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INTRODUCTION

The Permian System was named by
Murchison in 1841 for strata exposed in a
large structural basin on the western flank
of the Ural Mountains and takes its name
from the Province of Perm about 1,200 km
east of Moscow. Along the western flanks
of the Urals, Carboniferous strata are over-
lain by sandstone, conglomerate, evaporite,
shale, and marly limestone strata from
which Murcnrison identified brachiopods
that, in general, are similar to those of
Carboniferous faunas elsewhere. They also

! Manuscript received August, 1976.

contain fishes and amphibians similar to
those in the Zechstein of the German Dyas,
and correlate with the Magnesian Lime-
stone, which in Great Britain overlies the
Carboniferous coal measures. MURcHIsSON
realized that the stratigraphic interval above
the Carboniferous and below the Triassic
must be more significant than suggested by
the poorly fossiliferous reddish sandstone,
shale, and dolostone of western Europe and
that the Russian faunas and stratigraphic
succession of the Perm region fitted into
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this part of the geologic column; therefore,
the Permian became the only system (except
for the North American usage of Mississip-
pian and Pennsylvanian for Carboniferous)
to be defined outside of northwestern Eu-
rope.

Neither the lower nor upper boundaries
of the Permian System were well defined by
MurcHison and this has resulted in some
confusion that has been compounded by
later, more detailed biostratigraphic studies
that have attempted to place the lower
boundary at so-called “natural faunal
breaks” in the succession. One consequence
of this type of faunal approach to studies
of Permian strata in the type area is an
overemphasis on biostratigraphic units and
a neglect of detailed lithologic studies. In
the type area the upper boundary of the
Permian with the Triassic System is in a
clastic redbed continental succession and 1is
defined on vertebrate fossils where these are
available. Considering the work of Russian
geologists available at the time and the fact
that MurcHisoN spent only the summers of
1840 and 1841 examining the whole of the
geology of Russia in order to prepare his
monograph on The Geology of Russia in
Europe and the Ural Mountains, it is re-
markable that there are not more problems
with the definition of the Permian System.

As described in more detail by Murchr-
soN, pE VERNEUIL, and voN KEeyvserLiNG
(1845), the strata originally included in the
Permian System clearly encompass beds of
the Kungurian facies and the Ufimian, Kaz-
anian, and Tatarian stages (Dunsar ez al.,
1960). The thick section of Artinskian
shale, sandstone, and conglomerate exposed
in the southern flanks of the Ural Mountains
contains ammonoids (KArriNsky, 1889) that
are considerably more advanced phylogeneti-
cally than those known from Upper Car-
boniferous beds and can be correlated with
faunas in other parts of the world that
generally have been accepted as of Permian
age. Karpinsky’s Artinskian Stage, which
he included in the Permian System, has the
Sakmarian Limestone at its base. RuzHENT-
sev (1936), after a preliminary study of the
ammonoids, proposed recognition of the
Sakmarian Stage for this limestone and re-
stricted the Artinskian Stage to the beds
above the Sterlitamak beds.

Introduction—Biogeography and Biostratigraphy

MukrcHisoN considered the lower lime-
stone units exposed on the Ufa plateau and
Timan arch to be Upper Carboniferous, on
limited fossil evidence. CuernysHEv (1902),
Freperiks (1928, 1932), and TorLsTIKHINA
(1935), while studying fossils from these
beds, described them as Upper Carbonifer-
ous and considered them to constitute the
“Uralian Stage” of pe Lapparent (1902).
Several distinctive fossil zones were event-
ually recognized and the next to lowest zone
was designated as the Zone of “Schwager-
ina” (=Sphacroschwagerina), which was
also known from the lower part of the
Sterlitamakian Stage in the southern flanks
of the Urals. The “Uralian Stage” thus
overlapped with the Sterlitamak and Artin-
skian beds but was not an exact equivalent.
The lowest zone of the “Uralian” contain-
ing fossils of the Zone of Triticites is con-
sidered to be Upper Carboniferous, and the
name Gzhelian Stage has been adopted for
the major part of this Upper Carboniferous
sequence.

The question of the placement of the
lower boundary of the Permian was dis-
cussed by leading Soviet specialists in 1936
prior to the seventeenth International Geo-
logical Congress in 1937 and no consensus
was reached on whether the base should be
at the base of the “Schwagerina”-bearing
beds, which form the lower part (Asselian)
of the Sakmarian Stage, as indicated by
RuzneNTsEV's studies, or near the top of
the “Uralian” equivalent at a stratigraphic
position within the Sterlitamak beds as
suggested by Rauzer-CHernousova (1940,
1949) based on fusulinacean studies. Earlier,
in North America, Beepe and KNIKER
(1924) had recognized the stratigraphic
significance of the Zone of Pseudoschwager-
ina and had used that unit to recognize the
base of the Permian in North America and
elsewhere. It may be argued (Duneag,
1940) that at least some Soviet paleontolo-
gists had correlated fossils, such as am-
monoids, from the Asselian, Sakmarian, and
Artinskian with Wolfcampian and Leonard-
ian faunas described from North America.
Because these North American faunas had
been assigned to the Permian on the
strength of their stratigraphic position with
respect to the Zone of Pseudoschwagerina,
many Soviet biostratigraphers decided to
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assign the Asselian, Sakmarian, and Artin-
skian stages to the Permian. In so doing a
major marine faunal succession was in-
cluded in the type sections of the Permian
System. Chinese biostratigraphers (CHao,
1965) have apparently maintained that the
base of the Permian should not be placed
this low and they choose a boundary that
lies approximately at the base of the Ufim-
ian Stage or near the base of the “Kungur-
ian” facies.

In 1950, and again in 1960, the Soviet
All-Unjon Institute of Petroleum Geology
(VNIGRI) held conferences concerning the
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boundary between the Carboniferous and
Permian and the subdivisions of the Perm-
ian System. The major conclusions of these
conferences are summarized in Figure 1
(see also MikLukno-Makray, 1963; Lix-
HAREV, 1966; NaLvkIN, 1973). The base of
the Permian System is placed at the base of
the fusulinid Zone of “Schwagerina.” One
change in nomenclature that the second of
these conferences adopted was the recogni-
tion of the Zone of “Schwagerina” as the
Asselian Stage and the restriction of the
Sakmarian Stage to the stratigraphic equiv-
alents of the Tastuba and Sterlitamak beds.

REGIONAL BIOSTRATIGRAPHY

PERMIAN SYSTEM
IN TYPE AREA

On the Russian platform and along the
western margin of the Ural Mountains (Fig.
1) the Asselian, Sakmarian, and Artinskian
stages show numerous facies changes, which
also led to early stratigraphic confusion.
Large, massive reef mounds are common
along the southeastern edge of the Russian
platform and these pass eastward into shale
and sandstone along the downwarp at the
western edge of the Uralian geosyncline.
To the west on the Russian platform these
stages include limestone, commonly dolo-
mitized or silicified, dolostone, and an-
hydrite. In the northern part of the Russian
platform Asselian and Sakmarian gypsum,
anhydrite, and dolostone are widespread
and overlain by Artinskian terrestrial red
beds. Several structural arches on the Rus-
sian platform were exposed during these
ages to form low islands. The Uralian geo-
syncline was in the initial process of being
structurally compressed and uplifted, and
formed an eastern source of clastic sedi-
ments.

Most of the Kungurian facies contains
poorly fossiliferous gypsum and red shale
(Grusko & Fruporov, 1974). These rock
types, although locally missing, are widely
distributed on the Russian platform above
Artinskian strata. Kungurian marly lime-
stone and dolomitized limestone beds bear-
ing restricted marine faunas are not widely
distributed, and contain species having

Artinskian affinities as well as other species
having Kazanian affinities. NALvKIN
(1973) suggested that many of the evapo-
rite beds presently considered to be Kungu-
rian in age may eventually prove to be in
part Artinskian, Ufimian, or Kazanian.
The Ufimian Stage is less continuously
distributed and between the Volga River
and the Ural Mountains these strata locally
appear as red clastic, variegated clay, sand-
stone, and marly shale beds reaching as
much as 150 m in thickness. The fauna
is meager and includes fresh-water bivalves
and ostracodes in the lacustrine and marly
clays. These nonmarine strata of the Ufim-
ian increase to 1,500 m in thickness near
the Urals and indicate the presence of the
Ural Mountain Range as a source of clastic
sediment by Ufimian time. The lateral
facies relationships between the Ufimian
nonmarine strata, the evaporites of the
Kungurian, and the brackish-water deposits
of the Kazanian Stage are not well known.
The Kazanian Stage overlies the Kungur-
ian and Ufimian stages, consists of 100 m
or less of well-cemented, greenish-gray, im-
pure limestone, clay and marly clay, and has
a brackish-water or restricted marine fauna.
Lithologically the Kazanian strata resemble
the Zechstein beds of western Europe and
are traditionally correlated with them. Kaz-
anian strata and faunas are distributed in
an elongate basin that extends north-south
along the central part of the Russian p'at-
form. NavLwvkiN (1973) compared these dis-
tributions to those of the modern Caspian
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to the Karachatyrian Stage and the Artinskian equivalents to the Darvazian Stage (Ross & Ross, n).
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Sea. The Kazanian fauna is lacking in colo-
nial corals, cephalopods, trilobites, and echi-
noderms, but has two faunal facies; one in
which bivalves predominate, the other in
which brachiopods and bryozoans predomi-
nate. The main elements of the restricted
Kazanian fauna are relicts of the earlier re-
stricted Kungurian fauna and their local
geographic and stratigraphic positions in
Kazanian strata relate to facies variation
in water of low salinity.

In the southeastern part of the Kazanian
depositional basin near Orenburg, the strata
include more sandstone and, locally, thick
evaporite deposits. The eastern edge of the
typical Kazanian impure limestone facies
intertongues with red clastic beds that rep-
resent a coastal plain extending eastward to-
ward the Urals. In the northern part of the
Russian platform in Arkhangel Province,
faunas from the lower part of the Kazanian
include rare goniatites of the genus Pseudo-
gastrioceras, or a closely related genus hav-
ing a ventral sinus, indicative of an age
equivalent to the Wordian Stage in North
America (KuLikov, Paviov & ROSTEVTSEV,

1973).

The Tatarian Stage is the highest and
youngest of the Permian deposits on the
Russian platform and is formed of brightly
colored, variegated sandstone, conglomerate,
and clastic strata that represent fluviatile,
eolian, and lacustrine deposits with local
evaporite beds. Although generally not
richly fossiliferous, the fauna includes fish,
bivalves, and ostracodes in the lacustrine
deposits, and reptiles and amphibians in
other deposits. Locally, plant fossils are
common and thin seams of coal are present.
Tatarian deposits are irregular in thickness
and reach a maximum thickness of only a
few hundred meters. These deposits are
confined to the depositional basin of the
carlier Kazanian sea and were attributed
by NaLvkin (1973) to deposition in arid
conditions. These conditions of deposition
continued without change into Triassic
times over the same part of the Russian
platform, and the Lower Triassic succession
is called the Vetluzhian Stage. The Triassic
fauna is not abundant but includes distinc-
tive ostracodes, fresh-water phyllopods, rep-
tiles, and a new flora. The Tatarian and
Vetluzhian are similar in lithology and dis-

Introduction—Biogeography and Biostratigraphy

tribution so that their identification is based
on the recognition of nonmarine faunas of
different ages.

In summary, the Permian System in its
type region on the southern and western
margins of the Ural Mountains and on the
eastern part of the Russian platform is a
complicated set of intertonguing facies.
These facies and their faunas reflect the
progressive changes of depositional environ-
ments from a marine carbonate shelf, shelf
edge, and elongate basin setting during the
Late Carboniferous and earliest Permian
(Asselian to early Artinskian) to a gradual
restriction of marine circulation late in
Artinskian and Kungurian times with the
deposition of evaporites and presence of
specialized faunas. This was accompanied by
the continued closing and uplift of the Ural-
ian geosyncline, which began at about this
time to shed terrestrial debris westward in
the form of the Ufimian deposits. By
Kazanian time deposition was mainly con-
fined to a shallow interior basin having
water of low salinity and a specialized relict
fauna derived from Kungurian time. By
Tatarian time this interior sea dried up and
gave way to fluviatile, eolian, and lacustrine
deposits having terrestrial and fresh-water
biotas. This set of conditions persisted into
Early Triassic time.

NORTHWESTERN EUROPE

Beds above the Carboniferous and below
the Triassic are widespread in western Eu-
rope (Fig. 1) and are mainly red sandstone
(Rotliegende beds) overlain unconformably
by beds of conglomerate, chalcopyritic shale,
dolomitic limestone, evaporites, and shale
(Zechstein beds). Because of this consistent
twofold division these beds were once
known as the Dyas. The Rotliegende beds
are subdivided into a lower part, the
Autunian Series (Unterrotliegende), and
an upper part, the Saxonian Series (or
Oberrotliegende). The Zechstein, which
forms the Thuringian Series, is subdivided
into a basal conglomerate, a copper-bearing
shale (Kupferschiefer), a dolomitic lime-
stone (Zechstein), and an evaporite unit
consisting of red clay, thin-bedded dolomitic
limestone, anhydrite, halite, sylvite, and
magnesium  salts.
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Autunian rocks are less widely distributed
in western Europe than later Permian strata
and are closely associated with the Upper
Carboniferous Stephanian coal basins. Gen-
erally Stephanian deposits are followed with
little interruption by Autunian deposits,
which are commonly dark-gray to red shale,
locally containing volcanics and some thin
coal beds. Plant fossils, including Waichia
and Callipteris, and the vertebrates, Pala-
cohatteria and Archegosaurus, are common.
Most of these basins were tectonically active
during the Autunian and in the Saar-Nahe
basin as much as 3,000 m of sediment was
deposited during this epoch.

Saxonian deposits are more widely distrib-
uted and usually unconformably overlie
Autunian and older rocks. They are young-
er than the Saale tectonic phase, last major
movement of the Hercynian orogeny, and
show a major change in geographic distri-
bution and climates. The Saxonian includes
conglomerate and sandstone deposits that
reach a maximum thickness of about 500 m.

Thuringian deposits also are widely dis-
tributed in northwestern Europe where they
unconformably overlie Saxonian beds. The
base is marked by a thin conglomerate that
contains rare Cancrinella cancrini, which
is also found in the Kazanian of the Russian
platform. Above this conglomerate lies the
Kupferschiefer, a thin 0.6-m bed that con-
tains well-preserved fish fossils, such as
Palaeoniscus, and plants, such as Voltzia.
The Kupferschiefer is a possible facies
equivalent of the Kungurian on the Russian
platform. The Zechstein dolomitic lime-
stone, which is 5 to 10 m thick and con-
tains an impoverished fauna having low
species diversity but considerable numbers
of individuals, is the prominent marker bed
in the region. Coelenterates, cephalopods,
and echinoderms are rare or lacking and
bryozoans, brachiopods, bivalves, and gastro-
pods are abundant. The brachiopods Hor-
ridonia horrida, Strophalosia goldfussi, Die-
lasma elongata, Pterospirifer alatus, Spirtf-
erina multiplicata, Punctospirifer cristata,
and Cleiothyridina pectinifera are character-
istic of the Zechstein or its stratigraphic
equivalent, the Magnesian Limestone of
Great Britain. Small reefs form a distinctive
facies and include some brachiopods and
numerous fenestrate bryozoans. Conodonts
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and smaller foraminifers also occur in the
Zechstein but their study is still in progress.
The upper part of the Thuringian is a
complex evaporite facies that includes shale,
limestone, and various evaporitic salts, in-
cluding bitter salts. Although the thickness
of these evaporites varies from place to
place for several reasons, locally in northern
Germany they reach several hundred meters
in thickness. In the uppermost part of this
evaporitic sequence, sandy shales contain a
few marine fossils such as the bivalves
Schizodus and Gervilleia and the brachiopod
Dielasma.

The extent of the Thuringian sea is well
known for northwestern Europe where it
covered most of Germany, parts of Poland
and Great Britain, and the North Sea.
It is difficult to establish whether or not
this sea also connected to the east with the
Kazanian sea on the Russian platform. Low
species diversity and general similarity of
faunas in the two regions suggest similar
ecological conditions if not some inter-
change of faunas.

CENTRAL EAST GREENLAND

The Permian of the central East Green-
land succession, the Foldvik Creek Forma-
tien, has a basal conglomerate lying on a
regional unconformity with topographic re-
lief. Above this basal conglomerate, a 30-
to 40-m interval has a number of inter-
tonguing lithologies including light-gray
dolomitic limestone, gypsum, shale, and
near the top, a fish-bearing black “Posidonia
Shale.” Overlying this is the brachiopod-
rich “Martinia Shale” that grades laterally
from gray limestone to calcareous shale and
siltstone. In the upper part of this unit is
a prominent “Productus” bed. The “Mar-
tinia Shale” is unconformably overlain by
the clastic Lower Triassic Kap Stosch For-
mation, which contains blocks of Foldvik
Creek Limestone (TEeicuert & KumMEL,
1972). On the basis of brachiopods, Dun-
BAR (1955, 1961) correlated the Foldvik
Creek Formation with the Zechstein and
Magnesian Limestone, and considered the
brachiopods to be at least as young as the
Capitanian of the west Texas standard sec-
tions. The ammonoids from Martinia-bear-
ing limestone include Medlicottia malm-
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quisti and Cyclolobus kullingi (MiLLEr &
Furnisa, 1940b), which were believed to
represent a latest Permian fauna; however,
subsequent studies have shown that Cyclo-
lobus ranges through much of the upper
Permian, and primitive species occur as low
as the Timorites Zone (Furnish, 1966). C.
kullingi is a primitive species and therefore
may be early Capitanian in age. Corals from
the Upper Permian of the Kap Stosch area
(Frbcer, 1973) include 11 genera and sub-
genera that are older than Dzhulfian corals
and possibly equivalent in age to the Yabe-
ina Zone.

Reconstructions of Pangaea for late Pale-
ozoic time place Greenland and parts of
North America against northern Europe
and the Barents shelf (Dierz & Hovben,
1970). In such a geography the Upper
Permian deposits of central East Greenland
are in juxtaposition with the northwestern
end of the Late Permian Thuringian basin.
The faunas from the Permian of central
East Greenland are of particular interest
because they provide clues for the correla-
tion of units in the Thuringian of north-
western Europe (and possibly the Kazanian
of the Russian platform) with other Late
Permian successions in Spitsbergen and the
Canadian Arctic islands.

OTHER NORTHERN AREAS

The Permian of Pechora and Pay-Khoy of
northeastern Europe, north East Greenland,
Spitsbergen, the Canadian Arctic islands,
Yukon, and east-central Alaska share many
features with each other. The Lower Perm-
ian parts of these successions commonly have
well-developed fusulinid zones, particularly
for the Asselian to lower Artinskian equiva-
lents, with one or more evaporite units and
clastic marginal facies. These Lower Perm-
ian beds also show abrupt changes in thick-
ness and lithologies and include shelf and
platform clastics, a few shelf evaporites,
shelf-edge carbonate bank and basinal evap-
orites, limestone and shale. The marked
changes in thickness apparently relate to
late phases of Hercynian structural adjust-
ments equivalent to those of northwestern
Europe during the Autunian, but in a
marine shelf environment.

Unconformably above these Lower Perm-
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ian beds is a succession of limestone, cherty
limestone, chert, and sandstone that forms
the Brachiopod Cherts of Spitsbergen (see
recent summary by GosseTt, 1963), the
Upper Marine Group of north East Green-
land (Dunsar ez al., 1962), and the Assis-
tance Formation of the Grinnell Peninsula
(Harker & THorsTEINssoN, 1960). Strep-
torhynchus, Derbyia, Dictyoclostus, Muir-
woodia, Kockiproductus, Waagenoconcha,
Stenoscisma, Rhynchopora, Pterospirifer,
and Spirifella are common in these faunas
(HARKER & THORSTEINssoN, 1960), and their
abundance and widespread distribution led
Stepanov (1957) to propose the name Sval-
bardian Stage as a replacement for the
Kungurian and Ufimian stages. In present
usage, the Svalbardian is important as a
northern facies (or regional stage) and, al-
though it is difficult to correlate with the
Russian platform sections, Stepanov (1936,
1937) suggested that the faunas had most
similarity to those in the upper part of the
Kungurian and lower part of the Kazanian.
Later, Steranov (1957) included the brachi-
opod fauna from central East Greenland in
his Svalbardian although Dunsar (1955),
Fresorp (1950), and Harker and THor-
sTEINssON (1960) had pointed out some dif-
ferences in generic and specific composition.
Also, FrepoLD, HARKER, and THORSTEINSSON
considered that many similarities are present
and the faunas are either of somewhat dif-
ferent facies of the same age or the central
East Greenland faunas are only slightly
younger. In the Canadian Arctic islands,
THorsTEINssoN  (1974) showed that the
Trold Fiord Formation and its apparent
lateral equivalent, the Degerbols Formation,
unconformably overlies the Assistance For-
mation and its lateral facies, the Van Haven
Formation. The Trold Fiord and Deger-
bols formations contain a sparse fauna of
corals, brachiopods, and ammonoids of prob-
able Guadalupian age. Future studies may
demonstrate that part of the central East
Greenland faunas are of the same age as

those of the Trold Fiord and Degerbdls

formations.

TETHYAN AREA

The Hercynian orogenic belt extends gen-
erally east-west from central western Europe
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with few interruptions into central Asia
and eastern Asia. Although the Hercynian
orogeny started in the later part of the Early
Carboniferous, a number of strong orogenic
pulses occurred during the Middle and Late
Carboniferous, and the final major interval
of deformation in Europe, the Saale phase,
took place in the middle or later part of
Artinskian time. This last phase of Hercyn-
ian deformation terminated formation of
the Autunian coal-basin structures of north-
western Europe and many similar structures
in other parts of Europe and southwestern
Siberia (LapxiN & Sorovvev, 1969). One
result of this final phase was to separate
the shallow seas on the northern side of
the Hercynian Mountain belt (in which
accumulated Kazanian and Zechstein de-
posits and strata to the north in Greenland,
Spitsbergen, the Barents shelf, and northern
Canada) from a large significant shelf and
Tethyan geosyncline to the south. Although
the exact details of the geographic features
involved in the separation of the southern
geosynclinal seas and the northern epicon-
tinental seas need further study, the faunas
on either side attest to a nearly complete
isolation after the early part of the Artin-
skian.

In seas south of the Hercynian orogenic
belt a distinctive fusulinacean, coral, and
brachiopod fauna rapidly evolved. Later
orogenic movements, particularly during
Cenozoic times, have greatly complicated
the relationships of Tethyan strata, and their
interpretation is a major problem in Perm-
ian biostratigraphic and biogeographic stud-
ies. Several linear belts of Permian rock
seemn to have been present, each of which
may have included shallow reef deposits,
shallow clastic deposits, and deeper water
clastic and carbonate deposits. These dep-
ositional belts fringed a number of small
cratonic areas that have since been displaced
and moved much c'oser together (YansHIn,
1965).

The extent of the Tethyan belt during
the Permian (Fig. 1) can be judged by the
distribution of its distinctive fauna that ex-
tends from as far west as Tunisia, through
Sicily, the Carnic Alps, Yugoslavia, Greece,
Crimea, Turkey, Iran, Iraq, Soviet Middle
Asia, northern Pakistan, Mongolia, China,
Indochina, Indonesia, New Zealand, Japan,
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Soviet Maritime Province, Kamchatka,
southern Alaska, British Columbia, Wash-
ington, Oregon, and into California. This
Tethyan fauna is now fragmented and has
been displaced in pieces to many latitudes
and different climatic belts, but overall simi-
larity of the fauna suggests free communi-
cation and great diversity within warm to
tropical waters.

In the southern part of the Soviet Union
where a large portion of the Tethyan belt
is exposed, considerable effort has been di-
rected toward establishing correlations with
the type Permian on the Russian platform
and the Ural region with inconclusive re-
sults (ARAKELIAN et al., 1964; StEPANOV,
1970). Relatively few species are common
to the two areas and regional stages are
used widely for the Tethyan realm. The
Lower Permian is divided into the Kara-
chatyrian and Darvazian stages (Viasov,
LikHAREY, & MIKLUKHO-MaKLAY, 1962) and
the Upper Permian into the Murgabian and
Pamirian stages. The following is a sum-
mary of the diagnostic faunas (LIKHAREV &

MikLukHo-MAKLAY, 1972).

The Karachatyrian Stage contains a much
greater diversity of fusulinaceans than the
Asselian or Sakmarian, including species of
Ozawainella, Boultonia, Schubertella, Qua-
sifusulina, Occidentoschwagerina, Zellia,
Pseudoschwagerina, Schwagerina, Sphaero-
schwagerina, Robustoschwagerina, Pseudo-
fusulina, Paraschwagerina, Rugososchwag-
erina, and primitive Parafusulina. Brachio-
pods are common and include species of
Isogramma, Enteletes, Dictyoclostus, Tere-
bratuloidea, Stenoscisma, Spirifer, Martinia,
Dielasma, and Notothyris, and corals in-
clude species of Tachylasma, Caninia, Ti-
morphyllum, Caninophyllum, Cyathaxonia,
Amplexocarinia, Allotropiophyllum, and
Lophophyllidium. In addition, gastropods,
bivalves, and algae (Tubiphites, Eugeno-
phyllum, and Epimastopora) are abundant
and ammonoids are lacking or not reported.

The Darvazian Stage also includes a
diverse fusulinacean fauna including numer-
ous species of Nankinella, Sphaerulina,
Yangchienia, Minojapanella, Kahlerina,
Darvasites, Robustoschwagerina, Nagatoella,
Pseudofusulina, Chusenella, Parafusulina,
Brevaxina, Misellina, Armenina, and primi-
tive Cancellina. Brachiopods include species
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of Enteletes, Echinoconchus, Productus
(Striatifera?), Wellerella, Martinia, Hetero-
lasmina, and Notothyris; corals include, in
the lower part of the stage, species of
Verbeekiella, Cyathocarinia, Sinophyllum,
Amplexocarinia, and in the upper part
Yatsengia and Granophyllum. Ammonoids
include Propinacoceras, Prosicanites, Perrin-
ites, Marathonites, and Agathiceras. Among
the algae are Mizzia, Tubiphites, Epimasto-
pora, and Girvanella.

The Murgabian Stage contains a diverse
fusulinacean fauna that is particularly
widely dispersed, including numerous
species of Leella, Neofusulinella, Pseudo-
fusulina, Paraverbeckina, Verbeekina, Ar-
menina, Neoschwagerina, Praesumatrina,
Sumatrina, and Polydiexodina. Brachiopods
include species of Derbyia, Chonetella, Lino-
productus, Dictyoclostus, Productus, Mar-
tinifera, and Lyttonia. Corals include species
of Yatsengia, Granophyllum, Waagenophyl-
lum, and Polythecalis; the ammonoids in-
clude species of Neostacheoceras, Taurocer-
as, Paraceltites, and Adrianites; and algae
include species of Gymnocodium, Permocal-
culus, Indopolia, Cyrocopora, and Vermi-
porella.

Although the Pamirian Stage generally is
not as complete in the Soviet Union as
equivalent beds in China, it does contain a
typical high Upper Permian fauna and
locally the section is nearly complete. Fusu-
linaceans and other foraminiferids include
species of Reichelina, Palaeofusulina, Codo-
nofusiella, Lasiodiscus, Colaniella, and Pach-
yphloia. Brachiopods are represented by
species of Enteletella, Striatifera, Margini-
fera, Urushtenia, Tschernyschewia, Weller-
ella, Pugnax, Ambocoelia, Athyris, and
Hemiptyckina. Ammonoids include species
of Prototoceras, Rotaraxoceras, Araxoceras,
and Urartoceras; algae include species of
Gymnocodium, Permocalculus, and Vermi-
porella.

In the Pamirs, the Pamirian Stage com-
monly rests unconformably on the Mur-
gabian Stage (Leven, 1967) and is uncon-
formably overlain by strata assigned to the
Triassic System. In the southeastern Pamirs,
a number of lithologic facies are present,
which include the zones of Yabeina, Codo-
nofusiella-Reichelina, and Palaeofusulina of
very late Permian age. Elsewhere in the
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Pamirs the Permian section is not as com-
plete and it is not clear whether this is
because of nondeposition or pre-Triassic
erosion. Ammonoids are apparently not re-
corded from these Pamirian beds.

Another classic Upper Permian section,
which was believed for a long time to have
a transitional boundary with the Triassic,
is located in the Trans-Caucasus (Fig. 1)
along the Aras (=Araks, Araxes) River near
Dzhulfa, Soviet Azerbaijan, and Julfa, Iran.
Ammonoids and brachiopods are common
in several of these beds (Asrich, 1878) and
the section has been restudied in detail by
several groups (RUZHENTSEV & SARYCHEVA,
1965; Stepanov, GOLSHANI, & STOCKLIN,
1969; KummerL & TercHerr, 1973). The
combined list of genera of ammonoids from
the Dzhulfian Stage is impressive and ap-
pears to represent a nearly complete suc-
cession of post-Guadalupian, pre-Triassic
ammonoids. Fusulinaceans are common in
the lower 2 to 5.5 m of the Dzhulfian Stage
and include Codonofusiella and Reichelina
in a fine-grained, bituminous limestone that
lithologically contrasts with the underlying
Khachik Limestone, which carries a late
Guadalupian fauna. Higher in the Dzhul-
fian Araxoceras and Oldhamina are com-
mon and a few beds containing Codonofusi-
ella and Reichelina form the succeeding 8
to 20 m. Above these are up to 19 m of
coral-, brachiopod-, and ammonoid-bearing
beds with the Vedioceras and Haydenella
fauna. Above these are 4.5 m of beds with
the ammonoids Phisonites, Xenaspis, and
Xenodiscus, and the brachiopod Comelicania
and others. Soviet scientists choose to place
the top of the Permian at the top of this
Phisonites unit, but most other scientists
also include the succeeding Ali Bashi For-
mation, about 18 m thick, in the Permian,
which includes Paratirolites and several
other ammonoids (KummeEL & TEICHERT,
1973). Above this are 10 to 20 m of fine-
grained limestone containing the Triassic
bivalve Claraia.

Two other sections or areas of consider-
able historical interest to the problems of
the uppermost Permian biostratigraphy are
in and near the Salt Range of Pakistan
(Fig. 1) and in Kashmir (KummMmeL &
TercHErT, 1966, 1970, 1973). The Chhidru
Formation (“Upper Productus Limestone”)
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of the Salt Range contains a fauna that is
similar to that from the lower part of the
Dzhulfian Stage in having mainly corals,
brachiopods, and ammonoids but no fusulin-
aceans. The overlying Kathwai Member
of the Mianwali Formation ( uppermost part
of “Upper Productus Limestone”) contains
the ammonoids Ophiceras and Glyptophi-
ceras which KumMeL and TEeicuert (1973)
considered to be indicative of Early Triassic
age, and the brachiopods Enteletes, Ortho-
thetina, Spinomarginifera, and Martinia,
which Grant (1970) considered to be typi-
cal Permian genera and equivalent in age
to the Dzhulfian brachiopods listed and
described by RuznenTsev and SARYCHEVA
(1965).

The section at Guryul Ravine, Kashmir
(Haypen, 1907; MippLEmiss, 1910), also has
been of considerable interest as a sequence
that passes conformably from uppermost
Permian into Lower Triassic strata (Kum-
MEL & TEicHERT, 1973; NakazAwa et al.,
1975). Here, as in the Salt Range, Triassic
ammonoids and bivalves are associated with
brachiopods that belong to genera usually
considered to be Late Permian. Also, con-
odonts of the Anchignathodus typicalis As-
semblage-Zone cross the Permian-Triassic
boundary. The Late Permian Zeewan For-
mation (120 m thick), which rests on the
Panjal volcanics, is sandy in its upper part
and detailed faunal studies are needed.
Fusulinaceans have not been reported.

The Pamirian, Dzhulfian, and Chhidruan
stages appear to represent approximately
the same time interval. The Pamirian may
include somewhat older beds in its lower
part than the other two and the Chhidruan
may not include beds as young as latest
Dzhulfian. Faunal zones that can be later-
ally traced and that include fossils common
in Upper Permian strata in other geograph-
ical areas are much needed. Some of the
faunas studied are closely associated with
particular depositional environments and
the lateral equivalency of different facies is
commonly difficult to determine. The Lop-
ingian Series in South China offers possibil-
ities for establishing a reliable biostrati-
graphic framework for this latest Late
Permian interval (Fig. 1) (Sueng, 1963;
CHao, 1965).

The Lopingian Series unconformably
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overlies the Maokou Limestone, which has
the Zone of Yabeina in its upper part. The
series was subdivided by CHao (1965), and
a lower part is made up of the Wuchiaping
Limestone and its lateral equivalents, such
as the Hoshan Limestone, the Lungtan Coal
Series in the lower Yangtze valley, and the
Loping Coal Series in north-central Kiangsi.
These coal series, reaching 600 to 700 m in
thickness, have continental sandstone and
shale interbedded with marine shale and
thin limestone beds that yield brachiopods
and ammonoids. The continental beds in-
clude floras of Taeniopteris, Pecopteris,
Sphenopteris, Cladophlebis, and Giganto-
pteris. Common brachiopods are Chonetes,
Dictyoclostus, and Squamularia. In the
lower third of this succession the am-
monoids Anderssonoceras, Prototoceras, Ar-
axoceras, Kiangsiceras, Vescotoceras, and
Pseudogastrioceras are common and are
similar to those in the lower part of the
Dzhulfian Stage. Near the top of this suc-
cession, continental beds have Neuropzeris,
Lepidodendron, and Lobatannularia.

The upper part of the Lopingian Series,
the Changhsing Limestone, is 120 to 150 m
thick and has a Palaeofusulina-Reichelina
fusulinacean fauna in north-central Kiangsi.
This limestone is typically developed in the
Changhsing coal field of northern Chekiang
where it is formed of 25 to 34 m of dark-
gray to black limestone and siliceous inter-
beds. The lower part contains Pseudotiro-
lites and Pseudogastrioceras. The upper
part contains Stacheoceras, Pachydiscoceras,
Rotodiscoceras, Trigonogastrites, and
Changhsingoceras in association with Palae-
ofusulina, Reichelina, and the brachiopods
Oldhamina, Dictyoclostus, and Hustedia. In
many parts of South China the predomi-
nantly limestone facies of the Changhsing
changes laterally into the Talung Formation,
which consists of siliceous shale and lime-
stone and contains Palacofusulina, Pseudo-
gastrioceras, Pseudotirolites, and other gen-
era of ammonoids. CHao (1965) estimated
that the Changhsing and Talung strata
contain more than 100 species and 30 genera
of ammonoids, most of which are not de-
scribed. In South China the Lopingian
Series has at least two ammonoid zones, the
Prototoceras-Araxoceras Zone in the lower
part and the Pseudotirolites-Pleuronodoceras
Zone in the upper part.
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Fusulinaceans are common in much of the
Lopingian Series of the Permian of South
China (SueNg, 1963) and, although not
present in some of the Iranian, Soviet, Pak-
istan, and Kashmir sections, they are more
widely distributed (Torivama, 1973) than
most of the ammonoid genera listed by
Cuao (1965). Torivama (1973) reviewed
these high Upper Permian occurrences of
fusulinaceans and concluded that three
zones could be recognized. A late Guada-
lupian fusulinacean assemblage-zone in-
cludes Yabeina, Lepidolina, Codonofusiella,
Reichelina, and a large variety of Verbeek-
ininae; a lower Dzhulfian (lower Loping-
ian) assemblage-zone has Codonofusiella
and Reichelina but without other fusulin-
aceans (except possibly in Japan where the
Lepidolina kumaensis Zone may extend
into this zone); and an upper Dzhulfian
(upper Lopingian) assemblage-zone in-
cludes Palacofusulina and Reichelina. These
fusulinacean zones, as well as those based
on ammonoids and brachiopods, are in need
of further investigations.

Other well-studied Permian Tethyan sec-
tions (Fig. 1) include Japan and the Carnic
Alps, which are discussed in more detail
under fusulinacean zonation. The Japanese
sections were deposited in eight different
tectonic settings (Torivama, 1973), each
with its own lithofacies and structural his-
tory, occurring in an outer tectonic zone, an
inner tectonic zone, and a number of mas-
sifs and basins. The base of the Permian,
drawn at the base of the Pseudoschwagerina
Zone, is usually unconformable on Carbonif-
erous and older rocks. Four Permian series
are commonly recognized:

SERIES ZONE

Kuman Yabeina yasubaensis-
Lepidolina toriyama: (lacks
Neoschwagerina)

Akasakan Neoschwagerina craticulifera-
Verbeekina verbeeki

Nabeyaman Parafusulina kaerimizensis-
Neoschwagerina simplex

Sakamotozawan Pseudoschwagerina morikawai-

Pseudofusulina vulgaris

In only two or three sections are Triassic
strata preserved above these Permian beds.
The Kuman Series is usually not present or,
if present, may lie either unconformably or
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in fault contact with the underlying Akasa-
kan Series, suggesting a period of mountain-
building activity that may correspond to
the Tungwa movements of China. An
earlier orogenic pulse also seems to have
been widespread during the latter part of
the Nabeyaman Epoch. Both orogenic in-
tervals resulted in considerable changes in
paleogeography.

Tethyan deposits of southern Europe are
shared by Austria, Italy, Yugoslavia, Greece,
and Sicily and include a complex sequence
of Permian rocks. One of the better known
successions is the Lower Permian of the
Carnic Alps, which consists of 200 to 270
m of limestone and interbedded shale and
200 to 400 m of massive limestone (FLUGEL
& ScHONLAUB, 1972). These form the Rat-
tendorfer Limestone and Shale and the
Trogkofel Limestone. The Trogkofel is lo-
cally reefoid and also includes a clastic facies
and breccia. The overlying beds rest dis-
conformably on the Trogkofel Limestone
and include 30 to 40 m of red clastic Gro-
dener Shale. This clastic depositional phase
probably is a result of the Saale tectonic
pulse that terminated Autunian deposition
in northwestern Europe. Thus, the Gro-
dener is approximately equivalent to the
lower clastic portion of the Zechstein.
Above this are up to 200 m of Bellerophon-
bearing shale and limestone that are equiv-
alent to the middle and upper part of the
Zechstein.

The Rattendorfer and Trogkofel beds
contain a diverse, apparently normal marine
Tethyan fauna including many fusulia-
aceans, corals, brachiopods, and cephalopods.
This depositional pattern started in the
Late Carboniferous with the deposition of
the Auernig clastic beds and a few marine
limestone beds bearing plants, fusulinaceans,
corals, and brachiopods of either Stephanian
or Gzhelian affinities. The Rattendorfer
beds have abundant and diverse fusulinacean
faunas that include typical Asselian and
Sakmarian species. The Trogkofel Lime-
stone is particularly rich in Artinskian ceph-
alopods, including Medlicottia near the
base and Agathiceras, Popanoceras, and
T halassoceras near the top. The Grédener
beds are plant-bearing and are similar in
lithology to the Saxonian facies of north-
western Europe. The Bellerophon-bearing
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beds represent a complex of lagoonal facies
having a number of different lithologies in
which brachiopods, gastropods, bivalves, and
rare cephalopods show affinities to both the
Zechstein and the Upper Permian of the
Salt Range. Northwestward from the Car-
nic Alps, the Permian strata thin and be-
come nonmarine, and to the southeast, in
Yugoslavia, Greece, Crimea, and Turkey,
the Upper Permian carries a varied Tethyan
fauna that includes fusulinaceans, brachi-
opods, and other invertebrates.

NORTH AMERICA

Permian strata of North America include
shallow marine shelf deposits, evaporites
and nonmarine beds in much of the mid-
continent and southwestern regions, non-
marine plant-bearing beds in parts of West
Virginia and adjacent areas (Dunkard
Group), and a complex set of eugeosynclinal
and miogeosynclinal sediments in the west-
ern Cordillera as far east as Utah, Idaho,
and western Alberta (Mckee ez al., 1967).

The Dunkard Group was deposited in a
semi-isolated nonmarine basin along the
western flank of the Appalachian orogenic
belt, and on the basis of plant fossils appears
to be no younger than latest Autunian and
no older than earliest Permian.

The midcontinent and much of the south-
western region is characterized by a compli-
cated set of lithofacies that were gradually
modified by changes in sea level, move-
ments related to tectonics of the craton,
and gradual filling-in of basins and troughs.
The Ouachita sector of the Appalachian
orogenic belt lay as a large S-shaped feature
to the south and actively moved against
the southern margin of the North American
craton, closing a deep marine sea that
reached from west Texas into southern
Oklahoma and Arkansas. Block faulting
and resulting deposition progressively closed
off the sea in northern Oklahoma and Kan-
sas by the end of Wolfcampian time and
the normal marine faunas, which were rich
in fusulinaceans, bryozoans, bivalves, and
crinoids gave way to specialized brackish
and saline faunas in the later part of the
Permian. By the early part of the Leonard-
ian, the east Texas shelf between the Mid-
land basin and the Ouachita belt also pro-
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gressively developed into a broad, low,
deltaic plain and the deposits are rich in
nonmarine vertebrate fossils. Shelf-edge
carbonate banks of algae, fusulinaceans,
bryozoans, brachiopods, and crinoid debris
fringed most of the Delaware and Midland
basins during the Early Permian (Fig. 1)
and these basins had considerable topo-
graphic relief; the Midland basin being in
part below a sill restricting water circulation
and bottom faunas.

During the Leonardian the reefs around
the Delaware basin continued to deposit
thick sedimentary units. By Guadalupian
time the Midland basin was restricted as the
Ouachita orogenic belt and debris from it
closed the passage at the southern end of the
Central Basin platform. A marine channel
to the south and southwest supplied the
Delaware basin with normal marine water
and large marginal reefs continued to form
around that basin (King, 1949; NewerLr
et al., 1953). To the south in northern
Mexico volcanics finally closed this channel
and marked the end of Guadalupian depos-
ition. The faunal zonation of these west
Texas reference sections is discussed in the
Fusulinacean and Ammonoid sections of
this review.

Westward in New Mexico and southeast-
ern Arizona, other fault-bounded blocks
show generally similar histories of basin in-
filling during the Early Permian (Ross,
1973), and the gradual restriction of faunas
to very specialized biofacies by Leonardian
time. Although carbonates of Guadalupian
age are extensive over the southwestern end
of the transcontinental arch in the Grand
Canyon region, the biofacies were not norm-
al marine, probably somewhat brackish,
having a predominantly molluscan fauna.
North of the western end of the transcon-
tinental arch, block-faulted marine basins
and clastic source areas extended well into
Utah during Early Permian time and appear
to be the continuation of the structural pat-
terns seen in Arizona, New Mexico, and
Texas. These basins and adjacent clastic
source areas have many thousands of meters
of displacement and the basins are filled
mainly with conglomerate, sandstone, and
shale, with locally well-developed limestone
having a normal marine fauna including
fusulinaceans. Farther north in Montana,
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Alberta, and Yukon, the western edge of
the Permian cratonic shelf was more stable
and extensive thin sheets of sandstone are
common in the Lower Permian and a few
are apparently as young as early Late Perm-
ian. Marine faunas are meager in these
shelf and shelf-edge clastic belts but a few
limestones and silicified limestones contain
Early Permian brachiopods, corals, and
fusulinaceans.

In central eastern Alaska, Canadian Arc-
tic islands, and northeastern Greenland this
shelf clastic facies is well developed and in-
tertongues near the shelf edge with thicker
carbonate beds that have well-developed
Early Permian fusulinacean, coral, bryozoan,
brachiopod, and ammonoid faunas. These
faunas are similar to those in Spitsbergen,
the northern Urals, and the Russian plat-
forms, but have not been completely studied.

West of the Permian edge of the North
American craton several different, highly
deformed sedimentary belts have contrasting
faunas of Early and early Late Permian
age and are presently aligned more or less
parallel to the former cratonic edge (Mon-
GER & Ross, 1971). Some of these, particu-
larly the eastern belt, have Lower Permian
shale and limestone deposited on structur-
ally disturbed lower and middle Paleozoic
strata. Some of the diverse Early Permian
faunas of these strata are similar to those
of the reefs and carbonate banks along the
Ural geosyncline. A central belt includes
thick, extensively developed carbonate banks
and reefs that rest on ribbon chert, basaltic
tuffs, and greenstone, and are overlain by
basalts. These limestones have an abundant
Tethyan fauna of fusulinaceans, bryozoans,
brachiopods, ammonoids, crinoids, and a
rich algal flora, and they were probably
deposited in shallow, tropical or subtropical
water. Further west, other parts of the
Cordillera have a pre-Devonian granitic
basement overlain by a thick Lower Perm-
ian carbonate sequence with algae, fusuli-
naceans, corals, bryozoans, brachiopods, and
crinoids, which also may represent a part
of the Tethyan flora and fauna. Other fusu-
linaceans having affinities with the west
Texas faunas are found in places in British
Columbia and Yukon in another one of
these Cordilleran tectonic belts. Interpreta-
tions of these distributions generally imply
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a significant geographical rearrangement of
late Paleozoic strata during the Mesozoic
and early Cenozoic. The youngest well-
dated Permian fusulinaceans include primi-
tive Yabeina with Wordian ammonoids,
suggesting that in much of this region dep-
osition was minor after middle Guadalup-
ian time.

The relationships between these structur-
ally bounded belts that have different sedi-
mentary origins and contrasting faunas are
only partially worked out; however, parts
or pieces of many of these belts extend from
southwestern Alaska through western Can-
ada and western United States into Baja
California and Sonora. These belts are
principally identified by their faunal affini-
ties and by their stratigraphic and structural
relationships to underlying and overlying
rock units.

In northern Mexico, east of Sonora, the
Permian was deposited in basins much like
those in Arizona, New Mexico, and west
Texas, and on the flanks of the Ouachita-
Marathon orogenic belt that turns south
into Mexico. In Chiapas, in southern Mex-
ico, light-gray thick-bedded limestone has
yielded an abundant and diverse Lower
Permian fauna in an algal-rich limestone,
and in Belize dark-gray limestone in dark
shale also has Lower Permian fusulinaceans.
The remainder of Central America and the
Caribbean region is composed of rocks that
are mostly Jurassic or younger in age, and
Permian strata are not reported.

GONDWANA CONTINENTS
AUSTRALIA

Major sequences of Permian strata are
located in four basins in the western part
of Australia (Perth, Carnarvon, Canning,
and Bonaparte Gulf basins) and in five
basins along the Tasman geosyncline in the
eastern part of Australia (Tasmanian, Syd-
ney, Maryborough, Bowen, and Yarrol bas-
ins). Based on faunal and floral associations
(Dickins, 1970; THomas, 1971), six sub-
divisions are correlated between the western
basins and the Bowen basin in the east,
and from there to other eastern basins
(RUNNEGAR, 1969; Drar, 1971). The earliest
Permian fauna (Stage A, Dickins, 1970) of
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Asselian and early Sakmarian age is char-
acterized by the bivalve Eurydesma, which
was apparently adapted to cold water. In
the west it is known only from the Car-
narvon basin, but it is more widely distrib-
uted in the eastern basins. Glacial marine
tillites, clastic strata, and volcanics are pres-
ent in this interval in most basins. The
second faunal assemblage (Stage B, Dick-
iNs, 1970) of late Sakmarian or early Artin-
skian age is more widely distributed, sug-
gesting more widespread marine conditions,
and in the Carnarvon basin this assemblage
contains a few genera of Tethyan affinities.
The bivalve Edmondia is characteristic of
this fauna and is associated with Oriocras-
satella, Astartella, Pseudomyalina, and At-
omodesma. In the Bowen and Sydney basins
the bivalves Astartila?, Megadesmus, and
Eurydesma, the brachiopods Ingelarella,
Strophalosia, and Notospirifer, and the
ammonoid Uraloceras also occur in this
fauna (ArMsTRONG et al., 1967). The third
subdivision (Stage C, Dickins, 1970) is
largely nonmarine and dominated by clastic
sediments. In many of the basins coal beds
formed in this interval and contain the plant
fossils Gangamopteris, Glossopteris, and
Dadoxylon (Davip & BrownE, 1950). The
fourth subdivision (Stage D, Dickins, 1970)
includes another widespread marine fauna,
which in the western basins has additional
genera of Tethyan affinities (TEICHERT,
1974) and locally reaches considerable thick-
ness (up to 2,000 m) in the Carnarvon
basin. An older (Stage Dy) and a younger
(Stage D2) part of this faunal assemblage
have been recognized. A late Artinskian
age was suggested by Dickins (1970) for
the older part and a Kazanian age was
indicated for the younger.

The fifth subdivision {Stage E, Dickins,
1970) is a succession of coal and plant-
bearing clastic strata that generally lack
marine fossils. The sixth subdivision (Stage
F) includes the youngest Permian marine
faunas of western Australia, which occur
in the upper part of the Liveringa Forma-
tion (Hardman Member). This fauna in-
cludes many genera of bivalves (such as
Phestia, Megadesmus, Astartila?, “Allor-
iema,” “Modrolus,”  Atomodesma, Avicu-
lopecten, Girtypecten?, Acanthopecten, Stre-
blopteria, Pseudomonotis, Schizodus, Orio-
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crassatella, and Astartella) and several gen-
era of gastropods. It is probably Tatarian
(Dzhulhan) in age.

Permian ammonoids are rare in most
Australian sequences and include 17 species
from the western basins and two from the
Sydney basin in the east (GLENISTER &
FurnisH, 1961). From the western basins
several species of Uraloceras and Juresanites
occur in the Holmwood Shale (upper part
of Stage A) and suggest a Sakmarian age.
Thalassoceras, Metalegoceras, and Propopan-
oceras in the Nura Nura Member of the
Poole Sandstone (Stage B) are of late Sak-
marian age. Several ammonoid assemblages
of Artinskian (Baigendzhinian) age have
been reported and include species of Neo-
crimites, Propinacoceras, and Pseudoschist-
oceras. The lower beds of the Liveringa
Formation (Lightjack Member) and beds
of approximately the same age (Stage D)
contain Pseudoschistoceras, Agathiceras, and
possibly Propinacoceras, indicating an age
near the Early-Late Permian boundary or
slightly above. The ammonoid fauna from
the Kockatea Shale of the Perth basin is
now known to be early Triassic in age.
In the Sydney basin in eastern Australia
(Fig. 1), the Farley Formation contains
Uraloceras, brachiopods, gastropods and bi-
valves, of probable late Sakmarian age; the
Branxton Subgroup has Neocrimites, corals,
and bryozoans of Artinskian (Baigendzhin-
ian) age.

An extensive Late Permian insect fauna
is known from the Newcastle Coal Measures
near Newcastle and Lake Macquarie in the
northern part of the Sydney basin in eastern
Australia (TiLLvaro, 1917-36). This insect
fauna lacks many of the forms usually found
in Permian tropical or subtropical moist-
forest assemblages and is dominated by the
orders Hemiptera and Mecoptera. These
insects are distinctively more advanced than
those of the Early Permian of Kansas and
include many genera that are closely re-
lated or ancestral to orders that are typically
Mesozoic and younger. This fauna is gener-
ally considered to be Tatarian in age based
on a few closely similar species that are
found in the Russian section. In Tasmania,
the Permian-Triassic boundary is drawn
at the top of the Cygnet Coal Group {Banks
& Naqvi, 1967).
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INDIA AND PAKISTAN

The Permian deposits of India and Paki-
stan are distributed in a number of fault-
bounded basins located along three struc-
tural trends in peninsular India, and to the
north in elongated fold belts on the flanks
of the Himalayan orogenic bele. The succes-
sions in peninsular India lie on a Precam-
brian basement, are called the Gondwana
Group, and generally have a tillite or a
diamictite at their base. Clastic nonmarine
strata dominate the overlying parts of the
Gondwana Group (Permian to Early Cre-
taceous) and have interbedded coal and only
a few thin marine beds. Two marine assem-
blages are recognized, suggesting two differ-
ent intervals of flooding. The oldest (Assel-
ian or early Sakmarian) has an Eurydesma
fauna, was deposited within the Talchir
Boulder beds, and was probably a cold-water
assemblage. Three other localities have
more diverse faunas, which are generally
considered to be of late Sakmarian age.
Eurydesma may be present in these three
faunal assemblages, along with bryozoans,
brachiopods, gastropods, bivalves, ostra-
codes, and echinoderms (TeicHerT, 1974).
Some of these fossil groups include genera
known also from Australia and South
America and others are nearly cosmopolitan.
The faunas suggest that these beds were the
result of brief marine flooding of the Gond-
wana depositional basins by water from the
northern edge of the Indian craton.

The Permian strata exposed in the flanks
of the Himalayan Mountains appear to

represent deposits along the edge of the

Indian craton that bordered the southern
Tethys. Diamictite in the Salt Range is
overlain by marine clastic and carbonate
units that carry a fossil succession having
mostly Tethyan forms (Zaluch Group =
Lower, Middle, and Upper “Productus”
Limestone of early reports) (see discussion
above on Tethyan Belt).

AFRICA

Central, southern, and parts of northwest-
ern Africa were consolidated by the end of
Middle Carboniferous time into a relatively
stable platform. Block faulting developed
basins for clastic deposition during the
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Permian and the stratigraphic succession
(Karroo Series) that is preserved is similar
to that of peninsular India. At the base, the
Dwyka Tillite (or Diamictite) Group is
widespread and in southwestern Africa
marine tongues are found with Eurydesma,
Conularia, Archaeocidaris, and the fish Pal-
aconiscus. Nonmarine shaly tongues near
the base have Glossopreris fragments, and
shales near the top have Glossopteris and
the Gondwana aquatic reptile Mesosaurus,
which is also found in South America.
These fossils suggest a Late Carboniferous
to Asselian (or early Sakmarian of some
authors) age and presumably are equivalent
to the earliest Permian assemblages of India
and Australia.

Above the Dwyka Group, the Ecca Group
is widely distributed and is mainly fine- to
coarse-grained sandstone with some shaly
beds. In the Karroo trough these strata are
mostly gray shale, siltstone, and subgray-
wacke sandstone having Gangamopteris,
Glossopteris, and Cyclondendron. To the
east in Natal, Transvaal, and Orange Free
State, coals are well developed and to the
west in southwestern Africa red sandstone
and shale are typical of the Ecca. Much of
the middle part of the Ecca Group repre-
sents cyclic deposition associated with several
widespread coal beds. Most of these deposi-
tional cycles have only the nonmarine por-
tion preserved, but locally some marine shale
is preserved above the coal. In the Dundee
district in northern Natal, one such occur-
rence yielded Paraceltites?, which suggests
a latest Early Permian or Late Permian
age for that part of the Ecca (TEICHERT &
RiLerr, 1974). Northward the Ecca Group
thins and lies directly on the pre-Permian
platform where the Dwyka Tillite is miss-
ing.

The youngest Permian beds are non-
marine and they form the lower part of the
Beaufort Group, which passes upward into
strata of Triassic age. Six reptilian zones
are recognized in the Beaufort but only
the lower three are Permian. These are the
Zone of Tapinocephalus, overlain by the
Zone of Endothiodon, and finally by the
Zone of Cisticephalus at the top of the
Permian. This lower part of the Beaufort
Group seems to be restricted to the Karroo
trough.
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MADAGASCAR

The western half of Madagascar is under-
lain by a succession of Gondwana strata
that have many features of the southern
African, peninsular Indian, and Salt Range
successions. The Permian part of this suc-
cession is the Sakoa Group and the lower
part of the overlying Sakamena Group. A
tillite, the lowest formation, is overlain by
mainly nonmarine sandstone and shale beds
with several marine limestone and shale
units. The Glossopteris-Gangamopteris
flora, associated reptiles, and the occurrence
of several coal beds are similar to the Karroo
Series of southern Africa. Productid and
spiriferid brachiopods are common in the
marine shale and limestone units. The low-
er part of the Sakamena Group in northern
Madagascar also has several marine lime-
stone and shale units and these include pro-
ductid, spiriferid, and atrypid brachiopods,
bivalves, and cephalopods, such as Cyclolo-
bus, Episageceras, Xenodiscus, Propinaco-
ceras, and Popanoceras, that are similar to
those of the Chhidru Formation of the Salt
Range, Pakistan (TEeicuert, 1974).

SOUTH AMERICA
East of the Andean belt most of South
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America had a Permian history that is
closely similar to that of Africa. By Middle
or Late Carboniferous time the shield areas
of South America formed a large platform,
which, based on geological similarities, ap-
pears to have been continuous with that of
western Africa. The Gondwana deposits in
the Parana basin that lie unconformably on
this platform are of glacial origin and are
similar to those in southwestern Africa
(CastERr, 1952). The Itararé Group at the
base has shaly interbeds with paleoniscid
fish, ammonoids, and Glossopreris and
Rhacopreris floras that are probably of Mid-
dle and Late Carboniferous age. The over-
lying Guatd Group has local glacial sedi-
ment, coal, and marginal marine deposits.
Eurydesma and Glossopteris occur in the
upper part of the Guatd and suggest an
Early Permian age. Higher, the Irati For-
mation has Mesosaurus, and the Estrada
Nova Group and Rio Do Rasto Group are
mainly clastics that contain an extensive
plant succession and a few marine tongues
having sparse invertebrates. Rynchosaurid
reptiles Cephalonia and Scaphonyx are
found in the overlying Santa Maria Red-
beds and are of Middle Triassic age.

FAUNAL ZONATION AND DISTRIBUTION

In reviewing the zonation and geograph-
ical distribution of Permian faunas, groups
have been selected that have been widely
used for correlation or that have shown a
strong potential use, as in the case of cono-
donts. Such groups are likely to have
received more thorough study and more
detailed phylogenetic analysis than other
groups. Because of limitation of space and
time, the following groups are examined in
hierarchical order: fusulinaceans (foraminif-
erid protozoans), other foraminifers, corals,
bryozoans, brachiopods, ammonoids, and
conodonts. Other groups that are widely
distributed, but which have been less
thoroughly studied or less widely used
for correlation, such as sponges, bivalves,
gastropods, arthropods, and echinoderms,
are not discussed. It is recognized, based on
a number of local studies, that many of
these groups also may have a potential im-

portance in evaluating worldwide biostrati-
graphic and paleogeographic problems.

FUSULINACEANS

Fusulinaceans are a group of large extinct
protozoans that evolved rapidly during the
late Paleozoic. Of the more than 80 genera
recognized in Permian strata only about a
dozen are Carboniferous holdovers (Fig. 2).
Two major intervals of unusually rapid
evolution are known; the first in Early
Permian during the Asselian in all parts of
the world, and the second during the later
part of the Darvasian and early part of the
Murgabian in the Tethyan faunal realm.

The phylogeny and geologic history of
fusulinaceans has been summarized by Ross
(1967; 1978) and Rozovskaya (1975) and
Figure 2 is based on these reports. All
of the six Permian families are assigned to
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Schwagerinidae
/N
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the one superfamily, Fusulinacea, and are
recognized on the basis of differences in
wall structure and other internal features.
Although the Ozawainellidae evolved into
at least nine genera during the Middle Car-
boniferous and again into three or four
genera in the Late Permian, the family is
more important because it gave rise to the
families Fusulinidae, Schubertellidae and
Staffellidae. In their evolutionary develop-
ment genera of the Fusulinidae become
markedly elongate along their axis of coil-
ing. Only one of the three subfamilies,
the most primitive group, the Fusulinel-
linae, ranged into the Permian. It survived
until the Late Permian, and retained the
basically simple unfolded septa and simple
layered-wall structure. By Late Carbonifer-
ous time, the Fusulinidae gave rise to the
Schwagerinidae, which evolved only slowly
during the Late Carboniferous. In Asselian,
Sakmarian, and lower Artinskian rocks,
genera in the family Schwagerinidae are im-
portant zonal fossils, particularly genera with
inflated chambers such as Sphacroschwager-
ina, Pseudoschwagerina, Paraschwagerina,
Robustoschwagerina, Zellia, Parazellia,
Occidentoschwagerina, Acervoschwagerina,
and Rugososchwagerina, which have dis-
tinctive ranges. Also important are the

elongate subcylindrical genera derived from
Pseudofusulina, such as Eoparafusulina,
primitive Parafusulina, and primitive Mon-
odiexodina. Several inflated genera ex-
tended into the later part of the Early
Permian and Rugososchwagerina extended
into the early part of the Late Permian.
Several of these inflated genera may have
becn pelagic; however, most other fusulin-
aceans were benthonic. In southwestern
North America, schwagerinids extend
through the Guadalupian Series before be-
corning extinct and include many of the
descendants of the Early Permian schwag-
erinids together with a few Tethyan migrant
genera. Advanced species of Parafusulina
and the first appearance of Chusenella, Skin-
nerina, Nipponitella, and Polydiexodina oc-
cur in the Guadalupian.

The Schubertellidae, a second family that
evolved from the Ozawainellidae, had a
conservative Carboniferous history; how-
ever, during the Permian it started to ex-
pand and one of its lineages, Boultonia,
eventually gave rise to a burst of Late Perm-
ian genera that extended to the end of the
Permian. The schubertellids are small, and
many became uncoiled and are closely as-
sociated with reefs and shallow lagoonal
deposits in the later part of the Permian.
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Schubertellidae Staffellidae
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North American, and northern Andean distribution.] (Data principally from Ross, 1967, and Rozovskaya,
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The Staffellidae, which also arose from the
Ozawainellidae, had a few, small conserva-
tive Carboniferous genera; however, in the
later part of the Early Permian this family
rapidly evolved. It reached greatest diver-
sity in the early part of the Late Permian,
but only one of two genera occur in young-
est Permian strata and are associated with
back-reef lagoonal sediments.

The Verbeekinidae arose from the Staffel-
lidae and rapidly evolved in the later part
of the Early Permian into five or six lineages
before becoming extinct about the middle
of the Late Permian. Some of its genera
are large, subspherical forms with complex
internal features.

In addition to their common ancestry, the
Staffellidae and Verbeekinidae are similar
in that they evolved rapidly in the later part
of the Early Permian and early part of the
Late Permian, increased in size, and had
strongly modified wall structures. The
schubertellid subfamily Boultoninae in-
creased in diversity in the early part of the
Late Permian but showed an even greater
diversity of genera in the latest part of the
Permian before becoming extinct. Most of
the generic diversity in the Schwagerinidae
occurred in the early part of the Early
Permian and only a few new genera ap-

peared in the Late Permian. The family
Fusulinidae includes one long-ranging line-
age that extended into the Late Permian.
The family Ozawainellidae had a diversity
peak in the early part of the Late Permian.
These phylogenetic patterns suggest that
the early part of the Early Permian and
the early part of the Late Permian were
times of major fusulinacean diversification,
and later parts of the Early Permian and
the latest Permian were times of restriction
of previously successful lineages. These
evolutionary patterns appear to be associated
with changes in geographical distributions
and the development of regional and en-
demic lineages.

FUSULINACEAN ZONES OF THE
RUSSIAN PLATFORM, URAL
REGION, AND ADJACENT REGIONS

The Late Carboniferous and Early Perm-
ian fusulinacean zonation of the Russian
platform and Ural region is well known
from extensive studies by Rauzer-CHERr-
Nousova (1937, 1940, 1949, 1965), Rauzer-
Cuernousova and others (1958), SyEmina
(1961), SucuersovicH (1969), MiknayLova
(1974), and many others. Although there
is a lack of agreement among some Soviet
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paleontologists as to which of the zones
should be wused for defining the base
of the Permian and subdivisions within
the Permian, the actual sequence of zones
and the fusulinacean assemblages that form
these zones have been extensively studied.
The zones characterized by Montiparus,
Triticites, and Pseudofusulina (i.e., the Kasi-
movian, Gshelian, and Orenburgian stages)
are generally included in the Upper Carbon-
iferous. The overlying zones are included
by many in the Lower Permian and that
procedure is followed in this review.

Eight fusulinacean assemblage-zones are
recognized from the type area of the Lower
Permian; however, no fusulinaceans have
been reported from Upper Permian strata in
this area or in areas that were laterally con-
nected with it to the north (Vissarionova

et al., 1949).

ASSELIAN

The Asselian Stage contains three fusu-
linacean zones. These are separated on the
basis of different species of Sphaeroschwag-
ering and combine to make up the “Zone
of Schwagerina” as commonly used in
Soviet literature. The lowest is the Zone of
Sphaeroschwagerina fusiformis and Sphaero-
schwagerina vulgaris, which includes about
33 characteristic species of Pseudofusulina,
Pseudofusulinella, Schubertella, Triticites,
Jigulites, Daixina, Schwagerina, and Pseu-
doendothyra. In the middle is the Zone of
Sphaeroschwagerina moelleri and Pseudo-
fusulina fecunda, which includes 57 char-
acteristic species of Pseudoendothyra, Pseu-
dofusulinella, Schubertella, Fusiella, Tri-
ticites, Jigulites, Daixina, Pseudofusulina,
Schwagerina, Pseudoschwagerina, and
Sphacroschwagerina. At the top is the
Zone of Sphaeroschwagerina sphaerica and
Pseudofusulina firma, which includes 38
characteristic species of Pseundoendothyra,
Pseudofusulinella, Schubertella, Triticites,
Pseudofusulina, Schwagerina, and Sphaero-
schwagerina.

Within the Asselian, species of Sphaero-
schwagerina show an evolutionary trend to-
ward becoming more globose in outline.
Pseudofusulina has many lineages of species
including some that have strongly rugose
outer walls and others that develop heavy
secondary deposits.

Introduction—Biogeography and Biostratigraphy

Unfortunately, many Soviet micropale-
ontologists prefer to continue to use the
generic concept of voN MokeLLer (1877) for
the genus Schwagerina rather than the type
specimens illustrated by Enrenserc (1854,
plate xxxvi, x, ¢, figs. 1-4) as “Borelis prin-
ceps,” to which von MokLLEr (1877) re-
ferred as follows: “Als eine typische Form
derselben sehe ich die Schwagerina princeps
Ehrenb. an®.” Although voNn MoELLEr illus-
trated thin sections of highly inflated forms
that he believed were the same as Enren-
BERG's species, polished and thin-section
study of EHRENBERG’s material showed it to
be quite different in internal features and
probably closely related, if not identical, to
“Fusulina” krotow: (DuNBAR & SKINNER,
1936; DunBagr, 1958). Earlier, Dunsar and
SkINNER (1931) had erected Pseudofusulina
for elongate forms that, as it turned out,
had many of the features of EHRENBERGs
Borelis princeps and, for several years after
1936, Pseudofusulina was considered by
most non-Soviet micropaleontologists to be a
synonym of Schwagerina. The North Amer-
ican forms, which previously had been as-
signed to Schwagerina were placed in
Pseudoschwagerina and it was assumed that
the Soviet species also belonged there. Be-
tween 1936 and 1976, 10 new genera have
been proposed for various inflated schwager-
inids, including Sphaeroschwagerina, using
voN MoELLER’s specimens of “princeps” as
its type. In contrast to Pseudoschwagerina,
which occurs in many of the same strati-
graphic beds with it, Sphaeroschwagerina
has low, thin-walled juvenile whorls that
lack folded septa and massive chomata and
the two genera are easily distinguishable.

The result of this nomenclatural con-
fusion over use of the name Schwagerina
is even more awkward because it is associ-
ated with the naming of several distinctive,
widely distributed, and easily recognized
biostratigraphic zones within the Asselian
Stage. Thus the “Schwagerina” zones of
the Russian platform and Urals are based
on species that are neither Schwagerina nor
Pseudoschwagerina, but species of Sphaero-
schwagerina.

SAKMARIAN
This stage has been divided into two
major subdivisions (Rauzer-CHERNOUsOVA
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1965), the Tastubian “superzone” and the
Sterlitamakian “superzone,” which are iden-
tified on the basis of different species of
Pseudofusulina. The lower part of the
Tastubian is identified as the Zone of Pseu-
dofusulina moelleri and includes about 10
additional species of Pseudofusulina, Fusi-
ella, Triticites, and Pseudoendothyra. The
upper part of the Tastubian is the zone of
Pseudofusulina verneuili and includes five
other species of Pseudofusulina, Pseudo-
fusulinella, Fusiella, Pseudostaffella, and
Schubertella.

The Sterlitamakian is essentially the Zone
of Pseudofusulina plicatissima, P. urdalensis,
P. schellwieni, P. intermedia, and P. callosa.
It also includes several species of Rugoso-
fusulina, Daixina, and Pseudofusulinella.
The Burtsevian “superzone” is included by
many Soviet biostratigraphers as a facies of
the upper part of the Sterlitamakian. It in-
cludes nearly a dozen closely related species
of Pseudofusulinella, including P. concavu-
tas, P. vissarionovae, P. paraconcavutas, P.
pseudoconcavutas, P. delicata, P. schellwieni,
P. kutkanensis, and P. juresanensis. Al-
though the trend appeared in the Tastubian,
the fusulinacean faunas at this time began
to show a marked decrease in generic and
species diversity; and limestone facies are
less widely developed, particularly in many
parts of the Russian platform.

ARTINSKIAN

The Irginian Substage includes Pseudo-
fusulinella  concessa, P. paraconcessa, P.
solida, P. schellwieni, P. verneuili, and
Parafusulina lutugini. Parafusulina lutugini
is a long-ranging species that has many
primitive features of the genus. Its age
relationship to other primitive lineages of
Parafusulina, such as those in the Leonard-
ian Series of North America, is poorly
known.

FUSULINACEAN ZONES
OF THE TETHYAN REGIONS

The most complete stratigraphic record
of Permian fusulinaceans occurs in the
Tethyan regions (Fig. 2). These regions
were sites of major structural deformation
during Permian and post-Permian time so
that the structure is usually complex and
strata have complicated facies relations be-
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cause of large and changing topographic
relief. Fusulinaceans are well studied from
several of these Tethyan regions and, in
spite of the structural and stratigraphic diffi-
culties, a fusulinacean zonation has been
established that greatly aids the correlation
of these rocks with the type Permian (Ara-
KELIAN et al., 1964). Although not all of the
biostratigraphic problems are resolved, par-
ticularly near the top of the Permian (Na-
KAzZAWA, IsHil, e al., 1975; Naxazawa,
Kapoor, et al., 1975), the Tethyan fusulin-
acean succession for Japan is the most
thoroughly documented (Torivama, 1958,
1963, 1967) and is used in the following
discussion of zonation as the reference stand-
ard for the regions.

SAKAMOTOZAWAN SERIES

The Sakamotozawan includes the zones
of Pseudoschwagerina morikawai and Pseu-
dofusulina vulgaris, and in its type section is
defined as the stratigraphic range of Pseudo-
schwagerina. ‘Three subzones based on
species ranges are recognized. The lowest,
the Subzone of Pseudoschwagerina mori-
kawai, has associated species of Triticites
and is correlated with the Asselian Stage.
It commonly is not present above a wide-
spread Carboniferous-Permian unconform-
ity. The middle, the Subzone of Pseudo-
fusulina vulgaris, 1s distributed more widely
in Japan and other Tethyan regions and is
associated with more advanced inflated gen-
era such as Robustoschwagerina, advanced
species of Paraschwagerina, species of Na-
gatoella, and holdover species of Triticites.
This subzone appears to correlate with some
part of the Sakmarian Stage. The highest
unit is the Subzone of Pseudofusulina am-
bigua, which also has a wide distribution
in Tethyan successions. This subzone is
marked by a profusion of related species of
Pseudofusulina, such as P. krafti, P. globosa,
P. fusiformis, P. japonica, and others. Na-
gatoella and Schwagerina are locally com-
mon, and Triticites is rare. Primitive Mis-
ellina, one of the early verbeekinids, first
appears in the subzone of Pseudofusulina
vulgaris and is well developed in the Sub-
zone of Pseudofusulina ambigua. The fauna
with Misellina is sufficiently different in its
species assemblage to suggest a different
depositional facies.
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NABEYAMAN SERIES

The Nabeyaman is identified as the Zone
of Parafusulina and is characterized by
species of the Parafusulina kaerimizensis,
Parafusulina matsubaishi, or Pseudofusulina
japonica stage of development; however,
these species and species with these stages
of development are known to range also
into overlying zones. Much of this zone is
equivalent to the Zone of Cancellina, which
is abundant in some facies. The Zone of
Parafusulina also includes primitive species
of Neoschwagerina, marking the Subzone
of Neoschwagerina simplex, a species that
forms an important facies in which Cancell-
ina, Verbeekina, and Yangchienia also are
commonly well represented. Because of
facies differences, this zone is difhicult to
interpret at present. In correlation, the
Nabeyaman Series usually is placed as
equivalent to the middle, or middle and
upper parts of the Artinskian Stage and to
the middle, or middle and upper parts of
the Leonardian.

AKASAKAN SERIES

This series is the Zone of Neoschwagerina
as characterized by the Subzone of Neosch-
wagerina craticulifera below and the Sub-
zone of N. margaritae above. The Neo-
schwagerina craticulifera fauna is widely
distributed in Tethyan regions and includes
additional species of Neoschwagerina, Af-
ghanella, Pseudodoliolina, Verbeekina, Par-
afusulina, and Pseudofusulina. The higher
Neoschwagerina margaritae assemblage also
is widely distributed and includes additional
species of most of the genera of the lower
subzone although species of Parafusulina
and Pseudofusulina become increasingly
rare. Elsewhere in the Tethyan regions,
Skinnerina  (primitive Polydiexodina of
authors) occurs low in this Zone of Neo-
schwagerina and suggests correlation with
the lower part of the Guadalupian Series.

KUMAN SERIES

This is the youngest series that is usually
recognized in Japan and in most part cor-
responds to the Assemblage-Zone of Yabeina
and Lepidolina in which Neoschwagerina is
not recorded. Although the stratigraphic
evidence is not entirely clear, it appears that
the lower part of this zone is dominated by
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Yabeina globosa and Lepidolina elongata
and the middle part is dominated by Lepido-
lina kumaensis and L. shiraiwensis.

YOUNGEST TETHYAN FUSULINACEAN
ZONES

The upper part of the Kuma Formation
on which the Kuman Series is defined in-
cludes species of Codonofusiella, Rauserella,
Parareichelina, Dunbarula, Sichotenella,
Staffella, and Nankinella along with smaller
foraminiferids. Elsewhere in Japan a fauna
dominated by Codonofusiella, Reichelina,
and Palacofusulina are known from a few
high Permian strata and these are probably
equivalent in age to a part of the Loping
Series of south China (Torivama, 1973).
The most complete development of the
youngest Permian fusulinacean zonation is
in southern and central China (Nanking,
Inst. Geol. and Paleont., 1974; Sueng, 1963,
1965), in southeast Asia (Torivama, 1975;
TorivaMA et al., 1974; Lyem, 1971, 1974),
and in southeast Pamir (LEven, 1967, 1975).
Two assemblage-zones apparently are pres-
ent, 2 lower Zone of Codonofusiella and
Reichelina and an upper Zone of Palaco-
fusulina and Reichelina (SHENG, 1963;
TorivaMa, 1973). Both Codonofusiella and
Reichelina appear in the underlying Zone
of Yabeina and Lepidolina and extend into
younger strata that contain Palacofusulina.
As far as can be determined, the extinction
of Palaeofusulina, Codonofusiella, Reichel-
ina, and associated genera in the highest
Permian fusulinacean zone took place prior
to the first appearance of the Triassic fauna.

Permian fusulinaceans are widely distrib-
uted in southern and southwestern China
(CHeN, 1934, 1956; SueNg, 1963, 1965) and
have a zonation that closely parallels that of
Japan. The lower part of the Maping Lime-
stone includes one or more Late Carbon-
iferous (as used in this review) species
zones of Triticites. As these rocks include
mainly latest Carboniferous zones (char-
acterized by Quasifusulina, Rugosofusulina,
and Pseudofusulina), the unconformity with
the underlying Huanglung Series (char-
acterized by Fusulina and Fusulinella) may
represent a long hiatus. The higher parts
of the Maping Limestone contain Pseudo-
schwagerina, Zellia, Quasifusulina, Rugoso-
fusulina, Paraschwagerina, Pseudofusulina,



Permian

and Triticites, which correlate with the
Asselian and, possibly, parts of the Sak-
marian Stage of the Russian platform. Post-
Maping diastrophism resulted in consider-
able erosion prior to the deposition of the
Chihsia Formation. This widespread un-
conformity is one of the reasons that Chi-
nese geologists consider the Chihsia Forma-
tion to be the lowest Permian unit (SHeENG
& LEg, 1964). The Chihsia Formation con-
tains part of the Zone of Parafusulina and
includes the Subzone of Misellina. The
overlying Maokou Formation includes the
upper part of the Zone of Parafusulina,
with the Subzone of Cancellina, and the
Zones of Neoschwagerina and Yabeina
(CHen, 1956). The Chihsia and Maokou
Formations comprise the Yangsinian Series.
Disconformably overlying the Maokou For-
mation is a thick sequence of limestone of
the Lopingian Series that has Codonofusiella
in the lower 400 m (Wuchiaping Lime-
stone) and Palacofusulina in the upper 100
m. The Lopingian Series lacks Yabeina
and Lepidolina and, therefore, is probably
younger than all but the upper part of the
Kuman Series of Japan. Shale and lime-
stone with the Triassic Claraia bivalve fauna
lie above the Lopingian Series.

PAMIRS

The Permian of Soviet Middle Asia, par-
ticularly in the Pamir region, has a nearly
complete succession that Leven (1967, 1975)
divided into three series. The lowest is
the Yaikian Series having Asselian, Sak-
marian, and probably early Artinskian
equivalents, that is, the zones of Sphaero-
schwagerina through to the earliest of the
primitive Parafusulina, and is equivalent to
the upper part of the Maping Limestone of
southwestern China. The middle series, the
Kushanian, is subdivided into three re-
gional stages, the Chisyanaian Stage (en-
compassing the Zone of Misellina), the
Kubergandinian Stage (encompassing the
Zone of Cancellina), and the Murgabian
Stage (including the Zone of Neoschwa-
gerina). The highest series, the Pamirian
(Leven, 1967), was renamed the Arianian
(Leven, 1975) and three stages were recog-
nized, the Keptenian (Capitanian) (zones
of Yabeina and Lepidolina), the Dzhulfian
(Zone of Paradunbarula), and the Chan-
sinian (Changhsingian) (Zone of Palaco-
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fusulina) at the top. As in the southwestern
China section, regional unconformities lie
bzlow the Zone of Misellina and above the
zones of Yabeina and Lepidolina.

FUSULINACEAN ZONES
OF NORTH AMERICA

The succession of fusulinaceans is known
for a number of stratigraphic sequences in
western and southwestern North America.
The standard reference sections in west
Texas include the Wolfcampian and Leo-
nardian series of early Permian age in the
Glass Mountains and the Guadalupian and
Ochoan series of late Permian age in the
Guadalupe Mountains.

The usually accepted placement of the
lower boundary of the Permian in North
America has been at the base of the Zone
of Pseudoschwagerina (Beepe & KNIKER,
1924; Tuompson, 1954) and this corresponds
closely to the base of the Asselian Stage on
the Russian platform, which also contains
primitive Pseudoschwagerina, as well as
primitive Sphaeroschwagerina. In the type
section of the Wolfcampian Series, the first
Pseudoschwagerina appears in the Neal
Ranch Formation (Ross, 1959, 1963a) and,
using this criterion, the upper beds of the
underlying Gaptank Formation (Bed 2 of
the Gray Limestone Member and the Ud-
denites-bearing shale of R. E. King, 193],
1938) are considered to be Carboniferous.
The fusulinacean fauna in Bed 2 is meager
and includes advanced species of Triticites,
including some that are similar to Daixina
and, possibly Schwagerina.

The lower part of the Wolfcampian, the
Neal Ranch Formation, contains the Zone
of Pseudoschwagerina uddeni and associated
species of Paraschwagerina, Pseudofusulina,
Schwagerina, Stewartina, Schubertella, Eo-
parafusulina, and advanced species of Tri-
ticites (DunBar & SkINNER, 1937; Ross,
1963a). The upper part of the Wolfcam-
pian Series, the Lenox Hills Formation,
contains the Zone of Pseudoschwagerina
robusta and advanced species of Paraschwa-
gerina, Eoparafusulina, Schwagerina, and
small Staffella? (Ross, 1963a).

The type Leonardian Series has been sub-
divided into three formations, the Skinner
Ranch Formation at the base, the Cathedral
Mountain Formation, and the Road Canyon
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Formation at the top (Coorer & GrANT,
1964, 1966, 1973), which have a thin-
bedded lateral facies, the Hess Limestone
(Ross, 1960, 1962a). The Skinner Ranch
Formation and the lower part of the Hess
Limestone are characterized by Schwagerina
hawkinsi, S. crassitectoria, S. guembeli, S.
dugoutensis, Parafusulina spissisepta, P. al-
lisonensis, and Eoparafusulina linearis. The
Cathedral Mountain Formation contains
Parafusulina durhami and laterally equiva-
lent strata contain Schwagerina setum and
Skinnerella sp. All the species of Para-
fusulina from the Skinner Ranch and Ca-
thedral Mountain formations have low cu-
niculi and are considered primitive because
these structures appear irregularly in the
early volutions. Road Canyon fusulinaceans
include Parafusulina having well-developed
cuniculi, such as P. cf. P. lineata and P.
sullivanensis.

The lower part of the Guadalupian Series
in the Glass Mountains, the Word Forma-
tion, contains Rauserella, Skinnerina, and
large species of Parafusulina with well-
developed cuniculi and large proloculi. In
the Guadalupe Mountains, the lower part
of the Guadalupian also is characterized
by large advanced species of Parafusulina,
such as P. rothi, P. maleyi, and rare speci-
mens of Leella. The upper part of the
Guadalupian, the Capitan Limestone, is
characterized by several species of Poly-
diexodina that have a central as well as
accessory tunnels. The upper member of
this limestone contains a few genera and
species with Tethyan affinities, such as
Yabeina texana and Codonofusiella para-
doxica. The Ochoan Series is an evaporite
succession that lacks fusulinaceans and other
normal marine fossils, and our understand-
ing of the correlation of this series is based
on its stratigraphic position in one deposi-
tional basin where it lies above strata of
Capitanian age and below Middle Triassic
nonmarine strata.

Elsewhere in North America depositional
facies became gradually unsuited for fusu-
linaceans during the Early Permian as parts
of the epicontinental seas became filled in
by sediments or were uplifted. This is well
shown in the midcontinent region, where
fusulinaceans did not survive beyond the
Wolfcampian, and in the Midland basin and
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the east Texas shelf, where they did not
survive beyond the Leonardian. The block-
faulted basins to the west in New Mexico
and southeastern Arizona generally lack
fusulinaceans in strata younger than Wolf-
campian or early Leonardian, except for
one thin limestone unit of local extent that
has early Guadalupian species of Parafusu-
lina (Ross, 1973).

To the north and west of the transconti-
nental arch the general stratigraphic range
of fusulinaceans is similar to that of Early
Permian fusulinaceans, being widespread
and becoming progressively restricted be-
fore the middle of the period. Only in the
strongly deformed structural belts of the
western Cordillera do fusulinaceans range
well up into the Late Permian. Along this
western cratonic shelf Early Permian fusu-
linaceans from east-central Alaska, northern
Canada (TuorsteiNsson, 1974), Greenland
(Dunsar ez al., 1962), and the northern
part of the Russian platform spread south-
ward and reached into southern Alberta,
and a few reached the Basin and Range
region in Nevada and Utah (Srabg, 1961%.

South of the transcontinental arch, as far
as Venezuela, Colombia, Bolivia, and Peru,
the Early Permian fusulinid faunas are
similar in general composition as far as the
limited data permit comparison.

The early Permian of northern California
(SkINNER & WILDE, 1965) has a particularly
diverse fauna of fusulinaceans and parts of
this fauna and later Permian fusulinaceans
of both Tethyan and non-Tethyan affinities
occur to the north in Oregon, Washington,
British Columbia, Yukon, and Alaska in
structurally complex rocks (MoNcGEr & Ross,
1971). Primitive species of Yabeina and
Waagenoceras (Ross & Nassicruk, 1970)
suggest that the upper part of the Zone of
Neoschwagerina is equivalent in age to the
early part of the Guadalupian (Word For-
mation). It is not clear how high in the
Permian the succession in these western
belts of strata extend, but locally they seem
to be at least as young as the Zone of
Yabeina and Lepidolina.

GEOGRAPHIC DISTRIBUTION

Fusulinaceans are recorded from North
America, South America, Europe, Asia, and
northern Africa, but are unknown from
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Australia, Antarctica, and central and south-
ern Africa (Ross, 1967). They are asso-
ciated with normal marine limestones and
are common in bioherms and banks having
coral, algal, and echinodermal fragments
in three types of depositional settings. The
first type is thin-bedded, algal-rich lime-
stone on cratonic shelves usually associated
with widespread, rapid transgressions and
regressions of the shoreline across areas of
low relief during the Early Permian (Ross,
1972). Ecological niches on these shelves
were numerous and, as each shelf was more
or less isolated from the others, endemic
species abound and a few endemic genera
also are present. The second type includes
reefs and lagoons as well as some deeper
water carbonate environments between the
reefs on cratonic shelf edges. Different spe-
cies and even different genera inhabited
each of the various shelf and shelf-edge
environments. Cratonic shelf and shelf-edge
environments are particularly important be-
cause their stratigraphic successions are
generally uncomplicated by major contem-
poraneous or later structural deformation
so that facies relations can be traced. The
third depositional setting is less thoroughly
understood but includes thick carbonate
deposits with abrupt lateral changes in depo-
sitional facies into dark shale, graywacke,
and ribbon chert (Moncer & Ross, 1971).
The carbonate facies are associated with
basaltic, noncratonic igneous rocks and are
probably closely related to reef environ-
ments on former island arcs or oceanic
ridges. The abundantly fossiliferous lime-
stone normally includes a wide variety of
corals, bryozoans, brachiopods, crinoids, and
algae in addition to many species and genera
of fusulinaceans, and indicates tropical or
subtropical shallow-water deposition. De-
posits of this type were usually strongly de-
formed by contemporaneous or later struc-
tural events and their internal stratigraphy
is complicated and generally difficult to
work out in detail.

Near the end of Carboniferous and the
beginning of Permian time, a few generic
and species complexes became widely dis-
persed, perhaps several times within rela-
tively brief intervals (Ross, 1962b). These
species groups established lineages in differ-
ent regions that can be traced through
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several geologic stages. Farly Permian fusu-
linacean faunas are dominated by genera
and species of Schwagerinidae that evolved
into many well-defined lineages (Ross, 1967;
1977). Several genera, such as Sphae-
roschwagerina, Pseudoschwagerina, Para-
schwagerina, Zellia, and Parazellia, are
short ranging and are found in the earlier
part of the epoch. Sphaeroschwagerina, Zel-
lia, Parazellia, Robustoschwagerina, Acervo-
schwagerina, and Biwaella are commonly
found only in the Tethyan-Uralian-Frank-
linian region and most occurrences outside
of that region represent sporadic, brief mi-
grations that did not survive for any ap-
preciable length of time. In contrast, one
major lineage, Pseudoschwagerina, was
present for only the early part of its history
in that region and then became confined to
the midcontinent-southwestern North Amer-
ican region and to the Andean belt of
South America. Although not as com-
pletely known as those from North America
and Eurasia, these Andean fusulinaceans
are most closely related to those from south-
western North America and should be in-

cluded with that region (Ross, 1963b, 1967).

The later part of the Early Permian
Epoch was marked by increasing endemism
in species complexes in most genera of
Schwagerinidac and also in several other
families. Dispersals between different re-
gions became less frequent and before the
end of Early Permian time three regions
developed strongly differentiated faunas.
A Tethyan region, a separate Uralian-
Franklinian region, and a southwestern
North American-Andean region are recog-
nizable. Separation of the Tethyan region
from the Uralian-Franklinian region after
the early part of Artinskian time appears
sharp because fusulinaceans in these regions
became markedly different and faunal corre-
lations between all three regions becomes
increasingly difficult as species and generic
endemism increases. The Schubertellidae,
Ozawainellidae, Staffellidae, and Verbee-
kinidae evolved rapidly into nearly 40 gen-
era that became dominant in the Tethyan
region (Gossett, 1967). By the beginning
of Late Permian time the Tethyan fusuli-
nacean faunas became distinctively endemic
and are difficult to correlate with those of
other areas. Each of the three regions
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should be considered a separate faunal
realm beginning at this time.

In the Tethyan region Pseudoendothyra,
a long-ranging conservative genus from the
Middle Carboniferous or earlier, began a
remarkable evolutionary diversification in
the later part of the Early Permian Epoch,
giving rise to a dozen genera of advanced
Staffellidae. One of these gave rise to
Misellina, the earliest verbeekinid. The
Schubertellidae show a significant but
smaller evolutionary burst and a few gen-
eric and several species complexes of the
Schwagerinidae show increasingly endemic
distribution at this time. Although the
Verbeekinidae and Schwagerinidae died out
and the latest Permian Lopingian faunas
were composed of only six Tethyan genera
and one new genus, Palacofusulina, all
seven of these genera became extinct before
the beginning of the Triassic.

Outside the Tethyan realm, fusulinaceans
have a much different history in middle
and late Artinskian and Late Permian
times. In the Uralian-Franklinian realm
the number and diversity of fusulinaceans
decreased rapidly. The few surviving line-
ages of Fusulinidae and Staffellidae died
out in the region before the Artinskian and
Pseudofusulina, Schwagerina, and primitive
Parafusulina continued until about the end
of Early Permian time when they also died
out. The Late Permian in the Uralian-
Franklinian realm lacks a fusulinacean
fauna.

In the midcontinent-southwestern North
American-Andean region progressive re-
duction in the extent of epicontinental seas
resulted in the fusulinacean distribution be-
ing reduced to the southwestern part of
North America where, in the later part of
Early Permian time, Schwagerina, primi-
tive Parafusulina, and Staffella were domi-
nant. Fusulinidae and early lineages of
Verbeekinidae are absent. Representatives
of Schubertella and Boultonia appeared at
different times in the region and indicate
separate temporary dispersals during the
Early Permian. Several other genera, such
as  Robustoschwagerina, temporarily dis-
persed into the region during the later part
of the Early Permian. By the beginning of
Late Permian time the fusulinacean genera
were greatly reduced to abundant advanced
Parafusulina and rare Skinnerina and Rau-
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serella. By the beginning of Capitanian
time, these genera were replaced by Poly-
diexodina, a probable emigrant from the
Tethyan fauna.

A few other genera, such as Paradoxiella,
Codonofusiella, Yabeina, and Leella, ap-
peared for short intervals in the southwest-
ern North American realm during Late
Permian time, but they established no long
lineages of species. In general, the south-
western North American realm is identified
by species complexes of Parafusulina and
Polydiexodina, which dominated the fusuli-
nacean fauna from the Leonardian to the
end of the Guadalupian, and by the gen-
eral lack of persistent lineages of Ver-
beekinidae. By latest Permian time, fusuli-
naceans became extinct in this realm.

OTHER FORAMINIFERIDA

Few studies on nonfusulinacean forami-
niferids are available for Permian strata,
although arenaceous and smaller calcareous
foraminiferids commonly are present in
nonfusulinacean-bearing shale and lime-
stone. Lituolidae, Textulariidae, Ammo-
discidae, Lagenidae, and Nodosinellidae of
Asselian, Sakmarian, and Artinskian age
are recorded from the Bashkirian region
(Lipina, 1949; Morozova, 1949). From the
Kazanian of the Russian platform 27 genera
of arenaceous foraminifers were reported
from acid residues (Ucnarskaya, 1970).
In the Maritime Territory of the Soviet
Union, Nikrtiva (1969) located widely dis-
tributed Hemigordiopsis in the zones of
Neoschwagerina and Yabeina. The genus
is also recorded from northern Caucasus
and Cyprus. Pantic (1970) described
Hemigordiopsis, other foraminiferids, and
algae from the middle and upper parts of
the Permian of western Serbia, which in-
cludes the Zone of Reichelina-Codonofu-
siella at the top. Although additional stud-
ies of smaller foraminiferids are available
for various parts of the Permian succession
(see Sosnina, 1965; Isuir e al., 1975; Oxki-
MURrA et al., 1975), our understanding of
their phylogeny and distributional patterns
remains poorly known.

CORALS

Many late Paleozoic coral genera have
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long geological ranges and wide geographic
distributions, whereas other groups of gen-
era have restricted geological ranges and
also restricted geographic distributions (Fig.
3). This pattern of distributions presents
difficulties in analyzing the biostratigraphy,
interregional correlations, and paleobiogeog-
raphy of Permian Anthozoa. The compre-
hensive summations by Hir (1948, 1957,
1958), the most recent compilation review-
ing the worldwide distribution of Permian
Rugosa, noted the distinct distribution of
some waagenophyllid genera and reaffirmed
her earlier interpretations that the distribu-
tion of rugose corals was strongly influ-
enced by environmental conditions. In rela-
tively shallow, nearshore, clastic marine
environments the coral assemblages con-
sisted principally of small, solitary, morpho-
logically simple, nondissepimented corals.
In contrast, in relatively deeper water off-
shore marine environments the coral as-
semblages were dominated commonly by
large solitary or compound dissepimented
corals.

MinaTo and Kato (1965a, 1965b, 1970)
extensively studied the phylogeny and dis-
tribution of two distinctive families of
Rugosa, the Durhaminidae and Waageno-
phyllidae (Fig. 3), and they demonstrated
the distinct biogeographic distribution of
genera in these two families. The dur-
haminid distribution plotted on a map of
the world with present-day geographic lo-
cations was in the more northerly subarctic
and arctic regions of the northern hemi-
sphere with a southerly extension along the
western part of North America, whereas the
waagenophyllids were distributed in lower
latitudes of Europe, Eurasia, and southern
Asia. Earlier detailed investigations on the
Permian Anthozoa of the Soviet Union by
SosukINA ez al. (1941), Soxorov (1955),
and others provided considerable informa-
tion on faunal assemblages in the Ural
Mountain region and the Russian platform.
Vasiyuk et al. (1970) and SucHUKINA
(1973) have more recently provided addi-
tional information on the distribution of
faunas, and Rowerr (1972, 1975a) and
Stevens (1975a) have presented further as-
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pects of the paleobiogeography of Early
Permian Rugosa.

Presently, Permian corals are considered
to form three faunal provinces, two of
which, the Ural-Arfinsk and Tethys, are
partly identified on the basis of other faunal
distributions, particularly fusulinid prov-
inces (see Ross, 1967). The third province
includes the more poorly delimited fauna of
the midcontinent and southwestern parts
of the United States and possibly alse Cen-
tral America and the northern Andes of
South America. The Ural-Artinsk province
(so named by VasiLyuk, 1970) is dominated
by durhaminid rugose- corals and extends
from the southern Ural Mountain region
and Russian platform north and westward
to the region of Vest Spitsbergen and the
Canadian Arctic Islands into western North
America and possibly Central America.
The coral assemblages of this province were
originally identified in the Ural Mountain
region and the geographic boundaries have
been more clearly defined as more studies
have been undertaken. The other distinct
province, the Tethys, is dominated by
waagenophyllid corals and extends from
Tunisia across the Carnic Alps, Donbas,
Crimea, Caucasus, Transcaucasus, Iran,
Pamirs, Pakistan, Nepal, parts of China,
Japan, Maritime Territory of the Soviet
Union, Timor, New Zealand, and Aus-
tralia. The Early Permian faunal assem-
blages of the midcontinent of the south-
central and southwestern parts of the
United States appear to form another prov-
ince that has some endemic forms and a
mixing of genera at different times from
both the Ural-Artinsk and Tethyan prov-
inces. Mixing of generic assemblages from
the Ural-Artinsk and Tethys provinces also
occurred in the Early Permian (Sakmarian)
in the western (Carnic Alps) and eastern
(parts of China and Japan) regions of the
Tethys province.

URAL-ARTINSK PROVINCE

In the Ural Mountain region and Russian
platform the exceedingly rich, Early Per-
mian (Asselian and Sakmarian) coral fau-
nas have many genera, most of which
range upward from the Carboniferous. They
include massive colonial forms such as the

lonsdaleiidd Thysanophyllum, the lithstro-

Introduction—Biogeography and Biostratigraphy

tionids Orionastraea and Stylastraea, the
durhaminid Protolonsdaleistraea, as well as
solitary fasciculate caniniids. The durham-
inid Kleopatrina and the aulophyllid Pro-
towentzelella, which appear for the first
time in the Urals in the Early Permian,
may occur in older Carboniferous strata in
other parts (Novaya Zemlya and Alaska)
of the Ural-Artinsk province (StEvENS,
1975a). Except for Protowentzelella and
Thysanophyllum, all these genera continue
into the Artinskian. In the upper part of
Artinskian and in Kungurian strata colo-
nial Rugosa are absent and only small long-
ranging solitary forms are present along
with tabulates such as Cladochonus.

In the late Asselian or early Sakmarian
of Vest Spitsbergen, the massive colonial
corals include Thysanophyllum, Stylastraea,
Kleopatrina, and Protolonsdaleiastraea. The
Canadian Arctic islands have a fauna that is
principally Artinskian in age and have the
massive corals Stylastraea, Protolonsdaleias-
traea, and Kleopatrina, as well as Clisio-
phyllum? and Caninia.

Faunal assemblages of Artinskian age
from northern Alaska (Lisburne Peninsula
and northeast Brooks Range) are strongly
dominated by small, simple nondissepi-
mented corals (Rowerr, 1975b). The fauna
includes the polycoeliids Tackylasma,
Ufimia, and Sochkineophyllum; the hapsi-
phyllids Amplexizaphrentis, Allotropiophyl-
lum, and Euryphyllum; the metriophyllid
Stereocorypha; the laccophyllid Amplexo-
carinia, and cyathopsid Hornsundia. These
assemblages occur in nearshore clastic ma-
rine facies. In east-central Alaska the Ar-
tinskian coral fauna is also in the same
facies and has small nondissepimented cor-
als such as the lophophyllidiidd Lopkophyl-
lidium and the hapsiphyllids Euryphyllum,
Hapsiphyllum, Neozaphrentis, and Am-
plexizaphrentis. In southern and southeast-
ern Alaska, in the Sakmarian and Ar-
tinskian, the coral faunas are markedly
different from those of northern Alaska.
Here they are dominated by large dissepi-
mented solitary and colonial corals that in-
habited a deeper water eugeosynclinal en-
vironment. The solitary forms include the
lophophyllidiids Lophophyllidium and Ster-
eostylus; the aulophyllids Clisiophyllum and
Auloclisia; and the cyathopsids Bozhro-



Permian

phyllum, Timania, Caninophyllum, and
Caninia. The compound fasciculate dissepi-
mented corals are the durhaminids Dur-
hamina and Heritschioides. Massive cerioid
corals are rare and are represented by the
durhaminid Protolonsdaleiastraca and the
waagenophyllid Wentzelells. The occur-
rence of a waagenophyllid in this Ural-
Artinsk assemblage may represent mixing
of the faunas of the Ural-Artinsk and Teth-
yan assemblages or, as suggested by MoNGER
and Ross (1971), the Tethyan faunas are
part of a tectonic belt that has been struc-
turally moved against the Ural-Artinsk
province. Tabulates are also common in
this southern region and include the aulo-
porids Syringopora and Cladochonus, and
the favositid Michelinia, and the sinoporid
Sinopora.

In Nevada in the western United States,
a coral fauna of probably early Sakmarian
age contains the massive colonial lonsdaleiid
forms Thysanophyllum, Sciophyllum, Eas-
tonoides, and Lithostrotionella; the massive
colonial durhaminid Kleopatrina; the fasicu-
late durhaminid Durhamina; a fasciculate
lithostrotionid, and solitary forms such as
the cyathopsid Caninia and the lophophyl-
lidiid Stereostylus.

In the Upper Permian Kazanian deposits
of the Russian platform coral faunas are
widely distributed and consist of long-
ranging solitary forms such as the polycoe-
liids Plerophyllum and Calophyllum. In
Alaska, in the northeast Brooks Range,
strata of probable Kazanian age contain the
metriophyllid Duplophyllum and the poly-
coeliid Pseudobradyphyllum. In the Kap
Stosch area of central East Greenland in
beds of late Guadalupian age, 11 rugose
genera from six families are all solitary
forms and include Calophyllum, Pentam-
plexus, Amplexocarinia, Cryptophyllum,
Lytvolasma?, Amplexizaphrentis, Brady-
phyllum, Sinophyllum, Hapsiphyllum?, and
Leonardophyllum? (FLiceL, 1973).

Corals have not been reported from the
Tatarian of the Russian section or from
other latest Permian strata of the Ural-
Artinsk province.

TETHYAN PROVINCE

In the Tethyan province colonial and
solitary waagenophyllids and solitary za-
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phrentid and caniniid forms commonly
characterize the coral assemblages. Exten-
sive documentation of the waagenophyllids
by Mmvaro and Karo (1965b) provided
much of the data in the following summary.
Some of waagenophyllid genera such as
Waagenophyllum (Waagenophyllum), Ipci-
phyllum, Akagophyllum, and Polythecalis
have a wide geographic distribution, and,
in addition, many waagenophyllid genera
have long geological ranges. Some with
short geologic ranges and limited geo-
graphic distribution may be useful in re-
gional and, possibly interregional correla-
tion. Mivato and Kato (1965b) considered
the following coral genera or subgenera to
have such short ranges: Pavastehphyllum
(Pseudocarniaphyllum) and Heritschiella,
which characterize the Zone of Pseudo-
schwagerina in strata of Asselian or, pos-
sibly, Sakmarian age; Chiksiaphyllum and
Polythecalis (Chusenophyllum ), which char-
acterize the Zone of Pseudofusulina and
occur in rocks of usually late Sakmarian,
but possibly also early Sakmarian age;
Waagenophyllum (Chaoiphyllum), which
occurs in the Zone of Parafusulina of early
to middle Artinskian age; Parawentzelella
(Miyagiella), Paraipciphyllum, and Went-
zellites, which characterize the Zone of Neo-
schwagerina of early Wordian (early Gua-

dalupian) age; and Waagenophyllum
(Liangschanophyllum), Waagenophyllum
(Huayunophyllum), and Wenrzelloides,

which identify the Zone of Yabeina of
Capitanian age.

In the Early Permian (Zone of Pseudo-
schwagerina), waagenophyllid corals are
widely distributed and a number of genera,
such as the solitary forms Iranophyllum,
Iranophyllum (Laophyllum ), Pavastehphyl-
lum (Sakamotosawanella), Pavastehphyl-
lum (Pseudocarniaphyllum), Akagophyl-
lum, Pseudohuangia, Yokoyamaella, Poly-
thecalis, Wenztzelophyllum, Wentzelella, and
P. {Pavastehphyllum) range upward from
the Carboniferous. Pavastehphyllum (sensu
lato} appears to characterize the earliest
Permian coral assemblages. In the Donbas
and Pamirs, the coral fauna of the Zone of
Pseudoschiwagerina includes the tabulate
Michelinia and the lophophyllidiid Lopho-
carinophyllum, as well as abundant caniniids
and zaphrentids, Pavastehphyllum, and the
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colonial forms Pseudohuangia and Herit-
schiella (VasiLyuk et al., 1970). In China,
the Zone of Pseudoschwagerina has Caninia
and Pseudocarniaphyllum (SuEene & LEg,
1964). In the Early Permian of Australia
and Timor only solitary nondissepimented
corals, such as Euryphyllum, Tachylasma,
Verbeekiella and Plerophyllum and tabu-
lates such as Cladochonus and Thamnopora
occur.

From the Zone of Pseudofusulina, usually
correlated as late Sakmarian but possibly
in part also early Sakmarian, the waageno-
phyllids Pseudohuangia and Lonsdaleias-
traea identify this interval. During the
Artinskian some of the earlier waagenophyl-
lid genera such as Akagophyllum, Wentzel-
ophyllum, P. (Polythecalis), Yokoyamaella,
and Pseudohuangia became rarer and gen-
era such as Waagenophyllum (Waageno-
phyllum ), Ipciphyllum, Parawentzelella and
Lonsdaleiastraea became increasingly sig-
nificant in the coral assemblages. In the
Transcaucasus, Pamirs, and Caucasus, a
rugose coral fauna of marked diversity
contains Wentzelophyllum, Yatsengia, Ipci-
phyllum, and Parawentzelella. In the
Pamirs the coral assemblage includes
Carnithiaphyllum, lIranophyllum, Pavasteh-
phyllum (Pavastehphyllum), Yatsengia, and
Heritschiella: In China this zone has the
tabulate Hayasakia and the rugose forms
Stylidophyllum and Polythecalis. In Timor
and Australia only small, solitary rugose
corals, such as Euryphyllum, Plerophyllum,
Allotropiophyllum, and Verbeckiella, and
tabulates are present.

The Zone of Neoschwagerina, correlated
with the early Wordian (early Guada-
lupian), has an abundant waagenophyllid,
Ipciphyllum. Waagenophyllum (Waageno-
phyllum) continued to diversify with wide
distribution of its species. At this time the
genus extended into the Caucasus, Crimea,
and Pamirs, and in the Pamirs the coral as-
semblage also included Yatsengia and Irano-
phyllum. In the Maritime Territory of the
Soviet Union and in China Wentzelella is
distinctive, but in the Transcaucasus
waagenophyllids are poorly developed and
the coral assemblage consists mostly of
plerophyllids. In the southern part of the
Tethys, waagenophyllids reached Timor
and New Zealand but did not reach Aus-
tralia where only small, solitary rugose
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corals are found.

The Zone of Yabeina, correlated with the
Capitanian (late Guadalupian), is the time
of greatest diversity and abundance of
Waagenophyllum. At this time P. (Pavas-
tehphyllum) reached Tunisia (STEVENS,
1975b). In the latest Permian (Dzhulfian),
the coral fauna in most parts of the Tethys
consisted of solitary corals and is known
as the Plerophyllum fauna. Environmental
conditions in the Tethys were apparently
suitable for only a few corals and as condi-
tions continued to change these corals grad-
ually became extinct. In China, in the re-
gion between Shensi and Szechuan prov-
inces, a rich coral assemblage with
Waagenophyllum, Lophophyllidium, and
Liangshanophyllum occurs in a limestone
with the fusulinids Codonofusiella and
Reichelina, and represents the highest oc-
currence of an extensive Permian coral as-
semblage (Crao, 1965). A primitive spe-
cies of Waagenophyllum has been reported
also from the Pamirian of the Pamirs. In
many other areas, such as Transcaucasus,
Iran (Fricer, 1968), Nepal, Timor, and
China, micheliniid tabulates and small
plerophyllid corals, such as Plerophyllum,
Pleramplexus, and Wannerophyllum, and
polycoeliids Polycoelia and Ufimia are pres-
ent. FLceL (1970), in discussing the grad-
ual decline and extinction of the rugose
corals in the Upper Permian in the Tethys,
considered the genera with more complex
morphology to become extinct first. These
would be the cerioid forms with dissepi-
ments or with dissepiments and presepi-
ments, for example, Wenzzelella and Yoko-
yamaella (Maoriphyllum ) with dissepiments
and Polythecalis with dissepiments and pre-
sepiments. These genera occur only as high
as the top of the Zone of Yabeina. This was
followed by extinctions in fasciculate forms
with dissepiments (for example, Waageno-
phyllum, which extends as high as the Zone
of Codonofusiella), and finally, extinctions
of forms with septal columella (for exam-
ple, Lophophyllidium, which extends to the
top of the Zone of Codonofusiella).

MIDCONTINENT NORTH
AMERICAN PROVINCE
Lower Permian rocks of the midcontinent

region of the United States extend from
Nebraska into Kansas and Oklahoma. To
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the southwest in Texas, Lower Permian
rocks occur in the north-central and western
regions of the state. The coral faunas of
the Wolfcampian in shallow, nearshore, cy-
clothem deposits of Kansas (Mooke & Jer-
ForDs, 1941) and biohermal limestones in
west Texas (Ross & Ross, 1962, 1963) are
sparse and are dominated by solitary corals,
especially Lophophyllidium. In the Lower
Permian, however, this genus is not as
abundant as it was in the Upper Carbonif-
erous. Other solitary corals are Neokoninck-
ophyllum, Lophamplexus, and Stereostylus.
In Kansas, the waagenophyllid Heritschiella
indicates a dispersal of a genus in a family
that has a distinctively Tethyan distribution.
In the Leonardian in the Glass Mountains,
Texas, the fauna has Lophophyllidium, Ster-
eostylus, Amplexocarinia, and Durhamina.
The occurrence of Durkamina represents
mixing of a genus that is widespread in the
Ural-Artinsk province, Other Early Per-
mian genera in the midcontinent are the au-
lophyllids Palaeosmilia and Dibunophyllum,
the timorphyllid Leonardophyllum, and
the auloporid tabulate Awulopora. Rowerrt
(1975a) noted that these faunas have simi-
larities with those in northwestern South
America. Such genera as Lophophyllidium
and Stereostylus are widely distributed in
western North America including Alaska,
suggesting periodic mixing with faunas
from the small cul-de-sac Midcontinent
North American province bounded by the
transcontinental arch on the north and west
and by the Marathon-Ouachita orogenic belt
to the east and south. The sparse Upper
Permian coral faunas of the Guadalupian
of west Texas include the aulophyllid Palge-
osmilia and the tabulate Cladopora.

BRYOZOANS

Bryozoans (ectoprocts) are a significant
part of Permian faunas in certain environ-
mental settings. The Cystoporata and Cryp-
tostomata are dominant and the Treposto-
mata are far less abundant than at other
times in the Paleozoic (Fig. 4). The Cysto-
porata with 24 genera in six families show
a gradual increase in abundance and diver-
sity through the Permian, becoming re-
stricted in distribution in the later part of
the Permian. The Cryptostomata with 57
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genera in 12 families have a pattern of
development in the Permian similar to the
Cystoporata. The Trepostomata are repre-
sented by 19 genera in six families and
show a pattern of increased, albeit limited,
diversification through the Permian until
late Kazanian time. Data for this review
came from many reports, but principal
references were J. R. P. Ross (1978), Gor-
juNova (1975), and Morozova (1970).
The biogeographic distribution of the bryo-
zoans is summarized for nine different re-
gions in the Permian.

RUSSIAN PLATFORM
AND URALIAN SEA

During the Permian, on the Russian plat-
form and adjacent shelf areas a rich fauna
of bryozoans continued from the Carbonif-
erous into the later part of the Kazanian.
These faunas have been extensively docu-
mented by Russian scientists including Nix-
1Forova (1939), Trizna (1950), SHuLGA-
Nesterenko (1952), Trizna and Kraursan
(1961), and Morozova (1970). In the Early
Permian (Asselian and Sakmarian), fenes-
trate cryptostomes of the families Fenestel-
lidae and Polyporidac were dominant mem-
bers of the hydractinoid reefs and adjacent
shelf biota. Other groups, represented by
cryptostomes such as Ascopora, Nickleso-
pora, Streblotrypa, Acanthocladia, and Ti-
manodictya, the stenoporid Rhombotrypella,
and the cystoporates Hexagonella, Fistuli-
pora, and Ramipora, were also part of this
rich fauna. In the Artinskian, generic di-
versity was still high with an abundance
of fenestellids and polyporids, the trepo-
stome Rhombotrypella, the cystoporates
Hexagonella and Goniocladia, and the cryp-
tostomes Pzylopora and Ptyloporella. Dur-
ing Artinskian time the trepostomes Pseu-
dobatostomella and Stenopora and the
fistuliporid cystoporate Eridopora became
proportionally more significant in the
faunas.

Toward the end of Artinskian time the
bryozoans show a marked reduction in
generic diversity and this appears to relate
to changes resulting from tectonic move-
ments and subsidence in the Uralian Sea
and on the Russian platform. Fenestella,
Polypora, Rhombotrypella, Pseudobatosto-
mella, and Streblotrypa are still present but
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Clausotrypa and Hexagonella have disap-
peared. In Kazanian time the distribution
of bryozoans shows an increasing generic
diversity gradient from the southern part
of the Uralian Sea north and westward to
the edge of this sea (Morozova, 1970).
Eleven genera are present in the southern
part of the Uralian Sea in the region of
Tatarian SSR, whereas in the north in the
Arkhangel region, 26 genera are present.
Genera that are well represented in all parts
of this Uralian Sea include the trepostomes
Pseudobatostomella, Dyscritella, Rhombo-
trypella, and Tabulipora, the fenestellids
Wiatkella and Fenestella, and the crypto-
stomes Streblascopora, Pinegopora, Para-
fenestralia, and Triznella. Bryozoans have
not been reported in higher units of the
Upper Permian on the Russian platform
and adjacent regions.

FRANKLINIAN SEA AND
ADJACENT SHELF AREAS

Bryozoans from this region that lay north
and west of the Uralian Sea stretching from
Novaya Zemlya to Spitsbergen, Greenland,
and Canadian Arctic islands are poorly
known, but they appear to have afhnities
with the faunas of the Russian platform.
In the Sakmarian of northeastern Greenland
(Ross & Ross, 1962) the trepostomes Rhom-
botrypella, Stenopora, and Tabulipora, and
the cryptostomes Polypora, Fenestella, and
Timanodictya occur. A sparse Lower Per-
mian fauna from Novaya Zemlya contains
Pseudobatostomella?, Fenestella, Ramipora,
and Hyphasmopora. From Spitsbergen an
upper Permian fauna of probable Kazanian
age contains Fenestella, Polypora, Ptylopora,
Septopora, and Ramipora.

ZECHSTEIN SEA

In western Europe (England, Germany,
Poland, and southern Baltic region), bryo-
zoans, mainly fenestrate cryptostomes, are
present in the Upper Permian. The faunas
in the Zechstein or equivalents, such as
those in the Magnesian Limestone of Eng-
land, have low generic diversity. The poly-
porid Kingopora and Fenestella have a wide
distribution. In small reefs in the Zechstein
Limestone of Germany the fauna also in-
cludes the cryptostomes Thamniscus, Acan-
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thocladia, Penniretepora, and Synocladia,
the trepostome Stenopora, and the hexa-
gonellid cystoporate Coscinotrypa.

SOUTHERN REGION
OF NORTH AMERICA

Faunas from this region, which are pres-
ently poorly known, have been described
from the midcontinent region of the United
States (Moore & DupLEy, 1944) and Texas
(Girty, 1908). In the Lower Permian of
the midcontinent region (Nebraska, Kansas
and Oklahoma), cryptostomes are abundant
in strata of Wolfcampian age and are rep-
resented by Fenestella, Polypora, Septopora,
Thamniscus, Streblotrypa, Rhombopora, and
Syringoclemis. The fistuliporid cystoporate
Cyclotrypa occurs in the Wolfcampian of
Nebraska and the hexagonellid cystoporate
Meekopora in the Wolfcampian of Kansas.
These cystoporates are present in the Leon-
ardian together with Meekoporella and
Fistulipora, and all four genera extend up
into the Wordian (lower Guadalupian). In
the Guadalupian two other cystoporates,
Goniocladia and Epiactinotrypa, also ap-
pear. The Guadalupian cryptostomes have
marked diversity with Fenestella, Polypora,
Thamniscus, Acanthocladia, Girtyopora,
and Girtyoporina. The trepostomes are
Pseudobatostomella?, Paraleioclema? and
Stenopora. Higher in the succession in the
upper Guadalupian (Capitanian) the fauna
has the cystoporates Fistulipora and Gonio-
cladia, the cryptostomes Fenestella, Acan-
thocladia, and Girtyoporina, and the trepo-
stome Paraleioclema.

ANDEAN SEA

Two faunas in the Lower Permian of
southern Peru occur in strata of Wolf-
campian age. They have the cystoporates
Meekopora and Goniocladia and the cysto-
porates Fenestella, Polypora, Septopora,
Rhombopora, and Acanthocladia.

NORTHERN TETHYAN SEA

The abundant bryozoan faunas of Japan
occur in rocks in various structural blocks
and basins, and they range in age from As-
selian (Zone of Pseudoschwagerina) to
Pamirian (Zone of Yabeina-Lepidolina)
(Sakacami, 1970). Bryozoans from the
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Zone of Pseudoschwagerina range in age
from Asselian into the Sakmarian and in-
clude the cystoporates Fistulipora, Coscino-
trypa, and Sulcoretepora, the trepostomes
Pseudobatostomella, Stenopora, and Tabuli-
pora, and a great many different crypto-
stomes (e.g., Fenestella, Penniretepora, Poly-
pora, Anastomopora, Thamniscus, Haya-
sakapora, and Streblascopora).

In Japan, bryozoans of the Zone of Para-
fusulina, correlated with the Artinskian, in-
clude a number of genera that range up
from the Zone of Pseudoschwagerina, such
as Fistulipora, Pseudobatostomella, Steno-
pora, Fenestella, Penniretepora, Hayasaka-
pora, and Streblascopora. Hexagonellid cys-
toporates show considerable diversity with
Meckopora, Meckoporella, and Prismopora.
In the Zone of Neoschwagerina, correlated
with the Wordian of the Guadalupian
(Ross & Nassicuuk, 1970), many genera
range up from the Zone of Parafusulina,
and additional genera include the hexa-
gonellid Fistulamina, the cryptostomes Sep-
topora and Saffordotaxis, and the trepo-
stome Ulrichotrypella. The youngest bryo-
zoans in the succession occur in the Zone
of Yabeina-Lepidolina and range in age
from upper Guadalupian to possibly Dzhul-
fian. The cystoporates have high diversity
and include Fistulipora, Meekopora, Pris-
mopora, Sulcoretepora, Coscinotrypa, Gonio-
cladia, and Ramipora. The trepostomes are
still sparse and the cryptostomes include
Septopora, Synocladia, Rhabdomeson, and
Clausotrypa.

In the Maritime Territory and Kabarovsk
region of the Soviet Union the structurally
complex suite of rocks has a rich bryozoan
fauna (NixrTiNa ez al., 1970). Litde is
known of the Lower Permian faunas. In
Upper Permian strata of Kazanian age the
bryozoan fauna contains Fenestella, Poly-
pora, Coscinotrypa, Dyscritella, Paraleio-
clema, and Permoleioclema. From the up-
per part of the Zone of Yabeina, Morozova
(1970) listed 30 genera, 18 of which occur
in both the Maritime Territory and Ka-
barovsk region. The fauna common to
both areas contains the cystoporates Fistu-
lamina and Fistulipora, the trepostomes
Dyscritella,  Ulrichotrypella, Hinganella,
Stenodiscus?, Tabulipora, Paraleioclema,
and Permoleioclema, and abundant crypto-
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stomes, such as Rhabdomeson, Streblasco-
pora, Maychella, Clausotrypa, Fenestella,
Polypora, Septopora, Girtyoporina, and Gir-
tyopora.

From the Kolyma and Omolon massifs
and adjacent regions, an Upper Permian
fauna has a great abundance of crypto-
stomes, such as Fenestella, Wiatkella, May-
chella, Polypora, Synocladia, and Timano-
dictya, the cystoporate Fistulipora, and the
trepostomes Dyscritella and Primorella.

CENTRAL TETHYAN SEA

The well-developed bryozoan faunas of
the Darvas and Pamir regions range in age
from Asselian into the Pamirian (Gorjyu-
Nova, 1975). The faunas are abundant in
the Lower Permian and sparse in the Up-
per Permian. In southwestern Darvas, the
bryozoans from strata of Asselian and Sak-
marian age include the cystoporates Frstuli-
pora, Actinotrypella, Goniocladia, Rami-
poridra, and Sulcoretepora, the trepostomes
Rhombotrypella and Primorella, and the
cryptostomes Rhabdomeson and Streblasco-
pora. Strata of Artinskian age contain a
small cystoporate fauna of Fistulipora, Eri-
dopora, Cyclotrypa, and Hexagonella. Only
the two cystoporates Fistulipora and Hexa-
gonella occur in the Artinskian in central
Pamir. In southeastern Pamir, the lower
Permian (Sakmarian) has beds filled with
the cryptostome Nikiforovella, and in the
Artinskian, a more diverse fauna includes
the cystoporates Fistulamina and Rami-
poridra, the trepostomes Rhombotrypella
and Dyscritella, and abundant representa-
tives of the cryptostomes Pamirella and
Streblascopora.

High in the Permian (Pamirian) of
southwestern Darvas the cystoporate Fistuli-
pora is the only bryozoan reported. No
bryozoans have been recorded from the in-
tervening stages. In central Pamir, where
stages are not presently differentiated, the
fauna has the cystoporates Fistulipora and
Eridopora and the cryptostome Ogbinopora.
In southeast Pamir the Murgabian has the
cystoporate Hexagonella and the trepostome
Araxopora.

In the Transcaucasus region of the south-
central Soviet Union, the Upper Permian
fauna is dominated by cryptostomes (Moro-
zova, 1970). The bryozoan assemblages in

Introduction—Biogeography and Biostratigraphy

the lower part of the Guadalupian (Gni-
shikian) consist of the cryptostomes Fenes-
tella, Septopora, Polypora, Rhabdomeson,
Ogbinopora, and Streblascopora, the cysto-
porates Fistulipora, Cyclotrypa, Hexago-
nella, and Sulcoretepora, and the trepo-
stomes Paraleioclema and Araxopora. In
the upper part of the Guadalupian (Ka-
chikian) the trepostome Araxopora is the
only genus reported. The Dzhulfian in-
cludes the cryptostomes Synocladia, Poly-
pora, Septopora, Streblotrypa, and Girtyo-
porina, and the cystoporate Fistulipora.

In central-eastern China, the Lower Per-
mian Chihsia Limestone has the cosmo-
politan genera Fistulipora, Fenestella, Poly-
pora, and Septopora (Loo, 1958). The first
three of these genera as well as Stenopora
and Dyscritellz occur in the Upper Permian
in the Maokou Formation of China and
the Jisu Honguer Limestone of Inner Mon-
golia. In addition, in the Upper Permian
of China, the cryptostome Acanthocladia
has been reported, and in Inner Mongolia
other genera are the cryptostomes Rhabdo-
meson, Streblascopora, Maychella, Girtyo-
pora, and Girtyoporina, the cystoporates
Fistulamina and Hexagonella, and the trep-
ostomes Tabulipora and Paraleioclema
(GraBau, 1931; Morozova, 1970). In
China, in higher units of the Permian, the
Loping Series contains Fistulipora, Poly-
pora, Septopora, Penniretepora, Synocladia,
Pseudobatostomella, and Paraleioclema.

SOUTHERN TETHYAN SEA

In centraleastern Afghanistan abundant
bryozoans occur in strata ranging in age
from Sakmarian into Kazanian. The Lower
Permian faunas of Sakmarian and Ar-
tinskian age have numerous polyporids and
fenestellids such as Polypora (Pustulopora)
and Fenestella, which range through the
entire sequence, and Polypora (Paucipora)
and Minilya. Other cryptostomes are Rhom-
bopora, Saffordotaxis, Septopora, and Rhab-
domeson. The cystoporates include Cy-
clotrypa, Meekopora, Goniocladia, and
Sulcoretepora. The trepostomes have low
representation with Tabulipora, Dyscritella,
and Rhombotrypella. The Upper Permian
(Kubergandinian) faunas have a number
of genera that extend up from the Ar-
tinskian, including Rhombotrypella and the
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four cystoporates noted above. The crypto-
stomes Ascopora, Streblascopora, Septopora,
and Acanthocladia first appear in the Per-
mian. Higher in the Upper Permian (Mur-
gabian), Tabulipora reappears and the cys-
toporates are represented by Goniocladia,
Hexagonella, and Coscinotrypa, and the
cryptostomes by Streblascopora, Rhabdome-
son, Thamniscus, and Reteporidra.

In the Salt Range of Pakistan, the re-
corded Lower Permian (Artinskian) faunal
assemblages are not as diverse. Lower Per-
mian (Artinskian) strata contain the cysto-
porates Fistulipora and Hexagonella, the
trepostomes Stenopora and Stenodiscus, and
the cryptostomes Fenestella, Polypora,
Rhombopora, Thamniscus, Acanthocladia,
and Girtyopora. In the Upper Permian, the
two cystoporates noted above are associated
with Goniocladia, and the cryptostomes are
limited to Polypora, Rhombopora, and
Synocladia.

In Thailand the Lower Permian bryozoan
faunas of late Sakmarian to late Artinskian
age have abundant cystoporates and crypto-
stomes. The cystoporates include Frstuli-
pora, Coscinotrypa, Hexagonella, Gonio-
cladia, Ramipora, Liguloclema, and Sul-
coretepora, and cryptostome assemblages
consist of Fenestella, Polypora, T hamniscus,
Penniretepora, Acanthocladia, Rhabdome-
son, Ascopora, Streblascopora, Streblotrypa?,
Rhombopora, Timanodictya?, and Ogbino-
pora. Other members of the faunas are the
trepostomes Dyscritella and Leioclema?. In
Malaya a distinctive Upper Permian fauna
of Guadalupian age includes Fenestella,
Pseudobatostomella, Araxopora, Paraleio-
clema, and Clausotrypa.

In western Australia, in the Fitzroy
trough of the Canning basin and in the
Carnarvon basin (Crockrorp, 1951; Ross,
1963), Lower Permian (Sakmarian) bryo-
zoan assemblages contain the cystoporates
Evactinostella, Hexagonella, and Fistulipora,
the cryptostomes Streblascopora, Fenestella,
Polypora, and Lyropora, and the trepo-
stomes Dyscritella, Stenopora, and Para-
leioclema. In rocks of Artinskian age the
fauna shows a marked increase in diversity
with the addition of the cystoporates Pris-
mopora, Fistulamina, Evactinopora, Erido-
pora, Liguloclema, Etherella, Goniocladia,
and Ramipora, and the cryptostomes Syno-
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cladia, Minilya, Streblotrypa, Acanthocladia,
Sepropora, Saffordotaxis, Rhabdomeson,
Megacanthopora?, Callocladia?, Rhombo-
cladia, Streblotrypa, and Streblocladia. In
the Bonaparte Gulf basin in strata con-
sidered to be in the lower part of the Upper
Permian, the sparse fauna consists of Fistuli-
pora, Rhombopora, Streblotrypa, and Rami-
pora. In Upper Permian strata of Tatarian
age in the Fitzroy trough, the assemblage
has Stenodiscus and Dyscritella.

In Timor, bryozoan faunas that are as-
signable to stratigraphically identified units
range in age from Early Permian into the
Late Permian. The sparse fauna from the
Bitauni Beds of Artinskian age comprise
the cystoporate Fistulipora, the cryptostomes
Rhombopora, Streblascopora, and Fenestella,
and the trepostomes Ulrichotrypa and
Hinganella. Upper Permian bryozoan fau-
nas occur in the Basleo and Amarassi beds
of Kazanian age. In the Basleo Beds, cys-
toporates are more abundant and include
Fistulipora, Eridopora, Fistulotrypa, Gonio-
cladia, and Hexagonella, and, in addition,
the trepostome Hinganella and the crypto-
stomes Streblascopora and Fenestella. In
the overlying Amarassi Beds, the sparse
fauna consists of Fistulipora, Fenestella,
Clausotrypa, and Stenopora. Higher in the
sequence in strata of probable Kazanian age
the fauna has the two cryptostomes Rhab-
domeson and Streblotrypella.

TASMAN GEOSYNCLINE
(EASTERN AUSTRALIA)

In northeastern Australia the Permian
bryozoan faunas show a pattern of generic
diversity comparable to that of Western
Australia. In the Lower Permian (Sak-
marian) of the Bowen basin and Springsure
shelf, Queensland, the fauna is sparse and
contains Fenestella and Polypora (Wass,
1969). In strata of Artinskian age cystopo-
rates and cryptostomes are abundant and
include Fistulipora, Ramipora, Goniocladia,
Liguloclema, Saffordotaxis, Rhombopora,
Streblascopora, Diploporaria, Penniretepora,
Polypora, and Minilya. The trepostomes
are Stenopora, Dyscritella, and Stenodiscus.
In the Upper Permian the fauna of Ka-
zanian age comprises the cryptostomes Saf-
fordotaxis, Penniretepora, Ptylopora, Levi-
fenestella, Septatopora, Fenestella, and Poly-
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pora, and the trepostomes Paraleioclema?,
Stenopora, and Stenodiscus.

In the Sydney basin of southeastern Aus-
tralia, formations of Sakmarian age have
a restricted fauna, including Szenopora and
Dyscritella. In deposits of Artinskian age,
species diversity increases, particularly in
the genus Stenopora; other genera are Pseu-
dobatostomella?, Rhombopora, Fenestella,
Minilya, and Polypora. In Tasmania, rocks
of the same age also show great species di-
versity in Stenopora and also contain Hemi-
trypa? and Stenodiscus.

BIOGEOGRAPHIC DISTRIBUTION

During a large part of the Early Permian
(Asselian to Artinskian) a number of cys-
toporate genera had cosmopolitan distribu-
tion, including the fistuliporids Fistulipora
and Cyclotrypa, the hexagonellids Hexago-
nella, Coscinotrypa, and Meekopora, and
the goniocladiids Ramipora and Gonio-
cladia. Cyclotrypa, Meekopora, Ramipora,
and Goniocladia continued to have cosmo-
politan distribution in the Kazanian. Other
cystoporates form a distinctive part of many
Tethyan faunas and in the Early Permian
are represented by the hexagonellids Evac-
tinopora, Evactinostella, Fistulamina, Pris-
mopora, and the sulcoreteporid Sulcorete-
pora. During the Late Permian, Tethyan
cystoporate assemblages included the fistu-
liporid  Fistulotrypa, the hexagonellids
Fistulamina, Prismopora, and the sulcore-
teporid Swulcoretepora.

Trepostomes generally paralleled the cys-
toporates in being mainly either cosmo-
politan or Tethyan. Cosmopolitan genera
ranging through the Early and into the
Late Permian were Stenopora, Tabulipora,
Rhombotrypella, and, possibly, Pseudobato-
stomella. Genera restricted to the Tethyan
included Paraleioclema in the Early and
Late Permian and Permoleioclema, Araxo-
pora, Primorella, Dyscritellina, Arcticopora,
and Permopora in the Late Permian. Some
genera, such as Dyscritella, were widely dis-
tributed in the Uralian and Tethyan seas
carly in the Permian, dispersed into south-
ern Europe in the Artinskian and became
restricted to the Tethys in the Late Permian.

The cryptostome genera provide more de-
tailed distributional data for delineating
faunas of the Uralian, Franklinian, Tasman,
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Zechstein, and Tethyan seas, and they ex-
hibit dispersal patterns different from those
of the cystoporates and trepostomes. From
the Asselian through the Kazanian the
fenestellids Fenestells and Penniretepora
and the polyporid Polypora were cosmo-
politan. The septaporid Seprapora was cos-
mopolitan during the Sakmarian, then ap-
parently was restricted to the Tethyan Sea
during the Artinskian and had a worldwide
distribution again in the Kazanian. The
septaporid Synocladia first appeared in the
Franklinian Sea and gradually dispersed so
that it was cosmopolitan by the early part
of the Kazanian. In the Uralian Sea, the
fenestellids Pzylopora and Ptiloporella were
distinctive genera during the Early Permian
and the fenestraliids Parafenestralia and
Triznella were distinctive in the Late Per-
mian. Certain genera apparently were re-
stricted to the Tethyan Sea in the Permian
and include the fenestellid Minilya, the
polyporid Lyropora, the nikiforovellid Nik:-
foroveila, and the rhabdomesid Pamirella.
In the Tethyan Sea, the girtyoporid Haya-
sakapora ranged through the Permian, the
hyphasmoporid Ogbinopora occurred in the
Artinskian and the Kazanian, and the gir-
tyoporid Tavayzopora was present during
the Kazanian. Some cryptostomes dis-
played a bipolar distribution during the
Early Permian, such as the septaporid Syno-
cladia and the fenestellid Diploporaria, oc-
curring in the Uralian Sea and the Tasman
geosyncline, and in the Late Permian the
fenestellid Ptylopora was present in the
Franklinian Sea and Tasman geosyncline.
Dispersal of some genera, such as the ti-
manodictyid Timanodictya and the rhabdo-
mesid Ascopora, from the Uralian Sea into
the Tethyan Sea occurred during the Early
Permian. Other genera, such as the niki-
forovellid Clausotrypa, were present in the
Uralian Sea in the Early Permian and the
Tethyan Sea in the Late Permian.

BRACHIOPODS

The evolution and dispersal of Permian
brachiopods were extremely complex and
their taxonomy, phylogeny, and strati-
graphic and geographic distributions are
known in only broad outline on a world-
wide basis. Thus, considerable uncertainty
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exists concerning the placement of many
genera and some families into a generally
accepted scheme of classification (WrLLiams
et al., 1965; Rupwick, 1970; WATERHOUSE
& BonuaM-CARTER, 1975). These problems
in classification introduce many additional
uncertainties for establishing stratigraphic
and geographic distributions of families and
superfamilies (Fig. 5) in addition to those
uncertainties associated directly with the
stratigraphic record.

The most diverse order during the Per-
mian was the Strophomenida followed by
the Spiriferida and Rhynchonellida. These
three orders account for more than four-
fifths of the Permian brachiopods, and
most of the Permian extinctions occurred
in these groups. The strophomenids, which
generally had either a reduced pedicle open-
ing or none in the adult shell, had two
types of adaptation to fixing or positioning
their shell on or in the substrate. The Pro-
ductacea used tubular spines as anchoring
devices in soft or shifting substrates and
the Strophalosiacea and Davidsoniacea gen-
erally cemented their shell to other shells.
During the Permian the strophalosiaceans,
richthofeniaceans, and lyttoniaceans flour-
ished in reeflike bioherms that gradually
became more abundant and complex in
their ecological organization.

Most Early Permian brachiopods are con-
tinuations of well-established Late Carbonif-
erous lineages or are relict lineages having
Middle or Early Carboniferous origins.
Many ILate Carboniferous genera range into
Sakmarian and Artinskian deposits. Only
a few new families evolved during the Per-
mian, such as the Chonetellidae, Tscherny-
schewiidae and, possibly, the Athyrisinidae,
and only one superfamily, the Richtho-
feniacea.

Extinction of families and genera was
gradual within the later part of the Permian
and the majority of the families became ex-
tinct by the beginning of Dzhulfian time
(Fig. 5). Although one or two genera in
each of the orders survived the close of the
Permian, most of the Dzhulfian genera ap-
parently became extinct before the end of
the period; however, it should be noted that
our knowledge of the Dzhulfian faunas is
still very incomplete.
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DISPERSAL PATTERNS

The dispersal patterns in the six super-
families of Strophomenida contrast in sev-
eral ways. During the Early Permian the
Davidsoniacea had widely distributed gen-
era, most of which are nearly cosmopolitan,
and during the Late Permian they showed
a gradual reduction in number of genera
and a development of endemic genera. The
chonetaceans are few in number, being the
end of a long, diverse phyletic lineage of
which the Permian representatives are es-
sentially cosmopolitan. The genera of the
seven Permian families of strophalosiaceans,
although of different numerical importance,
are mainly endemic genera with only a few
appearing in more than one faunal province.
The richthofeniaceans were widely distrib-
uted during the Early Permian but were
restricted to the Tethyan before the end of
the Artinskian. The productacean families
had several dispersal patterns during the
Permian. The linoproductids, and to a les-
ser extent the overtoniids, were represented
in the Permian by a few genera that prob-
ably were part of relict lineages whose
distributions record much earlier dispersals.
The Echinoconchidae, Buxtoniidae, and ap-
proximately half of the Dictyoclostidae and
Linoproductidae were mostly cosmopolitan.
The remaining Dictyoclostidae and Lino-
productidae and most of the Marginiferidae
were strongly provincial in their distribu-
tions and were probably endemic. The Lyt-
toniacea have one nearly cosmopolitan
genus, three that are of more limited dis-
tribution, nine that are Tethyan, and one
that is present in southwestern North
America.

In the rhynchonellids, the rhynchonella-
ceans are of interest because of their relict
pattern of distribution; a few genera had
provincial distributions following the super-
family’s great Devonian evolutionary diver-
sification. In the Camarotoechiidae Parano-
rella and Leiorhynchoidea survived into the
Permian of southwestern North America.
The rhynchotetradid Goniophoria survived
as a successful relict in the Tethyan region.
Of the Atriboniidae, three genera are found
only in the Upper Permian of the Tethys and
the other few are widely different in geo-
logic age and scattered in geographic dis-
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Fic. 5. Ranges and relative importance of families of articulate brachiopod superfamilies. [Dashed lines
indicate uncertain extent of range. Increasing line widths indicate 1 to 2 genera, 3 to 5 genera and 6 or
more genera.] (Data from Williams ez al., 1965, and Grant, 1970; Ross & Ross, n.)
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tribution, such as Camerisma from the Mis-
sissippian of Alaska and the Artinskian of
the Tethys and Soviet Union. Similar
stratigraphic and geographic gaps are also
characteristic of the ranges of the four Per-
mian generic survivors of the Stenoscismati-
dae that have Lower Carboniferous and
Permian records but lack Middle and Up-
per Carboniferous records.

The third major Permian order, the Spi-
riferida, has three families that are repre-
sented by more than one or two relict line-
ages. The Syringothyrididae are almost
entirely Tethyan, Ural region-Russian plat-
form or northern in distribution. The Bra-
chythyrididae are mostly cosmopolitan or
bipolar in distribution. The Spiriferinacea
has a few cosmopolitan genera, but most
others are known from particular geograph-
ical provinces. The few Permian genera of
the Martiniidae and the Spiriferidae were
also mainly provincial and only the three
Permian genera of Elythidae had nearly
cosmopolitan distribution.

The Terebratulida had about 19 genera
during the Permian and seven were widely
distributed or nearly cosmopolitan, and the
remainder are reported from one or two
provinces. The order Orthida had seven
Permian genera and were widely distrib-
uted.

These patterns of distribution suggest
that the Permian distributions of most Or-
thida, Davidsoniacea, Productacea, Rhyn-
chonellacea, Stenoscismatacea, Spiriferida,
and Terebratulida were the result of earlier
dispersals, possibly as early as the Early
Carboniferous in some groups and as late
as Late Carboniferous in others. The small
number of new Permian genera in these
taxa and the generally low numbers of indi-
viduals and geographic restriction of many
of these genera suggest that they are relict
faunal lineages that had fairly wide eco-
logical tolerances. In the Strophomenida,
the Productacea show a similar trend but
with less reduction in the number of genera,
perhaps because their major evolutionary
diversification had occurred only in the
later part of the Carboniferous Period. The
Strophalosiacea and very specialized Rich-
thofeniacea and Lyttoniacea showed the
greatest evolutionary increase of genera dur-
ing the Permian, most of which were en-
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demic and restricted to either the Tethys
province or to the southwestern North
American province.

ASSOCIATIONS AND
DIVERSITY PATTERNS

Permian brachiopods may appear in lo-
calities and lithofacies that lack ammonoids,
corals, and fusulinaceans and as a group
brachiopods probably occupied a great range
of habitats. Differences in brachiopod com-
munity assemblages may indicate different
paleolatitudes, depths (including a variety
of communities below the photic zone), or
paleobiogeographic provinces (RUNNEGAR &
ArMsTRONG, 1969). Many of these distribu-
tional differences have been attributed to
temperature effects (Warernouse & Bon-
HAM-CARTER, 1975). Three types of bra-
chiopod associations are: 1) low diversity
brachiopod associations, mainly from Aus-
tralia, New Zealand, and Siberia, which
lack associated fusulinids and corals and
are near glacial deposits; 2) high diversity
brachiopod associations that are almost al-
ways associated with corals and fusulinids,
and frequently algae, but never with glacial
deposits; and 3) intermediate diversity bra-
chiopod associations that commonly, but
not always, occur with corals and fusuli-
naceans. The low diversity associations are
believed to have been adapted to cool or
cold waters, the high diversity associations
to warm tropical water, and the intermedi-
ate associations to temperate waters.

Low diversity brachiopod associations in
the Gondwanan marine faunas are charac-
terized by the Martiniidae as well as Lino-
productidae, Strophalosiidae, Aulostegidae,
Wellerellidae, and Spiriferidae. Members
of some of these families, as well as Reticu-
lariidae and Heterelasminidae, are common
in Siberian faunas. These low diversity as-
sociations are accompanied by characteristic
bivalve assemblages that include the Eury-
desmatidae, Deltopectinidae, Edmondiidae,
and Pholadomyidae.

Brachiopod associations of intermediate
diversity include chiefly Marginiferidae and
Echinoconchidae with numerous Rhyncho-
poriidae, Buxtoniidae, Dictyoclostidae, and
Ambocoeliidae. Important in these associa-
tions are Lingulidae, Discinidae, Choneti-
dae, Rhynchotetradidae, Retziidae, and Spi-
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riferinidae. Many of these families also are
found in the high diversity brachiopod as-
sociations, although only as a minor part.

High diversity brachiopod associations are
characterized by Meekellidae, Aulostegidae,
Richthofeniidae, Lyttoniidae, Stenoscismati-
dae, Uncinulidae, Athyrisinidae, Elythidae,
Heterelasminidae, Cryptonellidae, Isogram-
midae, Enteletidae, Rhipidomellidae, and
others. These associations usually occur
with colonial corals and fusulinaceans.

Several interesting trends become appar-
ent in these various associations during the
Permian. On the Russian platform, Sak-
marian brachiopod faunas and their eco-
logical and faunal associations differ from
Asselian ones at the species level and ex-
tend with little change into lower Artins-
kian strata (Aktastinian). In general, the
Asselian, Sakmarian, and lower Artinskian
brachiopods are widespread, and within a
region, cach brachiopod faunal association
shows a general taxonomic consistency sug-
gesting no major change in physical environ-
ments but occasional minor fluctuations. In
upper Artinskian strata (Baigendzhinian)
the rhipidomellids and overtoniids, which
contribute prominently to earlier Permian
brachiopod faunas, decrease in importance
and marginiferids and dictyolostids become
increasingly abundant. Kazanian (and
Zechstein) associations become much less
diverse than lower Permian faunas in cen-
tral and eastern Europe, apparently in re-
sponse to salinity changes or fluctuations.

After Kazanian time brachiopod faunas
became rare, particularly low and interme-
diate diversity associations, and soon after
high diversity associations also became rare.
In those areas where younger brachiopod
faunas survived, associations became con-
siderably less diverse, presumably because
of continued ecological changes in shallow-
shelf environments.

Permian brachiopods have received con-
siderable attention and their early use in
establishing local and regional zonation of
the Permian in the Urals and Russian plat-
form (Cuernysuev, 1902; Freperiks, 1932)
was paralleled by their use in North Amer-
ica (Girty, 1909; R. E. King, 1931). De-
tailed stratigraphic zonation based on local
or regional ranges of species and genera of
brachiopods is available for a number of
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stratigraphic sequences. Coorer (in Dun-
BAR et al., 1960) outlined preliminary range
information on genera and species from the
Glass Mountains of west Texas and later
studies in the Glass Mountains have greatly
expanded our knowledge of brachiopod dis-
tribution in that succession (CooPEr &
GranT, 1972, 1973, 1974, 1975, 1976). Bra-
chiopod studies are particularly important
in the Gondwana and eastern Siberian suc-
cessions, which commonly lack many of the
other marine fossil groups. In the Urals
and Russian platform, brachiopods domi-
nate one of the facies of the upper part of
the Artinskian and the Kazanian appar-
ently as a result of their tolerance to salinity
changes. Brachiopod faunas of the Tethyan
region are the most diverse and it is in this
region that most of the evolutionary changes
were introduced, such as the specialization
in the richthofeniids, scacchinellids and
lyttoniids.

Brachiopods from the Dzhulfian Stage
have been described from only a few seg-
ments of the Tethyan region and consider-
able additional information is needed to
fully understand the complicated strati-
graphic facies interrelations in the upper-
most part of the Permian. A number of
lineages of Permian brachiopods continue
into the overlying ammonoid zone of Oto-
ceras and Ophiceras, which has long been
taken as the lowest zone of the Triassic
and, therefore, a few representatives of
typically Permian families survived into
earliest Triassic time before they became
extinct.

AMMONOIDS

Study of the distribution and evolution
of Permian ammonoids (Fig. 6) has had
many important influences on the present
concepts of subdividing the Permian Sys-
tem into series and stages (Furnish, 1973).
As most specialists studying Permian am-
monoids believe that this nektonic group
shows little evidence of paleogeographical
provincialism, they have concentrated their
attentions on the rapid, commonly spec-
tacular, evolutionary history of the ammo-
noids. Most families, genera, and even
many species are apparently cosmopolitan
and most geographical differences have been
considered to be the result of incomplete
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collections. A few differences in paleogeo-
graphic distributions were noted by Furnisu
(1973); for example, Perrinites was com-
mon in Permian tropical latitudes and the
Paragastrioceratinae and Metalegoceratinae
were common in Permian temperate lati-
tudes during Artinskian time. During Late
Permian times ammonoid diversity gradu-
ally decreased as more and more families
became extinct and new families did not
evolve to replace them. In Permian strata
younger than Capitanian age only three
new families appear and these are geo-
graphically restricted.

In spite of detailed knowledge of their
phylogeny and rapid evolutionary history,
Permian ammonoids generally are only lo-
cally abundant in fine-grained clastic beds.
Relatively few of the localities having these
abundant faunas are in the same or closely
related stratigraphic sections. Because of
this distribution, ammonoid specialists tend
to use the stage of evolution and position
within phylogenetic successions as criteria
for assigning ages to these scattered am-
monoid occurrences (Furnish, 1973). Be-
cause of these considerations, the subdi-
visions of the Permian based on ammonoid
occurrences are a mixture of the concepts
of chronostratigraphic and genus- and spe-
cies-range zones, and ammonoid ‘‘stage”
names are derived from those parts of the
world where ammonoid assemblages of
those ages are abundant (Fig. 6). The
lowest 12 of the 16 ammonoid assemblages
are based on taxonomic ranges in relatively
thick stratigraphic sections in which the
biostratigraphic relationships with units
above and below are known for ammonoids
and also for other faunal groups. Ammo-
noid assemblages are named from the lower
parts of the Lower Permian from the south-
ern Ural region, the upper part of the
Lower Permian and the lower parts of the
Upper Permian from the west Texas re-
gion, and higher assemblages of the Upper
Permian are named from Timor, Indonesia,
the Dzhulfa (Julfa) region of Soviet Nakhi-
chevan Azerbaidzhan and Iran, Salt Range
of Pakistan, and southwestern China. Thus,
the general scheme of ammonoid subdivi-
sion is pragmatic and usable even if it does
not fully agree with the American Code
of Stratigraphic Nomenclature (A.CSN,,
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1961). The actual application of some of
the names differs in rank and range from
that used by specialists in other groups
(Fig. 1), and contributes to the existing
general confusion about unit boundaries.
The following general summary is based
largely on the works of RuzmenTsev (1951,
1952, 1966, 1974) and a summary by
Furnisu (1973).

LOWER PERMIAN ZONATION
ASSELIAN STAGE

In the southern Urals ammonoids in this
stage include a number of gastrioceratid
genera that range upward from the Car-
boniferous as well as some pronoritid, darae-
litid, uddenitin, gonioloboceratid, thalasso-
ceratid, adrianitid, and vidrioceratin genera
that have close Late Carboniferous ancestors.
Three families, the metalegoceratids, para-
gastrioceratids, and popanoceratids first ap-
pear in Asselian strata and, along with the
first common members of one subfamily,
the sicanitins, are widely distributed.
Ruznentsev (1951, 1952, 1966) considered
Artinskia of the A. kazakstanica group and
primitive species of Paragastrioceras, Pro-
popanoceras, and Juresanites as typical of
the Asselian ammonoid assemblage. Ruz-
HENTSEV (1966) listed the following Per-
mian genera, which first appear and are
common in the Asselian Stage: Sakmarites,
Akmilleria, Kargalites (Kargalites), Mara-
thonites (Almites), Prostacheoceras, and
Protopopanoceras.

Strata of equivalent age in west Texas
and the midcontinent region of North
America have numerous ecarly perrinitids
(a family not found in the Ural region),
represented by Properrinites. Other taxa in
these earliest Permian ammonoid assem-
blages are closely similar to those in the
Ural region.

SAKMARIAN STAGE

In the southern Ural and Ufa plateau
regions the Tastubian Substage of the Sak-
marian contains the first true members of
Metalegoceras and Uraloceras along with
many holdover genera from the underlying
Asselian Stage. In western North America
a number of species of Properrinites, such
as P. boesei and P. denhami, are found in
ammonoid assemblages of this age as well
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tinctive of a post-“Capitanian,” latest Gua-
dalupian, age. Furnisu (1973), Furnisu
and Grenister (1970), and SpiNosa ez al.
(1975) identified the following “Amaras-
sian Stage” or assemblage of ammonoid
species: Strigogoniatites angulatus, Epadria-
nites timorense, Stacheoceras tridens, Timor-
ites curvicostatus, Cyclolobus persulcatus,
Hyattoceras subgeinitzi, Sundaites levis,
Syrdenites sp., Episageceras noetlingi, E.
nodosum, Xenodiscus wanneri, “Hyatto-
ceras” sp., and “Parapronorites” sp. In the
La Colorada beds of Coahuila, Mexico,
Xenodiscus wanneri, Kingoceras kingi, and
Eoaraxoceras ruzhencevi are associated in a
southwestern North American assemblage
of this age. Based on a number of logical
models of phylogenetic lineages, the Ama-
rassian ammonoid assemblage is most likely
to be equivalent in age to the upper beds
of the Guadalupian Series (i.e., the upper
part of the Bell Canyon Formation and the
Lamar and Tansill carbonates).

DZHULFIAN STAGE

According to Furnisa (1966, 1973) and
Furnisa and Grenister (1970), the highest
Permian stage is represented by three sub-
divisions, the Araksian, Chhidruan, and
Changhsingian (Fig. 6), which are based
on ammonoid assemblages from three geo-
graphically separate segments of the present
Himalayan Mountain chain. The Araksian
Substage is based on the Araxilevis-, Araxo-
ceras-, and Oldhamina-bearing beds, whose
faunas were described in detail from the
Araks Gorge at Dorasham Station near
Dzhulfa by Ruznentsev and SarycHEvVA
(1965). The ammonoids occur in the up-
per part of these beds and include a wide
variety of specialized otocerataceans ( Araxo-
ceratidae) and other ammonoids of Paleo-
zoic ancestry. Abundant Araxoceras, Ro-
taraxoceras, Prototoceras, Pseudotoceras, and
Vesocotoceras are in association with Pseu-
dogastrioceras and characterize the fauna.
Three rarely found genera, the medlicottid
Syrdenites and the cyclolobaceans Stacheo-
ceras and Cyclolobus, are also associated
with this faunal assemblage in nearby lo-
calities. The Cyclolobus species is con-
sidered to be primitive and was assigned
to C. kullingi, originally described from

central East Greenland. At Abadeh, in cen-
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tral Iran, Taraz (1969, 1971, 1973) reported
a thicker, possibly more complete, sequence
than at Dzhulfa. Taraz (1973) believed
that the Abadeh section fills in a hiatus that
lies beneath the Araxilevis beds at Dzhulfa
and that the Abadeh section is younger
than the Guadalupian Series of North
America. Furnisu (1973) pointed out that
the late Guadalupian Amarassian ammo-
noid fauna of the La Colorada beds near
the top of the Permian section at Las Deli-
cias, Coahuila, Mexico, has a similar am-
monoid composition to those in the upper
part of Taraz’s (1969, 1971) Abadeh sec-
tion and that this fauna is overlain by an
Araksian assemblage above which appears
a Chhidruan assemblage.

Waacen (1889-91) recognized the Chhi-
dru beds in the upper strata of the Upper
Productus Limestone, Salt Range of Paki-
stan, with an abundant and diverse inverte-
brate fauna. TEeicuert (1966) and Kum-
ML and Teichert (1970) summarized the
stratigraphy of these beds and the distribu-
tion of fossils in them. Cyclolobus ranges
through a small interval in the upper third
of the Chhidru Formation of KummeL and
Tercuert (1970) and is represented by
three species of which C. oldhami and C.
teicherti are the best known. These are
intermediate in stage of evolution between
C. kullingi from the Araksian assemblage
and the cyclolobids of the Changhsingian
assemblage. Other Chhidruan ammonoids
include Stacheoceras antiquum, Eumedlicot-
tia primas, Episageceras wynnei, and Xeno-
discus carbonarius.

Basing his conclusions mainly on indirect
evidence, Furnisu (1973) believed that the
Vedioceras-Oldhamina assemblage, which
lies above the Araksian ammonoid assem-
blage in the Dzhulfa sections, is equivalent
to the Chhidruan ammonoid assemblage of
the Salt Range. In the Dzhulfa region the
Vedioceras-Oldhamina assemblage includes
Vedioceras and Dzhulfoceras, which in the
region are restricted to that assemblage, and
Urartoceras, Rotaraxoceras, Prototoceras,
and Pseudotoceras ranging upward from
the Araxoceras beds below.

The highest Permian beds of Dzhulfa and
the Salt Range are thin and have restricted
ammonoid faunas (Furnish, 1973; Kum-
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MEL, 1972). At Dzhulfa, these strata have
yielded coarsely ribbed xenodiscids, dzhul-
fitids, a maximitid, Neoaganides, and rare
Pseudogastrioceras and  Stacheoceras. A
comparable assemblage having a more abun-
dant fauna has been reported from the
Changhsing Limestone of northern Cheki-
ang, China. In its lower part this limestone
includes Pseudotirolites and Pseudogastrio-
ceras and in the upper part it has
Stacheoceras, Pachydiscoceras, Rotodisco-
ceras, Trigonogastrites, and Changhsingo-
ceras. Associated with these ammonoids are
Palacofusulina, Reichelina, Oldhamina, Dic-
tyoclostus, and Hustedia. Cuao (1965)
stated that “The Changhsing Limestone
changes into siliceous limestone, siliceous
shale, and sandstone at many places in
South China, where they are called the
Talung Formation (equivalent to Hoshan
Formation of Sun, 1939).” Although it is
not clear from CHao’s statement if this is
a lateral or a vertical lithofacies change, or
both, he combined ammonoids from both
lithologic units in his analysis of the
“Changhsing or Talung ammonoids.” The
Talung Formation is disconformably over-
lain by ILower Triassic shales bearing
Claraia.

Correlations with other regions are com-
monly indirect (Crao, 1965; FurnisH,
1973). The Loping Coal Series that lies
beneath the Changhsing Limestone is cor-
related with most of the Dzhulfa beds of
Iran and with the Chhidru Formation of
the Salt Range. CuHao (1965) suggested
that the reddish limestone and shale with
Paratirolites just beneath the Lower Trias-
sic beds bearing Claraia at Dzhulfa are pos-
sibly equivalents of the Ali Bashi Forma-
tion (see also KummeL & TEicHerT, 1973;
Tozer, 1969, 1971; Furnisu, 1973; TEr-
cHERT, KuMMEL, & SwEeET, 1973; and KumMm-
MEL, this volume).

CONODONTS

In contrast to studies of Devonian, early
Carboniferous, and Triassic conodonts,
study of Permian conodonts has not yet
advanced to the point of establishing a
worldwide scheme of biostratigraphy. Sev-
eral studies have recently shown the po-
tential use of conodonts in establishing
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zonation, particularly in strata having few
ammonoids or fusulinaceans (Crark &
EtHincToNn, 1962; BENDER & STOPPEL, 1965;
Sweet, 1970; Crark & Beunken, 1971;
Kozur, 1973, 1975; Beanken, 1975). Nev-
ertheless, relatively few stratigraphic succes-
sions are known in the detail that is avail-
able for the Upper Devonian and Lower
Carboniferous.

Most detailed studies of Permian cono-
donts have dealt with biostratigraphic prob-
lems of either the Carboniferous-Permian or
Permian-Triassic boundary (Crark & Benn-
KEN, 1971) or have described relatively iso-
lated faunas (Fig. 7). For reasons that are
not entirely clear, the North American
standard Permian reference sections in west
Texas have yielded neither abundant nor
diverse conodont faunas, and correlation of
stratigraphic sections having more plentiful
conodonts with these standard sections is
not as precise as might be desired (Benn-
KEN, 1975). Also, few conodont studies
deal with the type Permian sections in the
Russian platform and Urals, and conodont
correlation with those sequences is not pos-
sible at present.

WESTERN NORTH AMERICA

The present conodont zonation for the
Permian is based largely on studies by
Crark and Bennken (1971) and Beunken
(1975) in the western North American
Cordillera in central Nevada and southeast-
ern Idaho and some studies in portions of
the succession in the Guadalupe Mountains
of west Texas (Fig. 7). Apparently some
confusion exists concerning the boundaries
and thicknesses of many of the named units
in the Great Basin and the resultant un-
certainty leads to difficulty in correlation
with the west Texas standard sections.

Beunken (1975) recognized two cono-
dont zones, the Idiognathodus ellisoni As-
semblage-Zone and the Neogondolella bis-
selli-Sweetognathus  whiter  Assemblage-
Zone, which he considered to be Wolf-
campian in age. Kozur (1975) considered
that the base of the Permian should be
placed at the base of the second of these
zones. In the Riepe Springs and Ferguson
Mountain formations of Nevada, Idiogna-
thodus ellisoni occurs without other plat-
form conodonts and marks a zone of early
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Fic. 7. Ranges of zonally important species of conodonts, principally based on Lower Permian taxa in
the western United States (Behnken, 1975) and Upper Permian taxa in Pakistan (Sweet, 1970; Ross &
Ross, n).

and middle Wolfcampian age. Neostrepto-
gnathodus pequopensis is rare in this as-
semblage-zone. The lower 30 m of the
Pequop Formation contains mainly Sweeto-
gnathus whitei and the succeeding 82 m
contain abundant Neogondolella bisselli, N.
pequopensis, and several species of Xanio-
gnathus. The top of this zone approximates
the Wolfcampian-Leonardian boundary in
the Glass Mountains as based on correla-
tions using fusulinids (Srapg, 1961).
Conodont zones assigned to the Leon-
ardian in the Great Basin region include,
at the base, the Neostreptognathodus pequo-
pensis Assemblage-Zone and the Neostrepto-
gnathodus sulcoplicatus-N. prayi Assem-
blage-Zone. The N. pequopensis Zone is
identified on the abundance of N. pequo-
pensis. Also in this zone are a few speci-
mens of Xaniognathus abstractus, Anchi-
gnathodus minutus, species of Hindeodella,
and Ellisonia excavata. The N. sulcopli-
catus-N. prayi Zone is late Leonardian to
early Guadalupian in age and includes ele-
ments of Xaniognathus abstractus, Neogon-
dolella  idahoensis, Neostreptognathodus
clinei, Anchignathodus minutus, Ellisonia
excavata, and Hindeodella spp. Consider-
able geographical and local stratigraphic

variations appear in the occurrence of the
two guide species of Neostreptognathodus
and associated species. Beunken (1975)
placed the upper limit of this zone at the
base of the first appearance of faunas con-
taining either Neogondolella rosenkrantzi
or N. serrata.

The overlying Neogondolella serrata ser-
rata Assemblage-Zone begins with the first
appearance of this species and in places
overlaps with the upper ranges of many
species found in the preceding lower zone.
Xaniognathus tortilis and Ellisonia tribulosa
first appear in this zone. This assemblage-
zone appears in strata of possible late Leon-
ardian age and ranges into strata of prob-
ably early Wordian age in the Guadalupe
Mountains, west Texas, and the Meade
Peak Member (Phosphoria Formation) in
Idaho.

Three conodont assemblage-zones char-
acterize the remaining parts of the Guada-
lupian Series. The Neogondolella rosen-
krantzi-Neospathodus arcucristatus Assem-
blage-Zone is based on the assemblages
from the upper 30 m of the Plympton For-
mation and the lower part of the Gerster
Formation of eastern Nevada (BEHNKEN,
1975). The first appearance of either Neo-
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gondolella rosenkrantzi or Neospathodus
arcucristatus marks the base and the last
appearance of N. arcucristatus marks the
top of the zone. The upper part of the
Gerster Formation contains the Neogon-
dolella rosenkrantzi-Neospathodus divergens
Assemblage-Zone, which includes Ellzsonia
tribulosa. N. divergens appears at the base
of the zone and the top of the zone is an
erosional unconformity. This assemblage
also has been reported from the Zechstein
of Germany (Benper & StoppeL, 1965).
Based on available strata preserved beneath
the basal Triassic unconformity, these as-
semblage-zones form the upper portion of
the conodont zonation in the Permian mio-
geosyncline of Nevada, Utah, and south-
eastern Idaho.

In the Guadalupe Mountains of west
Texas, the youngest recognized zone, the
Neogondolella serrata postserrata Assem-
blage-Zone, lies above the N. serrata serrata
Zone and includes strata of late Wordian
and Capitanian age. In addition to N.
serrata postserrata, this assemblage includes
Anchignathodus typicalis, Xaniognathus tor-
tilis, Ellisonia tribulosa, Prioniodella decres-
cens, P. anguinea, P. cteniforma, and Caeno-
dontus serrulatus. N. serrata postserrata
currently is known only from the west
Texas region.

From the scattered occurrences of Per-
mian conodonts that are available for com-
parison, Wolfcampian and early to middle
Leonardian species appear to be widely dis-
persed and within the western United States
are regionally distributed with few indica-
tions of provincialism. On the other hand,
the late Leonardian and Guadalupian spe-
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cies begin to show increasing provincial
distributions, which may relate to biofacies
rather than geographic isolation. The high-
est part of the Gerster Formation (corre-
lated on the basis of brachiopods and the
ammonoid Timorites) is considered to be
Capitanian in age, and has a conodont
fauna similar to that of the lower part of
the Zechstein of Germany.

SALT RANGE, PAKISTAN

Conodonts from the uppermost Chhidru
Formation in Pakistan are the youngest Per-
mian representatives yet described (Sweer,
1970). In general, conodonts are rare in
most of the Upper Permian in the Salt
Range and nearby areas of Pakistan and
only the white sandy beds in the upper 1 to
5 m of the Chhidru Formation contain a
definable conodont fauna. The Anchigna-
thodus typicalis Assemblage-Zone includes
A. typicalis, A. isarcicus, Ellisonia triassica,
E. gradata, E. teicherti, Neogondolella cari-
nata, and Xaniognathus curvatus and occurs
in the uppermost 4 m of the Chhidru For-
mation (Permian) and lowermost 1 to 3 m
of the overlying Mianwali Formation (Tri-
assic). Based on other faunal evidence
(KumMmer & Teicuert, 1970), this zone
straddles the Permian-Triassic boundary and
supports the view that if a paraconformity
is present, the resulting hiatus is of rela-
tively short duration. Brachiopods (possibly
reworked from earlier deposits) were col-
lected from the same beds as those contain-
ing this conodont assemblage and have a
Guadalupian, rather than a later Permian
aspect (Cooper, in KummeL & TEICHERT,

1966; Granr, 1970).

PALEOGEOGRAPHIC RECONSTRUCTION

Possible geographic arrangements for the
various epicontinental seas, miogeosynclines,
and eugeosynclines during the Permian Pe-
riod suggest that a modified Dietz-Holden
model (Dierz & Houpen, 1970; Smrrw,
Bripen, & Drewry, 1973) may help to ex-
plain some of the apparent problems in
phylogenetic histories and biogeographic
distributions. Two time intervals, Early
Permian (Asselian) and Late Permian (Ka-
zanian), are examined on world reconstruc-

tions (Fig. 8 and 9).

Early Permian epicontinental seas reached
their maximum distribution during the As-
selian (Fig. 8). Mountain building and
deformation of the Ouachita-Appalachian-
Hercynian belt continued and, although
mountains were high, marine epicontinental
embayments were still extensive. The Ural-
ian geosyncline was very narrow and prob-
ably relatively deep but connected the Rus-
sian platform with the Hercynian belt of
the Tethyan region. Shallow-water marine
connections with southwestern North Amer-
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T, Tarim stable block.]

ica and western South America were by
way of the Franklinian geosyncline and
northern and western Canadian shelves so
that distance and latitude produced tem-
perature gradients that reduced the dispersal
of many marine invertebrate faunas.
During Sakmarian time, exchange of ma-
rine invertebrates became increasingly less
frequent between the Tethyan region, the
Uralian-Franklinian region, and the south-
western North American region (Ross,
1970). By late Artinskian time direct ma-
rine connections between the Tethyan re-
gion, the Uralian geosyncline, and Russian
platform ceased and from this time untl
the end of the Permian the Tethyan faunas
became increasingly endemic and formed
a distinctive faunal realm. By the beginning
of Late Permian (Fig. 9) the northern
Pangaea epicontinental seas (Kazan and
Zechstein seas) lacked fusulinaceans, and
only a few genera of smaller Foraminiferida
were present. Other marine invertebrates
show similar specialized faunas. The late
Late Permian (Dzhulfian) was a time of
minor inundation of the epicontinental
shelves and many of those seas had unusual
environments of deposition. Of the Early
Permian geosynclines, only parts of the

Tethyan geosyncline remained a marine
seaway in the later part of the Late Permian.

Although much is known about shallow-
water marine faunas of the Permian Period,
many questions about their distribution, dis-
persal, and phylogeny remain unanswered
(Ustritskiy, 1974). Large parts of Asia
and South America are poorly known. New
Zealand has an interesting Permian fauna
but a poorly understood geographic position
in the late Paleozoic. Parts of the southern
Eurasian Tethyan belt may have been
widely separate sialic blocks that have been
united at a much later time. In the Cordil-
leran and Andean structural belts of North
and South America, strata containing Te-
thyan realm marine faunas, which were
probably tropical or subtropical with rela-
tively high diversity, lie next to strata hav-
ing non-Tethyan faunas that were probably
temperate and have low diversity. As these
strata in these structural belts are older
than 150 my, and, therefore, older than
present sea floors, these belts may include
carbonate banks and platforms associated
with old tropical island arcs and other up-
lifted ocean crustal fragments that have
been added to the western side of the
Americas during the Mesozoic.
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SUMMARY AND

Several patterns in Permian faunas and
biostratigraphy appear consistently in the
different fossil groups examined. During
Asselian time, and to a lesser extent during
Sakmarian time, many of the shallow-water
marine faunas are widely distributed in the
Tethyan and Uralian-Franklinian region,
or, at least, there were several short inter-
vals of faunal exchange followed by longer
intervals of restricted dispersals between
these regions. In this respect, Asselian pat-
terns represent a continuation of Late Car-
boniferous distributional patterns and may
relate to the continuation of cyclic deposi-
tion associated with marine transgressions
and regressions that gradually decreased in
extent and magnitude during Asselian and
Sakmarian time. Nearly all Asselian and
Sakmarian marine faunas either lack or
have very low species diversity in the Gond-
wana sequences where glacial beds are com-
mon. This suggests that repeated fluctua-
tions of glacial conditions (which gradually
decreased in importance), marine trans-
gressions and regressions, and faunal dis-
persal and restriction may be closely inter-
related because of repeated changes in
climatic conditions and in sea levels. Within
the Asselian and Sakmarian intervals, cli-
matic zonation is suggested by several of

CONCLUSIONS

the faunal groups based on the amount of
generic and specific diversity, in the asso-
ciation or nonassociation with abundant cal-
careous algae, based on shell growth pat-
terns, and by the distribution of carbonate
reefs and banks in contrast to sections hav-
ing predominantly shallow-water sandstone.
Some groups, such as many of the bryo-
zoans and brachiopods, lived in a broader
range of marine shelf and slope environ-
ments and their distributions were less
strongly related to the distributions of shal-
low epicontinental flooding than were other
groups, such as fusulinaceans and corals.
Cephalopod distributions, and probably also
conodont distributions, were a function of
neritic habitats and relate to the direction
and extent of different surface currents.
By Artinskian time many shallow ben-
thic marine faunas showed marked pro-
vinciality, particularly between the Tethyan
region and the Ural-Franklinian region.
This is possibly best shown by the distribu-
tion and phylogenetic patterns in fusulina-
ceans and corals. Direct faunal connections
for many groups seem to have been broken
in Sakmarian or early in Artinskian time
between the Uralian Sea and the Tethys,
particularly for fusulinaceans, corals, bryo-

zoans, and brachiopods. Cephalopods and
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some bryozoans retained some widely dis-
persed, nearly cosmopolitan, genera and
families, but genera in many other groups
were restricted in distribution to particular
regions at this time. The main cause for
the disruption of avenues for faunal dis-
persal appears to have been the last of the
major orogenic episodes associated with the
Hercynian orogeny. This appears to coin-
cide with the uplift of the southern end of
the Uralian geosyncline and southern part
of the Russian platform. Uplifts within the
Early Permian also modified many dispersal
paths in parts of southern Asia and in
North America.

New patterns of biogeography and phy-
logeny, and changes in sedimentary pat-
terns began with these late phases of the
Hercynian orogeny and were of major sig-
nificance in forming a starting point for
the clear identification of a Tethys ocean
and a Tethyan faunal realm that reached
from northern Africa, through the Alps,
Yugoslavia, Greece, Turkey, Crimea, Iran,
Iraq, Afghanistan, Pakistan, Kashmir,
China, Japan, Indochina, New Zealand,
Maritime Provinces of the Soviet Union,
and parts of Alaska, Yukon, British Colum-
bia, Washington, Oregon, and California—
a much larger and more elongate realm than
the Mesozoic Tethys. The fauna was di-
verse, abundant, and associated with algal
and crinoid banks and reefs. The contrast-
ing northern European and northern North
American faunas were mainly composed of
relict genera and decreased rapidly in di-
versity as depositional environments became
poorly suited to a normal marine biota.

In Kazanian time the Tethyan fauna
reached its greatest Permian diversity as
shown by fusulinaceans, corals, bryozoans,
and cephalopods, whereas the Zechstein
and Uralian-Franklinian faunas had very
low species diversity in the few groups that
survived in those seas. Some elements of
the Tethyan fauna spread into parts of the
Tasman geosyncline in eastern Australia
suggesting warmer seas. By the end of
Kazanian time, an orogeny of major magni-
tude affected the Japanese, Chinese, and
adjacent regions in the eastern Asian seg-
ments of the Tethys. Present evidence sug-
gests that deposition ceased in many parts
of the eastern Tethys after this orogeny.

Introduction—Biogeography and Biostratigraphy

Marine Dzhulfian fossils are known only
in the Eurasian part of the Tethys, which
more closely approximates the distribution
of the Mesozoic Tethys. Dzhulfian faunas
are of particular interest because they con-
tain the remnants of a once prolific Tethyan
fauna of Kazanian age and the phylogenetic
ancestors for many of those Triassic faunas
that evolved rapidly after the beginning of
the Mesozoic. Paleozoic faunal groups, such
as the fusulinaceans, became extinct at dif-
ferent times during the Late Permian and
only a few Paleozoic lineages in groups
such as the brachiopods and bryozoans sur-
vived into the earliest part of the Triassic.
For these reasons the Late Permian and
Early Triassic are generally regarded as
times of acute ecological stress for shallow
marine organisms.

The biogeographic and biostratigraphic
relations within the Permian System have
many unanswered questions. The lower
boundary of the system is still in the process
of being examined critically and in the
Tethyan region a three-fold, rather than a
two-fold, subdivision may be more applic-
able. Age relationships between Tethyan
and non-Tethyan faunas are difficult to
establish with precision after the middle
part of the Early Permian because different
lineages evolved independently in each fau-
nal province. Reasons for these separate
faunal provinces continue to be investigated
and include studies on orogenic changes and
climatic differences that probably contrib-
uted to provinciality. Climates during the
Permian appear to have become gradually
warmer as indicated by a decrease in glacial
beds and in cyclical sedimentary deposition
and by an increase in evaporite deposition
from Asselian through Kazanian time. The
magnitude of the latitudinal temperature
gradients for the Permian and possible
major temperature fluctuations at different
times during the period are poorly known;
however, the extinction of many genera
and families of late Paleozoic marine or-
ganisms near the end of Kazanian or early
in Dzhulfian time may have resulted from
oceanographic changes that related to these
climatic changes. Terrestrial plants and
animals of the Permian also show geograph-
ical distributions that have been interpreted
as reflecting latitudinal or temperature dif-
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ferences. The inferences are that latitudinal
differences in temperature and floral and
faunal distributions were broadly similar
to those of the recent (Ross, 1974). Particu-
lar interest has centered on Gondwanan
distributional questions (RomEegr, 1968; In-
ternational Union of Geological Sciences,
1969; Keast & Gurass, 1972; UstriTSKIY,
1974) and on floral provinces (Tscuupy &
Scorr, 1969; Prumsteap, 1973; Harr,
1974).

The highest Permian (Dzhulfian) is the
least well known part of the system and its
upper boundary is the subject of much bio-
stratigraphic study (GrunT & DwMITRIEV,
1973; Isumn, FiscHER, & Banpo, 1971; Isui,
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OxiMURA, & Nakazawa, 1975; KaHLER,
1974a, 1974b; MENNER e? al., 1970; MEYEN,
1970; Asich, 1878; Granr, 1970; KumMEL
& TEercHERT, 1970, 1973; TozEr, 1969, 1971;
Nakazawa, 1974; RuzHeENTsEV & Sary-
CHEVA, 1965; StEPANOV, GOLSHANI, & STOCK-
LIN, 1969). At present, distinctive faunas
characterize the Dzhulfian Stage only in
the Eurasian part of the Tethys. To suggest
that deposition ceased everywhere else dur-
ing this time interval seems implausible.
Therefore, considerably more data are
needed in order to document the faunal
changes and extinctions that characterize
the latest part of the Permian Period and
the end of the Paleozoic Era.
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INTRODUCTION

The term Trias, later modified in English
to Triassic, was proposed in 1834 by F. von
AvserTi for a sequence of strata in central
Germany lying above Permian (Zechstein)
and below Jurassic (Lias) rocks of marine
origin. The name refers to a threefold di-
vision of the strata into a lower unit of
nonmarine red beds (Buntsandstein or
Bunter), a middle unit of marine limestone,
sandstone, and shale (Muschelkalk), and an
upper unit of nonmarine rocks (Keuper)
that are similar to the lower division. The
original definition of the Trias by von
AvgerTI reads as follows (translation from
WimartH, 1925, p. 64): “Whoever ex-
amines more closely the foregoing analysis
and tabulates all the fossils of the three
hitherto separate formations; whoever ex-
amines, further, the transition of the differ-
ent forms one into the other, and, indeed,
considers the entire structure of the moun-
tains and the decidedly different character
of the fossils of the Zechstein (Permian)
from those of the Lias (Lower Jurassic),
will realize that the Bunter sandstone, Mus-

chelkalk and Keuper are the result of one
period, their fossils, to use E. de Beaumont’s
words, being the thermometer of a geologi-
cal period; that their separation into three
formations is not appropriate, and that it
is more in accord with the concept of a
‘formation’ to unite them into a single
formation, which I shall provisionally name
Trias.”

This type of strata described by vown
AvrserT1 is typical of Triassic strata of
northern Europe, France, Spain, and north
Africa; it is commonly known as the Ger-
manic facies. In contrast to the predomi-
nantly continental Germanic facies, there
is in the Alps a complete fossiliferous se-
quence covering all of Triassic time that is
commonly called the Alpine facies and that,
with the addition of units in the lower beds
from southern Asia, forms the primary
standard sequence of stages and zones.

This contribution is concerned solely
with marine facies and invertebrates of the
Triassic. A recent review of Triassic tetra-

pods was given by Cox (1973).

STAGES AND ZONES OF THE TRIASSIC

The first comprehensive proposal for sub-
division of the Triassic into series, stages,
and zones was by von Mojysisovics,
Waacen, and Diener (1895). The sequence
for what is now the Middle and Upper
Triassic was based on Alpine faunas and
formations, that for the Lower Triassic on
Salt Range and Himalayan data. This pro-
posal was not free of serious errors due
largely to what is now recognized as mis-
interpretation of structural relations and
nonrecognition of some condensed faunas;
however, since 1895 there have been con-
tinuing efforts to clarify the stage and
zonal scheme. In recent years thick deposits
of fossiliferous Triassic strata which are un-
complicated by difficult structural relations
have been recognized in British Columbia
and Nevada. These areas have vyielded
equivalents of most of the faunas first dis-
covered in India and Siberia. These se-
quences have been summarized by Tozer

(1967) and SiLerLiNG and Tozer (1968)

and it is now well established that for
Triassic studies, the western American
sequences are equal in importance to the
Alpine-Mediterranean sequence. The Al-
pine and western American zonal sequences
and stages are shown in Figure 1.

Most stages of the Triassic have been
fairly well stabilized for the past several
decades. There are, of course, constant re-
finements as gaps in sequences are recog-
nized and correlations more firmly estab-
lished. The best review of the general status
of Triassic stages and zones has been pre-
sented by Tozer (1974).

The Middle and Upper Triassic stage
names have been universally accepted; this
is not so for the Lower Triassic. Until a
couple of decades ago, Scythian was used
by many as the Lower Triassic stage name.
The term was originally used by von
Morysisovics, Waagen, and Diener (1895)
as a series. The first attempt to divide the
Lower Triassic into more than one stage
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was by Kiparisova and Porov (1956) who
suggested two stages (Induan and Ole-
nekian) for this “series.” This idea was
elaborated on in contributions published by
the same authors (Kiparisova & Porov,
1961, 1964a,b). Tozer (1965), on the basis
of fine fossiliferous sequences in arctic
Canada, proposed a four-stage nomenclature
for the Lower Triassic (Griesbachian, Die-
nerian, Smithian and Spathian). VaviLov
and Lozovskiy (1970) maintained the two-
fold division of Kiparisova and Porov but
in addition divided the Olenekian into two
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substages. Recently Zaxuarov (1973, 1974)
has proposed a three-fold division (Induan,
Ussurian, Russian).

It is not possible in the scope of this
paper to discuss in detail the respective
merits of these various schemes of classifica-
tion; however, I believe the four-fold divi-
sion proposed by Tozer to have the most
merit, and for this paper and in the revisions
of the Triassic ammonites for the Treatise
I have chosen to consider Griesbachian,
Dienerian, Smithian, and Spathian as sub-
stages of the Scythian stage.

STRATIGRAPHY AND PALEOGEOGRAPHY

“The distribution of the continents and
seas in FEotriassic times, as Diener has
shown, was probably not unlike that of the
present day, except for the extended Thetis”
(Spath, 1930, p. 87). The Diener paper
referred to by SpatH was his well-known
work “Die marinen Reiche der Triasperi-
ode” (Diener, 1915). The statement is
essentially correct though written long be-
fore the advent of plate tectonics. One
needs to keep in mind that in the circum-
Atlantic area marine Triassic is known
only from Svalbard, east coast of Greenland
(in a northward opening embayment), and
near the tip of the Antarctic Peninsula.
In all the intervening region none has been
recorded. At the same time it is intriguing
to keep in mind the presence of presumed
Middle Triassic conodonts in Upper Cre-
taceous rock from the Cameroons of western
Africa. The distribution of land, sea, and
volcanic area for the Upper Triassic is
shown in Figure 2, plotted on a modern-
day map. A number of paleogeographic
maps for the Triassic based on plate tec-
tonics and paleomagnetism have been pub-
lished. The most recent and probably the
best of these is by BripEn, Drewry, and
Smitu (1974).

The paleogeography of the Triassic, disre-
garding the state of the Atlantic region, is
basically a boreal sea impinging on North
America, with an embayment along the
east coast of Greenland, on Svalbard and
on the northeastern Soviet Union from the
Taymyr Peninsula to the sea of Okhotsk.

Geosynclinal conditions prevailed along
much of the western part of North and
South America. Similar conditions were to
be found along the eastern Pacific margin in
Japan, New Guinea, New Caledonia, and
New Zealand. Australia had very restricted
marginal marine encroachments during the
Early Triassic. Marine Triassic has now
been reported from the Antarctic Peninsula
and has been known for some time in north-
ern Madagascar. Finally there is the great
Tethys. From eastern Spain to Indonesia
there are now known many dozens of well-
documented areas of marine Triassic strata,
many containing rich and diverse faunas.
The northern boundary of Tethys lay north
of the Alps, through the southern part of
the USSR eastward to southern China. The
southern boundary lay across northern
Africa and the northern portion of the
Indian shield. Much of northwestern Eu-
rope was occupied by marine seas in Middle
Triassic time. A comprehensive review of
the biostratigraphy of the Permian and Tri-
assic including 35 charts, one of which is
a world map of deposits of this age, has
been prepared by AnpersoN and ANDERsON
(1970) and AnpEerson (1973).

In the following section each of the main
paleogeographic regions will be discussed
in terms of the thickness and facies repre-
sented, with some general comments on the
completeness of the faunal record. Due to
limitations of space I have chosen to discuss
in slightly more detail areas where strati-
graphic and paleontologic data have only
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Faunal Zones in the Alpine Region
(after Zapfe, 1974, with supplements)

Ammonoid Zones in North America
(after Tozer, 1971)

Austrirynchia cornigera
4
<| 8
Bl 83 Choristoceras marshi RHAETIAN
§ % & Rhaetavicula contorta
22
2| 5
O
§ Cladiscites tornatus
[T
] . UPPER
@ Cochloceras Rhabdoceras suessi
g 2 NORIAN
&  Cycloceltites
z “Halorites horizon” Himavatites columbianus
2 88
®] Cyrtopleurites bicrenatus E S Drepanites rutherfordi MIDDLE
z yro 5 8 P NORIAN
-
Juvavites magnus Juvavites magnus
Malayites paulckei Malayites dawsoni LOWER
Mojsisovicsites kerri Mojsisovicsites kerri NORIAN
Anatropites spinosus Klamathites macrolobatus
Tropites subbullatus Tropites welleri UPPER
CARNIAN
Tropites dilleri Tropites dilleri
8 ¢ Trachyceras
E & 3 Sirenites
> 22 Joannites Sirenites nanseni
2| 8 % Coroceras
6 F © Carnites LOWER
8 Trachyceras CARNIAN
Y ¢ Protrachyceras
Zz0 Trachyceras obesum
S S Lobites
f Joannites

Fic. 1. Sequence of zones and stages for Alpine area and western America (adapted from Zapfe, 1974).

recently been acquired. This has necessi-
tated treating some areas that have been
studied for long periods of time and where
facies relations are extremely complex, for
example, the Alpine area and western
United States, in short general summary
statements. The Alpine area is, of course,
the birthplace of marine Triassic stratigra-
phy, but I feel justice could not be done in
the space allowed.

NORTHWESTERN EUROPE

Lower and Upper Triassic strata of

northwestern Europe are essentially non-
marine, mostly red, and with evaporites.
The Middle Triassic (Muschelkalk) is ma-
rine. The facies are limestone and dolomite,
some sandy, and sandstone units and some
evaporite. These deposits were laid down
in an inland sea with some connections to
the Tethys in the south. Recent drilling
programs in the North Sea show the Tri-
assic there to be essentially nonmarine detri-
tal facies with evaporites (BrennanD, 1975;
P. A. ZiecLEr, 1975; W. H. ZiscLER, 1975).

The Muschelkalk fauna, as is usual with
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Faunal Zones in the Alpine Region Ammonoid Zones in North America
(after Zapfe, 1974, with supplements) (after Tozer, 1971)
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85 LADINIAN
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<l 2
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8 Progonoceratites poseidon
9 -
.g Y Anolcites LOWER
o Protrachyceras subasperum LADINIAN
§ Hungarites
a
(%]
2 € Aplococ‘eras Gymnotoceras occidentalis
g 2 Hungarites
9 .
%'g Kellnerites Gymnotoceras meeki
< Y "Ceratites” ex gr. subnodosi UPPER
2 Paraceratites ANISIAN
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O © Seminorites .
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§ § Eola;t??ltes MIDDLE
g [lychites ANISIAN
9 € Norites
S © Beyrichites Acrochordiceras hyatti
Dadocrinus gracilis LOWER
beginning of Physoporella pauciforata | Lenotropites carus ANISIAN
w E no ammonites Neopopanoceras haugi
_§ % E,Tirolites cassianus Subcolumbites beds SPATHIAN
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£E T, —_—— s = = = - -~ —
zZl3 8" Wasatchites tardus
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IT—_ L LS
< o Vavnlovnt'es sverdryp: DIENERIAN
O = . . Proptychites candidus
A 5 Eumorphotis venetiana | T2 27L - o
B Proptychites strigatus UPPER
g Ophiceras commune GRIESBACHIAN
GG Claraia clarai Otoceras boreale LOWER
Otoceras concavum GRIESBACHIAN

Fic. 1. (Continued from facing page.)

inland seas, is characterized by numerous NORTH MEDITERRANEAN
individuals but few species. The faunas REGION

consist mainly of ammonites (Ceratites),
crinoids, bivalves, and brachiopods. Triassic studies of the marine facies be-
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gan in the Alpine region and the area has
continued to be a focal point for such stud-
ies. The extremely interesting early phase
of research on the Triassic of this region
was ably summarized by von ZrrreL (1901).
The most recent updating on Triassic stud-
ies in the Alpine-North Mediterranean re-
gion was presented in a symposium held in
Vienna, May, 1973, edited by H. Zarre
(1974).

The vast variety of facies and the ex-
tremely complex tectonic history of the re-
gion have made interpretations of sequence
and correlation often very difficult. Even
so, the biostratigraphic framework worked
up from studies of faunal sequences in the
region continues to be of premier impor-
tance, although now the sequences of west-
ern and arctic North America are becoming
equally important.

Paleogeographic interpretations for the
Triassic of the Alpine-North Mediterranean
region are extremely difficult because of
present structural relations and complexity
of facies. It is not possible in limited space
to do justice to this important region, thus
the following remarks are in the nature of
a brief summary.

The Lower Triassic of the Alpine-North
Mediterranean region is represented by the
Werfen Formation. This unit is highly
variable in lithology, including marly lime-
stone, oolitic limestone, evaporite, siltstone,
shale, and sandstone. The lower part of
the Werfen contains the common lower
Scythian bivalve Claraia. The upper part
contains the well-known Tirolites fauna
monographed by Krrre (1903) and revised
by Kummer (1969). The Werfen ammo-
noid fauna consists of only 11 genera, six
of these being endemic to the Alpine-Medi-
terranean region. This fauna is considered
to be of late Scythian age. A very instruc-
tive review of the Werfen Formation of the
southern Alps has recently been published
by Assereto et al. (1973).

The Anisian, Ladinian, and Carnian were
times of great paleogeographic differentia-
tion as reflected in the great diversity of
facies. The dominant facies are carbonates,
both limestone and dolomite, with exten-
sive reef development, In addition, there
are detrital formations, clay shale to con-
glomerate, evaporite, and volcanics. Many
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of these units are very fossiliferous.

The remainder of the Triassic is repre-
sented primarily by thick dolomite and
limestone formations, forming reef com-
plexes in many places. Most of these units
are generally sparsely fossiliferous; how-
ever, in the Hallstatt facies, consisting of
red mottled marble, cephalopods are quite
abundant.

ISRAEL

Excellent summaries of the Triassic of
Israel have been contributed by Druckman
(1974) and Picarp and Frexer (1974). The
Triassic in southern Israel consists of nearly
1,000 m of sedimentary rocks, which are
partly exposed in Makhtesh Ramon, Har
"Arif, ’Araif e-Naga, Zarqa Ma’in, Wadi
Hisban, and Nahr e-Zerqa and partly or
entirely penetrated by a number of deep
wells.

The sequence consists of five formations
(from bottom to top) as follows: The Zafir
Formation of Scythian age, consisting of al-
ternating shale, fossiliferous limestone and
sandstone; the Ra’af Formation of late
Scythian-early Anisian age, consisting
mainly of fossiliferous limestone; the Ge-
vanim Formation of Anisian age, consisting
of sandstone, siltstone and shale with minor
amounts of limestone; the Saharonim For-
mation of late Anisian-Carnian age, con-
sisting of fossiliferous limestone, dolomite
and sparse gypsum and anhydrite layers;
the Mohilla Formation of Carnian-Norian
age, consisting of anhydrite and dolomite.

This Triassic sequence was deposited in
various environments of deposition includ-
ing near-shore and shallow-marine environ-
ments, very shallow lagoons, and shoaling
tidal flats.

The source area for the detrital influx
during the deposition of the Zafir and
Gevanim formations was situated in the
southeast and was, probably, part of the
Arabo-Nubian massif. The sea was situ-
ated to the northwest, the direction from
which it transgressed during the deposition
of the Ra’af and Saharonim formations.

The Triassic ended with a period of re-
gional uplift, subaereal exposure, slight ero-
sion, and development of lateritic soils.
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IRAN

Considerable progress has been made in
the past decade or so in the study of the
Triassic of Iran. The data have been very
well summarized by Sevep-Emami (1971).
Triassic strata outcrop in north Iran, in the
Julfa region and the Alborz Mountains, in
central Iran, in the Zagros Mountains, the
Nakhlak region of north-central Iran, and
at Agh-Darband in extreme northeast Iran.

The famous Permian-Triassic strata of
the Julfa region and adjoining Azerbaijan
region of the Soviet Union have received
considerable attention in recent years be-
cause of the conformable sequence of upper-
most Permian and lowest Triassic rocks.
The stratigraphy and paleontology of these
strata cropping out north of the Aras
River (in Azerbaijan) have been dealt with
by RuznenTsev and Sarycueva (1965) and
more recently by Rostovrsev and Azaryan
(1973). South of the Aras River at Kuh-
e-Ali Bashi equally comprehensive studies
have been published by Srepanov, Gor-
suaN1, and StockLiN (1969), TEercuErT,
KummeL, and Sweet (1973), and KummeL
and Tercuerr (1973). RuznuenTsev and
Sarycueva (1965) and Stepanov, Gor-
sHANI, and Stéckiin (1969) came to the
conclusion that the so-called “transitional
beds” with Paratirolites, Shevyrevites,
Dzhulfites, and Iranites were Early Triassic
in age. In contrast, TEicHErT, KUMMEL,
and Sweer (1973), Kummer (1973), and
Rostovrsev and Azarvan (1973) presented
convincing arguments for the late Permian
age of these beds.

Above the “transitional beds” at Kuh-e-
Ali Bashi are limestone and dolomite units,
the Elikah Formation, which are also well
developed in the Alborz Mountains, and
contain Claraia in the lower part. Recently
Rostovrsev and Azaryan (1973) reported
finding Ophiceras and Gyronites ammonites
from correlative strata in Soviet Dzhulfa
that clearly establish an Early Triassic
(Scythian) age. The middle and upper parts
of the Elikah Formation in Iran are much
less fossiliferous and the record to date is
ambiguous; however, evidence indicates that
the formation extends into the Norian. The
upper surface of the Elikah Formation is
a widespread disconformity, and Seyvep-
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Emami (1971) concluded that the absence
of Upper Triassic rocks in most parts of
north Iran is due to widespread pre-Liassic
erosion rather than to nondeposition.

A sequence of Permian-Triassic forma-
tions very similar to that at Julfa occurs in
the Abadeh region of central Iran northeast
of the main Zagros thrust zone, between
Esfahan and Shiraz. The geology and stra-
tigraphy of the Abadeh region have been
thoroughly treated by Taraz (1969, 1971a,
1971b, 1972, 1973, 1974).

In the eastern part of central Iran the
Lower Triassic consists of reddish calcare-
ous and argillaceous shales containing thin
intercalations of limestone and dolomite.
This unit is known as the Sorkh Shale For-
mation and is overlain by well-bedded, light-
colored dolomite of the Shotori Formation.
These two formations may reach a thick-
ness of 1,000 m and are overlain discon-
formably by the Upper Triassic Nayband
Formation; they are considered, from their
stratigraphic position, to be Lower to Mid-
dle Triassic and to correspond probably to
the Elikah Formation in north Iran. The
Nayband Formation consists of dark shale,
sandstone, and fossiliferous limestone inter-
calations, with a total thickness of 2,800 m.
The contact of the upper Nayband Forma-
tion with the overlying Shemshak For-
mation (Rhaetic?-Liassic) is gradational.
Paleontological analysis of the Nayband
Formation is as yet incomplete, but it ap-
pears to include much of the upper Ladinian
to Rhaetian (Sevep-Emami, 1975).

In the Zagros Mountains of south and
southwest Iran, the Triassic consists of
evenly bedded, grayish dolomite having a
thickness of up to 400 m, known as the
Khaneh Kat Formation. Paleontological
data are incomplete, but parts of the Lower,
Middle, and perhaps Upper Triassic are
represented.

One of the newer Triassic discoveries in
Iran is in the Nakhlak region of north-
central Iran, which has yielded abundant
ammonoids in contrast to most of the other
regions previously discussed. This Triassic
sequence, named the Nakhlak Group, at-
tains a thickness of 2,500 m and is divided
into three formations (Davoupzabes &
Sevep-Emami, 1972). The lower unit (Alem
Formation) consists of, from bottom to top,
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thin- to well-bedded sandy limestone, red
and violet shales containing ammonoids,
gray-green tuffaceous limestone, gray nodu-
lar limestone, and olive shale with big
ceratites. Ammonoid studies by Tozer
(1972) indicated that this unit is late
Scythian-Anisian in age. The overlying
Baqorog Formation consists of sandstone
and coarse-grained conglomerate. Presence
of the conglomerate is interpreted as evi-
dence of diastrophic movements in the
Ladinian. This unit has not yielded fossils,
but on the basis of stratigraphic position is
thought to be early and middle Ladinian in
age. The uppermost unit of the Nakhlak
Group (Ashin Formation) consists of dark
sandstone and shale with a few intercala-
tions of sandy limestones. Only a few fos-
sils have been found to date but these indi-
cate a late Ladinian age (Tozer, 1972).

From the northeastern corner of Iran, in
the area of Agh-Darband (east of Mashad),
another Triassic sequence is known, which
has not been studied in detail, but litho-
logically resembles the Nakhlak Group. It
has yielded Anisian and Carnian ammo-
noids.

CASPIAN REGION

In the Caspian depression are found as
much as 2,500 m of Triassic strata. The
Lower Triassic consists of red and vari-
colored clays, siltstone, sandstone, and con-
glomerate with interbedded, thin, fossilifer-
ous marine limestone. The Middle Triassic
is essentially the same. The Upper Triassic
(600-800 m) consists of red and gray clay
with interbeds of sandstone, pebble beds,
and coal. All of the Upper Triassic is of
continental origin.

Much of the Permian and Triassic of the
Caspian depression is known only from the
subsurface; however, there are a few areas
of outcrop, and one of these is at Mt. Bogdo
where the first Lower Triassic ammonite,
Ammonites bogdoanus von Bucu (1831),
was described.

In the Mangyshlak Peninsula, along the
east side of the Caspian, are very thick se-
quences of fossiliferous Lower Triassic
strata. Several horizons contain ammonites,
all of late Scythian age (Suevyrev, 1968),
The lower part of the sequence has unfos-

A359

siliferous red beds, but the beds above are
fossiliferous non-red shale, sandstone, and
limestone. The faunas of the thin marine
intercalations of the Caspian depression are
the same as those of Mangyshlak.

AFGHANISTAN

In recent years a number of stratigraph-
ical and paleontological studies of Triassic
strata, all within approximately 100 km of
Kabul, have been published. A useful sum-
mary of the Triassic of Afghanistan has
been published by Kaever (1969).

At Kotal-e-Tera, near the village of
Altimur, 90 km southeast of Kabul, Kum-
meL and Ereen (1968) and Kummer
(1968) described a relatively thin sequence
of ammonitiferous limestone. The lower-
most of these faunas represents the middle
Scythian (Smithian), above this is another
horizon of ammonoids representing the late
Scythian (Spathian). The uppermost part
of the sequence at Kotal-e-Tera has yielded
only a few specimens of ammonoids, but
these are clearly of Anisian age. From the
Azras Valley, Paktia Province, just east of
Kotal-e-Tera, CoLrionon (1973) described
a fine suite of Triassic ammonoids contain-
ing middle Scythian faunas as at Kotal-
e-Tera, as well as one fauna of Anisian age
and one of Ladinian age.

Fiscuer (1971) published a detailed de-
scription of the Kohe Safi region, just east
of Kabul, from where Havpen (1911) de-
scribed the Kingil Series. This unit, essen-
tially all carbonates, is 1,420 m thick and
ranges in age from Artinskian through Ox-
fordian. The Triassic portion is 487 m
thick. The lower 44 m of the Triassic rocks
contain ammonites of two distinct zones.
The lowest of these faunas is of early Scyth-
ian (Dienerian) age, described by Isum,
Fiscuer, and Banoo (1971). Above this
occurs the middle Scythian (Smithian)
fauna as at Kotal-e-Tera. The upper part
of this Triassic sequence is essentially un-
fossiliferous except for the upper 28 m,
which contains Megalodon of latest Triassic
age.

Approximately 100 km northwest of
Kabul in the Khenjan region of the western
Hindu Kush are 150 m of detrital strata
containing a rich bivalve fauna of Ladinian
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age, recently described by Farsan (1972,
1975).

Along the northern flank of the western
Hindu Kush is a detrital and volcanic se-
quence named the Doab Series by Haypen
(1911). This unit rests unconformably on
fusulinid limestone of Permian age and is
overlain unconformably by the Jurassic
Saighan Series. The upper part of the Doab
Series consists of assorted volcanic deposits
with a few interbeds of marl and sand-
stone. Fossil plants of Rhaetic age are
known from the uppermost part of the
series. The lower Doab Series, however,
consists only of sedimentary units contain-
ing Middle Triassic ammonoids (Furon &
Rosser, 1951).

PAKISTAN

One of the most famous regions of out-
cropping Triassic formations is in the Salt
Range of Pakistan. These formations have
played a particularly important role in the
development of our Triassic zonal scheme,
especially for the Scythian stage. In addi-
tion, interest in these formations is height-
ened because they conformably overlie up-
per Permian formations, and because of this
they have attracted the attention of nearly
every student of the causes of abrupt faunal
breaks at the Permian-Triassic boundary.

The early studies of the Triassic of the
Salt Range by Wynne (1878) and Waacen
(1895) concluded that the sequence encom-
passed all of the Lower Triassic and even
part of the Middle Triassic. It was not
until much later that it was realized that
the sequence and faunas as known by
Waacen (1895) included only the lower
half of the Scythian.

More recently new stratigraphic studies
incorporating new paleontological data have
been reported by Kummer (1966b, 1970)
and KummMmeL and Teicuert (1970b). It is
now clear that Waacen’s work was largely
confined to the central part of the Salt
Range where he recognized, from bottom to
top, the following units: the Lower Ceratite
Limestone, the Ceratite Marl, the Ceratite
Sandstone, and the Upper Ceratite Lime-
stone. West of the central part of the Salt
Range, that is, west of Nammal Gorge, the
“Lower Ceratite Limestone” is present but
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the remainder of the Triassic section is
shale with some sandstone facies. The sec-
tion as a whole thickens westward.

A modern nomenclature for some of the
Permian and Triassic formations has been
introduced by KummerL and TEeicHerT
(1966). As mentioned above, the Salt
Range Triassic sequence as known to
WaaceN encompasses only the lower half
of the Scythian. Interestingly enough the
lowest unit of the sequence, a dolomite unit
(the Kathwai Member) was not recognized
by Waacen. ScuinpewoLF (1934) described
Ophiceras connectens from the lowest part
of the Kathwai. KumMmer and TeicHErT
(1970a) have published a detailed account
of the stratigraphy and paleontology of the
uppermost Permian and the lowest Triassic

beds (the Kathwai Member).

KummeL (1966b) recognized a shale and
sandstone unit (Narmia Member) above the
Upper Ceratite Limestone from which he
described a small fauna of ammonoids of
late Scythian age; thus, it now appears that
the Salt Range sequence includes essentially
all of the Scythian. Above the Narmia
Member are shale and sandstone units
(Tredian Formation) that unfortunately are
unfossiliferous.

Thick sequences of mainly fine-detrital
rocks are in the Quetta and Hindubagh
region of west central Pakistan. Unfortu-
nately, these strata are not very fossiliferous.
According to published reports only six
specimens of ammonoids have been re-
corded, few of which were found in place
(Diener, 1906; Kummer, 1966a). In addi-
tion to the ammonoids these strata contain
a species of Monotis, all indicating a Late
Triassic age.

In recent years, Dr. A. N. Farmr of the
Pakistan Geological Survey has collected a
middle Scythian ammonoid fauna from the
Quetta region (personal communication).
This fauna has as yet not been described
and documented.

HIMALAYAS

Triassic formations crop out in a broad
belt extending from Kashmir through Spid,
Garhwal, and Kumaon, into Nepal and ad-
joining regions of Tibet. The best sum-
maries of data on these formations are by



Triassic

Diener (1912), Pascoe (1959), and Gans-
ser (1964). The facies are marine, dark
shale and limestone with no igneous rocks,
except in Kashmir. The limestone is of
dark or gray color, well bedded, and in some
horizons either concretionary or dolomitic.
In the majority of sections there is a re-
markable contrast between the light-gray
dolomitic limestone units of the upper por-
tion of the Triassic section and the dark-
colored shale and limestone of the lower
portion. This normal development of the
Triassic in the Himalayas is also charac-
terized by the regular distribution of each
single horizon over a comparatively large
area, and by the absence of facies of red
limestone and marble. In the Kiogar area
at the border between Kumaon and Tibet
exotic blocks occur at Malla Johar where
the Triassic is developed in a facies con-
siderably different from that in the main
region of the Himalayas. In this region the
Triassic is much thinner, and most of the
Triassic horizons are developed in a facies
of red limestone and marble showing a
remarkable resemblance to the Halistatt
limestone of the eastern Alps. This assem-
blage is known as the Tibetan facies and
that discussed above, as the Himalayan
facies (von Krarrr, 1902).

The two best known sections of the Tri-
assic of Himalayan facies are at Spiti and
Painkhanda. A third section at Byans, to
the southeast of Painkhanda and near the
Nepal border, is also important but less
well known.

The Scythian beds of Spiti and Paink-
handa are of approximately equal thickness
(12.5 m) and lithology (gray limestone and
shale). At Byans the Scythian is 47 m thick
and consists of the Chocolate Limestone.
The Anisian of Spiti and Painkhanda is also
of similar facies and thickness (31 m). In
Byans the Anisian is of a purer limestone
facies.

Ladinian strata are thick (93 m) and
richly  fossiliferous  at  Spiti, but at
Painkhanda they are very thin and poorly
fossiliferous. They have not been traced
further east. The same marked decrease
in thickness to the southeast is seen in the
Carnian strata. At Spiti the Carnian is
480 m, at Painkhanda 248 m thick, and in
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Byans very thin. In Spiti the Carnian is
quite shaly and very fossiliferous. The shaly
beds are replaced by limestone to the south-
east.

The lower and middle Norian is approxi-
mately 310 m thick throughout this region
and consists of shale, limestone, and sand-
stone, generally quite fossiliferous. In Byans
on the other hand, the lower and middle
Norian consists mainly of black shale. The
upper Norian throughout the region con-
sists of massive limestone that contains
Megalodon in the lower parts, passing up-
ward into limestone of middle Jurassic age.
The paleontological data on these Triassic
units of the central Himalayas have been
compiled by Diener (1895, 1897, 1906, 1907,
1908, 1909) and von Krarrr and Diener
(1909).

The Triassic strata of Tibetan facies as
represented at Malla Johar and the other
regions are quite different from the corre-
sponding deposits in the Himalayan region.
The strata are known entirely from exotic
blocks of which there are two distinct types.
One is represented by massive gray, dolo-
mitic limestone resembling upper Norian
rocks of the Himalayan facies; however,
the latter is well bedded, not massive. This
rock type is also unfossiliferous. The other
type of exotic blocks is red limestone
and marble resembling the Hallstatt facies
of the Alpine region. The faunas of the
Scythian and Anisian have strong affinities
to corresponding strata of the Himalayan
facies. The Carnian faunas, on the other
hand, have strong affinities to the Triassic
Mediterranean faunas.

To the northwest of this central Hima-
layan region, in Kashmir, the Triassic is
also well developed and not too unlike
that discussed above, except for the inter-
calations of the Panjal Traps, which range
in age from Permian to Late Triassic. The
Lower Triassic appears to be conformable
with the underlying Permian and consists
of dark-colored shale and limestone. A de-
tailed study of the upper Permian and
lower Triassic strata has recently been pub-
lished by Naxazawa et al. (1975). The
Anisian and Ladinian are characterized by
gray shale, nodular, concretionary and platy
limestone and some sandy limestone. The
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Upper Triassic strata become progressively
more calcareous and the Norian consists of
massive dolomite and limestone, practically
barren of fossils.

Recent extensive studies in Nepal by G.
Fucns (1964, 1967) have added greatly to
our stratigraphic knowledge of this region.
The Triassic in central Nepal attains a
thickness of 500 to 1,400 m. The Lower
Triassic consists of gray limestone, shale,
and dark nodular limestone. The Middle
Triassic and Carnian are represented by
blue limestone, marl, and dark shale, grad-
ing upward into brown to black shale, silt-
stone and sandstone with some concretions.
The limited fossil data available indicate a
Norian age. The uppermost part of the
sequence 1s sandstone that grades upward
into massive limestone. These units are
believed to be latest Triassic in age and
appear to grade into rocks of Jurassic age.

CHINA AND SOUTHEAST ASIA

Marine Triassic strata are largely confined
to the southeastern quarter of China with,
of course, a connection westward to Tethys.
Paleogeographic maps for the three series
of the Triassic have been compiled by Liu
(1959). These maps clearly show a progres-
sive decrease in the area of marine seas
from the Early to the Late Triassic. The
Lower Triassic has received a fair amount
of attention by paleontologists and stratigra-
phers, but that is not so for the Middle and
Upper Triassic. The Lower Triassic con-
sists of carbonate, detrital, and mixed facies
with fairly abundant ammonoid and bivalve
faunas. The most comprehensive mono-
graph on Scythian ammonoids is by Cnao
(1959).

The Triassic is as yet incompletely known
in Burma. In the Arakan Yoma are thick
sections of fine-grained detrital rocks, with
some limestone that contains Upper Triassic
fossils, mainly bivalves such as Halobia and
Monotis. Saunt (1938) reported a lowest
Scythian fauna including Glyptophiceras,
Lytophiceras, Vishnuites, and others from
an argillaceous limestone and shale sequence
within dolomites at Na Kham in the north-
ern Shan States. Unfortunately no addi-
tional data aside from SauNI’s abstract are
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available. Also known from the northern
Shan States are the Napeng beds consisting
of argillaceous, yellow shale and marl with
some limestone. The fossils from these
strata consist of bivalves, including Avicula
contorta, Myophoria, Gervillia praecursor,
Pecten, Modiolopsis, and others suggesting
a Rhaetic age (HearLey, 1908).

The Triassic System of Malaysia and
Thailand has been carefully reviewed by
Tamura ez al. (1975). Prior to World War
II, data were very sparse, but since the war
there has been a tremendous intensification
of field stratigraphic and paleontologic stud-
ies. The region, however, is structurally
very complex, and the results to date are
mainly the identification and delineation of
stratigraphic units and to some extent de-
scription of their faunas. Geosynclinal con-
ditions prevailed in these regions during
the Triassic. The rock facies are extremely
varied including fine to coarse detrital sedi-
ments, chert, limestone, and volcanics.
Tamura et al. (1975) included a correla-
tion chart of the Triassic for the region
and a detailed bibliography. On the basis
of ammonoid, bivalve, and conodont stud-
ies, portions of all stages of the Triassic
have been identified. The descriptive work
on these fossils is most advanced on the
bivalves, followed by the conodonts, but
many of the ammonoids still remain to be
described. The Malayan ammonoids include
upper Scythian, upper Anisian, upper La-
dinian, and lower and upper Norian fau-
nas. In Thailand, on the contrary, only
upper Anisian and lower Carnian faunas
have been identified to date. Bivalves are
much more profuse and more widely dis-
tributed than ammonoids. The Scythian
Claraia, Anisian-Norian myophoriids, La-
dinian-Carnian Daonella, and Carnian-
Norian Halobia are important forms.
Scythian, lower Anisian, and lower Carnian
conodont faunas have been identified in the
Malay Peninsula. The literature on these
faunas from Malaysia and Thailand is ex-
tremely extensive but is all listed in the
bibliography of Tamura ez al. (1975).

The Triassic of North Viet Nam is very
poorly known. A report by Kutc et al.
(1965) on a fairly large assemblage of fossil
faunas, mainly bivalves, is a valuable con-
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tribution. These authors were able to iden-
tify the presence of portions of all stages of
the Triassic.

INDONESIA

Timor is one of the most remarkable
fossiliferous Triassic localities in the world
from which approximately 1,000 species
of marine invertebrates have been de-
scribed. The ammonoids have been mono-
graphed by Werter (1914, 1915, 1922),
Diener (1923), ArtHaBER (1927), and Pa-
kuckas (1928). Essentially all of the faunas
described in these and other papers have
come from eastern Timor where they occur
in exotic blocks, mostly in carbonate facies.
In Sumatera (Sumatra), Borneo, Sulawesi
(Celebes), and elsewhere, the Triassic con-
sists mainly of detrital facies and is not as
fully represented. Since these early studies,
very little geological or paleontological work
has been done.

Western Timor has received considerable
attention in recent years, noted especially
by the monograph by AupLEY-CHARLEs
(1968) on the geology of western Timor
(formerly Portuguese Timor). Paleonto-
logical studies have been produced by Naka-
zawa and Banpbo (1968) on Scythian-
Anisian ammonoids and by Nocamr (1968)
on conodonts. Other studies by these au-
thors are in progress (Baxpo, personal
commuanication).

AUSTRALIA

The basic tectonic pattern for the Paleo-
zoic of Australia is the active Tasman
geosyncline along the eastern portion of
the island continent and a series of basins
along and opening on the Indian Ocean on
the western side. By the close of the Per-
mian the Tasman geosyncline was in a
terminal orogenic state, although no oro-
genic activity affected the western areas.
The interior of the continent had long been
emergent. The Late Permian was a time
of extensive regression and by the close of
the period, the continent was essentially
completely emergent.

Marine incursions during the Triassic
were limited to restricted areas in the east
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and west coastal regions of Australia; in
the interior of the continent and especially
in the east, extensive terrestrial strata are
found. In the east, marine Triassic strata
are present in the Maryborough basin,
Queensland. From the Traveston Forma-
tion Runnecar (1969) has recorded a mid-
dle Scythian (Smithian) ammonoid fauna
containing such genera as Anaflemingites,
Dieneroceras, and Flemingites. Also from
within this basin Denmeap (1964) and P.
J. G. FLeming (1966) recorded a Lower
Triassic bivalve fauna from the Brooweena
Formation.

In western Australia Lower Triassic fos-
siliferous, marine detrital strata are present
in the Perth and Carnarvon basins and in
brackish water sediments in the Canning
basin. In the Perth basin outcrops of the
Kockatea Shale near Mount Minchin have
yielded an extremely interesting assemblage
of ammonoids generally poorly preserved as
molds. The presence of these fossils was
first recorded by EpceLL (1964), who cor-
rectly concluded that they belonged to the
middle Scythian (Smithian), and this has
been further documented by Skwarko and
Kummer (1974). The remaining data on
the marine Triassic of the Perth basin come
from bore holes. The first marine macro-
fossils of Triassic age in the Australian
region were recovered from cores of the
Kockatea Shale from the Beagle Ridge
(BMR 10) bore. Dickens and McTavisu
(1963) described a small group of ammo-
noids, which they interpreted as early Scyth-
ian in age. Later McTavisa and Dickens
(1974) extended the age of the Kockatea
Shale to include most of the lower half of
the Scythian. Beneath the horizon that
yielded the ammonoids, specimens of Claraia
were obtained. The Dongara No. 4 bore is
approximately 65 km north of the Beagle
Ridge (BMR 10) borehole in the Perth
basin. Two cores from the Kockatea Shale
yielded the following ammonoids: Propty-
chites sp. indet., ?Koninckites sp. indet.,
?Paranorites sp. indet., and Gyronites fre-
quens (Skwarko & KummeL, 1974). These
ammonoids are of early, but not earliest,
Scythian age.

Recently McTavisu (1973) contributed

valuable data from conodont studies of sub-
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surface samples from the Perth and Carnar-
von basins. He concluded that these cono-
dont faunas of Triassic age can be correlated
with the Lower Triassic conodont zonation
proposed for the Salt Range by Swzer
(1970a). They range in age from early to
late Scythian (Dienerian to Spathian).

Early in 1970 the Burmah Oil Australia
Ltd. drilled Sahul Shoal No. 1, and the
core has yielded fragments of ammonites
and bivalves. Though the material is poorly
preserved and fragmentary, Skwarko and
KummMer (1974) suggested that one of the
ammonoids belongs to the genus Nico-
medites of Anisian age. A macrofauna
of this age was previously unknown in the
Australian region.

NEW GUINEA

In recent years a great amount of new
data has become available on the Triassic
of New Guinea, hitherto almost a complete
blank. The first records of marine faunas
of this age are by Skwarko (1967) and
since then a series of papers have appeared
(Skwarko, 1973a, 1973b; Skwarko & Kum-
MEL, 1974). So far Anisian and Upper
Triassic horizons have been identified.

NEW ZEALAND

During the later Paleozoic and early
Mesozoic, New Zealand was the site of
rapid marine sedimentation in a persistent
geosynclinal zone lying between a rising
geanticline of Precambrian-Devonian strata,
metamorphics and igneous rocks to the
west, and the Pacific Ocean to the east
(FrLemiNg, 1962). The thick sequence of
sediments laid down in the New Zealand
geosyncline range from those now meta-
morphosed to form the Haast Schists (un-
dated but perhaps mostly Carboniferous)
through the Permian to the Hokonui Sys-
tem (Triassic and Jurassic). The western,
marginal portion of the geosyncline, re-
ferred to as the Hokonui facies, is charac-
terized by very thick moderately fossilifer-
ous, detrital sequences, which are abun-
dantly tuffaceous. Eastward of the Hokonui
facies range extremely thick sequences of
graywacke and argillite, with some spilitic
pillow lava, lenticular limestone and radio-
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larian chert, known as the Torlesse facies.
This portion of the geosyncline is sparsely
fossiliferous. The best review of the Meso-
zoic of New Zealand is by FLeming (1970).

Ammonoid faunas representing all stages
of the Triassic have been reported; however,
only a fraction of the standard zones has
been recognized. The ammonoids are simi-
lar to those of Tethyan and circum-Pacific
localities. The brachiopod and bivalve fau-
nas, however, contain a fair percentage of
endemic genera and species. Interesting
discussions of New Zealand zoogeography
have been published by Marwick (1953)
and Fremineg (1967).

JAPAN

The best summary of the Triassic System
of Japan is by Banoo (1964); good resumés
can also be found in Takar ez al. (1963)
and Minato, Goral, and HunaHasHI
(1965). Marine Triassic formations of Ja-
pan crop out in relatively limited areas on
Honshu, Shikoku, and Kyushu islands. The
principal areas are in the southern part of
the Kitakami area of northern Honshu, the
Kwanto area of east-central Honshu, the
Maizuru area of west-central Honshu, the
Yamaguchi area of southern Honshu, and
on Shikoku and Kyushu islands.

In the Kitakami region, fossiliferous
Lower and Middle Triassic formations are
widely distributed. No Carnian has been
recognized and Norian units have very re-
stricted distribution. On the other hand, in
the Kwanto area fragmentary parts of the
Lower Triassic and some Upper Triassic
formations have been identified. No Middle
Triassic has been recognized. In the outer
zone of southwest Japan, on Shikoku and
Kyushu islands, the Triassic sequence is
fragmental because of very complicated geo-
logic structure. The main units recognized
are the upper part of the Middle Triassic
and Upper Triassic formations. Lower Tri-
assic limestone is found as lenticular bodies
at only three outcrops. In the inner zone
of southwest Japan, the Lower and Middle
Triassic are present in the Maizuru area.
In the southern part of Honshu Island in
the Yamaguchi area, the Triassic is mainly
represented by Upper Triassic detrital strata
representing interbedded marine and coal-
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and plant-bearing terrestrial beds. The ma-
rine strata contain typical Upper Triassic
bivalves. A very limited extent of Ladinian
strata is also found in the region.

In a very general way the Lower and
Middle Triassic formations consist of fine-
detrital facies (black shale, sandy siltstone,
and argillaceous limestone). The Upper
Triassic, in contrast, is more characterized
by coarse-detrital facies. The boundary be-
tween the two facies is drawn between the
Ladinian and Carnian, which marks the
Akiyoshi orogeny. Very valuable paleo-
geographic reconstructions for the Triassic
of Japan can be seen in MinaTo, Goral, and
Hunanasur (1965).

The Lower and Middle Triassic forma-
tions have yielded many characteristic am-
monoids and bivalves. Ammonites from
the Upper Triassic are rare in Japan.

NORTHEASTERN SIBERIA

Marine Triassic formations are exten-
sively developed northeast of a line con-
necting the Taymyr Peninsula and the
Primorye Territory around Vladivostok.
The facies are almost entirely detrital, con-
sisting of dark-colored sandstone, siltstone,
and shale.

Zonal schemes for northeastern Soviet
Union and the southern Primorye Territory
have been summarized by Kiparisova, Oxu-
Neva, and Oreynikov (1973). Fourteen,
mainly generic zones are recognized with
approximately two dozen, mainly local
zones in northeastern Soviet Union and a
dozen in the southern Primorye Territory.
The Lower and Middle Triassic zones are
based almost entirely on ammonoids
whereas in the Upper Triassic many of the
local zones are based on species of the bi-
valves Otapiria, Oxytoma, and Monotis. On
the basis of literature surveys it appears that
in general the formations are moderately to
sparsely fossiliferous. It also appears that
many of the zones have been recognized in
as yet only one or a few places. The lowest
zones of the Scythian (Griesbachian) are
known only from the south Verkhoyansk
synclinorium. In some areas, as in the
southern Primorye Territory, the next
youngest zones of the Scythian (Dienerian)
are the basal beds.
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In the region around the lower part of
the Olenek River the lower Scythian is rep-
resented by fine to coarse detrital deposits,
with some tuff-containing plant remains.
The upper Scythian consists of argillite
with limestone bands containing ammo-
nites. The Middle Triassic formations ap-
pear to be entirely marine, but in the Upper
Triassic continental deposits, some coal bear-
ing, become quite common. In general there
is a distinct break or disconformity with the
overlying Jurassic strata. A brief treatment
of the stratigraphic sequences and faunal
zones for northeastern Soviet Union can
be found in Kirarisova, Okuneva, and
OLreynikov (1973).

Excellent lithopaleogeographic maps for
the Soviet Union are available (VEresHcHA-
GIN & Ronov, 1968, sheets 1-12) and a com-
prehensive text on the Triassic System is
in Kiparisova, Rabcuenko, and Gorskiy

(1973).

SVALBARD

Triassic deposits are widespread in Sval-
bard, cropping out in excellent exposures
on the east and west coasts of central and
southern Vestspitsbergen, at the south end
of Nordavst Land, and underlying the
Edge, Barents, and Wilhelm islands, and on
the east coast of Bear Island (Bjgrngya).
An excellent summary of the Triassic stra-
tigraphy of Svalbard has been published
by Bucnuan ez al. (1965). Summaries of the
biostratigraphy have been presented by To-
zER and Parker (1968) and KorcHinskava
(1973).

The Triassic rocks in Svalbard consist of
a preponderance of marine shale and silt-
stone with continental sandstone in the up-
per part suggesting a platform of epeiro-
genic environment of deposition. The lower
part of the sequence containing a sparse
fauna of bivalves consists of fine-grained
flaggy sandstone probably formed under
shallow marine conditions, and interbedded
shale and siltstone. This is followed by the
main marine shale sequence which con-
tinues into the lower part of the uppermost
unit (the Kapp Toscana Formation). The
dominant rock type is thin-bedded gray to
black bituminous shale, whereas harder, yel-
low-weathering siltstone is common. The
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upper part is characterized by the oc-
currence of red-weathering clay-ironstone
nodules. Fossils are fairly abundant—am-
monites, bivalves, and vertebrates being the
most common. The uppermost part of the
Triassic is a nonmarine sequence consisting
of gray-green, flaggy, cross-bedded sand-
stone alternating with sandy shale. Thin
coal seams and common plant remains are
present and suggest deposition in lagoonal
or continental conditions.

Ammonoids and bivalves are the pre-
dominant marine invertebrates in the Tri-
assic formations of Svalbard. Ammonoid
horizons indicate the presence of some zones
from the Lower, Middle, and lower Upper
(Carnian) Triassic. Some bivalve faunas in-
dicate the presence of Norian marine hori-
zons in the upper part of the Triassic se-
quence. The lower part of the Scythian has
yielded Otoceras boreale, followed by
Claraia cf. C. stachei, and Proptychites cf.
P. rosenkrantzi. The middle and upper
Scythian are well represented by ammonoid
faunas. The Anisian and Ladinian have
yielded varied suites of ammonoid faunas,
but as yet relationships and precise correla-
tions for many are ambiguous. The lower
Carnian is represented only by a single
ammonoid zone. The upper part of the
highest Triassic formation (Kapp Toscana
Formation) consists of marine and conti-
nental facies. From the marine facies Kor-
cHINSKAYA (1973) reported Halobia cf. H.
plicosa, H. cf. H. norica, and H. fallax.
From another locality she reported Pzeroto-
ceras(?) svalbardi. The continental facies
contains plant remains.

GREENLAND

During the late Paleozoic and early Meso-
zoic northeast Greenland underwent major
faulting leading to the formation of a com-
pound system of horst and graben struc-
tures. The Triassic basin trended north-
northeasterly and its extent was rather
similar to that of the Carboniferous-Per-
mian molasse trough. To the west the basin
was bounded by a peneplaned high ground
of Caledonian folded rocks, including Old
Red Sandstone, which contributed abun-
dant detritus into the basin. In the Triassic,
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sedimentary transport from an eastern high-
ground is also clearly indicated.

The lowest Scythian (Griesbachian) for-
mation consists of 500 to 800 m of marine
shale, sandstone, and conglomerate. The
formation is fairly fossiliferous, containing
1n sequence species of Otoceras, Ophiceras,
and Proptychites. The unit is referred to
as the Wordie Creek Formation by many
authors, but TeicHerT and Kummer (1973)
recommended abandonment of the name
because of ambiguities.

The presence of fossil remains of dis-
tinctly late Paleozoic aspect in beds with
such typical Lower Triassic forms as Oto-
ceras and “Glyptophiceras” in the lower
part of this Scythian sequence has stimu-
lated considerable interest. This association
was first noted by Spara (1930, 1935) who
considered the Paleozoic elements to have
been derived and of Carboniferous age.
Tromey (1960, 1961), on the other hand,
on the basis of his own field work came to
the conclusion that the Paleozoic elements
were not derived. TeicHerT and KummeL
(1973, 1976), on the basis of field studies
made in the summer of 1967, concluded
that the Paleozoic elements are all derived.
They considered some of the Paleozoic ele-
ments as having been brought into that en-
vironment as argillaceous boulders, that
once coming to rest, dissolved, leaving well-
preserved fossils that were rapidly buried
in the coarse sediments, and thus in a free
state were transported very little. The ma-
jority of fossils, however, were washed out
of soft rocks and were badly broken during
transportation.

The remainder of the Triassic sequence
consists of mudstone and sandstone, with
some gypsum and dolomite beds. At a
few horizons impoverished faunas are com-
posed mainly of bivalves. The uppermost
unit consists of sandstone containing Rhae-
tic plant remains.

Only one occurrence of Triassic deposits
is known from northern Greenland, and
that is in Peary Land. Here the succession
consists of 630 m of a lower shaly division
of late Scythian age and an upper sandy
division of early Anisian age (KummEL,

1953b).
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ARCTIC CANADA

Triassic rocks are present in the Sverdrup
Basin and crop out on Ellesmere, Axel
Heiberg, Cornwall, Table, Exmouth, Cam-
eron, Melville, Prince Patrick, Brock, and
Borden islands. An excellent summary of
the stratigraphy of the Canadian Arctic
Archipelago has been published by Tror-
steinssoN and Tozer (1970).

In the axial part of the Sverdrup basin
and in parts of the marginal area Lower
Triassic rocks rest disconformably upon Per-
mian strata. In places the youngest Permian
rocks are Guadalupian; elsewhere they are
late Artinskian. Latest Permian strata are
unknown. The oldest Triassic rocks are
earliest Scythian (lower Griesbachian) in
age. It appears that the Permian-Triassic
boundary is paraconformable and that the
gap in the sedimentary record is within the
highest Permian and not in the Lower Tri-
assic.

Marine conditions prevailed throughout
the axial part of the Sverdrup basin from
earliest Scythian to the Carnian. Some of
the Lower Triassic beds on the margins
were probably deposited in a nonmarine en-
vironment. For this interval the sections
on the margins of the Sverdrup basin differ
from those of the axis both in thickness
and lithology. Most of the rocks on the
south and east margins consist of sandstone
and calcareous siltstone (Bjorne and Shei
Point formations); the axial part is shale
and siltstone (Blind Fiord and Blaa Moun-
tain formations). In the northwest margin
of the basin, the sections are of mixed char-
acter. The Bjorne Formation disconforma-
bly overlies Permian strata and consists
mainly of quartzose, commonly cross-
bedded sandstone with conglomeratic inter-
beds on the extreme margins of the basin.
Fossils are rare but Ozoceras (lower Scyth-
ian-Griesbachian) occurs near the base at
one locality and poorly preserved lower
Lower Triassic ammonoids are known from
other localities. Marine fossils are unknown
in the beds on the south margin of Sverdrup
basin, The Bjorne is overlain by Anisian
strata and is thus fairly well dated as Early
Triassic. The contemporary rocks exposed
on the western coast of Ellesmere Island
and on eastern and northern Axel Heiberg
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Island are the Blind Fiord Formation, which
consists of green and gray siltstone, fine-
grained sandstone and shale. The Blind
Fiord beds are well dated by ammonoid
faunas.

The Shei Point and Blaa Mountain for-
mations are essentially contemporaneous
and of Anisian, Ladinian, and Carnian age.
Typical Shei Point rock is gray, brown
weathering, highly calcareous siltstone and
fine-grained sandstone, with bioclastic layers
composed of brachiopod and bivalve shells
in the upper part. Shale is typical Blaa
Mountain lithology.

Throughout central Ellesmere Island, the
top of the Shei Point Formation is marked
by the upper Carnian “Gryphaea Bed”; 31
m of calcareous sandstone with coquinoid
layers of Gryphaea and Plicatula. A similar
and apparently contemporary Gryphaea bed
is found in the Blaa Mountain Formation of
northwestern Axel Heiberg Island. The
upper Carnian Gryphaea beds are thus
widely distributed on the margins of the
Sverdrup basin and their occurrence prob-
ably indicates an interval of shoal-water
conditions along the border of the Sverdrup
basin following uplift.

The Blind Fiord and Blaa Mountain for-
mations of the axial part of Sverdrup basin
were laid down some considerable distance
from shore. In the Triassic there were two
sources of sediments, one essentially con-
tinuous, feeding sediment to the south and
east margins of the basin, and the other,
an intermittent source (or sources), provid-
ing sediment to the north and northwest
margins of the basin.

The highest Triassic formation in the
Sverdrup basin is the Heiberg, which con-
sists mainly of nonmarine, carbonaceous
sandstone, with marine beds at several
levels in the lower part. The lower marine
beds with Meleagrinella antiqua are prob-
ably lower Norian, the higher marine strata
include middle Norian beds and strata with
the cosmopolitan upper Norian Monotis
ochotica. The beds above those with Mo-
notis are entirely nonmarine, with fossil
plants and thin coal seams. They may be
partly Jurassic, but if so, they are not
younger than Sinemurian.
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WESTERN CANADA

Triassic strata of western Canada are
represented by a complex array of sediments
and volcanics laid down in distinct eugeo-
synclinal and miogeosynclinal segments of
the Cordilleran geosyncline. The geology
of western Canada has been well summar-
ized by DouctLas ez al. (1970). Lower Tri-
assic rocks are not known in the western
(eugeosynclinal) parts of the Cordilleran
geosyncline in Canada although they are
present a few kilometers south in Wash-
ington. Middle Triassic ribbon chert, argil-
lite, greenstone, possibly coeval ultramafic
rock, and minor limestone occur locally in
the northwestern and central parts, appar-
ently lying conformably on the Permian.
In the southernmost parts of the geosyn-
cline, Middle Triassic rocks characterized
by sharpstone conglomerate, unconformably
overlie late Paleozoic rocks. The western
sequences represent generally quiescent eu-
geosynclinal conditions possibly prevailing
from the Permian. An intermittently emer-
gent arch (Quineca geanticline) separated
the eugeosyncline from the miogeosyncline.
In the miogeosyncline are Lower Triassic
siltstone and shale that disconformably over-
lie the lower Upper Permian. The entire
western margin of the craton was probably
emergent and stable, these conditions pre-
vailing throughout the period.

In the late Middle Triassic, parts of the
Cordilleran geosyncline underwent defor-
mation and plutonic activity (Tahlternian
orogeny). Uplift at the end of the orogeny
established the main tectonic elements that
prevailed until Middle Jurassic time. The
lower Upper Triassic, Carnian, is repre-
sented on the western edge of the eugeo-
syncline mainly by a thick succession of
submarine basaltic flows. Slightly to the
east they are represented by andesitic and
basaltic flows, pyroclastics, and clastics con-
taining volcanics and Middle Triassic and
earlier debris. The latter for the most part
derived from islands and volcances within
the eugeosyncline. In the miogeosyncline
siltstone and sandstone accumulated, grad-
ing eastward, along the margin of the cra-
ton, into an evaporitic and red-bed facies
with basal shoreline and offshore sandbars.

In the late Late Triassic, Norian, volcan-
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ism persisted in parts of the eugeosyncline,
red beds are present in some areas around
uplifted geosynclines, and clastic rocks.
During latest Norian, carbonate deposition
prevailed throughout much of the geosyn-
cline. The sections are remarkably thin
but complete in the northern and eastern
elements, and indicate quiescent conditions
of deposition to the end of the Triassic.

WESTERN UNITED STATES

Marine Triassic formations are present
only in the western Cordilleran geosyn-
clinal area. Thick sequences of miogeosyn-
clinal facies are present in eastern Nevada,
western Utah, southeastern Idaho, western
Wyoming, and southwest Montana. Eugeo-
synclinal facies including volcanics are
found in western Nevada, California, Ore-
gon, and Washington. In the eastern half
of the miogeosyncline only the Lower Tri-
assic is of marine facies and these in many
places are overlain by Upper Triassic ter-
restrial red bed formations. Along the
hinge linz between the miogeosyncline and
the craton the Lower Triassic marine beds
interfinger with red beds. In southeastern
Idaho the marine section contains an ex-
cellent sequence of ammonite faunas, espe-
cially for the upper half of the Scythian
(KumMmeL, 1954). The base of these ma-
rine sequences is at various levels within
the Scythian indicating a complex pattern
of transgression over an irregular terrane.
The eugeosynclinal suite of western Nevada
has yielded a fairiy complete succession of
zonal ammonites, however, not as complete
as that known in British Columbia (Si.BER-
LiNG & Tozer, 1968). In California only
the Upper Triassic is fossiliferous.

SOUTH AMERICA

Marine Triassic formations in South
America are entirely confined to the An-
dean region and then are fairly extensive
only in the Norian. To the west of the
Andes all Triassic formations are of terres-
trial detrital deposits and volcanics, mainly
of Late Triassic age.

No marine deposits of Early Triassic
age have yet been identified. Shallow-water
marine deposits containing Middle Triassic
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(Anisian) fossils are present in a coastal
strip of central Chile (Zei. & Icrikawa,
1958; BartuEeL, 1958). The Ladinian-Car-
nian is represented only by volcanic de-
posits in various parts of Chile. In the
Norian, however, the sea transgressed an
area from central Colombia to southern
Bolivia and along the coastal region of
Chile. Deposition in this seaway was
mainly limestone, and to the north it grades
into continental red-bed facies. The most
conspicuous fossil in these formations is
Monotis subcircularis (WEsTERMANN, 1973),
The Utcubamba Formation of northern
Peru has yielded a silicified fauna contain-
ing bryozoans, brachiopods, gastropods,
nautiloids, ammonoids, scaphopods, bi-
valves, and crinoid ossicles; however, only
the ammonoids are fairly abundant (Ja-
worskl, 1922; KumMeL & Fucns, 1953).

The best general discussion of the dis-
tribution of South American Triassic de-
posits and paleogeography is by Harrine-
Ton (1962).

ANTARCTICA

Continental Triassic strata have long
been known on Antarctica, yet the first
record of marine Triassic has only recently
been published (Tuomson, 1975). The
Legoupil Formation in the northwestern
part of the Antarctic Peninsula has yielded
a small poorly preserved fauna, from which
Tromson has identified Bakevelloides aff.
B. hekiensis and Neoschizodus sp. nov. In
addition, other fossils include a possible
fragment of an inarticulate brachiopod, a
serpulid, a gastropod, and some possible
arthropod tracks. Most species of Bakevel-
loides are Late Triassic in age. Neoschi-
zodus sp. nov. is the commonest element
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in the fauna. It is closely related to N.
laevigatus (voN ZieTEN) of Early to Middle
Triassic age, but differs in some features.

SUMMARY

The Triassic was a time of great emer-
gence of the continents and little tectonic
activity. Marine deposition in shelf and
geosynclinal environments are confined to
Tethys, the circum-Pacific region, and the
circum-Arctic. With the exception of the
Middle Triassic conodonts in the Cameroons
of western Africa, no marine strata are
known from the Atlantic region between
Svalbard and the northwestern part of the
Antarctic Peninsula. The relationship be-
tween sea and land changed little during
the Triassic.

Within Tethys, Triassic strata are repre-
sented by a wide range of facies. Carbon-
ates are dominant but fine to coarse detrital
facies are also present. In the circum-Arctic
region the sedimentary facies are almost
entirely fine to coarse detrital. Along the
western part of North America there are
well-developed miogeosynclinal and eugeo-
synclinal regions. The miogeosynclinal
areas are characterized by carbonate and
fine to coarse detrital facies that thin and
intertongue with red-bed facies on the ad-
joining shelf. The eugeosynclinal areas
contain mainly detrital facies. Marine Tri-
assic deposits are not well represented along
the western region of South America ex-
cept for thick carbonates of Late Triassic
age in Colombia, Ecuador, and Peru.
Along the western margins of the Pacific,
geosynctinal conditions prevailed with de-
trital and volcanic facies. Shelf deposits
are very limited.

TRIASSIC FAUNAS

Triassic faunas are strikingly different
from those of the underlying Permian. Ab-
sent is the great diversity of brachiopods,
bryozoans, echinoderms, and foraminifers.
The primary elements of Triassic faunas
are brachiopods, gastropods, nautiloids, am-
monoids, bivalves, and conodonts. All other
groups are sparsely represented. In this
chapter the focus is on an overview of the
primary fossil groups in Triassic faunas.

The nature and definition of the Permian-
Triassic boundary has received much atten-
tion in recent years. In this debate much
has been written on so-called “mixed” Per-
mian-Triassic faunas at the boundary. This
subject will be covered in the discussion of
the brachiopods, as it is this phylum that
plays an important role in nearly all these
discussions.
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Fic. 3. Total genera and new genera (lined area) of ammonoids of the Triassic Period (Kummel, n).

AMMONOIDS

Ammonoids are the predominant inverte-
brate fossils of the Triassic. They are the
most abundant, widely distributed, and di-
verse of all the invertebrates for this period.
For these reasons they have historically been
the primary basis for establishing the bio-
stratigraphic framework of the Triassic.

The forthcoming revision of the ammo-
noid volume of the Treatise (Part L) recog-
nizes 13 superfamilies, 76 families (and 6
subfamilies), and 431 genera and subgenera
of which 16 are nonnominate subgenera.

The first comprehensive summary of Tri-
assic ammonoid genera was in Fossilium
Catalogus Part 1 by Diener (1915), who
recognized 247 genera and subgenera. In
an updating of the Fossilium Catalogus on
Triassic ammonoids Kurassy (1933) recog-
nized 277 genera and subgenera. The in-
crease in numbers of genera in the last 45
years is due in no small part to noteworthy
discoveries and monographs on sequences
in the southern Soviet Union, southern
China, Primorye, northeastern Siberia, Arc-
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tic Canada, British Columbia, and western
United States.

Total genera and new genera per stage
are shown in graphic form in Figure 3.
The distribution of genera by stage and
within the major paleogeographic regions
is as follows:

Total A E.
Genera  Tethys Pacific Pacific Arctic
Rhaetian ...... 6 6 4 5 3
Norian ........ 79 78 8 51 10
Carnian ... 100 81 13 57 23
Ladinian ... 62 49 13 34 15
Anisian  ...... 100 81 24 45 26

Scythian ...... 138 118 53 55 52

It is clear from this summary that the di-
versity of ammonoids throughout the Tri-
assic is greatest in Tethys and least in the
circum-Arectic.

Approximately 66 genera of ammonoids
have been found in the Upper Permian
(B. F. GLENISTER, letter May 17, 1976),
and a dramatic change in the composition
of ammonoid populations occurs at the Per-
mian-Triassic boundary. Most Permian gen-
era and families became extinct, and the
lower Scythian (Griesbachian) is charac-
terized by a completely new radiation cen-
tered around the Ophiceratidae. This family
is a direct descendant of the Xenodiscidae
(SpiNosa, FurnisH, & GLENISTER, 1975).

The number of genera per superfamily
for each series of the Triassic is as follows:

Lower Middle Upper
Otocerataceae ............._... 1 0 0
Noritaceae .90 7 1°?
Hedenstroemaceae ....... 11 3 1
Dinaritaceae .................... 26 2 0
Ceratitaceae 1 58 3
Clydonitaceae ................ 0 17 51
Choristocerataceae .._....... 0 1 6
Tropitaceae 0 4 58
Lobitaceae 0 2 5
Arcestaceae  ................... 0 13 11
Megaphyllitaceae 2 9 1
Nathorstitaceae 0 6 1
Pinacocerataceae ........... 1 22 19
Phyllocerataceae .............. 4 5 5

The Noritaceae and secondarily the Di-
naritaceae are the predominant groups in
the Lower Triassic radiation. Of the 13
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Triassic superfamilies only seven are rep-
resented in the Lower Triassic and four of
these have four or less genera. All super-
families are represented in Middle Triassic
faunas; the predominant group are the Cera-
titaceae. The Pinacocerataceae are also well
represented. Twelve superfamilies are rep-
resented in the Upper Triassic but four of
these by three or less genera; the main
groups are the Clydonitaceae and Tropita-
ceae. At the close of the Norian there was
again an extensive wave of extinction and
only six genera are present in the Rhaetian
and these became extinct by the close of
the Triassic.

NAUTILOIDS

The evolutionary history of nautiloids
shows no dramatic change in tempo at
the Permian-Triassic boundary (KuMMEL,
1953a). Families that account for peak de-
velopment of the Nautilida in the late Pale-
ozoic and Triassic are the Tainoceratidae,
Grypoceratidae, and Liroceratidae. Except
for a liroceratid doubtfully recorded from
the Devonian, all these families began in
the Mississippian. Whereas the number of
genera gradually increased with time in
each of these evolutionary lines, rates of
evolution were not such as to produce many
new families. Thus it seems that as early
as the Mississippian the principal evolu-
tionary lines of nautiloids had become
firmly established and these maintained
their identity and character until the close
of the Triassic. Only a few minor radia-
tions (families) appeared in this interval.
This pattern is also reflected in the number
of genera carried over from one period to
the next. Eleven genera persisted from
Mississippian to Pennsylvanian, and 20 from
Pennsylvanian to Permian. Only four Tri-
assic genera are also known from the Per-
mian, but this number is deceptive, for in
each of the three evolutionary lineages that
extend from the Permian into the Triassic,
the core Permian genus evolved directly into
the core Triassic genus: Metacoceras (Penn.-
Perm.) to Mojsvaroceras (Trias.), Domato-
ceras (Penn.-Perm.) to Grypoceras (Trias.),
and Liroceras (Miss.-Perm.) to Paranautilus
(M. Trias.-U.Trias.). Consequently, the large

number of Triassic genera is the result of
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Fic. 4. Diversity of Permian and Triassic marine bivalves measured by the numbers of genera, families,
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a broad evolutionary radiation in each of genera are given below.
the principal evolutionary lineages during The most recent summary of Permian-
the Late Triassic. Triassic nautilid evolu- Triassic bivalves is by Nakazawa and Run-
tion, then, represents just the culmination Necar (1973) and provides the basis for
of patterns and trends begun in the Mis- the following discussion. One of their pri-
sissippian. mary conclusions is that “. . . there is rea-
Nautilids nearly became extinct after their  sonable evidence that marine bivalves be-
peak development in the Late Triassic; only long with the group of invertebrates least
Cenoceras survived from the Triassic into affected by events at the close of the Paleo-
the Early Jurassic. At this time, a new zoic Era” (Nakazawa & RunNEcawr, 1973,
radiation began, resulting in a modest pro- p. 609).

liferation of new genera in the Late Jurassic. The number of bivalve genera and fam-
ilies decreased during the Late Permian
BIVALVES reaching a low during the Early Triassic

and then began to increase gradually dur-

Bivalves are the second most important ing the Middle Triassic (Fig. 4). Only 19
invertebrate group in the Triassic rock rec- marine bivalve genera (9 new) are known
ord. They likewise have the same status in  from the earliest Triassic, in contrast to
the dating of Triassic strata. Though rela- about 70 genera known from the middle
tively common in the rock record, they have part of the Permian and approximately 140
not received the intensity of study as have known from the Late Triassic. These au-
the ammonoids. Thin-shelled bivalves, such  thors stress that the anomalous low diversity
as Claraia, Posidonia, Daonella, Halobia, of Early Triassic forms must be the result
and Monotis are particularly striking forms of an unusually poor record of the history
for their extremely widespread geographic of the class—“an effect which accentuates
distribution and their usefulness for corre- the observed change in this group at the
lation. A few remarks on some of these Permian-Triassic boundary.” They point



A373

*('0D Zuysiiqng
dYnuag 191a3s|g Jo uotsstwiad yum paystiqnd ‘g/¢] ‘wefjel Ul pwwny woiy) swn uenpddg A1ed Juunp zw4p) snual 2ajeAlq Jo uonnqusiq ¢ o1

riassic

T:




A374 Introduction—Biogeography and Biostratigraphy

Fic. 6. Zoogeographic distribution of Monotis by species groups in relation to probable position of Late
Triassic land areas (gray) and oceans (from Westermann in Hallam, 1973, published with permission of
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out that 1) many genera and families are
represented in Permian strata and reappear
in the Middle and Late Triassic (e.g.,
Lopha, Waagenoperna, Lyriomyophoria,
Costatoria, Modiolus, Pinnidae, Pteriidae,
Terquensiidae, Carditidae, Astartidae, Pho-
ladomyidae); 2) a few must represent
transitional forms between Paleozoic and
Mesozoic families: Pseudomonotidae-Gry-
phaeidae (NeweLL & Boyp, 1970), Mega-
desmidae-Ceratomyidae (RunNEcar, 1965),
among others. Nakazawa and RunnEecar
(1973) concluded on this basis that two to
three times as many genera as are observed
must have existed in earliest Triassic time.

The record of diversity of the various or-
ders of bivalves is highly variable. The Nu-
culoida remained virtually stable throughout
the two periods. Other groups, the Ar-
coida, Mytiloida, Unionida, Trigonioida,
and Veneroida, show no essential change
during the Permian-Triassic transition but
did undergo diversification in the Middle
and Late Triassicc The most significant
drop in diversity is within the epifaunal
Pteroida, which include nearly half of all
Permian and Triassic bivalve genera.

In the introductory remarks to this sec-
tion, mention was made of thin-shelled bi-
valves; the distribution of Claraia and
Monotis will illustrate the importance of
these groups. Claraia is confined to the
lower part of the Scythian and is present
in nearly every area where marine lower
Scythian strata are present (Fig. 5). That
1s, it is present throughout Tethys at a
large number of localities, southeast Asia,
western Australia, China, Japan, northeast
Siberia, northeast Greenland, the Arctic Is-
lands of Canada, and in a number of lo-
calities in the western Cordillera of North
America. The genus is generally found in
fine-grained calcareous facies, Though
many species of Claraia have been described,
it is apparent that some species are cosmo-
politan.

The Upper Triassic (Norian) Monotis is
another of the important thin-shelled bi-
valves that is instructive for zoogeographic
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analysis and in biostratigraphy. WESTER-
MaNN (1973) has recently published an ex-
cellent review of this genus and this forms
the basis for the brief summary remarks
given here. There are approximately 60
named species and subspecies; however,
WEesTERMANN's studies led him to conclude
that only 19 to 20 “good” species and 12
to 14 subspecies (non-nominate) are justi-
fied. For purposes of analysis of zoogeo-
graphic distribution, he recognized five
groups (those of Monotis typica, M. sali-
naria, M. ochotica, M. subcircularis, and M.
zabaikalica). Monotis occurs in a wide
variety of sedimentary facies, ranging from
presumed deep-water to shallow-water fa-
cies. They do appear, however, to have
avoided restricted inland seas. Most authors
have interpreted Monotis as being pseudo-
planktonic because of its mode of occur-
rence and extraordinary lateral extent of
distribution. In his recent summary paper,
WesterMmanN (1973) concluded on mor-
phological grounds that it is more likely that
they were prevalently benthic “with perhaps
a few specimens of the population attached
to floating objects, sufficient to permit pseu-
doplanktonic distribution of the species.”
The earliest species of Monotis are mem-
bers of the M. zypica group. There is some
dispute as to whether the earliest occur-
rences are latest Carnian or early Norian,
but this need not concern us here. These
early forms are circum-Arctic in distribution
extending through the Verkhoyansk Strait
to Japan and down into northeastern British
Columbia. Later, in the middle Norian, var-
ious subspecies of M. typica became abun-
dant in different areas of the distributional
range (M. scutiformis mainly in eastern Si-
beria and Japan, M. pinensis in Alaska to
British Columbia, M. swaiensis in Japan).
There was, in addition, a further spread
southward along the eastern Pacific margin
to Vancouver Island and possibly also along
the western Pacific margin to Borneo, New
Zealand, and New Caledonia (Fig. 6).
The area of distribution of Monotis ex-
panded greatly in the late Norian with each

Fic. 6. (Continued from facing page.)

Elsevier Scientific Publishing Co.).
C. Latest Norian (?to Rhaetian).

A. Late Carnian(?) to Middle Norian.

B. Early Late Norian.

[Explanation: I, India; ], Japan; N.C., New Caledonia; N.Z.,

New Zealand.]
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Fic. 7. Distribution of gastropod genera for stages of the Upper Permian-Middle Triassic (from Batten,
1973).

major tectonic region being occupied by a
dominant Monotis group. The ochotica
group generally abounds in the area of the
former M. typica group, except for the north-
eastern Pacific margin where it is rare, and
is found southward in the western Pacific to
New Caledonia and New Zealand. The M.
subcircularis group is found mainly along
the eastern Pacific margin as far as central
Chile, but occurs disjunctively and probably
rarely also in Indonesia and possibly in the

Mediterranean. The M. salinaria group oc-
curs throughout Tethys and disjunctively
also in Alaska, Yukon Territory, and prob-
ably in the southwestern Pacific and north-
eastern Siberia.

The close of the Monotis radiation in
latest Norian (and ?Rhaetian) is dominated
by almost smooth forms of the M. zabaika-
lica group. The group is entirely confined
to the Arctic region and along the western
Pacific with M. zabaikalica dominant in
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FROM PALEOZOIC GROUPS

Fic. 8. Distribution of gastropod families for stages of the Upper Permian-Middle Triassic (from Batten,
1973).

eastern Siberia and M. calvata in New
Zealand and New Caledonia.

GASTROPODS

Though an extremely important mollus-
can group, gastropods are not very common
in most Triassic strata. As a result, there
have been relatively few monographic stud-
ies on Triassic gastropods. Until recently
there had been no general survey of Triassic
gastropods from which one could assess the
overall degree and amount of change in
Triassic gastropod diversity for a meaning-
ful comparison with underlying Permian
and overlying Jurassic faunas. These data

have recently been summarized by BaTren
(1973) in a splendid review article on Per-
mian and Triassic forms. The summary
given here is based on BaTTEN’s article.
During the late Paleozoic, the gastropods
underwent two episodes of adaptive radia-
tion, the earliest occurring during the Tour-
naisian and Visean stages of the Lower
Carboniferous. This was followed by a
decrease in diversity in the Late Carbon-
iferous. The second radiation and the one
of prime concern here occurred in the
Guadalupian. At this time the most di-
verse fauna of the Paleozoic developed, with
about 100 genera and 30 families. These
Permian faunas in overall balance were
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much like those of the preceding two peri-
ods but richer. The 10 dominant families
in terms of species frequencies are: Bellero-
phontidae, Sinuitidae, Eotomariidae, Euom-
phalidae, Omphalotrochidae, Phymatopleu-
ridae, Neritopsidae, Pseudozygopleuridae,
Subulitidae, and Murchisoniidae.

It is of particular interest that these are
the last diverse faunas of the Paleozoic.
The next normal marine gastropod fauna
occurs in the Ladinian. Between the latest
Guadalupian and the first Dzhulfian occur-
rence, some 62 Permian genera and 12
families disappeared (Fig. 7, 8).

Only four Dzhulfian faunas contain more
than three to five genera. Altogether, these
include 26 genera and 14 families. By far
the most common group is the bellerophon-
tids; the other important constituents are
the eotomariids, neritopsids, and murchi-
soniids. BATTEN made note of the fact of
sparse numbers of genera per family and
apparently large numbers of individuals of
few species. This condition apparently also
prevailed in the Early Triassic. Of interest
also 1s that of the total Dzhulfan fauna,
only three genera survived from the preced-
ing radiation; the others are relatively long
ranging and conservative. Most of these
are found in facies that indicate brackish
to lagoonal conditions.

What is particularly interesting is that
the Dzhulfian and Scythian faunas as now
known lack genera that occur in the Guada-
lupian and reappear in the Ladinian! There
are 32 Guadalupian genera and 16 families
in the Triassic, none of which are known

in the Dzhulfian.

Scythian gastropod faunas are rare. When
found they form thin accumulations in lime-
stones and invariably one or, at most, sev-
eral species are present in great numbers.
Most Scythian assemblages resemble those
of the Dzhulfian in their lack of diversity.
The main difference is that the bellerophon-
tids were displaced by other gastropods. No
significant change in faunal diversity oc-
curred in the Anisian.

Ladinian faunas are rich and widespread.
They contain 106 genera and 36 families, a
diversity quite comparable in size to that
of the Guadalupian. On further analysis,
32 of the 106 genera are found to belong
to Paleozoic families.

Introduction—Biogeography and Biostratigraphy

Barren emphasized that there is about
as much difference between the Guadalup-
ian and Ladinian gastropod faunas as there
is between the Devonian and Lower Car-
boniferous faunas. The main Mesozoic fau-
nal turnover of the gastropods occurred at
the close of the Triassic.

BRACHIOPODS

There is no satisfactory analysis of Tri-
assic brachiopods and their stratigraphic dis-
tribution. The great decrease in diversity
of Mesozoic and Cenozoic brachiopods has
long been established; however, details are
lacking. A number of reasons can be cited
for this state of affairs. First, brachiopods
are not really very abundant in Triassic
rocks. Secondly, very few individuals have
devoted any significant period of time to
their study. The most prominent specialist
on Triassic brachiopods was A. BrrtNer
who published numerous papers at the turn
of the century. Brachiopods do form part
of many general faunal studies, but these
serve mainly to emphasize the paucity of
this group in comparison to ammonoids and
bivalves. A few years ago I wrote to G. A.
Cooper asking his opinion of the brachio-
pods stated to occur in the Lower Triassic
in the recent volume of the Treatise on
Invertebrate Paleontology (Part H), Bra-
chiopoda (A. WiLLiams ez al., 1965). He
answered (letter of June 14, 1971): “So
far as I know, the Lower Triassic is almost
a blank for brachiopods. As a matter of
fact, the whole Triassic is a critical time in
brachiopod history and a kind of never-
never land between Permian and the Juras-

[ 1)

SiC.

Whereas the systematic study of Triassic
brachiopods is, and generally has been, at
a low level, there is one aspect that has
aroused considerable interest in recent years
—this is the occurrence of Permian-type
brachiopods in lowermost Scythian strata.
These occurrences have stimulated intensive
debate as it relates to the Permian-Triassic
boundary.

The first such report was by H. S. Bion
(1914) concerning an occurrence in the
Pahlgam area of Kashmir, near Srinagar.
All the data available are from a brief state-
ment in the Annual Report for 1913 of the
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Geological Survey of India. Bion (1914,
p- 39) wrote as follows: “About 20 feet
above the base of the black shales there is
a layer of calcareous ncdules from which
many specimens of Otoceras have been ob-
tained associated with almost all the other
members of the fauna of the Oroceras beds
of the Central Himalayas. Good collections
have been obtained from Nagaheran in the
Dachhigam State Rakh and from the Pahl-
gam-Aru basin. Some thirty feet above the
Otoceras layer there is another fossiliferous
horizon characterized by Ophiceras from
which one specimen of Ofoceras was also
procured, but the rest of the black shale
division seems to be barren. A surprising
element in the fauna of the basal Otoceras
layer is furnished by the presence of the
genus Productus, of which three specimens
have been obtained from near Pahlgam.
In spite of this Permian element I consider
that the fauna of the Ozoceras bed of Kash-
mir has a decided Triassic aspect.”

This brief but highly interesting account
went unnoticed for many years. TEICHERT
and KumMeL made an attempt in June,
1968, to locate Bion’s locality but were un-
successful. Since Bion’s report, seven addi-
tional localities or areas have yielded Per-
mian-type brachiopods in horizons with
lowest Triassic ammonoids. These are the
Guryul Ravine of Kashmir, Salt Range of
West Pakistan, the Dzhulfa region along
the Aras River in the Soviet Union and
Iran, Shikoku Island of Japan, East Green-
land, Ellesmere Island of Arctic Canada,
and the lower Dinwoody Formation of
Montana.

The Permian-Triassic strata of the Guryul
Ravine, near Srinagar, Kashmir, were first
reported on by Haypen (1907) and in more
detail by MpLemiss (1910). Recently TEi-
cuertT, Kummer, and Karoor (1970) vis-
ited the area and discovered that the “Black
Shales” unit of MippLEMIss contained fos-
siliferous beds in which Spinomarginifera
and other productid brachiopods, typically
Permian in aspect, are in association with
Claraia, a bivalve typical of the lower half
of the Scythian. Later that year Nakazawa
et al. (1970) published a more comprehen-
sive report on the sequence and faunas of
these boundary beds at Guryul Ravine.
These authors discovered in the critical
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boundary beds, in addition to the productids
and Claraia, species of Otoceras, Ophiceras,
and “Glyprophiceras.” Narazawa et al.
(1970) came to the same conclusion as to
the placement of the Permian-Triassic
boundary as TEeicuert, Kummer, and
Karoor (1970). Also, at about this time,
Swerer (1970b) reported on the conodonts
from the Permian-Triassic boundary beds
from samples submitted by Teicuert. His
main conclusion was that “conodonts from
the upper 57 feet of the Zewan Series and
the lower 124 feet of the overlying Lower
Triassic beds in the section at Guryul Ra-
vine, Kashmir, represent four distinct cono-
dont faunas that may be correlated with
those of the Anchignathodus typicalis, Neo-
gondolella carinata, Neospathodus dieneri,
and Neospathodus crystagalli zones of the
Salt Range and TransIndus Ranges of
Pakistan.” Sweer (1973) further refined
his discussion of the Kashmir sequence and
integrated his conodont data with those of
Nakazawa ez al. (1970) on ammonoids
and Claraia. Finally, in collaboration with a
co-author (Mixkan & Sweer, 1974) further
analysis of the Kashmir section renewed
interest in the problem. The abstract is
worth quoting in full: “Graphic correla-
tion, using published data on the ranges of
conodonts and key ammonoids, have been
effected between important Permo-Triassic
sections in Kashmir, the Salt Range of Paki-
stan, and the Julfa district of northwest
Iran. Although there are unresolved taxo-
nomic and distributional problems, a pre-
liminary analysis of the results indicates
that the Kashmir and Iranian sections re-
cord an essentially unbroken sequence of
latest Permian and earliest Triassic rocks,
and that in the Salt Range, Permian rocks
range higher (Changhsinghian?) and Tri-
assic strata lower (lower Griesbachian) as
has been assumed by recent authors.”
Grant and Coorer (1973) have discussed
the Guryul Ravine section on the basis of
data presented by TEeicuert, KumMMEL, and
Kapoor (1970), Sweer (1970b), and Naka-
zawa et al. (1970) from the viewpoint of
their expertise on brachiopods. They took
exception to the conclusions of the above
mentioned workers and placed the bound-
ary at the base of bed 52a of Nakazawa
et al. (1970).
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In a final report on the Upper Permian
and Lower Triassic of Kashmir, Nakazawa
et al. (1975) placed the Permian-Triassic
boundary at the first appearance of Oroceras
woodwardi (that is, the base of their bed
52). In their preliminary report (Naka-
zawa et al., 1970) the boundary had been
placed at the base of their bed 47, which
coincides with the first appearance of
Clarara. It is in beds 47-49 that the ma-
jority of Permian brachiopods are present,
associated with Claraia stachei (BrirTner).
In their final report they assigned the
Claraia to a new species C. bioni. The
“Permian” elements in bed 52 are now
limited to Marginifera himalayensis, Pustula
sp., Estheripecten haydeni, and Claraia
bion.

In the classic area of the Salt Range,
brachiopods discovered in the Permian-Tri-
assic boundary beds have been the focal
point of a stimulating and continuing de-
bate. Kummer and Teicuerr (1966,
1970b) reported Permian-like brachiopods
in the lower part (mainly lowest one foot)
of the dolomite unit of the Kathwai Mem-
ber of the Mianwali Formation. The initial
collections were studied by G. A. CoorEr,
but as more material was obtained, the
study was taken over and published by R
E. Grant (1970). He reported the follow-
ing forms from this horizon: Enteletes sp.,
Orthothetina cf. O. arakeljani SokoLskaYa,
O. sp., Ombonia sp., Derbyia? sp., Spino-
marginifera sp., Linoproductus sp., Lyttoma
sp., Spirigerella sp., Crurithyris? extima
GranT, Martinia sp., Whitspakia sp., dielas-
matids gen. et sp. indet. GranT (1970) cor-
related the fauna from the basal foot of
the dolomite unit with the Dzhulfian of
Armenia. In 1973, Grant concluded that
since Crurithyris? extima occurred above
the fauna of the lowest foot of the dolomite
unit that this upper portion was of Chang-
hsingian age (uppermost Permian), a con-
clusion quite different from that of Kum-
MeL and Tercnert (1970b, 1973).

An important addition to the problem
was the discovery by GranTt of a fauna of
brachiopods in the white sandstone unit
of the Chhidru Formation, which immedi-
ately underlies the dolomite unit of the

Kathwai Member. From this unit Grant
(1970) identified the following forms: Au-
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losteges sp., Callispivina sp., Chonetella sp.,
chonetid indet., Cleiothyridina sp. cf. C.
capillata (Waacen), Derbyia sp. cf. D. pli-
catella WaaceN, dielasmatids indet., En-
teletes sp. 1, Hemiptychina sp., Hustedia
P, Kmng.wlla sp., Linoproductus sp., Lyt-
tonia sp., Martinia? sp., Neospirifer sp.,
Orthotichia sp. 2, Richthofenia sp., Spirifer-
ella? sp., Spirigerella sp., Waagenoconcha?
sp., Whitspakia sp. 1. Grant (1970) con-
cluded that this assemblage is typical for
the Chhidru Formation as a whole, which
he believed to be of Guadalupian age.

Kummer and Teicuert (1970b, p. 73)
found this conclusion difficult to accept and
stated some of their points as follows: “It
appears that the direction of comparisons
has been downward stratigraphically with
no attention paid to the possibility of longer
ranges of the taxa concerned. None of the
species have been definitely identified and
named, and most of the 19 genera recog-
nized in the white sandstone assemblage
have long ranges. Eleven of them origi-
nated in the Carboniferous or Devonian;
eight genera range through most or all of
the Permian. Attempting w make refined
correlations on such long-ranging genera is

indeed a difficult task.”

The “Permian” brachiopods of the Kath-
wal Member, Grant (1970) considered to
be quite different from those of the under-
lying white sandstone unit. It should be
noted, however, that of the 11 genera re-
corded from the Kathwai Member seven
are also present in the white sandstone unit
and only one species, a new one, has been
definitely named. As to the age of the bra-
chiopod assemblage from the dolomite unit
of the Kathwai Member, Grant (1970, p.
125) concluded that it “contains some gen-
era that point to a latest Guadalupian (La-
mar equivalent) age, and others that point
to a Dzhulfian, or even early Triassic age.”
The same technique and philosophies ap-
plied to the white sandstone assemblage
were used to analyze the Kathwai brachio-
pods. Of the 11 genera in the Kathwai fau-
na, six, or possibly seven, originated in the
Carboniferous, or earlier, and four appear
to be confined to the Permian. The ex-
tended ranges of some of the genera had
already been pointed out by StEPANOV
(1967).
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The Dzhulfa area of Soviet Armenia has
long been a classic area for study of the
Permian-Triassic boundary problem. One
of the intriguing aspects was the reported
association of Permian brachiopods and
corals with “ceratitic” ammonoids. A com-
prehensive report on the Permian and Tri-
assic faunas of this region, edited by Ruz-
HENTsEV and SarvchHeva (1965), is an
important contribution. They placed the
Permian-Triassic boundary just beneath an
approximately 20-meter thickness of strata
that contain Permian brachiopods and
corals along with ceratitic ammonoids
(“Tompophiceras,” Dzhulfites, “Bernhard-
ites,” and Paratirolites). These strata were
included in the Induan Stage (lowest Scyth-
ian). These critical strata are now known
to crop out south of the Aras River, in
northwestern Iran. A comprehensive re-
port on these occurrences has been published
by Steranov ez al. (1969). These authors,
in discussing the 20 m of beds with the
so-called mixed fauna, came to the same
conclusion as RuzHenTsev and SarRyCHEvA
(1965), that they are earliest Triassic (In-
duan) in age. KummeL and TEeicaert had
the opportunity of visiting the same Iranian
locality, known as Kuh-e-Ali Bashi. Their
report (Tercuert, KummEeL, & SweET,
1973) presented a detailed summary of the
stratigraphy and paleontology of the critical
20 m of strata with the so-called mixed
fauna (which they named the Ali Bashi
Formation). One of the most important
finds were ammonoids previously known
only from the Changhsingian fauna of
southern China. Their primary conclusion
was that the Ali Bashi Formation does not
contain any distinctively Triassic compo-
nents and is latest Permian in age.

The only report known to me on “Per-
mian” brachiopods in Lower Triassic strata
from Japan is a brief statement by Naxa-
zawa (1971) concerning a relict productoid
(Plicatifer?) and a Paleozoic-type bivalve
(“Streblochondria”) from the middle Scyth-
ian Kurotaki Limestone in Shikoku.

The first mention of a mixed Permian-
Triassic fauna from East Greenland in the
boundary zone is by Seatu (1930, p. 69)
and he commented further on this matter
in 1935. At the time of Spatu’s first writ-
ing on this subject, the beds underlying the
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Triassic were believed to be Early Carbon-
iferous in age. It is easy to understand why
redeposition seemed to be the natural an-
swer. Shortly after, the age was changed
to Late Carboniferous (Fresorp, 1931).
Fresorp (1932) moved part of the “Upper
Carboniferous” into the Lower Permian
and Avrpincer (1935), revising the fish
fauna of the “Posidonomya shale,” placed
these beds in the Artinskian. MiLLer and
Furnise (1940) described the ammonoid
Cyclolobus from the Martinia beds of Cla-
vering @; in line with the thinking of that
time, this made these beds latest Permian in
age. Trumpy (1960, 1961) visited the Kap
Stosch area of East Greenland and made
observations on the Permian-Triassic bound-
ary problem. His main conclusion was that
mixed faunas did indeed occur and that in
East Greenland faunas of Permian and
Triassic habitus co-existed for a time.

In the summer of 1967 TeicuerT and
KummMeL visited Kap Stosch specifically to
study the Permian-Triassic boundary beds.
The primary conclusions of their study
(Teicuert & KummMer, 1973, 1976) are as
follows: 1) The Permian fossils occur in
different localities from the very base of
the Triassic System up to a distance of be-
tween 80 and 100 m above this base. They
represent remains of bryozoans and bra-
chiopods, with minor fragments of ostra-
codes, crinoids, and echinoids; 2) between
Rivers 7 and 14 (southwest of Kap Stosch)
all Permian fossils occur in arkosic sand-
stone or conglomerate along with ophicera-
tids or Otoceras or both; 3) almost all Per-
mian fossils are damaged or badly broken
into unidentifiable fragments; 4) the speci-
mens that can be identified belong to species
that occur in the typical Productus lime-
stone and Martinia shale facies of the Upper
Permian directly below the Triassic; 5) the
Permian-Triassic sections southwest of Kap
Stosch are of homogeneous shale, silty shale,
and siltstone facies; nearly all are markedly
soft. Solifluction has so badly affected all
outcrops that meaningful stratigraphic sec-
tions are next to impossible to obtain; 6) the
Permian fossils in the Early Triassic sedi-
ments do not represent survivors from the
Permian into the Triassic but were rede-
posited from some land area to the west in
which Permian outcrops occurred. A most
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Fic. 9. Total new conodont form genera (solid

line) that appeared during Cambrian through Tri-

assic compared with total number that became ex-

tinct (dashed line) during the same period (from
Clark, 1972).

probable mode of transport of some of the
specimens was in argillaceous boulders.

Warernouse (1972) has described a sin-
gle specimen consisting of the ventral valve
of an overtoniid brachiopod (?Krotovia sp.)
from the Blind Fiord Formation (Early
Triassic-Griesbachian age) on Axel Heiberg
Island. No other fossils were found in the
bed that yielded the brachiopod specimen.
The stratigraphy of this area has been
worked out by R. TuorsTENSsoN and E. T.
Tozer and the age assignment and corre-
lation of the beds seem to be most reason-
able. Warernoust (1972, p. 486) concluded
“It is not clear whether the specimen was
derived from Permian rocks or was really
of Griesbachian age. The latter appears
likely from the fact that no similar speci-
mens are known from underlying Permian.”

Recently Permian brachiopods have been
noted from the Dinwoody Formation of
western Wyoming and Montana. All that
is available in print on this is a short note
by Grant and Coorer (1973, p. 585) that
is worth quoting as it warrants following
up: “Recently D. W. Boyd (University of
Wyoming) sent Grant a collection of bra-
chiopods from the lower part of the Din-
woody Formation at Teton Pass, Wyo-
ming. Preliminary identification suggested
a Dzhulfian age, with a small productid like

Introduction—Biogeography and Biostratigraphy

Spinomarginifera, or Echinauris and pos-
sibly also Araxathyris, although Cooper
would call the latter Composita. Field
work in Montana since the Symposium also
turned up Permian type brachiopods as
high as 8 feet above the base of the basal
Dinwoody at two places in southern Mon-
tana and W. L. Stokes (University of Utah)
brought to the Symposium a small collection
of well-preserved brachiopods from the Din-
woody Formation that certainly look Per-
mian. At least seven genera of brachiopods
of Permian aspect now have been obtained
from the supposedly Triassic Dinwoody
Formation, a situation analogous to that of
the Dolomite unit of the Salt Range.”

It should be clear from the above brief
review that there is at the moment no con-
sensus as to precisely how the Permian-
Triassic boundary should be defined nor as
to the interpretation of “Permian” brachio-
pods along with Triassic ammonoids.

CONODONTS

One of the dramatic new elements in the
biostratigraphic analysis of the Triassic has
been the study of its conodonts. Systematic
study of these Triassic fossils began in 1956
(MtLLER, 1956; Tatck, 1956). There had
been earlier reports of Triassic conodonts
but these generally were interpreted as re-
worked Paleozoic forms. Since 1956 there
has been an increasing number of Triassic
conodont faunal studies, especially of the
Early Triassic faunas.

A brief but excellent overview of cono-
dont diversity from the Cambrian through
the Triassic has been presented by CLARK
(1972). He produced a number of graphs
to illustrate conodont diversity through
time, one of which is here produced as
Figure 9. Crarx’s (1972, p. 150) analysis
of this graph is as follows: “Here, the total
new form genera that evolved during each
epoch is plotted against the number of form
genera that became extinct during that
epoch. In this figure, the presence of the
dashed line above the solid line is the signal
of an approaching crisis, ie., more form
genera were becoming extinct than were
evolving. Significantly, the Middle Ordo-
vician peak is followed by a large drop in
the Silurian when approximately as many



Triassic

A383

'l
9 Ammonoid Zones
5; Stage Substage (after Tozer, 1971) Conodont Zones
RHAETIAN Choristoceras marshi Conodonts present but not diagnostic
NL(J;)RPIEA'\QN Rhabdoceras suessi 22 Epigondolella bidentata
U Himavatites columbianus
2 NORIAN IQAOIEE:\.IE Drepanites rutherfordi 21
< Juvavites magnus
o
= LOWER Malayites dawsoni . .
& NORIAN Moijsisovicsites kerri 20 Epigondolella abneptis
a
g UPPER Klamathites macrolobatus
CARNIAN Tropites welleri 19 Paragondolella polygnathiformis
CARNIAN Tropites dilleri
LOWER Sirenites nanseni N hod .
CARNIAN Trachyceras obesum 18 Neospathodus newpassensis
UPPER Frankites sutherlandi . A .
LADINIAN Maclearnoceras maclearni | 17 Epigondolella mungoensis
o LADINIAN Meginoceras meginae
a LOWER Progonoceratites poseidon
(%] .
5 LADINIAN Protrachyceras subasperum 16 Neogondolella mombergensis
: UPPER Gymnotoceras occidentalis
"o" ANISIAN Gymnotoceras meeki 15 Neogondolella constricta
[a) Gymnotoceras rotelliforme
E ANISIAN Bl oo
alatonites shoshonensis
M. ANISIAN Acrochordiceras hyatti 14
L. ANISIAN Lenotropites caurus
) 13 Neospathodus timorensis
Neopopanoceras haugi N Tolella fubat
eogondolella jubata
SPATHIAN Subcolumbites beds Iy g ’
z . AT
< Columbites & Tirolites beds 10 Platyvillosus
E Wasatchites tardus 9 Neogondolella milleri
5 8 Neospathod i
8 SMITHIAN eospoA odus conservativus
t Euflemingites romunderi 7 Parachirognathus—Furnishius
:;,,, 6 Neospathodus pakistanensis
< Vavilovites sverdrupi 5 Neospathodus cristagalli
| DIENERIAN - -
4 Neospathodus dieneri
F Proptychit di
x roptychites candidus 3 Neospathodus kummeli
% UPPER Proptychites strigatus 2 Neogondolella carinata
e GRIESBACHIAN | Ophiceras commune
GRIESBACHIAN . .
LOWER Otoceras boreale I Anchignathodus typicalis
GRIESBACHIAN | Otoceras concavum

Fic. 10. Triassic ammonoid and conodont zones (after Sweet ez al., 1971).

form genera were becoming extinct as were
evolving. The real crisis is first evident
during the Late Ordovician when more
form genera became extinct than appeared.
The consequence is the first conodont crisis,
that of the Silurian. Number of new form
genera exceeds number of extinct taxa by
the Early Devonian and the second evolu-
tionary expansion was during the Late De-

vonian. Significantly, however, the large
number of extinct form genera during the
Late Devonian and succeeding Early Mis-
sissippian more than offset this expansion
and by the Early Mississippian, more genera
were becoming extinct than were evolving.
This pattern was never reversed during the
following years of conodont evolution. The
dip during the Middle Mississippian may



A384

not be real. Very few students have used
this “epoch” designation (middle) during
the past 30 years and numbers put on the
cards express this bias. Probably a straight
line drop from Late Devonian to Late Mis-
sissippian is more accurate. The second
crisis is a result of the gradual reduction in
number of form genera which reached a
low in the Permian when no new form
genera appear but extinction continued.
This is the most profound crisis that cono-
donts experienced until the Triassic extinc-
tion.”

In regard to the ancestry of Triassic
forms, only one or two Paleozoic genera
survived the Permian crisis and relatively
few Permian forms contributed to the later
Triassic bloom. Considering the conodont
assemblages at or near the Permian-Triassic
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boundary Sweer (1973, p. 630) summar-
ized the data as follows: “All major Per-
mian conodont stocks and most of the spe-
cies known from latest Permian rocks
passed the notorious Permian-Triassic filter
with seeming indifference, hence there is
no detectable change in conodont faunas at
the level of the Permian-Triassic boundary
in any of the presumably complete sections
from which conodonts are currently
known.”

Conodont Dbiostratigraphical zonation is
developing at a rapid rate. The best gen-
eral summary of this aspect of conodont
studies is that by Sweet e al. (1971). In
that study the authors recognized a se-
quence of 22 faunal zones (Fig. 10).
Further refinement of this scheme is ac-
tively being pursued.
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