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INTRODUCTION - SQURCES OF INFORMATION

This veport is based on the study of the air photozraphs
eovering the irrigation setilement supplemented by studies of
the following itenss

l. All availeble topographical maps ineluding the Vaalharts
irrigation maps which show eontours at vertiecal
intervals of 5 feet.

2., All available geological mﬁ@a, those of the larzest
gseale bheing the 1507-08 Geclogical Commission maps on
the scale of epproximately 4 miles 4o the inch.

3+ A map of the irrigation settlement on the scele of
1 inch to 3000 feet giving plot reference numbers and
showing the system of irrigation censls and drainage
ditchese.

7 4. The origimel soil type and irrigability meps st the
Soils Research Instituie covering the settlement,

9« Seil Groups and Sub-groups of South Africa by C.R.
van der Merwe {(1940),

6. Various interim reclemation reports by A. Streutker
and nembers of the Vater Affairs Department which were
eirculated prior to the field conference held at
Jankempdorp on 8th-9th August 1967.

The writer has also had the benefit of perscnal discussions
with Dr, C.R. van der Merxrwe, lir. J. van Woerkom and Mr. Louw
of the Soils Research Inetitute, Pretoria.

1, WATTR AND SOIL IN THE HARTS VALLEY

The existence of the Vaalharte irrigation seitlement is
dependent on the topographic cireumstance that weiter can be
diverted from the Vaal river into a 50-mile long reaech of the
Harts-Dry Harts river valley which carries irrigable socil.

( a ) Wate by
The topographie circumstance exists for the following
reascns (fig. 1) The Harts river, rising near Lichtenburg, flows
southwestwards across the western Transvaal gradually converging
with the Vaal and debouching into that river at Delportshoop,
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4% Schweigzer Reneke the Harts river is 40 miles from the Vaal,
at Taung 35 miles, while a%t Warrenton on the Veal the distance
between the two rivers is only 15 miles,

The irrizated belt of land is not enbtirely in the Harts
river valley, for, above Taung, it extends northwards in the
vailey of the Dry Harts river, not that of the Harts. For this
reason the irrigated valley is referred to in this report as the
Harts-Dry Harts vallsy or simply the HDH valley.

The Vanl and the Harts rivers above Varrenton and Schweligzer
Reneke, respasctively, both traverse the plateaun of the south-
western Transvaal and have very similar lonz-valley profiles but
between Schweizer Reneke and Taunz the Harts river descends into
the comparatively deep north-south trending HDH velley, while
the Vaal at Warrenton situated 40 miles south of Taung has nob
yet begun its descemt into that valley: hence VWarrenton stands
aome 175 feet above Taunz and 500 Teet sbove the Harts river ab
the latitude of Varrenton.

It was thus possible to lay out irrigetion cansls to waber
a 50-mile long strip of land, situated between them and the HDH
river, which ie 3 miles wide at Pudimoe, & miles ot Taung, 9
miles at Hartswater, 13 miles at Jankempdorp and 6 miles wide
at the southern end of the western canal. The corresponding
elevation differences between the canals and the rivers are 75
feet at Pudimoe, 180 feet at Taungz, 425 feet at Jankempdorp and
about 300 feet at the end of the west canal,

{v) Soil

Host irrvigated soils other then slliuvial are residusl soils
characteristic of some particular rock type or, mere Ifreguently,
characteristic of some particular drainage conditions in the
topographical catena® The Vaalharts settlement seil is exceptional
as it is an aeclian transported scil named by C.R. van der Merwe
(1940) after the material in whieh it has developed, viz.

Ealahari Sande.

¥Catena means chain. It was applied firet by Hiln to the Suce
cesgion of soil types characteristic of different positions in
the topographieal profile in the Shinysnsa District of Tanganyika.
I extend its use to the succession of topographical elements
themselves. See fig. 8 of this report.
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In the central end greater part of the Kalahari region the
soil profile contains no calerete horvigon, but in the peripheral
belt of the Kalahari, in which the HDH vally lies, the presence
of a calerete horizon is a normal feature of the scil. Van
der Merwe regards the calerete as the B horigon of the sandy
801l and distinguiches this peripheral soll with the calerete
horizon as a separate sub-group "Kslahari Sand on Lime" different
from the "EKalsheri Sand" of the central part of the Kalshari.

Van der MNerwe believes that the sand of the Emlahari Sand on

Lime soll was blown by the wind from ite source in the central
Kalshari onto non-arenacecus bedroclk formations in the peripheral
region and that the calerete B horison developed in it there,

not by the usuel downward leaching process from the surface bud
by deposition from soil water that meved upwards under capillarity
from slightly caleareous rock and subseil below. Vhere ealerete
iz gxposed at the surface, he infers removal of the overlying
sand by wind or other means,

As in this report we are not much concerned with the genetie
relationship of the sand and the calerete, the send will be
referred to simply as the Kalahari sand and the limestone horizon
simply as the ecalerete. The sandy nature of this seil, while
rendering it irrigable, is, the suthor believes, in association
with the impermeability of the underlyin: rock, one of the mein
reasons for ite having become water-logged by the irrigation
water.

2, GEOLOGY AND GROUHD-WATHR HOVENENT
(a) Geolosicel structure of 4h

North of Kimwberley the northeastward trending Dwyka cuberop
becomes split into two narrow projections by an antielinal Venterse
dorp inlier. The Dwyke outcrop projection lying east of the
Ventersdorp inlier runs up the Vazl valley where it is terminated
by the overlap of the Ecca onto the Ventersderp; while the Bwyks
cutorep projecticn lying west of the Ventersdorp inlier extends
up the HDH wvelley to be terminated by erosion in the neighbourhood
of Vryburg. A map traced from the Geological Commission maps of
1907-00 and covering the Karrco outerop projection in the HDH
valley is presented as figure 2 of this report.

The HDH valley runs north-south because in this part of the
country most formebional boundaries and ebructural lines such ng
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feults and master joints run north-south, or nearly so, while
the regional dip is low and meinly in & westerly direction as
indicated in the diagrammetic section £igs 3.

The HDH valley was excavated in pre-farroo rocks in pre-
KEarroo timee and beecause it lies Jjust north of the main Karroo
cuterop, the basal formations of the Karvoo, viz. those of the
Dwyka Series, have been preserved, in part, in the valley.
Because of the lesser resistance to ercsion of the Dwyka formow
tions than those of the pre-Karroo systems, this HDH valley has
besn partially re-excavated during the present cycle of erosion
leaving a belt of Dwyks rocks lying on ite ficor. The Dwyka i
now confined to the valley pediments,” Its thickness below the
beds of the rivers is unknown but laterally it thins out
altogether at or near the upper edges of the pediments,

Examination of the air photos shows that the western edse
of “the Karroo ouberop in the HDH valley is, for several miles,
& faulted contaet with the underlying Dolomite. It is possible,
therefore, that the pre-Karroo HDH wvalley may have been in pard
a fault trough valley and also that the thickness of the Karzoo
preserved in the pre-excavated HUH valley mey have been slightly
increased by post-Xarrco down-fauniting on the western side. No
such fault has been found on the eastern irrigeted flank of the
valley »

Between the Ventersdorp forminz the upper esstern valley
side and the Dolomlte forming the upper western valley side there
intervenes stratigraphically %the formations of the Black Reef
Series. A little to the north of Pudimoe and to the south of
Delportsﬁhop, Black Reef formations are exposed in their proper
atratigraphical position so it must be assumed that between those
points there extends & long, narrow sub-gubeorop of these formations
concealed beneath the Dwyka., The presence of north-south strike
faults both in the Ventersdorp to thé east and the Dolomite %o
the west raises the possibility that the Black Reef msy have been
prevented from sub-outeropping due to displacement by a strike
fault conceeled by the Dwyka but, in the absence of evidence $o
this effeet, the existence of concealed Black Reef formations
has been indieated in the generalised cross section. Regerding

Frediment is a gecmorphological term used by L.C. King (1957) end
is the lowest topographical element or link in a fully developed
hill slope. See f£ig. & of this report.
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the movement of groundwaterqie probably immaterial whether
Black Reef formations have a subeouterop or not.

Phe irrigetion belt lies entirely on that part of the Dwyka
thet forme the left bank or eastern pediment of the HIH valley
excopt that where formations of this series thin out to the emst,
numercus hills and rises of Ventersdorp rocks project through )
the Dwyka.

(b) Yemtersdorp Systen

Aceording to the Geological Commission mapes (1907-08) fig. 2,
the greater part of the Ventersdorp ocubersop in this ares consiste
of voleanie and minor intrusive rocksg the former include pyroe
clests and most are hasiec. But roughly hotween Taunz and Jankempe
dorp there is an oubterop of sedimentary vocks about 20 miles long
and’4 miles wide vhich consists mainly of arenaceous and rudsceous
types. Though the Uwyka locally thins out onto these sedimentary
formations, they aprarently do not extend far under the Karpoo
for they are terminated ¢to the west by & strike fault which
brings the lgneous roeks back to outerop both at the surface and
under the Xarroo.

¥From the point of view of ground-water movement it is proe
bably of no significance what different types of Ventersdorp rocks
are present Ior they are almost certainly sll impermeable excentd
masre weathered at or near the surface and in depth where cut by
faults and master joints.

Bzaminaticn of the sir photos, parts of Job 430 (1959) and
job 497 (1963), shows that the Ventersdorp rocks, both izneous
and sedimentary, are cut by several faulis and systems of masier
Joints., The fault forming ome of the boundaries between igneocus
and sedimentary rocks has already been mentioned. In the rough
searp country fermiang the upper slopes of the HDH valley the traces
of these faults and master joints are revealed on the air photos
as linear strean beds, lines of bushes and trees, and saps inm
acarps. lIn the undissected plateaun couniry east of the valley
@ide, the presence of pans is regarded as indicating as nany
points of Intersection of these structures. North-souwth and
RRV-SSE striking siructures seem $o be the sirongest and most
centinuous but numerous cress and oblique fractures are present
and thelr spacing spart veries frem a few hundred yards to
several miles,




Any zround-water that exists in the rocks of the Ventersdorp
System is almost certainly reatricted to openings in these faults
and magter Joints and ite movement within these sitructures will
be limited to systems of comnected openinzs within the fracture
planes. There will be movement of groundewater westwards from
the plateau to0 the valley via such labyrinthine networks of
eracks and also downevalley in the Venlersdorp underneath the
Dwyka, also via cpenings in faults and mester joints, dbut vhether
this deep zround-water bas any influence om the irrigation system
is very doubiful for %o reamch the soil it would have to rise up
through the covering of Swyka which is probably evan'mﬁra
impermesble than the Ventersdorp rocks themselves.

Ground-water in the Ventersdorp is zenerally not highly
mineralised and is guite suitable for agricultural purposes so
that even if it does contribute to the shallow ground-water body
iﬁ#ﬁlved in the irrigation, it would not be detrimental from &
salinization point of view.

(e) 3Blagk Reef and Dolomite Series

Aecording to the 1907-08 geological maps, the Dlack Reef
Seyies coneists of almost ezactly the same kinds of igneous and
sedimentary rocks as the Ventersdorp thouzh diabase is not mone
tioned and flagstones are present instead of conglomerates,

Vhere unfractured, these rocks will probably be ac impermeable

a8 the Ventersdorp but they are likely o have been cut by the
same or similar faults and master joinbts and so will trensmit
sround-water in the same way. This water i1s net likely %o contain
more {issolved mineral matter than that in the Ventersdorp.

West of the Dwyka outcrop there is only the Dolomite Series
which consiste meinly of dolomite bub earzics some interbedded
cherts and shales. Dolomite is impermeable except where solution
ficsures and caverns have been opened in it. To what extent this
hes cceurred in the delomite west of the HDH wvalley hes not been
ascertained but in any cuse, the dolomite dips awsy from the
valley so thet eny sround-weter it may contaein muest be ghed ot
springs at or near the western edge of the Dwyks formations that
gover the dolomite on the velliey fleor, The Thabaseek sprinzs
at Duxton Lime VWorks are of this origin and there are probably
others lyingz te the north and south of them, Such surface water
of spring origin will contribute to the shallow grounde-water that
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oecurs in eny part of the Dwyka rendered permeacble by weathering
but is unlikely %o effeet the irrigation system which is confined
to the east side of the HDH valley,

(d) Dwyka Seriss
According to the 1907-08 geologzical maps the Dwyka consists

of shales and boulder bheds (since recognised as tillite).
Numerous outerops of dolerite are marked whiech are the eroded
ralics of one or more dolerite sills or sheets intruded among
the shales., None of these igneous rockk cuterops occcur within
the main part of the irrigation belt but scattered patches of
irrigable ground lie on them in the lower parts of the valley
padinent. '

Several equatorially and meridionally orientated dolerite
dykes have been mapped in the dolomite area west of the HDH
valley but none in the Ventersdorp or Dwyke outerops to the enst
of or in the valley. A dyke reported by Paver (1933) as diabase
is said %o be followed by the Pokwani spruit near Hartswater and
a "rveef" reported by A. Streutker at Tadeaster Primary School
may be another.

The Dwyke shales and tillites are iumpermeable rocks axcept
viiere decomposed by weatherlng or fractured by faults and master
joints. The depth of weathering is generslly very smali%fespe—
cially in this case where the Dwyka beds are for the most part
buried under calerete and Kalehari sand. DIxamination of the siy
photos reveals no lineaments™ on the Dwylka outerop east of the
HPH rivers such as might be interpreted as the trace of a faulb
or master joint. Therefore, except for the very limited pere
meability deduced from considerations releting to ealerete and
o the composition of the ground-water discussed below, it must
be assumed that below a very thiggweathared zone the Dwyka rocks
are even less permeable than the older formations. The dolerite
sheets probably weather more deeply then the sheles and +illites
but as they do not occur in the main part of the irrigated ares,
their influence on the irrigabtlon problem is not important.

ohales, tillites and dolerites are converted to clay on CONDe
plete weathering so that beds of olay reported to underlis the
Kalahari sand or calerete may be derived by the weathering of
Dwyka rocks sither bhefore or after burial by Kalghari sand.

%) lineament is a lineer feature seen on an eir photograph which
is regarded as heving a geologieal origin.
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Ground-water in the Dwyka is among the most highly minerge—
lised grouvnd-waters to be found in Scuth Africa. The upper Duyka
shales in perticuler are uesually carbonaceous and rich in the
iron sulphides, pyrite and mercasite, and many commereizl salt
pang occur on this formation. Whether the particular shale beds
that underlie the irrigeted area are especially rich in sulphates
and chlorides is not known, but the irvigation water that sbands
upon them certainly becomes loeally highly mineralised with these
salts. How much deep groundewabter seeps out of the shales into
the shallow sc¢il water introduced by irrigebtion is not known bulb,
where soil drainage is defieient, evaporstion and transpiration
are 80 effective that water, which has become minersliced by
gtanding in the ‘== zone of weathering in the shales is drawn
up into the seil and evaporated there, with the consequent
deposition of ils content of dissolved selts,

e

.+ There is epperently no bore-hole in this area the log or
hyéraulic result of which have been recorded by = geologiste The
very few drilling results available have been supplied by bering
contractors either in writing or verbally, The data supplied
regarding the nature, depth and succession of geological formations
penstrated are generally so incompatible with what a geclogist
is naturally lead to expect from his surface observations and
general experience, that all such data are rezarded with the
ubtuwost suspicicn,.

There are records of one bore-hole cn the farmlawlish and
four on the farm Hartebeestepcort drilled in 1939 on sites chosen
by G.L. Paver. The location of these furms and bore-holes has
not yet been ascertained, The drillers' logs record limestone,
shale, quartzite and diabase, The limeatone is presumed to be
the calerete. The other formetions seem 4o be sedimentary
Ventersdorp but are more likely to be Duyka.

According t0 the drillers' logs, three of the four bore-holes
on Hartebeestepoort penetrated 50 feet of calcrete, the fourth
nene. One bore-holes was dry and the other four hed yields
between 360 and 1000 g.p.h« In one hole water was struck at 120
feet and in the other three at two or more depths ranging from
€7 to 205 feet. The rest levels in the three successful holes
were 80, 90 and 90 feet.

The various depths at which water was struck and the faet
that it rose to a higher rest level seems to econfirm that ground-
water in any usefvl guantity only oeccurs as confined water in
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fractures in otherwise impermesble rock. At the time these holes

wers drilled the irrigation scheme had been in operation for six

years by which time water-logging and ealinisation had already

beecome apparent in some places. A well 140 feet deep, reported

to have veen dry before the irrigetion started is now full of

water. Evidently bvefere irrigation, there was either no water

table or it stocd at a greater depth than 140 feet; then, as @ »
rasult of irrigation, the surfmce water from the irrigation |
furrows seeped down to fill up all intersticies that were dry

or to Jjoin the natural ground-water and rsise its levsl until
ground-water and irrigation water becans & single body. A 1ithle
run-~-off weter from the surface drainage of the Ventersdorp countzy

east of the canals may infiltrate to join the irrigation weterw

but it is by no means certain that any deep zround-water at all
cmorges to join the irrigation water in the seil. No sprinszs,

flgwing wells or bore~-holes have been recorded in the irrigetion

arde such as would indicate the presence of artesian water,

(e) Calerete

Defore i% is posalble b0 complete the picture of probable
water movement in the soil, it is neceseary to understand more
about the calecrete and Kelahari sands than was stated in the
introducteory parasgvaphs.

A study of the soll type maps prepared in sdvance of the
irrigation scheme indicetes that a formation of calerete intere
venes between the bedrock and the Kelaharl sand over the grester
part of the srea between the irrigzation canscls and the HDH rivers.
Near the cenals it is interrupted by bedrock generally of
Ventersdorp lava, rising throuch the thin edze of the Dwyka Bhales
and tillite. UNear the Harts river both Xelahari sand and caolerete
have generally been removed by erosion and the edge of the
remeining part of the calerete formation forms a subdned searp
overlooking the Harts river. The centinucus strip of irrizable
land is of course restrieted to the belt of ecountry from whieh
the calerete Tormation and its overlyinz Kalahari sand have not
yet been removed.

The calerete Tormation must be thousht of as having growm
in the Kalchari sand as a sheet of rock, firest by the coalescence
of limestone pisolitic concretions and then by thickening of the
sheet by mammillary or other replacement growths above and helow.




Upwards the limestone replaced, displaced and enveloped zrailns
of incoherent sand bubt Jdovnwards it reached the weathered gone
of the Dwyke rocks underlying the eand and must in many places
have starited to replace both weathered and almost fresh rock.

This calerecte formation acecumulated hundreds of thousands
of years ago and is now undergoing erosicng in some places ab
the surface and in others, where it still forms the sub-goil,
underzround by rcot action. The calerste is now, therefore,
mainly in a cracked and broken condition so that, though the
rock in the hand speeimen mey be impermsable, the formation as
e whole is like a gigantic sponge that inbtervenes hetween
impermeable bedrock below and highly permesble Kalahari eand shove.
This calerete sponze, though permeable encush to allow capillazy
moven2nt of ground-water upwards and infiltration of irrizatbion
water downwards, will preseant a very effective barrier to laoteral
movément of water in the sand above i% and in any patches of
sand or permeabls weathered rock that may have remained below ike

The movement of water with which we are mainly concerned
is the movement of water in the sand above the calerste so thad
the form ef the surface of the ealerete under the sand is of
paranocunt importance.

As plate 11, pe 63, Van der Verwe (loc. cit.) provides a
rhotograrh of an exposure of the "Ealaheri “and on Lime® soubh
of lodder River Station. (See fig. 4 of this report.) Here the
calerete surface isﬁyitte& with so-called potholes up to 36
inches deep filled with sand. This type of calerete surface
would certainly impede lateral movement of water in the sand
but whether 1t is dypical of the whole surface of the ecalerete
sheet lg not knowne The upper sdges of come of the calerete
ridges between the potholes have evidently been bevelled off by
erosion along with the removal of the upper part of the sand,

30 that the pre-erosion surface of the calerete mey have been

a great deal more rugged than is indicated by the part of i%

thet remains. Van ger Merwe atiributes the potheles to the mode
of aceumulaticn of the calerete but it io possible that they
represent the remains of grikes™ whieh are typical of the guriace
of a limestone formabtion weathered under soil. #hatever ugy be

®rrikes ave deep ¢pen Tissures developed on mester jeints

characteristic of the weathered surface of limestope formations,




the origin of the potheles, the point at lssue ies whether their
ogourrence extends reglonally under the sand into the irrigzation
Groge

Certain aroas have bheen seen on the air photos, situated
on the lower parts of the HDH pediments, vhich exhibit a pattemmn
of low white ridges rising a few feet above the intervening
ground., A large area of this kind lies on the right or west
bank pediment at the latitude of Hartewater (see fig. 5) end
g smaller area, which is situated on the left or cast bank
pedimantff?gar a flat-topped spur projecting westwards towards
the Hartas river about two miles north of the lower end of Duncan
Drain, west canal (see fig. 6).

Until these areas have been examined in the field, 1% is
assumed that the vwhite ridges are the outcreps of calerete veins
and that the lower, darker ground between them is underlaid by
Dwyka shale or tillite or by a sheet of soil-coversd calerete
lying upon such rocka. These areas are situated where the Kalahari
sand with its calcorete horilgon is in process of removel by ercsion
so that what is seen on the air photos may be the roots of the
calerete formation that have been lald bere. If this is the ecase,
the veins would be formed of calerete deposited in vertieal
eracks in the bedrock undermeath the main part of the calerete
sheet which has heen removed by ercsion.

The significance of this structure is that the ramifying
veins tend to subdivide the ground surface into pens of all sizes
up to examples with diameters of sbout quarter of a mile. Though
most of the pens are incomplete, their walls would probably con-
stitute quite effeetive barriers t¢ the lateral movement of water
in en overlying bed of send, if such existed; so that, if this
pen structure extends underneath the sand of the irrization belb,

t may be at least in part responsibls for the water-lozui het
occurs there, But, on the other hand, if the pen structure has
‘developed as a surface form, only as the result of ercaion after
the removal of the sand, then there may bo no penr where the
sand has not been removede Thie matter needs careful eitention
in the field.

(£) Kalsheri Send

The s¢il type maps of the irrigation belt and the air photoes
sugzest that this sand is thickeast along the upper or easbern




flank of the strip of land lying between the irrigation cancls
and the rivers and that it thins out both oastward and westward.
Bastwards near the canals, hills and rises of bedrock protrude
through it and westwards, towards the lower slopes of the
pediment, it has been partially or wholly eroded away to expoae
either the underiying calerete formation or low rises of bedrock
on which the calerste may never have been deposited.

Discuasion with Dr. C.R. van der Merwe reveals the faects
that the Kalaheri sand is both highly permsable and very friable.
I% is sc permeable thet much of the irrigetion water sinks so
rapidly through it that 1% passes beyond the crop root zone belorve
the crops have had a chance tc fully benefit from it. The cone
sequence of this is that far more irrization water has tc be
used than the crops need. This would not be a seriouvs matter
in the case of a well-drained soil but here, owing to the lesser
permeebility of the underlyinz calevete, but due meinly to the
alﬁbst impermeable oharacter of the bedrock, this excess irrigation
water cannct sink downwards. Therefore, where it cannot escape
by . lateral movement it becomes ponded and can only be dissipated
by return to the surface where evaporation from the soil surface
and evapotranspiration take place,

The question arises here, if the Kalshari sand is so permeable
that the water infiltrates rapidly, how can cepillarity be so
effective as %o bring it back again to the surface?

The writer has been led to understand thet the frisbility of
the Kalehari sand is such as to result in the instability of the
walls of deep drainage ditches with their consequent collapse and
in the choking of pipe drains by infiltrated sand. Yatertight
drain linings are also disrupted when the water-table rises to
their level because the coherence of the sand is not sufficient
to counteraet the bucyaney of the lininge in the watar.

“here the Kalshari sand is so thick that the water-table in
it stands well mbove any barriers formed by the surface of the
underlying calerete, lateral drainagze in the upper part of the
gand will not be interrupted. It is where the Kelahari sand is
20 thin that barrlers closely spproach the surface that most of
the trouble must be experienced. It would, therefore, be useful
to have an ischathic map of the thickness of the sand. Such a
map could probably be compiled from the existing series of soile
type maps that cover the irrigation area. To prepare an isobathie
map of the whele irrigation area would be most laboricus but




gterts could be made st the moest troublescome localities.

A useful conseguence of the friabi'ityspf the Kalahari send
may be the possibility of investigeting tﬁa depth and form of the
calerete surface by the use of s post-hole auger. Another matter
that requires investigation in the field is whether the presence
of lateral Grainage barrisrs can be loceted by the appearance
of ecalerste in the deep drainage ditches or in the baunks of spoll
derived from them.

3 TUFGGRAPHIG FORM ARD SGIL:ERRIGABILITY
(a) Zopographic form

The Harts valley and its vieinity reveal erosion surfaces
of four different ages es indicated in fig. 7. These are as
fellowss =

1. The pre-Karrco Harts-Dry Harts valley surface (a-a)
eroded in tilted Ventersdorp, Black Reef and Dolomite
formations and now represented only by the sub-Dwyks
unconfornity.

2. The poest-Karroo peneplane surface {b-b) which bevels
Earrco and older formations indiscriminently and is now
represéented by the Dolomite and Ventersdorp plateaus
on each side of the HDH valley.

3. The re-excavated Harts-Dry Harts valley surface (c-¢),
probably of late Tertiary age, eroded mainly in the
Karroo forming the older wvalley f£illing but partly in
the Ventersdorp and Doplomite of the valley sides. This
gurfece is now represented by the HDH pedimsnts in
Dwyka and the higher hill slope elements in Ventersdorp
and Yolomite,

4, The surface of incieion (d-d) of the Harts river, probably
gince eariy Pleistocene times, into the lower parts of
its former pediments, Ywhich consist of Kalshari sand,
calerete, Dwyka formations and dolerite sills, This
surface is now represented by & complete new catena of
hill slope elements flarking the Harts river with a
narrow aliuvial plain at the base.

The topographical profile between the irrigation canals and
the Harts river can be divided into three narrow parallel zones
which are, from east to west, (a) Upper pediment, (b) Lower




pediment and (¢) Rejuvenution strip, as indicated in fig. 8.

The depth of inecision of the Harte yiver below the upper
surface of the cmlerete increases from north to southy it is
about 15 feet at the mouth of the Dry Harts river but reaches
120 feet at a latitude 4 miles south of Jankempdorp.

(v) Seil irricebility
Almost the whele width of the strip of land between the north
canal and the HDH rivers ls irrigzable from Pudimoe southwards
tc a point 4 miles south of Hartswater: but south of that point
the irrigable strip is separated from the Harts river by =
parellel strip which ie elther non-irrigable or carries oaly
secattersd patches of irrigable lend,

—

. Because the topographie elements of the Tertiary catena are
un&érgoing erosion as the result of the Plelstoecene rejuvenation
of the Harts river aend its tributaries, parts of the lower
pediments are loosing their cover of Kalashari sand with the result
that large areas of calerete or bedrock are exposed or carry a
s0il Yoo shallow to be irrigable. Also, as much of the rejuvenge
tion strip is undergoing erosion, these parts are too steep or
stony to be irrigated. Furthermore, both the lower pediment
and the irrigable parts of the rejuvenation strip have such low
gradients that, in view of the absence of downward soil drainssge
consequent on fhe impermeebility of the bedroek, the lateral
90il drainsge necessary for successful irrigation is not available.
Thus the lower pediment and the rejuvenation strip carry only
scattered patches of irrigable land,

lMost of the upper pediment is irrigable except for some patches
high up near the canels wherse Ventersdorp hills protrude through
the cover of Dwykae and calerste or render the soil too shallows
The irrigability of the upper pediment is not guite continucus
from north to scuth, for it is interrupted vhere the Harts river
is incised in the pediment at Taung and it becomes very narrow
at Jankempdorp where lower pediment conditions extend far into
the Dwyka-covered re-entrant in the valley side. There are also
interruptieons in irrigebility abreast of the west canal owing to
the narrowness of the upper pediment and the abundance of VTentors-
dorp roeck hills and rises upon it.
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The assesament of irrigabiilty ie complicated and in the
original invesvigetion in 1932-33 it was determined from the
following factors, {a) type of soil, (b) depth of soil, (e)
permeability of seil and of the herd material found under the
goil in the test pits, (d) pH value of the seil and (e) abundance
and type of brack (salinization) in the soil,

The fector of ground slope was not token into account in
assessing irrigability, 1f the absence of downward soil dralneze
had been apprecisted at the time of the survey, perhaps surface
gradient would have been considered, so that less land of
inadequate suriace slope would have been regarded as irrigable.

The original soil survey recognised ceven degrees of irrie
gability andé non-irrigability as followss-—

1.) Different kinds
ab 2 of
© 3 ) Arrigable soils.
4. Transitional - may or may not be irrigable.
5.) Hon-irrigable seils and
6. rock exposures of
7. ) various kinds,

It way be that some of the troublesome lecalities are situg=
ted vhere the solls were aebtually mepped ns transitional or eaven
non-irrizable for z0il areas of the different categories are
quite intimately associated in some loealities. (See the author's
irrigablility mep of the blocks G.H.J. mnd K, traced from meps of
the Vaal-Harts irrigability map series, bud not included in this
ropord ) ®

4. CaUSES OF VATTIRLOGGING AND SALINIZATIOR

Collecting together the relevant facts reviewed above, the
causes of water-logzing and salinisation geem to be as followss

(2) Water-lozzing
The great rise in the water-teble since irrigation began
and the relatively poor yields of the fow deep bore-hcles of
which records axlst indicate that naturally cccurring grounde
watier playe a very small part, if any, in the water cireulation
of the irrigation schene ané that water-logsged conditions can
be direetly atiributed to the excessive sccunulation of irrigation
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water in the soil due to the fellowing circumstancesie

1. Downward soll drainage is prevented by the almest
impermeable character of the bedzrock.

2, lLateral soil drainsze from higher to lower gsround is
greatly impeded on account of (1) the very low surface
gradients, usually less than 1%, and (1i) the presence
of & calcrete sheet with a very uneven surface lying
between the bedroek and the irrizated soil,

3e The high permeability of the Kelsoheri sand soil esuoes
irrigation water %o pereolste lteyond the rancze of roods
before the plants have had time to make proper use of it.
in consequence fer more irriszation water is used than
should be necessary.

4+ The incoherence or frigbility of the Kalshari sand soil
i makes artifieial drainege difficult on zecount of
(1) the collapse of dreinaze ditch walls, (dii) the
infiltration of sand into pipe drains and (iii) disruption
of diveh linings by fleoatstion on & high water<table.

(b) Selinisation

This is evidently the result of three circumetances additionsl
to those thal cavse wabter-logging, vize

1. The espacislly high eontent of soluble mineral mabter
in the Dwyka roeks which underiic the scil and calerede
and the leaching of this material from them by water
standing in the t=ta weathersd zone helow the calereta.

2. A vertical ecireculsticn of wabter between the mineralised
sub-calcrste water and the frosh goilesurfoce irrigetion
water, a circulation which involves downward movenend
of the fresh irrigation water due %o high scil permeae
bility during irrigation and the return of this water
to the surface by capillarity during pericds when the
irrigaticn water is cut off afber it has become chavged
with minersl matter.

3¢ 4 climate having a high evaporationerainfall ratic so

That water returned to the surfoge is evaporated leaving
its dicsolved salt content as brask in and on the soil.




5. NETHODS GF RESEARCH AND RUCLAMATION

Regearch should be aimed first at determining whsther the
natural down-slope leteral soll drainage in the affected locali-
ties is or is not cobstiructed by irregulerities in the depth and
nature of the surfgce of the calerete cheet or bedrock thet
mnderlies the irrigzated soil,

This might be dome by the use of a trmcer but, as the weiter
has had no perscnel experience in their use he nust discuss this
matter with those who have before ﬁa&d'reeommenaations.

If the natural down-zslope drainage is nct being obstructed
then the only possible remedial measure is o improve the present
system of artificial drainage.

if, however, the natural down-glopse drainaze is being obe
sUructed, then the nature and layout of the obstructions must,
if “poassible, be determined. As tracer experimente will take
tiéé, it should he aspumed in the meantims that obatructions
exiat and can be identified., Investigations with this ain
that can be startsd impediately arete

1. Surface geological examination of lecalities likely to
yield evidence of the nature and form of the ohstruections.

2. Re-examination of the soil type mape and data written
thereon to see if it ig possible Ho compile Irom them
igobathie meps of the thickness of the Kalahari send,
starting ot the affected localities,

3. lake experimental probinge with o post-hole or other
type of augzer in the affected nrens to see vhetheyr the
form and depth of the sub-sgné suwrface can be ascerieined
in this way. Then, if this is found to be possible,
conduet an auger survey with a view te the identifieastion
angd delineation ¢f the obestructions.

4, TExamine deep drainage ditches and their spoil bankse
to see if they provide any evidence as to the distribution
of ridzes on the calerete surince.

5 Experimsnt with various resistivity techniques to seo
if the depth and form of the sub-gond surface can be
ascertained by such means.

If all these lines of research yield negetive results then
again nothing can be doeen except to improve the existing srtificial
drainage oystem. Dub, if %the nature and layoub of the nstural




cbetructions can be ascertained sufficlently accuratsly to

indicate the lateral soll drainsge pattern, then it may be possible
o wodify the present artificial drainage oystem so that instead
of being independent of, 1t avgmente and improves the natural
drainage. If the barriers are found o consist of the calercte
walls of pens, as suggested earlier in this repert, it mizght be
practicable tc expose the walle and blest bhreaches in them g
eritleal points in order to facilitete the drainaze of water

Tfrom one pen to ancther.

6. COVMENTS ON RESEARCH PROJECTS ADVUCATED BY
OTHER INVESTIGATORS

(a) Hisconseptions regerdins the seolozy of the ares

On page 19 of A. Strsutker's 1966 report, Sechtion 3.2.(iv)
cerﬁain zeolozical expectations based on work elsewhere are
ateted. They inciude:

1. Shallow ground-water in the calerete iz connsetsd with
deap ground-wabsr in the decomposed lave by means of
delerite intrusions,

2e Deep gromnd-water in a network of dvkes connected
with the dolerite intrusionse.

J. Heecmposed lava underlain by iupermeable fresh lave
which prevents drainage.

4. Upwelling snd seeping out of zrovnde-watcr.

Un pe 14 of that report it is sugsested that the ground-watey
gradient and depth should be caleulated from the caleulated
amount of leach weber and the permenbility of the netvork of
dolerite, calerete, laterite and soil,

Un pe 15 it is suggested that & geciogical survey should be

made in order %o mee if the boundaries of the experimental areas
chosen eoincide with undersround barriers op compartment barviers.

Figure 2 of that report provides o seolosieal section,
The writer's corresponding comments sre 28 Ffollowsse

Pege 10, (1) Ground-water in decomposed lava is not likely
o come into contect anyvwhere with irrisotion water ms the almost
impermeable Dwyks formabtions intervene, Almest all known dolerite
intrusions are sheets inter-leaved with the Dwyke sedimentary




rock fermations so that they cannot form conduits betwaen aeen
aad shallow zround-water bodies.

(2) There appears to be no record of eny dyke in the irvie
gation arsae excepi possibly one near Hartovater and ancther neaw
Fokwani,

(3) The irrigated soil overiies Dwyka shale and tillidte,
not lava,

(4) There is no record of any sprinz or flowing bore-hole
in the irrigation area and so there is no reason 4o assume any
upriging or seeping out of ground-waters. The water that seepa
cut of the ground is the irrigation water mimeralized by eontac
with underlying decomposed Dwyka shales snd $illites.

Page 14. - There ie no network of dolerite, calcrete,
leterite and svil and, even if there were, sround-water would
we be moving in 1t. This ies the first mention of laterite,
The term laterite, se used by zeolozists, means lateritic irone
stoene and this le a Terricrete which occurs in much the seme
wey a8 calerete. The formations mentioned form an orderly,
nearly horizontal, stretiform series. TUxnept for thes soil and
to a lzaser extent the calerete snd ferricrete they are impere
meable unless weathered or cracked so that water dees not move
varcugh them but through cruclks in them. The network is not
provided by the formations but by the erackae. It is imposaible
to determine the permeability of a potwork of cracks because
their width, spacing and degree of intorconneetion vary fron
rolnt t0 point in each zeolozieel formation,

ey

Page 15. - There are probably nc widely spaced, well-deafined
barriers asuch as the dykes that divide dolomite formsbtions into
ecmpartments:  there are likely to be only ill-Gefined, closaly
spaced ridges on the surface of the ealercte Tormatien,

Fige 2, 7This section probably gives an errcneous iapregsion
of the geologiesl structure of the ares.

{b) Commenis on eceriain proposals

A, Btreutker advocates:

l. Periocdical collection of data ab fixed points to follow
the progreas of water-level and soil salinity changes.

Apread,
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Ezxperiments on certain plots %o dotermine the feasibility
of pipe drainaze, pump drainsze and to find the optimal
water-level., Agreed, but in connection with pump drainage
this can only be carried oubt where there is a well or
bore=hole in sufficiently permeable ground and where

the pumped water can be removed from the ares withoub
re-gntering the ground. Are both these conditions satige
fied on the research plots 5K5, 6KE5 and 7857 Buried
former river beds, from the malterials of which pump
drainage has already been underiaken, are likely to¢ he
eoniined to the clese proximity of the Harts river as

in sections H 13, 14 and 15,

Improving the eecuracy end increosing the number of
points of surface water gauging. Agreed, if feasible.
1t would certaeinly be valuable %o know how much surface
run=-0ff passea across the canals from the eastern
Ventersdorp rock valley side into the irrigation ares
t0 join the irrigation water by infiltrating inte the
sgil,.

lapping of waler-logged arsas by infra-red photosraphy.
The writer has not looked into this subjeet and cannot
commenta

Drilling of 40 bore-~holes t0 depths of 200-300 feet %o
assist geological mapping. It would be very interesting
t0 have say three lines of three deep bore-holes cach

to find the depth of the base of the Dwyka and the thicke
ness of weathered wock underneath it, for that would
indicate whether srouad-water below the Dwyke is likely
to play any part in the irrigation problems, but 40 bore-
holes would be superfluocus, Twven the nine sugzeasted

are not really necessary. ‘het would, however, zrestly
faeilitate the colleetion of zeolomieal information
would be Tor the geoleszist in charse to hsve st hism
disposal one 2-in. diameter core dismond drill and erew
g0 that exploratory holes could be drilled vhere and

when neeceasary in the course of the investization.

Haking a detailed geologieal map of the area. Cerinin
localities should be earefully ecxamined and perhaps
mapped on a large seale but systematie large-seale
geological nmapping of the whole ivrigation area would
probably not be worth while., The whele ares was aovered




by a grid of pits vhen the original soil type maps were
ecmpiled and fer more geological information is likely

to be zained by studying those maps then by deinz further
£i2ld mapring.

Te WILD CAT SUGGRSTIONS CUTSIDE PHE GEOLOGIST'S PROVINGE

I% is appreciated that the following suggestions nay be
quite impractieable For technieal, legnl, cconomiec or othew
reasons but they are ziven for what they may poessibvly be worth,.

1. Cut down the irrigation water in affected localitiecs by
some erbitrarily determined fraction until sufficient
wataé halance data have b2en ascumnisted to ascertain
the optinmzl quantity of watbter reguired.

2« lReplace furrow irrigation by epray irrigation in the
< affected areas in order to make a more economical use
of the irrigation water,

3. Replace diteh drmins by pipe drains in the affected
localities and lay the pipes in sravel beds placed ab
the bottom of the ditehes to sereen cut the sand,
Suitable gravel wicht be made availeble by excavabing,
crughing and sereening ineochevrasnt parts of the calerete
sheet,

4« Introduce suspended c¢lay into the irriszetion water in
the affected localities with 2 view to redueing the
permeability end incoherence of the scil,

8., IHE POSITION RUGARDING SECULAR RAINTALL VARIATION

The Vealharts Irrigation Settlement lies in Vesther Burean
Reinfall Distriet Nos 19 which is preferred to by the writer aos
the Vryburg rainfell distriect.

Figure 9 provides the residual-maess annuel rainfall curve
for the Vryburg rainfell district compiled from the published
datea in "District Rainfall” (1960). The most accurate long-term
msan ennual rainfall is regarded as furnished by the 36-year
period 1916 to 1952 snd comes to 485.5 mme




It will be noted that the whole periocd of record is
divisible into two sub periods with different annual means, viz,

(a) 28-ycar periocd (1508-36) with an annual mean 3.4%
below the long-term annual mean and

(b) 28-year period (1936«-64) with en ennual mean 3.4%
above the lonz-term annusl mean.

Phe form of the curve suggests that during the next 28-year
period the mean ennual rainfall will aszain be below the lonz-lteorm
mean but, at the same time, the shorter fiuwctustions suggest
$hat the meen annual rainfall durinz the next four years will
be aboub 525 mm, i.e. about 107 above the long-term mean,

B,i, Temperley.
Geolozist.

zeological Survey,
Pretoria.

17/9/1967.
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ADDENDA AND CORR o DA

To sources of information should be addeds

1. Geologleal Survey Sheet 27248 - Pudimoe and 2725A =
Schweizer Reneke.

2o OIxplanation of above sheet by Van Teden 0.R., De Wet,
He.Ps and Strauss, U.A. 1963,

3. Boorplekasnwysing vir Viater in Suidwes-Transvasl.
Bull, 34 by De Villiers, 3.B. 1961,

4 Course of lecture notes on Hde%loay in South Africe
( unpublished) by Vegter J.Re, uxlaon PoT, and Temperley
B.N.

5 King, T.0. (1957), The uniformitarien nature of
hillslopes, Trans, Geol. Spc. Wdinburzh., Vol. 17.
b T Phe 81""’104.

6. Miln Go (1936). DNormal evosion as a factor in soil
profile development. Nature, 138 (3491), p. 548-549,

The authors of Lxplanation of Sheet 2724B - Pudimoe and
27256A - Schweiger Reneke (1963), which covers the Dry Harts valley
nerthwerd from Taung almost to Vryburg, malke numercus relevent
observations. Items (4) and (5) below mare from De Villiers
(1961) to whom the reader is referred by the authors menticned.
These observations are as follows:

l. CUwing to intense weathering and softness, Dwyka tillite
and shale are rarely exposed.

2. Huch of the Dwyka formation ig represented by erratic
boulders and boulder clay.

3. The Dwyke tillite is a very peor aguifer as water ig
Tound only in occasional Jjointz and fractures. The
chanee of striking water in Ventersdorp lave overlain
by tillite is also poor because the lava 1s seldom
weathered.

4. The Dwyka shale has a low permeability aané dees not
yield sufficient water to bore~holes,

S« Surface-~limestone occeurs in various ways vwhieh includes
{2) On the Gheap platesu “aars” oceur over dykes inm the
dolomite. They are long ridges of limestone 30 %,

wide and- 15 feet high coversd with dense bush.




(b) Calerete terraces are often well-developed on the
Dwyks but also occur'%h.the Dlolomite. They are
linee of calerete tufz narrow, long and fairly
gtralzht. Tnelesed in the colerete are hlocks of
bedrcck end boulders of Dujrkka origin.

it is evident fyrom the above uotes thut the Dwyks formations
are much more strongly and deeply weathersd than the present
author's report suggests and that the sheles have reverted at
the outerop to ciays and the tillites %¢ boulders in boulder
elaye. The tillites are generally covered at the outerop by
residual deposits of their own boulderd.

This does not alter the picture presented regarding ground-
waber for the elays derived by the weathering of the Dwyka are
even more impermeable than the fresh parits of these formations.

v The "gars" and calerete terraces mQQFioned presumably
developed within or bvelow a former covering of Kslahari Sand
vhieh hes been subsequently remeved mainly by wind sction, The
calerete ridges referred to in the writer's report may well be
examples of vhe calerslte terraces of the Fudimoe Sheet. As
they are said to be well developad on the Dwyka, 1t is not
improbable that they occur under the sand in the irrigstion
belt as the writsr has suggested.
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