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Abstract - Lower Proterozoic stromatolites and associated clastic carbonate deposits of the Campbell
Group, from the southemn margin (Prieska area) of the Kaapvaal Craton, northern Cape Province, are
described. Contrary to previous interpretations (Beukes, 1978; 1980a) shallow subtidal to supratidal facies
are recognised and discussed in regional context. An altemnative model for the facies development of the

Campbell Group is proposed.

INTRODUCTION

The stromatolitic assemblages and associated
sedimentary facies from the Lower Proterozoic
Campbell Group of the northern Cape Province
and of the Chuniespoort Group in Transvaal are
described in many publications. Almost all of the
descriptions concentrate on outcrop located in
Transvaal and in the northern part of Griqualand
West (Young, 1932; 1934; 1935; 1940 Eriksson,
1977, Eriksson and Truswell, 1973; 1974, Eriksson
et al., 1976, Truswell and Eriksson, 1972; 1973,
and many others). These outcrops obviously caught
the attention of investigators because of the
stromatolites. In contrast, in the southwestern-
most outcrop of the Campbell Group the situation
is different. Owing to multiple folding and thrust-
ing (Altermann and Hailbich, 1990) the outcrop
condition in the Prieska region (Fig. 1) do not
allow good lateral facies correlations. The primary
structures are obliterated by thorough recrystal-
lization and the stratigraphy of the units is largely
disturbed by tectonic overprint. However, in the
interpretation of the Campbell sedimentary basin
these outcrops play a key role, as the development
of turbiditic basinal facies within the Campbell
carbonates is claimed for the region south of the
Griquatown Fault (Beukes, 1980b; 1983). In this
paper we present new information on the
sedimentary facies and assoclated stromatolites
from outcrops along the Orange River, i.e. from the
southwestern margin of the Campbell Group out-
crops in the northern Cape Province (Fig. 1).

GEOLOGICAL SETTING

Sedimentation of the Transvaal Supergroup on
the Kaapvaal Craton started with the Vryburg
Silstone Formation (SACS,1980) consisting of
shales, quartzites, siltstones and subordinate
volcanics.These rocks rest unconformably on the
2700 Ma old (Armstrong et al, 1986) volcanic
Ventersdorp Supergroup. The Vryburg Formation
is conformably overlain by the Campell Group
consisting of the lower Schmidtsdrif Formation
and the Ghaap Plateau Dolomite Formation. The
latter is in turn conformably overlain by the
Asbestos Hills Banded Ironstone Formation of the
Griquatown Group (consisting of Kuruman and
Griquatown Iron Formations and hereafter refer-
red to as BIF). The minimum age of the BIF is
generally considered to be 2240 Ma, as this age
was obtained from the Ongeluk Andesite
Formation (Walraven et al., 1982) which uncon-
formably overlies the BIF. Recently a preliminary
age of 2500 Ma was determined for the volcani-
clastic intercalations in the BIF (Armstrong, pers.
communication, 1989). According to this data,
deposition of the Campbell Group should occupy
the time span between the uppermost Archean and
lowermost Proterozoic.

While the thickness of the Vryburg Formation
remains constant between 75 and 100 metres, the
thickness of the Campbell Group increases con-
siderably from south to north. The Schmidtsdrif
Formation is between 3 and 275 metres and the
Ghaap Plateau Formation between 900 and 1600
metres thick, respectively (SACS, 1980).
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Fig. 1. Geological setting and location of study area.
PREVIOUS WORK According to Beukes (1977), the transition

between the two formati

The transition of the siliciclastic to carbonate pumber of smclcla:ttig ns};ﬁ?ﬁfﬁ;ﬁgrgﬁ:
sedimentation in the Campbell Group was followed by mixed siliciclastic/carbonate cycles
described by Visser and Grobler (1972). These (argﬂnte - quartz arenite - dolarenite - crypta]gal
authors identified several interlayered siliciclastic dolomite) and eventually by carbonate cycles (o6litic
and carbonate facies in the area northeast of {glomite - cryptalgal dolomite - dolomitic arenite).
Schmidtsdrif, along the escarpment bordering the The siliciclastic cycles represent subtidal to tidal
Vaal River. They ascribed the mixed facies develop- fiat deposits connected to open sea. The mixed
ment to transgressive phases on tidal flats and cycles represent transgressive tidal flat deposits
proposed to give these transitional beds formation  (clastics) and prograding carbonate subtidal - tidal
rank (Schmidtsdrif Formation), which was accept- flat deposits (dolarenite - cryptalgal dolomite). The
ed by SACS (1980). From the shape of the stroma-  sedimentation mechanism is explaned in terms of
tolite bioherms and from paleocurrent directions rapid transgressions which led to silicicastic sedi-
(NE-§W) Visser and Grobler (1972), concluded mentation, followed by stabilization of sea level
that “open ocean” bordered the tidal flats on the  and development of carbonates on prograding tidal
northeastern side, thus implying that the land flats. These tidal flats were submerged during
must have lain to the southwest. repeated transgression, but were succeeded by

Beukes, 1977 gave detailed facies description conditions which favoured carbonate deposition.
and interpretation of the transitional strata be- The NE-SW palaeocurrent directions measured by

tween the Black Reef Formation (Vryburg Silstone  Beukes (1977), are in agreement wi
’ th
Formation of SACS, 1980) and the Schmidtsdrift visser and Grobler (1972)g,re those of

Formation (Schmidtsdrif of SACS, 1980) from an The stromatolites and sedimenta
ry facies of the
area situated some 150 km north of Schmidtsdrif. Ghaap Plateau Formation were first described by
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Young (1928) and by Young and Mendelssohn
(1948). Young (1928) initially ascribed the stroma-
tolitic structures in the Campbell Rand Dolomites
to pressure phenomena, but in a later series of
papers, Young (1932; 1933; 1934; 1940; 1945),
recognised the bio-sedimentary origin of these
structures.

Truswell and Eriksson (1973) investigated the
basal beds of the Campbell Group at the Campbell
Rand escarpment, some 50 km north of the locality
described by Visser and Grobler (1972) and 100
km south of the locality described by Beukes
(1977). In 160 metres of nearly continuous section,
Truswell and Eriksson (1973) distinguished four
main facies variations:

dome-shaped stromatolites of varying size
and relief; columnar stromatolites of various sizes,
including branched, tabular and domal forms;
spheroidal forms which are not always of clearly
organic origin and are commonly associated with
tabular masses and rarely with domes and
columns. Breccia fragments and ripple marks are
mentioned within this facies; low-relief, crinkled
and (rarely) laminated stromatolites.

From these stromatolitic facies and the associa-
ted sedimentary structures a tidal flat model was
developed by Truswell and Eriksson (1973). This
concept leans strongly on Irwin’s (1965) carbonate
shelf model and Logan's (1961) observation that
dome-shaped stromatolites increase in size and
relief with depth of water in the intertidal zone.
Furthermore, the authors extended their concept
into the subtidal regime occupied by giant domes
(up to 10 by 40 metres in plan and 13 metres high).
In the measured 160 metres section transgressive
and regressive cycles within the supratidal to
subtidal range were recognised. From the east-
west elongation of the stromatolite domes,
Truswell and Eriksson, 1973 concluded that the
tidal currents flowed normal to the approximately
north-south trending shoreline.

Beukes (1978) investigated the facies of the
Campbell Group over the entire norther Cape
Province (Fig. 1). He distinguished 10 major litho-
facies which were subdivided into several sub-
facies. The major lithofacies are:

1) quartz arenite; 2) argillite; 3) clastic-algal
laminated carbonates; 4) columnar-stromatolitic
dolostones and limestones; 5) giant domal dolo-
stones and limestones; 6) domal dolostones and
limestones; 7) dolostones and limestones with dis-
turbed algal mats and fenestral fabrics; 8) arenitic
carbonates; 9) brecciated carbonates; 10) chert.

Furthermore, Beukes (1978) mapped out several
stratigraphic formations within the Ghaap Group
and distinguished between two main facies types:

the Ghaap Plateau facies in the basin interior;
the Prieska facies along the south-western basin
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margin.

According to Beukes (1978) the Ghaap Plateau
facies only occurs in the areas north of the
Griquatown Fault Zone, while the Prieska facies is
restricted to Beukes’ (1978) Nouga Formation,
which represents the entire carbonate Ghaap Group
south of the Griquatown Fault Zone. North of this
fault zone, the Prieska facies is represented by the
Monteville Formation at the base and by the
Gamohaan Formation at the top of the Ghaap
Group. Both formations pass laterally into the
Nouga Formation (Fig. 12).

Since the detailed description of the Prieska
facies was published only in Afrikaans (Beukes,
1978; 1980a) and the later description Beukes,
1987 differed from the earlier papers, we feel that
discussion of this description is necessary to
understand the problems in Beukes’ later (1983;
1986; 1987; 1989} interpretations of the Prieska
facies, and of the entire depositional basin of the
Ghaap Plateau carbonates.

Beukes (1978) presented type sections for both
facies and described the Prieska facies as consist-
ing exclusively of his lithofacies 3 (clastic - algal
laminated carbonates) and 7 (dolostones and
limestones with disturbed algal mats and fenestral
fabrics). Later Beukes (1987) described
Conophyton stromatolites in the Prieska facies.
Beukes (1980a) specified facies 3 as a horizontally
laminated facies that does not contain any domal
stromatolites. As in his 1978 thesis, Beukes (1980a)
subdivided this lithofacies into subfacies of sapro-
pelic carbonate mud occurring together with
microlaminated algal mats and massively
laminated clastic carbonates, as well as clastic
laminated dolomites and limestones and Fe-rich
dolomites and limestones. The facies of fenestral
fabrics and SH-I algal structures (subfacies of
Beukes’, 1978 facies 7) was described as being best
developed in the Gamohaan Formation, i.e. the
uppermost formation of the Ghaap Group, and less
well developed in the Nouga and Monteville
Formations. The Ghaap Plateau facies (Retvilo,
Fairfield, Klippan, and Kogelbeen Formations) was
described as consisting of facies 2-10. It seems
clear from Beukes’ (1978) description and from the
application of the facies concept of Truswell and
Eriksson (1973) that the Ghaap Plateau facies
consists of several shallowing-upward (regressive)
cycles each followed by a transgression (Fig. 12).
The cycles usually start with various domal stro-
matolites or giant domal bioherms (facies 6 and 5)
and pass upwards into columnar stromatolites,
flat-laminated algal mats with fenestral fabrics
and SH-Istructures, clastic carbonates, and cherts.
This interpretation was suggested by Beukes (1978;
1987), where the Ghaap Plateau facies is described
as carbonate platform facies.
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The Prieska facies, in which no domal stromato-
lites are present (Beukes, 1978) and which com-
prises clastic-algal laminated carbonates, Fe-rich
banded cherts, SH-I structured algal mats, and
algal laminites with fenestral fabrics, must be
interpreted as low energy tidal flat and supratidal
environments. However, this facies is interpreted
in Beukes’ (1978) thesis as basin facies consisting
of pelagic muds, euxinic facies (based on pyrite
abundance) and intercalated layers of turbiditic
origin, showing graded bedding.

Later, Beukes (1980b; 1983; 1987) classified the
Prieska facies variously as "endoclastic basinal"
facies, "carbonate turbidites with Fe-dolomite, chert
and basic tuffs", "pyritic carbonaceous shale of
euxnic basin" and "ankerite banded chert at the
transition between euxinic basin and deep shelf"
environment (Beukes, 1983; Fig. 4-7, pp. 153-
154). Although a carbonate turbiditic facies, i.e.
allodapic limestones, is inconsistent with the facies
described above for the Prieska facies, this inter-
pretation is evident in all papers (Beukes, 1980b;
1983; 1987; 1989; Klein et al., 1987) based on
Beukes' earlier (1978; 1979; 1980a) work. But
poorly developed graded bedding is described only
in association with the "curly algal mats" (facies 7)
in the Prieska facies. The SH-1 structures of Beukes
(1978) closely resemble desiccated algal mats
described by Kendall and Skipwith (1969) from
supratidal deposits. The abundance of fenestral
structures was mentioned and a comparison to
facies described by Kendall and Skipwith (1969)
was made Beukes (1980a, p. 150 and Fig. 6c).
Beukes (1978, p. 252) could not find any example
for his interpretation of the Prieska facies in the
geological literature. In our opinion this interpre-
tationis incorrect, the confusion resulting fromthe
rare presence of graded bedding.

The depth estimates of Klein et al. (1987)
followed Beukes' (1978) interpretation. These
authors described filamentous microfossils from
the Gamohaan Formation in the vicinity of
Danielskuil and modified the facies interpretation,
which disagrees somewhat with Truswell and
Eriksson (1973) and Beukes (1978). The giant
stromatolite mounds are described as a part of
shallowwater carbonate platform occupying depths
between 5 and 10 metres, and above the
Conophytontype stromatolites, which are ascribed
to depths of 15 to 30 metres. The break in slope
between deep shelf and euxinic basin from where
the filamentous microfossils were sampled was
estimated to be 40 to 45 metres in depth and the
maximum depth of the euxinic basin environment
as 60 to 80 metres.
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NEW INVESTIGATIONS

In the course of regional studies on the
Transvaal Supergroup in the area between
Prieska, Boegoeberg Dam and Niekerkshoop
(Fig. 1), several vertical sections through-the Ghaap
Group carbonates were measured. These sections,
together with the sedimentary facies analysis, are
depicted on the following pages.

To distinguish between various carbonates in
the field a solution of HCL with Alizarin red S and
potassium ferricyanide (Miller, 1988) was used.
The solution stains calcite pink to red, ferroan
calcite and dolomite blue and turquoise respecti-
vely and dolomite remains unstained.

LITHOFACIES

In the outcrops between Prieska and
Westerberg, the following clastic carbonate litho-
facies and stromatolite facies were observed:

1la. laminated calcareous, dolomitic and ferru-
ginous mudstones;

lle. lenticular calcareous, dolomitic and ferrugi-
nous mudstones;

1ri. rippled calcareous and dolomitic mud-
stones;

2la. laminated calcareous, dolomitic and ferru-
ginous calcarenites;

2le. lenticular calcarenites;

2cr. cross-bedded and/or graded calcarenites:;

3br. intrastratal breccias (calcirudites);

4str. stratiform stromatolites (tufted and
blistered fabric);

4pol. stratiform stromatolites with polygonal
cracks;

4con. Conophyton-type stromatolites;

4onc. oncolitic/pisolitic stromatolites.

The non-carbonate lithofacies in the Prieska
facies are:

5cht. Laminated cherts and ferruginous cherts
(silicified facies 1-4).

6tuf. volcanic surges, lapilli tuffs and tuffs.

All the observed lithofacies are closely asso-
ciated and alternate or interfinger with one
another,

CLasTic CARBONATE FaciEs

Clastic carbonate facies are characterised by
carbonate particles that were formed in the depo-
sitional realm and transported and redeposited
within short distances. Such particles are often
regarded as "in situ clastics" The particles consist
predominantly of sand- and silt- to clay-sized
grains of algal and pelletal origin, although in most
cases it is impossible to distinguish between the
two origins. Terrigenous intraclasts are very rare in
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the studied sections but the lime-mud layers can
be marly and contain a significant proportion of
clay minerals. The clastic carbonates are subject to
widespread secondary, diagenetic dolomitization
and silicification. These secondary processes often
obscure the primary texture to such an extent that
the original rock may have been of clastic or algal
origin. Such cases are included here with the
clastic facies.

1la. Laminated calcareous, dolomitic and ferru-
ginous mudstones (Fig. 5c¢)

Description: The laminated carbonate mud-
stones form centimetre to decimetre thick beds,
the laminae usually being one to five millimetres
thick. The lamination can be gently undulating or
flat and regularly or irregularly spaced. The facies
is carbonaceous and pyrite nodules and crystals
are common in some beds. Ferruginous mud-
stones are usually better laminated than dolomite
or limestone.

1le. Lenticular calcareous, dolomitic and ferru-
ginous mudstones

Description: Lenticular calcareous, dolomitic
and ferruginous mudstones are directly associa-
ted with facies 1la, with which they can laterally
interfinger. The lenses themselves often show
distinct lamination. The lenticular bedding may
have formed either by erosion (see facies 1ri.) or
more likely by concretionary processes that pro-
duced "biscuits" (Mawson, 1929) and "snuff boxes"
(Gatrall et al., 1972) arranged in stratiform layers
(Fig. 6b) separated by laminated mudstones (facies
1la.). The "biscuits" are often Fe-rich with respect
to the host laminite strata.

1ri. Rippled calcareous and dolomitic mud-
stones

Description: Only erosional and wave ripples
were found in this facies. The wave ripples are one
to two cm high while the erosional (longitudinal)
ripples can be up to 10 cm in height and 25 cm in
wave-length. The erosional character is evident
from the flat lamination of the sediment (facies
11a.), which can be followed in identical sequences
from ripple to ripple, across the ripple troughs
(Fig. 6a). Their crests can be slightly asymmetrical
and gently curving. This facies is always inter-
layered with facies 1le.

Interpretation of facies 1lla - 1ri: In the out-
crops discussed in the present paper the clastic
origin is not always clear in the field and has been
assumed because of the evidence from layers in
contact with the mudstone strata. Clear evidence
is, for instance, the presence of small wave ripples.
On the other hand, the "biscuits" and "snuff boxes"
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occur in situ and only their host sediment can be
regarded as clastic. Laminated carbonate mud-
stones are the commonest lithology. Palaeozoic to
Holocene laminated carbonate mudstones are
known to accumulate in supratidal to subtidal
environments, but are best developed in restricted
bays, ponds and lagoons of increased salinity
(Wilson, 1975). However, this is based largely on
the destruction of lamination in the Phanerozoic
subtidalites by burrowing organisms and must be
excluded for the Proterozoic. Nevertheless, the
association of facies 1la., 1le. and 1. suggests an
environment of tidal flats. Longitudinal ripples are
most typical of intertidal flats (Van Straaten, 1951)
where they form by erosion of muds through tidal
current action. Their shape depends on the grain
size of the sediment and the force of the current
which formed them. According to Van Straaten
(1951) the crests of longitudinal ripples inmud are
long, parallel and straight while they become shorter
and more curved with increasing grain size. In the
case of carbonate mud the curved shape and the
short length (one to two metres) of the longitudinal
ripples can be explained by the lower adhesion
forces of carbonate grains compared to clay mine-
rals. Although algal "biscuits" are known also from
subtidal environments, a typical association of
intertidal flats is that of "biscuits” and longitudinal
ripples. Holocene "biscuits" are typically developed
in the Woakwine Range (southeastern coast of
Australia) in tidal flats, flooded by some 10 cm of
water during the wet winter season but above the
water table during the summer, Mawson (1929).
Whether their origin is biogenic or diagenetic is not
clear. Truswell and Eriksson (1972) described
biscuit-like structures associated with oncolitic
facies from the Malmani Dolomite in Transvaal.
The Jurassic "snuff boxes" from southern England
occur together with oncolites and stromatolites in
a turbulent, shallow environment under the
influence of river drainage (Gatrall et al., 1972).

2la. Laminated calcareous and dolomitic and
ferruginous calcarenites

Description: This facies is characterised by thin
layers (< 10 cm) of arenitic algal debris. The lami-
nation varies on a millimetre to centimetre scale
and is chiefly flat and parallel, rarely lenticular. In
some layers a tuffaceous influx is recognised in the
field by the slightly greenish colour caused by
chlorite in the volcaniclastic sediment. These
strata are interlayered with carbonate mudstone
facies and partly with facies 2cr. The lower con-
tacts are always sharp and upper contacts mostly
gradational. Strong recrystallization often oblite-
rates primary structures. The facies consists mostly
of dolarenites.
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2le. lenticular calcarenites

Description: The lenticular calcarenites occur
inup to 60-70 cm thick layers, the lenses being one
or two centimetres high and up to 10 cm long.
Some of the lenses show internal graded lamina-
tion. The facies occurs always next tobeds of cross-
bedded arenites (2cr.).

2cr. Cross-bedded and/or graded calcarenites

Description: Two types of cross-stratification
occur in the arenites: in the Prieska facies small
current ripple cross-lamination is present. This
occurs in beds up to 10 em thick and is generally
interlayered with mudstones and laminated
arenites. Rare graded beds fine upward and simul-
taneously show improved sorting. Bidirectional
planar cross-bedding occurs in up to 1 m thick
beds associated with facies 2le. Directly above the
Vryburg Formation up to 1 m thick planar or
trough cross-bedded beds of carbonate and silici-
clastic debris occur. Herringbone arrangement of
cross-beds in these strata indicate bidirectional
tidal currents. The cross-bedding set thickness
attains 30 cm. This lithology alternates with the
terrigenous quartzites and fine conglomerates of
the Vryburg Formation and passes upward into
carbonate mudstones and stratiform stromato-
lites of the Nauga Formation.

Interpretation of facies 2la. to 2cr.: In the
intertidal to subtidal higher energy regime
carbonate sands chiefly occupy tidal bars or
beaches, channels and levees. Where the planar
and trough cross-bedded arenites occur, they often
fill channel structures, but are also arranged in
large lenticular bodies. This facies is interpreted as
subtidal, marginal marine channels. The lenti-
cular calcarenites are interpreted as levee depo-
sits. The laminated, ripple cross-laminated and
occasionally graded arenites can be interpreted as
spring tide deposits or storm deposits, (Aigner,
1985). According to Walther’s Law this interpreta-
tionis more plausible than a turbidite origin for the
graded beds (Beukes, 1978).

3br. Intrastratal breccias (calcirudites)
Description: The brecciated beds are usually
only a few millimetres thick and seldom reach 50
mm. They are very rare in the studied sections and
are associated with laminated mudstones or algal
laminites. The breccias are always of the flat
pebble type, and can be clast- or matrix-
supported. Imbrication was also observed. The
clasts are usually uniformly sized within the same
layer. Their size varies from several millimetres to
3-4 centimetres from bed to bed. In some cases
where bedding surfaces are exposed, the flat poly-
gonal breccias are in situ but exhibit some slump-
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ing, so that single pieces form a fitted mosaic.
There is a striking association of this facies with
silicification and many laminated chert sequences
contain thin intrastratal breccia horizons. In some
cases these intrastratal breccias accompany in-
trastratal disconformities.

Interpretation: The good sorting and the thin
bedding of the flat pebble breccias excludes basin
slope deposit origin. They are therefore intrpreted
to be of shallow marine origin. In subtidal regimes
incipient brecciation is common (Mclllreath and
James, 1980). Periodic subaerial exposure is do-
cumented by the presence of intrastratal discon-
formities, which are especially common in cherts.
Brecciation by collapsing of beds rich in fenestrae,
or collapsing after dissolution of evaporite mine-
rals during repeated flooding of the already desic-
cated strata has been described by James {1980).
Brecciation and formation of polygons by the force
of crystallization is also known from supratidal
environments (James, 1980). Brecciation by col-
lapsing and slumping would most probably apply
to the polygonal flat pebble breccias, which are
often associated with stratiformn algal mats with
abundant fenestrae or "chicken wire" structures
(see facies 4str.). Such breccia could then be
subjected to redeposition by wave action and tidal
or longshore currents. A similar interpretation for
the chert breccias occurring in the Eastern
Transvaal was given by Eriksson et al., 1976.

STROMALITE FAcIES

The distribution of stromatolites is controlled by
various factors such as desiccation, sedimenta-
tion, cementation and erosion (Hoffman,1976).
Throughout the Phanerozoic to the Holocene the
distribution of stromatolites has been controlled
also by the browsing and burrowing activity of
metazoan organisms (Garrett, 1970). Holocene
subtidal stromatolites are rarely developed in
normal marine environments (Dravis, 1983), whe-
reas the lack of grazing metazoans in the Protero-
zoic allowed the stromatolites to spread into the
subtidal regime below wave base (Truswell and
Eriksson, 1973).

The gross morphology of stromatolites is control-
led by the hydroenergy level and the direction of
paleoflow (Logan et al., 1974). This control mecha-
nism obviously remained unchanged from the
Archean onward (Hofmann, 1969; Logan et al
1974; Beukes and Lowe, 1989). In the Prieska
facies only centimetre sized Conophyton
structures, stratiform algal mats and oncoidal
spheroids were found. As Beukes (1978; 1980a)
observed, large columnar and domal structures
are absent.
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4str. Stratiform stromatolite facies (blistered
fabric)

Description: Blister algal mats were found in
the Prieska facies of the Nouga Formation. The
facies consist of flat to gently wavy and rarely curly
micritic laminae (Fig. 5d). The algal laminations
are usually about a millimetre thick and contain
lenticular bodies of carbonate mud and arenite.
Continuous and discontinuous laminae are com-
mon and occasionally accompanied by brecciation
as well as small scale slumping (Fig. 6¢). Complete
silicification is restricted to a few horizons, but
chert lenses occur scattered throughout. Blisters
can be up to 2 cm across and in some strata are
perfectly preserved as hollow, domal shapes
(especially when silicified early). However, most of
the strata exhibit blisters that have collapsed or
have been deformed by secondary processes and
filled by calcite or quartz. Irregularly spaced, sili-
cified and calcified fenestrae of all shapes are most
abundant, but upright and flat crystalline quartz
inclusions forming a "chicken wire" pattern in the
rock are also common. "Chicken wire" patterns are
most abundant in stratiform stromatolites on the
Orange View and Buisvlei farms.

Interpretation: Studies in the Hamelin Pool
basin of Shark Bay (Australia) have shown that
blistered mats are restricted to low energy inter-
tidal and supratidal (blister) environments (Logan
et al., 1974; Hoffman, 1976). Other Recent
examples for stratiform stromatolites are known
from Andros Island in the Bahamas (summary in
Shinn, 1986) and the Trucial Coast of the Persian
Gulf (Kendall and Skipwith, 1969). Precambrian
analogues of these Holocene stratiform stromato-
lites are also interpreted as inter- to supratidal (for
example: Hoffman, 1974; Eriksson et al., 1976;
Beukes and Lowe, 1989). Algal mats in the Prieska
facies were described by Beukes (1978; 1980a) as
SH-Istructured. Evidence for supratidal and inter-
tidal conditions in the strata described is given by
the abundance of fenestral and "chicken wire"
structures. The quartz crystals filling these
structures have been separated from the rocks and
their crystal shapes studied. Microscopically they
are irregularly shaped with trapezoidal or rhombo-
edral imprints on the surface. They are regarded as
pseudomorphs after evaporites (gypsum?). The
facies of stratiformm stromatolites is interlayered
with carbonate lutites in sequences only a few
decimetres to metres thick and forms a typical
intertidal/supratidal shallowing-upward sequence
(James, 1980).

4pol. Stratiform stromatolite facies with poly-
gonal cracks (Fig. 5a)

Description: This subfacies of facies 4str.
consists of carbonate rocks identical to those
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described above, but the algal mats are desiccated
into polygon structures displaying V-shaped cracks
(Fig. 5a). The polygons are regularly shaped,
between 5 and 10 cm across. The cracks are only
a few millimetres deep but they developed above a
vertical discontinuity in the algal laminations that
forms a shallow saucer-shaped concave "bowl"
when observed oblique to the bedding. The cracked
stromatolites occur in stacked layers up to 20-40
cm thick. In many cases a one or two millimetre
thick carbonate mud or silt "pond" has been depo-
sited in the polygon centres.

Interpretation: The V-shaped cracks as well as
the perfectly developed polygonal mosaic clearly
prove that the cracks are desiccation features. To
our knowledge, no synaeresis cracks are known in
carbonate environments (comp. Shinn, 1986 and
Smoot, 1983). Therefore we must interpret this
facies as supratidal, inundated only during spring
tides, storm floods or rains. Mudcracked suprati-
dal stratiform stromatolites were first described by
Black (1933) from Andros Island and later by
Ginsburg (1955); Hardie (1977); Logan etal. (1964);
Hoffman (1976); Kendall and Skipwith (1969) and
many others. All of the descriptions perfectly apply
to the stromatolites of the Nouga Formation. The
muddy concentration in the centres of the poly-
gons is probably the residue of the suspended
sediment carried onto the supratidal flats during
storm floods or by winds, and washed from the
crests of the cracks into the centres of the already
cemented flat bowl-shaped polygons. Hardie (1977)
described 5-15 cm large polygons from Andros
Island that were restricted to areas 50 to 5 cm
above the mean tide level (the total tidal range on
Andros is between 30 and 50 cm; Shinn, 1986).
These figures correspond to an exposure index of
60 to 100 (Hardie, 1977). Similar exposure indices
can be assumed for the mudcrack polygons descri-
bed in the present paper.

4con. Conophyton-type stromatolites

Description: The stratiform stromatolites of
facies 4str. and 4pol. are often underlain by mats
of up to 3 cm high Conophyton structures. The
small columns are usually regularly spaced and
separated by few centimetres of cryptalgal
laminae. These Conophytons are up to 5 mm in
diameter. 10 cm high Conophytons associated with
facies 1la. and 2la. were found on the farm Nauga.
They are irregularly spaced or often solitary and up
to 3 cm in diameter.

Interpretation: Awramik (1971) described
Conophyton to be the most abundant stromatolite
type in the Precambrian and according to Walter
(1989) Conophyton is the characteristic stromato-
lite of quiet subtidal environments in the Early and
Middle Proterozoic. Donaldson (1976) described
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small Conophyton structures ranging into the in-
tertidal. However, since the columns are never
higher than 10 cm, the subtidal environment must
have been very shallow. The smali Conophytons
separated by stratiform cryptalgal laminae are
interpreted as lower intertidal environment.

4onc. Oncolitic/pisolitic stromatolites (Fig. 6d)

Description: The origin of the spheroidal struc-
tures is not clear. They could be either inorganic
pisoids or algal oncoids. They may attain 10 cm in
diameter, but are usually between 2 and 6 cm and
of the SS-C, SS-1 and SS-R types (Logan et al,
1964). SS-C types are the most common, while SS-
I types are very rare. The laminae of the spheroids
are in the mm range and commonly formed upon
a round or elongated, Fe-rich, haematitic (?)
concretion, usually smaller than 1 cm in diameter.
The structures are more ferruginous than the en-
closing sparitic - arenitic carbonates. Closely-
spaced spheroids aggregate to elongated compo-
site structures with long axes of up to 10 cm. The
spheroidal structures occur supported by an
arenitic matrix and concentrated in layers inter-
calated with facies 1la. and 2la.

Interpretation: Truswell and Eriksson (1973)
described spheroidal structures of inorganic or
organic origin, found in tabular masses, rarely
associated with domal or columnar stromatolites.
Their facies description implies an intertidal to
agitated subtidal origin for the oncoids and/or
pisoids. Oncolites usually form in shallow subtidal
environments and their size increases with increa-
sing water turbulence (Peryt, 1977; Fliigel, 1982).
Inversely stacked hemispheroids (SS-I) and ran-
domly stacked hemispheroids (SS-R) of Logan etal.
(1964) require periodic inversion of the spheroidal
structure to allow new concentric layers to accu-
mulate. Turbulence in the depositional realm is
also evident from the arenitic matrix. Therefore the
spheroidal structures grew in an environment
above wave base. This environment could consist
of either subtidal ponds on tidal flats or an open
subtidal slope on a carbonate ramp. In the
Stofbakkies section the oncoidal/pisolitic sparite
is associated with mudcracked carbonate muds-
tone. The mudcracks are V-shaped and form large
polygons up to 20 cm across. They are entirely
filled with whitish chert, whereas the polygon
interior is also filled with round chert patches
(Fig. 5b). These polygons are regarded as desicca-
tion cracks. Such a syngenetic chert within desic-
cation polygons was described by Harris (1958).
Apparently the tidal ponds were subject to some
desiccation or the subtidal flat was shallow enough
to be exposed during extremely low tides.

W. ALTERMANN arnd H.-G. HerBIG

Bcht. Laminated cherts and ferruginous cherts

This facies is a subfacies of facies 1 and 4. The
cherty silicification is secondary and the primary
carbonate facies was described above.

6tuf. Tuffs and tuffites

This facies consists of bedded, cross-bedded,
and graded tephra with accretionary lapilli
(phreato-volcanic surges and ash falls). The
volcanic rocks of the Nouga Formation will be the
subject of another paper.

FACIES RELATIONSHIP IN REGIONAL
CONTEXT

The arrangement of lithofacies sequences can be
deduced from the sections in figures 2 and 3. From
these sections it is evident that the different facies
comprise a shallowing-upward cycle from subtidal
to supratidal environment.

For comparison with more complete shallowing-
upward sequences from the Campbell Group, a
section through the upper Kogelbeen Formation
and the Gamohaan Formation was recorded at
Kuruman Kop near Kuruman (Fig. 4). Here domal,
columnar and cauliflower stromatolites represent-
ing subtidal environments, are exposed. The
shallowing-upward cycles generally start with
domal stromatolites, which consist of curly lami-
nated mats (LLH-S/LLH-C). The domal structures
in the studied section do not exceed 50 cm in
height but larger domes exist lower in the strati-
graphic section. The domes are closely spaced, but
either separated or laterally linked near the base
(SH-C—>>LL-S—>>LL-C). The space between the
domes is generally filled with pelsparitic grain-
stone. Where the cycles are more complete the
domes pass upward into columnar stromatolites of
generally unbranched cylindrical and rarely
bifurcating cylindrical columns (SH-V—>>LLH-
C—>>SH-V). The stromatolite columns are occa-
sionally linked by thin laminae, but the inter-
columnar space is usually filled with pelsparitic
grainstones (SH-V—>>SH-V; Columno-colleniaand
Kusiella lined by Collenia structure). The columns
are up to a few decimetres high. These columnar
stromatolites most probably represent a higher
energy subtidal environment. Above the columnar
structures thin horizons of Conophyton columns
up to 10 cm high may be developed. The columns
are regularly spaced, inclined and linked by thin
laminae separated by large blisters filled with
coarse, sparry calcite. The uppermost few centime-
tres of these structures are subject to small scale
slumps and they are usually covered by a thin
veneer of dark carbonate mud. The Conophyton
mats are completely barren of clastic carbonate.
They probably indicate an upper subtidal environ-
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Fig. 2. Measured sections through the uppermost Nouga Formation,in Klein Naute (200 m)
and Orange View (150 m) region, with correlation to the zones of Beukes (1978).

Arrows mark large scale shallowing upward sequences.
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Fig. 3. Measured section through the uppermost Nouga Fyg, 4. Measured section through the uppermost Kogelbeen
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Fig. 5. Lithofacies of the Prieska facies carbonates. Scale bars equivalent 10 cm.
a. Dessiccation cracks in the stratiform stromatolite facies (facies 4pol.). The cracks are partly filled by white
calcite and are V-shaped. The polygons display flat saucer-shapes evidencing early cementation.
b. Silicifled desiccation polygons from the oncolitic/pisolitic facies. The cracks are V-shaped and filled with
gray chert whereas the polygons are filled with white chert.
c. Laminated dolarenites and lutites. Intercalation of facies 1la. and 2la. Notice the presence of chert lenses {arrows).

d. Stratiform stromatolite facies (4str.) with recrystallised, partly quartz-filled fenestrae (arrows).

Note the U-shaped nature of the uppermost part of each stromatolitic cycle. In a three-dimensional

exposure these structures appear as polygons and are probably ili-developed desiccation structures.

ment. Clastic carbonates and stratiformm mats
represent intertidal environments higher in the
section, but upper intertidal facies and desiccated
mats were not found near Kuruman.

More complete descriptions of lithofacies in the
Ghaap facies are given by Young (1935), Truswell
and Eriksson (1973), Beukes (1978; 1980a) and
Klein et al. (1987). Similar shallowing-upward
cycles consisting of giant domal stromatolites at
the bottom, which pass up into columnar structu-
res, and finally into intertidal sands and inversely
(growth) graded odlites were recently described
from the eastern Transvaal (Clendenin, 1989).

MICROFACIES
Microfacies studies of the carbonate sediments

were basedon 5x 5 cm and 2.5x 5 cm petrographic
thin-sections of over 60 samples from the Prieska

facies, selected according to macroscopic facies
observations in the field. The samples are from the
Prieska, Klein Naute - Orange View and the Geel-
beksdam regions.

Three megafacies types were discerned, that
could be differentiated into several microfacies
types:

I. ALLOCHEMICAL CARBONATE SEDIMENTS

I.A Intraclastic pack-/rudstones

1.B Oncolitic pack-/rudstones

II CrYPTALGAL BINDSTONES

II.A Stromatolitic cryptalgal bindstones
I1.B Laminated cryptalgal bindstones
II.C Laminoid cryptalgal bindstones

III. LaAMINTTES
III.A Laminites with delicate parallel lamination
II1.B Laminites with undulating parallel stratifi-



426

Fig. 6. Lithofacies of the Prieska facles carbonates. Scale bars equivalent 10 cm.
a. Longitudinal, erosive ripples in a laminated carbonate mudstone (facies 1ri.).
b. Biscuit structures in a carbonate mud layer.

c. Slumped and slightly brecciated intercalation of clastic facies (1la.) and stratiform stromatolite facles (4str.).
Note the sparry calcite flllings of the cavities originated within the slump structure. They indicate that the
slumped beds were already partly cemented and therefore did not collapse.

d. Oncolitic facies (4onc.). Ferruginous oncolites embedded in dolarenite. The large structure in the middie of
the photograph is composed of three smaller oncolites.

cation
II1.C Ferruginous ("ankeritic") laminites
I. ALLOCHEMICAL CARBONATE SEDIMENTS

Allochemical carbonate sediments are charac-
terised by the predominance of intraclasts formed
within the depositional realm and have suffered
some transport (Folk, 1959). They are very rare in
the studied material. The carbonates may be epi-
genetically silicified or overprinted by stylolites,
forming stylo-breccias.

LA Intraclastic pack/rudstones (Figs 7a, b)
Description: These are clast-supported flat-
pebble conglomerates, mostly subangular, but also
well-rounded, often imbricated or cross-bedded
lithoclasts in a micrite to sparry calcite matrix. The
lithoclasts are derived from the reworking of micro-
facies type III.A (laminites with delicate parallel
lamination). They are 4 - 8 mm thick and 8 - 15 mm

long. In a sample from Klein Naute most of the
lithoclasts show thin ferruginous envelopes
(Fig. 7b) that penetrate unevenly into the grains.
They are therefore classified as cortoids (Fligel,
1982).

Interpretation: Agitated shallow water environ-
ments are indicated by the reworking of laminites
of probable cryptalgal origin (see microfaciesIII. A),
as well as by the well-winnowed sparry calcite
matrix. Moreover, the cortoid formation is attribu-
ted to endolithic micro-organisms (e.g. bacteria,
cyanobacteria), which are expected to flourish in
warm shallow water environments; the formation
of cortoids also depends on at least episodic turn-
over of the grains. Flat-pebble conglomerates with
micritic matrices probably were transported into
deeper-water realms below wave base.

I.B Oncolitic pack-/rudstones
Description: Oncoids with diameters of 5-50
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Fig. 7. Microfacies of allochemical carbonate sediments. Scale bars equivalent 2 mm.
a, b. Microfacies I. A - Intraclastic pack-/rudstones. Sample WA88/183. A: imbricated
lithoclasts deriving from the reworking of microfacies-type II. A (laminites with
delicate parallel lamination). B: A cortoid with a ferruginous envelope.

mm are embedded in a coarse-grained, blocky
sparitic matrix. The ferruginous, micritic oncoids
are well-defined concentric layers. SS-C, SS-1, SS-
R, and composite types are common. Spar inta-
clasts are often developed as cortoids.

Interpretation: The formation of SS-R and
SS-1 oncoids requires periodic overturning of
spheroidal structures. The sparry calcite matrix
suggests a rather turbulent environment, where
sporadic currents and waves were active. These
forces were probably triggered by storms in a
subtidal environment, above wave base or lagoons
of low sedimentation rates (Fliigel, 1982).

II. CRYPTALGAL BINDSTONES

Cryptalgal bindstones originate from the sedi-
ment-binding and/or mineral-precipitating activi-
ties of non-skeletal algae (mainly cyanophyceans/
cyanobacteria) and bacteria (Aitken, 1967; Monty,
1976). These bindstones are characterised by dense
algal laminations exhibiting an irregular anasto-
mosing fabric. Well-defined, laterally persistent
sedimentary layers of differing consistency and
fabric, like those in laminites, are missing. Using
the standard microfacies types (SMF-types) intro-
duced by Fliigel (1972; 1982) and Wilson (1975),
cryptalgal bindstones would correspond to SMF-
types 20 (algal stromatolite mudstone) and 21
(spongiostrome mudstone), whereas laminites
would have to be grouped with SMF-type 19
(laminated pelleted mudstone/wackestone, lofe-
rite).

II.A Stromatoolitic cryptalgal bindstones (Figs
9b, c)

Description: Stromatolitic domes in samples
from Orange View are clearly of Conophyton type,

built up of fine, very regular laminae of peloids and
associated micritic filaments, both supposedly of
cryptalgal origin. The characteristically conical
peloid/filament laminae are grouped together in
layers a few mm thick. They are differentiated from
one another by the degree of packing, thus forming
alternately spar-dominated and component-domi-
nated layers. Large, spar-filled fenestrae situated
close to the axis of Conophyton (Fig. 9¢c) were
tentatively attributed to the entrapment of gas-
bubbles (Donaldson, 1976). The Conophytons form
approximately 5 cm high, 3-4 cm wide, isolated
domal structures with pronounced vergence. They
developed from a less updomed, more irregular,
partly oncolitic base.

Interpretation: Middle and Upper Proterozoic
Canadian Conophytons were interpreted to range
from subtidal environments below wave-base to
intertidal environments (Donaldson, 1976). Shal-
low subtidal to intertidal specimens were descri-
bed as small, discrete, distinctly inclined columns,
3-10 cm in diameter. These strongly resemble the
Orange View specimens. In the case of the Orange
View Conophytons, shallow agitated water is also
suggested by the oncolitic base of the cryptalgal
structures.

II. B Laminated cryptalgal bindstones (Figs 8a,
b; 9a)

Description: These bindstones show a typically
irregular, wavy to wrinkled, laminated fabric con-
sisting of alternately micrite-dominated and spar-
dominated layers, each some millimetres thick
(Fig. 8a). The micrite-dominated layers may form
microdomes and incipient nodular structures. They
partially preserve irregularly distributed aggluti-
nated cryptalgal peloids (Fig. 8b). Trapping of tiny
sparitic intraclasts and small detrital quartz grains
is common in samples derived from the Vryburg
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Fig. 8. Microfacies of cryptalgal bindstones and ferruginous («ankeritic») laminites. Scale bars equivalent 2 mm.
a,b. Microfacies I1. B - Laminated cryptalgal bindstones. a: Typical anastomosing bindstone texture; Sample WA88/
35. b: Interwoven bindstone laminae with cryptalgal peloids and fenestrae (arrows 1: birdseyes, arrow 2: laminoid);

Sample WAS88/298a.

c. Microfacies III. C - Ferruginous (sankeritics) laminites. Densely packed, horizontally layered, clotted peloids and

fine fenestral texture; sample WA88/388.

Formation transitional beds to the Campbell
carbonates (Fig. 9a). Fenestral fabrics (laminoid
fenestrae, birdseyes) are represented by cavities
filled with blocky spar (Fig. 8b). Geopetal fabrics
are formed by infill of sediment which is topped by
blocky sparite in a few stromatactis-type fenestrae
with relatively flat bases and irregular roofs
(Fig. 9a).

The sediment consists of dolomite or ferruginous
dolomite. Some of the spar-dominated layers are
epigenetically silicified.

Interpretation: In Phanerozoic times, cryptal-
gal bindstones and associated fenestral fabrics
occurred preferentially in protected intertidal to
marginal supratidal environments. They are well-
studied in contemporary sedimentary settings.
The microfacies type here described is tentatively
linked to the morphologically diversified and
widespread smooth cryptalgal mats, that are
confined mainly to the lower intertidal zone in con-

temporary sediments from Shark Bay, Western
Australia Logan et al. (1974). Eriksson and
Truswell (1974) and Eriksson (1977) noted
remarkably similar facles types in the Lower
Proterozoic carbonate sediments of South Africa
and suggested a deposition in analogous sedi-
mentary environments.

I1.C Laminoid cryptalgal bindstones (Fig. 9d)

Description: No distinct lamination as in the
microfacies type II. B (laminated cryptalgal bind-
stones) is seen in the strongly ferruginous sedi-
ment. Large, irregular, spar-filled fenestrae,
arranged more or less horizontally, are abundant.
Ferruginous cryptalgal (?) lumps are common.

Interpretation: This microfacies type is com-
parable to blister algal mats (Logan et al., 1974)
which are known from Holocene upper intertidal
flats supratidal zones and also occur in the Lower
Proterozoic of Transvaal, South Africa (Eriksson
and Truswell, 1974).
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Fig. 9. Microfacies of cryptalgal bindstones and ferruginous ("ankeritic”) laminites. Scale bars equivalent 2 mm.
a. Microfacies 1I. B - Laminated cryptalgal bindstones. Stromatactis-type fenestra with even base and frregular
roof. Note basal (silicified) internal sediment (1) which is topped by sparite (2). Trapping of fine detrital spar
and quartz grains is common; Sample WA88/35.

b, c. Microfacies II. A - Stromatolitic cryptalgal bindstones. b: Irregular, in part oncolitic base of Conophyton;
sample WAS8/332b. c: Vergent Conophyton with large spar-filled fenestrae which might be due to the
entrapment of gas bubbles; sample WA88/332a.

d. Microfacies II. C-Laminoid cryptalgal bindstone. Large, irregular fenestrae and lumps in a strongly
ferruginous sediment without distinct lamination; sample WAS8/294.

III. LaminiTES

Laminites are the most common facies type
encountered. Although an essential contribution
of cryptalgal structures to sediment formation can
be proved in many cases, a differentiation into
single, well-defined and latrally persistent, often
microlayered laminae of different consistency,
fabric, and thickness is obvious. Thus, laminites
are clearly distinguished from the more trregular
and interwoven habit of cryptalgal bindstone
laminae. The laminite facies corresponds approxi-
mately to standard facies type 19 (laminated
pelleted mudstone/wackestone) of Flugel (1972;
1982) and Wilson (1975).

In general the laminites document quiet, mostly
undisturbed sedimentation. Only a few samples,
all belonging to microfacies type Ila (laminites
with delicate parallel lamination), record small-
scale sedimentary disturbance and transport.
This includes slumping of horizons maximally 2
cm in thickness (Fig. 11d) and channeling of up
to 1 cm thick horizons. Sedimentary breaks are

documented by Fe-impregnated hardgrounds
associated with relief-forming solution/erosion of
underlying laminae and overgrowth by millimetre-
sized, low domal ferruginous stromatolites
respectively (Fig. 10c), and by desiccation cracks
(Fig. 10d).

III.A. Laminites with delicate parallel
lamination (Figs 10c, d; 11a, c. d)
Description: This microfacies type is charac-
terised by strongly parallel, millimetre-sized, alter-
nate feruginous carbonate laminae and spar-
dominated laminae which may be epigenetically
silicified. The thickness of the individual laminae is
subject to minor modifications. In gneral, ferrugi-
nous layers, often "one-grain-laminae", are thin-
ner than spar-dominated layers (Fig. 11a). Al-
though essentially planar and parallel, slightly
crinkled or wavy ferruginous laminae predomi-
nate. Therefore the ferruginous laminae are inter-
preted to represent mineralised cryptalgal
structures. This is clear not only by virtue of their
dominantly crinkled structure, but also by the
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Fig. 10. Microfacies of laminites. Scale bars equivalent 2 mm.

a. Microfacies IIl. B - Laminites with undulating parallel layering. Dark: ankeritic layers, light: spar-dominated
layers, white: epigenetic silicification. Low-domal structures at the top of the lowermost spar-dominated layer
point to loss of cryptalgal structures. Note also mushy network with fenestral fabrics on top of lowermost
ankeritic layer; sample WAS8/363.

b, c. Microfacies III. C - Ferruginous (“ankeritic") laminites. b: Low domal, cushion-like micro-stromatolites
composed of clotted cryptalgal peloids; sample WA88/304. c: Intimate association with microfacies Iil. A (lami-
nites with delicate parallel layering) below hardground 1. Sedimentary breaks are documented by highly ferru-
ginous hardgrounds. Hardground 1 developed on top of a solution/erosional surface; hardground 2 is over-
grown by ferruginous micro-stromatolites (arrow 3); sample WA88/206a.

d. Microfacies llla - Laminites with delicate parallel lamination. Desiccation crack extending into flasered
carbonate mud; sample WAS88/172.

existence of clothed cryptalgal peloids in both
spar-dominated and ferruginous laminae (Fig. 11¢),
as well as the presence of ferruginous, low domal,
cushion-like micro-stromatolites in the associated
microfacies type III.C (Ferruginous laminites;
compare Figs 10b, c).

In several plurely dolomitic or epigenetically to
late diagenetically silicified samples only faint dif-
ferences in colour and/or crystallite size were
observed; cryptalgal structures may be obliterated
or completely lacking.

Figure 10d shows a unique feature among the
studied material. It consists of markedly parallel
approximately 10 mm thick layers of carbonate

mud with abundant bedding-plane parallel, tiny
sparitic flasers. The flasered mud-layers are sepa-
rated by 0,25-0,5 mm thick sparitic laminae built
up of crystallites oriented mostly vertically to the
beding-plane. A few sparitic wedges extend from
these laminae into the underlying muddy layers.
They are interpreted as desiccation cracks.

This microfacies type is commonly associated
with type III.C (ferruginous laminites).

III.B Laminites with undulating parallel
stratification (Figs 10a, 11b)

Description: These laminites are characterised
by parallel, dwavy, several millimetres to more
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Fig. 11. Microfacies of laminites. Scale bars equivalent 2 mm.
a, c. d. Microfacies Illa - Laminites with delicate parallel lamination. a: Wavy parallel lamination.
Note ankeritic "one-grain-laminae”; sample WA88/177. c: Mostly agglutinated peloids and
laminoid fenestrae in a predominantly ferruginous specimen; sample WA88/341.
d: Contorted cryptalgal laminae in a slumped horizon; sample WA88/388.
b. Microfacies III. B - Laminites with undulating parallel layering. Domal cryptalgal structure on top of an an-
keritic layer, mimicked by the overlylng spar-dominated and ankeritic layers. This points to unpreserved, but
essential cryptalgal activity also in the spar-dominated layer and to its rapid cementation; sample WA88/340.

than one centimetre thick layers. As in microfacies
II. A (laminites with delicate parallel lamination),
some purely dolomitic samples are throughly re-
crystallised and record only faint relics of wavy
internal bedding. Samples with alternate spar-
dominated and ferruginous ("ankeritic”) layers
clearly exhibit primary sedimentary structures
and textures. Spar-dominated layers contain sin-
gle peloids, clotted peloids and small lumps, all are
markedly ferruginous and identical to the compo-
nents predominating in the ankeritic layers. The
components within the spar-dominated layers are
arranged more or less horizontally, commonly in a
crinkled or slightly updomed manner. They form
dotted "one-grain” laminae to mushy multi-grain
laminae. Ankeritic layers often comprise horizon-
tally layered. densely packed tiny peloids. The
boundaries between the laminae show gradation
in ferruginous components. Thus, they can form a
mushy network with laminar fenestrae and/or
birdseyes at the base and/or top of the dense
ankeritic layers (Fig. 10a). Low domal structures
are present at the top of some ankeritic and spar-
dominated layers (Fig. 11b and 10a). In this way,

they demonstrate the former existence of unpre-
served (i.e. not mineralised) cryptalgal structures
also within the spar-dominated layers, as well as
rapid cementation.

III.C Ferruginous ("ankeritic") laminites
(Figs 8c, 10b, c)

Description: This microfacies type forms anke-
ritic layers several centimetres thick many of which
are closely associated with microfacies III.A (lami-
nites with delicate parallel lamination; compare
Fig. 10c). In fact, some samples represent III.A
laminites with minor spar-dominated laminae.
Other samples, however, are characterised by
horizontally laminated, densely packed, clotted
peloids and very delicate fenestral structures
(Fig. 8c), thus resembling the ankeritic layers of
microfacies type III.B (laminites with undulating
parallel layering). Tiny, (up to 5 mm high) domal,
stromatolites also occur (Figs. 10b, c). Quite homo-
geneous ankeritic masses with only faint traces of
lamination are thought to be the result of dia-
genetic overprint.

Interpretation: Since a cryptalgal origin for
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most of the samples is evident, a protected inter-
tidal to marginal supratidal deposition is postu-
lated for the laminites. The samples closely
resemble the contemporary «smooth algal or
cryptalgal mats» that flourish mainly in the lower
intertidal zone of protected embayments of Shark
Bay, Western Australia (Davies, 1970; Logan etal.,
1974). Eriksson and Truswell (1974) and Eriksson
(1977) described analogous laminites in the Lower
Proterozoic carbonates of South Africa.

THE DEPOSITIONAL REALM

In the Prieska facies, cryptalgal sediments (dif-
ferent types of bindstones and laminites) predormni-
nate. Rare allochemical carbonate sediments are
either reworked cryptalgal sediments or represent
brief intermittent higher energy episodes in a
shallow subtidal environment where oncoids were
formed by cyanobacterial and algal activity.

Contemporary environments where algal mats
form, namely Shark Bay and the Persian Gulf, are
obvious models of the Proterozoic depositional
environment (Eriksson and Truswell, 1974;
Eriksson, 1977). Deposition of the Campbell car-
bonate sediments along the Orange River between
Prieska and Westerberg probably took place pre-
dominantly in a protected intertidal to supratidal
realm. The different cryptalgal facies types suggest
that the shoreline was unstable.

The most restricted facies is represented by
microfacies type II.C (laminoid cryptalgal bind-
stones), which is corelated with present day blister
algal mats from upper intertidal and supratidal
zones. The remaining cryptalgal bindstones and
laminites are different morphological, i.e. environ-
mental and/or biological expressions of the con-
temporary smooth algal mats described from Shark
Bay. Although they are confined mainly to the
lower intertidal zone, they also extend into the
middle intertidal zone.

A paleoenvironmental differentiation of the cor-
responding facies types is difficult, but could be
achieved by relying on the different thicknesses
and morphological expression of the the cryptalgal
laminae. Logan et al (1974, p. 152) and Monty
(1976) showed the complex modes of origin of
layered cryptalgal fabrics. However, the growth of
different laminae is governed mostly by periodic or
episodic changes, whereas a single lamina is con-
sidered to represent a continuous growth process.
Growth interruption seems more probable in more
restricted higher intertidal zones or in tidal ponds.
Therefore, thicker cryptalgal laminae with less
regular surfaces are expected to predominate in
the latter environments. According to this model,
microfacies type IILA (laminites with delicate
parallel lamination) should reflect very thin films of
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restricted algal growth, probably on often emer-
gent tidalflats. Desiccation cracks and hardgrounds
displaying typical features such as relief formed by
erosion or dissolution of the underlying sediment,
or overgrowth by ferruginous stromatolites, are
almost restricted to this type.

Eriksson and Truswell (1974) considered flat
(smooth) laminites from the South African
Proterozoic to be mostly of upper intertidal to
supratidal origin and mentioned the possibility of
evaporite replacement. The microfacies typesIi. B
(laminated cryptalgal bindstones) and III. B (lami-
nites with undulating parallel layering), recording
a more pronounced algal growth of thicker algal
laminae with slightly undulating surfaces, occur
in aless restricted, lower intertidal environment or
in tidal ponds. Stromatolitic cryptalgal bindstones
of the Conophyton-type described (microfacies II.

‘A) are still of intertidal origin. The distinct inclina-

tion of the small domes and their oncolitic bases
indicate slightly agitated environments in a lower
subtidal realm.

The low energy environment is exemplified by
the almost complete lack of reworking, which is
restricted to some flat-pebble conglomerates.
Additionally, tidal creeks and other morphologic
features subdividing the environment are very
rare. The main sedimentary environment is there-
fore interpreted as a protected tidal flat extending
into the supratidal zone, adjacent to a deeply
eroded terrestrial lowland.

REGIONAL CONTEXT

Eriksson and Truswell (1974) regarded car-
bonate sediments with flat (smooth) laminites from
the northern Cape, south of Vryburg, similar to
those described in the present paper, as upper
intertidal to supratidal deposits. Beukes and Lowe
(1989) interpreted stratiform stromatolites from
the Archean Pongola Group to be intertidal.
Beukes (1978; 1980a) interpreted the Prieska facies
as turbiditic or endoclastic basinal facies. The
facies described in this paper suggest that Beukes
(1978; 1980a) interpretation cannot be upheld as
the rocks are exclusively shallow subtidal or
supratidal deposits. The recorded facies and
microfacies in the Campbell carbonates clearly
prove the existence of tidal flats along the present
southwestern margin of the Kaapvaal Craton.

Most of the studied material is highly ferrugi-
nous. The Campbell Dolomite in the vicinity of
Prieska was thus described by Eriksson et al
(1976). Button (1976) showed iron formations in
the eastern Transvaal to be an end member in a
succession of carbonate cycles; iron precipitation
took place in a barred basin or lagoon, i.e. in the
most marginal zone of the basin. Beukes (1978)
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Fig. 12. Simplified cross-section through the Ghaap
Group carbonates from the north to the south (after
Beukes, 1978). The Fe-dominated, predominantly
intertidal to supratidal facies (Prieska facles) was inter-
preted by Beukes, 1978 as basinal sediments. The
re-interpretation implies that the transgressions
progressed from north to south and each transgression
was followed by regression, that resulted in shallowing
upward mega-cycles

described the Prieska facies and the Gamohaan
Formation as Fe-dominated whereas the Ghaap
facieswere Mn and Mg dominated (Fig. 12). Eriksson
et al (1976) assumed that sedimentation of the
Transvaal Supergroup took place in an epeiric sea
during a time when the atomosphere was oxygen
deficient and richer in CO, than at present. From
solubility graphs they assumed that iron carbona-
tes would precipitate first with increasing pH,
followed by Fe-Ca and Fe-Ca-Mn carbonates with
increasing pH and decreasing Fe in solution.
Eriksson et al (1976) consider these predicted
geochemical facies to be represented in the nor-
thern Cape by the BIF, limestone with Fe-rich
dolomites and subtidal Fe-poor carbonates res-
pectively. Eriksson et al. (1976) also discussed the
influence of meteoric waters as pH-lowering agents,
leading to recrystallization, diagenetic silicifica-
tion and dolomitization. Danielson (1990) investi-
gated the REE chemistry of the different forma-
tions and lithofacies of the Ghaap Group north of
Griquatown Fault Zone and concluded that the
Monteville and Gamohaan Formations, represent-
ing the Prieska facies in this area, have REE
patterns typical for marine water at shallow depth.
The light gray dolomites and limestones with stra-
tified stromatolites and laminoid fenestrae fabric
and the net-like fenestrae dolomite were found to
have REE patterns influenced by sea water - fresh
water mixing or by oxidation of organic material.
Our interpretation of the Nouga Formation sup-
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ports the model of Eriksson et al. (1976) and the
findings by Danielson (1990). Noteworthy is the
fact that some authors discussed a similar Fe-Mn
behaviour for oxidizing conditions. For instance,
Gatrall et al. (1972) interpreted the high Fe-Mn
ratio in Jurassic ironstones and limonite concre-
tions as an effect of river drainage. According to
these authors, because of its tendency to oxida-
tion, iron is deposited in shelf regions while man-
ganese is transported towards the pelagic oceans.
Consequently ferromanganese nodules.characte-
rize more open sea deposits than the limonitic
Jurassic "snuff boxes" of southern England.

The Griqualand West sedimentary basin was
located on the craton and no evidence has been
found for its southern connection to oceanic realms.
We therefore assume that the Lower Proterozoic
Kaapvaal Craton extended further to the south of
its present boundaries as suggested by Altermann
and Hélbich (1990). The non-palinspastic paleo-
geography shows the presence of intertidal to
supratidal flats in the Prieska area; intertidal to
supratidal flats were also reported from the vicinity
of Vryburg (NE of Kuruman) by Truswell and
Eriksson (1973). Subtidal conditions are best
developed around the Kuruman to Griquatown
Fault Zone (Fig. 1). The area between Kuruman
and Griquatown must therefore represent the
deepest part of the Griqualand West sedimentary
basin during the deposition of the Ghaap Group.

The Griquatown Fault may thus be considered to
be a synsedimentary normalfault, separating slowly
subsiding tidal flats in the south from rapidly
subsiding area in the north. As a result, more open
marine sediments with well developed subtidal
environments and a greater thickness of the sedi-
ments accumulated in the north. Beukes (1978:
1980a) proposed a more rapid subsidence and
development of basinal facies south of the
Griquatown Fault. Altermann and Halbich (1990)
interpreted the Griquatown Fault as a thrust,
repeatedly reactivated during the tectogenesis of
the southwestern Kaapvaal Craton. In the case of
asynsedimentary fault, it is difficult to explain why
the thickness of the carbonates south of this zone
rapidly decreases, whereas the thickness of BIF
rapidly increases, when one assumes coninuous
subsidence during both sedimentation periods.
Altermann and Hilbich (1990) attributed the
increasing thickness of BIF sediments to folding
and thrusting that affected them. The same can be
expected for the Ghaap plateau Dolomite
Formation. In fact, in the Debeerskloof region
thrusts were found also in the Ghaap carbonates
(Altermann and Halbich (1990), where they invert
the entire stratigraphy of the Transvaal
Supergroup.
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