k. U

being % 1.5em. Wavelengths of between 4-17em are recorded, giving aripple index
of between 8-30. Rib and furrow structures are not ecommon. Facies Sr commonly
oceurs as rippla drift-lamination (Walker, 1963) and as superimposed in-phase ripple
sets.

Facies Sr is known to form by the migratien of ripple trains, as well as by lowar
flow regime deposition on point and lengitudinal bar tops, during waning flood and
slack water conditions {Jepling & Walker, 1968). Ripple cross-laminated sets
without drift are interpreted as aggrading ripple bedforms generated under low flow
velocities from suspended lood (Allcn, 1971). Those that display drift represent
current ripplos and tend te have woell defined stoss and lee faces. Thoso represent
incroased current veloeity ever these without drift and a higher suspended/bedlead
ratio (Jopling & Walker, 1968). The rippie index normally falls within the current
ripple field of Reineck & Singh (1978), although the lower values sometimes plot
in the overiap ficld and may be due te wind gencrated wave action in shallow pools
of water.
23.1.2 Fine Facios (F)

Following Jopling & Walker (1968), Sta .~ {1980}, Miall (1977, 1878, 1936) and
Reading {(1996) the torm fines is used to includy the mudstones, siltstones and
interealated very fine-grained sandstenes. Soils and pedogenic carbonate, formed
by post depesitional modification of thoso lithelegies, are also included. The
following facies are represented in the Burgarsdorp Formation.

a) Maasive {Fml)

The massive fines facies (Fig.2.11) ineludes unstratified to massive mudstone and
giltstone, without sail altoration or major bisturbation. This facies typically forms
units ranging from 1.0m to 30m in thickness. Fassil romains are rare but are usually
well preserved ond inglude disartieulated therapsid and amphibian posteranial
elomenta as well as fragmontary tharapoid, archosauwriform and amphibian cranial
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remains. These deposits reprosent fairly rapid suspended load settling in quite
water settings, cither following inundation of the fleodplain, or by normal
susponded load deposition of fines in standing bodies of water. The massive
apnearance of this facies has w the past also been attributed to bioturbation and
diagenctic chemical and physical aiteration (Reinesk & Singh, 1873},

b)  Ripple lominated  (Fr)

Ripple cross-laminated siltstones and fine grained sandstones form thin sots

{<30cm] intersporsed within the massive mudstones. Sets tead to have sharp, flut

basos and rippled tops, which may preserve mud venccrs, er show a gradational

change to mudstone. They are intornally structured by micro-cross laminae with ~—
individual laminae between 1-2mm. This facies is often intensoly bieturbated and |
may presorve root casts and fossil bone. Facies Fr is here postulated to represent
quite water conditions of sedimentation en bar tops within ehannels, in abandoned
channel tracts and on splay tops during waning overbank flow.

P

'

¢}  Herizontally laminated  (Fh

Horizentally laminated fines {Fig.2.12) are rare in the roeks of the Burgersderp
Formatien and form thin (<€ 1m), laterdlly inextensive {<€50m) units which eften
grade up into facics Sm. They are frequently greenish grey (5G 6/1) te groyish red
purple (BRP 4/2) in celour and are theught to represent suspended load settling in
small peels and pends.

¢}  Palegpgols  (Fs)

Preserved fossil soils {paleosels) form only a minor companent of the stratigraphic
suseossion of tho Burgersdorp Formation, Thoy are however vory important for the
wealth of dota they provide regarding the processes operating during their
formation, as well as for their encloged {assail content. In particular, they provide
a groat amoeunt of information about floedplain aceretien rates (Leeder 1978), the
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prevailing palaeoclimate and groundwater levols during the generation of the
sequence.

Paleosol development in the Burgersdorp Formation is sporadic and of a very
localised nature. Palaeosols do not normaily form units more than a few metres
thick and a few hundred metres in lateral extent. Three distinet paleesol types are
recegnised within the Burgersdorp Formation. These three palacosel types are
stratigrephically  rtitioned, with type | restricted to the lower part of the
Formation and types Il and il eceurring only in the middle and upper parts.

Type | polacosoels are characterised by: the occurrence of woll developed calcic
harizons; a crumbly weathering texture; locally developed colour meottling; and
being sporadically distributed with limited lateral extent (% 100m). Coalesced
galcareous nadular horizons alse aceur, which tend to weather to a dusky brown
(8YR 2/2) colour. Rhizocretions are common and occur in two distinct size
fractions. The first oecur vertically orientated in the palacosel, as individual root
casts up to Tem wide and 5em long (Fig.2.13a). The second type are horizentally
orientated and may bo up to 4.5am wide and 40-50 em in length (Fig.2.13b). Thoy
have a distinet rugese surfaces, with thin, straight to sinuous ridges running aleng
their lengths. This seecond type of rhizelith is identical to forms deseribed by Smith
& Kitching (1997) from the upper palacesel of the Trityfoden ACME Zone {upper
Elliot Formatien), which they interproted as elear evidenco af plant colenisation and
contemporancous podogenie oncrustation of seme of the reots with caleium
garbonate.

Radial aggregates of the suiphate mineral barytes (BaS0,) (Appendix 6) aro known
from this soil type in the north of the basin. These barytes nodules have three
distinet morphelogies (Fig.2.14a), oceurring as either: smeoth surfaced spheres (up
te 2em in diometer), with fibrous erystal aggregates radioting from the cora of the
gahers; sinooth to irregular surfaced, plate-like coaleseed nodular sheets, with
paraliel crystals radiating from the gentral mid-line (Figs.2.144,b); or nodules with
convoluted surfaces (Fig.2.14a) formed by uregular coaleseed eggregates of
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g " | famellar and fibrous mosses. Their eceurrense in discrete hotizons, and the
intergrowth of the crystals into the surrounding mudrock (Fig.2.14¢) suggosts in
| situ growth cither during pedogenic medification, or via hydrothermal spring
activity. Quartz psevdomorphs of gypsum rosettes are reported by Groenowald
{1996, pers.comm.) for this facies type from tho lower Burgersdorp Formatien,
however none were documented during this study. Fossil rtemains include numerous
coprolites, as well as very weathered and fragmentary skulls, teoth and isolated
posteranial remains, predominantly of amphibians and archesauriformes. These
palaeosol horizons are thought to have formed under semi-arid to truly arid
conditions, with slow rates of flocdplain aggradation, similar to those described by
Smith {1998) for tho Lystresaurus Assemblage Zone.

} Typo !t and Il palaeosols oceur oxclusively within the middle and upper part of the

g ';' Burgersdorp Formation. Typo Il palacosels are fermed within light olive groy (8Y
§/1) siit- and mudstones which have a marked absence of greyish red (YR 6/1)
golour. They are characterised by the presence of badly weathered, but semi-
complete, caleito encrusted vertcbrate fossil remains {Fig.2.18), in assoeiation with
; o plant sterm and reot casts (Fig.2.16a), rhizecretions {Fig.2.16b;, silicified wood
: {Fig.2.16¢) and coprolites (Fig 2.16d). A thin (7om), vertically restricted {(40cm-1m) :
but laterally extensive {serme 15-20m) silicified tripod reot system (Fig 2.16¢) was %
documented within this type of palacesel in the south of the basin. These in situ |
roots are identifiod as boing of podocarp type (Bamford pers.comm.) and are often !

S | associated with iron staining inte the surrounding siltstenes. Although this iron may *
) be alageaetic in origin, the zonutien of theo iron and manganese around the raets, |
as well as during concretionary formation in these seils, suggests that the iron is ﬁ
not diagenctie. Procipitation of iron around plant roots is commen under wet !
iloadplain conditions, whero a high water tablo and loeal anacrobic cenditions
require plants to aestively pump exygen down to the reots te oxygenate them
{MeCarthy pors.comm.). Type |l palacesols tend to aceur botween thin {(10-20 em),
well bioturbated fine grained sandstenos or underlying thick channel sandstones.
Thay are poorly horizonated and due to their proximity to major ehannels {Bown
and Kraus 1987), and their wnternal structure, they are thought to represent

s
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immature soils whieh were frequently abandened due to overbank fleading.

Ty .o lll palacosols form thick {up to 3.0m) horizons eharacterized by reddish brown
(10R 46}, pale red purple (BRP 6/2), greyish purple (B8RP 4,2) and pale blue (5F8
7/2) colour mottling (Fig 2.17). Colour mettling may cross-cut lithological
boundaries or single sedimentary fabrics. Smooth surfaeed calcareous nodules,
slickensides, filled root channels and casts, rare rhizecretions (Fig 2.18),
bioturbation and a erumbly weathering toxture alse characterize this palacosol type.
Type Il paleosols occur temporelly and spatially adjacent to type I palacosols
{Fig.2.19) and arc proposed to represent terminal ovents in a fining upward
sequence. These type il paleosols are belioved to represent immaturo, wet
floodplain hydromorphic seils, similar to the type described by Smith {(1888; for the
Dieynodon Asserblago Zone.

d  Carhoppia (F)

Carbenate oceurs in a number of ferms within the Burgersderp Formation. . .05t
froquently carbonate is preserved as nodular horizons and within palaeosels. In all
the palacosol typos, root structuros seem to bo preferred sites of earbonate
dovelopmant, ferming laterally diseentinuous rhizocretion herizens. A lot of caleroto
dovelopment is associated with the emplasement of deleritic intrusions and care
must bo takon in determining the true origin of caleretes.

A single locality on the farm Mooerbydal {30°32'32'S; 26°27'00"E) proserves a thin
{7.Qem) layer within which numerous spheroidal non-skeletal eoated earbenate
graing are preserved (Fig 2.20). The grains oeeur within tho top 1.5-2em of the
doposit, are botween 2-3mm n diametor and are internally structured by rings of
coneentric laminae {Fig 2.20). The matrix surreunding the graing is formed by
platos of coleite {oparite) ond vory fine angular quartz grains, and reacts roadily
with a 1095 solution of hydrochloric acid. The grains lack a elear nueleus and the
cortex is compeosed of irregular, cencentric laminae. The individual laminae display
asymmetry of width and are composed predominantly of mierite, with very fine
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B3 quartz particles dispersed througheut.

The literature dealing with coated carhonate graing is rife with inconsistencies and

problems of dofinition. Peryt (1983} distinguishes two broad clagses of coated

grains: chemically formed {such as eoids) and biogenically fermed (encoids). The:

aize; lack of a distinet nucleus and fragmeonted spheros; irregulorly ssncentric

lominated nature of tho cortex; irregular outer surface of the grains; and their

= positien on or near the bed top, favours their placement as ancoids {encoliths)

s following tho parameters defined for these grains by Fligel (1882}, Poryt {1983)

‘ and Adams ot al. (1984), The asymmetry of laminae width is typical of encoids

formed in static water {Golubic & Fischer, 1975). Eligel (1982} alse uses the "road

torm pisoid for a nonmarine coated grain. Donahue {1978) defines piseids as eaids

with a grain diamoter greater than 2mm and Peryt (1983) as coated grains with

diameters between 2-10mm. Following both these definitiens, these grains eould
slse be regorded as pisoids.

AN
:

The mechanism of formation for these graing is not clear at present, but they may
renrosent oither pisoids or enceid formation in shallow, shoaling or static water.
Both pisoids and oncoid. are knewn from a variety of environments, including
lagoens, saline and frosh water lakes, rivers, ecalcereous soils and caves (Tucker,
1891}, Pigeids usually dovelep via inorganic preeipitation in a sub-uerial
environmant, probably during palacesel dovelopment {(Poryt, 1983), whereas . {
ancoids are knawn to ferm in warm shallow water by the adherenee of blue-green g
algae {eyanebacterial to grain surfages, whigh then trap and bind fine sedimentary
particles (Tucker, 1891). Both forma have hewever no direet environmental
sionificance other than indicating a setting where ealeium carbonate is available and
whore engrustation of graing ean ocaur,

Large {1-30em), discrote smooth surfaced calerote badies and irregular nodular
lavers occur interspersed within magsive mudstones throughout the Burgorsdorp
Formation. In some instunces eynoedont and capitasaurnd remains may be enclosed
within thosa noedules. Diserote, smeoth gurfaced bedies are thought to reprosent
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ellipsoidal nodular growth, whereas the irregular layers are believed to represent
calerete formation during tho drying out of temporary playa peds or peols. Thin,
laterally inoxtensive (<60m), irregular calcrote horizons with siltstone infill also
occur within the fines agsociation. These probably reprosent long periods of
desiceation on the floodplain following a drep in the water table level, or
evaporation along the cdges of temporary floodbasin pends and pools, brought
about by prolonged drought. The fact that the siltstone infill the calerete tends to
suggest that they were surface features and not of a pedagenic nature.

2.3.2 Architectural eloment associations

The Burgersdorp Formation is composed of a number of thick, stacked fining
upward sequences of sandstenes and fines {Fig.2.21). The previous lithofacies
descriptions show that these sandstornies and fines presarve evidencee of nenmaring
deposition and fluvial activity. Due to their geemetry, internal architecture and
nature of fill, theso deposits aro thought to represent channel fills (Allen, 1964q,
1965a-¢, 1970, 19740; Collinson, 1978), os previeusly documented in the
Boaufort Group by the likes of Smith {1980, 1981, 1989, 1998}, Stear (1980),
Rubidge {1988) ond Groenewald {1995}, and for the Burgersdorp Formation in
particular by Hilier & Stavrakis (1984).

Although the thick sandstene units of the Burgersdorg. Formation have therefere
previously been interproted as channel deposits (Hiller & Stavrakis, 1984). the
floodplain deposits have never been given any significant attentien, and the ehannol
architcetural clements and range of differont channel types have never proevieusly
beon discussed. Vertical and lateral profile anclysis of the lithofacies associations
of these doposits shows therm to be divisible inte two distinet architoctural element
groupings, namely channel fill {CHS), and floedplain finog (FF) systems (Miall,
1996).
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2.3.2.1 Channel fill systems (CHS)

Channel fill systems in the Burgersdorp Formation oceur as both lenticular
{Fig.2.22a,b} and tabular geometries (Fig.2.28). Those twe geometries represent
different environments of deposition and may be divided into various sub-
envirenments dependant on the nature ef their individual thicknesses, internal
architecture, vertico! and lateral lithofacies relationships, and palacontelegical
paramoters. CHS are characterised by fining upward soquences of sandstone and
siltstono which preserve a number of different stocking patterns. Lenticular
geometries (Fig.2.22a,b) may be composed of channol and laterally acereted
macroforms, whereas tabular fills are in most cases internally structured by chonnol
clements only.

Channel fill systems are delincated by elass three and four bounding surfagos
dopendant on their intornal strusturing, and the basal surfaee is in most cases
strongly erosional (Figs.2.22a,b; 2.23). Class three surfaces bound single storied
sequences {Fig.2.22b) and may also bound individual architestural clements
dependant on their complexity of form. Simple bars ard individual facies sets are
bound by ¢lass two surfases.

a) Channel fills {CH)

Elemont CH eeeurs in the Burgersdorp Fermation as beth lonticular and tabular
qeemetries. In the ease of systems lasking laterally acereted elements, the ehannel
{ili may equate to the entire channel filf systom.

i} Lenticular CH

Lentieular channal fills essur as both thick {>3m and up te 11.50m) and thin
{< 3m) elements in the Burgersdorp Formation. Thigk lenticular CH are compesed
of hthofazies Qssociations of predemunantly fine grained sandstone, with
suberdinate fines. Thoy may be laterally gontis gous fer up to a kilometre, although
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they are more commonly only a fow hundred metres n width. Thoy form botween
10-20°5 of any given sequernise and tead te have width to depth ratie’s ceramonly
in the rango of 20-30:1. Lentieular ehannel fills are bound by {ourth erder surfaces
{Fig 22a.b) and nternally may proserve numerous third erder eresive surfases.

The basal centaet is usudlly cenvex down, crosienal (Fig.2.22a,b) and may
pracerve gole marks, groove and flute casts en the basal surfaze at ploees
{Fig.2.24a,b). When fully preserved, the vertical sequence consists of a basal
eresional surface into mudstene er siltctone, everlan in ascending urder by factes
Se, Shy, St:-St,, Sr and Fr-Fh. Facics Sp, Sm and 8h, may ke randomly developed
- within a sequence.

Lateral migration of the charnel with time is evidenced by cut-bank collopse and
thalweq secour and fill activity, including an obundange of intrafermational elasts ef
alt- and mudsione, ond fossilised plant and bono (facies Se). Facies Se, is
frequently, olthough not universally, precerved near the bages of these channel
architectural elements. Intra-fermational glasts may furthermore eceur throughout
a channel fill soquenco. The swze of tho incorporated intraformational elasts
however tends to deerease from the base to the top of the sequence.

Overlying basal cresional surfaces, facios Shy., (F1g.2.25) and St, (Fig.2.26) are the
predominant facies tvpes in the lower reaches of a typizal ehannel till sequenae.
Subardinate Sm and Sp may also be pragsent, Where the top of the chaane! fill is
notinflucnsed by lateraily acereted bedforms, the sequence may terminato a facies
8m, St, Sr and Fr er Fm. in this ease the dominant eurrent generated bed-tep
sodimontary structures are parting hneatien, dune teps (Fig.2.27) and rnipples, and
the uppor eontact of the channel fill clement tends to bo sharp ond {lot (Fig.2.27),
vath a ropid kthelegieal change te finos. Vwhon everlain by latorally acereted
bedforms {Fig 2.22q,b). the sequence tends te be truneated, and the contast with
the everlying loterally acereted olementa is in most eases either gradational er sharp
and fiat.
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A goed oxamplo of a lenticuler channe! fill without peint bar development (Fig.2.28)
is axposed in a roadsut on tha RE6 botween the towns of Meltene and Burgersdorp
{Fig.1.2). This eutting preserves a thin lenticwlar channel fill sequencge, serme 60m
wide by 3m thiek, giving a channel width/depth ratio of 20:1. Channel ineision and
down-cutting is ovident during the peried of stabilisation en the floodplsin. The
remainder of the fill is composed of sanag dominated minor channel cnd bor
elements, and slack woter mixed suspended/bedload deposition in the abaadened
tracts of the channel. The sequence is terminated by 1.8-2.0m of stacked Sh .

Lenticular CH dopesits are thought to represent in-channel vertical ageretion, with
facies stacking patterns reflecting an upward deerease in flow regime, probably due
to deereasing wator dopth and increasing friction, as the main channe! migrated
laterally. Within this sotting facies Sm is belioved to be formed by post-depasitional
medification, rather than bank collapse as sugassted by Turner & Martin (19985],

An example of a thin, mixed load lonticular ehanner ull {Fig.2.29) is expoesed in the
type seetion at Nonensi's Nek {Fig.1.2) about haf way up the pass. The scquence
preserved tn this type of channel {ill element is composed of verticolly acereted
fasies Sh and laterally aseroted mixed mud/sandstone couplots. The upper channcl
in Figure 2.29 i 76.ém wide and 3.3m deep, giving a width/depth ratie for the
channe! of 24.84 The sequenae shewn in Figure 2.29 preserves a thin fleedplain
channal with an wregular, crosive base which has downeut into the underlyiig
mudstones by sewre 1.5m. This channel is entirely structured by foecies Sh. Lateral
ageration eccurred contemporaneously with channel fill as cvidenced by the
couglots of mud and sondstone en the right hand side of Figure 2.29. Sueh
gauplets aro knevva {ram syastems with high suspended lead/bedload raties in the
lowe~ reaches of meondonng nvor, especially where influsnced by tidal activity
{Nancca, 1980; Smuth, 1887). Channel bedlead deposition was halted, probably by
channel ebandonment. Dovwn-cutting of a new channel within the eharnel belt then
ecourred with the subsoquent mixed sand/mudstone fill. The last phaso of the
soquence evidenees avulsion and tetal abondenment of this area of the channel
Bolt, as is shown by the abrupt nature of the transition from sand dominoted
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channol doposition to mud deminated fleodplam depoecition.
i} Tabular CH

Tabular chonnel sandsteno fills (Figs.2.23; 2.20) may attan thicknesses of up te
10m {F13.2.36) ond may be loterally continuous fer ever a kilemetre. The basal
bounding surface te these clements is in most gases irrequlay, ferming a gently
concave down or arched {convex up) base {Fig.2.30). The basal surface may alse

be erosienal and preserve evidenee of significant down-cutting inte the underlying
fines (Fig.2.30). The fill may be simple and dominated selcly by facies Sh, or mere

complex, sensisting of a number of smaller channel, bar and sand-flat eloments.
These deposits umiverselly lack loterally acersted point bar development. The

complex channels are intornally stiuetured predomuinantly by facies Sh and St, and

b)

§
tend to be more constantly medium grained than lenticular chaane! fill deposits.
Those thick tobular candstone units are very simular to those deseribed by Visser

& Botha {1980) in tho Elliot Formatien at Barclay Pass, and are thought to

reprosent low sinuesity. bedload dominated channel fills, brought about by a
chango in the sediment supply and/er on increase of the gradient of tho system.

j& )
They oceur at only twe main stratigraphic horizens within the Burgersderp
Latorally accreted maocroforms {LA)

Formation and their importance is diseussed more fully in Chopter Four.

Laterally acereted maeroforms in the Burgersdorp Formation are recognised by the
downlapping relotionship betweeon henzontal ond nclined strata, and by the
prosence of lateral ascretion surfases (LAS) (Figs.2.31a,b.¢: 2.32). Such systoms
usually overlie clement CH forming the tep of the CHS in cimple, nen:stacked
syatemgs, Withun the main channel banks, laterally aceroted macreforms may be
woll developed and eosily discernable (Figs.2.29; 2.31a,b,e; 2.32), or they may be

of very low angle and mere difficult to recegnise. In the upper Burgersdorp
71

Formatien the nchination of LA surfaces 1o usually low (4-16°), although shipface
anglos of up te 20" are documented lower wn thy Formation.
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Laterally agereted macroferms oceur as stacked, fining upward lenses of sandstonio
{Fig.2.32), which may rarely be intcrspersed with mudstone or siltstone (Fig.2.28,
2.31¢). Individual sets range in thickness from 30.0cm to 1.0m, whereas stacked
sets may reach a thickness of up to 6.0m. They are fairly laterally continuous,
oceurring along strike for up to 200 m. The basal contact is usually sharp and
wregular where it overlies fines, and either sharp or aradational when the surface
overlies silt- and sandstones.

The basal bounding surface is in many cases delineated by concentrations of facies
Se, {Figs.2.29a,b). This i3 usually overlain by facies St, Shand Sp {Fig.2.33). Facies
Sh and Sp are the most abundant facies within the uppoer parts of these sequences,
with lesser St, Sr aad Fr, Siitstenes tend to form tho tops of the individual setg, ar
they may as individual ripple eress:-laminated to laminated sets within the upper
part of the bar sequence {Fig.2.33). Laterally aceroted macroforms may hewever
either grade both vertically and laterally into siltstones er be abruptly capped by a
mudstone vencer. in general thoy tend to be direstly overlain by floedplain silt- and
mudstonoes,

This general soquence aceords well with the classie peint bar sequonce as
deseribed by Allen {1963}, Davies (1966) and Friend et a/, (1979). The rocognition
of LAS are impertarit criteria for tho recegnition of peint bar elements in the ancient
{Bridge, 1988; Shepherd, 1987; Smith, 1987; Willis, 1988). Tho recegnition of LAS
goupled to: their internal strusturing; positien in the ehannel fill system; and the
fact that palacscurtent directions frem facles Sh and St bound by the LA surfases
are perpendicular to the dip dircetion of the LAS, is strong evidence that these
laterally accreted mocroforms are peint bor deposits, sugh as have been
decumented for the fower Beaufart Group by Kubler (1977), Stear {1978, 19879,
1980aq,b), Smith {1981, 1987, 1988) and Rubidge (1988).

Ray (1976) showed that the history of the upper peint bar and overbank depasits
are interlinked and Farrcll (1987) eonaiders that upper point bar depesits should be
considered as averbank deposits @ue to the faet that they are the direct result of
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post-depositional modification by overbank flooding, as weli as by in channe! lateral
aceretion. Upper point bar depesits are however considered here together with
channel deposits due to the fact that their primary genecis is due to point bar
migration, even though the resultant deposit may show the effests of post
depositional modification by overbank flooding (Pulak, 1976). Upper point bar
deposits in the Burgersdorp Formation are gradational into the overlying floodplain
fines systems and aro normally internally structured by #«=ies Shy,, Sr, Fr and Fh.
Individual set tops may be bioturbated, although bar top bioturpation and post
depositional alteration is in mast cases minimal.

.t
oot -
T

Although fossi! plant moteriol is commeon in the upper parts of the peint bar
clements, totrapod foss! rearaing are rarely preserved. The excoption being in the
Middle Burgorsdorp at Aliwal North, where large ovoid calsarcous conerstions
within finc-grained sondstones of the upper peint bar olements often preserve
fossilisod amphibian remains. ‘ f

|

2.3.2.2 Floodplain fincs systoms (FF)

Floodplain fines systems aecount for between 60-8095 of tho total lithelegics in the i
Burgersdorp Formation and vertical ascretion of fines due to overbank flooding far

*®
outweighs deposition of sand by vertical and lateral aceretion. FF typically form
thick, fining upward sequences of very fine sandstonoes and siltstenes overlain by |
thick massive mudstones. This sequence is idontical to the upper coemponent of the | |
classie autecyelie fining upward cycle generated by the migration of a mixed load , f

meandering systems with venticol aceretion of fines in the floedplain envirenment
{Allen, 1968b, 18970).

Floodplain deposits have in the past been neglected in favour of in-channel studies.
For this reason the litoraturo pertaining to overbank sedimentation is not as
. * inclugive as for channels {Hughos & Levin, 1982; Brdge, 1984). This state of
" " affairs is particutarly true {or the Burgersdorp Fermation ag in the past virtually ne
rescarch has been undertaken on these deposits. Sedimentation in overbank areas
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and their gencral characteristies have however beon diseussed by Hughes and Lovin
{1982), Smith {1983} and Bridge {1984}, Studies of medern overbank envirenments
include those of Coleman {1969), Singh (1972) and Smith (1983} for natural
leveos, and Coleman (1969), Smith {1988} and Cross & Smith (1988) for splays.
Fleod-basin lakes are discussed by Cross {1988} The succession and spatial
rolationships of lithofacies in floadbasins is presented in Coleman (1968), Smith
{19883}, Cross & Smith {1988) and Smith {1985). More specifically, Smith {(1980)
gives eharacteristies of averbank depesits for the Lower Boaufort Group.

Floodplains are not uniform environments, neither in their topography, ner in their
aceretion rates or vegetational cever {Coleman, 1969; Singh, 1972). Floodplain
systems are therofere heterogencous by their very nature and the floedplain fines
system of the Burgersdorp Fermation is also more complex than proviously
believed. Thick units of unstratificd to massive mudstone with only incipiont or no
pedogenie overprint or major bioturbation, typically form the majority of FF
sequonces. These deposits are composed predominantly of facies Fin, with minor
amounts of Fh., Post-depositional pedogenic modification may alse oceur is
evidenced by the formatien of stacked palacosal profiles (Fig.2.19). FF therefero
include thick units of unstratified to mascive mudstone within which various

architectural elements and facios associations oeeur, including floedplain channels
and sandstone splays.

a) Floadplain channaol fill

Floodplain channels oceur as diserete, thin sandstone bodies within thiek sequences
of finos {Fig.2.34). They are lenticular in nature and may be up to 18m wide, but
rarely exeeed 1m in height, The basal contaet with the underlying mudstone ig
usually very sharp and flat (Fig 2.34), but may be erosive in places. These deposits
are in most eases internally structured solely by facies Sh, which grades upwards
inte fasios Sr. The sequence in Figure 2.35 probably represents a small fleedplan
ghannel that made use of a provieus levee breaeh, as evidenced by the thin tabufar
splay sandstone umit at the base of the channal soquence.
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bl  Sandstone splavs

Thin and tabular sandstones with sharp bases and planar-convex upper surfaces
oceur as interbeds in the fine facics, in places alsoe direstly overlying charnel-fill or
point bar sandstenes. They are normally composed entirely of fine sand- or
siltstone, although mud- and siltstone clasts may oceur throughout. Facies Se, is
in many cases concentrated en the upper surfaces of these sandstones. These
deposits aro believed to be splay deposits due to: their tabular geometries; sharp,
flat bases; internal structure; und position within the suceession, lying as they do
interbedded with thick massive mudstons deposits.

Aitheugh there is a continuum of size between thick and thin splay elements it is
usoful to distinguish between the two on the basis of thickneas, in as mueh as they
aid in determining the oceurrence of major levee broach events, and may also be
used as indicators of position on the {leadplain.

i) Thick splay aloments

Thick (> 2m) tabular sondstone splays are rare in the Burgorsderp Fermation but
are documented on the farm Avilien ond in a road cutting seme 10km north of
Nenensi's Nok (Figs.2.35, 2.36) and ot Nonensi's Nek (2.37). They are
distinguished from tabular ehannel fillc by the exeeptionally sharp, flat nature of
their boases (Figo.2.35; 2.36) and the lack of small channels within the fill. These
clements eesur as single steried or eomposite bedics of fine grained sandstone,
internally structured almost exelusively by facies Sh. Seme of the thicker units may
be laterally centinueus for hundreds of metres to upwards of a kilometre (Fig.2.37)
where they coaolosce with ether splays.

Individual units may show a slight fining upward trend, although in many cases
there ig no perceptible grainsize change through the sequenee or sot. The basal
surfage is flat and sharp, normally overlying thick sequences of facies Fm. The top
surface may beo gradatienal into silistone er sharp and flat with a marked change
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from sandstone to mudstone. Where the latter is the easo, parting lineation, ripples

and mud pebble eonglomerates {facics Se) may be preserved on the upper surface,
which may alse be intensely biot'irbated.

Single storied units without intornal discentinuities have sharp, flat bases and are
internally structured by facies Sh,,. The top contact may be sharp and flat or
gradational into siltstone and convex up. Figure 2.38 shows the eress-soctional
geometry of sueh a dopesit. The upper eontact tapers away from the main breach
locus, which is marked by the thickest preserved extent of the splay and the
presence of a splay top channel, Figures 2.35 and 2.36 show that numerous re-
activation surfacos may be precent within a thick splay cequences. Such eompocite
bodias show set stacking and may reach up to 3.0m in thickness. ndividual sets
have similar properties to single steried units.

The single storied tobular sandstenes are interproted as large velume single episede
floed deposits, with proximal to distal floodplain {low waning, wheteas the thiek
composite splays with re-activation surfaces are thought to ropresent proximal
fioedplain, multiplo episede levee breach and crevasse splay deoposits, Renowed

doposition and compesite growth on the splay surfaee eccurred during periods of
subsoquent fleod pulses,

i)  Thin splay olements

Thin splay sandstenes (<2.0m) (Fig.2.89) occur as inter-bedded, fining and
goarsening up soquenees within thick sequenees of fines. These deposits form sots
botween 1-200em thick, but in most eases are only botween 5-80em. The
scquence usually {ines upward and grades from fine sandstone at the baso to
siltstone teps. Thoy Gre in mest cases palo red purple {SRP 6/2) or grovish blue
{SPB 6/2) in colour. The lower contact is usually sharp, flat or slightly irregular.
Where such depesits overly a muderacked surface they usually show tapering infill
at their basea. These gplay sandstones eharactenstically thin away froem the main
ehannol locus and boceme loss tabular and more wregular in form (Fig.2.39; further

76

(D‘

ol e i




TR VOO ST TR R T - R el P N TR U A BT P T W ey @ ey

away from the main channel. The upper contact may be sharp or gradational into
the overlying siltstones.

These deposits wem. often colonised by plants and animals, as shown by the
presenco of plant rootlets (Fig.2.40) and extensive intornal and bed top bioturbation
(Fig.2 41a,b). These thin bioturbated sandstones may be divided into two types
dependant on whether they are more massively bioturbated by plant or animal
activity, although some overlap between the two is known. Root growth and
animal bhioturbation, as well as hydraulic creep set up by transpirational pull may
disturb or completely destroy the original sedimentary fabric, such that sedimentary
structures aro rarely presecrved.

Because of their spatial and temporal setting withinn the main fining upward
sequence, thin {<50.0em), light bluish grey (5B 7/1) and greyish red purple {SRP
4/2) tabular sandstone bodics characterised almost exclusively by plant rootlet
bioturbation are interproted as distal floodbasin splay deposits, with subsequent
colonisation by plants. Very thin (<€ 18cm) greyish red purple (8RP 4/2) to yellowish
gray (8Y 8/1) and light bluish groy (5B 7/1) tabular sandstene with no tracos of
plant activity but characterised by an abundance of burrow traces oceur
stratigraphically higher within major fining upward floodplain sequences and are
therefore interpreted as the most distal splay deposits. The extensive bioturbation
being caused by the animals moving up through the new substiate to reach the
surface following flood aetivity.

Thin (<20.0em) coarsening up units are documented for the first time for the
Burgersdorp Formation. These nnits have gradational lower contacts and sharp
upper ones. The base of the sequence censists of alternating mudstenes and
siltstonos with small mud eclast inelusions, and large low amplitude ripples,
coarsening up into fine grained sandstenes which may develop slump structures
near the top. These deposits were noted only in the uppor part of the Burgersdorp
Farmation and aro thought to represont mini sand-delta depesits formed by
grovasse splay progradation and termination in a standing boedy of water.
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In some cases thin splay sandstones de niet disptay fining or coarsening upward
miotifs and hove infilled mud-ctacked surfaces of the underlying mudstones. Such
infill is usually tapered. Thege are thought to represent rapid progradation of sand
neross th< floodplain during periods of peak overbank flow. Their lack of internal
structure suggests cheor sand depositior: when the stream expanded onto the
floodplain, All of the above-mentioned splay types may centain fossils, but due to
the paugity of remaings it was not possible to determine if more complote speeimens
were assoctated with o speeific environment.

To show the spatial relationships of the various eloment within the floodplain fines
system, a typical {loodbasin sequence from the upper part of tho type soction at
Noncnsi's Nek is presented in Figure 2.42. This sequence shows a thin splay
sandstone at the boase, grading upwards into distal {loodbasin mudstone, The tep
of this fining upward sequcace records a period of non-deposition ana pedogenic
modification (Typo ). Seil formation was probabily drowned by the subsequent
flooding event, with slight incision by a minor floodbasin channel and deposition of
= {m of distal floodbasin mudstone. Avulsion brought about the second major cyele
of depasition, with the floodplain channol sand being overlain by proximal and distal
fleodbasin mudstones. Interbedded in those mudstones are thin tabular sandstone
splays which fine and thin up section and show incipiont pedegenic madification
prior to cach new flood event. The sequence is terminated by a thin proximal splay
deposits, possibly suggesting tho eloser proximity of the main ehannel at this time,
or a large sealo flood evont.

o

it therofore appears that the floodplaing of the middle part of the Burgersdorp
Formation were subject to perieds of fleading, punctuated by perieds of nen-
deposition and incipient pedogenic alteration. ldentification of muiltiple flood
opisedes, avulsions and hiatul surfaces allovw for better definition of {loadplain g
ageretion ratos and resenance times, as well as for the spatial and temperal .
resolution of geomorphologieal {featuros on the {loedplain. As in the lower Boaufort
Group (Smuth, 1884), floodbasing typieally preserve the bost fossil material in the
Burgorsderp Formatien.
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Potrography

The petrographic preperties of the sandstones of the Burgersdorp Formation have
previously received only cursory attention, whilst the finos have not been studicd
at all. The few studies undertaken normally form small parts of larger studies en the
whole Karoo Basin {Johnson, 1991). Unlike in previous petragraphie studics of this
Formation, samples were systematically collected from distinet facies, sueh that
comparison with other units may be undertaken en a direct basis. In this way it is
possiblo to compare similar deposits from other formations as well as from different
stratigraphic lovels within the same Formation. The sandstones of the Burgersdorp
Farmation are commonly fine to medium grained and are cempesed of framewark
grains of quartz, feldspar and rock fragments (Fig.2.43a}, with high interstitial clay
centonts (Figs.2.43a,b). Grains are predominantly subangular to sub-rounded and
most facies are both mineralogically and toxturally sub-mature.

241 Patrogiraphic descriptions

a) Framework grains and light minerals

5

i) Quartz

Quartz grains (Fig.2.43q,b) are predeminantly angular to sub-rounded and show
little or no syntaxial quartz overgrowth, The majornty of graing show unit extinetion
aithough a number are strained and exhibit unculese extinatien.

i)  Eeldspac

Feldspar grains shew various stages of toxtural and mineralogieal maturity and may
bo angular to weli rounded. Sodium plagioclase (Albito) is the predeminant feldspor
type preserved (Figs.2.430,b; 2.44). Stavrakis (1980) reports thatin the lowermost
Burgercdorp Formation, although Irrgely altored, feldspars may be elearly
distinguished from the matrix. Thig is similar to the situation fer sandstenes from
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the north of the basin in both the Burgersdorp and Katberg Formations ‘Fig.2.45),
but differs from the sandstones from the upper part of the basin, whore the
foldspars are mestly in an advanced state of kaolinitic alteration. Ortheclase
(Fig.2.46a,b) is also present hut 15 rare. Most of the orthoclase encountered
shewed substantial dissolution or elay mineral alteration. Migrocling is present only
within rock fragments of granite. In goneral, feldspors from the finer grained
overbank siltstone and sandstone splays chow less evidenee of alteration.

i}  Bock Erogments

Rock frogments are mostly polycrystalline quartz grains (Qp) ef sedimentary
(Fig.2.47a), plutenic {Fig.2.47b) and moramorphic origin (Fig.2.47¢). Granite also

occurs as rock fragments (Fig.2.47d) and although proviously documented for the

Burgersdorp Formation (DuTeit, 1954), granite rock fragmonts are rare, with loss
than five grains documented in oll the thin sections studied.

ivl Mien

Unaltered detiital micas are rare in the sondstones ef the Burgersderp rormation.

Where present they are predominantly small clengated flakes of muscovito
{Fig.2.48a,b).

b) Heavy minerals

Heavy mincrals ara rare in thoe middlo and upper Burgersderp Fermation, being more
abundant in the lowermost roaches of the Formatien in tho southwoest, Where
present thoy may ogeur intergporsed throughout a sandstene unit or moro rarely as
thin heavy mineral laminae. Oxidog (Fig.2.49) aro the dominant epaque mineral in
the sectiens studies and zireen {Fig.2.800,b) the deminant non-opaque minoral

{orm.
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(] Matrix

The matrix of tho sandstenes of the Burgersderp Fermation is composed of very
fine quartz partcles, altered feldspars and detrital elay (Figs.2.43qa,b). Clay
pereentage may be as high as 3093, especially in the uppor parts of point bars and
in facies Sr.

24.2 Sandstone classification

Twenty sandstone thin sestions from the Burgersderp Formation, as well as tweo
from the Kotberg Formation « ore peint counted for the framewaerk mineralogy to
be assessed (Fig.2.51) (Appendix 1). 3ondstones from facies St, Sm and Sp plot
predeminantly in the litharenite and lithie groywacke fields of Pettijohn (1987) and
facios Sh plot within the upper reaches of the litharenito and lower reaches of the
sub-litharenite fields. Facies Sr often preserves greater than 159 ¢lay and plots in
tho feldspathie and lithie waeko fields.

One interosting teend that emerged from this study is that sandstones of the fower
Burgersdorp have low modal quartz values and high reck fragment values, and are
very similar to the sandstones of the upper part of the Katberg Formation
{Fig.2.51). Sandstones from the Middlo part of the Burgersdorp Formation plot with
higher quartz values, but are consistently below 8095, whereas those from the
upper Burgersdorp aro cengistently over 60%5 medal quartz.

2.5 Palacocurrent Analysis, Provenance and Tectonie Soetting
2.5.1 Palacocurrent analysis
To dato, no thorough palacecurront analysis of the Burgersdorp Formation has been

undertaken and ne systematie spatial and temperal study has been doeumented on
a basinal geale. This study is based on aumerous readings from tho wholo basin,
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but more particularly for the middlo and upper parts of the Burgersdorp Formation
which contain fogsils assignable to the Cynegnathus Assemblage Zone.

Palaeocurrent directions for the upper Burgersderp Foimation were detived mainly
from ripples, trough and planar cross-steatification. Although the majority of
measurements are téends derived from in-channel parting lineation, they are
presented as directions in Figure 2,82, duo to the fast that no southerly readings
were obtained from any ether polacocurrent indicators. Sandstone splays eften
have ripple marked upper surfaces which provide palacocurrent directions oblique
to or at right angles to tho current direction as dotermined from facies St and
parting lincation trends (Fig.2.52).

{t is therefore imperative to make suro thot palucocurrent measurements are
recorded from ehannel-fill sandstone bodies and not from gplays, otherwise the
variability faetor tonds to incrcase, lessening the usefulness of palacocurrent
variability as a distinguishing feature between the Burgersdorp and Melteno
Formations.

The spread of palacecurrents recorded for the upper Burgersdorp Formation as a
wholo forms an are between & 330-030 {(NNW-NNE) {Fig.2.52], with a mean of
350° This moan aceords well with that of Johnson & Hiller {1890) whe give a
goneral north-westerly to north-northwesteriy flow direetion for the lower part of
the Fermation. Stavrakis (1980) alse records a general north-westerly flow for the
lowermost Burgorsderp Fermation and considered the system to have a high
varianeo due to the directional changos of tho rivers and tho variable erientation of
the crovasse splays. Groonowald (1986) proposed sourco areas to the east,
goutheast, southwest and west based en reciproeal palacocurrent directions No
strong easterly or wosterly current dirogtions were notod for tho Burgersdorp
Formation during this study, except when taking splay sandstones into account. By
exeluding the cast-west readings ebtained from sandstone splays the sproad of
diroctional dota en flaw dircetions within the Burgersderp Formation is dramatically
reduced, although it still has a groater variability than the overlying Molteno
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Formation.

Palacocurrents for the sandstones of the upper Burgersdorp Formation display high
varionce and low vector strengths (Table 2.1}, with unimodal flow. This is mainly
due to directional changes within the channels and parts of channels. The mean for
the upper Burgersdorp Formation in the Bamborshoek Valley is 358° howovir
there seems to be two general directions, ono to the northoast (051°) and one <o
the northwest (331°). Based on the similarity of palacocurrent direetions for the
Katberg (Hille” & Stavrakis, 1984; Groenewald, 1996) and Burgersdorp Formations,
it does not seem that a major change in river drainage direction oceurred during the
course of deposition of the sedimentary strata of the upper part of the Beaufort
Group in the main Karoo Basin.

2.5.2 Provenance and tectonic sotting

The presence of granite, reworked sedimeontary and metamorphic rock fragments,
a5 well as the heavy mineral suite indicates a mixed sedimentary, plutonic and low
grade metamorphic provenance for the rocks of the Burgersdorp Formation. The
palacocurrent data suggests that this area lay to the south-southeast nnd south-
southwest of the depositional basin.

Figure 2.53 shows that the channel fill sandstenes of the lower Burgersderp
Formation plot in the mixcd, and transitional recyeled orogon field ot Dickinson ot
al. {1983). Those results are similar to these obtained by Johnson (1991) who
included the Burgersdorp and the top of tho Katberg Fermations within a roeycled
transitional oragen setting. 1he seurce rocks for this transitional recyeled eregen
were prebably formed by parts of the Dwyka, Ecea and Lower Beaufort Groups.
Both the middle and upper Buigersdorp plot within the quartzose res yeled eregen
fiold. Their is however no direet evidence in the Burgorsdorp Formation ter the Cape
Fold Belt as part of the source area, and the nature of this quartzosc rocycled
arogon may be partiailly due to rewerking of the Katberg Formation.

83

L

_—

AN

;
f;/
6]




TR AR TR YT g YT 4 ST wvwereYam, p w4 aem

2.6 , Palacontology

The sdimentary rocks of the Burgorsdorp Formation arc presently believed to
contain two distinct fossil faunal assemblages. The Lystrosaurus Assembiage Zone
fauna occurs in the lower third of the Formation {Greenewald & Kitching, 19965)
and the Cynognathius Assemblage Zone in the upper two thirds (Kitching, 1995).
Although the Lystrosaurus Assemblage Zone is not under direct consideration, it
is important in terms of the basinal developmient medel praposed in Chapter Four,
For an account of this biezone the reader is referred to Kitehing (1977} and
Groenewald & Kitching {1995). Ne gencra are common to the two biozones
{Rubidge et al, 1995) and theie is thougat to be an unfossiliferous stratigraphie
interval separating the two {Kitching pers.comm.). Until the late 1960's the upper
Burgersdorp Formation was biostratigraphically divided into a lower Procolophon
Zone and an upper Cynognathus Zone. Hotten & Kitching (1963} abandoned the
use of o separa= Proeolophon Zone, however this stratigraphic interval is currently
being re-assessed (Neveling pers.comm.).

Sedimentary rocks containing fossils assignable to the Cynagnathus Assemblage
Zone have a spatinl distribution cavering an area {from Senckal in the north ef tho
basin, te Queenstown in the south, and ttrom Cala in the east to west of the town
of Burgersdorp in the west (Fig.2 "4). The thickness of the Cynegnothus
Assemblage Zone strata thin from & 600m in the south of the basin, to only 30m
in the north of the basin.

According to Kitching (1970, 1872, 1977, 1988}, the fauna of the Cynognathus
Assemblage Zene is gharacterised by the presence of: the eynodonts Cynognathus,
Diademodon and Trirachodon; the dicynodonts Kannemeyeria and Kembuisia; the
archesaurifermes Erythrosuchus and Euparkeria; the thynehosaurs Howesia and
Mesosuctus; the captorhinids (parareptiles) Myocephalus and Thelegnathus; tho
tiverocophalion Bauria; the lunglich Ceratedus; and capitesaurid and tromatosuchid
amphibians. The associated foscil floral assemblage i poorly known (Andergon &
Anderson, 1985) and includes silicified weood assigned to Dadoxylen, and leaf
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impressions of Diaroidium and Sehizencura (Kitching, 1996}, No fossil inscet record
is known,

New fossil discoverios from the north (Welman et g, 1991} and south of the basin
{Hancox & Rubidae, 1994, 1996} show that the elassic Cynegnathus Assemblage
Zone (Kitehing, 1977) fauna is present enly within diserote spatial ond temporal
ranges, and that the biestratigraphy of the tiozono is more cemplex than eriginally
believed (Hancox ot al., 1985). A number of spuziriens eollected in the upper part
of the biszone in the south of the basin were proviously unknown and are here fully
deseribed for the first time.,

2.6.1 Fossil discoveries fram the uppor
Burgersdorp Formation {Cynognathus Assemblage Zone)

During ficldwork in tﬁe Bomboesheck Valloy {Fig.1.2), a now faunal assemblage
wag discovered in the south of tho basin {Appendix 2). The new fauna contains the
zone index genus Cynegnathus and may therefore be breadly assigned to the
Cynognathus Assemblage Zene. This fauna alse sontaing at least twe dicynodent
gonera previously unknown from the biozone, as well as a new advanced
capitosaureld amphibian {{ancox et a/, 1995). These now taxa are more fully
doserived beotow., To date the faunn lacks therocephalions, capterhinids
{porareptiles), eosuchia, lungfish and tho dicynoedent genara Kannemeyeria and
Kombuisea.

2.6.1.1 A now capitosauroid amphiblan

A large amphbion skull {BP/1/5551) cellested from the upper levels of the
Cynegnathus Assemblage Zone in the Bambosesheek Valley, Bastern Cape {Fig. 1.2}
is different from the other amphibiana known from the zone, and wae tentatively
assigned to the Superfamily Capitesauraidea by Hancex ot o/ {1995). This matedtal
has net been proviously degenbed.
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iy Mateorials ond mothods

The material eonsists of a largo, well preserved olthough incomplote skull, found
on the farm Wilgerkloof in the Bamboesheok Valloy. The skull was imbedded in a
thin fayes of facies Sh, which is irterpreted as a distal splay deposid, The ckull was
discovered broken into thrco scparato large blocks that were subsequently
cemented together. Only the posterior right half of the skull is preserved, from the
lovel of the pro-orbital step to the erbit to the oceipital margin (Fig.2.55). In dorsal
view the right tabular, preparietal and parietol, supratemporal, postorbital,
squamesal, quadratejugal (damaged), and the posterioer part of the prefrontal, jugal
and both frontals are present. In ventral aspect the tabular, oxoceipital,
paraspheneid, pterygeid, quadrate, posterior part of the palatine, octopterygoid and
tho antorior portions of tho maxillae are oll that remains of the skull. A single toeth
is prosorved in the matrix on tno ventral side.

Proparation was undortaken mainly by mechamical means, as the matrix did not
respond to acid treotment. Glyptal cement was used to join the picecs tagether ag
well as being thinly coated onto prepared surfaccs to proteet tho bone.
Measurements of the skull are presented in Table 2.2 ond the habitus
characteristies considered important for tho capitosaurs {Welles & Casgriff, 19685;
Howie, 1870; Chornin & Cosgritf, 1875} ate given in Table 2.3.

i) Description of tho material (BP/1/5551)
a)  Skull Reof

In dorsal view (Fig.2.58), the reeonstructed okull is for longer than it is wide, with
the moximum width of the ckull occurring acress the quadratojugals. The
seulpturing on the skull roef ia predominantly camposged of coargo irregular pits,
fram which ridges and grooves radiate omtwards. This io the typical seulpture
pattern as found threughout the Suporfamly Copitosaweidas. Moest of the
postorbital hones are exclusively pitted, whereas tho pre-orbital benes and the
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lateral edge of the squamosal and quadratejugal display elongate ridges. The
contour of the skull roof in lateral view clearly showe the pre-orbital step typical of
all Seythian and post Seythian capitosauroids (Chernin, 1978) exeept the Family
Paracyclotosauridao (Maryaiiska & Shishkin, 1996).

Cf the openings on the ckull reof, enly the right orbit and pineal foramen are
completely preserved. The anterior edge of the left orbit is alse disecrnable, such
that the interarbital distonce may bo accurately calculated (Table 2.2). The
presorved right orbit is roughly oval (86.2 x 42.2mm) with its leng axis parallel te
the skull margin and sub-parallel to the midline, converging very slightly anteriorly.
Tho erbit borders are raised above the surrounding surfaces and a shallow
doprossion exists between the left and right orbits. Five different bones moke up
the orbit margin: onteriorly it is formed by the pro-frental; anteremedially by tho
frontal; laterally and postorelaterally by the jugal and a large expanse of the
postorbital; and pesteremediolly by the postfrontal, which ferms the most extensive
are of any of the bones contributing to tho orbit margin.

The p¥oal foraomen (Fig.2.55) is situated en the dorsal midiine, only slightly behind
tho posterior borders of the orbits, it is round and has preminent raised edges
lateral to the opening,

The otie noteh lics at the postere-lateral maorgin of the skull and is beunded
sxclusively by the tabular and squamesal, It i aval in outlire and epens to the
postorior margin of the skull via a ghort, {27.5mm) thin (9.1mm} ehannel. This
channel runs obliguely at an angle of 2:45° to the skull midline.

Of the four sots of censory greoves tdentified {or sapitosaureid skulls by Meadie
{1808), ond foilowing the termunelogy of Maryaiiska & Shistkin {1888), the antire
guieus temporalis ond parts of the gulaus supraorbitalis, suleus dfraorbitali» and
sulcus jugalaris are proserved (Fig.2.88). Tha grooves are clearly marked by the
preconce of enlarged pits, which in gencral laek erogs-ndges. The suleus
supraorbitalis runs pestera-medially along the lonath of the nrofrontal, erossing onto
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the frontal anterior to the erbut margin. Frem this point it curves areund the orbit
margin on the postfrontal to meet tho aseending arm of the suieus infraorbitalis on
the postorbital. The culeus infraerbitalis oxtends from the postorbital anterolaterally
unto the jugal, where it expands to form the jugal flexure and then runs anteriorly
on thu lateral skull margin. The suleus juguloris is only partially proserved and arises
at the jugal flexure, from where it extends posteriotly along the length of the jugal
and onto the auadratojugal at the lovel of the squamesal-quadratejugal suture, to
the rear margin of the skull. The sulous temporalis arises at the tripartito junction
on the postorbital and eontinues posterierly along the length of the supratemperal
to torminate on the tobular. As the frent part of the skuli is not proscrved the
onterior commissure cannot be determined.

Tho bones of the skull reof are fauly easily diseornable and are well presorved.
Thase are now deseribed individually fram the lateral posterior skull margia forward.
Only the postere-modial margin of the quadratajugal is prosent, which forms the
postere-latoral margin of the skull reof, As preserved, the bene forms a thin
{20.0mm), elongate {60,0mm) strip lying lateral and ventral to the squamosal on
the lateral adgo of the skull. The surface of the bene iz strongly ridged, with the
ridges erientated at right angles to the skull midline. The contact between the
quadratojugal and squamesal eeeurs within the suleus jugularis, which oxtends
ontere-postarierly along the length of the preserved lateral margin of the gkuil.

The squamosal ia situated pestero-laterally on the ckull reof and is the largest bene
in the postoerbital regien. Tho lateral edge of the squamesal is damaged and the
anterelatoral margin of the bene cannet bo rocenstructed. The medial surfage is
caarsely pitted whero it centacts the supratemperal. On the poestero-latoral edas,
the sculpturing takes the ferm of elengate ridges which extend laterally and
terminato at the centast with the quadratojugel. Postere-medially tho squamesal
contaets the tooular, eoxeluding the supratemporal from the otie notch.
Anteromedially the squamosal sutureg {irst with tha postorbital and mere anteriorly
with tho juagal, with the suture lying in the same plano ag the pustpariotal-tabular
and supratemporal-squamesal contacts. This contact formg the lateral edge of the
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suleus jugalaris.

The tabular forms a rough L shape, with the posterior arm of the L slightly
depressed below the level of the squamocal due to dorso-ventral compression. The
postarior margin of the tabular forms part of the accipital margin and is breadly
convex in form. The lappet of the tabulor horn is narrow and unexpanded, and
projects only slightly posterelaterally te form the posteromedial border of the otic
notch. Tho posterelateral projection of the tabular almost eontacts the squamosal
behind the tympanie area, such that clssure of the atic noteh is very nearly
affected in this ferm. Anterierly, the tabular ferms the medial margin of the otic
notch and centacts the squamcsal for 13.7mm, with the suture running at 45° to
the dorsal mid-linc. The concave anterior margin of the tabular forms o sutural
contact with the supratemporal and moets the postpariotol mediaily.

A number of paired bones barder the midline suture and these include the
postpariotals, pariotals and frentals. The pestpariotals are positioned medial to the
tshulars on the skull roof and are pentagonal, although roughly rectangular in
shape. On the pesterior edge of the skull, the postpariotal is thickened in the region
of the midline of the skull {12.0mm), thinning rapidly laterally to its contact with
the tabular where it is only hoif its original thickness (6.1mm). Posteriotly the
postparicials are separated by a strongly interdigitated suture, which bocomes
wavy anterierly. Anterolaterally the poestparietal eontacts the supratemporal for o
distance of 86.4mm at an ouligue angle to the midime.

Tho paived parietals Term a irregular plate which complotely enclesas the pineal
feramen. The pesterior margin of the pinecal foramen is 39.5mm from its eontact
with the pest-parictals, as oppesed to 21.0mm from its ontorier contact with the
frontaly, and ia thorefaro situated sl'ghtly antenatly on the panetal plate. Laterally
tho parigtal meots the gupratemporal vath an irfegular suture which rung parailel to
the dersa! midhine, Antero-{aterally the parniotal contaets the postlrental, but is
oxaluacd frem contact with the pest-orbital, The right pariotal extends further
anteriorly than the left and sutares with the frental via a strengly intordigituted
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antero-medially oriontated suture. On the loft sido of the skull this suture is not
strongly interdigitated and is ossentially transverso.

The supratemporal is approximately pentagonal, shating six contacts with the
surrounding bones. It contacts tho: tabulor posteriorly; postparistal posteromedially;
paristal medially to anteromedially; postfrontal anteriomedially; postorbital
anterolaterally; and the squamosel laterally. Posterierly, the supratemporai contocts
the tobular with a distinetly convex suture. The supratemperal is excluded from
entering the otic noteh by the tabular-squamosal contaet {Fig.2.55).

The pesterbitol forms an irregular square and makes up tho pastere-lateral margin
of the orbit, The sutural contaet with tho pestirental is porallel to, and in line with,
the midline of the orbit. The pestorbital displays a marked lateral, and loss morked
anterior projection, which limits the occurrence of the jugal in the orbit margin, The
most striking feature ot tho postarbital is the non-pitted area that marks the
tripartite junction of tho suleus supraorbitalis, suleus temporalis and suleus
nfraorbitalis (Fig.2.58).

The pestfrontal forms a thin, curved strip of bone which lics between the paristal
and the orbit, comprising th+ posteromediar holf of the orbit morain. Antere-
medially tho pastfrental <o tuéts tho frontal with o ircogular suture,

The paired frentais {orm an elon ate rectangular ¢'ate that makes up the central
part of the skull reof in the intererbital and preorbital cegie . The pesterior margin
of tho plate sutures with the parit tal in the inte orbital eanal, approXimate?: at tho
midpoint of the orbits. The frontal doos not enter the erbit margin at this love, as
the suture with the pestirontal extends antero-laterally, such that the fraatal enters
tho orbat margin approximately ono-third the way along the orbits langth. The
suturel contact with the profrontal emerges frem the erbit rim near the midline of
the orbit, and extends anterierly dlong the preserved length of the two boney. Tho
{frontal therefore forms only a small part of the orbit margin. The anterior margin of
the frontal plate 1o not presarved. Ths postertor margin of the {rental ja coargely
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sculptured by pits whereas anterior to the pre-arbital step, the seulpturing takes the
form of antero:posterictly erientated, parallel clongate greoves strengthened by a
fow cross-ridgos.

The prefrontal forms a largo ©  aigated strip of bone situated between the frontal
and the jugal, both of whica the bone sutures with along its entire preserved
length. The suture with the jugal interdigitates strongly, whereas that with the
frontal is only interdigitated in the region immediately antetior to the orbit. The
prefrental forme the largest percentage of the anterior morgin of the orbit and
emerges from the orbit as a short neck, which expands some third of the way
along the preserved length of the bone. From this point it centinues anteriorly lying
parallel to the dorsal mid-line of the skull. The medial surface carries antere-postero
orientated ridges, whereas the lateral surface has eross pits and ridges.

The jugal is incompletely preserved, but is a farge bone which ferms the lateral
margin of the skull {check) fzom o pasition anterior to the pre-orbizal step, to behind
the lovel of the pinecal feramen. The bane forms only a limited extent of the lateral
orbit marg®., being partially excluded from it by the forward extensien of the
postorbital, and the posterior projoction of thoe prefrontal. The jugal contacts the
postorbital and squamosa! posteriarly and its lateral edge forms the lateral edge of
the skull roef. The sgtcus jugalaris extends from the lateral morgin of the skull
forward to a point in lino with the anterior margin of the orbit, from where the
suleus turns sharply postere-medially to oxtend abliquely across the jugsl. The jugal
has the coarsest sculpturing of all the bones en the skuli reaf,

b}  The Occiput

The occiput (Fig.2.86) of the skull hag suffored minor dorsoventral compression,
which has brought abeutder: " movement of tho dorsai process of the exoeceipital
in relation te the descendirig arm (processua ventralis) of the postpariotal. This
distartion has slightly obscured postpariotal, and reduced the size of the post
tempoia! fenoster.
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The most striking foature of the ecciput is the presence of a pair of occipital ridges
{Fig.2.56). The first of these fies ventral to the postero-medial edge of the tabular
and extends medially acrass the tabular on the ecciput, narrows and continues onto
the postpariotal. This ridge probably served for the ingertion of some of the
occipito-vortebral muscles {Howie, 1870}, The second, and more prominent ridge
oxtends along the length of the paroccipital process (processus paroceipitalis) and
forms the area for the insertion of the cloidomasteideus musele (Howie, 1870), or
the muscle ridge of Chornin {1978).

The postparietal forms the upper medial berder of the ecciput and the tabular the
upper lateral berder. In aceipital view, the postpariotal forms a rounded strip of
bone which thickens laterally away from tho skull midline and makes up the de.cal
margin of the feramen magnum. Ventrally the bono has a prominent descending
process, which forms the derso-lateral margin of tio foramen magnum and the
mediai margin of the pest-temporal fenester. The dorsal process of the exoceipital
alco originally shared in the medial border of the post-temporal fenester, but has
beon displaced due to distortien.

The dorselateral margin of the ecciput is formed by the posterolateral margin of the
tabular. Tegother with the postparietal, the tabular alse forms the dorsal morgin of
the post-temperal fenoster. The descending process of the tabular extends ventro-
medially at an oblique angle te centact the exoceipital. This process sutures with
the paraeceipital process along nearly its antire length, ferming the lower half of
tho bor which makes up the ventra! margin of the post tomporal {enester.

The exocenpital consista of a eontral cordyle from which a dorsal process aseends
to meot the deseending arm of tho postparietal (procescus ventralis). Altheugh
these two benes have been distorted se that the dorsal process of the exoceipital
lies medially to tho progossus ventealis, the two bones would have contacted each
other forming the lateral margin ef the foramen magnum. The articulutory facet of
the oxecaipita! candylo i1s onertated very slightly medially and ventrally with the
foramion magnura situated botweoen the eondyles en the skull midline. The central
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portion of tho condyle has a roughencd exterior surface and is surrounded by a
raised rim. This raised rim probably supported a cartilaginous cap which would have
covered the eentral portion of the condyle (Welles & Cesgriff, 1965; Chernin,
1974). The jugular foramen, through which cranial nerves IX and X pass {Howie,
1970}, opens externally on the medial edge of the excscipifal. The external opening
for the hypoglossal nerve (XU} is situated anterolaterally to the lateral edge of the
condylar rim of the ez&eccipitai‘

The postetior margin of the parasphenoid plate extends ventrai te, and between the
oxoceipitals, forming the floor of the shamber in whish tho ecartilaginous
basioecipital is believed te have been situated (Chornin, 1974). The raised midline
section of this plate forms the basioeeipital erest.

Most of the lateral part of tho occipital surface is formed by the quadrate ramus ef
the pterygoid, the quadrate and the squamesal. Tho postere-dorsal wargin of the
skull is formed by the squamosal. The cdge »f the quadratajugal is not preserved,
ond the paraquadratejugal foramen could not be distinguished.

c) Tho Palate

In ventral view (Fig.2.87), the proserved portion of the palate econsists ef the
complete right exaccipital, parasphoneid, tabular, quadrate, damaged quadratojugal
oad tho posterior projection of the catoptorygeid. The palate is very slightly erushed
in the parasphenoid region. Tho anterior portion of the cultriform process of the
paraspheneid is eomplete.

The basal plote of the parasphienoid is cancave ventrally. On the pesterior edge of
thic plate, just slightly anterier to the suture with the execeiptal, the paracpheneld
forms the eroseent shaped erigta mugeaularis {Fig.2.87) wihich crosscos the pesterier
portion of the parasphanold basal plate transversely and curves posterierly towards
the ventrol rmdline,
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A transversely orientated shallow depression i situated between the erista
muscularic and the exoccipital eondyle. Thic deprossion is though to have
accommodated the insertion of tho mugeularis reetus capitic (Welles & Cosgriff,
1965). Posteriotly to this depression the porasphenoid forms a sutural contact with
the exocecipital. The posterier margin of the parasphenoid forms port of the
basioceipital crost. Laterally, the basal plate of the parasphenoid forms an eblique
sutural contact with the quadrate ramus of the pterygoid and more anteriorly, the
body of the pterygoid itself. The cultriform procoss of the paraspheroid is almest
completely preserved and extends aleng the ventral mid-line of the skull. The
praserved length of the process baing some 190mm. At the lovel of the pre-orbital
stop on the dorsot surface, a keel some 28mm wide is doveloped on the anterior
ramus of the eultriferm process on the ventral surface. This keel has a rough U to
V shape in cross-section and is belioved to bo a strengtiening agent for the pro-
orbital ragion of the skull,

The pterygeid meets the porasphenoid via an oblique suture, which begins
onteriorly near the centre of the concave posterior border of the interpterygoid
vaeuity. Frem hoere it extends postero-laterally to the latere-ventral margin of the
skull. Very fine seulpturing is presaived on the latero-ventral surface of the main
pterygoid bedy. The quadrate ramus of the pterygeid oxtends posterolaterally to
moot the S shaped quadrate, with a markedly sinuous suture. Togother with tho
lazeral rim of the palatine ramus, the anterier margin of the quadrate process forms
the medior edge of tho subtomporal fonestra. The palatine ramus extends
anterolate.aily to meet the cetopterygoid and posterior projection of the palatine.
Tha medial edge forms the lateral edge of the interperygoid vacuity aleng its entire
reach, and the lateral edge forms the medial, ventral border of the subtemporal
fossa. Aleng tho anterelateral margin the pe atine rasnus bearo cearee lengitudinal
geulpturing.

The eetopterygoid fermg a plate situated botweon the posterier raccug of the
moxilla and the palatine ramus of the ptorygeid. The bone oxtends from the
pasterior margin of the tsoth row anteriorly, and oxpands medially to reduce the
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width of tho palatine ramus of tha pterygoid. The ectopterygoid bor - the posterior,
medial margin of the deuble tooth row, which are spaced 20mm apai t. The maxilla
bears the outor of the two tooth rews and is separated from tho ectopterygoid by
a well doveloped ridge which extends the entire length of the groove botween the
two teoth rows. The lateral margin of the maxilla forms the lateral skull margin,

Only the stumps of the teoth are prescrved on the posterier margin of the
ectopterygoid and maxilla. The teeth are conical in chape and oveid in cross
scction, The ectopterygeid bears the larger of tho two tooth rows and has
soventeen tecth on the preserved part of the bone. The maxilla supports the smaller
of the two teoth rows and in general these teoth are small and remarkably uniferm.
Two isolated teeth preserved in the matrix are slightly recurved and tvpical of the
form found in lobyrinthodents in gencral, although they do not show any
pronounced infolding of the enamel.

fil}  Taxonomic assossmont of BR/1/5581

The posterior position of the orbits on tho skull raef, the frontal entering the orbit
margin and the stiucture of the palate uncquivecally indicates thot BP/1/55851
belengs to the temnospondyl Superfamily Capitosaureidea (Watson 1918)
{nom.trans, Siive-Sdderborgh, 1938 ex Capitasauridae Watson).

The Superfamily Capitosouroidea is eurrently believed by mest recont studies to
include primarily tho Familios Copitesauridac and Mastedonsauridao {(Maryaiiska &
Shighkin, 1§96). The near closed natura of the otie noteh in BP/1/5551 precludes
its placemant in the Family Mastedonsaurideo {(Miiner, 1990) and hence its
affinities should bo confined to the grouping variously referred to as the Famuly
Capitasouridao. The taxonemy of the Capitosaundae is howaver rather complex and
eonfusing, with numerous authers subdividing the family into acporato lneages
{Chermin & Cosgniff, 1978; Warren, 1980; Warren & Black, 1988; Cosgriff &
DeFauw, 1987; Maryailara & Shighkin, 1986). In tho most ecurrent treatment of
this greuping, Maryaiiska & Shighkn {1 486) arguoe that the “capitesaurids” in a
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broad sense ferm a heterogeneous assemblage of advanced eapitosauroids, which
they tentatively subdivide into four or five groups on the basis of skull pattern, Of
the four main groups propased by Maryaficka & Shishkin (199€), the
Cyclotosauridae {Shishkin, 1964) and Stenotesauridae (Hoyler, 1968) have
previously been 9ropésed as separate families outside of the Capitesauridae, and
the Paracyclotosauridae {Maryaiiska & Shishkin, 1996) was eriginally proposed as
a subfomily of the Copitosauridae, the Paracyclotosauringe. The affinities of
BP/1/5581 are now assessed in terms of thuse four groupings.

a}  Affinities of BP/1/5551

wlaryaiiska & Shishkin (1996) give the dofining character of the Capitosauridas
senso stricto ag the fiattening of the cheek region. In BP/1/5551 this part of the
skull is not totally pr served and the true nature of this character is indeterminable
at prosont. As resonstructed (Fig.2.58) however, it does not have the typical
flattening ef the check surface, with the cheek nstead being high and steeply
angled, torming a ncar right angle with the palatal surface. The markedly convex
and steeply sleped nature of the ehoek is mere gommon in the other families of the
advaneed capitesauroids (Maryafingka & Shishkin, 1996).

BP/1/56881 newever shares numerous other characters with the Capitosauridan
including: tho marked flattening of the pre-orbital region of the skull; tho elevated
arbital borders; the inelusion of the frontal in the erbit margin; the relatively elosely
spaeed eorbits, with vory similar B/D and B/C ratios {Table 2.4).

Although the placemaent of tho arbits in BR/1/8551 is similar tv that found in the
eapitesaurias, the orbits are howeover gituared in line with the medial margin of the
otic netch and not ontirely medial to it as is the cage in the capitosuurids. The
strugture of the otic noteh ig alse not ontircly the same. In the advanced
gapitosaurids such ag Eryesuchus and Parotosuchus pronvs the otic noteh is semi-
clesed by the torminal expansion of the tabular, which projects well bohind the
level of thie squamasal. In BR/1/5551, altbough the otic noteh is somi-clesed, the
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tabular horn is fairly narrow and projects laterally towards the squamosal. It is not
terminally expanded and does not project well behind the squamosal. This is more
commonly the case in the Stenotosaurids.

The Stenotosauridae are however not well studied and at present this grouping
includes only the génera Stenotosaurus, Procyclotosaurus and Parotosuchus
africanus (Maryaiiska & Shishkin, 1996). BP/1/5551 shares a number of
choracters, other than the nature of the otic notch, with the Stenotosauridae.
These include the broadly triangular skull with straight or slightly concave side
margins and the elongation of the parietals. The B/D and B/C skull indices both fall
within the range for known Stenotosaurid genera, and the /K index of 0.37 falls
at the top end of the range (Table 2.4), BP/1/656561 differs most markeadly from the
Stenotosauridae in the N/B ratio (Table 2.4). This ratio is 0.44 for BP/1/6551,
which is considerably lower than the range for Stenotosaurids, which falls between
0.52-0.73,

BP/1/5551 also differs from other known Stenotosaurid genera in that the
anterolateral projection of the postorbital is not as strongly developed, and the
elongation of the postpariotals, known in Stenotosaurids, does not occur. In
Stenotosaurids the anterolateral projection of the postorbital tends to exclude the
jugal from the orbit margin. Although BP/1/5551 could tentatively be placed within
the Stenotosauridae it should be emphasized that this geoup is very poorly known,
that they share a number of apomorphic characters with both the Capitesauridac
and Paracyclotosauridae and that both Stenotesaurus and Proey~lotasaurus have
previously been included in the genus Paretosuchus by other workers.

Apart from the closure of the otie notch, BP/1/6551 shares no other characters
with the Paracyelotosauridae (Otschev, 1966). All the skull indices (Tablo 2.4) are
different to those for the Paracyclotosauridao, differing most markedly in the N/B
index {Table 2.4}, They also differ quite markedly in the construation of the otic
notch, which in the Paracyclotosauridae is affected by the posterolateral expansion
of a very bicad tabular, without the similar posterior growth of the squamosal. This
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postero-lateral tabular growth ensures that the tabular is situated well behind the
, squamosal. The other major difference is that in the Paracyclotasauridae the pre-
E | orbital part of the skull is not markedly depressed (Watson, 1958). As for the
Stenotosauridae, the Paracyclotosauridae also show the elongation of the
postparietals, not evidenced in BP/1/5551.

The separation of the last group, the Cyclotosauridae {Shishkin, 1964) from the
= Capitosauridae is quéstioned by Kuhn, {1961) however Maryaiiska & Shishkin
. {1896) re-instate its Family status. BP* ,551 shares a number of characters with
= this grouping, including: the strong flattening of the pre-orbital region; the near
. closure of the otic notch, although sutural contact has not yet been affected; the
dorso-ventrally expanded occipital flange of the squamosal; the nature of the
anterolateral projection of the postorbital; the pterygoid exoccipital suture on the
palate; and that the frontal and jugal enter the orbit margin.

= - : All the skull ratio indices except the B/D ratio fall within the known range for the
- Cyclotosauridae (Table 2.4). BP/1/5581 olso differs slightly from the Cyclotosaurid
| condition in that the ldteral borders of the orbits are in line with the medial borders,
- and not the mid-level of the otie notch.

At present then it seems that BP/1/6551 shares a number of characters with the AP T
| Capitosauridae, Stenotosauridae and Cyclotosauridae. In the strict sense, the L g
structure of the skull margin and the expanded occipital flange should preslude its
placement within the Capitosauridae (Maryafiska & Shishkin, 1996}, and the laock
| of sutural contact of the tabular horn and squamosal flange would preclude it from >
. the Cyclotosauridae. Although BP/1/5851 shares advanced Capitosaurid, 7
. Stenotosaurid and Cyclotosaurid characters, the large number of eharacters shared @1 { 3
_ with the Capitosauridae suggests that at present it 1s bust to assign it to this &;\‘\V’%
= grouping due to the fact that: the roconstructed skull is large; the braincase and '
2 pterygoids are broadly sutured; the palatine ramus of the pterygoid is reduced; the
ventral surface of the parasphenoid plate lacks arterial grooves or foramina; the
pterygoid bears an oblique ridge: the opisthotic does not form part of the
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paraoccipital bar; the basioccipital is small and forms no part in the occipital
condyles; and the tabulars are narrow and slightly posterolateraly directed.

A number of other amphibian forms which occur in the Cynognathus Assemblage
Zone and in the Manda and N'tawere Formations of East Africa have in the past
been assigned to the Family Capitosauridae. As these are the closest forms
spatially and temporally, they are here compared to BP/1/6551 in order to
determine the relationship of BP/1/6581 tu these forms.

v}  Comparison of BP/1/5551 with other capitosaurid amphibians from the
CGynognathus Assemblage Zone and East Africa

Cyclotosaurus albertyni (Broom, 1904) was the first capitosaurid amphibian
dosctibed from the Cynognathus Assemblage Zone. This form was later
synonymised with Paratosuchus (Romer, 1947), but catalogued as nomen vanum
by Welles and Cosgriff {1865) who felt that the material was not diagnostic.,
Following this, four other capitosaurid amphibians have been described from the
Cynognathus Assemblage Zone including Kestrosaurus dreyeri (Haughton 1925);
Paratosuchus haughteni (Broili & Schrdeder 19387); Parotosuchus africanus (Broom
1908); and Parotosuchus dirus {Chernin 1978). Two species of Parotosuchus,
R.pronus {Howia, 1870} and P.megarhinus {Chernin & Cosgriff, 1978} are also
known from deposits in East Africa. These forms are important for comparison with
BP/1/65561, for the biostratigraphic subdivision propoased in this chapter, os well as
for the correlations and basinal develepment model proposed in Chapter Four. For
these reasons a brief review of their history and current status is provided.

Kostrosaurus droyeri was until recently known from only a single, badly fragmented
specimen which was originally described by Haughton (1925). At some time after
this doscription, the type was reconstructod in plaster, which led to some
erroncous conclusions by Welles & Casgriff (1968), Chernin (1978) re-deseribed
the type material, but her reconstruction and figures are inaccurate as regards skull
propertions due to the inaecuracies of tha plaster recenstruction. In particular, the
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skull is too long, thus rendering any ratios based on length incorrect (Shishkin et
al., in prep). Chernin's restoration furthermore has the tabular horns directed strictly
laterally, rather than posterolaterally; the occipital border of the postparietal
positioned directly above the occipital condyles, instead of in front of them; and the
contour of the skull roof in lateral view is shown as being straight instead of with
a pre-orbital step (Shishkin et al., in prep.).

Both Haughton (1925) and Chernin {1978) felt that Kestrosaurus was intermediate
between the Capitosauridae and Trematosauridae, possessing certain characters
assignable to both families. Re-investigation of this form (Shishkin et al, in prep)
has showud that all of the supposed trematosaurid characters are based on
incorrect plaster reconstructions and Kestrosaurus therefore shows no features that
preclude it from placement within the Capitosauridae.

The biostratigraphic placement of Kestrosaurus was also somewhat problematical,
as it was originally listed as having come from the Procolophon Zone which was
later inciuded within the Lystrosaurus Assemblage Zone (Hotton & Kitching, 1963).
This would have made it the only large amphibian within this biozone. Re-
investigation of the type locality on the farm Avoca 1429 (Paul Roux District)
showed it to lie stratigraphically within the newly described Cynognathus
Assemblage Zone deposits of the north of tho basin {Welmaen et al.,, 1991).

Recent finds on the farms Driefontein (Paul Roux district) and Gwharrickop {Senekal
district) in the northorn Cynognathus Assemblage Zone exposures have added
further information and have alloewed for a rovision of the genus (Shishkin et al., in
prep). Based on this new material and a re-evaluation of the type, Kestrosaurus is
clearly a perotosour and very close to the northern hemisphere genus Parotosuchus
in that: the palatine ramus of the pterygoid is ornomented and is devoid of
shagreen dentition; the parachoanal tooth row stretches forward medially to the
vomerine tusk pair; and the posterolaterally positioned tabulars with the open otic
notch, In fact, Shishkin et al lin prep) state that there are no features of the skull
structure that could differentiate Restrosaurus from the neimal Parotesuchus-like
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Triassic capitosaurids of Europe and Russia, Kestrosaurus is further slightly
advanced over the state found in Wetlugasaurus in that the frontal enters the orbit
margin. Species diversity for Kestrosaurus still remains a problem as taxonomic
variation within the genus is unknown (Shishkin et al., in prep.).

Parotosuchus haughtoni (Romer) (ex Capitosaurus haughtoni (Broili and Schrieder)
= Karoosuchus Ochev (1966), is based on a single: specimen, the type fragments
of which were collected on the farm Kaaimansgat (Rouxville district) by
G.Grossarth between the years 1931 and 1935. This specimen (V11150)},
described by Broili & Schrieder (1937), was once stored in the Miinich University
Museum, but was destroyed during the Second World War (Welinhofer
pers.comm.}. From the literature it is consistent with forms of Kestrosaurus
described by Shishkin et al. (in prep.), whe note that it is probably a species of
Kestrosaurus. Due to the fact that the type material has been destroyed, tho
species must stand based on the deseription of the single specimen, with the note
that it is probably a junior synonym of Kestrosaurus dreyeri.

Parotosuchus africanus (Broom 1909) (ex Capitosaurus africanus) was considered
nomen vanum by Welles and Cosgriff (1965) who felt that the type was not figured
and that the material and deseription was insufficient for specific designation. Re-
described and figured by Chernin (1978) it's spesific status was re-instated within
the genus Paratosuchus {Paton, 1977). Reeontly its status has once again come
under scrutiny, as Shishkin et o/, {in prep.) consider that the South African form is
not the same as the Eurepean genus Parotesuchus and therofore propose the
greation of a new genus for this form. As this work has not been published at
prosent, this form is referred to here as “"P".africanus.

Paratosuchus dirus {Chernin, 1978} is based on a single fragmentary lower jaw
(SAM K434} fiom the Aliwal Nerth district, which until present was the largest
copitosaurid known from the Cynognathus Assemblage Zone. Chernin (1978)
believed Paratosuchus dirus to be similar to the two Bast African species P.pronus
and Punegarhinus and probably ancestral to both of them, This assumption was
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based primarily on the similarity of the buccal projection of the prearticular, which
forms a large hamate process. As this material is only a lower jaw, direct
comparison with BP/1/8561 cannot be undertaken, however, numerous fragments
of large amphibians were collected in the Aliwal North district may possibly belong
to this species. Until associated cranial remains are found with a lower jaw of this
type, the true nature of A.dirus will remain unknown.

P.pronus (Howie, 1970) is known from the Manda Formation of Tanzania
{Mkongoleko, Ruhuhu Valley). The holotype is a skull and associated postcranial
remains housed in the CUMZ. This species may be distinguished from other species
of Parotosuchus by the shape of the tabular horn, in as much as it is expanded
anteriorly as well as laterally towards the squamosal (Howie 1970), Distally the
horn is nearly one-third wider than the neck which separates it from the body of
the tabular. it is also expanded laterally towards the squamesal, such that the otic
notch is semi-closad. Maryaifiska & Shishkin {19986) state that the cheek pattern
and depth of the pre-orbital in this form are more similar to the Australian Family
Paracylotosauridae, an affinity first proposed by Watson (19858) and Howic (1870},
Following further observation of material in the Zoological Museum, Cambridge
collections, Shishkin et al. (in prep) now feel that this form rotains certain
characters directly inherited from Kestrosaurus and may in fact be assigned to the
Capitesauridoo senso gtricto,

Ularea snd Craickshank (1979) tentatively assigned a large paretosaur from

ity 18 = ¢ Uppar Lue gwa Vaolley of Zambie (Upper N'taware Formation) te
Poravwrs, Ghorain (18741 gives a mors compiots description of this specimen as
well as a second spesimen found at the same locality. As these two skulls eame
from the saro harizon she assigned them heth to Rpronus. Chernin and Cosgriff
{1978) howovnr re-assigned this matoria! ‘e a new: species, Parotosuchus
megarhinus. Theso authors folt Amegarhinus to be mere primitive thon P.pronus
and both P.pronus and P.megarhinus wore considored to be advanced over the

state found in A.dirus (Chornin, 1978).
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A number of characters are deemed important for the comparison of BP/1/8551
with the capitosaurid amphibians from South and East Africa. These are: the overall
size and shape of the skull; the shape, size, amount of curvature and closure of the
otic notch; the degree of contact of the tabular and squamosai at the anterior
margin of the otic notch; the degree of exclusion of the jugal from the orbit margin;
the position and nature of the pineal foramen; and the various capitosaurid skull
indices deemeu important by workers such as Welles & Cosgriff (1965), Howie
(1970) and Chernin & Cosgriff (1875).

In terms of the size of the skull, BP/1/5581 is far larger than "P".africanus,
although of similar size to the largest morphs of Kestrosaurus, and is almost
identical in sizo to P.pronus and P.megarhinus. It should be noted that absolute size
is questionabla as a defining character of taxonomic affinity, as this character is
growth related, Shishkin et al., (in prep) however believe that "P".africanus is small
in size, even in adult individuals and size may therofore be used as a defining
character betweoen Kestrosaurus," P .africanus and BP/1/5551.

in the general features of the skull, BP/1/8581 differs from both P.pronus or
P.megarhinus in that the skull is narrower and shallower, being more similar to the
state found in "P".africonus and Kestrosaurus. This is shown by the H:B ratio in
Tsble 2.5, which for BP/1/6551 is intermediate botween Kestrosaurus and the
P.Megarhinus{P.pranus complex.

In BP/1/8851 tho sculpturing is coarser thon in either Kestrasaurus or "P".africanus,
being of similar size and form to that found in B.megarhinus and P.prenus. It should
be noted howover that fine and coarse sculpturing may be a function of
ontogenetic growth (Brystow, 1838) and therefore the cearse nature of the
seulpturing in BP/1/6551 ond the large forms from East Africa, could simply be
growth related.

Closure of the otic notch is believed te bo an advanced feature for the Triassic
capitosaurids (Watson, 1962; Warren & Hutchinson, 1988). The otic notech in
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BP/1/5581 is more closed than in "A".afrfcanus and considerably more 5o than the
state found in XKestrosaurus. The degree of closure is similar to that found in
P.pronus, howaver in this form tho elosure is brought about by the posterior and
lateral expansion of the tabular towards the squamosal. This postero-lateral
expansion of the tabular horn also accurs in Pumegarhinus and “P".africanus to
varying degrees. In BP/1/5581 the tabular is expanded laterally, but not distally so
that the distinctive neck, present in P.pronus is absent.

The extent of the tabulor-squamosal contact at the anterior margin of the ofic
noteh is far greoter in BP/1/8581 thon in cither Kestrosaurus (in which the
supratemporal is only just oxcluded from entering the otic noteh) or "P"africonus,
In this character BP/1/5651 is almost identical to the state found in Apronus. In
BP/1/5551 the supratemporal meets the tabular with a distinetly concavo-convex
sutura, not transverse to the midline as in P.africanus. In this respect it most
closely resembles the state found in P,pronus,

It is interesting that in BP/1/5551 the sutural contact between the postorbital and

the postfrontal, which makes up the posteromedial margin of the orbit, is parallel

to and in lino with the midline of the erbit. This is quite different to the case in

"P.africanus where this suture runs posteromedially, being oblique to both the ;
otbit and dorsal midline. This is the some state as is found in Pmegarkinus Q\ Q\‘\
aithougl: in this form, the supratemporal oxtends anterierly se that the contact L

botween the postorbital and postfrontal is far shorter, This choraeter is

indeterminable in P.pronus.

PP/1/8551 also shares areund pineal with Kestrosaurus and "#".africanus whereas
in the East African forms P.pronus and P.megarhinus, the pineal is distinetly
roctanguiar, Tho pincal foramen is not however sot equidistant from either end of
the parictals as is the case in Kestrosaurus and P.africanus, but rather more
antariorly as is tho case in Aprenus and Pmegarhinus,
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g The area of inclusion of the jugal in the orbit margin is limited in BP/1/5651 by the

forward expansion of the pestortatal and is almost identical to the state found in
‘ P.megarhinus and P.pronus. This character is indeterminable in the types of both
"P".africanus and Kestrosaurus however in other specimens of Kestrosaurus is
praves t¢ be quite variable {Shishkin et ak, in prep).

The naturo of the check in BP/1/5551 (Fig.2.58) connot be restored accurately, but

seems to be mare similar to that feund in P.pronus than to cither Kestrosaurus or
P africonus.

The keel developed on the cultriform process of the parasphenoid begins further
forward in BP/1/5551 than in P.pronus. In BP/1/5651 this feature develops on the
ventral sutface, dircetly underncath the poeint on the dorsal surface where the
¢ *nression anterior to the orbits begins, whercas in P.pronus this feature beging

beneath the level of the orbits. In the types of hoeth Kestrosaurus and "P".africanus
this eharacter 15 indeterminable.

Very fine sculpturing is proserved on the lateral surface of the main pterygoid body
in BP/1/6551, as is the caso in R.africanus. In this character, BP/1/5551 seems to ’

differ from the two East African species, which do not bear sculpturing on the
pterygoid. *

Comparison of the various habitus characters deemed important in <»fning
capitosaurs (Howie, 1970, Chernin, 1874, Chernin & Cosgriff, 1975) {122 2.8)
shows that BP/1/88861 differs to the state found in Kestrosaurus, being more |
similar in general form te A.megarhinus and P.pronus. "' africanus has a ne~ther
of anomalous ratiog, including the high A:L and C:L indices. Both of thaau aure
hewever based on figures of reconstructed areas of the skull. in tho Bk, A:C, N:C;
T:C and K:C indices, “P".africanus is intermediate between the state fourd in
Kestrosaurus and that of BP/1/6551. The higher H:B ratio in "P.ofricanus may be
accoeunted for by the fact that BP/1/8551 has suffered dovse-ventral compression,
Increasing H by 15mm in BP/1/8581 to account for the dorsoventral compression,
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as evidenced by the movement betwaen the postparietal and the exoccipital, would
change the ratio to 18.97, being then slightly higher than for "P.africanus.

BP/1/6581 is in all cases except the H:B and A:l. and P:C indices, within the range
of the Pmagaihinus/P.pronus complex. BP/1/6551 has a very similar C:L ratio to
P.pranus, being anly slightiy higher than in £.megarhinus. The A:C and N.C ratios
of BP/1/8551 are also almost identical to that found in P.megarhinus (BP!1/4421)
and only slightly different to that for P.pronus. The K:C ratio which expresses the
concavity of the back of the skull, is slightly lower than for P.pronus, but is
identical to that found in P.megarhinus (BP/1/4421).

The most marked difference between BP/1/8551 and all the other copitosauroid
genera under discussion, is in the placement of the pineal foramen in line with the
back of the orbit margin. This feature is reflected in the very low P:C ratio in
BP/1/5551.

v} Conclustons and discussion

BP/1/5551 shares a number of family level characters with both “P" afrieanus cnd
Keostrosaurus. The major charaeters soparating BP/1/6551 from the ether two
Cynagnathius Assoemblage Zone capitosauroids, "P".africanus and Kestrosaurus are:
the concavity of the postorior margin of the skull; the advaneed nature of the
closure of the otie notch; the longth of the tabular/squamosal contact; the forwary

ituated position of the pineal foramen; the eriontation of tho postorbital-postironta!
suture; and in the area of jugal expanse in the orbit margin. BP/1/6581 alse differs
froem these twe ferms in a number of the calgulated relative indices (Table 2 <. und
from "P".africanus in particular in tho size of the skull.

BP/1/5541 most closely rosembles the East African forms R.pronus (Havedn, Y974}
and A.megarhinus (Chernin, 1974), being similar in: size; tho amount of <eaiee af
tho otic notch; the area of the jugal oxpanse in the orbit margin; and & wanka. of
skull indices.
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BP/1/5551 is considered to be advanced over the state found in Kestrosaurus end
may be directly derived from this form. Both F.megarhinus and P.pronus are
considered advanced over the state found in "P.africanus {Chernin, 1¢°8;
Maryariska & Shishkin, 1996). Because BP/1/5551 shares a close affinity to these
forms, it is also considered to be advanced over "P".africanus, but with the proviso
that "P".africanus may not be on the direct lineage between Kestrosaurus and
advonced capitosaurids.

BP/1/55581 therefore shares a number of characters with Kestrosaurus ( = European
Parotosuchus; Shishkin pers.comm.), *©".africanus, P.pranus {Howie, 1970) and
P.megarhinus (Chernin & Cosgriff, 1975) and is considered to belong to the genus
Parotosuchus. General features of the skull, particularly the constricted otic notch,
as well as the ratios of skull measurements, indicate that the new species is
advanced over tha level found in Kestrosaurus and "P".africanus and is closely
rolated to the two capitosaurids from East Africa.

Although BP/1/5551 is very similar to the East African forms, it has sufficient
difference from these two species to prevent inclusion in either. These differences
include: the nature of the closure of the otic notch; the positien and shape of the
pincal foramen; and in that tho skull of BP/1/56851 is norrower and shallower than
either form (as oxpressed in the B:L and H:B indicos).

Because BP/1/5581 has a numbar of significant differences ta both P.megarhinus
or P.pranus it is considered a now gpecies of this gonus. it must be noted that it
is not possible to compare BP/1/6551 to P.dirus, as the lotter w known only frem
a lower jaw. The possibility therefare exists that BP/1/85581 may be eonspecific
with P.dirus, which was also considered advanced over hoth the Cynegnathus
Assemblage Zene eapitosauroids (Chiernin, 1978). The locality of A.dirus is however |
within subzone B of the Cynognathus Assemblage Zono (Hancox et al. 1998) and
oceurs significantly lower in the stratigraphy than BP/1/5581. The true relationghip
botweon these twe foerms will only be reselved by further collesting.
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Class
Subelass
Order
Family
Genus
speeias

Derivation
of name
Holotypo

Type
Logality

Horizon

Diagnosis
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Amphibia
Lahyninthedontia
Temnospondyli
Capitosauridae
Parotaesuchus Paton 1877
mergani sp.nov.

Named after the Morgan family of the Bamboeshoek

Valley for their hospitality during fieldwork.

An  compicte skull, BP/1/5851, in the collection of the
Bernard Price Institute (Palacontology), University of tho
Witwatersrand, Jehannesburg, South Africa.

Farm Wilgerkloof, Bamboeshoek Valley, Eastern

Capo Previnge, South Africa, 1:50 000 Topographic map sheet
3126 CB, Moordenaarchoek. GPS co-ordinates : $31°36'38"
E26°23'12"

Uppor Burgersdorp E~+mation, Cynognathus Assemblage
(Subzene €, Hancox et al., 19985).

A lorge Parotosuchus with a dorsoventrally flattened skull;

narrow intororbital rogion; orbits separated by a shollow dopreseion and sot
posterierly on the skull; orbits oval with long axis parallel to lateral margin of skull
and sub-paraliol te the mid-line, eonverging anly slightly anteriorly; frontal and jugal
enter the orbit margin with the jugal ferming enly a limited oxtent of the orbit
margin; large eireular pineal foramen with prominent raised lateral edges; pineal
foramen gituated at the level of the posterior margin of the orbits; otic noteh somi-
closed with tho tobulor horn oxpanded iaterally towards the sguamosal;
gupratemporal oxcluded from tho otic netch by expansive contact of the squamesal
and tabular; no contact betwaen tho postorbital and the parictal; posterior skull
border concave; oxoceipitals well exposed on the palate; pterygoid bears fine
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sculpturing; keel of the cultriform process begins anteriorly.
b) Discussion

This new species is important for the proposed subdivision of the Cynognathus
Assemblage Zone (Hancox et al., 1995) and for the correlation of the uppermost
part of the Cynognathus Assemblage Zone with faunas from other Gondwanan
continents. This in turn allows for a better assessment of the relative age of the
upper Cynognathus Assemblage Zone. These findings are all important for
understanding the nature of the contact between the Burgersdorp and Molteno
Farmations, as wel. as for defining the basin development of the upper Beaufort
Group.
2.6.1.2 Now dicynodonts

During the course of this study two new dicynodont taxa were discoverad from the
Cynognathus Assemblage Zone, bringing the total number of dicynodont generaiin
the biozone to four. The first of these new genera has been assigned to the genus
Angonisaurus (Hancox & Rubidge, 1996), previously known only from the Manda
Formation (K8) of Tanzania. This genus is easily differentiated from Kannemeyeria,
the only other large dicynodont genus from the Cynognathus Assemblage Zone, in
that the: caniniform process of the maxilla is thin, blade-like and tuskless;
preparietal is absent; parietals do not form a prominent crest; inter-temporal region
is broad and is not at a high angle to the frontal plate; and the pestorbital projects
postero-laterally to contact the squamosal, This new speeimen differs from the type
species A.cruickshanki in a number of impertant aspects and is designated as a
new specios. Foliowing Hancox & Rubidge (1996) Anganisaurus is assigned to the
Fomily Stahleckeridae, making this specimen the first occurrence of a Stahleckeriid
in South Africa.

The second new form has not yet been assigned generic status, but is verv similar
te the Chinese genus Shansiodon, and is here included within the Family
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Shansiodontidae, based on its gross morphological character and a detailed
assessment of its cranial characters, Although this Family is known from most
other Triassic Pangean faunas including South America (Vinceria), East Africa
(Tetragonias), Russia (Rhinedicynodon) and China (Shansiadon), this is the first
ocecurrence of a shiansiodontid in South Africa.

A number of fragments of cranial material, including a complete intertemporal bar,
three isolated caniniforms, and a caniniform and partial lower jaw of a small
advanced kannemeyeriid are not assi, ed generic status, but differ significantly
from all the dieynadoﬁts so far known from the biozone. For this reason they are
briefly described following the deseriptions of the two new taxa.

A)  Assossmaont of BP/1/5630
1) Matorial and methods:

BP/1/5530 was discovered in a thin, fine grained sandstone block of facies Se, in
the uppermost reaches of the Burgersdorp Formation in the northeastern Cape
Provinae. This facies was interspersed within the floadplain fines facies association,
and is interproted as a crovasse splay top deposit.

Locality: Farm Avilion, Sterkstroom District, Eastorn Cape Province., GPS co-
ordinates : §31°31'34" E26°24'01". 1:60 000 Topographic Sheot
3126CB Moordenaatshook.

Hoarizon: Uppermost part of the Cynoegnathus Assemblage Zono {Subzone C;
Hancox et al., 1998),

The skull is moderately well preserved, though anly partially complete. Of the main
skull eloments only the left arbit, frontal plate, left postorbital bar, intertemporal
bar, part of the zygomatic arch and squamosal wings are presarved. The left and
right caniniform processes of the maxiline and part of the zygomatic arch are
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preserved as isolated elements. A few other isolated bone fragments were not
identifiable. The palatal surface is not prosorved as it was eroded away prior to
fossilisation. Preparation of the skull was undertaken solely by mechanical means.

it) Description of BP/1/56530
a) The skull roof

Both caniniform processes of the maxilla are preserved as isolated elements. Of
these two, the left hand side (Fig.2.59a,b) is more complete and is used for this
description. The caniniform process broke away from the ckuii roof along the
sutural union between the maxilla-squamosal, maxillae-nasal and maxilla-premaxilla.
In lateral view, the caniniform process is broadly rectangular in shape, being dorso-
ventrally elongated. The lateral surface bears a number of nutrient foramina. The
Lody of the maxilla is tria.gular in section (Fig.2.59a,b) and expands dorsally to
form the maxillary antrum. The anterior, leading edge of the caniniform process is
thin and sharp whereas the trailing edge is thicker and is supported medially by a
stout ridge which extends dorse-ventrally. The maxillary antrum bears no sign of
a tusk or tusk bud, and is internally strongly ridged and pitted (Fig.2.53a).

Of the remainder of the material, enly the dorsal surface of the skull roof (Fig.2.60)
is well proserved. The lachrymalis preserved as a triongular bone wedged botween
the maxilla and the pre-frontals. The bone is small and oxtends laterally along the
face of the skull for 12mm from the orbit morgin. Within tho orbit this hone
contains the large, prominent opening of the ducte-naso lachrymalis. Together with
the ventral projontion of the prefrontal, the lachrymal forms the beginning of a
depression that extends derso-ventrally in front of the lower half of the orbit. The
otbit is fairly large, eliiptical and diracted laterally to slightly antero-laterally,

The pre-frontal forms a half-moeon shaped bone that makes up the anterior margin
of the orbit. it contacts the lachrymal ventrally with a sharp suture that extends
anteriorly from the orbit rim. From the lachrymal suture, the bene continues dorsally

111

Q




as a pillor forming the anterior and first third of the dorsal margin of the orbit.
Together with the lachrymal, the ventral projection of tho pre-frontal forms the
upper part of the pre-orbital canal, whereas the dorsal haif forms part of the distinct
supra-orbital ridge.

The left frontalis almost completely preserved. The centre of ossification is marked
and forms a small protuberance near the centre of the bone from which striations
radiate centripally in all directions (Fig.2.61). Two shailow longitudinal depressions
occur laterally and medially to the raised centre of ossification. These depressions
extend medial to the orbit rim, and laterul  the slightly ridged dorsol midline suture
botween the frontals. The frontal forms the posterior two-thirds of the dorsal orbit
margin. The posterior process of the frontal extends from the postero-dorsal margin
of the orbit to a puint between the pineal foramen and the temporal fenester, about
half way along the length of the pineal depression. The frontal contacts the ‘
postorbital along the entire lateral margin of the bone, and the parietal along its é
posterior medial process, thereby forming a wedge between the parietal medially
and the postorbital laterally. The posterior process of the frontal and the medial
margin of the postorbital bar together form the thickened lateral margin of the
pineal foramen. No pre-parictal is present and the anterior margin of the pineal
foramen is formed by the anterior processes of the parietals.

‘The pineal foramen is large and is directed ventrally at the bottom of a deep conical
pit formed by the anterior processes of the parietal. Pasterior to the pineal oponing
a step and hroad shelf is formed by the parictals and postorbitals.

Thu intertemporal bar is broad and does not rise much above the skull profile
{Fig.2.61). It is composed predeminantly of the posterbitals and parietals with the
interpariotals exposed only at the posterior margin. The postorbitals form the
anterior and fateral marging of the intertemporal bar, such that in dorsal view, the
maojority of the bor is composed of the parietals. The posterior region of the parietal
crost is fairly speclalised and forms a broad ridge which diverges posteriorly,
approximately halfway along its length te form two rounded lobe-like kars. The
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interparictal oxposure on the skull roof is limited and forms a short, anteriorly
directed bilobed projection, which interdigitates with the parictals, such that the
parietal forms the medial and lateral margin of each soparate lobe,

The pastorbital forms the entire postorbital bar as well as the anterior-lateral margin
of the intertemporali bar, extending postero-laterally to contact the squamosals, At
its contact with the infraorbital bar on the lateral margin of the skull, the bone
extends as a thin plate, with an anterior projection which forms part of the orbit
margin {Fig.2.61). From this point the bone oxtends almogt ertically, forming \he
thick ascending arm of the postorbital bar {Fig.2.61). This section of the pastorbital
bar forms botki the postere-lateral matgin of the orbit, as well as the amarior margin
of the teriporal fenester. The bone is thickened in the region of the posterior
margin of the orbit, forming a strong rugosity. The postorbital than extonds
postero-medially, sontacting the frontal along its medial margin, and forming the
antarior, lateral margin of the temporal fenester laterally, Tho postorbital contacts
the parietal for a short distance (20mm] on the intertemporal bar, and diverges from
the porietal at the lovel of the post-pincal shelf. From hore the bono extends
postero-laterally to contact the sauamosal at the postero-medial margin of the
tomporal fenestra, such that the postorbital makes up the entire modial margin of
the tomporal fenestor, The lateral edge of the pesturbital in this region is sharply
demarcated, so that the intortemperal bar is distinetly scparated from the dorsal
margin of the bralncasc by a step-like ledge.

The temporal fencstrae are rectangular, being longer than they are wide. The
squamosal extende from the lateral margin of the intertemporai bar to the posterior
adgo of the skull, forming tho entire squamosal wing. The squamosal wing forms
the posterior margin of the toemporal fenestor and contacts the postorbital antero-
medially and the parietal postero-modially, Fram the latora! margin of the skull, the
squamosal runs anteriotly forming the zygomatic arch and the lateral berder of the
temporal fonester, Thao zygomatic arch is groatly thickened and very rebust, and
moeets the lateral margin of tho postorbital bar at an ebtuse angle (Fig.2.62), Only
the postorior margin of tho infra-orbital bar is preserved, but it is ovident that the
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squamosal continues anteriorly to the postorbital bar, to form the latoral margin of
the infra-orbital bar.

b}  The occiput

The oceiput (Fig.2.62) is badly weatherad, making the delineation of the ocecipital
sutures difficult. Of the paired occipital bones, only the partial supraoceipitals and
tabulars are presorved, together with the interparietal, the left squamosal wing and
partial left exoccipital. Although this specimen is slightly crushed in the area
botween the interparictal/tabular and supraoccipital plates, there is a sharp
angulation betwoen these two surfaces (Fig.2.62).

The interparietal tokos the form of an inverted triangle, 35mm wide by 35mm high,
The bone is situated on the oceipital midline, at the dorsal margin of the occiput.
It originates on the posterior, dorsal margin of the skull end extends untero-ventrally
to contact the tabular laterally and the supra-ogeipital ventrally. Ventrally the
descending process is wedged between the supraoceipitals.

The tabulor is a roughly oval bono situated ventro-laterally te the body of the
interpariotal, and lateral to the deseending process of the interparietal. Vontrally the
tabular contacts the supraoccipital along its ontire length via a transversely
orientated irregular suture. Laterally the tabular contacts the squamosal in lino with
the lateral margin of the intertemporal bar.

The left squamaesal is only partially preserved, but forms a distinetive overhanging
flange on the dorsal ceceipital margin, lateral to the intertomporal bar, The
squamosal contacts the tabular via a curved suture which runs from the dorsal
margin of the eaeiput, first ventro-medially, and thon ventro-laterally.

Tho supracceipital forms a elongated plate that is wider than high. The left
supraoceipital is complote and may be used te define the shape of the plate. The
dorsal margin of tho supraoceipital eentaets the interparietal, tabular and squamosal
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for some 55mm perpendicular to the occipital midline, before running ventrolaterally
for 45mm along its contact with the squamosal. The ventral margin of the
supraoccipital contacts the exocciptal along most of its length. Only the medial
margin, which forms the dorso-raedial margin of the foramen magnum, does not
suture with the exoccipital. The exoceipital is not intact and forms only as a thin
half-moon shaped stcfp of bone on the ventral occipital margin (Fig.2.62).

A distinct pair of vacuities oceur lateral to the ventral tip of the descending process
ot the *aterparietal on the supraoccipital plate. These vacuities occur in most
Triassic dicynodonts, but are not named in the literature. No other oceipital
foramen could be distinguished.

c) Tho palate

The palate is not preserved as it had been completely worn away prior to
preservation.

i) Taxonomic assessment of BP/1/65630

In a short rescarch note, Hancox & Rubidge (1996) assigned this specimen to the
genus Angonisaurus based on the fallowing characters: skull high and of medium
sizo; occiput extremely broad, with veory robust squamasal bars; interpariotal
oxtonds onto the skull reof as a bi-lobed projection; extremely wide intertemporal
bar which forms a distinet shelf ventrally; postorbitals do not contact the
squamosals in the skull roof, so that the parictal forms a large portion of the
intertemporal bor; intertemporal bar not crested nor at a high angle to the
intororbital bar; large rectangular temporal fenestra; pineal foramen lies in a large
conical pit, behind which lies a bony shelf: intererbital bar very wide; obwse anglo
betweon the lateral edge of tho postorbital bar and the zygomatic ramus of the
squamaosal; orbits situated laterally; caniniform proeess triangular and tuskless.
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Based on the above characters, specimen 8P/1/5530 may be assigned to the genus

Angonisaurus with some certainty. As previously noted by Hancox & Rubidge
(1996) the two specimens are not however identical,

Due to the fact that certain of the characters needed to properly assess BP/1/5551
were not listed by Cox & Li {1983] the holotype of Angonisaurus (BMNH R8732;
Fiold Ne.U12) was re-oxamined to allow for a direct comparison to be made with
BP/1/5530. From these observations it became evident that certain of the defining
characters of the genus proposed by Cox & Li {1983) were based on distorted or
crushed material, and that other features the candidate feels important for defining
the Mid-Triassic dicynodonts, including thie composition of the inte.temporal and
infra-orbital bars, and the size and form of the lachrymal, were not noted. Prior to
comparing these two forms, and commenting on their taxonomic position, a
number of thase characters need to be re-assessed. The following section therefore i
re-assesses the type material, discusses the similarities and differences between

these two forms, and considers the taxonomic position of Angonfcaurus based on
those new findings.

a) Ra-assessment of tha type of A.cruickshanki

Until now, Angonisaurys was known only from a single specimen (BMNH R 9732} ¥
from the Manda Formation of Tanzonio. Re-ossessment of the holotype shows it

to have the following characters important for comparison with BP/1/5550):

lachrymal small and restricted to the orbit margin by maxillo-nasal contact; ducto- L
naso lachrymalis opening fairly large and situated on the interior margin of the orbit; 7 !
frontals quite farge and project far antariorly; no preparietal prasent; pincal sot in \

doop conical pit bohind which is a bony shelf; intertomporal bar broad and does not :

riso much above the skull profile; postorbitals form only tho anterior and {aterai
marging to the intertemporal bar, with the majority of the intertemporal bar made
up by the parietals; postorbitals contact the squamosals within the confines of the
intertemporal bar; interpariatals exposed anly at the posterior margin of the skull;
squamosal forms dictinet everhanging flange at the posterior medial margin of the
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skull, lateral to which the squamosals form fairly robust <zimoset @ings,
zygomatic arch very robust and forms a high angle (50-55°) with: the £3cending arm
of the postorbital bar; infra-orbital bar composed of the jugal, limited squamnsal and
large extent of the maxilla; tabulars partialy exposed on the dorsal surface of the
skull.

A number of characters of the skull that are not useful for direct compatison with
BP/1/5530 are also included here, as they have a bearing on the taxonomic
assessment of this genus. The external boss above the nasal opening documented
by Cox & Li {1983} is most probably an artefact of distortion, as this area of the
holotype is very badly erushed. The proposed absence of the labial fogsa (Cox &
Li, 1988) is incorrect, as although very small in relation to other Mid-Triassic
dieynodonts, is present on the left hand side of the skull. The right side is badly
crushed such that any opening is not visible. Benecath the region where this opening
should be, is the apex of a large inverted cone, which extends into the body of the
caniniform and is strongly infornally ridged. In palatal view the basieranial axis is
twisted into an npen S shape, however the interpterygoid vacuity is only slightly
obliquely distorted and seems to be diamond shaped as deseribed by Cox & Li
(1983). The parasphenoid/pteryqgoid overlap is a real character and the palatines
contact the promaxilla anteriorly.

The oceiput is fairly well preserved and most of the sutures are easily discernable.
The interparietal is a large triangular bone which oceupies mest of the eecipital
crest. Loteral to this bone the tabulars eompric ¢ the rast of tho uppor margin of the
occiput. At theo lovel of the tabular-supraoeeipital eontact a slight angulation of the
gacipital surface oseurs, Tho supraoscipital forms a large plate of bone oxtending
lateratly to contact the squamesals, snd ventrally te contact tho exoceipitals, The
foramen magnum is tall and narrow. The exoccipital-basioceipital condyle is
gsomposed of three distinst segments. The jugular foramon cannot be dotermined
in occipital viow, howaver this is probably due to lack of preparation in this area
and not a real character. The paraceipital process ie fairly small and delicate. The
quadrate-quadratojugal complox is net proserved.
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b) Comparison of A.cruickshanki and BP/1/565230

A comparison of the averall shape of the skulls of the two specias was tiot possible
due to the incomplete nature of specimen BR/1/5530, howevar thay are remarkably
similar in preserved -outline (Fig.2.63). The overall size is tho same in both
specimens, and both are considered to be adults.

The caniniform process in BP/1/5530 is far more gracile than in the genotype,
although they share the general dorso-ventral elongation, the I»cik of tusks, the
thickened posterior margin and the strongly ridged and nitted mexiilary antrum. The
two specimens both have a sub-nasal and pre-orbital depressien, as well as a well
developed orbital buttress and large ducto-naso lachrymelis opening. In both
specimens the lachrymael is furthermore restricted to the orisit margin by the
maxilla-nasal contact.

The orbits are both large and elliptical and directod laterally to antero-laterally. The
anterior margin of the orbit displays the same rapid ventral drop, and the dorsal
margin of the orbit has the pronounced irregular bone surface of the postorkital
which forms a thick rugose ridge.

The frontals as preserved in BP/1/5530 have the same small raised ridge anterior
to the opening of the pincal foramen, and the same pronounced centre of
ossification as in the holotype. The form and construction of <he postorbital bar is
identical.

The pineal forameniis of cqual dimensions in both specimens and are simitarly sunk,
with a marked posterior shelf. A.cruickshanki is figurad with a pre-parietal (Cox &
Li, 1983) but re-examination of the type showed that the bone is absent, with the
anterior margin of the pineal foramen composed of the antorior processes of the
parictal as is the case in BP/1/6830. In BP/1/6530 however, the opening of the
pincal into the braincase is far larger.
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The form and construction of the intertemporal bar is the same, except for the fact
that in BP/1/5530 the bar is less wide compared to the skull width, and the groove
on the dorsal midline is not as pronouncud. This may however be an artefact of
weathering. In both specimens, the intertemporal bar is relatively wide, stoutly
constructed end posteriorly tapering with prominent lateral edges. In both
specimens the postorbital diverges laterally away from the intertemporal bar and
overlaps the squamosal postero-laterally, such that the parietals are exposed on the
intertemporal bar in dorsal view. In BP/1/5530 however, the postorbital extends
further laterally, being outside of the intertemporal bar at its contact with the
squamosal. In A.cruickshanki this contact occurs on the intertemopral crest, well
within the confines of the intertemporal bar. In the holotype the postorbital slants
medio-laterally thereby increasing the width of the intertemporal bar in this region
and decreasing the size of the temporal fenestrae, such that they are less
rectangular and slightly smaller than in BP/1/5530.

in both forms the squamosal is o very robust bone and both share the slightly
outwardly bowed zygematic arches and broadly rectangular temporal fenestrae.
The two also share tiie sngulation between the ascending arm of the postorbital bar
and the zygomatic arch. In A.cruickshanki, this angle is between (50-65°% and in
BP/1/5530 it is 45° As preserved the occiputs of the two forms are almost
identical, apart from the fact that: the squamosal flange in BP/1/6530 is not as well
developed, although the beginning of a squamosal averhang is present; and that the
occipital plate is not as high.

Although the two spocimens therefore share a number of similaritios, BP/1/5830
diffors from the type species A.erwickshankiin the nature of: the intertemporal bar;
the uppeor rim of the eceiput; the height of the oceipital plate; and tae nature of the
caniniform process of the maxillae.

As the two specimens are of similar size, the differences between them may not
be attributable to ontogenctic growth, although thoy may be of a sexually
dimorphic naturo, For this roasen Hancox & Rubidge (1986) did not propose a new
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species designation. Confirmation of the range of sexual dimmorphism in
Angonisaurus will only be possible once further specimens have been collected
from both East and South Africa. The differencas listed above, in particular those
assoclated with the nature of the intertemporal bar and caniniform process, coupled
to the wide geagraphic soparation, are considered significant enough to warrant
specific distinction, and therefore a naw species is proposed for BP/1/6830.

The above re-assessment of the genotype and the distinction of a new species has
also nacessitated the revision of the generic diagnosis.

Generic diagnosis {emended); Skull high and of medium size, approximately
triangular in dorsal view; squamosals very robust and extend far laterally; angle
betweon the lateral edge of the postorbital bar and the zygomaotic ramus of the
squamosal is obtuse; width of skull greater than length; snout rounded; pre-orbital
region short, hut postorbital region relatively long; interorbital bar very wide; pineal
lies in a deep conical »it, behind which is a bony shelf; intertemporal bar very wide
ventrally, tapering slightly dorsally; intertemporal bar not crested, nor at a high
angle to tho frontal plate; postorbitals extend posteriorly, lateral to the
intertemporal har to meet the squamosal; pre-parietal absent; parietal broadly
exposed on the interteraporal bar; interparietal extends onto the skull roof as a bi-
lobud projection, interdigitating with postero-medial projoctions of the parietal;
tomporal fenoestra rectangular; caniniform process triangular ond tuskless; labial
fossa present, orbits directed laterally; dorsal erbit margin with a prominent raised
rim; infraorbital bar composed of squamosal, jugal and maxilla; lachrymal small and
rastrictad to the orbit margin by the maxilla-nasal contact; sub-nasal depression
prosent; occiput wide and slopes slightly antero-ventrally; foramen magnum tall and
narrow; paraoceipital procoss of the opisthotic small and delicato; premaxilla
contacts the palatines; interpterygoid vacuity diamond shaped; lower jaw short;
reflected lamina of the angular doos not extend far posteriorly.

Species: Angonisaurus cruickshanki, As for genus, plus:
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Caniniform procoss triangular and robust with a stout, straight posterior edge;
intertemporal with narrow crest on which a deep midline groove oxists; postorbital
contacts the squamosal but terminates on the intertemporal bar; squamosal in the
upper rim of the occiput forms a distinct flange overhanging the oceipital surface;
tabular extends onto the dorsal skull surface.

Species: Angonisaurus coxi sp nov.

Derivation of name; In honour of Prof. Barry Cox who first recognised the
specimen as belonging to the genus Angonisaurus.

Differs from A.cruickshanki in the: nature and weaker construction of the
caniniform process of the maxilla; farger pincal foramen where it enters the brain
cavity; intertemporal bar is narrower and lacks the narrow deep groove found in
A.cruickshanki; the postorbitals contact the squamosals outside of the
intertomporal bar and do not rise up towards the dorsal midiine; lack of distinct
squamosal flanges on the upper rim of the occiput; and the lack of tabular exposure
on the dorsal skull margin.

Holatype:  BP/1/5830; Incomplete skull heused in the Bornard Price Institute
{Palacontology), University of the Witwatersrand, Johannesburg,
South Africa.

¢} Amondud Taxonomy of Angonisaurus

Several attempts to elucidato the relatienships of the Triassic dicynodonts have
been undertaken (Cax, 19685; Cluver, 1871; Keyser, 1874; Koysar & Cruickshank,
1979; Coopor, 1980; Cluver & King, 1983; Cox & Li, 1983; Cruickshank, 1886q;
King, 1988), however tho taxonemie relationships of the Triassic dieynodents is
still poorly understood, and the Mid-Triassie dicynedonts in particular are nat well
known. There are twoe main reasons for this, {irstly and most importantly, the type
specimens are distributed across nearly all the Gondwanan eentinents and no single
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author has had aecess to them all. Furthermore, a number of genera and species
are monotypic, with new genera often based on poor material or narrowly focused
studies.

The classification used in this thesis broadly follows that of Cox (1965}, Cox & Li
(1983) and King {1988). Cox (1968} crccted three families for the Triassic
dicynodonts, the Kannemeyeriidae, Shansiodentidae and Stahleckeridao. Although
a number of new genera have subsequently been deseribed, Cox & Li (1983) and
Cruickshank {1986) retained only the three families.

The Kannemeyeriidoe as defined by these authors are characterised by: a large
skull; medium length, pointed snout; tusked or tuskless; and an oblique oteiput.
The Stahleckeridae were defined as being characterised by: a large skull; long,
bent, blunt snout; tusked or tuskless; and an almost vertical oceiput. The
Shansiodontidae were defined as being characterised by: a medium sized skull;
short, blunt snout; tusked or tuskless; and a slightly oblique occiput.

The fact that all the familios recognised by these authors have tusked and tuskless
genera points to the presence or absence of tusks being a non-definitive character,
although Cooper {1980) argues that the Triossic dicynodonts may be classified by
the presence or absence of tusks, Absolute skull size requires the spread of skull
sizes to be known for a population otherwise juvenilo or sub-adult specimens could
be placed within the wrong grouping. As such size is of limited use unless a large
sample size is known and the allometric changes that oecur in the genus are
documented. The pointed/blunt snout argumert has been at the core of Triassic
taxonomy for some timo with many authors basing the subdivision of taxa on this -
foature. King (1993) has shown that snout morphology has limited use in - 0
dicynodont taxonomy and in a sample of aver fifteen Konnemeyeria specimens, it
may be shown that distortion eroates highly variable snout morphology. Lateral
compression causes pointed snouts, wherous dorso-ventral compression causes
blunt snouts (Renuat pers.eomm.). Unloss a largo sample is known and the
oricntation of the specimen in the field was reeorded, blunt versus pointed snout
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character is of very limited valua. Of the above characters therefore, only the

length of the snout and the obliqueness of the occiput are characters that have any
real taxonomic value,

Angonisaurus is presently assigned to the family Shansiodontidae (Cox & Li, 1983)
or Tribe Shansiadontinii (King, 1288). Cox (1968} defines the shansiodonts as
follows: medium to large size; lacking u parietal crest; possessing a short, broad,
blunt snout; presence ot .. sal bosses; interorbital bar fairly narrow; intertemporal
bar very narrow; short temporal opening; and a posteriorly placed jaw articulation.

As has been pointed out above, size is not a good defining character due to the
problem of allometrics, the shape of the snout 1s highly variable due to distortion
and the presence of nasal bosses is known to be a sexually dimorphic character in
dicynodonts (Tolman et al., 1980; King, 1993). The distorted and crushed nature

of the nasals in Angonisaurus would also preclude this character for its placement
in the shansiodonts.

Of the remaining cl{aracters the lack of a parietal crest in shansiodonts is
questionable as the form genus Shansiodon, as well s Tetragonias and Vineeria
all have crosted intertemporal bars and tharefore although Angonisaurus has a hon-
crested intertemporal bar, this character is not diagnostic for the Shansiodontidae.

Of the defining characters for the Shansiadontidae enly the fairly narrow interorbital
bar, very narrow intertemporal bar and a posteriorly placed jaw articulation are valid
characters shared by the shansiodont genora Shansiedon, Vinceria and Tetragonias.,

The primary reason Cox and Li (1983} considered Angenisaurus to be a
shansiodont, was that they felt it was closely related to the genus Tetragonias,
also known from East Africa. Theose authors do however note a numbor of
differences between Angonisaurus and Tetragonias, which they considered
sufficient to warrant generie distingtion, Re-examination of these characters, shows
them to warrant mare than generig distinetion. Tetragonias has large maxillary
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tusks and o prominent labial fossa, whereas Angonisaurus lacks tusks, has a very
reduced labial fossa and has a much larger, more ventrally projecting caniniform
process. Tetragonias also has a much narrower interorbital bar than Angonisaurus
and the orbit is comparatively larger. The squamosals of Angonisaurus are far more
robust and project much further laterally than in Tetragonias, such that the width
of the skull is greater than the length. In Angonisaurus the zygomatic arch is very
robust, unlike the state found in Tetragonios. The intertemporal bar of
Angonisaurus is probably the widest known in any Triassic dicynodont except for
the South American, Upper Triassic genus Stahleckeria (Cox, 1965). Two other
major differences between Tetragonias and Angonisaurus are that Tetragonias has
a prepariotal whereas Angonisaurus does not, and that in Tetragonias the
postorbitals converge on the dorsal skull margin approximately half way along the
intertemniporal bar, whereas in Angonisaurus the postorbitals curve medially and do
not meet on the dorsal skull margin.

Apaort from the shape of the snout, which is not weil preserved in any of the known
spesimens, Angonisaurus doos not conform to the typical Shansiodont pattern, as
represented by Shansiodan, Vinceria and Tetragonias. Hancox & Rubidge (1996)
therefore considered Angonisaurus to be incorrectly placed within the Shansiodonts
on a numbor of significant grounds and suggested that it might be better
accommodated within the Stohlockeridae. Angonisaurus shares a number of
characters with this family, including the: lack of any teoth; lack of a prepariotal;
non-crested, wide intertemporal bar on which the pariotal is woll exposed;
intertemporal bar 7ot at a high angle to the frontal plate; short parietal process of ;
the postorbital, which does not meet at the skull mid-line; robust 2zygomatic arch;
shuilow oceiput that dooes not slepe forward; the narrow, tall foramen magnum and
segmented oceipital condyle. Angonisaurus shows no features that prevent its
inclusion within the Family Stahlekeridae and is here re-assigned to this grouping.
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d) Systomatie Palacontology

Order : Therapsida

Suborder : Dieynodontia {Cluver & King, 1983}
Family H Stahleckeridao {Cox, 1965)

Genus : Angonisaurys (Cox & Li, 1883}
specios H coxii Sp.nov.

it}  Conclusion

Prier to this dissovery, Angonisaurys was known enly frem the Manda (K8)
Formation of Tanzanio. Thig is therofore the first rocord of this gonus outside of
East Africa ond is possibly the oldest known Stohleckeriid. its stratigraphie
ogeurrence near the contact with the Molteno Fermation also makes it tho
youngest dicynedant known from the rocks of the Beaufort Group. The eceurrones
of another medium to large disynedont from the Cynognathus Assemblage Zono
also has important implications for tha biestratigraphic range of dicynadonts within
this 2one. The ocourrence of Angonisaurus in South Africa allews for revised
correlation betwoeen the nonmarine faunas of the upper CGynoagnathius Assemblage
Zone and the Manda Fermation, which in turn has implications for the age of the
biazone and the nature of the Burgersdorp-Molteno contact in the south of the main
Karae Basin,

B.  Assossment of spocimon BP/1/8632

A second now dieynedont form was also discovered in the upper reaches of the
Burgaraderp Formation {Cynagnathus Assemblage Zone) in the northeastern Cape.
Thigs spocimen has not proviously been ineluded in any publicatiens and is described
here for the first timo.
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i) Material and methods

The specimon was discovered in a thin, tabular, yellowish grey (6Y 7/2) siltstone
within the floodplain finos association, some 40m below the specimen of
Angonisaurus. At the time of collection, the material consisted of a eamplote skull
and attached lower jow ({sco Frontispicce) and partinl posteranium. The
completeness of the skeleton implies /n sity burial before the ligaments had
completely decomposed. Preparation was mainly by mechonical means, although
a number of different acid treatments were tricd due to the friable nature of the
bone. During preparation the lower jaw scparated into two picces along the
symphysial midline and was removed from the skull to allow for study of the
palate. Measurements of the skuli are presented in Table 2.7, The posterania is not
prepared at present.

Locality: Farm Nerweod, Sterkstroem District, Eastern Cope Province, GPS co-
ordinates : $31°36'31" £26°22'56". 1:50 000 Topographic Sheot
3126CB Moeordenaarshoek.

Horizon: Uppermost part of the Cynognathus Assemblage Zone (Subzone G;
Haneox ot al, 1995).

i) Description of BP/1/56532

a) The skull roof
in dorsal view (Fig.2.64) the skull is roughly roctangular in outline with a slightly
taporing snout. The junction betwoeen tho dorsal and oceipital surfaces is sharp,
with the occipital plate almest at right angles to tho dorsal surface. The pre-orbital

region of tho skull is approximately tho same length as the pastorbital, such that
the ratio between tho two is close to 509,
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The premaxilla forms tho squared off tip of the skull and extends posteriorly to
contact the nasals in tho skull midline with an irregular, transverse suture which
runa acrosa the width of the snout. This has the effest that the premaxilla is not
wedged between tho nasals. In tateral view (Fig.2.65) tho promaxilla forms the
anterior and antero-ventral margin of the external nares and continues mediaily into
the nasal cavity. It contacts the septomaxilla posteriorly, with a crescent shaped
suture, ond the maxilia veatrally with a straight antero-postoriorly oriontated suture
{Fig.2.65).

The paired nasals are fairly rebust bones which extend posteriorly onto the skull
reof from the onterior contoct with the premoxilla. Thoy coentact the prefrontal
posterolaterally, and the frontal posteriorly with aninterdigitating suture. The lateral
margin of tho nasals form the overhanging, posteredarsal margin of the extornal
nares. This overhang is very eharacteristic and pronounced, and forms a distinct
notch posterior to tho contact with the premaoxilla, from which point the bone
curves laterally to form o well-defined nasal process, The nasal-prefrontal suture
is medially concave, wharoas that with the frontal extends transversely across the
skull roef. Along the skull midline, the nasals oxtend dorsolly to form a bulbous
mid-nasal ridge. This midline ridge is restricted in its development to the length of
the nasals, being only very woeokly doveleped on the premaxilla and not present at
all on the frontals.

in lateral view (Fig.2.65), the prefrontal is a large crescent shaped bone on the
dorso-lateral side of the skull roef. It ferms part of the anterior margin and antere-
dorsal margin of tho orbit. At its contaet with the lachrymal on the latoral surface
of the skull it forms a distinetive raisod rim surrounding the antorbital sulous,

Tho lachrymal forms a prominant bono on the lateral surface of the skull roof, The
bone originates in the anterior margin of the erbit. whero it onelesos the ducte-naso
{aerimalis, and extends anteriorly to contact the septomaxilla within the post narial
doprassion (Fig.2.68). This arrangement excludes contact between the maxilla and
the nasals.
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The septomaxilla is well preserved on the left sido of the skull and has the form of
an open fan, with fine striations on tho bono surface radiating from the fan apex.,
The septomaxilla contacts the lachrymal posteriorly, the maxilla ventrally and the
premaxilla anteriorly.

The maxifla is a broadly rectangular bone that forms the U shaped coniniform
process. The anterior edge of the camniform is thin and blade-like, and contacts the
premaxilia antero-dorsally. The posterior edge is thickened and is fairly rugose
considering the size and overall gracility of the speecimen. From the anterior margin
of the skull, the dorsal margin of the maxilla contacts first the premaxilla, then the
soptomaxilla and lachrymal, before entering the orbit margin, and forming the
posterior projection of the maxilla in the infra-orbital bar. The maxilla is unusual in
dicynodonts in that it enters the orbit margin. The maxilla eontacts the jugal at an
angle between 115-120° so that the caniniform process is directed almost entirely
ventrally. On the postero-medial margin of the caniniform, the maxilla curves
inwards to form a longitudinai depression extending along the inner margin of the
caniniform. The paired tusks, which are smatl, but fill the alveoli, erupt from the
apex of the caniniform procoss, slightly more laterally than medially, The tusks
extend between 30-35mm ventrally to the apex of the caniniform and are slightly
recurved. At their point of eruption the tusks are 9.0mm in diameter.

Tho surface of the maxilla may be divided into o ventral and dorsal eentro of
oessification. The surfaee of the ventral part is rugose and bears numerous thin
canals and encloses the point of aruption of the tusk. The doreal part has a smeeth
bone surfaco, with fine dorso-ventrally orientated striations (Fig.2.65). This surfage
is unique for Triassic dieynedent in that it bears a mid-caniniform buttress with
proaminent maxillary foramina en either sido {Fig.2.65).

The fused, paired frontals form the frontal plato, which in this speeimen has been
soverely distorted. As reeonstructad, the frental plate would have formed a broadly
rectangular plate of bone, with paired posterior processes extonding inte the
intertomporal bar, lateral to the prepariotal and medial to the postarbitals. This plato
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is very wide in relation to the width of the intertemparal bar. The frontal forms the
posterior half of the dorsal orbit maigin, forming approximately equal proportions
of this margin with the prefrontal.

The postorbital makes up the entire postorbital bar, and extends from the lateral
margin of the skull onto the intertemporal bar. The postorbital has a unique anterior
projection onto the medial suriace of the infra-orbital bar, which forms part of the
ventral margin of the orbit. From this point the postorbital bar rises sharply dorsally,
forming the posterior margin of the orbit and the anterior margin of the temporal
fenester. The postorbitals converge and contact each other in the skull midline on
the dorsal margin of the intortemporal bar, terminating approximately half way
along the tength of the bar,

The preparietal is a relatively large bone with a distinet convex suture with the
frontals anteriorly and laterally. Posteriorly the bone forms the anterior margin of
the pineal foramen. The pineal foramen is deoply sunk into the skull and postoro-
ventrally situated so that the posterior lateral walls are composed only of the
parietais. The parietals are exposcd on the lateral surface of the pineal and extend
posteriorly beneath the posterbitals, re-emerging en the dorsal skull roof posterior
to the termination of the postorbitals, approximately half way aleng the erest. The
parictals form most of tho postero-dorsal margin, and the entire latoral margin of
the thin, crested intertomporal bar, only contacting the interparietal at the posterior
ond of the skull roof: The interparictal is preserved as a small pinnaele on the
posterior margin of the skull reof and extends ventrally onto the aceipital surface.
Anteriorly the interpariotal contaets the parietal in the skull midline and laterally it
contacts, ond is partially overlapped by, the medial margin of the squamesal.

In dorsal view the squamosal oxtends from the point of overlap with the parietal
and interporietal, oxpanding postero-laterally and then laterally te form the
squamosal wing. At the level of the lateral skull margin, the squamosal extends
anteriorly to form the thin, outwardly bowed 2ygomatic arch (Fig.2.64). The
squamosal contacts tho maoxilla anterforly within the infra-orbital bar and is
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overlappad by the lateral margin of the postorbital.

Tho temporal fenestrae are large and rectangular and the posterior and lateral
margins are formead by the squamosals, whereas the medial and anterior margins
are formed by the parietal and postorbital respectively.

The jugal is not easily tiscornable and forms a thin half-moon shaped strip of bone
lying between the lachrymal, maxilla and squamosal. Anteriorly it contacts the
lachrymal within the confines of the orbit margin. The posterior pracess of the jugal
terminates medial to the squamosal at the level of the postorbital bar, and the bone
therefore forms the medial ond dorsal margins of the infra-orbital bar, The anterior
margin of the infra-orbital bar is formed by the inter-digitation of the maxilla and
squamosal, with the squamosal wedged between the maxilla, such that it is
bordered both dorsally and ventrally by the posterior projections of the maxilla.

it) The occinut

Tho occiput is vertically orientated and the squamosal wings are slightly damaged.
The oceiput has also been slightly laterally compressed so that it appears narrower
and slightly higher than natural. This digtortion has alse resulted in the right side
being slightly anteriorly displaced. The oceipital surface (Fig.2.66) is not as well
preserved as the dorsal surfoee and the sutures are more difficult to trace, however
most of the individual bones tay be diseerncd on the right side of the skull. Only
the descending ramus of the squamosal is broken on the right, and is better
preserved on the loft of the skull.

The interporieial forms the darsal part of the midline of the occiput and extends
antero-ventrelly from the posterior dorsal margin of the skull roof alang the occipital
midline as o long (30mm), thin plete situated between the tabulars. it is thin
# wagily and expands ventrally such that it is roughly pear shaped. The interparietal
terminates as a conical indentation, with well defined olliptical walls (Fig.2.66). The
tabulars are not easily recognisable but are triongular bones whigh lie ventral and
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medial to the squamosal wings, latoral to the interparietal and dorsal to the
supraaccipital plate.

The supraoccipital forms the supraoceipital plate which is the largest expanse of
bone on the occiput. It is an hourglass shaped plate of bone, which is thin ventral
to the termination of the interparietal, and expands dorse-ventrally lateral to this
point. In this region tha bone surface carries a number of dorso-laterally orientated
striations. The supraoccipital contacts the tabular and squamaesal dorsally and the
squamosal laterally. The ventral margin of ti.a supraoccipital plate forms the dorsal
margin of the foramen magnum. The lateral margins of the foramen magnum are
also predominantly formied by the supraoccipital, but also by the exoccipitals
ventrally. The foramen magnum is high (21.6mm) and slightly poar shaped, being
narrower doreally {9.1mm) and expanding slightly ventrally (11.1mm).

The exoccipital is weli preserved exeept in the arca of the exoceipital condyle and

forms the ventral and ventro-lateral margins of the foramen magnum. The oceipital

condyle is not preserved and was presumably o cartilaginaus element. The contact

between the exoccipital and supraoceipital extends first laterally and then sharply
dorso-laterally, so that the level of the lateral dorsal margin of the exoceipital is
almost at the lovel of the dorsal apex of the foramen magnum, The lateral contact
of the exoceipital with the squamosal wing extends first ventrally and then laterally,
forming an L shaped enclosure that houses the past temporal fenestra {Fig.2.66).
From this point the exoceipital extends ventrally, contacting the deseending ramus
of the squamosal aleng its length. The ventral surface of the exeecipital contacts
the quadrate-quadratojugal complex laterally and forras the entire free ventral
surface of the eceiput.

The rigit quadrate-quadratojugal eomplex is preserved intaet but depressed below Toe
the lovel of the ventral oceiput margin. The left side has however boen badly ’ e
distorted and the following description is therefore based on the right side. The
quadrate-quadratojugal complex forms a derse-ventrally elengated sinuous element
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that is sutured to the Jateral margin of the exoceipitals. The medial margin of the
complex is formed by the quadrate and the lateral margin by the quadratojugal. The
quadratojugal extends ventrally to the level of the quadrate.

i)  The palate

As for the transition between the dorsal and occipital surfaces, the transition from
the occiital to palatal surfaces is sharp, being at an angle close to 80° The palate
{Fig.2.67) is well preserved but has suffered some damage in the region of the
ipgerpterygoid vacuity during preparation. The interpterygoid vacuity forms £33%
of the total basicranial length and the length of the interpterygoid vacuity and i

choanal depression combined (82mm} is 519% of the basicranial length of the
specimen,

The basicranial compl;ax is not preserved, and appaars to have been a cartilaginous 1
element. Neither of tho stapes are preserved. Anterior to the basicranial area, the ' ‘
parasphenoid forms a plate of bone on the floor of the choanal depression. The

quadrate rainus of the pterygoid extends as a thin strip of bone, from the level of

the choanal depression, postero-laterally to contact the medial eage of the

quadrate. The quadrate and quadratojugal are well preserved on the right hand side

of the skull. The medial condyle is smaller thon the lateral condyle, and is situated !

dorsally to the lateral condyle by 8,0mm. A shallow depression occurs between the | i

quadrate and the quadratejugal, which aceepted the posterior articulatory surface
of the lower jaw.

Tho pterygoids extend anteriorly from the margin of the choanal depression whero :
they coentact the parasphenoid plate, for 44mm and form part of the lateral margins
of the long (82mm) interpterygeid vacuity, with the anterior margin forimed by the
palatines. The polatines ore small (18mm) pads of bone situated medial to the ¥ |
postero-le wal edge of the maxilla. The contact botween the pterygoids and the i
palatines forms tho distinet lateral palatine fenester. The opipterygoid is not
preserved, The labial fossae are very large for the size of the specimen and are

[
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formed by the maoxilla, polatine and pterygoid.

The prormaxilla forms the anterior part of the palate and is excluded from contact
with the palatines via a short expanse of the maxilla. The long median palatal ridge
arises in the interpter&goid vacuity and extends anteriorly along the skull palatal
midline to a point 28mm from the anterior margin of the skull. A pair of small
vacuities oceur either side of the termina’iu1 of this ridga on the premaxilla, The
paired anterior palatal ridges arise lateral to tno lovel of these vacuitios and extend
to the anterior margin of the skull.

iv) ‘the lowor Jaw

The lower jaw was separated from the skull during proparation and came apart
along the symphysiol midline. This element has suffered eonsidorable dorsoe-ventral
compression on the left side, and has been antero-posteriorly lengthened. The right
side in contrast has sufferod antere-postero compresesion, and has been shertened
and dorso-ventrally expanded. Most of the distortion has been takon up at the
posterior ends of the lower jaw at the articular surfaces. Due to the distortion, the
two rami of the lowor jaw are not the same length, with the left ramus being longer
at 119mm and the right being shortor at 10Tmm. The reconstructed midline length
is 110mm.,

The anterior part of the lower jaw is not preserved, but tho preserved anteiior
surface is strongly rugose and may have had a eartilaginous covering that hag not
been preserved. Tho dontory shelf is also net preserved, however the dentaries
were fuscd in the midline.

As praserved prior to separation from the skull, the anterior margin of the lower
jaw e.aded enly slightly in front of the peint of cruption of the tusks, and the
posterior dorsal margin of the dentaries were in contact with the anterior lateral
margins of the pterygoeids, In lateral view (F g.2.68) the dentaries are the largest
banes of the lower jow The dorgal half of the dentary has distingt parallel striations
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which were orientated parallel to the zygomatic arch prie: to detachment of the
lower jaw. The maximum dorso-ventral height of tho dontaries is 40.5mm on the
right and 40.8mm on the left hand side of the jaw. The dorsal margin is sharp and
blade-like and bears a thin groove. The dorsal margin of the lower jaw has a strong
convexity, with the main angulation occurring between the posterior margin of the
dentary and the anterior margin of the surangular. This angulation divides the dorsal
surface inte distinet anterior and posterior surfaces.

The mandibular fenestra is relatively large, measuring sorne 33.3 x 9.5mm on the
right hand side and 33,0 x 8.5mm on the left. Compared to the overall length of
the lower jaw, this gives fenestra/jow length ratios of between 0.27 and 0.33.

The angular is a spoon shaped bone, with the head of the spoon formed by the
enlarged roflected lamina. This element is very large for the size of the jaw and is
significantly dorso-ventrally expanded. The ventral margin of the reflected lamina
oxtends 9.0mm below the angular, in the plane of the anterior ventral margin of the
dontary. This moeans that the ventral margin of the lower jaw, botween the antetier,

ventral margin of dentary and the venteal margin of the roflected lamina is markedly
concave.

The reflocted laminar is well proserved on the left side of the lower jaw and begins
immediately posterior to the mandibular fenestra. From the ventral margin, the
reflected lomino oxtends first postero-dorsally and then antere-dorsally, so that the
bone is roughly rectangular, and forms the postere-ventral margin of the mandibular
fenostra, The reflected lamina overlaps the body of the angular, but does not
extend very far posteriorly towards the articular, being soparated from it by a gap
of 22.5mm on the left sido, and 16mm on the right side of the jaw.

In tho region of the angular, the body of the lower jaw is 25.8mm high and is
conspicuously thinner than ever the dentaries. The orticular surfaces are too badly
distorted for meaningful doseription, but ara relatively small and gracile for the size
of the jaw.
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i) Taxonomic assessment of BP/1/6532

Specimen BP/1/5532 differs from Kannemeyeria and Angonisaurus, the other two
medium to large dicynodonts fram the Cynognathus Assemblaae Zone, in a number
of significant characters. These include the: overall skull size; composition of the
intertemporal bar; and the lachrymal/septomaxilla contact. it also differs from
Kannemeyeria in particular in the nature of the angulation between the frontal plate
and interpariotal crest and the slope of the oceiput. It differs from Angonisaurus in
the presenco of tusks and a preparietal, BP/1/6532 cannot therefore be assigned
to either of the known dicynodont genera from the Cynognathus Assemblage Zone
and represents a distinet new taxon. The first question that arises is to which
dicynodont Family is it most closely allied,

The characters considered diagnostic for the three main families of Triassie
dicynodonts wers presented earlier in this Chapter, but are also reviewed here for
oase of reference. The Kannemeyeriidae as defined by Cox (1865}, Cox & Li (1983}
and King (1988a) are characterised by: a large skull; medium lengthened, pointed
snout; tusked or tuskless; and an oblique occiput. The Stahleckeridae were defined
as being characterised by: a large skull; long, bent, blunt snout; tusked or tuskless;
and an almost vertical oceiput, and the Shansiodontidae wero defined as being
characterised by: a medium sized skull; short, blunt snout; tusked or tuskless; and
a slightly oblique oceiput,

BP/1/5532 differs from the characters previously defined for the Kannemeyeriidae
in the angle of the oceiput, as well as the length of tho snout, Furthermore, tho
Kannemeyeridae may be dofined by: a high, long interparieta! crost (Keyser &
Cruickshank, 1979; King, 1988} with a distinet angulation between the frontal
plate and the intertemporal bar, The interpariotal erest in BP/1/86532 is not high, nor
is their a distinet angulation between the erest and the frontal plate. For these
reasons, BP/1/6532 cannet be accommedated in the Kannemeyeridao.
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As defined the Stahleckeridac are characterised by & long snout; tusked or tuskless;
and an almost vertical oceiput. King {(1988) adds the lack of a preparietal and lack
of tusks as dofining characters of her tribe Stahleckeriini. BP/1/5532 shares with
the Stahleckeridae only the near vertical oceiput, however the lack of a long snout
precludes it from the Stahleckeridae as defined by Cox & Li {1983}, and the
presence of tusks and a large proparietal precludes it from the tribe Stahleckeriini
as defined by King (1988).

B8P/1/5532 shares both of the defining characters for the Shansiodontidae (Cox &
Li, 1983} in that it has a short snout and an only sligh:ly oblique occiput. King
(1988) furth.ar defines her Tribo Shansiodontidae by having a temporal region
drawn up into only a slight crest. This character is also presont in BP/1/6532 ard
it therefore scems that this specimen may be placed within the Family
Shansiodontidac with some confidence.

a)  Ovarview of the Family Shansicdontidae

The Family Shansiodontidae, as erected by Cox {1968) included only two genera,
Shansiodon (Yoh, 1959) and “Dicynoden® njalilus {= Tetragonias) {Cruickshank,
1867). In their revision of the Triassic dicynodonts, Keyser & Cruickshank {1978)
did not recognise the Fomily Shonsiodontidas, and instead included beth
Shansiodon and Tetragonias within their Subfamily Dinodontosaurinae. This
taxonomic revision has however been strongly critieiceu by Cooper, (1980), Cox
& Li (1983) and King (1988).

Cox & Li (1983) increased the number of shansisdont genera to four, incorporating
Angonisaurus (Cox & Li 1983) and Vinceria (Bonaparte 1966a) into their Family
Shansiodentidae. King (1988) added Rhinodicynadon (Kalandadze 1970) to thislist,
to bring the number of genera in hor Tribe Shansiedontini to five. Rhinadicynoden
was placed within the Subfamily Dinodentosourinae by Keysor & Cruickshank
{1979} and the Stahleckeridae by Cox & Li (1988).
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Lucas (1993a) synonomised all of King's (1988) shansiodont genera, as well as
Dolichuranus and Rhopalorhinus (Keyser 1873a,b) with Shonsiodon. Rhopalorhinus
had however been previously synonymised with Dofichuranus (King, 1988}, which
she placed within her Tribe Kannemeyerinii. These two specimens (R334 and R320)
were examined during the course of this study and show none of the defining
characters of the Shansiodontidae. The author considers this genus to be more
closely related to forms such as Dinodontosaurus (Romer, 1843) and
Parakannemeyeria (Sun, 186C) and sheuld be rather included with these two forms
in a distinct taxonomic grouping, the Family Dinodontosauridae (Hancox in prep.).

—

In the most recent classification of the Dicynodontiamorpha, Cox {in prep.) lists the
four genera of Cox & Li {1983), rataining Rhinodicynodon in the Family
Stahleckeridae. As proposed by Hancox & Rubidge (1996), and argued for in the
provious section, Angonisaurus should probably not be included wihin the
Shansiodontidae, and should rather be placed within the Family Stahleckeridae {Cox
1965). Hancox (in prop.) follows King (1988} in including Rhinodicynodon within !
the grouping. This assignation leaves only the genora Shansiadon, Tetragenias,
Vincoria and Rhinodicynodon for direct comparisen with BP/1/5832, Of the above
genera, the holotypes of Shansiodon and Tetragonias have been examined first
hand during the course of this study, and the characters of Vinceria and
Rhinodicynodon have been ascertained from the literature, from slides and from

personal observations undertaken on my behalf by Dr's Spencer Lucas and Jinling
Li. |

(A

The Family Shansiedqntidae is based on the genus Shansieden and therefere the
characters which d&ﬁﬁe this gonus aro of importance to the entire group. To date, “
four species of Shansiodon have been erected, namely S.wangi (Yeh 1958), |
S.wuhsiangensis (Yoh, 1959), S.wupensis (Cheng, 1980) and S.shaanbeiensis
(Cheng, 1930). The deseriptions of these forms in the literature are however ‘¢

insufficient for a full comparison to be made with BP/1/6632. During the course of R ; =
this work, the holotypes of three of these species as well as numerous paratypas x
and reforred specimens were studied at the IVPP and the Chinose Geological
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Institute (CHES). S.wupuensis was the only species not available for study. Certain
characters not previously recorded in the literature need to be described prior to a
comparison being made with BP/1/8532.

Of these four species, only S.wongr and S.wuhsiangensis are of mejor importance
to this study, as the author feels that tho other two species are junior subjective
synonyms of these species. The holotype of S,wangi (IVPP 2415) was described
by Yech (1959) who listed the diagnostic characters as: skull small; triangular in
outline; greatest width over the oceiput; tip of snout bent downward; conspicuous
nasal boss; extromely narrow intertemporal region with a sharp parietal crest; jugal
flattened dorsa-ventrally; squamosal expanded laterally; ecciput broad and low;
alveolar border of maxilla ventrally erientated, robsust and semi-circular in shape in
lateral view; tusked; relatively small orbit; and tonguc-like pre-parietal.

Of the characters listed by Yeh {1988} for the genus Shansiodon, the following are
considered spocific for S.wangi: jugal dorse-ventrally flattened; sauamosal
oxpanded laterally; oceiput broad and low; and the relatively small orbit, To this
may be added: midline ridge present on pramaxilla, nasal and frontal. At the time
of the original description the lower jaw was attached to the skull and Yeh (1959)
states {p. 191) " as o whele the lower jaw is somewhat robust and massive,
espacially the dentary and angular®. This lower jow has subsequently been furthor
prepared and has allewed for the features of the lower jaw to be better ascertained.
The lower jaw is characteriscd by having a well developed retro-articular process
which prejects beneath the level of the bedy of the angular and a comparatively
small mandibular fossae, which slopes dorsally at its posterior margin,

The holotype of S.wuhsiangensis (IVPP 2416) is a weoll preserved specimen,
witheut a lower jow. Speeific characters listed by Yeh (1958) inelude: tip of the
snout extending mainly ferward; large orbit; jugal flattened laterally; alveolar border
with a thin posterior margin; nasal besses present but not conspicuous; less lateral
expansien of the zygomatic arch.
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Although most of these spocific differences fall within the known spread of sexual
dimerphism and distortion documented by King (1993), Renaut (pers.comm.} and
in this study, these two species are rocognised for the present time.

The skull length in S.wuhsiangensis is 180mm and the basi-cranial axis, some
157mm, meaning that the oceciput is fairly vertical and that the jaw articulation is
sot well back. It has very long, slender antero-posteriorly elongated tusks
{(16x12.1mm) which protrude some 55mm from their point of eruption on the
postero-ventral surface of the caniniform. The caniniform is fairly gracile and forms
a rectangular plate, with a sharp leading edge and a rugose trailing edge. The point
of cruption of the tusk lies at the posterior margin of the caniniform. The snout
bears a strong midline ridge, as well as nasal ridges.

The orbit margin is raised, and has a distinet antorbital sulcus. The duete-naso
lnerymalis is large and is situated in a conical depression, which has a narrow ridge
lateral to the external opening when viewed in dorsal aspeet. This ridge is formed
by the lachrymal. The frontal forms a large part of the orbit margin. The interorbital
plato is fairly narrow, being only 48.2mm at its posterior maigin. The intertemporal
bar is erested and narrow, and the postarbital enly extends midway alotig tho bar
in lateral view, terminating at the level of the cpiptarygoid.

The oe ipital surface is not well preserved, but is tall and narrow. The oceipital
overhang of the squamesal, and the V chaped intorparietal seem to be real
characters for this speeies. The eceiput also shows the elongated, narrow nature
of the foramen magnum. The basieceipital condyle, basispheneid, stapes and
quadrate rami of the pterygoeids arce all missing and were possibly cartilaginous
clements.

The ventral surface has net been fully prepared and the anterior margin is still
covored by mattix. Although matrix alse covers most of the internal nares it is
evident that the palatines cuntact the premaxilla ever a fairly large arca. The
opipterygoid is well preserved and forms a vertically oricatated, thin plato of bone,
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which expands towards it dorsal contact with the intortemporal bar, where it is
perforated by a large circular opening.

The type of S.shaanbeiensis (V320) (Cheng 1980) was originally catalogued as
S.wuhsiangensis and has the typical postorbital/squamosal contact, outwardly
bowed zygomatic arch, raised orbital rim and antorbital suleus of this form, and as
previeusly mentioned is here considered a junior synonym of S.wufisiangensis.

Study of tho holotypes of the twe main speeics has allowed for an emended
diagnosis ef the genus, as follows:

Generic diagnosis (emended): Small dicynodent; tusked; caniniform preccss
projeets ventrally and slightly anteriorly, posterior margin thickened but not rugose;
orbits oval in eutline with distinet orbital rim; antorbital sulcus situated dorsally to
the large ductoe-nuso lachrymalis; lachrymal contacts the septemaxilla; large labial
fossae present; nasal bosses present; midline ridge present on the premaxilia,
nasals and frontal; greatest skull width across the zygomatie arch; large pre-parietal
prosent; intortemporal narrow and erested; postorbital doos not centact the
squamesal; large temporal openings, longer than wide; jugal foerms dersal margin
of the infra-orbital bar; premaxilla dees not gontact the pterygoid.

b) Compatison of BP/1/5832 with ather Shansiedont gonera

The overall size and shape (Fig 2.70} of BP/1/5532 clagely eonferme to that of
Shansiedon, espeeially forms listed as S.wuhisiengensis (Fig.2.70). In faet
BP/1/5532 shares all the generic eharacters with Shansieden, apart from tho fact
that: BP/1/6532 decs net have nasal bagges; the maxilla entors thoe orbit marging
and tnat the mudline ridge is restricted to the premaxilla and nasals. If those were
considered as specific charasters for the two Chincse forms (or if the two forms
are conspoeeifie) then there would be ne churacters precluding the placement of
BP/1/8532 in this gonus. Specifie charaeter for BP/1/8532 would then be tho: fack
of nasal besses: inelusion of the maxila in the erbit margin; rostriction of the
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midline ridge to the premaxilla and nasals. Additional spoeific choracters would
include the presence of a buttress on the caniniform, and the smaller size and more
gracile nature of the tusks.

In terms of general skull characters, shape and size BP/1/6632 however also
conforms to the range known in Tetragonfas, Vinceria and Rhinodieynodon and
therefore cannot at present be assigned to Shansiedon rather than any of these
other genera. The snout of BP/1/5532 is sharply downturned and the maxilla are
orientated at a high sngle to the infraorbital bar, with a notech between the infra-
orbital bar and the maxilla as noted for both Shansiedon and Tetragonias, and
figured for Vinceria ({3-naparte, 1966a) and Ahinodicynadon (Kalandadze, 1970).
BP/1/5532 also shares with both Shansiedon, Tetragonias and Vinceria a large
labial fossa.

In BP/1/5532, the tusks are woakly developed, ventrally directed and not in lino
with the infraorbital bar, The tusks are smaller than for equivalent sized Shansiadon
and Tetraganias specimens, but they protrude a considerable distance from their
eruption point at the apex of the maxilla, being more similar to the state found in
Shansiodon. The inclusion of the maxilla in the orbit morgin is a feature unique
amongst the Triassie dicynodonts.

In BP/1/6532 the dorsal margin of the maxilla is excluded from both the external
nares and the nasals 5\/ the anterior process of the lachrymal and the septomexilla.
The lachrymal eentacts the septomaxilia such that the maoxille does net contaet the
nasals, This cheracter is known in the Shansiodont genera Shansieden,
Totragonias, Vinceria ond Rhincdieyneden as well os in Parakannemeyeria,
Sinakannemayeria, Binadontasaures and Placerias.

The pariotal crest doees not rise steeply abeve the frontal plate to form a sagittal
erost, with the anglo botween the pariotal erest and the frental plate being only
some 3-4°, This is very similar to the situation in Shansiadan where the angulation
between the frontal plate and interparietal ranges from 2-8° as well as in
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Tetragonias, Vinceria and Rhinodieynodan.

The postorbital in BP/1/5532 docs not project  -oriorly to contact the squamosal,
but runs postero-dorsally on the dorsal margin of the parietal crest. terminating
approximately half way along its length. The remainder of the intertemporal bar is
composed predominantly of the parietals and a short expanse of the interparietal,
which forms only the posterior margin ¢f the bar. This composition of the
intertomporal bar is identical to that found in Shansiodon, Tetragonias, Vinceria
{and Kannemeyeria argentinensis) and Rhinodicyneden, The oceiput also shares the
high foramen magnum with ail other known Shansiodont gonera.

c) Discussion

BP/1/5532 shares a number of characters with known shansiodont genera and may
be placed within this family with confidence, howaever its generie affiliation is not
as clear and although it could well bo placed within the genus Shansioden, it could
equally bo accommodated in cither Tetragonias, Vinceria or Rhinedicynodon. Unless
all of those genera cre synonymised, as proposed by Lucas {1992), and until such
time as further comparative studies are undertaker, BP/1/5632 cannot be assigned
to any of those genora, although it is cloarly a shansiodentid, clesely related to
Shansiedon and othor shansiodont gonera.

BP/1/6832 also has certain features that suggosts it may be a sub-adult, including
its sizo and lack of egsification of the oxecciptal and basieceipitol condyles. A laek
of ousification of this part of the skull wes however decumented in a number of
spoeimens of Shansiodon studicd, all of which were of similar size, and ‘which are
considered to be adult, There is no movement at the pestarbital-jugal overlap and
also no displocement of the oceipital plate, boeth charactors of jiwenile skulls
(Cruickshank, 19GS5). Furthormore tho tusks {ill tho alveeli, the pastorbital is firmly
sutured to the pariotal ard the nasal ridge is wall dovoleped. These are all features
that suggest that the specimen ig indeed an adult,
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d) Systematic Palacontology

Order : Therapsida

Suborder : Dieynodontia {Cluver & King, 1983)
Family : Shansiodontidae {Cox, 1965)

Genus : A gen.nov,

Species : a sp.nov

Holotype:  BP/1/5532; Complete skull, lower jaw and partial posteranial skeleton
housed in the Bernard Price Institute (Palacontelogy), University of the
Witwatersrand, Johannesburg, South Africo.

iv) Conclusion

The importance of this new find is that it is the first shonsiodontid known from
South Africa, which in turn has implications for tha biostratigraphic eorrelation of
the Cynognathus Assemblage Zone. The occurrence of a shansiodent genus in
South Africa also has important implications for the timing of the breakup of
Pangea, and the presence of land connections between Europe and the Russian and
Chinese plates. Shansiodonts are now known from most Gondwanan and Pangean
faunas and therefore have the potential to define a global biechron as proposed fer
the genus Shansiodon by Lucas (19930). These points are discussed further in
Chapter Four, ”

C. Indetorminable fragmentary dicynadont materiat %

A further five fragmentary disynodont skull elemonts were discovered during
collecting that cannot be assigned to any of the dicynadont genecra prosently
known from the Cynognathus Assemblage Zone. The specimens are however
considered tao fragmentary for generic reeognition, but are deseribed and assessed
for sake of camplateness.
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BP/1/6536 is a comyplote intertemporal bar {Fig.2.70) measuring 100mm from the
posterior margin of the pineal forainen to the oceipital surface. The specimen was
iscovered in facies Se, in the upper part of the Burgersdorp Formation. The
postorbitals overlap the parietals and extend to the back of the intertemporal bar,
as is the case in Kennomeyeria, however, although the intertemporal bar is of a
similar width to that of Kannemeyeria, it is only approximately half the length of the
intertemporal bar of adults of Kannemeyeria. This specimen is identical to the state
found in Dolichuranus, known from the Omingonde Formation of Namibia.

8P/1/5626 and BP/1/5627 are two separate right caniniform processes
{(Fig.2.71a,b). Of the two BP/1/56286 is the botter preserved and comprises the
ventral margin of the caniniform. As preserved the element is 3Tmm wido by
48mm deop. The tusk at its point of eruption measures 12mm by 7.0mm and is
antero-pasteriorly olongated. The ventral apical tip of the leading edge is sharp,
while the trailing edge is well rounded. The cylindrical nature of the ventral part of
tho caniniform differs significantly from Kannemeyeria, Angonisaurus or Shansiodon
and is almost identical to the state found in Dalichuranus.

BP/1/6633 (Fig.2.72} is tho anterier portion of the lower jaw, caniniform and
premaxilla of a small kannemeye:iid dicynodont. The maxilla is similar in form to
that of Kannemeyeria and possihly represents an advaneed kannemeyeriid, similar
to K.christarhynchus, The wear facets on the tusk however indicate that the jaw
action was a slicing one, not crushing as in Kannemeyeria (Renaut, pers.comm.).

B8P/1/5629 (Fig.2.73) is a small caniniferm process in which the tusk has yet to

crupt. In all features it is identical to, altbough smaller than the state found in
BP/1,55832, and this specimen ig tentatively assigned to tho Shonsiodontidae.

144

Y

,
H
§
i
,
1

Es)

. )
[N T,




TR TT R R 3o BN S R Pt ot o e temrn w s s

5

2.6.1.3 Agsodiated fauna

At present the fauna associated with the new taxa from the upper part of the
Burgersdorp Formation (Cynognathus Assemblage Zone, Subzone C; Hancox atal.,
19986) includes only a low diversity assemblage of therapsids and indeterminable
archosauriformes (Table 2.60). No fish, eaptorhinids, molluses or insects are
known.

a)  The Cynodontia

By far the most abundant fossil order in the Cynognathus Assemblage Zone aia the
cynodonts. In the southern part of the basin in the uppar Burgersderp Formotion,
diagnostic cranial remains of three cynodont genera are known {Appendix 2; Table
2.Ga). These are the zone index fossil Cynognathus and the gomphodont eynodonts
Diademodon and Trirachedon. Gynodont eranial remains wers not studied in detail,
being propared mainly to allow for gonerie allecation and no further.

The posteranial skeletcn of Cynognathus was degeribod by Secley {1895a) and
Jenkins {(1971) and that of Disdemodon by Brink (19585a). In his menegraph en the
posterania of cynodonts, Jenkins {1971) states that as the doeseription of
Diademoden was based on isolated posterania, it is at best tentative, due to the
difticulty of assigning isolated cynoedont posteranial remaing at the genus level,
Although several iselated cynedont pesteranial elemonts were eollected {Appendix
2), it is at present net possible to assign isolated posteranial remaing with any
gertainty for the vast mojority of Cynegnathus Assemblage Zone eynodonts (Gow
& Grine, 1978). BP/1/8549 ig a seopula, discovered tagother with a jaw fragmont
of Cynognathu and is tentatively assigned to this genus (Hopson pers.cemm.). Tho
nature of the blade of the seapula in thiz speeimen scems to be advanced over
Cynognathus material deseribed by Jenking (19713 (Hopson pers.comm.). This fact
highlights the need for comparitive posterania! studies of eynedents from the entire
range of tho Cynoegnathus Ascemblage Zone,
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b) Eosuchia

At present, the only eocuchian reptiles known from the Cynognathus Asserablage
Zone are the sphenodont Palacrodon, the thynchosaure Howesia and Mesosuchus
and the archosauriforms Erythrosuchus and Euparkaria (Kitchng, 1996). No
sphenodonts or rhynchosaurs were recovered from the upper parts of the
Cynognathus Assemblaga Zone and the archosauriformes are to date represented
in the upper part of the Cynognathus Assemblage Zone only by two spoecimens.
BP/1/8555 is a single isolated tooth, which has serrations on both the anterier and
posterior edges, and BP/1/5556 is an isolated eranial element {Fig.2.74) that is
believed to be an erythrosuchid ectopterygoid (Raath pers.comm.).

2.6.14 Associnted flora

The biodiversity of the plants from the Cynognathus Assemblage Zene is thought
to be very low (Anderson & Andorsen, 1988) and Kitching (1995) lists only two
loaf genera, Dieroidium and Schizoncura and silicified wood {Dado:tylon) for tho
bilozone. Dicroidium is believed to be monespeeific in the Cynognathus Assemblage
Zone, being represented enly by D.hughesii (Anderson & Andersen, 1988). This
flora is belioved to mark the transition from a flora dominated by Glossepteris
during the Permian, te one deminated by Dieroidium during the Triassic (Anderson
& Andorson, 1994),

During tieldwerk, a number of fessil plant specimens were collected, primarily from
the upper part of the Burgorsdorp Fermation. Megaplant fessils in the Burgeredorp
Formation are generally only fragmantary leaf and stem impressions, and stem
gaots and moulds. Cuticle and palynemorph material was not preserved in the
sanples analysed. All the leaf improssiens, as well as the seeds oceur within fine
grained yellowish brown (10YR 6/2) to ducky yellow (8Y 6/4).

The most abundant plant fogsils in the upper Burgersderp Fermation are imprints
of miscellaneous large oxes {stems) of pleridesperms {Fig.2.75aq,b), as well as
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imprints and internal caste of equisitaleans (Fig.2.76). The equisitalean cests in
most cases oceur as single internodes and together with the imprint material are
assigned to the sphencphyte genus Calamites. The equisitalean casts occur as
three distinct sizes: the larger size has an internodal length of 81mm and a width
of 60mm; the intermediate size, an internodal length of 50mm und o width of
40mm; and the smallest size an internodal length of 20mm and a width of 21mm.
Although it is possible that these represent individual growth stages, no
intermedliate sized equisitalean casts were collected and it is therefore possible that
they represent three distinct species. They also occur as distinet class sizes at
different stratigraphic intervals. All the material discovered to date was collected
from the base of channel sandstones and probably represent the below ground
portions of the plants {Bamford pers.comm.).

A new fern discovered in the uppermost Burgersdorp Fermation at Bushmansheek
Pass is a bipinnate frond that cannsat be assigned to any of the known Burgersdorp
plant goenera (Anderson & Andersen, 1988). This spceimen seems to bo identical
in gross morphology to Dicroidium superbum knewn from the overlying
Bar,o0osberg Member of the Molteno Formation. A single pteridiosperm pinula apox
from this locolity may be frem cither Lepidopteris or Dieroidium (Anderson
pers.comm.). Frugmentarv imprints of strap shaped loaves are assigned te the
gingkoale Sphenohbaiera.

A now type of seed (Fig.2.77) was diseovored during collecting and although thus
sced is not assigned generic status, it seems to be similar to that deseribed for
Dicroidium (Auderson & Andersen 18885), although it lacks the characteristic
bifurcating tip. Proviously only long, clongate scoeds assigned te the lycephyta
Grogicaulis wero known from the Burgorsderp Formation {Andersen & Andersen,
1988).

At @ number of localitios chareoal {fusain) is preserved in the channel sandstones.
Celloction and mounting of this material has allowed for detailed Scanning Election
Microseope (SEM) images of the internal strueture to be ebtained. The charcoal is
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primarily cemprised ot ray parenchyma {Fig.2.78a,b} and simple bundled tracheids
{Fig.2.79a,b). The dotailed wall structure (Fig.2.79b) clearly shows the exclusively
uniseriate, radial, regularly and irrcqularly spaced pits, characteristic of podocarp
wood {(Dupecran-Laudoucncix & Pong, 1885).

Andorson & Andorson (1985) do not list any silicified wood for the Burgersdorp
Formation, and Kitehing (1996) lists only the form genus Dadoxylen. Silicified wood
is indecd rare in the Burgersdorp Formation and te date has been recovered only
from the floadplain fines system (Fij.2.16¢). Where wood is present in the channel
fill sandstonog it oceurs as haomatitic alteration produets, with altinternal strusture
obliterated by iron oxide expansion. Type Il palacosols in the upper Burgersdorp
Formation preserve the bost material collected to date. The silieificd wood is of the
podocarpaceus type {Bamford pers.comm.) and is tentatively assigned to thoe gonus
Podocarpoxylan.

Greguse (1985) considered Podecarpoxylon Gothan, which is of Triassic agoe, to be
one of the precursors of the Podoesarpacaac and this type ef silicified wood has not
proviously boen described from strata older than the Late Triassic {Duperon-
Laudoucneix & Pens, 1985). Prier to this discovery, the Pedocarpaceae were
thought te first oceur only in the Creteceous in Seuth Africa and Namibia {(Schultze-
Motel, 1966), where they are represented by the form genus Padecarpoxylon. In
othar parts of Africa and in South America, fessil pedecarps are known only since
the Middle Jurassie {Duperon-Laudoueneix & Pong, 1985)., According to the
palacegeegraphic maps of Parish ot o/, (1982; In Duperen-Laudeuencix & Peng,
1985) pedocarp wood is not known fram any areas of elevated reliof and Duporon-
Laudouonsux & Pons {1988) {urther state that those treos grew on the plaing at
low altitude, centrary to extant pedocarpa.

Although the biedivorsity ef the planta of the Burgersderp Formatien is newhore
near that of tho overlying Meltene Formation, it scema that the lack of biodiversity
may be aitributed in part o a preservation and collecting bias. This is mainly due
to the foct that leaf impressions in tho Burgersdorp Formiatien are preserved only
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as imprints in sandstones, and not at all in the overbank mudstones. The collection
of megaplant matenial, espeeially leaf impressions, from the Burgorsdotp Formation

is in its infaney, and the potential for colleeting is enermous enee tho envirenment
of preservation has been idontified.

2.6.1.5 Trace fossils

Treco fossils in tho Burgersdorp have previously been described only by Shene
(1978) and listed in Kitching (1895). Shons {1978) described a trace fossil site at
the towa of Burgersdorp as giant Gruiziona. These traces were been re-examined
by Stannistreet & Turner {1979) who questioned their inclusion in Cruziana.
MacEachern (pors.comm.) believes them to be Cruzigna in ichnemorphelogy and
feels that these tracks probably ropresent lungfish burrows, eroated as the fish
buried themselves in the muddy bottoms of drying out pools, or amphibian
trackways. The oxaet trackmaker is however unknown at present.

Traen {ogsils within the upper Burgercdorp Formation congist predominantly of two
types, surface tracos and vertical burrows. Following Bromley (1890) in assigning
separate behaviours ichnotaxen status, the vertical traces would be assigned to the
ichnegenus Skelithos {Fig.2.41a) and the surfocee traces to Planelites (Figs.2.10;
2.41b). Skalithes and Planelites aecur in cqual abundanee within the Cynognathus
Assemblage Zeno. Smith {pers.camm.) notes the presence of Taenidium traces in
erevasse sandstenag on the farm Winaarshaken, near the town of Burgersdorp.

Skofithes is characterised by: simple aven width vertieal tubules; singlo or clugtered
buirowas vertical to obligue shafts; being predertnantly unlined; cylindiical 'n crass
goetion; smooth walled; diamators usually in the range 0.5-0.9em; 5-7emin length;
consave (top) or eenvex relief tbottom) in plan view; lacking a cere structure. They
are preforentially prezerved in thin, fine grained sandstone splays, bat aise eceur
in-channel, en bar tops. The burrow ill 18 usually fine grained sandstone, similar in
nature to the hoot rock, although frequently hghter in celour,
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Planolites oceurs as a surfaco to slightly inclined trace. It is characterised by: being
unbranched; having unlined walls; lacking distinet internal structure; being eliiptical
in trangverse crosg sectien; having a constant diamaoter within an individual traco,
and being commonly gregarious. As for Skolithas they are preferentially preserved
in thin, fine grained sandstone splays.

2.7 Stratigraphy

The litho- and biostratigraphy of the Burgersdorp Formation is presently poorly
documented and not well understood. This scetion therefore aims to reetify this
situation by presenting a generalised lithestratigrophy ef the entire Formatien and
adcetailed documentation of the upper Burgersdorp Formation in particular, with the
proposal of a reference soetion for the upper part of the Formation (Appendix 4).
The biestratigraphy ef the Cynegnathus Assemblagse Zone is re-appraised in terms
of the rangos documented in this study, and the threefold subdivision propesed by
Haneox ot al. (1995) is oxpanded upen.

271 Lithastratigraphy

The Burgersderp Formation ‘e the uppermost unii of the Tarkaatad Subgreup
{Beaufort Group) in the eas*o « Karoo trough (ffig.1.2). Gentinueus seetiens through
the entire Formation are v wpown, “nd this » et led Johnsen & Hiller {1980} te
choose oxposures through what they hefoved to be the middle part of the
Formation in the Quoenstown aroa ag reprasesitative of the “armatien as a whols.
The holastratotype at Nenensi's Nok {Fig.2.1b) as well as exposures on Medana
Mountoin were re-investigated during the ceurse of this otusly, as thev are typical
of the middle and upper part of the Burgersdorp Formation in the soutn of the
bosin, as propescd by Jehnson & Hiller (1990) and Gracnewald {1996), Because
no ontice soection threugh the Fermation is known, the stratigraphic sueression and
ovorall lithology of the Burgersderp Formation depicted in Figure 2.80 18 a
gompagite seetion encempassing lecalities te the south of Queenstown, at
Nonensi's Nek, Madeiro Mountain and in the Aliwal North area.
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From Figure 2.80 it is evident that the bagsal part of the Fermation has strong
genetic linke with the Katberg Formation, and is structured by thin lonticular
sandstones that preserve a predoniinance of facies Sh. in the south of the basin,
this sandstona rich zane abova the watberg is faisly thin, usually being not more
than 50m thick. In tho south of - basin this is averlain by a thiek {up to 500m)
fines dominated suscession. This succession is typieal of the lithulogies previously
documented for the Burgersdorp Formation, as well as those decumented for
Nonensi's Nek in this thesis. In the north of the bagin a similar trend is seen, but
with a more cven ratio of sandstones and fines.

The lithostratigraphy of the Burgersdorp Formation in the north ui the basin in the
Senekal ond Rosendal districts is doeumented in Azzie (1994). The sequence as
preserved ot these localities forms a succession of fines and intercolated
sandsiones up to 80m thick. The goneral seques.co consists of a number of thin,
stacked tabulor channei elements, internally struetured by almost exclusively by
fagios Sh, with a basal lag (facies Se') to each of the individual sets. This is overlain
by % 20m of thick, massive fines which become pedogonically altered towards tho
top of tho unit. The scquence is capped by o thick (3m) sandstene, which may be
traced throughout the northern eceurrences of the Cynognathus Assemblage Zene.
The basal part of the soquence at Ghwarrickop (Senckal district) preserves lag
material very similar to that found in the uppermoct Katberg Sandstone Farmation
in the area surrounding Aliwal North and eentoin numerous re-warked septarion
nodules from the underlying Lystrosaurus Assemblage Zone deposits.

At Nonensi's Nok, mast of the lower and middle part of the Formation is preserved
and gpproximately half way up the sectien a prominunt laterally oxtensive
sandstene herizen occurs (Figs.2.21; 2.23; 2,30). This sandstene is same 10-15m
thick and is eomposed of stachad bar elements, more similar in ¢haracter to low
ginuasity channels than high Q6ity systoms (Aller, 1870). This sandstone
herizon in Nanensi's Nek oceurs stratigraphicolly noar the top of the lower part of
the Formation. It may thercfore be equated to the sandstone rich interval {middle
marker) within the lower half of tho formation in the Tarkastad area, roported on
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by Johnson & Hiller {(1980). This sandstone may also be correlated with a thick
channal sandstone in the northwest of the basin in the vicinity of Goedemoed
{Bethulie district). The unpor part of the scetion at Nonensi's Nek is dominated by
fines fFig.2.42) with small localised floodbasin channals (Figs.2.29, 2.34) and
numerous flat bottomed splay sandstones (Fig 2.37 lintarspersed throughout.

The upper part of the composite section in Figure 2.80 is typical of the upper
Burgersdorp Formation as a whole and is considered in the following section on the
lithostratigraphy of the upper Burgersdorp Formation.

2.7.11 Lithostratigraphy of the upper Burgersdorp Formation

A roferonce stratotype for the upper Burgersdorp Fermation is hore proposed on the
farm Avilion, Bamboeshock Mountains, Sterkstroom district, Eastern Cape
{Appendix 4). This section (Fig.2.81) is proposed as it preserves the most complete
sceotion and best oxposures in the area, and is typical of tho sedirnentary style of
the upper Burgersderp Formatien ag a whole.

The strata of tho Burgersdorp Fermation at this focality are preserved as a £130m
thick sucession of alternating sandstones and fines. Sandstone percentage is much
higher than in the middie part of the Formation and the sandstones are usually
slightly conrger, being of medium grainsize at places. The ¢hannels in the upper
Burgersdorp Farmatien are tar mere laterally eontinuous than in the middle part of
the Burgoradorp Fermation, although still lentieular in nature.

#

The bage of the scetion is farmed by a typical ehannel fill sequence seme 6m thick
{850), the upper surface of which is well bioturbated and grades upwards into
blocky siltstones and a thiek sequionee ot facies Fm. At this lovel numereus fossil
gpeecimens have been collested, including Cynognathus (BP/1/8543/44),
Triracheden (BP/1/5538) and unidontificd dieynodont cranial and posteranial
material (BP/1/8538; BP/1/85%36). This sequonee is cresively overlain by the base
of §81/2 which forms a 2m thick sandstonie channel fill, The basal facies (8¢}
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preserves numerous fossil bonos, mostly iselated dicynedont and amphibian
posteranial clements.

851 is a typical thick splay sandstene, the top of which is <*ructured by facios So,
from which specimen BP/1/8530 (Angonisaurus) was collected. The overlying
floodbasin deposits preserve numerous fragmentary remains of amphibians, as well
as numerous coprolites and aro pedogenically modified, forming type Il and Il
palaeosols. The tvpe Il palacosol just below the 80m mark on Figure 2.81
preserves a hard manganese rich {Appendix 6; Sample 92/6/E6) nedular layer from
which a well preserved skull of Diademodor: (BP/1/5540) was recevered.

Tho next sandstone horizon in the sequences (8S1/2) is a typieal ehannel
sandstone and is approximately 2.0m thick. Abeve this herizon fossil remains are
very scorce, with only a single skull aach of Cynegnathus (BP/1/8542) and
Diademodon (BP/1/8840) discovercd to date. The last 30m of the soetion above
882 is of particular interest as it forms the transitional contact zone of Johnson &
Hiller {1990), and has a different charactor to the underlying sequenco. For the first
18m above $S82, tho sequence is typicai of the upper Burgersdorp Fermation, being
gradationai from the channel fill to 2 thick sequence of siltstones and red purple
mudstones (5RP 4/2). No pedogenic alteration is evident in the floedbasin sequenco
and the sequence is terminoted by a thin splay sandstene, above whieh there is a
colour change in tho fines te yellowish grey (BY 7/2) (Fig.2.82).

Approximatcly 1-2m below the base of the lowermest sandstene of the
Bumboesberg Member, a laterally persistent nedular layer eceurs (Fig.2.83). This
layer is traceable across the Bambeecheck Valley and is alse present in the middle
reaches ef the basin. It therofere hag a rogional signifieance and may bo used ag
a marker herizon within the uppormost Burgersderp Formation. This fayer was
sampled ond analysed goochemieally {Appendix 6} and is remarkably uniferm
throughout its regional extent. It is high in Fgy04 AlLO; and MnO, with the
gombined total of these three constituents approximating 50%. It is of interest to
gompare these igures vath that ef the typical MnO rich, Fo,0, poor nodular layers
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lower down in the sequence (Appendix 6; Samplo 92/5/E5). It seems that carly
stage digenetic substitution of Fe by Ma occurred at this level, whereas AlLO,
romained constant. The low Si0; content is probably a roflection of its original
#'stal floodbasin nature. In samples 92/5/K11 and 92/56/W11 (Appendix 6) the
combined Fe,05 Aly0; and MnO figure is similar to that for sample $2/6/E8,
hewaever less Mn substitution oceurred.

The last 2m befors the base of the Bamboesberg Member is composed of fines
with a more friable nature. These are very similar in charaeter to the iithologies
above the basal sandstone of the Bamboesberg Member.

In the upper Burgersdorp concretions are not commen and only very rarely form
semi-continuous horizons. They are in most cases only locally developed, with
lateral extents in the order of a few meties. Whore precent they oceur ag discrete,
small, smooth surfucod ealearcous nedules and evoid concretions within the
floodplain deposits. Recerded sizes range from 2.0em to 25.0em. Thoy are
nowhere near as abundant as in certain other biezones of the Beaufert Group, nor
as abundant as in the lowermost part ef the Bu jersderp Fermation. Thase bodies
may entomb fossii material, usuallv anly isolated skeletal elements and more rarely
articulated skeletons, but in the majority, they are barren. Gypsum clusters and
quartz psuedomorphs af gypsum rasottes are not present in the upper Burgersdorp
Formation.

2.7.2 Biostratigraphy

The Cynognathus Assemblago Zone biestratigraphically overlies tha Lystresourus
Assemblage Zone {Tabls 1.2) with no faunal gverlap botween tha twe (Kitching,
1995). The strata between the last ecourrence of Lystresaures and the first
oceutrenco of Kannemevyeria are furthermore believed to be harren of fossils (SAGS
1980), a statement which implies that the base of the Cynognathus Assemblage
Zeone ig p'aced on the Firot Appearance Datum (FAD) of Kannemoyeria. This study
soncontrated only en doposits in which a Cynegrathus Assembloge Zone fauna
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was preserved and for a review of the Lystresaurus Assemblage Zone, th cader
is referred to Groenewald & Kitching (1895). The lack of lithostratigraphic marker
horizons and the abundance of fossil material in the Burgersdorp Formation, has
focused attention on rofining the biostratigraphy of the biozene, with the rosult that
a threefold division of the subzone has been propased (Hancox et al, 1985).
Further collecting and refinement of tho biostratigraphic ranges of the associated
faunal assemblages, particularly the dieynodonts and arehosaurs, have allowed for
this subdivision to be greatly re-enforced. In this section, thie subdivision is
oxpanded upon, and the problem of the biostratigraphic range of Kennemeyeria is
ro-addressed.

2.7.2.1 Ganeral goological description of the rocks of the
Cynognathus Assemblage Zone

According to the litorature at present, the Cynognathus Assemblage Zone occurs
in the uppor two thirds of the Burgersderp Formation {IGtehing, 1996). The strata
containing the Gynognathus Assemblage Zene fauna reach a maximum thicknoss
of £880m in the Queenstewn and Lady Frere districts, thinning to 170m ot the
town of Surgorsdorp in the west and to approximately 100m in the Rouxvilie
district. (Kitching 1877, 19986). Receont invostigations have alse shown the
Cynognathus Assemblage Zono ta bo prosent in the northeastern Free State, where
it rcaches a maeximum thickness of 60m (Welman 2¢ a., 1991).

2.7.2.2 Biostratigraphic subdivision of the
Cynognathus Assemblage Zone

Reecent ficldwork and high resolution taxenomic study of amphibion index genera
has allowed for the subdivision of the Cynegnathus Assemblage Zere into three
distinct subzonos er biochions {Hancox et al., 1925), This subdivision was baged
primarily on the spotial (Fig 2.84} ond temporal distribution (Fig.2.85) of the indox
genera Kestrosaurus (subzene A), “Parotosuchus® africanus {subzone Bl ond
P.margani sp.nov. (subzone C). The spatial distributions of these threo taxa show
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that Kestrosaurus is confinod to the north and western marging of the basin,
whereas "P".africanus is known from the central regions and P.mergani only from
the south of the basin.

al  Subzone A

Geographically, subzona A was originally thought to outerop enly in the newly
discovered deposits in the northern Free State (Welman et al., 1991). Although
these northern deposits were not the primary focus of this thesis, a number of
woeks were spent examining these exposures and collesting fossils (Appendix 3).
Recent resoarch has shown that subzone A also oceurs on the western extremities
of the basin ncar Rouxville and Geedemoced and that tha FAD of Kostresaurus may
actually eceur within the uppermost sandstone of tho Katberg Fermation (Neveling
pers.comm). As preserved subzone A has the largest aetial extent of the
Cynognathus Assemblage Zone. Field observations and measurements in the
Sonckal distriet reveal a minimum thickness of 40m for the strota agsignable to the
Cyiregna.hus Assembiage Zone in the northwast of the basin. The thickness of the
subzone ranges frem a maximum in tho wast of &£ 100m to a minimum of only
15m in the northeastern oxtromities of the basin,

o

Biostratigraphically, the base of the subzene is taken aa che FAD of the capitesaurid
amphibian Kestresaurus, whieh, in the north of the basin is stratigraphically
cquivalent to the basg of the Burgersdorp Formation, but as neted above, may
occur in the Katberg Fermatien in the southwest of the basin, Tho top of tho
biozone is token o. the FAD of "Paratasuchus® africanus. At prosent there is no
overlap botween the LAD of Kestrosaurus and the FAD nf "Paratesuchus arricanus.
In tho north of the basir, whore “Parotesuchus™ africanus doos not aeour,
Kestrosaurus oceurs throughout the preserved stratigraphy, and tho entire northarn
outcrop area may be agsigned to subzono A, In the aorth of the basin, the last
oppoarance datum (LAD) of Kestresaurus in many places cosincides with the
dovelopmont of a persistent channe! sandstone, which is directly overlain by the
Indwo Sondstono iember of thua Melteno Farmatien,
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In the extreme south of the basin, subzone A occurs as a very thin unit overlying
the Katberg Sandstone Formation. Given the proposed occurrence of Kestrosaurus
in the western margins of the biasin within the Katberg Formation, it is quite
probable that the range of subzons A extends down into the underlying Katberg
Sandstone Formation in this region {Neveling, pers.comm.).

Since the first descriptions of Welman et g/, (1991), the fauna from subzone A has
become better collectod and taxonomically studied. Welman et al. (1981)
documented the occurrence of the: capitosaurid amphibian Parofosuchus;
archosauriform Erythrosuchus sp; cynodonts Cynognathus sp; Trirachodon; end the
therocephalian Bauria sp. Re-assessment of this assemblage {(Hancox et al, 1995}
has shown (hat: the amphibian materiat from the north is actually assignable to the
capitosaurid genus Kestrosaurus; that the archosauriform is more primitive than
Erythraosuchus and may be tentatively assigned to the Russian genus Gagainia
{Welman pers.comm.); that the species of Trirachodon from the north is more
primitive in state than that from the south of the basin (Welman pers.comm.); and
that the bauriid material is most probably assignable 1o Sesamodon rather than
Bauria (Hopson, pers.comm).

During this study a number of taxa were added to the faunal list for subzona A.
Discoveries made during collecting for this study include the first occurrence of the:
captorhinid Thelegnathus; indeterminable chynghosaur material; and the tungfish
Coratodus.

The occurrence of rhynchosaurs is confirmed by both posteranial material and a
small fragment of erm.ﬁa! material. Tho skull fragment consists of o small pieco of
maxilla, on which numerous acrodont teeth are set in no particular order. It is
similar in overall size and form to Howesia. The toothplates assigned to the lungfish
gonus Ceratodus are small, being legs than 10mm in size. A numbe of futher
amphibian taxa have also been added to the known fauna, ingluding Trematosuchus
sobeyi (Shishkin & Welman, 1994) and an unidentified brachyopid amphibian was
aiso collected (Shishkin pers.comm.).
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