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RESUN Bs

g 1

. 'An.arealefISTOwsq. miles between Goodhouse and
Pella 1n'ﬁamaqua1andi.S.A,'is mapped on a_aéale 11100, 000.
Iﬁ'cbhprises three iﬁtruaive grénites‘whiéh.carry a'prqfusipn
of seddmentary»xenolitha of the Kheis Series. Hineralogical
and petrogféphical data are amplified by vdlumeiric analyses,
‘which togéther with other avaiiable mbdal pefoeﬁtages are '
"renresented graphidéiiy. Seven new chemlcal analyses are
appen&ed ard data pertaining to assimilaﬁion, graniﬁisation..
foliation and correlation are discussed. |

- 8ix new analyses of tho younger Caﬁe gfanitéa rendere

possible the construetibn'of reliable variatlon’diagrams; and
a relationshlp 18 deduced between the quantity of normative
corundum and the potaeh-anda ratlo. |

| The compositions of the graniten of ”outh Africa .
'are dtscussed 1n the llght of normatlve variation diagrams
of the trilinearchsordtnates, and a rigid chemlical distinec-

tion Beoms acplicablé:to some of these provinces.
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The granltes ohly are here described; the petrology of
the sedimentary Xenoliths will form the subJect of a
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1. m*mnuc'rzcm é'.
(a) roat;gn and Extont of Area:

. The area mapped conprisea a rectangulnr tract of

e country beunded by the Orange River in the north {at uooahouse'
ate 8‘ 28056'. long. E. 8013') by a roughly parallel line
10 to 15 miles south of the Orange river 1n the eoutn bv the
‘boundary of tne Goodhouae form in the west: and by the farm
1.boundary of the Pella miaaian (Iong. E.19°9'; lat. 5.29°1') in
the aaﬂt.v' | o v _ '

, Tha~tarra1ne covers abprnximatezy'57ovaq§ miles';
The distance from cape Town to Goodhouae 13 429 milea, and from -
.Geoﬁhauaa to Pella f:} milas, -; A '
. (). _;lg*ﬁﬁt conditions and Vegetatu*g

- The average annual rainrall aver the entire args 10 less

_than 5 1nehea. and tha preciyitation is equally centrihuteﬂ by
summer thunder storms, and theldrizzling "miet redns"” uf-tbe
winter mbntna, April to $e§tember;’ The mean maximum and mean
minimum temperatur@s. in GF, for January, the hottest month.

and July, ths coldest month. ara respectivaly 102° 71° and 73° »
44° as averaged at Goodhouse over 1; ynara.  7The mean maximum
@f 102° 18 tne highoat recurﬂed by the. metemrologicai atations

in the Union. ' ' |

| . The végetation éomprieés typical desert shrub and déséft
grass;'Which'increase in abundance towards the east and outside
the bare'canyon of ‘the Orerge aiier; Apart from the Orango River
which 18 normelly o perennial stream, there are tiny permanent
'apringa at Daben@ris ané Kleln Palla, ns well as a number of
_;bore holes whlch ylelﬁ amall qvantitiae of brackzsh water. |
'Thezgrreuitural enterprtsea are limited to two citrus plantationa

at Goodhouse and Abhaéas. whicn are irrigated frnm the Orange River,

¥+ official Yezr Book of the Unian of South‘Afriea. ate.
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and to some small scale dryland farming on Klein Pella and
- the Pells Miesion. |
(c) GQeclomical Surveying @

| For the western part of the area & base map (scale
1 75.000) was prepared from an excellont hand plotted
trlangulation net (scale 1: 50,000) which s acceaaible at
the Offices of the Surveyor Genaral, Cape Town. In the west
{Pollz, Konbreek ond ¥lein Pella) the working map comprised
a chart (1"= 899 Cape roods) which was plotted and kindly
supplied by Land Surveyor, J.H.C. Krapohl, who 18 responsible
for the originél observations, TAth the.excpption of the
Orange River,and some of it.a #sand drowned 'tributariea. theéé
mdpa contaln no topographical detall, and it &8 t0 be regretted
that the -'original co~ordinstes are no longer procurebla. |
| The procedure of mapping'reaolved lteclf into
f’i) the takinr of long range shots on prominent land marks,
depictod by riops , by meansv of & Zeias tolescopic alidade
from the etone beacons which have survived deetruction ,
(2) the determination of positions from a minimum of three
known points by the tracing paper method, and (3) the gradual
elaboration cfv the work: fron the bolﬁte thus loocated until
the whole aresa was covered. ’I'he’ outcome of those effofté,ia
embodied in thc accompanying geological maﬁ on tho scale
1: 109,000 or 1"= 1.58 tﬁiles. The magnetic declinations,
in April 1936 wore, according to the sheete 18sued by the
Irrigation Departmeht.. '22015" W.(P ella) and = 229 35' 7,
{Goodhouse), but the many local disturbances, and the ;ong
- 8ights, are n.ot conducive to the applmation_ of prismatioc
compass methods. o | " |
| _ A small store exis’il at Polla but the fiold geologist .
- has to cope with the difﬂculty of carrying potrol, water arid - |
provisions throughout tho bét.ter- part of the 570 sq. miles,
and he 1s 8leo inconvenienced by the stremwus itraverses on -

root tarcugh the oountainous belt which fringea the Orange River.
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'.Over’the partly sond-covered stretches furﬁher south the
condltiona are mory amenahl@ by virtue of a network of
1ntereonnected tracka which lend pasy ncceas 10 tho eXPoBUres .
(8) PrGVLOuB Tork ¢ |
There 15 no need tm review the early literature on
the gedlogy of northernNamgqualand,-the 'rale?ant aapects of
which have boen ably summafised in the recent papers by
Prof. Gevers 6, Dr. van B11jon?C, snd ure. mathiasl5,
Prof. Gevers' memaié on the Pegmetite Area® {g primarily
an economic study, but it elso contains o comprehensive |
réouné of the flold relationshipe of the Khels xenoliths, the
poat-kheia intrusives, and the lator sedimentary series between
~ the Steinkopf - Goodnouse - Vicoladrift triangle. The
geologloal map,_iashed w&th_th1d bﬁlieﬁin,:ia,a‘giowing
‘ :tributé to the skilfﬁl fi@ia 1nveatigationa conducted over
an 1nhaap1table terraine, it baara a groater multipltcity of
rock typea than those encounteraa 1n the Goadhauue-?ella area
‘with wnich it 1s oont&nuoua in tho esst. '
| Mrﬁ. Hathias' paper, "A Comparative Study of the
Namaqualand Granites" 1s a quantitative microseopic.1nvea;15ation
~of the graﬁites.ooliee;ed along the road frcmvﬂaries‘ta».
- Vicolsdrift. The ﬁany moda1 analysaa and the‘cheﬁicai ﬁ&ta in the
communication are. axtenaively utiliaed te arrive at the gruphical
: rapreaentatiune figurea in the preaant thesds.
The genesis of a metagorphosed aluminoué sedlmont
:un'soutﬁ Palla was dGSObib@d by the writor eisewhaﬁe. ¥
(e) Ac ggowlaﬁgmen%a T o | | 0
_ . The euthor desircs to #Xpross hie sincere 1ndebted-
‘neés_to_the follawins gontleuwen 1 _
| Prof. F. 7alker , ofthe University of Cape Town,
under whose dlrection the rosearch was
accomplished.

Prof. T.7: Gevers, of the University of the Vitwaters-
rand, who suggested the aubject as & doctoral

Xe
GoetZee,nC Be « sallimanite~00rundum Rock. A metamorphosed
Bauxite in Namagualand. Tranaa Boyal Soc. S.4.,
- Vole XXVITI, 1940.
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dissertation, and for the Subsequent 1oan of
Specimens. - ‘

The Nationa1 Research Board, of the Department of :
Union Education, for a 1liberal grant to defray
~the cost of 13 chemical analySes.

While the writer was engaged in the research he was

- fortunate to hold successively the Jamison

‘Bcholarship, and the 1851 Becience Research
Scholarship.

II. LABORATORY HETHODS.
The plagioclase feldspars were determined from the

Ng and Np indices, in sodium 1ight, by testing 2 minimun of 15

o fragments in emther eaee, and standardising the immersion media

on a LeitZ-Jelley ¥icro-Refractometer after every meaaurement,
‘in order;to control-the temperat yre rluctuations..;ln many
‘instaﬁcés-thevreshiteuwefe'testeé on\the Univeréal Stage-by'”
plotting the optical and morphOlOglcal vectors and evaluating
the feldspar by Reinhard's proctions'v. the agreement was
. 41nvariab$y exoellent. Optic axlal angleé'weve aetermined by'thev
i}Federow mothod, or in the case of stall angleB by Hallards
method. v | | o

The @odes were asseseed on a 8ix Spihdie LeitZF
. Séhumaﬁn Integrating Stage by traveréingvseparatély ﬂm&%ﬁe domi-
nant cOnstltuents and the total acceseories. The pfopOrtions of
the minerals in the latter were then attained from .areal measure-
ment by means of a GPOSS grated ocular, or by a count of the
relatlve numbers of the grains 1n ‘the heavy residue. "

_(a) The Aceuracv of the MicrOmetric Data,i

_ Sinee many of the conclusions in this paper are
> ‘based on volumetric analySes, it is desirable to check the
~accuracy of the measurements. According to. Larsen and Miller13
icrometric analysee have an’ accuracy of 2% when the total |
length of the. tzaverae aquals 200 timesthP 1ength of the
‘ 1argest grain. The quartzes and the feldSpars in many of the
- granites have average maximUm 1engths of Amm, but- since the

rocks generally have a 11near inequigranularity in which the
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uniformity of the distribution of the 1hdi#idua1 constituehﬁé
18 not toc goqd.hit}ﬁae’deéméd neceasary to traverse froﬁ ,
1200 t6 1600 mm. in Aifferent cases to attain thiavaccurncy.
" From the spatial arrénsements of the minerals in. the medium-
grained rdeks'it is evident too that greater precieion is
eneured by traverses in which the lateral intervals are
-relatively broad, ©.g. 1*5 mm, although the numbor of

sections required for the analysis 15 then necesaarily

'1ncreased.> _
| TABLE _A.

_, oy Te@ e

8102 - 8.z | 78s8 | o7y

Alpos 11-16 | 1106 | 03| M

Fe203 | <49l 4 | 01| @ =43.50

Pe0 197 | 5 | 05| or. =26:69

10 : 3| 2 | 02 | abren=26+06
a0 | 1436 | 1.2 | 0.2 | femte=3+55
'NagO L] 225 | 246 o3|

K0 4511 4.8 | 03| . Hode.

MRO o Trace] ve. | .. Quartz = 42+8
"Palg » | *05 - 204 '»_0~01 Bicrocline - 28+1
Ty 0o | . “272 B | 22 | 01 ‘AbggAnlva .==27‘3:
HoO + " o 26| vev | . | meBE | = 1°8
B0~ 05 aas [l ens

Totals | 9987 10614 | 65 |

.:The Geeelskapbank granlte 19 well auitahle as a meane of
taating the precision of the method in tho llght of a - |
-chemical_analysia sin¢e (1) the granularity is representative
of the younger granites, (ii) the.feidspéra"are not intensive-
1& aitered.'aﬁd (111) the percentage of acécsaorlee, the com=
positions of which are not so well khownvfrcﬁ their optical
‘constants, is small. In the columns of Table A, (1) is the
actual analyais by W.H. Herdsmaﬁ,v(E) is the‘cogpoaition

sa caleulated from the mode, amd (3) represents the ensulng



'.érraré.‘mheae'are‘nevar of great magnituﬁe: for Rag0, K,0 and.
“ -Ga0’théy are well below 0+5:  ond when the snalysis (1) 16

~ recaleulsted watcfhrree;-tne 5iliéé errarvbecoﬁéﬁ 0+, Wwhich
18 indeed small vhen 1% ia recalled that'tbe 1imits of
| ana”iytical orrer for 510p alloved by c-rmres@ are T 0°20.
| | ”he agreement betwoen the norm end the mode 8 .
exeellent, on account of the small amounts of ¥a0, Naao and_.-
Ca0 derived from the nafic minerals but calculated ag or,

ab and an in tho norms |
I(h) ¥icrophoto re S
| Hiemphoﬁographa wem t.a;cen by tl) the "Panphot,
Univerﬁal ﬂamera Nicroscepe, and in the caso of low magnifi-
aatiens hy {2) a new Prujeetion Method.v :ﬁ-the 1att§r,éase:1ightl
| 13 tranemittad tnruugh thp seqttun,by«a small praaeeto?; and;
the image 18 phdtagraphe& on o snreen by'a niniaturé 0ame?ar
~'jPolar&aed zight may e arfectively pr@dueedby the aﬁditionf-’
" of polarcid glasses to the lens Bystvm. but since the author
is not alone rGSpanaibla ror the - perfauticn of this meth@d,v
'vtﬁa'ﬂatails_mhich'ara,éaéeﬂtialhta ehaure rofinoment will

not bhe &1s¢ussedo

| III.k\
 (a) Phxaiograggx y
| | Test of tho Aughrables Falla the Orange River flows
.in a deep gorge whose marginu are dissectea into innumerable
ridgos and conical peaaks to pmduue the extmmnly mgged _4 |
mountainaua tract. (Photcgraph 1). The fres unﬁer diaeusalon |
ig éhout,aqually_appc§£icned'hatween the lattary and_part of the
tranéitianal slobe from the Mver o the Buehménland peneplain,
the edge of wnich, eoma 20 miles south of GoodhOuaa, liea at
an elovation of 2700 ft. above the level of the river.
Soufh of the mountainous tract the glope,ecmpriaas an 1nse1- |
berge " vegioni (Photograph 2).,. cénepiaﬁous koppiés of'aoméa
| jgranite,.black amphibolitee, and white quartzites projectlng

above ‘the aea or rock debris and wind blomn sanﬁ.
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According to Govers® the Bushmanland penaplaiﬁ wasg

formed during the Crotasceous-Eocene, with dessication commencing
in the Etcaneaaligoéene. Thé man incision of the peneplaln
to form the Drangelﬂiver gorge, &8 well as the evolution of
the Aughrabiea fal11s are correiated with 8 continental
‘uplift in the late Tertiery.

| The 1low ahgle depreasioh'about'the Pella River is
a filled-in valley whiehfanteéa the Orenge River at grade, but
vith the exception of the sand drowned Goodhouse valley {photo~-
graph 3), the precipitoué marginal favinéﬂ are ncoured’clea% of
much overload, and they éenerally have a #n2ll breadth -~ helght
ratto; which points %o the concentrated precipitation that
qecumpanies c¢loud bursts in sn arid region.
(b) Outlines of Flald Geq;ggg ;

The major portion of the area comprises threa posts

Kheie 1ntruaive gronites, viz (1) An Older Grenodiovite

grading into quartz -monzonite and “hiotite-granite". These
-types are of & grey 6olour, weather into rounded boulders of the
woolnaak‘type, and are generally non-snetksoae ex0ept along the
contact with (2) . the pinkish coarsely foliated Younger Granite-
Gneies, of the Nemagualand uassif, whose weathering 18 &ccome
panied by tho produotion of platy alabs. The’precise nature

~ of the contaot is not elear: on Koiaabes and Hom it is aand;
oovered, ‘wheress on Abbasss the alleged cohtact'pfesents a eon-
fusing mixture of grahiticvrockﬂ'whoae mutual relations are
further obscured by'an sbundance of pegmatites. The normal
rocke grades into a porphyritic (rapakivi) type, which forms
patchy‘expoauréa nloﬁg & line extending roughly between the
water holes of Abbasas and Kabis. Thé»thirﬂ intrusive is

(3) an Aplogranitae, which is probably & leuco acld differen~
tiate of the younger granite, -in which it oocurs as veined
gneisses, 1nterc§nnected dykes, and to the east a8 larper

continuous bddieﬂ.
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" fhere 1s & profusion 6r anéatom1a1ng pegmatite veins
of thg marginel typa.tnraughcut the entire area, and the larger
| more or 1eas'¢ont1nunus-budies, have been sketched.qn the
goological map, The pegmatites have twovaqminant Strikes,
"VN.W. - £.E3 T.E. - S.9. and the1r emp1acement was related
by Gever35 to the intrusion of the younger NamaQualand.grénite.
" Except for some tourﬁaliﬁe, re&fgafnet and muscovite they
are 1nvar1$b1y barren, but it is>beiiéved that mere'intense‘
| mlneréiiaation hog bccurred in the exterior pégmatite# on
northernlabis and Houniams, whefe guantitles of echeéiite have
been recovered from the quartz velrs associated with the
pegm&tites. o |

The pre-granitic rocks 1nclude the fcllowing metamor--
phics from the Kheis Series. | |
1. Becrvata1lised Quartzites, thch'are grohablj to be

| cnrrelated with the Kaaien beds, cap and partly butld the
highest mountains of tha area, a.g._the peak of Abbakop, the
dissected range on.Guadom-Dabenoris, (pnotagraph 4) the table_
‘mountains of Tortel and Pellaub These_occurgnces are ampli-
fied by‘a geries of iow quértzite kopples, o.g8. on the southern
parta of Hom and Klein Pella, and by comparativelv thin quart21te
bande parallel to which the granite~gneiae has often been soaked
by aplitic emenations (Hoogoor and ngtebeest River). The
quartzites may attain.a vertioal thickness of sbout 400 f£t. and
'thay ére evidently the erosionsl relicts of a foxmér penépléin
ap reflected by thé fact that tﬁa higher peaks have somewhat
cofreepbnding altitudes, e.g.:the-following héighta are available
from the'trigonOmetrical beagons: 3051' Abbakop,3487' Débenoris.
3785' Wortel, 3076' Hoogoor, 3602' Groot Rozyn, and 3940' Pella.
2. Biotito Gnelsses. Much of the biotite gneiss follows

the tectonic plan of the Kaalen cuartzites with reference to
which, in euch cases, 1t exhibits & conformsble relationship,
~und the besal periphery of these darkish rooks to tho white

quar@zite mountalins, always forms & consplcuous feature in the
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field, Wheré the blotite gﬁains attains good lateral develop#

meni,»aﬁ\is the Q&Bé north of the Pella uiasion, it pfeaenta

a zone of intense migmatiaatiaﬁ, and the injected components |
~‘inc1ude botn the younger granite and the later pegmatites.

(3) Amphibolites. The 2res containe a wealth of amphl»‘ _

bolites the scdimentary derivation of which 15 oonrirmed both
hy field obsorvations, and by mineralogiaal and chemical data,
although the nultituﬂa of piltch black kopplos suporfioially
Bimulaﬁe the appearance of basic &nd altra basie intrusions‘
Hechanioal injection of the amphibolitea is exceptional, and
positive ocxamples wero observed on Koenablb and Wortel only.
In post caaés, tharé exists a knife'aharp contact bétween_the 
B metamorﬁnoaed sediments an& the gvanite.
| 1V, THE PETROGRAPHY AND WINERATOGY OF THE GRANTTES.

A« THE_DABTMENT GRANTTES.

| (a) Ihe Granodiorites : . ‘
' Thé texture of this group is hypidicmorphie granular,_

but due ‘to tho dominance of plagloclese uvergpqtash folds par
in & ratio which ganerally exceeds 2 @ 1, the rosemblance 18
“dloritic rather than graniﬁic. The Bequence of erystallisa~
-tion’was normal sxeapt for Bome'irregulurltiea about the.borderﬂ
of the mafic minerals, in ebnaequence of an overlsp in the
»separatlon of tho 1eueocrateﬁ and the melanoaratea: other-

- #i6e the bulk of the plagioclaae preceded quartZ,,which in
 turn was followed by wuch interstitial microciine.

| Evidence of.meohanical defﬁfﬁétion rollowds from
the wavy extinotion 1n;many quertz erystals, but the atreases
were inadeguote to effect a bending of the plagloclase twin
1smellae (tierophotograph 1) . | | |
Quartz. The avorage porcentage calculated from 15 modes 1s
27, and the extreme values are 14 and 43. The everage longsr

‘diametors range from *4 mm. to 1°4 mn.
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IABLE ). Modes of the Bascment Granites.

- *'“”_'L'}.' __?ﬂ “_3;—'_' 4. ___5;'”;_’6{ e "
wartz | 25+4 _ 43°1 |26°3 |14°4 | 33-1 | 285 | 264
Potash feldsnar ,12-9 112°3 '14°9 |22°6 16‘1 158 |17'0
 Andesine | 48°1  31°7 1394 [41°2 | 35:7 | 39°2 3941
Apotitd 1 + 3 + T Y BT .
Blotite S 102 909 - {1293 [11°3 [11+2 |12.2
 Hoxnb1enﬂe },-+v - + ; f— .f7{ - ! + '1°4
Zireon - | 4+ 4+ 4+ | o+ o+ ]+
Titanite 4 = | ol gl 4+ 1 e
Orthite . R + 4 + | +
. ‘Iroﬁ Orev 1 10 }' 1-1 i‘vl'd .1-9: ';'d A3 "1
‘Epldote REEE g 13§ 38 500! 109] 2:7| 2.8
Chlori&av: _ ;-+ | + | 12.? '-+_? %~ -£ %
Rest | 7| 6! 200 55 - | 13|
% BninPlag. |39 |34 | 39 |38 |as4 |40 ?3:1
Total & Kb, 2943 | 2049 | 24+0 25+5| 2148 23.5 258
K.feldsparisb. 4| . 6} 6 91 7 T 7
8.6, 2075) 2071 2475 ) el .

| ‘1-3. Goodhousé; 4, Henkries; 5, Uranoop river.

6, Avernge (Coetzee); 7, Average (ﬂathiae?ﬁ)

Microcline. The Basement graﬁites differ from normal granodiorites

in 8o fer as orthoclase 1e almost entirely prozxied by microcline,

) Qhereas this 48 commonly'the’eaee only in types relatively rich

in K20. . The volumetric amount® vary between 12 and 23 »-8nd the

- average orystal length is about °*9 mm.

P;agioclsse; The conposition is alwost exclusively limited to

andesine since in 13 out of 15 cases the anorthite values range

between 33+ and 455 . The crystals are mainly twimed on the

- Carlsbad, Alblte and ?erlcline Laws, end fairish examples of

continuous Zoning 8re occasionally encountered. In one instance

the core gave 2V3==?8° and the mantle 2V, = 83° which corresponds

. to 567 and 43, of anorthite ressectively. In the mode plagio~-

clase varies from 325 to 494 , and the average length of the
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-Crystals 18 about 1{4 mm.  The alteration products, kaolln,
- secondary mica énd epidote acquire some regularity when they
- are chfined'to the centrsl or the marginal zones of the andesines.
Grandphyrie intergrowths of quartz and andesine, ond microcline
 and acid plapiociase (microcline - perthiﬁe) are somotimes obser-
- ved. | ‘ _ _
Blotlte. Biotite which has an éﬁerage 6f 125 18 the most
_abundant of the ferromagneéiané, with which 1t tends to be
grouped in open clusters, It is highly pleochrole 1n tones of
X=8traw - yolliow , !ﬁZ::dafk brown, aqd 1ts optical properties
are very uniform as illustrated by the fact that in five cases
Nm ﬁarieﬁ from 1631 to 1°635 oﬁly, During the decomposition
of the biotite to chlorlite, the fmrmer passoa through a green
-mica stage, which rotains the high refrlngence of_the biotite,
while Nm 18 not more than -603 less than tho correﬂponding.index
of the brown origlnal. ‘ | | |
mgh;bo;e; The optical prapertxea of threo amphoboles are listed
“below, but inspite of the variation hero oboerved 1t is a
noteworthy feature that the bulk of the bornblendes from tho
Goodhouse aressre of the high refractive 1hdek'type; in fact when
these data are linked with those obtained by Hnth13915, it is
'found'that in 9 cases oﬁt of 10 the‘hornblendes have identlical
optical proportics. AB & rule the amphibole does not alter
directly to epldote, but 1%t 1o first convertod into biotite and/or
- chlorite, and thc extent of this altefation 18 such that epidote

nes a persistont value of some 2, 4in the mode.

G00anoude . " Goodhouse. | HAenkries.

Np 1+670 1671 1667
Mg 1685 1685 - vesr

Ng 1+693 1693 ‘ 1°684

2Vy o T9° | s20 | ces

Zre - 20° 220 B 18° |

X decp strav-yellow | deep straw-yellow greenish-yellow

Y | yellowish-green yellowish~green pale green

Z _bluish~-groen | blulsh-green green




~ Epldote.
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Pietacite occurs as granulsyr aggregates’ or columnar

cystale,*eiengatéd péral;ei to'the;or%ha axis and *3 om in

- accounted for by thé aecompaa1t1on of the ferromagﬂeaian 8ili«

oated..

‘The mineral i& of secondary uriglﬁ and ¢dn be entirely

'VériationsAin'cplour and pleocchroism are linked with

differencea in tho-optinal'canetanta'aa 111uétrnted below.

Gooﬁhovse {a) Boodhouso (b) |

> T T T T e
M e 1753 |
Ng CeTR 1765

2V .n°e - 760

X “coiourleﬁé ; coiouriees

Y &éliéwieh-grgén : gréaﬁiéhayellow
z | yéilc&:sh-grean greeﬁisn~yellav
HCaFe38150 5 328 255
| Titenite. Sphene 1o the most plentiful sccessory, Lron ore

ﬂéxeepied. and it 19'freq&eﬁtly-poeélbla.td-dlatinguinh'between
primary>t1£aﬁite; which occurs ag honey 661bured acute :hbmbg

'3 hm_in'langth, and ﬁeconaany»titanite arising from the de- f
- campoeition 6f blotite. This lattervvariety hae 6 dull gray -
colour ana granular—appearance._ _ ‘

Orthite‘ Orthite 48 generally faund ag cores surrounded bv
mantles of epidcte. The largest cryetal abaerved had diametere-
‘9 mm X +5 mm, with an,epi.dgw fringq *03 mm in thicknese.

' The following date wore determined on two Goodhouse granites:

np=1-"roo) o npew:.o;' 7
)z *007 | ) F 007
_2"3- 60°+ 50 2vy = 65915°

= dée;i brown
Y=Z~dark reddish brown. |
The. 1nterfacial angles of an ohtuse rhemb were, (OOI)A(lOl)F~55°
and (901)/\(101)-1160
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' aetween erossed Nicols the mineral 18 often zoned, and 1t 1s
‘aiways altered and heteragenGOUS 1n different degrees, 8o that
the optical_proparties are not only ﬁariable,'but éauid'not eveﬁ
f’befdetermtnad‘with great precision in the comparatively good
cryatals measured above. .
N - The adﬁitional accesaories tnclude colourless zircon
and magnotlec iron ore.
{b) @he Biotite-granites.
o The biotite-granltea have a poorly developed gneiesoae
_"texture, produced by the alignment of the longer axes of tho blotite
crystale, but there is no well marked continuity between the mica
trails. The fahric is aeriate and 311 1ntermediate.slzea caeh be
recorded beiwceh thé averege lengths of thé larger crystals
i(quarmz-*'Q mm, microcline-2+5 oo, andesine =1+6 mm), and the
| average lengths of the Bmaller oryatals (quariz = «2 mm, microcline~

'3 um, andeﬂ‘lne—'ﬂ mmq)-

TABLE IT. _ Modes of the Blotiteaogggnitea.

:f_*w“@””f L1, 2. 3. - | 4 54
Quartz 1389 | 383 40+8 34°4 | 38°1
Potash feldspsr ! 318 258 1 310 | 351 | 30°9
Andesine {236 | 249 | 21°2 230 | 23+2
! v ' o '
Apatite o+ 4 L 4 o+
¥ : .
Muscovite A + |+ 4- + -1
Blotite I g9 | 96 | 61 | 68 68
Zireon e S
Titanite i + 4 o SR F
Orthite R S = o+
Iron Ore I S | T 5 | g
Eptdote . 3 . 11 | 4+ el ‘4
Chiorite _ ; A § + | + : + 0+
‘Fest | | 4 1 2 f D R
% An in Plag. s | s 3 L35 o4
“Total % Ab. 13+0 1347 | 134 15,0 | 13+8
Ko.foldspar: Ab. | 24 10 23 23 | 242 |
5.6, 2'66 | 2-69 | 2°65 | 2'68| 2-67

1,2,3, Goodhouse: 4, Hom: 5, Average.
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Felsic Minerals, The volumetric analyses show good uniformity

~in the percentages of quartz, microcline and plagioclase. The

' former occurs to the exclusion of orthoclase, and the latter foras

a vasic andesine with anorthite rénging fromw 354 to 45%
In contrast to the 1impid microcline, the soda-lime feldspar is
well k2olinised and poorly twinned,

Biotito., Blotlite has an elongétlon d¢ndex of 2*T which agress well

with the figures given by Tiuemann for gneissose gran!.t.es, viz:
25, The plecchrolsm i8 the same &8 in the granod!.o.rnéa. but

the refractive indices ars slightly higher e.g. the following
values were chtained from various looantioé K }!m=1‘635. 1636,
1°638, 1+639, | |

Museovite. Primary muscovite (Np=1.610, 2V,=37°) 1s always present

in very small quantity, and the figures indicate a mica with about
40% of the phengite molecule. |

Secondary sphene and plstaclte are regelated to the trains
of biotite, and the epidote frequently occurs as fibrous lobate masces

wadged between the clesvages of the mica,

B. THE YOUNGER NAMAQUALARD GRANI TE-QNEISS.
(a) The Porphyritie Type. | | o
| ‘The porphyritic textﬁre'or the coéna grained types is
cohtrolled by insets of microcline 20mm x 10mm in size. The
phenogrysts have inclusions o‘f miqr‘ooune and plagioclase, and are

bordered by a fringe of oligocisse granmules (2Vy =85%), in con-

sequence of which the miorocline simulates the texture of the

orthoclases in the rapakivi grenites. (Microphotograph 2).

-In the medium-grained types a glomoro-pormhytltic texture
is developed in which there occur in additd.on to the microcline
inseote (n) 9mm long lentioulsr aggreogates of altored ougoclaees
with individusl lengthe of *Tmx (b) clusters of freeh microclines
and (c') elongét.ed groups of éuartz crystals 3*Smm in Qlameter.
The porphyﬂt.tc .aapect. 18 enhanced by blades of ripidolite and

accessory minerals which enfold the porphyritic componentd ‘described

sbove. The constante of the chlorite are :

Ny = 14620 | : X = pale yellow
zvxa' 70 -~ Y=Z=deep green.
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The polarisatiOn colours are abnormal in tints of blue,_purple

and brown.

(b) The Normal Gn?iBSOSe Tvpu. |

| The fabric is gneissoae, 1nequigranular. andmedium
grained but the absolute grain size is such that the gnelssic
character is not g0 apparent.on 8 microscopic scale (Micro-'

| photograph 3).

ZABLE ITI. Modes of the Younger Granite-gneiss.

| ) e (3T AT T 6 | 7. | 8.
Guartz 'ﬂ =¢“3475 4242 |34+2 |42+8 325 | 3345 | 3646 3149
>‘Potash feldspar '28ﬁ9 _24cq”31.1 1281 _4Qf7'v29~2‘ 3003 39‘7‘
'Olisoclase S 28~%_ 248 27-1 |27+3 23.6 3044 | 27-0| 27+5
Apatit@ + o+ + + l+" _ + |+ | +
‘ Bibti£9"v B 3;3 5o5_' 47| BEE-LVE Y "3.3".713
Hérnbiende | 2.3 + | o+ :_+; — | ‘at .3
Zareon | o | o+ | x| o+l e | o+ |+
Titenite 1.4 15 | 17|+ _+‘_ |+ | +8] -3
Orthite R R O R O -
;I'r:'On_C)re‘ _ | 6 15| 08| o+ 4 + 5| 18
.Epidote_'. o o1 | S+ L+ 4+ :;4__ _ 4;_ o1
Chlorite N + '__ _ + |+ 1 =
" Rest . 2l 5| | 18] e8| 17| 9| .
" # An in Plag. |28 |30 ler |22 |28 |29 |27 |30
Totel # Ab. | 20-7 |1774 |19%6 | 22°4] 17+ | 21°6 | 19°7 19°3
K.féldspar: Ab.. i'd _1‘4. vi'6 ‘1'3__.2'4 | 144 .1~5 | 15
8.6, | 269 2467 2467 wve| eee| wii| e | e

11;2,3,6,}Pella; - 4, Gesélskapbank; 5,v5pringbok:

7, Average (Coetzee): 8;vAverage'(M‘vMathiasls).

.F91sib Minerals. A review of ali the availabie planimetric

'analyses, the new ones of which are 1isted 1n Table 111,
| ,indieates that the percentages of the leucocrates are highly
variative, viz. aquartz 21% - 53% ; potash feldspar 24% .-_41% H
and plagioclase 18% - 38% . This tendency is also conformed
to by the basicity‘of'the élagiaclaSe:(An==10%l_~ 43% ) and

‘the general microscopic characters bf the'felsic_minefals. _Thé
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gronularity 19 not uniform as 1llustrated by the'tigurea belows

, Quartz. Plagioclaae. liierocline
Av. of max, lengths, mm., 4°1 . 38 4*0
Av. lengths, mm. | 10 | 1e0 140

The effects of cataclasis are preserved in some sections by
thin mortar rinms abouﬁ the duartz'cryatais, but otherwise strain
phenoména are not 1n-eiidence1 Intergrowths of micrn¢11he;pera
thite, antiperthite and myrmekite apre relsatively more abﬁndanﬁ
than in the 01695 5ran£tea, and pollets of feldspar or poble of
quartz form inclusions on 8n extensive scale. = The potésh feld-
“spar which i¢ roprogsented by microcline only, ig always perthiticv
and iﬁ an oxtrome case (Niegramoep) éoa albite blebs wore counted
. %0 an area of *25 sqg.om. This éxtﬁnﬁiVe.exsolﬁtion‘of soda
 appears to be concomitant with the high degree of ssussur.isation
observed in the plagioclase. '
- Biotite. Tho N, values of the blotites fron six 1oea11ties are ¢
. 10634 (Pella), 1+634 (Pella), 1638 ( Dsbenoria), 1+630 (Klein
Pella), 1°637 (Goaelskapbank) and 1°645 (Springbok)s 1In contiaat
"~ t0 the generalisation by Hathiasis viz., that aagénlte wehe of
. yutile are eharacteristte of the ybunger.graniteegneiaa,'no rutile
needles wore observed in the biotites from the Pella rea. The
biotite frnmvthe,Spriﬁgbok granite, however, does'iﬁelude’rutile,
- ond has a refractive index apprecisbly higher than those of the
rutile-frée mlcas. The pleochroism 46 X - straw-yellow, Y-Z - deep
. bfawn, and. thé mineral shows the ususl altéfation to green chloéite,
. which ie accompanied by the 11beration of iron ore.

. pgabo;a,- Green hornblende. is present in about 75% of the

. Beqtiana. The plaoehrclam is always from yollowieh~green to
, i&%ep green, but th@ intensities of the shades.vary in different

_ caaea.'dnd this obsorvation iaAobvzoﬁely related to tho different
values ascertained for the'refractive Aindicesn, The conclusion
i8, therefore, wurr&nted that the hornblendes from the Namagualand
granite-gneiss, show a fay greater vange in composition than those
from the oldor granites, Sieve texture, embayment, and degredation

to biotite, chlorite and epidote are common features.
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Pellsa. Pella. | Geselskap- Koanabib.' Range dote:

: _ bank. _ mined by

_ - : M+ Uathlas-

¥p .| 1*672 | 1+671 | 1+667 1666  |1+655 - 1+66¢
Ng 1°695 | 1694 | 1684 1.685  [17678 = 1-69¢

Titanite. In the Pella granitee titanite occureé as beautiful
acuts rhombs 2°'3mm % -Bmm in size, with inclusions of allaniﬁe.»
iron ore, biotite, epldote and quartz. _
2V, = 36%x 3° _ X =Y-=pale yellowish brown
(sodium light) Z = deep orange brown:
Crthito. Allanite is prescent in some cases only, althought it
attaihe good deveiomnent in a granite from Geselékapbanlg,f and in
another from Pella in which a large anhedron 2'4 mm in length wae
~ obgerved. | | B 7
| Ziraon. Brown 21i~cona are the dominant type, and the index of
elbngat.ion, 2¢4 to 2+9, conforws 1o tho normal values !’or_, igneous
" rooks. An abnormality in thie respeoct occurs in o granite from
Springbok,in which tho elongation ratio 18 1°7 only, ’bﬁt. the mll
1mpli.cat.10n.of this =ill be discussed later. The other accessories
conprise puivple fluorite,._apaut.é.. nagnetite and 11_mén1t.e¢ _
¢+ THE APLOGRANITES. -
The texture is typioslly sllotriomorphaie granular, which
18 attributable to the fact that the erystal boundaries of the
.leucocmtes wé_re largely determined by mutual interference.:
(M4orophotogravh 4}. | | '
_ »Fele g liiner-18 . The volumetric data in Table IV show excellent
agreonent betwecn the perventagea of the leucoorates, iilcrocline
‘which 48 the only potash feldapar, differs from tio microcnne of
the granite-gneiss, bﬂhe scarcity of the intergiﬂin d_lbite
lamellae. The latter 'cormaponé to -AbgBAnf (2v3=81°), and many
veinlets are oriented parallel to (100) of thé microcline h',os-t'
(205=80%). Lcid oligoelase ranges from AbgoAn g %0 Abghnggs
and in this respect the aplogranites dif€er from the aplites of

the alaskite type where the plagioclase is referred to Abygs.gg

Anp.3o®. The grein sizes which are cited below indicatee that
x |

Johammsen,A« « A Des;rzriptlve-' ‘Petrography of the Igneuous Rocks
Vol.1IX.
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thé'granularity of the aplbgranitee'ltés"on'tne'bbrderﬂwhicn 
Separates the medium grained and fine grained rocks, if

“Tyrreil?é figure of 1 mmw'ia aecepted-asiﬂach.

Spring-| Pella, | Guadom. Hoogoor.
e A uts . ' S R
Tengthe In mm. » , |
AV lsngths of larger duartzes IS T T 23
Av. lengmna of larger oligaalaﬁmﬂ 1‘2v7-' 6 R 1*3
 Lengths of largest miaroclines. zv4 | ees ] Cees | 36
Av, 1ength5 of mic¢roclines. . | *8 ' ;:561, | i 5 {9

Blotite. ;.h.igh refractive indewbiotite was deteruined in the
o neavy reaidues0f_£he aplogranites from Fella, Guadom and Hoqgoor;"

\lThevoptical'cbnstantelare}  | |
|  Hy= 1°703 3 +005 S av -10" (Ha1iard)
X = yollowish brown "».  Y=2Z=deep reddisn_brawh;i
;Wincheilgﬁ refers the high'iﬁﬁides df'ancn’unuaugl btoﬁitgs to.
‘ferric iron and/or titanium, for 9yammle_? bi¢t1té with o
164487 PofO3 and 24+06% FeO has Ng=14697, Np=14616, Mg - Np=
0-081._ The chloritisation of the biotita has proceoded to such
a degres that the nica canatituas only o* 1% bf weight'of the
rock, &ﬂd encugh m&tarial for a ehemical analyais could unfor-
'tunately not be isclated. The biotite and chlorite frequently
:encloen acicular cnystals of a colaurleas anisournnic mineral
“with low relierf, . strang bizefringence, and parallel ewtinctiona
The needlea are °06 mm x <004 . 1n size, and thelr arrange-
_ment a8 often ag not produces aaterism» | '»'

| | Apart from the narmal aacessoriea of the aplogran&tes |

viz. secondary muacnvite, zxrcon, anatite and magnetite, the
'following minerals were determined in the specimen from HOOgoora

ﬁvrochiore? vnriety micrnliﬁp ag dark brown isotronic grains

'”'which‘are decampasad on. prolonged digasticn with conc. ‘HaS0,,
iN“l‘QQIFiOEN‘ Purple fluarite and egidoﬁ (Np-1-73 . 8=1‘778)
‘are asaooiath with chlerita._.rereen pornblende (Np—-1’665;'Ng=

'1°685)- and dark brownvtitan;te*(Nm=i'92:Ff02,v2VZ=35°).are rare

.constituenﬁs.



| ZABLE IV . Modes of the Aplogranites.

| - 3% [ 2 [ 3. 4 [ 5 |6
Q“a\h 405 402 | 40°3| 397 | 40°3 | 363
Potash feldspar  |34°6 |38°0 | 37°2 | 364 | 366 | 358
Oligoclase 223 |18 | 21°0| 21°2 | 20°8 | 25°1
‘Apatite , TR T o -+
Muscovite . S DR L | + |4 4+
Plotite o + | | o+ o~ ]+ ] 1s
'Hnrnblende." n; ‘1,, — - - _ ' 4. ne -  ;.
Zireon | | o PSR _  + S+
_ T1tan1te B | - + - + "% . iv+ ' + | 7i
, Iron Ore I -  ‘5~ - e2 'V'Q?J """5 _”_;.1'3 ;
thlortte | 19 | 27 | 12 | 10 | 17 | —
Epidote | I T S I R .
Reet B R N I W N AT BT A
$minPlag. | 19 | 10 18| 20, 1w | 16|
Total & Ab. | 18°1 (167 |17°2 |70 | 17°3 | 212
Refoldspar: Ab. | 109 | 243 | 22 | 241 | 221 | 1'7
S.0.. ) 2e62] 2062| 2061 | 2462 | 2'62 2*70

1, Springputs; 2, Pella; 3, Guadom; 4, Hoogoor;
5, Average; 6, Aggenys granit915 ) -
V. IHE PETROLOGY AND AFFINITIES OF THE  GRAN ,g; |
A. THE OLDER BASEMENT emmg___. |

(a) Nomenolatura and ¥

The collective torm " Bagoment Grautte" 18 here adcpted in
~conformity with thavsuggeatiqn ra;eeﬁ by Gsverqs. and embraaes
tho older:grouﬁ of ancient granitie intrusives which pincﬁ out
against the Orange river in the wostern part of the Goodhouse -
?ellﬁ ared. On’the goologieal map of the Pegmatite Areaﬁ, the
group wags described as "Blotite and bietiteuhornblenﬂe grenite,
grading into gwanodiarite, quartz-aiorite, ete. in part gnaisaose
and subeequently Hathiasld rarerreﬂ to these as "Old Granitea“.
In Fig- 1 the felsic minarala, whose modal ;eroentages are recal-
culated to a 1?0,'afe plntted in & triangﬁi&r“diagram with quartz,

potash feldeﬁar, and plagicéiase at the‘eornerﬂn which 1e the écheme
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o monzotonalites
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utilised by,Johannseﬂll;(Vol.l) in his cuantitative m:n@ralOgical

classification of granitic rocks. 1In terms ef this system the “main”
| Basement granites, cover the upper and central portiOnS of the
ﬂand transgresa well into the adamellites. ,
- If Holmes' deflnitio 10 of a. granod*orite is stractly applied

1.e. that the ratio of orthoelase to plagioclase falls: between |
_One tbmrd and one-aeventh, then,the majority of the 0ld granites'
‘enGIOSed by the continuOUa line. in fig.l, mus be referred to as
: quar%z monZOnites . and this condlticn generally attains in the
| Goodhouse-?ella area. Similarly if 5% is the maximum: amount of
_potash felaspar allowed in a quartz-dioritell (Vol. II). then thiSI
group is not renrnsented 1n the area or among the old granites
aﬁalybed by Mathlasld.

“(b)

~ Three new chemical analyses of the older granitee

A Chemieal Analvses.

together

with other relevanﬁ analysos, and norms are 1irted below.

A - Includes Bal

=11

TABLE V. Ghemical Analvses of the Older Granites.
, (1} 2) | (3) | (4. . (5 (6) | (7.
~ s10p 6057 | 65:42 | 66780 | 72:93 | 64°66 | 7705 |70+01
105 18:03 | 1628 | 16+07 | 14+04 1625 | 1068 14«20
Pen0s 2 .72 | 1077 | 1052 | <78 | 1'29 | 1410 | 42
FeO - 1095 | 2'84 | 204 | 1439 | 2:68 | 1°T1 | 3°24
g0 1079 | 186 174 | 66 | 1°23 34 | 55
Ca0 5e12 | 478 | 3°'52 | 2023 f:fa'os | f931‘ 2+06
- Nap0 2:95 | 2+19 | 2475 | =2:01 | 333 | 252 | 3914
£,0 4+46 | 279 | 202 | 4°96 | 439 | 4'30 | 425
MnO ‘08 | ‘06 S o5 | to4 | ot 03 | *06
 P0g 27| a5 06| ctos | cas | ‘20 | 20
710, *8g 58 | +70:| 18 | 1°26 v2g | 48
Hg0 + 85 | 116 | 73| 58 | 83| 30| 63
H20 - ‘14 *10 ‘12 19| o3 ‘03 | T02
cop .e PR ced| eas]. 26 | s22 | 15
5 eee | e e eeo| *05 | 02| 02
Totals | 9982 | 99+98 | 10012 | 100+08 | 99+86 | 99:96%| 99-74
x Includes Z2p02=°02, Baof=~05 '




23,

| W [ @ [ 6 (@ [ 16 [ M.
a | 13274 | 28002 | 2500 | 36012 | 21°30| 44.2 | 27-9
or 2669 | 16°68 | 23°0 | 29+47 | 26°13| 256 | 2671
ab | 24%63 | 18°34 | 23°1 | 1677 | 2777| 21°0 | 267
sn | 2e'52 | 2307 | 16%7 | 10%29 | 10%B4| 1%4| 8%9
{ ? wo - *:55 | ’%:?2‘.: ?:} | .}:?B  ‘?:34 1:?. :?.'
e Pl IO BT N B RN BSSS
nes 420 | 460 | 43 | 170 3e10| 8| 1°4]
(e o | 2077 | 104 | ae72| 2085) 1e7| 209
mt | 3e04| =285 | 201 | 146 | 186 1°6 7
11| aeer| 122 | 14 | 30| 2043 6| 9
o8 N B A R T TR E e 60| 5 3 |
sp | 67| 34| 3| 20| 1001 7| w3
Car | e 1 | ;;;‘3 eer | pye2d] 2| ...
10 99 | 1026 | 8 | 77| 86 .4 | °7
| Totaas | 9970 |100-07 | 20071 ' 1eno03 17013 10941 997

(i) Granodior&te. Henkriea Valley, Namanualand, Anai. Ce B. coetzae,
(new analysis .) |

(2) Grenodiorits, Goodhouso, Nmmaqualand, Anal W‘ﬂ. Herdsman,
(now analysis)., ,

(3) o1 Granite, Jackalawater, Namaqualanﬂ. Anal &.watn11915

{4) Blcttte«grmnite, Hom, Nomaqualand, Anal. W H. Hardaman,
- (new analysis .) , A

(5) »Grdnadiorite, Parys~Vredefar¢. Angl. J,:willemaeal-
- (6) o8 granite~gneiss, Hlatikuiu, Swaziland, Anal.T. Remeda’s

{7) 014 granite, weat o; Hlllcreet, Camperdown, Nntnl, Anal.
R+ Ba Elloﬁtﬂﬁ

aympathetiﬁ variattons exiat between a1umina, 1lime, rerric
oxide, and manganoun oxide with referance to the eilice pereentage,
| but the other oxides oceupy aberrant pcaitions. Boda is decidedly
low and 1n {2) 1¢ actually falis outaide the range which hae been,
_compiled.by Johannsen for 140 granodioritae 1.3._“’40% - 6955 .-
In (1) and (3) this tendency i offset by & highish potesh and in'
(2)»by'a highish ilme. The vaiueé or'Gaé»afa in no way incompatible

with the average figurés} for quartz-diorites (Ca0=5+45% ),
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granodiorites (Ca0=4+47: ) end gquartz-monzonites (CaD<=3+54%).
(c) Assimilation.
 From the comparison of analyale (3) with the analyaea or tho
_old'granit@s from Swaziland anduwatnl, 1.e, {6) and (7) above, Hathiasig
cancludedz--.“Thia'bearé out the contention that the old gianite of
Namaqualand has,finvﬁlacea, assimilated aluminous sediments and
hornblende schists or amphibolitea". The compariaon is hordly fair |
as & weena of establishing tho thesis of basification of the old
granite mopms sinece (3) ie o quartz-monzonite, (6) 1eéﬁlap11t1c |
granite and (7) io 8 normal gronite. There 45 no evidence to in-
dicate that the magmas of the 0ld granites from South africa were of
a granitic composition only, ana thatltha grunodtoritic.varieties are
consoqueritly contaninated typos which aoqutred‘normal {gnoous charactorss
as & result of nopinilative provesses. Int his connection illemsel
| wrties: " The tendency to the‘raeidualumagma-differentiationf is
noticed as clearly in the Basement granitic rocks from Southorn
'Africa as in rock assemblagos with a greater variation 1n'rodk types",
ard 1t will be noticed that o much nore amensble comparison may be &trud
between tho 0ld grohites, (2) and (3), from Namaqualand, and.the arano-
diorttea rrom Parys (6). |
Cne factor which wmay bo suggestive of the modlfication of the
granodiorlttc mapma by lime 1& the basicity of the plagioclase, which
hos cusulative values between Abgy s Afzs_sco whoresa the basement
gronites of the Vredofort reglon®l have_paak values 8t Abgy os-ANan.oge
But this dispsrity acquires much less significance if the basicity
of the plagioclasc in a ropresentative sot of granodiorites 16 con-
sldored e.g. in Johonnoen's bookl! (Vol.11) the relative nupbers of
granodiorites oarryinﬂ oligociase (Abgo e A”10~3o) and andesine
(Abro.g0 An30 50),vvh1ch latter is tip category of tho Nemagqunland
rocks, are Tl and 45 resnectively. The high anorthite content may
coneaﬁuently be nothing more but p.conaanquinéous proporty which distin-
guisheé the petrographie province in genéral. _
The habit of tip hormblende as a coriterion of assimilation may
now he examined, and in this connectlion the sieve-texturos and enbay-

ments8 which often obdtain in the mineral, may place it as a’résidual



»coﬁstitueﬁt, which vas'ihgorporéted into ther"granités“ by the :

mechanical disintegration of amphibolites. As previously shown,

the most pronounced féature of the nofnblendes in the "graniies“

4 the uniformity of thelir Optical cond8tants , whereas the homblendes
of the amphibolites in the area to the east of the basement granites

| 'are extremely variablaﬁith reapect to theSe eonstants. »If-the magma
'of the older granites had pierced a aimilar set of amphibolites 1n

: the west, and acquired the amphibole as 8 pesult of this pa8sage, then

a similar variation in the granitic hornblendes would be anticlpated .

- but tbis expeetation is indeed contrary to faet.' The hornblende,may

'therefore be regarded as a norma1 pyrcgenetic.minefal, ahd'its oeca-

sional absence mey be adéquatei} expléined'by conversion to ‘biotite,

chlorite and - epidote, the more so because these aluerations are always

 observed to a greater or lesser extent. In the Kapaonik granodiorite,

;Wilsonge has actually recorded the prngressive reconstitution, as

'exemplified by thevvariatign in the Ng 1ndex, of metamorphic amphibolea
launched into the igneous mass as xenocrysts. .

() Ihe Biotitengranite,

The precise relation of the biotite-granite to the granodiorite
and quart2~mon20n1te cannot be eatabliShed 1nvthe>field,by virtue of
" their prOfound megascoplc similarities. From the>moda1 variation
-diagrams (Fige. 1,2,3) and. frsm Table 11 1t appears that the biotite
. granites form a closed grOup which i1s mineralcgically sharply demar-
cated frOm thP granodiarites.\ The basicity of the plagioclase,
}Abas SBAnBS 45* is also quite anomalous for a granite with 72'9% 8102

o and it 18 therefore reasonable 10 question‘the origin of this type as a

normal crystallisation roduct which 13 genetlcally related to the

. granodiorites. The chemical analysis of the biotite-granlte may be
almost exectly duplicated by mixing one part of the granodiorite'
{analysis (2) Table V) , with three parts of aplogranite (analysis (;)
Table VII), and . there is consequently some ground for regarding the
biotite—granite as an interaction produet between aplogranite magna.
and granodiorite.v The supposedgencﬂlﬂ may be likened to the origin
of the“main" granodiorites of the Kapaonik’ batholith which arose
(Wilson ),by the mechanical mixture of aplitic magma with marginal |



sontaminated types bf‘monzonitic ccmpon:tion.v The snalysis 6r the
| biotite~granite (a) and tha hymothatiaal aompaait&on of the mixeﬂ
 rock” are eited in Table VI,

THE XQUNGT? NAHAQUALAWD GRANITE*GNFIB% AND ?HQ

Pl

(a) Modal Rw;ptionshipﬁ.

PLOQRANITE»

VI. 18 of the biotite- ranite and the
'gggpoaiﬁ on of " mixed rocE."
m ] o Home e (v
S102 | T2*93| 73°32 - e [ 36-12]36+84 |
A1203 | 14°04| 13+84 lor 29+47 | 27°24
| Feyls 78| - *90 ab 16°77 | 17°82
- Feod 1*39 1 1+35 an 10+29 | 1068
U0 66| 68 e 1°53 | 1°02
ca0 2°23| 2435 nyt o | 170 170
- ( 18 1°72| 1+19
Nag0 2+01| 2°08 o P
s S at 1+16| 1-39
K20 4*96 | 4+62 o e
| o 11 “30| 61
Mno. ‘04|  *02 . N
o 'ﬁp. *20 *13
P20y *09| . %05 X R
| S L Ho0 | . *TT} ‘66
7402 18 *30 - : S
| | |T otals  |100°03 100428
H20 + ‘58| 63| . A
H20 - ‘19| *03
‘Totals 100+08 | 100417 |

The aryea occupieﬁ by the sranita~gneiae in the trﬂangular diagranm,
Figel, 1ndicgtea a considerable- amqunt of mineraiogical variation betwan-
théffeléaa minerals, but the points are amassed in that_parf of the
granite fiéld'which is sdamellitic in éharaﬁtef; The tendency .
towards a quartz-ponzonitic composition is disclosed by thetm1~ '
_gration of a few points into the granodloritic region.

It will be obeerved that the delimitation of the fields or the

" older and-younger granitee_in Fig.l forms a_very.satiefactory baqis
 of distlnetion between thesejintr&sivée, andia'similar quantitative
aépﬁraﬁian is effecteé‘in Fig;-e, vaere ﬁhe madal percéntages of
pmtaeh feldepar. and total albite are plotted as abacissaa and ordinates
:reapeatively. Tho only ﬂleturhing factor in these schemes 15 the
biotite granites, whtch tra nsgross the field of the younger granites,



30
25
2
<
i <
e
S 2
~
Ly
5
&
DI
Qc\y i [ FPotash /'_e/ds/aar ——
[

" 10 15 20 25 30 35 40
Fiaz. Distinclion between Older and Younger Gramfes by the Modal Fercenlages of
© Albite and Potash f_c/db)oart

o Younger Nama 9. gramfe - gnesss. a Older Basemen! granite.
oAplogranite o . B/bf/'/e gran:fe.



o Younger Nomogualand Granite -Gress.
o Aplogranite.
R a Older Bosement Granite.
5 0 Biotife Granife.
g -]
N
S 10
Q
S o
~
3 . s
= 5
» -
0 5 20 ’ 25 i i ¥ %

/ Quartz

Ligs. The relotive - bosicities of the granites as exemplifed by the anorfthife - quarlz

ralio.




:,MSO'

although in the second diagram the points are always confined'-
to ‘the bottom part of this area, by virtue of their low 8oda
percentage. The overlap of the aplogranites is of little con~ ,.f.
sequence since textural featurea are sufficiently divergent to
,distinguish this suite from the granite-gneiss. _

In Pig. 3 an attempt was. made to evaluate the basicity' :
of the granites by plotting the calculated amount of modal anor-?
thite!against modal quaftz | The fielde are onlv drawn through T
those areas where the points are. scattered mo“t densely, but, it
fis evident that the aplogranites fall clear of the granite- gneiss
-not 80 much as a result of the Smaller percentage of the plagio~
~elase than as a eonsequence of 1ts greater acidity. |

(b) Chemical Analvses

The available analyses of the younger Namacualand granites
'and the aplogranites are adduced 1n Table VII.
TABLE VII.

Analyses of the Younger Namaqualand Granites
- and Aplogranites. h

)] 8.

Yote:

‘of Pp0s in analyais (4

| @ (6 [@ [6) [ [0
 3102, 7178 | 7246 7571;‘71~26j72-86 72:09| 7727 [76+22
Alp03 | 14°26|13+25| 11°16|13°73 [13°82(13+77| 12762 1156 |
PeaO; | ‘97| 159 49| 1'56|1-02| 1'28| 47| 66 |
. Fe0 1°68 | 1.24| ‘97| 1°09 1-07| 1*27| *61(1°05
S| ol tso| 43| 43| vse| s 09| a4
~ Ca0 2.57| 1+61| 1°36| 1+80| 1-90| 1-97| 1°14|1°26
Nago |- 2'81| 360 2:25| 3:59| 2°49| 3+12| 203 | 318
K0 4°46| 4°97| 4°51| 4+99| 5°66| 5°02| 554 5°16
Mno Tracd +02| Trace Trace ‘02 'dli_nil. Trace |
'Péds_ ‘09 .;59 *05 -564 Trace ‘09 'TracevTréce'
7105 g3 +36| e22] 30| ‘14’, ?41 f16" 18
HpO 26| 40| 26| 62| *33 g0l 36 o7
Hp0 «18| ool cos| 18] 07| 13| M1| 10
Totals 10010 [100+07 | 99 87| 10021 99°90] 10007| 106-29 100- 08|
The author i& inclined to question the determination
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Noyms.

 _ Wl @ ][] 6] mT]®E
Q@ | 3168| 29+10| 43°50 | 28+20| 31°56| 30+06 | 41+88 | 3540 |
~or | 26°13| 20°47| 26°69 | 29°47 | 33+36| 29+47 | 32°80 |38+02 |
ab '_v" 23&58' 30°39| 19+39 30439 | 20+96| 26°20 | 1677 | 26°72
en | 11'95| 5°28] 6°67| 5°28| 9+45| 8+90| 5°56 | 2°50
G ‘ . . '51 ltl‘ ‘ *10 - *41 : "10 | ..... 1 1.33 i
i wo . b '81 EXTy e o . one e 1 51
cdi{en |l eaw 60 sav |  ses eos| wew | wae 75
B ( fﬁ T “«eg .13 : LN [ RN L X" ) ou-' ) (X RS MTQ
| hyf en 1°80| *40| 1*10] 1°10| 1°30| 1+30| 20| *35
U g8 | 1'58) 413 1406 26| 1419 6 | 26| 33
mt | 1°39| 2.32] <70 2009 1°39| 1°86| ‘70|  *93
1. | el 76| tas|  cex| tas| ‘76| 46| 30
. ‘ap ' v o .24 : .34 ' '13 1.35 . » A .34 v . ) | o'u"u
H20 | ca4| 49| 31| ‘80| 40| ‘53| *36| 37
Totals . [100°06|100°22|100°11| 99°95| 99°86/100°08 100°32. | 99°99

,(1) Younger 5fani*e . ?@11&, Anal. W.H,. Herdsman (naw'analyaia).

(2) Younger granite, Bpringbolk, Anal. C.B. ﬁoetzae {new analysis.)

(3) Younger aranito, GQSBIEkapbank, Anal. T.H.. Herﬂaman (new analysie).
(4) Younger grenite, 28 miles north of Garies, Anal.M.Hathiasl®,

(5) Younger granite. 16 mlles weot Of Sprlngbek. Ansl. v.H. Herdsman15
(6) Average of 4 younger granites 1.9. (1), (2),(4),(5)e |
{7) Aplogranite, North Springbuta, Anal. W.H, Herdsman (now analysie).
(8) Aplogranite, Aggenys, Anal, Y.H. Herdsman 15.f | |
The analyaed rocks all cornespend to normal potash-soda

":granitee with KQO= Na,0 = 1*38 - 2+72, The compositions of the
Zgaplogranitee {7} and (8) conform to acid differentiatea of the

_ granite~gneiaa from which they diffar in regard to higher percnntageu
of sgog and_lower percemtagea_of A1203? cao,.Feaa3, PeO and’ Hga.

 The serial character of the suite as exemplified by the varistion

l.of the @tnef\axtdea"w;thvrespeét to.the siltca percehtaga, or the

| pragortien of the salie'minéralu,vis‘not very evident from vérlatioh
dlograms. : o | o ‘

(e Anﬁ:xaggﬂe of Granitisatioﬁ Ain_the Springbok Granite.

Smifhaonla deseribes @ very convineing method to ﬁistinguiah

scdimentary zinoons from 1gnaous zircone by plotting length versusg

.
¢
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ﬁreadth. and drawing certain ratio lines in t ho diagram viz,
byeadth @ 1ength=ir1. 11 2, 1: 5. Ignenus’ Z2ircone then flood
the aren between the 1: 5 and 1: 2 1lines, and Bedimehtary Zircone
the area betweon the 1: 1 and 1: 2 1ines, although there 18 always
soﬁe transgression of secdimentary zircons bayond the latter line
into the igneous flold. |

The dispositions of the curves are naturally dependent
on the accepted belief that detrital zircons are rounded during the
process of transportation,- as a result of which thoere oecurs an
aphreciable diminution in the length : bresdth ratio, and the

validity of this assumption waes recently excellently 1llustirated

by the exzperiments of Thi#llg. |

The heévy‘concentraté from & apeciman_of Springbok granite
cbnialneﬂ sbhundant rounded zircons, and when these were plotted in
the way deaeribéd_above, the resulting fleld closely simulates that
whloﬁ wag obtained by Smithson for Bedimentary Zircons. The con-
tour 18 moreover entirely similar to th~t procured for a sedimentary
rock, the Table “ountain snndetone from Rondebosch, but quite
| dissimilar to the flield of the normal igneous zircons from the
Pella gronite. Thesc relationships are illustrated in Fig. 4,
and Table VIII contsins additional evldémce to emphasige the
detrital character of the Springbok Zircons.

12 we discard the improbability that the Zireons from the
Springbok granite uere\unirbrmly rounded by magmetic recorption, then
since the chemicai analysis (2) and the petrofabric features of
the granlte are entirely dpmparable with those of a normal igneous
rock, 1t seems permissible to relate the ofigin of this particular

specimen to thegrunitigation c}f a s’eaimntary ¥enolith.

'2&5&5@!11.- Comparison of the zircons from T.M.S.,
. : bok granite, and Pelis granite.

-

Granite, Sandstone, Granite,
: Springbok | Rondebosch. Pella.
Av. elongation ‘ A
index of SO zircona 173 1+02 2" A4
Av. size of 20 » i
2ircons in mm. - *14 %08 13 x*07 *16 x+07
Greatest obverved - :
alongation index 340 3*0 5«0
P ercentage zircons ,
definitely rounded 70 75 5.



30.

The rock can moreover not be regarded as a granitold
gneiss i.e. a métamorphosed sediment with the accidental compo-
sltion of an igneous rock, since the specimen contains part of a
blotite-rich relict, from which the granite was presumable evolved
by processes such ag are invoked by MacGregor and Wilsonld.

(¢) The Geselskapbank Analysis.

This analysis (3) is anomalous with respect to the silica
percentage, which lies not cnly well above the figures for the
other analyses of the younger granites, but which also surpasés
those of the aplogranites. Thelatter condition again is irre-
gular 1f the aplogranites are regarded as acid differentlates
of the granite-gneiss, since in that case the percentage of 5i0p
in the granite would not be expected to exceed the value of the
- aplogranite. Two alternatives are suggested as possible explana-
tions viz: (1) that the granite 1s a pegﬁatitic facies, which
may be doubted on the ground that the plagloclase is oligoclase
and noté albite, and (2) that the granite magma was modified by
the assimilation of highly siliceous matter. In the latter case
a falr agreement would be expected if 6°03% 510, 1s added to
the average analysis of the youmnger granite (in order that it may
attain the same sl1llca percentage es the Geselskapbank rock), and
if the other oxides of the average granite ars then reduced pro-
portionately. From a comparison of the‘analyses {(b) ana (c) it

would anpear that the second possibility is by no means excluded.

TABLE IX. Comparative Dats on the Geselskapbank @Granite.

(a) (b) (c)
S102 72+09 78.12 78712
A1503 1377 10+80 11°16
Fe203 128 - 1+00 *49
FeO 1-27 99 97
Mg0 51 . -49 43
Ca0 197 144 1436
Nas0 312 2444 2+ 25
K20 5402 3+95 4°51
MnO . 01 *01 Trace
Po0s *09 *07 *05
7105 41 *32 +22
H20 * 40 *31 26
H20 ‘13 +10 *05
Totals 100°07 10004 9987
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(a) Average of 4 younger granitea.' (1); (2), (4), (5).

(%) Theoretical vomnosition of "mixed rock produced by
‘adding 6402, 810p to analyain (&', and recasting
the other oxides. proportionately.

(n) Yeungar gﬁaﬂite. Gosglskapbank, Ana}. T.H. Hoxdoman.

Distinction between the Granites.

Erouskopf's réauméla oP the 1iterature on the correlation
of, or distinction betwean intrusives by way Of“&mheaVy minerils,
either a8 dlffarent spocies, the sesemblages of the sultes, or
_the peculisar varietios of each, shows a nearly unlform consensus
of opinton to emphasiae the Bevere ltmltatlona of the validity of
this seheme. This qonclusinn applies well to the granites from
the Goodhousc-Fella Grea e.g. the titantum in the younger granite
1s ortenlloaged'completelf in tho large titanites to tho excluaibn
of the development of aagenite webs in the biotita and of cryatols
of rutile and 1lrcnite. COnaequently the latter three componenta,
,WhOSG presence i rogardgd by matniaeis ae distinguiehing foatures
(ﬂ of thevyounget‘granltes, hay in some cesos 1080 their aignificance

- entirely, and, flnally, thé random distribution of allanite, not
only in the graniten, but also in tho para-gneisees. doprives this
 'm1nara1 of all oorrelativa value. o |

' The abundance ratios of the feloie minerals (Figs. 1 and 2)
are-htghly informative (a point appreciated alsoc by Krauskopfiz), |
but it cannot be rareaéen to what extent the fielda will be,affected
by the normal bletite granite. whieh according to Geversl comprises
a major quantative unit in the older granites to the south and west"
of the present area. - '

(f) ‘gggation 1n the Grani&e.

Thero 16 some evidence to 1ndicate that the roliation in

_.the granite of the BnmEQualand Maanif was dev910ped as & primany
'Hflow atructurs during the ayntectonic 1ntruaion of the bathollth
at great aepth. The longer axea ofetheixntercnnneqted dykes of.
aplogranite are arranged parallel to the strike of £he-roliation
‘.;1njthé &0nﬁgdr'grﬂn1tea, and the leucocratic fnck;often s;mulatea. 
ihe character of a'vetneq gheida produced by the 1mpwegnation of
vthe younger graniye w1£h ap11ti¢ magma parallel to the foliation
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 planes of thoAfarmer; rhé gneissose structuruiﬁuet cohseqﬁently
have been daﬁelaned to a eignificant oextent &l the time of the.
intwusion of the aplogranite, ‘and fron the grain 8izZe of the 1atter,
1t would ‘appear th»t the emplacament or the acid phase occurrasd

'v;wnen the granite of the bathelith_was at111 at a relatively high

. temperatupe, but it i renliscd that chilled margine moy in general
£a1l to develop under conditions of deep meated plutonic tntrusion.
- ~ Finally, if foliation_were impresced on thé younger.granites-.
by 0rographic movemdhta subsequent to £he éampleté conaoiidationﬁl
of the batholith, moro sighs of deformation and recrystaliiﬂatién'
would be expected in the texture of thess rb¢ks. The gneissose_
charaﬁtef\cf the older granite, wh&chvaeems'to be on1y éeve16ped_
along the contact Zone with the ydunger'graﬁits,,may indicaté‘that
the latter wae emplnced under con&idérable»méchanical pressure, - On
the asscumption that the intrusives were subjected to the same de-
fcrming forces the more profound’etkuctural modifiCétiéﬂ of the
younger gronite mey be- attrihut@a to a smaller rolative rigidlty
(or ineomplete cennolidatinn) than @btalned 1n the older granite

(g) Gorrelation. o
" From the minerelogicsl and chemical resemblances, vath1a915
eerrelated the younger Namaquajend granite-gneiss with the youﬁger
cape.granitea‘ as renreaented by the members of tho Paorl and the
~ Cape Peninsula. This view was ouestioned by Geverssf sinece the
| younger‘cépe granltsaazwliﬂtruaive 1n§o the Malmesbury Sarlés,
wheress ihe‘mamaquﬁiand granites afs.ﬁgﬁ inﬁruﬁive into the Nama
'beda on. the Steinkonf and Neintnababeep piateaux, but'aa was |
pointed out by the s8ame author"the atratigrnphia csrrel&bior nf the
,varioua supposcdmenbers of the Wama group of aeaimenta . ¥} still
rathervinsecurm, owing to the intermittont natursvof the outerops
and great differéncea in the degree of folding and netanorphism,”
=X ’
' - VI. REMARES ON IHE CHE ICRL,VARIA?IQN
QF SOUTH AFRICA.

x

A. THE YOUNGER CAPE GRANITES.
Although a fafr number of chemical analyses are

availab;e

® . ppe tem"SQuth Africa" 15 used to embraee both the Union

and the Rhodesias.
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of the Dasement gronites in the Transvaal and Rhodesia, and of
“the Bushveld granites, the group of the so called younger Cape
granites héve heen rather neglected in this respect, and prior to
the recent work of ven Biljongc‘(igdoi and gathiasl5 (1941), only
one. anslysis of this group was fecorded by Gnnut7._ In‘order to
‘bridge this gap, &nd to place the subsecquent comparifsons on a more
_ rexlabia'haais, 81x new &nalyses of the Cape granitds are incorpo-
rated in this paper. | |
(a) Mineralogical data. (

- #n account of the imponslbility to'ﬁlstinguish the deccm-

poeed feidepara in some of the anzlysed rocks, modal determinations
#eré'nﬁt aitempted, and the ascsrtsined mineralogical datn are

supmarised in Toble X,

- TATLE X. dineralogicsl deta on the younger Cape granitef.

| (Y [(5) [{7) [(8) [(3) [(11) [{3) | (6)
% BninPleg.| 25 | 30 | 10 |11 | 27 | 11 23 | 7
) X'ndioea); Np 1897 - "o “va 1600 waa XY ese
Cof ) MM | lees | 1%66T|1%635/1°649 ... [1650 | 12649 1°649
B’-ot‘itﬂe) NB 10650 LR A RAR/ RS 1.652 LB 2 LA B .l_"
fnacovite » 4+ | — | — — o+ ‘ -+ +' _
Amphibole _ . - — ~ — — +
Apatite ) - - i |
Ziroon ) + + | o+ |+ + | o+ |+ +
Iron Ore) aa -
Titanite — _ — P T R _ _
Xenotine + _— - = - - - —
Monazite DU S _ ; _ _ 4
Epildote | - | + + + |+ - — +
- Tourmaline. ' + | = - — — — _p- —

Note: The numbers in brackets refer to the localities
) at the end of Table XI. A plus sign denctes present
and & minus sign deonotes ahsent.

Muscovite, amphlbole, titanite, xenotime and tournaline
occur as localised accoessories. The Darling specimen contains ac-
coasory nonazite; the largest crystal measures *40 ome x *28 mm.
(mlcrophotograph 5), snd the minoral may be of pneumatolytic ordgin
8ince the granite wos sampled in the proximlty of & pagmatltes

The opticel constants of the monazite arg: -
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1

1*783)‘

Np | | ( X=1ight yellow

:Nm ='1'734§ $,'003' ";x Pléocbroism é- Y::dark yellow

Ng = 1;8“58§ | R {2 =greenish yénow.'
 'Ng - ﬂ‘ = *055" B
2V, = 11° (uamam) : Absorptien Y>X =2.

The commonest bioti’tes have Nm 1° 650 but dark micas with .
comparativelj high And low indices were observed 1n'tho Paternoster
~and Robertson specimens , where Nm=:1 667 and 1+ 63;-r99pectively.

- The plagiosclase shows s fair range in ccmposition, Abgo 70An10 30,'

-but 1t 18 always represented by the oligoclaSp division.

| / DiffLGHlty wag 9xperienced in the choice of the Cape Peninsuxa
ligranite which was entirely freelfrom'signs of contamination, and 1t
would appearzthét the disfrlbutibn of-ﬁicaceous apd pinitie aggreJ '
"gates which'probab ly owe their origin to esgimilated matewial

' 1s 80 prevalent and uniform as o suggeet a wholesale dlgestion of
1ncorborated xencliths .The quantity of these foreign segregation
"in.the Landudno granite was however decidedly 1ow, and the clots were
‘composed of the folloring constitutents (Microvhotograph 6) : B

{1} Blotite. X - pale yeuow. ¥=Z = deep reddish browa.
S T me1eb4, Bvg =140, .

(11)  Muscovite. Wm.=1'593, 2Vy=49°.

{111) Chlorite. X = -yellow, Y=Z =pale green.
CL : Nm =162 5 *01

(iv) SdaLy 310&-  Colourless and greenish;
Av) A few grains of Dlue tourmaline.. ' |

(b) Chemical Analyses.

' The general trend of the variation as BhOWn 1n Fig. §o) may |
be statad in the fellowinp terms: with an. 1ncrease in the 510p

- percentage, the percentages of A1203, Nax0, Kea_and Fe203 decrease

to a minihﬁm value bétweeh'7e‘6,and'72?6 per cent of siliéa, beyoﬁd'~
which theré.oécuréva definite increaselin the-vglues of these oxldes.
. €a0, Mg0 and Feb 1n1t1a11y inerease With'the silica percentége,

but the slope of the curves 1s reversed over approximatpiy the

. same. interval as in the case of the first set. -
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" TABLE XI. Chemieal A,gﬁaiyseju of_the 'Yonqger Cape Granites. N
oty te) 3 [ tay [ 5) |6 | () (8] (9| ()] (1)
530p | 6B+76) 7031 70°32(70°36| 7134 72+54] 72°56| 73+ 28| 73*50| 7366 1532
Alp05 16+16| 13#83|14°93 | 14+68|13+92|14+52( 13+08 13+57| 13+78] 13°80 12+ 49
C Fep0s| 89| 21| 17| 39| 23| 21| 24| a4 54| 34| 39|
o0 | 1:63) 2:91] 2:92] 2492 3+00| 1+86| 2:56| 1+95 1+51] 1.42| 230
‘wgo | 1-02 74| 129 1424| 1406 67| <83 62| 52| .46 o72
cao‘_~;2~04  199 1.88| 1-92 2:52 1,9ofe-fa=_1~46v.1ﬁas' ~94 .5 |
NagO | 3-39| 3+48| 2+06| 2:35| 2.54| 2:65| 2+58| 2+69| 3e02| ‘2062 | 2028
KoO | 5:17) 4480| 5:04 4+64| 398 4+73| 4e01| 436| 4-73] 5-13 | 4-54
0 |06 saa| wwe] 03| een | ] el il eod cos] ain |

Pa0g | 13| <24 <05 .| 11| | e12] so7 .| 22| 09 |

TI0p| 468 45 +46| 38| a1 26| 38| .26 25| 22| g |

HpyO - | 14 -18) 06 _'12 *U4| 13 416] 04| ses |

003 | B 03 ¢05  wee| wve] wee] wee|l eee] wed] wsa] 07| aaa |

Totals | 10001] 9999] 99+73] 99- 8399 90| 10082] 10080] 10005[ 10043] 99.72% 99-85
— = S

vInaluﬂeﬁﬂZy03==ﬂ02,' - Ba0 =01

| W @] GBI (@ [ (5] (6 [(n] (8] (9 [ G| @y
Q  |23+16) 25.05| 31+86| 51408 |32464|32+70|33+84 34-9a3ay523692a'40ﬁ56
or  |30058] 28036 ,29?&7 2724 |23°91|27+50| 2391 25458 27+ 80 30+02 Eé-sg
ab .28~82 29+34 17+29/19+91 2096|2253 | 21+ 48[ 24463 25415 22401 [19+39
an | 9417 7+78 Be62| 9-457i1!68'}9~45 12:23| 6939| 9017 | 3+06 | 2+78

e (»o 1’53§"" 2¢96| 235/ 1-12| 1+53 i 1063|  +41| 286 | 2486
C wo va ot ' »en s0. ses|l wee]  * P ans b b e

di.(én ril-( 1"31 . tcvo-I ﬁﬁ'gf‘ L .10 oy [N tﬁ‘ 208
( fﬁ ’bp_n( ok n 01‘0‘5 d_vi‘ L AL ‘13 .. _.ibt LN ) LR LE N ]

n _%m (- . 3#00/3+10 | 2+60| 170| 2:00| 1«50/ 1+30| 1420 ) 180
WWies | (37660 5740 4361 4036 | 4+88| 2077| 3+83| 2.64] 2011|1498 | 343
mt '1339 <46 +23 11976‘ _‘23 é23 «23 <70 *?0  ~345 - 70
11 | 1437) +91 - 01| 76| 76| 61| 76| 61 46| 46| «46
ap | 34 34 34 ... | v34| ... 34| 34l ..y <34 34
. sz __@25' 5921  .76 vyga ?70 '1175 .1.05 -1}15 »3E sTT .79

Totals 100-37_99@7 99+74 T99+87 99+82|10077| 10044] 1009] 1000/99°60% 100°10]

$- Inc1uﬂeB caleite =20
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{1} Average of 6vKubocn.sran1tea2°.
(2) Avorage of 6 coarsely pérphyritié'ﬂama graniteﬁ, G.P.17
- {3) Granite._Lahdudno Drive, Cope Peninsula (new analysis).
(4) Oranite, quarry below cébleway, Capg Peninsula.l?
(5) Porpnyrliia grantie, Pnﬁernoqter {new analysis),
(6) Granite. Darling iﬁnw aﬁalyaié* | |
(7) .Granite, Robertson (now analysls).
(8) Fine grained granite, walmeabury (naw analysis) .
(9) Grantte, Paarl.?? B
(10) ‘Granlte, George, Snal. F.F. Grouts’ |
(11) Granite. Bchapeﬁberg, Somerset Test {(ncw analycis).
Note: Anslyses (3) - {9) and (11) by w.- Herdsran.
The unly points to £11 in loosezy with thio schemo are the
Eazo in analysie (2), the A1203 1n analyses (2) ana {(6) and the ’
K30 in (6)« The wandering of the soda posttions is to bo antitlpated
8lnce Nas0 4in the younger Cape gran;ten varles wlthin relatively
wide 11mit¢a; for example in the Kuboos batholithao the variation
{n the molecular proportions of this oxide is 4 times greéter
than in the case of the "main" Dartmoor granitea.zl
‘ Analyses (3), (4), (10) ana tll: bear noteworthy excesces
-6f corundum ln the noym viz. 2+ *96, 235, 2+86 and 2+86 respectivoly.
although tuo figures still fsll within the ' eafety 14~4te" of
- normative corundum for fgnecus rocks as determined by Baatinl,
When the molecular proportions of ¥,0 and Fas0 in these roolks
‘are pjotted as ordinntes and abscissae (Fig.6) the majority of
| the points gfe 416t ributed tn a fileld which 18 approximotely ble
gected by the i': 1 ratio line, but the poaltioﬁa of the four
analyses with the excess of corundum £811 in a separate field in
which tho ratio of Kx0 ! NepO=1'3. These factors 1.e. the |
exgcaes of oorundumAana the hiéher potash : soda ratioc are corrdbbraf
‘tive evidence of the aaeim;lgtion oflaluminoua~potaasio naterial,
which in turn conforms to the compoéitipn of the'xalmaabury‘ghales.'
It 18 of 1htereab'to obsexve that theaehfourvahalyaes are 811 from
contres (cape Peninsula, George and Bchapenberg) whore the granite
~ was immensely actlve in 1ts behaviour towarde the intruded llalmes-

bury Series.
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The relations of the Schapenherg granite (il)g whose '\
composition 1s-entire1y at'variané@ with the normal varistion
eurves of tne other granites, require some further comment Fr@m'
& campariaon with the average araiysiq of 15 granite- aplites (Osann, 1
.‘Waahingmon . 1 would appear that the rack 18 in aplitie variant,v_'
rwnich is related to the nﬁrnal granite by the bpoken 1inps in
‘Figa 5¢ In this representaticn,‘however, the ugo, and eapeaially
_gﬁha Reanl and Feo3of the Schapeﬁhetg_graﬁite aecupy truly éﬁnmélous-v'
Tpesitioﬁé, which may he referred t§ contamination by Sedimentary
matters Indeed, if the composition of the latter approached that of -
~ the average shale, as givenvbj’ﬂlarke, the tendenej wou1a‘be3;ewards-'
& 10* adﬁaﬁ a higﬁ nagnoenis, an&-é'high tctalniran; Whichlare exoct-
1y thevéonéitians thaﬁ’ohtain in the Schapenhéig analysis. This
" conelusion is furthermore*confirmed by the thin sections, in which
the biotite tends to be grouped in open cluSterB.v | | |

B. NORM!TIVE VARIATIONS IN_THE GRANITES Q,.:QUTH AFRICA.

(a) Representation in Triangular Diagramsvf

The mu tusl relations of the "014 Granites" of Sotith B
aAfrica heve boen discussed by Willense™ in the liﬂht of variation
diagrams based on Niggli values, and attention A8 drawn to the'

"granites” aps

. Fact that quite & number of the uouth Afriean
chemleully and minerslogically Tar closer to the quurt& -diocrites |
and granaﬂiari@es. In the following paragrapnﬂ the g»anitie o
‘frocka of South AfPica are examinea by way of their normative
.variahiﬂns, which are plotteﬂ by trilinear co-ordinahea in Figs.

7 and 8. The petrographic provincea which are considered and the:

sources of the snalyses are Summariseﬁ balow. f  No. of
Petrograpnic Provinee. [Sources of Analyeses, Anslyses.
(1) Youngor .Cape GrqnitBS' - o ;.? L 20 : o
I Kuboos . - Van Biljon™" B I & A
_ - 8.9, Gape- g | Analyses Pg.35 above 10
(9) Ybunger Bushveld Granites. ~ Compilation by Ha11? 9
' - The felsites and the Magnet Helghts gronlte are exaTuded.
(5) Older Granite, Tronsvaal. 'Campilation by Willems% 14
(4) Older Granite,B.Fhodesia. | Compilation hy Hali?, 32,
{5) Older Granite, Kamagualand. | Analyses pg. 22above, | 3
(6) Younger Granite,Namaqualsnd.| Analyses pg.27 2bove T

Other "01d Granites” taken from Grout’ include:
Brokeri H411 (N. Fhodesiza); - Hiatikuiu (Swaziland)
Camperdpwn {Natal); Port Shepstone (Natal).




.aAv. of 55 quarlz diori/fes.
-beAv of 40 grarodorites.

< +Av of 20 gquartz monzonites.
-d+Av. of 536 granitas.

abed quoted from Daly.

.e - Mixed rock in Older Mama-

quakand granite.

Orlar

o Kuboas granifes.

= Younger G ape graniles.

aBushveld granites.

o Younger Namoag granite-gneiss,

+0ld granites , Transvaal. .

sOlder graniles, Namaqua/and.

o0l granites, S. Rhodesia.
»e0ld _qranile,@mpadawn_ Noalal
200id granite  PShepstone, Natal.
2¢ 0ld granite, Swaziland.

"Ab

Fig.s Norm Com,aasi//om of the Granites of Soulh Africa.

AnFemic




Ab

Or

oKuboos granifes.
& Younger Cape graniles.
&aBushveld granifes.
o Ypunger Namag. granie-grerss.
+0ld gram tes, Transvaal.
AQlder granites, Namagualand.
o0l gramtes, S. Rhodesia.
1 00ld granite,Camperdown,Natal.
2e0ld gramle, PS5 hepsfone, Nalal

380 granite, Swaziland.

.a-Av.of 55 quarlz diorifes.
-b- Av. of 40 granodionles.
.c-Av of 20 quartz monzorfes.
.d-Av. of s¢6 graniles.
- abcd quoled from Da[y.
e Mixect rock n Older Nomaqua —
Jfand )/qrani fe.

£ Av modal value for Younger
/Vamaqua/and granite.
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(b) Discuesion or the. Dxag rams .
In the triangular aiagrama the old granitea of the Trana~

vaal mey. be completely separated by a amooth eurve, ABC, from the
younger granites of Kuboos, the 8,7, Gape; and the Euehveld;, |
‘The only exception is one of the 1atter whilch 11les &nside the old 
granito'fleld. Tho closc relatianship in chem&cal reaturea between
the Euboos, Cape and Duehveld granites, asg pointed out by van Biljon
| is especially evident betwaen the latter two groups which differ
in gcharal'from the ?ubobs_fodkﬂ by ajhigher;'normﬁtive anorthite,
As far an tho availabie data go 1t aﬁpeara that.the highly
potasaie variants (which are gennrﬁlly characterlatlc of the younger
granitea), are not renreaented among the old granites of the Trans-
vaal, end in order to balance this condition the lattor points exni-
bit & tendency to flow towards the slbite pole. This obsorvation
"égraea with a romark bvaalyB'on the grahodiorite olan viz: “Qhe'
adbundant so-called quartZ-monzanltea,' intimately associated wlth :
the gronodiorites, ere partly granodiorites, and for the rest ’
granites with soda aominatlgg potash,” For the Transvaal granites,
‘also, the trend of tho var&atibn-from}the quart;-ﬁloritic towards the

grenitic end iles well to the west of the direction &,b,0,4d, which
‘points represent’ tho average comnosltion of the Quartz-dtordtea.
granodiorites, quartz-monzcnltea angd granitea a8 computeﬂ by Dalyga
The old graniﬁea_rrom 8. Rhodenta have o wider range
- in normative composition than those ér'the Transvaal, end the
pointa migé&te over the boundary towards the orthoclass pole, but
if the analyses are representative of the quantltattva dietrlbution
of the different types, it 18 evident that the majority of the o0ld
granites from 8. Fhodesla ccnfarm_chemically to thoaa_of the Trans-
vat. o . ] o

CIf the younger namaqualand granite 15 considered part

‘ ‘of thn Baeemeﬁt Granlte Gomplex, it &8 nutewmrthy that a11 the .

analyses of the former lie above the boundary 1ine, which 1s also thb
case for the old granites rfom vort Shepstone‘(natali. damgardown,
(Natal), and Hlatikulu (Swaziland), Judging from the 10 nvallable
cheﬁzcal onalyees, it 1o @cnaequently;apparént ﬁhat there 18 @ con- -

vergence in tho chemical composition of the older granite batholiths
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}to the-séuth-weét and'south-eésﬁ of'tﬁe"Transﬁaai gruniies

. It may therefore be Buggested that this difference in chemical

' composition is related 1o two main pericds of granitic intru51on.
one in the mransvaal and another in Namaqualand - Natal - Swazi- »
vland.‘ This hypOuheSiS finds some confirmation in the fact that
the older Namaqugland granite (which is enemically rathep allied
to the Transvaal ‘type), hds definltely preceded the younger
Namaqualand granite ;,whicn ,as-stated-above,'is nearer in com=-
position to the granltes of Swaziland and Hatal. On these grounds
the wtder range in the old granites of o Rnod951a may be referred
‘:to the preSane of ‘either phase of 1gneous pctivity.

The mumerical data 1n Table X11 111uetrate the adequacy
'.of the boundary ABU in affordlng {1) an unobscured chemical |
'dlstinction hetween: uhe older granites (Transvaal, Namaqualand),

| and the. younger granltcs (Cepe, Kuboos, Bushveld) and (2) a
-distinetion between the older granite (Transvaal, Namaqualand)

and the younger Namaqualand granite (plus the o1der granites»
.'fram Natal and Swaziland.) -

TABLE xn.'

Younger Cape, 0l1d graniﬁeS, o1a grahites Gélumn
Kuboos and Transvaal and | S. Raodesia. 4.
v - Bushve;d‘granites.' Nemagualand. : _ |
CNe.of | 30 | 16 .. 32 13
Analyses B ; o | ) S
No. outside 9 . - | o | 6 |3
T™vl. field. I ‘ T . B L : o
‘No. inside S R R | o
Tvl. field. K : R ' . o '

Note: ‘Column 4 oontains the younger Namaoualana granites,
and the old granites from uwaZiland and Natal.
Some of the Rucdesian rocks were not plotted in
the dtagrams since their positions could be ascer-
tained by inspection. :
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148t of Photographe and Wicrophotographs.

- (&) Photographs.

The*mnuntaﬂéua_traet slong the Opange River. Illustrates
the dip of the folintion flanes to the north in the
- younger granite on Zandfontein. The Orange River is
- hidden by the ridges and the furthest conical peaka
. are inselberge in South West Arrﬁca.

The 8 ana~covered transitory alopp tawarﬂs the Orangé River -
comprises an inselbergé region. The highest peak in
- the baek ground bears the Groot Rozyn trigonometrical -
beac:n, and to its right lies the Tortel quartzite table
mountain.

The aand-coverea Goodhouse vallay.. The cap of dark basie
rocks on the two highest peaks, the wamt&rn one of which
19 Vuurdoed, 1ie cleAriy recognieable. . .

The»quartzite hllia of Garganab and Dabenofiﬁ‘v Thé veld'in

the foreground testifies to the luxurloua desert vegetatian
. which fallows abundant rnin. ' e :

(b) Liérbphotoaraphs.

Granodiorite, Goodhouse. Altered plagloclase, quartz and .
- ferromagnesians. ”olmrised light, {x 10),‘

‘Porphyritic facies of tho younger gronite, Abbasas.

Phonccrysts of colourless microcline mantled hy turbid
oligoclaae simulating the rapakivi texturp. Orﬂinary

Ybungar granite. Geseiakapbank. kuartz (with peliets ef :
plaglioclase), microcline and zonsl oligocluse.
Polarised 1ight. (x 10) .

'Aplogranite, Springputa., Allotriomorphic grunular texture

- with dentated margins between quartz, microcline and
- burbid aligoclase. Polarised light, (x g).

cryatal of monazite in the younger Oaps granite (Darling\
surrounded by bilotite, altered oligoclase and colourless
uurtz and microcline. Ordinary Iight, (x 7).

_Younger Cape granite, Landudno Drive., The patcn of micacebus.

. material, presumably developed from assimilated shale,
18 markod by 2 white line. Zonal o¢ligoeless, quartz,
perthitic microcline and reddish biotite with pleochraic
halaes. Polarised 11gnt, (= 9o




~ Pholographs—




-~ Microphotographs —









