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b tract . 

The follo in0 
is a detailed study of t o 111e 

intrusions of Karroo dolerite , situate in the tatiele 

district of st Griqualand ( outh frica) . 

The one intrusion is a multiple di e o ex­

ceptional for an great length . It served as the main 

feeder of the second intrusion, 

sheet . 

thic transgressive 

T o a mas contributed to the form tion of th 

di e . f rst intrusion of tholeiite magma was follo e 

by the injection of a large volume of olivine-dolerite 

agma . The tholeiitic phase is absent in .the sheet, 

hich only contains the cooled representatives of the 

olivine-dolerite agma . 

A considerable degree of magmatic differentia-

tion in the latter agma has led to the production or 
great variety of roe types . In the dike such types 

are represented by picrites an olivine-dolerites, 

hereas the olerites of the sheet range ro olivine-

bearing types to rocks , rich in soda and iron. uch 

variability is found to be consistent 1th processes of 

differ ntiation, involving gravitational settling of 

olivine an r ed crystal-fractionation. 

The dike is roofed , and its behaviour recalls 

the c ar cters of the Clevel nd dike in northern n l nd . 

vidence is for arded , sugg stin t.at the ite 

possesses a floor as ell as a roof . 

Both tho tholeiite- and t e olivine-dolerite 

agma ere very active in their behaviour to ar s the 

associated se 1 ents . The tholeiite ag a obilised 

a n reacted ith the olteno sedi ents of' the dike- alls . 

In the sheet a bloc 01 B.ll' hersdorp san stone as 

eta~o tised/ • • 
• 
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etaso at1sed by e anat·ons derived from t e olivine-doler­

ite magma . s a result a ell-defined ban of p le grano­

phyric roe s as produced . Che 1cal and mineralo ical 

data are given nd t he inferences dra n are applied to 

the en ral problem of the mo e o intrusion an the 

differentiation of t e arroo a a . 

----~~~~-~-------~~~--
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revious ork. 

The ew malf 1 sheet and the Cape portion of 

the lephant ' s Head dike ere apped an describe by 

du oit (1929 , p. 24- 25), ho also gave a brief account 

of some of the rock t ypes encountered . The aps contained 

in t his study are 1 r ely based on du Toit's or , tte 

excellence of hich aid not allo for much i mprov ment . 

Th author sin ebted to • G •• Stoc ley (*)for a 

ap of the di e ' s continuation in B sutoland , hich 

adde a further 37 iles to the no n length of this 

curious intrusion. 

T e resent study as chosen as an illustr t 1on 

of the .Jiav1~r , ode of intrusion, and trend of crystalli­

sation of the l{arroo magma . Of late · gre t ny ne 

data on the arroo igneous province have beco e available . 

uch data all stress certain characters peculiar t o th 

hy byss 1 p ase o t e arroo gma . hese ay be sum-

arise s follo r- :-

(1 ) A great any intrusions of eculiar nd ir• 

(2 ) 

r egular shape are f oun among the Karroo 

intrusives (du Toit , 1920, p . 5-15) . 

The arroo gma as unusually active in its 

behaviour to~ards t e associated sediments 

( ount in, 1936; ·Iker and Poldervaart , 

1940 , 194l b ) . 

(3) he arroo dolerites are by no eans as uni• 

• for in che ical and mineralogical composition 

as as previously asserted (Daly an B rth, 

1930; as against o r ar Poldervaart , 

194la ,1942a) . 

(4)/ •••• 

(* ) personal com unication. 
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(4) Dif erentiated she~ts an sills are r r in 

the arroo , t ou h so e hi hly differ nti ted 

bodies are foun in its eastern parts ( choltz, 

1936) . 

he a o e c aracteristics are repro uced int.a 

two intrusions hich fo·m th subject of the present 

study , an the roe t pes encountered are in rzy ays 

typ'cal represent tives of the arroo • heno ena 
• 

0 rheo or phis an eta so atism are also clearly 

exhibite an lend t.e selves to detaile s·1.u y " 

Collect in in the di e as confined to the C pe 

portion of its course, s present con ltions a e ork 

in Basutoland r ther dif ·1cu t . Thou h t e or is thus 

incomplete as reg r s the tot l length of the 1 e, t .er 

is reason to be ieve t t t e study is represent t i v , 

nd tr t its results are also applica ble to t ose portions 

hich ere not visited . 

e riter is es to express his ratitude to 

rofessor F. alker , of the University of Cap To n, for 

his ui ance and help in the present research; to r . . L. 

du oit for his useful aavice , to • J •• Purch se, of 

shton, for his uch ppreciate hospitality, ·ch ex-

tended over so long a eriod , an to • H. Gol stone, 

of C· pe o n , for the photographic reproduction of th 

aps and diagra s . The cost of 12 che ical analyses 

as et by a liber~l grant of the a.tional esearch oard, 

hich is here gratefully ackno ledged . I a also i -

ebted to Professor F. alker an to Professor D.L. 

choltz, of tellenbosch Uziversity, for allo in e to 

use several ·of their unpublished analyses for t 1 gr ms . 

hil i •••• 
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bile en a ed in the research, the ut or as fortunate 

in holding the Union ost raduate Scholarship. 

The o 1 co posi tio ~ ere ssessed by ea s 

of the L 1tz- cheumann Integrating tage , the traverses 

varying fro 300- 600 •• , accordin to the gr in-size 

o the roe s . o e roe s sho a consi rabl a ount of 

altera tion. heir odal co positions are iven 1thout 

t e d~ci 1 fi ure . 

he refractive indices ere deter ined in 

crua>he by the iumersion method , in sodium li ht . h 

liquids used ere c ec ed after each determin tion by 

t.e Leitz-Jelley Refrac o eter . 

The crushes for the determinations er sievea 

on a 120- 150 sieve stan rd an ashed . ubsequently 

a first separation of tl e light an heavy inerals as 

carried out 1th bromoform . 

The accuracy of most of the eter in t·ons 1 

ell ithin + .003 . or the clinopyroxenes ttempts 

ere made to insure t e greatest possible accuracy by 

handpicking of oasure crystals from thin sections . 

The v lu- s of ·O ere calcul ted by ad in 0.004 tote 
I 

observed value of ~ (To ita ,1934,p. 47) . 

easur ents of 2V and o : c ere de 1th a 

4-circle Universal Sta e . The accuracy o irect 
I 

easurem nts on t e Universal Stage is usually given 

as -2° . 'he data for 2V and o:c ,; ven in this ork re 

repre entations of a large number of easurem nts . 

Optical/ • • •• 
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Op on 

Plagioclase ~ deter 1ned on the aver ge p 

only . The oli vines ere deter ined on o and 2V, except 

the ost fayalitic olivines for hich ex. only as 

easured . Clinopyroxenes ere assessed on o , o: c , 

and 2 , hereas the orthopyroxenes ere easured on 2V 

and o • Those orthopyroxenes hich sho a " raphic 

intergro th" ere eas ed on o only, as no uniform 

extinction could be obtained in any position on the 

Universal tage . 

In this paper the composition>o: the plagioclase 

eries ere deter ined from the dia rams o Rogers nd 

err (1933,p . 213) . The olivines ~ere deduce rom Deer 

and agar ' s di gram (1939a , p .21), hereas the nesian 

orthopyroxenes ere deter ined fro the diagra of Hess 

and Phillips (1940 , p. 280) . he ore ferriterous ort o­

pyroxenes ere plotted fro Henry ' s dia ram (1935, p.223) . 

The composition of t e clinopyroxenes as deduced from 

the values for 2V and 5 accordin to the diagrams 

given by eer an ager (1938 , p.20- 21) • . 

General/ • ••• 
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II , G 

he area under consideration is dominated on 

the one h n by the 1 posin Dra ensberg ran e ith the 

numerous high spurs exten in from it , and on the other 

by the unique feature of the even stretch o country r -

presente by the edarville lats . In bet.een the 

country 1 extrem l.y vari bl , th hills, r1 es an 

narro V- shaped valleys , b· sins an' ide floo plains. 

Geologically tre follo ·n sequenc is present in the 

re ion:-

1 . ecent eposits and soil of the Cedarville Flats , 

2 . rroo dolerite d' es an sheets . 

3. Dra ensberg volcanic series . 

4 , Cave sandstone . 

5. ed be s . 

6. olteno beds , 

7. Upper Beaufort or Bur hersdorp beds , 

The are f6rms a stri ing exa ple of the in­

fluence of geological for tions upon the topogr phy of 

the country • Then i~roua pl te~wc , terraces ·nd ni-

ficent a phitheatres .re produce by t e alternations of 

thick ban s of coars~, pebbly sandstones · n softer strata 

of udstones an shal s belo in to t e olteno beds . 

he long, evenly topped spurs 1th their deep and n rro 

gorges, extendin from tt Dra ensberg r nge, are 11 e ise 

crone by lorizontal olteno beds , The unstrati ied n 

unjointe nature of the desert-for ed Cave san stone pro­

uced the precipitous an often fant~stic lly shaped san -

stone ramparts along the Dra ensberg . The crest of the 

r· n .e ith its alter ·ting bare cliffs n entl r slopes, 

is/ , ••• 
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is attributable to he seudo- stratification of t e lava 

flo s belongin to the Drakensberg volca c series . 

Amidst such n are· of igh relief n con-

tinuous un ulation, it is r ther unusual to n a stretch 

of plane marsh- land as represented by the Ce rville 

lats . du oit {1929 , P• ) cons! r~ this eature to have 

been produced by - 11 an ol dr i e system - , ich as 

ais e bered by uite rec nt crust 1 arpin s" . 

he rainfall of the district vari s f o 30 

to 40 inches p r annum; the r inie t onths b in nu· r y, 

ebru ry an rch . In inter the rainfall is appro -

ima tely 1 inch per ont , but prolon e p r od 0 rou t 

are not unusual . Th co try is nearly 11 rassland an . 

u e inly for c tle an eep far in • T e q lit 

of the rass varies con ider bly ith th t re of 

the soil erive from the geolo ical strata . he poor 

soils o the olteno beds a the Ca e san stone only 

llo of a scanty ve etation of hard , sour grass and 

Proteas . 

L rge ·re sh ve rec ntly be n bou ht by t e 

tiv Trust , for farmin by natives on th same princi­

ples as applied to the native Locations . s a result, 

so o the inor side- roads have been reatly n lecte 

an cert in portions o the strict have beco e di · ·1-

cult of access . 

cters . 

The bulk of the e alfi sheet occupies tile 

greater p rt of koba ' s ocation and the farms at'ontein , 

Z artfont in , Uit yk , nstea , iv rs le an on.fluence . 

he sheet is transgressive an has a eneral, though 

vary"ing dip to the orth- est . It intruded the Bur . rsdorp 

beds , hich , 11 e all other sedi entary formation of the 

area , sho a entle ip of 2-5° to ards tle ra ensberg 
ran e/. 



The New Amalfi Sheet. 



Tbe New Affialfi 8heet. 

Taken from the granophyre band in the West of the 

sheet; along the main road from Matatiele to Zwart­

berg. Note the typical form of the dolerite expo­

sures; low hummocks of jumbled joint-blocks. 
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range . 

The sheet has a rather irregular outcrop and is 

surrounded by n erous ide-intrusions . ost of trese 

re allied to tle e A lfi s.eet and the olerites 

shoi identical petro raphical characters . Gener lly 

such side-intrusions sho an inclination to ards the 

a1n intrusion. 

ithin the N A lfi exposure, numerous sea1-

entary xenoliths ·ere ncountered . Some of t ese ere 

mapped, but ny others proved too small for a pin 

purposes . Invariably the xenol1ths consist of argillaceous 

aterial, hich as b ed to a hard, blac hornston • o 

re ction heno ena bet een dolerite magma and argillaceous 

sediment ere observe , but exa ples of rh o orphic ein­

ing of dolerite by mobilised sedi ent are excee n ly 

common. 

All along the estern boundary of the sheet, 

from the top of Confluence pea up to a point on the 

H nover-Uittyk boun ary, there occurs a ell-defined, 

broad band of pal -coloured ranophyric rocks . The 

granoyhyre differs considerably in grain-size from 

point to point, but every ere preserves its essential 

features; long, feath ry augite crystals set in a dirty 

grey, quartzo-feldspathic b ne . ithin the granophyre 

band sedi entory xenoliths er encountered . In 11 cases 

the sedi ent proved to be identical ith the nor 1 Burgh­

ersdorp sandstone . 

Tie igneous rock of t.e sheet is a coarse­

grained, bluish blac{ dolerite, generally envelope in a 

thick, reddish bro n e therin crust . 'xposures co wist 

of isolated heaps of sub- angular oint bloc s, surrounded 

by the ch~r ac eristic red dolerite soil. Blasting for 

road teri 1 has been carried out in several pl ces ·nd 

uch/ •• •• 



The Elephant's Head peak. 



The Elephant's Head pea1c. 

The peak consists of a large block of coarse-grained 

tholeiite of typical characters. The dike here in­

trudes Molteno sediments and is highly transgressive. 
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much si pli ied the tas of obt in ng fresh specimens . 

Tle lephant ' s Hea dike~ erges from th sheet 

on the farm Hanover, n ar the entrance of the U zimvubu 

iver into the e Amalfi ·ntrusion. On the boundary 

line of ooi Plaats and zon ani ' s Locatiop, the 

di e seemingly erges ~nto t in sill , only to reappe r 

again further est . lence it c tinues to Calamity Hill, 

its outc op b ~ arked by a lo , ru ged ridge . t 

Cala ity i 1 t eets a long $pur of 'olteno san stone, 

e.ten .g from the Dra nsber r n e, in hich the i e 

ur her est the di e outcrops at several 

quite unexpected points alon the spur , bet een hich the 

str t un unbro4en an un isturbed . 

good illustration of its curious behaviour is 

forded by the imposin dolerite bloc of the lep ant ' s 

Head pea , liich for s part of the large spur o!' .1olte1 o 

san stone . s all str~a has cut a eep gorge in front 

and behin th exposure , so that the pea is det che on 

three sides fro the m ·n plateau. To lards the est the 

di e dips under th horiMo ~ 1 olteno beds at 10°. o-

ards t o 
• s , ho sv~r , it descends at a high angle, nd 

thus no trac of the ' dike can be found at the othe side 

of the riv r gorge , ~hich here separates the dike from 

the in plateau. The 'olteno bes sho1 col ar joint-

ing at the ot tom of the gor e , in ica ti ve of the dike's 

contin ation t yet lower levels . he alls of th d · e 

are here er:ectly er ical and the 1 cision o deep 

clefts into the front·l ide of this enormous dolerite 

bloc has given it th close resemblance to an elephant ' s 

head . 

In this ul· tory ma ner t e ike climbs 

up the Dra ensberg range , to enter Bas tolan at ontai . 

lhenc it contin es into Basutoland , crossing tle nge 

iver/ ••••• 
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River and the Sinqungane River, to disappear into the 

great mountainous tract of !fount Robinson, through which 

it was not followed . It cannot be doubted that the dike 

is continuous un ergrow.d, even al tt.ough its exposures are 

discontinuous . Its irregular beh~?iour iJ exceptional 

and can only be compur~d with a fc~ instances,of which the 

great Clevela~1d ikc of' northern England is probably the 

best known . On the: Cape si .. c, t..1.c 250- 400 yards wide 

intrusion ascends , within u distance of Jome 18 miles , a 

surface ~levation of roughly 3000 feet . The 37 miles of 

its nown course in Bnsutoland is in yet more mountainou~ 

country , but here its outcrop is apparently continuous . 

ithin the Cape-portion of the di Le a great 

variety of rock-types were et with , inc:uding brown 

coloured, ccta1.rsc-g:-.."ained tlioleii tes , blac.: picri tes and 

lighter coloured olivine- dolerites . In addit~on many 

instances of mobil~sation ci.lld reaction between sediment 

and dolerite magma were encountered . 

The ti1oleiites generally show sharp contacts 

against the picrites and ollvine-uolerites , and occur 

near the sides or ~he top of the .;,,ntrusion . Picrites 

wel'e f0Ui1d in only two lo\!alities; at Calamity Hill 

and ount Fred . 

near the bottom of 

I n both '..;llese p:i..aces they occur at, or 

ajor undulations in tha dike . The 

passage from picrite to olivine- dolerite is g1•adational 

and no sharp contacts were observed . The latter rock 

in' both instances overlies the plcrite e posures . 

Tholeiites/ •••• 
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III, 

tatement. 

Thcle11 t s of this type sho che ical and 

petrolo !cal char cters hich class them in a group of 

their own. hey are regarded as representin th first 

mQg to intrude the dike an have no direct connection 

ith th later olivine-dolerite magma. o tholeiites 

01' the i lephant' s He type ere found in th e malfi 

sheet . 

ield Occµrrence§ • 

hole11te o the lep~ant ' s ea type ere 

foun tn sev ral places alo t e dire, w d thei occurrences 

are enerally assoc1 ted ith exposures of th alls or 

the roof of t. di e . 

t Cala ity Hill fine-gr ined veins of thole11tic 

ater1al ar observed to b intrusive in coarse picrite , 

near the south rn all of t e ai e. Th contact it elf 

prove to bt:lon to the later olivine-dolerite g • 

he 2-3 nches · e tholeiite veins resemble rh omorphic 

veins in character . 

l!i po~ures of igneou roe t t e lephant's 

Hea p ak consist · ly o bro n- eatherin , coarse 

thol iite . In ad ition ny irr ularly-shaped p tches 

of dark, b saltic ro s ere found embedded in t normal 

tholeiit • ouch pa tch<;;s occ r in par.ticular near the 

side- alls of the ike . he b s l ts prove to b chilled 

mo ific~tions o· the thole1ite agma . 

On the flat spur behi d the lephant's Head peak , 

tne di' e outcrops at several places. Only the roof is 

exposed and the exposure inv ri bly corsists of tholeiite . 

urther/ •••• 



MICRO PHOTOGRAPH. 

Elephant's Head Tholeiite. 

(Index No. 70). 



Tbe Elephant's Head Tboleiite. 

(Index No. 70). 

Broad laths of plagioclase, hypidiomor­

phic clinopyroxene, granular or skeletal 

iron ore and an interstitial mesostasis 

form the principal constituents. 

Ordinary light x 10.5 diameters. 
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ur er alon , in the riv r-valley of ount red, a si . le 

isol ted outcrop of coarse-gr ne tJ.ole1ite is surrou d 

on all side by picrite . 1y, ~ . ."n exposure of this 

rock occurs · u t un er the B r , near th no ... ·t ern · 11 

of the ike . 

i.1oleiite. 

e rock consists ·in o' pl ioclase, clino­

pyroxen~, an esostasis, here s olivine a d iron ore 

occur in inor qucntities . Pla ioclase buil s thick 

laths, sho in edium zoning. Its aver . (3 is 1.564 

an its co po~ition n.61 . Clinopyroxene is sub-ophitic 

to idiomorphic an has a bro n colour . The optical pro-

pparent-

ly it borders onto the group o· the ferroau ites (Hess. 

1941, p. :;;18) . Zoning is negligible . Olivine occurs as 

a fe , edium-sized crystals . 

altered to a yello serpentine . 

Th mineral is al ays 

Iron ore builds s eletal 

crystal , moulded on plagioclase or pyroxene . he inter -

stitial mesostasis contains s all L.eletal laths of a 

edium plagioclase, elongated pris s o clinopyroxene, 

quartz, and abun ant iron ore . 

The rocks have a highly altered appearance in th 

field an are gener lly of a rusty-bro n colour. is is 

due ainly to the oxi ation of iron ore an the alteration 

of t e esostasis, both plagioclase an pyroxene re ain­

ing perfectly fresh• he alter tion of olivine is beli ved 

to belon to a late sta e of matic consol d· tion. T e 

i ernl is obviously not in equilibrium ith the qu rtzose, 

iron-rich esostasis crystallising later . 

Chilled/ •••• 
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Chill ans . 

e chil le basalts are characterised by heno­

crysts of pl a ioclas-, clinopyroxene and altered ol'vi ne, 

th. last being e~ceedin ly scarce . The ground ass is e 

fine- r ine copy of the normal thol 11te, except t hat ol-

ivine is absent. he pyroxene of he round ss sho s 

identical properties tot.at of the nor al rock . 

The fine-gr ined teriol of t!e veins a t 

Calamity 11 sho s certain dep rtures from tt e vera e 

chill d basalt . It c nt i ns the same porphyritic 

elements, but the groundmass sho s a reat preval .nee o 

pyroxene over plagioclase . The pyroxene is also do in·· 

antly granular in habit. he esostasis as been re-

place by a h te, intense y altered, fel spathic base. 

h above · ,. tures ·re best explained by ass ing 

t he p rtial e_~1n of the chilled tholeiite by t he l t r 

olivine-doler te magm • uch mobilisation apparently 

only af fected t . pl ioclase and the esostas s, t ou h 

the pyroxene crystals ere corrode an modified in s po 

by the ensuing feldspat ic liquid. he obile as 

evidently ac uired rheomorphic properties an in t n 

i nvr e th pari:y solidi '1ed icrite nearby . The hen­

omenon is on a very s all sc le, and only visible on tte 

• • side of tle die . 

Discussion. 

At Calamity Hill , rheomorphic veins of fine­

raine tholeiite occur in coarse-grained picri te, a 

little distance from the wOUthern C nt ct Of the di • 

The contact itself is related to th ol v_ne- ol erit 

ag nd is b saltic. his econu na thus apparently 

ork its y throu h the tholeiite rntle a ca l ocally 

in direct contact it the se iment . The fact th t t he 

contact/ ••• • 
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contact · chilled sho s that t.v sediment had c ole 

down again. This is taKen as p rtial evidence indi-

c ting that th~ olivin - oler te agma inv&ded the di e 

ell after tl co iplete olidific tion of t tholei te 

agma . 

t lephant•s Heaa, irr gular atchen of chill ed, 

basaltic t oleiite ere foun in nor al, coarse-gr· ined 

tholeii·.;e . here apparently the chilled contact phase 

as negotiated by t e magma shortly after its for ation. 

e n ly established contact is not chills ... , as t e 

sedi ent had be~n thoroughly heated and still a nt ined 

such heat . In sills it is custo ary to picture the 

bas ltic contact o ifications as istinct 

terrupted zones along l oth bound res . In 

n unin-

1 es 

these zones are often interrupte an sometimes only 

remnants of the· chilled phases remain as isolated blocks, 

surrounded by co rser graine rock . he basaltic con-

tact~ obviously possess a pronounced te1dency to ev9lop 

crac s, u to th 1r sudden cooling an contraction. In 

a dike, here there is conspicuous flo of g a, often 

prolongec ever a co siderable period, c~.ditions are 

fa ourable or the iaen. n of sue. c ... cks, an the 

detachment of bloc s of chille basalt fro the sedi-

mentary alls . he ne ly exposed sedi ent is now thor-

oughly heated up and the impetus for the formation o 

chilled modifications has thus been l ost . On the other 

h nd, conditions are favoura!le for intsraction bet een 

hot an semi-mobile sediment and magma . t lep ant's 

Head it is al~o ound t at a cons~derable a ount of re-

action bet een the tholeiite of the di e a 

sedi ents of its alls h s taken place . 

the olteno 

he/ ••• o 
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Field Relations at Mount Fred. 
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The Reid Rel~tions at Mount Fred . 

INDEX. 

'·-'. . :-1 
I • .. · 

I 
Olivine- dolerite tJnd. 

Picrite. 

Vdri'olitic Pie rite. 

Tholeiite of Elephant's Head Tjpe. 

Molteno Sediment. 

D No Exposures . 



- 16 -

t. 

All the rock~ to be iscussed under t is .eading, 

are c sidered to be derived fro one co on a m • t 

.. ollo rn the intrusion of t !e thole ii te ag a nd is 

responsible for the formation of tte e Am lfi s eet . 

The olivine-dolerite g a commenced crystallis t on 

1th the precipitation of m nesi n oliv ne, follo e 

s ortly after ards by b sic 1 bradorite . The cry~tallis­

ation proceeded to ards an enn-pole , rich in soda and 

iron. 

icr'tes &nd 01·v·ne-Dolerite • 

The rocks to be aescribed h re outcrop alon 

the ike fro ontai on tt e Basutoland border to near 

T-ylorville n the zong ani's Location. The pier· e 

expos es sho: r gr~aual decrease in ollv1ne content 

ith ·1ncreasi1g elev tion . Tl occur inc ose ssoci3 -

tion 1th olivin -do erites of typical characters. ouch 

olivine- dolerites represent the normal dike-rock of the 

exposures ot . in Basutola a th Cape Province . o 

corresponding acid pl ses er ncowitered in ~he di e . 

Picrites occur at ount red an Calamity .ill. 

t bot these loc lities tley lie at t.e botto of step 

un ul tions in the i .. e . h !'iel rel tions o the 

ount 'red exposure are given in diagram 1 . Both at 

'ount Ired an at C la ity ill the p~crites are directly 

ove1lain by ol1vine-doler1tes . Roe s of i ertical 

character ere also f oun in Basutolan and in th poort 

of .Wh ink e . peculiar type of olivine-dolerite for.is 

a s all, pipe- li e exposure in olteno sedi ent at th~ 

foot of th •leph nt ' s Hea peak . 

Petro raphJ/•••• 



MICROPHOTOGRAPH. 

Normal Picrite. 

(Index No. 39). 



Nomal Picrite. 

(Index No. 39). 

Idiomorphic olivine in two generations, 

poikilitic plagioclase and pyroxene 

occur together with octahedral chrom­

magnetite and a little biotite. The 

olivine is charged with dendritic inclu­

sions of ore. 

Ordinary light x 10.5 diameters. 
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• 

TLe r or al picr1L of ount .t.red an ·la. ty 

Hill s o reat ~i ilarity in t heir etrogra i cul fi 

ineralo ical c racters . h · rocks res b the basal 

pha"'es ?f the Insiz a lo olith, des er bed in detail b 

ch~~ ... (1936, p. 102-117) . 

Olivi .e occurs a ell- eve lope crystals, de-

crea s r g ra ually in ruount fro 61-22 • .lt 0 h 11 

sizes ay b nc unt rea , it c iefly occurs in t ,o 

tion of rg an s all crystals, 1itrout t r big 

uch dif f er .nee in co posltion bet e n the t o n r t c'Jns . 

her is at n e cy f ~ t4e lar er crysto~s to beco .e 

rarer n.; th oliv n~ p rcenta e ecre s • Cry t l s 

ar non-zonal, ho gh i ff llnt ra·ns ay h ve i f er ent 

co posi tion , r ngi f o 'u . 17-23 . 

Pla io<.:lase i poikilitic in ii bit in t 

p · crit s ich r in olJ." · • er it builds stout r ystals 

sho 1.3 but l.t;le 

centage, a secon 

• ith ecreasin ol v ne p r-

en . tion of len ~r zonal 1 h~ 

a pp -r n beco s incre si ly ore ·bun ant . s t e 

fir t en r t on s substituted by th s~con , t lar r 

crystals ss . a ore ~omple c r cter a s r r t ~in-

n·n zoni • 

Both ortho- a clinopy·oxene occur in thw 

picrites . The for .er v ries n a ounts r om 1 -30 of 

t e total pyro.xene . ~ystals are poik1litic in h bit; 

the texture becomi .. best eveloped in rocks i th 2..;-35 

oliv·ne . t 22 · olivine, t o ~ev ·r, tl: ere is a su en 

change, the pyroxene here b~ in o hitic to sub-ophitic . 

oreover, si ple t innin on (010), abs nt in the ot .er 

picrites, is h ·re occ· sionally observed . All t. 

cry !Jtcls/ ••• 
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er stu s 10 but .i~t onir g . 

on ore al~o chan :t abit in th series . 

In th o t b sic roe. J it occ s as sma l octahedr , 

enclo3ed in olivi e , p. a iocl n p rox ne li • 

In the plcrites .ith less olivine , the iron o e for!lls 

lar s ulet l asses , bounding pla ioclase or yroxen • 

es all oct·h dra er qµ litatively exa ine ·nd th~s 

the presence of chro 1um as est l i shed int ·rly 

ore . his roved ob ·bsent in the ore of later 

for tion. 

he usual deep re ish bro n biotite or a 

con tant ccessory . I t is re arded a r~act~on-pro u~t 

of c .o ifero s i on ore . fe , yello pate es of 

sulphidic ere occ r s catt re throu h the rock . 

I 

Olivine . 2 c( • 0 Co position . 

large 88° 1.705 a . 17 

s 11 85° 1.717 • 23 

l'l gioclc.:.se. GV. f3 av . o posit'on. 

large l . :;169 in. 70 

I s 11 1. 566 n . 66 

~linopyroxene . 2V0 • 0 :c 0 

49- 46° 3 -36° i. 713- 1 . 716 

>rthopyro ene . - 0 Composition. 
.<::. ~ · 

82-77 1 . 684-1 . 689 Of . 15 .-18 . 

3iotit • 0 leochro.i s • 

1.643 0 & deep reddish bro.n 

D( • ere m-yello • 

. 

s 



MICROPHOTOGRAPH. 

Variolitic Picrite. 

(Index No. 11). 



Variolitic Picrite. 

(Index No. 11). 

Large and small olivine crystals embedded 

in a groundmass of plagioclase and pyrox­

ene with variolitic texture. A little 

chromiferous magnetite occurs as octahe­

dral crystals. 

Ordinary light x 10.5 diameters. 
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Vario••~ic ficr1tg1. 

These peculiar rocks cont in 1 r e pb nocry ta 

ot oli vi ne set in a fine-grain d groun , in hich 

olivine 1 o occur in a econd ener tion. th r oun -

es consi ts chi fly of lender laths or t ld p r nd 

. ub-ophitic, elon ated ugite, to eth r with a 11 

granul s of iron ore. Bundles of teld par and pyroxene 

often have a ran-shaped arrangement, reproducing th 

t r ucture of the variolitic basalts. Both the ol1v1n 

ot the phenocryst and thos of the ground as are 

corrod d and emb yed. xc pt for olivin , all the con-

st1tuents how the same optical propertie tho e or 

the normal picrite • Olivine is gener 11.y or nes1an, 

it ran e bein Fa. l' (ph nocryst ) to • 17 (ground ss). 

In one of the rocks a s 11 xenolith of black, 

com ct horntels was found. The aterial or th x no-

11th is not resolved by the micro cop • rginall.y t o 

narrow, onom1n r lie zon s occur. Th fir t nd inner 

one consists of a single layer of small iron ore granules. 

The cond zone con 1sts or n erous s 11 olivine cry tal , 

clo ely eked tog ther. These proved to hav th com-

po ition Pa. 17. 

QliYine-DQleri~tl• . 
The olivine-dolerite range in rain• ize from 

dium to coarse. Their t xtur 1 oph1t1c to ub-oph1t1c. 

Olivin occurs a groups of small cry tal or 

lar r, individual grains. A wide range of composition 1 

ob erved, the clu ters of small grains g n r lly being the 

most fay 11t1c. 

Plag1ocl se builds small zonal laths. In addition 

a few stouter cry tals were observed, hich re 1 ilar 

to the fir t-gen ration plagioclase of the p1cr1t • They 

how the a e 1ntr1c te p ttern of zoning and t inning on 

n ven/ •••• 



- 20 -

an even ore laborate scale. 

Clinopyroxene occurs as sub-ophitic plates, 

enerally s o in t 1nn1n of the butterfly t pe. In 1-

viduals may diff r cons derably in size. ccasio lly 

aggregates of s 11 crystals 1th di fe ent orientatioz s 

are ncountered. Zoning i s very pronounced. 

Orthopyroxene builds sub-ophitic to op itic 

pl tes, n is g n rally of 1 ter form tion t han cl ino­

pyrox ne. The crystals she the s t r ucture variously 

desig ted as 0 raphic ·ntergro th", "lamellar intergro th" 

an 11 la ellar t innin tt on a inute scale. 

Black ore for s skeletal asses of 1 te crystallisation. 

hocolate-bro n biotite an a 3tite are ubl uitous an 

11k ise of late form tion. Interstitial micropeg tite 

occurs in vu.yin , but al ays s all amounts. 

ata. 

Olivine. 2Vrf.. . '6 I Co position. 

73-79° 1.766-1.744 F'a .47-36 

t>lagioclr se. av. f3 av. o posi tion. 

l.~66 n.66 

~linopyroxene. 2'J· J :c Q 

49-34° 3 -35° i.713-1.723 

)rthopyroxene. 0 Composition. 

i.705-1.711 or.30-36 
-

~iotite. D pleoc roism. 

1. 646 O : Chocola ta-
bro n 

0( : Straw-vellow • 
I 

Olivine-/ •••• 
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Olivine- oler te of ead . 

Te rock shows close alliances to t~e P •• type 

of arroo dolerite ( al er and Poldervaart, ·194la, 

p.137-140), but is unusually rich in olivine . The latter 

ineral occurs as abundant small crystals of a . 23 . In 

a dition a few larger 1n ividuals of co pos_tion a. 15 

were recorded . The div·s1on of the to gener a tions is 

perfectly sharp and no intermed! te sizes ere et ith . 

Pl gioclase ( n . 70) occurs as narro , zonal l tbs . 

Pyr oxen (2V~ : 4?0 ) is of the onoclinic var iety only, 

and builds Zvt&· 1, ophi tic plates . Octahedral black or 

n rea ish-bro·n biotite forn th accessory i nerals . 

@.c~o et r ic Analyse • (volume p rcenta es) 

Pier t • 

37 . 41 . 42 . 11 . 14. 10. 

61 . 2 56 . J.. 1. 5 23 . 6 49 . 4 44.l 38 . 2 

lagioclase 16 . 7 21 . 2 44. 6 
I 

24. 6 30. 2 44. 7 

roxene 14 . 0 17.3 27 . 9 21 . 3 18.9 15. 0 

5.5 2 . 9 2 . 9 2 . 4 4 . 7 4. 0 1. 7 

2.6 2. 5 2 . 5 l .5 tr . 2.8 0 . 4 

37-42 picrites, lamity Hill, ta en f rom road 

21 . 9 

52.9 

23 . 6 

1 . 4 

0.2 

to ards top of hill (vertical distanc 100 ft.) 

11 varioli.tic picrite, ount red, bottom of r i ver 

valley. 

14-9 picrites, ount red, taken to ards top of hill 

• • 0 roa (vertical istance 2)0 rt.) 

Olivine/ •••••• 

• 
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Qlivine- olerites . 

index No . 67 . 43 . 44 . 8. 29 . 

Olivine 12 . 5 3. 9 2. 6 6.3 3.0 I 

Plagioclase 42 .4 46 . 3 53 .2 54 . 6 5 . 2 

Pyroxene 36 .0 39 . 0 38.4 33 .9 33 . 8 

Iron ore 5.4 
I 

2 . 0 2 .1 2 . 0 4.1 I 
Biotite 3.7 o.B l 1 .1 1.2 1 . 2 

IMicropegmati te - 5.9 2 . 7 1 . 9 1.8 
-

67 olivine -dolerite, foot of lephant's He d peak . 

43-44 

8 

olivine- olerites lon the ike, from al ity 

Hill towards aylorville . 

olivine- dolerite, ount 

.- • • o road. 

olivine-doler te, centre o 

h ink e. 

Discuss on. 

ed, top of hill 

i o, poort t 

A comparison of the mo al.co positions o the 

picrites from cunt red and Cala ity Hill shows that 

the rocks from t e first-named locality re const ntly 

rich r in pl giocl se ana poorer in pyroxene . 1t t 

re , variolitic picrites were found ·n the field rela­

tions there are some hat unusual . 

Roe ith variolitic structures are com only 

descri ed as ~e inv the pro ucts of sudden cooling . The 

form tion of a si ilar v riolitic picrite fro the Isl· nd 

of ., oay (Harker, 1904, p .470) w· s li e ise refex·red to 

sudden chilling . Bo en (193 , p.146- 147) is ost perti­

nent in his co ent on the roe :- "It is not reasonably 

to b supposed that the large olivine crystals of this 

rock ere forme under the sa e conditions as groundmass 

hich/ .. ... 
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hich is but a step removed ro~ t e spherulitic stat of 

cryst llis·tion. - Pl inly the rouna as as t· only 

portion o the roe t at 

chille on intrusion" , 

as liquid hen it as r·n lly 

he i plic·tions of the o of 

for tion o·' the variolitic picrites er , howaver, ound 

to be so e at puzzllng . 

selves: -

T o alternatlves offere them-

(1) either t a agm contained so. e 30 of 

crystalline ~ soli olivlne upon intrusion (this being th 

approxi te amount of olivine phenocrysts). 

(2) or a portion of tho crystallising m· ma a 

suddenly cooled, hen olivine had al~eu y co mence 

crystall'sation and had s ttl in considerable qu ntities . 

Th r : in! 0 c,r 1..lon ppar ntly continued to cr ystallise · 

un isturbed . 

The au~hor could not associate the irst lter­

nat:!.ve 1th the observed facts an their full mplic tions . 

The chilled mod'ficatio 3 boun in t e picrite exposures 

all proved to belon to the olivine-dolerite a type. 

he overlying ol vlne-dol er1tes o not s o sl p co t cts 

a ainst the picrites. he p~crites the .selves sho. a 

grading of olivi ne content hich can only be associated 

~ith gravit tioiial settling of that mineral in plac • 

Their occurrences in the depres ions of the undul tory 

di e lso underlines t e assumption or gravitation of 

olivine . Finally, the v riolitic plcrites form a soli­

tary an isolated exposure, bounded by nor al picrites . 

Thus the second al tern ti ve h ct to be co.L~­

sidered, hoiever co jectural it appeared at first sight . 

he clue to its solution as found in a dolerite sill t 

ngnest in the Calvinia i ~ rict ( ·l er an Poldervaart, 

194lb) . The rock here ls coarse-grained bronzite- oler­

ite, containing an aver r ge of 6 micro egmatite. The 

mag I . •• • 



DIAGRAM 2. 

The Formation of the Variolitic Picrite 

at Mount Fred. 
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magma stoped down a block of sediment from the upper 

contact of the sill. The dolerite in the wedge above 

the stoped block is fine-grained and contains 12% meso­

stasis instead of micropegmatite. It shows no vario­

litic structures but possesses the essentials for the 

formation of such structures, i.e. great elongation of 

both plagioclase and pyroxene. Obv~ously the dolerite 

was f.ormed by quick cooling. 

Turning back to the Mount Fred exposure, the 

following sequence of events was visualis~d:-

(1) intrusion of the first tholeiite magma; 

complete solidification of the thole11te. 

{11) intrusion of the olivine-dolerite magma; 

. partia·l preservation of a mantle of tholeiite 

rock to protect the sediment. 

(111) crystallisation of the olivine-dolerite magma, 

commencing with ·the separation of olivine. 

Gravitational· settling ·or olivine and accumu• 

lation towards the bottom of the magma chamber. 

(iv) development of cr~cks in the thole1ite mantle, 

due to differential expansion on heating. Wid­

ening of these cracks. $toping of n strip of 

tholeiite mantle from the floor of the magma 

chamber. Newly established contact between 

differentiated second magma and cold sediment, 

hitherto protected by the thole11te mantle. 

(v) freezing of the differentiated magma in the 

gap thus nroduced; formation of the variolitic 

picrites (diagram 2a-c). 

The above picture reasonably explains the 

occurrenc& of the variolit1c picrite at Mount Fred, aud 

also takes in account the field relations of' the exposure. 

It has, however, two direct inferences:-
(a) the/ •• •• 



DIAGRAM 3 • 

Modal Compositions of the Picrites. 
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(a) the pier t s :er formed by gravitational settl­

ing of olivine , crystallising in excess of the 

sto chiometric proportion fro an olivine-

doler i te gma . 

(b) th di e is f loorad s ell as roof ed . 

Both these inferences ill be fully iscuswed 

under lat r hea in s . 

together 1th it n ce 

For the o ent t above p.'...cture, 

ry de uctfons, is ta en s tenta-

tiv , .i. 'erin t 

observed feature • 

o t sati c ory expl tion of th 

nothor char cter is olso ~n eeping lith the 

explanation iven above . The Ca l · ity Hill picrites 

are re r~ bl regu~ r s re ar s the c an es in i neral 

propo tions ith increasi olivine cont nt . ·o such 

regul rit i p se t in th ount 1rad se ies . It ha 

already been observed th t the ount ed icrit s re 

constantly riche• in pl oclase an poorer in pyroxene 

than the Calamity Hill seri • To bring out t ese 

features the od s of all th p er. tas .;; re rec lculate 

to 100 in terms of olivine, plagioclase n pyrox ~ 

(dia ra 3) . 

It is to be note t at th v riolitic p'cr·te 

sho s lass la ioclase n more pyroxene than corresn nds 

1th t e Cala ity Hill series . ubtrnction of portion 

of th .by fre z'ng to v riolitic picrite tould 

thus result in such differences as are pro uc d in the 

ount red series . Hence t e result. are in eep1ng · ith 

the theoretic 1 e uctions that, (1) th most basic roclt 

of ount red shoul contain less olivine than the 

cor e ponding most b sic roe at Cal mity Hill, and (2) 

the picrites of ount Fred ho ld contain i: r edly ore 

pla ioclase nd conse uently less pyroxene, th n the 

Cal ity Hill picrites . 

It is/ •••• 
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It is interestin · to no.te the occurrenc • of 

olivi ne- r c dolerite in a pipe-liri e off shoot of t he dike 

at Ele nt ' He • At the pea itself no olivine-

doler ite is expose, as only tl e roof and tho to 1 lls 

of the dike are vi ible . The occurr ence of 67 proves, 

ho ever , th t th re i s ol1 1 ine- oler1te ·t leph t•s 

Head, thoug th ro ck 1 ... concealed by t .t. mantle of tho­

leiitic rocks . 

0 

ield Occ • 

The dolerite o the 1 from Hanover to the 

Ne A alfi sheet re inc uded under t his headin • They 

resemble t o olerites of t e ..,heet 1ather than t ose of 

the di e , tl ou h aifferences are fi.ysical r a ther t l.an 

che ical . Thus the olivine- dolerites arc generally 

coarser raine t an the nor 1 ol rite , ich ar t he 

dike in Basutol~n a a the Cape. 

From the m p of the e malf 1 intrusion the 

r lative istribution of t e roe t pes y be observed . 

he iron- rich doler ·1 tes form a narro zone in bet 1e n t e 

olivine- dol rites and the b n of etasomatic granophyre . 

he pproximate distrib tion of the rocks as computed 

from a collection cf over a undre 

over th area . The boundary lines 

specimens from 11 

ere dra n for th 

sake of cl rity an s oul not bu interprete as r pre­

senting harply de 'i ed contacts . The division bet een 

olivi ne-doler ites and iron-ric ~ olerites as dr n at 

the point of f ilure o olivine to crystallise . 

ho ever t I ote that f urther ifl'. .• rentia ted r·oc s 

It s, 

3 again 

5h0 ii ••. 
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shol olivine, tto gh then m·r edly ore fayalitic . 

Systematic coll ctin as hindere by the 

·ntermittent ct racter of th e osures nd the inevitable 

co plications resulting t'rom the inclinat on of the she t 

and the r€lie of t.e area . Thus the orthodo::: method 

of recordin hei hts of epeci ens above the lo er cox act 

s not applicable, an only rou h orientations could be 

d • 

•. liv'ne- s . 

hese rocks consist of the usual assoc· tion 

of olivine crystals , zonal pl ioclase, sub-ophitic, 

zonal pyroxene , and interstit al icropegm tite in vary­

ing a ounts . Iron ore, biotite an apatite form the 

accessories, and are all o 1 te formation . he gr in­

size is ~hat of a gabbro , b t it is preferre here to 

'pply the term 11 gabbro1 only to pl tonic rocKs of 

basaltic co osition. ear t e cont ct, ic ope tite 

~ y be substituted by mesostasi • 1his i b lie d o 

be due solely to uic~er coolin d the roes preserve 

their c ief c.aracters . 

T .• e interrelations o t e several pyrox es ar 

i ·.tar tin and provide a eans for aivision of the 

roe s into ·three groups: -

(1) olerites near contacts:- Orthopyroxene gives 

ay to bot early and late pigeonite { er 

and Poldervaart 194la , p. 132-134) as the con-

t ct is apuroached . La~e pigeonite gen rally 

predom nates ov r early . Olivine 1 al ays 

·ltered near th contacts; the alteration pro­

duct being bluish- green, pleochroic bo lingit .• 

icropeg atite ay be substituted by esostas1s . 

Clinopyroxene is odorately zonal n develop 

a tendency for an ophitic habit . 

(2)/ • • •• 



MICROPHOTOGRAPH. 

Olivine-dolerite. 

(Index No. 58). 



Oliyine-dolerite. 

(Index No. 58). 

Large olivines, laths of plagioclase, 

ophitic orthopyroxene and sub-ophitic 

clinopyroxene occur together with a 

little iron ore, biotite, and micro­

pegmatite. 

Ordinary light x 10.5 diameters. 
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(2) olerites niay from contacts: - Pigeonit~ is 

al ys absent . Orthopyroxene is oth e rlier 

an later tha clinopyroxene; t.e bulk being 

lat r . Olivine is l ys fresh . Clino­

pyroxe~e · ~ stronrly zonal an sub-ophitic . 

(3) olerites ne r th iron- rich zone (centre o 

sheet):- re , columnar crystals of early 

,pigeonite form cores to ontles o ortho­

pyroxene or ugite . L te pi eonite is bs .t . 

11 other iner ls occ ~ in the same fashion 

as in t e dolerites of group 2 . 

The orthopyroxenes sho a considerable range 

in co . os i tion in ind~.vidual roc°Ks . or example, in 

58 the orthopyroxene co only occurs as sub-ophitic 

cry st ls sho dn the "graphic inter ro th" on a minute 

scale . The a j or i ty of ti: e se grains : s of later form­

a tion than clino yroxene (av . co osition or . 26), but 

a re re of earlier cr~stal~isation and t n of co o 1-

tion Of . 20 . In a it on a third generation of orth -

pyroxene occurs as r re, ophitic pl tes of co osition 

Of . 42 . The latter crystals o not sho the '1 gra hie 

intergrowth" and re pleochroic , in tints of pale re n 

to pale re aish-bro n . 

Optical d / .... 
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Groyp l. • 

C l ivine altere to pleochroic bo lingite. 

1 lag oclase . av . f3 av .Co po i tion. 

1. 568 An. 69 

0 : G ! \ 

2V0 • ~ 

Early pigeoni te. 5-10° 36-38° 
I 

i.702-1.705 

J ugite . 46-44° 38-36° i.716-1.714 
I 

late pigeon1te . 13-6° 30-34° ' i . 733-1.735 I I i 

G""OUU 2 , 

C livine . 2Vo<.. • 0 o po ition. 

83-76° 1.728-1.757 . 2 - 42 

Fla iocl e. av , p av . Co 0 1 ion . 

1.568 1.n . 69 
-

Augite. 2V~ . 0 : c '6 

47-31° 38-33° i.715-1.721 

1 rthopyroxene. av. O• av . Composition 

1.698 or . 26 I 
Group 3/ •••• 
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Iron-rich Quartz-dolerite. 

(Index No. 20). 



Iron-rich Quartz-dolerite. 

(Index No. 20). 

Olivine is absent. Iron-rich clino­

pyroxene, plagioclase and micropegmatite 

are the chief constituents. Iron ore 

builds large skeletal masses. 

Note the striated appearance of many of 

the clinopyroxene crystals. 

Ordinary light x 10.5 diameters. 
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· Group 3. 

I 
-

Olivine . 2Vo<. I 0 Gom os1tion . . 

74° 1. 765 a . 46 

lagioclase . av . /3 &V . o.nposition . 

1. 566 n. 66 

2 ~ • ~ : c ~ 

Early pigeonite. 13° 34° l . ? 0 -
.hug1 te . 49-46° 38-34° i . 713-1. 716 

Orthopyroxene . av . D • 0 : (, av. omposition. 

I 1.705 00 r . 30 

.•. ron-ric 

' The rocks again consist chiefly of pl· g.oclase 

and clino yroxene togecher . ·th v· ·ying our ... s c... lnter-

stit.:el uartz a micropeg at!te . Iron--ich olivi1e 

and orthopyroxen occur in 1 11 a ount s as prQduct o 

l· te crystallisa~ion . Iron ore, biotite, .orublen -

nd a pa ti te are the accessory .-inerals . 

The rocks sho abundant evidence o continuous 

re djustment to a const ntly c anging environment . The 

so t unusu 1 in nal associ tions encountered are 

therefore not ~holly unexpected . Rel tions of indivi ual 

groups of .in: .. aL are lso co ,plicated and often obscured 

by the fact that co~plete e uillbriu bet een solid and 

liquid as rarely attained . 

The series 20, 52 and 18 is here selected as r pra~enta-

tive for the ho e group . The roe ~ st o thr e stages 

of thfl differentiation process and intermediate rocks 

exhi it cor·esponding trans tions . 

pecimen 20 is essentially a qu~rtz- olerite . It 

conwists/ ••••• 
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Iron-rich Fayalite-quartz 

Dolerite. 

(Index No. 52). 

MICROPHOTOGRAPH. 

Hedenbergite Granophyre. 

(Index No. 18). 



Iron-rich Fayalite-quartz dolerite. 

(Index No. 52). 

Fayalite and iron-rich orthopyroxene occur 

moulded on titaniferous iron ore. The 

chief constituents are acid Labradorite, 

Ferroaugite and micropegmatite. 

Ordinary light x 10.5 diameters. 

Hedenbergite Granophyre. 

(Index No. 18). 

Consists essentially of plagioclase, 

hedenbergite, micropegmatite and quartz. 

Iron ore, brown serpentine, hastingsite 

and fayalite occur in addition. 

Ordinary light x 10.5 diameters. 
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cons.tsts of the usual frame erk o broad pla ioclase 

lathe an sub-oph ti~ or insertal clinopyroxene, bile 

micro eg t·te nd quartz occupy the interstices . Oliv~ne 

L ~bsent. Clinopyroxene sho ;;.> t e fi e striations n 

t .. e plE, ty a.1 ter tior. to bioti te, so co only observ 

in tesc'h nites . It occurs in t o odificat1ons; (1) 

n very pale greenish - bro n ugite, similar to th~ normal 

au ·te of the olivice-doler tes , and (2) a pale purplish-

bro n ferroau ite . The 1 tter often for s borders to 

the pa e · ite cryst ls . Orthopyroxene occurs as small, 

stum_y crystals, oulded on clinopyroxene . rginal 

alteration to reen, pleochroic b· stite is often observed . 

Iron ore occurs "'::; l ... c;: slreletal sses . Hornblen e is 

absent . 

pecimen 52 exhibits the sa .e texture s 20 . 

h nor . 1 p· 1 -coloure ugite is vholly anting in 

i:.' i roe • Inst a t. cl" pyrox ne cons sts of pal 

p r ple-bro'n o pale 

ar t l'l'O ltes; tL 

re n cry~~ lw . Bot 

r n voriety bv .:L. 

od ··r ·c t ons 

V€n richer 

• ·n th eSi 3 ol c le . He· a in th cli opyroxen s 

r s ble tho~e of the onalcite-b aring ~oc s in spp &r-

,~e . Oliv~ne occurs n & d.tion to orthopyroxene . 

It forms s 11, fay litic crystals oulded on cl"no yroxene 

or iron ore . ong the accessori s, biotit ls 1 r ely 

raplac by Q p~le-brown, pleochroic hornblend • 

Specimen 18 consists chiefly of pla iocl se, . 
crope matite, quartz, on yroxene. The l a tter occurs 

as purp,e-bro nor gr.en cry~tal3; th gre~n variety 

occasionally for ing bor ers to purple-bro n cryst ls . 

le pUI'ple-bro n colour is prob~bly due to 102 , but the 

t o vori tie~ she l~ttle difference in their optic 1 

data . Ortlopyroxene is absent . ayalite occurs a 

sc::;tter ... r .... ins 

blue, pleochro1c 

in ~.s~ocintion ith iron ore . Gre nish­

astin site builds slen er ne~dle in 

qu rtz/ •••• 
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quartz, or occurs ou de · on re pyroxene . I a it on 

lar e asses of serpentine occur in the roe . , v·rying in 

co our 'f r j re aish- ro n to oiiv -oro n . Iron ore is 

a l y s associated 1th sue a ses . o e o t er pen-

t ne i s e onstr bly erive ro fayalite or pyroxene, 

but a cert n proportion ~ h ve crystallise durin 

the f 1 1 stages o a tic consolidation . rcon 

also &ppearsfJr t e first time a on th acce sor1 s . 

Pla iocl se av . f-' a .co position 

1 . 63 An . 60 

--
Clino yroxene. ~ ~· 0 : c 0 

ale greenish bro ·n 40° 440 

I 
1 . 721 

pale purple-brown 50° 45° 1.734 

Or t ho rox ne. 2 0( • b C'lll).i ~ i on , 

57° 1.746 or. 67 

iotite. pleochrols 

1.673 0 . dar bro n • 

D( ' p le bro nish-
yello 

pecimen 4 2 . 

Olivine . 2 0( • '/; Co position 

--
_go 1.835 a. 80 

Plagioclase . av .~ j av. Co positiol 

I 

• 
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Pla ioclase . 

~l nopyroxene . 

~ale pu~ple-bro n 

pale gr ~en 

Jr tho pyroxene . 

iornbl nde 

• 

.Hivin • 

?la oclase . 

b11nopyroxe e·. 

:mrnle- bro n 

green 

astin site . 
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~-·-~-·--~~--~~a_v_._c_o~po_s_1_t_1_o_n_ 
1. 560 An. 5? 

0 : c 

.., .• , 
'- o( • 

l . ?34 

1 . 740 

o !' ition. 

I 
,, 

I 
J 

----------+---------~---~~~----~ 

1.693 

Spe~men~ . 

. I i . 828 

I av • fl • 

2V i • 

1. 762 Of • 79 

pleochroism. 

o 1 dark chestnut­
bro n 

d-. : pale yello - bro n 

• 

o:n~osition . 

• I 

Fa . 100 I 

av . o~position . 

n . 31 
I 

0 : c 

D : c pleochroisra. 

1.709 12-15° '6 : dar reenish 
bluo 

o( : bro mi h green 
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\n3lV ~€~ • 

5'8 . 25 . 79 . 20 . 56. 52 . 18 . I 

l0 . 3 6.6 4.7 0.5 1 

ioclase . 50.7 51 . 3 51 . 7 44 . 8 39 . 36 .2 26 

33 .9 34. 8 31 . 1 .55 . 4- :~6 . 5 23 . 3 7 
1.8 1. 9 2 . 2 1 . 8 ; .8 6.2 5 

ph . 0 . 4 1 . 1 1.3 4. 3 7.6 10 . 2 2 

u. 2 . 9 4.3 9.0 13 . 7 21 . 1 19. 7 51 
crpcntir.e . 3.9 

53 . dolerite 1kJ , be in" Hanover far ouse . 

25 . olerite l ml • ..; ••• of Urnzi .. ,,ubu bridge , 

koba ' s Location. 

79 . dolerite near • margin of sheet, O:l atfontein. 

20 . 'olerite along road , ~ 1 . • of Umzim ubu brid& , 

i ver sdale . 

'6 . dolerite 200 ft . be lo ranO!)hyre ban , "'Opje 2 ls . 

north 01 e ma l~ i post off!co, • t 
... 0 z: s 

Loe tion. 

:,-2 . oler ·te 10 t . belo ra ~o hy1· .... b nd, sace locality 

18. ole1· i te i mea i · te ly be lo grano hyre b nd, alon 

ain road to Z artberg . 

iscussio • 

The rocks described bove sho a gradual chang 

to ards an end- pole rich in soda and iron. This is evi-

denced by the change o the lagioclase ~ rom n. 09-31 , 

the c.ange of the olivine ro a . 28- 46 , and ·gain from 

a . 80-100 , the change o orthop roxene from or . 26- 79 , 

and f i lly the change in the clinopyroxene fro ugit 

to ferroaugite , bordering on he enbergite . In the he-

ginning the processes ere very gradual , but 1 ter on 

diff erenti tion 
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dif erentiation appear s to ha e proceede a t an cceler­

ated pace . Thus the iron-rich dolerites really repre­

sent several phases of the differentiat ng ag a; the 

first phase being completely out of equilibr1 1th sub­

se uent hases . he preservation of re nants of earlier 

l ases of crystallisation urges for the incompleteness 

of the equilibria, hich the constantly changing restmag as 

atte p~ed to establ sh ith t e solid ro ucts o previ ous 

crystallis·t1on. The pale coloured augite of 20 re-

pre ents one such a remnant, opposed to the purple-bro n 

ferroau ite separ tin later . rticularly durin the 

later stages of' differentiation, the rocesses involved 

eco e v ry complicatvd. h reat eight c rrie by ~uch 

later stages s e p asised here . T e pla iocl se laths 

of t e iron-rich dolerites 1nv ri bly sho a t hin outer 

argin of oligoclase, even here the central parts are 

as oderately zonal as in 20 . The striation of the 

clinopyroxene, the late for tion of ferriferous olivine 

nd orthopyroxene, the substitution of biotite for orn­

blen e, 11 in icate the incre singly ore pro inent p rt 

played by the 1 ter rest-mag as . euteric alter tion, 

as t estified by processes of albitisation, amph1bol1tis­

ation nd serpentinisation, li e ise beco es 1 ore pro­

nounced s igh r levels in t e sheet are reached . 

On the hole it a pears th t, dur i ng the later 

stages of crystallisation, there as an up ard migr tion 

of highly dif erentiated rest- mag as . In their ascent 

the fluids attacked the crystal frame ork t rou h ich 

they passed . Their transit is evidenced by the occurrence 

of mi nerals, rich in iron n so , an o l te for tion, 

in the iron- rich olerites of the sheet . 

peel en/ •••• 
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pec1en18 as here tre·ted as a pure dif eren­

tiation product, but it is probable that tho roe is ot 

solely the result of a matic differentiation . It directly 

underlie the b nd of granophyric roe s, believed to 

origin te in the et so atic conversion of Bur hersdorp 

sandstone . 

quartz, an in ad ition irre ul r gr ins of oligoclase, 

hie interloc it. the uartz crystals . he oli o-

clase is non- zonal and t innin is ab ent . In ppearance 

it resembles the feldspar, hich occurs in so 

eta orphosed grit of the olteno sedi ent . 

of th 

.us the 

possibility, that 18 is contami te by a cert n a ount 

of sedi ent ry ateri 1 is not overlooked. Its genesis 

and chemistry re fully di cussed at later st g • 

c. Dolerites o the 

eet . 

i ld Occur Ce§ • 

u erous transgressive sheets an i es surround 

the main ody o the Ne alfi sheet in all directions . In 

the outh the ou t crop on the arm Paradise orms a irect 

continuation of the sheet . Other intrusions, such as the 

ydenham an riefontein sheets in the est , and the 

pringfonte n outcrop in the ast , are inclined to ards the 

e alf i sheet , rd undoubte ly connecte ith it UJ:lder-

ground . In addition to the above , any s ller intrusion 

cluster roun the nort ern extr e ity of the s eet . on st 

these the 111 t ~oi Plaats and Hanover, nd the thin 

sheets of Uit yk are entioned . inally t ere occurs 

strip of dolerite bove the ranophyre ban in the sh et 

itself . This dolerite differs in its petrographical 

characters fro th roe s of th main exposure n 1 thu 
I 

alt/ •••• 



II 

- 37 -

dealt 1th separately . It is· note mrthy that th grano-

phyre band dips at a lo angle to ards the North. hus 

the overlying dolerite outcrops on a ider front hen 

traced north ards . 

The dolerites of the side-intrusions lend them­

s el1es to a ivision into to main groups; 1 •• those in 

lich olivine occurs as large cryst·ls, anu thos in 

hich olivine builds small in ividuals. 

olerites with large olivin~~· 

o tl is rou~ belolig t .e oleri tes 01' the 

Para dts e, Spring ·ontein and Sydenham-Drief ontein sheets . 

The roe s closely resemble the contact-aolerites of the 

New . alfi sheet . Olivine is al ays altered, usually 

to bo lingite . Pla ioclase (An.69) forms stout, zonal 

laths. Orthopyroxene is absent. The clinopyroxene 

consists of early pigeon1te, augite (2V~ :469
), and late 

pigeonite . Interstitial mesostasis co only repl ces 

micrope ·tite . 

olerites olivines . 

This group inclu es the numerous nort ern side­

intrusions, as iell as the olerite overlyin the grano­

phyre band in the Ne · malfi sheet . The rocks are all 

f.ine- to medium-grained, but may sho great differences 

in texture and constituency . In the thicker bodies the 

texture is sub-o hitic, but thinner intrusions sho 

ophitic textures, pro ucin typical P •• types ( liter 

and Poldervaart, 194la, P• 137-140) . The ighest sheets 

contain no olivine and sho interstitial micrope atite . 

Lower intrusions shows all, altered oliviies an an 

interstitial/ •••• 
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interstitial mesostasis . In t e lowest sheets fe 

larger olivines are developed in a ition to t e s 11 

gr ains n thus the roe s ay grade over in the fir t 

roup. 

Both the sill at ooi Plaats-H nover and the 

dolerite overlyin the granophyre b n o the e lfi 

sheet sho the sa e m neralogical characters . Olivine 

occurs in inor uantities as s all, altered grains . 

Pla ioclase ( n . 66) build the usual zonal l hs. rtho­

pyroxene is absent, but arl - d l te pigeonite occur 

instead . ugite {2V0 : 46°; ~s l .713)forms the bul of 

the clinopyroxene, &nd occ s ophitic or sub-oph1t1c 

plates . A dark esost sic fills the interstices. 

yses . 

46 . 1.3 ,l . l 35 . 5 I 1.8 0.7 
I 

9. 6 

- "";Jj---

. 1 

78 . dolerite 1th large oliv'nes, along road to f zon er-

ing and Basutoland, ydenham. 

46 . dolerite ith s all olivines, along 1ke, • 
• E. of T ylorville . 

iscussion. 

There can be little doubt that the doleritos 

of the pringf ontein, Para ise and ydenham-Drief ontein 

sheets re identical to the rocks occurriI" ne r the 

cont cts of the e alf 1 intrusion. le inclination 

of the intrusions to ards the ain sheet, also s o s 

their close alliance to this body . 

The northern/ • •• • 
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The northern side- intrusions and the dolerite 

overlying the granophyre band sho some ifferences , 

hich are difficult to account for . T zone o rano-

phyric roe s rWlllin along the western rgin of the e 

A alf 1 intrusion, is lieved to represent a et so ti ed 

bloc of Burghers orp sandstone , stoped do n from the 

upper contact o the sheet . The time of the stoping 

rocess , relative to the crystallisation history a t he 

ag , is obviously of interest . t ay acco t for 

the iff er nces existi g in the igneous roe s above an 

belo the granophyric b lt . Unfortur..a~ely the exact 

relationship is ifficult to etermine , but apparently 

the ha alre dy precipitated the bulk of its olivine 

hen th stopin of the se 1 ent as effected . lternative 

ly, earlier formed olivine as actively be i n resorbed, 

and nuclei of' mor e fayalitic olivine ere fo .. med hen the 

above process took place . The ineralogical rese blance 

of the other minerals , except for olivine, bet een the 

rocks above and belo the granophyre belt is evi ent . 

uch f erences in texture an rain- size as o exist 

are ell a ccou te for by the rel tively quicker cooling 

of the dolerite above the n of granophyric rocks • 
• 

The northern side- intrusions ay be interpreted 

in the sa e anner . They cluster around the nortlern end 

of the grano byre band an may re resent side-intrusions·, 

effected during the stoping process . It is noted t hat 

they intruded aroun the northern , do nward end o the 

stoped block . Finally , they sho a gra lng of oli vine-

size ith depth hich also seems in accord it t he vi s 

expressed above . It is equ lly possib .e that such in-

trusions are of a later perio , de~ived from a iff erent 

source . The uthor prefers to cons i der both possibilities 

as equally probable . 

The ooi/ • • •• 
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The ooi Plrats- anover sheet raises anot r 

po nt of int rest . du Toit, {l 29, p . 24) in ~iscussing 

the rel tions of the dike a1d this ~hcet, re ar s:-

" ot any ile u. t e Bi U zimvubu, at Hanover, a 

sli htly-incl. ned sill , hen follo ed est ards, t ns 

upwards, becomes vertic 1, and thus ac uires t he habit 

of a dike-" . T e rock of the sheet i ndeed continues a 

cert in distance lon the course of the · ke, en it 

iv s .a to t e ty pical oli vine-dolerite of th 1 e . 

t th olerite of the sheet represents a cont ct odi 
' 

f ication of t e typical dike- rock is cons i dered oubt ul . 

Tle. ooi Plaats-.. nover sheet forms loc lly t e 1 est 

e posures, a <l th olivine-dolerite of th. die outcrops 

t uch lower level . Tlereforc it is referre her e to 

consi er the sheet superi posed on t e roof e 1 e; the 

agma of the former a parently followed t he latter's course 

for some distance . Unfortunately exposur.es do not llo 

for etailed s t udy bet een the rocks of the sheet and 

the dike . • t one place on the H nover side, h 1 ver, 

a thin strip of sands .one as oun , dividing both intrusion 
• Evidently the i e had alre y astablishe a solid zone 

along its roof , hich alloled for t e su erposition o 

the later mag a . Thus the dike i consi ered to continue 

uninterrupte fro Taylorvill to anover, undernaath the 

sheet, an thence i nto the e alf i intrusion. 

Charact ristically t e chilled modifications 

y be divided into t o ein groups; i . e . tho~ ssoci ted 

1th the olivi ne-dolerite magma of the dike, he sheet 

and its allied si e- intrusions , and those belongin to the 

1 • ••• 
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magma res po .. siblw i'or the for "'·ti on of the no rt ern ido-

1ntrusio s an the aolerite above t e ranophyr and . The 

seco d roup y represent a diff er nt a type lto-

t r, but i o e probably l ter pha e of retivity of 

the e olivi e- olerit~ g a, after its artial 

crystallis t on. 

Tle olivine-basalts are foun n the dike, as 

for instance lon its southern contact at Cala ity Hil • 

n th e alf sheet tl ey lin the . c1. 31.. rn cor· tact. 

In d tion th y occur s t eastern · r in of th r no­

P re and . er , ho ev r, the chilled p se y be 

absent ov r long stretcl es, hen t e grano~hyre co .es 

in ir ct cont ct 1th th un erlyin , coarse- rained, 

iro. -r .:ch oleri tes . f thin ·1 es it ln the grano­

phyre band 11 e ise contain bas· lts of this type. The 

es usually eeter out as hi0 her levels · the r no­

phyre are reac ed , an their conter .. ts are inv ri' bly 

intensely altered . 

y . 

he roe. s cont in phenocrysts of pla iocl se , 

ol vine in la~ge cryst ls , and cl1nopyrox ne . he 

ground ss consists of la iocl so, pyroxene nd bWld nt 

iron-ore together ith so e s 11 ol vi es . he roun -

ass is extr ely fin -gr ined &nd its n t·re of l n 

obscure by t e bund nt Jr n ore 0 r nules . 

Optical d ta/ ••• 
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Later .11§,. 

The porphyrit.ic content consi ts na1nly of 

plagiocl e ( n . 69 ) and 

ltere to a s rpentine . 

f , small 01:v1nes, usually 

The ground · ss closely r s bles 

the coarser grained roe s, nd cons·~tse~senti lly of 

plaeioclase, pyroxene , esost si and ·ron ore . 

Discy§sion. 

I t has been pointed out that the picrites, 

olivine- dolerites , ar iron- rich dolerites re con ider d 

as havin been derived fro t same olivine- olerite 

a • he ol vine- basalts are regarde as the chille 

ha es fro this ma , for ed by sudden coolin a inst 

the country rocks , i ediate fter injection. The 

evidence of the v riol 1t 1c picrites of ount red ind!-

c t s th t the 

crystallisation 

, after pl ce e1t , com enced 

th the pr ecipitation of olivine o 

co osition a . 15. On the other hand , the chilled h s s 

contain henocrysts of , 1 ~ ioclase and clinopyroxene, 

in addition to olivine . This indicates t at the agma , 

in the int ratellur c sta e , as pr ecipitating plagioclase 

{ n . 72)/ • •• 
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(An. 72) , olivine (Fa . 15 ), and clinopyr oxene · (2~:,1°) . 

ote orthy is the fa~t that the plagioclase is ore basic 

than any recorded in. the coarse- grained r0cks , heraas 

the yroxene also sho s optical prope~ties unli e any 

recorded in sue rocks . The riter is o the opinion 

that int atelluric crys~allisat!on should ~e sherply 

separated fro c:rystallisn ti on e.fter emplacement. . In­

deed t here is evi enc9 to a su e that intratellnric 

~rysta1i1sation ey 0 reverged aft~r e l ce nnt and 

that previously formed crystals ~y be absorbed by the · ma , 

before it co ences crystallir-ation under the ne· conditions 

of temperature ·nd pressure . In th~ basaltic lavas it 

is common to find that the porphyrit i c pyroxene differs 

fro~ the ground ass minera l. Generally the for er is 

diopsidic in composition, ereo.s t 

pigeonite ith a1.gite or fer.,.oaugit/:l . 

latter consists of 

Tbus tho porphyritic 

contents of tte o:~v·ne-basalts are not believed to dis~ 

prove tho contention that the sc e agma , after emplace­

ent, com enced crysta l lis tion tth the precipitation 

.of oli vin'3 only . 

__________ _.. ___ .. _ 
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Variolitic picrite, ount Fred,bottom of river valley . 
Picrite, Calamity Hill , . of road , stead. 

20 . 

52 . 

18 . 

70 . 

Olivine"dolerite of dike, 1 mediately behind Hanover home/ 
Olivine- olerite of sheet, oba ' s Location, 1 mile . 

of Umz1mvubu bridge . 
Quartz- olerite of sheet, iversdale,along road ~mile . 

of Umzimvubu bridge. 
Iron-rich olerite of sheet, koba ' s Location, 100 feet 

below granophyre b nd, kopje 2 iles . of e malfi 
post-office and store . 

Hedenbergite granoplyre of sheet, anstead, alon road, 
1 ediately belo granophyre band . 

Tholeiite of di e, near summit of the 1 lephant ' s ead pea • 

* analyst • Herdsman. ** mesostasis 
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even representative ·peci ens ere selected 

fro the collection, an c emicull..r nalyse by • • 

Herds n . The results a e set mut here in tabular for , 

together .ith the norms "nd the .odes, c· lculate fro 

the icrometric data . Apar from the .ost b sic roe s, 

t· ere xists a fair gree ent bet·1 en t normativ 

an 1 coJ.posi tions of the var ous speci .ens . 

It is noted th t t .. e n l;ses of erds .:.n did 

not r .turn Cr2 03, although qualitative analysis by t.~e 

author prove th pres nee of chromi~m :n bot' an lysed 

picrites . 

eer nd ger pointed out that v riations of 

b snltic a as ay b plottin 

t e oxi es eit er against the r tio 

or a1nst normative pl giocl· se , 

Both ethods are suitable for the basic .an lni;ermediatc 

rocks of a series , though t eir uses for t e ore acid 

ifferentiates are n turally restricted . T e first 

etlod as been adopt ed here , nd t.e result is shown 

in iagram 4 . 

It is clear that the trend of di ferentiat on, 

as sho n by tt.e aiagram , agrees closely '11th the ex­

pectations . 

Crystallisation started 1itl t e precipit tion 

of a little c romiferous · gnetite and magnesian oli ine , 

t e attar separating in exce s of t e stoec iom tric 

proportion. his stage in tle crystallisation proces 

corresponds 1th a sharp decline in the curve for go , 
and 



DIAGRAM 4. 

Variation of the Rocks derived from 

the Olivine-dolerite Magma. 
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and a more gentle dec:line in the curves or i•' 0 an 

Fe2o3; i'll ereas tLere is a co plementary incre St.: in the 

proportions 01' all tl e otl er o i es . e 1 ere se contin-

ues until basic plagioclase er stallise ; prob bly in 

considerable uantities . Olivine still crystallisea, 

t.ou l in uc smaller a lCWlts , ai as ore fayalitic 

individuals . onsequently t ere is · sharp decll1 .. c in 

the CaO curve an a ore ntl~ decrease in t e curve for 

gO . 11th ot er oxides sho an increase in t.eir 

proportions, thou tis has bee1 ad ~, sted a.dis more 

gentle than in t e first inst&nce . h.., curve for 'eO 

also s o s ~n incline, ~nst a o a ecline, · s oliv ne 

has ceased to se arate in e cess of the stoec io e cr c 

proportion and, in the soli solution series o t1 

olivines, 25104 s~parates in advance of Fe2 104. 

lll"ing t e next sta e, pl· ioclase an pyroxene 

cry st llise toget .. er, ereas olivine ceases to separate . 

Pla ioclase becomes continuously poorer in unortlite an 

richer in albite uring its crystallir.ation. h ult ate 

result of the c·rystc.llisat ·on of the pyroxenes is a 

continuous dec::.-ease in 5103 and a correspondin increase 
in es103• Thus Cao, 0 and 1203 show a decline, hi le 
all other o ides increase in roportion. 

he closing stages of the diff erentia ion process 
are ore complex. The two analyses 52 and 18 , sho 

certain discrepancies hi ch r nder them useless "or pur-

poses of quantitative interpretations . Both speci ens 

occur immediately elov, the ban of granop~yr1c roe s, 

believed to originate in the metasomatic conversion cf 

Burghersdorp sandsto e . h process of metasomatism in-

volved the igratlon of certain oxi es across the contact . 

Thus the igneous roe s belo the gr nophyric ~~one both 

lost an gained in certain constituents . In the c·se o.f 

521 •••• 
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52 it is not thought tl.at the gains ere substantial . It 

is, ho ever, obvious that the m· ma-fra tion, repre~ented 

by 52, lost both in a 2o and 102 • In a dition, it may 

have lost other constituents , though this 1 not demon-

strated by the analysis . 'l'ne ineralogy of t he roe sho s 

i t to be a continuatiotl of the cryst l l i sation trend of 

the olivine- dolerite series . In it occur ore albite-

rich plagioclase , .mor fayalitic olivine and pyroxene 

ricner in es103• herefore it is expected t hat t he 

magmatic va~1at1on is continued in 52 alon the same lines 

as in the previous rocks . Hence le exoect a cont inued 

decline in the curves for 1203, Cao and o, with a 

corresponding incline in th c~es for 102 , eo, 'e2 3 t 

Ti02 , a2o and K2o. Comp rison vith otler igneous bodies 

~ o ing a si ilar variation, an also theoretica l con­

sider tions , S lo s that the exp cted result 1ould be 

a particularly pronounced increase 1n the propor t ions of 

Fe , Fe2o3and T102 , heroas Na2o and K20 should pro­

bably also sho a somewhat s.arper in.::rease than be ore . 

'1 tti tl e t •o exceptions noted, tr e ana l ysis of 

52 ns.ers to th above expectations . t the s e 

time it is clear ti1et any loss in l"eO, e2o3or T102 ould 

not be immediately sho.n by either the analysis or the 

variation dia ram. Losses in such co£ist1 tuents would 

erely tend to decrease the pronounced i ncli1 tions ex­

pected, an only very l"rge losses would be demo:r.str Qted 

by th resultln 7 rocc . 

uch t he same considerations, even mor e em-

phasised, ay be a pplied to 18. If 18 repr eson~s y t a 

fur t her step in th crystallisation history o · the magma , 

e oul expect to f1na pr1 ar~ly in this roe , acid 

pl gioclase, fayalite, a pyroxene close to hedenber g:!. t e , 

and both agnetite an · ·1 enite . 11 these are inde~d 

found/ ••• 



DIAGRAM 5. 

Iron-enrichment in Dolerite Intrusions. 
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DIAGRAM 6. 

Iron-enrichment in the Karroo Dolerites. 
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the t o principal solid solution series, plagioclase 

feldspars an iron-bearing metasilicates (e . g . pyroxenes)" 

(.ttenner, 1931, P• 549), as first '' on" by t .e pyrox nes, 

but ulti ately by the plagioclases . It is evident ttat 

the cry t 111;.)ation p riod o th feldspars is uch longer 

than t at o t e pyroxenes . Th ulti te result is 

there ore by no means surprising . 

In diagram J the trend of lffer ntiation is 

urther illustrated by plottin t.e a alyses in a triangu­

lar diagr • . T e three corners ar respectively o, 
t e si nificant co stituent of th .ore refractory 

minerals; eO, the significant constituent o the ium 

refractory inerals; and ( a20+K20) , the significant con-

stituents of the less r fractory inerals . In t e diagram 

the tren of differentiation o the leph·nt's Had and 

e lf 1 intrusion is co pared i th that of t kaer-

aa intrusion (Deer and ager, 1939b, p. 314-315) , 

and that of the Insiz a Lopolith (Scholtz, 1936, P• 117 & 

143) . Oft ese ttree , t ~ ~ergaard intrusion sho 

the str~ngest crystal fractionation . he Insizw lopolith 

only stows ediu fractionation, as it as formed by a 

succession of several intrusions at s ort intervals 

( choltz, 1936, P• 203) . The diagram shows clearly that 

th iron- nric ent of the i le stages o crystallisation 

depen s pri arily on the degree of fractionation of the 

ag a . oreover, in all three cases the final phase of 

differentiation proceeds to ards the development of 

rock-types rich in s102 , Al2o3, a2o, an K2o. 
In iagram 6 all the av 1la le arroo dolerite 

nalyses ere plotted on the s me b sis. s s o n 

the diagram , iron-enrichment appears to be inherent in 

the crystallisation of the Karroo g • 

T e original/ •• •• 
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r iginal 011 vine- oleri te tiagma. 

s the chilled contact hase as not c e ical y 

anal yse , attempts ere a e to arrive at so e ide as 

to the co position of the origi nal olivine- olerit ma ma . 

The analysis of the variolitic picrite ias rec lculated 

for thi urpose, as aterfree an a usting Fe203 to 

ext 60 olivine Fa 20 as subtracted from the 

recalculated analysis and the Eesult again rec lculated 

to 100 • As a co. parison, the proce ure as re eated 

ith the subtrac t ion of 60 olivine a . 22 . 1'1. results 

are tabulated here . or comparative purposes the 

average of rankel's four analyses of younger arroo 

i ntrusions, recalculate as aterfree and minus Cr2o3 
( r el, 1942, P• 1 ) , is also included in t he table. 

i nally, the composition of a magma 1th 4 .o 
deduced fro t e variation iagram, and is iven here . 

lla . A. B. c. D. 

106 43 . 3 4 . 5 4 . o 49 . l 4 . o 
12 3 6.1 15.2 15. 2 13 . 6 14. 6 
0603 0 . 5 1 . 2 1 .2 1. 1 0.5 
~e 12 . 0 6. 8 9.0 9. 6 9. 5 
gO 31 . 6 12 . 0 10.3 13.0 12 . 5 

Cao 4.8 12 . 0 12 . 0 9. 12. 3 

~60 o.6 1 . 5 1.5 2.0 1 . 2 
0. 1 0 . 2 0 . 2 0. 5 0.4 

Ti02 o. 8 2 . 0 2 . 0 0 .9 o.6 
p o, trace - 0 . 2 0 . 2 

0 0 . 2 o.6 o.6 0 . 2 0 . 2 - - -
Total 100. 0 100. 0 100 . 0 100. 0 100 . 0 

lla . The analysis of the variolitic picrite (11) 
recalculated as aterfree to 100 , ad ust1ng 

e203 to 0 . 5 • 

• 

B. 

The result of subtractiv 60 olivine a . 22 from 
lla . and recalculating to 100 • 

he result o · subtracting 60 olivine a . 20 
from lla . an recalculating to 100 • 

c. The average of ra el ' s four analyses of younger 
arroo 1ntrusions1 recalculate aterfree and 

minus Cr203 to 100 • 

• The co position of a g ~1th 4 .o 
deduced from the variation ai ram . 
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Generally spea in t ere is a fair agreement 

between the co positions of B, C and D. The calculated 

co positions • and B. are relatively poorer in FeO than 

either c. or D. In this respect the author def i nitely 

favours the values for O and FeO , as iven under • 
The most significant differences bet een B. , C 

and D. are in the proportions of Cao, A12o3 and a20• 

Both 1203and Cao are higher in B. and D. , bile Na2o is 

lo er . v1 1e tl.y th orig nal gma at lephant ' s Hea 

was richer in basic pla ioclase than the magma of rankel ' s 

"Yo er arroo Intrusions" . In accordance it this 

vie are the facts that; (1) the author found 9 plagio­

clase as henocrysts in the chilled phas , ihereas Fran el 

records that "small, isolate felds ar laths are not 

co on" in the lassy r ins of his intrusions, and (2) 

the author ' s micrometric data for pla ioclose in the 

normal olivine-dolcrites of lephant's Hea r ange from 

50-58~ . hereas ra el's data vary bet eon 29-3 • 
Thus , s a rough approxi ation, the co position 

given under D. appears to correspon best 1th the ex acted 

composition of the original olivine-dolerite gma . 

he Thol ii tic gagma . 

In diagram 7 the tholeiitic agma is co pared . 

11th the original olivine- olerite ~agma, as calculated 

hove. The results of t is comparison are tabulated here . 

1 . 2 . / •••• 



DIAGRAM 7. 

The Tholeiite Compared with 

the Original Olivine-dolerite Magma. 
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l . 2 . B. A. Norm of • 

48 . o ,0 . 7 2 . 3 47 . 2 u. 
14. 6 14 .~ 14.9 14. 6 Or . 1. 7 

0 . 5 3 . 1 . 2 8.4 b . 6. 8 
9 . 5 11 . 2 n . 35.3 

12 . 5 4 . 6 15 . 2 ( o. lg :~ 
12 . 3 9 . 0 7.0 13 . 5 Di . 'En. 

1 . 2 2 . 2 2 . 8 a.a ( s. 3. 6 
0 . 4 o. 1 . 1 0. 3 ~ •n . 2 . 4 
o . 6 2 . 5 3 . 7 Hy . s. 1 . 1 
0 . 2 0. 3 - 01 . ~Fo. 18.7 
0 . 2 0 . 2 - . 3 a. - - -

100 . 0 100. 0 100. 0 100. 0 100. 0 

Composition of. the original olivine-dol rite 
aS deduced above . g ' 

2 . The tholeiite of lephant ' s Hea type, recalcu­
lated as aterfree . 

B. Co position of the atori l to be added to the 
olivfne- olerite agma ~o obtain t e tholeiitic 

ag a . 

• Composition of the · terial to be subtracted from 
tie olivine- dolerite agma to obtain the thole11t1c 
ag a . 

n inspection of tl e taole sl o s that the com-

position of B.-the aterial to be ad ed to 1 . to obtain 2 . -

is in ny ays remar able . On the other hand, it is 

obvious that the composition of A. - the teri l sub-

tracted from 1 . to form 2 . - is ore reasonable . he 

nor of this result has be n calculated on the assumption 

t at all iron is present as FeO. here is l~ttle J sti-

fication for this assumption , but e2o31s dif ·cult to 

assess ith any accuracy , an thus calcul tion as ' 11 

1'e6" s plif1es the procedure . The norm sho s that • 
corresponds to a rock, mainly co posed of basic plagio-

clase, diopsidic pyroxene and magnesian oliViile . 1 ilar 

diagrams were used to co p re the tholeiite ith the 

ori inal magma, calculated from the v riolitic picrite, 

and the average of rankel ' s four analyses . In all these 

cases it was found that th m terial to be subtracted has 

a composition corresponding to mixtures of olivine, 

pla ioclase/ ••• 
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plagioclaso and pyroxene , Mhereas the composition of 

the -terial to be added is rather unreasonable . 

It h s been stated pre iously t " the porphyrit­

ic elements of the chilled basalt con~i t of basic pla io­

clase, agnesian olivine an diopsidic yroxene . These 

inerals re gain recorded as forming the constituents 

to be subtracted from th original agma to form the tho-

leiitic a a . hus there seems to be o e justification 

for the assu ption, that the tholeiite as derived from 

the olivine-dolerite a ma by the sep ration of crystals 

o' olivine, plagioclase and pyroxene (together prob bly 

1th a little picotite) in depth . 

t on 

Bo en (1928) has repeatedly stressed his vie s 

on the course of fractional crystallis tion of basalt 

gma, b· sin hi~ ideas on a great number of c e ical 

i vest! ations of silicate systems . 

are here su arised as& -

(i) uick cooling o basalt 

a dolerite . 

Bo en ' s ideas 

g a will produce 

(11 ) edium fraction tion 01' basalt agma results 

in a 1orit1c residual liquid . 

(111)Strong fractionation of basalt ma pro uces 

a residual liquid , approachin the co position 

of biotite- granite . 

On the other hand , Fenner argued that strong 

fractionation of basalt agma 111 tend to ards iron­

enrichment, an t us the r · al residuum ill be n ither 

dioritic nor. gra' itic in co position. The or s of 

Bo en an enner are too well- nown to need f urt er 

quot tion here . T e t o opposing schools of thought, 

as/ •••• 
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as represented by the r1t1ngs of Bo en and Fenner, h ve 

strongly ·nrluenced petrological ideas reg 1n t e 

course of fractional crystallisation of basalt ag • 
Of late ore and more evid nee has be n for arded, in 1-

cat_n pronounced iron-enrichment in the crystallis tion 

sequence of b salt .ag a . Deer an ager (1939b) re-

viewed such evidence in their brill'ant stu y of the 

aer aard Intrusion of eastern Greenland, an repetition 

is not thought necessary here . 

ger demonstrated th t: -

In a ~tlition Deer an 

( ) The aergaard magma is, sli htly modified, 

representative of the ~orld ' s average basaltic 

ag a . 

(b) the S aergaard gma under ent stron fraction-

ation. 

(c) t e course o crystallisation of the aer-. 
aard gma as first to ards tle pro uctiou 

of a phcse rich in iron, and f inal!y to ards a 

resi uum , ric in soda and silica • 
• 

(d) the final residuum is essentially the ranitic 

residual liquid a.vocatect by Bo en. 

Deer an ager also comp re the Skaergaard 

crystallisation .trend 1th that of a great .any other 

intrusions . In all these cases a close si 1lar ty as 

noted . The present study is also in direct ~upport of t 

views expressed by these to autlors . 

hus bot. Bo en ' s and Fenner ' s ideas prove 

correct , in that fractional crystallisation of basalt agma 

does yield a fin l ranitic residuum, tlough this is 

arri'l.ed · t via an intermed1 te phase, r ..... ch in iron. 

Actually .ost dolerite intrusions sho clearest the first 

hase of crystallisation, to ards an iron-rich residuum. 

he final/ •••• 
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he final granitic phase is contained interstitially 

lthin the roe s , or represented by a fe narro , felsitic 

veins . The alisade intrusion is & case in point ( ·l r , 

1940) . It cannot be surprising that the bulk of the 

granitic phase is so s all . It repr sents t fin l 

residual li uid and D er and 'ager (1939b, P• 308) give 

the volume as only 1- 2 of the total . In a dition, it 

has already been state th t much of the resi uum y 

be entrapped interstitially 1th1n the crystal fra e or • 

any problems are attached to th cryst lli ation 

of bas lt m g a . Daly ' s aver· e c alc- alkaline series -

basalt, andesite , dacite an rhyolite - is so eti es 

consiaered a perfect exa ple of Bowen's contentions . 

he series sho s no trace of iron- enrich ent . Deer an 

ger do not exclude the possibility th t the c a lc- al aline . 
series a be the result of a special type of crystal 

fractionation , but they consider it 11 ely tha "the series 

is essentially the r~ ul of hybridisation bet een -

granite an basalt" . 

' rry intrusions de elop pe atitic facies as 

the iron- rich ph se is appro ched . Hare again the P·li -

sade sill is entioned as a typical example . The develop-

nt of dolerite- pegmatites proceeds under special co -

ditions, as as sho so clearly by Tomkeieff (1929) . 

The course of crystallis tion is altere a th co position 

of the crystallising constituents deviates rom th co -

positional trends of the inerals in th nor al- rained 

roe s . Che ically t e dolerite- pegmatites are ell-

kno n to be out of ali nment in the nor al dif erenti tion 

dia ra s . Generally spea in , the effect of the develo -

ment of pegmatitic facies is to ease own the tendency 

for iron- enrich e1t , ana to pre ent the or tion of 

extreme types . T e excess iron is concentrated ithin 

t e / •••• 
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the peg t1t1c segregations a hence the m gia proceeds 

crystallis tion in t e sodic direction. 

he author corroborates eer n a er ' s vie s 

as to th course of cryst llisation in bas lt a . t 

the sa e ti e he cozsiders oien's vie s of t e ut ost 

importance , noting, ho ever , t at such vie s are based 

on studies of dry silicate syste s in t e laboratory . 

It is sug este that the primary enrich ent in iron, re­

corded in t crystullis tion o basalt g a, . s nti ate-

ly a sociated 1th a concentration in volatiles . is 

volatile- concentration further pro. otes t e iron-

enric ent . 1nally pegmatitic segregations a be 

for ed, containit t e excess iron a1 volatile tter 

of the crystallising gma . In certain rar.e ca es peg-

atitic sc 11eren are not formed , hen fractional crystalli­

sation continues in th dir ction of iron-enrich nt an 

extreme rock t pes are produced . In oth ins~ances the 

final trend of crystall sation is towards soda- enrich ent , 

as the separ tion of exce ~ iron is not accomp ied 

by that of excess soda . 

he for tion of peg titic facies ppears to 

be ore usual t an tl production of such extr e 1ron­

rich types as recorded by eer an ager and the present 

author . he conaitions promoting the evelopment of the 

one ph se over the other are, ho ever, still unkno n, nd 

speculation in this ield is thus not · stified . 

-----~-------~~----

Petrolo / •••• 
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The ranges in compos tion of the mineral~, cs­

cribed in the roe -series of lephant's .ead and e 

A alfi, yield so.e 1nterestin facts . 

The plagioclases sho little chan e in co -

position in the ore basic roe s, varying fro n . 70 

in the icrites, to n. 66 in the olivine-dolerites . 

In the narro zone of the iron- rich dolerite , ho ev r, 

there is a rapid increase in the albito content of the 

series . The nearest olivine- olerite contains pla io­

clase An. 66, hich, in tl overlying zone, b co es pro­

gressi ely richer in albite, to reach An. 31 in speci-

en 18. 

The co position 1 tren of tl ol~vines is e en 

more marked . In the more basic rocks t er is a ro~ 

gressi ve change, fro Fa . 1.5 in the v rioli t.tc picri ta· , 

to a . 46 in the 01·v1n - olerite underlying t h diff -

rentiate zone . It is remarkable that the olivine 

crystals are non-zonal . othe , iff er nt roe s are 

ar ed by oli inez of slightly ifforent compos ition~ . 

In th variolitic picrites a range Fa . 15-17 as record d; 

in the nor al picrites Fa . 17- 23 , nd in the olivine­

olerites ranges v-ryin ithin the limits of a . 2 -46 . 

The absence of zoning seems to surgest that oli 1 ine crystals 

react ore readily ith the mag at.an , for instance, 

crystals of pla ioci ase or clinopyroxene . .e preserva-

tion of crystals , richer in ·g2s104 , is apparently due 

to the 'thdra al of such crystals from furtler interaction 

ith th ag a . This is achieved by; (1) repid cooling, 

(2) sinking of crystals to lo·er levels in t e gma 

chamber, and (3) t e development of thin fil s on the 

surface/ ••••• 
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surface of er stals , rotecting t e cores from further 

att c by t' o · gma . · he mag tic attuc seems to have 

b en acti e in t o successive stages ; first to produce 

oli ine ricner in fayalite , an second to produce th 

sat ate etasilicate , orthopyrox ne . 

In the o est roe s of the iron-rich ol ritos 

ol vino is absent . Higher up , ho ever , the ineral re-

appears s • Be, an continues to crystallise until 

crysta~s consist of pure fayalite . · hese observ tion 

are in strict analogy to the theoretic 1 de uctions of 

Bo nan chairer (1935) , ho investigated the system 

gO- li'eO- 102 • Under conditions of stron fractionation 

the system first precipitates oliv ne of c a in com-

position. ext ~he liquids ass into the pyroxene fiel , 

an pyroxene alone is precipitated . Finally , there is 

a return to the boundary line between t e t o f i lds, 

hen oli vine n pyroxene crystallise simultaneously. In 

the latter c se ol i .:ne i~ ore iron- rich t.an beforP, 

its disappearance . 

h rel·tions oft e orthopyroxenes are slightly 

ore complicate d. The compositional trend sho s a p. o­

gressive enric ent in Fe 103, from Of . 15 in the ptcrites , 

to or . 79 in the highest iron-r1c. dolerite containing 

orthopyroxene . The exact status of the mineral is, 

ho ever, obscured by the fact, t at 't bears a re ction-

relation to olivine an pigeonite . In addition its 

crystallisation overlapses that of the clino yroxenes . 

In the picrites, orthopyroxene (Of . 15- 18) is of earlier 

for tion than clinopyroxene . The orthopyroxene of the 

.olivine-dolerites (Of . 25-42) is essentially cont poran-

eous 1th clinopyroxene . In the iron-rich dolerites, 

orthopyroxene (Of . 50- 80 ) cryst· llised after clinopyroxene . 

It is/ •••• 
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It is significant that orthopyroxene follo th trend 

of the oli ine, 1:.o t1 in composition and crystallisation 

period . The magnesian and edium oli ines crystalli~ed 

prior to bronzite and h persthene. The more fayalitic 

oli ines a~e contemporaneous ith the ferro-hypersthenes . 

In concordance ith the theoretical expectations, pure 

ortho-ferrosilite did not crystallise, but quartz and 

fayalite formed instead . The crystallisation of ortho-

pyroxene is thus considere here in relation to olivine 

aud pigeon1te, and separated from the crystallis tion o 

tho clinopyroxenes . 

A noteworthy henomenon of the orthopyroxene 

s~ries is .t e occurrence of a "graphic intergro th' on 

inute scale in crystals of a certain range of composition 

(Of . 20-35) . imilar observations ere ade by ny 

authors, and there is a close greement in the state ents 

rcgar ing the range of co position, it1in whic the inter­

growth is observed ( lker 1940, p . 1073); He s and hillips, 

1940, p. 282- 284: alker and Poldervaart, 194lb, p. 435) . 

No such agreement exists in the vie s expressed as to t e 

nature and orientat~on(s) of the 1 tergrowth • . Its extreme­

ly fine grain renders accurate determinations of optical 

constants fre uently imnossible . The pre.ant author 

could only make rough determlnations of ~ in these ortho­

pyroxenes, hereas it proved inpossible to obtain uniform 

extinction in any position on the Universal tage . 

The relations of orthopyrox ne ( 1th intergro th) 

and pigeonite c.re worthy of co. ent . The foJ.lo i ng 

observations ere made in the Ne A alfi sheet:-

(1) 



(1) 

(ii) 
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t 
ormal ole ite . Cor .. tains o..:· iopyroxenc 

(Of . 20-35), both earlier <~d 1 ter than 

clinopyroxene; the bulk be ng l ter. Th 

orthopyroxene shoils the gra hie intergro tll . 

'geonite ·s absent . 

olerite near co ,~ cts . Contai s no ortho-

pyroxene, but early igeonite ( o : 1.703) 

and late pigeoni te ( D : 1 . 734) • B th have 

the optic axial plane.!. (010) . hey occur 

respectively as columnar cores and ophitic 

margins to crystals of clinopyroxene . Late 

pigeonite predominates over early . 

(111) olerite centre of sheet . Contains rare col­

u nar cores of early pigeonite ( 0: i.700), 

surrounded by margins of orthopyroxene (Of. 

20-25), sho ing the intergro th . 

During a general survey of the Karroo dolerites 

the author collected numerous data on the pyroxenes 

occurring in these rocKs . It is intended to publish 

the res lts of these studies shortly in a separate aper 

on pyroxenes . For the present study the relations be­

t een early igeonite and orthopyroxene appear to have 

been establ shed . The co clusions are ostly in agree-

nt ~it he v e s expresse by ess (1941,p.580-581) . 

It appe rs th t: -

(a) Pigeonite 1th the optic axial plane ! (010} 

and orthopyroxeno sho ing a gr phic intergro th 

(Of . 20-25) bear a co ple entary relationship 

to one another . 

(b) arly pigeonite crystallised under high temper-

ature conditions, in advance of orthopyroxena . 

(c)/ • •••• 
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(c) On rapid coolin e rly pigeonite is preserved 

in a metastable condition. 

(d) On slow cooling early pigeonite invert ·o 

orthopyr xene 1th a 0 graphic intergro th" . 

(e) The intergro th ori 1nates in the excess 11m 

contained 1n the olecule . The hcnonenon is 

orientated in at least t o, n probably three 

airections . urther proof is required to 

establish t e exact nature of the intergro th . 

It is prob ble th t the p eno enon ·s one of 

exsolution , and that the intergro th consists 

of so e form of exsolved calcium .etasilic te . 

Di gr~ m tically expresse , th sequence uggested is 

Olivine (Fa.17)--- · rly pi eonite (Wo . 14, n . 59,Fs . 17) . 

i 
Orthopyroxene .1th inter ro th ( f . 

22). 

The relations of late pigeonite (Wo. 9, n.41, s . 50) to 

orthopyroxene are believed to pe sli htl.y different" L&te 

pigeonite as only observed in uicker cooled rocks of 

fine- to medium grain-size, here it occurs to the er-

clusion of or tbopyroxene . o inversions of late pigeon1te 

to orthopyroxene h ve as yet been recoraed, nor can t ey 

be easily inferred fro t e relations exhib~ted . It is 

possible t t concentrations of volat le constituents 

(mainly ater) influence t .e form tion of such pigeonites . 

The problem clearly requires further study . 

The co positional trend· of the re a i ni ng clino-

pyroxenes is equally 1nfor tive . o deter ine the trend 

of crystallisation, a great number of in ividual crystals 

ere ea sured on 2V~, o: c , and o • he compositions ere 

obtained from the values for 2V~ and o, on the diagrams 

devise by eer an er (193J, p. 20- 21) . epresentstive 

ata of the Elephant's Hea and e alf i pyroxenes are 

he1•e/ •••• 



DIAGRAM 8. 

Course of Crystallisation of the 

Clinopyroxenes. 
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here tabulated, together ith t _e inf erred co po i t~orjs . 

o . 2vK 0 :c 0 .o. -'£ • ... ·s . 

1 . 49° 38° i .713 32 44 24 

2 . 460 38° 1 . 716 28 44 28 

3. 440 36° 1. 718 27 44 29 

4 . 400 44o 1 . 721 22 44 34 

5. 34° 35° i . 723 20 44 36 

6. 31° 33° i . 725 18 44 38 

7. 41° 45° 1.725 22 42 36 

8. 50° 45° i .734 29 32 39 

9 . 52° 43° 1 . 740 32 25 43 

10 . 56° 45° 1.758 38 9 53 

he co positions are plotted on a tri ngular 

o- En-Fs iagram, together ith the "pyroxene course of 

er tallisation of normal fie agmas" of Hess (1941, 

p,585)(diagram 8) . Significant is the deep depresslon 

in the crystallisation tren , illustrating the t ndency 

for the develop ent of p g.onitic types . Indeed, t e 

uthor does not exclude the for tion of tru. conites 

(2v <30°) du!"ing th · s stage, though stipulating that such 

pigeonites ould have tJe optic axial pla&e p rallel to 

{010) . Thus a sharp, genetic division is ra1n bet~e n 

pigeon tes ith the optic pl e i (010), bea ing a r -

act o~-rel tionship to olivine n ortlo yroxene, and 

r;t ·e or .. i te i th the plane It (010), concordant i th the 

clinopyroxene course >f crystallisation. In the latter 

case a cont nuous decre se in the optic axial angle from 

core to ma_ in is i plied , hereas no s ch cont nuity 

existw in the for er . 

The deep depression in tle clinopyroxene trend 

of/ • ••• • 
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crystallisation is fully con ... 'lr 1e by th ... author's ob,;)er­

u ions on a great · ny Yar ... oo oler · tes . In fact, t e 

f lrst art o t e trend is typical for the clinopyrox ne 

se uence of th bul of e no 1 ·'arroo ol te • 

ass ' tren o crystalli5a~ion sho s a si ilar depres ion, 

though by no eans as deep as is recorae · by th euthor . 

It see as therer oru , a charact ristic c ture of t,.e c" in -

pyroxene cour e of crystallisation, t at: -

(1) Th first nd last art runs rallel to h 

En- s line o the iag am. 

(2) e centre p rt is parallel to the .o- 's 1 ne 

o.i' the iagram. 

(3) The length o the central part may ai er 

re tly in i f erent ro~, s o~ v ry similar 

chemical composition. 

It is not ~ ithin the .cope of this study to 

enter into an expla1.ation of the abo e -observt.tior,.,. . 

Recor iust, ho ever , t e · ade of the fact tl,a t the brea 

in t e cl nopyroxen crys allls tior coinc es .1 t i e 

ce sation o early crystalliw'l oltv1.1e . P.i. eoni ... , 

11 e ise ceases to cryst~llise at t is oint in tho 

crystallisation se ence of t' e ma ma . 

A note;orthy feature o the arroo ·u ites is 

t eir conspicuously lo extinction igle . T,e observe 

alues are consistently lo er than the iagra atic ata 

gi\ e by~ er anQ ieger (1938 , ~.21) . or& 1opsi ic 

pyroxenes, as ell a,;) tr~ ferroaugites, .,ho a tietter 

greement . It s thou t t at the abnor.ally lo valu 

for t e extinction an l are ue to he pre nee o ther 

oxides, contain-.- as i pu.ri ties in t e cry~t 1 . ·o in­

fo~ ation is given us to the nature o sue i p rities, or 

their control on the opt:cal ta . 

T ata/ •••• 
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he data or 'th our c_ie gro ps o roc~-lor -

in i eral.s s o a progressive r·c m nt in soda in the 

lagioclase series, h reas an ally pro re e 

ric ent in ferrous iron i 1 aicatea in t e roup of 

the oli ines, ortho yroxenes and clinopyroxene • h 

latter tren appears to be even ore ar e cha 1.1h o'a­

enrich ent . 

mong t ccessory in rals, i~on ore is e 

only constituent meritin further comLent. ou h li­

tative tests on the ore of the roe -series 11 icate a 

rogressive nrich ent in Ti 2 , hich reaches a a .. i um 

just belo t e top 01' the iron-rich zone . Y {, h i er 

up in the ~cries a rapi fall in the T102 content of the 

o~e is in icated . s all a ouni of ciro ifer us agnetite 

crystallised at an earl sta e, prior even to o ivine . It 

a~pears, tllerefore, t c~ t the a a precipitate Cr203at 

a very early sta e in its crystallisation, ereas Ti02 

as concentrated in tte lator rest-raag as . 

he crystallis tior o! the first tholeiito 

agma is very si ple l e ly traced . he chilled 

o ific tions contain phenocrysts of olivin~, plagioclase 

an c inopyroxene, wit plagioclase ~s t e do inant con­

stituent'. fter emplace·nent, crystallisation started 

i th pla · oclase un a smull a ount 01' oli. vine . , !his 

phase s follo ed by t e simultaneous precipit tion o ... 

pl ioclase and clinopyrox ne . ..le.t iron ores parated, 

follo e clos ly by the consoli tion of ~.e i e~stiti 1 

esostasis . he serpentinisution o" the 01..:.. vi1. nd the 

mphibolitisation of the esostasis probably belong to 

the/ • .1 •••• 
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the closi g st~ges of a ·tic activity . Cryut llis·t o 

as slo nd thc.:re n ... s ampl o per ... t .it · for teraction 

bet1een tl1e soli an li uid pases . cnce zonin is 

slight L both the plag ocl se an' t p roxene cry~tala • 

• e ol~vine- olerite gma precipitate oli ine, 

plagioclase ~ r.:.d '-inopyroxene un er plutonic con i tions . 

fter hypabyssal ·njection, ho ever, the early st es 

of crystallisut·on .ere "'r~ed by the sep.;:-ation of chrom­

iferous gnetite an .. a ... 1csian o!.iv.:.1e. urin t e 

middle stages pla iocl se, orthopyroxene (or pigeonite), 

and cl1nopyroxene success ... v ly joine ana follo ed t:.e 

cryst llis·t!on of olivine . he latt r ce· s d crystQlli-

sation s a . 46, ju t before the prccipit tion of ortho-

pyroxene. e ·t · ron ore an ferr lferous o .. :tl opyroxonc 

ere precipitated an , after a p use, .:fayalitic olivinQ 

oined the c yotallis tion of these t o inarals. ...nally, 

orthopyroxene ceased crystalll .. ·ation n quartz and 

fayalite separate together . To ti.e end-ch pters of 

this thir stage -~.n the crystallisation se uence belongs 

the se aration of biotite, hornblende, zircon, ap tite 

and the interstitial micropeg atitic intergro th of quartz 

and anorthoclase . ing t e deuteric stage, processes 

of a phibolitisation an albitisation left their r , 

hereas pectoJ.ite an so·e of the bro n s rpentine of 

specimen 18 also for ed uring this period. inally t e 

hydrothermal stage bears responsibility for uch of . the 

serpentinisation and aolinisation observed in tle higher 

differentiated ro~:s. 

.;o.i.echanis • •••• 
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, co pa ison of th igneous rock s of t t e dike nd 

t he s eet results in the observation t hat t l f or er con­

tains basic and edium differ nd.ates, here· s t he sheet 

contains e ium ana ''acid" roe s . Hence it see s hi ly 

probable that t e di ·e acte s the prima y feed~r of the 

~hu ~ t . A study o th di e disclosed t h presence of 

picrites near or at the botto of ajor un ulations in 

t.at intrusion. Reasons tiave already be .n given by the 

picrites re consi1...cred to have been for ed by gravita­

tional accu ulation of olivine in situ. In add'tion 

to t e reasons given previously, it is noted that t he 

pl gi ocl se of the ost basic picrites is ~01 ilitic in 

habit . In a for er paper ( I.Ker and Pol ervaar~, {1942a , 

p.62-63) it as pointed out th t : 'those sills in hich 

early olivine has settled in situ, sho a mar ed !here se 

in size an a change. in the h bit of the in 

th o~tions i ch have been enric ed in the ortho­

silicate . The feldspar jn such cases b co es po il:tic 

and is often slightly ore calcic than t1at o · t e 

associ<ted doJerites . In picrite sills - uhere d'fferen-

tiation has not ta~en pl ce in situ, the hal ~t of t he 

plagio~lase r ains lath-shaped ~ in the associated 

ol er·tes." In ... ~1 e ·i .. e oth p·crite-typcs are e. i th, 

t e poi:il-ttic ty ... s hetng ric er in ol v n"' an underly• 

ing the second t vpe . Such pheno.en~ are i nrlee to be e -

pected ·n the case of t ,le nt's Head dice . 

In iagram 9 th: features of the differentiation 

process in the 

(1) Ther 

i·e ere e ulated . It is no ed that i -

1as arked and prolonged flo of ag~~ 

through the dike . 

(2) 



DIAGRAM 9. 

Mechanism of Differentiation 

in the Dike. 
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(2) Chro if erou agn t•t ! an .n 1 nesi n o_..: ine 

separate· at f,., e l• sta e . 

(3 ) The ettlin~ of t' .e so1id partic ... es as co .... -

trolled oth th flo of th t a 

spec if .Le • avit of tho cryst ls • • us co .. -

dit1ons ere ld al for t e sepc.ation of e· J.y·· 

form~d, e v ·r .. c ys als . SucL c1~y ta ls ace 

lated to-n'1rds t e bottom of th i_e's un ula-

tions . 

(4) 'he accu ul<. tion or sol d p· rt. c es c us d a 

dii'ferenc. in the sha e oft e "flo -~ront' of 

t .e a ma , lerover such L cc u. ulat'ons ~ere 

ef f ecte • 

{5) In th lm1er ·rt o the ace ulat onn, m ma -

flo ad virtually stopped . I enc poi~illtic , 

l rge • la iocl so crystal» .1er develope here . 

In the upper par 4 S so e lo of ma · por~i ted 

an thus s 11 , .l t - .., v.pnd p agiocl·se crystal-

lised .ere . 

Tl e igne us roe rn f the di!te sho · li ttl i 0 n 

of ar· lleJllsm . The .ag a-flo uy , ho ever, h ve steppe 

after the crystallis tion of only alf tl.e Iru .• :eral con-

st· i..U nts , in · .. ich c se no parallel arr ng .. n s re e -

pected . Ttc author i..hus cons; ers tlat, urin its lon 

tr verse tt.rou h Easutolan , t . oliv n - dolerite m 

starte to preci it' t e so e ... ... netite ... . ol ne . Th 

settl d o t ·n t un ,1 tions of th .i: in the Cape 

Prov nee . • en, t. er fore , the e' alfi le t ·as 

entere th gma h d shed the bul of its a n~si n 

olivine and hence ractional crystallis.tion roceo o 

easily to ards t e for · tion of types , later in the 

differentiation series . 

a 

se 

The pos ibility/ 
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The possibility tl t the oliv·ne- doler·tes of 

~he d- e re resent agma , injecte after th9 formation 

o the pie.rites , is not e. clu o • 'heir n ect on, .i.-. 

ter, u t have f · llo~e i e intel; after th or tion 

of the picrites , as no tntrusiro contacts re encount red . 

oreover , lt .s cle r , that the su e a th t )rod ced 

the oli ine-dolerites , as r i::ponsiblo for the for tion 

of the icrites . Thus t e exact ti e of njection 

the olivine- olerites in the aike is rel tively uni 

ortant nd do s not a feet the vie s x roszed bov.e . 

I n the sheet no picritas ere et dth, but 

the lo est ortions of the sheet are not exposed . slow 

rise of the later i~est-mag as is 1 plie in th- roe:{-

sequ nc o t intrusion. · Cohvection currents aY h ~e 

been reoponsible for t is se uence, thou h t eir act on 

:'lust have b en limited in such a sma l in~r lsion as t·~e 

e lfi sheet . Possibly the acidic re t- n as, 1 

hich the volat le const.' t t nts e:"'l3 conce tr t d, f _ltered 

P a throu h gra tative act:o~. Such a ochani 

to .. e i pl· d by Scholtz ( 1.,,36, p . 203) in hi~ study 

of t Ins z a l olith . F na ly, a fil·er· ress ct ion 

may h ve been exerted v the stopin..: of the b~nd of .. 
Burgh rs orp sandstone . It is, ho e er, • on de red unlike-

__ y that he stoping rocess s effected ~t· an ad7anced 

st· · e in the rnag at1c crystal is ti.on . Go ~, ue t_ 

t. i., rocess i not tho ht of reat im· ort· nee in t e 

pro uctlon f the diff ~r ntia tion se .1ence of the N w 

A alfi sheet . 

.._.__ ...................... -
VII. .ech· nism/ •••• 
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Tl e lephant' s H ad Di.ce s ows three prominent 

features hich dist·n ish it fro the usual 1ke-1n-

trusion. They are: -

(1) the intrusion has a flat or slightly o.o 1ed 

roof, in ~ddition to t1o paralle , vertica~ alls 

(2) the c aracter of ~he di e is sinuous n a p r ­

allel, vertical section. 

(3) the dike- contents sho great variations n 

type n chemical composition . 

easons have been given, why the p1crites are 

considere to have been for ea by the gravit ive accu u-

1 tion of olivine cryst ls in situ . t ms so po 11ted 

out that th ir occurrence is conf nod to the hollo s 

in the lndulations of the di te . 'he tte a\!t was sed 

as vidence for the assumption that the picrites ere 

for ed in place nd vere no~ intruded as se arate, 

ultrabasic mg a . ke ise, it c·n be used as a gu ent 

for the suggestion that the intru ion is floored, as ell 

as roofed . Indeed th s suggestion is · iL~ect inference 

of' the revious one . In a fo ·mer chapter, th i d rela­

tions t ~unt red ere also interprete in ter s of the 

c i e being floored . It e.s found thu t such an ext .. ·~ ol-

a tion xplained C•)m rehons v ly all the relaLion ... ob-

~erve in the field ~n( the laborato~y . 

o exposures of a floor er recor e in the a~ea studied . 

h th suggestion must, of nece ... sity, ema n purely 

conjectural, althoug the author regards.it an ·g ly 

probable . • 

le m dulatory/ •••• 
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The un ulatory char cter of t e ire so s 

· ccentuated in cert· in strat , bein less pror.ao C.e in 

oth rs . In th stretch f om H· nov r to C l mity tll 

entle transgressions ·re inferre fro t e .,r in- ize 

nd th co osition of the roc.s exuose • c 

urse through the olteno be s i ar r by sto 

ngly teep t ns ress1o s , 01 hie t.e. u or W1 ula~ion 

at Elop amt 1 Hec.d '1 s b n 1 en · s a .. xa pl • 

ount ed nd OS s re c t nuou~, but 

tere too , re the deep u. u~ tions are 1 erre ~.e 

r c - types ncount red . 'I'O t i or. t'on 

by to<.: .ley, it a ~ar.> t h t. th suto n 

is li ev se co ti uous . .e autnor h· s not i or tion 

re ar in th cc1 ... racy of this tat ent, bu\, r s t 

a~ robable t ut uotaile stu~y ill r al ajor • u-

lation an g, p in the Ba uto an ex osure as ell . 

fu her note ort y poi.tis ht tc ... op 

o picrite an olivine-do y be · t any e el 

in t e aiK • t he .1cri te occw· r 

the loor of the ntr any r t 0 c 20 .1' t 

belo its roof . it m y ill, o .ever, th b·,.., c 

roe s de onstrably occ · ver ear - ·o .I.. , • 
1 e .,econ inti .sion is t U;, ... t'l.b c to app~ .. c1 bl .... u. <P _ 

f erenres in level t in t e • ~o V i& "iO 1. its 

i ensions is a so L ·err e • 

ecords o · curious y srape i e ar r r • ' he 

ell- no Clevel 11 di e o nort ern Ln0 la1 <1 J.Or s 

notabl e ception. s nt·us on sows little o1 n of 

ferentiatior (Holmes , l 29 ,p . 9) a " re ap o rs 

to be no justification to CO S1 er t • 

uie (19 l , p . 178 - 79 ) descrii)e a ibllr\..d t. ·e l" -

able dif f renti te intrusion in \, 0 .1..i 00 cunt ins, 

c lled by him 0 t ! e ded D' ett • Some hat mo ·tie , 
Buie ' s / • ••• .. 
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Buie's "headed dike" reproduces t e essential feature 

of the lephant's Head 1 e . 

aly0.933, p.89-90) briefly d!scusse the ribbon-typo of 

intrusion, hich, in the example discussed by hi , for s 

long, narrow apophyses from the different! tad sill at 

Pigeon Point ( 1nnesota) . This type of intrusion is 

characterised by clean-cut, rectangular cross-sections 

1th a flat or slightly domed roof . he intrusions es-

cribed are very small, but Daly does not exclu e the 

possibility t at similar features might be pro uced on a 

much larger scale . Fl ally, ashburne (1933 ) described 

several "still-dikes" from Oregon, hich recall the ribbon 

in jectio s of Daly an s o a great similarity to the 

i!;lephant' s l ead di e . 

The di e probably originated in a series of 

shallo 1 faults, hich may have deepened to ards asuto­

land . The fact that several other di es stri e ag inst 

the lephant ' s Head intrusion, but fail to cross it, 

nor continue on the other side, seems in accord ~ith thls 

view. The faults may represent steeply-inclined or vert­

ical fractures in the sedimentary beds . In this respect 

it is significant that : -

(a) the di e sho s such strong undulations in the 

olteno beds . 

(b) tholeiites of the lephant ' s Head ty e ere 

not recorded beyond the spur of ol"eno sedi­

ments terminating at Calamity Hill . 

Hence it is suggeste that the olteno beds ere tra­

verse by shallo steeply-incline fractures. These y 

have iffered in depth and thus caused the di e to assume 

its undulatory c .aracter . he finer-bedde Bur hers orp 

sediment di not len itself to such pronounded fr cturin , 

and thus th earlier thole11te gma stopped a short 

stance/ • • 
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distance fro th olteno beds . he luter olivine- oler-

ite agma apparently possesse a greater i p tus and a -

1anced further into the Burg ersdorp strata, to disch rge 

itself into a sheet t e rliest opportunity . Undu­

lations in the Bur hersdorp beds are gentle an tle 

sheet was injected along th first major argillaceous horiso 

encountered by the mag a . 

he sa e line of thought vas f ollowe:l by shburne 

to accou1 t for tl e regon "still- dikes" . He e phasises 

the s allo nature o t·e fractures alon hich the ag 

as injected and also the 1 plications of the s p of 

the resulting intr usions . du Toit (1920 , p. 14) pointed 

out t at certain sa i entary strata (notably the tor berg 

series ) contain a lar ge number of dikes , hereas in others, 

especi lly the Be ufort series , there is a ar.i.te prefer­

ence for concordant sheet in ection. The Karroo in­

trusions of the Trans ei fully bear out t n1w state ent . 

Thus there appears to be an intimate rel·tion bet en the 

nature and ode of bedding and o1nting of the sedi-

ments , and the character of the intrusions , injecte into 

the strata . 

inally it is pointe out that the flo of the 

agma is inf erre to be from B sutolan do n to ards e 

malfi; the lephant ' s Head ike actin as t e principal 

feeder of the e .alfi sheet . In the t tiele district 

a n ber of large dikes ere encountered, all of hich 

start in Basutoland and end in a sheet in the Upper or 

iddle Beaurort beds . 11 the di es are roughly parallel 

and run in a direction - '"'· • he Fishback dike (du 

Toit, 1929 , p . 25) is the nearest to t e lephant ' s Head 

di e and contains dolerite , very si ilar to th nor al 

olivine-dolerite of lephant ' s Head . 

he to/ •••• 
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The two intrusions of e Amalfi and lephant ' s 

Head 1 ht ell serve as an example of t he "descensional 

lit- ar- lit stoping" ode of 1 .. jection as suggeste by 

du Toit (1920 ,p.33) . The author regards it as hi hly 

probable t htt further studies in t e Trans ei ill reveal 

yet more evidence for du Toit's suggestion, t nt the rroo 

agma as injected in a descensional anner . 
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ccµrrences . 

he shallo basin of t.e Umzimvubu iver at e 

malfi finds its · estern limit in a co spicuous chain of 

hj.lls ond kopjes, culminat~. in the Confluence ea • The 

summit of these kopjes consists every1here of pale , 

brownish grey- eatherin rano byre , ~hich often for s 

small carps of sub-an ular o1nt blocks . hus the 

granophyre forms a ell- defined , 60- 0 foot band, stretch­

ing all along the western margin of the s eet, from on-

f luence peak to I · nover . 

overlain by olivine- poor 

estwards t e granophyre is 

olerites , rese bling the 

0 dol erites near contacts" , ascribed previously . h 

co t ct is sharp and a decrease in the grain-siz o the 

aoler.ite indicates a cer t ain amount of chilling . few 

narrow veins of granophyre emerge from the ain zone, 

an are intrusive into the dolerite . ast ards the 

band of granophyric ~oc s is lined Jitt chillea olivine­

basalt . The chilled hase ay , ho ever , be absent over 

lon stretches of the boun ary , hen the grano hyre ir­

ectly overlies the iron- rich dolerites , described previous­

ly . 

ithin t e granophyric zone , appreciable if­

ferences in ra - s ize are observe • Generally , a con­

sider ble increase in grain-size is noted near the verti­

cal ioint planes , Jhich dissec t the exposures . lon such 

planes the roe is extr emely coarse-grained , an the 

interlocking of r agged prisms of gr eenish- black ferro ag­

nesian3 , several inches in lengt h , y produce -Ude 

grid- iron structures . uch f eatures are , ho ever, .bY no 

aans co on and confined to ajor oi nt planes . 

everal/ •••• 

• 
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everal rounded sandstone xenoliths ere en-

countered in the granophyre zone . The sedimentary 

aterial rese bles the fine-grained Burghersdorp sandstone, 
. 

and th xenoliths ay be in all stages o · ige tion. 

Genera ly, a core of yello sandstone is surrounded by 

one or ore transitional zones, iic. sho sharp m rgins 

against each other . 

core& 

first zone: 

second zone· 

nor 1 roe : 

ypical is t e followin se uence. ­

fine- grained, yello sandstone . 

hite granophyre, cont ining 

irregular, ra n-out purple 

patches . 

fine - grained granophyre 1th 

stu py, greenish bl CK ferro-

agnes1ans . 

coarse-graine ranophyre, sho -

ing listening, elon ated fel -

spar crystals and lon , f ath ry 

pyroxene blades, set in a qu rt..zo­

feldspathic base . 

hroughout the zone the rocks ay sho li ited 

variations, of hich ifferences in grain-size have alrea y 

been noted . The proportions of quartz, plagioclase nd 

icropegm tite re olso su· j ect to appreciable ch nges . 

inalli, the dominant ferro agnesian, clinopyroxene, is in 

some of the roe s lar ely substituted by a very dark 

coloured biotite . uch changes might ell arise from the 

variability of the origin~l se 1ment itself . he Bur hers-

orp sandstones are in p'rts ore arenaceous an feldspat ic. 

herea in others they resemble the i pure, argillaceous 

siltstoncs of the i le an Lo~er Be'ufort beds . hus 

certain variations in the a e- up of t r s ultin etaso at 

granophyres/ • • ••• 
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ic granopl.yres . ig.t be expected . 

he rel tions of th sandstone xenoliths to the 

surrounding ranophyres ar ighly intere ~ tin • 

The se i entary core sto s a mosaic of interloc in r ins 

of uartz and fel spar , togeth r 1th a fe small p tches 

of a ine icropegmatite . Granules of iron ore nd 

aggr gates of ol en- bro n serpentine occur in inor 

quantities . mon the heavy residue minerals, s phene, 

zircon an ap tite pre omi ate , l.erea garn t and 

tour aline are o rarer occurre1ce . Co parison ith ever­

al sections of original an co tact- metamor hose Bur hers-

dorp san stones revealed a very close a reement . s 

alrea y note , some s n stones y be iner- rain and 

ore ar illaceous in character , but the a ority are 

fairly pure, feldspathic san stones . 

urroun in the core , a narro transitio l zone 

of a heterogenous roe occurs . T e matrix consi ts or a 

coarse , i ntensely altere micropegm titic inter ro th , 

throu hich t n r.ods of iron ore an irre ul r cry t ls 

of green clinopyroxene are scattered . mbedded in t 1 

bas occur numerous dra n- out or rounded pur ple tches • 

. These consist of inute granules of plagioclase (av . ~ : 

i . 552, n . 41 ) and purple clinopyroxene ( O: i . 726), 

closely packed together . 

often d scernible in the 

larger pyroxenes occur . 

o. sort of 1str1bution is 

t ches . centrally a f 

ext co es a zone of s all, 

interloc ing granules of both pyroxene an plagioclase in 

rou hly e ual proportions . T is is succeed by not er 

zone o' sli tly l·rger pyroxenes , her as outermost 

lagioclase predomin tes . 

Surrou in/ • •• •• 



MICROPHOTOGRAPH. 

Metasomatic Granophyre. 

(Index No. 51). 



Metasomatic Granophyre. 

(Index No. 51). 

The rock is very similar to 18, but 

contains more plagioclase, while faya­

lite is absent. 

Note the cloudy appearance of the pla­

gioclase. 

Ordinary light x 10.5 diameters. 
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YUrrounaing t.e patchy purple roe , ther is a 

secon transitio 1 zone of or uniform composi tion. 

ss ntially it is in - rai ed ranophyre; s o ing 

slender pla ioclas 1 ths , reen pyroxene prisms nd 

stum y rods of iron or , 1 ere s tho re ain er 1 de 

up of micropeg iatite an quartz . he habit o t e 

pyroxene is sub-9phi t i c, ut the crystals 1ay incl e 

grains of q artz and p tite . erunants of the pur pl 

patches are represented by s all accu ulations of pl g1o­

clase laths and purple- green pyroxene , both o l r er 

di nsions than in the previous transitional zone . 

The nor al gr anophyre consists chie ly of uartz, 

micropegmatite , pla ioclase n pyroxene . Pla ioclase 

(av .13 : 1 . 546 , An. 2) occurs as broad , zonal laths, 

surrounde by haloes of icrope matite . In a1iition some 

oligociase occurs as irr gular , unt inned gra ·ns in soc-

iation 1th quartz . ,~r oxene builds elongate , sub-

ophitic crystals of pur p e- bro n or gr en colour . he 

opt c 1 properties of the green variety are 2~: 54o, ~; c: 

45°, o' i .755 , hereas the pur ple-bro n varivty sho s 

nearly identical constants . Iron ore occurs a lar 
' 

skeletal sses . Biotite occurs in so s pec! ens, partly 

or holly repl cing pyropene . The mi er al ha& ~ • 1. 679 

an sho s pleochroism fro 0: black to o< : yello ish 

bro n . In ad ition to the above, zircon an apatite 

occur as ccessory inerals . 

All the rocks suffered extreme douteric an hy ro-

ther al alteration. Pl iocl s is cloudy , hereas the 

fel spar of the icropeg atite is undete ·min ble . lino­

pyroxene s o s a arginal alteration to hastingsite and 

bro n serpentine . R" iating needles of pectolitc ar often 

found filling s_.all vesicles in the rocn:s . 

icrometric/ •••• 



Chemical nalyses . * 

Index No . 49 . 50 . 51 . 

Si06 76 . 92 62 . 64 61.84 

Al2 3 12 . 38 13 . 96 !0. 52 

F:~03 i . 39 1 .12 j . 66 
1 . 45 6 . 54 9.24 

gO 0 . 22 1.83 0 . 56 
Cao 0. 28 3.91 4.97 

Na60 2 .17 5. 02 2 . 83 
K2 3. 88 i . 90 2. 58 
H20- 0. 39 0.28 0 . 19 
H20+ 0 . 77 1 . 02 1 . 82 
Ti02 0 . 20 1 . 53 1 . 51 
1>205 trace 0 .11 0 . 34 

0 trace 0 . 13 0 . 23 
C02 trace 0 .18 t:race 

total 100 . 05 100 . 17 100 . 29 

• 

uartz 48 . 35 13 . 62 22 . 50 
Orthoclase 22 . 69 11. 12 15. 46 
lbite 18 . 18 42 . 54 23 . 89 

Anorthite 1 . 33 9 . 82 8.28 
Corundum 4 . 23 - -l o. 

3 .16 5 . 99 
Diopside • .l!:n . - 1 . 11 0 . 70 

.i4 s . 2 . 1~ 5. 90 
H ~n. 0 . 55 3 . 4 0 . 70 

Y • • • • • • • ~s • 1 . 07 6. 56 5. 92 
Ilmenite 0 . 46 2 . 93 2 . 90 

gnetite 2 . 07 1 . 67 5. 34 
Apatite 0 . 34 0 . 80 
CaC03 0 . 44 
H20 1 . 16 1 . 30 2 . 01 

total 100 . 09 l00·. 20 ' 100. 39 

Plagioclase . 9.9 20 . 1 
Pyroxene . 26 . 7 14. l 
Iron o e . 3 . 7 6 . 2. 
Biot .... Hor bl . 2. 8 3 . 7 

icropeg . ~ u. 56 .9 48 . 0 
Serpentine . - 7.9 

Sp . Gr • 2 . 48 2 . 73 2. 79 

49 . Sandstone core of xenolith in granophyre band, 
summit of kopje, 2 miles • of Ne Amalfi post­
office . 

50 . 

51 . 

F'ne-grained, tranophyric transitional zone, 
surrounding the sa e xenolith . 
Normal , coarse-grained granophyre, 20 feet • of 
49 and 50 . 

*analyst F . Herdsman. 
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so, 51, 53. GranophJrea from awmnit ot kopJe, 

2 miles •· ot New A•lt1 post ott1••• 

81. Granophyre along- main ·road from Jla'8t1•1• 

to Zwutber11 over171ng apecillen 10. 18. 

The sedimentary core of a xenolith, the fin•• 

·grained granopb7rio transitional zone, and the normal 

granopbyre nearby were chemically analysed by Mr. F. 

Hardaman. The results are tabulated here, together 

with their norms and mod••·• 

The analyses show clearly that the process ot 

converting the sandstone was a highly selective one. 

The irregular variation of the oxides in the three anal.ya•• 

precludes the possibility of the granophyre having been 

formed by simple admixtures ot sandstone and either the 

original ol1v1ne-dole'r1te magma, or differentiated portiona 

ot that magma. Other evidence, collected in the field 

and the laboratory, is also against thia hypothesis• It 

has been shown that a-

( l) the granoJ>hTric rocks occur in a well-defined 

zone 1n the upper parts of the le• Amalti sheet. 

(2) the grano1lb7re band shows sharp boundaries 

against the dolerites, both above and below the 

zone. 

(3) the aanlatone xenoliths within the zone, and 

alao the transitional moditicat1ons surrounding 

the xenolitha, show clear-cut margins, without 

&DJ sign of gradation. 
The/•••• 
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The a ove characteristics have been recorded in three 

other arroo examples of metaso atism of sediment by 

dolerite ( al er ana Poldervaart, 1942b) . The l tter 

character is regarded as a typic 1 p enomenon of .pyro-

metaso at sm (Reynolds, 1936, p. 403) . hus it app rs 

thnt the process of alteration has been a mol cular one, 

and .ay be calle eta somatic . 

In order to obt in an i ea as to the losses 

and g ins of aterial, effected by the ~onversion , t h 

analyses ere recalculated to constant volumes . The 

results of the calculat ons are tabulate here . 

10 ••••• 18.4 •••• 
1263 ••••• • ••• 7.6 

F:603 • 1t ••• 0.5 • • • • 
••••• • ••• 14.l 

gO ••••• • ••• 4 .4 
CaO • • • • • • • • • 10.0 
~a6o ••••• • • • • 8. 3 

• • • • • 4.5 •••• 
H20 • • • • • • • • • o.6 2 3.6 Ti02 • • • • • •••• 

05 • • • • • •••• 0.3 
0 • • • • • • ••• 0. 3 

Sandstone . 

SS 

18 . 2 
1 . 4 

• • • • 
•••• 
•••• 

51 . 

•••• 
•••• 
2 . 4 

•••• 
• ••• 
• ••• 
•••• 

s • 

• 
29 . 3 
10. 3 
25 .7 
1.7 

13. 9 
?.8 
7.3 
5.6 
4 . 2 o.s 
o.6 

yres 1 as 

Gain 

•••• 
•••• 6.8 
22 . 0 

1 . 2 
13.2 

2 . 4 
•••• 
2. 6 
3.7 o.a 
o.6 

s shown,/ ••••• 
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s sl.c.m, the san stone lost in K20 an 102 

in both cases . gain in both cases, the s ndstone gained 

in FeO, go, Cao, Na2o and Ti02 • inally, 1203 as gained 

to form the tr nsitional granop yre, but lost in t e form­

ation of the nor 1 granophyre . Fe2o3 as 1 ost i the 

first instance , but gained in the second . ualitatively 

there is a certain agreement between the losses a:xi ~ains 

of t e t,o rano hyres . It is, o:ever, clear that ther~ 

are great .. iff erences in the a .. ounts of the v rious oxides 

gained and lost. Tle transitional granophyre sho s a 

particularly high t:a20 content, hereas the nor 1 r no­

phyre is co spicuously rich in FeO and Fe2o3• The author 

can but quote iss Reynolds, that:- "the circ stances 

hich contributed to ards the present istribution o th 

elements in the transfused xenollths, include: - (a) s -

quence of introduction into the xenoliths; (b) relative 

rate or po~er of iffusion t rou h the xenoliths; (c) 

sequence (in both ti e und s ace) of fixation by th 

xenoliths" (1936, p.398) . 

In the resent case, the respons .ible mugma as 

highly differentiated . Hence it is only reasonable to pre-

sume that the emanations derived from the a 
' 

ould 

li e ise be of a constantly chan0 ing character . At first 

they y have carried so e Cao and o. t a 1 ter 

stage, ~en differentiation p~o~ee ed ~o ards iron-enrich­

ment, it is ore likely t. t th emanations chiefly 

carried 'eO, Fe2o3 and Ti02 • During the final magmatic 

stage, differentiation proceeded principally to ards soda­

enrichment, an hence it is reasonable to sup ose th t the 

emanations car.ie mainly a2o. 
ith all these variable factors op rating, it is 

scarcely surprising that th resulting . etasomatic gr no­

phyres are of such different compositions . Indeed, the 

irregular/ • • ••• 
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irregular variation of the oxides is a strong indic tion 

that the conversion of t e san stone 1as produced by a 

molecular, etaoo, a tic procesn, r· thcr than by pro·· 

cesses of assi ilation an ec atic ~in ling . 

Unfort· atel.y, the losses ~nd gain~ oft magma 

cannot be orec~st . It has alre·dy been pointed out that 

the roe s belo the granophyre band sho cert in obvious 

discrepancies in their co pos:tions . 52 is clearly e cept­

ionally lo in NR20 . 18 is low in Cao and perhaps also in 

a2o, hereas the pro ortions of 102 and 20 are too high . 

But at the same ti e it as noted that losses in FeO, ~a203 

and Ti02 cannot possibly be detected in the analyses . This 

aoplies even more to losses of Cao aIJ.d gO, hich probably 

migrated at an Barly tage in the agmatic history. Th 

icI'o et1•ic data of the granophyres sho tb t so of t e 

roe s contain corisiderably ore plagioclase tr an t .Le an ly­

scd speci~ens . In somG parts of the rano hyre ban , t e 

gs.ins in 11 e must, therefore, be a!Jpreciably hi her than 

is shotn by the vail tle analyses . 

The metasoma~ic processes did not top at the 

purely magmatic stage, but emanation& conti~ued to diffuse 

through the roe s in the hydrothermal stage . Primarily 

this ay account for tte replacement of pyroxene by biotite, 

hastingsite and serpentine . . econdarily it accounts for 

the ar ed eco position shown by all the roe s of the 

granophyric zone . 

The sandstone as apparently renderec plastic by 

heat and by the emanations, derived ~rom them gm.a . rhe 

habit of the p roxenes sho s t at the crystals gre · in a 

viscous medium, hich enabled them to push aside the ad-

jacent min rals . Hence sieve textures are not f oun in 

these roe s . It s also noted tha"t granophyric velnlets, 

emerging from the ain zone , are intrusive in/ ... Aver lying 
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the overlying dolerite . These veins indicate that the 

metaso atised ro~k finally acquired rheomorphic prop rt1es , 

and in turn intru ed the dolerite . Signs of in ling 

bet een dolerite na granophyre are l ckln , nor ere 

exa~ples of gradation bet een the t o rock-types observed . 

Hence tl gr.no vre as at no tie co .pl te y liquid, 

and only acquired its 1ohil1ty as a plastic , highly 

viscous substance . 

~~-~~--~--------~--~~--

IX. R CTIO / ••• 
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Eield Occurrences . 

The transgressiv roof ·n the side-v 11s of 

the dike at lephant • s He consist for a large p Tt of 

p ... le- colourcd r .nophyrir;: roe • This is particul rly 

th case at th s .. an SE. sides oft e dolerite-blo~, 

here goo e posl.U'es are obtained . rh roc.s are e !um 

to fin - ra ned . iffer nces in grain-size and colour 

ratio er foun to correspond ,:..t ifferences in h 

nature of the .olt,eno sedi. nt at the s e level . races 

of the original bed ing are often preserve as horizontal 

bands of different grain-size . Very n ar the top of the 

peak a mb:ed roe , as collecte , consistin of dr· n-out 

patches ·nd v ins of hite olteno quartzite, sur·ro!.l!lde 

by dar igneous roe • It has al~eady been noted t at he 

expoE!ures at the Ele")h'nt's Heaa peek consist of tholeiite 

only. Thus the reaction-products are considere to be 

the result of interaction etwe-n olteno sedimen an 

thole11te mag a . Tie se i ent itself con ists o horisons 

of coarse, feldspathic g.its nd sparkling sandstones, 

l ternating ~i th f · ne-gruined, san y shales n occasior::.al 

udstones . ear the i e the sedi.ent is corr iderably 

eta orphosed nd s o s arke columnar joint g. 

J t Ca amity · ill a similar zone of re·- ction-roc. s 

as found. The zon~ exten .. along th roof or the i , 

j ust hert:! it enters tl e spur of folteno sedin:.~nt . ield 

re_ tlc are not so cle · at ala ity Hill , i;.;S no roe is 

ex ose bet eun tl is zone an an outcrop of picri te so e 

60 feet Jo1er . Hence it ca ot be state d finltely that 

the ag a responsible for the conversion of tl sediment 

las the primary tholeiitic . agma . '.l'he gr at si ilarities 

between the reaction- products ut Calamity ill and 

lap ant ' s/ •••• 
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lUeph "".-' c- 1 e d n k t h.l ghl:v pro bub c, o ver, t hat 

this as indee he c· se. The reaction-rocks re nc iu 

grained and cont in large lumps of uncor.1.verted .ol teno 

'i ·artzite, or xenocrysts of qu rtz or felds1 r . . e 

orig ·nal ccdiment of th:s horison ~ a coarse, el ds ~ t ic 

rit. 

e sandstone horisons of the olteno beds o'fer 

great variation in grain- size , varying fro coarse, 

pebbly rits to e ium- rained sandstones . le l'OC S 

consist inly of uartz , microcline , orthoclase and 

pla ioclase . s impurities occur sheaves of bl'o n s r-

pentine an iron ore in very s all quantities . 

ong the heavy ineral resi ue zircon predominates, 

whereas sphene ·n garnet er, also reco nise • ore r-

gillaceous varieties sho a greyish bro n ar illaceous 

atrix, and iron ore an se pentine also occur in greater 

abun ance . 

Upon meta orphism the elastic grains of u rtz 

and feldspar ·ere regenerate to form large, interlocking 

gr i ns, surroun ed by s aller grains . 'he re enerate 

i ndivi uals sr o a patchy extinction ana often their 

origi n is in icuted by sutured lines traversin the crystals 

ittle interstitial icropeg atite my lso occur, to­

gether ith patches o bro n serp ntinous material, in 

vhich irou ore granules an slender pl· iocl~ se 1 ths are 

recognised . In the poort at haink e , a co rse rit 

as etarnorphosed , to pro uce a rocK, of hich du oit 
; 

(1929, p.25- 26) remar s that it :- "rese ble$ in thin 

section a silicious pegmatite . he elastic rains o · 

quartz , orthoclase , microcline an plagioclase h ve been 

regenerated an th areas no interlocA, just as in a 

gra te/ •••• 



MICRO PHOTOGRAPH. 

Molteno Quartzite Xenolith in 

Granophyre. 

(Index No. 33). 



Xenolith of Molteno Quartzite 

in Granophyre. 

(Index No. 33). 

The xenolith is corroded and rounded. 

It shows a narrow, f~lsic margin against 

the granophyre. 

Note the characteristic elongation of 

both plagioclase and pyroxene in the 

.granophyre. 

Ordinary light x 10.5 diameters. 
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r i ett ( p c: n 31) . 

As ight be expected , the r action-roc~s shov 

c nsiderable iff r nc s in their ineralogical ma c-up . 

· h pro ucts of he mor arenaceou horisor4s are cdium-, 
gra ned an co si t ~sent ally o quartz , icro atit , 

pla 1 ioclase on pyroxene . oO rocrs consist ai ly of 

Cl' Ope ~1te , but ener lly t er i~ a .ore ·v n is-

tribution o· t e four c ief co stituent~ . Both pl o-

cla se ( v . /3 : 1 . 563 , n . 5 ) an pyr·oxene s o ~ a pro-

owe tend ncy for elon ation. he latter buil s 

o , s ')-ophi tic 1risms of a very C4 e colour . Its 

optic 1 properties are 2"0 : 4 ° , 6: c: 45°, O: 1 . 712 . 

Iron or occurs s oct l~E::d:::-al ranul s or skel tal cry st ls . 

In th ore ar illaceo s proaucts , pyroxe1e is ly 

place by bioti te an ho.~nble • e . The biotite is of 

a ar -bro n colour , resembl' t c in r· l of t -

somatic urghersdorp sandstones . 

Inclusio s o un i st se 1 nt in t e re-

ac ion- roe s r stro ly corrode an roun e • They are 

surrow1ded by a narro zone o corrosion-p o ucts; inly 

f el spar . n u rtz . One xenocry t of icroclin s o s 

a cur ous reticulate textur , similar to t e phenomenon 

de~cribe an p otographe by eynol s (1941,p . 9) . he 

appearance su 5 ests t4at th larger it ivi u 1 is bre in 

up into s wll r er stals . 

Al l th re ction- pro ucts are int nsely altered . 

Pl·gioclase is clou y , ereas pyroxen 1 .e~~ se beco es 

c~o y ·nd grey in colour . b equ~ntly the pyroxene 

-w tere to biotite , ornblen e , c lo~it u d serp ntine . 

In so e roc.s all t. pro n is alt re a only 

pseu 'o orphs in chlor·ite or s r·pe1 tin ar - preserve • 

S all calcar ous pellets in tho re argillac ous 

se iments are often preserve in ~ et· orphose stat 

in the/ ••••• 



in the resulting reaction-rocks. Such pellets are 

converted to aggregates ot calc-s111cate minerals, such 

as epidote, clinozoisite, idocraae, prehnite, tremol1te. 

and sphene, whereas some calcite generally remains. 

Marginally diopside and green, probably sodic, pyroxene 

are recognised .• It is noteworthy that the minerals of 

the calcareous kernels are always perfectly fresh, even 

if the surrounding rock is intensely altered. 

The mixed rock, collected at Elephant's Head, 

shows veins and drawn-out patches of metamorphosed 

lllolteno sandstone, contained in & somewhat modified, 

tholeiitic base. The base consists mainly of clino-

pyroxene, which builds euhedral, equidimensional crystals 

in sizes up to 1 m.m. d1a~eter. The mineral is pale brown 

in colour and shows optical properties, identical with 

those of the normal thole11tic pyroxene. The remainder 

consists of cloudy, tabular plagioclase, coarse}¥ developed 

mesostaais and skeletal iron ore.. The latter is normallJ 

0.2 m.m. in diameter, but one mass measured J m.m. dia--

meter. 

occur. 

Bounding t.he sandstone, many prtsmatic pyroxenea 

These are gener&lly arranged perpendicular on 

the boundary and show dusty margins, which may be slightlJ 

emaayed .• Similar pyroxenes also occur within the veins, 

at points where some m~ngling b~tween igneous and sedi­

mentary mater. 111 l has taken place. The pyroxene is pale 

in colour and has ~ 1 i.721. 

33. 

11. 

Reaction-product ot lllolteno MD41tone, 

r.otd ot dike t W • <>! road t Calami tJ- BW• 

R~ction-product ot Molteno sandatone, 

s •. wall of dike, Blef,hant•a Head Peak. 



Index . No. 

S102 
Al203 
Fe203 
FeO 

gO 
Cao 

a20 
K20 
H20-
H20+ 
Ti02 
P205 
MnO 
C02 

total 

Quartz 
Orthoclase 
Al bite 
Anorthite 
Corundum 

Diopside [E~ : 
Fs . 

Hy • • ••••[:~ : 
Ilmenite 
agnetite 

Apatite 
CaC03 
H20 

total 

Olivine . 
Plagioclase . 
Pyroxene . 
I ron Ore . 
Biot '*" Hornbl . 

crop . +Qu. 
Serpentine . 

Che i ca l Analyses lit 

31 . 

92 . 68 
3. 65 

trace 
0. 87 
nil 
0. 30 
0. 36 
1. 69 
0. 08 
0 . 12 
0 .10 

trace 
trace 
nil 

99 . 85 

82 . 80 
10 .0l 

3 . 14 
1 . 39 
0.71 

1 .45 
0 .15 

0. 20 

99 . 85 

od~. 

60 . 88 
12 .42 

0 . 33 
7. 86 
4 . 52 
7.44 
1 . 96 
1 . 01 
0. 20 
1 .41 
1 . 44 
0. 09 
0.16 
0. 29 

21 .12 
6.17 

16 . 56 
22 .10 -5. 08 

2. 43 
2. 57 
8 . 87 
9. 39 
2 . 80 
0 . 53 
0. 30 
o . 68 
1 . 61 

100 . 21 

23.2 
21 . 9 
3 .7 
5. 7 

45 . 5 

70 . 

49 . 80 
14.38 

3. 67 
11 . 03 
4. 52 
8. 82 
2 . 23 
0 . 82 
0.15 
1 . 66 
2. 54 
0 . 29 
0 . 16 

trace 

6 .18 
5. 00 

18 . 34 
26 .97 -

6 . 26 
2 . 90 
3 . 30 
8.40 

10 .16 
4 . 71 
5. 34 
0 . 67 -1. 81 

31 . etamorphosed , coarse- grained olteno sandstone 
along road , poort at haink.we . 

33 . Reaction- product of olteno sandstone , roof 
of dike , ~ . of road , Calamity Hill . 

70 . Tholeiite , top of Elephant ' s Head peak . 

* analyst F . herdsman . **me sos ta sis 
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Cle 

A speci en o~ coarse-grained, etamor hosed 

olteno sandstone , an a e !um- grained granophyric re­

action-product ere sub i tte to r . • Herds n for 

chemicul annlysis . The results are tabulated here ith 

the':::' nor s an odes . The an~ lysis of· the l e hant ' s 

He· tholeiite is a ai~ quoted ·n the table . 

It is plain t .at t ... e available t r insuff -

icient to enable definite co clusi ons to be dram. The 

analy~ed olteno sands ton i as collected t ha in e 

Poort, hereas t h granop re as f o no at a la 'ty Hill . 

It is, ho ev r, t OU ht th'" t tn ori in 1 se i ment at 

Ca l a ni ty 111 as ve y si llar to t .. · ha L e Poor 

sediment . The unconve .. ted sedi i xenoliths i. t he 

Cala it Hill granophyre have an 1 ~nt 4 cal p ar nee 

unaer t.e icroscope • easonz lave l rea y be . 1 1en 

• hy it is considered that , bot at ~lephru.t's ead an1 

a!. mity 111 , the tholeiitic agm as respors_ble for 

the conversion of th sedi ent . · 

'Ihe non- linear variation of tr.e oxi s is cl r -

ly sho n in i gram 10 , ei·e th nal ses ier plotted 

aga nst silica perce t ge . The diagra see s to preclude 

the pos ibi it t.at t e granop yric r action- r oducts 

wer :forme by a si pl e assi il tive p't'ocesc; . Other 

e i .enc also i ui cates th t t e conve~sion .as princi-

pally m tasomatic . ' he reaction-pro ucts .... ~in occur 

in defin'te zores . races o t.e or : ginal beddi ~ are 

preserved in the convert d rocks . alcareo pel ets 

in th o~iginal se ·m it are repr oduced as ernels of 

calc- silicate m r.erals in th r&1 ophyres er 

o rv art , 1942b) . 

On the/ . .. . . • 



DIAGRAM 10. 

Variation of the Reaction-series 

Tholeiite-Granophyre-Molteno Sandstone. 



16 
Tho!. S~d. 

14 

12 

10 

~ 
a_ I 0 

I 
8 

~ °' 'O 

6 

2 

0 
52 5E> 60 64 68 72 76 80 84 88 92 

OIACRAM IQ. 

V#rl#ti'on ol the> rHctt'on_ srri.s 

Tholriitr - Cr#nophyrr - Molfrno St1ndstonr . 



7 -

n th· other han , t .e mix roe at 1 phant' s 

Hea in icatec that a s, all o om1t of min lin bet een 

dole ... ite n sed_ ent id trke >l ce . "et it is ot 

tiou t th"'t this i 'lucnc t ~co position of eit. er 

t e tholeiite a ma or t e s i e t to a. appr ci ble 

exten • 

The agr"'m .., o s thc..t th sa 1 stohe lost 102 

and K20 in its conversion, h eas it gaine· :n practi­

cally all th ot er constituents . Losses o th 

re urticularly heavy i1 re ard to Al203 , CaO n e • 

Th se losses aie reflect di. th m e rock of leph nt ' s 

Head, .he e there is a gre t l ck o~ 

near th san sto e clusio ~, .ile 

:n iron, is f orme in l rg o i ts . 

-~-~~----~~-~----

clase ... el spar 

ro e ... e, rer 

Conclusions/ •••• 
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Th _ .. o .... ., owing p int are no !'egarde n 

est blished :-

h 'leph nt ' s e i e po se ses a roof. In a 

parallel section "Che i ~a st.a ·rn an undul tory out-

11e . U1dulaticns are ore rkod in son strata 

th.n in otters . 

g_. Le ik ~ ,as i'or e by a succession of t ·o intrus ons; 

he ir t bein .oleii tic, ~1111e t. e secon magma 

as an olivine-dolerite agma . 

~ Th ol'vlne- ol rit ag also intruded tl e re 

lf i ~hoet . Tbe dike as t,erefore the princ pal 

f'eeder o • t J.~ n et . 

L ' 0 .: vin' -dol~ri te m ~ bee a e stro l;r diff r-
"" 

en;int d u on cryotnll"s tion. if er nt~ tion as 

c 'f vcted b settlin of : : in crystals' follo ~ .d 

by pronounced cry tal-'r ctionati.on. 

le st ·s er stallisation, :ffc~-

e.1tia t~ n p ocoe eel to urds ron-utl!' .. c. :ne t. 't r 

w.1 in t c co!'lc"'nt.rati n of iron, 

tJ.atiOil pr·oc Cd. to, a!.,dS enric ant l1 :; (...,.' 

pota~ , si_ic n alum". :i • 

.it. A bloc· of Bur 0 hersdor s dston ts wtop, on 

;: _·om t e upper contact o the 1 Amc.lfi s eot . Upon 

. rsion i i tlw ol..ri te ugma, t. s .. stone .. · s 

conve ted · nto 0 r'"'nophyric :.-oc\:s of igneous appear-

Ice . 

2..a. he process of c nversion o.: Bur ! crs o .. :p sandstone 

to gr ophyre as etaso c.t.:.c . Tle introd c-ion of 

aterial as molecular and highly Gelective. The 

agmatic e nations .ere released over a prolongecl. 

period, extenain ell into the ydrother al st g'9 . 

8 . lo .. I •••• 
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8 . ll>rg t~.e dice, th olteno sedimentc e o 11 e ise 

converted to granop yric oc,s . The~c granophyres 

re diff rent in appear nee and co 

th graloplyre ori lnating in he 

ur lers or ~an stone • 

............... -..... -.... 

osit·on _rom 

et so t•;;; of 

·r Liieraiure/ 
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LECEND. 

MAP OF THE NEW AMALFI SHEET. 

SCALE: I inch = l·b8 mil•s. 

Upper Be•ufort or Burghersdorp Beds. 

Mi'cldle Be.Jufort Beds. 

Doterit•s with sm.Jll otivines. 

Met•som•tic Cr•nophyres. 

Iron-rich Do/ftrites. 

Olivine-Dolerites. 

I 
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