ottweileran insect assemblage ex-
tended from Wettin, Germany, through
Pennsylvania into Colorado. At Wettin this
assemblage also included forms similar to
those reported from strata of about the same
age in the Kuznetzk basin, Siberia. The



Carboniferous

A283

Series eseseee Range in Eurasia
e 0 == Range in Pennsylvanian type region
. H
<] s]lm =] E H | = — = Range in other parts of North America
=l c ==l HE|
S— O ort
5*5(% UM |
wleg of ¢ :
a Cl e .
o+ v v
H
olsl: i :
H
NEIRE FRE :
c : H
© s 2 | :
— . = B4
clojg|*s T AN
s S g a |, .« o
g g__03 o 3. 2} s 2
AR N I B
O £ ot O e frot M ¢ 2
(7)4:0)2 Qs <] |: H
| lclg_w P& il e o 2 @ a
‘S *Eo E S 0 o+t £ I o w & ES )
clols e =225 £ | 82058 «5 %5 3
le) a £ 2 9 oo 0o > 5 < Y > : 2 2 >
(] =l % —= 2= = ' S ¢ o o] c D I 2
< f-8-n-3-32 £E 3 = E £ 8 g €
o = e o ©
w Zz 2 g gL e% g | ] ES QUG E >
wl ials 3 £ £z £ 8 S €L, E5352 9% 9
Z < 28 fego ¢ | 8 x3 5§ >9823a =Lz
6lsMe & -g—n_ca’ = -« ’ G-0-Z-T-Y-8-G-Zv—F-5 -
al2io12 3 < ¢ H TR R EENTLEE R
|'® < o S P ) g = : | e
< ES 3 o | [ ha ol £
<|5 &H— £-g-2-5-0 *+t 't—‘;
U‘G >0 0 v 87 11 <
L] 20 2 98 >¢
3 Z3 > £ |
1. EXE g 1
2 oL
= ]
<|3 t -
& 5 % %
ARk &
1A% P
S-la
c R
3
Elo
]
4

Fic. 9. Ranges of blattoid-like insect genera having multiple occurrences in Eurasia, Pennsylvania (type
region), and other parts of North America. (Data from Durden, 1969; Ross, n.)

Iberian assemblage occurred to the south
in Texas at this time.

The late Virgilian and Wolfcampian
distribution of blattoid-like insects showed
a continuation of the Iberian assemblage
in Texas. The Lebachian assemblage, a
new, rich and varied assemblage, is known
mainly from this interval in Germany and
West Virginia, with a few representatives

BIOGEOGRAPHIC

Three general trends appear from the fore-
going analyses of the distributions of Car-
boniferous invertebrate faunas; one has evo-
lutionary implications and the other two
have climatic fluctuation and climatic zona-
tion implications. Faunas of Tournaisian
and Visean times were relatively wide-
spread; many were nearly cosmopolitan and
the remainder had low levels of provincia-
lism. These were also times of widespread,

in Texas and Kansas. In Colorado parts of
this assemblage are mixed with genera of
Ottweilerian and Zavijalovian affinities in a
predominantly Elmoan fauna. Durpen
(1974) was able to trace many of these
groups through the Early Permian and
showed that most of the three Early Perm-
ian assemblages had their origins during
the Late Carboniferous.

INTERPRETATION

shallow, warm-water carbonate deposition,
particularly on continental platforms. As a
great percentage of the area of these plat-
forms was submerged, world sea level was
apparently relatively high and the marine
connections between adjacent platforms
were well established. After the Visean,
Carboniferous faunas became increasingly
provincial with several times of infrequent
to frequent dispersal between marine prov-
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inces until the end of the Carboniferous.
The later part of the Early Carboniferous
was the beginning of Hercynian mountain
building and saw an increase in volcanic
activity in parts of Europe and western Si-
beria. These events are also associated with
the beginning of cyclic sedimentation, the
reduction in warm-water carbonate deposi-
tion, and probably the initiation of glacia-
tion in parts of the Gondwana continent in
conjunction with general lowering of world
temperatures. During the later part of the
Early Carboniferous the average sea level
declined and reached a minimum level be-
fore the beginning of the Middle Carbon-
iferous. Most of the continental shelves were
extensively exposed to erosion at this time
(Eynor et al., 1965). Dark shale, sandstone
and limestone are typical deposits and
marine connections between regions were
mainly by seaways through those geosyn-
clines that had not been disrupted by
orogenic activities. Much of the Hercynian
orogeny was well advanced by this time
and, during the later part of the Early
Carboniferous and Middle and Late Car-
boniferous, this fold belt prevented direct
marine connection between western North
America and southeastern Europe.

During Middle Carboniferous time, sea
level gradually rose accompanied by a series
of transgressions and regressions, reaching
a comparatively high level during the Des-
moinesian when seas covered much of the
continental platforms. As world sea level
started to fall again near the end of the
Middle Carboniferous a number of changes
started to take place in marine invertebrate
faunas. Many of those faunal groups that
had held dominant positions in Middle Car-
boniferous communities became gradually
less important and a number of transitional
forms appeared which evolved into new
genera, and also new families, in the early
part of the Late Carboniferous. The end
of the Middle Carboniferous is marked by
a reduction in world sea level of almost
the same magnitude, but of shorter dura-
tion, as that at the end of the Early Carbon-
iferous. A number of previously important
genera and families of the Early and Middle
Carboniferous did not survive into the Late
Carboniferous.

During the Late Carboniferous the new
lineages of marine invertebrate faunas
evolved into numerous genera and families
and gradually formed a large variety of
communities. The faunas and communities
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[See Fig. 10 for explanation of abbreviations and

symbols.]

were not highly specialized, suggesting that
they were adapted to fluctuating climatic
conditions. Although cyclic sedimentation
continued through the Late Carboniferous,
local variations in the sedimentary cycles
became more pronounced and, in general,
the volume of clastic material became great-
er. This suggests orogenic activity had
reached a level that significantly altered local
climatic patterns and related erosional rates
and that interglacial intervals were warmer,
dryer, and probably of longer duration. The
faunal changes at the end of the Carbonif-
erous and the beginning of the Permian,
while significant, were concurrent with
specialization of existing Late Carboniferous
families into an increasingly complex set of
Permian communities and increased disper-
sals between faunal provinces.

Climatic zonation in the Carboniferous
was first recognized in the distribution of
Carboniferous plants, which may exhibit
seasonal growth features such as growth
rings. Carboniferous floras (Meyen, 1972)
became differentiated into at least two re-
gions near the beginning of the Namurian,
ic., the Euramerian and Angaran regions,
characterized largely by different ecological
associations of lepidophytes. The Euramer-
ian flora was tropical but it has not been
established yet that the Angaran woods were
extra-tropical at this time. Middle Carbonif-

erous floras of the Euramerian and Angar-
an regions show substantial differences in
composition and woods from the Angaran
region consistently have annual rings. Early
and Middle Carboniferous floras from Gond-
wana are poorly known and fossil wood
data are not available for comparison.

Late Carboniferous plants form four
paleofloral regions, Euramerian, Cathaysian,
Angaran, and Gondwanan (JoNGMANs,
1936; HavrLg, 1937). The Euramerian and
Cathaysian floral regions differ mainly in
the presence of large numbers of endemic
genera. These two floras are diverse, gen-
erally lack annual rings and are considered
tropical. The Angaran flora had a few
Euramerian elements but endemic genera
were dominant by the end of the Late Car-
boniferous. This flora had annual growth
rings and is considered extratropical. The
Gondwanan flora is poorly known from
strata older than Late Carboniferous; how-
ever, by Late Carboniferous time it was
widespread and remarkably uniform in
species composition. This early Gondwanan
flora is associated with tillites and possibly
was contemporaneous with glaciation. The
flora was deciduous and had annual rings,
a relatively low number of genera and
species and is considered to be extra-tropical.
The Gondwanan flora was isolated from
other floras at this time, having few, if any,
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genera and species in common with the
Euramerian, Cathaysian, or Angaran floras.

Some marine invertebrate evidence also
suggests well-developed climatic zonation
during the Carboniferous. A tropical for-
aminiferid faunal belt is identified for the
Early and Middle Carboniferous based on
greater species diversity and dominance of
calcareous taxa (Mamer & Skiep, 1970).
The position of this tropical belt corresponds
closely to the position of tropical climates
as suggested from plant data. Away from
this tropical belt foraminiferids gradually
become less diverse and arenaceous taxa be-
come dominant. The margins of the An-
garan continent and the Gondwanan con-
tinent are identifiable by these two changes
(Yurerev, 1969). Also, ammonoid distri-
butions appear to be restricted to a band
about 50° to 60° on either side of a Carbon-
iferous paleoequator (Ramsporrom, 1971).

Two paleogeographic maps, one of Visean
time (Fig. 10) and the other of Moscovian
times of major marine transgressions onto
the cratonic platforms. During Visean time,
marine connections existed in an east-west

Introduction—Biogeography and Biostratigraphy

direction near the paleoequator from west-
ern North America to eastern Asia and this
apparently accounts for the nearly cosmo-
politan nature of the equatorial marine
faunas. By Moscovian time, the Hercynian
orogeny had closed off these east-west
marine connections along the paleoequator
and dispersal of tropical marine faunas be-
tween different provinces became more diffi-
cult because these organisms had to pass
through extratropical areas in order to
disperse into other provinces. These gen-
eralized maps leave many details to be
explained; for example, the Middle Carbon-
iferous marine faunas of one tectonic belt
in the western Cordillera of North America
are probably tropical whereas faunas in the
adjacent tectonic belt are probably non-
tropical, suggesting a more complicated
history of geographic displacement than
indicated by these maps. Of particular con-
cern is the need for additional criteria and
evidence that would establish the relative
positions during the Carboniferous of the
cratonic blocks that presently form southern
and southeastern Asia.
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