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INTRODUCTION
This is the first Bibliography of the geology of Botswana (formerly Bechuanaland) and
it includes both published and unpublished works relating to, or containing references to
the subject, to 1966. The unpublished works are included, as the main source of information on the geology of Botswana i s to be found in the files of unpublished reports of the
Geological Survey Department. Mining records, papers relating to Mining Company activities, and to water development are not includedunless a geological discussion is involved.
The references are arranged primarily in alphabetical order of author with a secondary
order of year of publication (published references) or year when the report was written
(unpublished references), and numbered consecutively. References added after the initial
compilation have been numbered with letter suffixes.
It should be noted that the former part of the Territory lying to the south of the Molopo
River, known as Bechuanaland or British Bechuanaland, and now part of the Cape Province
of the Republic of South Africa, is not included.
The compiler would gratefully appreciate being notified of any errors or omissions that
may have occurred in the compilation of the Bibliography.

ARRANGEMENT OF THE BIBLIOGRAPHY
Part I includes the published works and has been made as complete as possible
although many of the older references are of historical interest only. Published abstracts
have been included without alteration, but those written by the compiler for works containing only brief references to Botswana have emphasised the Botswana content. Where
the necessary information was available the references have the following form: author,
year of publication, title, name of journal or publisher, volume number, year for which
issued if different from the year of publication, part number, pagination. When several
editions of a book have been published during the period covered by the Bibliography only
the most recent is included.
Part II contains the unpublishedpapers and includes University Theses. The references
without indications as to the source are reports written by members of the Staff to the
Botswana Geological Survey and may be located in the files of the Department. The
sources of the other unpublished works are quoted after the title and copies are also filed
in the Geological Survey Department.
Abstracts prepared by the compiler are suffixed with his initials, author abstracts are
suffixed accordingly. (B) indicates that the abstract was taken from the Bibliography and
Index of Geology, exclusive of North America; (C) from the Annotated Bibliography and
Index of the Geology of Zambia 1962/1963 and 1964/1965. Other abstracters are indicated.
A few papers are included by title only, where for onereason or another it was not possible
to prepare abstracts.

ARRANGEMENT OF THE INDEXES
A separate author index is not included so that references due to more than one author
are cited under each author. The subject and geographical indexes have been compiled
from the abstracts without separate reference to the original works and the relevant
references are indicated in the indexes by their numbers only. In the geographical index,
owing to the changing modes of spelling place names in Botswana, the spelling used in
an abstract, which is the same as in the abstracted work, is indicated in parenthesis
after the presently accepted spelling, if it differs from the latter.
(i)

Proc.geol.Soc.S.Afr.

Proceedings of the Geological Society of South Africa.
Johannesburg.

Proc.Rhod.sci.Ass.

Proceedings of the Rhodesian Scientific
Salisbury.

Proc.roy.Soc.

Proceedings of the Royal Society. London.
Quarterly Journal of the Geological Society of London.
London.

Quart. J.geol.Soc.Lond.
Rec.geol.Surv.Bech.
Rec.geol.Surv.Bech.Prot.

Association.

Records of the Geological Survey of Bechuanaland.
Lobatsi.
Records of the Geological Survey of the Bechuanaland
Protectorate. Lobatsi.

Rep.Res.Inst.afr.Geol.,
Leeds.
S.Afr.geogr.J.

Annual Report of the Research Institute of African
Geology, University of Leeds. Leeds.

S.Afr.J.Sci.

South African Journal of Science. Johannesburg.
South African Mining and Engineering Journal. Johannesburg.
South African Mining and Engineering Yearbook. Johannesburg.

S.Afr.Min.Engng J.
S.Afr.Min.Engng Yearb.

South African Geographical Journal. Johannesburg.

Sci.Progr.

Science Progress. London.

Trans.7th Commonw.min.
metall. Congr.

Transactions of the 7th Commonwealth Mining and Metallurgical Congress. Johannesburg.

Trans.geol.Soe.S.Afr.

Transactions of the Geological Society of South Africa.
Johannesburg.

Trans.Instn Min.Metall.

Transactions of the Institution of Mining and Metallurgy.
London.

Trans.roy.Soc.S.Afr.

Transactions of the Royal Society of South Africa. Cape
Town.

Un.S.Afr.Dep. Agriculture
and Forestry Sci.Bull.
Verb.Ges.Erdk. Berlin.

Union of South Africa Department of Agriculture and
Forestry Science Bulletin. Pretoria.
Verhandlungen der Gesellschaft fur Erdkunde zu Berlin.

Viking Fund Publ.

Viking Fund Publication.

Z.Ges.Erdk.Berlin.

Zeitschrift

Z.wiss.Geogr.

Zeitschrift fur wissenschaftliche Geographie. Lahr.

der Gesellschaft

fur Erdkunde zu Berlin.

In Part II the following abbreviated citations are used for convenience.
Brit.Commonw.geol.Liaison
Off.Rep.

British Commonwealth Geological Liaison Office Report.
London.

B.S.A.Co.

British South Africa Company.

Geol.Surv.G.B. Atomic
Energy Div.miner.Rep.

Geological Survey of Great Britain Atomic Energy Division Mineralogical Report.

Geol.Surv.Mus. Atomic
Energy Div.Rep.

Geological Survey and Museum Atomic Energy Division
Report. London.

Int.geol. Congr., India.

International Geological Congress, India.

Overseas geol.Surv.geophys.
Rep.

Overseas Geological Surveys Geophysical Report. London.

(iv)

Rep.cent.metallurg.Lab.

Report of the Central Metallurgical Laboratory. Johannesburg.

Rep.Commonw.Comm.Miner.
Processing.
Rep.geol.Surv.Bech.

Report of the Commonwealth Committee on Mineral
Processing.
Report for the Geological Survey of Bechuanaland.

Rep. J.C.I.Co.,Ltd.

Report of the Johannesburg Consolidated Investment
Company, Limited.

Rep.S. Afr.geol.Surv.

Report of the South African Geological Survey. Pretoria.
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BIBLIOGRAPHY
Part I

Published References

1.

Anon.

1932 The minerals of Bechuanaland. S.Afr.Min.Engng J.
42(1931-32) (2) (2091), 181-182.

Concerning the publication of a Draft Proclamation with reference to the conditions
under which minerals may be exploited in the Bechuanaland Protectorate, for study before
final issue. Followed by an outline of some geological features of the country with a
sketch map by F.E. Studt. He recorded the presence of a belt of Transvaal System rocks
in the western Bechuanaland Protectorate overlying schists described as Swaziland System.
One concludes from this and his other data that the greater portion of the country is underlain, just beneath the Kalahari sand, by rocks of the Transvaal System, probably Dolomite
and Pretoria Series with patches of the more recent Waterbergformation and possibly some
Karroo coal measures. A.J.C. Molyneux's paper (1907) is also mentioned.
C.A.L.

2.

Anon.

1940 Prospecting in Bechuanaland. S.Afr.Min.Engng J.
51(2480), 705-707.

The article traces the history of minerals concessions and exploitation in the Protectorate and gives an outline of the activities, history and production, of the Tati goldfields
area.
C.A.L.

3.

Anon.

1950 Reports from the Geological Surveys - Bechuanaland. Colon.Geol.min.Resour. 1(1), 62-4.

The Bechuanaland Protectorate Geological Survey started operating in 1949 and is
thus in its infancy. Projects for studying water conservation and recharge are underway
and during the first 5-year Scheme efforts will be concentrated on the assessment of the
mineral resources of eastern Bechuanaland and detailed mapping of important areas. Some
reconnaissances have already been carried out and the petrology of the Gaberones granite
is being studied.
C.A.L.

4.

Anon.

1951 Reports from the Geological Surveys - Bechuanaland. Colon.Geol.min.Resour. 1(1950)(2), 166-8.

A brief abstract from a report by the Director of the Geological Survey of Bechuanaland on the minerals of the Protectorate. Notes are given on occurrences of asbestos,
barytes, building stones, coal, copper, gold, iron, lead, silver and zinc. Other minerals
occurring in uneconomic depositsor of unknown quantity and grade are listed with localities.
There are unconfirmed reports of diamonds, mica, petroleum, tin and tungsten in the
Territory.
C.A.L.

5.

Anon.

1951 Reports from the Geological Surveys - Bechuanaland. Colon.Geol.min.Resour. 1(1950)(4), 340-2.

Notes abstracted from a report covering the period April 1949 — September 1950 record
investigations on possible mineral resources; petrological research on Kalahari sand and
the Gaberones granite; drilling programmes for asbestos, coal and water; general considerations and policy of the Survey.
C.A.L.

6.

Anon.

1952 Kyanite from Bechuanaland.
Resour. 2(1951) (3), 246-8.

Colon.Geol.min.

A description is given of the kyanite deposits being worked at Halfway Kop, 9 miles
SE of Francistown. A representative chemical analysis shows 61.19 per cent Alg03 35.45
per cent. SiOg and 0.88 per cent. Feg03 ; this compares favourably with other quoted
analyses of commercial grades of kyanite from India and Kenya. Preliminary estimates
showed that at least 10,000 tons of high-grade kyanite rock was present in situ, with at
least 20,000 tons of lower grade quartz-kyanite-schist as a possible future reserve.
W.A. Campbell.
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Anon.

1954 Bechuanaland Geological Survey Annual Report
for 1953. 32p.

To this report is appended a black-and-white "Provisional Geological Sketch Map of
the Bechuanaland Protectorate" on a scale of l: 2,500,000.
The report summarises the work accomplished during the period under review and
includes more detailed observations on water-supply problems, coal exploration, and
investigations on a copper-nickel deposit at Magogaphate, (65 miles S.E. of Francistown)
and the Bushman Mine copper deposits (80 miles N.W. of Francistown). Both these areas
contain ancient workings for copper. Self-potential surveys were carried out in the former,
where mineralisation is associated with a discordant serpentinite body intruded into
schists and gneisses of the Basement Complex, whose dominant foliation trends NE.-SW.,
dipping everywhere at steep angles to the south-east.
In the Bushman Mine area, copper-iron-lead mineralisation is associated with a
regional shear zone which traverses limestones and subordinate schists of the so-called
Bushman Mine Series, which are enveloped to the east and west by granitic gneissic rocks.
Geological mapping was preceded by air photography.
C.C.T.A.

Anon.

1955 Annual Report of the Bechuanaland Protectorate
Geological Survey Department for 1954. 39p.

A review of the activities of the Geological Survey which were concentrated on a
geological and geophysical investigation of the Bushman Mine copper deposits, exploration
of the extension into the Protectorate of the Waterberg coalfield of the western Transvaal,
and a study of the geological setting of the asbestos occurrence near Kanye. The geology
of these areas is described. A study was made of geological features relating to underground water supply in the south-central Kalahari region. The primary objective of a visit
to Ngamiland was an examination of Tsodilo mountain. A note is included on the syenite
complex of the Semarule area.
C.A.L.

Anon.

1955 Reports from the Geological Surveys - Bechuanaland. Colon.Geol.min.Resour. 5(2), 192-4.

The report records the progress for the half-year July to December 1954, in economic
problems, with notes on the Bushman Mine area, the asbestos deposits at Moshaneng Mine,
and coal deposits in the Tuli Block and the Artesia-Debeeti area. The Semarule HÖ1
alkaline complex was studied by Dr. B.C. King. Mineral production figures are given for
1954.
C.A.L.

Anon.

1955 Reports from the Geological Surveys - Bechuanaland. Colon.Geol.min.Resour. 5(4) , 454-5.

A report on progress for the first half of 1955 when geological mapping and drilling
for coal exploration were carried out in the Artesia-Debeeti area. An investigation of the
Moshaneng Asbestos Mine was followed by a regional survey of the geology of the Kanye
area. Water supply investigations were made in Lobatsi and on the Tsane-Ghanzi stock
route.
C.A.L.
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Anon.

1956 Annual Report of Bechuanaland Protectorate
Geological Survey for 1955. 46p.

In addition toa "Review of the Year",which includes notes on mineral investigations,
reconnaissance mapping, a provisional geological map, water supp'y and laboratory work,
this report includes statements by members of thé staff on the progress of field work.
D. Green (pp. 12-22) reports on the mapping of Karroo coal-bearing strata in the
Debeeti and Palapye areas.
D.J. Cullen (pp.22-27) describes the geology of the Segwagwa, Malau and Kgoro
areas. In the first, the Segwagwa Series is now considered to represent upper strata of
the Pretoria Series. The series of shaly tuffs, agglomerates and conglomerates in the
Malau area are called the Dipotsana Series and are provisionally regardedas of Ventersdorp
age.
O.J. van Straten (pp.28—39) describes the geology and groundwaters of the Ghanzi
Cattle Route.
There is also a section on water-supply investigations including those entailing the
use of geophysical methods.
A provisional geological map of the Protectorate in black and white is included in
the Report.
C.CT.A.

Anon.

1956 Reports from the Geological Surveys - Bechuanaland. Colon.Geol.min.Resour. 6(2), 195-6.

The report covers the period July to December, 1955, with reconnaissance mapping in
progress in degree sheets 2525 and 2326 and quarter degree sheet 2425D. Coal investigations were proceeding in the Morapule and Artesia areas. Preparations are being made
for a considerable expansion of the water boring programme.
C.A.L.

Anon.

1957 Reports from the Geological Surveys — Bechuanaland. Colon.Geol.min.Resour. 6(1956)(3), 332-3.

A report on the progress made by the Geological Survey Department in the first half
of 1956, when a regional gravimetric and magnetic survey of the Protectorate and an
intensive survey for the development of underground water resources in the Bakwena and
Bakgatla Reserves were begun. Reconnaissance mapping in degree sheets Nos. 2324,
2325, 2326, 2425 and 2426 was in progress and quarter degree sheets Nos. 2425D and
2424D and degree sheet No. 2525 were completed. Drilling for coal in the Palapye and
Debeeti areas continued.
C.A.L.

Anon.

1957 Reports from the Geological Surveys - Bechuanaland. Colon.Geol.min.Resour. 6(1956)(4), 452-4.

A report for the last half of 1956 describes the results of continued exploration of
the Palapye and Debeeti coalfield areas, and a preliminary examination of the Sua salt
deposits in the Nata area of the Makarikari region. Mapping was started in Ngamiland.
Water borehole site selection in the Kalahari and an intensive survey of the Bakwena
Reserve formed part of the underground water development scheme.
C.A.L.

3

15.

Anon.

1958 Reports from the Geological Surveys - Bechuanaland. Overseas Geol.min.Resour. 7(1), 54-6.

The report on progress made during the first half of 1957 describes the results of
continued drilling in the potential coalfield areas and of investigation of a chrysotile
asbestos occurrence in the Naka la Phala area. A geochemical survey was undertaken at
the Magogaphate nickel occurrence. Siliceous manganese ore was located south of Kanye.
Water supply investigations and an examination of the foundation rocks for the proposed
Notwani Dam were made.
C.A.L.

16.

Anon.

1958 Reports from the Geological Surveys - Bechuanaland. Overseas Geol.min.Resour. 7(2), 174-6.

The report of the Geological Survey Department for the last half of 1957 records that
reconnaissance mapping was in progress in the southern Bamangwato Reserve and in
Ngamiland. In mineral exploration there was continued investigation of the Morapule and
Mamabule coal areas, the chrysotile asbestos occurrence at Naka la Phala, and the
Kgwakgwe manganese deposit. The results of water borehole site selections are described,
Investigations of the foundation rocks were made at the Notwani andMahalapye dam-sites.
C.A.L.

17.

Anon.

1959 Coal in Bechuanaland.Min.Mag.,Lond. 101(5), 220.

A very short article summarizing the salient points, from an economic aspect, of the
Morapule coal area as described in the Geological Survey of Bechuanaland Mineral Resources Report No. 1, by O.J. van Straten.
C.A.L.

18.

Anon.

1959 Mineral resources of Bechuanaland. Min.J. 252
(6460), 648.

Apart from gold only asbestos and kyanite have been exported from the Bechuanaland
Protectorate, though active developmentof two manganese mines is in progress. Promising
occurrences of copper in the Bushman Mine — Phudulooga area, copper-nickel at Magogaphate, and coal deposits are being investigated. Barytes and high-grade iron ore are
known to occur in the Protectorate.
C.A.L.

19.

Anon.

1959 Reports from the Geological Surveys - Bechuanaland. Overseas Geol.min.Resour. 7(4), 418-20.

The report on progress made by the Geological Survey Department in the first half of
1958 describes briefly the geological formations in the Palapye quarter degree sheet, in
the northern Crown Lands and western Ngamiland. The drilling programme was completed
in the Morapule coalfield area but continues at Mamabule. The results of drilling for
asbestos at Naka la Phala and in the southern Crown Lands were disappointing. Water
borehole site-selection and drilling were carried out over a large area of the Protectorate.
C.A.L.
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20.

Anon.

1960 Reports from the Geological Surveys - Bechuanaland. Overseas Geol.min.Resour.
8(1), 65-6.

The report for the last six months of 1958 records the areas which are being geologically mapped. Details are given on two coal horizons lying east of Mamabule Siding
where a core drilling programme has been carried out. High-grade manganese ore was
located on Ootsi hill after closure of the Ramoutsa Manganese Mine. The Department
continued site selection and water supply;investigations.
C.A.L.

21.

Anon.

1961 Reports from the Geological Surveys - Bechuanaland. Overseas Geol.mwMesour. 8(2), 199-200.

The report of the Geological Survey Department for 1959 lists the quarter degree
sheets which were completed and those where mapping was in progress. Details are given
from the exploration work in the Mamabule coalfield area. The Department assisted the
mining companies at the Ootsi and Kgwakgwe Manganese Mines and at the Moshaneng
Asbestos Mine. Crows. Grants for prospecting were awarded in the Bamangwato and
Bakgatla Reserves and th>e southern Crown Lands. Details are given of underground water
development work.
C.A.L.

22.

Anon.

1962 Reports from the Geological Surveys - Beehuanaland. Overseas Geol.mitt.Resaar. 8(4), 440—1.

Geological mapping continued during the second half of 1960, when the investigation
of the Mamabule coalfield was completed. Prospecting programmes for diamonds, sodiumcarbonate-bearing brines and asbestos were carried out. And water supply investigations
where aided by geological and geophysical surveys.
C.A.L.

23.

Anon.

1963 408,000,000 tons of coal await exploitation. Coal
base Miner. 10(12), 29-33.

A considerable amount of work has been carried out by theBechuanalandProtectorate
Geological Survey on coal-bearing strata of the Ecca Series of the Karroo System in the
Mamabule area. It was found that a combination of reasonably high-grade coal, shallow
depth to the seams and easy access to the existing railway through the eastern Protectorate
occurred near Mamabule Siding. The total reserves are estimated at 408,000,000 tons and
it is thought that a producing mine could be established if there was a market for about
260,000 tons per year.
Detailed geological mapping combined with core drilling was carried out and samples
were tested for calorific value as well as being submitted for washability tests, bulk
analysis and shatter tests.
Prospecting was extended eastwards towards the Tuli Block but the expected coalbearing strata were not present. Geological reconnaissance work was also carried out
east and southeast of Sua Pan in the Makarikari region and although the single core borehole drilled picked up only very thin uneconomic coal seams it is possible that workable
deposits may exist which could possibly be of use. in the development of the brine deposits
of the Makarikari region.
C.A.L.
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24.

Anon.

1963 Searching for mineral wealth in the Protectorates.
S.Afr.Min.Engng J. 74(1) (3651), 187-188, 192.

In Swaziland an iron ore deposit has been opened up at Bomvu Ridge northwest of
Mbabane. A large china clay deposit occurs in the southern section and the old gold
workings are being investigated and may well be re-opened. There are also very large
coal deposits in the east and southeast.
In Bechuanaland, a small amount of gold, asbestos, manganese and coal have been
found and in the Makarikari area there are lajge brine deposits with a copper deposit near
by.
Bamalete Manganese are working a manganese deposit, which occurs 11 miles north
of Lobatsi near the Mafeking-Rhodesia railway line, in the Black Reef Series. Estimates
of the ore reserves are in excess of 350,000 tons. Two quarries have been opened up and
the ore is transported to a treatment plant with a target output of 5,000 tons a month. The
Company pays royalties to the Tribal Authority's Treasury.
C.A.L.

25.

Anon.

1964 Copper, Bechuanaland. S.Afr.Min.Engng J. 75(1)
(3704), 206.

A brief note on the work of Rhodesian Selection Trust Exploration Limited at Matsitamma, where copper ores are being actively prospected.
C.A.L.

26.

Bailey, D.K.

1961 The mid-Zambesi-Luangwa rift and related carbonatite activity. Geol.Mag. 98(4), 277-284.

The known carbonatite eruptive centres in Northern Rhodesia fall within a linear belt
trending N.E.—S.W. the most conspicuous elements of which are the colinear troughs of
the mid-Zambesi valley and the Luangwa rift. This lineament fs an important and long
standing zone of crustal weakness. Its extensions outside Northern Rhodesia are briefly
indicated and its ramifications inside the Territory are examined, particularly in reference
to the localization of carbonatite activity around rift intersections.
Author.

27.

Baines, T.

1872 At the Tati Goldfields. Cape Mon.Mag., Cape Town.
4(20) ,99-107.

Two letters written by Thomas Baines while visiting the Tati Goldfields in 1871,
giving a graphic picture of life at the Tati and among the Matebele. Reports on the work
at the Blue Jacket Mine under the supervision of a Mr. Griet though with scanty geological
information. The Australian party working at Todd's Creek 35 miles higher up the Tati
were breaking up.
Contains a typescript copy of a letter made verbally by Lo Bengula, Supreme Chief of
the Matebele nation, to Mr. Baines, ratifying the Grant for the South African Goldfields
Exploration Company (Limited), on the 9th of April, 1870.
C.A.L.
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28.

Barnes, T.

1877 The Gold Regions of South Eastern Africa. Heinemann, London, xxiv, 240p.

Chapter I describes in some detail the early history of the Tati goldfields since their
discovery by C. Mauch in 1866. Gives details of the prospecting parties working there;
assay values of samples from some of the excavations; and location of some of these
workings. A brief note on the geography and routes from larger settlements in South Africa,
but no geological descriptions.
C.A.L.

1963 Environments of east and southern Africa since the
mid-Tertiary. S.Afr.J.Sci. 59(7), 347-52.
A brief review is given of some of the methods of deducing climates from the geological record. It is pointed out that rainfall is only one aspect of the climate, but by present
methods it is difficult to make even qualitative estimates of changes of other factors.
Flint's critical examination of the evidence for climatic changes in the African Pleistocene
has put the interpretation of the field evidence on a much sounder footing.
Studies on fossil pollen are well under way in Africa. The qualitative results agree
with those of purely geological methods, but quantitative pollen studies seem to imply^far
greater changes of rainfall than are suggested by other methods.
Fossil Mammalian ecological evidence is also reviewed in light of recent studies of
the ranges of habitat of African species. It is concluded that this kind of evidence must
be used with extreme caution.
Geography is another factor in man's environment and the degree of stability of
various regions of East, Central and South Africa are examined. The differences between
the very unstable and actively volcanic region of East Africa and much of the remainder
of the continent are pointed out.
Finally, it is suggested that from the point of view of human evolution, the really
critical period is pre-Pleistoeene, since by the start of Quaternary time man's ancestors
were already erect and bipedal, the fore-limbs freed from use in locomotion and ready for
tool using and tool making specialisation.
Author.

30.

Bond, G.

1964 Pleistocene environments in southern Africa.
Viking Fund Publ. 36, 308-334.

Reviews the Mio-Pleistocene background followed by the tectonic stability of the
region and the extent of Pleistocene erosion. These factors are only of minor importance
in the hominid environment, the main factor being climate and climatic change. The Pleistocene climates are then discussed by geographical area with a section on Bechuanaland
which includes a tentative Pleistocene succession. It is concluded that the topographic
environments have remained practically constant throughout the Pleistocene with very
slow floral evolution, the only change in environment resulting from slow changes of
climate. Only geological evidence is used.
C.A.L.
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31.

Bond, G. and
Summers, R.

1954 A late Stillbay hunting campsite on the Nata River,
Bechuanaland Protectorate.
Bull.archaeoLSoc.S.
Afr. 9(35), 89-95.

Although the paper is mainly devoted to a discussion of the archaeological aspects
of the site an outline of the geological setting, which consists entirely of superficial
deposits, is included.
C.A.L
3$.

Boocock, C.

1957 Annual Report of the Bechuanaland Protectorate
Geological Survey Department for the year ended
31st December, 1956. Lobatsi. 29p.

A general review of all the Geological Survey's activities during the year with a short
summary of achievements. Reconnaissance geological mapping continued throughout the
year with the main work of the Department concentrated on a hydro-geological survey. A
limited amount of mineral survey work, preliminary geochemical studies at the Bushman
Mine, and a regional gravimetric and magnetic survey were carried out.
C.A.L.
33.

Boocock, C.

1958 Annual Report of the Bechuanaland Protectorate
Geological Survey Department for the year ended
31st December, 1957. Lobatsi. 31p.

Attention was paid to all branches of the Department's activities, with basic geological mapping in the southern Bamangwato Reserve and in Ngamiland; investigation of
potential coalfield areas, a chrysotile asbestos occurrence, and a manganese ore deposit;
a geochemical survey at the Magogaphate nickel occurrence; and the development of
underground water supplies.
C.A.L.
34.

Boocock, C.

1958 The geological environment of copper deposits in
the Bechuanaland Protectorate. C.C.T.A.
EastCentral, West-Central and
sthn.reg.Comm.Geol.
44(2), 249-253.

No copper deposits are at present being worked in the Bechuanaland Protectorate
though one deposit, the Bushman mine, was actively prospected and produced a limited
amount of copper in the early part of the present century. The known copper deposits and
occurrences of copper minerals can be classified as follows:—
1.
2.

Vein deposits
Impregnations or disseminations

The vein deposits are primarily cupriferous quartz veins and the main examples are
those of the Bushman mine-Phudulooga area where the deposits are associated with a
regional shear zone. Copper mineralization frequently occurs in gold-bearing quartz reefs
in the Tati Concession and elsewhere in the Basement Complex areas of the Protectorate,
but no production has been recorded from them. The second group of deposits is only of
minor importance and comprises relatively restricted copper occurrences in hornblende
schists and original sedimentary rocks associated with the granitic gneisses of the Basement Complex.
Author.
35.

Boocock, C.

1959 Discussion of "The Khale dolerite sheet" by
H.V. Eales. Trans.geol.Soc.S.Afr. 62, 111.
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Boocock, C.

1959 Annual Report of the Bechuanaland Protectorate
Geological Survey Department for the year ended
31st December, 1958. Lobatsi. 42p.

A review of the activities of the Department for the year. A total of 3,000 square
miles was mapped with short reconnaissance traverses in other areas. Mineral survey
work was confined to continued investigation of the Morapule and Mamabule potential
coalfield areas. Water borehole siting was continued under the 5-year underground water
development scheme.
C.A.L.

Boocock, C.

1960 Discussion of "A note on the distribution of Waterberg and Loskop formations in the southern Bechuanaland Protectorate" by D.#. Cullen. Trans.geol.
Soc.S.Afr. 63, 169.

Boocock, C.

1960 Annual Report of the Bechuanaland Protectorate
Geological Survey Department for the year ended
31st December, 1959. Lobatsi. 39p.

A review of the activities of all sections of the Geological Survey. 3,000 square miies
of the Protectorate were mapped as part of the primary reconnaissance programme. Mineral
investigations were undertaken in the Mamabule coalfield area, at the Ootsi manganese
Mine, and at the Moshaneng Asbestos Mine. Several Crown Grants for prospecting rights
were awarded to concerns showing interest in the mineral potential of the country. The
Survey took over responsibility for the siting and drilling of Government water boreholes.
C.A.L.
Boocock, C.

1961 Annual Report of the Bechuanaland Protectorate
Geological Survey Department for the year ended
31st December, 1960. Lobatsi. 35p.

A review of all aspects of the work of the Geological Survey during 1960, with descriptions of the quarter degree sheet areas mapped totalling 1,200 square miles. Mineral
survey work was concentrated on the Mamabule coalfield area though some prospecting for
diamonds, asbestos, and brine deposits was carried out. Various mining and prospecting
organisations were engaged in prospecting activities in the Territory and several Crown
Grants for prospecting rights were awarded. Geological and geophysical surveys were
carried out to assist the underground water development programme. The success ratio for
water boreholes was 81 per cent.
C.A.L.

Boocock, C.

1961 Notes on the distribution of rocks of Transvaal
System age in the Bechuanaland Protectorate.
C.C.T.A.sthn.reg.Comm.Geol.
80, 73-86.

Three sedimentary basins of Transvaal System age can be recognised in the Bechuanaland Protectorate. The central Transvaal (Bushveld) basin just penetrates the southeastern corner of the Territory. The Transvaal basin in the northern Cape Province
extends well north of the Molopo River and rocks of Transvaal age occupy much of the
area in the Bechuanaland Protectorate south of latitude 24 30*S. Within this area rocks
of both the typical Griquatown facies of the northern Cape Province and of facies similar
to the Pretoria Series of the Bushveld area occur. A third Transvaal basin of sedimen.
tation can be recognised in the east-central area of the Protectorate, between latitudes
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22° 40' and 24° 25'S. In this area exposures of rocks of Transvaal age are only present
on the margins of this basin. The northern margin is built by a sedimentary succession,
termed locally the Shushong Series, which is correlated, largely on lithological grounds,
with the Transvaal System.
A brief description is given of the succession, lithology and structure of the rocks
of Transvaal age present in these three basins, A comparison is made between the Pretoria
Series successions in the north-eastern part of the northern Cape basin and that of the
main Bushveld basin. The correlation of the Shushong Series with the Transvaal System
is discussed briefly.
It is of particular interest to note that the Pretoria Series in the north-eastern extremity of the northern Cape basin is of similar facies to the Pretoria Series of the Bushveld
area, both as regards lithology and succession, and is quite dissimilar from the typical
Griquatown facies of the northern Cape. This suggests a modification of the palaeogeography
of the Transvaal System and that the Bushveld basin in Transvaal times extended as far
west as the vicinity of longitude 23° 30'E in the Bechuanaland Protectorate. While it was
probably co-extensive with the northern Cape basin the contrasting facies which occur
after the deposition of the Dolomite Series suggest that the north-eastern portion of the
northern Cape basin was separated by a divide from the main area to the south. North of
this divide conditions of sedimentation during the deposition of the Pretoria Series were
those prevailing in the Bushveld basin.
Author.

Boocock, C.

1962 Annual Report of the Bechuanaland Protectorate
Geological Survey Department for the year ended
31st December, 1961. Lobatsi. 48p.

A review of activities during 1961 when systematic quarter degree square reconnaissance geological mapping was continued. No new mineral occurrences were investigated by the Department but active mineral exploration is being carried out by a number
of mining and prospecting organizations. Underground water development work continued
with the drilling of 20,227 feet. Special investigations included gravity surveys, seismic
reflection and refraction studies, ground magnetometer traverses, and foundation rock
studies at two suggested dam-sites on the Notwani River.
C.A.L.

Boocock, C.

1963 Annual Report of the Geological Survey Department
for the year ended 31st December, 1962, Bechuanaland. Lobatsi. 41p.

A review of activities in systematic geological mapping (5,000 sq. miles), in mineral
survey work (including a total force magnetometer survey of 8,000 square miles in the
southern part), and in underground water studies.
Among the mineral possibilities investigated were those of coal, brines, kaolinite,
asbestos, manganese, copper, lead and fluorspar.
S.H. Haughton.

Boocock, C.

1964 Annual Report of the Geological Survey Department
for the year ended 31st December, 1963, Bechuanaland. Lobatsi. 36p.

Reviews the results obtained in the various sections of the organisation including
economic geology, regional mapping, and underground water development. In a new geological map on the scale of 1:2, million, rocks formerly assigned to the Loskop system (as
defined in South Africa) are now placed in the Waterberg system and the Loskop system
i s not recognised as a separate entity.
S.H. Haughton.
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Boocock, C.

1965 Annual Report of the Geological Survey Department
of Bechuanaland for the year ended Sist December,
1964. Lobatsi. 4 lp.

"Systematic regional reconnaissance geological mapping was continued on a quarter
degree sheet basis, on the scale of 1:125,000, and a total of about 2,700 square miles
was geologically surveyed. Geological mapping was completed on three quarter degree
sheets and work is in progress on a fourth sheet. Revision geological mapping was also
carried out in the Bangwaketse Tribal Territory. The mapped areas are all underlain by
rocks ranging from early to late Precambrian in age.
"In mineral exploration, diamond core drilling was carried out on chrysotile asbestos
occurrences in both the Bangwaketse and the Bakgatla Tribal Territories. Geochemical
prospecting for copper was undertaken in the north-eastern Tuli Block. An investigation
is in progress on the new mineral discovery of a gypsum occurrence in the Lebung area in
the upper Macloutsie valley about 30 miles west of Tonotain the Bamangwato Tribal Territory. A study is being made of potential f ire clays and industrial ceramic materials present
in the Mamabule area in the Bamangwato Tribal Territory. Investigations were also made
on Cave Sandstone-derived sands from this area to determine their potential as source
material for glass sands. Preliminary investigations have also been carried out on potential
cement-making materials in the Mamabule area. Other investigations have included diamond
core drilling on a lead anomaly located during geochemical prospecting for copper, lead
and zinc in the Bangwaketse Tribal Territory, and preliminary investigations on a
muscovite occurrence in the Bakgatla Tribal Territory".
A brief summary is given of the work carried out by various mining and exploration
companies in Bechuanaland during 1964.
Water development programmes continuedon an expanded scale, the Geological Survey
being in control of all underground water development work in Bechuanaland.
"Special investigational work included assistance given to members of the Department
of Physics of the University College of Rhodesia and Nyasaland in connection with a
programme of palaeomagnetic measurements being carried out on Precambrian dolerites;
submission of additional samples from the Gaberones granite complex and of felsites
correlated with the Dominion Reef System for age determinations; ground geophysical
work carried out with the assistance of the Geophysical Division of the Overseas Geological Surveys to assist with the interpretation of the results of the 1962—63 aero-magnetic
survey; redesign and reconstruction of the electrical resistivity apparatus used in connection with ground-water investigations; and modification of the methodology of lead
determinations in geochemical prospecting work".
All other aspects of the organisation and activities of the Geological Survey during
1964 are reviewed.
C.A.L.

Boocock, C.

1965 Mineral resources of the Bechuanaland Protectorate.
Overseas Geol.min.Resour. 9(4), 369-417, and
Bull.geol.Surv.Bech. 1.

Prospecting in the Bechuanaland Protectorate has been carried out intermittently
since 1866 when gold was discovered in the Tati Concession area. Mining commenced
there in 1869 and continued until 1964. This early discovery of gold aroused interest in
the remainder of the country and a number of early prospecting concessions were granted,
but from 1935 until 1948 there was little prospecting or mining activity. An official Geological Survey was established in 1949 and since that date increasing interest has been
shown in the potential mineral resources of Bechuanaland. Large areas have been prospected,but vast tracts remain which have notbeen covered by modern scientific prospecting
methods. Gold, silver, asbestos, manganese, kyanite and copper have been worked and the
first four are produced at present. There are large reserves of coal adjacent to the railway
line and extensive sodium carbonate and sodium bicarbonate-bearing brine deposits with
minor evaporite deposits in the Makarikari region. Smaller deposits of copper, nickel, iron,
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lead and limestone are also known. Other minerals recorded include diamonds, chromite,
fluorspar, graphite, gypsum, kaolin, phosphates, diatomite, talc and vermiculite, in addition to the ores of antimony, bismuth, lithium and tungsten, but the majority of the known
occurrences may not prove to be large. An outline summary of the mineral ownership
position is given, as mineral rights in Bechuanaland are not at present vested in any one
single authority.
Author.

45a.

Boocock, C.

1966 Annual Report of the Geological Survey Department
of Bechuanaland for the year ended 31st December,
1965. Lobatsi. 46p.

A review of all aspects of the work of the Geological Survey Department, including
economic geology, regional geology (quarter degree sheetmapping on a scale of 1:125,000),
and under-ground water development. Exploration work of mining and prospecting companies is summarised. Special investigations relating to age determinations, palaeomagnetic
measurements, geophysical surveys, engineering geology, and land utilization studies are
described.
C.A..L

46.

•>

47.
*•*-«.

Boocock, C. and
van Straten, O.J.

1961 A note on the development of potable water supplies
at depth in the central Kalahari. Rec.geol.Surv.
Bech.Prot. 1957/58, 11-14.

Watering points were required in the central Kalahari for a cattle export route from
the Ghanzi Crown Lands to Lobatsi. Great difficulty was experienced in locating persistent and unmineralised supplies. It was found that potable supplies were present in
the Middle Ecca Stage, recharge being effected from areas of exposures of these beds in
the Letlhakeng district to the east. The aquifer was encountered at a depth between 900
and 1000 feet in two test holes at Boritse pan but the main problem was to provide an
effective seal to prevent the potable water from becoming contaminated by the highly
mineraTTs-etkwaters in the overlying Upper Ecca Stage.
C.A.L.

Boocock, C. and
van Straten, O.J.

>.
)
^

1962 Notes on the geology and hydrogeology of the
central Kalahari region, Bechuanaland Protectorate.
Trans.geol.Soc.S.Afr. 65(1), 125-171.

A general account is given of the geology of that portion of the Bechuanaland Protectorate which lies to the south of latitude 20° 30' south and west of longitude 25° east.
The solid geology is described on the basis of the rock exposures whichhave been located
in this predominantly sand-covered region and from a study of sludge samples from percussion drilled boreholes.
Sporadic outcrops of rocks of the Basement Complex occur. In the south and southeast the lavas of the Dominion Reef System have a relatively wide distribution. The
Transvaal System also underlies large areas in the south and south-east where it forms
the continuation of the northern Cape, Transvaal System basin. In the north-west of the
region an extensive area is underlain by the Ghanzi Beds. The regional correlation and
age of this predominantly sedimentary formation are still in doubt, but possible correlations are discussed. Quartz felspar porphyries of the Kwebe Porphyry Series are apparently intrusive into the Ghanzi Beds and the association of the Ghanzi Beds with these
ihtrusives suggests a correlation of both formations with the Sinclair System of South
West Africa. The extension of the Matsap Beds from the northern Cape has been traced for
a considerable distance into the Kalahari and these rocks are now known to have a much
wider distribution in the south-central Kalahari, north of the Molopo, than had been
thought previously.
A major, centrally disposed depositional basin, filled with sediments and lavas of
the Karroo System, forms the main structural feature of the region. The sediments and
lavas in this basin constitute the link between rocks of th'e Karroo System present in the
Transvaal and Southern Rhodesia and those present in South West Africa and the northern
Cape. A description is given of the distribution and lithology of the various members of
the System present in the Kalahari-Karroo basin. A correlation between the Middle Ecca
Stage of the Waterberg coalfield area and the sandstones present in the Auob artesian
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horizon in South West Africa is suggested on the basis of evidence from the central Kalahari area.
Kalahari Beds of Tertiary toPleistocene age mantle the greater part of the region and
the various lithological types are described briefly.lt is suggested that the term "Botletle
Beds", which is frequently used in reference to these deposits, should either be redefined or, preferably, that the use of this term should be discontinued.
In this semi-arid region the possibility of developing groundwater supplies is of very
great importance. The water-bearing properties of the various geological formations present
are described briefly and some details are given of the chemistry of the three main types
of ground water present in the Kalahari region. The conclusion is reached that the depth
of unconsolidated Kalahari Beds has an important bearing on recharge possibilities under
present day climatic conditions and consequently on the possibility of developing potable
ground-water supplies in all formations present in the Kalahari.
Authors.

Bosazza, V.L.

1965 Formation of malachite and chrysocolla from chalcopyrite in rocks of the Bushman Mine Series,
northern Bechuanaland Protectorate. Trans.Instn
Min.Metall. 74(4), 201-215.

The chemical formation of malachite and chrysocolla from chalcopyrite is based on
the chemical analogy of calcrete at surface and in joints down to depths of 100 feet. A
study has also been made of the composition of underground waters in the Bushman Mine
area. From this, equations have been derived for the formation of malachite from chalcopyrite for two cases : (1) where water is in excess, and (2) for the case of isolated grains
of chalcopyrite in outcrops where water is not in excess and sulphur dioxide can escape
to the atmosphere.
Chrysocolla is considered to be a product of the reaction of colloidal silicic acids
and malachite and hence its present position may be different from the primary host
mineral of copper.
An evaluation of the presence of malachite and chrysocolla in various types of rocks
is made, and the nature of the host rock is described. In surface prospecting great care
must be taken to determine whether the secondary copper minerals are in the host rock or
not.
Author.

Cahen, L. and
Lepersonne, J.

1952 Equivalence entre le Systemedu Kalahari du Congo
beige et les Kalahari Beds d'Afrique australe. Mem.
Soc.belge Geol.,Paleontol.Hydrol. 8 ,4, 64p.

1. Three well developed erosion surfaces constitute most of the Congo landscape. The
two older surfaces have been traced to the coast and, from data obtained there and in the
Western Rift valley, may be dated and are respectively of upper cretaceous and midtertiary age. The younger surface is end-tertiary and its base level is that of the centre
of the Congo basin. These surfaces have undergone a general uplift and subsequently
suffered some deformation; on the downwarped portions of these surfaces rest sediments
which are not represented on the uplifted portions.
In the latter areas, the relative position of the three surfaces is normal, i.e. each
represents a bevel in the landscape; the oldest and highest is separated from the middle
surface by an erosion scarp; the same relation prevails between the middle and the
lower surface.
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There are two distinct basin-like downwarped areas: the Kwango basin and the
"Cuvette Centrale".
In the Kwango basin, the accumulation of sediments corresponding to the erosion of
the uplifted areas has buried the upper cretaceous surface. In a similar fashion the midtertiary surface is buriedbeneath an accumulation of sands, which may have blanketed the
whole area but are now preserved only in the depressed portions of this surface and is
separated from it by an erosion scarp. The height of this morphological feature diminishes
from downstream to upstream. Between the type of landscape corresponding to the uplifted
portions and that corresponding to their downwarped portions lies an area where the older
surface crosses the younger one.
The beds that are connected with the upper cretaceous and mid-tertiary surfaces are
referred to as the Mount Bunza Formation or Kalahari System, the upper limit of which is
the end-tertiary surface.
In the Cuvette Centrale basin, the end-tertiary cycle has apparently destroyed the
earlier surfaces and their eventual deposits; the end-tertiary surface has in turn been
downwarped and is buried under a sand cover over 350 feet thick.
2.

The stratigraphy of the Kalahari System in Belgian Congo is in brief as follows:
Upper Series: ochre coloured sands
mid-tertiary surface
Middle Series: pale coloured sands and
sandstones; silicified sandstones
and limestones (chalcedony) known
as "gres polymorphes"
upper cretaceous surface

up to 330 feet

up to 300 feet

Lower or Kamina Series: sands, sandstones
and gravels
up to 33 feet
The lower series is known to fill channels dug into Karroo or lower terrains and is
covered by the upper cretaceous surface; it is of early cretaceous age. The middle series
transgresses on all older rocks and is of early tertiary age; the upper series is similarly
transgressive and is of miocene or early pliocene age.
3. That these sands resting on the mid-tertiary surface are different and older than the
red sands which rest on the end-tertiary surface and that they antedate these latter is
shown by the following facts:
(a) petrological differences;
(b) if sand had been deposited simultaneously on both surfaces at some later
time one would expect to find on the lower surface, at least some places
where the thickness would exceed that of the sand on the upper surface at a
neighbouring point; this is never the case and the contrary is the rule;
(c) for the same reason, monadnocks of the older surfaces, such as Mount Bunza,
which dominate the irregular lower surface should have been completely
covered by the sands, instead of showing clean scarps;
(d) the areas of distribution of these sands are different and are respectively
connected with downwarps of two differently centered areas;
(e) the variations of thickness of these sands are independent;
(f) the rivers that sculptured the end-tertiary surface post-date the older sands
but are naturally older than the sands resting on the end-tertiary surface.
There are therefore two groups of "Kalahari type" sand. One was deposited earlier
than the end-tertiary surface, the other later. The latter may be a redistribution of the
former; a number of later redistributions are known.
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4. The object of this paper is to show that not only do the Kalahari Bedsof theKalahari
region resemble the Kalahari System of the Congo, but that the position of these beds in
relation to the same erosion surfaces is identical. To this end the following methods of
approach are used:
(a) The identity of stratigraphy between the Kalahari beds and the Mount Bunza
Formation is recalled. In this summary, this point is not dwelt upon.
(b) The sections at Victoria Falls are reinterpreted on the strength of recent
observations among which those of one 01 the authors.
(c) The older erosion surfaces of the Congo basin are traced through Northern
Rhodesia to Southern Rhodesia where they link up with the corresponding
surfaces recognized by L.C. King.
(d) The older erosion surfaces of the Congo basin and their deposits are traced
through North-Eastern Angola into the Zambezi valley above the Katima
Molilo rapids and into the Northern Kalahari.
5.

The Victoria Falls section is interpreted as follows:
I. - Zambezi Valley

II. - Plateau to the North and South

Red sands (with implements)
Carstone rubble (with implements)
Pleistocene erosion surface.
Red sand with fossiliferous black chalcedony
(without implements)
An end-tertiary surface
Kalahari sand (without
implements)
Mid-tertiary surface
Pipe sandstone and chalcedony
(possibly fossiliferous) — Botletle
beds
Upper cretaceous surface
Stormberg basalt

Botletle beds
Upper cretaceous surface
Stormberg basalt

6. The various erosion surfaces have been traced step by step from the Kwango and
Kasai area, where the Mount Bunza Formation is best known, to the Congo-Rhodesia
border; from there the upper cretaceous and mid-tertiary surfaces have been traced through
Northern Rhodesia to the Zambezi and Southern Rhodesia where they link up with L.C.
King's Gondwana and African surfaces respectively.
These surfaces have been deformed (the Zambezi near Victoria Falls is in a syncline)
and towards the east pass beneath the Kalahari basin and reappear again in Angola with
an eastern tilt, the Gondwana surface being overlain by the Botletle beds and the African
surface by the oldest Kalahari sand. The end-tertiary surface at the Victoria Falls belongs
to King's Victoria Falls cycle and is only roughly contemporaneous with the Congo endtertiary surface.
It is thus shown that the Kalahari Beds in the Rhodesias and Bechuanaland are, as
in Belgian Congo, preserved in depressions of the upper cretaceous and mid-tertiary surfaces and, as in Congo, they are absent on the uplifted portions of these surfaces. A sharp
distinction must be drawn between these beds, resting on the two main older surfaces and
those (mainly sand) resting on the younger (Victoria Falls) surface and on surfaces more
recent still.
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The same results are obtained by tracing the erosion surfaces from Kwango (Belgian
Congo) through Lunda (North eastern Angola) to the Zambezi rapids at Katima Molilo.,7. The Batekes (French Equatorial Africa), Kwango (Belgian Congo), Lunda (Angola),
Upper Zambezi and Northern Kalahari areas are all basin-like morphological features distributed along one single synclinal axis of north-western direction. This axis is transected by secondary warpings of roughly north-eastern orientation. One can, in fact, speak
of a single Kalahari basin with identical features stretching from parallel 1° north to
parallel SO0 south at least.
8. The only difference between the Kalahari basin and the very similar Kwango basin
of Southern Congo may arise from the fact that in the Kalahari the altitude of the Victoria
Falls surface is nearer that of the two older surfaces than is the case in the Kwango
basin, so that it may happen that near the centre of the basin, in certain valleys, the
Victoria Falls (or end-tertiary) surfaces may overlie the African (mid-tertiary) surface,
just as the latter overlies the Gondwana (upper cretaceous surface). The younger (post
end-tertiary) sands might thus be superposed on the older ones (post mid-tertiary). An
occurrence of this kind of superposition is known on the Kundelungu plateau (Belgian
Congo).
9. The conclusion is reached that as in Congo, a distinction must be made between the
"Kalahari type" sands that are older than the Victoria Falls or end-tertiary surface, and
those that are younger. Once this is done, the situation in both territories is identified in
respect of stratigraphy, morphology and the relation of stratigraphy to morphology. This
justifies Maufe's suggestion, made in 1928, that the Mount Bunza Formation is an equivalent of the Kalahari beds, the equivalence being restricted to those beds that are older
than the local end-tertiary surfaces.
Authors.

Chapman, J.

1868 Travels in the Interior of South Africa. 2 Vols.
Edward Stanford, London, xxi, 940p.

Clifford, B.E.H.

1929 Report on a journey by motor transport from Mahalapye through the Kalahari desert, Ghanzi and
Ngamiland to the Victoria Falls. Geogr.J. 73(4),
342-358.

The primary objects of the expedition were to investigate the possibility of opening
a route eastwards from Ghanzi to Mahalapye, and of establishing a new route to maintain
for Ngamiland the cattle markets of the Belgian Congo. An integral part of the programme
was an examination of the possibility of utilising motor transport for traversing the desert
and of establishing watering points.
Included in the report are descriptions of the geological features encountered; structure and formation of the pans; the limestones of the Okwa and Quale river beds; the
granite and sandstone of Van Zyl's Cutting.
C.A.L.
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52.

Clifford,T.N.

1963 The Damaran episode of tectono-thermal activity
in South West Africa and its regional significance
in southern Africa. Rep.Res.Inst.afr.Geol.,Leeds,
7, 37-42.

Age determinations on minerals in rocks deformed during the Damaran episode fall
within the continuous range of 440-450 m.y. to 550—560 m.y. Thick geosynclinal sequences of deformed Upper Proterozoic rocks in west Africa, S.W. Africa, Cape Province and
central Africa, plus the consistent Damaran ages, indicate the presence of an extensive
mobile zone in Africa in late Proterozoic-early Palaeozoic times. This mobile zone separated two major cratonic areas, termed the Congo craton and the Kalahari craton.
Relationships with the Mozambique Belt are discussed, as well as the effect of these
belts on the present margin of the continent.
S.H. Haughton.

53.

Clifford, T.N.

1964 The Upper Proterozoic-Lower Paleozoic structural
units and metallogenic provinces of southern Africa.
Rep.Res.Inst.afr.Geol.,Leeds, 8, 46-47.

The structural configuration of southern Africa in Upper Proterozoic-Lower Paleozoic
times consisted of a zone of crustal instability with orogenically deformed rocks of the
Damaran Episode of 450—550 m.y. and two stable cratonic areas, the Congo and Kalahari
cratons, where the Upper Proterozoic rocks were not orogenically deformed. The mobile
zone separates and in part surrounds the cratons, both of which show evidence of several
pre-Upper Proterozoic orogenic events, the youngest occurring about 900—1200 m.y. ago.
The principal mineralisation associated with the Upper Proterozoic-Lower Paleozoic
period is concentrated in three tectono-metallogenic provinces (or sub-provinces) in the
orogenic zone, with the Upper Proterozoic rocks close to the Congo craton as the most
important potential sources of base metals. From a consideration of these features new
mineral deposits might be anticipated in SE Angola, NW Bechuanaland (pegmatites bearing
mica, and lithium-, beryllium- and/or tin- mineralisation), South West Africa and in NW
Angola.
C.A.L.

54.

Clifford, T.N.

1965 Structural units and tectono-metallogenic provinces
within the Congo and Kalahari cratons of southern
Africa. Rep.Res.Inst.afr.Geol.,Leeds,
9, 30-33.

A discussion of the patternof orogenesis resulting fromthe Kibaran Orogenic Episode
of 850 to 1200 m.y. ago in the Kibara-Karagwe Ankolean, Gordonia and Muva-Irumide segments of southern Africa, with a note on the significance of the pattern in the delineation
of the tectono-metallogenic provinces.
C.A.L.

55.

Cooke, H.B.S.

1957 Observations relating to Quaternary environments
in east and southern Africa. Fifth Alex.L.du Toit
memor.Lect.Geol.Soc.S.Afr., Annexure to Vol.60,
1-73.

In his Presidential Address to the South African Archaeological Society in April,
1947, du Toit discussed current views on Quaternary climatic changes in East Africa and
in the Union and suggested the need for critical re-examination of the evidence. This is
now particularly necessary because of the adoption of the east African stage names as a
basis for an African stratigraphic terminology. An endeavour is made in this Lecture to
follow up the criticisms and to provide some basis for a fresh assessment of the interpretation of the Quaternary in this region.
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A historical review of Quaternary studies in East Africa shows the early recognition
by Gregory of such features as former more extensive lakes and of more intense glaciation
on the high mountains. Gregory's "Lake Kamasia" was supposed to cover much of the
region in Miocene times, but later work has shown this to cover both Miocene and Pleistocene deposits. Climatic interpretation of Quaternary deposits was pursued by Wayland
in Uganda from 1919 onwards and was influenced by Brook's theory of correspondence
between glaciation in high latitudes and increased precipitation in the equatorial region.
Wayland's interpretations influenced Leakey, who, from 1926 onward, made climatic tdeductions from the deposits within which he was successful in unravelling the sequence of
stone age cultures and associated faunas. Nilsson made close studies of the mountain
glaciations and of lake basins in East Africa and Abyssinia and also arrived at climatic
interpretations. It is considered that Quaternary studies in the East African region were
influenced by a climatic approach to problems of interpretation and correlation and that
other possible influences have not been adequately considered.
A study of the accumulated data on phases of peneplanation in the Belgian Congo and
East Africa is employed to prepare equatorial profiles across the continent from west to
east. The prominent mid-Tertiary peneplain ("Miocene" or "African") is clearly deformed
from its probable original attitude, and uplift of the East African area since the planation
is estimated at about 3,000 feet. There is evidence that suggest that one third to one half
of this uplift may be late Tertiary or even Pleistocene. Miocene sediments occur on this
surface at many points and are dated at some places through their mammalian fauna. The
East African volcanics rest almost exclusively upon these sediments and the sub-volcanic
surface is thus largely the peneplained landscape. The distortion of this surface is consequently a rough measure of post-Miocene earth movements. Evidence is put forward which
suggests that the rift valleys as now seen are largely final Tertiary or Pleistocene in age
though based on older structures, as Dixey has shown. Minor warping along the Rift trends
probably preceded the fracturing and assisted in providing depositional basins. The fish
fauna of the lakes and adjoining river systems is considered to require direct interconnections at least at the end of the Pliocene.
Wayland's interpretation of river reversal along a line parallel to the Western Rift is
discussed, but it is suggested that Wayland's dating of this event as late Tertiary may be
incorrect and that an early Pleistocene age is more probable. Rift faulting is considered
to provide a possible explanation f or the older terraces on the flanks of the Kafu.Katonga
and Kagera rivers, which were graded with respect to the dropping floor of the Western
Rift before reversal and to the newly-formed lakes Kyoga or Victoria thereafter. Loss of
inflow through this reversal is considered a possible explanation for the apparent drying
of the Kaiso deposits. The terraces of the Kagera are thought to be possibly tectonic
rather than climatic and the interruptions in the water-laid no-foot terrace deposits may
be the consequence of local tilting. Published data for this area are very inadequate and
better documentation of the climatic case is required.
The deposits of the Olduvai area show evidence of the effects of local faulting and
disturbance, which complicate possible climatic inferences. The red-brown Bed III in the
middle of the succession has been interpreted in the past as evidence for a dry phase;
the origins of red sediments are briefly discussed and they are regarded in general as
requiring heavy seasonal rainfall and moderately high temperatures incompatible with the
past interpretation. The evidence for the former existence of a large upper Pleistocene
lake in the Nakuru-Naivasha basin is regarded as sound and to justify the recognition of
the Gamblian Pluvial and two following wet phases deduced by Nilsson, Leakey and
Solomon. The possible correspondence of increased mountain glaciation with the increased
precipitation is a reasonable inference. No well-substantiated climatic indications are
accepted either for the Omo beds of the Lake Rudolf basin or the mixed lacustrine and
terrestrial or fluviatile sediments in theKavirondo Gulf at Kanam, Rawi and Kanjera.
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The correlation of the major sequences indifferent areas has been effected previously
by conjoint use of palaeontological, archaeological and climatic data. An analysis of th<
faunas is attempted and it is suggested that the boundaries between the stages previouslj
proposed are not as clear cut or easy to define as has been supposed. The faunal evi
dence favours at least partial separation of the Laetolil beds from Bed I at Olduvai, an<
some overlap between Laetolil and Omo, Omo and Kanam, and Kanam and Kaiso. Pluvia
and dry phases are not admitted at Omo or at Rawi. The Kaiso beds are thought to b<
older rather than younger than the Omo beds and their "dry" character is ascribed tc
deprivation of inflow rather than to climatic dessication.
It is concluded that parts of the climatic interpretation in the East African region ar«
reasonably well founded and that the Upper Pleistocene sequence is acceptable; thi
evidence for the earlier phases is not unequivocal because of tectonic involvements
though there are indications of a generally higher rainfall than that of the present day
The case for the climatic interpretation in East Africa is regarded as inadequately documented and in need of fuller and more critical presentation.
The influence of tacit acceptance of the reality of the inferred climatic sequence fo
East Africa upon workers in other parts of the continent is noted and it is suggested tha
the interpretations made in other parts may need more critical consideration as well. The
wide occurrence of wind-blown sand of Kalahari type in Quaternary sequences in th«
Belgian Congo, Angola, Bechuanaland, the Rhodesias and South Africa is regarded as
offering prospects for interpretation of drier intervals and for possible wider correlations,
The primary Kalahari sand is considered to be probably "Pliocene in age and is so well
covered by vegetation today that sand movement is negligible except in limited areas.
The sandy area is thought to be very susceptible to devegetation and thus to provide a
source of sand under more arid conditions. Attention is also drawn to the comparative
neglect of other possible lines of attack on climatic interpretation, such as pedology,
palynology and chemical alteration. A tribute is paid to du Toit for predicting thepossible
importance of studying the dry rather than the wet phases.
S.H. Haughton.
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Cox, K.G.,
1965 The geology of the Nuanetsi igneous province
Johnson, R.L., Monkman, L.J., Phil.Trans.roy.Soc.Lond.Ser.A. 257(1963)(1078)
Stillman, C.J., Vail, J.R.
71-218.
and Wood, D.N.
The Nuanetsi Igneous Province is situated in the south-eastern corner of Southerr
Rhodesia and marks the intersection of the Limpopo lineament with the Volcanic monocline of the Lebombo. The latter is part of a zone of intense Karroo and post-Karroc
volcanicity which lies along the boundary between the uplifted central portion of southern
Africa and the depressed Mozambique geosynclinal area to the east. With interruptions,
due to the overlap of Cretaceous sediments, the volcanic zone can be traced from Natal to
the Zambezi.
In the Nuanetsi area a number of late-Karroo ring complexes are found, cutting a
thick (ca. 25000 ft.) succession of Karroo lavas consisting predominantly of basalts and
rhyolites.
A brief description is given of the gneissose Basement complex rocks lying unconformably beneath the Karroo. By plotting Basement trends from aerial photographs it has
proved possible to link areas which had previously been mapped by Sohnge (1945) in the
Messina area, immediately to the south-west of the province, and by Swift et al. (1953) at
the northern end of the province. A general picture has thus emerged of the extent and
trend of the Limpopo orogenic belt, a basement orogeny provisionally dated at 2000 m.y.
(Holmes & Cahen 1955).
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The belt can be divided into three longitudinal zones which have an immense significance in the interpretation of subsequent geological events. The central zone is characterized by the great diversity of the trends shown by individual beds. Folds tend to run
oblique to, or even normal to, the overall east-north-east trend of the belt. Flanking the
central zone on each side is a zone in which strikes are uniformly parallel to the elongation- of the belt. The central zone is about 30 miles wide and the transition to the
marginal zones is comparatively sharp, taking place in a matter of 2 to 3 miles. The
whole belt is well over 100 miles wide.
During the Karroo period the marginal zones were the sites of sedimentary troughs
and, later, of intense volcanicity and faulting. The central zone, in contrast, remained as
a comparatively stable, positive, unit, termed the Messina Block, and was covered only
by a thin veneer of sediments and lavas. The centre line of this zone was marked, during
the culmination of the volcanism, by the intrusion of 7 ring complexes lying on a straight
east-north-east line.
Details of Karroo sedimentation are then given and particular attention is paid to the
variations in thickness reflecting the underlying basement structure. Following this, the
distribution and general nature of the volcanics and their associated dyke rocks are
discussed. Small amounts of nephelinite and allied rocks were erupted at a very early
stage and were succeeded by great thicknesses of limburgitic lavas, passing upwards into
normal tholeiites. The lower part of the basaltic succession contains numerous intrusions
of picritic rocks, many with strong alkaline affinities. The later lavas were of rhyodacitic
and rhyolitic composition and were to a large extent erupted as ignimbrites.
A brief account is given of the late-Karroo intrusive rocks, viz. the rocks of the ring
complexes and the regionally developed Main Granophyre. The latter is an immense sill
with an inferred extent of at least 100 miles along the strike. In the south-western part of
the province the sill is preserved in the Nuanetsi syncline, a deep and extensive volcanotectonic fold. The discordance of the sill suggests that, though it has itself a synclinal
structure, the folding affecting it is less intense than that affecting its country rocks.
Hence it is concluded that the intrusion took place towards the close of deformation of
the syncline.
All the ring complexes contain granitic or granophyric rocks and many in addition
contain earlier intrusions of gabbro. Nordmarkites are occasionally present, falling
between the gabbros and granites in time. One complex, Marangudzi, includes a postgranite intrusion of nepheline syenite.
The section on tectonics deals first with the descriptive aspects of the structural
geology and covers the main tectonic units of the province and surrounding areas. The
principal fold structures affecting the Karroo rocks are the Lebombo monocline and its
extension northwards in the Mateke-Sabi monocline. The Tuli syncline and Nuanetsi
syncline jointly form an approximately east-west structure lying on the north side of the
Messina Block and meeting the Lebombo at the southern end of the province. South of the
Messina Block lies the Northern Transvaal fault-zone which again contains considerable
thicknesses of Karroo rocks.
Structural features are summarized on the basis of trend and age-relations and a
structural interpretation based on this is suggested. It is concluded that the northern
Transvaal fault-zone and the Tuli syncline owe their location to the zonal structure of
the Limpopo orogenic belt in the underlying basement. The Nuanetsi syncline, on the
other hand, runs somewhat obliquely across the basement structure and overlaps Limpopotrend (east-north-east) structural features, such as faults and the line of ring complexes,
in both time and space. Hence the fold cannot be envisaged as localized by basement
structure in the same way as the Tuli syncline. The uplifted shield area of southern
Africa has, however, a deep indentation in its edge, represented by the change of direction
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of the Lebombo monocline as it swings into the Mateke-Sabi monocline. The Nuanetsi
syncline lies in the shield area and meets the shield-margin at the point of the re-entrant,
almost bisecting the angle. The syncline, moreover, is filled with volcanic rocks which
were largely erupted from fissures parallel to the synclinal axis. Hence the fold can be
envisaged as a tensional feature, localized as the result of the concentration of stress at
the point of the re-entrant in the margin of the shield. Such stress appears to have been
caused by essentially lateral tectonic movements affecting the shield. A very close
analogy may be found in the Kangerdlugssuaq area of East Greenland (Wager 1947).
A general tectonic synthesis, involving an assessment of vertical and lateral tectonics, cannot be attempted until more information is available on antithetic fault-zones
such as that of the Northern Transvaal. Such zones are of wide occurrence in Africa and
consist essentially of groups of parallel, apparently normal, faults all of which throw and
hade in one direction and tend to offset the dip of the beds. Interpretation in terms of pure
vertical tectonics fails to account for the antithetic nature of the faulting; interpretation
in terms of pure lateral tectonics, however, does not explain the uniformity of hade. It is
considered that a possible interpretation may be made by postulating a crust held relatively rigidly in position in its upper levels, overlying a mobile substratum which can flow
laterally. Oblique shear planes transecting the whole crust could be formed by such a
mechanism, rather in the way in which an incompetent formation is sheared in a folded
sedimentary sequence.
The petrography and geochemistry of the Karroo igneous rocks of the province and
surrounding areas are then discussed. The basalts can be shown to form a continuous
series from limburgites, carrying normative olivine, to oversaturated quartz-bearing types.
This is termed the Tholeiitic Series, the limburgites and olivine-basalts being designated
high-magnesia tholeiites, and the oversaturated types, low-magnesia tlioleiites. The latter
correspond with the original tholeiites of Kennedy (1933).
A continuous series can also be established for the acid rocks and includes both
extrusives and intrusives, the two types being chemically indistinguishable. It is considered that the rhyolites of the Lebombo and Nuanetsi areas represent primary acid magma
and^are not the differentiation products of Karroo basaltic magma. The Tholeiitic Series,
too, is difficult to interpret in terms of conventional crystallization differentiation, mainly
because the observed chemical variation cannot be explained by reference to the observed
phenocrysts. It is therefore considered possible that the major variations in the LebomboNuanetsi zone are due to a thermal disturbance causing the production of a large range of
primary magmas by refusion or partial refusion of the substructure at differing levels.
This leads to the concept of the Karroo volcanic cycle, an essentially thermal event
consisting of a waxing phase during which geo-isotherms rise, a culmination when the
geothermal gradient has reached its steepest inclination, and a waning phase during which
thermal normality is regained. Deep-seated rocks of alkaline affinities are erupted at the
beginning and the end of the cycle. Rhyolites correspond with the culmination. It may be
said that the waxing phase represents the ideal environment for rock-variation by melting
processes, whereas the waning phase is the environment of crystallization differentiation.
Tftie waning phase of the Karroo volcanic cycle is represented by the basalt-trachytephonolite association found overlying the Karroo rhyolites in the Lebombo and in the
Lupata area on the Zambezi. The cycle therefore includes rocks of Cretaceous age and
hence transects the normal stratigraphic time-divisions.
Finally, some problems of carbonatite genesis are discussed in terms of the Karroo
volcanic cycle.
Authors.
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Crockett, R.N.

1965 The geology of the country around Mahalapye and
Machaneng (An explanation of quarter degree sheets
2327A, 2327B and part of 2326B). Rec.geol.Surv.
Bech. 1961-1962, 77-99.

The geology of an areaof about 2,000 square miles in eastern Bechuanaland, extending
westwards from the Transvaal border to west of Mahalapye, is described.
The greater part of this area is underlain by rocks of the Basement Complex which
include metaquartzite, quartz-biotite schist; ironstone and altered carbonate rocks correlated with the Messina Formation. At a number of localities intrusive mafic rocks are
present. Migmatites and various granitic gneisses predominate amongst the rocks of the
Basement Complex and they have been divided into two major groups termed the Ellington
and Mahalapye Formations respectively. These twogroups represent a continuous sequence
of progressive granitisation and mobilisation which can be traced westwards from the
Limpopo River to the Mahalapye area. The autochthonous Ellington Formation of the
eastern zone preserves traces of the pre-granite mobilisation geologic terrain and is thus
contrasted with the allochthonous Mahalapye Formation developed in the west in which
such traces have mostly been obliterated by advanced granitisation and mobilisation.
Precambrian sedimentary formations are present and the Shushong Series of probable
Transvaal System age underlies a relatively large area in the southwest, but as no detailed
mapping was undertaken of this part only a summary description is given. A small area in
the northeast is occupied by sedimentary rocks of the Waterberg System.
The Karroo System underlies much of the southern part of the area and both the Ecca
and Stormberg Series are represented.
Post-Basement Complex intrusive rocks include microgranite of uncertain age as well
as post-Waterberg System diabase and Karroo dolerite.
In the Basement Complex tract strike and fault trends are E-W in the east swinging to
NW-SE in the west. In the southern part of the area large-scale post-Karroo faulting is
developed. The two most important faults are the Zoetfontein fault, which extends into
Bechuanaland from the Transvaal, and the Mhalapshwe fault, both of which have trends
closely paralleling the structural trends displayed in the Basement Complex to the north.
Author.

Crockett, R.N. and
Jennings, C.M.H.

1965 Geology of part of the Okwa Valley, western Bechuanaland.Rec.geoi.Surv.Bec!i. 1961-1962, 101-113.

The geology of about 20 miles of the dry Okwa river valley in western Bechuanaland
in the vicinity of 22°E is described. Pre-Kalahari Beds rocks crop out in this area and
are assigned to the Basement Complex and to two distinct stratified formations termed the
Older Sedimentary and Volcanic Formation and the Younger Sedimentary Formation respectively.
Granitic gneisses and minor amphibolite are included in the Basement Complex. The
Older Sedimentary and Volcanic Formation comprises silicic lavas overlain by conglomerate,
tuff, tuffaceous quartzite and an overlying sedimentary stage of quartzites and siltstones.
A volcanic pipe, giving evidence of continued vulcanism, penetrates the overlying quartzite stage. The Younger Sedimentary Formation of quartzite and limestone unconformably
overlies both rocks of the Basement Complex and the Older Sedimentary and Volcanic
Formation.
The correlation of both these formations has not been finally settled.
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The Kalahari Beds exposed in this section of the valley are described as well as
certain important structural features.
Authors.

Cullen, D.J.

i956 Pretoria Series formations nearKanye in the Bechuanaland Protectorate. Geol.Mag. 93(6) , 456-464.

At two localities near Kanye, in the south-eastern Bechuanaland Protectorate, formations previously assigned to the Waterberg System are now correlated with the Pretoria
Series of the Transvaal System. In addition to modifying the palaeo-geography of the
Transvaal period, this correlation may also help to clarify the stratigraphical position of
the Matsap Series of the Cape Province.
Author.

Cullen, D.J.

1958 Geology of the Dikgomo di Kae area. Rec.geol.
Surv.Bech.Prot. 1956, 5-11.

This areais includedin aregion boundedby latitudes 24° 30' and 25°S and longitudes
24° 30' and 25°E. Two fifths of the region are covered by superficial deposits.
The rock formations present have been divided into:
Kalahari deposits
Waterberg sandstone, grits and conglomerates

Pretoria Series

Magaliesberg shales
Daspoort shales, lava and
quartzite
Timeball Hill shales, quartzites

Transvaal System

Dominion Reef System

Dolomite
Series
Black Reef
Series
Lobatsi Volcanic Series

Intrusions are represented by the Gaberones granite, which may have a considerable
extension westwards beneath the sand cover.
Theareahas been affected by (i) pre-Waterberg folding and faulting, (ii) post-Waterberg
faulting, and (iii) Tertiary warping.
S.H. Haughton.
Cullen, D.J.

1960 A note on the distribution of Waterberg and Loskop
formations in the southern Bechuanaland Protectorate. Trans.geol.Soc.S.Afr. 63, 161-167.

Recent mapping near Molepolole in the south-eastern Bechuanaland Protectorate has
revealed a sedimentary succession which can be correlated with Loskop rocks. The fact
that these sediments overlie strata previously included in the Waterberg System necessitates a review of the distribution of Waterberg and Loskop beds in southern Bechuanaland.
Author.
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61.

Cullen, D.J.

1961 The Shushong Series and associated intrusives.
Rec.geol.Surv.Bech.Prot. 1957/58, 1-9.

Formerly known as the Legatadimane Series, the sediments of the Shushong Series
consist of a thick sequenceof arkoses, quartzitic sandstones, flaggy shales andsiltstones,
and dolomitic limestone lying unconformably on granites and migmatites of the Basement
Complex. They are overlain unconformably by rocks of the Karroo System. They are
considered to be of Precambrian age and are correlated with the Transvaal System of South
Africa.
Dolerites and syenodiorites of pre-Karroo age, with subsidiary syenites and peridotites, occur within the sediments as sills.
S.H. Haughton.
62=
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F»..¥.

1961 Discussion of "The basic intrusives of the
Shushong-Makhware area, Bechuanaland Protectorate" by P.L.C. Grubb. Trans.geol.Soc.S.Afr.
64, 245.

63.

Cullen, D.J.

1962 Discussion of "Notes on the geology and hydrogeology of the central Kalahari region, Bechuanaland
Protectorate" by C. Boocock and O.J. van Straten.
Trans.geol.Soc.S.Afr. 65(1), 174-5.

64.

Cullen, D.J.

1963 Tectonic implications of banded ironstone formations. J. sediment.Petrol. 33(2), 387-392.

The mid-Proterozoic Griquatown banded ironstones of South Africa are regarded as
corresponding to a syn-orogenic "flysch" phase of deposition, their accumulation being
restricted, however, to parts of a sedimentary basin far removed from the site of uplift.
Their banding is related to recurrent isostatic readjustments and their development is
thought to reflect a local semi-rigid condition of the Precambrian crust.
Author.
65.

De Kun, N

1963 The mineralogenetic provinces of Africa. Econ.
Geol. 58(5), 774-90.

The African continent is characterised by extensive mineralized, Pre-cambrian orogenies, divided by younger basins and tectonic zones. The resulting pattern is more
distinctive than the structure of other shield areas. It is more complex, however, than the
pattern of the younger Andean and Alpine orogenies, at least five groups of cycles having
been superimposed between 3,300 and 450 million years. Sedimentation, orogenic evolution
and six alignments control ten metallogenic belts of Africa. "High Africa" extending from
Cape Province beyond the northern Congo includes the continent's principal iron, manganese, copper, cobalt, zinc, gold, tin, diamond and coal provinces. The belts of Eastern
Africa, extending from Madagascar to southern Ethiopia, include the principal graphite
zones and beryl, gold, diamond and coal provinces. The narrow Atlantic Rim also strikes
north between the Orange River and the Cameroons comprising mainly iron, bauxite, lead,
diamond and oil provinces. The young, mDderately mineralized Nigerian arc divides
Africa into two parts.
Author.

65a.

De Kun, N.

1965 The mineral resources of Africa. Amsterdam. 740p.

The mineral wealth of Africa is reviewed in detail. The first section of the book is
concerned with industrial development and mineral economy, and the second with economic
geoloev.
(C)
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66.

Dessauer, A. von

1893 The Tati Goldfields. Appendix X of Diamonds and
Gold in S.Africa, by T. Reunert. Cape Town.

A very brief account of prospecting for gold in the Tati area since its discovery by
K. Mauch in 1865, up to 1892, records that the geological formation of the whole district
is very monotonous, consisting only of varieties of granite with very minor occurrences of
sedimentary rock. An extract from 'Theal's History of South Africa* is appended, which
enlarges on the historical aspects and confirms that experienced miners came to the Tati
from Australia.
C.A.L.

67.

Diamond, I.J.A. and
Grindley Ferris, V.

1929 Kanye Asbestos Co. Ltd. S.Afr.Min.Engng Yearb.
p.420.

A company report describes the location and dimensions of the area leased from the
Balkis Company, owners of the concession, for prospecting. Extracts from the reports of
the two engineers engaged in the work are given, which are highly encouraging especially
^^——^with regard to the high quality of the fibre.
C.A.L.

1943 Erosion cycles in central and southern Africa.
Trans.geol.Soc.S.Afr. 45(1942), 151-181.
Some features in the geomorphology of central Africa are reviewed, and evidence is
given to show that the main watersheds and river systems were determined, not by the
Miocene uplift, but by much earlier events, most of which date back to the movements of
early post-Karroo times (early to middle Jurassic).
In an earlier paper it was suggested that the late Jurassic peneplain of central Africa
was represented in the upper erosion surfaces of the Basuto Highlands and the Cape
Ranges, and in South West Africa, and that the early Cretaceous and end-tertiary surfaces
were also represented in southern Africa. In this paper is traced a new peneplain, intermediate between the late Jurassic and Miocene surfaces, and comparable with the Vipya
peneplain of Nyasaland and Northern Rhodesia, which is possibly of late Cretaceous or
early Tertiary age. This new surface, which is present in the highlands extending around
the margins of the Miocene peneplain, cuts across a wide range of pre-Karroo formations
and all stages of the Karroo.
It is suggested that the end-Tertiary and post-Tertiary surfaces are extensively developed in southern Africa, both inland along the main valleys and in the coastal belt, and
the relation of these surfaces to the Miocene peneplain is discussed.
A review of the erosion surfaces suggests that over very large areas no appreciable
warping accompanied the uplifts that terminated the early Tertiary and Miocene peneplains, but that the end-Tertiary uplift was followed by widespread gentle warping which
was, perhaps, contemporaneous with the main period of Rift Valley movements farther
north.
Author.

69.

Dixey, F.

1951 Progress report of the Colonial Geological Surveys
(Bechuanaland, 257-8). Colon.Geol.min.Resour.
1(1950) (3), 246-61.

A review of the activities of the British colonial geological surveys for the greater
part of the year 1950, also indicates the plans for 1951; summary reports from the various
surveys are appended.
C.A.L.
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70.

Dixey, F.

1952 Progress report of the Colonial Geological Surveys
(Bechuanaland, 230-1). Colon.Geol.min.Resour.
2(1951) (3), 218-43.

Reviews activities of the various British colonial geological surveys for the last half
of 1950 and the first half of 1951.
(B)

71.

Dixey, F.

1953 Progress report of the Colonial Geological Surveys
(Bechuanaland, 154-5). Colon.Geol.min.Resour.
3(1952) (2), 133-70.

A review of the activities of the British colonial geological surveys during the last
half of 1951 and the first half of 1952; summary reports from the various surveys are
appended.
r&y

72.

Dixey, F.

1954 Progress report of the Colonial Geological Surveys,
1952-53 (Bechuanaland, 65-7). Colon.Geol.min.
Resour. 4(1953-4) (1), 44-86.

A review of the activities of the British colonial geological surveys for the last half
of 1952 and the first half of 1953; summary reports from the various surveys are appended.
(B)

73.

Dixey, F.

1955 Progress report of the ColonialGeological Surveys,
1953-54 (Bechuanaland, 76-8). Colon.Geol.min.
Resour. 5(1), 51-98.

A review of the activities of the British colonial geological surveys during the last
half of 1953 and the first half of 1954; summary reports from the various surveys are
appended.
(B)

74.

Dixey, F.

1955 Some aspects of the geomorphology of central and
southern Africa. Fourth Alex.L.du Toit memor.
Lect.Geol.Soc.S.Afr., Annexure to Vol. 58, 1-58.

Although Africa can be regarded as a great shield, which for the greater part assumed
its present limits in the early to middle Jurassic, it is nonetheless readily divisible into
a number of basins separated by swells, minor shields, or plateaux; furthermore, the downtilted margins mark the rims of other basins now submerged beneath the sea. These basins
and swells have been characterized by repeated movements along similar lines since
ancient, often pre-Cambrian, times
In addition to the heaving of swells as described,
Africa has from time to time been subject also to widespread uplift, usually regarded as
of continental extent, which has taken the form mainly of general uplift of the interior
accompanied by ridging and down-tilting around the margins; each uplift has terminated a
period of erosion during which a large part of the continent was evenly graded with respect
to sea level, the grading or planation having been accomplished by processes of pediplanation in rocks possessing more or less pronounced structure, and by the lowering of
divides til areas of weak rocks. Such major surfaces of erosion are now generally conceded
to have been terminated by uplifts in the late Cretaceous, the Miocene or mid-Tertiary,
and the end-Tertiary.
(B)
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75.

Dixey, F.

1956 Progress reportof the Colonial Geological Surveys,
1954-55 (Bechuanaland, 63-4). Colon.Geol.min.
Resour. 6(1), 40-84.

A documentary report on the development and progress of geological work in British
colonial areas for the period July 1954 — June 1955, and plans for the year 1955 — 56.
Information on personnel, staffing, training, exploration, mapping, publications and other
aspects is presented. Summary reports for twenty areas are included.
(B)

76.

Dixey, F.

1957 Colonial Geological Surveys 1947-56 (Bechuanaland, 59-62). Colon.Geol.min.Resour.Bull.Suppl.2.

The progress of geological survey work in the British Colonial and Dependant Territories is reviewed for the ten-year period beginning with the formation of the Directorate
of Colonial Geological Surveys in London in January 1947 and ending in December 1956.
During that time the total number of senior officers engaged overseas has been increased
from 50 to 212 and there has been a corresponding increase in the junior staff. This great
increase in staff, largely financed from Colonial Development and Welfare funds, coupled
with the provision of aerial photographs of much of the area of the territories concerned,
has been responsible for the very large increase in basic geological mapping that has
been carried out.
_
The report begins with an outline of the progress made in geological mapping, mineral
investigations, engineering geology and water supply development in the various territories concerned — more than a score in all — and gives an account of the specialised
work of the Directorate and Mineral Resources Division at their headquarters in London.
An account is also given of the many courses of instruction rendered by British Universities and other institutions.
The progress of geological survey work in each of the territories during the period
under review is then described in more detail after brief introductory summaries of the
results previously achieved. A list of publications issued, or in course of preparation,
during this period is given for each territory. Many original illustrations including maps
and photographs accompany the report, and there is an index to the chief mineral occurrences mentioned in the text.
Author.

77.

Dixey, F.

1957 Water supply problems in arid regions in the British
colonies and southern Africa. Colon.Geol.min.
Resour. 6(1956) (3), 307-25.

Problems connected with the occurrence and location of water supplies in the drier
parts of the British Colonial territories and Commonwealth countries, particularly in
Africa, are discussed. Detailed answers, with examples drawn from each of the territories,
are given to five questions embracing: predictability of rainfall; drought cycles; occurrence of usable ground water; practicability of finding, and estimating natural recharge of
underground water supplies; and determination of yield and sources of supply within a
given watershed.
Author.

78.

Dixey, F.

1959 Progress reportof the Overseas Geological Surveys,
1956-57 (Bechuanaland, 296-8), Overseas Geol.
min.Resour. 7(1958-9) (3), 271-321.

An outline is given of the major problems, achievements, and work of the Overseas
Geological Surveys during the twelve months ended 31st August, 1957. The new relations
between the recently independent overseas territories and the Overseas Geological Surveys are described. A brief account is given of headquarters and territorial activities, the
staffing position, and progress in organisation. Developments in mineral production, and
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in the application of modern specialist prospecting and research techniques are mentioned
as well as new discoveries of mineral deposits. Appended reports from the various Geological Surveys overseas give amplified descriptions of departmental progress in geological
mapping, engineering geology, mineral and water-supply investigations and development,
archaeology and the study of earthquakes and volcanoes. An index to the chief mineral
occurrences mentioned in the text is also given, and publications issued or prepared
during the year are listed.
Author.

79

Dixey, F.

1959 Annual report of the Overseas Geological Surveys
1957-58. London. 48p. (Bechuanaland, 23-25).

The major problems, achievements, and the work of the Overseas Geological Surveys
during the twelve months ended 31st August, 1958, are outlined. A brief account is given
of headquarters and territorial activities, the staffing position, advances in organisation
and scope of the surveys, and progress in providing requisite accommodation. Developments in mineral production and in the application of modern specialist prospecting and
research techniques are mentioned, as well as new discoveries of mineral deposits.
Appended reports from the various Geological Surveys overseas detail the departmental
progress in geological mapping, engineering geology, mineral and water supply investigations and development and the study of earthquakes, volcanoes and tidal waves. Reference is made to contributions to the International Geophysical Year researches and,
among others to researches into terrestrial magnetism, carbonatites and geochemistry. An
index to the chief mineral occurrences mentioned in the text is also given, and publications issued or prepared during the year are listed.
Author.

80.

Du Toit, A.L.

1908 Geological survey of portions of Mafeking and
Vryburg. Annu.Rep.geol.Comm.C.G.H., 12(1907),
125-157.

Describes the geological and physical features of an area in the Cape Colony between
Pitsani, Genesa and the Molopo, extending westwards to a little beyond Morokwen. An
inverted succession of magnetic quartzites and cherts with some light coloured schistose
rocks of the Kraaipan formation form a gorge in the bed of the Molopo at Kwedi. Below
the gorge a section across the Molopo shows surface quartzites and siliceous conglomeratic rocks overlying red marls, but below Mabul these surface quartzites disappear beneath
the red sands of the Kalahari. It is thought that Transvaal System rocks at Morokwen
probably continue beneath the superficial deposits into the Bechuanaland Protectorate
though no outcrops are to be seen in the Molopo.
C.A.L.

81.

Du Toit, A.L.

1916 Notes on the Karroo System in the southernKalahari.
Trans.geol.Soc.S.Afr. 19, 1-13.

An account of the Karroo rocks of the southern Kalahari region of South Africa and
South West Africa with an attempted correlation with the Karroo area to the south. Descriptions are given of outcrops, evidence from boreholes and river channel sections. Also
described are some of the older rocks on which the Karroo strata are lying. Included are
accounts of the exposures in the Molopo river below Kolingkwane, which provide a link
with the Kalahari area of the Bechuanaland Protectorate, and show that there is a facies
change in the Ecca Series from the dark blue shales in the south to a more sandy phase
in the north consisting of alternations of sandstone and green, red and purple shales. The
boundary of this change approximately follows the Kuruman river. The views expressed
are tentative owing to a lack of palaeontological data.
C.A.L.
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82.

Du Toit, A.L.

1926 Report of the Kalahari reconnaissance of 1925. Dep.
hrig.Un.S.Afr. 69p.

Essentially an investigation of the Zambezi-Linyati (Chobe)-Okavango drainage
systems in northern Bechuanaland and neighbouring areas with particular attention paid
to measurements of (1) levels; (2) river discharges; (3) meteorological features; (4)
solid and geological features; and (5) surveys; as a preliminary stage in the study of
possible irrigation schemes. An aerial photographic survey of the area was made to assist
the study.
Only very brief references are made to geological features tot there is a section on the
geological origin of the Okavango-Mababe-Zambezi depression.
Analyses of soils from the Kalahari are given in an Appendix.

83.

Du Toit, A.L

C.A.L.

1927 The Kalahari and some of its problems. S.AfrJ.Sci.
24, 88-101.

Describes the geography of the Kalahari region at a period just before Early Man pro;
ceeded to inhabit the continent of Africa. Relates some of its features to, and derives
some of the evidence from, the underlying geological features, as for example seen in sections exposed in the fossil drainage channels, and particularly in the marginal areas of
the Kalahari.
Considers that crustal disturbances connected with the development of the Great Rift
Valley extended into the northern Bechuanaland region of the Kalahari and profoundly
influenced the Makarikari and Okavango regions.
Criticises Prof. Schwarz's scheme for irrigating the Kalahari and his views on
bringing about an increase in the rainfall over southern Africa. However, it is a region
whose resources must be developed.
C.A.L.

83a.

Du Toit, A.L.

1929 The geology along the railway line between Mafeking and Bulawayo. In "Southern Rhodesia", guide
book to excursion C.20 of the XV Int.geol.Congr.

Describes the main geological features that may be seen from and close to the railway line, including evidence obtained from wells in areas where exposures are lacking.
Mileages are given to locate the features. Rocks and related superficial deposits from
Basement Complex age to Recent are to be seen including igneous, metamorphic and
sedimentary types, and between mile 987 and 1066 the line crosses the eastern fringe of
the Kalahari sands.
C.A.L.

84.

Du Toit, A.L.

1931 Discussion of "Geological notes on a circuit of
the Great Makarikari Salt Pan, Bechuanaland
Protectorate" by A.M. Macgregor. Proc.geol.Soc.
S.Afr. 33(1930), lxi-lxii.
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Du Toit, A.L.

1932 Some fossil plants from the Karroo System of South
Africa. Ann.S.Atr.Mus. 28(4), 369-93.

Includes a description of the occurrence of the Lower Karroo plants Gangamopteris
cyclopteroides and G. attenuata. from Middle Ecca "Coal Measures" at Artesia Siding in
the Bechuanaland Protectorate.
C.A.L.

Du Toit, A.L.

1933 Crustal movement as a factor in the geographical
evolution of South Africa. S.Afr.geogr.J. 16, 3-20.

The paper is divided into six sections; (1) Introduction; (2) Rising of the Coastal
Zone; (3) Denudation of the Hinterland; (4) Warping of the Interior Region; (5) Interpretation of the Warping; (6) The Movements in Relation to Man. In the fourth section reference is made to the main watershed of Southern Rhodesia which is described as continuing southwards into the Bechuanaland Protectorate just wost of Serowe, striking southsouth-west to Molepolole and thence to Kooi. The southeastern slope of this arch has
suffered considerably by erosion of the tributaries of the Limpopo and has a gradient of
not more than 30 feet per mile. In contrast the northwestern surface is very even with a
thick mantle of Kalahari sand and a gradient of only seven to nine feet per mile. The
upwarping which must have severed the connection between the Okavango and Limpopo
rivers took place at about the close of the Pliocene epoch. The Okavango was probably
the main tributary of the Limpopo.
A huge lake — so-called "Greater Ngami" — was formed across the parallel-flowing
Okavango, Linyati (Chobe) and Zambezi rivers in the Okavango-Linyati-Ngami depression,
when subsidence of a strip of land 350 miles from northeast to southwest and up to 100
miles wide took place. This depression acted as a trap for the fine sand brought down by
these rivers eventually filling it up to a level only 100 to 200 feet below the adjoining
Kalahari plain. Now only a small fraction of the water from Angola passing down the
Okavango reaches the Mababe, Botletle and Lake Ngami areas.
In section five the connection between the axes of uplift and depression is shown by
their parallelism and it is therefore assumed that they were due to the same tectonic
forces and are probably related to the "Central African Rift System".
A map shows the main structural features of southern Africa.

C.A.L.

Du Toit, A.L.

1947 Discussion of "Die Korrelasie van sekere voorTransvaal-gesteentes in die distrik Schweizer
Reneke" by O.R. van Eeden. Trans.geol.Soc.S.Afr.
49(1946), 289.

Du Toit, A.L.

1954 Geology of South Africa. 3rd Ed. Oliver and Boyd,
Edinburgh. 611p.

The geology of South Africa is described by the geological Systems, with additional
chapters on prehistoric man, soils, economic geology and geological history. The work
includes many references to geological and physiographical features in the Bechuanaland
Protectorate.
C.A.L.

30

Eales, H.V.

1959 The Khale dolerite sheet. Trans.geol.Soc.S.Afr.
62, 81-110.

The dolerite forming the Khale sheet, Bechuanaland, is in many respects similar to
the Downes Mountain type of Karroo dolerite, and contains numerous lenses of coarsegrained dolerite pegmatite. The plagioclase feldspar is described with special reference
to the variations in grain size, the features of zoned crystals and the possible causes of
a distinctive brown clouding seen in thin, section. Both pigeonite and augite occur in
medium-grained rock and the dolerite pegmatite, and as phenocrysts in the fine-grained
marginal dolerite. The zoning of pyroxene is described. Micrometric data indicated that
the mineral composition of the various specimens is largely governed by the state of
oxidation of the iron, and show that the marginal rock is enriched in the darker and heavier
minerals. Three new chemical analyses show that the dolerite pegmatite is enriched in
iron and alkalies relative to the parent dolerite, and the relation of ferric iron to ferrous
iron in this instance is unusual in Karroo dolerites.
Author.

Evans, M.E. and
McElhinney, M.W.

1966 The paleomagnetism of the Modipe gabbro. J.
geophys.Res. (In press).

Samples have been collected from eleven sites in the Modipe gabbro which outcrops
on the border of Bechuanaland and South Africa. After partial demagnetization in alternating magnetic fields, ten of these sites give almost vertical directions of magnetization
which form a close group corresponding to a paleomagnetic pole at Lat. 33° S, Long.
31° E. The gabbro is intruded by the Gaberones granite and samples from two sites in the
granite show almost horizontal magnetization. On initial measurement gabbro samples
collected near the contact yield directions close to those of the granite, suggesting that
the gabbro was reheated at the time of emplacement of the granite (2350 m.y. ago). After
magnetic cleaning some of these samples give directions which agree with those at the
other gabbro sites. Together with detailed alternating field and thermal demagnetization
studies, this provides strong evidence that the magnetically cleaned directions are those
of the TRM acquired when the gabbro originally cooled. The gabbro has an age of approximately 2600 m.y. and is to date the oldest rock unit which has been studied paleomagnetically; the results imply the existence of a geomagnetic field in this early stage of the
earth's history. Alternating field demagnetization experiments indicate that some of the
magnetic grains have very high coercivities. Thermal demagnetization and IRM studies
exclude the presence of hematite and show that the magnetic mineral present is magnetite.
Microscopic observations and theoretical considerations suggest that the high coercivities
observed are due to the shape anisotropy of small elongated single-domain grains of
magnetite.
Authors.

Fufon, R., translated by
Hallam, A. and
Stevens, L.A.

!963 Geology of Africa. English Ed. Oliver and Boyd,
Edinburgh. 377p. +xii.

Knowledge of the geology of Africa up to 1959 is summarized. The first part of the
book describes the stratigraphic succession of the continent and the broad outlines of the
palaeogeography; the second part deals with the geology by regions, dividing the continent, excluding North Africa, which is not considered, into twenty-five parts, each of
which is described within a single chapter.
(C)
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Gane, P.G. and
Oliver, H.O.

1953 South African earthquakes-1949 to December, 1952.
Trans.geol.Soc.S.Afr. 56, 21-33.

Details are given of the installation and operation, on behalf of the Geological Survey,
of four modern short-period seismographs at Pretoria, Grahamstown, Pietermaritzburg and
Kimberley. The methods of locating near earthquakes, and the use of cards for collecting
observer reports, are described. Previous earthquakes are reviewed and the distribution
of some 70 new earthquakes in Southern Africa is given with an estimate of their magnitude. The use of sensitive seismographs has increased the number of local earthquakes
observed from about 5 to 50 per annum and some new centres of seismicity have been
revealed^- •
Author.

Gerrard, I.

1962 Discussion of "Notes on the geology and hydrogeology of the central Kalahari region, Bechuanaland Protectorate" by C. Boocock and O.J. van
Straten. Trans.geol.Soc.S.Afr. 65(1), 173-4.

Gerrard, I.

1963 The geology of the Foley area (An explanation of
quarter degree sheet 2127C). Rec.geol.Surv.Bech.
Prot. 1959/60, 35-48.

The Basement Complex is divided into an arenaceous formation and a volcanic formation with lower and upper gneissic formations, and is intruded by basic to ultrabasic
rocks. The gneisses have undergone potash metasomatism. The various varieties are
summarily described. The volcanic formation includes some bands of marble, quartzite
and haematite schist.
Much of the area is covered by sediments of the Karroo system. The Ecca Series is
divisible with three stages, of which the Middle Ecca is the most widely exposed. Cave
Sandstone occupies most of the western area, but is usually covered by reddish sand.
Some shales of the Red Beds may be present.
Serpentinite, meta-basic, and granitic intrusions cut the Basement rocks, and there
are many dykes of late Karroo dolerite which mostly trend WNW.
The Basement rocks are folded into a series of plunging anticlines and synclines,
overfolded to a varying degree along general NE axis. The Karroo sediments are essentially flat-lying.
Gold and copper, coal and diamonds have been reported from the area.
S.H. Haughton.

Gerrard, I.

1965 Geology of the West Tuli area (An explanation of
quarter degree sheet 2128D). Rec.geol.Surv.Bech.
1961-1962, 5-23.

The geology of the area which is underlain by members of the Basement Complex and
the Karroo System is described. The Basement Complex has been subdivided into the two
groups of para-rocks and ortho-rocks. Magnetite-quartzite and various para-gneisses
constitute the former group. The ortho-rocks consist of mafic to ultramafic intrusions, and
various granitic rocks most of which show intrusive relationships. The origin of the
majority of the granitic rocks is uncertain. The Basement Complex in the West Tuli area
shows closer lithological and structural affinities to the Basement Complex of the Messina
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area of the Transvaal to the southeast than it does to the Lower Gwanda Belt in Rhodesia
which is situated only about 25 miles to the north. Many of the rocks in the West Tuli
area are probably the infrastructural representatives of rocks present in the Lower Gwanda
Belt where the degree of metamorphism and metasomatism is less. The Karroo System
present in the southern part of the area is represented by the Stormberg Series consisting
of the Cave Sandstone Stage and overlying basaltic lavas of the Drakensberg Lava Stage.
These sedimentary rocks and lavas are separated from the Basement Complex by two lateKarroo faults. The Basement Complex has been intruded by hypersthene diorite, the age of
which is unknown, and by pre-Karroo diabase and dolerite. Karroo dolerite dykes are of
widespread occurrence. Superficial deposits include alluvium, black turf soils and calcrete.
Author.

95.

Gevers, T.W.

1961 Outline of the geology of southern Africa. Trans.
1th Commonw.min.metalLCongr., 1, 25-37.

A somewhat generalised statement on some of the more salient distinctive geological
features of southern Africa. The chief features dealt with are the antiquity of the land
mass, its mineral wealth, its tectonics, and its stratigraphy, with more specific reference
to the Witwatersrand gold and uranium deposits, the Basement rocks, the Bushveld Igneous
Complex, Pre-Pleistocene glacial periods, and volcanism (including kimberlites).
S.H. Haughton.

96.

Gordon, H.S.

1929 Report on gold mining in the Bechuanaland Protectorate, p.47-48, in 'The Gold Resources of the
World' (Pretoria: Bureau of the 15th International
Geological Congress, South Africa, 1929).

Gold was discovered in the Tati Territory which is the oldest working Goldfield in
South Africa situated between the Shashi and Ramaquabane rivers, in 1866. It occurs in
quartz veins in rocks correlated with the Rhodesian Basement schists and is associated
with chalybite, iron pyrites, zinc blende, galena and copper.
C.A.L.

97.

Gough, E.I. and
Hales, A.L.

1950 Measurements of Gravity in Southern Africa. Government Printer, Pretoria. 58p.

Gravity determinations were made at 53 pendulum stations in the Union, South West
Africa, Southern Rhodesia, and Bechuanaland; the positions and heights of the stations
fixed by a trigonometrial survey. The distribution of the stations is shown on a topographic map of southern Africa. Gravity values are given for the two stations in Bechuanaland.
at Francistown and Maun.
C.A.L.

98.

Green, D.

1957 Coal exploration. Records of boreholes Vol.1. Geol.
Surv.Bech.Prot. 267p.

Results from the first fifty boreholes drilled in rocks of the Karroo System in the
coal-exploration programme are given. Three potential coal-fields have been defined in
the eastern half of the Territory.
The stratigraphic subdivisions of the Karroo strata adopted are based largely on
lithological evidence.
The volume contains complete records of the strata encountered in each borehole,
descriptions of seams from which samples were taken for analysis, and the results of
analysis of individual samples.
S.H. Haughton.
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99.

Green, D.

1958 Recent developments in the study of the Karroo
System in the Bechuanaland Protectorate. XX
Congr.geol.Int., Mexico, 1956. Com.de Gondwana,
57-64.

Information of the geology of the Karroo System in Bechuanaland, which has accrued
since 1952, is brought together in an interim account. Most of the description is based on
reconnaissance mapping and drilling carried out during a search for coal fields, but
important results also derived from the study of sludges obtained during water-boring
operations in the Territory. Seven areas are briefly described.
In the Palapye area, drilling has shed light on the course of sedimentation during
Ecca times along the irregular margin of the Karroo basin. The pre-Karroo topography
appears to have been largely swamped by the end of the Middle Ecca, so that uniform
conditions prevailed thereafter with the development of thick coal seams in the Upper
Ecca.
In the Debeeti area the Karroo succession was penetrated by a deep diamond-drill
borehole, which shows a remarkably thick Dwyka Series, largely fluvio-glacial. There
appears to be a big break between the Ecca and the Stormberg Series in this area, with
the Beaufort, Molteno and Red Beds usually absent so that the Cave Sandstone rests on
the Upper Ecca.
The Karroo of the south-central Kalahari region within the Protectorate is noted as
probably giving a link between the succession typical of eastern Bechuanaland and of
South West Africa.
Author.

100.

Green, D.

1961 The Mamabule coal area. Min.Resour.Rep.No.2,
geol.Surv.Bech.Prot. 65p.

It is shown that in an area around Mamabule railway siding in the Bechuanaland
Protectorate two principal seams of medium-grade, non-coking bituminous steam coal are
developed at shallow depths in the arenaceous Middle Stage of the Ecca Series. The
quality and resources of coal are evaluated from the results of boreholes and shafts.
Tables of analyses are presented. Total reserves of coal within a defined area 17 square
miles in extent are estimated to be 408 million tons.
Author.

101.

Green, D.

1961 Progress in coal exploration: The Mamabule coalfield area. Rec.geol.Surv.Bech.Prot. 1957/58,
15-23.

Summarises information on the stratigraphy obtained from 14 boreholes in the area
and on the characteristics of the coal encountered in the Middle Ecca Stage of the Karroo
System.
S.H. Haughton.

102.

Green, D.

1962 Discussion of "Notes on the geology and hydrogeology of the central Kalahari region, Bechuanaland Protectorate" by C. Boocock and O.J.van
Straten. Trans.geol.Soc.S.Afr. 65(1), 173.
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103.

Green, D.

1963 The geology of the Topsi area (An explanation of
quarter degree sheet 2227A), Rec.geol.Surv.Bech.
Pwt. 1959/60, 5-16.

The report describes an area bounded by parallels 22° 00' and 22° 30' south and
meridians 27° and 27° 30* east.
Rocks of the Basement Complex, regionally metamorphosed, are described as felspathic granulites, granitic gneisses, quartz schists, calcareo-dolomitic rocks, plagioclase
amphibolites, and vein rocks.
These are cut by ultrabasic intrusions (peridotite and serpentinite).
Pre-Karroo sediments (Loskop or Waterberg) consist of unfossiliferous silty and
shaly beds, lying unconformably on rocks of the Basement Complex. They show lateral
facies changes.
The Karroo system is represented by sediments assigned to the Ecca series, followed
unconformably by the Cave Sandstone. Sills and dykes of quartz dolerite and granophyre
penetrate the Karroo rocks and are taken to be of late Karroo age.
The principal structural feature of the area is the NW-trending Lechana fault of
presumably post-Karroo age.
Chrysotile asbestos veins occur in serpentinised dolomitic marble of the Basement
Complex.
S.H. Haughton.

104.

Green, D.

1965 Geology of the Palapye area (An explanation of
quarter degree sheet 2227C). Rec.geol.Surv.Bech.
1961-1962, 43-59.

It is shown that a widespread assemblage of granulites, quartzites, marbles and limesilicate rocks resulting from the regional metamorphism of ancient sedimentary rocks
constitutes a "Basement Complex", the term being necessarily used since the evidently
thick succession cannot stratigraphically be sub-divided, particularly owing to lack of
exposures, but as a whole is certainly much older than the oldest un-metamorphosed sediments of the area and is separated from them by a pronounced unconformity. During this
interval of erosion a mature surface was produced on which rest the rocks of the preKarroo sedimentary succession, comprising a lower division of quartzitic sandstones and
conglomerates followed conformably by an upper division of shales and siltstones. These
beds may represent the Waterberg or the Loskop System of the Republic of South Africa
and since it is not yet possible to decide which of the two alternative correlations should
be adopted it is suggested that they should continue to be described under the existing
local formational names "Palapye Sandstone" (for the lower division) and "Lotsani
S t a l e s " (for the upper division). A large area occupied by rocks of the Karroo System in
the north-western quarter of the map is defined and it is demonstrated that there is an
important development of the Dwyka Series at the base of the succession. Following the
Dwyka Series there can be recognised a threefold succession consisting in order from the
base up of sandy shales, sandstones and finally coals and mudstones. The sandy shales
probably represent the Lower Stage of the Ecca Series, while the sandstone horizon and
that part of the horizon of coals and mudstones which is developed within the area of
sheet 2227C are regarded as belonging to the Middle Ecca Stage.
Brief discussions of the structure and of the economic geology of the area are
appended.
Author.
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105.

Green, D.

1966 The Karroo System in Bechuanaland. Bull.geol.
Surv.Bech. 2. 74p.

The regional stratigraphy of the Karroo System in Bechuanaland is described. The
succession, sub-divided lithologically because of a lack of palaeontological data, on the
whole corresponds well with that of the Republic of South Africa and for the most part it
has been possible to use the standard lithostratigraphic terminology developed in that
country. The use of local formational names has not often been necessary, but certain
cases of doubtful or ambiguous correlation have been discussed. Among these is included
the question of the possible recognition of the Beaufort Series in the central Kalahari. In
this connection it is suggested that a comparison of the Bechuanaland and Rhodesian
Karroo successions is appropriate. Conflicting evidence as to the presence or not of the
Molteno Beds Stage in the extreme east of Bechuanaland is also considered.
The Dwyka Series is apparently of discontinuous development, but always shows a
broadly similar succession in different areas. A lower division consists wholly or in part
of tillite, usually with associated fluvio-glacial beds, while an upper division consists
predominantly of mudstones, shales and siltstones, without tillite horizons. In the far
west this upper division includes some thin sandstones and a number of thin limestones.
Varved banding appears to be always a characteristic of some part or other of the upper
division.
The usual three Stages of the Ecca Series can be recognised. A uniform and monotonous sequence of massive to more or less fissile fine-grained sandstones, siltstones,
and mudstones makes up the Lower Stage. This, like the Dwyka Series, is apparently not
everywhere present. In contrast the succeeding Middle Ecca Stage is of very widespread
development. It is characterised by the presence of well-sorted, frequently coarse-grained,
felspathic sandstones. In places the whole of the Middle Ecca Stage consists of such
sandstones, together with medium-grained to fine-grained and locally flaggy varieties.
In other places, more especially away from the margin of the area of development of the
Middle Ecca Stage, several argillaceous horizons are included. In the east of the main
Karroo area the argillaceous beds are often carbonaceous and coal seams are frequently
present. Westward across the Kalahari however, the argillaceous horizons become fewer
in number and at the same time tend to lose their carbonaceous character. Along the railway and in the area which forms a westerly extension of the Waterberg Coalfield, several
hundred feet of argillaceous and carbonaceous strata, with numerous coal seams and
without any interruption by sandstone, form an Upper Ecca Stage. In the Kalahari the
apparent equivalent of this Stage is carbonaceous at the base only, and may belong in
part to the Beaufort Series.
Where the Cave Sandstone rests directly upon the Upper Ecca Stage, as is often the
case along the railway and in the east of the main Karroo area generally, there is evidently a considerable unconformity between the Ecca Series and the Stormberg Series.
The magnitude of this unconformity may be less in the Kalahari, not only because of the
suggested presence of the Beaufort Series, but because some development of the Red
Beds Stage is tentatively recognised. Again, in the extreme east of Bechuanaland, the
Cave Sandstone is underlain by strata of typical Red Beds facies. Nonetheless, the bestknown divisions of the Stormberg Series in Bechuanaland are the Cave Sandstone Stage
and the Drakensberg Lava Stage. The typical yellowish and red, fine-grained aeolian Cave
Sandstone, lithologically matching its equivalent in the Republic of South Africa, has a
very widespread distribution. Possibly equivalent, though not having pronounced aeolian
characteristics, are certain partly pebbly sandstones belonging to the Stormberg Series in
the Makarikari and Lake Dow areas. These sandstones may represent either the Escarpment Grit or the lower part of the Forest Sandstone. The Drakensberg Lava Stage appears
to be entirely basaltic.
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In discussing the structure of the Karroo System in Bechuanaland attention is drawn
to the existence of two groups of evidently tensional faults which intersect to form a
shear-pattern. The concept of resurgent tectonics is invoked to explain this.
In a section dealing with economic geology emphasis is laid on the coal resources of
Bechuanaland, and it is indicated that various argillaceous and partly argillaceous rocks
of the Karroo System could form the basis of a ceramic industry.
Author.

105a. Green, D.

1967 The Karroo System in the Republic of Botswana.
N.N. Chatterjee Memorial volume on Gondwana
formations. Calcutta. (In press).

It is shown that there are extensive developments of the rocks of the Karroo System
in the Republic of Botswana, but that only a relatively small thickness was laid down,
apparently because deposition was inhibited by the rigidity of the cratonic environment.
The lithostratigraphic succession is shown to represent virtually exclusively the continental phase of Karroo sedimentation. It is indicated that minor revision of certain conceptions regarding the Karroo System in neighbouring territories may be necessary in the
light of knowledge of the Karroo System in Botswana. A discussion of regional relationships is given. Conditions of deposition are visualised as having been determined almosT
entirely by the consequences of vertical movements of a rigid continental mass. Author.

Green, D.
106.

Green, D. and
Poldervaart, A.

see also — Poldervaart, A. and Green, D.
1953 Coal in the Bechuanaland Protectorate. Colon.Geol.
min.Resour. 3(1952) (4), 334-46.

The potentialities of the Bechuanaland Protectorate in regard to coal resources are
discussed. It is suggested that a large part of the Territory may be underlain by Karroo
strata, possibly forming a central basin filled in part by sediments derived from the east
and that the coals themselves may be of drift origin. Some details are given of three areas
which form potential coalfields. Relevant coal analyses are tabulated.
W.A. Campbell.

Grindley Ferris, V.
107.

Grubb, P.L.C.

see — Diamond, I.J.A. and Grindley Ferris, V.
1961 The basic intrusives of the Shushong-Makhware
area, Bechuanaland Protectorate. Trans.geol.Soc.
S.Afr. 64, 221-244.

The Shushong-Makhware intrusives comprise two distinct petrographic sub-provinces,
comparable with the Bushveld "diabase", and ranging from undersaturated dolerites on
the one hand, to acid granophyres and granites on the other. The widespread compositional
differences in the first sub-province resulted primarily from a complex history involving
successive magmatic influxes tapped from a differentiating subterranean magma body. It
is shown that in the formation of large acid bodies in two of these sills, assimilationdifferentiation was an important supplementary process. Finally, rhythmic-layering, which
is confined to the Shushong sill, shows features compatible with convection, primary
magmatic flow, rhythmic differential settling and filter press action.
Author.

Hales, A.L.

see — Gough, D.I. and Hales, A.L.
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108.

Hall, A.L.

1938 Analyses of rocks, minerals, ores, coals, soils and
waters from southern Africa. Mem.geol.Surv.S.Afr.
32.

Includes among the 5621 chemical analyses two from the Bechuanaland Protectorate.
No. 80 is a sample of the Kwebe Hills Porphyry, and No. 5151 is a sample of salt from
the Makarikari Salt Pan.
C.A.L.
see

Hammar A.
109.

Hamilton, G.N.G. and
Cooke, H.B.S.

— Schulz, A. and Hammar, A.

1960 Geology for South African students. C.N.A. 4th Ed.
441p.

An introduction to the subject of Geology with particular reference to southern Africa.
It includes a chapter with brief notes on the stratigraphy of Bechuanaland in addition to
various references to the territory as a consequence of its forming an integral part of
southern Africa.
C.A.L.

110.

Harger, H.S

1935 An early Transvaal geological map by Carl Mauch.
Trans.geol.Soc.S.Afr. 37(1934), 1-4.

A pioneering work in the geological mapping of the Transvaal with a route taken
through eastern Bechuanaland, when the Tati goldfield was discovered. The route is
described together with notes on the varied geological features recorded on the map. C.A.L.
111.

Haughton, S.H.

1951 The age relationships of the Matsap, Loskop, Waterberg and Nama Systems. Trans.geol.Soc.S.Afr.
53(1950), 205-208.

The suggestion is made that the rocks of the Loskop system, as defined by F.C.
Truter (1949), and those of the Matsap system in the Union are synchronous and equivalent
in age to the "Lower Dordabis beds" and the Auborus serffes of South-West Africa. This
essentially continental system was strongly compressed and eroded before the deposition
of the Waterberg succession in the Union and the Nama succession in South West Africa
and the west of the Cape Province. The possibility of the Waterberg and the Nama being
contemporaneous is suggested, the calcareous rocks of the Nama being a local possibly
marine development of a widespread system whose members are predominantly red and
arenaceous.
Author.

112.

Haughton, S.H.

1961 Discussion of "Notes on the distribution of rocks
of Transvaal System age in the Bechuanaland Protectorate" by C. Boocock. C.C.T.A sthn.reg.Comm.
Geol. 80, 73-86.

113.

Haughton, S.H.

1963 The stratigraphic history of Africa south of the
Sahara. 1st Ed. Oliver and Boyd, Edinburgh. 365p.

A summary of published information on the geology of Africa south of the Sahara. The
material is arranged in stratigraphical order according to regions, each chapter supplemented with a selective bibliography. Sections are devoted to the Karroo System of
Bechuanaland, and the Kalahari Basin, with brief references to other formations extending
into the Protectorate.
C.A.L.
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114.

Hubner, A.

1870 Bergmannisches vom Tatin. Z.Ges.Erdk.Berlin. 5,
198-204.

A written communication from the mining engineer (at the Tati mines), Adolf Hubner,
to the editors.
C.A.L.

115.

Hubner, A.

1872 Geognostische, skizzen aus Sudost-Afrika. Petermann's Mittheilungen-Gotha, 422-431.

An account of the geology along a route from Potchefstroom to Inyati (through Bechuanaland), in 1869—70, with a map showing the geological features recorded on journeys
made by Mauch, Mohr, Hubner, and Baines.
C.A.L.

116.

Jennings, C.M.H.
N/

1963 The geology of the Makhware Hills area (An explanation of quarter degree sheet 2226D). Rec.geol.
Surv.Bech.Prot. 1959/60, 23-33.

The oldest rocks in the area are assigned to the Basement Complex. They consist of
granitic gneiss, migmatite, granulite, limestone, and schist, all cut by two dyke suites.
Lying unconformably on these is a thin series of sediments, including limestones, called
the Shushong series which is correlated with the Transvaal system.
—
The Shushong series is intruded by a number of dykes and sills. One of the sills is
differentiated into a basal diorite overlain by granophyric diorite sometimes capped with
red hornblende granophyre.
Local patches of reddish quartzites, sandstones and conglomerates are of Loskop or
Waterberg age.
The Karroo system is represented by members of the Dwyka series, Ecca series, and
Stormberg series (Cave Sandstone). Post-Karroo dykes are known.
Silcrete, calcrete and sand form the cover to large tracts of country. The economic
possibilities of iron ore, coal, asbestos and limestone are briefly discussed.
S.H. Haughton.

117.

Jennings, C.M.H.

1965 The geology of the Serowe area (An explanation of
quarter degree sheet 2226B). Rec.geoZ.Surv.Bech.
1961-1962, 61-75.

The geology of the Serowe area is described.
The oldest rocks consist of shale, siltstone and quartzite forming the Lotsani Shale
Formation which is correlated with the Waterberg System.
The major portion of the area is underlain by representatives of the Ecca and Stormberg Series of the Karroo System and these are overlain by the Kalahari Beds in the
northwestern quadrant. The Kalahari Beds are described in some detail.
Pre-Karroo and Karroo intrusive rocks are present and these as well as most of the
faults generally follow an E-W trend.
Author.

Jennings, C.M.H.
Johnson, R.L.

see also — Crockett, R.N. and Jennings, C.M.H.
see — Cox, K.G., Johnson, R.L., Monkman.L.J.,
Stillman, C.J., Vail, J.R. and Wood, D.N.
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117a.

Jones, D.L. and
McEIhinney, M.W.

1966 Palaeomagnetic correlation of basic intrusions in
the Precambrian of Southern Africa. J.geophys.
Res., 71, 543-552.

Samples of pre-Karroo dolerites were collected from 20 sites in Bechuanaland and
Transvaal. Thirteen of these give directions of magnetization which form a close group.
Some had previously been classified as post-Ventersdorp or post-Transvaal. Measurements
show that the majority of the dolerites are post-Waterberg in age. The mean pole position
for these coincides almost exactly with that for the Umkondo dolerites in Rhodesia, an
agreement that strongly supports contemporaneity of the igneous activity in the two
regions. It is suggested that the Waterberg and Umkondo systems should be correlated.
Measurements suggest that the age of the Premier mine pipe is not Cretaceous but falls
within the limits of the Waterberg System.
Authors.

118.

Jones, M.T.

1963 The geology of the area to the east of Gaberones
(An explanation of quarter degree sheet 2426C).
Rec.geol.Surv.Bech.Prot. 1959/60, 17-22.

The area covers about 350 sq. miles and is bounded on the east and south by the
Transvaal. About one-third of the area is covered with sandy soil or black turf.
The Basement Complex is composed of granitic gneisses with abundant garnet,
schists and pegmatite. In the central part of the area it is intruded by the Modipe basic
complex, composed essentially of gabbro.
Isolated outcrops of felsitic lavas and acid porphyries are assigned to the Dominion
Reef system. Intrusive into the felsites and the Modipe complex is the Gaberones granite,
mainly composed here of a rapakivi-type rock cut by a series of dyke-like bodies of
microgramte and aplite.
Apparently faulted into the Basement Complex is a thick succession of basic and
intermediate lavas overlain by a series of acid lavas and intercalated sediments which
the author assigns to the Ventersdorp system. They extend eastwards into the Transvaal.
S. H. Haughton.

119.

Kalkowsky, E.

1901 Die Verkieslung der Gesteine in der nordlichen
Kalahari. Abh.naturw.Ges. "Isis" in Dresden,
55-107.

Describes the character and formation of salty clays and their crust; Kalahari limestone ; structure and succession of the Botletle Beds; Renaka Beds; secondary formations ; the siliceous graywacke, limestone and marl, dolomite, a contact metamorphosed
garnet bearing limestone, lime-breccia, a red sandstone, and the Ssakke sandstone of the
Ngami Beds south and southeast of Lake Ngami; the Ngami Beds of Kaikai Hill; dolomite
from Gam; the Ghanzi Beds; and some eruptive rocks.
C.A.L.

120.

Kent, L.E.

1947 Diatomaeeous deposits inthe Unionof South Africa
withspecial reference toKieselguhr. Part I. Geology
and economic aspects. Mem.geol.Surv.S.Afr. 42.

A chemical analysis, with specific gravity and absorption coefficient data, is given
for a sample of diatomaeeous limestone from Rakops in the Bechuanaland Protectorate.
C.A.L.
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121.

King, B.C.

1955 Syenitisation de granites a Semarule, pres de Molepolole, protectorat du Bechuanaland. C.N.R.S. Coll.,
68, Paris, 1-16.

In the Semarule district, syenites showing great variety in texture and a complex
structural arrangement have intruded the granites of the Gaberones-Molepolole Plutonic
massif. The granites belong to 2 distinct types: microgranites with an homogeneous
texture, porphyroid granite with a Rapakivi texture containing ovoids. The microgranites
are found in beds or sheets of variable size but with a subparallel arrangement within the
more widespread porphyroid granites.
The three main syenite groups are characterised by coarsely porphyritie, variable or
fluid textures. The first grades progressively into porphyroid granite and in fact the ovoid
relies are rarely absent from the complex'. In the same way the variable syenite shows
identical relations to the microgranite. It is possible to show that the bedded disposition
of these syenites within the complex is inherited from the earlier granites. The less
frequent fluid syenites show gradual transitions from the syenites with variable textures,
aad were indisputably mobilised late as intrusive, clearly ttansgressive layers in contrast
te-theother groups of syenites and the surrounding granites.
Author.

1960 Alkaline rocks of eastern and southern Africa.
Part I. Distribution, ages and structures. Sci.
Progr. 48(190), 298-321.

, A

A discussion of the distribution of 73 alkaline complexes (including the Semarule
Complex of the Bechuanaland Protectorate) and the Tertiary to Recent lava fields of
southern Africa is followed by; notes on the geological setting and ages of the alkaline
rocks ; form and nature of the volcanics ; general constitution and structure of the plutonic
eomplB^e^.
C.A.L.

1960 Alkaline rocks of eastern and southern Africa.
Part II. Petrology. Sci.Progr. 48(191), 504-524.
^K discussion of chemical, mineralogical and petrographic relationships among the
rocks of the alkaline complexes, divided into volcanic, hypabyssal, and plutonic groupings; the last including carbonatites, ultrabasic rocks, melteigite-ijolite-urtite series,
malignite-nepheline syenite series, alkali-syenite series, and fenites. The Semarule
Complex in Bechuanaland is included in the discussion of the fenites.
C.A.L.

124.

King, L.C.

1949 On the ages of African land-surfaces. Quart.J.geol.
Soc. bond. 104(1948)(4), 439-453.

The conclusion is reached that the land-surfaces of central and southern Africa are
older than has generally been supposed. The primitive surface of the southern lobe of
Africa, hitherto termed "Miocene", is regarded as a modified "Gondwanaland" surface;
the erstwhile "end-Tertiary" surface as having been initiated following the break-up of
Gondwanaland; and later surfaces only as having been carved by new cycles following
uplift of continental dimensions in the mid-Tertiary and later.
The "uplift of Africa" is thus considered not to have been much more than 2000 feet
(other than locally) since the margins of the continent were roughed out. Local deformation is assigned to a more active role than it has been given in literature. African landscape development involves not a static mass occasionally uplifted but a mobile surface
undergoing intermittent or rhythmic minor or local modification.
Author.
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125.

King, L.C.

1951 The geology of the Makapan and other caves. Traas.
roy.Soc.S.Afr. 33(1), 121-151.

Includes a note and sketch map on the Lobatsi Caves at Woodlands Estates and at
Ootse, the latter in Waterberg sandstone.
C.A.L.

126.

King, TL.C.

1956 Pediplanation and isostasy; an example from South
Africa. Quart.J.geol.Soc. Lond. 111(1955) (4),
353-359.

An outline i s given of late Mesozoic and Tertiary erosional and depositional cycles in
South Africa. The elevations of these surfaces are compared with elevations calculated,
allowing for isostatic recovery between successive cycles of erosion. Concurrence
between the two sets of elevations is noteworthy. Isostatic recovery thus seems to occur
as a simple function of erosion and deposition under the pediplanation principle. Author.

127.

King, L.C.
/

^fv.

128.

1963 South African scenery. 3rd Ed. Oliver and Boyd,
Edinburgh. 308p.

A general textbook of geomorphology dealing with all aspects of the subject, in which
illustrations are drawn from southern Africa, including the Bechuanaland Protectorate.
Particular references are made to the Kalahari, Makarikari, Okavango River and delta,
Botletle River and Beds, Chobe River, Kalahari-Rhodesia axis, Lake Ngami, Limpopo
River, Mababe Depression, Molopo River, Nata River, Nossob River, and Notwani River,
The Protectorate is influenced by the Kalahari, Limpopo Valley, and Central Transvaal
(Bushveld) Basin, geomorphological provinces.
C.A.L.

Krenkel, E.

1957 Geologie and Bodenschatze Afrikas. 2nd Ed. Geest
and Porting K.-G. Leipzig. 597p.+xv.

Extensively revised second edition of a survey of the geology and mineral resources
of Africa, originally issued in four parts between 1925—38.
(B)

129.

Laloy, L.

1905 Les actions Biologiques dans la Geologie du Kalahari. La Nature, 33, 378-379, Paris.

A brief discussion of two aspects of the influence of biological factors on the surface
forms of the Kalahari; the effects of termites and other insects on the surface sands, and
the deepening of pans by herds of wild animals.
C.A.L.

130.

Livingstone, D.

1857 Missionary travels and researches in South Africa.
John Murray, London. 617p.

131.

McConnell, R.B.

1959 Notes on the geology and geomorphology of the
Bechuanaland Protectorate. XX Congr.geol.Int.,
Mexico, 1956. Asoc.Serv.geoi.a/r., 175-186.

The Bechuanaland Protectorate lies in the centre of the southern block of the African
continent and its area is 275,000 square miles (704,000 Km^). In general lines the Territory is a great saucer-shaped depression with interior drainage to the Makarikari salt pan
basin. A notable feature is the basin of the Okavango Swamps which forms what can be
regarded as the delta of a river system draining from the highlands of Angola. The Protectorate includes the greater part of the Kalahari Region and 84% of its area is covered by
sand; there is no true desert, however, except in the extreme southwest; and the country
consists of open grasslands and savanna bush. A remarkable "fossil" river system leads
towards the Okavango and Makarikari basins and to the seldom-flowing channels of the
Molopo and Nossob Rivers.

42

The old rocks of the Archaean Basement Complex underlie a large part of the Protectorate and outcrop extensively in the east, and the Rhodesian and Swaziland Schist
systems are locally present. Sediments and volcanics correlated with the Dominion Reef
and Ventersdorp Systems occur, and the Transvaal System is represented in the southeast.
In the west rocks correlated with the Damara and Otavi Systems emerge from the sand.
The late Precambrian Loskop, Matsap, Waterberg and Tsumis Systems are widely represented and a large basin of sediments of the Karroo System occupies the centre of the
Protectorate. The greater portion of the area is covered by a blanket of clays, calcretes,
silcretes and aeolian sands of the Kalahari System.
Author.

132.

McDougall, I.

1963 Potassium-argon age measurements on dolerites
from Antarctica and South Africa. J.geophys.Res.
68(5), 1535-45.

Dolerites intrusive into flat-lying Carboniferous to Triassic strata crop out extensively
in Antarctica, South Africa, Tasmania and South America. K-Ar measurements give ages
ranging from 147 to 163 m.y. for the Antarctica dolerites and from 154 to 190 m.y. for the
South African (Karroo) dolerites. Hence in South Africa emplacementof dolerite commenced
early in the Jurassic and continued into the Middle Jurassic, at which time intrusion of
dolerite magma occurred in Tasmania, Antarctica, and possibly South America also; tins'
major event may be related to the postulated breakup of Gondwanaland. Three dolerites
that are intrusive into pre-Karroo rocks in South Africa yield Precambrian ages. Measurements were made on whole-rock samples, plagioclase, pyroxene and hornblende, further
demonstrating that materials of low potassiumcontent can give reliable ages. No evidence
was found for excess radiogenic argon in any of the pyroxenes measured.
Author.
(A note on a sample of dolerite from the Khale sheet, Bechuanaland Protectorate, gives
an age of 900 m.y.)
C.A.L.

133.

McDowell, B.

1914 Jottings on a traverse from Tsessebe to the Makalahari.Proc.Rftod.sci.^ss. 13(3), 43-48.

The scenery is described, with particular attention paid to rock outcrops, though not
in great detail. Massive granite kopjes in the east give way to largely featureless country
underlain by the Impali gneiss, which in turn disappears beneath the recent deposits.
Black vlei soils and mopani bush are common, before the glistening white expanse of the
Great Makalahari Pan is reached with occasional dark patches of dark-green sub-translucent silica rock.
The geological environment and mineralogy of the Bechuanaland Copper Company's
mineworkings (Bushman Mine) are also briefly recorded.
C.A.L.

McElhinny, M.W.
134.

Macgregor, A.M.

see - Evans, M.E. and McElhinny, M.W., also Jones, D.L. and McElhinny, M.W.
1930 The Great Makarikari. Johannesburg: Min.industr.
Mag. 9(1929-30), 127-9.

Nearly nine-tenths of Bechuanaland is covered by Kalahari sand but it is not a true
desert, though sand dunes and other features indicate that it was so in former times. The
Kalahari System which is not limited to Bechuanaland has yielded no valuable mineral
deposits in southern Africa. Its formations consist largely of wind rounded sand grains
which below the surface are often cemented by limestone. This rock which occasionally
outcrops is sometimes completely silicified.
The northern part of the Bechuanaland Protectorate is a basin, with the Makarikari salt
pans, into which the overflow from the Okavango and the Nata rivers infrequently drain,
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at the lowest part. Generally the pans, which from east to west extend for more than 120
miles, are dry and covered with white sand and salt. Although sodium chloride is the only
salt known to occur, deposits of more valuable potash and nitrates may be located by
drilling and geophysical prospecting.
To the north of the Makarikari is good pasture land for grazing where abundant water
supplies may probably be obtained from shallow wells.
To the southeast is a prominent escarpment of Karroo rocks capped by basalt; coal
may possibly be found.
CAJL.

135.

Macgregor, A.M.

1931 Geological notes on a circuit of the Great Makarikari Salt Pan, Bechuanaland Protectorate. Trans.
geol.Soc.S.Afr. 33(1930), 89-102.

Between the Shashi River and the Makarikari the occurrence of gneissic granites and
greenstones is recorded together with a brief description of the Bushman Mine Series.
Around the southeast corner of the Makarikari pan there are extensive faulted outcrops
of Karroo basalts, sandstones and shales, the former capping escarpments overlooking
the pan, with numerous dolerite dykes having east-north-east and east-south-east strike
directions. Abundant fossil wood, some resembling Dadoxylon, scattered over the area
is probably derived from the Karroo strata. A section is devoted to the petrology of the
Karroo rocks.
The Kalahari Beds consist of sandstones and quartzites, sometimes with a green
coloration, silcretes and limestones containing quartz grains. The matrix of the sandstones
is usually calcareous but is often subsequently replaced by silica.
From aneroid readings and measurements carried out by earlier expeditions it is clear
that the Makarikari salt pans occupy the lowest part of an area of internal drainage with
no outlet, though the pan floor is not level. The occurrence of fresh water springs along
approximately straight lines suggests a structural control. The Makarikari depression was
probably formed by earth movements connected with a southerly extension of the axis of
post-Kalahari uplift in Southern Rhodesia.
C.A.L.

136.

Macgregor, A.M.

1932 Geological report to accompany report by J.L.S.
Jeff ares on Rhodesia-Walvis Bay reconnaissance
survey. C.S.R., 13, 44-51. Government Printer,
Salisbury.

The introduction gives an outline of the basin structure of southern Africa as seen on
the traverse from Windhoek across the central plains of the Kalahari to Bulawayo in the
east. The route is divided into sections with geological descriptions for the traverses in
each portion, the whole summarised in a discussion of the geological formations. These
include granite, Ghanzi Beds, Karroo rocks, and the Kalahari deposits. The final section
on economic geology records the absence of mineral deposits other than salt, which is to
be found in the Nata river delta area of the Makarikari. Building stone, concrete and railway ballast materials might be obtained from the Ghanzi quartzites, the silicified Kalahari
sandstones, and the basalt and granite from the Matetsi and Plumtree districts of Southern
Rhodesia.
The water resources of the region should be investigated by boring, for the proposed
railway. Chemical analyses are given of spring water, brine liquor and salts, and Kalahari
soils.
C.A.L.
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137.

Makowiecki, L.Z.A.

1963 The work of the Geophysical Division, Overseas
Geological Survey, 1950-1961. Overseas Geol.min.
Resour. 9(1), 47-60.

Describes surveys in Nigeria, Tanganyika, Kenya, N. Rhodesia, Nyasaland and
B&chuan aland.
Work in Bechuanaland was undertaken in 1961. Gravity, seismic and magnetic measurements were taken across the postulated boundary of the Karroo basin in an attempt to
determine its position and character. A seismic survey was carried out in south-eastern
Bechuanaland to ascertain whether the method could be used to determine the thickness
of basalts overlying the aquiferous Cave Sandstone. An attempt was also made, using the
refraction method, to determine the throw of the Zoetfontein fault in the Mamabule area of
Ecca beds.
S.H. Haughton.

138.

Mason, R.

1965 Geology of the Macloutsie area (An explanation of
quarter degree sheet 2228A). Rec.geol.Surv.Bech.
1961-62, 25-41.

The greater part of the Macloutsie area is underlain by rocks of the Basement Complex
and the remainder by sedimentary rocks and lavas of the Karroo System. The Basemerft
Complex is strongly folded and includes arenaceous and calcareous metasediments and
amphibolites comprising the Baines Drift Formation, and various paragneisses grouped
in the Gneissic Formation. The metasediments of the Baines Drift Formation can be
correlated with the Messina Formation of the Northern Transvaal and as a whole the
Basement Complex shows more affinity to its counterpart in the northwestern Transvaal
than to the Basement Complex in Southern Rhodesia to the north. Stages of granitisation
in the gneissic rocks, from relatively poorly felspathised paragneisses to porphyroblastic
granitic gneiss are represented and migmatites have developed in the more mobilised
parts. The Karroo strata form the southernpart of the western extremity of the Sabi-Limpopo
basin which extends eastwards into Southern Rhodesia and the Northern Transvaal. Thin
basal grits have been tentatively correlated with the Ecca Series and are overlain by
sedimentary rocks and lavas of the Stormberg Series.
Author.

139.

Maufe, H.B.

1922 The Dwyka tillite near Palapye, Bechuanaland
Protectorate. Trans.geol.Soc.S.Afr. 25, 68-71.

A borehole sunk in 1918, approximately 6 miles southwest of Palapye Road station, to
a depth of 320 feet, encountered the Dwyka tillite over the lower 100 feet. A description
of the formations in the borehole is given and by comparison with a second borehole and
the location of the tillite in outcrop to the north these Karroo beds are found to dip to the
south. The tillite contains pebbles andfragments of white,green,purple or black quartzite;
dark grey or purplish slate; banded red jasper; and fine grained and coarser granitic
gneisses. Some of the pebbles are striated.
C.A.L.

140.

Maufe, H.B.

1933 A preliminary report on the mineral springs of
Southern Rhodesia. Bull.geol.Surv.S.Rhod. 23. 78p.

Includes a chemical analysis of water from the Nungwe thermal spring, near the Chobe
River, four miles from its confluence with the Zambezi River, in the Bechuanaland
Protectorate. It is classified as a sulphato-chloride water.
C.A.L.
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141.

Maufe, H.B.

1935 Some factors in the geographical evolution of
Southern Rhodesia and neighbouring countries. S.
Afr.geogr.J. 18, 3-21.

The events responsible for moulding the surface features of Southern Rhodesia and
neighbouring inland areas are described under the following headings: —
A.

Cycle of erosion producing the sub-Karroo land surface.

B.

Deposition of the Karroo Beds ending with a volcanic episode in an arid climate.

C.

The northeast to southwest watershed of Southern Rhodesia determined by anticlinal
upwarping and the return to a humid climate with initiation of a river system. The
mid-Zambezi and others, superposed on earlier drainages.

D.

Cycle of erosion producing the pre-Kalahari peneplane, which bevels the Karroo Beds,
and corresponds to a similar peneplain in the south; and its drainage pattern.

E.

Deposition of the Kalahari Beds ending with the desert period of the Kalahari sand.

F.

General uplift (Pliocene) of the continent with warping affecting the coastal belt,
and return to a humid climate.

G.

Rejuvenation of the tributaries of the Zambesi and Limpopo rivers bringing about the
present cycle of erosion, with headward erosion dominant.

There is a considerable amount of overlap of the above events from area to area; for
example over the northern interior the first cycle of erosion continued while deposition of
Karroo Beds was taking place elsewhere.
C.A.L.

142.

Molyneux, A.J.C.

1903 The sedimentary deposits of Southern Rhodesia.
Quart.J.geol.Soc.LoRdon. 59, 266-291.

The object of the paper is to briefly describe the sedimentary deposits of Rhodesia
which in contrast to the Archaen had received no attention of a scientific nature.
Molyneux's travels extended southwestwards into Bechuanaland as far as Mapani Pan.
Following the railway south from the Macloutsie River, narrow tongues of overlapping
sedimentary beds are found to lie in hollows in the metamorphic rocks, as eastward
projections from the great expanse of red sandstones and sedimentary deposits extending
westward to the Great Deseri. Coal was found in a well at Mapani Pan resulting in the
drilling of a borehole to a depth of 778 feet, but although the formation was carbonaceous
no more coal was found. Sandstones of the Samkoto Series extend eastwards from Palapye
across the Limpopo into the Transvaal and lie unconformably on quartzites, schists,
gneisses and granite. Fort Tuli lies on an extensive belt of volcanic rocks which overlie
these sedimentary rocks and may be called the Tuli Lavas. The sedimentary strata are
intruded by many dykes and show contact-metamorphic features resulting in indurated
ridges of veined sandstone.
A geological sketch map shows the relative position of this southern group of sedimentary and volcanic rocks to the northern group in Rhodesia, which is described more fully,
and to the plateau of Archaen rocks that forms the backbone of Southern Rhodesia. In
conclusion a brief geological history is given
C.A.L.
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Molyneux, A.J.C.

1907 A contribution to the geology of the Bechuanaland
Protectorate. Proc.Rhod.sci.Ass. 6(2), 73-86.

Deals with the geology in the vicinity of the Cape-Rhodesia Railway froiti Lobatsi in,
the south to the Shashi River in the north, as an important connecting link with areas
already examined outside Bechuanaland.
II. Areas and altitudes of sedimentary rocks: Recognises four belts of stratified
deposits separated by granites and schist. Altitudes and distances are quoted for the
railway stations in each section.
III. The Lobatsi-Crocodile Pools area: The Transvaal System: Rocks of the Black
Reef, Dolomite and Pretoria Series form a syncline overlying rocks of the Vaal River
System, the latter outcropping south of Lobatsi, at Crocodile Pools and at Ramoutsa.
Remnants of an overlapping extension of the Transvaal System occur much further to the
west as well»
IV. The Mochudi-Magalapye area: Between Crocodile Pools and Mochudi a variable
thickness of rocks of the Waterberg System, consisting of various coloured shales, some
with ripple marks, sandstones often current bedded, and conglomerates, and intruded by
dolerite dykes, overlie a red granite witli some granophyres and felsites. The northernboundary of this area of the Waterberg System is found at Magalapye.
Between Mochudi and Magalapye calcareous tufa and laterite are common but outcrops
of the bedrock are rare. A 300 feet borehole at Artesia encountered carbonaceous Karroo
Beds.
V. The Palapye area (Makoro to Dikabi) : Purple and grey micaceous sandstones with
limestones and shales, brownish and purple quartzites and compact siliceous conglomerates, all of the Waterberg System are to be seen in this section, with the northern margin
near Dikabi resting on metamorphic rocks.
Extensive areas of Karroo System rocks occur which form a connecting link with the
coal series of Rhodesia, and have very different lithological features from those of the
Waterberg System. Prospecting by shafts and boreholes in 1898 revealed the sequence in
depth and a lengthy discussion is given on the Dwyka conglomerate found at the bottom
of one borehole. Sandstones apparently overlying the coal series and very similar to the
Springbok flats, Samkoto, and Forest sandstones, are assigned to the Upper Karroo.
VI. The Macloutsie area: Only Karroo System sedimentary rocks occur, as narrow
tongues dying out to the east, lying unconformably in archaean schists. In the northeast
are dolerites and amygdalur basalts of the Tuli lavas.
VII. Extension of Waterberg and Karroo into Southern Rhodesia: Attempts a correlation
of sedimentary and volcanic rocks of Rhodesia and the Transvaal through the link provided
by similar rocks in the Bechuanaland Protectorate.
C.A.L.

Monkman, L.J.

see - Cox, K.G., Johnson, R.L., Monkman, L.J.
Stillman, C.J., Vail, J.R. and Wood, D.N.
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144.

Nairn, A.E.M.

1959 A palaeomagnetic survey of the Karroo System:
progress report for the Rhodesias, Bechuanaland,
Swaziland and Kenya. Overseas Geol.min.Resour.
7(1958-9) (4), 398-410.

A palaeomagnetic survey of African Karroo sediments and lavas was begun in 1954
with the assistance of the Overseas Geological Surveys. Orientated samples were collected from every division of the Karroo and the direction of permanent magnetism was measured. Unfortunately, a high proportion of the samples proved to be magnetically unstable,
presumably due to the effects of weathering. For each group of samples the mean direction
and associated confidence limits together with the mean pole and its precision were
calculated. Results appear to indicate a movement of the African continent from a nearpolar to an equatorial situation during the period from late Carboniferous to late Triassic
times, this movement being associated with an anti-clockwise rotation of nearly 90°.
Author.

145.

Nicolaysen, L.O.

1962 Stratigraphic interpretation of age measurements in
southern Africa. Budd.Vol.geol.Soc.Amer. 569-98.

_, a

A review of 60 isotopic age measurements of southern African rocks indicates that
many of these data have a bearing on important Precambrian stratigraphic problems. In
1948 Arthur Holmes first used age measurements in deciphering the structural history of
this region. His study emphasized dated pegmatite bodies in metamorphic terrains as
indicating ancient orogenic belts of different ages. Recent work has focused on dating
the relatively flat-lying and unmetamorphosed Precambrian systems, and a revised stratigraphic time scale for the Transvaal Province is proposed here. Certain relatively flatlying systems in southern Africa have ages greater than 2000 million years, exceeding
the ages determined in the high-grade metamorphic terrains. These old systems include
the Ventersdorp, Witwatersrand, and Dominion Reef. The Transvaal System may be 2000
m.y. old.
The "ancient orogenic belt" theory implies near-contemporaneous stable-platform
deposition and possible formation of post-orogenic arkose troughs. Reliable times of
deposition for the adjacent undeformed systems can thus supply critical evidence concerning this theory. The region paralleling the Orange River in northern Cape Province
provides an example: there are many age measurements on pegmatites and metamorphic
rock of 950 m.y., and Holmes postulated the existence of a 1000 m.y.-old orogenic belt;
this implies the existence of 1000 m.y.-old stratigraphic systems, both as a geophysical
sequence and as the "stable-platform" equivalent. However, the accepted geologic
column for this region does not reveal stratigraphic systems that can be clearly linked to
the history of the hypothetical 1000 m.y.-old orogen. Either the accepted geologic column
is in error and part of the Kheis System is much younger than hitherto supposed, or a
widespread regional metamorphism and pegmatization affected the Kheis rocks some 2000
m.y. after their deposition.
There are many determinations close to 500 m.y. in a belt extending through South
West Africa, the Central African Federation, and Mozambique. Wide-spread metamorphism,
with emplacement of granitic rocks, took place in parts of southern Africa at the close of
the Precambrian and during the Cambrian Period.
Arcuate synclinal belts of low-grade m eta volcanic rock with an age 2500 m.y. are
characterized by the "Steinmann" geosyclinal association of rock types; rocks and
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related mineral deposits of this association were evidently not formed in the subsequent
history of southern Africa. Younger Precambrian metamorphic terrains have a different
tectonic style, showing frequent alternation of metasedimentary units with massive and
gneissose granites, and occasional high-grade regional metamorphism. The characteristic
differences in structure may be related to thermal history of the crust.
Many of the age measurements impose restraints on stratigraphic correlations between
the various isolated Precambrian areas.
Author.

146.

Oliver, H.O.

1956 South African earthquakes - January, 1953 to
December, 1955. Trans.geol.Soc.S.Afr. 59, 123-129.

This report gives details of the distribution of earthquakes which occurred in Southern
Africa and the surrounding Indian and Atlantic oceans during the period January, 1953 to
December, 1955, with an estimate of their magnitudes. The seismograms used for the
location of South African earthquakes were obtained from four short-period vertical seismographs at Pretoria, Kimberley, Grahamstown and Pietermaritzburg, operated on behalf
of the Geological Survey.
Author.

147.

Oliver, H.O.

see also — Gane, P.G. and Oliver, H.G:

Passarge, S.

1898 Dr. S. Passarge uber seine Reisen in Sud-Afrika.
Verh.Ges.Erdk. Berlin, 25, 513-517.
(148. is an abstract of this article).

148.

Passarge, S.

1899 Dr. Passarge's journeys in South Africa. Geogr.J.
14, 310-313.

In May, 1896, Dr. S. Passarge was engaged by the British West Charterland Company
to investigate the geology and mineralogy of the company's concession in Ngamiland.
Between Palapye and the Botletle River water could only be obtained at isolated pans,
which occur where the country rock rises above the desert sands and is hollowed out into
cauldron-shaped depressions resembling craters. The rock was usually sandstone with
perhaps a surface stratum of limestone and in describing some of the pans of the Makarikari region he records that they are roundish or oval basins, some many miles in diameter,
sunk to a depth of 30 to 45 feet in sandstone.
Dr. Passarge makes some interesting remarks on the relation which exists between the
geology and the vegetation in the Kalahari as seen in different districts, pointing out that
a knowledge of both subjects is essential to an understanding of the relationships.
Headquarters of the expedition was made at the Kwebe Hills. From there Dr. Passarge
made geological excursions in all directions, many of them for the purpose of detailed
geographical and geological surveys, including a journey as far north as Andara on the
Okavango River in the Caprivi strip.
C.A.L.

149.

Passarge, S.

1901 Beitrag Zur Kenntnis der Geologie von British-Betschuana-Land. Z.Ges.Erdk. Berlin. 36, 20-68.

The geology is discussed under the following headings: —
I

Mafeking and Malmami

II

The journey to Palapye

III

The stay at Palapye
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IV
•. w
VI

From Palapye to Mohissa
TFlie returnn joiumey from Loale to Palapye
The excursion to the Tail

from notes of a journey made in 1896. Includes geological maps of the northern Mangwatolands, Mabele a pudi, Palapye and Umgebnng; pictorial and geological sections. C.A.L.

15©.

Passarge, S.

1904 Die Kalahari. Dietrich Reimer, Berlin. 822p.

151.

Passarge, S.

1906 Wasserwirtsehaftliche Probleme in der Kalahari.
Globus: Ill.Z. Lander-und Volkerhunde, 190,
299-302.

151a.

Pelletier, R.A.

1964 Mineral Resources of South-Central Africa. Oxford
University Press, Cape Town and London. 277p.

The book describes and assesses the mineral resources, both actual and potential, of
the Republic of South Africa; the Mandated Territory of South West Africa; the Protectorates of Bechuanaland, Swaziland and Basutoland; Mocambique; Rhodesia, Zambia and
Malawi; Angola; East Africa; and the Congo Republic including Rwanda and Burundi. An
introductory chapter outlines briefly the geology and mineral deposits of the region as a
whole, followed by more detail on each of the territories in subsequent chapters. A
chapter on the early history describes pre-European and early European mining activities.
Statistical data pertaining to production and value in the individual territories are given.
A final chapter describes some exploratory techniques used in southern Africa.
C.A.L.
152.

Petermann, A.
(Editor)

1870 Karl Mauch's Reisen im Inneren von Sud-Afrika,
1867 und 1868.Petermann' s JWitt/iei2ungen,Gotfta.l6.

K. Mauch's notes on the part of his travels whichpassed through Bechuanaland from the
Ramakhoubane River crossing in the north, through the Tati Goldfields, south to the
Notwani River include his geological observations. P.101—102.
Notes on his map, by Fr. Hanemann, which shows some of Mauch's geological observations for his journeys from 1865 to 1869. P. 139-142.
C.A.L.

153.

Petermann, A.
(Editor)

1874 Carl Mauch's Reisen im Inneren von Sud-Afrika,
1865-72. Petermann's Mittheilungen, Gotha.
Erganzungsheft. 37. 52p.

An account of the journeys of Carl Mauch in southern Africa from 1865 to 1872, with a
map of his journey from Simbaya to Senna, 1871/2. During his travels, which included the
eastern part of Bechuanaland,he recorded many geologicaland mineralogicalobservations.
C.A.L.

154.

Poldervaart, A.

1950 Chrysotile asbestos produced by dolerite intrusions
in dolomite. Colon.Geol.min.Resour. 1(3) ,239-245.

Field observations and laboratory evidence indicate that asbestos deposits in dolomite
(in Bechuanaland and elsewhere) have been formed by direct crystallisation from hydrothermal solutions rich in Mg. During subsequent cooling, fibre growth continued by solid
replacement of serpentine. Fibre growth was resumed when super-incumbent material was
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removed by erosion and the deposits were brought into the zone of weathe'rihg. Optimum
conditions for the formation of asbestos deposits of this type are discussed in detail.
Author.

155.

Poldervaart, A.

1951 Note on the extension of the Karroo System in the
northeastern Bechuanaland Protectorate. Trans.
geol.Soc.S.Atr. 53(1950), 73-80.

Boreholes sunk in recent years prove that much of the northeastern Bechuanaland
Protectorate is occupied by rocks belonging to the Karroo System, covered for the most
part by Kalahari sands.
W.A. Campbell.

156.

Poldervaart, A.

1952 Karroo dolerites and basalts in the eastern part of
the Bechuanaland Protectorate. Trans.geól.Soc.S.
Afr. 55, 125-132.

Much of the central Kalahari is underlain by Karroo rocks that form a huge basin
extending from Keetmanshoop (South West Africa) in the west to Palapye in the east;
basalts evidently occur over a large part of this area. The distribution and age relationships of the dolerites and basalts of the eastern part of the Protectorate are discussed
and the main penological types compared with those occurring in other areas. The rarity
of syntectic phenomena associated with dolerite intrusions is perhaps due to the relatively
thin cover existing during their emplacement. The dolerite sheet at Khale, 6 miles south
of Gaberones, is described; clouded plagioclase occurring in parts of the sheet is attributed to auto-metamorphism. Several minerals found in epidotised joints in this sheet also
occur in pegmatitic segregations of the surrounding Gaberones granite.
W.A. Campbell.

157.

Poldervaart, A.

1954 The Gaberones granite (South Africa). C.R. XIX
Congr.geol.Int., Alger, 1952. Ass.Serv.geol.afr.
20(1), 315-333.

The field relations of the Gaberones granite are discussed in detail and a sketch map
of the various plutons is given. There are four apparently isolated plutons of large size,
called the Mathethe, Lobatsi-Kanye, Ranaka and Gaberones-Molepolole plutons, with a
few smaller exposures near Kanye. Three granitic rock types are of widespread distribution, but only one of these is recognised as being an intrusive (igneous) granite. This is
a coarse-grained, non-foliated rapakivi granite which closely resembles the Finnish
rapakivi, and forms the cores of three northern plutons. Granophyric rocks envelop the
rapakivi granite cores and are believed to represent the recrystallised equivalents of
Dominion Reef felsites which surround the plutons. Although chiefly static, these recrystallised felsites may locally have become rheomorphic and assumed intrusive relations
towards the associated rocks. The Mathethe pluton consists mainly of such recrystallised
r<*;ks, but in a few localities dioritic or granodioritic rocks are developed which probably
represent rapakivi granite contaminated by meta basalts. Microgranites are associated
with rapakivi granite in the cores of the Ranaka and Gaberones-Molepolole plutons. These
rocks are regarded as the rheomorphic equivalents of Basement granulites which are also
exposed in the core of the Gaberones-Molepolole pluton.
It has been established that the Gaberones granite postdates the Dominion Reef felsites, but is older than the Bushveld dolerite phase of intrusive activity. Evidence
obtained so far favours a post-Transvaal age for the granite, in spite of the fact that in
three localities Black Reef quartzites rest with a cold contact upon granitic rocks associated with the Gaberones granite. In two localities these granitic rocks were found to be
recrystallised felsites, tout at Moshaneng WAGNER's observations on the intrusive relations of the granite towards the Transvaal dolomite could be confirmed.
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Field observations and borehole records indicate that the granite is continuous below
the divides between the various exposures, and that the Gaberones granite therefore forms
one large pluton in the southeastern Protectorate. The roof of this pluton appears to be
remarkably flat and even, but dips towards the Bushveld Complex in the eastern parts of
the intrusive body. Although the evidence is as yet not conclusive, it is believed that
the form of the pluton is that of a harpolith which emanates from below the Bushveld
Complex, and embraces its western extremity. Apparently the granite was emplaced along
the uneven junction of the Basement and the overlying Dominion Reef felsites, probably
through uplift of the overlying strata.
Author.

158.

Poldervaart, A.

1955 Zircons in rocks. 1. Sedimentary rocks. Amer.J.
Sci. 253(8), 433-461.

This is the first of a series of three contributions dealing with zircons in rocks. The
present paper describes the size and shape distribution of zircons in sediments. Methods
of concentration of zircons in crushed rock samples are summarized and methods of
measurement of zircons discussed. Zircon has been shown to be a highly resistant
mineral in sedimentary processes. Its relative stability in the sedimentary cycle is
attributed to its resistance to chemical attack, small size and lack of cleavage. However,
there is evidence that alkaline solutions may corrode zircons. Minute zircon fragments
are probably dissolved and complex zirconium anions may then be absorbed, e.g. on
hydrated ferric oxides. Thus it is believed that in shales only part of the total zirconium
is present as zircon, while in oceanic clays zircon accounts for only a small proportion
of total zirconium.
In sedimentary transport or upon reworking of sediments, zircons are repeatedly
rounded, broken and again rounded. In sandstones the majority of zircons are well-rounded
grains, and both sharply euhedral crystals and angular fragments are usually in the
minority. In siltstones increased proportion of broken grains are encountered. In shales
the majority of zircons are angular fragments and rounded grains are in the minority.
Generally sharply terminated, euhedral zircons are subordinate in sediments, and those
present are small rather than large. Another general observation is that the average
elongation ratio of sedimentary zircons is less than 2.0. A third general rule is that the
average size of zircons decreases from arenites to lutites. Exceptions to all three generalizations may be found.
The stability of malacons is not as high as that of clear zircon. Accordingly, sandstones and siltstones contain few malacons, but considerable proportions of the zircons
of shales may be gray, brown, or black. Possibly formation of malacon is promoted in
minute grains by solutions present in shales.
Studies of zircon size and shape distribution in sediments are usually not particularly
useful in paleogeographic investigations; as a rule variations in size and shape are minor,
even when traced over large distances. Pronounced changes indicate different sources of
sediments. The relative proportions of heavy nonopaque minerals are generally more
revealing in sedimentary petrographic studies.
Finally, a few selected examples are given to illustrate the role of zircon in sediments;
(1) Kalahari sands of the Bechuanaland Protectorate, (2) arenites of the Cape system,
Cape Province, Union of South Africa, (3) Permian arenites of New Mexico, Oklahoma,
and Texas, and (4) miscellaneous zircon studies given in the literature.
Author.
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1956 Zircon in rocks. 2. Igneous rocks. Amer.J.Sci.^
254(9), 521-554.
This paper attempts to summarize observations on zircon concentrates of igneous rocks
from the literature and the writer's work on southern African and American rocks. The
crystallization of zircon is late in the consolidation of basaltic magma, early in that of
dioritic or granitic magma, but increasingly delayed in alkaline magma, apparently in
keeping with the rank of the rocks in the alkaline series. In magmatic plutons in which
zircon crystallized early, the characters and size of the zircons remain the same throughout. Zircon measurements can thus be used to fingerprint igneous rocks.
Author.

Poldervaart, A.

1957 Kalahari sands, p. 106-114, III Pan-African Congress on Prehistory, Livingstone, 1955. Chatto &
Windus, London.

Petrographic work on Kalahari sands in the Bechuanaland Protectorate indicates that
the older sands were transported by wind in a general easterly and southeasterly direction.
Many of the sands fringing the central Kalahari appear to be redeposited and younger in
age. Those in the southeastern Protectorate were probably blown back in a westerly
direction from the Bushveld region. Those in the northeastern Protectorate may have been
blown in a general southerly direction.
Author.

see also — Green, D. and Poldervaart, A.

Poldervaart, A.
161.

Poldervaart, A and
Green, D.

1954 An outline of the geology of the Bechuanaland
Protectorate. C.R. XIX Congr.geol.lnt., Alger,
1952. Ass.Serv.geo2.afr. 20(1), 53-56.

A general summary of the geology of the Bechuanaland Protectorate after three years
work of the Geological Survey, with a stratigraphic table and a provisional geological map.
(Author abstract in French translated by C.A.L.)
162.

Reiter, H

1887 Die Kalahari. Z.wiss.Geogr. 5, 103-114, 230-237,
316-327.

A contribution to comparative geography with sections on an orometric-morphological
survey; the formation and nature of the surface area of the Kalahari basin; the climatic
relations and their effects on the surface; and a chronological survey and review of
theories relating to the formation of the Kalahari, with an attempt at an alternative interpretation of the relations.
C.A.L.

163.

Rimann, E.

1914 Zur Entstehung vonKalaharisand und Kalaharikalk,
insbesondere der Kalkpfannen. Centralblatt Min.,
Geo!., Palaon, 394-400, 443-448.

164.

Rogers, A.W.

1908 Geological survey of parts of Vryburg, Kuruman,
Hay and Gordonia. Annu.Rep.geol.Comm.C.G.H.
12(1907), 11-122.

Describes the geology, including superficial deposits and water supply, of an area of
the Cape Colony from near Vryburg through the Motiton, Genesa and Morokwen Reserves
to the Molopo at Khuis, and thence southwards to the Orange River and westwards to the
German border, but the Molopo between Khuis and its confluence with the Nossob was not
visited.
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In the steep sided Molopo valley between Khuis and Kolingkwane, grey, blue and
purple Matsap quartzites, some containing red jasper fragments, crop out. In places
Dwyka tillite occupies valleys over 100 feet deep in the quartzites. The valleys are
oriented north-south at right angles to the Molopo and thus extend into the Bechuanaland
Protectorate beneath the sand veld.
C.A.L.

165.

Rogers, A.W.

1931 Discussion of "Geological notes on a circuit of
the Great Makarikari Salt Pan, Bechuanaland Protectorate" by A.M. Macgregor. Proc.geol.Soc.S.Afr.
33(1930), lvi-lix.

166.

Rogers, A.W.

1934 The build of the Kalahari. S.Afr.geogr.J. 17, 3-12.

The article commences with an account of the disposition of the Karroo strata of
southern Africa and the nature of the floor on which these non-marine formations were
deposited. A strong structural control with a NE—SW trend existed throughout the area and
has persisted into more recent periods controlling the major geographical features of the
Kalahari, such as -the Okavango ditch and the location of the Makarikari region. The
Kalahari deposits which lie on a rock floor of Cretaceous age formerly extended over a
much greater area as shown by the existence of outliers to the east and west of the
present Kalahari. It is suggested that evidence from snail shells may indicate that the
Okavango was a tributary of the Zambesi rather than the Limpopo before uplift of the
Rhodesian watershed.
Archaean rocks form the frame of the Kalahari and occasionally appear from beneath
the sands within the area though the correlation of the scattered outcrops is very tentative.
The formation of some of the Kalahari deposits and surface features such as pans is
discussed.
C.A.L.

167.

Rogers, A.W.

1935 The solid geology of the Kalahari. Trans.roy.Soc.
S.Afr. 23(2), 165-176.

Dr. Rogers accompanied the Vernay-Lang Kalahari expedition of 1930 and records his
geological observations, discussing them in conjunction with the work of earlier geologists and explorers, in an attempt to connect the "solid" geology of South West Africa
with that of the Transvaal and Rhodesia. The locations of exposures of pre-Ghanzi
Archaean rocks in the Kalahari are recorded and a lengthy section devoted to a description and correlation of the Ghanzi and Ngami Beds. The porphyritic rocks of the Mabelea-pudi-Kwebe Hills are thought to be part of a volcanic series rather than intrusives and
a chemical analysis shows apetrographical resemblance to the Rooiberg felsites of the
Transvaal.
The Karroo succession within the Kalahari is very much thinner than the extensive
trough of Karroo Beds on the south side of the NE—SW trending tract of pre-Karroo rocks
of the Limpopo-Vaal-Orange River systems. This NE—SW direction is a very important
structural trend in southern Africa antedating the surface on which the Kalahari Beds
_were deposited.
C.A.L.

1936 The surface geology of the Kalahari. Trans.roy.Soc.
S.Afr. 24(1), 57-80.
'deposits of the Kalahari System began to accumulate in Cretaceous times on an
"uneven floor of rocks ranging in age from Archaean to lavas of the youngest part of the
Karroo System. Partial removal of Karroo rocks continued from lower Jurassic into the
Cretaceous.
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The drainage pattern of the Kalahari region gives an indication of the form of the
Kalahari floor and of the structural influences shaping its larger features. The drainage
pattern has been affected by warping and faulting but it may be possible to reconstruct
earlier patterns through further studies of fossil and living mollusca.
The deposits of the Kalahari System which are described in detail include conglomerates
or gravels, calcretes, silcretes, marls, mudstones, and diatom earths, though the varied
sands are the predominant material to be seen in the region. Replacements and deposits
of carbonates and silica are common but iron oxides are largely restricted to coatings
on sand grains. Study of the Kalahari System should assist in the interpretation of continental rocks of earlier geological periods.
C.A.L.

169.

Rogers, A.W.

1940 Review of "Die Trockenseen der Erde" by Dr.
Fritz Jaeger. S.Afr.geogr.J. 22.

A review in English of an interesting paper on pans of which there are at least 9,000
of 100 yards or more in width in the Kalahari south of the Okavango and Zambesi. Pans
are almost entirely confined to dry regions in flat country and are absent or rare and small
in mountainous areas. Two groups of pans occur as hollows in bedrock, those caused by earth-movements or volcanic explosions, and those due to erosion; some others are
hollows partly or entirely surrounded by recent sands, limestone and clayey materials.
The Kalkpfannen (calc-pans) which are restricted to the Kalahari, are hollows in pansandstone surrounded by a low rise with hard limestone (sinterkalk), the pan-basin being
filled with soft tufa and often containing a steep-sided water filled (groundwater) pit or
pan-pool. The pan-sandstone may be absent or up to a few hundred feet in thickness lying
on a hard calcareous rock containing fragments of the bedrock. Four groups of calc-pans
are described, based on variations in the tufa, which sometimes contains fossils. These
pans often lie along extinct low-grade rivers the pan pool being the remnant of a former
pool in the river bed.
Pans form under conditions of excess evaporation in flat areas so that they are very
common in Australia, the Americas and inner Asia as well as southern Africa.
C.A.L.

170.

Rooke, M.J.

1965 Report on spectrochemical analysis in relation to
the study of geochemical provinces in Africa. i?ep.
Res.Inst.afr.Geol., Leeds, 9,47-49.

A note on some of the results obtained in the pilot scheme (fully described in J.M.
Rooke's thesis — A spectrographs study of trace element distribution in African rocks
in relation to the identification and delimitation of geochemical provinces) and future
plans for the study of geochemical provinces in Africa. Certain granites of Southern
Rhodesia, Bechuanaland and South West Africa have relatively high average values for
potassium, titanium, magnesium and barium, which is an example of a regional anomaly.
CA.LJ.

171.

Schenk, A.

1906 Die Kalahari. Geogr.Z. 12, 519-527.

A commentary on some aspects of geological work in the Kalahari.
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C.A.L.

172.

Schulz, A. and
Hammar, A.

1897 The New Africa. Heinemann, London, xii, 406p.

On the map (p. 1) of Schulz and Hammar's route are plotted all their geological observations, though only a few of them are briefly mentioned in the text. The route crossed
the Marico River near its confluence with the Limpopo River, thence to Shoshong; from
Shoshong via Tlhabala sand pits to pass along the eastern edge of the Makarikari and
north to Wacha; from Wacha to Pandamatenga and the Zambezi at its confluence with the
Chobe or Linyati River. This latter river was traversed upstream to Kikonto thence across
country to Debaba on the Okavango; down the Okavango to Lake Ngami and down the
Zouga (Botletle) River to Lake Kumadua (western Makarikari); returning via Klakane and
Lachachoneni to Shoshong.
C.A.L.

173.

Shaw, S.H.

I960 Annual Report of the Overseas Geological Surveys
1958-59. London. 45p. (Bechuanaland, 19-22).

The major problems, achievements, and work of the Overseas Geological Surveys during
the twelve months ended 31st August 1959, are outlined. A brief account is given of
headquarters and territorial activities, the staffing position, advances in organisation and
scope of the surveys, and progress in providing requisite accommodation. Developments
in mineral production and in the application of modern specialist prospecting and research
techniques are mentioned, as well as new discoveries of mineral deposits. Appended
reports from the various Geological Surveys overseas detail the departmental progress in
geological mapping, engineering geology, mineral and water-supply investigations and
development, and the study of earthquakes, volcanoes, submarine chasms, and tidal waves.
Reference is made to contributions to the International Geophysical Year and to researches
into terrestrial palaeomagnetism, carbonatites, and geochemistry. An index to the chief
mineral occurrences mentioned in the text is also given, and publications issued or
prepared during the year are listed.
Author»

174.

Shaw, S.H.

1961 Annual Report of the Overseas Geological Surveys
1959-60. London. 68p. (Bechuanaland, 17-20).

An outline is given of the work of Overseas Geological Surveys during the twelve
months ended 31st August, 1960, and the major problems and achievements are noted. A
brief account is given of territorial activities, the staffing position, advances in organisation and scope of the surveys, and progress in providing requisite accommodation.
Developments in mineral production and in the application of modern specialist prospecting and research techniques are mentioned, as well as new discoveries of mineral
deposits. Reports from the various Geological Surveys overseas detail the departmental
progress in geological mapping, engineering geology, mineral and water-supply investigations and development, and the study of earthquakes, volcanoes and seismic sea-waves.
Reference is made to researches into terrestrial palaeomagnetism, carbonatites, and
geochemistry. Publications issued or prepared during the year are listed, and an index to
mineral occurrences and geological matters of general interest is given. Lists of the
staffs of Overseas Geological Surveys and the Geological Surveys of the territories
overseas are appended.
Author»

175.

Shaw, S.H.

1962 Report of the Overseas GeologicalSurveys, 1960-61.
London. 106p. (Bechuanaland, 45-49).

The work of Overseas Geological Surveys during the sixteen months ended 31st December, 1961 is described, and summary accounts are given of the activities of the geological
survey departments in 13 dependent territories overseas, and also in Sierra Leone and
Tanganyika, which became independent in the period under review. Progress made by the
three main divisions of Overseas Geological Surveys, namely Geophysics, Mineral
Resources and Photogeology, as well as by the Age Determination and Palaeontological
Units and the Geochemical Prospecting Research Centre, is outlined. Special reports of
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the Mineral Resources Division and reports of the Pal aeon to logical Unit are listed and
some 50 age determinations are tabulated. The work of the Overseas Mineral Processing
Advisory Committee is also described. Brief accounts of recruitment and staff changes,
courses of instruction, specialist assistance and visits to conferences overseas are given.
Contributed reports from geological survey departments overseas include details of
staff changes, geological mapping, mineral development, engineering geology, water
supply investigations and departmental publications. A table showing quantities and
values of the principal mineral products during 1960 and 1961 is included for the first
time. Lists of staff as at December 1961 of Overseas Geological Surveys and the geological survey departments overseas are appended.
Author.
(An age determination for the Gaberones granite, Bechuanaland, is given. C.A.L.).

176.

Shaw, S.H.

1963 Annual Report of the Overseas Geological Surveys
1962. London. 106p. (Bechuanaland, 48-52).

Reviews the work of the Overseas Geological Surveys for 1962 with reports from
twelve overseas departments. Mineral statistics are tabulated for 1961 and 1962. C.A.L.

177.

Shaw, S.H.

1964 Annual Report of the Overseas Geological Surveys
1963. London. 106p. (Bechuanaland, 58-61).

Reviews the work of the various divisions of Overseas Geological Surveys in London,
followed by reports from the ten Geological Survey Departments in overseas countries.
Mineral statistics are tabulated for 1962 and 1963, and two Appendices contain staff
lists.
C.A.L.

178.

Shaw, S.H.

1965 Annual Report of the Overseas Geological Surveys
1964. London. 10lp. (Bechuanaland, 56-60).

Reviews the work of the Overseas Geological Surveys headquarters departments in
London during 1964. Accounts prepared from reports submitted by the Directors of eight
geological surveys departments overseas are presented. Mineral statistics are tabulated
for 1963 and 1964.
C.A.L.

179.

Sinclair, W.E.

1952 Kyanite in Kenya, Angola, and Bechuanaland. Bull.
Instn. Min.Metall. 61(4) (542), 171-2.

In Bechuanaland approximately 20,000 tons of kyanite occur in a hill deposit 6 miles
from Francistown. Further investigation is required to determine the possible existence
of ore underground.
C.A.L.

180.

Sinclair, W.E.

1959 Asbestos its origin, production and utilisation. 2nd
Ed.Min.Publ.Ltd., London. 512p.

A comprehensive survey of world-wide asbestos deposits; it includes a brief description of the Moshaneng asbestos deposit in Bechuanaland.
C.A.L.
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180a.

Smith,D.M. and
Andrew, E.M.

1962 Gravity meter primary station net in east and
central Africa. Geophys.J.R.astr.Soc. 7(1) , 65-86.

Between 1958 and 1961 a net of accurate gravity meter stations was established in
Tanganyika, N. Rhodesia and Nyasaland, with a few stations in Kenya, Uganda, S.
Rhodesia and Bechuanaland. There are now 109 gravity stations in the area with a
relative accuracy of better than 0.1 mgal, and an accuracy of about 0.5 mgal relative to
the Potsdam system. The net was primarily intended to provide control for a regional
gravity survey of Tanganyika, but has also served to connect several other formerly
isolated gravity surveys to the international system. Most of the pendulum and gravity
meter stations established by other observers before 1958 were reoccupied. When these
sets of measurements are compared with the Overseas Geological Survey net individually
there are slight differences of datum and calibration, but the mean discrepancies are
negligible. The linearity of the calibration factors of the O.G.S. gravity meters was
confirmed by a series of tilt-table calibrations. Before 1954 the Office de la Recherche
Scientifique et Technique Outre-Mer had established several important chains of gravity
meter stations from Europe, through North, West and East Africa to Madagascar. The
O.R.S.T.O.M. values now appear to have been computed with an incorrect calibration
factor but otherwise had a high relative accuracy.
Authors»

181.

Smitter, J.H. and
van Biljon, W.J.

1956 A geophysical expedition to the Bechuanaland
Protectorate. South African Panorama, July, 1957.

Describes the route taken on a two months' expedition around the Bechuanaland
Protectorate to record geophysical and geological data for the International Geophysical
Year. Gravity and magnetic measurements were made at intervals of a few miles on the
journey of over 2,000 miles, but no details are given.
C.A.L.

182.

Stillman, C.J.

see — Cox, K.G., Johnson, R.L., Monkman, L.J.,
Stillman. C.J., Vail, J.R. and Wood, D.N.

Summers, R.

see — Bond, G. and Summers, R.

Swinburne, J.

1870 On the South African goldfields. Brit.Ass.Advance.
Sci. 40, Liverpool. 176.

Mentions the route from Port Natal to the Tati area and records that the mining settlement is situated in Lat. 21° 27'S and Long. 27° 40*E.
The occurrence extends for a distance of forty miles from NW-SE and is fourteen miles
broad. Gold had been extracted from eleven mines with numerous other gold bearing reefs
not yet worked. All the mines are on the sites of ancient workings. The average depths of
the shafts was fifty feet.
Also visited a goldfield 327 miles to the NNE of the Tati in the Zambezi basin.
C.A.L.
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183.

Thomson, A.G.

1951 Bechuanaland - The development of its mineral
resources. Afin.J.237(6070), 642-643.

A brief account of the raining history of Bechuanaland is followed by notes on the
mineral resources and the possibilities of their development. The only important mineral
production has come from the Tati district, where gold was discovered in 1866. Small
quantities of asbestos and kyanite have been exported in recent years. Copper, coal and
iron ore deposits also occur and are being investigated by the Geological Survey.
W.A. Campbell.

183a.

Tooms, J.S.

1965 Problems in geochemical prospecting for base
metals in tropical terrains. Inter-regional Seminar
on Geochemical Methods for Mineral Exploration.
Moscow. 43p.

Regional geochemical surveys may enable geochemical provinces to be outlined by
low-density sampling. The main media used to detect regional variations are rock, soil
and stream sediment sampling, and to a lesser extent vegetation and ground and surface
water sampling. Stream sediment sampling is generally most effective. Examples of the
examination of geochemical provinces are investigations of pyrochlore-bearing carbonartite
at Feira and of the copper deposits of the Copperbelt, both in Zambia, and of copperchromium deposits in Malaya. The interpretation of geochemical provinces in terms of
exploitable mineral deposits is difficult, but it may make a significant contribution to the
understanding of the regional geological history. The purpose of reconnaissance geochemical prospecting is the detection of mineral prospects in the shortest time and at the
lowest cost. Any assessment of the probable applicability of reconnaissance prospecting
of an area must be based on an estimate of the dominant mode of dispersion and the
conditions modifying the dispersion factors. Examples of assessments given are the
Baluba copper deposits in Zambia, the copper-chromium deposits of Sabah, Malaya,
copper dispersion at Magogaphate in Bechuanaland, and lead-zinc-copper deposits at
Mount Isa-Cloncurry in Queensland, Australia. Detailed soil surveys are used to investigate the causes of geochemical anomalies detected during reconnaissance surveys. The
grade-width of an ore deposit may be estimated if the magnitude of the anomaly is
assessed in relation to the factors affecting the dispersion. The effects of artificial
contamination must be taken into account in areas with a history of mining but can be
reduced if samples are taken from depths of 12 to 18 inches. Full value can only be
obtained from geochemical prospecting by integrating the results with geophysical and
geological data.
(C)

183b.

Vail, J.R.

1965 An outline of the geochronology of the late Precambrian formations of eastern central Africa. Proc.
roy.Soc.A. 284(1964), 354-369.

The disposition, general lithology, and relation to structural environment of several
post-Archaean pre-Karroo formations (Waterberg-Loskop-Matsap, Umkondo, Lomagundi,
Sijarira, Fingoe, and Katanga systems) is reviewed, and their positions are shown on a
map together with the localities of 110 published radiogenic age determinations. The
formations, correlated in the past on lithological grounds, are better considered as shelf
deposits similar in facies. Although they may be late-Precambrian in age, none of the
formations (except perhaps some of the Katanga system) is indisputably so. Until details
of stratigraphic sequence, depositional environment, and subsequent tectonic and metamorphic history are available correlations must remain tentative.
The formations overlie areas which have been dated at 2000 to 3000 m.y. (e.g. Rhodesia and Transvaal cratons), and circum-cratonic mobile gneiss belts having ages of 1500
to 2000 m.y. (e.g. Limpopo belt). Younger gneiss belts are distinguished having ages of
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400 to 650 m.y. (e.g. mid-Zambezi and Mozambique belts). The southern part of the
Mozambique belt is considered to have been involved in at least three cycles of deposition and metamorphism, the last of which is Cambro-Ordovician in age. This last event
was the Mozambiquian orogeny and in it late-Precambrian sediments may have been
orogenically involved.
Sketch maps show new details of internal trend directions within the mobile belts,
and the regional distribution of the main tectonic units. The available geochronological
information is listed in a table and used to date the structural elements.
Author.

Vail, J.R.
Van Biljon,

see also — Cox, K.G., Johnson, R.L., Monkman,
L.J., Stillman, C.J., Vail, J.R. and Wood, D.N.
ff.J.

see — Smitter, J.H. and van Biljon, W.J.
1941 Soil groups and sub-groups of South Africa. Un.S.
Afr.Dep.Agriculture and Forestry Sci.Bull.2Zl.
(1940), 316p.

Chapter VIII on the Kalahari desert soils, divided into Kalahari sand and Kalahari
sand on limestone» is relevant to the Bechuanaland Protectorate, which is mantled by
these soil sub-groups. The sub-groups include notes on distribution, topography, vegetation, climatic conditions and geology, with the descriptions of the soils.
C.A.L.

185.

Van Straten, O.J.

1958 A reconnaissance report on the salt deposits of
the Nata River Delta. Rec.geol.Surv.Bech.Prot.
1956, 21-28.

Deposits of halite have been formed in a series of intermittently occurring brine pools
in the two Sua drainages. The salt, in its natural condition, is too impure to be commercially used unless refined. Impurities such as sodium carbonate and bicarbonate which
occur in the brines are of greater economic significance than the salt itself. The survey
has shown that large quantities of relatively weak sodium carbonate — bicarbonate —
bearing brines occur at depths of up to 10 feet throughout the area. In addition, significant
amounts of potassium are present in the brines.
No assessment of the quantities of salt and concentrated brine is possible at the
present time but this reconnaissance has considerably extended previous estimates of
the salt producing potential of the area since the western Sua drainage has not been
included in the investigations previously carried out in the Nata area. In the case of the
eastern drainage the distance is 3.3 miles.
The presence of a relatively impervious clay and sand-clay horizon (Deposit 4) below
the sand cover of the flats suggests that it would be possible to construct artificial
evaporation pans presenting larger surface areas than at present exposed in the drainages.
These pans could be supplied with brine from well points in the drainages and older
channels. This system would permit of a certain amount of control over the evaporating
process.
Author,
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186.

VanStraten, O.J.

1959 The Morapule coalfield, Palapye area. Min.Resour.
Rep.No.1, geol.Surv.Bech.Prot. 50p.

The Morapule coalfield area lies 7M miles west of Palapye siding on the Rhodesia
Railway line in the central portion of the Baraangwato Reserve. Three separate coal
zones are present in the local Karroo sedimentary succession. A certain amount of uncertainty exists concerning the exact correlation within the Karroo System of the strata
containing these carbonaceous horizons, but the zones display a constant positional
relationship to the Middle Ecca Series sandstone, and an upper, siltstone marker horizon.
The basal, carbonaceous zone, immediately overlying the Middle Ecca Series sandstone,
contains the economically important coal seams of the area and the thickness of this zone
varies from 14 to 38 feet, with individual coal seams ranging up to 18 feet in thickness.
The better quality coals are present in the deeper portions of the basin, below 390 feet,
and in an easterly direction, towards the margin of the basin, the quality of the coals
tends to deteriorate and the thickness of the seams become variable. The area is mantled
by a relatively thick succession of Recent Deposits and the shallowest depth of the suboutcrop of the coals is 110 feet.
The report presents a table of 126 proximate analyses of samples from the coal seams
intersected in 23 boreholes concentrated in an area of 12.5 square miles. These analyses
indicate that the coals of the Morapule area can be classed as low grade, bituminous
steam coals relatively high in ash. In an area of 9.38 square miles in the central portion
of the Morapule basin down to a depth of 450 feet, the reserves of coal, with calorific
values of 11 to 12 lbs./lb. (average value 11.34 lbs./lb.) and ash contents of 12.0 to
18.8% are of the order of 150.5 million tons.
Author,

187.

Van Straten, O.J.

1961 A note on the chemical composition of some ground
waters from the Bechuanaland Protectorate. Rec.
geol.Surv.Bech.Prot. 1957/58, 24-35.

Analyses of 49 ground waters and one surface water are presented. The results of
these analyses are discussed in relation to a proposed compositional classification for
ground waters in the Territory and this is compared with previously published groundwater classifications.
Author.

188.

Van Straten, O.J.

1963 A note on the ground-water potential of certain
areas adjacent to the main internal drainage system
of the northern Bechuanaland Protectorate. Appendix
to 'Land Use Prospects of Northern Bechuanaland'.
D.O.S. Development Study No.l.

Describes the general geology of the broad, relatively shallow internal drainage basin
which has been affected by important tectonic movements including large scale faulting
and warping. The tectonic and climatic history has had a considerable influence on the
pattern of sedimentation.
Although the area of free water surface in the basin was greater than at the present
time and it must have provided a focus for the drainage of a vast area of the sub-continent,
the theory that the Botletle and the Macloutsie rivers were linked and provided an outlet
to the sea, which was severedby upwarpingof the Rhodesia-Kalahari axis, is not accepted.
A discussion of the general hydrogeology is followed by more detailed notes on the
ten areas and sub-areas of the internal drainage basin, using data from 115 boreholes,
which are tabulated in an Appendix.
C.A.L.

Van Straten, O.J.

see also — Boocock, C. and van Straten, O.J.
61

189.

Varley.E.R.

1965 Sillimanite. H.M.S.O., London. 165p.

A survey of the world resources of the sillimanite group of minerals — andalusite,
kyanite, sillimanite — is introduced by a discussion of their mineralogy, origin and mode
of occurrence. Includes a report on the geology and mineralogy of the Halfway Kop kyanite
deposit in the Tati Concession of the Bechuanaland Protectorate, with a chemical analysis
of a kyanite-rich rock, and production figures for 1951 to 1957.
C.A.L.

Visser, J.N.J. )

1964 Analyses of rocks, minerals and ores. Handb.geol.
Surv.S.Afr. 5. 409P.

1 published and available unpublished chemical analyses up to the end of 1961, of
rocks (excluding coal), minerals, ores and meteorites, from the Republic of South Africa
and the neighbouring territories of Basutoland, Bechuanaland Protectorate, Swaziland and
South West Africa, are presented. Includes 18 analyses from the Bechuanaland Protectorate of dolerite-pegmatite, dolerite, bronzite dolerite, limestone, calcite, hematite, kyanite,
manganese ore, and talc.
C.A.L,

191.

Wagner, P.

1929 Geology of the country around Kanye, Bechuanaland
S.Afr.Min.EngngJ. 1969,484.

Brief notes on a talk given to the Geological Society of South Africa.

192.

Wagner, P.

C.A.L.

1930 The geology of the neighbourhood of Kanye in
Bechuanaland. Proc.geol.Soc.S.Afr. 32(1929),
xlviii-xlix.

Thick beds of Waterberg sandstone and conglomerate form low plateaux overlying
granite and felsite which are megascopically indistinguishable from granites and felsites
of the Bushveld Igneous Complex. An inlier of Transvaal System rocks, resting on a diabase sill, occurs to the west of the felsites with smaller inliers to the north and west.
Cross-fibre chrysotile asbestos genetically related to the diabase is found in the Transvaal System dolomite. The granite is intrusive in both the dolomite and the diabase. There
isagreat profusion of stone implements in the area.
C.A.L.

193.

Wayland.E.J.

1944 Drodsky's Caves. Geogr.J. 103(5), 230-233.

Drodsky's Cave, a system of inter-communicating caverns in an impure crystalline,
metamorphic limestone, probably of Basement Complex age, is located 67 miles from a
spot 14 miles south of Nokaneng on a bearing of 263° (true), i.e. in western Ngamiland.
Three main chambers floored with cave-earth and containing numerous stalactites and
stalagmites, which are no longer growing, were explored. Some red Kalahari sand was
found in one of the many subsidiary caves. Many of the stalactite-stalagmite columns are
split, leaving a gap of an inch or so in width, possibly resulting from a climatic change.
There was no trace of human occupation at any time but leopards inhabit the caves and
the cave-earth is "crawling" with insects, which have a levelling influence on the
deposit.
C.A.L.

194.

Wayland.E.J.

1951 Discussion of "Note on the extension of the Karroo
System in the northeastern Bechuanaland Protectorate" by A. Poldervaart. Trans.geol.Soc.S.Afr.
53(1950), 79.
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195.

Wayland, E.J.

/

1953 More about the Kalahari. Geogr.J. 119(1), 49-56.

A paper written'as a criticism of "The Kalahari Today" by F . Debenham (Geogr.J.
118(1952)(1) discusses the sands of the Kalahari; the formation of the calcretes and
silcretes; the water bearing properties of the superficial deposits of the Kalahari; and

Bed a.
196.

Wayland, E.J. ]

Aoy-

* < / ' c*{*«.

C.A.L.

1954 Outlines of prehistory and Stone Age climatology
in the Bechuanaland Protectorate. Mem.Acad.R.
Sci.colon.,Sci.nat.med. 8°. 25(4), 47p.

Stone age relics discovered in the Bechuanaland Protectorate when studied not only
typologically but also, and particularly in the light of those physiographical controls
whose operations are reflected in the Pleistocene and perhaps somewhat older deposits,
lead to seven main conclusions.
1. In certain periods man has inhabited, as distinct from taking occasional excursions
into, the Kalahari.
2. The periods of human occupation were those of relatively high rainfall when now
fossil rivers were perennial, dunes and many of the flatter expanses were forested, while
the rest of the country was presumably fertile prairie and natural parkland.
3.
The climates of the intervening periods were drier to very much drier and in one
period at least (the inter-pluvial between the 3rd and 4th pluvials) wind appears to have
played an important part.
4. The Pleistocene climates of Bechuanaland belong to the past only in the sense that
they are pre-recent. They do not comprise a vanished and completed sequence. The end of
the epoch is not yet. It has the wholeness of a superimposed complex, and any phase
lying between the beginning and the end of that complex is as a child of past evidence
and as a progenitor of those to follow.
5. Therefore, an adequate understanding of the present position in this region should
form, within reasonable limits, a basis for prognostication of future climatic trends, and
of all that depends upon them.
6. It is not to be supposed that Pleistocene climatic changes were confined within the
territorial boundaries of the Protectorate and there ijs; sound evidence that, mutatis
mutandis, contemporaneous sequences were manifested over very wide areas.
7. The Kalahari and its borderlands were, and are, singularly responsive to vicissitudes
of climate; a fact, which, from an environmental angle, has rendered the investigation of
the Pleistocene deposits of Bechuanaland unusually fruitful. Moreover, it has, indicated
lines of approach to several economic problems, among which those pertaining to groundwater are of vital consequence.
C.C.T.A.

197.

Wayland, E.J.

1954 Karroo System of Bechuanaland Protectorate. Symposium sur les series de Gondwanaland. XIX Congr.
geol.Int.,Alger, 1952, 251-253.

Outcrops of Karroo rocks are confined to the south-west, east and north-east of Bechuanaland, although they are present elsewhere over a wide area, covered by Kalahari sands.
The sediments of the eastern Karroo were apparently derived from highlands towards the
east, and were deposited in a series of interconnected basins. The coals of the eastern
Karroo appear to be largely of drift origin. In the west, Dwyka tillite and shales have been
found along the Molopo River near Khuis and also north of Tsabong. Lavas of probably
Karroo age occur south of Lake Ngami.
W.A. Campbell.
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198.

Webb, J.S.

1958 Observations on geochemical exploration in tropical
terrain. Symposium de Exploracion Geoquimica, 1.
XX Congr.geol.Int.,Mexico, 1956. 143-173.

A number of preliminary examinations and some detailed studies, principally in East,
West and South-Central Africa, have demonstrated a wide field of application for geochemical exploration techniques in tropical terrain.
Examples are given (refers to Bushman Mine area, Bechuanaland), mainly from unpublished material, covering a variety of mineralizations and conditions, including coppercobalt, lead-zinc, gold-arsenic-antimony, molybdenum, tungsten, tin, niobium, chromium
and diamond-bearing kimberlite. Certain features of the observed metal dispersion are
briefly discussed, with special reference to the influence of soil type, climate, topography, vegetation and bedrock geology.
From the practical point of view, the results illustrate (a) the applicability of systematic soil sampling in many areas, (b) the use that may sometimes be made of geochemical data in geologic mapping, and (c) the potential value of systematic drainage
sampling in regional reconnaissance surveys.
Author.

199.

Wellington, J.H.

1955 Southern Africa. A Geographical Study. Vol.1. Physical Geography. Camb.Univ.Press. 528p.

The Bechuanaland Protectorate forms an integral part of southern Africa and thus
enters into the discussion of many sections of this book, which is divided into three
parts. Part I on structure and surface includes a brief review of the geological formations
and surfaces and is divided into physiographic regions. Part II describes the climate,
vegetation and soils, and Part III the hydrography.
C.A.L.

200.

Werther, R.

1935 Die Kalahari. Leipzig,Mus.Landkerk,wiss.Veroff.
JV.F.3, 35-94.

Includes observations on the physiography of the Kalahari with particular reference to
the lime, sand, and salt pans of the region.
C.A.L.

201.

Wilson, W.

1905 The northern Kalahari desert. Proc.Rhod.sci.Ass.
5(2), 29-40.

A record of observations made on a trip from Andara on the upper Okavango, to Lake
Ngami, and across to the Makarikari by way of the Botletle River. It is concluded that
there has been a gradual dessication over the last century.
The varied rock outcrops encountered on the journey are recorded, with particular
mention of innumerable old workings in the porphyry hills (Kwebe) south of Lake Ngami
for iron, with a few small hills of graphite schist thirty miles to the east.
C.A.L.

Wood, D.N.
202.

Wright, E.P.

see — Cox, K.G., Johnson, R.L., Monkman, L.J.,
Stillman, C.J., Vail, J.R., and Wood, D.N.
1958 Geology of the Gaberones District. Rec.geol.Surv.
Bech.Prot. 1956, 12-20.

Acid lavas of the Lobatsi Volcanic Series are the oldest group of rocks in the area.
They are overlain by sediments of the Ventersdorp System (Mogobane Series) and these
in turn by rocks of the Transvaal System (Black Reef Series, Dolomite Series, and
Pretoria Series). The Gaberones granite is in contact with felsites of the Lobatsi Series;
but there is no evidence in the area to suggest an upper age limit to it. Sediments of the
Waterberg System lie unconformably upon the older rocks, generally horizontally, Basic
intrusions cut rocks of all ages with the exception of Waterberg sediments.
S.H. Haughton.
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Wright, E.P.

1958 The Geology of the area south of Lake Ngami. Rec.
geol.Surv.Bech.Prot. 1956, 29-35.

The greater portion of the area is underlain by the folded Ghanzi Beds and in the
central area occupied by these rocks is a trough of Karroo sediments. These Karroo
sediments, to which the local formational name of Bodibeng sandstones is given, are
correlated with the Cave Sandstone (Stormberg Series). Certain rocks outcropping on the
southern shore of Lake Ngami, termed the Ngami Beds, have been correlated with the
Ecca Series. In the south of the area acid lavas of the Kwebe Porphyry Series build a
chain of hills to the south east of the area underlain by the Ghanzi Beds. The true age
relationships of the Kwebe Porphyry relative to the Ghanzi Beds is not at present known.
Recent deposits occur throughout the area.
S.H. Haughton.
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Part II
Unpublished References

204.

Almond, W.J.

1925 Properties at Lobatsi. Report to the Manager, The
Gold Fields Rhodesian Development Co. Ltd.

Reports very briefly on prospects for asbestos, copper, fluorspar, galena, and zinc
within a radius of 30 miles from Kanye in the Bangwaketse Reserve. The prospects
examined were not encouraging though the geological environment was believed to be
favourable for the occurrence of base metal ore bodies which might be revealed by further
prospecting.
C.A.L.

205.

Andrew, E.M.

1965 The seismic method and basalt-covered sandstone
in Bechuanaland. Overseas geol.Surv.geophys.Rep.
29.

A 24—channel reflection/refraction " P 11" seismograph and a " F S 2 " Portable
Seismograph were used at Makoba and Lephepe, to determine whether the seismic method
could be used to measure the thickness of basaltic lavas and Tertiary to Recent sands
overlying the Cave Sandstone aquifer, for development of ground-water supplies. The
seismic measurements and interpretations are discussed and it is concluded that the Cave
Sandstone is masked by high speed stringers within the basalt and the contrast between
the sandstone and the basalt is insufficient to give recordable reflections from the contact
interface. It is recommended that a gravimetric method should be tried and that velocity
logs of new boreholes should be taken as normal routine to provide values for the vertical
velocities of the rock types encountered.
C.A.L.

see also — Makowiecki.L.Z.A. and Andrew, E.M.,
and Masson Smith, D.J. and Andrew, E.M.
206.

Anon.

The work of the Geological Survey of the Bechuanaland Protectorate from its inception on the 1st
April, 1948 until the 30th November, 1951.

A comprehensive account of the activities of the Geological Survey, which was mainly
concerned with economic projects, including lists of published and unpublished reports
submittedby the officers, maps prepared, and results of laboratory work.
C.A.L.

207.

Anon.

Bechuanaland Protectorate Geological Survey
Annual Report for 1952.

A review of the activities of the Geological Survey for the period 31st December, 1951
to 31st December, 1952, when drilling continued in the coal exploration programme and
reconnaissance mapping of the Karroo strata commenced in the same area. Detailed
mapping of the Lobatsi district continued. Each officer has added details of his work in a
section devoted to reports by the geological staff.
C.A.L.

208.

Anon.

A brief history of the work of the Bechuanaland
Geological Survey. 1948 to 1952.

An outline of the salient features of the work of the Bechuanaland Geological Survey
during the period, -arranged in four chronological divisions. Each division deals with the
staff and headquarters, laboratory and field work.
C.A.L.
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209.

Anon.

1939 Notes on Monarch Mine geology. Report to the Tati
Goldfields Limited.

The Monarch Mine ore bodies are located in N—S striking tension fractures in gneissic
granite near its contact with schists of the Basement Schist-Series. Related NE-SW and
NW—SE striking shear fractures contain younger dykes and only minor auriferous quartz
lenses. The development of these features was related to a period of magmatic activity
divided into a plutonic phase resulting in the formation of the tension fractures and
infiltration of the gold-bearing solutions, an aplitic phase more or less contemporaneous
with gold-bearing and highly siliceous solutions, and a lamprophyric phase with intrusion
of the dykes.
C.A.L.

210.

Anon.

1955 Sillimanite, andalusite and kyanite resources of
the British Commonwealth. Brit.Commonw.geol.
Liaison Off.Rep.(55)l.

Introductory notes on the occurrence, and chemical and physical properties of sillimanite, andalusite and kyanite, include quality requirements for kyanite and mullite. A note
on the Halfway Kop kyanite deposit in Bechuanaland is included in the sections dealing
with the resources of the Commonwealth countries.
C.A.L.

211.

Anon.

1956 Coal resources of the British Commonwealth.
Brit.Commonw.geol.Liaison Off.Rep.(56)l.

The coal resources of fifteen Commonwealth countries are discussed. In Bechuanaland
there are three main areas which form potential coalfields — area west of Foley Siding,
Palapye area, and the Protectorate extension of the Wateiberg Coalfieldof the Transvaal —
though only thin seams of low quality coal were located in the first area. Investigations
continue in the other two areas.
C.A.L.

212.

Anon.

1959 Gravity survey of Bechuanaland Protectorate.
June - July, 1956. Rep.S.Afr.geol.Surv.

Tables give longitudes, latitudes, elevations and calculated Bouguer anomalies for
324 stations throughout the Bechuanaland Protectorate, to an accuracy of +1.0 milligal.
C.A.L.

213.

Anon.

1960 Manganese resources of the British Commonwealth,
1960. Brit.Commonw.geol.Liaison 0'if.Rep.(60)2.

The manganese resources of twenty five Commonwealth countries are described after
a brief introductory note on the uses, types of deposits and mineralogy of manganese.
Production figures are given for manganese in the Bechuanaland Protectorate where it
occurs in two distinct geological environments. At the 6otsi and Kgwakgwe Mines manganese ore occurs in a shale bed above the Black Reef Series and usually where the shale
is preserved below a capping of chert breccia which constitutes the basal phase of the
Waterberg System. But at the Ramoutsa Mine the manganese ore occurs in a friable sandstone horizon associated with the Polo Ground quartzite of the Timeball Hill Group of the
Pretoria Series. New ore deposits may well be revealed.
C.A.L.

214.

Anon.

1961 Nickel resources of the British Commonwealth,
1961. Brit.Commonw.geol.Liaison Off.Rep.(61)2.

Describes the nickel resources of twelve Commonwealth countries including Bechuanaland where an occurrence is reported at Magogaphate in the Bamangwato Tribal Territory.
The mineralised body is a serpentinite with nickeliferous pyrrhotite, chalcopyrite and
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pentlandite. However the mineralised ultrabasic has a restricted strike length and a
sulphide zone assayed 0.42 to 0.71% nickel.
C.A.L.

215.

Anon.

1962 Barium resources of the British Commonwealth,
1962. Brit.Commonw.geol.Liaison Off.Rep.(62)2.

An introductory note on the uses and occurrence of barium minerals is followed by a
description of the resources of fourteen Commonwealth countries. In Bechuanaland barytes
has been reported from three localities.
C.A.L.

216.

Anon.

1963 Commonwealth Mineral Processing News No.3.
Rep. Commonw. Comm. Miner. Processing.

Describes recent developments in twenty-two Commonwealth and four other Countries.
In Bechuanaland recent developments in production and development of asbestos, evaporites and brines, gold, manganese and nickel deposits are discussed. An aerial magnetic
survey was commenced north of the Molopo River to give information about the Transvaal
System which is covered by Kalahari Beds. In the Union it contains economic deposits of
iron ore, manganese and asbestos.
CrA.L.

217.

Anon.

1964. Commonwealth Mineral Processing News No.4.
Rep. Commonw. Comm. Miner. Processing.

Contributions from nineteen Commonwealth countries are discussedunder the headings:
1. Recent Developments; 2. Current Mineral Processing Investigations; 3. Unsolved
Mineral Processing Problems of Interest; 4. New or Improved Equipment; 5. Personal
News; 6. Publications; 7. Technical Aid.
In Bechuanaland recent developments at the Moshaneng asbestos Mine, the Kgwakgwe
manganese Mine and the Ootse manganese Mine are discussed, with notes on the prospecting of manganese ores in the Polo Ground Quartzite sub-stage of the Pretoria Series
in the Lobatsi Block and Bamalete Tribal Territory. Rhodesian Selection Trust Exploration are compiling a final report on the evaluation of sodium carbonate/bicarbonate bearing
brines from the Sua pan area of the Makarikari region and are continuing prospecting
activities for copper in the Bushman Mine and Matsitamma areas. A fluorspar occurrence
is being investigated in the Bangwaketse Tribal Territory. The Geological Survey had
been prospecting and examining occurrences of kaolinite, fluorspar, copper and chrysotile
asbestos.
C.A.L.

218.

Beer, K.E.

1954 Report on car-borne radioactivity surveys in the
Bechuanaland and Swaziland Protectorates. Geol.
Surv.Mus. Atomic Energy Div.Rep.158.

From May to August 1953 an intensive survey over many roads and bush tracks was
carried out in the Bechuanaland and Swaziland Protectorates, utilising type 1181B carborne geiger unit and type 1303 scintillation equipment. Much of this traversing was
conducted over extremely rough ground, particularly so in the former territory.
No notable uranium or thorium-bearing deposits were located in Bechuanaland; such
small anomalies as were recorded proved to be of not more than academic interest. The
copper mineralization in the north of the Protectorate, in accord with its equivalent development in Southern Rhodesia, carries no uranium.
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Euxenite and monazite have long been known from the Mbabane area of Swaziland.
Several samples were obtained from these deposits as well as from recently discovered
columbite alluvials further north. The refractory uranium minerals vary from priorite to
yttrotantalite in composition and corresponding variations in their urania content are
suspected. The average grade of the purified minerals is of the order of 2.5% eU308.
Similarly there is a wide divergence in the radioactivity of different monazites in the
country. The two extreme values among samples collected were 2.1% and 7.5% eThOg.
In the Mooihoek area of Swaziland interesting anomalies were recorded over the quartzitic and conglomeratic horizons of the Upper Pongola Series. These beds have been
correlated with the Lower Witwatersrand System of South Africa.
Author.

219.

Beer, K.E.

1954 Examination of copper ares from the Bushman Mine.
Geol.Surv.Mus. Atomic Energy Div.Rep.

Describes the results of microscopic examination of polished surfaces of nine specimens of copper ore from dumps at the Bushman Mine. Chalcopyrite and pyrite are the
primary ore minerals with some tetrahedrite. Neodigenite, chalcocite, covellite, bornite,
malachite, azurite, goethite and limonite form the alteration products, with quartz and
felspar as gangue.
C.A.L.

220.

Beer, K.E., Ostle, D.,
Hale, F.H., and
Bowie, S.H.U.

1954 Radiometric surveying with a car-borne counter.
Geol.Surv.Mus. Atomic Energy Div.Rep.169.

Robust Geiger-Muller and scintillation counters with cold cathode valve circuits,
specially designed for car-borne use, have been employed by the Atomic Energy Division
of the Geological Survey since 1950. The equipment, which is particularly suited for
installation in a Land-Rover, is operated from the car's battery and is provided with
audible alarm, ratemeter and continuous recording mechanisms.
Records obtained with the Geiger-Muller and scintillation detectors indicate that
although the scintillometer has a performance factor about twice that of the Geiger
counter, the latter instrument is the more stable and has a sensitivity which is adequate
for prospecting purposes.
The effects of gamma-ray absorption, solid geometry, the time constant of the instrument, speed of traverse, road metal, cosmic rays and weathering conditions are discussed,
and both theoretical and empirical data are presented to show the limitations as well as
the usefulness of the equipment.
A brief account is given of field surveys in West Africa, Southern Africa (Bechuanaland
and Swaziland), and Norway, illustrated with reproductions of sections from the recorder
traces. The data on the radioactivity of various bedrock formations derived from the
traces recorded in routine field traversing agree well with laboratory determinations
carried out on grab samples of the same rock.
Authors.
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220a.

Bennet, J.D.

1966 Notes on the lithology and petrography of the
"Schist Belt" of sheets 2026D (Mosetse) and
2126B (Matsitamma) I & II.

In these two reports the salient features of the major rock types so far recognised have
been outlined from the viewpoint of their field and microscope characteristics. The first
report deals with the basic schists, amphibolites and ultramafic rocks, whilst the second
is concerned with the quartzites, mica schists, limestones and the quartz-carbonate rock.
The basic schists possess typical greenschist facies assemblages of amphibole,
chlorite and epidote minerals. Texturally there is normally little evidence of their original
nature; it is tentatively suggested that they may have been of (? reworked) tuffaceous
origin. Three broad types of amphibolite have been distinguished in the field. Microscopically they show considerable textural variation but all possess a similar mineralogy.
Only a preliminary investigation has been made of the ultramafic rocks: serpentinites and
a pyroxenite have been identified.
The quartzites are low grade metamorphic rocks in which sedimentary structures and
some clastic textures are retained. They are typically fine, evercgrained and highly
felspathic rocks. The mica schists vary from quite micaceous to more psammitic types.
They, too, are characterised by low grade assemblages. The limestones are mostly oriTy
finely crystalline and are often quite siliceous. Little is still known about the origin of
the quartz-carbonate rock which forms the main copper mineralised horizon. It is a "mixed
rock" characterised by rapid and irregular compositional variation and is locally of a
fragmentary nature.
Common to all these rock types is the presence of. mineral assemblages typical of the
greenschist facies. This implies rather uniform conditions throughout the schist belt
during the regional metamorphism.
Author.

221.

Bennett, W.E.

1910 Reports on prospecting activities in the Linchwe
Concession. Reports to the Resident Mining
Engineer of the B.S.A. Co.

Reports to the Linchwe Concession Company, Ltd. containing notes on the geology
and mineral deposits of the Linchwe Concession area, compiled from prospecting activities.
C.A.L.

222.

Bennett, W.E.

1911 The prospecting of Khama's country. Report to the
Resident Mining Engineer of the B.S.A. Co.

Describes prospecting activities at Macloutsie camp, Selepse, Mamakobu, Dimafoonti,
Macloutsie River, Fort Elebe, Lotsani River, Chopong Hills, Mapani pan, Mahalapye
River, and Shoshong.
C.A.L.
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223.

Bent, R.A.R.

1952 Drotsky's Caves, Xihabedum, Ngamiland, further
discoveries 5th - 6th August, 1952. Report by the
District Commissioner.

Extensions to the series of caves in the kopjes of the southern escarpment of the
Xihabe Dura were discovered which are inhabited by leopards. The layout and dimensions
of the numerous chambers and connecting tunnels, which contain stalagmites and stalactites up to 10 feet thick, are given in some detail. The largest chamber or cavern was
140 yards long, 35 yards wide and 50 feet high. Bones were found in great quantity in the
chambers near the entrance but there was no sign of human occupation at any time.

224.

Boocock.C.

1950 Preliminary report — Magogaphate western sheet.

Describes the general geology of the area which is almost exclusively underlain by
highly metamorphic rocks of the PrecambrianBasement Complex. Petrographic descriptions
were not available so that the rocks were divided on a lithological basis into two broad
groups, Para rock types and Ortho rock types. The former includes paragneisses, biotite
schists, quartzites and kyanite schists; the latter, amphibolites and younger intrusives,
dolerites and aplogranites with two minor serpentine bodies.
Ancient copper workings had been located in the area by the Victoria Prospecting
Company and these occurrences were re-examined by trenching. They fall into three
groups each associated with amphibolites with some minor aplogranites in two of the
areas. The mineralisation is in the form of carbonates and silicates of copper. Minor
amounts of gold with much pyrite were found in some quartz veins in granitised biotite
schists at one of the occurrences.
Further work should be carried out on one of the sites with the aid of a self potentiometer but the gold does not appear to warrant further investigation.
C.A.L.

225.

Boocock, C.

1950 Preliminary report on copper occurrences.

Lists four copper occurrences which were investigated, (1) Selkirk Mine, Tati District;
(2) Rainbow Mine, Tati District; (3) Bushman Mine; and (4) Magogaphate area; and
describes the occurrences in the western portion of the Magogaphate area which are all
associated with ancient workings. The M.O. 16 occurrences in the Magogaphate area are
in amphibolite though the copper is probably derived from aplitic veins which are the most
strongly mineralised. Geological mapping of the area was hindered by paucity of exposures. One of the sites is in a well developed gossan which is being investigated.
C.A.L.
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226.

Boocock, C.

1950 Preliminary report on lorry traverses carried out in
the Baines Drift area - Tuli Block.

The area examined lies mainly between Zanzibar farm store and Baines Drift Police
Reserve and up to 9 miles from the Limpopo River. Apart from younger doleritic and
tholeiitic dykes which have a general E-W to ENE-WSW trend, and a single aplogranite
all the rocks belong to the Precambrian Basement Complex and are divided into ortho and
older para types which are a product of intense regional and dynamic metamorphism. The
Ortho group includes metadolerites and metagabbros, anorthosites, amphiDontes and two
minor ultrabasic bodies; most of these are concordant with the regional structure. On the
other hand the Para group are high silica rocks with varied granitoid paragneisses occupying the greater part of the area, metaquartzites and sheared quartzites.
A suggested stratigraphic table drawn up by comparison with other Basement Complex
areas in southern Africa is discussed.
No minerals of economic importance were discovered though there are minor amounts
of chrysotile asbestos in the ultrabasic bodies and good quality garnets were seen, garnet
being a frequent constituent of many of the rock types.
C.A.L.

227.

Boocock, C.

1951 Geological notes on the northwestern portion of the
southeastern schist belt Tati Concession.

Describes the geology, topography and vegetation of the portion of the Tati Concession
underlain by rocks of the schist belt from Xmas Kop southeastwards to immediately east
of the main road near the Lady Mary Mine. A suggested outline of the geological history
of the area is given with the main part of the paper devoted to a description of the varied
rock types comprising a highly folded mass of metamorphic Basement schists probably
belonging to the Bulawayan System, and younger intrusives. A list of rock specimens
collected with brief mineralogical descriptions is appended.

228.

Boocock, C.

1953 Report on geophysical investigations in the
Kgalagadi District.

A discussion of the results of an electrical resistivity survey at Lokwari, Kichwe,
Tsane, and Kangyane Pans to determine the feasibility of using the method to distinguish
between potable and saline waters in the pan areas of the Kalahari.
C.A.L.

229.

Boocock, C.

1953 Report on the geological investigations carried out
on the copper-nickel occurrence at Magogaphate,
northeastern Bamangwato Reserve, during 1953.

Describes the results of an investigation of some of the ancient copper workings at
Magogaphate with a self potential survey disclosing clearly defined negative anomalies.
A diamond drilling programme was carried out, but not completed, with three boreholes,
totalling 506 feet, sited to investigate the anomalies. The drilling revealed the existence
of a nickeliferous ultrabasic serpentinite containing nickeliferous pyrrhotite, pentlandite
and secondary nickel bearing silicates. Suggestions for further work conclude the report
which is supplemented by annexures:- (1) Preliminary Report Magogaphate Western
Sheet; (2) Laboratory Report on the Magogaphate copper-nickel occurrence (includes the
Log of Borehole No. 1) ; (3) Nickel Grade of Magogaphate Pyrrhotite; and the logs of
Boreholes No. 2 and 3.
C.A.L.
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230.

Boocock, C.

1955 Preliminary report on the copper-nickel occurrence
at Magogaphate.

(A revised version of the 1953 report on the geological investigations carried out on
the copper nickel occurrence at Magogaphate, northeastern Bamangwato Reserve, during
1953 with no additional field data).
C.A.L.

231.

Boocock, C.

1955 Report on the copper deposits of the Bushman
Mine—Phudulooga area.

A detailed geological study of the four occurrences of copper mineralisation in the
Bushman Mine-Phudulooga area was carried out assisted by plane table surveys, self
potential studies, laboratory examination of ore minerals collected from the mine dumps,
and a very limited diamond drilling programme. An historical review together with a discussion of reports on previous work summarises the information gathered from varied
sources concerning the prospecting and mining activities in the area since copper was
first worked by an ancient tribe.
The copper mineralisation is in the form of cupriferous quartz veins associated with a
northerly trending regional shear zone in rocks of the Frecambrian Basement Complex,
mineralisation occurring after the main period of shearing. The deposits are generally
associatedwith narrow "rafts" of dolomitic limestone in the enclosing dominantly granitoid
gneisses and granulites which are however largely concealed by recent deposits of predominantly black clayey soils. Chalcopyrite, chalcocite, minor bornite and ubiquitous
secondary silicates, carbonates and oxides are recorded together with lead and fluorspar
(associated silver and gold) at the Bushman Mine.
The detailed report is supplemented by maps and plans, and six appendices describing,
the results of the laboratory examination of polished ore specimens; the state of the mine
workings in 1913; a list of samples with location and assay values collected in 1907;
borehole logs for two of the diamond drill holes; and the sampling data sheet for the
dumps at the Malokojwe workings, Bushman Mine.
C.A.L.

232.

Boocock, C.

1955 Notes on the "Mogobane Series" and related pre
Transvaal — post Dominion Reef System rocks.

Probable pre Transvaal - post Dominion Reef System rocks correlated with the Ventersdorp System are found in the Lobatsi-Ramoutsa areas, with the greater development
from Knockduff farm to Ramoutsa consisting of a sedimentary succession which has been
given the name "Mogobane Series" by the Bechuanaland Protectorate Geological Survey
Department. The shales, slates and conglomerates of this succession are described
together with their relationship to the underlying and overlying strata and evidence given
for assigning a pre-Transvaal age. A lithologically similar series with the addition of
lavas occurs on the south side of the Lobatsi-Zeerust road and is also correlated with
the Ventersdorp System.
C.A.L.

233.

Boocock, C.

1956 Report on a visit to the Bushman Mine in March,
1956.

An examination of the predominantly black clayey soils, by means of pits and trenches,
with descriptions of the soil profiles and a brief discussion of the nature of the soils, in
the Bushman Mine area. Shallow grid samples were collected as well as from the excavations to determine the feasibility of applying geochemical prospecting techniques in the
search for copper deposits in the area.
C.A.L.
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nese ore) a great variety of minerals are present in the Precambrian rocks — antimony,
arsenical ores, bismuth, ehromite, copper, galena, iron, nickel, pyrite, scheelite, sphalerite, minor secondary uranium minerals, lithium pegmatites, barytes, crocidolite asbestos,
fluorspar, kyanite, limestones — which for one reason or another it has not proved possible to develop economically.
C.A.L.

Boocock, C.

1964 Note on the underground water development potential in Bechuanaland.

The potential for underground water development is discussed by individual Tribal
Territory and by the divisions of the Crown Lands, and problems requiring investigation
are noted.
C.A.L.

Boocock, C.

1965 A note on the mineral potential of Ngamiland.

Rock outcrops in Ngamiland are very infrequent and although traces of chalcopyrite
have been found in the Kwebe porphyry south of Lake Ngami where there are more extensive rock exposures and in the Koanaka hills, and kyanite in the Tsodilo hills, no mineralisation of economic importance is known at present. Mineralisation in the Damara System
in South West Africa is related to post-Damara granite intrusions which have not been
discovered in Ngamiland.
C.A.L.

Bowie, S.H.U.

see — Beer, K.E., Ostle, D., Hale, F.H., and
Bowie, S.H.U.

Carlyle, A.W.

see — Guernsey, T.D. and Carlyle, A.W.

Coe, F.E.

1920 Report on the Victoria-Monarch Mine. Report to the
Tati Goldfields Limited.

The main part of the report is devoted to a description of the mine workings, results of
assays, the treatment plants, valuation and expenditure, with special emphasis on proposals for improving the efficiency and reducing costs of the operation of the mine. Further
ore bodies should be found with careful prospecting.
In the introductory paragraphs a brief account of the geology and mineralogy of the
proved reefs on the Francis, Monarch and Amelia claims is given.
C.A.L.

Coope, J.A.

1958 Studies in geochemical prospecting for nickel in
Bechuanaland and Tanganyika. Univ .London
Thesis. 222p.

Geochemical investigations were made in the vicinity of known copper/nickel sulphide
mineralisations occurring in areas of different climatic and topographic conditions in
Bechuanaland and Tanganyika. Using rapid methods of analysis detecting trace quantities
of copper and nickel in the soil and stream sediment, the secondary dispersion patterns
produced during the weathering of the sulphide mineralisations have been determined.
The results obtained indicated that anomalous amounts of nickel and copper are present
at all depths in the soils in the immediate vicinity of the mineralisations. Owing to the
stronger lithophile character of nickel, anomalous quantities of the element are found in
early-formed ferromagnesian silicates in the basic and ultrabasic rocks genetically related
to the sulphide mineralisations.Copper,being very dominantly chalcophile.is concentrated
almost wholly in sulphide segregations.
High environmental pH conditions in the soils in the Bechuanaland field area have
restricted the chemical dispersion of copper and nickel, and mechanical agents have
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produced many of the features of the secondary dispersion patterns. In the Tanganyika
field area, the soils have a more acidic reaction, but mechanical movement down the
steep slopes still appears to have been the dominant process in developing the metal
anomalies.
Two types of dispersion trains are present in thick accumulations of aggraded soil
material found in the drainage channels in the Bechuanaland field area. Mechanical dispersing agents have been most important in the production of these trains which are
relatively feebly developed. By contrast,well-defined sream courses produced by actively
eroding streams are characteristic of the Tanganyika field area where readily detectable
dispersion trains are developed in the streamsediments.Here too, mechanical agents have
been most effective in the secondary dispersion of copper and nickel, although it is
possible that movementof the metals in a soluble form has been of greater importance than
in Bechuanaland.
Author.

244.

Crockett, R.N.

1961 Report on geological investigations at Notwani
with special reference to the proposed new dam
scheme below the Notwani and Metsimashwane
River confluences.

The area to be flooded by the proposed new dam is underlain by Dominion Reef fel8ites, the dominant type a dark grey aphanitic rock, with some quartz porphyries and an
area of a felspar porphyry. The trend and extent of a dolerite intrusion, which crosses the
line of the proposed dam, were investigated by magnetic variometer traverses (discussed
in Appendix V) and the joint systems in the felsites studied with the aid of a Wulff Net
(Appendix II), as both have an important bearing on the dam wall site.
C.A.L.

245.

Crockett, R.N.

1961 A note to re-assess the possibility of a Transvaal
System age for the Shushong Series.

It is unlikely that the Arkose Stage rocks of the Shushong area are the condensed
equivalent of the whole of the pre-Pretoria Series Transvaal succession and although
thick banded ironstone successions are comparatively rare in the stratigraphic column,
those of the Shushong Series are not necessarily the equivalent of the banded ironstones
in the Dolomite Series in the Transvaal. The available palaeogeographic evidence is
insufficient to be used as a criteria for or against the correlation with the Transvaal
System.
C.A.L.

246.

Crockett, B.N.

1962 Notes on the geology of the area northwest of
Shushong, Bamangwato Tribal Territory.

The various formations examined in quarter degree Sheet No. 2226C are described, and
summarised in the stratigraphical table: —
Recent and Kalahari System

Alluvium, sands, calcretes, silcretes.
Rare conglomerates
Unconformity

Karroo System

(Stormberg Series
Cave Sandstone (Aeolian)
(
(
-Non sequence —
(
(Ecca Series
Grits and sandstones
(
(
Rare mudstones and coal
Unconformity
*~*THbii
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234.

Boocock, C.

1957 Water development - Ngamiland.

The occurrence of ground water being directly related to the geological environment, a
description of the general geological features of Ngamiland and their relations to water
supplies is given. Apart from the area to the south of Lake Ngami where three series of
rocks crop out in the Mabeleapudi-Kgwebe hill ranges — the Kgwebe porphyry, the Ghanzi
Beds, and the Karroo Bodibeng sandstone — exposures are very infrequent and correlation,
age determination, and basic structure are difficult to determine. Granitic gneisses of the
Basement Complex, massive limestones, micaceous quartz schists, silicified Bodibeng
sandstone, and Recent deposits of calcareous diatomites, silcretes, calcretes, marls, and
Kalahari type sands are recorded. In the area south of Lake Ngami a series of northeasterly
trending faults has given rise to block faulting.
C.A.L.

235.

Boocock, C.

1959 Note on the mineral potential and mining position
in the Tati Concession.

The Concession contains geological formations identical with those of the "gold-belt"
areas of Southern Rhodesia but although gold is present mining has been largely restricted
to near surface enriched, oxidised zones and only one working is now in operation. Silver,
scheelite, antimony, bismuth, arsenic, galena and copper are found in variable amounts
associated with the gold. Kyanite was mined at Halfway Kop but production ceased due to
the low grade of the ore, although detailed prospecting and better recovery techniques
might warrant the re-opening of the mine.
Low grade, siliceous iron ore and limestone, galena, antimony, and minor amounts of
chrysotile asbestos and lithium-bearing pegmatites are recorded.
C.A.L.

236.

Boocock, C.

1959 Note on the central Kalahari region of the Bechuanaland Protectorate.

The central Kalahari region with a variable thickness of recent Kalahari deposits overlying the solid geology is divided into two hydrographic basins by the "Bakalahari
Schwelle". In the southern Kalahari, sediments of the Transvaal System form a northern
continuation of the northern Cape Transvaal basin. Karroo System terrestrial sediments
and lavas occupy an ancient depositional basin between the southern swell and the Ghanzi
ridge to the northwest but the thickness of the succession is unknown. There are few
exposures north of the Ghanzi ridge of rocks of varied ages.
C.A.L.

237.

Boocock, C.

1961 Water development - Ngamiland.

A discussion of the requirements, inherent difficulties, and possibilities for ground
water development in Ngamiland includes the results of a test drilling programme and
concludes that there is insufficient knowledge of the geology and hydrogeology for the
formulation of an overall water development programme.
C.A.L.

238.

Boocock, C.

1961 An appraisal of underground water development in
the Bechuanaland Protectorate and suggested points
for consideration in future underground water
development programmes.

An outline of the progress and an appraisal of underground water development programmes since drilling was first initiated in the Bechuanaland Protectorate in 1929 is
supplemented by statistics of the results achieved to the 15th December, 1961. The
tables provide data for the number of boreholes drilled, total footage, average depth and
success ratio. Suggestions for future underground water development programmes are
discussed in the light of past experience and possible future requirements.
C.A.L.
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239.

Boocock, C.

1964 The Precambrian of Bechuanaland Protectorate.

Approximately 80% of the 225 000 square miles of the Bechuanaland Protectorate is
covered by Kalahari Beds or is underlain by Carboniferous and younger formations occupying an ancient depositional basin which is bounded on the northwestern, southeastern
and eastern sides by Precambrian formations. These formations which are described in
stratigraphical order, as far as their relative ages are known, range from the oldest rocks
of the Basement Complex, which have yet to be separated into systems as mapping is far
from complete, to sediments of the Damara System, as shown in the provisional stratigraphical table for the Precambrian of the Bechuanaland Protectorate (here given below with
omission of lithological types and ages).
Period or System

Series

Stage

Damara
Post-Waterberg mafic intrusions (age uncertain)
Waterberg
Loskop

Matsap
Kwebe Porphyry
Ghanzi Beds
Post Transvaal granite and syenite
Bushveld diabase intrusions
Smelterskop

Transvaal (insluding
Shushong Series)

Magaliesberg and
Upper Griquatown

Pretoria
and
Griquatown

Daspoort
Timeball Hill and
Lower Griquatown

Dolomite
Black Reef
Ventersdorp

Mogobane and
Dipotsana
Gaberones Granite
Post-Dominion Reef mafic intrusions

Dominion Reef
Basement Schists
(including Bulawayan,
Swaziland and Kheis)
Basement Complex
Three main structural epochs are recognised and described: (a) Post-Basement
Complex (and earlier than the oldest unmetamorphosed sediments), (b)r Post-Transvaal,
pre-Waterberg, (c) Post-Waterberg, pre-Karroo.
A section devoted to mineralisation and mineral deposits shows that although only a
limited amount of mining is taking place (gold and silver, chrysotile asbestos and manga-
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? Transvaal System

Shushong Series
*

Basement

Quartzites, arkoses, flags, shales,
banded ironstone

Unconformity

"Mahalapye Granite"

Post Shushong-Pre Karroo Intrusives

Granites. Rare migmatites
Tholeiitic sills

Other intrusive suites of minor importance are probably present.
This is followed by a discussion of the origin of the syenodiorites of the Shushong area.
Pre-Ecca warping has given rise to a broadly anticlinal structure affecting the whole
of the Shushong outcrop. South of Mosolotsane there occurs a complex series of WNW-ESE
trending faults. There is development of intense mylonitization. Linear features in the
basement area west of the Shushong Sill are ascribed to fracturing, not necessarily
involving any displacement, but possibly providing relief from compressive stresses
associated with the faulting.
Coal in Ecca strata and haematite veins in Shushong Series rocks have been observed.
C.A.L.

247.

Crockett, R.N.

1964 Summary of mining and prospecting records, Tati
Concession.

A brief description of the geological environment — granite gneisses (ortho — and
para— types),tonalites,aplogranites,etc, which are relatively barren, and two mineralised
"schist-belts" which contain a wide variety of rocks from ultrabasic to highly siliceous
types, all of the Basement Complex, is followed by a discussion of the economic minerals
recorded in the Tati Concession. These are antimony (as stibnite and stibiconite),arsenic
(arsenopyrite and enargite), asbestos (chrysotile), beryllium (in a "lithium pegmatite"),
bismuth (secondary minerals in auriferous quartz veins), copper (malachite, chalcopyrite,
azurite), gold, iron, kyanite, lead (galena, cerussite, anglesite and other secondary lead
minerals), limestone, lithium (lepidolite, spodumene), silver, tungsten (scheelite), and
uranium (trace of radioactivity).
Gold, which was first mined in the Tati Concession in 1869, is found in five main
types of occurrence, (1) quartz veins in granite or in schist inclusions in granite near the
main schist belt, (2) quartz reefs along a granite/schist contact, (3) quartz reefs within
the main schist belt with walls of schist or banded ironstone, (4) fissure vein systems
in sheared and decomposed schist, and (5) eluvial deposits. Available production figures
are quoted for gold, silver and kyanite.
Notes are given on 69 named mines though the locations of several are not known. A
list of mine plans which were consulted is appended.
With a centralised milling and treatment plant and a higher price for gold some mines
might be re-opened and economically developed. It is also possible that new ore bodies
may be located with further prospecting.
Appendix - RNC/16/64 and Supplement No.2 -RNC/26/65.
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C.A.L.

248.

Crockett, R.N.

1964 Some observations on problems of geological interpretation in the Matsitamma-Francistown region.

Geological mapping on the scales of 1:10,000 and 1:125,000 in the Matsitamma and
Sheet 2127A areas has revealed a considerable increase in thickness andareal extent of
the Bushman Mine Series. In 2127A a group of metasediments (including coarse marble,
impure metaquartzite, banded ironstone and arkose) and basic schists (possibly paraschists) is distinguished from and believed to be younger than the Bulawayan System
basic schist suite of the Francistown area. The group is correlated with the Bushman
Mine Series. In the Matsitamma area a thick sedimentary succession, of much lower metamorphic grade, containing stromatolite bearing dolomitic limestones, false bedded quartzites, copper bearing quartz carbonate rocks, a tillite, and including intercalated and
interfolded metamorphosed pararocks is also correlated with the Bushman Mine Series.
Although R.S.T. Exploration Limited believe that the Bushman Mine Series in the
Matsitamma area unconformably overlies older granitic rocks, the author suggests that to
the north and east the evidence is against the existence of an important stratigraphie
break between the Bushman Mine Series and the Basement Complex.
Long range correlations of the Bushman Mine Series with the Shamvaian or the LomagundiSystems havs been "'"posed.
C.A.L.

249.

Crockett, R.N.

1964 Report on sieving tests carried out on gypsiferous
soil from the upper Macloutsie Valley.

Describes the experimental procedure and the results obtained in semi-quantitative
tests carried out to assist in devising suitable methods of beneficiation of gypsiferous
ground in the Lebung area. The gypsum occurs as selenite in a layer of brown loamy soil
up to 9 feet thick beneath a surface zone of black clayey soil. The gypsum formed by
upward migration from the underlying Karroo mudstones but was subsequently subjected
to transportation. However the presence of large unpulverised selenite crystals indicates
that some of the gypsum growing in situ has remained undisturbed. It is concluded that
sieving methods would not be a practical method of beneficiating the Lebung material.
C.A.L.

250.

Crockett, R.N.

1964 Preliminary estimates of gypsum reserves in the
upper Macloutsie Valley.

Calculation of the gypsum tonnages in the deposits of the Lebung area is complicated
by the problem of determining a validspecific gravity for the gypsiferous ground. Estimates
of reserves are between 1,108,000 and 1,560,000 long tons of gypsum.
C.A.L.

251.

Crockett, R.N.

1965 A provisional description of the geology of the
Shasbi area. (Quarter degree sheet 2127A).

A summary of the geology of quarter degree sheet 2127A is given. The greater proportion of the area is underlain by rocks of the Basement Complex and within this formation
silicic gneisses predominate. These have been subdivided into two major units of Group
A and Group B gneisses respectively. The Group A gneisses consist of an heterogenous
mixture of grey biotite gneiss, felspathic granulite and aplogranite. Fundamentally these
rocks are regarded as paragneisses and on occasion they have been observed intercalated
within successions of mafic schists and metasedimentary rocks. Away from the zones
where these mafic schists and metasedimentary rocks occur, the paragneissic characteristics of the group are progressively lost as the effects of granitisation and plastic mobilisation become more pronounced. In the gneiss cores the Group A gneisses grade into a
distinct group of primarily porphyroblastic granitic gneiss which has been included in the
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Group B gneisses. Also included within the Basement Complex are two batholiths of
tonalitic granite which crop out near Francistown in the east and these are possibly the
youngest rocks present in the Basement Complex of the area.
Metasedimentary and metavolcanic rocks underlie a relatively limited portion of the
Basement Complex area and these have been tentatively divided into two major formations.
In the Francistown region in the east a thick succession of schists is developed which
is assigned to a Lower Schist Series correlated with the Bulawayan System. Hornblende
schist is the predominant rock type but felsitic rocks, talc schists, actinolite schist,
biotite schist and ultramafic rocks are also represented.
At various other localities particularly in the west and around Tonota, a lithological
assemblage is present which shows some important differences from rocks in the Francis*
town district which are correlated with the Bulawayan System. In this assemblage, named
the Upper Schist and Sedimentary Series, although mafic schists occur, metasedimentary
rocks are much more conspicuously developed than in the Lower Schist Series in the east.
Important rock types developed are marble and metaquartizte. Arkose and banded ironstone
also occur. A tentative correlation of these non-granitic rocks is made with the Messina
Formation. A series of allochthonous serpentinites in the Francistown district is referred
to a post-Upper Schist and Sedimentary Series Ultramafic Complex.
Evidence is given that the structural and metamorphic evolution of the Basement
Complex was polycyclic.
A small area in the southwestern quadrant is underlain by grits and sandstones of the
Ecca Series. Apart from merely superficial deposits, the youngest bedded formations are
silcretes and calcretes of Kalahari Beds age capping certain hills in the south.
Intrusions of dolerite, both as dykes with a WNW to NW trend as well as large sills are
conspicuously developed throughout the area.
Occurrences of arsenic, asbestos, copper, gold, iron, limestone, lithium, talc and
tungsten are known from the area. Gold mining in the area has now ceased.
Author.

Crockett, R.N.

1966 Some practical applications of self-potential
geophysical methods in Bechuanaland.

A modification of the standard resistivity instrument used by the Geological Survey has
been used as a self-potential apparatus. Results of investigations using this apparatus
are presented. These investigations cover the fields of underground water development,
dam leakage tests and borehole logging. Self-potential methods might also be used in
mineral prospecting in Bechuanaland.
Author.

Crockett, R.N.

1966 The evolution of the margin of the Bushveld basin
in the region of Ramoutsa, Republic of Botswana.

A brief description is given of the Precambrian formations that occur in the area near
the village of Ramoutsa in the southeastern part of Botswana. A structural subdivision of
the area into a sinking basin zone and a stable shelf zone is proposed. The contrasting
structural and stratigraphic features of the two zones are described. An account is given
of the tectonic evolution of the area and special reference is made to the origin of the
Ramoutsa-Ootse thrust and its associated features.
Author.
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252.

Crockett, R.N. and
Jennings, C.M.H.

1961 Preliminary report on the geology of the Okwa
Valley west of Tswane borehole.

Plane table mapping on scales of 1:10,000 and 1:25,000 was carried out in the Okwa
valley which forms a prominent topographic feature in the northern Kalahari. A discussion
of the variety of rocks examined is summarised in the stratigraphic table.
Kalahari System and
Recent

Sands, calcretes, silcretes, ferricretes, river
deposits

(Group III
(

A fairly thin succession of conglomerates,
limestones and quartzites

Post Basement and (Group II (Tswane
Pre Kalahari Rocks (succession)
(
(Group I
(
Basement Complex?

Siltstones, quartzites, intrusives, diabase,
felspathic quartzites
Felsites, quartzites, volcanic conglomerates
and tuffs ?
Granite, granitic gneiss, amphibolites, syenitic rocks and felsites ?
Thin diabase dykes and possibly more acid
types

Intrusives

Structurally there are zones of mylonitisation, faulting and folding.

253.

Cullen, D.J.

C.A.L.

1953 Reconnaissance survey of Semarule Hill.

The Semarule hill mass consists dominantly of a variety of syenitic rock types,
showing apparently complex interrelationships, and characterised by alkali-felspars, often
abundant sphene and ilmenite, a dark brown garnet, and in some of the types a green
sodic pyroxene. The floors of some of the hill valleys are underlain by a coarse dolerite,
possibly in sheet form. One hill has a central mass of granitic rocks and the plain surrounding Semarule hill consists mainly of felsitic, granophyric and granitic rocks with
scattered outcrops of syenitic rocks. The granitic rocks of the plain were injected by a
dyke complex of dolerites and porphyritic microsyenites.
C.A.L.

254.

Cullen, D.J.

1954 Report on the proposed weir-site on the Lotsani
River at Palapye.

Horizontal, slightly warped, jointed, highly fissile micaceous sandstone and micaceous,
flaggy quartzitic sandstone are exposed in the left bank and in pits in the bed of the
Lotsani River at the weir-site. Only fine, sandy alluvial soil with pebbly patches and
some calcrete was seen on the right bank.
Upriver from the site the banks and floor cf the channel that would be flooded consist
of soil, fissile sandstone and calcrete, with some sand and flagstone boulders and slabs.
C.A.L.
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Gullen, D.J.

1955 Preliminary report on the geology in the vicinity of
the Moshaneng Asbestos Mine.

An area of approximately 50 square miles around Moshaneng Mine underlain by rocks
of the Dominion Reef, Transvaal and Waterberg Systems, with granite, dolerite and
"migmatites" was mapped to assist in the search for new asbestos lodes. The Black
Reef Series quartzites with basal conglomerate and the dolomites of the Transvaal System
unconformably overly the dominantly felsitic rocks of the Dominion Reef System, the
nature of the contact in some places suggesting thrust faulting. Cross-fibre chrysotile
asbestos was seen in loose blocks of the quartzites "rimming" shaly inclusions. The
Dolomite Series, which contains two horizons of quartzites, shales and shaly quartzites,
is intruded by granite and dolerite. Part of the dolomite is slightly manganiferous, it
often contains tremolite crystals and around the mine is extensively serpentinised with
the development of asbestos fibre through association with the dolerite. Massive chert
beds occur in the higher horizons of the Dolomite Series succession in the Moshaneng
area with some oolitic structure. Close to the dolerite the chert is often talcose.
The "migmatites", which show a constant association with the probably younger
granites, consist of a very variable group of predominantly metadolerites and metasediments (identifications not definite as no microscopic examination undertaken) which may
represent metasomatised Transvaal and or post Transvaal age rocks rather than early
Lobatsi Series as suggested by Poldervaart.
The granites, which show varied textures, are probably post-Transvaal dolomite and
pre-Waterberg in age. A series of low grade metamorphosed tuffaceous shales associated
with the granite and "migmatite", occur in the centre of a shallow basin of Transvaal
sediments and may belong to the Pretoria Series.
The Waterberg sediments, divided into a Lower and Upper Series and consisting of
conglomerates, quartzites and quartzitic sandstones, siltstones and shales, with current
bedding, ripple marks and suncracks, probably once formed a blanket over the older rocks.
The UpperSeries is distinguished from the Lower byless massively bedded rocks. Included
within the Waterberg System is a Chert Breccia Formation.
The dolerites are of post-Waterberg age though some Bushveld dolerite may also be
present intruded into the basin before the main granite mass. The main dolerite in " s h e e t "
form appears to show both concordant and discordant relationships with the dolomite, and
other structural problems are discussed.
Some features of the dolomite-dolerite relations — "carrot-bodies" or "rolls" —, chert
relics, faulting, and asbestos formation are described as seen in the underground mine
workings.
The presence of galena, haematite, manganese, talc and possibly radioactive minerals
is recorded in the Moshaneng area.
C.A.L.
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256.

Cullen, D.J.

1957 Preliminary report on the manganese occurrence at
Kgwakgwe Hill, near Kanye in the Bangwaketse
Reserve.

It is suggested that manganese ore found on Kgwakgwe Hill and consisting of black
manganese oxide(s) may be a residual accumulation derived by leaching away of a manganiferous dolomitic limestone horizon. The ore is overlain by chert breccias and occurs
above yellowish and pinkish shales which are in places impregnated with manganese
oxide(s). Black Reef Series quartzite with a basal conglomerate underlies the shales and
rests on felsites.
C.A.L.

257.

Cullen, D.J.

1957 Report on the geology of the proposed Mahalapye
dam-site.

A brief note records the presence of a fairly coarse-grained, prominently jointed,
pinkish leuco-granite on the banks and beneath the sand in the river at the proposed damsite. Some of the vertical joints are wide open, but if these are closed, and other points
checked the site should be suitable.
C.A.L.

258.

Cullen, D.J.

1958 Preliminary report on an occurrence of manganese
ore on the farm Skaapskuil, Lobatsi Block.

A brief note on a patchily exposed, thin development of manganese ore occurring over
a strike of one half a mile on the farm Skaapskuil. The manganese oxide is present as an
impregnation in shaly beds of the Polo Ground Quartzites Substage of the Pretoria Series.
C.A.L.

259.

Cullen, D.J.

1958 Report on drilling at Knapdaarduring 1957.

Two boreholes totalling 325 feet were drilled in Griquatown Series banded chert and
ironstone on the north bank of the Molopo, 105 miles west of Mafeking, but only traces of
'/«inch fresh blue crocidolite asbestos were found.
C.A.L.

260.

Cullen, D.J.

1958 Summary of information obtained from drilling at
Naka la Phala during 1957.

Two boreholes totalling 343 feet 8 inches were drilled 20 miles south of Serowe, in a
recrystallised dolomitic limestone 100 feet thick sandwiched between two dolerite sills.
Talc and serpentine are widespread but cross-fibre chrysotile asbestos is poorly developed,
with maximum vein width of only one quarter inch.
C.A.L.
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261.

Cullen, D.J.

1958 Occurrence of manganese ore at Mantlhane, near
Ootsi Siding.

A chert breccia impregnated with manganese oxides underlies Waterberg sandstones
and conglomerates at the foot of Mantlhane Hill, on the south side of the Ootsi "massif".
The ore body is probably lenticular with a strike length of 200 — 250 feet and maximum
thickness of about 15 feet.
C.A.L.

262.

Cullen, D.J.

1959 The geology of the Molepolole area.

Three distinct topographic regions are present in the area described which lies between
latitudes 24° 00' and 24° 30'S and longitudes 25° 30' and 26° 00'E. The flat, low lying
granite plain of the Metsimotlhaba river-system in the south is separated from a high-level
sand-covered surface with northerly and easterly draining ancient river systems, by
dissected, well exposed country bounded by scarps on the north and south.
The rock formations present in the area are described in stratigraphic order and
summarised in the Table of Formations: —
(Alluvium

RECENT DEPOSITS

and

grey

soils.

(Sands of Kalahari type and
(calcrete
KARROO SYSTEM

LOSKOP SYSTEM
TRANSVAAL SYSTEM

ECCA SERIES
POST- LOSKOP DOLERITE
UPPER SERIES
LOWER SERIES
DOLOMITE SERIES
BLACK REEF SERIES

Felspathic
stones.

grits

and

sand-

Shale, siltstone, sandstone.
Sandstone, grit, conglomerate.
Chert and brecciated chert.
Quartzitic sandstone and conglomerate.
Shaly redeposited tuff, tuffaceous sandstone, conglomerate.

VENTERSDORP SYSTEM

SEMARULE SYENITE COMPLEX
GABERONES GRANITE
DOMINION REEF SYSTEM LOBATSI VOLCANIC
Fine-grained, acid igneous
SERIES
rocks (felsites)
Part of a broad anticlinal fold and a complimentary synclinal fold occur with mild
buckling in the synclinal area, the fold movements starting before deposition of the
Loskop strata. Complex pre-Karroo faulting effects the Upper Loskop strata with the most
prominent trends appearing to be E-W and NE-SW. Epeirogenic uplift took place in postKarroo times.
C.A.L.

263.

Du Toit, A.L.

1930 Report on a proposed scheme for developing the
Bechuanaland Protectorate by means of boring.
Report by the Consulting Geologist, Irrigation
Department, Pretoria.

Du Toit was engaged as Consulting Geologist to investigate the proposed scheme for
developing the water resources of the Bechuanaland Protectorate for the Bechuanaland
Government Administration in their application for financial assistance from the Colonial
Development Advisory Committee. The scheme is discussed under five headings namely
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(1) Stock routes; (2) Boring on Native Reserves; (3) Boring on Crown Reserves; (4)
Boring on European Farms; and (5) Boring for the Administration's Needs.
A consideration of the geological conditions in the Protectorate, suggests that boring
should be quite successful although brackish and salt waters may sometimes be encountered and some areas and formations could not be expected to be good yielders.
C.A.L.

264.

Gallagher, M.J.

1958 Report on a radioactive sample from the Matapana
syenite, S W of Kanye, Bechuanaland Protectorate.
Geol.Surv.G.B. Atomic Energy Div.miner.Rep.738.

A mineralogical description is given of a sample of syenite of dioritic affinities
assaying 0.02 — 1.0%eU30a (approximately). Radioactivity is due to secondary phosphoruranylite, meta-autunite and, probably, hydrogenautunite, with thorite as an original
accessory mineral.
C.A.L.

265.

Gallagher, M.J,

1959 Thorite-bearing hornblende-syenites from the
Semarule Hill syenite complex, Bechuanaland
Protectorate. Geol.Surv.G.B. Atomic Energy Div.
miner.Rep.908.

Describes the petrography of twelve specimens of thorite-syenites from Semarule with
notes on their chemistry, a discussion of the identification and paragenesis of the thorite,
and the results of chemical analysis including radiometric data.
C.A.L.

266.

Gerrard, I.

1960 A note on specimens fromthe Ghanzi Beds, Ghanzi
District, Bechuanaland Protectorate.

A petrographic description of specimens of arenaceous rocks, termed arkosic arenites,
collected from the Ghanzi Beds, determines that they were derived from a granitic-granodioritic terrain with exposed lavas. A comparison with thin sections of similar rocks from
the Ghanzi Beds of Ngamiland and the Matsap Series of the Molopo River leads to the
conclusion that there is more variation among the Matsap Series rocks and that although
they are generally quite distinct, derived from more mature sediments, some specimens
bear a resemblance to the Ghanzi Beds.
C.A.L.

267.

Gerrard, I.

1960 A note on the Toteng diabase and on the Kwebe
porphyry.

Notes the presence of an epidotised, sheared diabase, similar to the Toteng diabase,
between two crossbedded quartzite outcrops; a distinct,probable Karroo age dolerite in
the Ngami Beds; and a green felsitic lava which is probably interbedded with Ghanzi
Beds and closely related to the Kwebe porphyry. The Kwebe porphyry shows clear flowbanding and flow-folding and contains xenoliths of red Ghanzi Beds quartzite. The author
suggests that the Kwebe porphyry is younger than the Ghanzi Beds and that both are
younger than the Sinclair Formation of South West Africa.
C.A.L.

268.

Gerrard, I.

1960 A report on the sampling of the bed of the upper
Makloutsi River and of the gravels in the vicinity.

Consequent upon the discovery of three diamonds in the Upper Makloutsi River in the
Foley area, further sampling was carried out to determine their origin. Descriptions of the
sample localities, methods used and heavy mineral concentrates are concluded by the
original hypothesis that the diamonds were derived from Karroo conglomerate (Middle
Ecca Series).
C.A.L.
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269.

Gerrard, I.

1961 A note on certain magnetometer traverses in the
southeastern Kalahari.

An attempt was made to correlate the various scattered rock exposures of the sand
covered southeastern Kalahari, which lie on the northern continuation of the economically
important (asbestos,iron,manganese) formations of the northernCape Province by studying
the profiles of magnetometer traverses made by G.L. Paver. Uncertainties arise as to the
correct interpretation of the magnetometric profiles.
C.A.L.

270.

Gerrard, I.

1961 Preliminary geological investigation of the Notwani
River earth dam-site at Gaberones.

Proposed sites underlain by Gaberones granite and superficial deposits of alluvial silt,
sand and gravels, and sheet-wash material were examined by augering, pitting, diamonddrilling, magnetometer traverses, electrical resistivity depth-probes and a percussion
seismic apparatus. Only drilling gave satisfactory information as to the depth of superficial deposits and the nature of the bedrock for the evaluation of the site. It is recommended that percussion drilling be implemented so that a contour map of the bedrock j;an
be constructed as the existence of buried river channels adds to the thickness of the
superficial deposits. Joint systems in the granite should also be investigated. No adverse
factors were encountered in the preliminary survey.
C.A.L.

271.

Gerrard, I.

1962 Geological note to accompany the West Tuli
contour map.

Lower Karroo strata were not deposited in this area and Stormberg Series rocks rest
directly on the Basement Complex. The author discusses the attitude, stratigraphic
position, and correlation of outliers of the Upper Karroo sandstones and lavas in relation
to the pre-Karroo topography, displacements by faulting and folding, with additional
evidence from the area to the southwest and with a stronger foundation provided by the
contour map. Many of the present hills in the area were part of the ancient pre-Stormberg
topography.
C.A.L.

272.

Gerrard, I.

1962 Physiographic note to accompany the West Tuli
contour map.

Describes the procedure adopted in using an aneroid barometer to take readings for the
construction of the West Tuli contour map followed by a discussion of the physiography
under the following five headings:— Topography; Cemented superficial deposits on interfluves; Drainage; The formation of calcreted alluvial deposits; and The effect of Late
Tertiary warping.
C.A.L.

273.

Gerrard, I.

1964 Preliminary report on the age of geological formations in Bechuanaland and their relationship to
geochronological studies in adjacent areas.

By comparison with adjacent areas of southern Africa it is suggested that the Basement
Complex Old Granite of southeastern Bechuanaland has an age of more than 2500 m.y. and
possibly greater than 3000 m.y. No age for Dominion Reef System lavas is available
though Nicolaysen has tentatively put forward an age of 2250 m.y. for that System. Preliminary work on the central "granite of the Lobatsi-Kanye and Gaberones Plutons indicates
ages of 2185 ± 100 m.y. and 2225 + 100 m.y. which is consistent with a post-Dominion
Reef pre-Ventersdorp age. An age of 2100 m.y. has been proposed for the Ventersdorp
volcanicity. Again based on information from South Africa the Transvaal System must
have been deposited between 2200 m.y. and 1950 + 150 m.y. ago. The Waterberg System

87

was deposited after the emplacement of the Bush veld Igneous Complex and has a minimum
age of 1310 + 60 m.y. It is possible that the alkaline complexes of southeastern Becb.uanaland are of the same post-Waterberg age as the Pilandsberg complex in the Transvaal
dated as 1250 + 60 m.y. However the problem of dating these Complexes is confused by
metasomatism, rheomorphism and mobilisation at different periods and an age of 1629 + 65
m.y. from the central Gaberones-type granite may represent a period of mobilization and
metasomatism of the granite associated with the formation of the Semarule syenite complex
at about 1600 m.y., limiting the time of deposition of the Waterberg sediments to between
1950 m.y. and 1600 m.y. The post-Transvaal (probably post-Waterberg) pre-Karroo period
of basic intrusion as exemplified by the Khale dolerite sheet ranges from 1310 to 1050 m.y.
Post-Karroo dolerites appear to have been emplaced from 190 to 152 m.y. ago.
In the Basement Complex System of northeastern Bechuanaland the Francistown schist
belt has been correlated with the Bulawayan System and south of Mosetse it is possible
that the Shamvaian is present as well. In Southern Rhodesia the Bulawayan System has
been given a range of 3100 to 2860 m.y. with a minimum age of 2500 m.y. for the Shamvaian. Southwestwards from the Baines Drift area highly altered relict schist belts
comparable with the Messina Formation are present and in the type area in the northern
Transvaal the enclosing granitic gneiss has an age of 1940 ± 60 m.y. The ungranitised
paragneisses away from the Limpopo orogenicbelt are possibly post-Shamvaian whereas
those in the belt may be of post-Transvaal formation.
The age of the Shushong Series is uncertain, correlation with the Transvaal, Waterberg
and Loskop Systems have all been suggested. The dolerite sheets in the Shushong Series
may belong to the same phase as the post-Waterberg pre-Karroo basic intrusions to th«
south dated around 1000 to 1100 m.y. The Palapye Sandstone and Lotsani Shale Formations are correlated with the Waterberg System. The Stormberg lavas may have been
extruded at different times in the various Karroo basins.
Limestones and dolomites in western Ngamiland correlated with the Damara System
have a maximum age of about 1300 m.y. and a minimum limit of 510 + 60 m.y. by comparison with dates for the System in South West Africa. It is possible that the granitic rocks
of the Okwa Valley, correlated with the Basement Complex, are contemporaneous with
similar rocks in western Ngamiland which may be about 1700 m.y. old. Several different
correlations of the Ghanzi Beds and associated Kwebe porphyry with formations in South
West Africa have been suggested which would give them a post- 950 m.y. age.
Throughout the paper the author puts forward proposals for determining the ages of the
various Systems, orogenies and periods of igneous activity in Bechuanaland which would
also be of great assistance in correlations throughout southern Africa.
New data on age determinations up to the 5th February, 1965 is summarised in an
addendum.
C.A.L.

274.

Gerrard, I.

1964 The solid geology of the area covered by the airborne magnetometer survey.

The plotting of the positions of outcrops and boreholes in the area (Southern Crown
Lands) covered by the airborne magnetometer survey has contributed toward the partial
unravelling of the geology of this area which is covered over most of its extent by Kalahari superficial deposits. The solid rocks encountered and which are dealt with here, range
in age from the Basement Complex to the Waterberg System. The various formations have
been intruded by the Gaberones-type granite, by an ultrabasic intrusive and by numerous
dolerite/diabases.
Three appendices list government and private boreholes (excluding early Colonial
Development Corporation boreholes) in the area covered by the air-magnetometric map
with official numbers, geological logs and water information, except for those without
samples and completion certificates.
C.A.L.

88

275.

Gerrard, I.

1964 Qualitative interpretation of magnetic profiles
from the area (Southern Crown Lands) covered by
the airborne magnetometer survey.

Total force magnetic profiles constructed from a magnetic isogamma map are discussed
according to the geological formations — Basement Complex, Dominion Reef System,
Gaberones Granite, Ventersdorp System, Transvaal System, Waterberg System, basic and
ultrabasic intrusions — which they probably overlie. As a result, tentative positions for
the geological boundaries of certain formations have been plotted which are subjective
and may be modified when more borehole information becomes available.
Three appendices list government and private boreholes (excluding early Colonial
Development Corporation boreholes) in the area covered by the air-magnetometric map
with official numbers, geological logs and water information, except for those without
samples and completion certificates.
C.A.L.

276.

Gerrard, I.

1964 The Lower Karroo succession at Lelenamagadi
Pan, southwestern Bechuanaland, and its correlation with the Molopo River sequence.
"

Lelenamagadi pan lies approximately 4 miles north of the Molopo River at Khuis. A
discussion of the geological setting — thin Kalahari sands and calcreted Kalahari beds
overlying Karroo (Dwyka age) tillites, siltstones, calcareous sandstones, flagstones,
calcareous and sandy shales, limestones and mudstones, which rest on pre-Karroo quartzites — is followed by a description of the succession in the Lelenamagadi borehole. The
borehole (log in Appendix) consists of 937 feet of Karroo sediments (base of the Karroo
not reached) — predominantly mudstones and shales with some varved sediments —
beneath 18 feet of superficial deposits. A sample of the core on analysis showed the
presence of petroleum hydrocarbon mixtures.
A correlation between the succession in the borehole and the exposures in the Molopo
River is attempted and illustrated by cross-sections, and estimates for the thickness of
the Karroo sediments are used in a discussion of the pre-Karroo topography. Although
marine conditions must have existed after deposition of the tillite, the varved sediments
indicated that a fresh-water lake was also present.
C.A.L.

277.

Gerrard, I.

1964 Correlation of the Lower Karroo succession of
southwestern Bechuanaland with the adjoining
areas of the Republic of South Africa and South
West Africa.

A percussion borehole at Springputs, near the Kuruman River, passed through 1435 feet
of Karroo sediments which rest on pre-Karroo quartzites. The log is described and a
correlation attempted with the Karroo succession in the 945 feet deep borehole at Lelenamagadi Pan in southwestern Bechuanaland This is discussed in relation to the successions at Tses and Vreda in South West Africa and sections drawn to illustrate the stratigraphy.
The intra- and post-Karroo earth-movements affecting the basin of Karroo sediments
are described. It is concluded that a diachronous relationship exists between part of the
Karroo succession in this part of the Kalahari Karroo basin and the Karroo in eastern
Bechuanaland, though it is possible they are nearly isochronal.
C.A.L.
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278.

Gerrard, I.

1965 Geology of the Ramatlhabama, Pitsani Molopo and
Mabule area (An explanation of portions of quarter
degree sheets 2524D, 2525C and 2525D).

This area is covered by an extensive mantle of superficial deposits and natural
exposures of rock are not common. The solid formations encountered belong to the Basement Complex, the Dominion Reef System and possibly the Ventersdorp System with
intrusions of post-Dominion Reef but pre-Ventersdorp Gaberones-type granite and a number
of mafic dykes probably of more than one age. The Basement Complex has been subdivided
into the "Old Granite" comprising granitic gneiss and gneissic granite, and the Kraaipan
Series, broadly divisible into meta-sediments and meta-volcanics. The Dominion Reef and
Ventersdorp Systems consist of acid lava and sediments respectively. The superficial
deposits consist of gravel, marl, calcrete, silcrete, ferricrete, fresh-water limestone,
various soils and sands of the Kalahari type.
Author.

279.

Gordon, P.

1958 Report on the manganese deposit Ramoutsa. Rep.
geol.Surv.Bech.

Describes an occurrence of manganese in rocks of the Lower Pretoria Series of the
Transvaal System present l'/z miles south of Ramoutsa Village in the Bamalete Reserve.
The manganese ore is found as veins or stringers, or mixed with earthy material in a soft
porous sandstone in the upper part of the Polo Ground Quartzite horizon. Many faults have
been mapped which caused much displacement of the strata and probably provided
channels for water carrying the manganese in the formation of the deposits.
Some mining has taken place and the occurrence is being actively prospected.

280.

Green, D.

1949 Report on field-work at Naka la Phala.

Describes an examination of an
map at the scale of 1 inch to 100
trenches previously excavated are
250 fJOO tons down to ground-level.
of the ore-body is not known.

281.

Green, D.

C.A.L.

iron ore outcrop at Naka la Phala, accompanied by a
feet. Details of the sections observed in prospecting
given. Estimates of reserves of iron ore in situ are
The report points out that the underground extension
Author.

1949 Report on field-work in the Kanye area.

The lithology and distribution of rocks of the Ventersdorp System, the Gaberones
granite, the Waterberg System and the superficial deposits are outlined. The report makes
particular reference to faulting and to the occurrence of dolerite dykes and sills. Levelled
profile sections of a plateau of gently-dipping Waterberg sandstone are given, establishing
that ground water percolating downward along bedding planes will eventually be impounded
against upfaulted Ventersdorp porphyries and associated dolerite.
Author.

282.

Green, D.

1949 Report on a reconnaissance in the Kanye district.

Traverses in the country between Kanye and Korwe, as well as to certain places
outside this area, are described. The lithology and distribution of the "Old Granite", and
of the Ventersdorp System, Transvaal System, Gaberones granite and Waterberg System,
are outlined and the question of the various possible ages of dolerite intrusions found in
the area is raised. At some places the post-Transvaal dolerite has produced asbestos in
dolomite contact zones. The uncertain age of certain chert-breccias overlying dolomite is
remarked upon, and mention is made of the fact that similar breccias occur in the presumed
Waterberg succession at Morwanoga Hill.
Author.
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283.

Green, D.

1949 Report on field-work in the Bakgatla Reserve.

Describes traverses along the Notwani and Marico Rivers with particular reference to
the amphiboljfie and quartzose gneisses referred to under the heading "Old Granite"
(Basement Complex). A number of syenitic and other dykes present in the area require
petrological study as well as some pegmatites. A serpentine body intrusive in the "Old
Granite" at Schoongezicht on the Marico River is recorded. A detailed stratigraphic
succession for certain beds at Siquani, consisting of tuffs, volcanic conglomerates and
rhyolites, and which apparently can be divided into a lower (Onverwacht) and an upper
(Dominion Reef) portion is described. The Waterberg System in the area consists partly
of typical purplish grits and conglomerates and partly of reddish, altered and highly
felspathic grits. The origin of these so-called "felspathised grits" is regarded as uncertain though attention is drawn to their association with dolerite, which occurs frequently
as sills in the Waterberg strata. The pccurrence of andalusite in the Marico River sands
and of thin asbestos veins in the Schoongezicht serpentine is noted and it is observed
that there is a possibility that the Siquani conglomerates may be auriferous. Decomposition
of the "Old Granite" at Mochudi locally produces a kaolinitic clay.
Author.

284.

Green, D.

1950 Resumé of the results of some reconnaissance
traverses through the Kopong-Molepolole hills.

Gives a brief account of the pre-Waterberg, presumably Dominion Reef, succession
between Kopong and Molepolole, showing it to be made up of felsites, porphyries and
conglomerates and to be intruded by syenitic dykes.
Author.

285.

Green, D.

1950 The Batavia gold mine.

Gives notes on a visit to an old gold-mine in quartzite on the farm Batavia, in the
Union of South Africa near Siquane. Concludes that the Siquane conglomerates are at a
different stratigraphical horizon to the Batavia quartzites and adds that crushing and
panning of the Siquane conglomerates did not show any gold content.
Author.

286.

Green, D.

1950 Naka la Phala type iron ore at Mahibitswane.

Records a first visit to the locality Mahibitswane where the occurrence of iron ore had
been reported by J. Chase of Mahalapye. A small outcrop of highly-magnetic iron ore,
ostensibly of high purity and of which there is estimated to be 100,000 tons in situ is
described. The ore is underlain by limestone and a nearby well encounters an igneous
rock very similar to the so-called "granite" of Naka la Phala. Since there are few exposures in the surrounding country it is recommended that possible extensions of the ore
shouldbe.tested by a magnetometer survey followed by drilling.
Author.

287.

Green, D. J
__ —

1950 Report on the geology and economic possibilities
of the Mahalapye-Shushong area.

A description is given of a geological reconnaissance of approximately 2,000 square
miles of country centred on Shushong and extending east to Mahalapye. The lithology and
distribution of the so-called Mahalapye Granite, and of sedimentary rocks assigned to the
Transvaal, Loskop, Waterberg, and Karroo Systems are outlined. The possibility of considerable developments of coal and iron ore is referred to. The report is accompanied by a
general reconnaissance geological map of the whole area explored and by a detailed
plane-table map at the scale of 1:30,000 covering part of the Legatadimane area. Author.
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288.

Green, D.

1951 A note on theMaipitlhwane(Mahibitswane) iron-ore.

Provides a short summary of information concerning the Maipitlhwane (Mahibitswane)
iron ore occurrence. The similarity of the limestone below the ore to the dolomite of the
Transvaal System is noted. To the south of the koppie first visited there is a further
outcrop of high grade iron ore, which can be followed for three miles. There is a general
similarity between the Maipitlhwane and Naka la Phala iron ore developments, and at
both localities the ore occurs in association with limestone and dolerite. The possible
extensive occurrence of iron ores in association with limestones is discussed and
recommendations are made for geophysical exploration.
Author.

289.

Green, D„

1951 The extension of the Waterberg coalfield in the
Bechuanaland Protectorate.

A reconnaissance survey of the country south of the Mahalapye River and between the
main road and the Limpopo River, as far south as the latitude of Mamabule is described.
The area can be divided into two parts by the east-west trending Zoetfontein fault which
runs from the Limpopo-Mahalapye confluence to Mamabule. On the northern side of the
fault the Cave Sandstone and Drakensberg Lavas occur. To the south, Dwyka, Lower
Ecca, and Middle and Upper Ecca strata are recognised, together with the Beaufort Series.
It is shown that coal occurs in the Middle and Upper Ecca, and suggestions are made for
the initiation of a drilling programme. In the area west of the main road, mainly along the
Serurume Valley and extending for some thirty miles west of the railway, the Stormberg
Series is extensively developed and consists of the Cave Sandstone and Drakensberg
Lava Stages. Minor exposures of Ecca Sandstone occur apparently in faulted relationship
to the Cave Sandstone.
Author.

290.

Green, D.

1952 Report on the examination of some asbestos localities at Molepolole.

Describes three localities near Molepolole where "slip-fibre" asbestos has been
produced, fairly evidently by shearing of dolerite. It is considered unlikely that any
material of economic importance occurs.
Author.

291.

Green, D.

1953 Ironores of "Naka la Phala" type.

A note describing the very similar iron ore occurrences at Bikukunuru kopjes and at
Maipitlhwane. At the former locality there are a quarter of a million tons of high grade
massive haematite ore associated with dolomite. A chemical analysis of the haematite is
given. Chrysotile asbestos has formed at the contact between the dolomite and a dolerite
sheet. High grade, crystalline magnetic iron ore was seen throughout two miles of outcrop
near Maipitlhwane and is in contact with and possibly overlies dolomitic limestone.
Dolerite and a syenitic rock occur near Maipitlhwane as at Naka la Phala. If the iron ore
forms a definite horizon above the dolomite further deposits may be located west and
northwest of Mahalapye.
C.A.L.

292.

Green, D.

1953 A short account of some economic mineral possibilities in the Bechuanaland Protectorate.

Gives an account of known and potential developments of asbestos, coal, copper ores,
glass sands, iron ores, kyanite, limestone and salt in Bechuanaland.
Author.
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293.

Green, D.

1953 Bechuanaland coals, their quality and resources.

Proximate analyses of coal samples from boreholes west of Palapye and west of Foley
Siding are reviewed and it is shown that comparable proximate analyses can be found
among those of coals from Vereeniging, Witbank, Ermelo and Springs, in the Republic of
South Africa. The average of five ultimate analyses of Palapye coals is fairly near the
world average for bituminous coal but slightly lower in carbon and hydrogen and higher
in oxygen. Proved reserves of the area west of Palapye are quoted as 103 million tons.
The coals are divided into "low volatile" and "high volatile" types.
Author.

294.

Green, D.

1958 Stormberg vulcanicity in the Bechuanaland Protectorate.

The Stormberg Lavas of northern, central and eastern Bechuanaland cover a total area
of about 30,000 square miles and they'probably increase in thickness towards the central
parts of the extensive areas of cotmtry which they underlie. The Stormberg Lavas nearly
always succeed the Cave Sandstone, which in places continued to be laid down while the
earliest lava-eruptions took place, as is shown by the intercalation of sandstone bands
within the basal part of the lava succession. Elsewhere however the lavas apparently rest
on an irregular surface of Cave Sandstone due to pre-Stormberg Lava Stage erosion. Petrological work by Poldervaart (who emphasised similarities between the basalt types found
in Bechuanaland and those occurring in the Republic of South Africa) and Macgregor is
summarised and it is pointed out that when dealing with ostensibly related hypabyssal
intrusives penological similarity is insufficient evidence of contemporaneity. There was
apparently little earth-movement during the outpouring of the lavas, which apparently
welled-up quietly from fissures, and there was virtually no associated mineralisation.
Author.

295.

Green, D.

1960 Summary of information on peridotites-Topsi area.

Summarises a petrological examination of seventeen specimens of peridotite from the
Topsi area and notes the occurrence of amphibole-peridotite, orthopyroxene-amphibole
peridotite (cortlandite), orthopyroxene-peridotite with little amphibole (harzburgite or
saxonite), and of serpentinite with or without relict olivine.
Author.

296.

Green, D.

I960 Hornblende rocks of the Topsi quarter degree
sheet.

A detailed description is given of the petrography of seventeen amphibole-bearing
rocks from the Topsi area, with modes of nine of them. The optical properties of the
constituent minerals are described and measured refractive indices particularly of amphiboles and felspars are quoted. An inverse relationship exists between the refractive index
of amphibole and the modal percentage of plagioclase in the rock, parallel with an increase in amphibole refractive index with increasing anorthite content in plagioclase. The
amphibolitic rocks were originally basic igneous rocks of pyroxenic type, altered by
regional metamorphism and perhaps to some extent also by metasomatism.
Author.

297.

Green, D.

1960 Micaceous quartz schists of the Topsi area and
associated
pneumatolytic
tourmaline-bearing
varieties.

Describes the mineralogy and petrography of certain originally-arenaceous, regionallymetamorphosed rocks from three localities within the Topsi area. These rocks are divided
into quartz-muscovite schists, quartz-biotite schists and granulites, and schistose to
scarcely-metamorphosed secondarily-tourmalinized varieties with abundant white mica
which appears to be also of secondary pneumatolytic origin. Veins traversing these last
rocks consist of quartz and muscovite with little or no tourmaline.
Author.
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298.

Green, D.

1960 Younger intrusive rocks of the Topsi quarter
degree area.

A description is given of the petrography of a number of hypabyssal intrusive rocks
from the Topsi area and of one rock regarded as a basic plutonic intrusion. The latter is
identified as a titanaugite-olivine-syenogabbro. The other rocks are shown to include
dolerites, quartz-dolerites and granophyres. Any or all of these rock types can be found
within a single dyke and of the several dykes present probably all show the longitudinal
variations from dolerite to granophyre which are seen in the better-exposed examples. The
parallelism of the various dykes present is regarded as evidence of contemporaneity and
all of them are therefore considered to be of post-Karroo age since some are known to
intrude Karroo strata. It is also observed that certain pre-Karroo beds are intruded by sills
of rocks petrographically akin to the dykes of the area and apparently showing an upward
decrease in basicity from the lowermost to the uppermost. There are four sills, the lowermost being a dolerite and the uppermost a granophyre. The others are of intermediate type.
This is postulated to be due to successive injections of a differentiating magma. It is
suggested that the sills could be of post-Karroo age like the dykes which they very
strongly resemble petrographically.
Author.

299.

Green, D.

1961 Biotite granulites and related rocks from the Topsi
quarter degree sheet area.

Describes the mineralogy and petrology of certain fine to medium-grained grey quartzofelspathic gneisses which have a very widespread development in the Topsi area. These
rocks were formed by the regional metamorphism of felspathic arenaceous sedimentary
rocks and should be called granulites. Chlorite granulite, biotite granulite, hornblende
granulite and garnet granulite are all developed. Certain coarser-grained reddish granitic
gneisses which occur in association with the grey gneisses are also considered to be
paragneisses.
Author.

300.

Green, D.

1961 Metamorphosed dolomiticlimestones and associated
rocks from the Topsi quarter degree sheet area.

Details are given of the mineralogy and petrology of various regionally-metamorphosed
dolomitic limestones from the Basement Complex of the Topsi area. The metamorphism led
to the development of various magnesian silicates from siliceous dolomites or dolomitic
limestones. The development of potash felspar indicates the presence of original sericitic
impurity. Diopside-quartz-potash felspar rocks probably originated from uniformally sandy
and sericitic dolomite limestones, and bands of coarsely crystalline diopside traversing
locally de-dolomitised limestone may represent the sites of original chert-bands. Author.

301.

Green, D.

1961 Map of the coal deposits of Africa. Draft of an
explanatory notice for Bechuanaland.

Coal has been found at various points along the eastern and southern margin of the
Karroo basin in Bechuanaland. Details are given of two coalfields which have been
closely examined, at Morapule and Mamabule respectively. The coals are of medium to
low grade non-coking bituminous type with total proved reserves of the order of 700
million tons. Further detailed work would probably lead to delimitation of additional coal
areas.
Author.
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302.

Green, D.

1961 Notes on some sedimentary rocks from the eastern
margin of the Makarikari Pan.

The results of megascopic and microscopic examination of six arenaceous rocks from
the eastern margin of the Makarikari Pan are presented. Two examples of definite Karroo
(Stormberg Series) sandstones are described and it is shown that while the others are
superficial deposits, certain similarities in the heavy mineral assemblages suggest that
the detrital material in all the specimens examined may have had a common origin. C.A.L.

303.

Green,D.

1962 A geological reconnaissance of the country around
the eastern margin of the Makarikari Pan.

It is shown that the lowest strata of the Karroo System are felspathic sandstones and
grits having the typical facies of the Middle Stage of the Ecca Series and resting unconformably on rocks of the Basement Complex. No strata comparable with the Dwyka Series
or the Lower Stage of the Ecca Series have been observed. The arenaceous beds are
followed by a succession of mudstones likened to the Madumabisa Shales of Southern
Rhodesia and probably include strata of Upper Ecca and Beaufort age. These in turn are
overlain by sediments of the Stormberg Series which are seen to advantage in the Musu
escarpment. Grounds are given for believing that there may be a further, less conspicuous
development of Stormberg sediments in the northwest of the area. There is a profusion of
post-Karroo hypabyssal intrusions and it is suggested that the mutual parallelism of
dolerite dykes, possible faults and certain linear "shoreline" features implies structural
control of the shape of the Makarikari pan.
C.A.L.

304.

Green, D.

1962 The genesis of chrysotile, carbonate-serpentine
rock and serpentine rock at a locality northwest of
Toutswe Mesa.

The mineralogy and petrography of two specimens of chrysotile-bearing serpentinous
dolomitic marble are described. It is shown that the formation of chrysotile and antigorite
is consequent upon the introduction of silica under initially hydrothermal conditions and
that molecular processes involving particularly the segregation of magnesia have been
responsible for the production of carbonate-serpentine rock. It is recognised that the
latter is transitional to monomineralic serpentine rock, the development of which must
involve decarbonation.
C.A.L.

305.

Green, D.

1962 An explanation of the provisional structural map of
the Bechuanaland Protectorate.

A contribution to the tectonic map of Africa being compiled by Association of African
Geological Surveys which provides an abridged stratigraphical column of the geological
formations present in Bechuanaland and recognises a post-Basement Complex, preearliest non-metamorphosed sediments structural epoch; a post-Transvaal, pre-Waterberg
structural epoch; a post-Waterberg, pre-Karroo structural epoch; and a post-Karroo
structural epoch. The importance of major post-Karroo faulting which may link up with
the East African rift-system is emphasised.
Author.

306.

Green, D.

1962 Discussion of "Geology and petroleum prospects of the Kalahari Basin" by J. Kingston,
J.E. Woodward, S.P. Malan, and R.P. Jennings.
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307.

Green, D.

1963 Flood-plain deposits of the Notwani River at
Gaberones as material for stock brick manufacture.

The potential yalue of the ancient flood-plain deposits of the Notwani river as brickmaking material is assessed for an area of 23,000 square yards situated two miles southeast of fee new Gaberones Capital site, mainly in terms of the compressive strengths of
fired test-pieces of the clayey loam. The behaviour of this material on moulding, drying
and firing as full-size bricks under experimental conditions is also discussed, it being
shown that where simple moulding methods using relatively high moisture content are to
be employed, dilution with a large proportion of sand or ground pre-burnt brick will be
necessary to control dessication cracking, but that mechanical moulding methods may be
able to utilize mixtures with only small proportions of additive, giving higher fired compressive strength, provided that consistently good results are obtained in practice when
moulding at low moisture content.
The extent to which fired compressive strength is reduced by the incorporation of
inert additives and increased by the use of railway clinker, ground dolomite or sodium
carbonate was determined from practical trials, it being concluded that on firing of the
untreated loam, ferric oxide is the main binding agent, low-temperature fluxing tending to
be inhibited by a dearth of alkalis and alkaline earths. It is shown that the finishedbricks
are likely to have remained true to pattern and dimension and are unlikely to show marked
efflorescence. It is concluded that the test-properties of the material justify a large-scale
trial and that provided fired compressive strengths of the same order as those determined
from test-pieces continue to be observed in practice, a manufacturer could reasonably
expect to produce bricks conforming to SABS specification of general-purpose or stock
bricks. Resources of potential brick-earth within the area investigated are shown to be at
least 200,000 cubic yards.
It is also shown that clayey weathered mudstones of the Karroo System in the Mamabule
area, eighty miles north of Gaberones, are readily amenable to compaction moulding and
show negligible incidence of cracking on drying. These mudstones calcine white or buff
and produce a hard, tough brick. Compressive strengths determined from test-pieces
suggest the possibility of the production of general purpose (special) or facing bricks, in
terms of SABS specification.
C.A.L.

308.

Green, D.

1964 Preliminary characterisation of a potential fireclay
from Mamabule.

Two analyses of weathered Ecca mudstone from Mamabule are quoted which reveal the
dearth of fluxes apart from iron. A comparison can be suggested with analyses of the
Stourbridge (England) and Wankie (Rhodesia) fireclays. It is concluded that the Mamabule
mudstone is probably refractory.
Author.

309.

Green, D.

1964 Pit-sand for use in preparation of concrete
aggregates.

It is shown that surface sands from the Mamabule area have a similar grading to the
"white pit sands" used by the Portland Cement Institute, Bulawayo, for blending with
coarse river sands in the preparation of concrete aggregates. It is concluded that the
Mamabule sands could probably be used for the same purpose. Sands from the Masama
area have a slightly different grading.
C.A.L.

310.

Green, D.

1964 Possible manufacture
Mamabule.

of portland cement at

The preliminary experimental investigation of the possibility of making portland cement
from calcrete occurring at Mamabule is reviewed and it is noted that this calcrete has

96

very nearly the composition of a natural cement-rock. Trial calcination at 1200° and 1300°
of a mix containing Mamabule calcrete and Mamabule weathered Ecca mudstone in proportions 98:2 gives a product which chemically approximates to portland cement, except in
certain minor respects which could be corrected by adjustment of the composition of the
mix. Clinker-formation did not take place at either temperature and the mix calcined at
1200°C still contained much free lime. It is suggested that portland cement could be made
from the materials used, given a high enough calcining temperature.
Author.

311.

Green, D.

1964 The Karroo System in Bechuanaland and the
possible correlations of its subdivisions. XXII Int.
geoLCongr.,India, 1964. (To be published).

It is indicated that the Karroo System is of widespread development in Bechuanaland.
A large sedimentary basin underlying the Kalahari region is described together with the
westerly portions of two other basins which extend into Bechuanaland from the east. It is
suggested that a basin of tectonic origin may exist in Ngamiland. The lithostratigraphic
succession of the Karroo System is reviewed and the possible correlations of its subdivisions are discussed. It is shown that there is a marked unconformity between the
upper and the lower parts of the Karroo System, the lower part of the Stormberg Series
being usually missing, sometimes together with the whole of the Beaufort as well as'the
upper part of the Ecca Series. Evidence from outside Bechuanaland, bearing on the possible diachroneity of the Stormberg Series, is held to imply the possibility of similar diachroneity within Bechuanaland. An additional possibility that the Ecca Series may be
older in the west than in the east is also discussed.
Author.

312.

Green, D.

1965 Origin of the Lebung gypsum deposits - some
suggested principles.

Information on the Lebung gypsites is reviewed and their formation is ascribed to crystallisation of gypsum in the soil following evaporation of acidic ground water which has
leached the underlying Ecca mudstones. Gypsum is concentrated at the soil-mudstone
interface due to carrying down of dissolved material during the wet seasons, wher « waterlogged zone would tend to form at the base of the soil, giving relatively favourable conditions for recrystallisation, or continued crystallisation.
Author.

313.

Green, D.

1965 TheKautse Beds and the sandstones of the Kedia
area.

Partly-calcareous, partly arenaceous and silty Kautse Beds occur in the southern part
of the Makarikari area. These beds either overlie or form a lateral equivalent of the previously recognised Upper Ecca strata of the Musu area east of Kautse. Since the regional
dip is probably to the west the first view is adopted and it i s concluded that the Kautse
Beds most probably belong to the Beaufort Series, despite the apparent lack of palaeontological evidence. It is recommended that a thorough search be now made especially for
vertebrate fossils. The partly pebbly sandstones of Kedia near Lake Dow are described
and it is observed that field reconnaissance and photogeological study suggest that they
are of Stormberg age as they are lithologically identical to the sandstones of the Musu
plateau which are certainly post-Ecca, pre-Drakensberg Lava Stage. The Kedia and Musu
sandstones are regarded as equivalent and as belonging-to the Stormberg Series. Correlation with the Rhodesian Escarpment Grit is feasible and possibly more likely than correlation with the Forest Sandstone.
Author.
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314.

Green, D.

1965 Preliminary benefieiation
manganese ore.

tests

on

Chadibe

Manganiferous sandstones of the Chadibe area carrying about 30% Mn, are of too low
grade for exploitation as manganese ores unless beneficiated. Results of preliminary
tests involving crushing and heavy-medium separation show that crushing to at least halfa-millimetre top-size is necessary for effective separation, but then the separated material
would be too finely divided to be saleable though this could possibly be overcome by a
sintering process. This would have an additional beneficial effect on the manganese
metal content of the final product owing to reduction. In the preliminary tests overall benefieiation of 50% Mn was achieved with a yield of about 70%. The maximum temperature at
which sintering and reduction possibilities could be tested was 1000°C, and at this temperature virtually no bonding was established between the grains. Commercially a much
higher temperature would be readily available and further investigation is warranted.
Author.

314a.

Green, D.

1966 Potential reserves of fireclay at Mamabule.

Calculations show that the potential reserves of fireclay, within a strippable zone of
average width of 500 feet between the Zoetfontein and Mabuane faults, are of the order of
35 P00,000 cubic yards. The average thickness over a linear extent of 40,000 feet is 15
feet 20,000,000 cubic yards of overburden would have to be removed to extract the
estimated reserves of fireclay by opencasting.
C.A.L.

314b.

Green, D.

1966 Interrelationship of the stratigraphy of the Karroo
System in the Republic of Botswana and South West
Africa. (To be published).

The uniformity of the succession of the Karroo System in the Republic of Botswana,
and the lateral persistence of its units, implies that interregional correlations on the
lithostratigraphic basis will normally present little difficulty. This is true of eastern
Botswana, the Transvaal and Rhodesia! It appears anomalous that the Middle Ecca strata
of Botswana, when traced westwards across the Kalahari, apparently link up with the
upper part of the Dwyka Series in South West Africa. Results of a boreholes in southwestern Botswana indicate moreover that correlatives of the Dwyka Series of South West
Africa occur at a lower stratigraphical level than the Middle Ecca Stage of the central and
western Kalahari region in Botswana. Results of boreholes is South West Africa near the
border with Botswana can be interpreted on the basis of the recognition of a Middle Ecca
Stage equivalent within the upper part of the succession.
Author.

314c.

Green, D.

1966 A manganiferous sandstone in the Chwapong Hills.

A note discussing the results of chemical analyses of four samples from a manganiferous horizon in the Chwapong Hills concludes that this low-grade manganese ore might
achieve significant benefieiation and a minimum saleable grade through roasting. C.A.L.

314d.

Green, D.

1966 Manganiferous horizons in the sedimentary succession of the Chadibe-Moana area and the Chwapong
Hills.

A succession of ferruginous, flagstones and quartzitic sandstones in the ChadibeMoana area and in the Chwapong Hills, has been correlated with the Waterberg System.
Some manganiferous horizons are present, including a persistent band of manganiferous
sandstone which may constitute a low-grade ore susceptible to benefieiation. A table-of
chemical analyses is appended.
C.A.L.
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Grubb, P . L . C . /
.
^ ^
\1^-^

1961 The basic intrusives and associated rocks of the
Shoshong-Makhware area Bechuanaland Protectorate.
Univ.St.Andrews Thesis. 181p.

A detailed description of the petrology, petrography, mineralogy and chemistry of the
tholeiitic intrusions of the Shoshong-Makhware area, believed to be contemporaneous with
the Bushveld Igneous Complex of South Africa, includes petrogenetic discussions. A note
on the physiography and general geology records that although the greater part of the area
is underlain by the Precambrian Mahalapye granite pluton, representatives of the Shoshohg
Series, Loskop-Waterberg sediments, Karroo System, Mesozoic and Recent sediments are
present. The basic intrusives form at least five sheets, with a younger post-Waterberg
dyke suite, the Shoshong sill containing four distinct petrographic zones as a result of
magmatic differentiation.
Attempted correlation with magmatic cycles in South Africa has to be largely based on
petrological considerations. Comparison is made with dolerites in the eastern Protectorate
and with the Bushveld complex, followed by a discussion on the structure of the ShoshongMakhware area and the mechanism of intrusion of the sills and dykes.
Notes on weathering and soil formation on the intrusives conclude the thesis which
however contains a lengthy appendix devoted to various petrogenetic and mineralogical
problems — metamorphism and rheomorphism; compositional variation in plagioclases; and
relationships of high and low plagioclases, crystallisation of pyroxenes, and rhythmic
layering in the Shoshong sill.
C.A.L.
Guernsey, T.D. and
Carlyle, A.W.

Monthly reports of the Victoria Prospecting
pany for July 1932 - April 1934.

Com-

During the period July 1932 - April 1934, field staff employed by the Victoria Prospecting Company, traversed 17 371 miles and prospected and mapped 7,985 square miles
of the eastern Bechuanaland Protectorate. The monthly reports give general geological
information on the areas covered anddescriptions of the mineral occurrences located.
C.A.L.

Hale, F.H.

Jennings, C.M.H.

see — Beer, K.E., Ostle, D„ Hale, F.H., and
Bowie, S.H.U.
1957 Report on a magnetic variometer survey of the
Magogaphate area.

A magnetometer survey comprising some 500 stations over a traverse distance of
72,900 feet was carried out using a Hilger and Watts vertical force variometer at Magogaphate, Bamangwato in an attempt to delineate a copper-nickel bearing ultramafic.
The survey revealed three main anomalies of greater than 1,000 gammas. Two of these
appeared to be related to diabase dykes while the third coincided with the Group A setof
ancient workings. This latter anomaly did not persist laterally from the ancient workings.
Author.
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318.

Jennings, C.M.H.

1958 Geological note on the Lebung-Seruruma area.

The area covered by the note comprises some 1,000 square miles lying to the west of
Mahalapye.
The northern portion of the area consists of a plateau lying at an altitude of about
4,000 feet separated by a prominent scarp 200 to 300 feet high. Small hills aligned along
sheared Cave Sandstone are found in the Masue area. The Lebung pan lies about 150 feet
below the surrounding country. Prominent hills of Shushong Series sediments occur east
of Masue.
The area is underlain by flagstone and quartzite of the Shushong Series east of Masue.
The major portion of the area however is underlain by basalt, sandstone and shale of the
Stormberg Series and shale, coal and grit of the Ecca Series. The Stormberg sediments
appear to overlap onto those of the Ecca Series.
Silcrete and sand, assigned to the Kalahari Beds overlie the Stormberg basalt or Cave
Sandstone on the plateau.
A mineralised spring occurs in an offshoot of the Seruruma Valley at Seranane.
Author.

319.

Jennings, C.M.H.

1962 Note on erosion cycles in the Bechuanaland
Protectorate.

The landscapes of Bechuanaland fall clearly into two contrasted types — erosional and
depositional. The region affords many examples of the gradation from one type to the other.
At leas«. three m?in denudational cycles are recognised in Bechuanaland. These are:—
1. The African or early Tertiary cycle
2. The late Tertiary cycle
and 3. A polycyclic Quaternary cycle.
The African cycle is generally found at elevations of 3,700 to 4,400
level. This surface is often separated from the late Tertiary cycle by a
This scarp coincides roughly with Du Toit's Kalahari-Rhodesia axis of
sional hills projecting above the African surface may be remnants of the
pre-Karroo surface.

feet above sea
distinct scarp.
warping. OccaGondwana or a

The late Tertiary cycle is an extremely well-planed surface found below the main
escarpment with inselberg-like outliers of the higher surface.
The Quaternary cycles consist of younger cycles working their way inland up all the
larger river courses.
An attempt was made to clear up the discrepancies in the age of similar cycles in
Rhodesia and the Transvaal which could be linked through Bechuanaland. King has sub_s^_queatly resolved this by revising the ages of erosional cycles in Rhodesia.
Author.

320.
.

Jennings, C.M.H.

""SI962 Note on soil types derived from geological formaJ
tions in the Palapye, Mahalapye, Serowe area and
^ ^ - ^
on the ground-water prospects of these formations.

Soils derived from the Basement Complex assemblage of rocks are generally sandy and
of moderate fertility. Rocks of the Basement Complex are poor aquifers with no general
water table. Ground-water is generally found in joints and fissures or basins of decomposition. Yields are generally low.
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The Shushong Series of the Transvaal System and sediments of the Waterberg System
do not give rise to any soil types as the rocks crop out in a series of hills. The Shushong
Series sediments should give rise to moderate-yielding boreholes. The quartzites of the
Waterberg System should give moderate yields of good quality water. The Waterberg shales
form a very poor aquifer.
The Karroo System is generally mantledby a variety of soils varying from reddish sandy
loam to black cotton (black turf) soils. These soils are extensively cultivated and together with the good yields of good quality water invariably encountered in the indurated
contact zone between the Stormberg lavas and the Cave Sandstone could possibly be used
for limited irrigation.
Rocks and unconsolidated sand of the Kalahari Beds give rise to very poor sandy soils
seldom used for agricultural purposes. No ground-water supplies are encountered in the
Kalahari Beds in this area.
Author.

321.

Jennings, C.M.H.

1966 Report on a geophysical survey carried out in the
Moroba area, Kgatleng, in an attempt to delineate
a kimberlite pipe.

The geological and physiographical setting of a kimberlite pipe are described, followed
by a discussion of the results of a geophysical survey, using magnetic variometer, electrical resistivity, self-potential, and seismic refraction techniques, in an attempt to
delineate the boundaries of the kimberlite body. Recommendations for surveying suspected
pipes are outlined.
C.A.L.

Jennings, C.M.H.

see also — Crockett, R.N. and Jennings, C.M.H.
see — Kingston, J., Woodward, J.E., Malan, S.P.,
and Jennings, R.P.

322.

Jennings, R.P.

1961 Report on the underground water development
scheme for the southwestern section of the Ghanzi
District.

Describes geophysical investigations for underground water in 3 main regions some 60
to 100 miles southwest of Ghanzi. These are the Kalkfontein, Karakobis and Makunda
areas, where a total of 12 borehole sites were selected. Electrical resistivity method of
survey was used throughout the investigations. Reference is made to good exposures of
Ghanzi Beds quartzites cropping out along the Okwa valley in the Makunda area and south
of Karakobis but most of the area described is "sand veld" type.
Author.

323.

Jones, M.T.

1961 Interim report on the geology of the Mochudi
quarter degree sheet (No.2426A).

The geology of an area about 250 square miles in the southwestern corner of the sheet
around Mochudi is described. The formations are described in stratigraphical order and
range from rocks of the Basement Complex to beds assigned to the Waterberg/Loskop
System.
The following is the Table of Formations present in the area —
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RECENT DEPOSITS

(Alluvium, sand, over gravels, ferricrete and
(conglomerates

WATERBERG/LOSKOP SYSTEM

(Shales, slltstones, sandstones, grits and conglomerates

TRANSVAAL SYSTEM

(Dolomite Series
Chert and chert breccias
(Black Reef Series....Quartzite and arkoses

VENTERSDORP SYSTEM

(Shaly tuff, arkose and conglomerate

DOMINION REEF SYSTEM

(Acid lavas and porphyries

BASEMENT COMPLEX

(Granitic gneisses, schists and pegmatites

INTRUSIVES

HBasic intrusives
(Gaberones Granite

Jones, M.T.

Author.

1961 A note on the manganese occurrence at Black Hill
Quarry, Ootse.

14 boreholes were drilled in a localised area at Black Hill Quarry, Ootse using a
"down the hole" pneumatic drill. The boreholes varied in depth from 32 to 102 feet and
sludge samples were collected at 5 foot intervals. Detailed logs of all boreholes are
included with the report. A summary of the findings are as follows:
(1) 14 boreholes have been drilled at Black Hill Quarry, Ootse, to an average depth of
72 feet.
(2) The amount of manganese present in the boreholes varied from 5 to 54 feet.
(3) 305 feet of manganese was observed to be present out of a total of 1,000 feet drilled.
(4) Chemical determinations carried out on the manganese samples gave a wide range of
results varying from 45.1% manganese in borehole No.9 to 2.53% in borehole No.2.
Author.

Jones, M.T.

1962 Report on a photogeological study of the area
between the Okavango Swamps and the South West
Africa border.

Photogeological studies, using a sketch-master and stereoscope are described. The
area has the South West Africa border as its westerly limit and is bounded on the northern
and eastern sides by the Caprivi Strip and Okavango Swamps respectively. The southwesterly extension of the Koanaka Hills forms the southern limit of the area.
The major features observed during the study include:
(1) Presence of numerous belts of sand dunes trending WNW-ESE over more particularly
the northern half of the area with minor changes between dune crests;
(2) Occurrence of a prominent linear feature running for about 70 miles southwestwards
from near Gomare;
(3) Possible presence of rock exposures south of the Aha Hills which are not at present
shown on the Provisional Geological Map of Bechuanalarid.
Details are given regarding the origin and form of the seif dunes and associated drainages. Earth movements and the regional tectonic pattern are also dealt with. The report
is illustrated with maps.
Author.
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326.

Jones, M.T.

1962 Report on the road gravel surveys undertaken from
Francistown to Ramaquabane and Palapye to
Serowe, March, 1962.

Details of surveys carried out in conjunction with the Public Works Department to find
possible sources of road gravels are described. These surveys were carried out between
Francistown and Ramaquabane and from Palapye to Serowe. Soil samples from shallow
pits were examined at one half mile intervals adjacent to the main road along both sections. The complete logs for both traverses are attached to the report. The main conclusions drawn from the surveys were:
(1) 9 areas between Francistown and Ramaquabane have been tentatively suggested as
possible sources of road gravel.
(2) Further field and laboratory work will be necessary before certain of these areas are
proved suitable.
(3) Gravel pits between Palapye and the eastern extremity of Serowe will have to be
widely spaced. Only 2 areas in the first 20 miles look like yielding suitable road gravel.
Author.

327.

Jones, M.T.

1963 A note on the distribution of Waterberg and Loskop
formations in the area between Mochudi and Palla
Camp and a comparison with successions in other
selected areas.

Recent mapping undertaken in the area northeast of Mochudi has led the writer to reassess the distribution of Waterberg and Loskop rocks in this region. Sediments assigned
to the Loskop System by the Geological Survey of the Republic of South Africa are seen
to overlie strata of "Waterberg facies" type on the Crocodile river a few miles south of
latitude 24°S. Also, the rudaceous and arenaceous sediments overlying Basement Complex
granitic gneisses at Mochudi, which have always been regarded as Waterberg System in age,
are overlain by a thick succession of sandy shales, siltstones, and felspathic and quartzitic sandstones of Loskop type also along the Notwani River north of the village.
While admitting conditions of deposition of the sediments varied very considerably
during Loskop and Waterberg times, e.g. torrential conditions suggested by the coarse
conglomerates and clearer and deeper water conditions giving rise to calcareous horizons,
no major unconformable relationship between the Loskop and Waterberg lithotopes has
been observed. In view of this apparent conformity of the two lithostratigraphic sequences
only one system is thought necessary and the writer suggests the name Waterberg System
be retained since the Loskop System was first introduced as recently as 1949.
C.A.L.

328.

Jones, M.T.

1964 A report on a mica occurrence near the Marico
River some 20 miles east of Mochudi.

Reconnaissance geological mapping in the southeastern corner of the Mochudi quarter
degree sheet (2426B) has led to the discovery of mica "books" of considerable dimensions occurring in pegmatites of the Basement Complex.
The muscovite occurs in a lens-like mass of pegmatite that invades Basement Complex granitic gneisses east of Bodiakhudu in the Bakgatla Tribal Territory. Trenching
operations were undertaken to determine the width and length of strike of the mica-bearing
pegmatite. "Books" of muscovite with plates 5 inches x 3 inches were obtained from a 9
foot zone within the main pegmatite mass.
The pegmatite is of wide areal extent and warrants further investigation.
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Author.

329.

Jones, M.T.

1965 Geology of the area south and east of Mamabule.
(An explanation of quarter degree sheet 2326D
with part of 2327C) .

Rocks assigned to the Waterberg System underlie about half the area and are present
mainly in the central and southeastern regions. The succession comprises a thick basal
unit of coarse, felspathic grit and pebbly sandstone overlain by an alternating sequence
of felspathic and quartzitic sandstone, flagstone, sandy shale and siltstone. Faulting and
intrusions of diabase have complicated the structure but it is suggested that these Waterberg System beds are folded into a broad syncline with part of the northern limb overlain
by sedimentary rocks of the Karroo System. In the adjoining areas of the Transvaal in the
Republic of South Africa the major part of this Precambrian sedimentary succession is
correlated with the Loskop System which is regarded there as being older than the Waterberg System. In Beehuanaland, however, no field evidence has been found to substantiate
a subdivision into two separate systems and accordingly the name Waterberg System,
which has precedence, is retained for these rocks which were apparently deposited as a
more or less continuous sequence without any major stratigraphical break.
A fairly full succession of the Karroo System occurs within the area but exposures are
relatively poor and much information has been obtained from core boreholes drilled in the
Mamabule area. These sedimentary rocks form the westerly extension of strata present in
the Waterberg coalfield of the Transvaal. Along the Limpopo River rocks ranging in age
from the Dwyka Series through the Ecca Series to Beaufort Series crop out in a wide,
shallow syncline. Stormberg Series lavas and sedimentary rocks are present in the north
of the area on the downthrow side of the Zoetfontein fault and scattered exposures of
these rocks also occur m the southwestern quadrant around Debeeti.
Two principal coal seams of low to medium-grade bituminous steam coal are developed
at shallow depths in the Middle Stage of the Ecca Series in an area around Mamabule
railway siding on the Mafeking-Bulawayo railway line. Total reserves of coal in an area of
17 square miles in this Mamabule coal area are estimated to be of the order of 408 million
tons.
Author.

330.

Jones, M.T.

1965 Report on an asbestos occurrence at Schoongezicht,
30 miles east of Mochudi.

Detailed investigations on an asbestos-bearing serpentinite at Schoongezicht, 30 miles
east of Mochudi in the Bakgatla Tribal Territory, are described. This occurrence was
known previously from traverses by Du Toit and Green.
The serpentinite has formed by hydrothermal alteration from a bronzite-peridotite by
which process bronzite was replaced by antigorite. The ultramafic body is about 5 square
miles in extent and lies in a tract of country underlain by rocks assigned to the Basement
Complex. Thin veinlets of chrysotile asbestos % inch to V16 inch occur over wide areas
adjacent to the Marico River. "Cross-fibre" chrysotile veins Vt inch to % inch were
observed at one locality and this was followed by a diamond drilling programme. Only 2
holes were drilled (325 feet and 99 feet respectively) before the programme had to be
terminated. Six good seams of "cross-fibre" asbestos up to one quarter inch thick were
present in the first 100 feet of the first hole but they are too widely spaced to be of
economic interest.
The report is illustrated with a sketch-map, a magnetometer profile and contains the
detailed logs of the 2 boreholes.
Author.
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330a.

Jones, M.T..

1966 Geology of the Mochudi and Marico River area.
(An explanation of the quarter degree sheets 2426A
and 2426B).

The geology of an area of about 1,800 square miles in south-eastern Bechuanaland is
described. The area extends from the Transvaal border in the east to beyond Mochudi in
the west and as far north as Artesia.
Rocks assigned to the Basement Complex occur in the south and along the riverine
sections of the Marico and Limpopo Rivers in the east. Isolatedbelts of altered lavas and
dynamically metamorphosed sedimentary rocks cropping out near Seritibyane and north of
Olifants' Drift have been tentatively equated with the Swaziland System but a correlation
with the Dominion Reef System as defined in the Transvaal has not been ruled out. These
rocks have been intruded by the Olifants' Drift Formation, which is itself regarded as the
granitised and mobilised equivalent of the varied assemblage of Basement Complex rocks
occurring in the south-eastern quadrant. For purely descriptive purposes the Basement
Complex of this south-eastern area has been subdivided into three broad groups. These
are (1) gneisses and associated rocks; (2) a group comprising metaquartzite, quartz schist
and banded ironstone and (3) a basic schist and amphibolite group.
A small area around Pilane in the south-western quadrant is underlain by acid lavas
and tuffs assigned to the Kanye Volcanic Formation.
Thin representatives of Precambrian sedimentary formations belonging to the Ventersdorp and Transvaal System respectively occur west of Mochudi.
Approximately two-thirds of the area described is underlain by sedimentary rocks of
the Waterberg System. A two-fold subdivision comprising alternations of sandstone, siltstone and shale has been adopted for the Waterberg System in this area. Such a subdivision
accords well with similar Waterberg rock-assemblages occurring in the Molepolole area to
the west and the area east of Mamabule to the north.
Rocks of the Karroo System are known to occur in the area around Artesia in the
extreme north but no exposures have been recorded. Trough faulting has preserved a
narrow strip of Stormberg Series sedimentary rocks in the eastern half of the region
south-west of Olifant* s Drift.
Post-Basement Complex intrusive rocks include the Gaberones granite and considerable
areas are underlain by post-Waterberg System diabase.
Author.

330b.

Jones, M.T.

1966 Interim report on the geology of the Linchwe area
(Sheet 2326C).

Describes the geological formations encountered in reconnaissance mapping of the
Linchwe quarter degree sheet, an area which is to a large extent covered by superficial
deposits. Representatives of the Waterberg System, Karroo System and Kalahari Beds are
exposed with some intrusive post-Waterberg pre-Karroo diabase. Boreholes provide much
of the evidence for the extent and character of the stratigraphic succession.
C.A.L.
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331.

Jordan,J.N.

1957 Report on preliminary investigations in the
Ramoutsa area, Bechuanaland Protectorate. Report
for Geophysical, (Pty) Ltd.

The geological formations belong to the Transvaal System with Black Reef Series
quartzites and conglomerates, dolomites, and Pretoria Series quartzites, shales and chert
conglomerates. Folded and faulted structures are evident. Only one possibly economic
prospect had been located, consisting of iron ore as a fault filling in a brecciated zone in
the dolomite, with possible replacement by manganese in depth. Further pitting together
with a resistivity survey suggest that more work may reveal payable quantities of manganese ore (pyrolusite).
C.A.L.

332.

Jorissen, E.

1910 Geological report on the copper deposit w the
"Bushman" Claims situated in the Bechuanaland
Protectorate. Report for the Bechuanaland Copper
Company Ltd.

The geology of the country around the Bushman Claims, which lie some 70 miles from
Ramaquabane Siding, is briefly described, the rocks belonging to the Swaziland Series.
A note on the three groups of ancient workings is followed by a description of the work
done in sinking eight shafts. Information from the workings indicates the presence of a
large lenticular quartz-body containing lumps of dolomite and quartzite in a complex of
fractured, crushed and folded schists and dolomite. Both the quartz and the schists
contain much graphite. Malachite occurs throughout the quartz-body but ore-carrying
lenses also occur. These ore bodies are described and values are given for the copper
content as measured in the various shafts and crosscuts. It is concluded that the copper
was derived from an intrusive granite and deposited in the dolomite and quartzite complex
by pegmatite veins. The quartz-body was largely formed from the granite. The secondary
copper minerals in the zone of oxidation were derived from copper pyrites which is to be
found below the ground water level. Recommendations for continuing the prospecting work
are put forward.
C.A.L.

333.

King, B.C.

1955 Preliminary report on the Semarule syenite complex near Molepolole, Bechuanaland. Rep.submitted
to geol.Surv.Bech.

The Semarule syenites which form a group of prominent hills to the south and southeast of Molepolole are emplaced in the Gaberones-Molepolole granite pluton and are
believed to be of post-Waterberg age. The syenites are cut by dolerite sheets of probable
Karroo age. Field studies of textures and structural relationships of the various phases
of the granite and syenites, veins and dykes, are described, and combined with general
petrogenetic considerations reveal that syenitisation of the granite proceeded to a stage
where the granite textures were obliterated, the final stage represented by pegmatitisation.
The Appendices include a discussion of jointing, a description of the dolerites, and notes
on the Gaberones Granite.
C.A.L.

334.

Kingston, J.,
Woodward, J.E.,
Malan, S.P. and
Jennings, R.P.

1961 Geology and petroleum prospects of the Kalahari
Basin . Report for Mobil Oil, Southern Africa (Pty)
^^

The rock units of the Kalahari basin are described in detail. Good oil-source rocks are
in the Dwyka series and good gas-source rocks in the Ecca series. Dwyka and Ecca
sandstones with favourable reservoir properties are present.
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Trap conditions exist in the form of buried hills, fault-closures, and overlap and up-dip
pinchouts.
Large areas of the basin are affected adversely by unfavourable geologie conditions
such as water flushing, abundant dolerite intrusions, and thick basalt cover, but there
remain equally large areas in which the geologic conditions are favourable.
The prospects of finding commercial oil are regarded as fair to good, and those of gas
poor to fair.
It is recommended the south-central part of the basin be further explored with the
object of locating a trap upon which a conclusive test could be drilled. It is suggested
that a seismic survey supplemented by a combined magnetometer and gravity-meter survey
could find such an objective in a relatively short time.
Authors.

335.

Lamont, G.T.

1950 Preliminary report on copper occurrences.

Brief notes are given on the Bushman Mine, Selkirk and Rainbow Mines and a gossan
in the Tati District, and the Magogaphate area. Chalcocite, bornite, and associatedcopper carbonates and silicates were found with a possible occurrence of molybdenite at
Magogaphate.
C.A.L.

336.

Lamont, G.T.

1950 Report on Half Way Kop kyanite prospect.

More than 20,000 tons of kyanite ore exist on Half Way Kop which has a workable
length of 500 feet. Drilling should be carried out to obtain a more detailed cross section
of the orebody and to prove its extent in depth.
C.A.L.

337.

Lamont, G.T.

1950 Preliminary report on the Tati schist belt.

Both the Tati and the Vumba schist belts are probably composed largely of Bulawayan
System rocks which include phyllites, epidiorites, banded ironstones, limestones, quartz
sericite schists and sericitic quartzites. Acid intrusives and dolerites of several ages
occur. Gold has been worked in many small mines and copper,kyanite,lead,iron,antimony,
arsenic and bismuth are also present.
C.A.L.

338.

Lamont, G.T.

1950 Preliminary report on the Kakia asbestos occurrence.

The rocks of the Kakia pan area belong to the upper Dolomite Series of the Transvaal
System and are folded into a NE-SW striking anticline beneath the cover of sand and calcrete. Intrusions of dolerite and epidiorite are present with asbestos, generally silicified,
associated with a dolerite sill. Traces of malachite were found in one piece of silicified
asbestos. Proposals are put forward for a diamond drilling programme.
C.A.L.

339.

Lamont, G.T.

1951 Notes on the Half Way Kop kyanite deposit.

A resistivity survey shows that the schist body which contains the high-grade kyanite
is not continuous between Half Way Kop and the small kyanite hill to the south east.
However there are several zones of high resistivity which may be underlain by kyanite
schist. Suggestions for further underground work are incorporated.
C.A.L.
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340.

Lamont, G.T.

1951 The Moshaneng asbestos occurrence.

The geology of four and one half square miles of the Moshaneng area is described
according to the following rock groups: —
7 An igneous rock associated with a replacement shoot
6 Bushveld dolerite
5 Gaberones granite and associated quartz reefs and pegmatites
4 Gamagara Series
3 Transvaal System
2 Spilitic dolerites and amphibole dolerites
1 Dominion Reef System
The chrysotile asbestos at Moshaneng is associated with serpentinised dolomite in
the contact zone of the Bushveld dolerite and has been prospected by Mr. Rowland. Brief
notes are given on the list of his prospect shafts and trenches. The asbestos varies considerably in thickness and lateral persistence with an average width, of workable quantities, between % inch and Vz inch. Good quality talc occurs as a lenticular band in one
shaft but is impure in other parts of the area at surface. Galena occurs in some quartz
veins, one containing some copper sulphides, and assays suggest that gold and silver are
closely associated with the lead sulphide.
C.A.L.

341.

Lamont, G.T.

1951 Report on the Sua River salt deposit near Nata.

The Sua River salt deposit, consisting predominantly of halite, with some hydrated
sodium carbonates in brine pools, lies 120 miles to the northwest of Francistown. Only
Kalahari deposits — sand, chalcedony, clay — were seen. It is estimated that 2,425 tons of
halite are present in the deposit which would be renewed annually. The deposit should be
investigated by sinking shallowwells andby boreholes. Estimates of the costof production
are given. Chemical analyses of salt samples are appended.
C.A.L.

342.

Lamont, G.T.

1951 Note on minerals in the Bechuanaland Protectorate.

Workable gold occurs in the Tati area but copper has never been worked-to any great
extent though the Bushman Mine is promising. High grade haematite is known southwest
of Mahalapye and again southwest of Serowe at Naka la Phala. Large coal resources
occur in two main fields — Palapye and the Bakgatla. High quality chrysotile asbestos is
being worked at Moshaneng, west of Kanye, in a serpentinised dolomitic limestone, and is
known from other parts including the Tati Concession. Anthophyllite asbestos occurs at
Ramatlhabama and Kakia but is highly silicified at surface at the latter locality. Other
known minerals are barytes, chromite, diatomite, kyanite, lead (galena) and zinc (sphalerite).
C.A.L.

343.

Lamont, G.T.

1952 Report on the Bushman Mine.

Mining operations by Europeans were carriedout between 1907 and 1917at the Bushman
Mine which is situated approximately 75 miles northwest of Francistown. The geology of
the area is largely concealed by a cover of black vlei soil but appears to consist of rafts
of ancient schists and limestones in granitic gneisses. Copper ores, with some lead and
pyrite, were deposited where a regional shear zone cuts across the rafts. Distinct negative
anomalies were revealed by a self-potential survey and indicate a 500 feet strike length
of mineralisation at each of two groups of workings. It is suggested that the mineralised
structure extends over 4000 feet with the possibility of a large regional structure and may
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be 1000 feet in depth, the deepest known working being about 400 feet. Extracts from old
reports are given with copper assays and show that gold and silver are associated with
the copper mineralisation. Recommendations for further exploratory work are put forward.
C.A.L.

344.

Lament, G.T.

1958 Report on the prospecting of the Tuli Block,
Bechuanaland Protectorate, by De Beers Prospecting (Rhodesia Areas) Limited.

An area of approximately 2,400 square miles of the Tuli Block was prospected by
collecting stream and barrage samples where the drainage pattern was well developed and
soil samples on straight-line traverses in the remaining areas. Over part of the Tuli Block,
Karroo basalts and sediments overlie the Basement Complex rocks, with a Waterberg outlier
forming the Selika Hills. Some Loskop System sediments are present with intrusions of
post-Loskop pre-Karroo rocks. .The Basement rocks consist of ortho- and para-gneisses
with some bands of calcite marble and a foliated porphyritic granite. The top third of the
Block is mantled by sands which considerably hinder prospecting work. The following
minerals of economic interest were located; limestone (marble), diatomite, cassiterite,
corundum, scheelite, sillimanite, chromite, beryl, gold and platinum, kimberlitic minerals
(only in the Limpopo River), and a serpentine body may contain nickel.
C.A.L.

345.

Lament, G.T.

1959 Report on the prospecting of the Gaberones Block,
Bechuanaland Protectorate, by De Beers Prospecting, Rhodesia Areas Limited.

Prospecting was carried out by collection of soil samples on straight-line traverses
and barrage-site samples from the Notwani River. A ratemeter was also used. The geology
comprises acid lavas and tuffs of the LobatsL Volcanic Series, partly altered to granophyres along the contact with the Gaberones granite, with a thin covering of blown sand
containing andalusite, staurolite, kyanite and chromite. Part of a dolerite sill, and quartz
reefs are also recorded. Only traces of minerals of economic interest, gold, andalusite,
cassiterite and tantalite-columbite were found.
.
C.A.L.

346.

Lamont, G.T.

I960 Report on the prospecting of the Lobatsi Block,
Bechuanaland Protectorate, by De Beers Prospecting, Rhodesia Areas Limited.

The drainage system was investigated by washing gravels, followed by mapping and
soil-sampling on straight-line traverses. A small intrusion of aegirine syenite and an
inlier of Basement schists occur in the Dominion Reef System lavas which are overlain by
Ventersdorp System sedimentary and volcanic rocks, the contact marked by a thrust plane.
Transvaal System rocks forming the western extremity of the Bushveld basin rest on the
Ventersdorp System. Waterberg System quartzites and conglomerates occur in the northern
part of the Block.
Although no mineral deposits of immediate economic interest were found, cassiterite,
manganese, iron, gold,uranium, copper, fluorite and pyrite are recorded.
C.A.L.

347.

Laughton, CA.

1963 Preliminary report on geochemical prospecting for
copper in the Tuli Block on the farms Akiles and
Takaneng.

Describes the general and local geology of the area which is underlain by rocks of the
Baines Drift Formation and associated gneisses of the Basement Complex. Notes are
included on the topography and vegetation, and on the soil types (with profiles), which
have an important bearing on the interpretation of the results. The techniques employed
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are described. It is concluded from a discussion of the vertical and lateral distribution of
copper in the soil that further work is required to determine the real significance of the
anomalies.
Author.

348.

Laughton, C.A.

1964 Prospecting for fluorite in parts of the granite,
granofelsite, and felsite areas of Sheet 2425.

Only three fluorite bearing quartz veins were located, all near Thamaga, though many
others contained traces of galena, pyrite and chalcopyrite, and specularite was frequently
found. No satisfactory method of locating fluorite bearing veins, other than by direct
examination in the field, was discovered for the granite, granofelsite and felsite terrain.
Author.

349.

Laughton, C.A.

1964 Investigation of a lead anomaly in the Taupone
area.

Anomalous lead values were found in soil samples collected over dolomite (Transvaal
System) from the Taupone area south of'Kanye. A close sampling gHd was laid out to
delimit the anomaly and trenching indicated that it was due to dispersion of traces of
secondary lead mineralisation from a narrow sheared zone trending parallel to the strike of
the dolomite. The probable dip of the shear was indicated by its intersection in a borehole
but no primary lead mineralisation was observed. A second borehole failed to reach the
sheared zone.
Author.

350.

Laughton, C.A.

1964 Ageochemical prospecting soil survey for lead and
zinc in the Tsokwane, Tsatsu, Ngale areas of the
Bangwaketse Tribal Territory.

The area prospected is underlain by dolomites of the Dolomite Series of the Transvaal
System. For orientation purposes channel soil samples were collected and analysed for
lead and zinc from seventeen pits. The soil profiles are described and details given of
the layout of the sampling programme and the laboratory techniques. The zinc and lead
distributions are discussed and it is concluded that only three samples show sufficient
contrast in lead values to have possible significance for mineralisation.
Author.

351.

Laughton, C.A.

1965 Final report on geochemical prospecting for copper
in the Tuli Block on the farms Akiles andTakaneng.

A programme to determine the significance of two copper anomalies in residual soil on
the farms Akiles and Takaneng revealed that the apparent anomaly in area B was a false
anomaly resulting from laboratory contamination of the sample solutions. The anomaly in
area A is related to secondary copper mineralisation but is of no economic interest unless
a source of primary mineralisation occurs in depth.
Author.

352.

Laughton, C.A.

1965 A reconnaissance geochemical prospecting soil
survey for copper in the northeastern Tuli Block.

The area prospected covers parts of four Tuli Block farms where the topography and
drainage, vegetation, and soil cover are briefly described. The geological setting — Baines
Drift Formation and associated gneisses of the Basement Complex — is outlined and
related to the analytical results of the survey. The techniques used are noted and the
laboratory work discussed in relation to jthe accuracy of the analysis and the probable
threshold value. Field examination has to be made of the sources of the anomalous copper
samples but because of the steeply dipping nature of possible mineralised structures a
geophysical survey should be carried out. An appendix includes extracts from earlier
reports on the copper prospects in the area.
Author.
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353.

Laughton, CA.

1965 The Ditshukutswane fluorite occurrence: A compilation of prospecting activities.

An outline of prospecting activities since 1925 is followed by a description of the
geology of the Ditshukutswane occurrence and the surrounding country. Malachite, chalcopyrite, galena, sphalerite, specularite, and traces of cadmium and silver are associated
with the fluorite bearing quartz veins. The grade of the Ditshukutswane occurrence is
discussed in relation to industrial specifications. Geochemical prospecting and a general
reconnaissance of the granite, granofelsite and felsite country around Ditshukutswane for
further fluorite deposits were carried out a s it was considered that the Ditshukutswane
occurrence was not an economic proposition on its own. Although the results of these
surveys were disappointing large areas of geologically similar country were not explored.
Author.

353a.

Laughton, C.A.

1966 Post-Basement dolerite intrusives of Sheet 2027C.

Doleritic intrusions occur in the form of dykes and sheets. The major dyke trends are
discussed in relation to their age, which is considered to be late-Karroo and post-Karroo.
On petrographic and structural evidence the sheets may belong to the same period of
activity. The petrology of the dolerites and their wall rocks are described and it is concluded that some of the dykes may have acted as feeders to surface flows.
Author.

353b.

Laughton, C.A.

1966 Post-Basement dolerite intrusives of Sheets 2027B
and D.

Primarily an addendum to the report on the post-Basement dolerite intrusives of Sheet
2027C, it includes structural and petrographic information on an important N—S dolerite
dyke trend, which occurs on the eastern border of Botswana in the Tsessebe area. Author.

353c.

Laughton, C.A.

1966 The ultramafic rocks of the Tsessebe area.

The distribution, topographic expression, structural relations, petrography and age of
the ultramafic rocks of the Tsessebe area are described. The majority are classified as
serpentinites, in which all traces of the original textures have been lost. A few are
recognisable as former coarse grained ultramafic intrusions and it is possible that small
lenses of an extrusive phase are present. The possible economic potential is briefly
summarised as no detailed prospecting of these ultramafic bodies has been attempted.
Author.

354.

McConnell, R.B.

1955 Notes for talk on Kalahari sands of the Bechuanaland Protectorate.

Approximately 84 per cent of the Bechuanaland Protectorate is an extremely flat,
waterless, sand veld country covered by blown sand. The drainage systems of the ChobeZambezi, Molopo, Nossob and Okavango rivers affect the Kalahari. The sands are dominantly yellow, reddish-yellow or reddish-brown and vary in thickness from a few feet to
over one hundred feet, probably representing successive periods of formation and redistribution. Dry river valleys and a great number of shallow basins or pans are found in the
Kalahari.
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The geology of the Kalahari is described with the recognition of two different types of
succession. In the northern type the Kalahari sands are underlain by Kalahari Limestone,
in turn underlain by the Botletle Beds. In the south, Kalahari sands overly Urinanib
Plateau sediments. Cahen and Lepersonne suggest that the Kalahari Beds rest on a lateCretaceous erosion surface and the sands are probably of Miocene or Pliocene age. The
term Kalahari sands should be a lithological term and not be applied to age.
C.A.L.

see also — Jones, D.L. and McElhinny, M.W.
354a.

McElhinney, M.W.

1966 Rb-Sr and K-Ar age measurements on the Modipe
gabbro of Bechuanaland and South Africa. Report
of the Department of Geophysics andGeo-chemistry,
Australian National University, Canberra, A.C.T.
(To be published).

Rb-Sr total rock measurements are reported for six samples of the Modipe gabbro.
Although the rubidium concentration in the samples is low, the points on the isochron
diagram lie on a straight line within the experimental error and an age of 2630 + 470 m.y.
is obtained with initial ratio 0.7010+ 0.0010. The gabbro is intruded by the Gaberones
granite and total rock measurements on three samples of the granite give an age of 2340+
50 m.y., which although not significantly different from the gabbro age is consistent with
the known geological relationship of them. K-Ar measurements on separated mineral
fractions from three of the gabbro samples give consistent plagioclase ages at 1980 m.y.,
which seems to indicate the gabbro suffered a mild reheating at this time, which probably
relates to the intrusion of the Bushveld Complex. The pyroxene ages fall in the range
2670 to 3000 m.y., and this may represent another instance of excess argon in pyroxenes.
Alternatively the pyroxenes might still record the date of intrusion of the gabbro, and this
i s consistent with the upper range given by the Rb-Sr age.
Author.

355.

Macgregor, A.M.

1929 Report on the Makarikari reconnaissance, June and
July, 1929.

Describes the physiography of the Makarikari Salt Pan, an area of internal drainage fed
intermittently by water from the Botletle, Nata, Tsimowani and Chuani rivers. A hard
green quartzite is exposed in the bed of the Nata river. Although the area is underlain by
rocks of the Kalahari System which have no economic value, valuable deposits of salt may
exist. The geology and physiography along the route taken through the Bamangwato
Reserve and the Northern Crown Land is discussed, followed by notes on various routes
for a railway link to connect the Rhodesian railway system to the port of Walvis Bay, the
purpose of the reconnaissance.
C.A.L.

356.

Makowiecki, L.Z.A.

1961 Report on seismic surveys in E. Bechuanaland.
Overseas geol.Surv.geophys.Rep. 12.

357.

Makowiecki, L.Z.A.
and Andrew, E.M.

1961 Report on seismic and gravity survey in the central
Kalahari, Bechuanaland Protectorate. Overseas
geol.Surv. geophys.Rep.

Two members of the Geophysics Division of the Overseas Geological Surveys carried
out a seismic and gravity survey using a portable S.I.E. 24-trace recording set and a
"World-Wide" gravimeter to determine the nature and structure of the Karroo System
boundary in the central Kalahari, south of Ghanzi.
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The gravity survey was carried out along the Ghanzi-Lobatsi road and along and across
the Okwa Valley. Details are given of the levelling and location of the gravity stations.
A table of gravity data is given in the Appendix and the results discussed together with
the results of the seismic survey in conjunction with the known geology, mainly from
borehole logs and outcrops in the Okwa Valley, of the area. Several different geological
interpretations of the gravity data are suggested.
C.A.L

Malan.S.P.
358.

Mason, R.

see — Kingston, J., Woodward, J.E., Malan, S.P.,
and Jennings, R.P.
1962 A report on the geology, origin and extent of the
manganese deposits around the Ootse Hill area Bamalete Tribal Territory.

Manganese ore occurs in chert brecciaoverlying the Black Reef Series of the Transvaal
System and in recent talus deposits, at Ootse, Black Hill and High Hope workings. Nodular,
manganese in a thin shale overlying the Black Reef quartzite occurs at High Hope and
Devils Peak.
The manganese minerals are pyrolusite and psilomelane with rare crystalline polianite.
Phosphorus content is usually below 0.3%. Ore at Devils Peak is contaminated by specularite. Most of the ore is siliceous especially where manganese replaces chert breccia.
Assays of the ore usually show a manganese content of at least 40%.
It is suggested that all the Ootse deposits are the result of a complex history of
solution, transportation and deposition, the original manganese rich solution being derived
from a residual wad left after erosion of dolomite overlying the Black Reef Series in the
Transvaal System. The present form of the ore suggests that much if not all the manganese
was finally formed from colloidal solutions.
Attempts to ascertain the extent of the manganese deposits are hampered because of
the patchy nature of the mineralisation and the lack of information due to inadequate
exploratory drilling. The deposit was considered extensive enough to produce between
100,000 and 150,000 tons of ore from the known occurrences.
Author.

359.

Mason, R.

1962 A note on the manganese occurrence between Black
Hill and Ootse Quarries.

Describes nodular manganese occurringin talus deposits and the results of a programme
of wagon drilling. The occurrence is a minor one and drilling results were disappointing.
Author.

360.

Mason, R.

1963 A report on the Karroo succession in the Macloutsie area.

An account is given of the Karroo basinwhich forms the westernmost extension of the
Tuli-Sabi trough of Southern Rhodesia and the northern Transvaal.
A thin succession of arkoses and felspathic grits of doubtful age are overlain by a
concretional conglomerate, red sandstones and marls of the Red Beds Stage (Stormberg
Series). These are succeeded by a typical, if thin, development of Cave Sandstone, a
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massive aeolian deposit. A transitional stage of interbedded sandstone and olivine basalt
is then followed by a thick development of olivine and augite basalts of the Drakensberg
Lava Stage. A thin band of fossiliferous limestone interbedded with basalts contains
numerous freshwater lamellibranch shells similar to species of Estheria reported from
upper Stormberg rocks in the Congo and Portuguese East Africa. Unidentified plant
remains have also been recovered from an argillaceous layer at the base of the limestone.
The Karroo sediments were deposited on anirregular surface of Basement Complex rocks
in a shallow depression, and were further warped into the present basin by later Cretaceous earth movements. The basal grits are waterlain and are probably locally derived
torrential deposits. The Stormberg succession is typical of rocks deposited in an arid or
semi-arid environment.
The full succession i s :
Basalts
Basalt and
sandstone
Sandstone
Sandstone, marl,
mud stone,
conglomerate
Felspathic grit,
arkose

Drakensberg Lava Stage - 300 to 400 feet)
)
Transitional Stage
- 130 to 165 feet)
)
)
Cave Sandstone Stage 40 feet
)
)
Red Beds Stage
- 90 to 120 feet)
)
)
20 to 60 feet

STORMBERG SERIES

Author.

361.

Mason, R.

1963 The structural geology of the Macloutsie sheet
(2228A).

Describes the folding of the Basement Complex in the Macloutsie area and the structure
of the Karroo basin.
A series of asymmetric plunging synforms and antiforms have been mapped. In the NW
of the area the general structural trend of the Basement Complex varies between NE-SW
and NNE-SSW. This trend gradually changes to the south where a NNW-SSE trend prevails.
A fold belt south of the Karroo basin shows fold axes trending N-S and NNE-SSW. These
trends contrast with those in the West Tuli and Magogaphate areas to the north where
there is a strong ENE-WSW trend.
Regional dips are usually high and of the order of 70° or more.
A description of small scale folds at Mabye-a-Tshipa is included and ptygmatic folds
in migmatites and quartz veins are described. Only one shear zone occurs and this is in
the southeast corner of the area and follows an E-W trend.
The Karroo basin is a broad synclinal structure with normal sedimentary contacts on
its southern limb which is in contrast with the faulted northern boundary in the West Tuli
area. The beds dip between 4° and 8° to the NNE and NE. There is evidence of pre-Karroo
relief and the sediments were deposited in a pre-existing depression. Faulting is virtually
absent in this part of the basin but a small outlier at Maiswe Hill shows brecciated Cave
Sandstone marking several small normal faults, none of which show large displacements.
Author.
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362.

Mason, R.

1963 A report on the Basement Complex rocks of the
Macloutsie quarter degree area.

Describes the occurrence and petrology of Basement Complex rocks in the Macloutsie
area. Two main groups of rocks occur. The first consists of metaquartzites, marbles and
calc-silicate rocks, and amphibolites. These are considered to be equivalent to the
Messina Formation of the northern Transvaal. The second group consists of various
paragneisses andporphyroblastic granitic gneisses. Granitisation has affected the gneisses
and migmatisation is developed in certain areas.
All these rocks contain assemblages characteristic of thealmandïne-amphibolite facies.
Author.

363.

Mason, R.

1964 Report on the Karroo geology of the Baines Drift
area.

The easterly continuation of the Karroo basin present in the Macloutsie area is described. The Red Beds, Cave Sandstone and Drakensberg Lava Stages are all represented
and there is a noticeable thickening of the Cave Sandstone towards the east.
The basal grit of the Macloutsie succession has been traced across the Baines Drift
area to the Limpopo Valley and it has been tentatively correlated with the Ecca Series
(Middle or possibly Upper Ecca Stage). Beneath this horizon a succession of grits, conglomeratic grits, mudstones, siltstones, ironstones and minor impure limestones occurs
and these rocks have been tentatively correlated with the Middle Ecca Stage of the Ecca
Series.
Dolerite and basalt intrusive dykes and sills are described cutting Karroo rocks in the
area.
The contact between Basement Complex and Karroo System rocks is not faulted and
provides a spectacular example of angular unconformity. The Ecca Series rocks appear to
have been deposited on an irregular pre-Karroo land surface as lacustrine and deltaic
deposits. The Red Beds represent a complete change to semi-arid conditions which
persisted throughout the Stormberg period.
Two large faults cut across the basin and trend NE-SW. Both downthrow to the SE. A
faulted inlier of Cave Sandstone occurs in basalts and sandstones of the Transitional
Stage near Matatani.
Author.

364.

Mason, R.

1964 The Basement Complex of the Baines Drift area
(Sheets 2228B & D).

Two major formations are described. The one, the Baines Drift Formation, comprises
metaquartzite, magnetite quartzite, plagioclase paragneiss, marbles and calc-silicate
rocks, and amphibolites, and is equivalent to the Messina Formation of the northern
Transvaal, the other, termed the Gneissic Formation, comprises biotite paragneisses,
banded felspathic paragneisses and porphyroblastic gneiss. The grade of metamorphism
has reached the almandine-amphibolite facies.
Intrusive pegmatites and serpentinites are present.
The area is structurally complex. A major N-S trending fold complex between Baines
Drift and Matatani is interrupted by large wrench faults trending ESE-WNW and E-W.
Author.
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365.

Mason,

fi.

1964 Geology of the Baines Drift area (An explanation
of quarter degree sheet 2228B with part of 2228D).

Basement Complex rocks crop out crver the southern half of the Baines Drift area, and
Karroo strata cover the northern half of the area, forming part of the Sabi-Limpopo basin.
Of the two major formations mapped in the Basement Complex, the Baines Drift Formation
has resisted granitisation whereas the Gneissic Formation bas been considerably affected
by the process of granitisation (felspathisation). Trie arenaceous and calcareous metasedimemts of the Baines Drift Formation can be correlated fairly certainly -with the Messina
Formation of the northern Transvaal, brat in addition, ortho-amphiibolites have been grouped
with the metasediments as part of the Baines Drift Formation. Paragneisses showing
various stages of granitisation have been grouped together into a Gneissic Formation.
Serpentinased ultrabasic rocks intrude the Basement Complex at several localities.
Folding along N-S axes in the central and eastern parts of the Basement Complex is
interrupted by a series of E-W and ESE-WNW trending wrench faults. Evidence of refolding is found in the Marapong antiform near Baines Drift.
In the Karroo basin the Stormberg succession of the Macloutsie area to the west has
been traced across the Baines Drift area. In addition, a succession of grits and mudstones which occur below the Stormberg succession has been correlated with the Ecca
Series. Post-Karroo dolerite intrusions are widespread over the whole of the Baines Drift
area, and several large basalt intrusions have been mapped.
Author.

366.

Mason, R.

1964 The regional stress patterns affecting wrench
faults, major folds and dyke formation in the
Baines Drift and Fort Elebe areas.

A detailed analysis of fault and dyke strike frequencies reveals two major fault trends
and two major dyke trends. The fault trends coincide with the dyke trends and are E10°N
and W20°N approximately. The E10°N trend corresponds remarkably well with the major
dyke trend and the trend of the Dowe-Tokwe wrench fault in the Messina area of the
northern Transvaal.
The wrench faults are considered to have formed under WNW-ESE compression and are
all dextral wrenches.
Author.

367.

Mason, R.

1965 The geology of the Fort Elebe area (An explanation
of part of quarter degree sheet 2228C).

The Fort Elebe area lies in the central zone of the Limpopo orogenic belt and is
underlain exclusively by regionally metamorphosed rocks of the Basement Complex and
intrusive dolerite dykes of post-Basement Complex age. The Basement Complex includes
a Gneissic Formation and the Baines Drift Formation. The Gneissic Formation consists
of various paragneisses and a coarse porphyroblastic granitic gneiss. Metaquartzite,
marble and calc-silicate rocks and amphibolite comprise the Baines Drift Formation.
Pegmatites are commonly found cutting rocks of both major formations. A series of shears
and wrench faults, marked by mylonite zones, cut across the area and further complicate
the folded complex. No surface mineralisation was encountered during the survey despite
the favourable environment.
Author.
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367a.

Mason,R.

1966 Sheet 2127B - The Lady Mary Volcanic Series.

Describes and discusses a group of basic and ultrabasic schists regarded as part of
the Bulawayan System of Rhodesia. Detailed accounts are given of the structure, petrography and metamorphism of these rocks, which show assemblages typical of the greenschist facies and appear to have suffered variable but sometimes intense deformation.
These rocks are host to many gold-bearing quartz veins and several old mines occur in
this area underlain by the Lady March Volcanic Series.
Author.

367b.

Mason, R.

1966 Quartz-kyanite and quartz-chloritoid schists from
the Tati Schist Belt, Tati Concession, Bechuanaland (Sheet 2127 B).

The petrology and paragenesis of a series of alumina-rich rocks from the Tati Schist
Belt are described. A detailed account of mineral development and deformation is discussed
in relation to the overall structure of the Schist Belt, and the kyanite deposit at Halfway
Kop is described. Besides kyanite and chloritoid, there are other aluminous minerals
present such as pyrophyllite and dumortierite, and a striking feature of this aluminous
horizon is the localised concentration of tourmaline.
Author.

367c.

Mason, R.

1966 Banded ironstones of the Tati Schist Belt - Sheet
2127B.

The occurrences of banded ironstones in the Tati Schist Belt are described, with
details of lithologies, petrography and sffuctural features. Quartz-haematite and quartzjasper-haematite types of banded ironstone are predominant, and these display intricate
folding and brecciation. Metamorphism is very low grade and in many cases amounts to
the recrystallisation of the quartz. Evidence of intraformational slumping is presented and
discussed as a mechanism for much of the small-scale folding and intraformational
brecciation.
Author.

367d.

Mason, R.

1966 Petrographic notes on some volcanic rocks from
the Selkirk and Penhalonga Series - Tati Schist
Belt - Sheet 2127B.

Describes and discusses the petrography of a group of andesitic and dacitic lavas,
many of which are porphyritic. These rocks are all weakly metamorphosed, with typical
greenschist facies assemblages, but deformation, especially the formation of schistosity,
i s sporadic and very variable. The Selkirk and Penhalonga Series form part of the Tati
Schist Belt, and are tentatively correlated with the Bulawayan System of Rhodesia.
Author.

368.

Masson Smith, D.J.

1964 Geophysical surveys in southern Bechuanaland
Protectorate. Overseas geol.Surv.geophys.Rep.

A general discussion of the interpretation of aeromagnetic anomalies is followed by a
critical review of the aeromagnetic survey carried out in 1962, over part of the southern
Kalahari. 560 gravity stations were established in the area (details of gravity and
anomaly values for each station are tabulated) with detailed traverses over the margins
of the banded ironstones and the Kengpan - Oikhe pan serpentine. The gravity measurements were made with a Worden gravimeter and elevations, for calculation of Bouguer and
Isostatic anomalies, with a Thommen altimeter. A Jalander magnetometer was used on
foot traverses.
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The magnetic and gravity anomalies over the Keng-Oikhe pan serpentine are consistent
with the presence of a two to three mile thick ultrabasic laccolith with a steep northern
margin, capped by a serpentine cupola which may be up to 1000 feet thick. Electrical
methods might be used to locate asbestos deposits in the serpentine.
Large amplitude negative magnetic anomalies are associated with banded ironstones
of the Transvaal System but occur only over the magnetised parts whereas the gravity
anomalies probably indicate the full extent of the near surface banded ironstones.
The aeromagnetic survey is only of value in locating aquifers when the knowledge of
the structure of the area is sufficient to allow correlation between specific anomalies and
specific aquifers. It may possibly give some information about abrupt changes of Kalahari
thickness.
C.A„L.

369.

Masson Smith, D.J. and 1962 Gravimeter primary station net ia east and central
Andrew, E.M.
Africa. Overseas geol.Surv. geophys.Rep.
105 gravity stations with a relative accuracy of better than 0.1 mgal have been established in east and central Africa including three in Bechuanaland. The data are tabulated
and the report describes the field procedure, position of the stations, calibrations made,
adjustments of the Overseas Geological Survey net of stations which is tied to the
Potsdam system, and compares the data with earlier measurements.
C.A.L.

370.

Molyneux, A.J.

1900 Report on an examination of Mapani Pan, Limuni
Vlei ,and the area between the Sisi and Little
MacloutsieRivers for coal. Report of the Khamaland
Coal Syndicate.

Describes the geological succession in the Mapani Pan and surrounding areas, with
details from a 778 feet deep borehole, extended through Limuni Vlei where prospecting
work by the Khamaland Syndicate included a 706 feet deep borehole. The formations
along the railway line from the Shashi River southwards to mile 1175, which include coal
measures sedimentary deposits are briefly described, followed by suggestions for future
prospecting work.
C.A.L.

371.

Molyneux, A.J.

1903 Report on the Linchwe Concessions. Report to the
Directors,Linchwe Concessions, Ltd., Cape Town.

Describes the physical features and geology of Linchwe's territory with reference to
favourable areas for prospecting, and includes notes on past and future prospecting
activities.
C.A.L.

372.

Molyneux, A.J.

1903 Draft report on the Bushman Copper Mine to the
Bechuanaland Exploration Company.

Notes the scarcity of water for working the claims on the Bushman, Nondu, San Toy
and Outlaw properties, in Khamas country in the vicinity of Malagoshwe Hill. Describes
the physical features (geology) of the district with notes on the old workings, development work carried out by the Company in 1902 and recommendations for further prospecting
on the Bushman claims. Old workings and geological features of the other claims are
briefly described and the report concludes that possibilities are very promising.
C.A.L.
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373.

Mulder, M.P.

1958 The manganese deposits of the BangwaketseNative
Reserve, Bechuanaland Protectorate. Rep.J.C.l.
Co. Ltd.

The geological setting of the manganese deposits at Kwakwe, Sobathwe, Meheelo,
Msumakane and Oki is outlined. Two types of manganese ore are present at or close to
the base of a chert breccia, which is considered to be of tectonic origin and related to a
big thrust. The first type of rock for mineralisation is a shale overlying the Black Reef
Quartzite, the second a jasper at the base of the chert breccia. The manganese minerals
are polianite-pyrolusite with subordinate psilomelane and haussmanite and are of primary
origin. The deposits are described separately in more detail with estimates of the grades
and ore reserves, the whole area having a potential of several hundred thousand tons. It
is recommended that geophysical and geochemical methods should be used to aid the
geological mapping.
C.A.L.

374.

Newman, E.G.

1964 Asbestos resources of the British Commonwealth,
1964. Brit.Commonw.geoLLiaison Off.Rep.(64)4.

The commercial varieties of asbestos are briefly described in an introduction to the
resources of nineteen Commonwealth countries. Asbestos has been worked in only one
locality in Bechuanaland,at Moshaneng, where production of chrysotile fibre first commenced in 1928. The deposit is discussed and brief geological descriptions are given of other
known occurrences of chrysotile asbestos at Naka la Phala; to the northwest of Toutswe
Hill in the Topsi area; in the Tati Concession; in the Schoongezicht area; and at Keng
and Oike pans in the central Kalahari. The first two are associated with serpentinised
dolomitic limestone and marble, the remainder in serpentinised ultramafics. Crocidolite
asbestos occurs in banded ironstones of the Lower Griquatown Stage of the Transvaal
System on the north bank of the Molopo River. These asbestos deposits have not been
fully investigated.
C.A.L.

Ostle, D.
375.

Poldervaart, A.

see — Beer, K.E., Ostle, D., Hale, F.H., and
Bowie, S.H.U.
1949 Notes on vermiculite occurrences near Mochudi in
the Bakgatla Reserve.

Two small occurrences of vermiculite near Mochudi represent decomposed biotite schist
xenoliths in a kaolinised Basement granite but are local developments of inferior quality.
C.A.L.

376.

Poldervaart, A.

1949 Gypsum occurrence north of PallaRoad.

The selenite variety of gypsum was found in calcrete and silcrete in a pit excavated
for road metal, but the occurrence is not of economic value.
C.A.L.

377.

Poldervaart, A.

1949 Preliminary report on dolerites of Bechuanaland.

Dolerite dykes and less commonly concordant intrusions of two ages, pre-Waterberg and
Karroo, are found in the Bechuanaland Protectorate with possibly the older group being of
post-Waterberg age. Strike directions of dykes may be an aid in determining their age
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though petrographic means may be used to distinguish between the Notwani-type (preWaterberg) and Karroo dolerites whose mineralogy is described. Comparison with the
Karroo dolerites of the Union of South Africa shows that the types which are rare in the
Union are common in the Bechuanaland Protectorate, and vice versa. A brief note on
Karroo lavas is appended.
C.A.L.

378.

Poldervaart, A.

1949 Kalahari sands as glass sands.

Specifications for glass sands are followed by a description of the nature of Kalahari
sands. Possible glass sands are found in the naturally improved Kalahari sands of the
Mababe depression, between Matetsie and Bushman Pits and from a river 70 miles southwest of Matetsie. Sands between Artesia and Palla Road were examined but none suitable
for glass making were found though the standard might be improved by washing and
sieving.
C.A-L.

379.

Poldervaart, A.

1950 Report on coal in the Palapye area.

Lower Middle Ecca beds in the Lupani block contain one 100 feet coal horizon. The
successions determined from borehole logs and wells are given with suggestions for
further drilling operations, in the Morapule block coal was found in the sludge of all the
boreholes. Thicknesses are given for 14 seams and coal analyses from one of the boreholes. These show that the Morapule coals are gas coals, though it is possible that
coking coals may be found nearer Serowe and in the Artesia-Palla Road area. Proposals
for the establishment of a coal mine are put forward.
C.A.L.

380.

Poldervaart, A.

1950 Preliminary report on the geology and mineral
resources of the southeastern Bechuanaland
Protectorate.

The report is divided into two parts. Part A describes the geology according to formations in the stratigraphic succession used by the Union of South Africa Geological Survey.
The southeastern Protectorate forms part of a stable ridge between the Karroo basin of
South Africa and other basins to the north. Rocks correlated with the Enon Conglomerate?,
post-Waterberg alkaline dykes, post-Waterberg dolerites, Waterberg System, Gamagara
System, Bushveld dolerites, Gaberones granite, Transvaal System, Ventersdorp System,
post-Dominion Reef dolerites?, Wolkberg System, Witwatersrand System, Dominion Reef
System, Onverwacht Series and Basement rocks are described from type areas in the
Union of South Africa and related to similar formations in southeastern Bechuanaland.
Recent deposits and the Kalahari System are not discussed in this section but are included in Part B where the mineral resources of the southeastern Protectorate are discussed
in relation to the stratigraphic succession described in Part A.
Resources being exploited or which might prove an economical proposition as well as
those which by comparison with the same formations in the Union may be located in the
southeastern Protectorate are clays for brick making; cave guano; silcretes for refractory
silica bricks, various materials for road metal and railway ballast; manganese and iron
ores; amosite, chrysotile and crocidolite asbestos; colloidal gold and silver; auriferous
conglomerates and quartz reefs; vermiculite; the Gaberones rapakivigranite for ornamental
building stone; copper, lead, zinc, vanadinite and fluorite in the Transvaal dolomites.
An appendix provides additional notes on the areas — Lobatsi Block-Bamalete Reserve;
Modipe-Wildebeestkop-Derdepoort; Molepolole; Dolomite area south of Kanye; Dipotsana;
the Kraaipan outcrops along the Molopo River; and Kakia.
C.A.L.

120

381.

Poldervaart, A.

1953 Karroo dolerites and basalts of the Bechuanajand
Protectorate.

Whereas Karroo dolerites have a wide distribution throughout the eastern and northern
Protectorate, the basalts are restricted to the Lephepe-Boatenwanie area, between Serowe
and Mashoro, southeast of Makarikari, in the Tuli area, along the Linyati River, and near
Matetsie. However although Karroo dolerites can be distinguished petrographically from
Bushveld and older dolerites no such distinction can be made for so-called post-Waterberg
dolerites and as it is likely that many of these are actually of Karroo age they are described together with undoubted Karroo dolerites.
Exposures, of Karroo dolerites and basalts are generally very poor so that detailed
study of an intrusion or flow cannot be made. An exception is provided by the Khale Hill
dolerite sheet intruded into a granophyric phase of the Gaberones granite.
.Ofcrjjr 55 dolerites were petrographically examined and are described according to type.
These include Perdekloof, Blaauwkrans, Hangnest, Downes Mountain, Hanover, Marginal
Tholeiite, Kentani, Picrite-Dolerite, and some other types. The 28 Karroo basalts are
divided into three main petrographical types, fine to medium-grained basalts, medium
to coarse-grained basalts, and iron-rich tholeiites, with one oceanite.
The paper concludes with a discussion of the petrology of the dolerites and basalts
based on the preliminary examination without detailed petrographical and chemical data.
C.A.L.

382.

Poldervaart, A.

1953 The geology and asbestos deposits of the Moshaneng area.

The Moshaneng area is important both as a geological key area and for the occurrence
of chrysotile asbestos; galena has also been found and fluorite reported. Waterberg
quartzites, conglomerates and shales rest unconformably on all the other rocks of the
area — Bushveld dolerites, Gaberones granite, Transvaal dolomite, Black Reef quartzites,
Pre-Transvaal spilitic rocks and Dominion Reef felsites — which are described.
A possible history of the area is summarised as follows :—
1. Dominion Reef System lavas poured over a surface of Basement rocks; 2. Erosion
3 . Deposition of Black Reef, Dolomite and Griquatown Series sediments; 4. Intrusion of
the Gaberones rapakivi granite as a thick sheet in the Basement rocks with accompanying
metamorphism; 5. Collapse of the Black Reef and lower horizons of the Dolomite series
into the semi-liquid material below with squeezing up of rafts of underlying rocks; 6.
Intrusion of Bushveld dykes and sheets with serpentinisation and asbestos formation in
the dolomite near dolerite intrusions; 7. Erosion; 8. Post-Waterberg faulting; 9. Erosion.
Production figures for asbestos, which occurs as cross-fibre chrysotile in serpentinised
zones of the dolomite, from the Moshaneng area are given since December, 1950. This is
followed by a discussion of the chemico-physical conditions of formation of the asbestos
fibre.
C.A.L.

see also — Wayland, E.J. and Poldervaart, A.

121

383.

Rabie, L.

1958 Geological field report on the first investigation
into the manganese orepossibilities of theBangwaketse Native Reserve, Bechuanaland Protectorate.
Rep.J.C.I. Co., Ltd.

Describes the results of a regional screening of parts of the Bangwaketse Reserve for
manganese deposits based on structural considerations. The area consists of northwesterly
striking Transvaal System formations, from the Black Reef conglomerates and quartzites
to the Pretoria Series, tilted at moderate to low angles to the southwest. The manganese
mineralisation occurs along the contacts of chert breccias, derived from the Dolomite
Series, which represent tectonic thrust masses exhibiting pronounced corrugation patterns.
Thrusting took place in a northeasterly direction and the resulting patterns, the chert
breccias and the contact zones are described in some detail as they largely control the
distribution of the manganese ores. A brief note on the Waterberg Beds is included. In the
Segwagwa hills thrusting has affected rocks of the Pretoria Series. Although the manganese ore bodies examined are relatively thin further exploration aided by a ground magnetometric survey may reveal good deposits.
C.A.L.

384.

Schutte, I.C.

1963 Die voor-Transvaalse gesteentes langs die Maricorivier, noord van Dwarsberg, wes-Transvaal. Univ.
Pretoria Thesis. 97p.

The correlation of certain pre-Transvaal rocks near the Marico River, north of the
Dwarsberg, western Transvaal, is discussed on the basis of new mapping, structural
evidence and a petrographic investigation. Earlier correlations made both in the Transvaal
and of related rock groups in Bechuanaland are also discussed, and in several cases
invalidated.
Andesite, felsite and tuff in the Derdepoort-Kameelboom and Batavia ridges are
correlated with the Onverwacht Series of the Swaziland System. But the conglomerate
with shale bands between the Derdepoort and Kameelboom ridges is now correlated with
the Moodie's System as it transgresses the Onverwacht Series and the conglomerate
contains pebbles of this underlying Series.
, The Argeiese granite, which is post-Swaziland System and Moodie's System and preDominionReef Series in age,is found to be intrusive in pyroxenite and fine-grained gabbro
which form part of the Jamestown igneous complex.
The granite along the Marico River is considered to be the same as the Gaberones
granite found to the west in the Bechuanaland Protectorate and is correlated with the
Palala granite. Aplogranite, red rapakivi granite, medium-grained granite, foliated granite
and granite-aplite phases of the Gaberones granite are present, but the central white
granite of the Mathete-Lobatsi-Kanye pluton, west of Lobatsi, Bechuanaland Protectorate,
has not been observed. The Gaberones granite is intrusive into the Dominion Reef System
and into a probable post-Dominion Reef hyperite body, which is older than the diabase
dykes of the area. The Black ReefSeries discordantly o verlies the granite on two farms.
The Tertiary to Recent deposits are briefly described, and a section is devoted to a
discussion of the structural geology of the area.
New mineralogical and petrographic descriptions of the different rock types are given.
Allanite was recognised in both the Argeiese granite and the Gaberones granite.
Three new chemical analyses, one of the Onverwacht Series felsite and two of the
Gaberones granite, are presented and compared with existing analyses of other felsites
and granites. Analyses of the Gaberones granite agree well with those of the Palala
granite.
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Different South African felsites and granites are compared with each other by means of
a k mg diagram and it is concluded that there are certain fields characteristic for different
rocks, for example the Gaberones granite falls in the Cape granite field while the Bushveld granite occupies a different field, and the Onverwacht Series felsite is totally
different from the felsite and granophyre of the Dominion Reef System and felsite of the
Ventersdorp System.
C.A.L. (Abstract from a translation by C. Boocock).

385.

Stewart, B.D.

1958 The manganese ores of the Kgwakgwe areas. Rep.
J.C.I. Co., Ltd.

The report mainly concerns production details for the Kgwakgwe manganese Mine and
the results of sampling the stacks and workings of the mine and at the new prospects at
Meheelo, Oki, Sinjamadi, Sobathwe and Msumakane. The three types of ore found at
Kgwakgwe — shale type, boulder type and siliceous ore — are described and the report
is supplemented by analyses of 106 samples of manganese ore.
C.A.L.

386.

Swain, H.J.

1945 Makarikari salt deposits, Bechuanaland Protectorate. Report of the Consultant to the Industrial
Research Association Ltd., Johannesburg.

Several sites in the Makarikari area were examined where large salt deposits had
previously been reported but either there was no salt at all or the deposits were commercially valueless. General considerations such as roads, labour, health, water, transport
and expenditure are discussed. Although brine supplies are present they probably contain
a high sodium sulphate content which renders them unacceptable. Further investigation
might show that the content of potassium salts is sufficient to warrant exploitation.
C.A.L.

387.

Van Straten, O.J.

1952 Final report on the Tshukutswane fluorspar
occurrence.

Fluorspar had been prospected in two quartz veins in felsites and granofelsites of the
Dominion Reef System, closely related to the Ranaka and Gaberones-Molepolole granite
plutons. The occurrence was mapped on a scale of 1 inch to 100 feet and the mineralogy
and economics of the deposit discussed in association with laboratory work. In addition
to the fluorspar, galena, chalcopyrite, covellite, sphalerite and scaly hematite are
recorded. Requirements of the Metallurgical, Chemical, Glass, Enamel and Ceramic
Industries show that it is a borderline deposit and could only be exploited if further
deposits were located in the Tshukutswane area. The problem of the origin of the deposit
is mentioned and similarity to mineral assemblages at Khale and Hildavale, and in the
Marico mineralised belt noted.
C.A.L.

388.

Van Straten, O.J.

1952 Glass sands.

Naturally improved sands derived from the grey-white to grey-black Kalahari sands of
the northern Protectorate were screened and compared with specifications of the Society
of Glass Technology. The brief preliminary report indicates that further research is
necessary but that sands suitable for glass making are likely to be found in the Protectorate.
C.A.L.

389.

Van Straten, O.J.

1952 Report on a radioactive dyke at Steigen's Hill.

The monzonitic dyke on Steigen's Hill, 10 miles east of Molepolole on the MolepololeGaberonesroad, showed more than twice the ratemeter reading for the associated felsitic
country. Laboratory work, however, demonstrated that only large masses of the rock have
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anomalous radioactivity, which may be due to a high concentration of the K* isotope or
possibly be related to faulting.
C.A.L.

390.

Van Straten, O.J.

1953 Report on the underground water potentialities of
the southeastern Crown Lands.

The southeastern Crown Lands form a very flat area of the African erosion cycle, with
pans and laagtes. Superficial deposits, intrusive dolerite, rocks of the Kraaipan Series,
and pinkish and greyish gneisses of the Older Granite occur. The characteristics of each
of these formations with regard to water supply is briefly discussed. Apart from the area
underlain by the Kraaipan Series underground water should be present which could be
successfully located using geophysical methods.
C.A.L.

391.

Van Straten, O.J.

1953 Nickel grade of Magogaphate pyrrhotite.

Discusses the results of quantitative analysis of a pyrrhotite concentrate compared
with the assay value for the head sample from Magogaphate.
C.A.L.

392.

Van Straten, O.J.

1954 A note on a massive chalcocite specimen.

Describes the results of petrographic and chemical examination of a specimen of
chalcocite, from the Bushman Mine dumps, which has some anomalous features. It is
digenite which possibly formed under late-hypogene conditions.
C.A.L.

393.

Van Straten, O.J.

1954 Sample of lepidolite-bearing pegmatite.

A sample of a pegmatite reef containing lepidolite, with quartz and albite, from south
of Francistown was examined. More material is required for further microchemical work
as rare earths may be present.
C.A.L.

394.

Van Straten, O.J.

1954 An unusual occurrence of chrysotile asbestos.

A brief description is given of an occurrence of cross-fibre chrysotile asbestos in a
dark gritty quartzite with shaly tuff inclusions at Moshaneng.
C.A.L.

395.

Van Straten, O.J.

1955 A brief description of the geology of the country
bounding the railway strip from Ramatlhabama to
Lobatsi.

Representatives of the Gondwana Surface, the Victoria Falls and up-warped Gondwana
erosion cycles are present in this strip of country which varies from 3,903 to 4,300 feet
in altitude. The formations present, summarisedin the stratigraphicalcolumn,are described
after a note on the structural geology of the area.
RECENT DEPOSITS AND ALLUVIUM
PRETORIA SERIES
)
DOLOMITE SERIES
)
TRANSVAAL SYSTEM
BLACK REEF SERIES
)
VENTERSDORP SYSTEM
DOMINION REEF SYSTEM
BASEMENT COMPLEX
YOUNGER GRANITE
BUSHVELD DOLERITE
No economic deposits are reported. Water is largely obtained from boreholes and wells,
good supplies coming from the dolomite in the Lobatsi area and from fault zones and
interbedded quartzites and shales in the Pretoria Series.
C.A.L.
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396.

Van Straten, O.J.

1955 The copper ores of the Bushman Mine area.

The results of an examination of polished specimens of ores from the dumps in the
Bushman Mine area, which are probably representative of the general ore mineralogy of
the deposits, are described. The deposits were derived from ore-fluids rich in copper and
iron forming the primary ore minerals chalcopyrite, bornite, chalcocite and tetrahedrite.
Secondary ore minerals identified include, supergene sulphides (covellite and chalcocite),
and oxidised ores (tenorite, cuprite, brochantite, azurite, malachite and chrysocolla).
Quartz, haematite, goethite and pyrite form the gangue. A phase of fluorspar-lead mineralisation is indicated by a quartz vein system carrying fluorspar, galena and secondary
anglesite. Minor graphitic schist occurs in association.
C.A.L.

397.

Van Straten, O.J.

1955 Salt deposits in the Makarikari area.

The Sua salt deposits are situated in the lower reaches of the Nata River which enters
the Sua pan in the eastern section of the Makarikari depression. The Sua deposit occurs
a s saline incrustations on brine pools and is the only deposit in the area, derived from
brine supplies and not by evaporation alone. Analyses of brine and salts are given. Despite certain disadvantages the deposit may have an economic potential.
C.A.L.

398.

Van Straten, O.J.

1955 The Half Way Kop kyanitedeposit.

Describes the geological features of a kyanite deposit nine miles southeast of Francistown in the Tati Concession. Production commenced in 1951 and tonnage and value
figures are given for the first four years. Preliminary estimates showed that there was at
least 10,000 tons of high-grade kyanite rock with 20,000 tons of lower grade material.
C.A.L.

399.

Van Straten, O.J.

1958 Notes on the physiographic features of the Bechuanaland Protectorate.

For purposes of physiographical description the Protectorate is divided into two
regions — The Kalahari and the eastern Bushveld — the former occupying 85% of the total
area. The boundaries of each region are outlined and they are described on the basis of
topography and drainage. Rock exposures are rare in the sand covered Kalahari region but
common in the eastern, Bushveld region.
C.A.L.

400.

Van Straten, O.J.

1958 Geological report on the proposed Mahalapye damsite.

A geological investigation of the foundation rock and assessment of possible leakage
at the dam-site was assisted by information from ten boreholes. Three distinct varieties
of granite occur at the site with two trends of jointing, and exfoliation planes. The results
of pressure tests combined with suggested remedial measures to seal the gaping joints
indicate that the foundation rock is suitable for the proposed dam.
C.A.L.

401.

Van Straten, O.J.

1958 Report on an aerial reconnaissance of western
Ngamiland.

Describes the geological and physiographical features visible from an altitude of 4 000
feet and concludes that the Kalahari Beds which separate the scattered outcrops of the
area completely conceal the structural features of the underlying solid formations. Inliers
of pre-Kalahari rocks occur in the mokgachas and hollows, so that mineralogical and
chemical analysis of samples collected from the mokgacha alluvium might be used as a
method of prospecting.
C.A.L.
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1959 Notes to accompany a provisional soils map of the
Bechuanaland Protectorate.
Discusses the soil units used on the provisional map which are largely based on
geological, geomorphological and climatological considerations as no detailed studies
have been made.
The units are: -

I. Lithosols.
(b) Undifferentiated.
II. Desert soils.
(c) Sands.
(d) Halomorphic soils.
IV. Soils developed on recently deposited material.
(j) More or less hydromorphic soils on young alluvium etc.
8 . Calcimorphic non i Uu vial soils.
(k) Soils with calcareous crusts.
(m) Calcimorphic soils on intrusive and extrusive basic rocks.
C. Sols Ferrugineux Tropicaux.
(n) On sandy parent material.
(o) On granites and associated rocks.

403.

Van Straten, O.J.

C.A.L.

1961 Report on experimental evaporation of brines from
the Sua Pan, Makarikari region.

Discusses the results of experiments on a micro scale and on a large scale to assess
the possible degree of beneficiation of available sodium carbonate relative to sodium
chloride in brines from the Sua Pan, by means of solar evaporation. The report is supplemented with data from five boreholes.
C.A.L.

404.

Van Straten, O.J.

1961 Foundation geology of the site of the proposed
Not warn' dam, north of the confluence of the
Notwani and Metsemashwane Rivers.

A diabase with chilled, well-jointed margins is present in the quartz-felspar porphyry
of the dam-site foundation rock. The porphyry is well-jointed, with minor shearing and
intense jointing close to the intrusion. Six boreholes totalling 247.4 feet were sited to
test bedrock conditions. The logs are appended and the results discussed together with
pressure tests of selected boreholes. The main engineering problems relate to the presence
of the diabase and the existence of possible leakage zones.
C.A.L.

405.

Van Straten, O.J.

1963 A geotechnical study of foundation conditions at
the Nuane dam-site.

The proposal to build a surface water storage dam to stabilise and augment the Lobatsi
water supply required a programme of drilling and pitting at the site in order to assess
foundation conditions. The site chosen is situated eight miles to the north of Lobatsi at
a point where the Nuane River, an ephemeral stream, has eroded a narrow, steep-sided
valley through a N—S trending ridge of felsite of Dominion Reef System age and overlying
quartz-felspar porphyry and associated sedimentary rocks which are of Ventersdorp System
age. This ridge, which divides the gently undulating country underlain by the Kanye
pluton of the Gaberones granite from the area to the east where there is the main occurre-

126

nee of sediments of Transvaal System age, is cut by a major fault that trends up the
Nuane valley. In the vicinity of the dam site the fault plane has been intruded by diabase.
The zone weakness produced by the faulting and subsequent intrusion of diabase has
been utilized by the Nuane River in the erosion of the valley.
The object of the exploratory programme was to establish the nature and position of
the faulted area and to assess the bearing of this zone on the structural strength of the
wall and also on the aspect of potential leakage through the foundation rock. The investigation demonstrated that the faulted zone occurs well up on the south abutment and that
only a small portion of the wall is affected by this feature. Quartz-felspar porphyry is the
foundation rock over the greater length of the wall and pressure leakage tests in various
boreholes indicate that the rock is relatively "tight" at shallow depth below the upper
zone of open jointing. Similar tests in boreholes intersecting the diabase-intruded fault
zone indicate that fissure leaks of some magnitude are present within the upper zone of
weathered and decomposed diabase where volume changes consequent upon leaching and
hydration have opened joint planes. Evidence for and against the necessity of remedial
action in this zone is discussed.
Author.

406.

Van Straten, O.J.

1964 The general geology of the Makarikari basin.

A note on the physiography of the Makarikari basin, which comprises the Makarikari
pans and a peripheral zone of sand-covered country with an altitude of approximately
3,000 feet above sea level, is followed by a description of the geological formations and
structural features. Although the solid geology of the basin is almost completely concealed
beneath consolidated and unconsolidated Kalahari Beds sediments, Basement Complex
granulites, meta-quartzites and biotite granites, and a sedimentary assemblage of Karroo
System age (parts possibly pre-Karroo) intruded by dolerite dykes and sheets are exposed.
Due to the complex tectonic and climatic history the Kalahari Beds show a considerable lateral and vertical variation with calcrete, silcrete and sil-calcrete resulting from
sub-aerial exposure found at various horizons. Coarse-grained sands form an important
brine aquifer in the Sua pan area. Erosion exceeds deposition in the pan areas at the
^___j*rmeiiiJime;,
C.A.L.

407.

Van Zyl, C.

)
y

^_

^^-^

1962 Mineralogical report on sand samples collected
between Moshaneng and Kang, Bechuanaland. Rep.
cent.metallmg.Lab.

Summarises in tabular form the mineralogical data for heavy mineral concentrates,
relative abundance of various size fractions and the type of rock fragments in 40 sand
samples collected between Moshaneng and Kang. The heavy concentrate from Kalahari
sand consists dominantly of fine, well-sorted, rounded and pitted mineral grains with
locally derived grains in accessory proportion. More than one kimberlite mineral grain
in a sample would indicate local derivation.
C.A.L.

408.

Vermaak, C.F.

1960 The geology and economic resources of the
Bakgatla Reserve. Rep.J.C.I.Co., Ltd.

Preliminary notes on the area, topography and drainage, population and tribal history,
climate, rainfall and water supply, vegetation, and mapping programme, are followed by
a description of the layeredstratigraphicalformations. These are summarisedin the table:—
8.
7.
6.
5.
4,

Kalahari and recent deposits
The Karroo System
The Waterberg System
The Loskop/System
The Transvaal System
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3. The Ventersdorp System
2. The Dominion Reef System
1. The Basement System.
The formations present are discussed with regard to occurrence, petrology, and economic possibilities. The rocks of the Sequani-Derdepoort area consisting of acid and basic
lavas with intercalated sediments are treated separately owing to considerable doubt
about their correlation. Possible correlations are discussed.
Seven age groupings of igneous intrusives are described, also with regard to occurrence,
petrology and economic possibilities. These are: 1. The Older Granite and gneiss (PostSwaziland) 2. The Modipe intrusives (Palala age) 3. The Marico (Olifants drift) granite
(Palala-Cape age) 4. The Gaberones granite (Bushveld) 5. The Pilandsberg intrusives
(Post-Waterberg) 6. The Khopa intrusive (Post-Waterberg, Pre-Karroo) 7. The Karroo
dolerites (Post-Karroo).
Gravity and magnetic anomalies confirmed the occurrence of the magnetic Khopa intrusive but other results are of little value, though some magnetic traverses located fault
zones useful in mapping.
The only possible economic deposit lies in the potential coalfield at Mamanzwe, provided it contains good coking coals. Other economic minerals reported are asbestos,
chromite, copper and manganese.
Appendices and supplements contain information on the Kgatla Chiefs, vegetation of
the Bakgatla Reserve, logs of two boreholes with analyses of coal seams, gravity and
magnetic traverses, and rainfall statistics; together with a geological map.
C.A.L.

409,

Vermaak, C.F.

1961 Report on the scientific investigations in northwestern Ngamiland, Bechuanaland Protectorate,
1961, Rep.J.C.L Co,, Ltd.

The report is divided into three sections; Part I — The Geology of the Tsodilo Hills;
Part II — A Gravity Survey of the Kaudura Valley; and Part III — Report on the Rock
Paintings at the Tsodilo Hills by J.R. Yelland.
A discussion of the physiography, including morphological features, climate and rainfall, and plant ecology, is followed by a description of the geology. The rock formations
include the Damara System Quartzite Series comprising four stages. The oldest is a lower
quartzite stage, followed by a schistose stage, a muscovite quartzite stage and an
itabiritic quartzite stage. A phase of pegmatite intrusion and metasomatism is postDamara in age. Tertiary to Recent deposits also occur. The rocks of the Tsodilo Hills
have no economic significance but an iron-rich facies at Shakawe may contain manganese
deposits.
The gravity instrument functioned erratically during the survey of the Kaudum Valley
so the results are probably unreliable. The valley is flanked by well-wooded fossil dunes
and no rock exposures were seen.
C.A.L.

410.

Vermaak, C.F.

1962 Batawana Reserve - Bechuanaland Protectorate
geological report. Rep.J.C.L Co., Ltd.

The "hard rock" geology of Ngamiland is described at some length in order of formations. These are listed in the stratigraphical table with suggested correlations with
formations in South Africa.
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11. The Ngami Diabase
10. The Bodibeng or Rengaka Beds

) Stormberg
) Series

9. Ecca Beds

) Ecca
) Series

8. The Tale Boulder Beds

) Dwyka
) Series

Karroo System

Nama System

7. The Ngami Beds
6. The GhanziBeds

)

5. The Kwebe Porphyry

) Rooiberg
) fel sites

4. The Toteng Diabase

)
)
)
)

TsumisBeds

Volcanic
phase,
Pretoria
Series

3. The Pre-Ghanzi Beds

) Shushong
) Series

2. The Kihabe Dolomites and the
Tsodilo Quartzites

) Damara) Otavi
) System

Matsap System
Bush veld
Complex
Transvaal System

Primitive System

1. The Basement Complex
Each formationis discussed with regard to distribution, lithology, structure and correlation.
The second part of the paper is devoted to a lengthy discussion of the Cainozoic
geology with descriptions of the Kalahari System Botletle Beds and Kalahari Sands, and
the end Pleistocene to Recent deposits, utilising information from many published and
unpublished sources. Attempted correlations of Cretaceous to Recent geology, cultures
and climates of southern Africa are summarised in tabular form. The report concludes with
a section on the structure of Ngamiland as related to the broad pattern of southern Africa.
A note is added on artefacts collected.
C.A.L.

Warden, T.

1937 Notes on Monarch Mine geology. Report to the Tati
Goldfields Ltd.

The Monarch Mine quartz veins are predominantly developed in N—S striking shear
zones in a granite tongue intruded into parallel striking schists of a major schist belt.
Various phases of the granite are present with the youngest an alaskite type which may
be genetically related to the ore. Many cross-cutting quartz-diabase and dolerite dykes
younger than the mineralisation occur in the neighbourhood of the mine, some following
the same shear zones.
The gold is associated with bismuth, pyrite, chalcopyrite and arsenopyrite, and is to
be found in the schistose wall rocks, in the quartz veins and in the sulphides. Graphite
is a common gangue mineral. The major ore shoots, in which the gold is probably primary,
were formed in clean fracture zones and not where schistose material is common. C.A.L.
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412.

Wayland.E.J.

1944 Interim report on the Notwani Valley development
scheme: The geological aspect.

The solid geology of the area studied is illustrated by the stratigraphical succession.

2. Transvaal
System

1. Ventersdorp
System

(
(
(C. Pretoria Series
(
(
Transition
(
(
(B.Dolomite
( (Campbell Rand
(
Series)
(
(A. Black Reef
(

(c. Basic amygdaloidal lavas.
(b. Daspoort Beds (shales and conglomerates).
(a. Timeball Hill quartzites and subsidiary shales.
(b. Chert conglomerate
(a. Hornfels (local)
(More or lessdolomitic limestone with chert
(horizons
(Light coloured hard quartzite with current bedding,
(occasional flaggy beds and thin conglomerates.

(? Grey micaceous shales
(B. Sedimentaries (Areno-argillaceous beds and conglomerates
(
(A. Volcanics
(
(mostly acid) felsites, etc.

Basic intrusives occur in these rocks.
The relationship between topography and geology is noted with the realisation that the
Taungs-Notwani area has had a complex history. Stone Age artifacts are very commonly
found.
Ventersdorp felsites will form the abutments and foundations for the proposed dam, but
the presence of a dolerite intrusion beneath the site of the spillway shows the need for a
detailed study of the area, particularly as there have been considerable tectonic disturbances.
Aerial photography is required to assist in the further investigation of the scheme
which should be successful.
C.A.L.

413.

Wayland, E.J.

1945 A short account of some iron ore deposits in the
Serowe area and of their economic possibilities.

Two kopies known as Bikukunuru, near the pan of Naka la Phala, have a central rib of
high-grade iron ore (magnetic hematite) formed by replacement of steeply dipping Transvaal System limestone, with some silicification. To the south the ancient Transvaal
System sedimentary rocks are overlain by low dipping Karroo sandstone containing a
ferruginous zone possibly derived from the iron ore. The ore bodies are probably faulted
and trenching would be required to determine their width. An estimate of a quarter of a
million tons is given for the available ore above ground level. Assays are required to
determine the nature and composition of the iron deposits.
The coal deposits west of Palapye should be examined as a possible source of fuel for
smelting.
C.A.L.
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414.

Wayland, E.J.

1947 Asbestos in the BechuanalandProtectorate.

Cross-fibre chrysotile asbestos occurs in serpentine formed in Transvaal dolomite
above an extensive dolerite sheet at Moshaneng in the Ngwaketsi Reserve. Mining started
in 1927, but was later abandoned and subsequently resumed again as a village industry.
Chrysotile is known in the same type of geological setting near Bikukunuru at Naka la
Phala. At Kakia, asbestos is associated with a dolerite dyke intruded into an anticlinal
structure of Transvaal System rocks. Most of the fibre, originally tremolite, i s silicified
but unsilicified material may occur in depth. Chrysotile asbestos is known from wells in
Keng Pan 20 miles from Kakia. A small piece of silicified crocidolite was found in
Griquatown banded ironstone on the Molopo River. Near Schoongezicht on the Marico River
a serpentine body contains thin asbestos veins. In the Tati Concession asbestos occurs
in serpentine bodies in the Vumba Range schist belt and south of the Maje Maloje range
but has not been properly prospected. Another serpentine body contains small asbestos
stringers near the Baines Drift police camp in the Tuli Block.
C.A.L.

415.

Wayland, E.JF.

1949 Minerals in the Bechuanaland Protectorate.

-

The account is mainly a non-geological description of mineral occurrences in the
Bechuanaland! Protectorate. The following are discussed with regard to usage, locality
and possible economic value:— Asbestos (ebrysotile and actinolite) ; Barytes; Building
Stones and Bricks (sandstones, limestones and hardstones) ; Cement and Lime; Chromite;
Coal (with a description of boreholes and coal analyses);Copper (chalcopyrite,malachite,
tetrahedrite — with assays) ; Diamonds (only rumours; formation of pans on kimberlite
pipes); Diatomite; Feldspar; Fluorspar; Gold; Iceland spar; Iron; Kaolin; Kyanite;
Lead (galena); Manganese; Mica; Mineral Oil (only rumours but may occur); Quartz;
Radioactive minerals (no deposits located) ; Salt; Sand; Tungsten; Vermiculite; Zinc
(sphalerite). Concludes with general considerations for establishing a mineral industry in
the Bechuanaland Protectorate.
C.A.L.

416.

Wayland, E.J.

Geological Survey, Bechuanaland Protectorate
Report for the year ended 31st March, 1949.

Explains the grid system used in referring to places mentioned in the Bechuanaland
Protectorate as a prefix to the report on the activities and proposals for the future of the
Geological Survey. Reports on the work carried out by the officers of the Department are
followed by ageneralised note on prehistory.
C.A.L.

417.

Wayland, E.J.

1950 Report of progress on Colonial Development and
Welfare Schemes Nos. D.940, D.940A, D.940B,
Geological and Mineral Survey, up to 30th Septemmber, 1950.

A report is given on the activities of the Geological Survey for the period 31st March,
1949 to 30th September, 1950 with a note on policy. Full reports of the field, laboratory
and office work of the individual officers are included, with a list of departmental reports,
maps and diagrams produced during the period under review.
C.A.L.
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418.

Wayland, E.J.

Reportof the Bechuanaland Protectorate Geological
Survey for the year ended 31st December, 1951.

A review is made of all aspects of the work of the Geological Survey Department
during the year. Field projects were concentrated on items of economic interest including
examinations, usually aided by geophysical surveys, of the Bushman Mine and Outlaw
claims, the Penhalonga Mine, the Half-Way Kop kyanite Mine, the Sua salt deposit, the
Palapye coalfield by drilling, and the anthophyllite and chrysotile asbestos at Kakia.
Geological mapping was carried out on the extension into the Protectorate of the Waterberg Coalfield of the Transvaal, a portion of the southeastern Tati schist belt, and the
Lobatsi area. A note is added on Pleistocene geology and prehistory.
C.A.L.

419. I Wayland, E.J. and
N J Poldervaart, A.

1953 The sands of the Kalahari.

An interim report, with Part I by E.J. Wayland, giving a general discussion on the
nature, occurrences and relationships of the sands of the Kalahari in Bechuanaland. Part
II, by A. Poldervaart, describes the results of laboratory researches — sieving, determination of total heavy residue, counts of non-opaque heavy minerals, and size measurements —
on surface sand samples and is supplemented with five Tables.
C.A.L.

420.

White, R.

1907 Report on the "Bushman Claims" Bechuanaland.
Report to the Bechuanaland Exploration Co., Ltd.

The country around the Bushman claims, which lie 85 miles west of Ramaquabane
Station, is flat with plenty of timber for fuel but very little water. The ore is indicated by
outcrops of sheared, copper stained limestone, forming part of a narrow NE—SW belt of
sedimentary limestone in granite, and by many old, shallow workings.
The copper ores occur in isolated lenses of quartz, and in a crosscut from No.l Shaft
the ore body had a width of 85 feet with 11.50%copper over 8 feet 6 inches.Better values
were obtained in a crosscut from No.2 Shaft. A description of the existing workings and
sampling of the ore for valuation is followed by suggestions for future workings which
would yield an estimated 187,500 tons of ore. Notes on the cost of development, advisability of extending the pegged claims, the possibility of graphite as a commercial byproduct and methods of treatment of the ore are discussed and it is concluded that further
exploration is warranted.
C.A.L.

421.

Willis, J.H.A.

1960 Final report on the Bechuanaland investigation.
Report of the Consolidated African Selection Trust,
Ltd.

Fifteen thousand square miles of the eastern Bamangwato Reserve were prospected by
the concentrate sampling technique in a search for a kimberlite field. However no kimberlitic ilmenite or pyrope garnet were found and it is almost certain that no kimberlite field
is to be found in the prospected area. Although three diamonds were located in the upper
Macloutsi River, they were probably derived from Karroo conglomerate and it is considered
that there is no major economic alluvial diamond deposit in the territory. The general
geology, physiography and geomorphology of the area are described together with the
method of prospecting. An accompanying plan shows the location of all the sample sites.
C.A.L.
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422.

Wilson, P.T.

1959 Report on the Ootse manganese occurrences.

Notes on communications, transport, housing, water supply, tools, plant and equipment,
despatch, method of working, general topography, are followed by a description of the
geology. Black Reef quartzite overlies thinly bedded Mogobane Series shales of Ventersdorp System age. The quartzite is succeeded by a lenticular shale band which is overlain
by a basal conglomerate of very variable thickness. The Waterberg sediments consist of
conglomerates, sandstones and quartzites and form a shallow synclinal basin resting
unconformably on the eastward dipping Transvaal and Mogobane Series rocks. Minor
faulting is recorded.
The manganese mineralisation is related to the pre-Waterberg land surface. At the High
Hope deposit the ore horizon is the shale above the Black Reef quartzite whereas at the
Ootse deposit it is a grit beneath a chert breccia. A similar grit provides the source for an
eluvial deposit at Black Hill. A note on ore reserves and formation of the ore is included.
C.A.L.

423.

Wilson, P.T.

1959 Supplementary report on the Ootse manganese
workings.

Notes are given on communications, transport, housing and buildings, water
plant and equipment, despatch, method of working, and prospecting operations
report includes additional geological information on the manganese ores at the
workings.

424.

Wilson, P.T.

supply,
and the
various
C.A.L.

1960 Report on the radioactivity of the Ootse manganese
ores.

Brief geological notes are given on the Ootse, Black Hill, Devils Peak, Mogobane
(High Hope) and Middelmannetjies manganese deposits, the manganese occurring mainly
as psilomelane.
A "Redbox" transistorised Geiger-Muller instrument was used to test the deposits for
radioactivity as a possible aid in prospecting. A discussion of the radiometric measurements concludes that the Ootse manganese ores are abnormally radioactive and concealed
ore bodies might be prospected with more sensitive equipment, though the constituent
responsible for the radioactivity is probably not of economic interest.
C.A.L.

425.

Wilson, P.T.

1961 Report on underground water development on the
Molopo farms settlement.

A visit was made to the Molopo farms to obtain geological and hydrological information
from the water boreholes in the area. A general description of the area is followed by a
discussion of the geology, divided into Recent and Sub-Recent formations. The Recent
deposits, consisting of soil and sand, calcrete, gravel, and Kalahari marl, completely
mantle the underlying Sub-Recent rocks and only dolomite, quartzitic sandstone, shale, a
possible " g n e i s s " , and basic igneous'rocks have been reported from boreholes. The
sedimentary rocks probably belong to the Transvaal System though some Matsap System
rocks may also be present.
Negative magnetic anomalies with an intensity of approximately 1000 gamma, with
respect to a base near Ramatlhabama Police Post, were recorded on the farms. Usually
there are no outcrops but at Mathethe and Kangwe the anomalies may be associated with
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the "Mathethe Granite". Similar anomalies have been observed in the Bakgatla Tribal
Territory associated with syenitic to doleritic dykes.
Near the Molopo, water is obtained above the red marl and at its lower contact. The
aquifers along the river strip are arenaceous sediments. Borehole water has been obtained
in the Kalahariplain though usually with lower yields.
C.A.L.

426.

Wilson, P.T.

1961 Report on underground water development scheme Barolong Tribal Territory.

An introduction with brief notes on the location, vegetation, physiography and soil
cover of the Barolong Tribal Territory is followed by a description of the geology. The
greater part of the Territory is underlain by granitic gneiss and metamorphosed Basement
Complex rocks, which include banded ferruginous quartzite, amphibolite, and basic
schists. A younger crystalline complex and younger basic intrusives (dolerites) are also
present. Exposures are poor with a mantle of Recent ferricrete, gravels, calcrete and
windblown sand.
Details are given for each of 13 boreholes drilled with a total footage of 2,659, percentage successful boreholes of 69.2 and total yield of 6,020 gallons per hour.
It is concluded that in the granitic gneiss and Basement Complex terrain the amphibolite is not as favourable an aquifer as the gneiss though the best yields are obtained
where pegmatitic bodies and amphibolite remnants occur in the granitic gneiss.
C.A.L.

426a.

Woods, G.J.E.

1961 Report on reconnaissance trip Tshane-Nojane.
Report of Kimberlitic Searches.

Describes briefly the rock exposures found in wells in four pans between Tshane and
Nojane, Kalahari region.
C.A.L.

Woodward, J.E.
427.

Wright, E.P.

see — Kingston, J., Woodward, J.E., Malan, S.P.,
and Jennings, R.P.
1957 Report on the limestone deposit at Kalusikankanga.

The Kalusikankanga Valley joins the Chobe River between Kasane and Serondella.
Outcrops of Kalahari System deposits, which contain gastropod shells, are found in the
valleys consisting of calcareous sandstones, grits and subordinate gravels, silcretes and
a massive soft chalk rock. The chalk horizon i s very thin, one to two feet, and is probably
impersistent. In the Chobe some of the sandstone and limestone is silicified.
C.A.L.

428.

Wright, E.P.

1957 Report on the Goha Hills.

The Goha Hills, a northeasterly trending chain of low whale back ridges on the northern
border of the Mababe Depression, are composed of an acid porphyry identical to the
Kgwebe porphyry. Flow breccias are common and flow lines and layers can be seen in the
more massive felsites which are identical to rocks in the Mabeleapudi Hills. Iron minerals
are abundant and chalcopyrite, mica, calcite and fluorite are also recorded. Kgioro Hill to
the southwest of Gohais composed of the same rock type.
C.A.L.
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429.

Wright, E.P.

1957 The Tsodilo Hills - Ngamiland.

The Tsodilo Hills are typical inselbergs, their form controlled by well developed joint
patterns, and composed of resistant quartzite which exhibits flow and fracture cleavage.
The effects of the joints and cleavages on weathering are discussed. Several erosion
surfaces at different levels are present in the hills with some coarse gravelly laterite.
The series of micaceous quartz schists with a variable mica content, which form the hills,
may have been derived from original grits or pebbly grits. Quartz veins, which probably
formed in situ by metamorphic differentiation are common and often exhibit boudinage
structure. Apparent bedding probably also formed by metamorphic differentiation.
C.A.L.

430.

Wright, E.P.

1957 Geology of the valley of the Schadum.

Massive limestones correlated with the Ngami Beds and older quartzites belonging to
the Chanse Beds, according to Passarge, are exposed in the Schadum Valley. The quartzites show steeply dipping and vertical foliation and fracture cleavage, with some jointing.
The limestones, which are very similar to those in the Aha Hills, are interbedded with red
calcareous siltstone and banded siltstone and in one exposure contain a conglomerate of
silicified limestone. The limestones show drag folding but because of the limited
exposures the structure of the folds could not be determined. The contact between the
quartzites and limestones is probably an unconformity. Extensive outcrops of Kalahari
Beds include alluvium, calcretes, Kalahari sands, laterite and massive calc-silcretes.
C.A.L.

431.

Wright, E.P.

1957 Geology - Kihabedum Valley and Kihabe Hill.

The Kihabe Hills are composed of an ancient, massive dolomite marble, which outcrops in the valley channel with a series of calcareous sandstones and sandy limestones,
and later shell bearing alluvial calcretes. The marble shows only faint traces of bedding
but a very pronouncedlineationformed by quartz rods and cylinders. The valley formations,
which include some breccias with dolomite fragments, are white whereas red sands occur
on the interfluves, just as the sandstone matrix of the breccia high up on the hill sides is
also red.
The geology of Drotsky's caves, which are to be found in one of the hills, is also
described.
C.A.L.

432.

Wright, E.P.

1958 Reconnaissance geology of western Ngamiland.

Rock exposures are confined to the few isolated hills and the upper, deeply incised
. reaches of the west-east trending fossil river valleys in flat country largely mantled by
sands. A possible stratigraphic sequence:—
RECENT SANDS, SOILS AND ALLUVIUM
/OUNGER LIMESTONES WITH GASTROPODS
)LDER RED SANDS

)
)
)

MASSIVE SIL-CALCRETES AND SILCRETES

)

RECENT DEPOSITS

AHA LIMESTONES AND DOLOMITES

NAMA SYSTEM

GHANZI QUARTZITES

MATSAP SYSTEM

KIHABE DOLOMITE MARBLE
TSODILO QUARTZITES
GRANITES, AUGEN GNEISSES AND SCHISTS .*f>
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DAMARA SYSTEM
BASEMENT SYSTEM

based on lithological comparisons, degree of metamorphism and comparison with the
sequences in South West Africa is given and is followed by a description of the rock
formations. The Basement Complex consists dominantly of coarse granite gneisses with
a medium, unfoliated, possibly intrusive granite and a talc quartz schist. The Tsodilo
quartzites are a uniform series of foliated micaceous quartzites with quartz veins showing
boudinage structure and containing secondary muscovite, kyanite, haematite, tourmaline
and dumortierite. The unfossiliferous Kihabe dolomite marble has a strong lineation,
marked by parallel quartz rods and cylinders and lenses of ankerite rich dolomite, and
contains scattered masses of chalcopyrite and tremolite. The Ghanzi quartzites are finegrained, jointed and finely banded, arkosic quartzites with NW—SE trending foliation and
fracture cleavage. The folded Aha Beds of the Aha Hills consist of uniform crystalline
calcareous rocks, with a thin sandy limestone, in which replacement chert is very common
and ankerite occurs as an accessory mineral. A more varied assemblage is exposed in the
Chadum Valley. The unconsolidated, sands, soils and river alluvium are grouped together
with older sil-calcretes (calcareous sandstones),silcretes,chert conglomerates,ferricrete,
red sands and limestone (calcrete with gastropod shells), as Recent deposits.
C.A.L.

433.

Wright, E.P.

1958 Report on visit to the Shinamba Hills.

The Shinamba Hills are situated approximately at latitude 18° 43'S., longitude 24° 50'E
and are composed of fine-grained purple quartzites, similar to some of the Ghanzi quartzites, with conglomeratic calcretes and ferricrete at the foot. One of the crests of the
smaller hill has a capping of vesicular conglomeratic calcrete. In places the quartzites
are banded and the bedding shows variable dips which may result from conton d folding.
C.A.L.
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Wright, E.P.

1961 Geology of the Gaberones District. Univ.Oxford
Thesis. 265p.

The geology of the Gaberones area in the southeast Bechuanaland Protectorate is
discussed — briefly in the case of the sediments of the Ventersdorp, Transvaal and
Waterberg Systems and the minor basic intrusive rocks; then extensively in the case of
the rocks of the Gaberones Complex.
The Gaberones Complex includes a heterogenous assemblage of granites, granophyres,
felsites, felsitic lavas and tuffs. Previous opinion has included the felsites, felsitic
lavas and tuffs into a separate group, (the Lobatsi Volcanic Series), generally correlated
with the Dominion Reef System of South Africa. The Gaberones granite is considered to
be a later intrusion whose emplacement has caused the formation of an intermediate zone
of granites and granophyres representing variably migmatised and recrystallized felsites.
Opinions on the age of the granite are divergent from post Dominion Reef System and preWitwatersrand System to post Transvaal System and pre the Bushveld dolerite phase of
activity.
The field mapping of the Gaberones area by the writer disclosed that the variable zone
of granites and granophyres which separate the main rapakivi granite from the felsites
could be subdivided into an outer group of porphyritic granophyres which are transitional
into massive felsites, and an inner group of red, leucocratic granites (Marginal Granite
in this thesis) which show either a transitional passage into the porphyritic granophyres
or abrupt contacts. The main rapakivi granite (Central Granite in this thesis) abutted on
to the red granites with abrupt contacts. From the field relations the porphyritic granophyres were deduced to be the metamorphic aureole around the Marginal Granite, and the
latter to be an upper differentiated portion of the main rapakivi granite. In accordance
with this interpretation, the Marginal Granite and the Central Granite were included in a
major group called the Gaberones Granite. The porphyritic granophyres which were considered to be metamorphosed felsites were included within the Lobatsi Volcanic Series.
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Certain anomalous features in the field relations are noted and in the light of later
laboratory study it is concluded that the porphyritic granophyres are of primary origin,
and in fact that the whole sequence of granites, granophyres, and felsites represents the
differentiated succession of a single magma mass which was emplaced under a shallow
cover of its own extrusive phase.
The petrography, mineralogy, and chemistry of each of the major groups is described
in some detail, and the interrelations and nature of the differentiation discussed. The
massive felsites are considered to have formed in the upper part, of the magma chamber
during a period of continuous upward movement, and the underlying porphyritic granophyres
during a subsequent period of tranquility and from the same magma with little or no change
in composition. During the formation of the granophyres, differentiation in the main magma
chamber is deduced to have occurred by crystallisation in the deeper-lying portions with
a resultant formation of a siliceous and water-rich magma at a higher level. This magma
crystallised as the Marginal Granite, and the impetus which caused it to intrude the overlying granophyres and locally to penetrate through these rocks into the massive felsites
was provided by a resurgent movement of the lower, partly consolidated magma.
The complicated genetic history of the central granites is deduced largely from a
detailed study of the petrography and mineralogy of these granites and their associated
microgranites. The relations of the latter rocks are of considerable importance in the
interpretation for they were formed during the later stages of consolidation of the Central
Granite magma, and tbey provide essential information on the courses of crystallisation
and the nature and trend of the deforming forces.
The final chapter discusses comparisons with the type rapakivi granites of Fennoscandia, and it is concluded that a close similarity exists between these granites and the
equivalent rocks in the Gaberones Complex. Particular points discussed include the
origin of mantled felspars, and the anomalous features of the rapakivi granites considered
as a magmatic sequence.
Author.

Wright, E.P.

1965 Geological studies in Ngamiland, Bechuanaland
Protectorate. (To be published).

A description of the physiography and regional setting of Ngamiland, which lies within
the Kalahari Basin, is followed by a survey of the geology. The geological formatiqns are
conveniently grouped into pre-Karroo (Basement Complex, Sinclair System, Damara System),
Karroo and Kalahari Beds and are described in stratigraphical order, with an attempted
correlation between the Kalahari Beds of this region and other parts of central and southern
Africa. The paper is mainly concerned with a discussion of the evolution or geomorphological history of Ngamiland since Karroo times.
C.A.L.
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BAKGATLA TRIBAL TERRITORY
General
13, 21, 44, 283, 328,330, 342, 371, 375.408, 425Artesia
9 , 10, 12,85, 143, 330a, 378, 379
Bodiakhudu
;
328
degree sheet 232ft
12, 13
2425
*W&&M&.
13, 348
2426
13
Limpopo River
.
;•
-.1
330a
Linchwe Concession
•>>'*.'«'•'
221, 371
Marico River
172, 283, 328, 330, 330a, 384, 414
Masama
.,,
309
Metsimotlhaba River
—
262
Mmamantswe Hill (Mamanzwe)
408
Mochudi
143, 283, 323, 327, 328, 330, 330a, 375
Modipe
"
380
Moroba
321
Olifant* s Drift
S
330a
Pilane
330a
quarter degree sheet 2326C Linchwe
330b
2326D & 2327C Notwani or Crocodile River
329
2426A Mochudi
323, 330a
2426B Marico River (Mochudi)
328, 330a
2426C Modwe
118
Schoongezicht
283, 330,374,414
Sequani (Siquani)
283, 285, 408
Seritibyane
330a
Wildebeestkop
380
BAKWENA TRIBAL TERRITORY
General
Boatenwanie.
Boritse pan
degree sheet 2324
2324
2324
Kopong
Lephephe
Letlhakeng
Metsimotlhaba River.
Molepolole

....'.

13, 14
381
46
'-... 13
13
13, 348
284
205, 381
46
262
6 0 , 8 6 , 121,262,284, 290, 333,380, 389

•
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Notwani River
Notwani Valley
quarter degree sheet 2425D Gaberones
Semarule (Hill)
Steigen's Hill
Thamaga

4 1 , 127, 1 5 2 , 2 4 4 , 2 7 0 , 2 8 3 , 3 0 7 , 3 2 7 , 3 4 5 , 4 0 4
412
„««^v»-*
. . . . . - 3 2 , 13
8 , 9 , 121, 253, 2 6 5 . 333
389
348

BAMALETE TRIBAL TERRITORY
General
Black Hill Quarry
degree sheet 2425
2525
Devils Peak
High Hope workings
Mantlhane Hill
Metsemashwane River.
Mogobane (High Hope) workings. .£gg. 4.
Ootse (Siding)
aft
OotseHill
Ootse Mine (Quarry)
quarter degree sheet2425D Gaberones
Ramoutsa
Ramoutsa Mine
Taungs

g{

-

217, 279, 358, 380
324,358,359,422,434
13, 348
12, 13
3 5 8 , 424
358, 422, 424
261
244, 404
424
1 2 5 , 2 6 1 , 324, 4 2 2 , 4 2 3 , 424
2 0 , 358
2 1 , 38, 2 1 3 , 217, 359
12,13
143, 2 3 2 , 251b, 279, 331
2 0 , 213
412

BAMANGWATO TRIBAL TERRITORY
General
16, 2 1 , 3 3 , 4 4 , 149,186 , 214, 229, 230 ,246 ,355 , 3 7 2 , 421
Bikukunuru k o p i e s . . ~
2 9 1 , 413, 414
Botletle River ( s e e Zouga)
8 6 , 127, 148, 188, 2 0 1 , 355
Bushman claims
332, 372, 420
Bushman Mine
7 , 8 , 9 , 1 8 , 3 2 , 34, 4 8 , 133, 1 9 8 , 2 1 7 , 2 1 9 , 2 2 5 , 2 3 1 , 2 3 3 , 3 3 5 , 3 4 2 , 3 4 3 ,
372, 3 9 2 , 3 9 6 , 4 1 8
Chadibe
'.'
314,314d
Debeeti
KJ V>"\
9 , 10, 1 1 , 13, 1 4 , 9 9 , 329
degree sheet 2325
13
2326
12, 13
Dikabi
143
Foley Siding
9 3 , 2 1 1 , 2 6 8 , 293
Great Makarikari (Salt) Pan (see Makarikari)
84, 133, 134, 135, 165
Kautse
'•
• 313
Kedia
313
Lachachoneni
172
Lake Dow
105, 313
Lake Kumadua.
172
Lebung
4 4 , 249, 250, 312, 318
Legatadimane
287
Letlhakane (Klakane)
172
Leupane (Lupani)
379
Limuni Vlei
370
Little Macloutsie River
370
Loale
•
149
Lotsani River
222, 254
Mabye-a-Tshipa
361
Machaneng
56
Macloutsie area
138, 143, 360, 3 6 1 , 362, 363, 365
Macloutsie camp
222
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Macloutsie River
142, 188, 222
Magogaphate
7 , 15, 1 8 , 3 3 , 183a, 2 1 4 , 2 2 4 , 2 2 5 , 2 2 9 , 2 3 0 , 3 1 7 , 3 3 5 , 3 6 1 , 391
Mahalapye (Magalapye)
16, 5 1 , 56, 143, 257, 287, 2 9 1 , 318, 320, 342, 400
Mahalapye River
2 2 2 , 289
Mahibitswane (Maipitlhwane)
286, 288, 291
Maiswe Hill
,
361
Makarikari (Makalahari)
14, 2 3 , 24, 4 5 , 8 3 , 105, 127, 133, 134, 135, 136, 148, 166, 172,
2 0 1 , 2 1 7 , 3 1 3 , 3 8 1 , 3 8 6 , 3 9 7 , 403
Makarikari (Salt) Pan (see Great Makarikari)
108, 131, 134, 135, 302, 3 0 3 , 355, 406
Makhware Hills
6 2 , 107, 116, 315
Makoba
205
Makoro (Siding)
143
Malokojwe (Malagoshwe Hill)
2 3 1 , 372
Mamabula (Mamabule) (Siding) 16, 19, 2 0 , 2 1 , 22 , 2 3 , 3 6 , 3 8 , 3 9 , 4 4 , 100, 1 0 1 , 1 3 7 , 2 8 9 ,
3 0 1 , 3 0 7 , 3 0 8 , 3 0 9 , 310, 314a, 329
Mapani Pan
142 , 2 2 2 , 370
Mashoro
•.'
381
Masue
-'
../.?'.
318
Mathathane (Matatani)
363,364
Matsitamma
2 5 , 217, 248
Moana
^
t+v/tfi
314d
Marupule (Morapule)
12, 16, 17, 19, 36, 186, 301, 379
Mosetse
273
Mosolotsane
246
Mosu (Musu)
303, 313
Naka la Phala
15, 16, 1 9 , 2 6 0 , 2 8 0 , 2 8 6 , 2 8 8 , 2 9 1 , 3 4 2 , 3 7 4 , 4 1 3 , 414
Nata
14, 185, 341
Nata River
3 1 , 127, 1 3 4 , 3 5 5 , 397
Nata River delta
.' .*.
136, 185
Nondu claims
/ . ' .VV.'
372
Outlaw claims
.'.
3 7 2 , 418
Palapye
11, 13, 14, 99, 104, 139, 142, 143, 148, 149, 156, 186, 2 1 1 , 2 5 4 , 2 9 3 , 3 2 0 , 3 2 6 ,
342, 3 7 9 , 4 1 3
Palapye Road
".'
139
P a l l a Road
376. 378, 379
Phudulooga
18, 34, 231
quarter degree sheet 2026D Mosetse
220a
2027B, C & D T s e s s e b e
353a, 353b
2126B Matsitamma
220a
2127A Tonota
93, 248, 251
2128D West Tuli
94
2226B Serowe
117
2226C Moiyabana
246
2226D Makhware Hills
116
2227A Topsi
103, 296, 2 9 8 , 2 9 9 , 300
2227C Palapye
19, 104
2228A Macloutsie
138, 361, 362
2228B & D Baines Drift
363, 364, 365
2228C Fort Elebe
367
2326B Mahalapye
56
2326D & 2327C Notwani or Crocodile River
329
2327A Machaneng
56
2327B Limpopo
56
Rakops
120
; ,,
San Toy claims
372
Selepswe (Selepse) •
222
Selika Hills
"•:
•
344
Semowane (Tsimowani) River
.,
355
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Seranane
Serowe
Serurume Valley
Shashi River
Shuane (Chuani) River
Shushong (Shoshong)
Sisi River
Sua drainages
Sua Pan
Sua River
Tlabala (Tlhabala)
Tonota
Topsi
Toutswe Hill (Mesa)
Tswapong (Chopong, Chwapong) Hills
Upper Macloutsie (Makloutsi) River
Upper Macloutsie Valley
West Tuli area
Zouga (see Botletle) River

v.

:

;
318
86, 117, 260,320, 326, 342,379,381, 413
289, 318
96, 135, 143, 251, 370
355
62, 107, 172, 222, 245, 246, 287, 315
370
:
185
*V
23, 217, 397, 403, 406
14, 341
172
44, 251
103, 295, 296, 297, 298, 299, 300, 374
?:
304, 374
222, 314c, 314d
'.'
268, 421
44, 249, 250
94, 271, 272, 361
v;
'.'.. 172

BANGWAKETSE TRIBAL TERRITORY
General
44,204,217,256, 350, 373, 383, 414
degree sheet 2425
13, 348
2525 • • . ^
12, 13
Dikgomo di Kae
59
L
Dipotsana »,«
.'
380
Ditshukutswane (Tshukutswane)
353, 387
Kangwe
:
**."
425
Kanye
8, 10, 15, 58, 67, 157, 191, 192,204, 256, 264, 281, 282,342, 349,380
Keng Pan
368, 374, 414
Kgoro
11
Kgwakgwe (Kwakwe) Hill
16, 256, 373
Kgwakgwe Mine
21,213,217, 385
Kooi
;1
86
Korwe
282
Mabule (Mabul)
^
80, 278
Malau
11
Mathethe
425
Meheelo
373, 385
Metsemashwane River
244, 404
Molopo River 4 0 , 4 7 , 8 0 , 8 1 , 127, 131, 164, 197,216,259,266, 276,354,374,380,414,
425
Molopo Valley
w*
164
Morwanoga Hill
282
Moshaneng
157, 180, 255, 340, 342, 374, 382, 394, 407, 414
Moshaneng Mine
9, 10,21,38,217,255
Msumakane
373, 385
Ngale
350
Nuane River and Valley
405
Oikhe pan
368,374
Oki
373,385
Pitsani (Molopo)
80, 278
quarter degree sheet 2424D Dikgomo di Kae
13
2425D Gaberones
12,13
2524D Mabule
278
2525C & D Makletsi Laagte
278
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Segwagwa (Hills)
Sinjamadi
Sobathwe
<#j?t
Taupone
Tsatsu
.
Tsokwane

^

-HM*^
A *i
.%

.(

11, 383
385
373, 385
349
350
350

BAROLONG FARMS
General
426
degree sheet 2525
*12,13
Molopo River 4 0 , 4 7 , 8 0 , 8 1 , 127, 131, 164,197,216,259,266,276,354,374, 380,414,
425
Molopo Valley
164
quarter degree sheet 2525C & D Makletse Laagte
278
Ramatlhabama
278, 342, 395
Ramatlhabama Police Post
425
BATAWANA TRIBAL TERRITORY
General
410
Aha Hills
325, 430, 432
Botletle River (see Zouga)
86,127, 148, 188, 201, 355
Chadum (Schadum) Valley
430,432
Chobe (see Linyati) River
82, 86, 127, 140, 172, 354, 427
Gomare
325
Kai-Kai Hill
119
Kaudum Valley
409
Kgwebe (Kwebe) Hills
148, 167, 201, 234
Kihabedum Valley
431
Kihabe Hill
431
KoanakaJIills .
241, 325
Lake Ngami .
86, 119, 127, 172, 197, 201,203,234,241
Linyati (see Chobe) River
82, 86, 172, 381
Mabele a pudi Hills
,
149, 167, 234, 428
Maun
>
97
Ngamiland
8, 14, 16, 19,33,51, 148. 193, 223, 234,237,241,266,273,311,401,409,
410, 429, 432, 435
Nokaneng
,
193
Okavango River
8 2 , 8 3 , 8 6 , 127, 134,148, 166, 169, 172,201,354
Okavango Swamps
127, 131, 325
Shakawe
409
Tsodilo Hills
8,241,409,429
Xihabe Dum
223
Zouga (see Botletle) River
172
BATLOKWA TRIBAL TERRITORY
degree sheet 2425
2426
Notwani River
Notwani Valley
quarter degree sheet 2426C Modwe

13, 348
13
4 1 , 127, 152,244,270, 283, 307,327, 345,404
412
118

NORTHERN CROWN LANDS
General
g.
Botletle River (see Zouga)

19, 240, 355
86, 127, 148, 188, 201, 355
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Bushman P i t s
37g
C h o b e ( s e e Linyati) River
82 , 8 6 , 1 2 7 , 1 4 0 , 1 7 2 , 3 5 4 , 4 2 7
Goha Hills
.>
428
Great Makarikari (Salt) Pan (see Makarikari)
8 4 , 1 3 3 , 1 3 4 , 1 3 5 , 165
Kalusikankanga Valley
427
Kasane
427
Kgioro H i l l . . . .--•
428
Linyati ( s e e Chobe) River
82 , 86, 172,381
Mababe depression
82 , 8 6 , 127, 378, 428
Makarikari (Makalahari)
1 4 , 2 3 , 2 4 , 4 5 . 8 3 , 105, 1 2 7 , 1 3 3 , 1 3 4 , 135, 1 3 6 , 1 4 8 , 1 6 6 , 172,
2 0 1 , 2 1 7 , 3 1 3 , 381, 3 8 6 , 3 9 7 , 4 0 3
Makarikari (Salt) Pan (see Great Makarikari)
108, 131, 134, 135, 302, 3 0 3 , 355, 406
Matetsie
378,381
Nata River
3 1 , 127, 1 3 4 , 3 5 5 , 3 9 7
Panda ma Tenga
172
Shinamba Hills
433
Wacha
.;
172
Zouga ( s e e Botletle) River)
172
SOUTHERN CROWN LANDS
General
19, 2 1 , 2 4 0 , 2 7 4 , 2 7 5 , 390
degree sheet 2324
13
2324
13
Ghanzi
1 0 , 1 1 , 5 1 , 2 6 6 , 3 2 2 , 357
Ghanzi Crown Lands
t
46
Kakia
3 4 2 , 3 8 0 , 414, 418
Kakia pan
M». 338
Kalkfontein
322
Kang
.'*.'
•*
407
Kangyane pan
.«.
228
Karakobis
-3.. 322
Kgalagadi District
228
Khuis
164 ,197 ,276
Kichwe pan
228
Kolingkwane
8 1 , 164
Kwale (Quale) River
<
51
Lelenamagadi pan
•'
276, 277
Lokwari pan
228
Makunda
322
Molopo River
4 0 , 4 7 , 8 0 , 8 1 , 1 2 7 , 1 3 1 , 164,197, 2 1 6 , 2 5 9 , 2 6 6 , 2 7 6 , 3 5 4 , 3 7 4 , 3 8 0 , 414,
425
Molopo Valley
164
Nojane
i
426a
Nossob River
1 2 7 , 1 3 1 , 164,354
Okwa (Valley)
5 1 , 5 7 , 2 5 2 , 2 7 3 , 3 2 2 , 357
Tshabong (Tsabong)
197
!
Tshane (Tsane) (pan)
A
10,228,426a
Tswane
252
Van Z y l ' s cutting
51
GABERONES BLOCK
General
Crocodile Pools
degree sheet 2425
Gaberones
Khale (Hill)

i$

*>

144

345
143
13, 348
118, 156%202, 270, 307 , 434
3 5 , 8 9 , 156, 3 8 1 , 387

Metsemashwane River
Modipe
Notwani
-j
Notwani River
Notwani Valley
quarter degree sheet 2425D Gaberones
2426C Modwe

244 ,404
380
1 5 , 16 ,244 ,404 ,412
4 1 , 1 2 7 , 1 5 2 , 2 4 4 , 2 7 0 , 2 8 3 , 3 0 7 , 3 2 7 , 3 4 5 , 404
412
12, 13
118

Wildebeestkop

380
LOBATSI BLOCK

General
degree sheet 2525
Hildavale
Knockduff farm
Lobatsi
Nuane River and Valley
Skaapskuil farm
Woodlands E s t a t e s

2 1 7 , 2 5 8 , 3 4 6 , 380
12, 13
;. , . t . . 387
232
10, 2 4 , 4 6 , 143, 2 0 4 , 2 0 7 , 2 3 2 , 3 5 7 , 3 9 5 , 405 , 4 1 8
405
258
125
TULI BLOCK

General
9, 2 3 , 4 4 , 3 4 4 , 3 4 7 , 3 5 1 , 352, 3 8 1 , 4 1 4
Akiles farm
347 , 351
Baines Drift
226,273,363,364,365,366,414
Crocodile (see Limpopo) River
327
degree sheet 2326
12, 13
Fort Elebe
222 , 3 6 6 , 367
Limpopo River
5 6 , 8 6 , 127, 141, 142, 166, 167, 1 7 2 , 2 2 6 , 2 8 9 , 3 2 9 , 3 4 4
Limpopo Valley
363
Macloutsie area .
138, 143, 360, 3 6 1 , 3 6 2 , 3 6 3 , 3 6 5
Macloutsie River
142, 188, 222
Mafotha (Dimafoonti)
222
Mahalapye River
222,289
Mamakobu
222
v , . , ,
KJI..v
Notwani River
4 1 , 1 2 7 , 1 5 2 , 2 4 4 , 2 7 0 , 2 8 3 , 3 0 7 , 3 2 7 , 345, 404
Notwani Valley
412
Palla Camp
327
quarter degree sheet 2326D & 2327C Notwani or Crocodile River
329
2327A Maehaneng
56
2327B Limpopo
56
Selika Hills
344
Serurume Valley
289,318
Takaneng farm
,
3 4 7 , 351
Zanzibar farm
226
MOLOPO FARMS
General
Knapdaar
Mabule (Mabul)
Molopo River

J/>v>- • • •

42

5
259
8 0 , 278
40, 47, 8 0 , 8 1 , 127, 1 3 1 , 1 6 4 , 1 9 7 , 2 1 6 , 2 5 9 , 2 6 6 , 2 7 6 , 3 5 4 , 3 7 4 , 3 8 0 , 4 1 4
425
Molopo Valley
164
quarter degree sheet 2524D Mabule
278
;
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TATI CONCESSION
General

2 , 2 7 , 2 8 , 3 4 , 4 5 , 6 6 , 96,110, 114,149,152,182,183, 189,225,227,235,247,
335,342,367b, 374,414
Amelia claim
242
Blue J a c k e t Mine
27
F r a n c i s claim . . .
242
Francistown
6, 7 , 9 7 , 1 7 9 , 2 4 8 , 2 5 1 , 3 2 6 , 3 4 1 , 3 4 3 , 3 9 3 , 3 9 8
Halfway Kop
6 ,189 , 2 1 0 , 2 3 5 , 3 3 6 , 339 ,367b, 398
Halfway Kop Mine
,
418
Lady Mary Mine
. . , . . , . . 227
Matsiloje (Maje Maloje)
414
Monarch claim
242
Monarch Mine
209,411
Penhalonga Mine
418
quarter degree sheet 2027B, C & D T s e s s e b e
353a, 353b
2127A Tonota
9 3 , 2 4 8 , 251
2127B Francistown
367a, 367b, 367c, 367d
2228A Macloutsie
138 , 3 6 1 , 362
2228B & D Baines Drift
363 , 3 6 4 , 365
2228C Fort Elebe
367
Rainbow Mine
225,335
Ramaquabane (Siding)
326, 332, 420
Ramaquabane (Ramakhoubane) River
9 6 , 152
Selkirk Mine
225 , 335
Serondella
427
Shashi River
9 6 , 135 , 1 4 3 , 2 5 1 , 370
Todd's Creek
27
Tsessebe
133 ,353b, 353c
Victoria — Monarch Mine
242
Xmas Kop
227
KALAHARI REGION
General

1 4 , 4 7 , 4 9 , 5 1 , 8 0 , 8 1 , 8 2 , 8 3 , 1 0 5 , 1 2 7 , 1 2 9 , 1 3 1 , 1 3 6 , 1 4 8 , 1 5 0 , 1 5 1 , 160, 162,
163, 166, 167, 168, 169, 1 7 1 , 195, 1 9 6 , 2 0 0 , 2 2 8 , 3 1 1 , 3 1 4 b , 354, 3 7 8 , 3 9 9 , 4 1 9 ,
425,426a
Central Kalahari
4 6 , 47 , 6 3 , 92, 1 0 2 , 1 0 5 , 156 , 1 6 0 , 2 3 6 , 3 5 7 , 374
Northern Kalahari
•
49 ,119 ,252
South central Kalahari
8,47,99
Southeastern Kalahari
269
Southern Kalahari
8 1 , 2 3 6 , 368
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aquifer
actinolite
asbestos

4 6 , 1 3 7 , 2 0 5 , 3 2 0 , 368 , 4 0 6 , 4 2 5 , 4 2 6
415
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schist
^
aegirine syenite
aerial
magnetic survey
reconnaissance
African
cycle
land-surfaces
surface
age determinations
age relationships - ,Vagglomerates
Aha Beds
alaskite
«..
alMte
alkaline
complex
dykes
rocks
allanite
allochthonous
Mahalapy e Formation
serpentinites
allnvium
almandine amphibolite facies
alumina-rich rocks

251
346
44 , 2 1 6 , 274,

275,368
402

319,390
124
4 9 , 319
4 4 , 4 5 a , 5 2 , 1 3 2 , 145, 183b, 2 7 3 , 3 5 4 a
Ill, 156
-*'f
•.........,
n
. . ^
432
,
411
talWHjf: 3 9 3
9,273
380
122,123
. - . • 384
56
•
251
94 , 2 4 6 , 262 ,272 323 , 395 , 4 0 1 , 430 432
362 364

alluvium
94 ,246 ,262 ,272 , 3 2 3 , 395 . 4 0 1 , 4 3 0 , 432
almandine-amphibolite facies
,_-.
362 , 364
alumina-rich rocks
™,.......-»
*
367b
9 M m .
amosite
^ , . . 380
amphibole-bearing rocks
2 8 3 , 295 , 2 9 6 , 340
amphibolite
5 7 , 103, 138,220a. 224 ,225 , 226 ,252 , 330a , 362, 364 , 3 6 7 , 426
amygdaloidal lavas
412
amygdalur b a s a l t s
^. . 143
analyses
108 ,190, 276 .308 , 385, 397
chemical
6 , 8 9 , 120, 136, 140, 167, 187, 189 , 2 6 5 , 2 9 1 , 3 1 4 c , 314d. 3 2 4 , 3 4 1 , 3 8 4
coal
23 , 98 , 1 0 0 , 106 ,186 , 2 9 3 , 379 , 408 ,415
soils
82 136
%..
spectrochemical
,
170
andalusite
210, 2 8 3 , 345
anglesite
247. 396
ankerite
. 432
w
Annual Report
7 , 8 , 1 1 , 32 .33 , 3 6 , 3 8 , 39, 4 1 , 4 2 , 4 3 , 4 4 , 4 5 a , 2 0 6 , 2 0 7 , 4 1 6 . 4 1 8
anomaly
aeromagnetic
368
Bouguer
212 ,368
geochemical
44 , 170 ,243 , 347, 349 , 350
gravity
408
isostatic
368
magnetic
3 1 7 , 368, 4 0 8 , 425
radioactive
,.;
218 ,389
self potential
229, 343
anorthosite
226
anthophyllite
342, 418
antiforms
3 6 1 . 365
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antigorite
304,&&®
antimony
45 , 235 ,239, 247, 337
aplite
1ÏS, 209,2S5,884
aplogranite
224 ,226 ,247,251,384
Archaean
• 131,143 . Ü86 ,167 „ 168
aramites
i,
&&&
arkose
61, 246„248,251,323, 360
Stage
- 245
arkosie arenites
206
arsenic
235 „239, 247,:251,337
arsenopyrite
247,411
asbestos
4 , 5 , 8,9 ,10, IS, 1 6 , 1 8 , 19, 2 1 , 2 2 , 24, 33» 38,39, 42,44, 4 5 , 6 7 , 103, 116,
154, ISO, 183,192,204,216,217,226,235,239,247.251.255,259,260,269.282,
283,290, 291, 292, 330, 338, 340,342,368,574,380, 382,394,408,414,
415,418
assay values
28,214,231,242,264,340,343,358,391,415
augen gneisses
*432
augite basalt
360
aoriferous
conglomerate
283,380
quartz lenses/veins
209,247
autochthonous Ellington Formation
56
azurite
•219, 247, 396
B
Baines Drift Formation
138, 347, 352, 364, 365
Bakalahari Schwelle
236
banded
chert
259
ferruginous quartzite
426
ironstone
64, 245,246,247,248,251,259,330a, 337,367c, 368,374,414
quartzite
- «-;» R-»™
433
siltstone
430
barium
.ui
215
barrage-site samples
,..,
345
barytes
4 , 18,215, 239, 342,415
basalt
134, 135, 137, 143 ,156,205,294, 318, 334, 360 , 363, 365 , 381
basaltic lavas
94, 105, 205
Basement
'.
157, 246, 382
Complex
7 , 3 4 . 4 7 , 5 5 a , 5 6 , 5 7 , 6 1 , 8 3 a , 93, 94,95, 103,104, 116,118, 131, 138,
193, 224, 226 ,227, 231,234,239, 247, 248,251, 252 ,271, 273, 274,275,278 ,283,
300, 303,320, 323,327,328.330,330a, 344, 346,347, 352, 360,361,362, 363,364,

365, 367 , 380, 395,406, 408, 410, 426, 432, 435
Basement
orogeny
'.
55a
Schist-Series
209,239
structural trends
55a, 56
basic
complex
118
rocks
93 , 94, 243 ,296, 425, 434
r
schists
220a, 330a, 367a
basin 4 0 , 4 7 , 4 9 , 6 5 , 7 4 , 9 9 , 1 0 6 , 1 1 3 , 127, 131, 134, 135,136,137, 138,148, 156,162,
186, 188, 197,236,239,251b, 255,273,277, 301,306,311,334,346,354,360,361,
363, 365, 380 , 406 , 422, 435
batholiths
M
*•
251
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Beaufort Series
beneficiation t e s t s
beryl
beryllium
biotite
granite
granulites
schists
bismuth
Black Reef Series
blende
block faulting
Bodibeng
Beds
Sandstone
bornite
Botletle Beds
boudinage structure
Bouguer anomaly
breccia
brecciated zone
brick-earth/manufacture
bricks
brine
aquifer
deposits
pools
brines
brochantites
bronzite
dolerite
peridotite
building stones
Bulawayan System
Bushman Mine Series
Bushveld
basin
Complex
diabase
dolerite

99, 105,289, 303,311,313,329
249, 314, 403
344
5 3 , 247
406
wu
B99
224, 2 5 1 , 375
45', 2 3 5 , 239, 247, 337,411
2 4 , 5 9 , 143, 1 5 7 , 2 0 2 , 2 1 3 , 2 3 9
2 5 5 , 2 5 6 , 2 6 2 , 3 2 3 , 3 3 1 , 3 5 8 , 3 7 3 , 382 , 3 8 3 , 3 9 5 , 4 1 2 , 422
i J . . . 96
234
•>

410
203, 234
219, 2 3 1 , 335<396
4 7 , 4 9 , 119, 1 2 7 , 3 5 4 , 4 1 0
429, 432
2 1 2 , 368
119, 2 1 3 , 2 5 6 , 2 6 1 , 2 6 2 , 2 8 2 , 3 2 3 , 3 5 8 , 3 7 3 , 3 8 3 , 422, 431
331
307
380,415
386, 397
406
23,24,39,45
185 , 3 4 1 , 397
2 2 , 4 2 , 136, 1 8 5 , 2 1 6 , 2 1 7 , 4 0 3
:
396
w,

190
330
4 , 136, 380, 415
2 2 7 , 2 3 9 , 2 4 8 , 2 5 1 , 2 7 3 , 337, 367a, 367d
~.
7, 4 8 , 135, 248
408
4 0 , 127,251b, 346
v.
157, 1 9 2 , 2 7 3 , 3 1 5 , 3 5 4 a , 410
107, 239
1 5 7 , 2 5 5 , 340, 3 8 0 , 3 8 1 , 3 8 2 , 3 9 5
C

cadmium
353
Cainozoic geology
.410
rt,.
calcareo-dolomitic rocks
»
103
f
calcite
190, 428
marble
344
calcrete
„.,.
4 8 , 9 4 , 116, 131, 168, 1 9 5 , 2 3 4 , 2 4 6 , 2 5 1 , 2 5 2 , 2 5 4 , 2 6 2 , 2 7 2 , 2 7 8 ,
310, 338, 376, 4 0 6 , 4 2 5 , 426, 430, 4 3 1 , 432, 433
calc-silcretes
430
-silicate rocks
3 6 2 , 364, 367
Cambrian
. , , . . 145
Campbell Rand Series
412
carbonate
rocks
[,,
56,248
—serpentine rock
304
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carbonatite activity . . .<?
26
Carboniferous formations
239
cassiterite
344,345,346
caves
125,193,323,431
Cave
guano
380
Sandstone
4 4 , 9 3 , 9 4 , 9 9 , 103, 105, 1 1 6 , 1 3 7 , 2 0 3 , 2 0 5 , 2 4 6 , 2 8 9 , 2 9 4 , 3 1 8 , 3 2 0 ,
360,361,363
cement
••
4jg
making materials
44
-rock
310
C entral Granite
£ 7 3 , 434
Central Transvaal (Bushveld) basin
40, 127
ceramic
industry
105
materials
44
cerussite
247
chalcedony
.•.341
chalcocite
2 1 9 , 2 3 1 , 3 3 5 , 392, 396
chalcopyrite
48, 214, 2 1 9 , 2 3 1 , 2 4 1 , 2 4 7 , 3 4 8 , 3 5 3 , 3 8 7 , 3 9 6 , 4 1 1 , 4 1 5 , 4 2 8 , 4 3 2
chalk rock
427
chalybite
96
chemical a n a l y s e s (see analyses)
chert
80,255,259,262,300,323,331,412,432
breccia
;;
2 1 3 , 2 5 6 , 2 6 1 , 2 6 2 , 2 8 2 , 3 2 3 , 3 5 8 , 373, 383,422
Breccia Formation
255
conglomerate
~
4 1 2 , 432
relics
255
chloritoid
367b
chromite
4 5 , 2 3 9 , 3 4 2 , 3 4 4 , 3 4 5 , 4 0 8 , 415
chrysocolla
-..
|.
&.
48, 396
chrysotile
304
asbestos
15, 16, 3 3 , 4 4 , 103, 154, 1 9 2 , 2 1 7 , 2 2 6 . 2 3 5 , 239, 2 4 7 , 2 5 5 ,
2 6 0 , 2 9 1 , 3 3 0 , 340, 3 4 2 , 3 7 4 , 3 8 0 , 3 8 2 , 3 9 4 , 4 1 4 , 418
clays
119, 131, 169, 185, 341, 380
cleavages
429
coal
1 , 4 , 5 , 7 , 9 , 10, 12, 13, 1 6 , 1 7 , 1 8 , 2 0 , 2 3 , 2 4 , 3 4 , 4 2 . 4 5 , 6 5 , 9 3 , 98,
9 9 , 1 0 0 , 1 0 2 , 1 0 4 , 1 0 5 . 1 0 6 , 1 1 6 , 1 3 4 , 1 4 2 , 143, 1 8 3 , 1 8 6 , 1 9 7 , 2 0 7 , 2 1 1 ,
2 4 6 , 2 8 7 , 2 8 9 , 2 9 2 , 2 9 3 , 3 0 1 , 318,329. 342, 3 7 0 , 3 7 9 , 4 0 8 , 4 1 3 , 4 1 5
analyses (see analyses)
- b e a r i n g strata
1 1 , 2 3 . 98. 186
coalfield areas
8 , 14, 15, 17 , 19, 2 1 , 22 , 3 3 , 3 6 , 39, 4 7 , 9 8 ,
99, 100, 101, 105, 106, 2 8 6 , 2 1 1 , 2 8 9 , 3 0 1 , 342, 408, 418
concentrate sampling technique
421
concrete
136
aggregate
309
conglomerates
1 1 , 5 7 , 5 9 , 8 0 , 104,116, 143, 168, 1 9 2 , 2 3 2 , 2 4 6 , 2 5 2 , 2 5 5 ,
2 5 6 , 2 6 1 , 2 6 2 , 2 6 8 , 2 8 3 , 2 8 4 , 2 8 5 , 323, 3 2 7 , 3 3 1 , 3 4 6 , 3 6 0 , 3 8 0 , 3 8 2 , 383, 4 1 2 , 4 2 1 ,
422, 4 3 0 , 4 3 2
conglomeratic calcretes
•>>
433
Congo craton
f5 2 , 5 3 , 54
contact
metamorphosed garnet-bearing limestone
119
metamorphic features
'
142
zones
282, 320. 383
copper
4 , 7 . 8 , 1 8 , 2 4 , 2 5 , 3 4 , 4 2 , 4 5 , 4 8 , 6 5 , 9 3 , 9 6 , 183,204,217,218,229,
225, 229,230, 2 3 2 , 2 3 3 , 2 3 5 , 2 3 9 , 2 4 3 , 2 4 7 , 2 4 8 , 2 5 1 , 2 9 2 , 3 1 7
332, 335, 337, 3 4 2 , 3 4 3 , 3 4 6 , 3 7 2 , 3 8 0 , 3 9 6 , 4 0 8 , 4 1 5 , 4 2 0
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ancient workings
geochemical prospecting
geological environment
Pyrites
secondary minerals
sulphides
corrugation patterns
g^
cortlandite
y
corundum
covellite
^
cratonic areas
Cretaceous
earth movements
geology
rock floor
crocidolite asbestos
cross bedding
crustal
disturbances
movement
cupola
j.
r.
cupriferous quartz veins
cuprite
•&
current bedding

-

,

7, 224, 225, 229, 317, 332
44,183a, 243, 347, 351, 352
*.
34
332
.as
48,224, 332,335
340
383
295
i£
344
219,387, 396
52, 53, 54, 183b
168
360
410
^
166
239, 259, 374, 380,414
267
0

*r . ^ j .

83
86
368
34, 231
396
143, 255,412

D
Dadoxylon
v*
135
Dam ara
episode
»»
52, 53
System
131, 239, 273, 409, 410, 432, 435
dam-site
16. 41,244 ,257,270, 400, 404, 405
Daspoort Group
59,239,412
deltaic deposits
363
depositional cycle
126,141
diabase
56,94,192,239,252,267,274,317,330a, 330b
diachronous relationship
277, 311,329,404,405, 410
diamonds
4, 22,39, 45, 93,268,415 ,421
diatomaceous deposits . . . . ;>
120,168
diatomite
45 ,234,342,344, 415
digenite
392
diopside-quartz-potash felspar rock
300
diorite
94 ,116
dioritic rocks
,
157, 264
Dipotsana Series
4.,
•. • • • 11, 239
divide . . . \ .
\»n ;
40, 74
dolerite
35, 4 4 , 5 6 , 61, 89,93, 94,103, 107, 117a, 132,
135, 143, 154,156, 190,224,226,244, 251,253,255,260,262,273,274, 281,
282,283, 288,290,291, 298,303,315,333,334. 337,338,340,345, 353a, 353b,
363,365,367,377,380,381, 382,390,406. 408,411, 412, 414,425, 426
-pegmatite
89 ,190
types
381
dolomite
119,154, 157,192,255, 273 ,282, 288,291. 300.
331,332 ,340 ,349, 350, 358, 380, 382 ,395 ,410 ,414 ,425 , 431, 432
marble . ^
«•
103,304,431,432
Series
1,40,59, 143,202,239,245,255,262,323,350,382, 383,395,412
dolomiticlimestone '
61,231,248,256, 260,291,300,342,374, 412
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Dominion Reef System
4 4 , 4 7 , 59,83a, 118,131,145 ,157 ,239, 244,255,
262, 273 ,275,278,283, 284,323, 330a, 340 ,345 ,380, 382, 387 ,395, 405 , 408,434
drag folding
430
drainage systems
82,141, 168, 188,262, 354
Drakensberg Lava Stage
94,105 ,289, 360, 363
Dratsky's (Drodsky's) cave
193,223, 431
dumortierite
367b, 432
Dwyka Series
99,104, 105,116,239, 143, 164,197, 276,889,303,314b, 329,834,410
dykes
93,94,103,116, 118, 185, 142,148. 209,226,251, 252,258,
278, 281,283,284,298,303,315,317,333,353a, 353b, 363,367,377,380, 382, 389,
406,411,414,425
dyke trends
251,353a, 353b, 366
dynamic metamorphism
.
226
E
early
Cretaceous surface
Tertiary cycle
earth-movements . . . . .
earthquakes
Bcca Series

*
-.»

.-J

68
S19
.>•
135, 169, 277,294, 325,360
91,146
2 3 , 5 6 , 8 1 , 9 3 , 9 9 , 103,104,105,116, 117,137, 138,203,
246,251,262,308,810,311,312,318,329,334,363,365,410
ECONOMIC GEOLOGY
2 , 6 , 17, 1 8 , 2 3 , 2 4 , 3 4 , 4 3 , 4 5 , 4 5 a , 53 ,65, 65a, 67, 88,
9 6 . 9 8 , 100,104,105, 106,116,136,179,180. 182,183, 185, 186,189,209,210.
211,213 ,214, 215, 216, 217 ,225, 229, 230, 231, 235, 239, 241, 242, 247, 250, 256,
261,279,280,288,291,293,301,307, 308,309,310,314a, 314c, 314d, 324, 328,
330,831,332,334,336,341,342,343,353,353c, 358, 373,374,378, 379, 380,
382,385, 387,388.397, 398,408, 4 f t , 4 1 3 , 414, 415, 420,422
economic resources
408
electrical resistivity survey
¥l«???•>$
228, 270, 321, 322
Ellington Formation
i.
56
eluvial d e p o s i t s . . . . 1
247,422
enargite
247
end Pleistocene deposits
<1V'
410
end-Tertiary
cycle
M>
•••
49
surface
Ji
49, 68, 124
uplift
ih
68, 74
ENGINEERING GEOLOGY
w-Sfl*.,ZM
45a, 244, 257 ,270, 400,405
Enon Conglomerate ?
380
environments
29, 30
epeirogenic uplift
262
epidiorite
,.
u.
337,338
erosion
30, 86, 104, 169,294,382,406
cycles
68, 124, 126, 141,329,390, 395
surfaces
49, 68,74, 104, 124, 126.354,429
eruptive rocks
,$«».,«V,..Ai»
;;..:.
119
Escarpment Grit
105,313
Estheria
:
360
evaporites
'
45,216
exfoliation planes
400
F
facies
false bedding

•&

•**£ .<»£

152

40, 81. 103,105, 183b, 303, 362,364
A
248

faulting

55a, 56 , 59, 118 , 1 3 5 , 1 6 8 , 1 8 8 , 2 4 6 , 2 5 2 ,
255 , 2 6 2 , 2 7 1 , 2 8 1 , 2 8 9 , 305 , 329 ,330a, 3 6 1 , 3 8 2 , 389, 405, 422
5 6 , 9 4 , 1 0 3 , 1 0 5 , 117,137,234, 246,279, 289.303,
329, 3 6 1 , 3 6 3 , 3 6 4 , 365 , 3 6 6 , 3 6 7 , 4 0 5

faalt^^jif
fault
trends
zones
felsite'.,

56,262,366
3 9 5 . 4 0 5 , 408
44, 1 1 8 , 1 4 3 , 1 5 7 , 1 9 2 , 2 0 2 , 2 4 4 , 2 5 2 , 2 5 6 , 2 6 2 , 2 8 4 ,
348 ,353 ,382 ,387 ,405 , 4 1 0 , 412, 4 2 8 , 4 3 4
118, 2 5 1 , 2 5 3 , 355, 2 6 7 , 4 3 4
219, 415
244
138
123
252, 278, 323, 4 2 6 , 432, 433
•
44 , 3 0 8 , 314a.
;
294,320
247
246, 254, 2 7 6 , 314d, 3 1 8 , 3 2 9
307

felsltic rocks
felspar
porphyry
felspathised paragneisses
fenites
ferricrete
fireclay
fissure
vein systems
flagstones
flood-plain deposits
flow
—banding and —folding
^.'
267
breccias and lines
.'.'.•.'.'...'.
?
428
cleavage
429
fluorspar (fluorite).42,45, 2 0 4 , 2 1 7 , 2 3 1 , 239, 3 4 6 , 348, 353, 380, 382, 387, 3 9 6 , 4 1 5 , 428
fluvioglacial beds
99, 105
fold complex
363,367
folding
39, 1 3 8 . 2 5 2 , 2 6 2 , 2 7 1 , 3 6 1 , 3 6 5 , 4 3 3
foliated
granite
384
micaceous quartzites
; .•
432
foliation
7, 3 4 4 , 4 3 0 , 432
F o r e s t Sandstone
105, 143, 313
fossil
169
drainage channels
8 3 , 196
dunes
409
mollusca
168
plants
85
pollen
i
29
river system
131,196
river valleys
432
wood
135
fossiliferous limestone
360
foundation rocks, dam-sites
15, 1 6 , 4 1 , 400, 404, 405, 412
fracture cleavage
412, 429, 430, 432
fractures

:

209,246
G

gabbro
89a, 118, 354a
Gaberones
Complex
•'
T)
434
granites
3 , 5 , 4 4 , 5 9 , 8 9 a , 118, 156. 157, 2 0 2 , 2 3 9 . 2 6 2 , 2 7 0 , 2 7 3 , 2 7 4 , 2 7 5 , 2 7 7 ,
2 7 8 , 2 8 1 , 282, 2 8 3 , 330a, 3 3 3 , 3 4 0 , 3 4 5 . 3 5 4 a . 3 8 0 , 3 8 1 , 3 8 2 , 3 8 4 , 4 0 5 , 4 0 8 , 4 3 4
-Molepolole granite pluton
1 2 1 , 157, 2 7 3 , 333 ,387
galena
9 6 , 2 0 4 , 2 3 5 , " 2 3 9 , 247 ,255 , 3 4 0 , 3 4 2 , 3 4 8 , 3 5 3 , 3 8 2 ,387 , 3 9 6 . 4 1 4
Gamagara Series
340, 380
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Gangamopteris attenuate
gg
Gangamopteris cyclopteroides
35
gangue
219, 396, 411
8arnet
*t,.....»,
188,119,226
gas-source rocks
KU
,,
334
gastropod shells
.,
,,
437 432
geochemical
anomaly . . . ,ju
.**
«.*. **«,'.
44 170
exploration
»«
$a
W*7 * •*
198
4
prospecting
^-gf r
* . 183a, 233, 243, 347, 350, 351, 352, 353
provinces
%.
170,183a
studies
32
survey
15,33
GEOCHEMISTRY
,,
170, 187, 349
GEOCHRONOLOGY
g,
132, 145, 183b, 273, 354a
GEOGNOSY
southeast Africa
..
115
geographical
evolution . . .g*
,,_
86,141
study
199
survey
^
^ . , „ . . 148
GEOGRAPHY
fart»*:
28, 29, 86
Kalahari region
^ . 83, 162, 166
GEOLOGY
Africa . lis
90,128
ti
Bechuanaland Protectorate . , . W3
.#„•>.-.
-.
131, 161
Britisch-Betschuana-Land
,.a
#
•.*•»*>
*49
South Africa
-Sik».*.*»
88, 152, 153
southern Africa
»
95, 109
geomorphological
history
a«
435
provinces
•
127
GEOMORPHCLOGY
5 5 , 6 8 , 74, 124,126,131, 141, 169, 195, 319,421
geophysical
expedition
181
investigations
8, 228, 251a, 322
prospecting
134
survey
11, 22,39.44, 45a, 321,368, 418
GEOPHYSICS
89a, 97, 137,144,180a, 205,212, 218, 220,228, 251a, 269,
275 ,317, 321, 322, 356 ,357 ,368, 369, 389, 409, 424
geosynclinal sequences
.-.v.52
geotechnical study
^
405
Ghanzi
Beds
47, 119, 136,167,203, 234,239,266,267,273,322, 410,430,432,433
ridge
•.•.
If.
236
glacial periods
95
glass sands
44, 292, 378, 388
gneisses
7,34,55a, 56,57, 93,103,116,118, 133, 135,138,139, 142, 231, 234,
251, 252, 273, 278, 283, 299 ,323, 327, 328 ,330a, 343 ,347, 352, 362,390,408, 425,
426, 432
ortho247 , 344
para94, 138, 224,226,247,251,273,299,344, 362,364, 365,367
gneiss belts
183b
Gneissic Formation
»
138, 364 ,365 ,367
goethite
••
• • • 219,396
gold
4 , 1 8 , 2 4 , 4 5 , 6 6 , 9 3 , 9 6 , 182, 183.216, 224,
231, 235, 239, 247,251,285,337,340,342, 343,344,345,346,380,411,415
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ancient workings
182
- b e a r i n g reefs
34, 182, 367a
—bearing solutions
209
mine
285
regions
•
'A'.. 28
goldfields
2 ,27, 2 8 , 66, 9 6 , 110, 152, 182
Gondwana
erosion cycle
395
surface
49, 124, 319, 395
gossan
225, 335
granite
3 , 5, 44, 5 1 , 5 9 , 6 1 , 6 6 , 107, 1 1 8 , 1 2 1 , 133, 135, 136, 142, 143, 145, 156,
157, 170, 192,202, 209, 239, 246, 247, 251, 252, 255, 262, 270, 273, 274, 275,
278,281, 282,286,287,315,323,332,333, 340,344, 345,348,353, 375,380,
382,384, 387,400,405,406,408, 411,420,432,434
granitic
—granodioritic terrain
266
intrusions
93, 94
rocks
145 ,157, 2 4 8 , 2 5 3 , 273
granitisation
56, 138, 2 5 1 , 330a, 362 , 365
granitoid paragneisses
226
granofelsite
348, 3 5 3 , 387
granophyre
103, 107, 1 1 6 , 1 4 3 , 1 5 7 , 2 9 8 , 3 4 5 , 434
granophyric
phase
381
rocks
116 , 1 5 7 , 2 5 3
granulite
108, 104, 116, 1 5 7 , 2 3 1 , 2 5 1 , 2 9 7 , 2 9 9 , 406
graphite
4 5 , 332 , 4 1 1 , 4 2 0
schist
2 0 1 , 396
gravel
168,268, 2 7 0 , 2 7 8 , 3 2 3 , 3 2 6 , 4 2 5 , 4 2 6 , 427
gravimeter primary station net
180a, 369
gravimetric
method . i;
....
205
survey
13, 32
gravity
anomalies
368, 408
data
;:. 357
measurements
97, 1 3 7 , 1 8 1 , 368
survey
4 1 , 2 1 2 , 357, 409
traverses
408
graywacke
: . 119
gre*enschist facies
220a, 367a, 367d
greenstones
135
Griquatown Series
, . . 4 0 , 239, 259, 382, 414
grits
59 , 1 3 8 , 2 4 6 , 2 5 1 , 2 6 2 , 2 8 3 , 3 0 3 , 3 1 8 , 3 2 3 , 3 2 9 , 3 6 0 , 3 6 3 , 3 6 5 , 4 2 2 , 4 3 7 , 4 2 9
ground-water
1 1 , 4 4 , 4 7 , 7 7 , 1 8 7 , 1 8 8 , 196, 2 0 5 , 2 3 4 , 2 3 7 , 2 8 1 , 3 1 2 , 320
gypsiferous ground
249, 250
gypsum
4 4 , 4 5 , 2 4 9 , 2 5 0 , 3 1 2 , 376
H
haematite
schist . Ik vlvf
veins
halite
harpolith
harzburgite

i'-.
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190, 2 5 5 , 2 9 1 , 3 4 2 , 3 8 7 , 3 9 6 , 4 1 3 , 432
93
246
185, 341
:
157
295

HISTORICAL GEOLOGY
.....
hornblende bearing rocks
hornfels
hydrogen-autunite
hydro-geological survey
HYDROGEOLOGY (HYDROLOGY)

141, 142, 227 , 251b, 382
34, 116 , 2 5 1 , 265, 296, 299
412
264
32
46 ,47,63, 77 , 8 2 ,92,102,
188, 234,
237 , 2 3 8 , 240, 263 , 3 2 0 , 322 , 3 9 0 , 426
236
199
425

hydrographic b a s i n s
HYDROGRAPHY
hydrological information
hydrothermal
alteration
conditions
solutions
hypabyssal intrusives
hypersthene diorite

330
304
, . . 154
2 9 4 , 298, 303
94

iceland spar
Impali gneiss
industrial ceramic materials
intrusives
47, 56,61,

415
133
44
6 2 , 9 3 , 9 4 , 103, 107, 117, 157, 167, 202, 224, 2 2 7 , 2 3 9

intrusives

4 7 , 5 6 , 59, 61, 62,93, 9 4 , 1 0 3 , 1 0 7 , 117, 157, 1 6 7 , 2 0 2 , 2 2 4 , 227,
239 ,246, 2 5 1 , 252 , 273, 274, 275 , 2 7 8 , 282 , 2 9 4 , 298,303,315,
323,
337 , 3 3 8 , 344 , 365 ,377 ,382, 4 0 8 , 4 1 2 , 426 ,434
iron
4, 7 , 1 8 , 45 , 65 ,116, 183, 201 ,235 ,239 , 247
2 5 1 , 2 6 9 , 2 8 0 , 2 8 6 , 2 8 7 , 288,291, 292, 3 3 1 , 3 3 7 , 3 4 6 , 3 8 0 , 3 9 6 , 4 1 5 , 4 1 5 , 4 2 8
pyrites
96
— rich facies
s<c. 409
ironstone
5 6 , 6 4 , 2 4 5 , 2 4 6 , 2 4 7 , 2 4 8 , 2 5 1 , 2 5 9 , 3 3 7 , 3 6 3 , 3 6 7 c , 3 6 8 , 3 7 4 , 414
isostatic
anomalies
.f% . 368
readjustments
64,126
isostasy
126

jasper
»
joints
joint
patterns
systems
Jurassic

»,

..„*. „,.......
,«
139, 164, 373
48, 156, 254, 2 5 7 , 3 2 0 , 3 3 3 , 4 0 0 , 4 0 4 , 4 0 5 , 429, 430
I

-.nrotaar 4 2 9
244,270
Wl

74

K
Kalahari
basin
Beds . . ? .
craton
deposits
floor
- K a r r o o basin
limestone
physiography

49,113, 162,277,306,334,435
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sill
107, 246. 315
calcrete
406,432
silcrete
116, 131, 135, 168, 195, 234, 246,251, 252, 278, 318. 376, 380, 406, 427. 432
siliceous
iron ore e- gSR
;{•
235
manganese ore
15,358, 385
rocks
.g,
57. 80, 119, 143, 247, 300
solutions
M
209
silicification
119, 134, 413
silicified
asbestos
338, 342, 414
Bodibeng sandstone
234
Kalahari sandstone
136
limestone conglomerate
430
sandstone and limestone
n»
427
sillimanite
•'
139, 210, 344
sills
61, 103, 107, 116, 192, 246, 251, 260, 281, 283, 298, 315, 338, 345, 363
silt
270
siltstone . . . 57, 61, 104, 105, 117, 186, 252, 255, 262, 276, 323, 327, 329, 330a, 363, 430
silver
4 ,45, 231, 235, 239, 247, 340,343, 353, 380
Sinclair System
47, 267, 345
slate
139, 232
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Smelterskop Stage
239
sodium carbonate
341, 403
—bearing brines
Jv
<&».
22,185
sodium carbonate/bicarbonate
—bearingbrines
185, 217
—bearing brine deposits
45
sodium chloride
134 ,403
sodium sulphate
386
soil
88, 94, 118, 133, 184, 199, 231, 233, 243. 249, 254, 262, 278, 312, 320, 326,
343, 425, 426, 432
analyses (see analyses)
formation
315
groups and sub-groups
184, 402
map . .. .*&,
402
profiles
233, 347, 350
samples
233, 344, 345, 346, 349, 350
types
198, 320, 347
spectrochemical analysis
170
speeularite
348, 353, 358
sphalerite
239, 342, 353, 387, 415
spilitic rocks
340, 382
spodumene
247
Springbok flats sandstone
143
springs
135, 136, 140, 318
Ssakke sandstone
i'.
119
stalactites and stalagmites
193, 223
staurolite
345
stibiconite
4fr
247
stibnite
247
Stone Age climatology
196
Stormberg
period
363
Series
56. 94, 99, 105, 116. 117. 138. 203. 246, 271. 273.
289. 294, 302, 303, 311, 313, 318, 320, 329, 330a, 360, 410
succession . * ?
365
vulcanicity
294
stratigraphic
history
113, 382
succession
90, 283, 330b, 380, 412, 432
table
161, 226, 239, 246, 252. 262. 305, 323, 395, 408, 410
terminology
55, 105
STRATIGRAPHY
40. 49, 58, 60, 81, 90, 95, 99, 101, 105, 105a, 109, 111, 145,
232, 239, 245, 248, 251b, 276, 277, 311, 313, 314b, 321, 327, 360
stress patterns
366
striated pebbles
139
stromatolite bearing dolomitic limestones
248
structural
control
135, 166.168, 303
epochs
239, 305
features
47,57,86,103,104,166, 183b, 199, 226, 251. 251b, 315. 331, 343, 367a,
367c, 383, 401, 406
STRUCTURAL GEOLOGY
26, 52, 53, 54, 55a, 64, 83. 86, 93, 105, 239,
246, 262, 305, 329, 353a, 353b, 353c, 361, 366, 367b, 395,410
structural
history
145
map
305
relationships
......'.'.
333
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trends
units
Sua salt deposits
Sub-Karroo land surface
sulphide
mineralisations
zone
suncracks
superficial deposits

55a, 56, 167,183b, 361
53, 54
14,341
141
#s
340, 396, 411
243
214
255
3 1 , 59, 80, 83a, 94, 164, 195, 251,
270, 272, 274, 276, 278, 2 8 1 , 302, 330b, 380
396
1 , 1 3 1 , 239, 330a, 332
74, 236
6 1 , 121, 239, 262, 264, 265, 273, 346
8 , 333

supergene sulphides
Swaziland System
swells
syenite
complex
syenitic
dykes
rocks
syenitisation
syenodiorite
syenogabbro
synforms
j.i
syntectic phenomena

283, 284, 425
252. 253, 291
121
6 1 , 246
298
361
156
T

talc
schists
talcose chert
Tale Boulder Beds
talus deposits
tantalite-columbite
Tati Schist Belt
tectonic
basin
forces
history
*L
map
movements
pattern
.V
stability
units
zones
tectonics
tectono
—metallogenic provinces
—thermal activity
tenorite
tension fractures
Tertiary
deposits
erosional and depositional cycles
sands
warping
tetrahedrite
•' •"
tholeiites
•'•".
tholeiitic intrusions
'.'."

45. 190, 2 5 1 , 255. 260, 340
251, 432
255
410
358, 359
345
367b, 367c, 367d
•£ •

.V

.i
•".

311
86
251b, 406
305
188, 412
325
30
55a
65
95, 105
5 3 , 54
52
396
209
47
409
126
205
59, 272
219 , 3 9 6 , 415
381
226 ,246, 315
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thorite
264. 265
thorium
218
thrust structures
251b, 255, 346, 373, 383
tillite
105. 139, 164, 197, 248. 276
Timeball Hill Group
59, 213, 239, 412
tin
4,53
w.
ifc...
tonalite . . . ^ j ,
247
tonalitic granite
251
Toteng diabase
267, 410
tourmaline
g^t...,
297, 357b, 432
Transitional Stage
360, 363
Transvaal
basins
...
40, 47
palaeo-geography . . . . „ ,
58
System
1 , 4 0 , 4 7 , 5 6 . 58, 59, 6 1 , 80, 83a, 112, 116, 1 3 1 , 1 4 3 , 145, 157, 192,
202 ,216, 236, 239, 245, 246, 255, 262, 273, 275, 279, 282. 287, 288, 320, 323,
330a. 3 3 1 , 338, 340, 346, 349, 350, 358, 374, 380, 382, 383, 395, 405, 4 0 8 , 410,
412. 4 1 3 . 4 1 4 . 4 2 2 . 425. 434
tremolite
255, 414, 432
trough
5 5 a , 2 0 3 , 360
Tsodilo quartzites
410, 432
Tsumis System
131,410
tufa
^ . 143, 169
tuffaceous rocks
5 7 , 255, 262
tuffs
11, 57, 252, 262, 283, 323,330a, 345, 394. 434
Tuli
lavas
142, 143
—Sabi trough
ö 5 , 360
syncline
55a
tungsten
4 , 4 5 , 2 4 7 , 2 6 1 , 415
U
ultrabasic (ultramafic)
bodies
226. 330
complex
• ? • • • • 251
. iïtórusives
93 ,94, 103, 274, 275, 353c
laccolith
368
mineralised
214 ,317
rocks
220a, 243, 247, 353c, 365, 365, 367a, 374
serpentinite
229
unconformity
57, 6 1 , 103. 104,105. 116, 142, 143, 202, 246, 248. 255, 303, 3 1 1 ,
3 6 3 , 3 8 2 . 422, 430
underground water
composition
48
development
13, 14, 2 1 , 33, 36, 39, 4 1 , 42, 4 3 , 44. 4 5 a , 2 3 8 , 240, 322, 425, 426
potentialities
390
Upper
Cretaceous surface
49
Dolomite Series
338
Ecca
4 6 , 99, 105, 289, 303, 313, 363
Griquatown Stage
239
Karroo
143, 271
Loskop Series
262
Proterozoic
52, 53
Schist and Sedimentary Series
251
Waterberg Series
255

170

uranium
Uiinanib Plateau sediments

218, 239, 247, 346
354
V

Vaal River System
143
vanadinite
380
varved
banding
•
105
v
sediments
276
vein
96, 103, 224, 225, 231. 246, 247, 279, 283, 297. 333,340, 348. 353, 361, 387,
411, 429, 432
deposits
43
system
396
veined sandstone
, 142
velocity logs
205
Ventersdorp
System
11, 83a, 118, 131, 145, 202, 232, 239. 262, 275, 278, 281, 282, 323,
330a, 346. 380, 395. 405. 408, 412, 422, 434
volcanicity
273
vermiculite
45, 375, 380, 415
Victoria Falls
erosion cycle
.
395
surface
49
volcanic
cycle
55a
episode
141, 410
explosions
169
pipe
57
rocks
131, 142, 143, 167, 252. 283, 346, 367d, 412
volcanicity
55a, 57, 95, 273, 294
W

wad
358
warping
49, 59, 68, 86, 141, 168, 188, 246, 272, 319
water.'
5
development
234, 237, 263
potable and saline
228
supply
7, 8, 10, 11, 15, 20, 22, 46, 76, 77, 78, 79, 134. 136, 151, 164, 173,
174. 175, 234, 263, 390, 395, 408
Waterberg
116, 344
coalfield area
8, 47 ,105, 211,289, 329, 418
sediments
103, 202, 255. 273, 315, 422
S y s t e m . . . . . . . 1,37, 43, 56, 58,59,60, 83a, 104, 111, 117, 117a, 125,131, 143, 183b,
192, 202, 213, 239, 255, 261, 273, 274, 275, 281, 282. 283. 287. 314d, 320, 323, 327,
329, 330a, 330b, 346, 380, 382, 383, 408, 434
watershed
68, 86, 141, 166
weathering
144, 154, 243, 315, 429
weir-site
254
Witwatersrand System
380
Wolkberg System
380
wrench faults
364, 365, 366, 367
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X

xenoliths

267, 375
Y

Younger
Granite
Sedimentary Formation

395
57
Z

zinc
blende
geochemical prospecting
zircon
Zoetfontein fault

;
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4, 205, 342, 380, 415
.;
96
i.J',
44, 350
158, 159
56, 137, 289, 329

