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ABSTRACT

The Burgersdorp and lower Molteno Formations (Bambeesberg and Indwe Members)
form o well exposed scquenee of sedimentary strata i the mam Koreo Basin, A
knowledge of the fill of these two formations is critical to understonding the basinal
developmont of the upper part of the Karoo retro-forcland. Progsently both
formations are peerly understood and this study addresses the preblom by
mnvestigating the stratigraphie, sedimentelogical and polacontelegical signatures of
the twe formatiens.

Lithologieally. the Burgersdorp Fermation is compased of varicoloured fleedplan
fines and fine-medium grained chonne! sondsions bodics. Palacocurrent
measuremeonts ndicate a cystem with unimodal flow to the north-nerthwest. The
depositional envirenments for the Burgersdorp Fermation are demunated by hiah
sinuosity, mixed load meanderbelt facies assoeiations depesited under semi-and
conditions. The provenance for the Burgersderp Formation 1s a mixed acid plutonic,
low grade metamorphic and sedimentary source, situated to the south and south-
southeast,

The vppermest strata of tho Burgersdorp Fermation in the seuth of the basin
viclded a now tetraped fauna broudly assignable te the Cynognathus Assemblage
Zono, but wineh also includos new eapitesauraid amphibians and the first
Stahlcekernds and Shansiodontids i South Afnce. The discovery of this new
fauna. ceupled to tho spatidl and temperal distabution of the temnospondyl
ompisbians from the ozene. allowed for a threefeld biestratigraphie subdivision
for the Cynegnothus Assomblage Zone to be crected. Cerrelation ~f the
Cynegnathus Assemblage Lone with other well dated nenmarine terrestral depasits
of Gondwana, Chuna and Rustia, shows that the age of the biozene spans the
Loweor Triasaig (Tr1; Seythuant - NMrddle Triassie {Tr2; Amsian) boundary.

Tho Bamboosbherg and Indwe Mombers of the Molteno Formation form a thick

eoarcomng upward, sandatono demimnated scquence, with subordinate fines and
coal Palaveryrront dreetians wndicato ummodal flow to the north-nor®
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north-nertwwest Dopositenal enveonments oto mamly low sinuotity, bedload
dormnated humed brar dplams on wiieh peat swamps llounshed. Provenanece studies
documens a muxed plt tome and metamorphic souree, with agmifisant nput from the
Cape and lowet Karoa Supergroups. The Bambeosberg and indwe Members centain

g a well presorved pa'acoflera, but no tetraped fecails, ond the palacontelagical
’ signatere of tho two members indicates a Carman age for the lewer part of the
Molteno Fermation.

The contact botween the Burgersdorp and Molteno Fermations s formed by a
diachronous uncenformity surface, which decreases in magnitude seurcoward from
% 33Ma to =4.5Ma. Tho geomotne form and 4ll of the main Karee Bagin durng the
Triassic is strongly controlled by the f{loxural respanse of the heteregencous
lithesphere, which underpiates the bosn, to eregeme levding causcd by tivust
activity in the Capo Fold Belt (CFB). The spotial and tempoeral distribution of the
Burgersdorp and Molteno Formations may therefore be explamed n torms of
tectonically controlled soureowiaid and basinward shufts in the depositional systam, ,.5;"
overpninted by the prevailiag palaeechmate.
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north-northwest. Deposiional envirenments are mamly low sinuosity, bedloed
dominated hunud brardplans on which peat swamps flounished. Provengings studias
document a mixed plutenic and metamorphic source, with aigmi sant input from the
Cape and lower Karoo Supergroups. The Bambeesborg and Indwe Members contamn
a well preserved palaceflora, but no totraped fesails, and the palacontological
signature of the two members indicates ¢ Carmuan age for the lower part of the
Moiltone Formatien.

The contact botween the Burgersdorp ond Moltone Fermatiens s fermed by @
diochronous unconfermity surface, which decreases in magnitude sourgoward from
£358Ma to =4.5Ma. The geomotnc form and fill of the man Kareo Basin dunng the
Trassie 16 strongly contrelled by the floxural respense of the hoterogencous
hthosphere, which underplates the basin, to oregeme loading caused by thrust
activity in the Cape Fold Bolt (CEB). The spatial and tomporal distribution of the
Burgersdorp and Moltens Formatiens may therefere be explained .n terms of
toctonically controlied sourcoward and basinward shufts in the depositienal system,
overpnnted by the provathng palacochmata.
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INTRCDUCTION
1.1 Bockgraund

The mawn Koreo Basin of South Afuca containg one of tho mast temperaily and
spatally extenswve and well expesed sequencos of Gendwanan recks in the werld.
The preserved outerops of thrs predaminantly secunentary scguence, have a spatial
distnbution of som~ 300 GO0km? (Smith, 19304}, more than half the land surfoec
of South Afnca. These etrata aecumulated in a large, ntra-crotenie rotro-are
forcland basia {Jehnsen, 1991) under environments ranging from glacial to ceslian,
and recotd on almost centnvsus scdimentary cuccessien from the Loto
Carpomferous {300Ma) 1o thoe Early Jurassie (190Ma) (Smuth, 1888}

Bain (1848) was the firat person te draw attention to this extensive sequense of
reska, cubsequontly niaming those strata the Karoo "Series® (Ban, 1856). Jones
(1867) intreduced the nomonelature Beaufort “Beds” for sedimentary recks withwn
the lower part of the Karco "Senes® at Beoufert West and Dunn (1873, 1878}
praposed the torm Stermborg "Beds® {or the uppermast part of the Karoo “Setieg”.
Dunn (1878) further subdwided tho sequence inte the “Ceal Maasures, Red Beds,
Cave Sandstone and Veleanic Eeds®. The value of Duan's &erk 15, that with mino-
refinements of termunolegy, it 15 atill the basis of what 1o asecpted at prosent {or
e uppor Karoo.

Rogors {1903} hthestratigrapheally dwided thio sequerce of rocks, wiieh he
termed the Kareo “Syotem”, inte the Dwyka, Ecea, Beaulort and Stormberg
Groups. Regors {1908) and Broom (190€a) further subdivided the Beaulo. Group
mte a Lawer, Nhiddle and Upper Seres. Thes partiioning of the Beaufort Group was

1eecpted untd Johasen {19761 crected a now hithostratigraphie subdivicien for the
Group. for the orca cevenng East Londen te Pearsten in the Eastern Cape. Jehneen
(1976) dwided tho Boaufort Group inte a lower Adelmdo Subgroup, which broadly
gormecponded to tho Lewer Beoulfort Sencs of Rogora 11908) ond Broom {19064,
and upper Tarkastod Subgroup which caquated ta thow Mddle and Upper Senes.

A

,

O

e




;. AN
b
!f&,,
&
gy,
*
F ;
- K
& ‘: :
7 ’ﬂb
:§; - -
»
I
- 1
v
k: &
‘
N
]
Y
-
L
?‘f,".
-

[ S

PRI e WU AT v B o L Rp—
i r

Rl = . - -

.
g

Jehnson (1976} {urther concluded that there was ne juctification for the retention
of the torm Stormberg Group. With muner alteratians Jobnson's (1976) subdvision
of the Booufert Group was aceopted by the Kares Waerking Group of the Seuth
Afniean Couneil fer Stratigraphy, who alse abandoncd the term Stermberg i favour
of assigning formauonal statue ta oach of tho units that made up this greup (SACS,
1880).

DuTeit {1984) recogmised two maojer stratigraphic breaks within the Koreo
Supergroup. one at the top of the Dwyka Group and the other at the base of the
"Stermborg” Group. These stratigraphic braaoks are ef entical importance for bacinal
development studics, as they gre thought to represent the mojer hiata! surfaeos and
changes i sedimentary style withun the main Kareo Basta.

Hobday (1978) noted the podcity of sedimentury studies in vanous parts of the
suceession ard pemnted out the neced for detailed avestigations of the centasts
botwoen the various subdivisions of the Kareo Supergroup, stating {p.1) "teday the
anly sues invelve dotoils ef correlations and contaets botwoeen the units and
these probloms aro likely to remain”. Many of the contoets between the Groups
and Formations of tho Supergroup have heweover been well decumented for eertom
parts of tho basin. Loeck (1967) desenbed the eontast botween the Dwyka and
Eego Greups, whilst Rubidgo (1887, 1988, 1990), Jerdaan (1881} and Wickens
{1884, 1987) re-defined tne Eccn:-Boaufort contact in the seuthwestern Karoo on
sedimentological and palacontelegiedl grounds. One major gontact thot romans
problemateal is that botween the uppormost, Burgersdosp Formatien of tho
Beaufert Group ana the basal Meltcnoe Formoeuen of what was proviously teramed
the “Stermberg Group®. Jehnsen (1976) cencluded that thero wags no justthcation
for tho rotention of tho term “Stormberg Group” ond the nomencloture was
thorefero chondoned by SACS {1980) in favour of asaigrung formatienal status to
cach of the uats {Table 1.1).

Tho Melteno Formaton thorefero everkes the Burgorsdorp Formation (Table 1.1)
and the eentaut Lotween the twe cequences renresonts one of the two magor
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stratiyraptue broaks Wentificd by DuTet {1954). A dotaded knowledge of the
stratigraphy and hithology of the Burgercderp and Melteno Fermations is erucial to
the understanding the nature of the coentact that separates them.

The rocks of the Kares Supergroup alse prescrve a fesciized record of tho
numerous faunel nnd floral elements that inhabited the Kareo Bacin. The fassils of
the Beaufort Group in particular represent one of the best preserved ecolegieal
assemblagos of pre-mamraahant.  striol vertebrates in tho world (Keyger & Smuth,
1977-1878). The wnportance of nese fessils 15 twe-fald, as thoy allew for
avelutianary studies inte wnportant vertebrato hnoages {Broom, 1932, as well as
for the restratigraphic subdivision and global correlation of tho Beaufort Group.

Tho oldest rocerd in prnt of fossls in tho recks of the Karee Supergroup boars the
date 1831 and takes tho form of a letter wntton by C.H.Cnsbreok, which was
published in the South African Quarterly Journal under the title “Organie remains
m the Karreo®. The locahty data and whereobouts of the referred to material is
howaover unknown and the first decursented discovery of fosail reptiles in Karoo
strata is of a dieynodont found near Fort Beaufort by A.G.Eain In 1838 (Rain,
1845; Owen, 1856).

Beeause of their gbundance m the rechs of the Karoe Supergroup and particularly,
tho Beaufort Group, fossi tetrapeds have long been used for the biestratigraphie
subdvision af the soquence. Wyley (1859) intreduced the term "Reptilian Beds® for
fosailiforous Kareo strata near Begufert West and Seeloy (1892) was the first to
attempt to subdwide the rozks of the Karea hiestratigraphically. Broom {1906b,¢,d
1807, 1909a) proposed a oix-feld mozenation {or the Beaufort Group {Table 1.2,
whieh, with slight modification {Hotton & Kitelung, 1963) wag the werk accepted
by most authors for the next cixty years {Watcen, 1813, 1814: Von Huene, 1925;
DuTout, 1954).
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With the ntencive collecting in the Karao Bagsin sinco Braom's (19060} biezenation,
numerous new diseoveries of totrapsd vosoile including amplubians, primitive
roptiles, mammal hke-roptiles, carly mammals and dinosaurs have been made, This
weoalth of new matenal has allowed for mojor revisions to the carly blostratigrophy
{Kitching, 1970, 1872, 1977, 1984; Keyser & Smith, 1977-1878; Keyser, 1879;
SACS, 1980; Rubidge ot al.. 1996} such as to include the Eliet and Clarens
Formatiens as well {(Kitching & Raath, 16884}, The current tenfold biestratigraphic
sub-divisien of the Karoo Supergroup is preseated in Table 1.2, along with the
maojor histoneal revisiens that have osccurred. This refined biostratigrapiiy has
facilitated the correlation of those strata with equivalent scquences elsewhere in
the world, which in turn has allowed feor more precise relotive dating of the
sequence.

The rocks of the Karoo Supergroup have thercferc been the focus ef mueh
sedimentelogical and palacontelogical rescareh, yot dospite the vast ameunts of
work undertaken in the past hundred and fifty years, many aspects of the
stratigraphy . "*heloyy, polacontology ond basinal fill of the sequence are still not
adequately reselved. Thig is particularly true in respect of the Burgersdorp and
Molteno Formatiens.

1.2 Burgersdorp Formation
1.2.1 Histoiieal Overviow

Most of tho early researeh on the Burgersdorp Farmation {Tarkastad Subgroup,
Beaufort Group) was undertaken by Alex DuTeit beitweon the yeurs 1894 and
1818, and it was BuTeit {18080} whe intredueed the nome “"Burghersdorp Beds®
for tho scquence ef predemunantly red and purple mudrocks and subordinate
sandotenas, which euterop around the town of the same name in the northeastern
Cape Provinge.
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Subsequont to the division of the Beaufort Group into a Lower, Middie and Upper
Series (Rogers, 1908; Broom, 1906aj, the Burgerodorp Formation was equated to
the Upper Beaufort (Regers & DuTeit, 1809). Watsen (1914} produced the first
map of the strata assi ;nable to the Burgersderp Formation in the nertheastern Cape
Province and Stockley (1847) documented strato assignable to the Formation from
Losotho. Rust {1959 1962) doscribed the tocks of the uppormiest part of the
Formation in the area of Bushmanshock Pass, stat ng that they werc very similar
n nature to the overlying Moltene strate. This ebservation led him to propose a
paracenformity between the middle and upper parts of the Burgersdorp Formation.

Johnson (1966) considered the toim "Burghersdorp”™ Farmotion unceceptablo due
to tho fact that the exact spatial distribution of the Formation was uncertain and
in that he felt DuTeit {1 8085a) had not properly dofined the lower contact. Johngon
{1966} therefore intredused the name Queenstown Formation for tho argillaccous
strata above tho Katberg Formation in the southeast of the main Karoe Basin.
Theren (1970) and Van Eeden (1972) termed the Burgersderp Formation the Upper
Boaufert Formation and Upper Beaufort Stage respectively. Neither these, ner
Johnson's (1966) nomenclature were however accopted by SAGS {1980), who in
standordising tho description of the Formation rotained the historieal name
“Burghersdorp” but adopted the maodern spelling of Burgersdorp.

In his surmmary of the distribution of the Karoo vertebrate fauna, Kitehing {1877}
gives a brief everview of the rocks of the Burgersdorp Formation, as well ag a
summaty of tho genoral cedimentary environments and climato provailing during the
doposition of the Fermatien. He also includes numerous notas on the distribution
of the faunc. their abundaneo and blastratigraphic impertanee.

In a poper detailing the sedimentation of the Kotberg Sandstone and adjocent
Formations in tho seutheastern Kareo Basin, Stavrakis {19800) agreed with Rust
{1959) that the upper Burgorsderp was simular to the lowermast Melteno Fermation
ard that o major paraceniarmty oxisted within the Burgersdorp Fermation,
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Johnsen and Hiller (1990) desenbed the Formation in the seuth of tho basin for the
cataloguoe of South African Lithestratigraphic units, ctoting that north ~f the tawng
of Burgercdorp in the east and Umtata i the west, the Burgersderp and Katberg
Formations cannot be eastly distinguished and the Tarkastad Subgroup is in offest
a singlo Fermation, for which they propesed the name Tarkastad Formation. Those
authers also submitted that a sandstenc rich faterval within the lower half of the
Farmation in the Tarkastod orea censtiteted a patentially raoppaoble membor and
hence a useful marker horzen, The Takastad Formation of Johnsen and Hiller
{1980) roughly correspends to the Otterburs Formation in western Notal (Eotha and
Linstrém, 1978) and the Drickeppen Fermatien i tho Free State {Greenowald,
1884, 1988, 1990, 1986).

The most recent work on the stratigrophy and sedimentalegy of the Burgersdorp
Formation is that of Groencwoid (1996) who described the sedimentolegy and
lithostratigraphy of the lower parts of the Burgersdorp Fermation. Fellewing Keyser
{eors.cemm ho proposed the nomenclature “Andriccberg Member® fer a sandstone
nch interval in tho middle of the Fermatien.

Most previcus woik on the Burgersdorp Fermation has boon undertokon by
palasentologists and the vertebrate fosails from the Burgersderp Formation are far
better documented in the literature than is the lithalegy. The Formatien is eurrently
thought to contan representatives of twe biozones (Rubidge, 1998), wita a fauna
asscignable to the Lystresaurus Assemblage Zone (Groenowald & Kiehing, 1898}
preserved i tho lower thud, and the entwe Cynognathus Assembloge Zone
{Kitclnng, 1895} within tho vpper twe-thieds of the Fermation,

Due to the number of names provicusly proposed for the Cynegnathus Ascemblage
Zone, and w Faht of the now finds and subdivicion propesed in thig thess, a brief
roview of the nomenclature portaiming to tho biozoro 15 nesassary. The
Cynegnathus Zono wan ercsted by Broem {1806b) and correspends to Sceloy's
(1892} Zone of speatalised thenedents. Broom's {1906b) nomenclature of thig
biozone remamed i useo for tho next seventy years and was accepted by Kitching
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{1870, 1972, 1977) dunng his revision of the biestrotioraphy of tho Eeaufort Group
{Table 1.2). Keyser ond Smith (1877-78) introduced the nomenclature
“Kannemeyerip® Asscmblage Zono te replace the Cynognathus Zeno of Breom
{1906b} and Kuching {1870, 1972, 1877). This terminelogy was medificd te the
Kannemoycria-Diademodon Assemblage Zeno by Koyser {(1979) and was formally
accepted by SACS {1980} (Table 1.2). The disynedent Kannemeyeria was pieforred
over Cynognathus as the zene fossil as tho authors believed that Cynegnathus was
rare in the sediments and that it wags impossible te aceurately establish the range
of this genus. They furthermore arqued that Konneme yoria specimens were larger,
mote abundant and more easily recogmisablo in the ficld. Using a dieynedent genus
was also n line with the practice for the hozonation of the rest of the Beaufort
Group at that ume. They did hewavar note that complote skulls of Kannemeyeria
WEre net common.

Kitching (1984) re-assessed tho biozonation of the Beaufort Group as aceepted by
SACS (1980) and proposed the name Cynognathus-Diademeden Assemblage Zone
instead ot the Kannemeayeria-Diademodon Assomblage Zene of SACS (1980). Hia
te-instatement of Gynegrathus as the zene indox fossil was based on the fast that
the gonus occurs throughout the blozene and that it ic abundant in collections
wotldwide. Blademoden was preferred over Kannewneyeria as an asseciated index
fosail due to the fact that it was tho most sbunuant genus i the zone (Kitehing,
1877). To bring this biozene i line with internationally recognised nomenclaturo,
Kuehinyg {18€5) re-assigned the assemblage zona te the kugtoneally important genus
Cynognathus, creating the Cynognathus Assemblage Zene.

The Cynegnathus Ascsembloge Zone {Kitching, 1985) as used n thig thesio
thereforo cerresponds te Secley’s (1892) Zone of speeighized theriedonts, the
Cynognathus Zono of Breer (1806b) and Kitching 11970, 1972, 1877), as well as
the Kennemoyeria Accembloge Zeno of Koyser & Smuth {1977-78), the
Rannemeyeria-Disdemaden Assemblage Zene (Royser, 1979; SACS, 1880) and tho
Gynegnathus-Disdemedon Assemblage Zonoe of Kitelung {1984),
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Early werkers who ecllected i the Cynegnathus Assembloge Zone inglutged the
hkes of Thomas Bang, Alfred (Googal Brown and Damcl Kannemeyer. Publiched
accounts of thair discoverios are qiven in Seeloy (1888, 1889, 1892, 1884, 1898
a.b) and Broom (1903, 1908a, 1906 a,b,c, 1909b, 1913a.b) and mnclude tho
generic desenptions of the eyncdents Cynegnathus and Diademodon. Brown
particular made an enormous contribution to the knowleago of the fauna cnd flora
of the lozone ond hus cellecting tnps and loeahtios dre reeorded i his twenty-ane
volume unpublshed journal. Ho 15 eredited with numerous diseovenes neluding the
amplubion Botrachosuchus browni (Broom, 18Q3); the capiterhinid {parareptile)
Thelegnathus browni (Broom, 1808a,bl: the cosushions Erythresuchus africanus
{Broom 1908b), Palacroden browni {Braom, 1906a). Howesia browai {Broom,
19086¢) and Mesosuchus brovwni (Watson, 19120} as well as aumerous fish fesails
{Broam, 1908b). In hus later hife, Brown employed Albert Williarn Higams to collect
for tumn, to whom is eredited the discovery of tho eosuchion Euparkeric eapensis
{Broom, 1913a,b° Ewer, 1965},

In 1888 Bain intreduced Seeloy to Browe and Kannmeyer. Kannemoyer, G medieal
doctor who lived ' Burgersdorp is remembered n particulor for the numerous gkuils
of Kannemoyeria (Waithefer, 1888) ho collected from thug area. From s tnp to
Seuth Africa and the meoting with Koanemoyer and Brown, Secloy 11904, 1908,
1807, 1908a,b) described a number of Cynegnathus Acsemblage Zone torms.

o

.
ki

During the perod 1935-38 and 194748 Camp and Welles cellested a number of
comnlete speaimnens of Kansen.syerno from the Cymognathus Assemblage dona
near the towns of Burgersde p ond Fouxwille. This eellocting was undartaken due
to the paueity of comparative materal avadablo fer thew monegroph en th e Tnastie
dicynedonts (Camp, 1956, Camp & Welles, 1956). Hottor {1974) deseubed the
amali dieynodont Kembusia, mnging the total numbor of disynedont genera known
frorn the iozene to two. Hawcex & Ruludae (1994) desenbed the diseovery of o
thad “eynodont from the Cyregrathus Assemblage Zone - .4 Haneos & Rubvdge
{1996) documented tho fust occustenge af the East Afncan dieynedont gonug
Angomsourus, mereasing thel numbor of dicynedont gencra for tho iezone to four.

8
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Kitciung {1963} deserbed the sceurrenaze of “fosoil pockets” and "bone beds® from
the Cynagnathus Assemblage Zeno and this is to date th2 enly aceount of the
taphonsmy of the fassile from tho biozone. Fossils collected from these “bone bed”
lecalities were dosenbed in a number of carlier popers (Brink & Kitching, 1958;
Brnk 19550,b; 1963a; 1968a,bi.

Alfrod Brown is also remembered for his colleation of fossil plant material trom the
Burgorcdorp Formation i the area surreunding Alwal North, which was
accumulated betwean the years 1889-1908. This material was first doseribed and
given a cursory taxenome asscssmont by DuTuit {1927) and later a more theretugh
takonomic assessment by Anderson & Anderson (1988). Along with miterial
colleated by Kannemeyer from the area surroundiag the town of Burgersdorp, those
specimons are new housed in the SAM and form the best eellection of fossil plant
mutenal known from the Formation. The most recent colleeting of fossil plant
material in tho Burgorsdorp Formation s that of Kitching circa 1955-1976 (in
Anderson & 4ndorgon, 1985},

Watson {1842) was the first to suggoest a pessible sub-division of the Cynognathus
Assemblago Zene, based on the biestratigrophic range of Kannemeyeria and
Erythrosuchus. He subdivided the zeno (Table 1.2} inte a lower zone (A) in which
Kannomeyeria and Erythrosuchus oceurred together ond an upper zone (B} in whieb
Xannemeyeria wag absont and Erythrosuchus wao oxtremely rare. This
biestratigraphic range fer Kennemeyeric was cerrobarated by Kitehing (1977} and
Coopoer {1982), but refuted by Koycer & Smith {1977-78) who believed that
Kannemeyeria oceurred throughout the zone. Cooper {1982) felt that Kannemeyeria
was restricted to the fower half of the Burgersdorp Formation and further suggested
that the upper port of the Cynegnathus Asscmblage Zone, abeve the
mostratigraphue range of Karnemeyeria, would oventually yield an advanced fauna,
equivalent to his Tetragenias Zone fauna (Table 1.2\, e alse considered the
eyncdoent gonera Gynagnarhus & Diademoden to asedr throughout the rango of the
Cynognathus Assemblage Zeno.




The carly studics of the Cyaegnathus Assemblage Zono wero however ited to
the Eastern Capo, seutheasierr Free State and Lesotho (Watsen, 1914; Kitching,
1963; Dingle ot al., 19883; Smuth, 1990a). Srior to the 1390s, these were the only
areas in which the biezone was believed to oceur. Kitehing (1977, p.26) states ©
although the Beaufort beds have been carefully exemined in @ number of areag m
the Wepener, Thaba Nehu, Ladybrand, Senokal, Bethlehem and Harrismith distrists
for the purpose of deternuning the extent of the Cynegnathus Zore northwards in
the Orange Freo State, no fosail reptiles or sedirments were feund that could be
assigned to the zono, At present it seems thut there wos no continuous deposition
of the Cynognathus Zene to tho north of Wepener®,

DuToit {(1918) an tho ether hond censidered the uppermost sedimentary rocks of
the Tarkastad Subgroup in the northeastern Free State te be a continuation of port
of the Burgersdorp Formation in the southern Karco Basin. Greenewald (1884,
1889) accopted DuTait's claims but substituted the name Drickeppen Fermation
for the nerthern deposits (Table 1.1). Weliman ot al {1991) eerroborated this
thunking with the diccovery ef a fauna in the nerthern Free State, assignable to the
Cynograthus Assemblage Zeno. This discovery ingreased the extent of the biozone
northwards by some 250 kilometres. These new outereps of the Cynagnathus
Assemblage Zene in the northeastern Free Stte and ot Thoba Nehu were
intcroroted to be a northoin facies equivalent of the uppermost strata of the
Burgersdorp Formation in the Queenstown, Boletwa, Lady Frere ond Engccbo
distriets {(Walman, 1991}, Thig finding was furthor used as a possible explanation
for the poraconformity witinn the Burgorsdorp Fermation previeusly propesed by
Rust {1859 1962) and Stavrakis (1980j.

Botha & Linstrém (18781, Gracnowald {1990) and Smith et av (1993) alse folt that
thore wore sufficiont differcnres in Wthelegy botween tho rocks in the seuth and
north of tho bagin te noeessitoto sopoacate fermational naming, although at prosent
only the Burger.durp Farmaten 1 aceopted {SACS, 1980).

10
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Fossil amphibians fism the Cynognathus Assemblage Zone have been known for
many years (Breom, 1904) and cempared with other Beaufort Greup biozonns, the
Ctnagnathus Assemblage Zone has an abundanee of acrophibian rnaterial {Kitching,
1857, 1863, 1978; Chernin, {1977, 1978); Honcox et al., 1995; Shishkin &
Welman, 1994). The main amphibian representatives vathin this biozone are the
Family Capitosauridae, with lesser Trematosauridae, Brachyopidae and Laidlenidao
{Kitching 1878). The Laidleriidae are however knoewn from only a single specimen
{Laidleria) and itis questionable as to whether the form s actuolly from this biozone
or from the underlying Lystrosaurus Assomblage Zone (Kitching, pers.comm.).

Amphibians thorefore ferm an impertant part of the overall fauna of tho
Cynognathus Assemblage Zone, but have tended to be neglested in faveur of
studies on therapsids. Kitehing (1978} diseussed the stratigraphic distribution and
accurrence of the wnghibi ins from the biezone and Shishkin & Welman {1984} re-
descrived the trematesuchid amphibion Trematosuchus trom the biozone and
Shishkin ot al {in prep.) are re-assessing the taxenomy of Kestrosaurus and
Faretasuchus africanus. Based primarily on those taxonomic re-assessments and
new diseoverios of amphibiang fre.n the upper part of the Cynegnathus Assemblage
Zene, Honcox ot al, {1398) proposed the possibility of a threefald subdivision of the
biozene. Thiz subdivision was based prmarily on the spatial and tomporal
distribution of three key amphibian index genara and their associated faunas.

Amphibians have also played an important rele in the dating of the biezone. On the
basis ef the prosence of Cyelotesaurus albertyni (Broom, 1904) proposed a Late
Tnassic age for the Cynegrathus Asscrablage Zone and based on the similanities
of Rhytidostous {Owen, 1884) to Deltosaurus, from tha Posidonomya Beds of the
Bling Shalos of Western Australia, Coesgnif (1968) ascigned the Cynognathus
Assemblage Zene a Lewer Trassie {Seytiwan) age. hMost subsequent age
estimations have been based en the presence of the amphibian Paretesuchus and
on gorrelotions with fogsiliferous atrata from other parts of Gondwana. At prosent
most authers aceept an Early Triassie age for the biozone (DuToit, 1954; Andersen
& Andersan, 1970; Anderson & Cruiekshark, 1978; Cnernin, 1978), although a
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Mid-Triassic age hag also been propesed {von Huene, 1940} and is aaining general
acceptance {Keyser, 1973; Kitching, 1877; Cruickchank, 1878a, 1885, 1886:
Ochev & Shishkin, 1989; Shishkin ot al, 1994). Thoe lexicon of South African
strotigraphy (Jehnson, 1894) however assigns the Burgersdorp Formation a
Fermion ag.. In the most recent work on the Formation, Grocnewald {1996}
assigns the Tarkastad Subgroup, of which the Burgersderp Farmation is the
uppermast unit, an age ranging from Early to Lote Triassic {247-215Ma), thereby
assigning the uppermost Burgersdorp Formation a Late Triassie age.

Facies genesis for the parts of the Burgersdorp Formatien, which contain foosils
assignable te the Cyrognathus Assemblage Zong, have previously been interpreted
as being deposited by various difforent fluvial systems. Hiller & Stavrakis (1984,
propose depos'tion by high sinuesity meandering rivers, with gvorbank depesition
in mud-dominated playa lakes. They further advance that the system accumulated
fine grained sedimont in a reduced inland basin, with source areas to thic south,
gouthwest and southoast. Jehnsen & Hiller {1990) belioved that the rogks of the
Cynognathuy Assemblage Zene were deposited by anastomosed or frequently
avulsing meandering streams, with sandv channels which {requently overtopped
their banks forming numcrous cravasse splay deposits. Botha & Lawstrdm (1878)
gopcluded that in the nerthoastern part of tho basin, Burgersdorp sedimentary
strota wero dopesited in slow flowing meandering streams, fed by olluvial fans
situated to the southwest end southeast. Welman ot of 71991) felt that the lack
of well defined channel sendstones and the deeregse in abundanee of carbonate
coneictionary horizens in the extremo northern part of the basin indiegted
widespread lasustuno eonditions.

The recenstructiors of the palaceelimate prevailing during the {acios gonesis of the
Burgersderp Fermation has provieusly been based on beth ssdimentolegical and
palacontologieal ovidonee (PuTert, 1948). Based en the presence of mud cracks,
small rosotte shaped inclusions and the deyree of taphenomic bene damago,
Kitchung (1977 {p. 27) states that it seems reasenablo to assume that the
sediments of the Cynegnathus Zono were faid down in g shallow and eonsiderably
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reduced basn ender drior conditions than these enwisoged for tho preceding
Lystrosaurus Zenc”. The wet conditions proposed by early workers for the
Lystrosourus Acsemblage Zene have however recontly been ehallonged by Smith
{1995) who proposed dry floedbasin conditions for the Lystresaurus Assemblage
Zone. Based on the presence of caleareous concrotions n the sedimentary Strdie
and salt glands wn the eynoedont Biademeden, Gring et of. {(1979) proposed a warm
to hot {and) chmate wath a mean annual temperature of betwaen 16-20°C.

1.2.2 Reviow of previous investigations

The preceding histenca! everview of the Burgersdorp Fermation shows it to be
pootly documented og.. yaderstond, both hthologically and with recpest to the
biostratigrochue ranges oad moade of occurrerce of o faunal content. The
sedimontological aspeets of the Burgersderp Formation are knowa enly {rom the
degeriptions of DuTeit {1804, 1805a, 1918), Watsen {1913), Stoekloy {1647},
Rust {1859, 1862}, Johnson {1966}, Kitching (1977), Stavrakis (1980), Hiller &
Stavrakis {1984), Johnson & Hillor {1890) ond Greenswald (1986). Of these
provious atudies Stavrakis (1980), Hiller & Stavrokis {1584) and Grecnewald
{1986) were based pumanly en the lowermont Burgersdorp Fermation and thot of
Rust (1858, 1982) an enly o swngle localty at Bushmansheek Pacs, The waerk of
Jehnason & Hiller {1980) is predomunantly a lterature roview of provious werk by
Stavrakis {1980a) and Hiller & Stavrakis {1984). Kitehung’s {1877) deeumentation
of the Formotion is of a very bread seale, with no roal lithestratigraphic eentrel. Tha
hthestratigraphy and sedimentology of the middlo and upper part of the Fermatien
16 net desenbed in any detad and the hthoefames types, channel morghoelegies, sand
bedy goametnes and flocdplan sub-environments are not yet dosenbed.

Although a majer paracenformuty moy exist witinn the Burgersdorp as propesed by
Rust (1883, 19821, Swavtokia {1980a) and Welman ez af, (1991), tha reasoniag and
descenption of such a surface 15 pot defumtive. Rust's (1359, 1962) detincation of
a poraconformmty was based on tho {ast that he crrorceudly asaigned uppstmoast
Burgersdorp strata m Bushmansheek Pass to the Melteno Fermation (Turner,
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187501, Stavrakis (19800 agrecd with Rust (1959, 1862 thot the staota of the
upper Burgorsdorp Formation were formed under sumlar condiions to the Meltens
Formation and that there must therofore be o mojer pargcontormuty botween the
muddle ond upper Burgersdetp. Ho however fails to quve datails of tus plasemant of
the upper eontact, nor dotaded reaseming fer the eceurtencze of a parocenformuty.

Welman of o/ 11881} prepace that the paraconfermty wWentficd by Rust (1950,
1862) and Stovrakis (19€0a) couid be necounted for by the “fact” thot tho
narthern faces of the Burgersdorp Fermaton could “possibly” o equivalent to the
upger Burgersdorp strata in tho Quecnstown area. The correlation of the northorn
facies wath the uppormost Burgercdorp Formation in the couth of tho basn
however challenged by Hancox et o, (1835) on the bacis of the enclesed founy
content. The quostion of a paraconformity and it stratigrophug occutrence withn
the Burgersderg Fermatien therofera remams unreselved.,

Bulforent formational numes haven the past been apphiced to cinilar roek seauenges
m tho seuth and north of the basin, and the disagreerment amongst authets as te
whother the north and gseuth of the basin require separate fermational naming 15
untegelved. lnsufhicient ltholegeal studies have beon undertaken to dote and at
present only eno fermational name 19 aceepted (SACS, 1980; Johnson & Hiller,
1990). No formal tholegea! subdwisien of the Burgersderp Eormation has been
proposed and the lower sandciens henzon of Johnoon & Huller (1990) and the
Andnosberg Noember of Greenowald (1996) have not been mapped throvghout tho
kacn, and may n feat rofer te the samo interval. The problem of the ctratigraphre
placement of sandstone neh honeens therofere requires addresaing.

Tho faunal rangn of Konremoyera as prepeced Watson (1942), Kutchng (1877)
and Cooper (19821 wos refuted by Koysor and Smuth (1977-1978), who felt that
Konnommoyora eceumed throughout the zono Keyser & Smuth's (1977:1978)
cagunronce of Kopnemayerna w the uppermast Cyrognothve Accemblage Zone vwas
lrowover based en isoisted gost cramal remams (Koyoer, gors. comm.). The recont
diccavery of another large dieyncdont i the uppermost part of the zens (Hancex
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& Rubrdge. 19941 mahlights the preblems of bacing bestratigrapiué rongos en
wolated  post-eramal  romams of dieynedonta  Unecertamnty regarding  the
hestratigraphue range of Kernemeyer.a thereforo oxists and it 1o importont that thio
bo solved mn haht of its hwostratigraphie unportance within the Gyvegrothus
Assemblage Zone (Hancox et af., 1995), as well as its glebal bischrenalogies! and
correlative valuo for the nen-ma«mne Tnassie.

In spute of their abundanee wn the Cynegnathus Assemblage Zene (Kitctung, 19781,
the distnbution and toxenomie representation of the temnospondyl amphibions 1o
pearly known, with most forms bang lumged into the eateh-all coprtesaund gonug
Parotosuehus. Because of tus faet, amphibians have sreviously been overlookea
as potential biestratigraphue ndicators. Studies by Sishkin & Welman (1885) and
Shishkin et ol (in prep.) rofincd tiwe toxononue resolution of tho temnespondyl
amphibnans from the Cynegnathus Assemblage Zene, winehin tutn allowed Honcox
ot ai, {1995) to show that temnespondyl amphibians are unpertant fer bath the
tostratigraphie subdwvinion of tho zene, and 1n selving basin developmeoat problems
that geoleqical studies alene could not (Hancox & Rubidge, (2 pross).

Copitogsaund omphibans aro {urthermore testncicd to strata of Triasoie age and are
umpertant fer global biechrenelegeal ond corrclotve studies, bong known frem
deposits in: Burope (Wellos & Cosgult, 1969); Clvna (Young, 1866; Lusas & Hunt,
19931, North Amcncoe (Welles & Cospritf, 19653, East Afsea (Howio, 1870;
Chorawn & Crwckohank, 1971; Chennn & Cecgnff, 1979) ond Seuth Afmea
aermn, 1878; Kaeehing, 1978, Harcox et al., 1995), Antarctiea (Hammcer, 1998),
Australa (Cosgnlf, 1965, 19721 and India (Jam ot of., 1964; Chowdhury, 1970a).
Although all capitesauws are thounht to have been semi-aquatie. frachwater forme
(DeFauw. 1987, 1989), they oro of vutal inpertanes for nen-manne carrelatien and
age doterrnatians, as elesely rolated taxa ore known from well doted manne
depoaits. Thoy therofore provido tho best eorrelatwve ! nk between the ctondard
MAUN0 Juceesawon and the AReRmanne Tnassie record,
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Although no biostratigraphie subdivision of the Gynognothius Assemblage Zone has
been fermally aceepted, vanous favnal range trends have been published (Watsen,
1842; Kitching, 1877; Cooper, 1982; Hancox et af., 1998}, Those trends requiro
confirmation and biestratigraphie studies may furthermere ad w deofiung the exast
stratigraphic positions of the vanious sandstene rich ntervals, thereby ading in
hthostratigraphic correlation and basinal develepment studies,

Wittun the Burgersderp Formation, toth the Lystiesourvs ond Cynognathe,
Agsemblage Zenes have wn the past beon the focus ef numerous attempts at
correlation with cquivalents preposed fram nearly all the Gondwanan boasiis
{Andetson, 1977; Anderson & Cruickchank, 1978; Ochev & Shishkin, 1989;
Anderson & Anderson, 1993a.b; Battad, 18993). In most eases these correlations
pave been based or the eative Cynognathus Assemblage Zone, as subdwviciens
vathin the biozene were not previously recegmised. Correlatien of the Burgessdorp
Farmation {Cynognathus Asserbluge Zone) with better dated sequerses n the
narthern hemisphere hag therelero previously been hampered by tho laek of dotalded
information en the bestratigraphic ranges of the faunal clements. This has maont
that the relative ago ef the biezene has nat been well eonstrained,

The lack of constrant as to the ages of the Burgersderp Formatien s based
prnmanly on the fact that the correlation and relatve gae of the “‘aunas withn the
Lystresourus and Cynognathus Ascemblage Zones are debatable. Tho Lystresaurys
Ascemblage Zene g eurrently usaigned an Eardy Trascie {early Seytivan) age
(Greenowald & Kutching, 1995). Soma disagrecment however oceuwrs amongst
workers as to what part of tho Lewor Triassic 16 represented by the Lystresaurus
Assomblage Zene. For a ciseustion regarding the oge ef this fauna, the reader 19
roferred to Qchov & Siuchkun (1989), Shishkin of @/, (1994) and Groenewald &
Kutetung (1995},

The Cynegnathus Acsemblago Zono s teadonally placed withun the Lewer Triasae
{Seythwan), prumanly en the bass of tha bekef that the amplubians from the zone
are congonene with the Europoan genus Foratesuehus (DuTort 1954), The biozena
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15 precently acecpted as bemng late Seythian to oarly Amsion i ago (Kitchung,
1998}, howover the age of the biozone has beon the cubjeet of eanciderable debato
m the post. Broom {1904) concdered the upper part of the Cynegnathus
Assemblage Zone to be Upper Tnassie, based on the nustaken belief that matenat
now assigned to P LParetesuchus’ africanus was cengenene with Cyelotosaurus, and
- that it was very cumlor to the Upper Tnacsie C.rebustus from the Keupor of

Garmany. Anderson & Anderson {1970) placed the Cyaognathus Assemblage zone
withrn the Upper Induan (Dienerion), besed on thew accoptance of the Lystrosaurus
Ascembloge Zonre ag being uppermost Permian (Unpor Tartanan) in age. Most other
workers i the 1960Q's and 1970%s ascigned a late Barly Tnassie age to the
68

-

Cynognathus Assomblage Zone. Taking the base of the Tnassie to eeinawde wath
the buso of the Katberg Formation, the Burgersdorp Formation was eensidered to

bo of Lower Triossic (Seythian) age by Remer (1870} and SAGS (1980).

Varneus autheors have recently questioned this assignatien and have reverted to
lower WMiddle Tnossie oge for the Cynognathus Assemblage Zene, as firot
adveeated by von Huene (1940). On the basis of the comparative morphelogy of
Parotosuchus africanus vath Poratosuehus megashinus and Paratosuchus prenus,
Cherrun {1978) placed the Cynegnathus Assemblage Zene elese to the boundary
between the Lower and Middle Triassie. Cruickshank {1978} postulated that the

Cynegnathus Assembloge Zene proeterosuchians were far more speetaliced than
thewr Lystrosavrus Assemblage Zone ferchears, and therefore probably represented
genera of at least very late Lower or even wartest Middie Triasaie age. Gnne of ol
{1978), Cruickshank {1986a), Cchov & Shushkin (1989), Hammer {1988, 1990,
1835) and Shushkn & Ochav {1892) all asaign a Middle Tracaie [Amoian) age te

': the bwzene.
Staploton {1978) challenged the Llower to NMiddlo Tuassic dating of the
Cynognathus Assemblage Zene on the grounds that palynelogieal data from the
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francional bowweon Porawan and Trassie topes. He therofore placed the Perme
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Trnasae boundary within the Burgersdorp Formation, thereby applyng an upper
Pormuan ags to the basal part of the Burgercderp Fermation. Many of Staploton’s
taxa were however badly preserved and hus arguments have not found favour n tho
seientific community.

Based on the obovo arguments, the relative age of the Burgorsdorp Formation has
therefore been constrained as being anywhcro botween the Upper Pernuan and Late
Triascig, with the oge of the Cynognathus Assemblage Zone ranginig from the Early
Trasaie (Seythan) (Anderson & Anrdersen, 1970) through to the Ugper Tnassie
{Broom, 1904).

The distnbution, dwercity and toxonomy of the fosal plants of the Burgercdorp
Formation is pootly known due prnmandy to wmoulhicient collecting. An mnereosed
knowlcdge of the floral compenents of the Burgorsdorp Fermatien 15 particularly
wnpertant for the information they supply regarding past chmatic cenditions, as well
as for ther biostratigrapiue uselulness. The palaccchmate provaling dunng the
faces genesis of the Burgersdorp Formation 1o somewhat problematieal, with the
climate having previoush beon broadly interpreted as dry (Kutehing, 1877) to hat
and ard (Grine et ok, 19879).

Tho recent diseovery of a Gynagrathus Assemblage Zone fauna from the north of
the boom (Welman et o, 1991) has odded further cemploxity te the
Wthestratigraphy, brostratigrophy, eetreiotion and relative ago of the Cynegrathus
Agssemblage Zono. The chirenostratigraphie relationshups batween the Burgersdorp
Formaton mn the rorth ond the south of the basin are net well dofined, whieh
turn has compounded the problem of how basin Il oceurred.

I genoral, the lagk of studies en the Burgarcdorp Formation 1 pnmanly due te faet
that the Formatien 16 vaid of any econenueal potential and therefere mugsed the
attention pad to the Lowor Beaufort dunng the beom i uranium exploration in the
late 1970"s and carly 1980%s (eg LeRoux & Toens, 1986). oot of the avadable
literature on tho Burgorsdorp Formaton 1o furthermoere based on tho seuthern part
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af the basin, and vory httle 15 known about the northern dopasits end s newly
discovered founa {Welman ef of, 1881} Because of the fact that tho
sedimentology. bthostratgraphy and biestratigraphy of the Formation aro rot woll
documented, the facies genesis, palacoclimate, correlation and relative age of the
Formation has net been well wnterpreted, and its setting wathin the basingl
development of the upper Beaufort Group s poorly understeed,

1.3. Molteno Formation
1.3.1 Historical Overview

The carliest work on the Molteno Formation waos pnmarily congerned with tho coai
deposits in the northeastern Capo, with the oldest record of coal in tho Formation
boing that of Wyloy (1856). Coonl in the Molteno wag first wmned in 1864 at
Syfergat near the town of (Molteno itgell. For the noxt ferty years these ceal
doposits fermed the fseus of numerous studies with authers such ag Nerth {1878),
Green (1883), Galloway (1888) and Schwartz (1803) deseribing various aspests
of the ecoal reserves, quabty and engin of farmatien ef thase seams. Nerth (1878)
was alse the first to suggest a provenange for tho pebbles in the sardstencs of the
"Ceal Measures®, believing them to be from the 2wartborg Range of the Table
Mountair Sandstore {TMS). Duan (1873, 1878, 1879} worked on the "Ceal
NMoasures” and congidercd them, and heneo the Bamboesbhorg and lndwe Sandstene
Membera of the Melteno Formation, to be upper Trossic in age. Regers {(1309)
arlarly deduced the prosenco of a southerly mountan fange based en the
oseurrence of large, well rounded quartaite pebbles, the eoarge nature of the
sondctones, and tho northotly palcoecurront dircetions.

The torm Noltono o roference 0 o stratqraphie subdwision wags first used by
Greon (1883) wn the form of Moltene “Beds®, 1o desenbe oxposures areund the
town of Molteno, and to replace Durn's "Coal Measuros”. Groen (1883) alse deait
vath tho problems of correloton and engin of the coal seams withun the Meltene
"Beds" Tho mest sigmfieant early works regardmg the Meltenoe Fermatien aro
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those of DuTait who botween the yoars 1903 and 1911 wrote a senes of roports
dealing with the Stormberg (DuTeit, 1908, 1904, 1608a, 1905b, 1806¢, 1910,
1911). DuToit (1805b) subdivided tho Meltene “Beds” mto three mam divisions ond
was therefore tho first persen to recognise the stratigraphic cemploxity of the
Meltene Formation. DuToit (1808e) alse identified and mapped a 460m thck down
faulted block of Molteno strata on the east coast of Seuth Alnca, near Port
St.Johns.

Because of the presence of eoal in the Molteno Formation the nineteen twenties
and thirties saw major interest and prospocting within the Eastern Cape. Haughton
{1924) provided a vivid, olthough somewhat uneenventional account of the
palacoclimate and conditions of sedimentation for the Molteno Fermation, in winch
he suggosted the Formatien was the product of a “true” or sub-aeral delta,
deposited under cool, wet elimatic conditions, with u..ermuttent rainfall. Based on
the palacontological signature of the Formation Haughten (1924) propesed a Mid:
Triassic age for the Melteno. Tne abundance of trough crogs:stratified sandstene
led DuToeit {1911) to postulate challow water conditions for depositien of the
sedimentary rocks of the Meltene Farmation and later (DuTeit, 1926) alse nropoased
that the granite basepeent underlying the reeks of the Kareo and Cope Supergroups
centributed to tho scdimentary strata of the Moeltune “Beds” and decumeonted that
the Molteno “Beds” were present further to the north than provieusly thought, to
Memel where they fermed but a singlo gritty bed. Govers (1827) mapped an area
around the town of WNoltene ond noted featwres agscoaciated with the
contemperanaous orosion of tho eeal. Yan Ecden {1837) wntreduced the time
«clated term Moltene "Stage” to the htorature and made mmpertant thiskness
measurcments for tho Moltoro strata, as well as traemg their oxtencion as far
North as Varkykerakop, thag substantiating DuTent's earhor work.

From 1942 to 1944 B.J V.Botha camecd out recornacsancee fildwork mn the
Nolteno ard Sterkstroom distrets for the Geelogieal Survoy (Botha. 1952). Thug
led to the drling of somo twelve boreholes at Melteno and one at Sterkstroom,
wihueh groatly wereased tho kaowledge ef the straigronhy and hickness of the
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Formation. Stockloy (1947 recorded thickness measurements for the Melteno
“Stage” ot vaneus loeahities n the Eastern Cape and Lesotho, and concluded that
the strata Junned nerthwards, Based on the presence of “red shale” in the lower
part of the Moltena Formation, Stockloy (1947) propesed lecal arid conditions
during sedimentat:an. The deseriptions of the Formation given by Stockley {1947)
glesely parallel those ef Haughten [1924).

The early nineteen fifties and sixtios vatnessed renowed interost in the eoal
deposits and sedimentary strata of the Moltene "Stage®. Berry (1952) deseribed
Moltene strata from the vieinity of Wepener, noting that the sandstenes were finer
graincd than those further north towar s Bethichem. Botha {1952), desenbed the
“Stormberg Series” in an area to the north of Elliot ond undertook censidorable
work on tho petrelogy of tho sandstenes of the Maltono Formation, especially with
respoct to their heavy mineral content. Based on furthor work on the heavy mineral
assemblages within the Moltene “Stago”, Keen (1988} tentatively identified
Violteno strata in the Waterborg area of the Springbok flats. If correcy, this
seeurrencn reprosents the most northorly deposits of the Meltens Fermation in
South Africa.

Rust {1959, 1962} provides a very detailed account of the Meltene Fermation in
tho vicimty of the town ef Molteno and at Bushmaonshoek Pass. Rust {1989, 13962,
pers.comm.} favours deposition brought abeut by braided eutwash steams, on a
proglasial alluvial fan. He furthermore used the scaraity of muderacke in the
Moltone Fermatien to preposo a percamal nver system with cold cehmatie
conditions. Rust (1859, 1962) proposed that the quartaite pabbles in the lower part
ot the Moltone Fermation most closely resembled quartzites from the Witteberg
Group of tho Table Mountain Sandstenes (TMS). He recognized five suecessive
“gyclothems” withn the lower 275 m of tho Mo'tone Fermation and cencluded that
the Formation was the rosult of the secend stage of the Capo aregeny. A such he
was the first to place a testome cignature to the ongin of tho Melteno Fermation,
Following Haughten (1924} he assigned the Formation a Mid-Triassie age and
proposed that from a merphological viewpemnt, the Bwgersderp and Moltona
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Formations should be grouped tegethor v ene “Stage”. In o combined
sedimentelogieal, stratigraghical and petrolomieal study of the Malteno in the
vicinity of the town of Indwe, Ryan (1963} o« ‘uded that the Moliens,
Sterkstroom, Indwe and Maelear areas were tho mest adventageous fer furt! ur coal
exploration. Ryan {1963} also intredused the term “Indwe Transition Beds® fer the
upper half of the Bomboosberg Member.

Johuson (1966) and Smuts {1266) wera the first to informally use the te.m Melteno
Formation, although Smits (1971} reverted to the use of the torm stoge.
Formatienal status was aceepted by SACS (1971). Botha & Theron (1967) reported
on the sedimentology and steatigraphy of the Moltene “Stoge” n the Eastern Cope
in the Elliot and Mataticlo aroa. Robusen et of. {1969) diseussed the geology and
ail potential of the "Stermberg” ond defined the lower centact of the Melteno as
a conformable, cemposite sussossion with the underlying Beaufort Group.

Tho most comprehensive acsount of the Melteno Formation te date 1s provided by
the vorious works of Turaer, {1968a-¢, 1970, 19710.h, 18724,b, 1978a,b, 1977,
1878a, 1980, 1981a, 1883, 1984). Tumner (1969a:¢, 1971a.b) desenbed the
geolegy and coal roseurcas of the Molteno Formation in the northoastern Cape
Province, and gave the first comprehensive regional ageodat of the stratigraghy and
goelegical history ef the Formatien (Turper, 1975a). As a result of this regrenal
study, a number of now stratigraphue mombeors were recegnized, including various
impertant marker honzongs {Tobla.1.3al.

Turnce (1878a) was also the first te nete that the Bamboesberg Momber wedped
aut sueh that only the Indwe Member was proserved a the north of the basin {(Fig
1.1}, Ho proposed that the wedgng out of strata beloww tho Indwe was due to
erogon and trunsation brought abeut by the Indwe "transgresaien”. Turner igues
agamst differcntial subsidenco to gecount for the changos i thichness ot the
Meltono Fermatien and states (p.25) “there 19 no doubt that the Meltene bevols
down over 1390m of gtrata from tho south to the northeast®. More recent
mvestgatiens (Turace, 1977, 1980, 1983) led to rofinements of many of Iug
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onginal idoas, including aspeets of the palaecenvironments, palacshydrashics and
pravenaneo of the Formauon.

Turner {19750) coneutred vaith the carly works of Rust (1988, 1862) and Ryan
{1963 that the depesition of the sandstone bodies within the Meltene Formation
oecurred in a perennial beaided river system, and fellewing Miall's {1978)
classification of brawded river types, regarded the Moltene as mest similar to the
Blatte (Turner, 1980). This assumption was however based predeminantly on the
mternal structure of the sondstenes of the Indwe Sandsteno Member, Turner
(1984} altered this view slightly in that he felt the preserved fasios sequerces in
the sandstene deminated Members of the Moeltene Formation were deposited by
brarded systoms sumilar in ebaraster to the Bijou Creek and South Saskatshowan
Rawver models. In the last of tus papora dochng with the Fermation, Turner (1883
nterprated the Moltcno Formation as being deposited in the preximal reaches of a
braided niver system drawung un alluvial fan of the glasial eutwash type.

Chustic (1981) worked on the stratigraphy and sedimentelegy of the Nielteno
Earmotion in the viemity of Elliot and Indwe in the southern part of the basin, He
acecepted the lowermost members of Turner (1975a), but replaced tho upper
mombers with four of his own, clse recogmising a number of important marker
horizons (Table.1.8bl. Christic {(1981) proposed that the mudreck nch intervals
ropresent deposition on bread ailuvial plains. Chnstio {(19886), Chnistie & MasDenald
lin prep.) and MacDonald (1983) propesed a revised hthestratigraphy fer the
WNolteno Fermation (Table.1.3g), which s howaver yet te be fermalised. Thoso
authors propose only eno change to that of Chrnstie {1981}, w that the Leskop
Member was included with the Tsomo Nomber, duo to the fact that the term
Lockep was already in use.

Enkoson (19838} intorpreted the palcecoenvirenmental sotting of tho Molteno strata
in tho nerth-cast of Notal, where enly the Indwe Sandstone Member is preserved.
At this time ho asagned the Meltene Farmatien a Mid-Triassie age, but later
changed to a Late Trasae ago for the Formation (Enkssen, 1984; Enksson ot al.,
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1998}, Eukssen et of. (1998} also provido a simplo potregraphuc analysis of the
Moltono Fermation iz Natal.

Recent work on the Molteno Formatien has eoncentratcd on tho coal seam
patentiol {Chrictie, 1986; Howneman, 1988; MacDonald, 1988, 1998}, and httle
sedimentalogical work hos been undertaken en the Fermatien. The most resent
study of the Meltano Formation 1 that of Canncress et o/, {1998) who documerited
o number of sedimentalegical sub-environments ond digeussed the palacoceology
of the Fermation.

Apart frem the studies en the coal scams witlun tho Fermatisn, most of the
recearch previously undertaken on the Molteno Formation has been eoncerncd with
the polacoflora of the sequence (Piumstead, 1869; Aadersen, 1974, 1876 a.b,
1978; Anderson & Andorson 1870, 1979, 1983, 1984, 1989; 1898, in pross, in
srep.). Foscll pant mutenal has been collegted manly by the Andersons, but also
by Kann=moevor {pre 1888, in Anderson & Andercon, 1985}, DuTeit {1895h, 1811),
van Hoepen {1917, Mountan {2 1932, m Anderson & Andercon, 1988},
Ellonborger {1956) and Ellenberger of ol {1964). First reviowed by DuTaoit (1827),
tho rich flera hag subgequently beon the subject of reviows by Andersen (1874,
1976a,b), Kitelung (1977), Andorcon & Andersen {1970, 1979, 1983, '984,
1889, 1993, 1888, i prass), and v currently undergeing @ mojor revigion
(Anderson & Andersen in prep.). The megaflera {fohage, fruit, seed and stem
unpressiens) comprice tho mest sigmificant fossil group with 204 vegotative speetes
{Cowncross ot af., 18988} Palynemorph studies on the Formation lag belund, having
been undertaken anly by Plumstead (1969), Stap'ston (1978}, Faleon {1986), as
well as unpubliched work by Jehn Anderson and Celn Maerae (J.Anderson &
Niagran gors.eomin. ).

On the basis of ita palynofloral signature, Plumstead (1969) assigned the Moiteno
Formaation g Mird-Tmassie age. whereas Andercen & Andersen {1970) assigned tho
Formation to thoe iowermost Upper Triassie. On the baxis of s Dicravdium maero
and Alispantes meroflora, Andorcen (1974} asaigned tho Melteae to the Middle te
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Upper Trnoosoiz (Ladman te Nonan),

Invertebrates are alse knewn from the Bambocsberg ond Indwe Members of the
Nelteno Formation, wih fecal mscets having been desenbed m dotail by Zeuner
(1981, Bck (1874, 19760.b), Hubbard & Rewek 11877). To date same 117 genera
and 333 speeics have been dentficd vathn the Molteno Formation (Cauncross ot
al., 1835}, These mseet feaals are mostly improssiens of iseluted sungs wathrare,
cemplate bedy fosol knmown of beelles ond o regently disecovercd araghmd
(H.Andcroen pers.cemm ). it wos provieusly thought that mnsests were rectueted
to the Indwe Sandstens Member. with the Brds Rwer cite yielding more than half
the speaimens recorded untd 195 (J.Andersen pers.cemm.). Nere reecently the
recha of the Bambocsborg Mem ¢ have also begun te yweld insest temains, with
apgroximately 3C0 speewmens recorded ot precent (J.Andsrcen peors.cemm.i. A
teviow of the wesect fauna of the Moltero Formation ard thewr buestratgraplue
potential is currently undorway (Anderson & Rieck, ;1 prep.; Andergen & Andergon,
i1 prep.) o

Shelled wvertebrates have recently beea decumented for the Molteno Formation
as well, with conchostractuans i particulor being fowly abundant on gertan
bedding, plowns (Cawneross et 2/, * 398). The provisional taxenone assassment of
tho shelled nvertobrates from tho Melweno Formation lists thice genora and cight
speaies of conchostrachiane, and twe genera and speeies of pelycoped (Carneress
et al., 1888).

Fogsil fich wero fust documented i the Molteno Formation by Elleabergor of af
11964) and sinee this tme fow further hich fosails have boen discevored from tho
Formatien, with Carnerass et al (1995) isting only two genera and three speaies.
Syiehiovckaya, Andersen & Anderson (2 prep.i -ceogmice four fich gonera @ the
Wolteno Farmaten, meluding a small gpecies of the genus Semraotus
ISytchovskaya pore eomm.). In 1996 a Lfth genus was diseovered m the lndwe
Sandstene Member by Hewdh Anderson (H.Andcrsen pers.cemm).
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Vamous authors have previously ass:aned tetropsds to parts of the Melteno
Formation (QuTaut, 1918, 1994, Steekley, 1947, Boonstra, 1947; Crompton &
Ellenborger, 18567: Rust, 1999, 1902). Two cyncdont gonerd, Cyaidiagnathus
lengieeps (Boenstra 1947) ond Seclenadentoides macradentes (Crempton &
Ellenbeiger 18570 were engraily decumented as cerming from the Welteno
Formoton. Cym d zgrathraanow known to bo a synenym ot Cynegnathve theme

1966) and eczura stratigraphucally withn the Burgersdorp Earmation (Cyregnathy.

Actemblege  Zene)  (Tumer, 1972b). Tumer (1972b) also re assug 7§
Seoleradontodes to the lower Ellhot Farmaton. Recently, the fust comploto ckull
of thus geaus wag diseevered from tho lawer Ellot in the Bamboeshock Valloy (Gow
& Honeox, 18931, vatlun the Euskelosaumns Assemilago Zene of Kitehing & Raath
(1884). Tius discevery would tond to venfy Tumer's (1972b) stratigraphue re:
ascassment of the ongnst find.

Although tha Melteno Formatzn ezntans o well presoived fossil flera, and heg
cratgraphically between the fosaliferous Burgersdorp (8ynagnathus Ascemblage
Zene) and Ellet Fermationa, no totraped remaing are yot ki own from the Fermation
(Anderson & Andercon, 1893, Carncrass ot all, 1995). The enly indication of a
torrostral fauna w the Molteno Formatien eomo {rem a aumber of dinesaur tracka
@ the Kacleas dustret (Raath ot o/, 1930; Raath, 1986; Raath pors.cemm ), Theso
authars nete tho eccurcnee ang stratgraphe position of the dwmoaaur tracks as
oy wattun the Bambeesherg Nember,

Numerous reviow poepers have alse dealt veih vaneus aspects of the Meltena
Formaton. BuTout (1854) and Haughten (1969) reviow the stratgrophy and ecrtam
aopects of tho sedmentelegy of the Meolterno and Tonkard or o/ (10982) summanse
the viowe of earlker auhera who had dealt with the Neltero Formatwen. Viaser
(1084) reviawed tho ceeurrenzo of "Stormberg” Group strata wn couthera Alnea
and mora reeently, (Vigser, 10U ) alse the palacegeegrophy and clanatelegy of the
Naltens Formaiwen. Smnth (19900) and Smuth of of. (1993) present overviews of
tho Korep ond the Karco aged bagsnms in southerm Afnea. wm wiveh the Molteno
Fermetien 13 Brelly rewowed
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Review of provieus investigatiens

Turtior (1978a) referred to tho peed for {urther dotaded wvestigotions of the varous
NMembere of the Moltenro Formatien v order to ollowr fer a more complete
understanding of the lateral foces vanctens and depositional histery of the
Eormatien. Subsequert stuaes (Turner 1877, 1978a, 1980, 1981a, 1988, 1864,
1886; Cinstie, 1981, MacDonald, 1993 and Cawncress et all, 1986) have added
to our krowledge of the geelegeal settng of the Formaten, yet dospite thoso
advances, the Lthslogy, strotigraphy, palaeontelegy. palaecervirenmental sottng
and ago of the Bamboesberg and lndwe Sandstone Members 15 otll inadequately
known, and the Members are not fermally desenbed. The lock of adeguate
ithoestratigrophue contrel alse seevunts for tho lazk of a biestratigropine subidw sion
for the Fermatien,

One of tha maojor shoricomrngs of tho proviaue lithelegiea! desenptions was the
fo ure te define dicereto archutectura! clements withun the sandstencs of the
Formotien, and an almast complete lack of studies on the bradplian motenal,
except for caal Tho eoal scams of the Neltens Fermatien are fauwly well desenbed
fram the Lterature (Turmer 1971; Chustio, 19871; Hememana, 1986; Maelenald,
1983), however tha stratgeaphue pesitien and nemencafure of the seams o a point
of major conteation. Coal scams i the lower part of the Moltene Foramatien have
the potental to alow for intrabasmal strabigrapine conrelation, as wel as Beng
wnpeitant palocesnvironnicntal and tectone mdicaters Thes eeneet stratigrapghie
placement 13 therefore wmprratwo to on underctondng of the taswa

Tommer (1975a) and Chuste (1081 both recoymised tho emslence of eyeledy
wdhim the Bomesesbera Member, cnd prepoesced posab’o equses. These studies did
mot mowvover pronody dobne the eauso of the cycliety., bo it fiom allecyele,
auteeyehe, ©F a compaation of bath grecessss Thog was mostly dus to the falure
of theso outhats 0 paepody oxG mao 1terd! 0o w1 s vertieal vanatons w theso
umta M@l (1080a, 1996) has chown that ebscrved eyel:cty i the reck Fecoru may
bo produced by coveral adfferent patha whieh may well bo mdistir pchable without
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excnunatien of lateral as well os vertiza! vonatons.,

Previous workers have mterproted the depamenal settngs el the Melteno
Farmation as rangng frem proximal ord, to sub-glacial alluveal fang with tradplan
ond distal meander tracts (Smuth of o2, 1995), to cub-aena! deitas (Haughitea,
1824). Although the recent eonsensus for the faaes genoss faveurs o braded
fluvinl engn (Turmer 19750, 1960, 1981, 1984, 1986, Chinste 1681, MacDanald,
1893, Caunceass et al., 1995), there 1o bttlo eensencus as ta the typo of bravded
aystem and much of ths work suffers from a lack of cpowal ond tempeordl certrol, J
The indwidual NMembero ot the Fermatien have recewed litle attenton, and the
Bambzesterg and Indwe Sondstene WMembors o parteular have not been
stratigraghneally partitioned, nor adegquately reviowed o torms of madem Braded
nver modela, Most studies en meden braded nvers are furthermore censemed
with grava! bedload demrnated cubsglacia! nvers and enly the Erghmaputra '3
agequately desenbed (Celeman, 1989; Brstow. 1989) to ast as « mede! for sand
dgrmeated braided nver depastion under o humid elmate.

The palaccchmate prevaling dunng the depoaition of the Neltens Fermaten v also
a pa.nt of majer diagrecment. Haughten (1924) propesed a coal and wet climata
vwth interauttent ramfall, whercos Ellenberger et o/, 11864) and Ellenberger (197200
caweoaged a warm humd elmate for the "Lower Stormberg” subdwition, wiich
crzompanced both the Bambeockerg and ledwe Mombesa, The agburdones of
megafenage lesads of B.cre.d.um, ond the precenco of distnet growth nngs in the
fossd weed of the Mclters Fermaten, led Arndesson {1976) to prepaso a temperato
ghiamate with coasonal ramball. Andersen & Ardersen (1983) pregused a relatwely
ceal, temporate clmnate, 1n aeeordance vath the hgh palaes lattudnal pacton of
50 5 8. They olse cnwisaged streng coasend! aflfciences, wiih hot, dry summeis
and eu'd dark wwinterg wath mederate ranfal

i,

Che.ohio (1981 (p. 169) glates ™ the commencement of iViolteas ced Mmemalon was
aceamponed by o chango to 4 wot, coal ¢lmate wiln precpaation wineh was
perapacoasonal Tureer 4 1883) fellows Aractsen (1970) v assgmng thy Weltero
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- Formation o cool temperato elmate, onhaneng s argument with sedimentologieal

and muneraleg.cal parammoters such as the prescnco of frech feldopar Turner (1883)
,; slighitly contradicts fus own argument i that he eonsdered the lower Melteno and
Burgercdotp Fommatons to be partly loterally equivalent, yot promotes a ceol
temporate chmote for the Motene ond on and chmate for the Burgersdorp

- Femmotion. He furthermere cenfusaes the insue vath the stotement {p. 84) that ™ the
. demunones of ono type of cepositional preccss (Huwvial) respencible for fan buldng

imples a farly constant climatis regme.

Folzon (18886) found the dixanastie Faleispontes muete: and Dero dvm macroflora
mmd-eative of o “savannah-type” palaceehmate, whereas Smuth (pors.cemm.) fecla
that Dicreid.um s found urder ceol humd cendtions and Rayner (zers.cemm.)
behwves that the Dieroidem Hera wmdieatey a warm, humd envirenment. The
presenze of Bicreidum s however probably net really diagnostic of sny one
pelacaclimate, cecurmnnyg as it dees fram the Lower Burgercderp through to the Elliot
Ferm:aton.

Kuin (1990) prepesed that the Moltene Formation was depacited under warm
temperate conditiong woth winter ramnfall. Thie viewpamt 15 cupperted by Enksson i
lpers.comm.) who su3gests that the Nelterno 13 enly a watler vergion of the Elet 5
Fermation, wath mlor warm temperatures. The other oxttemae s held by Visser | |
i1891) who states p 428 ° a sudden appearance of D.era.dum flrta, an absence | 3
of red palacesels and reptlian founa and the charge n fluwie! syatems duneg the

degpunition of the WM="teno Fermatun, suagests dramate clunatie changea® Viasor

(1931 furtitcr propoacd a celd el mate for tha Meltens Fonmotien, g view bald m
anOUS Ievicw Rapers ainee (Smthotal , 19930, Carnsrass lzors camm.) propesed
that teaperotuse Nustuatiens may have boen very covers, with palacofrests and
po'acatemperatures ag fow a3 30 6,

Accerding to Camnetesa of ol (180%), the palaeescographe position of couthen
Afnza at tho wmoe 2f depastien of the Metene For natwen srowa that the landmass
W2 MOV ROTIWVALAS Towards on equatena! pasdien (do Wit oz o, 1998). Thry
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led these outhors to propoess that the clmate Lheuld have been one of ncreasng
ondity. According to the palacegeographue resonstiuctons of Anderson & Auderson
{1993) the depositiona! boon oy betweon 807 and 55° south dunng o global poned
when the polar regrong were not glaciated (Carneross et af., 1885).

Tie polacochmate far the Molteno Fermation has thewolere w the post been
envisaged as ranging from cold and wet vath intermuttent ranfall (Heughton, 1924,
Andercon & Andergcon, 1970; Vigser, 1991, MacDenald, 1993) to huand temperato
(Ellenberger ot al., 1964) and little concensus hags at gresent Beon reachcd among
workers,

Altaough numerous fossis cceur w the Melteno Fermolwn. tho age eof tie
Formotion 1s not well constrancd, wth proposed ages rangag frem tho Fermuan
through to tho Late Tracoie. Nest authors however favour either a Mid-Tnass:e
Houghten, 192% Rust, 1989, 1862; Plumstead, 196%; Keysoer, 1973, Eukoson,
1003; South ot af, 1983) or Late Trasse age (Dunn, 1878, Andersen & Andersen,
1093,0,b; Turretr, 1879, 1975a, 1983; Enkscon, 1983, 1984; Enksson ot al.,
1885}, These different viowpaints have senous rammdizations for the length of wme
represented by the basal contact of the Fermatien. Fosal tettapeds are prosently
unknawn from the Joltene Fermaten (Cawncress of al, 199%) and tho early
dofinite indeeation ~* the ewctonze of o tetraged fauna denng Neltend Umos,
gomen from a i - ber of cots of dinogcu.: feotprate m Meltene strata w the
Wacloar distnist, wibeeh Proth o2 ¢ (1980) ploced steatgropheally witlun the
Bamoesherg Memboer

Nemerous problems therolore 0%t wite regards to the cedrnentel gy, olrat-graphy
and pa'aceatelagy of the Melieno Formaten and a parbcular of thy samboecsherg
NMember. The man probloms regardeg the Bamboesbarg Nember at present are.
1hat g geogrepthie dutnbuter hao pat been prepetly mapped, that the cpawal and
tempeoral eharges that ecewr throuzhout tho basm ate R ur fergtoed, that the
Lthe: and bostroligraphy 15 very poody kaswe, and that the cause of tho
recogmscd eyelety hion not beea gropody addresacd.
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4, K The Bambocsberg Mender 1 ymportant wm that it ferms the eldest
e ghronestratigrapluc contact with tho Burgersderp Formatien n the couth of the
e N basin Knowledge of :ts foces genesis and ago are wital to an understandmg of the
"y
s truo nature of the contact batween the Burgersdorp and Melteno Formations, as
woll as to bacsna!l il and development of the upper part of the Karco Baom.
1.4 The Burgersdorp-Moiteno Gontact
1.4 Historical Overviow

Histencally, the contact between the Burgersdorp and Meltene Fermations hos
been defined on numerous differant lithelogieal and pa'acontelogieal eriterna. Wyloy
{1858 and Huxloy (1867} ndepondently differentiated the "Stermberg Beds® from
tho undorlymg Beaufert Group steato, and i so doing they were the first to imply
a mojer difference between the two ccquences. Dunn {1873, 1878) was the fust
1o notice that the colour of the “Cool Measures’ contrasted strangly wath the
underlying “Upper Keroo® ctrata and belioved that tho contast wags cenformable
DuTeit (1908a,b) feit that tho base of tho “Stermberg Group® was difficult te
delincote vath any cecurasy, but that i the viciaty of Bushmanchoek Pacs it
formed o composite zono which could generally be fixed te within 18m. Dutoit
1« 354) re-defined the base of the "Stormberg Group® as the ceeurrence of the first
aglttenng candstene of the Melteno Fesmatien.

et ot i 5
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Ruat (1959, 1962) proposed that the eontact could bo fixed mamly en a chango
o tho gredormuinant typo and colour of the atrata. b states (p. 172) “In plases the
contact 15 quite charp as at Carnckmere Kleol, but near Loskep hemastead the
centaet 13 not as charply delmeated, In Caresmore Kloof the contast o ndieated
by a thn, but fauly peraistent hine gramned cardstons bed. It is overlan 20:25 feot
wgher up by the f-t premunent sondstone stratum of tne Melteno stage.” He
continuog P, 174« «to that © Tho eomiae. sandstono honzen deeg not conwst
of one porawtent sandstona bed but g rather a zeno of sandstenes, the beds
mutually wterlngenng, puchmg out and cwellng i complex manne:”. Duo 1o the
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composite nature of tho contoet he believed that no satisfactory itholegical marker
hornizon ceuld bo indieated as a lower contact with tho Ecaufert Group Rust (1858,
1862) thorefere p.oposed thot a better contast smught be  ostabliched
palaceatelogically.

Turner {19780) defined the lower boundary of the Meltens Formaton for the typo
sectien at Greotdonnghoek Pass, as the base of the fwst sandstene of tho
Bambaoeskerg Membor, noting that the centast was sharp, and that it comnaded
w:th a change from predorunantly marcen mudstone in the Burgerederp Foumation,
to groy sandstones in the Melteno Formatien. He states (p. 28) "Whera sandstono
replases shale and mudstons mn the seetion, the contact can often o fixed on the
basis of the predonunantly coarcer gram ize of the Bambecobery oondstenes,
whueh also tend to bo shghtly paler in colour®.

Turner (19750} further notes that oost of the type sectien, facies ehanges and the
rnter-digtation of shale and mwdstene compleated contact relatwonshups. In
Eushmonshoek Pasg he did nat Beliove that the bags of the Bamboeskerg Wember
could bo placed wath any ascwracy. Due to this ddhiculty ke arbutrandy defined the
contaat as follows (p. 24) "One uselu! line of cvidence 1 the sburdant presence
of calearcous nedulesn some of tho clve grey sandstones. Mereaver, sngs sumilor
nedules have net been found co far i the Nolteno Fermatien (Tummer, 1972 ot
ceams as goed a placa as eny to draw the boundary.”

Turner (1975a) fwst recegmsed that tho Bombaesbeorg Nember wedged out
narthwards with the effect that the base of the Meltene Fermation w the north of
tho bamin equates to the baso of the Indwe Sandatene Member (B 1.1). At vmes
ho howover found 1t dilicu’t to place the lower boundary of the lndwe NMember,
gtatng lp- 24) © when traced laterally along the contact the uncenferamty appearg
i different guises depencing on the ameunt of rchef. and ander these
greumstances it 1a casy te sco why the uncenforamty haa been demed exictenge
tor co long ome® 113 mterprotaton 12 comotimes subectwae”
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Turner (1975a) further noted that the lewer boundary &f the Moltore Formatien
tecorded on impertant palacentelogwal break,  that tho vertebrote fecsils co
probific in the Formations above and below, wero absont in the Melteno Formotion,
Because of the lacl of diraet polacontelegical correlatives botween the Burgercdorp
and Moltene Formatiens, Turner {19780) found the tmo represented by the
uncenformity at the bace of the Molteno Formation difficult te evaluate, but
belioved that the diseenformuty might be of a conciderably greater timespan than
the physieal evidence suggested.

Kutehing (1977) distmgwiched the Melteno Formatien frem the uppor Burgersdorp
{Cynegnathus Assemblage Zone) by the absenee of dark coleured to chesolate
brawn mudstores and chales, and by the presence of dark blesh groy cheles and
sparkling. eoarse gramcd sondstons honzons eontaming well rounded pebblos,

Chustie (1981) felt that the Bumbeasberg Member ceuld be distinguished from the
Burgorsdorp Fermation by its deminantly wonaceous nature, stating {p. 11) “Freld
observations strengly suggest that tho base of the Bamboesberg 13 most
conveniently defined by tho henzon at which sandstene suceceeds giltstene and
mudstene as the demmnant reck type®. He leit that the centast was cenformable
and could bo gatinstastonly defined 0o tho eroswely based, bosal Bamboeshern
sandstone. He a'co re-dterated that the strata ef tho Bamboesberg Nember
preserved thin ceol depesits, whilst that of the urderlying Burgersdorp Formation
ad net.

Viccer {1884} otated that tho bace of the °Stormbeorg Group® and henee the
NMolteno Forraation, was defined all over southern Afnea by an unconfarmuty, with
deposiion in tho south preceded by an cromenal poned of lumited extent, but i the
orcer of B0V or mere n the north (Vissor, 1984). Viscer (1991) states (p. 424)
“ An ciesional pened of up to 10Ma separated the fluviol Stormberg sedimentabon
from the urderiying Ber ulort beds wm the south®. These are the only two direct
rofcronce to tho mogmtude of the of the unconfermuty at the base of the Meltene
Formatiodn.
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Jahnson and Hiller (1990) dofned the base of the Me'teno Formation as a * 100m
thick, conformanle trancition zone with tho Buraersdarp Formotien. Thew plazemeant
of the basal contact was based en op obrupt vpward msrcase m the
sandstene/fines ratie, osseeamted with the disoppomscace of red mudsiene.
tMacDenald (1993} {fellovwed Robinsan of 24 (1969) and Christie (1887w dohuung
tho lower contuct of the Molteno Formatien as g compocite suceessien, beng
delincated in the field by an abrupt upward inereaso i the sondstone/fines ratw
from loss than 0.25 to more than 0.50.

The lower boundary of the NMelteno Formation hes therofore been the subjeet of
several attempts at defimtion, with much debate centred around the entena fer the
placemertt of the basal boundary of the “Stermbeg Group’ . At precent most of the
gtiteria are untenable, and the time represented by the contacst has net been well
genstrained,

1.4.2 Reviow of provious investigations

That the base of tho Meltenoe Fermation 15 net well defined ner understood s clear
{rom the cenfusion and veguenesy in tho literature as te the noture of the contast
and its stratigraphic placemtent. Tho churging nature of the contast through the
basia ia net fully uaderstoed, and the magnitude of tumo represented by the centact
io noorly conctramed, with estumotes ranging frem truly cenformable (Chnste,
1981) to 5O MA (Vigser, 1984)

Prior to the wotk of Turner (1975a), mony workers w@id aot regegmse tho
Bambeustorg Member, and tho lower boundary of the Meltcne Ferwatien was
contdored to bo the camo throughout %2 basin Fer this reason earo should bo
taken whon doaling with carly ltcrature dofiming the esntact, as ot often refers te
tho contast between tho Burgeradorp Fermation and the Indwe Sandstene Nembor
of the Moltene Fermatien, and not tho true chronastratigropiie contestin the geuth
of tha basn. Falura of these oarhor workera to recegn-ce the Bamboesberg Member
alse led to the concept of o transtional basal contact for tha Moltene Farmaton (eg
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Roluncen ot of., 1969).

Many of the critena used in the past are vague or meerrect, while others are not
aceeptable n terms of the stratgraphic code (SACS, 1887; ISCC, 1994).
Lithological entena for dofiming the ceniact have in the poast been based en: ceolour
differences: the ghttenng nature of *ho Meitene sandstenes; thewr cearcer graingize
and nclusion of quartz pebbles; that the Moelteno strata prescrve ceal; chonges in
sandstone/fines ratio. Palacontolegical entenia are based on: that totraped fossils
are absent in the Meltens Fermation: and the presence of an abundant flora,
dommated by the genus Dicroidium,

Although these previous works are more fully diceussed i Chapter Four in hight of
tho findings presented m thug thesis, a number of these enteno may be discarded
baged on the eurrent hterature. In fact, of the litholemical critena, only the inclusion
of quartz poebblos and tho precenso of coal are valid at present. Although colous
change is of httle value in delining stratigrapiuc boundaries on a reglonal seale
{Turner, 1981}, colour change may be used te define the cantact in the north of
the bacw. In the seuth of the basinn hewever, the celour of tho strata actuaily
changes seme 15:20 meteas before the centact {Chnistie 1681).

The ghttenng notwre of the Moltene sandstenes 18 not a useful, or
sodumentelegically cerrect entenen, ags nithough the Indwe Sondstene Member
often hag a ghittenng appearanee, 5o toe do neatly all the coarce sandstenos n the
Melteno Farmation {Chnstio, 1981). When working in tho southera part of the basip
thes entena 1o of aven logs value ag the candstones of thy Bomboosuerg Momber
aro often dufficult to distiagwsh toxturally from those of tho underlying Burgercderp
Formaouen (Erngue, 1981). The placemoent of the base ef the Melteno Formation
at the henzen at whieh sandateno sueeceds cltstons ao * » demmnant lthalogy
(Chnctio, 1981; Johnson & Hillcr, 1980, 1 not based on cound lithostratigrapie
punepes and doos not conferm to the stratigrapiie coedo for the placement of o
Forsnatona! contact (SAGS, 1487; ISCC, 1994).
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Although tho abrupt palacontelogical break as noted by Turner (18750) has been
venfied by numerous authors {Andersen & Anderson, 1993a: Cawncross ot ol,
1688), palacontelemcal enitena are fclt to be sub-crdinato to hthologwsal entena, as
thoy are based en relotiwe abundonge er obconce ef genera. It 18 Pot
stratigrophusally sound te base o hithologieal contaet on the avsenee of a particular
fosod type (ISCC, 1994Y, and furthermore, both of these entena may bo brought
about by rumerous factors other than real abseneo, wneludmyg changes mn the
chemestry of the groundwater.

The problem assoswated with defiing tho eantact 15 therofore two-fold. Furstly, the
baso of the Bambeasberg NMomber 15 not well dofined and 1ts spaticl nature 15 not
undorsteed, and secendly, the defunlion as aeeepted w the htciature ot present 1o
vague. This has led te erroneous thieknress estimates for Both the Burgersdorp and
Molteno Formatien , as well as to confusion regarding the coatrols on
sedimentation in these two Formatens. For these reasens, decumentation of the
spato! ehanges that ecsur through the basie and a cenaise definutien of the nature
of the centact 15 vital to an urderstand:ag of tha developnent ef the upper Kareo

1.5 Bagin Develepment of the Upper Kareo

2anin analysia 1o the ntegrated study of basin Yl and ineludes ush aspeesis as the
apphicotion of tho lecd (beth teetome and seduncntary) which creates aod controla
the bann arehutccture, g cresen and moss redistanbutien (Jehasen & Beoument,
1895), ¢ fass redictubution by surface precesses and sedument flux are o funclien
of buso fovel ehangos and changoes 1o chmate. Basn dovelepment studies therefore
drave hoawly on ospeets of soduncntelegy and palocentelogy. meludmg faces
goneoig, palacechmatic owdenee and bestralgropiie ago eeastrants. From the
preecding background and steneal ioviows, 111G appatent that 2 nuaber of thaso
nputo aro peerly censtraacd for the Burgersderp and Naltens Ferimations.
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e o . 1.5.1 Historicol Overview

Because sedimontstogy and polacontology are npertant poraraeters in bacin
N . Jovelopment studies, the basin development e the upper Kareo may be seen to
B date back to the first geological and palaeentological deseriotions of the strate,
Meodern basin analysi of the main Kareo Basia has however enly come about with
the introduction of plate tectonic theory, which for the first time presented a
mechanism for forcland basin formation {Dickinsen, 1974) and the creation of the
Cape Fold Belt (CFB).

The Kareo Basn is one of the fow exomplos in the werld where the timing of
toctonic activity i the fold belt and tho age of the scdimentary respoenses have
been independently constraired. Periods of tectonic activity in the CFB are
decumented in tha works of Hilbich {1977, 1883a-¢, 1992), Hillbich & Cornoll
{1983}, Hilbich & Swart {1983}, Hilbich et of. {1983}, Visser 11992} and Gresse
ot al. (1992). These authers in oscence recognise five major periods of teetonic i
acuvity for the Ka:oo Basin, with perieds of miner activity in between. Although
tho Kareo Basin as a whele, and the upper Kareo in particular, has few radiometric
marker horizons, the rofinement of the biestratigraphy ot the sequenee has allewed
for tho relative ages of the sedimentary respenses to be fairly well eaustrained.

In the late 1970'c and early 19806°s, numerous authors attempted to link plate ; !
tectonic thoory to thoe sedimentary deovolopment of the Karoo Basin {(Jehnsen, ‘ )
1976; Hobdoay, 1978; Visser & Dukas, 1979; Stavrakig, 1979, 1980; Hiller &
Stavrakis, 1884). Fow of these werks have hewever eongentrated directly on the
basin dovelopmont ef tho upper Rareo. Visser & Dukas {1979) recognised large
seale fining upward eyelos within the Lewor anrd Upper Beaufort and directly related
the magmitude of sourco area tectomism to the penetration of the goarse grained
Katberg Sandstono Formatien inte the bosin. Stavrakis {1979, 1880a) and
Stavrakis & Hiller {1984) also linked the pregradation of tho Katheorg Sandstone
Formation to toctome activity in the CFB, cquoting this sedimentary response
direatly 1o the third tectomc event (246 = 2W1a paroxysm) of Hillbich ot o/ 11983).
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Stavrokie {19800} separated the Katberg tectono-cedimentary cyele from the proto-
Molteno cyele, which he belioved started in late Burgercdorp tmes. Hiller &
Stavrakis (1984) proposcd that the Butgersderp Fermation was tho lateral
oquivalent of the Katberg Sandstene Formation and that denudotion of the seuree
aren contrelled the sourceward shift of the Burgercderp Formation through time.
Hancox ot al. {1948} briefly discuss the implications of their threefeld sub-division
1o the basinal development of the upper Karoo, showing that a sourceward {acies
shift & ing Burgorsderp deposition was well evidenced by palacontologieal
parameters, Hancox and Rubidge (1995) added sedimentologieal parameters forthe
development of the Burgersderp Formation and proposed that degosition eceurred
during a periad of quicseconce fallowing the tcctonic activity i the CFB, which
controlled tho cratonward progradatien of the Katberg Sandstona Farmation. The
gontral of the development of the Burgorsdorp Fermation 18 however very poorly
known, due mainly to tho paucity of cetailed sedimentslogical and stratigraphie
studiag.

The earliost basinal development medels far the Maeiteno Formation may be traced
back to the works of Nerth {1878} and Regors {1908), in that they were the first
pooplo to interpret the provenance of the sedimentary hill of the Meltene Formation
as being tho GFB. Rust (1959, 1962) presented the firat evigeneo of a direst
tcatonie contral for the Molteno Fermation ond may therelere be regarded as the
progenitor of modera boasin studies of the upper Karee. He explamed the
stratigraphic relatienchips of the Melteno Formation in terms of repeated thrusting
and uphft n the CFB, referning to this process as pulsatery sousee aren
diastrophicm. Ruct {19858, 1962) fuither postulated that < duastrophiom
culminated in o mojor peried of uphft which brought abeut tt Jcition of the
Indwe Sandstone Membor ag a rospense. Ellenberger ef an (19684} tied the
beginning of the deposiion of the Moltene Fermation to the complotion of
toctemcem n the CFB. Loek (1978} belioved that the timing of the Cape Orogeny
could bo rolatvely precisety dated by cedimentary means, coaneiding with the
change n conditiens reficeting thoe Beaufort-Moiteno boundary in the Barly Triass'e
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Turner (1875a, 1983, 1984, 1386} moditicd Rust’s (1989, 1962) maedel in thathe
considered the numcrous fining upward sequences in the Meltono Fermation to be
rolated to only one tecterse ovent. This ovent invelved a aingle phase of
upinterrupted uplift related te basin margin thrusting. Turner, {19784} related the
main phase of oregeny in the CFB to the deposition of the Indwa Sondstone
Member of the Meltene Formation. Turner {1983} altered his eorker view, and
carralated his six successive fining upward scquencos of the Molteno Formation
{hus six vombers) te majer phases of fault controlled uplift in the seuthern seurce
area (Turner, 1983, 1986). The tectonic mode! proposed by Turner {1883, 1986)
therefore directly relates the mamnm segquenses it the Melteno Fermation to major
phases of fault-controlled uphift in the southern souree areas.

Based on a potregraphic study of sandstone compositions, Jehnson {1891} showed
that tho CFB became the predeminant provenance for the Koroo Basin only during
the upper Karoo, and that the provenance changed from lower Katborg to Moltene
Fermation times. In thig paper, Johnsen (1981) alse providos an everview of the
1cctonie setting of southwestern Gondwana during the deposition of the Kareo.

Colo (1992) postulated that periedic tectonism in the southern source areas,
coupled with feredecp subsidence, reculted in the deposition of thick, laterally
extensive sandstones during Katberg and Meltene Formation times. He followed
Hiller & Stavrakio {1984) in squoting the Katborg Sandstene Farmation to the third
paroxysm of Hulbieh ot o/, (1983), and cquated the Molteno Formation to the
fourth parexysm {228 25Ma). Cole (1992 clso prepoesed an erosional laguna for
the entira Mid-Triaswe, whieh he tied to epeirogonie uphit of seuthern Afnca during
this pened.

Following the works of Johnson & Rust {1988} and Winter (1990), Greenowald
{1996} prosented a tectonestratigrophic medel for the Katberg, Burgersdorp and
Meltene Formatiens. This madel preposes a Katberg (247Ma), Andriesberg (230Mal
and Meltene {215Ma) porexysm which Groenewald (1996) equated to the third,
fourth and fifth paroxysms of Hilbieh o2 o/ {1983). The mest recent and complete
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attempt at basinal modeling of the upper Kares 15 that of Cateneanu et o/, lin
prep.} whe apply a reciprocal stratigraphic approach to the fermation and fill of tho
main Karea Bagsin.

1.5.2 Review of previous investigations

Basin dovelopment studies require numerous inputs including such factors oo’ the
offeets of base lovel changes; the timing of teatenic events; faees genesis; and the
affocts of climatic controls. The previous soctions of this chapter have shown that
certain of those contrels are poorly constrained for the Burgersdorp and Molteno
Formatiens. In particular, the lithology, stratigraphy and palacontelegy of the two
Formations is not well decumented and the palocosnvirenmental medels
{palasoclimate and facios genesis) proposcd for the Formatiens aro not agreed upon
by workers. The ages of the two Formations, and therefore the timing of events
which controlled their gonesis are alse pooerly constrained.

The majer probloms associated with the basin develepment of the Burgersderp
Formation at present are: that the basal eontact is net well defined nor urderstoed:
that tho stratigraphic position of the major sandstone badies and hiatal suifacss are
not well constrained; that the placement and nature of tho proposed paraceniormity
15 not well decumented; that the Fermation is rist well dated; and that the primary
gentrol on sedimoentation is not underateed.

The provious madels for tho dovelepment of the Molteno Fermation are alco
problomatical in that: they canneot account for the preserce of quartzite boulders,
uppor flow regime bedforms ond frosh foldspar at distonees of humireds of
kilomotres from the seurce areq; that tho palacecnvirenment of the Fermation s
poorly undarstead: that the age of the Fermation is noet well wookly censtrained:
and w that thoy do net adequately explan the preserved fasies distnibutions.

The rofinevont of stratigraptue metheds, subsidonce cnalysis, palacemagnatism,
palacochmatelegy and the dovelopment of sequence stratigrophic eonacpts (Van
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Wagoner of ol., 1988, 1990; Galloway, 1988; Viall et o/, 1991} have eomipletely
rovelutionized the seienco of basm analysis. Sequence stratigraphy has however
been so over-emphasized that other mechanisms are often overlooked (Miall, 1990,
1891, 1996). A majo: arobiom with the fili of the uppor part of the Karoo Bagin is
that due to the isclated noture of the bosin {Greenewald, 1986), eyelic
scdimentation canrot bo cotrelated to global sea level curves {(Hag et al., 1987;
Haq, 1988} and heneo a classie sequence stratigraphie apgreach cannet bo applied.
Groenewald's {1896) tectonostratigraphic approach goes seme way tewards
solving tho problems of dofining sequence controls within landlocked basing,
however its usofulness ‘s imited to the upper Karco and it requires a totally now
termirology.

The upper Karoe basinal fill, including the Katberg, Burgorsderp and Molteno
Formations, has been widely linked to tectoniom (diastrephism) in the CFB (Cele,
1882), and a number of hypothoses eceur regarding its stratigraphic evelution
(Fust, 1989, 1962; Lock, 1878; Stavrakis, 1979, 1980q; Tumer, 1883, 19886;
Stavrakic & Hiller, 1984; Johngon, 1991; Cole, 1992; Haneox & Rubidge, 1995;
Groenewald, 1896). All of the previous medels for the development of the upper
Karao may be breadly grouped as process-response medels in that teetonie uphift
it the CFB is proposed to be the direut sauso of rapid eratonward progradation of
aoarse sedimeont into tho bosin. This is belioved to bo due primurily to the elevatien
of tho sourge arca, and an inerease in the gradients of the rivers supplying sedimont
to the basin, Theore 18 however soma dobate about the cerrelation of tectenie
events i the CFB and their sedimentary rosponses. Most authers {(Visger & Bukas, |
1979; Hiller & Stavraks, 1984; Colo, 1892; Groenewald, 1986) agiee en a link
botween the 3rd paroxysm {Hulbich et o, 1983) and the sedimentation of tho
Katborg Sondstone Fermatien, but less agreement ogeurs for the Burgorsderp and
Moitone Fermations. Cole {1892) kinks the Meltene Formation to the 4th parexysm,
whoreas Groonowald (1996} links this ovent to the deposition of the Andriesherg
Meomber of the Burgersdorp Formation, and rather eerrelates the Moltene Formation
to tho fifth paroxysm,
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Documentation and modelling of rotre-forcland basns has advanged rapidly in the
past decede both with regards te thoir mechames of formation {Beaument, 1978,
1881; Jordan, 1981; Qumnlan & Beoumont, 1984; Flemungs & Jordon, 1989;
Beaumont ot al., 1993; Jehnson & Boaumont, 1988; Peper ot o/, 1885; Yong &
Dorobek, 1898) and fifl {Flemings & .Jordan, 1889, Beaumont ot o4, 1988;
Ettensohn, 1994; Jehnson & Beaumont, 1988; Catencanu et gL, 1997}). The
effcets of basin flexure wn relation to thrust advance, sedimentary loading and
source unloading is fairly well constraned {Beaument, 1931; Quinlan & Boaumert,
1884; Johnson & Beoumeont, 1998) and it is now well decumented that thrust
astivity and oregenic loading tn a fold belt produees flexural subcidenee in the
foredesp, and the sourceward mugration ef the forebulge area. Thig leads te the
groation of accommodation space during tectomism (Quinlan & Beaumeont, 1984;
Flemings & Jordan, 1989: Jahnson & Boaumont, 1995} which rnust be filled prior
to tho pregradation of gearse detritus further into the basin. It is therefore ovident
that there is a lag time botween teetenic activity and tho pregradation of cearse
dotritus into tho basin, and this lag peried needs to be constrained for tho cearge
graned sondstone seguences in the upper part of the main Kareo Basin,

The flexural medc! of Ecoumont {1881} ond Quinlan & Beaument (1884) and the
reciprecal strotigraphy maedel of Flemings & Jordan {1988}, Ettensohn {1994) and
Cotenzany et 2/ {1997) havo totally altered the way in which fercland basin
farmotion and thetr fill is porecived. Ia light of thoco new moedels, old process:
rospanse weeries for the development of the upper Karoo during the Triascie need
o o ra-oxomined.
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From the proceding buackground and tustonical everviows, it 16 opparent that
numerous, problems exist with rospest to: the sedimentolegy: polacentslogy:
lithostratigraphy ond biestratigraphy of the Burgersderp and lowermoest Molteno
Fermations (Bamboesberg and Indwe Members); as well as the exact naturo of the
contact whuch seporates them: and thewr setting within the basin dovelopment of
the upper Karoa.

The main aims of this thesis are theorefore: to decument the hthelegwes and
stratigraphy of the Burgersderp and Moeltono Fermatiens; to address the prablems
of faunal ropresentation ond biostratigrophue ranges of tho fossils ef the
Cynognathus Assomblage Zene, particulatly that of the dicynedont Kannemeyoria;
to refine the blostratigrepiue subdwision proposed by Hancox et ol {1998); to
address the question of the interbasinal eerrelation and age of the CGynegnothus
Acoemblage Zene; to define the changing natuto of tho centact between the twe
Formatiens en a basinal scale; te determine tho magnitude of the propoged tuatug
between them; and to define the nature of ayelicty in tho Bamboesberg and Indwe
Members of the Molteno Formation. The ultimote aim of the study io to uge these
tindings to reconstruct the palacooavirenments {facies genoesis and palaeceslimate)
of the two Fermations ~ad to madel the formation and filt of tho upper Karce Basin.

The everall aim of the preject 1o thomolere te integrate sedunentelegieal,
stratigraphie and pofacontological studies of the Burgersdorp and lowermest
Meltono Fermatieng, in order to establish the sedimentary higtory of the sequenge,
ane €0 determne the naturo of the contact thot scparates them.

43

o ma

o

ECGE N




Study Areca

The study area (Fig. 1.2} is situated in the seutheastern reaches of the main Kareo
Basin and encompasses the entire geogrophical distributien of the Bamboesborg
Member zf the Melteno Formation. This area takes the form of a diamend
stretehing from Sterkstroom in the south to Rouxville in the north, and from Cala
in the cast, to near Staynshurg in the west. Although this study was eencentrated
in the southern part of the basin, soveral weoks wore alse spent in the north of the
basin studving the nowly discovered Cynognathus Assemblage Zone deposits
{Welman et a., 1891) and tho Meltene Formation,

The Burgersderp ond lower Molteno Formations are well oxposed in the main study
area along the oscarpment of the Bamboosherg and Stormberg Mountain ranges in
the Eastern Cape. During early field reconnaissance, sigmficant new expeosures of
the upper Burgersdorp Fermatien {Cynagnathus Assemblage Zene) were discovered
lyng within the Bambooshoek Valley, approximately ten kilometres to the
southwest of tho tawn of Sterkstroom (Fig.1.2; #3, #4). These expesures in the
Bamboeshoek Valley provide a continuous sestion from the upper Burgersdorp
through to the Elliot Formatien, thus providing an uninterrupted vertical succossion
sponning the who'e of the Meltene Formation. For the purpose ef thig investigation
it was however decided to senctrain the temporal ronge of tho study te the
Bambocsberg and Indwe Sandstene Mombers of the Meltone Formation, as theso
two are the only mombers that stratigraphically overlie the Burgersderp Formation
{Fig.1.1). On a regional structural seale, the man e~ of study lies between the
nerthern boundary of the Southera Cape Conduetive Belt (SCCB) and the southern
boundary of the Kaapvaal Craton (KC) (Fig.1.2).
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1.8 Motheodology
“Fioldwork is the basis of the study of sedimentolagical reers®
Blatt ot 8% (1972}

The optima! approach to understanding the sedimentary reeord 1 a combination of
detailed field studies followed by laboratory analysis of earefully selccted samples.
To this ond fieldwaork was undertaken at peniedie intervals over a period of six
yoars, botween March 1992 and September 1997. Attention was centered en
leealities that permutted dotailed vertical sections and lateral profiles to be compiled
and that contained fossil material (Fig. 1.2).

Roseareh was mainly focused on the basin-wide examinatien of the rocks of the
uppor Burgotcderp ond lowenmest Moltene Fermatiens w terms of: their
otratigrophic pesition; overall gross geemetry; intornal architestural clements;
lthology; and palacentelogicn! signatures. This wag undertaken in order to achiove
better rosolution of the lithe- and bieutratigrophy of the two Fermations and their
tacios genosis, as woll aa te allow for their intra- and inter-basinal gerrelation. The
stratigraphy of the uppermast Melteno Formatien was aleo briefly studied, but is
not deseribed n detal in this thesis. Secause the lithestratigraphy of the uppor
Meltene Formation is net well dadned, @ number of leeal stratigrophic
nomenglotures have been propesed ¢ % - past (Takle 1.3 a,b,e). These leeal
stratigrophie names could not be diwcatly spphed te the upper Moltons Farmatien
n the gouth of the basa and to wvad fui'ser complicating the hterature, for the
purpese of this study tho upper Neltcase ¢ ~smation was collectively termed the

T,

rrancitional® Member (non sense stucte Tusn. ¢, 1978a).

Dotaled dosumentation of hthofaeies 1s new a standard comwonent of the factes
analysic method of intorpreting sedimentary strata {Cant, 1978, 1922 Wiall 1977,
1978, 1996}, Lithefocies schomes woro therefore crected for each of the
Farmatiens uader study, with additiens and alterations to the fasies codos of Miall
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(1977, 1978, 1980, 1996). This was undertaken, net just to pigeenhole
deseriptions, but rather due to the faet that hthofoeics and their spatial ond
temiporal associations represent real, sigmficant and distinet sedimentary
cnvironments (Miall, 1996). Facios were deseribed in torms of their primary
depositional features, particularly bedding, toxture, sedimentary struetures, included
biogenic material and grain size. Graingizes were recorded using the Uden-
Wentworth (Wentworth, 1922) rather than phi seale and no canversion to phi sizes
was undertaken. Summaries of these methods and their limitariens are given in
Reading {1986, 1996} and Miall {1990, 1996).

To fully understand the history of fill of o sedimentory bhasin, a therouah
documentation of tho stratigraphy is of fundamoatal impartanee. Stratigraphic
sections were measured at key localities across the extent of the ficld ..
{Fig. 1.2}, with particular cmphag's placed on localitios where the oatire stratigraphy
of the Bamboesberg Mombar was procorved. At theso lecalities, vertical sections
ncarporating all sedimentelogical and bicgenie features were plotted to an cecuracy
of =5cm. Scdimontolegical ecensiderations were focused on tho proper
documentation of bounding surfaces morking lithcfacies transitions, primary
sedimentary structures, traces and tho eecurrance of pedegeme footures.

Mueh information 15 contained wathin euteras of fluvially depasited strata that is
not attainable by ceuventional metheds of fscros analysis, such as the
measurement and interprotation of vertical profileny and Miall 11896) has etiticised
vortical prefile analysis as a means ef palagweavirsnmental interpretation. Bearing
in muind theso eriticioms, uso was muado of v: - e profile analyas for facios genesis
intorpretations, only when coupled with lasy e centrof to mummuse nterpretation
OIror3,

Lateral profiling is eopeeially impeortant fe« &2 4-as of brarded fluvial environments,
whore hotizontal changes in lithefacios vk e otylo of sedimentary arahitecture
are most marked (Gedin, 1991}, Later vt araiing of the main sand-bodies wete
thorefore constructed i ordor to esta® Ity geomotrics of the architestural
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elements present. This methed can ideally identify soveral superimposed ccales of
eyclicity, even when they anse from completely different procescas, an
aceomplishment that is net pogsible if vertiewt profiles alone are used. Readsuts in
particular provided excellont opperiunity for detalled lateral profiling and
architectural element analysis. Outereops were regorded as twe dimensional panel
seetions supplemented by detoiled vortical profile logs, Vertical and lateral
relotionships botween facios along the longth of tho outerops were established by
plotting details from ficld ebservations onte photomosaics. These photomosaics
were created following the technique outlined in Miall (1985, 1988a, bl. In most
cases vertical prefiles wore measured from the top down using a climbing harness.

Lithofacios asseciations censist of groups of genetically related facies separated
from adjacont groups by bounding surfaces of various orders, These genetigally
related packages of sedimontary strata are divided inte a number of architectural
clements thot make up tho overall geometry ¢ the rock body. Bounding surface
torminolegy used in this thesis is madified aftor Hozeldine {1983) and Miall (18884,
18886}, and those surfages are classified sueh that higher ordor surfaces truneate
lower order ones.

A aumber of stratigraphie sections were alse measured in the nerth of the basin in
order to ostablish the intra-basinal relationshups of the sequences. Although the
lower contoct of the Burgessderp Fermatien was not the pnmary focus of this
study, ficld sbgorvations of  noture wero made in ihe southorn, western and
northera margia of the bacin. Thuse findings were coupled to the litorature in order
to allow for tho Burgercderp Formiation to be correatly praced within the sequence
of events fer the basin development of the uppor Karoo.

Representatvo reck samples fram differont sedimentary facies types were collected
at recorded stratigrapine heights, and propared for thin section analysis and
potregraphie werk. Framoweork mineralegieal studies were undertaken on 53 thin
sactions ef sondstenes frem the Katborg, Burgersderp and Melteno Formations
{Appendix 1). Textural anclyses were undertaken by conventional light microscopy
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in order te: refine carlier studies on the primary provenance of tho sangstono
bedies; ascertan i any stratigrophic trends were observebln: as an aid in
paloseenvironmental intorprotations; and to aid n basinal develepment stu lies.
Such studies are belioved to boe enc of the best means of indicating the plate
testonic setting of anciont depesits {Condie, 1989 Johnson, 1991; Schretber ot
&, 1992). For the modal analysis, the procedure of Johnson {1891) was followed.
With the aid of o Swilt peint counter, come 300 points por thun section wero
gounted, as this number is regarded as statistically accurate and is thought to
roprosent the most beneficial investmoent of time per section {Galchouse, 1871).
The compesitional categeries and their abbreviations are listed in Appondix 1. No : 1
select.vo staining wags undortaken and theraforo no distingtion was drawn botween
the ditfcrent foldspar types for the purpose of framework grain analysis by point
counting. X-ray Fluoteseence (XRF) teshniques wore not applied to the sandstones
and difforent plagioclaso compasitions wero therefore not investigated. Teraary
diagrams were plotted using Triplet version three. Petrological data wes used to
elasaify the sandstones {rom tho twe Formations, for provenanee studies, and for
determining the tectonie framewerk duting sedimentation.

Grainsizo analysis fer the sondstones of the Burgersdorp and Moltenoe Fermatiens
were abtained by thin section measurement, using the methed outlined by Sclloy 1
{1876). This ways nocogsary duo to the faet that most Meltene sandstenes extubit

sceondary quartz evergrowths, which tond toe ebscure eriaingl grainsize. Heavy 1
mineral assomblagas were noted in terms of types and occurrenge, although thoy ”
wore not run for XRD anclysis.

Polacocurrent moasurements were regorded wherever possible to establish dispersal
patterns and for on indication of seurce area lveations. These readings were
agsessed aceerding to indicator type, with parting lineation the dominant strusture ¢
far the Burgercdorp Formation and lowermost Bambeesbeorg Member, and treugh o
crosa-stratification demingnt for the upporimost Bambeesberg and indwe Sondstene ‘
Members of the Molteno Formation. Flonar gross stratificaticn directions were
noted but not used i the findl palacecusront analysic, as thoy are not reliable
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current direction indicators (High and Picard, 1974}, ospegially in the Bov-ogorberg
Member, where they are frequently normal to the curront directions ebtained from
more reliable indicators such as trough axes (DeCalles ot all, 1988). Veeator moans
and strengtis were ealculated using the mothod of Lindholm (1987), as these two
values eonsidered together give the most acsurate reconstrustions of flow direction
{tMiiall, 1974; Potter & Pettijohn, 1978).

Buring the course of the study, a number of palacontological specimens were
collected from the uppermost reaches of the Cynograthus Assemnblage Zene
(subzene G, Hancox ot al, 1995) in tho south of the basin (Appendix 2). Fossils
were also collected from subzene B in the middle of the basin and subzene A in the
rorth of the basin {(Appendix 3). Fossil localities were recorded with a Garmin
Globel Positioning System (GPS) as well as with the aid of 1:50 000 topographical
maps. Specimens considored werthy of curation and further praparation were taken
for study to the Bernard Price Instituto (B.P.l. Palacontelogy) where they are
currently housed. Fossil preparation was mostly undertaken by meehanical means
using an Atlas Copco air seribe. Acid treatment was undertaken on various
spesimens, but without much suceess. All new taxa are fully described in Chapter
Twe, where the individual preparatery troatmeont given to sach specimen is
described,.

Study of comparative dicynedent material for the taxonemic assessment of tho
now dicynodont material (Hancox & Rubidgo, 1994; 1996), was undertaken at the:
Seuth African Museum, Cape Tewn {SAM); Naticnal Museum, Bloemfontein (NMB);
Trangvaal Museum, Pretoria (TM); Couneil for Geoscicncas, Preteria (GC); Naturo!
History Muscum, Londen (BMNH); Zoological Museum, Cambridge (CUMZ);
Universtiit Tubingen Museum und Institut fiir Geologie und Paldentelogie {UT); and
the Institute of Vertebrate Palacentolegy and Palacoanthropalogy, Builing (IVPP).

Samples from various fases, including ceoal and mter-soarn material were anaiyzed
n order to try ond dotormune the palynological represontation of the twe
Formationg, but to date have not yiclded significant palynomarphs.
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Organisational Preview

Chapter Two providos deteiled desenptions of the litholegy, palacontelegy and
stratigraphy of the Burgersdorp Fermation and a referenco sestion for the upper
Burgersdorp Fermation is preposed [Appendix 4). New fossil taxa are fully
deseribed and taxonemucally assessed and tho threefold subdivision of the
Cynognathus Assemblage Zone propesed by Hancox et al {1995) is expanded
upen. The layout of Chapter Three i1 similar te that of Chapter Twe, oxcept that
thr 3amboosberg and Indwe Members of the Molteno Formation are treated
separately. The Bambeosberg Member is fully deseribed for the first time in terms
of its geogrophic extent, stratigraphv, litholegy ond palacentelogy, anu is included
n the format for aceoptance by the Seuth African Committee for Stratigraphy
(SACS, 1987) (Appendix 8). Tio epatial and tomporal changes thot occur within
the Bamboesbera and Indwe Members are fully diseussed

The data presented ‘n Chopters Two ond Three is synthesized in Chapter Four to
allow for devailed palaceenvironmental reconstructions of the Burgercdorp and
Meltone Farmations to be propescd. Now interbasinal cotrelations are presented for
the Cynegnathus Assemblage Zene, based on faunal contemporeity of the proposed
subzones with faunas from ether parts of Gendwana, as well as China and Russia.
These cerrelations are in turn used te refine the relative age of the Cynognatines
Assemblage Zone. The nature of the centaet between the Burgersdorp and Molteno
Formation 15 fully desenbed in terms of the differences that eccur between the twe
Formations. Tho quostuen of diachreneity of the bagal boundury of the Moltene
Formation is addressed, and the length of time represented by the centaet is
diseussed. Finally, the results from tlus study aro incerporated with tho eurrent
Wterature te present @ mode! for the formation and fill of tho upper Karco Basin.
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BURGERSDORP FORMATION
2.1 introduction

In this chapter the stratigraphy, lithology and palacontology of the Burgersdorp
Formation rocks, which encompass the Cynognathus Assemblage Zone fessit fauna
are described in detail. A new species of the capitosaurid amphibian Paretosuchus
is fully described and its importance to the biostratigraphy of the biozene is
discussed. The first ocourrence in South Africa of the East African dicynodont
qenus Angonisaurus {Haneex & Rubidge, 1986}, as well as the first eceurrence of
a moember of the Family Shansiodentideo are fully documented, A reference
stratotype for the upper Burgersdorp Fermation is proposed (Appendix 4) and the
problem of the biostratigraphic rango of Kannemeyeria is addressed. Tho preposed
throefold subdivision of the Cynegnathus Assemblage Zone {Hancox et al,, 1995)
is expanded upen,

2.2 " Goeneral Geological Doscription

The Burgersdorp Fermation averlies the Katberg Formation and ferms the upper part
of the Tarkastad Subgroup {(Johnson & Hiller, 1990) (Table 1.1). At present the
lower boundary is censidered to be conformable with, and partially laterally
equivalont to the cearser grained braided river deposits of the Katberg Formation,
and is dofined os the horizon aheve which mudstone is more abundant thon
sandstone {Johnson & Hiller, 1890). The upper boundary is currently huld to Le
conformable with the averlying Moltenoe Formation {Christic, 1981, 1986), and is
dofinad as an intortongued er sharp transition cene up to 100m thick {Jehnsen &
Hillor, 1980). Geegrophically the Burgorsderp Formation outerops as an oval,
extonding from tho tewn of Queonstown in tho geuth of the basin to past Senckal
ut the nerth, and from Matatiele in the east to Burgersderp in the west {Fig.2.1a).

The typo soctivn of the Burgersderp Formation 1g situated at Nonensi's Nek
{Fig.2. 1b), due wost of Queenstown in tho Eastern Cape (BACS, 1980). This area
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is considered to bo within the middle Burgersderp (Johnson & Hiller, 1890). Along
with equally good exposures at MeKay's Nek (Fig.2.1b), the area providos the best
localities for lateral profiling and channel element analysis in the entive outerop
area. Johnson and Hiller, (1990) also defined a type area, situated to the north,
northeast and northwest of Queenstown (Fig.2.1bl. A parastratetype for the
Formation has recently been proposed at Madeira Mountain (Fig. 2.1b), along with
reference sections at Teebus, Hobhouse, Inzicht and Mount Le Seur (Greenewald,
1996).

The Burgersderp Formation is not structurally cemplex, having been cnly slightly
deformed into wide open, gently dipping anticlines and synclines. The strata
qenerally dip between 1-4° to the north or northoast. Thick intrusive sills may
create stight structural complexities, espocially ir. the southeast of the basin, but
more gonerally tha intrusions take the ferm of dykes which displace strata by enly
a few metres.

2.2.1 Thickness

Tho Burgersdorp Formation in the south of the main Kareo Basin forms a thick
suceession of fines and sandstonos which decreases in extent towards the nerth
and wost {DuToait, 1818). Bue to the disparities in the placemont of the upper and
lower boundaries of the Fermatien, the extensive nature ef the deleritic intrusions,
and the faet that no single lecality exists whare the Formation is fully preserved,
the true thickness of the Burgetsdarp Farmatien 15 net well eonctrained.

/

Tho Burgorsdorp Formaotien attaing its maximum recorded thickness of 1000
#180m {Johnson, 1976} in a dewn-faulted block en the east coast of South )
Africa, northeast of Sast lLenden (Fig.2.1b). For the type lecolity. various ; )
thicknoassos eppear in the hterature, with Johnson {1976) providing a figure of
950m {+ 150m), whereas Staveakix (1980} givea a figure of 800m and Kitehing
{1977) only 60Cm. In tho vicwmwty of Mataticle wm the Bastera Cope published
thieknessos vary botween 460m (DuTeit, 1929) and 244m (Jehnson, 1976). Narth
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of the type area {Fig.2.10), the Formation thins rapidly being enly 440m thick south
of the town of Aliwal North {Johnson, 1978).

Te the north of the town of Aliwal Morth, tie thickness of the Burgersdorp
Formation decreases dramatically, with recorded thicknesses for areas in Lesothe
ranging fram enly 12m to 42m (Stockley, 1947). In the nerth of the basin in the
viginity of the town of Seneka!, measured thicknesses range from between 3C-40m
on the farm Gwhorriekop (Seneckal distiict) to between 20-30m on the farm
Fraaiuiteisht (Resendal district). At both of those lecalitios the underlying Katherg
Formatien, and hence the base of tho Burgersdorp Formaotion, cannot be mapped
with any cectainty and thase figures therefore represent minimum values only.

222 Ganoral lithology

Lithclegically tho Buigersdorp Formation consists predominantly of mudstenes and
altstones (50-8095) with inter-bedded sandstones of various morphologies {20-
5025). The mudstenes and siltatones tend to weather in fegative relief, making the
sandstene leages tho mere censpicuous litholegies. Sandstene pereentage is highly
variable within the Burgersdorp Fermation ond Jehnsen & Hiller {1880) record
values of between 20-30%5, whereas Greenowald {1996) gives the range as
between 15 ond 4595, The range and voriation in these figures is partly dependant
on whether ar net thin sandstones, interbedded within the thick mudstenes, are
included by the various authors, In the Bamboosberg Mountains, sandstone
porcontage for the Burgorsderp Formation ranges from totween 3093-80¢3. In
general terms, the lower of those two figures s derived by taking enly the major
sondstones inte account whereas the upper figure takes nto account inter-bedded
sandstencs as well.

Sandstenes bodies often grado both vertically and laterally into siltstenes, ond
claste of sit- and mudstene may bo dispersed thvoughout the sandstones. Tue
sandstones of the Burgersderp Formation are predominantly fine to medium grained
and yellowish grey (5Y 2/2), hght browmich groy (8Y 6/1), greenish grey (8GR 6/1),
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light olive groy {5Y €/1) or greyich red purple (SRP 42} in colour. They tend to
woather 1o dusky yellow {8Y 6/4), olive grey {8Y 3/2) or vory dusky puiple (5 P
4/2), but may also bo stained black on their outer surfages by manganese flvids,
Fragmentary reptilian and amphibion fossil remains, as well as easts and imprints
of fossil ploat stems and leaves are in many places presorved in the sandstenos.

The finer fraction eonsists predominantly of greyish red (BR 4/2-10R 4/2) and
grayish red purple mudstenes (SRP 4/2), lizht bluish grey (6B 7/1), greenish grey
(8G 6/1) and light olive grey {BY 5/2) siltstones, and light bluish grey (58 7/1) fine
to very fine-grained sandstenes. In most cases, the different lthelegies have
distinct celouration, however colour changa may cross hithological contacts. Well
preserved, though non-abundant remains of feasil reptiles and amphibians, as well
as coprolites, thizocretions, root casts and silicificd woed are preserved in the finer
arained rocks. “

Throughout the eutcrep areo, the Burgersdorp Formation iz offccted te varying
degrecs by intrusive dolerites of Jurassic age (SACS, 1980). These intrusives not
only displace strato, increasing thicknesses and making cerrelation difficult, but
also tend to olter and discelour tho sediment i diverse wayeg.

2.3 Sadimentoleogy

2.3.1 Lithofacles doscriptions

Eleven majer lithofacies are identificd and doceribed for tho Burgersdorp Formation
ond the various facies cedos are modified after WMiall's (1977, 1978, 1936)
generaliced description of fluvial facies. Ne oxtra-formational cenglomerates are

encountored within the Burgercderp Formatien, however intra-formational
conglomeratic ascumulations ae foirly commen in the sandstene facies.
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23.11

Sandstone Facios (S)

a)

Thug lithofacies was proposed by Rust (19781 and was included in Micll's {1978)
lithofacies scheme. Miall {1896) no longer eensiders it a valid soparate category,
however, because of its sbundonee, discreto noture and palaccenvirenmento!
importanee it is reteined hero as a separate facies.

The facios is characterised by massive to crose-stratified, fine to medium grained
sandstono, containing intra-formatienal clasts. Clasts ore predermunantly mud- and
siltstene, with varying amounts of intra-formational debris including fessil bene,
coprolites and frogmented and particulate plant matorial. This fosies is further
characterised by tho total absence of extra-formational claste. The nature of the
intra-clasts differs significantly throughout the stratigrophy of the Burgersderp
Formation,

In the fowermost reachss of the Burgorsdorp Formation this facios eccurs 05 thin
individual units intersporsed within thick units of fines. The matrix is calearenitie.
The clasts are predeminantly well rounded clay pebbles, but alse inglude large
amounts of reworked pedoegenic carbonate, septasion pedules, invertcbrate burrew
sasts and tetraped fossil fragments, predeminantly testh and fragmentary erantal
remains which show evidenge ef local rewerking (Fig.2.2). Tho average size of the
fine clasts is loss than Sem. This fagies ig thought to reprosent patehes of re-
worked floodplain material which aceumulated in schallow depressions by
ghiootwash (Butler, 1958).

In the uppar parts of the Burgercderp Fermation this facing occurs pumatdy at tho
baso of thick sandstono umits and has a non-calearcous matnx. The intra-clasts aro
predomnantly well rounded ellipseidal to diseaidal mud- and siltstone elasts. Less
commenly fosal bone may olse be preserved (Fig.2.3). The average size ranga io
botween 1-30am, although a large clast of = 1.5m 15 preserved noar the base of
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=y “ Bushmenshook Pass. Clasts may be imbricated, olthough more normaily thoy eccur
b ,," ‘ lying flat on the bedding plain. Crude horizontal stratficatien of the clasts may algo
F ) be developed. Facics So, in the upper Burgercdorp 15 believed to represent the
2 accumulation of erodod cut-bank matenal en ehannet floors (thalweg seeurs) and
- 'n ] point bars following floed actwity, as dosumented in the lewer part of the Beaufort
;o Group by Turner {198 1b}. Thin, cenvex-up mudstone flakes are eonsidered to have

formed as mud-cutls in dned out pools or channel dopresciens. Large (>1.0m)
clasts are interpreted as eut-bank ecollopse of cohesive mud that was not
transported any great distance.

Trough cross-steatified intraclast cenglomerate {Se,} forms o sub-facies of Se, with
- very similar characteristies, but accurring exclusively asseciated with facies St
Indwidual elasts eceur gt the bage of tho sot as wall as interspersed throughout en
fareset laminae. Theso sots form diseontinuous lenses between 40-80em thick,
) with bacal lag ascumulations botween 5-10am thick. The basal erosional surface
E 1 1o believed to represent upper flow «.gim3 _L.Jr activity in frent ef migrating

L b

dunes. Simular lag deposits are known frem the Lewer Beaufort {Stear, 1978,
19800} and such aceumulations are thought to have been deposited under upper
flow reaime conditions, prier to trough-fill in the upper part ef the lower flow ?
rogime. g 1

Stavrakis {1980) retes that within the Burgoersdorp Formatian trough cioss-
stratification may be highly vanable, with nearly all of the types recognised by Alicn
{1963} represented in the lower thiurd of the Formation. o

&

in tho upper two-thirds ef the Formation facies St (Fig.2.4) tends te oceur as e
sehtary or grouped sots of trough cross-strata. Sets range in thickness from Sem '
to = 1m, but are more usually i the range of 30-5Cem. They may be further
subdivided inte large (St} and small scale units (8t,). Individual large troughs may
attamn widths of 1-2m whilo the smaller unitc are rarely wider than 80em and
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betweon 5-30em thick 2~ 1244 2 be Lne to medium groined, but where large
sets grade ints <mallor sty *horo is an aszempanying decrease in grainsize. Fereset
dip angle vanges botween 8-18°, being generally higher in the finer grained units,
Occasionui single scoops of theta and eta typos {Allen, 1853} were noted neoar the
top of horizontally stratificd and massive sets, with eresive bases inte the
underlying facies. Very large seale units of facies St {1-4m thick and 2-4m wide},
such as oceur in the underlying Katberg Formation, are vnknown in the Burgorsdorp
Formation.

Tinugh eress-stratification is commenly accepted to represent dune or megaripple
migratie n during the transitien from upper te lowar flow regimo conditions (Allen,
1963, {970, 1982, 1984; Harms ot al, 1975 Ashloy, 1990). St, probably
ropresents small, three-dimensional, in ehaanel dunes or lorge ripples deposited
under lower flow regime conditions during waning flow (Gedin, 1891). Both ota and
theta typos are interpreted as scour and fill structures and sheuld pessibly be
included above with facics Se,.

¢)  Plonar cross-gtratified  {Sp)

Plonar gross-stratificd sandstenes {Fig.2.8) are not common in the Burgersdorp
Farmation. Whore present this facies nommally oceurs as thin gelitary sots (Fig.2.8)
and mere rarely as c¢o-sots ef tabular strata. Focies Sp is in many instances
associated with facies Sh ia tho upper part of sandstenc bedies. Sot sizes range
{rom 8-C0 em. Foreset dips rango between 10-25°, Gramnaizes fall in the fine sand
range. In moegt ¢ases the sets are of the afpha and gamma (Allen, 1983) type.
Palacoeurronts ebtained from fazies Sp are often eblique te perpendicular to those
obtained {rom facios St or Sh, and parallel to the dip of lotoral aceretion surfaces.
The basal surface 1o tho sete are vsually herizontal, sharp, non-erosional surfacoes
and moro rarely, trregulor cresien surfaces.

Planar eross-stratilication is the internal structure to transverse barg (Smith, 1971,
1872, 1974), inguoaid and laterally aeeroted pownt bars and lorge sandwaves

67

e

¢




B L TV,
e e Vi rwecigm Ve gy g srarerr wonne

{Herms ot al., 1975). Alpha and gammo types are decumented as forming by the
avalanching of grains dewn the front of transverse bars or the migration of straight
grested sandwaves an feint bor surfaces (Harms ot al., 1875)

dl  Maoagive to gam) roative {Sm)

Locally developed, mainly steuctureloss sendstones have been noted in a variety of
fluvial and fluvio ‘asial deposits {(Jones & Rust, 1983; Turner & Menre, 1987;
Turner & Martin, 1988). Vhis facies has been largely ignored in the past and Miall
{1877, 1878) doos nut include a facies abbreviation fer such deposits. This facies
code therefore follows that of Cancghan & Jones {1975} and Turnor & Martin
{1998). Turmor & L"artin (199%) recogniso three types of massive sands, these
being massive structureless. massive partially structured and massive stiuctured.

In the Burgersderp Formation, massive sundstones (Fig.2.6) aro often elosely
associated with, and grads vertically aund laterally into, facios St and Sh. They take
the form of secemingly maosive sandstenes with tobular geometries that may
preserve faint diffuse lamination. Mudstone and siltstone elasts may be randomiy
distnibuted threughout. Sct sizes range from 20-200em. The basal gontact is
usually sharp, but may also bo gradutional.

This fagies would fall within tae portially structured magssive sands of Turner &
Martin {19985}, which they intorpret as having formed by bank collopse or
hyparconcentrated stroomflow nnd depoasition in the presenceo of high seciment
rain. Conoghan and Jones {1975} attribute the formation of similar facies to
deposition from highly congentrated, scdiment laden surrents under transitional ar
upper flow regime condittons ot poak floed. MeCarthy (2ers.comm.) congiders the
lack of sedimontary ctructure in such depasits to be due to the ebliteration of
primary structure by bioturbation er hydraulic creep. Tho destruction of primary
scdumentary struetire may alee bo brought zbout by the liquofastion of
uneonsolidated sond {Reddering & Rust, 1894). Tumer & Martin {(1998) alse
propoce groundwater charging a5 a post-depositional mechanism fer the
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cbliteration of structure.

Due to the lack of systematic study of these sandstones, their true origin remains
enigmatic, with certain sedimentologists reluctant to accept them as a distinet and
separate fluvial facies. The vertical and lateral gradation of facies Sm inte Sh or 8¢
in the Burgersdorp Formation is most probably the rosult of partial post-depositionat
alteration of sedimengary structure, either by liquifactions or hydraulic creep.

s)  Horzontolly steatified  (Sh)

Harizontally to sub-horizontal, parallel stratified sandstenes (Fig.2.7) arc the most
abundant saridstone facies in the Burgersdorp Fermation. They occu: in gets
ranging from 20cm to 1.5m thick, with individual beds ranging from 20 to 70cm,
but seldom being in excess of 80em. This facies is predeminantly formed in fine-
medium grained sandstones, which are often micaceous. Parting lincation (Fig.2.8)
ossociated with the uppermost surface of individual sats is the most common
sedimentary structure in the Burgorsdorp Fermation.

Three typos of korizontally stratified sandstono are reeegnised, based on where in
a sequence they oecur, these being basal {Sh,); intermediate (Sh) and top (Shy)
sots. Three different conditiens of sedimentation are implied for their fermation.

Sh,: Forms tho basal facies to numerous sequenceos and may be overlain by
similar facies to form stacked sots of Shy or by facies St or Sp. This {facios tends
to be predominantly fino-medium grained and commonly display parting lincation
on the upper surface of indwidual sots. These sots eorrespond fo the upper flat
beds {UEb) of Stavrakis {198C) and represent upper flow regime depogits with
maxsmum water depth.

Sh, : Oceur througheut sandstone sequonces and as individual sets intersporsed in
thick mudstone units. Entiro, thick tobulor sondstene unmits may be internally
structured by dus sub-facios. Such dopegits, sometimes up to several matres thick
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are known e be deposited during a single floed event {McKee et ol. 1967), This
facies is common as flood denved depocits in ephomeral streams or systems with
strong seasenal flustuatiens. Thay are thought to bo preduced as sheet depoesits
by shallow high velocity {upper flew regimel currents, hewever this fagies is also
knewn to be produced by low velaeity flow in sand greater than 0.6mm (MeBride
et al., 1978).

&h. : This facies ozcurs at tho tops of individual sandstone units and 15 gonerally
tine grained, varve:-like and laterally restricted. Facies Sh, may arade laterally into
facies St or Sr. Tius facies equates to the lower {iat beds (Lib) of Stavrakis {1980}
and is theught to be a lower flow regime depesit in respense to inereased friction
and decreased flow in snallow water. This kind of low angle parallel lamination i
also decumented by bedform mugration in fivme studies under lower flow regime
conditiens (MecBride of o/, 19785).

Fazies Shis known to be formed under both lower and upper flow regimes {Harms
ot al,, 1975} and tho generally accepted opinton at present {Miall, 1977, 1978,
1986) is that facies Sh s indicative of current conditions typical of tho transition
{ram lowor to upper flow rogimas in the cage of Sh ,, and ugper flow regime in the
caso of 8hy,, Unlike the situation in the underlying Katberg Fermation, upper flow
regime {Sh, & Sh} honzontally stratfied sundstenes in the Burgersderp Formation
tarely preserve disereto heavy mineral lominae.

{} Bipple_crona:attatbind ond lominated  {Sr)

Faaies Sr (F1g.2.9) 16 rostrcted to fine to very fine-grained sandstencs in which
defiite npplo tepogrophy 1o wdentifioble. Beth wapple  eross-stratification
fbedset>1.0em) and eress-lanunated (individual lominae < 1.0em) oceur within
thick sandstone umits and nterspersed within mudstenc and siltstone soquences.
Setg range from 30-50em and may have sharp bases er may he gradational from
undorlying St, or Shi. Ripples are mawnly asymmetne and slightly sinuous to
giescontic n ferm (Fig.2.10). Amphtudes range {rom 0.8-2.0am, with the norm
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