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Abstract  - Seven new and two re.surveyed stratigraphic sections through the important carbonate-BIF 
transition in Griqualand West are presented and compared with six published sections. Lateral correlation 
within this zone is attempted but the variability was found to be too great for meaningful subdivision. 
Substantial lithological irregularity is the only unifying character of this zone, for which the new name 
Finsch Member (Formation) is proposed. Vertical and lateral lithological variations as well as chemical 
changes across this zone are discussed with reference to environmental aspects. Local and regional 
considerations lead to the conclusion that fresh water-sea water mixing occurred in a shallowing basin. 

I N T R O D U C T I O N  

The apparen t ly  conformable  Ear ly  Proterozoic 
t r ans i t ion  f rom the  Campbe l l rand  ca rbona te s  to 
the  K u r u m a n  Iron Format ion  in the  no r the rn  Cape 
Province is a b o u n d a r y  t h a t  deserves  careful  scru-  
tiny. 

Assuming  t h a t  it is tectonical ly u n d i s t u r b e d  all 
over (which is not  cer ta in  at  all, as  will be shown  
below), the  change  in composi t ion  f rom carbona te  
to Fe-silicate is enough  reason  to carefully record 
the  t r ans i t ion  at  as  m a n y  sites as  possible. Only a 
few cores are available. Man-made  outcrops  are 
confined to the  F insch  open cas t  mh~e and  the  
access  road  to the  relay s ta t ion  at  Gaka rosa  
beacon  (Fig. 1). Natura l  surface  exposures  with 
some topographic  express ion are n u m e r o u s ,  b u t  
k a r s t i n g  in t h e  u n d e r l y i n g  c a r b o n a t e s  h a s  
common ly  d i s tu rbed  and  recemented  the  beds  in 
the  i ron formation.  Shales ,  m u d s t o n e s  and  black 
tuff i tes  in Iron format ion,  w h e n  pyri te-bearing,  
wea the r  very rapidly a n d  make  extremely poor 
outcrops.  However, compared  to core sections,  
surface ou tc rops  allow a n  accura te  a s s e s s m e n t  of 
the  superpos i t ion  of bedding,  the  type of bed- 
forms, as  well as  the  larger types  of in ternal  
bedding  fea tures .  T h u s  s lumping,  contor t ions,  
tectonic folding, paleo-erosion features ,  local shea r  
c leavage,  b recc ia t ion ,  as  well a s  d i s loca t ion  
parallel to a n d  across  bedding,  are recognized with 
more  confidence in surface  and  mine  outcrops.  

This  con t r ibu t ion  p u t s  on  record seven new 
t rans i t ion  profiles a n d  two resurveyed ones.  We try 
to correlate lateral ly the  lithologies of 15 sect ions  
(Figs 1 a n d  1 I) over 450 k m  of strike. Changing  

envi ronmenta l  aspects  t h o u g h t  to be recorded by 
the  vertical t r ans i t ion  a n d  the  lateral  correlat ion 
are d iscussed.  

N E W  P R O F I L E S  

M o t i v a t i o n  

In 1987, a very detai led (cm scale) lithological 
a n d  chemical  survey of the  t r ans i t ion  zone in the  
Finsch  open cas t  mine  was  conduc ted  (Lamprecht,  
1993). These revealed t h a t  24 m of a l ternat ing  
cher t s  a n d  fe r rug inous  m u d s t o n e s  in tervened 
be tween a lower 9 m th ick  sequence  of BIF macro-  
cycles a n d  the upper  c o n t i n u o u s  BIF sequence.  
T h e n ,  p u b l i s h e d  s e c t i o n s  of  t h i s  t r a n s i t i o n  
(Beukes, 1978; 1980a; 1980b; 1983), some of 
which are still the bes t  available and  are therefore 
inc luded in Fig. 11, did not  record a p rominen t  
silici-clastic zone in the t rans i t ion  nor th  of the  
Gr iquatown Fau l t  (Fig. 1). 

From 1988 to 1990, indisputable  tectonic dupli- 
c a t i on  w a s  d i scovered  in the  K u r u m a n  a n d  
Gr iquatown Iron Format ions ,  sou th  of the Griqua- 
town Faul t  (Fig. I) (Altermann and  H~Ibich, 1990). 
Bedding-paral lel  brecciat ion and  in tense ly  folded 
zones were discovered in new profiles m e a s u r e d  
nor th  of the  Gr iqua town Faul t  dur ing  1988 and  are 
reported on below. These f indings  cas t  some doub t  
on  t h e  s t r a t i g r a p h i c  c o r r e l a t i o n s  a t t e m p t e d  
previously from N to S across  h u n d r e d s  of Idlo- 
metres  of banded  Iron format ions  a n d b a s e d  almost  
exclusively on borehole da ta  (Beukes, op. cit). 
When  Al t e rmann  and  Herbig (I 991) found  shallow 
wate r  l imestone facies in the  uppe r  par t  of the  
Campbel l rand  Subgroup  sou th  of the  Gr iqua town 
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fault  zone,  whe re  bas ina l  facies  had  b e e n  a s s u m e d  
so far  (e.g., Beukes ,  1980a), it b e c a m e  clear  tha t  
the  env i ronmenta l  in te rpre ta t ions  h a d  to be  re- 

cons idered  for the  two chemica l  s e q u e n c e s  and  
thei r  t ransi t ion.  More informat ion  on the  com- 
parat ively  na r row t rans i t ion  w a s  therefore  needed.  

Olifantshoek Sequence 
Ongeluk Lava 
Koegas Subgroup 
Griquatown Iron Form. 
Kuruman Iron Formation 
Campbellrand Subgroup / 
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Fig. 1. Outcrop  a rea  of  Asbesheuwel s  Subgroup  (Kuruman and  Gr iqua town Iron Formations)  showing  15 sect ion and  profile 
s i tes  of  the  t rans i t ion  zone (full squares) .  AD = Adelaide BH AD-5; Ts = Tsineng; Ku = Kurumankop;  Wh = White Bank, 
Bh Wb-98; Sp = Spi tsberg;  Ga = Gakarosa;  De = Derby, BH DI-1; GL = Gladstone;  Da = Danielskuil:  Ou = Ouplaas;  

Wa ffi Warrendale;  Fi = F lnsch  Mine; Ho = Hopefleld; Kn = Klein Naute; We = Westerberg;  BH W- 1. 
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The Finsch  Profile 
Chemical  ana lyses  of the major  and trace 

element contents  of 50 selected samples  covering 
all lithological changes  observed in this profile 
(Fig. 2), reveal tha t  in the iron formation i.e. uni ts  
"e" and '~", K, Na, Ca, Rb and Sr have lower average 
concentrat ions as compared with core analyses 
from Griqualand West  BIF and others world wide, 
(Horstmann and H~bich, submitted) whereas  A1 is 
enriched. No detectable difference to the remaining 
major  and trace elements has  occurred. Twenty 
subsect ions  were measured  to 0.5 cm accuracy on 
eight benches  (from 112 m to 208 m) in Finsch 
Mine (Fig. 2a). Correlation from one subsect ion to 
the next was  controlled using sets  of marker  
mesobands .  Care was taken to s tay away from 
karsted and s lumped areas and from several thin 
kimberlite dykes. Dips to the wes t  are extremely 
low, measurable  by  extrapolation only. The litho- 
logical description in Fig. 2b is used in the follow- 
ing discussion. 

What follows is a resum~ of conclusions drawn 
from a detailed environmental analysis by D. F. 
Lamprecht (1993). 

Unit "a" has  beds  of microscopic pellets and 
sedimentary breccias. These and cryptalgal mats,  
with conophyton-like s t ruc tures  only a few m m  
high, point to shallow water  and periodically higher 
kinetic energy, in spite of the upward increasing 
frequency of black, pyritic shales. It is concluded 
that  this unit was  deposited in mainly tranquil 
waters, with anoxic conditions underneath  the 
sed iment /wate r  interface, producing black shales 
that  were periodically stirred up. A sheltered bay  or 
lagoon behind a barrier island or carbonate reef is 
envisaged. Conditions were mainly marine, the pH 

Table 1. Density and length weighted averages 
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being >7 bu t  <9. Cyclicity was  probably seasonally 
controlled. River influx was  low and biogenic acti- 
vity at the sediment-water  interface high, with slow 
burial  rates. 

Carbonate precipitation is enhanced and cycli- 
city drastically reduced in unit  '"o". Better  shelter- 
ing and even lesser clastic influx, if any, are indi- 
cated. 

The first occurrence of regular, microbanded 
cher ty  layers  in uni t  "c" is accompan ied  by  
decreasing biogenic remains (Fig. 2b, graphs). Thus, 
conditions either became too harsh  for living forms 
or their  remains  were oxidized before bur ia l  
because  of too low burial  rates. Clastic input was  
virtually absent  and pH dropped below 7, to allow 
chert to precipitate. A stronger, at least periodic 
bu t  very sluggish fresh water  inflow or excessive 
periodic rain into a practically closed environment 
is indicated. The cyclicity is pronounced and was 
probably seasonally (evaporation) controlled. Fe- 
Mg precipitation is registered in ankerite-siderite 
mineralization. 

This trend is continued with a massive ankeritic 
chert in unit  "d". Throughout  units  "c" and "d" the 
Fe/Mg ratio steadily increases upwards  (Fig. 2b, 
graphs). As from unit "e" upwards,  SiO 2 and Fe20 a 
are the dominant  major oxides together making up 
some 88 % of banded  ironstone (units "e" and ']") 
and 84 % of muds tones  (units "f' to "i") in Fig. 2b 
(Table 1). This means  that  a very sudden  and 
drastic change occurred in the source supplying 
solute to the water  body as well as in redox and pH 
conditions. At the same stratigraphic level the 
p rese rva t ion  of s t i lpnomelane  m e s o b a n d s  of 
volcaniclastic origin is recorded in the profile (La 
Berge, 1966a + b). The distribution of these tuffites 

of major element oxides in the transition zone. 

Unit* j h+i g f e e+J/2 Aver. f t o j  

SiO 2 46.04 61.67 64.54 18.01 57.57 50.02 46.46 

TiO 2 0.06 0.12 0.6 0.07 nd 0.04 0. 17 

AI203 1.31 2.41 12.89 1.62 0.26 0.93 3.56 

Fe203 38.71 27.9 7.93 64.06 36.8 38.02 38.12 

MnO 0.19 0.36 0.04 2.36 0.03 0.15 1.03 

MgO 2.15 0.7 1.43 0.91 0.71 1.63 0.87 

CaO 2.61 0.99 0.46 1.18 1.67 1.98 0.98 

Na~O 0.21 0.08 0.12 0.1 0.09 0.11 0. I 

K20 0.08 0.08 5.92 0.24 nd 0.05 0.94 

P205 0.08 0.07 0.05 0.68 0.07 0.07 0.29 

LOI 7.53 4.4 3.9 8.39 2.87 5.85 5.76 

H20 1.84 2.57 1.4 1.77 0.46 1.34 2.12 

Tot. 100.81 101.35 99.28 99.39 100.53 100.37 100.4 

* See stratigraphic uni ts  in Fig. 2b. 
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a b o v e  a c c e s s  r o a d  level.  Co) S t a r a t i g r a p h i c  s e c t i o n .  Detai l  o f  t r a n s i t i o n  z o n e  w i t h  i m p o r t a n t  c h e m i c a l  p a r a m e t e r s .  
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h a s  an  impor tan t  bea r ing  on  the i r  origin, thei r  
c h a n c e s  for p rese rva t ion  and  therefore  the  type  of 
env i ronment  in wh ich  t hey  were  deposi ted .  In 
un i t s  "a" to"d", cons is t ing  o f p r e d o m i n a n f l y c h e m i -  
cal a n d / o r  b iochemica l  sed iments ,  no a sh  layers  
are recorded,  w h e r e a s  in un i t s 'T"  and  'T' a sh  layers  
are pre-served  ma in ly  in clast ic  s ed imen t s  This  
m e a n s  tha t  t he  p resence  or  ab sence  of these  
tuff i tes  in the  t rans i t ion  zone was  directly re la ted 
to the  availabil i ty of a sh  in the  a t m o s p h e r e  at  t ha t  
t ime, a n d  w a s  no t  a func t ion  of wa te r  t ranqufl l i ty  
or  p rese rva t ion .  However ,  w h e n  o the r  c las t ic  
mater ia l  w a s  also in t roduced  to the  env i ronment  
(units  'T' and  'T') volcanic  a sh  w a s  no longer  par t  of 
the  u s u a l  Fe-carbonate-s f l ica te-oxide  cycles  of 
typical  BIF prec ip i ta t ion  a s  for un i t s  "e" and  '~" 
(Beukes,  1978, p. 402-411) .  

Where  Al20, va lues  are  high (13 %), a s  in the  
cher t -poor  un i t  "g", the  Fe-con ten t  r e aches  maxi- 
m u m  concen t r a t ions  (64 %) in the  K u r u m a n  Iron 
Format ion  (Table 1). The densi ty  and volume (length} 
weighted  average compos i t ion  of the  m u d s t o n e  
un i t s  'T', "g", "h"' and  'T' is very close to tha t  of the  
average BIF in th is  sec t ion  (Table 1). The m o s t  
significant differences are  those  in A1203 (3.56 % 
for m u d s t o n e  vs. 0 .93% for BIF) and  K20 (0.94 % 
for m u d s t o n e  vs. 0 .05% for BIF) which  clearly 
conf i rms tha t  dur ing  m u d s t o n e  precipi ta t ion a fine 
clay minera l -enr iched  clast ic  f ract ion w a s  added  to 
an  env i ronment  tha t  w a s  essent ia l ly  conduc ive  to 
chemlca l / b iochemlca l  BIF-precipitat ion.  

The t e m p o r a r y  influx of  clast ic mater ia l  s e e m s  to 
have d i s t u rbed  the  full rhy thmic  cycle of BIF 
depos i t ion  tha t  h a d  s t a r t ed  in un i t  "e", reduc ing  it 
to a f e r rug inousmuds tone -che r t  rhythm. The cher ts  
are a lmos t  pu re  SiO 2. Nevertheless ,  volcanic a sh  
was  laid down as  separa te  un i t swheneve r  it became  
available. Unit  '~" w a s  depos i ted  w h e n  clast ic  
influx a lmos t  ceased  (a small  con t r ibu t ion  is still 
indicated  byA1203 = 1.3 % for uni t  '~" as  compared  
to 0 .26  % for un i t  "e", Table  1), and  full BIF cycles  
s ta r ted  to form, each  t ime in te r rup ted  b y  a tuff  
layer  a s  desc r ibed  b y  B e u k e s  (1978; 1980b). 

A 613C vs  s t ra t igraphy plot of ca rbona te  ca rbon  in 
un i t s  "a" to "e" a s  c o n d u c t e d  b y  Lamprech t  (1993), 
reveals  tha t  where  organic c a r b o n  is no longer 
p rese rved  a s  in uni t  "c", minera l  c a r b o n  b e c o m e s  

~3C-deficient, indica t ing  t ha t  even u n d e r  the  
oxygen-poor  (< 0.01 x a tmospher ic)  condi t ions  of 
the  Ear ly  Proterozoic,  m o s t  organic mater ia l  dis- 
in tegra ted  w h e n  bur ia l  w a s  very  slow, wa te r  dep th  
w a s  ext remely  shal low and  the bas in  b e c a m e  
restr icted.  A c o m p a r i s o n  with fresh as  aga ins t  
mar ine  wa te r  c a r b o n a t e s  classif ied according to a 
6 ~3C/~ ~sO plot (Keith and  Weber,  1964) shows  that  
uni t  "c" m a r k s  the  t rans i t ion  from "marine to f resh 
water" with 613C >-2 %0, and  increas ing strat i-  
graphical ly  u p w a r d s  into uni t  "e" (Fig. 2b, graphs).  
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6 ~3C exceeding -4 as  in un i t s  "d" and  "e" are  indi- 
cative of  f resh wa te r  c a r b o n a t e s  according to Hoefs  
(1987). 

Shallow and  comparat ivelywell-  aera ted  sea  water  
with f resh wa te r  admix tu re  is also indicated for 
un i t s  "a" and  "d" b y  6 34S of mat r ix  pyri te ~0.0 in 
shale  and  ca rbona te  samples .  Fe and  sulfa te  de- 
plet ion in a rapidly bu r i ed  s ed imen t  interface 
likewise point  to f resh wa te r  admix tu re  for all un i t s  
be low "e". A 6 34S at  -13.9  for ear ly diagenet ic  
nodu le s  (suffering from compact ion)  in the  sha le s  
of un i t s  "a" and  "b" m e a n s  tha t  the  b u l k  of the  
sys t em was  c losed r a the r  rapidly, dur ing  sedi- 
menta t ion ,  b u t  individual  colonies  of  reduc ing  
bac te r ia  were  able to thrive locally dur ing  dia- 
genesis .  

A 6 ~3C (organic) a r o u n d  -40  in the  above-  
men t ioned  un i t s  is of the  lowest  so far repor ted  for 
the  Proterozoic (see also B e u k e s  et al., 1990). This  
is typical  of the  late Archean  w h e n  me thanogen ic  
processes ,  fermentat ion and  sulfate reduct ion  (Baur 
et al., 1985) c a u s e d  6 ~3C d e p l e t i o n  a t  t he  
s ed imen t -wa te r  interface. These  p roces se s  m a y  
have b e e n  coupled  to the  origin of life in very 
shallow, t rans i t ional  w a t e r s  f rom which  photo-  
synthe t ic  and  eukaryot ic  algae were  a b s e n t  (Hoefs, 
1987; Schidlowski  et al., 1983). 

A very low b u t  s teadi ly  increas ing s o d i u m  con- 
cen t ra t ion  in c a r b o n a t e s  f rom "a" to "d" indicates  a 
g radua l  change  from mar ine  to b rack i sh  or mixed 
wa te r  condi t ions  (Wedepohl, 1970). 

Th roughou t  th is  profile we see  tha t  there  is no 
need  for a g radua l ly  deepening  wa te r  body  to 
explain the  ca rbona te -BIF  t ransi t ion.  Argumen t s  
b a s e d  on  the iron-silica source  are b e y o n d  the  
scope  of the  p resen t  t rea tment .  

F rom the  m u d s t o n e - i n t e r r u p t e d  BIF precipita-  
t ion recorded in this  profile, it s e e m s  that:  

(a) The K u r u m a n  I. F. shou ld  be  s een  to s tar t  at  
the  b a s e  of the  first BIF-cycle b e c a u s e  it m a r k s  the  
mos t  p ro found  change  in wa te r  chemis t ry  reflected 
in the  lithology. 

(b) Shal low fresh wa t e r - con t ami na t ed  condi t ions  
canno t  be  d is regarded as  an  env i ronment  in which  
these  BIFs were  deposi ted ,  wha teve r  the  origin of 
Fe and  Si. 

(c) A very rapid  ca rbona t e  to carbonate-s i l ica  to 
Fe-oxide-si l ica t r ans i t ion  occu r r ed  in t e r rup ted  
initially b y  fine clast ic cont r ibu t ions .  

(d) Full BIF cycles  only form in wa te r  a lmos t  free 
of a clast ic  load. 

(e) A distal  volcanic a sh  input  d i s rup t s  the  
no rma l  oxide-si l icate  cycle leading to a more  
complex cyclicity. 

(i) Tuff  con t r ibu t ions  are not  a direct  c a u s e  for 
BIF-precipi ta t ion b u t  an  indirect  l ink s e e m s  to 
exist  in tha t  the  a tmosphe r i c  condi t ions  a nd  the  
wea ther ing  cycle are affected, leading to h igher  Fe- 



222 

a HOPEFIELD 

O~11 N 
I 

5 I 

1 0 -  

. 

2 0 -  

: 3 0 -  

4 0 -  

5 0 -  
m 

I. W. HJd~IClt,  D. LA,~,F.CHT, W. ALTERMANN and U. E. HORSTMANN 

Up to 32m: Brown weathering, 
sideritic ferruginous chert and 
jaspilite. Micro-laminated, occa- 
sional 0.5cm white chert markers. 
Slumped in upper parts. 

1.2m: Undisturbed chert with 20cm 
undisturbed shale at the top. 

3.5m: Massive chert with intensely 
slumped and brecciated zones (not 
karsted): 

6.5m: Wavy chert alternating with 
limestone lenses and layers and 
grey-greenish shales. Limestones 
brecciated and/or recrystallised. 
Thrust zone. 

I t.0m: Massive brown chert. 

16.3m: Several macro-cycles of 
incomplete Fe-carbonate - oxide 
BIF, thicker and more magnetic 
towards top. 

2.5m: Grey, blue-brown chert lenses 
with micro-laminations. 

6.0m: Algal mat and cryptalgal mat 
limestone, two greenish tuffite 
bands near center. 
2.5m: Limestone as above, 25cm 
grey-black chert at base, bedding 
parallel limestone breccia at top. 
Thrust zone? 

16.5m: Algal mat and cryptalgal mat 
limestone intercalated with calcare- 
ous grainstones. Partly chertified 
and ferruginous, dispersed ferrugi- 
nous pisolites, occasional zones of 
dark red recrystallised limestone. 

4.5m: Same as above but with sin- 
gle layer of columnar stromatolite at 
bottom and top. 

7.5m: Algal mat and cryptalgal mat 
limestone, intercalated grainstones, 
dispersed ferruginous pisolites. 

and S i -concentrat ions  and lower Ca-concentra-  
t ions  in the  water  body.  

The next  8 profiles will be compared  individually 
with the  Finsch  sect ion to ascerta in  the  degree of 
correlation and briefly d i s c u s s  poss ib le  environ- 
menta l  implications.  

H o p e f l e l d  Prof i le  
This  profile (Fig. 3), 28  k m  s o u t h  of  F insch  Mine, 

is  only partly preserved b e c a u s e  of eros ion  at the 
top, and it s e e m s  to be disturbed,  probably by 
thrust ing  in at least  3 or 4 localit ies  where  re- 
crystallized l imes tones  or brecciated chert  and  BIF 
are e n c o u n t e r e d .  R e p e t i t i o n  by  t h r u s t i n g  is  
poss ible  but  c a n n o t  be proved beyond  doubt.  

Nevertheless,  a r e s e m b l a n c e t o t h e F i n s c h  section 
is  s een  in the separat ion  of  a lower BIF sequence  
from an  upper  altered (j aspilised) ferruginous  chert 
unit  which  e lsewhere in th is  area is  overlain by 
typical  K u r u m a n  I.F. A chert - sha le  s e q u e n c e  
(shortened tectonically?) intervenes.  The carbon-  
ates  of  un i t s  "b" to "e" compare  well with those  at 
F insch  but  the cherty zone is  different, poss ibly  
b e c a u s e  of  tectonic  d is turbance .  Poss ible  tuf- 
faceous  layers in carbonates  are a new element.  
There is no  reason  to doubt  the onse t  of  typical BIF 
precipitation with unit  g. Therefore th is  forms the  
base  of the K u r u m a n  I. F. The lower BIF sequence  
poss ibly  correlates with that  at Finsch.  

The  Kle in  N a u t e  prof i le  
Located s o m e  115 k m  s o u t h  of  Hopefield and 

beyond  the Griquatown Fault  zone,  th is  sect ion 
(Fig. 4) has  58 m of grey, c leaved sha les  of  unit  ,a,  
before hematit ic  chert-tuff i te-shale  un i t s  "b" to "d" 
intercept the monotony .  These  are succeeded  by 

i 
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Fig. 3a. Hopef ie ld .  On  Hopef ie ld  E s t a t e  552 (Fig. I) th i s  profile w a s  a c c u r a t e l y  m e a s u r e d  by  m e a n s  o f  a 
J a c o b  s ta f f  s o m e  2 km s o u t h  e a s t  o f  the  old Hopefleld Mine. Dips vary from 25 ° to 15 °. Dot-dash  l ine  i s  a c c e s s  

farm road. Stra ight  full l ines are  farm boundar ies .  (b) Hopef ie ld .  Strat igraphic section: detail  of  t rans i t i on  zone .  
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>8m: Macro-cycles of slderitic, Fe- 
silicate, Fe-oxide, laminated BIF. 
Ferruglnous concretions, onkolites, 
algal structures?, rlebacklte content 
and disturbance by slumping increase 
upwards. 

2.5m: Shaly and carbonaceous fine- 
bedded sUtstone. 

9.5m: Several macro-cycles of silicified 
(jasperoldal) Fe-sllicate, Fe-oxtde 
(magnetic) BIF, thin shale (tuffaceous) 
intercalations, 

10.0m: Laminated hematitic chert, 
slump structures and Internal 
discordances. 

12.5m: Grey shale with tuffaceous 
zones? 

7.25m: Greenish tuffite, laminated, 
intercalated with shale and chert bands 
and lenses. 

4.75m: Mainly hematitic chert. 

4.0m: Greenish tuffite, laminated, inter- 
calated with shale and chert bands. 

Up to 58m: Grey to violet weathering 
shales. First 10m from bottom contain 
ferruginous concretions followed by a 
3m grey-brown laminated chert zone. 
Only uppermost 25m shown here. 
Transverse cleavage S 2 has 
developed. 
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some  more  sha les  and  tuff i tes  unt i l  in tense ly  
s l u m p e d  iron-rich che r t s  of  uni t  "f' are  overlain b y  
genuine-cycl ic  BIF only once  more  in t e r rup ted  b y  
a th in  shale  in "h". The s e q u e n c e  '~" to "f' h a s  a 
t h i cknes s  of a b o u t  37 m, very  closely comparab le  
to tha t  of t he  F inseh  profile b e t w e e n  the  first che r t s  
and  the  second  BIF unit .  Ano the r  c o m m o n  fea ture  
is the  f requen t  tuffi te layers.  Both  th is  an d  the  
F insch  profile b e a r  no  obvious  s igns  of  d i s t u rb a nc e  
b y  fault ing (Fig. 11). 

Al though a lithological similari ty does  exist  there  
is also the  grea t  t h i c k n e s s  of  shales:  be low '9" 
point ing to env i ronmenta l  differences.  More fine 
elast ic mater ia l  and  a n  env i ronment  initially not  
qui te  a s  conduc ive  to regular  BIF precipi ta t ion as  
tha t  nor th  of the  Gr iqua town  Fau l t  b e c a u s e  of a 
higher  f resh wa te r  influx, are indicated.  This  agrees  
with an  earlier intert idal  to supra t ida l  c a rbona t e  
env i ronment  (Altermann and  Herbig,  1991). Tufts  
again m a r k  the  onse t  of f e r rug inous  cher t  precipi- 
ta t ion  w h e n  elast ic influx is no t  too high, and  an  
indirect  l ink with a Fe-sfl icate-cycle is suggested.  
Al te rmann  ( 1991) repor ted  tha t  tuffs  in c a r b o n a t e s  
below the  Naute  Shale  b e c a m e  more  p rominen t  
and  more  proximal  t owards  the  s o u t h  in the  
Pr ieska-Koegas  a rea  (Fig. 1). The t h i c k n e s s  of the  
Naute  Format ion  also inc reases  sou thwards .  A 
closer  proximity of this  par t  of the  b a s i n  to gently 
uplif ted a reas  (possibly in the  s o u t h  and  west l  t h a n  
for the  a rea  nor th  of the  Gr iqua town  Faul t  is 
i n d i c a t e d .  The  b a s e  of  t h e  K u r u m a n  I ron  
Format ion  could  poss ib ly  be  at t he  b a s e  of "b" b u t  
convenient ly  is located at the  b a s e  of "g" in Fig. 4. 

The Warrendale profile 
Here, only a few ki lometres  nor th  of  F insch  Mine, 

t he  s t r a t i g r a p h i c  s e c t i o n  is ve ry  i n c o m p l e t e  
b e c a u s e  of s lumping  and  brecc ia t ion  of BIF dur ing 
kars t  format ion  (Fig. 5). Only one u n d i s t u r b e d  
non- fe r rug inous  cher t  (unit g) is p reserved  at the  
b a s e  of the  BIF sequence .  Below tha t  the  lime- 
s tones  of un i t  'T' con ta in  e lements  of a shal low 
subt ida l  to intert idal  env i ronment  (small domal  
s tromatol i tes)  b u t  also g ra ins tones  indicative of 
active erosion of algal mats .  C o n s p i c u o u s  are the  
regular  fe r rug inous  shale  in terca la t ions  represent -  
ing pyritic m u d s .  As d i s c u s s e d  u n d e r  the  Finsch 
profile, anoxic condi t ions  prevai led in the  Early 
Proterozoic, which  was  poss ib le  b e c a u s e  of an  
oxygen-poor  a tmosphere .  The u p p e r m o s t  4 m of 
iron-free b l ack  cher t  in te rca la t ions  are  remini- 
s cen t  of uni t  "b" at F insch .  The b a s e  of the  
K u r u m a n  Iron Format ion  can  only be  es t ima ted  to 
occur  j u s t  above un i t  "g". 

Fig. 4. Klein Naute. Accurately taped very steep section 
on farm Klein Naute (Fig. 1) at the Orange River. Covers 
the entire transition zone from the Campbellrand 
carbonates into the Kuruman I. F. Dips are very low, 10 °. 
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10m: Incomplete cycles of BIF, 
slumped and mega brecciated 
(karst effect). 

1.5m: Micro-laminated grey-white 
chert. 

34m: Alternating loose domal stro- 
matolites, cryptalgal mat and lami- 
nated arenltlc limestone with fre- 
quent ferruglnous shale Intercala- 
tions. Dispersed ferruginous plso- 
lites towards top. Uppermost 4m 
with several thin, black chert layers. 

31 m: Dolomite near base followed 
by laminated arenitic limestone 
(gralnstone) with cryptalgal inter- 
calations towards top. Occasional 
greenish tuffite layer. 

4m: Mainly grainstone (arenitic 
limestone). 
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Pig. 5a. W~readale.  On the farm Warrendale (5 km north of 
Lime Acres, Finsch Mine) (Pig. 1). Section locality (top) and 
profile (bottom). A topographic profile and measured dips were 
used to estimate the thickness. Unit a: StromatoliUc limestones 
and carbonaceous grainstones. Unit b: About 7 m of mainly 
arenitic limestone. Unit ©: 26 m ofcryptalgal mat limestone with 
occasional layer of domal stromatollte towards top. Rest of 
column see b). Dashed lines are drainage lines. Dash-dot = old 
road. Double dash = main road. Full line with barbs = power 
line. Fig. 5b. Warrendale. Stratigraphic section: detail of 
transition zone. 

The  Glads tone  s e c t i o n  
This section, located 26 km nor th  of F insch  Mine 

and  Jus t  8 k m  nor th  of Danielskuil ,  h a s  also been 
subject  to kars t ing  at  the  top (Fig. 6). However, it 
is clear from the  u n d i s t u r b e d  par t  t h a t  consider-  
able s imilari ty to the  lower par t s  of the  F insch  and  
Hopefleld sect ions  exists. A lower sequence  of BIF 
macrocycles  overlies cryptalgal  m a t  l imes tones  
with originally pyritic nodu les  a n d  very th in  sha les  
at  the  top (unit "e') whe reas  a clean,  th ick  cher t  
un i t  is aga in  presen t  (unit "d'). The sha les  of un i t  
"g" and  the  cher t s  of un i t  "h" could represent  an  
inversion of "d" and  "e'. They are also remin iscen t  
of wha t  h a p p e n s  in "g" and  '~" at  F insch  Mine and  
"i" and  '~" at  Hopefield. It is clear t h a t  the  first 
a t t empt  at  regular  BIF precipi ta t ion in the  environ- 
m e n t  was  in te r rup ted  by  clastic influx everywhere, 
b u t  no r th  of the  Gr iqua town Fau l t  zone th is  
i n f luence  w a s  s u b d u e d  a l lowing full  BIF to 
con t inue  being deposi ted for a few cycles whereas  
sou th  of the  faul t  full cycles could  not  develop early 
on because  of a greater  influx of m u d .  Consequent -  
ly the  t ransiUon nor th  of the faul t  was  rnore 
gradual .  The base  of the  K u r u m a n  Iron Format ion  
would  be at  the  base  of un i t  'T'. 

The  Gakarosa  s e c t i o n  
Some 29 k m  fu r the r  nor th  at  Gakarosa  a full 

profile (Fig. 7} very s imilar  to t h a t  at  F insch  was  
discovered.  Even  the  t h i c k n e s s e s  of BIF a n d  
in te rvening  s h a l e / m u d s t o n e  u n i t s  are  closely 
comparable .  Mainly algal m a t  ca rbona te s  with 
pyritic nodules ,  shale  and  cher t  in terca la t ions  
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towards  the  top are t e rmina t ed  by  a thick,  pure  
cher t  b a n d  (unit e). The first sequence  of BIF 
macrocycles  is followed by a sha le-cher t  sequence  
"h"and a cher t - sha le  a l t e m a t i o n  "i" on which  con- 
t i n u o u s  BIF cycles are deposi ted.  Tuffite layers  are 
not  p resen t  in th is  profile. The d i s tu rbed  n a tu r e  of 
the sha les  and  cher t  layers  in un i t  "h" m a y  point  to 
some dupl ica t ion  by th rus t ing .  The K u r u m a n  Iron 
Format ion  in th i s  profile s t a r t s  at  the  base  of "f'. 

The Spitsberg profile 
Three a t t emp t s  at full BIF precipi ta t ion are 

recorded  here  (Fig. 8) some 35 k m  nor th  of 
Gakarosa .  F rom the  first c o n t i n u o u s  cher t  deposi- 
t ion in fe r rug inous  pisolitic l imes tone  (unit c) to the  
final onset  of c o n t i n u o u s  BIF-cycles (unit "h") 
again some 36-37 m of t rans i t iona l  facies occur,  
c losely c o m p a r a b l e  to G a k a r o s a ,  F in sch  a n d  
Hopefleld. This t h i cknes s  is even comparable  to 
t ha t  be tween un i t s  "b" and  "g" at: Klein Naute.  
Except for some th ru s t i ng  indicated at  the  top of 
un i t  "e", which m a y  be responsible  for the  threefold 
BIF repetit ion, and  less regular  cher t  a n d  shale  
intercalat ions ,  env i ronmenta l  condi t ions  seem to 
have been  very s imilar  to those  at  Finsch.  In th is  
case the  base  of the K u r u m a n  Iron Format ion  is 
not  readily de te rmined  by us ing  the  cri terion 
employed so far. 

Fig. 6a. Gladstone. Jus t  west of the Gladstone farm- 
house (Fig. 1). Section locality (top) and profile (bottom). 
Thicknesses are estimated, dip corrected and fitted to 
the topographic profile A-B. Dips change more than 
usua l  Unit a: Featureless grey, laminated limestones. 
Unit b: Some 140 m of stromatolitlc (columnar and 
domal) limestone with a cauliflower marker 5 = b I. Rest 
of column see b). Dashed llne = drainage. Double dash 
= main road. Fig. 6b. Gladstone. Stratigraphic 

section: detail of transition. 

The White Bank Section 
Another  25 krn fa r ther  no r th  the  White B a n k  

core as  surveyed by us  (R, (Fig. 9) h a s  30 m of chert-  
sha le -carbona te  t r ans i t ion  (units  "P' to "k"). No full 
BIF-cycles have developed below un i t  "k", in which 
some tectonic dupl ica t ion  occurs  at  least  on a very 
local scale. Thicker  shale  in te rca la t ions  are found  
lower down in un i t  "d'. (Compare the  sect ions  from 
Danielskufl ,  Ouplaas ,  Ts ineng and  Kurumankop ;  
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> 15m: Siderite - hematite and 
siderite - magnetite macro-cycles 
(BIF). 

6.0m: Undisturbed ferruginous 
shale at base followed by wavy and 
laminated chert with thin shale 
intercalations. 

15m: Contorted highly ferruginous 
shale and mudstone. Contorted 
chert near base. Intercalated white 
and black wavy chert near top. 
Thrust zone. 

2.5m: Hematitic massive chert (BIF) 
wilh wavy structure. 

13.5m: Laminated sideritic chert 
with magnetite horizons (BIF) 
lowermost 4m poorly outcropping. 

1.2m: Micro-laminated grey-bluish 
' chert. 

12.5m: Fine-grained, laminated car- 
bonaceous grainstones, thin chert 
and shale lenses, more shaly 
towards top and bottom. 

7.5m: Micritic algal and cryptalgal 
mat limestone, occasional LLH-D 
structures. No shales. 

17m: Cryptalgal mat limestones and 
carbonaceous grainstones, thin 
mudstone and chert intercalations 
and lenses, disseminated ferrugi- 
nous pisolites, breccias and erosion 
features at base of grainstones. 

Fig. 7a. Gakarosa. Near the trig. beacon Gakarosa 
(Fig. I). Section locality (top) and profile (bottom). The 
profile was accurately measured by Jacob staff. Some 
artificial outcrops occur along the mountain pass to the 
F. M. tower. Dot-dash line is the road. Stippled = 
drainage. Full line with barbs = power line. Unit a: Some 
44 m of columnar stromatolites and thin shale inter- 
calations. For rest of column see Fig. 7b. 

Fig. 7b. Gakarosa. 
Stratigraphic section: detail of transition zone. 

Fig. i i). Unit  '"o" probably  represen t s  a t h r u s t  
zone. In the  BIF-domina ted  sequence,  un i t s  "m" 
and  "o" also represent  shor t  in te r ludes  indicative of 
uns t ab l e  s e d i m e n t a r y  condi t ions .  One can n o t  
escape the  conc lus ion  tha t  at  least  penecontempo-  
r aneous  tectonics  as  well as  some pos t -sediment-  
a t ion tectonics  played a considerable  role at  th is  
site. A base  for the  K u r u m a n  Iron Format ion  tha t  
correlates laterally with any  profile fa r ther  sou th ,  
is (as in sect ion Spitsberg), difficult to decide on, 
us ing  the principle adopted  so far f rom Finsch  
(Fig. 11). 

The profile at K u r u m a n k o p  
One would  expect a great  s imilari ty in detail 

be tween th is  surface profile (Fig. 10) a n d  the  White 
B a n k  core (Fig. 9) only a few kf lometres  away. This 
is t rue  to a considerable  extent.  Between the  first 
cher ts  from below a n d  the  base  of the  c o n t i n u o u s  
BIF sequence  the  t rans i t ion  is 31 m th ick  in both  
cases.  A major  difference is not  found  in the  shale-  
ca rbona te  uni ts ,  b u t  does occur  in the  chert-BIF 
correlation. It is obvious t h a t  c lean cher t  beds  m a y  
laterally t u r n  into BIF cycles over shor t  dis tances.  
Here it also appears  t ha t  mos t  of the  s t ruc tu ra l  
d i s tu rbances  in terpre ted  as  t h r u s t s  in Fig. 9 re- 
appear  at  s imilar  s t ra t igraphic  levels in Fig. 10, 
a l though  they  have a somewha t  different expres- 
sion. The two sect ions  also have in c o m m o n  shale-  
ca rbona te -cher t  cycles which  developed in the  
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12.5m: Several Fe-carbonate - ~ ~ . . _ _ ~  
silicate - oxide (magnetic) macro- ,,,." - -  . . . .  j 
cycles. Strings of pyrite crystals. 
Dispersed pyrite nodules. -- -- ~ . 
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10m: Poorly outcropping soft rocks 
(mudstones and shales?) Occa- 
sionally non-magnetic thin 
ferruglnous cherts. 

6.7m: 1.5m of non-magnetic mas- 
sive grey-white chert at top. Rest: 
20-25 full meso-cycles of Fe- 
carbonate - silicate - oxide 
(magnetite) BIF. 

12m: At top 0.5m of very soft poorly 
outcropping breccia? Rest mainly 
intercalated ferruginous shales, Fe- 
pisolitic limestones and grainstones 
with Intraformational breccias. 
Occasional sideritic or ankeritic 
chert band. 

4.5m: Top 1.5m = siderite - mag- 
netite BIF. Lower part, poody ex- 
posed ferruginous shales and 
mudstones. 

4.0m: Non-magnetic chert interca- 
lated with pisolitic ferruginous 
limestone and shale. 

45m: Algal and cryptalgal mat 
limestone, occasional thin chert 
lenses and shaly bands. Three 
green tuffite? bands at base. 

Fig. 8a. Spitsberg. On the farm Spltsberg (Fig. 1). 
Section locality (top) and profile (below). Thicknesses are 
estimated and corrected by fitting section to topographic 
profile A-B. Unit a. 55-60 m of domal and columnar 
stromatolitic limestone continuing under calcrete cover 
at base. a~= prominent cauliflower stromatolite marker. 
For rest of column see Fig. 8b. Fig. 8b. Spitaberg. 
Stratigraphic section: detail of transition zone from a}. 

lower part ,  whereas  sha le -cher t  cycles formed Jus t  
below the  somewha t  c o n t i n u o u s  BIF-succession.  
Barr ing tectonic d i s tu rbance ,  it is obvious t ha t  
cher ty  or sha ly  sub-zones  can  be correlated over a 
few kflometres  b u t  not  individual  cycles or beds.  

CORRELATION 

For each co lumn  of Fig. 11 the  base  of the  
c o n t i n u o u s  BIF-sequence as  found  in the  field (in 
s i tu  or disturbed) for profiles m a r k e d  N or R, or as  
reported from l i terature  (for sec t ions  m a r k e d  B and  
K) is arbitrari ly a r ranged  along a s t ra ight  "base 
line" to facilitate compar ison.  First  of all the  inter- 
a u t h o r  error m u s t  be determined.  Compar ing  the  
Orange View-Klein Naute  profiles, it is clear t ha t  
very s imilar  sequences  were recorded,  bu t  there  
are some notable  differences which  m a y  or m a y  not  
be real, because  the  exact  d i s tance  be tween  these  
profiles on Klein Naute  fa rm is u n k n o w n .  Our  '"o '° 
to "d" sect ion obviously coincides  with Beukes '  
zone 3 of Beukes  (1980b), b u t  we record tuf f  and  a 
reduced  length.  Some individual  cher t - r ich un i t s  
canno t  be identified in bo th  sections.  We also 
record a t ransverse  cleavage S 2 in the  lower shale 
sequence.  

As for the  Hopefield profiles again  the  coin- 
cidence of posi t ion is uncer ta in .  We sugges t  a 
lateral  correlat ion of B with N as shown  on Fig. 11, 
main ly  relying on cher t  b a n d s  and  sha ly  horizons.  
From th is  it s eems  tha t  sect ion B is even less 
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720-746.5 It (O.O-80m) Several complete BIF rnacro cycles boul~ed by sgl- 
pr~omelane lutite bands. Rlebeckitic with occasional crocldolite lenses in 
upper part. 

746.5-759 ft (B,0-t 1.25m) BIF macro cycle, ctocktolile towards top. breccinted 
~hale at top. tran.~verse cleavage. Tl~rosl 

759762 It (11.25 13 25m) Pyritic shale, sidmitic chert in center, white chert at 
lop 

762-704.5 ft (13.25-19.25m) Graded magnetic BIF (siderite - silicate - oxide) 
macro-cycles, thin carbonaceous laminae (stilpnomelane?) with pyrite pods 

7134 5 71~8 ft (19 25-20 25m) Non-maQnefic cherl with thin enrl)onate layers 

788 800 It (20.25-24.0m) Two macro-cycles el lamhlated magnetic chert (BIF) 
At B00ft = 24m ts the base of Ktauman IF 

800.820 It (24,0 30.0m) Laminated slderific chell, graded, slumped (wavy). 
duplicated (thrust?), Iimastorte and shale irltercalations towards fop 

820-832 ft (300-33 75m) Black shale with occasional very thin chert bands. 

832-853 ft (3375 41.75m) White, n n ated a d skleriI c yellow eh,~rt, wavy, 
slnmp folds, brecclatr,d 

85-3 874 It (4 t 75-46 75m) White. laminated slderitlc cllml, occasional t0cm 
carbm~ate gralnstolznS, thin black Sl a e ercn a ion~ 

874-896 It (46.75 53.25m) Carbonaceous limestones afk-t black shale inlet. 
calations, occasional slderitic cherts, one stitpnomefane Iutitn near lop. 

8.q6 900 ft (5325 54.5m) Micro-laminated sideri ic chad. wavy with slump 
st ruct tlies 

900-922 ft (54.5-60.75ra) Laminaled limestone with a few thin black shale 
bands (t0cm). 

922-940 fl (60 75-66.75m) Black shale with intercalated thin (lOcm) limestone 
bands. 

940-960 ff (66.75-73m) Cryptalgal mat allcl mlcri ic ironstone, rare pyritic 
pisolites, s limb s rocturns, thin shale Inlercalations. 

960.964 ff (73-74 25m) Limestone as above but contorted Thrust zone 

960-t000 ft (74 25-85.0m) Laminated algal mat limeslone, abundant dispersed 
ferruginoos plsolites (pyritic). 

Fig. 9a. White ~ l k  Bh We-98.  Stratlgraphic Sections: Detail of transition zone. A borehole drilled on White Bank Mine a few 
km north-west of Kururnan (Fig. I). A detailed log of this hole was published by Beukes in 1980 and is represented by "B" on this 
figure. Klein and Beukes (1990J published a somewhat different log (see K). We resurveyed the hole to be able to make compa- 
risons especially with the Kurumankop profile that is only a few km from it. Correlations between the three logs {K, R and B} are 
possible but conspicuous, inexplicable thickness differences occur. The lithological description refers to the units marked in log 
R. Depths are given in feet below collar ofborehole, starting at 720 feet. This depth was arbitrarily taken as 0.0 metres for a metric 
description of the record. 
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26.3m: Brown jasperoidal chert with 
regular magnetic bands. 

Dislocation zone, folded and 
grooved. 

Several macro-cycles of siderite- 
silicate-magnetite BIF - jasperoidaL 
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1.2m: Ferruginous shale and 
---I breccia. 

FE 4.2m: Hematitic, laminated chert at 
FE top. Central laminated blue-grey 

FEE chert, pillow structures and ferrugi- 
nous shale intercalations. Lower 
massive chert, internal slip planes 

FE and folding. 

5.3m: Ferruginous mudstone and 
shale, near base a grey ferruginous 

j chert, intrafblial folding, brecciation 
FE towards top. 

1,0 2 . 0 k m  

1 A 18 I c l o 

5.5m: 4.2m laminated grey chert, 
pillow structures, followed by 1.3m 
green contorted limestone. 

4.8m: t.5m lentlcular hematite - 
siderite chert (BIF) at top, granular 
(clastlc) limestone in middle, t .8m 
magnetic chert (BIF) at base. 

3.5m: Green weathering limestone 
with shale intercalations, cherty 
towards top. 

5.5m: Ferruginous shales at base, a 
few thin greenish limestone 
intercalations, t .5m of blue-green 
non magnetic chert at top. 

h 

g 

f 

40m: Laminated, algal mat lime- 
stone, intercalated grainstones, 
chert and micdte lenses and beds. 
Uppermost pert greenish limestone 
and intercalated ferruginous shales. 
Dispersed ferruginous plsolites and 
pisolite layers start 15m from bot- 
tom. Base marked by 3 green, 
graded tuffite layers, 

m ~ m  

- ~ j i . h 

Fig. 10a .Kurumgu~op .Nor th -wes tofKuruman(Flg .  1). Section 
locality {top) and  profile (below}. Measured  by J a c o b  staff, a. 25 
m of algal mat  l imestone,  s tar t ing above domal  stromatoli t ic 
l imestone,  b. 20 m of  cher ty  algal ma t  l imestone.  ©. 45 m of 
brown weathering,  cher ty  algal mat  dolomite,  d. 40  m of grey 
wea ther ing  s t romatol iUc c o l u m n a r  and dornal l imestone,  
cauliflower marke r  20 m from bottom. Stippled line on map  is 
drainage line. For llthological un i t s  • to m see Fig. 9b. 
Fig. 10b. K u r u m a n k o p .  S t ra t ig raph ic  sect ion:  deta i l  of 
t ransi t ion zone: G a m o h a a n  F. to Kuruman  I. F. For descript ion 

of uni ts  a to d see Fig. lOa. 

complete  than  ours .  Local tectonic  d i s turbance  at 
the top of  unit  "d" m a y  explain  the lack of  exact  
correlation. It is also poss ib le  that  chert un i t s  are 
pr imari ly  no t  a s  p e r s i s t e n t  a s  is  c o m m o n l y  
a s s u m e d .  This  is even more  likely if s o m e  of the 
cherts  actual ly  formed during  d iagenes i s  and  
rapidly p inched  out  laterally. 

The Alphen-Spi tsberg  c o m p a r i s o n  i s  a case  for 
great  u n c e r t a i n t y  and  d o u b t  if t ec ton ic  dis-  
turbance  is excluded.  We s u s p e c t  that  the  c o l u m n  
f r o m  A l p h e n  ( B e u k e s ,  1 9 7 8 )  a c t u a l l y  w a s  
m e a s u r e d  a kilometre or l e s s  from ours  o n  the very 
prominent  and  well  e x p o s e d  eas tern  f lank of  
Spitsberg Mountain .  Profile B s tops  w h e n  the  first 
BIF are encountered.  Our experience  from Finsch 
prompted  u s  to carry on  recording upwards ,  and in 
all c a s e s  where  we were able to do so  (Fig. 11) we 
found  that  an  invers ion from BIF back  to sha les  
and even carbonates  occurred,  before the  conti-  
n u o u s  BIF-sequence  started. At th is  locality the 
suggested  correlation remains  problematic because  
the two c o l u m n s  differ so  m u c h  above as  well as  
below the  first chert units .  As  s u g g e s t e d  here BIF 
in uni t  "d" m a y b e  the s a m e  as  the  one on  the  '~ase-  
line" for B (Alphen). Note a lso  that  three BIF zones  
and  a tectonic  d i s turbance  occur  in our  profile. 
Thrus t s  in these  rocks w o u l d  be expected to form 
as  scarcely visible narrow phyllonite  zones  prefer- 
ably within  sha le s  or along the  contac t s  of shale  
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horizons with other beds. If on the other  hand  the 
two profiles should correlate laterally as they s tand 
because of some chert  and  shale coincidences, it is 
clear that  dupllcaUon of BIF has  occurred in our  
column, which then  almost certainly has  a tectonic 
cause. Incidentally, we do not mainta in  tha t  we 
were able to record all th rus t  horizons. Where the 
same core was logged twice by one au thor  and by 
a second team, years  after the first recordings, as 
for whi te  Bank BH WB-98, appreciable differences 
were found that  cannot  be related entirely to 
varying interpretation of the same lithology (Figs 9 
and 11). The core length between "f' and "k" in our 
section and in record K apparently gained in length 
relative to B, published by Beukes (1980). This is 
unacceptable.  We suspect  that  core lengths and 
core boxes could have been exchanged at some 
stage. If so this artifact introduces a high inter- 
au thor  error and the example stresses the high 
priority that  should be given to any permanent  
outcrop for profile studies. 

For the Kurumankop sections we conclude that  
profile B only records up to the first BIF, i.e., unit  
"h" in profile 1% because  the two logs were certainly 
secured less t han  a hundred  metres  from each 
other nea r  the top of the mounta in  (Fig. 10a). The 
comparison is fair to good considering that  from 
units  "e" and 'T' upwards  outcrops have to be 
searched for amongst  coarse talus. 

We have seen that  some of the earlier recorded 
sections are apparently incomplete at least for the 

ALT~MANN and U. E. HORSTMA~ 

purpose we pursue  here. It is also clear tha t  factors 
such as in ter-author  errors, measur ing  slightly 
different sections, t rue  lateral changes  in lithology 
as well as localized synsedimentary  and tectonic 
disturbances contribute to the uncertainty in trying 
to correlate thin uni ts  for long distances in these 
rocks. 

Common to all profiles such  as Hopefield, 
Gladstone, Gakarosa, Spitsberg and Kurumankop 
which, apart  from local tectonic disturbances,  
appear to be complete and comparable to the 
Finsch Mine section, a 35-40 metres  transit ion 
zone intervenes between underlying cont inuous 
carbonates a n d / o r  shales and on overlying conti- 
nuous  BIF-sequence. However, the upper  parts  of 
the columns below this transit ion zone are far from 
closely similar. For example the shaly facies vary 
much  in thickness. Also what  looks like the equi- 
valent of this transit ion zone in the Derby and 
White Bank profiles obviously lacks a lower, well 
developed rhythmic BIF sub-zone. If this is correct 
and represents  a primary feature, it shows that  
over distances of 10-20 km even well developed 
lithological zones consisting of several full macro- 
cycles of BIF, are not  lateral ly con t inuous .  
Apparently they develop into less distinct sideritic 
or hemat i t ic  c h e r t - c a r b o n a t e - s e q u e n c e s  and  
subzones (compare Derby with Gladstone and 
Gakarosa) next door (Fig. 1 I). 

Uncertainty in correlating sub-zones increases 
as one proceeds  nor th  of Spitsberg towards  

Fig. 11. Correlation Diagram. Columns marked N (New) and R (Repeated) were recorded by the authors. Columns marked 
B are from Beukes (1980a + b). Those marked K are from Beukes e t  al.. 1990. 
Legend: TSI = Tsineng Member: KL = Kliphuls Member; MTL = Matlipani Member; STFB = Stofbakkies Member. These 
names and the numbered zones are as introduced by Beukes (1980a + b). 
1) Complete (sideHte-Fe-sllicate-magnetite-hematite) BIF cycles not individually measured. 
2) Complete individually measured macrocycles, commonly starting with stllpnomelane lutite (tuftlte) followed by siderite- 
Fe-sflleate-rnagnetlte-hemaUte band rhythmite. 
3) As 2) but  rtebeckitic towards top with occasional thin lenses and bands of crocidollte. 
4) Macro-breccia of BIF as in 2) resting on thin non-magnetic black cherts intercalated with thin ferruginous shales and 
cryptalgal and arenitlc limestone. 
5) Top: Mudstone-chert mesocycles. Bottom: Limestone-chert mesocycles. 
6) Laminated, occaalonaUy graded chert, CC = grey-biue to white chert; FeC = ltmonitic chert: CH= hematltic chert. 
7) Like 6) but: AC = ankeritic; CS = sideritic 
8) Like 6) but: excessively slumped and/or  folded; occasionally brecciated; highly ferruglnous laminae = FE. 
9) Like 6) with iron-silicate bands in lower part  and repetlUon of sequence by oblique slip (upper part). 
10) Top = breccia of tectonic derivation. Bottom = mesobands of black or green volcanoclastics. 
11) Recrystallized limestone and /o r  chert = Jaspllite. 
12) Lenses of chert and shale mainly in carbonate matrix. 
13) Various shales and mudstones (clay stones), greenish-grey in lower parts of sections, black and commonly pyritic in 
upper  parts of secUons. 
14) Dispersed ferruginous pisolttes-originaUy pyritic. 
15) Single layers of ferruglnous pisolites-originally pyritic. 
16) Shales with S~ cleavage cutting across bedding flssllity. 
17) Cryptalgal mat  limestone. 
18) Carbonaceous cherts. 
19) Various laminated algal mat  limestones and lntramic sparttes; dolomite in lower part; if ferruglnous = Fe. 
20) Algal grainstones. 
21) Contorted, ferruginous shale. 
22) Domal stromatolite. 
23) Fenestral s tructures and columnar structures in carbonates. 
24) Lenses of cryptalgal limestone. 
25) Algal mat  limestone with dispersed ferruginous plsolites- intensely contorted. 
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Tsineng and  Pomfret (Fig. 11). This Is obvious 
when  what  has  been named  the Tsineng Member 
by Beukes  (1980 a + b) and  Beukes e ta l .  (1990) is 
followed out as demarcated  by the tentative cor- 
relation llne In Fig. 11. Any lithology from full BIF- 
cycles to black shales, white cherts  and carbon- 
ates occurs in this unit. When trying to follow out 
the Kliphuis Member as mainly ankeritic cherts  
southwards  from Tsineng it is clear that  Kuruman-  
kop B, A1phen, Danielskuil, Ouplaas and Warren- 
dale are either incomplete sections or the Kliphuis 
Member is very discontinuous. At Gakarosa an 
apparently "complete" section except for some 
tectonic disturbance,  has  developed no Kliphuis 
Member. 

At Finsch it is either atypical or absent  too. At 
Pomfret, Hopefleld and Klein Naute, its character  
a n d  t h i c k n e s s  have  c h a n g e d  cons ide rab ly .  
However, Finsch and several of the other "com- 
plete" sections also have an ankeritic thicker chert  
below the lowermost BIF-sequence, that  occasion- 
ally somewhat  resembles the Kliphuis Member. 

The tentative correlation line in Fig. 11 arbi- 
trarily connects  the lowermost chert  band found in 
the upper  part  of the Gamohaan  Formation in all 
profiles. Considering the difficulties mentioned 
above in correlating beds and sub-zones laterally 
in thls transit ion zone, the implication is not that  
this line connects  the same band or bed. 

However, it is t rue  that  a transit ion zone exists, 
consisting of various vertical and lateral combina- 
tions of cherts,  carbonates,  shales, BIF and tuf- 
rites, all of which are most  certainly lenticular and 
may  laterally even grade into each other. We feel 
that  factors related to the environment of deposi- 
tion play a primary role in this diversity and 
secondary effects certainly complicated matters.  

If the above conclusion is acceptable then the 
environment at that  time was characterized by 
local instability everywhere. The change-over from 
carbonate to BIF precipitation was marked by set- 
backs and new advances, repeating m a n y  times 
and alternating from place to place. The only 
stratigraphic element that  is common to the entire 
450 km N-S extent of these rocks is its variability. 
It seems as if both meso- and macro-environment-  
al realms were constantly competing, trying to 
replace or eliminated each other in time and place 
as one chemical environment evolved through 
many  oscillations into a new one. 

If the beginning oftransition-instabilityis marked 
by the first chert  band or zone in each section 
(without implying that  they are the same band) it 
is clear that  from south to north a gradual change 
in the predominant  lithology and therefore pro- 
bably the environmental  character  takes place. 
This is revealed in the thick shale (overlying the 
Campbell carbonates) only interrupted by a few 

ferruginous cherts  in the south,  by the well deve- 
loped lower BIF-zone in the central  area making up 
about 1/4 to 1/3 of the transit ion zone and by 
carbonates becoming increasingly dominant  right 
up to the thick sideritic cherts  below the BIF at 
Pomfret. There is no doubt tha t  in general (but 
again with m a n y  localized variations to the theme) 
the transit ion was influenced by more prominent 
clastic input intervening between carbonate and 
BIF precipitation in the south. Beukes (1978, 1980 
a + b, 1983) and Beukes e t  al. (1990) have inter- 
preted this scenario as proof of marine  conditions 
throughout  and a sea transgressing from S to N 
across a carbonate platform with a southward- 
deepening waterbody. 

ENVIRONMENTAL IMPLICATIONS 

We have suggested a shallow, mixed-water depo- 
sitional environment for the Flnsch profile. It seems 
as ffthe stratigraphicaUy so diverse transition zone 
fully supports  this argument  as against a south- 
ward deepening marine basin. 

From Hopefleld to Kurumankop (Fig. 11) envi- 
ronmental  conditions very similar to those at Finsch 
seem to have prevailed above the central part of the 
s tudy area, the carbonate platform of Beukes 
(1978-1980 a + b). They are marked  by repeated 
at tempts  at BIF-precipitation here and there, 
alternating with a re-establishment of carbonate 
facies and an  irregular intermittent distribution of 
fine, clastic material. We see this as typical of a 
fluctuating, unstable shallow water environment 
with varying river influx from a topographically 
very subdued  hinterland. The initially marine 
depositional basin was emerging very slowly. The 
chemistry of the clastics from the transit ion zone 
is what  one would expect from the erosion of a 
deeply weathered regolith that  formed in a humid, 
warm climate largely from an emerging carbonate 
platform. These sediments  were redistributed by 
many  small, local and sluggish s t reams into the 
waning basin. This basin  could have been shelte- 
red from the sea at t imes and the situation (ff at all 
comparable with Mesozoic plate tectonic settings) 
is more reminiscent of a trailing edge or "passive" 
margin, than  it is of a foreland basin. This is also 
borne out by the regional stratigraphy lacking a 
comparison with foreland basin features as dis- 
cussed by Hoffman (1987). The changing volcanic 
input to the basin that  began with proximal mafic 
tufts in the Campbell Group (Altermann, 1991) 
and proceeded into the Griquatown Group with a 
distal andesitic and trachy-andesit ic tuffite suite 
(Lamprecht, 1993), points more toward a failed 
attempt at cratonic separation. This is not the 
place to argue that  at least some of the chemical 
evidence produced by Bcukes e t  al. (1990) may 
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also be Interpreted as supporting a shallowing as 
against a deepening basIn. We only refer to our 
brief t rea tment  of some chemically derived argu- 
ments  based on analyses from Finsch, which seem 
to fit a shallowing, mixed (or brackish) water 
environment.  Sheltering, sluggish river t ransport  
and an oxygen deficient a tmosphere  with domi- 
nant  bacteria and prokaryoUc algae of course are 
a prerequisite. A constantly repeated Imbalance 
between rate of precipitation, sheltering, epeiro- 
genesis and eustasy,  controlled the pH, Eh, water 
depth, salinity and microbiology of this water  body. 
The ensuIng iron formations with a tectonic thick- 
ness  of several hundred  metres  (Altermann + 
H~bich,  19901 were laid down under  stabilized 
chemical conditions, following at first a rigorously 
controlled biochemical rhy thm resulting in verti- 
cally superposed BIF-cycles on various scales 
(Kuruman Iron Formation). Very low lying, m o d e m  
platforms of similar size and amongst  others with 
cyclic chemical sediments  are known from the 
Ram of Kutch, south of Karachi, along India's 
no r th -wes tem passive margin (Glennie, 1970) 
where annual  wind-driven tides play a major role 
in the sedimentat ion history of an unshel tered 
depository. 

A continuity of beds indicative of a deepening 
water-body does not exist in the transit ion zone 
and has  not been demonstra ted for the Kuruman 
Iron Formation by detailed stratigraphic follow-up 
in the field. This would have to carefully eliminate 
the effect of various post-sedimentary compres- 
sional tectonic episodes followed by tenslonal ones 
and intrusive events. 
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The upper  BIF, the Griquatown Iron Formation, 
has  long been known (e.g., Beukes, 1978; 1980 a 
+ b) for its many  shallow water  Indicators such as 
erosion, redeposition and desiccation features. We 
have recently discovered signs of evaporation and 
at least temporary elevation of soft sediments 
above groundwater  table In this formation and In 
the Kuruman  Iron Formation (Fig. 12). Barley et  al. 
( 19791 recorded Archean gypsum rosettes in cherty 
sediments  from N. W. Australia which are similar 
to our Fig. 12. 

It seems that  an intertidal to supratidal  shallow 
marine to mixed water situation can be shown to 
apply for at least the upper  Campbell Group carbo- 
nates  (Altermann and Herbig, (1991) in the south 
of the s tudy area, the transit ion zone and the 
largely redeposited Griquatown BIF (Table 2). Only 
the Kuruman  Iron Formation seems to have been 
deposited under  rigidly controlled chemical condi- 
tions, perhaps under  the influence of seasonal 
factors. A steadily shallowing basin with final 
reworking of chemically laid down BIF points to 
overall regression rather  than  transgression, with 
some steadying of vertical tectonics during the 
deposition of the Kuruman BIF. 

STRATIGRAPHIC CLASSIFICATION 

We propose that  the stratigraphic subdivision of 
a transit ion (the upper  Gamohaan  Formation of 
Beukes, 1980 a + b) into members  is abandoned in 
favour of a transit ion zone, some 32 to 40 metres  
thick where fully developed. It s tarts  with the first 

A 
" . . . . . . . . . . . . . . . . . . . . . . . . . . .  B 

Fig. 12A. G y p s u m  rose  of  r ecen t  age. Scale  b a r  = 2 cm.  B. D lagene t t ca l lymts fo rmed  a n d  chert if led g y p s u m  roses  f rom 
th e  lower Beaufor t  Group  (about  230  Ma = Upper  Permian).  Scale ba r  = 2 cm. 
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Fig. 12C. Dlagenetieally misformed and  chertified gypsum roses  from the  lower Beaufort  Group (about 230 Ma = Upper  Permian).  
Scale b a r  = 2 cm. D = E. Chertifled gypsum roses  of the  Griquatown Iron Format ion  from T as man i a  farm, some 30 km sou th  
of  Griquatown.  Age 2500 Ma. Secondary,  nodu la r  chert if icat ion has  des t royed some  of  the finer detail.  The d i s tu rbed  horizon in 
which  the  s t r u c t u r e s  occur  was  obviously a more porous,  erosion based  un i t - apparen t ly  a clay pellet conglomerate .  Scale bar  = 
2 cm. F. Ts ineng Member,  K u r u m a n  Formation,  co. 50 m above the Naute Shales  on  Klein Naute. Large, fenestrae-l ike s t ruc tu re s  
occur  in w h a t  appea r s  to be granular ,  siderltic chert .  In this  horizon silicified g y p s u m roset tes  s imilar  to those  in the  Griquatown 
IF (D + E) were  found.  (G) J u s t  a few decimetres  above (F]. Polygonal cracks,  resembl ing  m u d c r a c k s  have developed on a 
bedding  plane.  Scale ba r  = 8 cm. 

cher t  and  ends  at  the  b a s e  of the  c o n t i n u o u s  BIF- 
sequence .  The m o s t  dras t ic  chemica l  change,  and  
b y  implicat ion a change  in envi ronmenta l  condi-  
t ions,  also t a k e s  place at or j u s t  above the  b a s e  of 
the  t rans i t ion  (see F insch  profile d i s cus s ion  above 
and  Table I). B e u k e s  et al. (1990) have found  very  
s imilar  chemica l  c h a n g e s  s tar t ing j u s t  above the  
lowest  che r t s  in thei r  Pomfret ,  De rby  and  White 
B a n k  profiles. Most  charac ter i s t ic  is the  s u d d e n  
increase  in Fe-deposi t ion,  which  equa l s  or  exceeds  
the  15% m i n i m u m  requi red  for i ron-s tones .  

Were it not  for the  high lithological variability, 
the  b a s e  of  the  t rans i t ion  zone could  be  seen  as  the  
beginning of the  K u r u m a n  Iron Format ion.  There  
are two op t ions  for a be t t e r  classification: 

a) The t rans i t ion  zone is n a m e d  the  F insch  

M e m b e r  of the  K u r u m a n  Iron Format ion  b e c a u s e  
it is par t  of  t ha t  format ion  on  g r o u n d s  of b u l k  Fe- 
content ,  and  it is be s t  exposed  and  well s tud ied  in 
the  F insch  opencas t  mine  (Lamprecht ,  1993). The 
maj or unifying factor  is its diversi ty of lithology as  
compared  to the  under ly ing  c a r b o n a t e s  a n d / o r  
sha les  and  the  overlying BIF. 

b) B e c a u s e  it is m a p p a b l e  on  a 1 : 5 0  000  scale, 
it h a s  developed regionally and  can  also be  de- 
l ineated readily on all k n o w n  comple te  cross~ 
sect ions,  its r a n k  could even be  elevated to tha t  of 
the  F insch  Trans i t ion  Format ion.  The type  locality 
for the  s t ra to type  wou ld  be  the  F insch  opencas t .  
Reference s t r a to types  would  be  on Klein Naute,  
K u r u m a n k o p  and  at Pomfre t  Bh AD-I. 

We feel t ha t  Format ion  s t a t u s  for the  t rans i t ion  
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z o n e  is  n e c e s s a r y  to  " p o r t r a y  t h e  r o c k  f r a m e w o r k  
s a t i s f a c to r i l y  a n d  w o r k  ou t  t h e  geologica l  h i s to ry"  
(SACS, 1980,  p. 648)  o f  t h e  G r i q u a l a n d  W e s t  
S e q u e n c e .  
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