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ABSTRACT 

ERTS imagery h a s  r e v e a l e d  t h e  p r e s e n c e  o f  b road  
s t r a t i g r a p h i c  s u b d i v i s i o n s  i n  t h e  p r e v i o u s l y  un- 
d i f f e r e n t i a t e d  Transvaa l  Dolomite of  t h e  wes te rn  
Transvaal .  Repub l i c  o f  Sou th  Africa. 

W h i l e  de t a i l ed  f i e l d  mapping i n  areas of good ou t -  
crop,  as well as b o r e h o l e  logg ing  h a s  r e c e n t l y  l e d  
t o  %he r e c o g n i t i o n  o f  a s t r a t i g r a p h y  i n  t h e  Trans- 
v a a l  Dolomite of t h e  c e n t r a l  T ransvaa l ,  poor  ou t -  
c r o p  i n  t h e  wes te rn  Transvaa l  h a s  t o  date p r e v e n t e d  
t h i s .  The ERTS-imagery, however, c l e a r l y  reveals 
t h e  p r e s e n c e  o f  s i x ,  and i n  t h e  f a r  west seven. 
d i s t i n c t  s t r a t i g r a p h i c  zones e x t e n d i n g  a l o n g  s t r i k e  
for a d i s t a n c e  o f  a t  least 200 km. Ground t r u t h  
s e l e c t e d  on t h e  b a s i s  of  ERTS imagery, i d e n t i f i e d  
these zones as co r re spond ing  t o  a l t e r n a t i n g  u n i t s  
of dark-grey, c h e r t - p o o r  and l i g h t - g r e y  r e l a t i v e l y  
c h e r t - r i c h  ca rbona te s .  With an a p p r e c i a t i o n  of 
t h e  d e f i n e d  s t r a t i g r a p h y  of t h e  c e n t r a l  T ransvaa l ,  
t h e  d e t a i l e d  geology mapped a l o n g  t h e  t r a v e r s e s  was 
r e a d i l y  related t o  t h e  zones e v i d e n t  on t h e  imagery. 
e x t e n d i n g  t h e  e s t a b l i s h e d  s t r a t i g r a p h i c  s u b d i v i s i o n  
o f  t h e  c a r b o n a t e  sequence o v e r  an area o f  some 4000 
sq. km. 

The i n v e s t i g a t i o n  c l e a r l y  demons t r a t e s  t h e  p o t e n t i a l  
a p p l i c a t i o n s  o f  ERTS-imagery i n  g e o l o g i c a l  - s t u d i e s ,  
even i n  a c o u n t r y  where t h e  geology is supposedly 
well known. 

1 

INTRODUCTION 

ERTS Image No. 1158-07363 c o v e r s  much o f  t h e  wes te rn  p a r t  o f  t h e  
Transvaa l  P rov ince  of Sou th  Africa. The area is  of c o n s i d e r a b l e  
g e o l o g i c a l  i n t e r e s t  as it i n c l u d e s  t h e  g o l d  and uranium mines  o f  
t h e  central and west Rand, t h e  p l a t i n u m  and chrome mines o f  t h e  
Bushveld Complex. t h e  Lichtenburg diamond f i e l d s .  t h e  Marico 
l e a d / z i n c  d e p o s i t s ,  as well as numerous o t h e r  mineral occur rences .  
Intense geological i n v e s t i g a t i o n  has  been in p r o g r e s s  o v e r  t h e  
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FIG. 

SOUTH AFRICA 

: Dis t r ibu t ion  of t he  Transvaal Dolomite i n  South Africa. 
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FIG. 2 : Stra t igraphy of t h e  Transvaal Dolomite f r o m  t h e  
Zwartkope area and relationship to outcrops along 
Ground Traverses and ERTS-zones. 
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l a s t  90 odd years following t h e  discovery of  gold i n  1886, 
and t h e  area h a s  been repea ted ly  mapped both by mining 
companies and t h e  Geological Survey. 

The image includes an area of some 4 000 sq. km. underlain by 
the Transvaal Dolomite. Over most of t h i s  region the  norther ly  
dipping Dolomite i s  characterised by extremely poor outcrop, 
generally being covered by residual s o i l .  It is  only near t h e  
eastern extremity o f  t h e  image, south of t h e  Hartbeespoort Dam 
t h a t  better outcrop occurs. 
t h a t  t h e  Dolomite was r e l a t i v e l y  uniform i n  nature and as a 
result no subdivision of t h i s  u n i t  was recognised, even on 
geological maps published as l a t e  a s  1967. However, logging 
of borehole cores i n  t h e  POtChefStMOm area [Eriksson, 19721, 
and f i e l d  mapping i n  t h e  eastern Transvaal (Button, 19731 and 
a t  Zwartkops south of t h e  Hartbeespoort Dam (Eriksson and 
T r u s w e l l ,  i n  press)  ( f ig .  11 has now revealed t h e  existence 
of a s t ra t igraphy.  

Broad zones of contrast ing colour tone w i t h i n  t h e  area under- 
l a i n  by t h e  Transvaal Dolomite a r e  c l ea r ly  evident on t h e  ERTS 
image. 
over a s tp ike  length of some 200 km. strongly suggest t h a t  t h e  
colour tones r e f l e c t  broad s t r a t i g r a p h i c  u n i t s .  
confirmed by groWnd t r ave r ses  w h i c h  i d e n t i f i e d  these zones a s  
r e f l e c t i n g  a l t e r n a t i n g  major zones of dark-grey chert-poor and 
l ight-grey chert- r ich dolomite w h i c h  could be d i r e c t l y  r e l a t ed  
t o  t h e  broad s t r a t i g r a p h i c  zones mapped a t  Zwartkops. 

U n t i l  recently it was considered 

The conformable n a t u r e  of these zones which  extend 

T h i s  was 

THE STRATIGRAPHY OF THE TRANSVAAL DOLOMITE 

The Lower Proterozoic,  e s s e n t i a l l y  non-clastic Transvaal 
Dolomite was previously mapped a6 a s ing le  u n i t  between t h e  
c l a s t i c  Black Reef and P re to r i a  Se r i e s  [ f ig .  21. Detailed 
examination of borehole cores from the Potchefstroom area re- 
su l t ed  i n  a s t r a t i g r a p h i c  subdivision of t h e  Transvaal Oolomi’te 
based largely on t h e  presence or absence of cher t  and t h e  colour 
of t h e  dolomite ( f ig .  11, [Eriksson, 19721. I n  a general sense 
3 dark chert-poor zones, t h e  middle of which  i s  t h e  t h i n n e s t ,  
and 3 l i g h t  chert-rich zones were recognized. Button [ i n  press1 
extended t h i s  s t ra t igraphy i n  a regional s t u d y  i n  t h e  eastern 
Transvaal [ f ig .  11 an area of good outcrop where, however, t h e  
t h i n  middle dark chert-poor zone of t h e  Potchefstroom area was 
not traced‘ He noted t h e  appearance of an addi t ional  dark 
chert-poor mixed dolomite-limestone zone s t r a t i g r a p h i c a l l y  
above those developed i n  t h e  Potchefstroom area. 
dayeloped i n  t h e  eastern Transvaal can be shown t o  extend a- 
round t h i  n o r t h e r n  f l ank  of t he  Transvaal basin i n t o  t h e  ex- 
treme western Transvaal. 
consideration t h i s  uppermost chert-poor %an% i s  truncated by 
an erosionql unconformity Iun, f i g .  21, 

The succession 

Moving eastwards i n t o  t h e  area under 
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I n  t h e  Zwartkops a r e a  north-west of  Johannesburg, where ex- 
posures  are good, a detailed s t r a t i g r a p h y  h a s  now been esta- 
b l i shed  i n  t h e  Transvaal Dolomite (Eriksson and T r u s w e l l ,  i n  
p r e s s )  through d e t a i l e d  f i e l d  mapping. I n  t h e  broadest  sense  
e i g h t  formations of  a l t e r n a t i n g  chert-rich and chert-poor  
dolomite can be recognized ( f i g .  41 b u t  a cons iderable  amount 
of  d e t a i l e d  l i t h o l o g i c a l  information has a l s o  now become ava i l ab le .  
The chert-poor  zones a r e  t h e  basal Oaktree Formation, t h e  t h i n  
R i e t s p r u i t  Formation and t h e  Ly t t e l ton  Formation. I n  add i t ion  
there are t h i n  chert -poor  zones i n  t h e  Zwartkrans Formation above 
t h e  R i e t s p r u i t  Formation ( f i g .  21. 

ERTS IMAGE 11 58-07363 

The d i s t r i b u t i o n  of  t h e  Transvaal Dolomite is evident  on a 
co lou r  composite of  Bands 4, 5 and 7 of  image 1158-07363 ( f i g .  31. 
The Dolomite is  cha rac t e r i zed  by a greenish  co lour  tone  and 
occurs  a s  a zone t r end ing  ac ross  t h e  centre o f  t h e  image, and 
again i n  a less d i s t i n c t  arc i n  t h e  Potchefstroom a r e a  t o  t h e  
southeas t .  

Where good outcrop cond i t ions  p r e v a i l ,  a s  a t  t h e  e a s t e r n  ex- 
t r emi ty  o f  t h e  image, t h e  Dolomite i s  cha rac t e r i zed  by a r e l a -  
t i v e l y  dark uniform colour  tone  i n  wh ich  t o n a l  v a r i a t i o n s  a r e  
d i f f i c u l t  t o  d i s t ingu i sh .  Over t h e  remainder o f  t h e  western 
Transvaal,  however, d i s t i n c t  zones of  varying co lour  tone  can 
be recognized wi th in  t h e  Dolomite. Four zones of  dark co lour  
tone are recognizable ,  a l though t h e  uppermost o f  these i s  
developed only i n  t h e  western ex t remi ty  o f  t h e  image. These  
dark zones a r e  separa ted  by three wider zones o f  l i g h t  green 
co lour  tone.  The var ious  zones w i l l  be r e f e r r e d  t o  i n  alpha- 
betical o rde r  from t h e  base upwards as ind ica t ed  i n  f i g s .  2 
and 4. 

The conformable na tu re  of  t h e  zones s t r o n g l y  sugges ts  t h a t  thFy 
r ep resen t  major s t r a t i g r a p h i c  subdiv is ions  w i t h i n  t h e  Dolomite 
which  are cont inuous over  a d i s t a n c e  of  a t  l e a s t  200 km. The  
te rmina t ion  o f  t h e  uppermost dark u n i t  is r e l a t e d  t o  a major 
e r o s i o n a l  unconformity a t  t h e  top  of  t h e  Dolomite. 

GROUND TRUTH 

Ground t r u t h  was gathered ove r  a per iod  of  th ree  days and in -  
volved t r a v e r s e s  by car along roads ove r  t h e  a rea  under la in  
by t h e  Dolomite. The first two days were devoted exc lus ive ly  
t o  l o c a t i n g  areas where s u f f i c i e n t  ou tcrop  was a v a i l a b l e  f o r  
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FIG. 3 : P o r t i o n  o f  ERTS Image 1158-07363 w i t h  l i m i t s  of 
Transvaa l  Dolomite o u t l i n e d .  

f u r t h e r  s tudy.  
r e n d e r i n g  a c c u r a t e  i d e n t i f i c a t i o n  and c o r r e l a t i o n  w i t h  t h e  
e s t a b l i s h e d  s t r a t i g r a p h y  imposs ib le .  T r a v e r s e s  covered and t h e  
o u t c r o p s  encountered  a long  them are i n d i c a t e d  i n  f i g .  4. Only 
t h e  K l e r k s k r a a l  traverse c o n t a i n e d  any s i g n i f i c a n t  ou tcrop ,  and 
t h i s  was conf ined  mainly t o  t h e  lower h a l f  of t h e  success ion .  
T h i s  and s c a t t e r e d  o u t c r o p s  on t h e  Duiker fonte in  t r a v e r s e  were 
investigated on t h e  t h i r d  day. 

Over large areas o u t c r o p s  are v i r t u a l l y  a b s e n t  

The K l e r k s k r a a l  Traverse:  F a i r  o u t c r o p  was encountered  n e a r  
t h e  base of t h e  Dolomite on t h i s  t r a v e r s e ,  p e r m i t t i n g  recogni-  
t i o n  of t h e  Oakt ree  Formation of d a r k  c h e r t - f r e e  dolomite, co- 
i n c i d i n g  w i t h  Zone A [fig.  21 of dark  c o l o u r  t o n e  on t h e  image. 
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The c o n t a c t  between t h e  Oaktree Format ion  and  t h e  o v e r l y i n g  
c h e r t - r i c h ,  l i g h t - g r e y  R i e t f o n t e i n  Format ion  was a c c u r a t e l y  
located i n  t h e  f i e l d  and  c o i n c i d e s  w i t h  t h e  change  i n  t o n e  
on  t h e  ERTS image  (Zones  A-81. Outc rop  c o n d i t i o n s  deteriorated 
from t h i s  p o i n t  no r thwards ,  bu t  t h e  d a r k  dolomite o f  t h e  Riet- 
s p r u i t  Fo rma t ion  (Zone C-I, f i g .  21 c h a r a c t e r i z e d  by l i n k e d  
co lumnar  s t r o m a t o l i t e s ,  was located i n  t h e  f i e l d  and  c o u l d  be 
c o r r e l a t e d  w i t h  t h e  t h i n  u n i t  of v e r y  d a r k  c o l o u r  t o n e  ( f i g ,  41. 
A t  t h e  b a s 8  of Zone C t h i s  u n i t  was o v e r l a i n  by  a l t e r n a t i n g  
t h i n  bands  o f  d a r k  c h e r t - p o o r  d o l o m i t e  and  l i g h t e r  cher t - r ich 
d o l o m i t e  which  p r o b a b l y  r e p r e s e n t s  most o f  Zone C. Towards t h e  
n o r t h  t h i s  material g r a d e d  i n t o  un i fo rm l i g h t - c o l o u r e d  chert- 
r i c h  d o l o m i t e  r e f e r r e d  t o  as t h e  uppe r  Zwar tk rans  and Crocodile 
River F o r m a t i o n s  (Zone 0, f i g .  21. Farmlands  o b s c u r e d  t h e  
r e m a i n d e r  of t h e  s u c c e s s i o n  b u t  i n  an area s l i g h t l y  t o  t h e  east 
t h e  c o n t a c t  be tween t h e  c h e r t - p o o r  L y t t e l t o n  Format ion  and  
Hennops R i v e r  Forma t ion  was located and f o u n d  t o  c o i n c i d e  
a p p r o x i m a t e l y  w i t h  t h e  c o n t a c t  between Zones E and  F [ f ig .  2 )  
on t h e  image. 

The D u i k e r f o n t e i n  T r a v e r s e :  I n  t h e  s o u t h  o f  t h i s  t r a v e r s e  
i so la ted  outcrops of dark  chert-free d o l o m i t e  were found  n e a r  
t h e  base of t h e  Dolomite. Some o c c u r r e n c e s  o f  c h e r t - r i c h  
dolomite  were n o t e d  i n  t h i s  area, s t i l l  w e l l  w i t h i n  Zone A, b u t  
these p r o b a b l y  r e p r e s e n t  t h i n  u n i t s  o f  l o c a l  c h e r t  deve lopment .  
F u r t h e r  n o r t h  a l o n g  t h e  t r a v e r s e  t h i c k  s o i l  c o v e r s  t h e  r e m a i n d e r  
of Zone A and  a l l  of Zone 8. A t h i n  u n i t  o f  d a r k  d o l o m i t e ,  
s t r o n g l y  r e s e m b l i n g  t h a t  o v e r l y i n g  t h e  R i e t s p r u i t  Format ion  on  
t h e  K l e r k s k r a a l  traverse, was found  w i t h i n  Zone C on t h e  image. 
O u t c r o p s  are v i r t u a l l y  a b s e n t  along t h e  r e m a i n d e r  of t h e  t r a v e r s e ,  
t h e  area b e i n g  c o v e r e d  by  t h i c k  s o i l ,  b u t  t h e  c o n t a c t  be tween t h e  
L y t t e l t o n  and  u n d e r l y i n g  Crocodile River F o r m a t i o n s  c o u l d  be 
a c c u r a t e l y  located and coincided w i t h  t h a t  between Zones D and  E 
on t h e  image [fig.  41. 

SUMMARY 

1. ERTS imagery  h a s  r e v e a l e d  t h e  p r e s e n c e  o f  broad  
s t r a t i g r a p h i c  u n i t s  i n  t h e  Dolomites o f  t h e  w e s t e r n  
T r a n s v a a l .  

2. D e s p i t e  a l o n g  h i s t o r y  of g e o l o g i c a l  a c t i v i t y ,  no 
s t r a t i g r a p h i c  s u b d i v i s i o n  of t h e  Dolomite had p r e v i o u s l y  
been r e c o g n i z e d  i n  t h e  w e s t e r n  T r a n s v a a l .  T h i s  was 
l a r g e l y  t h e  r e s u l t  o f  p o o r  e x p o s u r e  and  t h e  un i fo rm 
n a t u r e  o f  t h e  Oolomite. 
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3. 

4. 

5. 

6. 

7. 

The s t r a t i g r a p h i c  u n i t s  revealed on t h e  imagery can 
be c o r r e l a t e d  w i t h  t h e  genera l ized  s t r a t i g r a p h y  of a 
b e t t e r  exposed area .  

Four zones of  dark co lour  tone  are d i s t ingu i shed  on 
t h e  image and correspond t o  dark chert-free dolomite.  
One of  t h e s e  u n i t s  i s  very t h i n  (50 ml. 
Zone [ G I  is t runca ted  by an unconformity. 

The uppermost 

T h r e e  zones of  l i g h t e r  tone correspond t o  l i g h t -  
coloured che r t - r i ch  dolomite. 

These  seven zones a r e  bes t  seen i n  t hose  a r e a s  of  t h e  
western Transvaal  t h a t  a r e  cha rac t e r i s ed  by poor out-  
crop and low dips .  I n  c o n t r a s t  t h e  zones become i n -  
d i s t i n c t  i n  a r e a s  o f  better exposure or s t e e p e r  dip.  

The , inves t iga t ion  has demonstrated t h e  usefu lness  of  
ERTQ imagery as a r ap id  mapping technique i n  t h e  
ex tens ion  o f  a known Transvaal  Dolomite s t r a t i g r a p h y  
i n t o  an area of  poor outcrop. 
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