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GUIDE FOR AUTHORS

The title, CATENA, is chosen to represent the connections between different disciplines
which the journal will seek to make. At the same time it symbolizes an attempt to unite
scientists of different nations, modes of thought and, not least, different langquages.

The editors of CATENA take the view that the emphasis on interdisciplinary aspects of
PEDOLOGY, HYDROLOGY, GEOMORPHOLOGY and the related aspects of GEOLOGY, CLIMATOLOGY and
the BIOLOGICAL SCIENCES can contribute to the advancement of these disciplines in their
own right, as well as relating them to each other. Certainly there are at the present
large gaps between specialisms, which it is worth attempting to fill.

CATENA publishes original research, reviews of research fields, and critical commenta-
ries on particular articles or themes. Review sections will not seek complete coverage,
but will indicate publications of particular importance in relation to its chosen inter-
disciplinary fields.

Publication details

1. Suitable manuscripts will be published as rapidly as possible (4 - 6 months). ‘The
printing time will be reduced to the minimum required by technical necessities,

2. There is no general rule regarding length of manuscripts. However, general prefer-
ence will be given to manuscripts of medium length (10 - 15000 words) .

3. In order to meet these requirements, it is intended that there should be flexibi=-
lity with respect to publication dates. Individual issues will be of varying length,
depending oﬁ'manuscripts offered. These will be grouped into continuously paginated
volumes with a length of 400 - 450 pages.

In order to avoid delay in publication, manuscripts must conform with the directions
outlined below. Manuscripts inadequately prepared will be returned to the author(s).
Manuscripts will be reviewed by two editors (one of whom may be chosen by the author) .
regarding the following points: title, summary, length, arrangement and content of the -
text, adequate documentation, soundness of interpretations and conclusions,as justified
by the data, language standard, illustrations, bibliography.

Manuscripts should be send to:

either a) one copy to an editor of free choice, and two copies to the Editorial Office
(stating the mname of editor already in possession of the third copy)

or ‘'b) directly to the Editorial Office in triplicate.

In case of several authors all correspondence will be made with the person submitting

the manuscript.

The originals of manuscript, figures and photos should bé sent to the Editorial Office;
illustrations for the second and third manuscripts can be copies.

Manuscripts should be arranged in this sequence:
a) Title .

b) Author(s)

c) Summary

d) Zusammenfassung (German) or Résumé (French)
e) Contents

f) List of illustrations
g) Text

h)" Bibliography

On title page: title of article, author(s), affiliation(s), complete adress(es).

411 essays must have an English summary containing essential results.

English papers: Summary + Résumé or Zusammenfassung

French papers: Summary + Résumé

German papers: Summary + Zusammenfassung

Additional summaries in other languages can be printed. Translations of summaries into
German can be provided by the Editorial Office.

} in more voluminous papers only
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BRAUNSCHWEIG 1979

Reply to Cooke's discussion of:

K. Heine: Radiocarbon Chronology of Late Qauternary Lakes
in the Kalahari, Southern Africa

K. Heine
Geographisches Institut der Universitdt Bonn
FranziskanerStr. 2, 5300 Bonn

I refer to COOKE's Discussion of my above mentioned paper (CATENA, vol. 5, 145 -
149 and vol. 6, 107).
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Tab. 1: GEOMORPHIC AND PALAEOCLIMATIC EVENTS IN THE KALAHARI REGION.
Apart from my own investigations the following references are used:
BUTZER et al. (1978), COOKE (1975), COOKE & VERHAGEN (1977), GREY & COOKE
(1977) , LANCASTER (1979), SANDELOWSKY (1977), STREET & GROVE (1976).

3
x 107 | Makgadikgadi-Ngami-| Kwihabe Hills Etosha Pan Namib
years| Okavango_area and cave
® ©, MO,
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(1) According to COOKE (1975), COOKE & VERHAGEN (1977), and GREY & COOKE (1977) a
number of !%C dates from cave sinters and va11ey calcretes in the Kwihabe hills
area in NW Ngamiland, Botswana at latitude 20°05'S and about 300 km west of Makga-
dikgadi, .indicate wet conditions in the area between 16 000 and 13 000 B.P. Unfor-
tunately COOKE did not find any material for radiocarbon dating of this 'major wet
phase', namely the initially phreatic condition of his stage 7 (see COOKE 1975;
GREY & COOKE 1977). COOKE himself characterizes stage 7: 'The river Kwihabe re-
establishes itself, initially across a sand surface, but eventually re-excavating
its old valley across the hills, and in places following new fault lines. Erosion
removes CI and CII calcretes from the newly uplifted blocks and the river cuts
through the same calcretes to form the present gorge. Initially a high water-table
floods the o1d cave passages, resulting in extensive enlargement and the concomi-
tant removal of much of the SII sinter. As the river re-incises and the water-
table falls, the caves are drained once more, and as humid conditions continue,
the SIII sinter is widely deposited in the cave' (COOKE 1975, 442). With regard

to my own observations relating to pluvial condition in the Lake Ngami/Makgadi-
kgadi area between > 30 000 and 19 000 B.P. I would like to give the following re-
interpretation of COOKE's observations: Firstly the valley re-excavation with ero-
sion of CI and CII calcretes. The initially phreatic conditions in the cave with
re-solution of sinter SII and cave enlargement (see also GREY & COOKE 1977, 131)
may correspond to my pluvial phase between 30 000 and 19 000 B.P.; the subsequent—
ly further vadose development and extensive sinter growth (SIII dated at 13 000

to 16 000 B.P.) may correspond to my low lake level phase with deposition of flu-
vial sand, near the Okavango delta, and dune sand (HEINE 1978a, table of p. 147).
If we correlate the time of valley re-excavation with erosion and cave enlargement
in the Kwihabe hills with the p]uv1a1 phase of the Ngami/Makgadikgadi area (tablel),
none of the 1“C dates of COOKE's sinter SIII or SIV mentioned (COOKE & VERHAGEN
1977, 124) will run counter to my chronostratigraphic sequence. On the contrary,
COOKE 's stage 7 will be divided into two parts, (a) an initial part with major wet
conditions with erosion (with a duration of maximal ca. 10 000 yrs., this

allows sufficient time for all the erosion processes described by COOKE after the
sinter SII deposition and before the formation of the sinter SIII and/or SIV) and
(b) SIII sinter deposition between 16 000 and 13 000 B.P.

(2) COOKE refers in his discussion to LANCASTER's observat1on that the central
part of the Kalahari was wet at about 16 000 B.P.; LANCASTER (1977, 1979) describes
a new occurrence of lacustrine stromatolites from Urw1 Pan, Botswana in latitude
22°50'S. As far as I know (personal communication dated 13.9.1978) LANCASTER only
found stromatolites in the Urwi Pan; he could not find during his intensive inve-
stigations of the Kalahari pans any other material suitable either for radiocarbon
dating or for palaeoenvironmental interpretation, such as molluscs or plant re-
mains. According to LANCASTER the occurrence of the stromatolites indicate that
shallow lacustrine conditions prevailed in the pans 17 000 - 15 000 B.P. There are
several other indicators for erosional and depositional processes in the Kalahari
between ca. 19 000 and 12 000 B.P. caused by surface water. In the Ngami/Makgadi-
kgadi basin this is represented by fine sands, interbedded with layers of calcareous
clay and silt; these deposits are free of molluscs, but contain occasional compo-
nents of the red aeolian Kalahari sand; the morphology and sedimentology of these
deposits testify their fluvial origin (ep1sod1ca1 runoff of the Okavango waters to
the Makgadikgadi pans). Sixteen stratigraphically consistent !*C dates have been
obtained from deposits underneath and above so that the period of the accumulation
of the fluvial sand in the Makgadikgadi is restricted to the time between 19 000
and 12 000 B.P.-We cannot decide yet, whether the central part of the Kalahari was
more or less arid (with or without occasionally penetrating rains) or at certain
times during the last glacial maximum more or less humid (the humidity then must
have been caused by greater summer rainfall). Nevertheless, during the last glacial
(19 000 - 12 000 B.P.) Lake Palaeo-Makgadikgadi must have dried out; perhaps this
arid episode was due to reduced summer rainfall compared with the period > 30 000
- 19 000 B.P. and the period ca. 12 000 - < 9000 B.P.; during the glacial maximum

262



semiarid conditions might have affected the growth of the cave sinter SIII/SIV

(16 000 - 13 000 B.P.) and the formation of the Urwi Pan stromatolites (ca. 16 000
B.P.). The stromatolites form a layer above calcareous sandy clay which was depo-
sited during a high water level phase (LANCASTER 1978, 95); so it is possible that
this high water level phase of the Kalahari pans corresponds to my older Lake Pa-
laeo- Makgad1kgad1 (ca. 30 00C - 19 000 B.P.). In the central Kalahari, during the
last g]ac1a1 maximum there existed neither perennial rivers nor Takes; on the con-
trary in the southern Kalahari, my investigations of the Molopo valley (26°52" S)
indicate that a perennial river existed there between ca. 17 000 and 12 000 B.P.
according to radiocarbon dates of molluscs (corbicula Sp., Bulinus Sp., Unio sp.,
Xerocerastus Sp.). At the same time the Nosob and Auob valleys south of 25°S show
more or less arid conditions; the stratigraphy of the fluvial sediments and the
occasional occurrence of fresh water molluscs indicate that the last wet phase en-
ded there about 19 000 B.P. Figure 2 shows the regional distribution of the records
for dry and wet environments during the different Late Pleistocene periods.

(3) In his discussion CCOKE mentions that a further fact which I ignore 'probably
because of Tack of field knowledge of the area' is that the shoreline features at
the 920 m level of Lake Palaeo-Makgadikgadi are much more dissected than those at
the 945 (946) m level and may thus be older. I do not ignore this fact which is
clearly set out in the article by GREY & COOKE (1977), but according to my field
investigations in the Ngami/Makgadikgadi area, only those sections show lacustrine
sediments and/or lacustrine molluscs of the 12 00O - 9000 B.P. pluvial phase, that
are enclosed by the 920 m level shoreline, whereas lacustrine deposits and molluscs
of the older > 30 000 - 19 000 B.P. pluvial phase are situated within the 945
(946) m level shoreline; the distribution of the older and younger lacustrine de-
posits and molluscs indicate quite clear that the older lake was the more exten-
sive one and might correspond to the 945 (946) m Tevel and that the younger one
did not exceed the Gidikwe Ridge in the west of the Ntwetwe Pan. The mere morpho-
logy of the shorelines does not contradict my stratiaraphic evidence, if we assume
that the older shoreline is the result of the wettest period of the whole Late
Quaternary (since ca. 40 000 B.P.). There are many facts that prove a major wet
phase in southern Africa between ca. 30 000 and ca. 19 00C B.P., (a) the sediments
and molluscs of the Ngami/Makgadikgadi area which are radiocarbon-dated, (b) a
foss11 soil buried under red sand dunes and a calcrete layer in the SW Kalahari
(25°56'S, 20°25" 30''E), 14C date: 28 03014298 (Hv 9502), (c) lacustrine chalk of a
large p]uv1a] lake in Gr1qua1and Cape Province,1*C date: 24 890+695 (Hv 9504),
(d) cave sinter from a cave in the Namib desert near the Rossing hills, 1*C date:
26 530+920 (Hv 9489), (e) in the Gaap Escarpment area (Kalahari margin, South Af-
rica) the last Pleistocene cold-moist interval began after 35 000 B.P. and ended
14 000 B.P. (BUTZER et al. 1978), (f) in the Makgadikgadi basin many dry valleys
(Passarge valley, Deception valley) end at the 945 (946) m beach, thus indicating
running water with erosion during the maximum lake level and dessication after the
disappearance of the huge palaeo-lake; only the Okwa is regarded as an exception
with its Targe catchment; as a much reduced river the Okwa cut a narrow valley
which meandered across the old Take floor (see GREY & COOKE 1977, 128 - 129); the
Okwa valley originates in the central Kalahari, an area which cou1d have been af-
fected by rains during the glacial maximum, so that episodically (1ike in the Urwi
Pan) surface water played a part; among other things the interpretation of the
morphology of the dry valleys (GREY & COOKE 1977) verifies the concept that the
rains of the glacial maximum decreased from south to north in the southern and
central Kalahari (perennial river in the Molopo valley, stromatolites in the Urwi
Pan, traces of fluvial erosion in the Okwa valley in the Makgadikgadi basin, no
fluvial erosion in the Deception and Passarge valleys beyond the 945 m shoreline).
There are many reasons for correlating the 945 (946) m level with the > 30 000 -
19 000 B.P. pluvial phase; the much more dissected shoreline features of the 920 m
level cannot definitely be correlated with the younger pluvial phase (ca. 12 000

- 9000 B.P.), although it is possible that the dissection of the shoreline is a
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Fig. 2: Maps showing hypothetical climatic regions in the Kalahari for the periods
26 000 - 24 000 B.P., 17 000 - 15 000 B.P., ca. 12 00O B.P., and 9000 -
8000 B.P., based on palaeoclimatic interpretations of l4¢c gdated deposits,
molluscs, cave sinters, etc. See text.
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result of the surface runoff which is favoured along the 920 m shoreline by the ab-
sence of aeolian cover sands; the less dissected 945 (946) m shoreline is often
located next to dune sand areas where 1ittle or no surface discharge occurs (that
means less erosion).

(4) Further evidence for a pluvial period around 12 000 B.P. in the Kalahari re-
gion north of about 20°S is indicated by lacustrine sediments in the Etosha Pan;
the radiocarbon dates of a readily traceable layer of lacustrine chalk are:

13 680£175 (Hv 9494) and 12 720:+165 (Hv 9492); molluscs of a fossil shore (mostly
Xerocerastus Sp.) are dated to 10 670+465 (Hv 9493). These determinations are in
certain agreement with the dates of the younger Makgadikgadi pluvial phase. In the
Kwihabe valley calcrete CIV sometimes contains fresh water mollusc shells (COOKE
1975, 433); COOKE & VERHAGEN (1977) date the calcrete CIII or CIV to 9800 - 11 000
B.P.; perhaps the calcrete CIV with fresh water molluscs represents my younger
pluvial phase (ca. 12 000 - 9000 B.P.).

(5) COOKE comments that my radiocarbon dates are 'a very welcome contribution to
the work that is at present in progress, but the dates would have been better pre-
sented as such, and not used to support what are at this stage unjustified general
statements'. I interpreted my radiocarbon dates very simply: Fresh water molluscs
and Tacustrine chalk = wet phase; lacustrine sediments = Take; aeolian sand = arid
phase (everywhere in arid environments aeolian sand transport and accumulation is
observed together with certain fluvial processes that provide the sand for wind
deflation); fluvial laminated deposits (sand, silt, clay) without molluscs, but
often with a certain percentage of aeolian sand = episodical discharge (in an arid
to semiarid environment); fluvial deposits with fresh water molluscs = runoff,
either periodical or perennial (depends on the molluscs); calcrete = semihumid to
humid phase (yet the calcrete may be interpreted in another way, see COOKE 1975);
fossil soil with an A-horizon rich in organic matter = humid phase, if found in

an area where today desert and semidesert soils are developing; cave sinters =
semiarid to semihumid conditions (the growth rates of the Kwihabe cave sinters
appear to be rapid and indicate favourable conditions of water availability and
temperature from 14 000 to 17 000 B.P. (COOKE 1975, 441) or from 13 000 to 16 000
B.P. (GREY & COOKE 1977, 131); the occurrence of cave sinters in the Namib (dated
to about 26 500 B.P.) shows that considerable rates of solution are also possible
in a more or less arid environment). Up to now my chronology is based on 44 radio-
carbon dates, and furthermore on the palaeoecological interpretation of the molluscs,
indicating fresh water and - in some cases - perennial flow of fresh water. The
combination of these palaeoenvironmental facts with the absolute !“C dates suppor-
ted by sedimentological data have encouraged me to make some remarks about the
Late Quaternary climatic development in southern Africa.

Table 1 shows a proposed correlation of the different observations from the Kala-
hari region during the Late Quaternary. Figure 2 shows a palaeoclimatic interpre-
tation of the deposits, molluscs, cave sinters, etc. that are dated by !“C. It
seems that the major wet phase occurs between > 30 000 and 19 000 B.P., because

of relative warm temperatures (interstadial) and a southward displacement of the
summer rain belt (as a result of a meridional circulation pattern); at the same
time the Namib receives some precipitation, possibly because of a weak Benguela
current. The last glacial maximum (ca. 19 00C to 12 000 B.P.) is characterized by
extreme arid conditions in the Namib and arid conditions in Southwest Africa
(caused by a strong Benguela current, see CLIMAP Project Members 1976) on the one
hand and semiarid to semihumid conditions in the Kalahari on the other hand; in
the southern region of the Kalahari the summer and winter rain areas overlap, res-
ulting in wet conditions for this area (perennial river in the Molopo valley).
About 12 000 B.P. the temperatures become warmer, the summer rains are intensified,
penetrating now further westward (Etosha Pan), whereas the south Kalahari becomes
much more arid, because of reduced winter rainfall. About 9000 - 8000 B.P. the
Benguela current is weak (climatic optimum of the southern hemisphere), so that
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the summer rains episodically can penetrate into the Namib desert; yet extreme
pluvial conditions are not observed in the Kalahari, probably because of a zonal
circulation pattern (in contrast to the extraordinary wet phase between about
30 000 and 19 000 B.P., a period with a meridional circulation pattern). Table 1
and figure 2 combine all observations from the Kalahari region, thus leading to
a complex palaeoclimatic reconstruction of the interior of southern Africa.
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