CONTRIBUTIONS T¢ THE PRETROLOGY

OF RARAQUALAND

Departoent of Geolegy

by

Norma MATHIAS,

PH.D, Thesis, Decesber 1340,



The copyright of this thesis vests in the author. No
quotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



ABSTRAOT,

The farn Agzenys and part of the adjcining farm Zugwater have been
geelagioally murveyed for the first time. The geology sud mineralegy of
the yooks in this area are desaribed., Detailed mineralogicel data of the
old granite snd grunite-gneiss of Nasaqualand, and the Pasxl and Ospe
Peninsula granites eve recorded, The ald granite is omrrelated with the
basesnt grenite of South Africe. It frequently shows the effects of sither
netasemation or contamination Ly Kheis sediments, The Kamaqualand grendte-
gnaiss is oorrelated with the Cape granite and exhibits a more acid marginal
phase on the farm Agpenys. A otxparative study is made of the ansient
Namaqualand quartsites and the Xaalen quartsites, but insufficient evidence
is avallable fer definite ocrrelation.
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DETRODUCTICN,

Jany geologists and prospectars have wen attracted to0 Nemaqualand since
the first dlscovery of copper in 1685, but, with some notable exnsptions, their

mmnmmmmn&mm:-mdunmm.
L)

mtpnmtnnnwmnbMAanhuMhﬂu
mineralogical knowledge of the Namaqualand rocks. Amuanmnm
acoordingly selected for detailed description and this was then used as a dasis
for a wiler caparetive study esdracing the granites snd quartsites from
various known formations outside Namaqualand, |

After visiting smany pexrts of Namqualand on six separate oocasions the
writer selescted the farm Aggenys and paat of the adjeining farm Zunwater for
detailed desaription and mapping, DPesides the representative character of the
rocks on these two farms, Zsowater has the additionsl advantage of oontaining
an extremsly interesting and unique deposit of iron ore associated with daxite,
which had not hitherto been desaribed,

An socount is given in the following pages of the geelogy and minerelogy
of the area surveyed, 1.6, Aggenys and part of 2uawter, A cemparative
study of the grenites of Namaqualand, exsluling the Kiboos Datholith, is dsalt
with in s further chapter with the cdjeot ofi= (a) giving exact minsrelogical
data of the two main granite masses; (b) cbeerving distinguishing features of
these grenites; (o) affording a comparism and possidly a meens of cor-
relation, between the Namaqualand granites and the Cape Peninsula and Pearl
facies of the Cape granite,

Quartsites from various places in Namaqualand and from the Xheis and
Naxa systems have been examined with a view to establishing a positive cor-
relation with some knom sedimmtary series. I, Gevers 3 has tentatively
carrelated the Namaqualand quartsites with the Kaalen series but as this
assumptian was apparently based an field reseviblances mly, it was hoped that
more detailed atuly would flunish definite proof of their idemtity.



LOGATION AND EXTENT GF AREA,

Zuxwter 18 situated in the North-eastern portion of Nemsqualand
(sppreximate latitude 25°15 South and lengitude 18°%0° East), It is about
75 miles North=sest of Springbek, 24 miles South of the Grengs river and 25
niles from Pella mission station. The ddrection from Pofadder is 79° west
of South and from Pella mission station 55° West of South, The main read frem

Sprringbok to Pofadder passes through the faxm Aggenys,

ﬂumﬁm%%oﬂl&ﬁmdm&hm@mmﬂcm
from soven mdles south of Viocoladrift cn the Orange river to two mdiles south
of Garies, It is bDownded on the eest Yy the faxm Aggenys and on the west Yy
the range of Nema beds mmning just west of Steinkepf., The appreximats
positions from vhich each series of specimens was colleoted are markesd on the
accempanying sketoh mep of Namaqualand, This mep has been compiled from the
topographical mps of the Unim, Dr. AL, du Tedt's geologloal map of South
Afrios and v, Goverd mmp acocpanying lemoir 31 of the Geolegienl Survey
publications, snd shows the main geclogloal features of Namaqualand, but the
wonle does not parmit the inclusisn of yelstively renll eutereps such as the
quartsites of the Ren Rist hills, eto. The western boundary of the old
granite is not at preseat inewn, snd the omtaot merked an the sketch map is
purely arbitrary, Fer information regarding the eastern limits of the old
grenite I am indedted to 3. C,B, Coetass who has mapped this ares,

Outside the Namacqualend area granites for comperisen were collected at
Mlmmmmmmwul;twmmh.

TOPOGRAPHY,

R TSR

The farms Aggenys end Zwnwater beleng to a region of sepi-desert, The
somaery is typical 'mnm'mmgmaﬂmdmm &nes, and
grass~oovered sandy flats, flanked on the North hy a flat~topped mosmtain ridge.
The 'Inselberge’ oonsist of Koppies and hille, neardy all of which are cepped
by hard resistant beds of greyish quartsite.



A view of Aggenys taken from the

eastern boundary.
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The nerthern mountain rangs of quartsites forme a water-shed bBetween
northmard &rainage to the Orange river and the southern inland d&reinage.
The styeam beds of Aggenys and Zunremter are normally quite dry and to a large
extent filled with sand and detritus, Only after exoeptionally heavy reins
do they £i1l and eventially loss themsslves in mmell inland vleis.

Sumer thunderstors reiafall is typdcel of this ares with anly an
coossionel short shower or mist in the winter. There are no exact figures
svailable for the totsl rainfall, but this probahly does not eaneed 5 inches
per year, The climate is thus related with that of Pella, Pefadder, Kenhardt
and Updngbon,  Springbek and the southern part of Namaqualand,on the other
hand, have winter rains, The prevailing wind is South snd Seuth-Flest in
sumrar verylng with East to South-Fast, In winter the wind blews mainly from
the Horth-fest.

The generel land surface is syprexizately 3000 fest abowe sea level, and
ferms part of the Numaqualand peneplain, There is alsc evidaoe of a previsus
_pensplanstion in this ares. The flat table-topped quartsite mownteins ex-
tending intermittently fram Aggenys to the Orange river and east—scuth-east
almg Tafel Berg have apprecimately the same height, snd this iz evidemtly not
dus to horizental bedding as all thess quartsites 4ip at angles betwsen 20°
mm‘namw

PEEVIOUS VORK ANP LITERATURE.

No previcus geclogical work has been done in the area of Zurwater and
Aggeryys, At the base of the hill, Swarthep, in Zmmwater (see map) an
abandned well and prospecting trench were found, Thess lie a few yards
away fyom the beds ocmtaining iron ore and disclose traces of ocopper-dearing
mdnerals, s0 that the prespecting may have bedn far either ocpper or iren,

b.W,ﬁM#WMmmmthmm
fousd in the vicinity tut that later search had falled to revesl its exaot
looality. Hone of the sumples of sand or quartsite have yieldsd gold in
 reocognissble quantity and it is presumd that, if this statement has founda-
ticn, the gold must be further afield or that chaloepyrite, or pyrite has been



mistakan for gold,

No geclegioal survey maps have as yet been made of this area and o the
mu@mmmwm.mmg it 45 all zerked as eld granite,
In view of this lask of data it became necessary to try to esteblish a
carrelation between the geclogy of Agzenys and Zusrwaber, and the parts of
Namaqualand alresdy surveyed by Ir, Rogers and Ix*y, Gevers,

e velovent nmmém‘mm-&wuurmms-

Andrew Wylay 20, in 1857, was the first to ocment wm the granite of
Namaqualand and %0 Tecogaise that it is intrusive into the sncient schists of
the area, Dum 2 alse sppeax's to have observed this relationship.

It was not, however, until 1911, when Dr, Rogers muveyed a pertim of
Hamaqualsnd, that a preciss and accurate scoount of the yomger granite-gaeiss
was available 41, Briefly Dr. Rogers dsseribes it as a bletite-gneiss which
1is frequntly parphyritia, the phemearysts omsisting of arthooless or
perthite, and the other omstitumts being miorocline, mioreperthite, olige-
olase, tlotite, spatite, magnetite, siroon, and cooasienally epidete, sphene
and garmet,

Dr, Gevers 3 was the first to repart the presmoe of an older grenite
north of Jadkalsmter snd to distinguish 4% from the Namaqualend granite-
geiss alresdy desoribed by Dr. Rogers. In refarring to this old granite
Ir, Covers states "the mineralogioal ccmpositien of this widely dstributed
granite varios, Its bulk represmnts a typical biotite grenite with
orooline and arthoclase by far predeminating over aeid plagicolase and with
11¢4le or 2o harmdlends, Vhile the blotits grenite predaminates thare
appesr to be all gredations threugh quarts monsonites to granediorite snd
quarts daritic types®,

Dr, Gevers dsaaribes the typisal Nemaqualsnd grenite as a botite-grwiss,

and he distinguishes it frem the old granite Ly the abamoce of hormhlende and
i

the faot that the Namaqualand granite does not grede into dieritio varieties.
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Ho attributes the high biotite oontent of ocsrtain areas, e.g. Denkclosr, to the
assinilation of biotits sahists and other argillagesous rooks of the Xheis
gystem, and refers to "the frequmnt presence of shundant sillimenite and

coossimally of ocorundum, as further strengthening this view",

The quartsites of Kamagualend, as mentianed hy Dr, Gevers, were formerly
thought to be of ignecus arigin and “Marensiy in 1928 first pointed out thedr
probadble sedimentary erigin, and suggested that they represent mmncliths of
recrystallised quartaites®.> } DIr, Gevers sypports this view of Merensky's
and adds wluadble evidence. (See Memoir 51 of the Geclogiosl Survey
publications, pages 26 and 27). Ho mineralogiosl work on these quartsites,
howevar, has yet been recorded.

T™wo seoondary trigonceetrioal beacons have been erected on the high
quartsite ranges to the west and north-west of the farm houses on Aggenys, but
as these had not been marveyed, snd as the mare northerly me was only visible
from perts of the flat~tepped quartxite momtains in the narth, 1t was decided
thntthehstmgfmmwhivﬂ;mwmmﬁm. The
mnm‘mmammommmumfmmm.
small hill beside the rosd to Namies., lJeamsonent was made Wy means of a range
finder snd checiked Ty sucoesaive spesdoester resdings in the onr.,  PFrom thess
base points shots were taken with the plane table and alidsde to the other farm
bsacons end all prominent hills, The soale adopted forr the mep was 4 1 50,000,

Compass readings were quite unreliadle owing to the large quantity of
magretite in the district end the map was sibssquently oriented from the

divigional maps of Hamaqualand,

Owing to the leng distances covered, the Hamequaland greaite-gneisses
were colleeted at intervals of approximately 15 miles, from 2 miles south of
Gexries to 15 miles south of Steinkopf., Pield chservations ware, however, made
as ontinuous as the nature of the comtry permitted,



LABORATORY METHODS.

All refrective indices were dstermined Ly the immersion methed, using
oriented crystal freagmants, sodium light, and the leits-Jelly refrsotameter.
Indices sbove 1,70 were determined By the method advooated Yy Ix, E.S, larsen 7
using piperine and 1odide melts, All modes were caloculated from the valume
peroentage obtained Wy the Dollar integrating stage, and the distance treversed
was between 150 and 200 times the length of the largest grain in the rook,

The mode of the Cape grenite wns arrived at by first determining the preportiom
of phanearysts to gromd-mass maoresoepically.

The values of 2 ¥V were obtained Yy using the Universal atage. The
specific gravities were determined Ly the Walker steelysad dalance. Each
@ummmmmmmm Any yinerels present
in the heavy residue but not in the ssctions are recarded amongst the access-
aries,

largs quentities of quartxite from each looality were first trokem into
small chips and then quartered, A fairly large ssmpls was retained for
panning so that the heavy residus extracted would not be too small. 120 mesh
was fomd $o be the most suitsble for arushing. Separation was effected by
centrifuging ths crush in bremoform, exsept in the case af the relatively coarse
ssnds for which the fumel method of separation was fomd to give emoellent
results.

The magnetite content was determined By crushing a ssparate pertion in a
poroslain mortsr and extrecting Ly means of a hand magnet, The heavy residue
of the quartzites was further ssparated into moderately magnetic and non—-

magnetis crops by use of the electro-magnet.

Great care was used to avoid any possible ocontamination, and the usual
sioves were replaced by squares of muslin, having the same mesh, which were
discarded af'ter esch ssparetion,

In the chemical analyses of the alkalis the indirect method (titratien
with silver nitrate) was used. '



 Awient sedizents ere represented by rearystallised quartsites, echists,
saphibolites and sheared oonglomsrates. They have all been wetamsrphosed Yy
an intrusive aplo-grenite,

The granite is a fine=grained splitic varisty, predominantly gray in
oslour, but with pink erthoclass and miaroperthite. It builds seversl isclated
keppies rising from the sady floor, but i principally intrusive into the
sohists en the ssuthern side of the momtainous quartsite range in the nurth,
and the hills to the south snd southrwest of this range. The owntact with the
mmumemawurmnkumm and in many
cases it 1s 2ifficult 40 sy exactly where the granite ends and the schists

-begin. There is no dsibt, however, adout the intrusiw nature of the omntact

as the grenitesmis tongues into the overlying schists at verisug levels and
quarts vein snd pegmtite offshoots from the grenite panstrete the bedding of
the sedimmtaxy formations, lost of the grwnite is considersbly weathered but
fresh specimens were ocollected frem an exvavetion for & wll detween the twe
farm houses an Aggmys, It is Mghly probebly that the bedrock wderlying the
sand, wvhich covers the greater part of the ares, is of grenite.

Smll quarts veins and stringsrs are mmercus, but have not besn maxked
on the map as the soals dees not warrsnt their inclusiem. All the impertant
popmatites appesr on the map, Thw pepgmatite whidh cocwrs in the gremite keppie
on the northern bendary of Zunwater contains ssasenstens, but the others are
barren of any minerels of sommomic werth, It is eooasionally possible to
trace the trunsition frem grenite through pegmatite ¢ quarts wein.

Conglomerate.

A local dsvelopmmt of sheared conglemerate ococours detwesn the schists
and quartsites, and near sn outorop of amphibolits east of the farm houses
aleg the main quartsite renge. naaemy"mmm, the cutarep
being only 30 feet in length by & feet in thickness, The pebbles are composed



The northern quartzite mountain

ranges on Aggenys.
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of quarts.and have an average sise of approeximtely 4" x 1%  They have been
mibjected t0 4irectiomal pressure which has saused them te assume eleongated and
ollipseddal forma, The matrix is oouposed of fine-greined quartsitic material
cgmtniring aundant mpastlie. 1 pebldos shew much more claorily on weathered
sxfages, owing to the faot that the matrix is coanted with a thin £ily of blaock
iron ere - mostly magnatite,

The finding of this omglamerate is of special interest as anly ene other
cocurrence of canglomsrate that an the farm Esndep 8, has been recerded at the
base of the ancient quartsites and schists of Naxsqualand,

Schists.

Quarts-muscovite schists wderlis and are inoaloated with the quartsites.
Owing to the comparative ease with which thay weather, the schists gensrally
ccogy the valleys between quartzite rangss snd the lower slopes of the hills,
They are nearly all highly weathered and disintegrate on handling. The outcrops
axe coloured brown or red Yy iron cxides.

Progressiwe lsaching snd weatharing of the irem czes can de seen in somes of
the finer grained sohists. In these the imwe layer is white and the irom
oopletaly leached cut, the middle laywr is stained red by hacmatite and the outer
layer stained brown By limeuite, The schists vy omsideredly in the relative
ocarseness of their grein, The grain sise inverisbly dearesses sway frem the
granite omtaot, #o that the metamemphic sction of the granite must be, at any
rate partially, respenxidle for the remystallisstion of the achists in its
vicinity.

Qurtaites.

mm&.m.mmmum'm'
mmm-m.mmmmwmwmmm
extonding from east of Aggenys to some 5350 yards bayond the boundary with Zua~
wmter, Thay are a oonspioucus lanémerk, visidbls firom nearly 20 mdles to the south.
This main renge of quartsites is divided Ry interbeddsd schists into two main
portionsi= (a) the high flat~topped mewuntains, snd (b) a belt of hills intersected
hy river beds immsdiately to the south. The quartaites d&ip at angles detween



The bedded
Swartkop.

iron

ore at the base

of
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22° and A0°, the general direction of dip being north-nerth-east,

The majority of the quartsite is either grey, bluish grey, or white. It is
of the ‘sugar-osndy' type and grades at its lower comtaot by incresse in
musoovite content inte quarts-smiscovite schist, Pale pink end rose quartaite
ooours in irregular patches at sypreximately 50° and 200° above the plateau level
in the main quartsite range and alightly belew the magnetite-barite deposit an :
the hills 2, and %y, aleo neer the sumdt of the hills %, %y, %, =d &, Ca'uu;
whhammmmmmmwwhm% Is
varies in coleur from almost emerald green to pals green. A dark quartsite,
mottled pink and black coours cu the sams hill, The pink minerel is quarts,
while the dark oolowr is dus to alxmdant inclusions of megnetite, |

The iren are extends in an easterly direction for appraximately 3 miles frem
Swartkep, It coours in the quartsite almg & rangs of hills, 52-85,mduho
in the basal quartzites of the main rangs,

With the exveption of Swrtkop, which is revghly ciroular in plan, the hills
are elongated, Zast te Weet, in omnformity with the strike of the sedizents,
The ore is interdedded with the quartxites and coours at approximately the seme
horison from Sertiop o &, The width of the are bed varies from 4 feet to
10 feet,

Swartkop, so named en scoount of its black sppearance, is an outstanding
landmark, and it seems, st first sight, to be composed entirely of iron ave, In
'pmwmmammugmmm,mwmfmmamm
to fallen boulders and fragmats which litter the hillside, The main conoentration
of are 4s in a bed 8 feet thick intercalated with the quartsites and dipping st
35° in & Nerth-easterly divection., It is composed pf massive magnetite and
hamﬁ.hﬁﬁ:m);ad@ta&tﬁ:mdw&a. An old working and a well are



The iron ore deposii on the hill Z 3.



Crystals of magnetite and martute_ protrudmg

from o matrix of quertz and barlte
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situsted about X yards West of the main cre bedy, A pegmatite cuts the
quartsite at this pednt; it carries spessartite, bietite, musoevite, chaloopyrite,
 pyrite, amwite, and mlachite, besides magnetite and hacmmtite.

The other partion of the dsposit outs across the bedding of the quartsites,
from the top of Smarthop Eastesouth~east to the dase, Ito;wmum
Lpregnation of the quartsite and cnrries a far greater percentage of zilioa than
the beddsd ore, The dry river-bed North-east of Swartkep and the sandy flatas foar
some distance fyrom the base are littered with boulders of megnetite., The rock
here shows a vexy fine polished suface due to sand=blasting,

' Qn the narther side of the hill %, the mgnstite bed reappears, and hare,
u-n:u.mg,um-mummmhuﬁhummm
mineral. The width of the bed is spproximately 6 feet, and the magnetite attains
a striking orystal dewelopment, JPerfeot octahsdra of megwtite and pssudemorphs
‘in martite varying in aise from 2.4 centimeters o a few millimsters, preject
from o smofess of ooarvely gresular badte and resenbtry queris.

nn‘ammuummmanmw-«mm.
There is no visible barits hexy, and the ore has again beoome massive. The
mﬂhhdmmdmthwdmmllz,ﬂnmmm
more dissendnated: at the eastern end of the hill it forms wveinlets brwnching
threugh & bed of quartsite 6 feet thick,

Honmm#wtomfmdmtnfzs.

(v) Iren are of the main renge.

Magwtite and haematite cccur in the delt of hills Limmsdiately to the south
of the main range of queartsites, and extond in the form of a bedded deposit for
spproximmtely 2 miles, The ore is massive and has suffered extensive suxface
weathering o haosatite. The thickness waries betwsen 6 £%. snd 12 ft, Ko

maaessopio darite was found,

Jpebdbaldtec,

There are twe varisties of rocks emsisting meinly of amphibols on Aggenys



The bedded amphibolite. D. 3.
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and Zumwater. The first varisty coours an a hill just outside the westem

boundary of Aggenys and spproximately § mile west of the road to fSpringbok. It
1ies near the base of the quartsites, with which it is intexbedded, and about 50
yards from the grenite oontact, In hand specimm it 4s a dark holoarystalline
mediun-grained rock oonsisting mainly ef crystals of hamblende having an

imperfeot schistose arrengemmt, and subsidiary amounts of felspar,

D.y
The seoond variety cocurs as dykes transgressing the Dedding of the schists

and quartsites to the north and north-east of the farm-houses., It is a dark
fine-grained roek with no trave of schistosity and in hand specimen resembles a
hornfels.

The farmer is evidently & metamorphosed sedimmt snd the latter an altered
igsous rock,

Surfaee Send,

Vind=blown sand covers maah of the ground an both faams, In the south and
west it forms extensive &mes, but as thess are omastantly meving, they have not
been mepped. The mand is stained reddish~arangs Yy iren oxides and the greins
are nearly all md-sngular, act romded as mould be the case with txus desert
sands, mmmmm.mwwwmm,“
intervals of 1 mile from the farn houses southward in the direotion of Springbek.

The size of the quarts grains waries from 2,2m x 1.2pm to ,00tm, The
average sise is spproximately s x J3m, About 50 of the gruins are strained,

The mjority of the quarts erystallised price to miareclines but later thmn the
other minerals. wmuaemxmmmmwummm

quarts elthsr in treils ar irregularly distributed, Thay appesr to be ecuposed
of epatits, iron are, 1iquid snd glass. Graneplyrie texture ocours in seversl
places,
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Potash felspar.

Both arthoolase and microcline are present in the seotions and are
miaroperthitie. The orthoolase predominates, The largest orystal of potash
fulipar measures J.ikmm, x 1,2um, and the average sise is approucimstely ,%m.
x JOom,The orthoclase rerely shows Carlsded twimning, Moreeline shows the
typieal ‘eroes hatching' cmused Yy the conbined Albdte and Perdeline twiming.
The refractive indiges of the orthoolase are:

s = 1,526
~ y = {522
x = 1,59

The potash felspars are quite fresh and the slight cloudy effect seen in some of
the arystals is dus to the deompesition of the aldite inoclusions, laorocline
was the last minersl ¢o orystalliss and ocours interstitially.

Haghsedags £olsper.

The average sise of the oligoclase is fam, x J4am, The largest arystal
msasures t.6m, x 1.90m, The oligoalase all shows a fair degree of deccmposition
with the farmation of Knolin, querds, and mumocovite, It is twinned acoording
%0 the Albite lmw and omtains inclusions of quarts, blotite, mgnetite and
msgovite.

= 1,55
Refractive indiges iy « 1,50
x= 1-5}6

This indloates & cwspositien ef Abg Au .. A maximm extinotion of 59 in the
Wmmimtbinnnﬂt.

Biotite,

maﬁumumwnmmémﬁm-upwmua
sisple colour change to green without any change in the gptical preperties,
Iater the biotite alters complstely to chlorite. kmmlﬂuMhM
the ssomdary chlorite are charscterised by the presence of sagenite wode of

rutile. The maximm length of the rutile needles is .15ma. and the average
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length O2m. Inclusions in the tdetite coprise apatite, magnetite, amd mivoon.
Ziroms ave surroundsd Yy well-marked plecchrodio halos,
2 = 1,643 % = dark brom

Tefrectiwe indices FPlsochrolism
x = 1,601 x = pale strew yellow

Aoosssordes

Musoovite coours in mmll quantity. It is inoluded in quarts, orthoclase
end plagiociase felspar, Prismtic ssotions show good basal oleavags and give
straight extinotion, A Dasal section with low interference colowrs gave a good

Maxial negative interference figure,
; (B 1.603

Refractive indices )y = 1,595 2!"-&’
x= 1,56,

Apatite 1s plemtiful, Fairly lsrge subhedral prisms vaxying in sime from
.1&-.:.0%:.h.oﬁn.x.ohmpnmtuwn"ummm”nﬁm
aversge sise of .i3m, X (03w, and an elongation ratio of 1:4, Apatite is
enolosed Yy all the other minerals in the sections exoept muscovite and siroom.

Ziroan orystals coour abundantly) the largest measures ,2mm. x .{1mm.
The colowr vardies fram bhrom to occlourless. The average slangation of the
orystals is 112,

Iren gre is pressnt in moderate amoumt. Magnetite is the main ore, but a
1little ilmenite showing partial alterstion te leuocosne also oocwrs.

An analysis of this grenite was made Yy Mr. P, Herdmmn, snd this together
with the norm, mods end specific grevity are given below,
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340, 76.22 Quarts 35.00  Quarts 363
Aoy 11,56 Orthodlase 30,02  Potash felmper 35.8
Fog0, 66  Alvite 26,72  Plagioslase felspar 25,1
FeO0 1,05 Anorthite 2,5  Biotite 1.5
MO A Casio, 1,51

a0 1,26 Diopaldsigii0; 75 Irem cre 1&%—
N0 3,18 (Po880, T2

K0 5416 m Nghdoy 33

MO  trece ZWB 5 I

P0g trace lMagnetite 93  Specifis grevity = 2,0

0, .18 Ilmmite X

K0+ 27 Water ,g
"

There is wellant agreement betwsen the analysis, the norm and the mode,
and these do not present ayy wwsmml features,

The osrrelation of the Agpenys granite with the Hamqualand grenite-gneiss
will be dsalt with later, 0

‘The iron ore here sppears massive in hand specimsn and consists prineipally
of magnetite which is aften oocated with the red axide, haemmtite.

dagnetite.

The thin section shows arystals and arystalline aggrogates of magnetite which
have in part been replaced Yy pseudomeephs of hasmatite, i.,e, martite, These are

set in a gromd-mass of quarts.

The preportien of iron ore to quarts varies in the main bed from approximately
75% to 50%. mm&mmmmmgmw
quantity of magnetite,



Photomicrogreph of the magnetite - barite rock
from the hill Z2 showing the eloncjation of
the magnetite crystals along planes of
weakness between quartz grains.

; Ordinary light x 32.
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¥y of the smller magetite arystals are slengated almmg the wvertiosl
axis, This is &, evidmtly, to the omditions of growth as the elmgntion
invariably cocurs along cracks in the quarts or doundsries betwesn quarts greins,

Scme arystals have bew emtirely replaced to furm martite, und ere the
distinguishable ty their reddish-browm colour in refleoted light., lartite has
me:mmwmmmwmuu. The
size of the sagwtite crystals varies from 4,1%m, 0 0.053m,.; the averuge
sise is 0,23,

Quarks forms a mosais of interlocking greins, most of which show strein phenomens,
The averege sise of the quarts gains is approximately 0.33m. The grains wary
uuuymnumm The largest grain in the section measured 1,24, ,
aad the smllest 0,01am,

An wumal featurw is the alnormel amownt of dustlike inslusions, which are
probably ire are. Ocossional mmll primms of spatite are alse enclossd Yy the
quarts: thess show goed relief, and a fow give wmiaxial negative figuresa in em-
vergent 1ight.

Bapite is a minor omstitusnt: it oceouwrs as mmll colourless allotriemsrphis
greins which are moulded an the magnetite, They msasure detween O, thm, and

040 3m,

iz analysis was made of the irom omtent, and meuples were taken fram the
tase, the omtre, and the top of the are bed,

Bege Jeder ‘2o
l’O 017 0.2 932
!@, 7611 b 50.66 48,88
The metallic iron eontent ealoulated from these figures is as followss=
B, 53.36
Centre, 43.39

Tep, hioh



Photomicrograph showing the interstitial
nature of the barite.

; Ordinary light x 32.



“Pm

Apalysis.
3302 k1 0’0'
Fea 87
W} ’7.98
™0, o8
Ba0 11,86
80y 6.18
MO Nil, or traces
9205 - L] L]
m n " "
(0.} ¢] N

b 75 -

I estimated the water oontent from a semple taken from the same locality,
and found 1% to Do 0.9%%, This Yedings the total to 99,33%

The compesition of the rock correspanding to this analysis is;~

Quarts b3k
Barite 18,08
Ilmenite 285
Magnetite 2,49
Haomatdto 3060

© Limenite 6.58

(o) Easte
The hand specimen shows quartsite veined Yy magmetite.

The sesotion reveals clear evidence of dynamio metamorphism. The
quartsite has been subjleoted to great shearing stress, which has caused the
quaxts o become elengated in a direction at right-angles to the stress.
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A oertain smount of granulation has taken place, and the average sise
of the grains is small, spproximately 0,16, in length and 0.0kmm, in breadth,

Betwean orvssed Nicols nsarly all the quarts shows wdulose extinotien,
and the section eppears t0 have a schistose textwre.

The megnetite is not nesrly so well orystallised as in other parts of the
deposit and here farme irregulsr veinlets replacing the quarts aleng the
planes of schistesity.

Hartite comurs in minor amount.

Barite was not found either in the sectim or in the heavy residus,

Gaxnot. The manganese gunet, spessartite, ocowrs plantifully in the
quartsite; It is mostly oolourless in thin seetion, but some of the larger
grains have a f2int yellowish-trown tinge,

' The largest garnet meammed O,18mn, x O 11mm,, and the mmallest 0,016um,
X 0401 5emm,

The aversge sise = 0.0kmm, x 0,0%m,

The refractive index was determined Yy immersion in a piperine and iodide
melts RI = 1,80 (3.01). In the sodaum carbenate bead the pomier gave a
strong menganese resction, :

Zirom and biotite ocowr as minor oonstitumts in the quartxite,

(4) ¥ain renge ore,

The ore hare is similaxr to that desaribed at Swertkep, exoept that no
barite was found,

Origin of the Deposit.

In omsidering the question of the origin of the magnetite-burite rock
the following features should be taken inteo acommti—
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(a) The fact that berite is confined to the ore horism.
(b) The ocourrence of oepper ores in assooiation with the iren ad Swartkop.

(o) The mature of the oemtact with the qurtsites, which shows a gredual
dminntion of iron ombant.

(amfmmtmmuummmwwmmu-
at Swartkop.

(e) The weining of the quartsits hy magnetite at the eastern end of the
outarep. ;

Thess featwres have 1od mo to postulate an eplgmetic origin for both the
mgwiite and baxite, I beliove the iron ore to Yo a metascmtio replacement
doposit introduwoed into the quartsites firom an ignecus souros at a time when
the quartzites were deeply Dwried beusath younger sediments,

T™he sowree of the iren was premumably the granite batholith of southern
Ramaqualand, . |

An aplitie facies of this is intrusive into the schists and quartsites
emmmmamum.

muumman.wmmmmuh,m
ascording to the mdarossopic evidmae the bdarite was introduced subsequent to
the magnatits, '

Barite probably thus represents a later phase of hydrothermal emanation

from the same souwros.

Alterpative theary.

The hypothesis might be advanced that the bedded nature of the deposit
~ suggests a sedimentary origin, and that the barite alme is epigenetio.

If this were so0, one would expect to find the dspesit thinning out
towards the end of the ocutorep., Actually, it doss not do this, dut treaks
up into bifureating veins and stringers which seam the quartsite bed. The
trensgressive natwre of the magnetite at Swartkop and the ocourrence of oopper
ores in assoociation with the iren, likewise point to an igneous origin for the
mgnetite,
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A mloresgepds axamination of thin ssotions from the ore Ded proves that
the magnetite is of later formation than the quaris.

In the case of & motanoyphosed forruginsus sandstone, segwtite, being
mummmmm,mmmmmrm
and the quarts would be found filling the interstices betwean magnstite orystals.

Instead of this ane finds that ths davelapment of magnetite has been
guided Yy planes of wenlnwss between the quarts grains and avacks in the

quasrta itself,

i

mmv«mummmmm. Barium
sulphate is relatively very insoluble in groumd-wmbers,

Wed, Txr 16 quetes Clarke as giving 0,09% harium ombent in sandstonss
and dhales,

It 4a 4iffioult to mes Wiy desomniing selntions, even supposing they
could consentrate suffisient Pos, , should deposit tholr emtent within a
qurtxite bed, snd not hMve pmetrated ¢to a point vhere they came into omtact
with some lees pervieuws formation.

Zemowdo aspeats.

A reugh estimats of the aveilable tonnage ef iron ore chows that
spproximately 46,000 tons are exposed at the mufaoe., This does not allow
for the sersdatence of the are bed in dapth,

he grade of the crea is alightly leas than that of the Lron are frem
the lLaks Supsrier region vhich comtain appreximetely 507 o 607 of irem,

At Sogwater the deposit aversges A2X metallis iren. This is wll within
the minimm tenor for irm ere guoted Yy ¥, Lindpwn 9 (f.e, X0F), dut the
deposit ammwt be owsidered sn somoenio propositien mn sccewnt of its i~
sooensidbility and small ressrves. It is situnted 62 milae fron the nearest
railvay station at O'skiep and 118 xiles from Port Nolleth which is the

noarest seapars,



Sieve texture is charsoteristic of the rock and is shom Yy nearly all
the orystals of ssphibole, of whioh over 507 of the rock is occposed. The
other minernls present are plagicclase felspar, quexts, magnetite, biotite,
apatite end zirven.

Irvegular interstitial graine of querts cocur between the other minerals
and as inclusions in the amphibele crystals, The aversge grain sise is
spproximtely ofmm,

Plagioolase felaper.

The plagieclass has the same mode of cocwrrence as the quarts, A
nuber of the plagioolase grains are wntwinnsed, but oan easily be identified
hy their refractive indloes, which are omaiderably above those of quarts,
Albite and Carlsbad Twinning are common, while orystals twinned acowrding to
the ¥Manebach and Baveno laws coour rarely. The average sise of the
plagioclass arystals is approximtely .2%m. x .15mm,, and the maximum size
+58mm, x o33mm,

' N = 1.575
Refractive Indices )y = 1,570 2v, = 86°,
X = 1,55

The refractive indices togother with the maximm extinotion in the
sysmetrioal socne 1,0, 42°, and the extinotion sngle on the face [010], i.e.
«30°, sgree with a cemposition of n»zsh” i.e, Bytomite,

Amphibele,

The moneclinic ssphidole is the mest abundant ocemstitusnt of the roak
and forms Yy far the largest axystals, These have aversge dimensions of
approxcimately 1.5%m, x ,)5m. and maximum dimensions of Aef3mm, x 1,8%mm,
All the large amphibole arystals show “siove" textwre and the included



-
mnerals are tytomite, quarts, magaetite and a 1idtle apatite, Iwizning
parallsl to the erthopinaceid (100), is fairly common. Some amphibole
orystals are ocolourless er nearly so, and in others the colourless variety
ocours together with the normal green coloured ssphibele in one arystal,
The refractive indices and the extinction angles are the aams forr both colour-

less and green crystals and it is therefare ooncluded that the farmer is a
bleached variety of the latter.

._‘-1.6&
Refractive Indices )y = 1,660 ZAC=2°
!'10“8 ”..#O
Pleochrodme. /‘_-mm

. t. M . At
= straw yollow,

Bigtite.

Flakes of biotite, pertially altered to chlarite cocwr rarely, They
are plsochrodo fronyeuwm to pale stzuw ysllow, The biotite is
wniaxial, | |

Refractive Indices vn-y-i.“o
| x = 1,600.

Agoessary ¥inerels.

Magnetite is by far the most abundant acosssary minerel. It ooccwrs as
MWMWMI@MWWN& The
maximm sine is au.x.in.uuthnamn— oO%am, x ,O5oms Irisms
of apatite have an aversge length of ,08mu, and are modsrately abundant.
Zireon orystals are very small 4.6, .O3ms, and less snd are oclowrless, They

are of rare cocurrence,

e U e (m) [ ]

mmuw.mtuwurupmmmﬂpwwm.
The structure approachss dscussate but is not typioal.
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Flagicolase felspar

renges in aise from minute grains in the gromdmess to laths tom, x . 15m,
The average aize is approximately ,12mm. x .OTmm, The ratio of length to
treadth is spprexizately 211 in the medium sised laths and renges wp o 1031 in
some af the larger orystals, Both Carlsbtad and Albite Twinning are very
oomnon, Perioline Twinning ocours rarely., Mimute dust-like inclusions are
fairly abundant in the felspars,

» 3'1.57‘
Refractive Indioces ’ = ‘om ".. 86.5°.
1R = "-5&

These valuss indicate an sncrthits omntent of TO%, i.e. basic labraderite
and this result is verified Ly the extinotion angles measured on oombined
Carlsbad~Albite twins,

Amphibole.

The amphibole is pals greea in ocolowr, Twimning is net very occommm but
does oocur parallel to the face (100), The aversge length of the arystals is
Wuly-im.mm.mmwnw oObem,

-1.&& z/\c'1?
Refructive Indices )y = 1,652 v, = 671°.
"‘.“1

8 = bluish green
Fleoatoroian

Yy = ysllowish green

x = straw yellow,

Acgesnery Minarals.

Zoisite is falrly plentiful in the groundmmss and is oenspioucus on
agoount of its ultre~blue interference colours.
(8 = 1,706
¥y = 1.70h
= = 1,700

Refractive Indioces



Apatite cocurs in miner amount. Its presence was verified Ly the
ammoniun melyddate test. wummmﬂnm'mm
mmwmm. '

(‘ o 1om
Refractive Indices y = 4,720
x = {,Th

Epidots also ccours in this arop together with yyrite and siroen,

The field coourrence, 'sieve’ texture and minersl assemblage all
indicate that the rock is & dynamo~thermal metamorphic produst of a oaloarecus
sediment e.g. 2 mrl,

The sxphibole has properties intermediate betwsen pargasite and hornblende,
Mu'mmmumawiimmmmuunm
pergasite, This waristy of mmphibale is generally found in oomtact somes,
and the nesr vicinity of the grauite contact suggests that the intrusive
granite was the source of the metamorphisc action.

The mode and specific gravity are given below:-

Yoda,

Amphidele 51.5 ’ _

Bytomnite 29.9 specifie gravity = 3.0.
quarts 11:4

Magnetite 6. 9
Blotite 23
$00,0,

B). (Dub)e

The mode and the specific gravity of the rock are as follows)-




|
|
|

Hody
Aophibole 3.8 g
Plagloalase _ %2 _ . ' v

00

The field csourrence of the samphidalite, i.e. in dyke form outting across
the bedding of the quartsites and schists, precludes the pessidility of its
baing of ssdimmtary origin, and it is in all probebility a metamarphosed
dolerite dyke.

The mxghidole is intermediste in omposition and aptical prepertiss
betwesn pargasite and homblends, but is nearer the pargasite end of the series.
mmmmum;mmwmm: This is given
below, together with two ocmpersble analyses.

Sgphibole Hornblende in Fergasite in
. Db Sloxite (A,  metamerphio reck (B)
840, M8.60 49,16 A9.33
g0y - 12,28 11,28 12,72
Po,0; oS .02 1,72
Pe0 10,96 1h.08 483
¥g0 12,55 12,01 17,44
Oad 1180  10.57 949
Bay0 1,25 .50 2.25
69 1.12 «63
80, .26 .18 -
Ignition o5k 98 o29
Ma0  not determined .14 -
oy v * o -
? 2 & X g

Anadyses A and B were taken from tables of analywss in *Rock Mnerals’
Yy J.F, Iddings 6 pp. 351 and 352,




B, Yatriz.

The matrix oonsists of a fine-grained gramular mosaic of quarts, basic
plagicclase felspar, epidote, seisite, orthite, mrgnatite, W. Yeotite,
apatite, sphane and ilmenite,

Quarts.

Grains of querts are more abundant than any other mineral and represmt
spproximately 708 of the matrix, They have an average sise of .imm. snd are
nsarly all strained,

Plagisalase felspar.

After quarts, plagicclese felspar is the most abundant minersl in the
sections, It is perfectly fresh and is frequently twimed accarding to the
mwmmammmmwmmmm
Baveno laws, Scme arystals, hewever,are wmtwinned, but these can be readily
alstinguithed from quarts o socount of their highar refractive indices,
The Albite twin lamellse are coomsionally bemt. The plagicclase never shows
good orystal form dut coowrs as irregular grains the mjority of vhich have
rondsd or csbayed cutlines., The maximum sise is 1.24mm, x .9tzm, and the
aversge aise is approximetely.2%m, x .1%m, Maxyy of the larger plagicclase
‘gradns show *sieve’ bexturs, the inclusions consisting mestly of quarts,
Any of the other ndrnerels present in the reck may also de inaludd in
plagicolase,

= 1,500
Refrastive Indicos g;-hm
x = 1,569

These valwes, together with the extinction angles meamued on oomibined
Carlsbed Albite twins, indlcate that the felwpar is a Bytomite having &

oonposition of bﬂh”o
Hoznblends.

Green hiemblends ccours as ragped and exbayed arystals the larger of
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which cocesimally show 'siewe' textwre. It is a fairly abdumndant sccesscry
muwmmamm'wi.@x.h. Korndlende includes
quarts, apatite, magoetite, sphene, arihibe, mnd epidote.

{‘ = '.“’
Refyactive Indiges y = 1,673
L X = 1,661

Z A C=16%
3 = bluish green
Y = yollowish gremn
\z-‘ltrmvlyoll..

Sohane.

ummm. It coours as dlanmd-shaped crystals
| and aggrogates of irregular greins frequntly associated with iren ore and
apatite, mwuwmwmmmaw-«m
wpddote grow. It ecossicually enloses iran cre. The maximm mise
mamwmmumu.mx.mmmw-mu
approgimately tmm, x (O%mm,

Epidete Group.

(n) Pistacite or oceemn epllote coours as soattered grains mad crystals
throughout the gromdmass and oocesionally aleng crecks in the pebbles, It
mmwﬁu&Wtﬂ;.Mi-MMhhhﬂyW
frem lemon yellow te coleurlsss, Twinaing i cocssienally seen.

s = L,TO
Refrective Indloes y = 1.760

(b) Orthite 1s of slightly leas frequent cocurrence in the rook then
epidete. It forms crangs-hrew arystals and grains which are comanly soned
and which have an aversge sise of approximately ,O%mn, x ,OSmm. The
orthite is distinetly pleschrelo in shndes of trows and yellow, It coasicn-
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ally morowds a core of epidote, from which 1t can be distinguished Yy its

cheaper colowr, lower refractive indices and bi-refringence, No exast

refractive indices oould be obtained as the erientation of the grains wes

woertain, but the two values measmued were:~ ng = 1,733 and ng = 1,748,

m»m-mmmumumm&nmwmmq.
which has & meen refreotive index of 1,7k,

(0)Zadmite cocurs in minor amom$. The largest arystals measure culy
«08mm, x (O%mu, mmm-muln&-hummmmmm

ultra=blue interference colowrs,

= 1.”2
Refractive Indioes £a 1,695,

Apatite ia moderately abundant and cocurs most plentifully in the viainity of
mgnetite, sphene and homblende., It forms arystals having a maximum sise
of ,i6mm, x .120n, and sn average sise of approximately (O5ma. x OSewm,

Biotite comurs in minm* amewnt in the heavy residue, but does not appear in
the seations.

-1.5&0
Refymotive Indices (x = 1,600

{.amm
Fleochrolsm x = atraw yellow
Aixon Ores.,

lagratite is Yy far the most alvndant iron are, Ilmenite ococurs in
mmall ancunt in the heavy residus, lMagnetite occwrs as rmagged gxanins and
oorroded orystals which attain a maximm sise of 1,32m. x 1.07m. It is
very plentiful in the matrix., Approximately LO% of the hesvy residue is
Warmtih.

Zirom is relatively sosrce, The arystals are nearly all colowrlsss, The
lengths and breadths of over 100 siromms in the heavy residus were meamuoed
and the results plotted. This &lagram is included for ocmparative purposes




“30=

with other similar length: tresdth dagrems for the xiroons of warious knowmn
sedimmtary formations and is to de found on page 5.

Judging Yy the texture and mineral assevblage, the reck wes ariginally
a omglemsrate with a marly matrix, vhich has sinoe been metamorphossd wnder
stress. The quarts pebbles have been elangated, cracked and in places
grumlated, while the matrix has been cerpletely recrystallised., Caloic
minsrals predeminate, i.e, sphene, hemblands, Yyrtowmite, apatite and the
epldote group, The general lack of erystal farm, togsther with the prevalence
of 'sisve’ texture and omrosive effects indicate marked metamorphic action
and rearystallisation wnder stress. The length: btreadth diagrem of the
siroms with 1ts brosd base o the 111 bouwnding line provides corroborative
evifencs that the rock is of sedimentary origin.

JONERALOGY OF THE SCHISTS.
SQuarts.

ALl the larger grains and mny of the mmller grains show undulose
extinotion, whils much of the quarts is olengated at right angles to the
direction of stress. This is eovidently dwe to locel selutien at points of
mmmmmuuwmmmmm
least.  Inolusions in the quarts oosist of spatite, mgnetite and siromn,
The average sise of the quarts grains is approximmbely imm, x 1.65ms, in the
ocerse schist and ,%mm. x .1%m, in the finer schist, |

Jusgovite,

Nearly all flakes of muscovite show parallel arientaticon, snd in a few

onses banding. mhrym-nuomhhhanmaw nuo-inﬂw
ooarse schist of 2ms, x.Jam, and Sem. x .2m, in the fine schist,

( I 1.602
Refractive IAdices Jy = 1.597 2V, = 40O,
RXnu 105&
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and gassous inolusimas. mf»mmmmummmuw“
barite deposit there is an alnormal msomt of minute inslusions of ivon ove.

lusoqvite.

The white miea, musoovits, is present in all the quartsites, but varies
oasiderably both in aive and quentity, It is most abundant in the basal
quartxites, which are genarally either vhite or pale yellowish greem in ocolour,
Muscovite froquntly shews wmduloss extinotion. ’

"om
Refractive Indiges )y = 1,596 v, = 4%,
( "'05“0

Diotite.

Prismatic sections and cleavage flakes of strengly pleechredo bdiotite
oocur enly in the quartsite assoaiated with the iron ore deposit, They vary
in sine from 1,32mm, %0 (Ofm, and have an average sise of .Afmm, The oolour
18 either twown or green, and the latter variety is probebly an alteration
phase intermedinte betwoen the hrom mion and chlarite, It has similar
Wmummmia.

l.l'.m

Refyrastive Indices
Exws 1-571-

The chlerite, which has bean farmed at the expense of the MWotite has the
following refractive indices:~

= 1,9%, ya= 4,587, x = 1,586,

Barite.

This minere) cocurs feirly plentifully in the dark quartsite (A.G.6).
It is interstitial to the other minerals, and has a soxewhat glassy appearance
snd an abvndemes of inclusions. The refrastive indices snd other propertiss
are aimilar %o thoss given for the barite of the irn ore daposit. (See pags 1)



Jren Oros.

lagnetite coours shundantly enly in the dark quartsite (A.Q.6), It forms
orystals, crystal aggregates and ixwegular grains soatiored threughout the
quarts and alaag the omtacta betwesen quarts grains, The meximum sise is
oS6m, x JJmm, end the average size 1s apprexirately Obmm, x (O8ma,
Hasmatite, umumammmuwmmmtum
the quertzites snd increase in quantity in the vieinity of the ore dspesit,

Aoceseory Minmrels.
(a) Spemsertite is sbundent in the quartmites associated with the
mgnetite-barite dsposit But dves not coocur in any othars. The grains renge

in sise from ,0%mm, x Olmm, tc 7%5m, X .508m,

(d) Anatase ocowrs in the farm of perfect tetrsgmal arystals and as
romded and irregular grains, The mjoarity of the snatase is opaque tut a
fow grains are blwe. They appear in the non-maguetis trop of the hesvy
rexidues,

(o) Apatite is rare. It cooura mostly as egc-sdwped gruins and as sall
orystals enclosed Yy quarts.

(4) Butile. Orengs to fexy red arystals of rutile are fairly ebundant
in the hesvy residues, The majerity are faintly plecchreis,

(o) Tourmeline is a very rare ceustitumst, It is plsechreis from pale
blue to indige end from pink to Dlue, The grains are irregular in shape end
wnly ocoowr in the lweavy rosidues.

(£) Caloopyrite eccurs in the quartsites from Swartkop where it is
moderetely abrundant,

() Zizom axystals are mostly colowless and clewr, but may be crewded
with inalusious. A few yellowish and pink orystals occour, The majordity
are fairly well rounded, Amawmmofmumnu

. inoluded with those from other quartrites in the dhapter on the oomparative

study of the quartsites,
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(h) Epidote eocwrs mpersdically as smell irregular grains asseciated
with hasmatite in the quartzite en the hill %;, The epidote is Wright
yellowish green in ocelowr snd is 2istinotly plecahreis, The average disseter

(1) Elsgnaste (1), A few greins of & gress-groen minersl coour in the
hoavy residues. It shows oemplete isetrepims, is new magostic and ocantains
no inclusions, '

(3) Biue winerel, Two grains of this minerel coour in the seotion of the
mwma(aés)m-muu:,, It has & vivid colour similar to
sm'-mmmumem;mummk The direotion
of meximm sbserbtion is parallel to that of the slow rey Z, Two refrective
indioss were measmred, \

s = 1,678, ’ xery = 1,652
The interferenss figwe was indistinet but sppeared to be either wiiaxial
positiwe, or biaxial with & mmll eptic axial sagle. The nineral is possibly
uwmmu.mwmm

Thirtesn saanples of sand ware sxamined snd separeted into light and
heavy crops. The relative propartimms of heayy minerwls present were
estimated sppreximately Yy ommting grains from representative smmples teken
Yy means of the miare-splitter. The light areps were boiled with &ilute HOL
to remove the acating of iron oxides from the greins. The sands were all
separated into three groups: a) grains t00 large to pass through the 60 mesh
sisve, b)) greins passing 60 mesh, ut not 90 mesh, and @) greins passing
% mesh, The light arops are invariably coeposed of quarts, miarooline and
miaroaline moropertidts, mucovite mnd plagioclase which is much decemposed.



Quarts.

The great mjority of the quarts gruins are smb-angular. They generally
oontain abundant inclusions, omsisting mednly of apatits, iron ore and girom.
Blotite and tourmaline are also presant as inclusions in the quarts of the
three sends collected nearest the farm houses, i.e. 3¢, 8y and By,

The ratio of quarts to Mlpcrw'ww 311,
Pelspar,

Mlarooline, the mjerity of which is microperthitic constitutes about
98 of the felspar present. 'Grid~irom' structure is characteristio and the
@wins are only slightly deccepossd, The perthitioc inclusions are generally
very fine vein-like bodies, Ortheolase and plagioclass felsper are invarisbly
mch deconposed, and generally oan enly be distinguished Yy the 'Beckdline’
Test, and in oertain cases even this camnot be spplisd. Albite twin lamellae
can rarely be distinguished but in the sand 816 a few grains weve found
sufficiently fresh for the determimation of their refractive indices. One
grain in this sand showed anti-perthitic structure.

= "0553

"o”o
X = l-Sq."(.
These values omrrespond to an acid andesine having sn anorthite content of 334,

Refractive Intices {:

Huscovite,

The white mioca is gensrally pressat in both the light and heavy crops.
It occours as basal flakes end gives a good ddaxial negative figmoe in

convergent light,
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The ommtents of the heavy residuwes are set out below in tabdular form,

MOTRAL 8. 8,3 B,5 B,7 B9 5,40 Bu11 8,92 B,13 Seth 8,15 8,16 8,47
Megnetite ¥ A X A A N M X M A A A A

Foematite ssd R R M R R N A A 4 ' N N H
linonite

Ilmenite R X X A X X R X R R ¥ X

¥
Chyesdhto R
Blotite X R R R R R R R R R W R
Hinmpovite ¥ X X ¥ X B R XM X X "R .NM
Hormblende X R R R ¥ R X ¥ M M M X
Cammot X X X ‘X X ¥ % M R R R R
Sphene R R R R WR
Tpldate R R R R R R R R R R R R R
Zoisite R
Piedmontdte w v W v
Monarita ]
Toomaline R M R R R R R
$4114menite R R R R R R
Ipatite G Ll W R
Rutdle R R R R R R R R !
Ziroen R R R R R R R R R R M
Staurclits &

A = adundant > 25%

¥ = moderately shimdant 10 = 25%
R=gpare { = 04

W =varyrare < 1%

mmmMatmmnmmhamW
direction from the farm-houses at Agemys. The following tables give the
aotual distances from the houses:~
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81 at the farm housea

83 1@&@%@&:
85 2 miles from the houses
87 }ﬁnom&nms
89 memm-
810 5 miles from the houses
51 6 miles frem the houses
8 12 T miles from the houses
813 8 mdles from the houses
S % 9 miles from the houses
815 10 rdles from the houses
8 16 ﬂmxnmm'hmu
817 12 miles from the housea,

ﬁﬂﬁmlmﬁntﬂﬂwmhmtmmﬂdowthmm
the weathering, wnder sexi=arid omnditions, of the swrounding rocks. The
cocaasimal appearance of spatite in the heavy yesidues is probadly due to its
recent release from enclosing querts grains which acted as a protective
oovering, vhile the oonstant oocurrence of garmet (almendine) points to the
weathering of omtact rocks, prebably sahdsts, :

The field charectars of thess grenites and greissss vary omsiderebly
i no means of field Ldentification was foumd practicabls, HNo sharp omtast
was disoernidle between the {ypioal granites and the gnsisses, and the
relationship between the twe types sppears ¢o be gredational, The auther
agress with Dr. Gevers in his view that the high Motite content of omrtain
m-umummumwmmumwmamtmm
The blotite omtent of the granites collected variss from 1.5%% to 13.8A% and
gam-'hm



Dome weathering of

granite-gneiss,

the Namaqualand
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The Old graenite in the contact zone near

Jackaslswater  showing the platy weathering.
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The granite-gneiss is normelly grey in colour, but thers are exueptions,
notahly on &r near the fam Geselakepbank where a pinkish oclowr is given to
mmwmmn@. The texture is typioally phansrocrystalline,
medium to fine grained, and the falrie grenitoid or gneissic, Perphyritio
varietiss ooour, 6.g. G8 snd GI5, but this texture is the exoeptien rether than
the ruls, and the phanocrysts are not very abundant,

Care was taken in the colleotion of the granitea to choose loocalities as
far as possible from any visidhle sowrve of cantamination such as the presence
of remantry sediments, tmoes of which abound all over Nammqueland,

Irs Rogers, Inr, du Tolt 12 and Iny Cevers 3 all recard the presence of
sillizanite in the Nammqualand granites and gneisses, @m&uiﬂmm
coour in the grenite near Steinkopf, Neither of these minerals has been
Toctrdsd in the presmut colleciion of samples,

Doms weatharing snd exfoliation are well displayed YWy the Namaqualand

granite, and the cutstanding scenic featwre of the area cocupied Yy the younger
granite is the megnificent smooth domwe of the grandte mountains.

The older granite is typieally greno-tioritis in compositicn, although
in hand=specimens 1t sppesrs to be & normal granite. Its texture snd fabric
are similar to the Neumqualand grenite exocopt that the sheared gneissic
varietios appear to be canfined to the belt of ocntast with the younger granite
just south of Jackalswmter, Hernblends coours in specimens in six out of the
ten looalities, Ituwmhtmwmtmthmm
18 Gue to the assimilation of sncisnt basic oomtry rooks. The harnblende
mmoimrummuwmmmmmum
distributed throughout the rouk, Siove texture is cheracteristic. This
granite nermally weathers into round boulders. .

The majority of the quarts grains in the younger granites are strained
and show wdnlose extinotiar, G612 and GI5 are exseptiens in this respect.
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These rocks have apparently besn largsly rearystallised and the quarts forms
a nosalc vith the other minerals of inderlocking grains which are relatively
free from inclusions, The orystallisation peried of quarts invarisbly extends
from Just before the final erystallisation of biotite to Just after that of
the potash felapar maroclime. mwmmdmm,m
arystals of apatite, and 1iquid and gaseocus inclusions are cammnly present and
vary only in quantity., The quarts of G12 omtains fine acicular inclusions of
an opaque mineral whioh is presusmbly irai cre. ‘The grain sise varies fyom a
mﬁmefbd&n.x}.&h.mﬂmtw&1mx1m.mmmdhnm
granites to a maximm of 2,62me x 2,53m, and an aversge of .Gmn. x (3m. in
the fine grained granites, Granophyric intergrowths between quarts and
plagicclase felspar oocur in seven out of the ten grenites.

Zotash felspar orthoolase.

The monocalinic felspar arthoclase is present in enly three saxmples, G7,
G5, and G12, In G7 it is ¢he.demdnant potash fulspar, but in 05 and G12 1t
oocurs in miner quntities end in the latter chiefly in the fara of phanocrysts
mm.mm«zh.zim - The average size of the
arthoalsss arystals is fam, x . 9me. '

.-105“
Refractive Indioes )y = 1.52h ﬂ’-m'
"'.5‘9

The orthoclase is miareperthitic, The perthite is in the form of muall
vein~like bodies which have an average length of .Otmm, Orthoclase arystallised
mm«mmwm,mwm,mum. The crystals
are fresh and show enly rere twinning ascording to the Carlsbad law,

Migrooline.

Morooline atoroperthite is the charmoteristis folspar. It is invariably
fresh snd any slight cloudiness appears dus, on sxaxination, to the decempesition
‘of the perthitic intergrowths, Thess vary in sbhundance and sise and are
componed of acid plagieclase having an anorthite omtent runging from 5% to 127,
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They ocour most ceemenly in the form of veinlets oriented parallsl to [100]
but Lrvegular blobs are also present. The average length is ,Ofma, and the
mximm dmesions i3, X O3m.  Morooline oocurs interstitially md
appears atrained in only ome instancs, 4.8, G5, Crystals chow the Yypisal
'aross-hatching' due to Altite and Fericline twinning and attain a maximm
wize in G3 of 4ebBm, x S.hfm, The average size is approximately .80mm. x
S0z,

= 1,526

Refractive Indices(y = 1,52 2y = 8°
(x = 1,518

Ilagloolage felsper,

The cemposition of the plagicalsse felspar varies from Abgodn,, in G7,
tﬂ'%h@. It always shows soms degres of dsoamposition with the
fommtion of Xaolin, muscovite and quarts, or ssussurite in ths case of the
more basic felspars. The range of erystallisstien of the plagivelase extends
over much thé same peried as that of quarts, the bulk of the plagioalase, how
ower, arystallising befare the majority of the quarts, The sise of the
aystals variss with the grain sise of the rosk, It attains a maximm in G5
of hotdmm, x 2.48mu, while the average size is spprocimately tmm. x 7m.
Miorocline antiperthite occurs in the granites, G5, G6, and GI15, The sise of
the miorcoline intergrowths is much larger than that of the normal perthite
and reaches a maximm of Tmmn, x 1ma, and has an average length of ,32mm, The -
miorooline exhibits the typicel ‘cross=hatohing'. In G15 the plagiociase
phanocrysts are oomposed of microcline smtiperthite, Plagioclase arystals
are typically twimed according to the Albdte law, and less frequently acoordingeg
$o the Carlsbed and Pericline laws. The composition of the felspers was
determined YWy measuxring the refractiwe indices and was checled %y means of the
maxizam extinotion angle in the ay:metricsl sene, or the extinction angles of
oanibined Carlsbad=Albite twins, the latier method bedng preferred. The
cteplete 1ist of the refractive indioes and the cerrespending campositions
is given below ‘



Photomicrograph of biotite in the Granite -
gneiss showing sagenite webs of rutile.

Ordinery light x 100. -
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Rook 4 4 X Anorthite goptent
Gl 1545 14541 1,536 V7.5%
5 1,558 1,555  1.5% - 3R
G6 1,55 1,508 1,546 3%
G7 1,540 1.536 1.531 105
68 1.554 1,550 1507 5%
G13 1,553 1550  1.547 ISR
G2 1553 1.550 15T 35%
G11 1.508 1.506 1o509 257
@  1.5% 1.546 1,543 05
3%

15 - 1,555 1.55¢ 1 0“7

Prismatic grains and allotriemarphio besal flakes of strongly plecchroic
Mh“mmthn;ﬁpmrmxhu The peroentage of the
biotite in the rocks varies from spproximataly 15:,84 t0 1,55, The sise of
the prissa reachss a maximmnm of 1,82m, x .74, and the aversage dimensions are
oSumn, X oJmn, Acioular inclusions of an opaque minersl in the farm of sagenite
weba are charaocteristic of the biotits of all but two of the Namaqualand
Mtu,ﬂiuﬂﬂﬁ. The inclusions have a maximm length of .15m, and an
average length of .02m, They are probably mimute needles of rutile, end they
ocour most stundantly in C6 in which the bioctite has an exdeptionally dark
oolour owing to their presence. M&%Mﬂhmumaﬁm
mummmqmmuunmmmwunu. The
mean refractive index of the chlarite s 1,62, ~ In the two instances where
mihwb-mnhmtﬁmMWMtﬁ“uz‘plmsnfﬂu
blotite and around the eclusters of mion, Inclusions in the biotite compr-ise
mﬁh,dm.m.mdw mmcptmutoum
partially replacing biotite. The refractive indices and the plecchroism are
given belew



Refyugtive Indices
Reak | z Fleochrod s
& 16O 10596 | » =
a5 1,642 1,600 |
Gé 16 1.5%
24 1,643 1,601
8 1,603  1.600 dark straw
Gi3 1,662  1.600 brown yeollow
612 1.603 1,601
ot 1,606 1,599
G3 1.6%0 1,602
o5 1,606 1,599 -

The mencalinic anphibole occure in four out of the ten granites examined
and its distridution in these is very spersddo, lany secticns of the rooks
G141, G6, G3, end G135 omtain no heblende, Wiile in other sootions it is
relatively plentiful, 611 comtains ourroded harmblands arystals with a
maximmen wixe of 2.40ma, x 1.9fewn, and an average sisge of .7 X o50mm,
Inolusions are abundant and oompriss a variety of minerals, apatite, magnetite,
quarts, bietite, cligoalase and mphene, In the recrystallised rock GI5 horme
blende ocours as small irregular grains having A maximm sise of ,OBm. x 08,
Hornblends sppears to be of a remantzy character in this rock and apperently
has been largely replaced by betite, In G3 horsblende is represented by
large perphyreblastic crystals msasuring wp to 2%, in length,

= dark blulsh green
Fleochroism )y = yellowish green

N = greenish yellow
o as ]
n= 1,608 = 1,681 = 1,679
Refrective ,‘1.67‘ ’ﬂiom ’-‘om
Indioes

xw 1,660 {x=1.662 X = 1,660
ZAC = 46°
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In G6 the hamblends was cnly notioed in the heawy residus in which it ocours
in xdner amtamt, Its propertiss are gidte different from the previous haun-
tlendes and are tharefore given separately below,

(5-1.63) (% = bromish green
Refractive Indiceay = 1,877 Fleochroism y = brom
g“x = 1,655 X = light yellow
&ZnC = 2}°.

Spheun,

¥inor amtunts of seoomdary spheme cocur in =ix greanites, It is formed from
the alteratien of ilmenite in the granites Gi1, and Gh, - In C15 and GI1 1t has
developed along oleavage planes in the biotite, while in Gf3, GO and G3 its
mummuumwumnmmmmw'uum.
The pleochroiem &s from colowrless to haney-trom, Fodge-shaped cryatals and
aystal aggregates are gharscterised Wy irxregmlar crecks, and inccsplets
extineticn between crossed Micols, The mean refrective index obtained Yy the
iunersion of orystals in & piperine md io8ide melt is 1,96,

Epidote.

wammmm-wmummmmtmmm
granites exoept G13, G6, and Ci15, ZHpidete replaces dlotite and is an alteration
produst of plagisclase felspar,

Refractive Indices /yw 1,750
xw 1,729

Aocessory minsrals,
(o) Apatite. Crystals ef spatite vary in size from less than 00ima. to

oh2mm, x .35, The averege sise is Ofum, x ,0%mm., Apatite is gensrully a
fairly abundant accessory and may be included in any of the other minerals
exoept ziroan, Crystals frequeatly contain very minube opaque inoclusiens,
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premambly iren ore, and cegasimally thin prisss of a oclowrless highly
refragtive wineral which f& probadly xivom,

(v) Ixon are.  Magnetite coours in all the granites and in the principal
iron ore, It?mmtbvmhsmtmdmummsmdmhl
aggregates with aversge dimemsions of ,70mm, X 50mm, Ilmsnite oocurs in
mincr amount in all the grenites exvept G5, G6, and C3. It is frequently
swrrounded by rims of secondary lsucoxense,

(o) girom. Al the granites exoept G and Gi3 have average mubers of
sirocn crystals, In Gh and G1J sirecns are rare, The oolowr of the crystals
appears o be largely determined Yy the inolusiens of iren are and ranges from
oolourless to o and epagwe. C15 and Gh ommtain anly ocolourless xiroms
end in G11 the majarity are colowless, In all the cther granites yellow and
trown arystals predemiiats, The inclusions are frequently senally arrenged.
The average elmgetion ratlo is 112, The crystals are all of the normel type,
.0, primes texminated Yy smll pyremid faces and are eithor idiomorphic or

allghtly raonded,

(4) Rutile, Small foxy-red prisms of rutile appear as a very rare oom-
stitumt in the heavy residuss of G3, G4, G5, 06, and Gi1, Two orangy-browm
rutiles also oocur in Gtf. ‘

(o) Fluorite. A few grains of purple flucrite oocur in Gh,

(r)m. Primry muwocovite occurs in the reck G7,

= 1.“’
Refractive Indices /y = 1,595 Ny = 42°
- % = 1,56,

Avalyses of the granites G7 and G12 have been made, the former Yy the
auther snd the lattesr Yy M, P, Herdsmen, The resulta together with the
norms, nodes and allyses of oomparsble rooks are given below,



w0, Ao B Az e Bx B

Agby 1573 13.82 13,60 13,80 1383 A7
Pe0, 1.6 102 L& L% 21 157
Fe0 109 107 .65 142 2.9 1.78
¥g0 A3 .52 <69 R N
a0 1,80 L 97 S 199 1.9
Fa 0 3,59 249 3B 262 348 348
Ko he99 5466 5.7 5.3 A0 4.1
)

trase 02 03 oOh 12
P205 «56 trace o5 22 ol 19
m, 50 oI4 ohb 2 iS5 39
g 62 33 ™ 13 o Y ._ %
B0 M8 07 04 4
mz .07 005
20, 02
Ba0

A HE W R BW o -
Gl. BRsmaqualand granite from 26 miles north of Garies. (Analyst, X, Mathias)

M2, Namaqualsnd grenite from sixteen miles west of Springbok. (Analyst,
P.m) e

A« DPerphyritic grenite frvm Kiboos mowrtain, Narthern Nemaqualand 17
(Analyst, C.J7. Iiebenderg)

B, Yomg () granite-gneiss from George, Caps Provinoe &e (Aaalyst, 7.7, Grout)

0.  Avernge of mix cearsely parphyritio Nam gramites frem Nameoualand 13
(imalyst, D3 Scholts) |

De  Aversge of 545 grenites of world-wide &dstridution 1.



= g @2 A B g 2
Quarts 28,20 31,56 260 36,24 25,08 28,26
Orthoclase 29,47 33,36 AT 0,02 28,36 2h.46
Albite 30.39 20,96 Mk 22,00 29,3  29.3h
~Anorthite 5.28 945 3,06 306 1T 9.17
Cerundun M 10 2,86 92
ntepuise figaao? i 7

Fesdo} A3
o b - e S T v - R
Mepetite 2,09 1,39 1,46 Y4 b 2,3
Dmenite - B 45 T M 6 LT6
Haemmtite +96
kpatite 1.5 oSh I oJh o3h
Calodte | | .20
- Vater —a0 0. a6 T .22 Bk

99,95 99,86 99.59 99.50 99.81 100,06

Jiodes

% 8 8 g S o3 912 o1 g s
Cuayts 28,9 26,0 28,1 294 19.7 336 369 7.6 43,9 35.6
Potash felspar 36,2 24,2 30.2 27,9 3B.4 28,0 36,7 3.6 7.4 22,9
Magloolase felmpar 51,6 30,9 26,8 35,7 a9 27,9 23,7 2.6 16,5 27.5

" Dlotite 68 13,8 11,5 6.3 6,0 8.3 15 2,3 S 14.7
Hornblende 2,7
Fridote 1.5
Sphean 3
Iren ore | 2,0 38 bt 10 2.2 1,2 15 2.2
Musoovite — Bl 3.6
Total 100,0 99:9 100,0 100,0 100.0 100.0 100,0 10041 999 99.9

Specific gravity 2,69 2,66 2,7 2,0 2.69 2,61 2,56 2,80 2,69 2.6%
Anorthite oontent |
of the plagioclase

felupar CANSRASR 3R 108 358 5% 3% I 2% 3
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The grenites arv nounl potash granites and their analyses correspand
alosely to tmt of the average analysis givea by Daly 1. As is to De sapected,
these analyses are very aluilar to the awarags analyses of the aix HName
grenites (), while they differ fram the Geerge and Kuboos granites in having
a higher peroantage of On0. The titanium omatent of the Namaqualsnd grenite-
gwisses oxrmot be accomted for Yy the very small amount of {imenite presmnt
in the thin seotioms, and it is therelore suggested that the analyses provide
additional preof that the sagamite inclusicns in the biotlte are scmposed of
miile. In all other respects there is good sgrecsmut between the anslyses,
the modes, and the norms.

The modes do not present any wmsual featres ewoept in the case of C3
in which the pereentage of quarts is alnarmelly high. It is suggested that
this may de due to the assimilation Wy the granite magme of Kasien quartmites,
outareps of whish ocour not far from the place where the granite was collected,

Sphane ia enly present in appreciable amsunt in the rearystallised
granites Git and G15 in which there are no ssgmaite webs 1n the Mlotite, _ It
eocurs around and acar Liotite clusters and aleng cleavege planss in the
biotite. Beth these grenites contain hornblends, It is (herefore probeble
that the bictite has released its wiginally sBserbod titania mi that this
titania has reacted with hornblends to produce sphems, whereas in tho less
disturbed granites the titenia has arystallised out within the biotite host
to farm minute needies of ruille,

Prom the speradic field ococwrence mnd the mineyelogiosl characters of
the hornblende there appears t0 be a strung presumption that it is a remantry
minerel derived from pre-existing basic roaks, The graxites which centain
hernblende also contain either sphane or rutile, cother than the rutile present
in the dblotite, or doth sphems and rutils. This relationship is illustrated
in the following table,



In all the genites exoept 0G5, the majority of the quarts grains are
strained, The quarts in 0G6 has been reurystallised and now forms a mosaic of
interlocking grains which oontain very few inclusiens. Simllar quarts mosaics
have dsveloped in parts of the rock 0GB, The gruin sise of the quarts attains
a maxizmum in OCT of 2,97mu. x 2,078m, and the averege xime renges from ,2m, X
o2am, in 0G6 0 tmm, x fmm. in0GS. Quarts ocemwnoed arystallising eerly in
the history of the grenites, i.e. befure the later pertion of the Motite,
susoovite and sphene, and omtinued until after all the other minerals except
maorecline., Smll amownte of minute inclusions are invariadbly present in the
quarts end couprise spatite, iren are, and bubbles omtaining liquid and gas.
Grenephyrie intergrowths with plagicslase felspar coour in all the granites
emvept 0C5, 0G6, sad 0GB,

Potash felspar,
(a) Orthoolase. 006 is the anly granite which contains an appreciable amowunt
of arthoclase felspar. 'The orthoclase ococowrs in mintr quantity, 1.,e., less than

107 of the total potash folspar present, The orystals bave a maximam aise of
1.3ms, x fmm, and show Carlsbed twinning,

,'l ao“”ﬁ
Refreotive Indices )y = 1.52% Vg = T2°
x = 1,59
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(v) Mereoline, liareeline, showing the typical 'aress-hatohing' snd
M&M.hwmmmm. The
maximm grain sise 1is Gem, x AJSam, (0G10) and the aversge is sppreximately
oSam, X JJem. It is typieally fresh and occurs inbterstitially. Carlsbed
twimning is fairly coomon. The refrecstive indiocss of the larger perthites
show thenm to de camposed of acid oligoalase having an snarthite oentent of 407,
They coour principally in the ferm of veinlets, most of which are ariented
parallel to [100], but small globular and irregular bodies are also presmt.
The maximm dimensions of the perthites are ,1émm, x .Otmn, and the aversge
lemgth ia appreximtely Otmm,

. ‘o’z‘
Refractive Indices (y = 1,523 2V, = &0°
=z = 1,518

Haglodiass felspecr.

The smount of plagisclase felspar in all the old granites exoeeds that of
the potash felmper, The aversgs ratis of the plagisclase o petash felsper is
appreximately 211, Asid andesine 48 the most typiocal felspar in these seetims.
The compositian, howsver, ranges frum aligoalase (Auggin,,) to andesine (ibsyinq).
Saussuritisation of the felspars is ocommon, and epidote is a conspioucus preduct
of this alteration. The peried of grystallisaticon of plagicclase felspar is
normal, It commenoed about the seme time as quarts and ended bhefare the
mJjerity of the mioyocline, The crywtals twin scoording %o the AlbAte, Carlsbed,
and Pericline laws, and have a maximumn sise of 3.3fmm. x 2,56mm, and an sversge
sise of 00mm. x JOmn. The andeaine of 0G7 forms antiperthitic intergrowths
with miorcaline, Gremophyric intergrewths with quarts hawe already been
referred to. The oospositions of the felspars have deen determined by msamuing
mmmﬂ’mummwmermmmum
osuibined Carlshad=Albite twins or the maximm extinotion angles in the
symetrionl sene, .



Bogy Refractive Indices Anerthite Content
' b4 A
061 1559  1.555 1582 b
0G2 1,550 1.5  1.543 275
065  1.55 1,58 1545 355
OGh 1,553 1.5A8  1.546 3%
0G5 1.558 14,553  1.5% &%
0G6  1.50h 1,539 1.5 15%
067  1.55h  1.550 1547 557
0G8 1,556 1.552 1.58 38z
069 1,553  4.549 1,546 5%
0G10 1,556  1.550  1.547 : 357
Blotite,

Strongly pleedhreic blotite ccours in clusters or as soattered flakes
throughout the granites. In 0GS, 0G5, 0GI0 mnd parts of 0G7 the biotite is
oriented at right angles to direotions of streas and the rock has assumed a
gwissio texture. Prismtic orystals of blotite have a maximm sise of 3.30mm,
x 1,66, and the everage sise is approximately .Amn, x .2m, Deccoposition to
chlerite cocurs in minor amount, 'mudnnﬂhh'phmouﬁ'mmto
straw yellow and has a mean refrackive index of 1,618, Sericite is ssoomdary
after biotite in 0C1 mnd 0G2, Its refrwotive indices are: s = 1,612, y = 1,606,
x = 1,576, Replacement of Liotits Wy orystals and orystelline sggregates of
epidote is of frequent cocwrrence. Insclusions in the biotite oceprise apatite,
sphene, magnetite, zireon, and mere rarely quarts snd plagieclase felspar,
The refractive indices and plecohredmm of the biotite are given below,



Photomicrograph of a crystal of horpblende
in the Old granite showing sieve texture.

Ordinary light x [0O.



Ao Refynctive Indices ~dsodiveda
2 X
oGt 1.632 1.5%
062 1.6% 1.5N
0G3 1.6% 1.5%
0Gh . 1.,6% 1.59%0 g = dark brown
0G5 1,638 1.5% x = straw yellow
006 1.63 T 1,992
(v7¢7 4 1.635 1.5%
0G8 1,632 1.5%
069 1,632 $.5%0
0610 1.635 1.598
Hezmblando.

T™he cocwrence of hoimblends is inveriadly sporedic., It is presmt in all
but three of the specimns ecllectsd, i.e. 0G2, 0CS, and 0GI0, The arystals
are geerally comparatively learge and msamme wp to Sem, x Aoi3am, In all the
sections some of the harnblends presents a corrodsd appearsnocs end is esbayed
ty quarts and cocarienally plagicolase. Sieve texture is fairly oommon.
Wmm,mtﬂw.wm-pﬁh. Biotite and
spidote have oosssimnally developed at the expense of the homblende. rFriamtic
aleavage and twimning paralilel to [100] are seen in same of the crystals, The
refractive indices and plecchrodmm are shown in the table below,

Hoc: Refyeotive Indices Fleochrelcn
0G1 1.693 1.50 1.&9
0e3 1.693 1.680 1.669
0, 1.693 1,680 1.669 s = bluish green
0c5 1.693 1.680 1,669
0c7 1.693 1.680 1.669 ¥y = yellowish green
0c8 1.65, 1,680 1.6
069 1.693 1.680 1.668 x = dsep atraw yellew

XAG = 220 2V, = %0°



Epidote.

Epidote ocours as crystals and orystalline aggregates geerally associated
with or replacing biotite, It frequantly ocontains a core compowed of a hrown
alightly plecohrodo mineral which is prodebly crthite. The refractive indioces
of the orthite vary fram similar values to thoss of epidcts, to considersbly
below, 1.0, from epproximtely 1.77 to appreximmtely 1.62, Exact values oould
not be cbtained owing to the mmll sise snd lack of arystal eutline, Orthite
oocurs in all the sections of el4 granites, It has 2 maximm sise of ,25m, x
o1 3mm, mmuqmmﬂm.amz.mumuw
sise is appreximately .O2mm. x .O2mm, Orthopinecaddsl sootions of epidote show
basal cleavege and give straight extinotion, Twinning is rave,

= 1,768 m . colourless
Refructive Indloes /¥y = 1.7%0  Tleochroism_ y = yellowish green .
x= 1,729 . X = oolourless

The cpticsl charester is negative. 2Vy = 72%,

Asoossory mlnersals.

Sphepe. Crystals and arystalline aggregates of sphene cocur in all the old
granites and in the mjority of specinmmns sphene oonstitutes the most abwndant
socssscary. Vedge-shaped crystals attain meximum dimensions of 2,97mme, x 1.48ue,
The aversge size is spproximetely .2wm, x ,fmm. The orystals are frequently
characteriesd Wy irregular aracks and show high interference ocolowrs snd in~
oouplete extinotion between crossed Nicols, Sphene is plsochreic from colouwr-
less to honay brom and has a mean refractive index of 1,98, Inclusions &n
sphane are net oomaon but are scowtimes present and comprise spatite, quarts,
iren are, md bictite, Secondary sphene hes comasionally farzed alomg the
olsavage planes in bLiotite.

Apatite, Primms of spatite cocur in moderate smount in the eld granites.
The maximm dimensions are .5em. x ,16am, and the average sise is sppresimstely
«O8mm, x Ofm, The arystals are fairly fres from inclusimms which are meinly
composed of iron ore and siroom. .



)

ixon ore, The charecteristio iron ore is magnetite which coowrs as orystals
and orystallines aggregates in warying quantity. The aversge grain sise is
spyroximmtely OSem, x Ofmm, Ilmenite snd pyrite ccour in miner smownt in 0G7.

Ziroon. Olear colourless ziroms predaminate, . Pink varieties ooour in 0GR,
0G5, 0GB, and 0G10, while a wvery mmall minority in 001 and 0G3 ave coloured
pals yellow or crsngy brom. Appreximately 507 of the erystals are idiemorphic.
The others sre rounded in wvarying degrees. The siroom arystals in 0G¥ and OG
show modified terminal fages. Inclusicns in the siromms are not numercus but
Mpmmtﬂww&wnnmlmi. The average elongation ratio
is 1:2,

Jowrmline., The brewn and blue veristies of towrmaline cocur in minor amowunt
in the heavy residue of 048,
Refractive indices of = w= §,659 = dsep Drown .

Flsochrofmm
om tourzaline = en 1,625 % = light tromish yellow

Refyraotive indicen of (& = w = 1,657 = daxk blue
Pleochroism
blue tourmaline = o= 1,657 ‘ X = pals brow with

blndsh tinge

Fluorite. A few greins of fluorite sppear in the sections and heavy residus
of 0GB, The fluceite is colowrless with patches of violet.

A chenionl mslysis of the granite 001 was made Yy the anther, The results
of this are given below tegether with two other analyses of old granites from
mmwmﬁm,mﬂm.mm-amammum
momscnites for omperison. The norms and modes are alse tabulated below,

There is exoellent agroemsnt bDetwoen the amalysis, norwm and mode of 0G1,



oot  oad) ox®) A 2

880, 66,80  TNO5S 008 €5.00 66,6
KDy 1607 10,68 a2 159 15,57
%o, 152 1,10 w2 1.7% 1,91
Fed 2,08 1.7 32 2.65 1.9
¥g0 174 o .55 1494 1441
G0 3.52 «95 2,06 ko2 3.5
¥a 0 2,75 2,52 344 3.0 3.4
X0 802 A hS 275 m
0 08 «03 06 o7 .06
Py 06 .29 20 20 19
M, O B 4 1 T
o = - AR 1.15
H0- 2 03 .02

o0, .22 5

20, .02 -

8 02 02

Peo 08

100,12 99,96 99 Th 100,00 100.00

0GY = 014 granite from near Jackalewater, Numqualand, (Analyst, M, Nathias)
06{X) = 014 grenite gaeiss from Hlatikuln, Swasiland®, (Analyst, 7. Kamede).
06(2) = 014 granite from west of Hillarest, Cesperdewn, Natal¥, (Analyst,
(Rs B, Ellestad),
= Averege of ferty grencdicrites’,
;] -mwmvmm‘. i



Hezn
o¢t  om @ om A B

Quarts 25,0 A2 2.9 2.3 237
Orthoolane 25,9 256 26,4 161 21,7
Albdte 23.4 21.0 26,7 M 28,8
Anorthite - 167 1. 8.9  18.6 1he?
Corundnr. 1.1 1 - o6

CaS0s 1.0
Diopside 1gSi03 : o6

Fe5103 . 3
Ryper=  MgSi0y A3 8 1. A2 3.5
sthene  Fe3103  fub 1.7 &9 2,3 1.3
1agnetite 2.4 1.6 R 2,5 2.8
Ilmonite 1. 6 9 1.4 9
Caloite | 5 o3
Apatite 3 7 o 3 10
Zirom 2
Water 8 b 7 140 R

100.1 1001 99.7 990? $00.4

The following tables give the modes of the old grenitesi-

-y oot 062 (063 O0Gh Q5 006 Oo@ 0@ 0@ oG

Quargx - 26 M3 235 26,1 270 236 23,5 2.3 A9 279
Marooline 1’.‘ 22,3 1.7 18,1 ‘5.6 ’a.a 1’00 2.2 5.9 23.3
Plagioolase 37.0 3574 490 39,2 345 39.2 36,2 35.4 b7 38.6

Biotite 10,1 6.0 .5 13,2 15,9 0.6 19.14° 11.6 16,0 8.3
Hornblende 2.7 a7 . 62

Bpidote 19 29 18 A3 69 23 29 k3 6
Sphene 1.6 9 12 6 .6
Iren are ™ s o7

MHusoovite 27
Total - 1000 1000 400,0 100,0 100,0 400,0 100.0 160.0 100.0 100.,0




56

I% will be seen from a gamperison of the snalyses snd norms that the old
granite of Namaqualsnd differs frem the Smasiland and Natal old granites in
having & smaller properiien of silics, snd a greater propertien of alwdnm,
mgnesis, md line, This dears ecut the oontention that the old granite of
Nemaqualand has, in plages, assimilated alunineus sediments snd hornblends
achistas or amphibelites. mmm%.mmwm
of the old granite of Namsmqualand and the average smmalyses of grenodioerites
snd quarts mnzonites quoted By Daly! shows that whereas the oomposition of the
old granite most nearly approsches that of the monsanites, it differs from the
latter in the prepartions of alkalis yresent, The old grenits contains less
Nag0 and more K,0 than the quarts monsanites and this same ratic is borne out
in the other analyses of old granites. The caloulated analysis of 0C1, derived
from the mods, gives the following peroentages of alkalis: Na0 = 2,33 and
K20 = A28,

The absarptien of Ca0 Yy the granite magm, which, accarding to Neckoldsl0
produces mare basic rocks in every case, thus asccounts for the exceptional
basioity of the plagioclase felsper. Willewse'® gives an aversge snorthite
ocutent of 207 in the old grenites of the Vredefort region whereas the ancrthite
oontent of the plagioclase in OC1 is AS#%. :

The ocowrrence of corroded harnblande orystals in saxples collected from
mmm-mmmdmmammmm
strengthens the view that the grenite magss has been contaminated Yy the almost
otaplets assizilation or metasesmtimn of harndblende~bearing rocks. It is
interesting to note here the statement made by J. Willemwe'3 that “the ald
granite in South Africs is charsoterised hy the absence of sny harmblende®,

The presence of ocres of orthite in a large proportie of the epidote’
arystals points to the latter being an allegmic or primary rather than a
ssomdary produst and, in the former case, as being derived in all prodadbility
from the sams scurce as the hoarmblende, Mdlogmiomanme\ﬁm
of the epidote and arthite im supparted Yy the faot that epidote coowrs in'
mach greater proportion in the old granites than normel.
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The modes 40 not show ony features inconsistent with & granitis magme which
has suffered partisl contamimation, The felspars in 0G9 show great altaratim
and it is quite possidle that the retio of sppremimately 6% of potash felaper to
455 of plagicalase felspar is not socurate, Sphens is inverisbly an isportant
accessory while rutile has not been recorded,

In emclusion, it {s the suthor's epinion that the old graaite of Namqua~
land is gemstioally related to the basement or old grenite of South Africa snd
thutﬂnd&ﬂmumhﬂ&mhdtwhmmﬂutu:w
has, in places, thMmeMMMashmm

schists and shales or mudatones,

The majority of the quaris grains are strained, Thay have an aversge size
of 1.5%m, x 1,5m, and a zaximm sise of 5.6k, x 2,640, The orystallisstion
pariod is normal for granites,

Potagh felspar,

The potash felaspar is micrvcline which is miareperthitio, The avernge sise
of the interstitial microcliw is 1.,6m, x .2, while the largest arystal
neasures 3.31mm, x Lo10mm. The perthitis intargrowths measmure up to ,29mm, x
«Bmn, and are cocponed of albite.

"‘0526
Refractive Indices /)y = 1,52}
= ’0519

Crystals of oligooclase meamure up to 2,3imm, x 1.65m. and have an aversge
aige of §,2mm, x JTam, The oligoclase mmmmwmmk,‘
marocline antiperthite.



5= 1,58
Refractive Indices )y = 1,546
x = 1.543

Extinotion angles en oodined Carlsbad=Albite twins are 4° and 3° and these
indicate an ancrthite content of 247 vwhils the refractive indices sgree with a
nlulot’Ab”Anzr The oligeclase is fairly fresh and not infrequently soned.
Extinction engles an sections showing oowbined Albite and Pericline twinning
indicate an anorthite content of 32% for the core and 245 for the margins,

Strongly pleechruic blotite flekes have a maximum primmetic sise of 1,352mm,
zhﬁmua;x&anamg«ameof.mm‘x.&m A alight amocunt of alteration
to chlorite has taken place, principally aleng the cleawvage planss, Occasionally
opidote replases Diotite. Sagenite webs of rutile were cbserved in a fow basal
seotions. Inclusions in the blotite cemprise spatite, ziroom, magnetits,
quarts and oligoalase.

x = 1,600

(= 1,652 8 = daxk browm
Reyactive Indices Pwm{
x = straw yellow

L

Acoessories

M cocurs as plsochroio arystals moasuring wp to 1,158, x S%hem,
I$ includes apatite, iren ore and oligoolase and is marked Yy irregular arecks.
The pleochroism is from colowrless to honey brom and the mesn refractive index
is 4,98,

usgovite ococcurs in moall quantity as a primary constitusnt. It is
prinaipally inaluded in quarts, The majority of the mumoovite is secondaxy
af'texr plagiocelase felspar.

Apatite ia not abundent. It forms meall orystals with a meximum sise of
+08mm, x ,08m, and an average sime of .05m, x ,O%mm,

Yagnetite is scarce, Orystals snd orystal aggregates together with a
" 1ittle ilmenite ocoour in association with the other accessories and have average
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Photomicrograph of the zircons in the
heavy residue from the Paarl granite.

Ordinary light x 32




Samples of the grenite were oollected frem & quarry en the low:r alepes
of Table Heuntain belew the cable-way.

SEBERALOGT
Quarts,

The majority of the greins arv strained and the averags dimmaims are
spproximtely 1.3em, x 1.2m, A Jittle quarts had arystallised before sams of
the biotite and the arystallisation period for quarts extends witll after the
commencemnt of that of miaroclins, An sverage smount of dust=lile and minute
glass and liquwid inclusions oocwr

Eetesh felspar,

The phenoarysts are eomposed of arthoalase sdorwperthite, The perthitic
intergrowths are very ashundant and fom long stringers in the minexal, The
orthoalase in the grawmdmass 18 alse microperthitls and miarecline midreperthite
occurs in emsller quatity. Potash felspar cantains inclusims of rdl the
other minerals in the rock.

Refractive Indices /& = 1,526
of arthoclase y=1.52% v, = N0°
x= 1,518

Plagioclase felspar. The plagicolase felspar is fairly fresh but shows a alight
apount of alteration to Kaolin, ssusswrits, Wbmdonloﬂ.h. Some orystals
show straight phencmena, i.e, wdulose extinotion and a slight bending of the
twin lamellas, The seximm sime of the plagiecimse crystals is 6.5, X bet5em,
and the aversge dlmsnsicns sre 1,%0mm, x 1,30mm, Antiperthite is cocssionally
soan but much comramer is an intergrowth between plagiocclase which is noticeeble
bty the alight difference in the extinotien pesitions, Ko sppreciabls
dﬂﬁmhthonfhcﬂnindhnmtm&mmﬁmwﬂuw
methed. Albite twin lamellse cen e seen traversing both plagioclases without
interruption, Flagloolass felspar inclwiee blotite, quartz, smuscovite,
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magnetite, apatite, and siroon., Extinotion angles on ocubined Carlsbed~—
Albite twins indicate an anorthite content of 257 and this is oonfirmed Yy the
refragtive indioces.

& 1.551
Refractive Indices )y = 1,546

2= 1,53

Biotite.

By artificial light the biotite appears much redder than in previous
granites, The meximum prismatio sime is 6,%mm, x 4ei5om, and the average
sise i8 1,6m, x 1,28, Intense pleochrois halos maroamd sircon inclusions,
Other inclusions are of spatite, quarts and magnetite. Alteratien to chlorite
and sericite osours cooasicmally. Segenite webs in the blotite were notioced
in two instances.

8 = 1,65 ‘% = deep reddish Twowm
Refyactive Indices Plsochroisa | :
{‘:a 1.5 zlup‘lo atraw yellow

Agoessories

Primary musoovite oocurs in minor quantity. It has an average aises of
oSmm, x M6, and a maxizam sise of 2,1%mn, x 1.1%m,

Apatite is a plantiful sccessory, It bullds prisms having sn average sise
of JA%m, x O0mm, It is cocmmonly included in bdotite., lagnetite is fairly
amndant. The maximam dimensions of a single arystal are 99w, x .S,
Towrmaline ccowrs in three different vorieties, browm, blus and green, A
nunber of the tourmalins primms have a patehy distribution of dlue and hrown

ocolour,



Photomicrograph of the zircons in the
heavy residue from the Cape Peninsuls
granite,

Ordinery * light x 32.
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Refractive Indioes of B = w= 1,608 = dark dwow
trom touwrmaline ue u 1,620 g:-uhurhu
Refyective Indices (m = w= 1,649 \ 8 = b

8 Pastostn
of Mus towrmline (X = e = 1,62 x = oclourless

\ dark aligh
Refxactive Indices = w=a 1,662 .-Wms

f run
of green towmaline (x = o = 1,647 y x = light yellowish green,

Zirom arystals are minly celowrless but pinkish hrown and yellowish brown
rystals are fairly corsxm. liodified terminations cocur but are not =0
characteristic of the siroms of the Peninmula granite as of the FPasrl grenite,
The aversge elongation ratic is 113, Lemon yellow xenotime orystals ooour
less frequently than sivoens. They have the typical well developed pyremid
faces and smll prism faces,

The analysis, ths norm and the mods of the Oape granite are given below.
The snalyst was i, ¥, Herdsuan, Exgsllsnt agreemsnt is shown between them,

et | Hem Yode

8105 70,36 Quarts 31,08 Qurts 3teh
© Al 1468 - Orthocless 27.2% Potash felsper 28,0

70203 39 Albite 19.91 Flagiceclase felspar 28,3

o0 2,92 Anvrthite 945 Blotite 9eds

Ngii0y J.10 : .

L 1.2 Hypersthme PeSi0y he36 Muscovite 2.5

Cad 1.92 Corunitum 2,58 99.9

'.20 2.3 " Magnetite o

Specific gravity = 2,70

¥nD 03 Water 192

p:os traoce 99.87

0, 38

LY TR 8

B~ .18
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The Ospe Peninmula grenite is normel in charmeter. It differs from the
Namaqualand granite-gneiss and the Paarl granite in the coarseness of its
texture and in the presence of abundant phanccrysts of arthoclase sicreperthite,
Nearly all the phencorysts show Cexlsbed twiming, The maxisam sive of the
phencorysts is 60ma, x 40mm, and the average sime is 35mm, x mm, Quarts
eocasionally attains falrly large dimmaions, the meximum grein measured being
{3m, x 13mm, The granite doss net vaxy greatly in field charsoters although
there are cocasional oconosnivetimns of mafic minerals foraming large or small

olots principally oeaposed of bieotite,

My, ¥, Smithson's new statistioal method of stulylng the sircons from
different formations has bYeen adapted, and length : trealdth diagrers of the
siroons in the Namaqualand grenite-gneiss, the old gremite, and the Cape and
Paer)l granites are shown oppesite, tegether with the length 1 breadth dlagrems
given Yy Smithsen 15, In each case detween 150 and 200 miromms wers msammed,
the results plotted, and the points enclosed by a mmooth cutline., The method
of masurement emplayed was that of traversing one or more heavy residuws alides,
MNMMMmAWmmm.ﬂnuMMWW
verted into millimetres.

The cutlines in red are a copy of the dlagrams given Yy Smithson. The
sandstone near York is the Bunter sandstone from Bilbarough, near Yerk, and the
lower Bstuarine sandstona is from near Brandshy, Yorkshire. The coloured dots
on the other diagrams repressat the points of coinoidencs of two ar more readings
as follows:=

Red = 6 or more
Goen = 3 %0 5
Yellow = 2,

A comparisom of these &lagrams showsthat although the outlines vary con=
sidersbly in shape and sise, those of xiroons from ignecus rooks invarisdly
overlap the 1 1 5 ratio line and do not rest with a droad base on the 1 1 1 line,
1. e, the ignecus sircons tend to have a greater elengation ratic than dstrital
siroons, This omolusion is what one would axpecot in view of the faot that



Length : Breadth Diagrams

of Zircons.
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Sandstone

Sandstone near York
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the mealmnical alrasim, that a tetregmal orystal would noswally suffer during
the prooess of trunspartation and sedimentation, tends to youd the arystal and
reduce the length of the prism. Ziroms from ignscus recks, on the other hand,
retain to a great extent their original idiomsrphic contoura. These remlts
oompare faveuradly with those of Suitheen, but it is to be regretted that Smith-
m&mmwmmmmmmmlm“tuum
encoumntered in the feur dlagrems rwproduced, |

The outlines of the dlagrams in black were &rwwn s0 as to include all the
points. If, however, the outlying puints are disregarded, the outlines tend to
become flattensd but do not lose greatly in width, This cen be seen from the
seomd outline in green. m.frmthndth;mwh,t.g.wm
Paard, show dissimilar outlines both in green and hlack, and it is therefars
oonoludad that this method cammot de used for correlation.

 SONOLUBIONS

The fcaegoing data are lriefly swsmrised below, The old and young
Namqualand grenites are omtrasted, and evidenoe is given for the correlation
of the young Namaqualand granite-gneiss with the Gspe granite, as represented
\}mcap-wmmmmm The grenite at Aggenys ia seen %o be
an aeid marginal phese of the Namaqualand granite-gneiss.

tabulated below,
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214 grenite ‘
(a) Chemtoal oriteris indicate that the

granite has suffered awntamination or
mtaseatim, but is otherwise similar
to the basemant grenite of South

Africa,

(») Gneisaic strusture is enly presmt aleng

the oomtaot sone.

(e) T™he average sncrthite cntent of the
plagioslase felspar is 3h.1%, 1.e.
an acid andesine.

(Q) The ratio af potash felspir to
plagiodlase felspar is approximstely
112

(o) Sphene is invariably an important
acosmaccy,

(£) The Motite oontains no sagenite webs,

(g) Rutile is absent,

(h) Epidete is sbuniant and frequently
ocentains Antergrowths ef arthite,
(1) Perthitie insergrowths are not very

" abudant,
(3) Dmenite is very soarce,
(k) The majority of the miroons are

aclourless,
and inolusicas are not abamdsnt.

Pink veardieties are cormon

Jowg grsnite-gwise
(dwﬂmmimmu
%o b a ncgmal alkali granite,

(b) Gneissio structure is common through-
out the batholith.

(o) e average anorthite content of the
plagioclase felspar is 29.T%, 1.0,
nmm-

(4) The ratic of potash felspar to

 plagloclase felspar is approximbely
11 4

(e) Sphene 1a only present in appreciable

" amount in thoss grenites Gi1 and G15
which 40 not oontain rutils inolusions
1n the Wotite,

(£) Sagmite webs of rutils are charsoter—
istio of the hiotite,

wwuwmh

(h) Bpidote 1s scarce and does not
include arthite,

(1) Perthitic intergrowths are shwndsat,

(3) Imemite cocurs in the majority of

. specimens,

(k) T™he mjority of the siroms ave
yollowy trown, No pink varieties
~m,mmmamt.
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Analyses apd modes of the two granites are given below,

914 grepite
0ct
66.80
16,07
1.52
2,04
1.7
3.52
2,75
4402
03
+06
P

T3 «62 o33
—if — — | .

100.12 100,11 99.90

u£"

ZTELFRE LY

R T

The following are the aversge modes of the old granite and grenite-gneiss
respestively,

Yindas
814 meendle Grenite—rneiss
Quarts : 26.h 3149
Potash felspar 17:0 30.7
Flagicolase felspar 394 ' 275
Biotits 12,2 T3
Rornblende \ J® o3
Epidots ' 2.8 o
Sphene o6 o3
Msoovite 3 o2
Iren are . - -daf

99.9 100,14
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Data for the otrrelation of the Numgqualand grenite-gwiss with the
Aggpays, Paarl and Cape Peminsula grenites, is given in the following table,

Hemsqualand Aggenys = Faaxd = Ospe Peninsula

renite-gpeiss  grenite gronite £renite
Chemical Normal alkali~ Noxrmal alkali= FNormel alkali~ Norml alkali-
oomposition grenite grenite  grenite granite
Textwe  Granitic and Fine-grained Jodiumegrained Coarse-grained
gneiesic medlur- grenitic granitio porplgritic
to fine-grained
Approxinate
ratio of
potash felapar
Se plagic=
alase felsper 131 124 11:¢ 114
Anerthite average =
oontent of 29.7% 165 o 8%
plagieclane
felspar
"Sagenite weda'
of rutile in  Alwmdant Present, dut Present, but Present, but
the biotite rare rare rare
Ilmenits  Ocowrs in ths Present rresent Present
mirity of
cinples

Ziroons lajority sre lMajority are - lajority are ajority are
yellowish = yellowish brom yellowish trown oolourless;

‘brown, Inclusions aye Inclusions are yellowish browm
Inclusions abundant, abmndant, varistiss are
are sbhwdant, oommon. Inolusions

: are not ahmndant.
Rpidote Rare Rare Rare Abaent,



b

mwmmmmwpnm. The mode of the

Kamaqualand grenite~gwiss is the average of the ten modes previcualy quoted,

Hamequaland = Hammquelend = Agomnys  Paaxl Cape Peninsula
grenite~gneiss  granite-yywiss  granite

a
810, T1.26
APy 15D
Po 0y 1.56
Fe0 1409
Melo o3
Cad 1.8
 Hngd 3459
X0 M99
w0 trace
P, 256
0, 8
Hyo+ .62
RO~ .18
100,11
Jodes
Quarrts
Potash felspar
Pagloclase felspax
Biotite
Hornblende
Epldote -
Sphene
Musoovi te
Iren ore

o2
72.86

13.82
1,02
107

32
1,90
2,49
5.66

02

trace

o154

33

07

99.90

76.22 T3.%
11,56 13.78
+66 «5h
1,05 1.51
ohs «52
1,26 1,86
3.48 J.02
5.16 LT3
traoe Ob
trace trace
18 o25
o7 22
.10 16

2.7

2,5

2,7

granite grenite

70.36
.68
3
2,92
1.2,
1.92
2,35
BN
03
trece
38
ol
«18

99,83
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Part of the Een Riet hills. The
mountains bordering the Orange river

are visible in the distance.

—
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These granites show a marked similarity to each other in all significsnt
aspeots, Ths Cape Peninsula and Paarl granites have already been oorrelatsd
pmwm@mwmm,'mwm.rwmm
the four granite masses, 1.8, in texture and ancethite content of the plagiocclase
W.mmthmmcmmmﬁmmﬂmm. The
Aggenys granite is evidently a slightly more acid marginal phase of the
Hamagqualand greanite-gneiss, while the latter can be correlated, with resscmable

osrtainty, with the group of Ospe granites to which the Pasrl and Cape
Peninsuls grenites belong.

The sacient quartxites of Namaqualand oan be distinguished from the Nama
quartsites in the £ield Yy observing the nature of the omtaot of the sediments
with the granite, The Nama quartsites are definitely younger then the
granites and the contaot is either wnoonforzable or faulted, The ancient
quartxites, on the other hand, ave older than the grenites and the ocentaot is
intxusive, :

It has been suggested that the ancient quartsites belong to the Kheis
System and the Xaalen Series (3) so that the following mimerslogical desariptions
have been oonfined to thess two gxroups.

A:(1) Anclent Quartsites fram the Ben Rist hills.

These are ‘sugar eandy’ mmmmmmmmqnuu
mauve, Veathered mufaces show a thin film of limmnite, w,mm,
hasmatite, HMuscovite is invariably pressnt and ococurs either as scattered
flakes or ig clusters with individual fiakes msaswring up to Sem, in ddameter.
Magnetite is a fairly commen magrosoopis oonstituent in some speeimens,

Yinsralogy,
Quarts,

3

The grains of quartx are strained and have an averege diameter of
spproximately 6.6mm, Inolusions are fairly plentiful, and consist ehiefly of



o

tredils of iren ore, apatite, liquid and ges, Ziroon and chlorite are of less
frequmt conarence, while suscovite and magnatite form larger inclusiens.

Masoovite.

¥Flakes of musoovite coour between end enclosed by quarts greins., The

msoovite frequantly has a ragged sppearmnoe and is ambayed Yy quarts and in
such capes ocantains numerous inolusionsa of quarts farwming *sieve' texture,

_ '1.&2
Refractive Indioes )y = 1,596 N, = 40,
.i. '05“-0

Yagnetite,

It coor's as crystals, grenuler aggrogates and treils of minute inslusiens
in the quarts. It is frequmntly amsooiated with musocovite,

(a) Limonite and haematite grains are abumdmnt,

(b) Rutile arystals are pale yellow to orange yellow in oolour and show
zarked verticsl stristicns and striatims oblique to the priem edge dus to
polymgmthetio twining parallel to the faos (101). Genioulate twinning
parallel to (101) coours fairly freguently, Plecchroisn {s enly noticeadle
in & fow crystals and is weak, A fov Loy red rutiles ooouar and some of
these have a patoly distribution of ocolour,

(e) Anatame coours as opaque axystals snd irrvegular yellow and dlue grains.

(4) S11limenite 18 a very rare omstituent.

(o) Zireon crystals are mostly oolousrless and fairly well rounded, ' the
average elmgation ratio of 100 arystals 45 ¢ 1 4,61, Purple siroms oocour
next in frequenay to the oclourless erystals, They are the colour of
alsxandrite in artificisl light, Yellowish to reddish iron-stained siroons
are ossparatively rare, FNearly all the siroons contain inolusims snd
osooasimally these show a sonal arrangement,

: (£) Biotite and chlorite are of very rare ocowrrence.



Muscovite.

Flakes of the white mica coouwr most abundantly in the basal quartzites,
which grade into quarts-muscovits schists,

7 8= 10“3
Refractive Indices /¥y = 1,596 Z?xabO‘.
.3 = 14‘5“0

Yagnetite,

Cryatals and irregular grains of magnetite msasure \@p to approximstely
ohtm, x 2m, lagnetite is not plemntiful,

(a) Mag=hasmatite forms an abundant moderately magnetic orep.

(b) Apatite cocurs rarely as rounded greins.
(o) Garnet of the pink almandine variety is fairly abundsnt,
(4) Rutile arystals are very rare, Mmdﬂ@mphwhroicuﬁm
" 4n colour from yellovish orenge to reddish arange. '

(e) Ziroon crystals are generally arowied with inclusions, Clear and
colowrless siroms are in the minority.

(£) Chlarite is of rare coourrence. It frequemtly contains sagenite wobs
of rutile, ‘ Y

(g) Anatase ocours mestly in the form of opaque crystals and rounded grains.
It is rather rere,

B.(2) &L,m_mm

mmmwwmwuuwmmmm
due to the dissexination of hasmatite. No schists weye seen wunderlying the

qun’tli.h.

lneralogy.
Quarts.

The quarts greins are very irregular in shape.and show pronounced undulose
extinetion. IMimute dust=like inclusions are exeptiealily abwndant snd mostly



The quartsites are scaswhat simdlar in sppearance to the Een Riet
- spocluns but white varieties are not so abwmiant and the yrevalent colowr is
mauvish and troms, The texture is the 'sugar-esndy' type.
Kineralogy.
Quarta.

large streined greins of quarts have & maximm mise of 10xme x 7,7Tmme
@l an aversge size of approximtely Som, x 2,5mm. There is not a great
mem,m,mw,mummm_
irvegularly or ooour 4n thin traits in the quarts, They censist of sireon,
spatite, Betits, iron cre and liquid emtaining tubbles of gas whish show
"Bromian' noveaant. larger inclusions comprise Motite, muoovite, magnetite
and sirom, and in the quartsite from the hills Lmwdistely to the scuthreast
of the farms gamet and snatase are plantiful.

Sarpet,

Crystals and irregular grains of pink Almndine coour plentifully in the
lower horistns of the quartsite, The largest arystal measures ,5hmm. x .5aom,
and the sversge sise is spproximmtely ,fam, x OSmm, Garnsts cocowr mdnly st
mmummmm.mmmmmwm.

Riotite,

A mnar smomt of bietite ccours in the basal quartxites, Primmtic
grains have an average langth of sprroximataly .fmm. and breadth of (Ofem,

Hmoovite.

Flakes of muoovits also coowr in minor amount but have a larger grein
sise and a wider distribution than the biotite. The maximu sise is 36, x
« 33,



Photomicrograph of the
non - magnetic  heavy

Geselskapbank  quartzite.

ZIrcons

residue

In

of

the

the

Ordinary light  x 32.



Opaque crystals of snatase have an average dlameter of approximtely .OSem.
They are associated with almendine. mmm%mm,m
blue, dDlulsh-green and yellow in oolowr. The transparent snatases are mostly
elther irregular or reunded and probably represmt fetrital grains, while the
opeque euhedra are prodedly of authigsnic erdgin and have been formed frewm
other titanifercus minerals. Priamatic orystal forms are most conmen, dut
tadular basal sections ccour vhich give & wiaxial negative figure in. omvergent
light,

Agoosscry minerals coowrying in the heavy residte.
(a) Apathstite prisms and grains meamuing up to ,2nm, x .i%m. are moderately
abundant.

(b) Rutile erystals ooour which are &istinotly plecchredc from orange to
foxy red,
(o) Ziroons are mostly scme shede of yellow or brown and contain meny

inelusicns, Colourless orystals are also fairly atundant and pink orystals
slightly less mo. .E!mzmmodxmamlmgmtwmmwm.
(4) Iron ores and (@) bivtite are scsrus. The bdotite grains gensrally
ahow ‘sagenits’ inclusicas, |

The Kasfen quartsite in this region is mostly white and of moderately
ocarse grain, but grey-green finer grained verieties and redlish and trowm
quaxrtsites alse ocowr. At ous plage in these hillis the quaxtzites greds into
fine-grained quarts-zuiscovite MI‘..% their lower omtact.

Eineralepy.
The aversge grain size of the quarts is approximately .Jmm. x o25mm.

The quarts is strained and containe the usual minute inclusioms., Iuscovits,
magnetite and chlorite are alsc included by the querts.
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Geselskapbank Quartzite

Aggenys Quartzite
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Sandstone near York

Estuarine Sandstone
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