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Abstract The farm Nooitgedacht 68 in the Bethulie
District of the South African Karoo Basin contains strata
that record a complete Permo-Triassic boundary sequence
providing important new data regarding the end-Permian
extinction event in South Africa. Exploratory collecting has
yielded at least 14 vertebrate species, making this locality
the second richest Permo-Triassic boundary site in South
Africa. Furthermore, fossils include 50 specimens of the
otherwise rare Late Permian dicynodont Lystrosaurus
maccaigi. As a result, Nooitgedacht 68 is the richest
L. maccaigi site known. The excellent preservation, high
concentration of L. maccaigi, presence of relatively rare
dicynodonts such as Dicynodontoides recurvidens and
Dinanomodon gilli, and the large size of many of these
Permian individuals makes Nooitgedacht 68 a particularly
interesting site for studying the dynamics of the endPermian extinction in South Africa.
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Introduction
The end-Permian extinction, which occurred 252.6 Ma ago
(Mundil et al. 2004), is widely regarded as the most catastrophic mass extinction in Earth’s history (Erwin 1994).
Much research has focused on the cause(s) of the extinction
(e.g., Renne et al. 1995; Wignall and Twitchett 1996; Knoll
et al. 1996; Isozaki 1997; Krull et al. 2000; Hotinski et al.
2001; Becker et al. 2001, 2004; Sephton et al. 2005), the
paleoecology and paleobiology of the flora and fauna prior
to and during the event (e.g., Ward et al. 2000; Smith and
Ward 2001; Wang et al. 2002; Gastaldo et al. 2005) and the
consequent recovery period (Benton et al. 2004; Smith and
Botha 2005; Botha and Smith 2006; Sahney and Benton
2008). Although the most complete Permo-Triassic
boundary (PTB) sequences are located in marine deposits
(e.g., Clark et al. 1986; Gruszczynski et al. 1989; Jin et al.
2000; Miller and Foote 2003; Racki 2003; Wignall and
Newton 2003; Payne et al. 2004; Lehrmann et al. 2006;
Fraiser and Bottjer 2007; Chen et al. 2007), recent intense
research at nonmarine Permo-Triassic localities has
revealed well-preserved, complete boundary sequences in
the South Urals Basin in Russia (Benton 2003; Benton et al.
2004; Sahney and Benton 2008), Sydney Basin in Australia
(Morante et al. 1994; Morante 1996; Retallack et al. 1998;
Retallack 1999), central Transantarctic Mountains in Antarctica (Retallack and Krull 1999; Retallack et al. 2007),
Raniganj Basin in eastern India (Sarkar et al. 2003), and
especially the Karoo Basin of South Africa (MacLeod et al.
2000; Ward et al. 2000; Smith and Ward 2001; Retallack
et al. 2003; Smith and Botha 2005; Botha and Smith 2006).
The southern portion of the Beaufort Group in the South
African Karoo Basin (Fig. 17.1a) preserves the most complete and best-preserved record of the end-Permian extinction on land (Ward et al. 2000, 2005; Retallack et al. 2003).
Several localities in the Beaufort Group preserve complete
terrestrial Permo-Triassic sequences, but the most widely
known are the section on the farm Bethal (a.k.a. ‘‘Bethel
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Fig. 17.1 a Map of South
Africa showing the location of
the town Bethulie (square) in the
Bethulie District (B) and the town
Graaff-Reinet (square) in the
Graaff-Reinet District (GR). The
farm Bethal (Bethel 763) is
located approximately 20 km to
the south–east of Bethulie, and
the Lootsberg and Old
Wapadsberg passes are located
58 km to the north–east of
Graaff-Reinet. Nooitgedacht 68 is
located 20 km north of the town
Bethulie in the Bethulie District.
b Detailed map showing the
positions of Loskop and Spitskop
on Nooitgedacht 68, Bethulie
District. Numbers are elevation
in meters. C.T. Cape Town,
D Durban, JHB Johannesburg

763’’ on map 3026AD Tampasfontein) in the Bethulie
District (Smith 1995) and sections on the Lootsberg and Old
Wapadsberg passes in the Graaff-Reinet District (Ward
et al. 2000). These sections are well known not only for
their complete preservation of the PTB, but also for their
highly fossiliferous rocks, which have facilitated detailed
regional studies on the paleoecology and paleobiology of
Permo-Triassic tetrapods associated with the extinction on
land (Smith and Ward 2001; Botha and Smith 2006, 2007).
The farm Nooitgedacht 68 in the Bethulie District was
first discovered as a potentially rich fossil locality by the
late James Kitching in the 1970s (Kitching 1977). Johann
Eksteen, a former assistant at the National Museum,
Bloemfontein, also collected several specimens from this
locality during the 1970s. Kitching noted that both Permian

and Triassic strata were preserved on this farm, and he
collected typical Permian vertebrates, including large dicynodonts he identified as Daptocephalus leoniceps and
Lystrosaurus platyceps. Subsequently, the genus Daptocephalus was proposed to be a synonym of Dicynodon
(Cluver and Hotton 1981), but recent work has confirmed
that Daptocephalus is distinct from Dicynodon (Kammerer
et al. 2011). Lystrosaurus platyceps is now considered a
synonym of Lystrosaurus curvatus (Grine et al. 2006).
He also collected typical Triassic taxa comprising the
dicynodonts Lystrosaurus murrayi and L. declivis, and the
archosauromorph Proterosuchus fergusi (formerly Proterosuchus vanhoepeni: Welman 1998). Kitching also recovered the therocephalian Moschorhinus kitchingi (a possible
subjective junior synonym of Tigrisuchus simus according
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to Mendrez 1974; Kammerer 2008) from Dicynodon
Assemblage Zone strata (Kitching’s ‘‘Daptocephalus
Zone’’), and Lystrosaurus curvatus as well as apparent
‘‘Ictidosuchops-like’’ therocephalians from Lystrosaurus
Assemblage Zone strata (Kitching’s ‘‘Lystrosaurus Zone’’).
One of these Ictidosuchops-like therocephalians was reidentified by Fourie and Rubidge (2007) as Regisaurus
jacobi, a therocephalian restricted to the lowermost Triassic
Lystrosaurus Assemblage Zone (Rubidge 1995; Nicolas and
Rubidge 2010).
Moschorhinus kitchingi and Lystrosaurus curvatus are
taxa that have been recovered from both sides of the PermoTriassic boundary and are thus termed PTB markers (Botha
and Smith 2006, 2007). The presence of these taxa, as well
as that of Proterosuchus, which is the first taxon to appear
above the PTB (Smith and Botha 2005), prompted the
authors to revisit Nooitgedacht 68 in order to determine if a
complete PTB sequence was preserved at this locality. New
collecting efforts by the authors during the 2008, 2010 and
2011 field seasons allowed for the measuring of precise
stratigraphic logs and the acquisition of 73 positively
identified new vertebrate fossil occurrences of which 38
were in situ, across a complete PTB sequence. The discovery of any new complete terrestrial PTB sequences is
important as each locality provides fresh insight into the
dynamics of the end-Permian extinction in the South African Karoo Basin.
Institutional Abbreviations: BP, Bernard Price Institute for
Palaeontological Research, University of the Witwatersrand,
Johannesburg, South Africa; NMQR, National Museum,
Bloemfontein, South Africa.

Field Techniques
The farm Nooitgedacht 68 is situated approximately 20 km
to the north of the small town of Bethulie in the Bethulie
District, Free State Province, South Africa. The farm contains two fossiliferous localities; an isolated butte named
Loskop and a large pinnacle named Spitskop, ca. 800 m to
the south-west of Loskop (Fig. 17.1b). Approximately 93 m
of section on Loskop and 42 m on Spitskop were measured
using standard field methods, including Jacob’s staff and
sight level as well as a Munsell geological rock-color chart
(2009 revision). A stratigraphic log was recorded on Loskop
to an accuracy of 10 cm and measured 54 m in total, to the
base of the Katberg Formation (Fig. 17.2a, b). The uppermost 39 m of Loskop comprises coarse sheet sandstone
units exhibiting massive and horizontal bedding typical of
the Katberg Formation and was not studied in detail, as it
was not the focus of the current study. The stratigraphic
positions of all in situ vertebrate fossils were mapped onto
the log in order to assess the faunal turnover across the PTB
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interval at this site. A detailed log was also recorded in the
same manner on Spitskop and measured 42 m in total, also
to the base of the Katberg Formation. Spitskop revealed
similar geological features to those observed on Loskop. In
general, both hills reveal an overall lithology that transitions
upwards from olive-gray siltstones and mudrock interbedded with well-sorted, fine-grained sandstone bodies into
progressively more dusky red, heterolithic mudrock alternating with siltstones and fine-grained sandstones. Higher in
the succession the lithology becomes more arenaceous, with
sandstones becoming coarser-grained and conglomeratic in
places.

Lithostratigraphy of the Permo-Triassic
Boundary Section and In Situ Vertebrate
Records
Ward et al. (2000), MacLeod et al. (2000), Smith and Ward
(2001), Retallack et al. (2003), Smith and Botha (2005) and
Botha and Smith (2006) define the PTB as an interval that
marks the last occurrence of the Late Permian dicynodonts
Dicynodon and Lystrosaurus maccaigi, and associated
facies that comprise ‘‘rhythmically-bedded’’ laminated dark
reddish-brown (2.5YR 3/4) and olive-gray (5Y 5/2) siltstone-mudstone couplets (but see Gastaldo et al. 2009 and
Pace et al. 2009 for differing interpretations). The laminite
beds coincide with a negative excursion in d13C at the
Bethal (Bethulie District) and Lootsberg (Graaff-Reinet
District) sections (Macleod et al. 2000; Ward et al. 2005).
Smith and Ward (2001) initially placed the PTB at the base
of the laminite beds as no fossils had been found within the
beds themselves. Further collecting, however, revealed the
presence of in situ Permian taxa such as Dicynodon and
Lystrosaurus maccaigi and the absence of Triassic taxa.
Consequently, the PTB has been placed at the top of the
laminite beds in more recent studies (e.g., Retallack et al.
2003; Smith and Botha 2005; Botha and Smith 2006).
Following the lithologic descriptions and stratigraphic
interpretations of Retallack et al. (2003), Smith and Botha
(2005), and Botha and Smith (2006), we place the PermoTriassic boundary at Nooitgedacht 68 at the contact
between a thick (8 m at Loskop, 4 m at Spitskop) rubified,
thinly laminated heterolithic mudrock section and a 50 cm
thick siltstone body (Fig. 17.2), below which the last
occurrence of the locally abundant L. maccaigi is documented (Botha and Smith 2007).
Lateral continuity of the strata and continuous sedimentation at Loskop and Spitskop suggests that the slopes
of Loskop and Spitskop are equivalent in age. The similar
faunal assemblages further support this interpretation. To
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b Fig. 17.2 Sedimentological log of Upper Permian and Lower
Triassic strata on a, Loskop and b, Spitskop, Nooitgedacht 68,
Bethulie District, and stratigraphic positions of in situ specimens.
Vertical scale tick marks are in meters. The measured section begins at
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0 m. Numbers in parentheses refer to sections as in text. c conglomerate, KF Katberg Formation, m mudstone, s siltstone, sst sandstone,
PM Palingkloof Member of the Balfour Formation, PTB PermoTriassic Boundary

avoid repetition, and as the strata on Loskop and Spitskop
revealed similar strata with complete PTB sections (as
identified by the description above), the following geological description is based on Loskop as it revealed better
exposures of the PTB.

246 to 27.7 m Interval Below the PTB
(Upper Balfour Formation to Base
of Palingkloof Member)
This facies comprises alternating blocky grayish brown
(5YR 3/2) and very dusky red (10R 2/2) mudrock interspersed with fine-grained, medium to well-sorted sandstone
bodies, one of which contains large-scale trough crossbedding 8.3 m into the section. Rhizocretions are present in
the lower levels of this unit. Further up, a fine-grained,
medium-sorted lenticular sandstone body with a basal scour
surface containing calcareous siltstone clasts interpreted as
reworked pedogenic material, is present on the south-western slope of Loskop, but this feature is absent from the rest
of the slope. At this horizon very dusky red (10R 2/2)
mudrock alternates with minor olive-gray (5Y 3/2) sandstone lenses, and dark brown weathering calcareous nodules
are present. The facies grades upwards into blocky dusky
red (10R 2/2) and olive-gray (5Y 4/1) siltstone representing
a petrocalcic horizon. Very fine cross laminae were
observed in the fine-grained olive-gray sandstone in the
upper levels (approximately 35 m into the section), above
which a 25 cm thick, moderately well-sorted (fine- to
medium-grained) unit with large scale trough cross-bedding
was observed. The uppermost levels of this unit at
approximately 36 m into the section (10 m below the PTB)
comprise a fissile, light olive-gray siltstone (5Y 5/2) periodically interrupted by lenses of fine-grained, light olivegray (5Y 5/2) sandstone.
Vertebrate fossils are abundant, consisting of both isolated loose fragments and well-preserved in situ skulls and
postcrania of the dicynodonts Dicynodon lacerticeps,
Daptocephalus leoniceps, Dinanomodon gilli, Lystrosaurus
maccaigi and the therocephalian Moschorhinus kitchingi.
An articulated skull and anterior skeleton of the therocephalian Ictidosuchoides longiceps (NMQR 3686) was
recovered loose from the lower slope of Loskop approximately 26 m below the PTB. The lithified impression of a
fallen tree trunk (Fig. 17.3b) was preserved in a well-sorted,
very fine-grained sandstone in the lowermost level of this

Fig. 17.3 a Fossilized tree impression. b Close up of fossilized tree
impression. c Fossilized burrow cast found as float on the lowermost
slopes of Loskop, Nooitgedacht 68. Geological hammer = 32 cm
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unit, and was associated with an in situ Lystrosaurus maccaigi skull, NMQR 3706 (approximately 33 m below the
PTB). A fossilized burrow infill was also observed on the
lowermost slopes (Fig. 17.3c). The stratigraphically lowest
vertebrate fossils from Loskop were an in situ Lystrosaurus
maccaigi skull (NMQR 3706) from 33 m below the PTB,
and the lowermost in situ Dicynodon lacerticeps specimen
(NMQR 3943), recorded at 40 m below the PTB.

27.7 to 0 m (Palingkloof Member, Balfour
Formation to PTB)
This interval marks the beginning of a succession of thinly
laminated (heterolithic), dusky red (10R 2/2) mudrock
containing thin olive-gray (5Y 5/2) siltstone lenses overlying a 25 cm thick sandstone bed. Several in situ Lystrosaurus maccaigi skulls were recorded and collected
approximately 6.8 m into this heterolithic succession,
within a dusky red laminated, fissile mudrock overlain by a
50 cm thick olive-gray, planar-bedded siltstone, the base of
which is interpreted as the position of the PTB (Fig. 17.4).
The uppermost occurrence of Lystrosaurus maccaigi at this
locality occurs within this dusky red mudrock, approximately 1.5 m below the base of the thick siltstone bed.

0–8 m Above PTB (Lower Palingkloof
Member, Balfour Formation)
Dusky red and olive-gray laminated mudrock and siltstone
beds continue upward to a 50 cm thick platy siltstone body.
Fine cross-laminae are seen in the uppermost section of this
unit, which also contains in situ bone fragments of Lystrosaurus. Many of these fragments consist of jumbled-up,
disarticulated skeletons. They cannot be identified to species level with any certainty, but most likely represent either
L. murrayi or L. declivis based on the strong ventral elongation of the snout, a short basicranial axis, widely exposed
parietals on the skull roof and the absence of teeth apart
from maxillary tusks. The material lacks the gentle curving
snout seen in L. curvatus and overly large orbits that
characterise both L. curvatus and L. maccaigi (Grine et al.
2006). Furthermore the angle of the orbits is not consistent
with that of L. maccaigi, but appears to be more similar to
that of L. murrayi or L. declivis (Botha and Smith 2007).
This interval is overlain by a very fine-grained, horizontally laminated sandstone. The fissile mudrock extends
further upwards and encompasses a thick massively-bedded
sandstone body, above which in situ Katbergia (Gastaldo

Fig. 17.4 a The Permo-Triassic boundary (PTB) sequence exposed
on the farm Nooitgedacht 68, Bethulie District of South Africa. b The
PTB is positioned at the top of a basin-wide section containing thick
rubified, thinly laminated dusky red mudrock. Fm Formation, PTB
Permo-Triassic boundary

and Rolerson 2008) burrows (probable decapod crustacean,
referred to as callianassid or Macanopsis burrows in previous publications; Smith and Ward 2001; Retallack et al.
2003), ripples, and infilled mudcracks are present.
Approximately 4.5 m into this interval an in situ burrow
cast (field number JB021044) was observed on Spitskop
(Fig. 17.5). The burrow is preserved as a 164 cm long,
siltstone-filled branched tunnel measuring up to 8 cm in
diameter. Most of the main tunnel is preserved only in
outline, but the smaller branch preserves some three-
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small vertebrates. A large (approximately 500 mm diameter) burrow, similar to that described by Modesto and BothaBrink (2010), which contained juvenile Lystrosaurus bones,
was also observed approximately 2 m below the first sandstone of the Katberg Formation.

8–40 m Above PTB (Lower Katberg
Formation)
Approximately 8 m above the PTB the fissile mudrock unit
is replaced by a sheet sandstone-dominated succession,
which continues to the top of Loskop. The base of this
sandstone succession is characterized by a pebble lag.
The horizontally bedded, medium-grained, grayish olive
(10Y 4/2) sandstone bodies are interspersed with olive-gray
and dusky red mudrocks, which contain loose and in situ
Lystrosaurus murrayi and L. declivis fossils. Small broken
fragments of bone within the sandstone bodies and loose
Lystrosaurus sp. preserved in nodules are also observed.
Ripples and infilled mudcracks are present in the lower
levels and a steady increase in occurrence of conglomerates
is observed throughout this unit.

Systematic Paleontology
Fig. 17.5 a In situ fossilized vertebrate burrow cast on Spitskop,
Nooitgedacht 68. Geological hammer 32 cm, b Close up of fossilized
burrow cast. Scale bar 7 cm

dimensionality suggesting that the cross-sectional shape of
the tunnel is oval. The architectural morphology comprises a
downward-oriented, straight, sub-horizontal burrow formed
at a low angle of 30° and penetrates a stratigraphic distance
of 61 cm. A branch extends a distance of 30 cm from the
main tunnel at about 30° from the horizontal plane. The
surface morphology comprises thin elongate ridges, which
are interpreted as scratch marks. They measure up to 3 mm
in width and are oriented longitudinally or tangentially to the
long axis of the tunnel. A longitudinal medial groove running along the base of the tunnel, noted in other burrow casts
of similar size (Miller et al. 2001; Damiani et al. 2003), was
not observed. The burrow signatures, which include a lowangle (30°), diagonally-oriented tunnel with prominent
scratch marks approximately 3 mm in diameter, suggest that
the tracemaker was most likely a small vertebrate (Hasiotis
et al. 1999). Another four in situ burrows of similar size and
morphology were observed on Spitskop at approximately
7 m into the section, just below the first sandstone of the
Katberg Formation and were also most likely created by

This section provides a brief description of vertebrate fossils collected from the study area. Many of these were
collected by the authors during the course of fieldwork for
the present study, but others were collected during previous
expeditions by Kitching and Eksteen. Vertebrate collections
from Nooitgedacht 68 are housed primarily in the collections of the Bernard Price Institute, Johannesburg (BP) and
National Museum, Bloemfontein (NMQR).
Synapsida Osborn, 1903
Therapsida Broom, 1905
Dicynodontia Owen, 1860a
Dicynodontoides recurvidens (Owen, 1876)
Material: BP/1/4027, skull and postcranial elements
collected by J. W. Kitching during the 1970s from Nooitgedacht 68, uppermost Permian Balfour Formation,
Dicynodon Assemblage Zone.
Remarks: This material was originally identified as
Dicynodontia indet. by Kitching (1977), but has recently
been assigned to the kingoriid Dicynodontoides (previously
Kingoria) recurvidens by Angielczyk et al. (2009). The
skull contains several features characteristic of D. recurvidens including a large lateral dentary shelf and closed
mandibular fenestra on the lower jaw, a postcaniniform
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Loskop and Spitskop, Nooitgedacht 68, uppermost Permian
Balfour Formation, Dicynodon Assemblage Zone.
Remarks: Kitching (1977) collected Daptocephalus
leoniceps from Nooitgedacht 68. Daptocephalus leoniceps
was synonymized with Dicynodon lacerticeps by Cluver
and Hotton (1981), but has recently been resurrected by
Kammerer et al. (2011). However, the material listed above
was identified as Dicynodon lacerticeps on the basis of an
anteriorly directed caniniform process, narrow intertemporal region, the absence of nasal bosses and the presence of
tusks (Brink 1986; Angielczyk and Kurkin 2003; Kammerer
et al. 2011).
Daptocephalus leoniceps (Owen, 1876)
Material: BP/1/3985, skull collected by J. W. Kitching
in the 1970s; NMQR 3645, 3942, skulls collected by the
authors from the lowermost slopes of Loskop and Spitskop,
Nooitgedacht 68, uppermost Permian Balfour Formation,
Dicynodon Assemblage Zone.
Remarks: The material was identified as Daptocephalus
leoniceps on the basis of a steeply angled sloping snout, an
anteroposteriorly short premaxilla, a ventrally directed
caniniform process, and a particularly long, narrow intertemporal bar with an extremely narrow median exposure of
the parietals (Kammerer et al. 2011).

Fig. 17.6 a BP/1/4027, Dicynodontoides recurvidens, Permian.
b NMQR 3696, Dinanomodon gilli, Permian in dorsal (b1) and right
lateral (b2) view. Scale bars 5 cm

keel, an embayment anterior to the caniniform process, a
parietal foramen located near the middle of the intertemporal bar and raised above the level of the surrounding
bones, as well as the absence of postfrontals and postcanines (Angielczyk et al. 2009) (Fig. 17.6a).
Dicynodon lacerticeps Owen, 1845
Material: BP/1/4025, 4026, 4028, cranial and postcranial elements collected by J. W. Kitching in the 1970s;
NMQR 1644, 3644, 3664, 3701, 3943, several relatively
complete skulls, collected by J.P. Eksteen in the 1970s and
more recently by the authors from the lowermost slopes of

Dinanomodon gilli (Broom, 1932)
Material: BP/1/5287; NMQR 3696, almost complete
skull, with only left zygomatic arch missing, collected
in situ by the authors from the lowermost slopes of Loskop,
Nooitgedacht 68, uppermost Permian Balfour Formation,
Dicynodon Assemblage Zone.
Remarks: Dinanomodon gilli (formerly Dinanomodon
rubidgei) is similar in appearance to Dicynodon lacerticeps
and Daptocephalus leoniceps. However, NMQR 3696 is
identified as D. gilli on the basis of a ridge on the premaxilla, an extended dorsal process of the premaxilla that
nearly contacts the frontals, a convex dorsal edge on the
external naris, and a long intertemporal region. The premaxilla also tapers more sharply than it does in Dicynodon
(Brink 1986; Kammerer et al. 2011) (Fig. 17.6b).
Lystrosaurus maccaigi (Seeley, 1898)
Material: BP/1/3972, 4052; NMQR 1637, 1639, 1640a,
1641, 1643, 1648, 1650, 1653, 3208, 3641, 3642, 3646,
3647, 3648, 3658, 3663, 3684a, 3687, 3689, 3690, 3693,
3694, 3695, 3699, 3700, 3702, 3703, 3705, 3706, 3708,
3711, 3712, 3713, 3919, 3922a, 3934, 3935, 3936, 3938,
3940. Skulls and associated skeletons in varying stages of
completeness and at various ontogenetic ages, collected by
J. W. Kitching and J. P. Eksteen during the 1970s and
more recently by the authors from the lowermost slopes of
Loskop and Spitskop, Nooitgedacht 68, uppermost Permian Balfour Formation, Dicynodon Assemblage Zone.
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Remarks: The material is assigned to Lystrosaurus on
the basis of a strong ventral elongation of the snout, a short
basicranial axis, widely exposed parietals on the skull roof
and the absence of teeth apart from maxillary tusks (Cluver
1971; Grine et al. 2006; Angielczyk 2007; Fröbisch 2007;
Fröbisch and Reisz 2008; Kammerer and Angielczyk 2009).
It is assigned to L. maccaigi on the basis of relatively large
orbits (compared to L. murrayi and L. declivis) and markedly prominent pre- and postorbital bosses in larger individuals (Brink 1951; Cluver 1971). The facial surface in all
individuals, regardless of size, slopes forward and down
from its junction with the frontal plane, similar to
L. declivis, but differs from the latter species in that the
premaxillary plane lies at a sharper angle and the orbits of
L. maccaigi are more upward and forward facing compared
to L. declivis (Grine et al. 2006). L. maccaigi is a notably
more robust animal compared to the other Lystrosaurus
species, regardless of body size (Fig. 17.7a, b).
Lystrosaurus curvatus (Owen, 1876)
Material: BP/1/3976, skull collected by J. W. Kitching
during the 1970s from Nooitgedacht 68, uppermost Permian
Balfour Formation, Dicynodon Assemblage Zone.
Remarks: Kitching (1977) listed Lystrosaurus platyceps as
one of the Lystrosaurus species collected from Nooitgedacht
68. However, Lystrosaurus platyceps is now considered a
junior synonym of L. curvatus (Grine et al. 2006). The material
is assigned to Lystrosaurus for the same reasons given above
and to the species L. curvatus on the basis of particularly large
orbits, a gently curved snout and the absence or weak development of a frontonasal ridge, longitudinal, premaxillary ridge
and postorbital and prefrontal bosses (Brink 1951; Cluver
1971; Grine et al. 2006) (Fig. 17.7c).
Lystrosaurus declivis (Owen, 1860b)
Material: BP/1/3990, skull and complete skeleton collected by J. W. Kitching during the 1970s; NMQR 1655,
3209, skulls collected by J. P. Eksteen during the 1970s and
NMQR 3688, 3925, 3926, 3929, 3933, skulls collected by
the authors from the uppermost slopes of Loskop and Spitskop, Nooitgedacht 68, Lower Triassic Palingkloof Member,
Balfour Formation, Lystrosaurus Assemblage Zone.
Remarks: The material is assigned to Lystrosaurus for
the same reasons given above and to the species L. declivis
on the basis of a snout that is longer than the length of the
skull roof, prefrontal bosses, a prominent frontonasal ridge,
a longitudinal, premaxillary ridge and the absence of postorbital bosses (Cluver 1971; Grine et al. 2006; Botha and
Smith 2007) (Fig. 17.7d).
Lystrosaurus murrayi (Huxley, 1859)
Material: BP/1/3974, 3975, 3977, 3978, 3979, 4030,
4039, 4040, skulls and skeletons collected by J. W. Kitching
during the 1970s; NMQR 3212, collected by J. P. Eksteen
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during the 1970s and NMQR 3649, 3932, 3937, skulls and
associated postcrania collected by the authors from the
uppermost slopes of Loskop and Spitskop, Nooitgedacht 68,
Lower Triassic Palingkloof Member, Balfour Formation,
Lystrosaurus Assemblage Zone.
Remarks: The material is assigned to Lystrosaurus for
the same reasons given above and to the species L. murrayi
on the basis of a shorter, curved snout compared to other
Lystrosaurus species, the absence of postorbital bosses, the
anterior surface of the snout lying at right angles to the
parieto-preparietal plane and weakly developed prefrontal
bosses, frontonasal ridge and longitudinal, premaxillary
ridge (Cluver 1971; Grine et al. 2006; Botha and Smith
2007) (Fig. 17.7e).
Gorgonopsia Seeley, 1894
Material: BP/1/3982, partial maxilla collected by
J. W. Kitching during the 1970s from Nooigedacht 68;
NMQR 3707, almost complete, laterally compressed skull,
with associated humerus, rib and vertebrae found in situ by
the authors from the lowermost slopes of Spitskop, and
NMQR 4000, complete skull, articulated vertebral column,
pelvic girdle and hind limbs, and disarticulated forelimbs
found in situ by the authors from the lowermost slopes of
Loskop, Nooitgedacht 68, Upper Permian Balfour Formation, Dicynodon Assemblage Zone.
Remarks: Specimen BP/1/3982 consists only of a partial
maxilla and was identified as an indeterminate gorgonopsian
by J. W. Kitching. Specimens NMQR 3707 and NMQR
4000 are identified as gorgonopsians on the basis of the
enlarged, serrated canines, absence of precanines, welldeveloped incisors, reduced number of postcanines, deep
snout, presence of a preparietal bone, far anterior position of
the reflected lamina of the angular which bears a single lateral, non-radiating ridge and lacks a free dorsal margin,
deepened dentary with a well-developed mental protuberance
and a dorsally tapering coronoid process (Brink 1986; Hopson and Barghusen 1986). The specimens are currently under
study and have not yet been assigned to a genus (Fig. 17.8a).
Therocephalia Broom, 1903a
Akidnognathidae Nopcsa, 1923
Moschorhinus kitchingi Broom, 1920
Material: BP/1/3983, large weathered skull collected by
J. W. Kitching during the 1970s; NMQR 1640b, fragmentary skull and postcrania collected by J. P. Eksteen in the
1970s; NMQR 3684, isolated femur; NMQR 3939, complete skull, partially articulated anterior skeleton and disarticulated pelvis and hind limbs, found in situ by the
authors associated with NMQR 4000, a gorgonopsian
skeleton, on the lower slopes of Loskop; and NMQR 3921,
complete skull found in situ by the authors on the lower
slopes of Spitskop, Nooitgedacht 68, Upper Permian Balfour Formation, Dicynodon Assemblage Zone.
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Fig. 17.7 a NMQR 3642, juvenile Lystrosaurus maccaigi, Permian.
b NMQR 3663, adult Lystrosaurus maccaigi, Permian. c BP/1/3976,
Lystrosaurus curvatus, Permo-Triassic. d NMQR 3209, Lystrosaurus
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declivis, Triassic. e NMQR 3649, Lystrosaurus murrayi, Triassic.
Specimen in b in anterior view, all other specimens in left lateral view.
Scale bars 5 cm
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Fig. 17.8 a NMQR 3707, Gorgonopsia., Permian. b NMQR 3686,
baurioid therocephalian Ictidosuchoides longiceps, Permian, in dorsal
(b1) and left lateral (b2) views. c BP/1/3973, skull of the akidnognathid therocephalian Olivierosuchus parringtoni, Triassic, in right

lateral (c1) and ventral (c2) views (scale bars 10 mm). d BP/1/3993,
archosauromorph reptile Proterosuchus fergusi, Triassic. cr ch crista
choanalis, C1 first canine, C2 second canine, I5 fifth incisor, PC4
fourth postcanine, pt b pterygoid boss. Scale bars 5 cm

Remarks: The skulls are identified as Moschorhinus
kitchingi on the basis of enlarged, anteriorly facing external
nares, a vomer that broadly overlaps the vomerine process
of the premaxilla, the contribution of the premaxilla and
maxilla to a fossa for the lower canine on the palatal surface, a blunt crista choanalis and an upper dental formula of
I5:pC1:C1:PC3/4 (5 incisors, one precanine, one canine
and 3/4 postcanines) (Mendrez 1974; Durand 1991).
Additional disarticulated theriodont postcranial material,
NMQR 3684, includes a large proximal end of a femur
(shaft diameter *27 mm) and was also found associated
with a specimen of Dicynodon lacerticeps (NMQR 3701).
The overall size of this femur and comparisons with an
articulated hind limb of Moschorhinus kitchingi (NMQR
3351) allowed a positive identification of the specimen as
M. kitchingi. The presence of Moschorhinus at Nooitgedacht 68 is particularly important, as it is the only tetrapod,
apart from Lystrosaurus and Promoschorhynchus
(Huttenlocker et al. 2011), to have been recovered from
both sides of the Permo-Triassic boundary (Smith and

Botha 2005). It is restricted to the uppermost Permian
Balfour Formation (Dicynodon Assemblage Zone) and
lowermost Triassic Palingkloof Member, Balfour Formation
(Lystrosaurus Assemblage Zone).
Olivierosuchus parringtoni (Brink, 1965)
Material: BP/1/3973 (Fig. 17.8c), partial skull and relatively complete articulated skeleton, lacking the right
manus, left pes, left femur, left ilium, part of the left tibia,
the right tibia and fibula, collected by J. W. Kitching in
1964 from Nooitgedacht 68.
Remarks: BP/1/3973 was initially identified as Ictidosuchops by Kitching (1977) and Fourie (2001), but was later
reassigned to Regisaurus jacobi by Fourie and Rubidge
(2007). These authors based this identification on features
such as the presence of a particularly long lacrimal, the
absence of precanines, the absence of a pineal foramen, the
presence of palatal teeth on the pterygoid boss and an upper
dental formula of I6:C1:PC10 (Fourie and Rubidge 2007).
However, re-examination of the specimen has found that the
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portion of the skull of BP/1/3973 that would have preserved
a pineal foramen is absent (largely weathered away) and the
tooth count has been inflated. Impressions of only four
postcanine roots are visible and there are two subequal
canines positioned directly next to one another (see
Fig. 17.8c1). The correct tooth count is, thus, five incisors,
one to two canines, and four postcanines, consistent with
that of the Triassic akidnognathid Olivierosuchus parringtoni. Likewise, re-examination of the specimen by the
authors could not independently confirm the presence of
pterygoid boss teeth (Fig. 17.8c2), barring an assignment to
Regisaurus, but consistent with Olivierosuchus. Thus, as the
features diagnosing the material as Regisaurus are found to
be equivocal, and no discrete features distinguish BP/1/
3973 from Olivierosuchus, we tentatively reassign the
specimen to O. parringtoni.
Baurioidea Broom, 1911
Ictidosuchoides longiceps (Broom, 1920)
Material: NMQR 3686 (Fig. 17.8b), complete skull and
articulated pectoral girdle and forelimbs collected by the
authors loose from the lower slopes of Loskop, Nooitgedacht 68, Upper Permian Balfour Formation, Dicynodon
Assemblage Zone.
Remarks: Although two small ‘‘Ictidosuchops-like’’
baurioids were reported from the Lystrosaurus Assemblage
Zone by Kitching (1977, p. 96), Ictidosuchoides longiceps
(NMQR 3686) represents the second Permian therocephalian genus, and the first small baurioid, discovered at
Nooitgedacht 68. The material is identified as I. longiceps
on the basis of its long, narrow rostrum, bearing numerous
precanine and postcanine maxillary teeth, concave precanine diastema, subtle rounded antorbital buttress (as in all
baurioids), apparent absence of pterygoid boss teeth and
retention of a pineal foramen [the latter two features distinguishing it from immature regisaurid baurioids in
younger (Lystrosaurus Assemblage Zone) deposits] (Brink
1986). The range of I. longiceps is likely restricted to the
Upper Permian, as most Triassic specimens referred to the
genus were misidentified subadult specimens belonging to
other families (Kammerer 2008; Huttenlocker et al. 2011).
Though found as float, the provenance of this specimen on
the distal slopes of Loskop is likely and consistent with a
Late Permian age, as it could not have drifted to these outer,
low-grade gullies without having been carried.
Baurioidea indet.
Material: BP/1/4021, two almost complete skulls with
articulated anterior skeletons and one articulated hind limb
collected by J. W. Kitching during the 1970s.
Remarks: Aside from Olivierosuchus parringtoni
(above), a second therocephalian was reported from the
Lystrosaurus Assemblage Zone by Kitching (1977). Recent
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study and preparation of the specimen has revealed its
identity as probable baurioid, though a more precise identification is pending. Large orbits compared to the anteroposteriorly short temporal fenestra and a wide intertemporal
region suggest that the specimens represent immature
individuals. The lower jaw, however, is extremely straight
and slender with numerous (8+) small, closely spaced
postcanines. The high tooth count coupled with an apparently well-developed crista choanalis, apparent absence of a
pineal foramen, and a sharp mastoid process may support
their identification as juvenile regisaurid baurioids (Mendrez 1972).
Reptilia Laurenti, 1768
Diapsida Osborn, 1903
Archosauromorpha Huene, 1946
Proterosuchus fergusi Broom, 1903b
Material: BP/1/3993, 4016, skulls with lower jaw collected by J. W. Kitching during the 1970s from Nooigedacht 68, Lower Triassic Palingkloof Member, Balfour
Formation, Lystrosaurus Assemblage Zone; NMQR 3924,
partial skull found loose on Spitskop, Nooitgedacht 68,
Lower Triassic Palingkloof Member, Balfour Formation,
Lystrosaurus Assemblage Zone.
Remarks: The Bernard Price material was originally
identified as the proterosuchid archosauriform Proterosuchus vanhoepeni by Kitching (1977), but that taxon is now
considered to be a junior synonym of Proterosuchus fergusi
(Welman 1998). The material is assigned to P. fergusi
(Fig. 17.8d) on the basis of a narrow and relatively long
pointed snout, a premaxilla which overhangs the lower jaw,
the presence of a large oval antorbital fenestra and a second
antorbital fenestra between the premaxilla and maxilla, a
small posttemporal fenestra and a small lateral mandibular
fenestra on the lower jaw (Welman 1998). NMQR 3924 is
assigned to Proterosuchus on the basis of the skull roof and
tooth morphology. Proterosuchus plays an important role in
Pangaean-scale reconstructions of Early Triassic paleobiogeography as proterosuchids are the first terrestrial vertebrates to appear above the PTB in Karoo-aged basins of
South Africa and Russia (Smith and Botha 2005; Benton
et al. 2004).

Stratigraphic and Sedimentological
Interpretations
The facies succession and fossil vertebrate associations at
Nooitgedacht 68 are similar to those at other PTB sites in
the South African Karoo Basin (e.g., Bethal, Bethulie District; Old Wapadsberg Pass, Graaff-Reinet District; Smith
1995; Smith and Ward 2001; Smith and Botha 2005). The
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sequence changes from drab olive-gray massive siltstone
beds interbedded with well-sorted, fine grained sandstone
bodies to more dusky red heterolithic mudrock and is capped by a facies dominated by massive and horizontally
bedded sheet sandstone bodies with prominent pebble lag
deposits. This transition is interpreted as a change in fluvial
style from an alluvial plain with large, meandering rivers
and expansive lowland floodplains to a network of
ephemeral, braided streams (Smith 1995). We interpret the
interval containing the laminated dusky red and olive-gray
mudrock and siltstone couplets to be the Palingkloof
Member, which also preserves the PTB (as identified by
Smith 1995; Smith and Ward 2001; Smith and Botha 2005).
We place the PTB at the top of the laminated section.
Dicynodon is not as abundant as Lystrosaurus maccaigi at
Nooitgedacht 68. However, similar to Dicynodon, L. maccaigi is restricted to the uppermost Permian and is also
considered to be a biostratigraphic marker of the continental
PTB (Botha and Smith 2007). Significantly, this pattern
remains true even given the local abundance of Lystrosaurus maccaigi at Nooitgedacht 68, which should be expected
to reduce the Signor–Lipps Effect (Signor and Lipps 1982).
In spite of this local abundance, which has fostered greater
sampling (almost doubling the known sample size of
L. maccaigi), this taxon is still not found above the lithostratigraphic marker beds. We thus place the PTB at the
base of a siltstone body within this interval just above the
Last Appearance Datum of Lystrosaurus maccaigi.

Discussion
To date, 112 positively identifiable (38 in situ specimens
from our collecting efforts) vertebrate fossils have been
recovered from Nooitgedacht 68. The presence of numerous
in situ and loose skulls and skeletons of the dicynodonts
Dicynodontoides, Dicynodon, Daptocephalus, Dinanomodon and Lystrosaurus maccaigi on the lowermost slopes of
Loskop and Spitskop, Nooitgedacht 68 confirms that these
strata lie in the uppermost Dicynodon Assemblage Zone,
which is Late Permian in age (Rubidge 1995). Furthermore,
two large, yet-to-be-described specimens NMQR 4000 and
NMQR 3707 (skull lengths both 500 mm), are assignable to
Gorgonopsia, a therapsid group that is restricted to the
Permian, were recovered in situ from the lower slopes of
Loskop and Spitskop, respectively.
Taxa recovered from the upper slopes of Loskop and
Spitskop comprise the Triassic Lystrosaurus murrayi and
L. declivis. Although these species were recovered in situ
during our field expeditions, Kitching (1977) also found
L. murrayi, L. declivis, Proterosuchus fergusi, and
a therocephalian that has now been identified as
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Olivierosuchus parringtoni (previously Regisaurus jacobi,
Fourie and Rubidge 2007) from the uppermost slopes of
Loskop. Our latest field expedition also produced a Proterosuchus fergusi skull from the Lower Triassic Palingkloof Member of the Lystrosaurus Assemblage Zone from
Spitskop. Both Olivierosuchus and Proterosuchus are
restricted to the lowermost Triassic Lystrosaurus Assemblage Zone, and along with the presence of Triassic Lystrosaurus species, confirm an Early Triassic age for the
uppermost slopes of Loskop and Spitskop (Botha and
Smith 2006; Botha-Brink and Modesto 2011).
Due to the continuous sedimentation and gradual transition from typical Permian (greenish gray to olive-gray
siltstone beds with fine-grained sandstone bodies) to Triassic (sandstone rich succession of massive fine-grained
sandstone bodies with gullied basal scours and dark reddish brown or dusky red siltstone beds) strata as has been
noted at other Permo-Triassic boundary sections in the
Karoo Basin (Smith 1995; Smith and Ward 2001; Smith
and Botha 2005), we propose that a similarly complete
Permo-Triassic boundary sequence is preserved at Loskop
and Spitskop on Nooitgedacht 68. Approximately 16 m of
the Palingkloof Member, Balfour Formation is preserved
at Loskop, and an 8 m thick sequence of dusky red laminites, previously referred to as the 3.7 m ‘event bed’
(e.g., Smith and Ward 2001; Retallack et al. 2003), preserves the PTB interval itself. Approximately 19 m of the
Palingkloof Member, with a 4 m thick PTB sequence, is
preserved at Spitskop.
In the southern Karoo Basin, Dicynodon is usually the
most abundant tetrapod recovered from the uppermost
Dicynodon Assemblage Zone, whereas other taxa, including Lystrosaurus maccaigi, are relatively rare. The genus
Lystrosaurus comprises four species in South Africa, viz.
Lystrosaurus maccaigi, L. curvatus, L. murrayi, and
L. declivis (Grine et al. 2006). Lystrosaurus curvatus is the
rarest species, with only a handful of specimens known,
closely followed by L. maccaigi (with only 35 identified
specimens in South African fossil collections). In contrast,
thousands of L. murrayi and L. declivis specimens have
been recovered from the lowermost Triassic Lystrosaurus
Assemblage Zone (J. Botha-Brink personal observation of
museum collections, 2007). To date, Nooitgedacht 68 has
yielded 50 positively identifiable Lystrosaurus maccaigi
specimens, ranging from juvenile (70 mm snout length) to
adult (230 mm snout length), and is consequently the
richest L. maccaigi site known in South Africa. Interestingly, four in situ specimens have been found within the
heterolithic PTB interval itself, which is more than previously recorded from other PTB sites.
The presence of Dicynodontoides recurvidens (BP/1/
4027) at this site is also noteworthy. A recent study on this
taxon confirmed its First Appearance Datum as being in the
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lower Upper Permian Pristerognathus Assemblage Zone
(Angielczyk et al. 2009). However, although its range
extends into the Upper Permian Dicynodon Assemblage
Zone, the upper limit of D. recurvidens has yet to be confirmed as it is a relatively rare taxon, and field notes on
previously collected specimens are not detailed enough to
pinpoint its Last Appearance Datum (Angielczyk et al.
2009). Consequently, it is currently thought to have disappeared before the onset of the end-Permian extinction and is
not considered to be a victim of the event (Angielczyk et al.
2009). Although we do not know the exact stratigraphic
level at which specimen BP/1/4027 was collected, only
46 m of the Upper Permian Dicynodon Assemblage Zone
are exposed at Loskop, with most of the fossiliferous outcrops comprising no more than 34 m, thus the specimen that
J. W. Kitching collected must have been recovered from
somewhere in these strata, which indicates that Dicynodontoides was a victim of the end-Permian extinction.
The recovery of an in situ Dinanomodon gilli specimen
(NMQR 3696) is also significant. Earlier collecting efforts
recovered Dinanomodon from 25 m below the PTB in the
upper Permian Balfour Formation, Dicynodon Assemblage
Zone (Ward et al. 2005; R. Smith personal communication,
2011). However, the specimen collected at Nooitgedacht 68
was found 17 m below the PTB and thus slightly extends
the stratigraphic range of this taxon to closer to the PTB and
confirms that Dinanomodon was also a victim of the endPermian extinction.
The presence of at least 14 species at Nooitgedacht 68
makes this locality the second richest PTB site in South
Africa. The diversity at this site is surpassed only by that at
the well-known PTB locality at Bethal, Bethulie District,
from where at least 18 species have been recovered. The
excellent preservation, presence of rare taxa and overall
abundance of Permian tetrapods at Nooitgedacht 68 indicates that it will be an excellent site to confirm previous
observations made at other PTB sites in South Africa and
will provide insight into the disappearance of Permian taxa
during this mass extinction event.
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