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/VBSTRACT

Remnants of diamond-bearing fluvial gravels of Cretaceous age have been preserved on the Ghaap Plateau north-west of Reivilo
;i( 145'^ m ahove sea level. The alluvial deposit contains well preservetl fossi! woods representing at least four periods; Post-Permian
(Upper Kar(x>), Early Cretaceous, Late Cretaceous and Tertiary. The Karoo specimen has been derived from Beaufort Group
setlimt-nts, now eroded from the Ghaap Plateau. More significant are the presence of Early and Late Creuceous woods, both periods
liflit'Vfd Kï have been wetter in the interior of southern Africa. In addition to the diamonds, oiher kimlieriitc tlerived minerais such
as ilmenite and garnet have also been recovered from ihese gravels. Detailed mineral chemical analyses of [lie ilmenites and those
(x:curring in primary sources within a radius of 120 km of the Mahura Muthla area indicate that the most likely source are kimberlites
(K-furrin>î lo the .south-south-east, indicating that ihe palaeo-channel was flowing from the south-east to the nonh-west. This is
supported by the presence of ironstone and red chert cobhles and pebbles derived from the Froterozoic Kangum Member
outcropping directly south of the channel. Further evidence comes from a palaeo-tributary on Laurika which joined the main Mahura
Mutliia trimk stream from the ,south-west; limited pebble imbrications; and a decrease in the sizes of wotxl, agate and ironstone
cobbles and pebbles in a northerly direction associated with an increase of roundness of these clasts. At the start of the Cretaceous
the area was covered by .sandstones of the Beaufort Group with overlying flood basalts of the Drakensberg Group, First during the
Early Cretaceous the Mahura Muthla channel was incising into an easterly retreating palaeo-escarpment of Karoo ba,salts. Group 2
kimberlites such as Finch, Darleston and Duivelskop. had already intruded these basalts around 12üMa, The north-westerly
orientated drainage was directly linked to the drainage basin of the Kalahari River draining the northern part of the northern Cape
;md southern Botswana via the palaeo-Molopo and lower Orange River, This period of erosion would have released an abundance
of agates from the ba.salLs that are so abundantly present in the gravels and also diamonds from these Group 2 kimberlites.
On comparing the mineral chemistry of the ilmenites the most likely source for these kimberlitic minerals is the area to the south
east of Mahura Muthla, Kimberlites occurring in this area include ihe Duivelskop Group. X 154, Pienaarspoort, the Bellsbank Group,
Bull Mill and Mayeng, At least .some of these could have provided diamonds to the gravels. Later during Upper Cretaceous times
the Karoo basalts had been removed and the drainage stripped the remaining sediments of the Beaufort Group before the sinuous
channel became locked and preserved within the Transvaal dolomites. .Subsequently the channel became calcretised during
the development of the African Surface in the Early Tertiary. Mahura Mudila remained pan of the Kalahari River basin which fed
the Molopo River and the lower Orange drainage network and by the Early Tertiary the latter had captured the Vaal and the upper
and middle Orange River drainage basin which had been part of the Karoo River drainage for most of the Cretaceous,

Introduction diamonds had taken place on the farms Mahura Muthla
Dianiotid hearing gnivels have been known lo occur on 198 and Gras Pan 773 but remnants of these agate-rich
the Ghaap Plateau, some 25 km north-west of Keivilt) gravels can also lie found to the nortli-west on the farm-s
and 60 km east of Kuruman in the North-West Province, Groóte Buitfontein 772, TIaring 197 and Mooifontein 640.
sitice the early 1900\s (Figure 1), Mining activitie.s for The first official rec<irds of the gravels and the diamonds
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Figure I. Locution map of Mahiira Miithlei circa IUCÍIIL'CI on the (ihcuip /ikik'aii uf Ihe \i'iihern Cnjx- Prmiiicc Ciny-scak'd law tirciis

to higher Iligbter) areas.

Figure 2. A snuill ¡icircel fjf UkimvniJ^ exlracti'ä from thf Muburci

Muthlu ¡mlaeo-cbarniel in 2002. Note ihe unahraäed nature of the

stones. Scale 1 cm wick'.

were by Wagner tl914) but Rogers et al (1929) also refer
to some unpublished and undated notes of these
deposits by A.L. Du Toit.

The gravels had yielded over 3500 ct, the bulk of
which had been recovered prior to 1913 and mostly
from the Mahura Muthia part of the system. The largest
reported sttmc was 8 ct (Wagner 1914). Fuiiher diamond
recoveries have been reported by: Van der Westhuizen,
a previous surface owner, who had recovered
7 diamonds tlie largest of wbich was 3-4 ct (Van der
Wesüiuizen, personal communication, 1991); I'anridge
who had recovered 19 stones from the dumps in 1987
which were all clear doducahedral forms, mostly
between 1 and 1.2 ct in size with the largest being 3 ct
(Paiiridge, pers. coinm., 1991 ); and finally by Visser who
recovered 49 cts from the basal grave! in 1991 of which
a 2.5 ct stone was the largest diamond (Ward, 1992).
Despite the fact that it was a small population, 83% of
the diamonds that Partridge recovered in 1991 were un-
abraded and appear to be unrelated to those found in
the alluvial fields around Lichtenburg and lïloemhof well
to the east (l-igure 2).

The gravels are agate-rich bul have also produced a
wealth of fossili.sed wotxl of various ages providing
important clues on the age and palaeo-environment of
this deposit. Since the source for the diamonds in these
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gravels ha.s yet lo be established, various workers have
attempted to estaiili.sli the palaeo-flow direction.
Exploration geologists from De Beers including
Hawthorne (1959), Stratten (1971) and Ward (1992) have
always advocated a flow direction from south to north.
In contrast Partridge (1990; 1998) suggested, on basis of
the cla.sts assemlilage and the orientation of the fos.si!
Uigs. that the gravels had been deri\ed fn^n the north-
west and that the original Mahura Muthla River flowed
from north to south. Paitridge (1998) estimated thf age
of tliis system to he Santonian-Campanian (K6 to (ñ Mâ
and implied that it was active before the formation of the
Kalahari Basin and that the drainage later wtiuld have
bcct)nic reversed.

Wagner (1914) lists pyrope and ilmenite as fairly
common in the concentrate of the gravel. These he felt
were generally un-abraded and therefííre suggested that
the diamonds were derived from a proximal kimberlite
.source (Wagner, 1914). The chemistry of the major
elements of the.se minerals has lieen used in this .study
to establish the source area of the gravels, and ultimately
lo identify the primary source for the diamonds.
In addition to the gecxhemical signature of some of the
heavy minerals in the gravels, clasts lithologie»,
sedimentary structures and the palaeontological
evidence of this deposit has heen used in the overall
geomcïrphological reconstruction. Our findings supptjrt
a north-westerly flowing Mahura Muthla palaeo-channel
during the Cretaceous.

Geology
The entire remnant gravel helt has lieen preserved on
the flat lying dolomite and limestones of the Reivilo
Formation in the Campliell Rand Subgroup (Ghaap
Group) of the paiaeo-l'roteroz(.)ic Transvaal SupergroLip
(Eriksson et. al., 2006). On a very gently north-westward
sloping surface the rocks increase in age eventually
exposing the underlying Allanridge I't)rmation of the
Ventersdorp Supergroup some 30 km north of Mahura
Muthla. Several kilometres south-west of the outliers on
Mahura Muthla is the Kanguru and uppermost Memlx;r
of the Reivilo Formation. Tlie overlying Fairfield
Formation of the Campbell Hand Subgroup is found
directly south again and overlies the Kanguru Member
(Figure 3).

The carbonates of the Reivilo Formation comprise
mainly fine-grained dolomite witli giant stromatolitic
domes intercalated with cycles of columnar stromatolites
and fenestral faciès. Oolitic beds are intercalated in
places. Limestones occur in the lower sections with chert
and chert breccias towards the top (Beukes, 1980).

The top of the Reivilo Fonnation is characterised by
an ironstone member of only a few metres thick. It was
mostly deposited during a transgression over the
Campbell Rand platform (Beukes, 1983). This Kanguru
Member, previously referred to as the Kamden Member,
also contains jasper and red chert bands (Beukes, 1983)
and forms a very important marker on the Ghaap
plateau (Figure 3). It is at present topographically at a
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Approx. ikm

4. Aerialpholv uJ'Mcihiim Mulhla uilh the sinmnispaUuti-ihainwl close ¡u the intellection ofiu-o dykes. Also note (he outline ojtbe
iron stones of the Kanguru Member just to the south of the palaeo-channel.

higher elevation to Mahura Muthla. The Kanguru
Member is overlain by the Fairfield Formalion clastic
laminated carbonate beds passing upwards into
columnar stromatolites and fenestrated laminites
(Eriksson et al.. 2006).

The platform carbonates have been intruded by
numerous diabase dykes in various orientations.
Tlie predominant orienrarion is a north-noith-^vesterly
direction but otiiers occur in a north-nortli-easterly and
an almost east-west direction. Some form linear positive
tcipographic features, particularly those that strike in a
north-north-westerly direction (Figure 4). Although tJie
ages of these are likely to be Karoo others may well be
older possibly associated with the Ongeluk Formation
extrusive igneous rocks occurring at the top of the
Transvaal Supergroup.

Kimberlites within a mdius of 120 km of Mahura
Muthla are found to the north-west, south-southwest and
south-east to south-southeast of Mahura Muthla ranging
in age from Proterozoic to Cretaceous (Figure 3). Some
30 and 40 km to the north-west of the diamond-bearing
gravels are the Group 1 kimberlites of White Ladies and
Zero respectively, both part of the Kuruman province

(Shee et. al.. 1989). Almost 120 km west of Mahura
Muthla is the Riries lamprophyre (Donnelly, 2008);
south-southwest and 80 km from Mahura Muthla are tlie
Darleston (Group 2) occurrences including X007
(Donnelly. 2008); and to the south-east are the
Duivelskop (Group 2) pipes at 50 km, the X134
(Group 2) pipe 85 km, the Pienaarspoort (Group 2)
dykes 87 km and the Bellsliank (Group 2) dykes (Smith
et. al. 1985) some 90 km, the Hull Hill (Group I)
kimbedites 100 km and the Mayeng (Group 1) sills and
dykes (Apter et. al., 1984) 110 km from Mahura Muthla
(Figure 3). Except for the Bellsbank Group none of the
kimberlites listed above have developed into economic
deposits, and whilst some diaiixmds had been reported
in most of these none have been significant in terms of
grade.

The two types of kimberlite, Group 1 and Group 2.
have distinct isotopic and pétrographie signatures (Smith
1983) but more importantly they exhibit different
intaision ages. The Cretaceous Group 1 kimberlites have
approximate ages of between 100 and 75 Ma whilst the
Group 2 kimberlites range in age from approximately
140 to 105 Ma.
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figure 5. '/he calcrelised part of the upper sediments tvitbiu Ihi
Mabiira MuthUt paiaeo-channel.

Local geoniorphology
"Ilif Mjluini Muihla gravels occur on a very gently
sloping surface of the Ghaap Group. Tliis surface, also
referred lo as the Ghaap Plateau, is marked by a veiy
siihile north-eastward orientated drainage divide wliich
separates (he present day north-westward flowing
Kurunv.in drainage \von\ more local south-eastward
draining streams towards the Dry Harts and Vaal
drainage, The latter substantially increase in slope
towards the edge of the Gricjualand West carbonates.
The Maluira Muthla gravels are located within the
uppermost part of the present Kuruman drainage basin
(Figure 1).

Estimates of post-emplacement erosion of Group i
kiml^rlites through the study of upper-caistal xenoliihs
of some Cretaceous age kimberlites have suggested that
in the Kiinberley area this has been reduced from
I iOO m (Hawthorne 1975) to approximately 850 m
(Hanson 2007). According to Hanson (2007), basalt
xenoiiths in the Kimlierley-Finsth area were found in all
kimberlites over 100 Ma, generally the Group 2 variety,
and suggestetl that tlie younger setjuente of Karoo flood
basalts (Lesotho Formation) covered the entire area iVoni
Lesotho towards Kimberley and Finsch on the Ghaap
[")l;Meau at leasi. This is supptirted by the presence of
Lipper-crustal Karoo basalt xenoiiths in the Darleston
kimberlite 0- Ward, personal communication, 2(X)9).
Nt) Lesotho basalt clasts are present in the younger
Group 1 kimheriites in the Kimberley - Finch region
(Hanson, 2007) which implies that this blanket of Karoo
tlood basalt had been removed from central South Africa
hy approximately 85 Ma.

Hanson (2(X)7) also investigated the extent of the
Karoo sediments and concluded that the cover around
Finsch and Postniasburg had mainly been Beauftui
Group rocks. This supports earlier observations that only
lieautVm Group sediments had been recognised in
Finsch mine (Visser 1911). "Stormberg' Group sediments
(Molteno, Elliot and Clarens Formations) had not been
deposited as far west as the Ghaap Plateau (Hanson,

2007) and on the Ghaap Plateau the Beaufort would
have been underlain only by thin and isolated patches
of Dwyka and Ecca Group sediments,

This has important implicati{.)ns for the Mahuni
Muthla area, 'as only betv '̂een 300 and 400 m of Beaufort
sandstones and some 1200 to 1500 m of Karoo flood
basalts have been modelled there at around 120 Ma
(Hanson, 2007). By 85 Ma all of the basall would have
been removed leaving less tlian 300 fn of cover of
Beaufort sediments in and around Mahura Mtithla,

Remnants of mature pedogenic calcretes are pre.sent
on most parts of the pediplained Ghaap Plateau
although these are more widespread and better
preserved further south between Uico and Douglas.
The upper parts of the Mahura Muihla gravels are al.so
highly calcretised and cemented by carbonate (Figure 5),
and were probably part of the overall duricru.st
development on the Ghaap, According to Partridge and
Maud (1987) this represents the African erosion surface
and hence postdates the Campanian (-65 Ma).
The development of these calcretes marked the end of
the humid climatic periods of the Cretaceous (Partridge,
1998) and it has been sugge.sted that by the end of the
Cretaceous a degree of desiccation had occurred,
resulting in a drier Cainozoic period (Panddge, 1998), It
can therefore be assumed that the last Karoo remnants
on the Ghaap plateau were removed sometime lietween
85 and 65 Ma.

The presence of striated bedrock near Boetsap at the
edge of the Gliaap plateau (Visser et. al., 1986) suggests
that the pre-Karoo surface is ver '̂ close to the present
day surface on the Ghaap and that only minor erosion
of the pre-Karoo rocks would have occurred in the
Tertiary. Hence the main sediment source for Mahura
Muthla type drainage would have been sands from the
Beaufort Group and agates ¡rom the Karoo flood basalts.
This is in agreement with Hawthorne ( 1959 ) who
suggested that the yellowish, reddish and pale grey
agates are considered to have been derived from the
Drakensberg Group volcanics. The yellowish and
reddish agates, along with green chiysoprase. are also
found in abundance in the old tliamondiferous gravels at
Bakerville near Lichtenburg anti thus may be derived
from a subset of the Drakensberg Grciup basalts.
Hawthorne (1959) on the other hand sugge,sts that
some of the green agates appear similar to tlitïse derived
from the Vaal River in the Warrenton area and presumed
to be derived from the Ventersdt)rp Supergroup
possibly eroded out of the limited Dw)'ka Group
sediments.

The Mahura Muthla distributary system
The Mahura Mutlila deposit is well-cemented calcified
gravel that has been preserved within the carbonates of
the Reivilo Formation (Campbell Rand Subgroup)
which forms the sidewalls and f<x)twall of the channel.
In places potholes have been preserved within the
footwall measuring up to 3 m in diameter and between
2 and 3 m deep (Figure 6).

SOUTtl AI RICAN JOLIRNAl. OF GEOLOGY
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Figure 6. Poihule of the äohmite fooluciH along the edge of the
Mabura Muthla palaeo-channel.

Although the exposures are poor, the channel which
forms a ribl.>on-Iike feature can be traced as patchy
remnants from Graspan 773 in the south across Mahura
Muthla 198 onto Tlaring 197 where it disappears. This is
over a distance of some 20 km but tlie best presei"\'ed
portion of it occurs on Mahura Muthla itself (Figures. 4
and 7). Furtlier to the north-west gravels
of similar composition had been intersected at
deptli during a drilling programme on the portion
Paddakoor of Groot Buitfontein 772 (Jackson, personal
communication, 1991) and it is suggested that tlie
channel can be traced even further north-westwards on
Mooifontein 640.

The north-north-westward orientated channel is
highly sinuous particularly across the Graspan 773-
Mahura Muthia 198 and Tlaring 197 section. The
meanders measured from Graspan 773 to Groot
Buitfontein 772, a distance of 18.7 km, and expressed as
the level of river sinuosity is 1.47 or 66.8%. This makes

this section of the palaeo-channel very sinuous
(Figure 7).

The depth of the channel according to Wagner
(1914) is just over 9 m (30 feet) and this has been
confirmed by more recent work on the deposit where
the deptli of the channel rarely exceeds 10 m and its
width varies between 100 and 150 m (Ward 1992).
The diamonds are practically confined to the lower part
of the deposit which is referred to as the 'raisin-ioaf
because of the abundance of carnelian (reddish agates)
set in a matrix of white carbonate (Wagner, 1914).

On portion Laurika of Tlaring 197 there is a calcified
gravel channel deposit trending south-south-westwards
which acts as a tributary to the main Mahura Mutlila
channel. Importantly Ward (1992) reports that the clasl
assemblage of the Tlaring tributary' is significantly
different in that the carnelians, which are dominant in
the main channel, are absent.

The iniUl sediments
The Mahura Mtithla gravels are well-cemented
sediments that display a typical fining-upward sequence
from basal gravels to finer grained and catcretised
sediments on top. The abundance of agates in the
smaller fraction of the gravel horizons has resulted in
the alx)ve mentioned 'raisin-loaf textures (Figure 8).

Coarse-grained basal gravel
This is generally between 0.1 to 2,5 m thick. The lioulder
to cobble fraction is dominated by locally derived
dolomite, black chert, red chert, shale and ironstone
clasts which are not well rounded (Figure 9).
The banded ironstone, red chert clasts and shale are
derived from the upper Reivilo Formation and
particularly the former two from the iron-rich Kanguru
Member which forms such a distinct marker on the
Ghaap plateau (Beukes 1983) and crops-out just to the
south-west of the channel (Ward 1992). The finer pebble

Figure 7. uhltque aerial tiew of the sinuous Mahura Muthla Figure 8. Smaller fraction of the gravel Ls »ich in carnelian
palaeo-channel looking totrards rhe south east. Note the tiH>rkings in (cigales) sel in a matrix of white carhonate.
the/ore-ground.
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Table 1 XRD analyses (in %) from selected samples (Council of Geoscience).

Sumpic no IK-scriptlon Quartz Plagioclasc K-Feldspar Dolomite Calcltc Kaolinlic Illitc Smccilte Palygorsklte

CKÜ ()3S Wliiiisli-grey clayey clast 3^

CKO 039 Grey clayey clast 54 10

CKO 040 Reddi.sli-green clasl (upper) 24

CKO ()•(! Clayt-y matrix (basal) 30 1

20

3

42

11

52

2

17
15

Figure 9- Basal graœl rich in toutUy deritvcl dolomile, churl

atui inm stone clasts overktin by cross-heckled sands. Hammer

fiir scale.

UJ .small cohlile fraction of tlie gravel is mainly
composed of rt-sistaies whicli is Uominaiud hy siliceous
clasts including, agates (yellow, red, blackish, grey and
tl;irk green lo yellow-brown), well-rounded sandstones/
t|imrtzites, rare amygdaloidal volcanic material and fossil
wood. Rare diamonds are also present.

Hawtliorne (1957) noted that the agates decrease in
size from the south to the northwest. This decrease is
particularly evident from Graspan 773 in the south to
Mooifontein 640 in tlie north-north-west. Similarly the
ironstone clasts Ixicome smaller and more r(.)undcd over
ihe same section. The sub-rounded and smaller
ironslone clasts in the main channel on TIaring 197 in
ihe north-west display percussion scars, as does the
black chert in the TIaring tributary.

X-Ray Diffraction analyses were undertaken by
Ü. Buhmann ol the Coimcil of üeoscience in Pretoria on
.selected samples of unusual clayey clasts within the
gravels as well as the matrix of the gravels (Table 1).

The occurrence of kaolinite and smectite-rich clasts
in the gravels that are cemented largely by carbonate
and the related palygorskite clay probably reflects a
palaeo-climatic change from wetter to drier conditions.
Kaolinite is usually a product of mcire intense
weathering whilst smeciite is a cotiimon derivative of the
weathering of potassiutn-poor mafic rocks, such as
ba,salt (Iilatt et al 1980). The smectite-rich ciasts
preserved in the gravels are probably weathered Ixisalt
pebbles and cobbles, derived from the Karoo volcanics
[low removed from the Ghaap, that have been altered
under wetter climatic conditions during the Cretaceous.

The digging operations on Graspan 773 have also
recovered several large iinabraded tree trunks some with
branches still attached. Smaller pieces of more abrjded
silicified wood have been found in diese gravels on
Graspan 773, Mahura Muthla 198, antl portion Laurika of
TIaring 197.

Pebble imbrication in the basal gravels was only
observed on Graspan 773 and measurements of
the former are summarized in table 2 suggesting that the
palaeo-flow was mainly from the south,

Table 2. Imbrication measurement.s on Grasfonifin 773

Imbrication Source Quadrants

Graspan 773 208" (n=17);

range 166-262°

soulh-.southeast 6%

south 24%

south-southwest 29%

souiliwest 29%

weM-s(iuihwesI 6%

vvesi (•)%.

Upper gravel units.
The basal gravel is overlain by a series of fining-upward
and finer grained gravel units (Figure 9). Directly
overlying the coarse basal gravel is a coarse pebble to
cobble gravel upward-fining unit with sandy matrix,
This unit is generally I m ihick and has a gradational
contact with the basal gravel.

Several finer gmitied gravel units of between 0.1 to
1.3 m tliick are found higher up and mark the Lipper
gravel portion i)f this package. Tabular cross-
stratificati(in in the upper parts of the more sandy part
was only seen in one section tm Gras Pan 773.
The planar cross beds of the latter are directed towards
the south-soulh-east (17S°). Tliese occur in the upper
sandy units and are interpreted as sands avalanching
laterally on migrating sandy bars moving downstream in
a direction associates! with the palaeocurrent direction
of the basal gravels,

Calcrete
The whole sequence is overlain by a thick -.mo tnature
calcrete which can be up to 7 m thick (Figure 5),
Sedimentary structures are rare and have obviously been
affected by the pedogenic calcretisation process of the
sands and gravels. This process, which not only alters
the matrix diagenetically by carbonate replacetiient, also
results in a significant increase in v<.)lume disturbing the
original textures by physical expansion (Netterberg,
1980), Secondly and much later, small scale karstification

SOUTH AFRICAN JOURNAL Or GEOLOGY
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Table 3- Fossil wood from Mahura Muchia 198 and Graspan 773. Numbers are ihe catalogue numl-)ers and should be preceded by

'•BP/16/" (BPl collection)

Family

Conifer

Conifer

Gymnosperni

Conifer

Podcjcarpaceae

Podtxarpaceae

Podocarpaceae

Angiosperm

Genus, Species

Agaihox\'lon africanum

Agathoxylon karooensis

Agatboxylon sp.

Brachyoxylon sp.

Podocarpoxylon mahabalei

Podocaipoxylon umzambense

Poäocarpoxi'lon sp.

unidenlified

Age

Paleozoic - Mesozoii-

Permian

Paleozoic - Mesozoic ?

Upper Jurassic -

kiwer Cretaceous and older?

Mio-Pliocene ?

Upper Cretaceous

Mesozoic

Upper Cretaceous -

Early Tertiary

Sample

Pebble

Log

Pebble

Pebble

Log

Log

Log

Log

Mahura Muthla

206. 207

336

330, 335, 343-348.

333

339, 340

327

106, 205. 326. 328,

329, 331, 334. 337,

338, 341, 342

204

Graspan

198c, 19Hd. 19ae,

198f. 198«

198a, 198b. 198h

197b, 197c

197a

processes of the calcrete would have influenced post-
depositional processes particularly in the upper sections
of the deposit. The latter has produced some solution
cavities or 'makondos' in the caicrete surface preserving
few textures and stnactures of the original deposit.
The décalcification process is likely to be considerably
younger than the cementation of the original depcisit
indicating that the calcrete is indeed fossil. In places the
calcrete is overlain by reddish-brown sand.

Fossil wood
Silicified tree uunks and pebbles have been recovered
from the gravels at Mahura Muthla 198 and Graspan 773.
By identifying the woods based on their internal cellular
anatomy, and making comparisons with fossil woods of
known age ranges, it was possible to date the woods
and, therefore, the gravels and associated drainage.
This has been successfully applied for instance to
terraces along the Sak River in tlie Brandvlei area in
Bushmanland (de Wit and Bamford 1993).

Seven (7) types of wood were recognised: three (3)
from Permian to Lower Jurassic (Karoo age), one from
the Upper Jumssic-Lower Cretaceous, one Cretaceous,
one exclusively Upper Cretaceous and one from the
Teniary (Table 3), The older wood types represented are
mostly well-rounded and show evidence of
transportation and/or reworking. The younger ones are
mainly tree trunk.s and logs which have not been
transported far. Mahura Muthla 198 and Gras Pan 773
have similar complements of wood types and deposition
history but at Gras Pan 773 there are also angiosperm
tree trunks which are of Tertiary age and are relatively
unabraded.

Materials and methods
Each piece of silicified wood was cut with a diamond
blade to form three faces, a transverse section, radial
longitudinal section, and a tangential longitudinal
section. Each face was then polished, and mounted on
pétrographie glass .slides. The rest of the block was cut
off using a discoplan saw and the remaining section

ground and polished to a thickness of about 40|xm. The
thin sections were studied, measured and photographed.
Measurements of cell dimensions are based on an
average of at least 25 cells with the mnges given. Pits are
often less abundant so the average is given. Woods were
compared with other fossil woods in the Bernard Price
Institute Palaeobotany Collection in Johannesburg and
with woods described in the literature.

Systematic description of fossil woods
Protopinaceae Krauset, Brachyoxykm Hollick and
Jeffrey (1909), Brachyoxylon sp.

Specimen No
Locality

Collector
Other specimens

BP/l6/198b
Graspan, sample no, HPX 444,
GP 772
M,C.J. de Wit
BP/16/198Ü. 198f, 198h
Call Graspan), 333, 349
(both Maliura Muthla)
10a to dFigures

Description
The piece of wood is small, brown, well-rounded
pebble, le.ss than 4 cm long. Growth rings are distinct
but .spring wood has been distoned. Tracheid.*̂  arc
.square to rectangular, thin-walled, and arranged in
regular radial rows with 1 to 5 to 9 tracheid rows
lîetween the dark rays (Eigure 10a). Early-wood mean
tangential diameter is 62p,m (range 50 to 72̂ Lm) and
mean radial diameter is 62p.m (range 43 to 77|jLni).
Parenchyma, traumatic ducts and resin are absent.
Bordered pitting on the radial walls of the tracheids
(Eigure 10b) is of the mixed type with uni.scriate and
contiguous to .slightly compres.sed pit.s (araucarian),
and uniseriate. round and contiguous or separate pits
(abietinian). In a few instances the pits are hiseriate and
opposite to sub-opposite. The average pit diameter is
13 to 15ti.m. Cross-fields are filled with 4 to 6 narrowly
bordered, round to oval pits (taxodioid or araucarioid)
10 X 7fim in size (Figure 10c). Rays are uni.seriate and
2 to 10 to 15 cells high (average 85 to 575|im) with very
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Figure to. I'lates of transnerse, radial lungitucihial and tangential sections of fossil uiood, Brachyoxylon (a to d), Agathoxylon africanum
(e to b), Agathoxylon karooensis (I to k) and Agathoxylon sp. (I)

SOUTH AFRICAN JOURNAL OF GEOLOGY



98 THE StGNIFICANCF. OF THE CRETACEOUS DtAMONDlFEROtIS CÎRAVEt. DEl'OSIT AT MAIIUHA ML'Ttll.A

rare, low. bi.seriate portions (Figure lOd), Ray frequency
is 6 per mni. Rays consist only of parenchyma cells with
smooth walls.

Identification and Comparison
With the mixed tracheid pitting and araucarioid cross-
fields this wood is typical of the tracheidoxyi (Creber
1972) genus Brachy(jxylon. There are numerous species
widely distributed in Jurassic and Lower Cretaceous
deposits (Philipp« 1995) especially in the northern
hemisphere and this is the first recorded occurrence
from southern Africa (Phillippe et al. 2004).

Agathoxylon Hartig, Agathoxylon africanutn
iAraucarioxylon africanutn Bainford, 1999)
Bamford and Philippe (2001)

Specimen
Collector
Locality

BP/16/206
J.D. Ward
Mahura Muthla 198. Visser Dump.
sample no: CKO 036

Other specimens BP/16/207 (Mahura Muthla)
Figures lOe to h
Desciiption

This brown and beige, smooth, rolled pebble is 5.S x 2.5
X 1.0 cm and has distinct growth rings but the bands of
thinner-walled cells are distorted (Figure lüe). The less
distorted tracheids have a mean tangential diameter of

(range 19 to 34̂ jLm) and mean radial diameter of
(range 22 to ilyisa) with a square to rectangular

outline. Bordered pitting on the radial walls is mostly
biseriate. alternate and slightly compressed, rarely
uniseriate (Figure 100. Pits are 10 to 12|ji,m and seldom
seen in the sections as the wood is so distorted. Axial
parenchyma, canals and ducts are absent. Cross-fields
contain 2 to 3 to 4 narrowly bordered, oval pits
(taxodioid; Figure lOg), Sp-m wide. Ray cell walls are
thin and smooth. Rays are uniseriate with very rare
paired cells, 4 to 8 to 13 cells high, and 8 rays per mm
(Figure lOh).

¡dentification and Comparison

The alternate, crowded tracheid pitting and taxodioid
cross-field pitting is characteristic of the genus
Agathoxylon which is the valid name for Dadoxylon
and Araucarioxylon fossil wood types. This large,
cosmopolitan group ranges from the Upper
Carboniferous to the Tertiary but the species tend to
have a much more restricted temporal and geographical
distribution. The morphogenus represents a number of
different plant groups, for example conifers, c^'cads,
glossoptedds etc. The species A. africanum has been
recorded from a number of sites in the Karoo Basin,
from the Upper Permian, Triassic (Bamford, 1999).
Jurassic (Bamford, 2000) and Lower Cretaceous
(Philippe et al., 2004). It is more common in the older
deposits.

Agatboxylon karooensis
(Araucarioxylon karftoensis Bamford, 1999^
Bainford and Philippe (2001)

Specimen BP/16/336
Collector M.C.J .de Wit
Locality Mahura Muthia
Other samples none
Figures lOi to k

Description
The black to brown fossil log is 10 x 4 x 4 cm.
The outline of the tracheids in transverse section is
square to rectangular with thin walls which have lieen
distorted in some patches (Figure lOj). Tracheid pitting
occurs on the mdial walls only and is alternate, 2 to
3 seriate, mostly contiguous, slightly compres.sed to
hexagonal (Figure lOj). Bordered pits have a diameter of
7 to 12jim with small apertures. Early-wo<xl tangential
diameters range from 36 to 75̂ Lm with an average of
66|i,m, and mean radial diameter is S8p,m (range 38 Xo
72|j,m). Axial parenchyma, canals and resin were not
observed. Cros.s-fields have 6 to 9 taxodioid pits, iji-m '"
diameter (Figure lOk). Ray cell wails are thin and
smooth, Rays are relatively high ranging from 3 to
30 cells with an average of 20 cells.

Identification and comparison
This species has also been recorded from the Karoo
Basin in South Africa but has a more restricted temporal
distribution. As far as is known it is confined to the
Upper Permian {Dicynodon Assemblage zone), It is
similar to the previous species but differs in having the
triseriate tracheid pits.

Agatboxylon sp.

Specimens BP/16/330, 335, 343, 344, 345, 346.
347, 348,

Localtiy Mahura Muthla
Collector M.CJ, de Wit
Figure 101
Description
The first two specimens are listed as logs and the rest as
rounded pebbles (Table 3)- All these woods have the
typical araucadan features: squarish outline of tracheids
in transverse section with relatively thin walls, no axial
parenchyma or canals, indistinct growth rings. 1 to
2 seriate tracheid bordered pits which are contiguous
and .slightly compressed. Rays are uniseraite and 2 to 10
to 18 cells high with thin and smooth walls. Cross-field
pits are araucarioid, 3 to 5 pits per field and 4 to l\x.m in
diameter (Figure 101). As the woods are poorly
preserved with distoned growth rings and missing some
of the above features, i.e. not preserved, they have not
been assigned to a species. They probably belong to
one or other of the species described here but without
well preserved tracheid pitting it is not possible lo
distinguish them.
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Hgure II. Plaies of transverse, radial hngitudinul und tangential sections of fossil uood, Podocarpoxylon mahabakn (a to c>,
nmzamhensi- id to g>. Podocarpoxylon sp. <b> and dicotyledonous UXKKI iunidcmtifled) (I to I).
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Podocarpaceae, Podocarpoxylon Gothan (1905),
Podocarpoxylon tnababalei Agashe (1968)

Specimen BP/16/340
Locality Mahura Muthla
Other samples I3P/16/339
Figures 11a to c
Description
The log with a dark centre and light crust measures
11 X 9 X 2.5 cm but from the curvature of the growth
rings the tree must have been at least 70 cm in diameter.
The specimen is brown in colour, silicified and well
preserved. In transverse section the tracheids are
rounded to oval with thicker walls than those of the
species oí Agathoxykm. Tracheids are regularly arranged
(Figure 11a). Resin (dark substance) is present in some
tracheids and ray cells but with no distinct pattern of
distribution. Growth rings are 4 to 5 mm wide and
indistinct with only 1 to 2 rows of latewood cells which
are only slightly narrower than the early-wood ceils.
The early-wood mean tangential diameter is 4l|xm
(range 29 to 55|JLm) and the mean radial diameter is
45^.m (range 24 to 53M'm). The late-wood mean
tangential diameter is 44̂ Lm (range 24 to 53|xm) and
mean radial diameter is lHfim (range 12 to 26fim).
Bordered pitting on the radial walls of the tracheids is
uniseriate, separate or contiguous but never
compressed, pits 20(jLm in diameter (Figure lib). Axial
parenchyma was not observed. Ray height ranges from
5 to 36 cells with an average of 17 cells (height range
300 to 75Qp,m; width 40ixm). Ray cell walls are thin
and .smooth. There is one round to oval, narrowly
bordered taxodioid pit per cross-field, 13̂ Lm in diameter
(Figure lie). The apertures are obliquely oriented.
Checking (oblique lines across the cells) of the tracheid
and ray cell walls is prominent and in some regions it
obscures the true shape of the cross-field pits and makes
them appear long and narrow.

Identification and Comparison
The tracheid and cross-field pits, and tlie thin and
smooth ray cell walls are typical of the Podocarpaceae.
Woods of this family first appeared in the Upper Triassic
(Selmeier and Vogellehner, 19(>8) and there are about
80 modern species whose woods are mostly similar to
each other and difficult to distinguish. Based cm the size
and numbers of pits this specimen is mostly similar to
Podocarpoxyhn mahabalei (Agashe, 1968) from the
Cuddalore Series in India, with putative age of Upper-
Miocene to Pliocene. The Indian specimen has
uniseriate contiguous and separate tracheid pits. 20|xm
wide and uniseriate rays 1 to 11 to 30 cells high with
rare biseriate portions. Cross-field pits are taxodioid
with obiique apertures and 15 to 20|xm in size which is
a little bigger than the South African specimen.
Podocarpaceous woods of fossil and modem species are
all similar and not easy to distinguish so the date should
be treated with caution.

Podocarpoxylon umzambense Schultze-Motel
(1966)

Specimen
Locality

BP/l6/197b
Graspan, sample no BPX 443,
GP733.

Other specimens BP/l6/197c (Graspan), BP/16/327
CMahura Muthla)

Figures Ud to g
Description
The log is 8.5 x 4.5 x 3.5cm, blacks and browns in
colour. In transverse section the tnicheids are roundish
with fairly thick walls and very regularly arranged.
The distribution of resin in the wood is distinctive with
the dark resin-filled ray cells and adjacent tracheids
frequently resin-filled (Figure lid). Growth rings are
indistinct, 2 to 3 mm wide, with latew(xxi cells only
slightly narrower than the early-wood cells.

Early-wood tracheid mean tangential diameter is
50|xm (range 38 to 62(xm) and mean radial tiiameter
is 53|Jum (range 48 to (•)l\i.m). The late-wood tracheid
mean tangential diameter is impossible tí) measure
because of distortion and dark cell contents. Bordered
pits are mostly uniseriate, rarely liiseriate and opposite,
25M.m wide, and separate or contiguous but never
compressed (Figure lie). Axial parenchyma was not
seen but resin is common in ray parenchyma cells and
tracheids. Cross-field pits are solitary, with a very narrow
border, 10 to 15̂ Lm wide (Figure llf). Ray cell walls
are thin and smooth. Rays are uniseriate and 7 to
32 cells high, and frequently a resiniferous deposit
in the adjacent tracheids is associated with the rays
(Figure llg).

Identification and comparison
The wood is undoubtedly podocarpaceous.
The abundance and distribution of resin in the rays and
tracheids is distinctive and this specimen is very similar
to the ones described from the Umzamba Beds in
Pondoland, South Africa, which are Upper Cretacetjus
in age (Schultze-Motel, 1966). The species has also been
recorded from the offshore Namaqualand Shelf of South
Africa ( Bamford and Corbett, 1994 ), in Cciniacian
deposits from the same area (Bamford and Stevenson,
2002) and West Coast onshore deposits (Bamford and
Corbett, 1995). The latter woods have Ix^en tentatively
dated as Lower Cretaceous based on the association of
other woods in the a,s,semblage.

Podocarpaceae - Podocarpoxylon sp.

Specimens BP/16/106, 205, 326, 328, 329, 331,
334,337,338,341,342.
Mahura Muthla.
Uh

Locality
Figure
Description
These fossils have not been given a species designation
because some of the important features for identification
are missing, most commonly the cross-field pitting.
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In general these woods are typical of the Podocarpaceae
with indistinct growth rings, a small proportion oí
resiniferous tracheids, separate or contiguous but
uncompressed uniseriale bordered pitting on the radial
walls of the iracheid.s, uniseriate rays with cells that ha\c
ihin and smooth walls and the aKsence of ray tracheids
and resin canals. Rarely poor solitary cross-field pits can
be seen liut the size of the aperture and walls are
indeterminate.

Aiigiospermae- Dicotyledoiiae

Specimen
locality

Other specimen

Figures

BP/16/204
Mahura Muthla, sample no
CKO 034
BP/l6/197a (Graspan), sample no
BPX 443/GP773
Hi to 1

IX'schptioii
The piece of wood is 20 x 9 x 6 cm. It is diffuse porous
and no clear growth rings were seen. Vessels are
arranged in low radial multiples with 1 to 2 to 3 to (4)
\essel elements, 50 to 60\i.m in diameter but as they are
radially compressed and distorted their maximum
diameter is probably greater (Figure lU). Perforation
plates are scalariform with ten or more bars. Inter-vessel
piLs are opposite and 5 to 7.5pLm (Figure llj). There are
35 pores per mm^ and parenchyma is rare to absent with
only a few cells a.s.s(KÍated with the vessel groups. Fairly
ihick-walled fibres, also compre.s.sed, ftjrm the ground
lissue. Rays are 2 to 3 cells wide and heterocellular with
procumbent and upright cells. Average ray height is
55S|xm (range 425 to 650jJim) but they are poorly
preserved so it is not possible to determine presence or
ihe numlx^r of marginal cells (Figure Ilk). The second
specimen of this wood t^pe is very similar (Figure 111)

kkmtification and comparison
There are no distinguishing characters for this wood so
it is not possible to identify it. From the fossil record
angicjsperm woods occur from the Upper Cretaceous to
the Present but the arrangement of vessels in radial lines
of four or more elements is absent in Cretaceous woods
and very rare in Paleocene woods and gradually
increases in abundance (Wheeler and Baas, 1991).
The angiosperm wood is therefore most likely to be of
Tertiaiy age. This example is the first record in southern
Africa of scalaiform perforation plates, a feature that
is more common in temperate woods and even today is
very rare in the modern flora of .southern Africa.

Fossil wood summary
In adtliiioii to the ages that can be ascribed to the
various pieces of WOÍKI there are several obsei^vations
that can be made from the fossil material:
1. Fossil woods are representative of at least

four periods: Upper Karoo (post-Permian), Early
Cretaceous, Late Cretaceous and Tertiary.
The evidence for this is:

la. One well preserved log of Agathoxylon karooensis,
with little sign of transport, is of Permian age.
The re.st are pebbles of ^. africanum or /i.sp. and
these range throughout the Karoo.

\h- Bracbyo.xyton is restricted to the Late Jurassic and
Early Cretaceous.

lc. Podocarpoxylon umzatnfjense is typical of the Late
Cretaceous and has been recorded trom well dated
Coniacian and Upper Senonian deposits, but has also
been recorded from Lower Cretaceous sediments.

Id. The angiosperm woods are Tertiary in age but the
age cannot he refined further.

2. Ba.sed on the palaeoflora the climate of the
Cretaceous has fluctuated. There was a wet phase
during the Early Cretaceous in the coastal areas
based on the Aptian-Albian Kirkv '̂ood Formation
woods of the South Coast (de Klerk and Llamford.
2002) and woods from the West Coast (Bamford and
Corbett, 1994; 1995). The middle Cretaceous was
drier in the interior based on crater-lake deposits at
Orapa (Bamford, 1990, Rayner et al.. 1997). but the
Upper Cretaceous (Senonian) southern climate was
much wetter, with forests of Podocarpoxylon
umhzamhense implying high rainfall in Pondoland
(Schultze-Motel. 1966) and on the West Coast
(Bamford and Stevenson, 2002), with forested
environments and fairly high, non-seasonal rainfall
(Alvin, 1982). The interior during the latest
Cretaceous was fairly wet where crater lake facies
have preserved the pollen record at Banke (71 to
64 Ma; Scholtz, 1985) and Stompoor (Smith, 1986;
Scholtz 1987; Trueb et al., 2005).

3. Little is known from the Early Tertiary for the interior,
but in the later Tertiary there were great fluctuations
in the climate and vegetation along the West Coast.
The angiosperm woods preserved at Graspan 773
have not been transported very far. These wcxjds are
probably later Tertiary in age and their anatomy is
typical of more xeric trees.

Chemistry and provenance of kimbcrlitic heavy
minerals
Kimberlite-derived heavy minerals, pyrope (Mg-Al)
garnet and picroilmenite (Mg-rich). are present in the
matrix of the ba.sal gravel units. Both mineral species
have been extracted out of samples taken from
concentrates which the diggers produced from the
gravels. Since ilmenites are particularly useful in
provenance studies, the focus in this study has been to
compare the major element chemistry of ilmenites from
Mahura Muthla to those from known primary sources
to the north-west, south-west and south-east in order to
establish the source area for these grains.

Ttie ilmenite plots used in this study are Al̂ O, versus
Cr.Oä and Cr^Oj vs. MgO (Figures 12A to L). And
although only 58 ilmenites were available for this study
from Mahura Muthla some important conclusions are
nevertheless drawn from this comparison particularly in
terms of its proposed sources.
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Primary sources
The following .seven primary sources within a radius of
120 km of Mahuru Mutlila were used in the ilmenite
study: the Zero and White Ladies kimberlite.s lo the
north-west; the Riries lamprophyre to the west;
the Darleston Group kimberlites to the soutliwest: and
XI54 (Bellsbank North), Bull Hill and Mayeng
02 kimberlites to the south-southeast (Table 4).

Although Group 2 kimberlites, historically referred Ct)
as the micaceous group of kimberlites, are generally
devoid or at least poor producers of ilmenite. most
generally do contain at least some. And a sufficient

number of ilmenites have been recovered from X 154
and the Darleston Group 2 occurrences to be included
in this siudy.

The Zero and White Ladies form part of the Kuruman
kimberliie province and occur 30 to 40 km wcstnortlv
west of Mahura Muthla. Both are Group 1 kimberlites
and have been dated using U-Pb of the perovskites at
1147 and 1607 Ma respectively (Donnelly el al., 2008),
The Riries intrusion has abundant ilmenite and is not
classified as a true kimberlite but rather as a
¡amprophyre (Donnelly ei al., 2008) and has been dated
at 1674 Ma by Rb-Sr of mica (Shee et al. 1989). However.

Table4 Kimberlites and a,ssaciiiied n)ck used in ihe provenance study. OccLirrenc-e. type and age infomiaiion hasetl on Aplt-r et al, (1984),
Donnelley et al. (2008). Shee et al. (19H9) and Smith et al.

Occurrence
Name
Zeru

White Ladies

Riries

Darlesi( >n

X 154

Bull Hill

Mayeng 02

Occurrence
e type
Fipt-

I'ipt.-

Dyke
Pipe
Pipf

I'ipt-

Sill

Distance to
Mahura Muthla
•\¿ km riurlhvvest

30 km we.sl-northwc.M

1(12 km west

9(J km south-soutliwesi

80 km .souhl-.southea.st

tO2 km .south-.soulhea.st

108 km .soiith-soiilhea.si

Kimherlitc
Type
Group 1
Group 1
Laniprophyre
(iroLip Z

Group 2
Group 1
Ctroup 1

Age Ma

11Í7

KiO?

1674

126

119

117

Number of
ilmenites

] ^92

¿S

113

198
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figure 12. IE lo H) continued

as a source of Mg-rich ilmenite it is just as useful as a
kimberlite in this provenance study particularly because
its ilmenite chemical signature is very distinctive.

The Oarleston Group 2 kimberlite occurs some
90 km south-souih-west of Maluira Miilhla and 25 km
nortli-east of Danielskuil and is close to X007, also
classified as Griuip 2 and dated at 126 Ma (Donnelly
et al., 200H). Due to its proximity and similar
petrography it is seems reasonable to suggest that X007
is pail of the Darteston cluster, and hence a similar age
for all the occurrences in this cluster has been assumed.

The Mayeng kimberlites are a series of sills linked to
a narrow surface fissure. These are aphanitic kimberlites
classified as hypabyssal, ilmenite-rich, phlogopite
kimberlite tentatively dated at 117 Ma (Apter et al.,
Í98j). The.se sills are probably better referred to as
iransitional kimberliles. somewhere between a Group 1
and 2. much like the Frank Smith cxrcurrence (EMWS
Skinner, personal communication. 2009). Although there
is no date for Bull Hill it is likely to be late Cretaceous
in age, being a Group 1 lype. The Bellsbank
occurrences, of which X1S4 is part, have been classified
as Group 2 kimberlites and have been dated
using Rb-Sr phlogopite age determination at 119 Ma
(Smith et al., 19K5).

Ilmenite mineral chemistry
The ilmenites Iroüi the* Zero and White Ladies
occurrences show much higher Cr,O., and lower MgO
values than the Mahura Muthla data (Figures 12c to d),
Intere.stingly there are clearly two compositional
populations which occur on either side of the Mahura
Muthla field and are clearly very different data .sets.
The mineral chemistry data for the Proierozoic age Riries
lamprophyre is also substantially different to that of
Mahura Muthla. with the Riries grains being low in MgO
and distinctly lower in Cr.O, (.Figures 12 A and B),

Only 25 grains were available from Darleston
Group 2 kimbcriite and although there is good overlap
there is a .sense that the Cr^O, values are slightly higher,
and the MgO tails run at slightly lower levels compared
to the Mahura Muthla grains. The fields therefore
generally overlap fairly well with the Mahura Muihla
Field (Figures 12E and F).

The chemistry' of the ilmenites from X154 (Bellsbank
North) are very clustered at low Al̂ O^ and relatively low
MgO levels compared to those from Mahura Muthla, and
there is veiy litlle overlap between the two (Figures 12G
and H).

The Bull liili and to some extent the Mayeng
kimberlites compare provide perhaps more closely in
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terms of ilmenite mineral chemistry for both the AhO,,
versus Cr^O, and the Cr2Oi versus MgO fields. Although
the Mayeng data set is much tighter (Figure 12K and L).
the Bull Hill grains have a very similar spread to Mahura
Muthla and proliably provide the best match (Figures 121
and J).

Source area
The ilmenite mineral chemistry clearly indicates that the
source area for the ilmenites is not to the north or north-
west of Mahura Muthla. The ilmenite population from
Zero, White Ladies and Ririe.s are significantly different
to discard these areas as having supplied material to
Mahura Muthla.

The ilmenites from XI54 show sufficient differences
to downgrade a positive link to the ilmenites that have
come out of the gravels. The most convincing overlap of
ilmenite chemistry with those from Mahura Mutlila
comes from Bull Hill. Darleston and Mayeng (Figures 12
E and F, I to L). Despite representing different kimberlite
groups the chemical signatures of these three
occurrences are surprisingly similar possibly representing
the same mantle domain. It is therefore highly likely that
the ilmenites in the Mahura Muthla gravels have come
from an area to the south-southwest and south-south east.

Although it is not certain whether the kimberliiic minerals
and the diamonds would have been derived from the
same source it is reasonable to assume tliat the two
would been derived from the same region. Although
both Bull Hill and Mayeng are devoid of any mining
activity and are presumed barren, other occurrences in
the area such as Bellsbank and to a lesser extend X 154,
Darietson, and Duivelskop have produced, diamonds.

There are therefore two important conclusions that
can be drawn from the kimberlite derived heavy
minerals. Firstly, based on the ilmenite mineral
chemistry the source area of the Mahura Muthla channel
was somewhere between the south-southwe.st and the
south-southeast and hence the palaeo-flow direction
was towards the north-west, and secondly that the
diamonds from the Mahura Muthla gravels have most
likely been sourced from the same area making
Bellsbank and X154 the most likely candidates witli
perhaps minor input from Darleston and Duivelskop.
However an undiscovered source in that general area
cannot be excluded.

Discussion and conclusions
The palaeo-How direction of the Mahura Muthla channel
was from south to north based on the following evidence:
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1. Comparing the mineral chemistry of kiniberlitic
niincnil.s ilnienites from the gnivels and several
primary sources within a 120 km radius of Mahura
Muthla intlicalc that it.s source(.s) is to the south.

2. The Kanguru incmher, the source rocks tor the
irtmstone and jasper cobbles and pebbles within
the gravel, crop outs directly south of the channel
indicating that these clasts have travelled in a
northerly direction.

3. The size of the agates, the fcssilised wood and the
Kanguru ironstone and jasper cobbles and pebbles
decrease in size northwards from Graspan 773 to
Mooifontein (T40. In addition, the degree of rounding
and the intensity of percussion scars, particularly on
the iroastones and red chert clasts, increases in the
same direction.

4. The limited numbers of imbrication measurements
indicate that the flow was from the south and finally
the Laurika palaeo-tributary joins the Mahura Mutlila
palaeo-tRink stream from the south-west suggesting
it was flowing northwards.

The age of the filling of this channel has been
constrained by the presence of relatively abundant fossil
wood particularly at Graspan 773 and Mahura Muthla
198. Four periods of tree growth have been recognised
from ihe palaeo-wood studies. Tlie oldest are Karoo age
wcKxis which are preserved as rolled and abraded clasts
suggesting that the,se have been reworked out of the
post-Pcniiian Karoo .sediments (Beaufort age) which
must have covered most of the Ghaap Plateau.
The presence of both Lower and Upper Cretaceous
wtjods, niainly in iht- form of logs, indicate that the
tirainage was active over most of the Cretaceous perifxi,
incising into Karoo basalt and sediments, incorporating
post-Permian Karoo wood, and exhuming the Ohaap
plateau. Eastward retreat of the Karoo escarpment in
Lower Cretaceous times by westward flowing rivers
removed the fl{M)d basalts lietween 130 and 100 Ma
under fairly high and possibly non-seasonal rainfall.
Whilsi the flat lying Karoo volcanics, intruded by
Ciroup 2 kimlierlites, were being removed .so agate was
the main contributor to the 'raisin-loaf gravel with some
weathered basalt clasts and diamond, a rare bin
iin|iortant component in this Cretaceous drainage.
In Upper Cretaceous times Beaufort sandstone was the
only protecti<in left of the underlying pre-Karoo
geology. Thf climate during this period was one with
high rainfall and (ollowed the drier Mid Cretaceous
period.

The final enirenchnient of the Mahura Muthla
channel occurred at the end of the Cretaceous or Early
Tertiary times adding iroastone and red chert from the
Kanguru layer and locally derived dolomite clasts to
the gravels. Like the agates that were derived from the
iïntkensberg Grtïup basalts, so the diamonds were
derived from a Group 2 kimberlile already emplaced
around 120Ma and eroded by Upper and Lower
Cretaceous rivers. The palaeo-channel wd^ therefore

tnainly active during the wetter periods of the Lower und
Upper Cretaceous, generally eroding Karoo basalt
during the former and removing Beaufort .sediments
during the latter. The Middle Cretaceous was drier and
probably less effective eroding the Karoo.

Based on preserved Upper Cretaceous crater-lake
deposits in the Northern Cape and Namatiualand,
erosion in the Tertiary was minimal, particularly where
Karoo cover had been stripped, and the Mahura Muthla
channel mu.st have been close to its present level by
then.

The Mahura Muthla channel was part of a north-
westerly drainage, incising into the flood basalt and the
underlying Beaufort sandstones respectively, and
feeding off the easterly retreating basalt palaeo-
escarpment (Figure 13A). This system was part of the
Kalahari River drainage basin covering southern
Botswana and the northern part of the Northern Cape
which ultimately exited via the lower Orange River into
the Atlantic Ocean approximately in the same area of the
present Orange River mouth (De Wit, 1999). Whilst
the channel was fed by an eastward retreating flood
basalt escarpment in Lower Cretaceous times, the
Mahura Muthla drainage became localised to the Ghaap
by Late Cretaceous to Early Tertiary times, and
subsequently became fcssil and calcreti.sed during the
development of the African Surface.

At the same time the Cretaceous Karoo River, further
.south, was cutting into the .same Kartwi flood basalt from
the south-west working its way up into pre-Karoo
valleys like the Harts (Figure 13A; De Wit, 1999).
Aggre.ssive erosion by the upper Karoo River during
the Cretaceous wcjuld have isolated the Ghaap from the
Kimberley area around 85 Ma (Figure 13B) and
diamonds derived from the Group 1 kimberlites around
Kimberley where finding their way towards the south-
west via the Karoo River until the end of the Cretaceous
(De Wit, 2004). The exit of this Karoo River coincided
with the present course of the Kroni River (De Wit,
1993;, Kounov et al., 2008). Phillips and Harris (2008)
suggest, based on dating of diamond inclusions, that the
palaeo-Karoo River was the transport system for
the detrital diamonds in Namaqualand, which were
initially derived from the older Group 2 kimberlites.
By the close of the Cretaceous period the Kalahari River
had captured the Upper Karoo River establishing the
main components of the modern OrangeA'aal system
(Figure 13B).

Finally the diamonds within the channel have most
likely been derived from one or some of the Group 2
kimberlites situated towards the south. So most likely
candidate is the Bellsbank Group with possible input
from the Darlestíín and Duivelskop occurrences but an
Lindiscovered source cannot be excluded. During the
Upper Cretaceous or early Tertiary the more southerly
kimberlites such as the Bellsbank Group, Bull Hill and
Mayeng were located within the Vaal drainage.
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