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EXTENDED ABSTRACT

Sediments of the 7 Ordovician to Devonian Sinakumbe Group (~ 210 m thick) and
overlying Late Carboniferous to Early Jurassic Karoo Supergroup (~ 4.5 km thick) were
derosited in the mid-Zambezi Rift Valley Basin, southern Zambia. The Sinakumbe Group
dircctly overlies the Precambrian Basement Complex, and Lower and Upper subgroups are
recognised. The Karoo Supergroup unconformably ovetlies the Precambrian Basement or -
rests locally on the Sinakumbe Group. Lowcr and Upper groups are recognised in the
Karoco, with their contact approximately at the Permian-Triassic boundary. From base to
top, the Lower Karoo Group is subdivided into the Siankondobo Sandstone, Gwembr: Coal,
‘and Madumabisa Mudstone formations and the Upper Karoo Group into the Escarpment
Grit, Interbedded Sandstone and Mudstone, Red Sandstone and Batoka Basalt formations.
Limited palacontological data from the mid-Zambezi Valley Basin suggest that the
Siankondobo Sandstone is Late Carboniferous to Early Permian in age, the Gwembe Coal
Formation is Early Permian, the Madumabisa Mudstone is late Permian, and the
Interbedded Sandstone and Mudstone Formation is Early to Middle (?) Triassic.

The Sinakumbe-Karoo basin-fill succession represents deposition in a distensive
fault-controlled basin of half-graben type. The succession incorporates two major fining-
upward cycles that resuited from major tectonic events, one at the beginning of Sinakumbe
Group sedimentation and the other at the beginning of Upper Karoo Group sedimentation.

- Minor tectonic pulses occurred during deposition of the two major cycles. The initial fault-
" controlicd half-graben, with a basin stope and alluvial fan system (Lower Sinakumbe
Group) draining southeastward, was apparently succeeded without intervening transitional
facies by a braided river system (Upper Sinakumbe Group) draining southwestward, parallel
to the basin margin. Glaciation followed by deglaciation resulted in glacio-fluvial / glacio-
lacustrine Siankondobo Sandstone Formation deposits, and isostatic rebound eventually
produced a broad floodplain where the coal-bearing Gwembe Coal Formation was
deposited. Fault-controlled maximum subsidence is represented by the lacustrine
Madumabisa Mudstone Formation. Block-faulting and downwarping, probably due to the

Gondwanide Orogeny, culminated with the introduction of large quantities of sediment
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through braided fluvial systems, represented by the Escarpment Grit and Interbedded
Sandstone and Mudstone formations, that overwhelmed and terminated Madumabisa lake
sedimentation.

The Sinakumbe Group is recognised for the first time in outcrops. The Lower
Sinakumbe Group (~ 60 m thick) is a coarsening-upward allocyclic sequence that represents
progradation of an alluvial fan-lobe (conglomerate facies asscmblage) down slope across
mud flat and sand flat environments {mudrock facies assemblage) in response to tectonic
uplift followed by waning subsidence. Within this scquence, small-scale fining- and
coarsening-upward cycles represent autocyclic facies changes inherent to the alluvial-fan
system. The disconformably overtying Upper Sinakumbe Group (over 150 m thick)
consists predominantly of massive to stratified, medium-grained to pebbly quartz arcnite
lithofacies with subordinate mudclast breccia lithofacies. This quartz arenite facies
assemblage is interpreted as braided-stream deposits in which the mudclast breccia
lithofacies represents channel bank collapse.

The Permo-Carboniferous Siankondobo Sandstone Formation (90 m thick) contains
three facies assemblages. A diamictite facics assemblage is interpreted as subaqueous
debris flow deposits from glacier melt-water. A succeeding siltstonc facies asscmblage is
attributed to density underflows of sediment-laden meltwater flowing into a glacial lake,
and sediment settling from suspension. A sandstone facies assemblage was cmplaced by a
variety of grain-support mechanisms, probably as subiiqucous gravity flows in channels, and
the downstream accretion surfaces in the upper part of the assemblage indicate fluvial
deposition in a deltaic setting.

The Lower Permian Gwembe Coal Formation (280 m thick) represents deposition of
sandstones, siltstones and mudstones in fluvial channels and on flood plains, and of coals in
shallow swampy areas. Fourteen lithofacies in the formation are grouped into four facics
assemblages. The Maamba Sandstone facies assemblage is probably a high-sinuosity
meandering stream deposit. Accumulation of organic deposits (coal facies assemblage) in
the swamps was interrupted by deposition of channel, crevasse channel and splay, levee
(Interseam Sandstone) and overbank fine deposits. One sandstone body (Sandstone A

facies assemblage) represents a change in fluvial style from proximal braided system to
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high-sinuosity meandering stream. The mudrock facies assemblage is mainly overbank fine
deposits with abundant concretionary siderite beds that were diagenetically precipitated.

The Upper Permian Madumabisa Mudstone Formation (700 m thick) comprises two
facics assemblages. Sediments of a massive mudrock facies assemblage were probably
deposited from suspension from sediment-laden river water entering a lake. Concretionary
calcilutite beds probably mark the positiops of palaeosediment-waler interfaces where
calcite was precipitated. A laminated mudrock facies assemblage is attributed to proximal
to distal lacustrine deposition from sheetfloods and inflowing rivers. Repeated thickening-
upward cycles are evidence of upward shallowing, interrupted by events of more abrupt
deepening. Sandstone interbeds are interpreted as fluvial deposits laid down during low
lake stands. A fossil biota of ostracods, bivalves, gastropods, fish scales, the alga
Botryococcus sp. and fossil burrows are consistent with a lacustrine origin of the formation.

The Triassic Escarpment Grit Formation (up to 500 m thick), consists of coarse 10
very coarse grained stratified sandstone (grit), with locally abundant conglomeratic
sandstone lags, that grades into finer-grained sandstone and intercalated mudstone. This
sandstone/mudrock facies assemblage occurs in poorly arranéed fining-upward cycles
interpreted as braided river deposits. The Middle (?) Triassic Interbedded Sandstone and
Mudstone Formation (up to 2000 m thick), consists of a mudrock/sandstone facies
assemblage arranged in fining-upwards cycles of sandstone (i)ebbly to very fine-grained,
with basal lags and conglomerates), siltstone and mudstone. The sequence represents sandy
braided river deposils.lransilional 1o a high-sinuosity meandering stream system.

The Karoo Supergroup has promising economic potential for energy and mineral
" resources (e.g. 5-12 m thick Main Seam of Gwembe Coal Formation). Coal is currently
mined and indications are that, owing to block faulting, some coal-bearing sub-basins are
buried and not yet discovered. The thermal alteration index of 2 (~ 5%Ro reflectance index)
of the coals in the Gwembe Coal Formation and of the dark grey thinly laminated mudstone
of the Madumabisa Mudstone Formation, and the presence of the alga Botryococcus sp. in
the latter, coupled with considerable burial depth, indicate strong potential for liquid
hydrocarbons. The braided fluvial deposits of the Escarpment Grit and Interbedded
Sandstone and Mudstone formations are known to contain uranium mineralisation that is

worth further investigation.
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CHAPTER 1

1.0 INTRODUCTION

1.1 GENERAL STATEMENT

"Karoo" is a term broadly applied mainly to continental rift sediments that are
preserved in many parts of what was eastern Gondwana from Late Palacozoic to Early
Jurassic. The sediments were deposited in a serics of rifis or half graben basins initiated
during the break-up of Gondwana. Cocval scdiments are present in southern South
America, India, Pakistan, southern Tibet, New Zealand, Australia, New Guinca and
Antarctica (Utting and Wielens, 1992). In Africa, Karoo sediments arc confined to
southern Africa (Fig. 1.0), occurring in Angola, Bolswana, Ethiopia, Gabon, Kenya,
Madagascar, Malawi, Mozambique, Namibia, Somalia, South Africa, Tanzania, Zaire,
Zambia and Zimbabwe (Worku and Austin, 1992). The type locality for Karoo sediments
of Gondwana is the Karoo Basin in South Africa (Fig. 1.0).

In Zambia, strata of the Sinakumbe Group and Karoo Superg:oup, Ordovician to
Early Jurassic age, are largely confined to rift valley basins (Fig. 1.1) which arc down
faulted troughs except for the largest basin (Barotse Basin) which is considered a cratonic
sag. The other basins are the Kafue, mid-Zambezi Valley, Lukusashi, Luangwa Valley and
Rufunsa (Fig. 1.1). Some coal deposits are currently mined in the mid-Zambezi Valley
where the Karoo Supergroup forms over 95% of the surface exposures. The coal-bearing
Karoo sequence in the mid-Zambezi Valley was a centre of exploration activities between
1965 and 1968 that resulted in a number ¢f publications. Since 1968, practically no
investigzitions have been conducted in the general aspects of geological conditions and only
two studies in the economic aspect by British Mining Consultants Lid. (1984) and the
Nuclear Power Reactor Corporation (1987). The present study looks at the
sedimentological characteristics of nearly the entire sedimentary succession in a portion of
the mid-Zambezi Valley Basin centred on the four coalficld arcas in order to interpret the

depositional environments of the succession. '
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(after Verniers et al., 1989), and study area in the mid-ZambezI Valley

Basin, Zambla.
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The geomorphology, climate, soils, vegetation, population and agriculture seclions
that follow have becn modified from the unpublished Geological Survey of Zambia
Bulletin 6 (Money et al., 1974).

1.2 STUDY AREA |
The mid-Zambezi Valley is a rift-like topographical feature, occupying an area
approximately 550 km long and 330 km wide (on the largest bulge) in southern Zambia
and northern Zimbabwe (Fig. 1.2). The central part of the valley is occupied by Lake
Kariba. The study area occupies approximately 1140 km? (Fig. 1.3) within the mid-
Zambezi Valley in the Sinazongwe District, Southern Province, Zambia, approximately
between latitudes 17° 06° and 17°36° S and longitudes 26° 59° and 27° 28” E. This study
area was selected to include four coalfields in order to utilise the large amount of
subsurface data available at the operating Maamba Mine. The Siankondobo coaifield
comprises the Kazinze, Fzuma and Maamba areas, and lies between the Nkandabwe field to
the northeast, and Sinakumbe-Maze and Mulungwa fields to the southwest (Fig. 1.3). The
Mulungwa ficld is currently being investigated as a joint project between the Maamba

Collieries Ltd. and the Geological Survey of Zambia.

1.2.1 LOCATION AND ACCESS
The stﬁdy area lics on the northwestern margin of the northeast-trending mid-

Zambezi Valley. Access is provided by a tarmac road that extends southeast from the
Great North Road that links Livingstone, Lusaka and the Copperbelt. Alternative routes to
Siankondobo are a gravel road from Choma to Masuku, and then a rough track down the
escarpment to the valley floor, or a track that follows the serial ropeway from Masuku to
Maamba. These routes are often impassable during the rainy season, and four-wheel drive
vehicles arc recommended at all times. The coalfields of Mulungwa, Maze and Sinakumbe
in the southern part of the study area can be reached by an unsurfaced track from Maamba
(Fig. 1.3).
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Fig. 1.3 Location of the study area, coalfield localities and the general geology
of the mid-Zambezi Valley Basin, Sinazongwe District, southern Zambia.



1.2.2 GEOMORPHOLOGY
The Southern Province may be divided into three geomorphological units: the

plateau, the escarpment and the valley. The plateau, north and northwest of the study area,

is at an elevation of about 1,200 m (valley ~300 to 600 m below platcau), and is part of an

extensive erosional surface known as the Gondwana and African surfaces (King, 1948,
1967; Dixey, 1945). This platcau is younger than posi-Karoo tectonism, but older than
Tertiary downwarping and faulting.

The escarpment is 2 deeply dissected hilly zone, from 5 to 25 km wide (average
width of 15 km) that forms the northwestern part of the study arca. The escarpment which
is elongate parallel to the plateau, is largely the downwarped and eroded edge of the
plateau from which much of the Karoo sediments has been removed. The valley is
bordered by tilted blocks that resulted from a scrics of step faults that overprint carlier
faults. The remainder of the arca is occupied by the valley floor. The abrupt change from
base of escarpment to valley floor is accompanied by changes in lithology, soil and
vegetation,

The floor of the northeast-trending valley ranges in altitude from 600 m at the fool
of the escarpment to approximately 500 m along the shoreline of Lake Kariba. The floor,
interrupted by many low northeast-trending sandstone ridges up to 150 m high, can be
subdivided into three belts:

() an irregular belt at the foot of the escarpment, underlain by Lower Karoo
mudstones and finer-grained clastics, forming a gencrally flat to undulating surface
where coarser clastics arc present.

(i) a wider belt, 100 to 150 m in relief, of scarp and dip slopes formed of coarse-
grained Upper Karoo sandstones.
(iii) a narrow belt of low-lying sandstones along Lake Kariba (oulsidc the study arca).

Minor waterfalls and recent downcutting are evident, and coarse detritus forms
alluvial fans along the scarp, suggesting minor recent movements.

The study area is drained by former tributaries of the Zambezi, which now flow
directly into Lake Kariba. Except for the Muzuma River, all of the rivers are ephemeral

and become dry by early June. Major ones include the Zhimu, Maze, Kazinze and



Nkandabwe. These rivers and their numerous tributaries form a complex drainage system
in the escarpment zone of the arca. Zhimu and Muzuma rivers have their source on the
platcau; the others begin in the escarpment zone.

Because some rivers and streams cross the Karoo sequence at almost right angles to
strike, the control of drainage appears to have becn initiated by faulting and uplift that
gave rise (o the escarpment and valley; most of the rivers and streams closely correspond
with faults. Both Zhimu and Muzuma rivers cross the Escarpment Grit of the Upper
Karoo Group at weaker points after adjusting to the structure and lithology. The Zhimu
River for cxample, meanders through the mudstones before cutting the Upper Karoo. The
basement blocks, faults and fault-line scarps control the drainage of the area. On the
Upper Karoo sandstone beds, particularly in Mulungwa area, superimposed streams show
adjustment to structure, in that they run parallel to strike and have adopted an incipient
trellis pattern.

It is possible that the valley was infilled during post-Karoo times and subsequently
denuded to give the present topographic expression after the general uplift of Central and

Southern Africa in mid-Tertiary times.

1.2.3 CLIMATE

Zambia is centrally located on the high platean of central and southern Africa. The
climate is dependent Jargely on latitude, elevation and position on the continent. The
platcau has a temperate climate, whereas the mid-Zambezi valley (including the study area)
is hot and humid during the rainy season (late October to early April). Temperatures for
most of the year are 5° to 7° C higher in the mid-Zambezi Valley than on the plateau. The
mean minimum and maximum are 17° and 32° C, with absolute minimum and maximum
of 2° and 42° C. Rainfall up to 100 cm is common along the foot of the escarpment; in
the valley it varies from 80 to 90 cm. Most of the Zambian rainfall is controlled by
convection, with local increases due to significant relief, as is the case along the

escarpment belt of the valley.
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1.2.4 SOILS

The mid-Zambezi Valley soils are derived from the underlying rock type, and are
dependent on the topography. For example, the low-lying valley belt, underlain by fine
clastics of Karoo formations, is characterised by {ine-grained, greyish clay-rich soils that
arc thick and fertile due to a high lime content in the mudstones. In the escarpment zone,
the soil cover is more variable, depending on the underlying rocks. For instance, coarse-
grained, light-coloured and sandy soils predominate over quartzitcs, granites and gneisses.
Because of topography, the soils are generally thin in comparison to those in the valley.
Water saturation in the valley tends to make the soils alkaline, particularly in the rainy
season.

Ferricrete is present owing to the leaching of iron from rocks and precipitation in
the soil profile. This process is accentuated by scasonal rainfall and high evaporation rales

in the dry scason.

1.2.5 VEGETATION

Zambia is covered by savannah-type woodlands. In the mid-Zambezi Valley, the
vegetation types are closely related to the soils, such that in arcas of poor rock exposure,
the soil generally can be a reliable indicator of underlying lithology.

The predominant vegetation of the Miombo woodlands (constituent specics are
listed in unpublished Bulletin 6 of the Geological Survey of Zambia) extends from the
plateau across the escarpment belt to isolated arcas on the valley floor. The Mopanc
woodlands of the low-lying areas and flats generally are underlain by Karoo mudstones.
Thickets on alluvial soils along stream courses are a hindrance to mapping, because some

of the best exposures are within the streams.

1.2.6 POPULATION AND AGRICULTURE
The area is fairly densely populated (15-20 per km?), mainly by Tonga people
(Kay, 1967). The valley Tonga live in villages ranging in sizc from less than a dozen Lo
more than a hundred familics depending on the availability of water, fertile soils and
distribution of tse-tse flies. Flooding of Lake Kariba has had a tremendous impact on the
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social and cultural environment of the people, because they had to leave their fertile flood
plains to resettle in the escarpment belt and the non-flooded valley floor. The start of coal
mining has resulted in a marked influx of people, especially to Maamba.

Goals, cattle and poultry are kept in most villages. Goats are a menace to campers.
The staple food is corn (maize) which is grown with bulrush millet, together with
groundnuts, pumpkins, cassava and drought-resistant sorghum.

Crops arc grown for family consumption (subsistence farming), so agricultural

methods are simple, and include the use of hand hoes and cattle-drawn ploughs.

1.3 SIGNIFICANCE OF THE STUDY

~ The Karoo Supergroup in Zambia is a continental succession of promising

cconomic potential for energy resources. The Gwembe Coal Formation of the Karoo
Supergroup is an important coal pmducef. The coal was first exploited in the now-
abandoncd Nkandabwe open-pit, and is presently being mined in the Kazinze and Izuma
open-pits of the Mazmba Mine, named after the nearby Maamba village, now a township.
Of the four scams in the Kazinze open pit (A, B, C, and D), A and B arc widely
developed, and B contains the best grade coal (Maamba Collieries Company Report, 1972).
Although oil and gas have not yet been discovered, the potential for their recovery appears
to be good (Utting and Wiclens, 1992). The discovery of coal seams in the mid-60s
attracted exploration drilling, thus providing some subsurface data. In addition, drilling for
uranium mineralisation in the Upper Karoo strata resulted in additional subsurface data.
The abundance of outcrops in the mid-Zambezi valley in contrast to other basins in
Zambia, the potential for hydrocarbons in rift valley basins (the mid-Zambezi Valley in
particular), the large expected data base (outcrop and sﬁbsurface), and a fairly well-known
stratigraphy, were the principal reasons for selecting the mid-Zambezi Valley Basin for this

study. _ Teme

The sedimentology, stratigraphy and resource potential of the Sinakumbe Group-
Karoo Sup&group strata have not received adequate attention in Zambia. In comparison
to studies done in industrialised nations, even the coal-bearing formation has not received

adequate attention; the use of lateral profiling in the Kazinze Open pit, for example,

I\\
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provides a better understanding of facies changes. Many of the studics in the late 1960s
relied heavily on sparsely distributed borchole data, and only one scdimentological study of
the coal- bearing succession has been carried out utilising a combination of subsurface and
outcrop data. More importantly, sedimentary concepts have undergone large changes
during the last 20 years, such as the development and application of the facics model
concept (Miall, 1977; Walker and James, 1992). The Sinakumbe and Karoo strata retlect a
variety of environments that have not been studied and documented adequately and require
some of these new techniques. For example, the Sinakumbe Group was defined in one
borehole (GS96), and was not previously described in surface ouicrops in the Sikalamba-
Muzuma corridor, Nkandabwe map arca and northeast of Siankondobo map area. Its
stratigraphy and sedimentology, therefore, arc poorly known. Among the Lower Karoo
formations (Siankondobo Sandstone, Gwembe Coal, Madumabisa Mudstone), the Gwembe
Coal Formation reccived the most attention due to the economic importance of coal
mining, whereas the other two received minor attention. The Upper Karoo formations
(Escarpment Grit, Interbedded Mudstone and Sandstone, Red Sandstone, and Batoka
Basalt) equally have been neglected and so the stratigraphy remains poorly understood.
Recent studies in the Upper Karoo, associated with uranium exploration in the arca,
provide little information on sedimentology. Sedimentological profiles (graphic logs from
outcrops) and photomosaics (documenting lateral variation of facics), necessary for the
delineation of lithofacies and facies assemblages in this study, arc applied for the first time
to these rocks. In order to achicve the maximum new understanding of the geology,
stratigraphy and sedimentology of the area, more time was devoted to parts of the
stratigraphic sequence that were for the most part overlooked by previous workers, such as
" the formations of the Sinakumbe Group, the Siankondobo Sandstone and Madumabisa
Mudstone formations of Lower Karoo Group, and the formations of the Upper Karoo
Group. '

This study was undertaken to provide a detailed, comprehensive documentation and
:'[»iﬁt;r‘pretalion of the sedimentology of the Sinakumbe Group and Karoo Supergroup in the
mid-Zambezi Valley Basin. It focusses on (i) definition, detailed description and

interpretation of lithofacies, (ii) analysis of vertical and lateral facies changes, and (iii)

[y
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analysis of depositional systems architecture, linking the vertical and lateral changes with
autocyclic {tectonic) and allocyclic controls on deposition. Economic potential is asscssed
in relation to the depositional systems and syndepositional structural movements in the
basin. To provide a predictive framework based on models of the various depositional
systems, a combination of data from outcrop (c.g. profiles, palacocurrent data), drillholes,
palynological study, and laboratory studies (thin section, SEM, XRD, and geochemistry)

have been integrated in this study.

1.4 OBJECTIVES, SCOPE AND SCIENTIFIC CONTRIBUTIONS OF THIS
STUDY -

This study overall addresses objectives in four interrelated arcas:

(i) stratigraphy: to establish a stratigraphic framework within the Sinakumbe Group, and
to revise the stratigraphy of the Lower and Upper Karoco groups,

(ii) sedimentology: to document the lithofacies and facies assemblages present, their
spatial distribution and geometry, and to ihtegrate them in a depositional system
model,

(iii) structure: to determine the structural characteristics of the basin and relate the
depositional history and basin evolution to syn- and post- tectonic movements, and

(iv) economic potential: to assess the economic potential of the area in relation to the
three subjects listed above as well as in relation to the palynological data.

This study has made a number of new contributions that advance the understanding
of the sedimentary succession (Sinakumbe Group and Karoo Supergroup) in the
mid-Zambezi Valley Basin: '

1. Changes to the geological map of the area: For example, the present study has
shown that extensive outcrops in Nkandabwe map area, and the northeastern part
of Siankondobo map area, shown as Siankondobo San“dstone Formation (Lower
Karoo Group) on previous maps, in reality belong to the Sinakumbe Group.

2. Description of the Sinakumbe Group: Seven lithofacies and three facies
assemblages defined in the group represent the first detailed outcrop description of

the group.



13

3. Redefinition of Sinakumbe Group stratigraphy: Recognition that the
Sinakumbe Group can be readily divided into two formations (not four formations
as in Borehole GS96) will facilitate regional mapping and correlations in the arca.
Definition of formal stratigraphic names has not been undertaken in the thesis and
informal names arc used. It is the author’s intention to formalize the names in a
Geological Survey of Zambia bulletin to be published.

4. A new interpretation of the Sinakumbe Group: The Sinakumbe Group is re-
interpreted based on this first detailed documentation of surface exposurcs.

5. Docomentation of physical, chemical and biological sedimentary processes:
The 38 lithofacies described in this thesis arc the basis for interpreting a broad
range of sedimentary processes that operated in the mid-Zambezi Valley Basin
through time and space, providing a basis for comparison with modern and other
ancient examples.

6. Documentation of facies assemblages, facies changes: The 14 facics
assemblages recognized provide the basis for the interpretation of depositional
environments and application of facies models.

7. Documentation of relationships between depositional systems and structural
style of the basin: The organisation of the enclosed sediments (facies changes,
etc.) provide the basis for linking basin evolution to synteclonic events.

8. Documentation of economic potential: This thesis documents sedimentologic
characteristics useful for the prediction of resource potential by comparison with
modern and ancient examples.

9. Documentation of palynological data: Palynological data {rom the Madumabisa
Mudstone and Interbedded Sandstone and Mudstone formations'arc documented

for the first time, and provide the first reliable age information for these units.

1.5 FORMAT CF THESIS

This thesis is organised into eight chapters, Following this introductory chapter

’ (Chapter 1), Chapter 2 outlines previous work and regional structure, geology apd

stratigraphy of the study area. Methods of study are summarised in Chapter 3. Chapter 4
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defines, documents, describes and interprets lithofacies and facies assemblages, vertical and
lateral distribution of the facics assemblages, and palacocurrent and palynological data.
Chapter 5 integrates the preceding data in an interpretation of the depositional systems of
the Sinakumbe, Lower and Upper Karoo groups. Tectonic controls on sediment dispersal,
and palacogeography arc discussed in Chapter 6. Chapter 7 comments on the economic
potential of the Sinakumbe Group and Karoo Supergroup in the mid-Zambezi Valley.
Concluding remarks are outlined in Chapter 8. The descriptions and results presented in
this study are those of the author; observations and ideas already available in literature
have been referenced.  All data for this study are filed separately and can be obtained from
the author at the University of Zambia or from Dr. O. Dixon of the University of Ottawa.
Finally, several aspects of presentation of the thesis have been adopted specifically
to be of benefit to readers and potential users. Substantial use is made of field
photographs, to be heipful both to examiners who may have no first-hand familiarity with
the arca or succession, and to potential subsequent users of the thesis in Zambia. Major
use of the thesis by Maamba Mine and Geological Survey of Zambia geologists, and
various companies engaged in exploration in the mid-Zambezi Valley Basin, is foreseen.
The extensive reference list provides an important bibliographic source for these potential
users, whose access to full library resources and search sources is limited. For a similar
rcason, initial text-book style reviews have been incorporated in Chapters 5 and 6 to

provide convenient summaries of current thinking on those topics.



CHAPTER I1

REGIONAL GEOLOGICAL SETTING AND STRATIGRAPHY

2.1 PREVIOUS WORK

Geologica! work began in the arca before establishment of the Geological Survey of
Zambia, formerly Northern Rhodesia.

The present understanding of the geology and palacontology of the Karoo
Supergroup in southern Africa is the result of accumulated observations of a number of
workers, beginning with those of Andrew Geddes Bain (1856, as quoted in Money et al,,
1974). Molyncux (1909) established the presence of the Karoo System in the mid-
Zambezi Vatley. Based on Lightfoot’s work (1914, 1929), the Karoo in the Wankic
Coalficld (Zimbabwe) is regarded as the type succession in central Africa (Drysdall, 1962).

In the mid-Zambezi Valley, coal fragments were reporied in alluvium near the
confluence of the Chilola and Zambezi rivers by David Livingstone in 1865 (Gair, 1959
and Tavener-Smith, 1960). Coal prospecting has taken place sporadically in the valley
(Zambian side) since the turn of ‘the century (Molyncux, 1907; Edwards, 1913; Maufe,
1918; and Mennell, 1920, 1929). The first systematic survey of the coal resources of the
area was undertaken by Mark C. Malamphy and Company for the Northern Rhodesian coal
syndicate (Malamphy, 1950). Bancroft {1951, as quoted in Money ct al., 1974) concluded
erroneously that there are no workable coal deposits in Northern Rhodesia and their scarch
was a waste of time.

The first comprehensive systematic geologic surveys in the mid-Zambezi Valley
were carried out from 1951 to 1955 by the Geological Survey of Zambia. The results are
contained in various progress reports of the geological survey (Gair,1954, 1959; Reeve
1956a, 1956b, 1963; and Tavener-Smith, 1957, 1960). It was during these surveys that the
now-abandoned Nkandabwe coal deposit was found.

Drilling andl‘i'exploration at Nkandabwe prior to 1965 indicated recoverable rescrves
of 17 million tons of coal with an ash content of 24%, averaging 5600 cal/kg to a depth of

300 m. During Lhis""‘ period various reports related to the exploration of coal were compiled
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by the geological survey. Reports that discuss aspects of the stratigraphy and sedimentary
cnvironments include Gair (1954, 1956, 1959), Reeve (1952, 1958) and Tavener-Smith
(1955; 1956a, b; 1957; 1960; 1962). Aspects of tectonics and structural development of
the arca were described by Hays (1958) and Lambert (1957, as quoted in Money et al.,
1974); Bond (1954) documented the palacontological specimens collected.

Further work carried out by the Anglo American Corporation in 1965 (Cornwalt,
1965) in the Nkandabwe area led to the opening of the Nkandabwe Mine. More coal
invesligations by the geological survey were initiated in 1965, and a 5 m coal seam in
what is now known as the Siankondobo Coalficld {Izuma river) was revealed. These
investigations continued some 50 km along strike to Mulungwa, and were completed in
latc 1969. After 1965, knowledge of the Nkandabwe-Siankondobo-Mulungwa area grew
primarily in the economic aspect of coal exploration and development. 1t is not surprising,
therefore, that these investigations culminated in a number of economic reports that include
Pagella and Drysdall (1966); Drysdall et al. (19672, 1967b, 1967c); Denman and Money
(1968); Radosevic (1968); Drysdall et al. (1969); Sofremines (1968) and Alpren (1968).
General papers on other aspects such as stratigraphy and sedimentary environments of the
coal sequence include Drysdall and Weller (1966); Brown (1968); Denman et al. (1968);
Money et al. (1968); Radosevic et al. (1968); Denman and Money (1970); and Money and
Drysdall (1975). Descriptions of the basement complex are contained in'Legg (1972),
Matheson (1972) and Stillman (1967).

2.2 REGIONAL STRUCTURAL SETTING

2.2.1 GENERAL REMARKS

Information in this section is extracted mainly from the unpublished Bulletin 6 of
the Geological Survey of Zambia (Money et al., 1974), which in turn was derived mainly
from descriptions in previous rcpdrts of the Geological Survey of Zambia.

The pre-Karco rocks (Basement Complex) comprising gneiss, granite, granulite and
schist show two major phases of folding (F, and F,) related to orogenies. The basement

shows a dominant structural trend of east-northeast to northeast, parallel to the Irumide
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orogenic belt (Fig. 2.0), though an older trend related to the Tumbide orogeny may also be
represented (De Swardt and Drysdall, 1964; Cahen and Snelling, 1966). According to the
tectonic map of southern Africa (Haughton, 1969), the present mid-Zambezi trough (ollows
one of the old post-Waterberg-Umkondo zones of crustal weakness between the Kalomo-
Hook batholith (Zambian Craton) to the north and the Zimbabwe-Kalahari shield to the
south. This precursor southwest-irending trough (geosyncline) was a sitc of extensive
tectonism in which subsidence, sedimentation, metamorphism and folding took place about
cast-west axes during the Katangan-Lufilian orogeny (Cahen and Snclling, 1966, p.154),
as evident from imprints of the orogeny on thc basement structure, although the Katangan
metasediments are poorly represented in the coalficlds except locally in the north (De
Swardt and Drysdall, 1964). Subsequent tectonism, downwarping along carlicr plancs of
weakness and sedimentation in this northeast- trending precursor basin resuited in
deposition of the Sinakumbe and Sijarira groups in Zambia and Zimbabwe, respectively.
Later, rejuvenation led to Karoo sedimentation and the present day mid-Zambezi Valley
Basin flanked by the main positive areas of the Choma-Kalomo batholith Lo the north and
the Zimbabwian-Botswana block to the south.

The mid-Zambezi belt is approximately parallel to the northeasterly-trending shear
zones of old orogenic belts in the basement (Fig. 2.0), indicating that the mid-Zambezi
Valley is related to the basement structure (Cox, 1970; De Swardt, 1962). Sinakumbe and
Karoo sedimentation was therefore largely controlled by the basement structures and by
tectonism which followed zones of weakness within the Precambrian Bascment. This is
further supported b) the general parallelism of the strike of the basement rocks in the
escarpment zone and the Karoo sediments in the valley, and the fact that faults in the
basement parallel to those of the Karoo do not cut the latter, but pass beneath them
(Tavener-Smith, 1962). As further supporting evidence, the sedimentary succession in the
mid-Zambezi Valley shows significant variation from 5 km thickness on the Zambian side
to 1.3 km on the Zimbabwe side, indicating maximum subsidence along a lincar zone of
weakness adjacent to the Choma-Kalomo batholith relative to moderate movements along

the Zimbabwian-Botswana Craton.

s
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Fig. 2.0 The position of the mid-Zambezi Valley Basin (MZB) relative to ENE
transform lineaments (fine dashes) extended to the South Atlantic
transform faults, and to the N-S East African rift system (hatchured
lines). Arrows indicate general kinematic and dynamic directions of
relative movement. KB = Karoo Basin, Ka = Kaapvaal craton,

" 2l = Zimbabwian craton, Za = Precambrian Zambezi mobile bel,
LM = Lake Malawi, LR = Luangwa Rift, WB-M-Mo = Walvis Bay-
Mombasa-Mogadishu Lineament, Z = Zambian craton,
Da = Precambrian Damara mobile belt, Ir =Precambrian lrumide belt,
T= Tanzanian craton, BB = Barotse Basin, Ks = Kasai craton,
L-Li = Luderitz-Lindi Lineament, CB = Congo Basin (modified from
Katz,1986).
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2.22 FAULTING IN THE MID-ZAMBEZI VALLEY BASIN

The mid-Zambezi Valley Basin is a broad lincar depression, in which repeated
tensional movements along older planes of weakness within the basement resulied in a
series of northeast- and east-trending major normal faults (Fig. 2.1) parallel or sub-parallel
to the northwestern (Zambian) valley margin. Minor fau_l__ts"'('):ccur within the Karoo
succession (see Fig. 2.3a, section 2.2.3.1). Thc major fiihlls arc not confined to the Karoo-
Basement boundary, but also occur within the outcrop of bascment and Karoo.

The major faults are inclined towards Kariba Lake, while minor oncs hade in the
opposite direction resulting in antithetic faulting and tilted blocks with stcep scarp slbpcs
facing northwestward, further emphasizing the trough-like character of the valley.
Generally, the antithetic faults are related to the major faults, but where the latter arc
absent, they are a function of downwarping which had its greatest expression in the
escarpment zone. In general, the inclination is between 30° and 60° and displaccments
vary considerably from place to place. The downthrow on the major faults is up to at least
1 km where the Jurassic Batoka Basalt Formation (sce section 2.3.5.4) rests against the
basement, and up to about 10 m on minor faults. For example, Money ¢ al. (1974)
suggested a throw of more than 760 m in the Namazambwe arca, where Upper Karoo
rocks are faulted against basement.

Many of these faults represent renewed movements along pre-gxisting {pre-Karoo)
faults, and a number of the fauits are older than the Batoka Basalt Formation. Where the
faults are well defined, they usually expose wide bands of fault breccia containing
abundant recrystallized and quartz-veined fragments of the faulted lithology. For
example, where arenaceous rocks are faulted against bascment rocks, they are strongly
silicified, hematitised and indurated with abundant seconda