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THE .PETROLOGY of the GOOOOOUSE - PE! .. LA ARF.A, Nf,MAQUA~l'rQ, 

SOUTH AFRICA. 

by 

c. B. Coetzee .. 

Geoloey Department, Un1ve;c;s1 ty ot 

Cape Town. 

,. ; 

R E S U M E. 

· An area or 570 sq. mlles between G·>odhouae and 

Pella 1.n Narna.quala.nd. s.A .. 1s mapped on a scale 11100, coo. 
It comprises three !.ntrus1ve gra.ni tee Wh1c~ carry a p·:rorusion 

of sed~mentary xenoliths or the Khe1s Series. Mineralogical 

and petrographical aata. are amplified by volumetric analyse:l, · 

\th10h together with other available m9da.l percentages are 

represented graphically. Seven new chemical analyses are 

appended ar.d da.ta. pertaining to a.ea1m11a.t1on, gra.n1fi1sat1on, 

foliation and correlation are d1acussed. 

S1x new analyses of thG younger Cape grant tee renders 

possi,ble tho construction of .reliable var1a.t~on d1agrams. and 

a relationship te ded.uced between the qunnt1 ty of normative 

corundum and the potash-soda ratio. 

The compositions or the sro.nftee of south Africa.. 

are discussed 1n the light ot normative variation diagre.l!!S 

of the tr111near.co-ordtnates. and a r1e;1d chemical dtstinc· 

t1on seams aDpl1cable. to some of these· provinces • 
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. The area mapped eomprteea a rectangular tract or 
country bounded by the o:ra.nge River 1n the north (at Goodbouae 

l.at. s. 28?56', long. E. t8°13't): by a roughly pa.ralle'l 11ne 

10 to 15 m11as south or the Ol'a.nge River- in th.e soutb: by the 

bounc2a.ey of the Goodhouse to.nn ln the west: and l)y the farm 

_ bounds.ry or tho Pella M1aa1on (long. E.19°9•, t.a.t-. s.29o1') 1n 

the east •. 

Tho· terl"a1ne oooyere appl'Ox1mately 570 sq. mt.les • 

The distance r:rom Cape Town to Goodbouae 1e A29 m!.les_, and r:rom 

Goodhousa to Pella 80 m1las, 

(b) _ CJ,!ml~1o Ccnat t~ons ,anst.vesetat1on : 

· Theaverage annual tta1nfa.11 over the' ent1re 4t"ea lo leas 

than 5 inches, and the prec1p1tat1on ls equally oontrlbutad by 

summer thunder sto:rma.. and the drtzeltng "mtst ·rains,. or the 

wtnter months, Aprtl to September. .The mean maximum and mee.n 

minimum temperatures. 1n oF• for January, the hottest month, 

and July, the COldeBt month, 4!'0 respectively 102°, 7l0 And 73°. 

44·0 as averaged at Goodhouse ovat' 15 years." Th& mean maximum 

otl02° 11J the nighest recorded by tbe.metaoroloe;tcal eta.t1ons 

in the Union. . .. 

Tbe vesetation oompriees typical deaert Shrub and ·desert 

srass 11 Whtch increase 1n abundance towards the east a.nd outside 

the bare canyon or ·the o~ Rtve:r. Apa"'t from the Or&ngo mver 

\Yh1ch 1a normall;y a perennial stream, there_ are tiny permanent 

Springe a.t D&.bencrts and Klein Pella,_ as well as· a number of 

. bore boles· which y1elc.'! sma.11 quanti t.lt!)S of bttack1Sh water. 

The agri'Oultural enterprises are 11m1.ted to two citrus pla.n,ta.tions 

at Goodhouae and Abbe.oas, which a.re 1r~1ge.ted trom the Ore.nse R1ver., 

Ot.rtoi.al Year Book or the Un1on of South At.:riea, etc • 



and to some small scale dryland tanning on Klein Pella and 

the Pella M1ae1on. 

(c) .Q!o~os15!.a:t Syrye:ztns : 

For the western. part or the area a be.ae map (scale 

11 15,000) was prepared trom an excellent hand plotted 

triangulation net (aoale ls 50,000) Whtch t.s accesstble at 

tte Ottices of the Surveyor C-reneral, Cape Town. In the west 

(Pella., Kan.breek ll.nd frle1n Pella) .the working map compr1ae4 

a chart (1"= 8~r) C!'ipe roods) wh1eh wae plottei.l a.nd kindly 

supplied by Land Su·rveyor, J .H.C. Kttapobl, who le reeponelble 

for the original observations. :71th the exception or the 

orange R1ver,nnd some or ito aa.nd drowned tr1butar1es, these 

mapa contain no topographlCal deta.ll, and 1 t 1a to be regretted 

that the cr1e1nal oo-ordlnat.es are no longer procurable. 

Tho prooe<iure or mapping resolved 1 tselt into 

(1) the tG.k1nn or lona range ehota on prom1nont land marks, 

de pte ted by rtnca, by means of' a zetas telescopic a11dad.e . 

from the stone beacons which hsve eurvtved destruction • 

(.2) the determ1nt\t1on of positions trom a Dlmtmum of three 

known potnts by tho t~ac1ns paper method, and (3) the gradual 

elaboration of the wo~t from the pointe thus located until 

the whole area wan eoverod. The outo,ome or these efforts ts 

embodied 1n tho aooompany1ng geotog1oal map on tho soa.le 

1; 100,000 or 1"= 1 .. 58 miles. Tbe magnetic dec11na.t1ons, 

in April 1936 were, a.ceord1ng to the sheets tsaued by ths 

Irr1gat1on Department, 22015' \7. (P ella} arA 220 '5' '1. 

(Goodhouae), but the many 1oca1 ditturbances, and the long 

aighte, are not conducive to the appl1catlon of p%1.smatlc 

compass methods. 

A small atore exlste at Pella but the field geologist . 

bas to copo with the d1tf1culty or c~rrytng potrol, water and 

p:rovtslona throughout tho better part of the 570 eq. miles, 

and he 1e also 1nconvon1enced by the atre~ous traverses on 

root through thf.J mounttlinous bolt which trtngos tho ora.nse River. 



. Ovel" the partly eo.nd•oovered stretches turther south the 

conf!lt1ona are more amen.able by vt:rtue or a r,1etwork of 

1nterconnected tracks which lend easy acc&t:U1 to tho expoSut*GS • . 
(d) :t;rev&q4a q9rl} 1 

There to· no n6ed to review the early literature on 

the seology or northernNamaqual~nd, the relevant aspects of 

which ~ave boon ably summarised in the recent papers by 

Pt'Ot •. Gevet'S 6, Dr. van. B!1Jon20, and urs. Me.tb1aal5. 

Prof. Gevera• memoir on the Pegmattte Aroa6 ts prtmar11y 

an eoon.omlc etudy, but- 1 t s.lso contains n comprehensive 
II if 

ref:lume or the f'leld relatlonehtps or the Khets :xenoltth.a,· the 

post-Khels intrusives,. t1.nd the tater se~lmentary aeries between 

the Ste1.nk:opf - Goodhouae - V1oolsd:r1tt triangle. The 

geologloal map, issued wtth thlo bulletin, 1s n. S].ow1ns 

. tribute to .the elt1lful f1ald 1nvest1e;at1ona conducted over· 

an. f.nhoepltable terraine; 1t boars o. greater multiplio1ty of 

ro~k types than those encountered 1n the Goodhouso-Pella area, 

w.1 th Which 1 t 1s ·oont1nuous in tho eaet. 

Mrs. Matld.as' pa.per, ·•' A Compa.J:~ative Study or the 

Namaqualand Granites" ta a quantitative m1orosooptc J.nveette;ntion 

· o~ tho granites collected along the road from Gnr1es ·to 

Vtoots~ritt. The ma.ny modal analyses and the chem1oe.l data 1n the 

oomrnun1cat1on are.axtena1vely ut111aed to arrive at th.e graphical 

mpresentat1ons ftgu:re:s 1n the present thostts'. 

ThQ genesis ot a metamorphosed aluminous eediment 

on South Pella. was. described by the writor elsewhete. X 

(e) Aclg}owl~dp;ment~ : 

The e.utbor des1 res to flXpr$ss bls rU.ncere indebted­

noaa to the following gentlemen i 

x. 

Prot. F. :Talker , oftne University ot Oa.pe Town,. 
under whose <11rect1.on the research waa 
accomp11Shed. 

Prot. T.w .• Oevers, or ·the University of the Witwaters­
rand, who suggea ted the subJect as a doc Coral 

Ooetzee. O.s ..... S1111man1te-Corundum Rook. A metamorphosed 
. "saux1te" ln Namaqua.land. Trans. Roya.l Soc. s .. AII!. 
Vol. XXVII!, 1940. 



6. 

·dissertation, and for the subsequent loan of 
specimens. · 

The National Research Board, of the Department of 
Union Education, tor a liberal g:t"a.nt to defray 
the cost of 13 chemical analyses. 

Wb.ile the writer was engaged in the t'eS·ee.roh he was 
fortunate to ·hold successively the Jamison 
Scholarship, and the 1851 Science Research 
Scholarship. 

II. LABORATORY lJfETHOil3 .. 

The plagioclase feldspars we're determined from the 

Ng and Np indices, in sodium light, by testing a minimum of 15 

tra,.gmenta in either case, and standardising the immersion media 

on's. Le1tz-Jelle1 M1oro-Ref~a.ctometer aft~revery mea_surement, 

1n order. to control the temperature fluctuations. In many 

instances ·the results. were .tested on. the Universal Stage· by 

plotting the optical ·and morphological vectors and evaluating 
je 

the feldspar by Reinhard's prdctions: the a.greemen t was 

. 1nva.r1a.bly excellent. , Optic axial angles. ·were determined by the 

Federow mothod, or in the case of small angles by Maliard's . 

method. 

The modes were assessed. on a Six spindle Le1tZ­

Schuma.nn Integrating Stage by tr~verstng separately tor/the domi­

nant constituents a.nd ·the· total accessories·. The proportions of 

the mineral a in the iat tel" were then at,ta.1ned from. areal measure­

ment by means of a cross grated ocular, or by a count of the 

relat1V'e numbers of the gr>ains 1n the heavy residue. 

{a) The Acc!!!'acz of the f.~icrometric ·oa.ta : 

Since many of the conclusions in this pa.per·are 

based on volumetric analyses, 1t is desira~le to.check the 

accuracy or the measurements. Ace: or ding to. Larsen and M11ler13, 

micrometric analyses nave ·an· accuracy of 2% when the· total 

length of the t.zaverse equals 200 times·the length or the 

largest grain. The quartzes and the feldspars in many or the 

granites h;ave average ma.x1mum lengths of Amm, but since 'the 

rocks generally have a linear inequigranularity in which the 



uniformity or the distribution or the 1nd1v1dua.l constituents 

1a not too good, it was· deemed necessary to travet'Be from 

1200 to 1600 mm. in different cases to attain thia accuracy. 

From the sp!.t1al a-rrangements of the minerals 1n the med1um­

gra1nec,i rockS 1t is evident too that greater prec1e1on 1& 

ensured by traverses in wb1ch the lateral intervals are 

"'lattvely broa.d, e• g. 1•5 mm; a.l thousn the number of 

sect1o.ns required for the analysis· 1e then neoesaar11y 

increased .. 

TABLE A. 
v --

(1) (2) 

6102 T8•i2 '78'8 

Al20, 11•16 11•5 

Fer20, •A9 I PA 

reo •97 •5 

MgO •A; '"2 

CaO 1•36 1•2 

Na20 2•25 2•6 

.K20 4.51·. 4·8 
UnO Trace • • • 

·P205 •05 •04 

T'i 02 •22 •22 

H20 + •26 . . ;; 
H20 .- •os· .. . . 
·To tale 99*87 lOO•l.c1 · 

-~--1 

(3) I 

~ 
0•7 I 

0•',3 

0•1. 

0•5 

0•2 

0·2 

0~3. 

0•3 

.... 
o~o1 

0•1 

.... 
••• 

0•5 

Norm. -
Q = i33•50 

or··., 26•69 

ab+Em =26• 06 

fem1o =!>•55 

feOde .. 

Quartz = 42•8 

sterocl1no = 28•1 

Aba2An18 = 21•; 

Rest = 1•8 

The Ge.selakapbs.nk granite 1s well suitable as a means or 

testing the precision of the method 1n tho 11gnt of a 

chemical analys1a since· (1) the granularity is representative 

_ot the younger s:ran1tes, (11) the feldspars are not intensive­

ly altered, ·and (111) the· percentage ot a.ceoseor1es 1 the com­

positions of which are not so well kriown from the1r opt1ea.l 

constants, 1a sma.11. In the columns or Table A, (1) 1s the 

actual ~ma.lya1a by w.a. Herdsman, (2) 1~ the compoa1t1on 

as ealoula.ted trom the mode, and (3) represents the ensuing 



. el:'rore,. Th.eee are never of great masn1tu4e; ro:r N~O., K2o and 

Ca.O they are well below 0•5: and when the nnalya1s (1) i.o 

rocalculs,ted wo.tcr-tree, tb.e e111ca error becomes O•f), wn1.ch 

is indeed small when tt is racu1-11ed that the limits or 
analyt!eal et-ror f;OI' as.o2 allowed by arovesS are + o•ao. 

~c &e;reemen t between tho norm and the mode .1e 

excellent .. on account. of the· small amountn or K2o,· Na2o and. 

ca.o de:rtvet!l ft-om the mafic minerals, bUt calculated a.o or, 

·lob and an in the norm. 

(b) U:!,OJYPbl.;£osra~$ : 

utorophotogra.pho were taken by (l) tb.e nl'a.nphotu 

Un1ve~al Camera M1oi'Oscope, and ln t.ne ca.so or low mae;n1£1-

cations by (~) a. nG\11 P:rojec·t1on Method" !11 the lattor case 11f!tlt 

1s trane:m1 ttod throusl1 the· seotton by·~ small Prt\1ilCtot., and. 

:the image ls photograph.ed on "'" screen .by a miniature camera. 

l'ola.rtaed llFht may be 9tteot1vely producedw the ad41 t1on: 

ot pola:roid e;l~nes to the l.ens system• but e.tnoo the author 

1o not alone respons:t ble to2- the· perte.ct16n or tnts method, 

·the ~etat.ls t?hlch ara ta.aSttiltial to ensure rottnement w111 

not be diacunaed. 

·III. gE~1JAL .QEOJtQGI• 

(tt.) .J:h:zstoel"~...-1 s 
::est of' the Augh.rables Falls the Orangs R1 ver flows 

.tn a deep gorge ~vhoae ma.rgtns are 4Uis.ectod lnto 1.nnumerable 
. . 

r:tdgos e:nd conical peaks to produce the e~tremely rugged 

mountainous tract. (.Ph.otograph 1) ~ ·. 'l'tle o.rea un~er dlscuae1on 

t.s about equally appot-tioned between the latter, and pa.l't or the 

tra.ns!tlonal. elope from the rtver to th.e Eushrnanln.nd peneplain, 

·the edgo or which, &ome .2.C1 m11es south. o.f' Qooahousa, lies at 
I. 

an elevation of 2700 ft •. above the level or the river. 

Soutih ot the mounta.lnoua tract the ~lope comprtaea an "inset­
) 

berga ·" region# (l'botogra:ph 2).. oonspiououl kopp1es ot domed 

granite, black amphiboli tee. 11\tld white quart~1 teo proJeotlng 

above the aea or rock debris and w1nd blown sa.nl!. 



g. 

Aecot'd1ng to GGvers6 the Bu.shmanland peneplain wa.s 

formod during the Cretaceous-Eocene, wttb c1eas1cat1on commenc1ns 

1n the ~ene.60·11gooene. The man 1ne1a1on ot the pen.epla1n 

to rorm the Orange River gorge, as well as the evolution or 

the Aughrabiee tall• are correlated wtth a continental 

uplift 1n the late Tertia~. 

The low abe;le depression about. the Pella River ie 
. . 

a 1'1lled-1n valley wh1eh. enters the Orange River at grade, but 

w1 th tbe exception of the sand. drowned Good.houoe valley (ltloto­

srapb ;), the prectpltoua marginal ravlnee are ecoured elear or 

much overload, a.nd they generally hllVe· a •mall breadth - he1Sht 

rat1o, which points to the concentrated pree1p1t&t1on that 

-ecompa.nlee cloud bUrsts. 1n an arid region. 

(b) OutllneP,, of Field Geolo&v. 1 

The maJor portion ot the area compr1se8 three post­

Khets intrusive grnnltes. vtz (l) An Older G:ranod1or1te 

grading into qua.:riz -monzonite and ••b:totlte-graniteu. These 

·types are of a grey colour, weathe:r into t'Ounded bouldertl of the 

woolsack type, and are generally no~-gnetaoose e~cept along the 

contact with (2) . th& plnktah coarsely foliated YounB!r Gran1t!­

.2!1!1s,a., of tne Namaqualand »:aestt, whose weathering 1s aooom• 

pan1ed by t.be produOt1Qn ot platy flla.ba. Tbe Pl"eC1ee nature 

o:r the contact 1G not olea~: on Kotsabes and Hom lt 1s sand 

covered, whereas on Abbaaaa the alleged contact presents a oon­

f'ue1ng mixture of granitic t"'Cklia wboae mutual. relations nre 

turther obucured by an abundance or pegmatltes. The normal 

rocks gttades into a porphyritic {rapak1v1) ·type, wht.ch forme 

patchy exposures along a line extending roushliy between the 

water hole• or Abbaaas ~nd Kab1&. The third 1ntrua1ve is 

(3) an AP1osran1'~· whto~ to probably a leuco acid d1tf&ren­

t1ate of the younger g:ranite, ·in which tt oooura as veined 

snetssea, interconnected dykes, and to the e•et a1 larger 

continuous bodtee. 



· to. 
·, nte:re is a profusion of s.nastom1e1ng pegmat1tte veins 

or the marginal type throughout the entire e.rea., and the larger 
-

more o~ less continuous bodies, have been sketched .on the 

geological map. ~c pegmat1te8 have two dominant st~1kes 1 

t1.w. - s.E; r; .. E ... s.w. and their emplacement wa.a related 

by Gevers6 to the 1ntrus1on of the younger Nama.qualand granite. 

Except for some tourmaline, rea· ga.rnet and mueoov1te they 

nre invariably barren, but 1t is believed that more intense 

m1nerai1eat1on ho.a occurred in the exterior pegmat1. tes on 

northernKab1s and Houniams, .where quantities or scb&ellt& have 

been :recovered from the quartz ve1rts associated with the 

pegma.titea. 

The pre-sran1 tic rooks include the following meta.mcr­

ph1ce from the Rheta Series. 

1· ~eC.J;:IBt~1.liaed .S'!artzites, which are probably to be 

correlated va th the Kaa1en beds, cap and partly build the 

b.ighest mountains of the area., e.g. the peak of Abba.kop, the 

di.ssected range on Gue.dom-Dabeno:r1s1 (photograph. 4) the table 

mountains of '.1ortel and Pella., These occurences a.:re ampl1· 

fled by a. series of low quartzite kopp1es, e.g. on the southern 

parts of Hom and Klein Pella, and by comparatively th.ln quartz1 te 

bands parallel to which .the gran1. te-gnelsa has often been soa.k.ed 

by apl1.tic emanations (Hoogoor and Hartebeest River}. The 

qua.:rtzttes may atta.ln a vert1oal thickness of about 400 ft. and 

they are evidently the erosional relicts of u former peneplain 

a.e :reflected by the tact that the higher peaks have eomewnat 

correspond!ng a.l t1 tudes, e. g. th.e following heights are available 

from the tr1gonometr1Cal beacons: 3051' Abba.kop.3487' Dabenor1s, 

3785 • 'lVot"tel, 3076' Roosoor, 3602' Groot Rozyn, and 3940' Pella. 

2. Biotite qnets.s.ea. Muoh or the b1ot1te gneiss follows 

the tectonic ~la.n of the Raa1en. qua.rtz!tes, with reference to 

wh1ch., in such oases~ 1t exhibits a conformable ralat1oneh1p, 

and the basal periphery of these darkish .rooks to tho white 

quartzite mountains, always forme a consptcuoue feature in the 



field. ~bere the b1ot1t$ gneiss attains good lateral develop­

ment, a a !a the ttase north or the ·Pella U1Bs1on, 1 t presents 

a zone of' 1ntepse m·1e;mat1sat1on, and the injected components 

include both the younger g:ran1t& ana the later pegmat1tes. 

(3) {liD,J2h1bol~~es_. The el"(S containEr a. wealth of amph1• 

bolttee tl'l.e aedimenta.l"Y derivation of which 1il cont1:rmed both 

by field obaorva.tions, o.nd by m1noralog1co.l and ehemieal data, 

although the multitude of P1tcb black koppiea auperr1o1a11y 

simulate the apt>Ga.ranee ot basic and altra. basic 1ntrue1ona. . . 
Meohan1oa.l 1nJeOtion or the o.mJtllbolt.tes is exeeptton.!\1 1 and 

poa1tive examples were observed on ttoenab1b antl L7o:rtel·only. 

In moat casas. there extsts a kn1fe snarp contact between the 

metamorpb.oood sediments and.the sra.n1te. 

(a) 

IV. 'n,IE .J?E.:t'J~c;t11A,mt._~,t!D ,MUlEnALOj~Y ,OF 'J!HE .2~t.r~T!~· 

A. THE BASEMEN'.r GRANITES • 

The G:ranodtol"ttes : ........... ~" . 

Thd textu~ of thin gt-oup 1s hyp1d1omorpb1c granular, 

but due to tho dond.nanee or plagioclase over ~tash felda par 

tn a :ratio Which. geno:rallY exceede e t l:• _th~ 'r'GSetnblanoe t.s 

dior1t1c 'r3ther than sranitto.. The sequence or crrsta.lltsa­

tion was normal e~oept for some lrregulnr1ttes about the bordore 

of t.be mafic mineMls, ln oonoequenee of' a.n overlap 1n the 

sepa.rat1on or tho 1eucocra.tee and the mela.nocrates 1 othe~ 

et..ee tho bulk of the plagioclase preced~d quartz_ 'Which in 

turn \'(as follor;od by much 1nteret1t1al mlo:rooline. 

Ev1~enoe of mooha~t.ce.1 deformation follow~e from 

the. wavy entnct1on 1n many quartz cr.vstnls, but the otreaoea 

were 1na.deqimto to effect a bending or tb!!! plag1ocle.se twin 

lamel~~e (m1cropbotos~Pb l) • 

.QMa:rta,. The avore..ge percentage oa.tculated from 15 modae 1e 

27, and the e~t:rame values lll'e 14 and 43. The average longer 

diameters :ranp:e from •A mm. to l•,d mm. 
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TAB~. l• Modes of the Basement Granites. 

~uartz ~~-= TJs:~ . :;.11~-'3 ~~~~ -;~. ·:;.5- !~.A 
Potash felda!)ar , 12·9 12•3 114•9 22•6 16•1 15•8 17• o 

I 
Andea1ne. 

Apa.t1t• 

Blot1te 

Hornblende 

Zt:rcon 

Titanite 

Orthtte 

Iron O:re 

Epidote 

Chlorite· 

Reat 

% An ln Plag. 

Total % Ab. 

K.teldspa.r:Ab. 

a.G. 

148'1 31•7 ! :59• 4 I 41'2 )5•7 ;19'2 39•1 

; + + + . I ·s + + + 
I I 

110•2 
I 
I + r . 
j + 

I + 

I 

t•7 

+ 

39 

•A 

9•9 11•3! 11•2 
t 

+ + - I + 
' 

+ .1 + 

·AI + . 

+ l + + 
+ 

+ 
! 

·u ! 
! 

34 

+ 

+ 
I 

+. + + I + 
t·A 1·9; 1·o 1•3! •1 

,.a s·o I 1•9 2·1 I 2·a 
I i 

12.2 + ~ + + .I 
2.d •si 11'31 

39 38 1 44 i 40 ~ 3A 

24•01 25•5121•8 23·5 ! 25•8 

•Gl •91 •7 ·7j •7 I . 
I 2•75 •• , ••• ••• • •• 

• 
1•3, Goodhouse: A. Henkrtea: 5, uranoop river • 

6, Aver~se (Coetzee); 7 • Average P~ath1as16) 

M1c:rocltne. The Basement granites dt rrer trom nof'IX!al gra.nod1or1 tea 

in so far ae orthoclase is almost· entirely proxted by microoltne, 

whereas thta is commonly the case only 1n types relatively r1cb 

in K20· . The volumetric amounts vary between. 12 and 23 ~; , .and the e 
averase crystal length 1s about •9 mm. 

,flag1oclas,e,. '.i1u:: coopos 1. t1on 18 almost exclus1 vely 1S.m1 ted to 

andesine s1nce 1n 1' out or 15 cases the anorthite values range 

between 33i and 45% • The crystals are mainly tw1 nned on. the 

Carlsbad, Albite and Per1c11ne Laws, and ta1r1Bh examples of 

continuous zoning are occaoionally encountered. tn one 1netance 

the cora gave 2Vz = 78° and the mantle 2Vz = 83° which corresponds 

to 56% and 43/ ot anorthite res:->eottvel:r,r. In the mode plagto-
'· 

elase varies from 32/~ to A9i; , and the average length or. the 



crystals 1.s about 1•4 mm. The alteration products, kaolin, 

secondary mica and epidote a.cqu1l"e some regularity when they · 

are contlned to the central or the marginal zones or the andes1nes. 

Granophyr1e· intergrowths or quartz and andesine, and m1crocl1ne 

and ac1d plagioclase (m1c~ocl1ne ~ perth1te) are sometimes obser-

ved .. 

B12t1.~~· B1ot1te Which bas an average or 12% 1s the moat 

abundant or the ferrornagneo1ane, with whlch 1t tenda to be 

grouped 1n open clusters. lt 1e h1.ghly pleocbro1c in tones of 

X= straw - yGllOW , Y=Z ""'dark brown, anli 1 ts optical properties 

are very uniform ns 1lluatra.ted by the tact thflt 1n fi~ve cases 

Nm varied from 1•6:;1 to 1•635 only. Dur1ng tbe·decompoa1t1on 

or tho 'biotite to ohlor.1te. the former po.soes tb~ugh a green 

mica staee, ·which retains the high. refrtngenoe or the biotite. 

whlle Nm 1o not more tho.n •003 lees than tho corresponding index 

of the brown original. 

AmJ2h1boJ:~· The optical properties or three amphobolea are listed 

·below, but 1nsp1te of the variation hero obae~ed 1t ia n 

t:lOtewortby feature that the bulk of .the bornblendea from the 

Goodhouee areaara of the h1sh refractive index type: in tact when 

theso data are linked with those obtained by ~~ath1ael5, it ts 

found that 1n 9 cases out of 10 the hornblendes have 1dentloal 

optical properties. As a rule the e.mphtbolo does not alter 

directly to ep1dote, but 1 t la ftrst o,onvo!'tod 1nto biotite and/ or 

chlor1to, and tho extent of th1e atte~atlon ts suob that epidote 

bo.s a persistent value or soma 2,: in the mode. 

Goodbouoo. Ooodholise:--- --. Henkr1e8-~----
Np 1•670 '1•671 1"667 
Nm 1•685 1•685 ••• 
Ng 1•693 1•693 t•684 
Ng - Np ·023 •021 "'017 
2V~ 79° 820 ••• 
ZAC 20° 220 1&0 

X aeop etra.w·yellow deep straw-yellow gre~n1sh-yellow 
y yellowish-green yellowiah-green pale green 
z blu1eh-green bluish-green gl"<3en 

--·~~···-- ·--- ,_ 



. ~;eidote. P1stac1 te occurs as granular aggregates· or columnar 

cystals·, elongated pa.t>allel to the o:rtho axis and •:s mm in 

length •.. ·'!'he mineral is ot eeoorida.ry orlg1n and can be entirely 

accounted tor by the· decompoa1t1on of tho rerromagnoa1an s111• 

cates. · Var1o.t1ona 1n cot our and pleochroism are linked with 

differences 1n tho optical constant a ·as tlluetrn.tea below. 

Goodbouee (a) aooabouse 
-------· --:-------------· .'--~~~- --- -- ·- ---·----..: -·--- - --
Rp 

Nm 

Ng 

2Vx 

X 

y 

z 

1•7:33 . 1•730 

1•762 . 1•15, 

'1•712 1•765 

eolourleBs 

yellowish-green 

yel:low1Sh•gNlen 

:52% 

colourless 

greentsh-.y$llow 

g:reentSb.•:J&llOW 

25% 

Tttant'te .• ·Sphene 1o the most plentiful aocessot71 iron ore 

excepted. and 1t 1e frequently poas·lble to d1ettngu1ah btt\teen 

primary titanite, wh1eb. occut'S ao boney coloured acute l"homba 

•3 mm in length, and t:lecondat? ti ta.n1te a:rtst.ng from the de­

compos! t1on or b1ot1 te. · Tb1& la.t ter va.r1&ty ns.s a dull gray 

colour nn6 granular appaar~nce. 

Orthite. Orth1te '16 gene:rally found as cores surrounded by 

·mantleS Of epidote. The largest Cf'Y'Stal ObServed had d1a.r:netera · 

*9 mm x •5 mm, w1tb Btl. ep1,dote trt.nge •03 .mm in· thlcknese. 

The followtns data. were detenninea on two Goodhouae gran1tes: 

Np = l• 700) _ . . 
L;: •OCf/ 

Ng = 1•720)-

avx- Go0 +5° 
X = deep brown 

Np = 1•110) . ;_ 
) + •007 

Ng = 1•730) · 

2Vx= 650+5° 

ycZ=4a.!k reddiSh brown. 

The ·t.nterfa.c1e.l angles of an ·obtuse momb were., (001 )A(lOl) = 650 

an.d (OOl)A(lOl)·~ 1160. 
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Between crossed .N1ooll· the mt.neral 1e otteri zoned, and 1 t ts 

always altered. and heterogeneous· 1n different degrees, so that 

the optical properties aWt not only variable, but could not even 

· be determined w1 th great prectsion 1n tho oompara.t1vely good 

crystals measured above~ 

The a451 t1onal accossortes include colourless zs.rcon 

and magnot1c 1rqn o~. 

· (b) !he. B1ot1 tq·srEt;n1 tes. 

The blot1te-gran1tas have a poorly developed gne1saose 

texture, produced by the nl1gnmGnt or the longer axeo of tb9 blott te 

crystals, but there is no well marked cont1nu1ty b8tween the mlca 

trails. 'l'he fabric 1s seriate and all 1ntermed1a.te s1zes cab be 

recorded betwoen the average lenstbe or the larger oryata.le 

(quartz= 1•2 mm, m1oroclt.ne=2•5 mm, · an<1eaine = 1•6 mm), and the 

average length a or the smalier crystals (quartz= .2 mm, m1crocl1ne = 

•3 mm. e.ntSes1ne=·2 rnm.) • 

TABttJ? II. Modes of the B1Qt1te-mn1tee. 
---------. --- ------------------·-...--,...~------.,--

2. ;. 
-------·-~--~-1-------t---

Quartz 

-Potash f& lds par 

Ande&lne 

Apatite 

Muscovite 

B1ot1te 

Zircon 

T 1tan1te 

Oi"thite 

Iron Ore 

Eptdote 
Chlor1te 
Rest 
% An in Ple.g. 
~otal % Ab. 
K.teldspar: Ab. 
S.G. 

+ 

+ 

+ 
+ 

+ 

+ 
•4 

45 
13•0 
2•4 
2•66 

I 

;8•3 

-as·a 
24•9 

+ 

+ 
+ 

+ 

j 31•0 
I 

I 
I 
I 
I 
I 

I 
L 
I 

' f 

1 
I 
I 
' I 

+ 

+ 

+ 
+ 

+ 
+ 

A5 i. 37 
I 13'7 I 1;•,4 

1•9 j 2•3 
2•69 2'65 ---...-- .... _· -"'-'--·---

34• 4 '38•1 

:55•1 :50•9 

23'0 2;•2 

+ + 
+ + 

+ + 
+ + 

35 
15.0 
2•3 
2'68 

41 
13•8 
2~2 

2•67 
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Felsic Minerals, The volumetric e.nalyaee show sood un1fonn1.ty 

1n the percentageB or quar-tz, m1croc11ne and plagioclase. The 

former occura to the exclusion of orthoclase, and the latter forms 

a basic andesine with anorthite ranging from 35tb to A5% •. 

In contrast to the limpid. m1crocl1ne,. the soda-litae feldapa.tt is 

well 1t(l.011n1sed and poorly twinned. 

Blot~~~· Biotite has an elongation index ot 2•7 whiCh agrees well 

w~th the t1gurea g1van by Tt'uemann for gne1esoae granltea, viz t 

2•5. The pleochroism 1s the same as in t~ gra.nod1o.r1tes, but 

the rorre.ct1ve 1nd1cee are slightly h1ghe:r 8•8• the tollow1ng 

values were obtained from various looal1t1es s Nm = 1•635, t•636. 

1*638, 1~.639. 

Muscovite. Primary muscovite (Nm::l•olO, 2V2e=37°) 1a always present 

1n Vr"ry small quantity, and .the :f.1gures indicate a mtca wttb about 

AO% or the pheng1te molecule. 

Seconda:ry fllpP,ene and pietactte are regelated to the tratne 

of b1ot1te, and the ep1dote~quently ocoura as t1brouo lobate masoe$ 

Wtldge4 between the Cleavageo Of the mloa. 

B. IHE .. ,YoupGER NAJlAQUALAND GRA~ti£-gNEI§!• 

(a) 'lbe l!OrJ2ll.t'r1 tla bpe. 

The po:rpbyr1 tic texture of the coarse grai.ned types 1• 

con trolled by insets or mlc rocl1ne 20mm x lOram in siZe • 1he 

:s:ttenoorysta have inclusions of ~1c:rool1ne and plagioclase, and are 

bordered by a fringe or oligoclase granules (2Vx = 85°), 1n con­

sequence of Which the m1o:rooltne etmulates the texture of the 

orthool&ae• 1n the rapat1V1 sranites. (M1cropnotograph 2). 

· In the. medium-grained types a glomero-porpb.yt1t1c texture 

te developed 1n which there occur 1n add:1 t1on to tbe mt.croeltne 

1'J'lSets (a) 9rnm tons lenticular aggregates ot alto red ol1goclases 

with 1nd1v1dua.l len~tha .of •7mm (b) clulters ot tmeh m1orocl1nos 

and (o) elonp:ated groupe of quartz crystals )•Smm ln diameter. 

!be porphyritic aspect is enJ'lanoed by blades of r1p1doltte and 

accessory mineral& which enrol~ the porphyritic componento described 

abOve. The conetanta or the chlorite are : 

N11 = 1•620 
2V ,;,7o 

X 

X = pale yellow 
Y=Z=deep green. 
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The polarisation colours a.re abnormal 1n tin.ts of blue, purple 

and brown. 

(h) · The Normal Gneissose T;ype. 

~ The fabric is gneissoae, 1nequigranular, e.ndmedium 

grained but the absolute grain size is such t,hat the gneissic . 

character 1s not so apparent on a microscopic scale {Micro­

photograph ::3). 

TABLE III. Modes of, t,he Youngett GNM]J.te-gp.eiss. 
~-"------

1 .. 2. :;. 4· 5· 6. -
Quartz ·'j. 34•5 42•,2 34•2 42•8 32•5 33•5 

Potash feldspar 28•9 24•0 31•1 28•1 40•7 29•2 

Oligoclase 28•7 24.8 27•1 27•3 23e6 .)O•LI 

Apatite + + + + + + 

Biotite 3·3 s•s A·7 .2•4 !)•2 

Hornblende 2·3 + + + - -
Zircon + 

'•. + + + + + 

Titanite 1·4 1•5 1•7 + + + 
Ort.h1te + + -'- + - + 
Iron ore •6 1•5 ·8 + + + 
Epidote ·1 + + ·+ + + 

Chlorite + + - + + -

Rest •2 ' •5 ~4 1·8 • a ·I 1•7 I 
J 

' % An in Plag. 28 30 27 22 28 29 

Total % Ab. 20•7 17*4 19"6 22•4 17"0 21•6 

K. feldspar: Ab. 1•4 1•4 t·6 1~3 2•4 1"4 

s;G. 2·69 ~·67 2~67 • '1: .• ••• ••• 

1,.2,3t6, Pella; 4, Oeaelsk·apbank; 5, Springbok; 

7, Average {Coetzee):· 8,·~verage (M. Mathias15). 

7· 

36•6 

30•3 

27·0 

+ 
3•3 

•4 

+ 
·8 

+ 
·s 
+ 

+ 
•9 

27 

19•7 

1•5 

.... , 

nnsic Minerals. A review of all ·the available p1a.n1.metrie 

analyses, the new ones of whiCh a.re ltsted ln ':table I II • 

a. 
31•9 

30•7 

27•5 

+ 
7•3 

•3 

+ 
•3 

• • • 

1~8 

·l 

.. . . 

.. -. 
30 

19"3 

1•5 

• • • 

. imUeates that the percentages of the leucocrates are highly 

variat1 ve, viz.. quartz 21% 53% ; potash feldspar 24% - 41% ; 

and plagioclase 18% - <38% • This tendency is also conformed 

to by the basicity of the plagioclase. (An= 10% . - 43% ) and 

the general microscopic characters of the felsic minerals. The 
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srnnulartty ta not uniform as illustrated by the t1gures belowt 

Quartz. Pla.e;ioclase. u1crocl1ne 

Av. .ot max. lengths, mm. 4•1 :5•8 AjOO 

Av. lengths, tnm. 1•0 1•0 1•0 

'!be e~ects of ce.tacla.sts a~ pl"'aervet1 in some ooottons by 

thtn mortar rims about the quartz crystals, but othe'l"\vlae strain 

ph&nomen& are not in evidence. IntergrowthS of tn1C1"0Cl1ne~pe!';.. 

thtte, o.·nt1perth1te o.nd myrmektte are rele.ttvel.y more abun\1a.nt 

than 1n tho ol"or granites, a.nd pellets of feldspar. or pools of 

quartz form 1nclus1one on an extensive eca.le .. The potash,t~ld· 

· ·sps.:r ·which 1s :rGpreeented by .mtcrocltne only, is always perthlt1c 

and in an extreme case (Niegramoep). 200 G:lbl te blebo were counted 

to an area or •25 sq.mm. Thtrs extenstve.&xsolutton or sode. 

appears to be ooncom.ttant with the high. degree or ee.uesurlt1sa.t1on 

.observed in the plagiOclase •. 

· Biotite• tho Nm valuea ot the bloti teo tron slx 1ocnl1t1e8 are : 

1•634 (Pella), l•'o34 (Pella). 1•6;,8 ( Dal?enot'1G )., l•£t5o (Klein 

Pella), t•G'7 (Geselskapba.nk) and 1•6.45 (Sp:rtngbak). In contrast 

to the general1eat1on by Me.thtaa15 vtz .. • that sa.gen1t& wehs or 

rutlle are characte:rtat1c of the younge:r.gran1te•gneloa,- no rutile 

needles wore observed 1n the b1ot1 tea trom the Pella 'area. 'lhe 

b1ott. te tl"'m the Spr1nFbOk !I'Bni te • howevar, does include rut1le, 

and haG a refractive 1ndex appreciably b1gne:r than those ot the 
' . 

:rutile·f'~e micas. Th.e pleochl"'iam 1e X:::; atraw-yellow. Y=Z = deep 

brown, and. tho m1nero.l. tJhows the usual n.ltera.tlon to green chlorite, 

wh\ch is acoompe.n.:te4 by the liberation or iron ore. 

Ampblbole.• Gteen hornblende. 1s present tn o.bout 75% or tbo 

sections. 'l'bo plt!!och:ro1sm is always ·f:'rOm ytJllow1Gh•sreen to 

cf&ep green, but the lntenaltles of the ehe.c1es V&.l'lf in different 

o~ules; nnd this obaorvo.tton to. obviously related to tho different 

vatues asce~ta1ned for the retract1ve 1nd1coe. The conclusion 

is, ther-etore, warranted that the h01"1lblend.es from the Namaqualand 

grantte-gne1ss,. show a tar greater range 1n compostt1on than those 

from the older granites. Steve textu~. embayment, and dogredatton 

to biotite, chlorite and epidote are common features. 



Pella. Pella. Qeeelskap. Koenablb· Ra,nge dote 
bank. m1ne4 by 

1.1. ua.tn1ae 

Np 1'672 1•671 . 1•667 1•666 1•655 - 1•66 

Ng 1·695 l•o9l1 1•684 1·685 1•678 ;.. 1•69 

T1tant.te. In the Pella gran1.tes t1tanS.te ocout'G as beautltu.l 

acute :t'hombs 2•:;mm x· •8mm 1n stze, w1tb inclusions of allanite, 

1ron ore, b1ot1te. epidote and quartz. 

2Vz = ;560 + 3° X = Y =pale yellowish brown 

(sodium light) z = deep orange brown• 

Orthl'\~· Allanite 18 presont in some cases only, althought 1t 

atta.tne good davalopment 1n a gra.n1te from Geeeleka.pba.n~, and 1n 

anothe-r rrom ?ella t.n which a la~se anhedtton 2•A mm ln length we.e 

observed. 

Z1ro,gn. Bl"'wn zt;rqons are the dominant type, nnd the 1ndex ot 

elongation, 2•4 to 2•9, conrorme to the: normal values tor.1gneous 

I 

·· rocks. . An abnormal1 ty 1n th1s res peot. occurs 1n a. gran1 te from 

Sprtngbok,in which tho elongation ra.t1o is 1•7 only, but the full 

1mpl1oat1on of th1o ~111 be d1ocueeed late~. The oth~r acceasorte• 

comprise purple fluorite. apatite, magnetite and 1lmen1te.· 

O. 'l1fE APLOGRANITES. 

The texture ls typically a11otrtomorpn1o granular, Which 

18 attributable to the tact that the cr,yetal boundaries or tbe 

leueocr~tee were largely determined by mutual interference. 

(M1orophotogr~ph A). 

Fele.lo Lliner~.le ,• The volumetric data ln Table tv show excellent 

agreement betweon tho percentages of tho leuooorates. M1orool1ne 

which to the only potaab telc:!Bpa.r, d1ff'er8 from tt» m1c·rocl1ne or 

the srnn1te.gneiea, b,ihe scarcity or the 1ntergrown albite 

lamellae. The latter correspond to Abg3An7 (2V~=810); and many 

velnleta are oriented parallel to (100) or the m1croc11ne h.ost · 

(2Vx=80°). t.~.cld ol1goclo.eo ranges from Ab9cfl'lJ.o to AbsoAfleo• 
and in this respect the aplosran1tea cllffer from the apl1 tes ot 

the ataekite type where the plagioclase 1a reterred to Ab100• 90 
Ano.~;oX •. The sre1n au~es wntch are cited below 1nd1catee that 
X' · Johannsen,/\. - A Descriptive Petrogt'a.phy of tho Igneuous Rocks 

Vol. II. 
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the granularity or the aplogl\'B.ni tea lias on th.e border which 

separates the ~edium grained and .tine grained :rocks, 1f 

Tyrrell' a figure of 1 mm., is a.ccepted ns such. 

·spr!ng- Pella. Gttadom• .Hoogoot-•. 
puts. 

I.engths i.n mlTI• 

·Av,. lengths of larser qua.rtzea 1'9 "7 "1 2•3 

Av •. lengt,he of' larger oltso<:naReJS 1•2 •6 •o 1., 
-

Lengths of 1~1rgoat m1c roel 'tnes, 3•4 . . ... ••• ,.6 
Avf lengths of miorocltnes. •.a •6 ·s •g 

. . . 

Biotite •• A h1gh refractive indel1'biot1to was determined tn the 

b.eavy residues or the a.plOgra.nites f:rom Fell a. Guadom and Hoosoor • 

. The optical constants a:re t 

Nm= 1•703 + •005 2V X= 10° (~~Sll8.r<l) 

X ~ yGllowtsh brown Y= Z.=deep reddish brown. 

. Wtnche1l2:5 refers the h1.gh, .1net1oes .o:f' such unul!unl b1.ot1tes to. 

· t*i'~ric iron and/ or ti ta.nium~ for e:r.e,mple a biotite w1 th 

16+A8% b1e§03. rind 24•06% FeO has Ng"=l•697 • 1~p=l·•616~ Ng .. Np= 

0•081. The chlorit1eat1on ot the b1.ottte has proceeded to such 
. t, 

a degX'ee that the miea. eonst1tu-bs only 0•1% by weight of th$ 

.rock, and enouL'!t! ma.ter1a.l fo:r a chemical a.n.alyais GOuld untor-
, 

tunat(~ly pot be taolated. The biotite and eh.lorits· frequently· 

encloeo acicular crystals of a colourless e.n1aotrop1c mineral 
~ 

with low relief, strong bit-efr1ngonoe, and P&l"S.llel extinct!.on:• 

The ·needles aro "06 mm x • 004 mm. in s1z~ .•. and thei:t~ arrange­

ment as often as not p~oduces aat~r1sm. 

Apar-t from ·the ~annal accessoM.os of the aploe;ran!:t:es 

vie~ secondary muecw1te, zt:rcon. apatite and magnetite. the 

following minerals were determined in the specimen from Hoogoor; 

gy_:ro,ohlore? variety m1orol1 te as dark brown 1sotropic gra.1na 
. . . 

wh1ch are decomposed on prolonged. d1gaat1on with oon~. H2SOA• 

1~ = 1 11 91 + "02~ · Purple fiuori te a.nd $J21.dot.e (Np = 1•732, .· N8=l.'*778) 

are aseooia.ted w1th chlorite. , Green nombl~U~ (Np= t•o6.5 ,· N"g'"' 

.1.685) and dark brown titan~te (Nm=l"92+ •02, 2Vz=35°) are rare 

constituents. 
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TA!L! IV • JfOdes ,o( the Apto~P,l~!!• 

1. 2. ,. 4· 5· 6. 

Qu~{tz .. 40•5 ~o·2 .40·•3 39•7 40 .. , 36•3 

Potash feldSpar 'A•6 36•0 '7•2 '6•A 36•6 :55•:8 

011goo1f)iGG 22•3 18*5 21·0 21•2 2o•a 25"1' 

Apatite · + + + + + + 
Muscovite - + + + + + 
Blot its + + + - + t•s 
Homblende.· - - - + - -
Zireon + + + + + + 

' 
T1tnn1te + + + + + -

Iron Ore •6 ·s . •2 •1 •5 1•3 

Chlorite 1•9 2•'7 t•2 t•O 1•7 -

Eptdote - - - + - -

Rest •1 .1 '1 ·a .1 . -

'$ An in, Pla.g. 19 10 18 ao ; 17 1G 
Total~ Ab. .18·1 16'7 17.2 17•0 17*' at .. • a 
K.teldspa.r: A b. 1•9 2•3 2*2 2*1 2•1 t•7 
S.G •• 2•62 2•62 a•o1 2•62 2•62 a•7o 

1, Sprlngputs; 2• Pella; '' Guadom; .41 Hoogoor; 

5, Average; 6, Aggenys grantte15., 

V~ Tf!EJ PETRO]:,OGI,lt.JO ,AWIN!TI~ .OF _THE ~MNit§~· 

A. ~HE Of:ttli¥ft BJ\S~~ti~ · .~P.A~:t;~. 

(a.) l<I..omenctature and ~u.netel2819.al.Y~!!1.B:t12Q• 

'l'he collective term "Basement Grant tet' te here adopted in 

. aonf'ormtty with the auggestt.on raised by GeversS, and embraces 

the oldett g:r-oup or ancient gra.nltlc intrusives which p1ncn out 

aga1not tne orange rlver 1n the western part ot the Goodhouse ~· 

Pallo. area.. Ontb:e geologlcal map of the Pegmntlte Aree.6, the 

group wa.a ~eocrtbed at.1 "B1ot1te and b1ot1 te-b.ornblende sre.ntte, 

·8'J'B.Cl1ng intO gl"Q.!lOdiOrite, Q.US.rtZ-I'S1or1te, S.to. tn part snetSSOSe" 1 

and subsequently Math1aol5 ref'erred to these as "Old· GrAn1 tee••. 

In Fl~· 1 the fels1c mlnerale, whoRe ~oda1 pereenta.ges are rac31-

ca.tla.tea to a 1 ~o, e.:ro plot ted 1n a trinngula.r dlasram w1 th quartz, 

pota.ah feldspar, a.nd plagioclase at the eomet'lilli which 1s the scheme 
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figt. Modal Varia/ions of fhe felsic Mmerals 1i1 !he Nama9ualand Granites_ 
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utilised by Johannsen11 (Vol.l}, in his quanti ta.ti ve mtneralogi.Cal 

claeaific ati on of granitic rocks. In terms .of this system the "'main" 
. . . 

Basement gran1. tes; cover the upper and centr"ci.l portions of the 

monzotona11tes, and transgress well 1nto the adame111t~s. 

If Holmes'. definit1on10 . of a granod1o:r1te is strictly applied, 

i.e. that the ratio of orthoelase·to plagioclase falls between 
. . . 

one-th 1}rd and one-seventh, then the majo~1 ty ·of the old gran1 tee 

enclosed by the continuous line. in :f:tg.l, must be referred to as 
.. :~ ' · . 

. "quartz monzoni tes 11
, and ·this condi. tion generally a.t ta.ina in tQ.e · 

Goodhouse-Pella area. Sim1.1a.~ly if 5% is the ma.J\imum amount of 

potash feldspar allowed in a qua.rtz-d:tor1tell {Vol.II), then thiS 

group is not represented 1n the area or among the old. granites 

ana.l):Secl by Math1asl5 • 

. ·(b) Chemical_A~lysea. 

Three new chemical analyses ofthe older gran1tes; together 

with other relevant analyses, ·and norms are .listed below. 

5102 

Ala~ 

l'eaCJ.5 
FeO ' . 

MgO 

Cao 

Na20 

K20 

MnO 

P2o5 
f102 

H20 + 
H20-
C02 
s 
Totals 

TABLE V. 9hemical Ana.l:tse,s ~2t: the. Older Gra.p.i tes. 

(li (2) (3) .(4). 

6o•57 65•42 66°80 72•93 

18·03 16•28 16•07 lA•OA 

2 '-72 1•77 1•52. •78 

'1•_95 2•84. 2·o4 1"39 

.1 ~79 1•86. 1~74 ~66 

. 5•12 4•78 ..... 52 :; . . 2~23 

2"95. 2•19 '2•75 2•01 

4.•46 2•79 .4•02 4°96 

·os ·o6 "os · ·o4 
.27 .15 •o6 ·o9 
•ag ·sa •70'. ~18 

• 85 1 .. 16 .73 •. 8 5 . 
•14 •10 •12 .• 19 

• • • . " . .. ·• ..... . 
•• ·fJ ·• • ·e • ·• (t ••• 

99•82 99•98 100•12 100•08 

x Includes Zr02="02. BaO = ·05 
~:::. . Imnudee aao ="11 

(5) (6) 
---
6.1.66 77•05 

16•25 10.68 

-1•29 1•10 

2•68 ,' ·t·71 

1.23 •:;4 

·}·os •93 

·3•33 2•52 

4.39 4•3o 

•o7 . •o:; 
' 

.45 .?9 

1*26 •28 

"83 .39 

·o3 •o3 
T26 ~-22 

·os •o2 

99•86 99"96x 

. (7). 

70•01 

14•20 

•42 

:;•24 

·ss 
·2·o6 

3•1.4 

4•45 

·o6 
•2o 

•48 

•6; 
·o2 , 
•15 
"02 

99•7l 

I 



(1) (2) (3) (A) (5) '(6) (7). 
~ 

Q 1:5•74 28•02 25•0 ,6•12 21•30 t14•2 27•9 

or 26•69 16•68 2:5•9 29•47 26"13 "25•6 26•1 

ab 24•63 18'3.4 23•1 16•77 27•71 21•0 25•7 

an 22*52 2:5.07 16•7 10•29 10•84 1*4 8•9 
; e It •• 1•22 1*1 1·"53 2•1A 1*4 •g 

( WQ •35 . " .. • • • ••• ••• ••• . .... 
41( en •30 ••• •• • • •• ••• ••• • •• ' ( ts .... ••• • •• • •• ••• ••• • •• ( en A•2J 4•60 .4•3 1'7() :5•10 •8 1*4 by( 

( f'S ••• 2•77 1•4 1•72 1"85 1•7 A•9 

mt 3*94 2'55 2•1 1•16 1*86 1•6 '1 
11 1•67 1•22' 1'4 •30 2•,43 •6 •g 

ca. ••••• ••••• • ••• • ••• •60 ·s ·:; 

a.p •67 *3.4 ., •20 '1*01 •7 ' ., 
zr .... .... ••• • ••• py•24 •2 • •• 
a2 o •gg 1•26 •8 *11 •so .4 "7 

Tot ale 99'10 100•07 100*1 100•03 100*13 1oo•1 99•7 

(1) Granodtor1 te, Henki'lee ValleJ, Na.ma.qualana, Ana1. c. B. ~oatzee, 
(new analysis • ) · · 

(2) Gre.noclt.orite, Goodhouso, Namaqunls.nd, Ana.t.w.n. uol:'dsman. 
(new analyo ts ) • . · 

(:~) Old Granite~ Jaakalawater, NamBqualG.na, Anal. u.Math1"1G15, 

(4) B1ot1te•gl"a.n1tfl, Hom, No.maq,ualand, Anal. w.n. ·aerdema.n, 
· (new ana.lysts • ) . . .. 

(5) Granod1or1te, Parys-Vredofort, Anal. J. W1llemse21 •. 

C G) Old gran1to•.sne1ns •. Hla.t1kulu, Swe.ztle.nd. Ana.l.T. Kameda7. 

-(7} Old sran1 te, ·west of H11loreat. Camperdown, Na.tal, Anal. 
. R. B. EllC11tn47 • · . 

SyrapatheU.c va.Y.1attone exist between alumtn.a. llme, terrto 
' . 

ox1<!•• and. manganou.o o:d.de w1 th retorence to thG s111ca percentage, 

but thO other oxides oecupy aberra,nt poG1tions. Soda 1o decidedly 

low and in (2) it actually to.lls outside the range Wblcb hae been. 

cQmp1led b7 Johannsen tot- 140 granodlori.tee 1.e. 2•40% - 6•95% • · 

In (1) and (3) tb1a tendency ls offset by a hl8h1sh pota&h and in 

(2) by a h1gh1Sh l1me. The valu&c or ~ao are 1n no way 1ncompattble 

wttb tho e.ve~age figures' tor ~ua.rtz-dior-ltes (CaO= 5•45% ), 
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granodlorttee (C&0=4•47fo ) and quartz-monzonites (Oa0=3•54%). 

(c) Assimilation, 

from the comparison of analysis (3} with the analyses of the 

old granites f'rom Ehvaztland and. rtntnl, t.e. (6) and (7) abOV&, ::ath1as1~ 
concluded: · rtT111a bears out thr-- contention that the old gt-ani te ot 

Na.maqualand has, !n places, assimilated alumlnoue eed1mente and 

hornblende schists or am:pb1bol1tea". The comparison 1& hnrdly to.1r 

as a means or establ1sb1nB tho thesto ot bao1t1catlon of the old 

sranite magma tUnco (3) is n quartz-monzonite, (6) 1e anapl1t1c 

era.n,, te and (7) 1a a norm.o.l gran1 te. There te no evidence to 1n-

c!toa.te that the maemg.s or the old grant tSJ from zoutb .ltrioa. ·were or 
a gmn1t1o compoe1t1on only, and tne.t tre gra.nod1or1t1c var1et1eB are 

consoque11tly oonte.oino.tod types which. acquired normo.l igneous aha.ractero· 

as a result of ese1m11attvo processes. In t b.1o connection 771llemse21 

writes: .. The tendency to tbe'reaidua.l-rnagmg,-d1ff'erent1at1on' 1e 

noticed as clearly 1n the !laeement grant tie rocks from Southern 

Africa as ln rock aseomblagos with a greater var1at1on ln rock types", 

and 1 t w111 be noticed that n muoh more amenable c_ompa.M.son may be etrudl 

bet1feen tho old gro.bltes, (2) and C~), from r~ama.qualnnd, and the grano­

d1or1tos trom Par.ys (o). 

One factor t'1h1oh may bO suggestive of the mod1f1cat1on or the 

sranod1or1tlc masmo. by lime 18 the bae1c1ty or tm plagt.oclase, which 

has cumulative values between Ab6T-5S An,3•AS• whereas the basement 

granltoa or the Vre4otort regional have peak values at Ab80•75Anao-2s• 
But th1s· d1spar1ty acqu1.t(J8 much less ei.gn1f1co.nce 1t the bastc1ty 

of the plagloclaso ln a rep:resenta.ttve eot of granod.1.01'1tes 10 con­

o1dore4 e.g. 1.n Johannsen's bookll (Vol.ti) the relo.t1ve nu;~bere of 

granodlor-ttes oany1n~ oltgoclaee (Ab90 ... 7, An10 ... 30> and andesine 

(Ab7o-so An30• 50>, w h1ch latter is tte category ot tho NPma.qu"tand 

roclte, aro 11 and 45 rree,acttvely. The hlgb anorthite content may 

consequently be nothing more but !l. consanqutneous p:roporty wh1ch dlsttn­

guishee the petrographic province in general. 

The habit of tt& hombl.ende a.s a criterion or _aes1m1lat1on may 

now be examined, o.nd 1n tbls connection the steve textures and' embay­

ment& which often obtain tn the mineral. may place it as a residual 
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constituent, which was incorporated into the ugran1tee" by the 

mechanical disintegration of amphibol1tes.. As previously Shown, 

the most pronounced feature of the hornblendea in the "gra.ni tee" 

i.e the uniformity of their optical constants , whereas the homblendes 

of' the ampbibolites in the area to the east or too basement granites 

-are extremely variabl~ith :respect to these constants. If' the magma 

of the older granites had pierced a similar set of amph1.bol1 tes in 

the west, a.nd acquired the amphibole as a. result O.f this passage, then 

a similar variation in· the gran1 t:lc homblendes would be anti<3ipate d , 
.. 

but this expee-lation is indeed contrary to fact. The hornblende may 

therefore be regarded as a normal pyrogenetic mineral, and its occa­

Sional absence may be adequately,e.xplained by conversion to biotite, 

chlorite and ep1dotet the more so because thess a.lt~ra.t1ons are always 

observed to a. greater or lesser extent.. In the Kapa.onik gra.nodiori te, 

. Wilaon22 has actually recorded the progressive reconstitution, as 

exemplified by the variat1Qn in_the Ng index, of metamorphic amphiboles 

launched into the igneous mass as xenocrysts,. 

(d) . The Bioti te•grani te ~ 

The preetse relation of the b1ot1te-gra.n1te to the granodiorite 

and quartz-monzonite cannot be established in the field by virtue of 

their profound megascopic similarities. From the modal variation 

diagrams (Figs. 1, 2, 3) and from Table I I 1 t appears that the biotite 

granites form a closed group which is mineralogically sha.:rply demar­

cated from the g:ranod1or1 tea '• The basic! ty of -too plagioclase, 

Ab8j _55An35:_45, is also quite. anomalous. for a granite with 72•9% 1102 

and 1 t is therefore reasonable to question the origin of this type as a 

normal ·c:rystal11Sat1on product which is ,·genetically rel.atad to ·the 

granodiorites. 1'he chemical analysis of the biotite-granite may be 

almost exactly duplicated by mixing one part of the granodiorite 

(analysis (2) Table V.) t with three parts of a.plogranite (analysis (I) 

Table VII),, and there is consequently S()me ground for rega.rcling the 

b1ot1te-gra.n1te as an interaction product between aplogran1te magma 

and granodiorite. The -supposedger.•rits may be likened to t~e origin 

of the. "main"· granod1or1 tee of the Kapaon1k · b~tholi th wh10h arose 

(Wilaon22 ) by the ~echa.nica.l mixture or aplit1c magma with marginal 



contaminated typos or monzonl tic eompoot tlon. The analysts or the 

b1ot1te-sran1to (a) and tt» bypothot1ca1 oompoe1 t1on of the "mlxod 

rocl.ttt aro c1 ted in Table vr. • 

. TA~H! Vl• Jib~X&,ls or .• t,h~ bl~\1 te-srani te and the 
Cqtni!0.!1:t:,i2.9 .. ..9l ",.mixe! roOJi." . · · · 

(a) (b) Ho~. ·(a) (b) 

5102 

A120, 

Fe2o, 
FeO 

KgO. 

Ca.O 

Na2o 

K20 

II nO. 

PaDs 
~102 

R20+ 

a2o -. 
Tote.ls 

72•93 73•:32 Q 36•12 

14•04 13•84 or 29•A7 

•7fl . •90 O.b 16'77 

1•.39 1•:55 an 10•29 

.66 •68 c 1'53 

2'23 2•:55 

a.·•o1 a•oa 
hy~ tm 1'10 

( ts 1•72 

. ' mt 1~16 
,4•96 ..a•G2 

'04 •o2 
tl' .,0 
&.p. •2'0 

''09 •os 
. *16 '30 

H20 ·rr. 
T otala . 1oo•o3 ·sa . '63 

•19 '0' 

100•08 100•17 

s. THE XQUNGF;R ,t~All~Qt1At.AND,,GRAN,lf.E:-::G~KISS A:ND 'lHj 

~ , . ·AfLpGRANI7E .• 

(a) Jlod~l .R~tlntJqnsbiJ.!.• 

36•8A 

27.24 

17•82 

10•68 

1·o2 

. 1'70 
1•19 

1•,9 

•61' 

'l.3 

'66 

100•28 

The a~c. occupled by tho gran1te-gnelso 1n the tr1ansula:r· dta.gram, 

J'ig.l, 1nd1oates a constdora.ble amount ot m1nera1ogtcal var1n.t1on b&twan. 

the felsic mt.nerala, but the polnt.e are amassed ln ·that pe.ttt of the 

granite field wh1oh lG aaamell1 tic 1n character. The tendency .· 

towards a. quartz-monzort1t1c eompoe1t1on is d1seloeec1 by the m1-

gra.t1on ot .e. few po1t1ts ·1nto tho gra.nod1or1t1c :region. 

It wtll be observed that thd dellm1to.t1on·or the t1elds or the 

older and youngcu~ gttanlte.e .1n F!g.l forme a ve:ry eo.tlete.etory bae1e 

of d1et1nat1on bGtween these 1ntrus1vee, and a s1m1lllr quant1.tat1ve 

separation le affected 1n F1g. 2; wne:re the modal percentagea or 

pot~eh feldspar and total albite are plotted ae absctssae. and o.rdtnates 

respectively.. 'lbe only «!1Sturb1ri.g factor in th.£uao scnemes is the 

b1ot1te sran1teet wbtch tr-a nsgreea tho :field or the younger gre.n1tes. 
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although in the second diagram the points are always confined 

to the bottom part of this area; by virtue of their low soda 

percentage. The overlap of the' aplogranites is of little eon­

sequence Since textural features are sufficiently divergent to 

. distinguish this suite from the g:roani te-gnei.s~. 

In Fig. 3 an attempt wasmade to evaluate the basicity 

of the gr.a.ni tes by plotting the calculated amount of modal a.nor­

thi te against m.odal quartz. The field.e are onlv drawn through : 

those areas where the points are scattered most densely, but. it 

is evident that the a.plogra.n1 tee fall clear of the granite-gneiss, · 

not so much as a result of the smaller percentage of the plagio­

clase than as a consequence of its greater acidity. 

(b) 9J.!em1cal Analyses. 

The available analyses of .the younger Namaqualand granites 

and the aplogran1 tes are adduced .in Table VI I. · 

5102 

Al2~ 

Fe20:; 

FeO 

MgO 

CaO 

Na.20 

K20 

MnO 

P205 

T102 

H20 

H20 

Totals 

.TABLE: VII. Analyses of th~Younger' Namagua.land <;trani tes 
~nd Aplogranites. 

(1) (2) (3) (4) (5) (6) (7) (8). 
·---~ 1---·-i-· -- - --·-

71•78 72•.46 78•12 71•26 72•86 72•09 77•27 rr6· 22 

14'26 13•25 11•16 13*73 13"82 13•77 12•62 ~1·56 

"97 1•59 lt49 1'56 ·1•02 1'28 "47 •66 

1"68 1•24 .97 I 1'09 1•07 1"27 .61 1"05 

'70 •:;9 •43 "43 •52 •.51 •09 '44 

2·57 1"61 1"36 1•so 1•90 1•97 1"14 1•26 

2"81 3•6o 2"25 3•59 2•49 3'12 2•03 3•18 

. 4" 46 4'97 4"51 4"99 s·66 · 5"02 5"54 5"16 

Trace ·o2 Trace Trace '02 •01 Nil Trace 
I 

"09 •og ·os •56? Tl:"ace •og Trace Trace 

• 43 "36 •22 "30 .14 "41 .·16 •18 

"26 • 40 •26 ·62 . "33 .40 .36 •27 

•18 '09 • 05 '18 •07 •13 Nil •1o 

100"19 100•07 99'87 10~1 99'90 10007 100•29 100•08 

!21!,: The author is inclined to question the determination 
·of P205 in analys.is (4). 
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(1) (2) (3) (Ll) (5) (6) (7) (8) 

Q, 31•68 29•10 43.50 28•20 31.56 30•06 .41•88 35"40 

or 26.13 29.~7 26•69 29•A1 ;:;•;G 29•47 32.80 :;8•o2 

ab 23•58 30•39 19*39 30•39 20•96 26•20 16•77 26"72 
. ' 

Qn 11.95 s·aa 6•67 .5.28 9•45 '8•90 s·s6 2*50 

c •51 ••• •1o •41 •to ' ... 1•33 • •• 
~ WO • • • •81 .. .. . • •• .. ·• • •• .. ' -1-51 

dt. en ••• ·60 . ... ••• • •• ••• • •• •75 ( ·rs ~ . " •13 ·• .. . -·. ••• • •• . . ·• '72 
( en t•so •4o 1•10 1•10 1.30 1•30 •20 *35 bY( 
( fs t•ss •1'3 1•06 •26 1•19 -oo •26 .,, 

int 1•39 2•32 •70 2•09 1•39 1•86 •7o '- *93 

11 ·76- •76 '46 ·o1 "15 ·76 *45 •;o 
' 

'24 ·13-' 1 '34 a.p .,4 
, ... "3A ••• • • • 

H20 •A.a .. 49 •:;1 •so .40 *53 .,6 • .,7 
Totals 100"06 100*22 100•11 99•95 99•86 lOO•oB 1oo•;2 99•99 

(1) Younger gmnlte, Potla .• Anal. w~tt..Het'dsman (new~analyaia). 

(2) Younger gra.n1t.e, Sprlngboltt Anal. c.a. Coet.~eo (now ana1ye1s.) 

(3) ·Younger .srnn~ te, Geaelskapbank, Anal. "Y.H •. Hardeman (new analysis). 

(('!) Younger sra.ntte. 28 m1los north or Gar1ea, Annl .. J.t .. Nntbtas15, 

(5) Younger gra.ntte, 16 m1les west· ot Sprlnsbok, Anal. "'l.H. Uerdeme.nl5 

·(6) P~verag~ of 4 younger granites t.e. (1),. (2), (4) 1 (5} .• 

'('7) Aplogran1t.e, North Spr1ngl:nlts,. Ana.l. W,H~~ Her4aman (new analysts). 

(8) Aplograntte, Aggenys, Ana.i •. w.R. Herdsman 15. . 

The ane.lyaed rocks all correspond to norma-l potanh-aoda 

granites witb KgO: Ne.2o = 1•:58 - 2•72. The eompoe1t1one of the 

aplogranltes (7) and (8) confonn to act.d dtfrerent1atea of the 

grant te-gnetss from wh1ch they d1f'fer in regard to h1gher ·pc:n~E.mtages . -

ot Sl02 and l~wer percentages of' At2o, ~ OaO; Fe2o, ~ FeO and VgO. 

The serial character or the suite as. exemplified by tho var1at1on 

of the other oxtdes w1th respect to the s111ca percentag~, or tho 

proportion Of the BS.liO mine:ralB1 ia not VOY"'ff evident from variation 

diagrams. 

(a) ~ xami?le qf Grani t1,1:'Ul~J;.2.n .An,.tb,c. serinsbok, Grani t~.· 

. Sm1t.heon18 doec.r1bes a veey conv1nc1ng method to d1mt1ngu1sh. 

se~imentary Z1ttcons from 1gnoou.e zircons by plotting length ve1:>BUS 
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breadth, and drawing certain !Qt1o lines ln the diagram viz. 

breadth: length=lt 1, 11 2, 1: 5· Igneous ztrcone then flood 

th9 ar.ea between the 1: 5 and 1: 2 11nea, and eedtmenta.ry ztrcons 

the area- between the 1: 1 and 1 t 2 lines • &1 though there ia always 

some tl"anogreeeton or sed1mente.rs z1rcons beyond the latter 11n.e 

into the igneous t1old. 

The d1spoa1t1ons or the curves are naturally dependent 

on thG accepted belief that det!'ltal ztrcon; are rounded during the 

prooesi3 or tranaport'lt1on, ·.as a. result or which there occurs nn 

ap~.,r-ectable d1m1nut1on in the length : breadth ratio, and the 

va1~.di ty of this assumption was recently excellently 1llustl"B.ted 

by the expef'1mente of Th1e119. 

The heavy concentrate from 8 specimen or Spr1ngbok grant te 

contained abundant rounded zircons, and when these were plottet:! 1n 

the way descl'1.bed above, the reaultinp field closely a1mulatos that 

which was obtained by Om1thoon for sedimentary Zircons. The con­

tour is moreover onttrely s1m1lar to tb.,t procured for 8 sed1tn('-mtal"Y' 

rook, the Tnhle ·'ounta1n sandstone trom Rondeboseh, but quite 

d1Ss1m11~r to tho field of the·normal lgneoua Zircons rrom the 

Pelle. sran1 te. These relat1onsh1pa are illustrated 1n F1.g • .:1, 

and Table VIti contai11S additional QVldemoe to empbaolea the 

detrital character of the Spr1ngbok &lrcons. 

If' we d1so~.rd tho 1mprobab111 ty that the zircons from the 

Spr1npbok sran1 te w.e:AJ uniformly rounded by magmatic reso:rptio~, then 

since the chemical analye1s (2) and the pett'Ofabrlc features or 
the g:ran1 to are entirely comparable w1 th thoe~ of n normal lgneoua 

. . 
rock. 1 t seems perm1ee1ble to relate the ortg1n ot th.1e particular 

S90C1mel'.l to thefT~:.rJ.ti.sa.tion <;lf a sedimentary xenolith. 

·TAW Vtti. Oomt]rlson or the z1l'Oons fro~ T.u,s., ·. · Svi1:i~Qi:s~nJte; ana :~~~\a:irant!~· 
-----~--- -- --··- -~--~--· 

Granite, Sandstone, Granito, 
Sp:r1ngbok Ronde bosch. Pella. 

/'t.v. elongation 
1n<2ex or so Zil'Cone t•73 1•92 2•At1 
Av. e1ze or 20 
Zh"Cone in mm. •14 .x•oe ·13 x•o1 ·16 x•o7 
Greatest observed 
~longatlon index 3•0 ;·o 5•0 
.P ercenta.ge zircons 
def1n1tely rounded 70 75 s. 
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The rock can moreover not be regarded as a gran1 t.o1d 

gneiss i.e~ a metamorphosed sediment with the accidental compo­

sition of an i~eoue rock, since the specimen contains part or a 

biotite-rich relict, from which the granite -vvae presumable evolved 

by processes such as are invoked by MacGregor and W11eonl4. 

(.d) The Gese~apbank Anal .IS is •. 

This a.nalyt:He (3) is anomalous with respect. to t,he silica 

percentage,. which lies not only well abnve the figures for the 
s 

other analyses of the younger granites, but which also eurpas~s 

those of the a.plog:rani tee.. TheiJ.atter condition again is irre­

gular if the aplogranitea are regarded as acid differentiates 

of the granite-gneiss, since in that case the percentage of Si02 

in the granite would not be expected to exceed the value of the 

aplogranite. Two alternatives are suggested as possible explana­

tions ~iz: (1) that the granite is a pogmatitic facies, which 

may be doubted on the ground that the plagioclase is oligoclase 

and not¢ albite~ and (2) that the granite magma was modified. by 
I 

the assimilation of highly siliceous matter. In the latter case 

a fair agreement would be expected if 6'03% Si02 is added to 

the ave~age analysts of the you~ger granite (in order that it may 

attain the same silica percentage e.s the Geselskapbank rock), and 

if the other oxides of the average granite are then reduced pro­

portionately. From a comparison of the analyses (b) and (c) it 

would a,pear that the second possibility is by no means excluded. 

TABLE IX. Com;earative Data on the Ge~elska;gban!f_,granite. 

(a) (b) (c) 

8102 72•Qg 78·12 78.12 
Al20:3 
Fe203 
FeO 
MgO 
CaO 
Na20 
K20 
M nO 
P205 
T102 

20 H 
H 20 

Totals 
-· 

13•77 
1•28 
1•27 

•51 
1•97 
3 •J.2 
5•02 

•Ql 
·og 

I •LJl 
•LJO 
•13 

100'07 

10•80 11•16 
1•00 • 49 

•99 '97 
•49 •LJ3 

1•44 1•36 
2•LJLJ 2•25 
3'95 4'51 

·o1 Trace 
•07 ·os 
•32 •22 
•31 . 26 
•10 •05 

lOO•OLJ 99'87 
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(a) Averae;e or 4 younger gra.n1tea: (1), (2), (A), ($). 

(b) Theoret1C(l.l cornpos1t1on of "mixed rock" produced by 
addlng 6•02ij 8102 to analysts (a '• and rceaating 
the other ox1des.proport1onately. 

(c) Younger granite, Gasolaka.pbank, Anal. -:v.a. Herdsman~ 

(e) fbe Ptpbl,om ,of :P~tmsra@io b1st1nct1on between, the Granites. 

Krnuekopt•s resumel2 of the 11te~ature on the eo~relation 

of', or distlnct1on between intrust vee by wa.y or th'ilheavy m.1ner·11s, 

e1 ther as d1fferent epee las, the assemblages of the suttee, or 

. the peculiar varieties of each, shows a nearly un1tonn consensus 

of' op1nt~n to empbaatse the severe llm1tat1ona or the vnlldity of 

this echoma. Thte conclualon applies well to the granl.tes from 

tho Goodhoueo-Pella area e•S•. the titanium. 1n the :vounser g~ntte 

1e often lodged ·completely ln tho large t1tt'l11..1tes to tho exclusion 

of the development of sagenl te· webs 1n the b1ot1 te, and or cryato.ls 

or rutile and ilmenite. Consequently the latter three components, 

, whose presence 1s rogarded by Ma.thtae15 as d.1st1ngu1eh1ns features 

. of th(!) younger grnn1tes, may 1n some oases lose their &1gn1t1cance 

· ant1rely, and, finally, the. random d1atr1but1on or allanite; not 

only ln the grant toe, but also 1n the para-sne1sees. deprives tb1s 

mineral or ~11 oorre1at1ve value. 

Tho abundance re.ttos ot the felsic minerals (Ftge. 1 and 2) 

are ·htghly 1nfomat1ve (a po1nt apprecta.ted also by Kl'Guekoptl2), 

but it cannot be foreseen to what extent tb.o fields w111 be affected 

by the normal b1ot1te sran1te, which aocor01n~ to ·oeve:rsl comprises 
. ~ . 

a major quantat1vo unlt in the older- granites to the south a.nd west 

of the present area. 

(f) Fg~1at1~n tn .,!he_ Gran1t~. 

There 1a some evidence to 1ndteate that. tho foliation 1n 

. the __ e;ran11ie ,of the lJ!',m&qualand Ma.eo1f was developed ae a pr1~ary 
·., .•. -~·· '· .. '\ ·,~ .,~ . ~, •. -· .... "':-l. ·.::· ·~ .. ~·· \', ' 

flo:w (iltructu:r,e ~.\IJ:1t:lg the synte.~ton1e .1n'\;rut?1on .. or the . .b~t~ollth 

at great t!epth.. The longer a.Xes of -the 1.nto~"onn\3o.ted dyk~E:J .. or ... 
a.plogranlte are arranged parallel to the strike or the foliation 

1n the younger gro.n1 tea, and the leucoorat1c rook. often simulates 

tho chaMcter of o. veined gne1eo produced by the S.mpf"Sgnat ton of 

the younger granlte w1tb ap11t1c magma parallel to the foliation 



)2, 

platlet or tho former. The gnetasoae structure must consequently 

ho.vo bel$n developed to a. e1gn1 flea.nt extent e.t the time or the 

1ntrue1on or the aplogrs.ni.te, ·and ft-om the grn1n stze of the latter, 

1 t would appear that the err1pla.oament or the acid phaee occurred 

when the gra.ntte of the batnolithwa.s st111 at a ~1stively hi~ 

temperatuee, but 1 t is :rea.11eed that chilled mnrg1na mn.y 1n general 

f.a.il to ·develop under cond1t1ona of deop seated plutonic intrusion. · 

·Ftne.lly, if foliation were 1mm:-eaeed on the younger gl"B.n1tes 

by o:rograpbtc movernont~s subsequent to· the complete consol1da.tion 

or the ba.thollth, moro signs of' def'ormat1on and :reory-ntallisation 

would bo expected 1 n tho texture or these :rocks. Tb.A gnetssoee .· 

character of the older grantte, Which seems to be only developed 

alone the contact zone with the younger grant-to, may ln.<IS.ca.te that 

the 'latter was emplaced under aone1dera.ble inecha.nical pressurE),. · On 
. 

the assumption that the 1ntrua1vea were subjected to tho same de ... 

forming fo:rcee the more profound structur~l modit1cnt1on or tho 

younger gra.n1te may bo. attributed to a smallEu~ rela.ti~ r1g1dt.ty . . . 
·(or b~icomplete eonool1ds.t1c.:n) than. obta1ned in the older grant te 

Cs> g~rale;t,l.on. 

li'rom the m1neralog1eal o.nd chemtcal reaembla.noes, Math1asl5 

correlated the younger Namaque.ll'.nd sra.nito-gn.~tse with the younge!o 

Cape grant tea., as repreaented by the members or the. Panrl and tne 

Oo.pe Peninsula.. Th.1a view was quest1ont.ad by Oovors5, et.nce the 

youns(3r Cape granitGe are tnt:ru&ive into tho t-~nlmeabu:ry Series. 

Wh.ereEUJ tho f:!r.unaqU!:\land gro.nl tea are not intrusive 1nto the Nama 

b~ds on th.e Dte1nkopf a.nd Nointnabnbeep plateaux, but as was 

po1ntod out by the same autbor"th:e atrat1gra.phta corral&.t,1on, ,,t the 

va~1oue auppoeodua&mbera of' the Na.rna group ot aed1ment.e 1a still 

rather inseou:r~CJ, owing to the inte:mt1 ttent nature of the oute!'OpB 

and sreat d'ltfel"f)nces in tho <tesree or told1ng nnd meta'1l02"Pl'l1ern." 

< X 
VI.. 11B:~M t"{K$ ON '!'H!f C!fEfiiCAL V~.RIA'l'I9l~ . IN. Tif"E G~Ntmx 

. OF SOUTH AFJUCA. 
--·~ ....... ;o.:;:..;;. ............. 

A. !HE ,YDUN~~f;i.£·'·PE .QFANITES t.: 

Although a. fai-r number of ehemioa.l ana.lyses are a.va.ilab~e 

x . The term"South .Africa" 'is used to embrace both the Union 
and the BhodeSias. 



''· of the Basement grnn1 tee in t he Transvaal and I1hodes1a, and of 

the Buahvold gran1teat the group ot the so oalted younger Cape 

granites have been rnther neglected 1n this respect, and pr1or to 

the recent o;:ork of vnn B11jon20 (1940) and Mn.thias15 (1941), only 

one analysis or this group ftas record ad by GtoUtt 1. In order to 

hr1dse thla gap, and to place. the subsequent compari¢sons on a mor."e 

retta.b:te basts~ Bix now s.ne.l~tseo of tho Cape gra.n1tets a.re incorpo­

rated 1n thin pA-per. . 

(a) !!I\f~!'~los1g!l ,.4et!· 
On account ot the lmpoes1b111ty to distinguish the decom­

posed :feldspars 1n some or th~.J analysed rocks 1 modal determ.inn.ttons 

were not a.ttempte<l, an<'! the aaoertainei! rn1neralog1cal data a~ 

summarised 1n To.ble x. 

TA~U· ;l,1neral9,5!c~l .• t1~!8: .. on t.he Yt'f\!!l6e~ qa2!! m;a,nitef!• 

(A) (5) (7) (8) {9) (11) (3) (6) 

% An 1n Plag. 25 '0 10 11 27 ll a a Z7 

Indi.oe•) Np 1•597 .... . ... ~ .. .. . 1•600 ••• .... • •• 
ot .) Nil l··· 1•667 1•635 l•6A9 ••• 1•650 1~649 1•6A9 

B1ot!te) Ng t•6so • • • ••• • • • 1•652 • • • .... • •• 

liuaoovlte I 
+ - I - - + + + -

Amphibole - - - - - - - + 
Apatite ) 
Zircon ) + + + + + + + + 
Iron ore) 

i 

Tltanlt.e - - + + - - --

Xenott.me + - - - - - -
Monazite ~ - - - - - - + 
Epidote - + + + + - - + 

Tourmaline. + - - - - - + -

Notet The numbers 1n brackets refet- to the locnl1t1es 
at the end of Table XI. A plua sign denotes present 
and a mtnus sign denotes absent. 

Muscovtte, amphibole, t1tan1te, xenot1me and tounnaline 

ocou:r as localiSed aeoessor1es. The Darling specimen contains ac­

cessory monazite; the largest crystal measures •40 CJm• x •28 mm. 

(m1crophotograpl1 5), and the m1nora.1 may be or pneumatolyt1o o!'ig1.n 

e1nee the granite was eampled 1n the prox1m1ty or a pegmatite. 

The optical constants or the aona.z1.te aret: -



NP = 1•783) 
) 

Nm = 1•784) + •003 
} 

~Tg ~ 1•838) 

.Ng - Np =. •055 · 

2Vz = 11° {Mallard) · 

( X= light yellow 
( 

Pleochroism l Y =dark yellow 

( Z =greenish yellow. 

Absorption Y >X= Z. 

Th.e commonest oioti;tf:ts-,:ha.ve Nm 1"650, but. darak micas w1 th 

comparatively high. and low indices were ob:Se!'Ved. in the Paternoster · 

and Robertson specimens: , where Nm = 1•667 and 1•635 respectively. 

The plas1•:JC1ase shows a fair range 1n composi t~on., Ab90_70An10_30, 

.but it 1S always represented by the oligoclase division. 

Difficul t.y was experienced in the chotee of the Cape Peninsula 

. gran1 te ·which was entirely free .from .signs of contamination, and 1 t 

WOUld appear.that tho distribution of micaceous and pinit1o aggre­

gates, Which probably owe their origin to assimilated mate:rtal, 

is so prevalent and uniform as to suggest a-wholesale digestion of 

incorporta:ted xenoli t.hs. . The quantity or these· foreign segregation 

in t. he Landud.no granite was however decidedly low, and the clots were 

composed of th~1 following const1tutents (Microphotograph .6) : 

(i) 

(ii) 

(111) 

Biotite. X= pale yellow, Y=Z = deep reddish brown. 
Nm=1·649, 2Vx = 14°. 

Muscovite. 

Chlorite. X .. yellow, Y-=Z =pale g:reen. 
· Nm_ ... 1·62+·or 

(iv) Scaly Mica. Colourless and greehiSh. 

(v) A few grains of blue tourmaline. 

(b) Chemical AnalyseS~· 

· The general trend of the variation as shown in Fig.· 5 may 

be stated in the following terms: . with an increase 1n the St~ 

.Percentage, the percentages· of Al2~• Na.2o, ~0 and Fe2·<0 decrease 

toa. minimum value between 70"6and 72•6 per cent of silica, beyond 

which there occurs a definite increase in the values of these oxides. 

Cao, MgO and FeO initially increase with the silica percentage, 

but the slop~ of the curves is reversed over approximately the 

same interval as in the case of the first set. 
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TABLE XI. Chemical Analzses of the Younser Ca2! Granites • 
(1) (2) (3) (4) (5) (6) '(7) (8) (9) (10) (ll) 

6102 68•76 '7o•:;1 70•3.2 70•36 71"34 72•5.4 72•56 73•28 7:3*50 13•66 75•32 

Al20, 16•16 13•83 1.4•93 14•68 13•92 14•52 13•08 13•51 13•78 13•80 12•49 

Fe203 •89 •27 •17 •39 •23 •21 •lA ·~4 •54 •;A •39 

FeO 1•63 2•91 2•92 '2•92 3•.09 1•86 2•56 1•95 1•51 1•42 2•30 . 
~ MgO 1~02 •74 1•19 .. 1•24 1•.06 •67 •83 ·62 "52 •46 ·72 

cao 2•04 1•99 1•88 1•92 2•52 .1•90 ~·78' 1.•46 1•86 •94 • 75 

Na20 3•39 :;•48 2•06 2•35 2•54 2t~68 2•58 2•89 ;•o2 ·2•62 2•26' 

K20 ' 5•17 4•60 5•04 4•64 3•98 4•13 -4•01 4•36 t1•1; 5•13 4•54 
·. 

MnO •06 . . .. .. . . '·•03 . ". ·• .. ii . ~ ... ••• •04 ·o~ • •• 
t>2o5 •13 r.24 •06 ••• •11 • •• •12 •07 .. ". •22 •09 

T102 •66 •45 •ti6 •38' •41 •26 •38 •26 ··25 •22 •18 
I . 

HaO+ l •56 •74 •64 •63 •92 1•02 ·22 ~'73 •79 
·25 1 •92 

~· i4 
' 

H20-. j •18 •06 •12 •14 •13 •16 •04 .. ~ ~ ' . 
002 s •03 •05 .... " • • • ·• .. . . ·• ., .. • •• • ••• •07 . . ·~ 

Totals· 10001 . 9999 99•73 99~~83 9.9•90 100!.2 lOOlO 10005 100!3 99•72x, 99•85 

(1) (2) (3) (4) (5) (6) .(7) (8). (9) (lO} {11) 

Q 23•16 25•05 31•86 31•0'8 32·•64 32•70 }3•84 34•92 32•52 36•24 4o•ao 
or 30•56 28•:;6 29•47 27•24 23•91 27•80 23•91 .25•58 27•80 30•02 ~6·69 

a.b 28·82 29•34 17•29 19•91 2.0·~96 22•53. 21·•48 ·.24•·63 25tt~15 22•01 l9•:59 
'. 

a.n 9~17 7•78 8•62 9•45~ 11•68 9•45 12•23 6.•39 9•17 3•06 2•78 

c 1.•63 ~ ..• 2•96 2•35 1•12 1'53 .... 1·•63 •41 2•86 2•86 
(wo .... ( ... . . .. .. •• • • • •• •a; . .... ••• . .. . D .• • 

d1(en • • • ( 1•31 • •• • • • • •••• .. ' . "10 • •• . .... • • • • 0 t .. 

( ta . ~ . ( .. " .. • .. + .... • • • '13 • • • • •• • •• ·• .. 
· <eri C · ( . 3·00 3~10 2•60 1•70 2.~oo '1•50 1•30 1•20 1·80 
hy(rs (3~"66 ( 5•40 .4•36 4•36 4•88 2•77 3•83 2*64 2 10111 1•98 3•43 ( ( { 

mt 1•39 •ito •23 •70 •23 •23 ·23 ~ •10 •70 .. •46 ·•70 

tl 1•3'7 •91 io9l •76 •76 •61 •76. •61 •46 •46 •46 

-a.p •34 .,4 •34 ... . . *34 • • • "34 •34 ••• ·<34 •34 

H20 ~25 •92 •70 •92 •70 •75 1•06 '1•15 •38 •77 •79 
Totals 100•37. 99•87 99•74 99•8? 99•82 100•07 10~4 100C9 lOO•JO 99•6oX lOO•lO~ 



(l) Average Of G Kuboo• sran1 tes20• 

(2) Average of 6 ooareely porphyritic nama gran1tee, o.P. 17 

. (3) Granite, Landudno Dr1w, Cape ?entnsula. _(new BTJ.alys1s). 

(A) Granite, qU&J'!7 below Cableway, Cape Pentneula.l5 

(5) Porphyr1t1o granite, Pnternoster (new o.nalys1n). 

(~} Granite, Dar11nr Cn"tt analya1s',. 

(7) Gran1 te, Robertson (new analysts). 

(8} Ftne grained gr!ln1 te1 t1nlmeebury (new analysis) • 

(9) Granite, Paarl.15 

(10} Granite, George, Annl. F.F. Grout.7 

(11) Granite, Schapenberg, Somerset ~eat {new analyr1s). 

t_!ot~: Analyeeo (3) "" (9) and (11) by ·v.H. Hel'dsna.n. 

The only pointe to fit ln loosely •1th thto schemo are the 

Ji1a.2o ·1n a.na.lys1e ·( 2) , the Al20, 1n analyses (2) and -( 6) and the 

K2o in (6). The wandering of the soda postt1ons 1& to bo antte1pated 

since Na20 in tho younser Co.pe sra.nitea varlee w1 thln relatively 

w:tde 11m1 t~a·, tor example 1n the Kuboos bathol1 th20 the va.rio.tion 

in the moleeuiar proportions ot this oxide is 4 times sreater 
2 

than 1n the ce.ao of_ tbe "main" l)artraoor granites. 

Analyses (3), {A)., (10) and (11) bear noteworthy exoessee 

·Of corundum in tbe norm vtz. 2•96. 2•35, 2•86 and 2•86 respeot1voly, 

although t\1.• f1guX"GS still tall w1th1n the .. eafety 11"n1te .. or 
normative corundum for igneous rocks ae determined by aaattn1• 

When the molecular proportion• ot x2o and NflaO in tbes~ rootts 

are p}.otted as ord1natee ~ncl abec11eae (Fig.6) · t~e ma.jorl ty of 

tbe pointe are d1Gtr1bu-ted S.n a f1eld which to approximately b1· 

&eo ted by the 1 : 1 ra.ts.o 11ne, but the poet tlons or tho four 

analyses wtth the excess of corundum tall in a eeparate field in 

which the ratio of K2o l Na20= 1•:3. These factors t..e. the 

excess ot corundum ant1 the blgher potash : soda ratio· aro corrobora­

tive ev1.dence of the ase1m1lat1on or alum1nous-potase1o material, 
' 

wh1oh in turn conforms to the oompoa1tt~n of the Malmesbur,y shales. 

It ts or interest to observe that these rou:r ana.lysea are a11 from 

centres (Cape P~nineula~ George and Bchapenberg) Where the sren1te 

was immensely aot1ve 1n 1ts behaviour towards the 1nt:ruded ualmee­

bury Series. 
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The rela.ttone of the Sobapenbers granite Cilh whose 

compost t1on 1e entirely at vat>1~tnee w1. th tho normal variation 

ourvee of the oth$r grant tes * require some further comment. From 

.n comparison with tho a.verage analysis of 15 gt>an1te-aplttes (Osann1 

washington) .• 1 t would appear that the rock i.s in ap11 t.1c variant. 

which 1s related to the t! normal" gra.ni to by ·the broken lines in 

F:ig• 5,, . In this l"epJ?e.senta.t.ior.t, ·however,. t~he MgO, and eapaotally 

-the ua2o and Feo or the Soha.penbe:rg granite occupy truly anomalous · 

potH tiona, whiCh may he ~fel"red to eont.amtnat1on by aetU.mente.ry 

matter. Indeed. 1f the compost t1on o{ the latter approached that ot 

'lihe average Shale, . as given by Clarke, the tendency would. be. towards 

e. low eoaa,J: a high. magaes:ta., and a high. total i r?n, Whieh are exact ... 

ly tbe conditions. tha.t obtain 1n the Schape:nbel"g.analysta. This 

conclusion is furt.hermore :-conf'inned by the thtn sections, in whJ.oh 

the biotite tends to be .grouped in open clusters. 
. . . 

B-. 1\fORMiTIV.E V.4.RIATIONS IN THE G·RANITE;:1 OF SOUTH .AFRICA. 

(a) Rearqsenta:,p .. on .~n. Tr,lanfmlar Dia.gra:ms .... 

'Xhe mutual r-elations of the uOld Gra.n.itea" of South 

<J;.frica ha .. ve been discusee(l by W111emse21 i.h the light of variation 

diagrams baaed on N1ggi1 valuas 1 and attention wa.s d:rawn to the 

fact that quite a number of th~ SOtl.th African ugt'an1 tes•1 a.re 
. . 

chemically ·a:ad m1ners,log1¢ally fa!" closer to the qua.~tz-diorites 

a.nd gra.nodio:rites. In the following pa.:ragraphs the 8'-"'an1t1e 

rocks of .South .Aft.t1ea are exam~ned by wa.y or their norma.t1ve 
. ' 

var1a.t1one,. w'b.1ch are plotted by. trilinear co-ord1nat,e$ 1.n Figs. 

7 and s. The pet'r'og:raphic prov-1nces_which are considered and the· 

eout"Ces of' the arutlysea are summarised belovn · No. or 
Ano.ty_sea,. 

(1) 

(2) 

(3) 

(4) 
(5) 

(6) 

Petrographic Provl.nce. Soiu->eeB of Analyses.: 
Younger .C:ape Granites: 

Kuboot.~ Van B1ljon20 . ll 
s. w. ·Cape · Analyses Pg.35 above 10 

Younger Bushvald Granites. . .Comp1la.t1on by rra.119 · 9 
. The feltiites ·.and the 'J!agn~t Heights gran1.te s.re e~oluded .. 

Older Granito, Transvaal.- ·Compilation by Willems~ 14 
Older Gran1ta,S.nhod.esia.. Compilation by Hal19. ·32~ 
Older Gl"'an1 te, Namaqunland. Analyses pge. 22 above. 3 
Younger Grnn1te,Namaqualand. Analyses pg.27 above. 7" 

Other a Old Granites" taken from Grout 7 :l.rtclude! 
Brokeri Hill hh lb.odesia); Mlatlkulu (Swa.z1.1nnd) 
Ca.mpet"down (Nn.ta1); Port Sbepetone (Natal). 



·a • Av of ss 9uarlz. diorites. 

. b.Av. of 40 granodtoriles. 
-c ·11v of 20 qvartz monzonites. 
·d·Av. of 546 graniles. 
a,b~c,d q'!ofed from Daly. 
·e • Nixed roc.l< in Older 1\b.ma­

qualand granife. 

Or. Cor 
o Kuboos graniles. 
m Younger Cape grciniles. 
A8ushveld granites. 
• Y011nger Nam011 granile-gneiss . 
+0/d granites, Transvaal . 
a Older granites, Nama911alond. 
.Old granites, S Rhodesia. 

,.Old granite ,Camperciqwn. Nola/. 
.,.Old granite ,PShepsfone,Nafa/. 
:s•Oid granite, Swaziland. 

fig. H. Norm Composiltons of lhe Groniles of Sovlh Afnca. 



·O. Av. of 55 quartz dioriles . 
. b.llv. of 4ogranod10nles. 
. c.Av. of 20 quarfz monzondes 
. cf.Av: of .S-#6 granites. 

· a.b.c.d 9voled from Daly. 
-e. Mixed rod<. mOlder Nomaqua -

land. grande. 
·f. Av. modal volt.e fOr 'tavnger 

Namoqualand granife. 

0 $ 

Or 
oKuboas granites 
• Younger Cape groniles . 

S> Bvs hveld graniles. 
e 'rf;vnger Nama9- gram1e-gneiss . 
+0/d grandes. Ti·ansvaal. 
.ol Older gran des, Namaqvaland. 
eO/d grandes. S Rhodesia. 

1 •Old granife,Camperdown,Nalaf. 
2 •Old grande, P Shepslone, Nalal 

3•0/d grande, Swaz1/and. 

Ab~----------------------------------------------~~n 
{;g. 7. Norm Compositions of /he Gramles of SOtJih Africa. 



, . (b) :Q1ecuas1og or ~q,p ptasram~h 

In the triangular ~1agrarna the old gran1 tee of the Trnna­

va.a.l may. be completely separated by a smooth tsurve, ABC, from the 

younger granites ot Kuboos, the s.7_. Cape, and th9 Bushveld• 

: The. ¢nly exception S.a one of the latter which lies tnstdo the oll'l 

granlte f'1eld. Tho closo relationsbl.p tn chem1cal features between 

the K:uboos, Co.pe and nuehveld. gra.nltes, as polnted out by van B11Jon~0 

1a eopectally evident between the latter two groupe which dltter 

1n general tram the P'ubooe rocks by a. blgher. norm"'-t1ve anortb.l te. 

As f'ar aa the available data go 1t appea.re that the highly 

potassic variants (which are generally character1stlo ot tho younger 

gran1 tes), are not :repre&ented Bm;ong the Old SlGnlt&S Of the 'l'ranB•. 

va.a1, o.nd 1n order to b!lla.nce th1e condl t1.on the latter potnts exhl• 

b1t.a tendoncy to flow towa:rde the a.lb1te pole •. 'lb1s oboel"Vatton 

agrees w1 th a rama:rk by Da1y3 on the g:ranod1or1te clan vUH "The 

abundant eo .. oallad •quartz•monzon1tes,• 1nttmately associated w1th 
. 

the gra.nod1or1tes, at'f) partly granod1or1tee. and for the rest 

sran~tes with soda ,dom1nat~.DS J20taen•" For the Transvaal granites; 

also, the trend or tho va.rtat1on fr-om the quart.z-d1o!'1t1c towards the 

gr.an1t1o end lies well to the west of the d1Tt~ot1on a,b,o,d,. wntcb. 

· potnts repretent · the average compos 1 tl on or the ttua.rtz-dtori tee, 

g!'$.l'lod1?rl tea. quartz-monzonttes and sro.nl tea a.s computed by Daly.3 · 

The old sranites·rrom s. Rbodes1a h&ve a wlder r3nge 

ln normative compoo1tlon than those or tbe Transvaal, and the 

points mtsrate over the boundary towards the ortboclasa polo, but 

it the analyses are rQpreaentntive ot the quant1t~t1ve di.etr1but1on 

or the 41tferent types, 1 t ·is evlderi.t that the maJority or tho old 

srn.nitea t:rom s. Rhodesia confo:rm chemically to thone or the Trans• 

vaal. 

If ·the younger tia.ma.qu"\land s:ran1te is oons1de:red part 

of tho Basement Grant to Complex,. 1t 1s m.stewortb.y that all th.e. 

analyses of tho tormer 11& above. the boundary llne, which 1s a.lso thG 

oaee tor the old s:re.n1 tee from Port Shepstone (Natal', camPl:rdown 

(Natal} • and Hlat1kUlu (Swaziland). Ju4s1ng trom the 10 nvo.llable 

chemtoal llnalyso c, 1 t 1s consequently a.ppal"'ent that there is a con­

vergence ln the ·Cb.cm1cal compos1 tton of the olcler granite batholiths 



to the south-wast and.so.uth-east of the Transvaal granites. 

It. tnay therero_re be suggested that this difference in chemical 

compositton is related to two main periods of granitic intrusion: 

one in the Transvaal and another in Namaqualand.- Natal ... Swazi• 

land. Th,ts hypothesis .finds some confirmation 1n the fact that 

the older Namaq\J:aland granite (which is chemically rathett· allied. 

to the Transvaal type), has definitely preceded the younger 

N'amaqualand _granite , Which, as stated above, ls nearer in com­

position to the granites of BwaZiland.ano Natal. On theSe grounds 

the wtder :range in the old granites- of :. Rhodesia may be referred 

.to the presence of' either phase of igneous activity • 

. The mumerlcal data in Table X!I illustrate the adequacy 

of the boundary ABC in affording {1) an unobscured chemical 
·, 

distinction between the older granites (Transvaal. Namaqualand), 

and the younger granites (C~pe, Kuboos, Bushveld) and (2) a 

-distinction between the older granite (Transvaal. Namaqualand) 

and the younger Namaqualand g;ranite (plus the olde:r granites 

from Natal and Swaziland .• ) 

TABLE XII • 
. -

Younger Cape, Old granites, Old granites Column 

No. -of 
Analyses 

Wo.· outside· 
'rVl. field. 

No. lns.tde 
Tvl. f'ield· 

Note: -

Kuboos and Tranava~ll ap.d s. Rhodesia. 
Buahveld sran1tetl. Nama.qua.land.. 

30 16 32 

'~-

29 0 6 

1 16 26 

Column ·4 contains the younger Namaqualand gr~nitea, 
and the old granites from Swaziland ana Natal. 
Some of the Rhodesian rocks were not plotted in 
the diagrams since their poa1 tions could be ascer­
tained by inspection. 

4. 

13 

13 

0 



40. 

· ~IBLIOGP.APHJ• 

t. BASTIN, E.S. • Journ. Geol. Vol. XVII, 1909. 

2. BRAMMALL, A. and HARJ'OOD, H.F. • 'lhe Da:rtmoo:r Granites; 
their Genetic Relat1onsn1pa. Qua.:r. Journ. 
~ol. Soa., Vol. 3501 1932. 

3. DALY, R.A. ... Igneous nooks and the Depths of t.he Earth,l933. 

4• DU TOIT, A.L. - The Geology of South Afl-1Ca., Oliver and Boyd, 
1939~ 

5· GEVERS, T. ~1 • ... Correlation of the Pre-Cape Formations 1n the 

6. GEVERS, T. W. 

1· GROUT, F.F'. 

a .• GROVES, ·". w. 
g. HALL, A.L .. 

10. HOLMES, A. 

Westam Cape Province. Trans. Geol.. Soo •. ,s.A., 
Vol. XLJ.II, 19AO. 

- The Pegmatite Area South of the Orange River 
in Namaqualand. Gaol. Surv. S.A. Mem. 31,1.937· 

- The Compos! t1one of some African Gran1 told 
Roc.kB, Journ. Geol. XLIII, 1935· 

- 8111oa.te Ane.l.yais.,,,.MUrby an.4 Oo., 1937• 

- Analyses of Rocks, Mineralo~ ores, Coal, Soils 
and Waters from Sout.hern Africa. Geol. Surv. 
B.A. Uem. 32, 1938. 

- The J.Tomenclature of' Petrology. 1928. 

11. JOHANHSEN,A. -·A Deecr1p·t1ve Petrography of the Igneous Rocks. 
Vole. I and II. 1931. 

12. KRAUSKO:W .K.B. - Intrusive Rocks of the Okanbg&n Valley 
and the Problem or their Co~relatton. 
Journ. Geol. Vo. XLIX, 1941· · 

13. LA~EN, J.: .. s. and Mil.T.,ER, F.S. ·- The Roelwal Method and the 
Modal Determination of Rooks. Am. Mineral. 
Vol. 2o. 1935· · 

14. MaOG·:REGOR, M. and tviLSON; G. - on Gran1 t1zat1on and Associated 
Processes. Geol. Mag. Vol .. 76, 1939. 

15. MATHIAS, u. - A Compa.ra.t1tfe Study of t~ Namaquala.nd Granites. 
Trans. Gaol. Soo. D.A. Vol. XLIII, 1940• 

16. MATHIAS, M .... Oontributiona to the Petrology or Namaqua.lt:lnd. 
Thesis presented .,9r the Degree Of Hl•D• 1n 
the Unlveraoty of Cape TOwn. Dec. 19.40 • 

. 11· SCHOLTZ, D.L.- Unpublished Paper on weetem Province Granites. 

18. SMITHSON; F. - Stat1St1cal Methods 1n Sedimentary P etrology 
Part II, Geol. flag. Vol. 761 1~39. 

19. THIEL, G.A. - The Relative Resistance to Abraet.on or fJI1nere.l 
Gra.tns .of Sar1d Stze. Joum. Sedimentary 
Petrology, Vol.lO, 1940• 

20. VAN B!tJOI~, s. - The Kuboos Batholith in l·famaqunland; South 

21. 

22 .. 

i1lLLEMSE, J • 

Africa. Trans. Geol. Soc. S.A. Vol. XLII 1 1939· 
~ On the Old Granite of tne Vredefort Region and 

some or ita Associated Rocks. Trans. Geol. 
Soc. S.A. Vol XL, 1937• 

'7I!Sou. G .. - The Evolution or the Granod1or1t1e Rocks of the 
South-Eastern End of the Kap!lOn1k Batholith, 
YUgoslavia. Geol6 Mag. Vol.75, 1938. 

23.. :liNCHELt., N.H. and WINCH:mtL,A.~r .... El&ments of Opt10al 
Mineralogy, Part II, Second Edition. 



-

List of Photogrn :phs . and J!ie roph.otogro.pbs. 

. . 

1. The tnonr~.taribus tract along the Orange River. Illustrates 
tl'l"dt.p of the foliation fla.nes to the north ln the 
younger g:ran1te on Zandtontetn. . The Orange Rtvet' is 
hidden by th<> rtdges and the f'urthest contco.l peaks 
are 1naolberge 1n South tvest Atrtca.. 

2. Th~ sand-oovsred tr:ansitory slope towards the Orange River 
compr1eee .an 1nsetbe:rse region. '!be hlgbest peak tn 
the back ground bae.rs the Groot Rozyn trlgonometrlcal 
beacon, and to tts right lies the wortel quartzite table 
motmtatn. 

3. The EH:\.nd•Oo\'~red Goodnouse vall~y. · The cap or da.t>k ba~1C 
rocks on the two highest peaks, the western one of·Wntoh 
1s Vuurdood, 1G clearly ·recogntsa.ble. 

4• 'rhe qua·rtzite hills of Garganab and Dabenoris. The veld.ln. 
the foregro\lnd test!ti.es to the luxurious desert vegetation 
which follows abundant ratn. · · · · 

(b) ruoro,2hotosral'hS.· 

1. G:rli\nod1or1 te, aoodhouse. A1 te:red. plng1oclasc, qus.~tz and 
forrom~gn.esia.ns. Pol&J"~ieed 'light, (x 10). 

2. · Porphyrttt.e facies of tho younger granite; Abbaeaa .. 
Phonoceysta of oolourteaa m1eMcl1ne mantled by turbid 
oltgoelae.e s1mulat1np: the ra.pald.v1 texture. Ordina·ry 
light, (X ·A) • . 

3, Youngar granite.. Gaaelakapbanlt. Q.uartz (w1 th Pel leta of 
plagiocta.oo), microcltne e.ncl r.onal ol1gocle.se .. 
l)ola.rtsed light, (x 10). 

A. Aploe;rard. te, Spr1ngputa. Allotr1omorph1e granular texture 
· wi.th dentated margins between quartz, m1c:r-ocl1ne and 
turbid o11goc'lasa. Polart.sed. light·, (lt: 9). 

5. Crystal or monazite .1n the younger Oape granite (Darling) 
surrounded by biot.tte, altered Oltgoclnse and colourless 
quertz a.nd m1croc11ne. OrcH .. nary 11.ght, (x 71). " · 

6. Younger Cape gra.n! te, te.ndudno D:r1ve. The patch of micaceous . 
mater1tal, presumably developed from assimilated shale, 
1s marked by a wh1 te 11ne. Zona.l ol.1goclt:.se, quartz, 
partb1 t1c tn1croe11ne and redd1s)1 btot1 te w1 th pleochro1o 
haloes. Pola.r1sed 11ght, (x 9). ·. · 
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