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1. THE EFFECTS OF DEPOSITIONAL FACTORS

ON UNDERGROUND COAL MINING

by

JOHN C. HORNE

For many years, the petroleum industry has used depositional

modeling to determine the location and geometry of hydro-

carbon reservoir potential sandstones. More recently,

researchers have applied depositional modeling techniques

to the problems encountered by the coal industry in ex-

ploration and exploitation phases of coal development.

Because depositional settings control strongly the distri-

bution of sediments that amass there, they can be used as a

predictive tool for the location, geometry, continuity, and

quality characteristics of coals as well as the lateral and

vertical variability of associated rock types. On the mine

tract level, the environments of deposition that immediately

precede the accumulation of peat that later formed as mine-

able coal determine the distribution of floor rock which

delineates areas of strong and weak floor as well as areas

of potential floor seeps. Along with the coeval depositional

environments, the pre-existing topography upon which the

peat accumulates strongly affects the shape and thickness

distribution of the coal that forms from the peat. Besides

affecting the shape and thickness distribution of the coals,

the contemporaneous environments of deposition determine

the areas of non-coal sediment influx into the coal swamp

which control coal quality with respect to ash content and

amount of reject material. For roof conditions in under-

ground mines, it is the depositional setting that immediate-

ly follows coal accumulation that is most important. This

setting defines the distribution of rocf rock which deli-

neates the locations of potential roof falls as well as areas

of water seeps.



Thus, at mine planning and development stages, depositional

modeling can be useful to predict potential problems in

advance of mining, and economically feasible answers can

be designed for the problem areas.

RPI/Colorado
100 Arapahoe Avenue
Suite One
BOULDER, COLORADO 80302
U.S.A.

....



2. COAL IN ALLUVIAL-FAN SYSTEMS

by

D.K. HOBDAY

Contrary to popular belief which holds that the generally

oxidizing conditions prevailing on gravelly alluvial fans

a.se inherently unfavourable for peat preservation and coal

genesis, a significant proportion of the world's coal

resources are associated with alluvial-fan systems. The

confusion steins in part from the lack of recognition of

two distinct alluvial-fan end members :

- arid alluvial f&is, which are small, steep, and dominated

by debris-flow and ephemeral stream processes. Such

deposits never contain coal, but are common hosts for

epigenetic uranium.

- humid-region, or wet, alluvial fans, which can be extremely

large, with gently sloping surfaces fashioned by perennial

streams. Peatswamps are common in inter-fan depressions,

on alluvial plains of the distal fan, and along the

margins of lakes at the foot of the fan.

Some very large coalfields are associated with wet alluvial

fan systems. Distinguishing features of these systems include

- unconfined proximal conglomerate to distal sandstone and

shale, with regionally radiating paleocurrents.

- dominance of rounded, clast-supported, imbricated pebbles

and boulders in the proximal facies, with long axes

predominantly transverse to current flow.

- Crude horizontal bedding and few scours in coarsest upper-

fan conglomerates (sheet-bar facies).

- finer mid-fan conglomerates with horizontal bedding,

gravel foresets, and bar-margin sand wedges (longitudinal

bar deposits). Scour channels are common.

- downfan increases in the proportion of foresets to

horizontal bedding, concomitant with fining.

- sandy distal fan with large planar foresets produced by

transverse/linguoid bar migration.
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- gradation into mixed-load fluvial systems, with lenticular

sands and broad peat (coal) accumulations.

Because meandering is inhibited by the resistant peat mat,

anastomosing channel patterns are common, producing very

narrow but thick sand bodies. This is a zone of maximum

ground-water discharge and compactional subsidence, favouring

rapid growth and preservation of peat.

Some fans prograde directly into lakes (fan deltas), with

reed marshes along the shores, and accumulations of aquatic

vegetation on the lake floor.

Gondwana coalfields include excellent examples of coals

associated with prograding and inactive fans. Maceral compo-

sition varies according to the vegetation type and degree of

exposure to the atmosphere. Exinite (e.g. lake-margin

alginite), vitrinite (rapidly buried woody vegetation of

the distal fan swamps), and inertinite (oxidized or

partially degraded plant debris) maceral groups are dominant

in different parts of the fan system.

Department of Geology and Geophysics
University of Sydney
SYDNEY
N.S.W. 2006
AUSTRALIA
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3. ASPECTS OF RELATIONSHIPS IN GONDWANAN COAL

QUALITY, DISTRIBUTION AND PALAEOENVIRONMENT :

WITBANK COALFIELD, SOUTH AFRICA

by

G. LE BLANC SMITH AND R.M.S. FALCON

The three main peat precursors to the major coals of the

Karoo Sequence, in the Great Karoo Basin, are now genetic

stratigraphically positioned within the Witbank, (l and 2

Seams) Coalville, (3 and k Seams) and Middelburg (5 Seam)

Genetic Sequences of Strata (GSS); these loosely equate

with the lithostratigraphic Ecca Group. Modelling from

computer based subsurface and surface facies mapping shows

these to be transgressive peats that accumulated upon

largely abandoned fan-delta platforms during a paraglacial

period associated with the retreat of the Gondwanan Carboni-

ferous-Permian glaciation.

The rapid climatic changes during deposition, coupled with

marked floral changes, resulted in significant variations

in flora through time which facilitates correlation between

coal seams and zonation of thick seams. Interseam correla-

tions are based on the saccate pollens, particularly

Monosaccates and Striatiti, in which the greatest bio-

stratigraphic changes occur. The Virkipollenites -

Plicatipollenites genera characterise the earliest seams,

followed by species within the Protohaploxpinus and

Striatopodocarpites genera.

Coal quality variations in the No 2 seam respond strongly

to sedimentary environment of accumulation. This seam is
1genostratigraphically ' positioned in GIS 2 of the Witbank

Q

GSS. Seam distribution exceeds 6 000 km with marked areal

changes in quality and geometry on subregional to local

scales in response to proximity of shoreline and in-seam

anastamosing channels.

Palaeoenvironmentally the No 2 seam is. a transgressive

organic deposit which largely accumulated upon abandoned



shallow water glaciofluvially capped,glaciolacustrine

fan-delta deposits. The deposits filled a series of southerly

oriented glacial valley embayments, coalesced and formed

a platform that fringed the northern margins of the basin.

Seam quality and thickness responds markedly to pre-Karoo

basement topography, proximity to shoreline, in-seara bank-

stabilised channels, environment of accumulation and

ecology which all identifiably effect mineral, maceral,

microlithotype and trace element content. From these

parameters proximal, medial and distal peat accumulation

regimes are identified. The net cross-sectional profile

of the proximal areas features : coals which are inertinite

rich, thin to absent over pre-Karoo topographically high

intervalley areas, where aerobic conditions prevailed;

secondly, valley-flank area coals of up to 12 meters thick

with subordinate minor splints; these coals frequently

display pronounced vertical zonation and petrographically

homogeneous banding; and thirdly, valley-axial localities

with extensively split and eroded coals, which show sub-

stantial variations in seamlet thickness, quality and

distribution. The variations are caused by the ducting of

clastic detritus (coarse) from deglaciating hinterlands by

numerous syndepositional braided and anastomosing channels,

into and through the low-lying areas of the swamps.

The valley-axial coals in the proximity of in-seam channel-

fill units display 'high-energy peat' petrographic charac-

teristics, with a heterogeneous 'brecciated' texture and

high mineral content, both attributed to redistribution

and mixing of plant material by frequent floodwater

incursions and associated fluctuating water table and

Ep/pH conditions.

The medial peat regime covers substantial areas, has few

splits and interruptions and accumulated largely upon the

differentially compacting sediments of the abandoned delta

plain; the thickest coal is generally found in high com-

paction areas underlain by argillaceous sediments, and

conversely, thinner coal above less compactable sandstone

substrate or basement.



The distal peat regime cross-sectional profile generally

comprises thin coal confined to topographically more

elevated portions of the distal delta platform. Coal is

frequently located between embayment deposits and in

juxtaposition with beach deposits, and displays an

elongate podiform geometry with margins that thin,inter-

finger and pinchout. Petrographically these coals have

low reactive constituents and contain local torbanitic

zones.

These data form the basis of evolving coal predictive

models for the Gondwanan coal seams of South Africa, and

are applied to coal exploration, correlation, evaluation

and exploitation.

G. Le Blanc Smith
Coal Etcetera (Pty) Ltd
PO Box 78319
SANDTON
2146

R.M.S. Falcon
R. Falcon Research
Laboratories (Pty) Ltd
PO Box 41086
CRAIGHALL
2024
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k. COARSE-GRAINED ANASTOMOSED RIVER DEPOSITS FROM

THE WITBANK COALFIELD, SOUTH AFRICA

by

B. CAIRNCROSS

Borehole data from the north-central Witbank Coalfield

reveal several coal seams contained within the 100 m thick

Vryheid Formation. The laterally continuous No 2 seam is

mined extensively throughout the area and contains numerous

clastic partings which can pose mining and quality problems.

Several hundred closely-spaced boreholes at Van Dyks Drift

Colliery provide subsurface detail for one of these partings.

Two distinct lithologic units are recognised :

(a) Very coarse-grained sandstone overlain by carbonaceous

shp.l e/siltstone, form distinct lenticular bodies up to

14 m thick and 1 200 m wide entirely enveloped by No 2

seam coal. Some borehole core contains pebbles, gravel

and carbonaceous debris scattered throughout the sand-

stone. Conglomerates at the base of these lenticular

bodies often contain coal spar eroded from the seam

below. Isolated pebble bands are occasionally in

evidence. The sandstone is structured by planar cross-

bedded and plane-bedded sets. Interlaminations of

mudstone and siltstone are irregularly interbedded

with the coarse elastics. An upward decrease in grain

size and set size is present but not ubiquitous; basal

pebbly sandstone often grades upward through very

coarse-grained and coarse-grained sandstone into

medium-grained sandstone. Without exception, either

carbonaceous shale or siltstone cap the gravel-sandstone

sequences, which are finally overlain by coal.

Laterally impersistent medium- to fine-grained lenti-

cular sandstone beds are present in the carbonaceous

shale and/or siltstone unit.

(b) Adjacent to and interfingering with the sandstone is

a thin (̂  1 m) highly carbonaceous shale and coal unit

rarely greater than 20 - 30 cm thick. This argilla-
2

ceous parting is widespread and extends over 70 km .
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Infrequent intercalations of poorly-sorted sandstone

and siltstone are present within, or in place of,

the carbonaceous shale.

An anastomosed river pattern has been documented on the

basis of the three dimensional geometry of the parting.

Prevalence of coarse bedload deposits and small amounts

of siltstone and mudstone, coupled with a predominance of

planar cross-bedding suggests deposition by a braided river.

However, vegetation (peat) would have provided erosively

resistant river banks which effectively confined the

channel to its original dimensions. In-channel deposition

was, therefore, characterised by vertical accretion rather

than lateral channel migration. Fluvial pulses inter-

rupted by quiescent periods are indicated by the inter-

bedded mudstone units within the channel sandstone. These

represent mud accumulations in depressions between and on

bars during low water stage following the high discharge

events. Pebble beds within the channel may have formed

lag deposits on bar top surfaces. Rapid abandonment of

the system is evident from the abrupt transition from the

gravel-sandstone into abandoned channel fill (carbonaceous

shale/siltstone). Isolated sandstone lenses in the abandoned

fill were deposited during waning flow when the system

was being starved of the coarse sand fraction.

The carbonaceous shale flanking the channel was deposited

by overbank sheet flow during high discharge flood events.

The isolated sandstone and siltstone couplets which are

interbedded with coal and shale immediately adjacent to

the channel probably formed through small-scale, shortlived

crevassing, either due to flood events or simple bank

collapse.

Modern analogues similar to these Permo- Carboniferous

deposits are found in Alberta, Canada (Smith and Putnam,

I98O; Smith and Smith, 198O). Anastomosed rivers in these

areas consist of a network of multiple stable channels
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caused primarily by vegetation stabilized banks which

maintain channel geometry. Overbank flooding and

crevassing occur frequently, resulting in silt and clay

deposition in adjacent wetland areas (backswamp and

floodplain). Either a rising local base level control

downriver, or subsidence of the depocentre are likely

causes of anastomosis.

Differential compaction of peat and the underlying sediments

plus the regional subsidence of basin fill sediments

probably account for anastomosis within the area of Van

Dyks Drift, Both coal quality and distribution are

adversely affected by this fluvial parting; coal is

scoured out below the channel and thins over channel

apices while clastic contamination within the coal sur-

rounding the channel considerably increases the ash content.

REFERENCES

Smith, D-G. and Putnam, P.E. (1980). Anastomosed river

deposits : modern and ancient examples in Alberta,

Canada. Can.J. Earth. Sci., 17, 1396-1406.

Smith, D.G. and Smith, N.D. (1980). Sedimentation in anas-

tomosed river systems : examples from alluvial valleys

near Banff, Alberta. J. Sedim. Petrol., 50, 157-164.

Department of Geology
University of the Witwatersrand
1 Jan Smuts Avenue
JOHANNESBURG
2001
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5. PALAEOTOPOGRAPHY AND FLUVIAL SEDIMENTATION AS SUB-REGIONAL

CONTROLS ON COAL SEAM DISTRIBUTION AND THICKNESS IN THE

HIGHVELD COALFIELD

by

M.F. WINTER

A subsurface palaeoenvironmental reconstruction has been

undertaken in the northern Highveld Coalfield with the express

purpose of determining the extent to which the palaeoenviron-

ment and associated dynamic sedimentary processes controlled

coal seam thickness and distribution. Investigations are

based on 875 lithological borehole records and cores from an

area of approximately 800 km , and incorporate the Dwyka and

Vryheid Formations of the Karoo Sequence from the pre-Karoo

basement to the present day erosion surface. Subsurface data

are supplemented by correlative exposures.

Palaeotopography and fluvial sedimentation emerge as the

principal controls on coal seam distribution and thickness.

Extremes in palaeotopographic relief result directly and

indirectly in thinning and impersistence of coal seams, while

intermediate relief provides a favourable situation for the

accumulation of thick, persistent ccal seams. Palaeotopo-

graphic elevation results directly in local non-deposition

or thinning of the lower seams over palaeo-highs and adjacent

flanking areas, and also inhibits compactional subsidence

which is fundamental to thick peat accumulations. Palaeotopo-

graphic depressions, representing palaeo-valleys, indirectly

result in thin, impersistent lower seams in that they provide con-

duits for clastic sediment transport and are characterized

by high rates of sedimentation, inhibiting the accumulation

of coal-forming peats. Conversely, areas of moderately low

palaeotopography are relatively free of clastic influx and

compactional subsidence optimally corresponds with the rate

of peat accumulation, resulting in the devel •pment of thick,

extensive, continuous coal seams.

Syndepositional fluvial sedimentation has inhibited signi-

ficant accumulation and preservation of peat prior to the

accumulation of the 2 seam peats. Extensive erosion of
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early peat accumulations is evidenced by the frequent in-

corporation of coal clasts in correlative fluvial sediments.

Consequently, in contrast to the Witbank Coalfield, the 1

seam in the Highveld Coalfield is discontinuous and un-

correlateable. The thickness and distribution of the 2

seam, although affected to a lesser extent by fluvial

sedimentation, is significantly decreased or absent along

an axis defined by maximum sediment thickness. Syndeposi-

tional sedimentation during peat accumulation is represented

in the 4 seam zone by in-seam fluvial gravels which result

in a significant reduction of seam thickness. Post deposi-

tional fluvial erosion has resulted in the extensive removal

of underlying coal seams along linear channel axes which are

now defined by thick accumulations of coarse clastic sediment.

Department of Geology
University of the Witwatersrand
1 Jan Smuts Avenue
JOHANNESBURG 2001
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6. SEDIMENTARY CONTROLS ON COAL DISTRIBUTION

IN THE NORTHWESTERN HIGHVELD COALFIELD

by

A.B. CADLE

A 200 m thick succession of coal bearing sedimentary rocks

of the Vryheid Formation has been studied to determine

those factors which influence coal thickness and distribu-

tion. The following factors have been documented.

(a) Palaeotopographic low lying areas preserve the full

sedimentary succession. In palaeotopographic elevated

areas, the lowermost part of the sedimentary succession

was not deposited, consequently the coals present

within this part of the stratigraphy are absent as

they thin toward and pinch out against these basement

elevated areas.

(b) The lowermost coal seams attain their greatest thickness

on the flanks of palaeovalleys. This is attributed to

stable tectonic conditions and minimum clastic sedimen-

tation which permitted relatively uninterrupted peat

accumulation.

(c) The thickness and distribution of the lowermost coal

seams are also modified by younger braided stream

channels which have eroded down into the underlying

sedimentary succession and in places thinned or removed

these coals.

(d) The thickness and distribution of coal seams present

within the middle of the succession are largely in-

fluenced by fluvial sedimentation. These coals thin

against and over the depositional axes of braided

stream channels and thicken away from these channels.

Complex seam splitting is present in this coal zone

and is caused by braided stream sedimentation during

peat accumulation.



(e) The distribution of coals formed in deltaic sedimen-

tary environments is controlled by subsidence and

sedimentation during peat accumulation. In areas

where subsidence and delta switching has resulted

in the deposition of two deltaic lobes, coal is

absent. The coal is only present in those areas

where it overlies one relatively thick deltaic lobe.

Department of Geology
University of the Witwatersrand
1 Jan Smuts Avenue
JOHANNESBURG
2000
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?. A SEDIMENTARY MODEL FOR THE

SOUTPANSBERG COAL FIELD

by

H.J. V.D. BERG

The Karoo sequence north of the Soutpansberg, was deposited

in the Tshipise Basin. The basin was probably associated

with the weak zone of the Limpopo metamorphic province and

controlled by east-west faults. Smaller faults in the

basin floor, consisting of quartzite, lava and older gneiss,

caused local irregularities. A high ridge in the floor to

the west of the coal field, is the most prominent of these

features. This devides the basin into a northern and

southern trough. This positive area played an important

role during deposition of the coal bearing formations. Post

Karoo faults parallel to the "mobile belt" preserved parts

of the old Karoo basin as fault bounded wedges, dipping to

the north.

The Karoo succession in the Tshipise basin was deposited

mainly under fluvial conditions. The climate changed from

cold and wet at the bottom, to dry and hot at the top of the

sequence. The coal bearing formations consist of sandstone,

shale-siltstone association, mudstone and coal, arranged in

mainly fining-upward fluvial cycles. The depositional

environment was that of a meandering river system with point-

bar, natural levée, crevasse splay and flood plain deposits.

The sandstone : shale ratio indicates a paleo influx direc-

tion from the north-east, parallel to the main fault direction.

During short stable periods, plant material accumulated

in flood basins under reducing conditions, giving rise

to thin alternating coal bands. The many root prints,

palaeosols and cyclothems in the coal succession indicates

that the coal was mainly deposited in situ.

Department of Geology and Exploration
ISCOR
PO Box 450
PRETORIA
0001
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8. A REFERENCE SECTION THROUGh THE VRYHEID FORMATION

AT CEZA MOUNTAIN, NORTH NATAL

by

A.D.M. CHRISTIE, T.R. MASON, A.M. SMITH, R. TAVENER-SMITH

A 310 in section through most of the Vryheid Formation is ex-

posed in the Sikwekezi River at the southeastern extremity

of Ceza Mountain (Fig. l). The strata constitute a

reference section through the coal measures at an impor-

tant point about half way between the Vryheid and Nongoma

Coalfields and may provide an insight into relationships

between coal seams in the two areas. The succession is

interpreted as a regressive fluvio-deltaic complex, and

there is a perfect gradation from the Pietermaritzburg

Formation below.

At the base of the section a thick rhythmic alternation of

sandstones and siltstones on a 5 to 12 cm scale is thought

to represent part of a major pro-delta accumulation formed

by turbidity processes and subsequent suspension settling.

These rocks grade upward into thick medium- to coarse-

grained cross-stratified sandstones with some herringbone

structures. This part of the sequence is interpreted as

coalescing distributary mouth bars reworked by wave

action and constituting the upper part of a major pro-

grading delta front. This is overlain by two upward-

fining fluvial cycles which probably represent distributary

channels on the lower delta plain.

Resting on this sedimentary platform are medium-grained,

cross-stratified sandstones and dark bioturbated siltstones

deposited as sub-deltas advancing over embayment fill

deposits.

The uppermost part of the section comprises 13 erosively

based, upward-fining cycles each commencing with medium-

to coarse-grained, gritty sandstone and culminating in dark,
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argillaceous beds, commonly with a coal seam. These are

thought to be fluvial deposits formed as wide, sandy,

braided channels on a transitional lower/upper delta plain,

Current data collected from cross-stratification sets in

distributary mouth bar and fluvial sandstones indicate

that drainage was generally towards the south-west.

Department of Geology
University of Natal
King George V Avenue
DURBAN
4001
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9. STRATIFIED LATE DWYKA GLACIOGENE SEDIMENTS

IN THE NATAL MIDLANDS

by

V. VON BRUNN AND C.P. GRAVENOR

Upper Dwyka sediments immediately underlying the Pieter-

maritzburg Formation are examined in localities situated

in the Mkomazi Valley south of Richmond, at Ashburton east

of Pietermaritzburg and at Tugela Rand north of Kranskop.

Massive crudely-stratified diamictite which constitutes

the bulk of the Dwyka Formation in Natal south of the

Tugela river is followed by 5 m to 20 m of stratified

glaciogene sediments occurring below the junction with

the Ecca mudstone. The stratified deposits comprise banded

to bedded silty diamictite choked with mudstone clasts.

The diamictite is interlayered with fissile silty mudstone

which dominates the upper part of the sequence. Dispersed

megaclasts of various sizes are commonly faceted and striated.

The sediments are composite in that they are the product

of slurry-like gravity flow and suspension settling

processes, and accumulation of ice-rafted detritus. It

is postulated that the stratified sequence was developed

in a subaqueous proglacial setting whereas the associated

basal diamictite was formed subglacially. Limited buoyancy

of the grounded ice mass at the time of deglaciation

promoted subglacial gravity flow of undermelt diamicton

released from the debris-charged glacier sole. The

paucity of current-induced sedimentary structures suggests

a low-energy palaeoenvironment.

Sedimentation in the proglacial zone coincided with climatic

amelioration and frontal retreat of the glacier by iceberg

valving. The supply of basal and englacial debris to the

sites of deposition was sustained by a continued basinward

flow of the active ice. Eustatic change in the epicontinental

sea coupled with isostatic readjustments at the close of the
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glacial episode may account for the facies change

defining the junction between the upper Dwyka beds

and the overlying Ecca mudstone which is devoid of drop-

stones.

The widespread occurrence of stratified sediments in the

topmost part of the Dwyka succession and the appreciable

thickness of the subjacent uniform diamictite preserved

south of the Tugela river is attributed to progressive

subsidence along a zone of crustal weakness marking a

regional downwarp that had already been active in Early

Palaeozoic time. The Dwyka Formation in the Natal Midlands

is identified with an outer shelf facies association

comprising glaciogene sediments transported by ice flowing

from a distal high-lying region. In contrast the inner

shelf facies association of northern Natal represents

the products of an oscillatory ice retreat and isostatic

rebound affecting a proximal glaciated highland.

The late Dwyka sections investigated emphasise the signifi-

cance of gravity flow sedimentation in glaciogene sequences

resulting from deglaciation.

V. von Brunn
Department of Geology
University of Natal
PIETERMARITZBURG

C.P. Gravenor
Department of Geology
University of Windsor
Windsor
Ontario
CANADA



10. BEAUFORT GROUP URANIUM MINERALIZATION - A MODEL

THAT MAY AID EXPLORATION

by

V. STUART-WILLIAMS

URAVAN deposits (URA - uranium, VAN - vanadium) are found in

thin discontinuous sand lenses intercalated with red oxidized

mudstones, in the Salt Wash Member of the Jurassic Morrison Fm.,

U.S.A. Ore bodies are enclosed in pale grey, pyrite bearing

and coalified fossil-wood bearing zones. They are dominantly

tabular and appear to be randomly distributed. There is no

evidence for one side of the ore zone having been first

oxidized and then reduced. Both sides appear bleached, but

mineral zoning is frequently present with molybdenum (as

jordisite) occurring at some distance from the uranium. The

major uranium minerals and uraninite and coffinite and these

are best developed in trash zones with coalified wood.

These deposits probably formed from the mixing of ore forming

solutions and stagnant diagenetic-stage connate (?) waters

which moved along the more permeable sandstone units. Ore

bodies formed at the interface between the two fluid types

(Granger and Warren, 1979)-

The ore bodies examined whilst working on the Pristerognathus

Diictodon Assemblage Zone west of Beaufort West are of the

URAVAN type. It was, however, found that uranium mineralization

in any one ore body was not strictly random and tends to be

associated with a fairly consistent sandstone and siltstone

geometry.

A typical drill section is shown in Diagram 1. It shows that

two discrete sandstones are present (numbered 10 and 11)

separated by a thin silt or mudstone, that mineralization is

in the lower sand, and that it has a tendency to dip down

palaeoflow (i.e. it dips steeper from left to right than

does the sandstone). Mineralization is only found where coales-

cence between the two sandstones has occurred and it disappears

where the sandstones remain coalesced, as is seen in the two
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most northerly boreholes. It could be suggested that minera-

lization is only seen at and adjacent to points of coalescene

between sandstones, and dominantly in the lower sand.

DIAGRAM 1

A TYPICAL DRILL SECTION

Borehole collar
Silt/mudstone
Sandstone

Intermediate silt
Mineralization

Vert. exag. =



This typical geometry was characteristic of all the anomalies

drilled in the area, and was found to occur over a large

stratigraphic interval, suggesting a common mode of origin

for all the uranium anomalies drilled.

The model as envisaged is shown in Diagram 2. It can be

seen to have the same basic geometry as found in drill

sections. Two sandstones are present, separated by an

intermediate silt and there is a dipping zone of minerali-

zation in the lower sand which terminates down the palaeo-

dip.

DIAGRAM 2

THE COALESCENCE MODEL PROPOSED

x Reduced
SANDSTONE 10 l_

r Dipping REDOX FRONT Sandstones
are oxidized

ATMOSPHERE

PALAEOFLOW

/ V

' ' ' • • ? ? : • ' ' • . • « • : '•'.'•'.•'••••... •• s

- Zone of fluid mixing.

— C a r b o n (3J$£ - m i n e r a l i z e d ) .
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The upper sandstone is considered to have been open to the

atmosphere as an active ephemeral channel in an arid

environment, such that contained fluid was oxidizing and

rich in carbonates. This upper sandstone was the major

uranium conduit, transport was dominantly as uranyl

carbonates.

The ïower sandstone was identical to the upper at its time

of formation. Aggradation led to its burial and this in

association with a fine grain-size and high carbon content

caused the development of a slow moving weakly reducing

acidic fluid.

At a point of coalescence the fluids from the upper and

lower sandstone are mixed, the oxidizing fluid penetrating

progressively deeper in the sandstone couplet until the

entire couplet is oxidizing. This generates a weakly

dipping REDOX front. This REDOX front is not considered

strong enough to have precipitated uranyl carbonate

complexes in transport.

If however, free carbon is present in the zone of fluid

mixing (REDOX front) uranyl carbonates may be reduced on

it. So long as conditions remain dominantly reducing,

reduced uranium will remain stable. The mixing zone

therefore provides a mechanism whereby carbon is both

nineralized and mineralization will remain stable. The

distribution of mineralization is therefore very carbon

dependant within the mixing zone.

Mineral zonation, notably of uranium and molybdenum (with

molybdenum above the uranium in the study area) is con-

sidered to be a direct function of pH and Eh changes across

the mixing zone. The point of precipitation of the different

complexes in solution being controlled by these changes

across the fluid mixing zone.
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Further aggradation of the fluvial system causes burial of

the upper sand which consequently becomes weakly reducing.

This means that any mineralization is permanently stabilised,

and that stacking of anomalies is a distinct possibility.

The major feature of this coalescence model is that it

emphasises the importance of the silt parting in the control

of mineralization rather than only coalescence as in earlier

models. Drilling data clearly supports the importance of

the siltstone or mudstone-partings control on mineralization

(Stuart-Williams, 198D.
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11. SEDIMENTOLOGY OF THE TEEKLOOF FORMATION TO THE

EAST OF ABERDEEN (C.P.) WITH REFERENCE TO

URANIUM MINERALIZATION

by

A.L.E. SIMMONDS

An area to the immediate east of Aberdeen (C.P.), bounded

in the north by the Rooiberge and to the east by the

Sundays River, has been sedimentologically studied.

Ten vertical profiles logged on the steep southern slopes

of the Rooiberge have provided much information regarding

the detailed stratigraphy of an interval of approximately

300 metres, pertaining to the Teekloof Formation of the

Permo-Triassic Beaufort Group. Keyser and Smith (1978)

have assigned the sediments forming the Rooiberge to the

Cistecephalus assemblage zone.

The stratigraphic succession comprises a number of elongate,

lenticular sandstone bodies distributed within a pre-

dominantly argillaceous pile. In general the sandstone :

silt plus mudstone ratio is low, (1:6 approx.) though

locally this may increase (1:3 - 1'• 1 ) .

A notable feature of these sediments is the presence of

linear zones of increased sandstone : silt plus mudstone

ratio, manifested in a vertical stacking of sandstone units

which are separated by argillaceous units of similar thick-

ness. Such 'trends' are known to host significant uranium

mineralization in the Lower Beaufort Group.

Sedimentologically the sequence is subdivided into a number

of facies as follows :

A. Intraformational mudstone conglomerate

B. Trough cross bedded sandstone

C. Parallel laminated sandstone

D. Ripple cross laminated sandstone

E. Structureless (mottled or massive) sandstone

F. Undifferentiated siltstone and mudstone

G. Calcareous nodules (pedogenic) in argillaceous rocks
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Markov analysis has shown that the vertical succession

is systematic. A typical cycle is shown in Figure 1.

It is evident from the unimodal palaeocurrent distribution

(within individual units), the upward fining cycles, the

associations of sedimentary structures and the overall

geometry of arenaceous units that the environment of

deposition was fluvially dominated.

An interesting feature of these sediments is the exessive

volume of argillaceous rock compared with that of sand-

stone. When examining these argillaceous strata closely

it is evident that the possibility of 'mud carrying' rivers

(suspended load channels) having made a significant con-

tribution to the pile, must not be discounted.

A profile logged up an almost continuous vertical sequence

of approximately 75 metres of predominantly argillaceous

strata shows the presence of :

(a) several erosive contacts

(b) ripple cross laminated siltstone beds

(c) intraformational mud pellet conglomerates

( 1 - 2 mm clasts in silt matrix)

(d) convolute and occasionally planar lamination

These features point to an active fluvial regime rather

than to the quiet depositional environment envisaged

for the floodplain.

It is stressed that though suspended load channels have

evidently contributed significantly, normal floodplain

deposition, with its many subenvironments, has made an

equally large or greater contribution to the total pile

of argillaceous strata.

From the study of thin sections it is evident that the

sandstones cropping out in the Aberdeen District may be

classified as lithic arkoses. A significant proportion

of the lithic grains present in these rocks are apparently

of ultra fine tuffaceous and felsitic material.
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Figure 1,

B -
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TYPICAL UPWARD FINING SEQUENCE

DESCRIPTION INTERPRETATION

Argillaceous strata with . Floodplain fines
occasional horizons of
calcareous (marly) nod-
ules.

Thin arenaceous intercal-
ations (lOcm-lm) usually
ripple cross laminated
with abrupt or erosive
lower contact.

Fining upward silt which
iray be sandy at base with
ripplfi cross lamination.

Units of trough cross
bedded and planar laminated
strata which may be inter-
calated with or overlain
by ripple cross laminated
finer sandstone .
Epsilon type cross strat
may be identifyable.

Tntraformational mudstone
conglomerate overlying
argillaceous strata with
typically erosive contact.

with evidence of
extended periods
of subaerial
exposure. **

Sands deposited
overbank close to
channels in levee
and crevasse type
deposits.

•""Decreasing: grain
sir'.e deposited in
shallow water as
stream discharge
declined.

Multistorey chrnnel
sequence.TX bedding
reflecting the
downstrean migration
of ir.egaripples
during periods of
constant (perennial)
flow, with flood
events represented
by thick planar
laminated units.
Kuch deposition
evidently on point
bars.

Basal lag produced
by the erosion of
floor and stable
banks of channel.

* Frequently this n.ay not be present, the upper contact showing evidence
of an abrupt transition indicating that avulsion has taken place.

**In several cases sedimentary structures •• :•• • suggest thr't
not all of this type of unit nay be explained as being flood plain
deposition.
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Uranium mineralization is usually hosted by calcareous,

carbonaceous sandstone which in thin section is seen to

be dominated by sparry calcite cement. Due to the manner

in which the detrital grains appear to 'float' in calcite,

an expansive growth mechanism is envisaged (Dapples 1971)»

This implies early (pre-consolidation) crystallization of

calcite, and emplacement of uranium. Detrital grains

have to a minor extent been etched and replaced by calcite,

a process which has also contributed towards the final

'cement supported' texture of the rock.

Information on possible provenance areas is gained both

from palaeocurrent data and the composition of the sediments.

Palaeocurrent studies indicate that the provenance was to

the south or south-east. Composition indicates :

(a) there was an abundance of very fine grained material and

(b) acid voicanism or volcanic rocks contributed a signi-

ficant portion of the detritus.

In addition the textural immaturity of the sandstones

indicates that the distance of sediment transport was not

great (probably only a few hundreds of kilometres).

During Beaufort times it is evident that Gondwanaland was

still 'in tact'. The provenance area thus lay somewhere

within the centre of the supercontinent.

In the typical sequence of events, rifting of a super-

continent would have been preceeded by an attenuation of

the crust, a rise in the geothermal gradient and a sub-

sequent up-doming of crustal material. This up-doming

would have produced the positive relief required for the

Ecca and Beaufort provenance areas.

The questions however remain : What strata was uplifted and

eroded to provide the detritus? Is it possible that the

uppermost Cape Supergroup sediments extended far enough to

the south?

Geological Division
Goldfields of South Africa Ltd
PO Box 1167
JOHANNESBURG
2000
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12. TECTONOSTRATIGRAPHY, A FRAMEWORK FOR APPLIED

SEDIMENTOLOGY

by

H. DE LA R. WINTER

Neither lithostratigraphy, nor even standard global chrono-

stratigraphy is the most effective means of classifying the

deposits of a sedimentary basin with the view of evaluating

its geological history and economic potential. It is argued

that the most useful framework of classification is really

tectonostratigraphy, and a proposal that this be formally

recognised is in preparation. Tectonostratigraphy is the

systematic study of the accumulation of sedimentary and

volcanic strata, their periods of non-deposition, erosion,

and even of alteration and deformation. Tectonostratigraphy

can be regarded as local chronostratigraphy, applicable only

to a specific basin, with its units more or less defined

according to the philosophy current before the concept of

lithostratigraphic classification was introduced.

A tectonostratigraphac unit is an unconformity-bounded inter-

val of genetically related deposits. Two main ranks are

recognised : the sequence, which is bounded by significant

breaks in sedimentation and which is the equivalent of the

old "series" used in the first decades of this century, and

the cycle which is analogous to a stage. Additional ranks

can be described by adding the prefixes super- and sub-.

The bounding unconformities generally become conformable

towards the centre of a basin, and the breaks of the units

of lesser rank have a correspondingly smaller time significance.

The International Stratigraphic Guide (I.S.S.C. 1976 p. 92)

states that unconformities can be crossed by time-surfaces,

and that for this reason they should play no part in formal

stratigraphy. This statement can be replaced by a statement

of principle that a surface of interrupted deposition is

isochronous with respect to the time interval of least inter-

ruption. This principle is tested and applied by comparison

of any depth profile with its equivalent time profile.

(Fig. 1).
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Marker beds are isochrons because of minimum interruption,

and unconformities are isochrons of the time equivalent

to continuous deposition in the basin centre. An uncon-

formity-bounded sedimentary unit contains only rock strata

that accumulated during a specific interval of geological

time. This rock unit then falls within the definition of

a chronostratigraphic unit (I.S.S.C. 1976 p. 67). However,

a tectonostratigraphic unit may have continuous deposition

only at the depocentre whereas many stratigraphers insist

that chronostratigraphic units must be traced only through

successions of continuous deposition. Sedimentologists

will be quick to realise that this ideal is only approached

in relatively quiet sub-aqueous environments.

To conduct a systematic study of geological history, one

needs to interpret the palaeogeography of an area in an

orderly time progression, therefore it is important to

establish isochrons of each level to be studied. The

depositional environments at that time or during the short

interval before or after it (chronozone) have to be inter-

preted by facies analysis into a continuous depositional

system tract (Brown and Fisher 1977) and stacked by super-

imposing genetically related tracts, until each tectono-

stratigraphic unit is completely interpreted. To employ

formal lithostratigraphy instead of facies analysis would

result in a highly distorted caricature of the basin fill.

Furthermore the isochrons obtainable from global chrono-

stratigraphy are often too imprecise for detailed work

though useful in a geochronological sense.

Isochronous surfaces can be recognised in profile as un-

conformities, as contacts of biozones of wide-spread biota,

a~ continuous seismic reflections, as reversals in trans-

gressive-regressive relationships, and as key beds such as

coal seams, thin, distinctive wide-spread beds including

tuffs and lava flows, and beds with distinctive fossils,

mineralogy, textures or structures.
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Depositional facies and environmental interpretations are based

on whatever lithological data control is possible. Uncon-

formities can be recognised by onlap-offlap relationships,

disruptive structural relationships, palaeo-weathering and

palaeosoils, and possibly other criteria, and are often

best depicted on cross-sections. Unconformities tend to be

compounded at basin margins by the erosion of underlying

rocks which themselves contain earlier unconformities. The

relative magnitude of the break in deposition between

successive unconformities can easily be wrongly interpreted

where such compounding has occurred, a good example being the

break beneath the Ventersdorp contact reef.

Recommended procedure in tectonostratigraphic analysis would

be to construct profiles across different parts of a basin,

from beyond the preserved margin to the depocentre, and to

plot them both in depth and time (lithostratigraphic and

chronostratigraphic profiles) on the same horizontal scale.

On these profiles all recognised unconformities and isochrons,

and all available depositional lithofacies data should appear.

Walther's law and transgressive-regressive relations can be

invoked to interpret gaps in the data.

With these profiles plus additional data points one can next

proceed to construct palaeostructural (isopach) and palaeo-

geological (depositional environment and lithofacies) maps.

The tectonostratigraphic profiles help one to select the key

time levels or intervals that will reveal the genetically

related episodes of basin filling and the processes by which

it is filled most effectively, unlike a standard chrono-

stratigraphic interval that may include an unconformity.

From the profiles the relative magnitudes of unconformities

can be deduced, both in terms of thickness of rocks eroded

and the period of non-deposition and erosion at any place

along an unconformity. Deductions can be made of earth or

eustatic sea level movements required to bring about the

effects noted. Where both depositional sequences and cycles

can be recognised, the sequence boundaries are those where

the contiguous preserved cycles are of restricted areal extent.



Palaeogeographic maps will reveal that the original attitude

of isochrons are inclined to a greater or lesser extent,

usually towards the depocentre. In application of isopach

maps to palaeostructural interpretation, the original shape

or attitude relative to sea level of any chronosLratigraphic

interval has to be taken into account, as well as subsequent

deformation, such as compaction. The stratigraphical layer-

cakes are therefore time-stratigraphic intervals, not

formations, and the younger chronozone is super-imposed

upon the older unless structurally disturbed.

Stratigraphical studies incorporating many of these principles

include those of Busch, Weimer, Vail and others, Fisher and

Brown, and Visher. Many other stratigraphers apply litho-

stratigraphic and chronostratigraphic classifications in a

loose connotation, with consequent loss in precision and

understanding. The economically orientated analyst has

traditionally favoured the application of the approach

herewith rigorously formalized as tectonostratigraphy.

Examples of application to the South African geology are

di scussed.

SOEKOR
PO Box 3087
JOHANNESBURG
2000
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FIGURE 1

Models in space and time demonstrating relationships between

tectonostratigraphic sequences and the time significance of

their boundaries.

FIGURE l(a)

Simplified depth section across two major tectonostratigraphic

sedimentary intervals AB and BC showing their original extent,

and their preserved aspect after proximal erosion, with eroded

portions dotted.

FIGURE l(b)

Simplified time or chronostratigraphic section on same scale

derived from figure l(a) by construction of vertical lines

onto a vertical surface marked by an equal progression of

time-lines Tl to T5. Periods of erosion are shown by coarse

dotted texturing and periods of non-deposition by fine

dotted shading. Of special importance are the time

relations associated with boundary B. Where conformable

the boundary is dated as T3. Elsewhere there is an hiatus

with possible erosion of sediments deposited earlier and

non-deposition of later sediments. The hiatus increases in

the proximal direction.

Referring back to figure la, the principle that no boundary

can cross a time-line is demonstrated, from which it follows

that in the basin comprising intervals AB and BC, all BC

sediments are older than all AB sediments. Time-line T3

is the only one that can be drawn on surface B along its

full extent, notwithstanding presence, erosion or non-

deposition of sediments in juxtaposition. A tectono-

stratigraphic boundary is therefore an isochronous line

on a section.
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13- A SEDIMENTARY MODEL FOR THE BEREA FORMATION

IN THE GLENWOOD TUNNEL, DURBAN

by

C A , JERMY and T.R. MASON

The 4,3 m diameter Glenwood tunnel houses three large

diameter steel water mains and penetrates through 880 m

of unconsolidated and £<emi-consolidated sediments of the

Berea Ridge in Durban. It was driven using a Greathead soft

ground tunnelling shield and forms part of a gravity scheme

augmenting the Durban central business district's water

supply.

Detailed mapping of the tunnel face during construction

showed three main types of sand to be present. A dark red

to reddish-brown clayey cohesive sand where the soil cover

is 20 m or less, a yellowish-red partially cemented sand,

and a yellowish-brown non-cohesive sand.

Red, clayey sand

Typically structureless, dark red to reddish-brown, cohesive

sand with a maximum silt and clay content of 25%. As reported

by McCarthy (1967) and Maud (1968) the red colouration was

produced by in situ weathering of coastal dune sands. The goe-

thite coating of the quartz sand grains was derived from

pyroxenes and amphiboles, whilst kaolinite was formed from

feldspars. Similar reddening of dune sands in southeast India

has been reported by Gardner (1981) and Durga Prasada Rao

et al. (1982).

Yellowish-red, partially cemented sand

This sand is generally coarser grained than the red clayey

sand, and has a lower silt and clay content. The most

obvious difference between the two, other than colour, is

that these sands contain sedimentary structures and concen-

trations of heavy minerals. The dominant heavies are ilmenite

and magnetite, which form horizontal layers in the sand and
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have a general dip of 2°-8° towards the outlet portal of

the tunnel.

Other sedimentary structures observed include water escape

structures, bioturbation and a ferricrete horizon. Al-

though it is not cohesive this sand can stand vertically

in the tunnel face unsupported - its strength being

provided by a partial cement of calcium carbonate.

Yellowish-brown, non-cohesive sand

This sand is of similar grain size to the yellowish-red

sand and also has a low silt and clay content. Heavy mineral

concentrations forming horizontal laminae were aJ'.so present,

as was evidence of bioturbation. The main distinguishing

feature between this and the other sands was its aon-cohe-

sive, and in some places, flowing nature, probably due to

the lack of cement. It contains large blocks and small

concretions of carbonate cemented sandstone.

Calcareous sandstone and calcareous concretions

Two distinct types of carbonate cemented sand occur in the

yellowish-brown, non-cohesive sand. The commonest variety

forms fine- to medium-grained, structureless, carbonate-

cemented sandstone blocks several metres in diameter. One

of them contained a rounded dolerite cobble 8 cm in diameter.

The calcareous sandstone blocks are alvays associated with

a flowing sand and it appears that the carbonate in the

calcareous blocks was leached from this sand. The flowing

sand also contained smaller, irregularly-shaped carbonate

concretions sometimes aligned parallel to bedding, but

more generally randomly distributed.

Discussion

The red, clayey sand found in the tunnel can be correlated

with the "second aeolianite" (Maud, 1968), deposited during

the Wurm interstadial (? 500 to 5 000 years b.p.).
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The yellowish-red and yellowish-brown sands seem te have

different origins because of the heavy mineral layers, bio-

turbation and water escape structures within them. These

structures, and the coarser nature of the sand, suggest a

beach or back-beach depositional environment as similar-

structures are known from modern beaches.

The yellowish-red sand was partially cemented by re-mobilised

calcium carbonate; the yellowish-brown sand has its carbonate

concentrated in the large calcareous sandstone blocks and

smaller concretions.

The massive blocks of calcareous sandstone were probably

foz*med penecontemporaneously within the beach sand by the

chemical interaction of fresh- and sea-water in a carbonate-

rich environment.

The carbonate content of the large calcareous sandstone

blocks was then partially remobilised by groundwater. Some

of the carbonate formed the smaller, irregularly-shaped

concretions in zones of greater permeability, like the

horizontal bedding of the sand or areas of bioturbation.

Conclusions

Site investigation drilling for the tunnel established that

the rockhead elevation below the invert ranged from 65 - 40 m

above mean sea level. These levels may correspond to one or

more marine terraces (Davies, 1970, 1976) dated on archeolo-

gical evidence as Middle to Late Pleistocene. The beach and

younger aeolian dunes are regarded as a product of the

Late Pleistocene marine regression.
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Ik. PRECAMBRIAN KARST FILLING. IN THE DOLOMITE OF THE

TRANSVAAL SUPERGROUP

by

JEAN BODY

The Carletonviile area is well known for its very hazardous

ground conditions caused by the selective dissolution of the

dolomite of the Transvaal Supergroup by groud water. The

large amount of geotechnical drilling done in the area has

intersected two ages of karstification, the first approxi-

mately of Karoo age and second, Recent. This paper presents

a third age viz., Pre-Pretoria.

The surface site of Doornfontein No. 3 Shaft was carefully

selected following the usual gravimetric survey and test

drilling. The geology of the shaft was thought to be

relatively simple and well known from surface boreholes,

previous shaft sinking and investigation of surrounding

outcrops. However, steep dips, up to 80 were found in

the Pretoria Shales at a depth of 25 to 30 metres below

surface. Locally this shale was deeply weathered into a

water-saturated clay. Folding with reverse flank was also

observed.

The Rooihoogte Formation was intersected at a depth of

55 metres below collar. In the shaft it consisted of a

chert breccia locally known as the Giant Chert. This can

be roughly sub-divided into three breccia types. The

relationship of each breccia with its hostrock (banded

chert-rich dolomite of the Eccl<. s Formation) is specific

in each case but their lithological characteristics are so

similar as to confer them a common origin.

The angular blocks of chert and dolomite that comprise the

chert breccia re randomly orientated and are often larger

than ten metres in diameter (Figure l). Some dolomite

clasts may display two symptomatic aspects :



1» They may themselves be brecciated with a fracture fill

of black shale identical to the matrix of the parent

breccia. This is probably the result of fragmentation

of smaller blocks between larger blocks during compaction.

2. These often display an irregular carved outline, the

result of dissolution by ground water during karst

development.

No clasts other than chert or dolomite have ever been seen

observed. The matrix of the breccias is normally massive

black shale or siltstone - a barely visible lamination is

usually present. Locally the black shale may be graphitic

and fissile with a distinct "slaty" appearance. It is

composed of a high proportion of fine-grained quartz,

sericite and authigenic carbonate. Some pyrite and carbon

are usually present. The coarser-grained strata show a

high proportion of angular quartz grains and silicified

algal lamellae.

The breccias are of sedimentary origin because :

1. The clasts and the matrix are of very different com-

positions and are the various weathering products of

a karstified dolomite landscape.

2. No recrystallization, preferential orientation or

shearing occur except on a purely local scale, equally

affecting both clasts and matrix.

3. No intrusive contact metamorphism or large scale

metasomatic phenomena were apparent.

The breccias are interpreted as palaeokarst fill because :

1. They occur in dolomite, which is prone to karstifi-

cation.

2. A sound refraction survey carried out across the shaft

has revealed a basin-like profile reflecting the limited

lateral extent of the upper breccia.



The breccias are of Pre-Pretoria age because :

1. They do not contain any fragment of Post-Rooihoogte

age.

2. Wad, which needs an oxidizing atmosphere to develop,

is totally absent.

3. They occur down to 270 metres below the Turffontein

Eye, which determines the water table in the Turf-

fontein compartment (Figure 2). Very little, if any

karstification, is known to develop so far below a

water table.

The Pre-Pretoria karst fill intersected in the shaft

provided unexpectedly good mining conditions - no cavita-

tion and no water. This is probably the result of the highly

consolidated nature of the karst fill where the interstices

were tightly cemented and mostly watertight and contain a

high percentage of insoluble minerals (quartz and sericite).^

It can therefore be concluded that Pre-Pretoria karst fill

situations provide very favourable shaft sites as secondary

karstification is unlikely to form for the aforementioned

reasons. Whether these conditions can however be antici-

pated will depend on local conditions and whether there

is any latitude in the placement of shafts.

Goldfields of South Africa Ltd
West Rand Geological Branch Office
P0 Box 53
CARLETONVILLE
2500
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15- PARTICULAR PHYSICAL, CHEMICAL AND MINERALOGICAL

PROPERTIES OF THE DIFFERENT COLLUVIAL LAYERS IN

THE PRETORIA ENVIRONMENT AND THE PRACTICAL UTILI-

ZATION OF THE AREA

by

J.H. REYNHARDT

The area under investigation is situated in the homoclinal

valley on the Daspoort Ridge pediment, in the catchment area

of the southern tributary of the Swartspruit (Figure l).

The Daspoort Ridge pediment is underlain by Magaliesberg

shale, diabase dykes and lydite while the Daspoortrand is

composed of Daspoort quartzite.

It could be proved by means of fieldwork, laboratory and

statistical analyses that the material consists largely

of weatherd Daspoort quartzite, and that it was deposited

as colluvium on the pediment by fluvial action.

It was determined from the investigation that

the material could be divided into thre«? colluvial layers.

The physical and chemical properties of the sediments could

be explained in terms of a number of factors, inter alia

topography, internal drainage of the sediment, contamination

of weathered material, hydromorphic conditions, spatial

distribution and time.

Fluvial action on the gentle slope of the pediment contri-

buted to well-sorted sediments in all the colluvial layers

on the pediment. Because the depositional energy differed

during the deposition of the layers, the physical properties

of the layers also differ at particular positions on the

pediment.

The effective internal drainage of the sandy colluvium,

together with the gentle slope that it forms, contributes

to the fact that the sediments are in a state of fluctuating

hydromorphicism. These varying conditions promoted pedogenetic



weathering in and leaching of the deposits, as well as

the translocation and precipitation of iron in the sediments.

The occurrence of kaolin in the colluvial layers indicates

that weathering has already reached an advanced stage in

the layers. The same tendency is reflected in the S:E+P

ratios. Weathering increases as the age of the layers

increases. Weathering in all the colluvial layers is at

its greatest level of intensity on the lower, more humid

section of the pediment. Just as weathering varies in the

colluvial layers and over the pediment, so the degree of

leaching also varies.

There are definite differences in leaching between Colluvium

II and III. These differences can be attributed to the more

effective internal drainage of Colluvium III as opposed

to Colluvium II. Leaching in Colluvium II remains relatively

constant over the pediment, with a slight improvement on

the lower moister section of the pediment where the flow

of water from the Swartspruit valley head is lateral. The

effective internal drainage of Colluvium III, as well as the

lateral flow of water on the lower section of the pediment,

gives rise to the well-leached character of the layer,

especially the lower section.

The ferricrete depositional components in the area have

their origin in the weathering products of diabase (9,k6%

Fe 0 ) , Magaliesberg shale Cl,02% F e
2
0-3^ a n d Daspoort

quartzite (1,54% FegO ) ' .

The migration and concentration of iron on the pediment

are dependent to a large extent on the topography. A

large concentration of iron concretions occurs on the upper

section of the pediment, while there is a hard bank of

vesicular ferricrete on the middle and lower sections.

These iron deposits consist mainly of haematite and

maghemite, pointing to the fact that dehydration conditions

prevailed. Three layers of iron aggregate concentrates

occur on the lower section of the pediment where Colluvium

II totally filled up an ancient valley of the Swartspruit.

These three layers were formed at different levels when

the groundwater level fluctuated at different heights in
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the sediment. This idea is substantiated by the presence

of goethite and lepidocrocite on the one hand, and maghe-

mite and haematite on the other.

The rapid lateral flow of water on the lower section of the

pediment in the valley head of the Swartspruit contributed

to a condition where the finer sediments were largely

elutriated from the Colluvium III and were deposited as

montmorrillonitic alluvial material on the flood plain

of the Swartspruit.

The damming effect of the lateral flow of water also

exercised a secondary influence on the iron status in the

Colluvium III sediments. Depending on the moisture

availability, the conditions vary from reducing conditions

to intermediary and oxidising conditions, with accompanying

colour change from grey to yellowish-brown and red on the

drier higher sections of the pediment.

The area can be divided on the basis of the sediment

properties into three primary and five secondary utiliza-

tion zones. The primary zones were differentiated mainly

with regard to the present hydromorphic conditions, clay

and slope. The utilization potential and limitations of

each of the zones were tested with regard to a number of

land-use types in the city (Figure 2).

From this example, it has became clear that an investigation

of limited depth, done in most cases by means of a soil

survey, does not bring out the true character of the area,

which is of utmost importance in the pre-planning stage

of a particular terrain.

Department of Geography
University of South Africa
PO Box 392
PRETORIA
0001
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16. THE SEDIMENTARY ECOLOGY OF THE

SOUTH-EASTERN CAPE ESTUARIES

by

J.S.V. REDDERING

THE CHARACTERISTICS OF THE ESTAURIES

An estuary is the seaward part of a river where it is

influenced by the tides and where sea water and freshwater

from the river mix. The microtidal estuaries of the

Southeastern Cape coast are small, with tidal prisms in
6 ?

the order 1,5 X 10 m and all have a tidal range of

about 1,5 m. They have narrow, constricted inlets or

inlets that are periodically blocked by wave action. Well

developed flood-tidal deltas are present while ebb-tidal

deltas are virtually absent. The muddier estuaries have

narrow intertidal areas while the sandy ones have well

developed intertidal flats.

Flood-dominant tidal currents cause a net sediment movement

into the estuary. Sediment entering from the sea cannot be

flushed from the estuary by the subordinate ebb currents.

Sediment also enters at the tidal head of the estuary. The

volume varies depending on the nature of the catchment sub-

strate. Mud in the estuaries invariably originates from

the river catchment. Mud is common in the estuaries where

the catchment areas consist of the shaly, Karoo Supergroup

substrate. Sand predominates in the estuaries with smaller

coastal catchment areas. Carbonate is scarce in the

fluvial catchment basins of the study area and the bio-

clastic load consequently originates entirely from the

sea. The carbonate content in the sediment decreases from

the inlets up into the estuaries. The discharge pattern

and volume depend on the size and climate of the catchment

areas. Freshwater floods of sufficient discharge passing

through an estuary can scour the marine sediment from the

estuary and deposit it at sea.
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THE ECONOMIC IMPORTANCE OF ESTUARIES

Estuaries are of considerable ecological importance and

some are under pressure owing to met sediment accumulation.

Although some of the damage done to the estuaries is

natural, a lot can be attributed to human interference.

This includes injudiciously constructed bridges across the

estuaries, reduced discharge resulting from damming, inter-

ference with coastal dunes and other unwise measures.

These problems are increased by secondary natural processes

like clay compaction and continued sediment influx. The

possible overall result is that an estuary may become so

choked with sediment that the tidal flow patterns are in-

fluenced, the tidal prism is reduced and the inlet becomes

blocked for extended periods. When this happens only the

most hardy biota can survive because the salt balance is

disturbed, the exchange of nutrients and pollutants to the

sea cannot take place and fish are physicaaly prevented

from migrating. Estuaries are important primary nutrient-

producing areas, and interference with these influences the

foodweb of the surrounding coastal zone.

Estuaries are important recreational areas and are as such

of economic importance to the tourist industry and more

particularly to the communities that inhabit the areas

surrounding them. Should the estuaries deteriorate to the

extent that angling, boating and other waterside activities

become impossible, the economic viability of these areas

will naturally decrease.

A CASE STUDY : THE KEURBOOMS ESTUARY

The Keurbooms estuary at Plettenberg Bay is partially con-

tained behind a barrier and is connected to the sea by a

permanent, southward-migrating tidal inlet. An emergent

problem of conflicting interests is due to this migration as

it is eroding one of the prime beaches of South Africa. At

the same time the inlet is migrating to an area of lower
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wave energy. Because the longshore drift sediment supply

at the southern extremity of the barrier is low, the sedi-

ment influx into the estuary with an inlet in that position

would be at its minimum. This would be to the benefit of

the estuary.

Clearly a compromise is called for. Several options exist.

Most of these would be expensive and all would have un-

wanted side effects. The most acceptable would be to stabi-

lize the inlet about 800 m from the southern end of the

barrier. This would have the benefit of retaining 800 m

of beach while having the inlet in a reasonably wave

sheltered position. The disadvantage of an inlet in this

position would be that properties on the landward shore

of the estuary would be prone to attack by waves passing

through the inlet during storms. A suitable wave baffle

should consequently be constructed to prevent wave damage

to these properties.

Another problem in the Keurboom estuary is that about

10 000 m of sand per year enters the back-barrier lagoon

by barrier overwash. During heavy storms this volume

could be much larger. As this influx is unwanted it

should be stopped by stabilizing the seaward dune ridge

with suitable vegetation.

Department of Geology
University of Port Elizabeth
PORT ELIZABETH
6001
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17- GEOPHYSICAL SURVEYS FOR MARINE ENGINEERING PROJECTS

AND ENVIRONMENTAL DATA ACQUISITION

by

B.W. FLEMMING* A.K. MARTIN*AND J ENGELBRECHT+

INTRODUCTION

A wide variety of engineering projects is increasingly being

planned for offshore areas- These may include harbour

developments, especially for large bulk carriers and

tankers; offshore oil exploration and production ventures

such as rigs, platforms or pipelines; effluent pipelines

particularly of industrial type; coastal developments

related to tourism and leisure such as marinas and small

craft harbours. Surveys may be required in the pre-

construction stage or for relocation of structures for

maintenance. The use of marine geophysical equipment

allows efficient, quick and relatively cheap surveys in

formerly inaccessible areas.

SURVEY SPECIFICATIONS

Choice of equipment, and pattern and density of survey

lines are determined by the nature of the job and by

client's needs and specifications. For example a reconnais-

sance survey may be carried out using the broad coverage

afforded by side-scan sonar; in a pre-selected site, thin

sediment cover is best mapped by a combination of high

resolution "pinger" seismics and side-scan sonar, whereas

hazards deeper in the sedimentary pile are better detected

by more powerful, lower frequency seismic systems, such as

"sparkers".

EQUIPMENT AND TECHNIQUES

Suitable Boat

A sea-worthy boat and capable crew are essential. Choice

of vessel is a compromise between size, manoeuvrability,



equipment and cost. Winches, 'A' frames, booms or hydrau-

lic arms aid in deployment of heavy or bulky geophysical

gear. Delicate electronic equipment must be sheltered from

the elements. However a larger better equipped vessel may

not be manoeuvrable enough for quick turns and accurate

positioning or it may have too great a draught for near-

shore work.

Navigation

Long range systems such as Omega or Decca Navigator are

used for navigation rather than survey. Several 2 MHZ

systems have accuracies of _+_ 20 m at ranges up to 200 km

(eg. Decca Hifix, Toran, Raydist). For accuracies of _+ 1 m,

microwave systems are used, generally in range mode

(eg. Motorola mini-ranger, Plessey MRD 1, Decca Trisponder).

In order to follow pre-determined tracks these systems must

be linked to a computer or programmable calculator or to a

track-plotter in order to monitor grid positions quickly

enough to correct for wind or currents. These systems are

operable within line of sight, whereas the more expensive

Syledis system gives similar accuracies to beyond the

horizon.

Bathymetric measurement

By echo-sounding with frequencies in the range 30-210 KHZ

resolution of 5-20 cm can be obtained. Larger errors are

introduced by variable swell and tides, and surveys must

be related to a single datum. The high resolution echo-

sounders allow environmentally important features such as

ripples to be detected (eg. indicative of potentially

hazardous bottom currents). A bathymetric side-scan sonar

^r>ASS) allows quicker collection of data with a depth

resolution of 0.2 m and range resolution of 0.4 m.
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Side Scan Sonar

In marine surveys, side scan sonar constituted a break-

through by allowing broad-scale observation of the sea-bed

for the first time. Typically, the system comprises

transducers mounted in a towfish, cable and dual channel

recorder. Lateral range out from the towfish is expressed

as slant range and is calculated as travel-time taken from

towfish to sea-bed and back. For absolute accuracy towfish

height above sea-bed and sound velocity in local water must

be known. Depressor systems may be used to keep the towfish

near sea-bottom at reasonable towing speeds. Distortion

also arises from variable ships speed. Various distortion

ellipses and nomograms have been developed to facilitate

accurate plotting of sea-bed features. Some modern systems

allow for taping of records, with the possibility of re-

playing isometric records corrected for the various dis-

tortions (eg. Klein K-MAPS and EG + G MS 96O seafloor

mapping systems). Care must be exercised that true speed

and not speed "through the water" is input. Attenuation

of sound varies with water type, resulting in different

effective ranges. For example 100 KHZ system has an

effective range of 1 750 m in freshwater, but only 38O m

in seawater. Slant range resolution is a function of

pulse length and sound frequency. A 5OO KHZ very short

range (25-100 m) system has a range resolution of 3 cm,

while the long-range (up to 30 km) deep-water Gloria system

has a range resolution of <. 50 m. Transverse resolution

(in the direction of ships travel) is a function of the

transverse beam width and range. For a 1 beam width,

transverse resolution = O.87 m at 50 m and 1.7*1 m at 100 m.

Taking into account the above distortions and factors as

well as towfish roll, yaw, pitch and crab motion, sea-bed

features can be very accurately mapped. The sonograph

record results from different reflectivities of material as

well as from topographic features which throw sound 'shadows'

Rock, often showing structural details, gravel, sand and mud
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may be distinguished, as well as bedforms, topographic or

man-made features.

Continuous seismic reflection profiling

The basic system comprises sound source linked to a power

supply, hydrophone array, amplifiers, filters and recorders.

A variety of sound sources are used; for example, in de-

creasing power, air guns - release of compressed air;

sparkers - discharge of stored electricity into sea-water

via an electrode or multi-electrode array; boomer - a pulse

generated by repulsion of a metal plate electromagnetically

and controlled by suction of a diaphram; pinger - a magneto-

strictive or piezoelectric transducer. Generally a frac-

tional amount of sound is absorbed each wavelength, there-

fore higher frequency sound is absorbed more readily; more

power may be transmitted at lower frequency. Penetration

is thus a function of power and frequency. Resolution is a

function of sound source, pulse length and frequency, and

generally increases as penetration decreases. Reflections

from the water surface result in various sound ray-paths,

effectively lengthening the sound pulse. Towing configuration

of sound source and hydrophone array is thus critical.

Taping of records allows replay at various band-pass filter

settings and additional signal processing such as swell

filtering. Reflections are changes in acoustic impedance,

which may not always agree with geological boundaries.

Considering multiple reflections, point source reflections

and other acoustic artefacts, accurate geological cross-

sections can be obtained.

Ground truth

Geophysical data are checked against samples obtained by

grab, gavity, piston or box-cores, or by diver observation,

probing and sampling.
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REGIONAL STUDIES

These complement site surveys by helping to define geological

conditions or hazards to be expected, such as large-scale

sediment transport or 'pock-marks' caused by gas-seep.

Regional surveys may discover features such as in-filled

channels which provide excellent routes for buried pipe-

lines.

CASE HISTORIES

Several site surveys have been carried out around southern

Africa and provide examples of varied strategy and choice

of equipment. For example a side-scan sonar mosaic obtained

in only one afternoon led to a better provisional pipeline

route (Fig. 1). Examples are also given of the use of

geophysical gear in obtaining environmental data in estua-

rine and near-shore environments.

* Marine Geoscience Division + National Research Institute
University of Cape Town for Oceanology
RONDEBOSCH PO Box 320
7700 STELLENBOSCH

7600
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18. THE APPLICATION OF SEISMIC METHODS TO THE INVESTI-

GATION OF SEDIMENTARY DEPOSITS

by

H.P. FORMANEK

INTRODUCTION

The seismic refraction and relection methods are used

extensively in geophysical investigations of sediments •"

The former method for detailed studies of loose and

consolidated sediments to depth rarely exceeding 150 m,

the latter for the investigation of stratigraphy and

structure to depth of many kilometres.

Refraction and reflection techniques differ in two principle

ways : In the refraction method, the seismic wave is re-

fracted at a velocity interface, travels in the lower,

higher velocity medium and is refracted back to surface

whereas in the reflection technique seismic energy is

relected by acoustical boundaries.

In both types of seismic surveying the velocity of the seismic

wave within the various strata is a function of the density

and the elastic moduli of the material. Velocities are

assigned geotechnical or stratigraphic meaning by comparison

with information derived from excavations or borehole data.

Modern seismic sections often bear striking resemblance to

iratigraphic cross sections and may reveal a wealth of

depositional and structural information.

APPLICATIONS

The seismic refraction technique can provide a high degree

of detail of the near-surface conditions, the density

and compaction of material, stratigraphic boundaries,

depth of the weathering profile and geologic anomalies

for foundation and safety engineering aspects. Mining

engineers are interested in slope stability and excavation
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characteristics whereas exploration geologisits will use

the refraction method for exploration and ore reserve

evaluation of placer deposits to depths exceeding

50 metres.

Until recently, reflection surveys have been used almost

exclusively by oil companies in the search for hydro-

carbon deposits to depths exceeding many kilometres.

They are now beginning to find applications in coal

exploration and the mapping of structural anomalies at

much shallower depth, generally from 100 m to 1 000 m.

THE SEISMIC REFRACTION METHOD

Modern instrumentation and data processing methods yield

seismic refraction profiles with a high degree of detail

and resolution provided that two requirements are met :

1) There must be a velocity increase with depth and

2) various layers must attain a minimum critical thickness

permitting refraction of the seismic signal.

The elastic properties of materials, as measured by p-wave

velocities, vary widely : From less than 300 m/s for dry,

loose sand to over 6 000 m/s for compact limestone and

dense intrusive rocks. This broad range of velocities

provides the opportunity to calibrate and identify layers

in terms of composition, density and rockmass for geo-

technical or exploration aspects.

An example of a seismic section through a placer deposit is

given. The high velocity contrasts within this section

allowed computation of the depths of refracting layers and

velocity determinations with an accuracy of the order of

5% to 10% despite the presence of high velocity calcrete

layers close to surface.

Another example given is a deep seismic refraction profile

shot with the objective to develop structural and strati-

graphic information in an area where Karoo rocks overlie a

basement unconformity to depths exceeding 100 m in places.
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It should be noted that it is not within the capability of

the seismic refraction method to map lower velocity Karoo

sediments below a massive dolerite sill, nor coal seams

below higher velocity sandstone.

SEISMIC REFLECTION SURVEYS

The seismic reflection method has the following advantages

over the refraction technique •*

1) There is no concern over the presence of blind and hidden

layers which can not be discovered by the refraction method;

2) Increasing velocities are not required;

3) More energy is reflected than refracted, reducing the

amount of energy required and increasing depth penetration.

Large expenditure by oil companies on reflection surveys

has resulted that seismic stratigraphy is one of the

fastest growing geoscience disciplines.

Of interest to a broader section of our exploration geo-

logists and mining engineers is the application of re-

flection surveys to exploration and mining aspects of coal

measures to depths in the range of 100 m to 300 m. The

objectives in coal exploration are smaller stratigraphic

and structural targets than the broad structural features

at greater depth typical in oil exploration. Reflection

techniques in coal exploration therefore require significant

modifications in the data acquisition with the objective of

achieving much higher resolution in the early part of the

seismic section. Considerable pioneering work has been

done in this area by the British Coal Board and other

organizations in Europe and North America. The verdict is

still outstanding if these techniques can be applied success-

fully to our more complex geologic situation in Southern Africa.

Seismic Survey (Pty) Ltd
P0 Box 62383
MARSHALLTOWN
2107
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19. BAUXITE IN NATAL : EXPLORATION AND GENESIS

by

J. HORN

A systematic survey of bauxite bearing areas was initiated

by the Geological Survey during July 1978. This was done

by delineating promising areas according to three para-

meters which control the lateritisation process, viz.

rainfall, geomorphology and geology. Other factors which

influence the genesis and accumulation of the bauxite were

also investigated. These include the presence of a sub-

surface bedrock topography, temperature, the rate of

erosion etc. A grade classification system as well as

a method for calculating available alumina were devised.

A total of 41o surface samples were collected while

1 Okk borehole samples were retrieved from auger boreholes

drilled in pre-selected areas all over Natal. At the

time of writing the indicated resources in Natal are

estimated at 63.1 Mt.

Geological Survey of South Africa
Private Bag X112
PRETORIA
0001
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20. THE STRATABOUND ZINC-LEAD-COPPER DEPOSIT AT ROSH PINAH,

S.W.A.

by

M.D. WATSON and C.J. JANSEN VAN VUUREN

The stratabound zinc-lead-copper deposits of Rosh Pinah occur

in sedimentary rocks of the Rosh Pinah Formation, which forms

part of the lower Gariep Complex.

In the vicinity of the mining area the lower, predominantly

volcanic part of the Rosh Pinah Formation, consist among

others of massive and sheared porphyritic felsite as well as

acid pyroclastic rocks. A dark coloured argillite overlies

the volcanic sequence aud is followed upwards by a thick

sequence of feldspathic quartzite. Near the top of this

sequence their again occur these bands of felsite.

The Rosh Pinah Formation is characterised by rapid facies

changes, poor sorting and slump structures indicating a

deposition in an unstable environment.

Dolomite-free and dolomite-bearing feldspathic quartzites

are the most important rocks that constitute the upper part

of the Rosh Pinah Formation. The quartzite was deposited

as series of successive graded units, which are coarse

grained at the base and grade upwards into fine grained

quartzite, that commonly terminate in a thin argillite layer.

Layers of carbonaceous and feldspar-rich argillite are in

places found in the feldspathic quartzite. A dark coloured

siltstone, locally known as a microquartzite, and a sugary

quartzite are associated with the argillite in the mining

area of Rosh Pinah. Limestone and dolomite limestone,

commonly graphite-bearing, are found in the mining area and

in an area north-west thereof. Barium-bearing minerals

occur sporadically in the dolomitic limestones of the ore-

bodies. Felsite occurs within the mining area.



Several outcrops of mineralized stratiform ore horizon occur

within the mining ground and so far six exploitable ore-

bodies have been found. At present mining operations are

confined to the B mine and it is planned to phase in

production at the extension of the old A Mine and the B

Mine East.

The ore horizon consists mainly of mineralized argillite,

microquartzite, sugary quartzite and barium-bearing dolomitic

limestones. This ore horizon is underlain by indurated

feldspath^c quartzite, which in places is brecciated and

mineralized. Near the lower boundaries of the ore horizon

the footwall quartzite interfingers with the bottom micro-

quartzite of the ore horizon.

The hanging-wall of the ore is normally unmineralized and

consists mainly of either graded units of feldspathic

quartzite or of alternating beds of feldspathic quartzite

and argillite.

The A ore-body has a pipe-like form due to tectonic defor-

mation and is characterised by a predominance of carbonate

rocks and the other ore-bodies appear as sheet-like

stratabound units, comprising lenses of the various ore-

bearing rocks.

Regionally the deposit occurs in an N.W. to N.N.W. striking

arc. The ore field covers an oval area which lies on the

south-western and southern limbs of a domal structure,

with a strike obligue to the regional strike . The

south-eastern part of the dome has a south-easterly plunge

at an intermediate angle, but in the northern part the

plunge is flatter. The south-western and north-eastern

sides of the dome are bounded by flexure zones. The larger

fold complexes forming the ore bodies are anticlinoria,

superimposed on the dome and are modified by open folds.

Some steep folds limbs merge into faults.

Pyrite, sphalerite, galena and chalcopyrite are the major

sulphide minerals. Bornite and tennantite are present in
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places in the ore-bodies. Accessory minerals are pyrrho-

tite, arsenopyrite, alabandite, stromeyerite, native silver,

colusite, a copper, -vanadium-sulphide, silver-sulphosalts

and a thallium, copper, iron-sulphide.

Barium-bearing minerals constitute an important group of

gangue minerals and comprise norsethite, barite, barytocal-

cite, benstonite, witherite and celsian.

The layering of the sulphides is striking and in places

microspheriods, fratnboids and colloform particles of

sulphides are found. The spheroidal and framboidal pyrite

can be considered as being of biogenetic origin.

Structural and textural characteristics whichhave resulted

from diastrophic deformation are presented in the ore and

no extensive annealment of the ore seems to have taken

place.

Ratios of zinc, lead and copper in the ore agrees with that

of marine to marine-volcanogenetic sulphide deposits. From

chemical composition of the ore it seems as if the metal

sulphides were unplaced during the deposition of the

ore-bearing rocks.

The chemical composition of pyrite agrees with that of

sedimentary pyrite. Different colour varieties of sphalerite

are represented in the ore and they differ from each other

in their content of iron and manganese. Although the

iron-content of sphalerite can not be used as a geo-

thermometer the low iron values of this mineral can

indicate a formation at low temperatures» The galena is

poor in trace elements.

There is a similarity between the general characteristics

of the deposits of Rosh Pinah and those of both massive

sedimentary and massive volcanogenetic sulphide deposits.

ISC OR
PO Box
PRETORIA
0001
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21. SEDIMENTOLOGICAL FACTORS CONTROLLING

HYDROCARBON DISTRIBUTION - EXAMPLES

FROM A GIANT, MATURE PETROLEUM PROVINCE

by

D.K. HOBDAY

Paleaenvironmental factors are pre-eminent in determining

the geometry and petrophysical properties of petroleum

reservoirs, their relationship to source and seal, and

fluid migration patterns. Whereas in the past, maximum

emphasis has been placed on delineation of structural

closure, and while this continues to be an important or

even paramount objective, there is increasing interest in

the more subtle combination and stratigraphic traps. This

is true not only of mature basins such as the Texas/Louisiana

Gulf Coast Basin with better than one well per square *• *

kilometre, but also of a number of frontier basins, for

example in Australia, with well densities of less than

1 per 1 000 km2.

The Oligocene-Miocene Frio Formation of Texas provides an

opportunity to evaluate factors of depositional environment,

and weigh them against other factors, e.g. compositional,

diagenetic, structural, in controlling the distribution and

production of oil and gas. The Frio has been penetrated by

over 100 000 oil wells and has produced some 16 billion

barrels of hydrocarbons. It contains large geopressured-

geothermal energy resources, with conservative estimates

of 264TCF dissolved methane. Updip sands are important

uranium producers.

Two large delta complexes were located in the Rio Grande

(South Texas) and Houston (East Texas) Embayments, with an

enormous coastal barrier tract intervening. A broad,

unstable slope extended from (Hackberry Embayment) to Mexico.

Shelf subsidence increased progressively basinward, accommo-

dating a maximum of 5 000 m of Frio terrigenous sediments.
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Source rocks of bay/prodelta/shelf/slope origin are

exceedingly lean (0.27 weight percent organic carbon),

and with the oil-generation window in the D.0.E.-General

Crude test well between 3 000 and 5 000 m, much of the

potential source rock is thermally immature.

Distinct but spatially related depositional systems in the

Frio'Formation are distinguished on the basis of sand

distribution patterns supplemented by the dominant geo-

physical log signatures. The following are the dominant

reservoir units :

- a bedload-dominated fluvial system with dip-trending

isoliths and blocky log patterns with sharp bases and

abrupt to gradational tops. Hydrocarbons are trapped

where channel and splay sands cross subdued highs.

- a mixed-load fluvial system with three main drainage

axes and aggradational sand/shale log patterns.

- a wave-dominated delta system in the Rio Grande Embayment

showing cuspate to lobate isoliths, distally thickening

progradational log sequences, delta-plain progradational/

aggradational sequences, and shaly serrated prodelta/slope

patterns. Hydrocarbons are produced from all sandy units

with anticlinal closure.

- multiple, lobate delta systems in East Texas with a

variety of thin progradational, blocky distributary, and

thick (300 m) shelf-edge progradational sequences. Delta-

plain and delta-front sands coalesce to form semi-

persistent reservoirs, with structural or combination

traps over salt diapirs.

- barrier/strandplain systems with pronounced strike align-

ment, and stacked, blocky log patterns. Seals are lacking

except on the landward side, where flood-tidal delta and

washover sand complexes show excellent pinchout traps,

and, to a lesser extent on the seaward side.
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As would be expected, hydrocarbon production statistics

reflect these paleoenvironmental controls, but there are

complicating factors which can be traced to differences

in sediment composition, texture, and diagenetic processes.

For example, the South Texas area received large quantities

of lithic detritus which compacted and suffered diagenetic

changes, resulting in permeabilities of only 1 md at a

depth of 5 000 m. At comparable depth, the quartzose

East Texas deltaic deposits have permeabilities as high as

1 darcy.

Rapidly expanding exploration in Australia, and some signi-

ficant new discoveries, reveal comparable stratigraphic

controls, but there are several differences which might be

relevant to present and future exploration in Southern

Africa :

- not only gas, but large quantities of oil can be generated

by coal-bearing, nonmarine source rocks.

- bed-load fluvial systems in nonmarine interior basins

(particularly rift basins or half grabens) can trap

significant volumes of oil and gas-generally in multiple,

small fields.

- detailed paleoenvironmental studies, commonly incorporating

the latest geophysical techniques, can delineate thin or

very localized reservoirs in otherwise tight sandstones.

- after identifying potential reservoir systems, seal is

often the next most important factor. Undue emphasis has

been placed on source rock and maturation studies.

In addition to current areas of offshore exploration, several

coal-bearing onshore sub-basins of Southern Africa are

likely to contain gas in commercial volumes.

Department of Geology & Geophysics
The University of Sydney
Edgeworth David Building
N.S.W. 2006
AUSTRALIA
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22. PETROLEUM GEOLOGY OF THE F-A GAS FIELD,

OFFSHORE SOUTH AFRICA

LIGHT, M.P.R., GARCIA-VICTORIA, E., TURNER, J., AND

McLACHLAN, I.R.

Exploration activities on the continental shelf off the

southern coast of the Cape Province have led to the delinea-

tion of four complex fault-controlled basins containing sedi-

ments of late Jurassic to early Cretaceous age (Fig. l).

The F-A structure lies in the Infanta embayment, 90 km south

of Mossel Bay at a water depth of 100 to 120 m. It is

formed by a faulted domal closure at the level of the con-

tinental drift-onset unconformity which is marked by

seismic reflection horizon C (Fig. 2). To date (July 1982),

ten boreholes have been drilled to test the economic

potential of the structure and a detailed stratigraphic sub-

division and geological model has been built up by the

Soekor exploration department using seismic, wire-line

log, lithological, micropalaeontological, geochemical and

petrographic data. The main seismic reflection horizons

mark major unconformities and are illustrated on Fig. 2

together with the age subdivisions and depositional

environments of the sedimentary sequences.

The bulk of the horizon C-to-D interval consists of re-

gressive fluvial sediments but at the top of the succession

a transgressive cycle followed by a regressive cycle

resulted in the deposition of two major shallow marine

sandstone units and an overlying fluvxal unit. The

regressive shallow marine sandstones form the main

hydrocarbon reservoir in the F-A structure. The unit

ranges in thickness from 0 m to a maximum of 33 m to 62 m in

the F-A2 and F-AR1 boreholes respectively. Porosity values

typically average 15 to 20 percent and permeability values

range from 7i5 millidarcies up to 38O millidarcies in the

better areas. The poroperm character of the sandstones in

the upper fluvial cycle can be equivalently good but drill-stem

tests show that where tested the volumes of gas-bearing sand-
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stones are small and exhibit depletion. Drilling results,

including coring, have shown that erosion associated with

the drift-onset unconformity has removed part or all of

the upper fluvial and the shallow marine sandstones from

a number- of the fault blocks (Fig. 2). Cored sections

indicate that at least the latest phase of the erosion

was effected sub-aqueouply by scouring associated with

the deposition of the overlying deep marine turbidite

and other mass-flow deposits. The shallow marine sandstones

deposited during the transgressive cycle are typically

relatively thin (3 to 5 m average but up to maximum of

30 m thick) and rarely show poroperm character as good as

that of the regressive sandstones.

In the overlying poet-drift succession it is only the

sandstones of the horizon E to C interval that have any

significant reservoir potential. Good quality deep-marine

sandstones in the lower part of the interval and shelf

sandstones above and below horizon S contain reservoired gas

but in both cases the reserves present (where tested) are

very small, although an untested potential for larger

accumulations remains in the case of the deep-marine

sandstones.

Regional source-rock studies including the F-A boreholes

show that the only shales capable of generating hydro-

carbons in any significant volume are the deep-marine

shales of the horizon E-to-C sequence which lie seaward

of the F-A structure. It is believed that gas and natural

gas liquid generated from these shales have migrated into

the structure by transport north up the structural slope

in the sandstones beneath the unconformity and also from

the deeply buried area to the south-east along the major

fault planes.

Production tests have shown that the reservoired hydrocarbons

in the regressive shallow marine sandstones can be produced

at economic flow rates : gas and natural gas liquid were

produced at flow rates of 1,59 million m (56 million std. ft )
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and 194 m (l 219 barrels) respectively from the F-A2

borehole for example. Further drilling is needed however

to establish whether sufficient reserves are present to

justify economic exploitation.

SOEKOR
PO Box 3O87
JOHANNESBURG
2000
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23- PETROGRAPHY OF THE RESERVOIR SANDSTONES OF THE

GAS-BEARING F-A STRUCTURE, OFFSHORE SOUTH AFRICA

by

MAROT, J.E.B- AND McLACHLAN, I.R.

This petrographic study considers only the sandstones of

the seismic horizon E-to-D interval (Fig. l) which occupies

the basal quarter of the stratigraphic column in the F-A

area and ranges in age from late Jurassic (Kimmeridgian)

to early Cretaceous (early Aptian). It is only within

this interval that significant quantities of hydrocarbons

have been encountered. The main direction of transport of

the sediments was from the north where the terrain is

dominated by carbonaceous slates and quartzites of the

Cape Supergroup. Sediments accumulated in the F-A area

in a variety of environments ranging from fluvial to

shallow-marine to deep-marine.

All the sandstone facies within the horizon E-to-D interval,

with the exception of those of the lower fluvial cycle

have been found to contain gas and natural gas liquid,

although not necessarily in all of the boreholes drilled.

The most important reservoir is formed by the regressive

beach and bar sandstones of the pre-horizon C interval

which are best developed in the F-A2 and F-ARl boreholes

where they show good porosity (6 to 21 per cent) and

permeability (7i5 to 3&0 millidarcies). For further

geological details reference should be made to the

accompanying abstract on the petroleum geology of the

F-A gas field.

The main focus of the study has been on the gas-bearing

sandstones. Full use has been made of the cores that

have been cut almost exclusively in such potential reser-

voirs and also of the sidewall cores that have been

recovered from both gas- and water-saturated sandstones.

Thin sections are routinely prepared from the core plugs

used for measuring effective porosity and permeability.



Figure f Generalised borehole - Section in 1hc F~A area and nummary

Of petrographic characteristics of sandstones
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Gaining an understanding of the retention, loss and

secondary development of porosity and permeability and

their lateral and vertical variations has involved the

study of the sandstone composition and texture, the com-

position and distribution of the cement and matrix and the

affect of sedimentary facies, depth of burial and mineral

diagenesis.

The general characteristics of the major sandstone facies

are shown in Figures 1 and 2 and Table I. In terms of

composition of the framework grain,the sandstones do not

show much variation, falling predominantly within the sub-

litharenite field- The fluvial sandstones in the lower

part of the section (below horizon V) are commonly red

due to iron oxide staining and frequently are associated

with conglomerates. Higher in the V-to-D interval, the

fluvial sandstones are more commonly white and apparently

cleaner but the ternary plots of Figure 2 show that they

and the upper fluvial sandstones below horizon C are

actually immature with an abundance of lithic and feldspar

graines. The intervening glauconitic shallow-marine

sandstones are typically less lithic and feldspathic.

Shelly bands are common in the transgressive units and

syntaxial quartz overgrowths characterise the regressive

beach and barrier bar sandstones.

The deep-marine sandstones above the horizon C unconformity

show a large range in composition but do include some

relatively clean quartzose sandstones. The shallow-marine

shelf sandstones at horizon S are significantly more

quartzose than the underlying deep-marine sandstones pre-

sumably as a result of their better sorting in a high

energy environment.

In accord with the general rule, scatter plots of measured

porosity and permeability in the sandstones of the F-A

boreholes show a decrease of these parameters with depth

in any particular section, however, the rate of loss is

advanced or retarded by a number of factors. Due to the

relative ease with which the size of pore throats and

hence permeability are reduced, permeability and effective
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porosity (the interlinked pore-space) show more lateral

and vertical variation than absolute (total) pore-space.

In the F-A sandstones, effective porosity and permeability

are reduced by the deformation of ductile lithic grains

and the rate of compactive decrease is therefore greatest

in the lithic submarine fan and fluvial sandstones.

The matrix and cement content of the sandstones is deter-

mined by the environment of deposition, the original com-

position, the original permeability of the sandstones and

subsequent diagenesis. The decomposition of chemically

unstable grains such as feldspar or volcanic clasts contri-

butes ions to the formation of authigenic clays. A high

clay content, whether of detrital or authigenic origin

decreases the permeability and effective porosity of the

sandstones. The formation of cement, however, can have a

two-fold effect; although decreasing absolute porosity and

permeability initially, the early development of a siliceous,

feldspathic or carbonate cement can retard the effect of

compaction. In the case of carbonate cement in particular,

its subsequent removal by leaching can result in the

formation of secondary porosity and the regaining of much

of the original porosity. The quartz arenites of the

regressive bar sandstones in F-AR1 are good examples

of silica-cemented sandstones that have retained their

primary porosity. Secondary porosity is a common feature

of nearly all of the sandstones and is well developed in

the shelly limestones and shelly carbonate-cemented sand-

stones in the transgressive shallow-marine units. The

decarbonatisation of the sandstones is believed to have

resulted from the passage of acidic fluids associated with

the release of carbon dioxide from the organic material

of the horizon E-to-C shales on the flanks of the structure

during the early stages of thermal diagenesis immediately

preceding the main stage of hydrocarbon generation.

SOEKOR
PO Box 3087
JOHANNESBURG
2000
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24. PRELIMINARY INVESTIGATION OF DISTRIBUTION OF

CRETACEOUS SANDSTONES OFF THE WEST COAST OF

SOUTH AFRICA

by

Ic GERRARD

In the South African offshore,, only sandstones form reservoirs

of any potentially economic significance for oil and gas.

In this study, the data from the fifteen wells drilled so

far on the west coast has been compiled into a series of

preliminary regional maps of different sandstone parameters.

Most of the offshore area considered in this paper lies

between the latitudes of Hondeklip Bay in the north and

St. Helena Bay in the south. Only the "Kudu" well drilled

some 190 km WNW of Oranj emund lies far to the north off the

South West African coast.

The post-Palaeozoic sedimentary succession on the west coast

has been divided into a number of sub-regionally to regionally

developed seismic sequences to which in most cases chrono-

stratigraphic ages have been assigned on the basis of micro-

palaeontology. The early and late Cretaceous sediments have

been divided into 5 and k such sequences respectively.

Using the gamma-ray geophysical well log as a lithology

indicator, the vertical distribution of sandstones within

these intervals at each well was determined. Parameters

such as cumulative sandstone thickness, sandstone percentage,

sandstone number, average sandstone thickness, modal sandstone

thickness and thikest sandstone for these intervals were

obtained. This information was then plotted onto a series

of stratigraphic interval maps showing either single para-

meters or combinations of parameters and onto maps of the

same parameter for a number of stratigraphic intervals.

Such stratigraphic slice maps indicate how these parameters

vary laterally whereas those using a single parameter for a

number of intervals indicate in addition how the parameter
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varied in time. These maps are a reflection of changes

in rates of subsidence in the basin, the type of elastics

being introduced, the number of sediment sources and the

interaction of the transport processes with the material

available.

As most exploration wells terminate above the lowermost

T-to-R sequence it has been poorly sampled. Its age is

consequently uncertain and although presumed to be early

Cretaceous, it could extend into the uppermost Jurassic.

For these reasons it has not been included in the sandstone

study. The overlying R-to-P sequence, penetrated partly

or wholly at a few more localities, is early Aptian in age

at the top of the succession but again due to lack of suita-

ble microfossils the lower age range has not been determined,

The sandstones of this interval accumulated in two distinct

areas to the east and west of each other, the Ba and K-D

areas, separated by a north-south-trending zone of lesser

sandstone deposition extending from the A-C area northwards

to the A-A locality where the least sandstone was deposited.

By contrast the trend of least sandstone accumulation for

the overlying late Aptian to early Albian P-to-M2 interval

changes «to a more east-west direction but still pivots on

the A-A area. To the north is the K-A to A-H area of more

sandstone and likewise the K-D to A-C2 to Ba area to the

south with its thick sandstone deposit. Major sandstone

accumulation during the early to late Albian M2-to-K

sequence occurred in two areas, in the north centred on the

A-H locality and on the Ba position in the south, with

little to no sandstone extending as a zone north-east to

south-west from the A-A to the K-D localities. It is

noteworthy that the lack of sandstone at the K-D area for

this interval is in total contrast to the situation for

the underlying P-to-M2 sequence where the largest quantity

of sandstone for that interval was penetrated. The pattern

of sandstone distribution for the late Albian to Cenomanian

K-to-J sequence is much like that of the underlying M2-to-K

interval except that the northern sandstone depocentre has
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expanded to include the K-A area in addition to the A-H

location. This sequence straddles the early and late

Cretaceous chronostratigraphic age boundary on the west

coast.

The Cenomanian J-to-N/W sequence has a very different

sandstone distribution pattern as compared to the early

Cretaceous intervals examined. Values for thickness trend

parallel to sub-parallel to the present coast line and

there appears to be a uniform east-northeasterly increase

in amount of accumulated sandstone. At this stratigraphic

level the A-A locality has a considerable amount of sand-

stone and this contrasts with the thinner accumulations in

the early Cretaceous sequences at this locality. Part of

this interval has been eroded away at the Ba area, although

a considerable amount of sandstone is still preserved there.

Seismic horizon N/W represents a considerable hiatus as

overlying Coniacian sediments rest directly on the Cenoma-

nian succession with no intervening Turonian material

having been encountered in the west coast wells. Although

the basic trends present in the underlying sequence still

occur in the overlying Coniacian N/W-to-Ml sequence, there

is a very distinct sandstone depocentre present in die A-A

area at this level. Erosion has completely removed this

and the two next overlying intervals at the Ba area.

Basin margin uplift has caused erosion at the A-A and A-D

areas in the Coniacian to Campanian Ml-toG3 sequence. A

considerable thickness of sediment is regarded as having

been removed at these two localities. The depocentre of

preserved sandstones has moved northwestwards to the A-H

area from the A-A position. A very marked locus of pre-

served sandstone is present in the A-H to K-A areas in the

Campanian to Maastrichtian G3-to-L interval. Sediments

belonging to this interval are missing along a zone ex-

tending from the A-H to the A-A and to the Ba areas. Hence

the decrease in thickness of preserved sandstone in an

easterly direction for this interval is in part due to

erosion. Accordingly the trend lines on the relevant maps
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near these localities do not reflect the original sand-

stone accumulation values. As the generally thin Tertiary

sediments in the area of drilling are rarely sampled,

very little is known about their lithology.

SOEKOR
PO Box 3O87
JOHANNESBURG
2000
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25- DIAMOND RECOVERIES FROM THE SURF ZONE OF THE

NAMAQUALAND COAST NEAR THE OLIFANTS RIVER

by

J.J. GURNEY, C.S.H. WALKER, K. PRINSLOO, R. BORCHERS AND

B. FLEMMING

During the past 5 years more than 20 000 carats of diamonds

have been recovered from the surf zone of the sea on the

farms De Punt and Strykloof, north of the Olifants Fiver,

Namaqualand. Records kept for the period 1979-82 show that

xhe diamonds decrease in average size with distance from

the river mouth. At the same time the diamondiferous

gravels become better sorted and more rounded. In the

process the heavy minerals including diamond are in-

creasingly concentrated in favourable trap sites giving

spectacular grades of over 250 ct/m in small volumes of

gravel in very localized areas on Strykloof. The diamonds

are recovered from recent to sub-recent gravels, sometimes

compacted but rarely cemented. Most of the gravels are

loose and potentially relocated by wave action in storm

seas. They clearly have a large locally derived compo-

nent which varies, in part, with lithology from point to

point along the coast. Nevertheless quartz usually pre-

dominates and the exotic components in the heavy mineral

concentrate include garnet, ilmenite, epidote, banded

ironstone, jasper, limonitised pyrite nodules, pyritiferous

shales, red felspathic porphyry lavas (Saldanha), and

amygdaloidal lavas (Ventersdorp), as well as diamond.

These minerals or rocks fall into two categories : those

which can be assigned to lithologic units in Namaqualand

and those which are best explained as Dwyka erratics

which have found their way into the tributaries of the

Olifants River and to the sea. Selected grains of garnet

and ilmenite proved on analysis to be nonkimberlitic in

origin.
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The morphology of the area is strongly controlled by litho-

logy and structure of the coastal rocks of the region.

Relatively rapid erosion of greywackes and phyllites has

led to cliff retreat and the formation of embayed areas

which are now sandy beaches. Coastal erosion is not

strongly controlled by the bedding planes in these rocks

with the result that the coastal rock platform has eroded

to form an irregular pattern of troughs, potholes and

embayments. Quartzites, partly schistose, form relatively

resistant headlands and a pronounced SSW-NNE oriented

bedding has resulted in the formation of well developed

rectilinear gullies and troughs. In addition there is

gully development controlled by a prominent joint direction

at 90 to bedding. Felspathic schists also form rocky

headlands and contain well developed W-E trending gullies,

parallelling a prominent joint direction also at right

angles to bedding. Quartz veins in the schist sometimes

influence gully development vhich is frequently asymmetri-

cal due to the orientation of the cleavage directions in the

country rock. The prominent headlands where wave action

is most vigorous are the best general areas for diamond

recovery. Recoveries of more than 10 cts diamonds/metre

of coast have been made from a strip of coast JO metres

wide below the low water mark in areas of rocky shore

outcrop. The diamondferous gravels are in or close to

the mouths of gullies. It has been found that SSW-NNE

trending gullies on the north side of beaches and the

south sides of headlands are often the best mineralised.

The diamond grades can vary widely within a single gully

and most of the diamonds are found close to bedrock.

These patterns are imposed by hydrodynamic processes.

The most important trap sites usually have access to the

deeper water along a well developed channel which delivers

gravel to the trap for sorting. Heavy mineral concentra-

tions can be found at the mouths of gullies, around the

edges of large boulders and isolated rocks, in boulder

traps in the gullies, in potholes and in the low points

of unobstructed channel ways. When these individual trap
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sites contain more than 100 carats of diamonds they

have been termed anomalous holes. Within anomalous

holes the diamonds have been observed to be sorted with

respect to shape and are often associated with higher

concentrations of garnet. Diamondiferous gravels have

been recovered from previously mined anomalous holes

within a year of the first working, but yields have been

less than~5% of the original recovery.

The coast-line on the two farms is only slightly embayed

and exposed to long amplitude ocean swells which sort and

disperse the sediments discharged by the Olifants River.

There is a longshore drift northwards and a prevailing

south-westerly swell which moves material north. The

most vigorous waves however are associated with infrequent

but high intensity storms from the north-west which would

move material southwards. A well developed sand breaker

bar has been established which moves inshore in gentler

weather conditions such as those usually prevailing in

summer. Sand movements associated with this bar can be

very sudden and curtail mining operations within 2 hours.

The size distribution characteristics of the diamonds and

the progressive sorting noted in the gravels argue strongly

for a river source for the diamonds. Since diamond bearing

gravels are widely distributed over the Knaresvlakte near

Van Rhynsdorp and in the rivers of the Bushmanland Plateau

it is logical to favour some of the north bank tributaries

as feeders rather than the Olifants itself.

The diamondiferous gravels are recovered as a slurry with

sea-water pumped to shore along 15 cm or 10 cm diameter

reinforced pipes. The centrifugal pumping unit is mounted

on the power take-off of a conventional farm tractor for

mobility. The nozzle of the pipe is diver manipulated

in water depths seldom greater than 6 metres. Gravel

recovery is impeded by the constant necessity to hand sort

and stack oversize boulders underwater. Water conditions
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severely limit pumping operations and the gravel

recovery is rarely greater than 6 cu. metres per pump

unit per working session. Diamond recovery from the

gravels utilises a rotary pan and a jig.

Departments of Geochemistry and Marine Geoscience
University of Cape Town
RONDEBOSCH
7700
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26. THE GEOLOGICAL SETTING OF A LEAD-ZINC

OCCURRENCE IN THE MALMANI DOLOMITE SUBGROUP

by

A.N. CLAY

INTRODUCTION

The Malmani Dolomite Subgroup forms part of one of the

earliest carbonate sequences in the world and was deposited

approximately 2 300 million years ago. It has been sub-

jected to wholesale dolomitization and silicification, and

exhibits many features commonly recognized in carbonate

rocks found throughout the geological record. Detailed

£ratigraphic analysis of borehole core from the Western

Deep Levels Gold Mine property, Transvaal, provided the basis

for an informal lithostratigraphic nomenclature, which formed

the framework for the interpretation of the genesis of a

base metal occurrence.

STRATIGRAPHY

The stratigraphic subdivisions developed within the Malmani

Dolomite Subgroup, in the Carletonville area, are illustrated

in figure 1. The essential components of each zone are also

shown. In essence, Transvaal Supergroup sedimentation was

heralded by the development of the Black Reef Quartzite

Formation. The Transition Zone marks the change from

siliciclastic to chemical sedimentation, and marine trans-

gression gave rise to deeper water conditions and the develop-

ment of the Lower Dark Dolo/nite Zone. The Complex Dolomite

Zone consists of shallow and deeper-water carbonate sediments

in close association, and the Lower Laminated Dolomite-and-

Chert Zone represents shallow-marine conditions. This was

followed by renewed marine transgression and the deposition

of the Upper Dark Dolomite Zone. Further regression followed,

giving rise to the Upper Laminated, and Intimately-Mixed

Dolomite-and-Chert Zones. Finally, sub-aerial exposure

concluded chemical sedimentation and the chert breccia of

the Fountains Formation developed on a karst surface.
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Renewed clastic sedimentation formed the Pretoria Group

sediments and Transvaal times were effectively ended with

the deposition of the Rooiberg Felsites at approximately

1,9 b.y., which marks the onset of Bushveld igneous

activity.

MINERALIZATION

Throughout the world carbonate rocks are frequently the

ho.'jt to base-metal mineralization. In the Malmani dolomites

many small, uneconomic lead-zinc deposits are known, and most

are situated between 10 and 100 metres below the chert

breccia of the Foutains Formation. The evidence provided

in this study suggests that the mineralization was generated

during early, diagenetic dolomitization and silicification,

and that it is in close proximity to altered, and replaced,

evaporites.

Geochemical evidence suggests that the dolomites could not

function as the source for the metal ions but, rather, that

they supplied sulphate for the precipitation of the

mineralized fluids. The shales of the Pretoria Group

released metal ions into groundwater solutions which per-

colated into the chert breccia of the Fountains Formations.

This aguifer permitted the mineralized fluids to migrate

in+o syndepositional antiformal features within the

dolomites and, where the fluids encountered sulphate-

enriched solutions, deposition took place. This model is

summarized in figure 2.

CONCLUSION

Many of the physical features exhibited by base-metal

mineralization in the Malmani dolomites are quite consistent

with the dominant characteristics of typical Mississippi

Valley-type deposits. Consequently, it is considered that

the dolomites are highly prospective for the development of
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economic base-metal deposits- For this reason the

following points should be taken into account as regards

future exploration :

1, The source of the mineralization is considered to be

the shales of the Pretoria Group.

2. Precipitation of the ore minerals took place when the

mineralized fluids encountered sulphate-enriched

solutions derived from the dolomites.

3- The groundwater fluids were mobilized through the chert

breccia of the Fountains Formation.

k. Locations where the chert breccia, Pretoria Group and

Malmani dolomite are in juxtaposition are highly

prospective.
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27- VOLCANOGENIC-SEDIMENTARY CYCLES IN THE KALAHARI

MANGANESE FIELD

by

BEUKES, N.J., KLEYENSTÜBER, A. AND NEL, C.

The Voëlwater Subgroup, comprising the Ongeluk Lava,

Mooidraai Dolomite, and Hotazel and Beaumont Formations

represents a mixed volcanogenic-chemical sedimentary rock

unit in the Postmasburg Group of Griqualand West. The

Ongeluk Lava outcrops extensively but the other three

formations are largely covered by the Kalahari Formation,

Karoo Supergroup and Olifantshoek Group. Knowledge of

these formations thus comes almost exclusively from explo-

ration and mining of the vast sedimentary manganese deposits

which are interbedded with the iron-formation of the Hotazel

Formation. Taljaardt (1979) estimates that about 7 500

million tons of JO per cent plus manganese ore is present,

in the deposit which is known as the Kalahari manganese field,

Erosional relics of the Hotazel Formation are preserved

in a number of structural (fault-bounded?) basins. The

Mamatwan, Middelplaats and Wessels Manganese Mines are

situated in the largest known basin. A bright red jasper

unit forms the base of the Hotazel Formation in this area.

It overlies hyalocalstic breccias and pillow lava flows of

the mafic Ongeluk Lava (Fig. l). Similar jasper beds also

cap pillow lava flows and hyaloclastite units in the upper

part of the Ongeluk Lava suggesting an interfingering

relationship between the lava and the Hotazel Formation.

The chert content of the basal jasper unit of the Hotazel

Formation decreases upward in the sequence and the unit

grades into kutnahorite-bearing pisolitic hematite lutite,

which in turn gradually grades into microcrystalline kutna-

horitic pisolitic braunite lutite (Fig. l). The kutnahorite

is concentrated in the pisoliths which represent partly

compacted, early diagenetic concretions in hematite and

braunite lutite. Although pisoliths are most conspicuous
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in the lutites, ovoids of less than 2 mm in diameter are

also present. They fall in the oolith size range but are

of a concretionary origin.

The sequence described above represents the lower limb of

the lowermost of three symmetrical jasper4& mangano-

lutite sedimentary cycles present in the Hotazel Formation

(the double pointed arrow indicates symmetry). Each of

the cycles consists of jasper and/or jaspilite^^ kutnahoritic

hematite lutite ̂ ^ kutnahoritic braunite lutite (Fig. l).

The braunite lutite bed of the lower cycle is between 5 m

and 40 m thick and with a manganese content of between 20

and 48 weight per cent it represents the major ore unit

in the Kalahari manganese field. Ore mined from it in

areas of little or no metamorphic recrystallization or

superficial enrichment contains 35 - 38% Mn, 4 - 7% Fe,

4 - 7% SiO 12 -16% CaO, 3 - 5 % MgO and 15 - 17% C O .

Higher grade ores in areas of secondary enrichment contain

less carbonate, manganese oxide minerals like bixbyite,

jacobsite and hausmannite, and have the following approxi-

mate chemical composition : 44 - 48% Mn, 11 - 15% Fe,

6 - 9% SiO , 4 - 6 % CaO, 0,4 - 1,5% MgO and 1 - 3% CO

(Information brochure, South African Manganese Amcor Ltd.,

1979).

The middle manganolutite unit is of the order of 2 m thick,

consists essentially of braunitic hematite lutite, and is

of no economic significance. The upper manganese ore body

rarely exceeds 5 m in thickness and was mined in earlier

years.

The above mentioned association of sedimentary manganese

deposits with jaspers, hyaloclastites and pillow lavas

is similar to the well known greenstone-jasperoid asso-

ciation of volcanogenic-sedimentary manganese deposits

reviewed by Shatsky (1964).

The jasper which is interbedded with the lavas and also

the hematite in the matrix of the hyaloclastics suggest
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that volcanogenically derived ferrous iron was rapidly

oxidized and precipitated in close proximity to the

volcanic source. Divalent manganese ions take longer

to be oxidized than ferrous ions and are therefore

deposited further away from the volcanogenic source. This

would explain the transition from jasper to manganese

oxides in the sedimentary cycles overlying the Ongeluk Lava.

Transgressions and regressions relative to a volcanic

source would explain the symmetry of the cycles (Fig. 1).

The pxact geographical relationship of the volcanic source

to the manganese deposits has as yet not been fully

established. Jennings (in press) shows that the mangano-

lutites pinch out in a southwesterly direction at the

Middelplaats Manganese Mine. Still further to the south-

west near Postmasburg, the Beaumont Formation outcrops

and consists of jasper and jaspilite interbedded with

mafic lava, tuffs and ferrigenous dolomite. This

sequence may well represent a proximal volcanogenic-

sedimentary facies - equivalent to the distal, interbedded

iron-formation and manganolutite of the Hotazel Formation.

The kutnahoritic hematite lutite which overlies the upper-

most manganolutite unit is overlain by hematite pillow-

lutite. In turn this unit starts to become sideritic

and a gradation takes place to laminated and cross-

laminated siderite ribbonlutites and bandlutites (Fig. 1)

displaying soft-sediment slump structures. This siderite

facies banded iron-formation forms the top of the Hotazel

Formation and is overlain by brecciated and laminated,

clastic-textured pinkish to light grey cherty dolomite

of the Mooidraai Formation.

Slump folds, massive breccias, lamination, graded bedding

and clastic texture present in the dolomites may indicate

that they represent gravity flow deposits in front of a

shallow water carbonate platform. The massive dolomite

breccias may represent toe-of-slope deposits with the
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laminated and graded bedded units as platform slope

carbonate turbidites. The upper part of the sequence

may have been deposited in shallower water as is

indicated by the presence of cryptalgal laminations.

The truly shallow platform facies was probably eroded in

post-depositional times (Fig. l). A carbonate platform

sequence thus prograded into the basin after volcanic

activity and deposition of the manganese and iron-

formations .
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28. ARCHAEAN FLUVIAL AND MARINE SEDIMENTARY FACIES WITH

SYNSEDIMENTARY AND SYNVOLCANIC GOLD MINERALISATION

IN THE SHAMVAIAN GROUP, MAZOE VALLEY, ZIMBABWE

by

F.M.W. FURBER

The Shamvaian Group is a late Archaean, clastic sedimentary

and felsic pyroclastic unit that unconformably overlies the

submarine mafic to felsic volcanic rocks of the Bulawayan

Group. The Shamvaian Group is metamorphosed to greenschist

facies and is intruded by late Archaean granites.

2
In the Mazoe Valley the Shamvaian Group covers 9-60 km and

comprises a Resedimented, and a Non-Marine Facies Association.

Thin bedded turbidites, sandy turbidites and cobble-boulder

conglomerates constitute the Resedimented Facies Association

which is coeval with the deposition of extensive pyroclastic

units.

The Non-Marine Facies Association includes pebble-cobble

conglomerates and large-scale, cross-stratified sandstones

of alluvial fan/braided stream origin. These facies occur

following extensive uplift of horst blocks in part of the

basin and they are overlain by sandy and silty turbidites

without intervening shallow marine facies.

The basinal model enacted represents the first attempt at

sedimentology on the Archaean Rhodesian Craton. A style

of sedimentation similar to that described from parts of

the Canadian Shield, is revealed.

Stratiform gold mineralisation occurs at two periods in the

clastic pile. Only the economically important lower phase

is considered.

The gold mineralisation is found in thinly bedded pebbly

sandstones and siltstones that display graded bedding and

Bouma sequences. It is suggested that the gold was deposited

by sea floor fumarolic exhalative processes during clastic
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sedimentation. Although the gold is not the product of

sedimentation, the processes and environment of sedimentation

in combination with volcanic exhalative phenomena played a

part in ore formation. Gold occurs both as disseminated

ore and as quartz carbonate stringers which represent local

redistribution and metamcrphogenic enrichment. Gold is

alloyed with silver and associated with pyrite and carbonates.

The ore solutions must have been alkaline and highly potassic.

Mineralisation is both synvolcanic, in that it occurred

during the main exhalative phase of submarine volcanism, and

synsedimentary, in that sedimentary features are found in

the ore which is part of a clastic succession with a chemical

component. The deposit is epigenetic, since fluids passed

through and mineralised partly consolidated units, but it is

also syngenetic, evidence suggesting that exhalation from

fumaroles occurred during deposition of the turbidites.

Ore samples from the Upper Canada Mine in Ontario have been

examined and show some similarity to the Sharavaian ores.

Present-day active crystallisation of fumarolic sulphides

in sediments near Volcano Island in the Thyrrhenian Sea provides

a possible modern analogue.

Past production and possible reserves suggest an accumulation

of over 65 000 kg of gold in the Shamvaian sedimentary rocks.

The bulk of the production is from Shamva Mine where 51 63^ kg

of gold has been recovered. This deposit is currently being

mined and geologically destroyed without any attempt being

to do any geology at all.

The fertility of the sedimentological model will not be fully

realised in mineral exploration in the absence of a detailed

mineralisation model. Mapping of the pyroclastic and sedi-

mentary facies and regional stratigraphic analysis is valuable

in isolating volcanic centres and zones of exhalation. Air-

borne scintillometer and proton magnetometer surveys with
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follow-up geochemical sampling provide an attractive tool

for gold exploration in the extensive Archaean clastic

successions of the craton which are badly exposed and

poorly explored.

Department of Geology
University of Zimbabwe
P0 Box MP167
MOUNT PLEASANT
HARARE
ZIMBABWE
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29. A SHALLOW MARINE STORM-INDUCED HEAVY-MINERAL

DEPOSIT IN THE WITTEBERG GROUP NEAR WILLOWMORE,

CAPE PROVINCE

by

D.I. COLE AND L.S. LABUSCHAGNE

Two heavy-mineral-bearing sandstone beds were discovered

within the Weltevrede Formation of the Witteberg Group

during a routine investigation of an aerial radiometric

anomaly in the Willowmore District, Cape Province (Fig. l).

The heavy-minerals, in order of decreasing abundance,

consist of rutile, zircon, ilmenite, magnetite, monazite,

staurolite and sphene. The zircon contains uranium and the

monazite contains thorium. Maximum concentrations of 142 ppm

U and 434 ppm Th were determined by XRF analysis.

The sandstone beds occur within a 10 m thick stratigraphic

sequence, consisting of lenticular-bedded mudstone or

siltstone and wavy- of flaser-bedded siltstone and very fine-

grained sandstone. The beds are located approximately 100 m

below the base of the Witpoort Formation, which forms an

outlier (Fig. l). This outlier is aligned along the axis

of an east-plunging symmetrical syncline and extensive

faulting is evident within the study area. The lateral

extent of the sandstone outcrops is only 1,1 km (upper bed)

and 0,3 km (lower bed; Fig. l) and they are probably ter-

minated by faults.

The upper bed, i.e. main bed has a mean thickness of 2,3 m

and the lower bed has a mean thickness of 1,8 m. The beds

can be sub-divided into units, each unit being separated

by a basal erosion surface (Fig. 2). A maximum of five

units were recognised but, as a result of scouring, only

the uppermost unit is completely preserved. This unit

displays an upward-fining sequence from very fine- to fine-

grained sandstone near the base up into siltstone or very

fine-grained sandstone near the top. The upper 3 cm of the

unit is bioturbated and contains fecal pellets, mudstone
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pellets, mica flakes and the trace fossil Spirophyton;

the latter being indicative of a shallow water marine

environment. Symmetrical and asymmetrical ripple marks

occur in places on the top surface. The texture of the under-

lying units is very fine- to fine-grained and the sedi-

mentary structures consist of planar cross-laminae or paral-

lel laminae. Low angle trough cross-laminae were recog-

nised at one locality. The uppermost unit has planar cross-

laminae near the base and parallel laminae, which tend to

pinch and swell, near the top. The basal erosion surface

of each unit are usually overlain by the molds of mudstone

clasts. An idealised vertical profile (Fig. 2), which

represents the facies succession of either bed, as well as

the overlying and underlying lithofacies, was constructed

by use of the results of a one-step Markov chain analysis.

Eleven lithofacies were recognised and the relevant data

were obtained from twelve measured sections (ten across

the main bed and two across the lower bed).

The beds closely resemble amalgamated storm deposits» each

unit representing the product of an individual storm event.

The planar cross-laminae are the result of traction currents,

whreas the parallel laminae indicate a predominance of

suspension. The uppermost unit therefore represents

a transition from bedload deposition into deposition from

suspension. The pinch and swell structure of the parallel

laminae, as well as the symmetrical ripple marks on the top

surface of the uppermost unit, suggett that wave motion was

effective during the waning phase of the storm event. This

wave motion was probably related to the storm and deposition

most likely occurred between fair-weather wave base and

storm-weather wave base. A subtidal depositional environ-

ment was probably applicable during fair-weather conditions

as shown by lenticular bedding, flaser bedding and a lack

of emergent structures in the lithofacies above and below

the beds.
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A palaeocurrent analysis of the main bed shows a wide array

of the palaeocurrent distribution and southward-directed

currents (vector mean azimuth 219 degrees; standard devia-

tion 98 degrees). The clastic material of the beds most

likely originated from beach or intertidal deposits, which

were situated adjacent to a northerly landmass. Sediment

transport was by storm-surge ebb currents. A transport

distance of between 50 and 100 km is inferred from previous

palaeogeographic reconstructions of the Witteberg Group.

Several prograding tidal sand bars were recognised within

the stratigraphic sequence between the heavy-minsral-bearing

beds and the Witpoort Formation. These bars have a maximum

thickness of 15 m which implies that the water depth during

deposition of the heavy-mineral-bearing beds, was at least

40 m, assuming a maximum depth of 18 m for fair-weather wave

base and allowing for sediment compaction.

Nine samples were taken from the main bed and one sample was

taken from the lower bed and a total of 25 elements and

oxides were analysed by use of XRF. The mineralogy and modal

content of the heavy-mineral fraction was determined by

means of a scanning electron microscope. Simple linear

regression analysis of Feo0 , P 0 , TiO , (measured in per

cent) Zr, U, Th (measured in ppm), the heavy-mineral fraction

and the radiometric response (measured in cps using a

portable gamma-ray scintillometer) of the ten samples gave

the following significant correlations :

(1) Between the heavy-mineral fraction, the oxides and the

elements at the 99i9% significance level. This in-

dicates that the oxides and elements are contained in

the heavy-minerals and the the relative proportion of

heavy-minerals in each of the ten samples is constant.

(2) Between the heavy-mineral fraction and the radiometric

response at the 95% significance level indicating that

the heavy-mineral content of the beds can be monitored

radiometrieally.
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The radiometric response indicates that the heavy-minerals

are concentrated in the upper 20 cm of each bed which is

in agreement with the results of the XRF and heavy-mineral

analyses. The upper 20 cm of each bed, i.e. the uppermost

unit, represents mostly deposition from suspension under

the influence of storm waves. Grain-size analysis of a

sample from the top of the main bed indicates a mean size

of 3»66 phi (79 microns) and a standard deviation of 0,696

phi, i.e. moderately sorted (Folk and Ward, 1957). A log-

probability plot of the grain-size data gives a curve

similar to the grain-size curves of Visher (1969) for wave-

dominated shallow marine sands, thus confirming the influence

of waves during the final phases of deposition. There is a

break in the curve at 3«65 phi (80 microns) between a coarser

saltation or intermittent suspension population and a finer

suspension population. The grain size of the heavy-

minerals is less than that of the other minerals (mainly

quartz) and at least 80 per cent of the heavy-minerals fall

within the finer suspension population. This would thus

account for their concentration within the top 20 cm of the

bed. A calculation of the settling velocities of each

mineral using the relevant maximum and minimum grain-sizes,

shows that both the heavy and light minerals are in hydrau-

lic equilibrium and that the maximum velocity applicable

was 2,4 cm/sec.

The highest concentration of heavy-minerals are limited

to the upper 20 cm of the main bed and the indicated

resources are as follows :

rutile - 2 700 tons, zircon - 85O tons, ilmenite - 65O tons,

magnetite - 550 tons, monazite - 200 tons and uranium - 5 tons,

REFERENCES

Folk, R.L. and Ward, W.C., 1957- Brazoo River bar : a study

in the significance of grain size parameters. Jour. Sed.

Pet., 27 : 3-26.

Visher, G.S., 1969. Grain size distributions and depositional

processes. Jour. Sed. Pet., 39 : 1074-1106.



105

D.I. Cole
Geological Survey
P0 Box 572
BELLVILLE
7530

L.S. Labuschagne
Geological Survey
Private Bag XI12
PRETORIA
0001

FIGURE I : LOCALITY AND REGIONAL GEOLOGY
OF THE STUDY AREA

33°i i' ̂ r
FORMATION

.WITEQORT FORMATION

Anomaly Extent
Lower bed ,— /

" ' ' Main

STUDT AREA
^TRAKA SUBGROU

iWitpoort 33°I4'
Homestead ^ "

i23°5O'
— -'Track sr^Regtonai Dip S

32°\

ïufort West

WiHowmore#

.Oudtshoorn

GraaffReinet *

Steytlerviile

Port Elizabeth

-34

200 km

22 24 ' 26°



106

FIGURE 2 : IDEALIZED VERTICAL PROFILE
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30. HEAVY MINERAL SANDSTONES OF THE SIJARIRA GROUP,

ZIMBABWE

by

A.G. MANN

The Sijarira Group is exposed in the mid Zambezi valley in

Northern Zimbabwe, underlain by Urungwe gneisses of 1 140 m.y.

age and overlain by Karoo tillites of 325 - 3^5 m.y. age. (Fig. l)

The area of study is the eastern outlier. The group is

composed of deltaic sediments in the south and orthoquartzite-

carbonate facies in the north; all overlain by rhythmically

banded redbeds in the middle stage of the depositionaly cycle;

and ending with a reversion to deltaic deposits. There

are no intrusions, nor is there any metamorphism, so that

absolute dating is difficult. However, palaeomagnetic work

has indicated that the rocks are certainly older than 450 m.y.,

and possibly older than 600 m.y.

Intensive deformation in the north of the area, manifest as a

massive thrusted and napped melange zone beneath an alien

klippe of allochthonous ancient gneisses, complicates eluci-

dation of the otherwise difficult stratigraphy. However,

the degree of deformation dies towards the south, where a

rather more meaningful stratigraphy has been deduced.

The basal formation of the group, covering the entire area

of deposition, is a reconstituted veneer of the underlying

rocksc Overlying this formation in the south is a deltaic

sequence, fed by two river systems from the south, and

separated into an eastern and a main basin by a tongue of

older granites which formed a peninsula at the time of

deposition. This Formation, the Nyangadze, is the main host

for the heavy mineral sandstone member, which is best

developed in the western delta. The Nyangadze Formation

comprises a thick sequence of grey to green matrix flagstones,

arkoses and protoquartzites showing typical point-bar cross

bedding.
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The northern facies of the Nyangadze Formation are stable

shelf orthoquartzite-carbonate deposits of northern prove-

nance, over which some controversy exists. These rocks

have been variously assigned to the earlier Lomagundi Group

(Stagman 19-62) and more recently to the Tengwe River Group

(Stagman et al., 197Ö). They are, however, demonstrably a

part of the Sijarira succession.

Both the northern and southern facies of the formation

terminate with a manifestation of a sudden major transgression

of water level. In the north this is a thin but ubiquitous

conglomerate band. In the south it is a shale pellet conglo-

merate. Deltaic deposition continued in the south, but

slumping by surcharging of the deltas is evidenced by proximal,

coarse grained turbidites in the south and fine grained

distal turbidites in the north, where the orthoquartzite-

carbonate deposition continued, but was severely modified

by this hitherto unprecedented southern provenance.

Growth of the deltas, and the inundation, had by this stage

eradicated the central peninsula in the south, such that

deposition became more uniform between east and west. A

regession of water level heralded deposition of red beds

throughout the area. Deltaic sedimentation continued in

the south, but periodic dessication occurred, such that the

deltas were exposed to the atmosphere and hence have a red

matrix. A second transgression produced a reversion to the

original, Nyangadze-type, environment; which, because of

the growth of the deltas, now covered the north as well as

the south. In consequence, there is no difference in

facies in these latter stages.

The heavy mineral sandstone member of the Nyangadze Formation

is not continuous, nor is it peculiar to that unit. However,

where is occurs within that unit it always occupies roughly

the same stratigraphic horizon. Indeed, wherever the member

occurs, it is accompanied by rocks of the same environment of

deposi tion.
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The most outstanding characteristic of the member i;s

distinct density grading, combined with a markedly low

mica content. The rock is composed of discrete bands

from 0,k mm to 14,0 mm thickness of heavy mineral grains

(of uniform size 0,15 mm and roundness) alternating with

bands of equal thickness of arkose (grain size 0,2 mm to

0,3 mm subrounded). The lower contact of the heavy

mineral band is sharp, whereas the upper contact is grada-

tional over as much as 5 mm. Cross bedding is rare and of

very low angle. Parting lineations have been observed,

as too has slumping. Major mineral constituents of the

member are quartz (7 - 33%), ilmenite - magnetite (12 - 58%),

feldspar (5 - 13%), garnet (5 - l8%) , epidote (2 - 8%),

sphene (2 - 5%). Cement is generally calcareous, in common

with most of the rock types in the Group, or in rare cases,

haematite.

Gold values of up to 3»2 ppm have been reported from the

heavy mineral member. However, the mineral is extremely

rare. There is a high covariance between TiO , V 0 ,

Cr, Fe (total as FeO) and Zr, and between Yttrium and

Lanthanum, but low affinity between these two groupings.

Simple trend surface analyses show a decrease in all

elements towards the north and east, which is consistent

with the indicated direction of palaeocurrent vectors.

The heavy mineral sandstones represent a palaeostrandline

deposit on the foreshore of a deltaic massif which accumu-

lated consistently and constantly throughout the sedimentary

history of this portion of the Sijarira basin of deposition.

The deltaic environment transgresses the time stratigraphy

of the Group, such that changes in stratigraphy are more

manifest in the oxidation state of interstitial iron than

in the lithology.

African Exploration Company Ltd.
P0 Box 6l66l
MARSHALLTOWN
2107
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31. THE SEARCH FOR TIN PLACER DEPOSITS IN

THE WATERBERG GROUP

by

CHRISTOPHER C. CALLAGHAN

Literature on mineral assemblages of over 100 samples from

placer cassiterite deposits situated throughout the world

was consulted and the data tabulated

Several of the minerals that occur frequently in placer

cassiterite deposits are radioactive and monazite (which

occurs in 58% of the assemblages) may contain up to 12%

thorium. The specific gravities of monazite and cassite-

rite are both high and this explaines their tendency to

occur together in placer deposits.

The primary tin deposits in the Transvaal are all related

to the Bushveld Complex acid suite and many tend to lie

along the southern and eastern borders of the Waterberg

basin. Paleocurrent direction indicators

show a generally south-westerly

flow during Waterberg times. For these reasons the Waterberg

Group sediments were considered a suitable target for placer

cassiterite mineralization.

A pilot study over a mixed uranium/thorium anomaly showed

a significant positive correlation between tin and thorium

(Fig. l) as well as giving tin values well above the norm

for sediments. Results of the follow up of thorium anomalies

in the eastern half of the basin are very disappointing, and

the Bushveld Complex granites were probably not exposed

during the deposition of most of the Waterberg sediments.

Further work was done in the pilot study area and several

shallow boreholes were sunk here. The results were promising

and a further deeper borehole is planned.
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A series of small to medium sized alluvial fans are thought

to have formed on the northern side of a large thrust fault

in the pilot study area. The extent of these fans can be

defined by clast composition. Throughout the investigation

in the pilot study area the correlation between tin and

thorium has remained significant.

At this stage the tin in the pilot study area does not

represent an economic proposition, but it is hoped that the

proposed deeper borehole may go through sediments which

have better tin values.

Geological Survey
Private Bag X112
PRETORIA
0001

too toe !••• iu« (too (too 2000 ixoo.*•#

Fig. 1 The Gn : Th relationship obtained during
the pilot study. n -k1, r = + 0,88
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32. SAND DIAPIRS WITHIN THE CARBON LEADER CONGLOMERATE

HORIZON ON EAST DRIEFONTEIN GOLD MINE

by

M.A. AUSTIN

The Carbon Leader conglomerate horizon has been extensively

studied in the Carletonville area and concluded to be the

deposit of a braided stream. Two basic types are recognised

in the Carletonville goldfield, the Carbon seam "interchannel"

type, and the "Channel" type. The latter is found on East

Driefontein and can be further subdivided, using both sedi-

mentology and gold distribution, into deposits formed by

active channelized flow and those formed in areas of less

fluvial activity. Various water escape structures occur,

these being predominantly found in channel areas. The largest

structures are sand diapirs.

The diapirs are sited in an area of interstratified quartzite

(Carbon Leader internal quartzite) and conglomerate and con-

sist of very mature medium to coarse grained pale quartzite

bodies which have intruded up to 40 cms. into an overlying

medium pebble conglomerate unit. The largest diapir,

approximately 120 cms. wide, in the exposure consists of a

central vertical stem with a dome shaped top and downturned

edges. Elsewhere in the exposure other diapirs range from

a 40 cm. high, very irregular intrusion, to bulbous intrusions

no more than 10 cms. high. The intruding quartzite forms part

of a 120 metre long, 1,5 metre thick, planar cross-bedded

transverse bar. This is overlain by a massive conglomerate

which has a mean thickness of 80 cms.

The sand diapirs are considered to be initiated by an insta-

bility in the sediment caused by differences in relative

density between the overlying gravel and the sand of the

transverse bar. This caused an excess of hydrostatic pressure

over lithostatic pressure in the sand. This instability is

also thought to be enhanced by an unequal loading effect



resulting from the variation in thickness of the gravel

layer which was deposited on an irregular scoured surface.

Department of Geology
Goldfields of South Africa
PO Box 1167
JOHANNESBURG 2000
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33- PALAEOVALLEY-FILL SEQUENCES BELOW THE LIBANON

REEF ALONG THE WEST WITS LINE

by

P.J. SCHOEMAN

GENERAL DESCRIPTION

The Libanon reef is the local name for the generally very

thin but very extensive conglomerate horizon reposing uncon-

formably on the Booysens Shale in the eastern sector of

the West Wits Line, and on quartzite and conglomerates

that conformably succeed the Booysens Shale to the west of

West Driefontein Mine.

Two large scale erosional features are identified immediately

underlying the Libanon reef horizon. The better known of

the two occur on Libanon and Kloof Mines and is intersected

sporadically during mining operations. The second, to the

west of Doornfontein Mine, is known only from surface bore-

holes. This study is based mainly on observations on

Libanon and Kloof Mines.

LITHOLOGY (Figure l)

Over large areas the erosional fill is comprised solely of

green argillaceous sediments originally thought to be part

of the Booysens Shale succession. This body of argillaceous

sediments however, has a northwest-southeast almost linear

trend and is not part of the Booysens Shale succession.

Towards the southern extremity of where the argillaceous

sediments are known to occur, they are underlain locally

by an extremely polymictic conglomerate probably better

termed a diamictite (Figure l).

Remnants of two younger channels that are incised into the

green, argillaceous sediments show a similar trend to that

of the main feature. The channel fill consist of coarse

impure quartzite and polymictic cobble conglomerate. The

true extent of these channels are unknown.
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The Libanon reef erosively blankets all the underlying

strata. The depth of erosion is very clearly governed by

the differential hardness of the floor sediments.

DEPOSITIONAL HISTORY

The depositional history may be summarised as follow :

1. A first erosional phase initiated by either tectonic

or climatological controls (probably both). The

reported basin-wide occurrence of these erosive

features together with the presence of diamictites

support the possibility of a significant climatological

overprint.

2. The erosional episode is followed by a transgressive

phase during which the fine-grained green argillaceous

sediments were deposited from suspension and to a

lesser extent by minor traction currents.



117

The coarse-clastic channel sediments mark the onset

of a strong regressive fluvial phase of which probably-

only the "roots" are now seen. The true extent of

these channels are unknown.

The subsequent deposition of Libanon reef is rather

enigmatic. While the thick sequences display very

clear fluvial characteristics the thin extremely

widespread nature of the pebble veneer type probably

indicate a desert pavement environment.

Goldfields of South Africa Ltd
West Rand Geological Branch Office
PO Box 53
CARLETONVILLE
2500
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3k. FACIES VARIATIONS AND GOLD MINERALISATION WITHIN

AN UPPER WITWATERSRAND AURIFEROUS PLACER DEPOSIT

by

M.J.W. CALLOW

The Leader reef occurs as part of the upper Witwatersrand

succession of the Welkom fan, Orange Free State. In the

stratigraphic sequence it occurs as the basal unit of

the Dagbreek formation (Main Bird). The reef deposit

consists of two members, a lower oligomictic mature Alma

placer and an upper polymictic less mature Bedelia unit.

Both placer units are predominantly composed of interbedded

gravel (clast support conglomerate) and sand facies with

only occasional thin carbonaceous or argillaceous horizons

developed. Both units were deposited on an erosional

palaeosurface which progressively truncates the underlying

succession towards the east. Eventually on the eastern

margin of the gold field the Leader reef truncates the

Basal or Steyn reef. The Alma unit is only locally

developed frequently having been removed by later erosion

associated with the Bedelia event. Because of its greater

extent of exposure the remainder of this paper will discuss

the Bedelia unit.

The unimodal palaeocurrent direction in conjunction with

the highly channelised and multilayered nature of the reef

unit suggests that deposition took place in a braided river

environment on a fluvial fan or plain. The predominant

palaeocurrent direction is towards the east.

The area under study, approximately kOO square kilometres

is transected by three major north-south trending faults.

These faults allow the division of the area into four

north-south elongated blocks. Block A, the western block

is closest to the fan head, and thus occupies a proximal

position, blocks B and C are intermediate, whilst block D

in the east occurs in the most distal area of the fan.
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Within each block a group of vertical profiles were

analysed to generate an average reef profile for that

block. Both the percentages of the various facies and their

mode of occurrence was considered in the development of

the average profiles,(Figure 1.) The facies identification

and classification for these profiles follows Miall, (197Ö.)

Physi.cal parameters of the reef and the percentages of

the various types of facies developed change over the 20

kilometres distance from the proximal block A to the distal

block D. The major changes in the physical parameters from

the proximal to distal area are, a decrease in the total

reef thickness from 200 cm to 110 cm, a decrease in the

pebble size from kO cm to 20 cm and a decrease in the

bed thickness variability or roughness. The most signifi-

cant change however is in the amounts and types of facies

developed in the different areas. In the proximal area

over 50% of the placer unit is either massive or trough

cross-bedded gravel facies, intermediate blocks contain

kO% - 50% gravel whilst the distal block has less than k0%

gravel. The types and amounts of the sand facies developed

also change from block to block with planar and horizontal

bedded sands becoming more abundant in the distal areas.

The change in percentage of gravel in the reef from blocks A

to D is important as the majority of the gold within the

reef is in the gravel facies.

Most of the geochetnical results available are for the

massive gravel units from the Bedelia placer. Gold and

uranium values for samples from blocks A and D are

illustrated in figure 2. The average uranium values for

both blocks are the same. Uranium concentration is normally

more than an order of magnitude higher than the gold value

for the same sample. The gold content of the samples from

block D is considerably lower than those of block A. The

variation in gold content of the gravels, between sites, is

less in the distal block, than in the proximal block.
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Geochemical results also suggest that there is no con-

sistent relationship between gold and the other heavy

or resistant detrital minerals found in the placer. In

particular the results for the samples from block A

indicate that when the amount of iron in a sample is high,

iron representing pyrite, it will not necessarily also

have a high gold content.
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35. THE APPLICATION OF SEDIMENTARY PARAMETERS TO

THE PREDICTION OF GOLD DISTRIBUTION PATTERNS

by

M. NAMI

The natureof a Witwatersrand distal placer deposit (carbon

seam type reef), and mode of the formation of such a

deposit are summarized in this paper. Because of the

complex history of the placer formation, only a limited

number of internal and external properties are suitable

for the identification of the gold distribution pattern.

There is a marked association between the gold grade of

the placer and the sedimentologxcal characteristics such

as presence of carbon and quartzite, number of pebble

bands, packing density, and mineralization. The relation-

ship between the above-mentioned characteristics and the

gold distribution is described. This relationship is not

completely straight forward however, the different

sedimentological characteristics are interdependent.

Automatic interaction detector analysis was used and a

dendrogram constructed for the data in order to provide

an indication of which sedimentological characteristics

are associated with high gold values and which with low

gold values. This approach shows promise as a method for

prediction of the gold grade.

Chamber of Mines
Mining Research Laboratories
PO Box 91230
AUCKLAND PARK
2006

J
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36. SEDIMENTARY MODELLING AND NUCLEAR-WASTE DISPOSAL

by

A.J. VAN LOON1

The world energy problem, especially when considered over a

longer period, cannot be solved when potential contributions

are neglected. This statement can be found in the important

study 'Energy in a finite world, a global systems analysis'

by the International Institute of Applied Systems Analysis

(IIASA), that therefore warns that nuclear energy should be

further developed as soon as possible.

The development of this energy source, however, has slown

down from a yearly growth rate of some 30% until the mid-

seventies to 'only' 10-15% at present. This is mainly due

to social resistance, based on various arguments of which

the most important are (a) the supposed shortage of uranium,

(b) the fear for the consequences of a nuclear accident, and

(c) the 'unsolved problem' of nuclear wastes.

For exploration and economic geologists it is clear that

the first argument is invalid : the resources are sufficient

for tens of years and (with efficient breeder cycles) even

for thousands of years. Increasing energy prices will also

change low-grade uranium reserves into valuable resources.

Geologists should emphasize this for the purpose of both

their own and the world's futureJ

The fear for nuclear accidents is real; this does not imply,

however, that the basis for that fear is formed by solid

arguments. Especially after a publication by Levenson & Rahn

it has become clear that physical-chemical limitations will

prevent the release of important amounts of radionuclides

during an accident. Both physicians and sociologists should

make this clear to the public.

The main objective against nuclear energy therefore once

again seems to deal with a geological problem : how can the

waste sufficiently long be stored in such a way that no
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harmful amounts of radionuclides return into the bio-

sphere? When solutions are looked for, it should be

realised that adversaries of nuclear energy may try to

frustate such attempts. In The Netherlands politicians

even have forbidden to make drillings into salt domes for

investigational purposes only.'

TYPES OF NUCLEAR WASTE

Although various types of waste can be discerned, the main

groups are (a) fission products and actinides, and (b) wastes

that are the result of operational work and reparations.

Roughly one might state that the first group comprises

waste which remains highly active for a long period, but

which has a small volume (of only some 5 m per Gigawatt-

year); the second group contains material which does not

produce heat, which is less radio-active (although some

high-level waste belongs to this group), which has shorter

half-life times and which is more voluminous (some 1 000 m

per Gigawatt-year).

It is clear that these groups need different solutions

for their storage.

FISSION PRODUCTS AND ACTINIDES

It is known from both the natural fission reactors in

Gabon and the American underground atomic-bomb experiments,

that the resulting radionuclides do not or hardly move.

Nevertheless one should take sufficient precautions to

prevent the return of such material into the biosphere.

Therefore most experts think of deep storage (various

hundreds of metres) in stable formations like granites,

basalts, clays or rock salt.

The United States have started a program that in 1989 must

lead to the first final storage of such waste in salt.

Usually such solutions are only possible because the small

volume allows a restricted mining or drilling activity.
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A storage design is salt domes has been calculated in

Denmark at US / 0.00007/kWh. Although these costs are

really low, similar solutions for the other group of

wastes might result in substantial costs, while one might

wonder whether sufficient storage localities could be

found and prepared in time.

OPERATIONAL WASTES

For that reason other solutions should be found. Although

no indications exist that dumping in the deep sea affects

the bioshpere, this is difficult to check. Most countries

therefore prefer storage on land, but they have not found

a final solution yet. The problem is that one must prevent

release of radionuclides into the biosphere which extends

to beneath small diggings.

In my opinion my collegue geologists and mining engineers

might help to find a solution, using their knowledge of

open-pit mining and oil-well drilling together. A combi-

nation of the expertise in these different fields might lead

to innovative techniques which could result in a real break-

through.

Only in few places on earth large volumes of rock material

are displaced; these are the large open-pit mines which

often go down for many tens of metres, which is far below the

original base of the biosphere in rock. After removal of

the ore, the pits usually are filled again with the bulk

of the rock material to restore the landscape. Why should

it be impossible to store radio-active waste at the base

of such pits before refilling starts?

The main problem is that, especially in a formation of

brecciated rock or unlithified material, a rather high

permeability may exist, resulting in relatively fast

groundwater flows in unpredictable directions. So this

should be prevented, although the release of radionuclides

from canisters is improhable. There the experience from
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oil-drilling may become usefull. It is well known that

production wells are not located randomly : they are

situated in such a way that the oil flow is optimized.

Various techniques have been developed to predict the

oil flow on the basis of structural and sedimentary

characteristics-

If that is possible, one should also be able to influence

the flow characteristics in a filled-up part of an open-

pit mine. This could be done, for instance, by intro-

ducing impermeable layers, sloping beds or by artificial

water-pressure gradients. If one forces the froundwater

to flow into one particular direction, it is possible to

measure the quality of the potentially contaminated water

continuously. If, what is not to be expected, an increase

would be found in the concentration of radionuclides,

it is relatively easy to detect the source and -if

considered necessary- to remove the leaking waste

canisters.

Such an approach has various advantages : it offers an

controllable disposal of vaste quantities of waste which,

in case of an unforeseen leakage, can be removed; one is

certain of sufficient water quality; and one will gather

new and reliable data about the possible movement of radio-

nuclides in the subsoil. The results might even indicate

that similar construction methods could be adopted for

other types of waste.

N.V. Kema
Dept. of Reactor Physics
Postbus 9035
6800 ET ARNHEM
THE NETHERLANDS
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POSTER DISPLAY

37- SEDIMENTOLOGY AND PEDOLOGY IN THE SOUTHERN CAPE

by

D.C. GREY

Although the hard rock geology has been studied in some detail

since the turn of the century, little attention has been

devoted to the Late Cenozoic sediments which occur on the

coastal platform 200 to 240 m.a.s.l. in the George - Hutnansdorp

area.

Regional reconnaissance surveys conducted by the Site

Research Section have revealed a series of fluvial, colluvial

and aeolian deposits which vary in depth from 1-120 meters.

The lack of macro-fossiliferous deposits, rapid facies changes

and suitably located exposures has complicated seditnentological

work in the area. Attention is now focused on the location

and correlation of marine transgressions along the margin

of the platform and the development of a regional palaeosol

stratigraphy to unravel these deposits.

A thorough appreciation of the Cenozoic geology is regarded

as essential for uncerstanding present day soil patterns and

thus providing a sound base for the rational exploitation of

the area's natural resources.

Saasveld Forestry Research Station
Private Bag X6531
GEORGE
6530


