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Abstract - The 15 000 m of relatively unmetamorphosed clastic and chemical sedimentary and volcanic 
rocks of the 2550-2050 Ma Transvaal Sequence as preserved within the Transvaal and correlated 
Griqualand West basins of South Africa, and in the Kanye basin of Botswana are described. Immature 
clastic sedimentary and largely andesitic volcanic rocks of the Wolkberg, Godwan and Buffelsfontein 
Groups and the Bloempoort and Wachteenbeetje Formations probably represent rift-related sequences of 
Ventersdorp age. The thin sandstones of the Black Reef Formation, developed at the base of both the Kanye 
and Transvaal basin successions and correlated with the basal Vryburg siltstones of the Griquaiand West 
Sequence, are considered here to be the basal unit of the Transvaal Sequence. The Black Reef fluvial 
deposits grade up into the epeiric marine carbonates of the Malmani Subgroup. These stromatolitic 
dolomites and interbedded cherts were laid down within a steepened carbonate ramp setting; transgressions 
from an initial Griqualand West compartment towards the northeast covered both the Kanye and Transvaal 
basins. Iron formations of the succeeding Pelage Formation and Griqualand West correlates are envisaged 
as relatively shallow water shelf deposits within the carbonate platform model; siliceous breccias of the 
Kanye basin are interpreted as reflecting subaerial brecciation of exposed silica gels. The Duitschland 
Formation overlying the Pelage iron formations is seen as a f'mal, regressive clastic and chemical 
sedimentary deposit, as the Malmani-Penge sea retreated from the Transvaal basin. 

The interbedded sandstones and mudstones of the unconformity-bounded Pretoria Group probably 
represent a combination of alluvial fan and fluviodeltaic complexes debouching into the largely lacustrine 
Transvaal and Kanye basins. A strong glacial influence in the lower Pretoria Group is reflected in the 
correlated Makganyene diamictites of the Griqualand West Sequence. Sedimentation across all three 
basins was interrupted by the extrusion of the Hekpoort-Ongeluk andesites. Upper Pretoria Group 
sediments of the Silverton and Magaliesberg Formations probably reflect a marine transgression. These 
rocks are not present in the Griqualand West basin, and were affected by Bushveld Complex-related thermal 
doming in the Transvaal basin; post-Magaliesberg sedimentation continued thereafter in separate eastern 
and western fluviodeltaic-lacustrine sub-basins. 

The largely volcanic Rooiberg Group (sensu lato) began with catastrophic basin floor collapse and 
Leeuwpoort Formation fluvial sedimentation in the western sub-basin. The succeeding Smeherskop and 
Makeckaan Formations reflect a transition from fluvial deposition to volcanism, and are succeeded by the 
widespread and voluminous, predominantly felsitic lavas of the Dullstroom, Damwal and Selonsrivier 
Formations. The correlated Loskop, Glentig and Rust de Winter Formations which overlie the felsites 
conformably, represent the final sedimentary phase of the Transvaal basin. 

INTRODUCTION 

T h e  L a t e  A r c h a e a n - E a r l y  P r o t e r o z o i c  T r a n s v a a l  
S e q u e n c e  p r o v i d e s  o n e  of  t h e  l a r g e s t  a n d  b e s t  
p r e s e r v e d  e x a m p l e s  of  r o c k s  f r o m  t h i s  geo log ica l  
t i m e  p e r i o d  in  t h e  wor ld .  I n  a d d i t i o n ,  r e s e a r c h e r s  
w o r k i n g  o n  t h e s e  r o c k s  p o s t u l a t e  t h a t  e a r l y  p l a t e  
t e c t o n i c  p r o c e s s e s  m a y  h a v e  p l a y e d  a role  in  t h e i r  
d e p o s i t i o n ,  a s  d id  m a g m a t i c  e v e n t s  l e a d i n g  u p  to  
t h e  i n t r u s i o n  o f  t h e  B u s h v e l d  C o m p l e x .  T h e  

T r a n s v a a l  S e q u e n c e  a l so  e n c o m p a s s e s  a t i m e  pe r iod  
w h e n  s i g n i f i c a n t  c h a n g e s  m a y  h a v e  t a k e n  p l a c e  in  
t h e  c o m p o s i t i o n  of  t h e  t e r r e s t r i a l  a t m o s p h e r e .  

T h e  T r a n s v a a l  S e q u e n c e  is  p r e s e r v e d  w i t h i n  a 
m a i n  T r a n s v a a l  o r  B u s h v e l d  b a s i n  w i t h i n  S o u t h  
Afr ica  a n d  s o u t h e a s t e r n  B o t s w a n a  a n d  w i t h i n  t h e  
m u c h  s m a l l e r  K a n y e  b a s i n  (Crocke t t ,  1972) of  
B o t s w a n a  (Fig. 1). B o t h  b a s i n s  s h o w  a d e g r e e  of  
c o r r e l a t i o n  w i t h  t h e  G r i q u a l a n d  W e s t  S e q u e n c e  of  
S o u t h  Af r i ca  (Table  11, p a r t i c u l a r l y  in  t h e  c a s e  of  
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Fig. I. Geological map of the Transvaal Sequence of the Transvaal-Bushveld basin, showing the distribution of 
the principal stratigraphic units. Inset map illustrates the location of the Transvaal-Bushveld, Kanye and 
Grlqualand West basins. Also shown are the Bushveld Complex which intrudes the Transvaal rocks, the Vryburg 
rise between the Transvaal and Griqualand West basins, and isolated occurrences of Transvaal rocks surrounded 
by Bushveld intrusives at the so-called Rooiberg, Crocodile River, Dennilton, Marble Hall and Makeckaan 

the chemical sedimentary rocks in the lower por- 
tions of the two sequences.  This has  led certain 
reseachers  to use the term Transvaal Supergroup 
to include both sequences (for example, Beukes, 
1986), an  erroneous usage, as the lack of any 
contact between the Transvaal and Griqualand 
West basins precludes the use of an overall term 
according to normal  stratigraphic terminology 
(SACS, 1980). The stratigraphic subdivision of the 
Transvaal Sequence adopted by the South African 
Committee for Stratigraphy (SACS) in 1980 is 
modified in this paper (Table 2), reflecting research 
carried out within the last decade. This review will 
c o n c e n t r a t e  on  the  s u c c e s s i o n  w i th in  the  
Transvaal-Bushveld basin, and compare these 
rocks to those in the Griqualand West and Kanye 
basins. 

The Transvaal Sequence in the Bushveld basin 
comprises up to 15 000 m (Button, 1986) of 
relatively undeformed and low grade metamor-  
phosed mudrocks ,  sandstones,  volcanics, dolo- 

mites and iron formations (Table 2}. A basal clastic 
sedimentary and volcanic unit  (Wolkberg Group 
and correlates) is found only within parts  of the 
Bushveld basin, and is succeeded by a very wide- 
spread development of the Black Reef Formation 
clastic s ed imen ta ry  rocks and  the  overlying 
chemica l  s e d i m e n t a r y  uni t ,  f o u n d  in bo th  
Bushveld and Kanye basins as well as in the 
GriqualandWest Sequence (Table I). The overlying 
clastic sedlmentary/volcanic  unit  (Pretoria Group 
of the Bushveld basin) is poorly represented in the 
Griqualand West Sequence  and  incompletely 
preserved within the Kanye basin (Table 1). The 
uppermost,  largely volcanic unit  is restricted to the 
Bushveld basin. 

Modem research (Clendenin etaL, 1988b; Cheney 
etal., 1990) has  suggested that  the pre-Black Reef 
Formation clastic sed imentary /vo lcan ic  rocks 
(Table 2) are correlates of the Late Archaean 
Ventersdorp Supergroup (Fig. 2), which has  an age 
of approximately 2700 Ma (Armstrong et aL, 1991). 
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Sequence Formation 
& Groups 

Loskop/Glentig/Rust de 
Winter 

.~ ~ Selonsrivier 

._ Damwal 
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Table 2. Lithostratigraphy and geochronology of the Transvaal /Bushveld Basin 

Age (Ma) Lithology 

2060 (U-Pb) 

<2090 

Stratigraphic correlation 

M udrocks/sandstones/lavas 

Felsites (minor sandstones & mudrocks) 

m e Dullstroom / Smelterskop 
Leeuwpoort / (Makeckaan) 

"Houtenbek 
Rayton/ SteenkamDsberg 

• [ Nederhorst 
LLI Woodlands / Lakenvlei 

L Vermont 
z 
LU 
~Z) Magaliesberg 
O ~ Silverton 

Daspoort 
13- 

._. . I  Strubenkop 

¢~ Dwaalheuwel/Droogedal < 
Hekpoort 

03 Z Boshoek 
¢~ Timeball Hill 
IT' Rooihoogte F- 

Duitschland 
Penge 

o ~ Frisco 

.~ Eeoles 
E ~ kyttelton 

E Monte Christo 
E -~ Oaktree 

~ Black Reef 

Buffelslontein Group 
"~ Godwan Group 

"~ Wachteenbeetje Fm. cr" 
-~_ Wolkberg Group 
¢,n Upper Groblersal Group 

~ Lower Groblersdal Group n 

<2089 _+ 15 (Rb-Sr) 

2224 + 21 (RbSr) 

2263 (Rb-Sr) 

2432 ± 31 
(U-Pb SHRIMP) 

2557 ± 49 (U-Pb) 

I 
Mafic & felsic lavas// Sandstones/mudrocks/I Dullstroom thought to be basal part 
clastic sediments / lavas of Rcoiberg Group 

Mudrocks/sandstones/lavas/pyroclastic 
rocks/carbonate rocks 

Sandstones 

Mudrocks/volcanic rocks/carbonate rocks 
Sandstones 
Mudrockslsandstones 

Sandstones/conclomerates 

Basaltic andesites 

Conglomerates/sandstones 
Mudrocks/sandstones/minor tilloids 
Breccias/conglomerates/sandstones/ 
mudrock,' 

Mudrocks/carbonate rocks/minor volcanic 
rocks 

Iron formations 

Dolomites/chert/minor shales & 
sandstones 

Sandstones/conglomerate 

Ages are unreliable I 
due to weathered 
lavas & metamor- 
phic resetting. 
Wolkberg probably 
about 2700 Ma. 

Sandstones/mafic & felsic lavas/mudrocks 
Sandstones/lavas 

Mudrocks/carbonate rocks/sandstones 

M udrocks/sandstones/basalts 
Sandstones/lavas 
Metamorphic rocks 

Pyroclastic Woodlands,Formation of 
Botswana correlated with Rayton 
Formation of central Transvaal 
and five formations of eastern 
Transvaal 

Major unconformity and time gap 
of _+ 150Ma 

Probable base of Transvaal 
", Sequence 

Provisionally considered to be 
equivalents of Ventersdorp 
Supergroup 

Most likely preWolkberg basement 
material 

Age data from Burger and Walraven (1980), Beukes (1987), Jahn et aL (1990), 
Trendall et aL (1990) and Harmer and Von Gruenewaldt (1991). 

This view is supported by the present  authors  and 
we thus  consider the basal unit  of the Transvaal 
Sequence to be the Black Reef Formation (Table 2). 
The Black Reef sandstones  grade up into the basal 
c a r b o n a t e  rocks  of the  Oak t ree  F o r m a t i o n  
(Table 2); rocks at the equivalent stratigraphic 
level in the Griqualand West basin are dated at 
2557 +49 Ma (U-Pb) (Jahn e t  aL, 1990). Ages 
determined at various stratigraphic levels within 
the Transvaal Sequence (Table 2) culminate in an 
age of 2060 Ma (U-Pb) for lavas in the uppermost  
Rust de Winter Formation (Burger and Walraven, 
1980). Walraven e t  aL (1990) have dated the intru- 
sion of the mafic phase of the Bushveld Complex, 
which t runcated  the uppermost  formations of the 
Pretoria Group and the DuUstroom lavas (Button, 
1973, 1976), at 2061 +27 Ma. An age constraint  of 

approximately 2600/2500 - 2050 Ma may  thus  be 
placed on the Transvaal Sequence. 

The intrusion of the Bushveld Complex detached 
the Rooiberg Group lavas and overlying Loskop 
Formation sedimentary rocks from the underlying 
Pretoria Group. Metamorphism of the Rooiberg 
felsites, which now form the roof of the complex, 
led to partial melting of the lavas and to the 
formation of leptites (French and TWist, 1983). 
Contact metamorphic effects on the Pretoria Group 
floor rocks included recrystallisation of sand- 
stones to form quartzites, the formation of hom-  
felses or even partial melting and plastic flow of 
mudrocks  (Button, 1986). The metamorphic  
aureole of the Bushveld Complex in the western 
outcrops of the Pretoria Group includes rocks 
belonging to the albite-epidote-hornfels, hom-  
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Fig. 2. Lithostratigraphy and correlation of the pre-Black Reef Formation units  of the Transvaal Sequence. 
Note the proposed correlation of these units with the Ventersdorp Supergroup. Modified after "I~ler (1979), 

Cheney et  aL (1990), Myers (1990) and Bosch (1992). 

b lende -horn fe l s  and  pyroxene-hornfe l s  facies 
(Engelbrecht ,  1986). C ros s - cu t t i ng  B u s h v e l d  
intrusives  in the  nor theas te rn  Transvaal  bas in  
f o r m e d  m e t a m o r p h i c  m i n e r a l s  in  t h e  
Chuniespoor t  Group chemical  sed iments  (Button, 
1976, 1986). B u s h v e l d  re la ted  d iabase  sills 
commonly  in t rude  the  Pretoria Group s t rata ,  
part icularly the  Silverton and  succeeding for- 
ma t ions  (Table 2) (Button, 1976; Sharpe,  1981). 

The Transvaal  s t ra ta  dip at angles up  to 20 ° 
towards  the  central ly placed Bushveld  intrusives 
(Fig. 1). Locally, diapiric s t ruc tu res  are found 
within Transvaal  sed iments  along the  contact  zone 
(Button, 1978, 1986) and  complex deformation of 
the  sequence  occurred along the  nor the rn  marg in  
of the  preserved basin,  and  in the sou th  a round  the  
Vredefort Dome (Button, 1986). Isolated occur- 
rences  of Transvaal  rocks s u r r o u n d e d  by Bushveld  
intrusives,  "known as "fragments", are found at 
Rooiberg, Crocodile River, Dennilton,  Marble Hall 
and  Makeckaan  (Fig. 1). These are ascribed either 
to pre-Bushveld  u p d o m i n g  of the  bas in  floor 
(Button, 1986; Hartzer, 1987), or m ay  be related 
to a late Pretoria Group synsed imenta ry  thermal ly  
induced  palaeohigh (Eriksson et al., 1990). 

PRE-BLACK REEF FORMATION UNITS 

Highly me tamorphosed  gneisses,  schis ts  and  
metavolcanics  of the  lower Denni l ton Format ion  of 
the  Groblersdal Group (Fig. 1) are inferred by the  
present  au thors  to represent  ba semen t  material  to 
the pre-Black Reef uni t s  d i scussed  here. The U-Pb 
age of 2460 Ma (Coertze et aL, 1978) obtained on 
rocks of this  group is in terpreted to be a reset  
me tamorph ic  age. The overlying sed imentary  and 
volcanic rocks of the  Bloempoort  format ion are 
mos t  likely correlates of the  pre-Black Reef uni ts  
(Hartzer, 1987). Both the  2600 m th ickWolkberg  
and  1700 m th ick  Buffelsfontein Groups  are 
thickest  over palaeovalleys in the  ear l ierArchaean 
floor rocks and wedge out  against  b a s e m e n t  highs  
(Button, 1973; Tyler, 1978; SACS, 1980). These 
success ions  and  the  correlated Godwan Group 
(Myers, 1990) most  likely represent  Ventersdorp-  
age, largely r if t-controlled s ed imen ta t i on  and  
volcanism (Clendenin et al., 1991) (Fig. 2), pre- 
served a r o u n d  the  p resen t  day n o r t h e m  and  
e a s t e m  marg ins  of the succeeding Transvaal  bas in  
(Fig. 1). The 800 m of calcareous mudrocks ,  sand- 
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s t ones  a n d  do lomi tes  of the  Wach teenbee t j e  
Format ion  under lying the  Crocodile River frag- 
m e n t  In the  west-centre  of the  Transvaal  basIn 
(Fig. 1) are ascribed to deeper  baslnal  condi t ions  
(Hartzer, 1987), possibly related to thermal  sub-  
sldence. 

The Wolkberg Group compr ises  basal  Immature  
s ands tones  and  conglomerates  of the  Sekororo 
Format ion  (Fig. 2), laid down by braided s t ream 
and  subordina te  alluvial fan processes  (Button, 
1973; Bosch, 1992). These are overlain by ande- 
sltlc lavas of the  Abel E r a s m u s  Formation;  erupt-  
Ion was  largely subaerial ,  with periodic pillow lavas 
and  aqueous  sed imenta t ion  indicating Intermit- 
tent ,  localised lacus t r ine  envi ronments  (Button, 
1973; Bosch,  1992). The succeeding  Schelem 
Format ion  (Fig. 2) is analogous to the  Sekororo 
braided s t ream deposits;  these  lower three  format- 
Ions of the  Wolkberg Group mos t  likely represent  
a rifting environment ,  with the succeeding Selati, 
Mabln and  Sadowa Format ions  probably being 
related to thermal  subsidence.  The latter three  
uni t s  comprise  p redominan t  mudrocks ,  immature  
a n d  m a t u r e  s a n d s t o n e s  (Fig. 2], wh ich  are 
ascribed to deltaic and marginal  mar ine  sediment-  
at ion (Button, 1973); the bas in  may  alternatively 
have  b e e n  l n t r a c r a t o n i c  (Bosch, 1992). The 
Wolkberg Group (sensu strfcto, SACS, 1980} is 
th ickest  in the  Selati t rough of the  nor theas te rn  
Transvaal,  where  the  Sadowa Format ion  is over- 
lain by a "main quartzite sequence" and  the suc-  
ceeding 'The Downs sequence" (Fig. 3), both  in- 
formal s t rat igraphlc uni t s  not  yet recognised by 
SACS (Schwellnus et aL, 1962; Clendenin  et al., 
1991). Fluvially deposited slliciclastlcs of the  "main 
quartzite sequence" are unconformably  overlain 
by pebbly fluvial s ands tones  and the  Serala Basalt  
Member of 'The Downs sequence" (Fig. 3) (Clendenin 
eta/. ,  1991). Both of these  informal, unconformity-  
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bounded  uni t s  are considered here to be par t  of the  
Wolkberg Group (sensu lato) (Schwellnus et aL, 
1962; Clendenin  etal. ,  1991) (Fig. 21 and  formation 
s t a tus  is recommended .  Clendenin  et aL (1991) 
related 'The Downs sequence" to the rmal  sub-  
sidence following the  rifting which init iated lower 
Wolkberg deposition. 

The Buffelsfontein Group compr ises  basal  im- 
ma tu re  fluvial sands tones ,  overlain by up  to 1050 
m of mafic to rhyolitic volcanics,  and  uppe rm os t  
immature  pebbly s ands tones  (Fig. 2) (Tyler, 1978). 
A similar rift envi ronment  to tha t  inferred for the  
lower Wolkberg Group is t hough t  to have control- 
led Buffelsfontein deposition. Palaeocurrents  for 
the  Wolkberg and  Buffelsfontein Groups  indicate 
sed iment  t ranspor t  from the  no r theas t e rn  and  
n o r t h w e s t e r n  T ransvaa l  t o w a r d s  t he  cen t ra l  
Transvaal,  where the deeper  water  basinal  depo- 
s i ts  of t he  Wach teenbee t j e  F o r m a t i o n  occu r  
(Tankard etal. ,  1982; Hartzer, 1987). The Godwan 
Group, a correlate of the Wolkberg Group in the  
eas tern  Transvaal  (Fig. 2), consis ts  of analogous  
immature  arenites  and  medial  pyroclastic rocks 
(Myers, 1990), with a m a x i m u m  th ickness  of about  
1500 m (SACS, 1980); a similar fluvial-subaerial 
volcanic pa laeoenvi ronment  is envisaged. 

BLACK REEF FORMATION 

The Black Reef Formation,  here regarded as  the 
basal  uni t  of the  Transvaal  Sequence,  comprises  a 
th in  veneer  of a renaceous  rocks, which uncon-  
formably overlie earlier lithologies, including the  
Wolkberg Group (Fig. 3) (Button, 1973; Clendenin 
et aL, 1991). The format ion is preserved a round  
the  present  day marg ins  of the  Transvaal  bas in  
(Fig. 1). Thicknesses  are most ly  between a few 
met res  and 30 m, with a m a x i m u m  of 60 m being 
recorded in eas tern  Botswana  (SACS, 1980; Key, 

! 
O.kt r .e  S . B , .  [ ]  

. . . . . . . . .  I .... I l l  ........... ........... I ~ + ~ +  \ iiiiiiiiiill ! ~-~.~ iiiiilili!i: i:i:i:!:i:!:: i:i:iiii!i!! ~ :::::::::::q 

+ \ E:::!~ I i ! : .>~:. : i |Group//+~%+~v~ [ i i : i ! ! ! ! : i l ~  ~ 
+ N i :i::]1 / ++ ~ :::::::i , ,  

b Fro. I I 

\ 

)??i:;:'i ~, 

50m VE:IOOOx ~ ~ "w~ 

5 0 k m  

SELATI  T R O U G H  

B l a c k  R e e f  i!:i:i F o r m a t i o n  

• main quartzlte 

140m / / ~  

50m ~ /  

. :<~o<'- ""-s-.-~ ~ ~o~  8 

CHUNIESPOORT POTGIETERSRUS 

O O m j /  

/ / 

W~lkberg 
- ~ r o u p  

Fig. 3. Detailed lithostratigraphy of the upper  part  of the Wolkberg Group (sensu lato) illustrating the 
relationship of the Black Reef Formation with the underlying units. Modified after Clendenin et  aL {199 I). 



The Transvaal Sequence: an overview 

1986; Henry et a l ,  1990). In the  eas te rn  Transvaal  
the  m a x i m u m  th ickness  of 30 m ls a t ta ined over 
the  pre-existing Selatl t rough  (Fig. 3) (Clendenin et 
aL, 1991). The Black Reef Format ion  ls correlated 
with the  basal  Vryburg Format ion  of the  Grlqua- 
land West Sequence  (Table 1), composed  of pre- 
dominan t  sfltstone, with subord ina te  muds tone ,  
quartzose sands tone  and  lava (SACS, 1980). 

Recent research  on the  Black Reef Format ion has  
concent ra ted  on the  eas tern  Transvaal,  where 
Henry et  al. (1990) Identified six lithologtes: poorly 
sor ted  lent lcular  clast- and  ma t r ix - suppor t ed  
conglomerates ,  t rough and  p lanar  cross-bedded 
sands tones ,  plane lamina ted  arent tes  and  lami- 
na ted  ca rbonaceous  mudrocks .  These facies are 
s tacked in a basal ,  locally developed, upward-  
fining sequence,  overlain by a sheet-like upward-  
coarsening facies sequence  (Fig. 4). The uppe rmos t  
m u d r o c k s  generally grade Into the overlying dolo- 
mites  of the  Malamani  Subgroup  (Fig. 4) (Button, 
1973, 1986). A s imi la r  basa l  cong lomera te -  
p r e d o m i n a n t  a r e n i t e - i n t e r b e d d e d  m u d r o c k  
associat ion Is found in the west  of the basin,  with 
the  areni tes  or m u d r o c k s  grading up into the  
overlying dolomites (Key, 1983, 1986). 

But ton  (1973) interpreted the  basal  Black Reef 
conglomerates  as  fluvial deposits,  with the suc-  
ceeding m a t u r e  quartz areni tes  being envisaged as 
a subt idal  sheet  sand,  laid down as an  epeiric 
protobas in  developed over the  Kaapvaal craton. A 
similar marginal  marine-fluvial model  is proposed 
by Key ( 1983, 1986). Henry et a t  (1990) interpreted 
the  lower upward-fining sequence (Fig. 4) as having 
been  deposi ted in a sandy  braided fluvial setting, 
locally channel ised,  analogous  to But ton ' s  (1973) 
view. However, the  u p p e r  upward -coa r sen ing  
sequence  (Fig. 4) is ascribed to a prograding braid- 
delta or braid-plain envi ronment  (Henry et aL, 

Oak Tree Formation dolomites 

carbonaceous mudrocks 

Archaean basernent/Wolkberg Group 

_o 

trough cross-bedded sandstone facies 

plane laminated orenites 

planar cross-bedded sandstone facies 

clast- & matrix-supported conglomerate facies 

ev-  

o 

LM 
e .*  

o 

Fig. 4. Facies sequence  of  the  Black Reef Formatlon in the 
eas te rn  Transvaal  basin.  Modified after Henry e t  al. (I 990). 
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1990). The t ransgressive m u d r o c k  (Clendenin, 
1989) at the  top of the format ion (Fig. 4) reflects a 
tidal fiat setting, mark ing  the  es tab l i shment  of the  
epe i r i c  m a r i n e  c a r b o n a t e  p l a t f o r m  of t h e  
Chuniespoor t  sea. Henry et al. ( 1991) ascribed the 
subt le  unconformi ty  at the  base  of the  Black Reef 
Format ion to nor thward  tectonic tilting, related to 
the rmal  subs idence  over the  Kaapvaal c ra ton  
following the Ventersdorp rifting; they saw these  
events as reflecting the  closing s tages of Venters- 
dorp age sedimentat ion,  ra ther  t h a n  being the  
protobasin  deposi ts  to the  Chuniespoor t  sea, as 
envisaged by But ton  (1973) and  Key (1983). 

MALMANI SUBGROUP 

The dolomites  and  in terbedded cher t s  and  
m u d r o c k s  mak ing  up  the  Malmani  Subgroup  
represent  epeiric mar ine  deposi ts  which were 
deposited over a very large port ion of the  Kaapvaal 
craton,  s t re tching well beyong the preserved out- 
crops within the  Transvaal,  Griqualand West and  
Kanye bas ins  (Fig. 1). The widespread na tu re  of the  
Chuniespoor t  Group epeiric rocks cont ras t s  with 
t he  s u c c e e d i n g  Pre to r ia ,  P o s t m a s b u r g  a n d  
Segwagwa Groups,  which appear  to have been 
largely res t r ic ted  to these  th ree  bas ins .  The 
Malmani  Subgroup is correlated with the  upper  
port ion of the Schmidtsdr i f  Subgroup  and the  
overlying Campbel l rand Subgroup of the  Griqua- 
land West Sequence and with the  Ramonnedi  
dolomites of the Kanye bas in  (Table 1). But ton  
(1973) and SACS (1980) subdivided the Malmani  
Subgroup into five formations (Fig. 5), based largely 
on chert  conten ts  and the na ture  of the s tromato-  
lites in the  rocks. In te rbedded  cher t - in-sha le  
breccias, m u d r o c k s  and s ands tones  are th in  and 
commonly  m a r k  the location of marginal  uncon-  
formities (Clendenin and  Maske, 1986). On the  
basis  of these  unconformi ty-bounded  sequences ,  
Clendenin (1989) has  subdivided the  Malmani  
epeiric sea success ion  and overlying Penge and  
Dui tschland Format ions  into five "packages"; the  
lowermost package is found only in the  Griqualand 
West bas in  and the uppe rmos t  package includes 
the Penge Format ion and  correlated Griqualand 
West iron formations which gradationally overlie 
the dolomites (Fig. 5). The modified strat igraphic 
subdivision of Clendenin (1989) makes  use  of the  
strat igraphic terminology originally devised by 
But ton  (1973) and is suppor ted  by the  present  
a u t h o r s  (Fig. 5). The packages  are general ly 
thickest  in the Griqualand West bas in  and th in  to- 
wards  both  the  Transvaal  and  Kanye bas ins  (Aldiss 
et aL, 1989; SACS,1980; Clendenin  and Maske, 
1986). Stromatoli tes  character ise  the  carbonate-  
chert  sequence of the Malmani  Subgroup,  with 
forms varying from crinkly laminat ions ,  domical 
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a n d  c o l u m n a r  s t r o m a t o l i t e s  to e n o r m o u s ,  
elongated algal mounds ,  up to 100 m long and 2 m 
high (Eriksson and Truswell, 1973). MacGregor 
et aL (1974), Nagy (1984) and Klein et  al. {1987} 
successful ly  isolated algal mlcros t ruc tures  in 
Malmani samples. Mechanically-formed sediment- 
ary s t ruc tures  are common in the dolomites, in- 
cluding numerous  ripple marks,  oolites, lntra- 
clastic brecclas  and  lesser  cross- laminat ions  
(Button, 1973). 

The basic, t idal ly-influenced palaeoenviron- 
mental  model supported by most  researchers  for 
the Malmant Subgroup was first suggested by 
Truswell  and  Er tksson (1973), Er iksson and  
Truswell (1974) and Eriksson et  al. (1975), for a 
number  of isolated localities. These workers pro- 
posed a modified version of the limestone shelf 
mode l ,  e n c o m p a s s i n g  s u p r a t i d a l  d e p o s i t s ,  
columnar  stromatolites in an  intertidal zone, a 
high energy zone above wave base with oolites and 
mechanically-formed sedimentary structures,  and 
shallow and deep subtidal zones characterised by 
large stromatolitic domes and mounds  (Fig. 6a). 
Limestones and dolomites characterise the inter- 
tidal, high energy and shallow subtidal zones, with 
dolomites being found in the deep subtidal facies 
(Fig. 6a) (Eriksson et  al., 1975). 

Following upon the earlier work of Eriksson and 
co-authors,  Beukes (1978, 1980, 1986, 1987) 
applied this basic tidally-influenced model to the 
carbonate rocks throughout  the Transvaal and 
Griqualand West Sequences. Beukes (1987) dif- 
ferentiated between an initial carbonate ramp set- 
ting characterised by giant stromatolitic mounds ,  
and which deepened towards a deep shelf environ- 
ment  in the west of the Kaapvaal craton, and a 
succeeding mature  r immed carbonate shelf model 
for the upper  portion of the carbonate sequence 
(Fig. 6c). The latter encompassed eastern supra- 
tidal mudflats, passing westwards into broad zones 
of intertidal mudflats  and shelf lagoonal settings, 
with a deeper euxlnic basin in the far west (Fig. 6c) 
which  exhibi ted  turbidi t ic  deposi ts  as well 
(Beukes, 1987). Geophysical investigations of the 
western  part  of the Kaapvaal craton support  
Beukes' concept of a carbonate basin which was 
shallower in the east and deeper towards the west 
(Geerthsen et  al., 1991). However, the south- 
western portion of the Griqualand West carbonate 
succession has  been subjected to multiple folding 
and thrust ing (Altermann and Htilbich, 1990), and 
the resul tant  thickening of sediments may  be 
partly responsible for the observed geophysical 
trends. Altermann and Herbig (1991) and Htilbich 
et  al. (1992) dispute the postulate that  the carbon- 
ate basin became deeper towards the western 
margin of the Kaapvaal craton; they provide evi- 
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dence of supratidal to intertidal fiats in the south- 
western region, analogous to the shallow water 
carbonate platform of Beukes (1987) to the east. 
The deepest portion of the basin is envisaged to 
have lain between these two shallow tidal plat- 
forms, co-incident with the Griquatown fault zone 
(Altermann and Herbig, 1991), Water depths  
within the carbonate platform/shelf  model are 
estimated to have been up to 80 m in the euxinic 
deep basin (Klein et  al., 1987); REE chemistry of 
the carbonates also supports  generally shallow 
water marine conditions, with the possibility of 
some f reshwate r  mixing having t aken  place 
(Danielson, 1990). 

Clendenin (1989) and co-workers (Clendenin 
and Maske, 1986; Clendenin et  aL, 1988b) refined 
the early shelf model of Eriksson et  al. (1975) to 
include Beukes '  (1987) distal  shallow bas in  
(Fig. 6b); in addition, Clendenin (1989) related his 
carbonate ramp/s teepened  carbonate ramp model 
to syndepositional tectonics, which formed part  of 
a successor basin sequence within the Kaapvaal 
craton during the late Archaean (Clendenin et  al., 
1988a and b). Clendenin's broad facies belt model 
(Fig. 6b) inferred an arid a n d / o r  tropical palaeo- 
cl imate,  s u p p o r t e d  by pa l aeomagne t i c  da ta  
(Windley, 1979), and tides whose height may  have 
increased as open ocean tides encroached onto the 
wide, shallow carbonate platform (Klein, 1982; 
Pratt and James ,  1986); facies distribution was 
determined largely by water  depth and regressions 
and transgressions of the vast Transvaal-Griqua- 
land West epeiric sea led to vertical stacking of 
deposits from the different facies within the car- 
b o n a t e  r a m p  mode l  s h o w n  in F igure  6b. 
Transgressions were predominantly towards the 
north-northeast ,  as the depository expanded from 
an initial Griqualand West compar tment  (Figs 5 
and 6d). At the end of lower Monte Christo times, 
the sea retreated off the Kaapvaal craton, forming 
the erosional unconformity developed within this 
formation (Fig. 5). The nor th-nor theastward trans- 
gressions were re-init iated three more t imes 
during Malmani deposit ion (Figs 5 and  6d), 
developing the sedimentary packages preserved in 
the rock record (Fig. 5). It should be noted that  the 
final Malmani transgression had the greatest extent 
and continued on into the period of deposition of 
the succeeding Penge iron formations (Fig. 5); a 
final, fifth t ransgress ion-regress ion cycle was 
responsible for the deposition of the Duitschland 
Formation, the uppermost  unit of the Chunies- 
poort Group (Fig. 5, Table 2). Dolomitization of 
primary limestones appears to have taken place 
shortly after deposition (Eriksson et  al., 1975); 
dolomitization was probably also related to meteo- 
ric waters  which lowered the pH (Eriksson et  al., 
1976). 
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Fig. 6. Deposltional models proposed for the Malmani Subgroup dolomites. (a) Limestone shelf model of Eriksson et  aL (1975). 
(b) Carbonate ramp-steepened ramp model of Clendenin (1989). (c] Carbonate ramp - deep shelf model of Beukes (1987]. 
d) Clendenln's (1989) proposed expansion of the Malmani epeiric sea from an initial Griqualand West compartment towards 
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PENGE AND DUITSCHLAND FORMATIONS 

The Penge and correlated iron formations of 
the Asbesheuwels  Subgroup of Griqualand West 
(Table 1) overlie the Malmani dolomite sequence 

gradationally. As with the underlying dolomites, 
these iron formations formed part of a depositional 
system that covered a large portion of the Kaapvaal 
craton, including outcrops  preserved in the 
Griqualand West, Transvaal and Kanye basins 
(Fig. 1). 



The Transvaal Sequence: an overview 

The Penge Formation is composed predominant-  
ly of micro- to macro-banded iron formations with 
la teral ly  pe r s i s t en t  monominera l i c  or mixed 
mineral  laminae of quartz, magnetite,  hematite, 
stilpnomelane, riebeckite, minnesotaite,  grunerite 
and ferruginous carbonate minerals (Beukes, 1973; 
Button, 1986; Van Deventer etal . ,  1986). Stacked 
cycles of al ternating ferruginous minerals  are 
common (Beukes, 1978), with subordinate inter- 
beds of carbonaceous mudrock  and intraclastic 
iron formation breccias (Button, 1986). Shard 
structures,  mostly in the basal Penge Formation 
(La Berge, 1966) suggest volcanic influences in the 
foiT~-~ation of t h e s e  f e r r u g i n o u s  l i thologies.  
Bushveld Complex related contact metamorphism 
of the Penge iron formations has  resulted in large 
sca le  r e c r y s t a l l i s a t i o n  and  g r u n e r i t i s a t i o n  
(Beukes, 1973, 1978). In the west of the Transvaal 
basin, there is a gradation into the Ramotswa 
Shale Formation of Botswana (Table 1), where 
felTuginous and siliceous mudrocks  overlie the 
dolomites gradationally (Key, 1983). Their ferrugi- 
nous  na ture  appears to be due to diagenetic 
weathering of disseminated pyrite (Key, 1983). In 
the Kanye basin (Fig. 1), chert  breccias are found 
at the stratigraphic level of the Penge Formation 
(Crockett, 1972) (Table 1); these rocks comprise 
equidimensional, angular  chert  andjaspil i te  frag- 
ments  in a ferruginous matrix (Crockett, 1972; 
Aldiss et al., 1989). 

Beukes (1978, 1983) postulates that  the Griqua- 
land West-Transvaal iron formations were laid 
down within a clear water epeiric sea, covering 
much  of the Kaapvaal craton, and bounded to the 
west and north by a deep basinal setting (Fig. 7). An 
external source of siliciclastic and volcanoclastic 
material  is inferred, with au thochthonous  iron 
formations being deposited in the deep basinal 
areas and orthochemical and allochemical iron 
formations on the central shallow platform region 
(Beukes, 1978, 1983) (Fig. 7}. This basin may have 
been fault-controlled (Button, 1973; Beukes, 1977, 
1978, 1980). Mechanical reworking of iron forma- 
tions was widespread on the platform, and the 
clastic sediments  in the Koegas Subgroup (Table 1) 
may have been laid down within a fresh water 
lacustrine setting (Beukes, 1986). 

The stratigraphic continuity on which Beukes' 
model relies, is challenged by Altermann and 
Htilbich (1990), who present  clear evidence for 
early tectonic displacement and karstfficatlon of 
both iron formations and underlying carbonate 
rocks in the southwest  of the craton. Htilbich et al. 
(1992) also demonstrate  convincingly that  shallow 
water and fresh water contamination conditions 
prevailed during genesis of the iron formations in 
this same southwestern region; in addition they 
dispute the importance of a volcanic influence in 
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iron formation genesis. The shallow water  setting 
proposed by Hfilbich et aL (1992) is in agreement 
with REE pat terns determined by Danielson (1990) 
and with Clendenin's (1989) carbonate ramp model 
in which iron formations are seen as a deeperwater  
facies equivalent  of the platform carbona tes  
(Fig. 6b). Water depths  of Clendenin's (1989) eu- 
photic zone (Fig. 6b) were equivalent to those of a 
shelf setting ra ther  than  the deep basin envisaged 
by Beukes (1983). The gradational basal contact of 
the Penge Formation with the underlying Malrnani 
dolomites supports  a similar depositional setting 
for these  chemical  sed imen t s  (Eriksson and  
Clendenin, 1990). Shallow water conditions are 
also postulated for the ferruginous mudrocks  and 
cherts  found in the Bushveld and Kanye basins in 
Botswana (Table 1). The Ramotswa Formation 
mudrocks  are ascribed to a regressive nearshore 
back-reef  palaeoenvironmental  setting and to 
mudflat  deposition (Key, 1983). The Kgwakgwe 
breccias may reflect either tectonic formation along 
thrus t  soles (Rabie, 1958), karstiflcation of chert- 
rich dolomite (Cullen, 1958), or dehydration of 
silica gels related to tectonic instability in the 
northwestern margin of the Penge basin (Crockett, 
1972). Tectonic studies do not support  the first 
hypothesis and the petrology of the breccias can- 
not be explained adequately by the second theory. 
The most  plausible explanation is that  tectonic 
instability of the basin margin led to uplift and 
subaerial exposure, thereby promoting breccia- 
tion of exposed silica gels and the non-deposition 
of iron formation (Crockett, 1972; Aldiss et aL, 
1989). 

The Penge Formation (and correlates) is seen by 
Clendenin  (1989) as part  of a Frisco-Penge 
"package", laid down as the Transvaal-Griqualand 
West sea underwent  max imum expansion, there- 
by depositing deeper water iron formations over 
the Malmani carbonate platform (Fig. 5). This 
primitive early Proterozoic ocean is inferred to have 
been the source of both iron and silica, with 
possible subordinate contributions from external 
volcanic and  te r res t r ia l  wea the r ing  sou rces  
(Beukes, 1983). The carbonaceous  mudrocks ,  
limestones and dolomites, with subordinate con- 
glomerates, diamictites and lavas of the Duitschland 
Formation, which overlies the Penge Formation 
unconformably (Taussig and Maiden, 1986), are 
interpreted as a final, shallow, regressive facies of 
the Malmani-Penge epeiric sea (Fig. 5) (Clendenin, 
1989). 

THE PRETORIA GROUP 

The Pretor ia  Group overlies the  chemica l  
sedimentary rocks of the Chuniespoort  Group un- 
conformably; the unconformity is commonly both 
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Fig. 7. Clear water epeiric platform - platform slope - deep basin model proposed for the Penge and 
correlated iron formations of the Transvaal and Griqualand West Sequences, after Beukes (1978, 1983). 

angu la r  and  kars t ic  (Button,  1973) and  radio- 
metr ic  ages  (Table 2) sugges t  a significant h i a t u s  in 
Transvaa l  deposi t ion.  The l i thos t ra t igraphy of the  
Pretor ia  Group  (Fig. 8) compr i se s  a p r edo mi nan t  
a l te rna t ion  o f m u d r o c k s  and  s a n d s t o n e s ,  with less  
impor t an t  volcanic  hor izons  and  s u b o r d i n a t e  dia- 
mict i tes  and  conglomera tes .  There  are significant 

lithological differences ac ross  the  bas in ,  par t icu-  
larly in the  u p p e r  par t  of the  s t ra t igraphy,  and  
t h i cknes se s  are a lso var iable  (Fig. 8). Correlat ion of 
these  rocks  with the  u p p e r  por t ion of the  Griqua- 
land Wes t  Sequence  and  with s ed i men t a ry  rocks  of 
the  Kanye b a s i n  is poor  (Table 1), with only the  
Hekpoor t -Di t lhoj  a n a - T s a t s u - O n g e l u k  a n d e s i t e s  



The Transvaal Sequence: an overview 37 

Formations 
i 

HOUTENBEK ~ Mudrocks,  sandstones, limestones 
i 

I I ' .  • , , - . |  I ! :- • ;-..: 

STEENKAMPS- , ~:i:.:.:.: Sandstones 
BERG :!. :?'i":i" 

| i - ' :  : . . . ' |  

NEDERHORST ~ MudrocksSandst°nes 

   NVLE' i'".::i.?::] Sandstones 

VERMONT I Mudrocks 

. . . . . . . . ,  . . . . . . . . .  

Sandstones (mudrock MAGALIESBERG • .'..'. lenses & interbeds) 
........ 

, . .  ; . . . . . . . j  

ii. "i..::".:.!" Sandstone lens 

Mudrocks 
SI LVERTON Machadodorp 

Volcanic Member 

TRANSVAAL BASI N 
WEST CENTRE EAST 

• , .  . -  : . !  

• DASPOORT. i':i .:. ".'.~'... Sandstones 
• .... , 

ii 

STRUBENKOP ~ Mudrocks, lesser sandstones 

Woodlands Formation in 
t a r  west - interbedded 
mudrocks & sandstones, 
some conglomerates, 
significant andesitic 
pyrodastics & lavas. 
800- 1200m 

120-300m, significant 
mudrocks. Sandstones 
thicken to west & 
to east, wedge out into 
Silverton mudrocks 

13km x 150m sandstone 
lens present. <t00m 
dolomites in west at top 
of fomation, Minor 
reworked tufts. Total 
thickness : 400-800m 
& thins to west. 

Rayton Formation- 
interbedded mudrocks 
& sandstones, minor 
andesites & dolomites 

+_1200 m 

+-300n 
Subordinate mudrocks 
thicken to west 

No significant sandstones 

Thin pyroclastic & 
dolomitic/chert member 

150-200m 

450-600m, erosive base 
in north 

200-800m, sandstones are 
arkosic 

200-350m, Some arkosic 
sandstones 

500- 700m 

+_500m, subordinate 
mudrocks 

Upper mudrocks +-1700m 
& thin to north 

Machadodorp Member 
+ 500m 

Mudrocks Total thickness +_ 600m Lower mudrocks +-250m 

130-200m, pebbly 
sandstones & mudrocks _+80m , pebbly sandstones 
in far west, thickens common, locally 
to west, locally A 

DWAALHEUWEL -~'-! ; ' : '  ; : : ;  o .: "~ ~, o o Diamictite, conglomerate, or o¢=oo=  
DROOGEDAL ~ ~ o,A, ~ '  sandstone 

/ V ~  
M V  
/ V Y  

HEKPOORT Basaltic andesite 
V V 
t V %  
V V  

BOSHOEK ~ : " : i ' ~ / ~ , ~ ]  Diamictite, conglomerate, sandstone 

Upper mudrocks 

Diamictite\conglom e rate lens 

0-+100m, pebbly sandstones 
mudrocks & thicker in north. 

Ironstones & Fe-mudrocks 
in N.E. 

100-135m, minor +-110m, significant +_ 30-100m, thickens to 
sandstones sandstones, Iocatly ~7 south 

Droogedal - 10-50m Absent or very thin Dwaalhauwel - 50-100m, 
thins to south 

+-400m. Air fall & reworked _+25-500m, pyroclastics 
510-600~ pyroclastics locally common, thins to north 

0--10m 0-50m <_100m Large channels 

Upper mudrocks 200- 
500m,thicken westwards 
no diamictite lens 

Quartzites 5-500m, 
thicken westwards 

Upper mudrocks, +_100- 
200m, thick lens of 
diamictite/conglomerate 

Quartzites _+30-70m 

Lower mudrocks _+230-400m 

P- 10m 
0-18-250m 
0-150m 

TIMEBALL 
HILL Klapperkop Quartzite Member 

PALAEOKARST TOPOGRAPHY 

Lower mudrocks Lower mudrocks 300- 
500m, thicken westwards 

• . . ~  Polo Ground Quartzite Member " Polo Ground 0-1 
ROOIHOOGTE ~ d r ° B k  Mudrooks 0-150m 

vets Conglomerates 
" ~ ° ~ . ~  L / bre~ia> Member Bevets 0-150m 

C H U N I E S P O O R T  Iron Formation & dolomite 

Upper mudrocks +__400-600m, 
arkose wedge in north, thin 
t~iamicites, deformed 
,nudrocks 

Quartzite 0 - 1 5 - 1 0 0 m ,  
thins to South 

Lower mudrocks 400-700m, 
thin southwards 

Only Bevets Member, O - 3 0 m ,  

locally quartzite 

Fig. 8. Lithostratlgraphy of the Pretoria Group, illustrating thicknesses and llthologlcal variation across the basin. 

providing a convincing marker unit. It is probable 
thus  that the Pretoria Group of the Transvaal /  
Bushveld basin, the Segwagwa Group of the Kanye 
basin and the Postmasburg Group of the Griqua- 
land West bas in  (Table 1) developed to a large 
extent in separate basins ,  a concept first developed 

by Crockett (1972) and supported more recently 
by Eriksson et  al. (1988, 1991) and Eriksson and 
Clendenin (1990). 

The basal  Rooihoogte Formation of the Pretoria 
Group comprises  a lowermost  chert breccia- 
reworked conglomerate  member ,  overlain by 
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m u d r o c k s  and  a n  u p p e r m o s t  a renaceous  m e m b e r  
(Visser, 1969; But ton,  1973; Engelbrecht ,  1986) 
(Fig. 8). The breccias are most ly  in sftu residual  
depos i t s  overlying the  pa laeokars t  l andscape  
developed on the  Malmani  ca rbona tes  (Button, 
1973), with some of t h e m  possibly representIng 
fault  scarp t a lus  deposi ts  (Eriksson, 1988). Both 
mat r ix -suppor ted  and  c las t -suppor ted  conglome- 
rates  are found,  suppor t Ing  the  alluvial fan  and  
fan-delta complexes proposed by Er iksson (1988). 
This  pos tu la te  is In sharp  contras t  to the  t rans-  
gressive m a r m e / b a s I n a l  envi ronment  Inferred by 
previous workers  (Visser, 1969; But ton,  1973, 
1986; Beukes,1983),  bu t  is suppor ted  by recent  
detailed facies anlayses  a round  the  bas in  (Van der 
Neut, 1990; Schrelber,  19911; these  workers  were 
able to delineate a n u m b e r  of fan complexes and  
interpret  the  succeeding  m u d r o c k  and  sands tone  
m e m b e r s  to be distal fan-delta and  lacustr ine 
sediments .  Er iksson  et a t  (1991) suggest  tha t  a 
relatively steep nor ther ly  palaeoslope is Indicated 
by the dep th  of karstic weather ing in the under-  
lying dolomites.  They also consider  tha t  this  may  
have b o u n d e d  a half-graben system, whose low 
angle hanging  wall lay to the  nor th  (Fig. 9a), and  
which provided the  major  source of detri tus.  This  
pos tu la ted  half-graben appears  to have controlled 
Pretoria Group sed imen ta t i on  th rough  to the  
deposi t ion of the  Daspoort  Format ion,  with a 
n o r t h e m  bas in  bounda ry  which was reactivated a 
n u m b e r  of t imes.  

The Timeball  Hill Format ion  consis ts  of basal  
ca rbonaceous  mudrocks ,  with micro-algal fossils 
(Nixon et al., 1988), which grade upwards  into 
rhythmical ly  in terbedded ferruginous m u d r o c k s  
and  fine-grained sands tones ,  in t u rn  pass ing up  
into the  Klapperkop Sands tone  Member (Fig. 8); 
u p p e r m o s t  c a r b o n a c e o u s  a n d  f e r r u g i n o u s  
m u d r o c k s  complete  the  s t ra t igraphy of this  forTna- 
t ion (Visser, 1969; But ton,  1973; Er iksson 1973). 
The locally pyritic ca rbonaceous  m u d r o c k s  indi- 
cate deep water  anoxic suspens ion  sed imenta t ion  
(Erlksson, 1973), with the overlying mudrock-  
sands tone  facies possess ing sed imentary  struc- 
t u r e s  c o m p a t i b l e  wi th  t u rb id i t y  c u r r e n t  re- 
sed imenta t ion  of distal delta deposi ts  (Rust, 1961; 
Kuenen,  1963; Visser, 1969, 1972; But ton,  1973). 
The  u p w a r d - c o a r s e n i n g  s a n d s t o n e s  of t h e  
Klapperkop Member suppor t  tidal reworking of 
delta front s a nds  (Visser, 1969; But ton,  1973; 
Er iksson  and  Clendenin,  1990), with Iocalised 
oolitic i rons tones  having developed in a shallow 
offshore setting. The Timeball Hill palaeoenviron- 
m e n t  is t h u s  t hough t  to have comprised  a relatively 
deep bas in ,  filled by f luviodeltaic complexes  
advancIng from the  nor th ,  nor thwes t  and  east; 
with the  exception of the  arkoses  preserved in the  
nor theas t  of the  bas in  (Fig. 8), only the  more  distal 
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deltaic and  basinal  sed imen t s  appear  to have been 
preserved. This pos tu la te  is compat ible  with the  
suggest ion of a half-graben deriving sed iment  
largely from norther ly  sources,  or character ised by 
sed imenta t ion  parallel to the  b o u n d i n g  faul ts  
(Fig. 9a). 

The diamicUtes within the  uppe r  Timeball  Hill 
m u d r o c k s  and  the  conglomera tes /d iamic t i tes  of 
the  succeeding Boshoek Format ion  In the  w e s t e m  
and  central  port ions of the  Transvaal  basIn  (Fig. 8), 
a re  c o r r e l a t e d  by  V i s s e r  (1971)  w i t h  t h e  
Makganyene diamicti tes  of Griqualand West; we 
suggest  a broader  correlation of the  lat ter  forma- 
t ion with the  full th ickness  of both  Timeball Hill 
and  Boshoek  Format ions  (Table 1). The diamictite- 
i m m a t u r e  s a n d s t o n e - c o n g l o m e r a t e  l i thologies 
correlated by Visser are in te rpre ted  as  being 
glacial, glaciofluvial and  glaciomarine deposi ts  
(Visser, 1971). Schreiber  et al. (1990) in terpreted 
the  Boshoek Formation,  includIng the  immature  
sands tones  found in the  nor theas t  of the  basin,  as 
alluvial sediments .  It is t h u s  possible, part icularly 
in view of palaeomagnet ic  data (Fig. 9b), that  both  
the Timeball Hill and  Boshoek  Format ions  had  an  
impor tan t  glacial influence in their  genesis.  It is 
pos tula ted  here that  the  Timeball Hill lithologies 
compare  closely with deep glacial lake deposi ts  
such  as those in Lakes Constance  and  Geneva 
(Reineck and Singh, 1975), and  tha t  the  coarse- 
grained d iamic t i t e -conglomera te -sandy  assem-  
blages d iscussed  by Visser (1971) represent  more  
proximal glacial ablat ion deposits .  The centre of 
glaciation probably lay on the  Vryburg rise, an  
intra-basinal  high lying to the sou th  of the  Kanye 
basIn and separatIng the  Griqualand West and  
Transvaal  bas ins  (Visser, 1971) (Fig. I]. 

The th ick  lavas of the  Hekpoort  Formation,  wlth 
correlates extending across both  the  Kanye and  
Griqualand West regions (Table 1), have a basaltic 
to intracratonic andesit ic chemis t ry  (Sharpe et a t ,  
1983; Engelbrecht,  1986); in terbedded pyroclas- 
tics and  resedimented  volcaniclastic rocks appear  
to be widespread,  with subord ina te  th in  beds of 
m u d r o c k  and cher t  (Button, 1973; Engelbrecht,  
1986; Er iksson and Twist, 1986). The scarcity of 
pillow lavas and  m u d r o c k  interbeds  points  to 
subaerial  extrusion,  with an  uppe rmos t  basin- 
wide a luminous  m u d r o c k  layer, most ly  1 - 2 m 
thick, being Interpreted as either a palaeosol (Button 
1973) or due  to chemical  leaching of the lavas 
(Engelbrecht, 1986). Martini (1990) identified a 
semi-arid cool climate playa lake deposit  within 
this  a luminous  m u d r o c k  horizon. The lavas in the  
Transvaal  bas in  th icken  sou thwards ,  possibly 
reflecting a half-graben bas in  sett ing (Fig. 9a). The 
lavas are overlain with a sharp  contact  by the  
conglomerates,  immature  s ands tones  and  mInor  
m u d r o c k s  of the Droogedal /Dwaalheuwel  Forma- 
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tlons; the former represents  a sheet  of sediment 
entering the Transvaal basin from the northwest  
and the latter formation two lobes which entered 
from the north and east  (Eriksson et aL, 1991). All 
three sheets  thin and fine towards the Pretoria 
region, where these formations are absent  and the 
Hekpoort lavas are succeeded by the mudrocks  
and subordinate  sandstones  of the Strubenkop 
Formation (Eriksson et  a/., 1991). The shallow 
mar ine  model  proposed for the Dwaalheuwel 
Formation (Button, 1973) is disputed by Eriksson 
et al. (1989, 1991) who suggest alluvial fan and 
distal fan-delta deposition for both Droogedal and 
D w a a l h e u w e l  F o r m a t i o n s .  The S t r u b e n k o p  
mudrocks  overlie these sandstone sheets  and are 
thickest where the Droogedal/Dwaalheuwel are- 
nites wedge out, becoming th inner  as the sand- 
stones thicken towards the northwest,  northeast  
and east of the basin (Eriksson et aL, 1991). This 
led Eriksson et a t  (1991) to propose that  the 
Strubenkop Formation represents  a more distal 
lacustrine basin into which the Dwaalheuwel/  
Droogedal fan-deltas debouched. Oolitic ironstone 
lenses, mudcracks ,  ripple marks,  graded bedding, 
flute casts, flaser bedding and minor channel-fills 
(Visser, 1969; Button, 1973; Engelbrecht, 1986) 
are compatible with the shallow marine (Visser, 
1969), tidal fiat (Button, 1973) and lacustrine 
{Eriksson and Clendenin, 1990) models proposed 
for the Strubenkop Formation. As suggested for 
the Rooihoogte and Timeball Hill Formations, the 
predominant  northerly source of the Droogedal 
and Dwaalheuwel Formations may reflect a half- 
graben setting (Fig. 9a). 

The recrystallised, cross-bedded and planar stra- 
tified sandstones  of the Daspoort Formation over- 
lie the Strubenkop mudrocks  sharply, except in 
eastern Botswana, where the Ditlhojana Forma- 
tion (as the Daspoort is known in the far west of the 
Transvaal basin) (Table I) lies on thin mudrocks  
developed above the Hekpoort lavas (Key, 1983), 
indicating erosion of the preceding Droogedal 
arenites and most  of the Strubenkop mudrocks  
(Eriksson et a t  under  review). Planar stratified 
mature  sandstones  and very thin ironstones/fer-  
ruginous mudrocks  in the east of the basin led 
Button (1973) to propose a shallow marine beach- 
barrier palaeoenvironment.  A locally erosive base 
and pebbly sandstones  in the Pretoria region were 
taken by Visser (1969) to support  a fluvial-beach 
model. The immature  na ture  of the Pretoria region 
sandstones  (Van der Neut, 1990) and the occur- 
rence of significant pebbly sandstones  and mud-  
rocks in the north and far west of the basin (Key, 
1983; G. Potgieter, 1992 pers. comm.) support the 
distal fan-fluvial braidplain model of Erlksson et 
a l  (under review). The latter is based largely on 
lateral and vertical facies relationships, palaeocur- 
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rents and thickness t rends  observed across the 
entire preserved Transvaal-Bushveld basin, ra ther  
than  relying on the localised data used by Visser 
(1969) and Button (1973). Source areas were 
largely to the north of the Transvaal basin, possibly 
supporting the half-graben model. The Daspoort 
FormaUon also indicates a period of tectonic re- 
organisation within the Transvaal depository, as 
isopach maps  of the preceding and succeeding 
Pretoria Group formations are quite different 
(Eriksson et al., 1991). 

The thick, monotonous  laminated mudrocks  of 
the Silverton Formation encompass  significant 
volcanic lithologies (Button, 1973). Carbonaceous 
m u d r o c k s  are relatively common,  with sub- 
ordinate chert, sandstone and dolomite lenses; 
carbonate rocks become important  in the north of 
the basin (Button 1973; Engelbrecht, 1986). In the  
e a s t e r n  T ransvaa l ,  a med ia l  M a c h a d o d o r p  
Member includes lower agglomerates and tufts 
and upper pillowed basalts, with bomb sizes de- 
creasing towards the north (Button, 1973); some 
agglomerates are found at the equivalent strati- 
graphic position in the Pretoria region (Visser, 
1969) and reworked tufts are found in the west of 
the basin (Eriksson et al., 1990). An upward- 
coarsening, 13 km long and 150 m thick, sand- 
stone lens in the west of the basin, with planar  and 
cross-bedding and ripple marks  (Engelbrecht, 1986; 
Eriksson et al., 1991), supports  the prodeltaic 
palaeoenvironment suggested by Button (1973). 
Eriksson and Clendenin (1990) and Eriksson et aL 
(1991) proposed lacustrine deltas and fan-deltas 
as an alternative model. In addition, the latter 
workers suggested that  the Magaliesberg sand- 
s tones which overlie the Silverton Formation 
gradationally, may represent  the shoreline of the 
Sflverton basin; this postulate is supported by the 
essentially similar thickness  distribution of both 
formations across the Transvaal basin (Eriksson et 
aL, 1991). The Magaliesberg sandstones also wedge 
laterally into Silverton mudrocks  in the west of the 
basin (Crockett, 1972; Engelbrecht, 1986; Key, 
1986; Eriksson and Clendenin, 1990). Herring- 
bone cross-beds, carbonate rocks, flaser bedding 
and interference ripple marks  point to a marine 
influence in the Silverton-Magaliesberg basin, 
which is also evident from the palaeosalinity data 
of Eriksson (1992). It is thus  possible that  the 
intracratonic half-graben setting envisaged for the 
lower Pretoria Group (Eriksson et al., 1991) 
(Fig. 9a) may have given way to a transgressive 
epeiric sea  in Si lver ton-Magal iesberg t imes.  
Palaeomagnetism (Fig. 9b) indicates movement  
away from polar lati tudes in late Pretoria Group 
time, thereby  support ing the possibility of a 
marine transgression. The thickness  pat terns of 
these two formations (Fig. 9c) point to doming in 
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the centre of the depository, thought  by Eriksson 
et al. (1988, 1990) to be a synsedimentary  palaeo- 
high; the doming m a y  have been thermal  in 
nature,  related to a rising plume of Bushveld 
magmas  through the crust  (Eriksson et a t ,  1991). 
The sandstone isolith plot (Fig. 9c) indicates that  
sands  may  have been shed offthe proposed dome, 
a postulate also supported by palaeocurrent  data 
in the Magaliesberg Formation (Van der Neut, 
1990; Schreiber, 1991). If such doming did occur, 
it may  have led to a retreat  of the Silverton epeiric 
sea, leaving the Magaliesberg shoreline sands  
subject to fluvial reworking. Such a postulate 
would be compatible with the beach-fluvial, delta- 
beach-shallow marine and tidal models proposed 

for the Magaliesberg Formation (Visser, 1969; 
Button, 1973; Eriksson et aL, 1987). Grain size 
pat terns  for the Magaliesberg Formation strongly 
support  a fluvial influence in the deposition of 
these sandstones  (Reczko et al., 1992). 

Continued doming in the centre of the Transvaal 
basin may  have been responsible for the develop- 
ment  of separate eastern and western intracraton- 
ic sub-basins in post-Magaliesberg times; a sepa- 
rate western lacustrine basin was first proposed by 
Crockett (1972) and more recently supported by 
Eriksson et al. (1988, 1991) and by Schreiber 
(1991). Lithostratigraphic differences between the 
far west and the east of the basin are also marked  
(Fig. 8). The five formations in the east of the 
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Fig. 9. Postulated controls on the Pretoria Group palaeoenvironment. (a) Half-graben tectono-sedimentmy setting proposed by 
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indicated by thinner total sediment cover and surrounding zone of thicker sandstones. 
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eastern sub-basin are correlated with the Rayton 
Formation of the Pretoria region (SACS, 1980}. The 
a l ternat ing mudrocks ,  arkoslc and quartzltlc 
sandstones,  with subordinate carbonate and chert  
llthologles, which make up the five easternmost  
formations ISchrelber, 1991) Include interbedded 
t u f f a c e o u s  m u d r o c k  l aye r s  ISchre lbe r  a n d  
Ertksson, In press}. The beach-intertidal mudflat- 
shallow marine model of Button ( 19731 and Button 
and Vos (1977) does not explain adequately the 
common mudcracks ,  arkosic sands tones  and 
overall upward-coarsening successions In these 
rocks. The latter are, perhaps,  explained better by 
shallow lacustrine and wind-tidal fiat deposition 
for the argillaceous units  and by fan-delta and 
deltaic sedimentat ion for the interbedded arenites 
(Schreiber, 1991; Schreiber and Eriksson, in press). 
Source areas were located to the south, east and 
n o r t h  of th i s  s tead i ly  sh r ink ing  s u b - b a s i n  
(Schreiber, 1991). The analogous Rayton Forma- 
tion succession of feldspathic arenites, quartzose 
sandstones  and mudrocks ,  with subordinate dolo- 
mites and lavas, is ascribed to fluvial (Visser, 1969) 
or a combination of fan, fan-delta and fluvial sedi- 
mentat ion (Van der Neut, 1990). In the proposed 
western sub-basin,  post-Magaliesberg rocks in the 
w e s t e r n  T ransvaa l  are o b s c u r e d  largely by 
Bushveld intrusives (Engelbrecht, 1986); fur ther  
to the west in Botswana, the Woodlands Formation 
comprises interbedded sandstones  and mudrocks,  
with significant andesitic pyroclastic rocks and 
lavas and some conglomerates (Key, 1983). Major 
tectonic dis turbance of the Woodlands rocks has  
made palaeoenvironmental interpretation difficult; 
an intimate association between sedimentation, 
volcanism and tectonic instability is indicated 
(Crockett, 1969, 1972; Key, 1983). Crockett ( 1969, 
1972) p roposed  c a t a s t r o p h i c  syn-  to post-  
sedimentary collapse of the wes tem sub-basin 
floor, resulting in gravity sliding of large blocks of 
sedimentary rocks towards the basin centre. Key 
(1983) relates this tectonism to the late-Transvaal 
intrusion of the Gaborone Granite to the west of the 
Bushveld basin; this postulate can perhaps be 
considered as related to the extrusion of the 
massive felsic lava province of the Rooiberg Group 
which succeeded Pretoria Group deposition in the 
east and centre of the Transvaal basin. No analo- 
gous late Pretoria sedimentary and volcanic rocks 
are preserved in either the Griqualand West or 
Kanye basins (Table 1). 

There is a long-standing debate whether  the 
sedimentary rocks of the Pretoria Group represent  
epeiric marine deposits or an intracratonic lacu- 
strine basin (Du Toit, 1954; Visser, 1957; Wfllemse 
1959; Visser, 1969; Crockett, 1972; Button, 1973; 
Button and Vos, 1977; Button, 1986; Eriksson 
and Clendenin, 1990). The epeiric postulate is 
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supported by preserved tidal sedimentary struc- 
tures,  oolites, stromatolites and hummocky  cross- 
bedding; however, these characterist ics are equal- 
ly compatible with the lacustrine alternative. The 
latter suggestion is in tu rn  supported by common 
varves, the presence of palaeosols, predominantly 
arkosic to lithic sandstone petrography, inferred 
microtidal conditions typical of lakes (Schopf, 1980) 
and an absence of swash-formed ripple marks.  
The debate is discussed in some detail by Eriksson 
e t aL (1991). Perhaps the best evidence in favour of 
an intracratonic basin is the Boron palaeosalinity 
data discussed by Eriksson (1992) (Fig. 10}. Boron 
values determined by B6hmer (1977) from four 
widely spaced boreholes in the south  of the 
Transvaal  basin, when  plotted against  strati- 
graphic height, exhibit a very similar, in-phase 
variation, summed  up in the palaeosalinity curve 
of Eriksson (1992) (Fig. 10). This in-phase varia- 
tion from different localities supports  a closed 
basin setting, and the rapid increases and de- 
creases in Boron values fur ther  support  inhomo- 
geneous lacustrine basin chemistry ra ther  than  
the far more uniform conditions typical of the 
marine environment (Schopf, 1980). The possible 
role of glacial and interglacial periods in the depo- 
sition of the Pretoria Group and the postulated 
marine incursion during Silverton times are sup- 
ported by the palaeosalinity curve for the lower 
Pretoria Group (Fig. 10). 

ROOIBERG GROUP 

In this review we present  a modified stratigraphy 
for the upper  portion of the Transvaal Sequence 
(Tables 1 and 2) which is not in accord with SACS 
(1980), who consider the Rooiberg Group (sensu 
stricto) to comprise only the Damwal and Selonsri- 
vier Formations; our stratigraphy reflects research 
carried out within the last five years  on the 
Dullstroom Formation, Rooiberg Group (sensu 
stricto, SACS, 1980) and s e d i m e n t a r y  uni t s  
associated with these rocks, by Schweitzer and 
Hatton (in prep.). SACS (1980) considers the large- 
ly sed imentary  Leeuwpoort,  Smelterskop and 
Makeckaan Formations to belong to the upper 
Pretoria Group and various correlations with post- 
Magaliesberg uni ts  have been proposed, (e.g., 
Button, 1973; Schreiber, 1991). We consider the 
Leeuwpoort Formation, the basal unit  outcropping 
within the Rooiberg "fragment" (Fig. 1), as the 
youngest  post-Pretoria Group unit  and assign it, 
tentatively, to the Rooiberg Group (sensu lato, as 
used here) (Table 2) as its basal unit; there do not 
appear to be any correlates elsewhere in the 
Transvaal basin, and no rocks equivalent to the 
Rooiberg Group (sensu lato) are found in either the 
Kanye or Griqualand West basins. 
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The approximately 1500 m of conglomerates ,  
pebbly and  arkosic s ands tones  and uppe rmos t  
m u d r o c k s  w h i c h  m a k e  u p  t h e  L e e u w p o o r t  
Format ion  (Fig. 111 (Stear, 1976; Richards,  1987), 
are generally in terpre ted to represent  lower braid- 
ed and  uppe r  meande r ing  river deposi ts  (Stear, 
1977a and  b; Phillips, 1982; Rozendaal et aL, 
1986; Richards  and  Eriksson,  1988). The coarse 
Immature  fluvial s a n d s t o n e s  which cl~aracterlse 
the  Leeuwpoort  Format ion  {Fig. 11) do not  com- 
pare well lithologically with the  al ternat ing sand-  
s tones  and  m u d r o c k s  of the  post-Magaliesberg 
un i t s  in ei ther  the  east  or west of the  Pretoria 
Group basin.  We t h u s  suggest  that  the  Leeuwpoort  
Format ion  Is par t  of the Rooiberg Group (sensu 
lato) and  postula te  tha t  these  coarse, immatu re  
fluvial deposi ts  are probably related to the catas-  
t rophic collapse proposed by Crockett  ( 1969, 1972) 
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for the  wes tern  Pretoria Group sub-bas in  floor, 
dur ing and  after deposi t ion of the  Woodlands 
Formation.  The gravity sliding of large blocks of 
sed imentary  rocks in Botswana  (Crockett, 1972) 
may  have been  accompanied  by more  s u b d u e d  
immature  fluvial deposi t ion on the  e a s t e m  marg in  
of the  collapsing sub-basin ,  today preserved at the  
base of the  Rooiberg "fragment". Predominant ly  
sou thwes te r ly  pa laeocur ren t  di rect ions  in the  
Leeuwpoort  s ands tones  (Stear, 1977a; Richards,  
1987) are compatible with this  postulate.  

The Smelterskop Format ion  conformably over- 
lies the  Leeuwpoort  Format ion  (Richards and  
Eriksson.  1988) (Fig. 1 I) and  comprises  a thick- 
ness  of about  280 m, with a basal  quartzose 
sands tone  member ,  four to five lent icular  arkosic 
s a n d s t o n e  un i t s  and  s u b o r d i n a t e  tu f f aceous  
mudrocks ,  conglomera tes  and  wackes  (Stear, 
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1977a, Richards, 1987). Braided fluvial and coarse- 
grained meander ing river systems are thought  to 
have laid these sediments  down (Stear, 1977a; 
Richards and Eriksson, 1988). Impersistent fel- 
sitic and andesitic lava flows are Intercalated 
with the sedimentary rocks of the Smelterskop 
Formation; the andesites are flow-banded and 
strongly vesicular, and the uppermost  felslte is 
flow-banded and petrographically similar to the 
basal flows of the overlying Rooiberg (sensu stricto) 
lavas. 

The Makeckaan Formation, preserved in the 
Makeckaan (or Stavoren) "fragment" comprises 
lower and upper  feldspathic sandstone members  
with large scale cross-beds and ripple marks,  
separa ted by mature ,  recrystallised quartzitic 
s ands tones  and  micaceous  wackes  (Fig. 12) 
{Rhodes, 1972). Andesites and felsites are inter- 
calated in the upper  arkosic member  (Fig. 12), and 
the sedimentary succession of the Makeckaan 
Formation is succeeded concordantly by felsitic 
lavas (Mellor, 1905; Wagner, 1921, 1927; Schweit- 
zer and Hatton in prep.), here assigned to the 
Dullstroom Formation. The felsltes are spheru- 
litic, vesicular and abundant  matrix-supported 
lithic fragments suggest emplacement  as ignim- 
brites. The Makeckaan sediments are Interpreted 
as fluvial to neritic (Rhodes, 1972) or fluviodeltaic 

. . . .  - ~  
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Fig. 12. Lithology of the Makeckaan Formation. Note the 
similarity to the rocks of the Smelterskop Formation 

(Fig. I I), and the overlying Dullstroom felsltes. 
Modified after Rhodes (1972}. 
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(Schreiber, 1991) deposits. The similarity between 
the apparently fluvially-deposlted Smelterskop and 
Makeckaan feldspathlc to quartzlttc sandstones  
and their Intercalated andesltlc-felsltlc lavas, leads 
us to suggest that  these two formations may be 
correlated with each other, representing the tran- 
sition from lower Rooiberg Group (sensu Into) 
fluvial sedimentation (Leeuwpoort Formation) to 
the vast outpourings of the main  Rooiberg felsltlc 
lavas. These two largely sedimentary formations 
are thus  also, tentatively, correlated with the basal 
stage of the Dullstroom Formation {Figs 13 and 14) 
(Truter, 1949; Visser, 1969). 

Lavas assigned to the Dullstroom Formation 
outcrop along a narrow strip in the eas tern  
Transvaal basin and also overlie the Makeckaan 
Formation sediments in the Makeckaan "frag- 
ment" (Figs 13 and 14). The former is the type 
locality of the Dullstroom Formation, which un- 
conformably {Cheney and Twist, 1991) succeeds 
the Houtenbek Formation of the Pretoria Group 
(Table 2). A max imum thickness of 1,4 km of this 
basalt-rhyolite association (Schweitzer, 1986) is 
preserved and the lavas are t runca ted  in the north 
by Bushve ld  Complex  i n t ru s ives  (Fig. 13). 
Schweitzer (in prep.) and Schweitzer and Hatton 
(in prep.) distinguish a basal stage and an upper  
stage in the Dullstroom succession (Fig. 14). The 
former comprises about 300 m of fluidal and 
pyroclastic flows, with thin interbedded lenticular 
quartzitic and arkosic sandstones  and mudrocks;  
the absence of pillow structures,  and the presence 
of pipe amygdales and peperites suggests sub- 
aerial extrusion with localised shallow water con- 
ditions. Amygdaloidal low t i tanium andesites pre- 
dominate, with flow-banded, amygdaloidal and 
spherulitic rhyolites referred to as the basal rhyo- 
lites (Fig. 14), occurring locally at the base. Volca- 
niclastic sediments and debris flow deposits are 
also found locally. The upper  Dullstroom stage 
comprises more uniform lavas with almost no 
intercalated sedimentary rocks. Three major flow 
types are distinguished: porphyritic high t i tanium 
basalts with amygdaloidal and brecciated flow 
tops; high magnes ium amygdaloidal and sparsely 
porphyritic flow-banded felsites; and low ti tanium 
andesites similar to those in the basal  stage 
(Fig. 14). These different flow types are closely 
associated and interlayered, with a general up- 
ward increase in high magnes ium felsites at the 
expense of the high t i tanium and low ti tanium 
flows. 

A large xenollth within Bushveld mafic intrusives 
to the north of the Dullstroom outcrops (locality 2, 
Fig. 13) appears to comprise altered equivalents of 
the uppermost  low magnes ium felsites of the 
Dullstroom Formation and succeeding high Fe-Ti- 
P lavas at the base of the Damwal Formation 
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(Fig. 141. The D a m w a l  Format ion  is found  wi th in  
the  Bothasberg ,  Tau te shoog te  and  Loskop Dam 
a reas  (respectively, localit ies 3, 4 and  5 In Fig. 13} 
(Fig. 14}. The succeed ing  Selonsrivler  Format ion ,  
which  is subd iv ided  into a lower Doornkloof  and  
u p p e r  Kllpnek Member ,  is f ound  at Bothasberg ,  
L o s k o p  D a m  a n d  over ly ing  t he  S m e l t e r s k o p  
Format ion  in the  Roolberg "fragment" (Figs 13 and  
14). These  two felsltlc fo rmat ions  were  first defined 
b y  Clubley-Armstrong (1977, 1980), and  toge ther  
compr ise  a s u c c e s s i o n  of very  extensive s i l iceous 
e rup t lves  wi th in  the  centra l  and  eas t e rn  pa r t s  of 
the  Transvaa l  b a s i n  (Fig. 13); the  original vo lume 
of t he se  e rup t lves  ls e s t ima ted  to have  reached  u p  
to 300  000  krn s (Twist and  French,  1983), a l though 
th is  is p robab ly  an  overest imate .  The Damwal  
Format ion  compr i s e s  largely d a r k  flows of  low 
m a g n e s i u m  felslte, wi th  subo rd ina t e  high Fe-TI-P 
lavas,  w h e r e a s  the  Selonsr ivier  Format ion  is cha-  
rac ter i sed  b y  red-coloured ,  f low-banded flows of 
low m a g n e s i u m  felslte in the  D o o m k l o o f  M e m b e r  
and  Intercala ted s ed imen ta ry  rocks  and  low-Mg 
felsl tes in the  Kllpnek M e m b e r  (Fig. 14). Twist  
(1985) d i s t ingu ished  nine  major  un i t s  s epa ra t ed  
b y  s ed imen ta ry  In tercala t ions  wi th in  the  felslte 
s u c c e s s i o n  at Loskop Dam,  placing the  Damwal-  
Selonsrivier  con tac t  at  the  b o u n d a r y  o fu r~ t s  5 and  
6; the  s a m e  s t ra t igraphic  level w a s  Inferred to 
m a r k  the  t rans i t ion  to a n  oxygen-rich a t m o s p h e r e  
in the  u p p e r  T ransvaa l  S e q u e n c e  (Twist and  
Cheney,  1986). However,  Er iksson  and  Cheney  
(1992) s h o w e d  tha t  the  co loura t lon  of the  felst tes in 
the  Selonsrlvier  Format ion  was  formed dtageneti-  
cally, and  p roposed  tha t  the  t rans i t ion  to an  a tmo-  
sphere  rich in free oxygen lay r a the r  at  the  Loskop 
Format ion-Wate rberg  Group  unconformi ty .  The 
lavas  of the  Damwal  and  Selonsrtvier  Format ions  
are p redominan t ly  rhyolitic to dacttlc In composi -  
tion, with bo th  high- and  low-Mg types  occurr ing 
(Twist and  French,  1983; Twist and  Harmer ,  1987). 
Ex t rus ion  was  subaer i a l  and  fe ldspathlc  sand-  
s tone  ln t e rbeds  with some  preserved  s ed imen ta ry  
s t r u c t u r e s  s u c h  as  c ross-bedding ,  channel-fil ls,  
ripple m a r k s  and  m u d c r a c k s  (Clubley-Armstrong,  
1977), poin t  to in termi t tent  per iods  of deposi t ion  
b e t w e e n  volcanic e rupt ions ,  poss ib ly  b y  a combi-  
na t ion  of fluvial channe l s ,  small  l akes  and  gravity 
flows. 

Many  a u t h o r s  (Button,  1976; Coertze e t  al., 
1977; S h a r p e  etca., 1983; Twist and  French,  1983) 
s u p p o r t  t h e  v i ew e x p r e s s e d  h e r e ,  t h a t  t he  
D u l l s t r o o m  a n d  Damwal -Se lons r lv i e r  volcanic  
events  originally formed one c o n t i n u o u s  erupt ive 
success ion ,  Implying tha t  the  la t ter  two format ions  
are also older  t h a n  the  int rusive marie sui te  of the  
Bushve ld  Complex {Von Gruenewaldt ,  1971, 1979.}; 
t h i s  v iew Is c o n f i r m e d  b y  g e o c h e m i c a l  d a t a  
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(Schweitzer, 1986, Schwel tzer  and  Ha t ton  in prep.) 
(Fig. 15). The s e d i m e n t a r y  rocks  of  the  corre la ted  
Loskop,  Glentig and  R u s t  de Winter  Format ions  
(Fig. 1) overlie the  Selonsr ivier  felsi tes conformably  
(SACS, 1980; Cheney  a n d  Twist,  1991); t hey  
r ep re sen t  the  final s e d i m e n t a r y  p h a s e  of  the  
Transvaa l  bas in .  Minor in te rbedded  volcanic flow 
depos i t s  range in compos i t ion  from bas ic  to sili- 
c e o u s  and  p robab ly  r ep resen t  con t i nued  e rup t ions  
of m a g m a s  related to the  Damwal-Selonsr iv ier  
lavas {Clubley-Armstrong, 1977; Coertze e t  al., 
1977). This  leads  u s  to sugges t  here ,  tentat ively,  
tha t  t hese  u p p e r m o s t  s ed i men t a ry  format ions  also 
be  cons idered  par t  of the  Rooiberg Group  ( s e n s u  
lato) (Tables 1 and  2). 
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