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ABSTRACT—The Burgersdorp Formation in the Beaufort Group of the South African Karoo Basin records a diverse
and rich vertebrate fauna that is referred biostratigraphically to the Cynognathus Assemblage Zone. Recent collecting
efforts, and taxonomic and biostratigraphic studies on this formation, resulted in a proposed subdivision of the Cynog-
nathus Assemblage Zone into three subzones informally known as A, B, and C. Cynodont fossils constitute an important
component of the fauna of the uppermost subzone C of the Cynognathus Assemblage Zone. As in the middle subzone
B, cynognathids, diademodontids, and trirachodontids are represented in subzone C, although the latter group--instead
of Diademodon--is the dominant taxon. The presence of Cynognathus in the faunas of the three subzones confirms that
this genus is the correct choice as the index taxon of the assemblage zone. The large size attained by trirachodontid
specimens from subzone C represents an unusual characteristic. One complete skull measured 160 mm in length, although
fragmentary remains of other specimens indicate even larger sizes. These skull lengths are well above the 100 mm that
characterize trirachodontids recovered from the older subzones A and B. The large size, and particularly the ovoid overall
pattern of the upper gomphodont postcanines allows the assignment of the trirachodontid specimens from subzone C to
Cricodon metabolus, previously known from the Manda Formation in Tanzania. The Cynognathus Assemblage Zone of
South Africa is shown to be the most temporally complete Early-Middle Triassic nonmarine sequence in southern
Gondwana, and is the template against which other sequences of similar age may be compared.

INTRODUCTION

Non-mammalian cynodonts are a clade of therapsids that form
an important component of many Late Permian to Middle Ju-
rassic terrestrial faunas. This group has been intensely studied
taxonomically and phylogenetically due to their close relation-
ship with early mammals (basal Mammaliaformes sensu Rowe,
1988). Cynodonts are also an important source of evidence of the
origin of mammalian traits, including aspects of the feeding
(Crompton and Hylander, 1986; Crompton, 1995), auditory (Al-
lin, 1975; Allin and Hopson, 1992) and locomotor systems (Jen-
kins, 1971), among others.

Cynodont early evolution is particularly well documented in
the rocks of the Beaufort Group (Karoo Supergroup) of South
Africa, where they first appear in the uppermost Permian Bal-
four Formation (Dicynodon Assemblage Zone [AZ]; Kitching,
1995a). They survive the Permian-Triassic extinction event, and
are fairly abundant in the Lower and Middle Triassic Katberg
and Burgersdorp formations (Lystrosaurus and Cynognathus
AZs respectively). Representatives in the Lystrosaurus AZ in-
clude Thrinaxodon, Progalesaurus, Galesaurus, and Platycraniel-
lus (Groenewald and Kitching, 1995; Sidor and Smith, 2004),
while five genera of cynodonts (the maximum for any assem-
blage zone of the Beaufort Group) are recorded in the Cynog-
nathus AZ. Three of these genera, Cynognathus, Diademodon,
and Trirachodon are relatively common, while Lumkuia and Bo-
lotridon are rare records (Seeley, 1895; Haughton and Brink,
1954; Kitching, 1995b; Hopson and Kitching, 2001).

The Cynognathus AZ has recently been the focus of much new
research, which has allowed for a threefold faunal subdivision to
be proposed (Hancox et al., 1995; Shishkin et al., 1995) based
primarily on the spatial and temporal ranges of a number of key
temnospondyl index taxa, and supported to a lesser degree by

their associated faunas. However, research has been concen-
trated on the fauna of the lower and middle subzones (Welman
et al., 1991; Hancox et al., 1995; King, 1996; Damiani, 1999; Gow,
1999; Neveling et al., 1999, 2000, 2001; Damiani et al., 2000;
Renaut, 2000; Groenewald et al., 2001; Hopson and Kitching,
2001; Neveling, 2002; Bender and Hancox, 2004), with little at-
tention paid to the fauna of the upper subzone.

During fieldwork over the past decade, a new tetrapod faunal
assemblage, including cynodonts, dicynodonts, and amphibians,
has been discovered in the rocks of the uppermost 150 m of the
southernmost exposures of the Burgersdorp Formation in the
Bamboeshoek Valley of the Eastern Cape Province (Fig. 1). Al-
though cynodonts are the dominant component of this faunal
association, studies on them have been neglected, and only com-
ponents of the dicynodont (Hancox and Rubidge, 1994, 1996;
Hancox, 1998) and amphibian fauna (Hancox et al., 2000; Dami-
ani and Hancox, 2003) have been described.

The aim of this paper is to present the first account of the
cynodont fauna of the uppermost levels of the Burgersdorp For-
mation (Cynognathus AZ, Subzone C; Hancox et al., 1995). In
particular we provide a succinct description of new fossils of
Trirachodontidae focusing on their tooth morphology and com-
pare them with other members of the family from the Bur-
gersdorp and Manda formations of South Africa and Tanzania
respectively. We furthermore utilize the cynodont fauna of the
Cynognathus AZ to refine the biostratigraphy of the zone, in the
correlation of the continental Triassic, as well as discussing their
potential for global biochronological studies.

Institutional Abbreviations—AM, Albany Museum, Gra-
hamstown; BP, Bernard Price Institute for Palaeontological Re-
search, Johannesburg; NMQR, National Museum, Bloemfon-
tein; SAM, South African Museum, Cape Town; UMZC, Uni-
versity Museum of Zoology, Cambridge.
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AGE OF THE CYNOGNATHUS ASSEMBLAGE ZONE

Although the Cynognathus AZ has been intensely researched
over the years, the age of the biozone has been the subject of
much debate until fairly recently. This is for the most part be-
cause of the misdiagnosis and uncertain taxonomic assessment of
a number of amphibian genera, which have in turn led to incor-
rect correlations. The biozone has variously been regarded as
Late Permian (Cooper, 1982; Johnson, 1994), Early Triassic
(Cosgriff, 1965; Anderson and Anderson, 1970; Chernin, 1978),
late Early Triassic (Anderson and Cruickshank, 1978; Cosgriff,
1984; Battail, 1988, 1993; Lucas, 1998), Middle Triassic (Huene,
1940; Cruickshank, 1986; Ochev and Shishkin, 1989) or Late Tri-
assic (Broom, 1904) in age.

Crucial steps toward the resolution of this conundrum have
recently been made, and careful stratigraphic assessment
coupled with new discoveries has shown that the Cynognathus
AZ actually encompasses the boundary between the Early and
Middle Triassic (Hancox et al., 1995; Shishkin et al., 1995; Han-
cox and Rubidge, 1996; Hancox, 1998, 2000; Damiani and Han-
cox, 2003). Presently, the lowermost subzone A is regarded as
late Olenekian (Hancox et al., 1995; Damiani, 1999; Hancox,
2000), the middle subzone B as early Anisian (Ochev and Shish-
kin, 1989; Hancox, 1998, 2000) and the uppermost subzone C as
latest Anisian (Hancox and Rubidge, 1996; Hancox, 1998, 2000;
Hancox et al., 2000; Damiani and Hancox, 2003).

MATERIALS

Cynodont materials from the uppermost 150 m of the Bur-
gersdorp Formation (Cynognathus AZ, subzone C) are listed in
Table 1. BP/1/5538, 5540, 5542, 5543, 5833, 5835, and 6159 come
from the farm Avilion, while BP/1/5541 and 6102 were collected

from the farm Norwood (Fig. 1). Both farms occur in the Bam-
boeshoek Valley, Sterkstroom District, Eastern Cape Province.

DESCRIPTION

Cynodont material collected from the uppermost Burgersdorp
Formation includes three taxa, Cynognathus, Diademodon, and
a trirachodontid. Cynognathus is represented by an anterior por-
tion of a lower jaw (BP/1/5543; Fig. 2A, B). This specimen has a
canine that protrudes outward, and the first five alveoli of the
postcanines evidence sectorial-shaped teeth. Diademodon is rep-
resented by a partial anterior lower jaw (BP/1/5542) that does
not have the canines directed outward and that features two very
small circular postcanine roots (Fig. 2C). Considering that these
two tiny anterior roots are very close to the canine, it is probable
that they represent the remnant of lost anterior conical simple
teeth (Seeley, 1908; Fourie, 1963). In addition, there is a com-
plete lower jaw (BP/1/5541) that may be assigned to Diademo-
don (Fig. 2D). The incisors do not show serrations, while there is
evidence of serrations on the posterior edge of the right large
canine. A diastema is absent between the incisors and canine,
while a short one is present between the canine and first post-
canine. Ten or eleven postcanines constitute the tooth row, all of
them with their crowns poorly preserved or missing. Most of the
teeth display a circular outline, except for the last two that seem
to be sectorial teeth. The approximate length of the lower jaw
indicates a medium-sized representative of the genus.

Specimens of Trirachodontidae

The most significant feature of the trirachodontid material
from the Sterkstroom District is the large size attained by three
of the specimens (Table 2; Fig. 3) compared with that recorded
from the other subzones of the Cynognathus AZ (Table 3). BP/
1/5540, the only complete skull, measures approximately 160 mm
in basal length (Fig. 3A); BP/1/6102 (a complete snout; Fig. 3B)
probably presents the same skull length, whereas BP/1/5835 (the
anterior portion of the snout and fragments of upper and lower
jaws in occlusion; Fig. 3D) and the snout fragment of BP/1/6159
(Fig. 3C) demonstrate larger individuals. The last specimen in-
dicates that this taxon may have reached more than 200 mm in
skull length, an increase of approximately 50% compared to
trirachodontids from subzones A and B.

The incisors featured in BP/1/5540 and BP/1/6102 have high
crowns with a posterior serrated edge, while the canine has ser-
rations on both anterior and posterior edges (Fig. 4B). BP/1/5540
shows a hypertrophied upper canine, almost reaching the ventral
border of the lower jaw (Fig. 3A). There is a well-developed
diastema between the last upper incisor and the canine. The
crowns of the incisors in BP/1/6102 are very high compared with
those of the postcanines (Fig. 4B). Thus, comparison of the
heights between the fourth incisor and the highest postcanine
resulted in a ratio of 0.42.

BP/1/6102 has nine upper postcanines, with the last two being
sectorials (Fig. 4A, B), while the larger BP/1/6159 shows incom-

FIGURE 1. Locality map.

TABLE 1. Cynodont material from the uppermost Burgersdorp Formation

Specimen Taxa Description

BP/1/5538 Cricodon Posterior portion of snout and orbits, with posterior postcanines well preserved (Fig. 5)
BP/1/5540 Cricodon Complete skull poorly preserved (Fig. 3A)
BP/1/5541 Diademodon Almost complete lower jaw (Fig. 2D)
BP/1/5542 Diademodon Anterior portion of lower jaw (Fig. 2C)
BP/1/5543 Cynognathus Anterior portion of lower jaw (Fig. 2A, B)
BP/1/5833 Cynodontia Fragment of maxilla with canine
BP/1/5835 Cricodon Anterior portion of snout and attached lower jaw, and three fragments of skull and lower jaw in occlusion (Fig. 3D)
BP/1/6102 Cricodon Snout with postcanine tooth row (Figs. 3B, 4)
BP/1/6159 Cricodon Portion of snout and anterior lower jaw (Fig. 3C), associated with many fragments numbered BP/1/5548
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pletely preserved postcanine rows, with nine teeth, all of which
are gomphodont. BP/1/5538, a small-sized individual when com-
pared with the specimens mentioned above, has the last
four postcanines preserved, only the last one being sectorial
(Figs. 5, 6).

The upper postcanine pattern is best observed in BP/1/6102
and especially 5538. There is a broad contact between the ante-
rior and posterior borders of adjacent postcanines. The crown is
ovoid, featuring three cusps united by a transverse crest along
the midline (Figs. 5B, 6A); the labial cusp is higher and more
developed than the central and lingual cusps, the last two being
very close to each other (Figs. 5B, 6A). The best-preserved
gomphodont tooth of BP/1/5538 features, besides the main labial
cusp, small anterior and posterior cingular cusps on the labial
edge (Fig. 6A). In BP/1/6102 there is some indication of the
presence of the accessory labial cusp, but it presence cannot be
confirmed unquestionably. Small cuspules making up the crenu-
lated posterior border are preserved in BP/1/6102, while in BP/
1/5538 there is evidence of a crenulated posterior border, but the
cuspules are worn away. The anterior portions of the preserved
postcanines in the two specimens are worn or poorly preserved,
and it is not possible to observe evidence of cuspules. The last
sectorial tooth in BP/1/5538 is well developed with a main ante-
rior cusp backwardly recurved, and three smaller posterior ac-
cessory cusps that decrease in size posteriorly, extending to

nearly the middle of the crown length (Figs. 5A, 6B). This tooth
is broken close to its base, and this results in an artifact simulat-
ing an external cingulum extending from the middle of the main
cusp to the middle of the first accessory cusp (Fig. 6B).

DISCUSSION

The new cynodont fauna from the uppermost levels of the
Burgersdorp Formation adds a number of parameters to our
understanding of the Cynognathus AZ. First, it has shown that
Cynognathus and Diademodon, typical representatives from the
classical Cynognathus AZ (i.e., subzone B), also reach the
younger subzone C. Second, the records of trirachodontids in the
latter subzone are remarkable because they are of a substantially
larger size than those recovered from the older subzones (Tables
2, 3).

There is some discrepancy about the validity of the Trirach-
odon species acknowledged from subzone B of the Cynognathus
AZ. Hopson and Kitching (1972) synonymised three genera and
five species and placed them in Trirachodon berryi. Afterward,
Kitching (1977) reinstated T. kannemeyeri as a valid species,
while Neveling (2002) agreed with Hopson and Kitching’s (1972)
proposition recognizing only one species for subzone B. Recent
work (Neveling et al., 2000; Neveling, 2002) has shown that a
distinct species of Trirachodon, hitherto undescribed, exist in
subzone A. This species is differentiated from T. berryi based on
its postcanine tooth morphology (Neveling, 2002). In this con-
tribution we recognize one valid species of Trirachodon (T. ber-
ryi) for the subzone B and an unnamed second species for the
subzone A. A more extensive treatment of the taxonomy of the
Trirachodontidae will be addressed in a forthcoming contribu-
tion. In addition to the Karoo species, Cricodon metabolus
(UMCZ T 905) from the Manda Formation in Tanzania (Cromp-
ton, 1955), Sinognathus gracilis from the Chinese Upper Ermay-
ing Formation (Sun, 1988), and the recently described Neotri-
rachodon expectatus from the Donguz Formation in Russia (Ta-

FIGURE 2. Cynognathus and Diademodon specimens from subzone C of the Cynognathus Assemblage Zone. A, BP/1/5543, dorsal, and B, lateral
view of the anterior portion of the lower jaw of Cynognathus. C, BP/1/5542, anterior portion of the lower jaw in dorsal view of Diademodon; D,
BP/1/5541, lower jaw in dorsal view of Diademodon. Scale equals 3 cm.

TABLE 2. Measurements of Cricodon specimens from Subzone C of
the Cynognathus AZ (in mm); * incomplete row

Skull
length

Incisors+canine
length

4th incisor
height

Canine
height

Postcanine
row length

BP/1/5540 160 42 16 31
BP/1/5835 52 15 37
BP/1/6102 44 13 36
BP/1/6159 46*
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tarinov, 2002), are the other nominated species included in the
Trirachodontidae. To these should be added isolated teeth com-
ing from the Yerrapali Formation of India (Bandyopadhyay and
Sengupta, 1999), a series of skulls from the Omingonde Forma-
tion of Namibia (Smith and Swart, 2002) and a taxonomically
dubious record from the Redonda Formation in the United
States (Lucas et al., 1999).

Three cusps forming a transverse crest in the middle of the
tooth and a series of cingular cusps located in the anterior and
posterior margin of the tooth characterize the gomphodont post-
canines of trirachodontids. This pattern is quite similar in upper
and lower teeth, but the latter differ in having a more ovoid (i.e.,
less expanded bucco-lingually) postcanine shape. Variations in
the upper gomphodont crown morphology can be observed be-
tween different trirachodontids. Trirachodon berryi features a
crown that is ellipsoid (i.e., more expanded bucco-lingually; Fig.
7B), with bucco-lingual (b-l)/antero-posterior (a-p) ratio in the

widest postcanines ranging between 0.40 and 0.50. A similar el-
lipsoid condition seems to be present in the poorly preserved
postcanines of Sinognathus (Sun, 1988:fig. 4). On the other hand,
the undescribed species from subzone A of the Cynognathus AZ
shows an almost circular outline of the gomphodont upper post-
canines (Fig. 7A). In the holotype and single specimen of Cri-
codon metabolus (UMCZ T 905) they are less expanded bucco-
lingually than in T. berryi resulting in an ovoid tooth (Crompton,
1955; Fig. 7C). In C. metabolus, one postcanine has a b-l/a-p ratio
equal to 0.46, while in the remaining upper teeth the ratio ranges
between 0.52 and 0.55.

The ovoid condition of the upper postcanines in BP/1/6102
(b-l/a-p ratio between 0.52 to 0.53 in the posterior postcanines)
and BP/1/5538 (b-l/a-p ratio 0.63) closely resemble the pattern
that characterizes Cricodon metabolus (see Figs. 6 and 7). In
both T. berryi and C. metabolus the central and lingual cusps of
the transverse crest are close to each other, being slightly closer
in C. metabolus and in BP/1/5538 (Figs. 6, 7B, C). The proximity
of the central and lingual cusps is particularly interesting because
the same pattern is recorded in all the traversodontid cynodonts
featuring three cusps in the transverse crest (Abdala and
Ribeiro, 2003). Another interesting feature in trirachodontids is
the development of the anterior dentition with incisors showing
crowns notably higher than those of the postcanines. The ratio
(0.42) between the height of the fourth incisor and the highest
postcanine of the row in BP/1/6102 shows the postcanine crown
height to be lower than the middle of the incisor height. The
same ratio in smaller specimens of trirachodontids from subzone
B, such as NMQR 3280, was 0.61.

The skull of C. metabolus is fragmentary, but the preserved
mandibles suggest that this species may have reached 150–160
mm in length, thus approaching the size of the smaller trirach-
odontid specimens from the subzone C. The extensive record of
Trirachodon in the older subzones A and B show only smaller
sizes (ca. 100 mm). Trirachodon berryi from subzone B is known
from a minimum of five sites (Kitching, 1977), some of them, e.g.,
Winaarsbaken, presenting hundreds of individuals.

Given the above-mentioned similarities in their overall post-
canine shape, we consequently assign the subzone C trirach-
odontid specimens to C. metabolus. In addition, the larger size of
the trirachodontids from the subzone C is compatible with the
150 or 160 mm of skull length estimated for the Tanzanian spe-
cies.

CORRELATION OF THE FAUNA

Although the fauna of the uppermost Burgersdorp Formation
(Cynognathus AZ, subzone C) is the least well documented of
the three subzones, it is now known to comprise the cynodonts
Cynognathus, Diademodon, and Cricodon, the dicynodonts An-
gonisaurus (Hancox and Rubidge, 1994, 1996), an undescribed
shansiodont (Hancox, 1998), and the mastodonsaurid amphibian
Paracyclotosaurus (Hancox et al., 2000; Damiani and Hancox,
2003).

TABLE 3. Skull length of the largest Trirachodon specimens from sub-
zones A and B of the Cynognathus AZ and Sinognathus from the upper
Ermaying Formation, China (in mm).

Skull Length References

BP/1/4661 *87
BP/1/4658 99
AM 461 *100 Seeley (1895)
NMQR 3255 100
NMQR 1349 *102
BP/1/5362 113
Sinognathus 121 Sun (1988)

*Estimated.

FIGURE 3. Large-sized trirachodontid specimens from subzone C of
the Cynognathus Assemblage Zone. A, right lateral view of BP/1/5540;
B, left lateral view of BP/1/6102 (see also Fig. 4); C, palatal view of the
skull and dorsal view of the mandibular fragment of BP/1/6159; D, an-
terior portion of the snout (right), lateral view of upper and lower jaw in
occlusion (center), and medial view of upper and lower jaw in occlusion
(left) of BP/1/5835. Arrows indicate occluding postcanine teeth. Silhou-
ettes of the postcanines are shown. The fragment in the center represents
the two last postcanines of the row, with the sectorial pattern in the
penultimate tooth clearly visible. Abbreviations: c, canine; o, orbit. Scale
equals 3 cm.
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Based on the co-occurrence of the dicynodont Angonisaurus
(Cox and Li, 1983) and the gomphodont cynodonts Diademodon
and Cricodon (Crompton, 1955), subzone C may be directly cor-
related with the fauna from the Manda Formation of Tanzania,
East Africa (Fig. 8). The Manda Formation fauna is variously
considered as Anisian (Cox, 1991; King, 1993), uppermost
Anisian (Cox and Li, 1983), and ?upper Anisian (Cruickshank,
1986). In addition, there are suggestions that the fauna from the
Manda Formation could be represented by more than one age
(Boonstra 1953; Charig, 1963; Gay and Cruickshank, 1999). This
idea is also strongly supported by the notable differentiation of
the traversodontid cynodont from that formation (Crompton,
1955, 1972; Hopson, 1984; Abdala and Ribeiro, 2003). These
putative Manda faunas may contain not only components of sub-
zone C fauna, but also a slightly younger fauna as well (Fig. 8).

The presence of Paracyclotosaurus within the subzone C as-
semblage allows for it to be directly correlated with the Denwa
Formation of the Satpura Basin, India, and the Ashfield Shale of
the Wianamatta Group of the Sydney Basin, Australia (Fig. 8;
Damiani and Hancox, 2003). The upper fauna of the Denwa
Formation from India is considered as lowermost Anisian, based
on the presence, in its upper part, of a brachyopid amphibian
most similar to Hadrokkosaurus (�Vigilius; Warren and Marsi-
cano, 2000), which is known from the Holbrook Member of the
Moenkopi Formation of U.S.A. (Bandyopadhyay and Sengupta,
1999). The presence of the mastodonsaurid Cherninia denwai
(� Parotosuchus denwai of Bandyopadhyay and Sengupta, 1999;
Damiani, 2001a) and in particular, Paracyclotosaurus crook-
shanki (�Parotosuchus crookshanki of Bandyopadhyay and
Sengupta, 1999; Damiani, 2001b; Damiani and Hancox, 2003) in
the Denwa Formation indicate that a younger age (i.e., latest
Anisian) is also possible for this unit (Damiani, pers. comm.).
The Wianamatta Group is dated as Anisian-Ladinian on the
basis of palynomorphs and plant macrofossils (Warren and Mar-
sicano, 1998). The Ashfield Shale occurs at the base of the Wi-
anamatta Group and is probably late Anisian in age (Damiani
and Hancox, 2003).

Although it shares a number of taxa with the Cynognathus
Subzone C, correlation with the fauna of Omingonde Formation
of Namibia is less clear-cut. The Namibian sequence contains the
dicynodonts Kannemeyeria cristarhynchus and Dolichuranus, as
well as numerous cynodont taxa including Cynognathus, Diade-
modon, Titanogomphodon, and Trirachodon (Keyser, 1973;
Smith and Swart, 2002), with the last genus being particularly
abundant in the fauna of the upper part of the Upper Omin-
gonde Formation (Smith and Swart, 2002). It is significant that
the Trirachodon specimens from Namibia, like Cricodon from
subzone C and the Manda Formation, attain a larger size than
specimens from the older Cynognathus subzone faunas. The Up-

FIGURE 5. Trirachodontid specimen BP/1/5538. A, lateral view of the
snout fragment;. Arrow indicates sectorial postcanine. B, stereopair
showing the postcanine pattern. Abbreviation: o, orbit. Scale equals
1 cm.

FIGURE 6. Trirachodontid specimen BP/1/5538. A, occlusal view of
the last right gomphodont postcanine; posterior cingulum is from BP/1/
6102; labial, left; anterior, top. B, lateral view of the right sectorial post-
canine; anterior, right. Abbreviations: aalc, anterior accessory labial
cusp; cc, central cusp; lic, lingual cusp; mlc, main labial cusp; palc, pos-
terior accessory labial cusp; pc, posterior cingulum. Hatched pattern in-
dicates wear.

FIGURE 4. Trirachodontid specimen BP/1/6102. A, stereopair of the palatal view; B, stereopair of left lateral view. Scale equals 3 cm.
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per Omingonde fauna, however, seems to have components of
both subzones B and C of the Cynognathus AZ. Thus, the dicy-
nodont Kannemeyeria and the erythrosuchid archosaur Erythro-
suchus are known only in the older subzone B. The taxon Kan-
nemeyeria cristharhynchus from the Omingonde beds (also
known from the Ntawere Formation of East Africa, Keyser and
Cruickshank, 1979) is, however, thought to be more advanced
than the subzone B Kannemeyeria simocephalus (Renaut, 2000).
An intertemporal bar collected in subzone C (BP/1/5536) may be
assignable to Dolichuranus, directly linking these two faunas
(Fig. 8). Smith and Swart (2002) also report the possible presence

of the traversodontid Massetognathus, which is only known in
the younger Ladinian faunas from South America (Abdala and
Giannini, 2000). The traversodontid from Namibia constitutes,
together with those from the Zambian Ntawere and Tanzanian
Manda formations, the oldest traversodontids from Africa, and
another indication that this group may also be present in the
uppermost Cynognathus AZ.

In the upper Fremouw Formation of Antarctica, the faunal
evidence is far less abundant and very fragmentary (Hammer,
1988, 1990, 1995). Four fragments of lower jaws of cynognathids
and a large cranial fragment with teeth of a diademodontid rep-
resent the fauna at the Gordon Valley locality. In the last case,
the postcanine pattern of the dentition is not preserved, and
Hammer (1995) suggests a possibly close relationship to Titano-
gomphodon from the Omingonde Formation based principally
on size. A maxillary fragment attributed to a kannemeyeriid
dicynodont and amphibian remains that may be referable to
Parotosuchus (Damiani, 2001b) or a more derived mastodonsau-
rid genus (Damiani, pers. comm.) are also parts of the Antarctic
fauna (Hammer, 1990). The amniote fauna of the Upper Fre-
mouw Formation is normally correlated with the traditional
fauna of the Cynognathus Assemblage Zone (i.e., subzone B;
Fig. 8), although generally considered to be slightly younger
(Hammer, 1990; Hancox, 1998). In addition, Farabee et al.
(1990) assigned an Anisian age to the Upper Fremouw Forma-
tion, based on palynological data.

Some comments will be addressed here about how our results
relate to and influence the proposed land-vertebrate faunach-
rons (LVFs) for Triassic tetrapod faunas recently advanced by
Lucas (1998, 1999a). He proposed the Nonesian LVF that is
largely based on the fauna of the classical Cynognathus AZ and
begins with the first appearance datum (FAD) of the cynodont
Cynognathus at the base of the Olenekian, and ends with the
FAD of the dicynodont Shansiodon at the Olenekian/Anisian
boundary (Lucas, 1998:fig. 14). Based on the presence of the
temnospondyl genera Aphanerama and Parotosuchus, Lucas
(1998) correlated the Nonesian LVF with the Olenekian. How-
ever, as Lucas (1998) himself pointed out, the biochronological
value of Parotosuchus was unstable due to taxonomic uncertain-
ties, and Damiani (2001b) has subsequently reassigned many of
the species previously considered to be Parotosuchus to other
genera. In addition, the fauna of amphibians and archosauri-
forms associated with the oldest record of Cynognathus (i.e., the
fauna of subzone A of the Cynognathus AZ) indicates a latest
Olenekian age as the FAD of Cynognathus in the South African
Karoo Basin (Hancox, 2000; Hancox and Rubidge, 2001; Dami-
ani and Hancox, 2003). If characterized by the FAD of Cynog-
nathus, the Nonesian LVF should be correlated to the late Ole-
nekian of the standard global chronostratigraphic scale and ex-
tend into part of the Anisian, thus including subzones A and B of
the Cynognathus AZ (Fig. 8). The Perovkan LVF begins with the
FAD of the dicynodont Shansiodon and ends with the FAD of
the amphibian Mastodonsaurus, encompassing the entire
Anisian (Lucas, 1998:fig. 14, 1999a) or the Anisian and part of
the Ladinian (Lucas 1999b:fig. 2). Among the Perovkan LVFs is
included the fauna from the Tanzanian Manda Formation
(termed ‘lower Manda’ by Lucas, 1998:361), here correlated with
subzone C of the Cynognathus AZ. Connected with the temporal
adjustment for the Nonesian LVF discussed above, the Perovkan
LVF would begin in the latest Anisian and would include sub-
zone C fauna of the Cynognathus AZ, based on the occurrence
of the dicynodonts Angonisaurus and a shansiodontid, and of the
cynodont Cricodon.

If the definition of index fossils as proposed by Lucas (1998)
were strictly applied, the changes in the biostratigraphy of the
Cynognathus AZ here advanced would imply that the cynodonts
Cynognathus and Diademodon are no longer useful as index taxa
for the Nonesian LVF of Lucas (1998, 1999a). However, some

FIGURE 7. Gomphodont postcanine shape in Trirachodontidae; all
correspond to right teeth; labial, left; anterior, top. A, Trirachodon sp.
from subzone A of the Cynognathus AZ (NMQR 3255); B, Trirachodon
berryi from subzone B of the Cynognathus AZ (SAM PK 171); C, Cri-
codon metabolus from the Manda Formation (UMCZ T 905).

FIGURE 8. Stratigraphic chart indicating the temporal range of the
Cynognathus AZ and faunal correlations proposed for Subzone C of the
Cynognathus AZ on the basis of shared taxa. The right column proposes
the amendments for the land vertebrate faunachrons Nonesian and
Perovkan established by Lucas (1998). Abbreviations: Ans, Anisian; Ol,
Olenekian. Time scale based on Ross et al. (1994).
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uncertainty exists regarding ‘index fossil,’ as it is not consistently
applied throughout Lucas’s (1998) proposition (i.e., the cy-
nodont genus Exaeretodon, an index fossil for the Berdyankian
LVF, is also cited for faunas of the Otischalkian and Adamanian
LVF’s). In addition, the status of Trirachodon as an index fossil
for the Nonensian remains doubtful until more detailed taxo-
nomic studies on the Namibian trirachodontids are made.

In conclusion, interbasinal correlations suggest an Anisian age
for the fauna of the Cynognathus Subzone C, with some evidence
implying a late Anisian age. The Cynognathus Assemblage Zone
as a whole would therefore range from the late Olenekian to the
late Anisian. Taking into account the non-marine faunachrons
proposed by Lucas (1998), the subzones A and B of the Cyno-
gnathus AZ are considered as part of the Nonesian LVF, while
the younger subzone C is included in the Perovkan LVF.
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