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ABSTRACT

Tho Burgersdarp and lower Moltcno Formations IBamboosborg and Indwo Members) 
form a well exposed sequence of sedimentary strata in tho mam Karoo Boom. A 

knowledge of tho fill of those two formations is ontieal to understanding tho basinal 

dovolopmont of tho upper part of tho Karoo rotro foreland. Presently both 

formations arc poorly understood ond this study addresses tho problem by 

investigating tho stratigraphio, sedimentolegieal and palaeontological signatures of 

tho two formations

Uthologieolly, the Burgersdorp Formation is composed of varicoloured floodplom 

fines and finemodium grained channel sandstone bodies, Palaoocurront 

measurements ndicato a system with unimodal flow to tho north northwest. The 

depositional environments for the Burgersdorp Formation are dominated by high 

sinuosity, mixed load moandorbolt facies associations deposited under somi and 

Gsndifiono. Tho provenance for the Burgersdorp Formation is a mixed acid plutonio, 

law grade metamorphic and sedimentary source, situated to tho south and south' 

southeast.

Tho uppermost strata of tho Burgersdorp Formation in the south of the bosin 

yielded a new totrapod fauna broadly assignable to tho CymogmofAws Assemblage 

Zone, but which also includes now eapitooauroid amphibians and tho first 

Btahlockomds and Shansiodontiids in South Africa. The discovery of this now 

fauna, coupled to tho spatial and temporal distribution of tho tomnospondyl 

ompii;bians from the allowed for a threefold biostratigraphio subdivision

for tho Assemblage Zone to bo erected. Correlation tho

GymgmfAus Assemblage ̂ one with other well dated nonmarino terrestrial deposits 

of @ondwana, Ghma and Russia, shows that tho ago of tho biosono spans the 

Lower Triassic KTrl; Scythian) Middle Triassic ITr2; Anioian) boundary.

The Bamboesbcrg and Indwo Members of the Moltcno Formation form a thick 

coarsening upward, sandstone dominated sequence, with subordinate fines and 

coal Polaeneurront directions indicate unimodal flow to the north non*



north nmt iwcGC on/imnmonto om mamly low csnu@sity, bodload

dommatcd humcd brajpkkino on whueh poat owampo llounshod. Pmvononoo studioo 

documcn; a mixed plitonie ond motomorphio oauroo, wdh oigndioont input from tho 

Capo ond lower Karoo Supergroups. Tho Bomboonbcrg and Indwo Momboro oontom 

a well prosorved pa?ao@flora, but no totrapod fossils, and tho palaeontologioal 

signature of tho two members indioatos a Carman ago for tho lower part of the 

Moltono Formation.

Tho contaot botwoon tho Burgersdorp and Molteno Formations «s formed by a 

diaehronous unoonformity surfaeo, which doeroasos in magnitudo sourooward from 

±  33Ma to & 4.5Ma. Tho geomotne form and fill of tho main Karoo Basin during tho 

Tnassic is strongly controlled by tho flexural response of the heterogeneous 

lithosphere, which undorplatoo tho boom, to orogonie loading caused by thrust 

activity in tho Capo Fold Belt (CFB). The spctial and temporal distribution of tho 

Burgersdorp and Moltcno Formations may therefore bo explained in terms of 

tcstonically controlled oouroowafd and basinward shifts in tho depositional system, 

overprinted by tho prevailing palaooelimato.



north n@rthwObt Dcpoo:tional environmrnto oro mainly low sinuosity, bedload 

dominated humid bi aidploino on whieh peat swamps flourished. Provononoo studies 

dooument a mixed plutoniic and motamorphio soureo, with sigmf oant input from tho 

Cape and lower Karoo Supergroups. Tho Bomboosborg and Indwo Members contain 

a well preserved palaeoflora, but no totrapod fossils, and tho palaeontological 

signature of tho two members indicates a Carman age for the lower part of the 

Moltono Formation.

Tho contaot between tho Burgersdorp and Moltono Formations is formed by a 

diachronous unconformity surfaeo, which decreases in magnitudo sourooward from 

±33Mat@ &4.5Ma. Tho geometric form and fill of tho mam Karoo Basin during tho 

Triassic is strongly controlled by tho flexural response of the heterogeneous 

lithosphere, which undorplatos tho basin, to orogonie loadir g caused by thrust 

activity in tho Capo Fold Bolt (CFB), Tho spatial and temporal distribution of the 

Burgersdorp and Molteno Formations may therefore be explained ,n terms of 

tcstonieally controlled sourooward ond basinward shifts in tho depositional system, 

overprinted by tho prova4mg palaeoclimotg.
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1 INTRODUCTION

1.1 Background

Tho ma«n Karoo Basin of South Africa contains one of tho most temporally and 

spatially QKtenoivo and well exposed oequenoaa of Gondwanan reoko In tho world. 
Tho preserved outcrops of th'3 predominantly sedimentary sequence, have a spatial 

distribution of soma $00 088km* (Smith, IBQOal, mere than holf the land surfaeo 

of Bouth Africa. Those strata aeoumulatcd in a largo, mtra eratonie rotro aro 

foreland basin (Johnson, 1B911 under environments ranging from glacial to aeolian, 
and record an almost continuous sedimentary succession from the Late 

GarBomferouo (308Ma% to tho Early Jurassic (1#8Ma| (Bmith, 100S).

Bam (18459 was tho first person to draw attention to this extensive sequence of 
resko, subsequently nammg those strata the Karoo "Series" (Bam, 1886). Jones 

gt0G7) introduced tho nomenclature Beaufort "Beds" for sedimentary rocks withm 

tho lower part of tho Karoo "Bonos* at Beaufort West and Bunn (107$, 1078* 
proposed tho term Btermborg "Beds* for tho uppermost part of tho Karoo "Berios*. 
Bunn $1070* funlior subdivided tho sequence Into tho "Goa* Measures, Rod Bods, 
Gavo Bandotono and Volcanic Beds". Tho valuo ot Bunn's work is, that with mine 

rofinomonts of terminology, it is still tho basis of what is accepted at present for 
the uppor Karoo.

Rogom (1000* lithootratigraphically divided this sequence of rocks, which ho 

termed tho Karoo "Byotom", into tho Bwyka, Bcea, Beaufort and Btormberg 

Groups. Rogers (1888* and Broom (1888a) further subdivided tho Boaufo t Group 

mto a Lower. Middle and Upper Bones This partitioning of tho Beaufort Group was 

accepted until Johnson (1876* erected a now lithootratigraphic subdivision for tho 

Group, for tho area covering East London to Pearoton in tho Eastern Gape. Johnson 

(1876* divided the Beaufort Group into a lower Adelaide Bubgroup, which broadly 

corresponded to tho Lower Beoufort Bencs of Rogers (1986) end Broom (1808a), 
and uppor Torkestod Bubgroup which equated to thoir Middle and Upper Bonoo.



Johnson (1976) further eons W ed that there woo nn jiuGlifieotmn fur the rotcntmn 

@f the term Stormborg Qreup. With minor oltcratiana Johnson's (1976) oubdivkmn 

of the Beaufort Group woo aoeoptcd by the Karoo Working Group of tho Booth 

Afnean Gouneil for Stratigraphy, who also abandoned tho term Btormborg m favour 
of assigning forrnauima! oaoh of tho undo that made up thio group (BAG#,
1980).

DuToil (1984) rceogmsed two ma;or otratigraphio breaks within tho Karoo 

Supergroup, one at too top of tho Dwyka Group and tho other at tho baso of tho 

"Btormborg" Group. Those stratigraphio breaks oro of enboal importaneo for bosmal 
dovolopmont studios, as they aro thought to reprosont tho mojjor hiata' ourfaooo and 

ohangos m sodimontary stylo withm tho main Karoo Basin.

Hobday (1978) noted tho paucity of sodimontary studios in various parts of tho 

sueoossion and pointed out tho nocd for detailed invostigationo of tho eentaoto 

botweon tho various subdivisions of tho Karoo Supergroup, stating (p.1) "today tho 

only issues involve details of oorrolationa and eoniaets botweon tho units and 

thoso problems aro likely to remain". Many of tho eentaoto between the Groups 

and Formations of tho Supergroup have however boon well dooumentcd for oortom 

parts of tho basin. Loeok (1967) described tho eontaet botweon tho Bwyka and 

Eeeo Groups, whilst Rubidgo (1987, 1988, 1999), Jordaon (1981) and Wiokeno 

(1884,1987) re defined tno Beoa Beaufort oontaot m tho oouthwootorn Karoo on 

oedimontologioal and palaoontologLoal grounds. One major oontaot that remains 

problematical is that between th? uppermost, Burgersdorp Formation of tho 

Beaufort Group ana tho basal Molteno Formation of what was previously termed 

tho "Btormborg Group". Johnson (1976) oonoludcd that there was no justdioation 

for tho retention of tho term "Btormborg Group' and tho nomcnelaturo woo 

therefore abandoned by BAG# (1980) in favour of assigning formational status to 

oaeh of tho units (Tablo 1.1).

The Moltcno Formation therefore overlies tho Burgorsdorp Formation (Table 1.1) 

and the oonwu Letwcon tho two sequoneeo rcurosonto one of tho two major



otratiyfophie Woako idontilied by BuToit 11054). A dotailed knowledgo of tho 

stratigraphy and litbolagy of tho Burgorsdorp and Moltcno Formations io orucal to 

tho undomtandmg tho nature of tho oontaot that oeporatos thorn.

Tho rooks of tho Karoo Supergroup also preserve a fossilized rooord of tho 

humorous faunal and floral elements that inhabited tho Karoo Basin. Tho fossils of 
tho Beaufort Group in particular reprosont one of tho host preserved eoolegiool 
assemblages of pro mammalian t . striol vertebrates in tho world IKoyser & Smith, 

197719 /8 ). Tho importance of noso fossils is two fold, as thoy allow for 

evolutionary studioo into important vortobrato Imoagos (Broom, 1932), as woll as 

for tho biostrotigrophie subdivision and global correlation of tho Boaufort Group.

Tho oldest rooord in print of fossils in tho rooks of tho Karoo Supergroup boars tho 

date 1831 and takes tho form of a lottor written by C.H.Cnsbrook, which was 

published in tho South African Quarterly Journal under tho titlo "Organic remains 

m tho Karroo". Tho locality data and whereabouts of tho roforrod to material is 

howovor unknown and tho first documented discovery of fossil roptilos in Karoo 

strata is of a dicynodont found near Fort Boaufort by A,G.Bain in 1838 (Bain, 
1845; Owen, 1850).

Because of their abundance in tho rocks of tho Karoo Supergroup and particularly, 
tho Boaufort Group, fossil totrapodo have long boon usod for tho bieotratigraphie 

subdivision of the soquonco. Wyloy (1858) introduced tho term "Roptilian Bods" for 

fossiliforous Karoo strata near Boaufort West and Seeley (1892) was tho first to 

attempt to subdivide tho rocks of tho Karoo biootratigraphically. Broom (1808b,e,d 

1 997 ,1999a) proposed a six fold biozonation for tho Boaufort Group (Tablo 1.2), 
which, with slight modification (Hotton & Kitching, 1983) was tho work accopted 

by most authors for tho noxt sixty years (Watson, 1913,1814; Von Huono. 1925; 

BuToit, 1954).



With tho mtonoivo Golloohng in tho Kamo Bocin oinoo Broom'o (19060) biozonation, 
numerous now diseovorioo of totrapod ioooilo inoluding amphibians, primitive 

roptiloo, mammal liko rcptilos, oarly mammals and dinosaurs have boon mado. Thio 

wealth of now matonal has ollowod for major revisions to tho oarly biostratigraphy 

(Kitehing, 1970,1972,1977,1984; Koyoor & Smith, 1977 197$; Koyoor, 1979; 

SAGS, 1980; Rubidgo of a/., 1996) sueh as to inoludo tho Elliot and Glarons 

Formations as woll (Kitehing & Raath, 1984). Tho curront tenfold biostratigraphio 

sub division of tho Karoo Supergroup io presented in Tablo 1.2, along with tho 

major historical revisions that have occurred. Thio rofmod biootratigraphy has 

facilitated tho correlation of thoso strata with equivalent sequences olsowhoro in 

tho world, which in turn has allowed for more precise relative dating of tho 

sequence.

Tho rocks of tho Karoo Supergroup have therefore boon tho focus of much 

sodimentologleal and palaeontological research, yet despite tho vast omounto of 
work undertaken in tho past hundred and fifty years, many aspects of the 

stratigraphy '"'hology, palooontology end basinal fill of the sequence aro still not 
adequately resolved. Thio io particularly true in respect of the Burgorsdorp and 

Moltcno Formations.

1.2 Burgorsdorp Formation

1.2.1 Historical Overview

Most of tho oarly research on the Burgorsdorp Formation (Tarkootod Subgroup, 
Boaufort Group) was undertaken by Alex BuToit between tho years 1994 and 

1918, and it was BuToit (190Bo) who introduced tho name "Burghorsdorp Bods" 
for tho sequence of predominantly red and purple mudroeks and subordinate 

sandstones, which outcrop around tho town of tho samo name in tho northeastern 

Gape Province,



Subsoquonl to tho divioion of tho Boaufort Group into a Lower, Middlo and Uppor 
Sorioo (Rogoro, 1905; Broom, 1906a), tho Burgc?odorp Formation wao oquatod to 

tho Uppor Boaufort (Rogers & BuToit, 1909). Watson (1914) produced tho first 

mop of tho strata aooi jnoblo to tho Burgorsdorp Formation in tho northoastom Capo 

Provineo and Stookloy (1947) documented strata assignable to tho Formation from 

Losotho. Rust (19S9 1962) described tho locks of tho uppermost part of tho 

Formation in tho aroa of Bushmanohook Pass, stat ng that thoy wore very similar 

in nature to tho overlying Moltono strata. Thio observation lod him to propose a 

paroconformity botwoon tho middle and upper parts of tho Burgorsdorp Formation.

Johnson (1966) considered tho toim "Burghorsdorp" Formation wnoccoptablo duo 

to tho fact that tho oxact spatial distribution of tho Formation was uncertain and 

in that ho folt DuToit (1905a) had not properly defined tho lowor contact. Johnson 

(1966) thoroforo introduced tho name Ouoonstown Formation for tho argillaceous 

strata above tho Katberg Formation in tho southeast of tho main Karoo Basin. 
Thoron (1970) and Von Eodcn (1972) termed tho Burgorsdorp Formation tho Upper 
Boaufort Formation and Upper Boaufort Stage roopootivoly. Neither thoso, nor 
Johnson's (1966) nomenclature wore however accepted by BAGS (1990), who in 

standardising tho description of tho Formation retained tho historical name 

"Burghorsdorp* but adopted tho modern spelling of Burgorsdorp.

In his summary of tho distribution of tho Karoo vortobrato fauna, Kitching (1977) 
gives a briof overview of tho rocks of tho Burgcrsderp Formation, as well as a 

summary of tho gonoral sedimentary environments and climate prevailing during tho 

deposition of tho Formation. Ho also includes numerous notes on tho distribution 

of tho fauna, thoir abundance and biostratigraphio importance

In a popor detailing tho sedimentation of tho Katberg Sandstone and adjacent 
Formations in tho southeastern Karoo Bosin, Btavrakio (1990a) agreed with Rust 

(1969) that tho uppor Burgorsdorp was similar to the lowermost Moltono Formation 

and that a major paraconformity existed within tho Burgorsdorp Formation.
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Johnson and Hiller (1 @90* dossnbcd (ho Formation in tho south of tho basin for tho 

oataloguo of South African Uthostratigrophie units, stating that north ^f tho towns 

of Burgorsdorp in tho oast and Umtata in tho west, tho Burgorsdorp and Katborg 

Formations cannot bo easily distinguished and tho Torkaotad Subgroup io in effect 
a singlo Formation, for which thoy proposed tho name Tarkaotad Formation. Those 

authors also submitted that a sandotono rich interval within tho lowor half of tho 

Formation in tho Torkastod aroa constituted a potentially moppoblo member and 

hence a useful marker horizon. Tho Tankas tad Formation of Johnson and Hillor 

(1998) roughly corresponds to tho Otierbur i  Formation in western Natal (Botha and 

Linotrdm, 1978) and tho Dhokoppon Formation in tho Free State (Groonowald, 
1984,1989, 1998,1996).

The most recent work on tho stratigraphy and sodimcntology of tho Burgorsdorp 

Formation Is that of Groonowald (1998) who described tho oodimontology and 

lithostratigraphy of tho lowor parts of tho Burgorsdorp Formation. Following Koycor 
(jBcry.eemmj ho proposed tho nomenclature "Andriosborg Member" for a sandotono 

rich interval In the middle of the Formation.

Most previous work on tho Burgorsdorp Formation has boon undertaken by 

palaeontologists and tho vortobrato fossils from tho Burgorsdorp Formation aro far 

bettor documented in tho literature than io tho lithology. Tho Formation io currently 

thought to contain representatives of two biozonoo (Rubidgo, 1998), with a fauna 

asoignoblo to tho lysfmsaums Assemblage Zono (Groonowald & Kitehing, 1895) 
preserved in tho lower third, and tho ontiro GynqgwofMs Assemblage Zone 

(Kitching, 1898) within tho uppor two thirdo of tho Formation.

Duo to tho number of names previously proposed for tho GynwafAus Assomblago 

Zeno, and in Fght of tho new finds and subdivision proposed in this thesis, a briof 
review of tho nomenclature pertaining to tho blozeno is necessary. Tho 

Zono was erected by Broom (1888b) and corresponds to Bcoloy'o
(1892) Zono of specialised thonodento, Broom's (1886b) nomoneloturo of this 

biozono remained in use for tho next seventy years and was accepted by Kitehing



(1 #70,1 #72.1 #771 during hio revision of tho biootroligrophy of (ho Boaufort Oroup 

(Tablo 1.2). Koyoor and @mith (1#77=7#l introdueod tho nomonelaturo 

"^onomoyor^" Assomblago Zono to rcplaoo tho Gyoogoaf/ws Zono of Broom 

(1#06b) and Kitehing (1870,1872,1877). This terminology was modified to tho 

Komoemoye/ro DWemodloo Assemblage Zono by Koycor (1878) and was formally 

aeeoptodby SAGS (1880) (Tablo 1.2). Tho dioynodontAwmomoyom was preferred 

over Cyno^oodkus as tho zono fossil as tho authoro koliovod that Gyrro^mfAus woo 

raro in tho sediments and that it woo impossible to aeeuratoly establish tho range 

of this genus. Thoy furthermore argued that Xbrwemo/edb spoeimono wore larger, 
more abundant and more easily reoognisoblo in tho field. Using a dioynodont genus 

was also in lino with tho praotieo for tho biozonotion of tho root of tho Boaufort 
Group at that time. Thoy did however noto that eomploto skulls of Kbnmcmoycna 

were not oommon.

Kttohing (1884) ro asooooed tho blozonatian of tho Boaufort Group as aceoptcd by 

SAG# (1 #80) and proposed tho name Gyno^nafAus GAdbmodon Assomblago Zono 

instead of tho Kbnnemoy##i=DWonmW Assomblago Zono of BAG# (1880). His 

re instatomont of GynognafAus as tho zono indox fossil was based on tho fast that 
tho genus ooeurs throughout tho biozono and that it io abundant in oollootiono 

worldwide. GW enW an was preferred aver ̂ bnncrnoyerni as an aososiated indox 

fossil duo to the fast that it was tho moot obunuant gonus in tho zono (Kitehing, 
1877). To bring this biozono in lino with internationally reeogniood nomoneloturo, 

Knehmg (1 #88) re assigned tho asoemblogo zono to tho hiotoneally important gonus 

GynogmGftws, oreating tho GynognafAus Assomblago Zeno.

Tho GymgnafAus Assomblago Zeno (Kitehing, 1888) as used in this thesis 

thoroforo eorrospondo to Booloy's (1882) Zono of specialized thoriodento, tho 

GynagnofAr# Zono of Broom (188Gb) and Kitehing (1870,1872,1877), as woll as 

tho Konnemoyenb Assomblago Zono of Koyoor & Smith (1877=78), tho 

^rmemeyona GJadbmndan Aoscmblago Zono (Koycor, 1878; BAG#, 1880) and tho 

GymgnarAws GWemoaW Assomblago Zono of Kitehing (1884).



Eorly wmkcro who eollcetGd in tho Aocomblogo Zono inGluded tho

hkeo of Thomas Bamo, Alfred (Gogga) Brown and Daniel Konnomoyor. Publichcd 

aoeounto of their dicooverioo are given in Bceloy (18B 8,1 BED, 1892,1894,1895  

o,b) and Broom (19Q8, 1@0Sa. 1906 a,b,o, 1909b, 1919a,b) and ineludo tho 

gonorie dosonptiono of tho oynedonts Gynogmr/Mrs and Diarfle/nodlor:. Brown in 

particular mado on onormouo contribution to tho knewlodgo of tho fauna end flora 

of tho biozono and hio collecting tnpa and loealitiea are recorded in his twcnty«ono 

volume unpublished journal. He is credited with numerous discoveries including tho 

amphibian aowoc/roswe/ius Arcww (Broom, 19031; tho copitorhinid (paroreptilol 
7%e^r;arAus Arownr (Broom, 1905a,bl; tho eosuchiano EhffAmsweAws o/Meowus 

(Broom 1906b|, fWbemdbm Amwnf (Broom, 1908al, /Vowesw Amwof (Broom, 
1906@5 and AfesosweAus iWatoon, 1912a) os well as numerous fish fossils 

(Broom, 1909b). In hio later life, Brown employed Albert William Higgins to collect 
for him, to whom io credited tho discovery of tho eosuchian AyporAmb cozens# 

(Broom, 1913a,bT Ewer, 1985).

In 1889 Bain introduced Bceloy to Brown and Konnmoyor. Konncmoyer, a medical 
doctor who lived m Burgorsdorp is remembered in particular for tho numerous skulls 

of fformpmoymo (Weithofor, 1888) ho collected from this area. From hio trip to 

Bouth Africa and tho mooting w th Kannomoyor and Brown, Beoley '1994.1998, 

1 9 0 7 ,1988a,b) described a number of GynogprofAws Assemblage Zone forms

During tho ponod 1935 38 and 1947 49 Gamp and Welles collected a number of 
completo specimens of from the GymgwrafAwa Assemblage 2@ne
near tho towns of Burgersdo p and Bouxville. This collecting was undoftakon due 

to tho paucity of comparative material available for their monograph on tf o Tnassie 

dicynodanto (Gamp, 1956, (  amp & Wol'oo, 1958). Hotton (1974) described tho 

omoli dicynodont M m W sia, wringing the total number of dicynodont genera known 

from tho biomno to two Haicox & Rubidgo (1994) described tho discovery of a 

third dicynodont from tho Assomblago gone - .id Haneor & Rubidgo

(1996) documented tho first occurrence of the East Afr.can dicynodont gonus 

uncrossing thol number of dicynodont genera for tho biozono to four,,



Kitehing (1963) doocnbcd tho oeounenao of "fossil pockets" and "bono beds" from 

tho Gynognot/wg Aooembiogo Zono and thio io to dato tha only aeeount of tho 

tophonomy of tho fossils from tho biozono. Fossils eolloetcd from those "bono bod" 

localities wore described in a number of earlier papers (Brink & Kitching, 1953; 

Brink 1955a,b; 1963a; 1965a,b).

Alfred Brown io also remembered for his collection of fossil plant material tromtho 

Burgorsdorp Formation in tho aroa surrounding Aliwal North, which woo 

accumulated between tho years 1889 1905. This material was first described and 

given a cursory taxonomic assessment by DuTwit (1927) and later a more thorough 

taxonomic assessment by Anderson & Anderson (1985). Along with m;«teriol 

collected by Kannomoyor from tho area surrounding tho town of Burgorsdorp, thoso 

specimens are new housed in tho SAN) and form tho best collection of fossil plant 
material known from the Formation. Tho most recent collecting of fossil plant 
material in the Burgorsdorp Formation Is that of Kitching circa 1955-1976 (in 

Anderson & Anderson, 1985),

Watson (1942) was tho first to suggest a possible subdivision of the Cymognafhws 

Assomblago Zone, based on tho biostrotigrophie range of /Grrmcmoycnb and 

EyfAmsoehus. Ho subdivided tho zono (fable 1.2) into a lower zono (A) in which 

Kamnemeyemo and ByfArosweAwg occurred together and an uppor zone (B) in which 

Konnomoyona was absent and ByfWsweAws woo extremely raro. Thio 

biostratigraphio range ferKonnemoymb was corroborated by Kitching (1977) and 

Cooper (1982), but refuted by Koyoor & Smith (1977=78) who believed that 

Kbfwcmoycm occurred throughout tho zono. Cooper (1982) feltthot^annomeyena 

was restricted to the lower half of tho Burgorsdorp Formation and further suggested 

that the uppor port of tho GynognarAus Assomblago Zono, above tho 

biostratigraphio range of /W remoymb, would eventually yield an advanced fauna, 
equivalent to his Tbfragen&s gone fauna (Table 1.21. He also considered the 

cynodont genera GynognarAus & GWomodon to occur throughout tho range of tho 

GynogqofAwg Assemblage Zono.



Tho early studios of tho CynogmafAus Assomblago Zono woro however limited to 

tho Eastern Cope, southeastern Frco State and Lesotho (Watson, 1914; Kitching, 
1963; Dingle of a/., 1983; Smith, 1990a). ?rior to tho 1990s, those wore tho only 

areas In whioh tho biozono was believed to ooour. Kitehing (1977, p.26) states " 
although tho Boaufort bods have been eorofully examined in a number of areas in 

tho Woponor, Thaba Nehu, Ladybrand, Scnokal, Bothlehem and Harrlomith diotriets 

for tho purpose of determining the extent of tho CynoiynofAws Zono northwards In 

tho Grange Free Siato, no fossil reptiles or sediments were found that eould bo 

assigned to tho zono. At present it seems that there wos no eontinuouo deposition 

of tho CynogwafAus Zono to the north of Woponor".

DuToit (1918) on tho other hand considered tho uppermost sedimentary rocks of 
tho Tarkaotad Subgroup in tho northeastern Free State to bo a continuation of part 
of tho Burgorsdorp Formation in tho southern Karoo Basin. Groenewald (1984, 
1989) accepted DuToit's claims but substituted the name Driekoppen Formation 

for tho northern deposits (Table 1.1). Wolmon of a/. (1991) corroborated this 

thinking with tho discovery of a fauna in tho northern Free State, assignable to the 

Gyno^nafAus Assemblage Zono. This discovery increased the extent of the biozono 

northwards by some 250 kilometres, Thoso new outcrops of the Gy/m&nafAws 

Assemblage Zono in tho northeastern Free St#o and at Thaba Nehu were 

interpreted to bo a northern facies equivalent of tho uppermost strata of the 

Burgorsdorp Formation in tho Queenstown, Bolotwa, Lady Froro and Engcobo 

districts (Wolman, 1991). This finding was fur*hor usod as a possible explanation 

for tho paraconformity within tho Burgorsdorp Formation previously proposed by 

Rust (1959 1962) and Btavrakio (1980).

Botha & Lmotrdm (1978), Groonowald (1999) and Smith of (1993) also folt that 

there were sufficient differences in lithology between tho rocko in tho south and 

north of tho basin to ncccssitoto separate formational naming, although at present 

only tho BurgeWorp Format&on io accopted (SAGS, 1989).



Fossil omphibiano fi "*m the CywogwoMus AGoombloge Zono have boon known for 
many years (Broom, I @04) and compared with othor Boaufort Group biozonns, tho 

O  oognafAua Assomblago Zono has an obundaneo of amphibian material (Kitching, 
1957, 1@6@, 1978; Chernin, (1977, 1978); Haneox of o/., 1995; Shishkin & 

Wclmon, 1994). Tho main amphibian roprosontativoo within this biozono aro tho 

Family Capitosauridao, with lessor Tromotosauridao, Brachyopldao and Laidloriidao 

(Kitehing 1978). Tho Laidloriidao oro howovor known from only a singlo specimen 

(Aa&Wbffb) and it is questionable as to whether tho form is actuolly from this biozono 

or from tho underlying Aysfrosowrwa Assomblago Zono (Kitching, pers.eomm.).

Amphibians thoroforo form an Important part of tho overall fauna of the 

Cynog/raf/wm Assomblago Zono, but havo tended to be nogloctod in favour of 

studios on theropsids. Kitching (1978) discussed tho stratigraphic distribution and 

occurrence of tho amphibi rno from tho biozono and Shishkin & Wolman (1994) re- 
described tho tromatosucnid amphibian TyomafosueAua from the biozono and 

Shishkin of oA (A* prop.) aro ro-ossessing tho taxonomy of Koaffosawrw and 

RrrofosucAus afWconus. Basod primarily on those taxonomic ro assossmonto and 

new discovorlos of amphibians from tho uppor part of tho Cyno^notW Assomblago 

Zono, Honeox of oA (1996) proposed tho possibility of a threefold subdivision of tho 

biozono. This subdivision was based primarily on tho spatial and temporal 
distribution of throo koy amphibian indox genera and thoir associated faunas.

Amphibians havo also played an important role in tho dating of tho biozono. On tho 

basis of tho presence of Gye/ofosamw a/Berfynf (Broom, 1904) proposed a Late 

Triaoois ago for tho Gynogrof/M# Assomblago Zono and based on tho similarities 

of AAyf&Wows (Owen, 1884) to Dc/fasaurws, from tho Posidonomya Bods of tho 

Blina Sholoo of Western Australia, Coognff (1965) assigned tho CywognafAws 

Assemblage Zone a Lower Tnassie (Bcythnan) ago. Most subsequent ago 

estimations havo boon basod on tho presence of tho amphibian Arrefosuebus and 

on correlations with fossiliforous strata from othor parts of Gondwana, At present 
most authoro accept an Body Triasoio age for tho biozono (BuToit, 1954; Andorson 

& Andorson, 1970; Andorson & Gruickshark, 1978; Snornin, 1978), although a
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Mid-Tnosoie ago has oloo boon proposed (von Huono, 1940) and is gaining gonoral 
acceptance (Koyoor, 1973; Kitching, 1977; Cruiekohank, 1973a, 1989, 1986; 
Ochov & Shiohkin, 1989; Shishkin of aA, 1994). Tho loxicon of South African 

stratigraphy (Johnson, 1994) howovor assigns tho Burgorsdorp Formation a 

Permian ay.,. In tho most recent work on tho Formation, Groonowald (1996) 
assigns tho Torkastod Subgroup, of which tho Burgorsdorp Formation is tho 

uppermost unit, an ago ranging from Early to Lato Triassio (247-21 SMo), thereby 

assigning tho uppermost Burgorsdorp Formation a Loto Triassio ago.

Facies genesis for tho parts of tho Burgorsdorp Formation, which contain fossils 

assignable to tho CywgnafAus Assomblago Zone, havo previously boon interpreted 

as boing deposited by various difforent fluvial systems. Hillor & Stavrakis (1984; 

propose dopos'tion by high sinuosity meandering rivers, with ovorbank deposition 

in mud dominated playa lakes. Thoy further advance that the system accumulated 

fine groined sediment in a reduced inland basin, with source areas to tho south, 
ocuthwoct and southeast. Johnson & Hillor (1990) believed thot tho rocks of tho 

CynognafAus Assomblago Zono wore deposited by anastomosed or frequently 

avulsing meandering streams, with sandy channels which frequently overtopped 

their banks forming numerous erovaoso splay deposits. Botha & Unstrdm (1978) 

concluded that in tho northeastern part of tho basin, Burgorsdorp sedimentary 

strata wore deposited In alow flowing meandering streams, fed by alluvial fans 

situated to tho southwest and southeast. Wolman of o/ H991) folt that tho lack 

of well defined channel sandstones and tho decrease in obundaneo of carbonate 

Goneiotmnory horizons In tho extreme northern part of tho basin indicated 

widespread locustuno conditions.

Tho reconstructions of tiro palaooelimato prevailing during tho facies genesis of tho 

Burgorsdorp Formation has previously boon based on both sedimontologieal and 

palaeontological evidence (DuToit, 1948). Based on tho presence of mud cracks, 

small rosotto shaped inclusions and tho degree of taphonomic bone damago, 

Kitching (1977) (p. 27) states that "it seems reasonable to assume that tho 

sediments of tho GynegnafAws Zono wore laid down in a shallow and considerably



fedueod basin under drier eendiWno than these envisaged for tho preceding 

Ayafresawft# Zono". The wot oonditmno proposed by early workers for the 

iygffosmm# Assemblage Zono have however recently been ohallonged by @m;th

(1995) who proposed dry floedbasin eonditiono for tho Assomblago 

Zono. Basod on tho prosonoo of oaloaroous oonorotions in tho sodimontary straw 

and salt glands in tho eynodont OWemodlen, Grino otaA (1979) proposed a v/arm 

to hot (arid) elimato with a mean annual temperature of botweon 1G 20 G.

1.2.2 Rovbw of previous Investigations

Tho preceding historioa! ovorviow of tho Burgorsdorp Formation shows it to bo 

poorly dooumontod w .. understood, both lithologieally and with rocpoet to tho 

kiostratigroohro rongos and modo of oeourronoo of its faunal content. Tho 

sedimontologieal aspects of tho Burgorsdorp Formation aro known only from tho 

dosGriptions of DuToit (1904, 1909a, 1919), Watson (1913), Stookloy (1b47), 
Rost (1989, 1962), Johnson (1986), Kitohing (1977), Btavrakio (1980), Hillor & 

Buvrakis (1994), Johnson & Hillor (1990) and Groenewald (1996), Of those 

previous studios Btavrakio (1980), Hillor & Btavrakio (1084) and Groonowald
(1996) wore basod primarily on tho lowermost Burgorsdorp Formation and that of 
Rust (1009,1982) on only a singlo locality at Bushmanohook Pass. Tho work of 

Jehnson & Hillor (1990) *o predominantly a literature review of previous work hy 

Btavrakio (1980a) and Hiller & Btavrakio (1984). Kitchmg's (1977) documentation 

of tho Formation io of a very bread scale, with no real lithostratigraphio control. Tho 

lithostratigraphy and sodimontology of tho middlo and uppor port of tho Formation 

is not dosembod in any dotoil and tho litWacioo typos, channel morphologies, sand 

body goomotnos end floodploin sub environments are not yet described.

Although a major paraconformity may exist within tho Burgorsdorp as proposed by 

Rust (1969,1982;, B&avrakis (1980a) and Wolman or (1891), tho reasoning and 

doscriptmn of such a surface is not definitive. Rust'o (1869,1982) delineation of 
a paraconformity was based on tho fact that ho erroneously assigned uppsrmost 
Burgorsdorp strata m Bushmanshook Pass to tho Moltcna Formation (Tumor,



@Wrakio (19803)) a g fcca  m ih  Rust (1 9 5 9 ,1 9 6 2 *  that ih( okata  @f ih o  

uppor BufQorGdarp Pormatmm w ere farmed under oomiiSar mndmama w  tho Maltond 

Formatmn and that there m ust thoroforo bo a  major parammformsty botw oon tho  

middle and upper Burgerodorp, He how ovor W o  t@ Qivo dotoilo o f hio plasom ont of 

tho upper eon taet, nor detailed reacnmng for tho noeurronso o f a paroeonformity.

Wolman gf ot (1991* propose that tiro paraennformuty tdentdicd by Rwot (1989, 
198211 and Btavrakio (1980a) oW d bo aonountcd for by tho °faot° that tho 

northern faocoo of tho Burgorsdorp Formation eould "posGubly* bo equivalent to tho 

upper Burgorsdorp strata «n tho Queenstown area, Tho ewolawm of tho northern 

fascoo with tho uppermost Burgcrcdorp Formation in the south of tho basin is 

huwovor ohallonged by Honspx of a t on tho basis of tho onslused faunal 
oantont. Tho question of a pora#nf@rm:ty and its strotigraphis oGourroneo with# 

tho Burgorsdorp Formation thoroforo remains unrocelvcd,

Bdferont f ormahonal namos havo m tho post boon applied to similar reek soquonsos 

m tho south and north of tho basm, and tho disagreement amongst authors as to 

whether tho north and oauth of tho basin require separate fermatiena* naming is 

unresolved. Insufficient LtlWogical studies have boon undertaken to date and at 

present @nly #no formational name is ageepted 1990; Johnson & Hiller,
199#. No fermsl hthplpgiGQ* subdivuomn of the Burgcrsdprp Formatien has boon 

pmppoed and tho lower oondswno henzen of Johnson & Hiller (1990) and tho 

Andriosborg Mcmbor @f Qrocnowold (1998* have net boon mapped throughout tho 

basin, and may m feet refer t# tho oamo interval. The problem @f tho GtratigraphMg 

placement @f sandsteno ush hardens thoroforo requires addressing,

Tho faunal range of as proposed Watson (1942), Kitehing (1972)
and Qeeper (1982) wos refuted by Koyce; and Bmith 11972=19781. who folt that 
KomcmoyoM neeuwed throughout tho gene Keyset & Smith's (1977=1978) 
eceurronen @f ̂ orgdgmaycna m tho uppormnst Gyaogww&Ms Aosemblago 2ono was 

howovor based en iswated post eramal remains (Koyser, pcrg.eemmj. Tho recent 

discovery of another forgo dicynodont *n tho uppermost port of tho anno (Honeox



& Rub'dgo, 1084) highbghto tho pmMcmo of basing b:@Gtmtigraphi@ fongoo @n 

ioo!otod post ofomol fomamo of dmymdonto Umeoftomty rogatding tho 

biootmtigraphiG rango of Ay^cwoyoAa thoroforo oxioto and it 10 important that thio 

bo oolvcd in light of ito biOGtratigraphio importanoo within tho Q  wy/KMAwa 

Aooomblago Zono (Hanoox otoA, 18BBL ao woll ao ita global bioohronologieal and 

eoriolativo value for tho non ma,mo Triasoio.

In opito of thoir abundanoo in tho Gyno^nafAws Assomblago Zono (Kitohing, 10701, 
tho distribution and toxonomio rcpjooontalion of tho tomnoopondyl amphibiono is 

poorly known, with most forms bomg lumped mto tho oatoh all oapotosaund gonuo 

AM@;#MT@Aws. Boeauso of this faot, amphibiana havo provmusly boon ovorlookod 

as potential biostratigraphio mdioatoro, Studios by Shishkin & Wolman (1000) and 

Shishkin of of, for prepJ rofinod tho toxonomio resolution of tho tcmnoopondyl 
amphibians from tho GyrmgnafAus Assomblago Zono, whioh in turn allowed Hanoox 

or o& 110801 to show that tomnospondyl amphibians aro important for both tho 

b octratigraphio subdivision of tho zone, and in solving boom dovolopmoit problems 

that goologmal studios olono eould not (Hanoox & Rubidgo, rn press).

Gapitooaurid amphibians aro furthermore lestnetcd to strata of Tnaooio ago and aro 

important for global bioohronologiool end oorrolotivo studioo, bomg known from 

deposits in: Muropo tWelloo & Googuff. 1808): Ghma (Young, 1866; Luoas & Hunt, 
1983), Morth Amonoa (Wolloo & Gocgntf, I960), East Afnoo (Howie, 1978; 
Ghomm & Grmokshank, 1971; Ghomm & Gocgnff, 1878) and South Afnoa 

f'fcm in, 1978; Kitehing, 1978.Hanoo%ofaf, 1088), Antarotiea (Hammer, 1908), 
Australia (Goognff, 1868.19721 and India (Jam of o&, 1964; Ghowdhury, 1879a).. 

Although ell oapitosauro are thought to have been GCmn=aquoti@. freshwater forms 

(DoPauw. 1987.1989). thoy oro of vital imporfanoo for nonmormo oorrolation and 

ago dotcrmmatmns. as closely related ta*a are known from well dated marine 

deposits- Thoy therefore provide tho best correlative ink botweon tho standard 

marmo ouseossioo and the nonmormo Trussne record.



Although n@ bmQtmtigmphiG oubdiviGion of tho GymogmaMos Asoemblogo Zono hos 

boon formolly aeooptcd, votious faunal tango trends havo boon published IWotoon, 
1B42; Kitehing, 1877; Goopor, 1982; Haneox of a/., 1990* Thoso trends requiro 

eonlirmatmn and bmstratigrcphie studios may furthormoro aid m dobning tho oxoet 
stratigraphie positions of tho various sandotono rieh intervals, thereby aiding m 

lithootratigraphie eorrolation and basinal dovolopment studios.

Within tho Burgorsdorp Formation, both tho lyaffoaawfus and Gyno^nof/ks 

Assemblage Zonos havo in tho past boon tho foeus of numerous attempts at 
eorrolation with oquivalonto proposed from nearly all tho (Bondwanan basins 

(Andorson, 1977; Andorson & Gruiekchank, 1970; Oehov & Shishkin, 1989; 
Andorson & Andorson, 1993a,b; Battail, 1993). In moot eases thoso oorrolations 

novo boon based on tho ontiro GynggwofAws Assomblago Zono, as subdivisions 

within tho biozono wore not previously roeegmsod. Gorrolatian of tho Burgorsdorp 

Formation (Gynognaf/ms Assomblago Zono) with hotter dated soquoneoo in tho 

northern hemisphoro has thoroforo previously boon hampered by tho faok of detailed 

information on tho biostratigraphio ranges of tho faunal olcmonts. This has meant 

that tho relative ago of tho biozono has not boon well eonstramed.

Tho look of constraint as to tho ages of tho Burgorsdorp Formation is based 

primarily on tho foot that tho eorrolation and relative ago of tho 'aunao within tho 

tysfrosom# and GynognofAws Assemblage Zones aro debatable. Tho Ayofrosacm# 

Assomblago Zono is currently assigned an Early Triassio (early Scythian) ago 

(Groenowald & Kitching, 1990*. Bomo disagreamont howover ooeurs amongst 
workers as to what part of tho Lowor Triassio is represented by tho iysfmsomrs 

Assomblago Zono= For a disoussion regarding tho ago of this fauna, tho reader is 

roforrod to ©Ghov & Biiichkm (1989), Bhishkm of (1994) and ©roenowald & 

Kitching (1990).

Tho Gymgmaf Aws Assomblago Zono is traditionally placed within tho Lower Triassio 

Woythian), primarily on tho basis of the belief that tho amphibians from tho zono 

are eongonono with tho European genus RvofesweAr# (BuToit 1904). Tho biozono



io procondy aseoptcd ao being lato Seythian to oatly Amsian in ago fKitohmg, 
1996), howovor tho ago of tho biozono hao boon tho oubjoot of oonoidcrablo dobato 

in tho post. Broom (1904) eonstdored tho uppor port of tho Gymo/fmMws 

Aosomblago Zono to bo Upper Tnaoaio, based on the mistaken boliof that matorioi 
now assigned to wao oongonorie with Gye/ofosawws, and

that it was vory aimilar to tho Uppor Tiioosio Cmbwsfug from tho Koupor of 
Gormany. Andorson & Andorson (1970) plaecd tho Gyno^nofAus Assomblago zono 

with n tho Uppor Induon (Dionorian), boood on thoir aeeoptanco of 
Assomblago Zeno as bomg uppermost Permian (Uppor Tartarian) in ago. Most othor 
workers in tho 10G0's and 1970's assigned a lato Early Triassie ogo to tha 

GynognafAws Assomblago Zono. Taking tho base of tho Trisosio to eomoido with 

tho baso of tho Katborg Formation, tho Burgorsdorp Formation was eonsidored to 

bo of Lowor Triassio (Boythian) ago by Romor (1070) and SACS (1980).

Various authors havo roeontly questioned this assignation and havo reverted to a 

lawor Middlo Triassio ago for tho GymognofAus Assomblago Zono, as first 
adveoatcd by von Hucno (1940). On tho basis of tho comparative morphology of 
fbmresueAus aAmam# with ArorosueAws mega,Atm# and ArrofosuoAua pronug, 
Ghomin (1978) plaoed tho Gym^mafAus Assomblago Zono eloso to tho boundary 

botwoon tho Lowor and Middlo Triassie. Gruiekshank (1978) postulated that tho 

GynogwafAws Assomblago Zono proterosuehians woro far more opoeialised than 

their Lygffosaurus Assomblago Zono foroboaro, and thoroforo probably roprosontod 

gonora of at loost vory lato Lowor or ovon Darkest Middlo Triassie ago. Grino of a& 

(1978), Gruiekshank (1988a), Gehov & Bhishkin (1989), Hammer (1988,1809, 
1886) and Shishkin & Oehov (1983) all assign a Middlo Triassie (Anicion) ago to 

tho biozono.

Btaploton (1978) ohallonged tho Lowor to Middle Triassie dating of tho 

GymwofAws Assomblago Zono on tho grounds that palynologieal data from tho 

Burgorsdorp and Molten® Formations indieatod no major ehongo aeross tho 

boundary. Btaploton (1078) furthormoro proposed that tho mieroflora was 

transitional botwoon Permian and Triassio ftpes Ho thoroforo plaeod tho Pormo



Tnasoie boundary within mo Burgofcdorp Pnrmauan, thoroby opplymg an uppor 
Pormmn ago to tho baoal part of tho Burgorcdorp Formation. Many of Stoploton'o 

taxa woro howovor hadly preserved and hio arguments havo not found favour in tho 

cGienlifiG tummunity.

Basod on tho obovo argumonto, tho relative ago of tho Burgorcdorp Formation has 

thoroforo boen eonstramed as being any whoro botweon tho Uppor Permian and Lato 

Triassie, with tho ago of tho CynegmofAws Assomblago Zono ranging from tho Early 

Triassie fSeythianl (Andorson & Andorson, 1970) through to tho Uppor Tnassie 

(Broom, 1904).

Tho distribution, diversity and taxonomy of tho fossil plants of tho Burgorsdorp 

Formation is poorly known duo primarily to imcuffieiont eolloeting. An ineroosod 

knowledge of tho floral eompononts of tho Burgcrsderp Formation io partieularly 

important for tho information thoy supply regarding past elimatio eonditiono, as woll 

os for their bioatratigraphie usolulnoso. Tho palaeoelimato prevailing during tho 

faeces genesis of tho Burgorsdorp Formation is somewhat problomatioal, with tho 

olimato having previously boon broadly interpreted as dry (Kitehing, 1977) to hot 

and and (Grino of oL 1979).

Tho resent dioeovery of a GynogmorAe# Assomblago Zono fauna from the north of 
tho basin (Wolman of oA, 1D91) has added further oomploxity to tho 

lithostratigraphy, biootratigraphy, oorrelation and relative ago of tho GynogmtAws 

Assomblago Zono. Tho ohronostratigraphio relationships botweon tho Burgorsdorp 

Formation in tho north and tho south of tho bosin aro not woll defined, which m 

turn has compounded tho problem of how basin fill occurred.

In gonoral, tho loek of studios on tho Burgorsdorp Formation is primarily duo to fact 
thot tho Formation is void of any eoonomioal potential and thoroforo missed tho 

attention paid to tho Lower Boaufort during the boom in uranium exploration m tho 

late 1970"s and early l88@*o (eg LoRoux & Toons, 1986). Most of tho available 

Moroture on tho Burgorsdorp Formation is furthormoro based on tho southern part



8* tho boom, and vory Mtlo 10 known about tho northern deposits and ito nowly 

discovered fauna (Wolman of oA, 1901) Because of tho foot thot tho 

oodimontology lithostratigraphy and biootratigraphy of tho Formation aro not woll 
documented, tho facias genesis, palaeoelimato, correlation and rolativo ago of tho 

Formation has not boon well mtorprotod, and ito sotting within tho basinal 

dovolopmont of tho upper Boaufort Group "o poorly understood,

1.3. Moltono Formation

1.3.1 Historical Overview

Tho earliest work on the Moltono Formation was primarily ooneomod with tho oeal 
deposits in tho northoastom Gapo, with tho oldest record of coal in tho Formation 

being that of Wyloy (1856). Coal in the Moltono was first mined in 1884 at 
Byforgat near the town of Moltono itself. For tho noxt forty years thoso coal 
deposits formed the focus of numerous studioo with authoro sueh as North (1878), 
Green (1883), Galloway (1889) and Schwartz (1903) describing various aspects 

of tho coal reserves, quality and origin of formation of those seams. North (1878) 

was also tho first to suggest a provenanco for tho pebbles m tho sandstones of tho 

"Coal Measures", believing them to bo from the Zwartborg Range of tho Tablo 

Mountain Sandstone (TMS). Dunn (1873, 1878, 1879) worked on tho "Coal 

Measures" and considered them, and hence tho Bamboosborg and (ndwo Sandstone 

Members of tho Moltono Formation, to bo upper Triassie in ago. Rogers (1905) 
similarly deduced tho presence of a southerly mountain range based on the 

occurrence of lorgo, well rounded guartato pebbles, *ho coarse nature of tho 

sandstones, and the northerly palaoocurrent directions.

Tho torm Moltono m roforcneo &o a stratigraphie subdivision was first used by
Green (18831 m tho form of Moltono "Bods", to describe exposures around tho 

town of Moltono, and to replace Dunn's 'Tool Measures". Green (1883) also dealt 
with tho problems of correlation and ongm of tho coal seams within the Molteno 

"Beds ' Tho most significant early works regarding the Molteno Formation aro



those of DuToit who between tho years 1903 and 1911 wrote a series of reports 

dealing with the Slormborg (DuToit, 1903,1904, 1905a, 1905b, IGOBo, 1910, 
1911). DuToit (1905b) subdivided tho Molteno "Beds" into throo main divisions and 

wos thoroforo tho first person to roeogmso the stratigraphie oomploxity of tho 

Moltono Formation. DuToit (1905e) also identified and mappod a 460m thiok down 

faulted block of Moltono strata on tho oast coast of Bouth Africa, near Port 

St.Johns.

Because of the prosonco of coal in tho Moltono Formation tho ninotoon twenties 

and thirties saw major interest and prospecting within tho Eastern Gapo. Houghton 

(1924) provided a vivid, although somewhat unconventional account of tho 

palaooelimato and eonditiono of sedimentation for tho Moltono Formation, in which 

ho suggostod tho Formation was tho product of a "true" or sub aorml delta, 
deposited under cool, wot climatic conditions, with ii.&ormittont rainfall. Based on 

tho palaeontological signature of tho Formation Houghton (1924) proposed a Mid 

Tnasoie ago for tho Molteno. Tho abundance of trough ereos stratifiod sandstone 

lod DuToit (1911) to postulate shadow water conditions for deposition of the 

sedimentary rocks of tho Moltono Formation and later (DuToit, 1926) also proposed 

that tho granite baoomcnt uidorlying tho rocks of tho Karoo and Gape Supergroups 

contributed to tho sedimentary strata of tho Moltono "Bods ' and dooumontod that 
tho Moltono "Bods" worn present further to tho north than previously thought, to 

Mcmol whoro they formed but a single gritty bod. Govern (1927) mapped an area 

around tho town of Moltono and noted features associated with the 

contomporonoouo erosion of tho coal. Van Ecdcn (1937) introduced tho time 

idatcd torm Moltono "Stage" to tho literature and made important thickness 

measurements for the Moltono strata, as woll os tracing their extension as far 
North as Vorkykorskop, thus substantiating DuToit's earlier work.

From 1942 to 1944 B.J V.Botho earned out reconnaissance fieldwork m tho 

Molteno and Btorkotroom districts for tho Geological Burvov (Botha. 1952). This 

lod to the drilling of some twelve boreholes at Molteno and one at Btorkotroom, 

which greatly increased tho knowledge of the stratigraphy and thickness of tho



Formation. Stoakloy (1947) roeordod thieknoao mooouromonlo for tho Moltono 

"Stago" at vanouo loeohtioo m tho Eastern Gapo and Losotho, and oonoludod tnot 
tho strata &hmnod northwards. Based on tho prcooneo of "red shale" in tho lower 
part of tho Molteno Formation, Stoekloy (1947) proposed looal arid eonditiono 

during sodimentatan. Tho descriptions of tho Formation given by Stoekloy (1947) 

closely parallel thoso of Houghton (1924).

Tho oarly nineteen fifties and sixties witnessed renewed interest in the eool 
deposits and sedimentary strata of tho Moltono "Stage". Berry (1952) described 

Moltono strata from tho vieinitv of Wopenor, noting that tho sandstones were finer 
grained than those further north towar "s Bothlehem. Botha (1952), described tho 

"Stormborg Series" in an area to tho north of Elliot and undertook considerable 

work on tho petrology of tho sandstones of the Molteno Formation, especially with 

respect to their heavy mineral content. Based on further work on the heavy mineral 
assemblages within tho Moltono "Stage", Koon (1955) tentatively identified 

Molteno strata in tho Waterborg area of tho Springbok flats. If correct, this 

ooourrenen represents tho moot northerly deposits of tho Moltono Formation in 

South Africa.

Bust (1959,1952) provides a vory detailed account of tho Molteno Formation in 

the vicinity of tho town of Moltono and at Bushmanohook Pass. Bust (1959,1952, 

pec&eemm.} favours deposition brought about by braided outwash steams, on a 

proglaeial alluvial fan. Ho furthormoro used tho scarcity of mwdcracko in tho 

Mobono Formation to propose a perennial river system with cold climatic 

conditions. Bust (1959.1952) proposed that tho quartaito pebbles in tho lower part 
of tho Moltono Formation moot closely resembled quartzitos from tho Wittoberg 

Group of tho Table Mountain Sandstones (TM$). Ho recognized five successive 

"cyelothoms ' within tho lower 275 m of tho Moltono Formation and concluded that 

the Formation was tho result of tho second stage of the Gapo orogeny. Aa ouch ho 

was the first to place a tectonic signature to tho origin of the Moltono Formation. 
Following Houghton (1924) ho assigned tho Formation a Mid Triasoio ago and 

proposed that from a morphological viewpoint, tho Burgorsdorp and Moltono



Formations should bo grouped together m one "Btogo". In a combined 

scdimcntclogieal, strohgraphica! and potrologieal study of Iho Moltono in tho 

vioinity of tho town of Indwo, Ryan (1963* ot ndod that tho Molteno, 
Storkstroom, Indwo and Maoloar areas woro tho most advantageous for furtMr cool 

exploration. Ryan (1963* also introduced tho torm "Indwo Transition Bods" for tho 

upper half of tho Bamboosborg Mombor.

Johnson (1966* and Smita (1966) woro tho firot to informally use tho to. m Moltono 

Formation, alttiough Smito (1971* reverted to tho use of tho torm otago. 
Formational status was aeeoptod by SAGS (1971). Botha & Thoron (1967) reported 

on tho sodimontology and stratigraphy of tho Moltono "Stogo* in tho Eastern Gapo 

in tho Elliot and Matatiolo area. Robinson of oA (19691 diseuooed tho geology and 

oil potential of tho "Stormborg" and defined tho lowor oontaot of tho Moltono oo 

a conformable, composite succession with tho underlying Boaufort Group.

Tho most comprehensive account of tho Moltono Formation to dato is provided by 

tho various works of Tumor, (1969a e, 1970 ,1971o,b, 1972o,b, 1978a,b, 1977, 

1978a, 1990, 1981a, 1983, 1934). Turner (1969a c, 1971a.b) dooehbod tho 

geology and eool rosouroos of tho Moltono Formation in tho northoastom Gape 

Province, and gavo tho first comprohonoivo regional aecouut of tho stratigraphy and 

geological history of tho Formation (Tumor, 1978a). As a result of this regional 
study, a number of now stratigraphie members woro recognized, including various 

important marker horizons (Tobie.1.3o*.

Turner (1978a* was also tho first to noto that tho Bamboooberg Member wedged 

out such that only tho Indwo Member was preserved in tho north of tho basin (Fig 

1.1). Ho proposed that tho wedging out of strata bolow tho Indwo was duo to 

erosion and truncation brought obeut by tho Indwo "transgression". Tumor aiguoo 

against differential subsidence to account for tho ehongos m thickness of tho 

Molteno Formation and states lp.28) "there is no doubt that tho Molteno bovolo 

down over 1399m of strata from tho south to tho northeast". More reeont 
investigations (Tumor, 1977, 1989, 1983) lod to refinements of many of hio



Gwgonal idooo, ineludmg oupoeto of tho polaooonvwonmonts, palaoohydfQuliiGG and 

provononeo of tho Formation.

Tumor (1978a) eoneurrcd with tho ootlv worko of Rust (1989, 1962) and Ryan 

(198$) that tho deposition of tho sandatono bodies within tho Moltono Formation 

ooourrod in a perennial braided rivor system, and following Mlairo (1978) 
olaosdication of braided over typos, regarded the Moltono as moot similar to tho 

Platto (Turner, 1980). This assumption was howovor based predominantly on tho 

internal structure of tho sandstones of tho Indwo Sandotono Member. Tumor 

(1984) oltorcd thio view slightly in that ho folt tho preserved faeioo soquonaeo in 

tho sandstone dominated Members of tho Moltono Formation wore deposited by 

broidod systems similar in character to tho Bijou Grcok and Bouth Saskatchewan 

Rrvor models. In tho last of his papors doalmg with tho Formation, Tumor (1983) 
mtorprotod tho Moltono Formation as boing deposited m tho proximal roaches of a 

braided river system draining an alluvial fan of tho glacial outwash typo.

Christie (1981) worked on tho stratigraphy and scdimontology of tho Moltono 

Formation in tho vicinity of Elliot and Indwo in tho southorn part of tho basin. He 

accepted tho lowermost mombors of Tumor (1978a), but replaced tho uppor 

members with four of his own, also recognising a number of important marker 
horizons (Table. 1.3b). Christie (1981) proposed that tho mudrock rieh intervals 

represent deposition on broad alluvial plains. Christie (1986), Christie & MacDonald 

#  prep.) and MacDonald (1993) proposed a roviood lithostratigraphy for tho 

Moltono Formation (Table. 1.3c), which io howovor yet to bo formalised. Thoso 

authoro propose only one change to that of Chnotio (1981), in that tho Loskop 

Mombor was included with tho Tsomo Member, duo to tho fact that tho torm 

Loskop was already in use,

Enkoson (1983) interpreted the palaeoonvircnmontal sotting of tho Moltono strata 

m tho north oast of Notol, whoro only tho Indwo Sondstono Mombor is preserved. 

At this timo ho assigned tho Moltono Formation a Mid Triaooio age, but later 
changed to a Lato Triassie ago for tho Formation (Enksocn, 1984; Eriksson of a&.
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1995). Enksuon of oA (1995) oloo pmvido a cimplo pcimgraphie analyois of thu 

Moltono Formation in Natal.

Rooont work on tho Moltono Formation has ooneontrotcd on tho eool soam 

potontiol (Ghriotio. 1988; Hoirnomon, 1988; MoeDonald, 1988, 1993), and littlo 

oodimontologieal work hao boon undertaken on tho Formation. Tho moot recent 
study of tho Moltono Formation io that of Cairncroso ofoA (1995) who doeum& itod 

a number of BGdimontologieal sub environmonto and diseuooed tho palaoooeology 

of tho Formation.

Apart from tho studios on tho eool seams withm tho Formation, moot of tho 

roooareh previously undertaken on the Molteno Formation hao boon concerned with 

tho poloeoflora of tho ooquoneo (Mumstoad, 1969; Andorson, 1974, 1976 a.b, 

1978; Andorson & Andorson 1970,1979,1983,1984,1989; 1995, m press, m 

prrp.). Fossil piant material has boon eolloeted mainly by tho Andersens, but also 

by Kannomoyor (pro 1889, in Anderson & Andorson, 1985), DuToit (1995b, 1911), 
Von Hoopon (1917), Mountain (& 1932, in Andorson & Andorson, 1985), 
gllonborgor (1986) and Ellonborger of aA (1964). First reviewed by DuToit (1927), 

tho rich flora has subsequently boon tho subject of reviews by Andorson (1974, 
1976a,b), Kitehing (1977), Andorson & Andorson (1970, 1979, 1983, '984, 
1989, 1993, 1998. rb press), and is currently undergoing a major revision 

(Andorson & Andorson in prep.), Tho mogaflora (foliago, fruit, sood and atom 

impressions) oompriso tho most significant fossil group with 204 vogototivo spocios 

(Gaimcroso of aA, 1998) Palynomorph studioo on tho Formation log behind, having 

boon undertaken only by Flumotoad (1969), Stapleton (19781, Falcon (1986), as 

wcU as unpublished work by John Anderson and Colin Macrae (J.Andorson & 

Macrae pcrs eomw.).

On tho bssio of its polynofloral signature, Plumstead (1969) assigned tho Moltono 

Formation a Mid Tnasoie ago, whoroao Andorson & Andorson (1979) assigned tho 

Formation to tho lowermost Upper Triassio @n tho basis of ito AWemfdirrm macro 

and dA&spoMes microflora, Andorson (1974) assigned tho Moltono to tho Middlo to



U#or TfioGGis Kaamnam m

Invcftobroteo am aba knawn !mm iho Bambsosbofg and W wo Mombora of # o  

MeKana FeMnotiien. w#.h fepcil mocsto havmg baaH dessnbod m doW  by ZoimQf 
M #81 % Rsek |1 1078o.bh Hubbafd & Roosk (1 #?7L To dato Q@mo 117 gonora

and 333 bpostoo bavo boon cdentnbcd wdbm tbo M@l*en@ Formation Kairnomoo of 
M , 1 ##BD. Thoao mocot kocda aro moody umproooiono of roekdcd wonga with raro, 
oompbto body fossil known of beotCoo and a rooontly discovered arashncd 

Me Anderson )). h wos previously thought that mscoto wore rootnsted

to tho Indwo §ondo#@no MembWo with tho Birdo River site yielding more thw  half 
tho oposimono regarded until 199^ W=Andersen Mara rogently tho

recks of tho Bambeooborg Men ; havo also begun to yueld 'unseat romomo, with 

appmximatoly 380 specimens recorded at present WcAnderson pcf&emrmi). A 

review of tho msoct fauna of tho Molten# Formation and their bmotratrgrapltss 

potential is eurrcntly underway (Anderson & Rieck, m ^  Anderson & Anderson,

Shelled invortobrateo have reeently been dueumenten for tho Mnltcne Formation 

as well, with sonshostraahians in particular being fairly abundant on oortom 

bedding plains (Gairnomso or 9^, 3#8L Tho provisional taxonomio assessment or 

tho shelled invortobrateo from tho Moheno Formation lists three gonora and eight 
spoeioo of Gonchootraohian*, and two genera and species of polyoopod (Gairnoross 

o ra l, 1##8^

Fossil fish woro first dooumentcd in tho Molteno Formation by Ellcnbergor of of 

11 #841 and omoo this time few further boh fossils have boen discovered from tho 

Formation, with Cairnoroso o W  11 ##8) listing only two genera and three opeoios 

Bvtehovskayo. Andorson & Anderson W; pre^D 'eoogniso four fish genera m tho 

Molteno Formation, including a small species of the genus &m;mofw9 

K§ytGhovskaya #CR9 w w m j. In 1##8 a fifth genus was diseovorcd in tho Indwo 

Sandstone Member by H e#  Anderson M,Anderson



VowGuo authoro have provm W y ooagr&ed totrapodo to  parts o f tho Moltono 

FgrmoM n tB u T w , 1 9 1 8 . 1 9 5 4 , gm eW oy. 1 9 4 7 . Boonstra, 1 9 4 7 ; Gmmpton & 

Bllonborger, 1 9 5 7 : Rust, 1 9 9 9 . 1 9 9 2 ). Tw o sy n o d m t gonora, gynM agm fA oo  

Aw#@Q93 (g w n o ifo  1 9 4 7 )  and aeo& ym W m W gs mae/odOmros (Gr@mpt@n & 

EClenboigor 1 9 5 7 ) w oro @t#paiily docum ented a s  aommg from tho Moltono 

Formptim: #9 n ow  known to  ho a Gynanym o f fksm*^

1989it and occura Qtratigraphigally w ith #  tho Burgoradorp Formatmn (GyrzngnarAi, 

A ssom blago 2@noD (Tumor, 1 9 7 2 h l  Turner (1972W  also  r o a o s # -  d 

to  tho lower EClmt F orm alin , R ecently, tho fores oom pW o ckuli 

o f thus gen u s w a s  d iscovered from tho lower EW # in tho Eam bceshook Valloy (@@w 

& BW@@x, 1 @939, w ith #  th e #rs& 6W )ar«9 A sscm hlago Zone o f  Kitching & Raath 

(1 9 0 4 1  This discovery w ould tend W verify Tumer'o (1972W  otratigraphic rc= 

assossm cn t o f  tho origmel find.

Although tha M olten# Format'Sh eo n to ^ s  a  w ell preserved fossil fW^o, and lies 

sB?ahgraphiGoHy b etw een  tho foosiliferoua Eurgersdorp (Gyrnggmadhw Assom blago  

Zeno) and Ellout Formations, nototrapsd  rem ains aro y e t k*.@wn from tho Formation 

(Andorsan & Anderson, 1 9 9 3 , Gairnsm ss o r M , 1 9 9 5 ). Tho only indication o f a  

tOTOQtnal fauna m tho M olten# Formation @@mo from a  numbor @f dinosaur trachs 

m tho M asloar district (Raath o f  of., 1 9 9 9 : Raath. 1 8 9 8 : Raath jgcr& eem m ). Thoso 

authoro noto tho  occurrence and stratigraphie p@si(#m o f tho dinosaur tracko as  

being w dhm  tho Bamhoosberg Member.

Numerous rovnow peporo havo a lso  dealt w ith various a sp ects  o f  tho M olteno 

Formation. BuToit (19§4)t and Houghton (1 8 8 9 ) rowow  tho stratigraphy and eu ta m  

asp ects o f  tho scdim entology o f  th e  M olteno and Tankard or of. ((1982) summarise 

tho w ow o o f earner authors w ho hod dealt w ith  th e  M olteno Formation Vioser 

(1984 ) review ed tho occurrencQ o f "0tormberg" ©roup strata m southern Africa 

and m o'o recently, IVuOser. 19 b n | a lso  the polaeegeography and clim atology o f tho  

M olteno Formation, Sm ith (1990a) and 8 m #  nr of, (1 9 9 3 ) present overview a o f  

tho Karoo and tho Karoo aged b a s w  m southern Africa, m w hich  th e Molteno 

Formeticn is  bnohy roviowcd.



1.3.2 Rovlow of pfo^ouo (nvoollga^ono

Twnor (197Bo* fofewcd t@ iho need far fuMl eir dotoiHcd mvcstigowno of Iho vor@m 
Mombom W tho M@5ten@ F@fma(mn m Gidcr w  oSB̂ v; for a m#o @@mplow 
KR^emtandmg &f tho latorol foscoo voiBGitneno and dGpWtmnal hootwy @f tho 

F@rmaken. @ubocqueR% otu&oo (Turner 10#?, 10700,1000,10@1o, 1003.1004, 
1008; Giimotio, 1001 ̂  MagDmaM, 100$ and 6o#nsf@oo6fo&, 100BI have added 
t@ @ur Knewfedgo @( tho go@W@ie(d wtong @f (ho Pozmawm, yot do^aio ihoco 

odvanseo, iho MhaWgy, oirobgrnBhy, pabemweEggy, pokMcaepvifmmcmioX oowitg 
and ago @# iho BambsesWg and kdwo Bondsim# Membem na oW ^adequately 

kmawn, o«d ike Memkero are w  WmaSy decembed, %o HasK @f adeqwate 
imth@atmt#ophii8 eonW  alse oeewntQ f@r the (ask @# a k^Qtmt#aphii8 0bWn%k06@n 
f@r the FomiaMini,

#ao @f tha ma;@r (amwontmgo @# tho pKWi@%iiG &#W@g)@Ql desswpwmo wao the 
#0' :;iTC w  do^no d'CsrotQ aTekatoetura!! oUemcnto vMhm #o  oandownag @f the 

F@rma!u@nn and an a!lm@5t e@mp!!e:o Bask 0# otKdueo @n the bmtd^m mater,33, 

e^eept W  goal Tho eW  ooomo gf iho M@Ren@ Pmmawm are forDy well dessdked 

Wm the loteratGm (tTumoT 1071: Gknatno. 1081: Hcanemam, 1006: MoeBpRaW, 
1003). Iiawever tko stfakgfapks p<$su((@m and msmens'atwo @1 the cooma ta a p@:n% 

@# mo^r 6@a!l seams tm tke [@wer ear* @# tko Mdltema Fwmat^n kavo
tkc patomw t@ oM@w f@r mtrakasW o*a%graBk:3 eegfe âtiim, 09 we3l oo kemg 
tmpadamt pa3ae@Qmiir@m',%nta1 and test@«:8 r^ a w ro  Tk&f ernes: otmtngrapk:® 
piaeornem *3 tkereWo mDperawo t© am wRdeiQtORd  ̂@f tko kas^ai

Turner 8109§a$ a%d CkrxGtio ((198?)) k@#) rem^^oed Iks e*»&teneo @f eyeW y  

w,tk!im ike Bom'aseskerg Memker, end #Tep@E.cd g@55k!!o eausM' Thesa G W rn &d 

ma: AQwevoT preso# delum W  eaico @# # 0  #@ W v. ko it W m  aM̂ y@lk@. 

o%t8g # % , 0? 0 e^k'i'niawm @f katk pmeo53.% TW  wao maotly duo t@ tke Wuro 

@# tkcso owhaiu m pT@^iy o%G- mao loterat ao \%/ D as vcMusal var%a(x@no m tkeso 

mR'ito (10880* 1006) has Gk@wm tka: 0kser%ed gyewty m ike msk reeem may 

ko ̂ ?6d«2ed ky ceveMi mMerem: patko w W k may W6M ko mdiakr ̂ Gkaklo VMtkou:



oxcmmown 8! DagcroS oo wcM oo vê nsoli voiuatmm,

Pfevmuo wmkofo have miCfp;o%ed tho dGmaimW soMuMgo e# tho Msltons 
Farmatmn ao Mngmg {mm pmxmad oiiif, w  cubglasia) oUluviati fans w»(  ̂WamjpHojin 

and! dustall moaWQf (MGto Wma(h of o&, II99^1 W cub acMOl doHWG (Haughwrn, 
1924K AUWugh tho rcGon* emoemGm f#  tho fasmo gcnosns favGWM a bzocdcd 

0Tum@f 1976a. 1@@@, 1001.1984. MKMk ghfioito 1901. MagOmoM. 
1083, GmmnfQOG of oA. 1098Bo tkem a  W o  mmjcmowo oo #  (ho typo @# Ibra^ea 

oyotom ana mush m tW  w@:k ouffcia W n  a Bask @f cpaW ondl icm pW  esnwk 
TB%o Mcmbcm @f tho F@fmat(@A haw resc^ca Wto QMemww, a«d tho
Bomkeoobeia aa# W wo goRdoteno Memhcm m gaTti'ĝ a? have mat beem 
owahgraebWy pamtmncdl, m@r adlc^mtc'y wô towed wm tomrn @f modern ^ra^edl 
we? rnWOb, M@st o W m  @n m@#om b fa W  nvcm am fumhemtgro @en@cmed 

wnth gravAl bcd5@a# demmatcd cuh^lasiia! n^em on# @n!y tho Bobmopuim "0 
aac#iatoly deosnbed (GeHemam, 1989: @?xo(@w. 1909!) t@ ast as u m@dd 0? 8am# 

^w ^otcd biased nvef ̂ e#@sitii@n ynder a humcd dmato.

Tho paiaesskm ate piovajW a dwiRg tho d e p s a k m  @f tho  M@5#en8 #@?matmn o  a3o@ 

a p&m# @f m%@r djoo^Tcomcnt, Ha«ahw (19243 p?@p@oedi a sW  omd wot dumato 
W h  mtenmuent mamlaSH, whcrcoo ElBeRbMgc? of of, @196411 and #GRbcfger (197#  
c m m g e d  a  wa?m h u m d  (km oto W  tho BtGimbcrg* o u b d x ^ e n . w k s h  

cRSsmpaooed bath  tho Bam W ecbefg and W w o  M ombom, Tho qW tdomgo @f 

mcgaf@"ia3o feosob  o f and tho p iescR so @# duotuRS: gm w th  fumgo m tho

#0ooj w@8d @f turn NWteRB FQ im aw a, % j  ARWk?%@n ((1970% t0  pm ^aso a  tcm pcf ato 

Gbmato w,th CQasona! mamW, AR^G@n & ANcicem (1983) prep&scd 9 fellawely 
G@si„ tempcfatQ e&mato. m  aseW km eo v.uth tho h:g^ paiiaca-liatiitiL^mail paoutum @* 

# 5 5  0: vhoy o k #  cmwoaged GW@̂ g cooGgna! duMo^ensGQ. W h  hat, dry Gummefo 

aRd W d dark wmtoiro wnth ms#;at0 »aWaia

#?,ow  ((1901»#, 1691 states * Wmmmcmpememtgf MW(ea@ a^m M ^ow n woo 

os@@m?po%ed by o ehonao 1@ a w ot Tomato wdh pfcgupdo;## wkeh was 
eefhapocoosomo# W nef &1983II AnacfGem (19 76) m ooo^mRg iho M@li(CR0



mown a cW  (emporow ekmato, onhamgmg h;o Qfgiwmont with cedimcnMUQgaeal 
and mmoml@g 8a! pommotefo oush as (he presenso of frooh kldopar Turner (19003 
o{8g8it(y GantMdcGio hio @wn ourgumont m tho* ho G@ns:defed tho !owor MaKon# omd 
0u7^e?c#;p F@;matmno to bo po;% latom#y c#iva5cn%, yot pmmgioo a e@@ll 
tompomto ehmnio f@r tho M@"&cn@ and on ortd shmcMQ W  tho Burgercdorp 

mown Ha fuMhormem eanlusoo W  sosm w»*h tho otatemont (p. 84) that * tho 
dammoneo @f ano typo @# dep@awnal prsgoso (MaviaN f(Kp@nsiWo f@r fan buddimg 
rmploo a MfHy e@notan( eSnmatie reĝ mo,

#a2@@n g1#@6% fw nd tho duagpmsbs mtem= and masmfWa
md:@aWQ @f a "oavamWi'tvPo" ##ie@@hmoie, whorcoo @nkth (pe®,€0nm,) fcc3a 

Aa% @ fmnd mdzr e@@l hunW e@nd«wn3 and Raymcr (pca&eemmB
be^ovoa that tho Dfem^gm iW o mdssatcu a worm, humid onvimnmon*, Tho 

pfesenso @f to Wwover pmbably n@% maBf Aagnaotie @f any @no
golla?3sl:mato» osewMmg ao »t #oo  fr@m tho Wwcr B^CMderp threugh #  tho # W

Ki«@ proposed that tho (W ien# Fm nawn wao dep®oited under warn: 
temperate eondnw# m th wgntor ramfaSL Thus vmwpmn* to cuppmcd by Emkoom 

(Ipcf&e&mmj whe Gwgges  ̂that tho M@ken@ »3 @n!y a wo%or vero:®n of lh% glwt 
^Gfmawr*, tM h amnllor warn temperatwoo: Tho other extreme »a helld by Visscr 
1(199119 v.hg states p 420 " a cyd^e^ appear^Rse of an ahsenge

0# red pakm s#* and ropWian fauna and tho ebango m flmiell oystomo d^mg the 

dep^t«m  @f tho M^'tcno fermaw#, owggsoto dramas dlkmatce s^angeo" V:QG0r 
((it991)) f y # #  pr@p@3&d a GeCd e' mate fer tha M^tena F@:mat«0P, a view held m 

va?(R%D ro % ^  papcro mnec (@m# ofaf., 189#,: 6afnsr@s9 #gxg.. e@mW prepaGed 

M  temperotwo Smswabsno may have been very cmero, w h  paUaeafmato and 

ea'iaeatempfrabweo aa W  ao 3© ̂

As€@r#ng %@ o f of. (1 8 9 5 1  tho p3W@;gce#raphuG pao^wn o f  Gouthcm

Afr.?a at tho t^mo g f  depssaw m  @f tho M etteng PGr.%@ben oo@ #o that th e  kmdmaQ9 

w aj AM«ward9 towamo am equateW #3«tmm Wo Wut of of,, 1 9 # ). Thx,
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Bod theoo oulhem (hat tho doma&o havo keen mo W msreas'Dg
ondity. According w  tho po9ac@gc@gfaphm»osmstmsK^no @f A»dcrG@n & Audcrsan
(1893) tho dofmsilmnjS boom lay botwoon 68 and 55  ̂oouth dufmg a global pomW 
when the pWar reg»@no wcro n@t g^asiatcd (Ganmismso of a/., 1995L

Tho palae@elliimato tho Meltona F a n n a w n  h35 th c io W o  m tho pact boon 

omMoaged as rongmg Wm 69!d and wet with intermittent rainfall KHoughton. 1924, 

ARde:c@n & Andofsem, 1970; Veooef, 1B91; Ma@D@naW, 18831 w  hMmndtom^omto 

(EBSonboirgoir o f  oA, 1 0 8 4 ) and DattDo mnconGwo hao at pjosent bocm c a s h e d  am #ng  

werkero,

AlWugh numomuo feooik; @86** in tho MaHtcnQ Fmmasmm, tho ago @f %Hio 
F@nnotiien is n@t wcW emotmincd, pmpased 0303  rong^o fmm tlto Pcmuain 

Ihfeugh w  tho Lato Tnaroe. M@ot autlmm hswoveir fovow other a Mc^Tmaos# 

&Hought@n, 1824: Rust, 18B0,1862g ^wmotead, 186&; Kcyoor, 11973* Bukos@% 

1983; @mith o f  at 1883) @r late Tnosae ago (Dunn. 1 @?% AndoMen & Andefsm, 
1893,o,b; Turf on 1871. 18?Sa, 1883; Eiitkosen, 1883, 1884; W osan of a&, 
188SL Theoo different viowpamto hsve oermuo ramafuaawno f@r tho length @f tmo 

repreaonted by tho basal eontast @f tho f  ermawn, N s a l totrapWs am preocn# 

unknown &@m tho 'Mem@ Fmmawn (Ganrnsr©  ̂ of a&, 1888A and tho W y  

dofWo mdngawn tho o*#otonsQ @# a lowapsd faima dmmg Meltens tmos, 
6#m eo W m  a  it ' 5er o f coto 0# dm aoow featp^mto in Melten® strata wn # 0  

MasDoar *5*i;6%, % N h  P?d(% o f " SI 8 8 #  p k e e d  ot"a&#c#hii@alily W W  tho  

Bamiasesboyg Member,

V  *  •  *

Nwmorauo greblem s theroParo wxtw rcgardo t@ th e  red m cn W t gv , otratfgragW

and paiaoentelagy @f tho M@%cR@ F a rm a i# : andl in e a m w a r  @# tho ^am W esberg  

(lAamkOfn Tho mam prabUcma regardmg the Bambaes^erg Member at present are 

that iito gsagrcphna a o t n b u W  h&»o na( been  praperly mopped* that th e cpawo!! wza 

tempera! ehaPGos that a s e w  th rm g h m t tho bassn are na* ur#G (@ adi # a *  the  

Mh@: and bastrotcgraphy 10 very e a W y  knawn^ and that th e  aauoo a f  tho  

reeagm scd ayeW Ay hon w  Been addressed-

i t **
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Tho Bambaoob&rg Mcnibpr 10 impoftan* m that it forms tho @Most 
ehmn@otmt»gmphi8 Qentoet with tho Burgersdorp Form3(;on m iho csuth of tho 

boom Knowledge @f :to foeios gonoGio and ago aro vital to an understanding of tho 

t?uo nature of tho contact between tho SurgerGderp and Moltcrm Farmatmno, as 

well ao to baomal fill and development @f the upper part j f  tho Karoa Bacm.

1.4 Tho Burgarsdorp Moitcno Contaet

1.4.1 Historical Overview

HusterceaMy, tho mntast between the Burgorcdorp and M@lten@ P@rmaWR3 Btoo 

been defined @n numereuo d^ffero t̂ BitlmWgseal and p^aemtoWgieoll GMtona, WyCoy 

(1 #SB) and Huxley (1867) independently differentiated tho "$t@rmborg Bcdo" fr@m 

tho underlying Boaufert Group strata, and in oa dmng they were tho firot t@ imply 

a mo;0r dgffereneo between tho two eequcnGoo. Dunn (1 @73,1878) woo tho firot 

W natieo that tho 6@bur of tho "Cool Measures * sentraQted otmngly with tho 

(iMderlymg "Upper Ker@@" otrota and believed that tho eontast woo eenfermaWe 

GuTeit (10O0a,M felt that the baoo of tho "Stormborg Groups wao difheWt to 

delmeato with any aeeurasy, but that in the vMmty of Buohmanohoek Paoo it 
formed a eempoGito zone whieh eW d genorollly bo fixed to within 18m, &f?okt 
t , dG4) re defined the baoo of tho "Stormborg Group"* ao tho oeourronso of tilco firot 

gHittcring candstono of tho Molteno Fcmatien

¥ « *!
wfl

Ryot (1@8@, 1 9 8 2 ) proposed that tho @@nta@t 60u!d bo fixed mainly on  a ehongo  

m tho predominant typo and colour o f tho strata, * s ta te s  fp, 1 7 2 ) "In plageo tho 

eom ast no quite chorp a s  at Gomekmoro KEoof. but near Lookop hom^otcad tho  

6@nta@t to not ao &harp:y delineated. In Gorris<moro Kloof tho oontaot io indioated 

by o thm, but fairly persistent fine gramed car dotono bed . It io overlap  2 8 :2 5  fcot 

kkghor up by the f t prominent oandotono stratum o f m e  M olteno otage." Ho 

Gontinuoo kga 1744» 4Q th a t" The eonta&; oandotono horizon doeo  not gonoiot 

of ono p er s is te d  oandGtono bed but no rather a  zono o f oandatoneo, tho bedo 

mutuaD  ̂mterfmgermg, ^nehung out and oweMmg in com plex manner*, Duo to  the



e
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eompQoito notura of tho eontoet ho bdiovod that no ootiofoGtory Bitlmlagmo) mafkor 
honmn seuld bo indieatcd oo a lower 8@ntOGt with tho Eoauf^f t @f@up Ruat I I 959, 
1082) thorofere p.jposcd that a better Gentast might bo ostabSiahcd 

palaoantologiGally.

Turner (1#7So) dokned tho l@wor boundary of tho MaKcmo Pmmatim f@r tho typo 

oeewn at @r@0 td@r«ngh@ok Pjoo. ao t)*o baoo of tho firot oaRdGtaao @f tho 

Bambadoberg Member, R@tma that tho mntost wao ohorp, and that &t Gmmscded 

w:th a ehaitgo fmm pred@mmamiy mor@@n mudotmo bn tho Burgeircdwp F@»mQtc@n, 

t@ grey oandotmoo in tho MeUoma Ho otatoo (p. 2$) "Whora oamdstmo
replasoo ohalo and mudowno m tho cestmn* tho smtast Gom @ften bo fuxedl @n tho 

baa# @f tho predemiinantlly eearcer gram ouzo a! tho BomWosberg oandoteneo,, 

wh^h a3o@ tend t@ bo clightly pa!er tn W m r".

Twmor (1 #7Ba5 further wtoo that ooot @f tho typo Gcewm. fasioo ghangoo a«id tlm 

iatcr=diig:tati0n o! ohallo and mudotmo e®mp3;sated comaet re5atm»Gh#0: :R 

@ushmansh@ok Paso ho dud mat bdeovo that tho baoa @f tho BombaeGborg Member 
mu5d bo p)asod with any aeeurasy. Buo t@ th»o difficulty ho arbitrarily dofrncd tho 

GGntast as feUlewo 249 "Omo ucofW (mo @f ovidenso »3 tho obMRdant piosonse 

@f GaCeareauo naddeo m como @f tho @Wo groy Gandatonoo, M@reawcr, cmso GmiSar 

nwdmHeo havo n@t been f@md c@ far m tho M@lltoit@ Permakm ((Turner, H8?2) nt 
ceemo ao 8@0d a plaso ao any t@ draw (ho bsmdary^

Tumer ( W W  firot fcsegm oed that tho BombseSborg Member w edged  emit 

m^rthwardo w ith  tho  o ffo st that the b ase  @f tho M@%en0 F@rmat«8m m tW  m W t 

tho boom cgwotoo t@ th e baoo @f tho W % 0 8andot@no Member (&g L I  L A t t'meo  

ho Imwover lound it t© 0 o s o  th e l@weir W m d orv  @f tho W w a  Member*

ototmg #- 249" w h en  traced DatcraMy a W g  tho @@n#QG* tho u a eW etm A y oppearo 

m diMeicmt guK eo ^epeitdmg on  tho a m a m t @f : c W . and under theoo  

G m m s to n sc s  it no oaoy t@ coo w hy tho um sW orm ity hao beem denied e^iote^eo  

fer c@ Kang cm^o ito m te te io ta w n  io cem otim eo GUb^etwo".



Tumor further noted that tho lower boundary of tho Moltono Formation

roeordod an ^mpertant palooontolegiral brook, :n that tho vortcbrato focsib c@ 

prohfie in tho Formations above and bolaw, woro aboont in tho Moltono Formation. 
Boeauoo of tho lack of dirco* palaoontologieol oorrolativoQ botwoon tho Burgorodorp 

and Moltono Formationo, Turner (19750) found tho timo roprccontcd by tho 

unconformity at the baoo of tho Moltono Formation diffcsult to ovaluato, but 
boliovcd that tho diooonformity might bo of a oonoidorably groator timospan than 

tho phyoieal ovidoneo Guggootcd.

Kitohmg (1077) diotinguichod tho MoHteno Formation from tho wppor Burgorsdorp 

(GimogmofAws AGOomblago Zeno) by tho absoneo of dork eoSowrod to ehoaolato 

brown mudstonoo and shales, and by tho prooonco of dark bluish groy chaloo and 

oparkWng, eoorso grained oondotono honzono oantammg well roundod pobbloo,

Ghnotio (1981) folt that tho Bamboooberg Member oould bo distinguished from tho 

Wgorcdorp Formation by its dominantly ^ronoscous Mturo, stating (p. 11) "Field 

observations strongly suggest that tho base of the Bamboesborg is most 

oonvemontly defined by tho horizon at whi@h oondotono sueoeods siltotono and 

mudstone os tho dominant reek typo". Ho felt that the eontaot was eonformablo 

and eould bo satiotaotorily defined oo tho orooively based, basal Bambaesberg 

sandstone. Ho a s@ ro iterated that tho strata of tho Bamboesborg Member 
preserved thin eool deposits, whilst that of tho underlying Burgorsdorp Formation 

(3;d not.

Viscer (1984) stated that tho baco of the "Btormberg @r@up" and hongo tho 

Molten# Formation, was dofmed oM over southern Afnea by on unBonformnty, with 

deposition in tho south preceded by an orosional pen@d of limited extent, but in tho 

ordaT of SQMa or mero nn the north KViosor, 1Q84), Vosser (1991) states (p. 424) 
° An omsional permd of up to 1@Ma separated tho fluvial Btormborg sedimentation 

from the uPderSying ufort beds un tho south",. Theoo are tho only two direct 

mfomneo to tho mogmtudo of tho of tho unconformity at tho base of tho Molten®



Jehnoon and HiKor (1990) dofmed tho baoo of tho M@#ten@ Fwmatiw aoo $ 168m 

ihiek, G@nf@r*naWo tmnoitmn ?@no with tho Burgcrcdofp Pwmawn Their p̂ Qsomnnt 
of the baoal tontaet was based on on obmpt tfpwafd msroaGO m tho 

GondatoWl&nco ratio, oosoeiated with tho diooppo&cneo of fed mudsteno. 
MaeDonold (1993) followed Robmojn of oA (1989) and Ghnotio (1901 * m dohmmg 

tho lower eontust of tho Meltom Formation ao a sompgo lo ouGGeosmn, being 

dolmoatod m tho Mold by an abrupt upward msreaso in tho oondstoiWlmoo ratm 

from losa than Q.2B to more than 0.80,

The lower boundary of the Moltono Formatmn hoo theroforo been tho oub̂ oGt of 
several awempto at dofmitiion, with mush doboto oentred around tho entew f@r tho 

plaeemont of tho baool beundary of th# "Btormbofg @'0up". At present moot of the 

eritona are untenable, and tho time represented by tho eomaet has not boon woM 

oonotraincd.

1.4.2 Review of previous Investigations

That the baoo of tho Moltono Formation i& not well definod nor undcrotoGd io eloar 

fram tho oonfuoian and voguenns  ̂in tho literaturo as to tho nature of the sentaot 

and its otratigraphie plaeemont. Tho ehunging nature of tho oontoet through the 

basin io not fully undorotoed, and tho magnitude of timo represented by the eontaet 
io poorly eonotrainod, with eotimotco ranging from truly eonformablo (Ghnotio, 
1981% to 60 MA (Vtoscr, 19@4)

Prmr to tho work of Tumor (197§a), many workers did not roGogmso tho 

BambQusborg Mombor, and tho lower bmWary of tho Moltono Formatmn wao 

Gonoudcred to bn tho oamo throughout tl j  bosm For thio reason aaio olmuld bo 

taken when dealing with early Wcraturo defining (ho eontoot, ao it often rofe?o to 

tho wntost between tho @urgcrGd@rp Formation end tho indwo Bandotono Member 
of tho Molten® Formation, and not tho truo ohrenootrotigraphis oont».tt in tho south 

of # o  basm, W w o  of those oarlier woikero to iceogn'Qo tho ̂ mboooberg Member 
aSso Bed to the mneogit of a iranatnomoU basaS contact fo? tho MoGteno Formation (eg



R@bino6nofo/=, 1069).

Many of tho criterio used in tho post am vaguo or meoffCGt, wnilo others aro not 
os6Gptob(o in lormo of the ouatigrophio todo (BAGS, 1087; IBGG, 1094). 
Lithologma  ̂entcna for dofining iho oomaet havo in tho poot boon based on: colour 
difforoneoo; tho glittonng nature of *ho Moltono sandstones; thoir coarcor grainsizo 

and induoion of quartz pebbloo; that tho Moltono otrata prcsorvo eoal; ehangoo in 

oandotono înoa ratio. Palaeontological criteria are based on: that tetrapod fossils 

are absent m tho Molteno Formation: and tho presence of an abundant flora, 

dommatcd by tho genus

Although those previous works are more fully dicouoscd in Chapter Four in light of 
tho findings presented in this thesis, a number of thcso criteria may bo discarded 

based o% tho current literature. In fact, of the lithological criteria, only tho inclusion 

of quarts pebbles and tho presence of coal are valid at present. Although colour 
ebongo io of little value in dohnmg stratigr?phie boundaries on a regional scale 

(Turner, 1081), colour change may bo used to define tho contact in tho north of 
tho basin. In tho couth of the basm however, tho colour of tho strata actually 

changes some 18 28 metros before tho contact (Ghriotio 10@1).

The glittering nature of tho Molteno sandstoneo io not a useful, or 
sodimcntologically correct criterion, as altlwugh tho Indwo Sandstone Member 
often hao a glittering appearance, oo too do nearly all tho eoarco sandstones in tho 
MoHteno Formation (Ghnstio, 1081L When working in tho ooutherm paft of tho basin 
th# criteria no of oven loss voluo ao the oomdstweo of tho Bomboosboig Member 
am often #ffoWt to diet aguish texturally from those of tho underlying Burgsrsdorp 
Formatnon (Gr̂ smo, 1901). The placement of tho baoo of tho Molteno Formation 
at tho h©w@n at wh^h oomllsteno oueeccdo oiltotono ao ' =* (fommant lithology 
K̂ WwctK). 1001; J@hns@o & HiNcr, 1000. *o not based @n Gotmd Hithootmwgraphie 
(Wimides ana doeo not eenfwrn t@ tho Gtratigmpmo eodo for tho placement of a 
tFormatrnna! GomtaGt (@A6&. 198?: I@CG. 1094),



AMiough tho ohmpt pafaconwHogiieal brook os nolcd by Tumor (1B7So) has boon 

vonfiod by numoreuo outhoro (Andcrom & Andcraon. 1393o: GoirncreGo of 
1905). palaoonWGgoGo! critorm are fcSt t@ bo oub erdmoto W kdmBogiGol erutorio. as 

thoy ore booed on rolodvo obundoneo or obconso of genera, k 10 not 
otrodgropbisoMy oound to baoo a (ntheWgieol eantost @n tho OBsonso of o parHieuBor 

(oosd typo MSCG. 1004% and Wthermwo. b@th of thoso sntoria may bo brought 
about by raimerouo foetors otbor than roal abconeo, ineluding ehongoo m tho 

e;tom?otry of tho groundwater.

Tho problem oscoeiatod wAh dolmmg tho G^ntast no therof@ro twoio!d. Fiirotly, the 

boso of tho BombooGborg Mombor ;s not weM dofmod and »to spatm) nature no not 

understood, ond Geeondly, tho dofinitmn 09 ooecptcd m tho lilciaturo ot prooont io 

voguo, Thm has lod to erroneous thioknoso ootimatoo for both tho Burgorsdorp ond 

Moltona Pormotmm , oo woBI os to eonfucmn regarding the eontrolo on 

sedimentation in thoso two Formotmno. For theoo roooono, dosumontation of tho 

cpaW  eliangoo that oeour through tho basin ond o eonmoo dofmituon of tho noiuro 

of tho oontoet io Vito! to an underotandmg of th? dovelopucnt &f tho upper Karoo 

Boom.

1.6 Baoln Dovolopmenl of the Upper Karoo

Boom andyGio no tho mtogroted otudy of boom M  ond meludoo *u8h ocpooso 09 tho 

appksowm of thn lecj (both teetonio ond Gcdimemory) whieh ̂ roatoo oontroHo 

boom orGhntcsturo. #;o cr@&@n ond mooo rcdistnbuwa Weltnssn & #ooum@n%. 

19#§). I loco redistribution by curfoeo pr@8@ooo3 and scdim w %% oro a funstmn 

of baoo 'ovcl ehongoa and ehomgoo m Basm doveHspmcnt otudieo thoroford 

dmv» hooviDy on oopeeto of GBdmr^nWoov ond paXocontoleay. meW ng faeueo 

gonoGoo, palaoosEimatiG ovedonm and biostratogrophiB ago e^nGComto. From tho 

proGCdmg bookground and hiGtonea) ooviowo, it io oppQ;cm$ that a number Gf thoGo 

mputo oro poorly e@nGtwa»ned for tho Butgcrcdew and Fwwauono.



1.5.1 HModco) Ovcrvkw

Boeouoo GcdimontGiogy and polaoanfology 0% '.nportant pararnQtora in basin 

dcvolopmont otudioo* ;ho basin dovolopmcnt e! tho upper Karoo may bo ooon to 

date book to the fkst geological ond palaeontological dooenoiions of tho strata. 
Modern basin analysis of the main Karoo Basin has however only eomo about with 

tho introduetion of plate teetonie theory, which for the first timo presented a 

mechanism for foreland basin formation (Dickinson, 1974) and the creation of tho 

Gape Feld Bolt (CFB).

The Karoo Basin is one of tho fow examples in tho world where tho timing of 
teetonie activity in tho fold belt and tho ago of the sedimentary responses have 

been independently constra^ed. Periods of tectonic activity in the GFB are 

documented in tha works of HUIbieh (1977, 1983a»c, 1992), HQIbich & Cornell 

(1983), HQIbich & Swart (1983), HUIbieh of o/. (1983), Vissor M992) and Grosso 

of oA (1992). These authors in essence recognise fivo major periods of tectonic 

oeiivity for the Ko*oo Basin, with periods of minor activity in between. Although 

tho Karoo Basin as a whole, and tho upper Karoo in particular, has few radiometric 

marker horizons, tho refinement of the biostratigraphy of tho soqueneo has allowed 

for tho relative ages of tho sedimentary responses to bo fairly well constrained.

In tho late 1970's and early 1980's, numerous authors attempted to link plate 

tectonic theory to tho sedimentary development of tho Karoo Basin (Johnson, 
1976: Hobday, 1978; Vissor & Dukas, 1979: Stavrakis, 1979, 1980; Hiller & 

Btavrokio. 1984). Few of those works have however concentrated directly on tho 

basin development of tho upper Karoo. Vissor & Dukas (1979) recognised largo 

scale fining upward cycles within the Lower and Upper Beaufort and directly related 

the magnitude of source area tectonism to the penetration of tho coarse grained 

Katborg Sandstone Formation into tho basin. Btavrakis (1979, 1980a) and 

Stavrakio & Hiller (1984) also linked the progradation of tho Katberg Sandstone 

Formation to tectome activity in tho GFB, equating thio sedimentary response 

directly to tho third tectonic event (246 & 2Ma paroxysm) of HUIbich of a/ *1983).



Stavrokie (198Qa) separated tho Kaiberg teetonQ sedimentary eyelo fmm tho prot@= 

Moltono cyelo, whieh ho bolioved Gtortcd in Into Burgerodorp timoo. Hiller & 

Stavrakio (1984) proposed that tho Burgorsdorp Formation wao tho lateral 
equivalent of tho Katborg Sandstone Formation and that denudation of tho source 

area controlled tho soureoward shift of tho Burgorsdorp Formation through timo. 
Hanoox of aA (1995) briefly discuss tho implications of thoif threefold sub division 

to tho booinal development of tho upper Karoo* showing that a Gouroeword faoioo 

chift i  mg Burgorsdorp deposition was well evidenced by paloeontologioal 

paramoterG. Haneox and Rubidgo (1995) added scdimontolog&oal paramotoro fortha 

dovelopmont of tho Burgorsdorp Formation and proponed that deposition ooeurrod 

during a poriod of quioGcenco following tho teetonie aetwity in tho CFB, whioh 

controlled tho oratonward pmgradation of tho Katberg Sandotono Formation. Tho 

control of tho dovelopmont of tho Burgorsdorp Formotion io however very poorly 

known, duo mainly to tho paucity of detailed oodimontologieal and otratigrophic 

otudioo.

Tho oarlioot basinal dovolopmont models for tho Moltono formation may bo traood 

back to tho worko of North (1878) and Rogoro (1905), in that thoy v;oro tho Krot 
poopb to interpret tho provenance of tho oodimontary (ill of tho Molteno Formation 

as being tho CFB. Rust (1959, 1982) prosonted tho first ovidoneo of a direst 

teetonie control for tho Molicno Formation ond may therefore bo regarded oo tho 

progenitor of modern basin studies of tho upper Kamo. Ho explained tho 

otrotigraphie relationships of tho Molteno Formation in tormo of repeated thrusting 

and uplift in tho C^B, referring to thio procooo ao pulsatory seureo aroa 

diastrophism. Rust (1959, 1982) further postulated that diaotrophism
eulminated in a major period of uplift whioh brought about tf joition of tho
Indwo Bandotono Member ao a response. Ellonbergor of a/. (1964) tied tho 

beginning of tho deposition of tho Mollcno Formation to tho completion of 
toetomom in tho CFB. Lock (1978) believed that tho timing of tho Capo Orogeny 

could bo relatively preeiseiiy dated by sedimentary moans, co incidmg with tho 

change in conditions reflecting tho Beaufort Moltono boundary in tho Early Triaoo'C



Tumor (1875a, 1083,1984,1986) modified Rust's (19S0,1962) model in that he 

eonoiderod the numomuo fining upward gequeneoo in tho Moltono Formotion to bo 

related to only ono tootonio event. Thio event involved a cmglo phase of 
upintorrupted uplift related to basin margin thrusting. Turner, (1975a) related the 

main phaoo of orogeny in the CFB to tho deposition of tho Indwa Sandstone 

Member of the Moltcno Formation. Turner (1983) altered his earlier view, and 

oorrelatod his six sueeossivo fining upward soqueneos of the Molteno Formation 

(his six Af smboro) to major phases of fault controlled uplift in the southern source 

area (Turner, 1983,1986). Tho teetonie model proposed by Tumor (1983,1986) 
therefore direetfy relates tho main orqucncog in tho Molteno Formation to major 
phases of fault eontrollcd uplift in tho southern source areas.

Based on a petrogrophie study of sandstone compositions, Johnson (1991) showed 

that tho GFB become tho predominant provenance for tho Karoo Basin only during 

tho upper Karoo, and that tho provenance changed from lower Katberg to Moltcno 

Nrmation times. In this paper, Johnson (1991) also provides an overview of tho 

tectonic sotting of southwestern Gondwana during tho deposition of tho Karoo.

Golo (1992) postulated that periodic tectonism in tho southern source areas, 

coupled with foredeep subsidence, resulted in tho deposition of thick, laterally 

extensive sandstones during Katborg and Moltono Formation times. Ho followed 

Hiller & Stavrakis (1984) in equating tho Katberg Sandstone Formation to tho third 

paroxysm of HUIbich of a& (1983), and equated the Nloltono Formation to tho 

fourth paroxysm (229 *SMa). Golo (199%' also proposed an orosional lacuna for 
the entire Mid Triossic, which ho tied to opoirogenie uplift of southern Africa during 

this period.

Following the works of Johnson & Rust (1988) and Winter (1990), Grocnowald 

(1996) prosonted a tectonostratigrophie model for the Katborg, Burgorsdorp and 

Moltcno Formations. This model proposes a Katborg (247Mo), Andriosborg (230Ma) 

and Moltono (218Mo) poroxyom which Groonowold (1996) equated to tho third, 
fourth and fifth paroxysms of HUIbich of a/ (1983). Tho most recent and comploto



ottompt at bosinal modekmg of tho uppor Korea io that of Gotoneonu of oA (w 

/%%%).) who apply a reeiproeal Gtfatigraphie approach to tho formation and fill of tho 

main Karoo Basin.

1.G.2 Rovlow of previous Investigations

Basin dovolopmont studios roquiro numerous inputo ineluding sueh factors ao tho 

offoets of base lovol changes; tho timing of toetonie ovonts; faeios gonosio; and the 

af foots of elimatie controls. Tho previous soetions of this chapter have shown that 
certain of those controls aro poorly constrained for tho Burgorsdorp and Moltcno 

Formations. In particular# tho lithology, stratigraphy and palaeontology of tho two 

Formations is not well documontod ond tho palaooonvironmontal models 

(palaoocllmato and facios genesis) proposed for tho Formations aro not agreed upon 

by workers. Tho agos of tho two Formations, and therefore tho timing of events 

which controlled their genesis aro also poorly eonstrainod.

Tho major problems associated with tho basin dovolopmont of tho Burgercdorp 

Formation at present aro: that tho basal contact is not well defined nor understood: 
that tho stratigraphio position of tho major sandstone bodies and hiatal suffaeos aro 

not well constrained; that the placement ond nature of tho proposed poraeonf ormity 

is not well documented; that tho Formation is not well dated; and that tho primary 

control on sedimentation is not undorotood.

Tho previous models for the dovolopmont of tho Moltono Formotion aro also 

problematical in that: thoy cannot account for tho presence of quartzito bouldem, 
uppor flow regime bedforms ond fresh foldspar at distances of hum reds of 
kilometres from tho source area; that tho palaooonvironmont of tho Formation is 

poorly undorotood; that tho ago of tho Formation is not woll weakly constrained: 
and in that thoy do not adequately explain tho preserved facies distributions.

Tho refinement of stratigraphie methods, subsidence analysis, palaoomagnotism, 
palaeoclimatology and tho dovolopmont of soqueneo stratigraphy eonsopts (Van



Wagoner of a/., 1908,1090; Galloway, IS M ; Viall of u/., 1991) have eomplotoly 

rovolutionizod the ceioneo of baoin onolyGio. §equoneo otratigraphy has howovor 
been oo ovor omphoGizcd that other moGhoniGmo aro often ovorlookod (Miall, 1990, 
1991,1996). A majo: problom with tho fill of tho uppor port of tho Karoo Bash So 
that duo to tho isolated nature of tho basin (Groonowald, 1996), cyclic 

sodimontation eanrot bo correlated to global oca lovol curvoo (Haq of oA, 1987; 
Haq, 1908) and honeo a claoGie GequoneoGtratigraphic approach cannot bo applied. 

Groonowald'o (1996) toctonootratigrophic approach goos oomo way towards 

oolvmg tho problomo of dofining Goquonso controls within landlocked baoino, 
howovor :t!* usofulnoso o limited to tho upper Karoo and it requires a totally now 

terminology.

Tho upper Karoo booinal fill, including tho Katborg, Burgorsdorp and Moltono 

Formationo, hao boon widely linked to teetoniom (diaotrophism) in tho CFB (Colo, 
1992), and a number of hypotheses occur regarding its otrafgrophic evolution 

must, 1959,1962; Lock, 1978; Stavrokio, 1979, 1980a; Turner, 1983, 1986; 

Stavrakio & Hillor, 1984; Johnson, 1991; Golo, 1992; Hancox & Rubidgo, 1995; 
Groonowald, 1996). All of tho previous models for tho dovolopmont of tho uppor 

Karoo may bo broadly grouped ao proeess rosponse medols in that toetonie uplift 

in the GFB is proposed to bo tho dirot.1 @aus@ mf rapid erotonward progradation of 
coarso sediment into tho bosm. This is bolioved to bo duo primarily to tho elevation 

of tho source area, and an increase in tho gradients of tho rivers supplying sediment 
to tho basin. Thoro io however some debate about tho correlation of teetonie 

events m tho GFB and thoir sedimentary responses. Most authors (Vissor & Dukas, 
1979; Hiller & StavK&io, 1984; Golo, 1992; Grocnowald, 1996) agroo on a link 

between tho 3rd paroxysm (HUIbieh of oA, 1983) and tho sodimontation of tho 

Katborg Bandstono Formation, but loss agreement oeeurs for tho Burgorsdorp and 

Moltono Formationo. Golo (1992) linko tho Molteno Formation to tho 4th paroxysm, 
whereas Groonowald (1996) linko this event to the deposition of tho Andriosborg 

Member of tho Burgorsdorp Formation, and rather correlates tho Moltono Formation 

to tho fifth paroxysm.



Documentation and modelling of fotro foroland baoino hao advoneed rapidly in tho 

post dceado both with mgardo to thoir mcGhammo of formation (Bdoumont, 1978, 
1081; Jordan, 1981; Quinlan & Beaumont, 1084; Plommgo & Jordon, 1989; 
Beaumont of oA, 1998; Johnson & Goaumont. 1995; Popor of oA, 1995; Yang & 

Dorobok, 199S) and fill (Flemings & Jordan, 1989; Beaumont of oA, 1998; 
Ettonsohn, 1994; Johnoon & Boaumont, 1996; Gatonoanu of oA, 1997). Tho 

offceto of baoin flexuro in relation to thruot advanoo, sedimentary loading and 

soureo unloading 19 fairly well eonotramcd (Boaumont, 1931; Quinlan & Boaumont, 
1984; Johnson & Boaumont, 1996) and it io now woll doeumontcd that thruot 
aetivity and orogenio loading in a fold bolt produeoo floxural cubotdonco in tho 

forodoop, and the sourcoward migration of tho forobulgo oroo. This loads to tho 

croation of accommodation opaco during tectonism (Quinlan & Boaumont, 1984; 
Flamingo & Jordan, 1989; Johnson & Boaumont, 1995) which muot bo filled prior 
to tho progradation of ooorco detritus furthor into tho basin. It io thoroforo evident 
that thoro io a log timo botwoon tcetonis activity and tho pregradation of coarso 

dotritus into tho basin, and this lag period noodo to bo constrained for tho coarse 

grained sandstone soquoncoo in tho uppor part of tho main Karoo Basin.

Tho floxural model of Boaumont (1981) and Quinlan & Boaumont (1984) and tho 

reciprocal stratigraphy modol of Flemings & Jordan (1989), Ettoncohn (1994) and 

Gatoneanu of aA (1997) have totally altered tho way in which foreland baoin 

farmation and their fill io perceived. In light of thoso new models, old process  ̂

response theories for tho development of tho uppor Karoo during tho Triaooie noed 

to ho rs oxominod.



From tho pfoecding baekgmund and hist@neal ovofviowo, it io opparcnt that 
numerous, problomo exist with rospeet to: tho Gcdimontology; palaeontoWgy; 
hthootratigraphy and biGGtraiigraphy of tho Burgcrndorp and Wwormost Moltono 

Ferfnationo {Bamboosbefg and Indwo Mombom); ao wgM ao tho oxaot natum af tho 

contact which separates them: and their sotting within tho baoin dovelopmont of 
tho upper Karoo.

Tho main aima of thio thesis am thoroforo: to document the lithologmo and 

stratigraphy of tho Burgorsdorp and Moltano Formations; to address tho problomo 

of faunal representation and bmstratigraphm ranges of tho fossils of tho 

GyKogmafAfw Assemblage Zone, particularly that of tho dieynodont ̂ /wm zcym o; 
to rofino tho biootratigraphic subdivision proposed by Hancox of o& (19951; to 

addreso tho question of the mtorbasinal correlation and ago of tho GywogmofAMs 

Aoocmblogo Zone; to dofino tho changing nature of the contact botwoon tho two 

Formations on a baoinal oealo: to dotormino tho magnitude of tho proposed hiatus 

between them; and to dofino tho nature of cycliety in tho Bamboosberg and Indwo 

Members of the Moltcno Formation. The ultimate aim of the study Io to use thoso 

findings to feconotruct tho palacoonv&ronmonts (facies genesis and palocoelimato) 

of tho two Formationo and to modol the foimation and fill cf tho upper Karoo Baoin.

Tho overall aim of tho project io therefore to integrate Godimontologicall, 
otratigraphic and palaeontological studioo of tho Burgorsdorp and lowermost 
Moltono Formationo, in order to ootablioh tho sedimentary history of tho soqueneo, 
o:,„ w  dotermmo tho nature of tho contact that separates them.
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Study Area

The study aroa (Fig.1.2* is situated in tho southeastern machos of tho main Karoo 

Basin and oneompassos tho entire geographical distribution of tho Bamboeoborg 

Mcmbor zf the Molteno Formation. This area takas tho form of a diamond 

stretching from Sterkstroom in tho south to Rouxvillo in tho north, and from Gala 

in tho oast, to noar Stoynsburg in tho west. Although this study was coneontrated 

in tho southern part of tho basin, several weeks worn also spent in tho north of tho 

basin studving tho newly discovered CyMogmaf/wg Assemblage Zone doposits 

(Wolman of oA, 1991) and tho Molteno Formation.

Tho Burgorsdorp ond lower Molteno Formations aro well exposed in the main study 

area along tho oseorpmont of tho Bamboosberg and Stormberg Mountain ranges in 

tho Eastern Capo. During early field reconnaissance, significant now exposures of 

tho upper Burgorsdorp Formation (CynogwofAws Assemblage Zeno) woro discovered 

lymg within tho Bomboeshook Valley, approximately ton kilometres to the 

southwest of tho town of Sterkstroom (Fig.1.2; #3, #4). Thoso exposures in tha 

Bomboeshook Valley provide a continuous section from tho uppor Burgorsdorp 

through to tho Elliot Formation, thus providing on uninterrupted vertical succession 

spanning tho who!o of tho Nloltono Formation. For tho purpose of thio investigation 

it VMS howovor decided to constrain tho temporal range of tho study to tho 

Bamboosberg and Indwo Sandstone Members of tho Nloltono Formation, as thoso 

two am tho only members that stratigraphically overlie tho Burgorsdorp Formation 

(Fig. 1.1). On a regional structural scale, tho mam of study lies botwoon tho 

northern boundary of tho Southern Gape Conductive Bolt (SGGB) and tho southern 

boundary of tho Kaapvaal Graton (KG) (Fig. 1.2).
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1.8 Methodology

& Me 0 /  fAo a W y  0 /  aodKmeMoj&#&a/ meAa"

Blow ofoA (1972)

Tho optimal approach to undorotandmg tho sedimentary record 10 a combinatWn of 

detailed field otudies followed by laboratory analycio of carefully selected samples. 
To this ond fieldwork was undertaken at periodic intervale over a period of six 

years, between March 1992 and September 1997. Attention wao contered on 

localities that permitted detailed vertical sections and lateral profiles to bo compiled 

and that contained fossil material (Fig. 1.2).

Research was mainly focused on tho basin wide examination of tho rocks of tho 

upper Burgeroddrp and lowermost Molteno Formationo in terms of: their 
otratigraphie position; overall gross geometry; internal architectural elements; 
lothology; and palaeontological signatures. This woo undertaken in order to achieve 

better resolution of tho litho» and biostratigraphy of tho two Formationo and their 

laeios genesis, ao woll as to allow for their intro* and inter baoinal correlation. The 

stratigraphy of tho uppermost Moltcno Formation was also briefly studied, but Is 

not described in detail in thug thesis. Because tho lithostmtigmphy of tho upper 
Moltcno Formation is not well da^ed. a number of losal strotigraphie 

nomenclatures have been proposed ' t. , past (Tablo 1.3 o,b,c*. These local 
otratigraphie names could not be dir&etly qpplicd to tho uppor Molteno Formation 

m tho south of tho bao;m and to avoid fw^or complicating tho literature, for tho 

purpose of thio study tho uppor Moltcno r emotion wag collectively Germed the 

"Transitional" Member (non senso otncto Turn ?, 1975a).

Detailed documentation of lilhofacico 19 now a standard comuonent of tho facioo 

analysis method of interpreting sedimentary otrata (Gant, 197%, 1989' Miall 1977, 

1978, 1996), Wthofacieo schemes wore thoroforo erected for each of tho 

Formations under study, with additions and alterations to tho facies codes of Miall



(1977, 1978, 1990, 1996). Thio wao undortokon, mat juol to pigoonholo 

doseriptiong, but rather duo to the foot that lithofoeioa and thoir spatial ond 

temporal osooeiatieno represent real, olgnifieont and distinct oodimontary 

onvironmonto (Miall, 199$). Facies woro described in terms of their primary 

doposltional features, particularly bedding, texture, sedimentary structures, included 

biogenic material and grain size. Gralnsizoo woro recorded using tho Uden» 

Wentworth (Wentworth, 1922) rather than phi scale and no conversion to phi sizes 

was undertaken. Summaries of these methods and their limskriono ore given in 

Reading (1986, 1996) and Miall (1990, 1996).

To fully understand tho history of fill of a sedimentary basin, a thorough 

documentation of tho stratigraphy So of fundamental importance. Stratigraphic 

soetions woro measured at key loeaKtios across tho extent of tho field o 

(Fig. 1.2), with particular ompha@*s placed on localities where the entire stratigraphy 

of tho Bamboosberg Membar was preserved. At those localities, vortical sections 

incorporating all sodimentological and biogenic features were plotted to an accuracy 

of ±6cm. Sodimentological considerations were focused on tho proper 
documentation of bounding surfaces marking lithcfacies transitions, primary 

sedimentary structures, traces and tho occurranco of pedogomc footuros.

Much information is contained within outcrapo of fluvially deposited strata that is 

not attainable by conventional methods af fades analysis, such as tho 

measurement and interpretation of vortical pnfilca and Miall (1996) has criticised 

vertical profile analysis os a moans of palueo&nvir.mmental interpretation. Bearing 

in mind thoso criticisms, use was made of v? ''GUI tyoMo analysis for facies genesis 

interpretations, only when coupled with lot,!' venW  to minimise interpretation 

errors.

Lateral profiling is especially important fe A: d as of braided fluvial environments, 
where horizontal changes in liihofacies stylo of sedimentary architecture

aro most marked (Godin, 1991). Late? of the main sand bedios woro

thoroforo constructed in order to c o t# .: t tra geometries of tho architectural



olemonto prooont. Thio mothod eon idoolly identify covorol ouporimpoaGd ccaloo of 
oyelioity, ovon when thoy arioo fmm oomplotoly different proccsoQo, on 

occompkohmont that is not poooiblo if voftiew profiloo olono aro wood. Roadeuts ;n 

partieulor provided oxeollont opportunity for dotaiiod fotoral profiling and 

architootural olomont analysis. Outcrops woro recorded ao two dimensional panel 
soetions supplemented by detailed vertical profile logs. Vertical and lateral 
relationships between facies along the length of tho outcrops woro established by 

plotting details from field observations onto photomosaics. Thoso photomosaics 

wore created following tho technique outlined in Miall (1985, 1988a, b). In most 
coses vortical profiles woro meosurod from the top down using a climbing harness.

Lithofacios associations consist of groups of genetically related faeios separated 

from adjacent groups by bounding surfaces of various orders, Thoso genetically 

related packages of sedimentary strata aro divided Into a number of architectural 
elements that make up the overall geometry c the rock body. Bounding surface 

terminology used in this thesis is modified after Hozeldino (1983) ond Miall (1988a, 
1996), and thoso surfaces aro classified sueh that higher order surfaces truncate 

lower order ones.

A number of stratigraphic sections were also measured in tho ncrth of the basin in 

order to establish tho intra basinol relationships of the sequences. Although tho 

lower contact of tho burgorsdorp Formation was not the pnmory focus of this 

study, field observations of nature woro mode in &ho southern* western and 

northern margin of tho baoin. Th^oo findings wore coupled to tho literature in order 
to allow for tho Burgorsdorp Formation to be correctly piaccd within tho sequonce 

of events for the basin dovolopmont of tho uppor Karoo.

Representative rook samples from different sedimentary faeios types woro colleoted 

at rooordcd stratigrophia heights, ond prepared for thin section analysis and 

petrography work. Framework minerologieal studies woro undertaken on S3 thin 

sections of sandstones from tho Katborg, Burgorsdorp and Moltono Formations 

(Appendix 1). Textural analyses wore undertaken by conventional light microscopy



in order to: rofino oarlior Gtudioo on tho primary provonaneo of tho oondotono 

badioo; aoGortoin if any otratigraphie trends woro obsorvoblo; oo on oid in 

paloooonvironmontol intorprototiono; and to aid in baoinal dovolopmont otuJioo. 
Sueh stodioo aro bolievod to bo ono of tho boot moano of indieaiing tho plato 

tcstonio Getting of ancient deposits (Condio, 198$; Johnson, 1991; Sehroibor of 
oA, 1992*. For tho modal analysis, tho procoduro of Johnson (1991) was followod. 
With tho aid of a Swift point oountcr, somo 3QO points por thin section woro 

counted, as this number Is regarded as atatiotieally accurate and is thought to 

represent the most bonofieial investment of timo per section (Galohouoo, 1971). 
Tho compositional categories and thoir abbreviations aro listed m Appendix 1. No 

select;#) staining was undertaken and thoroforo no distinction was drawn between 

tho different feldspar typos for tho purpose of framework grain analysis by point 
counting. X ray Fluorescence (XRF) techniques woro not applied to tho sandstones 

and different plagioelaso compositions wore thoroforo not investigated. Tornary 

diagrams wore plotted using Triplot version throe. Petrological data was used to 

Wassify tho sandstones from the two Formations, for provenance studios, and for 

determining tho tectonic framework during sodimontation.

QraWzo analysis for tho sandstones of tho Burgorsdorp and Moltcno Formationo 

woro obtained by thin section measurement, using tho method outlined by Selley 

(197#). Thio waw necessary duo to tho fact that moot Moltono sandstones exhibit 
secondary quartz overgrowths, which tend to obscure original grainsizo. Heavy 

mineral assemblages woro noted in terms of typos and occurrence, although thoy 

woro not run for XRD analysis.

Polaooeurrent measurements woro recorded whcrovor possible to establish dispersal 
patterns and for an indication of source area locations. Theoo readings wore 

assessed according to indicator typo, with parting linoation tho dominant structure 

for the Burgorcdorp Formation ond lowermost Bamboosberg Member, and trough 

cmsc stratification dominont for tho uppermost Bamboosberg and Indwo Sandstone 

Members of tho Moltcno Formation. Planar cross stratification directions woro 

noted but not used in tho final palaooourront analysis, as thoy aro not reliable



current direction indicatoro (High and Pieord, 1074), onpoGially in tho Bo' ,oG""bcrg 

Mombor, whom thoy are froquontly normal to tho eurront diroetiona obtained fmm 

more roliablo Indioatoro oueh as trough axoo (DoColloo of eA, 1983). Vector moans 

and strengths woro calculated uoing tho mothod of Undholm (1987), ao thooo two 

vnluoo concidorod together give tho moot accurate roconotructlono of flow di'octZon 

(Miall, 1974; Pottor & Pottijohn, 1978).

During tho course of tho study, a number of palaeontological opoaimono woro 

collected from tho uppermost reaches of tho Aooomblago Zone

(subzono C, Hancox of oA, 1995) in tho south of tho baoin (Appendix 2). Fojsilo 

woro also collected from subxono B in tho middle of tho basin and subzono A in tho 

north of tho basin (Appendix 3). Fossil localities woro recorded with a Garmin 

Global Positioning System (GPS) as woll ao with tho aid of 1:50 000 topographical 
maps. Specimens considered worthy of curation and furthor preparation were taken 

for study to tho Bernard Prico Institute (B.P.I. Palaeontology) where thoy aro 

currently housed. Fossil preparation wao mostly undortakon by mechanical moano 

using an Atlas Copco air scribe. Acid treatment wao undortakon on various 

specimens, but without much success. All now taxa aro fully described In Chapter 

Two, whom tho individual preparatory treatment givon to each specimen is 

described.

Study of comporativo dieynodont material for tho taxonomic assessment of tho 

now dieynodont material (Hancox & Rubidgo, 1994; 1998), wao undertaken at tho: 
South African Museum, Capo Town (SAM); National Musoum, Bloemfontein (NMB); 
Transvaal Musoum, Pretoria (TM); Council for Geoseioncao, Pretoria (GO; Natural 
History Museum, London (BMNH); Zoological Musoum, Gambridgo (CUMZ); 

UnivorstUt Tubingen Musoum und InotitutfOr Geologic und PalOontologio (UT); and 

tho Institute of Vertebrate Palaeontology and Palaooanthropology, Bwijing (IVPP).

Samples fmm various facies, including coal and inter oearn material wore analyzed 

m order to try and dotormino tho palynological representation of tho two 

Formations, but to date have not yielded significant palynomorpho.



1.9 Organloatlonol Pmviow

Chapter Two provides detailed descriptions of tho lithology, pQlaeontology and 

stratigraphy of tho Burgorsdorp Formation and a roferoneo soetion for the uppor 

Burgorsdorp Formation is proposed (Appendix 4). Now fossil taxa aro fully 

dosoribod and taxonomieally assooscd and tho threofold cubdivioion of tho 

Gy/mgvmr/ws Assemblage Zone proposed by Hancox of o/. (1995) is expanded 

upon. Tho layout of Chapter Three is similar to that of Chapter Two, except that 
th* jamboooberg and Indwo Members of tho Molteno Formation aro treated 

separately. Tho Bamboosberg Member io fully dosoribod for the first time in terms 

of its geographic extent, stratigraphy, lithology ond palaeontology, anu is included 

in the format for acceptance by the South African Committee for Stratigraphy 

(S^CS, 1987) (Appendix 5). Tho spatial and temporal changes thot occur within 

the Bamboosberg and Indwo Members are fully discussW

The data presented *n Chapters Two and Three is synthesized in Chapter Four to 

allow for detailed palaooonvironmontal reconstructions of tho Burgorsdorp and 

Moltono Formationo to bo proposed. Now intorbosinal correlations aro prosonted for 
tho CyAogmf/MM Assemblage Zone, based on faunal contomporeity of tho proposed 

subzonos with faunas from other parts of Gondwana, as well as China and Russia. 
These correlations aro in turn used to refino tho relative ago of tho GyMogwof/M'a 

Assemblage Zeno. Tho nature of tho contact botwoon tho Burgorsdorp and Moltono 

Formation is fully described in terms of tho differences that occur between tho two 

Formations. Tho question of diaehronoity of tho basal boundary of tho Moltono 

Formation io addressed, and the length of time represented by tho contact Is 

discussed. Finally, tho results from this study aro incorporated with tho current 
literaturo to present a model for the formation ond fill of tho uppor Karoo Basin.



2 BURQERSDORP FORMATION

2.1 Introduction

In this chapter tho stratigraphy, lithology and palaeontology of tho Burgorsdorp 

Formation rocks, which encompass the Cy/io#nof/ius Assemblago Zono fossil fauna 

aro described in detail. A new species of tho capitosaurid amphibian AwofosueAus 

is fully described and its importance to the biostratigraphy of tho biozone is 

discussed. Tho first occurrence In South Africa of the East African dieynodont 
genus <4f#on&owws (Hanccx & Rubidgo, 1996), ao well as tho firot occurrence of 
a member of the Family Shansiodontidao aro fully documented. A reference 

stratolypo for tho upper Burgorsdorp Formation io proposed (Appendix 4) and tho 

problem of the blostratigraphic range of Kanmemoyewb io addressed. Tho proposed 

threefold subdivision of the Cyno&/M(Au& Assemblage Zone (Hancox ora/., 1995) 
is expanded upon.

2.2 General Geological Description

Tho Burgorsdorp Formation overlies tho Katborg Formation and forms tho upper part 
of the Tarkastad Subgroup (Johnson & Hiller, 1990) (Table 1.1). At present tho 

lower boundary io conoidorod to be conformable with, and partially laterally 

equivalent to tho coarser grained braided river deposits of the Katberg Formotion, 
and is definod eo tho horizon above which mudstono io moro abundant than 

sandstone (Johnson & Hiller, 1990). The uppor boundary Is currently held to bo 

conformable with the overlying Moltono Formation (Christie, 1981,1986), and io 

defined as an intortongued or sharp tranoition zone up to 100m thick (Johnson & 

Hillor, 1990). Geographically tho Burgorsdorp Formation outcrops ao an oval, 
extending from the town of Queenstown in tho south of tho basin to paot Sonokal 
in tho north, and from Matatiolo in tho east to Burgorsdorp in the west (Fig.2.1a).

Tho typo cootion of tho Burgorsdorp Formation io situated at Nononsi's Nek 

(Pig.2.1b), due woot of Queenstown in tho Eastern Gapu (SAGS, 1980), Thio area
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k; considored to bo within tho middle Burgorsdorp (Johnson & Hillor,1990). Along 

with equally good exposures at MoKay'o Nok (Fig.2.1b), tho area providoo the bost 
looolitios for laterol profiling and channel olomont anolyols in ^10  ontko outcrop 

area. Johnson and Hiller, *1990) also doiinod a typo oroa, oituotod to tho north, 
northooat and northwest of auoonstown (Fig.2.1b). A parastratotypo for tho 

Formation has recently boon proposed at Madeira Mountain (Fig. 2.1b), along with 

reference sections at Teebus, Hobhouso, Inzicht and Mount Lo Seur (Groonewald, 
1996).

The Burgersdorp Formation lo not structurally complex, having been only slightly 

deformed into wide open, gently dipping anticlines and syncllnos. Tho strata 

generally dip between 1=4° to the north or northeast. Thick Intrusive sills may 

create slight structural complexities, especially iu the southeast of tho basin, but 
more generally tho Intrusions take tho form of dykes which displace strata by only 

a few metres,

2.2,1 Thickness

Tho Burgersdorp Formation in the south of the main Karoo Basin forms a thick 

succession of fines and sandstones which decreases in extent towards the north 

and west (DuToit, 1918). Duo to tho disparities in tho placement of tho upper and 

lower boundaries of the Formation, the extensive nature of tho doloritic intrusions, 
and the fact that no single locality exists where the Formation is fully preserved, 
tha true thickness of the Burgotodorp Formation is not well constrained.

Tho Burgersdorp Formation attains its maximum recorded thickness of 1080 

±180m (Johnson, 1978) In a down faulted block on the east coast of South 

Africa, northeast of East London (Fig.2.1b). For the typo locality, various 

thicknesses appear in tho literature, with Johnson (1976) providing a figure of 
950m f*1B0m ), whereas StavrokL (1980) gives a %uro of 900m and Kitching 

(1977) only 008m. In the vicinity of Matatiolo in tho Eastern Gapo published 

thicknesses vary between 460m (DuToit, 1929) and 244m (Johnson, 1976). North



«

of tho typo aroa (Fig.2.1%)), tho Formation thins rapidly boing only 440m thick couth 

of tho town of Aliwol North (Johnoon, 1976).

To tho north of tho town of Aliwol North, tho thicknooo of tho Burgorsdorp 

Formation doeroascs dramatically, with rooordsd tNcknossoa for aroao in Lesotho 

ranging from only 12m to 42m (Stoekloy, 1947). In tho north of tho basin in tho 

vieinity of tho town of Sonoka!, measured thieknoosoo rango from between 30 40m 

on tho farm Gwharriekop (Senokal diatilct) to between 20 30m on *ho farm 

FraaiuiWsht (Rosondal diotriot). At both of thoso localitioo the underlying Katherg 

Formation, and hence the base of tho Burgorsdorp Formation, cannot bo mapped 

with any certainty and thaso figures therefore represent minimum values only.

2.2.2 Gonarol Kthology

Uthelogieally tho Burgorsdorp Formation consists predominantly of mudstones and 

giltotonoo (50 80%) with intonbedded sandstones of various morphologies (20* 
§0%). Tho mudstones and siltstonos tend to weather In negative relief, making tho 

sandstone ledges tho more conspicuous lithologies. Sandstone percentage is highly 

variable within the Burgorsdorp Formation and Johnson & Hiller (1880) record 

values of between 20-30%, whereas Groenowold (1996) gives tho mnge as 

between 16 and 4S%. Tho range and variation in these figures is partly dependant 

on whether or not thin sandstones, interbedded within tho thick mudstones, are 

included by tho various authors. In tho Bamboosberg Mountains, sandstone 

percentage for the Burgorsdorp Formation ranges from between 30%«B0%. In 

General terms, tho lower of thoso two figures is derived by taking only tho major 
sandstones into account whereas the upper figure takes into account inter bedded 

sandstones as woM.

Sandstones bodies often grade both vertically and laterally into siltstonos, and 

clasts of sill; and mudstone may bo dispersed thioughout the sandstones. Two 

sandstones of tho Burgorsdorp Formation are predominantly fine to medium grained 

and yellowish prey (SY 7 ^ ), light brownish grey (BY 6f1), greenish grey (SQR 6/1),



light olivo gmy (5Y 0A) or groyioh red purple (6RP 4;21 in colour. They tend to 

weather to dusky yellow (BY 6/4), olivo grey (BY 3/2) or very duoky purplo (S P 

4/2), but may also bo stained blaek on their outer surfaces by manganese fluids. 
Fragmentary reptilian and amphibian fossil remains, as well as casts and Imprints 

of fossil plant otoms and leaves aro in many places preserved in tho sandstones.

The finer fraction consists predominantly of greyish red (5R 4 /2 1 0R 4/2) and 

greyish red purplo mudstones (5RP 4/2), light bluish grey (SB 7/1), greenish groy 

(SG 6/1) and light olive groy (GY 6/2) siltstonos, and light bluish groy (SB 7/1) fine 

to very fine grained sandstones. In most eases, tho different lithologies have 

distinct colouration, however colour change may cross lithologieal contacts. Woll 
preserved, though non abundant remains of fossil reptiles and amphibians, as well 

os coprolites, rhizocretions, root easts and silkificd wood aro preserved in tho finer 

grained rocks.

Throughout tho outcrop area, tho Burgorsdorp Formation is offoctod to varying 

degrees by intrusive doloritos of Jurassic ago (SAGS, 1980). Thoso intrusivos not 
only displace strata. Increasing thicknesses and making correlation difficult, but 
also tend to alter and discolour tho sediment in diverse ways.

2.3 Sodlmentology

2.3.1 Uthofaeles descriptions

Eleven ma;or lithofacioo aro identified and doccribod for tho Burgorsdorp Formation 

and tho various faeios eodos aro modified aftor MiaH's (1977, 1978, 1896) 
generalised description of fluvial facios. No oxtra formational conglomerates aro 

encountered within tho Burgorsdorp Formation, however intfa formational 
Gonglomotatic accumulations aio fairly common in tho sandstone facies.



2.3.1.1 Sondotono Faoloa (S)

a) jnifadaGLaDnsiemBMta (So)

Thio lithofaeieo woo proposed by Rust (1978) and woo tncludod in MiaH'o (1 @78) 
lithofocios schomo. Mioll (1996) no longer Bonoidoro it a valid Goparato entogory, 
howovor, boeauso of ito obundaneo, discroto nature and paloooonvironmonto! 

impaitanee it ic retained hero os a separate faeioo.

Tho faeieo m eharaeteriQod by massive to croso stratified, fine to medium grained 

sandstone, containing intra formationol @lasto. Clasts aro predominantly mud' and 

sillstono, with varying amounts of mtra formational debrio including fossil bone, 
coprolites and fragmented and particulate plant material. This facies is further 

characterised by tho total absence of extra formational elasto. Tho nature of tho 

Intra clasto differs significantly throughout tho stratigraphy of tho Burgorsdorp 

Formation.

In the lowermost roachw of the Burgersdorp Formation this facies occurs as thin 

individual units interspersed within thick units of fines. Tho matrix is ealearonitic. 

Tho clasto aro predominantly well rounded clay pebbles, but also include largo 

amounts of reworked pedogenic carbonate, ooptarion nodules, invertebrate burrow 

costs and totrapod fossil fragments, predominantly tooth and fragmentary cranial 
remains which show evidence of local reworking (Pig.2.2). Tho average sizo of tho 

fine clasto is less than #cm. This facies is thought to represent patchoa of ro 

worked floodplain material which accumulated in shallow depressions by 

ohootwaoh (Butler, 19S8).

In tho upper parts of tho Burgeradorp Formation thio faeieo occurs primarily at tho 

baoo of thick sandstone unito and has a non calcaroous matrix. Tho intra claots aro 

predominantly well rounded ellipsoidal to diocoidal mud= and siltstono elasto. Loss 

commonly fossil bone may also bo preserved (Fig.2.3). Tho average size ronga io 

between 136cm, although a largo clast of a l.S m  io preserved noar tho bORO of



BuohmcnshGok Paso. Clasto may bo imbneatod, although maro normally thoy ooeur 
lying flat on tho bodding plain. Crudo horizontal stratification of tho olaoto may aloo 

bo developed. Faoioo So, in tho upper Burgorcdorp 10 boliovod to roprosont tho 

aeoumulation of orodod out rank material on ohannoi floors (thalweg oeouro) and 

point bars following flood activity, aa doeumontod in tho lowor part of tho Beaufort 
Group by Tumor (1981 b). Thin, oonvox up mudotono flakoo aro oonsiderod to havo 

formed ao mud ourls in dried out pools or ehannol doprosoionG. Largo O l.O m ) 
elasto aro interprotod as eut bank eollapso of oohooivo mud that was not 

transported any groat diotaneo.

Trough cross stratified intfadast oonglomerato (SoJ forms a sub faolos of So, with 

very similar characteristics, but occurring oxelusivoly associated with facies St,. 
Individual clasts occu," tho baoo of tho sot ao woll as interspersed throughout on 

forosot laminae. Thoso sots form discontinuous lenses botwoon 40 80cm thick, 
with basal lag accumulations between S'lOem thick. Tho basal erosional surface 

;s boliovod to represent uppor flow 3 .^ .ur activity in front of migrating 

dunos. Similar lag deposits aro known frcm tho Lower Boaufort (Stoar, 1978, 
1980a) and such accumulations am thought to havo boon deposited under uppor 

flow rogimo conditions, prior to trough fill in tho upper part of tho lower flow 

rogimo.

b) If@ugh_cc@ssastra#Gd (St)

Stavrakis (1980) notos that within tho Burgorsdorp Formation trough oioss 

stratification may bo highly variable, with nearly all of tho typos recognised by Allen 

(1983) represented in tho lower third of tho Formation.

In tho uppor two thirds of tho Formation fades St (Fig,2.4) tends to occur aa 

solitary or grouped sets of trough crosq strata. Soto rango in thickness from 5cm 

to ± 1m, but aro moro usually in tho rango of SO BOcm. Thoy may bo turthor 
subdivided into largo (St.) and small soalo unito (St*). Individual largo troughs may 

attain widths ot 1 2m whilo tho smaller units aro rarely wider than SOcm and



botwoon 5-30em thicl; L..&J bo f.no to medium gmined, but whero largo

sots grade into smaller io an aosempanylng deeroaao in grainoizo. Foresot
dip angle mages between 8=18% being gonoral'y higher in tho finer grained units. 
Occasional single scoops of fW o and efa typos (Allen, *963) were noted near the 

top of horizontally stratified and massive sots* with erosive bases into tho 

underlying facies. Very large scole units of facies St (1 4m thick and 2-4m wide), 
such as occur in the underlying Katberg Formation, aro unknown in tho Burgorsdorp 

Formation.

Tinugh cross stratification is commonly oecopted to represent dune or megaripple 

migration during the transition from uppor to lower flow regime conditions (Allen, 
1963, 1S70, 1982, 1984; Harms of a/., 1976 Ashley, 1990). St, probably 

represents small, three dimensional, in ehannol dunos or large ripples deposited 

under lower flow regime conditions during waning flow (Godin, 1991). Both cfa and 

(W o types are interpreted as scour and fill structures and should possibly bo 

included above with facies So,.

Planar cross stratified sandstones (Pig.2.S) aro not sommon in tho Burgorsdorp 

Formation. Whom present this fasioo normally occurs ao thin solitary sots (Fig.2.5) 
and more rarely as co seto of tabular strata. Facies Sp is in many Instances 

associated with faeios §h in tho uppor port of oandstono bodies. Sot sizes range 

from E CO cm. Foresot dips rango botwoon 10 25^ Grainsizos fall in the fine sand 

range. In most eases the sots aro of tho o#k; and gommo (AMon, 1983) typo. 
Polaoeeurronto obtainod from fasios Sp aro often oblique to porpondieular to thoso 

ebtainod from faeios St or Sh, and parallel to tho dip of lateral aeeretion ourfaeos. 
Tho basal surface to tho oolo aro usually horizontal, sharp, non erosional surfaeou 

and moro raroly, irregular erosion surfaces.

Planar eross otratifieatien is tho internal otrueturo to transverse boro (Smith, 1971, 
1972, 1974), Imguoid and laterally aeerotod point bars and largo oondwovos



(Hzrms of o/., 187$). ond gfommo typoo am documontod os forming by tho 

avalanching @f grains down tho front of transvoroo boro or tho migration of straight 
erostod sandwavoo on point bar ourfaooo (Harmo of oA, 197SK

d) MausivGtocomim *sm)

Locally devolopod, mainly QiniGturoloss Qondotonos havo boon noted in a varioty of 
fluvial and fluvio "adal deposits (Jonos & Runt, 1983; Turner & Monro# 1987; 
Tumor & Martin, 199SK Thio facioo has boon largely ignored in tho past and Miall 
(1977,1978* doos nvt ineludo a faeieo abbreviation for sueh deposits. This facies 

codo therefore follows ?hat of Conaghan & Jonos (1975) ond Turner & Martin 

(1996). Turner & STarfln (1995) recognise thrco typos of massivo sands, thoso 

boing massivo otrustureles;,. massivo partially structured and massivo structured.

In tho Burgorsdorp Formation, massive sandstones (Fig.2.6) aro often closoly 

associated with, and gpacb vertically and laterally into, faeios St and Sh. They taka 

the form of seemingly massivo sandstones with tabular geometries that may 

prosorvo faint diffuse lamination. Mudstone and siltstono clasts may bo randomly 

distributed throughout Sat sizos rango from 20"200cm. Tho basal contact is 

usually sharp, but may also bo gradational.

This facioo would fail within tno partially structured massivo sands of Turner & 

Martin (199S), which thoy interpret as having formod by bank collapse or 
hyporeoneontratod otroamflow and deposition in tho presence of high secimont 
rain. Gonaghan and Jonos (1975) attribute tho formation of similar faeios to 

deposition from highly concentrated, sediment laden currents under transitional or 

upper flow rogimo conditions at poak flood. McCarthy Ocm.@emm.) conoiders tho 

lack of sedimentary structure iin ouch deposits to bo due to tho obliteration of 
primary structure by bioturbation or hydraulic creep. Tho destruction of primary 

sedimentary otructiro may also bo brought about by tho liquefaction of 
unconsolidated &and (Reddoring & Rust, 1994). Turner & Martin (1996) aloo 

propose groundwatar charging ao a poot=dcpositional mechanism for tho



obliteration of structure.

Duo to tho look of systematic study of these sandstones, their true origin remains 

enigmaUc, with certain oedimontologists reluctant to accept thorn as a distinct ond 

separate fluvial facies. The vortical and lateral gradation of facies Sm into Sh or S+ 

In tho Burgorsdorp Formation is most probably tho result of partial post dopositional 
alteration of sedimentary structure, either by liquifactlon or hydraulic creep.

o) HDDZoMallyjBtmUfiQd (Sh)

Horizontally to sub horizontal, parallel stratified sandstones (Fig.2.7) aro the most 
abundant sandstone facies in tho Burgersdorp Formation, Thoy occu: in sots 

ranging from 20cm to 1.5m thick, with individual bods ranging from 20 to 70cm, 
but seldom being in excess of 60cm. This facies is predominantly formod in fino- 

medium grained sandstones, which aro often micaceous. Porting linoation (Fig.2.8) 

associated with tho uppermost surface of individual sots is tho most common 

sedimentary structure in tho Burgorsdorp Formation.

Three typos of horizontally stratified sandstone aro recognised, based on where in 

a sequence they occur, thoso boing basal (ShJ; intermediate (Sh,) and top (ShJ 

sots. Three different conditions of sedimentation aro implied for their formation.

Shb: Forms tho basal facies to numerous sequences and may bo overlain by 

similar facies to form stacked acts of Sh;, or by facies St, or Sp. This faeios tends 

to be predominantly fino medium grained and commonly display parting linoation 

on tho uppor surface of individual Goto. These sots correspond to tho uppor flat 

beds (UFb) of Stovrakio (198G| ond represent uppor flow rogimo deposits with 

maximum water depth.

Sh,: Occur throughout sandstone sequences and as individual sets interspersed in 

thick mudstone unito. Entire, thick tabular sandstone units may bo internally 

structured by this sub facies. Such deposits, sometimes up to several matros thick



am known ^  bo deposited durir.g a ninglo flood ovcnt (MoKoo of oA 1967). This 

faeios is common ao Hood donved deposits in ephemeral streams or systems with 

strong seasonal fluctuations. They aro thought to bo produced ao shoot deposits 

by shallow high velocity (upper flow regime) currents, however thio faeios is also 

known to bo produced by low veloeity flow in sand greater than 0.6mm (McBride 

ofo/.. 1975).

Sh.: This facies occur? at tho tops of individual sandstone units and is gonorall/ 
fine grained, varvo like and late: ally restricted. Facies Sh, may grade laterally into 

facies St or Sr. This facies equates to tho lower flat beds (Lfb) of Stavrekls (1980) 
and is thought to bo a lower flow rogimo deposit in response to increased friction 

and decreased flaw in snallow water. This kind of low angle parallel lamination i& 

also documented by bodform migration in flumo studios under lower flow regime 

conditions (McBride of aA, 1975).

Facies Sh is known to bo formod under both lower and uppor flow regimes (Harms 

of oA, 1975) and tho generally accootod opinion at present (Miall, 1977, 1978, 
1996) is that facies Sh io indicative of current conditions typical of tho transition 

from lower to uppor flow regimes in tho caon of Sh % and uppor flow rogimo In tho 

case of Sho. Unlike tho situation in tho underlying Katberg Formation, upper flow 

rogimo (Sho & Sh 3 horizontally stratified uandstonos in tho Burgersdorp Formation 

rcroly prosorvo discrete heavy mineral laminae.

f) (Sr)

Facies §r (Fig.2.9) is restricted to fine to very fine grained candutonos in which 

definite ripplo topography io identifiable. Both ripple crossstratification 

(bodsot> 1.0cm) and cross laminated (individual laminae <  1.0cm) occur within 

thick sandstone units and interspersed within mudstone and siltstono sequences. 
Sots range from 30 50@m and may havo sharp basos or may bo gradational from 

underlying St, or Sh,. Ripples aro mainly asymmetric and slightly sinuous to 

Gieseontic in form (Fig.2.10). Amplitudes range from 0.5 2.0cm, with tho norm
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