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ABSTRACT 

The Vaalputs site is underlain by an extensive veaeer of Tertiary and 
Quaternary deposits covering a crystalline baseaent of Precambrlan 
age. The geological history of the area, froa the oldest to the 
youngest event, aay be suaaarized as follows: 

1 Polyphasic ductile/ductile-brittle deforaation and 1 100 Ma old 
granulite facies aetaaorphisa of a (volcano) sediaentary 
sequence, and of associated syntectonic to late-tectonic 
granitic and basic intrusions. 

2 Deposition of glacial tillite after a long erosional hiatus In 
Karoo (Peraian) tiaes. The preservation of these rocks is 
Halted to down-faulted structural blocks within the area 
investigated. Sills and dykes of basalt were sporadically 
injected during the Jurassic (?) along soae of the aany NNW- and 
NW-trending fractures and faults related to the opening of the 
Atlantic Ocean. 

3 Lower Tertiary rejuvenation of older faults and shear zones, 
accoapanied by kiaberlitic volcanisa, resulted in the uplift of 
the Kaaiesberge aountain range west of the site. Intense 
erosion of these mountains shed abundant detritus, which 
accumulated in tectonically controlled troughs and fans. These 
flivial sediaents consist of white kaollnitic clay and sandy to 
gritty clay belonging to the Dasdap (older) and Vaalputs 
(younger) foraations respectively. 

4 Froa ca. 23 Ma ago to the Present, tectonic stability acid 
(seai)arid conditions have generally prevailed, leading to an 
extensive :hin cover of calcrete and wind-blown KfJflhari sands. 



PER-151 - vi -

Ihe unfaulted, highly iaperaeable nature of the Vaalputs formation 
renders it very suitable for the safe disposal of low- to 
aediua-level radioactive waste in the area selected. However, the 
nuaerous faults and shear cones in the granitic and gneissic baseaent 
will need in-depth investigatons should a high-level radwaste 
repository be required. 

SAMEVATTIliG 

Die Vaalputs-terrein word ondcrli deur 'n uitgebreide lagie van 
Tersiére en Kwatërnére afsettings wat die krlstallyne vloer van 
Prekaabriese ouderdoa bedek. Die geologlese geskledenis van die 
gebied, vanaf die oudste tot die jongste gebeurtenis, kan as volg 
opgesoa word: 

1 Meerfasige rekbare/rekbare-bros vervoraing en 1 100 Ma oue 
granulietfasies aetaaorfisae van 'n (vulkanles) sedlaentCre 
opeenvolging, en van geassosleerde sintektoniese tot laat-
tektoniese granulitiese en basiese indrlnglngs. 

2 Afsetting van glasiale tilliet na 'n lang erosiebreuk 
gedurende Karoo (Peralese) tye. Die preservering van hierdie 
gesteentes is tot afgeskulfde strukturele blokke binne die 
ondersoekgebied beperk. Plate en gange van basalt het 
gedurende die Jura (?) sporadles ingedring langs soaaige van 
die vele NNW- en NW-atrekkende breuke en verskuiwinga wat aan 
die opening van die Atlantiese Oseaan verwant is. 

3 Laer-Terslfre vernuwing van ouer verskuiwlngs en 
skuifskeursones, gepaard aet klaberlitlese vulksnisae, het die 
opheffing van die Kaaiesbergreeks was van die terrein tot 
gevolg gehad. Intense erosle van hierdie berge het volop puln 
gestort wat in tektonies-gekontroleerde troe en waaiers 
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versaaei net. Hierdie fluviale sediaente bestaan uit wit 
kaolinitiese klei en sandige tot grintige klei wat respektiewelik 
tot die Dasdap-(ouer) en Vaalputs-foraasie behoort. 

4 Vanaf ongeveer 25 Ma gelede tot die huidige net tektonies stabiele 
en (seai)droë toestande algeaeen geheers, wat tot 'n dun 
uitgebreide deklaag van kalkreet en windverwaalde Kalaharl-sande 
gelei het. 

Die onverskuifde, hoogs ondeurlaatbare aard van die 
Vaalputs-foraasie aaak dit uiters geskik vir die veilige 
wegdoening van laag- tot aediua radioaktiewe afval in die gebied 
wat geklea is. Die talle verskuiwings en skuifskeursones in die 
granitiese en gneissose vloer sal egter diepgaande ondersoeke verg 
indien *n wegdoenfasiliteit vir hoogradioaktiewe afval vereis word. 
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1 IHTRODDCTIOH 

1.1 Location of the Radioactive Waste Disposal Site 

Vaalputs is located in the northwestern Cape, ca 100 km southeast of 
Springbok (see inset 1), between 30 05' and 30°10* south 
latitude and 18 25' and 18 37' east longitude and is shown on 
the topographic maps 3018 BA Norabees and 3018 AB Rooifontein of the 
1:50 000 series. The site is situated in the District of 
Hamaqualand on adjoining portions of the farms Vaalputs (portion 1, 
Geelpan and portion 2, Garing) and Bok-Puts (portion 1, Stofkloof) 
and is approximately 10 000 ha in extent. The distances from 
neighbouring towns and settlements are in excess of 40 km, with the 
exception of the small communities of Paulshoek (35 km) and 
Rooifontein (25 km). 

1.2 Coamni cations 

An untarred provincial road crosses the western part of the property 
in a north-south direction and connects it to Springbok and 
Kliprand. In addition, most parts of the AEC property are within 
easy reach for normal vehicles, thanks to a network of minor roads 
and tracks (shown on the map) which only become impassable during 
exceptionally rare periods of flooding. Some good tracks also exist 
on the adjacent properties, facilitating field geological work. 

1.3 Previous Work 

No specific detailed mapping was ever carried out at Vaalputs prior 
to the early 1980s. Researchers from the University of Cape Town 
had however conducted several studies of a regional nature as shown 
in inset 2. P Joubert's (1) map shows the existence near Vaalputs of 
numerous NNW-trending faults, and of a vast synformal gneissic 
aplogranite sheet containing remnants (rafts) of pre-existing 
supracrustal gneisses and schists. A large belt of sheared rocks 
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and also numerous kimberlitic intrusions are also prominently 
developed on the farm Riembreek, which lies immediately to the west 
of the Vaalputs property. 

Working in the area south of Vaalputs and east of the 18 30' 
meridian, Albat (2) identified the presence of extensive charnockite 
bodies in addition to several distinctly characterized masses of 
syntectonic granite gneisses. 

For an in-depth review of the concepts relating to the Precambrian 
evolution of Namaqualand and a description of its stratigraphy the 
reader should consult the synthesis paper by Joubert (3). 

ittjnerous technical reports by AEC staff have dealt with the geology 
of the Vaalputs site. The work by Andersen et al. (4), which 
provided a comprehensive geological map of the property, was used 
extensively for the compilation of the map in the eastern part of 
the property. In addition to this summary a report by 
Hambleton-Jones et al. (5) lists most if not all of the 
earth-sciences reports and studies dealing with Vaalputs. 

Interesting contributions to the post-Nesozoic history of 
Namaqualand are provided by McCarthy et al. (6) and by Levin et al. 
(7) who document the changes in conditions from a high rainfall 
region during early Tertiary times, through progressive mid-Tertiary 
desiccation to a late Tertiary desert environment. 

1.4 Present Investigation 

To complete and refine the earlier geological investigations careful 
mapping of the basement exposures in the western part of the 
Vaalputs property and adjacent farms was conducted between April and 
June 1986. Such mapping was carried out in the field using 
published orthophoto maps on the scale 1:10 000. 
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This investigation was aimed at obtaining data on the structure and 
petrogenetic relationships of the granitoids and of the basic 
intrusives because of their potential role as natural barriers for 
the isolation of high-level radioactive waste. 

For the representation of the basement geology below the Tertiary 
cover use was made of airborne and ground geophysical surveys as 
well as drilling and radiometric borehole logging (8). Basic 
igneous rocks, comprising both Precambrian norite-anorthosite and 
Tertiary kimberlitic diatremes, were identified under the sand cover 
by their characteristic "bull's eye" magnetic anomalies (8). 

The distribution of lithologies given on the map is that which would 
probably be present if all weathered and cover rocks were removed to 
expose the fresh (crystalline) basement. Where rapid lithological 
variations were reported in the logs, the predominant lithotype 
within the top two metres of unweathered basement was assigned to 
that borehole site. Where two adjacent boreholes intersected 
(undifferentiated) granite and anorthosite respectively the contact 
was drawn mid-way between drill sites unless indicated differently 
by the geophysical data. 

The geophysical insets (Nos. 3 to 5) are discussed in detail 
elsewhere (8). The thorium anomalies shown on inset No. 3 are in 
the weathered basement and were detected by Roets and Levin (9) 
during a routine investigation of the soil profiles using a 
down-the-hole gamma-ray spectrometer. 

Inset 8 represents the regional geology of the Vaalputs area and 
integrates data from published sources (1, 2, 4, 8) with new field 
observations along traverses cross-cutting the regional structures 
(Andersen, in prep.). 

Detailed information concerning the distribution and thickness of 
the Tertiary formations was acquired from borehole logs and from the 
detailed mapping of the experimental trenches by Levin (10). 
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Finally, details regarding vegetation, climate and other 
environmental aspects are omitted here since they are extensively 
reported elsewhere (5). 

2 PHYSIOGRAPHY 

A major N-S watershed separates the Vaalputs property into two 
distinct geomorphological environments: 

a) An eastern section, situated at an elevation of about 1 000 m 
amsl and consisting of the featureless Bushmanland plateau 

b) A western section separated from (a) by the edge of the great 
escarpment, Mid characterized by broken topography, steep 
cliff3 of silicified granite and more abundant vegetation 

The watershed between the two sections has great importance since it 
separates the drainage basins of the Olifants, Buffels and the 
(inactive) Koa Rivers. 

These features are very important for the selection of a waste 
disposal site as is explained below. 

One of the parameters favouring the selection of Vaalputs was that it 
2 formed part of an area of about 2 500 km which is topographically 

elevated above the surrounding plateau. This means that there is no 
water catchment area in the Kamiesberge to the west that could 
potentially create a flood situation. Therefore all rainfall falling 
onto this area will drain away into one of the above-mentioned 
drainage basins along low-gradient water courses or simply percolate 
into the sand, finally dissipating by evaporation in local pans. 

The topography of the plateau area is only slightly undulating, with 
the eastern portion characterized by low-amplitude fossil dunes which 
strike in a northeasterly direction. The drainage courses are 
largely inactive and frequently end in depressions or pans. The 
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interdune troughs may however constitute local ephemeral drainages 
having a gradient of approximately 1 in 500 along which minor ponding 
has been noted. The surface topography of Geelpan has been contoured 
to 1 m intervals from accurately elevated and co-ordinated points 
(11). 

3 HAMAQIJALAHD KETAHOEPHIC COMPLEX 

3.1 Generalities 

Precambrian crystalline rocks of the Namagualand Hetamorphic Complex 
form the basement over which shallow veneers of late Palaeozoic 
(Karoo) and Tertiary terrigenous rocks were deposited. All the 
crystalline rocks, with the possible exception of some late 
pegmatites, bear the imprint of a penetrative fabric. This is most 
intense in the older rocks, largely banded gneisses of supracrustal 
origin (i.e. metasedimentary and metavolcanic), and is weakest in the 
syntectonic grmites and in the late-syntectonic basic and 
anorthositic intrusives of the Kopsrberg suite (Andersen, in prep.). 
A clear reflection of metamorphism is the widespread distribution of 
the 1100 ± 50 Ha age in all rocks irrespective of their position in 
the stratigraphy (H Welke and J Evans, unpublished data). A summary 
of the stratigraphy of supracrustal rocks in the Northwest Cape is 
given in Table 1. 

The determination of the precise P-T conditions experienced in time 
by the granitic gneisses of Vaalputs was not a specific aim of this 
project but lithological similarities and theoretical considerations 
indicate a thermal-baric environment similar to that of the general 
Springbok area (P: ±5 Kbars, T: ±800 °C; D Waters, pers. comm.). 

3.2 Supracrustal Rocks 

A comparison between the banded, well-foliated gneisses of the 
Vaalputs region and those reported elsewhere in the northwestern Cape 
indicates substantial lithological uniformity over an area extending 
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TABLE 1 

STATIGRAPHY OF SOPSACSUSTAL SOCKS IH THE HOBTHHBST CAPE (1) 

Group Subgroup 

Orange River 

Okiep* 

) Sen Riet 
) Kuri&berg 
) Aardvark 
) Garies** 
) Bitterfontien 

Bushmanland 

Korannaland 

Harydale and Kaaien 

(1) After (12) 
* Only the Okiep Group subdivisions are shown here 
** Subsequence represented in Vaalputs 
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from Bitterfontein in the south to Pofadder and Bushmanland in the 
north. 

Overprinted symbols and abbreviations rather than colours are used on 
the map to differentiate the stratigraphic units within the 
supracrustal rocks. 

Light-coloured biotite gneiss (rich in felsic minerals) and 
quartzo-feldspathic rocks are the most widespread lithologies and may 
represent ancient arkosic-peliti^ formations. Small diagonal crosses 
are overprinted over the Garies subgroup colour code to indicate 
terranes with a substantial proportion of granite materials ranging 
from scattered dykes, through migmatitic intrusive breccia to zones 
of abundant but discontinuous paragneiss rafts. 

In the course of the mapping we became aware that a significant 
proportion of Joubert (1) supracrustal quartz-feldspathic gneisses 
comprise, in a number of localities, a variety of granitoids, 
charnockite and orthogneisses. Similarly, the biotite gneisses 
occasionally include sheared metabasic rocks of the Koperberg suite 
(e.g. inset 8, farm Kap Kap, co-ords. x+ 47,5 km y+ 54 km) and also 
probable dacitic (J Moore, pers. corns.) metavolcanic rocks. These 
biotite-plagioclase-quartz (K-feldspar poor) gneisses possess a 
strong magnetic signature, caused by an abundance of magnetite, that 
is expressed with red tones in inset 7 (i.e. co-ords. x+ 32,5 km 
y+ 63 km). 

Although the investigation and interpretation of the geophysical 
anomalies are dealt with elsewhere (8), attention is drawn here to 
the close correspondence of magnetic anomalies with outcrops of 
magnetitIte, spinel-magnetite quartzite, and magnetite-sillimanite 
schists that outcrop in the southwestern section of the property 
(inset 4, C-2). The first two rock types could be volcanogenic 
exhalatives (J Moore, pers. comm.) since metavolcanics of acid to 
intermediate composition are found in the same general area. 
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3.3 Infracmstal Sot 

Bocks of granitic bulk composition containing relic granite textures 
are the most common in the Vaalputs area. There is no evidence of 
them being the basement on which the paragneisses were deposited. 

Table 2 lists the intrusive suites recognized in the Namaqualand 
Hetamorphic Complex. 

3.3.1 The Little Maaaqualand Suite 

In the Vaalputs area the Little Namaqualand Suite is represented by 
the Hababeep Augen Gneiss which is well-foliated and streaky, with 
well-developed augen consisting of aggregates of quartz and feldspar 
surrounded by biotite. The matrix is fine-grained and consists of 
interstitial quartz and feldipar. The presence of xenoliths of 
supracrustal rocks in the Okiep area indicates its intrusive nature. 

3.3.2 The Hoogoor Suite 

The Hoogoor granite suite refers to the rock type which in the past 
has generally been called a pink gneiss (1). In inset 8 the pink 
quartzo-feldsptthic gneisses outcropping north of 30 latitude and 
(in a smaller sheet) to the west of the property were tentatively 
correlated with the Hoogoor Suite. West of 18°30' longitude the 
pink gneiss lies on top of the augen gneiss and its outcrop pattern 
is generally controlled by F3 deformation. The following description 
given by Joubert (1) is consistent with the pink gneisses in the 
Vaalputs area: "The pink gneisses are predominantly fine-grained but 
often grade into rocks with poorly developed augen and sometimes into 
rocks which contain subhedral to euhedral feldspar porphyroblasts." 
They contain microcline-microperthite, quartz and oligoclase with 
minor biotite and iron ore. 
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TABLE 2 

LITHOSTSATIGEAPeiC SUBDIVISION OF BOCK SUITES 
INTRUSIVE WTO THE •AMAQUALAHD HETAHOBFHIC COMPLEX (1) 

Suite Bock Type 

Koperberg 

) Arorthosite/Enderbite* 
) Diorite* 
) Norice* 
) Hypersthenite* 

Spektakel 
) Kweekfontein granite 
) Rietberg granite 
) Concordia granite (?)* 
) Various syntectonic granitoids (?)* 

Keimoes** 

Hoogoor 
Undifferentiated quartzo-
feldspathic (pink) gneisses* 

Little Namaqualand* 
) Nababeep augen gneiss* 
) Modderfontein augen gneiss 

Gladkop** 

Vioolsdrift** 

(1) 
* 
** 

After (12) 
Present in the Vaalputs area 
No subdivisions are shown as they are not present in the 
Vaalputs area 
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3.3.3 Syntectonic Granite Suite 

The attribution of the granitic rocks of the Vaalputs to the 
Spektakel granite suite (14) is only partly supported by the results 
of our investigation, since the suite is supposedly late to 
post-tectonic in character (15). 

Granite sensu stricto only occurs as relics in limited areas, because 
more often tectono-metamorphic disturbances of major intensity have 
caused its transformation into augen gneiss and charnockitic gneiss. 
In addition, the denomination "Horabees granite" used in older 
reports should be discontinued since the exposures of basement in the 
Horabees type locality are dominated by augen gneiss and charnockite 
lithotypes. The petrographic characters of the Riembreek, Vaalputs 
and Stofkloof granites are generally well defined (13), and 
preliminary REE data suggest magmatic kinship. 

The Riembreek granite gneiss is characterized by the frequent lack 
of garnet, by the abundance of biotite, and by a very persistent 
streakiness caused by the concentrations of the femic minerals. 
Feldspar augen are frequently present and the rock may superficially 
resemble the Nababeep augen gneiss. This granite gneiss is possibly 
the oldest as it locally records two deformational episodes being 
represented by a cleavage cross-cutting a better-developed early 
foliation. 

The relative scarcity of garnet and biotite, the often fine-grained 
texture and a rather uniform pinkish colour distinguish the Vaalputs 
granite gneiss from the other syntectonic intrusives. 

The Stofkloof granite gneiss is typically coarse-grained to 
megacrystic and porphyritic and in a number of localities it displays 
rapakivi-textured K-feldspar megacrysts in accordance with 
observations by Lipson (16) that metamorphosed rapakivi-type granite 
may have regional distribution in Hamaqualand. The Stofkloof granite 
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frequently hosts veins of garnet-bearing leucosomes tha. indicate in 
situ partial melting (D Waters, pers. commun.). The megacrystic 
Stotkloof grar.ite was emplaced as a sill-like mass and on many 
localities is seen to intrude the underlying biotite gneisses in a 
lit-par-lit fashion. These areas of intrusive breccias are indicated 
on the map by small crosses over the Garies subgroup colour code. 

A detailed structural analysis of the granite rocks is in progress 
(N J B Andersen, in prep.) as is also an extensive geochemical 
comparison between the Vaalputs granites and those from Springbok, 
Kliprand and elsewhere in V Namaqualand (Andreoli et al.). In 
several boreholes we also observed a type of coarse-grained, 
relatively undeformed granite made up of quartz and red (hypersolvus) 
alkali feldspar with scattered garnet. Future work will have to show 
its distribution, if any, on the exposed western side of the property 
and its relation to the other granitoids. 

3.3.4 Leucocratic Granite 

Leucocratic granite, characterized by an absence of biotite, frequent 
large garnets, an off-white colour and rapid changes in grain size 
from aplitic to coarse-grained (even over distances of a few 
centimetres), forms a broad NE-striking belt of intrusive sheets 
within the older granites. It appears to be the least deformed and 
as such it could be classified as late syn-tectonic. Its 
petrographic features warrant its proposed correlation with some of 
the members of the Concordia granite as described by Joubert (1). 
Some areas where this leucogranite possesses a grayish colour and a 
waxy lustre, which are distinctive of a granulitic/charnockitic 
metamorphic overprint, are indicated on the map. 

3.3.5 Kliprand Charnockite Suite 

Charnockites are defined as (meta)plutonlc rocks of granitic bulk 
composition but characterized by a dark green to black colour, as 
well as by the diagnostic orthopyroxene-perthite pair. Their origin 
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and association with high-grade (largely Precatbrian) metamorphic 
environments have been extensively investigated and debated by many 
authors Mentioned by Albat (2). Our investigations indicate that 
the Vaelputs charnockites often contain sore biotite than pyroxene 
and thus nay have acre than one node of origin (Table 3). 

The transitiop from aegacrystic granite through progressively 
sheared augen gneiss to charnockitic augen gneiss (Type 1, Table 3) 
is exceptionally well-exposed and could be used to test current 
hypotheses of charnockite generation. In view of the irreversible 
changes which affect the Stofkloof granite as it grades into 
charnockite, this aetar.orphic gradient is considered as prograde, 
e.g. indicative of an increase in metamorphic grade. 

Areas of prograde transition froa aaphibolite facies mineral 
assemblages to those of granulite facies are indicated on the 
geological map by blue cross-hatching. These intermediate zones are 
often characterized by associated bands or zones of light-coloured 
and dark green coloured augen gneiss in which orthopyroxene may, 
however, be absent. Within the transitional area, the first mineral 
to acquire the green charnockitic colour is quartz, followed by 
plagioclase, while augen of perthite are the last to convert. The 
causes of the colour change are complex and involve exsolution of 
submicroscopic Fe-Ti oxides from quartz and felspar and 
redistribution in fine cracks in chlorite which has resulted from 
the breakdown of the orthopyroxenes. 

We foresee the need to test the capacity of these charnockites to 
act as barriers to high-level radioactive waste because their water 
(and oxygen) deficient nature should cause a coefficient of 
radionuclide retention better than that of an oxidized, hydrous 
(gneissic) granite (C Erasmus, pers. commun.). 

3.3.6 Koperberg Suite 

Early geophysical surveys conducted in the Vaalputs area by the 
Okiep Copper Co. provided evidence for the existence of several 
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TABLE 3 

DIFFERENT STYLES OF CHARHOCIITIZATIOII RECOGNIZABLE HEAR VAALPUTS 

Morphology (and 
areal extent) 

Possible causatire 
process 

Type locality 

Sheets 
(±0,5 1 

Loss of H_0 favoured 
by shear zones and 
regional penetrative 
fabrics 

Stofkloof 

Patchy 
(several hundred 

Anatectic melting of Banke homestead 
area, ca. 28 km 

deficient conditions (17) south of Vaalputs 
gneiss under H,0-

Discordant veins 
and bands (10 cm to 
10 m wide) 

Channelled flux of K, 
REE, P, U, and Th-
bearing fluids released 
from the crystallization 
of anorthosite-norite 
suite bodies (18, 19) 

Horabees se vlei; 
Steenkamoskraal 
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Precambrian intrusives of mafic to intermediate bulk composition. 
Subsequent drilling in one of the bodies indicated a low sulphide 
content but also verified its kinship with the noritic rocks of the 
Koperberg suite mined in the Springbok area (20). 

In the course of the present investigation we have mapped a great 
number of these bodies which have only a very limited size in the 
exposed area. Far larger bodies of 2 100 to 600 m in extent have 
been detected by the aeromagnetic survey in the extreme HE and SE 
corners of the property (21,8). These bodies can be seen in Inset 4 
in positions 8A and 7D. 

Typical Koperberg Suite lithologies of the Vaalputs area are 
indicated in Table 4 and in Fig. 1, where we also show the probable 
petrogenetic process - defined here as the "nelsonite cycle" -
linking one lithology to another. In several places the enderbites 
possess a crude foliation, indicating their emplacement before the 
end of the Ifamaqualand thermo-tectonic cycle. The fact that both the 
anorthosite-enderbite and the granite gneisses from Vaalputs yield 
the same Rb-Sn and Pb/Pb whole-rock ages as many other Namaqualand 
rock suites (1 100 ± 50) further supports the concept of at least a 
partial metamorphic re-equilibration of the Koperberg suite at that 
time (H Velke, pers. cotnm.). 

In addition, these enderbite-anorthosite occurrences closely resemble 
the mineralized rocks of the old Steenkampskraal monazite mine, ca. 
100 km to the i-outh (18). 

The exceptional geochemical characters of the Koperberg Suite rocks 
(19) are under close scrutiny in a multidisciplinary investigation 
sponsored by the AEC at the University of the Witwatersrand. These 
basic rocks are in fact potential sources not only of copper, but 
also of thorium, rare earth elements and uranium and could be the 
terrestrial equivalent of the lunar KREEP norite suite. The main 
anomaly north of the property (inset 3, A-3) was investigated (19) 
and found to be caused by a cluster of anorthosite and related 
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TABLE 4 

KDPEKBBSG SDITR BOCKS OF THB VAALPUTS AKKA 

Lithology Mineral Assemblage Suggested Petrogenetic 
Process 

Bypersthenite Opz + Mt + Ap ) Late magma pulse 

Horite Pig + opx ) Separate magma pulse (?) 

Helsonite Mt + Ap 

Quartzulite Qtz 

) 
) Liquid 
) immiscibility*** 

Enderbite Ha pig 4 qtz ± opx ) 
) Fractional 

Anorthosite Ha pig ± opx ± qtz ) crystallization 

) 
) 
)early** 
)magma 
)pulse 
) 
) 

* Mt: magnetite; Ap: apatite; Qtz: quartz; 
Ha pig: oligoclase/andesine and, antiperthite; 
Opx: orthopyroxene; Pig: andesine to labradorite 

** Postulated sequence of emplacement is after (20) 
*** See (22) for description of nelsonite and its likely genesis. 
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enderbite bodies, and especially by a sheet having co-ordinates 
x+ 28,7 km; y+ 50,5 km. 

2+ In view of the abundant content of Fe -bearing phases, the noritic 
rocks of the Koperberg suite could constitute an additional efficient 
barrier for the isolation of high-level radioactive waste. 

3.3.7 Pegmatite and giant quartz veins 

In the Vaalputs area we have found only scattered and small pegmatite 
bodies that only occasionally display some prominent muscovite books 
(co-ord. x+ 35,87 km; y+51,55 km). It is, however, more common to 
find bodies of quartz-rich rock of gray colour and with occasional 
scattered feldspars (see co-ord. x+ 35,95 km; y+ 52,0 km). The 
kinship of these quartz veins either wiUi pegmatite, or with 
hydrothermal processes, or with enderbite is a question under 
scrutiny. The large outcrop of quartz rock near the western border 
(x+ 32,55 km; y+ 53,5 km) is probably related to the hydrothermal 
processes and shearing on the NW side of the property. 

Moreover a study of the shear zones of Riembreek (inset 8, x+ 40 km; 
y-t- 59 km) indicates their close relationship with large bodies of 
(tectonized) pegmatite. 

4 KAROO SEQUENCE 

Extensive areas of the northwestern Cape in Bushmanland and 
Namaqualand are underlain by the poorly exposed Dwyka Formation which 
forms the base of the Karoo Sequence (24). The Dwyka Formation 
consists of massive diamictite, basement-derived breccia, dropstone, 
argillite and sandstones of glaciogenic origin. 

The area north of Kliprand belongs to the Namaqua basin which is 
dominated by massive, clast-rich arenaceous diamictite overlying a 
massive, clast-poor arenaceous diamictite. The latter includes 
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sandstone interbands, and a basal unit of brecciated basement 
debris. Total thickness of the Dwyka Formation in the Namaqua basin 
is ca. 130 m. Our map indicates the inferred extent of this 
formation in the southeast of the property and also an area where 
Dwyka float is present in the sand cover. 

The best exposures of rocks of the Dwyka Formation are at Santab se 
Vloer (inset 8) outside the study area, where a brownish sandstone is 
the most prominent lithology. Moreover, in the southern part of 
Santab the edge of the Dwyka consists of indurated tillite exhibiting 
a vertical cleavage where the shale has been altered to a hornfels by 
a dolerite intrusion. No dolerite outcrops could be found on Santab, 
but about four kilometres to the south of Groenvlei, dolerite 
outcrops on the road leading to the homestead. The indurated shale 
is quite resistant to weathering and forms a ridge following the edge 
of the Dwyka Formation. As shown in Inset 8 the distribution of the 
Dwyka outcrops is clearly controlled by the structure of the basement. 

Dwyka float was observed in two areas on Bok-Puts just south of 
Vaalputs, thus indicating the presence of an isolated outlier of 
Dwyka rocks underlying the sand. 

5 CRETACEOUS PALAEOWEATHERING 

A prominent geomorphclogical feature of the western part of the 
Vaalputs property area is represented by light-coloured steep-sided 
cliffs rising several tens of metres above the talus-covered plain. 
These ridges are flat-topped and consist of silicified and kaolinized 
crystalline basement rocks which represent relics of the receding 
Bushmanland Plateau. Drilling in the Vaalputs site has proved the 
existence of substantial thicknesses of kaolinized basement rocks 
below the wind-blown Kalahari sands (see cross-section of map). 

The origin of these silicified and kaolinized basement rocks is 
related to a period of planation under humid conditions in late 
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Creataceous to early Tertiary times (60 Ma). Radiometric logging of 
the percussion holes drilled in the site area revealed the presence 
of thorium- and uranium-enriched zones within these kaolinized rocks 
(inset 3, CB-5, C7). It is possible that such anomalous areas could 
ha/e been derived from the weathering of ende~rbite-anorthosite rather 
than granite (19). Since thorium in the enderbite and related rocks 
is probably in the form of monazite (18, 19) data by (9) indicate 
that the anomalous zone could contain between 0,1 X and 1,0 X 
monazite (average about 0,5 X) over a thickness of 0,3 to 0,8 metres. 

Field mapping in areas of exposed kaolinized basement is very 
difficult since the mineral textures and natural colours have been 
destroyed. For this reason an undifferentiated screen is used on the 
map. 

6 TERTIARY SEDIMENTARY FORMATIOHS 

6.1 Dasdap Formation 

During the radioactive waste site selection programme the presence 
of an extensive alluvial fan was noted on the LANDSAT image of the 
Bushmanland Plateau (25). Outcrops of conglomerates and sandstones 
were mapped on Banke and Burtonsputs, where they are exposed along 
the Dasdap drainage, as this is the best exposed area and the name 
Dasdap Formation is proposed for these sediments. 

The exposures at the Koopkoppe Banke (inset 8, x+ 57 km; y+ 49 km) 
lie on a floor of kaolinized gneiss and consist of a basal 
conglomerate, conglomerate and sandstone grading upwards into trough 
cross-bedded grits, and massive sandstone with intercalations of 
silicified siltstone. The upper portion of this sequence is highly 
ferruginized. It is important to note that much of the conglomerate 
consists of blue quartz pebbles derived locally from quartz veins of 
that colour. The outcrops display a consistent palaeocurrent 
direction towards the southwest, i.e. subparallel to the structural 
trends in the basement. 
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On Burtonsputs, portion Kalkdraai (inset 8, x+ 57 km; y+ 38 km), 
there seems to be a wider range of palaeocurrent directions, which 
suggests a fan-shaped distributory system. The basal conglomerate 
is absent here and is replaced by a pebbly sandstone lying directly 
on a kaolinized gneiss surface. There are both upward and eastward 
fining trends in the sandstones. Immature, cross-bedded arkosic 
grits with subangular granules are locally developed. 
Ferruginization of the upper part of the sandstone and the 
subsequent formation of ferruginized nodules are observed in this 
area. 

Percussion boreholes drilled on Platbakkies (inset 8, x+ 52,5 km; y+ 
47,5 kr) penetrated up to 35 metres of gritty silicified sandstones, 
while a borehole in the southeast corner of Bok-Puts intersected 
about 20 metres of yellowish to white sandstones presumed to belong 
to the Dasdap Formation. Small exposures of silicified sandstone 
occur throughout tht area in small pans and deflation areas between 
dunes. 

At Vaalputs drilling revealed gritty white sandstones on the western 
half of the farm. In the central disposal area, however, up to 21 
metres of alluvial suite (consisting of weathered sandstone, 
gneisses and occasional well rounded quartzitic pebbles set in a 
kaolinitic matrix) rest on kaolinized basement and are overlain by 
red sandy gritty clays. Table 5 summarizes the stratigraphic 
relationships in the Bushmanland Plateau in the area adjacent to the 
waste disposal site. 

6.2 The Vaalputs Formation 

Extensive drilling at Vaalputs revealed a channel-like depression 
cut into Dasdap Formation sediments and gneiss which is filled by 
red sandy gritty clay material. In areas where the Dasdap Formation 
is absent the red sandy gritty clay lies directly on the kaolinized 
bedrock. 
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TABLE 5 

STRATIGRAPHY OF THE TERTIARY FORMATIOIIF OH THE 
BDSBHAHLAHD PLATEAU 

Formation Lithclogies 
Approximate 
Age (Ha) Origin 

Gordonia Red sand 2 0 - 5 Aeolian dunes 

Vaalputs 

Calcrete and silcrete 
nodules. Feringinized 
laminated sandy 
gritty clay. 
Brown sandy gritty clay. 35 - 20 
Grey sandy gritty clay 
with intercalated pebble 
bands. 

Fluvial 
sheet wash 

Dasdap 

Siliceous sandstone. 
Immature cross-bedded 
arkosic grits. 
Conglomerate. 

38 - 20 Alluvial fan 

Unconformity -
Kaolinized/silicified 
surface 65 

Planation under 
humid conditions 

Haaaqualand Basement 
Hetaaorphic granitoids 
Complex 

1100 ± 50 
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Three cycles of sandy gritty clay deposition, each followed by 
calcretization/silcretization, are recognized in the Vaalputs 
Formation. Grey sandy gritty clay with large calcrete/silcrete 
nodules indicates humid conditions, while the overlying brown 3andy 
gritty clay with small calcrete/silcrete nodules at the top points to 
increased desiccation. Ferruginized and laminated sandy gritty clay 
at the top is followed by the present-day calcrete layer below the 
sand veneer covering the area. Ferruginized concretions and blue 
quartz pebbles, very conspicious in the Dasdap Formation, occur 
concentrated in thin layers in the clay of the early cycle and they 
are also scattered throughout the rest of the accumulations. There 
is little doubt that these accumulations represent reworking of the 
sediments of the Dasdap Fan by surface processes which include 
fluvial action and bioturbation. Fossil evidence from the Koa Valley 
to the northwest suggests that this regrading was well advanced by 
the Late Tertiary and was followed by aridification and dune sand 
transgression. These sediments have tentatively been called the 
Vaalputs Formation. 

7 70UNGEK SUBFICIAL DEPOSITS 

7.1 Calcrete and Silcrete 

Isolated patches of calcrete between 1 and 5 m in thickness and 
consisting of nodular calcrete with some silcrete were mapped. These 
calcrete outcrops are elongated into the strike direction of the 
dunes and seem to be associated with the sides of the dunes as they 
never occur within a dune valley. 

7.2 Gordonia Formation 

Most of the Bushmanland Plateau is covered by a veneer of sand which 
overlies remnants the Vaalputs and Dasdap Formations. The 
sandcover is between 0,5 and 2 metres thick although the topography 
gives the impression of hummocky longitudinal dunes (5m high) 
orientated in a northeasterly direction. McCarthy ££ al. (6) 
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concluded that the coarse sand, the low relief of the dunes, and the 
presence of small pans and deflation surfaces on the dunes all point 
to an advanced state of degradation. The sandcover has tentatively 
been correlated with the Gordonia Formation (12). A short 
description of the various types of sand distinguished on the 
geological map follows. 

7 .2 .1 Red-brown sand 

The most common sand is red-brown and is typical of the dune crests 
and valleys. This sand, generally finer than the other sands, is 
probably of aeolian origin and is more thickly developed. The sand 
consists mainly of quartz grains with some minor feldspar and 
occasionally some limonite or goethite pellets, all being fairly well 
sorted. 

7.2.2 Light-brown sand 

This sand occurs mainly in the western portion and closer to the area 
of outcrop. Although coarser than the red-brown sand, it consists 
basically of the same mineral fragments, namely quartz, feldspar with 
some limonite or goethite pellets. Poorly sorted clear quartz 
fragments up to a few millimetres in grain size are partly 
responsible for the lighter colour of the sand. The light-brown sand 
usually occurs as a thin layer on more consolidated sand. 

The transition zone between the red-brown sand and the light-brown 
#sand, as developed in the central Vaalputs site, is marked by 

elongated calcrete outcrops. This transition zone is also borne out 
by the geobotany of the area changing from succulents to grass. 

7.2.3 Intermediate sand 

This type of sand occurs as a transition zone between the red-brown 
and the light-brown sand, and is better developed south and north of 
Vaalputs, being absent on the site. In colour and mineral content it 
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would lie halfway hetween the previously mentioned sands. This sand 
type tends to occur as elongated patches striking in a similar 
direction to the dunes in the area. 

7.3 AlluriuB 

These deposits characterize the infill of depressions and valleys in 
the rejuvenated area west of the escarpment. They are incoherent and 
of sandy character and in several places they were found slightly 
ferruginized, in which case they have a light brown to brown colour 
and are weakly compacted. 

8 PHAHEEOZOIC 1M1BI&1WK KOCkJ 

8.1 Basalt and dolerite 

Bocks of basaltic character, i.e. fine-grained and locally vesicular, 
dark coloured and yielding a dark sandy alluvial cover, commonly 
occur in the northern part of the area investigated. They appear 
best represented in the transitional region separating the 
Bushaanland plateau from the Namaqualand Escarpment. Since these 
rocks were not specifically studied we report here Joubert's (1) 
opinion that they represent hypabyssal basalt and dolerite intruded 
during the Karoo aagmatic cycle. Although many such masses suggest a 
sill-like style of emplacement, dyke-like bodies of dolerite 
associated with the Garing Fault were also encountered in a few 
boreholes. 

8.2 Kiaberlite 

The first reports dealing with the large number of kimberlites and 
related melilite-basalt pipes occurring in the Gamoep area were by 
Reuning (26) and Sogers (27). Exposure, drilling and excavations of 
these pipes have indicated that the majority of them are filled with 
foreign rock types set in a basic matrix. Good examples of 
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macrobreccias may be seen on Bok-Puts and Riembreek, where two pipes 
are exposed. 

Drilling into these pipes has shown their filling to be highly 
weathered, consisting mainly of clay or gritty sandstones with 
sporadic carbonaceous material and occasional sulphides. Isotopic 
and palynological studies of these kimberlites indicate a late 
Cretaceous to Paleocene age (i.e. 54-68 Ha) for this ultramafic 
igneous activity and pipe infill (28). Levin et al. (7) consider 
these sediments, which display ferruginization and steep 
slump/deposition structures, as correlatives of the Dasdap Formation 
developed in the alluvial channels. In view of its prominent INPUT 
(airborne electromagnetic) signature, a large "kimberlite" pipe 
(co-ord. x+ 71,8 km; y+ 44,4 km) was drilled down to a depth of 
226 m without intersecting the end of the sedimentary infill (29). 

The kimberlites of the Vaalputs area are characterized by a ground 
mass which contains chrome diopside, ilmenite, phlogopite, olivine 
(monticellite) and melilite. 

In a related melilite basalt (co-ord. x+ 30,88 km; y+ 51,43 km) we 
observed phenocrysts of olivine (partly readsorbed), melilite, and 
ilmenite in a matrix rich in perovskite. In this rock, which is 
remarkably fresh and well exposed, biotite and carbonatic alterations 
were conspicuously absent. Available evidence suggests that these 
kimberlites are more basaltic and less magnesium-rich than typical 
kimberlites, from which they are also distinguished by a somewhat 
younger age of emplacement. 

8.3 Breccia Vents 

A short distance from the SW corner of the AEC property (co-ord. 
x+ 36,5 km; y+ 53,46 km) there is a prominent pinnacle 20 to 30 m 
high and about 50 m wide at the base. It is constituted by a 
silicified breccia of angular fragments of country granite gneiss 
without any visible matrix. This type of breccia vent is probably 
related to kimberlite volcanism (J Evans, pers. comm.). 
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9.1 Introduction 

The structural history of the Vaalputs area is now recognized as very 
complex, despite a superficial appearance of simplicity. The events 
of a ductile and ductile-brittl»; nature associated with the 
Hamaqualand (Tectono-) Metamorphic Cycle will be discussed first, 
followed by those of Mesozoic age. A brief mention will be made of 
present-day (neotectonic) activity in southwestern Hamaqualand. Five 
episodes of folding, deformation, and foliation development have been 
recognized in the area and are designated as F. to F., 
D- to D_, and S. to S_ respectively. 

9.2 Deformation Events of the Hamaqualand Cycle 

9.2.1 The first episode of deformation (D.) 

The supracrustal sequences display a gneissic banding consisting of 
leucocratic and melanocratic layers which have been deformed by the 
D. event and are thus designated S.. However, in the feldspathic 
metasediments where layers of individual width and mineral 
composition are present, this layering could be interpreted as a 
pre-existing bedding S . 

The oldest folds recognized (F.) are intrafolial in nature and have 
tight thickened hinge zones with long tapering limbs parallel to the 
foliation. The folds vary in width from less than a centimetre to 10 
centimetres from limb to limb, and are up to 1,5 metres in length. 
They occur predominantly in the fine-grained biotite gneisses and are 
best developed west of the property on Riembreek and Boesmansplaat 
(3018AB). 

9.2.2 The second episode of deformation (D', 

This second phase of deformation has been referred to by Joubert (3) 
as the main phase of deformation of the Hamaqualand Event (Kibaran). 
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Joubert (1) records that F. folds vary in style from isoclinal with 
large amplitudes, short wave lengths and rounded hinge zones to open 
folds similar in style to the F.. The folds usually have a 
penetrative axial planar foliation S_, which due to the isoclinal 
nature of the folds is coplanar with the gneissic banding. The F. 
folds can be positively identified by the presence of a mineral 
lineation parallel to the plunge of the fold. F_ folds have been 
identified on several farms within the area of inset 8 (x+ 17 km; 
y+ 25 km x+ 20 km; y+ 37 km x+ 22 km; y+ 47 km x-t- 30 km; 
y+ 57 km). On Boesmanplaat (x+ 30 km y+ 57 km) the fine-grained 
biotite magnetite gneisses have been thickened by F_ deformation. 
The folds are reclined with the axial plane dipping at between 30 
and 40 to the south, and fold axial lineations plunging eastward 
at about 10 . These folds reach out for about 15 km eastwards, 
where they form an anticlinal closure on the farm Klein-Goubees 
(x+ 23km; y+ 40 km). In this locality the foliation which parallels 
the axial planar cleavage dips eastwards at between 37 and 45 . 
This is an area of poor outcrop and the fold has been mapped using 
aeromagnetics. On Wolfkraal (x+ 22 km; y+ 47 km) the pink gneisses 
have been folded into a tight recumbent isocline and then thrust 
southwards onto the charnockites. This contact can be mapped over a 
distance of about 3 km, and is the only thrust contact that has been 
identified. 

9.2.3 The third episode of deformation (D.) 

Folds of the D, generation (F ) deform the earlier structures, 
resulting in large periclinal folds. Joubert (1) decribes them as 
being open asymmetrical folds, often monoclinal, with a steep limb to 
the south. Although the monoclinal nature has not been observed, 
F. folds have been recognized on Tweefontein (x+ 20 km; y+ 44 km 
and x+ 40 km; y+ 60 km), Dik-Matjie, Wolfkraal and Riembreek (inset 
8, x+ 15 km; y+ 62 km and x+ 22 km y+ 60 km). 

The largest F, structure, and the only one which will be described, 
has its closure on Riembreek (x-t- km40; y+ 60 km) from where the 
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synformal limbs stretch northeastwards and southeastwards for 
approximately 30 la. This structure underlies the entire Vaalputs 
site and plunges eastwards at approximately 15°. The mineral 
lineations measured in the closure parallel the fold axis, but have 
been shown by petrofabric techniques to be a-lineations or 
slickensides (Andersen, in prep.). 

The F. phase of deformation is largely responsible for the outcrop 
pattern of the Stofkloof granite as areas of preservations are 
clearly the result of its thickening in shallow synclinal axes. 
Tectonic slides are found to be associated with the F 
deformation. They are concordant or sligthly discordant with the 
gneissic foliation and thin and remove the strata. The rocks are 
intensely refoliated in the plane of sliding, brecciation is absent 
but recrystaliized mylonites and pegmatite belts are present in these 
zones. The movement was probably initiated early in the deformation 
history and was pulsating, as in several places on Riembreek the 
pegmatite belts have been re-sheared. 

9.2.4 The fourth episode of deformation (D.) 

The S. foliation is distorted by broad, open, nearly symmetrical 
folds which are not of regional extent and tend to die out laterally 
along strike. These F. folds are of the flexural slip type and 
have fold axes that plunge steeply to the northwest. The Dik-Hatjie 
(inset 8, x+ 22 km y+ 56 km) structure is a spectacular example of 
an F. anticline (1). An F. syncline has been identified to the 
east of Dik-Matjie where it warps an F anticline (x+ 20 km; 
y+ 45 km). * 

9.2.5 The fifth episode of deformation (D $) 

In the Okiep Copper District, steep structures appear to post-date 
the open folding (F,) (30), but in the Vaalputs area they seem to 
post-date even D4 folds. 
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Steep structures are described by Lonbaard and Schreuder (31) as 
"typically narrow antiformal linear features along which continuity 
of the flat-lying country rocks is interrupted by piercement folding 
and shearing". In the Okiep area the formation of steep structures 
is followed by the development of megabreccias, both of which are 
invaded by basic magma. The length of steep structures can vary from 
30 m to 7 km and the width of structural interference from 3 m to 
500 m. The dominant trend of steep structures is from 65 to 
95 , with the main direction being east. Generally speaking, the 
steep structure trend follows that of the major open folds. The 
copper ore bodies are associated with these structures. 

Two steep structures have been recognized to the west of the Vaalputs 
boundary at approximately A3 (inset 3 and main map). At both 
localities steep-sided brachyanticlines intruded by anorthosite have 
been identified. 

9.2.6 Shear zones 

The shear zones in the area investigated (inset 8) are represented by 
finely banded schistose or cataclastic rocks that separate lenticular 
masses of gneiss with their pristine structures/textures almost 
unaltered (1). 

The shear belts have a consistent strike but the individual zones 
bifurcate, sometimes reuniting or else splitting into numerous planes 
along which movement has taken place. Mineral elongation lineations 
tend to steepen from the regional 15 east plunge to 60 east in 
shear zones. These shear belts are deformed by F. folding and 
parallel the S. foliation, so it is likely that the shearing was 
initiated post-F, and continued on into F. times. The shear 
belts trend roughly east-west and are located on the northern and 
southern flanks of the Riembreek F. synform. Since the direction 
and sense of shearing in both the shear belts and the tectonic slides 
are the same it is possible that they occurred synchronously. The 
sense of movement is from the east to the west (Andersen, in prep.). 
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9.2.7 Faulting 

The dominant direction of faulting is north-northvesterly, with most 
outcrops shoving some signs of north-south fracturing. Both dextral 
and sinistral movement has been observed, but in many cases this 
direction could not be determined. Along the edge of the Bushmanland 
Plateau the fault lines are marked by kaolinized rocks which were 
probably formed along old drainage courses which followed lines of 
fracturing. 

In the sand-covered area the position of the faults were determined 
using accurate arthophotos as well as aeromagnetics. It will be 
noted in the central northern part of the map that the surface 
position of the fault, as shown on the photograph, is indicated by a 
dashed line, whereas the position indicated by the aeromagnetics is 
shown by a heavy line. An interpretation of this phenomenon would 
imply that these faults dip in a westerly direction. 

A statistical analysis was made of the aeromagnetic lineament 
directions by expressing the length of linears present in 5 
segments of arc as a percentage of the total length of all lineaments 
(Andersen, in prep.). Preferred lineament directions are indicated 
at 52°, ""91°, 136° and 7° (weak) with the 52°, 136° and 
91°, 7° directions forming orthogonal pairs. The two most 
prominent linears are the Garing Fault Zone trending approximately 
136° and the Vaalputs Fault Zone trending about 50 . 

The Garing Fault Zone (x+ 35 km; y+ 45 km) extends for more than 
30 km in a HW-SE direction but its dip in the central part of 
Vaalputs has not been defined with sufficient precision. Recent 
modelling of ground magnetic data indicate that the fault has a near 
vertical dip. The fault zone has some minor short riedel shears and 
in the northwest it appears to die out. The displacement is minimal 
and is probably right lateral as can be determined from the 
orientation of the riedel shears. Other probably Precambrian faults 
of relevance are the Vaalputs Fault (x+ 35 km; y+ 45 km) striking 
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NE-SW beneath the disposal site area, and the Stofkloof Fault 
(z-t- 35 km; y+ 51 km). It is interesting to note that the faults, 
especially the Stofkloof one, are characterized by a narrow zone of 
reddened, cataclastic granitic/gneissic rocks akin to unakite, an 
epidote-rich altered granite containing pink orthoclase quartz, minor 
opaque oxides, apatite and zircon (M Watkeys, pers. comm.). Finally, 
unakite is cored, in localities such as (x+ 35,5 km y+ 50,8 km), by 
mylonite. 

9.3 Tertiary Tectonic Activity 

Tectonic activity and uplift in the Late Cretaceous to Early Tertiary 
established a highland along the southwestern edge of the Bushmanland 
Plateau. The best evidence for post-Mesozoic faulting is represented 
by slickensides in silicified kaolinitic granites from the Garing 
Fault Zone (co-ord. x+ 33,5 km; y+ 50 km). Since it is unlikely that 
slickensides escaped alteration (along with the host granite) during 
the late Cretaceous kaolinization, we think that the Garing Fault 
remained active well into Tertiary times. The structural analysis 
shown in inset 8 suggests that wrench fault tectonics were operative, 
with the "Garing linear" being the primary shear, and the NNW 
trending faults the riedel shears (Andersen, in prep.). 

Furthermore, since most of the faults in the western part of the 
property (i.e. from y+ 46 km westwards) have an uplifted western 
block, we think that they record the early-mid Tertiary uplifting of 
the Kamiesberge range towards the coast. 

« 9.4 Kecent Tectonic (Seismic) Activity 

At Platbakkies, about 20 km south of the Vaalputs site, there is an 
active shear zone with recorded seismicity in 1950 of 5,5 on the 
Richter scale and of 4,3 in 1967. It falls on the strike extension 
of an oceanic transform fault and is visible on both the Landsat 
imagery and the aeromagnetic survey map (insets 7 and 8). 
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10 ECONOMIC GEOLOGY 

Because of the similarity in the aeromagnetic pattern between the 
Okiep Copper District and the Vaalputs Block, the area had been 
locally prospected for base metals long before the initiation of the 
radioactive waste disposal project. During the same period the 
kimberlite pipes and uranium occurrences were examined by several 
mining houses but with disappointing results. 

10.1 Base Metals 

Two boreholes were drilled by 0'okiep Copper Company to a depth of 
300 m into the strongly magnetic body of norite adjacent to the 
northeastern corner of the property. The intrusive was found barren 
of sulphides mineralization (J Marais, pers. commun.). Other mining 
houses prospected a small magnetite-rich gossan on Riembreek, 
immediately adjacent to the southwestern corner of the property, as 
well as subsurface (magnetite-biotite) anomalies in the Santab area 
without result. The subsequent airborne geophysical study (INPUT) of 
the Vaalputs property by Geoterrex failed to reveal the signature of 
ore-grade base metal occurrences in the basement down to a depth of 
at least 600 m (32). 

A geostatistical investigation of the trace element concentrations in 
ground water of a large population of samples from the Bushmanland 
* ..ateau indicates, however, a regionally extensive polymetallic 
anomaly 40 km 1? and NW of Vaalputs (33). 

10.2 Uranium 

The prominent radiometric anomalies related to enderbite which are 
located to the northwest and north of the property (inset 3, A3 and 
4), were investigated in about 1980, but the uranium was found 
largely locked in stable refractory phases (monazite, apatite, 
zircon). The possibility of finding surface concentrations of 
leachable uranium vas therefore considered unlikely. The discovery 
that the U, Th 
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anomalous enderbite of Vaalputs (inset 3, A-3) is equivalent to the 
mineralized rocks of Steenkampskraal (18) (19), apart from the 
obvious differences in grade, however opens the possibility for 
monazite mineralizations in the area we investigated. 

10.3 Diamonds 

Numerous pipes of kimberlite were intruded into the Precambrian rocks 
of the Vaalputs area, yet all were proved to be barren, as found 
elsewhere in the Namaqualand Metamorphic Complex. Since diamonds 
have been mined with success at least occasionally in Bushmanland, we 
may not exclude the possibility that some stones could be found in 
the coarse-grained sediments overlying the basement. Nevertheless, 
the diamond potential of the area was evaluated and found to be 
minimal (34). 

10.4 Soad-building Materials 

The most commonly used material for the construction of the 
provincial road is calcrete/silcrete, which is excavated from 
adjacent trenches down to a depth of a few metres. Dolerite, a 
favourite road metal in many parts of the country, is too deeply 
weathered near Vaalputs to be considered as an alternative. 

10.5 Underground Water Resources 

Numerous works have been produced on this subject by Levin ai.d 
co-workers (see (5) for references) who identified appreciable flow 
rates from boreholes drilled on fault zones (i.e. the Garing Fault, 
the Stofkloof Shear, etc.). It has been found that the water struck 
in the escarpment area, i.e. on the watershed, is generally far less 
saline than water derived from fault zones encountered beneath the 
clay of the Vaalputs formation. Vaalputs is located on a triple 
underground watershed, with the water moving slowly northward, 
westward and southward into the Koa, Buffels and Olifants River 
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drainages respectively. The encouraging results obtained in 
prospecting for water near Vaalputs indicate that geophysical methods 
are successful in locating water in Bushmanland. 

11 GEOLOGY AHD HOCLEAK WASTE DISPOSAL 

The relation of geology to the safe disposal of low- and medium-level 
radioactive waste in the area of Vaalputs has received exhaustive 
treatment in numerous reports and papers. Only a few specific 
aspects will be recalled here. 

The geology has been tectonically stable since mid-Tertiary times, 
and is expected to remain stable well beyond the time required for 
total radioactive decay. 

Minor earth tremors can be expected from seismically active linears 
such as the Platbakkies and Pofadder lineaments. However, due to 
their distance from the site and very low seismic activity associated 
with them, they are not considered to be a high seismic risk to the 
containment vessels. 

Although there are fairly large quantities of fracture-controlled 
ground water at a depth of approximately 40 m below the disposal 
trenches there is no recharge of this water from the surface. As a 
consequence there is very little chance of any escaping nuclides 
entering the regional ground-water table. In the unlikely event of 
this happening, the ground-water movement is so slow that there is no 
chance of any radioactive nuclide entering the food chain. 

The brown clays which will host the waste material contain an average 
of 39% clay and silt, which has been found to play a major role in 
the retardation of movement of the radionuclides. More specifically, 
the clay fraction of the samples investigated by H J Brynard (35) has 
a mean volumetric composition of 46% smectite, 32% illite and 21% 
kaolinite and as such the clay has a good retardation potential. 
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The geological data indicate that low- and intermediate-level waste 
can be safely disposed of at the Vaalputs site. However, due to the 
complex structure of the basement, more careful studies accompanied 
by deep drilling will be required for the location of a high-level 
waste disposal site. 
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