
being *  1 .bem. Wavolongths of botwoon 4= 17om aro roeordod, giving a ripplo index 

of botwoon 8=30. Rib and furrow otructuroo aro not common. Faeieo Sr commonly 

occurs os ripplo drifNamination (Walker, 1963) and as superimposed in phaso ripplo 

sots.

Faeios Sr is known to form by tho migration of ripplo trains, ao well as by lowor 
flow rogimo deposition on point and longitudinal bar tops, during waning flood and 

slack wator conditions (Jcpling & Walkor, 1968). Ripplo cross lamlnatod sots 

without drift are interprotod as aggrading ripplo bodforms generated under low flow 

velocities from suspended lood (Allen, 1971). Thoso that display drift represent 
current ripples and tend to have well defined stoss and loo faces. Thoso represent 
increased current velocity over those without drift and a higher suspcndcd/bodload 

ratio (Jopllng & Walkor, 1968). Tho ripplo index normally falls within tho current 
ripplo field of Reinock & Singh (1975), although the, lower values sometimes plot 

in tho overlap field and may bo duo to wind generated wave action in shallow pools 

of water.

2.3.1.2 Flna Fades (F)

Following Jopling & Walker (1968), Sto ' (1980), Miall (1977,1978, 1996) and 

Reading (1996) the term fines io used to ineludu tho mudstones, siltstonos and 

intercalated very fine grained sandstones. Soils and pedogenic carbonate, formed 

by post dopooitional modification of thooe lithologies, are also included. Tho 

following facies aro represented in tho Burgersdorp Formation.

a) Mnnsivn (Fm)

Tho massivo fines faeios (Fig.2.11) includes unstratified to massivo mudstono and 

siltstono, without soil alteration or major bioturbation. This faeios typically forms 

units ranging from 1 .Om to 30m in thickness. Fossil remains aro raro but aro usually 

woll preserved and include disortioulated therapoid and amphibian posteranial 
elements as woll as fragmentary therapoid, archosaurifotm and amphibian cranial



romomo. Thooo doposito roprosont fairly rapid suopondod load oottling in quite 

water settings, either following inundotlon of tho Hoodploln, or by normol 
suspended load deposition of finoo in standing bodies of water. Tho massivo 

appearance of this facies has in the past aloo been attributed to bioturbation and 

diagonotic chemical and physical alteration (Reinesk & Singh, 1973).

b) RWQ.IammaiQj (Fr)

Ripplo cross laminated siltstonos and fine grained sandstones form thin sots 

(<  30cm) interspersed within the massive mudstones. Sots tend to have sharp, flat 
basos and rippled tops, which may preserve mud veneers, or show a gradational 
change to mudstone. They are internally structured by micro cross laminae with 

individual laminae between 1=2mm. This facies is often Intensely bloturbatod and 

may prosorvo root casts and fossil bone. Faeios Fr Is hero postulated to represent 

quite water conditions of sedimentation on bar tops within channels, in abandoned 

channel tracts and on splay tops during waning overbank flow.

o) HorzontollVrlomWod (Fh)

Horizontally laminated fines (Fig.2.12) aro raro in tho rocks of the Burgorsdorp 

Formotion and form thin (<1m ), laterally mextenoivo (<50m ) units which often 

grade up into facies Spi. They aro frequently greenish groy (5G 6/1) to greyish rod 

purplo (GRP 4/2) in colour ond aro thought to represent suspended load settling in 

small pools and ponds.

o) PalQOQQls (Fs)

Preserved fossil soils (paloosols) form only a minor component of tho stratlgraphle 

succession of tho Burgersdorp Formotion. Thoy aro however very Important for tho 

wealth of data thoy provide regarding tho processes operating during their 

formation, as woll os for thoir enclosed fossil content. In particular, thoy provide 

a groat amount of information nbout floodplain accretion rates (Loedor 1975), tho



prevailing paloooclimalo and groundwater iovolo during tho generation of tho 

soquonoo.

Paloosol dovolopmont in the Burgorsdorp Formation is sporadic and of a very 

localised nature. Palaeosols do not normally foim units moro than a few metres 

thick and a few hundred metres in lateral extent. Three distinct paloosol typos aro 

recognised wit^n the Burgersdorp Formation. These three palaeosol types are 

stratigrophieally rtitioned, with type I restricted to the lower part of the 
Formation and typos II and III occurring only In tho middle and upper parts.

Type I palaeosols are characterised by: the occurrence of well developed calcic 

horizons; a crumbly weathering texture; locally developed colour mottling; and 

being sporadically distributed with limited lateral extent (a  100m). Coalesced 

calcareous nodular horizons also occur, which tend to weather to a dusky brown 

(SYR 2/2) colour. Rhizocrotions are common and occur in two distinct size 

fractions. The first occur vertically orientated in tho palaeosol, as individual root 
casts up to 1cm wide and 5cm long (Fig.2.13a). The second typo aro horizontally 

orientated and may be up to 4.5cm wide and 40=50 cm in length (Fig.2.13b). They 

have a distinct rugose surfaces, with thin, straight to sinuous ridges running along 

their lengths. This second typo of rhizolith is identical to forms described by Smith 

& Kitching (1907) from tho upper palaeosol of tho T/Ay/edem ACME Zone (uppor 
Elliot Formation), which they interpreted as clear evidence of plant colonisation and 

contemporaneous pedogenio encrustation of some of tho roots with calcium 

carbonate.

Radial aggregates of tho sulphate mineral barytes (BaSO*) (Appendix 8) aro known 

from this soil typo in tho north of tho baoin. Thoso barytes nodules havo throo 

distinct morphologies (Fig.2.14a), occurring as either; smooth surfaced spheres (up 

to 2cm in diameter), with fibrous crystal aggregates radiating from the com of tho 

8,shore; smooth to irregular surfaced, plate like coalesced nodular shoots, with 

parallel crystals radiating from tho central mid lino (Figs.2.14a,b): or nodules with 

convoluted surfaces (Fig.2.14a) formod by irregular coalesced aggregates of
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k lamellar and fibrous moosoo. Thoir oeeurroneo in discroto horizeno, and Iho 

intorgrowth of tho cryotalo into tho aurrounding mudrock (Fig,2.14e) suggosto v? 

g/fu growth oithor during pedoganie modifieation, or via hydrothermal spring 

activity. Quartz psoudomorphs of gypoum rosottoo aro roportod by Groonowald 

(1996, pofs.comm.) for thio faoioo typo from tho lower Burgorsdorp Formation, 
howovor none woro dooumonted during this study. Fossil remains includo numerous 

coprolites, ao well as very weathered and fragmentary skulls, tooth and Isolated 

posteranial remains, predominantly of amphibians and archooauriformos. Thoso 

palaeosol horizons aro thought to havo formod under semi-arid to truly arid 

conditions, with slow ratos of floodplain aggradation, similar to thoso doscribod by 

Smith (1995) for tho lysffosaurus Assemblage Zone.

Typo II and III palaeosols occur oxelusivoly within tho middle and uppor port of tho 

Burgorsdorp Formation. Typo II palaeosols aro formod within light olivo groy (5Y 

6/1) siil» and mudstones which havo a marked absence of greyish rod (SYR 6/1) 

colour. Thoy aro characterised by tho presence of badly weathered, but semi- 
complete, calcito encrusted vertebrate fossil remains (Fig.2.1 S), In association with 

plant stem and root casts (Fig.2.16a), rhizoerotions (Fig.2.16b), silicifiod wood 

(Fig.2.16c) and coprolites (Fig 2.16d). A thin (7cm), vertically restricted (40cm-1 m) 
but laterally extensive (some 1 G-20m) silicifiod tripod root system (Fig 2.16c) was 

documented within this typo of palaeosol in tho south of tho basin, Thoso A? s/fw 

roots aro identified as boing of podocarp type (Bamford pef&cfwnm.) and aro often 

associated with iron staining into tho surrounding siltstonos. Although this iron may 

bo oiagonotie in origin, the zonation of the iron and manganoso around tho mots, 

as woll as during concretionary formation in thoso soils, suggests that tho iron is 

not diagonotic. Procipitation of iron around plant roots is common undor wot 

floodplain conditions, whoro a high water tablo and local anaerobic conditions 

require plants to actively pump oxygon down to tho roots to oxygenate them 

(McCarthy pors.comm.). Typo II palaeosols tend to occur botwoon thin (10 20 cm), 
woll bioturbatod fine grained sandstones or underlying thick ehannol sandstones, 
Thoy aro poorly horizonotcd and duo to their proximity to major channels (Sown 

and Kraus 1987), and thoir internal structure, they aro thought to represent



Immature ooilo which worn frcquontly abandoned duo to ovorbank flooding.

Ty III palaoosolo form thiok (up to 3.0m) horizons characterized by reddioh brown 

(10R 4/6), pale rod purplo (GRP 6/2), greyish purple (SRP 4,2) and polo blue (5PB 

7/2) colour mottling (Fig 2.17). Colour mottling may croso cut lithologieal 
boundariCQ or single sedimentary fabrics. Smooth surfaced calcareous nodulos, 
sllckcnsldos, filled root channels and casts, raro rhizoerotions (Fig 2.18), 
bioturbation and a crumbly weathering texture also characterize this palaeosol typo. 
Type III paloosols occur temporclly and spatially adjacent to type II palaeosols 

(Fig.2.19) and aro proposed to represent terminal events in a fining upward 

sequence. Thoso typo III paloosols aro believed to represent immature, wot 

floodplain hydromorphic soils, similar to tho type described by Smith (1995) for tho 

D/bynocfon Assemblage Zone.

d) Caiboaata (P)

Carbonate occurs In a number of forms within the Burgorsdorp Formotion.. .ost 
frequently carbonate Is preserved as nodular horizons ond within palaeosols. In all 

the palaeosol typos, root structures seem to bo preferred sites of carbonate 

development, forming laterally discontinuous rhlzocretlon horizons. A lot of oalcroto 

development is associated with tho emplacement of doloritle intrusions ond caro 

must bo taken in determining tho true origin of calcretes.

A single locality on tho farm Moorbydol (30*32'32'§; 26°27'00"E) prosorvos a thin 

(7,0cm) layer within which numerous spheroidal non skelotol coated carbonate 

grains aro preserved (Fig 2.20). Tho grains occur within tho top 1 .S"2cm of tho 

deposit, aro between 2«3mm in diomotor and aro Internally structured by rings of 
concentric laminao (Fig 2.20). Tho matrix surrounding tho grains is formed by 

platoo of oolcilo (oparito) and very fine angular quartz grains, and reacts readily 

with a 10% solution of hydrochlorio acid. Tho groins lack a cloar nucleus and tho 

cortex is composed of irrogular, conoontric laminao, Tho individual laminao display 

asymmetry of width and are composed predominantly of miorito, with very fino



quartz portlcloo dioporaod throughout.

Tho Ntoroturo doaling with coatod carbonato graino is rifo with inconolotonelos and 

problemo of definition. Peryt (1983) diotingulohoa two broad ciooooQ of coatod 

grains: chomically formed (ouch as ooldo) ond biogonically formed (oncoido), Tfio: 
Gize; lack of a distinct nucleus and fragmented spheres; irregularly concentric 

laminated nature of tho cortex; irrogular outer surface of the grains; and thoir 
position on or noar the bed top* favours thoir placement as oncolds (oncoliths) 
following tho parameters defined for thoso grains by FlOgol (1982), Poryt (1983) 
and Adams of oA (1984). Tho ao/mmotry of laminae width Is typical of oneoidq 

formed in static wator (Golubio & Fischer, 1975). FIQgol (1982) also uses thf %road 

term pisoid for a nonmarino coated grain. Donahue (1978) defines pisolds as ootds 

with a grain diamotor greater than 2mm and Poryt (1983) as coated grains with 

diameters between 2-1 Omm. Following both those definitions, thoso grains could 

also bo regarded ao plsoids.

Tho mechanism of formation for thoso grains io not clear at present, but they may 

renrosont oithor pisolds or oncold formation In shallow, shoaling or static wotor. 
Both plsoids and oncoidL aro known from a variety of environments, including 

lagoons, saline ond fresh wator lakes, rivers, calceroous soils and oaves (Tucker, 
1991). Pisolds usually develop via Inorganic precipitation In a sub aerial 

environment, probably during palaeosol dovolopmont (Poryt, 1983), whoroas 

oncolds are known to form in warm shallow wator by tho adhoronoo of blue green 

algae (cyanobacteria) to grain surfaces, which then trap and bind fino sedimentary 

particles (Tucker, 1991). Both forms havo however no direct environmental 
significance other *han indicating a sotting whoro calcium carbonate is available and 

whore encrustation of grains can occur.

Large (1«30em), discroto smooth surfaced oalcroto bodies and irrogular nodular 

layers occur intorsporood within massivo mudstones throughout tho Burgorsdorp 

Formation. In somo instances oynodont and capltosaund remains may bo enclosed 

within those nodulos. Discrete, smooth surfaced bodies aro thought to represent



ellipsoidal nodular growth, whoroao tho irrogular la\oro aro boliovod to represent 
oaloroto formotion during tho drying out of temporary playa poda or poolo. Thin, 
laterally inoxtonoivo (<60m), Irrogular oalcroto horizono with oiltotono infill aloo 

occur within tho finoo association. Thoso probably roprooont long poriodo of 
desiccation on tho floodplain following a drop In tho wator tablo lovol, or 
evaporation along tho odgoo of temporary floodbaoin pondo and pools, brought 
about by prolonged drought. Tho fact that tho oiltotono infill tho calcrete tends to 

suggest that thoy were surface features and not of a pedogenic nature.

2,3,2 Architectural element associations

Tho Burgorsdorp Formation is composed of a number of thick, stacked fining 

upward sequences of sandstones and fines (Fig.2.21). Tho previous lithofaeieo 

descriptions show that thooo sandstones and finoo prosorvo evidence of nonmarino 

deposition ond fluvial activity. Due to their geometry, internal orchltocture and 

nature of fill, these deposits aro thought to represent channel fills (Allen, 1964a, 
1965a^c, 1970, 1974a; Collinson, 1978), ao previously documontod in tho 

Beaufort Group by tho likoo of Smith (1980, 1981,1989, 199S), Stoar (1980), 

Rubidgo (1988) ond Groonowald (199S), and for tho Burgorsdorp Formation in 

particular by Hiller & Stavrakio (1984).

Although tho thick sandstone unito of tho Burgorsdorp Formation havo thoroforo 

previously boon interprotod oo channel doposito (Hiller & Stavrakio, 1984), tho 

floodplain deposits havo novor boon given any significant attention, and tho ehannol 
architectural elements and rango of different channel typeo have never previously 

boon diccuosod. Vortical and lateral profile analysis of the lithofaeieo aoooclatlono 

of those doposito ohowo them to bo divisible into two distinct architectural element 
groupings, namely ehannol fill (CHS), and floodplain finoo (FF) oyotemo (Miall, 

1996).



2.3.2.1 Channel fill oyotomo (CHS)

Channel fill syatomo In tho Burgorcdorp Formation qeeur oo both lontieular 
(Fig.2.22a,b) and tabular goomotrios (Fig.2.23). Thooo two geomotrloo roprooont 
different onvironmonto of doposition and may bo divided into various sub» 

onvironmonto dependant on tho nature of thoir individual thieknoosoo, internal 

architecture, vertieo! ond lateral lithofaeieo relationships, and palaeontological 
parameters. CHS aro characterised by fining upward soquoncoo of oandstono and 

siltstono which preserve a number of different otacking patterns. Lenticular 

geometries (Fig.2.22o,b) may be composed of channel and laterally accreted 

macroforms, whereas tabular fills are in moot coses internally structured by ehannol 

elements only.

Channel fill systems aro delineated by class throo and four bounding surfaces 

dependant on their intornal structuring, and tho booal surface Is in moot cases 

strongly erosional (Figo.2,22a,b: 2.23). Class throo surfaces bound single storied 

sequences (Fig.2.22b) and may aloo bound individual architectural elements 

dependant on thoir complexity of form. Simple bars and individual fades sots ore 

bound by class two surfaces.

a) Channel fills (CHI

Element CH occurs in tho Burgorsdorp Formation as both lenticular and tabular 
geometries. In tho case of oyotomo lacking laterally accreted elements, tho ehannol 
fill may oquato to tho entire channel fill oyotom.

I) Lenticular CH

Lenticular channel fills occur ao both thick (>3m  and up to 11.80m) and thin 

« 3 m ) elements in the Burgorsdorp Formation. Thick lenticular CH are composed 

of lithofaeieo oooociaMono of predominantly fine grained oandstono, with 

subordinate finoo. They may be laterally conti. uouo for up to a kilometre, although



thoy om moro eomnianly only a fow hundred motroo m width. Thoy form botwoon 

10 20% of any givon ooqucn^o ond tend to havo width to depth ratio's commonly 

in the rango of 20 30:1. Lontieular ehannol fills aro bound by fourth order ourfoeoo 

(Fig 22o,b) ond internally may preserve numerous third ordor orooivo surfaeoo.

Tke basal eontoot io uoually eonvox down, erosional (Fig.2.22a,W and may 

pMccrvo solo marks, groove and flute casta on tho basal ourfoso at plaeoo 

(Fig.2.24a,b). When fully preserved, tho vortioal cequoneo eonoioto of a basal 
erosional surface into mudstono or siltstono, overlain in a&eonding ordor by faeios 

So, Sho, Stf St,, Sr and Fr Fh. Faoioo Sp, Sm and Sh, may bo randomly developed 

within a sequence.

Lateral migration of tho ehannol with time io ovidonood by out bonk eollapso and 

thalweg scour and fill activity, including an obundaneo of intraformotio.)al elasto of 
oilt= and mudszono, ond fossilised plant and bono (faeios So). Faeios So, io 

frequently, although not universally, preserved near tho bases of thoso ehannol 

arehitoeturol elements. Intra formationol elasto may furthermore oeeur throughout 
a channel fill sequence, Tho oizo of tho incorporated intraformotional elaots 

howovor tends to docreaso from tho base to tho top of tho soquoneo.

Ovorlying basal orosional surfaeoo, faeios Shti, (Fig.2.2S) and St, (Fig.2.28) aro tho 

predominant faeios typos in tho lowor rooehoo of a typical ehannol fill soquoneo. 
Subordinato Sm and Sp may also be present. Whoro tho top of tho ehannol fill io 

not influoneod by laterally aeerotod bodformo, tho soquoneo may terminate in faeieo 

Sm, St,, Sr and Fr or Fm. In this ease tho dominant current generated bod top 

sedimentary otructuroo ore parting linoation, duno tops (Fig.2.27) and ripples, and 

tho upper contact of tho ehannol fill olomont tends to bo sharp and flat (Fig.2.27), 
with a rapid lithologieal ehango to fino&. Whon overlain by laterally aeerotod 

bedforms (Fig 2.22a,b), tho soquoneo tondo to bo truncated, and tho contact with 

tho ovoilying laterally aeerotod elements io in moot eosoo oithor gradational or shorp 

and flat.
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A good oxomolo of a lontieular ehannol fill without point bar dovolopmont (Rg.2.28) 
io oxposod in a readout on tha R56 botwoon tho towno of Moltono and Burgorsdorp 

(Fig. 1.2). Thio cutting prooorvoo a thin lontieular ehannol fill ooquonco, oomo 80m 

wido by 3m thick, giving a ehannol width/dopth ratio of 20:1. Channol Ineioion and 

down cutting Io ovcdont during the period of stabilisation on tho floodplain. Tho 

remainder of tho fill is composed of oana dominated minor channol and bar 
elements, and slack wator mixed suspondod^bodload deposition in tho abandoned 

tracts of tho channol. Tho soquoneo is terminated by 1.S=2.0m of stacked Sh ̂ .

Lenticular CH doposito aro thought to represent inchonnol vortical occrotion, with 

faeios stacking patterns roflocting an upward doeroaoo in flow rogimo, probably duo 

to decreasing wator depth and increasing frietion, as tho main ehannol migrated 

laterally. Within this sotting faeios Sm (o boliovod to bo formod by poot=dop@s;tional 
modification, rather than bank collapse as suggested by Tumor & Martin (1995).

An oxamplo of a thin, mixed load lontcular channel nil (Fig.2.29) is oxposod in tho 

typo section at Nononsl's Nok (Fig.1.2) about heif way up tho pass. Tho soquoneo 

preserved in this typo of channol fill olomont ),s composed of vertically accreted 

faeios Sh and laterally aeerotod mixed mud/sandstone couplets. Tho uppor ehannol 
in Figure 2.29 is 76.6m wido and 3.3m deep, giving a width/dopth ratio for tho 

channel of 24.84 Tho ooquonco ohown in Figure 2.29 preserves a thin floodplain 

channol with on irrogular, orosivo base which has downcut Into tho underlying 

nwdstonoo by somo 1 .Sm. Thio channel Is entirely structured by faeios Sh. Lateral 
aaerotion oeourrd eontmmparonoouoly with ehannol fill ao ovidoncod by tho 

coupfoto of mud and sandstone on the right hand side of Figure 2.29. Sueh 

cauploto aro known from systems with high suspended bod/bodlood ratios in tho 

lowo? rooehoo of meandering rivoi, especially whoro influoneod by tidal activity 

(Nansen, 1980; Smith, 1987). Channol bodload deposition was halted, probably by 

channol ebandonmcnt. Oown qutting of a now channel within tho channel bolt then 

occurred with tho subsequent mixed oandfmudstono fill. Tho last phase of tho 

soquoneo evidences avulsion ond total abandonment of this area of tho channol 
bolt, as is shown by tho abrupt nature of tho transition from sand dominated



ehannol deposition to mud dominated floodplain deposition.

li) Tabular CH

Tabular ehannol oandstono fills (Figs.2.23; 2.30) may attain thieknesoeo of up to 

10m (Fig.2.36) and may bo laterally oontinuawo for over a kilometre. Tho basal 
bounding surface to thoso elements is in most oases irrogular, forming a gently 

concave down or arched (eonvox up) base (Fig.2.30). Tho basal surface may also 

bo orosional and proservo ovkkneo of significant down cutting into tho underlying 

fines (Fig.2.30). Tho fill may bo simple and dominated solely by faeieo Sh, or moro 

complex, ccnslstmg of a number of smaller channol, bar and sand flat elements. 

These deposiito universally lack laterally aeerotod point bar dovolopmont. Tho 

complex channels aro internally structured predominantly by fac'os Sh and S% and 

tend to bo moro constantly medium grained than lontieular ehannol fill deposits. 
Those thick tabular sandstone unito aro very similar to thoso described by Vissor 
& Botha (1880) in tho Elliot Formation at Barclay Paso, and aro thought to 

represent low sinuosity bodload dominated channel fills, brought about by a 

chango in tho sediment supply and/or on increase of tho gradient of tho system. 
Thoy oeeur at only two main otratigrophic horizons within tho Burgorsdorp 

Formation and thoir impartaneo is diseussed m@ro fully in Chapter Four.

b) Latorally aeerotod moeroformo (LA)

Laterally aeerotod maer@f@rms in tho Burgorsdorp Formation aro recognised by tho 

downlopping relationship between henzontal and inclined strata, and by tho 

presence of lateral aeerotion surfaces (LAB) (Figo.2.31a,b,e; 2.32). Sueh systems 

usually overlie olomont CH forming tho top of tho CHS in simple, non stacked 

systems. Within tho main ehannol banks, latorally aeerotod maeroforms may bo 

well developed and easily disoornablo (Figs.2.2B; 2.31o,b,e; 2.32), or thoy may bo 

of very low angle and moro difficult to recognise. In tho upper Burgersdorp 

Formation tho inclination of LA surfaeoo io usually low (4 1G )̂, although slipfaeo 

angloo of up to 20  ̂aro documented lowor on tho Formation.



Latorally aeerotod moGroformo oeeur as otaekod, fining upward lonsoo of oandstono 

(Flg.2.32), which may raroly bo Intoroporood with mudstono or oiltotono (Fig.2.29, 
2.31 e). Individual soto rango in thieknoss from 30.0cm to 1.0m, whoroao otaekod 

sots may roaeh a thleknoso of up to 6.0m. Thoy oro fairly latorally continuouo, 
oeeuning along otriko for up to 200 m. Tho basal eontaot io usually oharp and 

irrogular whoro It overlies fines, and oithor sharp or nradational whon tho surface 

overlios silt- and sandstones.

Tho basal bounding surface is in many eases delineated by concentrations of facies 

So, (Figs.2.29a,b). Thio is usually ovorlain by faeios St, Sh and Sp (Fig.2.33). Faeios 

Sh and Sp are the most abundant facies within tho upper parts of thooo ooquoneos, 
with lessor St, Sr and Fr. Siltstonos tend to form tho tops of tho individual soto, or 
thoy may as individual ripplo cross laminated to laminated sots within tho uppor 
part of tho bar soquoneo (Fig.2.33). Laterally aeerotod maeroforms may howovor 
either grade both vertically and latorally into siltstonos or bo abruptly capped by a 

mudstone vonoor. In general thoy tend to bo directly ovorlain by floodplain silt- and 

mudstones.

This general soquoneo accords woll with tho classic point bar soquoneo as 

described by Allen (1 @63), Davioo (1966) and Friend ofo/„ (1979). Tho recognition 

of LAS aro important criteria for tho recognition of point bar elements In tho ancient 
(Bridge, 1 @85; Shepherd, 1987; Smith, 1987; Willis, 1989). Tho roeognition of LAS 

oouplod to; their internal structuring; position in tho channel fill system; and tho 

foot that palaooeurront diroetions from fades Sh and St bound by tho LA surfasos 

aro porpondieular to tho dip direction of iho LAS, is strong evidence that thoso 

laterally aeorotcd maeroforms aro point bor deposits, sueh as havo boon 

deoumontod for tho lowor Boaufort Group by Kublor (1977), Stoar (1978,1979, 
1980a,b), Smith (1981,1987,1989) and Rubidgo (1988).

Ray (1976) showed that tho history of tho uppor point bar and overbank doposito 

aro interlinked and Forroll (1987) Gonoidoro that upper point bar doposito should bo 

considered as overbank doposito duo to tho foot that thoy aro tho direct result of



poot'dopoQitionol modification by ovorbonk flooding, ao woll ao by in chonno! latoral 
ocorotion. Uppor point bar doposito oro howovor conoidorod horc togothor with 

ohannol deposits duo to tho foot that thoir primary gonocio lo duo to point bor 
migration, ovon though tho resultant deposit may ohow tho offoctw of post- 
dopositional modification by overbank flooding (Pulak, 1976). Uppor point bar 
deposits in tho Burgorcdorp Formotion aro gradational into the ovorlying floodplain 

fines systems ond aro normally Internally structured by *rio@ Sh^, Sr, Fr and Fh. 
Individual sot tops may be bloturbatod, although bor top bioturoation and poot 
dopositional alteration Is In meat oases minimal.

Although fossil plant material is common in tho uppor parts of tho point bor 
olomonts, totrapod fosoi! refrains oro rarely preserved. The exception boing in tho 

Middle Burgorsdorp ot Aliwal North, whoro largo ovoid calaaroous concretions 

within fine grained sandstones of tho uppor point bor olomonts often preserve 

fosslllsod amphibian remains.

2.3.2.2 Floodplain fines systems (FF)

Floodplain fines systems account for botwoon 60=80% of tho total lithologioo in tho 

Burgorsdorp Formotion and vortical accretion of finoo due to overbank flooding for 
outweighs doposition of sand by vertical and latoral accretion. FF typically form 

thick, fining upward soquoncoo of very fino sandotonoo and siltotonoo ovorlain by 

thick massivo mudstonos. Tnlo soquoneo is Identical to tho uppor componont of tho 

claoolo autocycllo fining upward cyclo generated by tho migration of a mixed load 

meandering systems with vonioal accretion of finoo in tho floodplain environment 

(Allen, 1988b, 1970).

Floodplain doposito have in tho poot boon neglected in favour of in ehannol studioo. 
For thio reason tho literature pertaining to overbank sedimentation lo not ao 

inclusive ao for channels (Hughoo & Lovin, 1982; Bridge, 1984). Thio state of 
affairs io particularly true for tho Burgorsdorp Formation ao in tho poot virtually no 

research hoo boon undertaken on these depooito. Sedimentation in overbank orooo



and thoir gonorol charaetofiotiGS havo howovor boon dioeusood by Hughoo and Lovin
(1982), Smith (1983) and Bridgo (1984). Studioo of modorn ovofbankonvimnmonts 

includo tlioso of Colomon (1969), Singh (1972) and Smith (1983) for natural 
lovoos, and Colomon (1969), Smith (1983) and Cross & Smith (1986) for oplayo. 
Flood basin lakes aro discussed by Croso (1985). Tho succession and spatial 
relationships of lithofacios in floodbasins is prosontod in Coloman (1966), Smith
(1983), Cross & Smith (1986) and Smith (1986). Moro specifically. Smith (1980) 
glvos characteristics of overbank doposito for tho Lowor Boaufort Group.

Floodplains aro not uniform environments, neither in thoir topography, nor in thoir 
accretion rates or vogotatlonol covor (Coloman, 1969; Singh, 1972). Floodplain 

systems are therefore heterogeneous by thoir vory nature and tho floodplain fines 

system of tho Burgorsdorp Formation io also moro complex than previously 

boliovod. Thick units of unstratifiod to massivo mudstono with only incipient or no 

pedogenio overprint or major bioturbation, typically form tho majority of FF 

sequences. Those deposits aro composed predominantly of facies Fm, with minor 
amounts of Fh, Post dopositional pedogenic modification may also occur Is 

evidenced by tho formation of stacked palaeosol profiles (Fig.2.19). FF therefore 

Include thick unito of unstratifiod to masrivo mudstono within which various 

architectural olomonts and faeieo associations occur, including floodplain channels 

and sandstone splays.

a) Floodplain channol fill

Floodplain channels occur as discrete, thin sandstone bodies within thiek soquoncoo 

of fines (Fig. 2.34). Thoy are lontieular in nature and may bo up to 1@m wide, but 
raroly exceed 1m in height. Tho basal eontaot with tho underlying mudotono io 

uoually vory oharp and flat (Fig 2.34), but may be orooivo In places. Thoso doposito 

aro in most eases internally structured solely by faeieo Sh, which grades upwards 

into faeieo Sr. Tho sequence in Figure 2.3S probably represents a small floodplain 

channel that mado use of a previous lovoo broach, as ovidcnecd by tho thin tabular 
splay sandstone unit at tho baoo of the ehannol sequence.
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b) Sondctono splayo

Thin ond tobulor oondotonoo with shorp basoo and planar eonvox uppor surfaeoo 

occur ao Intorbods In tho fino focloo, in placos also dirootly ovorlying chornol-fill or 
point bar sandstones. Thoy aro normally compoood entirely of fino sand- or 
siltstono, although mud- and siltstono clasto may occur throughout. Faeios So, Is 

In many Gases concontratod on tho uppor surfaces of thoso sandstones. Thoso 

deposits aro boliovod to bo splay deposits duo to: thoir tabular geometries; sharp, 
flat bases; intornal structure; and position within tho succession, lying as thoy do 

intorboddod with thick massive mudotono doposito.

Although there Is a continuum of size between thick and thin splay elements It is 

usoful to distinguish botwoon tho two on tho basis of thickness, in as much as thoy 

aid in determining tho occurronce of mojor lovoo broach events, and may also bo 

usod as Indicators of position on tho floodplain.

I) Thick splay olomonts

Thick (>2m) tabular sandstone splays oro raro in tho Burgorsdorp Formation but 
aro doeumontod on tho farm Avilion and in a road cutting somo 10km north of 
Nonensi's Nok (Figo.2.35, 2.36) ond ot Nononsl's Nek (2.37). Thoy aro 

distinguishod from tabular channol fills by tho exceptionally sharp, flat nature of 
thoir bases (Figs,2.35; 2.36) and tho lack of small channels within tho fill. Thooo 

olomonts occur ao slnglo storied or composite bodios of fino grained sandstone, 
internally structured almost oxelusivoly by faeios Sh,. Somo of tho thicker units may 

bo laterally continuous for hundreds of motros to upwards of a kilomotro (Fig.2.37) 
whoro thoy ooolosco with othor splays.

Individual units may show a slight fining upward trend, although In many casco 

them io no perceptible gralnsizo ehango through tho soquoneo or sot. Tho basal 
surface is flat and oharp, normally ovorlying thiek ooquoneos of faeios Fm. Tho top 

surfaeo may bo gradational into siltstono or oharp and flat with a marked ehango
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from bondotono to mudotono. Whoro tho latter io tho oaso, parting linoation, ripploo 

and mud pobblo conglomorotoo (faoioo So,) may bo prooorvod on tho uppor ourfoco, 
which may aloo bo Intonooly biof irbatod.

Single storied unito without intornal dlocontinuitioo havo oharp, flat basos and aro 

internally structured by facies Sh^. Tho top contact may bo sharp and flat or 
gradational Into siltstono and convex up. Figure 2.38 shows tho cross sectional 
geometry of such a doposit. Tho uppor contact taporo away from thu main broach 

locus, whieh is marked by tho thickest prooorvod extent of tho splay ond tho 

presence of a sploy top channel. Figures 2.35 ond 2.36 show that numerous re­
activation surfaeoo may bo present within a thiek oplay sequences. Such composite 

bodies show sot stacking and may roach up to 3.0m In thickness, ndividual sots 

havo similar properties to single storied units.

Tho single atorled tabular sandstones oro Interpreted as largo volume single episode 

flood deposits, with proximal to distal floodplain flow waning, whoioas tho thick 

composite splays with ro activation surfaces are thought to represent proximal 
floodplain, multiple episode levee breach and crevasse splay doposito. Renewed 

doposition and composite growth on tho splay surfaeo occurred during periods of 
subsequent flood pulses.

II) Thin splay elements

Thin splay sandotonoo K 2.0m ) (Flg.2.39) oeeur ao inter bedded, fining and 

coarsening up soquoncoo within thiek sequences of fines. These deposits form soto 

botwoon 1-200em thick, but in most oases aro only botwoon 5=S0em. Tho 

soquoneo usually fines upward and grades from fino sandstone at tho baso to 

oiltotono tops, Thoy aro in moot eaooo polo rod purplo (SRP 6/2) or groyioh bluo 

(SPB 6/2) in colour. Tho lower contact is usually oharp, flat or slightly irregular. 
Whoro ouch doposito ovorly a mudoraekod surfaeo thoy usually show tapering Infill 
at thoir basoo. Those splay sandotonoo eharaetohstieally thin away from tho main 

ehannol loeuo and become loos tabular and moro irregular in form (Fig.2.39) further



owoy from tho moln channel. Tho uppor contact may bo sharp or gradational into 

tho overlying oiltstonos.

These deposits wero often colonised by plants and animals* as shown by tho 

presence of plant rootlets (Fig.2.40) and extensive internal and bod top bioturbation 

(Fig.2 41o,b). These thin bloturbatod sandstones may be divided into two types 

dependant on whether they are more massively bloturbatod by plant or animal 
activity* although some overlap between the two Is known. Root growth and 

animal bioturbation, as well as hydraulic creep sot up by tronspirational pull may 

disturb or completely destroy tho original sedimentary fabric, such that sedimentary 

structures are rarely preserved.

Because of their spatial and temporal setting within the main fining upward 

sequence, thin (< 00.0cm), light bluish grey (SB 7/1) and greyish red purple (GRP 

4/2) tabular sandstone bodies characterised almost exclusively by plant rootlet 
bioturbation are interpreted as distal floodbosln splay deposits, with subsequent 
colonisation by plants. Very thin « 1  Gem) greyish rod purple (GRP 4/2) to yellowish 

grey (GY 8/1) and light bluish grey (68 7/1) tabular sandstone with no traces of 
plant activity but characterised by an abundance of burrow traces occur 
stratigrophically higher within major fining upward floodplaln sequences and are 
therefore interpreted as tho most distal splay deposits, Tho extensive bioturbation 

being caused by tho animals moving up through the now substrate to roach tho 

surface following flood activity.

Thin (<  20.0cm) coarsoning up units are dooumontod for the first time for tho 

Burgorsdorp Formation. Those units have gradational lowor contacts and sharp 

uppor onos. Tho baso of tho sequence consists of alternating mudstonoo and 

siltstonos with small mud clast Inclusions, and largo low amplitude ripplos, 

coarsening up into fine grained sandstones which may develop slump structures 

noor tho top. Those deposits wore noted only in tho uppor part of the Burgorsdorp 

Formation and aro thought to ropresont mini sand dolta deposits formed by 

crovasso splay progradation and termination in a standing body of water.



In oomo coooo thin oplay oondotonoo do not dicp'oy fining or ooorconlng upward 

motifo and have Infilled mud orookod ourfaeoo of tho underlying mudatonoo. Sueh 

Infill io uoually taporod. Thoco aro thought to roprooont rapid progradation of sand 

across th? floodplaln during periods of peak ovorbank flow. Thoir lack of Internal 
structure suggests shoot sand deposition when tho stream expanded onto tho 

floodplaln. All of tho qbovo montionod splay types may conWn fossils, but duo to 

tho paucity of romalno it was not possible to determine if more complete specimens 

wore associated with a specific environment.

To show tho spatial relationships of the various element within the floodploin fines 

system, a typical floodbasin sequence from tho upper part of the typo section at 
Noncnsi's Nek is presented in Figure 2.42. This sequence shows a thin splay 

sandstone at tho base, grading upwards into distal floodbasin mudstone. Tho top 

of this fining upward sequence records a period of non doposltlon ana pedogonlc 

modification (Typo III). Soil formation was probabiy drowned by tho subsequent 

flooding event, with slight incision by a minor floodbasin channel and deposition of 
±1m of distal floodbasin mudstone. Avulsion brought about tho second major cycle 

of deposition, with the floodplaln channel sand being overlain by proximal and distal 
floodbasin mudstones. Intorbeddod in those mudstones aro thin tabular sandstone 

splays which fine and thin up section and show Incipient podogonic modification 

prior to each new flood event. The sequence Is terminated by a thin proximal splay 

deposits, possibly suggesting tho closer proximity of the main channel at this time, 
or a large scale flood event.

It therefore appoaro that tho floodplains of tho middle part of tho Burgorsdorp 

Formation wero subject to periods of flooding, punctuated by periods of non- 
deposition and Incipient pedogonlc alteration. Identification of multiple flood 

episodes, avulsions and hiatal surfaces allow for bettor definition of floodplaln 

accretion rates and resonance times, as well as for the spatial and temporal 
resolution of goomorphologleal features on tho floodplaln. As in tho lower Beaufort 
Group (Smith, 1084), floodbasino typically preserve tho best fossil material In tho 

Burgorsdorp Formation.



2.4 Potrography

Tho polrogrophic proportioo of tho oondotonoo of tho Burgorodorp Formotion have 

previously received only cursory attention, whilot tho finoo hove not boon studied 

at all. Tho fow studios undortakon normally form small parts of larger studios on tho 

wholo Karoo Bosln (Johnson, 1991). Unlike in previous potrographlc studios of this 

Formation, samples wore systematically collected from distinct facies, ouch that 
comparison with other units may be undortakon on a direct basis. In this way it io 

possible to compare similar deposits from other formations os well as from different 
strotigraphlc levels within the same Formation. Tho sandstones of the Burgorsdorp 

Formation are commonly fine to medium grained and aro composed of framework 

grains of quartz, feldspar and rock fragments (Fig,2.43a), with high interstitial clay 

contents (Flgs.2.43a,b). Grains aro predominantly subangularto sub»rounded and 

most facies are both mlnoraloglcally and toxturally sub mature.

2,4.1 Petrographlo descriptions

a) Framework grains and light minerals

I) OuaOz

Guartz grains (Fig.2.43a,b) aro predominantly angular to sub rounded and show 

little or no syntaxlal quartz overgrowth. Tho majority of grains show unit extinction 

although a number aro strained and exhibit unduloso extinction.

li) Bddapac

Feldspar grains show various stages of textural and minoralogical maturity and may 

bo angular to well rounded. Sodium plagloclaoo (Albito) Is tho predominant feldspar 

typo preserved (Figs,2.43a,b; 2.44). Btavrakls (1980) reports that In tho lowermost 
Burgorsdorp Formation, although hrgoly altered, feldspars may bo clearly 

distinguished from tho matrix. This Is similar to the situation fer sandstones from



tho north of tho booin In both tho Burgorsdorp and Kotborg Formations Flg.2.45), 
but difforo from tho sandstones from tho upper part of tho basin, where tho 

feldspars aro mostly in an advanced state of kaolinitic alteration. Orthoolaoo 

(Fig.2.46a,b) Is also present hut is rare. Most of the orthoolaoo encountered 

showed substantial dissolution or clay mineral alteration. MicrocMno Is present only 

within rook fragments of granite. In general, feldspars from tho finer grained 

ovorbank oiltstono and sandstone splays show loss evidence of alteration.

Rook fragments ore mostly polycrystalline quartz grains (Qp) of sedimentary 

(F(g.2,47a), plutonlc lFig.2.47b) and motamorphie origin (Fig.2.47o). Granite also 

occurs as rock fragments (Fig.2,47d| and although previously documented for tho 

Burgorsdorp Formation (DuToit, 1954), granite rock fragments aro rare, with loss 

than five grains documented in all tho thin sections studied.

Iv) Mica

Unaltered detrital micas are rare In tho sandstones of tho Burgorsdorp Formation, 

Whoro present they aro predominantly small elongated flakes of muscovite 

(Fig.2,48a,b).

b) Heavy minerals

Hoavy minerals aro roro In tho middle and uppor Burgorsdorp Formation, being more 

abundant in the lowermost reechos of tho Formation in tho southwest. Whoro 

prosont thoy may occur Intoropor&od throughout a sandstono unit or more raroly as 

thin hoavy mineral laminae. Oxldoo (Fig.2.49) aro tho dominant opaque mineral in 

tho sections studios and zircon |Fig.2.50a,b) tho dominant nomopaquo mineral 
form.



c) Matrix

Tho matrix of tho oondotonoo of tho Burgorodorp Formation io oompoood of vory 

fino quartz partaloo, altorod foldsparo and dotrital cla\ (F:go.2.43a,b). Clay 

porcentago may bo oo high ao 30%, oopoclally in tho uppor parto of point bars and 

in faoios Sr.

2.4.2 Sandstono classification

Twenty sandstono thin sections from tho Burgorsdorp Formation, as well as two 

from tho Kotborg Formation r  are point counted for the framework mineralogy to 

bo assossod (Fig.2.51) (Appendix 1). Sandstones from faoios St, Sm and Sp plot 
predominantly in tho litharonito and lithie groywacko fields of Pettijohn (19871 and 

facies Sh plot within tho upper roaches of the litharonito and lower roaches of tho 

sub litharonito fields. Facies Sr often preserves greater than 1 B% clay and ploto in 

tho foldspathic and lithie wacko fields.

Ona Intorootlng trend that omorgod from this study Is that sandstones of tho tower 
Burgorsdorp have low modal quartz values and high rock fragment values, and are 

vory similar to tho sandstones of tho uppor port of tho Katborg Formation 

(Fig.2.611. Sandstones from tho Middle part of tho Burgorsdorp Formation plot with 

higher quartz values, but are consistently below 60%, whorooo thoso from tho 

upper Burgorsdorp aro consistently over 60% modal quartz.

2.6 Polaoocurront Analysis, Provenance and Teotonic Sotting

2.6.1 Palaoocurrent analysis

To date, no thorough palaoocurrent analysis of the Burgorsdorp Formation has boon 

undertaken and no systematic spatial and temporal study has boon dooumontod on 

a basinal scale. This study io based on numerous readings from tho wholo basin,



but more poftieulorly for tho middle and uppor porto of tho Burgorodorp Formation 

which contain fossils assignable to tho Cynognof/k/s Aooomblago Zone.

Polaoocurront directions for tho uppor Burgorsdorp F*,; motion wero derived mainly 

from ripplos, trough and planar croso'Strolifieatlon, Although tho majority of 
moasuromonts aro trends dorivod from in channel parting llnootion, they ore 

prosontod as directions In Figure 2.62, duo to tho fact that no southerly readings 

wore obtained from any other palaeoeurront indicators. Sandstono splays often 

hovo ripple marked uppor surfaces which provide palaoocurrent directions oblique 

to or at right angles to tho current direction ao determined from faoios St and 

parting llnootion trends (Fig.2.52).

It Is therefore Imperative to make sure thot palaeoeurront measurements are 

recorded from channeMill sandstone bodies and not from splays, othorwiso tho 

variability footer tends to Increase, lessoning the usefulness of palaoocurrent 
variability ao a distinguishing feature between the Burgorsdorp and Moltono 

Formations.

Tho spread of polaoocurrcnts recorded for tho uppor Burgorsdorp Formotlon os a 

whole forms an aro between ±  330 030 (NNW-NNE) (Fig.2.52), with a moan of 
350°. This moon accords well with that of Johnson & Hiller (1990) who give a 

general north-westerly to north northwesterly flow direction for tho lowor part of 
tho Formation. Btavrakls (1980) also records a general north-westerly flow for the 

lowermost Burgorodorp Formation and considered the system to have a high 

variance duo to tho directional changes of tho rivers and tho variable orientation of 
tho crevasse splays. Groonowald (1996) proposed source areas to tho oast, 
southeast, southwest and west based on reciprocal palaoocurrent directions No 

strong easterly or westerly current directions wore noted for tho Burgorsdorp 

Formation during this study, except when taking splay sandstones into account. By 

excluding tho oast west readings obtained from sandstono splays the spread of 
directional data on flow directions within tho Burgorodorp Formotlon Is dramatically 

reduced, although it still has a greater variability than tho overlying Moltono



Formation.

Polaooourronts for tho oandotonoo of tho uppor Burgorodorp Formation display high 

variance and low vector strengths (Table 2.1), with unlmodal flow. This is mainly 

duo to directional ohangos within the channels and parts of channels. The moon for 
tho uppor Burgorsdorp Formation in tho Bombomhoek Valley io 358", however 
there soems to be two gonoral directions, one to the northoast (051°) and one to 

tho northwest (331°). Based on tho similarity of palaoocurrent directions for tho 

Katborg (Hille? & Stavrakis, 1984; Groonowald, 1996) and Burgorsdorp Formations, 
It does not seem that a major change in rivor drainage dirootion occurred during tho 

course of deposition of tho sodimontary strata of the uppor part of the Beaufort 
Group in the main Karoo Basin.

2.5.2 Provenance end tectonic setting

Tho prosonce of granite, reworked sodimontary and motamorphie rook fragments, 
as well os tho hoavy mineral suite Indicates a mixed sodimontary, plutonlc and low 

grade metomorphlo provenance for tho rocks of tho Burgorsdorp Formation, The 

palaoocurrent dote suggests that this area lay to the south'southoast and south-
southwest of the doposltlonal basin.

Figure 2.53 shows that tho channel fill sandstones of tho lowor Burgorsdorp 

Formotlon plot in tho mixed, and transitional recycled orogon field ot Dickinson or 
aA (1983). Those results are similar to those obtained by Johnson (1991) who 

Included tho Burgorsdorp and tho top of tho Katborg Formations within a recycled 

transitional orogon sotting, iho source rocks for this transitional recycled orogon 

wore probably formed by parts of tho Dwyka, Ecca and Lowor Beaufort Groups. 
Both the middle and uppor Buigorsdorp plot within tho quartzoso ro? yclod orogon 

field. Thoir Is howovor no direct evidence In tho Burgorsdorp Formation tor tho Capo 

Fold Bolt ao part of tho source area, and tho nature of this quartzoso recycled 

orogon may bo partially duo to reworking of tho Katborg Formation.



2.6 Palaeontology

Tht> adlmentory rocks of tho Burgorsdorp Formation aro procontly beliovod to 

oontoln two distinct fossil faunal ossomblagos. Tho jCy&rmsawn/f AssombJogo Zono 

fauna occurs in tho lowor third of tho Formation (Groonowald & Kltchlng, 199G) 
and tho Cy/io&nodMw Assomblogo Zono in tho upper two thirds (Kltchlng, 1995). 
Although tho lysbosowws Assomblogo Zono Is not undor direct consldorotlon, it 
Is important in terms of tho basinal dovolopmont model proposed in Chapter Four. 
For on account of this biozone tho reader is referred to Kitching (1977) and 

Groonowald & Kitching (1995). No gonora aro common to tho two blozonos 

(Rubldgo of a/., 1995) and there Is thought to bo an unfossiliforous stratigrophie 

Interval separating tho two (Kitching por&comm.). Until tho late 1960's tho upper 

Burgorsdorp Formation was biootratigrophically divided Into a lowor Aroco/bpbon 

Zono and on upper CynoprMf/ws Zono. Hotton & Kitching (1963) abandonod tho 

uso of a soporaZi Atxm/op/ror) Zono, howovor this otradgrophlc Interval is currontly 

bolng rO'Cssessed (Novollng pe/g.jomm.).

Sedimentary rocks containing fossils assignablo to tho CynogwafAw Assemblago 

Zono have a spatial distribution covering on area from Sonokal In tho north of tho 

basin, to Oueonstown In tho south, and irom Cala In tho oast to wost of the town 

of Burgorsdorp In tho wost (Fig.2 "4). Tho thlcknoss of tho CynognafW 

Assomblogo Zono strdto thin from ±  600m in tho south of tho basin, to only 30m 

in tho north of tho basin.

According to Kitching (1970,1972,1977,1995), tho fauna of tho Cynogmf/k/s 

Assemblago Zono io eharactorlsod by tho prooonco of: tho cynodonto Cynogwa(/kw, 
DWonWon and TnrueAocfon; tho dicynodonto ^annomoyor/b and ffombu&fb; tiro 

archosauriformoo ByfWsucAws and %rar*orAr; tho rhynehosaurs AfowosAr and 

MojosuoAfrs; tho coptorhinlds (pararoptilos) MyoeqpAaArs and TAo/ogmofAus; tho 

thorocophalian Bsr/Ab; tho lungfioh ComWus; and copltosourid and tromatosuchld 

amphibians. Tho associated fossil floral assomblogo Is poorly known (Anderson & 

Anderson. 1965) and includes oillcificd wood assigned to Oodbxy/on, and loaf



improooiono of DA?/oAAom ond %A6ooo</A) (Kitehing, 1 @96). No f oosil inooet roeord 

Io known.

Now foooil diocovorloo from tho north (Wolmon ofoA, 1991) ond oouth of the booin 

(Honcox & Rubldgo, 1994,1996) show that tho claoolc GynogwofAr/g Aooomblago 

Zono (Kltchlng, 1977) fauna Io prooont only within dlooroto spatial and temporal 
rangoo, ond thot tho blootratigrophy of tho USozono Io morn complex than originally 

believed (Honcox oroA, 1996). A number of opuslmonG eolloetod in tho uppor part 
of tho blozono In tho south of tho basin wore previously unknown and aro ho o fully 

doscribod for tho first tlmo.

2.6.1 Fossil discoveries from the upper 
Burgorsdorp Formation (CymwosfAus Assemblago Zono)

During fieldwork in tho Bambooohook Valley (Fig. 1.2), a now faunal assomblogo 

was discovered In tho south of tho basin (Appondix 2). Tho now fauna contains tho 

zono indox genus Cymô nafAws and may therefore bo broadly assigned to tho 

GynogoofAws Assembbgo Zono. This fauna also contains at least two dieynodont 
gonora previously unknown from tho blozono, as well ao a now advanced 

capltosaurold amphibian (Honcox or a/., <996). Those now taxa aro moro fully 

doscribod below. To date tho fauna lacks thorocophallano, captorhlnldo 

(pararoptilos), oosuchla, lungfioh and tho dieynodont gonora Konnomoyodb and 

KomW&a.

2.6.1.1 A now capltosaurold amphibian

A largo amph bian skull (BPflrOGBI) eolloetod from tho upper lovolo of tho 

Gyno#nofAws Aooomblago Zono in tho Bambooohook Valloy, Eastern Capo (Fig.1.2) 
io different from tho other amphibians known from tho zono, and woo tontativoly 

aosignod to tho Superfamlly Gapitooauroldoa by Honcox or aA (1996). 1 his material 
hao not boon previously described.



I) Matoiialo ond mothodo

Tho material eonoioto of a largo, woll procorvod although incomploto okull, found 

on tho form Wilgorkloof In tho Bambooahook Valloy. Tho okull was Imboddod in a 

thin layer of faoios Sh, which io interpreted ao a distal splay dopooi:. The okull woo 

discovered broken into throe soporoto largo blocks that wero subsequently 

cemented together. Only the posterior right half of tho skull is preserved, from tho 

levol of tho pro orbital stop to tho orbit to tho occipital margin (Fig.2.56). In dorsal 
view tho right tabular, propariotal and pariotol, supratomporal, postorbital, 
squamosal, quodrotojugal (damaged), and tho posterior part of tho profrontal, jugal 
and both frontals aro present. In ventral aspect tho tabular, oxocolpital, 
parasphonold, ptorygoid, quadrate, posterior part of tho palatine, octoptorygoldand 

tho anterior portions of tho maxillae aro all that remains of tho skull. A single tooth 

Is preserved in tho matrix on tno ventral sldo.

Preparation was undertaken mainly by mechanical moans, ao the matrix did not 
respond to acid treatment. Glyptal cement was used to join the pieces together as 

well as bolng thinly coated onto prepared surfaces to protect tho bone. 
Measurements of tho okull are presented in Table 2.2 and tho habitus 

characteristics considered Important for tho capitooauro (Welles & Coogriff, 1965; 

Howie, 1970; Chornin & Cosgriff, 1975) aio given in Table 2.3,

li) Description of tho material (BP/1/GG51)

a) Skull Roof

In dorsal view (Pig 2.56), tho reconstructed skull io far longer than it is wide, with 

the maximum width of tho okull occurring across the quadratojugalo, Tho 

sculpturing on the skull roof Is predominantly composed of coarse irregular pits, 
from which ridges and grooves radiate outwards. This io tho typical sculpture 

pattern as found throughout tho Buporfam ly Gopitosauroidao. Most of tho 

postorbital bones are exclusively pitted, whereas tho pro orbital bones and tho



latoral odgo of tho oquomooal and quodrotojugol dioplay olongoto ridgoo. Tho 

contour of tho okull roof In lateral vlow eloarly show? tho pro orbital atop typical of 
all Scythian and peat Scythian capitooauroida (Chornin, 1978) except tho Family 

Paracyclotosaurldao (Moryaflcko & Shiohkin, 1996).

Of the oponingo on tho skull roof, only tho right orbit and pineal foromon aro 

completely prooorvod. Tho anterior odgo of tho loft orbit io also diocornablo, ouch 

that tho intororbital diataneo may bo accurately calculated (Table 2.2). Tho 

prooorvod right orbit is roughly oval (66.2 x 42.2mm) with ito long axis parallel to 

tho skull margin and sub parallol to tho midlino, converging vory slightly anteriorly. 
Tho orbit borders aro raised abovo tho surrounding surfaces and a shallow 

depression exists botwoen tho loft and right orbits. Five different bonos mako up 

tho orbit margin: anteriorly it io formed by tho pro frontal; antcromodlally bv tho 

frontal; laterally and pootorolatorolly by tho jugal and a large expanse of tho 

postorbital; and postoromodlally by tho postfrontol, which forms tho moot extensive 

arc of any of tho bones contributing to tho orbit margin.

Tho p( leal foramen (Fig.2.5S) Is situated on tho dorsal midlino, only slightly behind 

tho posterior borders of the orbits. It io round and hao prominent raised edges 

lateral to tho opening,

Tho otic notch lies at tho postero lateral margin of tho skull and is bounded 

exclusively by tho tabular and squamosal. It is oval in outlir o and opons to the 

posterior margin of tho skull via a short, (27.6mm) thin (9.1mm) channel. This 

channel runs obliquely ot an angle of *4 6 ° to tho okull midlino.

Of tho four sots of sensory grooves identified for oapitosaurold skulls by Moodio 

(1988), and following tho terminology of MoryaRska & Shishkin (1996), tho entire 

sulcus temporalis end parts of tho sulcus oupmorbitalio, sulcus MroorbitoUr and 

sulcus jugoloris aro preserved (Pig.2.88). Tho grooves aro clearly marked by tho 

prosoneo of enlarged pits, which in gonoral lack croos ridgoo. The sulcus 

oupraorbiialis runs postoro modially along tho length of tho nrofrontal, crossing onto



tho frontol antonor to tho orbit margin. From thto point it curvoo around tho orbit 
margin on tho pootfrontal to moot tho ooeonding arm of tho cu'euo infraorbitolia on 

tho pootorbitol. Tho ouleuo Infraorbitolia oxtondo from tho postorbital antorolatorally 

wnto tho jugal, whoro it expands to form tho jugal floxuro and thon runs anteriorly 

on dw lateral okull margin. Tho oulous jugulorio io only partially prooorvod and ariaos 

at the jugal floxuro, from whoro it extends posteriorly along tho length of tho jugal 
and onto tha ouadratojugol at tho level of tho aquamosal quadratojugal outuro, to 

tho roar margin of tho okull. Tho sulcus tomporalis arises at tho tripartite junction 

on tho postorbital and continues posteriorly along tho length of tho supratomporal 

to terminate on tho tabular. Ao tho front part of tho okull io not preserved tho 

anterior commissure cannot bo dotorminod.

Tho bones of tho skull roof aro fairly easily diocornablo and aro woll prooorvod. 
Thaso aro now doscribod Individually from tho lateral posterior okull margin forward. 
Only tho pootoro medial margin of tho gwadmfqf*#;/ io present, which forms tho 

postoro lateral margin of tho okull roof. As prooorvod, tho bono forms a thin 

|20.0mm), elongoto 160.0mm) strip lying lateral and ventral to the squamosal on 

the lateral edge of tho skull. Tho ourfaco of tho bono is strongly ridged, with tho 

ridges orientated at right angles to tho skull midlino. Tho contact between tho 

quadratojugol and squamosal oceuro within tho sulcus jugularls, which extends 

ontoro posteriorly along tho longth of tho preserved lateral margin of the okull.

Tho squamosa/Io situated postoro lotorolly on tho okull roof and Is tho largest bono 

in tho postorbital region. Tho lateral odgo of tho squamosal Is damaged and tho 

anterolateral margin of tho bono cannot bo reconstructed, Tho modial surfaeo Is 

coarsely pitted whoro it contacts tho supratomporal. On tho postero lateral edge, 
tho sculpturing takoo tho form of elongate ridgoo which extend laterally and 

torminoto at tho contact with tho quadratojugol. Poottro medially tho squamosal 
contacts tho tabular, excluding tho supratomporal from tho otic notch. 
Antoromcdially tho squamosal sutures first with tho postorbital and moro anteriorly 

with tho jugal, with tho outuro lying in tho samo piano as tho postparlotohtabulor 
and supratomporal squamosal contacts This contact forms tho lateral odgo of the



sulcus jugalaNo.

Tho fjAu/sr forms a rough L shopo, with tho posterior arm of tho L slightly 

doproQsod bolow tho lovol of tho squamosal duo to dorso vontral comprooolon. Tho 

posWor margin of tho tabular forms part of tho occipital margin and io broadly 

eonvox in form. Tho lappot of tho tabular horn io narrow and unoxpandod, and 

projects only slightly pootorolatorolly to form tho posteromedial bordor of tho otic 

notch. Tho posterolateral projection of tho tabular almost contacts tho squamosal 
behind tho tympanic area, such that cloouro of tho otic notch Is vory nearly 

affected In this form. Anteriorly, tho tabular forms tho medial margin of tho otic 

notch and contacts tho squamosal for 13.7mm, with tho outuro running at 45" to 

tho dorsal mid lino. Tho concavo anterior margin of tho tabular forms a sutural 

contact with tho supratomporal and moots tho postpariotal medially.

A number of paired bonos bordor tho midlino suture and thoso Include tho 

postpariotols, parlotals and frontals. Thopos#odbfa& aro positlonod modial to tho 

tebulars on tho skull roof and aro pontagonal, although roughly rectangular in 

ehapo. On tho posterior odgo of tho okull, tho postpariotal Is thickened In tho region 

of tho midlino of tho skull (13.0mm), thinning rapidly laterally to its contact with 

tho tabular whoro it is only half ito original thlcknoss (6.1mm). Posteriorly tho 

postparlotals aro separated by a strongly Intordigitatod outuro, which becomes 

wavy anteriorly. Antorolatorally tho postpariotal contacts tho supratomporal for a 

distaneo of 36.4mm ot an obliquo angle to tho mldlmo.

Tho paifod porrbfoA form o irregular plate which completely encloses tho plnoal 
foramen. Tho posterior margin of tho plnoal foramen is 39.6mm from Its contact 
with tho post parlotals. as opposed to 21.6mm from ito anterior contact with tho 

Rentals, and is thoroforo situated si ghtly antoriarly on tho parietal plate. Laterally 

tho parietal moots tho supratomporal with an irregular suture which runs parallel to 

tho dorsal midlino. Antoro laterally the pariotal contacts tho postfrontol, but Is 

oxclueed bem contact with tho post orbital. Tho right pariotal extends further 

anteriorly than tho loft and sutures with tho frontol via a strongly Intordigitatod



antero modiolly orientated outuro. On tho loft side of tho okull this outuro Io not 

otrongly intordigitatod and io oooontially tronovoroo.

Tho ayp/Bfo/Mporo/ io approximately pontagonal, oharing olx contaoto with tho 

ourrounding bonoo. It contaoto tho: tabular posteriorly; pootpariotal pootoromodially; 
pariotal modially to antoromodially; pootfrontal antoriomodiolly; pootorbitol 
antorolatorally; and tho oquomooal laterally. Posteriorly, tho supratomporal contacts 

tho tabular with a distinctly eonvox suture. Tho supratomporal is excluded from 

entering tho otic notch by tho tobular«squamoool contact (Fig.2.55).

Tho posfo/A/fo/ forms an irregular square and makes up tho pootoro lateral margin 

uf tho orbit, Tho sutural contact with tho pootfrontal io parallel to, and in lino with, 
tho midlino of tho orbit. Tho postorbital displays a marked lateral, and loss marked 

anterior projection, which limits tho occurrence of tho jugal in tho orbit margin. Tho 

most striking feature of the postorbital Is tho non pitted area thot marks the 

tripartite junction of tho sulcus suproorbitalis, sulcus temporalis and sulcus 

mfraorbitalis (Fig.S.GS).

The poafAmfj/forms a thin, curved strip of bone which lies between die pariotal 
and tho orbit, comprising th s posteromedial half of tho orbit margin. Antcro* 
medially tho pootfrontal twCts tho frontal with 6, Irregular suture.

Tho paired /mnfjfs form an olon ate rectangular p'oto that makes up tho central 
part of tho skull roof in tho intororbital and ^roorbital rcgif n. Tho posterior margin 

of tho ploto sutures with tho pari* tal in tho inti orbital canal, approximate: * at tho 

midpoint of tho orbits. The frontol does not enter tho orbit margin ot this lov^, ao 

tho suture with tho pootfrontal extends ontoro lotcrally, ouch that tho frontal ontoro 

tho orbit margin approximately ono third tho way along tho orbits length. Tho 

sutural contact with tho profrontal emerges from tho orbit rim near tho midlino of 

the orbit, end oxtondo anteriorly along the preserved longth of tho two bonoo. Tho 

frontal therefore forms only a small port of tho orbit margin. Tho anterior margin of 
tho frontol plate is not prooorvod. Ths posterior margin of tho frontal Is coarsely
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sculptured by p̂ to wherooo ontorlor to tho pro orbitol stop, tho sculpturing tokco tho 

form of ontoro posteriorly orientated, parallel elongoto grooves strengthened by a 

fow cross«rldgoo.

Tho pfoAonfo/ forms a largo ngatod strip of bono situated botweon tho frontol 
and tho jugal, both of whicn tho bono suturos with along Ito ontiro prooorvod 

longth. Tho outuro with tho jugal intordigitatoo otrongly, whorooo thot with tho 

frontal Io only intordigitatod in tho rogion immodlatoly antorlor to tho orbit. Tho 

profrontal forms the largest porcentago of tho anterior margin of tho orbit and 

omorgos from tho orbit oo a short nock, which expands oomo third of tho way 

along tho prooorvod longth of tho bono. From this point It continues anteriorly lying 

parallel to tho dorsal mid lino of tho skull. The medial ourfaco carries antoro postoro 

orientated ridges, whorooo tho lateral ourfaco has cross pits and ridgos.

The ybpa/ Is incomplotoly proserved, but Is a largo bono which forms tho lateral 
margin of tho skull (ebook) from a position antorlor to tho pro orbital stop, to behind 

tho lovol of tho pineal foramen. The bono forms only a limited extent of the lateral 
orbit morg*\, bolng partially excluded from it by tho forward extension of tho 

postorbital, and tho posterior projoction of tho profrontal. Tho jugal contacts tho 

postorbital ond squamosal posteriorly and ito lateral odgo forms tho lateral odgo of 
tho skull roof. Tho sulcus jugalorls extends from tho lateral margin of tho skull 
forward to a point in lino with tho anterior margin of tho orbit, from whoro tho 

sulcus turns sharply postoro modlally to extend obliquely across tha jugal. Tho jugol 
has tho coarsest sculpturing of all tho bonoo on tho skull roof.

b) Tho Occiput

Tho occiput (Fig.2.86) of the okull hao suffered minor doraovontra! compression, 
which hao brought about dox " movement of tho doraol process of tho oxocclpital 
in relation to tho descending arm (processus vontrolis) of tho postporiotol. This 

distortion has slightly obscured postpariotal, and reduced the size of tho post 

temporal fonostor.



Tho most striking feature of tho occiput is tho prooonco of a pair of occipital ridgoo 

(Flg.2.56), Tho first of thooo lios vontral to tho pootoro modial odgo of tho tabular 
and extends modially across tho tabular on tho occiput, narrows and continues onto 

tho pootpariotal. This ridgo probably sorvod for tho insertion of some of tho 

occipito-vortobral museloa (Howio, 1970). Tho second, and moro prominent ridgo 

extends along tho longth of tho paroccipitol process (proeosous parocelpitalls) and 

forms tho area for tho inoortion of tho cloldomastoldous muscle (Howlo, 1970), or 
tho muscle ridgo of Chornin (1978).

Tho pootpariotal forms tho uppor modial bordor of tho occiput and tho tabular tho 

uppor lateral bordor. In occipital viow, tho pootpariotal forms a rounded strip of 
bono which thlckons laterally away from tho okull midlino and makes up tho do,sal 
margin of tho foramen magnum. Vontrally tho bono hao a prominent descending 

process, which forms tho dorso lateral margin of tho foramen magnum and tho 

modial margin of tho post-temporal fonostor. Tho dorsal proeoss of tho oxocclpital 
also originally sharod In tho modial bordor of tho poot-tompoml fonostor, but has 

boon displaced duo to distortion.

Tho dorsolateral margin of tho occiput Is formed by tho posterolateral margin of tho 

faW w. Togothor with tho postpariotal, tho tabular also forms tho dorsal margin of 
tho pooMomporal fonostor. Tho descending proeoss of tho tabular oxtondo vontro- 
modially at an oblique angle to contact tho oxoeeipital. This proeoss suturos with 

tho paraocoipital proeoss along nearly Ito ontiro longth, forming tho lowor half of 
tho ba' which makes up tho vontral margin of tho post temporal fonostor.

Tho OKoeeWo/ consists of a contra! condylo from which a dorsal proeoss ascends 

to moot tho descending arm of tho pootpariotal (proeosous vontrallo). Although 

thoso two bonoo hovo boon distorted oo that tho dorsal proeoss of tho oxocclpital 
lies modially to tho procossuo vontrolis, tho two bonoo would hovo contacted oaeh 

other forming tho lateral margin of tho foramon magnum. Tho articulatory facot of 
tho oxocclpital condyle is oriontatod vory slightly modially and vontrally with tho 

foramon magnum situated between tho condyles on tho okull midlino. Tho central



portion of tho condylo hao a roughened exterior ourfaco and io ourroundod by a 

ralood rim. This raisod rim probably supported a cartilaginous cap which would havo 

covered tho central portion of tha condyle (Welles & Cosgriff, 1965; Chornin, 
1974). Tho jugular foramen, through which cranial nerves IX and X pass (Howlo, 
1970), opons externally on tha modial edge of tho oxocclpital. Tho external opening 

for tho hypoglossal nerve (XII) io situated antorolatorally to the lateral odgo of tho 

condylar rim of tho oxocclpital.

The posterior margin of tho parasphonoid plato extends ventral to, and botweon tho 

oxocclpitals, forming tho floor of tho chamber in which tho cartilaginous 

basloccipital is beliovod to have boon sltuotod (Chornin, 1974). Tho raised midlino 

section of this plate forms tho basloccipital crest.

Most of the lateral part of tho occipital surface io formed by the quadrate ramus of 
the pterygoid, tho quadrate and tho squamosal. Tho pootoro doron! margin of tho 

okull Is formed by tho squamosal. Tho edge of tho quadrete)ugal is not prosorvod, 
ond tho paraquadratojugal foramon could not bo distinguished.

c) Tho Palate

In vontral view (Flg.2,87), tho preserved portion of tho palate consists of tho 

complete right oxoeeipital, parasphonoid, tabular, quadrate, damaged quadrotojugal 
and the posterior projection of the octoptorygold. Tho palate io vory slightly crushed 

(n tho parasphonoid rogion. Tho anterior portion of tho eultriform process of tho 

parasphonoid io complete.

Tho basal ploto of tho pg/ogpAomoM is concave vontrally. On tho posterior edge of 
this plato, just slightly anterior to the outuro with tho oxocclptal, tho parasphonoid 

forms the croocont shaped crista muscularis (Fig.2.67) which crosses the posterior 
portion of tho parasphonoid basal plate transversely and curves posteriorly towards 

the vcn*ral midlino.
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A tronovorooly oriontatod challow depression io oituotod between tho eriota 

muoculorio and tho oxoeeipital condyle. Thlo depression Is though to have 

aecommodatod tho Insertion of tho muscularis rectus capitis (Welles & Cosgriff, 
1966). Posteriorly to this depression tho parasphonoid forms a sutural contact with 

tho oxoeeipital. Tho posterior margin of tho parasphonoid forms port of tho 

basloccipital crest. Laterally, tho basal plato of tho parasphonoid forms an oblique 

sutural contact with tho quadrate ramus of tho ptorygoid ond moro anteriorly, tho 

body of tho ptorygoid itself. Tho eultriform proeoss of tho parasphonoid io almost 
completely prooorvod and oxtonds along tho vontral mid lino of tho skull. Tho 

prosorvod length of tho proeoss boing oomo 190mm. At the lovol of the pro-orbital 
stop on tho dorsal surface, a kool some 28mm wido is developed on tho anterior 
ramus of tho eultriform process on tho vontral surface. This kool has a rough U to 

V shapo in cross ooctlon and io beliovod to bo a strengthening agent for tho pro* 
orbital region of tho skull.

Tho pforygro# moots tho parasphonoid via an oblique suture, which begins 

anteriorly near tho contro of tho concavo posterior border of tho Intorptorygold 

vacuity. From hero It oxtondo pootoro latorolly to tho latoro-vontral margin of tho 

skull. Vory fino sculpturing Is presetvod on the latoro'vontral surface of tho main 

ptorygoid body. Tho quadrate ramus of tho ptorygoid extends postorolatorally to 

moot tho 8 shaped quadrate, with a markedly sinuous outuro. Togothor with tho 

(Gioral rim of tho palatine ramus, tho anterior margin of tho quadrate process forms 

tho median odgo of tho oubtomporal fenestra. Tho palatlno ramus extends 

anterolate/oily to moot tho octoptorygold ond postorior projection of tho palatlno. 
Tho modial odgo forms tho lateral odgo of tho intorp&orygold vacuity along its ontiro 

roach, and tho lateral odgo forms tho modial, vontral bordor of tho subtomporal 
fossa. Along tho antorolotoral margin tho p& atino ramus boars coarro longitudinal 
sculpturing.

Tho oGfopfcrygo# forms a plato situated botweon tho posterior ra«rus of tho 

moxilla and tho palatlno ramus of tho ptorygoid. The bono oxtonds from tho 

postorior margin of tho tooth row anteriorly, and expands modially to roduco tho



width of tho polotino romuo of tho ptorygoid. Tho octoptorygold bop tho pootorior, 
modial margin of tho double tooth row, which aro opacod 20mm apo, t. Tho moxilla 

boars tho outor of tho two tooth rowo and Io ooparotod from tho octoptorygold by 

a woll dovolopod ridgo which oxtonds tho ontiro longth of tho groove botwoon tho 

two tooth rows. Tho lateral margin of thd moxilla forms tho lateral skull margin.

Only tho stumps ot tho tooth aro prosorvod on tho posterior margin of tho 

octoptorygold and moxilla. Tho tooth aro conical In shapo ond ovoid in cross 

section. Tho octoptorygold boars tho larger of tho two tooth rows and has 

sovontoon tooth on tho prosorvod part of tho bono. Tho moxilla supports tho smaller 
of tho two tooth rows and in gonoral thoso tooth aro small and remarkably uniform. 
Two isolated tooth prosorvod in the matrix aro slightly rocurvod and typical of tho 

form found in labyrinthodonts In gonoral, olthough thoy do not show any 

pronouncod Infolding of tho onamol.

lid Taxonomic assoosmont of BP/1765G1

Tho posterior position of tho orbits on tho okull roof, tho frontal entering tho orbit 
margin and tho structure of tho palato unequivocally indicotoo that BP/1/6651 

belongs to tho tomnospondyl Suporfomily Gapitooauroldoa (Watson 19191 

(nom.trans. SQvo-SOdorborgh, 1935 ox Capitosauridao Watson).

Tho Suporfomily Gapitooauroldoa is currontly bollovod by most rocont studios to 

include primarily tho Families Copitosduridao and Nlastodonsourldao (Nlaryahska & 

Shishkin, 19961. Tho noar closed nature of tho otic notch in BP/1/5561 precludes 

ito placement in tho Family Mastodonsouridao (Milner, 1990) and hence Its 

affinities ahould bo confined to tho grouping variously referred to as tho Family 

Copitooourldao. Tho taxonomy of tho Capitosauridao io howovor rather complex and 

confusing, with numerous authors subdividing tho family into ocporato lineages 

(Chornin & Cosgriff, 1975; Warren, 1980; Warren & Black, 1985; Coogriff & 

DoFouw, 1987; WloryailsKa & Bhiohkin, 199G). In tho most current treatment of 
thlo grouping, Moryailska & Shishkin (I J98) argue that tho "capltooaurido" in a



brood sonoo form o hotorogonoouo OGOomblago of odvoncod oopitooouroldo, which 

thoy tontativoly oubdivido Into four or five groups on tho boola of okull pattorn. Of 
tho four main groups proposed by IWoryoRoka & Shishkin (1996), tho 

Cyclotooauridao (Shiohkin, 1964) and Stonotosourldao (Hoylor, 1969) havo 

provlouoly boon proposed as separate familloo outsldo of tho Capitosauridao, ond 

tho Paracyolotosauridao (Moryonsko & Shishkin, 1996) was originally proposed as 

a subfamily of tho Capitosauridao, tho Paracyclotosaurlnoo. Tho affinities of 
BP/1/5G51 aro now assossod in terms of thoso four groupings.

a) Affinities of BP/1/5551

MaryaRska & Shishkin (1996) givo tho defining character of tho Capitosauridao 

senso strleto ao tho flattening of tho ohook rogion. In BP/1/S651 thlo part of tho 

skull Is not totally pr* uorvod and tho truo nature of thlo character is indotorminablo 

at prosont. As roconbtruotod (Fig.2.58) howovor, it does not havo tho typical 
flattening of tho cheek surface, with tho cheek instead bolng high and stooply 

angled, forming o noar right onglo with tho palatal surface. Tho markedly eonvox 

ond stooply sloped nature of tho chook Is moro common in tho othor familloo pf tho 

advanced capitooauroida (MaryoRnoka & Shishkin, 1996).

BP/1/5B51 howovor shares numerous other characters with the Capitosauridas 

including: tho marked flattening of tho pro orbital rogion of tho skull; tho olovotod 

orbital borders; tho Inclusion of tha frontol in tho orbit margin; tho relatively closely 

spaced orbits, with vory similar B/D and B/C ratios (Tublo 2.4).

Although tho ploeomont of tho orbits in BP/1/5581 Is similar to thot found in tho 

copitosaurios, tho orbits aro howovor situated In lino with tho modial margin of tho 

otic notch and not ontiroly modial to it as Is tho caso In the capltosaurids. Tho 

structure of tho otic notch io also not ontiroly tho same. In tho advanced 

eapitosaurids ouch as Eyoswc/Mw and Asfofosue/ius prows tho otic notch Is somh 

closed by tho tormina) expansion of tho tabular, which prefects woll bohind tho 

lovol of tho squamosal. In BP/1/8581, although tho otic notch Is soml closed, tho
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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 bohind the squamosal. This is more 
commonly the case in the Stonotosaurids.

The Stenotosauridae are however not well studied and at present this grouping 
includes only the genera Stenotosaurus, Prooydotosawus and Parotosuchus 

afn'canus (Maryanska & Shishkin, 1996). BP/1/6551 shares a number of 
characters, 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 parlotals. The B/D and B/C skull indices both fall 
within the range for known Stenotosaurid genera, and the l/K index of 0.37 falls 
at the top end of the range (Table 2.4). BP/1/5551 differs most markedly from the 
Stenotosauridae in tho N/B ratio (Table 2.4). This ratio is 0.44 for BP/1/5551, 
which is considerably lower than the range for Stonotosaurids, 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 postparlotals, known in Stonotosaurids, does not occur. In 
Stonotosaurids 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 group is very poorly known, 
that they share a number of opomorphic characters with both the Capitosauridao 
and Paracyolotosauridao and that both Stonotosaums and Proeydotosaurus have 
previously been included in the genus Parotosuchus by other workers.

Apart from the closure of the otic notch, BP/1/6551 shares no other characters 
with the Paracyolotosauridao (Otschev, 1986). All the skull indices (Table 2.4) are 
different to those for the Paraeyelotosauridae, differing most markedly in the N/B 

index (Table 2.4). They also differ quite markedly In the construction of the otic 
notoh, which In tho Paracyolotosauridao is of footed by tho postorolatoral expansion 

of a very bread tabular, without the similar posterior growth of the squamosal. This



postero-Iateral tabular growth ensures that the tabular Is situated well behind the 
squamosal. The other major difference is that in the Paraeyelotosauridae the pre­
orbital part of the skull is not markedly depressed (Watson, 1958). As for the 
Stenotosauridae, the Paraeyelotosauridae also show the elongation of the 
postparietals, not evidenced in BP/1/5551.

The separation of the last group, the Cyelotosauridae (Shishkin, 1964) from the 
Capitosauridae is questioned by Kuhn, (1961) however Maryafiska & Shishkin 
(1996) re-instate its Family status. BP/ j551 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 exoceipital 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 
Cyelotosauridae (Table 2.4). BP/1/5551 also differs slightly from the Cyclotosaurid 
condition in that tho lateral borders of the orbits are in line with the medial borders, 
and not the mid-level of the otic notch.

At present then it seems that BP/1/5551 shares a number of characters with the 
Capitosauridae, Stenotosauridae and Cyelotosauridae. In the strict senso, the 
structure of tho skull margin and the expanded occipital flange should preclude its 
placement within the Capitosauridae (Maryafiska & Shishkin, 1996), and the lock 

of sutural contact of the tabular horn and squamosal flange would preclude it from 
the Cyelotosauridae. Although BP/1/SB 51 shares advanced Capitosaurid, 
Stenotosaurid and Cyclotosaurid characters, tho large number of characters shared 
with the Capitosauridae suggests that at prosont it is bust to assign It to this 

grouping due to the fact that: tho reconstructed skull Is largo; tho bralncaso and 

pterygoids are broadly sutured; the palatine ramus of the ptorygoid Is reduced; the 
vontral surface of tho parasphonoid plato lacks arterial grooves or foramina; the 

ptorygoid bears an oblique ridge; the opisthotle does not form part of the



paraocoipital bar; the basioccipital is small and forms no part in the occipital 
condyles; and the tabulars are narrow and slightly postorolateraly 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/1/5SS1 in order to 
determine the relationship of BP/1/6581 to these forms.

iv) Comparison of BP/1/5551 with other capitosaurid amphibians from the 
Cynognathus Assemblage Zone and East Africa

Cyclotosaurus olbertyni (Broom, 1904) was the first capitosaurid amphibian 
described from the Cynognathus Assemblage Zone. This form was later 
synonymised with Parotosuchus (Romer, 1947), but catalogued as nomen vanum 

by Welles and Cosgriff (1966) who felt that the material was not diagnostic. 
Following this, four other capitosaurid amphibians have been described from the 
Cynognathus Assemblage Zone including Kostrosaurus dmyeri (Haughton 1926); 
Parotosuchus haughton! (Broili & Sehroeder 1937); Parotosuchus afn'canus (Broom 
1909); and Parotosuchus dirus (Chornin 1978). Two species of Parotosuchus, 

P.pronus (Howie, 1970) and P.megarhtnus (Chornin & Cosgriff, 1975) are also 
known from deposits in East Africa. These forms are important for comparison with 
BP/1 /5551, for tho biostrotigraphic subdivision proposed in this chapter, as well as 
for the correlations and basinal development model proposed in Chapter Four. For 
these reasons a brief review of their history and current status is provided.

AMffoaow# dmyrwf was until recently known from only a single, badly fragmented 

specimen which was originally doscribod by Haughton (1925). At somo tlmo after 
this description, tho typo was reconstructed in plaster, which lod to somo 

erroneous conclusions by Welles & Cosgriff (1965), Chornin (1978) re-dosorlbod 

the typo material, but her reconstruction and figures aro inaccurate as regards skull 
proportions duo to thu inaccuracies of tho plaster reconstruction. In particular, tho
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skull is too long, thus rendering any ratios based on length incorrect (Shishkin ot 

a!., in prep), Chernin's restoration furthermore has the tabular horns directed strictly 
laterally, rather than postorolatorally; the occipital border of the postpariotal 
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 a/., in prep.).

Both Haughton (1925) and Chornin (1978) felt that Kestrosaurus was intermediate 
between the Capitosauridae and Trematosauridae, possessing certain characters 
assignable to both families. Re-investigation of this form (Shishkin eta/., in prep) 

has showed 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 biostrotigraphic placement of Kestrosaurus was also somewhat problematical, 
as it was originally listed as having come from the Prooolophon Zone which was 
later Included within the Lystrosaurus Assemblage Zone (Hotton & Kitching, 1963). 
This would have mode it the only large amphibian within this biozone. Re- 
investigation of the type locality on tho farm Avoea 1429 (Paul Roux District) 
showed it to lie stratigrophically within the newly described Cynognathus 

Assemblage Zone deposits of the north of tho basin (Welman et ah, 1991).

Recent finds on the forms Driofontein (Paul Roux district) and Gwharriekop (Sonekal 
district) in the northern Cynognathus Assemblago Zone exposures have added 
further information and hove allowed for a revision of the genus (Shishkin ot ah, in 

prep). Based on this new material and a re-evaluation of the type, Kestrosaurus Is 

clearly a parotosaur and very close to the northern hemisphere genus Parotosuohus 

In that; tho palatlno ramus of the pterygoid Is ornamented and is devoid of 
shagreen dentition; the parachoanal tooth row stretches forward medially to tho 

vomerine tusk pair; and the postorolatorally positioned tabulars with the open otic 
notch. In fact, Shishkin of a/. (A? prop) state that there are no features of tho skull 
structure that could differentiate Kosffosourus from tho no; mol PorofosuoAws-llko



Triassie eapitosaurids of Europe and Russia. Kostrosaurus is further slightly 
advanced over tho state found in Wetlugasaurus in that the frontal enters the orbit 
margin. Species diversity for Kostrosaurus still remains a problem as taxonomic 
variation within the genus is unknown (Shishkin ot a/., In prop.)•

Parotosuchus haughton! (Romer) (ex Capitosaurus haughton! (Broili and Sehroeder) 
*= Karoosuchus Ochev (1366), 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 & SehrBeder (1937), was once stored in the Munich University 
Museum, but was destroyed during the Second World War (Wellnhofer 
pers.comm.). From the literature it is consistent with forms of Kestrosaurus 

described by Shishkin et a!, {in prop.), who note that it is probably a species of 
Kestrosaurus, Due to the fact that the type material has been destroyed, the 
species must stand based on the description of the single specimen, with the note 
that it is probably a junior synonym of Kestrosaurus dreyerl.

Parotosuchus africanus (Broom 1909) (ex Capitosaurus afn'canus) was considered 
nomen vanum by Welles and Cosgriff (1965) who felt that the type was not figured 
and that the material and description was insufficient for specific designation. Re- 
described and figured by Chornin (1978) it's specific status was re-instated within 
the genus Parotosuchus (Raton, 1977). Recently its status has once again come 
under scrutiny, as Shishkin etaf. (in prep.) consider that the South African form is 
not the some as tho European genus Parotosuchus and therefore propose the 
creation of a new genus for this form. As this work has not been published at 
prosont, this form is referred to here as .o/Mconws.

forofosucAue dKrus (Chornin, 1978) is based on a single fragmentary lowor jaw 

(SAM K434) fiom tho Aliwal North district, which until prosont was tho largest 
capitosaurid known from the CynognofW Assemblage Zono. Chornin (1978) 
beliovod AMOfosuc/ius dGrus to bo similar to tho two East African species Apronus 

and and probably anoostral to both of thorn. This assumption was
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based primarily on the similarity of the buccal projection of the proartieular, which 
forms a large hamate process. As this material Is only a lower jaw, direct 
comparison with BP/1/8BB1 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 P.dfrus 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 posteranial 
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 squamosal, such that the otic 
notch is semi-closed. Maryafiska & Shishkin (1996) state that the cheek pattern 
and depth of the pro-orbital in this form are more similar to the Australian Family 
Poraeylotosauridae, an affinity first proposed by Watson (1958) and Howie (1970). 
Following further observation of material in the Zoological Museum, Cambridge 
collections, Shishkin of a/, {in prep) now feel that this form retains certain 
characters directly inherited from Kestrosaurus and may in fact bo assigned to the 
Capitosauridae senso otricto.

C? and Cruickahonk (1970) tentatively assigned a large parotosaur from 

beal'ty 1 % t N  Uppor LutYgwa Volley of Zambia (Upper N'tawaro Formation) to 

AfMSfWG, Chomiw gives a m ort complots d&Gorlptlon of this specimen as 

well as a socond specimen found at th@ womo locality. As thsso two skulls camo 

from the samo horizon she assigned them both to Ap/ww/s. Chornln and Cosgrlff 
(1975) however ro»a8signod this m f̂grid! to a new species* Pamfosue/iws 

wogorA/nus. These authors felt AmeffodAwa to bo more primitive than Apronus 

and both Apmnus and AmogKMWhus woro coMldored to bo advanced over the 

stata found in Ad&ws (Chernin, 1978).



A number of characters are doomed important for the comparison of 8*71/5551 
with the capitosaurid amphibians from South and East Africa. Theso 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 squamosal 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 (1966), Howie 
(1970) and Charnin & Cosgrlff (1976).

In terms of the size of the skull, BP/1/5551 is far larger than "F'.Qfricanus, 

although of similar size to the largest morphs of Kestrosaurus, and is almost 
identical in size to P.pronus and P.megarbinus. It should be noted that absolute size 
is questionable as a defining character of taxonomic affinity, as this character is 
growth related, Shishkin etaf, , [in prep) however believe that ”P'\africanus is small 
in size, even in adult individuals and size may therefore be used as a defining 
character between Kestrosaurus,"P",afr/Ganus and BP/1/5551.

In the general features of the skull, BP/1/5681 differs from both P.pronus or 
P.mogarhinus in that the skull is narrower and shallower, being more similar to the 
state found in nF\ofm onus  and Kestrosaurus. This is shown by the H:B ratio in 
Table 2,5, which for BP/1/5551 is intermediate between Kestrosaurus and the 
PMegarhinus!P.pronus complex.

In BP/1 /5551 the sculpturing is coarser than in either Kestrosaurus or "P” tafrisanus, 

being of similar alzo and form to that found In AmogwMMw and Ap/e/M/a. It should 

bo noted however that fine and coarse sculpturing may be a function of 
ontogenetic growth (Bryotow, 1935) and therefore the coarse nature of the 

sculpturing In BP/1/5551 and the large forms from East Africa, could simply be 
growth related.

Closure of the otic notch is believed to bo an advanced feature for the Triassic 

capitosaurids (Watson, 1962; Warren & Hutchinson, 1983). The otic notch In



BP/1/5G61 io more closed thorn in "M.oAAzontw and conoidorobly mom so thou tho 

stoto found In Xosffosowua. Tho dogmo of cloouro Is similar to that found In 

Apranw, howovor in this form tho closuro io brought obout by tho postorlor ond 

lateral expansion of tho tobulor towards tho squomosol. This poGtero'lotero!
expansion of tho tabular horn also occurs in P.mogarhinus and nPn.afmanus to 
varying dogmas In BP/1/5551 tho tabular Is expanded latorally, but not dlstolly so 

that tho distinctive nock, present in Ap/oAua is absent.

The extent of the tabulor-squamosal contact at the anterior margin of tho otic 

notch is far greater in BP/1/5551 than in either Kestrosaurus (in which tho
supratemporol is only just excluded from entering the otic notch) or nPnafrisanus, 

in this character BP/1/5551 is almost identical to the state found in P.pronus. in 
BP/175551 tho supratemporol moots tho tabular with a distinctly concavo-convex
suture, not transverse to the midline as In P.afr'manus, In this respect it most 
closely resembles the state found in P.pronus.

It is interesting that In BP/1/5551 tho sutural contact between tho postorbital and 

tho postfrontal, which makes up tho posteromedial margin of tho orbit. Is parallel 
to and in line with the midline of the orbit. This is quite different to the case in 

whoro this suturo runs pootoromodlally, being oblique to both the 

orbit and dorsal midlino. This is tho somo state as is found In P.megwA/hus 

although in this form, tho supratemporol oxtonds anteriorly so that tho contact 
between tho postorbital and postfrontal is far shorter. This character Is 

Indeterminable In Apfomws.

PP/1 /5551 also shores a round pineal with Kbsffosoufus and "f.a/Wkonws whereas 

In tho East African forms Apronws and AmoaofMbus* tho pineal Is distinctly 

rectangular. Tho pineal foramen lo not howuvor set equidistant from either ond of 
tho parietalo as is tho case In AroafroMWWg and Aa/Mpoow, but rather moro 

anteriorly as is tho case in Aprowa and A/nogo/Mms.



Tho oroo of ineluoion of tho jugal in tho orbit margin io limited in BP/1/5SG1 by tho
forward expansion of tho peotorbitol and is almost identical to tho state found in 

and P.pronuo. Thio oharaotor is indeterminable in tho typos of both 

"f.oM kow e and howovor in othor spooimens of is
proves t& bo quite variable (Shishkin of oA, A? /wop).

Tho naturo of the cheok in BP/1/GGG1 (Flg.2.G8) cannot bo restored accurately, but 
seems to bo more similar to that found in A/wom# than to either Kcsfrosouf** or
"P^.afriGimus.

Tho keel developed on the cultriform process of tho porasphenold begins further 
forward In BP/1/6551 than in Ap/wMff. In BP/1/5551 this featuro develops on the 

ventral surface, directly underneath the point on the dorsal surface whoro the 

(* nression anterior to the orbits begins, whereas In P.pronus this feature begins 

beneath the level of the orbits. In the types of both Kestrosaurus and "F'.afrkanus 

this character is indeterminable.

Very fine sculpturing is preserved on the lateral surface of the main pterygoid body 

In BP/1/5551, as is the ease in P.afn'sanus. In this character, BP/1/5551 seems to 

differ from tho two East African species, which do not bear sculpturing on the 

pterygoid.

Comparison of tho various habitus characters deemed Important In 'Mining 
capitosouro (Howie, T970, Chernln, 1974, Charnin & Cosgrlff, 1975) 9.5)
shows that BP/1/5661 differs to the state found In Kbsfmsamw, being more 

similar In general form to and Apron*#. "P".a/Wbonus has a number
of anomalous ratios, Including tho high A:L and C:L Indices. Both of thus* are 

howovor based on figures of reconstructed areas of the skull. In tho B:L, A:C, N:C; 
T:C and K:C Indices, "f.o/Meowus is Intermediate between the state found in 

Kosffosowus and that of BP/1/5551. The higher H:B ratio in "Ao/WkofKwi may bo 

accounted for by tho foot that BP/1 /5551 has suffered dorso-vontral compression. 
Increasing H by 15mm in BP/1/5551 to account for the dorsoventral compression,



as evidenced by tho movement botwoen tho pootpaiiotol ond tho oxooelpltol, would 

change the ratio to 18.97, being then slightly higher than for "P.o/Wco/Mw.

BP/1/5G51 la In all cases except tho H:B and A:L and P:C Indices  ̂within tho range 

of the Amogo/A/hWApmnw complex. BP/1/5551 hoo a very similar C:L ratio to 

A/wo/MM, being only slightly higher than In AmoparMM/s. Tho A:C and N.C ratios
of BP/1/5551 are also almost Identical to that found in P.mogarhinus (BP/1/4421} 
and only slightly different to that for P.pronus. Tho K:G ratio which expresses the 
concavity of the back of the skull, Is slightly lower than for A/wom/s, but Is 

identical to that found In Amegof/wbus (BP/1/4421).

The most marked difference between BP/1/5551 and all the other capltosaurold
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) Conclusions and discussion

BP/1/5551 shares a number of family level characters with both "P” ofrieanus and 
/To&f/wof/wg. Tho major characters separating BP/1/5551 from the other two 

CyoognofAtw Assemblage Zone copltosaurolds, "A*.o/Mbon(m and KosfMNKKWMe are: 
tho concavity of the postorlor margin of tho skull; tho advanced nature of the 

closure of tho otic notch; the length of tho tabular/squamosal contact; tho forwofe 

situated position of the pineal foramen; tho orientation of the postorbltal-postffontai 
suturo; and In the area of jugal expanse in the orbit margin, BP/1/5G51 ok* differs 

from these two forms in a number of tho calculated relative Indices (Table 2 4, W  

from "A*.o/Mconus In particular in tho size of tho skull.

BP/l/SSbl most closely resembles tho East African forms Ap/omw (Hav4&. 
and Amegar/wbus (Chemin, 1974), being similar In: size; tho amount of of 
tho otio notch; tho area of tho jugal expanse in tho orbit margin; and % of 
skull indices.



BP/175551 is considered to bo odvonood ovor tho state found in /Tegfrogaf/wg end
may bo directly derived from this form. Both P.megarhinus and P.pronus ore 
considered advanced over the state found in HP".ofriaanus (Chemin, IS '8; 
Moryonska & Shishkin, 1996). Because BP/1/5551 shares a close affinity to those 

forms, it is also considered to bo advanced over "P^.africanus, but with the proviso 
that "f.odr&xmus may not bo on the direct lineogo between /Cosffosown# ond 

advanced capitosaurids.

BP/1 /5551 therefore shares a number of characters with Kestrosaurus {= European 

Parotosuchus*, Shishkin pers.comm.}, 0°">afriGanus, P.pronus (Howie, 1970) and 
P.mogarhinus (Chernln & Cosgriff, 1975) and is considered to belong to tho genus 

Parotosuchus. General features of the skull, particularly the constricted otic notch, 
as well as the ratios of skull measurements, Indicate that tho new species lo 

advanced over the level found in Kestrosaurus and uP'\9fricanus and is closely 

related to tho two capitosaurids from East Africa.

Although BP/1/5551 Is very similar to the East African forms, it has sufficient 
difference from those two species to prevent Inclusion In either. These differences 

include: tho nature of the closure of tho otic notch; the position and ohapo of tho 

pineal foramen; and In that the skull of BP/1/6551 lo narrower and shallower than 

either form (as expressed in the B:L and H:B Indices).

Because BP/1/5551 has a number of significant differences tn both 

or Apfowar It is considered a now species of thio genus. It must bo noted that it 
Is not possible to compare BP/1/5551 to A d W , as tho latter known only from 

a lower Jaw. The possibility therefore exists that BP/1/5551 may bo conspeclfic 

with AdKrw, which was also considered advanced over both tho Gyoogmof/M# 

Assemblage Zone copltosaurolds (Chornln, 1978). Tho locality of AdKrus Is however 
within subzono B of tho CynogmfW Assemblage Zone (Hancox of o/. 1995) and 

occurs significantly lower In the stratigraphy than BP/1 /S551, Tho true relationship 

between these two forms will only be resolved by further collecting.



Syotomatie Pdaoommlooy

ClaQO : Amphibia
Subclooo : Labyfinthodontlo
Order : Tcmnoopondyll
Family : Capitosauridao
Gonus : Paton 1977
gpocloo : mofgam/sp.nw.

ofmomo
/Vd/bfypo

TVpo
lecoMy

Named after tho Morgan family of tho Bamboeohoek 

Volley for tholr hoopitality during fieldwork.
An jomploto skull, BP/1/5551, In tho collection of the 

Bernard Price Institute (Palaeontology), University of tho 

Witwotersrand, Johannesburg, South Africa.
Form Wilgcrkloof, Bambooshoek Volley, Eastern 

Capo Province, South Afrlco. 1 :SO 000 Topographic map sheet 
3126 CB, Nloordonaarshoek. GPS coordinates : S31°3G'38" 

E2G°23'12"
Upper Burgersdorp R-'mation, CymogmafAws Assemblage 

(Subzono C, Hancox of oA, 1995).

D/jgrnosds : A large AffofosucAi/s with a dorsovontrally flattened skull;
narrow Intororbital region; orbits separated by a shallow doprosHon and sot 

posteriorly on tho skull; orbits oval with long axis parallel to lateral margin of skull 
ond sub parallel to tho mid line, converging only slightly anteriorly; frontal and jugal 
enter tho orbit margin with the jugal forming only a limited extent of tho orbit 
margin; large circular pineal foramen with prominent raised lateral edges; pineal 
foramen situated at tho level of tho postorlor margin of the orbits; otic notch semi- 
dosed with the tabular horn expanded laterally towards tho squamosal; 
oupratomporol excluded from tho otic notch by expansive contact of tho squamosal 
and tabular; no contact betwoun tho postorbital and tho parietal; posterior skull 
border concave; exoccipitalo well exposed on the palate; pterygoid boars fine



sculpturing; keel of the eultriform process begins anteriorly,

b) Discussion

This new species is important for the proposed subdivision of the Cynognathus 

Assemblage Zone (Hancox et at,, 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 
Formations, as weli 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 dieynodonttaxa were discovered from the 
Cynognathus Assemblage Zone, bringing the total number of dicynodont genera in 
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 Kannemoyoria, 

the only other large dicynodont genus from the Cynognathus Assemblage Zone, in 
that the*, caniniform process of tho 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 postorbital projects 
postero-laterally to contact the squamosal. This new specimen differs from the type 
species A.cruickshanki in a number of important aspects and is designated as a 
now species. Following Hancox & Rubidge (1996) is assigned to the
Family Stahieckoridao, making this specimen the first occurrence of a Stahlockoriid 

in South Africa. 

Tho socond now form has not yet boon assigned generic status, but Is vorv similar 
to tho Chinoso genus S/kms/odon, and is horo Includod within tho 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 Rangoon faunas including South America {Vincerio), East Africa 
{Totragonias), Russia {Rhinodteynodon) and China (Shansfodon), this is the first 
occurrence of a shansiodontid 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 assî  ed generic status, but differ significantly 
from all the dicynodonts so far known from the biozone. For this reason they are 
briefly described following the descriptions of the two new taxa.

A) Assessment of BP/1/5530

I) Material 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 
Province. This facies was interspersed within the floodplain fines facies association, 
and is Interpreted as a crevasse splay top deposit.

ioco/ffy: Farm Avilion, Sterkstroom District, Eastern Cape Province, GPS co
ordinates : S31°31'34" E26°24'01". 1:50 000 Topographic Shoot 
3126CB Moordonaatshook.

/Wcon: Uppermost part of the Cynogwof/N# Assemblage Zone (Subzono C;
Hancox of oA, 1995).

The skull Is moderately well preserved, though only partially complete. Of tho main 

skull elements only tho loft orbit, frontal plate, loft postorbital bar, Intertemporal 

bar, port of the zygomatic arch and squamosal wings are preserved. Tho left and 

right caniniform processes of the maxillae and part of the zygomatic arch are



preserved as isolated elements. A few other isolated bone fragments were not 
identifiable. The palatal surface Is not proserved as it was eroded away prior to 
fossiiisation. Preparation of the skull was undertaken solely by mechanical means.

II) Description of BP/1/6S30

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 skull 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 dorse- 
ventrally elongated. The lateral surface bears a number of nutrient foramina. The 
body of the maxilla is triangular 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 dorso-ventrally. The maxillary antrum boars no sign of 
a tusk or tusk bud, and is internally strongly ridged and pitted (Fig.2,B9a).

Of tho remainder of the material, only the dorsal surface of the skull roof (Fig.2.60) 
is well preserved. The laehrymatls preserved as a triangular bone wedged between 
the maxilla and the pro-frontala. The bone is small and extends laterally along the 
face of the skull for 12mm from the orbit margin. Within the orbit this bone 
contains tho large, prominent opening of tho ducto-naso laehrymalis. Together with 
the ventral projection of the profrontal, the lachrymal forms tho beginning of a 
depression that extends dorso-ventrally in front of the lower half of the orbit. Tho 
orbit is fairly large, elliptical and directed laterally to slightly antero-laterally.

The pro-frontal forms a half-moon shaped bone that makes up the anterior margin 
of the orbit. It contacts tho lachrymal vontrally with a sharp suturo that extends 

anteriorly from the orbit rim. From the lachrymal suturo, tho bono continues dorsally
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as a pillar forming the anterior and first third of the dorsal margin of the orbit.
Together with tho lachrymal, the ventral projection of the pre-frental forms the 
upper port of the pre-orbital canal, whereas the dorsal half ferns part of the distinct 
supra-orbital ridge.

The left frontal h  almost completely preserved. The centre of ossification is marked 
and forms a small protuberance near the centre of the bone from which striations 
radiate centripatly in all directions (Fig.2.61). Two shallow longitudinal depressions 
occur laterally and medially to the raised centre of ossification. These depressions 
extend medial to the orbit rim, and lateral tho slightly ridged dorsal midline suture 
between 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 point 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 
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 pro-parietal 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 vontrally at the bottom of a deep conical 
pit formed by the anterior processes of the parietal. Posterior to the pineal opening 
a step and broad shelf io formed by the parietals and postorbitals.

The intertemporal bar is broad and does not rise much above the skull profile 
(Flg.2.611. It Is composed predominantly of the postorbitals and parietals with the 
intorparietals exposed only at the posterior margin. The postorbitals form the 
anterior and lateral margins of the intertemporal bar, such that in dorsal view, the 
majority of tho bar is composed of the parietals. The posterior region of tho parietal 
crest Is fairly specialised and forms a broad ridgo which diverges posteriorly, 
approximately halfway along its length to form two rounded lobojiko bars, Tho



(nterporietal exposure on tho skull roof Is limited and forms a short, anteriorly
directed bilobed projection, which interdigitates with the parietals, such that tho 
parietal forms tho modlal and lateral margin of each aoporato lobe.

The pasiorbitaf forms the entire postorbital bar as well as tho anterior-lateral margin 
of the Intertemporal bar, extending postero-laterally to contact the squamosa's. At 
its contact with the infraorbital bar on the lateral margin of tho 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 extends almost “ ertieally, forming the 
thick ascending arm of tho postorbital bar |Flo,2.61). This section of the postorbltal 
bar forms both the postero-lateral margin of the orbit, as well as the amarior margin 
of the temporal fenester. The bone is thickened in the region of the posterior 
margin of the orbit, forming a strong rugosity. The postorbital than oxtonds 

postero-modially, contacting the frontal along its medial margin, and forming the 
anterior, lateral margin of the temporal fenester laterally, The postorbital contacts 
tho parietal for a short distance (20mm) on the intertemporal bar, and diverges from 
tho parlotol at tho lovol of the postpinoal sholf. From horo tho bono extends 

postero-laterally to contact the squamosal at the postero-medial margin of the 
temporal fenestra, such that the postorbital makes up the entire medial margin of 
the temporal fonostor. Tho lateral edge of tho postorbital In this region io sharply 

demarcated, so that tho Intertemporal bar Is distinctly separated from the dorsal 
margin of tho bralncoso by a stop-liko lodge.

Tho temporal fonostroo ore rectangular, being longer than they are wldo, Tho 

sgMwrnoWoxtondB from tho lateral margin of tho Intertemporal bar to tho postorlor 
edge of tho skull, forming tho ontlro squamosal wing. Tho squamosal wing forms 

tho postorlor margin of tho temporal fonostor and contacts tho postorbital antoro- 

medially and tho parietal postoro-modlally, From the lateral margin of tho skull, tho 

squamosal runs anteriorly forming the zygomatlo arch and tho lateral border of tho 

temporal fonostor. Tho zygomatlo arch Is greatly thlckonod and very robust, and 

moots tho lateral margin of tho postorbital bar at an obtuse angle (Fig,2.62). Only 

tho posto^or margin of tho infro-orbitol bar lo preserved, but it lo evident that tho



squamosa! continues anteriorly to the postorbital bar, to form tho lateral margin of 
the infra-orbital bar.

b) Tho occiput

The occiput (Fig.2.62) io badly weathered, making tho delineation of tho occipital 
sutures difficult. Of the paired occipital bones, only the partial supraoccipitals and 
tabulars are preserved, together with the interparietal, the left squamosal wing and 
partial left exoccipital. Although this specimen is slightly crushed in the area 
between the interparietal/tabular and supraoceipital plates, there is a sharp 
angulation between these two surfaces (Fig.2.62).

The tntorpariotsl takes the form of an inverted triangle, 35mm wide by 35mm high. 
The bone is situated on the occipital midline, at the dorsal margin of the occiput. 
It originates on tho posterior, dorsal margin of the skull end extends dntero-ventrally 
to contact the tabular laterally and the supra-occipital ventrally. Ventrally the 
descending pfoooss is wedged between tho suproocolpltols.

Tho tabular is a roughly oval bono situated ventro-laterally to the body of the 
interparietal, and lateral to the descending process of the interparietal. Vontrally tho 
tabular contacts the supraoceipital along its entire length via a transversely 
orientated irregular suture. Laterally the tabular contacts the squamosal In lino with 
tho lateral margin of tho Intertemporal bar.

Tho loft sqwomosa/ is only partially preserved, but forms a distinctive overhanging 

flange on the dorsal occipital margin, lateral to tho Intertemporal bar. Tho 

squamosal contacts tho tabular via a ourvod suturo which runs from tho dorsal 

margin of tho ooolput, first vontr@«mcdlally, and then vontro-laterally.

Tho forms a elongated plato that Is wider than high. Tho loft
supraoeoipital is complete and may bo used to define tho shape of tho plato. Tho 

dorsal margin of tho supraoeoipital contacts tho interparietal, tabular and squamosal
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for somo 55mm perpendicular to the occipital midlino, before running vontrolaterally 
for 46mm along its contact with the squamosal. Tho ventral margin of the 
supraoceipital contacts tho exocciptai along most of its length. Only the medial 
margin, which forms the dorso-rnedial margin of the foramen magnum, does not 
suture with the exoccipital. The exoacipital is not intact and forms only as a thin 
half-moon shaped strip of bone on the ventral occipital margin (Fig.2.62).

A distinct pair of vacuities occur lateral to the ventral tip of the descending process 
o? the hterparietal on the supraoceipital plate. These vacuities occur in most 
Triassic dicynodonts, but are not named in the literature. No other occipital 
foramen could bo distinguished.

c) The palate

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

il) Taxonomic assessment of BP/1/8530

In a short research note, Hancox & Rubidge (1996) assigned this specimen to the 
genus Angonisaurus based on the following characters: skull high and of medium 
size; occiput extremely broad, with very robust squamosal bars; interparietal 
extends onto the skull roof as a bi-lobed projection; extremely wide intertemporal 
bar which forms a distinct sholf vontrally; poatorbltols do not contact tho 

squamosals In tho skull roof, so that tho parietal forms a largo portion of tho 

Intertemporal bar; Intertemporal bar not crested nor at a high anglo to the 

Intororbital bar; largo rectangular temporal fenestra; pineal foramen lies In a largo 

conical pit, behind which lies a bony shelf; Intororbital bar very wide; obiuso angle 

between tho lateral edge of tho postorbltal bar and the zygomatic ramus of tho 

squamosal; orbits situated laterally; caniniform process triangular and tusklobs.



Based on tho above characters, specimen 8P/1 /6S30 may bo assigned to the genus 
Angonisaurus with some certainty. As previously noted by Hancox & Rubidge 
(1996) tho two specimens are not however identical.

Due to the fact that certain of the characters needed to properly assess BP/1/5561 
were not listed by Cox & Li (1983) the holotype of Angonisaurus (BMNH R9732; 
Fiald No,U12) was ro-examined 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 the composition of the intPi 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 these characters need to be re-assessed. The following section therefore 
re-assesses the type material, discusses the similarities and differences between 
these two forms, and considers the taxonomic position of Angonhwrus based on 
those now findings.

a) Re-assessment of the type of A.crulckshmki

Until now, Angonisaurus was known only from a single specimen (BMNH R 9732) 
from the Manda Formation of Tanzania. Re-assessment of the holotype shows it 
to have tho following oharaotera important for comparison with BP/1/S550): 
lachrymal small and restricted to the orbit margin by maxilla-nasal contact; ducto- 
naso laehrymalis opening fairly large and situated on the interior margin of the orbit; 
frontals quite largo and project far anteriorly; no preparietal present; pineal set In 

deep conical pit behind which is a bony shelf; intertemporal bar broad and does not 
rise much above the skull profile; postorbitals form only tho anterior and lateral 
margins to tho Intertemporal bar, with the majority of tho Intertemporal bar made 

up by tho parietals; pootorbltals contact the squamosals within tho confines of the 

Intertemporal bar; Intorpaiietab exposed only at the postorlor margin of the skuN; 
squamosal forms distinct overhanging flange at the posterior medial margin of the



skull, lateral to which tho squamosals form fairly robust tvtags,
zygomatic arch very robust and forms a high angle (Sfi- 65°) with the. ascending arm 
of the postorbital bar; infra-orbital bar composed of tho jugal, limited squamosal 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 comparison 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 crushed. The proposed absence of the labial fossa (Cox & 
Li, 1983) is incorrect, as although very small in relation to other Mid-Triassic 
dicynodonts, is present on the loft hand side of the skull. The right side is badly 

crushed such that any opening is not visible. Beneath 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 internally ridged. In palatal view the basicranial axis is 
twisted into an open 5 shape, however the interpterygoid vacuity is only slightly 
obliquely distorted and seems to be diamond shaped as described by Cox & Li 
(1983), The porasphenoid/pterygoid overlap is a roal choroctor ond the palatines 

contact tho promaxllla anteriorly.

Tho occiput Is fairly well preserved and moot of tho sutures are easily dlscornablo. 
Tho Interparietal Is a large triangular bono which occupies most of tho occipital 
crest. Lateral to this bone tho tabulars comprko tho rost of tho upper margin of the 

occiput. At tho lovol of tho tobulor-supraoooipital contact a slight angulation of tho 

occipital surface oscurs, Tho supraoeoipital forms a large plato of bono extending 

Iatoroily to contact the squamosals, and vontrally to contact tho oxooclpltolo, Tho 

fommcn magnum io tall and narrow. Tho oxocolpltal'baslooolpital oondylo Is 

composed of three distinct segments. Tho jugular foramen cannot bo determined 

In occipital view, howovor this is probably duo to look of preparation In this area 

and not a roal character. Tho paroccipital process is fairly small and delicate. Tho 

quadrato»quadrotojugal complex is not preserved.



b) Comparison of A.crulckshank! and BP/1/6530

A comparison of the overall shape of the skulls of the two species was not possible 
due to the Incomplete nature of specimen BP/1/5630, however thsy are remarkably 
similar in preserved •outline (Flg.2.63). The overall size k  So same in both 
specimens, and both are considered to be adults.

The caniniform process in BP/1/5530 is far more gracilo than in the genotype, 
although they share the general dorse-ventral elongation, the lack of tusks, the 
thickened posterior margin and the strongly ridged and pitted maxillary antrum. The 
two specimens both have a sub-nasal and pro-orbital deprosisien, as well as a well 
developed orbital buttress and largo ducto-naso laehrymalis opening. In both 
specimens the lachrymal is furthermore restricted to the orbit margin by the 
maxilla-nasal contact.

The orbits are both large and elliptical and directed laterally to an'tero-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 thu postorbital 
which forms a thick rugose ridge,

Tho frontals as preserved in BP/1/5630 have the same small raised ridge anterior 
to the opening of the pineal foramen, and the same pronounced centre of 
ossification as in the holotype. The form and construction of the postorbital bar is 
identical.

The pineal foramen is of equal dimensions In both specimens and are similarly sunk, 
with a marked posterior shelf. Ac/w/bMw/MIs figured with 8 pro-porlotal (Cox & 

Li, 1983) but re-examination of the typo showed that tho bone is absent, with the 
anterior margin of tho pineal foramen composed of tho anterior processes of the 

parietal as is tho case in BP/1/6630. In BP/1/6630 however, tho opening of tho 

pineal Into tho bralnoase Is far larger,



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 pronouncod. This may however be an artefact of 
weathering. In both specimens, the intertemporal bar >s 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 intertomopral crest, well 
within the confines of the intertemporal bar. In the holotype the postorbital slants 
medio-iaterally thereby increasing the width of the intertemporal bar in this region 
and decreasing the size of the temporal fenestras, 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 zygomatic arches and broadly rectangular temporal fenestrae. 
The two also share the Angulation between the ascending arm of the postorbital bar 
and the zygomatic arch. In A.cruickshanki, this angle is between (50-55°) 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 /5530 Is not as well 
developed, although the beginning of a squamosal overhang is present; and thatthe 
occlpltol plate is not ao high.

Although tho two spooimens thoroforo share a number of similarities, BP/1/5530
differs from the type species A.cruickshanki in the nature of; the intertemporal bar; 
the upper rim of the occiput; the height of the occipital plate; and tne nature of the 
caniniform process of tho maxillae.

As the two spooimens aro of similar sizo, tho differences between them may not 
be attributable to ontogenetic growth, although they may be of a doxually 

dimorphic nature. For this reason Hancox & Rubidge (1936) did not propose a now



species designation. Confirmation of tho mgo of sexual dimorphism in 
Angonisaurus will only be possible once further spooimens have been collected 

from both East and South Africa. The differences listed above, in particular those 
associated with the nature of the intertemporal bar and caniniform process, coupled 
to the wide geographic separation, are considered significant enough to warrant 
specific distinction, and therefore a new species is proposed for BP/1/5630,

The above re-assessment of the genotype and the distinction of a new species has 
also necessitated 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 
between the lateral edge of the postorbital bar and the zygomatic ramus of the 
squamosal is obtuse; width of skull greater than length; snout rounded? pre-orbital 
region short, but postorbital region relatively long; intororbital bar very wide; pineal 
lies in a deep conical nit, behind which is a bony shelf; intertemporal bar very wide 
ventrally, tapering slightly dorsally; Intertemporal bar not crested, nor at a high 
angle to the frontal plate; postorbitals extend posteriorly, lateral to the 
intertemporal bar to meet the squamosal; pro-parietal absent; parietal broadly 
exposed on the intertemporal bar; interparietal extends onto the skull roof as a bi­
lobed projection, interdigitating with postero-medial projections of the parietal; 
temporal fenestra rectangular; caniniform process triangular and tuskless; labial 
fossa present, orbits directed laterally; dorsal orbit margin with a prominent raised 
rim; infraorbital bar composed of squamosal, jugal and maxilla; lachrymal small and 
restricted to the orbit margin by tho maxilla-nasal contact; sub-nasal depression 
present; occiput wide and slopes slightly antero-ventrally; foramen magnum tall and 
narrow; poroooolpital process of tho opisthotlc small and dollcato; promaxilla 

contacts the palatlnos; (ntorptorygoid vacuity diamond shaped; lower jaw short; 
reflected lamina of tho angular does not extend for posteriorly.

$ooc/os: /Wgon&owrus cru/hMkmW. As for genus, plus:



Caniniform process triangular and robust with a stout, straight posterior edge; 
intertemporal with narrow crest on which a deep midlino groove exists; postorbital 
contacts the squamosal but terminates on tho intertemporal bar; squamosal in the 
upper rim of the occiput forms a distinct flange overhanging the occipital surface; 
tabular extends onto the dorsal skull surface.

Spades', Angonisaurus coxi sp nov.

Derivation o f namoi 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; larger pineal foramen where it enters the brain 
cavity; intertemporal bar is narrower and lacks the narrow deep groove found in 
A.cruickshanki', the postorbitais contact the squamosals outside of the 
intertemporal bar and do not rise up towards the dorsal midline; lack of distinct 
squamosal flanges on the upper rim of the occiput; and the lack of tabular exposure 
on the dorsal skull margin.

Wo/otypo: BP/1/G530; Incomplete skull housed in the Bernard Price Institute
(Palaeontology), University of the Witwotersrand, Johannesburg, 
South Africa.

o) Amondod Taxonomy of dmdWramw

Several attempts to elucidate iho relationships of tho Triassic dicynodonts have 

been undertaken (Cox, 1965; Cluver, 1871; Koysor, 1974; Koyoar & Crulckshank, 
1979; Cooper, 1980; Cluver & King, 1983; Cox & U, 1983; Crulckshank, 1986a; 
King, 1988), howovor the taxonomic relationships of tho Triassic dicynodonts Is 

still poorly understood, and tho Mld-Trlassio dicynodonts in particular are not well 
known. There are two main reasons for this, firstly and most importantly, tho typo 

specimens are distributed across nearly all tho Gondwanan continents and no single



author has had Qocess to thorn all. Furthermore, a number of genera end species 

are monotyplo, with new genera often based on poor material or narrowly focused
studies.

The classification used In this thesis broadly follows that of Cox (1968), Cox & U 
(1983) and King (1988). Cox (1965) erected three families for tho Triassic 

dicynodonts, the Kannemeyeriidae, Shansiodontidae and Stahieckoridao. Although 
a number of new genera have subsequently been described, Cox & Li (1983) and 
Crulckshank (1986) retained only the three families.

The Kannemeyeriidae as defined by these authors are characterised by: a large 
skull; medium length, 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 on almost vertical occiput. Tho
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 families recognised by these authors have tusked and tuskless 
genera points to the presence or absence of tusks being a non«def Initive character, 
although Cooper (1980) argues that the Triassic 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 juv&nile or sub-adult specimens could 

be placed within the wrong grouping. As such size Is of limited uso unless a large 

sample size Is known and tho allometrlo changes that occur In tho genus are 

documented, Tho pointed/blunt snout argument has boon at tho core of Triassic 

taxonomy for somo timo with many authors basing tho subdivision of taxa on this 

feature. King (1993) has shown that snout morphology has limited uso In 

dicynodont taxonomy and In a sample of ovor fifteen Abnnomoyodb specimens, It 
may bo shown that distortion creates highly variable snout morphology. Lateral 
compression causes pointed snouts, whereas dorso-ventral compression causes 

blunt snouts (Renuat po/s.eomm.). Unless a largo sample Is known and tho 

orientation of tho specimen In tho field woo recorded, blunt versus pointed snout



I
,*4

character is of very limited value. 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 Shansiodontinii (King, 1988). Cox (1965) defines the shansiodonts as 
follows: medium to large size; lacking a parietal crest; possessing a short, broad, 
blunt snout; presence ot .t 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 is highly variable due to distortion 
and the presence of nasal bosses is known to be a sexually dimorphic character in 
dicynodonts (Tolman et ah, 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 characters the lack of a parietal crest in shansiodonts is 
questionable as the form genus Shansiodon, as well as Tetragonias and Vineerio 

all have crested intertemporal bars and therefore although Angonisaurus has a non­
crested intertemporal bar, this character Is not diagnostic for the Shansiodontidae.

Of the defining characters for the Shansiodontidae only the fairly narrow intororbital 
bar, very narrow intertemporal bar and a posteriorly placed jaw articulation are valid 
characters shared by the shansiodont genera Shansiodon, Vineeria and Tetragonias.

The primary reason Cox and LI (1983) conoldored to bo a
shansiodont, was that they felt it was closely related to the genus Totragonias, 

also known from East Africa. These authors do however note a number of 
differences between dfwyWMN/M/a and TbffogWM, which they considered 

sufficient to warrant generic distinction. Ro'oxamlnatlon of these characters, shows 

them to warrant moro than generlo distinction. has largo maxillary



tusks and a prominent labial foooa, whorooa lacks tusksf has a very
reduced labial fossa and has a mueh larger, more ventrally projecting caniniform 
process, Totragonias also has a mueh narrower intororbital bar than Angonisaurus 

and the orbit Is comparatively larger. The squamosals of Angonisaurus are far more 
robust and project mueh further laterally than in Tetragonias, such that the width 
of the skull is greater than tho length. In Angonisaurus the zygomatic arch is very 
robust, unlike the state found in Tetragonias. The intertemporal bar of 
Angonisaurus is probably the widest known in any Triassic dicynodont except for 
the South American, Upper Triassic genus Stahieokeria (Cox, 1965). Two other 
major differences between Tetragonias md Angonisaurus are that Totragonias has 
a propariotol whereas does not, and that In the
postorbitais converge on the dorsal skull margin approximately half way along the 
Intertemporal bar, whereas in Angonisaurus the postorbitais curve medially and do 
not meet on the dorsal skull margin.

Apart from the shape of the snout, which is not well preserved in any of the known 
specimens, Angonisaurus does not conform to the typical Shansiodont pattern, as 
represented by Shansiodon, Vineeria and Tetragonias, Hancox & Rubidge (1996) 
therefore considered Angonisaurus to be incorrectly placed within the Shansiodonts 
on a number of significant grounds and suggested that it might be better 
accommodated within the Stahleckeridae. Angonisaurus shares a number of 
characters with this family, including the; lack of any teeth; lack of a preparietal; 
non-crestod, wide Intertemporal bar on which the parietal Is well exposed; 
Intertemporal bar not at a high anglo to tho frontal plato; short parietal process of 
the postorbital, which does not meet at the skull mld'llne; robust zygomatlo arch; 
ohJIow occiput that does not slope forward; the narrow, tall foramen magnum and 

segmented occipital oondylo. /logo/wbawrus shows no features that prevent its 

Inclusion within tho Family Stahlokorldao and Is horo ro-aeolgnod to this grouping.



d) SyAlomotk Palaoontology

Order
Subordor Dlcynodontlo

Stahloekoridao

/tmgrom&avws
cox/y

Thoropolda

(Cluvor & King, 1983) 
(Cox, 1965)

(Cox & U, 1983) 
Gp.nov.

Family
Genus
opoclos

III) Conclusion

Prior to this discovery, was known only from tho Manda (K8)
Formation of Tanzania. This is thoroforo tho first rocord of thio gonus outoido of 
East Africa and Is possibly tho oldest known Stahlockoriid. Its otratlgraphlc 

occurronco noar tho contact with tho Moltono FormaUon also mokos It tho 

youngest dicynodont known from tho rocks of tho Boaufort Group. Tho occurrence 

of anothor modlum to largo dicynodont from tho CynognoMus Assemblage Zono 

also has Important Implications for tho biostratlgraphic range of dicynodonts within 

this zono. Tho occurronco of dngon&oums in South Africa allows for revised 

correlation botwoon tho nonmorino faunas of tho upper Cymogmof/MW Assomblago 

Zono ond tho Manda Formation, which In turn has implications for tho ago of tho 

blozono and tho nature of tho Burgorsdorp'Moltono contact in tho south of tho main 

Karoo Basin*

B. Assessment of specimen BP/1/SB32

A socond now dicynodont form was also disoovorod in tho upper roachos of tho 

Burgersdorp Formation (GynogmofAws Assomblago Zono) In tho northoastorn Capo. 
This specimen has not previously boon includod in any publications and is described 

horo for tho first timo.



1) Material and methods

Tho specimen was discovered in a thin, tabular, yellowish grey (5V 7/2) siltstone 
within the floodplain fines association, some 40m below the spoeimen of 

. At tho timo of collection, tho material consisted of a complete skull 
and attached lower jaw (see Frontispiece) and partial postcranium. The 

completeness of the skeleton implies in situ burial before the ligaments had 
completely decomposed. Preparation was mainly by mechanical means, although 

a number of different acid treatments were tried due to the friable nature of the 
bono. During preparation the lower jaw separated into two pieces along tho 
symphysial midline and was removed from the skull to allow for study of the 
palate. Measurements of the skull are presented in Table 2.7. Tho postcrania Is not 
prepared at present.

Loeatity: Farm Norwood, Sterkstroem District, Eastern Cope Province, GPS co-
ordlnates : S31*36'31" E26°22'56". 1:50 000 Topographic Shoot 
3126GB Moordenaarshoek.

Mw&on: Uppermost part of tho Cy/iogMof/KW Assemblage Zono (Subzono C;
Hanoox of a/., 1995).

II) Description of BP/1/5532

a) Tho skull roof

In dorsal view (Fig,2.84) tho skull io roughly rectangular in outline with a slightly 

tapering snout. Tho junction between the dorsal and occipital surfaces Is sharp, 
with tho occipital plato almost at right angles to tho dorsal surface. Tho pro-orbltal 
region of tho skull Is approximately tho same length as tho postorbital, such that 
tho ratio between tho two is close to 50%.



The /wwmox#' forms tho squared off tip of tho okull and ox*Qndo pootoriorly to 

contaot tho nasals in the skull mldllno with an irrogular, transvomo suturo which 

runa acroso tho width of tho snout. This has tho offset that tho promaxilla Is not 
wodgod between tho nasals. In lateral Wow (Fig.2.6G) tho promaxilla forms the 

anterior and antero-ventrat margin of the external nares and continues medially into 

the nasal cavity. It contacts tho septomaxilla posteriorly, with a crescent shaped 

suture# and tho maxilla ventfally with a straight antero postorlorly oriontatod suture 

<mg.2.6G).

Tho paired nosoA are fairly robust bones which extend posteriorly onto the skull 
roof from the anterior contact with the premaxilla. They contact the prefrontat 
postorolatemlly, and the frontal posteriorly with anlnterdigitating suture. The lateral 
margin of the nasals form the overhanging, posterodorsal margin of tho external 

nares. This overhang Is very characteristic and pronounced, and forms a distinct 
notch posterior to the contact with the promoxilla, from which point tho bone 

curves laterally to form a well-defined nasal process. Tho nasal prefrontal suture 

is medially concave, whereas that with tho frontal extends transversely across the 
skull roof. Along the skull midline, the nasals extend dorsally to form a bulbous 

mid-nasal ridge. This midline ridge is restricted in its development to the length of 
tho nasals, being only very weakly developed on tho premaxilla and not present at 
all on the frontals.

In lateral view (Flg.ZGS), the proihmfo/ Is a large crescent shaped bone on tho 

dorso-lateral side of the skull roof. It forms part of the anterior margin and antero- 
dorsal margin of tho orbit. At its contact with the lachrymal on tho lateral surface 

of tho skull it forms a distinctive raised rim surrounding the antorbital sulcus,

Tho /ocA/yma/ forms a prominent bono on tho lateral surface of tho skull roof. The 

bone originates in the anterior margin of the orbit where it encloses tho ducto-naso 

lacrlmalis, and extends anteriorly to contact the septomaxilla within the post narlal 
depression (Mg.2.66), This arrangement excludes contaot between the maxilla and 

tho nasals.
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Tho aopfo/zKWf#? is well preserved on tho loft oldo of the okull and has tho form of
an open fan, with fine striationo on tho bono surfaeo radiating from tho fan apox. 
Tho septomaxilla eontaets tho lachrymal posteriorly, the maxilla vantrally and tho 

premaxilla anteriorly.

The maxHla Is a broadly rectangular bono that forms the U shaped ooniniform 
process. Tho anterior edge of the eanmiform is thin and blade-like, and contacts tho 
premaxilla antoro dorsally. The posterior edge is thickened and is fairly rugose 

considering the size and overall graoility of the specimen. From tho anterior margin 
of the skull, the dorsal margin of the maxilla contacts first tho premaxilla, then tho 
septomaxilla and lachrymal, before entering the orbit margin, and forming the 
posterior projection of the maxilla in tho Infra orbital bar. Tho maxilla is unusual In 

dicynodonts In that it enters the orbit margin. The maxilla contacts the jugal at on 
angle botwoon 115-120* so that tho ooniniform process is directed almost ontiroly 

ventrally. On the postero-medial margin of the ooniniform, the maxilla curves 
Inwards to form a longitudinal depression extending along tho inner margin of the 
ooniniform. Tho paired tusks, which ore small, but fill tho alvooli, orupt ffom tho 

apex of the ooniniform process, slightly more laterally than medially. Tho tusks 
extend between 3Q*3Smm ventrally to the apex of the oaninifotm and are slightly 
rocurvod. At their point of eruption tho tusks are 9.0mm In diameter.

Tho surface of the maxilla may be divided into a ventral and dorsal centre of 
osslflootlon. Tho surfaeo of tho ventral part Is rugose and bears numerous thin 

canals and encloses tho point of eruption of tho tusk. Tho doroal part has a smooth 

bono surface, with fino dorso-vontrally oriontatod striatlons (Fig.2.6S), This surface 

Is unique for Triassio dloynodont In that it boors a mld'Caniniform buttress with 

prominent maxillary foramina on either sido (Fig.2.85).

Tho fused, paired Wwo/s form tho frontal plato, whloh In this specimen has boon 

sovoroly distorted. Ao reconstructed, tho frontal plato would have formed o broadly 

rectangular plato of bono, with paired posterior preeosseo extending Into tho 

intertemporal bar, lateral to tho propadotal and medial to iho postorbitals. This plato



is very wldo In relation to tho width of tho intortomporal bar. Tho frontal forms tho 

posterior half of the dorsal orbit mat gin, forming approximately equal proportions 

of this margin with tho profrontal.

The postorbital makes up tho entire postorbital bar, and extends from the lateral 
margin of the skull onto tho intertemporal bar. The postorbital has a unique anterior 
projection onto the medial surface 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 tho temporal 
fenoster. The postorbitals converge and contact each other in the skull midline on 
the dorsal margin of the intertemporal bar, terminating approximately half way 
along the length of the bar.

The pmparfetal is a relatively large bone with a distinct convex suture with the 
frontals anteriorly and laterally. Posteriorly the bone forms the anterior margin of 
the pineal foramen, Tho pineal foramen is deeply sunk into the skull and postero- 
ventrally situated so that the posterior lateral walls are composed only of the 
parietais. The partetafs are exposed on the lateral surface of the pineal and extend 
posteriorly beneath the postorbitals, re-emerging on the dorsal skull roof posterior 
to the termination of the postorbitals, approximately half way along the crest. The 
parietais form most of the postero=dorsal margin, and the entire lateral margin of 
the thin, crested intertemporal bar, only contacting the interparietal at the posterior 
ond of the skull roof; Tho is preserved aa a small pinnacle on tho
posterior margin of the skull roof and extends ventrally onto the occipital surface. 
Anteriorly the interparietal contacts the parietal in the skull midline and laterally it 
contacts, and is partially overlapped by, the medial margin of the squamosal.

In dorsal view the squamosal extends from the point of overlap with the parietal 
and interparietal, expanding postero’latorally and then laterally to form the 
squamosal wing. At tho level of tho lateral skull margin, tho squamosal oxtonds 

anteriorly to form tho thin, outwardly bowed zygomatic arch (Fig.2.64). Tho 

squamosal contacts the maxilla anteriorly within the infra orbital bar and is



overlapped by the lateral margin of the postorbital.

Tho temporal fenestra© are largo and rectangular and tho posterior and lateral 
margins aro formad by the squamosals, whereas the medial and anterior margins 
are formed by the parietal and postorbital respectively.

The Jugal is not easily diseernable and forms a thin half-moon shaped strip of bone 
tying between the lachrymal, maxilla and squamosal. Anteriorly it eontaets the 
lachrymal within the confines of the orbit margin. The posterior process of the jugal 
terminates medial to the squamosal at the level of the postorbital bar, and the bono 
therefore forms the medial and dorsal margins of the infra-orbital bar. The anterior 
margin of the infra-orbital bar is formed by the inter-digitatlon 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.

11) The occiput

The occiput is vertically orientated and the squamosal wings are slightly damaged. 
The occiput has also been slightly laterally compressed so that it appears narrower 
and slightly higher than natural. This distortion has also resulted In the right side 
being slightly anteriorly displaced. The occipital surface (Fig.2.66) Is not as well 
preserved as tho dorsal surface and the sutures aro more difficult to trace, however 
most of the individual bonec may bo discerned on tho right side of the skull. Only 
the descending mmuo of (he squamosal is broken on tho right, and Is bettor 
preserved on the loft of the skull.

The /n&wpor/om/ forms the dorsal part of tho mldllno of the occiput and extends 

antoro-ventrclly from the posterior dorsal margin of the skull roof along the occipital 
mldllno as a long (30mm), thin plate situated botwoon tho tabulars. It Is thin 

H ^aily and expands ventrally such that it is roughly pear shaped. The interparietal 
terminates as a conical Indentation, with wall defined elliptical walls (Fig,2,66), Tho 

foMo/s are not easily recognisable but are triangular bones which lie ventral and



medial to the squamosal wings, lateral to the intorporietal and dorsal to the 
supraoccipital plate.

The suprooGG/pito! forms tho supraoccipital plato 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 dorso-ventrally lateral to this 
point. In this region the bone surface carries a number of dorso-laterally orientated 
striatlons. The supraoccipital contacts the tabular and squamosal dorsally and the 
squamosal laterally. The ventral margin of the supraoccipital plate forms the dorsal 
margin of the foramen magnum. The lateral margins of the foramen magnum are 
also predominantly formed by the supraoccipital, but also by the exoccipitals 
ventrally. The foramen magnum is high (21.6mm) and slightly pear shaped, being 
narrower dorsally (9.1mm) and expanding slightly ventrally (11.1mm).

The exoGctpitaf is well preserved except in the area of the exoeeipital condyle and 
forms the ventral and ventre-lateral margins of the foramen magnum. The occipital 
condyle is not preserved ond wos presumably e cartilaginous element. The contact 
between the exoeeipital and supraoccipital extends first laterally and then sharply 
dorso-laterally, so that the level of the lateral dorsal margin of the exoeeipital is 
almost at the level of the dorsal apex of the foramen magnum. The lateral contact 
of the exoeeipital with the squamosal wing extends first ventrally and then laterally, 
forming an L shaped enclosure that houses tho post temporal fonostra (Fig,2.66). 
From this point the exoeeipital extends ventrally, contacting tho descending ramus 

of tho squamosal along its length. Tho ventral surface of tho oxtcclpital contacts 

tho quadiato'quadratojugal complex laterally and forms tho entire free ventral 
surface of tho occiput.

Tho right quadrato-quadratojugal complex Is preserved intact but depressed below
tho level of the ventral occiput margin. The left side has however been badly 
distorted and the following description is therefore based on tho right sido. Tho 

quadratQ'quadratojugal complex forms a dorso-ventrally elongated sinuous element



that is sutured to the lateral margin of the exoccipitals. The medial margin of the 
complex is formed by the quadrat® and the lateral margin by the quadratojugal. The 
quodratojuga! extends ventrally to the level of the quadrate.

Hi) The palate

As for the transition between the dorsal and occipital surfaces, the transition from 
the occioital to palatal surfaces is sharp, being at an angle close to 90°. The palate 
(Fig.2.67) is well preserved but has suffered some damage in the region of the 
interpterygold vacuity during preparation. The interpterygoid vacuity forms ±33% 
of the total basicranial length and the length of the interpterygold vacuity and 
choanal depression combined (82mm) is 51% of the basicranial length of tho 
specimen.

The basicranial complex is not preserved, and appears to have been a cartilaginous 
element. Neither of the stapes are preserved. Anterior to the basicranial area, the 
parasphenofd forms a plate of bone on the floor of the choanal depression. The 
quadrate ro:ous of the pterygoid extends as a thin strip of bono, from the level of 
tho choanal depression, postero-laterally to contact the medial edge of the 
quadrate. The quadrate and quadratojugal are well preserved on the right hand sido 
of the skull. The medial condyle is smaller than tho lateral condyle, and is situated 
dorsally to the lateral condyle by 8,0mm. A shallow depression occurs between the 
quadrate and the quadratojugal, which accepted the posterior articulatory surface 
of the lower jaw.

The pterygoids extend anteriorly from the margin of the choanal depression where 
they contact the parasphenoid plate, for 44mm and form part of the lateral margins 
of the long (82mm) interpterygold vacuity, with tho anterior margin formed by the 
palatines. The palatines are small (18mm) pads of bono situated medial to tho 
postero-lp iral edge of the maxilla. The contaot between the pterygoids and the 
polotlnoo forms tho dlelinot lateral palatine fonooter. Tho oplpterygold Is not 
preserved. The loblol fossae aro very largo for tho olzo of tho specimen and are



<
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formed by the moxillo, palatine and pterygoid.

The premaxilla forms the anterior part of the palate and is exeluded from contact 
with tho palatines via a short expanse of the maxilla. Tho long median palatal ridge 

arises In the interpterygold 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 occur either side of the tormina of this ridga on tho premaxilla. The 
paired anterior palatal ridges arise lateral to tno level of thooo vacuitloo and extend 

to tho anterior margin of the skull.

iv) The lower Jaw

The lower jaw was separated from the skull during preparation and came apart 
along the symphysial midline. This element has suffered considerable dorse-ventral 
compression on the left side, and has been ontero-posteriorly lengthened. The right 
side In contrast has suffered antero postoro compression, and has been shortened 

and dorso-ventrally expanded. Most of tho distortion has been taken up at tho 

posterior ends of the lower jaw at the articular surfaces. Due to the distortion, the 
two rami of the lower jaw are not the samo length* with tho loft ramus being longer 
at 119mm and the right being shorter at 101 mm. The rooonstruotod mldllno length 

is 110mm.

Tho anterior part of tho lower jaw Is not preserved, but tho preserved anterior 
surface Is strongly rugose and may have had a cartilaginous covering that has not 
been preserved. Tho dentary shelf Is also not preserved, however the dentarles 

were fused In the midline.

As preserved prior to separation from tho skull, the anterior margin of tho lower 
jaw wded only slightly In front of tho point of eruption of tho tusks, and tho 

posterior dorsal margin of tho dentarles were In contaot with tho anterior lateral 
margins of tho pterygoids. In lateral view (F g.2.68) tho dontarioo aro tho largest 
bones of tho lower jaw The dorsal half of tho dentary has distinet parallel striatlons



which worn orientated parallel to the zygomatic arch prioi to detachment of the 
lower jaw. Tho maximum doroo-ventrol height of the dentarles io 40.8mm 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 tho anterior margin of the surangular. This angulation divides the dorsal 
surface into distinct anterior and posterior surfaces.

The mandibular fenestra is relatively large, measuring some 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/jaw 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 reflected lamina. This element is very largo for the size of the jaw and Is 
significantly dorso-ventrally expanded. The ventral margin of the reflected lamina 
extends 9.0mm below the angular, in the plane of the anterior ventral margin of the 
dentary. This means that tho ventral margin of the lower jaw, between the anterior, 
ventral margin of dentary and the ventral margin of the refleeted lamina is markedly 
concave.

The reflected laminar Is well preserved on the left side of the lower jaw and begins 
immediately postertor to the mandibular fenestra. From the ventral margin, the 
reflected lamina extends first postero-dorsally and then antero-dorsally, so that the 
bono Is roughly rectangular, and forms tho postoro-vontral margin of the mandibular 
fenestra. Tho reflected lamina overlaps tho body of tho angular, but does not 
oxtond very far posteriorly towards tho articular, being separated from It by a gap 

of 22.5mm on tho loft sido, and 18mm on tho right sido of tho jaw.

In tho region of tho angular, tho body of tho lowor jaw Is 25.6mm high and Is 

conspicuously thinner than over tho dentarles. Tho articular surfaces aro too badly 

distorted for meaningful description, but aro relatively small and gracilo for the slzo 

of tho jaw.



iil) Taxonomio assessment of BP/1/5532

Specimen BP/1/5S32 differs from Kanmmoyeria and Angonisaurus, the other two 
medium to large dicynodonts fnm tho Cynognathus Assemblage Zone, in a number 
of significant characters. Those include the: overall skull size; composition of the 
intertemporal bar; and the lachrymal/septomaxilla contact. It also differs from 
Kannemeyoria in particular in the nature of the angulation between the frontal plate 
and interparietal crest and the slope of the occiput. It differs from Angonisaurus in 
the presence of tusks and a preparietai. BP/1/5532 cannot therefore be assigned 
to either of the known dicynodont genera from the Cynognathus Assemblage Zone 
and represents a distinct 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 were presented earlier in this Chapter, but are also reviewed here for 
ease of reference. The Kannemeyeriidae as defined by Cox (1965), Cox & Li (1983) 
ond King (1988a) are characterised by: a large skull; medium lengthened, pointed 
snout; tusked or tuskless; and an oblique occiput. Tho Stahleekeridao were defined 
as being characterised by: a largo skull; long, bent, blunt snout; tusked or tuskless; 
and on almost vertical occiput, ond the Shansiodontidae were defined as being 
characterised by: a medium sized skull; short, blunt snout; tusked or tuskless; and 
a slightly oblique occiput.

BP/1/5532 differs from the characters previously defined for the Kannomoyorlldao 

in the angle of the occiput, as well as the length of the snout. Furthermore, the 
Kannomoyorldoo may bo defined by: a high, long intorpariota! crest (Koyser & 

Cruickohank, 1979; King, 1988) with a distinct angulation between tho frontal 
plato and tho Intortomporal bar. Tho intorporietal crost In BP/1 /B632 Is not high, nor 
is their a distinct angulation botwoon tho crost and tho frontal plato. For thoso 

reasons, BP/1/6532 cannot bo accommodated in tho Kannomoyorldoo.



Aa defined tho Stahlockorldoo arc charootoriood by a long snout; tuskod ortuakloso; 
and an almost vertical occiput. King (1988) adds tho lack of a preparietai and lack
of tusks as defining characters of her tribe Stohloekeriini, BP/1/5532 shares with 
the Stahleekeridao only tho near vertical occiput, however tho lack of a long snout 
precludes it from the Stahleekeridao as defined by Cox & Li (1983), and tho 
presence of tusks and a large preparietai precludes it from the tribe Stohloekeriini 
as defined by King (1988).

BP/1/5532 shares both of the defining characters for tho Shansiodontidae (Cox &

Li, 1983) In that it has a short snout and an only slightly oblique occiput. King 
(1988) furtl.sr defines her Tribe Shansiodontidae by having a temporal region 
drawn up into only a slight crest. This character is also present in BP/1/5532 and 

it therefore seems that this specimen may be placed within the Family 
Shansiodontidae with some confidence.

a) Overview of the Family Shansiodontidae

Tho Family Shansiodontidae, as ereotod by Cox (1965) Included only two genera,
Shansfodon (Yoh, 1959) and "DioynQdon" n/olilus {a Tetragonfas) (Cmiekshank, 
1967). In their revision of the Triassio dicynodonts, Koyser & Cruickshank (1979) 
did not recognise the Family Shansiodontidae, and instead included both 

SW aW on and TbfmgonW within their Subfamily Dlnodontosaurlnao, This 

taxonomio revision has however boon strongly oritlolcot! by Cooper, (1980), Cox 

& LI (1983) and King (1988).

Cox & U (1983) increased tho number of ohonslodonl genera to four, Incorporating 

(Cox & L11983) and VXoeoda (Bonaparte 1966a) Into their Family 

Shansiodontidae. King (1988) added A/whooMey/Wof; (Kalandadzo 1970) to this list, 
to bring tho number of genera In her Tribe Shansiodontinl to five. /Wnodfoynof/on 

was placed within the Subfamily Dlnodontosaurlnao by Koyser & Crulokshank 

(1979) and tho Stahleekeridao by Cox & LI (1983).



J U ,  --------

Lucas (1993a) synonomisod all of King’s (1988) shansiodent genera, as well as 
Do/Ichuronus and Rhopalorhinus (Koyser 1973a,b) with Shonsiodon. Bhopabrhinus 

had however boon previously synonymised with Dolichumnus (King, 1988), which 

she placed within her Tribe Kannemoyertnii, 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, 1943) and 
Parakannemeyeria (Sun, 1960) and should be rather included with these two forms 
in a distinct taxonomic grouping, the Family Dinodontosauridae (Hancox in prep.).

In the most recent classification of tho Dicynodontiamorpha, Cox {in prep.) lists the 
four genera of Cox & LI (1983), retaining Rhinodicynodon in the Family 
Stahleekeridao, As proposed by Hancox & Rubidge (1996), and argued for In the 
previous section, Angonisaurus should probably not be Included within the 
Shansiodontidae, and should rather be placed within the Family Stahleekeridao (Cox 
1985), Hancox {in prep.) follows King (1988) in including Rhinodioynodon within 
tho grouping. This assignation leaves only tho genera Shansiodon, Tetragonfas, 

Vincmia and Rhinodioynodon for direct comparison with BP/1/SS32. 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 Vincoria and 
Rhinodioynodon have been ascertained from the literature, from slides and from 
personal observations undertaken on my behalf by Dr’s Spencer Lucas and Jinling 
Li,

Tho Family Shanslodontldao la based on tho gonuo gAo/wWrn and therefore tho 

characters which define this genus aro of Importance to tho ontlro group. To dote, 
four opoolos of havo boon orootod, namely (Yoh 1959),

(Yoh, 1969), (Chong, 1980) and
(Chong, 1980), Tho descriptions of thoso forms In tho literature aro however 
Insufficient for a full comparison to bo modo with BP/1/6632, During tho course of 
this work, tho holotypes of throe of thoso spoclos os well as numerous paratypas 

and referred specimens were studied at tho IVPP and tho Chlnoso Geological



Institute (CHES). &  wopuongb woo tho only spooloo not availoblo for study. Certain 

characters not previously recorded In tho literature need to bo described prior to a 

comparison being made with BP/1/6832.

Of these four opoolos, only S.wongi and S, wuhsfangcnsis aro of major importance 
to this study, as the author feels that the other two species are junior subjective 

synonyms of these species. The holotype of S.wangi (IVPP 241S) was described 

by Yoh (1959) who listed the diagnostic characters as: skull small,* triangular In 

outline; greatest width over the occiput; tip of snout bent downward; conspicuous 

nasal boss; extremely narrow intertemporal region with a sharp parietal crest; jugal 
flattened dorso-ventrally; squamosal expanded laterally; occiput brood and low; 
alveolar border of maxilla ventrally oriontatod, robust and semi-circular in shape in 
lateral view; tusked; relatively small orbit; and tonguo-like pro-parietal.

Of the characters listed by Yoh (1959) for the genus Shansfodon, the following aro 
considered specific for jugal dorso-vontrally flattened; squamosal
expanded laterally; occiput broad and low; and tho relatively small orbit. To this 
may bo added: mldllnp ridgo present on premaxilla, nasal and frontal. At the tlmo 

of the original description tho lowor jaw was attached to tho skull and Yoh (1959) 
states (p. 191) ” as a whole tho lower jaw is somewhat robust and massive, 
especially the dentary and angular". This lower jaw has subsequently been further 
prepared and has allowed for the features of the lower jaw to be better ascertained. 
Tho lower jaw Is characterised by having a woll developed retro-articular process 

which projects beneath tho level of tho body of the angular and a comparatively 

small mandibular fossae, which slopes dorsally at its posterior margin.

Tho holotype of &wuMof#ofN;6 (IVPP 2416) is a woll preserved specimen, 
without a lower jaw. Specific characters listed by Yeh (1959) Include: tip of tho 

snout extending mainly forward; largo orbit; jugal flattened laterally; alveolar border 
with o thin posterior margin; nasal bosses present but not conspicuous; loss lateral 
expansion of tho zygomatic arch.



Although most of theso spooiflc dlfforoncos fall within tho known sprood of soxual
dimorphism and distortion deeumontod by King (1993), Renaut ipors.Gomm.) and 
In this study, those two spoeios aro roeogniood for tho prosont tlmo.

The skull length in S.wuhsiangensis is 180mm and the basicranial axis, some 
157mm, meaning that the occiput is fairly vertical and that tho jaw articulation is 
sot well back. It has very long, slender antero-posteriorly elongated tusks 
(16x12.1 mm) which protrude some 58mm from their point of eruption on the 
postero-ventral surface of the caniniform. The eantniform is fairly gracilo and forms 
a rectangular plate, with a sharp leading edge and a rugose trailing edge. The point 
of eruption of the tusk lies at the posterior margin of the caniniform. Tho snout 
boors a strong mldllno rldgo, os woll as nasal ridgoo.

The orbit margin is raised, and has a distinet antorbital sulcus. The ducto-naso 
laerymalis is large and Is situated in a conical depression, which has a narrow ridge 
lateral to the external opening when viewed in dorsal aspect. This ridge is formed 
by the lachrymal. Tho frontal forms a large part of the orbit margin. Tho interoroital 
plato is fairly narrow, bolng only 48.2mm (it Its posterior maigin. Tho intortomporal 
bar Is crostod and narrow, and tho postorbital only oxtonds midway along tho bar 
in lateral view, terminating at the level of the epiptsrygoid.

The oo ipital surface is not well preserved, but Is tall and narrow. The occipital 
overhang of the squamosal, and the V shaped interparietal seem to be real 
ohorootors for this opoolos. Tho occiput also shows tho olongatod, narrow nature 

of tho foramon magnum. Tho baslocolpital oondylo, baslophonold, otopos and 

quadrato rami of tho pterygoids ore all missing and wore possibly cartilaginous 

elements.

Tho vontral surface has not boon fully prepared and tho anterior margin Is still 
oovorod by matrix. Although matrix also covers most of tho internal naros it Is 

ovidonl that tho palatines ountaot tho promoxilla ovor a fairly largo area. The 

opiptorygold Is woll preserved and forms a vertically oriontatod, thin plato of bono,



which oxponds towordo it dorsol contaot with tho intortomporal bar, whoro it io 

porforotod by a largo circular oponing.

Tho typo of (V320) (Chong 1980) was originally cataloguod os
and has tho typical pootorbital/squamosal contact, outwardly 

bowod zygomatic arch, raised orbital rim and antorbital sulcus of this form, ond as
previously mentioned is hero considered a junior synonym of S.wuhsiangensfs.

Study of tho holotypos of tho two main spoclos has allowed for an omondod 

diagnosis of tho gonus, as follows:

Genoz/d (omondod): Small dicynodont; tusked; ooniniform procoso
projects vontrally and slightly anteriorly, posterior margin thlckonod but not rugoso; 
orbits oval in outline with distinct orbital rim; antorbital sulcus situated dorsally to 

tho largo ducto-naso lachrymalls; lachrymal contacts tho septomaxilla; largo labial 
fossae prosont; nasal bosses prosont; midlino ridgo prosont on tho promoxilla, 
nasals and frontal; greatest skull width across tho zygomatlo arch; largo pro-parietal 
present; intortomporal narrow and crested; pootorbital does not contact tho 

squamosal; largo temporal openings, longer than wido; jugal forms dorsal margin 

of tho infra-orbital bar; promoxilla does not contact tho pterygoid.

b) Comparison of BP/1/8B32 with other Shansiodent gonera

Tho overall slzo and shape (Fig 2.70) of BP/1/S532 closely conforms to that of 
gAam/igdm, especially forms listed os (Fig.2.70). In fact
BP/1/S832 shares all tho generic characters with S/Nms&dbn, apart from tho fact 
that: BP/1/5532 does not have nasal bosses; the maxilla enters tho orbit margin; 
and tnat the midlino rldgo is restricted to tho premaxilla and nasals. If thooo woro 

considered ao specific characters for tho two Chinese forms (or if tho two forms 

aro conspocifie) then thoro would bo no ohuroctoro precluding tho placement of 
BP/1 /SB32 in this gonuo. Specific character for 8P/1 /G532 would then be tho: lack 

of nasal bosses; inclusion of tho maxilla in tho orbit margin; restriction of tho



midline rldgo to tho promoxilla and naoalo. Additional spoelfie oharaotoro would
include tho presence of a buttress on tho ooniniform, ond the smaller olzo and more 
grocllo nature of the tusks.

In termo of general skull oharaotoro, ohopo and slzo BP/1/6632 howovor also 

conforms to the range known in Tetragonias, Vineeria and Rtifnodieynodon and 
therefore cannot at present be assigned to Shansiodon rather than any of these 
other genera. The snout of BP/1/5532 is sharply downturned and the maxilla are 
orientated at a high angle to the infraorbital bar, with a noteh between the infra­
orbital bar and the maxilla as noted for both Shansiodon and Tetragonias, and 
figured for VXicerA? (Cwaparto, 1966a) and /Mdbodkynodon (Kalandodze, 1970). 
BP/1/5532 oloo shares with both S/wnsWon, TbfKWon&w and Mbmr/b a largo 

labial fossa.

In BP/1/5532, tho tusks aro woakly developed, ventrally directed and not in lino 

with tho Infraorbital bar. Tho tusks aro smaller than for equivalent sized SAo/fgWo/? 

and TbffogonA# specimens, but thoy protrude a considerable distance from their 
eruption point at tho apox of tho maxilla, bolng more similar to tho state found In
Shansiodon* The inclusion of the maxilla In the orbit margin is a feature unique 
amongst tho Triassie dicynodonts.

In BP/1/5532 tho dorsal margin of the maxilla Is excluded from both the external 
naros and tho nasals by tho anterior process ef tho lachrymal and tho septomcxilla. 
The lachrymal contacts tho ooptomaxilla such that tho maxilla does not contact tho 

nasals. This character Is known In the Shansiodont genera S/Nmdbdbn, 
Thf/ogwAs, WmeofAi and /MwhGdkywodom ao woll as in /WWrnomeyw#;, 
SWmmomoyodb, DAWonfosown# and

Tho po'lotol crost doos not riso stooply above tho frontal plato to form a sagittal 
crost, with tho anglo botwoon tho parietal crost and tho frontal plato being only 

somo 3-4°. This is vory similar to tho situotlon in SAonsWen whoro the angulation 

botwoon tho frontal plato and intorpariotal rangoo from 2-6°, as woll as In

141



'W  r

f ' 
•# .

LWhe. v .

4

Totragontas, Vineeria and Rhinodioynodon*

Tho postorbital in BP/1 /S532 doos not project § f oriorly to contaot tho 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 parietais and a short expanses of the interparietal, 
which forms only the posterior margin of the bar. This composition of the 
intortomporal bar is identical to that found in Shansiodon, Tetragonias, Vinooria 

(and Kannomeyerio argentinensis) and Rhinodioynodon. The occiput also shares the 
high foramen magnum with all other known Shansiodont genera.

c) Discussion

BP/1/SB32 shares a number of characters with known shansiodont genera and may 
be plaecd within this family with confidence, however its generic affiliation is not 
ao door and although it could woll bo placod within tho gonus SAoWocbn, it could 

equally be accommodated in either Tetragoniasf Vineeria or Rhinodioynodon. Unless 
all of those gonera cro synonymised, os proposed by Lucas (1992), and until such 

time as further comparative studies are undertaken, BP/1/5S32 cannot be assigned 

to any of thoso gonera, although it Is clearly a shanslodontld, closely related to 

SWg/bcfbn and other shansiodont genera.

1

BP/1/SS32 also has certain features that suggests it may bo a sub-adult. Including 

Its slzo and lack of ossification of tho oxocciptel and baolocclpltal condyles. A lack 

of ossification of this part of tho skull Wfg however documented In a number of 
specimens of gW gW em studied, all of which were of similar size, and which aro 

considered to bo adult. There Is no movement at tho postorbltal'jugal overlap and 

also no displacement of tho occipital plato, both characters of juvenile skulls 

(Cruickshank, 1968). Furthermore tho tusks fill the alveoli, the postorbital Is firmly 

sutured to tho parietal and tho nasal rldgo Is woll developed, Thoso are all features 

that suggest that tho specimen is indeed on adult.
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d) Systematie Palaeontology

Order
Suborder
Family
Genus
Species

Thoropsld*
Dloynodontio
Shansiodontidae
A
a

(Cluvor & King, 1983) 
(Cox, 1965) 
gon.nov. 
op.nov

Hofotypoi BP/1 /5532; Complete skull, lower jaw and partial posteranial skeleton
housed In the Bernard Price Institute (Palaeontology), University of tho 
Witwatorsrand, Johannesburg, South Afrieo.

tv) Conclusion

The importance of this new find is that it is the first shansiodontid known from 
South Africa, which in turn has implications for tho blostratigraphie correlation of 
the Cynognathus Assemblage Zone. The occurrence of a shansiodont 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 Rangoon 

faunas and therefore have the potential to define a global btochron as proposed for 
the genus Shansfodon by Lucas (1993a). These points are discussed further in 
Chapter Four.

C. Indeterminable fragmentary dicynodont materia*

§r

A further flvo fragmentary dloynodont skull elements wore dlsoovorod during 

collecting that cannot bo assigned to my of tho dloynodont gonera presently 

known from the Cynogmf/ws Assemblage Zone. The specimens aro howovor 
considered too fragmentary for generic recognition, but are described and assessed
for sake of completeness.
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BP/1/6536 is o complete intortomporal bar (Fig.2.70) measuring 100mm from the 
posterior margin of tho plnool foramen to tho occipital surfaeo. Tho spocimon was
liscoverod In facias So, in tho upper part of tho Burgarsdorp Formation. The 
postorbitals overlap the parietais and oxtond to tho back of tho intertemporal bar, 
os is tho easo in Kanmmeyoria, however, although tho Intertemporal bar is of a 

similar width to that of Kannemoyeria, it is only approximately half the length of the 

intortomporal bar of adults of Kannemeyoria. This specimen is identical to tho state 
found in Doiiohuranus, known from tha 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/1/5626 Is the better preserved and comprises the 
ventral margin of the caniniform. As preserved the element is 31mm wido by 
48mm deep. The tusk at its point of eruption measures 12mrn by 7.0mm and is 
antoro-posteriorly elongated. 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 
the caniniform differs significantly from Kannemeyoria, Angonisaurus or Shansiodon 

and is almost identical to the state found in Doiiohuranus.

BP/1/5533 (Fig.2.72) is tho anterior portion of tho lower jaw, caniniform and 
premaxilla of a small kannemeyeiiid dicynodont. The maxilla is similar in form to 

that of ond possMy represents an advanced kannomoyoHid, similar
to K.ehristarhynohus. Tho wear facets on the tusk however indicate that the jaw
action was a slicing one, not crushing as in Kannemeyoria (Renaut, pers.eomm.h

BP/1/6629 (Fig.2.73) io o small caniniform process In which tho tusk has yet to 

orupt. In all features it is Identical to, although omallor than tho state found In 

BP/i;GG32, and this spocimon Is tentatively assigned to tho Shanslodontldao.



2.6,1,3 Aooociated fauna

At prosont tho founa asoooiatGd wKh tho now toxo from tho uppor part of tho 

Burgorsdorp Formation Assomblago Zono, Subzono C; Honcox of a/.,
1995} includes only a low diversity asoomblage of thorapsido and indetermtnablo 
archosauriformos (Tabio 2.6a). No fish, oaptorhinids, molluscs or Insoots aro 

known.

a) Tho Cynodontio

By far tho most abundant fossil ordor In tho Cynog'mjfAua Asoomblage Zono ai@ tho 

cynodonts. In tho southern part of tho basin in tho uppor Burgorsdorp Formation, 
diagnostic cranial romalns ofthroo cynodont gonora aro known (Appendix 2; Tablo 

2.6a). Thoso oro tho zono Indox fossil Cym #/;ofW  and tho gomphodont cynodonts 

OWomodbA ond Ty&acAockm. Cynodont cranial remains worn not studied In detail, 
bolng prepared mainly to allow for genorio allocation and no further.

Tho posteranial skeleton of CyoegmfAw was described by Seoloy (189Sa) and 

Jonklns (1971) and that of DAdbmodbo by Brink (1955a). In his monograph on tho 

postcranla of oynodonts, Jenkins (1971) states that as tho description of 
OMomodo/? was based on Isolated postcranla, It is at best tentative, cue to tho 

difficulty of assigning Isolated cynodont posteranial romalns at tho gonus lovol. 
Although several Isolated cynodont posteranial elements woro collected (Appendix 

2), it is at prosont not possible to assign Isolated posteranial remains with any 

cortainty for the vast majority of CyAG#n@(W Assemblage Zone oynodonts (Gow 

& Grino, 1979). BP/1/5549 Is a oeapula, discovered together with a jaw fragment 
of Cynognaf/wi and Is tentatively assigned to this gonus (Hopsonpom.Go wn.). Tho 

nature of tho blade of tho scapula in this spocimon seems to bo advanced over 
Cynognof/kw material described by Jonklns (1971) (Hopsonpo#.eomm.). This fact 
highlights tho need for comparilive postcrania' studios of oynodonts from the ontlro 

range of tho Cymognof/ius Assemblage Zono.



b) Eosuchla

At present, tho only eocuchion roptiloo known from tho CynogwofAua Aosomblogo 

Zono oro tho sphonodont tho rhynchooauro Wowoa/b ond /Wiowgf/oAf/g
ond tho orchoQQunforms ByfA/osucAwa and (Kltching, 1996). No
ophonodonts or rhynohooaurs woro rooovorod from tho uppor parts of tho 

Cyno&nofAus Assomblago Zono and tho orohooauriformos aro to dato roprosontod 

in the uppor part of tho Cynognathus Assomblago Zono only by two specimens. 
8P/1/5555 Is o single Isolated tooth, which has serrations on both tho anterior and 

posterior edges, ond BPI1ISS56 Is an isolated eranlal element (Fig.2.74) that is 
believed to be an erythrosuohld ootoptorygold (Raath

2.6.1.4 Associated flora

Tho biodiversity of the plants from tho CynognofAus Assomblago Zono Is thought 
to bo vory low (Anderson & Anderson, 1986) and Kitohing (1996) lists only two 

loaf gonora, and ond slliciflod wood (fWo%y/om) for tho
blozono. DAzre/WR/m Is believed to bo monospecific in tho CynogmofAus Assomblago 

Zono, bolng roprosontod only by AAygp/wdy (Anderson & Anderson, 1986). This 

flora Is believed to mark tho transition from a flora dominated by Gi&ssoptaris 

during the Permian, to ono dominated by OAwoM/m during tho Triassio (Anderson 

& Anderson, 1994).

During floldwork, o number of foooll plant specimons were collected, primarily from 

tho uppor port of tho Burgorsdorp Formation. Mogoplont fossils In tho Burgorsdorp 

Formation aro generally only fragmentary loaf and otom Impressions, and stem 

oasts and moulds. Cutielo and palynomorph material was not prosorvod in tho 

ooTiploo analysed. All tho loaf Impressions, as woll ao tho seeds occur within fine 

grained yellowish brown (10YR 6/2) to dusky yollow (SY 6/4).

Tho moot abundant plant foosilo in tho uppor Burgorsdorp Formation aro imprints 

of mlsoollanoouo largo oxos (stems) of ploridospormo (Fig.2.76a,b), ao woll ao



imprints and internal easts of equisitaieans (Fig.2.76). Tho oquisitalean eests in 
most eases occur as single intcrnodos and together with the imprint material are 
assigned to the sphenophyte genus Catamites. The equisitalean easts occur as 
three distinct sizes: the larger size has an internodal length of 91mm and a width 
of 60mm; the intermediate size, an internodal length of 50mm and a width of 
40mm; and tho smallest size an internodal length of 20mm and a width of 21 mm. 
Although it Is possible that thoso reprosont Individual growth stages, no 

intermediate sized equisitalean casts were collected and it Is therefore possible that 
thoy represent three distinct species. They also occur as distinct class sizes at 
different stratigraphie Intervals. All tho material discovered to date was collected 
from tho base of channel sandstones and probably represent the below ground 

portions of the plants (Bamford pers.eomm.).

A new fern discovered In the uppermost Burgorsdorp Formation at Bushmanshoek 
Pass is a bipinnate frond that cannot be assigned to any of the known Burgorsdorp 
plant gonora (Andorson & Anderson, 1985). This spocimon sooms to bo Idontlcal 
m gross morphology to awpodw/n known from tho overlying
Bar.ooosborg Mombor of tho Moltono Formation. Aslnglo ptorldlogporm plnula apox 

from this locality may bo from either Aop/cfopWe or O/bmMbm (Andorson 

pons.comm.). Fragmontarv imprints of strap shaped loaves aro assigned to tho 

glngkoalo

A now typo of sood (Fig,2.77) was dlscovorod during collecting and although this 

good is not assignod generic status, it sooms to bo similar to that dosenbod for 
(Anderson & Andorson 1985), although it lacks tho characteristic 

bifurcating tip. Previously only long, olongato soods assignod to tho lycophyto 

woro known from tho Burgorsdorp Formation (Andorson & Anderson,
1985)

At a number of localities charcoal (fuoaln) Is prosorvod in tho channel sandstones. 
Collection and mounting of this material has allowed for detailed Scanning Electron 

Microscope (SEM) Images of tho internal structure to bo obtained. Tho charcoal is
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pNmorily eompnscd of ray paronehyma (Flg.2.78a,b) and oimplo bundled trochoids 

(Flg.2.79a,b), Tho dotailod wall atrueturo (Flg.2.79b) oloarly ohowo the exclusively 

unioorlato, radial, regularly and Irregularly spaced pits, characteristic of podooarp 

wood (Duperon Laudoueneix & Pons, 1986).

Andorson & Andorson (1985) do not list any slllcMicd wood for tho Burgorsdorp 

Formation, end KUching (1996) lists only tho form genus Dodoxy/on. Sliicified wood 

is indeed rare In tho Burgorsdorp Formation and to dato has boon rooovorod only 

from tho floodplain finoo system (Fij.2.16c). Whoro wood Is present in tho channel 
fill sandstones it occurs as haematitic alteration products, with all Internal structure 

obliterated by Iron oxide expansion. Typo III palacoools in tho uppor Burgorsdorp 

Formation preserve *ho boot matoiial colloctod to dato. Tho siliclflod wood is of tho 

podocarpacouc typo (Bamfordpofs.cwnm.) and is tontativoly assigned to tho gonus 

fWoeo/poxy/bm.

Groguss (1955) considorod fodomwpoxy/b/; Gothan, which Is of Triassio ago, to bo 

ono of tho precursors of tho Podocarpacoao and this typo of siliclflod wood has not 
previously boon described from strata older than tho Late Triassio (Duporon- 
Laudouonoix & Pons, 1985). Prior to this discovery, the Podocarpacoao woro 

thought to first occur only In tho Crotecoous In South Africa and Namibia (Schultzo- 
Motel, 1968), whoro thoy aro roprosontod by tho form genus In
other parts of Africa and in South America, fossil podocarps oro known only slnco 

tho Mlddlo Juraooie (Duporon«Laudouonolx & Pons, 1985). According to tho 

palaoogeographlo maps of Parish of oA (1982; In Duporon-Laudouenoix & Pons, 
1985) podooarp wood is not known from any areas of elevated roliof and Duporon- 
Laudouoneux & Pons (1985) further stato that thoso troos grow on tho plains at 
low altitude, contrary to oxtant podooarps.

Although tho blofiiveroity of tho olanto of tho Burgorsdorp Formation Is nowhoro 

near that of tho overlying Moltono Formation, it sooms that tho lack of biodiversity 

may bo attributed in part to a presorvatlon and oollooting bias. This Is mainly duo 

to tho foot that loaf impressions in tho Burgorsdorp Formation aro prosorvod only
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os Imprints in sandotonoo, ond not at oil In the ovorbonk mudstonoo. Tho oollQetlon 

of mogoplont motonol, GSpoGially loaf Impressions, from tho Burgorsdorp Formation 

Is In its infancy, and tho potential for oollooting is enormous onco tho environment
of preservation has boon identified.

2.6.1.5 Trace fossils

Tfpco fossils in tho Burgorsdorp hovo previously boon described only by Shone 

(1978) and listed in Kitohing (199G). Shone (1978) described a trace fossil site at 
tho town of Burgorsdorp as giant Cfw&Amo. Thoso trocos woro boon re examined 

by Stonnlstroot & Turner (1979) who questioned their inclusion in CfuzAmo. 
MacEachorn (po/s.eomm.) bollovos them to bo OWawo in ichnomorphology and 

fools that thoso tracks probably represent lungHoh burrows, created ao the fish 

burled thomsolvos in tho muddy bottoms of drying out pools, or amphibian 

trackways. Tho exact trockmokor is howovor unknown at prosont.

Trace fossils within the uppor Burgorsdorp Formation consist predominantly of two 

typos, surface traces and vortical burrows. Following Bromley (1990) in assigning 

soparato behaviours Ichnotaxon status, tho vortical traces would be assigned to tho 

Ichnogonus (Fig.2.41a) and the surface traces to (Figo.2.10;
2.41 b). SW Mos ond AbmoMos owur in equal abundance within tho CynegnofW 

Assemblage Zono. Smith (po/g.eemm.) notes tho prosonco of TbomdRwn traces in 

crevasso sondoteiM on tho farm Winaorsbnkon, near the town of Burgorsdorp.

Is characterised by: simple even width vortical wbulos; oinglo Qr clustered 

burrows: vortical to oblique shafts; being predominantly unlinod; cylindiical ?n cross 

section; smooth walled; diameters usually in tho range 0.8 0.9cm; 8=7om in length; 
conQavo (top) or convex roliof fbottemA m plan view; lacking a cere structure. They 

ore preferentially preserved in thin, fine grained sondstone splays, but also occur 
In channol, on bar tops. Tho burrow fill i& usually fino grained sandstone, similar in 

nature to the hoot rock, although frequently lighter in colour.



^o^o/^gg occuro ao o ourfaoo to olightly inelinod traeo. It io Ghoroetorbod by: boing 

unbranohod; having unlinod wallo; lacking dlotinct intornal otruoturo; boing oliiptleal 

In tranovorso crooo oocticn; having a constant diomotor within on Individual traco; 

and boing commonly gregarious. Ao for SW f/ioa thoy aro proforontially prooorvod 

in thin, fine gralnod oandotono aplayo.

2.7 Stratigraphy

Tho litho» and biostratigraphy of tho Burgorodorp Formation is presontly poorly 

dooumontod and not woll understood. This ooetion thorofore aims to rectify this 

situation by presenting a generalised lithostratigrophy of tho ontlro Formation and 

a dotailod documentation of tho uppor Burgorsdorp Formation in particular, with tho 

proposal of a reforonco section for tho uppor part of the Formation (Appendix 4). 
Tho biostratlgraphy of tho Cynogmof/H# Assomblago Zono is ro-appraisod In terms 

of tho ranges documented In this study, and tho threefold subdivision proposed by 

Hancox of#/, (1995) Is expanded upon.

2.7.1 Llthostmtlgraphy

Tho Burgorsdorp Formation ^  tho uppermost unit of tho Tarkastad Subgroup 

(Boaufort Group) In tho oas+o». Karoo trough (Fig.1.2). Continuous cootlono through 

tho entire Formation aro u iknown, ^ud this < et led Johnson & Hillor (1990) to
chooso exposures through what they b(fovod to bo tho middle part of tho
Formation In tho Queenstown area ao ropraqontativo of tho armation ao a wholo. 
Tho holootratotypo at Nononol'o Nwk (Fig.2.1b) us woll as oxposureo on Mbdoi.a 

Mountain woro ro invostigatod during tho eouroo of this study, as thov aro typical 
of tho middlo and uppor part of tho Burgorsdorp Formation In tho aoutn of tho 

basin, as proposed by Johnson & Hillor (1990) and Groonowald (1998). Booauso 

no entire oootion through tho Formation io known, the stratlgrophlo suooooslori and 

overall lithology of tho Burgorsdorp Formstion depleted in Flguro 2.80 Is a 

composite oootion oneompoooing loealitiloo to tho south of Queenstown, at 
Nonensi'o Nek, Madeira Mountain and In tho Aliwal North area.



From Flguro 2.80 it is evident that tho baoal part of tho Formation has otrong 

gonotlo links w*th tho Katborg Formation, ond io structured by thin lenticular 
sandstones that prooorvo a prodoniinanco of faeloo Sh. In tho south of tho basin, 
this sandstorm rich zono abovo thr xatborg is fairly thin, usually boing not more 

than 50m thick. In tho south of ' basin this is overlain by a thick (up to 500m) 
fines dominoted succession. This succession Is typical of tho lithologlos previously 

documented for tho Burgorsdorp Formation, as well as thoso documented for 
Nononsi's Nek In this thesis. In tho north of tho basin a similar trond is seen, but 
with a more even ratio of sandstones and fines.

The lithostratigrophy of the Burgorsdorp Formation in the north of the bas'n in the 

Senokal and Rosondal districts is documented in Azzio (1994). Tho sequence as 
preserved ot theso localities forms a succession of fines and intercalated 

sandstones up to 80m thick. Tho general soqu6„co consists of a number of thin, 
stacked tabular channel elements, Internally structured by almost exclusively by 

faolos Sh, with a basal lag (facies S@') to each of the Individual sets. This Is overlain 

by ±  20m of thick, massive fines which bocomo pedogenically altered towards tho 

top of tho unit. Tho sequence Is capped by a thick (3m) sandstone, which may bo 

traced throughout tho northern occurrences of tho Cyno^nof/K/s Assomblago Zone. 
The basal port of tho sequence at Ghwarriokop (Senokal district) preserves log 

material vory similar to that found In the uppermost Katborg Sandstone Formation 

In the area surrounding Aliwal North and contain numerous re-worked septarian 

nodules from tho underlying lygf/w aw w  Assomblago Zono deposits.

At Nononsi's Nek, most of tho lowor and middlo part of tho Formation Is preserved 

and approximately half way up the section a prominent laterally extensive 
sandstone horizon occurs (Flgs.2.21; 2,23; 2,30). This sandstone is somo 10-15m 

thick and Is composed of started bar elements, more similar In character to low 

sinuosity channels than high gsity systoms (Allor, 1970). This sandstono 

horizon In Nononsi's Nek occurs stratlgraphioolly near tho top of tho lowor part of 
tho Formation, It may thorofore bo equated to tho sandstono rich interval (middlo 

marker) within tho lowor half of tho formation in tho Tarkastad area, reported on



by Johnson & Hillor (1990). This sandstono moy also bo correlated with a thick 

channel sandstone in the northwest of the basin in the vicinity of Goodomood 

(Bethullo district). The upper part of the section at Nononsi's Nek is dominated by 

fines *Fig.2.42) with small localised floodbasln channels (Figs.2.29, 2.34) and 

numerous flat bottomed splay sandstones (Fig 2.37 )lntor@persod throughout.

The upper part of the composite section In Figure 2.80 Is typical of the upper 
Burgorsdorp Formation as a whole and Is considered In the following section on the 
lithootratigraphy of the upper Burgersdorp Formation.

2.7.1.1 Lithostratigraphy of the upper Burgorsdorp Formation

A reference stratotypo for the upper Burgorsdorp Formation is here proposed on the 

farm Avilion, Bamboeshoek Mountains, Storkstroom district, Eastern Cape 

(Appendix 4). This section (Fig.2.81) is proposed as it preserves the most complete 

section and best exposures in the area, and Is typical of the sedimentary stylo of 
the upper Burgorsdorp Formation as a whole.

The strata of the Burgorsdorp Formation at this locality are preserved as a & 130m 

thick sucosslon of alternating sandstones and fines. Sandstone percentage Is much 

higher than In the middle part of the Formation and the sandstones are usually 

slightly coarser, being of medium grainsizo at places. The channels in the upper 
Burgorsdorp Formation are far more laterally continuous than in the middle part of 
the Burgorsdorp Formation, although still lenticular in nature.

The base of the section is formed by a typical channel fill sequence some 6m thick 

(SSO), the upper surface of which Is well bloturbatod and grades upwards Into 

blacky siltstonoo and a thick sequence of facies Fm. At this level numerous fossil 
specimens have boon collected, including GynogmrfW (8P/1/SS43/44), 
TMWiodof; (BP/1fBB38) and unidentified dieynodont cranial and postcranial 

material (BP/1/BG35; BP/1/8&36). This sequence Is orosivoly overlain by the base 

of SSI/2 which forms a 2m thick sandstone channel fill. The basal facies (Sc^



prosorvos numoroug fossil bonos, mostly isolated dieynodont and amphibian 

postoranial olomonts.

SSI is a typiool thiok splay sandstone, the top of which Is s+rueturod by facios So,, 
from which spacimon BP/1/5530 WrwomAww/W was colloctod. Tho overlying 

floodbasln deposits preserve numerous fragmentary remains of amphibians, as well 
as numerous coprolitos and are pedogonically modified, forming type II and III 
palaeesols. The type III palacosol just below the 50m mark on Figure 2.81 
preserves a hard manganese rich (Appendix 6; Sample 92/5/E6) nodular layer from 

which a well preserved skull of DWcmodon (BP/1/5540) was recovered.

Tho next sandstone horizon in tho sequences (SSI/2) is a typical channel 
sandstone and Is approximately 2.0m thick. Above this horizon fossil remains are 

very scarce, with only a single skull each of Gynognathus (BP/1/5542) and 

OWomodon (BP/1/5540) discovered to date. Tho last 30m of tho section above 

8S2 Is of particular interest as it forms the transitional contact zone of Johnson & 

Hillor (1990), and has a different character to the underlying sequence. For tho first 
18m above SS2, tho sequence is typical of the upper Burgorsdorp Formation, being 

gradational from the channel fill to a thick sequence of siltstonos and rod purple 

mudstones (5RP 4/2). No podogonic alteration is evident in tho floodbasln sequence 

and the sequence is terminated by a thin splay sandstone, above which there Is a 

colour change in tho fines to yellowish grey (5Y 7/2) (Fig.2,82).

Approximately 1-2m below tho base of tho lowermost sandstone of the 

Bamboosborg Member, a laterally persistent nodular layer occurs (Fig.2.83). This 

layer is traceable across tho Bambooehook Valley and is also present in tho middle 

reaches of tho basin. It therefore has a regional significance and may bo used as 

a marker horizon within tho uppermost Burgorsdorp Formation. This layer was 

sampled and analysed goochomically (Appendix 6) and is remarkably uniform 

throughout its regional extent. It Is high In FogO# Al̂ Oa and MnO, with the 

combined total of those throe constituents approximating 50%. It is of interest to 

compare these Iguroa with that of tho typical MnO rich, FojOa poor nodular layers



lowor do'vn In tho soquoneo (Appendix 6; Somplo 92/S/E5), It oooms thot early 

stage dlgonotlc substitution of Fo by Mn oecurrod at this lovcl, whoroas AlgOg 

remained constant. The low SiOg content is probably a reflection of its original 
stal floodbasln nature. In samples 92/5/K11 and 92/G/W11 (Appendix 6) tho 

combined FegOa, AlgOg and MnO figure is similar to that for sample W2/5/E5, 
however loss Mn substitution occurred.

Tho last 2m beforo tho baso of tho Bamboosborg Member is composed of fines 

with a more friable nature. These aro very similar in character to tho llthologies 

above tho basal sandstone of tho Bamboosborg Mombor.

In tho upper Burgersdorp concretions are not common and only very rarely form 

soml continuous horizons. They aro In most coses only locally developed, with 

lateral extents in the order of a few metres. Where present they occur as discrete, 
small, smooth surfaced calcareous nodules and ovoid concretions within the 
floodplaln deposits. Recorded sizes range from 2.0cm to 25.0cm. Thoy aro 

nowhero near as abundant as in certain other biozonos of tho Boaufort Group, nor 
as abundant as In tho lowermost part of tho Bu gorsdorp Formation. Those bodies 

may entomb fossil material, usuallv only Isolated skeletal elements and more rarely 

articulated skeletons, but in tho majority, thoy aro barren. Gypsum clusters and 

quartz psuodomorpho of gypsum rosettes aro not present in the upper Burgorsdorp 

Formation.

2.7.2 Blostratlgraphy

Tho Qmog/mfAws Assemblage Zone biootratlgraphicaliy overlies the iysffwoufws 

Assemblage Zono (Tabla 1.2) with no faunal overlap between tho two (Kitchlng, 
1995), Tho strata between tho lost occurronco of tysfmsow/K!, end tho first 
oceurronco of /&mno/noyom& aro furthormoro believed to be barren of fossils (SACS 

1980), a statement which implies that tho baso of tho Cynogmr/rw Assemblage 

Zono is p*3God on tho First Appoaranco Datum (FAD) of Karmcmoyodb. This study 

concontratod only on deposits In which a GynogmWAws Assemblage Zono fauna



was presorvod and for a roviaw of tho AygfrosouM/a Aooomblogo ZonOf th uador 
Is roforrod to Groonowold & Kitohlng (1995). Tho look of lithootrotlgraphlo marker 
horizons and tho obundanco of fossil material in tho Burgorsdorp Formation, has 

foousad attention on refining tho blostratlgraphy of tho biozono, with tho result that
a threefold division of tho subzone has boon proposed (Hancox of oh, 1995). 
Further oollooting and rofinomont of tho blostratlgraphlo ranges of tho associated
fauna! assemblages, particularly the dieynodonts and archosaurs, have allowed for 
this subdivision to bo greatly re-enforced. In this section, this subdivision Is 

expanded upon, and tho problem of the blostratlgraphlo range of Kannomeyeria is
re-addressed.

2.7.2.1 General geological description of the rocks of the 
Gynognathus Assemblage Zono

According to tho literature at present, tho CynogrnofAwa Assemblage Zono occurs 

in tho upper two thirds of tho Burgorsdorp Formation (Kitchlng, 1996). Tho strata 

containing tho CynognofAus Assomblago Zono fauna roach a maximum thlcknoso 

of ±580m in tho Oueonstown and Lady Froro districts, thinning to 170m at tho 

town of Burgersdorp in the west and to approximately 100m in the Rouxvillo 

district. (Kitchlng 1977, 1996). Rocont invostlgotions have also shown tho 

Cywogwof Aw Assomblago Zono to bo prosont in tho northoastorn Froo State, whoro 

it roachoo a maximum thickness of 60m (Wolman of oA, 1991).

2.7.2.2 Blostratlgraphlo subdivision of tho
Cym#na(Aw Assomblago Zono

Rocont fieldwork and high resolution taxonomic study of amphibian Index gonora 

has allowed for tho subdivision of tho GywcwynofAw Assomblago Zon* 'nto throo 

distinct subzonos or biochrons (Hancox of oA, 1996). This subdivision was based 

primarily on tho spatial (Fig 2.84) and tomporal distribution (Fig.2.85) of tho Indox 

gonora Kbsffosourw (subzono A), "PorofosucAw* oAvbomw (oubzono B) and 

Amorgof)/sp.nov. (subzono C). Tho spatial distributions of thoso throo toxa show



that /ToffroMf/Wf )o confinod to tho north and wootorn margins of tho basin, 
whoroas "f.a/Wbawa Is known from tho control regions and Amorgwr/only from 

tho south of tho basin.

a) Subzono A

Geographically, subzono A was originally thought to outcrop only In tho newly 

discovered deposits In the northern Free State (Wolman et oh, 1991). Although 

thoso northern doposlts woro not tho primary focus of this thoslo, a number of 
wooks woro spont examining those exposures and collecting fossils (Appendix 3). 
Rocont rosoarch has shown that subzono A also occurs on tho wostorn oxtromltlos 

of the basin noar Rouxvillo and Goodomood and that tho FAD of KosMosourus may 

actually occur within tho uppermost sandstone of tho Katborg Formation (Novollng 

pem.eommh As preserved subzono A has the largest aortal extent of the 
CynopnafW Assomblago Zono, Field observations and measurements In tho 

Sonokol district reveal a minimum thickness of 40m for tho stroto ossignoblo to tho 

CyMO@wo./;MS Assomblago Zono In tho northwest of tho basin. Tho thickness of tho 

subzono ranges frcm a maximum In tho west of ±  100m to a minimum of only 

15m In tho northoastorn oxtromltlos of the basin,

Blostratlgrophlcally, tho base of tho subzono lotakon as (ho FAD of tho capltosaurld 

amphibian Mosf/esou/ws, which, in tho north of tho basin Is stratlgrophlcally 

equivalent to tho baso of tho Burgorsdorp Formation, but as noted above, may 

occur In tho Katborg Formation in tho southwest of tho basin. Tho top of tho 

biozone Is taken a. tho FAD of "Aorofosue/rus" a/Mea/M/s. At prosont there Is no 

overlap between the LAD of /fosffosowus and tho FAD nf 
In tho north of tho basin, whoro "ArrofosHcW" o/Meonws does not occur, 
Kbsffosowrws occurs throughout tho preserved stratigraphy, and tho entire northern 

outcrop area may bo assigned to oubzono A. In tho north of tho basin, tho last 
appoaranco datum (LAD) of Kosffosourus In many places co-lneldoo with tho 

dovMopmont of a persistent channel sandstone, which is directly overlain by tho 

Indwo Sandstone Member of the Moltono Formation,



In the extreme south of the basin, subzone A occurs as a very thin unit overlying 
the Katborg Sandstone Formation. Given the proposed occurronco of Kostrosaurus 

in the western margins of the basin within the Katborg Formation, it is quite 
probable that the range of subzono A extends down into the underlying Katberg 
Sandstone Formation-in this region (Novollng, pers.eamm.h

Since the first descriptions of Wolman etal, (1991), the fauna from subzone A has 
become better collected and taxonomieally studied. Welman et a/. (1991) 
documented the occurrence of the: capitosaurid amphibian Parotesuohust 

arehosauriform Brythrosuchus sp; cynodonts Gynognathus sp; Trirachodon', and the 
therocephalian Baurfa sp. Re-assessment of this assemblage (Hancox at at., 1995} 
has shown that: the amphibian material from the north is actually assignable to the 
capitosaurid genus Kestmaurus; that the arehosauriform is more primitive than 
Stythrosuohus and may be tentatively assigned to the Russian genus Garjainfa 

(Welman pors.comm.Y, that the species of Trirachodon from the north is more 
primitive in state than that from the south of the basin (Welman pers.comm.h and 
that the bauriid material is most probably assignable to Sosamodon rather than 
Bauria (Hopson, pers.comm).

During this study a number of taxa were added to the fauna! list for subzone A. 
Discoveries made during collecting for this study Include the first occurrence of the: 
captorhinid Theiegmthm) indeterminable rhynchosaur material; and the iungftsh 
Ceratodus.

The occurrence of rhynchosaurs is confirmed by both postoranial material and a 
small fragment of cranial material. The skull fragment consists of a small piece of 
maxilla, on which numerous aerodont teeth are set in no particular order. It is 
similar In overall size and form to Howe&ia. The toothplates assigned to the lungfish 
genus Ceratodus are small, being less than 10mm in size, A numbs of further 
amphibian taxa have also been added to the known fauna, including Trematosuohus 

soboy/(Shishkin & Welman, 1994) and an unidentified braohyopid amphibian was 
also collected (Shishkin pore.comm,).
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