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Abstract 

Kaapvaal is one of the best preserved Archean cratons. It is partially 

"rHI"''''''''' by the sequences of the Witwatersrand, Ventersdorp and 

Basin yaUUlU West Basin), which span almost a years 1 to 

ntp·M"It·Pt<:! eight newly available seismic reflection 

the method to 6 seconds TWT, and totaling km in 

length. stratigraphic and structural are across 

the Kaapvaal Craton's western nH11rO"IIn the northern margin or Bushveld 

Thabazimbi-Murchison Lineament and across western extremity Bushveld 

Igneous Complex) and the Kaapvaal interior. seismic data was interpreted 

using Charisma ""'l,;:Ull,'''' interpretation software, Geoframe version 3.6 (developed 

Geoquest, on a UNIX, SUN wo,rks.tatlon 

In section, sedimentary succession across western of craton is 

shown to thicken towards its from 0 to > 17 km over 150 km. normal 

with> 6 km displacement and possible strike-slip movement been recognized. 

prominent unconformities are identified, as well as -300 % thickening the 

Hartley Formation to thrusting across the craton. and 

thrusting Griqualand West and Olifantshoek Supergroups across craton are 

apparent. Ventersdorp Supergroup underlies Transvaal Sequence to the 

western edge of the craton. 

the second section, seismic traverse a syncline which trends east! over 

several hundred kilometers and involves mainly rocks sporadic 

outcrop. these are Ventersdorp 

to 3 depth, bounding listric normal faults that trend east! west, subparallel to 

the Thabazimbi-Murchison Lineament (and thus downthrow predominately to the 

These faults are truncated by the well-imaged Black Reef unconformity. 
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and structures, involving the Witwatersrand and lower Ventersdorp 

Formations, dominate craton interior (third section). Bounding listric normal 

faults with throw of 9.5 trend east! west and dip (and thus downthrow) to 

the north south. The Reef unconformity is distinctive, as is a 

unconformity (the Beaufort unc:onionmlt 

Archean sediment accumulation rates across the ""P"TP' ..... ------0··-- approximately 

two times than those calculated the same stratigraphic ..... ..,._ ...... by authors 

and an order of magnitude lower than most modern carbonate depositional environments. 

This may be due to differing mechanisms for carbonate formation 

d.eplosl1Uon in the (c.f. Grotzinger, 1989). 

, The directions during times are along the western 

(~ than craton interior (-N-S). tectonic model for evolution craton's 

western margin involves initial extension and rifting, followed by thermal subsidence and 

compression involving folding and thrusting eastward across margin. The 

thrusting, at 1.9 to 1.7 caused flexure. This tectono-stratigraphic 

(lower Olifantshoek) the calculation of the of 

U'V"P"J'''''''' during sedimentation and loading. lithospheric of 

7 to 1 0 km is calculated for this region, at this This is 7 to 10 times than 

day estimate lithospheric thickness same region (60-70 

........ ""',, ...... ,F-. that has been an increase or perhaps recovery of lithospheric strength. 

v.u""uv tnu:::Kn:ess most reflects location near an low 

Paleoproterozoic cratonic ","'1'o"n Similarly plate-strength gradients 

been calculated in extensional terrains such as Norwegian, Antarctic and Andean 

The calculation of ""''"''u.''' ..... acc:unml.flt1()fl rates, of lithospheric elastic 

thickness, coupled with the proposed model of structural history of the western 

margin provides new U'~"E:>'" into 

lithosphere. 

epeiorogenic movement of the craton and aging of 
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Chapter ' ___________________________ lntro,ductlOn 

Chapter 1 : Introduction 

The Kaapvaal craton is one of the preserved all Archean cratons. It is partially 

covered by wen-preserved remnants the Archean to Paleoproterozoic, Witwatersrand, 

Ventersdorp and Transvaal- Griqualand basins. latter span an area of up to 500 

000 across Kaapvaal and an of 400 years (2.6 to 2.2 Ga). 

Transvaal and Griqualand West host economically important deposits Iron, 

manganese, lead, and gold. with the economic exploratory there are 

still many unknowns regarding basins' origin tectonic sedimentary history. 

This is in due to the VV;:",,",Ul cover the north 

and west, and Paleozoic- Mesozoic sediments and lavas south. 

Geophysical methods have, allowed researches to penetrate cover and 0<>1","",.-

information. their exploration for AngloGold has acquired several hundred 

thousand of data across Kaapvaal Of data, 

seismic are and in project. 

project is a small part of a greater, multinational and multidisciplinary called 

Kaapvaal Project. goal of Kaapvaal Project is to uncover 

origins the Kaapvaal Craton as well as how processes reflect 

mantle processes et al., 1996). Initially it was hoped that the data 

interpreted may allow detailed sequence stratigraphic work on the Transvaal 

seCllmlemrs in order to establish the epeiorogenic history of the craton during 

Basin formation. aim ofthe project has evolved as new information from the 

interpretation of the profiles emerged. Unfortunately, location of the released 

some which traverse Ventersdorp material together with their coarse 

vertical resolution lack of well data, stratigraphic work 

impossible. Thus aim of this changed scope to include a broader range 

topics from tectonic and lithospheric western ofthe 

Craton, through to examination the discrete Ventersdorp listric 

bounded basins craton 
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1.1. Geological Setting 

seismic transect ranging in from Archean to Jurassic, 

Dominion, Witwatersrand, Ventersdorp, Transvaal, Olifantshoek Karoo 

the 

and 

Supergroups. These have been to various deformational and, 

predominately on geophysical evidence, arranged into a number of tectonic 

provinces. chapter provides a rough outline 

The position the seismic profiles relative to tectonic sub domains 

Kaapvaal 

2) litho-and chronostratigraphy of the Dominion, Witwatersrand, 

Transvaal, Olifantshoek Karoo and Supergroups, all 

successive volcano-sedimentary cover of the granite-

1.2. Tectonic overview 

Southern IS of a variety of tectonic shown 1.1. 

Craton to north is Limpopo Belt, to the east is 

Lebombo Monocline, to the south is Namaqua-Natal Mobile and to the west is a 

thin fold and (part is named Belt). seismic 

shot on Kaapvaal '-'u .... v,l>, though the lines extend to the 

1.2.1. The Kaapvaal Craton 

Kaapvaal which ... " ... ",v ... between and 2.7 Ga, of a "".""'a .... 

subdomains joined by pf()cesse:s that are similar to plate t .... tVUl .. " (De Wit et al., 

1992, et al., 1996). data 

1.2}. 1.3 shows location of seismic suggested 

outline of the subdomains, or of the Kaapvaal Craton. The Karoo and 

lines are located in the Amalia, Southern, Vredefort Witwatersrand 

1.3). 

1 
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Windhoek 
• 

? 

? 
.~ 

O"'Oqu 
O~ 

/"0 
~/ 

Upington 

tvo", 
0qu. 

? 
Okwa Limpopo Bett ? 

Kaapvaal 

URZ Craton 

YS' -- " AG,OB KBFOl 

o~ tv 
otQ/ Province (NNP) 

Cape Fold Belt 

o 500 km 

",..,----- Seismic Profiles. this thesis 

D Richtersveld Subprovince 

Kheis Subprovince 

Olifantshoek Supergroup 
(Kheis Subprovince) 

NNP outcrop/ inferred 

Figure 1.1: Location of the seismic reflection profiles relative to the tectonic provinces of 

southern Africa (modified after Thomas et ai., 1993). 
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-f-

Figure 1.2: Southern Africa magnetic data. Boundaries of the Kaapvaal Craton have been 

delineated at magnetic anomaly trends. KL = Kalahari Line, CML = Co1esberg Magnetic 

Lineament, BC = Bushveld Complex, V = Vredefort Dome (Doucoure and de Wit, 2001). 
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" Seismic Lines. KBF. Rz. YS. 06. AG 

O 
Mid- Archean Kocpvaal Shield 
(>= 3.0Ga) 

• 
Probable Extension d Kaapvcal 
Shield 
Late Archean Western Margin to 
Kaapvaal Shield « = 3.0 Ga) 

_ Limpopo Terrain 

o Thin Skinned Fold and Thrusf Belt 

~ Tectonic Boundaries 

SOUTH AFRICA 

Town 

Km 
o 200 400 600 

Figure 1.3: Map of the Kaapvaal Craton showing the location of the seismic reflection 

profiles relative to the Archean crustal subdomains (modified after de Wit et aI., 1992). 

1.2.2. The Western Margin of the Kaapvaa/ Craton 

The KBF Seismic Profiles: The Kheis Subprovince 

Lines KBF03A and 01 extend near the western margin of the Kaapvaal Craton, towards 

the Kheis Subprovince. The Kheis Subprovince is a belt of low-grade, Archean­

Proterozoic, arenitic and metavolcanic rock that forms a tectono-metamorphic transition 

zone between the high-grade rocks of the Namaqua-Natal mobile belt and the Kaapvaal 

1-5 
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Craton (Moen, 1999). Many authors refer to a 'Kheis orogeny' involving thin-skinned 

fold and thrusting of these rocks. Beukes and Smi t (1987) assign an Eburnian age of 

~2200 to 2000 Ma to the Kheis orogeny. A younger age for the Kheis Subprovince of 

around 1800 Ma is suggested by Stowe (1986), and is further supported by an 39 Ar- 40 Ar 

metamorphic age for the Groblershoek Schist Formation (Olifantshoek Sequence) of 

1780 Ma (SACS, 1980; Schlegel, 1988). 

There is no agreement on the lateral extent of the Kheis Subprovince. Its eastern 

boundary has been suggested to coincide with the Blackridge thrust system (figure 1.4) 

(Beukes and Smit, 1987). Moen (1999) contests this position of the eastern boundary; he 

prefers to put it at the Dabep Fault (figure 1.4). This fault separates the Olifantshoek 

Supergroup, which has certainly undergone Eburnean-aged deformation, from the 

metamorphosed rocks of the Brulpan Group of uncertain age. The Dabep Fault marks the 

eastern limit of pervasive regional foliation, and thus, according to Moen (1999) should 

be taken as the eastern boundary between the Kaapvaal Province and the Kheis 

Subprovince. 

Stowe (1986) places the western boundary of the Kheis Subprovince at the transition 

between ~ 1.1 Ga main Namaqua foliation and the> 1750 Ma 'Kheis' foliation. Whole 

rock isotope data indicates that the isotopic imprint of the Namaqua orogeny extends 

much further to the east than previously thought (Moen, 1999). Moen (1999) concludes 

from geochronology and structural data that there is no recognizable Eburnean-aged 

deformation in the Kheis Subprovince, (west of the Dabep Fault). He goes further to 

suggest that the Kheis Subprovince is in fact a subdivision of the Namaqua-Natal 

Province. The deformation of Eburnean age, east of the Dabep Fault, according to Moen 

(1999) appears to record an on-craton or craton-edge event. 

1-6 
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o 
IiiiiiiiiiiiI -D 

Volop Subgroup 
Lucknow & GamaQara Formations 
Lucknow & Mapedi Formations 

Voelwater Subgroup 

Ongeluk & Makganyene Formations 

Koegas and Ongeluk 

Koegas Subgroup 

Griquatown & Kuruman Formations 

Campbellrand Subgroup 

Cambellrand & Schmidtsdrif Subgroups 

Zeekoebaart Formation 

_ Marydale Group 

o Basement Granite 

••••• Inferred boundary of Kaapvaal Craton 

,-J Thrusts ~ Syncline 

Upington 

- 32 

• Kuruman 

so lim 

o 

Figure 1.4: Simplified geology along the southwest margin of the Kaapvaal Craton 

showing bordering tectonic blocks and the location of the Blackridge and Dabep Thrusts 

(modified after Altermann and Halbich, 1991). 
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1.3. Stratigraphic Overview 

Figure 1.5 shows the location of the seismic profiles relative to the Witwatersrand, 

Ventersdorp and Transvaal Basins and extent of the Kaapvaal Craton. Figure 1.6 shows 

the seismic profiles plotted on a more detailed geological map. 

1.3.1. Dominion Group (3.1 Ga) 

The Dominion Group may represent a protobasinal phase of the Witwatersrand basin. It 

unconformably overlies Archean granitic basement and is preserved over an area of 15 

000 km2 (Tankard et al. 1982). It is up to 2200 m thick and is composed of quartzites and 

conglomerates overlain by volcanic mafic-felsic rocks (Armstrong et al., 1991) (Table 

1.1 ). 

Group Formation Age Method Reference Characteristics 
Syferfontein <3104±3 UI Pb on Robb et al. * Approximately 1550 m thick. 

Ma detrital (1990) Conformable with the underlying 
zircons Renosterhoek Formation. 

* Consists of rhyolites, silicic tuffs, 
volcanic breccias and subordinate 

c andesitic lavas (Burke et al., 1986). 
0 

'c Renosterhoek * Contains up to 1100 m of basaltic ·s andesites and tuffs, plus paleosols and 
0 

Cl sandstone interbeds (Burke et al., 1986). 
Renosterspruit * Contains up to 60 m of sandstone with 

minor conglomerate and argillaceous 
horizons. 
* Deposited in a braided stream 
environment (Burke et al., 1986). 

Table 1.1: Generalized Stratigraphy of the Dominion Group. 

1.3.2. The Witwatersrand Supergroup (3.1- 2.7 Ga) 

The Witwatersrand Supergroup is almost entirely composed of clastic sediments and is 

divided into the West Rand and Central Rand Groups. The West Rand Group, with a 

maximum thickness of 7500 m (Clendenin et al., 1988), conformably overlies the 

Dominion Group and extends over an area of at least 42 000 km2 (Tankard et al., 1982). 

A gravity anomaly associated with this basin suggests that its original extent may have 

been much greater. The successive Central Rand Group occupies a smaller area of 9750 

km2 (Tankard et aI., 1982). It is unconformable with the West Rand Group and attains an 
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Koapvaci Oaton Project 
fllejor geolaged features undet Iwes1igation 

.", Seismic lines 

Rernna1ts of OOlonic IlO.Ilns 
_ 'MtwoletSlond & Pongdo Basins 

1 3.0- 2.7 Ga) o Venfefsoorp Graben 12.7 Ga) 

o Transvoo Basin OJICrop 
1 2.6- 2.2 Ga) 

r' Possble extent 01 Transvoo Basin 

o Possible Ven!etsdolp basin extensioo o Possible 'M1watetSland basin extensi 

• ntruslons 
Bustwad Complex 12058.9 ± 0.8 file) 
[Buick e/ 01 .. 2001) 

~ Kaapvaal Craton 
Boundary 

/ Cip 01 VentetSdorp (ruts 

; . . , 
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I ... . _ . 

Griqualand Wes 
Basin 
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'land 
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o 200 400 600 

Figure 1.5: Location of the seismic reflection profiles studied in this thesis relative to the 

extent of the Kaapvaal Craton, Witwatersrand, Pongola, Ventersdorp and Transvaal 

Basins 
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B A 
Area expanded In B 

./ 

500km 
Cope Town 

Figure 1.6: Geological map showing the location of seismic lines Rz-254 to 256, YS, AG 

and OB. (Geological Map of South Africa, Transkei, Bophuthatswana, Venda and Ciskei 

and the Kingdoms of Lesotho and SwaziJand. 1: 1 000 000, 1984, Geol. Surv. of S. Afr.) 
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average thICKness of2900 m (Clendenin et aI., 1988). The Rand Group contains 

predominately coarse-grained t!re:vwraCJK:.es conglomerates and interbedded quartz arenite, 

and HtStOI1les. The ... ""'"''''" ... ''' shale Formation 

'urtton1tem Subgroups. 

the Johannesburg and 

Supergroup 

Central 
Rand 

West 
Rand 

Turffontein 

Johannesburg 

Method 

< 2909 ± UI Pb, 
3 Ma detrital 

zircons 

<3060± UI 
2 Ma detrital 1--:-------1 

Govemment zircons 

Hill 

Reference Characteristics 
(Burke et 

1986 
Robb et al., '" Alluvial! fluvial 
1990 sands and 

con Iomerate 
'" Alluvial! fluvial 
sands and 
conglomerate, 
minor shale and 
lava 

Robb et al., and 
1990 

sandstones 
'" Magnetic and 
laminated shales, 
argillites, graded 
sandstones, 

uartzites 
'-''''u'''~ ... u,u'''u stratigraphy of the Witwatersrand Supergroup. 

1.3.3. Ventersdorp Supergroup (2.7 Ga) 

Ventersdorp Supergroup is an 8 km succession of volcanic 

rock occupies 300 000km2 area (Van Westhuizen et al., 1991). It is divided 

into Kliprivierberg, Platberg and the western of the an 

the pnt"',."£'!('" ...... from Witwatersrand Supergroup 

below (Tankard et al., 1982). Ventersdorp succession is conformable with 

the Witwatersrand Supergroup (Linton et al., 1990). 

distribution Ventersdorp Sequence across the craton is uneven. basal 

Klipriviersberg Group outcrops only in the northeast and is between 1500 m and 2000 m 

thick et aI., 1990). The Platberg Group but is 

absent from northeast; on the other hand, the overlying Bothaville Formation of the 

1 
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Pniel IS U .. "UVH lavas are ore:sellt over 

areas and are ...... ,.."~,.,,, covered by Karoo Sequence (Van der "',;,UJ, .... "",.U et al., 1991). 

Ae Method 

2709 ± 4 Ma U /Pb 
zircon 

Reference 

Walraven et al. 

2714±8Ma U/Pb et al., 1991 
zircon 

1"<>.-<,,1n1rn Supergroup. 

1.3.3.1. The Klipriviersberg Group 

The Klipriviersberg Group is a repetitive sequence alkali-rich, continental tholeiitic 

komatiitic basalt flows at its flood et al., with high UU4,&,""'" 

base (McIver et 1981). (1995) relates outpouring 

emplacement of a mantle plume U""ll"""'CU the Kaapvaal ...... n .... ..., .... basalts to 

flood 

group divided into formations on lithology (Winter, 1976). The 

succession is composed sub-aerially lava are generally 

amygdaloidal (Van der et al., 1991). et a1. (1986), et a1. 

(1986), Myers et a1. (1990) and Linton et a1. (1990) have carried out gec,cnc~ml:cal 

on these 

related to 

Myers et a1. (1990) states that, in geochemical subdivision can 

(1976) and lithological conform to 

chemical (Van der Westhuizen et al., 1991) ...... au,.vu et al. (1990) I"In",,,''',,,,, .. 

whether lithostratigraphy can correlated over distances. 

1.3.3.11. The Group 

the which An unconformity separates the 

was deposited a wide, north 

against the Thabazimbi/Murchison 

tre,nOllng extensional terminating 

(Martin et al., 1998). Platberg 

types vary from chemical and clastic ,,, ..... , .. u,, ..... .,, to mafic and volcanics (Van 

1 
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Westhuizen et al., 1990). the base of the Platberg is the ......... JlU"" ... " .. "JVLJe .. " 

Formation of the sediment fill of deep intermontane graben basins (Buck, 

1980). range coarse material scree and debris alluvial fan 

deposits, to fine chemical in a more distal 

1980). porphyritic lavas of the Formation overlie these 

sediments. tum overlain by Makwassie volcanics a dacitic to 

rhyolitic composition (Van Westhuizen et 199 Formation 

conformably the Makwassie some 

It is composed of mafic often porphyritic lavas and 

(Van der Westhuizen et at., 199 

1.3.3.111. The Pniel Group 

m 

'Va""''-'u sediments 

Separating the Pniel from the underlying Platberg Group is a pronounced 

unconformity (Winter, 1976, Cheney et ai., 1990). The base ofthe Pniel Group is the 

arenaceous Bothaville Formation. The Allanridge Formation, consisting of predominately 

amygdaloidal basaltic (Winter, 1976), the top of the Pniel Group, that 

terminates Ventersdorp (1995) and et al. (1998) ¥_,..,,..,_~ 

that Allanridge flood basalt, like Klipriviersberg Group, is related to the 

emplacement a mantle plume beneath the craton. Where BothaviUe Formation 

pinches out against paleohighs, the Allanridge Formation is in direct contact with the 

Formation Westhuizen et 1991). 

to 2.2 development of two major on the Kaapvaal Craton, namely 

the Transvaal the West . Subtle lH;~ .. p,nl'~'" ",1TU1PPTl these 

exist, however the history of siliciclastic sedimentation, followed by chemical 

sedimentation and finally a return to siliciclastic sedimentation is shared. In section 

the of is separately with particular t'Pt''''"t'P1nl'P to those 

formations encountered the profiles. Table 1.4, the 

correlation between these two basins is included in pages 1-14 and 1-1 
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Griqualand West Supergroup Transvaal Supergroup 
Group Subgroup FOImation Age Method and Lithology Group Subgroup Formation Age Method and 

Reference Reference 
Volcanics and Rooiberg 
clastics 
Clastic Raytonl Woodlands 
sediments and Magaliesberg 
volcanics Silverton 

Daspoort 
Mooidraai 2394± 26 Ma Bau etal. Strubenkop 

(1999) 
PblPb whole 
rock isochron 

Hotazel ~ Dwaalheuwel 
~ Ongeluk 2222 ± 13 Ma Cornell et al. "i: Hekpoort 2224 ± 21 Ma Referenced in I. 0 = • (1996) .... Eriksson el al . 

.Q Pb/Pb whole 
~ 

_+I-J~L (1993) I;jI'J 

·~t-r~r 
I. 

~ rock isochron =-- Rb/Sr e .... 
I;jI'J 

0 Makganyene Boshoek 
=-- Timeball Hill 2263 Ma Referenced in 

Eriksson et al. 
(1993) 
Rb/Sr 

Rooihoogte 

Table 1.4: Possible correlation, highlighted by colours, between the Griqualand West and Transvaal Basin sequences. Geochronologic data, 
where available,. is included. * The correlation between the Ongeluk and Hekpoort lava, as well as their respective dates is disputed 
(see page 1-22 IOr further explanation). 
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University of Cape Town

Griqualand West Supergroup 
Group Subgroup Fonnation Age Method and Reference 

Griquatown I 2489 ± 33 Ma Trendall unpubl. Referenced 
in Nelson el al. ( 1999) 
UlPb zircon SHRIMP 

Kuruman I 2465 ±7 Ma Armstrong pers. comm. 
Referenced in Martin el al. 
(1998) 
UlPb Zircon 

2521±3Ma Summer and Bowring ( 1996) 
U/Pb Zircon 

Q. Kogelbeen 
='= 
='= KlippWl -= C-' Paplcuil 

2555 ± 19 Ma A1termann and Nelson 
(1998) 
U/Pb Zircon SHRIMP 

2642 ± 3 Ma 

Lithology 

Chemical sediments: 
carbonate and iron 
formation 

Clastic sediments 

Group 

t: 
~ 
~ 
Q. 
'" ~ ... 
= = -= U 

Transvaal 
Subgroup 

Duitschland 

Penge 2480 ± 6 Ma 

. 'O.bre.1 2583 ± 5 Ma 

2588 ± 7 Ma 

2550 ± 3 Ma 

-
Black Reef 

Table 1.4: Continued. Colours highlight suggested correlations between the Griqualand West and Transvaal Basins. 
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VI 

Method and 
Reference 

Trendall 
unpublished, 
referenced in 
Nelson et a/. 
(1999) 
U/PbSHRIMP 

Martin el al. 
(1998) 
U/Pb Zircon 
SHRIMP 

Martin el al. 
(1998) 
U/Pb Zircon 
SHRIMP 

Walraven and 
Martini (1995) 
Pb evap -Zircon 
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1.3.4. The Transvaal Supergroup (2.6- 2.2 Ga) 

1.3.4.1. The Black Reef Formation 

The Black Reef Formation is a thin layer of siltstone, sandstone and lava (Eriksson et at., 

1993), which rests unconformably on the Archean gneisses, granites and greenstone belt, 

Ventersdorp volcanics, Witwatersrand sediments and the Wolkberg Group (in the north 

east). Today the Black Reef Formation outcrops around the present day margin of the 

Transvaal Basin. The thickness of this unit varies from from a couple of meters to thirty 

meters to a maximum of 60m in eastern Botswana (Henry et at., 1990 in Eriksson, 1993). 

The Black Reef starts as an upward fining sequence with varying lithologies from clast 

and matrix supported conglomerates, through cross bedded to planar bedded arenites and 

laminated carbonaceous mudstone (Button, 1986, Henry, 1990). Where the 

conglomerates rest directly on mineralised Witwatersrand sediments they can be 

auriferous (Button, 1986). Above the upward fining sequence is a coarsening upward 

succession. The carbonaceous mudstones at the top of the succession grade into the 

overlying dolomites of the Malmani Subgroup, Chuniespoort Group (Button, 1986). 

Henry et al. (1990) interprets the successive coarsening upward sequence as prograding 

braid delta environment. The mudstone forming the top of the succession may have been 

deposited in a tidal flat setting, the precursor to the development of the epeiric marine 

carbonate platform and formation of the Malmani carbonates (Eriksson et at., 1993). 

1.3.4.11. The Chuniespoort Group 

1. 3.4.11. a. The Malmani Subgroup 

The Malmani dolomite, which hosts important mineral deposits of gold, lead, zinc and 

manganese amongst others (Button, 1973; Beukes, 1986), comprises a succession of 

stromatolitic carbonates with interbedded chert, with minor shale and quartzite (Button, 

1973). Five regionally persistent lithological units exist; these are recognized on the basis 

of the colour of the dolomite as well as the proportion of chert, limestone banded iron 

fonnation, mudstone and quartzite interbedded with the carbonate (Button, 1973). 
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A basic tidal paleoenvironment is suggested for the deposition of the Malmani Subgroup 

(Truswell and 1973). Columnar stromatolites are indicative of an intertidal 

environment, oolites of a high ",n",r/""" zone above wave base and domal stromatolites 

mounds indicative a (Eriksson et ,1993). (1989) 

extends this model a tidal paleoenvironment further, "''''.HUh for a .. om,r.",< 

steepening of a carbonate ramp syndepositional tectonics. distribution was 

controlled by water depth, which varied during five transgressions and 

of the proposed epeiric sea (Eriksson et ,1993). 

developed less abundant the Iron-formations on the whole are less 

area than the Griqualand west "u"uv'u is the iron 

formation in Transvaal and has been correlated to Asbesheuwels Subgroup 

of Griqualand succession ..ul"i'I.I.I\.I"i;). 

the Malmani Subgroup 

is composed of alternating 

Penge Iron-Formation 

600 meters (Beukes, 

banded iron-formation and 

carbonaceous members. hematite, 

stilpnomelane, riebeckite and iron-carbonates amongst others (Beukes, 1986). 

It 

to the lack of mechanical structures and continuity the 

VLLJll"L'Vll is believed have formed below wave in a very 

marine Altermann Halbich (1990) dispute this proposed 

environment. present evidence of tectonic displacement and karstification of iron-

underlying rock to in et al., 1993). 

of the Kgwakgwe breccias is another point Eriksson et al. (1993) 

propose of the subaerial 

to ..,,,,,,,,,;n1VH of silica and n011-0eO()S 

Penge Iron Formation was aetlosltea during a transgressive ofthe "'!-', .... uv sea. 
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1.3.4.II.c. The DuitschJand Formation 

regression produced an unconfonnity at the the Duitschland 

Fonnation. ..... 0,'"''"'1£' ... resulted in the deposition Duitschland carbonates. 

contraction of 

deposition of Duitschland COltlgl1om.eralles and (Eriksson et 

1993). location Duitschland Fonnation, in northeastern Transvaal i:)U~~~\;;;i:)Li:) 

the final rea;reS;SlC,n took in a north east direction across the craton. 

1.3.4.111. The Pretoria Group 

The Pretoria consists alternating UIU',..." ... VU'"" and sandstones with volcanic 

UVl"""';U"" and and conglomerates et al., Unlike the .... H'.HU ....... 

sediments the Chuniespoort Group, sediments cannot be as 

correlated between the and Griqualand West ..... u"u •. "'. It is for reason that 

authors 

1972, 

proposed these two separate 

et al., and '-''',11,...\<11111, 1990). 

The base the Rooihoogte Formation COlnDnS(~S chert and conglomerates 

fonned the reworking older by a •• ~r:..:..~;~ .... ",<""".r'" sea ..... vu ..... ...,,,. 1986). 

A different depositional environment 

proposed Eriksson The conglomerates and hr"""'''''"<1 

mudstones and into (Eriksson et al., 1993). 

fan 

grade upward into 

The TimebaU Hill Formation consists of carbonaceous mudstones at base, 

is 

into ferruginous mudrocks and fine-grained sandstones. suggested environment of 

ael)OSItIcm is a deep in tum by fluvio-deltaic complexes the 

north, northwest and with preservation only of the distal deposits (Eriksson et al., 

1993). Boshoek Formation follows the Timeball Formation. Boshoek 

sandstones the the Timeball 

are correlated Makganyene diamictites Griqualand Visser (1971) 

interprets diamictites as glacial, glaciofluvial and glaciomarine origin. 
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lavas ofthe Hekpoort Formation a basaltic to andesitic (Sharp et 

and 1986) extruded into both a marine non-marine in 

the case the Machadorp Volcanic Member (Beukes, 1986). Eriksson et al., 

1993, the lack of pillow lavas 

Lack of pillow lavas, 

a non-manne ,,"'.UUj,,' 

mudrock nh""'"'~'rI to be indicative of 

cannot be used as evidence 

Conglomerates and immature sandstones and minor mudstones of the Droogedall 

Dwaalheuwel Formations Hekpoort lavas. to Eriksson et al. 

(1993) represent sediment entering They 

thin towards the direction the Hekpoort lavas are followed directly 

mudstones and sandstones Strubenkop Formation (Eriksson et al., 1991). In 

this model, the Strubenkop Formation represents a distal, lacustrine basin into which the 

Droodedall Dwaalheuwel sandstone _~L"""L~"""'J."""'" were Structures 

including ripple marks, "'"'VUM ''' others are consistent 

a shallow water setting, be it ~a.vl"1>Ul11v or flat (Eriksson et ai., 1993). 

The Daspoort Formation consists bedded sandstones and 

Strubenkop mudstone In the west the 

Daspoort Formation is known as Ditlhojana Formation thin 

mudstones above the lavas 1983). IS no as to 

depositional of the Daspoort Formation. Suggested paleoenvironments vary from 

shallow (Button, 1973 Eriksson et 1993), fluvial-beach 1969 in 

et al., 1993) to distal fan-fluvial braidplain (Eriksson et ai., 1993). 

Silverton Formation of a thick sequence of mudtones that contain 

intercalations of chert, sandstone, carbonate tuff. and Clendenin (1990) 

propose that the Formation a deltaic 

Vlrionrnerlt. In this model the MagaUesberg sandstones are interpreted as the 

shoreline basin. This is consistent uniform thickness of both above 

across basin et 1 Thinning of the lVlalgajlleS:Del~g 

sandstones isopachs towards the centre of the basin led et al. (1 to 

19 
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propose an of doming the basin, perhaps thermal in due to rising 

Bushveld plume. concept of doming is consistent with paleocurrent estimates 

(Schreiber, 199 Doming may led to retreat of from 

Magaliesberg shoreline sands, which may been 

al., 1992).Doming may have resulted development of the two 

(Reczko et 

basins 

post times (Eriksson et at., The Rayton/Woodland's mudstones, 

sandstones, tuffs, and cherts were subsequently deposited. 

1.3.5. The Griqualand Supergroup (2.6 - 2.2 Ga) 

Griqualand West Supergroup is divided into two l".LV"'IJ" the Ghaap Group, 

composed predominately chemical SeClITIllen:ts overlain by 

Postmasburg Group. 

1.3.5.1. The Ghaap Gro~p 

At base of Group is the Schrnidtsdrif Subgroup, 

Campbellrand Asbesheuwels Subgroups. 

The Schmidfsdrif Subgroup 

mostly "u. •. :JU,", 

IS 

The Vryburg Formation, basal unit of the Griqualand West Supergroup, 

by 

unconformably overlies Ventersdorp lava. formation consists of shales, quartzites, 

siltstones and lava (Altermann Nelson, 1998). It is correlated with Black 

Formation Transvaal Supergroup and is, at its maximum, 100 m (Altermann 

and Wotherspoon, 1995). Dolomites, limestones, and of the Boomplaas 

Formation overlie Vryburg Formation (Altermann and Wotherspoon, These 

are in tum overlain by Lokammona Formation of tuffs, 

aroonalteS and (Altermann and Nelson, 1998). 

The Schrnidtsdrif hn'r .... lln were deposited a fluvial, shallow 

and intertidal environment. are succeeded by a carbonate platform sequence 

which interfingers with a carbonate basinal shale in places 1986). Thus the 
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Subgroup is understood to have fonned a transgressive 

__ ,~.,. 1 increasing water 

The Schmidtsdrif Group, accoramg to Clendenin et al. (1 records the onset 

subsidence of the rifting event uplift due to thennal 

nu.n"."v .. resulting from hotspot related break up. 

The 

Campbellrand Subgroup, at 1800 m thick, of and 

platfonn facies interfinger, with limestone dolomite 

1986), Further into basin, turbiditic have been and 

replaced by silica. interior platfonn sequence has been 

Limestone is along the of the carbonate platfonn, where 

was water circulation 1986), 

(1987) separates into two lithofacies a 

non-stromatolitic carbonate and sequence (off to the west) 

and a shallow water stromatolitic carbonate sequence on craton (Beukes, 1987). 

of the succession sees development 

'''~VVLL'' with a deep .LV~UUl'U""U of mudflats 

.... "LA .. "',,.. carbonate causing 

to west. 

unit of the Subgroup is MonteviUe Formation. It is 

interpreted as a shelf (Beukes, 1987) and an average of 200 m 

(Altennann and Wotherspoon, 1995). It is overlain by the ReivHo Formation which is up 

to m stromatolite Gornes intercalated columnar 

and (Altennann Wotherspoon, afOOnalles are 

mtl~rslper:se(1 with banded iron fonnation (Kamden oolite 

through the Fairfield, Klipfontein, Papkuil, Klippan, Kogelbeen 

Formations. 

mats and 

Gamobaan 
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Jrr",unlno of the carbonate 

formations of the Asbesheuwels 

followed by the deposItIon thick iron 

1.l.S.I.c. The Asbesheuwe/s Subgroup 

microbanded Kuruman Iron-formation ofthe Asbesheuwels Subgroup 

overlies the Gamohaan Campbellrand 

"'.,. .. ,,.,,, .... (Halbich et al., 1993). It is "''''r.u''''~n 150 to .L<UlH'"'U et al., 1 

an upward-shallowing sequence consisting of '"''''''nul ....... sediments 

a euxinic basin, euxinic (anoxic) open shelf, 

of shallow water platform shallow water platform (Beukes, 

1986). Kuruman Iron-Formation is overlain by the Griquatown Iron-Formation, a 

clastic-textured unit of200 to 300 m (Halbich et al., 1993), in a shallow epeiric 

sea 1986). 

1.l.S.I.d. The Koegas Subgroup 

Griquatown Iron-Formation nr".np<1 upward into the A"U'''J;:;~I.~ Subgroup which is 

composed of chloritic mudstone, siltstone and quartz wacke 

(1984) suggests a fresh-water depositional environment 

1986). Beukes 

the Koegas Subgroup. 

1 Postmasburg 

sediments were and eroded to produce an unconformity that 

group from the Group above, The Makganyene Formation is a 

considered to be origin Visser (1971). successive Ongeluk 

Formation has been correlated with the Hekpoort lavas of the Transvaal Basin. The 

~"'U~UV'U is based on whole rock "'V,",,",L as well as geochemical 

Moore et al. contests ...... AUU"O that the age data is 

that trace element basaltic 

n ... ·"lP'~n 3000 and 2100 Ma u."''''''''''' discrimination on 6""J,","''''uu,"""" grounds unreliable 

(Moore et al., 2000), 
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Ongeluk Formation is a 

hyaloclastite (Cornell et 

-............ ,"" volcanic ""'"","',.,,,'" of pillow lava, lava flows 

latitude (Evans et 

Makganyene glacial deposits were therefore probably 

in an 11 ± 

underlying 

.... "" ........ .;'" indicating that the 

d.1tter'ent in the Precambrian 

global climate system may 

et al., 1997). 

""Tn," tropical tatllW(les. 

been fundamentally 

lavas are jaspilite and "'"' .... , .......... ..... manganese deposits 

stromatolitic dolomite Hotazel Formation 

Mooidraai Formation \ ...... ,"'.....,.""", 1986). 1;'hese two ... v ........ v"." c.)m·Dm,e the 

Voelwater Subgroup. 

1.3.6. The Olifantshoek Group 

tantshcJek Group uncontiJrm overlies the ................ West Supergroup 

1.6). base of this IS 10 to 1500 m Mapedi Formation, composed 

quartzite, lava and a iron-rich conglomerate Smit, 1987), 

Succeeding the Mapedi Formation are the 450 m Lucknow 

1987). the Malmani area two formations are ... v ...... "' .... 

...,."'""' •• .,. Formation. lavas of the Hartley Formation an average UU.\ • .n. ..... """" 

and were over the lower Olifantshoek They are dated at 

± 4 Ma (Cornell et al., It is an amygdaloidal, lava with interbedded 

"""uu"\"u.,, (SACS., 1980). Subgroup Olifantshoek Group; it is 

a 3500 m unit of Smit, 1987). 

Supergroup Subgroup Formation Age Method Reference 
Volop Verwater 

Glen Lyon 
..::.II EllisRus <10> 
Cl Fuller ..c:l 

'" Hartley Pb-Pb Zircon Cornell et al. - 1928 ±4Ma = 
~ (1998) - method) 0 

Lucknow 
Mapedi 

Table 1.5' Strati ra h g p y of the Olifantshoek Grou p 
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1.3.7. The Karoo Supergroup (350-180 Ma) 

Karoo Supergroup was deposited in basins as as 

several subsidiary of southern 

Main Karoo and ............. u., .. 

(Johnson et al., 

outcrops over an area of300 000 extending to a maximum thickness 

Supergroup 

8000m 

Karoo basin from 

to Early (Johnson et 1996). The sequence acc:UITm 

under a range of climatic and within a variety of tectonically controlled 

settings (Smith et 1993). Depositional environments include glacial, marine, 

fluvial, and aeolian (Johnson et al., 1996). 

-":111"OprOrf'.nn is divided into the Dwyka, Ecca, Stormberg Drakensberg 

Groups. 

DwykaGroup of glacial deposits, grading upward mudrock 

in and water rOIllIDcmts of Ecca Group 1999). 

Ecca and Beaufort Group dominated deposits were formed 

contemporaneously with the mudrock progradation north east 

and (Turner, 1999). Non-marine including the upper Beaufort Group and 

Stormberg Group exist in the central part of the basin 1999). Capping 

Stormberg is 1400m lava Drakensberg Group. has 

radiometrically dated at 183 ± 1 Ma, (Duncan et ai., and is thought to 

rpT'llrp(!pnr a plume OprlPr$litp'n sequence the onset early rifting of Gondwana 

(Turner, 1999). Karoo are almost flat margm 

deformation .... "~."'n,'15 the formation the Cape Fold have been .Lv .... ..., .... 

Isostatic uplift the Cape Fold have a southerly source for the 

.,"' ... UAJL .... U.'" of the Main ",,-""LVV' Basin up extrusion Drakensberg 

(Turner, 

interpretation of particularly Transvaal and Griqualand 

West is controversiaL constraints are poor, there is paleoenvironmental 

agreement and regional are unreliable. Seismic reflection may help to 

solve some is what this sets out to do. 

1 
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Chapter 2 : Seismic Stratigraphy 

II 

sel:sm:lc reflection profiles were 1n,.,"'rnl"''''t~·rl with the aid of the 

JilnrHlmn seismic interpretation "'''lUll Ire ue:OU"arrle version 

'"'V'<i'-'''''''., Schlumberger. This SOlIware is tailored specifically 

II Delineating reflections, and faults using horizon and fault 
" 

picking tools. 

II Correlating distinctive across faults, and between :sta::SIIlll..: 

tool. using the seismic 1"'1'l1"rt:>,rnti 

II structure 

attribute tool. 

II Viewing small-scale structure the zoom function. 

II Comparison to published reflection data across the craton. Although 

have been several hundred thousand kilometres of seismic data 

over the Kaapvaal little has been published. profiles that 

are published are located near Dome, CarletonviHe Welkom 

areas (Durrheim, 1986; 1); the Kheis 

et 1998 a,b) Basin 1987, 

1994; Weder, 1994). stratigraphy Rand 

through to the Olifantshoek Seismic reflection are used to 

familarity with the character of the stratigraphic 

across the craton. 

II of published P wave (table 2.1). P wave allow time! 

approximations to 

II Wherever 000 and 1: 1 000 000 maps are 

to reflection at depth. Where 
./ 

is little or no comparison is 

made to other seismic similar stratigraphy outcrop. 

2-1 
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.. DurellUtes. Three lntptT\t"P'tpn vV'.V""JI,",,". along sel:sm:IC BandC 

seismic profile 

Group! Formation 

are to check the 

P wave average 
internal velocity (m/s) 

OTl'l,nhll(". interpretation. 

Approximate 
reflection coefficients 

* 
Karoo "'prmp,nl'p 3195 

He~:pO(lrt Formation 

West Rand Group (quartzItes 
and shales 

6083 

5513 

6834 

6159 

5827 

6230 

5779 

5748 

5693 

0336 

0.068 

+0.143 

- 0.061 

- 0.Q28 

+0.033 

- 0.065 

+0.025 

- 0.032 

and reflection "'V"~H"''''U''' 

Ventersdorp, Transvaal and rocks. * Density 

(from Pretorius et al., 1987). 

"".,,,u,,,, profiles mam t"P'(j,1('IT'''' 

.. The Western KBF03A and 01, 

the Kaapvaal craton. 

.. Rz-254, 

Provinces, 

are situated in the 

Botswana border. 

derived from geophysical 

on 'V~''''''VU 1.1): 

transect the western 

nril'\",."" and North West 

transect a major 

trending east-west involving mainly Transvaal-aged rocks and 

Bushveld {\l1i'l"rr,n are lerme:u 

.. The craton OBand to west of the Vt",,,rI~·t;""rT 

and YS to the north west. 

are divided into descriptive, interpretative and rl1"",",,, 

are labelled with same symbols used in 

of 

Below, data for 

SeCltlOl1lS. Stratigraphic 

inte:ron~tation. but ",,,,<u .... " of interest are IV", ... ",,,, 

common top of each the 
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two way time 

referred to as 

occasionally. 

The TWT nn" ..... '" 

though 

which the ",Uj",'"'''''''''' unit occurs is 

estlmaltes are given 

Reflection is described the following terms: 

II amplitude: the medium 

low. Low amplitude retleCtlOl1S are often to as weak, UTMIPYf',;j 

reflections are as strong or 

.. tf.ejftet;ucm continuity: val'''',",'Ul of reflection continuity are highly 

"'v .......... "' .... ,,, semi-continuous, and discontinuous. Where reflections are 

may be referred to as chaotic. 

2.2. The Western Margin 

2.2.1. Seismic Profile KBF03A 

2.2.1.1 Introduction 

The seismic ''''Li,,,,,,,,,IVU profile KBF-03A is located in the nrthpt-n and North 

Provinces and WNW to 2.1). Outcrop is minimal in this area 

to extensive Kalahari cover of up to 180 m thickness. units that crop outdo 

so predominately in the east. east to west, only granitic basement, the 

Vryburg (Schmidtsdrif the 

Ongeluk lava (Postmasburg Group) out (figure 

migrated profile ofKBF03A. profile is 

Subgroup 

is the sraCKt:a 

with east to the 

and west to 

kIn. 

and extends over a total horizontal """H' ... " ... of approximately 1 

2.2.1.11 Description (see figure 

Profile KBF-03A shows a " ...... """"" .. .J ... strata that from 0 kIn in east 

basement to > 17 kIn in west. Since the reflections where the 

extend the total thickness of sediments in west is 

almost ... .,1'1,<"., tmC:Ker than 

2-3 
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A dominant feature at CDP 4900 to 5400 is interpreted as a mas,{er normal listric fault 

(marked F2), which is near vertical in orientation above 1 s TWT and shallows to near 

horizontal below 3 s TWT. The fault has resulted in a displacement of the hanging 

wall relatively downward to the west. The extent of this displacement, as well as the 

timing of movement is discussed in greater detail in the interpretation section below. 

The first continuous reflection marks the sedimentlbasement interface and has been 

marked on the profile as SIB. East of a fault zone (F 1) at CDP 2500, unit Gs overlies 

the basement. West of this zone unit Gs continues above unit Vb and Vs. 

West ofCDP 2750 unit Vs lies directly on the basement. Reflectors onlap a slight 

basement rise between CDP 2850 and 2700 and thicken, west of the main listric fault 

(Fl), to a maximum of around 2000 m (P wave velocity approximately 5827 mis, see 

table 2.1). The reflection character ofVs varies laterally from medium to high 

amplitude, semi-continuous reflections between CDP 5100 and 4700, to an almost 

transparent section at greater depth further west. Within unit Vs are several sequences 

and at least one channelised unconformity. The listric fault F2 has displaced unit Vs 

downward in the west. 

Unit Vb is a transparent unit that succeeds VS. Vb is around 0.38 s TWT or 1170 m (P 

wave velocity of 6159 mls) thick in the east and thins to 840 m at CDP 3900. Further 

west, it thickens again to a maximum of 1140 m. West ofFl, a medium-amplitude, 

semi continuous reflection roughly bisects the unit. In the east Vb terminates against 

the F 1 fault zone. 

Unit Gs is the interval following the first medium to strong reflection succeeding the 

transparent unit Vb. Unit Gs is distinct due to its medium to high amplitude reflections 

which are semi-continuous. Unit Gs outcrops between CDP 1700 and 1550. In the 

east Gs overlies granitic basement. In this area unit Gs has been displaced by normal 

faults with apparent dips to the west and east. This unit thickens westwards from ~500 

m to 1410 m (P wave velocity estimated at 5800 m/s). 

Unit Gc is conformable with the underlying unit Gs. It maintains a thickness of -1600 

m to 1700 m (P wave velocity of 6834 mls) . In the east between CDP 3600 and 2650 

2-5 
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it is truncated by the erosional unconfonnity Kune. It is displaced by F2 between CDP 

5000 and 5300 and continues, plunging steeply to the west to reach unknown depths 

beyond the end of the profile. Unit Ge is composed of two sub-units of quite different 

reflection character. The lower unit, about 0.2 s TWT or -680m thick, is mostly 

transparent though rare, weak, fairly continuous reflections are present. Reflections in 

the upper portion of unit Ge have greater amplitudes and are continuous over long 

distances. The top of unit Ge is the first very bright, high amplitude reflection. 

Two reflectors of very high amplitude mark the base of unit Gak• The seismic 

character of unit Gak varies laterally from high amplitude, bright reflections to weaker 

ones. Gak increases in thickness west of CDP 4400 and then is fairly constant at 

-1450 m across the profile (average P wave velocity of5800 mls). 

The top of Gak is truncated in places by the successive unit Go. Go unconfonnably 

overlies Gak and maintains an equal thickness of around 0.35 s TWT or -1060 m 

across the profile. Unit Go is distinctive due to its transparency. The few weak, 

continuous reflections that are present are evenly spaced towards the lower boundary 

of the unit. Go, like the units below, is displaced by F2. Unit Go is the upper most unit 

of the down-faulted sequence to be repeated on both sides of F2. It is truncated east of 

F2 by the erosional unconfonnity Kune. At the western extent of the profile, unit Go is 

at a maximum depth of 4 s TWT, roughly 11.5 km. 

East of F2, reflectors within units Vs, V Ib, Gs, Ge, Gak and Go dip westwards at an 

increasing angle into F2. West ofF2, these units plus unit Om) above bend (roll over) 

into the F1 plane. 

Unit Om) succeeds Go only to the west ofF2. Om) is offset by numerous nonnal faults 

dipping to the east and west. Several of the faults extend beyond the Om) interval into 

the units Go, Gak, Ge, and Gs below (faults marked F3). Other faults (F5) displace 

units that succeed Om). As a result of this intense faulting, the thickness variation of 

Om) is difficult to ascertain though it does appear to thicken westward of CDP 5500 to 

reach a maximum of 1 s TWT or -2750 m. 

2-6 
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An erosional unconformity (Nunc) separates Om! from Ob above. It distinctly truncates 

Oml reflectors between CDP 5350 and F2. The absence of truncation of reflectors to 

the west may signify a conformable succession. Alternatively, Nunc may be bedding 

parallel. Ob is a transparent unit marked at its top by a high amplitude reflector, T. 

Unit Ob has been duplicated at least three times by faulting (low-angle thrusting) as 

shown by the repetition of reflector T. The base of the thrusts is seemingly along 

Nunc. Thus the unit Ob has been thickened through structural duplication by 

approximately 300% between CDP 5200 and 4900. 

Unit Oy succeeds the tectonically thickened Ob unit and reflector T. Oy is mostly 

transparent, though weak reflections are noted. Reflector ~unc truncates Oy reflectors 

between CDP 5950 and 6550. The unconformity, ~unc, also cuts across the 

underlying thrusts between CDP 5900 and 4850. Unit ~ above ~unc, consists of 

parallel and evenly spaced, medium amplitude reflections occupying large 

depressions of an apparent width of 400 to 500 CDP's (10 to 12.5 Ian). Reflector Kunc 

truncates these ~ reflectors. Unit Kc follows the unconformity, Kunc and is composed 

of weak though fairly continuous reflections. Kc extends over the entire profile with 

the exception of a few discrete patches where units below outcrop. 

2.2.1.111 Stratigraphic Interpretation (see figure 2.3) 

2.2.1.III.a. Ventersdorp Sediments and Basalts (VS and Vb) [2.71 - 2.64 Gal 

The Klipriviersberg mafic volcanics at the base of the Ventersdorp Supergroup are 

limited to the northeast of the Ventersdorp depository (Van der Westhuizen et at., 

1991) and are therefore unlikely to be present along seismic profile KBF 03A. The 

Ventersdorp sequence along this line can be roughly divided into a sedimentary 

package (Vs) followed by basalts (Vb). The distinction has been made primarily by 

consideration of seismic reflection character. The sedimentary unit is far more 

reflective than the overlying basalt unit. 

The first Ventersdorp reflection fills in basement topography i.e. lows and onlaps the 

basement in the east. The onlap shows that this local basement-high is an earlier 

feature and also explains why the Ventersdorp does not outcrop in this area. At some 

2-7 
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localities within the Ventersdorp sedimentary unit there are preserved sequences and 

channels. The best examples are illustrated in figure 2.4. 

The lateral variation in reflection character from medium to high amplitude, semi­

continuous reflections to almost transparent areas is perhaps due to lateral lithological 

shifts. A more proximal environment of deposition results in coarser sediment, the 

distal areas in fine sediment. These lateral changes in lithology may result in variation 

in density and acoustic impedance, causing laterally discontinuous reflections. 

The sedimentary unit of the Ventersdorp Supergroup thickens to the west, reflecting a 

greater creation of accommodation space towards the craton edge. The progradation 

of sequences in apparent westward direction is consistent with this (figure 2.4). 

Sequence 2 cuts down into sequence 1. The position of sequence 2, west of sequence 

1, suggests that the transport direction of sediment was to the west. The master listric 

fault F2 has resulted in the downward displacement of the Ventersdorp sedimentary 

unit to the west. Thus some of the apparent 'thickening' to the west may be due to 

duplication of the reflectors as the listric fault approaches the horizontal. 

Extruded onto the Ventersdorp sediments are the Ventersdorp basalts (Vb), which may 

be associated with a period extension, associated with rifting along the Kaapvaal 

Craton's western edge. The transition from Ventersdorp sediments to basalt produces 

a significant density contrast, thus a large difference in acoustic impedance. This 

results in a reflector that is easy to identify due to its high amplitude and lateral 

continuity. Characteristically, the basalt unit is acoustically transparent suggesting a 

constant and uniform outpouring of basaltic material. The one distinct reflector, 

visible primarily to the west ofFl (CDP 5400) may result from a brief break in 

eruption, or perhaps it reflects a late stage intrusion. 

2-8 
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Figure 2.4: Sequences and channels in the Ventersdorp sedimentary unit along the 

central section of the line KBF03A. Sequence 2 erodes into sequence 1, and is located 

westwards of 1. Therefore, sediment transport is probably approximately to the west. 

Reflectors of sequence 2 are truncated by a channel (blue). The erosional truncations 

are particularly noticeable on the western channel edge. The top of the Ventersdorp 

sedimentary unit has been eroded. Box in A is enlarged: B is uninterpreted, C 

interpreted. 
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2.2.1.1I1.b. The Griqualand West Sequence (Gs, Gc, Gak and Go) 

The Ghaap Group 

The Ghaap Group is the lowest stratigraphic group in the Griqualand West Sequence. 

It is subdivided into the Schrnidtsdrif (Gs), Campbell rand (Gc), Asbesheuwels and 

Koegas (Gak) subgroups. Of these the Schmidtsdrif (CDP 1600) and Asbesheuwels 

(4200) Subgroups outcrop. 

A. SCHMIDTSDRJF SUBGROUP (Gs) [2.64 - 2.59 GAl 

The Schmidtsdrif Subgroup, succeeding the Ventersdorp flood basalts, thickens 

westward from ~500 m to ~141O m. The high reflectivity of the Schmidtsdrif 

Subgroup may be indicative of the superposition of alternating lithologies. Shale and 

sandstone of the Vryburg Formation outcrops in the east where it as been deposited 

directly onto the basement. Absence of the Ventersdorp Supergroup east of F I is 

discussed in section 4. East of F I, normal faults (figure 2.5) dipping both to the east 

and west, have displaced the Schmidtsdrif Subgroup. 

B. CAMPBELLRAND SUBGROUP (Gd [2.59 - 2.52 GAl 

The Campbellrand carbonates succeed the Schmidtsdrif Subgroup. Unlike the 

Schmidtsdrif Subgroup and Ventersdorp Supergroup, the Campbellrand Subgroup 

maintains an equal thickness across the extent of the profile. The subgroup is 

composed of two units with differing reflection character. At basal unit (~680 m 

thick) is acoustically transparent which may indicate uniformity in composition. The 

unit above is marked by laterally continuous reflections of low to medium amplitude. 

The bright or high amplitude reflections towards the top of the Campbellrand 

Subgroup suggest a greater degree of interbedded material. 

C. ASBESHEUWELS AND KOEGAS SUBGROUP (GAK) [2.52 - -2.46 GAl 

The transition from the shales and carbonates of the Campbellrand Subgroup to the 

Banded Iron Formation of the Kuruman Formation, Asbesheuwels Subgroup is 

marked by a strong impedance contrast and therefore a very high amplitude, 

continuous reflection. The seismic character of unit Gak varies laterally from brighter 

reflectors, high in amplitude, to weaker reflections. 
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Figure 2.5: Eastem section of seismic profile KBF03A 
Normal faults displace the Schmidtsdrif Subgroup, which 
directly overlies the Archean granitic basement. 
A) Uninterpreted section 
B) Interpreted section 
C) Apparent dip of fault is 47.13° to the east, with 
a net displacement of - 1 80 m. 
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1250 ms lWf = 3687.5 m 
(average Pwave V = 5900 m/s) 

r =6663.3 m = net displacement along fault 

5000 

. Ventersdorp 
Sediments 

Figure 2.9: Estimate of net vertical displacement along the fault, F2. Displacement of 

- 6.5 km is measured from the offset of the Asbesheuwelsl Ongeluk transition, along 

the steepest portion of F2. Because there has been a reversal of motion along F2 (see 

section 2.2.1.IV.), the normal displacement calculated is a minimum. 
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Voelwater subgroup, and forming the base of the successive Olifantshoek sequence. 

This unconformity is not apparent in line KBF03A. 

2.2.1.1I1.c. The Olifantshoek Sequence (Oml, Oh and Ov) 

Above the Postmasburg Group, stratigraphic detail is difficult to establish. This is due 

to lack of outcrop and borehole control and the complexity of deformation. To 

establish stratigraphic detail above the Ongeluk lava on KBF03A, it was necessary to 

use published structure and stratigraphy of areas ~ 150- 200 km to the south of 

KBF03A, where there is good outcrop control. (Grobbelaar et al. 1995; Barton et al. 

1986; Stowe 1986; Schlegel 1988; Cornel 1987; Altermann et aI.1992; Altermann and 

Halbich, 1990 and Moen, 1999). The published thicknesses of the Olifantshoek units 

were compared to the two way time intervals of KBF03A using P wave velocities 

given in table 2.1. This proved a means of checking the validity of the assignation of 

established stratigraphic names to the seismic profile. The seismic reflection character 

was also checked against what was expected for each unit. 

The Olifantshoek Sequence consists of four formations and a group, the Mapedi, 

Lucknow and Hartley Formations and Volop Group. For the purpose of this work, the 

sequence has been treated here as two main units separated by Nunc, named the Neylan 

Unconformity (first recognised by H.S van Niekerk, RAU, pers. comm. 2000). Below 

the unconformity are the Mapedi and Lucknow Formations (Oml) and above are the 

Hartley Formation (Oh) followed by the Volop Group (Ov). 

A. THE MAPEDI AND LUCKNOW FORMATIONS (OML) 

Succeeding the Ongeluk lavas are the Mapedi and Lucknow Formations (Oml). 

Complex normal faulting has resulted in the displacement of several of the Mapedi 

and Lucknow reflectors. The similarity of some reflectors within this unit, suggests 

possible repetition caused by thin-skinned thrusting. Unfortunately this is difficult to 

verify. 

The Mapedi and Lucknow Formations of the Olifantshoek as well as the Ongeluk 

basalts, Asbesheuwels and Campbell rand Subgroup form an anticline, dipping 
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westwards west of CDP 5400, and eastwards, east of this point. This deformation has 

given rise to a localized relative uplift, and has subsequently been eroded to produce 

the Neylan unconformity (Nunc) (Figure 2.10). The Neylan basal conglomerate, above 

the unconformity, forms the base of the Hartley Formation. 

B. THE HARTLEY FORMATION (OH) [1.9 GAl 

The Hartley lava is distinguished by its transparent seismic character (similar to the 

Ongeluk basalt and Ventersdorp flood basalt). The top of the Hartley formation is 

marked by a prominent reflector marked T. The entire unit up to T has been repeated 

several times by low-angle thrusts with shallow dip to the west. The net result is a 

tectonically thickened section of the Hartley Formation by ~300%. The base of the 

thrusting is rooted in the Neylan unconformity, which may have acted as a 

decollement surface. 

C. THE VOLOP GROUP (Ov) 

A small section of the arenaceous Volop Group overlies the Hartley Formation. It is 

almost completely transparent, though there are near horizontal, very weak reflectors 

towards the top of the unit. The horizontal orientation of these reflectors, relative to 

the dipping thrust reflectors cutting the Hartley Formation, seems to indicate that the 

Volop Group was deposited after thrusting, toward the hinterland (east). The 

transparency of the unit may be a reflection of its extremely uniform lithology. 

2.2.1.1I1.d. The Karoo Supergroup (KcJ [350 - 300 MaJ 

The Olifantshoek reflectors are truncated by a major unconformity, Kaunc (figure 

2.11). This unconformity has cut into the underlying Olifantshoek-age thrusts and 

terminates against F2. The unconformity undulates as large, approximately 10 km 

wide depressions. Above this unconformity, and occupying the large depressions 

described above, is the Dwyka Group, Karoo Supergroup. The depressions are 

interpreted to be large glacial valleys which have been cut into the underlying rocks 

during the Permo-Carboniferous, Dwyka-aged glacial event (~350 to 300 Ma). 

Displacement of Karoo reflectors by the master listric fault, F2, indicates that this 

fault has a post-Karoo, pre Kalahari component of normal movement. 
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Meters - --

Figure 2.10: Central section of the seismic profile KBF03A. The Neylan 

Unconfonnity (red) erodes lower Olifantshoek reflectors. In blue is an interpreted 

channel. Nonnal faults are in black (F3), thrusts are white (F4). Box in A is enlarged: 

B is uninterpreted, C interpreted. 
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Meters - - --5000 

Figure 2.11 : Central section of seismic profile KBF03A showing the Dwyka 

unconformity (red) eroding the Hartley Formation (F4), below. Box in A is enlarged: 

B is uninterpreted, C interpreted. 
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2.2.1.III.e. Kalahari Cover (Ke) 

Dwyka reflectors are truncated by Kunc, named the Kalahari unconformity, which 

extends across the entire profile. In the east Kunc truncates the Ongeluk lavas and the 

underlying Asbesheuwels, Campbellrand and Schmidtsdrif Subgroups. The tertiary 

Kalahari cover is designated as Kc. The transparency of this unit is due to its uniform 

and its partially unconsolidated composition. Within this Kalahari unit at least one 

possible fluvial channel has been identified (figure 2.12). 

2.2.1.IV. Tectonic model (Figures 2.16 to 2.18) 

Profile KBF03A illustrates a complex structural history, which may help in the 

understanding of the tectonic history of the Kaapvaal Craton's western margin (see 

chapter 3.2.). The central section of seismic profile KBF03A has been structurally 

interpreted in figure 2.13 . The structural history of line KBF03A is divided into four 

phases. These roughly correspond to: 

1) Extension: Initial deposition in a rifted environment dominated by 

extension followed by thermal subsidence. Figure 2.14 gives an expanded 

view of the fault zone, F 1, including the structural interpretation of this 

area. 

2) Compression: Development of relative localized uplift and erosion of 

surfaces. Compression continued after a period of volcanic extrusion. This 

renewed compression resulted in the development of stacked thrust sheets. 

3) Extension: Development of the master listric fault, F2, and numerous 

smaller scale faults, which displaced the thrusts of (2). There may be a 

strike-slip component to movement along F2 and smaller scale faults 

(figure 2.15). The net displacement along F2 is calculated to be 6.5 km 

(figure 2.9). 

4) Finally the entire sequence was subject to two periods of uplift and 

erosion followed by deposition of the Dwyka Formation and Kalahari 

cover, resulting in today's land surface. Some movement along the master 

listric fault, F2, occurred post Karoo and pre Kalahari. 
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Kalahari unconfonnity. Note the truncation of a reflector by the eastern edge of the 

channel (blue). Box in A is expanded: B is un interpreted, C interpreted. 
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Figure 2.13: Structural interpretation of the Olifantshoek and successive Dwyka and Kalahari sequences. Phases of faulting are distinguished 
by various colours: The master listric fault (F2 in yellow); normal faulting within the lower Ollfantshoek Group, prior to the formation of the 
Neylon unconformity (F3 in blue); thrusting of the Hartley Formation (F4 in whlte) and subsequent normal faults, which displace the thrusts 
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r.-~~~=-___ b~ _ _ I~ _ _ ~ ~~~~ ____ ___ -, 
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Figure 2.14: Top: Structural interpretation of the F1 fault zone. This zone is labeled 1. due to the fact that 
the displacement precedes Campbellrand carbonate deposition thus is one of the first phases of faulting 
recognized along KBF03A. 
Bottom: Simplified 4-stage structural history. 
A) The Ventersdorp sediments are deposited. onlapping a local basement high (black half arrow). The 
Ventersdorp basalts are then extruded. The original lateral distribution of the Ventersdorp basalts is unknown. 
hence marked'?' . There are two possibilities: 1) The basalts onlap the basement. and are not deposited to 
the east of Fl. or 2) they have been eroded after initial movement along Fl. The second interpretation is 
schematically shown above. 
B) A normal fault (FA) dipping to the west displaced the Ventersdorp Supergroup relatively downward to 
the west. 
C) Uplift and erosion preceded the deposition of the Schmidtsdrif Subgroup which lies directly on the 
basement in the east. 
D) A second normal fault (Fs) dipping to the east then displaced the Schmidtsdrif Subgroup downward 
to the east. Initial F 1 displacement is bracketed as post Ventersdorp and pre Schmidtsdrif 
Subgroup. with renewed extension. post Schmidtsdrif deposition. 
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Figure 2.15: A Band C show contrasting 
geometries of strike-slip basins in a dextral fault 
system. 
A: Pull-apart basin resulting in negative 
flower structure oblique to the strike of the 
fault. 

B: Transform parallel strike-slip basin 
c: Marmara-type escape basin and 
symmetrical flower strucutre above buried 
master fault (after Aksu et al.. 2000). 
D: An expanded view of fautt F2 (line 
KBF03A) and associated fautting. 
showing a geometrically similar distribution 
and orientation of associated faults to 
those of negative flower structures 
inA Band C. 

Thus there may be a repeated strike-slip 
component to the normal movement along 
F2 both during its initial movement (producing 
faults marked in blue) and its main secondary 
movement (producing faults marked in red). 
The vertical displacement along the master 
fault (F2 in yellow). is - 6.5 km. 
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Figure 2,16: Schematic summary of the structural history from 
the interpretation of seismic profile KBF03A 

PHASE 1 - Extension and Subsidence 

The Ventersdorp and Griqualand West Sequences 
were deposited during extension and subsidence related to 
rifting of an unknown fragment from the western margin of 
the Kaapvaal Craton. (Vertical scale is exaggerated), 

A: Within the Ventersdorp sedimentary unit there are 
sequences, channels and steeply dipping normal faults 
causing minor displacement (figure 2,4), The Ventersdorp 
sediments and basalts (2714 ± 3 Ma; Walraven, 1991) are 
interpreted as a rift sequence, Normal faulting occurs inland. 

B: Thermal subsidence succeeded the rift related 
subsidence and resulted in the deposition of the Griqualand 
West Sequence, (siliciclastics, carbonates and banded Iron 
formations) in the newly created accommodation space. 

(Unconformably overlying this sequence are the lower units 
of the Olifantshoek Sequence. All units, except the 
Campbellrand Subgroup thicken westward toward the 
craton edge.) 

C: Continued extension and the onset of normal movement 
along the listric fault, F2, Thus the age of this fault is 
< 2222 ± 1 2 Ma, the age of the Ongeluk lava, Cornell et aI., 
1996) but> 1928 Ma (the age of the Hartley lava Cornell et 
aI., 1998). (Some movement, however occurred post Karoo 
and pre Kalahari), Movement along F2 caused the 
development of a series of normal antithetic faults, dipping 
to the east (F3), There may be a component of strike-slip 
motion along F2 giving rise to a negative 'flower structure'- a 
splay of normal faults associated with strike-slip movement 
(figure 2.15). 
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Figure 2.17: Schematic summary continued. 

PHASE 2 - Compression 

Phase 2: onset of compression, which may have resulted In 
bedding-parallel thrusts within the lower Olifantshoek Group, 
though this is difficult to verify. 

A: Compression from the west folded the passive margin 
succession, produCing an anticline bordered to the east by 
F2. This phase of compression may also have resulted in a 
reversal of motion along F2, from normal to thrust. 

B: Folding caused localized uplift and the synchronous or 
subsequent erosion of this new topographic high resulted 
in the development of the Ney1an unconformity. Tne 
Ney1an unconformity possibly grades into a conformable 
sequence westward. 

C: Following the extrusion of the Hartley basalts (upper 
OIifantshoek Group) thrusting of the upper Olifantshoek (F4) 
caused multiple duplication of these units. Thrusting was 
apparentiy directed from the west and decollement 
probably rooted along the Ney1an unconformity (figure 2.10) 
The lateral extent of this thrusting Is unknown. The 
development of thrust packages (duplexes) resulted in 
loading of the passive margin sequence causing it to flex 
downward to the west (chapter 3). Associated with this 
period of thrusting may have been further reverse motion 
along F 2. It is uncertain whether the successive Volop 
Formation was depoSited syn- or post- deformation. 
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Figure 2.18: Schematic summary continued. 

PHASE 3 - Extension 

Phase 3: Onset of renewed extension. Major normal movement 
along F2 results in the displacement downward to the west of the 
passive margin sequence, together with the thrusted Hartley and 
successive Volop. Maximum displacement estimated in total is 
- 6.5 km (figure 2.9). Movement along this listric fault is 
accompanied by a pattern of monoclinal bending or 'roll over' 
of units into the fault and antithetic faulting (F3). The structures 
developed in the hanging wall are reminiscent of a 'flower 
structure', suggesting a significant strike-slip component. 

This extensional period may have been the result of the 
movement of the thrust front to the east leaving an extensional 
hinterland in its wake. Thus, the thrusts are displaced by 
subsequent normal faulting, F5 (figure 2.13). 

PHASE 4 - Uplift 

A period of uplift and glacial erosion (300 to 350 Ma) created the 
Dwyka unconformity which represents a considerable hiatus 
therefore of - 1500 to 2500 Myr. Large scale Dwyka glacial 
valleys have cut into the underlying late Olifantshoek-aged thrusts. 
The Dywka Formation Is not repeated on the east side of the listric 
fault F2 thus there has been post-Dwyka, normal reactivation of 
this fault. 

Further uplift and erosion created the Kalahari unconformity upon 
which the Kalahari is deposited during the Tertiary. Again, a slight 
disturbance of reflectors by F2 suggests late stage reactivation of 
this fault. 
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Kalahari Formation 

Dvvyka Formation, 
Smith et 01., 1993 

65 - 30 Ma 

290Ma 

-1 1929 - 1750? 

Hartley Lava, 
Cornell et 01., 1998 

Ongeluk Lava, 
Comell et 01., 1 996 

KUFuman Formation, 

T 
Armstrong ref'd in Martin et 01. , 1998 
Campbellrand Subgroup, 

1928 Ma 

2222 +- 12 Ma 

2465 +- 7 Ma 
2521 +- 3 Ma 

Interpretation - -
Tectonic Regime/ Paleoenvironment 

) P~SE GlaciaTIon 

Uplift 

Unconformity 

) PH~SE Renewed extension 

Compression and 
thrusting 

PHASE Renewed Extension 

2 
Compression and uplift 

Renewed extension 

Events 

Erosion/ deposition of continental sediments 

Dywka Formation fills glacial vailleys. 
Possible reactivation of F2, 

Normal fault movement along F2 

Internal duplication of Hartley Formation. 
Vergence towards the east. 

Extrusion of Hartley lavas 

Development of growth fold (anticline) 

Extrusion of Ongeluk lavas 

Subsiding continental-shelf platform 
Summer and Bowing, 1 996 
Vryburg, Schmldtsdrif SubQroup 
Beukes (pers. comm. 200T) 2642 +- 3 Ma - k PHASE Extension and thermal Thickening of units away from craton interior. 

Ventersdorp, Makwassie Quartz 
Porphyry, Walraven, 1991 

Kraaipan Granite, 

2714 +- 3 Ma 

1 subsidence 

Depostion of rift sediments and extrusion 
of Ventersdorp basalts 

~ Anhaeusser and Walraven, 1 997 3162 +- 8 Ma 
N 
'D 

Table 2.19: Time line summary of the structural history of seismic profile KBF03A. 
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This sequence of events is included as a timeline in figure 2.19 and schematically 

summarized in figure 2.16 to 2.18. 

2.2.1.V. Discussion 

2.2.1. V.a. Why does the Schmidtsdrif Subgroup significantly thicken to the west (from 

-500 m to -1400 m)? 

This is perhaps due to a higher rate of basement subsidence toward the edge of the 

craton. This subsidence is possibly thermally induced, related to the cooling of the 

aesthenosphere following rifting, and the extrusion of the Ventersdorp flood basalts. 

A higher subsidence rate at the craton's edge would create new accommodation space 

to be filled resulting in a transport of sediments westwards. Differing subsidence rates 

and associated sedimentation along line KBF 03A is discussed in chapter 3.1. 

2.2.1. V.b. Why don't the Campbellrand Carbonates thicken to the west? 

The Campbell rand Subgroup maintains an equal thickness across the extent of the 

profile. Unlike siliciclastic material, the formation of carbonate will only keep pace 

with subsidence if the water level remains within the window of carbonate 

production. If subsidence resulted in a relative rapid rise in sea level above this 

window, then the formation of carbonate may be inhibited. This is perhaps the reason 

for the lack of thickening of the carbonate unit in the west, where subsidence and 

consequently water depth has been proposed to be greatest. However, present day 

carbonate production can keep pace with subsidence rates of up to 5000 mlMa 

(Altermann and Nelson, 1998), which far exceeds that calculated for this period along 

KBF03A (see chapter 3.1.). 

2.2.1. V.c. Substantiation of stratigraphic interpretation 

Published lithological descriptions of the Schmidtsdrif and Campbellrand Subgroups 

support the stratigraphic interpretation of the seismic profile KBF03A. 

• The Schmidtsdrif Subgroup is composed of alternating shales, quartzites, 

siltstones, carbonates, chert and tuff (Beukes, 1987; Altermann and 

Wotherspoon, 1995; Altermann and Nelson, 1998). These alternating 
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lithologies produce high impedance contrasts, resulting in high amplitude 

reflections, which are apparent in the seismic profile KBF03A. 

• The Reivilo Formation, at the base of the Campbellrand Subgroup, 

consists of various bioherm forms with only rare intercalations of shale 

and marl (Altermann and Nelson, 1998). Such uniformity in composition 

is apparent in the transparency of the formation in the seismic section. 

Towards the top of the Campbellrand Subgroup interbedded shale and 

carbonates of the Gamohaan Formation described by Altermann and 

Nelson (1998) may have caused increased reflectivity of the unit. 

2.2.2. Seismic Profile KBF01 

2.2.2.1. Introduction 

Seismic profile KBFO I is located in the N orthem Cape (figure 2.20) trends roughly 

east/west and consists of three slightly overlapping sections, which are treated here as 

one, ~ ISO km in length. Unlike line KBF03A to the north, there is far more rock 

outcrop in this area. The following units outcrop from east to west: Campbellrand 

dolomites, Asbesheuwels Subgroup, Ongeluk lava, Makganyene diamictite and the 

Gamagara Formation. 

2.2.2.11. Description (figure 2.21) 

The succession of reflective material overlying largely unreflective basement in 

seismic line KBFOI, thickens from 0.5 s TWT in the east to 4.5 s TWT in the west. 

Both the thickness and degree of dip of individual units changes from east to west. 

The sediment! basement interface is a red dashed line in figure 2.21 . The oldest unit 

overlying the basement is marked 'V' . Unit V is divided into subsections, VA, VB and 

Vc based on reflection character. VA is characterised by low amplitude or weak, 

discontinuous reflections. In contrast, VB is characterised by medium to high 

amplitude, semi-continuous to discontinuous reflections. Sub-unit Vc, above, is 

transparent. Unit V thickens west ofCDP 3700 to a maximum of2.3 s TWT over a 

horizontal distance of around 45 km. 
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Figure 2.20: Geological map of the Maremane dome area, showing location of 

seismic profile KBFO 1 (geology simplified from the Geological Map of South Africa, 

Transkei, Bophuthatswana, Venda and Ciskei and the Kingdoms of Lesotho and 

Swaziland. 1: 1 000 000, 1984). 
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Unit Vs begins with the first reflection above the transparent unit Uc. It is a unit 

composed of medium amplitude reflections that are semi-continuous. Vs reflectors 

have been displaced by numerous faults and show truncations both within the unit and 

by the successive unit, Vb. 

V b is a thick transparent unit. In the west, it is divided into two subsections by a high 

amplitude, laterally continuous reflector. It thickens to the west from 0.3 s TWT or 

~924 m to a maximum of 1.250 s TWT or ~3850 m (P wave velocity of 6159 mls). 

Multiples, which have survived seismic processing, are most likely associated with 

the high amplitude reflectors of the unit Gs above. These give the false impression 

that Vb is highly reflective. 

The basal reflector of unit Gs follows Vb. Above this reflector, Gs is a distinctive unit, 

composed of very high amplitude, laterally continuous, parallel reflections that are 

evenly spaced. Gs thickens from a minimum of 0.05 s or ~ 145 m to 0.25 s or ~ 725 m 

(P wave velocity of 5800 mls). 

Unit G c, a transparent unit, is conformable with the underlying Gs. Unit G c outcrops 

east of CDP 2600 and west of CDP 4400. G c maintains a constant thickness of around 

0.5 s TWT or ~ 1708 m (P wave velocity of 6834 mls). Both units G s and Gc are 

truncated west of CDP 4950 by reflectors of the Ogl unit. 

G ak follows G c and is composed of discontinuous and low amplitude reflectors. Like 

the units below, Gak reflectors show minor displacement by pervasive normal faults. 

Gak outcrops from CDP 2600 to 4300. 

From the geological map (figure 2-20), it is known that a further group, Go, is present 

in the hinge of this syncline. It is impossible to isolate this unit on the seismic profile 

therefore an approximation of its location has been made in the seismic interpretation. 

Go also outcrops west of CDP 5150. It truncates the unit Ogl below. 

Unit Ogl outcrops between CDP 4950 and 5100 and again west of approximately CDP 

5550. It is stratigraphically above and below unit Go. Ogl is a fairly transparent unit 
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though occasional medium amplitude, discontinous reflections do occur. One of these 

has been clearly truncated by unit Go. 

West of CDP 5100, all units described above, dip steeply toward the west. 

2.2.2.111. Stratigraphic Interpretation (figure 2-22) 

2.2.2.1I1.a. Unit U 

The stratigraphic interpretation of line KBFO I relies on outcrop information, which is 

abundant in this area. The basal unit U, however, does not outcrop. It forms a wedge 

that thickens rapidly to the west. U lies below the known Ventersdorp sediments and 

basalts, and is of questionable origin. Section 2.2.3.V.a. discusses possible origins of 

this unit. 

2. 2. 2. III. b. Ventersdorp Sediments and Basalts (VS and VB) 

Reflectors within the Ventersdorp sedimentary succession are semi-continuous due to 

their displacement by many normal faults . Faulting has resulted in horsts and grabens 

(figure 2-23). Within, and at the top of this unit, are several unconformities that have 

eroded into underlying reflectors (figure 2-24). The Ventersdorp sedimentary unit has 

similar features and is similar thickness to the same unit described in section 2.2.I.II 

KBF03A). 

The Ventersdorp basalts are characteristically transparent, suggesting uniform 

composition. The reflector that cuts the unit west of CDP 2800 may be due to a late 

stage intrusion, or a temporary break in eruption. Section 2.2.1.11 describes a similar 

reflection within the same group present on line KBF03A. The Ventersdorp basalt 

unit is variable in thickness, which may reflect either an uneven deposition or uneven 

erosion by the overlying Schmidtsdrif Subgroup. 

Similarly to profile KBF03A, both the Ventersdorp sediments and basalts thicken to 

the west. This suggests an increased subsidence rate toward the craton edge in the 

west. 
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w~-

Figure 2.23: Seismic data is interpreted to show horst and grabens within the 

Ventersdorp Sequence. Box in A is enlarged: B is uninterpreted, C interpreted. 
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Meters - --5000 

E 

Figure 2.24: An unconfonnity (blue dashed line) truncates Ventersdorp sediments 

along KBFOl. White arrows show reflection truncations. Box in A is enlarged: B is 

uninterpreted, C interpreted. 
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2.2. 2.111. c. The Griqua/and West Sequence (GS1 Gc. Gak and Go) 

The Ghaap Group 

A. THE SCHMIDTSDRIF SUBGROUP (Gs) 

The Schmidtsdrif Subgroup thickens slightly to the west. The high amplitude, 

continuous reflectors suggest strong impedance contrasts perhaps reflecting laterally 

persistent lithologies. Like the underlying Ventersdorp units and overlying 

Campbell rand Subgroup, reflectors of the Schmidtsdrif Subgroup have been displaced 

by steeply dipping normal faults. The displacement along these faults is minor. The 

general seismic character of this unit is similar to that described in section 2.2.1.11 

(KBF03A). 

B. THE CAMPBELLRAND SUBGROUP (Gd 

The presence of multiples associated with the strongly reflective Schmidtsdrif unit 

obscures the fact that the Campbellrand Subgroup is acoustically transparent. This 

subgroup is uniform in thickness across the profile. West of CDP 4950 the 

Campbell rand dolomites outcrop adjacent to the lower Olifantshoek, Mapedi 

(Gamagara) and Lucknow Formations. This is due to the thrusting of the latter over 

the dolomites, described in fuller detail in section 2.2.3.IV, figure 2.26. 

C. THE ASBESHEUWELS AND KOEGAS SUBGROUP (GAK ) 

An increase in reflectivity accompanies the transition from the carbonates 

(Campbellrand Subgroup) to iron formation (Asbesheuwels Subgroup). This may be 

due to acoustic contrasts arising from interbedded chert or shale within the iron 

formation. The Asbesheuwels and Koegas subgroups appear to be more faulted than 

the carbonates below. However, this may be due to the transparency of the 

Campbell rand carbonates, hence the difficulty in identifying faults. 

The Postmasburg Group 

D. THE MAKGANYENE AND ONGELUK FORMATIONS (Go) 

These formations are only evident on the seismic profile to the west of CDP 5150. 

They are seismically indistinguishable from each other, therefore have been grouped 

as Go. This unit truncates the underlying reflectors of the lower Olifantshoek 
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formations. This unconformity is interpreted as tectonic, forming as the Ongeluk and 

Makganyene Formations were thrust over the lower Olifantshoek sediments. 

E. THE LOWER OLIFANTSHOEK GROUP (Oce) 

The lower Olifantshoek sediments are seismically transparent, indicating uniform 

composition. One reflector, however, is truncated by the Ongeluk Formation above. 

The unconformity between the lower Olifantshoek Group and the Ongeluk and 

Makganyene Formations above is again interpreted as tectonic. Thus the position of 

the lower Olifantshoek Group both above and below the older Ongeluk Formation is 

explained by thrusting (section 2.2.3.IV., figure 2.26). 

2.2.2.1V. Tectonic Model 

The following structural observations are made: 

• The Ventersdorp sediments and basalts, Ghaap Group and Ongeluk lava 

are folded into a syncline/ anticline pair. 

• The syncline is asymmetric. The eastern limb has a shallower dip than the 

western limb. The apparent asymmetry may be due to the orientation of 

the profile relative to the strike of the fold. 

• The lower Olifantshoek Group: Mapedi (Gamagara) and Lucknow 

Formations lie above and below the Makganyene and Ongeluk 

Formations. The thrusting of both the lower Olifantshoek over the 

Griqualand West Sequence and the Ongeluk and Makganyene over the 

lower Olifantshoek has caused the tectonic truncation of reflections (figure 

2.25). 

• A normal fault has displaced the thrusted Ongeluk Formation as well as 

the underlying Ghaap Group. 

From these observations a tectonic model is proposed. This model consists of four 

main phases of deformation: 

1) After the deposition of the Ongeluk Formation « 2.2 Ga), the 

Ventersdorp, Ghaap and Postmasburg groups were folded to form a 

syncline/anticline pair (figure 2.26a). 
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2) Compression continued, resulting in the thrusting of the lower 

Olifantshoek Group sediments (Gamagara/ Mapedi and Lucknow 

Formations) over the Griqualand West strata (Schmidtsdrif and 

Campbell rand Subgroups) (figure 2.26b). 

3) Thrusting continued, causing the duplication of the entire sequence 

(Ongeluk to Mapedi and Lucknow) (figure 2.26c). 

4) A late stage extensive regime resumed, resulting in the displacement of a 

thrust by at least one normal fault. 

2.2.2.V. Discussion 

2.2.2. V.a. Origin of unit U 

This wedge may be composed of: 

1. Stratigraphically older material (perhaps equivalent to the Dominion and 

or/ Witwatersrand Group). 

2. Ventersdorp units that have been duplicated by thrusting. 

3. Thickened Ventersdorp basalts and sediments along the craton edge. 

Ventersdorp deposition is associated with craton-wide extension, resulting in normal 

and strike-slip faulting. In addition, there is no evidence for Ventersdorp aged 

thrusting in seismic profile KBF03A, further north along the Kaapvaal Craton's 

western margin. The Ventersdorp sediments are interpreted to be a rift sequence 

deposited during extension along the margin. Therefore, option 2 seems unlikely. 

Without outcrop or boreholes it is difficult to choose between option 1 and 3. 

However, this wedge of material thickening toward the cratonic margin may be 

compared to simjlar modem extensional margjns elsewhere. Seaward dipping 

reflector wedges are described from the east Antarctic coast (Hinz and Krause, 1982; 

Jokat et aI., 1996) and off the eastern margin of Greenland and the western margin of 

Norway (Courtillot et ai., 1999, Reemst and Cloetingh, 2000). The Hatton and Edoras 

bank, Rockall continental margin, are two further examples of seaward dipping 

reflectors arising from volcanic flows, associated wjth continental break up (Barton 

and White, 1997). 
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Figure 2.25: Western section of line KBFOl. Box is enlarged: B is un interpreted and 

C interpreted. The lower Olifantshoek (Gamagara and Lucknow) is thrust over, and 

truncates the underlying Griqualand West Sequence. The lower Olifantshoek is in turn 

truncated by the stratigraphically older thrusted Ongeluk and Makganyene 

Formations. White arrows show apparent direction of thrusting. Red arrows mark 

reflection truncations. 
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Figure 2.26: Schematic interpretation of the structural history of the western section 

of line KBFO I. 

A: Compression results in folding. B: Lower Olifantshoek units (Mapedil Gamagara 

and Lucknow Formations) thrust over Ventersdorp and Griqualand West Sequence. 

C: Continued thrusting of entire sequence (Ongeluk and Olifantshoek) across 

previously duplicated lower Olifantshoek and formation of distinct duplexes. 

D: Additional load may have resulted in flexure of foreland down to the west. 

Sediments are now eroded to present land surface. 
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The maximum thickness of unit U is 2.3s TWT which equates to -7080 m if 

composed entirely of basalt (P wave velocity of 6159 mis, see table 2.1). The seismic 

character of this unit is not uniform however, which suggests a mixed composition of 

roughly 50% basalt, 50% sediment. Again ignoring compaction, a thickness of -6870 

m is estimated using this mixture (P wave velocity of 5800 mls for the Ventersdorp 

sediments). These Archean thicknesses are similar to the - 8 km thickness estimated 

for offshore continental-edge basaltic volcanic sequences associated with Mesozoic 

continental break up in the North Atlantic (Courtillot et al., 1999). 

2.2.2. V.b. Stratigraphic position of the Gamagara Formation 

The stratigraphic position of the Gamagara Formation is debated. Historically (pre 

1967) the Gamagara has been interpreted to be the equivalent of the Mapedi 

Formation, hence included as part of the lower Olifantshoek Group. The stratigraphic 

column was subsequently revised and the Gamagara is now regarded to be part of the 

Griqualand West Sequence. Beukes and Smit (1987) propose that the former 

interpretation is correct. Line KBFOI substantiates this claim. 

Two structural interpretations are shown in figure 2.27. In figure 2.27a, thrusts result 

in the duplication of Gamagara and lower Olifantshoek strata. Figure 2.27b lacks 

these thrusts suggesting rather the presence of several unconformities between the 

various units. Structural observations of line KBFOI (figure 2.25) show that the 

Gamagara and Ongeluk Formations have indeed been thrust over the Transvaal 

sediments . Thus, this evidence supports the proposition that the Gamagara is a 

correlative of the Mapedi Formation (lower Olifantshoek). Hence it is younger than, 

therefore cannot be a part of the Griqualand West Sequence (figure 2.26a). 

2.2.2. V.c. Possible flexure induced by loading 

Thrusting involving the Postmasburg and lower Olifantshoek Group resulted in the 

loading of the Ghaap and Ventersdorp Groups below. The emplacement of this load 

may have caused the latter to be deflected or flexed downward to the west. Thus the 

steep westerly dips of the Ventersdorp and Ghaap Groups may be related to this 

thrusting. 
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Figure 2.27: Two different interpretations, A and B, of the stratigraphic sequence in 

the Maremane Dome area. A: The Gamagara Formation forms part of the lower 

Olifantshoek Sequence and has been thrust over younger Griqualand West sediments. 

B: The Gamagara Formation is older, forming part of the Griqualand West Sequence 

(from: Beukes and Smit, 1987). 
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2.3. The Bushveld Profiles 

2.3.1. Introduction 

Lines Rz-254, 255 and 256 are located in the Northern and North West Province east , 

of the Botswana border (figure 2.28). They traverse a large syncline that is oriented 

east-west and is composed of sediments and lava belonging to the Transvaal 

Supergroup. Remnants of Bushveld sills form scattered outcrops within its hinge. Rz-

254 extends 105 km north/south. Rz-256 is semi-parallel to Rz-254 and is 115 km 

long. These two lines are connected by Rz-255, which is 72 km in length and 

orientated parallel to the strike of the fold, thus east-west. 

2.3.2. Description (figures 2.29, 2.30, 2.31) 

The sedimentlbasement interface has been marked as a red line on figures 2.29 to 

2.31. Question marks and dashed line segments signify uncertainty in the placement 

of this line. The sediment/ basement contact is irregular. The successive unit, V 

occupies discrete areas where the sediment/basement contact is deep. V has a highly 

variable seismic character. Reflections are generally weak with poor continuity 

though occasionally semi-continuous reflectors do occur (for example, line Rz-255, 

east of CDP 2700). The unit attains maximum thickness in line Rz-256 of 1400 ms 

TWT or -4195 m, between CDP 700 and 1400 (average P wave velocity for 

Ventersdorp sediments and basalts estimated at 5993 m/s) . 

A high amplitude, laterally continuous reflector, marked Br, terminates the reflections 

of unit V, below. Unit em lies conformably above Br. Its seismic character and 

thickness of around 500 ms TWT or - 1700 m (P wave velocity of 6834 m/s) is 

uniform in all three lines. em grades from medium amplitude, continuous reflectors at 

the bottom, to weaker reflectors, and in some areas, transparency, towards the top. 

The first strong reflector marks the top of em and the bottom of the successive unit Pt. 

PI has brighter reflectors than em below. Reflectors range from continuous to semi­

continuous. They onlap and downlap and in some cases truncate, older reflectors 

within the unit. 
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Figure 2.28: Geological map of Thabazimbi and Rustenberg areas showing location of 

seismic profiles Rz-254, 255 and 256 (geology simplified from Geological Map of 

South Africa, Transkei, Bophuthatswana, Venda and Ciskei and the Kingdoms of 

Lesotho and Swaziland. 1: 1 000 000, 1984). 
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Unit Ph and the successive units Psds and Pm are only present in lines Rz-254 and 256. 

Unit Ph is mostly transparent, though occasional, medium amplitude reflectors do 

occur towards its top. It is similarly thick in these two lines, 250 ms (-760 m) to 300 

ms TWT (~9l2 m) in line Rz-256 and 254 respectively (P wave velocity of6083 

mls). With the transition from unit Ph to unit Psds above, there is an increase in 

reflectivity. High amplitude reflectors mark the base of the unit. Reflectors are semi­

continuous and onlap, downlap and truncate other reflectors within the unit. The 

thickness of unit Psds varies from 350 ms TWT or -960 m in line Rz-256 to 450 ms 

TWT or -1240 m in line Rz-256 (P wave velocity of underlying Timeball Hill 

Fonnation is 5500 mls) . 

The transparent unit Pm follows Psds . The youngest unit, P?, is identified on the basis 

of seismic character. The unit is characterized by semi- to discontinuous, folded 

reflectors. The top of this unit is transparent. In both seismic lines Rz-254 and 256, a 

very thin veneer of quaternary cover, Q, obscures the sediments below. It is 

unidentifiable on the seismic line, thus its approximate position has been marked from 

the geological map (figure 2.28). 

All units in lines Rz-254 and 256, except V, dip inward to the center from the 

northern and southern extent of the lines. Units em and PI of line Rz-255 are almost 

horizontal. 

2.3.3. Stratigraphic Interpretation (figures 2.32 to 2.34) 

The stratigraphic interpretation of the Rz lines is based on outcrop (figure 2.28). 

2.3.3.1. Ventersdorp Supergroup (V) 

The Ventersdorp Supergroup fills listric fault-bounded, discrete basins along the three 

seismic profiles. Bounding normal faults strike predominantly east-west, and dip to 

the north and south. Line Rz-255 shows an along strike view of a Ventersdorp basin 

between CDP 3300 and 2700. The width of this particular basin is estimated at -16 

km, and its depth at 1050 ms or -3.15 km (average P wave velocity for Ventersdorp 

sediments and basalts is 5993 mls) . The across strike dimensions of the Ventersdorp 

basins may be estimated from the lines oriented north-south, Rz-254 and 256. Thus, 
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due to the perpendicular orientation of the seismic profiles to one another, it is 

possible to make 3D approximations of the geometry of these basins. Figure 2.35 is a 

box diagram of the three Rz lines, and offers a 3D perspective of the Ventersdorp 

basins, and Transvaal sediments and basalts above. 

Of the Ventersdorp Supergroup, only the Allanridge andesites and the Bothaville 

sediments outcrop in the vicinity of the Rz-lines. However, the similarity of basin 

geometry to the Platberg basins described in section 2.4 suggests that older Platberg 

sediments may also be deposited in these discrete basins. 

2.3.3.11. Transvaal Supergroup (em, Ph Ph, PSd ' Pm and P?) 

2.3.3.II.a. Black Reef Formation (Br) [2642 ± 3 MaJ 

(Age for correlative Vryburg Formation, V-Pb, Beukes, pers. comm. 2001) 

The Black Reef Formation forms a distinctive marker reflector on the three seismic 

profiles. It appears very bright due to a strong impedance contrast between it and the 

carbonates above. The Black Reef Formation has eroded into the underlying the 

Ventersdorp sediments, resulting in a prominent unconformity (figure 2.36). A 

preserved channel is located within this unit, along seismic profile Rz-254 (figure 

2.37). 

2.3.3.II.b. Chuniespoort Group 

Malmani Dolomite (em) [2583 ± 5 Ma] (V-Pb, upper Oak Tree Formation, Martin et 

al., 1998) 

The Malmani dolomite has constant thickness across the three seismic profiles. It is 

also of similar thickness to the correlative Campbellrand dolomite described in the 

Griqualand West sub-basin along the western margin of the craton (section 2.2.l.II). 

Malrnani reflections may be caused be interbedded chert or sediment or by the 

intrusion of sills, possibly Bushveld in age (2060 Ma). 
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Figure 2.36: Erosional truncation ofYentersdorp reflectors by Black Reef Formation, 

Transvaal Supergroup (line Rz-256). Box in A is expanded: B: un interpreted, C 

interpreted. 
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Figure 2.37: Channel in Black Reef Forrnation (line Rz-254). ChaIU1el fill reflectors 

onlap chaIU1el walls. A is uninterpreted, B interpreted. 
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2.3.3.II.c. Pretoria Group 

A. TIMEBALL HILL AND BOSHOEK FORMATIONS [2263 MA; Rb-Sr, Referenced in Eriksson et 

al., 1993] 

The onlap and downlap of reflectors (figure 2.38) within this unit suggests lateral 

transport of sediment and the development of sequences. Vertical and lateral 

lithological changes cause density, therefore impedance contrast and result in 

reflections. Alternatively, Bushveld-aged mafic sills may cause reflections. Apparent 

reflection truncations may be sills 'stepping up' through the stratigraphy. 

B. HEKPOORT AND DWAALHEUWEL FORMATIONS [2223 ± 13 MA; Rb-Sr, Cornell et at., 1996] 

The transition from the Timeball Hill and Boshoek sediments to the Hekpoort 

andesitic lavas is marked by an increase in transparency. This lack of reflections 

suggests uniform lithology. The reflectivity of this unit increases from the transparent 

Hekpoort Formation lavas to the Dwaalheuwel Formation sediments. Again, 

Bushveld-aged sills may cause these reflections. 

C. STRUBENKOP, DASPOORT AND SILVERTON FORMATIONS 

These formations are grouped together due to their similar seismic character. 

Similarly to the Timeball Hill and Boshoek Formations, reflections onlap and 

down lap other reflectors within the unit. Again, this suggests lateral sediment 

movement and the development of sequences, or the presence of sills (figure 2.39). 

These reflections are the brightest of all units in both profile Rz-254 and 256, 

indicating that density and impedance contrasts are the greatest within these 

formations. 

D. MAGALIESBERG FORMATION 

Top reflectors of the Silverton Formation are truncated by the transparent 

Magaliesberg Formation above (see figure 2.40). Again, the transparency of the 

Magaliesberg Formation suggests a uniform composition. In line Rz-256 weak, folded 

reflections are noted. 
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Figure 2.38: Onlap and downlap of reflectors suggesting the movement of sediment, 

therefore the development of sequences within the Timeball Hill and Boshoek 

Formations (line Rz-254). Alternatively, reflection terminations may be due to 

intrusive sills, of possible bushveld age, 'stepping up' through the stratigraphy. Box in 

A is enlarged: B is uninterpreted, C interpreted. 
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Figure 2.39: Erosional truncation and downlap of reflectors within the upper Pretoria 

Group sediments (line Rz-254). Box in A is enlarged: B is uninterpreted, C 

interpreted. 
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254). A is uninterpreted, B interpreted. 
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E. P? (LINE Rz-254) 

A general increase in reflectivity accompanies the transition from the Magaliesberg 

Formation to the unit P? above. The stratigraphic name of this unit is uncertain, hence 

the'?' (see discussion below). Like the Magaliesberg Formation in line Rz-256, the 

unit's basal reflectors are folded (section 4). The upper section ofP? is transparent, 

suggesting uniform lithology. 

2.3.3.111. Quaternary Cover 

A thin veneer of quaternary cover covers the hinge of the syncline. 

2.3.4. Structural Observations and Tectonic Model 

The following structural observations are made (oldest to youngest): 

• Deposition of the Ventersdorp Supergroup is controlled by listric normal 

faulting. The faults, bounding half grabens, trend predominately east-west, 

- parallel to the Thabazimbi-Murchison line, and dip to the north. 

Minimum vertical displacement along these faults ranges from -3 krn (Rz-

254) to -6 krn (Rz-256). 

• Formations at the northern end of lines Rz-254 and 256 dip to the south, 

and those at the southern end, dip to the north. Thus both lines are 

structurally dominated by a large syncline. 

• The syncline strikes east-west and extends over 100 km. Line Rz-255 is 

oriented along strike. 

• The thickness of all formations involved in the folding does not change 

through the syncline. Therefore folding, which must postdate the youngest 

formation, is post Pretoria Group in age « 2.2 Ga) 

• Minor normal faulting has displaced reflectors of most formations. 

• Small scale folding is present within the P? unit and Magaliesberg 

Formation. 

Thus, the interpreted tectonic history of this area is as follows: 

I) Extension: Ventersdorp extrusion and sediment deposition in small, 

discrete, predominately listric fault-bounded half grabens (2.6 Ga) 
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2) Deposition of Chuniespoort carbonates followed by Pretoria clastics in 

extensive regime as evident from numerous small-scale normal faults (2.6-

2.2 Ga). 

(Bushveld Igneous Intrusion- 2060 Ma) 

3) Compression: Development of east-west striking syncline. Reflectors 

within Magaliesberg and P? Formation more intensely folded perhaps due 

to lower competency. 

2.3.5. Discussion 

2.3.5.1. The origin of the unit 'P?' 

Thin Quaternary cover obscures older material making up the hinge of the syncline. 

There is thus uncertainty as to what this older material is. Two possibilities are: 

1) Magaliesberg and Silverton Formations intruded by Bushveld sills, or 2) the 

Woodlands Formation. 

Eriksson et al. (1998) proposed that the Woodlands Formation, which outcrops in the 

eastern Botswana, might continue into South Africa, under the Quaternary cover. The 

Woodlands Formation is suggested to form the top of the Pretoria succession. 

Eriksson et al. (1998) attributes the lack of outcrop in this area to the Woodlands 

Formation sediment composition, namely mudrocks and recrystallised quartzitic 

sandstones. Unit P? has a maximum thickness in line Rz-254 of 500 ms (-1000 m, 

estimated P wave velocity of 4000 mls). This thickness is comparable to that 

estimated by Key (1983) of 1200 m, but much thicker than the 100 m suggested by 

Eriksson et al. (1998). 

From seismic evidence a distinctive change in reflection character between the 

transparent underlying Magaliesberg quartzites and the more reflective P? is apparent. 

This increase in reflectivity may be attributed to the intrusion of Bushveld sills, which 

outcrop in this area. Without borehole control, it is difficult to distinguish between the 

first possibility and the second. 
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2.4. The Craton Interior 

2.4.1. Seismic Profiles OB (A and B) and AG 

2.4.1.1. Introduction 

The 'Karoo lines' are located in the Free State, south west of the Vredefort dome and 

at the northern extent of the great Karoo basin (figure 2.41). OB-A trends roughly 

NNE-SSW and extends as line OB-B to the SSE. Together they are around 85 km in 

length. Line AG trends NW -SE for 40km and intersects line OB-A near the town of 

Viljoenskroon. The Timeball Hill, Boshoek and Hekpoort Formations (Pretoria 

Group), Ecca Group and the Beaufort Group (Karoo Sequence), and post-Karoo, 

dolerite intrusions outcrop. 

2.4.1.11. Description (figure 2.42 and 2.43) 

The basement! sediment interface is judged as the first appearance of semi-continuous 

reflections. This interface is irregular, thus has not been marked in figures 2.42 and 

2.43. Unit W + D is composed of medium to high amplitude reflections and has a 

maximum thickness of2.5 s TWT or ~ 7.2 km (P wave velocity of West Rand Group 

is 5748 mls). Reflectors within this group are discontinuous. 

Above this reflective unit is a transparent section eRG which is cut roughly in half by 

a high amplitude reflector couplet, B. Topping this transparent section in some places, 

is a high amplitude, continuous reflection. The unit V k, above is transparent and is 

also capped by a laterally continuous reflector. 

Large-scale normal faults have displaced all units described thus far. Displacement 

along these faults varies (see section 2.4.l.IV.). The result of these normal faults is a 

series of horsts and grabens into which, for example line AG, CDP 1300 to 1600, a 

mostly transparent to weakly reflective unit V p has been deposited. This infilling unit 

has a maximum thickness of700 ms TWT or ~2040 m (P wave velocity of5827 m/s). 
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Figure 2.41: Geological map of the Bothavillel Vredefort area showing location of the 

Karoo lines, OB and AG. (Geology simplified from Geological Sheet of Bothavillel 

Vredefort (2726BI 2727A), 1962 and Geological Map of South Africa, Transkei, 

Bophuthatswana, Venda and Ciskei and the Kingdoms of Lesotho and Swaziland. I: 1 

000000, 1984). 
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The basal reflector of the successive unit V pn, truncates the underlying V p, V k and 

CRG units. Vpn is composed of medium amplitude, semi-continuous reflectors. It is 

variable in thickness up to 250 ms or -770 m (P wave velocity of 6159 m/s). 

A continuous reflector, Br, is distinctive on all three lines and truncates the units 

below. This second unconfonnity is the base ofCm which is unifonnly 500 ms or 

-1700 m thick (P wave velocity of 6834 m/s). Cm is mostly transparent, though weak 

continuous reflections do occur. 

PI succeeds Cm. It is distinctive on the seismic line due to its high amplitude, 

continuous reflectors. The unit Ph above is characteristically transparent and outcrops 

between CDP 2300 and 2500 and north east of CDP 2800 in line OB, and between 

CDP 550 and 800 in line AG. It is up to 300 ms or -900 m thick (P wave velocity of 

6083 rnIs). Ph, PI, and Cm have been folded resulting in undulations of approximately 

700 CDP's or-17.5 km in wavelength. 

Ke, a transparent unit, follows a weak continuous reflection that truncates reflectors of 

the units below. It outcrops on both lines. On line OB, units Ke, Ph, PI, C m and Vpn 

are truncated by a high amplitude, continuous basal reflector of unit Kb . This is a 

transparent unit and outcrops south east of CDP 800 on line OB only. 

2.4.1.111. Stratigraphic Interpretation (Figure 2.44 and 2.45) 

This interpretation is based upon borehole and outcrop data along with an applied 

knowledge of the reflection characteristics of the various groups from published 

interpreted profiles (Pretorius et aI., 1987) and those presented in this thesis. A three­

dimensional view of seismic profiles OB and AG is included as figure 2.46. 

Borehole A is located along line OB. Figure 2.47 shows the various lithologies that 

the borehole intersects along with an interpretation of their stratigraphic position. The 

borehole has been drilled through a horst block bordered to the SE and NW by large­

scale nonnal faults possibly extending to a depth of to 3.5 s TWT or 10 km. Thus the 

borehole intersects the Central Rand Group, Witwatersrand Supergroup at a relatively 

shallow depth of around 0.7s TWT (from profile) or 2.53km (from borehole). 
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Figure 2.46: Three dimensional view of the craton interior lines, OB-A and Band 

AG. Normal faults trend east/west to north east/south west but dip to the south. 
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The stratigraphic interpretation of lines OB and AG is in chronological order, from 

the oldest groups to the youngest. The sedimentlbasement interface varies in depth 

below surface due to displacement by numerous faults. The relative age of this 

faulting will be discussed later in section 2.4.1.IV. 

2.4.1.II/.a. The West Rand and Dominion Groups (W+D) 

The West Rand and Dominion Groups are characterised by continuous to 

discontinuous, high amplitude reflections. The lack of continuity of reflectors may be 

due to numerous small-scale faults. Like the underlying granitic basement, the West 

Rand and Dominion Group interval has been displaced by numerous large-scale 

normal faults and therefore is situated at variable depths. 

2.4.1.II/.b. The Central Rand Group (CRG) 

The transition from West Rand Group to Central Rand Group is marked by a change 

in reflection character. The Central Rand Group is acoustically transparent, indicating 

lack of impedance contrast. Its total thickness varies between around 600 ms (~1700 

m) to 1000 ms (~2800 m) TWT (P wave velocity of 5779 mls). Through the centre of 

this interval is a strongly reflective couplet interpreted to represent the Booysens shale 

(B). 

2.4.1.11I.c. The Ventersdorp Supergroup (Vk, Vp• Vp,J 

Like the Central Rand Group below, the Klipriviersberg Group (Vk) is semi­

transparent though in some places, particularly along line AG, low amplitude fairly 

continuous reflections do occur. Large-scale listric and normal faults have displaced 

all units described thus far. 

The Platberg Group, V p, is distinguished from the older, transparent, Klipriviersberg 

Group below by its weak reflectors. This implies that the group's composition is not 

as uniform as that of the Klipriviersberg Group. The Platberg Group is only present in 

one location along line AG. It forms a wedge of sediment, between CDP 1300 and 

1600, that thickens into a bounding listric fault. The Platberg Group, in this example, 

is filling in accommodation space adjacent to a listric normal fault. The movement 
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along this bounding fault was probably incremental, causing the Platberg reflectors to 

'fan out'. Figure 2.48 calculates the minimum throw along this fault. The relative age 

of this block faulting can be estimated as post-Klipriviersberg, thus < 2714 ± 8 Ma 

(V-Pb, Armstrong et al., 1991) and syn-Platberg deposition. The relative age of 

Ventersdorp faulting is consistent with that observed from the Rz seismic profiles 

(syn-Platberg, pre-Black Reef). 

The basal reflector of the successive Pniel Sequence (V pn) above truncates the 

underlying Platberg, Klipriviersberg and Central Rand Groups. Thus an erosional 

unconfonnity separates the Pniel Sequence from the older strata below (figure 2.49). 

Borehole A (figure 2.47) intersects only the Alianridge andesites (Pniel Sequence) of 

the Ventersdorp Supergroup. As figure 2.47 shows, the borehole was drilled through 

the top of a horst block, thus it is likely that the older Klipriviersberg Group was 

eroded from this uplifted area, prior to the extrusion of the Alianridge andesites of the 

younger, Pniel Sequence. 

2.4.1.1I1.d. The Transvaal Supergroup (Br, em, PI> P,J 

A. THE BLACK REEF FORMATION [2642 ± 3 MA; Age for correlative Vryburg Fonnation, V­

Pb, Beukes, pers. comm, 2001] 

The Black Reef Fonnation fonns the base of the Transvaal Sequence and is correlated 

to the Vryburg Fonnation, Griqualand West Sequence. Borehole A intersects it at a 

depth of 2098.35m where it is only 5 m thick. Even though the Black Reef Fonnation 

is a very thin unit in this area, it appears as a high amplitude, continuous reflector on 

both seismic lines. The reflector marks an erosional unconfonnity, as shown by its 

truncation of the older units below (figure 2.50). 

B. CHUNIESPOORT SUBGROUP 

Malmani Subgroup [2583 ± 5 Ma; V-Pb, Martin et al., 1998] 

Above the Black Reef is a 1500 to 1700 m succession of Malmani dolomite. The 

reflection character of the Malmani Subgroup is predominately transparent, thus 

implying a fairly even composition. Occasional reflections within this unit may be 
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Figure 2.48: Calculation of throw along listric normal fault, line AG. Booysens shale 

marker reflector is displacement relatively downward to the south east by ~4532 m. 
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Figure 2.49: Basal Pniel reflector truncates Platberg reflectors below (line AG). Box 

in A is expanded: B is uninterpreted, C interpreted. 
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caused by changes in carbonate facies, from shallow water carbonate, to deeper water 

laminated carbonate interbedded with chert and shale. 

C. THE PRETORIA GROUP (P,., PII) 

Timeball Hill and Boshoek Formations (PI) [2263 Ma; Rb-Sr, Referenced in 

Eriksson et at., 1993] 

The Pretoria Group sediments of the Timeball Hill and Boshoek Formations, succeed 

the Malmani dolomites. The high amplitude reflection marking this transition is 

indicative of a large impedance contrast between the Malmani dolomites and the 

sediments above. The high amplitude, continuous reflections within this group may 

result from changing lithologies within this group. This interpretation is supported by 

borehole A, which shows rapid changes from shales to sandstones to chert (figure 

2.47) . Three separate intrusions into this unit which were intersected by borehole A, 

may also have given rise to its high reflectivity. 

Hekpoort Formation (Ph) [2223 ± 13 Ma; Rb-Sr, Cornell et al., 1996] 

The transition from the sediments of the Timeball Hill Formation below, to the 

Hekpoort andesites is marked by a decrease in reflectivity. This may indicate a greater 

uniformity in composition of the Hekpoort Formation. 

The Pretoria Group, Chuniespoort Subgroup and Pniel Sequence have been gently 

folded into long wave undulations seen on both seismic profiles (see section 2.4.I.IV). 

2.4.1.1I1.e. The Karoo Supergroup 

A. THE ECCA GROUP 

A thin veneer of the Ecca Group overlies the Pretoria Group. The Ecca Group is 

composed of shale, coal, quartzite and mudstone (deduced from borehole and outcrop 

information). In all three lines the Ecca Group appears as a transparent unit up to 250 

ms TWT or -400 m thick (P wave velocity of 3195 rnIs). Although the Ecca Group 

appears transparent in the seismic section, a reflector marks the contact between it and 

the underlying Pretoria Group. The erosional truncation of older reflectors by this 

reflector shows that there is an unconformity between these two Groups. The hiatus 

represented by this unconformity is approximately 2 Ga. 
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B. THE BEAUFORT GROUP 

A very high amplitude reflection marks the base of the Beaufort Group that outcrops 

at the SE extent of line OB. This reflector is a prominent unconformity truncating the 

Ecca, Pretoria and Malmani Groups below (figure 2.50). Like the Ecca, the Beaufort 

group is mostly transparent. A maximum thickness of the Beaufort group is around 

200 ms TWT or 319 m (P wave velocity of3195 m/s). 

2.4.1.IV. Tectonic Model 

The following structural observations are made (oldest to youngest): 

• Numerous small-scale faults have displaced the West Rand and Dominion 

Group. 

• Large-scale block faulting of the granitic basement, Dominion, West and 

Central Rand and Klipriviersberg Groups has resulted in horst and 

grabens. 

• The Pniel unconformity truncates strata below. Its development may be 

associated with the degradation of the horsts, and the peneplanation of the 

landscape (see section 2.4.I.V). 

• The successive Transvaal strata are displaced by normal and reverse faults 

(figure 2.51). 

• The Transvaal Supergroup has been folded. Fold axes trend approximately 

east/west. 

• The Ecca and Beaufort Groups truncate underlying strata. 

The tectonic and depositional history of this area is interpreted as follows (oldest to 

youngest): 

1) Deformation of the West Rand and Dominion Groups 

2) Deposition of the Central Rand and Klipriviersberg Groups 

3) Extension: Block faulting of all units with synchronous deposition of 

infilling Platberg Group. 

4) Uplift and erosion of horsts and levelling of land surface. 

5) Extrusion of Allanridge andesites. 

6) Uplift and erosion: development of Black Reef Unconformity 

7) DepOSition of the Transvaal Supergroup 
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8) Folding: north-south directed compression * 
9) Faulting: both nonnal and reverse (see figure 2.51). 

10) Uplift and erosion: development of Ecca unconformity 

11) Deposition of Ecca Group 

12) Uplift and erosion: development of Beaufort unconformity 

13) Deposition of (terrestrial) Beaufort Group. 

* This direction of compression is only a rough estimate due to the two dimensional 

nature of the profile. Folding occurred post Hekpoort extrusion « 2223 ± 13 Ma, Rb­

Sr, Cornell et al., 1996) and pre Karoo (300 Ma). 

2.4.1.V. Discussion 

2.4.1. V.a. The Welkorn Gold Field 

Buck's study of the Welkom gold field area (1980) reveals several similarities to the 

area seismically imaged in this study. He, too, documents the degradation of horst 

blocks and accompanying infilling of sediments of the Klippan Formation, Platberg 

Group (figure 2.52). The De Bron and Arrarat faults in figure 2.52 have the same 

relative age to those of lines AG and OB. Faulting post dates deposition of the 

Klipriviersberg and is synchronous with the deposition of the Platberg Group. The De 

Bron horst in this case is degraded, providing infilling Platberg material. 

The Bothaville sediments are suggested to have accumulated on a broad fluvial-plain 

after being transported and deposited by braided streams (Buck, 1980). Thus perhaps 

they never fully covered the degraded horsts. This could be the reason for the absence 

of the Bothaville Formation in borehole A, drilled into the top of a horst. This non­

deposition of the Bothaville Formation is shown in plan for the Welkom gold field 

area in figure 2.53 (Buck, 1980). 
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Figure 2.51 : Calculation of throw along nonnal and reverse faults, which displace the 

Transvaal Supergroup (line OB). Thrust is marked in white, nonnal faults in black. A 

is uninterpreted, B interpreted. 
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Figure 2.52: Schematic section through the De Bran Horst, Welkom Gold Field (after 

Buck, 1980) and a comparison to the seismic section AG. The Booysens shale has 

been displaced ~4532 m down to the south east (calculated in figure 2.48). 
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Figure 2.53: Topographic elements and isopach plan of the Bothaville Formation 

(after Buck, 1980). Lines OB and AG lie 100 km to the north west. 
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2.4.2. Seismic Profile YS 

2.4.2.1. Introduction 

Line YS, approximately 65 km long, trends NW/SE in the North West Province 

(figure 2.54). The processed, un interpreted profile is included as figure 2.55. 

Archean granitic basement, Dominion Group sediments and volcanics, West Rand 

Group, Hospital Hill quartzites and Government shales, Ventersdorp Platberg 

sediments, and Bothaville gravels (Pniel Sequence) outcrop in this area. The 

geological map of the area (figure 2.54) shows younger Platberg sediments juxtaposed 

against older Archean basement rock in the NW and SE near Hartebeesfontein. 

Likewise in the southeast, the Witwatersrand Supergroup outcrops adjacent to the 

Archean basement. The young Platberg sediments reappear at the southeastern extent 

of line YS. 

2.4.2.11. Description (figure 2.55) 

The basement is mostly transparent though occasional strong, high-amplitude 

reflections do occur. The basement outcrops north west of COP 700 and between 

COP 2250 and 2350. 

Bordering basement outcrop are reflections of different acoustic character. Between 

COP 700 and 1000 a thin veneer of unit V k and V p covers the Archean basement. Unit 

V p, is composed of continuous reflections with variable amplitude and extends 

laterally 38 km to the south east. These reflections dip towards a large listric fault 

marked F. The reflections are rotated towards the horizontal with decreasing depth 

below surface. 

Outcrop observations show that the contact between the unit W + D and the basement 

occurs around COP 2400. This contact is seismically very poorly resolved. Further to 

the southeast, however, there is a clear transition to a unit of higher reflectivity, 

marked W + D. Reflections are parallel and have been displaced by two normal 

faults, dipping to the southeast. 
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Figure 2.54: Geological map showing location of seismic profile YS (geology 

simplified from Geological Sheet of West Rand (2626), 1986). 
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Unit V p reappears at this southeastern extent of the profile. Its basal reflector truncates 

the underlying W + D unit. The medium amplitude reflections within unit V p unit, 

southeast of CDP 2700, are unlike those towards the centre of the profile, in that they 

are discontinuous. 

Unit Vpn outcrops twice along seismic profile YS (figure 2.54), however, it can only 

be isolated on the seismic profile between CDP 1700 and 1950. The contact between 

V p and V pn is a weak reflector and unit V pn above is transparent. 

2.4.2.111. Stratigraphic Interpretation (figure 2.56) 

Stratigraphic interpretation has relied heavily on borehole (figure 2.57) and outcrop 

(figure 2.54) information. 

2.4.2.III.a. Boreholes A and B (figure 2.57) 

An 800m thick succession of Alberton and Loraine lavas of the Klipriviersberg Group 

deposited on granitic basement were encountered in borehole B (figure 2.57). These 

are succeeded by - 250 m of Rietgat lava, Platberg Group. 

Further to the southeast, borehole C was drilled. Depth of hole is over 1800 m, of 

which 1462 m is through the Platberg Group. The Klipriviersberg Group is absent 

from this location, either due to its non-deposition or its erosion prior to Platberg 

deposition. The lower-most Platberg formation, the Kameeldoorns Formation is 

separated by granitic basement below by a 300 m intrusive sill. The Goedenoeg, 

Makwassie and Rietgat Formations succeed the Kameeldoorns Formation. 

2.4. 2. III. b. West Rand and Dominion Groups (W + D) [3060 ± 2 Ma; detrital zircons in the 

West Rand Group, U-Pb, Robb et aI., 1990] 

On the stratigraphic interpretation (figure 2.56), the Witwatersrand Supergroup and 

Dominion Group have been collectively marked with a W + D. The contact between 

these two groups and the Archean basement is unclear, hence it is marked as a dashed 

line in figure 2.56. Reflectors of the West Rand and Dominion Groups are high in 
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Figure 2.57: Borehole data (B and C) tied to seismic profile YS. 
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amplitude and are continuous, southeast of CDP 2500. The basal reflector of the 

successive Platberg Group (Vp) truncates the West Rand Group reflectors. 

2.4.2.1I1.c. Ventersdorp Supergroup (Vkl VP1 Vp,J 

A. KLIPRIV1ERSBERG GROUP (VK) [2714 ± 8 !\fA; Alberton tuffs, U-Pb, Armstrong et at., 

1991 ] 

The Klipriviersberg Group is impossible to isolate on the seismic profile YS. From 

borehole A, however, it is known that the K1ipriviersberg Group is ~800 m thick in 

this area. Its absence from borehole B suggests that it pinches out to the southeast. 

Thus, its rough location has been marked as a lens on figure 2.56. 

B. PLATBERG GROUP (Vp) 

The Platberg Group is preserved in two locations along seismic profile YS, southeast 

ofCDP 2700 and between CDP 700 and 2250. At the southeastern extent of the line 

the Platberg Group unconformably follows the West Rand Group. The discontinuity 

of reflections in this location perhaps reflects the sedimentary environment; a 

proximal source and lateral shift in facies. Lateral facies changes produce lateral 

changes in rock density and corresponding changes in acoustic impedance. 

Reflections, therefore, tend to be discontinuous. 

The Platberg Group is also preserved in the centre of seismic profile YS, in a large­

scale basin (figure 2.58). The basin is bounded by a listric growth fault, the 

Hartebeesfontein fault, extending to 2 s TWT. It has an apparent dip to northwest 

ranging from a steep dip to near horizontal at depth. As the movement along the fault 

continued, the space gradually filled, resulting in a series of reflectors that dip at a 

decreasing angle towards the fault with the top most sediments semi-horizontal 

(stratal rotation). This is shown diagrammatically in figure 2.59 and further explained 

in section 2A.2 .V. 

The extension of the Hartebeesfontein fault to the surface is difficult to isolate on the 

seismic profile. Listric faults by definition increase in steepness towards the surface. 

Since seismic reflection profiling does not resolve steeply dipping features well, it is 

not 
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Figure 2.58: Platberg sediments fill syntectonic accommodation space produced by 
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Figure 2.59: Cross-sectional sketches showing the rotation of strata (roll over) 

displaced by a listric fault (modified from Anderson et al., 1983). 
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clear exactly where the fault nears the surface. In addition some faulted material may 

have been eroded from the surface. 

The in-filling Platberg sediments of the main central basin are continuous, with 

individual reflectors traceable up to 10 km in length. Their uniform spacing and 

continuity suggests a low energy environment of deposition with perhaps seasonal 

(climatic) variations in sediment supply. A reduction in siliciclastic sediment input 

into the basin promotes carbonate or evaporite formation. Cyclically varying 

lithologies would produce the evenly spaced reflectors shown in line YS. 

c. THE PNIEL SEQUENCE (V PN) 

The Bothaville Formation outcrops twice along seismic profile YS. It is seismically 

imaged as a thin veneer of transparent material and can only be isolated in one 

position along the profile. The relation between the Bothaville Formation and the 

underlying Platberg sediments is unclear from the seismic data. 

2.4.2.1V. Tectonic Model 

• Discontinuity of West Rand and Dominion Group reflectors caused by 

numerous small-scale faults. 

• Two stages of normal faulting, 1) pre-Platberg and 2) synchrorious with 

Platberg deposition. 

• Seismic profile is dominated by large listric fault-bounded half grabens 

into which Platberg sediments are deposited (Minimum throw of ~9.5 km 

and dipping to the north west). 

• Successive Bothaville sedimentation follows Pniel unconformity. 

From these observations the following tectonic model is proposed : 

1) Deformation: (3.1 - 2.9 Ga) small-scale faulting within West Rand and 

Dominion Groups. 

2) Extension: (post-West Rand and pre-Platberg Group) normal faulting 

displaces West Rand and Dominion Groups. 
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3) Extension: syn-tectonic Platberg sedimentation in discrete basins of 

presumably of the same age as the Ventersdorp grabens in the Bushveld 

lines (section 2.3) . 

4) Uplift and erosion: Deposition of the Bothaville sediments above Pniel 

Unconformity. 

2.4.2.V. Discussion 

2.4.2. V.a. Listric Growth Fault Basins 

The geometry of slip on a concave upward listric fault requires that horizontal 

extension is greater than one would expect from the steep near surface part of the 

fault. Thus accommodation space forms adjacent to the fault and the size of the 

resultant 'void' is dependent on the curvature of the fault and the amount of slip 

(Anderson et al., 1983). To solve the space problem, listric faults are accompanied by 

a "conspicuous pattern of downbending or flexing of the basin-fill strata into the fault 

(so-called reverse drag or roll over) and/or antithetic faulting as well as an associated 

growth fault pattern of sedimentation" (Anderson et aI., 1983, 1056). The listric fault 

of line YS, which dips to the north west and has a minimum throw of> 9 km, shows 

the growth fault pattern. 

A geometrically similar basin to the Platberg basin in YS, is located in the northern 

Basin and Range province of Nevada. A seismic profile through Dixie Valley 

(Nevada) is included and compared to the listric fault bounded basin of line YS 

(figure 2.60). The Dixie Valley basin, however, lacks the rotation of strata and 

subsequent downbending characteristic of listric faults, hence the bounding fault is a 

relatively planar normal fault (Anderson et al., 1983). The Dixie seismic line was shot 

across strike of the basin. The similarity between it, and the seismic profile YS 

suggests that this latter profile may also be oriented across the basin's strike. 
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Figure 2.60: A comparison of the Platberg basin, seismic profile YS (A, interpreted, B 

uninterpreted), to a profile from Dixie Valley, Nevada (C) (from Anderson et ai., 

1983). Vertical and horizontal scales equivalent. The Dixie line is across strike of the 

basin. Its similarity to the seismic line YS, suggests that the latter is also across the 

strike of the basin. Borehole is marked C. Note: in A (B) reflectors bend down into 

the fault, in C, reflectors are bent up. 
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2.5. Discussion 

The following three points arising from sections 2.2 to 2.4 are explored in this 

chapter: 

1) The Ventersdorp sediments and basalts are different both in tenns of their 

seismic character and their depositional environment, from craton interior 

to craton edge. 

2) Analysis of the orientation of the listric faults that displace the 

Ventersdorp Supergroup allows a rough estimate of the direction of 

extension at 2.7 Ga; N-S to NW-SE and is almost perpendicular to the 

western craton margin. 

3) High amplitude, continuous basement reflectors are identified at depth 

generally greater than 2 s TWT, or ~5 km. 

2.5.1. The Ventersdorp Supergroup: Seismic character 

The Griqualand West and Transvaal Basins are correlated on the basis of litho- and 

limited chronostratigraphy. Correlation is supported by the similarity of the seismic 

characteristics of various formations. For example, the Campbellrandl Malmani 

carbonates are similarly transparent towards their base, and reflective towards their 

top in both the Transvaal and Griqualand West Basins. In addition their thickness 

appears mostly constant over hundreds of kilometers. Similarly, the Schmidtsdrifl 

Vryburg Subgroup/Fonnation is highly reflective in all of the seismic profiles 

interpreted. 

The Ventersdorp Supergroup, however, varies in terms of its seismic character and 

interpreted depositional environment, according to location on the Kaapvaal Craton. 

Along the western margin of the craton, Ventersdorp sediments and basalts gradually 

thicken to the west to > ~3 km over a distance of> 150 km. In the craton interior, the 

Ventersdorp Supergroup sediments are deposited in discrete, E-W, (NE-SW) fault­

bounded, half graben basins. Reflection character varies from high amplitude, 

continuous reflections (line Ys) to low amplitude, discontinuous reflections (the 

western extent ofKBF03A). 

2-83 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter2: __________________________ Seismic Stratigraphy 

This suggests that, unlike the TransvaallGriqualand West Basins, the Ventersdorp 

Supergroup was not deposited across the Kaapvaal craton in a uniform manner or 

even in related tectonic depositories. However, Ventersdorp sediments and basalts 

along the western margin of the craton are contemporaneous with the craton interior 

fault-bounded Ventersdorp extrusion and sedimentation. The Ventersdorp Supergroup 

of line KBF03A and 01 is interpreted as a rift sequence associated with the rifting of 

an unknown fragment from the western margin of the Kaapvaal Craton. This occurred 

during craton-wide extension also responsible for the formation of discrete fault 

bounded basins, which were depositories for the Ventersdorp sediments and basalts, 

evident in seismic profiles Rz, YS, OB and AG. 

2.5.2. Orientation of Ventersdorp boundary faults (figure 2.60) 

In the seismic profiles Rz-254, 255, 256, OB and AG, the listric and normal boundary 

faults of the Ventersdorp Basins have a similar east-west strike, dipping both to the 

north and south. The observations below are schematically shown in figure 2.61: 

• The bounding faults identified in the Rz lines (in the north) trend east-west 

and dip to the north. 

• Towards the craton interior, east-west trending normal faults identified in 

seismic lines OB and AG, dip predominately to the south. 

• Seismic profiles KBF03A and 01, show a thickening of both Ventersdorp 

sediments and basalts on a regional scale from east to west. 

(The dips and strike direction is apparent only, due to the two dimensional nature of 

the seismic profiles). 

From these observations it seems that the stretching pattern of extension was complex 

during the deposition of the Ventersdorp Supergroup, but the extension direction was 

approximately N-S, perpendicular to E-W direction of extension, proposed for the 

craton's western margin. 
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Figure 2.61: Schematic representation of the complex pattern of extension during 

Ventersdorp deposition across the Kaapvaal craton, from the centre to the western 

edge. Note: normal faults trend uniformly east-west, though they dip northwards in 

the north and northwards and southwards in the south (craton interior). The 

Ventersdorp Supergroup thickens on a regional scale from east in the interior to west, 

towards the craton margin. 
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2.5.3. Basement Reflections 

World wide, the upper crystalline crust is mostly devoid of reflections even though 

studies of well logs have shown that the appropriate changes in impedance do exist 

(Mooney and Brocher, 1987). This is explained by the proposition that the impedance 

changes are not well laminated, or are not of long enough scale length to cause 

reflections. This has been explained as a consequence of the brittle behaviour of the 

upper crust producing short, steeply dipping features that are difficult to image. 

Alternatively the transparency of the upper crust may be due to the seismic method 

itself for reasons outlined in Mooney and Brocher (1987). 

However, high amplitude, continuous reflectors are identified on several of the 

seismic profiles, generally below 2 seconds TWT or 5 km depth. Thus, given that the 

upper crystalline crust is often transparent, the observation of these basement 

reflections is unexpected. The reflectors are almost certainly real features, as opposed 

to artifacts of the data for two reasons: 

They do not have the same structure as shallower prominent reflectors, therefore are 

not likely to be ghosts or mUltiples. 

They occasionally onlap and truncate other basement reflectors. 

Blundell and Raynaud (1986) Klemperer et al. (1987), Durrheim et al. (1991) and 

Durrheim (1998) have noted similar reflections within upper crystalline crust. 

Durrheim et al. (1991) observe these basement reflections on a deep seismic 

reflection profile, parallel and east of line Y s. Durrheim et al. (1991) state: "The 

observation of strong, continuous reflectors in the upper crystalline crust of the 

Ventersdorp dome is [thus] unexpected, especially when the lengthy tectonic history 

of the area is considered". 

A number of possible origins have been suggested for basement reflections including 

primary igneous layering, mafic sills, ductile strain banding and contrasts in physical 

qualities including fluid content in banded rocks. Geologic structures that may cause 

such reflections include igneous intrusions, diapiric upwelling, strongly folded 

surfaces or extensive faulting (Durrheim et aI., 1991). Comer (1998) mentions 

regional magnetic anomalies arising from sources within the granite-gneissic 
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basement which suggest anomalous magnetization at depth. This increased level of 

magnetisation may be the result of the interaction of fluids, with an elevated oxygen 

fugacity, with iron in the basement, causing it to crystallize to magnetite in the middle 

to lower crust (Comer, 1998). This magnetization may be the cause of the basement 

reflections evident in the seismic lines of this study. 

Due to the large lateral extent of the reflective zones, Durrheim et al. (1991) suggest 

that they may signify reconstitution of the crust during basin formation either through 

metamorphism of ductile deformation together with the intrusion of sills. The 

basement reflectors of line YS differ from those described in the profile presented in 

Durrheim et al. (1991). The former shows no obvious parallelism to the supracrustal 

strata above whereas Durrheim et af. (1991) note a strong similarity in orientation 

between basement reflectors and supracrustal strata. The parallelism of the reflectors 

with the base of the Dominion Group strata, has been used to suggest that the eruption 

of the Dominion lavas could have produced the metamorphism responsible for the 

basement reflectors (Durrheim et al., 1991). They mention too, Ventersdorp and 

Bushveld intrusion (sills) as alternative responsible events. 

Basement reflectors are the most numerous, and of the greatest amplitude in seismic 

profile, Rz-254. This may be due to the proximity of the Rz lines to the Bushveld 

Igneous Intrusion, strengthening the argument that the reflectors arise from intrusive 

sills and/or their thermal metamorphic effects at depth. The basement reflector 

truncations noted in seismic profile YS, may arise from the successive intrusion of 

sills cutting previous intrusions. Alternatively intruding sills would disturb the pre­

existing metamorphic texture, perhaps causing the complex reflector patterns evident 

in line YS. 
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Chapter 3 : Tectonic Synthesis 

The tectonic and sedimentary history of the Kaapvaal Craton's western margin is the 

focus of further exploration in this chapter. Particularly, 

1) Sediment accumulation rates: An assessment of how sediment accumulation 

rates vary across seismic profile KBF03A gives insight into the creation of 

accommodation space across the margin. It is interesting to compare these 

rates with Archean and Paleo-Proterozoic rates calculated elsewhere, as well 

as with modem sedimentation rates. 

2) Structural and tectonic history (2.7- 1.8 Ga): The Kaapvaal Craton's western 

margin is largely obscured by Tertiary Kalahari cover. Seismic profiles 

KBF03A and KBFO 1 offer a glimpse of what lies beneath this cover, and 

allow for the northwards projection of mapped structural detail in the south. 

3) Lithospheric elastic thickness: Seismic profile KBF03A offers the unique 

opportunity to calculate lithospheric elastic thickness for that section of the 

craton's western margin between 1.9 and 1.7 Ga. This estimate may be 

compared to the same region's present day estimated elastic thickness, and to 

that of other regions of convergence world-wide. Comparing a paleo-elastic 

thickness to the present day thickness in this area, allows insight into changes 

of lithospheric elastic thickness over a ~2.0 Ga time period. 

3.1. Sediment accumulation rates across profile KBF03A 

3.1.1. Introduction 

The Ventersdorp and Griqualand West Supergroups with the exception of the 

Campbellrand Subgroup increase in thickness westwards, away from the craton. This 

implies that the creation of accommodation space is greatest in the west, allowing for the 

maximum thickness of sediment to be deposited there. This increase in accommodation 

space may have resulted from a relative sea level rise caused by local subsidence or 

alternatively may be the result of a eustatic sea level rise. Both scenarios would result in a 
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marine transgression, an increase in accommodation space, and a corresponding increase 

in sediment thickness offshore to the west. 

All of the Griqualand West sediments, except the banded iron formation, were deposited 

at, or near sea level. Thus, assuming sufficient sediment supply, sediment accumulation 

rate is equivalent to subsidence rate, or the increase in accommodation space with time. 

Although we cannot choose between the above scenarios, it is possible to quantify the 

increase in accommodation space to the west by assessing sediment accumulation rates 

for various time intervals across the profile, KBF03A. These calculations are first order 

approximations only. With little spatial and temporal constraint all estimates of Archean! 

Paleoproterozoic sediment accumulation rates need to be treated with caution. 

3.1.2. Method 

Three vertical sections have been chosen to calculate sediment accumulation rates and to 

compare the creation of accommodation space across profile KBF03A. The first section, 

A, is in the east, where sediment thickness is at a minimum. A second section B is just 

east of the main listric fault. Section C is to the west of the listric fault where the 

sedimentary succession is the thickest (figure 3.1). Age data to constrain the sediment 

accumulation rate is taken from a variety of sources, but preference is given to ages 

calculated using the UlPb technique on zircons, and to those samples collected at closest 

proximity to line KBF03A. This particularly applies to the ages used in the calculation of 

the Campbellrand Subgroup sediment accumulation rate. 

Sediment accumulation rate is calculated using the equation, 

cSR = h (x) / t 

where cSr is the compacted sediment accumulation rate, h (x) is the compacted thickness, 

and t is the duration of deposition (Altermarm and Nelson, 1998). Table 3.1 lists the 

thicknesses estimated for the Ventersdorp sediments and flood basalts, the Schmidtsdrif 

Subgroup, the Campbellrand Subgroup and the Kuruman Formation, Asbesheuwels 

Subgroup as well as appropriate ages. These thicknesses were calculated by converting 

TWT to depth using the P wave velocities given in table 2.1. 
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Unit Thickness (m) Thickness in meters Dated Unit Age and method Reference 
from Kathu (corrected for dip) -

Borehole section calculated from seismic 
(A1termann and profile KBF03A (this 

Nelson, 1998) work) 
Sub-locations along seismic 

profile KBF03A 
A B C Ma 

Ongeluk Lava 2222 ± 13 Ma? Cornell el al., 1996 
PbIPb whole rock 

isochron 
Contested by Moore el al., 2000 -

2.4 Ga (section 1.3.5.11) 

Kuruman 815.63 1314.1 1540.6 Upper Kuruman Iron Formation 2465 ± 7 Ma R.A. Armstrong pers. comm. 
Formation, u/Pb- SHRIMP (1996).- referenced in Martin et al. 

Asbesbeuwels (1998) 
Subgroup 

Campbellrand 2830 1655.2 1815.3 1868.7 Upper Gamohaan Formation 2516 ± 4 Ma (1) Altermann and Nelson, 1998 
Subgroup u/Pb- SHRIMP 

Upper Monteville Formation shales 2555 ± 19 Ma (2) Altermann and Nelson, 1998 
U/Pb - SHRIMP 

Schmid tsd rif 517 589.06 951.56 1359.4 Vryburg Formation 2642 ± 3 Ma Beukes pers. comm. (2001) 
Subgroup U/Pb- zircons 

Ventersdorp 769.88 1299.2 1251.0 
Flood Basalts 
Ventersdorp 728.38 1138.1 2185.1 Kareefontein Formation 2714 ± 3 Ma Walraven, 1991 

Sediments UIPb 

Table 3.1 :Summary of thicknesses and geochronology of various units measured from the seismic profile KBF03A. Age data from Altermann 
and Nelson (1998). Note that in the case of the Campbellrand carbonates ages were selected from samples close to line KBF03A. (1) Sample 
WA 92/4 from Kuruman Kop peak. (2) Sample WA 93/41 from the farm Suiversfontein (between Douglas to Niekerkshoop). 
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Units Time Span Calculated Sedimentation Rate (mlMa) Sedimentation rate 
(this study) " from Altermann 

and Nelson (1998) 
(mlMa) 

Sub-locations of seismic profile KBF03A 
Ma A B C 

Top of the Campbell rand Subgroup Banded Iron Formation 6.578 - 10.20 10.60 - 16.43 12.42 - 19.26 60 
(Gamohaan Formation) to the top of the 40 - 62 (ave: 8.289) (ave: l3.52) (ave: 15.84) 

Kuruman Formation 
(at roughly half of the Asbesheuwels 

Subgroup total thickness) 

Bottom of the Campbell rand Group 24 - 54 Predominately 30.65 - 68.97 33.62 - 75.64 34.61 - 77.86 40 - 150 
(Monteville Formation) to the top of the stromatolitic (ave: 49.81) (ave: 54.63) (ave: 56.24) 

Campbell rand Subgroup (Gamohaan carbonates with shale, 
Formation) micrite and chert 

intercalations 

Bottom of the SchmidtsdrifSubgroup to 73 - 101 Predominately shales, 5.832 - 8.069 9.421 - 13.04 13.46 - 18.62 20 
the bottom of the Campbellrand Subgroup minor quartzites, (ave: 6.951) (ave: 11.23) (ave: 16.04) 

I 
(Monteville Formation) carbonates, oolites and 

tuff beds 

Bottom of the Ventersdorp Supergroup to 66 - 78 Quartzites and shales 19.21 - 22.70 31.25 - 36.93 44.05 - 52.06 NA 
the bottom ofthe Schmidtsdrif Subgroup succeeded by basalt (ave: 20.96) (ave: 34.09) (ave: 48.28) 

Table 3.2: Subsidence rates calculated for the depositional intervals shown above. * Note: rates are calculated without knowledge of compaction. 
NA = not available. 
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Table 3.2 lists the rates calculated for these time intervals with comparisons to those 

published in Altermann and Nelson (1998).The sediment accumulation rates calculated 

here are rough approximations only because: 

I) The thickness of units is estimated from TWT read from the seismic profile, 

then converted to depth using published P-wave velocities (table 2.1. 

Thickness is approximated by taking into account the apparent dip of the unit. 

The section is two-dimensional, therefore this thickness is apparent only. 

2) Due to the lack of lithological control, for example well data, the calculations 

ignore the effect of compaction, which causes increased seismic velocity with 

increasing depth. Thus the calculations result in minimum thicknesses. 

3) The Transvaal Sequence lacks detailed chronological control. Age data is 

sparse and in some instances controversial (section 1.3.5.I1.). Thus the 

sediment accumulation rates are averaged over long time spans. One such 

depositional interval is up to 100 Ma long. 

4) Subtle discontinuities including periods of non-deposition and erosion have 

been ignored. 

3.1.3. Results 

Results are graphed and compared to those obtained in Altermann and Nelson (1998) in 

figure 3.2. 

• During the deposition of the Ventersdorp sediments and basalts, sediment 

accumulation rates vary widely across the profile. In the east the sediment 

accumulation rate during this time is estimated at 20 m1Ma. This increases by 

150 % to the west where the Ventersdorp Supergroup sediments were 

deposited at a rate of around 50 m1Ma. 

• The Schrnidtsdrif Subgroup was deposited at a more even rate across the 

entire section than the Ventersdorp Supergroup. Again though, the highest rate 

calculated for this group is in the west. On average the sediment accumulation 

rate for this subgroup of shales and carbonates is slow, at - 7 to 16 m1Ma. 

• Sediment accumulation rates increase across the entire profile to around 50 

m1Ma as Campbellrand carbonates are deposited. The clustering of rates 
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• 

calculated from A, Band C shows an even rate of carbonate accumulation 

across the profile, though the rate calculated at C (in the west) does show an 

elevation in rate of ~ 13 % relative to A. 

The deposition of the banded iron formations of Kuruman Formation , 

Asbesheuwels Subgroup, occurred at a markedly reduced rate from the 

carbonates below. The calculated rate falls to around 8 to 16 m1Ma. Again 

there seems a clustering of sediment accumulation rates suggesting that 

sedimentation during this time occurred at a fairly even rate across the profile. 

3.1.4. Discussion 

3.1.4.1. Comparison of results with rates from Altermann and Nelson (1998) 

Altermann and Nelson (1998) divide the Griqualand West basin into two sub-basins, the 

Prieska and Ghaap Plateau sub-basins. For the carbonates of the Nauga Formation, 

Prieska sub-basin, these authors estimate a sediment accumulation rate of up to 10 m1Ma. 

Closer to line KBF03A, in the Ghaap Plateau sub-basin, their calculated sedimentation 

rate increases to between 40 and 150 m/Ma. A rate estimate of 20 m/Ma is suggested for 

the Schmidtsdrif Subgroup and up to 60 rnIMa for the Kuruman BIF (Altermann and 

Nelson, 1998). In the above calculations, these authors have made the first attempt to take 

into account the effect of compaction as well as that of erosion and non-deposition when 

calculating sedimentation rates. This was particularly difficult to achieve for the 

Kuruman BIF, due to the lack of standard figures for BIF compaction (Altermann and 

Nelson, 1998). 

Rates calculated by Altermann and Nelson (1998) are compared graphically to those 

calculated in this study (figure 3.2). From this comparison, the following points emerge: 

• Rates calculated in this study are 3 to 7 times lower for the Schmidtsdrif, 

Campbellrand Subgroup and Kuruman Formation than those calculated in 

Altermann and Nelson (1998). 

• This reduction in rate is perhaps partially due to the fact that this study did not 

take compaction or the effect of periods of non-deposition and erosion into 

account, hence values reflect minimum rates. 
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Figure 3.2: Comparison of sediment accumulation rates calculated in this study to those 

of Altermann and Nelson (1998) . 
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• The greatest rate difference is for the chemical sediments, the carbonates and 

the BIF. 

3.1.4.11. Comparison to other rates calculated for the Kaapvaal and Pilbara Cratons (figure 

3.3) 

Barton et al. (1994) have calculated a sedimentation accumulation rate for the Nauga 

Formation (upper Campbellrand Subgroup) of carbonate, shale and BIF at 2-4 m1Ma. 

This calculation is based upon a then newly acquired U-Pb age of 2552 ± 11 Ma for a 

zircon separated from a banded-tuff horizon in the N auga Formation. Barton et al. (1994) 

propose therefore that rock accumulation rates in the late Archean- Early Proterozoic may 

have been greatly reduced from those of younger lithologically equivalent deposits. 

Barton et al. (1994) estimate a sediment accumulation rate for the Campbell rand and 

Schmidtsdrif Subgroup by dividing the thickness of 1700m of mainly carbonates, by the 

time interval estimated from available ages. These are the maximum age of the 

Schmidtsdrif (Jahn et al., 1990) and the newly acquired upper Campbell rand age of 2551 

± 11 Ma (Barton et al., 1994). This gives a minimum rate of26 m1Ma. Subsequently, 

improved dating of the Schmidtsdrif Subgroup, in particular of the Vryburg Formation at 

2642 ± 3 Ma (Walraven et al., 1999), results in a considerably faster rate of deposition of 

the Campbell rand and Schmidtsdrif Subgroup. 

Higher in the stratigrapy, when the BIF's are encountered, published estimates of 

sediment accumulation rates differ widely. This is partially because the 

chronostratigraphy of the Asbesheuwels banded iron formations is sketchy. Better age 

data exist for the Hammersley Group, Western Australia which makes comparisons 

between these two, perhaps stratigraphically equivalent groups (Cheney, 1996, Martin et 

al., 1998, Zegers et al., 1998), useful. 

Arndt et al. (1991) found a slow rate of accumulation, similar to that estimated by Barton 

et al. (1994) of 3-4 m1Ma for the Hamersley Group of the Pilbara craton in Western 

Australia. This rate of 3-4 m1Ma is contested by Barley et al. (1997) on the basis of newly 
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Figure 3.3: A comparison of sediment accumulation rates between the Archean! 

Proterozoic and modern environments, and between the Pilbara and Kaapvaal Cratons. 

Several authors have suggested a stratigraphic correlation between the Kaapvaal and 

Pilbara cratons based on similar litho- and chronostratigraphy (Cheney, 1996; Martin et 

al., 1998; Zegers et al., 1998). Numbers correspond to the data's source: 1. Altermann 

and Nelson (1998) 2. Barton et al. (1994) 3. Arndt et al. (1991) 4. Barley et al. (1997) 5. 

Klein and Beukes (1989) 6. Walraven and Martini (1995). 
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acquired SHRIMP data. They claim that the BlF of the Australian Hamersley Group must 

have been deposited at a rate considerably faster than that suggested by both Arndt et al. 

(1991) for the same group, and Barton et al. (1994) for the Campbellrand Subgroup, 

Griqualand West. Barley et al. (1997) suggests a depositional rate of greater than 30 

m/Ma for the Hamersley Province BlF's. Even greater rates of between 100 to 1000 

m1Ma are mentioned when possible role of periods of nondeposition or very slow 

deposition reflected by sequence boundaries and organic shales respectively are 

considered (Barley et al., 1997). These rates are far greater than the 8 to 16 m/Ma 

calculated for the Kuruman Formation in this study. 

Klein and Beukes (1989) have calculated a sediment accumulation rate for the 

Campbellrand - Asbesheuwels transition zone at around 570 m/Ma on the basis of annual 

varves. This represents a considerable increase in rate from previous estimations of 

Campbellrand carbonate deposition. However it does fall within the estimate of rate of 

100 to 1000 m/Ma by Barley et al. (1997). It is, however, an order of magnitude higher 

than the sediment accumulation rate calculated for the Campbellrand carbonates in this 

study. 

Sediment accumulation rates for carbonate platform and basin facies have been calculated 

at 17 and 8 m/Ma respectively (Walraven and Martini, 1995). As new age data emerge, 

so will new estimates of sediment accumulation rates for both the carbonates and the 

BlF's of the Griqualand West Sequence. 

3.1.4.111. Comparison to rates estimated for the modern environment 

Figure 3.3 shows estimated sedimentation rates for the modem environment. Altermann 

and Nelson (1998) conclude from their estimates of sediment accumulation rates that 

Archean and Phanerozoic chemical and clastic sedimentation rates are comparable. This 

contradicts the view of Barton et al. (1994), working with older age data, that 

sedimentation rates during the late Archean- Early Proterozoic may have been greatly 

reduced. 
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Rates calculated in this study tend to support the conclusion of Barley et al. (1997), that 

Archean! early Paleoproterozoic are not appreciably different from those estimated from 

Phanerozoic deposits. The average rate of just over 50 m1Ma calculated for the 

Campbellrand carbonates falls within the modem window for carbonate shelves of 20 

m1Ma to 200 m1Ma. However it is an order of magnitude lower than that of modem reefs 

and at least 6 times less than modem stromatolites. This discrepancy may be due to the 

failure in this study to take compaction, non-deposition and possible different carbonate 

precipitation processes operating in the Archean into account. Grotzinger (1989) and 

Sumner and Grotzinger (1996) suggest a direct chemical precipitation of carbonate from 

seawater during the Archean and Precambrian. Therefore, perhaps the validity of 

comparisons between modem carbonate production and Archean carbonate deposition is 

questionable. 

The rate calculated for the Kuruman BIF falls within the black shale window in figure 

3.3. The rate for the Schmidtsdrif Subgroup is comparable to both the siliciclastic and 

pelagic carbonate environment (figure 3.3). 

3.1 .4.1V. Sediment accumulation rates reflective of passive margin subsidence? 

The calculated sediment accumulation rates show more lateral variation across the profile 

for the older units, the Ventersdorp Supergroup and the Schmidtsdrif Subgroup than the 

younger, Campbell rand Subgroup and Kuruman Formation. This is apparent by the way 

the calculated rates converge as one progresses upward in the stratigraphy, or to the right 

in figure 3.2. In a passive margin environment initial subsidence is related to lithospheric 

thinning and associated passive rifting. The structural interpretation of line KBF03A 

(figures 2.16 to 18, section 2.2.l.IV.) indicates that the Ventersdorp sediments and 

basalts, possibly including the Schmidtsdrif Subgroup are deposited during this original 

stage of extension-related subsidence. With rifting occurring to the west of KBF03A it is 

likely that subsidence there was greatest, thus accommodation space was being created 

fastest in the west. Subsidence associated with rifting tends be localised which may 

explain why sedimentation accumulation rates are so much greater at C, in the west 

therefore closest to the rifting, than at A, in the east. 
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In a passive margin environment, thermal subsidence follows subsidence related to initial 

rifting. As the upwelled asthenosphere cools, a large area will be affected by this later 

staged thermal subsidence (McKenzie, 1987). The Campbellrand Subgroup and Kuruman 

Formation are both interpreted to have been deposited during such a period of thermal re­

equilibration. Thus perhaps it is not surprising that these two units show the least lateral 

variation in sediment accumulation rate across the profile; both are deposited in 

accommodation space that is being created fairly equally across the profile. 

3.2. Structural and Tectonic History 

3.2.1. Introduction 

The western margin of the Kaapvaal craton has undergone numerous phases of 

deformation. The complex tectonic history of this area may be unraveled from seismic 

profile KBF03A (in the north) and KBFOI together with geological mapping in areas of 

sufficient outcrop (in the south). This sub-chapter compares the tectonic history proposed 

from geological mapping in the south west, to evidence arising from seismic lines 

KBF03A and KBF01. Section 1.2.2. places lines KBF03A and KBFOI in their tectonic 

setting. 

Figure 2.16 to 18 graphically illustrate an interpretation of the structural history of line 

KBF03A. This history involves four main phases: 

1) Extension (2.7 - 2.2 Ga), development of a passive margin and the deposition 

of the Griqualand West sequence and lower 01ifantshoek units. Initial normal 

movement along the listric fault (F2) dates from this time. It is unusual that a 

passive margin existed for 500 Ma. Modem margins span - 200 - 300 Ma. 

2) Compression (> 1.9 Ga) in an east-west direction with reversal or inversion of 

movement along F2 and the onset of folding. The formation of an anticline to 

the west of F2 resulted in localised uplift and erosion of the underlying 

sequence. The resultant unconformity separates the lower Olifantshoek Group 

(Mapedi and Lucknow Formations) from the upper units, and is termed the 

Neylan unconformity. Continued compression (1.9 - 1.7 Ga) caused 
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duplication and significant shortening of the Hartley Fonnation during 

thrusting from the west. 

3) Extension in the hinterland «1.7 Ga) and renewed inversion along the listric 

fault F2, with a possible strike-slip component. 

4) Uplift and erosion during two separate episodes (at 300 Ma and <30 Ma 

respectively) left prominent unconfonnities evident in line KBF03A. The first 

represents glacial erosion during the deposition of the Karoo-aged Dwyka. 

The second unconfonnity probably represents erosion during the tertiary uplift 

of Southern Africa. Kalahari sediments were deposited onto this Kalahari 

Unconfonnity. 

Line KBF03A transects very little outcrop due to Kalahari cover of varying thickness (0 

to 200 m). Further to the south, however, solid outcrop has allowed researchers to unravel 

the structural history of the Kaapvaal craton's western and southwestern margin. This 

sub-chapter will compare structural observations made predominately in the south to 

those made from line KBF03A, further north. 

3.2.2. Structural observations made at surface along the Kaapvaal Craton's 

western margin (table 3.3) 

There is much debate about the stratigraphy of the Griqualand West Sub-basin. This is 

largely due to the general lack of understanding of the role of thrust faulting along this 

western margin. Several thrusts have been identified along the southwestern margin, 

where outcrop is better, but the lack of precise geochronology impedes analysis of the 

tectono-stratigraphy. Thrusts have resulted in duplication of strata, which, according to 

some authors, has resulted in overestimation of the original lithostratigraphy. Beukes and 

Smit (1987) in particular contest the stratigraphic position of the Gamagara red beds (see 

figure 2.27). Stratigraphic duplication, they claim, is due to a zone of low angled thrust 

faults called the Blackridge fault zone (figure 1.4). Altennann and Halbich (1990) also 

recognized the need for a review of Griqualand West stratigraphy, due to complexity of 

structure along the southwestern margin of the Kaapvaal Craton. However, lack of 

precise ages hampers any further analysis. 
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Sequence Group Subgroup Fonnation Age Reference Structural Observations 
Stowe (1986) Beukes aod Altennano aod GrobbeJaar This Study This 

Smlt (1987) Balbicb (1991) (1995) -KBF03A Study 
-KBFOI 

Kalahari Uplift and 
erosion-
Kalahari 
unconformity 

Karoo Dwyka Uplift and 
erosion-
Dwyka 
unconformity 

N trending normal Relaxation of Renewed Estimate 
faults shears into normal extension age of 

faults in new causing normal late-stage 
tensional stress movement extension = field along F2 with resulting = 0'_ possible strike- in 

= = slip displacem 

e" component. ent of 

=- Displacement thrusts by 
Z/ of thrusts by normal 
~-- normal faul ts fault-" = NNW wrench Wrench faulting Major transcurrent ,.J 

faults along dextral shearing 
Doomberg due to north 
Lineament directed 

compression - Open folds at SW Open folding 

= ..... = margin 

= =~ O'~_ 

e ~ I = ... M Tight Z folds and ZO . - renewed thrusting --
Table 3.3: A suggested correlation of structural observations made by Stowe (1986), Beukes and Smit (1987), .AJtermann and Hdlbich (1991) and Grobbelaar 
et al. (1995) along the southwestern margin of the Kaapvaal Craton, to those made further north (this study). 
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Sequence Group Subgroup Formation Age Reference 

Stowe 
(1986) 

Mapedi 
Voelwater 

Mooidraai 2394 ± 26 Bau et al. 
Ma· (1999) 

00 PblPb 
3 

.&l 

~ 
E 
"§ 
Q... Ongeluk • 2222 ± Cornell et aL 

12 Ma (1996) 

Koegas .... 
'" ~ 
~ 
"C 

= oS 
~ Asbesheuwels Griquatown 2489 ± 33 Trendall unpub. = 0" Ma Ref in Nelson 
'C et aJ. (1999) 
C 

!t Kururnan 2465 ± 7 Armstrong 

G 
Ma· U·Pb pers. cornrn. 

(1996) ref in 
Martin et al. 
(1998) 

Campbell rand Garnohaan 2516 ± 4 Altermann and 
Ma· U·Pb Nelson (1998) 

Summer and 
2521 ± 3 Bowring (1996) 
Ma· U·Pb 

Monteville 2555 ± 19 Altermann and 
Ma· U·Pb Nelson (1998) 

Schmidtsdrif Vryburg 2642 ± 3 Beukes pers. 
Ma· UlPb comm .. 2001 

Table 3.3: (continued). * Ongeluk age is contested (see section 1.3.5.11.) 
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Altennann and Hlilbich (1990, 1991) identify a defonnational event in the field. 

Structural features identified include bedding-parallel thrusts within the BIF, one of 

which is named the Uitkoms Thrust (Altennann and Hlilbich, 1991). It predates the 

Ongeluk lava and thus is > 2222 ± 12 Ma (Pb-Pb whole rock isochron age, Cornell et aI., 

1996) and postdates the Koegas Fonnation. This Ongeluk age is contested (section 

1.3.5.11.). A diagenetic age for the Mooidraai dolomite (stratigraphically above the 

Ongeluk lava) of 2394 ± 26 Ma (Pb-Pb isochron, Bau et aI., 1999) perhaps indicates that 

the defonnational episode is 200 Ma older. 

A second phase of defonnation has been identified by Grobbelaar et al. (1995) and is 

correlated to structural observations made from line KBFO 1. In the mining areas around 

the Malmani dome, gentle, open folds of the Dimoten Syncline, Maremane Anticline and 

Ongeluk-Witwater Syncline are described. Grobbelaar et al. (1995) propose that this 

folding resulted in uplift and erosion to produce the unconfonnity upon which the 

Olifantshoek units were deposited. The age of this folding must be pre 1928 ± 4 Ma 

(Cornell et al., 1998), the age of the Hartley Fonnation, lower Olifantshoek. Grobbelaar 

et al. (1995) also identify a phase of defonnation involving block faulting and the 

development of a horst and graben structure. This too, is interpreted to precede the 

deposition of the Olifantshoek Supergroup (Grobbelaar et al.,1995). Similarly, in line 

KBFOI a nonnal fault is identified, which displaces the thrusted Ongeluk Fonnation. The 

age of this fault can only be estimated at < 2.2 Ga. 

A third phase of defonnation, described by Altennann and Hlilbich (1990), postdates the 

Matsap, or lower Olifantshoek strata. It is associated with east-west compression 

producing mainly N-S trending duplexes and recumbent fold zones at a variety of scales 

(Altennann and Hlilbich ,1991). This phase of defonnation may be equivalent to that 

identified by Beukes and Smit (1987) and Coward and Potgieter (1983) which involved 

the development of the Blackridge Thrust Zone and the Boegeoberg-Doornberg Shear. 

These two structures postdate the Hartley lava, therefore, are younger than 1928 ± 4 Ma 

(Cornell et aI., 1996). The amount of crustal shortening due to this thrusting has been 

estimated at around 35 to 55 km across the Blackridge thrust (Beukes and Smit, 1987) 

and a minimum displacement of 120 km is estimated across the Boegoeberg-Doornberg 
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Shear (Coward and Potgieter, 1983). Both tectonic features are possibly related to the 

Kheis orogeny and according to Beukes and Smit (1987) support thin-skinned tectonic 

deformation along the craton's western margin in the early Proterozoic. Grobbelaar et al. 

(1995) also recognize the possible relation of the Blackridge Thrust Zone to the Kheis 

orogeny. They claim the thrusting is defined by a single sole thrust, striking roughly N-S 

and dipping around 10 degrees to the west. They rename the Blackridge Thrust, the Kheis 

Thrust (Grobbelaar et aI., 1995). Altermann and Halbich (1991) identify two further 

compressional phases in early Olifantshoek time that resulted in south and east verging 

folds and thrusts. 

The Namaqua-Natal orogeny (1.0 - 1.2 Ga) resulted in deformation as far to the east as 

the Kaapvaal Craton's western boundary. Altermann and Halbich (1991) claim that open 

folds observed along the southwestern margin of the craton are a result of this event. 

Namaqua-related compression also may have resulted in the development of strike-slip 

deformation around the margins of the craton. These shears are interpreted to reflect the 

last movements along the rim of the craton, occurring around 1.0 Ga (Altermann and 

Halbich (1991). 

Grobbelaar et al. (1995) also mention the development of lateral shears resulting from 

north directed late Namaqua compression. They state that compressive forces resulted in 

both the reactivation of pre-existing faults into dextral shears and the development of new 

faults and lineaments. A relaxation of this stress resulted in the development of a 

tensional stress field and the reversion of the shears into normal faults, forming horsts and 

grabens (Grobbelaar et aI., 1995). 

Structural observations along the southwestern margin of the Kaapvaal craton are 

summarized as follows: 

1) Bedding-parallel thrusts mainly within the BlF (Altermann and Halbich, 1990, 

1991), and other rocks older than the Ongeluk lava (2222 ± 12 Ma; Cornell et 

aI., 1998). 
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2) Folding and erosion prior to Olifantshoek deposition (Grobbelaar et aI., 1995). 

Block faulting and horst and graben structures also preceded Olifantshoek 

deposition according to Grobbelaar et al. (1995). 

3) Recumbent folding and thin-skinned thrusting and the formation of the 

Blackridge/ Kheis Thrust. This structure is late Eburnean (~2.0- 2.2 Ga) in age 

and possibly related to the 'Kheis orogeny'. 

4) The Namaqua-Natal orogeny open folding and subsequent strikes lip shearing 

in Kibaran times (1.0 - 1.2 Ga) (Altermann and Halbich, 1991; Grobbelaar et 

al., 1995). 

5) Relaxation of the shear zones into normal faults (Grobbelaar et al., 1995). 

3.2.3 A comparison of surface observations to evidence from seismic 

profiles KBF03A and KBF01 

1) Bedding-parallel thrusts within the BIF, described by Altermann and Halbich (1990, 

1991) may not represent the oldest tectonic event along the Kaapvaal Craton's western 

margin. Possible evidence for an older event is found in the seismic profile KBFO 1. The 

basal unit U may be the product of Ventersdorp-aged thrusting. If so, the oldest 

compression recognized along the craton's south western boundary is dated at around 2.6 

Ga. 

2) Bedding parallel thrusts are difficult to identify in seismic section. Thus, whether those 

described by Altermann and Halbich (1990, 1991) are present in line KBF03A and 

KBFO 1 is uncertain. In addition, Altermann and Halbich (1991) propose that trend of the 

thrusting is oriented mainly N-S, thus would not be easily identifiable in lines KBF03A 

and KBFO 1 which trend E-W. 

3) Grobbelaar et al. (1995) describe gentle, open folds in the Maremane area which were 

subsequently eroded to produce the unconformity upon which the Olifantshoek 

Supergroup was deposited. Structural analysis of KBFO 1 identifies similar-style folding 

in the form of a distinct anticline/ syncline pair. However, in KBFO 1, the unconformity 

between the folded Griqualand West-aged units and the overlying Olifantshoek Group is 
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interpreted as tectonic. A breached anticline and resultant Neylan Unconformity is 

identified in seismic profile KBF03A. The age of this unconformi ty differs to that 

described by Grobbelaar et al. (1995). The Neylan unconformity marks the boundary 

between the Hartley and Lucknow Formations and is not at the base of the Olifantshoek 

Supergroup (Grobbelaar et aI., 1995). 

4) Kheis thin-skinned thrusting of Eburnean age (Stowe, 1986), may be equivalent to 

thin-skinned thrusting of the Hartley lava, identified in line KBF03A. The compression 

direction is east-west (Altermann and Halbich, 1990), as it is in line KBF03A. However, 

there is one important difference: The Blackridge/ Kheis structure thrusts Griqualand 

West strata over Olifantshoek strata (Beukes and Smit, 1987; Grobbelaar et ai., 1995). 

Altermann and Halbich (1990) describe similar thrusting of lower Griqualand West units 

in the Prieska- Boegoeberg Dam area. Thrusting in line KBF03A involves only 

Olifantshoek-aged units. This may be due to the Neylan Unconformity, which may have 

acted as an effective decollement, facilitating thin-skinned thrusting. 

The age of the Kheis orogeny is debated. Ages range from 1750 to 2200 Ma. If the thin­

skinned thrusting identified in line KBF03A is related to Kheis compression, the Kheis 

orogeny must be post-Hartley, therefore younger than 1928 ± 4 Ma (Cornell et ai., 1998). 

5) Altermann and Halbich (1991) and Grobbelaar et al. (1995) described Namaqua-Natal, 

Kibaran aged strike-slip motion along the rim of the craton. Evidence from line KBF03A 

also indicates a possible strike-slip component, perpendicular to the section, of movement 

along the master fault. This stems from the similarity of the pattern of normal faults 

associated with the master fault to a 'flower' structure. The late stage normal faults 

identified in line KBF03A may thus be related to the Kibaran aged shearing event. 

5) The resumption of an extensive regime of late Kibaran age saw the relaxation of shears 

into normal faults (Grobbelaar et ai., 1995). This may be correlated with phase three 

observed in line KBF03A, which sees the return of extension and the main normal 

movement along the master fault. In line KBF03A this extension is observed as normal 

displacement of thrusts. Grobbelaar et al. (1995) describe a similar scenario at Rooinekke 
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Mine, where the thrust is disrupted by N-S trending faults apparently related to the late 

Namaqua orogeny. 

3.3. Modelling Archean-Paleoproterozoic lithospheric elastic thickness 

from observations of lithospheric flexure 

3.3.1 Introduction 

The western margin of the Kaapvaal craton, imaged in the seismic profile KBF03A, has a 

complex structural history involving at least a two stage tectonic environment. The lower 

succession comprises Ventersdorp and Griqualand West and lower Olifantshoek aged 

units, interpreted to have been deposited in a 'passive' continental margin environment. 

This would imply thermal subsidence following rifting of an unknown fragment away 

from the western margin of the Kaapvaal Craton (2.7 to 2.2 Ga). Following this, the 

'passive' margin was transformed into an 'active' compressional margin. This 

compression created relative uplift and the subsequent erosion of this uplifted terrain 

produced the Neylan unconformity. Compression continued with the development of 

stacked thrust-packages and the loading of the passive margin sequence. The age of east­

directed thrusting postdates the Hartley lava (1928 ± 4 Ma, Cornell et at., 1998). Cornell 

et at. (1998) brackets regional Olifantshoek deformation between 1929 and 1750 Ma. 

Without an age for the overlying Volop quartzites, this is the best available 

approximation of the age of thrusting along KBF03A. The tectonic loading caused the 

foreland to be flexed downward to the west. 

The structures identified of KBF03A provide new insight into the tectonic history of the 

Kaapvaal Craton's western margin. For example, the tectonic loading of the passive 

margin of the craton allows a rough determination of lithospheric elastic thickness at time 

of thrusting. Thus it is possible to calculate the strength of the lithosphere after the 

development of a passive margin. 
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What is elastic thickness? 

The strength of the lithosphere can be expressed in tenns of its rigidity (D). Elastic 

thickness is the tenn applied to the thickness of lithosphere that responds in an elastic 

manner to a load applied to it. The shape of flexure allows the estimation of flexural 

rigidity, hence lithospheric strength. It is of interest to see if elastic thickness (or rigidity 

of the lithosphere) changes over time and how it varies between different tectonic 

environments. 

This sub-chapter outlines the application of an established method of the estimation of 

elastic thickness from observations of flexure related to external loading. We begin with a 

discussion of where this method has been applied followed by a description of the 

method as applied to structures identified on line KBF03A. To achieve this, it was 

necessary to isolate flexure associated with loading from that produced by earlier 

subsidence in the west during the development of the passive margin. Section 3.3 .3.1. 

details how this is achieved. The results of the calculations are summarized in section 

3.3.4. and are followed by a discussion (section 3.3.5) which aims at highlighting both the 

problems and assumptions associated with the calculations. An interpretation in tenns of 

the broader context of late Archean and early Proterozoic tectonics follows. 

3.3.2. Variations of elastic thickness in different tectonic settings 

The calculation of lithospheric elastic thickness during compression in this study is made 

in the context of similar calculations in several locations of convergence world-wide. 

McNutt et al. (1988) has compiled varying elastic thickness values for continental thrust 

belts. The flexure of the European lithosphere beneath the Apennines, Carpathians and 

Alps has been extensively researched (Royden, 1988; Kruse and Royden, 1994; 

Zoetemeijer et aI., 1995; Stewart and Watts, 1997). Calculation of elastic thickness has 

also been carried out for the north eastern Australian margin flexed beneath the Papua 

New Guinea orogenic belt (Haddad and Watts, 1999) and for flexure associated with the 

Andes and Appalachians (Stewart, and Watts, 1997). Only few similar calculations have 

been made for older terrains. For example, Grotzinger and Royden (1990) calculate an 
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elastic thickness at 1.9 Ga of 12 ± 4 km along the north eastern margin of the Archean 

Slave Craton. This latter example has special significance for the Kaapvaal Craton's 

western margin due to its similar age of thrusting. In the above examples, data used to 

constrain timing and degree of flexure include gravity, seismic reflection profiles, wells 

and bio- and lithostratigraphy. 

The elastic thickness of European lithosphere flexed beneath the Carpathians and 

Appenines is thin at 3 to 16 km (Royden, 1988; Kruse and Royden, 1994; Zoetemeijer et 

al., 1995). Kruse and Royden (1994) modelled deflections of the Adriatic lithosphere 

beneath the Apermine thrust front incrementally. Their results are consistent with those 

obtained for total flexure (Kruse and Royden, 1994). Lateral changes in elastic thickness 

are reflected in the varying geometry of associated foreland basins. There have been a 

number of reasons suggested to explain lateral change in European lithospheric strength, 

one being a mechanical cause involving high curvature of flexure causing a reduction in 

elastic thickness (Kruse and Royden, 1994; Zoetemeijer et at., 1999). 

Elastic thickness calculated for the north-east Australian margin differs laterally from a 

maximum of70 to 80 km to a minimum of just 8 km (Haddad and Watts, 1999). In the 

Australian case, local weakening of the lithosphere is suggested to be a result of thermal 

processes due related to late Tertiary volcanism (Abers and Lyon-Caen, 1990). 

Stewart and Watts (1997) calculated the elastic thickness of the Andes lithosphere, which 

varies from 5 to 85 km across and along strike of the orogen. These variations are 

attributed to the inheritance of thermal and mechanical properties of the foreland 

lithosphere. 

Decreasing lithospheric strength, calculated from flexure induced by loading during 

compression, may be influenced by the following factors. 

1) Decoupling between the upper crust and mantle lithosphere (Burov and 

Diament, 1995,1996; Zoetemeijer et at., 1995). Decoupling is illustrated in 

figure 3.4. 

2) Heating of lithosphere from below during load emplacement. 
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Figure 3.4: Illustration of the difference between an idealized elastic plate and realistic 

continental and oceanic plates. Plates are elastic until a load is added which produces 

areas of inelastic strain resulting in local weakening. In the continental case, a weak 

lower crust facilitates a mechanical decoupling between upper crust and mantle, thus 

weakening the plate and lowering the effective elastic thickness (after Burov and 

Diament, 1996). 
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on the validity of the results. Unfortunately the gravity data could not be used in this 

thesis. 

3.3.3.1. Separating passive margin subsidence from flexure produced by loading during 

compression 

The aim of the calculation is to calculate lithospheric elastic thickness during time oj 

flexure associated with loading during a compressional regime. Thus flexure produced by 

loading of sediments during the development of a passive margin has to be separated 

from that produced by subsequent tectonic loading of these sediments during 

compression. To achieve this, a seismic reflector was chosen which is assumed to have 

been sub-horizontal, prior to load emplacement. The base of the Campbellrand Subgroup 

is assumed originally horizontal for two reasons: 

1) The Campbell rand Subgroup is a platform carbonate sequence, likely to have 

formed in shallow water depths. 

2) The Campbellrand Subgroup does not thicken substantially to the west across 

the seismic profile, indicating that any passive margin subsidence was similar 

across the margin. 

Using this information, it is possible to isolate deflection of the passive margin sediments 

due to loading, from flexure produced by preferential subsidence and sediment 

accumulation in the west. 

3.3.4. Results 

Theoretical flexural curves for varying elastic thickness (5, 7.5, 10, 15,20 and 30 km) 

were calculated and compared to the actual deflection noted from the seismic profile 

KBF03A (figure 3.5). The flexural wavelengths corresponding to these elastic 

thicknesses are 26, 36,45,67, 76 and 102 km respectively. 

• In general, the smaller flexural wavelengths, thus thinner elastic thickness, offered a 

better fit to the observations. 

• The shortest wavelength chosen, 26 km, is a poor fit for the following reasons: 

3-27 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter3 ______ ______ ______ ______ __ Tectonic Synthesis 

1) At plate end (x = 0), the curve calculated for an elastic thickness of 5 

km (flexural wavelength of 26 km), levels off. This does not match the 

deflection observations from the seismic line which increase by 

increasing amounts as x tends to O. 

2) 65 km from plate end, deflection for Te = 5 km is calculated at O. The 

geological map (figure 3.6) indicates that the contact between the 

Schmidtsdrif and Campbell rand outcrops at 180.5 km from plate end. 

Therefore, the flexural curve calculated for an elastic thickness of 5 

km results in an incorrect positioning of the flexural bulge. It is too 

narrow in width and lies too far to the west, toward plate end. The 

flexural wavelength is thus too short to adequately match the 

observations, therefore the elastic thickness was greater than 5 km. 

• The three flexural curves generated for flexural wavelengths of 67, 76 and 102 km 

(elastic thickness of 15, 20 and 30 km) also show a poor fit to observations because: 

1) From plate end to 30 km all three flexural curves underestimate the 

observed deflection. 

2) From 30 to 90 km from plate end, the observed deflection is 

overestimated. 

3) In all three cases the flexural bulge falls too far to the east. 

4) The curves differ by 150 to 300 km from the two observations at 180.5 

and 202 .5 km from plate end. Thus at time of load emplacement, 

elastic thickness was less than 15 km. 

• The remaining two curves plotted offer significantly better fits to the observations. 

1) From plate end to 45 km, both flexural curves for elastic thickness of 7.5 and 

10 km closely fit the observed deflections. 

2) However, from 52.5 to 82.5 km both curves overestimate observed deflection. 

The elastic thickness curve of 7.5 km overestimates deflection to a lesser 

extent. 

3) The observation at 180.5 is best fit by the flexural curve representing an 

elastic thickness of 10 km. It differs by only around 7 m in this case. 
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Figure 3.6: Geological map including the extension of line KBF03A to two observation 

points (marked in red). 
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With (so little difference between these two curves, the elastic thickness of the plate 

during time of flexure is estimated to have been in the range of 7 to 10 km. 

3.3.5. Discussion 

The elastic thickness of7-1O km is suprisingly thin and it is important to evaluate this in 

light of a number of uncertainties. 

1) Flexural observations made east of 52.5 km were calculated by adding an average 

thickness for the Schmidtsdrif Subgroup to the granitic basement / Schmidtsdrif contact. 

Since the Schmidtsdrif Subgroup thins to the east, the height of the contact above 

basement, estimated by taking an average thickness, may be overestimated in this area. 

However, both the theoretical curves calculated for an elastic thickness of 7.5 and 10 km 

also overestimate flexure in this interval, thus they may fit the true flexure better than the 

estimated observations would suggest. 

2) There is uncertainty regarding the observational points at 180.5 and 202.5 km from 

plate end, east of the flexural bulge. These were established from a geological map 

(figure 3.6). The points fall within what has been described as the Takwan Trough 

(Beukes, 1986). Due to the 2 Ga age of flexure, there are likely to have been later tectonic 

events that may have effected this trough. Thus the compression that resulted in the 

Takwan Trough may have altered the position of the Campbellrand / Schmidtsdrif contact 

since flexure . In addition, the CampbeUrand Subgroup in the Pering area, 25 km to the 

south east, is over 2000 m thick. This puts the Campbellrand / Schmidtsdrif contact at a 

considerably greater depth than that expected along the extension of the line KBF03A, at 

a distance of just 25 km. 

Despite the uncertainty in the position of the observation points to the east of the flexural 

bulge, it remains true that the curves calculated for an elastic thickness of 7.5 and 10 km 

best fit the observed data to the west of the flexural bulge. Curves calculated for elastic 

thickness greater than 15 km are poor fits to this data. 

3-31 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 3 ___________________________ Tectonic Synthesis 

3. Velocity/ Depth Conversion uncertainty. Observations were made by converting two 

way time to measure actual depth of contact. This conversion was achieved by using P 

wave velocities in table 2.1. There could be no correction for compaction due to lack of 

lithological control. The observations therefore must be regarded as maximum depths to 

the contact. 

4. In modern examples of estimation of elastic thickness from flexural observations, it is 

possible to be sure that deflection observations are a direct result of a particularly tectonic 

conversion event. An Archean! Proterozoic terrain such as the Kaapvaal craton's western 

margin, however, has been exposed to numerous subsequent tectonic events that may 

have distorted the primary flexural signal due to loading of the Olifantshoek aged thrusts 

5. Lack of independent gravity constraint. In most of the applications of this type of 

calculation of elastic thickness, gravity data offer an important constraint on estimate of 

elastic thickness. The gravity profile expected to result from flexure associated with 

loading is included in figure 3.7. However gravity data provides only a present day 

signature. Since this region contains Archean aged sediments that have undergone a long 

complex structural history, it is difficult, without more detailed information, to back 

calculate the gravity anomaly pattern caused by flexure at 1.9 - 1.7 Ga. Thus, the gravity 

data could not be used as an independent measure of elastic thickness or be used to 

constrain values calculated from the observation of flexure. Without the independent 

constraint offered by gravity data, the results have to be treated with caution. 

6. Assumption of uniform initial water depth. The method assumes a uniform initial water 

depth across the profile, KBF03A. The Campbellrandl Schmidtsdrif Subgroup contact is 

regarded as initially sub-horizontal because the Campbellrand Subgroup formed as a 

carbonate platform sequence. However they may have been subtle differences in initial 

water depth over the long length of line, 200 km. 

These uncertainties, however, would not significantly alter the results. 

3-32 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter3 __________________________ TectonicSynthesis 

..c 
(}) 

I 

Topographic Load 

LOW 

Crustal 
Root 

I 
I 
I 
I 
I 

AI 

Flexural Bulge 
Sea Level 

HIGH 

B 

Horizontal Distance 

Figure 3.7: Schematic diagram to illustrate the expected gravity signature resulting from 

flexure induced by instantaneous loading. Gravity low, east ofB, is associated with 

shallowing of granitic basement. Gravity high, between A and B, corresponds to where 

flexure of underlying units is mirrored by the Moho, which is relatively flexed upward. 

The latter results in dense asthenosphere being at relatively shallower depth thus causing 

the gravity high. The gravity low, to the west of A is due to thickened sediments in 

foreland basin as well as the depressed crustal root. 
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Figure 3.8: Lithospheric elastic thickness estimates. A: from Doucoure and De Wit. 

(2001) B: from Hartley et al. (1996). 
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3.3.6.11. Variation in continental elastic thickness: past and present 

A relatively thin elastic thickness for Proterozoic terrain is not unique. In a flexural study 

of the Kilohigok Basin in the Archean Slave Craton an elastic thickness of only 12 ± 4 

km was calculated (Grotzinger and Royden, 1990). Effective elastic thickness is 100 ± 

25 km for the area today (Grotzinger and Royden, 1990). From this data the authors 

conclude that at 1.9 Ga the Slave Craton lacked the several hundred kilometre thick 

mechanical layer it has today, implying a significant thickening in the last 1.9 Ga. They 

also suggest that geothermal gradients were two to four times higher then than at present. 

This seems, as the authors point out, contrary to other cratonic data, for example from the 

Kaapvaal craton, that suggest the existence of thick mantle roots since Archean time 

(Boyd et aI., 1985). 

Present day elastic thickness of tectonically active areas, however, varies considerably, 

and elastic thickness is dependent on a number of different factors. It is not unrealistic to 

assume the similar if not greater varieties existed in the Proterozoic, since many of the 

factors controlling elastic thickness are equally likely to have been important then too. 

Locally, at least, heat flow may have been higher in the Archean due to a 3 to 6 times 

higher radiogenic heat production (Pollack, 1997). 

The low elastic thickness during time of flexure along the Kaapvaal craton's western 

margin may have been inherited from earlier passive margin development. Some of the 

lowest elastic thicknesses have been observed at passive margins (Stewart and Watts, 

1997). Reemst and Cloetingh (2000) note the resulting reduction in lithospheric strength 

following rifting on the Trondelag Platform, Voring Margin (mid-Norway). Minimum 

values of around 10 to 12 km for elastic thickness were obtained in the centre of the rift 

basin during extension (Reemst and Cloetingh, 2000). Recent research has shown that 

there may be significant rapid gradients from weakened, rifted lithosphere to stronger 

cratonic lithosphere. 

Figure 3.10 shows elastic thickness gradients calculated for the Voring margin (Reemst 

and Cloetingh, 2000), the Andes margin (Stewart and Watts, 1997) and an inset of the 
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Kaapvaal craton and its western margin at a similar scale. The locations of the 

geophysical transects are shown in figure 3.9. Figure 3.10 demonstrates the variation in 

elastic thickness with distance from the margin, a characteristic of both passive and active 

tectonic settings. It is possible, therefore, that the thin elastic thickness calculated for this 

region of the Kaapvaal Craton, merely represents a marginal effect at 1.7 to 1.9 Ga. The 

margin may be weaker section within or along the margin of a strong lithosphere of far 

greater elastic thickness. "Lateral variations in elastic thickness are expected to exist as 

we move from margins toward the interior of continents" (Stewart and Watts, 1997). It is 

possible that further from the margin, the elastic thickness could increase to typical 

cratonic values as is evident from the Andes and Norway examples. 

3.3.6.111. Lithospheric strength recovery? 

Stewart and Watts (1997) claim that no low values of elastic thickness have been 

estimated from Paleozoic orogenies using standard methodology of flexural and gravity 

modelling. They infer that this is due to either of two reasons: 

I) Weak orogens are preferentially destroyed in geological processes 

2) Stretched and weak lithosphere is able to recover its strength. 

Results from this study of the Kaapvaal Craton's western margin and those obtained for 

the Slave Craton (see section 3.3.6.11) are both examples where thin elastic thicknesses 

have been calculated for the Paleoproterozoic, in regions where present day values for the 

same terrain are now substantially higher. The Kaapvaal Craton's western margin is thus 

perhaps a prime example of the recovery of lithospheric strength. Greater sampling of 

older terrains is needed however, to further constrain which of the above two possibilities 

is more probable. 
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500 km for all figures 
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Figure 3.9: Geophysical transects at the same scale along 
selected continental margins representative of a variety of 
different tectonic environments, along which the lithospheric 
elastic thickness have been calculated. 

A) Passive Continental Margin with continental edge basalts, 
bordered by young oceanic crust and mid-ocean ridge: 
The W"ring Margin (central-Norway). Box expanded in figure 
3.10. 

B) Active con1inental margin: Cratonic margin bordered by 
zone of active subduction and orogenesis of the Andes. 

C) Successor continental margin: Passive margin subject to 
later stage compression and thrusting : western margin of 
the Kaapvaal Craton. 

Elastic thickness profiles, 1 to 6 are shown in figure 3.10. 
(Modified from Stewart and Watts, 1997, Reemst and 
Cloetingh,2000). 
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Figure 3.10: A) Expansion of box in figure 3.9 (from Reemst and Cloetingh, 2000). B) 

Variation of lithospheric elastic thickness across continental margins for profiles 1 to 6. 

Location of profiles shown in figure 3.9. 
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3.3.6.IV. Why is the estimated elastic thickness of the Kaapvaal Craton edge so thin at 1750 

to 1929 Ma? 

Thermal effect 

Some authors consider heat flow to correlate inversely to elastic thickness (Zoetemeijer et 

at., 1990; Hartley et at., 1996). Thus thermal effects can alter elastic thickness, but not if 

separated from load emplacement by sufficient time. For example, Zoetemeijer et al. 

(1999), in their study of flexure beneath the Carpathians, expect little thermal influence of 

Jurassic rifting on subsequent evolution of the 'Neogene wedge', because theoretically 

the thermal equilibrium would have been reached. This represents a time gap of 

approximately 120 to 200 Ma. 

The last two periods of volcanic activity in the Griqualand West basin prior to late 

Olifantshoek aged thrusting, involved the extrusion of the Ongeluk basalts at 2222 ± 12 

Ma (Cornell et at., 1996) and the extmsion of the Hartley Formation basalts and tuffs at 

1924 ± 4 Ma (Cornell et at., 1998). The thermal effect associated with the extrusion of 

the Ongeluk Formation is likely to have been re-equilibrated in the 200 Ma time gap 

between extrusion and loading. The maximum amount of time between the Hartley 

extrusion (1928 ± 4 Ma, Cornell et at., 1998) and thrusting (bracketed at 1.9 to 1.7 Ga) is 

also 200 Ma. However, the extrusion of the Hartley lavas may predate thrusting by far 

less time than this maximum estimate. The thermal effect of this episode of volcanism 

could have had an influence on the elastic strength of the lithosphere, a reduction in 

elastic thickness. Heating weakens the lower crust, which may result in a decoupling of 

upper and lower parts of the lithosphere, thus causing a weakening of the plate (Abers 

and Lyon-Caen, 1990). 

However, the link between volcanism and plate weakening is not fully understood. Abers 

and Lyon-Caen (1990) point out that it is difficult to assess whether heating due to 

igneous intrusion weakens the plate, or it is because the plate is weak that the intrusion 

reaches the surface. These authors also mention that without knowledge of the extent of 

the intrusion at depth it is difficult to ascertain whether heating due to volcanism is 

sufficient to reheat the lithosphere. 

3-40 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Synthesis 

3.3.6.V. Relation of elastic thickness to tectonic style 

It is pr(J;po~)ea Watts et a1. (1995) that strength of underlying controls 

the tectonic style of the orogen and lliUI-S}amlea fold and thrust detorrnatlon and low 

angle decollement surfaces are related advancement onto stronger lithosphere. Higher 

elastic implies shallower deflections of the lithosphere subject to loading. 

(1997) mention that underthrust lithosphere will tend not to 

cornOlratt~a in the lithosphere greater 

deflection likely involvement of underthrust lithosphere deformation. This 

rel:atI(mSmp between elastic """XU"'""" tectonic style is supported by observations 

'.:t",\'.,.::.ri and Watts, 1997). from Peru and Bolivia 

.... ,,,au,,,.,,, calculated along 

lithosphere was 

and correSpOI1lmI1lg 

has shown that, at 

This is apparent 

time of thrusting, 

the high deflection 

thrusting is 

thin-skinned and a low angle "'''''''VU,"UL',",H< surface (Neylan um;onl101ml~ is apparent. 

passive margin 

loading by thrusting 

discrepancy is that onto 

only 

has been very little or no involvement of the UH'''',"LL] 

the deformation. This is opposite to what is eXllectea 

lithosphere as above. A possible reason 

narrow region is so described in 7.4 above, there is a rapid 

strength, to east of the profile, toward 

craton. V"""'F,'"'' in lithospheric shown to occur 

1. 7 to 1.9 Ga sees deposition of the in fault-

vv, ....... .",.. basins spanning Craton interior. structures imply a 

central cratonic interior, which may support the that the elastic 

lH1\"XU1,","" calculated here just a narrow transition to a much stronger craton. 

area today has an thickness of 60 to 70 (Doucoure et aI., 1996) . 

.. "'''',...''',''''"', of this elastic tnH~KneSS are beyond the scope 
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Chapter 4 : Summary Conclusions 

"''''~,'''Ujl''' profiles interpreted in 

1) The 

roughly fall into 

"'_'1-'''' (KBF03A, 

areas: 

1) 

2) The Bushveld Lines within the confines 2.06 Ga Bushveld Complex 

Province (Buick et al., 2001) 255, 

3) The craton interior (yS, OB, AG). 

Information gathered from the interpretation of these seismic profiles gIven new 

insight into some the and pertinent to areas. 

4.1. The Kaapvaal Craton's Western Margin 

Tertiary Kalahari cover obscures most of the northwest .LA .... ~a' ... of the Kaapvaal Craton. 

Geophysical techniques, including gravity and magnetics, are only methods of 

structure this part of the craton margin. The interpretation of newly 

released selsmlC H .... """' .. v .. data resulted understanding of stratigraphic 

structural detail of this area the identification of many, previously undescribed 

features. Some of are: 

II The prominent listric fault, F2, displacing succession downward to west, 

by> 6 km Ga). This master fault has ~~"LAa compression 

(-1.9- 1.7Ga) and Karoo and deposition. similarity of 

antithetic faults associated with F2, to a nO''''3T"n,,,, flower structure' 

component of strike-slip motion. 

II The Neylan between the lower Olifantshoek 

Formation 

bedding parallel. 

To the west the unconformity either or becomes 

II The tecltonlostl"atzJlrCllJ (duplexed) nature of the Hartley Formation. Eastward 

verging thrusting is initially thin-skinned on craton, then involves entire 

Formation resulting tectonic thickening of~ 300 % (-1.9- 1.7 

II The Dwyka unconformity, formed as valleys cut into underlying 

basement thrusts during the Dwyka glacial event (- 350 to 300 Ma). 
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of 

.. Tertiary Kalahari unconformity, which is channelized and 

underlying Karoo, Olifantshoek and Griqualand sequences. 

te110retatllon of seismic KBFO 1, which greater outcrop to south 

resulted in the identification of: 

.. Maremane Dimoten 

.. An unknown unit at depth. 

reIlleCl:ors of Ventersdorp 

unit may be COinpIDse:<1 of west 

This may indicate the presence of an OCI~anllC-

"",.,. ................ boundary the western the Kaapvaal Craton. 

Similarities were hetwel~n the vnr"""" unit and those of """,."" .. ,,,.v ...... 

U'~~e.""~ worldwide, in terms of orientation dipping 

h~r~{'t."r and estimated UU\, ........ ",,,,,,, (up to 7 km). continent), seismic 

.. Thrusting of lower Olifantshoek and upper Griqualand West strata. data 

substantiated the stratigraphic position of the Gamagara Formation as correlative 

Madedi v .... 'ue .... vu (lower UllIaIlLSIlIJC;#K Supergroup) as by 

..... "'.....,..."., and Smit (1 

observations have led to the further discussion: 

II Immediately apparent the seismic profiles KBF03A and 01, is rapid 

of the succession to west (from basement outcrop to > 

17 km along KBF03A). implies a high increasing amount subsidence 

creation of space towards the craton 

Sediment accumulation rates across the '''~''e.'''' craton calculated 

and compared to modern day estimates and estimates from age-equivalent (and 

possibly correlated) for example Basin 

Sediment rates calculated from KBF03A 

approximately two than those '"'Ut"' ... ,', ..... , .... 

", .. nll1""" by previous <>n1"t'I", .. " and an order magmlW(le lower most mo,aeID 

carbonate depositional environments. This difference supports 

"""'CTl'"'''' that carbonate deposition may have occurred 

pro,ces:ses to present day carbonate formation as proposed by Grotzinger (1989). 
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Conclusions 

II of the northwestern is proposed. been A tectonic 

compared to """'''",''' 

south. Many 

structural of better outcrop in 

southern structural observations are by 

structural interpretations seismic data. 

II It has been possible to calculate lithospheric elastic thickness at 1.9 to 1 

the analysis lithospheric produced by loading. 

tnH~Kness is estimated at 7 to 10 km, is 7 to 10 times that estimates 

for the same area today, v", .. ,au.;,,,,present day ,-,Ja,;,u,-, thickness for area is -60 

to 70 km This implies 1.9 - 1 has 

lithospheric recovery. unusually thin 

around Ga, may KBF03A's location near the craton High 

gradients, from thick, strong lithosphere, thin, weak along 

the margins been calculated elsewhere, for example, the Norwegian, Andean 

Antarctic AU"'''E:>'_U'''' 

The Bushveld Lines 

Interpretation of the seIsmiC profiles, .L'\..i.,"""..,)''''. 

of the following: 

and 256 resulted identification 

II listric basins, with east-west boundary faults. 

III reef unconformity, showing truncations of 

underlying Supergroup. 

II A scale, shallow syncline, involving Transvaal and 

"T_l''''''~T over hundreds of kilometers. 

Bushveld intrusion was seismicany unresolved, implying that it is thin in 

this Reflections within the however, sills to the 

Bushveld intrusion. This proposition is supported by the fact that basement 

reflections are amplitude number Rz-254, relative to other 

interpreted lines on western margin interior. 
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4.3. The Craton Interior 

I"\Ul.nn features were seismic and YS: 

III and graben structures composed of Dominion, Witwatersrand and 

Ventersdorp Supergroups (OB and AG). 

.. Listric growthfault bounded Ventersdorp basins. Bounding faults had a 

approximate and dipped to and south (YS). 

III Black is particularly its truncation 

below. 

II Open folding of the Transvaal Supergroup, 

east-west (OB and 

axes trending apl()rO'XlInaltel~ 

III The distinctive Beaufort unconformity, several older groups 

the apparent east! west of the listric bounding the Ventersdorp 

deposition, it was tentatively proposed that was north! 

Ga. 

interpretation 

Un(leSICnt)ea stratigraphic 

""'~,,,u~~'" profiles 

structural features to 

the " ...... 'UU'-'H of existing tectonic models for the 

craton interior. It has that, at least in 

"",·",,,,.uu ten'am was not its inception, 

strengthening proices:ses The details 

As hopefully more and borehole 

may tested in great depth. 

not allowed new, ..... ".,,11"" 

identified, but has 

margin, Northern 

lithospheric strength 

was attained 

oec;onles available, 

for 

and 
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Appendix •. ______________________ ~~~ Acquisition and Processing 

Appendix A : Data and Processing 

Before seismic be interpreted it must and processed. 

The seismic reflection ntp'Tn,"ptf'rI in this study were acquired using the Vibroseis 

method by the AngloGold Corp. Ltd, between the and 1994. A list 

recording equipment and acquisition parameters is included in table A-I. 

Instruments 
Recording 
arameters 

Instruments 
Vibrators 

Recording Instruments 

Number of Channels 

Geophones 

Sweep Parameters 
Sweep Length 

Sweeps per VP 

Frequencies 

Listening Period 

Sam Ie Rate 
Geometric Parameters 
Field Spread 

Station Interval 

VP Interval 

Vib Pattem 

Receiver Pattern 

4'" BBV 
27000lb 

SN338 

96 

SM4 
10Hz 

26 sec 

8 

10-91 Hz up 

6 sees 

4msecs 

End on 
0-175-4925 m 

50m 

50m 

150 m linear 

100m 

1993 

5'" YllOO 
27oo0lb 

SN368/IJO CS 

120 

SM4 
10Hz 

Vi ill Valid 

24 sec 

3 

10-61 Hz up 

6 secs 

2 msecs 

50m 

25m 

50 m linear 

50m 

Fold of Cover 48 50 
A-I: Acquisition parameters: 1983 to 1993 

Parameters """"VAn", to seismic 

included in table 

1993 detailed 

2'" MertzM18 
40 000 Ib 

SN368 CS2502 

120 

Sensor 
10Hz 

Pelton Advance 2 

8 sec 

4 

20-120 Hz up 

6 secs 

2 msecs 

Split Straddle 
743. 7S-6.25-X-6.25-743. 75 m 

12.5 m 

12.5 m 

12.5 m linear 

12.5 m 

this study are 
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Appendix A: ____________________ ~Data Acquisition and Processing 

Line Line Acquisition Datum Number Record Sample Station 
Number names starting starting of Rate Interval 

used in date date Channels 
text 

OB-41 OB 19-02-85 02-03-85 96 24 s 4ms 
OB- 01-10-85 21-10-85 1400m 96 24 s 4ms 
KV-1l7 23-04-86 07-05-86 1400m 96 
KV-119 07-05-86 20-05-86 1400m 96 
AG-130 20-08-86 28-08-86 1400m 96 
YS-62 02-07-85 16-08-85 1400m 96 
RZ-254 15-08-88 10-09-88 1200m 120 

28-11-94 120 
03A 

Table A-2: Acquisition details for several ofthe seismic profiles interpreted in 

study. 

Removed because these steps had only 
limited effects in im data 

RECEIVER SORT, DOMAIN FK FILTER AND DECONVOLUTION 
FILTER 
Removed because it gave little imr,r .... ,,,,,m,,,,nt in 
data 

SOURCE JJLj\.~'U.l' 
NORMALIZATION 
RECEIVER SORT AND DECONVOLUTION 
FILTER AND .c;.....,v~.uu: .. ,.n 

Removed because these 
to the and cost 

rovemcnt in data 
DIP MOVE-OUT 
Added to Imtlrmle irltefJpre1'ati()llS, "'''JJ''''''''''' y in 
areas of stee di 

COMMON MID-POINT SORT, NMOIMUTE, DATUM STATICS AND RESIDUAL STATICS 
surface constant 

RESIDUAL STATICS (COMMON MID-POINT 
(CONSISTENT» 
Added to correct for effects of the """,,,th,,,"rl'" 

1994). 
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Appendix A: _______________________ Data Acquisition and Processing 

For more technical details on seismic processing methods, the reader is referred to 

Yilmaz (1987). 

A-3 
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: ____________________ Derivation of the Flexural Equation 

Appendix B : Derivation of the Flexural Equation 

D * (Cl4W / Clx4
) = all applied 

The derivation has been from (2000). 

Symbols in order 

P= 

V = shear stress 

derivation: 

M bending moment 

strain in x direction 

Oxx = in x 

E::::: Young's modulus 

V Poisson's ratio 

W= 

D = rigidity 

The flexed plate is treated as a thin elastic involving the following assumptions. 

First, the plate elastically. Secondly, stresses are parallel to plate 

edge (fibre a fairly low curvature is B-1, 

. Balancing forces 

Consider a load applied to an elastic in the of a force 

(buoyancy) to underlying material. there is no acceleration, all the forces and 

torques shown B-2 must sum to zero. Thus by balancing the and torques 

the equations are produced. 

Balancing Forces: 

P(x) + Vex) -vex + dx) = 0 P(x) av / ax .......... 1 

(The spatial derivative of vertical load) 

1 
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Appendix ..... ______________________ .u''''''n''vllofthe Flexural Equation 

M. 

Brittle 

Ol Elastic 
c 
';;; 
0 
92 u Ductile £; 

1: Assumptions thin elastic sheet U",'''',-,A. 

the extension and COltnpressioln of 'fibres' oriented 

Applied load, 

V(Xl~ 

M(xl 
~ 

x x+dx 

deflection, shear 

flexure 

to plate edge. 
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Appendix_. _____________________ ~v, of the Flexural Equation 

Balancing Torques: 

M(x) - M(x + dx) V(x)dx 0 V=- / 

" • " .. " .. " " ... " II .... " .... " .. " .. " " ................ II ........ " ....... 2 

the plate is A"" .. ,~A"''''''' as ... l .. "'U .... stress and strain are 

equations 3 and 4. 

(Strain in the X 

as shown in 

Exx = liE (Oxx - V Oyy) ......................................... 3 

Strain in the 

E = yy .................... " ......................... " .............. " .4 

v= Poisson's Ratio 

Young's Modulus 

From the second assumption, that only fibre stresses are COIISl(lerleo. there is no strain in 

the direction (Eyy = 0). 

Thus: Oyy =V .. ......... " ................. " .................. " .. " ..................... , .. " ........ 5 

From 3 and 

Strain is layerly ....... ",n." .... to stress in the X 

Exx = Oxx (1 V
2

) / •••.•••••••••••••.•••••••••••.••••••••••• 6 
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Appendix B: ______________________ Derivaltion of the Flexural Equation 

B-2. the load to the bending of the plate, M 3) 

plate can terms of a V""~J''''''UJ'F'> 1110nlen.t. M which is 

related to fibre stresses, neutral line at the centre the plate is a line 

which is no extension or ",,,,;,,tv ... Above this neutral a compressional 

force, (y), acts. Below the neutral line, at position stress is extensional. 

compressional exert a torque around neutral line. 

torque = O'xx Y dx ............................................. 7 

Or, words: torque is equal to in the x direction multiplied by the derivative the 

from the neutral line. 

The V'"''', ..... ,,'F'> moment, IS oOltaltlea by 1r1T,3('ft"!lTln torques 

M = Jhl2
0'xx Y dx .......................................... .. 

-hl2 

M~ 
..... - h -

Relating fibre stresses to the bending moment, M: The neutral line 

the zone of compression, +y, the zone of ""~'."""'''V'.'' 

on 

B-4 
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Appendix B: ______________________ De:rivat:ionofthe Flexural Equation 

8-3. Relating the moment, M to the deflection, W 4) 

First, strain changes along a ...,"''', .... ,,''F. plate are considered. These are 

changes in stress. As of stress above, there is a 

is no change in length. at the top of the sheet are 

to 

along which 

those at the 

bottom are lengthened. strain is related to the deflection, W (figure 5) . 

Figure B-4: Relation 

Figure B-5: Relation 

...... -

E to J and ;:!ULl;:!",,\.! 

...... ..... - --
x + X 

'"' ...... ,,1">'" in length, delta I, to aeIleCtlOln, W(x). 

W. 
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Appendix B: _________________ Deri\!ation ofthe Flexural Equation 

length of the neutral line (1 ~ 

y above the neutral 

[11 in 1 for y * 0 

Then: 111 (y) = - 0lY 

01 - aw I ax Ix 

02Y. '" . " '" '" '" '" " '" " '" " . '" .. " '" " '" '" '" '" '" ., '" " '" !II .. '" " '" • '" '" '" '" '" '" " '" '" '" " ., ... 9 

I Ix+dx 

III (Strain :::: ~U""Uf'>'" divided by VLLf'>.U ..... 

9 10: 

1111 dx = (y I dx) * {aW I ax Ix - aw I ax Ix+ 

... '" 111 '" '" ., '" .. '" '" '" '" " " '" '" '" if '" '" '" " '" '" " III " ..... '" '" " III III .11 

Note: is only valid if curvature is small so that 01 

equations 2, 6, 8 and 11 below: 

-a2
M I ax2

", '" "'., " '" '" '" '" '" '" '" . " '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" '" "' .. '" '" '" '" '" '" . '" "'" '" '" '" '" '" '" '" ",.2 

= axx * «1 - V
2
) I ........................................... 6 

M = Jbl2 axx Y dx ................................................... 8 
-bl2 

= - Y (a2w I ax2
) • ••••••••••••••••••••••••••••••••••••••••••••• 11 

and integration results in the following steps: 

= Jbl2 E * xx 
-bl2 

B-6 
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fillll.mUIX : __________________ uenvatlOn ofthe Flexural Equation 

M- / 

/ (1 V
2
)) * h3

/ 12 = D = Flexural Rigidity with units ofNm. 

M - * (a2W / ax2
) .............................................. 12 

involves the consideration of fluid beneath the elastic plate. 

W(x), will result in an upwardly directed 

on (Pm density of underlying fluid). At'1"it'r'p"""""'rt 

an fluid pressure. 

balance calculated at the beginning of this section has to a 

Pmgw(x), to accommodate the fluid pressure from below. 

dx {P(x) - Pmgw(x)} - v(x) + v(x+dx) = 0 

P(x) - Pmgw(x) = - av / ax 
.. P(x) - Pmgw(x) = - a 2M / ax2 

.. P(x) - Pmgw(x) = D * (a4W / ax4
) 
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Appendix B:. ____________________ Derivation of the Flexural Equation 

Similarly, if a load, with density = Pi is added to the top of the plate it provides an 

additional downward force of PigW(X). Using the same method as above results in the 

flexural equation. 

D * (a4W I ax4) + (Pm _ Pi)gW (X) = P(x) 

_ (XIV) D * (a4W I ax4
) = aU applied loads 

Or, in words: Flexural rigidity multiplied by the fourth derivative of flexure with respect 

to x is equal to the sum of all applied loads. 

t t t 
pmW(x)g 

Fluid, density:p m 

Figure B-6: Buoyancy force acts upwards in response to downward directed deflection. 

B-8 
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of flexure 

Appendix : Calculation of (adapted from (1988)) 

C-1. Observations 

To "' ......... u .... '" "1"1"'''''>1''''''' the aeIleCl:lOn a reflector that was horizontal in orientation prior 

to was measured. 

Ventersdorp sediments and 

load related is isolated. Both 

Subgroup ~ .... " ..... .., and the ..... "' ...... "" • ., ..... 

thickening towards the west, """""''''''U,J;<. that preferential subsidence, unrelated later 

thrusting, occurred in the west during their deposition. Campbellrand 

n,.n,llP'illP'r is uniform in .... ,_JU ..... ,," across the line and is proposed to have rorme:o In a 

shallow platform the contact 

Campbellrand subgroup was for the calculation, and regarded as 

horizontaL 

end KBF03Awas conservatively at 4800 to the of the normal 

fault, allowed for an of that may been caused 

by normal faulting. this point depth to Campbellrandl 

contact was every 7.5 p-wave velocity East 

of where the contact reaches the surface, position prior to was 

adding the thickness of Schmidtsdrif Subgroup above its contact 

with granitic u .. "",u.'",.u. East I where .... "''''"1"0 outcrops, no 

estimate could be made. 

The line was to the east to incorporate the Ventersdorp Supergroup, 

1). 

km. 

and Campbellrand Subgroups where reappear on eastern side of 

Two were 

and Schmidtsdrif Subgroup ""nt,,, .. ,,,,,,,,, 

was extended a further 100 km to 

the "'v'''''''' npT'lxrp~>n the 

F."" .. V!"."' ..... map, 

east with 1.1"''''',''''',", calculated 10 
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Appendix C: __________________________ Calculation offlexur e 

Figure C-l: Geological map including the extension of line KBF03A to two observation 

points (marked in red). 

Flexural Bulge 
~ _ ___ ~~ Eroded 

Sea 
1-~ln-:f"""illi:-ng-sed---:-:-lm-en-t:-s-",........---.u....:.<-----"""'"~=----,--;.1:-w- Level 

I density Ps 

I 
I 
I 

End of line, X=O 

D 

/ Pm 

Figure C-2: Parameters involved in the calculation of flexure, pm, sand c= density of the 

mantle, infilling sediments and crust respectively, D = flexural rigidity, 11 W= base level 

shift equivalent to initial water depth, pc = ps. Figure is a duplicate of figure 3.6, 

included to facilitate easier reading. 
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Appendix C: ________________________ Calculation ornexure 

C-2. Calculations 

Total flexure is the sum of flexure due to loading and a possible base level shift since 

deposition, equivalent to initial water depth. The latter is assumed to be uniform along the 

line. The schematic figure C-2 roughly shows the geometric set up and main parameters 

involved in the flexural problem. 

The total load on the foreland is composed of a downward force produced by sediments 

both filling accommodation space created by flexure associated with thrusting and also 

that created due to the change in base level shift unrelated to thrusting. This downward 

force is balanced by upward directed buoyancy due to the fluid pressure of the mantle 

beneath the flexed plate. Thus the total load on the line is as follows: 

PsgW + psgf1W - pmgW - pmgf1W 

Or: (Ps - pm)g(W + f1W) 

From the derivation of the flexural equation (appendix B) we have: 

D * (a4W / ax4
) = all applied loads = (Ps - pm)g(W + f1 W) 

Rearranging and substituting the solution to the flexural equation: 

W =observations= [pmf1W / (pm - ps)]+[Acos(x/a ) + Bsin(xla)]*e-xJo 

In this equation there are four unknowns to be solved, flW, A, B and a (We can input 

estimates of pm and ps and x is the horizontal distance from line end). We assume a 

geologically plausible value of a and are left with three unknowns. Common values of a 

are given in table C-l. 
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Appendix C:. ________________________ Calculation of flexure 

(J) 

OJ Te (km) D (Nm) U(km) 
U 
~ 

c 
.:,t. 

0 
0 (J) 0 
(J) 

0 c 
~ 0 0 

2:-u (J) 

0 
(J) 

E 0 > 

1 7.2 * (0 8 

5 9.0 * (0 26 

1 0 7.2 * (0 45 
OJ 
(J) 

20 5.8 * (0 76 
en 
0 
>- 0 
0 +- 30 2.0 * (0 102 

0 
c 
(J) 

OJ E c 
c 50 9.0 * (0 150 
0 :r: c 
~ 

+- -- 0 
en 0 U 
2:-u 80 3.7 * (0 21 4 
(J) c 
> 

Ol 
(J) 1 00 7.2 * (0 253 

Table C-I: Typical values of flexural wavelength (0), flexural rigidity (D) and elastic 

thickness (Te) (Royden, 2000). 

To calculate the variety of answers for l1W, A and B for varying values ofa and to 

minimise the difference between observed and calculated values, a root mean squares best 

fit is done: 

~ (Wobserved -/1 W) 2 = a minimum 

In fuller form: 

~ ([Wobs - (/1W(pm / (pm - ps) + (Acos(X/O ) + Bsin(x/O) *e-xlO)2])=minimum 

To solve the above equation we take the derivative of l1W, A and B and make equal to O. 

The result is three new equations and three unknowns (a is estimated). 
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AppendixC:. ______________________ Calculation of flexure 

1) 0 = IWobs - ~W[(pm / (pm - ps))*N] - A[Icos(x/O )*e-xlo
] 

- B[I sin(x/O)* e-xlO
] 

2) 0 = I(Wobs(COS(x/O )*e-xlo
)_ 

N = number of observations 
F1= 'LWobs 
C 1= (pm / (pm - ps))*N 
Al= 'Lcos(x1a )*e-xJo 

Bl = 'Lsin(x1a)* e-xJo 

~ W*(pm / (pm - ps))[Icos(x/O )*e-2x/O
] -

A['Lcos2(x/a )*e-2xJO
] - 8['Lcos(x/a ) sin(x/a)* e-2x10

] 

3) 0 = I(Wobs sin(x/O)* e-xlo
) -

F2= 'L(Wobs( cos(x1a )*e-xJo
) 

C2= (pm / (pm - ps))['Lcos(x1a )*e-2xJO
] 

A2= 'Lcos2(x1a )*e-2xJO 

B2= 'Lcos(x1a ) sin(x1a)* e-2xJO 

~W*(pm / (pm - ps)) [sin(x/O)* e-2x10
] -

A[Icos(x/O ) sin(x/O)* e-2x10
] - B[sin2(x/O)* e-2x10

] 

F3= 'L(Wobs sin(x1a)* e-xJo
) 

C3= (pm / (pm - ps)) [sin(x1a)* e-2xJO
] 

A3= 'Lcos(x1a ) sin(x1a)* e-2xJO 

B3= sin2(x1a)* e-2xJO 

The above equations are solved simultaneously as follows: 

Fl = l:J.WC 1 + AAI + BBI 

F2 = l:J. WC2 + AA2 + BB2 

F3 = l:J.WC3 + AA3 + BB3 

C-5 
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Appendix C: _______________________ Calculationofflexure 

F1C2 - F2C] = A(A]C2) + B(B ]C2) - A(C]A2) - B(C]B2) 

C;F 1C2- F2C] = A(A]C2 - C]A2) + B(B]C2 - C]B2) 

C;F3C2 - F2C3 = A(A3C2 - C2A3) + B(B3C2 - C3B2) 

Q]=P]A+R]B 

Q2 = P2A + R2B 

C; A = (Q]R2 - Q2R]) I (P]R2 - R]P2) 

C; B = (Q]IR]) - (P]IR])*A 

C;~W = F]/C] - A*(A]/C]) - B(B]/C]) 

Q] = F]C2 - F2C] 
p] = A]C2 - C]A2 
R] = B]C2 - C]B2 
Q2 = F3C2 - F2C3 
P2 = A3C2 - C2A3 
R2 = B3C2 - C3B2 

The coefficients A, B and ~ W calculated above are then substituted into equation: 

W = [pIll.8W I (pm - ps)]+[Acos(x/o) + BSin(x/o)]*e-xla 

Thus, for each value ofx and estimated flexural wavelength, a, a deflection, W, is 

calculated. A plot of these deflection values with increasing horizontal distance from line 

end is created for each chosen a (figure 3.5). 

The flexural wavelength is linked to the elastic thickness in the following way. From the 

flexural wavelength it is possible to calculated the flexural rigidity, D: 

0= [4D I (pm - ps)*g] 114 

Flexural rigidity, D, in turn gives elastic thickness, Te: 

C-6 
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location of figures 2.48, 2.49 and 2.52. 
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Figure 2,3: Stratigraphic and structural interpretation of profile KBF03A Phases of faulting are distinguished by colours: the listric normal fault F2, in yellow; normal faulting within the lower Olifantshoek Group, prior to the fc 
the Neylon Unconformity, F3 in blue; thrusting of the Hartley Formation, F4, in white and later normal faults which displace the thrusts (F5 in red),The Neylon, Dwyka and Kalahari unconformities are marked in red. 
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Figure 2.22: Stratigraphic and structural interpretation of seismic profile, KBF01. Normal faults are marked in blue and thrusting is shown by red arrows. 
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