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ABSTRACT: For about a half century, most vertebrate paleontologists have correlated the youngest Permian tetrapod assemblages in
North America, which are from the San Angelo, Flowerpot and Chickasha formations in Texas-Oklahoma, to the oldest
therapsid-bearing assemblages of the Russian Kazanian. This correlation was not based on shared low-level taxa (genera and species),
but on the supposed therapsids in the American faunas and the presence of some “counterparts” (equivalent evolutionary grade) among
the American and Russian captorhinids and caseid pelycosaurs. Marine biostratigraphy indicates that the youngest tetrapod assemblages
in Texas-Oklahoma are of Kungurian (late Leonardian) age, whereas the base of the Kazanian is no older than late Roadian. Thus, a very
real hiatus in the global tetrapod record, previously named Olson’s gap, is evident between the youngest, pelycosaur-dominated assem-
blages of North America and the oldest, therapsid-dominated tetrapod assemblages of Russia. This hiatus is equivalent to most of
Roadian time, and is at least two million years long. A review of the global record of Permian tetrapod body fossils and footprints reveals
that this is a hiatus of global extent. Olson’s gap corresponds to a significant remodelling of the Permian tetrapod fauna.

INTRODUCTION

The global record of Permian tetrapod fossils (text-fig. 1) en-
compasses a significant geographic discontinuity. Early Perm-
ian tetrapods have their most extensive fossil record in the
western United States (especially Texas and Oklahoma) and a
much less extensive record in western Europe (especially Ger-
many and the Czech Republic). In contrast, the most extensive
fossil records of Middle and Late Permian tetrapods are from
South Africa (Karoo basin) and Russia (Ural Mountains fore-
land), but do not overlie significant records of older, Early
Permian tetrapods. Other records of Permian tetrapods, from
Brazil, India, China and other locations, are assemblages of
limited diversity that do not encompass significant intervals of
Permian time (Lucas 1998).

Thus, a complete understanding of Permian tetrapod evolution
must bridge a geographic gap between the most significant re-
cord of Early Permian tetrapods, in the western USA, and the
most significant records of Middle-Late Permian tetrapods, in
Russia and South Africa. Furthermore, the temporal relation-
ship between the youngest American and the oldest Russian or
South African tetrapod assemblages must be established.

Beginning with Olson (1955, 1962) and Efremov (1956), it has
generally been believed that the correlation of the youngest
American and oldest Russian assemblages had been accom-
plished, though the fossil record of early Middle Permian tetra-
pods remains sparse (e.g., Milner 1993, Benton 1993, Lucas
1998). Supposedly the youngest North American Permian tetra-
pods, of presumed Guadalupian age, are correlated directly to
the oldest Russian Kazanian tetrapod assemblages (Olson
1990). Here, I argue otherwise by demonstrating that a hiatus,
equivalent to part of the Middle Permian, exists in the global
Permian tetrapod fossil record. This hiatus has been termed
Olson’s gap (Lucas and Heckert 2001), a significant deficit in
the Permian history of tetrapod evolution.

PERMIAN TIMESCALE

Three Permian timescales are relevant to this article (text-fig.
2). The standard global chronostratigraphic scale (SGCS) is that
advocated by the Subcommission on Permian Stratigraphy of
the International Commission on Stratigraphy, International
Union of Geological Sciences (e.g., Glenister et al. 1992,
Wardlaw 1999). This is the global marine standard composed of
three series divided into nine stages. Two provincial, or second-
ary (sensu Cope 1996) timescales are useful here—an American
and a Russian scale (text-fig. 2). The American Leonardian
stage, based on a marine stratotype, spans much of the Early
Permian. In Russia, the Ufimian, Kazanian and Tatarian Stages
have stratotypes that are a mixture of marine and nonmarine
strata and span the entire Middle and Late Permian.

Numerical calibration of the Permian timescale is imprecise be-
cause only a handful of reliable radioisotopic ages can be unam-
biguously correlated to the SGCS. Relevant to this paper is an
age of ~ 265 Ma that calibrates the Wordian-Capitanian bound-
ary (Bowring et al. 1998). Duration of the Roadian and Wordian
has been estimated by Wardlaw (1999), with each stage equiva-
lent to one conodont zone assumed to be of about two million
years duration. However, other estimates assign each stage a
longer duration of about about three to five million years (e.g.,
Menning 2001).

AGE AND CORRELATION: NORTH AMERICA

Permian tetrapod fossils have been collected in the western
United States, especially Texas and Oklahoma (text-fig. 3),
since the 1800s (Hook 1989). The most extensive and best
known assemblages are of unquestioned Early Permian age.
They come primarily from rocks of the Bowie, Wichita and
Clear Fork groups in Texas that intertongue with or are laterally
equivalent to marine strata of Wolfcampian-Leonardian age
(e.g., Hentz 1988, Hook 1989, Lucas 1998) (text-fig. 4). Less
extensive, age-equivalent assemblages are known from the Cut-
ler Group and correlative strata in the Four Corners states of
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New Mexico, Colorado and Utah, from the Dunkard Group of
the West Virginia-Ohio-Pennsylvania borderland and from
Prince Edward Island in eastern Canada (e.g., Berman 1993,
Lucas 1998, 2004, Sumida et al. 1999). The stratigraphically
highest (and youngest) Permian tetrapod assemblages in the
American Permian are from the San Angelo, Flowerpot and
Chickasha formations of Texas-Oklahoma (text-figs. 3-4).

Olson and Beerbower (1953) described the vertebrate fossil as-
semblage from the San Angelo Formation, which is from locali-
ties in Knox, Foard and Hardeman Counties in north-central
Texas (text-fig. 3). It includes the xenacanth shark Xena-
canthus, the captorhinid Rothianiscus multidonta (Olson and
Beerbower), the caseid pelycosaurs Caseoides sanangelensis
Olson and Beerbower, Cotylorhynchus hancocki Olson and
Beerbower and Angelosaurus dolani Olson and Beerbower, the
sphenacodontids Steppesaurus gurleyi Olson and Beerbower
and Tappensaurus magnus Olson and Beerbower and the puta-
tive therapsid Dimacrodon hottoni Olson and Beerbower.
Olson (1962) later added these new taxa to the San Angelo
tetrapod assemblage: the temnospondyl Slaugenhopia texensis,
the captorhinid Kahneria seltina, the sphenacodont Dimetrodon
angeloensis, the caseids Angelosaurus greeni and Caseopsis
agilis and the “therapsids” Knoxosaurus niteckii, Gorgodon
minutus, Eosyodon hudsoni, Driveria ponderosa and
Mastersonia magnus. Olson (1962) also reassigned Tappeno-
saurus and Steppesaurus, with Dimacrodon, to the Therapsida.

Olson and Barghusen (1962) described vertebrate fossils from
two localities in the Flowerpot Formation in Kingfisher
County, Oklahoma (text-fig. 3). These represent the
“microsaur” Cymatorhiza kittsi Olson and Barghusen,
Rothianiscus multidonta, Cotylorhynchus bransoni Olson and
Barghusen and Angelosaurus romeri Olson and Barghusen.

Strata of the Chickasha Formation, which are laterally equiva-
lent to the middle part of the Flowerpot Formation (text-fig. 4),
yielded vertebrate fossils from about 20 localities, mostly in
Blaine and Kingfisher Counties, Oklahoma (Olson 1965)
(text-fig. 3). A single locality in McClain County, Oklahoma
also yielded unidentified bone from the Duncan Sandstone
(Olson, 1965). The Chickasha assemblage includes the
xenacanth Xenacanthus sp., indeterminate palaeoniscoid fish,
Cymatorhiza kittsi, the amphibians Nannospondylus stewarti
Olson and Fayella chickashaensis Olson, Rothianiscus robusta
Olson, Cotylorhynchus bransoni, Angelosaurus romeri and the
varanopsid Varanodon agilis Olson. Olson (1972) subsequently
added the nectridean Diplocaulus parvus to this assemblage,
and Olson (1974) described the supposed therapsid Watongia
meieri. Olson’s (1980) Seymouria agilis from the Chickasha
Formation assemblage has recently been reassigned to the
parareptile Macroleter, a genus previously known only from
Russia (Reisz and Laurin 2001).

In discussing the composition and age of these assemblages,
Olson emphasized the differences between the tetrapods found
in the San Angelo, Flowerpot and Chickasha formations, al-
though the fossils come from a single, relatively narrow strati-
graphic interval (text-fig. 4). Furthermore, all three formations
yield tetrapod fossil assemblages dominated by caseid
pelycosaurs, and they share genera, including Cymatorhiza,
Rothianiscus, Cotylorhynchus and Angelosaurus. Therefore, I
feel justified in treating the vertebrate fossils from the San
Angelo, Flowerpot and Chickasha formations as a single
biostratigraphic assemblage of one age, as did Olson in his later
work (e.g., Olson and Chudinov 1992).

The “therapsids” that Olson described from the San Angelo and
Chickasha formations were based on fragmentary specimens
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TEXT-FIGURE 1
Map of Permian Pangea (after Li et al. 1993) showing principal tetrapod localities mentioned in the text. 1 = western USA; 2 = eastern USA (Dunkard) ; 3
= Scotland; 4 = Western Europe (Rotliegendes); 5 = Russian Urals; 6 = Junggur basin, China; 7 = Ordos basin, China; 8 = Paraná basin, Brazil; 9 = Karoo
basin, South Africa; 10 = Niger; 11 = Morocco; 12 = southern Madagascar; 13 = Kashmir, India. Less extensive Permian tetrapod assemblages from
Zimbabwe, Zambia, Malawi, and Australia are not shown.



and have been considered of questionable affinity, though their
assignment to the Therapsida was long upheld by many workers
(e.g., Sigogneau-Russell 1989). Nevertheless, recent
re-evaluation of these “therapsid” taxa has deemed them to be
based on fragmentary pelycosaur fossils (Parrish et al. 1986,
Sidor and Hopson 1995). I agree with this assessment (also see
Battail, 2000), and thus conclude that there are no demonstrable
therapsid taxa from the San Angelo or Chickasha formations.

There are three ways to determine the age of the vertebrate fos-
sils from the San Angelo, Flowerpot and Chickasha formations
and correlate them to the SGCS: (1) marine biostratigraphic ev-
idence of the age of the Blaine Formation; (2) fusulinid evi-
dence of the age of the San Angelo Formation; and (3)
lithostratigraphic, event and sequence stratigraphic correlation
of the Blaine Formation and underlying strata. All three indi-
cate that these youngest North American Permian tetrapods are
of late Early Permian (late Leonardian/Kungurian) age.

Blaine Formation biostratigraphy

The minimum age of the tetrapod assemblages of the San
Angelo, Flowerpot and Chickasha formations is directly con-
strained by the age of the overlying Blaine Formation (text-fig.
4), marine strata that yield invertebrate fossils, including
ammonoids. In Oklahoma, the Blaine Formation of Gould
(1902, 1905) is 25-30 m of interbedded gypsum, dolomite and
reddish brown silty shale (Fay 1962, 1964). It conformably
overlies the Flowerpot Formation and is conformably overlain
by the Dog Creek Shale (Fay 1962, 1964) (text-fig. 4). The
Chickasha Formation is also conformably overlain by the
Blaine in Oklahoma, though, locally, clastic tongues of the
Chickasha are laterally equivalent to or overlie the Blaine.
However, the Chickasha and Flowerpot vertebrate localities in
Oklahoma are stratigraphically below the Blaine (Olson and
Beerbower 1953, Fay 1964, Olson 1965). In north-central
Texas, the Blaine Formation is as much as 210 m thick and con-
formably overlies the San Angelo Formation (Jones 1971)
(text-fig. 4).

Plummer and Scott (1937) first documented ammonoids from
various horizons in the Blaine Formation in Texas. They re-
ported Eumedlicottia burckhardti (Böse), Eumedlicottia
crotonensis Plummer and Scott, Perrinites gouldi Plummer and
Scott, Perrinites hilli (Smith) and Stacheoceras n. sp. and iden-
tified them as part of a Perrinites hilli assemblage of earliest
Guadalupian age, largely because of the supposed presence of
Eumedlicottia burckhardti. However, Miller and Furnish
(1940) revised the taxonomy of the Blaine ammonoids and con-
sidered them to be of Leonardian age, listing them as Propina-
coceras knighti Miller and Furnish, Medlicottia whitneyi Böse,
Metalegoceras? sp., Stacheoceras? sp. and Perrinites hilli
(Smith).

Clifton (1942) documented 37 species of invertebrates from the
Blaine Formation and overlying Dog Creek Shale at localities
in Texas and Oklahoma. These are mostly brachiopods, bi-
valves and cephalopods, including the ammonoids Propina-
coceras knighti Miller and Furnish, Medlicottia whitneyi Böse,
Medlicottia sp., Pseudogastrioceras texanum Clifton, Adrian-
ites newelli Miller and Furnish, Agathiceras girtyi Böse and
Perrinites hilli (Smith). He, too, assigned the Blaine a
Leonardian age based on these fossils.

Perrinities was long the standard ammonoid of the Leonard
Formation (Böse 1919, Adams et al. 1939, Glenister and Fur-

nish 1981). However, its youngest records in the Glass Moun-
tains of West Texas are in the stratotype of the Roadian stage,
the Road Canyon Formation, formerly called the “First Lime-
stone” of the Word Formation (King 1931, Clifton 1945, 1946,
King 1947, Cooper and Grant 1964, 1966). There have been
two views of the taxonomy of the Perrinites of the Road Can-
yon Formation. They have either been assigned to P. hilli or to a
separate, more advanced species, P. vidriensis Böse.

Indeed, the most recent revision of Perrinites, by Tharalson
(1984), identifies Perrinites hilli (Smith), which has its type
specimens from the Blaine Formation and is also known from
the Leonardian Choza Formation of the Clear Fork Group, and
P. vidriensis Böse, known from the upper part of the Leonardian
Cathedral Mountain and Skinner Ranch formations and the
Roadian lower Road Canyon Formation. Thus, by Tharalson’s
(1984) taxonomy, Perrinites hilli from the Blaine Formation in-
dicates a Leonardian age.

Jones (1971) agreed with Miller and Furnish (1940) and Clifton
(1942, 1945, 1946) in assigning the Blaine a Leonardian age.
However, he claimed that Skinner (1946, p. 1863) indicated a
Guadalupian age for the Blaine based on the fusulines Para-
fusulina rothi, P. lineata, P. sellardsi and P. deliciasensis found
in subsurface rocks correlated to the San Andres Formation.
Nevertheless, no fusulinids have been reported from the Blaine
Formation, and Skinner merely listed these taxa as coming from
subsurface strata of the San Andres, not the Blaine. Skinner
(1946) did, indeed, correlate the Blaine and San Andres, and,
given that he considered the San Andres to be of Wordian age,
he assigned the Blaine a Wordian age. Nevertheless, this forced
him to regard Leonardian index taxa such as Perrinites hilli
known from the Blaine as “holdovers” (Skinner 1946, p. 1865).

49

Stratigraphy, vol. 1, no. 1, 2004

TEXT-FIGURE 2
Permian marine timescales relevant to this article. The standard global
chronostratigraphic scale (SGCS) is from Wardlaw (1999), as is the nu-
merical calibration, which is tentative. Correlation of the North Ameri-
can and Russian scales to the SGCS is that of Glenister et al. (1992),
Kozur (1995) and Kotlyar (2000).



Thus, a straightforward interpretation of Blaine invertebrate
biostratigraphy indicates it is of Leonardian age.

Recently, DiMichele et al. (2001, p. 450) claimed that the
ammonoids from the Blaine Formation have stratigraphic
ranges that only overlap in Guadalupian strata, and thus suggest
a Guadalupian age for all but the lowermost Blaine. This claim,
however, was based on two oversights. First, DiMichele et al.
(2001) stated that Eumedlicottia burckhardti Plummer and
Scott, a characteristic Wordian ammonoid, is present in the
Blaine, based on the report of Plummer and Scott (1937, p. 19,
20, 21, 397). However, they overlooked that Miller and Furnish
(1940, p. 55) reassigned this record, as well as the Blaine spe-
cies Eumedlicottia crotonensis Plummer and Scott (see Plum-
mer and Scott 1937, p. 19, 21, 82-84, 85, 398, pl. 6, figs. 7-11),
to Medlicottia whitneyi. There are no records of Eumedlicottia
burckhardti from the Blaine Formation.

Furthermore, DiMichele et al. (2001, p. 450) claimed that the
overlap zone of the six taxa of Blaine ammonoids reported by
Clifton (1942) is Wordian, using the range charts of Zhou et al.
(1996). This is incorrect. According to Zhou et al. (1996), the
range of Medlicottia is Sakmarian-Wordian, Propinacoceras is
Artinskian-Wordian, Pseudogastrioceras is Wuchiapingian-
Changshingian, Adrianites is Wordian, Agathiceras is
Moscovian-Wordian and Perrinites is Artinskian-Roadian. Not
only is there no overlap zone of all these taxa, but the taxa
Pseudogastrioceras and Adrianites as used by Zhou et al.
(1996) are vastly revised taxonomically compared to the way
those names were used by Clifton (1942) (B. Glenister, C.
Spinosa, written commun., 2001). Moreover, according to
Miller and Furnish (1940, p. 84, 114), the genera Pseudo-

gastrioceras and Adrianites, as then construed, had
Wolfcampian and/or Leonardian records.

In conclusion, ammonoid biostratigraphy indicates a
Leonardian age for the Blaine Formation. This means that the
vertebrate fossils of the San Angelo, Flowerpot and Chickasha
formations cannot be younger than Leonardian. Given that these
units overlie a thick section of Leonardian strata (upper Wichita
Group and Clear Fork Group), a late Leonardian age for the
Blaine, San Angelo, Flowerpot and Chickasha formations
seems certain (text-fig. 4).

Fusulinids

There is some compelling evidence from fusulinids of the age of
the San Angelo Formation. Thus, Skinner (1946. p. 1863) re-
ported the characteristic upper Leonardian fusulinid Schubert-
ella melonica Dunbar and Skinner from subsurface samples of
limestone beds of the San Angelo Formation (also see
DiMichele et al. 2000). Furthermore, Skinner (1946, p. 1863)
reported the typical upper Leonardian fusulinid Parafusulina
fountaini Dunbar and Skinner from the “Holt Pay,” a limestone
immediately above the San Angelo (= Glorieta) Formation in
Ector County, Texas. Skinner’s (1946) reports, however, were
not documented by illustrations of fossils, but Wilde et al.
(2001) have recently documented the middle-upper Leonardian
fusulinid Parafusulina brooksensis Ross from the “Holt Pay.”
These fusulinid records are consistent with Blaine ammonoid
biostratigraphy, which indicates that the San Angelo Formation,
and its Oklahoma correlatives, are of Leonardian age.

Lithostratigraphic and Event Stratigraphic Correlation

A third way to correlate the Blaine and underlying San Angelo
and correlative units is through a physical stratigraphic correla-
tion across the Midland basin from eastern New Mexico to
north-central Texas (text-fig. 5). This correlation indicates that
the Glorieta Sandstone of eastern New Mexico is equivalent to
the San Angelo Formation, and the base of the San Andres For-
mation of eastern New Mexico represents the same marine
transgressive event as the base of the Blaine (text-fig. 5). A
large literature exists that documents this correlation, and it is
well represented by Page and Adams (1940), Hills (1942,
1972), King (1942) and Mear (1963, 1984). Thus, Hills (1942,
figs. 7-8) presented a correlation of surface and subsurface sec-
tions from southeastern New Mexico across Texas to Oklahoma
showing the correlation of the Glorieta to the San Angelo and
Flowerpot formations and the lower San Andres to the Blaine
and Dog Creek formations. He thus reconstructed the paleo-
geography of Blaine time as a single extensive marine seaway
that covered parts of New Mexico, Texas and Oklahoma and si-
multaneously deposited the San Andres and Blaine formations
(Hills 1942, fig. 5).

In his classic monograph on the correlation of Permian strata in
New Mexico and Texas, King (1942) also advocated the physi-
cal equivalence of the Glorieta Sandstone and the San Angelo
Formation. He cited (p. 694) a personal communication from J.
W. Skinner that Leonardian fusulinids were found in wells in
Borden County, Texas in “beds approximately equivalent to the
Blaine and Dog Creek formations.” King therefore concluded
the Blaine is of Leonardian age. He questioned early workers
(Beede and Bentley 1921, Beede and Christner 1926), who con-
sidered the San Angelo base to be an unconformity, though sub-
sequent authors have generally upheld the presence of an
unconformity at the base of the San Angelo Formation (e.g.,
Ross 1987). King (1942, p. 698-699) also discussed broader
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TEXT-FIGURE 3
Distribution of uppermost Lower, Middle and Upper Permian strata in
Texas-Oklahoma (strata of the Pease River Group and equivalents) and
adjacent areas (after Mear 1984) and principal localities of the San
Angelo, Flowerpot and Chickasha tetrapod assemblages.



problems of correlation based on ammonoids and concluded
that the Blaine and Dog Creek ammonoids are Leonardian.

Correlation of the Blaine and the San Andres has been taken by
some to indicate the Blaine is Guadalupian, despite the
ammonoid evidence to the contrary (e.g., Dunbar et al. 1960).
Fay (1964) well represents this literature. He considered the
Flowerpot, Blaine and Dog Creek to be of Guadalupian age,
and he correlated the Oklahoma Flowerpot to the San Angelo
Formation of Texas and to the Glorieta Sandstone of New Mex-
ico, citing King (1942, p. 695, pl. 2) as the primary basis for the
correlation.

Indeed, most of the problem with determining the age of the
Blaine is derived from a longstanding disagreement about the
age of the correlative San Andres Formation, assigned by some
a Guadalupian age, along with the underlying and intertongued
Glorieta Sandstone. However, recent detailed biostratigraphic
work, especially with conodonts, indicates that the Glorieta and
the lower San Andres are late Leonardian, whereas the upper
San Andres is Guadalupian (Sarg and Lehmann 1986. Kerans et
al. 1993, Fitchen 1993, Sonnenfeld 1993, Lambert et al. 2000).
Conodonts indicate the lower San Andres Formation is in the
Neostreptognathodus sulcoplicatus Zone of late Leonardian
age (Kerans et al. 1993, Wardlaw 1995, 2000).

Thus, the initial San Andres transgression, which is homotaxial
with the Blaine, is Leonardian, and the Glorieta base, which is
disconformable on the Yeso, is equivalent to the base of the San
Angelo Formation (text-fig. 5). Another way to state this is to
recognize that the unconformity at the bases of the Glorieta and
San Angelo is the sequence boundary beneath the lower (or
lower to middle) San Andres sequence that includes the Blaine
(Sarg and Lehmann 1986, Ross 1987, Kerans et al. 1993).
Lithostratigraphic correlation of the San Angelo-Blaine with
the Glorieta-lower San Andres thus is consistent with biostrati-
graphic evidence that the San Angelo and Blaine are of late
Leonardian age.

AGE AND CORRELATION: RUSSIA

Permian tetrapod fossils from the Russian Ural foreland are
from an outcrop belt that extends more than 1500 km north-
south (text-fig. 6). These fossils come from more than 500 lo-
calities, of which approximately 120 are of biostratigraphic
value because they contain identifiable fossils (Golubev 1998).
Virtually all of the localities are in Kazanian or Tatarian sedi-
ments.

Efremov (1937, 1940, 1952, and others) proposed a biostrati-
graphic scheme for the succession of Permian tetrapod fossils in
the Urals region (text-fig. 7). He divided the record into four
zones (although the vertebrate fossils originally assigned to
Zone III were eventually shown to belong to Zone II. Efremov
and Vyushkov (1955) organized this record into two phases or
complexes, dinocephalian and pareiasaurian (text-fig. 7). Sub-
sequent workers little altered this scheme, though it was re-
named by Chudinov (e.g., 1975, 1983) as three assemblages or
complexes— Ocher Deinocephalian or Ochersky, Isheevo
Deinocephalian or Isheevsky and North Dvina Pareiasaur or
Severodvinsky (text-fig. 7). Ivakhnenko (1990a, b, c) and
Ivakhnenko et al. (1997) have proposed new biostratigraphic
schemes that are a reorganization and further subdivision of the
older zonation (text-fig. 7). Critical to this discussion is the age
and correlation of the oldest therapsid-dominated assemblages
in Russia.

Oldest Therapsid Assemblages

The stratigraphically lowest, and hence the oldest, therapsid-
dominated tetrapod assemblage in the Russian section is the
Golyusherma locality (text-figs. 6, 8). It yields a tetrapod as-
semblage of archegosaurids, melosaurids, bolosaurids, capto-
rhinids, leptorophids and primitive estemmosuchud and
anteosaurid therapsids (Konzhukova 1955, Golubev 1992,
1998, Ivakhnenko 1995). The Golyusherma locality can be
lithostratigraphically correlated to the Baitugan horizon at the
base of the Kazanian (Golubev 1998) (text-fig. 8). Thus it is,
without question, the stratigraphically lowest and hence the old-
est, therapsid-bearing tetrapod assemblage in the Russian sec-
tion, and it is of early Kazanian age.

In Bashkirstan, a locality at the Santagulovo Mine (text-fig. 6)
may be equally old. It comes from strata intercalated with basal
Kazanian marine limestones, and yields fragmentary remains of
temnospondyls, the dinocephalian “Brithopus” and phreato-
suchids (e.g., Efremov 1954, Efremov and Vyushkov 1955,
Olson 1962, Modesto and Rybczynski 2000). These specimens
were collected early in mining activities, so their exact strati-
graphic provenance is somewhat uncertain (Olson 1957),
though their association with brachiopod-bearing limestones of
early Kazanian age seems clear. These specimens may be as old
as Golyusherma, but are not older. Thus, the oldest
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TEXT-FIGURE 4
Stratigraphy of Permian tetrapod-bearing formations in Texas-
Oklahoma based on Olson (1962), Hentz (1988) and Hook (1989). The
nomenclature of the Bowie and Wichita Groups of Hentz (1988), on the
right, is contrasted with that of earlier workers, on the left.



therapsid-bearing tetrapod assemblages in the Russian section
are of early Kazanian age.

Slightly younger assemblages include Belebey, Ocher and
Mezen (text-fig. 8), and are some of the classic Kazanian
therapsid-dominated assemblages of the Russian section. They
are of late Kazanian age (e.g., Lozovsky 1992, 2003,
Ivakhnenko et al. 1997, Golubev 1998) (text-fig. 8). These are
the bulk of the Zone I and II assemblages, and they are domi-
nated by diverse therapsids, especially anteosaurids and
anomodonts (also see Ivakhnenko 1990a, b).

Inta Assemblage

In Russia, there is a tetrapod assemblage older than the
Kazanian relevant to this discussion. This is the Inta River as-
semblage from the Pechora basin, well to the northeast of the
classic Kazanian tetrapod localities (text-fig. 6). This assem-
blage is essentially an amphibian fauna originally described by
Konzhukova (1953) and assigned by her to the Early Permian.
Later workers place it in the Sheshminsky horizon of the upper
Ufimian, which means it is earliest Middle Permian in age
(Gubin 1984, 1986, Lozovsky 1992, 2003, Olson and Chudinov
1992, Ivakhnenko et al. 1997, Kotlyar 2000). Indeed, the type
localities of the Inta fauna (Inta and Pechora) are in the upper
part of the Intinskoy svita, a unit of well-established Ufimian
age (Muravyev 1972, Chuvashov et al. 1995, Golubev 1999,
Kotlyar 2000).

Gubin (1998) and Shishkin et al. (2000) noted the similarity of
the Inta amphibians to Upper Pennsylvanian-Early Permian
amphibians in North America and Western Europe. The fauna
is mostly endemic intasuchids and Early Permian holdovers of
eryopoids. Ivakhnenko (1990b) added a captorhinid to the Inta
fauna, but this is actually from Asselian strata on the Mylva
River (Modesto and Rybczynski 2000). Significantly, Inta lacks
therapsids, so it does not extend the Russian therapsid record
back to pre-Kazanian strata.

Global correlation of Ufimian-Kazanian

The volume by Esaulova et al. (1998) includes extensive re-
views of Ufimian and Kazanian nonmarine bivalves, ostracods,
fishes, ichthyoliths, charophytes, macroflora, palynomorphs
and terrestrial vertebrates. Most of these fossils are endemic to
the Russian section and/or are shallow marine or nonmarine
taxa of no value to a corrrelation to the SGCS. Nevertheless,
some marine intervals in the Ufimian and Kazanian strata lo-
cally contain marine fossils useful to their global correlation.

Based on various data, including ammonoids, non-fusulinid
foraminiferans, brachiopods and marine bivalves from the Rus-
sian section, and sequence stratigraphic correlations, the begin-
ning of Roadian time is generally correlated to a horizon within
the Russian Ufimian (between the Solikamsk and Sheshma ho-
rizons); and the Kazanian is correlated approximately to the
Wordian, with some workers regarding its base as upper
Roadian and/or its top as lowermost Capitanian (e.g., Ross and
Ross 1988, 1995, Dickins 1992, Kozur 1992, 1993a, Jin et al.
1994, Leonova 1998, Archbold 1999, Grunt 1999, Pronina
1999, Byakov 1999, Kotlyar 1999, 2000). The most convincing
biostratigraphic data to support, and refine, these correlations
come from conodonts.

Thus, Kozur (1975) described the conodont Stepanovites
meyeni from the Russian Kazanian, and this taxon was reas-
signed to the Wordian-Capitanian taxon Merrillina divergens
(Bender and Stoppel) by Wardlaw and Collinson (1986). More
recently, Chalimbada and Silantiev (1998) reported conodonts
from shallow marine strata of the type Kazanian. These are
from southeast of Kazan along the Kama River and are: (1)
Sweetina triticum Wardlaw and Collinson from the lowermost
Kazanian (Baitugan horizon); and (2) Merrillina divergens
from the upper Kazanian. In North America, Sweetina triticum
has a stratigraphic range of upper Roadian and lower Wordian,
whereas the range of Merrillina divergens is uppermost
Wordian-lowermost Capitanian (Wardlaw and Collinson 1986,
Kozur 1995, Wardlaw 1995, 2000).

Kozur (1998) did not accept reassignment of Stepanovites
meyeni to Merrillina divergens, and he differed on the taxo-
nomic identification of the conodonts described by Chalimbada
and Silantiev (1998). Nevertheless, he did not question that they
indicate a late Roadian-Wordian correlation for the Kazanian.
The conodont data thus are consistent with other data that indi-
cate the base of the Kazanian is no older than late Roadian and
that most of the Kazanian is Wordian. Indeed, the late
Roadian-early Wordian conodont Sweetina triticum occurs in
marine strata of the Baitugan horizon that can be directly corre-
lated to Golyusherma, the oldest Russian therapsid assemblage.
Thus, on the SGCS, the oldest Russian therapsid-bearing
tetrapod assemblages are no older than late Roadian and may be
as young as early Wordian (also see Lozovsky 2003).

CORRELATION: NORTH AMERICA TO RUSSIA

Based on the above discussion, correlation of the youngest
North American and the oldest Russian Permian tetrapod re-
cords can be undertaken based on marine biostratigraphy
(text-fig. 9). The presence of the Illawara magnetic reversal in
the North American Capitanian and Russian Tatarian is consis-
tent with this correlation (e.g., Menning 2001). This correlation
indicates a temporal gap between the youngest North American
pelycosaur-dominated assemblages and the oldest Russian
therapsid-dominated assemblages. This gap is in small part
filled temporally by the Inta assemblage, though it lacks
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TEXT-FIGURE 5
Correlation of Leonardian strata from eastern New Mexico to Oklahoma
(text-fig. 3) (based in part on Simpson 1973, Ross 1987 and Kerans et al.
1993).



therapsids. Neverthless, a hiatus, equivalent to much of
Roadian time, and therefore at least two million years long,
does exist between the American and Russian assemblages, and
has been termed Olson’s gap (Lucas and Heckert 2001).

BRIDGING THE GAP

Other Permian Tetrapod Assemblages

Outside of North America and Russia, can Olson’s gap be
filled? A review of the temporal distribution of Permian tetra-
pods suggests not (text-fig. 10).

South America. Relatively few Permian tetrapods are known
from South America. In the Parnaíba basin of northern Brazil,
Price (1948) described the archegosaurid temnospondyl
Prionosuchus from the Pedra do Fogo Formation and assigned
it an Early Permian age (also see Barberena 1972). Cox and
Hutchinson (1991) re-evaluated Prionosuchus and noted it is a
derived archegosaurid, possibly synonymous with Platyopo-
saurus, a Kazanian taxon. Therefore, they advocated a “Middle
Permian” age for the Pedra do Fogo Formation, though precise
correlation to the SGCS is uncertain.

In the Paraná basin of southeastern Brazil, Middle Permian
tetrapods from the Rio do Rasto Formation are rhinesuchid
temnospondyls, the pareiasaur Provelosaurus, fragmentary
dinocephalians and the dicynodont Endothiodon (Barberena et
al. 1985, Langer 2000). Barberena et al. (1980, 1985) correlated
this assemblage to the South African Cistecephalus Assem-
blage Zone, but Langer (2000) suggested an older age, correlat-
ing it to either the Eodicynodon or Tapinocephalus Assemblage
Zones in South Africa. However, neither correlation suggests
an age older than Kazanian, so no Brazilian tetrapod assem-
blage fills Olson’s gap (text-fig. 10).

Western Europe. Nonmarine Upper Carboniferous and Lower
Permian strata were deposited in Western Europe in a series of
small, intermontane basins during the Variscan orogeny. These
are the Rotliegend sediments that have long been considered
Lower Permian, though Kozur (1984) placed the base of the
Permian in the upper part of the lower Rotliegend. Most of the
tetrapod record here is from the upper Rotliegend and thus is of
Early Permian age (e.g., Werneburg 1989, Boy 1993, Berman
et al. 1997). The stratigraphically highest Rotliegend tetrapod
body fossil assemblage is from the Bromacker quarry in the
Tambach Formation in Germany. Berman and Martens (1993),
Sumida et al. (1996, 1998) and Berman et al. (2001) docu-
mented tetrapods from the Tambach Formation (also see Eberth
et al. 2000), which are the protorothyridid Thuringothyris, the
seymouriamorph Seymouria, the diadectomorph Diadectes, the
trematopid Tambachia and the pelycosaur Dimetrodon. This
assemblage shares taxa with and is approximately equivalent to
the late Wolfcampian Nocona Formation in Texas (Berman et
al. 2001).

Some Upper Permian tetrapods are also known from Western
Europe, especially those from Cutties Hillock Quarry in Great
Britain. Here, the dicynodonts Dicynodon (=Gordonia) and
Pelanomodon (= Geikia), and the pareiasaur Elginia, are pres-
ent (Benton and Spencer 1995). This assemblage is equivalent
to the Dicynodon assemblage zone of the South African Karoo
(Lucas 1998) and thus of Tatarian age on the Russian scale. No
Permian tetrapod assemblage from Western Europe fills
Olson’s gap (text-fig. 10).

China. China’s fossil record of Permian vertebrates is confined
to occurrences of Middle-Late Permian age from two areas of
northern China, the Junggur basin of Xinjiang and the Ordos ba-
sin of Shaanxi, Henan, Gansu and Nei Monggol. Middle-Late
Permian vertebrate fossil assemblages from these areas are
dominated by dinocephalians, dicynodonts and/or pareiasaurs
(Cheng 1981, Lucas 1998). They appear to represent two time
intervals.

The oldest time interval is best known from a quarry developed
in the upper part of the Xidagou Formation at Dashankou in
Gansu. To date, the following taxa have been reported: the
dissorophid temnospondyl Anakamacops petrolicus Li and
Cheng, an Intasuchus-like temnospondyl, the anthracosaurs
Ingentidens corridoricus Cheng and Li and Phratochronis
gilianensis Cheng and Li, the bolosaurid Belebey vegrandis
Ivakhnenko, an undescribed captorhinid, the dinocephalians
Sinophoneus yumenensis Cheng and Li and Stenocybus
acidentatus Cheng and Li, and the “eotitanosuchian” Biseridens
qilianicus Li and Cheng (Li and Cheng 1995a, b, 1997a, b,
1999, Cheng and Li 1996, 1997). Li and Cheng (1995b) corre-
lated this assemblage to the Tapinocephalus Assemblage Zone
of the South African Karoo and Russian Zones I and II. This
correlation is supported by a shared taxon (Belebey) and overall
faunal similarity, and indicates a Kazanian age. The
pareiasaur-dominated assemblages from the Shihezi Formation
in Henan and the Sunjiagou Formation in Shanxi are no older
than the Dashankou assemblage (Li and Cheng 1995b).
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TEXT-FIGURE 6
Distribution of Permian strata in the Russian Ural foreland and location
of key tetrapod localities discussed in the text (after Olson 1962 and
Nalivkin 1966).



China’s youngest Permian vertebrates are principally from the
lower Cangfanggou Group (Quanzijie Formation, Wutonggou
Formation and overlying lower-middle Guodikeng Formation)
in Xinjiang. They are dominated by the dicynodont Dicynodon,
clearly correlate to the Dicynodon Assemblage Zone of the
South African Karoo (Cheng 1981, Lucas 1998) and thus are of
Tatarian age on the Russian scale. No pre-Kazanian Permian
tetrapods are known from China (text-fig. 10).

Incidentally, I reject recent arguments by Angielczyk and
Kurkin (2003) that Dicynodon may not be used to correlate Up-
per Permian strata because cladistic analysis suggests the genus
is paraphyletic. This is because the cladistic analysis of
Dicynodon presented by Angielczyk and Kurkin (2003) only
incorporates a handful of Dicynodon specimens and in no way
analyzes the populational variation characteristic of this well
known and polymorphic genus. Their cladogram thus does not
present a valid analyis of the alpha taxonomy of Dicynodon that
is relevant to the use of the genus in biostratigraphy.

South Africa. The Permian vertebrate record and its biostrati-
graphy in the Karoo basin of South Africa has long provided a
classic succession of Middle to Late Permian tetrapod faunas.
Recent reviews by Rubidge (1995), Smith and Keyser (1995a,
b, c, d) and Kitching (1995) recognize six successive assem-
blage zones based on tetrapods (also see Hancox and Rubidge,
2001). The oldest is the Eodicynodon Assemblage Zone of
Rubidge (1995), and the characteristic assemblage is from the
lower Abrahamskraal Formation. It includes temnospondyls, a
gorgonopsian, the therocephalians Glanosuchus and Alope-
codon, the anomodont Patranomodon, the dicynodont Eodi-
cynodon and the dinocephalians Tapinocaninus and Australo-
syodon.

Taxa from the Eodicynodon Assemblage Zone in South Africa
are among the most primitive members of their groups, espe-
cially the dicynodonts and tapinocephaline dinocephalians
(Rubidge and Hopson 1990, 1996, Rubidge 1993). Thus, based
on stage-of-evolution, the Eodicynodon Assemblage Zone may
be older than the Russian Zone II assemblages, though it is not
clearly older than Zone I, and thus pre-Kazanian. Unfortu-
nately, there is no other way at present to correlate the
Eodicynodon Assemblage Zone directly to the SGCS, though
there is no evidence that it is older than Russian Zone I (text-fig.
10).

Other African Records. Outside of South Africa, other conti-
nental African records of Permian tetrapods are isolated occur-
rences or small assemblages. (1) Taquet (1969) reported the
captorhinomorph Moradisaurus grandis from Niger and as-
signed it a Late Permian age, and Sidor et al. (2003a,b) also re-
ported a “Late Permian” captorhinomorph-dominated
assemblage (including an endemic pareiasaur) from the Moradi
Formation in northern Niger ; (2) Gaffney and McKenna (1979)
reported the captorhinomorph Procaptorhinus associated with
endothiodontids from the Madumabisa Mudstones in Zimba-
bwe (also see Lepper et al., 2000), suggesting correlation in the
range of the Pristerognathus through Cistecephalus Assem-
blage Zones in South Africa; and (3) the temnospondyl
Diplocaulus minimus and the captorhinid Acrodonta irerhi (this
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TEXT-FIGURE 7
Different proposed biostratigraphic zonations of the Russian
Kazanian-Tatarian tetrapod assemblages.

TEXT-FIGURE 8
Stratigraphic distribution of the key Russian Kazanian and Tatarian
tetrapod assemblages (after Golubev 1998, 1999).



taxon also includes elements of a pareiasaur: Sidor et al.,
2003b) are from the lower Argana Group (level T2) in Morocco
(e.g., Dutuit 1988, Jalil and Dutuit 1996). These records may be
of Kazanian age, as Jalil and Dutuit (1996) argued, but the pres-
ence of Diplocaulus, restricted to the Early Permian in the
USA, may indicate an older age. Also, a tetrapod assemblage
correlated to the Dicynodon Assemblage Zone is known from
Zambia (King and Jenkins 1997).

Madagascar. South of the Isalo Massif in southern Madagas-
car, two low-diversity assemblages of temnospondyls (e.g.,
Rhinesuchus) and reptiles (Tangasaurus, Hovasaurus,
Coelurosauravus) are known (e.g., Piveteau 1926). They have
long been correlated to the “Endothiodon” (= Tropidostoma
Assemblage Zone) and Cistecephalus zones of the South Afri-
can Karoo (Piveteau 1926, Wescott and Diggens 1998; Smith
2000).

India. Woodward (1905) and Tewari (1962) described speci-
mens of the temnospondyls Archegosaurus, Actinodon and
Lysipterygium from the “Lower Gondwana” (“Gangamopteris
Beds”) of Kashmir, of probable Early Permian age. However,
Milner (1993) noted these may be younger records of Middle or
Late Permian age. Indeed, Werneburg and Schneider (1996) re-
viewed this temnospondyl assemblage, which is from the
Mamal Formation, and assigned it an Ufimian-Tatarian age

based on intercalated marine invertebrate assemblages, though
a precise age assignment within this broad range apparently
cannot be made (text-fig. 10).

Kutty (1972) and Ray (1999, 2000, 2001) reported a Permian
tetrapod assemblage from the Kundaram Formation in the
Pranhita-Godavari Valley. It includes specimens of
Endothiodon and Cistecephalus, and thus can be broadly corre-
lated to the Tropidostoma and Cistecephalus Assemblage Zones
of the South African Karoo (Werneburg and Schneider 1996;
Ray, 2001). The Indian tetrapod record thus does not bridge
Olson’s gap (text-fig. 10).

Australia. The only Permian tetrapod body fossil from Australia
is the rhytidosteid temnospondyl Trucheosaurus major (Wood-
ward) from the Glen Davis Formation in New South Wales; this
is supposedly a Late Permian (Dzhulfian) record (Warren 1991,
Marsicano and Warren 1998).

Permian Tetrapod Footprint Assemblages

Often, where the tetrapod body fossil record is sparse or absent,
footprints fill the gap. This is not, however, the case with
Olson’s gap, which is overlapped by an even longer gap in the
Permian tetrapod footprint record (text-fig. 11).
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TEXT-FIGURE 9
Correlation of youngest North American and oldest Russian Permian tetrapod assemblages and duration of Olson’s gap.



Early Permian tetrapod footprints have extensive fossil records
in the western USA (especially Texas, New Mexico and Ari-
zona) and in the European Rotliegendes (e.g., Haubold 1971,
1984, 2000, Lucas and Heckert 1995, Hunt and Lucas 1998,
Lucas 2002b, Arduini et al. 2003, Santi 2003). In North Amer-
ica, the youngest Permian tetrapod footprint assemblages are
from the San Angelo and Blaine formations in Texas, and in-
clude tracks of seymouriamorphs and pelycosaurs (Pittman et
al. 1996). More limited assemblages are known from the Rus-
sian Caucasus and Argentina (Melchor 1997, Lucas et al.
1999). Despite some claims to the contrary (e.g., Ellenberger
1983, Santi 2003), there is no compelling evidence that any of
these assemblages is younger than Kungurian on the SGCS, and
most are older (Kozur 1993b; Haubold and Lucas 2001, Lucas
2002b, Cassinis 2003).

Younger Permian tetrapod footprint records are fewer in num-
ber and restricted to relatively young Permian strata. These are
limited records from the European Zechstein, the Karoo basin
in South Africa and the Russian Tatarian (e.g., Haubold 1984,
Haubold and Lucas 2001, Tverdokhlebov et al. 1997), none of
which is older than Capitanian on the SGCS. Indeed, the only
substantial Late Permian tetrapod footprint assemblage, from
the Val Gardena Sandstone in Italy (e.g., Conti et al. 1977), is
directly related to marine strata of Late Permian (Dzhulfian =
Wuchiapingian) age (e.g., Kozur 1993b).

Thus, there is a substantial temporal gap between Early Perm-
ian tetrapod footprint assemblages, and Middle-Late Permian
assemblages, which, at their oldest, may be of Capitanian age
(text-fig. 11). This means that the Permian tetrapod footprint re-
cord does not fill Olson’s gap and reveals an even larger gap of
its own, spanning nearly the entire Middle Permian.

Miscorrelations

About half a century ago, Olson (1955, 1962) believed he had
bridged the gap between the North American and Russian
Permian tetrapod assemblages. Like Efremov (1956), he
thought he had done that with the discovery of the tetrapods of
the San Angelo, Flowerpot and Chickasha formations. This
conclusion was reinforced in Olson’s mind by workers who
considered the Blaine to be Guadalupian (see above), as well as
the palynology of the Flowerpot Formation (Wilson 1962),
which yielded a palynoflora more similar to that of the Euro-
pean Zechstein than to the Rotliegendes.

In his classic monograph on Late Permian tetrapods from the
USA and USSR, Olson (1962) considered the base of the
Kazanian and Guadalupian to be correlative (also see Olson
1975). This is now known to be incorrect. Furthermore, Olson
reviewed at length the data on the age and correlation of the San
Angelo, Flowerpot, Chickasha and Blaine formations and con-
cluded they are Guadalupian in age. This, too, is not correct.
However, given the two incorrect age assignments, Olson con-
cluded that the San Angelo-Flowerpot-Chickasha tetrapods and
the Russian Zone I and II assemblages are correlative (also see
Olson and Chudinov 1992).

Indeed, Olson (1962, p. 156) even went so far as to state that
“vertebrates appear to provide the most reliable evidence for
correlation of North American and Russian Permian.” This, de-
spite the fact that no genera or species were shared between the
American and Russian tetrapod assemblages. Olson (1962,
1975), nevertheless, did point to “paralellism” in the caseids,
some captorhinids and “therapsids,” explicitly equating the
North American caseids Cotylorhynchus and Angelosaurus
with Russian Ennatosaurus, the North American captorhinid
Kahneria with Russian Hecatogomphius and the North Ameri-
can “therapsid” Eosyodon with Russian Syodon. Olson (1955)
also argued that the “gigantism” of the San Angelo taxa found a
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TEXT-FIGURE 10
Global correlation of principal Permian tetrapod-bearing units. See text for discussion.



parallel in equally large Russian Kazanian taxa. In effect, Olson
correlated by evolutionary grades, not by shared genera or spe-
cies (index taxa).

This same correlation has re-emerged recently in the work of
Lozovsky (2001, 2003) who, like Olson, equates the Chickasha
assemblage with the Kazanian tetrapods based on some evolu-
tionary-grade similarities of Chickasha and Russian tetrapod
taxa. Reisz and Laurin (2001) followed suit when documenting
the presence of the reptile Macroleter in the Chickasha Forma-
tion of Oklahoma. They concluded “that the Chickasha Forma-
tion …belongs to the Guadalupian, and that it is equivalent in
age to the late Kazanian, or early Tatarian of the Russian plat-
form” (p. 1231). Based on this mis-correlation of the Chickasha
Formation with the upper Kazanian, Reisz and Laurin (2001)
state that the Macroleter from the Chickasha Formation “is the
first evidence of the northern dvinosaurid-chroniosuchid prov-

ince in North America” and “thus the first direct evidence of
tetrapod faunal interchange between North America and Rus-
sia” (p. 1232). These conclusions, however, should be reconsid-
ered.

Marine biostratigraphy indicates that the Chickasha Formation
is substantially older than the Russian upper Kazanian, so the
records of Macroleter in North America and Russia are tempo-
rally disjunct by millions of years (text-fig. 9). Indeed, based on
a phylogenetic analysis of parareptiles, Modesto (2000; also see
Reisz and Laurin 2001, fig. 10) indicated that a common ances-
tor of Macroleter and Procolophonia must exist in the Early
Permian, so the presence of Macroleter or a similar basal
procolophonomorph in the American Lower Permian is not sur-
prising. Reisz and Laurin (2002), in a reply to a discussion of
their original article by Lucas (2002a), simply reiterated their
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TEXT-FIGURE 11
Global correlation of selected tetrapod track-bearing strata of Permian age (after Lucas 2002b).



correlation of the Chickasha to Mezen, despite the evidence to
the contrary.

EVOLUTIONARY SIGNIFICANCE OF OLSON’S GAP

To this point, I have discussed Olson’s gap as a temporal hiatus
in the Permian tetrapod fossil record. However, Olson’s gap is
also an evolutionary break between two substantially different
global tetrapod faunas. Thus, it is marked by a dramatic remod-
elling of the Permian tetrapod fauna, from pelycosaur domi-
nated to therapsid dominated. A few antecedents of the
therapsid-dominated assemblages of the Middle-Late Permian
are known from the American Permian, including the
Chickasha record of Macroleter already discussed, and the
Leonardian (Artinskian) record of Tetraceratops, possibly the
oldest therapsid (Laurin and Reisz 1996), though this is not cer-
tain (Conrad and Sidor 2001). And, a few elements of the Rus-
sian Kazanian tetrapod assemblages are relicts of groups that
are diverse in the American Early Permian, for example the
caseid pelycosaurs. Nevertheless, there remains a crucial hiatus
in the Middle Permian tetrapod record during which a major re-
modelling of the global tetrapod fauna took place, one for
which a fossil record remains to be discovered.

The idea that three distinct phases of tetrapod evolution can be
recognized in the Permian dates back at least to Romer (1966,
table 2) and has been developed along evolutionary, paleobio-
geographic and/or paleoecologic lines by Bakker (1977, 1980),
Anderson and Cruickshank (1978), Olson (1989) and Olson and
Chudinov (1992), among others. Three phases (variously called
complexes, chronofaunas, dynasties or empires by previous
workers) of Permian tetrapod evolution can be identified. (1)
Early Permian; (2) Middle Permian (Kazanian); and (3) Late
Permian (Tatarian).

Most Early Permian tetrapods are holdovers from the Late Car-
boniferous. They identify a single paleobiogeographic province
(the edaphosaurid empire of Anderson and Cruickshank [1978]
or the edaphosaur-nectridean province of Milner [1993]) from
the southern region of Euramerica close to the paleoequator.
Lepospondyls, anthracosaurs, seymouriamorphs, cotylosaurs
and a variety of pelycosaurs are characteristic Early Permian
tetrapods. These are the tetrapods that precede Olson’s gap.

The first therapsid-dominated faunas appear suddenly during
the early Kazanian, marking what Bakker (1980) aptly termed
the “Kazanian revolution” in tetrapod evolution. The Kazanian
amphibian fauna consists of some Early Permian holdovers
with only a few new appearances (Milner 1990). By the
Kazanian, the diapsid reptiles had diversified into their two
great clades, the lepidosauromorphs (younginids and tanga-
saurids) and the archosauromorphs (protorosaurids and
proterosuchids). Synapsid reptiles numerically dominated
Kazanian tetrapod faunas. Especially abundant were the herbiv-
orous dinocephalians and early anomodonts. Anderson and
Cruickshank (1978) identified the Kazanian fauna as the first
fully terrestrial tetrapod fauna and termed it the tapinocephalid
empire.

The sudden appearance of the Kazanian tetrapod fauna is at
least partially a reflection of Olson’s gap. Modesto et al. (1999)
and Modesto and Rubidge (2000) have recently argued that
anomodont therapsids may have originated in Gondwana be-
cause of the diversity of their most primitive representatives in
South Africa. This interesting idea should be tested by a search
for fossils in Gondwana that will fill Olson’s gap.

Olson’s gap thus marks a major remodelling of the tetrapod
fauna, one that happens suddenly with few antecedents. As
Olson set out to do more than half a century ago, there is a real
need to search for fossils that fill this gap. Only new discoveries
that fill Olson’s gap will provide a reasonably continuous re-
cord of Permian tetrapod evolution.
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