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ABSTRACT. The drainage of the upper Orange and the Vaal Rivers has been affected by active
gully-cutting and soif stripping. This is auributed to overgrazing and burning which has degraded
the grassveld and partly replaced it by an open shrub vegetation that provides Tittle soil
protection. Prior to this disturbance (since the 1880s) there was litile geomarphic change on the
interfluves, with accumulation of fine sands or silts in the larger stream valleys. This *“Younger
Fill” has been dissected in very recent times 1o form terraces al 3—8m above mean fload-level.
During the Iate Pleistocene three units of fine zliuvium (now forming terraces 3t 6 to +15m)
were depasited in the tiver valleys and low counury, with coltuvizl sheets extending over the
footstopes. Alihough derived in part from older euliun deposits, this “*Older FilI™ zccumulated
slowly with an effective grass cover, impeded runoff and increased percolution. Reflecting
climatic constrasts, the facics vary from formations rich in carbonates and colian derivetives in
the drier west, 1o gleyed sediments in the moister east. The intervals of downculting preceding,
interrupting and following aliuviation of the Older Fill were dries, with accelersied runoff. Close

gnziogics cun be drawn with cut-and-fill cycles in the Americar Sonthwest,

The majority of the continental surfaces are
mantled with 3 variety of non-dunctional surficial
deposits that range from ghacial @il and loess
mantles to lake beds and aliuvial formations. From
one region to another the age of such: non-
functional surfaces of deposition may range any-
where through the last million yeurs or so, al-
though the bulk of the surtwial deposits preserved
in most continental arcas duates to the late Plesito-
cene, usually to the last 30 10 60 thousand years.
The very fact that such formarions are nogp-
functional, and that they are of some xntiquity,
suggests that the majority arc not reluted 1o the
same environmental parameters that govern mod-
ern geomorphologic balances.

Surficial deposits are of considerable signifi-
cance and interest, well beyond that of ihe histori-
cally-oriented geomorpliclogist: they form the
parent materjal for most contemporary soils; they
determine the erodibility of these soils in terms of
both material and morphology; znd they com-
monly represent the contextuzl medium of pre-
historic man in the New and Old World. More
esoteric and but no less relevan: geographically is
the little-realized fact that the dominant classes of
surface sediments are as much an aspect of the
physical environment as are climate or vegetation:
they are subject to areal variation and patterning,
and liable to multivariate analysis and interpreta-
tion. The distribution of tills and loess plains in
North America and Eurasia is an obvious ¢ase in

point, Less apparent are the patterns of suricia
deposits in subtropical or tropical lutitedes, or in
arid to semniarid settings. In the American South-
west ane of the best known prehistoric legacies is
the complex of fine-grained valley fills that has
been dissected by guily-cutting since the Jate 19th
century, with disssirous resulis for the agriceltural
resourse base (see Tuzn, 1966, Denevan, 1967,
with further references). The history of these silty
flgodplain deposits hias been recently unravelled
with the help of radiocarbon daling, with the
recognition of many gencrations extending back
over 15,000 years or more (see Havnes, 1968, with
references). Little known is the fact thar simifar
alluvial silis form extensive surfaces in cther semi-
arid environments of “the world such as South
Africa, Indiz, and parts of Austrulia.

The purpose of this paper is o describe ané
discuss the fine-grained slluvial fills of Soutk: Af-
rica which ¢re remarkably 2nzlogous, from several
points of view, to those of Arizons and New
Mexico, Surprisingly enough, these Svuth African
features have previously escaped the notice znd
attention of geographers, geologists, agronomists
or prehistorians. Gully-cutting has been  the
scourge of most of the Interior Plateau of South
Africa since about the turn of the century. Yet
despite the concern of seil-conservationists, the
close coincidence of gullying with tracts of silty
alluvium has not been recognized (see, for ex-
ample, Wellington, 1955; King, 1963; Molier,

41

gk f s hirasipeny

e

A R W [ A A I,




P s

-5 PROCEEDINGS 1970

1965). Furthermore, despitc the study of individ-
ual oceurrences from one peint of view or unother,
conservationisis, geomorphologists and prehistor-
ans have ignored the almost universal distribution
of fine alluvial fills in particular topographic
situations.

DISTRIBUTION OF FINE ALLUVIAL
- FILLS IN SOUTH AFRICA

Fine-grained alluvia! fills in South Africa gre
best developed in the continental interior and here
primarily in druicage systems develeped in rocks
of the Karroo System. Temporally, the Karroo
units range from late Paleozoic to early Mesozoic;
lithologically, they corsist of sandstones and
snales, with interbedded tillites and coal measures,
capping floed buasalts, znd intrusive dolerites;
strocturally, the Karroo System is relatively- undis-
turbad, at least in the interior, where strata are
usuaily subhorizontal and seldom faulred. The
Rarroo rocks erwde fairly readily, providing broad
plainlands with bulte or meso-form residusls com-

monly formead, ¢apped or otherwise preserved by
Y J 2 ¥

dolerites or basalts. The dominantly sandy or
shaley sedimeniaries provide an abundant supply
of sediment for overland flow, stream transport
und locad eolian rewerking. Other geological prav.
inces, such us the guurtzites and dolontites of the
Frecambrizn and eurifer Puleczoic, provide more
limited sedimznt or, in the case of the late Teniary
Kalahari Sands, a surleiz.

© Additional factors affecting the development of
aileviyl fitls ore rele! and climate. The relief and
increased grudients of the coast:l ranges and up-
lands fevor coarse-grained, gravelly to sandy al-
tuvia, usuoally restrivied to compuratively narrew
vatley systzms. By contrast, the interior is domi-
nated by Musczole to Tertiury planation surfaces
(Ring, 196Y; Wellington, 1953) that provide only
timited relief and extensive tracts of gently-sloping
Lund. Climate Is also effective in several ways, with
optimal development of fine alluvia and maximum
gullying in semiarid to subhumid environments
with high rainfall variability from year to year.

In pragtical application, fine alluvial filis are
charecteristic of the interior of the Cape Province,
and of most of the Orange Free State. Study was
essentially restricted to the upper Orangs River,
the lower Vual River, and the tribulary streams

_ between the Orange and Vaal. This area displayed

sufficient horizontal variability to allow the estab-

lishment of a stratigraphic framework and w0
recognize patterns of regional variation that must

ultimately be related to climatic ' and lithologic
factors. (Fig. 1)

THE YOUNGER FILL

Within the upper Orange and the Vaal drainuge,

modern floodplains lie between suits of well-
preserved terraces recording two major generations
of fine-grained alluvial fill. The contemporary
fleodplain is essentially limited to broad, shallow
channels of low hydrzulic radius. Bed-load de-
posits are dominant and abundant, in the main
part sands, occasionally with concentrations of
pebbles or cobbles. The channels 2re fringed by
low, sandy rampurts at 1 to 4 meters sbove mean
low water (or stream floor); incomplelely covered
with vegetation, these are periodically activated
during exceptional fluod surges and represent bed-
load deposits rather than floodwsilts, Dunes, pri-
marlly barkhans, sre developed dewnwind of some
broad, sandy stretehes of the Orange River,
modeiled by the effective northerly to north-
westerly winds,

The aciee flocdplain is generelly paralleled by
narrow: terraces of fine sands or silts, the surface of
which typually Lies 3 to 8 meters above meun
flood-level ¢Fig. 2). This relatively recent fill is
wellstruiified, uncemented and has not been com-
pactsd except where clays are abuadant. $oil
profiles 2r¢ rudimentary, being limited to shallow
pumificazion and rooting; however, this &nsected
stuvium es well wbove the lavel of lan-10year
cutastrophic foods, and s matere, fringng wood-
tand may be feund un the surfuce, Texturally, the
sedinients are homoacneous at any une location,
and zare 2ither comparable wo or fner than modem
bed-lued deposits, Thete are loagitudinal contrasts
in texture and alung some stretches of the Vaal,
where suspended muferials ouiweigh bed-load,
clayey componernts become important.

Provisionally designated as the “Younger Fill,”
these alluvia are best represented in the major
valleys, they are commorly usbsent in smaller
tributary systems, or may be recorded by nothing
more than narrow erosicnal beaches or sloping
shoulders cut into older deposits. Development is
optimal zlong the QOrange and the lower Riet
Rivers, where two major substages—separated by
an interval of downcutting—can be recognized over
considerable distances. Elsewhere there i3 only one

* The present climate of this study ars mrges frems
dry-subhumid to semiarid by the Thornthwaste clnuflica
tion, with moisture indices of {0 to =40, and Litke or 2o
water surplus at any season {see Schulze, 1958),
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body of Younger Fill. The gradient of these
terraces is not identical to thet of the modern
chunnels: it is reduced upstream of major valley
consiriczions, but increased downstrsam; in the
major tributaries gradients were also reduced in
the lower stream courseg, approaching confluences
with the Orange or Vail. So, for example, the
telative elevation of the highest Younger Fiil ter-
races fluctuates between +5.0 and +12.5m through
the succession of rocky gorges and basins between
Aliwal North and the Crange-Vaul confivence. In
lower-créer tributaries the Younger Fill terrace
uliimately terminales in steep-walled, fat-floored
valley heads cut inte older alluvium, with micro-
pediments covered by silty or clivey materials:
hewever, 'hc_eudward erosion was incomplete in
most tributary systems, and some fine alluviution
ultimately prevailed upstrezm 25 3 new steady rate
was achicved, The period of disscction that pre-
ceded secumulition of the Younger Fill appear to
“have been brief and, as an impulse, it wyvelied
upstream from the Ornunge uad Veal. Downstream
alluviation may have begun before the hemivycle
of downcutting was compleied.

The ‘uge of the Younger Fill remairs conjec-
tural. There appear 1o be no materials susceptible
1o isotopic dating, and no primury archeolugicad
associaiions were fourd. Even wuterworn stune
artifacts are very rare, although eyuivalent beds of
surface wash mazy contain Late Stene Age materi-
als of pust-Pleistocene uge. The lack of a real soil
profile suggests that accumuizlion was undervay
as recently as the [Sth century; howsver, rock
eagravings in several styles—and attributed to the
lzst several milleriz (Fock, 1968 and unpub-
lished)—are fourd on bedrock under the modem
bed of the lower Riet River.

THE OLDER FILL

Beyond the Younger Fill terrace(s), valleys are
floured by a great expunse of older alluvivm,
typically at 8 to 15 meters above miodern flood
levil, This “Older Fiil,™ as it is provisionaily
labziled, 15 compact and at times calereted, Mature
soii profiles are normal and range from humic
floadplin soils to durk, cluyey vertisols or oxi-
dized scils with carbonate horizons, depending on
the parent material and drainage conditions. Tex-
mre vanias considerably. Massive exposures of
pourly stratified, homogeneous coursz silts or fine
sands ace typical along the former axis of mujor
through-streams, while complicated profiles of al-
ternating gravels, clays, marks and buried soils may
be found i inbutary sy<tems.

From the air the surface of the Qlder Fill shows
impressive traces of former floodplain features:
cut-off meanders, channel bifurcations, basins or
backswamps, and even some low dune forms with
blow-out scars. These once poorly-druined surfaces
extend laterally into every tributary valley ard
peripheral basin and. depending on the restriction
of local gully-cutting {“*donga erosion™), there may
still be flats of poorly-drained ground. The gradi-
ent of the Qlder Fill terruces is also irregular,
steepening rapidly below vailey constrictions and
flattening out above major confluences, Thus, the
higher Older Bill terrace variably rises and fulls
between +8.5 and +16.5m ulong the Orange River.
An additional element of importance is the chan-
nel trace, which can sometimes be reconstructed
from air photos: rvers had much greater sinuosity,
witl Intricute meander loopings whese the scome-
try of the tbbrevizted madern channels is charae-
terized by muarkedly reduced wave amplitude, to-
gether with increased mcander wavsiength and
sdius of curvature. Comequently the sireams
responsible for ailuviztion of the Qlder Fill had 2
rather different dynamism, with longer chunnels,
broader “floodplaing, reduced longitudingl pra-
dients, and 2 higher propurdon of suspended
sediments, )

Upstresm 1he Older Fill differs fundamentally
from: the Younger Fill. The alluvium not only fils
ocut rock=ut chunnels but charucteristically ex-
tends smoothly up the adjacent footstopes, chang-
ing facies 1o a relatively fine wash, In semizrid
country these colluvial sheets may tenninate in
broad piedmont zones or pediments below residual
hills; in subhumid settings they extend up geatle
slupes of 2-4°, thinning from the valley botiom:
Freguently such colluvial facies show 2 vertical
gradation from a basal detritus to clayey sedi-
ments. There can be no question that aggradation
was widespread on the lower parts of the inter-
fluves, essentially coeval with ulluviation down-
vailey.

The Older Fill comprises 2 or 3 discreie bodies
of alluvium, separated by intervals of downcutting
or eroston (Fig. 2). In meost cases, the second
generation rests directly upon the first. In other
instences there may be distinct terrace bodies

- offset vertically by some 2 to 5 meters. The first

gereration of fill frequently has basal gravels,
mainly 2 subangular detritus transporied over
limited distances, that give way to massive clayey
silts, sometimes with intervening lenses of cur-
rent-bedded sands. In the semiarid past of the
study area, this basal unit is commonly enviched in
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carbonates, with zones of calcretion and root-drip
or, where lime is abundant, grading inte marls; in
the subhumid areas, gley phenomena indicate sea-
sonal or permanent waterlogging. The second gen-
eration of Older Fill is silty, ¢layey or marly,
mainly massive with evidence of cracking dynam-
ism and a lendency to vertisol development: car-
bonzte or gley horizons may again be present.
There i3 zisc sporadic evidence for a thifrd sub-
stage, sometimes evident as a brief phase of regrad-
ing, with limited alluviztion on a restricted flood-
plain cui out during an interval of dissection;
elsewhere this third generation was marked by
rencwed alluviation of silts over the vertisels of the
second phase of aggradation.

The Qlder Fill spans a long period of time
judging by the vast volume of relstively fine
sediment, the presence of 3 major depositional
breaks, the mammazlian faunzs, and the prehistaric
industries. The baal strata of the first genaration
inciude the mammelizn {zunzl site of Cornelia,
which hos o high propornion {(7171) of exuna
horses, suids and bovids (Cooke, 1963, 1967).
Ancther wssemblage, that of Flonsbad (Cuoke,
1962y, is rtather mure muedemn (3177) extinet
forms) and appears 1o relute in part to 2 higher
Ieve] in the first generation of the Qlder Fill, in
part 1o lafer urits. A third assembisge, from
Viskkraal, comes from either the second or ihird
peneration; i1 his 447 extinet forms (Cooke,
1963). Whereas the Cornelia fauny is considered us
late Middle Plzistocene, the Florisbad and Viak-
kraal feunas are aceepted as Upper Pleistocene
{Cooke, 1967). The Florisbad assemblags has C1%
dates of “greater thun 48.0300™ and “grezter than
35,000 BP.” (L-271B}, while that of Viekkraal
probably correlates with 2 level brackeied by dates

of 28450 and 19350 BP. (L-27IC, 271D) at.

Florisbad. A last fuunal assemblage, from the basal
Older Fill in the Vaal River near Bloemhoi, re-
mains to be published (Mason, 1969).

Bifaces and choppers of the “Eurly Stone Age™
(Acheulian und “Fuuresmith™} huve been found in
the tasal strate of firstgeneration Older Fill at a
good number of sites, including one or more
occupation sites near Bloemhof (Masun, 1969),
“Middle Stone A" assemblages or occupation
floors have been recovered from the middle and
upper parts of first-generation Older Fill in the
Vazl (at Riverton, Fock, unpublished) and the
Orange valleys (Orangia “1,” Elandskloof “13™
and Zeekoegat 27" of Sampson, 1969). At and
near Florishad, where the second-generation Older
Fill is hest related to a peat dated 28450 BP,

{L-271C), a significant “Middle Stone Age™ z2ssem-
blage cames from what zppears to be the basc of
the third generation, 2s is also the case at Viak-
kraal? To permit z more general dating of the
Older Fill, inorganic carbonztes, snail shells, and
carbonaceous deposits were collected from the
various stratigraphic units, and have been sub-
mitted for radiocarbon dating. At present it ap-
pears that the Older Fill spzns most or all of the
later Pleistocene.

Accumulatien of the Older Fill was praceded
by a long .period of erosion with some bedreck
incision, so that the Qlder Fill normally rests on
bedrock and has not been observed superimposed
directly on older alluvia. Deposits of greater antig-
uity do occur, but they are found ai higher -
elevaticns (from 15 to 55 meters sbove finod-
pluin). They include high gravel terraces or con-
glomeraies resting on broad eravional platfoms, o5
well us widespreed caliche crusts, {reshwater Hme-
stoney «nd cther szlerete formations. found on the
interfluves of 1he drier purts of the study ares.

amples of the youngest of these zarbonates,
related o “Early Stone Age"™ sites, have been
submitted for uranium deting cnd may provide 2
wore precise lower teraporal himit for the Oider
Fill, .

INTERPRETATION OF CUT-AND-FILL
CYCLES IN THE CRANGE-VAAL DRAINAGE

It would be premature to attempt interpreta-
tion of these geomorphic cvdles until sediment
analyses have been completed. {uriher tests made
for pollen, and a more satisfactory dziing frame-
work obtained. The train of events doss, however,
mesit & provisienal discussion. Busic 19 any inter-
pretetion is the close dependency of geumormphic
equilibrium upon vegstution cover. The “natural”
vegelztion of the study ares is grassveld or prass
savanne (Acacks, 1953} which, in zn undisturbed
sitvation, provides excellent scil proiection and
slows down surface runoff ang indizectly smoothes
out discharge maxima. [ the stream channels of
even the largest tributaries, suchi conditions favor
finer-grained sedimentation neross channel beds
choked in gruss, reeds and sedges, and dotted by
disconnected pools of water even 2t the end of the
dry scason. Situations like this, which contrast
strongly with bare sand and gravel floors else-

2 ANthough Flodsbad and Vikirraz! zre spring sites.
the former can be linked 1o a Jocel aliuvial sequence with
comparable thostratigraphic units, while the latter can
be direclly tied in with the Gldet Fill of the Modder
River,
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where, have been reconstituted below a series of
waterscontrol dams, Consequently, geomorphic
equilibrium, with slow sccumulation of suspended
sediments, is best associzted with shallow, vege-
tated channels and a high water table even during
the dry season; on the othcr hand, deep channels
with exposed bed loads and low water tables relate
closely 10 siream incision 2nd hesdward donga
EfOSiOTl.

The present geomorphic trend in the Orange-
Vaal drainage wus established during the period
1880-1930 1s the grassveld was overstocked with
attle and sheep, and repeated burning accelerated
the process of range deterioration (Acocks, 1953:
Talbot, 1961). Over much of the arca fommer
grusstand has been dnvaded or repluced by com-
muaitics: of low, succulent (“Karroo™ shrubs

where the soil is generylly bare at the end of the
dry season, - Runoff is rapid und unimpeded, strip-
ping 1opsdil by sheer erusion und cutting guilics
wharsver flow concentrales on steepening fradi-
ents, Stream discharge is marked by aperiilic
Aood surgesthat carry large quantities of sediment
and mainly depasit bed-load slang the major riv-
ers;-the lintervenmg base-fluw I3 minimal, As 2
resalt there is-crosion and dissection, with rapid

hexdward. incision, everywhere except along the

larges: theough-rivers, e.g. the Orange, Caledos and
lower Vaal, The intensity of donpa erosion during
the present century wias not p -r.lli lod during
eurlier periods of downeutting, Gullies are initiated
in the Older Fill but rapidly cut through these
alluvia .and colluvia into Karroo shales boluws
nowhere can the Older Fill be scen to cover 2
cemparably dissected surf:

Flowing across & low.gralient sucface and sepa-
rated from the occan by repeated stretches of
cataracts and wuterfulls (Wellington, 1958), the
upper Orange and the Vaal drainage have not been
affected by changes of buse level nor, for that
matter, is there evidence [or tectonic interference
during the later Pleisiovene. For these reasons the
cut-and-fill cycles that predute human disturbance
must bz attributed to changes of effective 'ground
cover and, indirectly, climate. At first glance the
Younger Fill sppears to correspond 16 the model
of a semiarid landscape affected by headward
erosion end downvalley alluviation during a pericd
of declining rainfall (Bryan, [94); Antevs, 1952).
In detail, however, there is no evidence of contem-

a

3 See Mahringer ¢nd Hayaes (1965) for an excellent
description of analogous conditions in southeastern Ark-
zona befare and afller gully-cutting,

porary gully cutting, and sediment must have been
supplied by sheer wash, Since the Older Fuli
remuired undissected until the 20th century in
many tributary drainage systems, the Younger Fill

represents a period of vegetation and geomorphic -

hulance most probubly representative of undis-
turbed conditions prior to 1880. From all appear-
anees, accumulation of the Younger Fill was ub-
ruptly interrupted by sudden and intensive
diszurbance of the grassveld by the white settlers

{ the late [9th and early 20th centuries. In the
mcdmrr.mean rainfall belr of the Cape, and pos-
sibly in the Orange-Vaal drainage,* thers also was
a notable decline of precipitation from 1592 to
1930, with a brief improvement 1901 --05, and a
renewed increuse since the 1930%s (Vorster, 1957;
Hofraeyr and Schulze, 1963). Possibly it was a
combination of interference and a series of dry
vears that upset the existing steady wate, resching
in rapid downeetting, apparently beiween 1830
and 1930. This first adjustment complered., a new
stendy state with ubrocmally rupid and intersive
denudulson was established within a few decades,
Soilconservation measares remuin halt-hearied,
amd even the prowing suepession of concrete weirs
on mujoe rivers and earth doms in low-order
dramages hag Borely served To check the rute of
soil erosion.

In general, the Older Fill suggests long perinds
with slow geomorpholegic chense, and a fughly
effective vegetation. Improved maisture conditions
are implied, with 2 more comiplete mat of vegers-
tion und incressed pereslatfon, so reducing the
rate of runoff and discharge, with gradeal soyrada-
tion of both the footsiopes and vallev floors. At
such times a lush grassveld, neither disturbed by
man nor overgrazed by native game, must have
prevailed. Periods of dissectlon or acerction of
crede slope detritus probably marked periods of
drier climate, with 2 correspendingly more open
vegatation. Such an interpretation is strengthened
by 1he pollea profiles from Florishad (van Zin-
deren Bakker, 1957) and Aliwal North (Coetzee,
1967) which indicate repeated and significant
shifts of vegetation communities between grassveld
and Kuarrooe shrub during the late Pleistocene.
Interestingly, the radiocarbon dates from thess

4 Unfortunately there are no climatic records from the
northern Cape, the Orange Free Swte, or the Transvaal
that predate the turn of the ventury. Consequently, no
gurtuin nferenees can be made, not can it be delermined
whether rainfall variability has increased or seasenal distsi-
bution c¢hanged, features that may simulate a decling in
meun total precipitation in 2 grassland sctting.
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sites suggest that a closed vepelation was prescnt
during the cooler glacial stades. open shiub vegeta-
tion during the wanmer interstadials, Although
beyond the scope of this paper, widespread eolian
deposition and local deflation or dune modelling
were repeatedly active in drier sectors of the
QOrange-Vaal drainage, apparentely during periods
of stream cutting. Silts 2nd sunds of eclian origin
were subsequently reworked by rumning water,
and much of the fine sediment accumulated in the
Older Fili was derived from older eolian veneers on
the interfluves.

The late Pleistocene to Holocene aliuvial his-
tory of the upper Orunge and the Vaal drainage is
surmmarized in Table I, fogether with the inferred
human and climatic factors. The ¢lose analegies of
these cut-and-fill cycles with those of the Ameri-
can Southwest extends from such phenomenz as

recent gullying 1o sediment properties and mor-
pholegy (sce. e.g., Haynes, 1968; Tuan, 1966;
Dencvan, 1967; Martin and Mehrnger, 1965;
Wwendorl er al,.1961). Above all, the primary
controiling factor in both areas is the alternaton
of closed grass cover and open shrub vegetzation in
a semiarid climate, Other cnvironmental parailels
include a subtropicel latitudinzl position in the
bel& of ovirlap between winter and summer rains.
For all intents znd purpeses these Wwo regions
provide a2 good example of how envirommental
parameters affect geomorphology.
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TABLE 1. RECENT ALLUVIAL H[STO‘{Y OF THE UPPER
ORANGE AND THE VAAL DRAINAGE

GEROMORPHIC EVENTS . .

INFERRED $ACTCRS

EO. Actree pullying, with zliuviston of mojor channels;
Jowal ool activily

Continasng huimsn dederhance with degradszton of
vepetation, scoelerated runoli

9. Rapid dusevtion of Younger § il intiation of gully
culting

Inital, intensive hemen disturhonce (oo, 1880.1930),
coevil with dry yeors 189239340,

8. Alluviation of YOUNGER FILL (2 substages locally),
downstream and midstream

Representative of pre-1880 v-g tation «nd geomorphic
balince

7. Disseetion of Older Fill in mujor stream valleys, sheet
crosion and rome gubying upstrgam: locel volian
activity; preceded or followed oy long period of soil
development

Relatively dry or ramnfull deddining; vepetstion mat
:rmr.,—lu; Sail developmani cavud mth miaist condi-
uo'*s z=nd geomorphic b.u..nc‘

6. Alluviation of OLDER FILL, substage 3. Includes
abundunt, derived eolian sands or silts; brief and
toualized

Relatively moist, with improved ground cover

§. Limited dissection of larger valleys; local eclian activ-
ity

Reiatively dry, with reduved ground cover

4. Alluvintion of QLDER FILL, substage 2. Slow accu-
mulation of llocdphin mucks, vertisels

Molst, with optirmal ground cover

3. Limited dissection of lurger vaileys

Relatively dry, reduced ground cover

2. Alluviation of QLDER FILL, substage 1. Basal detri-
tus grading up info massive, fine-grained sediments
with derived eolian siit; extend from valleys onto
footslopes

Relatively moist, with incrsasing or fluctuating ground
cover

i.Prolonged dissection and gentral denudatjon; local
eolian activity

In part, relatively dry with reduced ground cover

Various clder gravels, caleretes, and freshwater limestones, in part with Lower to Middie Fleistocene faunas
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(GS-3013, 1970), and the anthropology Depart-
ment of the Univ. of Chicago. Daniel Bowman
"(Chicago) assisted with the sedimeni analyses,
while David Helgren (Chicago) collaborated in the
field during the second season. I am partjeularly
indebted to G. J. Fock (Kimberley) for a number
of highly profizable days swdying key exposures
in the lower Vaal Valley, and relating archeological
occureences to various formations. Further thanks
are due to A.B.A. Brink and T.C. Partridge
‘(Johanoesburg) for introducing me to their study
arca on the Vaal at Windsorton, and to E. M. van
Zinderen Bakker {Bloemfontein) and H. 7. Deacon
{Grahamstown) for many useful discussions and
repeated heiplulness. C.G. Sumpson (Oregon)
made usefil comments on-the menuseript.
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