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THE. GEOLOGY OF PART OF THE VAU RHYNSDORP DIVISION,
| CAPE _PROVINCE. |

ABSTRACT.

An arca of approximotely 440 square miloc Has been
mopped in the southern part ¢f the van Rhynsdorp Division,
The Khels Systenm 46 represented by amphibolitos and quarte
ziten ocodipned to the Kanlen Serlos, A groun of pro=-Pink
Gneiss phyllites, schists, arkoses, quartaites and a dole

omitic marblo .are correlateﬁ rith the Hilda Series of the

Garicp Systam. A sheared tillite; thot resto with a ped-
imontary contact on the Pink Gneios on the farn i o odverloor,
is corrslated tentotiveiy with the basal ¢illito of the
Kaipas Sories in the Riehtnrnvclﬁ trea, The Yo Systen is
represonted Uy a pigly .of. limeoitones and dolomites notv
eelicﬁ the Bagsdl Limo (eals! s@rze ' and oloo the nurmruu
Sardes,

"hsro are no. paut-nuﬁa gromitic r@oLs in the areca and

" tho cnolso of the' Joedvortoor Hillo has boen chomm to be a

goutherly continuation 'of the Pink Gnoiss of the Huverua
area, The Pink Gnoiss constitutes marginal phases of the
Homagualond cryﬁtaliine complex and represantc extcnsive
granitisation of tho Kheig Bystem ascompanied by lit-par«lit
intrusion of the later acid differcntiatos of that complox. .
todal valuss-of « rcpreaentative serica of roclk-types of the
Namuqaﬂlunn cn:alek have Jbeon plotted on various &iaurams,
and 1¢ i3 possible 16 recegmise thres main types, viz. the
Granofiorites, the Groy Gnozscom anG tho Fink Gneicses.

A dolerite- sill of Karroo ace was found in~tho arean.

The pre~Noma sediments wero folded on a roather intense
seale, whilo the Nama rocks have boen folded into gently
pitehing anticlines. and oynelines, Two seto of postelonma,
pre-Cape. tonslon faulte ars recognisocd,

The Kners Viakse peneplaing ﬂnd ito cosocioteli depos-

'its, is deseribved. - Thosc deposits include a group of cole

careous. gravels and mongl@merateu that nmay be of marine
origin, .

_ Tho economic recourdes of- the .van Rhyncdorp Division
ars discuscced, and attention is drawn to hithorto unex-
ploited claya and zircon osands,

Hew ancdyses include four of the Pink Gneics, ninstcen .

of the Besal Limentone Series, three of tho dolomitic marble
of the Hilda Serics and one of wolleater from the Loche
verloor strcom.

~ Some notes are included on the pre-Cape ocdimentery
rocks of the western and gouthern Cape Province.
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The Location and Extent of the Arot
The area surééy@d extendn from Just south of the 0ii-

fants Rivor, betwoon the villages of Vredondal and Vlers
mudekliip (latitude 31° 401}, northwards to a line through
the farm Potklei {(latitude 31° 20%)., It 1o bcgg&aavan tho
east bty the longitude line 18° 387 and on the west bg/i@ng*
itude 18° 20%, Mop No.l illustrates thﬂ:axtaaﬁ;gi the
aren and its relationship to the surrouwnding rogion. |

In orflor to obtain a oloarer picturs of the bove arca,
a conaiderable nunber of iocalitiss in the ﬂﬁ@ﬁﬁﬁgﬁing.

rogion were visited and oxamined. The latter prosedure
LIBs necessary benaﬁ&a\ﬁirsﬁly the ares surveyed in detail
ié'extenﬁivmly-ﬁaV@rea by wind«-blown send, and socondly in
order to ea%nﬁlishlﬁhe sontinuity of formations oecuring in
the area with corrseponding formations lying 46 the north,
The aroa gurvayéa‘in detell comprises sbout 440 ag,
miles, Vredendal 48 tho lapgost viila@a, and is pituated
222 milea by rail, and 192 miles by road from Cape Town,
It 4s connected to van Rhynsdorp by &8 good gravel road.
Two meinteined gravel reeds follow both benks of the
olirents River from Vredendal %o Viermuisklip. The other
roads in theAaraa ara of a . low standard, froquently jJust
gert tracks, ﬁeavy‘xea sent often obstructs traffic on
the latter romds., A maintained road, used for the trans-
port of gypsum, runs from Holrivier siding, past the Nemne
qualeand marbla:ﬂamgaay guarrios, to the gyposum digeings st
Bergpleas.

The Purpoze of the Investimotion.
During July of 1945 the author oxawmined gomo of the

irrigation cancl sections along the Olifants River, follows
. ing & suggestion by Dr. AL, du Toit thot these sections
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would probably throw some lighi n %ha:r&latinﬁﬂhig bote
yeen the Hadnmesbury Series and the Name Syatem in the vean
Hﬁyﬁsﬁarp.arad& | Ex@eauéas aléng th§ $ighﬁ berik canel,
botween Klaver and the mouth of the Hol River, wore oxems
ined, end the aree to the north of ¢he Hol River vwas vige
itods This racann&i&é&ncegurvey suggeated that a more
dstailed invostisation of the present aves would help to
}fslariz:'tr *ﬁzm ralatmmmp between tﬁe Namn System of the
muw@rnSnBitﬁarfantein aren and the Halmesbury Series mapped
by Dr. A, Rag@m slong the 01lifants River on tho Nwm;ea
rust Sheet No,19 {1932) .

On the lattey gheot, the a@rﬁhérﬁ‘@awﬁ»ﬁf tho farm
Hosdverioor is mapped 69 Lolnosbury Seriss,  On Hoodvore
iiﬂawi in the naiehbourhood of the Lmipérgkap Tricontmot-
ricel beacon, the author found some hard blme auartzites
theb @ﬁ@mg&‘%g:agrae with'thav&égexipﬁicn givén by Rozora |
| . the hills oot and

{22 p,36) 0f hard blus quartzites fro
‘South-mest of ﬂuwaﬁué an& Flaninkberg, and ascigned to tho

Wiewworust Series by him. This sugposted that tho contact
botween the Nicuwerust and Malmesbury Series of Rogers would

bo fownd in tho NMoodvericoy aret,

The author also hopoed 0 bo able to ostabliish a rels
ationship botwoen the Namaqualand granits €0 the morth, and
the younger, post<lalmesbury granits mopped by Rogers on
Sheot No,19 in tho soubhwestern pars of the van Rhynsdorp

| r@gi@ﬁg

The mree wes surveyed on the geale 1:50,000 (4 in. to
0.789 miles), Two plane~table shests, 24 in,x £4 in.) wore
used end vore later cormbined onto one ﬁraaiﬁ@@ |

Pefore going into the field the base meps were prow
pared in the following meunor.

Al the avallablo trigonametrical beacons woro plotted

onto the maps by means of thoir co-ordinates, giveﬁ for



Dogroe Sheot 58 (Trigonometricel Suwvey 0ffise, Rozchank),
Additional data, such as roads and rivers, were traced onto
the maps by modns of a pemtograph from the topogrephical
mop 1:860,000, Celvinia, 3118, The latter informetion was
ﬂnaoeéﬁmrixy insccurate due $o the megnification; end wod
intended omly %o serve as a guide; This 1n£awmﬁ%ian wan
eraged ond corrected vhere neoossiry 88 mipping procscddd. in
the fisld.
' An overisp ¢f 4 inchos was allowed on the two plane-

'; table sheets, both of wnieh incivded the trigonametriaal
Jbeacon of Zonkfontein, Two gthor aarefuily locatod pointo
within the overleps anaqra& the ascurato fi%ting of the two
sheotss ‘ |

v Locations in ﬁﬁﬂ.ii@lﬂ;WEr@ made by the thrce~point
nethol by meons of & telsseople alldade, In tho southern
aron pufficient trigmnameﬁfieal haasons were avallable for
the lﬁ&&tiﬁﬁ-ﬁf ali plang-tabls got-upss In tﬁm northern
ares 1t wes found necegsayy %o erect additional stons heace
8 which were then located Lfrom tripge

onomotrical beaconss

A pow type o0f wniversal glinometer was used for lovele
- ing - and orientating the planestable magnoetically, for
neasuring dips, strikes and follation directions, snd for
plovting these noasurements ﬁnt@ the‘mﬁgﬁg

Zhe Physicel Foaturos of the Aron,

The topograpky of the area conslsts esgentialiy of two
glomonte, 1 & southewosterly extension of the Eners Vielkto
p@naﬁlain, and Qs the highor ground and hillas, ﬁwar 1000
fect; in the northorn and north-tragbern porbicn of ﬁhﬂ arct,
Th@sa features ars illusgtrated on iep No.l,

Looking towards the avea from high ground near ven
Rhyns@orp, the extonsive, sandw-covered pencplain is obgers
vad with the high ground of the Moedverloor hills and tho
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Luiperskop ridge rising above the plain, The highent \
pointg in the area are Potkleikop, the elevation of which
4o not given in Degree Sheet 58, tut which must be in the
neighbourhood of 1,300 feot, Moodverlorsnberg (1292 foot)
and Iamiporskop {1142 feoct),.

The high ground in the northern area is due to the
relatively resistent nature of ths granite and thE.Nuwﬁw
rug quartzites as comparsd with the softer arglllessous
and calcarcous rocks of the southern end eastern areas
which constitute port of the peneplain,

The whole of the extonsive Kners Viakte penoplain is
strusturally related to the soft arglllacecus, Brkoslc and
caleareous rocks of the rogion, It is bounded on the north
anﬁ7narthwwast by the granite and the quarteites af,th@iﬂu@
werus Series, and‘cn the eagt by the escarpment which is
capped by Table Mountain Sandstone. The peneplain slopes
. gently fram_&nvelavati@a‘af aﬁprox&maﬁely 800 feet in the
northern area Ho about 350 feot noar the 0lifants River ot
Vredendol, A ridge of Table Mountain Sandstons, which exe
" #ends from the Bulshoek irrigation barroge on the 0lifants
River to a point couth of Viermalsklip, rises to a height
of nearly 900 foet south~wost of the Olifents River and
formo the southwwestern boundary of the peneplain,

Drainage.

Hap No.l indicates the courses of the main rivers in
the area. VAith the exception of some ntroams in the northe
western portion, all the rivers drain into the Olifants..

The Olifants River appoars 0 bs of very considerable
age, and 3o in all iikellhood rolated structurally to the
series of Cretaceous faults that oceur along 1ta7vallay
frum above Citrusdal as fer at leaot as Kiaver, _

The Groot Graafwater, Geelbeks, Sout and Varsche Rive
ors drain the knors Vlakte area and rige in the mouwntalnous

country to the north and north-easot. They all combine to
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form the Hol River, whish flowas into the Olifents. The
Tros Troe and Widouw Rivers risc on the escarpment 1lying
to the eash of van Rhynsdorp.

The Olifents River is the only one in the area thad
rmme throughout the yeer, although the lrrigation dems have
limited its flow bolow the Bulshook barrage, The larger of
the other rivers generally have smell pools of very brak
woter throughout the year, and the Sout River is reported
to have small str@téhes of flowing water in the sumer
months in the &im@stané roglon below the poort at Gomsbok-
berg.

buring the ﬁintar these rivers coms down strongly for
sevarai days after rain, but cease to flow after ahmut g
- week, 48 the flow diminishes, the rivers tend to silt up
their beds. The following heavy flows eut down through
the 5ilt with the rgsult that road drifts are froquently
waahéﬁ away . '?hﬁﬁriftasfvss the Groot Graafwaler, just
above its confluonce with the Soeut River, was washed away
during the winter of 1946, losving new banks slmost 6 feot
high aﬁ this point,

Soveral of the river courses have beon dofined by the
structures of the underlying roci formations, The Moedverloor
stream originated in the soft argillaceous and. arkosie
rocks of the Hilda Series on the sast side of the‘Patxlei
mﬁ@eﬁVeraorztaulﬁ. The Groot Graafwater has followed tho
gtrike of the Hama rocks, and has cut into the Basal Limo~
stones anﬁ the arkoses Qf the lower Nuwerus Serles aiong
the north-ecastern side of the Luiperskop ridge. The
Groot Gféaﬁwatﬁr turms in a southerly dirodtion near
Rooiberg at the end of the Luiperskop ridgs, and this change
of direction may be due to the pressence of & north-south
foult lying to the sast of the river which has confined
itself to the softer arkoses of the lower Nuwerus Series;
the hardor quartzitic rocks of the ugper‘ﬁum®ru5 Series lie
%0 the ecast of the fault,



The strean, snéwn on Mep No. 1 as Valstruis\haagﬁé,.
is reloted to a small trbﬁgn formed by strike faunlits in the
Nuwerus quardzlites, an& alsoe to the softer phyliisic
‘horizons sgsociated with these quartzites, Similar
smell streams wore seen around Lu&perSKap:a@SQézataﬁ with
these phy;iltiﬂ horizana.

#Brink { 4 p;lﬂ} writes ag fallaw& of the hsadwaters of
the Groot Graafwatey, ™The subsequent nabture of the stroams
in this erea (Huworus) is!aiao portrayed by the way in
which the emall stroam running thraugh,ﬂnﬁerus in & southerly
direction flows in the 1ittle graben of Witputs between the
two strike faults”, ‘

.?gxﬁ at loast of the course of the Sout River suggests
a superimposed drainege. On thé fornm Quaggaskop, northe
eagt of the bridge over thoe Sout River on the van Rhynsdorp
wmuwaruﬁ-rsad,'this rﬁver-cuﬁs across the strike of hard
quartzites and conglomerates.  Again at Gemsbokberg, the
Sout Alver has out a‘@aaft through the Basal Limestones at
right angles to their strike, The Sout River may sherefors
have originated on the Knors Viakte peneplain, and have hed
sufficient araﬁing.ﬁawaﬁ to cut throush the resistent
formations uaaeriying the ﬁanepiain\ﬁepesits vithout having
guffored a deflsction of its course.

The Troe Troe River outa acroess the atrike of the
1iﬁ63tonﬁa‘6$£ dolomites south~west of van Rhynsdorp, and
on the farm Lower Atles it has eut & doop 50rge into the
dolomites of the Hilda Series,

A1) ¥the rivers in the area ahﬁw signs of recent
rojuvenation, ropresontod by betwesn 15 t@ 20 feet of down
~gutting, The significance of this fsaﬁure is dliscussed

slaowhere,



Zhe glimate of the Repion,

The following information is based on extracts from
a volume {34) supplief by the Aseistent Director of
Hoteorplogleal Services, Pretoris, Fraotically all the
obaervations wepe mede at Klaver, bub thoy may be teken
a8 typical bf the ven Rhynsﬁbrp régiua as & whole,

A% Klaver the preveiling summer winds are west and
gouth-west, and in winter north-wsst ond south-west,
| At Garies the summerfwin&s,éxa mainly south, and the
winter winds south snd north, December to February is

the windiest soason,

Miste from the sea are common in the early mornings
in winter, but ssldom ocour in sumey, These mists may
reostriet visibility until as late as 10 e.m. ia %he winter,
and thus hinder survey work, |

ainfall.
From Cape Town to the Olifents River the annual
rainfall decroages from 25 in, to 5 in. The moan annual

rainfall for Geries is 5.1 in,, for van Rhynsdorp 5.5 in,
and for Klaver 6,6 in, Tho mean annual rainfall for the
whele'ragian,is therefore opproxinately 5,5 in., and is
sonfined almost entiroly o the winter months, |

The Jenuwary mean btemperature along the Olifants
River is #559, with occasional maxima between 10¢%F and
1159  tiean temperatures at Klaver vange from 75,8°F in
Fanuery to 57,79F in July. |

Field work in the reglion should be confined o the

‘winter rmonthe because of the high summer temperatures and
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strong, dusty winds, that make oubtdoor work extremﬁiy
unpleasant, During the winter, water is occasionally
available in river beds and small stock dams, but it is

almost entirely absent from these sources in summer,

Tho Yegetation of the Aros,

~ The vegetation of the region falls into the "Coastal
sueeﬁlant Bush® type of the semi~desert vegetation
division given by Professor R.S5. Adamson in "Vegetation of
South africa" { p,190) in which he gives a full deseription,

In the ares surveyed foqr main -sub=types are
recognised, | |

1. On the red drift sand, "twagras" {Arvistida
brevifolia) predominates, together with an cecasional
bright green "melkbos® (Buphorbla sp,), and sone tall
sucoulents,  This subetypo occurs in the western portion,
south of the Hoedverloor hills and on both slides of the
Olifants River away from the flood plain. |

2e on the ridges formed by the Nuwerus quartzites
and the granite in the northern and north-western area,
both tall and short succulents (Mesembryanthemum Spp, )
oecur, together with “Kraalbaﬁ" (celenia africana) on the
nore sandy patches,

%« The only trees in the area occur along the
river beds, They are represented by the thorn treo
{Accmcia karroo) and wild tobacco (Nicotiana giausa),

4, Small, short succulents prodominate on the
extensive sheebs of white quartz pébbles that have
yeathered out af‘ﬁhe large quartz veins which freguently

pocur along the northesouth faulsas,

Limestone sub-outerops can frequently be traced by
following a greye-green gsucculeant, with small, almost

spherical leaves, about 1 foot high and having & sooty
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coloursed stem, Thisvpmaathresp@ﬁdé rapidly to the first
winter rains, becomming green, and greatly facilltates
the mepping of partly concealed caldarcous rooks,

- Agziouliure. |
Hush of the old flood plain of the Oiifants River

has heéen brought under ir&i@ﬁti@n; and lucerne, vines and

- eitrus are inbensively cultivated on preparsd terraces,
Sub=tropioal fruiss will graﬁ'ﬁhar@vsufriaient*Wﬁter‘is
availahbleo, | .

Over large arges the veld has a sheep~carrying
copaclty of about two to three margan per shé@p@ | Sheep
. faroers from Bushmanlend trek inte tho ares during the

winter months,

‘The previous work in tho rogion is dealt with rathor
fully bélaw in order that a clear ploturs of the advance
of geological knowlodge of the region may be obtained, |

. The first geologlosal surveys in the van éﬁymsﬁmzp
Division were carried out by Rogers between 1900 and 1911,
The veports of this work appear in the Annuel Reports of
the Geological Commission.

Rogerst work may be sumarised as follows.

i, In l@&& {ps 12) he stoted that the oldest rocks
in the northe-western pert of ven Rhynsdorp probably bolong
to the ﬁa&m&3ﬁuf? Series, end that they are continuous
with the beds af‘that gfnﬁp déamribe& from the country to
the south of the Oiifents River {i.e¢. in tho Piguetberg
'area;, | '

‘ The Kners Viokte was considered to bs underiain by
the Ibiquas Series, which was seid to be younger than the
Helmesbury end geparated from it by an overthrusted

wmeonfornity.
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The granite in the area was older than the Ibiquas,
but intrusive into the Melmesburyy
- The sediments near Kieuwerust were palled the
Hieuwerust Series, end were thought to be the youngest
ssdiments in tho area, end to rest unconformably on the
Ibigquas,
The following chrongldgicel table represents Rogers!
conglugions in 1904,
Nieuweruet Series
 {unconformity)
Ibiguas Series
{overthrust uwnconformity)
Granlte _ :
Baingsbury Sories
8. In 1911 Wajor J.G.W, Leipoldt drew Rogors’
astention %o the sinmilariiy betwesn the lower Steinkopf
Beds and the Nigwwerust S&ries, and aAlso betwaen the upper
Steinkopf Beds and the Iblquas Serios; he suggested that
the unconformaty botween the Nieuwerust and Ibiques Seriss
{as postulated by Rogers in 1904} 4id4 not exist,  Rogers
revisited the van Rhynsdorp area again in thet yesr ond
revised his previous sequence a3 follows,
Ibviguas Beries
~{unconformitty ) |
HAUA ‘Granite (post-laimesbury)
SYSTEM Maimesbury Series] .. nrorenahil
. | viouwerust Sa:ias] cantormahle
pre-~Noma Granite | _
The Wicuwerust Sheet 19, 1912, is bagsed on the ahove

In 1918 Rogers, in referring to the two granites of
different ages in the western part of ven Rhynsdorp, wrote
that thers are'"twu granitic gneiss masses in the areu,
one of which is older that the Rama Lformation and the sther
younger than ths Hainesbury Series, but whether it 1s‘alao
vounger than the Iblaguas is not known", |

The latter conclusions by Rogers, concerning the age



13

of the two grenites, were basef on the following observations.
He had soen the aeﬁimantary-ﬁcntaet betweon the
Nieuworust Beds and the granito pgnelss at geveral localities,
for oxample Flamlnk Viekto and Driekuil (22 p. 38), Of
the latser losallty he said, "The erkose {(Nisuwerust Series)
at the baae‘gf the formetion ﬁare regts uwpon sn old denuded
surface of pranite®, This reprosents Rogors' pro-Nema
gronite, . |
on the farm Hoedverloor (22 p,17), Rogers found evidence
for &n intrusive releticonship between the Malmesbury Beds
‘anﬁ'the neighbouring granite, which he sonsidered thorefore
+0 be a younger granite. Similar svidence was found on
the farm Drooge Krasl to the west of Moedvarloor (22 p.19),

% In 1989, in "Handbuech dor Regianalen Geologle®,
AL, Hell (24 p,92) dealt with the Vestern Cepe, or Nema
Facies, of the Traasvaaluﬂéma 8ystem. This work is based
mainly on Rogers' eariler reporis,

Hall says, "The Black Reef Soriss is represented by

tho Nieuworust Sories, found in gsevoral deteched masses

Orenge and Olifants Rivers near van Rhymsdorp, but is not
80 far knowm from the couwntry south of the Olifants River",
e assigﬁaﬂ the,Stéi‘\a;ffge&g-ta-tha Hiocwrorust Series and
‘algio states, "In ﬁﬁmﬂg&ﬁlanﬁ the Nisuwerust Serles underiies
the Uailmesbury beds". |

“With the palqmi%éqﬂeg&gg.are correlated the Halmesbury

beds (inoluding the Aties group) anf the Congo Series, but
in gome of these there isg a considerable development of
argillaceous bosides caleareous rocks”,

The Ibiguas Beds, together with the Fronch Hoek Beds,

were sorrelated by Hall with the Pretoria Series.
Under the hooding of "The post-Nama Granites of the

Cape Province” {24 p.113), Rogers stated in 1029, "The
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aranite intrusive into the Nama sandstones, slatas and
1inestones of the loedverloor hilis of van Rhynsdorp must
have a bowmdary agalnst the pre-liama granite which forms the
fioor on which the basal ama beds of Nieuwerust rest, but
no satigsfoctory oharacter is yot known by which individual

outercps of the two {granites) can be distingsuished™,

The chronological table of 1929 was much the same as
that given in 1912.
Cranite (post-iisma)

Pretoria series Ibiquas series
TRANSVAAL NAMA {slight unconformaty)
BYSTH Dolondite series  SY3TiM | Malmesbury Series

Black rReef series Nieuwerust series

Granite (pro-Nema)

In 1945 br, W.,C, Brink ( 4 p.1) completed a geoclogical
survey of the Huwerus area and established tue following
sequence of the sedinments.  “ihe Nama sediments are unfossile
ifarous and rest unconformably on the Bagement rocks (rink
rneiss end Kheis)., The succossion 1s sub-divided into the
uworus serles, the local equivalent of the {ulbis seriles,
and the schwarzkalk series, whieh now replaces the oarlier
terns Jalmesbury and ibijuas series, since there is no
breek in tho deposition 9f the upper Name in this area, and
a3 the conglomerates and gritea of the Bezondermoeid-~
Breektand sector, formerly taken as typlcel of the unconform-
able base of the "Ibliquas series”, are now considered as
the normsl seocond aprvnaceous phase of the schwarzkalk of
this area, tho tera "Ibiquas series” 1s abandonod!

Brink questioned the intrusivs nature of the granite
contact on lioedverloor and Drooge nrasl since he considered
that all the granite of the van Rhynsdorp region is of the
same age, thut s his "Namaqualand Grunite®, He was,
however, unaware of the pre-granite iiilda Series on

roedverloor.




An abbreviated table of the sediments in the van
Rhynsdorp area, based on the present survey, is given below,

The classiflication given by Hall in 1929 is added for

conparison,
rresent survey all (1329
HAMA Schwarzkalk sSeries Ibiquas and Yalmesbury
SYSTEM Nuwerus 3erieg’- Nieuwerus Jeries
lasal Limestone Series Xlalmesbury (Aties group)

(unconformity)

Keigas 3cries

(unconformity)

¥ink Gnelas T™wo granites
GARTEP
ZSYS‘EEEE Hilda series

(unconformity)
Eg%ﬁiw Kaalen series Schists of sedimentary
Do b origin in the gneiss (Rogers

1912).
Acknowled~ements.

The author wishes to express his sincere thanks to
the following gentlemen:

rrof. F. Walker, under whose cuidance this investi~aiion
was carried out.

Dr. A;L. du Tolt, who originally sucrested the investigae
tion, for his cncouragemont end extremely helpful su-gostions
while the work was in progress,

brs. F.C. Truter and John deVilliers for their valuable
su ;-estions regarding the correlation of the l{ilda Series.

Pr, 4. roldervaart, for helpful discussions concerning
the ¢genesis of the rink Gneiss.

[ie88r8. J.r. van sek, J, van Zyl and L. Coetzee for
their very kind hospltality during the author's stay in
the fleld,




14

PRUSENT |

4D THE

GHOLOGICAL

HISTORY OF

TILS  AREA,

The following table includes the peolorical formations

present in the area, together with the main rock types

represented in them,

o rocks of the Schwarzkallk serios

were napped in the area, but this series 1s included for

the sake of comploetenoss,

Tertiary to
Recent doposits

Xearroo Are

{{luverus area)

HAA
SYOTEN
C

Huworus sSaries

Bagsel Limestone
series

ralpas Series

Pink Gnelss

Schvarzkalk sories

Acolian sands,

River gravels

Gypsum end calcrete,
Calcareous conglomorates,
fud conglomerates,

| silorete

Dolerite

Upper shale,

Jjuartzites, felgpathic
sandstones, prits and
{ conglomerates,

Lower shale with a
limestone phasce neoar
Li s bhaso,

_Eurple and blue quartzites
with assoclated mauve and
pink phyliites,

I\

Lower quartzites with
eltermating arkoses
shales and felspathic

Lgritﬂ .

Pale blua to blue~black
linestones with several
dolomite horizons,

Grey felspathic quartzite,
Tillite .

Granitlised arkoses,

quartzites ete, of the
¥heis sSystem and poss-
ibly the Hilda 3erios,
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Jletamorphosed phyllites,
arkosesa, felspathic
GARTEP Hilda series sendstones, quartzites
SYSTIRS and conglomerates with
a dolomite horizon,

WAEIS Kaalen series

OYSTE]

achists and amphibolites

Hietamorphosed quartzites,
in the Pink Gneiss,

Tho oldoest rocks found in the area are those of the
~hels System.,  These rocks occur as isolated masses,
varying greatly in size, distributed in the iink Gnelss,
There 1s strony evidence that tho rink Gnelss represents
extensive granitisation of the shels Systen, o form-
ations of pre-i.heis age, fram which the latter werc dorived,
have been recognised in the region, If such rocks were
oriinally present, they have no doubt beon graniticed and
arc now represented by portions of the rink Gnelss,

he itheis Systenm appears to have been strongly
netanorphosed on & reglonel scale prior to the formation of
the »ink Gneiss, This view is supported by the fact that
ali the :hels rocks observed have attained a rmch higher
grado of metanorphism than the rocks of the fiilda Jseries
near the contacts between the latter and the “ink CGnolss,
The reglonal nmetemorphism of the ihels Jystem nust therofore
be of pre-lillda age.

‘The Hilda Jerles occurs in the area surveyed as a
south-gast trending horst faulted against the Pink Gneiss
on the horth-west side on the farm loedverloor, and also
along the 0lifants River between Vredendal and Vliermuisklip,
It is essentially an argillaceous and arkogic formation
with a dolomite and an arenaceous phase near the top,
ihis serlies of pre-rink Gneiss age and is cut by a pegs
natite from the latter on the farm  loedverloor, The
nelphbouring Pink Gneiss has induced the formation of

thermal metanorphic minerals in cortain schists and the
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dolomite of tho Hilda Series,

The Pink Gneiss ocours in the m‘r’i:-nw:amemv portion of
the aren, Its oastern tontact is & fewlted one, and sand
sonceals outerops betwoen the Pink Gnelss of tho Moodverloor
‘hills and tho Basal Limestonos of tho Nema System ab
memﬁiakl&pa This Pink Gneles is éﬁﬁﬁiﬂﬁ&ug vith oimilor
- poeks @f the Minverus aren, and 4o of the smn@ approxinnt

age &5 the Grey Gneiss of Nemagualeni, fThere ic evidenco
that 4t corresponds o the Pink Gneiss of the Kekemas avea,
and ma"ﬁ it reprecents oxtonsive grenitisation of the Khels
Systen, - |

A Bi11ite, succosded by B groy felapathic quartzite,
rests with o sedimentary aaﬁtmﬁt on the Pink Gnoiss on
Hocdverioor, 1ts contect with the Hilda Series is a faulted
ont, Sinoe it 15 of post«Pink Gnelss ago, &and probably
pro-fona, it has been correlated ver;;r tontatively with the
basal Tillﬁ.té af tho Kaig&a B@mea reoorded by scwhnge and
do villiers (27 p.&ﬁ?) in the mahtemvam.

' ohe Nema Syotom 48 yeprosented in the syea by the Basal )
Limestones ang the Nuwerus Serdes; no rocks of the Sohwarzkalk
sories were mapped in the aveas The Basal Linestones are a
loeal phase of the Nema Systen that wors apparently deposited
in a marine trough to the south of the Nuwerus eres,

one &olé»mim 831l was miEpped in rooks of the baasal
Nuworus Serics st Gemsbokbors, This dolerits is corrvelated
with thoe Earroo doleritves. |

Tersiary deposits are mpmsém@a by sileretos, a cale
.mmom eonglomerate possibly of marine origin, mud cone
plomeraves, river gravels, gypsum, calerets and wind blown
sends,

Ty madn periods of faulting are rotoguoised, The older
period is ropresented by northesouth trending tenslon faults
with a downthrow on the cast side, and ¢charactericed by

extensive velnwquertz filling., The younger set of faults
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trend in & north-west south-cast direction in general.
These faults are froquently marked by brecclas semonted
with limonites | | \

Both sets of faults ape of post-Nama 68@4 and there is
mﬁéﬂaa that they are of pro<Cape age, : |



In the ares surveysd there ogeurs a group of roglonally
motemprphosed rooks intimately assooisted with the Pink
cnoisss The grostest developnent of these rocks ie seen
as o roughly cast-wsst tronding belt, about four miies long
by one milo wide, on tho farm Potklei in the oxtreme northe
wostern soetion, This beit is bullt up of highly sheared
ond contorted sorlcitic quartzites with some miner phados
of mics schists, Tho numerous patehes of emphibolitos and
granuiitos in the moighbouring gneiss are correlatod with

the Potklel rocks which are fssignod to the Kealen Series of
| the Khels System, . Tho Potkiel quertzitons and the amphie
wﬁ%é congtltute thoerefors the most southerly kaowm dovs
clopment of the Kheis System,

Thém rocks were not ',inmatﬁ.gat@& in &:am&i because the
much more extensive .aa?srampmmt of this and other phases of
the Kheis Systom in the Bittorfontein-Nuwerus aresa has been
oxhoustively troated by Beink { 4 P18 of Beg.).

In the van Rhmsawgz Division the Khois rocks hove
- roached a much higher atate of nmotamorphism than the Hilda
Sopics has ebtoined, and must therefore have suffered motas
morphism on a roglonal scale prior to the deposition of the
sediments of the Hilda Serics and the formstion of the Pink
Gnelsss In thig connectlon 1% vis interesting to poto
vaia conclusions regarding the metamorphic rocks around
Bitterfontein railwey station { 4 p.21), "There is apparontly
no relation botweon the grage of motamorphisom atteined in a
rook ond its distance from the granite contact, & fact which
fuggests thab the granite was not responsible for the moto.
morphien® , |
| The oxtensive granitisation of the Kheis System, vhich

resulted in the formetion of the Pink Gneiss, 4o discuased on
pige B4, The quartzites on Potklei and the emphibolitos and
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granmms in the Bu"mtmﬁing gneiss appear to reprosent
Enois rocks that survived grenitisation; while the original
 formations of arkosic composition aTe now repressnted by the
Pink @né_ﬁ;aﬁw : o ‘
The numerous hornblendee

ranulitos and amphibolives
ocour as isolated lenses distributed at random in tho gnoiss,

They éimr a very frﬁ@mxam tondoncy 256 iie parellel to the
foliation of the enclosing gnelss and tr;ia ffs;a@we
that they lay in the bedding of the originel sediments,
The como charectorlstic was slso observod in the Sout River
area, doscribod below, where similer emphivolites oscur
| parallel to the foliation of the imimamly agsooiated

| ggneﬁ;aws,; schistoc and premulites g‘if Khelg egos From these.
£ield Telavions therefore, 1t Apposrs thAt the amphibolites
represent original intermediate and basic lgneous roske,
possibly lava flows, agsociated with tho Kheio aﬁﬁimﬁts@
In a1l probebility the mphibolites hod avtained their
present degroe of me'i;émmmm prior 4o the period of gxan—-
itisasion responsible for the formation of the Pink Gnoiss,

eats

Brink has rocorfied several nccurrences of hornblondoe
granulites in the northetn ares, ond vonoludes, "..., thab
these granulites are the outcome of recrystallisation of
nwiginal&y bendad makm, which, 1€ they hod boon sodimento,
nust heve been of very abnormal constitution po 83 o have
yiolded the observed minorals®,

The typlcal rocks of tho Potkiel ares are sericitic
Qumm%es and quartzegoricite schistsy all highly sheared
an@ showing smallesedle contortions, Photogrephs Nos, 1
and 2 illustrate two vocks from Potkled,

iicrophotograph No 3 Shows tho toxture typleal of the
amphiboiites, The specimen photographed was collected noar
the farrhouse on Elendefontolin about m miles northewest
of Potklel, |
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During a visit to the . -Sout River area {to tho southe
west of Bitterfontein and not the Eners Viakte Sout River) |
the author was sble to examine the rocks that appesy on
Sheot 19, Nieuwsrust, &s "Malmesbury Serles®, Thore ars
prosent in this group of rocks, mice schiets, garnet schists,
azméhibamteﬂ and quartzites, soms of the latter siwmiler to
thote sesn on Potklsi, ALl these rooks, togethor with the
assocliated pink end grey gneisses, are strongly foliated
and con be correlated with the Khels rooks desc¢ribed by
Brink £rom the Nuweruse-Bittorfonteln ares, Good sxposures
across the folletlon are avallable along the banks of the
‘Klein Goerap end Sout Ri*mra ¢ And this: fron should :arwe of
value in- any fn%wa invegtigamm @i‘ the Khaia Systen in

gouthern Namagquoaland,
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TR _HILDA SERIES,

In the srea surveyed thors Oecurs & group of sedis
mentary rocks younger then the Khels System bub older then
the Pink Gnelss, Phyliitic end orkosic POck-types proe
dominate; but a persistent dolomitic marble, quartzitoes
and conglomerates meke thelr uppearance neer the top of tho
gPouD, - Several sehi;fétﬁsﬁé vhages carrcying low-grade métas
morphic 'mmamls were obsorved, and thess appesr 0 indice
ate a zone of thermal metémorphlsm eSsociatef With the
Pink -(}'ﬂaiisé, This group wos originelily included in the
Helmeginry Sories by Rogers and apposrs os such on Shaatf
19, Niewmrust, but it is now correlated with the Hilda
sSerien of the Garicy System deceribed -:r.f';:';?fcmtzi~ the Richtersveld
area by SOimge and do Villiors {27 D264},

The Hilda Seriss forms the middle member of an extens
sive formation now galled the GaArlep System, which ocours
in the Richtersveld and the sovthorn Sperrgeblot of Southe
West Africay  There are grounds for comsidering that the
Gariop Systom corrésponds to the Damara Systom of Southe
West Africa, but the authors of the Richtersveld paper have
deecided to introduce 4 local name on ascount of the large
srea of unmapped and geclogically almoat unkmown countyy
botwoon the two type APess,

ﬁnarafia, ﬁﬁfawtuna%ely at the present tinme, only @
very brief dsscription of the Hlldz Serics from slie type
area, but the author was informed by Dr, de Villiers that
the séries which occurs on the farm Hosdverloor appoars 0
gorrespond mors clasely %o the Hilde Series then to any
othey formation in the Richtoroveld. The foliowing 16
%he\desﬁription siven by Sohnge and de Vililers of the
Hilda ﬁcriea (27 p,265), TFollowling conformebly on the

. BRack Hills series in both arcas (Hilda Trigonomotrical
‘\T\hﬁacﬁn‘ana nortvh of the Aurus waterhole t6 the soulh of
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Geinaggas in SoutheWost Africa) Is. the Eilda Ssries, come
posed of arkose; sSchist and marblo®,

The foliowing deseription, glven by du Tolt, of the
Marble Series of the Demaran System (8 p«4S) is given for
comparison with the roeks of the van Rhymsdorp region,

If the Gariep System corresponds to the Damara Systom, the
Hilda Secries roprosents the Marble Serled,

oThe succesding Merble Series 4is best doveloped in
tho Rariblb and tmerwru districts whore it builds high
PANZGY, %ﬁiﬂg‘maae up pxé&aminant1Y nf‘&rwa';J' |
atonog and aulﬁmitaﬂ‘wiﬁh intercalations of phyllites,
bﬁéﬁiﬁ%&ﬁ@ﬁiata and amphibolites that streteh regulerly
for miles, , |

"The marbios are of various éﬁlaurs,»wh&ﬁe,A@rey,
yellow and black, ssess Whore Altered by the granite, the
marbles begome coarsely orystalline caleesilicate roeks in
‘which the following minerais may bo developed = trémolite,
h@fﬂbleﬂﬁe, wollastonite, scapolite, diopaide, chondzadite,
graphite, otes Tho limestones may pass laterally into

graphitic schists", |
sinoe the correlation of sedimentary rooks on lith~

N ﬁl@gigam‘grmua&a frdﬁ‘suuh'wiﬁely separated aroas 18 an

sxtremely unsafe prosedure; the above descriptions are
givon far,coﬁparattva purposes only, and the author feols
that the age relatvionships &iaaﬁaaeﬁ below are of nore
valuo in the tentative correlation of the rﬁﬁkﬁ of the

hynsdorp reglon with thoss of the Hilde Sorios of the
Richbtersveld, , |

The oldest rocks meppod in the Richicrovreld arca
belong t¢ tho three ceries of the Kheis System.s Following
'-a,parioﬁ~@t timo, during which the Khels rocks wore folded
end erocded, tho sedimentation of thoe Cariecp System commenced,
- aad this in turn wes succecded by an orogonlc pariaﬁ;
The intrusion-of the Greg"aneiss-was probably largely
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contomporaneous with the latter part of this orogeny, and
widospread granitisation of the older roocks took place,

The reclogical history of the Richtersveld as described
above, £inds a olose parallel in the southern part of van
Thynsdorps  Tho ithels System is represented by the highly
riebanorphosed rocks of thoe Nuwerus-Bitterfontsin area, and
on tho farm rotklei in the present arca a group of strongly
sheared sericitic gquartzites and mica schists have beon
correlated with the Haalen Series, The rocks assigned to
the 1ilda Series were deposited after the ihels rocks had
suffered notamorphisn on a regional scale, “Then Lollowsd
the formation of the Pink Gneiss by the extensive granitise
atlon of the older rocks, particularly those of the iheis
system, Thero is evidence that the ¥ink Gnelss belongs
1o the sanme general period of ignmeous activity as the Grey
Cneics, belng possibly a marginal phase of the latter,

These events are sumarised in the Lollowing table,

Richtersveld area, van Rlomsdorp &Lee.
Intrusion of Grey Gnolss Formation of the Pink CGnloss
acoompanied by pranlitis- by extensive granitisation

ation of the older rocks, of the xheis and possibly
part of the Hilda Serles,

Srogenic period, £oasiblo folding: of the
1ilda series,

Deposition of the Gariep Deposition of +the llilda

oyaton, Series,

Foldin:; of the :tels Reglonal netamorphisnm of

systen, the theis 3ysten,

Deposition of the khels Deposition of the iheis

Lysten, Systene

The above table shows that in both aroas there was
only one phase of sedinontation between the :heis and the

The author feels that on the above grouids there ig
sufficlent justification in correlating tentatively tho
wost-itheis, pre~Fink Gnelss sediments of the ven Rhynsdorp
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ther
that such & tentative correlation iﬁ %o be preferred to

region with the Garliep systﬁme 'The‘auﬁhaé*feexal;ﬁ

the introdustlon of & new local name at the present time
while the pro-Cope formations of the south-western part of
the Union are undergoing intensive stuly and reclassificatiof,

fhe Hilda Serics in the area swrveyed has been affected
roments; and the
resmitant foulting thus provents & complate deseription of

by severél phazes of vather sovers earthme

tho puccession and of the thickness of the verious compogent.-
posks, Dxtonsive senf-cover also BA4s to the Aifficulties
of correlating the outerops throughout the ares, bub cortein
hordzong, such as %h@ ﬂaiﬁmitia'marhlél have elded in the
correlation of the rooks of the Aties and Vredendsl area ,
with those ﬁcauxing on the Lo |
Rocke of the Hilde Serdios constitute & hovst on tho
farm tioedvericor, faulted on the northeedst sl southewost
agalnst the Ruwerus Sories, and . bounded in part on the
northewost side by the Potkloi<Moodverlcor fault, The
south~ecagtern portion of this horst is mednly semd-covored

Hosdverloor,

- but it aﬁgears.aiwng‘tha‘ﬁvl River to the south of the
Zoutfontein Trigonomotrisal beacon,

| The majority of the rocks on Hoodverloop are deeéply
woathered and fresh scotions can only be obtained in some
of the stream beds, The northwwestern portion of the
horst 18 @xﬁen&ivaiy‘veiﬁeﬂ with guartz, most of which
appesrs t0 ho velated to raultiaga This ares is iiEQS*
trated by Photozraph Nos 45

* Shown. on Mop No.2 by & capitel D saperimp@seﬁ on the
orsNge aolaur.



In this area phyllites and arkoses predominate, with
several minor horizons of sericitic quartz~schists, Some
nagnetite achistas were also observed, In the small streem
bed, & mile to the east of the old farmhouse, a weathered
felapathic grit is out by 2 pegmatite from the adjeacent
Pink Gneiss, A coarse-grained guartzite appears to 1ie
near the bottom of the succession, All these beds have
relatively high angles of 4ip and several of the less
weathered schists are imnw cleaved,

Higher up in the succeasion phyllites and serloite
schists appear and the dolomitlc mardle ocours near the
‘top. The merble wppears %o be overlain by a thin bed of
phyliite, weathered to a pink sericitic olay, which in turmn
is followed by sbout 850 feet of alternating guartzites and
conglomerates, The marble appesars in the Moedverloor
stream opposite the farmhouse and at several other pointa
for about a mile downstream, Opposite the farmhouse the
merble has been partly replaced by jasper dus to the cire
culation of iron- and silicesbsaring solutions i{n small
fault 'zones. The marble is sgain exposed about a mile
and a half to the east of the farmhouse at the Namagualand
Marble Company quarries, where it is underlain by a blotite



schist. IFrospecting operations with a diamond drill

revoaled a thiclmess of over 80 foet of marble at 0.3

quarry, thouh it is doubtful if this represents the true

orisinal thickness since the marble 1s lkmovm to have been

faulted off at this locality, & description of a typical

core obtained during prospecting operations at these marble

quarries is given below,

Bore~hole core in lillda dolomite at Hamaqualand }arble
Campany quarries, ‘loedverloor.

Denth below surface,

Core description.

Q=10 feet

10=20 feot

20=30 foet

30«40 foot

40-50 foet

50=-60 feot

B80=70 foet

70-80 feot

80=90 foot

2 feot pale blue marble with mica,
6 feet of white, 1l foot of white
with blebs of quartz )" across,

1 foot mottled blue«white,

1 foot of streaky blue with pink
patches, 5 feet mottled bluew-
whito with nica., 4 feet croan,

1l foot of crsam with thin bands of
quartzite, S feot mottled blue=-
vhite. 5 feot near white, 2 feot
vhite with mica, 1 foot streaky
blue,

2 feet of streaky blue with nioa,
bands, 1 foot pale blue,

7 feet of white with small blebs
of quartz,

1 foot white with green streak,
1 foot white with mica. 1 Toot
nixed marble-schist (breccia ine-
dicating zone of movement),

2 feet blue=crean, 5 feot
riicaceous blue,

6 feet nicaceous blue, & foeot
nottled blue-cream with pink tinge.
1 foot blotite achist, 1 foot
blue—croan,

7 feoet bluc-crean, 3 foot pale
blue with pink tince,

3 feet bluc-creari, 3 feet blue-
crean with blebs of quartz.
4 foet micaceous blue-croam,

10 feoet cream with mica, Coarse=
grained quartzite at 90 foet.




38

Thls core shows that the biotite schist ocours
interbedded with the base of tho narble, while other cores
ghoved that the schist bands increase in thickness and
nuber with depth, until they become doriinant, The
quartzite at the bottom of the core described above was
encountered in several other holes and is approximately
4 foot thick, irlecos of a white, fibrous mineral were
observed in one core and & search of the surfece outerops
rovealed small patches of tremolite in thc marble in No,l
QUATTY

In the following table three analyses are glven of
the dolomite at the marble guarries, lo,l quarry 1s
near the base of the dolomite, Ho.2 nearer the middle

and i0,J noar the top,

the Dolomite &t the i

0.1l Luarry | 0.2 quarry| Ho.5 o uarry

Silica & insol,
silicates ,.. 0.18 1,55 2.85
(Fe, Al)s03 086 044 0,71
CaGOs 56,03 54,45 54,73
1ieC0g 42,80 43407 42,03
99,85 100,09 99,72

Analyst: G.Y,. Lamont,

The quartzitos and conglonerates that appear to lie
above the marble in the succession cap the ridge behind
the quarries. ‘Their exact relation to the narble is
sertly obscured by the fault which runs parallel to the
ridee and cuts the marble off on the southe-west silde,
Their appearance at intervals in the direction of the
nerble in the iloedverloor stream qpposite the fafmhouse,
swyesta however that they occur about 20 to 30 focot above
the marble in the succession. The quartzites arc coarso-
grained and freguently have a pitted appearance due to the

weathering out of original felspar grains which are still



partly repressnted by kaolin, The gquertz grains are
colourless, The conglomerates sonsist of pebdles, W W
one and a half inches in diameter, of veinwquartz and a
fine~grained white quartsite, and are illuatrated in
Fhotograph No,.5,

A patoh of Hilda rockas outorops through the sande
cover about three miles southe-west of the Zoutfontein
Trigonometrioal beacon, and it was possible io determine
very approximately the following thicknésses and succession
at this loocality,

Biotite~quartz schist - 80 foot
Dolomitic marble 200 feet
Quarts~sericite sohist 50 feat

Platy, felapathic queartzites 200 feet

Alternating phyllitaa, grits,
quartzites and arkoses, 800 feet

In the Troe Tros River, below the Nuwedrif Trige
onometrical beacon, the dolomite forms steep cliffa for
almost a mile along the river banks, Further upstream
towards Aties the dolomite passes under the graphitic
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phyliites desoribed on paga”ééi;aﬁé‘th@ Basal Ldmestone
Serdes, The contuot is pertly a faulted ome, On the
left side of the river, Just énnth’ of the gilerotes near
vhe ﬁﬁwaﬁxif‘haaean; thers 18 a sink<hole in the dolomite,
1ooally lmown 4g Swasrweorget, The dolémite in this aven
is undeyriain by phyilites which sppoay sgain ahove ¢he
dolomite bencath the succesding folspathie sandatones,
The dolomite at Swasrweorsat must be in thé neighbourhood
of 200 foet thick. E@izwéen swnarmeergat and the rellway

outting, near the raiivay bridge over the Troe Troe River,
seversl outerops of the top of the dolomite ware seen through
the $hin phylldtes, felspathic ﬁanﬂatbﬁaavanﬂ.ériﬁaﬁ In

the reliwey cutting, a hundred yerds on the Vredendel side
of the Troe Troo Rivér bridae, the faliawing gequence was
aetemmﬁﬂaﬁ, | '

Fino-grained arkose greding into folspathio quartzite
pacomposed phyllite (2 feet) |
Dolomite

The felspathio quartzite has a pltted sppearance and
ig very similar to the pitied quartzites agsoeciatod with
the conglomorates capping the ridge behind,thelmarbme>
quarries on Moedvéricors These erkoses and felspathic
quartzites @pﬁﬁﬁ apain above th@ dolomite noar the 'maﬁ
briﬁge over tho 0lifants River neoar Vredendal, |

The dalamite ceours along the ﬁlifants RMyver botwoen
Yredendal and Klaver, assoniated with ghyiliﬁes, felapathic
sandstones and arkﬁaéa, &ad.thevaﬁkaaas:anﬁaphgmiitss HXw
posed near the Doorn River bridge, can; in all Pr@babilityg
be correlated with the Hilda Series, |

Th@re-wnuld.app@aﬁ ta‘he a»thﬁ@nay in the Hilde
Sorios to bocome more arcnacecus above the dolomite,

Thore ars sevorsl ﬁeeﬁrrénaeg af-ﬂélmmitﬁ elong the ioft
‘bank of the 0lifants River betwson Vredondal én@ Viermuisklip,
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- and these are followsd in the sequence by grite end
sheared quartzites associated with grey phylliites,
Strengly shearod, ﬁﬁﬂ!ﬁ?eﬁgﬁ&inéd serieitic quartzites,
ocurdng as thin lenses up to gbout 2 feet thick associated
with groy phyllites, wore observed at seversl placss
between Vrefendal and Viermulskiips The quartzites free
vttened pebblos of velnequartz and copags

guentiy carry f£1
ional pogmatite, and thees rocks rosemble the shoared
tiliite occeuring on Mostverloors The rather ebnermal,
repid sitornation of coarseegrained arenacoous rocks and |
phyliitos sooms to indicate & 1114446 phese,

~ These rooks cppear %o 116 higher in the Sequence than
the ﬁalomiﬁa, bt the m@nsivesanﬁwmm {4 this area
obseures thelr relationship to the lattar, -

The phyllites of Balloiplass diffor from any other

formation in the Hilda Series described so for, They are

similar in goneral appearance to tho phyllites seon in parts
of the Eners Vinikbo, on the van Rhy
hoprg tnd those that underiis the

southecast of Flemin:

Basel. Limostones &b the Gemsbokberg poort {ps4s)s  They

‘ iesbury” phylidtes of
the Wostern Province, such as those pear Moorreosborg and
at tho foot of mmmn ta Pass, The Bukleiplans :‘;wilites
are strongly cleaved and veined with yuarstz and vary in

lar %0 come of the "Hel

éro also simi

colour from dark groy to dark brovmichegroen. Roforring
to theso phyllites and the gerlelitic guartzites mentioned
aboyo; Rogers wrote (21 195&%3 s Wery similay gritty rocks
{the soricitic quartzites) crop out along the Olifants |
Rivor at Heast Drift, whors they ovoriis the whitish Gryse

balling limestone or marble of Vredendel and underiio the
' great body of soricitic phyllitos seon at Bekkely's Plaats
{Belkleiplams) and Molkboom, whore tho merblo cames in again
on tho left benk of the river®,

Avkoses; quertz-gerielits schists ond thinly-bedded,
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platy, felspathie sandstones ocowr along the right bank
of the Olifants River between Vredsndael and Viersuisklip.
About & mile below tha‘rom bridge at Vredendal thers are
oocasional cutorops of the grits, sheared quartzites and
phyllites desoribved above, and from their field relations
appear to lie above the dolomits in the succession, The
platy felaspathic sendstones are well developed just above
the right-bank irrigation oanal south of Lisbendal siding,
and are illustrated by Photograph No.6., DBetwsen this
point and the mouth of the Hol River strong faulting hin-
‘ders an interpretation of the true sequence, The faults
are marked by masaive gquartseveins (Photogreph No.7) and
limonite~cenented fault-brecoias,




Small sheared gernets were obsarved in a platy sande
stone just below the limestone guarries at Hol: River,

Betwoan Hol River and Viermuiaklip extensive sand-
cover intervenss, but several outerops of weathered phyle
liven, arkoses and quarts-sericite gohists were observed,
The presence of some arenacsous phases near the mouth of
the Hol River suggests that the rocks in this vioinity
ocour above the dolomite in the Rilda Series,

It is possidble that cexrtain of the rocks desoribed
above, such as those at Baklsiplaass end Gemabokberg, do
not belong to the Hilda Series, Since however thay cover
very amall portions of the area surveysd, they have been
included in the Hilda Saries, and their accurate correlatiom
will have to awelt an investigation of their relationships
in the southern Kners Viakte area,

In the vieinity of the ocourrences of Kheis rocks in
the Klein Goersp and Sout Rivers mentioned on page 21, the
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author observed some & arkoses and @hyilitss ?@rv similar to
thoto aacuring in the Eilaa Sarias on ﬁ@aﬁverIOQru Theso
phyilitos and ezkmsew have aoﬁ aﬁtainaé tne high grade of
metemorphism soen in the meighbburiag Knais TOSKS, and it
iz possibie that thoy reyraaent\ba\autlier of the Hilda
Series which may heve led Rggpra 1o xww ifi the r@oks of
this avea my "HMalmesbury Seridsﬂ on' sh@et 19, Tieursrust .
In the authorts opinion @&mt of %nﬁ Eners vxmkza is
un&erlain by sedimonts mniﬁh aﬁﬁ of §r¢~?fﬁa age and may
therefors earrésﬂond ta th& ﬁiiha Seriésaﬂggﬁeﬁ in the
prosent mpre;  Tho arkoses, wnich ocour justhabove the
road«bridgo over the Sout Riv&r{an the van Rhyns&@mpa
Nuworus road, and similsr rocks on ﬁouse»thew@lﬁn:@@y‘be

\
quoted &5 oxasples. The phyllites amd schﬁets beriesth the
outlicrs of Nuverus quartzites to the southeoast of
F1 |

ninkborg have elready boon mentioned.
Brink hos observed & group of pre-Nema roeks in the
nd-Guaap seotor { 4 p.@l) which appoar to have been

Breskta
metamorphosed to A losser extent than the typiecal Khols
rocks in tho evea surveyed by him, The Toeks of the
Buwerus araﬁ‘mhieh‘have attained this lower grade of mebos
morphism includo sheared quartzites and arkosos, shaly
iaysrs anéZflimsﬂtuna north of Guaan that ﬁshawﬂ‘s@ma signs
of recrysbhllisation but no reaction botween the quartz,
folspay and calelte”, |

These ococurrenses are of imborcst sinpe they appesr 3o
indiéméa.m,wi@sr‘éiatribuﬁian:af the HAlda Series then has
boen domonctrated by the prezont suxvey of the southorn
pordicn of the van Rhynodorp Division,
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THE KAICAS SERIDS

’A"tillite, suecesded 5?_& quartzite; ooours on the farm
Mﬁeﬁvarmébra These rosks rest with o sedimentary contact
on the Pink Gnolss, and ali-tne other contacts egainst the
neieghbouring Hilda aariéa are fawlted ones. Prom these field
- relations therefore, all ﬁhﬁt;can be said regarding the agoe
of %ha\tillite'i@‘thaﬁ‘iﬁ is ?@un@er than the Fink-anéiésq
The tillite and quertzite ars correlated, very tentatively,
with %&e‘%ﬁiiite~rea§rﬁe& at the base of %hé\ﬂmigas SQriaa
in’the Richteraveld by 8Shnge and ds Villiers(27 p.267).

f The taﬁ%ativé @;rr@latiengis baged on the following
<aaﬁsideratimnsm Thé'mast‘recent published work on the
nuﬁe%@u&’tiilites3thét oceur in ¢he yraacambrian rogks of
South Africa is that of 30hnge and deVililers on the geolony
of the egmyleﬁ Richtersveld region whore ot ieast sevén
éisﬁine%ftiiiites have been recorded. The Moodverloor tiliite.
is youngey th&n_the‘Pink.Gﬁeiss ond must therefore also be o
younger then the $illites in the Kaalen Series and the Black
Hills and H@lg&t Series of the Gariep System.  The four |
$illites of post-~Pink Gneiss age occur at the base of the
Kaigas Serles, in»thé\ﬁumeea Series; in the basal-Nema Nabag
Series and in the Dwyke Series, In correlating tho tilliteo
at Moedverloor with thoss of the Rlchtersveld ared, the Numees
and Dwyka t$illites ave rojevted for the following ressons,

In the type &xea ﬁm‘ﬂumﬁés\limestane bandg are intimately
interheddod - with the tillite, bub no calcarsous phase was
sa@n,in-a&séﬁi&tién with the Moedverloor ¢tillite, These
gr@un63 af rejection are aﬁmit%ediy rather incecure, but in
the light of the present incomplete knowledgme of thase
formations over & wide tract of intorvening countey, they
seenm permissable.

An -intensive search of the Mosdverloor tillite failed

40 yeveal any pebbles, such as banded jaspers, characteristic
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of the Dwyka, The existenco of banded jasper in the nearost
kniovm au&aréyﬂ of Dwyka $illite is proved by iis freguent
occurrence in the river gravels‘af'thé'van Rhynsdorp reglon,
having been trangported thore by the rivers rising on the
escarpmont to tho northeeast, The sheared condition of the
Hoodverioor tillite alpo seoms to exclude its correlation
with the Dwyke, | | |
Thore remain thereforoe for‘éaﬁﬂiﬂaratiéﬂ the Nabas tiilite
and the basal Kﬁigaa.tilliﬁe. The Nabaz tillite may be
exeluﬁa&_oﬁ the grounds that no ﬁﬁhﬁr‘%iili%ﬁ.has heen Qﬁe’
served in the van Rhynsdorp ragi@nyaasaeiatea with basal
Nema beds, Tho Nema beds at Gemsbokberg were followed from
,%ha-ﬁﬁ@anfarmable,ﬁoﬂﬁacf between the Basal Limsstones and
schists and phyllites, bolonging possidly to the Hilda Series,
into the Nuwerus Series with no sign of & tiilitic phase,
ALso, &thnugh the shoared aan&iﬁimn of the MHoedverloor tillite
ﬁay'he.relateﬁ to the extensive faulting in its immediate
n@ighhéurhaaﬂ, is appaa&s $0 have been affested by more
povere carthnovements than are known to have involved the
Nama sediments of this roglon. It must be mentioned however
that there is a similarity in appearonce between the quartzite
overlying the Moedverloor tillite and a quartzite assoclated
with the basal Nuwerus conglomerates at Flaminkberg. This
similarity prompted the autnor to examine these basal conglom=
erates abt Flaminkberg for styiated pebbles, but.nane'w@re
found in tha.limitsd section covered, | | |
Lescriptions given by Rogers of beds resting on the gneiss
and assigned by him to the ﬂienmerust~ﬁerieé, are worthy of

note. Theﬁé deseriptions include the féllﬁ;g% . " The

Nieuwerust beds eve nighly micaceous for a few fest from the
gneiss, and these mica Sohists .....« enclose thin broken
bands of quartzite™ R p.33)}. T ... 080 Rondavel there are

good sxposures of much sheared conglomerates, arkopel: and

)
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pandstones of this outlior, The boulders and pebbles are
of greater variety than in any of the Hisuwerusd b@dé yot
desprived, though they are rathér sparsely scettered through
the highly sericitic matrix, Ono grenite boulder two feob
lung‘w#a_nﬁéiaai and em

ller ones of pegnatits, guertzite,
veinsquartsz, felspar<quertz sohlsts and glety rocks oteur"
{23 pe38}s Referring to 2 6@&31&&6?@&6 on thaxﬁérwﬁﬁﬂiés
Xop shore, ngerg wr@ta'(zg 9;3@}'“ s+s5 the vook has been
vory much anﬁﬁrﬁa&. The pobbles and boulders are not cleses
» 2 end

1y packed; .%hay aﬁns;sﬁ of gﬁ@iﬁﬂ; guartzite, gouar
glaty roeks. s+ Tho largest bﬁﬁléer of gnelss seon, &
y@ﬁ%hyxitié varioty, is oight feod 1&ng*¢ A

The suthor 18 inolined to doubt the corrvelation of
theso conglomerates snd quarﬁziﬁaa<with,tﬁe bacal beds of
the Nana Systen which occur in contact with the gnoiss of
the van R&ynsﬂ@r@‘regi@né - The highly sheared condition of
theso beds, the prosence of quartzlites, aanisﬁﬁ ang alémy’
roeks and boulders twon and elght feot long seem to be more
in keeping with %heqfeasures‘@f the mﬁeﬁvérlgar.ﬁiiliﬁe
then with the typlcolly unsheored busal conglomerates of
the Nema System, It 48 popsible thorefors, that a 111346
- of post-Pink Gneiss, pre~Numa age hes a relatively wide,
though patehy distribution in southern Hemsgualand,

It s ouggested thab the'mné&variaar tillite and
guertzite; and posoibly the rocks &s deseribed sbove by
Rogers, be correiated ﬁaaﬁa%ivelijith the tillite at the
bage of tha‘xﬁigaﬁ Beries in the Richtersveld rogion.

The tillite on Moedverloor ﬁccurs‘in‘ﬁhalaﬁr@am*béﬂ
several hundred yords south af”the aké iﬁxﬁhﬁué&s It lies
5% the Pink Gneiss et this
locality and is¢ succended bﬁ'a‘hiu@ﬁg@ay quartzite, The

with & sedimentery contact agal

villite is strongly sheared and has & foliation parsllel to
the gnelss~tillite contact., This foliation makes an angle
of about 70° with that of the aijacent gneiss, a feature which
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affords agditional prool of the sedimentory contact. The
’lﬁiziiﬁag which dips stesply towards the gnelss,shows rapid
iateral variation in thickness and is absens in'plamea‘%eﬁwaen
the gnoias aﬁﬂ‘tha quartzive. The greatest thickness of
+4114%¢ observed wag 50 feet., ‘Thin bands of guartzite appear
in the tillite nsar the top Where 1% pssses into tho maln
‘quarszits, DBeétwoen 50 snd 100 feot of quartzite cecur
botween the $41lite and the fault which cuts these rooks
off against arkosic grits end yhyllites of thevﬁiia& Series
0B tho north-sastorn side | |
outerops of the guartzite oscur along the west bank of
the Moedverloor stream botwsen the locality deseribed above
and 4 point on the road appromimetoly half a mile north of
 the present farmhouse, . The tillite appears %o bd absent
between the gnelss end the quertzite over most of this dis-
'%anee,'ﬁut outerops again at the point on the rosad mentionsd.
above, This importaent exposure is unfortunately surrounded
by sand vt tha $iliite and quartzite nay rest on the Hiide
- Beries in this neighbourhood., No other outerops of these

rocks were gesn in the area gurveyed.

In the field the tillito appears as a light grey,
strongly sheared, micsceous matriz in which ér@ set numerous
inelﬁeiona ranging frém bouldors at least three feet in
length, throush psbbles to fine~gralned meterial indisting-
‘uishable from the matriz. Charscteristic s1llitic features,
such a8 the haphazard distribution of boulders and lack of
sorting or layering, are domonsirated by the Moedverioor
oseurrencs. As is the case with several of the pre-Cambrian
tillites in the Union, subsequent shearing has obliterated
prastically all signs of original striastions on the inelusions.
The lorger boulders are sheered and are generslly aliened
with their léngef axes parsllel to the foliation of the
matrix, featurss often observed in the Numees tillite,
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The majority of tho inclusions in the tillite are gnedss,
buﬁ\Veih quartz and & light coloured guartzite aro also
ropresented,. Occasional pebbles ﬁﬁ'yegmat&%e similar to
the ones that occur in the neighbouring gneiss were also
ﬂbservaéi ‘The gneiﬂs boulders reaemhla pome varieties of
the Pink Gnelss of the area, but are ususlly lighter in
golour duc pussibly to isaching., Th@ shoued and yartially
ﬁeenmp@eaﬁ nature mf the melsg inclunions rendépr rejiable
wmioroscopie a&entifica@x@ﬁ 1mposaiblea

Under the mieroscops, the matrlx of vhe tillite 45 seon
L 7¢) &anaiaf-ﬁf ﬁﬁ‘i&1#$ﬁrﬁéﬁ mizture of onguler guarts end
mierﬁaliﬁavfélaﬁar'araina‘wi$h cocasional small picces of

greiss, Serioite occurs in the grounimass and froguently

forms wisps surrounding the larger grains, The perallel

arvangement of the porshyroblastic bictita‘ﬁuggests that
this mineral is related %é'%he shearing. The biotite
appears to have been derived in part from sericlte and
1nteﬁmaaiate Torms ér‘theaavtmb—min@rals are present, A
similaz ooourrence of hi@ﬁit@; remote from eny known igneous
mass of a younger age, way observed in a sliow of a grit
asgociated with the Numges tillite near the ty@a area of
that formasion, -

In handspecimen tho quartzite above the tillite appears
dark grey-blus in colour end 1t consains grains of tho blue
quartz which asppoar to be characteristic of meny of thé post-
Pink Gneiss quartzives in this reglon. HMierogscople examine
ation shows tho rock $o consist of grains of indented quarts
showing consifderable varietion in size, and occaesional
relatively lerge grsins of microsline, Begregations of
iron-ore particles between the quartz graing mey be partly
regponsible for the dark colour of the yook,

The inclusions in the Billlte and the composition of
the quedrtzite sugpest that those rocks wers derived from



the Pink Gneiss. The quartzites whs;éh oocur as pebbles

in the tiilite may hove originated from the Kaalen Series
roprosented by gquartzites on the farm Potklei approximetely
five miles to the northewest of the tillite océurrence.
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THE HAMA _SYSTEM,

Sediments of the i@am Bystem cover o considerabdle
_portion of the ares surveye; Thews gedimente, together :
with those of the Nuwerus arce lying immsdiately to the
north, conotitute the most southerly imown devélopment of
~ the Nema Bystem, although it is possiblo that certain
- phases of the general term "Malusshury Series™ of the
south-westorn Cape may shortly be correlated with this
gynten, | - ‘

In l‘i:h@ southernmost port of the van Rhy

. nsaTp
Division two series of the Name System have bsen mepped,
viz, the Basal Limeotone Series and the Nuworus Series,.
The Bosal Limestone Serles 4o comprised of from 1,000 %o
2,000 f@é‘% of limestones with minor dolomdtic hordzons,

and was proviously correleted with the Melmosbury Series
These limsstones have bheen ghown to underiie the Huworus
Series conformebly, and therefore represent o hitherto

. unrecorded basal phasp of the Neme Systems The Nuworus
Saries, mi;réma%ﬁ by arkoses, quartzites, phyllites end
Hang
Schwargkelk Series of the Nuwerus arsa 18 no% progent.

pericitic nchiste, ic rovognised, but the suvces

In thic rogion the Nema is the only system at present
Zﬁzam which is younger than the Kaigas Series, bubt of pree
Cape System age, - 1% has been shown to rest with a sedie
nentary contect on the Pink %}ﬁ@i—éﬁ- in the Nuwerus avea
{Rogers ond Brink), and at Windhook, south of van Rhynsdorp,
the Table Hountain Sandstone overlies the Besal Limestono
Sories unconformably. | |

The Basnl Limestones would appowr %o have besn dopose
ited in o merine trough Lying %o the south of the Nuwerus
wed with a
marine transgression across the landmass bwrdering the

srea,  Depositlon of the Nuwerus Serios commo

morine trough; end the lithology of tho Nuwerus sediments

strongly suggests that they were derived from an cssentinlly
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granitic terrain, and that they wore deposited under
relatively shallow conditlons,

The Hema System in the reglon has been folded on a
comparatively small seele, but tectonic movements are rep-
“r&saﬁteﬂ by two phases 63 faulting, osgentlially of & tenge
ional nature, There is evidence that this faulting is of
& pre-Cape agos N |

The Basel Limestono Series

mhe‘nama Basal Limesﬁene5395165‘is assigna& to an
oxtensive development of dark coloured limestones with
ninoy ﬁmldmi%ié: horizons, oscurring at the hagse of the
Nema 3ysﬁem in the southern part of the vean Rhynsdorp
Division, These rocks had provicusly besn correolated
by Rogers with the Malmesbury Seriaa,-ineluﬂiﬁg the Atiea
groups The dark coloured limostonas of the Aties group
are now recognised as the Basal Limestone Series, whilo the
lighter @Qlouraai eresm to brovmish dolomites of the Aties
arsa, are correlaved with the Hilda Sories of the Garicp
Systens -

Bagal Limestones, previously mapped as part of the
almesbury Sories on sheet 19, Nieuwsrust, occur &t the
~ following localitles in the present area: along the pourse
of the Groot Graafwater on the farms Luiperskep, Wolwernest
and Rooiberg, on ﬁne farm KlipGrift they are oxposed in the
Hoedverloor stream just above its influence with the Hol
River, and also at Viermuisklip, The blue, grey and white
limestones and &olamites in the Troe Troe end Widowr Rlvers,
bétwean the farnm Atles and van Ruynsdorp, are now eonside
ered ta'belﬁng 1o the Basal Limsgtone S@rieé¢ - The blue
aga'whiéelemﬁsteneﬁ mentioned by Rogers (22p.18) as oute
léropping batween Viermulskiip and Kokenaap would alao seem
t0 belang %0 the Basal Linmestone Series,

During April of 1947, the author assisted in prelimine
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ary prospocting operations in the van Rhynsdorp area for
high grade limestone suitable for the mamufacture of
Portland cement, A traverse up the Widouw river was nadeo
and the limestone outcrops woere sampled at approximate '
intervals of 500 yards, The localities at which samples
were taken, together with the localities on tho famm
Sandkraal are shown on llap No, 3, The Widouw River was
selected for sampling because it runs roughly at right
angles to tho strike of the limaestones, and because of the
continuous series of outcrops available. The analyses of
‘these samples, together with two from a marble querry in
the Basal Limestones just south of the farm Sandkraal, and
one from the Basal Limestones on Loedverloor south-~west of
the Lulperskop Trigonometrical boacon, are given in the

. following table.

Bl

Sample No. 1l 2 3 4 5 6
géiéggngggubleo 2.24| 0.2 1.36| 1,08 0,48 | 0,24
(Fe,Al) 03 2,16| 0.68| 1,72| 1.20| 0.,52| 0,80
Ccacos 94,90 | 62.15| 62,09 88.86 | 63,47 | 62,09
126003 1.57 | 36.98| 35,54| 9,27 | 35,44 | 37,00
| 100,96 | 100,05 | 100,71 | 100,23 | 99,87 | 99.93

=168,

17 -180

Widouw River and Sandkraal,

Lazar, Johannesburg.

Widouw iiarble Quarry.

Jloecdvorloor,

Analysty licLachlan and

Analyst; J,. luller, Capc Towm,

AnD.lth H G.7, Leamont.

-

- e e

The general trends of the limestone and dolomite

horizons in the Lasel Limestone Series, based on the above

table of enalyaes, are indicated on iap No. 3.

There ig

a general 4ip to the gouth-west in ths area traversed, and

-evidence of some strike-faulting suggests that the sequence

has been repeated,

The investigation proved, however, that
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hizh grade limestone predominates in the series, A large
nunber of gamples, ¢collested from all the larpger outerops
in the area mapped, were tosted in the fiesld with cold
dilute hydrochloric acid snd the mejority indicated high
calelum carbonate contents,

An intensive digmond driiling programse et bhe Hol
River quarries of the National Portland Cement Compsuy
praved hisgh grede linsstones to‘dégths of approximately
200 feeth, Sevoral thin dolonitiec horlzons were gtruck
neay the hottems of the deeper bore-holes,

" In the light of tho above information it may be cons
slwded that the Bazal Limestone Series 1s composed ossens
tielly of limestones with high calcium carbonate contents,
and cubordinate dolemitlc horizoas,

The Basal Limostonos invariably give off & smell of
HoS when hampiered, and tiilde is partleularly noticeable iﬁ
the case of the darker coloured horizons, This smell ia
also noticesblo in the nelghbourhood of the trucks loaded
with the quarried stone at the Holriviser quarries,

Rogers (22 p,L8) menticned this aharmctériatia when dege
cribing the blus limestones of Atles., He wrote "The
derker coloured rocks give out a Strong smell when broken,
just &5 the dark beds in the carboniferous limestons of
Bngland do when ¢erushed”, .

Assoncieted with the Basal Limestonos at Aties, there
goours a.greup of phyllitic rovkss On account of the
rather gsevere fauvlting in thils area; the exact relationship
botween these phyliites and the Basal Limestones could not
be ogtabllshed and the phyliites ars tentatlvely correlated
with the Hilda Serias, They may howsver constitute a
lower phase of the Besal Limestonos belng partly interbedded
with them, Sinco they woere not ssen at the bese of the
limestones at Gemsbokberg, and since they are strongly

veinod with the quartz bdbrecciass charactoristic of the
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Hilda Series, they are considered ag belng older than the

Bapel Limestone Series. The phyllites range in ¢olour

from blue to black due to the presence of graphite,

Rogers (22 p.i7) mentlons a weathered ﬂyeeﬁm,@ﬁ. uf these
phyliites, described a3 e plastic clay, as heving & garbon
content of 46,425, N

If these cearbonacecus yhyniws prove to bo contome
poraneous with the Basal Limestones, an interesting point
arises carxaf@ming the posgible origin of those calcarecus
rocks, The carbonaceous nature of both th,é mylmws and
the limostones, and the presence of HpS in the latter,
suggest thet organic matter may heve been present ia the
original aalﬁémms sediments, and therefore that these
'meswma may bo partly of algel ordigin. A careful
pearch of the 1@6@%@2’1{53 in the vhole region however, .
‘rovealed no trace of fossils since these, if originelly
prosent, must heve ﬁaen' destroyed by the recrystallisation
the iimegtones have undoyponé. A slab of limestone cole
iscted at Cemsbokberg showed Soms peculier swrface markings,
rougtly half an ixi,ah in dlemeter, some of which wore semie
eireular and some horage-shoe shaped, The slab was etched
with diiute acid and polished in tho laboratory, but these
mawkings proved to be due o & differontial surface weathors
ing offect. | _

Tho recrystallisation of the Basal Limestones is
particularly n@tiegable in the mgm@r coloured horizons,
and individual grains attain sizes up to 3 mme Since
thers are no kunown jgneocus masses in the reglon of Doste
| limegtons age, with the exception of minor dolarite
intrusions, the recrystallisation of the Nama limogtones is
ascribed to dynamic metamorphism indueced by the load of
overlying sediments end carth movements, |

Solution and re@eposition of carbonates by liquids
no doubt also played s part. The Basal Limestones in the



region must have been overlaln by a\conﬁiﬁEfabie‘thicknsss
of gediments, incluling the Cape System end possibly part

of the Kaerrod syaﬁﬁm {the Duykn Series of the latter belng
presént on the escarpment to the northewest)., This view

‘is supported by the theory of Coniinental Drift ( o 5.113)
ginee, agcording to this theory, the Caps and Karroo

Systems must have extended wost of the ven Rhynsdorp region
in pre-Urotacecus timesy The view that the Cepo System

extended over the reglon 4o furt
ossurrence of Tabls Mbunﬁaxn Sandstone north of thﬁ mouth

her supported by the

| of the 0lifents River, The othor ﬁnma sarieﬁ; namely the
Nuwerus and Schwarzkelk, mey not be included in the overe
iying load of sedimenta, becausg the Tabls Mountain Sende
stone is seen to avaﬂifs%he Baﬁél‘LQMES%on@s ﬁnéanfafmabiy
2y w&nﬁhmak south of van ﬂhynsﬁarp, and therefors the
Nuwerus and Schwarzkelk Serdies, if ariginally present,
mast have been eroded away before the younger Cape and
Karroo sediments were deposited,

| Brtensive querrying in tha Basal Limestones ab
Holrivier has'rﬁveﬁieﬁ some interesting sections that were.
gxemined in some details The raak~variﬁs‘frn$;meﬁiump o
coarse~grained, and in colour fraa 1ight'gxay to_ya&e biue,
Hineralised veins of caleite osecur at seversl places in the
q&arriéa and would appoar o6 hs connected with a fiat-lying
gystem of joints, Those veins sre not tonsistent in
thickness and tend to swoell end pinch out over dlstences
of 10 to 20 fect. Thoy consist essentially of coarsely

- erystallised caleite with occasional patches of clear
glasey quartss A peculiar fesbure of the caicite is the
strong smell of HpS it gives off when hemmered, similer to

that of the surrounding limestone, Purple fivorite, in

the form of cubes and distorted octehedra up to 2 inches
in gize, occurs in the caleite, One large piece of this

fluorite gave off & very strong smell of HpS when frectured,
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Pyrite and vhite misa alao sceur in the caleite voinag,
~ The occurrence of these minerals in the limestone -
. sugpested the proximity of a mass of i@mﬁﬁns‘maek_ﬁf
| post-limestorie egs; The nearsst known outorop of Phai
‘~Gneiéa.is gpproximately 4 mlies away, but the iimestones
aro known to bs of post-Plnk oneiss ages During o dise |
gussion of this pwin% with Drs: Truter ond ) Villiera,
of the Geological su:vayg they suggented to the author
 that the ocourrence of these minorals 4id not necessarily
indicate the pressnce of poéﬁﬁl&maﬁtaﬁa,igna@us'iﬂt@usiau;
Thay quoted the following instances of the otourrenco of
fluordto and pyrite nnassoolated with any known ignoous
| é@ﬁivity¢ ' | |
| ‘i@ W On Tooyskraal ﬁma yhaz} fivorite oogurs in &
definitely poatnﬁarrao faulﬁ; o

2: . In the Laau@acrt ared isxx&ﬁgj the post-Karroo
foult trending just N, of E. 48 £illed with fluorite at
present being vorked by Isuar;’ﬂ |

Na‘paaﬁﬂif' OO ignacua aetivity is kpnown in the
Bushveld whore thess two localities ocour,
. pr. de viillers aloo informed the muthor that gelena

oocurs in %he sahwmrzkaXK Series neoy mQaaefgg,f, and that

he and 9:; Sbhnps have adduced proof in A papor 4o bo pube
lished shortiy on the Kuboos, to show that tho Euboos '
granite is older then the Nema,  Thersforo thlg galena
appears to be ﬁnaanueeﬁeﬁ~wiﬁh anylkﬁﬁwn ianeous anﬁiviﬁy;
pre de Villiers alao mentloned thelfalaﬂwingaeaurrenﬁes

of pyriteo unconnectod with igneous activity; pyrite cubes
in the Eooca and Bogufort south of the dolerites, pyrite
' pubes in the Kuibls, and pyrite in cosl seams, = The author
has also observed limonite after pyrive in the basel arkosos
of the Buworus Serilos and in the Bokkeveld Series,

‘From these instances of fluorite, pyrite amd galena

-oeeurring in formations remote from any known igneous
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aotivity, it seems permissible to assume that the mineral-
isation of the Holrivier limestone need not nscesserily bve
connected with an igneous phase, |

Mineralisation of the Basal Limestones was not obe
served at any other loocality, and no trases ware revealed
by a oareful examination of two dlamond drill cores obtained
during prospecting operations in the limestones on the
northern boundary of the farm Moedverloor,

in estimate of the thickness of the Basal Limestones
was made in the poort out through these rocks by the Sout
River at Gemsbokberg, These limestones are illustrated
by Photograph No.,8 which was taken looking downstresn
from the northe-sastern end of the poort,

At this point the limestones overlie grey phyllites
and a pale green phyllitic schist containing amall octahedra
of magnetite, Both these rooks are highly cleaved and are
veined by qnnétz sarrying cavitiea filled with epidote;
these rocks ars tentatively correlsted with the Hilda
Series. It is noticeable that the limestones are not out
by these quartz veins, The older rocks appear to QoowWpy
the core of an anticline in the limestones, the southe
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western 1limb of which foyms the Gemsbokberg ridge: The
limestonss extend for 600 yards through the poort, and

have an average 4ip of approximately 3¢0° to the southe

weat, which gives a true thickness of 500 feet for the
series, During the traverss up the Widouw River mentioned
previocusly, an estimate of over 8,000 feet was made for the
thickness of the Basal Limestones in that area, No reliadld
estimate of the thickmess gould be made slong the sourse of
the Groot Oraafwater besause of sand cover, but it would -
appear to be similar to that measured at Gemsbokberg.

Sand cover and feulting eimilarly prevented messurements

at Holrivier and Viermuisklip, From ths Gensbokberg and
widouw River estimates however, it may be stated that the
Basal Limestones increass in thickness when followed toe
wards the south, from nsarly 1,000 feet at Gemsbokberg to
between £,000 and 3,000 fest south of ven Rhynsdorp.

This thickening in a southerly direction is a chareoterw
istioc of both the Basal Limestone and Nuwerus Series, and
was also observed by Brink in the latter seriss further
north,

The longest outorop of Basal Limestonss in the area
surveyed, extends from & point northeporthewest of
Luiperskop, all along the sourse of the Groot Graafwater
t0 a point where that river turns to the south &t Rooibdarg,
a distance of almost 10 miles, Exposures of limestonse in
small streams, end the extensive development of gypsum in
the sand-covered area betweon Rooibdarg and the beginning of
the Cemsbokberg ridge, strongly suggest that thia gap ias
underlain by limestones, so that froam the point mentioned
northenorthewest of Lulperskep t© the end of Gemsbokberg,
the Bagal Limestones extend for about 15 miles, All along
the southewest side of this extensive belt the basal erkoses
and quertzives of the Nuwerus Series osour, The nature of
the conformable contact between the two series is desoribed



on page 59,

douth and southwsast of Gemsbokberg the limestones
ooour but are frequently sandesovered, especially to the
south-east in which direstion they extend to link up with
the limestcnes at van Rhynsdorp, FPhotogreph No. ¢ illuse
trates the limestones along the Sout River about 2 miles
southwwest of the Gemsbokberg poort, In this area the
linsatones are gently folded along N,.W,«3,B, axes,

Y

0. 9 Basal Limestane
jout Riyer below Gemst

in extensive belt of the Basal Limestones, dbrought to
the surface partly by an anticlimal structure, extends from
the northern portion of loedverloor in a southwsasterly
direction towards Bergplass, These limsstones have several
thin phyllitio phases near the top of the sequence and pass
into the quartzites, phyllites and sericitic quartz schists
of the Nuwerus Series with only a ainor development of the
arkoses charastaristic of the basal Nuwerus Series at
Gamsbokberg, While oarrying out a diamond-drilling proe
gramne in econnection with marble prospecting oparations,
the author was able to examine two oores from the top of
these limestones on lMoedverloor, The following is a des-
eription of one of these cores recovered from practiocally



horizontal beds,

D ‘ 208, Core desoription.
Q=10 feet 7 feet comrase-grained, dark blue
limestons, 3 feet 0F mixed

clay and dark grey phyllite,
being in part & so on oavity,

10=20 feet 3 feet phyllite, 3 feet mediume
grained blue limestone. 1 foot
of calecite, probably a vein,
3 feet alternating dark blue
limestone and grey phylliite,

£0~30 feeot 2 feet mediunwgrained dark dblue
limestone with thin phyllitic
bands, 8 feet medlum-grained,
mottled, dark blue limestone,

3040 feat 1 foot similar to previous 8
feet, 3 feet of mixed phyllite,
salcite and gypsum, probably in a
zonte of movement, o feet of
m:g\n-mim, dark blue limee
stone,

40-80 feot 1 foot similar to previous @
' feet, 1 foot of coarse-grained,
dark blue limestons, 1 foot of
blue limestone with thin phyliitic
bands, 7 feet soarse~grained,
dark b®blue limestone,

£0-60 faoat 8 feet aimilar to previous 7 feet

' g fest of sltamstzna phyilite i
and linmestone,

Qoo o) 3 feot simllar to preavious 2 feet.

Hole stopped at 63 feet,

The core descrided above shows ‘t.hs pressnoe of freguent
thin phyllitioc horizons in the upper portions of the Basal
Limestones, It is of interest to note the presence of
gypsum in a shattered zone in the limestone, and this supw
ports the view that soms of the gypsum deposits in this
region have resulted from the reaction betwean the limestone
and HpS04 produced by the oxidation of the HpS which 1s unie
versally present in these limestonea,

Several ocuterops of the limeatones surrounded by Basal
Nuwerus beds, were mepped between the Groot Grasfwater north
of Bergplaas and Beeswater on the Sout River, These upper-
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nost limeatones are almost invariably fineegrained and
dark in colour, The limestones are extsnsively developed
along the northesastern slde of the 0Olifanta River from a
peint about 2 miles southeeast of the mouth of the Hol
River, as far as Viermuiskilp; rocks of a similar nature
are raported hy Rogers (22p,18) to ococur beyond the latter
plape in the direction of Kokensap, The relationship
between these limestones and the Hilda Series of the area
is obsgured hy sxtemsive faulting and sand cover, The
occurrence of limestone beneath tho red sand is oocasionally
indicated by thick deposits of calerete, as for example
below Viermuisklip station, and along the rallway line
between Liebendal and Loaéann.

A pele blue guertzite assoclated with arkoses ooccurs
‘in the railway outting near the bridge over the Hol River,
These rocks probably represent basal beds of the Nuwerus
3eries overlying the limeastones of the Hol River,

on the southern side of the limestone ridgs at
Viermuisklip, shown in Photogreph No,d0, there cccur some
- thin purple phyllites, arkoses and blulsh quartsites, the
latter ocarrying grains of blue quartz, This suggests thay
the Vliermuisklip limestones occur at the top of the Basal
Limestons Series. Across the Olifants River from
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Viermuisklip, 1,8, on the left bank, there are sxposures
of rocks of the Hilda Series, and this supports the view
that at this point the Nema System has been faulted down on
the north side against the Hilda Series,

Several outsrops of dark limestone were observed on
the southewest side of the Olifemts River, detween
Viermiakllp and a point opposits the mouth of the Hol
Rivar, These outeops may repressnt outliers of Basal
Limestone, dut extensive fanlting and sand~gover prevent
a definite correlation between them and the limeatones st
Viermuieklip and Rolrivier, |



The Nuwerus Series forms the base of the Nama Systen
in the northern part of the van Rhynsdorp Division, where
it has been desoribed in detall by Brink (4 p.153 et seq,).
In the iat.ter aroa the series iz represented by arkoses,
arkosic grits, felspathioc sandstones, felspathic gquartzites
and practiocally pure guartzites with a few instances of
thin chloritic shaly layers near the base, . Brink noticed
a general tendency in the Nuwerus Series to beocome less
fTelspathic from the base upwerds, and this feature was
also observed in the present area,

Lateral and vertical variation in the series is a
marked feature, espesially in the lower portions, and thia
prevents the recognition of definite horizons at widely
separated points and adds ¢to the difficulties in the mapping
of the series in sand-coversd esreas, This variabvility
suggests rapidly changing conditions of deposition and is
more mlly discusaed ol&whm.

~ The great majority of the quartzites of the Nuwerus
Series are characterised by the presence of grains of blue
quartz in addition to the more normal colourless and white
grains, This feature is of great help in dlatinguishing
botwesn the Nema quartzites snd those of the Hilde Series
in which blue grains, if present, are of a much paler
colour and ocour 1n muoh smaller amounts, The typleal
blue quartz of the Nema quartsites wes derived, in all
probadility, from the Pink and Orey Gneisses of the southemn
portion of Nemaqualand, in which roeks 1t frsquently ocours
as quartg veins and as the constituent grains of the gneiss
itselr, Tpu blue quarts is markedly developed in the
gneiss lmmediately to the south of Caries where it ooocurs
in the gneiss itself and in the associated quarts veins
and pegmatites,

During two visits to the Steinkopf area, the author
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was able t0 examine the quartzites from several horizoms

in the Steinkopf Beds and found it Impossidle to distinge
uish between theas rocks and the Nuwerus quartszites of the
van Rhynsdorp region, It is of interost thet grains of
blue quartz were observed in the quartzites at Steinkoepf, ‘
though not in the seme quantity usuelly present in the
Nuwerus, A very characteristio weathering phenomanon. was ;
observed io the quartzites from both these localities, .

It ia most frequently observed when a boulder about 4 inches
in diemeter 18 split open to yeveal a core of whitish to
pale blus, glassy quartzite surrounded by a weathered ring
having a pale purple colowr which grades into an outexmost
shell of an amber colour, This effect is responsidle for
the purple and brownish colours so typioal of many of the
outerops of Nuwerus quartsites, :

The contiauity of the Nuwerus Series in the area
mapped with that of the Ruwerus ares mapped by Brink, was
established by 'teuming the quartsites ocourring in the
nalghbourhood of Lulpersiop % the northewest where they
are out off against the Pink Gneiss by the Potkleie
Moedverlioor fault, and then northwards via Mostartakop to
the Witputs area south of Nuwerua, These typical blue
and purpls quartzites were also observed t© the south of
the Flaminkberg W, where, in the author's opinipm, they
overlie phyllites and achists tentatively correlated with
the Hilda Series, but mepped on Sheet 19, Misuwerust &
Ibiquas Saries,

The conformable nature of the contast between the
Kuwerus and Basal Limestone 3eries can be observed at
Gemabokbarg Just below the Sout River poort, Extensive
erosion has expossd the ocontast and the following sequence
was dotermined. :




Pals blues quartzite 10 feet
Arkoae 20 "
Dark, fine-grained limestone 15 »
Blue quartzite 0 "
Basal Limestones approx, 900 "

The ocourrence of 15 feet of limestone following upon
the firat blue quartzite of the Nuwerus Series is an ime
portant feature which strongly suggests that the deposition
of the Nuwerus Serles commenced immsdiately after the form-
ation of the main limestones had ceased, ‘

Above the base of the Nuwerus Series given in the
above table, there follow rapid alteratiocns of arkoses and
quartzites with cccasional shaly to phyllitic horiszons,

The quartsites and arkoses vary in thicimess of individual
beds from 1 foot o about 20 fest, Photograph No,llshows
these alternating quartzites and arkoses,

x”om tha rm@c n ttm ewltne.)

The fizuré in the photpersph is standing on an
arkose horizon whioh has been weathered away to & greater
extent than the more resistant quartzite just to the left,
The 44ip slopes of the Basal Limestones forming the
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Gemsbokberg ridge oan be seen on the skyline on the left
and in the middle of the photograph,

Approximately 500 feet above the base of the Nuwerus
Series some 150 feet of pale bdlue guartzites form a small
ridge rising above the sand parallel to the main limestone
ridge, A simliler parallel ridge lies a consideradble dise
tance to the southewest, and suggests that a synolinal
strusture is pressnt, The limestones come to the surface
again to the south-west of this second quartaite ridge end
must therefore form the southwwest Mnit of the synsline,

The strusture of the Nuwerus Seriea in the syneclinal
trough is complicated by a series of minor strike feaults
which repeat the succession on & amall soale, The follows
ing general sussession for the series was however established,

Alternating quartzites, phyllites 650 fest

and arkoses
Fale blue quartzites , so *»
e T ey e 40
Quertzite . 10 *
Arkose 2 "
Limestone 5
Quartzite ' a8 "
Appraximate total thickness A0

The arkoses vary in colour through the following
renge: light yellow, buff, brown end brick red,
Felspathic grits occoasionally ocour in the sequenoce,
Blus, purple, mauve, yellow and greemish clay bands probe
ably represent weathered shales horizons, OCubes of limonite,
paeudomorphic after pyr:lm; odoour 'm saveral of the arkosio
bads, especially the finer grained ones,

The quartzites of the Nuwerus Sexries can de followed,
projsoting above the intervening sand, from the Gemsbokberg
area in a northewesterly direction to the Groot Graafwater
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hills formed mme srkogss and quartzites of the lower
Nuwerus Series rise above the plain on the east, The
coourrence urﬁtme basal members on the west, and quars-
gitea characsteristic of the middle portion of the Ruwerus
S8eries on the east, mupports the view that & northesouth.
trending fauls, with a downthrow on the east aide, exiats
parallsl %o the Groot Graafwater in this area, This view
iz further strengthened by the extenaive sheets of white
quartz pebbles derived from veins marking a faulteplane
which cover parts of the flats to the sast, Such a fault
would cause the Gemsbokberg synolinal strusture to pitoh
towards the north-west and lineation messurements in the
area confirm this.

The ma of the Rooiberg area are similer to those of
the lower Nuwerus at Gemsbokberg, FPhotograph No,l2 shows
the alternating quertsites, arkoses and phyllitic pheses
exposed in a tributery of the Croot Grasfwater, The
distant hills near Luiperskop are capped by blue gquarte
gltes of the upper Nuwerus,

Photograph No.13 illustrates the mode of weathering
of the arkoses near Roolberg, several horivons of whioh
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carry limonite pssudomorphs after pyrite,

From Rooiberg towards Luipersikop the rocks rise in the
succession until the upper blue quartgites, with minor
horigons of mauve and pink phyllites, cap the prominent
ridges, These rocks persist in a northuwéaterly direction
across the northern portion of MHoedverlioor to Moatertskop
where they are cut off againast the Fink Gneiss by the
Potkleiwloedverloor fault.

To the northeeast of the LulperskopeRooidberg ridge
along the Groot Graafwater valley, the Nuwerus beds overlie
the Basal Limestones, The nature of this contact waes
examined by traversing across the valley from e point north
of Luiperskop towards the Trigonometrical bdeason, Juat
south of the river isolated patches of guartzites were
observed, apparently overlying the limestonea, but sand
cover conceals the naturs of the contact, An extensive
development of vein quartz and limonite suggests however,

a series of strike faults, and these quartzites may be a
amall gradben of Nuwerus bsds in the limestonss, Nearer
the beacon the arkoses and quartzites of the Nuwerus Series
are seen to overlle the limestones conformably. It is
noticenblo at this locality that the arkoses are developed
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to a lesser extent and that the lower beds of the Huwerus
Series show a definite tondency to thin out in a northe
westerly direction, A similar thinning of the arkoses
was also observed above the limestones south of Luiperskop
on the northern portion of Moedverloor,

South of the Luiperskop ridge the Nuwerus Series 1s
represented mainly by the middle and upper hlue quartsites
and their essociated pink end mauve phylliites, with occasw
ional quartgesericite schiats which may replace in part
some of the arkosic horizons, 1In this aresa the series is
repeated several times by strike faults which are marked
by limonitic breccias, Some minor folding is present,
but the aips, approaching 30° in places, are due mainly to
block faulting and tilting, The competent quartzites
have in some cases suffered slight shattering, while amall
drag folds have been induced in the softer, interbedded
argillaceous horigons,

The quartzites of the upper Nuwerus are geneyally
coarse-grained and oecaéionally show oonglomeratic phases,
About two and a half miles weat of the gypsum diggings at
Bergplaas several koppies lie half a mile west of the road
to Bergplaas, and on one of these koppies, marked dy a
stone bsacon erected during the survey, a conglomeratioc
‘phase was observed in the quartzites, Pebbles of blus
quartz and fine grained quartzite, up to 1 inch in diameter,
geour in a coarse~grained quartzitic matrix, As illus«
trated by the quartzites in this locality, the bedding in
these massive rooks can often be discerned only by bands
of grains of the characteristie blue quarsz,

' The ridge to the asouthewsst of the streeanm Juat south
of Bergplaas i3 dbuilt up ér & thicker phass of the phyl-
lites and quartz-seriolte schists of the middle and upper
Huwerus Series than was observed in other parts of the
aree, This ridge is seen in Photograph No,38 (p,109)
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types ococur in the present area, It is possible that
more intenss earth movements in the southern area were
responsidble for their formstion. They would appear to
correspond to the chloritic sheles that occour in the
Nuwerus Series in the northern area,

The Basal Limestone Series is known only from the
area to the south of Huwerus, wherc it shows a tendency
to thicken when followed from the Groot Graafwater area in
& southegasterly direction towards van Rhynsdorp, Brink
{4 p.,183 ot seq,) has shown that the Nuwerus beds at the
base of the Nama in the area mapped by him, rest upen the
Pink Gneiss or on the rooks of the Kheis System, and he has
suggested that they represent, in part, deposits of a
terrestrial origin, As evidence he mentions the lense
1ike habit of the basal conglomerats bands and the incone
sistency of succeasive layers, Ho says further, "Somee
times the deposits were formed on dry lend on the granite
surface as indicated by the 'insitu' arkoses, Higher uwp
in the succession around Nuwerus the sediments are less
felapathlio and the thin purplish Nuwerus quartzites of the
northern area, in the vicinity of Draaihoek and Groot Riet
are almoast felspar-free: and the conditions of depoaition
mey have been shallow marine”, Brink also considers thet
the Schwarzkalk which follows the Nuwerus Jeries
conformebly, is of shallow marine erigin.

The above obamqﬁona by Brink, tdgnther with obaere
vations made in the area to the soush, have led the author
to suimit the following gsneralised soheme for the mode of
dspositlon of the Nama System in the van Rhynadorp Division,
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behind the mission church and huts, These arglllacecus
roocks muat attain a thicikness of several hundred foet and
contain scme quartzite horizons, The phyllites and sohists
are almost invarisbly in a highly weathered state that
renders difficult a description of their original compose
ition,

The Zoutfontein Trigonometriocal beacon 18 situated on
a kopple composed of Nuwerus quartsites surrounded by an
extensive area of red sand, This outorop is useful in
mapping the oontinﬁnt&an of the Nuwerus quartzites whioh
lie to the north of the horst of Hilda rocks on Hoedverloor,
Beyond the sand cover to the east of the Zoutfontein bahnon,
arkoses end quartzites of the lower Nuwerus Series ocour
overlying the Basal Limestones in the vicinity of the cone
fluenoe of the Varsche and Sout Rivers, _

Blue quartzites, pink phylliites, a grey felspathic
sandstone and quarsz-sericite sochists occur on the southe
woat side of the fault bounding the horst of the Hilda
Series on the southern part of Moedverloor, These rocks
are ocorrelated with similar onea of the upper Nuwerus Series
on the northern portion of Moedverloor. A gquartsite
carrying grains of blue quartz was observed at & point just
south-west of the fault orossed by the road from Holrivier
giding to Beeswater, to the south~west of the Zoutfontein
beaoon, This quartzite would appear to correspond to the
quartzites mentioned above on Moedverloor to the southewest
of the Hilda Series horst fault, and is correlated with
the Nuwerus Series,

The blue quartzites of the Nuwerus Saries associated
with the sasal Limestones et Holrivier and Viermuisklip
have been mentionod in connestion with the Basal Limestones
at these places, ‘

Although phyllitos and seriocltic quartz schlats were
not recorded in the Huwerus Series by Brink, rocks of these
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The Basal Limestones were deposited in a marine
trough that lay to the aou&ﬁxér a landmess composed in
the main of gneiss and alao of other rocks of pre-iama
ege. The old shore-line of this trough would eppear to
have extended from the neighbourhood of iostertakop
{northenorthewsst of Luiperskop) in a general asouthesasterly
direction towards van Rhynadorp, The floor of this trough
probably consisted of Pink Gneisa and sediments of the
Hilda Seriea,

The rising level of the Nama Sea flooded the trough
and the deposition of the caloareous Basal Limestones
commenced, A rise in ses~level, rather than a general
sinking of the landmass, seems more probable when it is
remembered that about 300 miles to the north & similar
caloareous, basal Nema phass was in the process of forme |
ation under acmewhat similar conditioms in the Nabas arsa,

In connection with the formation of these basal cale
careous phases of the Nema, it 1s of much intereat to quote
du Toit ( 8 p.491) on the Transvasl«ilama marine submergence;
"That the whole of this hﬁsa area then subsided beneath the
waters of the ocean cannot be doubted, it being furthermore
not unlikely that the great and extensive limestone forme
ations in Katanga and along the Lower Congo wers contame
poraneocusly formed"™,

Following the £illing up of the trough with limestones,
the ssaelevel continued to rise with the resultant flooding
of the lowelying coastel portions of the pre-Nama continent,
Rapid oscilliations of sea-level during those times are
indicated by the numerous sudden chenges in tho lithology
of the basal Nuwerus beds from prefominantly quartzitic to
arkosic and argillaceous phases, and also by the oocurrence
of deposita characteristic of the littoral conditions which
heve been obsarved by Erink in the Nuwerus aree, The

similerity between the basal Nama phases in both the van
Rhynsdorp and Steinkopf reglons strongly suggests that this
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marine transgression across the pre-iama continent ocourred
over a wide-spread area, extending at least from the van
Rhynsdorp region in the south, as far north possidly as the
Naukluft Mountains region in South Weat Africa, a distance
of approximately 600 milea, It is of interest to note
here that Dr, Martin has found ovidence in the Naukluft
Mountains of the slumping of Nema sediments into a marine
trough,

There is evidence that the presont elevated mountain
region of the Kamiesbarg alse constisuted an elevated
region in Nama times, The Nama shows & marked tandancy
to beoome thinner when followed towards the north in the
van Rhynsdorp Division, that is towards the Kemiesbers,

At Gemsbokberz the Nuwerus Series is at least 1,300 feot
thick, at Nuwerus it is in the nsighbourhood of 8500 feet,
while further to the north at Graafwater, northesast of
Bitterfontein, Brink records a thicikness of leas than

100 feet of NHuwerus beds between the underlying Frimitive
Rocka and the Sechwarzkalk shales above, 3till further to
the north the Nama rocks oocur as thin, isolated outliers
reating on the gneiss nesr Garies, .

Brink has suggeated that the Schwarskalk Series was
also deposited under shallow marine oonditions, and clites
the following evidence (4 p,184)1 "The discoidal form of
their pebddles, and the poorly sorted nature of the cone
glomerates and gritas of the Byzondermeid sector (the so-
called Ibiquas conglomerates) have alresdy been mentioned
and the ocomnclusion that these are gravel and shingle indice
ating the position of an old shore-line of the shallow sea
seems to be reasonable”,

The deposition of the Nama System in the van Rhymedorp
Division may therefore be sumarised es follows, The

rising Nema Sea filled the pre-existing trough of the
southern area with limestones whioh may possibly be of an

-



85

organie origin ( p.45), Marine transgreasion across tho
lowelying coastal regions of the pre-Nama landmaas resulted
in the deposition of the predominantly quartzitic and
arkosic Nuwsrus Series consiating of true marine sediments
in the southern area, end mixed merine eand littoral sedi-
nments in the northemrn aree where the sea was advancing wp
the slope of a landmass of essentially gneissose rocks,
This advance continrued or was renewsd in Sohwarzkalk times,
and the presence of extensive shaly horizons in the latter
series nay indiocate that ochemioal weathering over the
lendmass was dominant in contract to the mechanical weather-
ing of Nuwerus times whioh gave rise to the arkoses and
quartzites of that seriea, It is possidle that the thin
limestone horizon recorded by Brink in the Schwarzkalk of
the Nuwerus area may correspond in stratigraphic position
to the much thicker Schwarzkalk limestones of the Northern
Cape and South~Weat African regions,

No basal Nama formation ecorresponding to the Basal
Linestones of the van Rhynsaérp Division has been recorded
from the northern region, with the possible exception of the
Nabas Series deacribed by de Villiers (7 ) from the Nabase
Chamgad River ares on the Orange River, The Nabes Series,
which may reach a maximum thickness of 1,500 feet, contains
several limsatone and limestone conglomerate horizons,

It would seem that this series was deposited in a local
trough prior to the deposition of the Kuilbis quartzites,
and thus parallels the Baéal Limestone Series of van
Rhynedorp, de Villiers found no break in deposition
between tho Nabas Series and the overlying Kuibis quarte
zites, The oconformable nature of the contact between the
Besal Limestones and the Nuwerus Series at Gemsbokberg has
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been demonstrated,

There can be u.t.tia doudbt that the Nuwerus 3Series of
van Rhynsdorp can be correlated with the remarikably similer
S¢einkopf Beds whioh have been discussed on page 55, |
Both these formations show but a small degree of folding

and have been affacted by faults of & tensional name;
Folding on a more intense soale has affected the pre~Nama
formations of both the van Rhynsdorp and the northern
regions, The Steinkopf Beds rest unconformably on gwiaig
which 15 in all probability of the same general age as4 the
Pink Gneiss which underlies the Nuwerus 3aries in the
northern van Rhynsdorp region, If therefore the Steinkopf
Beds are accepted as being of undoubted Nama age, the Besal
Limestone and Nuwerus Sc'ri.ua of the van Rhynsdorp pregion
can be confidently correlated with the Nama System of the
Northern Cape and Southe~West Africa,

According to Brink (4 p,189) there is no necessity
for the introdustion 0f & new name for the upper arsnaceous
portion of the Schwarzkalk 3eries mapped by him in the
Nuwerus area, He oonsiders that this arenaceous phase ias
of local importance caly, and that it would be undesirable
to group it as a separate series corresponding to the Fish
River Series of SouthwWest Afrioa,

The following table shows the three members of the
Nama System recognised in the van Rhynsdorp Division,
together with those of the northern region with whioh they
would appear to agree most olosely,

yan 0 Northern Recion
Schwarzkalk Series Sohwarzkalk 3Ssries
uwerus . Steinkopf bHeds

Basal Limestone ™ Nabas Series
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The following tabdle gives tho successlon of the Nanm
Systen in South-West Africa rraﬁ the northern Naukiuft Moun=
tains area, southwards via the Bethenie area to Warmbad,

The euthor is indebted $o Dr, H. Martin of Windhoek for this

information.
= ———— w'h .
HAUKLUFT (folded) |
7
Dolomites
géélgga withigzma Dolomite
Upper 2000 to
Hema 3000 £%. Dolomites with brown and
blue shales
Dolonitea inteprbedded with 1
quartzites and purple shales |
. Green and brown indurated e
shales
Black limestones with aolami-ifé
150 to reels partly passing into 5
1000 £, Kuibis quartzite in the Zavis %
Lower Mountains, |
(Somwaraxaik) "
, Dark shales with thin quartzitss
100 ft. and dolomite banda, . 31"“
30 to
100 £+, OConglomerate

It ia of interest to note the occurrences of basal
songlomerated in the Naukluft and Bethanie areas which are
succeeded by dark shales and dolomite bands in the former
area, It is possible that these shales and dolomites nay
correspond to the Basal Limestone Serles of the Van Rhyns-
dorp region., The organic origin of part at least of the
Neukluft Schwerzkalk limestones and dolomites ia indlocated

by the algal reefs. Two tillites are recorded assoolated
with limostones, one in the Upper Nama in the Haukluft

Mountains and one in the Warmbed area,
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IHE_FPINK  GNELSS.

The present investigation has shown that there are
not two distinot phases of gneiss in the southern part of
the van Rhynsdorp Division, end that the younger mass of
the Moedverloor Hills area, mapped by Rogers on Sheet 19,
Nisuwerust, is a southern extension of the Pink Gneiss of
the Nuwerus a&rea,

In the southern part of Namagqualand 1t is possible to
distinguish two main types of gneiss that may convenieatly
be called the Grey Cneiss and the Pink Gneiss, Theo Pink
Gneiss extends southwarda from & line between Garies and
Bitterfontein towards van Rhynsdorp, while to the north of
Garies the Grey Gneiss oontinuss towards Springbok end
forms the major part of the Namagualand batholith in this
region, It is hoped that the yecognition of these two
dlstinot types of the general temms "Namagqualend Granite’
end "Namaqualand Granite<Cneisa® will help to minimise the
confusion sometimes caused by the use of the latter terms
in describing the orystallines of southern Namagqualand,
The use of the terms Grey Oneiss and Pink Gneias conforms
with the distinotion that 15 made in the Orange River
region to the north,

There is considerable evidence that the Pink Cneiss
of the van Rhynadorp region is the gesult of extensive
granitvisation of the Kheis System, and thet it i3 essen~
tdally a marginal phase of the Grey CGneiss and ocours
batwoon the latter and the original hood-zone of Kheis
sedinents,

There are grounds for suggesting that the Pink Gneiss
of the van Rhynadorp Division oorresponds to the Pink
Gneiss of the Kakemas area, and it is possible that the
aplogranites desoribed by Coetzee ( 5 p.18l1) from the
Goodhouse~Pells area can be sorrelated with ‘he Pink
Gneiss, The Hoogoor granite, which Coetzee included in
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the splogranites, has aeveral features in common with the
Pink Gneiss of ven Rhynsdorp, Solnge and de Villiers

give the following desoription of the Hoogoor occurrence,
(27 p.866) "It appears to have been oconfined to the contact
betwesn tho gray gneiss and the meta-gsediments and ~laves
to the south, in which it sppeers as lit~parelit injeo-
tions on a grand soale, It is generally of = reddish
ocolour, and mafic minerals are not cammon, It is poasidble
that this granite nay be a later phase of the main period
of intrusion of the gray gneiss, and its origin mey also
be dus in part to granitisation and palingenesis acoome

panying the sariier magma®,

The Pink Gnelss of the van Rhynadorp area tends to
weather into large rounded boulders which are grafiually
reduced in size by exfolliation, It does not form the
great dome-structures so ocommon in the Grey Gnelss further
to the north, Photogrsph No,14 shows the weathering
typiocal of the Pink Gneiss of van Rhynsdorp.

e _of weathering of the
loedverioor in the van

There are two occurrences of the gneiss worthy of
note in the area surveyed, The first ocours in the small
stream~bed sbout & mile east of the old fermhouse on
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Hoedverloor, A patoch of gneiss, ebout 450 feet long

by 1560 feet wide, iz exposed in the stresm-bed and is
surrounded by sediments of the Hilda Series. FPraotiocally
&ll the contacts of the gnsiss are conocealed, dut at the
northern end in the stresm~bed a pegmatite a&bout 2 feet
wide runs from the gneiss for about 6 feet into an adjacent
woathersd felspathic grit, The pegmatite consists solely
of white felspar and & bluish quartz with oocasional flakes
of muscovite., The seocond ooccurrence is seen &t the heei
of a amall kloof next to the roai from Vredendal to
Viermuiaklip and 1s shown on lap No.Bs At this locality
a pateh of gnelss 13 closely assooiated with grey phyllites
and dolomite of the Hilda Series, While the znelss ape
pears to lie adjacent to the phyliites, the contact with
the dolomite seems to be a faulted one, This gneiss is
sheared and asomewha&t weathersd dbut can be correlated with
the Pink Gniess of the Moedverloor Hills to the north,

The Patrography end Mineralozy of the Pink Gnelsg
The texture of the Pink Gnelas is typieally alloe
triomorphio grenulay and 4is illustrated by Miorophotograph
Ho, 15. In most of the localities vislited the gnedss 1e
medium~ to finewgrained, but some porphyritic verieties

ha&ve been recorded by Brink from the Nuwerus araea,
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The average of 14 modes of the gneiss in the van
Emynsdéz'p Diviaion ahows roughly 45% potash felspar,
407 quarss, 127 plagioclase and 24 biotite, the latter
being the moat abundant dark mineral, Hornblende ia
rarely present. The accessory minerals include iron ore,
titanite, siroon, apatite and muscovite,

P fo *

Potash felspar is represented almost entirely by
microcliine, a feature common in rooks rich in Kg0,

Smell amounts of orthoclase were cobaerved in several
specimens oollected on Houtkrsal near the Klein Goarap
River,

The microscline shows the characteristio "gridironv
structure and forms the largest grains, frequently enclosing
other conatituents as illustrated by Miorophotograph No, 13.
Messurements of 2V showed a range of between 82° and 859
While the plagicclase frequently shows some degres of
clowding, the microcline 43 always clear in fresh specimens,

Plagloolase ocours as small grains, often subhedral,
and ocossionally enolosed in the lsrger plates of mioro-
cline., Compositions were determined on the Universal
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Stege by means of the Rittmenn monal method (10 p2l®) emd
showed a range from Abgzing t0 Adggingn. The plagioolases
vary therefore from basic albite to oligoolase with the
latter predominating; <the aversge of 14 apeovimens, ine
cluding 4 from the Nuwerus ares, had & somposition of
Abgghnyg e

Pracstically all the plagiocclase shows signs of sere
ioitisation and in several instances this process provented
determinations of composition, Reaction rims between
gsericitised plagloclase inclusions and the enclosing mioro.
cline were obaserved in several oases, These rime are in
general nmore acid than the plegioclase and twinning is
usually absent, This suggests reaction between ¢he
earlier plagioclase and the later miorooline during vhioch
addition of soda to the plagiloclase inoressed ita Adb cone
tent in the rim, The abasence of sericitisation in the
rim would seem to indicate that the olovding of the plagio-
clase wag induced prior ta the formation of the microcline
which was responsible for the clear reaction rim, The
freguent ocourrence of myrmeikite in laths of plagiocclase
mnay be related to a aimilar reaction prooeas with the
miorocline, Iiorophotograph No,16 shows an {nclusion of
plagioclase in a plate of miorcoline, and fllustrates the
slouding of the yhgiae:.u@ core and the clear rim,

. Mierophotogreph No,17 shows the development of mymmekitic

structure in plagloclase, It ia of interest to note that
the twin lsmellae often oross through the myrmekitio

atruotures,
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Two opposed explanations have been offered to explain
the reaction botween potash felspar and plagioclase,
Tilley (29) and Anderson ( 2) suggest that potash felspar
has been replaced by plagioclase, while Nookolda (19)
inclinea to the view that miorocline replases the plaglo-
clase, Spenoer (28) expresses the opinion that myrmekite
results from the segregetion and coaslescence of albite
held in solution in the potash felspar,

In the NHuwerus arek, Brink also obaerved the formation
of albitio rims around plagioclase snd myrmekitie struo-
tures. He considers it likely that the myrmekite and the
albitio rims are deuteric remotion produsts,

The author prefers the explanation given by Nockolds
regarding the albitio rims, 1.6, that they represent a
replacement of plegloolase by niorocline,

Blogite.

Biotite constitutes the most important dark mineral
in the gneiss, It shows a pleochrolsm of greenish~browm
%0 & dark, almost opague, greenishebrowm, Th'o green tinge
may possibly be due to initlel alteration of the blotite
to chlorite, The i-ulntivoly high refractive indioces of
the blotite (Mm = 1.650 L 0,003) auggests & high iron
content, and was also obsaprved by Coetzee (5 p,1l81) in the
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Modes of the Pink Gnoisses ote.

Ty
i | H

1 |8 |8 |4 [B 16 |7 hilgllle |20 {21 [280 23 (24 |15 |28 |17 | 18 | 19
Quertz 40.6.| 37,8 | 36,4 | 41,9 |47.2 | 30,1 |43,8 | 53.3|43.2 | 49,2 | 36,1 | 35,5/(29.7 | 22,7 |39.2 |40.3 | 40.2 | 41,3 |33.6
Potash felapar | 43.5 | 46,2 | 42,1 | 44,5 | 41,5 | 57.5 | 43,0 | 6.4 | 43,4 | 5.7 | 53.2 | 49,9 |[20.2 | 60.8 | 42,8 | 56.0 | 30,0 | 39.9 | 20,2
Flagioclase 7.4 | 11,1 | 21,2 | 12,4 (10,1 |15,8 | 9.7 is.o;, 12.8 | 12.8 | 8.8 | 11,8 /18.3 | 7,7 [12.2 |20.8 | 18,5 |16.5 |19.3
BiO‘Fi‘bB Bu5. | 2.9 | 0.2 0.7 1,2 5.1 | 2.4 ';~1,‘?i 0.6 | 2,2 5 = 3.9 c.8 2;3 2.7 1.6 1.8
‘uscovite - , =y [ 3 2 Y - + + + | - *
Hlornblonds % E = - 5 - = N 1 = g} K 2,0 - - + a = - %
Apatits + » + e + . + -r-‘ + + + F + = + + + » +
Zircon - + * + + + + - lw,’ - + | - 4 + - + + + 1-‘ +
Iron ore ) E T R ia « 10| + | 07|08 4 [03[ 05] 05[] 05|
Titanite - » e | 0E] & | S3) L b AED - F | » # % " -
%  in Plag, 7| 15| 7| 18| 1 |na.| 24| 24| 17| 15| 20| 28| 27| 20| 16| 17| 10| 12| 1o
Pot. fols/Plag,| 5.9 | 43| 2.0 88| 6.1 | 25| 4.8 L7 [ 34| 27| 6,0] 4.2 3.0] 0.1 87| 15| 2.3 | 2.4 | 21
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aplogrenites of the Goodhouse-ralla area,
While sagenitic weba were observed in the biotite of

several specimens, this feature is not ganeral,

Aocessory nminerals.

Iron ore ocours in prastically all the seotions oxeame-
ined, and titanite, with associated leucoxene, is of common
ooourrence, Apatite amd zircon were observed in all the
specimons, Green hornblende, probably assoociated with
blotite, was observed in a few sections inoluding F.0.1
on Moedverloor,

The Modes of the Fink Oneiss.

'Ehnuodunruwmmadﬂnkemuarﬁm .
van Rhynsdorp Division are glven in the followlng tabls,
together with 2 from the Kakemns area, and the average of
the aplogranites of the Goodhouse~Fella area given by
Cootzee (5 p.182) including the Aggenys granite givem by
Mathias (17 p.194).

il B A | TR 110 M fas |33 (16 (35 (28 [ 17 |18 | 20
Quarts 4046 | 57,8 | 5844 | 41,9 (47,2 | 39,1 | 43,8 | 8 oB | 40,2 | 38,1 [ 35,5 | 20,7 | 82,7 | 39,2 | 40,3 | 40.8 | 41,5 | 38,8
Fotash Tolspar | 43,5 | 48,2 | 42,1 | 4445 | 41,5 | 57,5 | 43,0 | [40edlS.4 [ 54,7 | 53.2 [ 49,9 | 49.2 | 69,8 |44.8 | 36,6 | 30,0 | 39.9 | 40,8
rlagioclase 7od | 11,1 | 21,2 | 12,4 | 10,1 | 25,2 | 9,7 Iiu" 12,8 12,8 | 8.8 (11,8 (18,5 | 7.7 |12.2 |20,8 | 18.5 [16.5 |19,
Biotite | 85 2.9 0.8| 0.7 12| 8.1 | 2.2 | Ngilloe| 82| , | _ | 3.9 0.8] 2.8 , | 2.7 | 1.8 | 1.8
Jusoovito - : R T i + ﬁn ; B 3 1 & 1F e T -
Hoablende £ b o] - I R | - el - [ - | ¢ | -] = ] =1 -
Apatite » 1w | s el ;M._’ B (o IR - | .l e |+ | e e ] e
Zircon + . g + s & -, L i . b - * + a + + + + - 4;
Iron ore . g . | o8] 3 g 3 11'0 e | 07| 00 _ [ 03] 0,8 0.8[ 0,8 . J
ritanite R " e T W ET T B U | + + + + + |
$MninFlag, [ 7| 15 ¥ B 1 nda.| 24 | 15 20| 22| 27| 2| 1| 1| 10| 22| 186 ‘
3.6 25| 48| Perlisa] 2.7 ] 6.0 42| s.0] 0] 57| 25| 2.3 8a | 2a |
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Anelyces of Pink Gn

1 3 3 4
S10p | 70,4 | 74.7 | 1.5 | 77.1 | !
Alp0 | 13,8 | 12,7 | 13.0 | 11,7
FegOz | 1.3 1.0 1,9 1.1
Fe0 2.6 1.0 1.9 0.0
110 1.1 0.3 0,7 0.3
cao 0.8 1.0 1.7 0.5
Has0 | 3.3 3.5 3.3 S.1
Kg0 5.7 5.0 4,7 5.2
0 0,07 | 0.02 | 0,09 | 0,02
POy | 0.13 | 0,08 | 0.13 | 0,03
Ti05 | 0.4 0.2 0,3 0.2
Ho0 0.6 0.3 0,7 0.3
Hs0 0.07 | 0.04 | 0,06 | 0,05
100,07 | 99.85 | 99,98 |100,20 | 3
| !
] J
! | Horms.
Q «s eo oo 24,90 | 32,88 | 28,08 | 37.74
OF  +o o 33.92 | 29.47 | 27.80 | 30,58 |
ab oe oo 27,77 | 290.34 | 27.77 | 26.20| |
BN se oo 3.08 | 4.17 | 6.67 | 2,50
c e oo 0.82 | 0,10 - 0.10
[wo oo = - 0.35 -
a4 |en s = - 0.20 - i
| fo s - - 0.13 -
fen .+ 2.80 | 0,80 | 1,80 | 0.80]
hy £fa .o 3.17 | 0.66 | 1.19 -
Mt <o s 1,86 | 1,39 | 2.78 | 1.16 ‘
$1 oo oo 0.76 | 0,46 | 0.61 | 0.46] |
hem oo o - - - 0,32 |
‘ap ee oo 0.34 | 0.34 | 0.34 -
HoO eo oo 0.67 | 0,34 | 0.88 | 0.35
100,07 | 99.95 | 96,46 |100.211 1
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The table of analyses includes four new anelysss of
Pink Gneios, three from Hoedverloor and one from Houtkrasel
on the Elein Goerap River, The latter locelity iﬁ neayr .
the group of Khels rocke mentioned on pege £14

1% is noteworthy that Nog, 1 «od 6, waich heve the
lowest 5105 contents, carry hornblende. Ho, & shows 2,09
hornblende in the mméa(n474} and ney pﬁssibly he an pocur-
rence of Grey Gnelss, o

. An attempt wag ﬂﬂﬂ& 0 plot the aighb analyﬁau on
v oem Bi0g variation ﬁiagmam but no definite trends were
ﬁf'regogniﬁed. Thia 18 to be oxpected if, the Pink Onoiss i5
B the result of awaniuiaatien sinee the original sedinents
would naéa eonﬁrcllaﬁ the chémical compositions of the

rocks to a large estent: also tho analysed samples were cols

looted fwnmfwiﬂaly peparated localitlies.
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8 9 10 11 12 13 14 15 16 18 19
0,16 | 0.40| 0.44 | 0.38| 0,28 | 0.3 | 7.0 | 1.84 | 0,32 | 0,89 0.44 1,17
o.68| 1,08/ 0,96 | 0,80| 1.00 | 0.28 | 1,20 | 0,44 | 0,28 | 0,50 0.70 0,32

97,18 | 96.31 | 98.36 | 92.38 | 95.81 | 94,74 | 54.83 | £5.97 | 97.88 | 96,60 | 97,93 | 98,26
1,83 | 2,72 | 2,24 | 5.,81| 3,78 | 4,18 | 35,33 | 12,78 | 0,90 | 2.18 1.50 0.60

99,63 | 100,51 | 100,00 | 99,35 | 39,87 | 99,56 | 99,16 |100,93 | 99.38 100,14 | 100.57 | 100,35




i

7 8 ) 10 11 18 13 14 15 18 17 18 19
\ouBo | o0.,00| o0.40| 0.4 | 0.36| 0.28| 0.9 | 7.80 | 1.88 | 0.32| 0,89 0,84 | 1,47
0464 | 0,68 | 1,08| 0,96 | 0,80 | 1,00 | 0,28 | 1.20 | 0,44 | 0,28 | 0,50 0470 0432
99,685 | 97.16 | 96.51 | 98,36 | 92,38 | 95,81 | 94,74 | 54,83 | 85,87 | 97,88 | 96,60 | 97,93 | 98,26
Bl.23 | 1,83 | 2,72 | 2,24 | 5,81 8,78 | 4,18 | 35,33 | 12.78 | 0,90 | 2,18 | 1,50 0,80
99,90 | 99,63 | 100,51 | 100,00 | 99485 | 99,87 | 99,66 | 90,18 100,95 | 99,38 100,18 | 100.57 | 100,55




Coetzee used Johannsen's method of quantitive
nineralogical clessification of the granitic rocks
(14 p.140) in claszifying the various rock-typea of the
Goodhouse~Pelle area and his resclts are shown in Disgram
No. 18+ This method gave an excellent separation, and
the Older Basarment Granites, the Younger Nsmaqualand
Granite~Gnelsses and Aplogranites fall into diastinst
fields, 1In this diagrsm 16 Pink Gnelsses from the van
Rhynadorp Division end 2 from the Eakemeas area have been
plotted,

Quartz

e Pink Gneiss, van Rhynsdorp Division

x Pink Gneiss, Nuwerus Area (Brink)

© Younger Namaq. Granite Gneiss (Coetzee)
e Aplogrante (Coetzee)

& Older Basement Granite (Coetzee)

° Pink Gneiss, Kakamas

Potash Feldspar Plagioclase

. » ;
The Older Basement Granlites fall mainly in the

monzotonalite fanily of the zranodiorites with a slight
transgression into the adamellites, The Younger Nama-
qualand Granite-Gnelsses (i.e. the Grey Gneiss) are oon-
fined mainly to the sdamellites, while the Aplogranites

fall on the border between the adamellites and monzogranites,
The Pink Gneisses form & distinot field in the monzogranites
and 1ie sdjecent to Coetzee's Aplogranite fisld,



In an investigation of a suspected product of granw
itisation ooouring near sprin@mx, coetzee ( 5 p.192) used
the method dsscribed by Smithson (26) to distinguish bete
woen sedimentary sircons and zircons of igneous origin,
Briefly, the procedure is to plot the lengths and breadths
of the giroons on a dlagram as shown below, Ssdimentery
ziroons flood the field bounded by the ratios 11l and 118,
while igneocus zircons tend to be oconfined to the fleld
bounded by the ratios 1:2 and 1185,

After C.B.Coetzee
i
T eeeretereeny, R
0 )
w7
%)
2 1 L 1 n L 1 )y i L n n n i "
4 5 6 7 8 9 10 12 13 14 15 16 17 18
LENGTH One Unit of Length= O-0158 mm.
— " —TMS. Rondebosch.  ----Grenite, Springbok. ———Granite, Pells
Rlagren No, 19,

Diagrem No,l9 wes obtained by Coetzee for a sedimentary
rook, a meagmatic granite from Pella and the granitised
zenolith from Springbok, The seperation into the sediw
mentary and ignecus flelds is evident, Similar dlagrems
were plotted for three samples of Pink Gnelas from the
ioealiti.ea on Moedverlocor shown on Map ¥o.2, and these
plots are given in Diagrems 20,31 and 232,
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In these three diegrams there is not a marked cone

centretion of points in either field, although P,G,2 end

PuyGe3 show a tendency to gfoup'in the sedimentary field,
| In a later peper (6 ), Coetzeo employed a diffarent
 type ef'diagram to study zircon elongatlion ratios. In
this method the frequencies of the slongation ratios were
plotted as shown in Diegram No, 23, and a well defined dis-
tinotion is obtained between sedimentary and igneous zireons,
The zircons of the three gemples of Piunk Cneiss from lMoed-
verloor and & nample‘frum the Kakamas area were plotted
aocording to this method and are shown in Diesgrem Ho, 23,

-

25 l N
After C.B.Coetzee l .
FF;CA)gKAS Granite, Cape Peninsuls
= A +—— Gronite, Paerl
/ -~ C% anite,
> 15k /;j "'\\Y\ ‘°),L PI— T.M.S, Mosselbay
4 &
% ./n / ‘\\ s »—-—— Kosien Qzte., north Rozynbosch
8 © o ] x ; .. L &
g N
5t -
ol . . . o= ‘ ol
o 4 8 22 26 3.0 34 42
ELONGATION RATIO

30

25 /"\\ Pink Gneiss, Moedverioor. PG2

20- // % \ [ Pink Gneiss, Moedverioor. PG3

s

g X .—-.— Pink Gneiss, Moedverioor. PGI
F-4 ; S
w 15 ~
8 x—%— Pink Gneiss, Kokomas
& 10
w

1 1 1 Il - i
O 14 R 2:2 26 o] 34 38 42 46
ELONGATION RATIO

Diagram No, 23,

The growping of the maxima about an elongation ratio.
-of approximately 117 strongly suggests that the ziroons
of the Fink Gneiss are of aedimentary origin,

The second maximgm in the igneous field shown by P.G.1
is an interssting feature for which the following explsn-
ations are cffered. The zircons of this smmple may bde
partly of igneous origin, or elss, if sedimentary, they
were derived originaliy from a near-by igneous maess and



81

suffered but slight rounding quring transportation, On the
£1e14 relations of this ocourrencs of gneiss, the second
explanstion 1s more accepteble,

POtagh snriopzens in % . s
The fbllaw&ng tabls givea the average Kg0 and Nag0
contents and the corresponding Kz0/Nap0 ratios of smuples
of Older Basement Granite (Granodiorite), Yownger Namaguse
land Granite (Grey Gnelsa) end Aplogranite insluding Pink

cnelss,
Kg0 Neg0 Kg0/Neag0
Grencdiorites | 5.76 | 2,63 1,43
Grey Cnelsses | 5,08 | 3,13 1,61
Pink Cnedases | 5.84 | 2,99 1,76

Granodiorites Coetuse (5 p,103, Table V., Nos,l,2 & 8)
Grey Cnelsses " " D19, " V11, [N08.1,2,4 & §)
Pink Gneisses " LA " "  lNoa,? & 8)

| Brink (4 p.124, Teble Vv, No.10)

This thesis (p.78, Nos, 1,8,3 & 4)

The average Kp0/Nag0d ratio of the Pink Cnelsves is 1,78
which is higher than that given by the Grauodiorites and the
Gm& Gneisses, and the Kg0 veluss increase from 3,764 for
the Granodiorites, 5.08% for the Grey Gneisses, to 5.24 %
for the Pink Gneisses, | |

In a paper on the order of orystallisation of the
minerals in some Caledonian plusonic and hAypabyssal rooks,
Rookolda (20p.208) plotted the aourse of srystallisation
for the felspars on & trimngular dfisgrem with potash felspar,
albite and anorthite at the corners, The values he used
were obtained from the modal velues of 16 rocks ranging
from pyroxene-nlioa ~diorite,; through granodforites and
adamellites to aplites, all of whioh are spparently of
negmatic origin, The oryssallisation tend of the felspars
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in thess rocks is showm in Dlagyem m.a&.

Potash Feldspar

Namaqualand Granites €tc.

Kuboos Granite (van Biljon)
— —Caledonian Igneous Rocks (Nockolds)

Albite L Anorthite

¢ Pink Gneiss, van Rhynsdorp Division
x  Pink Gneiss, Nuwerus Area (Brink)

o Younger Namag Grante Gneiss (Coetzee)
e Aplogranite (Coetzee)
& Older Basement Granite {Coetzee)

Pink Gneiss, Kakamas

Albite Anorthite
RiAagran No,25

In Disgram No,25 the trend of the felspers of & repe
resantative range of the Namaqualand granitic rocks is
plotted, The trend line is shown on Disgram No,24, which
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also shows the trent of the felspars of the magmatic '
granite of Kuboos plotted from the norm values given by
van Bilfon (50p,170)s
; In the cases of the magmetio rocks of the Caledonian
and Kuboos provinces, the trend lines show an enrichment
in potash felspar until the ooteotis curve between potash
‘felspar and plagioclase (shown 4n Diagram No,84 by the thin
broken line) 12 reached, and then the trends closely follow
this curve towards the sodic fslapar corner of the dlagram,
The falspars of She rocks of the Namagualand provines show
the same general trend shrough the Granodiorites and mone
zotonalites and ademellites (Grey Gneiss), but the aploe
grenites and Pink Gnolsses show & marked enrichment of
potash ‘tm in contrast %o the splitic types plotted
by Hoockolds which show a final trend towardis sodic felspar,
While the aignificance of this trend of the Pink
Cueiss ia not fully understood, tho following explenation
is offered, The Cranodiorites of the Namagqualand granitie
complex prodbably rapm«im the parent magme which gave rise
to the Grey Cneiss by proceassss of magmatis differentiation
during which the trend of felspar orystallisation followed
the normal &irection indicated on Disgrum No.94, Following
the smplacement of the Orey Gnelss, the final frections of
ditferentiation, rich in potesh, permsated the hoodezone
of the ocomplex and in doing so caused extensive granite
isetion of the Khels System, This granitisation of granite
derived sediments dy liquids rich in potash gave rise o the
marginal Pink Gnelsses of the Namequeland ocuplex, The
Pink Cneisses are therefore not truly magmatie rooks, and
their final folsper trend does not follow the cotectis
curve in the manner shown by the Caledonian splites,
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bt g BE S S XLAT)

The followiag brief snd very inocmplete history of
the numerous pheses of the Nemaqualend granitic ocmplex
suggests 4%sell to the author,

1. The sedimentetion of the Gariep System was
followed by anorogenie period ascompanied by the intrusion
of & parent magna whioh geave rise 4o the gremodioritio
"OMer Basement Orenite®, and by Aifferentistion to the
Orey Gnolss, During this period the sidjacent Xheis Systen
wes metamorphosed on & yegional scale and the platform on
which the Khelas sodimenta were originally deposited was
destroyed, probably by pulingenis processes, The Oariep
Systen, in the western region, overiying the wis, was
metamorphosed on a less intense seale,

2. Palingencsis of the older sediments of the hoode
sone, and un advancs of a front rich in potash whioh caused
axtensive granisisstion, gave rise to the marginel Pink
Gunatncos,

3. The olosing phases of this inmensely long period
of igneoun aotivity arve represented by tho minarelised
pegnatites of the Orenge River avea (13).
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an oocwrrence of dolerite was found close o the
Sout River Just bYelow the Cemsbokberg poort, The oute
erop ocours ulang the base of a small apur over a distance
of 350 feot and is about 20 feet thiok, The field rele
ations sugegest that it is a slighily transgressive sill
osouring in the lowest deds of the Nuwerus Series; an
outerop of Basal Limestone ocours about 180 feet deyond
the north-esstern end of the sill,

This dolerite is the only poat-Pink Gnelas igneous
rock that was sncountered in the area surveyed, Brink
has recorded several dolerites in the Nuwerus area, and
with the exoeption of the How dike, has suggested their
sorrelation with the dolerites of ths Westarn Province (18).
The Houmoed dclerite 48 correlated with the Karroo doler.
ites and has the following prmxem The plagloclase
shows normal continuous zoning with cores corresponding to
& composition of Ango.7¢ £rading into mantles of Ands.so,
Orthopyroxens is absent; 4in the moncclinic pyroxens zoning
is rather diatinot with pigeonite cores (2V 10%) and outer
zones of sugite (8V 38° to 429),
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The mode of M&mbokbarg dolerite La glven in the
following table maﬁar with a sypical mode of the Bleau~
kxrans type of Karroo dolerite given by wWalker and Polderw
vaart {32 p,138),

Cemsbokbsrg | Blasukrans type
Plagioclase 45,0 42,5
Pyraxene 38,7 a7
Olivine 4e5 3,9
Iron ore 8,3 3.4
Biotite 0.8 0.5
Moropegnatite 3.0 2.0
An content of plag, Angy Anggn

"Bowlingite after olivine,

The Gansbokberg rock is mediumegrained and of sub-
ophitio texture as shown by Miorophotogreph Nos 27, The
plagiocclase corresponds to a composition of Ansg
(£ = 1.56170,003), In parts of the sill clots of pla=
gloclase up to 6 inches in sime oocur and have a compoe
sition of Ang7 (B = 1,868). Both pigeonite end angite
cosur, the latter often surrounding cores of the pigeonite.
Bowlingite is prosent after olivine,
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The Gemsbokberg dolerite resambles the Blasukrans
type described by Walker and Poldervaart from the weatern
Kerroo Oalvinia distriot, and the Houmoed ocourrence &lso
geems to be similar, These two roocks may tharefars be
correlated with the Karroo dolerites,



Folding, .

In the van Rhyusdorp reglon the Nama System suffered
gentle folding which prodused wide sntioclinal and synclinal
gtructures, | These structures tend to strike in & north-

northwwesterly direction in the southern area, while in the
| Nuwerus area a more northerly striko. appears to prevail,
In several parts of the area surveyed, for example %o the
south of Lulperskop, the consistent dip of the sediments
t0 the southwwest is due more to bloock-faulting than to
folding. This is more fully describded laser,

The post~Nama folding wes followed by two distinot
phases of tenslonal faulting in both the northern and
southern portions of the ven Rhynsdorp Division, Of the
Nuwerus ares, Brink states, "Assoolated with the mejor
strike faulting ere remnents of gentle, pitching amnticlines
and synclines of the Nama formation”,

In the southexn area the Bagn Limestones fregquently
show smallessale folding within the larger nynélml and
antiolinel structures, These smaller folds are well dis~ -
played on the polished marble slebs quarried from this
series, The argillaceous phases of the Huwerus Series,
particulariy in the wpper portions, show drag-folding
between the more competent quartzites,

The folding in the Hilda Series is present on a more
intense soale than that in the Nema, and must therefore be
mainly of pre-Neme age, Dips exceeding 48° were often
obsexrved on Moedverloor, and the strikes of these sediments
show far greater variation in dimtionbthm do the Nama
strikes, A weak lineation with a gentle pitoh to the
northenorth-west was observed in same of the Hilda rocks,
and this suggests that the gentle mtﬂﬂm folding was
superimposed on the older folds sl 'bﬁﬁ Hilda Series,
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Although the dips of the Hilda rocks along the Olifents
Rivex do not in general approach the high values mease
ured in perts of the Moedverloor horst, the strongly
sheared condition of these rocks indicates sarthmovemsnte
of pre-Nkoh ages,

Zauiing.
 There are two major sets of post-Hams faults in the
area surveyed and thésa would seam to correspand to the
faults of the RNuwerus ares { 4 D.196 ot 8eQ.).

The older set trend in a general northesouth direotion
and are normal tension faults with dawmhm on the east
sides, They are charastarised by the presence in the
fault-planes of large veins of querss, a feeture particularly
prominent in the northern area in the vicinity of Huwerus,
The weathering of these large veias gives rise to the ex-
tensive sheets of white quartz pebbles that ocour in meny
parts of this regiom,

The longest N,«8, fault in the present area is the
Potklel-Mosdverloor fault which extends for mimoat eight
milea, This fault 15 in all probadbility a sontinuetion
of the one mapped by Rogers on Sheet 19, Niesuwerust, that
starta on the farm mmoramm &nd runs over lostertskop
to Potklel, a distance of about 25 miles; in all, this
fault is over 30 miles in length, Along most of this
distance the Nuwerus Series is faulted down on the east
against the Pink Gnelss,

A Ny»3, fault, concealed by sandw-gover, a&ppoars to de
present along the east side of the Groot Grasfwater near
Rooiberg and has been discussed on page 55, The presence
of smaller N,«3, faults is indicated over much of the area
surveysd by extensive veins of white guarts,

' The younger set of faults trend in a general N,¥W,«8,E,
direction and are slso of tensional origin, Where :bhuy
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occur in the rocks of the Nama System they have determined
the strike of these beds to & large sxtent, and thaywba‘
related to the north-northe-west "grain® induced by the
early phase of folding which affected these rocks,

These faults are frequently charecterised by limonitee
cemented fault-brwocias, and their younger age relative to
the N,«3, feulta is demomstrated by the presense of white
veln-quarts anins t0 the older set in the linmonite
brescias of the younger ses,

The origin of ths large amounts of limonite in these
fault-pleanes is rather puszling but may poasihly have been
deposited in a manner similar do that which ocaused the
. consentration of iron and manganese ores in the faulte
breccieas in the Table Mountain Sandstone, Concerning
the latter deposits du Toid ( 8 p.474) states; "Pyrolusite
is found in the Table Mountain Sandstone at Constantis Hek
near Cepe Town, &t du Toit's Kloof nosr Pasrl, and at other
plages in the Oape, having originated through the lsashing
mit from the sandstone 0f small quantitises of manganiferous
compounds and theiy deposition within lines of orushing or
fracturing”, The iron in the limonite breccies in the
southern van Rhynsdorp area would gseam to have been derived,
in part, from the Nuwerus quartzites which are seen under thé
nicroscape to carry films of iron oxides between the guartsz
grains, These ironwoemented breccias also oocur in the '
Hilda Series and are strongly develaoped in the Basal Limew
stones and graphitio phyllites ca the rm Atles, In the
latter iunstances original pyrite in these rocks may have
contributed to the formation of the irom oxides, Where
these faults pass fram the asedimentary rocks into the Pink
Gneiss, for example the boundmry fault on the scuth-west
aide of the Hilda horst, the feult«~planes ars merked by
quartz-velns instead of limonite mones,

Conoerning thess ivon-filled faultemones, Rogers wrote
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”@3 Ped?), '*In neny placses where the limestone occurs

thers ere t;aoasima_l layers of brown or black limonitio
iron ore .,.« They eppear to be i.ntarbeds}m with marble,
for they have not been foumd cutting across the bedding
planes of the enoloasing strata ...« On the farm Moed
Verloven, #t a short distance north of the Kiip Drift boune
dary, there is an outorop of extremely hwd, yeliowishe
brown JRsper ... It {the jJasper) may be a limonite bdmnd,
altered by the influence of the granite, but no minerals
charasteristioc of o&mv netaporphism were found in L%,

The jaaper referred to above ocours in the dolomite of
the Hilda Serlies on the left bank of the m:-dvarlocr atrean
oppoaite the farmhouse, Erosion, sudbsequent to Rogerst
vieit, has WM a seotion between the jasper and the
marble and it can be obasdérved that the marble grades into
the jaaper by replacexent of the dolomite by silica and irom
oxide, It is noticeable that, where this replecement ia
most complate, the marble was strongly brecciated prior to
replacenent,

The southewest boundary fault of the Hilda hoyst on
Hosdverloor trends in a N,W,»3,8, direstion. Where the
Mosdverloor road crosses this fault there is a small blaock
koppie built up largely of limonite, In & north-westerly
direction this fault continues into the Pink Cneiss where
1t is marked by white quartzeveins, South-west of the
Zoutfontein 'gr&@mmﬁicu beacon a ocontinuation of this
fault forms the contact between the Hilda Series and rooks
assigned to the Ruwerus Series, It is possible that this
fault continues in a southwsasterly direetion beneath the
sand-cover to Atiea vhers thers are & series of limonite-
£illed faultezones, Although the faults on Atles trend
more nearly N.8., than N,W.e3.8,, the presence of limonite
suggesta that they belong to the younger set of faults,
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The ages of the two sets of po#¥+NEma faults, relative
to the Cape System, cen be determined by the fault south of
van Rhynsdorp shown on Map No,3. This fault trends in a
HoW,»3,E, direction and carries deposits of limonite over
much of L1ts length and belongs in all likelihood %0 the
younger set, It cuta the Basal Limestones at Rembhoogte a
mile west of van Rhynsdorp, and passes under the Table
Mountain Sandstons, without affeating the latier, at the
point of Matsikerma, The two sets of posteNama faults
must tharofore be of pre-~Cape ages,

As mentioned above, the dips of some of the Nana
sediments have resulted from blockefaulting rather than
from folding. Exsmples of this were observed on the
northern part of Moedverloor where the upper Huwerus seguenss
is repeated several times by strike faults, The processes
responsible for this phenomenon are described below, ,

1, The older set of N,«3, tension faults produced
blocks of gently folded Nama rooks which pitched at low
angles to the weat, This indused a loweangle westerly
piteh in the originslly horizontal lineation whioh had
resulted from the earlier folding.

8., The subsequent period of N,W,«8.,E, faulting gave
rige %o a seocond aet of blooks bounded on the sast and west
sides by the faulteplanes of the N,~3, faults, Rotation,
induced by the faulting, of these new blooks about roughly
HeWom3.Ey axes resulted in the present dips observed in the
sediments and also resulted :I.n the repstition of the sequence,



An extensive mopluin; abt present undergoing disseotion
by the drainage system, exists in the van Rhynsdorp Division
north of the Olifants River, It ls bounded on the sast
by the escarpment (Matailkemma, Kobe Mountains and the
Bokveldberg), anA on the weat by the lMoedverloor Hilla, the
high ground around Potklei and Mostertskop end the hilly
country near Huwerus, To the north it is terminated by
the foothills of the Kemlesbarg mountaineland, The greater
part of the peneplain is known as the Kners Vliakte, and it
slopes from an eélevation of about 800 feet in the north to
below 500 feet in the south,

~ Part of the peneplain is shown on Map Hoe ) whioh covers
an area of approximately 1,650 square miles, Of this area
almost 500 square miles lle between elsvations of 500 and
750 feet above sea~level, Since paﬁa of the peneplain
are above 750 feet in the northern reglon and below 500 feet
in the south, more than one third of the area covered by the
map constitutes the peneplain, ‘

In the area surveyed the peneplain is confined almost
entirely to the lass resistant rocks of the Nema System,
especially the Basal Limestones, and the arglllaceous beds
of the Hilda Series, The gneiss of the livedverloor Hills
and the quartzites of the wper Nuwerus 'suriaa rise above
the plain and form featurss like the Luiperskop ridge and
the amall koppie on which the Zoutfontein Trigonometrioal
beacon stands,

Photograph No,28 was taken fram the Trigonometrical
beacon near Liebendal siding, looking aocross the plain toe
wards Mataikeoma, a dlstanos of more than 20 miles,
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On the Kners Vliakte a group of conglomerates and
quartzites, very similar to those in the Schwarzkalk
Series mapped by Brink, form occasional outcrops above the
plain such as those on Qﬁaggiaknp and Douse-the-Glim, In
this area extensive sheets of white velnequartz pebbles
nark the northesouth trending faults,

Pens ere & common featurs on the Kners Vlakts and a
small one occurs just north of Beeswater in the area sure
veyed, These pans represent amall areas of inland drainage
and are underlain by considerable thicknesses of silty solil,
On Douse~the«Glim lucerne is belng sucoesafully oultivated
on one of these pamns brought under irrigasion from the
Sout River,

The occurrence of gypsum was fraquantiy observed over
the whole of the Kners Vliakte but it is present on a much
smaller scale than in the éouthsrn area,

The miﬂﬁmum'aga of the bannplain can be aaaartained

from the oldest kmown deposits which occur on its surface;
these are the alloretes, On the farm Sandioraal south of

van Rhynsdorp, there aia extensive patoches of silorete over
an area of almost tem square miles, They lie at an elev-
ation of just under 500 feet and overlie the Basal Ltmnatanoéh
of the area, $Sileretes oocur at frequent intervals along
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the right bank of the Olifants River from Klaver as far at
loast as the mouth of the Hol Rivér, and 4t is of interest
%0 note that these outorops maintain an elmost consistent
height of about 50 feet above the right-bank irrigation
ocanal, Several other outarops of silcrete were mapped
in the area and these appear on Map Ho,8,

If the siloretes of the van Rhynsdorp reglon ars ase
suned to be of llocens age, the peneplain must de older,
and withous further evidence may bs assigned to the early
Tertiary, and in all 11kelihood corresponds in age to the
Epoone peneplaing of the Western Provinoe and 3aldanha Bay
desoribed by du Toit ( 8 p.509),

Four types of depoaits of post.psneplein ages are
desorived below, They are the siloretes, the mud cone
glomerates, the caloareous capping deposits and the highe
level river gravels, The gypsum deposits are descrided
with the esonomic nminerals of the regiag,

Before considering the four types of deposits mene
tionad above, thely relative ages are disocussed,

The siloretes are definitely the oldest of the group
and have never besn observed to overlie any of the other
three, and always rest directly on Hema or pre-Nams yooks,
The mud conglomerates are probably the next oldest and were
observed to overlie silerete on the left bank of the
Groot Grasfwater Justiabova its confluence with the Sout
River as illustrated by Photogreph No,50 on page 98,

The salcarsous conglomerates, which form oepping deposits
in the Kners Viakte, reat direstly on the Nama and pree
Nama rocks of that ares, but their age relative to the
eiloretes and mud conglomerates 18 uncertain since they
were not observed in ocontact with either of the latter,
Neer the mouth of the Hol River aama‘caloaragua gravels
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underlie the highelevel river gravels, and if these cale
carecus gravels correspond to the Kners Viatte calcareous
conglomerates, the latter must be older thau the highelevel
river gravels,

Ihe Siloretes,

The sllcretes vary greatly in graineaige and show a
colour range from pale yellow, throuszh grey to brown and
reddish drown, Veinequartz pebbles occcur Ifraquently in
the ailoretes and a conglomeratic variety was observed
about one mile southewest of Liebendal siding, just above
the rightebank irrigation canal, This outorop, illuse
trated in Photograph No.39, oconbtains inclusions of veine
quarts over six lnches in diameter and rests of quartzites
of the Hilda Series,

Several large quartgeveins (Photograph No,7 ) mark
faulte in this ares and the pebbles in the ailorete were
no doudt derived from thase veins, The pebdles do not
show much sign of rounding, end this supports the view of
Frankel and Xent (11 p.29 ) that the sileretes were formed
L7 the cementatiom of looally derived material, Cone

lomorotio horizons were observed in the siloretes nesr

aast

moici? Trigonometrical bsacon wesd of Vredendal,



97

The latter siloretes overlie the dclomite and felspathic
grits of the Hilda Series and are the thickest deposits
gsoen in the reglon; at lsast 20 feet are preaent,

Rvery deposit of nilarwu visited in the van Rhynsdorp
region was surrounded by very numexrcus stone implements,
especially of Hiddle and Later Stome Age oultures, These
sives, together with the implements ranging from pre-
Stellenbosch types to Wilton that overlis the highelevel
river gravels wherever they are mmod through the sande
cover form the richest mhmlogie’al field that the author
has yot sncountered, Lack of definite astratification in
thase cocurrences is unfortunate but it is certain that
this hitherto neglected region will play an importent part
in the future study of Archasology in the Union, -

These deposits form o&ps on thoe small ridges in the
neighbourhood of the larger rivers, and vary in thickness
from & fow feet o a maximm of about twenty feet, They
are characteristically developed on sloping ground above
the present drainsge eystem, end on Moedverloor ocour as
two patohea, about one mile apers, on either side of the
oedverloor atream, strongly suggesting remnants of an 0ld
land-surfscs, In the author's opinion these deposits
repreasnt material washed dowm from the alopes of elevated
ground into the streems and rivers of 2 choked drainage
system, It is further suggested that this ohoked drainsge
system was related to a rise in ssa-lavel, possidly durmg'
late Teptiary times, The age of the depasits remains in
doubt, since & careful search failed to yleld any foasils,
subsequent rejuvenation of the 4&rainage systen out down
into the silted up river valleys, end the remains of these
'depoaita now lie above the levels of the present rivers,
Fhotograph 80.‘50 shows an outerop of mud oonglomerats
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oapping a small ridge on the left dbank of the Croot
Graafwater just above its confluence with the Sout River,

The figure in the photogreph steands on a small deposit of ’
silerete which underlies the mud conglomerats,

Undercutting by wind erosion has formed numerous amell
caves on the exposed sldes of these deposits, and the
ocourrence of wood ash, tortoise bones and ostrich ege
shells shows that these caves were extensively used as
gheltars by the Wilton people,

In handapeoimen the conglomerate is seen %o consist of
pebblas of veilnequartis and looal rocks such as quartzite
ato, set in a reddishedrown matrix of indurated clay
material containing varying emounts of sand, The colowr
is dus to hydrated oxides of irem, The inclusions ahow
pragtically no aigns of rounding and suggest an almost
*in situ® origin for the formation, An ocowrrence northe
west of Bergplaas oontains inclusions of limonite-cemented
fault breccia derived from the neighbouring strike faults iR
the Huwerus Quertzites,

These deposlts mey correspond to the ferrioretes of the
Western Province with whioh shey have seraral features in
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ocomon, The following descriptions by du Tolt are given
for oomparison ( 2 p.41l2 and 413), “uost sommomly there
is a large proportion of clay, sand snd angulay fragments
of quarts or other resistant material, cementsad together
by hydrated oxides of Aron, sessvesses It ( the ferriorete)
usually appears as a rough surface crust or as a layer
beneath a thin covering of sandy soil and tends to form
principally on flat or gently inolined surfaces; satase Mo

"In the Western Provinas of the Cape such deposlta are
common on both the lialmessbury alates end on the granite,
especially on the gently rising ground, while mors to the
east they oconstitute mush of the materials bdullding the
high-level Tertiary terrsoes, seeees s

During & visit to the Hardeveld reglon west of
Bitterfontein, the author observed some deposits of a
similar nature, known looally eaa "rooikelk", They consiat
of quarts pebdbles and weathered felspar set in an arkoslc
matrix, and were derived from the gneiss of this reglon,
Ridges of this rooikalk ocour on the sloping ground above
the present streams and rivers and again give one the atrong
impreaaion that they represent remmants of an old lande
surface, Caves, similar to those in the van Rhynsdorp
deposits, also ocour and were inhabited by the Wilton people.

Oscasional small pans were observed in the Hardeveld
near Louilsfontein at a considerable alevation above the
existing drainage system, This ia rather an anomalous
feature in the hilly country of the region, and these pans
would appesar to be related to the o0ld land-surface, indio-
ated by the roolkalk, the reman;; "Bi‘wxg.eh ooour at an
alevation of ruughly 1,200 feet above &dml.

Dr, Rogers gave the author two photographs of capsing
deposits in the Iners Vlakte in which he had found marine
fossils including sharks? teeth, During July 1947, the
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the author made & gearch of the Kners Viakte area and was
able to locate the site at which these photogreéphs were taken,
It is about 150 yards to the east of the gld van Rhynsdorp~
Nuwerus yoaf on the farm Quaggeskop., During this search
extensive outorops of this capping depoalt were found,
especially in the Wuxop arsa bam the 3out and
Gealbeks Rivers, Large blocks ware frequently seen in the
Sout River bed, having been wmdercut by the river, Out-
orops wereohnrw&wturnorﬂ:&nmmmnma; :
Douse~the-Glin and Zandkraal, often at conuiderable dise
tances from the Sout River, but alwam‘ overlying the much
older arkoses, quartzites etc, on the ;bopa of ridges of
these rooke, Crevels scmbtaining many boulders derived
from the Dwyka tillite, sametimes overiie the caloarecus
cmglmmm_ and appear to be highelevel river gravels,

The widely separated ocourrences of thess conglomers
ates in the iners Viakte strongly suggest an extensive
distribution beneath the ssndwcover of that yvegion, :

Thin oocurrencea of gravels with a ocaleareous matrix,
similer to the conglamerates of the Xnera Vlakte, were
observed overlying the Nuwerus srkoses and qumw near
the dolsrite sill at Gemsbokberg, Theso gravels are
usually about two feet thick and may correspond to the
calcareous oconglomerates, Jinilar grevels were seen 4o
underlie some of the high-level river gravels aloag the
Olifants River, : | ]

The Kners Vlakte deposits vary from aboub two feet b0
over twenty feet in thickness snd ocossionslly exhibit a
gandy bagal phase simileyr in appearance to coarse beache
sands, The latter type grafles through sandy oonglomerates
into conglomerates prectically devoid of fine-grained
materiel, but the 4irty white- to oroam-coloured calcarsous
matrizx is always preasnt,
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Photogreph No, 1l shows the deposit capping arkoses
on the laft bank of the Sout River {mmediately Lelow the
bridge on the van Rhynsdorp-Nuwerus road,

A large variety of rock types was observed among
the pebbles which attain sizes wp to four inches with
ooocasional larger exceptions, On an average the pebbles
are between & gquarter of an inoh and one inoh in size,
Yeinequarts, quartsite, shale and phylliite derived from
the neighbouring rooks were observed, together with finee
grained ignecus roocks, Red jasper from the Dwyka tilliite
was alse seen, The majority of the inolusions show signs
of rounding and the shale and phyllite pebuhles are dinsoe
shapad.

A thorough search of the doposit photographad by
Dr, Rogers sand the other deposits visited, failed to reveal
any definits foasils but one spsoimen that may be a coral
wags found, The author was infgrmed by itr, D. Coetzee of
Sandkresl, van Rhynsdorp, that a layer of thiock shells was
axposed in the Sout River bed on Douse~the«Glim during the
building of & weir across that river, His desoription
suggested that .tha shells were those of oystexs, but since

g ‘o
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none of this materis) was availeble for examination no
canclusions could be reached,

In the suthor's opinion these paloarecus deposits may
be of marine origin, and this view is supported by the
following pointa,

i, Dr, Rogers informed the author that he had found
marine fogsils, including sharks' tasth, in the deposits
located on Quaggeaskop, whers the author also found a
doubtful corel, A deposit of thiok shells, possidbly
oysters, was reported in the bed of the Sout River on
Douse~the~Glim,

8y The typioal Kners Viakte saloareous conglomerate
is very similar to the deposits that coour on the raised
beaches on the coast near Strendfontein, and can be oom=
pared with & specimen of dismondifercus gravel fram
Alexandexr Bay abt present housed in the museun of the
Departnend of Ceology, University of Cape Town, The
euthor was informed that seyeral small diemonds were found
near Viermmulskliy during the somatwuotion of the 0lifants
River irrigation oanals, Calosrecus grayels, whioh may
correspond to oapping depoalts, were obssrved during the
pressnt survey in that area,

3 The Kners Viakte deposite ocomr at elevations
betwees 500 and 780 feot above seme-level, and the sale
careous gravels near the Olifants River cocur at approxe
imately 300 font, This suggests that if these deposits
aro of marine origin, they were formed during the retreat
of the sea soross the vegion concerned, It is of interest
to note that S6imge and de Villiera heve recorded remants
of raided beaches in the Richtersveld aroca at approximately
694 faeh above scaelevel (27 p.869),

The possibility of & marine tranegression across DAYts’
of the van Rhymsdorp reglon in Tertiary times is uug,éaam
by the nature i: some of the gypsum dsaposits such as those

X:. -

™,
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at Ratslfontein {p,19,

The High-iovel RIVer Gravesi.

High=level river grmls ocour on both sldes of the
Olirents River, but cover a greater area on the northe
sast side, Water-worn boulders were observed in the
vieinity of the Liebendal Trigomometrical bescon which is
over & mile from the river, This cocurrence, énd similer
ones on this side of the river, suggest that the Olifente
has migrated in a south-westerly &irection; posaidly down
the sloping surface of the peneplain, That this lateral
migration of the river may be related $o orustal warping,
howevar, Ls suggested by the following obmervation,

Between the Doorn River and Klaver highelevel greavels are
extensively developed an the east side of the Glifants
River, between its present sourse and the mowmntains,

dince this area xé bounded on the east by the mountains
about three milea distant, and not the pemeplain, it would
gseem that the river moved acrovss an ares that was sinking on
the wesatern side,

Extensive riveyr gravels oocour on the plain to the
north-sast of the Groot Gramfwater apposite Lulperskop,
These gram}.a are well above the present river bed and
again suggest & lateral nmigration of the Groot Graafwater
in a south-westerly divestion,

The grevels of the (Olifants River contain a 1@ -
variety of rook types among which the following were
observed: qmim of the Nuwerus mad the Table Mountein
Sandstone Jaries, vein-quartz, red fasper, fino-grained
ignsous rocks, eapeoially porphyries, and cocasional
pebbles of Dwyks tillite,

o reliable age can be assigned to these river grawvels,
Stellenboseh and pre-stellenbosch implesments freguently
ocour on %op of the gravels and were no doubt made from
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maverial soleocted from these deposits, Searches failed
to reveal any rolled implements in the gravels and this
sugzests that they must be at least of & pre-rleistooene

820,

Largo areas of the ven Rhynsdorp region are covered with
deposita of asolian origin of which two d4lstinct types were
resognised, The firet 1s represented by the red drifte
sand which forms dunes south of the Moedverloor hills,
southewest of the Olifants River and over a large area to
tho south of the Hol and Varsche R!ma.' The presence of
considerable garnet and sircon in the heavy soncentrates
of three samplea, sollectad between Viermuisklip and
Nosdverloor, Suggests that these sands may have been derived
in part by the weathering and disintegration of the Pink
Gnalss,

The second type of deposit ocours near the larvger
rivers and is typically developed noar Vredendal where it
exceeds a thickness of 50 feet in places, and ias often
overlain by the red drift-send of the first type, It
contains a high proportion of finewgrained silt and clay
and mey have been deposited in part by rivers, but strong
cross-bedding indicates sn aseolien origin, Fossil termite~
nests can be obtserved in several rellway suttings through
this material, the nests having been preserved by the
replacemsnt of original organic matter with celoium carbone

ate,

At two locelities in the ares pleces of fossil wood
wore found in the sand-cover, Both these looalities lie
in shallow depressions whioh may represent old stremm
courses, and occur near the bridge over the right-bank
irrigation canal on the Vredendal-van Rhynadorp rosd, mnd
&@bout half way between Vredendal and Bakleiplaas,
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The author submitted sections of the material to
Prof, Ademson of the Department of Botany, University of
Cape Town, and is indebted to him for the following des
oription and notes,

The sample is that of a dicotyledom wood with dlatinet
annual rings, large vesssls, usually isolated, and numerous
fitres, Prominent medullary rays are presenv which are
1 to 4 cells wide and 6 to 13 cells deep, all of which are
parenchymatous, The preservation of the materisl is not
sufficlently good t¢o show detaila of vessel structure,

The general construstion is very mush liks that of some
species of Rhus,

Rhus spp. ocour a&s riverside trees throughout the ary
regions, s.g, R, lancea and R, viminalis which Jorm trees
of oconsidersble size, The latter species is general in
the Western EKarroo areas,

Rhus viminalis occurs in the presant area a&long parts
of the Sout River and therefore the occurrence of thias
fossil wood cannot be used in reaching any canclusions
regarding the past climates of the region, It is sig-
nificant however that the material between Vredendal and
Bakleiplaas occurs in a sand-covered aree where no watere
courss, capable of supporting this species, exists at the
present time, |

There i{s abundant evidsnce in the van Rhynasdorp region
of rejuvenation of the existing drainsge aystem, This
rejuvenation would appear to be &ctive at the present day
and seems to ba related to rejuvenation observed throughout
Nemaqualend as far away as the Richtersveld and the Viools
Drift areas,

Striking evidence of this dowmoutting by the rivers
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was observed at the following locelities, In the Kners
Vliakte the Sout and CGeelbeks Rivers ocowpy steepw-slded
troughs rather than shallow valleys at many points, and
their banks rise almost vertically to the piain above,

The relatively steep banks of the Sout River in the
Gemsbokberg poort afford snother exmsple, Below Holrivier
siding the Hol River has out a course with vory ateep banks
almost twenty feet high through silt ad sand whioch probde
ably represent old flood-plain deposits, Both the Troe
Troe snd Widouw Rivers show siteep banks on either side of
their narrow courses, An old river<bed has been exposed
in the railway sutting a hundred yards on the Vredendal
side of the railway bridge over the Troe Troe River, This
may represent an old course of the Troe Troe River amd
stanis about 25 feet above the present river-lsvel,

The base-levels of the Hol and Troe Troe .Rivm have
always been detearmined by the level of the Olifante River,
and the amounts of down-ocutting of the Hol and Troe Troe
Rivers mentioned above 1.6, 20 feet and 25 feet, sugzest
that the Olifants River should show a oorrespending drop,
and there is some evidence of this, The stesp oliffs of
dolomite along the Olifanta River from near Klaver to
beyond Vredendal may be cited, TFurther, it is highly sige
nifioant that the old Olifants River flood-plain, whioh
oonatitutes the extensive irrigated lends, stands between
20 and 30 feet above the present river ded,

It seems possible that this 20 to 30 feet change in
river-levels is related to the 20 feet sea-level change of
relatively recent times, Krige (15 p.723) gives the folle
owing acount of the dating of ths related 30 feet strande-
line, "The age of the strandline may be vaguely deduced
from the fact that a réw of the specles of zhella are now
apparently axtinot, from considerable migration of apecios
that hes since taken plase, and from the ccourrence of some
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stone implemenda, of the "Later Period" on a few mrmaa.
and in ocavea”,

A phenomencn, apparently related to this rejuvenation,
came %0 the aunthor's notice in southern Namaqualand, in
the Richtersveld end along the eastern #ige of the Reint
Nababeep plateau near Viocols Drift, In the areas nene
tioned amall caloareous gravel lodg«' are of'ten seen along
the aagoq of the streams at heights varying from about one
foot to ten feet above the present beds, It would seem
that these small ledges mark the rejuvenation of the amall
streans in response to the generel 20 to 25 feet drops in
the levels of the layger rivers of these areas,



108

OF THE VAN RFYNSDORE DIVISION.

At the present moment limsatone, gypsum and marble
ere the only minerals that are being axploited in the
region, and extensive deposits of ell three suggest that
furthar developmeont will teke place, Other deposits
known to ocoour include olays suitable for ceremic manu-
faature, grephite in certain phyllites of the Hilda Series
at Atles, zireon smnds on the cosst and silerete which may
prove sultable for the manufacture of ailica briocks and
other silioe products, Dimmonds coocur in the raized beach
deposits along the coast and may also be present im the
calcarecus sapping depoé&ta of the Kners Viakte, All the
pegnatites associated with the Pink Gneiss in ths region
have proved to be barren, The recently reported occurrence
of gold in the Pink Gneiss north of Bitterfontein seems to
be without foundation, | ’

Limestone, _

Limestone is balng quarried at present by the National
Portland Cement Compeny at Holrivier, The quarries are
situated about half a mile from the railway siding and are
connected with the main line by & mineral line, Present
production is in the meighbourhood of 45,000 tons a month,
but this figure could be raised if sufficient transport
were avalilable, It is estimated that there are sufficient
reserves in aight to lest for at leaat 50 years,

Prospeoting operations along the Widouw River, south
of ven Rhynsdorp, have indicated the presence in the Basal
Limestone Series of unlimited quantitiea of high grade
limestone sultable for industyial purposea, The table of
analyses on page 43 shows that limestonea averaging about
957% CaC0y are continuous across the atrike over distances
of more than half a mile in placaeas, In this area sxtene
sive sand-oover presents exploitation diffioculties in the
form of excessive overburden, but eliffs occur in the gorge
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of the Widouw River that offer ideal conditions for the
development of quarry faces, Similer conditions exist
along the limestone ridgs at Gemsbokberg for a distance
of about & mileas,

The present survey has shown that the limesitone
resources of the van Rhynsdorp region form a prastically
inexhaustible supply of highe~grade limestone that will be
able to supply the oountry’'s needs of this indispensable
raw material for meny years to ocome, The main diffioculty
in the development of these depositse at the present tims ia
the lack of rall transport facilities over the greater
portion of the r@glanf

Cypsunm.

-Gypsun deposits are at present being worked at the
following localities in the reglon: the deposit at
Bergplaas, 12 miles from Holrivier siding has been worked
for the last 15 yeers; on the farm Onder Aties prospecting
operations are in progress end considerable quantities are
being transported to the railhead at Vredendal; near
Komkana sidiﬁg and at a point several miles to the west of
van Rhynsdorp, deposits are being worked and the raw product
.ia concentrated by washing processes hefore it is railed.
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There are extemsive deposita of gypsum in this region
but unfortunately meny of these &are a@tﬁétad‘ at distances
from the railway that render their development unecopomiocal
under the current prices, Loecal ma:ﬂ.anaa hag shown that
deposits may be worked with a maonahle min or profit
at & maximum distance of between 12 aud 15 miles from the
rallhead , }(“h!.a is based on an average transpory 008t of
Just under 1/e per tonemile, mzcagiong are thad 11.{
sufficlent water is available for the consentration of the
raw pmanst by washing, it may be possidle %o extend thia :
range by meversl miles. : '

iining is at pregent carried out by Wﬂ.ng the
ovarburden with plok and shovel, and ainking trenches um
the underlying deposits, In some ceses the overburden is
renoved with bulledozers, The gypsum is partially concene
trated by breaking up the clay olods and roughly sifting
the lumps of gypsua with a fork, Further concentration ia
effected by orushing and then passing the material through
& simple log-washer,

The formation and preservation of the deposits are
intinately related to the arid conditions whioh have pree
valled {n this region for a very conaiderable period,

" Regaxding the origin of the gypsum in the van Rhynsdorp
roglion, Wasseratein (33 p. 33) mentions the following
features, The local formations of'ten comsist of limestones -
and phyllites, the latter carrying pyrite, The sea, whioch
is not far distant and has retreated in geologically rscent
timea, may have been responsible for some of the deposits,

It ia probabls that the HgS, which i3 almoat univere
m present in the Basal Limestones, may have suppliled
much of the suiphate radical of the gypsunm,

Fleld obaervations suggest the following eoxplenations
of the dopaéim in this regiomn,

. The arid conditions prevailing in the region are
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| probably one of ths most important contributing factors,
and the nmode of the majority of the deposits suggests the
coneentration of gypsua near the surface by the capillary
phanomena oharssteristic of 4ry climates, The richest
deposite usually occur in recent sand and clay overlying
limestones or at short distances from outeropa of those
rooks; the deposits at Atles, Bergplass and in the Groot
creafwater area may be cited as evidenos, This would
Buggest that the limestones have sontributed in large
measure to the formation of the gypsum,

There is 2 bellef smong the looal prospectors that
rich deposits ocour on slopes below the freguent limonite~
filled fault brecclas in the area, and the odcasional
presenge of ocubes of limonite, epparontly after pyrite, in
some of these fault bresclaes, suggests that these fault
zones may originally have oarried pyrite, the oxidation of
which would have given rise to the sulphate redical of some
of the gypsoum,

. The eirculation of underground and sub-surface water
hes no doubt played en important part in the concentration
of the deposits, All the well waters in the aree are
nlghly charvged with mineral salss, ineluding those in the
essentially granitio area of Komkens and those from the
shallow wells sunk in the gravels and am&é of the dry
river beds, An analysis of the well water from the sandy
Moedverloor stream is given on page 117, This stream bed
is surrounded by rocks of the Hilda Series from whioh the
salts were derived by leashing astion, It is noteworthy
that both the Ca end 30, radicals are present in relatively
hizh concentrations, viz, Ca, 11,5 parte per 100,000 and
804 99,9 parts per 100,600, The freoqueant presence of
orystals of gypsun in the decomposed rooks of the Hilda
Saries in this neighbourhood is apparently related to the
presence of these radiocals in the olrsulating sub~surface
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waters, Cubes of limonite after pyrite cecwr in some or’
the arkoses.

The majorlity of the gypsum deposits in the van Rhynsdorp
rozion would appear therefore to be related to the following
fastoras 1, extensive limestones containing Hg3,

2, original pyrite in the arkoses and phyllites of the
Nuwerus and Hilda Series, 3, somsentretion dy underground
and subesurfage waterz under &yid sonditions,

Two other deposits desorve mention, In the neighboure
hood of Komicans workings have besen opened in deposita
ocoourring in sendy olay formatiens of relatively recent
origin, ©Several of these deposita, whioh have been opened
to depths of about 15 feet, sugpest that they represent areas
of inland drainage partly filled by wind-blewn material,
Profiles reveal lm end rapifying veins of gypsum in
alternating elay and sandy horigons, end the red colour of
the sand indicates prevailing arid conditions, These
depoalts would appear to De somewhat similar to the gypsum
pans of the Kimberley and Hay districts, The source of the
gomponent oaloium and sulphats radicals is obssure in this
area since the surrounding ocountry is hullt wp of Pink
Gneiss and occasional pateches of Khelis rocks,

Near Ratelfontein siding on the Bitterfontein line
in the Clanwilliem Division, deposite of very pure g&psm
are at presant being developed, The surrounding ocountry
i3 bhullt up of Table Mountain Sandatone with extensive
areas of wind~blown send, In this locallity again the
origin of the gypsum is obscure, but it may be connsoted
with a marines transgression aoross this part of the sowntry
in geologioally recent times, Evidence of such & transe
gression has alrealy been disoussed on page 102,

Three main types of gypsum oceur in the deposits of
thia region, The commonest type may be termed "rosette
gypsum” and ocours as aggrogates, averaging about 3 inches
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in size, of small twinned rosettes of gypsum orystals sed
in the usual brown to yellowish olay, This type grades
into purer, semi~transparent orystals approaching selenite,
which appear to represent veins of secondary gypsum purie
fied by solution and redepositiony Assoolated with the
rosette gyposum, end generally overlying it, layers of a
dirty white "powier gypsum" frequently ooour immediately
beneath the sandy-gravei overbduxden, Heoryatallisation
of gypsum results in the formation of pastches of the massive
orean to pale brown "rook gypswn® found at asesveral local- .
ities at Atles, The powder gypsum and rook gypsum are
the purest types found in the depoaits and are stated to
yield over 90% CaS04,8HgO,

At present the bulk of vhe gypsum mined in the van
Bhynﬁénrp region 13 oconsumed in the Portland cement industry,
but the higher grades are finding inoreasing uses in the
manufasture of bduilding meterials,

on the farm Moedverloor, the dolomite of the Hilda

3eries is being quarried for marble by the Nemagualand
Marble Compeny, R&ther severe sarth -movements have
shattered this marble in plases, but by making uvse of a
series of joints, blooks of suitable dimensionegizes are
obtained, The colours range from white, through cream to
mottled blue, A desoription of a typleal diamond-drill
core from these quarriss has been given on page 27,

On the farm Widouw to the south-sast of van Rhynsdorp,
a wavey blue-grey marble has been sugoessfully quarried
in the Basal Limeatone Series, iarble from the same
sories was obtained at Holriviaer about 80 years ago,
The almest universal recrystallised state of the Bagal
Limegtones make them wvery suitable for the production of
marbles and a wide rangs of colours may be expested,
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Extenasive horizens of pure olays oocur in msny of
the weathered outerops of the Hilde Series in the ragim&,v
These deposits vary greatly in colour bhut several looale
ities were encountered where the white solour suggests &
low iron gontent, Samples were colleated from the
decomposed roocks underlying the Table Mountain Sandstone
on the road up the Giftberg Pass south-south-east of van
Rhynsdorp, The sanples were fused without the use of
fluxes and gave a produst with a high glaze and of oonsidere
able strength, If these olays can pa aou&bmaeully trange-
ported to the rallhead, a detailed investigation of their
possible use in the ceramicsd industry may prove of value,

graphite.

Some of the phyllites of Aties have been shown to
contain over 40% of carbon, probvably in the form of
grephite, The phyllites, which ﬁra doveloped on a falrly
extensive sosle, may prove t0 contain sufficient graphite
to warrant their exploitasion, The Qeposits are situated
epproximately 44 miles from the rallway at Vredendal,

The following figures (16 p.281-383) of the perosntage
graphite in ores from various parts of the world are givyn
for ocuparisons

Ceylon, 50% graphite in veins,
Madagasear, 10 « 80% graphite in graphitio~schista,

Germany, 10 « 204 grephite in gneisses,
Alabama, U,8,A,, about 2% graphite in sehista,

S1lorete, at present obtalned from the Mossel Bay and

Riversadale districts, has been used sucoesafully as a source
of high grade asilica for the mngutanture of the siliea
bricks used at Iscor (35 p,354), There are two deposits
neay the ra&lway;' one about three miles from Vredendal on
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the van Rhynsdorp road, and the other ocours 2 miles
south of Holvivier siding,

In 1908, Rogers (21 p,167) drew attention to a blask
sand on the beach at 3tremdfontein, some miles aouth of
the mouth of the Olifants River, This sand contains
mundéd grains of maguetite, zmircon and garnet, At
Bamboes Bay, several miles south of Stranifontein, Rogers
mentioned 2 heavy grey limestone on the rsised besch
deposita "which owea its m“ay oolour and great density to
the quantity of these minerals yreaém. The concentyration
of heavy minerals in the limestone must be comparatively
high if they have appraciably inoreased the densiiy of this
limestone, espeelially since these coastal limestones are
usnally relatively l.iaht rosks,

The oceurrenae Of these mlnarm in the blaok seands
and limestons warrants & detailed investigation in view of
the recovery of va).mble; heavy conoentrates from certain
black sands in Australia, It is also possidle that some
diamonds would be inocluded in the hom concentrates of
beach sands from the Strendfontein ares, )

The source of these minerals is obsoure, but it is of
intereat to note that garnet, sircon and ilmenite were
present in the heavy concentrates from three ssmples of
winde-blown red sand gollectsd between Viermulskiip and
loedvarloor,

uismands.
Desultory proapecting and amiaing have been carried on

over & period of years along the ven Rhynsdorp const to the
north of Strandfontein and above tho mouth of the 0lifants
River, 4Although diamonds have been recovered, theae
deposits do not compare with the far risher occurrences
along the northern Namagqualand csoast,
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The presence Of marine fossils in the calcarseous
eapping deposits on the Kners Viakte, and the similarity
of these formations to some of the dlamondiferous, raised
beach deposits of the coest, suggests that diamonds may
be present in thess calsareous oapping deposits, This
- view is supported by the feot that certain of the rivers
of the Kners Vlakte drainage system rises in the Xamlesberg
regicn to the north where Kimberlite pipes are known to

agour,

yator.

water supply is s vital probl«m‘ovsr the greater part
of the pemi~desert region with a rainfall of approximatsly
5 inches per annum, Beyond the range of the Olifenta
River a relisble source of water nesesaitates the sinking
of walls or bore-holes, Underground water 18 very scarce
in this reglon and H.F, Frommurse (12 p.4l) states that of
of a total of 40 bore~holes sunk in the van Rhynadorp area,
384 proved total fallures eand ¢ had insufficient water for
praoctieal purposes. The author knows of thres bore-holes
sunk in the Pink Gnaiss near Komkens that all proved te be
fallures, and of eight failures in ten in the Hilda Series
on scedverloor,

without the use of speelal instruments, tha only
advice that can bo given is to bore on the éﬁéﬁ 1ikely asilde
of the large quartsz veins that mark the feults in this
region, In general the most succeasful bore~holes would
appear to be those sunk in the Pink Gneiss, while the pare
' cendage of failures in rocks of the Hilda Series is alweys
high, i

Shallow wells sumk in the sendy gravels of the river
beds have proved successful at scme locslities, but the
water is invariadly highly saline, The following water
analysis, which must be fairly typlosl of the region as a
whole, ia that of water obtained from the well in the dry
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Moedvorloor sitrema bed just below the farmhouse, An
outorop of Jasper orosses the stream bed about fifty yards
below the well and oreates & natural barrier againat which
the underground water dams up,

ca 11,5
Mg : 8,7
Alkalies (as zodium) 108,0
¥eo éu@l?
Sildoes ‘ 3.5
3ulphate (a3 304) 3949
Carbonate (as COg) 1041
Total dissolved solida 340,0
Total herdness (as 0aCOg) 8447
Carbonates hardness - 16.9
Non-ocarbonate hardness - 4748

Analyst; Industrial Cousulting Ladoratory (Pty.) Ltd,,
Gapa Town,



The Khels 3ystem ocours as isolated patches 88300w
fated with the Namagualand orystallines in a broad belt
along the Orange River from the Upington area %o the
Richtersveld, and then southwards to the van Rhynsdorp
Division, In the Richteraveld, post-Khels sedimentary
rocks are m:-eaamaa by the Gariep System, the Stinkfone
teln Series, the Kalgas Series, the Numees Series and the
Nema System, the latter dbeing overlain unconformably by
the Dwyka Series, In the van Rhynsdorp region there are
present the Khels System, the Hilda Series of the Gariep
System, & possible Kalges tillite amd the Nama 3ystem; the
latter being overlain unconformably by the Table lMountain
Sandstone of the Cape System,.

South of Klaver the pre~Caps rocks are overlain dy
Table Mountain Seandstone for about 40 miles as far as the
Piquetberg region whers the Malmesbhury Series makes 1ts
appearance, Agocording to Mr, L.P. Radle of sienanbomh
University, the Halmesbury Series is ocapable of division
into at leasst two distinet groups, one of which contains
extensive volosnics, During 1947 Mr, Rabie visited part
of the van Rhynsdorp region with the author, but no defe .
inite evidencs could be found for correlating any of the
van Rhynsdorp sediments with the Malmesbury Series., Sube
saguently the author was able to examine specimens colleo~
ted by Mr, Reble in the Verloren Vallei area .ma these show
& cortain resemblance to some of the upper arenaseous
phases of the Hilda Series of ven Rhynsdorp. The Verloren
Vallei rocks, which are considered to be younger than the
neighbouring Malmssbury Serles, may therefore prove to be
of valus 1in establishing the relationship between the
Hilda Series of van Rhynsdorp and the Malmesbury Series of
the Western Province, Mr, Rable informed the author thas
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there are some quartzites in the Plguetberg area which
contain grains of blue quartz, and this feature may also
prove of value in view of the ocourrence of blue quartz in
post«Pink Gneiss quartzites in southern Nemaqualand,

In the author's opinien the correlation of the Prench
Hoek Beds with the Nemm System is incorrect, These rooks
are in genexral more highly sheared than the Nama of ven
Rhynsdorp and do not show sny merked resemblence in Lithe
ology or suscession, It seems more probable that the
younger Klipheuvel Beds may correspond to the Nuwerus
Series of the Nama System, The Klipheuvel Beda (8 p.191)
which contain conglomerates, griss, quartzites, sandstones
and subordinate softer beds, show a greater resemblance to
the basal Nuwerus deries of ven Rhynadorp than %0 any other
group that the author has sesn in the wastern Cups Provinoce,
The purplish oolour of the Klipheuvel quaritzites is similar
%o that of some of the Nuwerus quartzites, The bads at
Honig Berg contain white quarts and reddish quartzitio roocks
siniler to eertain beds of the neighbouring Malmssbdury
Series, and if these "in situ” gonditions are gensrsl in
the Klipheuvel and Honig Berg formations, it is possible
that they may represent the basal-Nama marine transgression
discussed on pags 63, Recent work by Rabie has disclosed
the existence of extensive sediments younger then the Malmse
bury whioh are muuvaly correlated with the Klipheuvel
Beds (885 p.1i). _

The coarrelation of the Transvaal and Neme Syatemsa is
very much in doubt und the inclusion of the Meimesbury
Series in the Transveal-Nama will have to be abandoned,
There are inorvessing difficulties in the correlation of the
sedinents of the western pert of the Union with those of
the Transvasl, and the Numagualand erystalline cocmplex
would seem $0 have separatod these two dlstinet regions
where various periods of sedimentation ocoursed in recur-



120

ring geosynolines,

There is a similar 4ifficulsy in corvelating the
rocks of the Malmesbury Seyies with any of the péamu
groups of the irestern Cape Provinge, Thers is eovidence
that parts at least of the Malmesdury sediments wers dee
rived from sode-rich izgneous rocks and walker and Mathias
{31 p.508) havs recorded a very considerabls proportion
of sodic plagioslase (injg) in fine-grained arkoses or
siltstoneas from the Cape Peninsulas area, They consider
it probable that "igneous masses of highly sodio compoe-
sition (possibly tromdhjemite) were being denuded during
the formation of these sediments, for the felspathic nature
of the psmmaitio Malmesbury extends faxr beyond the Cape
Town area®, The two analyses of psammitic hornfelses
given by Walker and Mathias show Hepd/Kg0 retios of 1,08
and 1,13, and Rabie has obtained similsy ratios from anale
yses of other Malmesbury sediments, This feature suggesta
that the Malmesbury Series was not derived from the potashe
rich granitic rooks of the Namsgqualand region (4 the Male
mesbury ssdiments are younger than the latter), HNo igneous
magses of & nature suggested by Walker and Mathias are known
in the southern part of the Union, and it is possible ﬁhut
the Melmasbury sediments were derived in part from a bage-
ment whioh may have been separated from Africa by contine
ental drift, It seems possible that the Melmesbury Series
and the sediments of the Osngo and Camtoos areas (85 p.id)
ware depoalted in a geosynolinal region distinet from that
of the western Cape Provinoe in whioch the Cariep to Nama
sedimentation gocourred, It is significant thet the Male
meabury geosyncline postulated above would correspond to
the later Samfrau geosyncline,. Soholtz (25 p.xoxxvi)
however has figured a line rumning spproximately west from
Port Elizabeth to Lalnsburg and then in a north-westerliy

direotion %o the Richtersveld, This line forms the hYpo-
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thetioal margin of the Malmesdury geosynoline and the
distribvutive province of Helmesbury sediments lies to the
north and sast, Such & line apparently assumes that the
Halmesbury sediments are oapable of correlation with sedi-
ments of the western part of the Cape Provinge,
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