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A BASIN ANALYSIS OF THE in n '^VAAL SnJENCr 

i?i Ti'E POTOIEFSTPDOH b W U U K H U n .
TRANSVAAL /v.D OaV ^E  FREr STATE-

A b a s in  a n a ly s is  in v o lv e s an cxzonination o f  th e  b a s in  j.pocstry , 
dirccM r.n,i3 s tr u c tu r e s ,  l i t h i c  f i l l ,  Q nanReaefit o f  th e  l i t h i c  f i U ,  and 
th e  te c to n ic  s e t t in g  o t  th e  b a s in  ( r o t t e r  a n i  P c t t i ja im , 1563, p , 227).
While i t  vr.s n o t p o s s ib le  to  d e fiu e  p a lco c u tT ea t ■patUTnB, th e  s e s a ip i ig  
fo u r  o f th e  above o le re n ts ,  o s  r e la te d  to  th e  lo v e r  u n i t s  o f  th e  T ransvaal 
Sequence, r.araely; th e  Malm,mi D oloraite, F o u n ta in s , and lim e b a ll H ill  
F o r r J t io n s ,  w ith in  th a t  a re a  now occupied by th e  P o tch c fs tro n a  Synvlinorium , 
have bcc"  examined in  d e t a i l .

The p re se n t geometry o f  th e  F o ttise fs tro o n  S ync lino riuo  has bean 
o u tlin e d  through th e  in te r p re ta t io n  of o u tc rop  p a t te r n s ,  and through th e  
p re p a ra tio n  of r e s id u a l  s t r u c tu re  c on tour n ap s, e f t o r  su b je c t in g  bo rehole  
dep th  d a ta  to  tren d  s u rfa c e  a n a ly s i s .  K unetous long ltv .d itia l find t r sT sse rse  
s tm c r y r a l  t r e n d s  and a sso c ia te d  domes and b a s in s  have been rccog tiized , th e  
n e re  im portan t o f  w hich a re  th e  Johannesburg and V reilo fort Domes, th e  
PotehcfBtrooia ana M arievale  A n tic l in e s ,  th e  C a r le to n v i l le  S j-ncline , and th e  
H a r tb e e s tfo n tc in  A n tic lin e , w h ile  th e  O tto sd a l A n tic lin e  and a  basement 
tiigli through S tanderton  anil Senchal wero a ls o  found to  huve in fluenced  th e  
development of th e  eynclinorium , Isopach  s tu d ie s  have r c w a lc d  th a t  the  
above s t r u c tu ra l  t r e n d s , a p a r t  f ro n  th e  basem ent h igh  to  th e  sou th  and 
p o s s ib ly  th e  V re d efo rt Dome, have experienced  p e rio d s  o f  a c t i v i t y  and 
in a c t i v i t y ,  r e la te d  to  p u ls a t in g  te c to n ic  •M venents w ith in  th e  to se ac n .t, 
s in c e  p rc - tiitw a te rs ra n d  Sequence t in e s ,  and th a t  th e  p re se n t geometry of 
the  sy n c lip o ritm  i s  p o st-T ran sv a a l Sequence in  a g e .

The s tudy  o f  th e  lit 'n o lo g y  o f  th e  Halmani Dolom ite was hampered 
by th e  poor ou tcrop  of t h i s  fo rm ation . However, w ith  th e  a id  o f  a  number 
o f  bo reho le  c o re s , s  s t r a t ig r a p h ic  columa fo r  t h i s  fo rm atio n  has been 
c e n s -ru c te d , in  which a  c y c l ic a l  d e p o s itio n s !  f a c ie s  xras recogn ized .
E sataination o f  th e  F ountains Form ation was c a r r ie d  o u t a a tn ly  in  th e  f i e l d ,  
making i t  p o s s ib le  fo r  a  su b d iv is io n  to  b a  nade  In to  th e  h re ^ c ia ta d  c h e r t 
zone, a t  th e  b a se , and th e  Pologround Member, Borehole d a ta  and measured 
f i e l d  s e c tio n s  rev e a le d  ch at th e  T im oball K i l l  Formation v a r ie s  In  
charactc-r w ith in  th e  s y n c lin o r iu a . Whereas a long  th e  n o r th e rn  limb 
carbonaceous and lam inated  f e rru g in o u s  s h a le s  v i th  th ic k , m assive 
■ quartzite^ a re  p re se n t,  th e  c o n te n t o f th e  lo rn e r  s 'f l l e - ty p e  d e crea ses 
Eouthw.iids u n t i l ,  on th e  pe rip h e ry  o f  th e  V red efo rt Done, o n ly  th e  
fe rru c in o tis  v a r ie ty  oc cu rs , in  a s s o c ia t io n  w ith  l e n t ic u la r  q u a r tz i te s ,

In d iv id i '- i  zones w ith in  th e  H a lc a a l D o lo a tte  v c te  found tu  b e  
hsooEei'caus c v i i  o.r«:3t d is t a n c e s .  I n s u f f ic ie n t  d a ta  fo r  th e  c o n s tru c tio n  
o* f a c ie s  caps was a v a i la b le ,  b u t a  th ick en in g  o f  t h i s  fo rm ation  to  th e  
northw est v as  recogn ized . Isopach  maps f o r  th e  F ountains Formation 
in d ic a te  th a t  th e  b re c c ia  te d  c h e r t  zone a t t a i n s  maxim n th ickness .1 s over 
s t r u c tu r a l  h ig h s , and th a t  th e  Tologround Member h a s  a channe l ge im etry . 
I soparh  caps a s  w e ll -as f a c ie s  maps were p repared  f o r  th e  T in c L a ll H i l l  
Form ation. An o v e ra l l  d e crea se  i n  q u a r t s i te  p e rcen tage  to  th e  so u th  i s



lappsr-ent, nBHSBiSBtive r £  #  uonfcsarly  sou rce - loopacb J ia iic a te  t l i a t ,  
w hereas t i e  Jcbaaneshury  Borne was a c t iv e  during I ioe"bo ll 112X3 rc rm a tisn  
tim es, t h a  a re a  row oceuplea  Vae V rc O tfo rt Dene was te c to n lc a l ly  
■ncEStXce.

The MaXoani Dolomite anS P r e to r ia  Group a r e  ro u s l3 e re a  to  Xfe 
c la s s ic  exarjplar. o f  e o n tre s t la g  s ty l e c  o f  tiea im en ta tion . D arla s  ttu ' 
depoB itioo  o f  th e  fo rm er, a  sliallCTw-vater env irtm cen t o s  a h ig h ly  s ta b le  
c ra to n  p re v a i le d . Chfanical eed im e a ta tio n  was fav o u red , s r tth  on ly  ■mioor 
am cun ts  o f  c l a s t i c  m a te r ia l  h e l tg  in tro d u ced  in to  th e  d ep o s ito ry . I’p l l f i t  
a t  th e  end o f  K alaan i Dolomite tim es re s u l te d  I n  s u b a e r in l w eathering  .of 
•th is  fo rm atio n , w ith  th e  development o f  th e  rce i-doal h rec c la tc ii  c h e r t  ecne . 
K oloted t o  th e  u p l i f t ,  which was most pronounced a lo n g  th e  H a r th e es ifo n tc in  
A n tic l in e , s. m ajor unconform ity was developed a t  th e  to p  o f  th e  Malmani 
D -lom ite . Above th e  h re c c ia te d  c h e r t  zone, d e t r i t a l  sed im en ta tion  
predom inates , a p a r t  from  o c ca s io n a l c h e r t  h o r izo n s  and tla lo m itic  sh a le s  
tc ita rd s  tb a  b a se , A boulde r conglom erate  a t  th e  b a se  o f  th e  Polcground 

tieBher r e p r t s e o ts  a  response  to  sudden u p l i f t ,  which was follow ed by th e  
in tro u u c tio c  t-" sand  at^L c la y  from  a  c ra te r d c  so u rce  a re a  to  th e  n o r th  o f 
th e  fe tchefe ti'oom  Synclinoriron, d e p o s itio n  o f  th e  l a t t e r  sedim ents htvJng  
taken  p la c e  in  a d e l ta i c  environm ent. A p e rio d  o f  m ajor u p l i f t  a lo n g  th e  
ao rtb e e s tfo n tB in  A n tic lin e  m atted  th e  -end o f  th e  TivtebR.ll B ill . S f ip o s i tic n a l 
p e r io d , w ith  th e  development o f  a  second m ajor nncon fe rstity  a t  th e  to p  o f  

i l s  fo rm ation .
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Aims o f  Research

The hundreds o f  b o re h o le s , d r i l l e d  in  se a rch  o f  th e  banket 
w ith in  Che main H itw a tersrand  B asin , many o f  which p e n etra ted  ove rly ing  
fo rm ations , p rese n te d  an id e a l  o p p o r tu n ity  f o r  an in v e s t ig a t io n  o f  th e  
s tr u c tu re  and s tr a t ig r a p h y  o f  th e  T ransvaal Sequence in  th e  Po tche fs trooo  
Synclinorium . T h is  p r o je c t  was undertaken  w ith  th e  fo llow ing  aims in

i )  To extend th e  l i t h o s t r a t i g r a p h ic  su b d iv is io n  o f  the
T ransvaal Sequence in to  th e  P o tch e fs tro o o  Synclinorium ,

i i )  To determ ine Che s t r u c tu r a l  e v o lu tio n  of th e  I 'o tchefstrco ta  
Synclinorium  from H itw atersrand  to  T ran sv a a l tiro es .

i i i )  To c o n s tru c t a  s t r a t ig r a p h ic  column f o r  th e  tlsJ.mani 
D olomite Form ation of th e  T ran sv aal Sequence, and to  in v e s t ig a te  th e  
change in  th ic k n es s  .if  th i s  fo rm ation  w ith in  th e  sync lino riu ia .

iv )  To in v e s t ig a te  che s t r a t ig r a p h y  o f  th e  Fountains and Time- 
b a l l  H i l l  Form ations, and che arrangem ent o f  th e s e  fo rm ations w i th i i  the  
Potchefstroom  Synclinorium .

v )  To o u tl in e  th e  environm ent o f  d e p o s itio n  o f  th e  T ransvaal 
Segutinco, to  th e  top o f  th e  T ie ieball H i l l  Form ation , and to  In v e s t ig a te  
th e  r e la t io n s h ip  o f  th e  occu rrence  o f  t h i s  sequence w ith in  th e  P o tche f­
stroom  Sync.iinori'iT  to  th a t  i n  th e  main T ran sv aal b a s in .

L o ca lity  and Regional G eo log ica l 
S e ttin g  o f  th e  Area

The a re a  under in v e s t ig a t io n  h as been termed th e  Potchefstroom  
S ynclinorium , oc cu rrin g  in  th e  so u th e rn  p a r t s  o f  th e  T ransvaal and 
e x tending  a c ro ss  th e  Va«il R iver in to  th e  n o r th e rn  Orange F ree S ta te  
(F igu re  1 ) . M ajor towns a re  lo c a te d  throughout th e  a re a , in c lu d in g  
th o se  o f  th e  Reef from Randfontein  through  Johannesburg to  S p rings, The 
I n rg e  i n d u s t r ia l  c e n tre s  o f  V a n d e rb ijlp a rk  and V ereen ig ing  occur to  th e  
s o u th - e a s t ,  w ith  K lerksdorp and Orkney se rv in g  th e  w estern  l im its  o f  th e  
a re a . P o tch e fs tro o o , c e n t r a l ly  s i t u a te d  w ith  r e s p e c t  to  th e  p rev io u s ly  
mentioned c e n tr e s ,  i s  th e  la r g e s t  town w ith in  th e  sync lino rium .

The p re se n t s tudy  I s  concerned e x c lu s iv e ly  wifth ro ck  ty p e s  o f 
th e  T ransvaal Sequence developed in  th e  Potchefstroom  S ycclinorium , under­
l a i n  f o r  p r a c t ic a l l y  th e i r  whole e x te n t by V entnrsdorp  Sequence v o lc an ic s  
and sedim ents (F igu re  4 ) .  The n o r th e rn  lim b o f  th e  s t r u c tu re  i s  u n d e rla in  
by fo rm ations o f  the  H itw a tersrand  Sequence end basement g r a n i te s  and
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g n e isse s , Che form er a ls o  underly ing  ehe V eneersdorp Sequence on oucctop 
around th e  m ajor e x te n t o£ th e  syne lino rium . The ou tc rop  o£ th e  T ransvaal 
Sequence i s  t i i a t  o f  a  re fo ld e d  sy n c lin e , fo llow ing  th e  o ld e r  system s in  a 
broad a rc u a te  s tr u c tu re  around th e  V re d e fo r t Dome. E xaainacion o f  th e  
T ransvaal Sequence was lim ite d  on th e  e x tre m it ie s  o f  th e  sync lino ririr. 
i n  th e  K roonstad and Wolwehoek reg io n s  (F ig u re  2) by a  cover o f  /uv.-ri'r 
Karroo fo is ia tio n s  and la c k  o f  su b su rfac e  in fo rm ation .

Prev ious Work

The e a r l i e s t  comprehensive g e o lo g ic a l in v e s t ig a t io n  o f  t h j  
T ransvaal Sequence in  Potchefstroom  Synelinorium  was th a t  by Hatch (1903) 
who described  two c ro s s - se c tio n s  n o r th  o f  Po tchefstroom . Draper (1897) 
(according to  M olengraaf, 1904) c o n s tru c te d  an id e a l iz e d  s e c t io n  a cro ss  
th e  West Rand A n tic lin e  to  th e  so u th -w est o f  K rugersdorp. The same au tho r 
a lso  described  th e  Halmani Dolom ite Form ation  in  some d e t a i l ,  d iv id in g  th e  
form ation  <nto th e  Black Reef and Dolom ite S e r ie s .  The f i r s t  d e ta ile d  
mapping in  th e  a re a  was undertaken  by M edlor (1907), when he  mapped most 
o f th e  a rea  n o r th  o f  th e  V aal R iver occup ied  by beds o f  th e  T ransvaal 
Sequence. T his mapping was l a t e r  extended f u r th e r  northw ards to  
in c o rp o ra te  those  p o r tio n s  o f  th e  T ran sv a a l Sequence a s so c ia te d  w ith  th e  
C en tra l and West Rand G old,fields (M ello r, 1917). I r u t e r  (1936) resurveyed  
95 square  m iles  o f  t h i s  a re a  in  th e  im m ediate v i c in i t y  o f  Potchefstroom . 
I so la te d  ou tc rops o f  agglom erates and t u f f s ,  s im ila r  to  p re-T ransvaa l rock- 
typeti, were d iscovered  in  t h i s  a re a  w ith in  th e  Halmani Dolomite Form ation. 
T h ir  suggested a complex s t r u c tu r a l  h i s to r y  f o r  th e  a re a  and le d  Vo th e  
r ec o g n itio n  o f  the  Mooi R iver th r u s t  f a u l t  f o r  th e  f i r s t  tim e . The work 
o f  HelliiT (190 /j and TruCer (1936), combined w ith  a d d it io n a l  f ie ld -w o rk , 
was used i n  th e  com pila tion  o f  th e  g e o lo g ic a l map o f  Che country  around 
Potchefstroom  and Klezksdorp by N el and o th e r s  (1939). The rem aining 
north -w este rn  and so u th -e a s te rn  p o r tio n s  o f  th e  syne lino rium  were mapped 
and repo rted  on by Nel and o th e rs  (1935) and by Mel and Jansen  (1957), 
r e sp e c t iv e ly . Mapping o f  th e  a re a  betw een B o th av il le  and V redefo rt was 
undertaken  by Nel and V ers te r  (1962), in c o rp o ra tin g  those  T ransvaal 
Vsquence rocks sou th  o f  th e  27 th  p a r a l l e l .  D e ta ile d  mapping o f  successions 
f lan k in g th e  V redefo rt Dome (N el, 1927) rev e a le d  Che s t r u c tu ra l  
d isp o s i tio n  of the  T ransvaal s t r a t a  i n  t h i s  re g io n .

Recent work in  th e  Po tchefstroom  Synelinorium  has been based 
la rg e ly  on su bsu rface  d a ta ,  w ith  over 500 bo reh o le s  passing  through th e  
base  and some 100 through  th e  f u l l  su c ce ss io n  u f  th e  Halmani Dolomite 
Form ation. The bo reholes were d r i l l e d  by d i f f e r e n t  mining companies, as 
p a r t  o f e x p lo ra tio n  programmes o u tl i n in g  ex ten sio n s Co th e  W itw aterstand 
g o ld E ie ld s. A part from two is o l a te d  L o c a l i t i e s ,  th e  bo reholes were d r i l l e d  
on th e  no rth -w est f la n k  o f  th e  syne lino rium  and, i n  p a r t i c u la r ,  in  th e  Hetit 
Rand, Far West Rand, and K lerksdorp a re a s .  D e ta ile d  work on th e  West Rand 
and Far West Rand, u sing  bo reho le  d a ta  from  th e  T ransvaal Sequence, hes 
been undertaken  by Brock (1961), Cousins (1962) and , more re c e n tly , by De 
Kock (1964). I n v e s t ig a tio n s  on a more r e g io n a l s c a le  were made by 
Papenfus (1964) who prepared  a s t r u c tu r e  contour map o f  th e  base  u f  th e  
T ransvaal Sequence over th e  whole syne lino rium , and by Brock and P re to r iu s  
(1964a) who b r i e f ly  d isc u sse d  se d im e n ta tio n  and te c to n ic  p a t te r n s  w ith in



th e  sequence, as r e la te d  to  "Rand Basin, su bsidence" . Few d e i t i l e o  
in v e s tig a tio n s  have been c a r r ie d  o u t on th e  Halmani because  o i poor outcrop 
o f th is  su c ce ss io n  in  th e  sync lino rium . Young (1934) examined dolom ite 
c o res  from th e  C a r le to n v i l le  a re a ,  rec o g n iz in g  d i f f e r e n t  phases w ith in  the  
d e p o s itio n a l h is to ry  o f  th e  fo rm ation . F u r th e r  o b se rv a tio n s , inc lud in t, 
th e  development o f  th e  fo rm ation  in  th e  K lerksdorp  a re a , were made by Toens 
(1966) who a ttem pted  to  c o r r e l a te  d i f f e r e n t  h o rizons w ith in  th e  fo rm ation 
a c ro ss  th e  synclinorium .

A part from gold recovered  from  th e  B lack Reef Member, a s  o u tlin e d  
by Pflyeafus (1964), l i t t l e  o th e r  e x p lo i ta t io n  o f  th e  sequence has taken  
p la c e . T hree  in tr u s iv e  complexes occu r w lth i. i  th e  sequence, bu t on ly  th a t  
on R oodekraal 451 appea rs to  b e  o f  any economic in te r e s t  (Mel and o th e rs ,  
1939).

Mature o f  R esearch

During th e  i n i t i a l  s ta g e s  o f  th e  p re se n t in v e s t ig a t io n , d a ta  on 
s tru c tu re , ,  th ic k n e s s ,  and s tr a t ig r a p h y  was c o l le c te d  From published  and 
unpublished  bo reho le  lo g s .  A fte r  having accum ulated a l l  a v a ila b l: 
p ub lished  in fo rm atio n , th e  r ec o rd s  o f  d i f f e r e n t  mining companies were 
examined f o r  a d d it io n a l  and more d e ta i l e d  d a ta .  At t h i s  s ta g e , over 500 
c o n tro l p o in ts ,  reco rd in g  th e  dep th  to  th e  base  o f  th e  B lack R eef, were 
a v a i la b le  fo r  a n a ly s i s ,  a s  w e ll a s  100 Halmani Dolomite th ic k n es s  v a lu e s , 
and u se fu l s t t a t i g r a p h ic  d a ta  f o r  th e  T ia e b a l l  H i l l  Form ation a t  25 
l o c a l i t i e s .

A number o f  bo reho le  c o re s ,  w hich in c lu d e  th e  com plete Malmani 
Dolomite Form ation, have been p rese rv e d  by Anglo American Corporation  of 
South A fr ic a , L im ited , and Johannesburg C onso lidated  Investm ent Company, 
L im ited. These prov ided  on id e a l  o p p o r tu n ity  f o r  an exam ination of th i s  
r e la t iv e ly  unknown s t r a t ig .a p h i c  u n i t .  D e ta ile d  s t t a t i g ra p h ic  columns 
were p repared  from a number o f  c o re s , w h ile  sam ples were taken  throughout 
th e  fo rm ation  f o r  chem ical a n a ly s is .  I n  an a ttem p t to  more a cc u ra te ly  
d e fin e  th e  s tr a t ig r a p h y  o f  t h i s  fo rm a tio n , f i e l d  o b se rv a tio n s were made to  
th e  n o r th  o f  K rugersdorp, where good o u tc ro p s o f  th e  Malmani Dolomite occur. 
S t ta t ig r a p h ic  in fo rm ation  from bo reh o le  lo g s , fo r  the  T in e b a ll H il l  
Form ation, i s  confined  la rg e ly  to  th e  n o r th -w e s te rn  limb o f  th e  P o tche f-  
stroom Synclinorium . Numerous f i e l d  s e c t io n s  f o r  th i s  fo rm ation  were 
measured in  th e  n o r th e rn , e a s te rn , and s o u th -e a s te rn  p o r tio n s  of the  
sync lino rium , to  compliment th e  bo reho le  d a ta .  At t h i s  s ta g e , f ie ld  
checking o f  published  in fo rm ation  was a l s o  c a r r ie d  o u t.
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L ITH05TRATIGRAPHIC NOMENCLATURE

Pcatileaie o f S t ra t ig r a p h lc  Nomenclature

The accep tance  o f  an  in te r n a t io n a l  s tra t ig ra p h lA  nom enclature 
has  met w ith  many problem s s in c e  I n i t i a l l y  proposed  a t  th e  f i r s t  I n te r ­
n a t io n a l  G eo log ica l Congress i n  1578. T h is  s u b je c t h as been review ed in  
d e t a i l  'Dunbar and R ogers, 1957i Verw ocrd, 1966) who have o u tlin e d  the  
s ta g e s  i n  i t s  development w h ile  T ru e v e ll (1967) no te d  th e  d is se n tin g  
■views of R uss ia  and South A fr ic a  to  th e  p ro p o sa l.

Any e tra t ig r a p h ic  term ino logy  i s  based  on th e  r e c o g n itio n  o f  
c e r ta in  in h e re n t p ro p e r t ie s  o f  a l i t h e lo g i c  su c ce ss io n , e nabling  a  sub­
d iv is io n  o f ,  and l a t e r a l  c o r r e l a t io n  w ith in ,  th e  sequence to  b e  made.
The In te r n a t io n a l  Subconm ission f o r  S t ra t ig r a p b ic  Terminology (1961) 
proposed a  s tr a t ig r a p b ic  c l a s s i f i c a t i o n  based  on s p e c i f ic  p ro p e r t ie s  
(T able  1) which was f i n a l ly  acc ep te d  i n  1971 by  th e  South A frican  
Committee f o r  S t ra tig ra p h y , w ith  th e  appoin tm ent o f  a  number of working 
groups t o  r e v is e  th e  South A fr ic an  column acc o rd in g  to  th e  new code.

T n lts

o f  R od; S t ra ta In fo rm a l Form ally  gamed

l i t h o lc g y  -  Rock C haracter

( l i th o s t ra t ig r a p h ic  
C la s s i f ic a t io n )

M W

Form ation
Member

Palaeonto logy  -  F o s s i l  
Content 

(B io stre  t ig ra p h ic  
C la s s i f ic a t io n )

—
Assemblage — zone 
Range -  zone

Geochronology -  Geologic

(C h ro n o stra tig ra p h ic  
C la s s i f ic a t io n )

Chrono-

Brathem

Substage

I n  th e  c o r r e l a t io n  and su b d iv is io n  of Precam brian  s t r a t a ,  such  a s  
th e  T tansvaa l Sequence, f o s s i l s  a rc  e i t h e r  a b se n t o r  p o o r ly  developed, and 
u se  Sittst be made o f  l ith o lo g y  o r  geochronology . T h is ,  acc o rd in g  t o  S ea ton



(1968), invo lves c o rr e la t io n  a s  used i n  two se n ses . F i r s t l y ,  i t  i s  
n ecessary  to  in d ic a te  the  id e n t i ty  betw een two p h y s ic a l ly  separa ted  occu r­
rences of s im ila r  l i t h o lo g y , and, se co n d ly , to  in d ic a t e  th a t  two o r  more 
s e p a ra te  bodies o f  rock  were la id  down contem poraneously. On th is  b a s is ,  
su b d iv is io n  of a th ic k  succession  in to  a  cumber o f  u n i ts  would a lso  be 
p o s s ib le . The p r in c ip le s  o u tlin e d  above have been e x ten s iv e ly  follow ed ifl 
th e  p a s t ,  on the  assum ption th a t  l i t h o lo g ic  boundarie s  can be equated w ith 
time b o undarie s . I b i s  i s ,  however, seldom th e  case  f o r  sedim w cary 
sequences, whether they  be o f  chem ical o r  d e t r i t a l  o r ig in .  Many such 
d e p o s its  form under t r a n s g re s s iv e /r e g r e s s iv e  c o n d itio n s , independent o f 
th e  s lo p s  o f  th e  b a s in  f '.o o r , and a re  th e re f o re  diachronous in  n a tu re .
Even though l i th o lo g ic  u n i ts  may be " c lo s e  enough to  tim e so th e  d if fe ren c e  
d o e sn 't  m a tte r" ,  s s  d iscussed  by Shaw (1964, p . 3 9 ) , 't im e ' l in e s  cannot be 
c onsidered  a s  being  p a r a l le l  to  l i t h i c  b o u n d a rie s . C hronosdratig raphic  
s u b d iv is io n  o f  l i k e  l i t h o lo g ic  rock  ty p e s  th u s became unacceptab le .

A re a p p ra is a l  o f s t r s t i g r a p h ic  nom enclature took  p lace  w ith  the  
r e s u l t  th a t  th e  l i t h o s t r a t i g r a p h ic  c l a s s i f i c a t i o n  ( ta b l e  1) i s  now alm ost 
u n iv e rs s l ly  a ccep ted . T his p u re ly  l i t h o lo g ic a l  te rm inology has been 
review ed by I ru sw e ll (1967) who s ta te d  c h a t l i t h o s t r a t i g r a p h ic  term s show 
no equ ivalence  w hatsoever to  c h ro n o s t ra tig ra p b ic  u n i t s  and th a t  they  can be 
a p p lied  to  rocks o f  any a g e . A ccording to  l i t h o s t r a t i g r a p h ic  nom enclature, 
form ation  becomes th e  b a s ic  u n i t ,  and i s  d e fined  in  term s o f  un ifo rm ity  of 
l i th o lo g y , a l te r n a t io n s ,  o r  c y c le s  o f  li th o lo g y , o r  even h e te ro g en e ity  as 
long as t h i s  i s  d i s t i n c t iv e  (Newton, 1968 ). The sane  w ri te r  s t r e s s e s  th a t  
a  fo rm ation  should be  an e a s i l y  mappable u n i t .  Any sequence can th u s be 
div ided  in to  a number of fo rm ations on th e  b a s is  o f  l i th o lo g y , w ithout 
rega rd  to  th e  tim e-span  covered o r  th e  th ic k n e s s  o f  each form ation . 
In d iv id u a l fo rm ations a re  d e s ig n a ted  by  geog raph ic  names derived  from a 
lo c a l i ty  o r  a rea  o f  ty p ic a l  developm ent o f  th e  u n i t ,  and, when dominated 
by a  s in g le  rock  ty p e , fo rm ations a re  a p p ro p r ia te ly  desig n ated  by the  
chataa le iiz iT ig  lith o lo g y  (Cotie o f  S t r s t ig r a p h ic  nom encla ture, 1961).

Newton (1968) a lso  d e fin e d  to e  low er-o rde r term s o f  'member' 
and 'b e d '. A member i s  considered  a s  a  su b d iv is io n  of fo rm ation , to  be 
used i f  convenien t o r  ne ce ssa ry , w h ile  i t  i s  n o t e s s e n t ia l  th a t  the  
complete fo rm ation  should  b e  d iv id e d  in to  members. The term s ' le n t i l*  and 
'tongue* a re  synonymous w ith  'member*. The te rn  ’bed* which i s  the  
s c a l i e s t  u n i t  o f th e  h ie ra rch y  i s  on ly  used in  a  fo rm al sense  where a  bed 
o f  p a r t i c u la r  im portance J u s t i f i e s  t h i s ,  in  be ing  d is t in c t iv e  and 
p a r t i c u la r ly  u se fu l to  r e c o g n ise . A ccording to  th e  Code of S tra tig ra p h ic  
Nomenclature (1961) a  group i s  th e  r o c k - s tr a t ig ra p h ic  u n i t  higher in  rank 
than  a fo rm ation , c o n s is tin g  o f  two o r  more fo rm ations which a re  r e la te d  
i n  some way, bu t i t  io  no t n ecessary  to  assem ble a l l  fo rm ations in  a 
sequence in to  groups (Newton, 1968). The s t r a t ig r a p h ic  reco rd  of major 
c o n tin e n ta l a re as  i s  subdivided by m ajor uncon fo rm ities  which can be traced  
in  ou tc rop  and in  th e  su b su rfac e . Ktumbein and Slogs (1963, p . 35) have 
desig n atsd  these  unconform ity-bounded s t r a t i f o rm  assem blages a s  sequences 
which i s  th e  h ig h e s t-o rd e r  term  tn  th e  l i t h o s t r a t i g r a p h ic  h ie ra rch y .
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L ifh o sC ra tin ra p h lc  N omenclature v l th in  
the  T ransvaal Sequence

B efore  a ttem p ting  to  re -e x p re s s  th e  s tr a t ig ra p h y  of th e  T ransvaal 
Sequence in  l i t h o s t r a t i g r a p h ic  te rm s, th e  s ta tu s  o f  th e  V entersdorp 
Sequence, a s  recognized  a t  p r e s e n t ,  w a rra n ts  a  s h o r t  review . Once t h i s  has 
been done, i t  can be a p p re c ia te d  th a t  th e  b a se  of th e  T ransvaal Sequence i s  
l a  a l l  p r o b a b il i ty  no t a t  th e  base  o f  th e  B lack R eef, a s  i s  genera lly  
accep ted , b u t r a th e r  somewhat lo v e r  i n  th e  s tr a t ig r a p h y .

U sing su b -su rfa ce  d a ta  i n  th e  B o th a v il lc  d i s t r i c t ,  W inter (1965) 
was a b le  to  o u t l in e  th e  te c to n ic  framework o f  th e  V entersdorp Sequence lit  
th a t  a re a .  Based on th e se  f in d in g s  he concluded th a t  th e  V entersdorp 
Sequence " i s  n o t a  u n i t " , bu t t h a t  th e  lo v e r  V entersdorp d isp lay s  g re a te r  
a f f i n i t y  w ith  th e  Upper W itvatersrand  Sequence, and th e  Upper V entersdorp 
w ith  th e  T ran sv a al Sequence, w h ile  th e  M iddle V entersdorp i s  a  u n i t  on i t s  
own. W inter (1965) th e n  suggested  chat th e  Upper V entersdorp could be 
considered  a s  th e  lowermost su b d iv is io n  o f  th e  T ransvaal Sequence, termed 
th e  E n ie l S e r ie s ,  a s  f i r s t  d e sc r ib e d  by Stow and Jones (1874) fo r  a  s im ila r  
sequence o f  ro ck - t> r  in  G riqualand W est. These views a re  su b s ta n tia te d  
by th e  f a c t  th a t  v o lc an ic s  p e r s i s t  in to  th e  b a s a l  members o f  th e  T ransvaal 
Sequence in  th e  Vryburg a re a  (du To I t ,  1954). I n  th e  l i g h t  o f  th e  p reced ing  
d is c u s s io n , th e  sug g estio n  i s  now made th a t  th e  upper p a r ts  o f  th e  V enters­
dorp Sequence, a s  developed below th e  B lack R eef, p a r t i c u la r ly  a long th e  
sou thern  and w estern  m argins o f  th e  sync lino rium  (F ig u re  4 ) ,  may b e  iw lvd t-il 
a s  a  b a s a l  phase o f  th e  T ransvaal Sequence i n  p a re s  o f  th e  a re a  in v e s tig a te d . 
In  accordance w ith  l i t h o s t r a t i g r a p h ic  n o n e n c la tu re , i t  i s  suggested th a t  
t h i s  phase be  r e fe r re d  to  a s  th e  F n ie l  G roup, so d e fin in g  a type  a re a  of 
development (du T o it ,  1954, p . 11 6 ). The v a l id i t y  o r  con firm a tion  of t h i s  
su b d iv is io n  and th e  a c c u ra te  d e l in e a t io n  o f  th e  base  o f  th e  P n io l Group 
w i l l ,  however, r e q u ir e  d e ta i le d  f i e l d  and s t r a t ig r a p h ic  mapping. T his w iU  
a ls o  r e v e a l w hether o r  no t th e  Upper V entersdorp  Sequence i s  developed 
throughout th e  f u l l  e x te n t o f  th e  sync lino rium . S ince  no d e ta i le d  work 
was c a r r ie d  ou t on th e  B lack R eef -  V en tersdo rp  r e la t io n s h ip  du ring  the  
p re se n t in v e s t ig a t io n , th e  succeeding  d is c u s s io n  w i l l  be confined to  the  
ro ck - ty p e s  above th e  v o lc a n ic s , save  to  o u t l i n e  th e  p re-B lack  Reef geology 
(F igure  4 ) .

The nom enclature o f  th e  T ransvaal Sequence from th e  base  o f  the  
H aloan i Dolom ite was f i r s t  r e v is e d  by T rusw ell (1966) on a reg io n a l s c a le ,  
and l a t e r  more lo c a l ly  by B u tton  (1968) i n  th e  I re n e  -  Delmas -  Devon a re a . 
The proposed s t r a t ig r a p h ic  nom enclature o f  th e  T ransvaal Sequence in  th e  
a re a  under in v e s t ig a t io n  i s  shown in  T able % and i s  seen  t J  d i f f e r  some­
what from th a t  proposed by T rusw e ll (1966) and Button (1968). While 
a p p re c ia tin g  th e  d i f f ' - u l t i e s  in h e re n t i n  th e  system o f  l i t h o s tr a t i g ra p h ic  
nom encla ture, th e  n e e . f o r  some u n ifo rm ity  o f  term s and f o ra a t io n a l  bound­
in g  su rfa ce s  seems d e s ir a b le ,  and i t  i s  hop*! th a t  I n  the  n e a r  fu tu r e  a 
more lu c id  p re se n ta tio n  o f  th e  T ran sv aal Sequence s tr a t ig r a p h y  w i l l  be 
p o s s ib le .  The fo rm a tio n a l ju b d iv in io n  proposed in  T able 2 conforms to  the  
Code o f  S t ra t ig r a p h ic  N omenclature (1961) reg a rd in g  th e  m appsb ility  and

t h i s  su b d iv is io n .
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SEQUENCE GROUP FORMATION MEMBER

Ongeluk

l T ia e b a l l  B i l l tia tsrand

*
* F oun ta in s Pologround

Mal.mani
D olom ite

B lack  Reef Q u a r ta ite

?

H aloanl D o lonite

T h is  form acion i s  d e fin e d  m ainly on i t s  l i t h o lo g ic  c h a ra c te r­
i s t i c s ,  being  composed alm ost e x c lu s iv e ly  o f  authochthonous sedim ents 
(Shaw, 1964, p .  1 4 ) , w ith  m inor i n te r c a la t e d  m a te r ia l  o f  d e t r i t a l  o r ig in . 
The name ’Malmani D olom ite ' was re - in tro d u c e d  by B u tton  (1963), a f t e r  f i r s t  
having been used by D raper i n  1894 (itaughton, 1933) to  replace. 'D olom ite 
S e r i e s ',  and has been re ta in e d  a s  a  d e f in i t i v e  term . The b a s a l  c l a s t i c  
u n i t  was given  member s t a tu s  a s  i t  i s  n o t developed throughout the  
syncliBoriom , and th e re fo re  does n o t c o n s t i tu t e  a  mappable u n i t  a s  such. 
Although no t s t r i c t l y  c o r r e c t  in  th a t  i t  does n o t d e f in e  a  type  l o c a l i t y ,  
th e  vpll-kncnm  name 'B la ck  R e e f  (Penning , 1891) was r e ta in e d  f o r  t h is  
u n i t ,  i n  an a tte m p t to  keep th e  nom enclature a s  s im ple  a s  p o s s ib le .  The 
base  o f  th e  Halmaoi D olom ite Form ation coo be c le a r ly  d e lin e a te d  on 
l i th o lo g ic  grounds excep t on th e  n o r th e rn  f la n k  o f  th e  s y n d in o r iu o  where 
t h i s  fo rm ation  tr a n s g re s s e s  northw ards on to  th e  baaeeen t g r a n i t e ,  i n  p a r t



o verly ing  th e  tii tw a te rs ra n d  System where l i t h o lo g ic  s im i l a r i t i e s  between 
th e  l e t t e r  and th e  B lack Reef Member a r e  encoun te red .

fo u n ta in s  Formation

The Foun ta in s Form ation w hich, a s  m entioned above, unconforoably 
o v e r l ie s  th e  Malmani Dolomite wee f i r s t  d e sc r ib e d  by B utton  (1968) as 
ty p ic a l ly  developed a t  F ountains n e a r  P r e to r ia .  I n  th e  Potehefstroom  
S y n c lin s riu a , t h i s  ro c k - s tr a t ig ra p h ic  u n i t  c o n s is ts  o f  b re c c ia te d  c h e r t  
b ou lde rs  in  a g r i t t y  m a tr ix , o r  g r i t t y  h o rizo n s which may c o n ta in  m inor 
in te r la y e re d  s h a le s .  The c h e r t  b o u ld e r bed , where developed, and th e  
g r i t t y  ho rizons a re  o f  lim ite d  a r e a l  e x te n t  and a r e  termed th e  Pologround 
Member, w h ile  th e  fo rm ation  a s  a  whole c o n s t i tu t e s  a r e a d i ly  rec o g n iza b le  
and th e re fo re  e a s i l y  mappable u n i t  i n  th e  f i e l d .  There i s  no evidence  of 
an unconform ity between th e  Foun ta in s  and Tim eball. H i l l  Form ations, le ad in g  
to  th e  form er be ing  considered  a s  p a r t  o f  th e  P r e to r ia  Croup.

T im eball H i l l  Formation

M ollengraaf in  1897 (Haughton, 1938) o r ig in a l ly  d e sc r ib e d  th e  
q u a r tz i te s  o f  th e  T im eball range in  P r e to r ia  a s  th e  T im eball H i l l  Q u a r tz ite , 
suggesting  th a t  t h i s  name could  p o s s ib ly  b e  used f o r  th e  e q u iv a le n t 
s t r a t ig r a p h ic  h o r izo n  in  th e  Potehefstroom  Synclinorium . The p o s s ib i l i ty  
o f  th e se  q u a r tz i te s ,  a s  developed in  th e  sy nc lino rium , be ing  termed th e  
T im eball H i l l  Form ation was c o n s id e re d , b u t due to  th e i r  Im p e rs ls te n t and 
o f te n  l e n t ic u la r  n a tu re ,  a s  w i l l  be d isc u sse d  l a t e r ,  t h i s  was decided 
a g a in s t .  The name T im eball H i l l  Form ation was adopted  in s te a d  f o r  the  
a l te r n a t in g  su ccessio n  of s h a le s  and q u a r tz i te s  w ith  d ia b ase  in tr u s iv e s  
im m ediately above th e  F ountains Fo rm ation . P a r t  o f  th e  'Lower D aspoort 
S e r ie s ' was inc luded  in  th is  fo rm atio n  which c o n s t i tu t e s  in  i t s e l f  a  c y c le  
o f  d e p o s itio n . A lo c a l  name, 'G a tsran d * , was in tro d u ced  f o r  th e  q u a r tz i te  
h o rizons o f te n  con ta in in g  in te r c a la t e d  c h a le s  which w ere g iven  member 
s t a tu s .  The G atsrand Member i s  m ost t y p ic a l ly  developed a long  a  range  o f  
h i l l s  s tr e tc h in g  w est and sou th -w est th rough  tha .-Potchefstroom  d i s t r i c t  
where M ollengraaf in  1891 (Haughton, 1938) f i r s t  d escrib ed  th e  e q u iv a le n t 
o f  th e  P r e to r ia  Group a s  th e  'G a tsrand  S e r ie s ’ , The upper l im i t  o f  th e  
T im eball H i l l  Form ation i s  d e fined  by an unconform ity  o f  pre-O ngeluk 
Form ation a g e . The base  o f  th e  l a t t e r  fo rm ation  was n o t e a s i l y  d e lin e a te d  
in  th e  f i e l d ,  bu t was taken  to  u n d e r l ie ,  where dev t..oped, th e  D aspoort 
T i l l i t e  (Kynaston, 1929) o r  Lower Ongeluk Q u a r tz ite  re p re se n tin g  th e  b a sa l 
phase of th e  Ongeluk Form ation, o r  th e  Ongeluk V o lcan ics where th e  t i l l i t e  
and q u a r tz i te  were a b se n t.  As th e  p re se n t in v e s t ig a t io n  d id  n o t in c lu d e  a  
s tudy  o f  th e  v o lc a n ic s , th e  s tr a t ig r a p h y  o f  th e  Ongeluk Form ation w i l l  no t 
be d iscussed  in  succeed ing  c h a p te rs .





THE STRUCTURE AND STRATIGRAPHY OF 
THE TRANSVAAL SEOUEKi E

S t ru c tu r a l  A n aly sis  o f  th e  
Po tehefatfooui S ynclloogiua

" Ibtroduf-tlon

A s t r u c tu r a l  in v e s t ig a t io n  in  a  c ra to n ic  environment n e c e s s i ta te s  
an exam ination  o f  th e  r e g io n a l se t'.jaig  o f  th e  younger form ations r e la t iv e  
to  th e  o ld e r .  Follow ing t h i s  approach , an  a ttem p t was made to  show th a t 
th e  p rese n t geometry o f  th e  P o tch e fs tro o n  Synclinorlvm , as b e s t  o u tlin ed  
by th e  ou tc rop  o f  th e  B lack Reef Member i s  n o t a  response  to  poet-TransV aal 
te c to n ic s ,  b u t has been I k  th e  p ro ce ss  o f  e v o lu tio n  s in c e  pre-tiltw a te rsrs jid  
tim es. Over t h i s  long  p e rio d  o f  c in e , i t  i s  suggested th a t  se v e ra l 
s t r u c tu ra l  elem ents o f  a  continuous b u t p u lsa tin g  n a tu re  in fluenced  the  
shape o f  th e  sync lino rium , th e  f i n a l  s ta g e  be ing  th e  form ation  o f  the 
p resen t-d ay  a rc u a te  s t r u c tu r e .  W ith re fe re n c e  to  prev ious work on o ld e r  
s t r a t a  w ith in  th e  l im i t s  o f  th e  sy nc lino rium , and by in te rp re t in g  s t r u c tu ra l  
and ou tc rop  d a ta  from th e  T ransvaal Sequence, th e  v a l id i ty  o f  th e  above 
hyp o th esis  has been ev alu a ted .

Tect on ic  Elements in  th e  South-W estern T ran sv a al and
N orthern Orange Free  S ta te  du rin g  p re-B lack  Reef Times

The e a r l i e s t  m a n ife s ta tio n s  o f  th o se  c r u s t a l  deform ations which 
had an e f f e c t  on th e  d e p o s itio n  o f  succeeding  sequences, a re  d isp lay e d  in  
th e  V itim te rs ta n d  Sequence. F ig u re  2 i s  a  r e p re se n ta tio n  o f  th e  major 
l-os.ttiva  and n e g a tiv e  te c to n ic  elem ents p re s e n t  du ring  W itw atersrand tim es 
a s deduced from isopach  maps by Brock and P r e to r iu s  (1964a). The 
i - p o r ta n t  f e a tu re s  shown in  t h i s  f ig u r e  w hich d i r e c t ly  o r  in d i r e c t ly  had 
an e f f e c t  on T ran sv a al Sequence d e p o s i t io n , a re  a s  fo llow s :

i .  The p resence  o f  a  p o s i t iv e  so u rce  a re a  to  th e  no rth  o f  P re to r ia
and th e  absence o f  th e  Johannesburg Dome a t  W itw atersrand tim es.

11. The absence o f  th e  H ar t’j e e s t fo n te in  A n tic lin e  (F igure  5) a t
th e se  tim es, and th e  in d ic a t io n s  o f  t h e  e x is te n c e  o f  a p o s i t iv e  source 
a rea  s tr e tc h in g  n o r th  and sou th  o f  C oligny (Brock and P r e to r iu s ,  1964a). 
The g ra n ite  upwarp developed in  t h i s  a r e a ,  termed th e  O tto sd a l A n tic lin e  
(F igure  5 ) , i s  probably  a remnant o f  t h i s  sou rce  a re a . This l in e a r  
exposure o f basement g ra n i t e ,  rough ly  p a r a l l e l  to  th e  sou thern  ex tension  
of th e  main a x is  o f  th e  Po tchcfstroom  Synclinorium , d isap p ea rs  beneath 
Karroo and T ransvaal sedim ents n e a r  L ich tenbu rg . I t  i s  considered l ik e ly  
th o t  t h i s  basement upwarp d id , i n  W itw atersrand tim es, extend eastw ards

P r e to r ia .
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above au th o rs  proposed Chat a  te cC o n ica lly  p o s i t iv e  elem ent to  Che south  
a c ted  as a  minor source  a re a , a s  m an ifested  in  th e  o c ca s io n a l conglom erate 
horizons in  Upper WitwaterBrand sedim ents a long  th e  so u th -w estern  edge of 
th e  b a s in .

iv .  S t ru c tu r a l  lows in  th e  K lerksdorp  and F o c h v llle  a re a s  where the
sync iine  in  Che V ie rfo n te in  d i s t r i c t  and th e  tra n s v e rse  C a r le to n v i l le  
Syneline in te r s e c t  th e  main sy n c l in a l  a x is  o f  th e  Potchefstroom  Synclinorium , 
a s  e x is t in g  du ring  H itu a te rs ran d  tim es.

v . A m ajor a n t i c l i n a l  tren d  to  th e  e a s t  o f  H eidelbe rg , termed th e
M arievale A n tic lin e  by Papenfus (1964), which d e fin e s  th e  e a s te rn  l im i t  o f 
th e  development o f  T ransvaal s t r a t a  c ' t h i n  th e  Potchefstroom  Synclinorium .

S t ru c tu r a l  in v e s t ig a t io n s  o f  d  more d e ta i le d  n a tu re  w ith in  th e  
M tw aeersrand Basin have been undertaken  by numerous re se a rc h  w orkers.
These m e ri t  b r ie f  m ention a t  t h i s  s ta g e , a s  they  c o n ta in  evidence  of 
c ru s t a l  de form ations be fo re  o r  du ring  th e  W itw ate-srand Sequence d e p o s itio n . 
P re to r iu s  (1964), i n  an exam ination o f  th e  South Rand C o ld fie ld , recognized  
a  s e r i e s  o f  sy n c lin e s  and a n t ic l in e s  w hich, he  c onsidered , had been a c tiv e  
during th e  p rocesses  o f  se d im en ta tion . The m a jo r ity  o f  th e  more w es te r ly  
of th e se  tr e n d s , shown in  F ig u re  5, were named a f t e r  towns and farm s on 
th e  West Rand. From w est to  e a s t  th e se  a r e  : the  D oornpoort S ync iine , th e  
M idde lv le i A n tic l in e , th e  K rugersdorp S y n c iin e , th e  Doocnkop A n tic l in e , 
th e  Roodepoort S ynciine  and th e  P a lm ie tfo n te in  A n tic lin e . The K rugersdorp 
Synciine  can  be id e n t i f ie d  a c ro s s  th e  b a s in  i n  th e  H est Rand C o ld fie ld  
where Toens and G r i f f i th s  (1964), w ith  th e  a id  of isopach  d a ta  on th e  
South Main R eef, recognized  a s im ila r  c o n tro l  on sed im en ta tio n  to  th a t  
described  by P re to r iu s  (1964) in  th e  South Rand a re a .  During a study  o f  
th e  V aal Reef in  th e  K lerksdorp a re a , KcLachlan (1968) c o n s tru c te d  a 
s tr u c tu re  contour map which o u tlin e d  a  n o r th - e a s te r ly  tren d in g  e l l i p t i c a l  
ba s in , th e  a x is  o f  which i s  p a r a l l e l  to  th a t  o f  th e  sync lino rium . T his 
s tr u c tu re  i s  rep o r te d  by Wilson and o th e rs  (1964) to  o u t l i n e  th e  g re a te r  
p o r tio n  o f  th e  a re a  u n d e rla in  by th e  V aal R eef, and was th u s probably  
a c t iv e  du rin g  d e p o s itio n  o f  t h i s  r e e f .

At th e  end of W itw atersrand se d im e n ta tio n , u p l i f t  o f the  
Johannesburg Dome and th e  H a r tb e e s tfo n te in  A n tic lin e  became pronounced, 
w h ile  th e  e le v a tio n  o f  th e  a o re  n o r th e r ly  W itw atersrand so u rce  a re a  appears 
to  have been l e s s  prom inent a t  che tim e o f  ou tpouring  o f  th e  V entersdorp 
la v a s .  As shown in  th e  h y p o th e tic a l c ro s s - s e c t io n  (F ig u re  3 ) , t h i s  u p l i f t  
r e s u l te d  i n  a  tro u g h - lik e  f e a tu r e  being  developed to  th e  n o r th  o f  th e  
H ar tb e es tfo n te in  A n tic lin e , in to  which la v a s  in  excess o f  2 ,500 metres,, a s  
In d ica te d  by d r i l l i n g ,  were emplaced, so a s  to  uncoutorm ably o v e r lie  
W itw atersrand sed im ents. To th e  sou th  o f  t h i s  a n t i c l i n e ,  a s  shown by the  
sub-ou tcrop  p a t te rn  (F igu re  4 ) ,  and d isc u sse d  by de Kock (1964), th e  la v as  
unconformably o v e r l i e  Lower and Upper W itw atersrand sed im en ts, p a r t i c u la r ly  
along  th e  n o rth e rn  and no rth -w este rn  lim b o f  th e  sync lino rium . On th e  
sou thern  limb of th e  s t r u c tu re ,  th e  e f f e c t  o f  th e  V re d efo r t Dome was 
considered  to  be more pronounced in  V entersdorp  tim es than  e a r l i e r ,  to  the  
ex te n t th a t  Brock and P re to r iu s  (1964a) suggested  th a t  th e  la v as  never in  
f a c t  covcrcd th e  dome bu t occupy a  moat around i t s  p e rip h e ry . Knowles 
(196%), du ring  an in v e s t ig a t io n  a t  W estern Doep L eve ls go ld  m ine, o u tlin e d  
s t r u c tu r a l  cu lm ina tions end d e p re ssio n s a t  Che base o f  th e  V entersdorp 
Contact R eef, to  which he c lo se ly  c o rre la te d  th e  s ty l e  o f  sedim entology 
and th e  m in e ra liz a tio n . The lo n g itu d in a l  s t r u c tu r a l  t r e n d s  which were 
recognized  a re  o f  p a r t i c u la r  s ig n i f ic a n c e , being rough ly  p a r a l l e l  to  th e
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An exam ination o f  th e  suboutcrop p a t te r n  i n  f ig u re  4, which has 
been e x te n s iv e ly  m odified a f t e r  Papenfus (1966), r e v e a ls  a  number o f  
s t r u c tu r a l  tre n d s  p a r t i c u la r ly  along  th e  n o rth e rn  and no rth -w e ste rn  lim b of 
th e  sync lino rium . To th e  w est o f  W estonaria, M itw atersrand sedim ents sub­
o u tc rop  below th e  B lack R eef, w h ile  5 km e a s t  o f  t h i s  town an up fau lted  
b lo c k  of th e  same sedim ents occu rs  below th e  B lack R eef. The rough 
p a ra lle lism  o f  th e se  two Upper H itw a tu rs rand  suboutcrops suggests  th a t  the  
f a u l t s  shown bounding th e  l a t t e r  may have been c o n tro l le d  by an a n t i c l i n a l  
fo ld  tre n d , w ith  V entersdorp la v as  occupying th e  in te rv en in g  sy n c lin e  • 
between th is  and the  Dpper H itw atersrand  suboutcrop  to  th e  w est o f 
W estonaria. The change in  s t r i k e  o f  th e  l a t t e r  Dpper H itw a tersrand  s t r a t a ,  
a s  shown in  F ig u re  4 , i s  considered  to  be r e la te d  to  the  development o f 
th e  H a r tb e e s tfo n te in  A n tic lin e  and major a c t i v i t y  along  th e  Krugersdorp 
Syn c lin e  i n  p ost-H itw a tersrand  tim es . The Lower H itw a tersrand  sedim ents, 
in te r s e c te d  below th e  B lack Reef i n  th e  Borehole DC.39 to  th e  n o r th  of 
P o tch e fs tro o o  (F igu re  4 ) ,  surrounded by tr a n s g re s s iv e  V entersdorp Lavas, 
in d ic a te  a pe rio d  o f  fo ld in g , follow ed by e ro sio n , b e fo re  d e p o s itio n  of 
th e  T ransvaal Sequence.

I n  summary, i t  can  be noted  th a t  during  p re-T ran sv aa l p e rio d s  o f 
tim e , a  number o f  te c to n ic  e lem ents a r e  rec o g n iza b le , which were more or 
le s s  a c t iv e  a t  d i f f e r e n t  s ta g e s .  The more im portan t o f  th e se  elem ents, 
which have e x e r te d  a p o s i t iv e  in f lu e n c e  on th e  geometry o f  younger 
fo rm atio n s , a r e  the  O tto sd a l A n tic lin e , th e  H ar tb e es tfo n te in  A n tic lin e , 
and th e  V red efo rt Dome. The O tto sd a l A n tic lin e  was m ost a c t iv e  in  p re -  
W itw atersrand tim es , th e  H a r tb e e s tfo n te in  A n tic lin e  i n  p re-V entersdorp  
tim e s , w h ile  th e  V redefo rt Dome was a p p aren tly  becoming in c re as in g ly  
a c t iv e  w ith  tim e.

Having th u s b r i e f ly  d isc u sse d  th e  te c to n ic s  a f f e c t in g  th e  under­
ly in g  fo rm atio n s , i t  i s  now W ooded  to  tr a c e  th e s e  s tr u c tu re s  in to  the  
T ran sv aal Sequence. I t  i s  in tended  th a t  d e ta i le d  exam ination o f  bo rehole  
d a ta  and su r fa c e  s t r u c tu r a l  anom alies w i l l  o u t l in e  th e  geometry o f  th e  
sync lino rium , a s  developed today, w h ile  in  a  l a t e r  s e c tio n  i t  i s  hoped to 
show whether t h i s  geometry i s  a  m a n ife s ta tio n  o f  p o s t-d e p o s itio n a l 
te c to n ic s  o r  o f  te c to n ic  movements contemporaneous w ith  th e  d e p o s itio n  o f  
th e  T ran sv aal Sequence.

An exam ination o f  th e  o u tc rop  o f  th e  T ransvaal Sequence and o lde r 
fo rm ations i n  th e  Potchefstroom  Synclinorium  and surrounding  a re a s  r e v e a ls
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f i r s t  M d s  w ere in c l in e d , a  ty p ic a l  example o f  which i s  p rese n t n o r th -e a s t 
o f  Potchefetroom  (F igure  5 ) . In  a d d itio n  to  th e  above s tr u c tu re s ,  numerous 
w ell-d e fin ed  p lunging sy n c lin e s  and a n t ic l in e s  a re  developed th roughout th e
sy n d in o riu m .

F ig u re  5 , which was prepared  from th e  G eological Survey maps of 
th e  E as t and West Rand, rev e a ls  a number o f  th e  s tr u c tu re s  r e f e r r e d  to  above, 
many o f  which a ffe c te d  no t o n ly  th e  T ransvaal Sequence bu t a lso  o lde r 
fo rm ations , and which a re  a t  tim es tr a c e a b le  in to  th e  basement. The more 
re a d i ly  rec o g n iza b le  lo n g itu d in a l tre n d s  on th e  no rth -w este rn  limb o f  the  
s y n d in o r iu m , la rg e ly  c o n ce n tric  to  th e  V re d efo rt Dome, excep t in  th e  West 
Rand where th e  in f lu e n c e  of th e  Johannesburg and Devon Domes (B utton, 1968) 
becomes pronounced, a re  :

i ,  The main a x is  o f  th e  Po tchcfB trooa  Syndino rium , d i f f e r e n t  to  th a t  
e x is t in g  a t  th e  tim e o f  W itw aterstand sed im en tation  (F igure  2).

11. An a n t i c l i n a l  trend  passin g  through  th e  Johannesburg Dome and 
w estwards d o n g  th e  H a r tb e e s tfo n te in  A n tic lin e .

i l l .  A s y n c lin a l dep ressio n  betw een th e  H artbeesfon te in  and O tto sda l 
A n tic lin e s  to  th e  sou th  o f  V en tersdo rp , f i l l e d  w ith  V entersdorp la v as .

I v .  An a n t i c l i n a l  trend  to  th e  n o r th  of C a tle to n v il le  accounting fo r  
th e  th ic k en in g  in  dolom ite  o u tc rop  in  th e  West W itw atersrand a re a .

v .  Numerous cu lm ina tions and d e p re ss io n s , p a r t i c u la r ly  around 
Potchefstroom  and F re d e r ik s ta d , in d ic a t in g  th a t  secondary lo n g itu d in a l 
tren d s  e x i s t ,  some o f  which a re  on ly  lo c a l ly  developed (F igure  5).

The w idespread development o f  lo n g itu d in a l  fo ld  s tru c tu re s  in  
th e  K lerksdorp -  Potchefstroom  a re a  i s  r e la te d  to  more in te n se  deform ation 
in. t h i s  p a r t  o f  th e  sy n d in o riu m  than  f u r th e r  e a s t ,  and i s  a sso c ia te d  w ith 
a  narrow ing o f  th e  o u tc rop  w id th  o f  th e  T ransvaal Sequence.

Numerous tr a n s v e rse  s t r u c tu r a l  tre n d s  a re  recognizab le  throughout

H H H f r
L ow er-order tra n s v e rse  s tr u c tu re s  developed in  th e  synd ino rium  

and rec o g n iza b le  in  ou tc rop  a re  :
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P re to r ia  Group fladlnonts to  th e  sou th  o f  U 'estonaria, and (d) by the  
Lower H itw a tersraud  ou tc rop  surrounded by Black Reef sediments to  the 
w est o f  V en terspost.

i l l .  The New Hachavie A n tic l in e , which deforms th e  base  o f  th e  
P re to r ia  Group around th is  town and has a plunge to  the  so u th -e as t in  
th i s  a re a .  The dome along  th is  tren d  i s  a r e s u l t  o f th e  in te r s e c t io n  of 
two a n t i c l i n e s ,  i n  th is  c ase  th e  New Machavie A n tic lin e  w ith  a secondary 
p o s i t iv e  lo n g itu d in a l tre n d . On th e  so u th -e as te rn  limb o f  the  
sync llno rium , th e  same tran s v e rse  a n t ic l in e  i s  seen  to plunge to  the  
n o rth -w e st.

i v .  A tr a n s v e rse  s y n c lin a l a x is  i s  necessary  to  account fo r the  
b a s in a l  s t r u c tu re  near Losberg. The exac t p o s it io n in g  o f  t h i s  a x is  i s  n o t, 
however, p o s s ib le  a t  t h i s  s ta g e  due to  th e  broad outcrop o f  th e  M agalies- 
be rg  Q u arez lte  to  th e  e a s t  o f  t h i s  town.

v . E vidence o f  a  tra n s v e rse  sy n c lin e  i s  shown in  th e  development 
o f  c lo se d , is o la te d  b a s in s  o f  do lom ite  and Ongeluk V olcanics a long an a x is  
tren d in g  so u th -e a s t from Roodepoort. T h is  tr e n d , termed th e  Roodepoort 
S ync line , was a lso  recognized  in  the  South Band C o ld fie ld  by P re to r iu s  
(1964). An o u tc rop  o f  b lack  R eef, p ie rc in g  younger dolom ite  to  th e  west 
o f  t h i s  tr e n d , in d ic a te s  an upwarp p a r a l le l  to  th e  Roodepoort Syncline 
( re fe r re d  to  a s  th e  Doornkop A n tic l in e , a f t e r  P re to r iu s  [19643).

Along th e  so u th -e a s te rn  limb of the  syncllnorium , a  s e r i e s  o f 
e longate  dom ical and b a s in a l s t r u c tu re s  i s  developed. To th e  no rth  and 
sou th  o f  th e  V eal R iver in  p a r t i c u la r ,  a  dominant lo n g itu d in a l trend , 
re fo ld e d  by weekly developed tran s v e rse  sy n c lin e s  and a n t ic l in e s ,  i s  
a p p a re n t. As th e  d ip  o f  th e  T ransvaal s t r a t a  in c re ases  fu r th e r  northwards 
th e se  s tr u c tu re s  become le s s  obvious, b e fo re  d isappea ring  and on ly  becoming 
no tic ea b le  a g a in  where o v e rtu rn in g  o f  th e  sequence has taken  place to  the  
w est o f  th e  R ie tfo n te in  Igneous Complex. A complex outcrop p a t te r n  (Figure 
5) r e v e a ls  an en -echelon  s e t  o f  b a s in a l s t r u c tu re s ,  o u tlin ed  by th e  Das- 
po o r t q u a r tz i te  and o f f - s e t  by a tr a n s v e rse  upwarp. L ongitud inal a n t i ­
c l i n a l  tre n d s  a re ,  in  p a r t ,  a lso  deformed. The tran s v e rse  a n t ic l in e ,  which 
has d isp lac ed  and warped th e  lo n g itu d in a l  sy n c lin e , does no t deform Time- 
b a l l  H i l l  s t r a t a  to  th e  so u th . T h is  i s  duo to  th e  s teep  d ip  o f  th e se  
sedim ents a t  th e  tim e o f  updooing to  such an e x te n t th a t  th e  ou tcrop  
p a t te r n  shows no obse rvab le  buck ling .

A fte r  d e ta i le d  ou tc rop  mapping in  th e  L in d e q u esd tift a re a ,  Jansen

m m
com pressions! fo rc e s .



I t  has been observed th a t  th e  tran s v e rse  s t r u c tu ra l  trends assume 
d if f e r in g  o rd e rs  of m agnitude. The same reasoning  can be  ap p lied  to  the  
lo n g itu d in a l  tre n d s  w ith  th e  a x is  o f  th e  sy n c lin o r iu a , d e fin in g  th e  deepest 
p o r tio n  o f  th e  b a s in , c le a r ly  th e  h ig h e s t-o rd e r  tr e n d . Lower-order trends 
o re  a ls o  w e ll-d e f in e d , w h ile  those  which a re  im p e rs is te n t d e fin e  the 
w eakest o f  th e  lo n g itu d in a l d e fo rm a tions. Bearing i n  mind th e  above 
d isc u ss io n , tho  r e la t io n s h ip  between th e  two fo ld  trends can be determined 
from F igu re  5 . Where c lo sed  b a s in  o r  dome s tr u c tu re s  a re  p re se n t, these  are  
alw ays e longated  p a r a l le l  to  th e  lo n g itu d in a l tre n d , even where th e  h ig h e s t-  
o rd e r  tran s v e rse  fo ld s  have been superimposed on th e  low est-order 
lo n g itu d in a l .  I n  th e  l a t t e r  c e s s ,  how ever, such a s  th a t  developed where a  
dom ical s t r u c tu re  p ie rc e s  th e  Oogeluk V olcan ics to  th e  n o r th -e a s t of 
Po tchefstroom , th e  ou tc rop  p a t te r n  tends more and more towards a c irc u la r  
c ro s s - s e c t io n .

(b) I n te r p r e ta t io n  o f  Subsurface Data

(1) C ontouring o f  U n treated  S t ru c tu r a l  Data

The f i r s t  com posite s tr u c tu re  c on tour map o f  th e  base  o f  the  
B lack R eef, prepared  by Papenfus (1964) i s  reproduced in  F ig u re  4, and 
shows th a t  th e  e f f e c t  o f  m ajor f a u l t in g  in  po st-T ran sv aal tim es was 
n e g lig ib le  A number o f  f e a tu re s  shown on t h i s  map a re  o f  re le v an c e  to  
th e  s t r u c tu r a l  a n a ly s i s  o f  th e  syncllnorium  and w arran t a  b r ie f  review .

1 . The steep en in g  o f  th e  d ip  o f  th e  Black Reef in  th e  B uffi- lsfon tc in  
a re a  i s  due to  th e  Bast B u f fc ls fo n te in  F a u lt  (F igure  5) which i s  p o s t-  
T ransvaal in  age (Brock and P r e to r iu s ,  1964b).

i i .  L o n g itu d in a l fo ld s  to  th e  w est r f  Potchefstroom  a re  c le a r ly  shown 
on th is  map. The p o s it io n in g  o f  th e s e  s tr u c tu re s  fu r th e r  sou th , 
approaching th e  V aal R iv e r , does n o t ,  however, ag ree  w ith  ou tc rop  da ta  
(F ig u re  5 ) ,  w h ile  th e  downvarp re sp o n s ib le  fo r  th e  development o f  the 
s u b s id ia ry  T ransvaal basin  w est o f  Potchefstroom  appears from su rfa ce  
in d ic a t io n s  (F igu re  5 ) ,  to  swing to  th e  e a s t  through Frederik stad ,, and 
n o t to  co n tin u e  northw ards a s  shown.

i i i .  The Potchefstroom  A n tic lin e  occu rs  a s  a  w e ll-d e fin ed  p o s it iv e  
f e a tu r e  on th e  s tr u c tu re  con tour map.

i v .  In  th e  West W itw atersrand a re a  and in  moat o th e r  reg io n s o f  the

in v e s t ig a t io n  o f  t h i s  ty p e .

r e s p e c t iv e ly .

th e  so u th .





(11) Trend Surface A nalysis

Having no ted  the  l im ita t io n s  in  contouring  u n tre a te d  s tr u c tu ra l  
in fo rm a tio n , i t  was considered necessary  to  su b je c t th e  a v a ila b le  borehole 
s t r u c tu r a l  d a ta  to  come form o f  m athem atica l trea tm en t invo lv ing  the  
p re p a ra tio n  o£ d e rived  maps (KiumbciTi and S logs, 1963, p . 436). Trend 
su r fa c e  a n a ly s i s  I s  th e  most popular o f  th e  methods a v a i la b le ,  and, 
acco rd ing  to  Krumbein (1959), i s  ”a procedure  fo r  se p a ra t in g  the  r e la t iv e ly  
la rg e - s c a le  sy stem a tic  changes in. mapped d a ta  f io a  th e  e s s e n t ia l l y  non- 
sy stem atlc  sm a ll-s c a le  v a r ia t io n s  due to  lo c a l  e f f e c ts " .  I n  th e  map 
p repared  by Papenfus (1964) (F igu re  4 ) , th e  re g io n a l o r  te - s c a le  trend
has th e  e f f e c t  o f  masking a l l  b u t th e  s tro n g e s t  lo c a l  sv . tu r a l  anom alies. 
C le a rly , f o r  u n tre a te d  d a ta , a s  th e  s iz e  o f  th e  a re a  being contoured 
d e c rea ses  and th e  number of c o n tro l p o in ts  p e r  u n i t  a rea  in c re a s e s , the  
l o c a l  e f f e c t  w i l l  become more and more pronounced, However, i n  an a rea  
th e  s iz e  of th e  Potchefstroom  Synclinorium , i t  was considered  th a t  trend  
su rfa c e  a n a ly s i s  would a id  i n  se p a ra t in g  th e  lo c a l  from th e  re g io n a l 
components. The th e o re t ic a l  background behind tr e n d  su rfa ce  a n a ly s is  has 
been d e a l t  w ith  in  d e t a i l  by numerous a u th o rs ,  a  s h o r t  review  of which i s  
g iv e n  in  Appendix 1 .

S e le c tio n  and T reatm ent o f Data

In  a d d itio n  to  th e  f iv e  hundred bo reho les  which I n te r s e c t  the  
B lack Reef i n  th e  Potchefstroom  Sync lloo ritm  one hundred c o n tro l  p o in ts  were 
o b ta ined  by t r a n s fe r r in g  ou tc rop  p o s i t io n s  o f  th e  B lack Reef from ge o lo g ica l 
maps o f  th e  a re a  on to  1 /50 ,000  to p o e a d a s tra l maps and read in g  o f f  th e  
h e ig h t above s e a - le v e l a t  l o c a l i t i e s  marked a long  th e  o u tc ro p . The l a t t e r  
so u rce  o f  d a ta  proved to  be p a r t i c u la r l y  u s e fu l  f o r  th e  so u th e as te rn  limb 
o f  th e  synclinorium  where bo rehole  d a ta  a re  la c k in g . V alues a t  s l l  c o n tro l 
p o in ts  were converted  to  m e tres , above o r  below s e a - le v e l ,  to  th e  base  o f  
th e  B lack B eef, which a long  w ith  th e  x and y c o -o rd in a te s  fo r  each po in t 
were en tered  on I.B.M . punching in s t ru c t io n  sh e e ts ,  each d a ta  p o in t being 
g iv e n  an id e n t i f ic a t i o n  symbol.

The s t r u c tu r a l  in v e s t ig a t io n  o f  th e  synclinorium  by trend  su rfa ce  
a n a ly s is  was c a r r ie d  o u t in  th re e  s ta g e s  determ ined la rg e ly  by the  
d is t r ib u t io n  of th e  c o n tro l  p o in ts .  I n  th e  f i r s t  s ta g e , one hundred and 
two randomly d is t r ib u t e d  c o n tro l p o in ts  covering  th e  whole o f  the

p m n r





ORDER OF 
SURF ACS

COEFFICIENT 01
CORREIATIOM VARIATION EXPUINEC 

BY SURFACESURFACE

Q uadratic

Q uartic

QuinCic

L inear 0 .85  74.6
Q uadratic  0 .89 80.8

Cubic 0.94 88.2
Q uartic  0 .96 92 .1
Q u ia tic  0 .98 95.5

L in ear 0 .89 79.4
Q uad ra tic  0 .91  82.4

Cubic 0 .91  ' 83.3
Q uartic  0 .92  85.3

Q u in tic  0 .93  86.2

SUB -  ARKA 'B '

A naly sis  o f R e su lts

An exam ination  of T able  3 r e v e a ls  a  rem arkably high percen tage  
' f i t '  f o r  most s u r fa c e s .  The low pe rcen tage  v a r ia t io n  explained by the  
l in e a r  su r fa c e  @f th e  t o t a l  a ta  i s  accounted f o r  by th e  geometry o f  th e  
s t r u c tu r e .  R e su lts  o b ta ined  (T able  3 ) in d ic a te  th a t  th e  q u in tic  and 
q u a r tic  su r fa c e s  a re  o f  p a r t i c u la r  s ig n i f ic a n c e , confirm ing th e  strong  
r e g io n a l tren d  o f  th e  sync lino rium  suggested  by F ig u re  5 . The q u a rtic  
su rfa c e  (F ig u re  7 ) ,  however, waa chosen a a  being  most r e p re se n ta tiv e  of 
tiia  tre n d , a s  th e  in c re a s e  in  pe rcen tage  v a r ia t io n  over th e  cub ic  explained  
by t h i s  su rfa c e  was much g r e a te r  than  fo r  th e  q u in tic  over th e  q u a r t ic ,  and 
th e re fo re  c o n trib u te d  more tow ards e x p la in in g  th e  t o t a l  v a r ia t io n .
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The c o s t  im portan t f e a tu r e s  o u tlin e d  i n  F ig u re  7 a r e  :

The a x is  o f  th e  synclinorium  w a p s  around much of th e  V tedefort

i i .  A second o rd e r  sy n c l in a l  a x is  between th e  Pocchefstroom and 
Vereenlging A n tic lin e s ,  trend ing  in  a n o rth -w e s te rly  d ir e c t io n ,  i s  r e fe rre d  
to  a s  th e  C a r le to m rille  Syncline  and in c lu d es  th e  K aga lie sberg  b a s in  (Figure 
5) to  th e  e a s t  o f  Losberg. In  th e  V an d e rb ijlp a rk  a re a , the  C arle tonv ilJ=  
Syncline i s  a lm ost p a r a l le l  to  th e  main a x is  o f  th e  s y t i t l in o r im ,  a  f a c t  
M ticeid by P r e tT iu s  (1964) i n  th e  South Rand C o ld fie ld .  The fo rd e r  i s  
a lso  the  dominant tra n s v e rse  sy n c lin e  i n  th e  a y n c lin o r iu a , being  th e  only 
s tr u c tu re  o f  re g io n a l dim ensions o f  t h i s  ty p e .

i l l .  An a n t i c l i n a l  fo ld  tren d  to  th e  n o r th  of C a r le to n v i lle ,  p a ra l le l  
to  th e  main syr.c1, I n a l  a x is  o f  th e  sy n c lin o iiu m . The p o s it io n  of t h i s  fo ld  
i s  p robably n o t c o r r e c t ,  a s  d ip  a ea su re o en ts  shown on th e  G eolog ica l Survey 
nap of th e  West Rand rev e a le d  i t s  p o s i t io n  to  be j u s t  to  th e  n o r th  o f 
C a r le to n v i lle .  T h is  inaccuracy  i n  the  p o s it io n in g  o f  th e  f o ld  i s  due to  
poor, or absence o f ,  c o n tro l ex tend ing  f r o a  souch o f  C a r le to n v ille  to  the  
H artbeesfon te in  A n tic lin e  and th u s  in c lu d in g  th e  a x is  o f  th e  fo ld  tren d .
Under such c ircum stances, th e  r e g io n a l  su r fa c e  assumes th e  d ip  determined 
in  a re as  o f good c o n tro l ,  p r o je c tin g  t h i s  plane- through reg io n s o f  poor 
co n tro l b e fo re  a ttem p tin g  to  ' f i t '  any f u r th e r  c o n tro l  p o in ts  to  th e  su rfa ce , 
which in  t i l l s  c ase  l i e  on th e  H a r tb e e sfo n te in  A n tic l in e .

The rem arkably h igh  'p e rc e n ta g e  f i t s '  o b ta ined  in  sub -areas  A and 
8 f o r  th e  l in e a r  su rfa c e s  (T able 3) in d ic a te  th a t  th e  l a t t e r  approxim ate 
th e  t ru e  s tr u c tu re  in  th e se  a re a s ,  th e  p r in te d  s u r fa c e s , which a re  no t 
shown, in d ic a t e  shallow  d ipp ing  p la n es tren d in g  n o r th -n o r th -e a s t and e a s t -  
n o r th -e a s t i n  th e  two su b -a rea s A and B, r e s p e c t iv e ly .

( i l l )  Mapping of R esidua ls

A s e r i e s  o f  maps u sing  c a lc u la te d  r e s id u a ls  from each s tage  of 
th e  trend  s u rfa c e  a n a ly s i s  was p rep a re d . These a re  shown in  F igu res 8, 9 , 
and 10 f o r  th e  t o t a l  a re a  and su b -a rea s  A and B, r e s p e c t iv e ly . While in  
some cases th e  sane  s tr u c tu re s  a s  p re v io u s ly  id e n tif ie d  were again  
d e lin e a te d , th e se  maps se rv e  to  connect p rev io u s ly  is o la te d  -’utcrop  
S t ru c tu ra l anom alies {Figure 5 ) ,  and to  i d e n t i f y  I w e r -o r d e r  tran sv erse  
sy n c lin e s  and a n t i c l i n e s .  The r e s id u a l  maps thus g iv e  a  more continuous

I n te r p r e ta t io n  o f  Haps
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and be d e a r l y  ou ' 'in cd  on th e  tr e n d  o r  r e s id u a l  map. p o in ts  to  these  ao 
being major tr a n s v e rse  te c to n ic  t r e n d s . The lo n g itu d in a l a n t ic l in e  no rth  
o f  C s r ln to n v il le  (F igure  7) i s  a t r a i l-d e f in e d  trend  in  Figure  8, extending 
a c ro ss  the  n o r th e rn  limb of th e  sync lino rium  b e fo re  swinging southwards 
one' e v en tu a lly  c ro ssin g  th e  Vaal R iver e a s t  of Orkney. As shown in  Figure  
8,  th e  a x is  o f t h i s  s t r u c tu re  p a sses  o u ts id e  th e  l im i t s  o f  th e  synclinorium  
on n ‘e  farm Welgegund 375, b e fo re  bending southw ards to  assume a no rth - 
south o r ie n t a t i o n ,  in  sympathy w ith  th e  main a x is  o f  th e  synclinorium , 
when reappea ring  to  th e  n o r th  of S t i l f o n te ln .

c e r ta in  o th e r  f e a tu r e s  became r e a d ily  a pparen t on th e  contoured r e s id u a l 
map, A m ajor n e g a tiv e  r e s id u a l  tren d  was o u tlin e d  to  the  e a s t  of 
V 't'Stenaiia (F ig u re  8) w hich, on p ro je c t io n  northw ards, coincided  w ith  the  
X; ui;<rsfforp S y n c lin e , The p o s i t iv e  in f lu e n c e  of th e  Johannesburg Dome was 
noted t j  th e  n o r th -e a s t  o f th i s  sy n c lin e . Two s t r u c tu r a l  low s, termed the  
F re d e rik sta d  and E leazar S y n c lin e s , th e  l a t t e r  be ing  flanked  or. th e  south 
hj th e  Sew Maehavie A n tic lin e , a r e  developed to  th e  no rth  and south o f  the  
Potchefstroora A n tic l in e , r e s p e c t iv e ly . The e f f e c t  o f  th e  E leazar Syncline 
was to  r e f o ld  th e  lo n g itu d in a l  C a ile to n v i l le  A n tic lin e , w ith  a  r e s u l ta n t  
bending o f  th e  l a t t e r  in  a  n o r th -w e s te rly  d ire c t io n .

The f a c t  th a t  th e  tra n s v e rse  s t r u c tu r a l  tren d s  in  th e  C arleton - 
viXZe and K lerksdorp  d i s t r i c t s  a r e  poo rly  d e lin ed  in  F igu re  8, in d ic a te s  
th a t  they a re  low er-o rde r f e a tu r e s  which w i l l  become apparen t only through 
a M ite  d e ta i le d  exam ination . For t h i s  rea so n , i t  was considered  necessary  
to  p repa re  r e s id u a l  maps from s ta g e s  2 and 3 o f  th e  trend  surface, a n a ly s is . 
The r e s id u a l  maps from the  cub ic  and q u a d ra tic  su r fa c e s , fo r  the  sub-areas 
A and S r e s p e c t iv e ly  ( f ig u re s  9 and 10)  w -re  chosen as being  th e  most 
s t a t i s t i c a l l y  r e l i a b l e ,  a s  th e  " in c re a se  in  pe rcen tage  f i t "  explained by 
these  trend  su r fa c e s  i s  th e  g r e a te s t .  Numerous a d d it io n a l  tran sv e rse  and 
lo n g itu d in a l t r e n d s  can be id e n t i f ie d  i n  th e  l a t t e r  f ig u re s .

I n  a d d itio n  to  th o se  s t r u c tu r a l  tren d s  a lre a d y  recognized,

In  th e  K lerksdorp a re a  (F ig u re  9 ) ,  th e  lo n g itu d in a l trends a re  
Larly n o t ic e a b le .  A m ajor s t r u c tu r a l  low, trend ing  n o rth -n o rth - 
so u th -so u th -w es t from S t i l f o n te in  to  Orkney i s  flanked  by two

wuen compared w itn  tn e  _____
Vaal R iver th e  tr a n s v e rse  sy n c lin e  th rough  Orkney appears
eas t-w es t s t r i k e .
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V ereeniging A n tic lin e  a re  a ls o  apparen t in  F igu re  10. To th e  no rth  o f  the  
above s tr u c tu re  an  e lo n g a te  s t r u c tu ra l  low e x is t s ,  c o incid ing  f a i r l y  c lo se ly  
w ith the  V entersdorp  la v a  suboutcrop in  th i s  a re a  (Figure 4 ) . This suggests 
th a t  the  la v a s  may have been p reserved  from e ro s io n  in  a  sync line  in stead  of 
in  a g raben. In th e  W estor.sria d i s t r i c t  a  northw ards swing of the  lo n g itu d i­
n a l trend  i s  e v id e n t. A sy n c lin e  tren d in g  n o r th -n o r th -e a s t passes  through 
th is  town and m a in ta in s  che same s t r i k e  northw ards in to  the  L u ipaard sv le i 
a re a . A n tic lin a l t r e n d s  a re  developed on both s id e s  of th e  sy n c lin e , 
co in cid in g  c lo s e ly  w ith  the  sub -ou tcrop  p a t te r n  (F igu re  4 ), Where th e  
V erecniging A n tic lin e  in te r s e c te d  th e  s o u th -e a s te r ly  of these  l o a n t ic l in e s ,  
a domical s t r u c tu re  was formed which o ccu rs  d i r e c t ly  below t ’.e dolom ite dome 
p ie rc in g  P r e to r ia  Group sedim ents (F igu re  5 ) .  T his lo n g itu d in a l trend  
d isp la y s  a  marked change i n  s t r i k e  to  th e  so u th -e a s t o f  L u ip aard sv le i, as a 
r e s u l t  o f  r e fo ld in g  by the  Krugersdorp S yn c lin e , to  assume th e  more normal 
eas t-w es t s t r i k e  f u r th e r  to  the  e a s t .

n-m pilacion  o f  S t ru c tu r a l  Data ;

The s t r u c tu r a l  a n a ly s is  o f th e  Potchefstroom  Synclinorium , 
p a r t i c u la r ly  a long th e  no rth -w este rn  lim b, h as rev e a le d  the  p resence of 
tra n s v e rse  and lo n g itu d in a l fo ld  t re n d s , re p re se n tin g  a t  l e a s t  two periods 
o f  defo rm a tion . As p rev io u s ly  d isc u sse d , th e  d e p o s itio n  o f  W itwaterorand 
and V entersdorp sed im entary  s t r a t a  was s t r u c tu r a l ly  c o n tro l le d , as 
recognized  i n  th e  K le rksdorp , S-. J th  Rand, West and Far West Rand a re a s  by 
HeLachlan (1968), Toens and G r i f f i th s  (1PD4), P re to r iu s  (1964), and Knowles 
(1966), r e s p e c t iv e ly .  S tru c tu re  con tou rs  a t  th e  base  o f th e  Black Reef as 
shown in  F ig u re s  8, ) and 10 c le a r ly  o u t l i n e  th e  same lo n g itu d in a l sy n c lin a l 
fo ld  trend  to  the  e a s t  of K lerksdorp and th e  K rugersdorp and C a rle to n v ille  
tran s v e rse  sy n c lin e s  i n  th e  West and F a r  West Rond a re a s ,  r e sp e c t iv e ly .
The lo n g itu d in a l t r e n d s  recognized  by Knowles (1966) a re  no t obvious in  
F igu re  10 , b u t an e x ten s io n  o f  th e  lo n g itu d in a l  s y n c lin a l s t ru c tu re , 
recognized to  the  e a s t  o f  W estonaria and in  th e  T u r ffo n te in  d i s t r i c t  to  the  
w es t , th rough  W estern Deep L ev e ls , co in c id e s w ith  th e  lo n g itu d in a l de pression  
recognized  by th a t  a u th o r.

A com pila tion  of a l l  s t r u c tu r a l  d a ta  r e f e r r e d  to  b e fo re , i s

r e s u l t in g  i n  a s a d d le - l ik e  s tr u c tu re .



the  V re d e fo n  Dome i s  e v id en t. F u r th e r  to  th e  n o r th -e a s t,  th e  axes of the  
fo ld s  a re  p a r a l l e l  to  th e  Potchefstroom  A n tic lin e  m ain ta in ing  a constan t 
w ave-length a s  f a r  a s  th e  V ereeniging A n tic lin e , E ast of t h i s  s t r u c tu re ,  a 
v a r ia b le  w ave-leng th  i s  e v id en t, accompanied by a bending o f  th e  fo ld -axee  
a s  th e  South Rand G o ld fie ld  io  approached.

The Malmani Dolomite Formation

The Dolomite C ontroversy

(a) In tro d u c tio n

Numerous id e as  rega rd ing  th e  mode o f  o r ig in  •'f dolom ite  have been 
expressed , w ith  th e  two most popular, bu t opposing, schools o f  thought 
p o s tu la tin g  th e  th e o r ie s  o f  do lom ite  being  formed by prim ary p r e c ip i ta t io n  
o r  secondary rep lacem en t. The problem s o f  sedim entary dolom ites a re  
cen tred  m ainly around th e  p o s s ib le  c o n d itio n s  of p r e c ip i ta t io n  of primary 
dolom ite an d /o r  th e  sou rce  of the  s o lu t io n s  to  form secondary dolom ite.
A review  of th e se  problem s i s  p rese n te d  b e fo re  considering  th e  g e n esis  of 
th e  Malmani Dolom ite in  th e  l ig h t  o f  th e  fo llow ing  d isc u ss io n .

(b) Prim ary v s .  Secondary O rig in

The c l a s s i f i c a t i o n  of d o lom ites , accord ing  to  th e i r  mode of 
o r ig in , was proposed by Weber (1964), who noted th a t  prim ary dolom ites 
d isp lay  e x c e l le n t  s t r a t i f i c a t i o n ,  have a ve ry  f in e  to  c ry p to c ry s ta l lin e  
and uniform  g r a in - s iz e ,  and c o n ta in  no d e te c ta b le  c a lc i te  o r  f o s s i l  
rem ains. Secondary do lom ites , on th e  o th e r  hand, d isp la y  a c o a r se r , le s s  
uniform  g r a in - s iz e  and g e n e ra lly  c o n ta in  euhed ral dolom ite  rhombs.
Faunal rem ains and r e l i c t  s t r u c tu re s  and te x tu re s  a re  considered  to  ty p ify  
th e  secondary v a r ie ty .

Calcium and magnesium carb o n ates  have been, and a re  be in g , formed 
from n a tu ra l  w aters  i n  o r on the  l i th o s p h e r e ,  c e r ta in  o f  which a re  more 
l ik e ly  to  p r e c ip i ta te  do lom ite  than  o th e rs .  Having in d ic a te d  th a t  
s u b s ta n t ia l  amounts o f  magnesium must be added to  lim estones to  form pure 
do lom ite , Ingerson  (1962) noted  th a t  ground-w atere a re  p a r t ic u la r ly  
d e f ic ie n t  in  t h i s  c a t io n , w ith  th e  on ly  lo g ic a l  source  o f  magnesium-bearing 
s o lu t io n s  be ing  ocean w a te rs . I t  th u s seems d e s ir a b le  to  con fine  the  
d isc u ss io n  o f  do lom ite  fo rm ation  to  p rese n t-d ay  oceanic  environm ents, 
b e fo re  a ttem p tin g  to  ap p ly  these  f in d in g s  to  o ld e r  d e p o s its . The dangers 
o f drawing an analogy  between p rese n t-d ay  carbonate  p r e c ip i ta t io n ,  and 
th a t  in  o ld e r  fo rm atio n s , was a p p re c ia te d  by C h illn g a r (1953) when he 
noted th a t  Ca/Mg r a t i o s  f o r  do lom itic  lim estones decreased  w ith  age o f  the  
sed im ents, in d ic a t in g  a  calc ium  enrichm ent in  more re c e n t tim es. T his was 
in te r p re te d  a s  being due to  a  s e le c t iv e  r e tu r n  o f  calc ium  to  the la n d s, and 
no t a s  r e s u l t in g  from a  lo n g e r  pe riod  of tim e during  which magnesium could 
re p la c e  c a lc ium . T here i s  r a th e r  a p r e f e r e n t ia l  w eathering o t calcium  over 
magnesium in  th e  oedim ents and a g radua l in c re ase  w ith  tim e o t C. Mg 
r a t i o s  i n  so lu t io n s  c o n trib u tin g  to  th e  sea .

Follow ing an e x haustive  review  o f  a v a ilo b le  l i t e r a t u r e , lo a n s  _ 
(1966) concluded t h a t  do lom ites  say  o r ig in a te  through one o f  four p rocesses  •



th a t  w ith  a  d e c rea se  i n  dep th  and d is ta n c e  from sho re  th e re  was a 
sym pathetic r e la t io n s h ip  to  th a t  noted  f o r  in c re a s in g  tem pera tures. This 
obse rv a tio n  was a ls o  reco rded  by M arschner (1968) a s  a decrease  in  CbC03 
co n ten t from th e  base  to  th e  top  o f  any s e ra t ig ra p h ic  s e c tio n , lead ing  him 
to  th e  c o nclu sion  th a t  s a l i n i t y  w ith in  th e  d e p o s itio n a l environment 
inc reased  w ith  tim e.

A ll evidence  c i te d  p o in ts  to  a  c lo s e  re la t io n s h ip  between an 
in c re as in g  c o n c e n tra tio n  of magnesium corresponding  to  a  h ighe r s a l in i t y ,  
a  r i s in g  pH, and an  in c re a s e  i n  environm enta l tem pera tu res . A lso , both 
th e  A u s tra l ia n  and Bahamas examples d isc u sse d  c o n ta in  prim ary dolom ite in  
shallow  w ater to  s u b - a e r i a l  environm ents, suggesting  th e  p o ss ib le  in fluence  
of e v ap o ra tio n  in  dolom ite  fo rm atio n . The occu rrence  of gypsum in  c lo se  
a s so c ia tio n  w ith  d i f f e r e n t  carbonate  m in e ra ls  on B onaire, in  th e  N etherlands 
A n ti l l e s ,  a s  rep o r te d  by D effeyes and o th e rs  (1965), suppo rts  t h i s  suggestion . 
I t  can  be concluded th a t  th e  m ost fav o u rab le  environm ent fo r dolom ite 
form ation i s  in  th e  l i t t o r a l  zone, bu t th a t ,  a s  i l l u s t r a t e d  in  th e  examples 
r e fe r re d  to ,  prim ary  do lom ite  i s  q u a n t i ta t iv e ly  unim portan t. These 
ob se rva tions tend  to  argue  a g a in s t  a p rim ary  chem ical o r o rg an ic  mode of 
o r ig in  f o r  g re a t  th ic k n e s se s  of d o lo m ite , such a s  i s  developed in  the  
Halmani D olomite Form ation. A secondary o r ig in  involv ing  ino rganic  
magnesium enrichm ent o r  d o lo m itiz a tio n  i s  more a cc ep ta b le .

(c) D o lo m itiza tio n

The f a c t  th a t  secondary magnesium enrichm ent i s  necessary  to 
form do lom ites  seems h ig h ly  p ro b ab le , b u t ,  th e  tim e of d o lo m itiz a tio n  i s  
a  m a tte r  o f some c o n je c tu re .

Hsu (1966) considered  th a t  d o lo m itiz a tio n  ta k es  p lace  through a 
com bination o f  two p ro ce sses :

i .  The presence  of e v a p o r ite  beds in  carb o n ate  sequences i s  
in d ic a t iv e  o f s l i d  c o n d itio n s  du rin g  w hich magnesium in  sea  w ater may have 
been c o n c e n tra te d . The im portance of e v a p o r ite s  was recognized  i n  the 
N etherlands A n 'i l l e s  by D effeyes and o th e rs  (1965), where calcium  carbonate  and 
gypsum were p r e c ip i ta t in g  from sea  w a te r , p roducing dense b r in e s  having 
Hg/C* r a t i o s  in  excess o f  30 :1 .

i i .  During tim es o f  r e g re s s io n , s h e lf  d e p o s its  can be exposed, s e t t in g

1965) showed th a t  downward d ra in a g e  of high-magnesivm b r in e s  r e su l te d

£ i d “ 2 i= a te d  t l t %  d o lo m itiz a tto ^ w a s ^ ro d u c e d  b y lh e  flow  of 
denke b r ln e e  from  s u p r a t id a l  a re a s .
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h ig h ly  c oncen tra ted  in  magnesium, were rep o rte d  from both  South A u s tra l ia  
and th e  Bahinas by Alderman and Skinner (1959) and Shinn and o th e rs  (1970), 
r e sp e c t iv e ly , suggesting  th a t  even th e se  so -c a lle d  primary dolom ites were 
formed by th e  pene-contemporaneous replacem ent o f  c a lc i te  by dolom ite ae 
o u tlin e d  by D effeyes and o th e rs  (1965), a s  fo llow s :

2CaC0j + Mg*'*’ +  CaMg(C03)2 +  CaJ+

The id e as  o f  F a irb r id g e  (195?) appear to  have p a r t i c u la r  a p p lic a tio n  to 
ex ten siv e  d e p o s its  o f  do lom ite . Such an occurrence  c o n s t i tu te s  the  
H aiaan i D olomite form ation  w here, in  th e  a re a  under in v e s t ig a t io n , a 
com plete absence  o f  lim estone  was n o ted , le  i s  most d i f f i c u l t  to  v is u a lis e  
a  l a t e  magnesium-rich so lu t io n  p e rc o la t in g  through 4,000 fe e t  o£ lim estone 
causing  com plete a l te r a t io n .  There i s  no evidence o f  th e  decrease  in  
volume which would accompany d o lo m itiz a tio n  o f  co n so lid a ted  lim estone , nor 
i s  th e re  any s ig n  o f  th e  r e le a s e d  calc ium  in  th e  f o ra  o f  c a lc i te  ve ins or 
c o n cre tio n s . "A more lo g ic a l  e x p lan a tio n  would invo lve  a dynamic cycle  o f 
pene-contemporaneous dolom ite  fo rm ation . I n i t i a l l y ,  during the  
p r e c ip i ta t io n  o f  lim estone , th e  so lu t io n  would have been enriched  in  
magnesium u n t i l  a t  a  c r i t i c a l  Hg/Ca r a t i o  d o lo m itiz a tio n  of e a r l ie r  c a lc iu a -  
r ic h  carbonates  would have taken  p la c e , no t on ly  in  th e  immediate su p ra t id a l 
environm ent b u t a lso  f u r th e r  basinw ards a s  th e  b r in a l  s o lu t io n s  m igrated.
As th e  r e le a s e d  calc ium  was taken  in to  so lu t io n  and th e  equ ilib rium  Hg/Ca 
r a t i o  o f  th e  o r ig in a l  sea  w ater rega ined  d o lo m itiz a tio n  would have ceased. 
At t h i s  s ta g e  a  new c y c le , beginn ing  w ith  lim estone  d e p o s itio n , would have 
been s e t  i n  motion.

C o n s t itu e n ts  o f  Carbonate Rocks

(a) In tro d u c tio n

A ll sed im ents can be considered  a s  a response  to  two in te ra c tin g  
system s, a lthough  one, under e x ce p tio n a l co n d itio n s o f  sed im en tation , may 
be com pletely  masked by the  o th e r .  An autochthonous system , th a t  produces 
sedim ents w ith in  th e  sea  i t s e l f  by chem ical or b io lo g ic a l p ro cesses , can 
be d is t in g u ish e d  from an a lloch thonous system  th a t  b rin g s sedimentary 
p a r t i c l e s  in to  th e  sea  frcm beyond i t s  l im i t s  (Shaw, 1964, p . 14)•

In  a su c ce ss io n  o f  ro ck - ty p e s , such a s  i s  developed in  the  Maloani

m a te r ia l in to  th e  b a s in  o f  d e p o s itio n  w ere, by com parison, much weaker, 
such Chat th e  on ly  t r u e  a lloch thonous sedim ents p rese n t a te  =h i"

(b) C la s s i f ic a t io n  o f  Carbonate Rock C o n stitu e n ts  

recognized  in  each group o f  sed im ents.



Folk (1959) c la s s i f i e d  th e  components o f  sedim entary carbonate  
rocks in to  two c roups, n a te ly ,  o rthochcm ical and a llochem ica^ . O rtho- 
chemieol c o n s t i tu e n ts  a re  e s s e n t ia l l y  normal chemical p r e c ip i ta te s ,  formed 
w ith in  th s  b a s in  o f  d e p o s itio n  and which have been sub jec ted  to  l i t t l e  o r 
no t r a n s p o r ta t io n . Two types o f  o rthochem ical c o n s t i tu e n ts  a re  
recognized  s

i ,  M ic ro c ry a tn l lin e  C a lc ice  ( H ic r i te ) .

Rapid chemir.al p r e c ip i ta t io n  i s  thought to  have r e su l te d  i n  the  
form ation  o f  m ic r i te  which occu rs ae c ry s t a l s  v a ry ing  in  s iz e  between 1 
and 5 m icrons. With l a t e r  s e t t l i n g  to  th e  bottom , i n f i l l i n g  of voids 
between c o a rse r  c o n s t i tu e n ts  r e s u l t s  in  a  s im ila r  te x tu re  to  th a t  developed 
in  a rg i l la c e o u s  sandstones.

i i .  Spa rry  C a lc ite  Cement (S p arife )

S p a r ite  takes th e  form of a  p o r e - f i l l in g  cement, d is tin g u ish e d  
from m ic r i te  by i t s  w e ll-d e f in ed  o u tlin e  and c o a rse r  s i z e ,  o f te n  approach­
ing  10 m icrons o r  more in  d iam eter.

A llochem ical c o n s t i tu e n ts  a rc  those  components th a t  formed by 
chem ical p re c ip i ta t io n  w ith in  th e  b a s in  o f  d e p o s itio n , b u t which have 
g e n e ra lly  su f fe re d  some l a t e r  t r a n s p o r t .  Four types a f  a llochem s a re  
recognized ,

i .  I n t r a c la s t s

These c o n s is t o f  p ie ce s  of weakly conso lida ted  carbonate  sediment 
th a t  have been to rn  up and red e p o s ite d  by c u rre n ts .  They v a ry  in  s iz e  from 
fin e -sa n d  to  p e bb les  o r  b o u ld e rs .

i i .  P e l le t s  a re  rounded and w e ll-s o rte d  agg regates  o f  m ic ro c ry s ta llin e  
c a l c i t e  varying in  s iz e  between .03 to  .20 mm and thought to  r e p re se n t f e c a l  
p e l le t s  o f  worms o r  o th e r  in v e r te b ra te s .

l i i .  O o lite s

A d e ta i l e d  d is c u s s io n  o f 'o o l i t e s  fo llow s l a t e r .

Iv .  F o s s i ls

F o s s i l s  a re  im portan t c o n s t i tu e n ts  o f  many l in o s to n e s ,  b u t aa 
t r u e  a llo cb e m ic a l components a re  no t o f  s ig n i f ic a n c e  i n  e a r ly  Precambrian 
carbonatc  ro ck s,

(c) The E ffe c ts  o f  K ec rv s ta l llza tlp n .

 ____

■ i t t i t e  a r^ c o n v e rted ^ to ^ a u b eq u a n t aa™e  "



i d .  F u r th e r  d ingenee ie  r e s u l t s  i n  th e  fo rm ation  of m icrespar which 
tia s  (in average  g ra ln - s iz e  betw een 6 sod 30 m icrons t u t  c h a rac te r iz ed  by a  
g re a t un ifo rm ity  i n  s iz e  between th e se  two extrem e v a lu e s . M icrospar 
forme by T e c r y s ta l l iz a t l o i  o f  e a r l i e r  nemaorphic m ic r i te ,  fi.no-gs:iii"ne.a 
in tr a c lo s tB  and p e l l e t s  w hile  o o l i t e s  and sp a rry  c a l c i t e  a re  seldom 
a ffe c te d .

i i i .  I n  ’freak ifih  lim es to n es ' neomorphism may p rog ress  fu r th e r ,  w ith  
r e c r y s t a l l iz a t io o  of a l l  prim ary  carbonate  c o n s t i tu e n ts  e tc e p t coerce 
in t r a c l a s t s  end o o l i t e s ,  producing pseudospar th a t  nay c lo se ly  spproKimate 
normal p o r e - f i l l i n g  c n lc i t e  i n  appea rance . D iagnostic  c r i t e r i a  f o r  
d is t in g u ish in g  between th e  two a re  th e  tr a n s e c tio n  o f  allochcm s by psc.ntio- 
sp a r  sud th e  p resence  o f  ghost a llochem s. A lso , th e  p resence  of lo o e c ly -  
■paclced a llochcm s in  a s p a r i te  cement argues a g a in s t a  prim ary o r ig in  fo r 
ti i e  la t tb T ,  T ot sp a rry  c a l c l t e  to  fono a s  a  cement, p o re -sp ac e , sepported 
by some means, must have been p re se n t.  The m ost lo g ic a l  suppo rt i s  o 
c lose-pack ing  of allochcm s, such th a t ,  i f  a  loose -uack ing  i s  developed, a 
complete r e c ry s c a l l iz a t i o n  o f  a l l  a llochem s, o th e r  th a n  those  v i s i b l e ,  c an  
b e  i n f e r r e d . S ind.let c r i t  la  can "be used to  d is t in g u ish  f in e -s ra i tte d  
sp a rry  te n a n t from  m ic ro sp a ..

I'lie Malmani D olomites

In  th e  Malraani do lom ites , th e  re c o g n itio n  o f  each ty p e  o f  aUocjiem 
i s  ex trem ely d i f f i c u l t .  Ctrnrst—cra lnafl In tra c la n tB  a re  iom td, a lth o sg t. 
on ly  sp o ra d ic a lly .  Thece have g iven  r i s e  to  in tra -fo rm a tio n a l 
conclom erates ( P la te  I ,  A ). Owing to  th e  marked degree  o f  r e c ry s t a lH z a tio n , 
f in e -g ra in e d  in t r a c la s to  end p e l l e t s  have seldom been p rese rved . I f  th e  
on ly  o r ig in  if  th e  l a t t e r  i s  f e c a l ,  ac  proposed by Fo lk  (1959), p e l le t s  
vonld. n o t be p re s e n t  i n  th e  tia lm ani D olom ite. Other a l.locheac , n o s t 
n o ta b ly  o o l i t e s ,  a re  w idely d is t r ib u t e d  b u t f o s s i l s  a re  a b se n t, a p a r t  fro® 
d i f f e r e n t  ty p e s  o f  a lg a l  s t r o m a to l i t e s .  For t h i s  rea so n , f o s s i l  fragments 

no t on im portan t c o n s t i tu e n t  o f  th e  do lom ites .

Almost a l l  do lom ites i n  th s  Malmani D olomite 'Formation a re  of th e  

sp a r  v a r i e t i e s  have a  w hite  c o lo u r«

(B) Haaf'ceni-ous Darit-Coloured  DolW iHc



mainly o f  n ic ro s p a r , although  l a t e r  neooorphic  e f f e c ts  have r e su l te d  In  th e  
development o f  r e c ry s t a l l iz e d  m ic ro spar, randomly s c a tte re d  throughout th e  
rock . I t  i s  apparen t th a t  th e  m icrospar was formed a t  th e  expense of 
m ic r lte  and fin e -g ra in e d  in t r a c l a s t s ,  w h ile  no evidence e x is t s  to  suggest 
th a t  s p a r i te  was an o r ig in a l  c o n s t i tu e n t  o f  th e  rock .

(b) V ariegated  Dolomite

As r e c r y s t s l l iz a t io n  In c rea sed , a l l  m icrospar was converted  to  
r e c ry s t a l l iz e d  m ic ro spar. th e  appearance o f  pseudospar and carbon p o rphy ries , 
a t  t h i s  s ta g e  caused th e  rock  to  have a  v a rie g a te d  or m o ttled  appearance 
(P la te  I ,  C ). The development o f p o rp h y r l tic  te x tu re s  has been observed to 
be most pronounced i n  massive to  th ick ly -bedded  do lom ites . The e f f e c t  of 
th i s  inc reased  r e c r y s t a l l iz a t io n  on f in e ly -b e d d ed  dolom ites was to  develop 
a l te r n o te  l i g h t -  and dark -co lou red  bands (P la te  I ,  C ), due to  d i f f e r e n t i a l  
r e c r y s t a l l iz a t io n  w ith in  in d iv id u a l h o r izo n s . A ll f in e -g ra in e d  in t r a c la s t s  
and p e l l e t s  were destroyed  a t  t h i s  s ta g e .

(c) R e c rv s ta lllz e d  Dolomite

T his dolom ite  re p re se n ts  th e  m ost in te n se  degree  of r e c r y s t a l l i ­
z a tio n , being  uniform ly  l ig h t  in  co lo u r ( P la te  I ,  D) and c o n s is tin g  
predom inantly o f  pseudospar and r e c ry s t a l l iz e d  pseudospar, w ith  occasional 
rennan ts o f  r e c ry s t a l l iz e d  m ic ro spar. I n  extrem e examples o f  r e c r y s t a l l i ­
z a tio n , a l l  t r a c e s  o f prim ary s tr u c tu r e s ,  in c lu d in g  bedding, have been 
destroyed .

(d) Veined Dolomite

A lthough n o t w idespread, th i s  ro ck -ty p e  i s  most con-y lruous where 
developed. As shown i n  P la te  I  (B ), a  da tk -c o lo u red  dolom ite i s  c u t by 
sh a rp ly -de fined  lig h t-c o lo u re d  v e in s .  The m a trix  c o n s is ts  o f r e c ry s t a l l iz e d  
m icrospar w h ile  th e  v e in s  a re  composed of r e c ry s t a l l iz e d  pseudospar, a lso  
do lom itlc  in  com position , w ith  c r y s t a l s  up to  .80 mm in  s iz e .  The co n tac ts  
between th e  m a tr ix  and v e in s  a re  g e n e ra lly  v e ry  sh a rp , w ith th e  g ta in - s lz e  
of th e  r e c ry s t a l l iz e d  pseudospar appea ring  to  in c re a s e  towards th e  c e n tre  o t 
th e  v e in . Both th e se  f e a tu re s  a r e ,  acco rd ing  to  S ta u ffe r  (1962), 
in d ic a t iv e  o f  open-space  f i l l i n g  o f  a  b re c c ia te d  h o st-ro ck .

(e) G enesis o f  th e  D o lonites

f l f f l B E
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BveoCual fu s io n  o f  th e  po rphy ries  has r e s u l te d  i n  th e  development o f  a 
uniform  m a tr ix  o f  r e c ry s t a l l iz e d  m ic ro sp ar. A re ju v e n a tio n  of porphyroid 
neomorphism has le d  to  th e  fo rm ation  o f  l ig h t-c o lo u re d  pseudospar c ry s t a ls ,  
p a r t l y  re sp o n s ib le  f o r  th e  m o tt lin g  e f f e c t  in  th e  second type of do lom ite. 
The carbon m o ttlin g  i s  considered  to  have been caused by some metasomatic 
p ro ce ss , a s  d isc u sse d  by 'towng (1934a), inv o lv in g  m ig ra tion  and 
c o n ce n tra tio n  of t h i s  elem ent from i t s  i n i t i a l  d issem inated  s t a t e  in  the  
do lom ite. Complete fu s io n  of pseudospar po rp h y ries  has never taken p la ce .
As s  r e s u l t  o f  t h i s  even th e  most extrem e example o f  neomorphism, as 
rep rese n te d  by th e  r e c ry s t a l l iz e d  do lom ite , s t i l l  c o n ta in s  r e c ry s ta l l iz e d  
m ic ro spar. T h is  do lom ite  i s  composed predom inantly  o f  pseudospar, w hile  a 
l a t e r  porphyro id  neomorphism h as developed s c a tte re d  r e c ry s ta l l iz e d  
pseudospar c r y s t a l s .  .

The o r ig in  o f  th e  ve in ed  do lom ite  i s  somewhat p rob lem atica l in  
th a t  th e  v e in  m a te r ia l ,  w h ile  m eeting th e  requ irem en ts  o f  an open-space 
f i l l i n g ,  i s  ouch c o a rse r  than  normal s p a r i t e .  No obvious exp lanation  i s  
forthcom ing , save  to  n o te  a resem blance i n  outward appearance to  m ud-cracks, 
cemented by a second g e n e ra tio n  carb o n ate  i n f i l l i n g .

As reg a rd s  th e  causes o f  r e c ry o ta l . l i z a t io n , Fo lk  (1964) adm itted 
th a t  noth ing  c o n cre te  could be  s a id .  The same au tho r review ed p o ss ib le  
environm ental causes such a s  th e  s a l i n i t y  o f  th e  environm ent and th e  c lay  
c o n ten t o f  th e  lim estone  o r  d o lo m ite , b u t c o o tU ie d  th a t  more re se a rch  was 
necessary  b e fo re  any concilia io n s could b e  drawn. I r r e s p e c t iv e  of th e  cause 
of r e c r y s t a l l i z a t i o n ,  th e re  does e x is t  w ith in  th e  Malmani Dolomite, d e f in i te  
zones having a  predominance o f  c e r ta in  do lom ite  ty p e s. T h is  phenomenon 
re q u ire s  an e x p lan a tio n  and w i l l  b e  en larged  upon when Che s tr a t ig r a p h ic  
column f o r  th e  Malmani Dolomite i s  c o n s tru c te d  in  a  l a t e r  se c tio n .

Carbonaceous Shales w ith in  th e  Malmani Dolomite

I n  o rd e r  th a t  carbonaceous s h a le s  can form , an environment of 
deoxygenation and r e s t r i c t e d  c i r c u la t io n  i s  nece ssa ry . Under th e  r e s u l ta n t  
anaerobic  or e u x in ic  c o n d itio n s  th e re  p r e v a i ls  a  reduc ing  environment in  
Which o rg an ic  m a tte r ,  u l t im a te ly  re sp o n s ib le  fo r  th e  b la ck  c o lo u ra tio n  i s  
p rese rv e d . The re d u c in g  c o n d itio n s  r e q u ire d  fo r  b la c k  sh a le  dep o sitio n  
a re  encountered  i n  numerous environm ents and a re  c o n tro l le d  la rg e ly  by the

s g s m g u s s m '
S lo ss , 1963, p .  416).
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e p u irlc  se n a , Shaw (1964, p .  37) considered  th a t ,  even a t  th e  s tra n d , 
s ig n i f ic a n t  wave a c tio n  may not have e x is te d . He noted b lack  sh a le  beds 
a t  th e  base o f  e tr s t ig r a p h ic  se c tio n s  in  many p a c ts  o f  North America, which 
contained  l i t t l e  evidence of a g i ta t io n .  These w ere, however, c le a r ly  
s tr a n d - l in e  d e p o s its ,  a s  they  were th e  f i r s t  d e p o s its  of a  tr an sg re ss in g  
s e a . Shaw (1964, p . 47) a lso  mentioned th e  occurrence  of c o arse  e l a s t ic s  
i n  more shoreward environm ents, w ith  carbonates  developed basinw ards of th e  
b la c k  sh a les .

W ith in  th e  K alaan i D olom ite, th e  carbonaceous sh a le s  tend to  be 
f in e ly  bedded, bu t w ith  ho evidence of sedim entary s tr u c tu re s  such a s  c ro ss -  
bedding, r ip p le  marks, o r  m ud-flake  h o rizons which ty p ify  shallow -w ater 
environm ents. However, in  an e p e i t ic  b a s in  such s tr u c tu re s  a re  l ik e ly  to  
be r a r e  o r  a b se n t,  due to  th e  low energy w ith in  th e  d e p o s itio n s!  environment 
suggested f o r  carbonaceous sh a le s  by Shaw (1964, p .  3 7 ) . From th e  above 
evidence i t  i s  n o t p o ss ib le  to  d is t in g u is h  between a  shallow - or deep-w ater 
o r ig in  f o r  th e  b lack  sh a les  w ith in  th e  Halmani D olom ite. T hat th e  dark  
c o lo u ra tio n  i s  duo to  th e  o rgan ic  c o n ten t o f th e  s h a le s  cannot be doubted, 
a s  th e  iso e o p ic  r a t i o s  o f  carbon , determ ined by Hocring (1961-62), favour- 
a  b iogenic  o r ig in .

D e ta ile d  m icroscopic  exam ination and x - ra y  d if f r a c t i o n  determ ina­
t io n s  have rev e a le d  th a t ,  a p a r t  from carbon , th e  sh a le s  a re  composed of 
q u a r ts ,  v a r ia b le  amounts o f  do lom ite , and d if f e r e n t  c la y  m in e ra ls . The 
type  o f  c la y  m ine ra l w ith in  Che s tr a t ig r a p h ic  column i s  found to  va ry  w ith  
h e ig h t .  Samples near th e  b a se  of th e  Halmani D olom ite c o n ta in  bo th  i l l i t e  
and k a o l in i te ,  th e  l a t t e r  d im in ish ing  r a p id ly  w ith  h e ig h t,  u n t i l ,  from 
abou t 200 f e e t  above th e  base  to  th e  top  o f  th e  column, i l l i t e  i s  th e  on ly  
c la y  m ine ral p re se n t.  Under v a r ia b le  c l im a tic  c o n d itio n s , d i f f e r e n t  c lay  
m ine ra ls  a re  known to  form (Grim, 1962, p .  517-518). K ao lin ite  only 
d evelops i n  f a i r l y  humid environm ents where t o t a l  leach ing  o f  th e  a lk a l i  
and a lk a l i - e a r th  m e tals I s  ach ieved . With le e s  le ac h in g , c la y  m ine rals 
such a s  i l l i t e  a re  p rese rved . These ob se rv a tio n s in d ic a te  th e  ex is te n ce  
of humid c o n d itio n s  a t  th e  commencement o f  Halmani Dolomite tim es, which 
w ere ra p id ly  becoming more a r id .

A lg a l S tro m ato l ite s

(a) In tro d u c tio n

s m
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o b se rv a tio n s  from the  Campbell Rand S e r ie s  to  th e  Dolomite S e r ie s  o f  the  
F a r West Rand, o u tlin in g  th e  c o n d itio n s  o f  d e p o s itio n  o f  th e  's e r i e s '  in  
th e  two a re a s .

(b) C la s s i f ic a t io n  of A lpa l S t to a a to l i te g

The f i r s t  c la s s i f i c a t io n  o f  a lg a l  s tro m a to lite  s tru c tu re s  based 
on th e i r  geom etric  fo n ts  was proposed by Logan and o th e rs  (1964). I t  i s  
e s s e n t ia l l y  a  d e s c r ip t iv e , a s  opposed to  g e n er ic , c l a s s i f i c a t io n ,  re la te d  
to  th e  b a s ic  geom etric  u n i t ,  th e  hem ispheroid, from which most strom ato­
l i t e s  a re  b u i l t .  O ac o lite s , which a re  b u i l t  up o f  sp h e ro id s, a re  a lso  
c onsidered  a s  a  type  o f  s tr o m a to l i t ic  s t r u c tu re .

R e fe rrin g  to  Recent a lg a l  s t r o m a to lite s  and o a c o li te s ,  Logan and 
o th e rs  (1964) recognized th ree  main arrangem ents o f  th e  b a s ic  geom etric

i i  Type -  LLH, l a t e r a l l y  l in K v  hrnf.spheroids -  C o llen ia  S tru c tu re
A f u r th e r  su b d iv is io n  in to  Mode 'C ,  w ith  c lo se  l a t e r a l  lin k ag e  and

Mode 'S ' ,  w ith  spaced l a t e r a l  lin k a g e  o f  th e  h e o isp h ero id s, was proposed,

i i .  Type -  SH, d is c r e te  v e r t i c a l l y  stacked  heoisphero id s -  Cryptozoon
S tru c tu re

Depc--. •;.) on whether th e  liem lspherolds had a co n stan t o r  v a ria b le
b a s a l  r a d iu s ,  Modes 'C  and 'V  re s p e c t iv e ly  were d is t in g u ish e d , 

i l l .  Type -  SS, sp h e ro id a l s t r u c tu re s

Compound a lg a l  s t r o m a to l i te s  (F igu re  14) con ta in ing  bo th  c o lle n ia
and cryp tozoon  s t r u c tu re s ,  a re  a ls o  p re s e n t  i n  R ecent environm ents.

i l l .  A g ita ted  shallow  w a te rs  be 
a re a s ,  a r e  in f e r r e d  by th e  presence





The form ation  of th e  d i f f e r e n t  a lg a l s t r u c tu re s  i s  depcndenC 
e s s e n t ia l l y  on energy d if fe re n c e s  w ith in  th e  d e p o s itio n a l environm ent. In  
an e p e ir ic  se a , th e  optimum energy requ irem en ts  o f  each type  of a lg a l 
s t r u c tu re  occur. The d is t r ib u t io n  o f  th e  major sou rces o f  mechanical 
energy to  an  e p e ir ic  sea  i s  shown in  F ig u re  15, m odified a f t e r  Shaw (1964, 
p . 43 ), in  which th e  th ree  environm ents o u tlin e d  by Logan and o th e rs  (1964) 
can b e  recogn ised . I n  t h i s  model, Type -  LLH s tro m a to lite s  are  
developed n e a res t th e  s tr a n d , follow ed basinw ards by Type -  SS and Type -  SH 
a lg a l  s t r u c tu re s  r e sp e c t iv e ly . Thus, a s tr o m a to l i te  f a c ie s ,  isochronous 
in  c h a ra c te r  (Krumbein and S lo se , 1963, p . 365), i s  developed.

W ith re fe ren c e  to F ig u re  15, a  b r ie f  exp lana tion  of th e  s 
l i t e  f a c ie s  can b e  g iven . C o llen ia  s tr o m a to lite s  develop n e a re s t th e  shore  . 
where wave a c t io n  i s  s l i g h te s t ,  g rad ing  basinw ords in to  the  h ig h e r energy 
oceanic wave environm ent, under which c o n d itio n s  o n c o lite s  w i l l  form.
C ontrary  to  th e  ideas o f Logan and o th e rs  (1964), th e  au tho r considers 
cond itions basinw ards of th e  impingement o f  d eepest waves to  be optimum 
fo r th e  development o f  Cryptozoon s tr o m a to l i t e s .  T his proposal i s  
supported by th e  f in d in g s  o f  P layford  and Cockbain (1969) who recognized 
columnar s tro m a to l i te s  a s  belonging  to  a  s u b tid a l  fo re -r e e f  f a c ie s  in  
A u s tra l ian  Devonian sed im ents. M ater d e p th s , a lthough  deeper than  in  the  
above environm ents, a re  s t i l l  shallow  and have a c t iv e  occanic  c u rre n ts .
In  such an environm ent, in  which oceanic  waves do n o t a f f e c t  th e  bottom, 
d e l ic a te  s tr o m a to l i te  s tr u c tu re s  o f  th e  type  shown in  P la te  IV (A and B) 
w i l l  no t be  d e s tro y ed , w h ile  upward growth in  search  o f  l ig h t  w i l l  p revent 
th e  fo rm ation  of l a t e r a l l y  linked  hem ispti^roide. A lso, the oceanic  c u rre n ts ,  
a s  shown by th e  presence  of lim estone  d e t r i t u s  (Shaw, 1964, p . 43 ), a re  
s u f f i c ie n t ly  strong  in  th is  shallow  s u b tid a l  environm ent to  promote growth 
o t columnar s tro m a to l i te s .

(c) A lga l S tro m a to l ite s  w ith in  th e  H ainan! Dolomite

In  th i s  d isc u ss io n  i t  i s  n o t in tended  to  g ive  d e ta i le d  d e sc r ip tio n s  
o f th e  a lg a l  s t r o m a to l i te s ,  s in c e  th ia  h as been covered in  d e t a i l  by Young 
In h is  papers between 1932 and 1948, b u t r a th e r  to  consider th e ir  environ­
m ental s ig n i f ic a n c e  by com parison, where considered  v a l id ,  w ith th e  f in d in g s  
of Logan and o thexs (1964). W ithin th e  Malmani D olomite th ree  d is t in c t  
types of a lg a l  s tro m a to l i te s  a re  r e c o g n iza b le . These can be c la s s if i e d  
according to  th e  scheme dev ised  by Logan and o th e rs  (1964).

i .  C o llen ia  : type  -  LLH

Thu C o llen ia  s tro m a to l i te s  in  th e  Malmani Dolomite a re  most commonly

a m i



fu r th e r  basitiw ards (F igure  15 ). A lso, th e  sm a ll-sc a le  s tru c tu re s  g enera lly  
have th e  mode 'S ' c o n fig u ra tio n , in d ic a t iv e  o f  ve ry  s l i g h t  wave, a c tio n  chut 
allow ed a lg a l  growth in  th e  In te ra tru c tu v e  spaces. A somewhat d is tu rb in g  
f a c t ,  fo r  which no exp lan a tio n  can be o ffa rn d , i s  th e  absence of domical 
s t r o m a to l i t e s , g r a d a tio n a l i n  s iz e  between th e  two extremes d iscu ssed ,

11. Cryptozoon : Type -  SH

Numerous examples o f  Cryptozoon s tro m a to l i te s  can be recognized 
In  bo rehole  c o re s ,  d e s p i te  th e  f a c t  th a t  a  t ru e  3 -d tae n s io n a l im pression i s  
seldom o b ta in ed . As shown I n  P l a te  IV (A and B) th e se  s tru c tu re s  vary In 
s iz e , a s  de term ined by th e  b a s a l  r a d iu s  o f  th e  hem lepheroid, and In  type of 
com plexity , a s  l a t e r a l  spaceid-link lng  between hem lspherolds occurs 
sp o ra d ic a lly  up th e  column. The l a t t e r  phenomenon i s  considered  to  be 
due to  p e rio d ic  sed inon t I n f i l l i n g  of in te rco lum nar spaces.

i r i e t i e s  w ith  d i f f e r e n t  s t r u c tu r a l  form ulae a re

A. SH -  C w ith  a  b a s a l  r a d iu s  approaching 2 cm.
B. SH -  C +  LLH -  S -*■ SH -  C w ith  a  b a aa l r a d iu s  o f  1 cm.

The d i f f e r e n t  Cryptozoon types g e n e ra lly  occur i n  c lo se  
a s so c ia tio n  in  a s tr a t ig r a p h ic  s e c t io n , a lthough  being  in d ic a t iv e  of 
d if f e r e n t  energy c o n d itio n s . The s tr o m a to l l t lc  s t r u c tu re  shown in  P la te  
IV 'A ' i s  c le a r ly  a deeper w ater response  than  th a t  shown in  'S ' .  The 
former la  la rg e r  than  th a t  in  'B ' and has no l a t e r a l  lin k in g  a s  a  r e s u l t  
o f g r e a te r  c u rr e n t  a c t io n  in  th e  in te r s t r u c tu r e  sp a ce s , and a more rap id  
upward grow th. L arger Cryptozoon s tr u c tu re s  w ith  a b a sa l ra d iu s  approach­
ing  10 eta a re  a ls o  developed. Only p o r tio n s  o f  th e  s tr u c tu re  a re  Seen in  
borehole  c o re s ,  w h ile  r e c r y s t e l l iz a t io n  has o f te n  p a r t i a l l y  o b l i te r a te d  
the  o u tl in e  o f  th e  s tr o m a to l i te .

i l l ,  O n c o lite s  : Type -  SS

O n co lite  s tr u c tu re s  a re  n o t w ell-developed  in  th e  Malmani 
Dolomite in  th e  a re a  under c o n s id e ra tio n , a p a r t  from a th in  zone near the  
top o f  th e  fo rm a tio n . As shown in  P l a te  IV (0) ,  th e  oncoU tea  have a 
c i r c u la r  to  e l l i p t i c a l  c ro s s - s e c t io n , surrounded by a  lig h t-c o lo u red  cement 
c o n s is tin g  o f  r e c ry s t a l l iz e d  do lom ite . On c lo se  exam ination of these  
s tr u c tu re s ,  a lthough  no t ev id en t In  the  p la te  due to  th e  degree  of r e -  
c r y s t a l l i s a t i o n ,  a  s e r i e s  o f  c o n c e n tr ic a l ly  stacked  sphero ids (Mode 0 ) 
a rc  found. The lam inae of opheroW o a r e  no t p e r f e c t ly  oval i n  o u t l in e ,  
bu t c o n s is t  o f m inute c lo se - lin k e d  hem lsphero lds. A formula of 
5§d± ean be determ ined  f o r  a lg a l  s t r u c tu re s  o f  t h i s  type . As shown in  £he

c n c o l i t c s .  .
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form er. I n  v e il-p re se rv e d  o o l i t e s ,  a s  l a  th e  case  fo r o n c o lite s , a 
co n cen tric  arrangem ent o f  th e  sphe ro id s i s  g e n e ra lly  developed a lthough 

, r a d ia l  p a t te r n s  a re  a ls o  found. The s iz e  of o o l i t e s  in  the  H atoani Dolomite 
a re ,  however, le s s  than  th a t  of th e  o n c o li te s .  A chem ical o r ig in  fo r 
carbonate  o o l i t e s ,  r e q u ir in g  a  s o lu t io n  su p e rsa tu ra ted  w ith  r e sp e c t to 
CaCOj, ia  th e  most w idely held  v iew . The a v a i la b i l i ty  o f a d o t r i t a l  nucleus 
and an a g i ta te d  environm ent a re  a ls o  considered  e s s e n t ia l  fo r  o o l i t e  growth 
(B a thu rs t, 1967). In  such an environm ent, p r e c ip i ta t io n  around a suspended 
nucleus cakes p la ce  u n t i l  th e  so-formed o o l i t e  becomes la rg e  enough to  f a l l  
o u t o f  su spension . The s iz e  o f th e  o o l i t e  i s  th u s c o n tro l led  by t/ie  energy 
o f  th e  environm ent. An opposing id e a , inv o lv in g  an organ ic  o r ig in  was 
proposed by Schw eigert (1966) who p o s tu la te d  th e  p a r t ic ip a t io n  of a lgae  in  
th e  in c ru s ta t io n  of detri* - j .  The p resence  o f  amorphous carbon, in  
A u s tra l ian  o o l i t i c  i r o n  o_as, prompted th e  above au tho r to  make a  s im ila r  
suggestion  f o r  th e  o r ig in  of o o l i t e s  in  th e  Malmani Dolomite. I t  can be 
concluded th a t  f o r  e i th e r  o r ig in  an a g i ta te d  environment i s  req u ire d .

i .  C hert o o l i t e s  i n  c h e r t (P la te  V, A)

i i .  Dolomite o o l i t e s  in  dolom ite  ( P la te  V, B)
i i i ,  C hert o o l i t e s  in  dolom ite  (1 'la te  V, C and D)

iv .  Dolom ite o o l i t e s  in  c h e r t .

Another f e a tu r e  shown in  t h i s  p ]« te  i s  th a t  th e  o o l i t e s ,  w hile  
g e n e ra lly  w e l l-s o r te d , can  a lso  be t o t a l l y  ..n so rted . As mentioned above, 
th e  fo rm ation  of o o l i t e s  i s  d i r c c t l y  r e la te d  to  energy, such th a t on ly  
when a c r i t i c a l  s iz e  i s  reached du ring  t h e i r  fo rm ation , w i l l  d e p o s itio n  
take  p la ce . I n  a s ta b le  d e p o s itio n s !  environm ent, a  v a r ia t io n  in  o o l i te  
s iz e , away from U.e sh o re , i s  th u s  expected , being  a response  to  energy 
v a r ia t io n s  w ith in  th e  su b tid a l  'A1 environm ent (F igure  15 ), Baaed on th is  
argument, an unso rted  o o l i t e  h o rizon  may be formed under r a p id ly  changing 
energy - .d i t io n s . O o li te  bands o f te n  d is p la y  a d i s t i n c t  grad ing  (P la te  
V, A). . I s  i s ,  however, g e n e ra lly  of a  rev e rse d  na tu re  w ith  la rg e r  o o l i te s
o v e r ly  "u s m a lle r . An in c re ase  i n  energy, r e la te d  to  a tran sg re ss in g  or 
reg ress in g  s h o re l in e  can be in f e r r e d .

A fte r  much co n tro v e rsy , i t  i s  g e n e ra lly  agreed tod iy  th a t  o o l i te s  
a re  in d ic a t iv e  of p r e - e x is t in g  shoreline* c o n d itio n s . Nowell and o th e rs  
(1960), a f t e r  working on th e  G reat Bahama Bank, concluded th a t  cond itions 
j u s t  below th e  i n t e r t i d a l  zone a r e  optimum fo r  o o l i t e  growth (F igure  15).
I t  should be noted th a t  o n c o lite s  a ls o  form in  th i s  zone which i s  n o t an

appear more a c c e p ta b le  than  a chem ical.

I n  th e  f i e l d ,  o o l i t e s  a rc  c lo s e ly  a s so c ia te d  w ith  dom ical ov

|EŜ IsS=5#liSil3"







Yhe M alcani Dolomite w ith in  the  PoCchefstrooin Svnelinorium

(a) A e r ia l V a r ia e l.n  In  T hickness o f  th e  Malmanl Dolomite

( i )  P re se n ta tio n  o f  Bata

Isopach  maps p rov ide  th e  b e s t  means o f  rep rese n tin g  th e  a e r ia l  
v a r ia t io n  in  th ic k n es s  o f  a  s t r a t ig r a p h ie  u n i t .  W ithin the  Potchefstroom  
Synclinorium , 82 bo reh o les  p e n e tra ted  th e  Malmanl Dolomite and Fountains 
Form ations. An a d d itio n a l 10 c o n tro l p o in ts  ware ob ta ined  by super­
imposing s tr u c tu re  con tou rs n f  th e  base  o f  th e  Malmanl Dolomite and Time- 
b a l l  H i l l  Form ations and no tin g  -the  d if fe re n c e s  in  e le v a tio n  ( a t  th e  po in ts  
o f  in te r s e c t io n )  o f  th e  two s e t s  of c o n to u rs . In  th e  bo rehole  logg ing , no 
d if f e r e n t i a t i o n ,  on a number o f  o c ca s io n s , was made between th e  Malmanl 
Dolomite and Fountains Form ations. I t  was th e re fo re  decided th a t ,  fo r  the  
purposes o f  th e  p re se n t in v e s t ig a t io n , th e  two form ations would be c reated  
a s  one u n i t .  The maps prepared  a r e ,  however, s t i l l  considered  as 
approxim ating to  th e  v a r ia t io n  in  th ic k n es s  o f  th e  Malmanl Dolomite, the  
l a t t e r  having a much g r e a te r  th ic k n es s th a n  th e  Fountains Form ation. Thus, 
d e sp ite  th e  f a c t  th a t  most o f  th e  c o n tro l  p o in ts  la y  along  th e  no rth ­
w estern lim b o f  th e  sync lino rium , r e q u ir in g  in te rp o la t io n  a long th e  south­
easte rn  lim b , an id e a l  s e t  o f  d a te ,  f o r  th e  c o n s tru c tio n  of isopach maps, 
were a v a i la b le .

When d e a lin g  w ith  th ic k  s t r a t ig r a p h ic  u n i t s ,  i t  i s  o f te n  
d e s ira b le  to  s e p a ra te  th e  re g io n a l from th e  l o c a l  v a r ia t io n s .  T his i s  
necessary  f o r  two reaso n s :

1 . L ocal v a r ia t io n s  a re  g e n e ra lly  sm a ll-s c a le  fe a tu re s  
which w i l l  tend  tc  be masked w ith in  a  th ic k  s tr a t ig r a p h ic  u n i t .  However, 
i f  se p a ra ted  from th e  re g io n a l tren d  and mapped a lo n e , lo c a l  th ickness  
v a r ia t io n s  can b e  o f  gvea : g e o lo g ic a l s ig n i f ic a n c e .

2 . C onversely, th e  re g io n a l tren d  may be obscured by 
lo c a l  v a r ia t io n s .

A tren d  su rfa c e  a n a ly s i s  was th u s  c a r r ie d  o u t on th e  u n it  in  
q u e stio n , w ith  th e  re g io n a l and lo c a l  v a r ia t io n s  in  th ickness mapped 
s e p a ra te ly .

To th e  isopach  d a ta ,  th e  l in e a r  to  q u a rtic  su rfa ce s  were f i t t e d ,  
a l l  o f  which d is p la y  a  rem arkably h igh  'p e rce n tag e  f i t  . The r e s u l t s  
th e  a n a ly s is  a re  shown in  T able A. (Page 34)

From th e  abovementioned Cable i t  i s  ev id en t th a t  th e  l in e a r  su rface
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of an in c re ase  i n  th ic k n es s  to  th e  sou th-w to t can, however, s t i l l  be 
recognized . T igu ra  17 has been p rese n te d  a s  being  a  b e t te r  r ep rese n ta tio n  
c t  the  v a r ia t io n  in  th ic k n es s  o f  th e  Malmanl Dolomite w ith in  th e  sy n c lin o r-  - 
iuni than th e  preceding f ig u re .  A s ig n i f ic a n t  f e a tu r e , apparen t from Figure 
17, i s  th a t  th e  Potchefstroora A n tic lin e  d id  n o t a c t  as a re g io n a l high  
during Malmanl Dolomite tim es. A lthough c o n tro l p o in ts  on and in  the  
v ic im lty  o f  t h i s  a n t ic l in e  a re  few in  number, r e s id u a l  va lues do no t 
in d ic a te  th a t  t h i s  s t r u c tu re  was a t  a l l  a c t iv e  du ring  th e  development o f  th e  
H ainan! Dolomite,

P e rcen tage  V ar ia tio n  
Explained 

by S u rface

Increase  in  Percentage 
V aria tio n  Explained 

by Surface

Quadratic

Q uartic

(iid .)  l o c a l  V ar ia tio n s  i n  T hickness

As i s  th e  case  w ith  any t.Pt o f  d a ta  d isp lay in g  a  wide v a r ia t io n , 
th e  r e l i a b i l i t y  o f  a com pila tion  c f  t h i s  d a ta  in c rc ac cs  in  p ropo rtion  to  th e  
number o f  c o n tro l p o in ts  used. For t h i s  reaso n  i t  was considered th a t  th e  
contouring  o f  r e s id u a l  v a lu es f o r  th e  Malmani D olomite ehcvld be r e s t r ic te d

The cub ic  r e s id u a ls  f o r  sub -area  B have been e x tra c te d  from those  ok t.*- 

p a r a l le l  t o  th e  s t r i k e  o f  th e  fo rm ation  in  su b -a rea  B.
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sync lines  (Figuve 11) surrounded by s t r u c tu r a l  h ig h s , an e longate  basin  i s  
developed in  which a marked th ick en in g  o f  th e  u n i t  occurs.

(b) S tra tig rap h y  o f  th e  Malmani D olomite

( i )  I n tro d u ctio n

The s tr a tig ra p h y  o f  th e  Malmani Dolomite has been in v e s tig a te d  
by Young (1933) and loens (1966), The o b se rv a tio n s  o f  th e  former au thor 
were confined e x c lu s iv e ly  to  th e  no r th -w e s t Cape, a p a r t from examining tuo 
incom plete Malmani Dolomite s e c tio n s  from th e  West H itv a tersran d  a re a . He 
was a b le  to  recognize  a s tr a t ig ra p h y  i n  th e  co re  a v a ila b le  which, however, 
included le e s  than  h a lf  th e  t o t a l  th ic k n es s  of th e  fo rm ation in  th a t  a re a , 
loens (1966) p resen ted  an id e a liz e d  s tr a t ig r a p h ic  co 'tran fo r  th e  Malmani 
Dolomite in  th e  P o tche fs trooo  S y n c lin o r iu e , a f t e r  exa in ing  a  complete 
s e c tio n  o f  corc  from West D rie fo n te in  and two incomple p se c tio n s  from the  
X lerksdorp a re a .

Both th e  above a u th o rs  based  th e i r  f in d in g s  on th e  a sso c ia tio n s  
of m acroscopica lly  obse rvab le  p a ra m eters . In  th e  p rese n t study , i t  was 
decided to  fo llow  th is  approach f u r th e r  and , w ith  th e  in c lu s io n  o f  chemical 
d a ta ,  to  a ttem p t to  d e fin e  th e  s tr a t ig r a p h y  oC th e  Malmani Dolomite more 
p re c is e ly .  As mentioned b e fo re , th e  u se  o f  m icroscopic  o b se rva tions as 
environm ental in d ic a to rs  i s  la rg e ly  w o rth les s  w ith in  th e  Malmani Dolomite,
■ '  to  th e  high degree  of r e c r y s t a l l i z a t i o n .

( i i )  The Black Reef Member

The B lack Reef Member, developed a t  th e  base  of th e  Malmf.d 
Dolomite, c o n s is ts  predom inantly  o f  c l a s t i c  m a te r ia l .  W ithin th e  l im its  o f 
the  Po tche fs trooo  Synelinorium , th ic k n e s se s  in  excess o f  20 m etres s r e  ra re ,  
w hile  in  c e r ta in  l o c a l i t i e s  a  th in  carbonaceous sh a le  p a rtin g  i s  th e  only 
r e p re se n ta tiv e  o f  t h i s  u n i t .  In  I t s  m ost ty p ic a l  development, th e  Black 
Reef Member c o n s is ts  predom inantly  o f  q u a r tz i te s ,  w ith  o c ca sio n al conglomer­
a te  ho rizo n s , p a r t i c u la r ! )  tow ards th e  b a se , g rad ing  upwards in to  
carbonaceous sh a le - r ic h  zones. F re q u en tly , a  q u a r tz i te  ho rizon  i s  p resen t 
above th e  sh a le s ,  a lthough  th e  f i r s t  occu rrence  o f  dolom ite  may be found 
below th e  upper q u a r tz i te .  Independent o f  th e  underly ing  geology, the  
pebbles o f  th e  conglom erates c o n s is t o f  w ell-rounded  q u a rtz , w ith  pebbles 
of c h e r t  and q u a r tz i te  being  mote r a r e ,  and w ith  th o se  of sh a le  and 3 •
p rese n t on ly  l o c a l ly .  The c o n s t i tu e n ts  o f  th e  q u a r tz i te  ho rizons a re  \ . . e n  
rounded and w e l l-s o r te d , in d ic a t iv e  o f  rew orking i n  th e  d e p o s itio o a l 
environm ent. P o o rly -so rte d  q u a r tz i te s  a t e ,  p a r t i c u la r ly  on th e  $lan*f ®£

Black Reef Member.
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tv ro tfl in  th e se  v a lu e s , the  th ic k n es s shown on th e  lo g  was considered  to  be 
re p re se n ta tiv e  o f  the  g e n era l o rd e r  o f  magnitude of th e  B lack Reef Member, 
Where d e ta i le d  lo g s were a v a i la b le ,  th e  th ickness  o f  dolom ite  p rese n t below 
th e  uppermost q u a r tz i te  was su b tra c te d , such th a t  th e  va lues used i n  the  
p re p a ra tio n  of th e  mapt a re  e s s e n t ia l l y  c l a s t i c  th ic k n es ses . The maps 
p repared u sing  t h i s  d a ta  can th u s be termed 'C la s t ic  I s o l i t h  Maps' f o r  the  
base  o f  th e  Malmani Dolomite Form ation, Only i n  those  a re as  w ith  good 
c o n tro l were i s o l i t h  maps prepa red . T h is  was considered  necessary , an the  
Member has an e x trs c .ily  i r r e g u la r  d is t r ib u t io n  s im ila r  to  th a t  described  
in  th e  E as t Raid by Fapenfus (1964). For th ic  reason , th e  sub -areas A and 
2 ( f ig u re  6) were se le c te d  fo r  s e p a ra te  a n a ly s is .

H and-contouring o f  u n tre a te d  d a ta  was f i r s t  c a r rie d  ou t fo r  sub- 
a rea  B, th e  r e s u l t  of which i s  shown in  F ig u re  12. An e longate  channel 
p a t te rn  s u b - p a r a l le l  to  th e  tran s v e rse  fo ld  trend  i s  re v e a le d , p a r t ic u la r ly  
in  th e  C a r le to n v i l le  d i s t r i c t .  In  th e  v ic in i t y  of W entonaria, a  n o r th ­
e a s te r ly  trend ing  p a t te r n  i s  more n o tic e a b le , being p o r a l l e i  to  the 
lo n g itu d in a l fo ld in g  in  t h is  a re a .  I t  i s  a p p aren t, when comparing Figures 
10 and 12, th a t  th e  fo ld  p a tte rn  has e x erted  a  major c o n tro l on Black Reef
d e p o s itio n .

I n  th e  K lerksdorp d i s t r i c t  (sub -a rea  A ), a  com pletely  c o n tra s tin g  
geometry to  th a t  described  above i s  developed. On hand-contouring , th e  data  
a re  found to have random d is t r ib u t io n ,  w ith  l i t t l e  resem blance to a  channel 
geometry. There i s ,  however, evidence  o f  th icken ing  and th inn ing  o f  th e  
member p a r a l l e l  to  th e  s t r u c tu r a l  trend  i n  t h i s  a re a  (F igu re  9 ) .  A trend  
su rfa ce  a n a ly s i s  was then  c a r r ie d  ou t on th e  d a ta  in  an a ttem p t to  r e l a t e  the  
th ic k n es s to  the  u n derly ing  s t r u c tu re .  The l in e a r  to  q u in tic  su rfa c e s , w ith  
accompanying re s id u a ls ,  were determ ined, none o f  which showed very  high 
c o e f f ic ie n ts  o f  c o r r e l a t io n .  A c o r r e l a t io n  va lu e  of .45 fo r  th e  q u in tic  
su rfa ce  w as, a s  expected , th e  h ig h e c t, T h is  v a lu e  i s  considered  to  be 
s ig n i f ic a n t  in  view  of th e  no isy  n a tu re  o f  th e  d a ta  being  analyzed . A 
rem arkably s im ila r  p a t te r n  to  th a t  ob ta ined  from th e  s tr u c tu re  re s id u a ls  
(Figure 9) i s  shown by th e  q u in tic  su rfa c e  (F igure  1 3 ) . Maximum th ickness 
v a lu es in  excess o f  12 and 15 m etres c o incide  w ith  th e  long itud inal 
s t r u c t , - r u l  h ighs to  th e  e a s t  o f K lerksdorp and H u ffe lsfo n te in  r e sp e c t iv e ly , 
w hile  minimum th ic k n es ses  l i e  a long  th e  lo n g itu d in o l s y n c lin a l a x is  through 
S t l l f o n te in .  The above p a t te r n , a t  f i r s t  g lance , seems most unusual.
However, growing a n t i c l i n a l  s t r u c tu re s ,  a s  w i l l  be  d iscussed  l a t e r ,  o f ten  
have e lo n g a te  sandstone  bodies p a r a l l e l  to  th e i r  axes.

DeposiC ional Environment 

which i s  o f te n  p re se n t.
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r e q u ire d , To account fo r  th e  f in e -g ra in e d  assem blage ove rly ing  a coarse ­
grained  sequence, a  tran sg re ss io n  of th e  s h o re - lin e  must have taken  p lace . 
Shaw (1964, p . 37-38) r e la te d  th e  development o f  a b a sa l c l a s t ic  u n i t  to  a  
tran sg re ss in g  o r  expanding se a . With tra n s g re s s io n , th e  above au th o r con­
s id e red  th a t  stream s which were p rev io u s ly  dow ncutting would have began to  
drop th e i r  lo a d , duo to  a  lo s s  o f  g ra d ie n t caused by flooding  of th e ir  
lower rea ch e s . Such dumping would have choked th e  channels, r e s u l t in g  in  
b ra id ing  o f  th e  r iv e r s ,  even tu a lly  fo rc in g  overloaded braided  stream s to  
depon it sands over the  form erly erod ing  su r fa c e . As tr a n sg re ss io n  
proceeded, th e  lo c a le  o f  b a sa l conglom erate and sand d e p o s itio n  would have 
moved fu r th e r  upstream , th e  lower flooded  reaches rec e iv in g  on ly  th e  f in e r  
f r a c t io n s .  For those boreholes in  which only carbonaceous sha le  was 
recorded a t  th e  base  o f  th e  Malmani D olom ite, an in te r f lu v e  lo c a l i ty  can 
be in f e r r e d , over which no coarse  e l a s t i c s  were washed, bu t which d id  
experience  rec .'c in g  swamp-like c o n d itio n s . Through th e  p rocesses d iscu ssed , 
a  d iachronous b a sa l c l a s t i c  u n i t  would have been developed. Under the  
above c o n d itio n s , an e s tu a r in e  environm ent would nave formed. The 
ub iq u ito u s sm a ll-sc a le  cross-bedding  in  th e  B lack Reef along th e  no rthern  
fla n k  o f  th e  Potchofstroom  Synclioorium  a re ,  accord ing  to  C.E.B. Conybeare 
(1971, p e rso n a l communication), c h a r a c te r i s t ic  of th i s  type  o f  environm ent. 
Such s tr u c tu re s  a re  considered to  form a s  a  r e s u l t  o f scour and f i l l  
p ro ce sses , ty p ic a l  o f b raided  ch an n e ls .

In  th e  K lerksdorp a rea  (F igu re  1 3 ) , th e  B lack Reef has a  com pletely
d i f f e r e n t  geometry to  th a t  shown in  F ig u re  12. An o ffsh o re  bar co n fig u ra tio n  
i s  developed in  th e  form er a re a , c lo s e ly  resem bling  th e  s t i l l s t a n d  sands 
d iscussed  by Krumbein and Sloes (1963, p . 552 ). These bodies were considered 
by th e  above au tho rs  to  form on growing a n t i c l i n a l  s t r u c tu re s  contempor­
aneous w ith  d e p o s itio n . F u rthe r rew orking, by ocean c u rre n ts ,  o f  the  
c h a n n e l- f i l l in g  b a sa l c l a s t ic  d e p o s its  cou ld  have le d  to  th e  form ation  of 
such d e p o s i ts .  The hand-contoured map o f  th e  B lack Reef Member in  the  
Klerksdorp a re a  d id  in  f a c t  re v e a l an i n d i s t i n c t  channel geometry.

( i i i )  Logging of Macroscopic Param eters 

Methods o f  Approach

In  th e  Potchefstoom Synclinorium , ou tc rops o f  th e  Malmanl Dolomite 
a re  extrem ely  poor. Borehole co res  a re  th u s th e  on ly  a v a ila b le  sources of 
sc c a tig ra p h lc  to lo r - C ie i ,  in  t i l l .  . r e .  « - - « « .  j .M l t u l . t l y  « «  •

r.f rnrk-tvnftB such a s  th e  Malmani D olom ite, lim ita t io n s  e x is t  to
th e  c o n s tru c tio n  of s tr a t ig r a p u iu -----

s tro m a to lite  M M .  —  » »■■«■» « »s tro m a to lite  horizons was im possib le  to  <h 
o f  ouch orim arv sedim entary s tr u c tu re s  as croes-bedd ing , r ip p le  marks, nod



I n i t i a l l y ,  logging o f  the  c o tes  waa c a r rie d  ou t on a q u a l i ta t iv e  
o r  d e s c r ip t iv e  b a s is .  T h is proved to  be a r a th e r  unrewarding e f f o r t ,  on 
account o f  th e  complex na tu re  o f  th e  s tr a tig ra p h y . A q u a n tita tiv e  approach 
was then  embarked on involv ing  th e  rec o g n itio n  o f  s ix  macroscopic para­
m eters . The r -d tu e  o f  th e se  pa ram eters , which s ' e  carbonaceous s h a le s , 
dom ical and columnar s tro m a to l i te s ,  o o l i t e s ,  d a rk  finaly-beddct. to  m assive 
dolm nite and c h e r t ,  have, a p a r t from th e  l a t t e r ,  a lready  been d iscussed .
During logging  th e  degree  of r e c ry s t a l l iz a t io n  o t  the  dolom ite was a lso  
no ted , In  each 1 .50  to  2 m etre c o re -len g th , th e  to ta l  th ickness  of each 
of th e  param eters was reco rded . T his was follow ed by the  c a lc u la t io n  of 
th e  ■pEicencugcs o£ each param eter i n  th e  in d iv id u a l c o re -t ra y s , which were 
then p lo t te d  in  th e  form o f  ba r diagram s. Using th is  approach, i t  was 
p o ss ib le  to  obr.erve the  v e r t i c a l  v a r ia t io n  of th e  param eters, in  d if f e r e n t  
bo reh o les , a:i v £ i l  a s  determ ining th e  a sso c ia tio n  of d i f f e r e n t  param eters, 
thus enab ling  d if f e r e n t  s t r a t ig r a p h ic  zones to  be recognized. The above 
co re -logg ing  te c . - .iques was app lied  to  f iv e  boreholes in  a l l ,  namely UD 11, 
tin 23, UB 15, K4, and WRT 1 . At t h i s  s ta g e  i t  was p o ss ib le  to  r e l a t e  the  
e a r l ie r  q u a n ti ta t iv e  logging to  th e  s tr a t ig r a p h ic  zones ou tlin ed  in  the  bar 
diagram s.

Having th u s p lo tte d  th e  r e s u l t s  from th e  above f iv e  boreholes 
(d u a lly , i t  was p o ss ib le  to  recognize  th e  same s tra tig ra p h y  in  each, 

. i.- lu d in g  a  w ell-developed marker zone in  th e  top th ird  of th e  column.
While c o rr e la t io n  could be c a r r ie d  ou t between bo reholes, th e  th icknesses 
of th e  zones were found to  d i f f e r .  T h is v a r ia t io n  in  th ickness was, however, 
o f  a  sy s te m a tic  n a tu re , a p a r t from one rone mid-way up th e  s tr a t ig ra p h ic  
column. A lthough over 100 m etres in  th ickness in  two bo reholes, t h i s  zone 
was com pletely  a b sen t in  a n o th e r. I t  was thus decided to  neg lec t th i s  zone 
fo r  th e  purpose* o f  c o r r e l a t io n .  Raving sub trac ted  th e  th ic k n es s o t  th e  
v a ria b le  zone (v -  F ig u re  19 ), th e  s tr a t ig r a p h ic  in te r v a l  from th e  base  of 
th e  Malmani Dolomite to  th e  top  of a prominent marker zone was found m  be 
e qual in  th ic k n es s in  Boreholes UD 11, 12, and 15, a s  w ell a s  in  WRT 1 and

param eters w ith in  t h i s  in te r v a l  has been determ ined.
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L2, and 15, a re  p rese n te d , f. shore  d isc u ss io n  o£ th e  more re le v a n t fea tu res  
o f  F ig u re  19, as ex h ib ite d  by th e  d if f e r e n t  param eters, i s  given  below. In  
F igu re  19 , th e  zone o f  v a ria b le  th ickness  which, as discussed  p rev ious ly , 
has been su b tra c te d  from the  s t r a t ig r a p h ic  -.olumn, i s  denoted 'v ' ,  and given 
an a rb i t r a ry  th ickness of 50 m etres, The p o ss ib le  s ig n ific an c e  of th is  
gone w i l l  be  d iscussed  a t  a  l a t e r  s ta g e .

Carbonaceous sha le

In  broad te rm s, a decrease  i n  carbonaceous sh a le  co n ten t w ith 
h e ig h t i s  ev id en t in  F igu re  19. The m ajor development o f th i s  rock-type 
always occu rs a t  the  base  of th e  Malmani Dolomite, a t  tim es c o n s titu t in g  
g re a te r  than  th i r t y  pe rc en t o f  th e  f i r s t  su b -d iv is io n , which inc ludes th e  
Black Beef Member. Above 400 m etres, th e  development o f  carbonaceous shale  
in  the  form ation  i s  extrem ely lim ite d , c o n s is tin g  la rg e ly  of b la ck  p a rtin g s  
which a re  seldom g re a te r  than 5 mu in  th ic k n es s . Two secondary •oncentra- 
t io n s  w ere p rese n t s t  dep ths of 700-760 and 1020 m etres re sp e c t iv e ly , in  
each o f  th e  boreholes logged. Although n o t shown wri Figure IS , occasional 
non-carbonaceous sh a le  horizons a re  found. These a r e ,  however, o f 
extrem ely  lim ite d  occu rrence , n o t having been noted in  a l l  bo reho les , and 
confined  to  th e  s t r a t ig r a p h ic  in te r v a l  between 550 and 750 m etres, where 
developed.

Dark Dolomite

This param eter (P la te  I ,  B ), by d e f in i t io n , i s  a  dark-coloured 
dolom ite  d isp lay in g  l i t t l e  o r  no r e c r y s t a l l i i a t i o n .  The dark  dolom ite
occurs in  two w e ll-d e f in ed  zones between 350 and 520 and 1040 and 1200 m etres,
r e sp e c t iv e ly  and which have been recognized  in  each borehole  core  in v e s t i ­
g a ted . The top  of th e  upper o f  the  two zones has been adopted as a re fe ren c e  
p la n e , below which th e  subd iv is io n  in to  f i f t y  equal in te r v a ls  was made.

Columnar S tro m ato lite s

A somewhat ir r e g u la r  d is t r ib u t io n  of these  s tru c tu re s  (P la te  IV)
i s  revealed  in  F ig u re  19. There a re  e s s e n t ia l l y  two types o f columnar

columnar s tr u c tu re s .

Domical S tro m ato l ite s



r e p re se n t the  occurrence  o f  dom ical s t r o m a to l i te s ,  a lthough percentages 
shown a re  probably l e s s  than  a re  a c tu a l ly  p re se n t. The most im portant 
f e a tu re  to  n o te  on th is  graph i s  th e  marked p e rs is te n c e  o f  t h i s  parameter 
throughout th e  Malnmni D olom ite, a p a r t  ix tm  a  80-metre zone a t  th e  base 
and from a  dep th  o f  350 to  450 m etres w ith in  th e  form ation . There i s  
a lso  a  n o tic ea b le  s c a r c i ty  of dom ical-shaped a lg a l  s tro m a to lite s  as^ve 
th e  l a t t e r  zone.

O o lite s

The abundant development o f o o l i t e s  w ith in  th e  Malmani Dolomite 
i s  con fined  to  a zone between 860 and 1060 m e tres . W ithin t h i s  zone 
numerous w e ll-s o rte d  o o l i t e  ho rizons were developed in  each o f  th e  borehole 
c o re s  examined, v a ry ing  from 5 cm to  1 m etre i n  th ic k n es s . Other minor 
occu rrences o f  o o l i t e s  a re  p re se n t throughout th e  s t r a t ig r a p h ic  column b u t, 
a p a r t f ro c  zones near th e  base  and w ith in  the  upper 100 m etres of th e  
form ation , no ho rizons in  excess o f  5 cm (ire p re se n t. Many o f  th e  b rec c ia  ted  
c h e r t  fragm ents in  th e  ove rly ing  F ountains fo rm ation  c o n ta in  o o l i t e s .

( iv )  The O ccurrence o f  Chert w ith in  th e  Malmanl Dolomite

D is tr ib u tio n

As shown in  F igu re  19, th e  occurrence  o f  c h e r t w ith in  th e  Malmanl 
Dolomite fo llow s a c y c l ic a l  p a t te r n . A t th e  top  o f  th e  form ation  an 
abundance o f  c h e r t  i s  found, d ecreasin g  g rad u a lly  u n t i l  being  com pletely 
ab sen t a t  a  dep th  o f  400 m e tres . From 400 to  700 n - r r e s  tb o re  i s  a 
g rad u a l in c re a s e  in  th e  c h e r t c o n ten t, reach ing  u .second maximum va lue  a t  
th e  l a t t e r  d ep th . A fte r  a  sharp  decrease  in  co n ten t tow.-rde th e  zone 'v ' ,  
a  r ap id  in c re ase  i n  the  abundance of c h e r t ,  to  a depth o£ 950 m etres, takes 
p la ce , follow ed by a  f u r th e r  sudden d e crea se , th e  ru sk -ty p e  being com pletely 
absen t below 1,1.50 l ie tr e s .

Mode of O ccurrence end Mature of Chert

In  bo raiw l?  C M l: th e  c h e r t  v a ilo s  in  c h a rac te r  from m assive
bands, up to  30 cm in  th ic u ic s s ,  down u , th in  s t r in g e r s .  Ac tim es f re e  
c h e r t i s  no t v i s i b l e ,  b u t th e  hlgM> v itr e o u s  l u s t r e  fre q u en tly  assumed by 
the  dolom ite  i s  in d ic a t iv e  o f  a  h igh  s i l i c a  c o n ten t. During borehole  logging 
i t  van lo t  p o s s ib le  to  reco rd  th e  l a t t e r  form of c n e r t ,  bu t an attem pt was 
made to  sum a l l  o th e r  fum e  o f  t h i s  ro ck -ty p e  in  each co re  le n g th . In  the  
f le lO , a s  no tic ed  by loans (3966) in  th e  no rth-w est Cf.pe, c h e r t  may grade

degree  o f  r e c r y s t a l l ix a t io n  o f  th e  enclo sing  do lom ite.

O rig in  o f  Chert



SOLUBILITY OF SILICA AS A FUNCTION OF pH (afte r  Mason, 1962)



t r a n s p o r t ,  and p r e c ip i ta t io n  o t  s i l i c a .  I n  th e  absence o f  vo lc an ic  a c t iv i ty  
du ring  H ainan! Dolomite t in e s ,  i t  must b e  a ssuaed  th a t  s i l i c a  wss derived  
through th e  normal p ro ce sses  o$ w eathering  and tran sp o rte d  <n so lu t itm  in to  
Che d e p o s ito ry . According to  C h ilin g a r (19S6), u o s t o f  th e  s i l i c a  iu  eua 
ua texs i s  in  th e  oonfinolecular form (HgSiOg) and , c o n tra ry  to  th e  id e as  o f  
Tweohofel (1950, p . 405), on ly  m inor amounts a re  p re se n t as c o l lo id a l  
s i l i c i c  a c id .  C h ilin g a r  (1953) in d ic a te d  th a t  s i l i c a  can be  tran spo rted  
a s a  h y d r» p h ilic -c o llo id  which he found e a s  n o t ve ry  s e n s i t iv e  to  
e le c tr o ly te s  and cou ld  bo a d d it io n a l ly  s ta b i l i z e d  by p r o te c tiv e  c o llo id s  
o f  o rgan ic  o r ig in .

The p r e c ip i ta t io n  o f  c h e r t ,  w hether i t  he prim ary o r  secondary 
in  o r ig in , i s  c o n tro l le d  by th e  c o n ce n tra tio n  o f  s i l i c a  in  so lu t io n  and 
th e  pB o f  th e  environm ent. S ieve r (1962) po in ted  w it th a t  s i l i c a  would no t 
p r e c ip i ta te  from n o raa l sea  w a te r , in d ic a t in g  th a t  w ith  a  s i l i c a  co n ten t o f  
1 - 4  ppa, th e  w ater would have to  Ve reduced in  volume over 100 tim es 
b e fo re  s a tu r a t io n  w ith  re sp e c t to  amorphous s i l i c a  could be ach ieved . The 
pB o f  th e  env ironnen t i s  a s  in p o r tu n t a s  th e  con ce n tra tio n  o f  s i l i c a  
(C h ilin g a r , 1956) in  c o n tro l lin g  th e  p r e c ip i ta t io n  o f  th e  l a t t e r .  As shown 
in  F igu re  20 ( a f t e r  Mason, 1966) th e re  e x is t s  an alm ost d i r e c t  re la tio n sh ip  
between rhe  s o lu b i l i ly  o f  s i l i c a  and pH, p r e c ip i ta t io n  being  favoured under 
low er pH c o n d itio n s . I n  a  h igh  tem pera ture  environm ent, and p a r t i c u la r ly  
so where evapo ra tion  i s  tak ing  p la c e , h g t ly  a lk a l in e  con d itio n s w i l l  e x is t  
(C liilln g a r, 1956). Under such c o n d itio n s  th e  form ation  of d o lo o it ic  
lim eston es w i l l  he favoured b u t th e  p r e c ip i ta t io n  o f  s i l i c a  w i l l  no t ta k e  
p: ic e . For th e se  rea so n s, C h flin g a r (19.'»3) a n tic ip a te d  th a t  c h e r t would 
in c re ase  w ith  dep th  o r  d is tan c e  f ro a  th e  sh o re , a s  pH con d itio n s tro d  more 
towards n e u tra l .

Opposed to  th e  wholly in o rg an ic  p r e c ip i ta t io n  o f  s i l i c a  d iscussed  
above, a  b iogeaous o r ig in  f o r  .-.here has been proposed. Siever (1962), in  
a studv o f  s i l ic e o u s  sc d io en ts  i n  th e  G ulf o f  C a lifo rn ia ,  concluded th a t  
raich of th e  c h e r t in  th a t  a rea  was o f  b io g e n ic  o r ig in .  I t  seems d o u b tfu l, 
however, w hether th e se  id e as  can  b e  a p p lied  on any la rg e - s c a le  to  p r im it iv e  
c h e r t occu rrences such a s  a re  p re se n t in  th e  Malmani Dolomite. Subsequent 
to  d e p o s itio n  th e  s i l i c a  undergoes some d ia g e n e tic  change. D ehydration, 
follow ed by c r y s t a l l i z a t io n ,  r e s u l t s  in  conversion  o f  opai to  chalcedonic  
and m ic ro c ry s ta llin e  q u a rts  (P e ttijo h n , 1957, p . M 3 ) . The l a t t e r  f o ra  of 
c h e r t,  d e te c ta b le  a s  q u a rts  i n  X -ray d i f f r a c t io n ,  i s  developed th roughout 
th e  Hainan! Dolomite.

Having d isc u sse d  th e  p o s s ib le  codes o f  o r ig in  of c h e r t ,  the  
occurrence  o f  t h i s  ro ck -tv p o  in  th e  Malmani D olom ite can be considered .
Much evidence e x is t s  fo i *  l a t e r  in tro d u c tio n  o f  s i l i c a ,  no tab ly  th e  presence 
o f  carbonate  fragm ents surrounded by c h e r t ,  g ra d a tio n a l ch ert-ca rb o n a te

i n  p r in a ry  c h e r t ,  e v e , in  a s i l ic e o u s  g e l  i s  d i f f i c u l t  to  env isage . An
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columnar, a re  s i l i c i f l e d  argues tg a in sc  a  p roposal th a t  such organism s can 
s e c re te  s i l i c a  i n  any abundance.

The secondary n a tu re  o f  mosc, I f  n o t a l l ,  c h e r t it. th e  to  le a n t 
Dolomite thus seeos p robable . The tim e a t  which c h e r t i f ic a t io n  ta k es  '  ".9ce, 
however, isi a  c a f t  pr o f  much con trove rsy , hing ing  e s s e n t ia l ly  a ra u i i  si 
coo so lid a tio n  o r  peaecontenporaneoos replacem ent o f  carbonate by tSir.^.. To 
th e  p rese n t a u th o r, th e  l a t t e r  o r ig in  appears more a ccep tab le , p a r t ic u la r ! ; ' 
so i n  a  th ic k  carbonate  succession  such a s  th e  Malmani Solom ito. A p o s t-  
c o n so lid a tio n  o r ig in  would re q u ire  an enormous re s id u a l  concen tra tion  of 
s i l i c a  i n  so lu t io n  and th e  m a in ta in ing  o f  h ig h ly  a lk a l in e  condition* 
throughout Malmani Dolomite tim es.

(v) True T hickness o f  th e  Malmani Dolomite

Having defined  a re fe ren c e  p la n e , w ith in  fhe  Malmani Dolomite, 
a t  th e  top  o f  th e  upper dark dolom ite  zone (F igure  10 ), i t  was p o ss ib le , in  
each o f  th e  seven bo reho les , to  determ ine  th e  th ickness of th e  s tr a t ig r a p h ic  
in te rv a l hetw ’on th e  base  o f  th e  fo rw e io n  and t h i s  p la n e . The p o s it io n s  o f 
th e se  b o reho les , to g e th e r  w ith  th e  th ickness of th e  defined  s tr a t ig r a p h ic  
in te r v a l  a f  eacti p o in t ,  are. shown in  f ig u r e  21. A lthough, due to  th e  
l i s l t t ’d number o f c o n tro l p o in ts  a v a i la b le ,  i t  i s  n e t p o ss ib le  to  a cc u ra te ly  
repfps.-rt th e  v a r ia t io n  in  th ic k n es s o f  t h i s  in te r v a l .  F igure  21 does show, 
in  g e n era l, an in c re ase  in  th ic k n es s to  th e  no rth -w est. There i s  a lso  a  
suggestion  of a bending o f  th e  isopachs around a c e n tr a l  hub sou th  o f  Parys. 
The above p ic tu re  i s  in  complete c o n tra s t  to  th e  r e s u l t  shown in  F igu re  17, 
w hich, .-ilong th e  nouth-w estcrn limb o f  th e  ttynclioorium , in d ic a te s  a 
th ickening  o f  th e  to t . i l  Malmani Dolomite to  th e  so u th -e as t.

The danger o f  u sin g  t o t a l  th icknessns o f  s tr a t ig r a p h ic  u n i t s  in  
th e  c o n s tru c tio n  of isopach mops, w ithou t d e fin in g  any Barker o r  key 
horizons w ith in  th e  in te r v a l ,  can be ap p recia ted  by comparing th e  r e s u l t s  
shown in  F igu res 17 and 21. The f a c t  th a t  th e  upper boundary o f  thes s s m a # # # -
Dolomite away from a c e n tr a l  a x is ,  w ith  a  c lo su re  i n  th e  E ast Sand, ^  ,
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w ith  th a t  p rese n t in  the  W estonaria d i s t r i c t .  On these  grounds i t  i s  
proposed th a t  th e  two a re a s ,  namely th a t  in tP R tlg a te d  by Button (1968) 
and th e  Fotchefstroom  S ync lino riua , w ete, du iin g  Malmani Dolomite tim es, 
p a r t  o f  th e  same b a s in  o f  d e p o s itio n . I t  has no t been p o ss ib le  to 
c o rr e la te  a c tu a l  isopacha in  th e  two a re a s  due to  th e  f a c t  th a t ,  w hile 
on ly  a  c e r ta in  s t r a t ig r a p h ic  in te r v a l ,  re p re se n tin g  about th ree -q u ar te rs  
o r  Che to t a l  fo rm ation , was contoured i n  th e  a re a  being stud ied  by the  
p rese n t a u th o r ,  t o t a l  th ic k n es s v a lu es i n  th e  Xrene-Delmas-Devon area  
were used . The g e n e ra l o rd ers  o f  th ic k n es s  o f  th e  Malmani Dolomite in  
Che two a re a s  a re ,  however, s im ila r .  The g re a t  th ic k n es s o f  th e  Malmani 
Dolomite n o r th w e s t  o f.R ustenburg aiiJ th e  'rem arkable1 th inn ing  southwards 
towards C aro lina  (du l o i t ,  1954, p . 132) a lso  suppo rt th e  above conclusions. 
These two a re a s  a re  re sp e c t iv e ly  ciosei: towards th e  proposed a x is  and the 
margin o f  th e  b a s in  o f  d e p o s itio n  of th e  form ation , re sp e c t iv e ly .

(v i)  Geochemistry o f  th e  Malmani Dolomite

A n a ly tic a l Techniques

From th e  c o re  o f th e  Borehole BO 15, a  t o t a l  o f  one hundred and 
seven ty  samples were taken  between the  Blac’.t Reef Member and th e  Pciinfaina 
Form ation. D y in g  cru sh in g , e ig h ty - f iv e  com posite sam ples, rep rese n ta tiv e  
of a sampling g r id  o f  between 13 and 17 m e tres , were prepared fo r chemical 
a n a ly s i s .  Eeforo cru sh ing  a l l  v i s ib le  c h e r t  was removed from th e  samples.
The a n a ly t i c a l  techniques used on th e  samples involved an i n i t i a l  
se p a ra t io n  o f  th e  e c id -so lu b le  from th e  in so lu b le  re s id u e  f ra c t io n  by 
d isso lv in g  Che crushed  samples in  h yd roch lo ric  a c id . A fter p r.y a r in g  
so lu t io n s  o f  d i f f e r e n t  c o n c e n tra tio n , th o se  c a tio n s  pr<<sent in  th e  disoo lved  
s t a t e  wore d e te c te d .

In the  p re se n t In v e s t ig a tio n  o i.ly  th e  major c a tio n s ,  r.cmely Ca,
Mg, Fo, and Mn, a s  w e ll a s  Na, d e o n ite  th e  low c oncen tra tion  o f  tne  .U tte r ,  
were concidered  re le v a n t ,  th e  r e s u l t s  o f  which appear in  Appendix I I I .
Atomic a b so rb t io a  te chn iques, as o u tlin e d  by Lockyeat (1964), sp p ^ rs d  in  
theory  to  be th e  most s u i ta b le  method a v a i la b le  fo r  the  detetnstuation  of

Ca and Mg, u s in g  t h i s  method.

P re se n ta tio n  o f  R esu lts

Calcium and Magnesimr

t i S H H K



in c re ase  in  th e  calc ium  con ten t o f  th e  dolom ite  occurs, Increasing  the 
r a t i o  to  3 .5  a t  th e  base  o f  che fo rm ation .

I ro n  and Manganese

The c o n ce n tra tio n s  of iro n  and manganese in  th e  Malmani Dolomite 
a re  u n iv e rs a lly  low , such th a t  v a r ia t io n s  in  the  in so lu b le  residue  con ten t 
o f  in d iv id u a l samples should have no marked e f f e c t  on th e  r e la t iv e  con ten ts 
o f  th e se  m e ta ls . Whereas th e  co n ten t o f  i r o n , a s  shown in  F igu re  22, does, 
a t  th e  b a se  of th e  fo im a tion , exceed .022, th a t  o f  manganese i s  never 
g ie a te r  than  th i s  v a lu e . A sym pathetic re la t io n s h ip  between th e  two m etals 
io  apparen t in  F ig u re  22, w ith  th e  g r e a te s t  concen tra tions occurring  a t  the  
base nd a t  a  dep th  o f  approxim ately 450 m etres below th e  top  of the  
fon  a t...m . The above a re  th e  most obvious anomalies disp layed  by the  
g ra i 'ie , x lthough o th e r  m inor v a r ia t io n s  in  th e  d is t r ib u t io n  o f  manganese 
do o i_ u . . At dep ths in  th e  v ic in i ty  of 150, 700, and 1,000 m etres, 
p a r t i c u la r ly  low c o n ce n tra tio n s  o f  manganese a re  p rese n t, co incid ing  w ith  
minimum iro n  c o n te n ts , a lthough  no t a s  a cc u ra te ly  defined  in  the  case  of 
th e  fow ier.

The sudden change in  th e  con ce n tra tio n  of both iro n  and aanganer.e 
a t  approxim ately 1,150 m etres i s  u u s t n o tic e a b le . While below th is  depth, 
a s  shown in  F igu re  22, th e  Fe/Mn r a t i o  I s  g r e a te r  than  1 , th i s  r a t i o  
decreases  w ith  h e ig h t u n t i l ,  a t  a  dep th  of 1 ,125 m etres, a  minimum va lu e  of 
0 .7  I s  a t ta in e d .  A part from th e  above re la t io n s h ip , the  r a t i o  graph 
p rese n ts  a somewhat confusing p ic tu r e ,  con ta in ing  no system a tic  p a tte rn .
The on ly  notew orthy fe a tu re  i s  a  broad zone of lo w -ra tio  va lues between 
250 and 500 m e tres . These c o n s is te n tly  low va lu es  correspond w ith  th e  upper 
zone of c o n c e n tra tio n  of i ro n  and manganese in  which p r e f e r e n t ia l  
p r e c ip i ta t io n  o f  th e  l a t t e r ,  r e l a t i v e  to  I ro n , has taken p la ce . This i s  in  
c o n tra s t to  th e  lower p a r t s  o f th e  b a sa l zone o f  c o ncen tra tion  o f  these  
two a e ta lo .

Sodium

The sodium c o n ten t o f  th e  Malmani D olomite i s  extremely lowwmmmmsk
S ig n if ica n ce  o f  R e su lts

Calcium and Mangcsium

re sp e c t to  magnesium enrichm ent.

P e t t l jo h n  (195?, p . tlB> f i v e ,  t t e  t h c n . t i c a l  c lro l c a l  
cooiposltion of pu re  dolom ite  a s  fo llow s .



MgO i 21.9%; CaO : 31.4%; C02 : 47.7%

■' The most convenien t way o f  comparing a naly ses  from th e  Malmani Dolomite 
w ith  the  above ie  by means of c a lc u la te d  r a t i o s .  On determ ining th e  Ca/Mg 
r a t i o  from th e  above th e o re t ic a l  r e s u l t  a  va lu e  of 1 .40 i s  ob ta ined . This 
r a t i o  corresponds c lo se ly  w ith a l l  v a lu es c a lc u la te d  from th e  Malmani 
Dolomite a n a ly se s , down to  a dep th  of 1 ,040 m etres f ro c  th e  top of the  
form ation . Belov t h i s  dep th , a p a r t  from one r e s u l t ,  namely a t  1,150 m etres, 
an enrichm ent i n  calc ium  r e l a t i v e  to  magnesium oc cu rs . W ithin th is  170- 
m etre in te r v a l  two c y c le s  o f  magnesium-enrichment a re  developed, w ith  the  
form ation o f  ro ck - ty p e s  grad ing  in  com position from c a lc i f ic  to  pure 
dolom ites . These ob se rv a tio n s a re  in  agreement w ith  th e  f in d in g s  of 
Marsehner (1968) reg a rd in g  a  d e crea se  i n  CaCOj from th e  base  to  th e  top  of 
in d iv id u a l c y cle s  o f  carbonate  d e p o s itio n .

I f  i t  i s  considered  th a t  th e  c o n s ta n t Ca/Mg r a t i o s  a re  rep rese n ta ­
t iv e  o f  com plete d o lo m itiz a tio n  above 1040 m etres , an e xp lana tion  fo r  th e  
h ig h e r r a t i o s  below t h i s  dep th  must be forw arded. At th i s  s ta g e  i t  can be 
concluded ch at e i th e r  environm ental changes during  th e  d e p o s itio n  of th e  
Malmani D olom ite, o r  p o ro s ity  d if fe re n c e s  w ith in  th e  prim ary carbonate  
rocks a re  re sp o n s ib le  fo r  the  high  calcium  co n ten t a t  th e  base  o f the  
fo rm ation.

I ro n  and Manganese

The c lo se  s im i la r i t y  i n  th e  d is t r ib u t io n  p a tte rn s  o f  iro n  and 
manganese in  th e  Malmani Dolomite suggests  a  c lo se  ge n etic  re la t io n s h ip  
between Che two m e ta ls . T his o b se rv a tio n  i s  supported by th e  fin d in g s o f 
Wolf and o th e rs  (1967) who came to  a s im ila r  conclusion  fo r  carbonate  rocks 
of th e  R ussian  p la tfo rm , a lthough , in  th a t  a re a , th e  c oncen tra tion  o f  iro n  
was te n  tim es th a t  o f  manganese. In  d isc u ss in g  th e  genesis  u f  s i l ic e o u s  or 
podzolic  s o i l s ,  Buckoan and Brady (1966, p .  303) considered  th a t  a c id ic  
s o lu t io n s  were necessary  to  ta k e  iro n  in to  so lu t io n  in  th e  farrouo  s ta t e ,  
f e r r i c  iro n  be ing  h ig h ly  in so lu b le .  The same au th o rs  ( P 'J 7 0 )  "o ted  th a t 
th e  behaviour o f  d iv a le n t  manganese in  so lu t io n  was very  s im ila r  to  th a t  
o f  fe r ro u s  i r o n .

» , . m  (1962, p . 16'|) s l » « d  t l .  d .p o . l t l m  «I I ra n  m J

w mn o n -d ilu tio n  of sea w aters  under a r id  c o n d itio n s .





The r e la t iv e  Iro n  end manganese conce n tra tio n s between 1100 
and 1210 and 350 and 450 m etres r e sp e c t iv e ly  (F igure  22), a re  thus 
considered to  be in d ic a t iv e  of a  c o a s ta l  environm ent, the  two Lines 
belonging to  s t i i i l a r  d e p o s itio n s!  f a c ie s .  Oa th e  o th e r  hand, t i  l  u n a t  
of low c o n ce n tra tio n  o f  the two m eta ls  a r e  suggestive  of a  f a c ie s  
f u r th e s t removed from th e  basin-edge o r  o f  an a c id ic  swamp-like con tinen ta l 
environm ent. The Eh c o n tro l on iro n  and manganese dep o sitio n  should be 
revealed by Fe/Mn r a t i o s .  Assuming a c o n s tan t supply of iro n  and manganese 
and s im ila r  c lim a tic  cond itions th roughout Halmanl Dolomite tim es, the  
Fe/Mn r a t i o  should b e  h ig h e s t in  more proxim al and lower in  d i s t a l  f a c ie s . 
This r e la tio n sh ip  i s  no t rea d ily  a pparen t in  Figure  22, apart from a 
decrease in  th e  r a t i o  from th e  base  of th e  form ation to  1,125 m etres.
W ithin t h i s  s t r a t ig r a p h ic  in te r v a l ,  a  tra n s g re s s in g  sea can, based on the 
above d isc u ss io n , be in fe r re d . The low Fe/Mn v a tio s  in  the upper zone o t 
con ce n tra tio n  o f  th e se  tuo m e ta ls  may t e  in d ic a t iv e  e»$ a s l i g h t ly  more 
d i s t a l  fu c ie a ,  s im ila r  to  th a t  a t  1,125 m e tre s , than  i s  p rese n t a t  the  
base  of th e  Malmani Dolomite. Apart from th e  above f e a tu re s ,  no 
comparisons can be drawn between the  i r o n  and manganese d is t r ib u t io n  
p a tte rn s  »nd the  r a t i o  g raph . No sim ple  exp lana tion  i s  forthcoming for 
the  o therw ise  random p a tte rn  shown by th e  l a t t e r  graph .

Sod ium

Chemical analy ses show th a t  dolom ites co n ta in  v a ria b le  amounts 
of sodium (P e t t i jo h n , 1957, p .  418). The in c re ase  i n  c oncen tra tion  of 
th is  elem ent a t  th e  base  and top  of th e  Malmani Dolomite, over th a t  which 
i s  considered  to  be a  background co n ten t throughout th e  r e s t  o f  the  
fo rm ation , can be  r e la te d  to  e i th e r  prim ary  or secondary processes . Three 
a l te r n a t iv e  means of con ce n tra tio n  o f  sodium can be proposed, namely, 
evapo ra tion , a b so rp tio n  onto c lay  p a r t i c l e s ,  and secondary in tro d u c tio n  
o f  sodium along permeable zones by p e rc o la t in g  underground w aters.

( v i i )  P rep ara tio n  of a Composite S t r a tig ra p h ic  Column 

Lower Dark D olomite Zone

c oo ta ittitta  the, h ig h e s t i ro n  and calcium  c o n ten ts .



In  incom plete Malmani Dolomite s e c t io n s ,  from boreholes south 
of H es to n a tia , Young (1933) recognizee  a  low er s tra C ig ta p h ic  u n i t  s im ila r 
in  c h a ra c te r  and magnitude to  th a t  d iscussed  above. He subdivided th is  
zone in to  a  shallow  b a sa l and deeper upper pha to , liaving noted a decrease 
in  carbonaceous sh a le  con ten t w ith  h e ig h t.  Toens (1961) a lso  described  a 
da rk-co loured  b a sa l zone, a lm ost devoid o f  c h e r t ,  from a  borehole on West 
B r ie fo n te in .

Domical S tro m ato l ite  -  O o lite  Zone

Between 890 and 1050 m etres a zone of r e c ry s ta l l iz e d  dolom ite, 
vary ing  from m o ttled  to  m ilky, i s  developed . T his zone con ta in s numerous 
o o l i t i c  c h e r t bands, up to  a  m etre  in  th ic k n es s , which o f te n  d isp lay  
reve rsed  grad ing  and a re  g e n era lly  w e l l-s o rte d . Although no t obvious in  
borehole c o re s , f i e l d  s tu d ies  have revealed  a c lo se  a sso c ia tio n  between 
la rg e  dom ical s tro m a to lite s  ( P la te  I I )  and o o l i t e s ,  th e  l a t t e r  occurring 
in  pockets between in d iv id u a l zones o r  a s  more p e rs i s te n t  bonds. F in ely - 
bedded a lg a l- la m in a te d  sediments ( P la te  I I I )  a re  a ls o  conmon, w hile  
p a ra s i t ic  domes a re  o f te n  developed on th e  la rg e  domical s tro m a to lite s .
In  a d d itio n  to  con ta in in g  numerous o o l i t e  ho rizo n s , th is  zone i s  a lso  
c h a rac te r iz ed  by an abundance o f  c h e r t .  Chert r ip p le  marks (P la te  IV) 
a re  ty p ic a l  occu rrences, being c lo se ly  a sso c ia te d  w ith o o l i t e s  and o ften  
d isp lay in g  in te r fe re n c e  p a t te r n s .  Minor amounts o f carbonaceous shale  
occur, being  p a r t i c u la r ly  concentra ted  towards th e  base of the  zone. A 
w e ll-d e fin ed  marker ho rizon  c o n s is tin g  o f  o o l i t i c  c h e r t in  a carbonaceous 
sh a le  m a trix  i s  o f te n  p rese n t a t  th e  base . L arge, poorly defined  columnar 
s tr o m a to lite s  a re  c oncen tra ted  ( a t  950 and 1050 m etres) towards th e  top 
and bottom of th e  zone, r e sp e c t iv e ly . Geochemical r e la tio n sh ip s  w ith in  
th is  zone a re  no t s t r ik in g  a p a r t  from an a n t ip a th e t ic  re la tio n sh ip  between 
iro n  and manganese, ae  opposed to  c h e r t .

Both Young (1933) and Toens (1961) recorded rock-types s im ila r  
to  those  d isc u sse d  above, a t  h e ig h ts  o f approxim ately 150 m etres above the  
base of th e  fo rm atio n . The form er au tho r noted a  c e n tr a l  20-metres th ic k  
zone, c o n s is tin g  o f  r e c ry s t a l l iz e d  and lam inated  dolom ite, which was not 
recognized in  th e  p rese n t in v e s t ig a t io n .

Columnar S tro m ato l ite  Zone

r n s s m
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Mix Eld Zone

T h is  zone h a s , due to  i t s  v a r ia b le  th ic k n es s , been om itted from 
F igu re  19 b u t should however appear i n  th e  sL ra tig rsp h ic  column. On 
exam ination o f  th e  c h e r t d is t r ib u t io n  in  F igu re  19 a decrease  towards the  
mixed zone occu rs from above and below. T his o b se rva tion  i s  borne ou t in  
th e  in d iv id u a l lo g s  i n  which, d e sp ite  th e  d if fe re n c e  in  th ickness fo r  each 
bo rehole , a  d e fic ie n cy  i n  c h e r t i s  found , While c on tain ing  minor amounts 
o f  c h e r t,  th e  mixed zone c o n s is ts  la rg e ly  of f ine ly-bedded  dolom ite, 
p a r t i a l l y  r e c ry s t a l l iz e d  in to  l i g h t  and da rk  bands, con ta in ing  numerous 
domical s tro m a to l i te s  which va ry  between 1 and 5 cm in  s iz e .  Thin 
carbonaceous sh a le  bands a re  common, w ith  oc ca sio n al o o l i t i c  c h e r t zones 
a lso  developed.

M ottled Zones

Two zones having a  m o ttled  appearance a re  developed between 590 
and 620, and 730 and 760 m e tres , r e s p e c t iv e ly . Large columnar s tro m a to lite s , 
f re q u en tly  obscured by r e c r y s t a l l iz a t io n ,  c h a ra c te r iz e  th e se  zones.
Ind iv id u a l h o r izo n s , c o n s is tin g  o f  s in g le  s tro m a to l i te  heads, a re  up to  50 
cm in  th ic k n es s . Although only p a r t  o f  th e  s tr u c tu re  occurs in  borehole 
c o re s , b a s a l  r a d i i  approaching 10 cm can  be in fe r re d  fo r th e se  s tro m a to lite s . 
In  a d d itio n  to  the  above c o n s t i tu e n ts ,  m inor amounts o f  c h e r t and 
carbonaceous sh a le ,  a s  w e l l as o c ca s io n a l dom ical s tro m a to lite s ,  a re  
p rese n t.

R e c ry s ta lliz e d  Cherry Zone

Between 620 and 730 m e tres , a  zone of h ig h ly  re c ry s ta l l iz e d  
dolom ite i s  developed, con ta in in g  many ir r e g u la r  m ottled  horizons and w ith 
a  high c o n ce n tra tio n  o f  c h e r t .  Numerous carbonaceous sha le  bands, 
inc re as in g  in  th ic k n es s towards th e  base  a re  p re se n t, a s  w e ll a s  occasional 
o o l i t i c  c h e r t  h o r izo n s . Domical s t r o m a to lite s  a re  sp a rse ly  developed and, 
where found, have poo rly  de fined  o u tl i n e s ,  suggesting  th a t  r e c ry s t a l l iz a t io n  
may have destroyed  o th e r  such s t r u c tu re s .  I t  i s  a lso  considered p ossib le  
th a t  any carb o n ate  o o l i t e s  would have been com pletely destroyed . Much of 
th e  c h a r t occu rs a s  i r r e g u la r  v e in lc t s ,  seldom g re a te r  than 2 cm in  
th ic k n es s , l e t  hand . «p to  30 c .  In  v ld th  . «  developed

minimum v a lu e s .

F inely-bedded Domical S tro m ato l ite  Zone



throughout the  zone. F ie ld  o b se rva tions have Ind ica ted  th a t th e  l a t t e r  do, 
ag ain , o f ten  occur a s  p a ra s i t ic  s t r u c tu re s  on la rg e r  domes. An abundant 
development o f r ip p le  marks was a ls o  no ted . T his domical s tro m a to lite  zone 
i s  c h a rac te r iz ed  by a r e la t iv e  d e p le tio n  in  c h e r t which d ecreases in  
abundance coaards th e  top  u n t i l  i t  i s  com pletely absen t in  th e  upper 20 
m etres . Minor amounts o f carbonaceous sh a le  a re  developed, as w ell as 
occasional o o l i t e  h o rizo n s. The geochaolca l d a ta  d isp lay  no c h a r a c te r is t ic  
v a r ia tio n s  w ith in  t h i s  zone. An a n t ip a th e t i c  r e la tio n sh ip  between iro n  and 
manganese, as opposed to  c h e r t ,  i s  a p p aren t, th e  two m e tals inc re as in g  
upwards a s  the  c h e r t cont .i t  d e c rea ses .

Upper Dark Dolomite Zone

The upper dark  dolom ite gone i s  ve ry  s im ila r  in  c h a rac te r  to  th a t 
developed a t  th e  base  of th e  H ainan! D olom ite. Finely-bedded to  massive 
dolom ites occur throughout, th e  l a t t e r  o f te n  having a dar'-. i r r e g u la r ly , 
m ottled  appearance . R e c ry s ta lliz a tio n  i s  com pletely la ck in g , a p a r t  from 
occasional th in  m ottled  bands. C .rbonaceous sh a le  horizons a re  g e n era lly  
le s s  than  5 cm in  th ickness b u t, i n  one in s ta n c e , a  ?-m etre  th ic k  
occurrence was noted  towards th e  top o f  th e  zone. A part from th e  dark 
n e t t l in g ,  which may re p re se n t some o rg an ic  growth, no s tro m a to lite s  or 
o o l i te s  have been recorded in  th is  zone, which i s  a lso  c h a rac te r iz ed  by a 
complete absence of c h e r t .  Veined dolom ite  horizons have been recorded, 
p o ss ib ly  re p re se n tin g  in f i l l e d  m ud-cracks. As was found in  th e  lower 
such zone, an in c re ase  in  c o n ce n tra tio n  of iro n  and manganese i s  a sso cia te d  
w ith  th e  uopnr da rk  dolom ite  occu rrence . The Fe/Mn r a t i o s  a re  always le s s  
than 1,  a s  opposed to  g re a te r  than  u n ity  v a lu es a t  the  base  o f th e  lower 
zone. I t  should be no ted , however, th a t  in  Borehole UD 15, from which 
sanples were taken  fo r  a n a ly s is ,  no carbonaceous sh a le  was developed in  
the  upper dark  dolom ite zone.

Chert-Bi)mical S tro m ato l ite  Zone

From th e  base  o f  th e  F ountains Formation to  a  depth o f  350 
m etres, a  zone c o n s is tin g  predom inantly  o f c h e r t and dom ical s t r w ia to l i te s  
.to p re se n t. P a r t ic u la r ly  towards th e  base  of th is  zone, fine ly -lam ina ted  
do lom ite, w ith  an abundant development o f  domical s tro m a to l i te s ,  occurs. 
Moving upwards, th e  c h e r t co n ten t in c re a s e s , w ith  t jo  maximum concen tra tions 
a t  30 and 133 m e tres r e s p e c t iv e ly , a s  does th e  degree  of r e c ry s t a l l iz a t io n .  
The carbonaceous sh a le  c o n ten t of t h i s  zone i s  c h a r a c te r i s t ic a l ly  low' 
W ithin th is  broad zone, d i f f i c u l t  to  subdiv ide  due to  g rad a tio n a l upward

m m a f c
th e  base , in  th e  upper 10 m etres o f  th e  form ation .





The Fountains Formation

G eneral M th o lo g lc  Ci. T ncto ris tieB

The Fountains FormaCion c o n s is ts  of two d is t in c t  u n i t s ,  namely 
the b recciaE ed c h a r t  zone and the  Pologround Member, to g e th er c o n s titu t in g  
a  s in g le  mappabie u n i t  in  th e  f i e l d .  T his c la s s i f i c a t io n  c o n f l i c ts  w ith 
p rev ious id e a s , in c lu d in g  those  o f  de Kock (1964), vhu placed a l l  
sed iuen ts  above th e  b re c c ia te d  c h e r t  w ith in  th e  'P r e to r ia  S e r ie s '.

(a) B recc ia ted  Cherf Zone

T his gone i s  developed imm ediately above the  Malmani Dolomite 
which i t  unconformably o v e r l ie s ,  and h a s , on d if f e r e n t  occasions, been 
r e fe r re d  to  a s  th e  'G ia n t C h e r t ' (de Kock, 1964). I t  i s  comprised of 
angu lar and sub -angular fragm ents o f c h e r t ,  w ith  p la te - l i k e  b lo c k s , up to 
1 m etre in  le n g th , a ls o  common. Many £ri gments co n ta in  s tro m a to lit ic  
s t ru c tu re s  o f  th e  dom ical ty p e , a s  w e ll a s  o o l i t e s ,  w hile  angular calcareous 
q u a r tz l te  pebbles have a lso  been no ted , p a r t i c u la r ly  in  borehole  c o re s . In  
the  f i e l d ,  the  m a tr ix  of th e  b rec c ia te d  c h e r t i s  id e n t ic a l  in  appearance to  
the f ragm en ta l m a te r ia l (P la te  V II ) . A m assive c h e r t i a  developed, hence 
the  name 'G ian t C h e r t ',  o f te n  le ad in g  to  some d i f f i c u l t y  in  d is tin g u ish in g  
the  m a trix  from th e  h o s t .  In  c o n tra s t  to  the  homogeneous l ig h t  co lour seen 
in  th e  f i e l d ,  a da rk  grey  to  carbonaceous sh a le  m atrix  i s  p rese n t in  
borehole  c o re s  ( P la te  V II I ) ,  enab ling , a t  tim es, in d iv id u a l c h e r t fragments 
to  b e  f i t t e d  to g e th e r .

The Pologround Member c o n s is ts ,  in  i t s  most ty p ic a l  development, 
o f q u a r tz -c h e r t g r i t t y  q u a r tz i te e ,  g e n e ra lly  w ell-bedded and o f ten  con tain­
ing sm a ll-s c a le  c ro ss-bedd ing . Whereas th e  c o n s titu e n t qua rtz  g ra in s  a re  
subrounded to  rounded, the  c h a r t e x is t s  a s  a ngu lar to  subangular fragm ents. 
F requen tly , and in  p a r t i c u la r  to  th e  sou th  o f  H ostona ria, a  boulder 
conglom erate (P la te  IX) composed of w ell-rounded  c h e r t bo u ld e rs , up to  20 
cm in  d iam eter, in  a  m a trix  of th e  above q u a r tz i t i c  m a te r ia l ,  occurs a t  
the  base  of t h i s  member. T h is  dual-provenance rock -type  has been c o rre la te d  
w ith and termed th e  B e v e t 's  Conglomerate by de  Kock (1964). While genera lly  
d i r e c t ly  ove rly ing  th e  b re c c ia te d  c h e r t  zone, a  ca lcareous o r  do lom itic  
sh a le , o f te n  con ta in in g  c h e r t bands, may be developed below th e  Pologround 
Member. Shale  ho rizons a re  a lso  fre q u en tly  p rese n t w ith in  th is  member.

(a)  B recc ia ted  Chert I s o l i t h

Although b re c c ia te d  e h u rt zones a re  oc ca sio n a lly  developed w ith in
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f iv e ,  a v a i la b le  fo r  th e  c o n s tru c tio n  o f  i s o l i t h  maps.





tmyirmm end Tninimua th icknessee  T>eing developed. The o r ie n ta tio n  o f  these  
b e l t s  i s  roughly  p a ra l le l  to  th e  s t r u c tu ra l  tre n d s  li> t h i s  a re a ,  a  r e la t io n ­
sh ip  which becomes a pparen t on coopering F igu res 10 and 24. The ma-rimm 
development o f  th e  b ree c ia tc d  c h e r t zone occurs on s t r u c tu r a l  h ig h s , v i t h  
minimum v a lu es  being  p re se n t along  sy n c litia l tr e n d s . The broad ie o l i t h  
th ickness no rth-w est o f F o c h v ille  does no t l i e  on any obvious s t r u c tu ra l  
high  d e lin e a te d  a t  th e  base  o f  th e  B lack R eef, b u t i s  p a r a l l e l  to  th a t  
recognized  by  Knowles (1966) a s  being  a c t iv e  du rin g  V ontcrsdorp Contact 
Reef tim es.

(b) rologround Member I f . '-“ -h

Although th e  le n so id  har. c t e r  o f  th e  Pologround Member, 
p a r t i c u la r ly  th e  ch . .  conglone.. can o f te n  be  seen  in  th e  f i e l d ,  th e  
subeo r/ace  sapping  o i th is  u a i t  has  bees undvrtaken in  an a ttem p t to  d e fin e  
i t s  t r u e  geom etry. The i s o l i t h  map (F igu re  2 5 ) , prepared  f o r  th e  same a re a  
a s  F ig u ra  24, o u t l in e s  th e  channel p a t te r n  o f  th e  Pologround Member, w ith  
th ic k n es ses  from le s s  than 3 to  g r e a te r  than  20 m e tres being  developed, 
While th e  channels have a  r a th e r  n o n -sy s te o a tic  d is t r ib u t io n ,  a  s i c  
p a t te rn  o f  s te e p  v a lle y s  and broad in te r f lu v e s  i s  e v id en t, tin th e  in t e r ­
flu v e s  where fre q u e n tly  no r e p re se n ta tiv e  of th e  Pologround Member i s  
developed, th e  b re c c ia te d  c h e r t  zone c o n s t i tu t e s  the  Fountains Form ation.

O rig in  of th e  Fountains Formation

There i s  g e n era l agreem ent, n o tab ly  by V isse r (1957) and Button 
(1968), th a t  th e  ’ G iant C h e rt' re p re se n ts  a r e s id u a l  in so lu b le  product of 
w ea the ring . A c o n f l ic t in g  id e a  vas proposed by d e  Kock (1964) who 
a t t r ib u te d  t h i s  zone to  a sh e e t o f s i l ic e o u s  g e l .  r e p rese n tin g  th e  f i n a l  
r e s id u a l  p r e c ip i ta t io n  product o f  th e  se a  in  which th e  Halmani Dolomite 
was la id  down, w hich, on exposure to  th e  atm osphere, d r ie d  o u t and 
c ra ck e d . The form er idea  i s ,  however, i n  th e  au th o r’ s  o p in ion  a  more 
acc ep ta b le  ex p lan a tio n  in  which i t  I s  c o n s id e r’d th a t  a t  t h e  end of 
H ainan! D olomite ti r .e s ,  c e r ta in  a re a s  were e lev a ted  above s e a - le v e l .  
Removal o f  th e  c a lc areo u s m a te r ia l i n  a  su b a e r ia l environm ent caused 
slumping which was follow ed by in f i l l i n g  of th e  openings between the  
in so lu b le  c h e r t  fragm ents. I n  te c h n ic a l ly  p o s i t iv e  a re a s  which were 
su b je c ted  to  g r e a te r  u p l i f t ,  maximum e ro s io n  took  p la ce , r e s u l t in g  in  th e  
th ic k e s t  development o f  th e  'G ia n t C h e rt1.

The sh a lcy  o a t r i x  o i  th e  'G ia n t C h e rt' i s  a ls o  considered  to  
re p re se n t a r e s id u a l  product vh ich  v a s  squeezed in to  th e  in te r -b re c c ia

and o f  q u a rtz  g ra in s  in troduced  from b more d i s t a n t  provena .ice.



Environm ental R e co n s tru c tio n  of th s  Milmani 
Dolomite and Fountains Formations

Any a ttem p t a t  re c o n s tru c tin g  th e  environm ent o f  form ation  of 
the  Malmani Dolomite must take  in to  c o n s id e ra tio n  th e  c o n s titu e n ts  of 
th e  Foun ta in s Form ation. A lthough se p a ra ted  by an unconform ity today, the  
two fo rm ations once c o n s titu te d  a s in g le ,  la rg e ly  autochthonous, 
d e p o s itio n a l c y cle .

The B lack Reef Member, g rad ing  upwards from b asal conglomerates 
through q u a r tz l te s  to  sh a le s ,  r e p re se n ts  a  tr a n s g re s s iv e  c y c le . The 
d is tan c e  f ro o  th e  sh o re l in e  in to  th e  b a s in  th a t  th e  sh a le  f ra c t io n  was 
tran sp o rte d  v a s  c o n tro l le d  by tho  n a tu re  o f  th e  d e p o sito ry . The most 
w idespread o f  th e  environm ental ;ja ra a c re rs , recogn izab le  in  bo th  f c re a tio n s , 
a re  dom ical s tro m a to l i te s  which a re  u b iq u ito u s ly  developed in  th*  Fountains 
Formation and occur throughout th e  Kalman! D olom ite, a p a r t from in  the  
two dark  dolom ite  zones. The presence  o f  these  s tru c tu re s  in d ic a te s  a 
sha llow -w ate r, low -energy environm ent (Logan and o th e rs ,  1964), such a s  i s  
p rese n t in  an  e p e lr ic  se a . Such s e a s , accord ing  to  Shaw (1964), p .  4) l i e  
on th e  m ain mass o f  a c o n tin en t and have a verage  bottom slopes between 
2 - 1 0  cm/tan. Any a lloch tlionous m a te r ia l which was being in troduced  in to  
th e  d e p o s ito ry  w ould, under th e  p r e v a ilin g  low-energy c o n d itio n s , have 
been dep o sited  on th e  edge o f  che b a s in , r e s u l t in g  in  an accum ulation of 
a rg il la c e o u s  m a te r ia l in  th e  s u p r a t id a l  environm ent. Grabau (1906) 
in d ic a ted  th a t  i f ,  i n  an e p e lr ic  se a , tr a n s g re s s io n  took p la ce  over a low 
peneplaned su r fa c e , th e  encroaching w aters  would have moved landwards 
over swampy ground, gen era tin g  h ig h ly  reducing  con d itio n s necessary  fo r the  
development o f  b la c k  s h a le s . T his p roposal i s  in  agreement w ith  the  
suggestion  of Krumbein and S lo ss  (1963, p . 416) th a t  e ux in ic  cond itions 
can develop in  shallow  w aters  a s  opposed to  th e  Ix .thyal o r  abyssal 
environm ents p rev io u s ly  considered  necessary  by Rich (1951).

Above th e  carbonaceous sh a le  ho rizons a t  th e  base  of th e  H ainan! 
Dolomite a  th ic k  succession  t,f  da rk  n o n - fo s s i l i f e ro u s  dolom ites i s  p resen t, 
a f t e r  which th e  low est zone has been named. McKee (1945) noted th a t in  an 
e p e lr ic  s e a , carb o n ate  rocks l i e  b a s iiw a td s  of sh a le s , beyond th e  realm s 
of in tro d u c tio n  of c l a s t i c  m a te r ia l ,  t a p o r t e  (1967) and Shinn and o the rs  
(1965) d isc u sse d  th e  occurrence  of n o n - fo s s i l i f e ro u s , dark  dolom ites from 
the  M anlius Form ation in  th e  U.S.A. and in  th e  Bahamas, re sp e c t iv e ly , 
concluding th a t  such do lom ites develop i n  s u p r a t id a l  environm ents. The 
above a u th o rs ,  basin g  th e i r  c onclu sions f i e l d  obse rv a tio n s, a lsowarnd e l ic a te  cryptozoon  s tr o m a to l i te s .



oEroarioNA'. ENVIRONMENTS
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CYCLICAL SEDIMENTATION IN THE MAlMANI DOLOMITE FORMATION
Figure 26



Ill th e  above d isc u ssio n , a  complete tran sg re ss iv e  sequence '  a t 
developed, from su p ra t id a l  braided  channel dep o sits  to  a su b tid a l columnav 
s tro m a to lite  f a c io a . From th e  base  o£ th e  Malmani Dolomite to th e  top of 
the  columnar s tro m a to lite  zone, such e sequence occurs (Figures 23 and 26), 
being re lu tu il lo  a prolonged period  of oouthword m igra tion  of the shore­
l i n e  in  an  expanding b a s in . In  th e  domical s tro m a to lj.te -o o lite  zone, the  
in t i o a te  a s so c ia tio n  o f  th e se  two s tru c tu re s  i s  in d ic a t iv e  o f numerous 
su ccessiv e  minor tran sg re ss io n s  and re g re ss io n s , in  an o v e ra ll tr a n sg re ss iv e  
phasei du ring  Urn form ation o f  th i s  s t r a t ig r a p h ic  u n i t .  I t  i s  considered 
th a t a l te r n a t in g  h igh and low t id e s  were re sp o n sib le  fo r  such intcrbciided, 
i n t e r t i d a l ,  and s u b tid a l ,  responses. During th e  above tran sg re ss iv e  cycle  
o th e r  m ig ra tio n s  o f  th e  sh o re l in e  must have occurred , in  order to  account 
fo r  th e  m inor development of columnar s tro m a to lite s  w ith in  th i s  cycle  
( f ig u re  19 ).

Above th e  columnar s tro m a to lite  zone, a reversed sequence to  
th a t  a lre ad y  d isc u sse d  i s  developed, rep rese n tin g  a  reg ress iv e  c y c le  (Figure 
26 ). T h is c y c le  culminated in  th e  form ation  of a second dark dolom ite zone 
between 350 and 5 i0  m etres below th e  base  o f the  Fountains Form ation. With­
in  th ib  gone, da rk  n o n - fo s s i l i f  eroxis dolom ites e re ,  a p a r t from th e  th ic k  
carbonaceous sh a le  ho rizon  p rese n t in  one of th e  boreholes logged, th e  
most p roxim al resp o n se . The r e c ry s ta l l iz o d  cherty  zone i s  considered  to 
be th e  i n t e r t id s l - s u b t i d a l  equ ivalen t o f  th e  domical s t ro m a to lite -p o lite  
zone o f  th e  tr a n s g re s s iv e  c y c le . S im ila r i t ie s  between th e  two zones a re  
th e  abundant development of c h e r t and th e  presence of domical s tro m a to lite s , 
w h ile  th e  r e l a t i v e  s c a rc i ty  o f o o l i t e s  in  th e  r e c ry s ta ll iz e d  cherty  zone i s  
a  most n o tic e a b le  d if fe re n c e . The p o s s ib i l i ty  e x is ts  th a t r e c ry s t a l l iz a t io n  
may have destroyed  most n o n -ch e rtife ro u s o o l i t e s .  However, i n  a r eg ress iv e  
se a , th e  development o f  o o l i t e s  would no t be favoured, suggesting th a t  such 
s tr u c tu re s  never occurred  in  any abundance in  the  re c ry s ta l l iz e d  cherty  
zone As shown in  F igu re  19, a  decrease  in  the  carbonaceous sha le  conten t 
during  th e  r e g r e s s iv e , a s  opposed to  th e  underlying tran sg re ss iv e , cycle ,

M Bth an  in  th e  underly ing  tr sn sg re s s iv e  succession .
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culm inating in  Che development o f coarse  aUocliliionous a u p ra tid a l deposics , 
probably took  p la ce  du ring  Halmani Dolomite tim es.

W hile tra n s g re s s io n  i s  due to  landward m igra tion  o f  th e  aqueous 
environm ent, r e g re s s io n  r e s u l t s  from sh rink ing  of the  deposito ry , which is  
duo to  low ering  o f  th e  s e a - le v e l e i th e r  through evaporation or by an 
in c re ase  in  g ra d ie n t o f th e  ja le o s lo p e . The l a t t e r ,  which i s  caused ty  
doimwarpiug in  th e  dep o sito ry  o r  u p l i f t  o f  th e  surrounding t e r r a in ,  i s  
considered to  b e  th e  most im portan t p rocess , a lthough a combination o f  the 
two i s  l ik e ly ,  p a r t i c u la r ly  in  e p e ir ic  sea.

Under con d itio n s o f  re g re s s io n , the  development of evapo rite s i s  
favoured a long  th e  margins o f  a b a s in  (Shaw, 1964, p . 25). In  c o n tra s t, 
such d e p o s its  w in  n o t, accord ing  to  th e  above au th o r, form during 
ttansB reisaiva  c y c le s  due to  s o lu t io n  o f  any developing evapb titea  by th e  
encroach'.ng s e a . g lo ss  (1953) d iscussed  ways of recognizing evapo rite s  in  
ancien t te r r a in s  where th e  a c tu a l m ine rals hove *ie. n removed in  so lu t io n , 
and, when examining th e  Halmani Dolom.-'hi, he, L.L. S lo ss , suggested (1970, 
pe rsona l communication), th a t  b rec cia te d  c h e r t horizons w .th in  the  
form ation may b e  in d ic a t iv e  o f  such d e p o s its .

The fo rm ation  o f  e v ap o r ite s  would be most pronounced in  supra- 
t l f ia l  erreiTOTincuts, n o te  p a r t i c u la r ly  along in ta r f lu v t s ,  in  'place o f  th e  
swamp-like d e p o s its  developed du ring  tran sg re ss iv e  c y cle s . In  a l l  bore­
hole  c o re s  examined, b rec cia te d  c h e r t zones were no t p resen t in  the  
Halmani D olom ite, th e  occurrence  o f  such r e s id u a l de p o sits  being confined 
to  th e  ove rly in g  Fountains Form ation. The most proximal f a c ie s  o f th e

one o f  th e  bo reho les  occurred a t  th e  tap  of the  above zono, and is
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te c to n ic  a c t iv i ty  being  most in te n se  d u r in g  th e  e a r ly  s tages o f such a  
c y cle . I r r e g u l a r i t i e s ,  r e la te d  to  s t r u c tu ra l  trends (Figure 11) in  the  
f lo o r  of th e  d e p o sito ry , w i l l  th u s  be n e s t  pronrunced a t  th i s  s tage .
B peiric  sed im en ta tion , i t  i s  proposed, « r i l l  tend to  b ring  about e 
le v e ll in g  o f  th e  b a s in  f lo o r ,  the reby  develop ing  a s tr a t ig ra p h ic  u n i t  of 
v a ria b le  th ic k n es s  on the  uneven s u r fa c e .

At th is  s tage  i t  i s  p o ss ib le  tio r e la te  th e  v e r t i c a l  v a r ia tio n s  
in  con ce n tra tio n  o f  d if f e r e n t  m e ta ls  to  th e  d e p o s itlo n a l f a c ie s .  The 
r e la t iv e  calcium  enrichment a t  th e  base  o f  th e  form ation (Figure 22) 
occurs in  a proxim al f a c ie s ,  a  re la tio n s& ip  which opposes the  suggestion 
o f  C h ilinga r (1960) th a t  high  magnesium v a lu e s  occur near the  edge o f  a 
b a s in . These high  Ca/Mg r a t i o s  a r e ,  h o w v e r , in  agreement w ith  the  f ind ings 
o f Marschner (1968) who noted an in c re a s e  i n  the  magnesium concent o f 
carbonate  rocks w ith  he igh t in  a  sed im entary  c y cle . The reasons fo r  the  
calcium enrichm ent a t  th e  base  o f th e  H ainan ! Dolomite a re ,  in  th e  a u th o r 's  
op in ion , r e la te d  to  c lim a tic  changes. The changes in  th e  c lay  m ineral 
assem blage, w ith in  th is  s t r a t ig r a p h ic  column, from k a o lin i t ic  a t  th e  base 
to  i l l i c i t  h ighe r up, have been noted  ( p .  28) and were considered to  imply 
th a t  a humid c lim a te , o f  lim ite d  d u r a t io n , p reva iled  in  e a r ly  Maloani 
Dolomite tim es. Whereas under a r id  c o n d it io n : ,  h igh magnesium va lues can 
develop in  r e s id u a l so lu t io n s  (D effeyes and  o th e rs ,  1965), t h i s  i s  le s s  
l ik e ly  in  more humid c lim a tes , r e s u l t in g  in  l e s s  complete do lem itiaa tion  of 
earlie r-fo rm e d  lim estone.

H ighest i ro n  and manganese c o n ce n tra tio n s  a re  a lso  presen t in  the  
proximal f a c ie s .  I n  c o n tra s t to  th e  enrichm ent i n  calcium , which was 
confined to  th e  lower such f a c ie s ,  th e  enrichm ent i n  iro n  and manganese i s  
presen t bo th  in  th e  basa l and in  th e  upper da rk  dolom ite zone, n e c e s s ita tin g  
an e x p lana tion  o th e r  than  c lim a tic .  The o b se rva tions of Wolf and o the rs  
(1967) can  be re a d ily  ap p lied  to  th e  occu rrence  o f  th e  above two m etals .n
th e  Halmani Dolomite, w hile  no a naly ses-w ere  undertaken from the
carbonaceous sh a le - r ic h  lagoonal f a c i e s ,  marked inc reases in  th e  -oncen tra-
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c o n d itio n s , C h llio g a r  (1953) noted  th a t  h ig h ly  a lk a l in e  cond itions e x is t ,  
most favouring  th e  s o lu b i l i ty  o f  s i l i c a  (Mason, 1966), Peneconteraporaneouo 
d o le n i t lz a t io n  o f  e a r l i e r  formed lim eo tones, invo lv ing  th e  replacem ent of 
c a lc i te  by do lom ite , would have commenced in  th e  su p ra t id a l environment 
be fo re  p ro g ressin g  basinw ords, by th e  m ig ra tion  o f  th e  b r in a l  so lu tio n s  
through more d i s t a l  f a c ie s .  Complete d o lo m itiz a tio n , such as has taken 
p lace  through m ost o f  th e  M alaani D olom ite, uas dependent on th e  a v a il­
a b i l i t y  of magnesium i n  s o lu t io n . I f  low concen tra tions o f  t h i s  m etal 
were p rese n t in  so lu t io n , d o lo m itiz a tio n  would have been confined to the  
more proxim al f a c ie s ,a s  a r e s u l t  o f  th e  equ ilib riu m  o r  i n i t i a l  Ca/Mg r a t i o  
having been r a p id ly  a t ta in e d ,  a s  th e  re le a s e d  c a lc iu i s taken  in to  
so lu t io n , o r  would have been incom plete.

The fo rm ation  o f  secondary c h e r t  depended on th e  s o lu b i l i ty  of 
th e  carbonate  h o s t ,  a t  th a t  s ta g e  a t  which s i l i c a  was in so lu b le  in  
so lu t io n . C h e r t i f ic a t io n  i s  considered  to  be c lo se ly  a sso cia te d  w ith  th e  
do lo m itiz a tio n  c y c le , th e  same s o lu t io n s  be ing  responsib le  f o r  both 
p ro cesses . W ithin an e v a p o r itic  environm ent, th e  con ce n tra tio n  o f  s i l i c a ,  
considered  n e ce ssary  by Sievor (1962), cou ld  have been ach ieved , b u t 
p r e c ip i ta t io n  would n o t have been favoured under th e  e v a p o r itic  and 
a lk a lin e  c o n d itio n s  d iscussed  above. Tn a  more d i s t a l  f a c ie s ,  where 
d i lu t io n  re s u l te d  in  a low ering of th e  a lk a l i n i ty  o f  th e  so lu t io n s , 
c h e r t i f ic a t io n  would have taken  p la c e . The c o n tro l of pH on ch ert 
p r e c ip i ta t io n  adequa te ly  e x p la in s  th e  occu rrence  of th e  rock  type  in  the 
Malmani D olom ite. On comparing F igu res  19 and 26 i t  i s  noted th a t  in  both 
s u p ra t id a l to  upper i n t e r t i d a l  da rk  do lom ite  zones, l i t t l e  o r  no c h e r t i s  
p rese n t, osxiousi c o n ce n tra tio n s  being  p re se n t i n  th e  in t e r t i d a l  to  sub- 
t i d a l  dom ical s t r o m a to l i t e - o o li te  a s s o c ia t io n s . W ithin th e  tru e  s u b tid s l 
columnar s tr o m a to l i te  zone, a  r e la t iv e  d e p le tio n  in  s i l i c a  occurs. This 
i s  considered  to  b e  due sim ply to  th e  f a c t  th a t  most o f  th e  disso lved  
s i l i c a  had been p r e c ip i ta te d  in  th e  w ore p ro x in a l fac i,;a , p a r t ic u la r ly  so 
in  th e  h ig h ly  permeable o o l i t e  zones. I t  was a lso  n o tic ea b le  th a t  the  
th ic k e s t c h e r t bands were p re se n t in  the  dom ical s tro m a to l i te -o o li te  zone. 
T his im p lies  th a t  th e  c h e r t i f ic a t io n  wns c o n tro l le d  by the  o r ig in a l  
carbonate  f a c ie ?  w ith  th e  th ic k  c h e r t  ho rizons th e re fo re  fo llow ing d ia ­
chronous s t r a ta 1.

The T ia e b a ll H i l l  Formation

The s tr a t ig r a p h y  of th e  T iraeball H i l l  Stage i n  th e  Potchefstroom 
Synclinorim u, in c lu d in g  th e  1'ologround Member b u t n o t th o s® ^ a l e s  above

s m mfou r columns in c lu d in g  th e  com plete T ia e b a ll K i l l  and Daapoort S tages.





The Ilm e b a ll B i l l  S tage , above th e  Fountains Formation, and 
the  lower D aspoott S tage a re  given  fo rm atlona l s ta tu s ,  to g e th er c o n s titu t in g  
a  s in g le  d e p o s itio n a l c y c le . The T im eball H i l l  Formation c o n s is ts  a lao a t 
e x c lu s iv e ly  of alloch thonous sed im ents, rep rese n tin g  a response  to  increased  
te c to n is a ,  a s  opposed to  th a t  o p e ra tiv e  during  Halmani Dolomite and lower 
Fountains Formatiop tim es. C onsidering th e  T im eball B i l l  Formation as a 
s in g le  u n i t ,  i r s  v a r ia t io n  in  th ic k n es s and s tr a tig ra p h y , w ith in  the  
potc!ie£stroom Sync lino riuo , w i l l  be d isc u ise d  in  an attem pt to  determ ine 
th e  d e p o s itio n a l and p o s t-d e p o s itio n a l h is to ry  o£ t h i s  form ation .

G eneral S tra tig rap h y

(a) The A rg illa ce o u s Sediments

The lower sh a le s  o£ th e  T im eball H i l l  Formation a re  s im ila r  in  
c h a rac te r  to  th o se  p rese n t w ith in  the  Fountains Form ation, ove rly ing  
e i th e r  th e  Polopround Member o r  th e  b rec c ia te d  c h e r t zone, where th e  former 
i s  a b se n t. C a lc i t ic  o r  do lom itic  sh a les  w ith  th in  chore bands, a t  the  base  
o£ th e  fo rm ation , rep rese n tin g  a t r a n s i t io n a l  zone f r a  chem ical to  d e t t i t a l  
sed im en tation , g ive  way ra p id ly  to  carbonaceous and ferru g in o u s shales 
f u r th e r  up . The l a t t e r  sh a le  types a r c  th e  most abundant sedim ents in  th e  
T im eball H i l l  Form ation, alw ays c o n s t i tu t in g  g re a te r  than 60 p e rc en t of 
th e  t o t a l  th ic k n es s .

While th e  fe rru g in o u s sh a le s  have a d a rk  co lou r In  borehole 
c o re s , n  l i g h t  or b laached appearance was noted  in  the  f i e l d ,  th e se  
a rg il la c e o u s  sedim ents a re  g e n e ra lly  fine ly -bedded , otherw ise  being 
com pletely  s t r u c tu re le s s .  Carbonaceous sh a le s  va ry  i n  abundance from one 
borehole  to th e  n e x t. While in  two bo reholes such sh a le s  occur throughout 
th e  fo rm ation  a t  th e  expense o f  th e  ferru g in o u s v a r ie ty ,  they  a re  com pletely 
a b sen t a t  o th e r  l o c a l i t i e s .  H ost ty p ic a l ly ,  th e  carbonaceous sh a le s  a re  
developed im m ediately above and /o r below th e  G atsrand Member and, 
although  always fin e ly -b e d d ed , do c o n ta in  uuaevous sedim entary s tru c tu re s .  
S m all-sca le  r ip p le  marks a re  common (P la te  X), w hile  the  m a teria ) f i l l i n g  
th e  r ip p le s  i s  g e n e ra lly  lig h t-c o lo u re d  and s i l to s e  in  c lia ra c 'e t,  o f ten  
d isp lay in g  m inute cross-bedded lam inae. The lenao id  lig h t-c o lo u red  
s i l t o s e  m a te r ia l in  o da rk  background have been termed f la a e r  s tru c tu re s  
by P e t t i jo h n  and P o t te r  (1964, P la te  1 7 ) , a s  s u p e rf ic ia l ly  resem bling such 
fe a tu re s  in  o y lo n ite s  and o th e r  metamorphic rocks,

(b) The G atsrand Member

The T im eball H il l  Q u a r tz ite  I s o l i t h  Map i s  shown in  F igu re  27. 
Maxircum t U e t n u m  in  > » .» »  ° f  «° *«1 ™



Moving fu r th e r  eastw ards, th in  im p e rs is tc n t e longate  le n so id  bodies of 
q u a r tz ite  a re  developed above a  lower continuous ho rizon . Around the 
V redefort Dome, th e  Gattsrand Member i s  s im ila r  in  c h a rac te r  to  th a t  ju s t  
discussed . One o r  two continuous q u a r tz i te  ho rizons , always le s s  than 
10 m etres in  th ic k n es s , a re  ge n e ra lly  o v e r la in  a s  w ell as underla in  by 
in p e rs is te n t  le n se s  (P la te  X II) . During a f ie ld  tr a v e r se  no rth  of the  
R ietC ontein  Igneous Complex, e ig h t q u a r tz i te  horizons were no ted , varying 
from 3 to  20 m etres in  th ic k n es s , le ad in g  to  some d i f f ic u l ty  in  d e fin ing  
the  l im its  o f  th e  G atsrand Member. F u r th e r  to  th e  w est, a  d is t in c t  
q a a r tz i te  le n s ,  naving a  s tr ik e - le n g th  o f  10 m etres and c lo se ly  resembling 
the  Pologround Member i n  f i e l d  appearance , was noted.

M acroscopica lly , th e  q u a r tz i te e  o f th e  Gatsrand Member vary  from 
lig h t-g re e n , through  d if f e r e n t  shades o f  r e d , to  w hite  in  co lo u r, the  
former being con fined  to  f re sh  samples i n  borehole  c o re s . Polished 
s e c tio n  exam ination of th e  q u a r tz i te s  showed the  red  c o lo ra tio n  to be due 
to  hem atite , r e s u l t in g  from o x id a tio n  o f  what was probably an o r ig in a l 
iro n  s i l i c a t e  cement. F u rth e r exposure to  th e  atmosphere led  to  leaching 
away of Che cement, w ith th e  q u a r tz i te s  assuming a bleached w hite 
appearance.

A s e r i e s  o f  30 G atsrand q u a r tz i te  samples was taken  throughout 
th e  synclinorium  fo r  m icroscopic  exam ination , in  an attem pt to  r e l a t e  such 
param eters a s  g r a in - s iz e ,  degree  o f  rounding , so r t in g , and m a tu rity  to 
the  q u a r tz i te  i s o l i t h  map (F igu re  27 ). A ll q u a r tz i te s  examined were found 
to  be  h ig h ly  m ature, c o n s is tin g  of q u a rtz  g ra in s  in  a  ferrug inous cement, 
w ith no rock  fragm ents, f e l s p a r s ,  o r  c la y  m ine rals being p rese n t. In  the 
a rea  o f  maximum q u a r tz i te  development, to  the  so u th 'o f  C a rle to n v iU e , 
poorly so rted  q u a r tz i te s  o ccu r, c o n s is tin g  of subangulor to  subrounded 
quartz  g ra in s ,  v a ry ing  in  si;:e  from .06 to  .30 mm. Around th e  V redefort 
Dome, poorly  so r te d  q u a r tz i te s  a re  a g a in  found, w ith th e  degree of round­
ing of in d iv id u a l qu a rtz  g ra in s  a lso  s im ila r  to  th a t  in  th e  above a re a . 
A ssociated w ith  th is  th inn ing  of th e  q u a r tz i te s  to Che eoutlt-w eat, an 
inc rease  in  th e  degree  of s o t t in g  oc cu rs . Although the  degree of rounding 
remains s im ila r  to  th a t  in  th e  C a r le to n v iU e  a re a , th e re  i s  a  marked 
decrease  in  th e  average  g r a tn - s iz e . A l e s s  obvious re la t io n s h ip , between 
c u a r tz i te  th ic k n es s and s o r t in g , than  th a t  d iscussed  above, i s  ev iden t in  
the  e a s t .  While th e  q u a r tz i te s  a re  s t i l l  poorly  so r te d , an in c re ase  in  
the  degree  of rounding o ccu rs , subrounded to  rounded qua rtz  g ra in s  
predom inating in  a l l  samples s tu d ied  from th a t  a rea .

An a ttem p t was made to  J e te m in e  th e  p a leocu rren t ija tte rniienieiii.
d ir e c t io n ,

Isopach Haps
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to  th e  top o f  -■ e G atsrand Hember, were uaed lo i  Che c c n p ila tlo a  o f an 
Isopach m p ,  follow ed by Che p re p a ra tio n  &£ n s im ila r  map fo r  the  remainder 
eii th e  TiBtibalL 1U.11 Fotm ution. The contou.-ed r e s u l t  o f  -.he former I s  
pERric-otcd in  F igu re  28. Maxjnum th ic k n es ses , in  excess o f  300 m etres, 
ocp.ur around th e  a o rth -w e s te tn  a rc  o f  th e  V redefort Dome and to  th e  sou th - 
eiiBt a i  K es to n ar ia . In  a broad e as t-w es t b e l t  sou th  of C a r le to n v ille , and 
to  th e  o a s t  o f  Potchefstroom , a  th ick en in g  o f  th is  u n i t  a lso  occurs.
Kinliiiuy tii ic in e s s e s  o f  le s s  than  7.25 and 150 m etres a re  developed south  of 
E oehvilie  and aloni-, th e  n o r th -e a s te rn  boundary o f  th e  P re to r ia  Group outcrop . 
To Li e e a s t  and so u th  » f  Pottthefstroom , a  th inn ing  of th e  lower u n i t  a lso  
takes p la ce .

While in  th e  e a s te rn  p a r t s  o f  th e  synclinorium  a thickening 
towards th e  c e n tre  of th e  s tr u c tu re  oc cu rs , th e  o p p o site  i s  the  case  in  a l l  
o th e r  re g io n s , miniirum th ic k n e s se s  being  developed along  th e  ax is  w ith the 
u n it th icken ing  to  th e  n o r th  and so u th . A cross th e  Potchefstroom  A n tie H -e , 
a bending o f  th e  c on tou rs  i s  ev id en t on F ig u re  28, due to  a  th inn ing  of 
lower u n i t  over t h i s  s t r u c tu ra l  tren d  which u s s  th u s a c tiv e  during lower 
T iiaehall H il l  Form ation tim e :.  T h is map a lso  in d ic a te s  th a t th e  p resen t 
s t r u c tu ra l  h igh  to  th e  no rth -w est a t  P o tch e fs tro c a  was n o t a c tiv e  during 
lo v e r  Tim ebali H i l l  t im es, although  i t  i s  no t p o s s ib le  to  p o s tu la te  on the  
a t t i tu d e  o f  th e  H artbeesfonC ein A n tic lin e  i n  th is  a re a .

N either th e  isopach  map of th e  rem ainder o f th e  T im eball H i l l  
Forr .-tion  (upper u n i t)  nor th a t  f o r  th o  t o t a l  th ic k n es s  has been p resen ted , 
as a map o f  th e  r a t i o  o f  th e  upper to  th e  lower u n i t  (F igure 29) vise 
considered to  be more rcean inc fu l. Although a lim ite d  .'umher of c o n tro l 
p o in ts , a l l  a long th e  no rth -w e ste rn  limb o f  the  synclinorium , vere  used 
in  th e  p re p a ra tio n  o f  th i s  map, a w e ll-d e f in ed  p a t te r n  has been ob ta ined . 
Fw-m t 'w  w est and e a s t ,  towards Pvvv. l i e ,  an in c re ase  in  th i s  r a t i o  i s  
found, iv.d* - s tiv e  o f  a maximum development of th e  upper u n i t  in  th e  l a t t e r  
a re s ,  ch i?  u n i t  heing  th in n e s t  in  th e  w est and e a s t .

L itho fac i e s  Happing

Due to  th e  n a tu re  of th e  da ta  a v a i la b le ,  th e  only l i th o fa c ie s

w m m m m



O . "

■A %

/ '

' - e  ...

/ ' T V



P e o o s it lo n a l E nvironsen is and LlEfeoEaeies

Each o f  th e  c a jo r  ro ck -ty p es p re se n t in  th e  T ic e b a ll H il l  
Form ation, namely car'oonaceotis sh a le s ,  n a tu re  q e a r tz i te s ,  and f in e ly -  
la ieinated  fe rru g in o u s sh a le s , c h a r a c te r is e  a  p a r t i c u la r  env ironaent of 
d e p o s itio n . The in te r a c t io n  of th e se  th re e  d e p o s itio n a l environm ents has 
r e su l te d  i n  th e  development o f  th e  l i t b o f a c i e s  p a tte rn  shown in  F igu re  30, 
a s  w e l l a s  d e ten sin in g  th e  d is t r ib u t io n  o f  th e  two sh a le - ty p e s  w ith in  the  
s y n c lin o r iu n .

The n a tu re  o f  th e  carbonaceous sh a le s  w ith  a sso c ia te d  s i l to s e  
le n se s  suggests  a  e h a llo u -w a te r, a g i ta te d  e av ironae r.t i n  which r ip p le  
na rk s and cro ss-bedd ing  could develop . Flooded backsvr-np or r a r s l i - l ik e  
reg ions a s so c ia te d  w ith  n e jo r  r iv e r  system s were repo rted  by Thornbury 
(1969, p .  269) Co favou r the  development o f  such l i t h e lo g ic  a s so c ia tio n s .  
Recent s tu d ie s  in  th e  Gulf o f  Mexico (van Andel and C urtsy , 1960)
In d ica te d  th a t  n a tu re , f in e -  to  c e iiu n -g ra in e d ,  and g e n e ra lly  w e ll-s o rte d  
sands were developed in  th e  l i t t o r a l  zone. Sediment which was in troduced  
in to  the  sea  by r i v e r s  was winnowed and re d is tr ib u te d  by waves and 
c u rre n ts  and c a r r ie d  o u t to  dep th s o f  fvoa  20 -  30 m e tres (Johnson, 1956). 
The fin e -g ra in e d  f ra c t io n  of th e  r iv e r - lo a d  was tran sp o rte d  in to  deeper 
w ater environm ents b e fo re  s e t t l i n g  slow ly  ou t o f  suspension to  fo m  w e ll-  
lam inated b u t o therw ise  s f u c t i r e l e s s  sh a le s .

The d is t r ib u t io n  of th e  above th re e  ro ck -ty p es w ith in  the  
P o fch efstro o c  S ynclinoriun  can be  r e la te d  to  a  d e l ta i c  model, a s  developed 
by F isk  and o th e rs  (1954) and F isk  (1961), a f t e r  s tudy ing  th e  geoaetry  of 
th e  M is s is s ip p i D e lta . Carbon-rich  c layey  s i l t f  occur i n  m arsh-like, a re a s  
exposed above s e a - le v e l  in  th e  prox im al f a c ie s  o f  th e  d e l ta ,  g rad ing  sea­
wards in to  d i f f e r e n t  types o f  sand b o d ie s . F in ely  lam inated sh a le s  cover 
th e  d e l t a - f r o n t ,  r e fe r re d  to  a s  th e  p ro -d e lta  f a c ie s  by F isk  and o th e rs  
(1954). A d is t in c t io n  was drawn ly  F isk  (1961) between 'deep-w ater d e l ta  
sa n d s ' c h a rac te r iz ed  by ba r f in g e r  and le n so id  sand bodies s a id  p ro -d e lta  
c lay s  and 's h o a l-w a tc r  d e l ta  co cp lex es1. The l a t t e r  a re  more m assive in  
c h a ra c te r  and fo ra  where wave a c tio n  and longshore  c u rre n ts ,  a s  d iscussed  
by Johnson (1956), a f f e c t  fu r th e r  t r a n s p o r t o f  sed im ents. With reg ress io n  
a long  a d e l ta - f r o n t ,  th e  sands reworked by shore  a genc ies  may be spread  a s  
re g re s s iv e  'd e l t a - f r o n t  sheet-sand  b o d ie s ’ (F isk , 1961). The d is tan c es  
over which r e g re s s io n  can take  p la c e  has been i l l u s t r a t e d  by Swann (1964) 
who showed th a t  du ring  M iss iss ipp iao-Petm sylvan ian  tim es th e  sh o re l in e  had 
sh if te d  ove r 900 Ira through In d ian a  and I l l i n o i s .

The lo n t i tu d in a l  geometry o f  a  d e l ta  i s  i l l u s t r a t e d  i n  F igu re  31 
(m odified a f t e r  Krumbeia and S lo ss , 1963, p . 542). Whereas in  ^
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Figures 27 -nd  28 a lso  d isp lay  p a tte rn s  ty p ic a l  o f d e l ta s .  I n  proximal 
environm ents, th ic k , m assive q u a r tz i te s  o f  the  's hoal-w ate r d e l ta ' type 
(F isk , 1961) a re  developed, grad ing  tasinw ards in to  len so id  M i e s  and 
th in n e r ho rizons o f  q u a rtz ic e , a sso c ia te d  w ith  which i s  a  to ta l  th ickening 
o f th e  d e p o s it. The th in n e r , bu t continuous, q u a r tz ite  horizons a te  
probably 'd e l ta - f r o n t  sh e e t-ssn d s’ (F isk , 1961), formed during reg ress ion  
o f  th e  s h o re l in e . An extreme d e l ta - f ro n t  f a c ie s  i s  developed south of 
Potchefstroom  where a th inn ing  of the  lower Timeball H i l l  Formation i s  
accompanied by a  th inn ing  and even tua l complete disappearance of q u a rtz ite s . 
The decrease , bo th  in  th ickness and q u a r tz i te  c o n ten t, in  th e  c en tre  of the  
synclinorium  i s  Che on ly  anomaly in  the  proposed d e l ta ic  model. I t  I s ,  
however, considered  th a t  basirorards of th e  h in g e -l in e , where A sha llou -vate r 
(F igure  31) proj.im al f a c ie s  g rades in to  deeper-w ater d e p o s its , a re as  o f  noo- 
depoeition  w i l l  e x is t  a s  a r e s u l t  o f a sudden inc rease  in  v e lo c ity  o f the 
tran sp o rtin g  medium, r e la te d  to  th e  s te e p e r  g rad ie n t o f  th e  f lo o r ,  The 
a sso c ia tio n  o f  carbonaceous sh a les  w ith  th ic k  massive q u a rtz ite s  in  the  
northern  p a r t  o f  th e  synclinorium  and th e  absence o f  th e  former in  the  
sou th , where lam inated sh a le s  a re  developed in s tea d , supports th e  proposal 
o f a  d e l ta i c  model o f d e p o s itio n .

In a d e l ta i c  d e p o s i t , a s  opposed to  th a t  a sso cia te d  u i th  a  c la s t ic  
wedge, Krumbeln and S icas  (1963, p .  544) have noted th a t  h ighly mature 
q u a r tz ite s  w i l l  be p re se n t, a s  a r e s u l t  o f  reworking by waves and ocean 
c u rre n ts . S o rting  disp layed  by th e  q u a r tz i te s  w i l l  a lso  be  a function  of 
the  degree  o f  rew orking. In  a re as  of maximum q u a r tz ite  development in  the

m argins o f  a  d e l ta ,  r e sp e c t iv e ly .

The Regional S e ttin g  of th e  PoEchpfstropm Synclinorium 
during  T im eball H i l l  Times

r a n



On a  more re g io n a l s c i l a ,  V isse r  (1969) noted o eouthwardo 
decrease  in  th e  q u a r tz i te  c o n ten t o f th e  T in c b a ll M ill Formation, from over 
100 m etres in  th e  P o tg ie t e ts ru s t  a re a  to  a  com plete absence o f  t h i s  rock-type 
In  an  a rc  through  K lerksdorp , K roonstad and B e thal. While th e  above p a tte rn  
suggested a smooth decrease  i n  q u a r tz i te  c o n ten t, away from a n o rth e rly  
source a re a , c lo se r  exam ination du ring  th e  p rese n t study  showed th a t t h i s  was 
not s t r i c t l y  th e  c a se . Whereas numerous th in ,  and o f te n  le n t ic u la r  q u a r tz ite s ,  
a s d iscussed  above, occur n o r th  of th e  H artb e esfo n te in  A n tic lin e , th ic k  and 
massive q u a r tz i te s  a re  p re se n t a long th e  Gatsvand to  th e  sou th  of th is  
s t r u c tu re .  The l a t t e r  occurrence  of arenaceous sediments thus l i e s  between 
le n t ic u la r  q u a r tz i te s  to  th e  n o r th  and so u th , com plicating  th e  p ic tu re  of 
a smooth decrease  in  q u a r tz i t i c  m a te r ia l southw ards, and argu ing  ag a in s t 
a s in g le  c y c le  o f  sed im en tation  a s  be ing  re sp o n s ib le  fo r  th e  development of 
the  T im eball H i l l  Form ation in  th e  main T ransvaal Basin and in  the  
Potchefstroom  Synclinorium .

The T im eball H i l l  o ccurrences im m ediately n o r th  of th e  H artbees­
f o n te in  A n tic lin e  and on th e  margin o f  th e  V rcdefo rt Dome a rc  l i t h o lo g ic u lly  
and ge o m etric a lly  somewhat s im ila r ,  bo th  having th e  c o n figu ra tion  o f  d e l ta -  
f ro n t d e p o s i ts ,  w ith  le n t ic u la r  q u a r tz i te s  oc cu rrin g  in  fine ly -lam ina ted  
p ro -d e lta  s h a le s .  I t  i s  suggested th a t  th e  T im eball H i l l  Formation in  th e  
main T ransvaal B asin  and in  the  Potchefstroom  Synclinorium belonged to 
d if f e r e n t  p e rio d s  o f  se d im en ta tion , th e  form er having developed f i r s t  w ith  
the  l a t t e r  iiaving formed a t  a  l a t e r  tim e, a f t e r  a  major southwards 
r eg ress io n  o f  th e  s h o r e - l in e .  During th e  d e p o s itio n  of th e  Timeball H il l  
Formation in  th e  mein T ransvaal Basin , th e  sh o re - l in e ,  a t  d i f f e r e n t  tim es, 
must have re g re ss e d  from n o r th  o f V o tg ie te r s ru s t a s  f a r  sou th  a s  P re to r ia  
to  account f o r  th e  m ature n a tu re  of th e  q u a r tz i te s  no rth  of th e  Johannesburg 
Dome. In  l a t e r  g e o lo g ica l tim es, however, when th e  Timeball H iU  Formation 
was developing in  th e  Potchefstroom  Synclinorium , a  major soutnwnrds 
reg ress io n  of th e  s h o re - l in e  in to  th e  C a r le to n v i lle  a re a , occurred , w ith  
m igra tions a c ro s s  th e  synclinorium  re s u l t in g  in  reworking o f  q u a rtz ite s  on 
the  m argins o f  th e  V red efo rt Dome.

THE STRUCTURAL EVOLUTION OF THE 
~ lQTC11EPSTR0mi SYHCLIHORIUM

m m
(Borchera, 1961).



During VenEersdorp 
Sequence

During tfitw e tersrend  
Sequence

X X R e la tiv e  D egree o f  Tecton ic  U p lif t

.... Pe riod  o f  No T ecton ic  A c tiv ity

— u—  U nconformity 

— p—• P a r t ly  Unconformable

As p rev io u s ly  d isc u sse d  (p . 10) and sliown in  Table 5 , the  O ttosdal 
A n tic lin e  was th e  dominant p o s i t iv e  s t r u c tu r a l  trend  during  Witwatersrand 
tim es, As shown by ieopach lanpu (Brock and P re to r iu s , 1964a) the  basement
h igh  through Standee ton  and Senekal de fined  th e  so u th -e aste rn  edge o f  th e
b a s in , w ith  th e  V re d e fo r t Dome a lso  having had some in flu e n ce  on the  
d e p o s itio n  o f  W itw atersrand s t r a t a .  At tb s  tim e o f  emplacement o f the
Ventovedorp L avas, however, each of th e  s t r u c tu ra l  elements was o f  s im ila r
magnitude. I t  should  be noted  th a t  a lthough , a s  shown in  Figure  3 , the  lavas 
a re  considered  to  occupy a trough between th e  O tto sda l and H ortbeeafonte in  
A n tic lin e , no in d is p u ta b le  evidence  i s  a v a i la b le  f o r  th e  ex is te n ce  of a 
s im ila r  la v a - f i l l e d  s tr u c tu re  around th e  pe riphe ry  of th e  V redefort Dome, as 
suggested by Brock and P re to r iu s  (1964a). At th e  te rm ination  o f  Ventersdorp 
V olcan iea, a  p a leo s lo p e  to  th e  no rth -w est was developed, o f f  th e  basement





hi&h in  th e  Sbonderton-Senekol a re a . The Malmani Dolomite was deposited  in  
8 un iform ly shallow  se a , th ickening  to  th e  no rth -w est, isopach d a ta  from the 

. Potchefstroom  Synelinorium  (F igure  21) and, from th e  Irene-Delmas-Devon area 
(B utton, .1968) in d ic a t in g  th a t  th e  O tto sd a l and ila ttb e es fo n te in  AnCiclinea, 
as w e ll a s  th e  Johannesburg and V redefore Domes, were in a c tiv e  during these 
tim es. Secondary s t r u c tu ra l  t re n d s , o p e ra tiv e  during Ventersdorp Contact 
Reef tim es (Knowles, 1966), were shown to  have been a c tiv e  during the  
development o f th e  Malmani D olom ite, maximum re s id u a l thicknaas va lues for 
th is  fo rm ation  (F igu re  17) occu rring  along  sy n c lin a l axes (Figure 11 ). I t  
was a ls o  found th a t  th e  Potchefstroom  A n tic lin e  vss no t a c tiv e  during 
Malmani D olom ite tim es.

A fte r  a  prolonged pe riod  of r e l a t i v e  te c to n ic  s t a b i l i t , ’ t'u ring  
Che development o f  th e  Malmani Dolomite, a  re juvenation  of a  m m . ' o f  
dormant s t r u c tu r a l  elem ents occurred a t  th e  end of th e  cycle  of deposition  
of t h i s  fo rm ation . Hie H artbeesfon te in  A n tic lin e  and Johannesburg Dome 
became p a r t i c u la r ly  a c t iv e  a t  th i s  s ta g e , re s u l tin g  in  maximum su b aeria l 
e rosion  on and a d ja c e n t to  th e se  s tr u c tu re s .  That th e  l a t t e r  was th e  moste rosion  on and a d ja c e n t to  th e se  s tr u c tu re s .  That th e  l a t t e r  was th e  root 
a c tiv e  p o r tio n  o f  th e  H ar tb -’ s fo n te in  A n tic lin e  i s  i l l u s t r a te d  in  Figure 
16, in  which an a pparen t tt  kening south-westwards away from the  
Johannesburg Dome i s  shown, being due to  a  decrease  in  su b a e ria l exposure 
and w eathering  of th e  form ation  in  th is  d ir e c t io n . Thus, d e sp ite  an 
o r ig in a l in c re ase  in  th ic k n es s o f  th e  Malmani Dolomite to  the  north-w est, 
the  fo rm ation  now d isp la y s  #m apparen t tliickening inwards towards the
c e n tre  o f  th e  aynclinoriuB  (F igure  17 ). The dangers of using t o t a l
th ic k n es ses o f any form ation  in  the  c o n s tru c tio n  o f  isopach maps, to  be 
used in  pa lcogeographic  re c o n s tru c tio n s , have been revealed . Secondary 
fo ld  tren d s  were a ls o  found to  have been a c tiv e  during post-tia toan i

m s m t r n
th ic k  r e s id u a l  c h e r t  accum ulation.

m p
H il l  Form ation in  th e  Potchefstroom  Synclino



Although no c o n cre te  evidence e x is ts  fo r t i l ls  conclusion . Che general 
c ra to n ic  s e t t in g  of th e  T ransvaal B a tin  argues a g a in s t an open-sea 
d e p o sito ry , th e  l a t t e r  being more ty p ic a l o f m arginal seas .

Follow ing on the  d e p o s itio n  o f  th e  Upper Timeball H ill  Fossa cion, 
major u p l i f t  occurred  along th e  H artbeesfon te in  A n tic lin e , p a r t ic u la r ly  to  
th e  no rth -w est and n o r th -e a a t o f th e  p rese n t synclii.ori-im . Erosion of the  
T im eball H i l l  Formation r e s u l te d , aucli th a t  th e  upper u n i t  o f  th is  
fo rm ation i s  most poo rly  developed a d jac en t to  the  above s tru c tu re  (Figure 
29). The upper T im eball H i l l  Formation a lso  th in s  to the  north  in  th is  
f ig u re , considered  to  be due to  u p l i f t ,  a lthough le e s  in tense  than to  the 
e a s t and w est, a long  th e  H artbeesfon te in  A n tic lin e  to  the  north  o f.C aele ton - 
v l l l e .  Thus, an unconform ity has been developed a t  the  top of th e  Timeball 
H il l  Form ation. While aajoir u p l i f t  along th e  northern  limb of the  
fiynclinorium took  p la ce  in  post-T im eball H il l  tim es, i t  i s  u n l i l e ly  th a t 
euch movement o f  th e  V redefe rt Dome occurred . In  th e  event o f major up- 
doming o f  th e  l a t t e r  a t  the  above tim e, th e  Timeball H il l  Formation should, 
as a r e s u l t  of e ro s io n , d isp lay  a marked th inn ing  onto th e  dome, itowever, 
as i l l u s t r a t e d  in  F ig u re  28, th e  form ation a t ta in s  i t s  maximum development 
in  th is  a re a .

I t  has been mcntione-) p rev io u s ly  (p . 9 ) th a t the  basal 
r e p re se n ta tiv e  of th e  Ongelb!: form ation  i s  e i th e r  vo lcan ic , q u a r tz i t i c ,  or 
t i l l i t i c .  While I t  has no t been p o ss ib le  to  observe the  l a t t e r  r e la t io n ­
sh ip  in  th e  f i e l d ,  i f  i s  f e l t  th a t  t h i s  ro ck -ty p e , where p resen t, belongs 
to  th e  Onseluk Form ation. Button (1966) suggested th a t t h i s  t i l l i t i c  
horizon  o r  t i l l o i d  could have been formed e i th e r  by g la c ia l  or tu rb id ity  
a c tio n . Having mapped i t s  v a r ia t io n  in  th icknoss, the  above author 
favoured the  l a t t e r  o r ig in ,  concluding th a t  tu r b id ity  flow s would be 
expected to  commence in  te c to n ic a l ly  p o s i t iv e  a re a s .  The d is t r ib u t io n  o . 
th e  t i l l o i d  in  th e  Potchefstroom  Synclinorium i s  in  agreement t lv h  these  
-ideas, being  w ell-developed to  th e  south of W astonaria, which i s  the  
c lo s e s t  occu rrence  of th e  Ongeluk Formation to  th e  Johannesburg Dome in  
t h i s  d i r e c t io n .  I t  i s  considered  th a t a  tu r b id i ty  c u rren t , o r ig in a tin g  
in  post-T im eball H i l l  tim es on th e  te c to n ic a lly  p o s it iv e  Johannesburg

i s  unknown, due to  a lack  o f  borehole c o n tro l .imammom



SyncliBorium, up to  the D aspoart Q u ar tz itc , also  t e s t i f ie s  to  a la t e -  or 
posc-Transvaal updomlng of t h is  stru cture.

As d isc u sse d  in  an e a r l i e r  ch ap te r (p. 15)  and shown in  Figure 5, 
th e  lo itg itu d ti ta l f o ld  tr e n d  tvaa been wore dominant than  th e  tta n sv e rsn , a l l  
domical and b a s in a l s t r u c tu re s ,  w ith in  th e  synclinorium , being elongated 
p a ra l le l  to  th e  fo riae r. I t  i s  f e l t ,  however, th a t t h i s  elongation  i s  due 
to  f la t te n in g  of i n i t i a l l y  sym m etrical domes and b a s in s , through the 
r e a c t iv a t io n  of th e  lo n g itu d in a l trend  during  the  f i n a l  evo lu tion  of the  
Potcliefstroom Synclinorium , in  la te .-  or post-T ransvaal tim es. Through 
th e  com pila tion  of r e s u l t s  from prev ious ch ap te rs , which a re  summarized in  
Table 5 , i t  has been shown th a t  th e  Potcliefstroom Synclinorium uas n o t,  in  
Maloani D olomite tim es, a " s t r u c tu r a l  e n t i ty  in  i t s  own r ig h t"  as proposed 
by Brock (1961) and was, even du ring  l a t e r  geologic periods , c lo se ly  
r e la te d  to  th e  Main T ransvaal Basin , in  th a t in tro d u c tio n  of c la s t ic  
m a te r ia l took p la ce  from th e  n o r th , during  T im eball B i l l  tim es.

THK RASTN ANALYSIS -  A. SUMMARY

The most in te r e s t i n g  a sp ec ts  o f  Tab]e ‘ - i e  the  d if fe re n t s ty le s  
o f sedim entation  in  each of th e  u n i t s  considered  Jnd th e  e ffe c ts  of base­
ment te c to n ic s  on th e  development o f  these  uni*-?. D eposition of the 
M alaant Dolom ite took  p la ce  under shallow  and warm-saline conditions, 
during tim ec a t  which th e  Potcliefstroom  Synclinoriuo  was p a rt o f the  tlain



no rth  o f  th e  H nrtbeesfoncein  A n tic lin e , in d ic a t in g  th a t  th e  Tiraeball l l i l l  
Formacion, in  th e  T ransvaal, developed during  a t  le a se  two pe rio d s of 
s c iio e n ta t lo t t ,  b e in s  e c la te d  to  ft eouthwatda T egiaaainf, sh trte -linQ . I t  
i s  cousiderad  th a t  du ring  Upper Fountains Formation and T im eball H ill  
tim es, a e ra to n ic  so u rce , a s  opposed to  an  e x te rn a l source  t e r r a in  (S lo ss , 
1962), f l t i l l  p re v a ile d , a s  dem onstrated by th e  high  degree  of m a tu rity  of 
Lhe q u a r tz i te s  i n  each fo rm ation .





aPPESDIX I  $ Trend S u rface  A nalysis

Trend s u rfa c e  aiu ilysxs invo lves th e  separa tion  o f  tlie  lo c a l 
o r sm a ll-s c a le  components from the  re g io n a l tr c r d  which, accorAine 
to  Kerriare <1965) has th e  e f f e c t  o f  amp) ify i.-g  th e  form er, thereby 
making i t  more conspicuous.

O rdinary tw o-dim ensional g raphs, in  which values o f a 
dependent v a r ia b le ,  y ,  a re  p lo t te d  a g a in s t an indepenScrt v a r ia b le ,  x ,  
a r e  in tended  to  r e v e a l any system atic: r e la t io n s h ip  between y and x.
I f  th e  p o in ts  p lo tte d  f a l l  approxim ately on a s tr a ig h t  l in e ,  a  l in e  o f 
b e s t - f i t  o r  re g re s s io n  l i n e ,  o f  th e  form  y  = a  + b x , can bo c a lc u la ted .
I f ,  however, th e  p o in ts  do no t l i e  on a  s t r a ig h t ,  b u t r a th e r  a  curved 
l i n e ,  th e  l in e  of b e s t - f i t  w: 11 th e n  be o f  a h ig h e r  polynomial form o f  
th e  q u a d ra tic , c u b ic , q u a r t i c ,  o r  even more involved  ty p e s .

A re a lly  d is t r ib u te d  d a ta  a rc  f re q u en tly  encountered in  
geo log ica l in v e s t ig a t io n s , in  which a dependent v a ria b le  z v a r ie s  w ith  
two independent v a r ia b le s  x  and y .  I n  a  s im ila r  manner to  th a t  d iscussed 
above, polynom ial su r fa c e s ,  in s tea d  o f  l i n e s ,  o f  th e  form z  = a *  bx + cy 
can be  c a lc u la te d , having th e  b e s t - f i t  to  th e  v a r ia b le  param eter <*). In  
p r a c t ic e ,  polynom ial su rfa c e s  from th e  1s t  to  6th  degree a re  generally  
f i t t e d  to  th e  d a ta .  A computer programme, w ri t te n  by O 'Leary, L ippert 
and S p its  (1966) f o r  an l.S .K . 7040 Computer, designed fo r  500 da ta  p o in ts , 
was used in  th e  p re se n t in v e s t ig a t io n . This programme was m odified by 
p.A. E&SGloar o f th e  Economic Geology Research U nit fo r  u se  w ith an 
I.3 .M . 360 Computer f o r  750 d a ta  p o in ts .

One .» ,> c s t- f i t  e quation  f o r  each of th e  s ix  su rfaces has 
been determ ined , a  v a lu e , z c , a t  each d a ta  p o in t corresponding to  th e  
c a lc u la te d  va lue  o f  th e  su rfa ce  a t  th a t  p o in t ,  i s  ob ta ined . The actual 
value  a t  th e  d a ta  p o in t (z) w i l l  seldom l i e  on th e  s u r fa c e , givio:- a  
p o s i t i  re d if f e re n c e  where th e  measured va lue  o f  c v a ria b le  i s  v r o t e r  
t h a t ,  and a n e g a tiv e  va lue  when l e s s  th a n , th e  tren d  su rfa ce  value  a t  
each p o in t .  These d if fe ra n n e s  a rc  r e fe r re d  to  os re s id u a ls  and rep resen t 
lo c a l v a r ia t io n s  in  the  d a ta - s e t .  The polynomial su r ta cc s  are  determined 
in  such a  way th a t  th e  sum o f  th e  squa res o f th e  r e s id u a ls  (s «* L(= -  no) 
i s  a t  a  minimum, r e f e r r e d  to  as th e  method o f  l e a s t  squares.

I t  i ,  to  bo «M . to  to o t a. aofioo  f  . l E t i » = ~ o

■ B f t



I t  i s  a ls o  n ecessary  to  compare the  r e la t iv e  s ig n ific an c e  of 
each o£ th e  s ix  c a lc u la te d  s u r fa c e s . A llen  and Krmabeln (1962) proposed 
th a t  th e  in c re a s e  i n  p e rcen tage  " f i t "  exp lained  lay each succeeding su rface  
i s  ao id e a l  means o f  com parison. IE , fo r  example, the  l ii te a r  su rfa ce  explained 
51$ o f  th e  t o t a l  v a r ia t io n ,  tb s  q u a d ra tic  59%, th e  cubic 59.82 and tlie  q u sr tic  
GO.5%, th e  above au th o rs  would conclude th a t"  m ost of th e  p iim ry - tre n d  
in fo rm ation  h as beea  squeezed o u t of th e  map by th e  time th e  quad ra tic

MACROSCOPIC PARAMETERS (PERCENTAGES)

BOREHOLES ID 11, 0DI2, UD 15 -  O berholEet D is tr ic t /a id  
BOREHOLE M  -  tfe s to n a tia  D is t r ic t



APPENDIX I I  (Continued)

DEPTH ■CAM. massive COL. DOMIC OOLITES a mCHETKES) S8ALE DOLUi. STROMAT. s i r s m s .

537.G -  554.4 t u 2.2 2.2
554.4 -  571.2 2.6
571.2 -  588.0 1.3
588.0 -  604.6
604.8 -  621.6 2,7
621.6 -  638.4 6.2
638.4 -  655.2 5 .8
655.2 -  672.0 5.1
672.0 -  688.6 5.5
688.8 -  705.6
705.6 -  722.4
722.4 -  739.2 1,0
739.2 -  756.0 5 .5  .
756.0 -  772.8 2.4 1
772.8 -  789.6 1.8 0 .3  .

x  789.6 -  806.4 3.7 0.6
806,4 -  823.2 1-3
823.2 -  840.0 2 .4
840.0 -  856.8 2.3
856.8 -  873.6
873.6 -  890.4 0 ,4
890.4 -  907.2 2.4
9!i?,2 -  924.0 0.5
924.0 -  940.8
940.8 -  957,6
957.6 -  974.4
974.4 -  991.2
991.2 -  1008.0

1005.0 -  1024.8
1024.8 -  1041.6
1041.6 -  1058.4
1058.4 -  1075.2
^T S .Z  -  1092.G
ito - .O  -  1108.8
1108.3 -  1125.6 fl.61125.6 -  1142.4
1142.4 -  1159.2
J159.2 -  1175.0
1176.0 -  1192.3
1192.8 -  1210.0 37.0

■

XXX Zone of V aria b le  T hickness (v)

0 -  336.4 m e tres -  Frma lo g  ti£ Borehole K4 

316.1 -  1210 « « „  -  R ° »  < a » p « it«  a  l= s .  » I  UD I I ,  U  rod  15.



APPENDIX I I I  : MALMAHt DOLOMITE -  GEOCHEMISTRY (PERCENTAGES)

DEPTH SAMPLE Ca
(METRES) NUMBER

205 -  220

289 -  30 j

• 385 -  398
398 -  413
413 -  430
430 -  446
446 -  439

475 -  492
492 -  506

594 -  609
609 -  624
624 -  637
63? -  650
650 -  664
664 -  677
677 -  690
690 -  70q

729 -  742
742 -  755

IS -  Oog van ElondaZonCein 1U , 
Oberholzer D is tr ic t

Mg Fe
.0090 .0024

12.7

10.9
12.6
12.6

12.6

.0028
!0030 .0025

.0020
'.ml

.0034
12^7
11.6

!0030 .0032
.0030 ss



APPBHl/DC I I I  (Coatin'.

(METRES)
SAMPLE
NUMBER

Hg Fe MU Ha

807 -  822

835 -  849
849 -  862

877 -  890
890 -  904
904 -  918

931 -  946 ,0026
946 -  959 .0025
959 -  972

985 -  998
998 -  1012

1012 -  1025
1025 -  1038
1038 -  1052
1052 -  1066
1066 -  1079
1079 -  1095
1095 -  1105
1105 •• 1120
1120 -  1133
1123 -  1147
1147 -  1160
1160 -  1172
1172 -  1186
1186 -  1198
1198 -  I21C

Two samples wore taken 
vss prepared  f o r  chcroi 
UD 15, having been re1 
c h e r t zone. Ssrapli: 
p o s i t io n  o f  th e  o n c o i'

,.rVa l  shown above. One composite p e r in te r v a l  
; i s .  The oneo lice  ho rizon  was n o t p rese n t in  B .H . 
e ro s io n  du ring  th e  Eormation of th e  b re c c ia te  d 
. s ta r te d  a t  54 m etres below th e  s tr a t ig r a p h ic
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