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1.E~TIU:CT 

The area investiga tee at L~aenet !~eights covers ten miles 

of strike of the up~ermost six thousand feet of the 

layered mafic rocks of the Bushvel~ Complex. A f~.11 of 

a thousand feet southwards from the Magnet Heiehts trndi~g 

store he.s causec~ the almost complete "stripping off" of 

the soil cover to produce excellent rock exposures; a 

situation unique in this zone of tho Eushvel~ Ccm7lc~~ 

Llonomineralic layered rocks identified are me[n8tititc, 

anorthosite and pyroxenite. The remainicg Jaycre( ~02~a 

are precominantly gabbroic. In ma: ::,ing, the f!Ic.J.r r-.:~f,:le•· 

titite Seam was taken as a datum line relative to w~ic~ 

four lower seems and Zl u;per seams were numbered Rnd ~~~pc~. 

Bach of these seams cen be recoe·niied by notinq fta V,o~ ,rs · (.:;, ,, ... 
content,its thickness an~~field relationshi?S. Anorthc~i~~ 

is more common than magnetitite snG is cften intim2tt.~y 

associeted with the latter rock, For example, t~e ~ai~ 

Seam is uncerlain with a charr contect by five feet of 

pure anorthosite anc cr,:cles upwarc.s into maenctite e:101·-· 

thcsite. L: o s t o f t > c s ea r.10 a re er a ca t ion a 1 '.t ; w a r c1 c wit h a. 

sterp lower contact, some a~e gradational upwards and 

downwerfs, end 2earn No. 12 has a eher~ u;~er contact &nd 

is transitional downwards into gabbro. Pyroxenite is t~~ 

rarest monomineralic rock end only two be.ncs werB ic1 ci:..t2 . 

fied. The Magnet Heirhts granite is a laree dyke wh~ch 

was mec~anically intruded into rigid gabb~o. 

Using mainly the magnetitite seams as markerc, numerous 

fa~lts and an anticline were identified in the co~rse of 

Strike.faults with throws of up to one hundred 

feet have produ~ed repeated outcrops of the Main Seem on 

Ma[net Heights 3~6. I{E'. Cn Steelpoortc1rift 365 ~ XT, smaJ.1 

oblique faults have frequently ~islocated the Main 8eera. 

The St~elpoort Fault, whict dis;leces the Main Se~Ll l~tc~-­

ally for a distence of five-and-a-half miles, wes eel~~-

lated to have a throw of about five thousenG feet. 

Sekhukhune Fault borderinf the western eide of the 

. I . 

Tl.10 
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Mountains is considered to have a similar throw. This fault 

system on Magnet Heights 8~6. KS might be interpreted as a 

type of graben. The presence of an anticline in the nor­

thern portion of the area explains the absence there of out­

crops of the Main Seam. 

Generally, in the gabboic rocks plagioclaEe and magnetite 

crystallised before olivine and pyroxene. I-'yroxene occa-

sionally was concentreted to form pyroxenite, but olivine 

has not been concentrated to produce harzburgite or dunite. 

The magnetite, during cooling, exsolved ulvite and/or ilmenite 

and finally spinel. Some of the ulvite was later oxidised 

to secondary ilmenite. ,Laree ilmenite crystals. which are 
\,.)~\cL 

frequently twinned, and~contain exsolved magnetitite lamellae 

were precipitated Jresumably cirectly from the magma. 

When maenetite crystals began to separate sufficiently early, 
w~~ 

it is ?Ostulated that magnetite~concentrated by magmatic se-

dimentation into a monomineralic crystal layer on what, 

that time. cons ti tu ted tl~e floor of the magma chamber. 

at 

Thus 

the lowest seam could have re$ulted. The Main Seam is com-

t:oeite. Its feldspathic centre is probably due to a tempo-

rarily decreased rate of magnetite deposition. Magma, chargec 

with magnetite and plaeioclase crystals, is suggested to have 

made its way under the inf~ence of gravity and magmatic 

currents which may h2ve existed, to the floor of the magma 

chamber and there to have deposited a layer of magnetite cry­

stals succeeded by an overlying layer of slowly settling 
n.s 

plagioclaEe laths~ thus ~roducing the tra~itionel top of the 

~:ain Seam. ;t 
The rhythmic occurrence of the magnetite 

I& 
seams in the column 

may hsve been ~ue to intermittent precipitation of magnetite 

bythe magma or, rat~er improbably~ the periodic convective 

overturn of the magma. In the rare event of the magma 

having contained a sufficient concentration of pyroxene cry­

stals, a pyroxenite band was formed. 

The magnetite and, to a leecer extent the plagioclase crystal 

layers. are saggested to have been converted to monomineralic 

rocks by diffusion. 

. I . . ............ . 
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The magnetite pluis are possibly late ;?egmatoid bodies 

which were formed in the nearly solid gabbro and were 

intruded upwards, probably not more then a thousand 

feet from thei~ site of seeregatinc. 
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C H A P T E R I 

INTROD:JCTION. 

"The Magnetite Bands anC:: their as~ociated rocks make a 
series of outcrops which are not only instructive as a 
most striking instance of the intimate association of 
~ocks of extreme acid and basic composition, but offer 
a display most probably unique for its impreseive grand­
eur. 

This locslity is incomparably the finest demonstration 
of the Principal Magnetite Eorizon available anywhere 
in the Lopolith." {Hall 19Z2, p.0L.i:2/3~3). 

This quotation from Hell is taken to introduce the reeder 

to the most spectacular part of the locality mapped for 

this Thecis. Thie area consists of approximately ninety 

square miles of the eactern portion of the Eushveld Igneous 

Somplex. The rocks in this area include the uppermost six 

thousant feet of the Bushveld fabbro and associated magne­

tite rich seams anc anorthosite$, the Magnet Hei[hts granite 

and a part of the roof including the Signal Eill quartzite. 

Ivla ppine a nc. pros::· ec tin~ by the author an c two other geo lo­

[is ts, Mr. R. Jacob and Mr. K. McQuillin, on betalf of the 

Anglo- American Corporation of routh Africa Limited, was 

carried out on the farms Meenet Eeights 8~6. KS, Ironstone 

847, K~ and Steelroortdrift 36E. KT. Further work carried 

out in~e9endently b~ the writer covered the remeinder of 

thes€ farms and part, or all, of Goedgemeende i1s. KS, Avon­

tuur 814. XE, Duizend Annex 816.Xf, Schoonoord ~26. KT, 

I)iamond 2,~r,. KS. 'Grob le rs Vrede 34,J. 1:CS, ~roogehoek 382. XS, 

Driehoek C33. K~, Aapjesboom CC4. KS, Steelpoort ?ark 366.KT 

and De Hoop 886. KS. 

In the employment of the Anglo American Corporation, the 

/ 2 . . . . . . . . 
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writer spent three months in the field in 1962, and his 

co-workers two months each. The prospecting work en-

tailed cutting parallel survey lines at five hundred feet 

intervals, normal to the strike of the iron-ore seams. 

Pits were sunk at three hundred feet intervals on these 

lines to determine ore grade and reserves. Where seams 

were too hard to be pitted they were drilled with a small 

petrol-driven Atlas Copco jumper drill. This work was 

cone with the help of a large gang of Africans and could 

not have been completed by an individual in less than six 

months. 

Initially the area was mapped usine a plane table and a 

telescopic ali~ade on a scale of 1 : E,000 with an almost 

exclusive bias in favo,1r of magnetic iron ore. The various 

sea~s and plurs were sample( to determine their V2C5 con-

tent enc some comprehensive assays were also mace by the 

Cent r F 1 M_._e ta 11 u r g i ca 1 La b o r a to ry o f t he Ang 1 o Ame r i ca n 

Corporation. 

Magnet Heights was subsequently revisited by the writer on 

several occasions and map;ing was done on aerial photo -

graphs on scales of 1 17,COC and 1 : 36,CCO. Eore 

attention was then paid to rocks other than the economi-

cally important magnetic iron-ore. By using various markei 

bands, of which the magnetic iron-ore seams are the most 

important. an interpretation of the structure was made. 

The total area mapped is about fifteen miles from north to 

south anc about six miles from east to we$t. The mafping 

was carried out in the followin£ manner: -

by plane table with a telescopic alidade 

lC square miles 1 : [,OCC 

on aerial photographs 

30 square miles 1 :17,C00 

The reneral map (No. I) wes com~iled from the detailed maps 

an~ from the aerial photographs, all converted to a scale 

of 1 : 20,CCO. Some inevitable distortion resulted from 

/ 3 • • • • • • • • • 
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using photographs, esrecially in such mountainous areas, 

without carrying out the necessary corrections. Gompro:-

mises were necessary1 but it is considered that the final 

position of the geology is reasonably accurate with no 

point deviating more than one thousand feet from its true 

position. 

Four maps accompany this treatise: 

No. I - A regional map on a scale of •.•. l : 2C,OC0 

No. II - A detailed map of the magnetic iron 
ore seams on the south of Magnet 
Heights 846.K2 on a scale of •••. l 5,000 

No. III - A detailed map on a scale of 1 
of the magnetic iron ore seams in 
the vicinity of the Maenet Heiehts 
River on Magnet Eeights 846.KS and 
Ironstone 847.KE 

5,C0C 

No. IV - Two east-west,sc~la •.•••...••••• l : 1O,COO 
sections across Magnet Heiehts 8~6.XE 
and Ircnstone 247~XS co~structed from 
the surveyed lines, three east-west 
sections on a scale of ••..••.... l : 20,000 
dec1ncec from the No .. I map and two 
stratigraphical columns compiled 
from the two 1 : 1O,COC sections 

The petrographical study was carried out in the repartment 

of Geology at the University of Pretoria. 

The purpose of the work was to try an~ determine the gene­

sis of the magnetic iron ore seams and the accompanying 

monomineralic rocks. 

My sincere thanks are due to the following: 

The Anglo American Corporation of South Africa Limited 
for allowing me to use much official information. 

Messr·. K.Mc~uillin and R. Jacob who also worked in the 
area. 

The Staff of Kier's Store at Magnet Heights for accommo­
dating me during my fieldwork. 

The Bantu Affairs ~epartment for allowing me to enter 
and work in a Native Reserve. 

Mr. D.N. Hall for critically reading the manuscript. 

I 4 ••••••••• 
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~rofecEor J. Willemse and other members of the Staff of 

the Geology Cepartment of the Dniversity of :retoria. who 

assisted in various ways. 

Cther Geologists who have offered suggestions end commento 

and with whom: heve discussed ~Y work. 

Clivetti (Africa (~ty.) Limite( for tte loan of a typewriter. 

My wife for typing the thesis. 

The Government ?rinters for ~ermission to trace Fie. 1 off 

the Regional Geological Map of South Africa. 

Little previous detailed mapping has been carriec out in this 

pertic '!.lar area. 

In 190~ Eall ma;;ed the area on a small scale. Ee conclu­

ded that there is no strike faultine and that the thick 

iron ore seam in the MaEnet Eeigtts River was part of a 

seccn~ and lower caries of seanc un~er the Llain Seam wtich 

overlooks the river (::all 19:,::2, p. 3-G~). Apart from the 

Uain SeaD he mapped only the u~permoEt seams which out­

croJ on the eastern slope of Sienal Hill. 

Hall regar~e< the roof rocks north-west of Sekhukh~ne as 

granite ane terrninaterl the ~egnet Eeifhts granite east of 

the Llaenet Heirhts River. 

In 1922 members of the Shaler Exr;eci tion found two places 

on the eestern side of the Maenet KeiehtE granite whera 

the granite is intrusive into the gabbro (Eall 19~~. p.356 

Lombaard (190~) mace the following relevant obcervations 

on the magnetite-ric~ zone of the Bushveld Complex: -

"there a~fears to be a hiatus between tl:.e :eushveld grenite 

and the un(erlyine nori te at Tau tesberg" { p. 10 and 11). 

" A 1 k a 1 i f e l d s 1., a rs a re absent ex c e ;- t in the u ::> p_e r nor it e" • 

(o. lC). Se ~ostulated that the magnetic iron ore seams 

are the result of differentiation of seJarate intrusions 

aidef by crystel settling withi~ each individual intrusio 

(p. ~2 / 33). 

. ........... . 
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In 1943 C.M. Schwellnus and J. Willemse carried out a 

general investigation of the titaniferous vanadiferous 

iron ores of the Bushveld Complex. They found that 

V205 ranges from Oto 1.5% in the cifferent seams and 

that the Main Seam has the most V20 5 , Ti02, according 

to them, ranges from C/4 to 24%, the least being in the 

Main Seam and there is thus an antipathetic relation-

ship between Ti and V. No mineral was detected to 

account for the V2Cs which, therefore, is probably accommo 

dated in the magnetite lattice. 

Strauss (1946, p. 35-50) investigated magnetite of the 

Bushveld Complex. Most of his work was done on material 

from what is now designated as Seam No. 21 1 where it out­

crops on the road to Jane Furse Hospital. What he seems 

to have described are various weathering phenomena. The 

"grey mineral" is 1;robably mr.chemite and the "pink-bnown 

mineral" unaltered primary magnetite. 

Strauss & Truter (1949) wrote a pa;er on the minor alka­

line intrusives south-east of the Magnet Heights Store. 

They confined themselves entirely to this petrographic 

assemblage, mapping only incidentally a couple of magne­

tite seams. 

Steyn (1950} worked in the ~agnet Heights area for his 

M.Sc. Thesis. He recorded that olivine appears four­

teen hundred feet above the Main Seam and used this 

position where olivine reappears as a dtvision between 

the Main Zone and the upper zone. He interpreted the 

quartzite and metamorphic rocks on Schoonoord 326. XT 

as xenoliths in the Magnet Heights granite. 

I 6 • • • • • • • • • 
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CH APTER II 

TCPCGRAPHY IND JRAINAGE 

There are thr•~e distinct erosion surfaces in the area 

(Fig. b) -

(a) the ~lateau composed of roof rocks 

(b) the plain north of Magnet Heights 

(c) the slopine floor of the Steelpoort 

5,0CC feet above 
sea level 

4,C'OO feet above 
sea level 

Valley 3,500 -
2,3CC feet above 

sea level 

Striking features which co not conf~rm witt this ?attern 

are: -

i) the Lulu Mountains rising eastwards to Thama Koosh 
(6343 feet) 

( ii) the Magnet Heights granite (5,SCC feet) 

(iii) the Signal Hill quartzite (5,7CC feet) 

The fignal Hill quartzite and the Magnet Heights granite 

each form prominent features which dominate their surroun-

dings. T~e roof of quartzite, leptite, diabase end granite 

ce.?s r:. steep ascary~cnt rising fron tho plJ.in north of i~':e,gnet Heights 

Gnd from the sloping floor of the Steclpoort Vclley. 

The Magnet Heights Store lies on the watershed between the 

Olifants- and the Steelpoort Rivers. Northwards the ground 

falls very gently and is drained by a choked river system. 

T11is plain, north of Magnet Heights, will be called "The Flats' 

and, as it is largely covered with soil, map;ing the solid 

geology is rather difficult. 

From Sienal Hill an~ the westerly escarpment of roof rocks, 

the rivers drein ~estw£rds and ultimately northwardE to the 

Olifants River. S01-1tbwarc;s from Magnet Eeights, a fall of 

1,300 feet over eight miles has lee. to the "stripping off" 

/ 7 • • • • • • • • 
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of most of the soil cover to proviae almost complete rock 

outcrop. The best exposure is in the first three miles 

on the farms Magnet Heights 846.KS and Ironstone 847.KS, 

where there is a fall of l,C0O feet. The gabbro and in-

terstratified maenetic iron ore seams have been strongly 

eroded leaving the harder bands.which are troctolite, mag­

netic iron ore and certair. gabbro bencs, as escarpments 

(Sections CD and E ~ ). 

The jointed gabbro weathers spheriodically (Fig. 5) and 

yields a deep re~ soil. The anorthoEite alters near the 

surface to kaolin and the seams of megnetic iron ore break 

into slabs, the size of which is relate~ to and character-

istic of the parent seam (Table I). 

unbroken sheets (Fie. 4). 
Troctolite produces 

The Ma in Seam is _-,a rt iculc rly res is tan t to erosion because, 

even when it has been broken into slabs by cisintecration 

along joints, these slcbs remain more or less in situ as a 

litter of blocks. Weatheref eabbro tenfs to disappear 

from unfer the mepnetite rock, which then slumps ~ownwarfs 

as broken ?avement.(Fig. y) ■ 

Xenoliths are har~er than the country rock ane protru~e up-

wares as isolatec knolls. The granite t'isintegrates along 

its joints into large boult'ers an( hills of granite have a 

jagged profile. 

Cn Maenet Heirhts D~6.1f streams in rlace~ follow the strike 

fault~. For examrle, the Marnet Heights River rises in, 

and flow~ for about two miles soitthwards along the bigg~st 

of these faults. Northwar<s acrosE- "The FlEts" the faults 

co not give rise to any topoeraphical feetures. The Sekhu-

khune Fault hes given rise to a deep V-shaped valley towards 

t he s o u t h • bu t no rt h of Sek h u 'dl'..1 n e it is b o r i' e re d to t he e f s t 

by the MEin Zone eabbro rising to Thana Koosh. The Steel-

poort River meets the rteelpoort Fault on the south of re 

Hoop 386.KS and north-eastwards, the river runs in the yici­

nity of this Fault. 

The vetetation of the area was probably originally bushveld, 

/ 3 
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but now much of it has been cut away. The trees on the 

granite do not seem to differ from those on the gabbro. 

The strike faults on Magnet Heights 846.1S and the westerly 

contact of the Macnet Heights granite are marke~ by a line 

of bigger 2nd greener treee, which are visible from the 

road. 

C ,,_ I. P T B R I I I 

GEOLOGY -------

ls mentioned in the introcuction, the area of ninety 

square miles mapped for this thesis covers the uppermost 

six thousand feet of the mefic portion of the Bushveld 

Complex and about ten miles of strike. As the total thick-

ness of the ma f ic portion is about t:,.irty t housa nc feet 

(Du Toit, p. 123). this uppermost six thousand feet repre-

sents about one fifth of the total column. Taking the 

total aree of the Complex as about twenty thousand square 

mile~. the area M£p~e~ by the writer is about half a p~r­

cent of the area of the entire Bushvelc Complex. 

I 9 •••••••••• 
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Fig. l View lookine northwar~s from Mpupa ~tore. 
?rornine:1t scarr,s are tToct.oli te o Tl, i:c troctoli te 
:!. , 200 feet and 'T'1?, i.==B trocto lite 3, tN:. feet above 
the Hain See.rr.. 

Fig. 5 Vie~ looking ~estw~r~s tow~r~s Signal Hill fron the 
c1lug below Se~m No. 8 on T.tagnet Heie,hts 843 .!ZS. 

I • jl ~-·· •••••o••• 
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Fig. 4 Chan .. cteri sti c unjointei t:rocto lite above Sea.,.: 
Hoo 11 on ~&gnet Heights 3480 vs. 

Fig. 5 Spheroidal veathering of cabbro ~elow Sean No. 3 
01c L.:8.g,,1et llei 6hts 846. :~r_s o 
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~igo 6 View looking northwerds from the Bushveld granite on 
De Hoop 886. :(S 

.. 
. : .' O·. . . ... 

(a) ~!ateau of roof rocks 5?500 feet above sea-level 
(b) The ::;fa.in nortl~ of Fag:aet :-!ei,-=>hts 

4,"0~ feet above sea-level 
(c\ T!1e sloping floor o:? the SteeI,·,oort Valley 

~,5~0 - ~,Bnn feet above sea-level 

( i: T~&Ba Koosj 6,343 feet above sea-level 
(ii) Magnet ~eights gran!te 5 7 510 feet above sea­

level. 

FEL[ 

0 
0 

0 

FIG. 7. GENERALISED SECTION OF THE SLUMPlf' 
~~~ 

THROUGH ELIMINATION OF WEATI-
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rocks of the gabbro suite in the portion of the Bushveld 

Complex in the vicinity of Magnet Heights include diorite, 

gabbro, hypersthene gabbro, hyperite, norite and troctoliteo 

Monomineralic rocks are magnetitite, ~ anorthosite and py-
~ 

roxenite. Magnetitie makes up 1½~ and anorthosite 2½% of ,.. 
the topmost 6,CCO feet of mafic rocks. The locality of 

occurrence of the various rock types is stated relative to 

the magnetitite seams and the Main Seam; for example, troc­

tolite below the No. 8 Seam and 1,200 feet above the Main 

Seam. 

Hornfelsic, quartzose and calcareous xenoliths from a few 

feet to half a mile in length are quite common in the gabbro. 

The Qoof is composed of quartzite, leptite, hornfels and a 

post-Bushveld diabase sheet. The metamorphic components of 

the ~cof are intruded by the Main Bushveld granite which is 

also locally in direct contact with the gabbro. 

The salic rocks include Main Bushveld granite, the Magnet 

Heights granite, minor granite bodies and an assemblage of 

pegmatite dykes and quartz veino 

Rocks intruded later than the granite include diabase sheets 

dolerite dykes and sills, and a suite of minor alkaline in­

trusives of Spitzkop age. 

rart of the area has been covered by a recently deposited 

blanket of calcrete, gravel, red clay and black turf (Fig.10) 

The various rock units will now be considered individually: -

(1) Xenoliths in the Mafic Rocks 

These fall into three catagories: -

(a) Quartzose xenoliths 

(b) Hornfelsic xenoliths 

(c) Calcareous xenoliths 

As no laboratory work was done on them, they will not be 

discussed at length. All the xenoliths can have been derived 

from rocks of 
/ 13 • • • e 

~In the same way as the designation'chromitit~'is commonly used for 
a rock rich in chromite, the term 'magnetitite' is here applied to 
designate a rock rich in magnetite. As magnetite often grades into 
anorthosite, the following further classification is proposed: ~ 

predominantly magnetite 
magnetite > ple.gioclase­
plagioclase > magnetite 
predominantly plagioclase-

MAGNETITITE 
FELDS?ATZIC M/GNETITITE 
MAGNETITE .M'lCRT:::CSITE 
ANORT!:CSI TE 
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the nretoria series. They tend to be elongated along tte 

strike of the layered roc~s and the biggest xenoliths occur near 

the Roof. 

(a} ~uartzose Xenoliths 

In the gabbro above the Sea~ No. fl ani belo~ the Sicnal Hill 

'l,J.artzi te are about twenty iuartzi te zeno li tbs. None is 

la.rge 7 the average size being about fifty feet long ano. ten 

feat thick. They are consideretl to be fragments of the ;~artz-

i te roof incor,:rnrated. in tlrn U?per2ost gab7Jro. A fe~'!" hundred 

yards soi1th-·:rest of the trading store on Droogehoek 83~; .?·_s, a 

fl&3stone xenolith dips comformebly ~estwards with the gabbro. 

(b) 3or~felsic xenolitts are less co:~~on but larger th~n tae 4.,liartz­

ose ty~es. They are not conspicaously attenuated. So~e of the 

ho1:ifels a-Jpcc.:rs to te artygd.aloi dal (Fig. s:, but the 11\i te spots 

The ~ost accessijle xenolith is that east of the river in the 

It seems to be a 

lens lying bet1·.ree:1. the Up"1er Sea::1- Nn. 2 and 2. It,is composed 

of rseud.o-c.:ry-gd.a.loi de..l hornf els (Fi;;;. 8 ~, ho::r:af els sho-;ring re0.-
~ a 

nan ts of current bedd.in6 7 flinty fine-gre.ined variety an~ pale 
~ ~ 

grey •TUartzi te. 

JJ1 interesting SDe,ll :;;:eno li th is exposed in the Magnet Heights 

':<i ver in the south:::rn :>orti on of r.~s,t;net :-Ieights 846. KS (Fig. 9 \ 
ir . 

U:r:?er Seam No. 1, whic!1 lies direct:;.y above"is aot distorted or 

attenuated.. 

A xenolith shmm on Map No. I on the farm Ironstone 847.KS inter­

rupts Sea..~ No. £1 for about a thousa,nd feat. 

(c} A s~all banded calcareous xenolith outcrops on Ironstone 847.Y~ 

near the horizon of Seam No. 8 

(ii) The Roof Rocks 

A;"lcrt fro:-·.. the gri:.ni te i;rhi ch -.•ri 11 be described se::_'.)ara te ly, the 

roof rocks consist of ~uartzite, leDtite fund thirr b~nds of cor­

dierite hornfcls. 

/ 14 ••••••••••• 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

Fig. 9 A xenolith of ~seu~c-amygdaloidal hornfels 
in the souther~ portion of Maenet Heigh~s 

FIG. 9. HORNFELSIC XENOLITH IN THE MAGNET HElGHTS 
RIVER. SOUTHERN PORTION OF MAGNET HElGHTS 846- KS. 

SCALE 1:100 ===================================- . •·-== 

/ 15 •..•.... • 
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In the southern scarp above De Hoop 8E6.KS a narrow band 

of leptite intervenes locally between the gabbro anc the 

overlying Main Bustvel~ granite. On Ironstone 847.X2, 

Magnet Heifhts 546.~S and Schoonoord 326.~T. the roof is 

composed of cislocated/blocks of quartzite end leptite. 

The leptite in the area is a fine-graineG.purple-pink or 

olive-coloured rock. Cn Ironstone Cq7. K~ it is inter-

bedded with quertzite. Most of the leptite occurs in the 

vicinity of Sekhukhune where it is aseociatef with coerse 

white quartzite and a little cordierite hornfels. 

The quartzite is the most conspicuous roof rock because 

of its w~itenesE and resistance to erosion. The most 

striking of these feat~res is Signal Hill rising to nearly 

six thousand feet above sea-level and commanding a woncer­

ful view of a large part of the eastern Bushveld. Eere 

the quartzite is up to four huntred feet thick and rests 

unconforma~ly on the un~erlying fabbro (Fig. 11). The 

rock is white an~ granular containine some pink End white 

fel~spar, which comprises up to twenty ,ercent of the 

whole rock. The Sir;na 1 IHll quartzite f orrns a bas in, the 

si~es of which dip inwar(s at abo~t twenty (errees. Cn 

the southern rim of this basin there is a ~renounced joint 

cirection dip~inf outwarcs at about seventy ceerees. The 

quartzite ~oes not exten~ laterally from this basin and. 

nortbwardc is re?leceC as roof by a diabase sheet which 

thins out southwards against Eifnal Hill. 

At the north ena of the ~e,net ~eiehts pranite lie 

shattered slabs of quartzite w~ich are tiltee at different 

angles end overturneG in plecec. Here, as elsewhere, the 

quartzite shows current bed(inr and ripple marking. Crigi­

nally, tiis quartzite may have been connecte< with the 

quartzite of Cignal Hill. 

Horth-west of Sekhukhune a large hill of al1Tiost vertically 

orientatee quartzite is mainly white1 but contains some 

red and green ben~s. The quartzite within about ten feet 

of the gabbro weethers more readily then the same rock 

fqrther away from the gabbro. 

/ 16 ..•••••••. 
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Cordierite hornfels is dark grey, fine grained and shows 

thin contorted bedding. It is ~resumably derived from 

shale and occurs on Schoonoord 326.KT in lenses up to 

thirty feet thick. between the gabbro and the overlying 

quartzite. 

Fig. 10 Recent deposits completely obscurin[ rocke 
on Aapjesboom 884.~2. This view is from the 
Roof on rroogehoek CS82.KC looking towarGs 

the Steelpoort bridfe. 

~----------- .-... 1 MILE-----------~ 

DlSLOCATED ROOF FRAGMENT DIABASE SHEET 

OF QUARTZ !TE 

..... 
. 

. . .. . . . . . . . . . . 

SEAM LOCALLY THINNED SEAM N0.21 

FIG. II 

NORTH-SOUTH DI.AGRAMMATIC SECTION ~OT TO SCALE) 

ACROSS THE SIGNAL HILL QUARTZITE AND UNDERLYING MAFIC ROCKS 
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(iii) Magnetitite Seams and Plugs 

Thirty-one magnetitite seams have been mapped in 

the area. Four are below the Main Magnetitite seam 

an~ these will be numbered one to four lower seams 

in ascendine order of occurrence. The Mein Magneti-

tite Seam will be taken as a datum line and the seams 

above it will be numbered one to twenty-one, coun-

ting from the Main Ceam. Certain of these up;er 

seame are composite, as probably is the Main Seam 

itself. The feam No. 6 consists of three closely 

spaced rnagnetitite seams an( ~earn Nos. 7, 1~ and 1~ 

are composed of two adj2cent maenetitite bands.These 

Eeams have been considered as a single seam for con-

venience in field map~ing. Gabbroic reeks, other 

monomineralic rocks, plugs an~ xenoliths will be lo­

cate~ by stating their position in the stratigraphical 

column relative to the Main Seam and by naming the 

nearest maenetitite seam. 

The mafnetitite sea~s divife into four natural ~ivi­

sions on a basis of t~eir V2Cs ccntent an~ their 

grou~ing in the stratigraphical column (Map ~V). 

Sub-zone r: C. 3)-1 V2C5 "Jriper Seam Nos. 16 - 21 

Sub-zone C: C". 6/~ V20s :Jn er Seam Nos. 8 - 15 :c- . 

Sub-zone B• i ~ ;e 

V 2C 5 Main 8eam .& . .J.. • .:; / ~ 

Up~er Seam Nos. 1 - 7 

~ub-zone J.: : 2. C,:., V2C5 Lower Seam Nos. 1 - /~ 

Maenetltite seams overlyine enorthosite have knife­

e c! g e 1 owe r c on t e c ts ( Figs £'l ,C and 4 9 ) • w he re a s tho s e 

above gabbro tend tote transitional at the base. 

Maenetitite is eenerally transitional upwar~s into 

magnetite anorthosite,but a notable exce;tion is 

c e em No • 13 , w ld c h is o v e r 1 a in wit h a s ha r ~ c on t e c t 

bye thick anorthosite, ana wtich cra~es downwarts 

into gab bro (Fig. 57). Xenolithic lenses of anortho-

site, and in a few pleces of gabbro, up to eiphteen 

inches long ~n< parallel to the tops an~ bottoms of 

the seams, are to be found in the magnetitite. The 

/ 1e 
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main field features of the various seams have been inco~~ 

porated in Table r.(f'.SS) 

About fifteen transgressive magnetitite plugs have been 

mapped. They are usually monomineralic apart from con-

taining a small percentage of sulphides, but one large 

plug on Magnet Heights 846 •. IS. below t:h:e Seam No • .8, is 

composed of a broken ring of megnetitite The plugs 

seem to be intrusive into the country rock, into which 

they rarely have sent sm~ll offshoots. 

The plu£S are transeressive bodies of mar,netitite cutting 

vertically tbro•1eh the ga bbro. 

circular or elliptical in plan. 

They are ap;roxirnately 

Cne cyke-like body of 

maenetitite, about three hundred feet long and twenty feet 

wide, was encountered on Steelroort~rift 36S.~T. The 

majority of plues outcrop below the horizon of the Main 

Magnetitite feam an~ the largest plues occur below the 

horizon of the lowest magnetitite seam. I'.ue to their su-

rerior hardness, plugs generally stand out in the land­

scape as conspicuous features. 

{IV) Anorthosite is generally mottled in ap?ear&nce, the 

mottles being poikilitic pyroxene crystals (Fig. 6C, 

flide 63). Some of the anorthosite is consJicuously 

banded (Fir. 63), an~ the thicknesE of the various 

layers ranges from six inches to about forty feeti 

The topmost portions of oome of the anorthosite bands 

(e.g:. tte one below the L'lain Seam anc- that above ~ 

Seam No. 15) contain sulphides. Tte anorthosite 

bends which have been mapped in the fielf are those 

which are leucocratic (Fip. 4~) end which contrast 

with the gabbro. Cverlying most of the meenetitite 

sear.1sfs mapnet.ite anorthosite. It is rat~er c2rk 

(Fig. 49) and has not been se~arately mapped in the 

field. 

/19 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

( V) 

- 19 -

0n the roac, about half-a-mile south of the Magnet 

Heights Store, is an isolated outcrop of anorthosite 

which is either an inclusion or a plug, as there 

is no anorthosite band near or at that particular 

horizon. 

:Pyroxenite. /bout twenty feet below Seam No. 6 is 

a melanocratic bane com~osed of about eighty percent 

pyroxene (orthorhombic in excesc of monoclinic) and 

twenty ~ercent pla£ioclase. The ~yroxene content is 

sufficiently high to justify calline this rock 

pyroxenite. A similar rock exists about ten feet 

above~ Seam No. 11. It has a sharp basal con-

tact and erades upwarcs into gabbro. 

(VI) Gabbro and Troctolite. An estimated 96.•> of the rock 

sequence is gabbroic or troctolic. The harder,pro­

minent layers, whict form scarps (Fig. 4, lfap IV), 

have been mapped individually. In the field, the 

two varieties distinguished are merely troctolite 

and gabbro, whic~ includes alEo hypersthene gabbro, 

hyperite anc norite. There is a ereet deal of vari-

ation in the texture ano composition of the gabbro 

due to variation in grain-size and relative propor­

tions of the four minerals present which are plagio­

claee, pyroxene, magnetite and olivine. The layerea 

rocks sometimes show cross bedding (e.g. the trocto­

lite below the Seam No. 15} and this is consfide~ed 

to be due to flow in the partly consolidate( maema. 

The topmost fifty feet of the gebbro has been con­

teminated by roof material e.nd in two thin sections 

examined (Nos. 54 and [5) the gabbro hae been hybri-

dise~. This material seems to be the diorite described 

by previous workers. Weathered gabbro protuces a 

substantial cover of fertile red soil. Troctolite, 

because it is relatively unjointed, weathers less 

readily than gabbro. The incivid•rnl gabbroic ~nd 

monomineralic layers, bands ana seams will be descri­

bed in Chapter six. 

{VI T.._) G ·te .ran1 . The granite in hand-samrle is pink, coarse-

/ 2C •••• • •• • • •• 
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grained, equigranuler an~ composed mostly of quartz, 

feldspar and hornblende. It weathers to a yellow-

brown rock. There is very little pegmatite in the 

granite. 

The Main Bushveld Granite was map~ec only in the 

south-west of the area on ~e Poop ZC6.~f anf Drooee­

hoek 8C2.KE. It lies above the leJtite locally. and 

elsewhere is directly against the gabbro. The wr~ter 

believes that the basal part of the granite is fine­

graine~ and thet it becomes coarser u~wards from the 

gabbro. No contect of this granite with the leptite 

was seen in the field anc the Roof in this area. as 

elsewhere. deserves a much closer investieftion. 

If one reconstructs the ~rofile of the Bushveld Com­

plex, the Main Bushvele granite may orieinally have 

overlain the diabase sheets an( the Signal Hill quartz­

ite an~ may even have been in contact with the verti­

cally intruded Marnet Eeiehts granite. 

The MaEnet Heights eranite is identical in appearance 

to the Main Bushvelc granite and its most northerly 

o u t c r op is on t he fa rm ffa g n e t Fe i g ht s 8 4 6 . "Z{ S • a f t e r 

wtich it was named. Thirteen thousanc'l feet south-

wards in the vicinity of the Trigonometrical Survey 

beacon No. 57, it reaches its maximum wi~th of about 

six thousane feet. A very instructive crosE-section 

of the eranite is expose( in the Magnet Heichts River. 

A spotted dyke is intruced alon 5 the western contact 

of the gr2nite (Fig. 10). :ontained entirely within 

the granite is a more or lesc flat-lying le~tite 

xenolith which is a few hundre~ feet wide and over a 

mile long. 

dyke which 

The Magnet Eeights granite is a laree 

to have been mechanically intruded 

into rigid gabbro. 

Near the contact of the Matnet Eeiphts granite,in the 

Magnet Heights River, are xenoliths about one foot 

in d i am et e r • The s e o c cu r on 1 y w i t hinja b o u t one h u n c red 

feet of the margin of the granite, which otherwise 

/ 2 1 • • • • • • • • • • • 
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seems uncontamineted. In a few places and then lo­

cally, the granite is hornblende-free, medium­

grained and leucocratic but these variations are 

strictly locel and there remains the imcge of a 

coarse uniform granite. 

The Diamond grEnite ~nderlies the hiphest point 

of the road from Magnet Heights to Sekhukhune. It 

may join the Magnet Eei~hts granite 1 but it was not 

observec to do so
1

as the intervening area is covered 

wit~ deep sane cerive0 from grenite. It is neverthe-

less consifere~ to be an offshoot dyke of the Magnet 

Eeiehts granite. It stors about half-a-mile north 

of the roc:d and about a quarter of a mile to the 

north-east betins another granite body of the same 

thicknes$ ane extendine northwar~s for about four 

thousanrf feet. It is ccnclude~ thet these two 

granites belong to the same mass offset by a fault, 

an assumption whic~ presupposes either that, if it 

is a normal fault, the grenite dyke is not vertical 

or that altern2tively, the fault is a tear fault. 

Generally, this granite resembles the typical Bush-

veld gr2.nite - an~ for that matter the Maenet 

Eeights granite - but locally it is very rec in colour 1 

fine-grainec or grarhic. There is a considerable 

amount of vein quartz alon£ the western contact of 

the occurrence, which suggests the presence of a 

fault. 

Throufhout the area ere occasional small granite 
dykes. _______________________________________ _ 

They are not finer-grained than the Main granite and 

it is remarkable that such small bodies, one foot 

to three feat wide, are so coarse-grainec anc with­

ou~marginal chilline. 

A consi(erable amount of peematite outcrors in the 

gabbro between the Magnet Heights granite and Signal 

Hill. The pegmstite is com~osed of quartz and feld­

sµar, anc. an increasing amount of hornblende towarcs 

/ 22 ••••••••• 
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MED !UM-GRAINED 

Fig. 12 Fine-grained 
Main Bushveld grenite 
shewing pronounce~ column~ 
structure and capping the 
rcof e$car~ment Bbove the 
gabbro on De Hoop 886.~S. 
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GRANITE IN THE RIVER ON IRONSTONE SCALE 1:so 
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the Qoof. The pegmatitef. generally oo not trend 

more than 4 s0 from a no rt h-so-::i..th direction. As 

there is virtually no pegmatite in the granite and 

much in the gabbro. the pegmatite is likely•to be 

contemporaneous with or ol0er than the granite. 

Lombaard (19~4. p.8) has suegested that the pegma­

tite is a residual acid differentiate of the gabbro: 

(V!II) Diabase. Polerite en~ Other Minor Intrusives 

As no laboratory work was eone on these rocks, no 

proper criteria were established to distinguish 

~olerite an~ diabase. Consequently. the name dia-

base is used to desi&nate the ~a&ic sheets up to 

two hundred feet thick in and near the Roof. rolerite 

is the name given to the smaller ~ykes and sills 

map~ed elsewhere in the area. 

North of 8ign&l Hill, a diabase sheet one hundred 

to two hundred feet thick directly overlies the 

gabbro. About ten feet of the margin of the sheet 

is fine-graine~. the rest having a medium-grained 

texture. This sheet thins out sout~wards against 

the ~ignal Hill quartzite (Fig. 11). 

Numerous dolerite dykes an~ sills occur in the gabbro, 

es vec ia lly a, long fa ·11 t -ple_ nes. The dykes generally 

have a north-south trend and are sometimes amygoe-

loidal. The thickness of the ~ykes an~ sills is 

indicated on the reolorical meps. 

retailed work bas been done by Ctreus~- ,& Truter 

(1950. p.169-193) in the vicinity of the Magnet 

Eeights Store on a suite of minor intrusives related 

to fue Spitzkop /lkaline Series. The information 

on tte mep of ~trausE & Truter has merely been in­

corporate~ in map No. II accom;anying this thesis. 

The writer hes not definitely i~entified any other 

alkaline rocks in the area though certain dykes of 

unknown composition were encountered and these are 
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recorded on the maps as dykes of unknown composition. 

(IX) Recent Deposits 

Most of the 'Flats' north of the Magnet Heights Store 

is covered by primary soil a few feet thick, or a thick 

blanket of turf, calcrete, and transported red sand and 

soil. Nevertheless, the 'Flats• yields a considerable 

amount of geological information which can be derived 

from the observation of float material. 

The river draining northwards from Sekhukhune is completely 

choked with black soil and calcrete. The greatest accumu­

lation of recently deposited material, however, is found 

on Aapjesboom 884. KS {Fig. 10) where there is more than 

fifty feet of sand, gravel and boulder beds, calcrete and 

clay obscuring the underlying rocks on most of the farm. 

North-west of the Steelpoort River all the magnetitite 

seams are buried and re-emerge only towards the south on 

De Hoop 886. KS. The deposit on Aapjesboom 086. KS re­

presents a typical piedmont deposit. 

CH APTER IV 

GECLCGICAL STRUCTURE 

The structure of the Magnet Heights are is more complicated 

than was assumed by previous workers but is, nevertheless, 

relatively simple. The layering in the gabbro strikes north­

south, with a regional dip to the west, of 14°. This figure 

was decided upon after about a hundred dip readings had been 

taken. There is both faulting and folding in the area. 

(1) Faulting 

The throw of the faults ranges from a few feet to more 

/ 2 5 • • • • • • • • 
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than five thousand feet. ~0°t of the dis~lacement 

suggests normal faulting but some horizontal move-

ment may also have operated. 

have been identified: -

The following faults 

(a) The Sekhukhune Fa~lt 

(b) The Steel~oort Fault 

(c) The Magnet ~eights Fault fystern comprising 
several small faults. 

(a) The Sekhukhune Fault barters the western margin 

of the Lulu mountains enc trends southwards in a 

deep V-shaped valley to join the Eteelpoort Fault 

about two miles north-east of the ~teelpoort 

brioge. The throw of this fault is four thousand 

~ to seven thousend feet as movement hes brought 

gabbro of the Lulu mountains in the ee.st from be­

low the Main Seam to above the level of Seai1 No.21 

west of the fault (Profile AE, Map IV). This 

implies a throw of greater than four thousand feet 

which is the interval between the Kain fearn and 

It is the opinion of the writer that 

the maximum throw of the fa~lt is not more than 

seven thousEn( feet, but the t~row can only be de­

termined ~ccurately when the stratigraphy of the 

gabbro of the Lulu mountains is known. 

The relationship of tte Sekhukhune Fault to the 

Eteelpoort Fault has not been studied nor has been 

the occurrence of the former, north of Sekhukhune. 

(b) The Steelpoort Fault, which is the southern limit 

of the area mapped, displaces the Main feam a 6is­

tance of five and a half miles, with the down-

thrown side to the north-west. If it is a normal 

fault, the throw is about five thousand feet. The 

Cteel,oort Fault is an oblique fault, trending at 

about 2E
0 to the strike of the gabbro. More work 

would have to be done along the length of the 

fault to cetermine if there is lateral movement. 

The fault is exposed where it crosses the Pteel-
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poort River on the boundary between De Hoop 

886.tS and Aapjesboom SC4.Xc. A wide dolerite 

dyke has been intruded alone the fauit zone. 

(c) The Magnet Eei~hts_Fault_~stem. The most obvi-

ous member of this group of faults is that 

followed by the Megnet Heights River on Magnet 

Heights S~6. ~f. Southwards this fault becomes 

oblique to the strike of the gabbro cutting off, 

in turn, the Main Seam and Upper Seam Nos.l - 7. 

East of the river are two sneller strike faults 

with throws of fifty to one hundred feet 1 (Profile 

:D and Fig. 14). The fault ~assing through the 

Chief's Kraal on Maenet Heifhts 346.~C has a 

throw increasing from about three hundred feet at 

the Kraal to about 2.crc feet in the north-west 

corner of~ Schoonoord 326.KT (?rofile IE). In 

the north this feult either swings to the north­

east. as drewn on the mep, or continues northwar~s 

an~ is met by another fault with a north-east 

trend. The structure in the north of the area 

will become clear when mapping ic continue~ in 

that cirection. There are lesE important oblique 

faults on Magnet Heichts 8~6.KE an~ these are shown 

on the map. There is no evidence of faulting be-

tween the road on Magnet Eeights 8~6. Kc and cignal 

Rill. 

In oblique fault, whict dislocates the Diamond 

Granite, is inferre( on Maenet Heights 846.Xf and 

~choonoord 325.KT. 

0n Ironstone 247.~8 and Steelpoortdrift 365.~T 

sections constructeG from the map strongly suggest 

the existence of a fault with a downthrow to the 

north-west about eicht hundred feet on the line 

of the Marnet Heights rrenite (Fig. 14). The 

gabbro hill just south of Sekhukh~ne may be a 

wed[e between the intersection of this feult and 

the Sekhukhune Fault. If this Magnet Heights 

granite fault continues to the south-west, it has 

/ 27 .•.•••..•• 
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.f. 15 Minor fault dislocating Upfer Seam No. 1 
in the Msenet iieights River near the boundary 
between Magnet heiehts 8~6. ~~ an~ IronEtone 
e47. KS. 
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a small throw as there is no observable ~istqrbance 

of the rock succes~ion on ~e Roop 3C6. 

South of the Magnet Heiphts grenite en< trending north­

south are at least ten small faults with throws from 

a few feet to about one huncrer feet. In the Magnet 

Heighte River, where it cuts through the Main Seem 

outcrop on [teelpoortdrift 365. ~T, there is a zone 

of minor faults, with a north-south strike. The trends 

of the fa~lts south of the MEgnet Sei[hts granite were 

inferred from examination of the drainage pattern, ob­

served fault directions in the Magnet Heights River, 

dis;lacement of markers and study of the aerial pho­

topraphs. 

A number of small faults such as the one pbotoeraphee 

(Fig. lE), ere to be seen in the area. The profile 

in Fie. l< mi£ht be interpreted as demonstrating ae:x! 

type of graben str~cture, though the <lown-faultinr in 

the west is very slight com~8red to that in the esst. 

Folding is known in the Pushvel~ Complex, but h8~ not 

previously been recorde< in this area~ The absence 

of the Main SeFm on the 'Flats' north of Magnet Feights 

w a s tac it 1 y ex r 1 c:' in e c by as ::. \).min£ t ~- a t it is bu r i e ~ 

beneath soil, an~ the metamorphic rocks west of Sekhu-

khune, which are in actual fact roof rocks, were 

as s•.1med to be xenoli t hs in the ga bb ro be low the !i!a in 

Seam, or in the Magnet Zeirhts granite. 

the existence of an anticlinal fold is: -

Evicl.ence of 

(a} Seam No. 6 di::-s at 10° eastwards in the river south 
of the Chief's Kraal on Me&net Heiehts 846.~S. 

(b) Seam No. 21 dips east at 1C 0 to 15° near the north 
end of tte Magnet Heights granite, a fact confirmed 
by pitting. 

{c} Twenty-four rnegnetometer traverses ecroE~ the 
'Flats' euerest that the Main Sea~ is not buried 
under soil. 

/ 29 ••••••••• 
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(d) In the north of the area on Goedgemeende 815.XS. 
Seam No. 21 dips to the east at 16° to 15°. 

(e) Roof rocks west of Sekhukhune di? east~ares at 
about 1C0 

bs the Marnet Heiehts eranite cuts obliquely acrosE the 

strike of the layerine in the gabbro, each of the up~er 

seams must terminate in turn aeeinst the granite, but north­

wards, from the outcrop of E:eam No. 6 near the Chief's Kraal, 

there is no exposure and tte next seams visible are Seame 

No. 17 ant' 21 near the north en~ of the granite. 

ex7osures are poor, it iE ~oseible to determine the dip 

direction of Sean No. 21 by notinf on which side of the out­

crop of the Seam No. 17 ant tte s;ottee gabbro are to be 

found. 

The reason why the MEin feem eoes not outcrop on the 'Flats' 

is now clear: - it is folde0 back down in the core of a 

fa 111 t e d antic 1 in e before re a c Ling the surface (Prof i 1 e J. I' ) • 

As the fold axis, striking at about 16E
0

, is oblique to the 

strike (0C2°) of the layerine in the gabbro, tte Main Seam 

will ultimately reappear, as it Goes in fact on 

Kraal, about twenty miles to the north. 

North of Sekhukhune Seam No. 21 outcrops twice. This may 

be ~ue to the ;resence of a strike fault or of a small syn­

cline (Fig. 16). 

There is£ small pitchinf syncline stown on Kap III in the 

south of Maenet Heiphts 8~6. The fold axis ie east -

west anc it pitches with the regional dip to the west. 

/ 3C ••••••••••••• 
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MINDRALCCY 

( 1) GENER/. L 
a.., 

In tt.e field c£ careful search was r.iade to obtain the 

freshest maenetitite available. Thirty-five polishee 

sections were prerared of marnetitite en~ fifty thin 

sections cut of feldspathetic ~arnetitite. anorthosite, 

pyroYenite, troctolite en< gabbroic rocks. 

The polished sections were examiner un(er reflecte~ 

light using ma~nifications fro~ XlCC to X20CC. 

?OSFible. statisticel counts were mafe to determine 

the mineral )ercentages in the slides and polished sec-

tionf:i. The f if. ures which appee.r in TElbles III anc V 

were extrapolated from about five se~arate counts made 

on t'ifferent portions of the secticns. It was not 

ros~ible to deter~ine microscopically the ~ercentBge of 

large ilmenite ereins in the ore. &c the marnification 

of the ore microscope is too laree. Consequently, 

slabs were polishe~. etched with HP vapour or heat­

treatec (acetylene torch) 1 c.nc the ~ercentage of ilmenite 

t'resent was calculatec. 

In sampling the silicate rocks, there we£ a fefinite 

tendency to take specimens_of the harder bands. ~ork 

carried out on the silicate rocks was confined to ob­

servation of textures an~ calculation of the relative 

rercentages present of the various silicate 2nd ore 

minerals. The fabric of the rock sections was examined 

in an attem~t to determine the order of crystallisation, 

min(ful of the remark by Turner & Veerhoogen (1960·, p. 

6 -~) : -

"Most ;;etrographers to some extent interpret the cri­
teria of idiomorphism and grain size to suit ~ersonal 
prejucices as to the sequence of crystallisation." 

/ 3. 
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is the main constituent of the silicate 

rocks and usually com~rises 60i~ to 7C,~ of the rocks exa-

minec. It generally forms Eubhedral lPths about five to 

ten millimetre~ long. There is aleo fine plarioclase in 

the groundrnase of the rocks. 

Plagioclase is also the fredominent silicate containeG in 

the megnetitite . !n seams with transitional 
. Ju.JU:S(.{' 

the magnetite w1tD a corres?ondinG increase in fel1s?ar content 
I' 

but 1-d thout any ch-::.nge in the anour..ts vres0nt of other :':Ai ·1.era:s. 

~ven in tha purest r.::Si.g:.~eu tit~ of tho r'a.i<J. Se~~:,: there a.re occa­

sion'3.l trap~ed feldsrar cryst~ls. 

crynt~i3s 85% of feldspar ~nd 10% of ~agnetite but only 5% of other 

miner~ls (Slide 41). 

The ?lagioclase content &ta particular horizon in a sex~ is constant. 

~ag~otite is ?resent in all tba rocks e~a~inej an~ gener~lly con­

stitutes a~out 4% of the g&bbros. As ~e~tioned previously,~aGnetite 

'3.nd plagiocla.se arc inti.-;-ately associ.atecJ. in. m::1gHeti ti te. The F&.i.t1 

Se5.m 1~ro,des ~)11&,rds fro:u ma_;::..'?.eti ti te throuJh fe lds~athi c :::a3rre-~i ti te 

into ma~notite anorthosite. In Se&~ No. 5 7 ~hich has c transitional 

basal co~tect over a dist~nce of oae i~ch 7 the nm~or add size of 

the 7:ac;neti t0 cryst5.ls incre:1ss r.::n:--~,-::.rards ·.J~-:J.ti l the roe?:,{ is ::;,retloni­

nantly ~sgnetitite (Figo 19 7 Slide 15'. 

The sear:s ra.r0ly coatai :1 "'.luch ,·;yroxene. Ser...::1 Nos o S 7 7 -:: .. ::1.d. 11 7 

ho-..rnver, ea.ch co:1tain about 5% of 13.te cryst'1-llisi:-:i.~ ."J,:ad a.cco:--dingly 

i ,,_tersti tial bat discrete ;1r:1ins of ,?yro7::c:G. The silicate clusters 

in the Ee.in. Sei::111 ar~ :,oiki :i tic ortho~1yro:;re:ie cryst~.ls, e ... 1closL:1g 

This is~~ intarestinz para}lel ~o 

t~e motLled anorthoaite in uhich each mottle is usu&lly a poikilitic 

pyroxene crystal enclonh1c n16.c~ioclase l~ths (Fig. 68). Se1,.1 No: 13 

contains noikilitic pyro7e~e crystals incorporatinJ s~all idio~orJhic 

magueti te cryst'),ls aboil!t one M.i l li:aetre in si zc (FL~. 61:. 
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Olivine in places partially or completely takes the place 

of pyroxene as the ferro-magnesian constituent of the rocks. 

There is a part of the column extending for about l.2CO 

feet above the Main Seam. in which very little olivine was 

observed. Six slides examined from this part of the column 

contained no olivine, though there is a little in Upper Seam 

No. 4. 

A chain of subhedral olivine crystal~occurs one millimetre 

above the base of the Main Seam (Fig. 5C, Slide 3). Olivine 

only becomes an important constituent of the magnetitite in 

Seam Nos. 9 to 12. Its vresence in the seams of sub-zone C 

correspond with the occurrence also in sub-zone C of promi­

nent troctolite sheets (Map IV). 

Biotite appears about one hundred feet below the Main Seam 

and was not recorded below this point in the sequence. Apart 

from small idiomorphic crystals in magnetite and plagioclase, 

the biotite occurs in larger blades, which often protrude 

into these two minerals. It constitutes 1% to 2% of most of 

the elides but in one rock (gabbro 4,200 feet, Slide 52) 

near the Roof, biotite forms 4% of the gabbro. Biotite is 

present in all the seams above and including the Main Seem. 

A striking change in appearance in the biotite occurs ap~roxi-

mately l,50C feet above the Main Seam. Below this point it 

is pale brown and weakly pleochroic while, higher up, it be­

comes increasingly ctark and pleochroic. Towards the Roof, 

the crystals become larger. Biotite is concentrated at the 

basal contacts of some of the seams (e.g. Seam No. 11). 

Apatite occurs only within two thousand feet of the Roof. 

It is always idiomorphic and originally was thought by the 

author to have crystallised early (Fig. 74). 

ding to Turner & Verhooeen (1960, p. 63) 

However, accor-

"Idiomorphism seems, too, a doubtful criterion of early 
crystallisation in the case of certain consistently idio­
morphic accessories such as apatite which, from their 
content of "volatile" components (P205, OH, Cl) are un­
likely to have crystallised before the main crop of anhy­
drous silicates. Origin by replacement is more likely here. 
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~Iornblende e:rrears as ~ t3ri~8.ry r?ineral only 11i thin about eiiht 

h·~dred feet of the Hoof. Grani tised rocks nel3,r the Hoof contain 

ab.:ill~\ant ho:rn:.:: le:ide. Horn."':) lencle is vi rt :rnJ :y ahser.t in the see~u,~. 

Quartz occur-s only I ver.r near the aoof in C le~r i :r:-ce.:; :.,\l~r gre.ins 

in the rock. It ts co-nsi.,ere1 to he.ve been introi}.uceet d.ur,:.nc; 

the process of gra~itis~tion. 

Orthocla .. se Feld.s:-·s.r accom-f'Ja,nies ciua.rt~ :;.1ear the Roof e.~d i:::s- -':'.lso 
C...OLA..td 

t.i3.:6?gbl te have ;:;·:ea fo:n~ed by gra·nitisa.t,ior. of the gaJ1::ro. 

.-:agneti te e..::.:u apa,ti te. It occuTs as su~hed:ral latts a~d 

ge·1er3.;.} y crysta,l li sed ear:y. There is O:le case in -:,1d ch f c la-

the -~yroze1-i ~- te a.bo:1t four lT:Ji.nd.re{ feet above the Eain Sea::: 

11here VJlac;iocls.se e~clos~r: es,rly-c,:--ystal~.isec:'. ~y:ro::er.e cryste.ls. 

The a:J.ortnooi -:,~n c.'.)_: '-,::1dn a~out 95t r•:c,~i oc lr se, a:."out ~3-~t of 

1~~1ich occurs i"'.!1 large laths ::,:r\cl the rest co:1sists of 

interstiU:::..:: cryste,ls (Fie. 66~·. 

snall 

In the r.cagnet:tite sea:-::is pie.giocle .. se c:ryst~-.1s are t-rrn to five 

2il!inetres in lensth. 

laths te:.."'ld to be id. i o:-::.or_µhi c t~J.t hi~her L1 the co 1 a,•rm, a.re 

geaeral:y s~bhedral. 

The inpressio:.1 obta.i'1ecf fro7:: ex3nina.tio:.:-1 of s..11 the sea::1s is 

that feldspar •.-•.ras one of the fi'cst mi-.nerals to crystc..llise i~ 

En.r;·-:~et·i.te i11cludes s··all :'.d.io .or;,!1ic bioti.te cryst«:a.ls through­

out the seq,1e::,ce (Fig. 2:.1) ::!.:."lt:l a?a·U. te to-tc.rds the to·n of the 

colu.:,~0. (-r;,igo 75-~. b. t}i.e hy-:"er:.U.,e zenolit:~ in See.:-c Ho. 11, 

In· t .:e gc.'bToroi c 

roc!r..s large ,:i_agneti te crystr-.. 1 s r .. p e:::.r to be j--)_tersti ti. r>,l, hut 

s~.e,:.ler cr-ystr..ls te:r .. d. to ~oe h:.io~~orphic 7 bein:3 occasionally 

L:.clu:.:ed in ,"~s.i:!;iocl~s::: ?.ncl frei..:ently in ;,y:.ro:-r:e·,,e &mi olivine. 

/ 35 .. 0 •••••••• 
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Fig. 20 Idiomorphic magnetite crystals (black} included 
in poikilitic orthopyroxene (cross-hatched}. 
Plagioclase in the photograph is subhedral. 
Upper Seam No. 7. Slide 18. Crossed Nicols, X7. 

-· ,,,-,~ 
--·· 

' ;z,; 

Fig. 21 Plagioclase laths (black) enclosed in magnetite 
{white}. A little interstitial biotite and the 
orthopyroxene rim occurring between plagioclase 
and magnetite, is grey. Top of Seam No. 11. 
Slide 23. Negative photograph X 5. 

/ 37 ••••••••••• 
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Figo ~.~ ~uheJnd. r .. ~ag:aeti te crystals (,·,~:d te \ irr.-.cluleJl in ~-:,oi!d li tic 
olivi:ae (7J~ac1r:)o Lo-rrn :c ·:init of See;--: ·rro. :L SH:1.e ~4. 

Ne6 £, ti ve phnto0 r-s:_;:i. j 7· 1. 

Su~hetr~l ~~gnetite cryst~ls i~cludea i~ pIGeicclase. The 

s~:1:.'!. '?r~dte cryst:d. in -the ~,:;_,c;-::eV.t3 is :Jiotite. The 
·:thitG rt::: · ::,et,;•rn~n ::1a5:.:1etite L,1ci t;:!..c.e;iocl•-,,se is ortho­
r,yro::,re:.e. l.,07er ::nit of Sea"".'.:- No. lf. 3lic'.e f,.tLC:co~~sev. 
ni cols, _,r 

/ 

11')0 
,_;,~ • 0 ••••••• 
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I11 the ;"'.:1.g:ia·'-,ite 2,:r:orth'lsite (Fi:~. 18; t}:.e "'1::-gn3t'ite ~ffef':.rs to be 

interstit~s,~ to the ,)le.gi.oclr1se :(F:Lt t!10re are so::nc contradictory 

occ··J1.rre 0i ce s of su!>hedrs, ! or e;llhed:re.,l 1:1"',gnet•:_ te crystr.l s enc~ osed 

in plagiocl&se laths. There is ,uch evidence t~at nagnetite had 

a. long pe ri o1 of c :ryste,11 i sc.. ti Otl. Loc~l:y 1 curved interfaces be-

tween me.,0netite i,nd felds:iar crystc.ls rprobably indicate sL~.uI-
P G\ n 4 "l--4 

taneous crystallisation of those t"'!lO ndnera,ls (-·rel!s 7 195.:1,',. The 
11' 

irr~pression obtained fror. exa~inj_ng '.:!·,:al the thin sections is that 

Jlagioclase and magnetite began to crystallise ~efore pyroxene 

anci o li vi~1.e. ~nly in the l~ter stages of their tlevelop~ent did 

d;rO'fling ple..3ioclase '1 ,:rH.: mc.gneti te interfere wt th ea.ch other. Up­

-v.~ariLs in the seq;uence the grm:ri1.:1g ~ncg:.1eti te cryst~,ls irterfere in­

crecsingly Tri.th the crysta,I:;.isatioc. of the :1lr..5ioclase J&ths (e.c:. 

in t~e hyferits xenolith 

the :poiidlitic orthopyro:z:e::rn cryst~ls i:r::. t:rn L~afr ... Sefx:, t:he :r1&.~ne­

tite !1as poor c:rysta.l forir; (Fig. 51, SliC:.e 5' a.nd is L:.tey-zn·ete:l 

to crystallise for a long perioi, overlapJing ~ott t~ese minerals 

and occasion8 .. l:'.y for':'.':!ing an interBro°\\rth with t'JG'.I .• 

~ck 
Some Bioti to cryst:1,llisej earlyj ~ is L.1.cT.u~~er:~. in "'.:£,$::ieti to ?,nd 

terstitial~y as suthe~rel bl~des w~!ich freq·~ntly penetr~te m~gnetite 

e.nc: feldspn.r crystals. 

/ :? 9 •• 0 0 • 0 ••••• 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

- 39 -

The ce·:-:.ers..lised order 1.n ..,.,":~ich the va:rio-:.:s r::inen .. ls started 

to crystr...Ei se is~ - (a) plagioc lase, (b '- ~,-.s,g::::eti te, bioti te, 

c.patite?, (c) pyro:zene an:! olivine, (d) hornblende. The 

order in ~hich minerals started to crystallise at different 

levels in the colu..ln'Jn is sho1>m in Fig. 17. 

(3) Ezsolution other ttan in ~~3netite, replacenent 
~~d intergrowth p~eno~ena 

orthopyroxc~e. Discrete ~a~~etite crystals in silicates are 

attacke::~ by t/:-18 si li ce,tes n:nd. &.re often pa,rtially ::lestroyed 

·.::Jent ~ut it is t:~e 0;1i.fiio.1 o? t.,}.d3 ":1rit...er t:18.t this intergro~rth 

~a.y signify ~. e·nt.ectic crysta.l!isati,1n. llesidua! p3rroxene 

fre_ ·:,e-·:.tly ;_u:,s ;')c:.rtial"~y 1~epI-:-.ce..:~:. ~1ln.:~iocl&se an~ biotite. So:m 

rer,L-~ce.,.,,ent. of ms.c::eti. ta in the ses,:,s by ;:iyro--:~e:::e diC: ta.ke 

pls.c0, '.Jut it is co-'1, sicerec": to h~,ve been of •i:n.-o::r i::I'.:'.!,ort~nce. 

0rt~o~y~o~e:e ~~s us~slly e7solved clinoJyro7e~e (Fi~. 70, 

3liJe ff.) s.:n..:'. U1e reverse also occurs :J':1t i::; less co-;r.r~.on. Near 

the Roof c lino:;Jyroxe 0 e lms somcti'"'~,es e:n,o 1 ved ,--,~gneti te (Fig. 76;:. 

Also no&r the roof, horli~lende h~s repl&cetl pyroYene in fre~h 

rock R,:1.:~ is concluc:cJ to !Jc a. L,,to ~-:c;nat1c r:ineral (?ig. '1E). 

pyroY.Ct!.C e.nd possibly biotitc. Q~artz and ort~oclase near the 

Roo ·? a.re thought to h:,,ve been introd"L".ceJ into the rock by the 

?rocess of crBnitination. 

/ 40 ••••••.••••• 
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Fig. 24 I u tsr[s rovrt,,11 of D c:~ieti te (groy ~ :.,n<.l g 1;.n6 uc r:.1.inercl 
( black J consiCerei to ~e olivine o The wh ite ~in9rsl s 
s. re s ul· i h i ;\es in ; · lc:..::_:i oc 1.-:: ... sc. LoWc.n· Se':!.·..'.l No . 3. 
Section ~ . • Di l ir-:.r.: -::. <'."' sion., Y. l ')Q . 

Fi6 . 25 Intercro-wth of ;,yro7:m,e (:v : ack) 2,nd sar;neti te (-:1:1i te} o 

F i ddle u;.'lit of SeB,tn Nn . 6. Section 15 . Oil i -~."aersion 7 

X 10~; . 

/ 41 • 0 • 0 ••••••• 
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The 

(ii) I 1-:'G''.!i te 

(iii) -Ulvi te 

(iv; S·-,ir.e l (I-Ie::rcy'1i te or :")leo:nn.ste ncc..r to Fe.kl2'\1- in comjJO­
s ~ ti on" 

( v) i'7&rti te 

(iv} !"r;..ghe~:i tc 

( .. ' 
Vll; 

(i) I/3,e;neti te. :-iscret.:~ ::.dio-·.1or;Jhic crystt:"ls a.re one to ti:rn 

c.il:i.L·.otr~s in size {S;eci·-"'0n ~6; e,nC: in coarsc-grn.ined. 

mee~etitite grai2s as biz as ten milli~etrcs (Fi~o 47j 

S~0ci~en 5)o These lfur3a cryst~ls ar~ tiGhtly interlocking 

~ith & va~y thin irra2~lsr ?yroxene, olivi~e or spi~el fil~ 

are 2.ore friable beinc 7~ie -~ of s~~ller 7 less tightly 

bo11:ac.. crystals o 

·-:ore cc.si ly. 

These !atter s~ans conse:~ent!y ~eether 

-un,:}.e:tlying e.northosi te have 

h0e:,.1 co:rroJ.ed. lec:vL'lG only a. s~~e l0ts,l struct.-are of ilmenite 

(Figs. 53 am: 59~,o Tnis is -thought to he d"Lte to r11c,gr:m.tic 

Vei.:1 r,".!.d. fi ss~;re fi ~ ~-i ;;1zs of :.1..-.c,i -?or~:, r.£;.._:::ieti te? occurrin._; 

in wel1.t~rnred rock (Fie;. 4n? a.re c~nsideret~ to be secondary 

beca~ce of t~sir interstitial JOsition. is not tho 

sa~irf:e conclusion G.S that of vcn le::.sb';,rg { 1962, p 6f./6~, 

~?:~oto I I,) ~:~ho considers t:1i s ty,;e of rnagneti tc to tc r,n 

un~lterei primary ty~e. 

(ii} Il~enite is 9rese~t in all tte polished sectionso It 
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occurE in the followinr formB: 

(o} Discrete il~enitc rrains up to 5 ~m. long 
(Figs. 26 ~nd 27) 

(b) Large lemellPc .Cl mm. thick (Fig. J2) 

(c) Small lnmellae .005 mm. thick (Fies. a4 und 35) 

(l) Very fine anhe<lral ilmenite grains 

(a) Discrete ilmenit£_E;ra~~ are subhedral or anhedral. 

They grow to a considerable size (Fig. 27) and are 

often twinned. Ilmenite crystals lie between magnetite 

crystals and often are adjacent to gangue, which may be 

present. Where a grain of ilmenite is in contact with 

gangue and magnetite it tends to be anhedral against 

the former and subhedral against the latter (Section 41 

and 42). This may be due_ to partial replacement of 

the ilmenite by gangue. There is slender evidence that 

coarse ilmenite grains are later than the magnetite as 

they, very occasionally, include magnetite grains (Basal 

unit of Seam No. 12, Section 24) and plagioclase and 

chalcopyrite (middle unit of Seam No. 6, Section 15). 

In the section of Seam No. 11, a euhedral spinel crystal 

is enclosed in a large ilmenite grain. Constituents 

of spine! have migrated from the surrounding magnetite 

into the periphery of ilmenite crystals (Fig. 35). Il­

menite crystals have exsolved magnetite lamellae (Fig. 

28) and these lamellae were seen with only one trend in 

each ilmenite crystal. This magnetite, which is 

younger than the ilmenite twinning, is pnrtly nltered ~ 

is interrupted by sheets of spine! (Fig. 29). 

(b) ~~~ie ilmenite lamellae (Fig. 32) occur locally in some 

of the fresh magnetite and in none of theee seams are 

these large lamellae uniformly distributed. They con-

tain spinel blebs in their margins. It is possible 

that these large lamellae are capable of segregating 

out of the magnetite, leaving the spine! they contained, 

behind in the magnetite,as irr~gular lamellae. This 

would explain the occurrence of irregular spine! lamellae 

orientated parallel to the (III) plane of the magne-

tite. (Fig. 39). According to Edwards (1954, p.77) 

during slow cooling, ilmenite lamellae may diffuse out 

of the magnetite to form interstitial grains. 
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(c) 8mall ilmenite lamellae occar in the lowest cne 

foot of the Main Seam an< in the ,1ug below Seem 

No.11. They lie in the (III) ~lane of the magnetite 

(Figs. 31, 0<·1 ancl ::;-s) end they ap~:ear to be tr 11n­

cated and eornetimeE offset by plates of s~inel,which 

are inferred to be younrer. 

These sma 11 lame lle. e s 1_ow maxim•1m ex tine tion in the 

~~o ]osition under polarise~ lieht. Accorc-.ine to 

Ramdohr (195~, ;.82) ilmenite. which forms through 

tl:.e oxica tion of ,1lvi te, haE oblique extinction 

whereas primary exsolved ilmenite hes straight ex-

tinction. Therefore, according to Ra~dohr, this fine 

iluenite WES produced by oxidetion of ulvite. Evidence 

?ossitly corroborating t~is hy~othesis is the feet 

that this fine ilmenite end ulvite are antirathetic. 

Neve1t~eleso, it is the writer'€ o;inion that they 

may heve exsolved (irectly from the magnetite, be­

cause the lamellae, thoaeh smBll, are well developed 

a ne: evenly c.i~ tri ~-::u tef tbrou ghou t the mi· ene t j_ te 

rraint. 

( t;}) Fine irree·1 la r ilmenite. ~n all the msrnetite exam-

ined fine-grained ilnenite, wtich is antipRthetic to 

ulvite, occ~rc in ~nd neBr fioE~res. Locally lamellae 

have he[un to develop {Fig. ~3). This ilfaenite is 

thoaght by the writer to have possibly been ~ro­

(uced by oxi~ation of ulvite, Es it occurs only in 

the vicinity of fisf.,1ree, i1:.ic!. woulc have r-err'litted 

tLe increase of oxi<ising aeents. 

(3) Dlvite has been exsolvee on. the (lCC) plene of the mag-

netite (Fies. 36 enc ~'7). The res~ltinc texture has 

been referred to as 'clot~-teYture' by Vincent~ ~hillipF 

The exsolved ulvite ccnstitutes about one 

tlird of the area of the magnetite cryctals in most of 

the polished sectionc. Jxcepticnally, there is no ulvite 

in the rock, it~ ~lace bein[ taken by fine ilmenite la-

mellae. The size of t~e ulvite corn:art~ente 
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Fig. 26 Fabric of feld­
s pathic magnetitite com­
pose~of plagioclase 
(w hite). ilmenite (black) 
and magnetite (grey). 
Up r: er Se? J'.', No 4 , Section 
1~ . ~olishec slab,etched 
with I:F vapour, X2i- . 

Fig. 27 Textural relationship of silicates , plagioc lase 
and olivine (white), magnetite (various s hade~ 
of grey) an d ilme nite (blac k ). Up ~er unit of · 
Seam No 12, Section 2~ . polished slab. etched 
with r F va pour, X 3 . 
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Fig. 2fj Large twinne ct , ilmenite grain . iixsolved 
P6CJ\i\ b'-\'t .. a . .b, . . . 

1 a me 11 a e o P"' 1 c [: n e t 1 t e ( n a r r o w -c n ('~ w h 1. t e ) 1 n 
twinneo il~enit e ( li 2 ht and c ark) . The lamellae 
ar e inferred to be later t han the twinning of 
the ilmenite . ~ 0 n er unit of ~ea rn No . 1 2 ,Section 

P~\o'i .. .. 
2 -~ Cross e d Nicols, X 360 . 

Fig . 29 S p inel (blac ~ ). occu pying ~art of the ~ lene of 
a ma e netite lamelle ( wh ite) exso l ved by ilmen ite 
( c rey) . Up ~er S ea m No . 2, Section 11, Cil 
i r: 1m er$ ion, Y. sec . 
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.· .. , 
, 

I 

' , .. 
I 
I,, 

Fig. 3C Interstitial ilmenite {dark} between magnetite 

grains { pale). Lower unit of Seam No. 12. 

Section 2~ . Oil immerEion. X 1C0. 

Fig~ 31 Slightly irregulsr ilmenite lamellae (dark and 
light). exhibiting oblique extinction. in mag­
netite (grey). ~ lug below Seam No. 11 on 
Magnet Heights 84 6. KS. Section 3~ . Crossed 
Nicols. X 10 0 .• 

/ 47 ••••••••• 
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Fig . Z2 P rima ry ilmenite lame l lae (d a rk grey ) con­
tain i ng S ? ec ks of s ; inel (b la c k ) in magnet i te 
( g re y ). T h e darker netwo rk in the mce n etite 
is ulvite, which is evenly t' istr i bute d . Lo ~er 
-:-Jni t of Seo..m Noo U 9 Section 2✓; 1 'Ji l i onersion , X 20 1 , 0 

Fig . 33 Ilmenite y roduced by oxi <ation of, or ex­
solve l instea d of, u lvite which is absent 
in t he vicin ity o f th e ilmenite . Basal 
u nit o f the Main Seam . Section E . Y lCC. 

I 4 ~ ••••• • ••••• 
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is about .CCG mm. 

PvoY\'\ 
(4) §__2~~~.!, has~ exsolved ~ magnetlte as plates. 

Ramdohr (195~, p. 68) has described spinel from Mag­

net Heights as pleonaste. These plates heve a length 

twenty to thirty times their width and range from C.Cl 

to 0.1 mm. in lencth. Constituents of spinel have 

micrate~ from magnetite, near ilnenite, into the mar­

gin of the ilmenite (Fie. 35). Plates have also se£re­

gatec into ciscrete crains in scme of the m2enetite. 

This recess can be observe6 in various st2ges of com-

rletion (Fie. 38) and sometJmes the gra.ins contain a 

core of chalcopyrite (Fie. Z9). 

Irregular spinel l2mellae lie in tte (111) plane of the 

magnetite (Fig. 39, parallel to ilmenite lamellae, end 

it is considere~ that the spinel may oririnally h~ve 

mierate~ into ilmenite lamellae which, in turn.later 

diffused out of tte magnetite crystal leaving the 

spinel behinc. riscrete spinel grains are common 

where plates are rare an~ vice versa (Figs. ~9 and 4C). 

These £rains are resistent to weatherine, as they 

occur in stronely weathere~ magnetitite, im~lyinc that 

they are not pyroxene, oJ. ivine or f-lagioclase;:'Rarr.dohr 

( 19 52, p. 6;3 5) s ta tee tl·:a t "commonly s ;.ine 1 L rains a re 

coarse, rounded and.in some cases. branched". 

There is probably a decree£e in exsolvec spinel plates 

from Seam No. 11 upwards. The ulvite forms box-like 

f " . 1 (F" ;'.7) "' . t 1 t -ram es e r o u n c s p .1. n e 1 E, • - a n \..i .1. n ;:: e u "?l?e rm o s 

Seams, though t~ere are no spinel pletes, there are ~lvite 

boxes implying that spinel plates were present oriei-

n a 11 y , b a t t :-: a t th Hy ha v e s ·-1 b s e q n en t 1 y mi f' r a t e c~ e 1 s e -

where (Sectiofis 27 to ~l). 

~Jhere megnetite is completely surrcunciec~ by gane;ue it 

ten~c to be witho~t itE spinels. For example, the 

magnetite in the magnetite anorthosite,'above the Main 

Ceam, contains ulvite boxes but no spinel. 

most seems have interstitial LBngue. T!1is may be why 

they have lost t?Jeir s;;inel ;;:iates; b11t the purer see_ms 

/ 4 9 •.•••.••• 
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Fig. 3 ~ Srn£11 ilmenite lamellae ( ~£rk gre y) in merneti t e 
( l i £ :~~ t e re y ) . Ex s o L v e d s r in e ? ~, 1 a t e c ( b la c k ) 
are i n f e rre c to be young:er than t he ilff enite 'iJhich 
t h ey a ;,,; ear to tr .1 ncate. P asal P o rt ion of Fa in 
Seam. Sect :~cn '.,.L -~ il I , .. me r s ion, Y GCC· . 

Fi[ . J5 Smal l i l meni t e l arnelle e ( ~a r k e rey) exsolved on 
t h e ( II~= ) :· lane of :~·: e gn et ~_ te ( ;,, ele e rey). F lack 
s ~ ine l µ la tes lie i~ t h e (lCC ) r lane of m2pneti t~. 
p lar re il~enite crystal i n t ~ e left o f t h e ~ i c­
t 1re hes coll e cte ~ s ; inel (blac k ) from t ~e adja­
cent ma p net i t e . Bacel Port i on of t h e Ifain Seam . 
Section 3 . Oil i□~ersion, X 500 . 

I cc\ •.••••.•• 
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Fig. 36 Fine network of ulvite (grey) in magnetite. 
Lower Seam No. 3. Section 2. 0il immersion, 
x n~a. 

Fig. 37 ~lvite (grey) forming a network in megnetite 
( ~~a 1 e ) a.. r o u n d s !: i n e 1 ( b 1 a. c k ) . Fine u 1 v it e 
also occurs insi~e the bo~es. Lower Sean No.3. 
fection 2. Cil immersion, X l,CCC. 

/ 5 1 • • • • • • • • • 
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Fi g . 38 S p i n e l ( b lack) pos c ibly ~artly se gregate d 
fro m p la t e s • i nto ir r egular gra ins. T h e g rey 
f i ne n e t work i s u l v ~t e . F e l d s i at h ic c e ntre 
o f t a e Main Se a m. Section 6. Cil i mmer­
sion, X GCC . 

Fi g . 3 9 S ~i ne l v e i nlet an d j late s (bla c k ). The lar g e 
s ~ i nel erain ha s a c hal co pyr i te nucleus {wh i t e) 
Fel dspa t tic c e ntr e o f t h e Main ~ea rn . S ect io n6. 
Oil imme rsion, X 5CC . 

/ 5 2 •••.•••••• 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

Fig. ~r Tbe dark grey trains are concluded to be 
segregated e ::- .inel i• >ale £ro1.1ndmess or ulvite 
(grey) end m£fnetite ( pale grey)~ ~ lug on 
Steel poortdrift ~6S, ~T. Section 3 2, X 3 50. 

Fig~ 41 VEl'inlets a nc! subhedra 1 .c rys t .a ls. -:-; rt,bab ly 
of . c pi~el (d2rk g rey} in ma £ netite ( pale). 
U~per Seam ' No. l; Section 10. X 36O~ 
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including Seam No. 11 and those below it, have retained 

their spinel plates. Compared with the other seams 

and plugs, the Main Seam contains the largest spinel 

plates (Figs. 34 and 35). 

(5) Martite is a secondary mineral formed by alteration 

of magnetite in veins (Fig. 42) and is most common in 

the uppermost seams. Magnetite lamellae, exsolved 

from ilmenite, are sometimes altered to martite. 

(6) Magh~mi!£ is fairly common in the ore (Fig. 43), but 

no special attention was given to its conditions of 

formation. It is also commonest in the uppermost seams. 

(7) Su.!.£hide~ are present in all the fresh magnetitite. 

The sulphide ores constitute a study in themselves, 

which is beyond the scope of this work. The following 

incidental information is presented here. 

The sulphides identified are chalcopyrite, pyrhottite, 

pyrites, bornite, covellite, pentlandite, chalcocite and 

almost always occur in gangue. An exception is in 

Seam No. 6, in which subhedral chalcopyrite crystals 

are included in ilmenite. Feldspar crystals contain 

more sulphide than any other of the gangue minerals. 

The sulphide content of the sections examined is, in 

a few cases, as high·as one per cent. 
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Fig . 42 Vein of magnetite in weathered ; ri~ary magne­
tite . The m2gnetite vein contains martite 
( •·,-, h ite) and pos s ibly s p inel (dark unifori{ 1 grey) 
~ ~;e r Seam No . 21 . eecti n 30 . Oil i mn ersion, 
x ~ec . 

!":? __ ,..""' Fig . 4 i Maen e tite alter e~ to ~t: ts 
~osition of t h e dark area is 
muc h of it is ·c,olic he c out . 
fection ~9, X ~CC . 

( • .. " 
I ~ /• ·• 

. ' , 
·~ ~ I 

( .. , .. 
' . 

. :., 
• 

( ~h ite) . The c om ­
unknown t :t. ough 

up r er Seam No . 18 . 

/ E 5 • • • • • • • • 
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TABLE I• SUMMARY OF PROPERTIES AND 

RELA TfONSHIPS OF THE MAGNET !TITE SEAMS 
.. .:..--

Th ick~·fbsit ia. Su."' t,J• Of' ~l&l OJ 
\/,_05 V-,,05 Hanging-wall Foot wall WEAlHU.& 

N"'"'"( ness in C.al, 1'\!>SAY~ L_n..n-•ui -~ 
21 360 3960' 6 0·3, ? Gabbro <3'' 

20 48
11 

394d - - ? ? SMALL 

' ,, I I 

19 12 3920' - - ? Gobbro SM4LL~ 

! 

18 3d' 3890' 3 0·'JO/o.' ? Gobbro ·~MAU. 

" 3820' 3 !~)-'~/0 ? Gobbro ·,ell 17 15 
- .... -----~ .. - -=--=-- ~--· --· -

' 16 12'' :3800' - - ? .. Gobbro lSIAAU. i 

'~~u. I 

15 24" 3400
1 - - Pure Anorthos. Troctolite 

.. -.. ' -·-

B 
(. 

SU 
ON 
C 

B SU 

ZON 
B 

. 
IE 

r 

r 

.. . 

,~ 
Jppe 
Sea ms 

Ma 
Sm 

in ,, 
m 

l· -
B 
E 

r 

SU 
ZON 

A 
..DNe 

Seam 5 

UPPER 4n 266d I i)-55°/0 ? Gabbro 2'' 
14' 

LDWl:R. 3'' 
1+ 26sd I 

II 

DSS0/c ? Gobbro 2 

13" 237d Gob bro 
,, 

13 3 :> 55°k Pu~ Anorthos 6 

UPPER 
9'' ' 

12 2060 
I 

4 )550/0 ? Gabbro s" to 
LOWER I 

2050' 7" 12" 4 :>SS>k ? Gobbro ,, 
~ 

II X)" 1700' 6 0·60/o Mag. Anorth015 Ano rt hos it e 12" 

10 9" 162d - - ? ? 4'' 
- .. --

.,__ _______ 

9 9'' 1540' 2 'J7'!P/o ? ? 4'' 

8 7" · 1sod - - ? ? 2" 
.. --~--..... ..-····-

UPpe~ I s" I 56o' 7 t 5 l,":l r:.t,/,.,. Anorthosite .... 
LOWER 

25" 556' 
I 

Gobbro 
7 I !• I• 

UPPER I 
. 

G 
9'' I 440' 

► 5. -- l·3-5~J< _ 
? ? ~4"to 

---- ------··-·-----·-

Mid.6 I 1" 432' Mag. Anorthos. Gobbro 
6n 

' --- -- . ··--•·--- -··•-·- --···----- ----· 
5 a" 150' j 2 1·350/c ? Gob bro :S~LL l 

4 10" 100·: 10 1·350/c:: Gabbro Gobbro 10" 
' ·-·· ! -

3 6" 90' I 4 I·3So/c Mag. Anorthos Ano r·t hosite SMP.LL 

2 30" 20' 30 ,:soto Mag.Anortho~ Anort h05 ite 10 
II 

I 14'' e' I 20 1·5°/o Mag. Anort hos. Anorthosite s·· 
Upper 44'' ! 3 HP/o Mag. Ano,..t hos. Fels.Mogn£t. Portiai I I .up tc - I 36

11 Lower 34• 3 1·60/o Fels. Magnet.' Anorthosite - ... -··- I 

4 12" -39d 1 - - ? Gobbro 4 .. 

3 60" -S3d I 2·C,:,/c ? ·c;abbro ;':>MAU. 

! 
2 12., I -69d I ~-Olio ? Anorthosite 4'' 

l ....... ---- -- ·- ---- -

I 
-~ 

-900 I 2-Ie1>A: ltv1ag. Anorthos Anorthosi t e 6" 
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TABLE 2 SUMMARY OF PROPERTIES OF THE ORE MINERALS OF THE MAGNETITITE 

'DEGREE Of WEATHERIN~ ~ EXSOLVED PLATES OF SP1~EL 
1u 

LARGE ILMENITE 
t- "' w 
~ .J t- UJ 

~RAINS--i fB < i t- w 
d w 'Z - j ! ~ 0 uJ 0 t-

"" ..J t- uJ w z 
0 UJ ~ UJ ~ Ww w Cw ..J V'l 

~ 
UI 0 I- -><2 z UJ ~:s UJ <C w LU I UJ vi UJ ~ t- a: ~ 0 > _ _J 

a: <( lU < u 0 - w <( :::! ..J ~ -• z~ 0 <C ~ ~ I- C) ~ (l) Q.. UJ ~ _r ..J w U.J 
UJ Ul <( d3 0: If) - z :z -< :x w t- UJ 0 
ul uJ :r ~ C) a: •./') C) w 

i·:! a > ..J _J 
UJ~ >- UJ z ,,< ,< ...J Cl. 

~ t- ~ ~ 
_UJ - UJ _ _.J UJ <., a: z ..J u.. I <( z a: ~ - z ...J ~ V) < < ~ ..J w 

UJ ~ z :::, I a:: ...J z .,, t,,4 
UJ t- :::, 

0 V) <., U.J ~ ':> UJ <( 0 t-
~ '" UJ ~ ~ :c: .._ -1 LLI ! z ::-J ~ ~ 

I.I) 

UJ 

~ :::>~ < z ~ z - t-0 Cl! ::::, t- ~ UJ ~ ,( .=. z "' 
V) 0 0 ,- :::> Cl. z LL 0 >- t- ~ ..J < u.. u u - UJ 

UJ a: z z ~ : Z 2 V) C) 
UJ ::::, a: n. - UJ X s~ ~ UJ 

~ 
0 "" • ~ > _J u V) 

21. . .,. • • • • • • • ' 

18 - - • -i • • • ! 

·--- . ----- ---·-
17 - • • • I • X • .. ...... --- ..... 

13 - l - • • • • - • ii 
UPPER UN\T - 0·02 • • • • • - • • -OF 

~ ~EAM N- l'2, 
•· 

Lo.WER VN\T • 0·02 - • • • • X -Of 
SE"M .._,. 1.?. 

11 - 0-05 - • • • • - - • -10 • P·OS • • • • • X • • • ... ~ - -~ ------· 

9 • O·I • - • • • X • • • 
7 - 0·04 - - -I • - - - -VPP'ER Ut-.HT • 002 • • - • X • • • or-

!>E'AM N• C. ! 

~1001..t Ut-Hi • 0·02 • - • ; - X - • 0~ 
$EAM w• w 

- I - -4 • ; 004 • • - • • • I 

2 - i P·04 - - • I • X - • • I 

• I • • • X • ! 

3' ABOVE ' i • i • I I 

. 
I - I 005 • - • I • • X el 

4' ABOVE • ! • : 
X -MAIN SEAM •• • • • 

FELSPATH. • P-05 • - • • X -TOP I 

TOP HALF - • 005 • • • • X -~ 
<( FELS. CENTI E O·I - • • • • X • w 
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CE AFTER VI 

TI-iE INDIVIDUAL FETROGRA::::H.IC UNITS 

The magnetitite and the silicate rocks will be listed and 

described separately. 

{i) Magnetitite Seams 

The more importent properties have been listed in Tcble I. 

The thickness and top and bottom relations of the various 

seams and their position are shown on Map IV. The 

characteristics of the seams and plugs are listed in Tables 

I. II and IV. 

Lower Seam No. 1 (Folished Section 1) No seam was recorded 

lower in the geological column in the area mapped. This 

eeam is not a conspicuous one but, nevertheless, provides 

more rubble than any other of the lower seams. In the area 

examined, the lower seams outcrop only on Steelpoortdrift 

365. KT as elsewhere the geological structure prevents them 

from reaching the surface. 

The sample examined from this seam is weathered, showing 

magnetite partly altered to mn£hGmite. Spinel plates are rare 

and show all stages of segregation into larger crystals and 

veinlets. 

Lower Seam Nos. 2 and 4 outcrop poorly and Seam No. 2 is 

well exposed only in the Magnet Heiehts River on Steelpoort­

drift 365. KT. Seam No. 4 outcrops east of the Main Seam 

outlier nearest to Ironstone 847. XS, also on Steelpoortdrift 

365. KT. 

Lower Seam No. 3 (Polished Section 2) 

entiated and consist of five feet of 

is not fully differ-

/ 53 •••••••••• 
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feldspat~ic megnetitite. It assays 1. 5,~ V2C5 suggesting 

that, if it was pure magnetitite, it would contain about 

Ac it is friable, it outcro~s poorly S)rea­

ding in its vicinity a veneer of small mF[netite grains. 

Tiis seam, havinf simil~r characteristics, is known to 

occur with Lower Seam NoE. 1 end~. twenty rnileE to the 

south, on Zwertkop 1~2. J2. 

The magnetite in the vicinity of ilmenite is devoid of 

spinel but conversely, c;,inel pl2tes seem to occ·~r i.=re­

ferentially in magnetite adjacent to ganeue End fis~ures. 

I n t t. e :-:- o 1 is I: e c s e c t ion , t :1 e s t r i k in g f ea tu re is a n ). n t er -

rrowth between m~rnetite end probably olivine (Fif. ~4). 

A thin filrn between rnFrnetite and :laeioclase has strai[ht 

extinction, low tirifringence, no pleochroism and is con-

elude( to be ortho~yroxene. He.11 
~4. 'SMl"C.. 

of t::::::::;:t cpinion cs to t:'::e cor:1:;~osition of the rim between 

magnetite End plarioclase in the Hain ~earn. The r:wgne-

tite is eene;-Elly anhedral
1 

but some snbt.edral magnetite 

erains are incl•1dec in the ~:eri,)heries of plz,[i.oclase 

laths. 

The Ma in ~ eaz-1 

is nine feet thick (Fig. 4() and ~ae a sherp basal con-

tect witt the un(erlyiuf anorthosite. The seem ic composed 

o f t w c 1.1 ~ ·• its o f ma t n 2 t: i t :Lt e s e pa r a t t'? d by one foot of f e 1 c -

s~athic magnetitite. Tte ufper unit i8 Ebo:1t one foot 

t hick e r than the 1 owe r one a n c is t re n c i ti on a 1 u :·· W a rd s 

t~ro~gh one foot of felGs~athic maenetitite into me[netite 

anort~osite. Tte unite have an identical a~pearance in 

han( crecimens an~ each contains occasional anorthoeite 

lenses, one to six incl!es lon[, and c"iscrete :;oikilitic 

pyroxe:ie c rys ta ls about one· inch in C:iamen te r which ( i;=i­

a r ~ear tHrou[h weatterine, leevin[ a pitte~ (epreseion. 

In t!1e south of Me.p1et I-::eir:,ht£ i>~,6. IC in the river, the 

anort~osite footwall forms a small ~crne risin£ about two 

feet into the ~8fnetitite b~t without fisturbine the to~ 

o f t he s ea m ( r i ;_, . ,,~, L ) • The I.fain Sean~ )rovides the rno~t 

S?ectacular 01.1tcrop of all t!Je seerris, ;rod·1cin£. llure 

pavements in ~laces mor~ thEn E thcucrn~ 

/ C9 ..•.•..••. 
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Fig. 4 1L U•~;~~)er Seam Ho .1,( 
t t e e -;.1 ti re iil&. i n Sec..r,. e..nd 
its a~orthosi te foot,rrs:.11 o 

The sha r ~ basal con tact of 
tr..e ri!a.i:1 Saa~_-, ['Jnz: the:: ba:-1-
d ing i n t t o lower part of 
the ~nort hosite arc v i si~ l e. 
~~gnet ~ei r~ts ~iver on t he 
~orthern ~ortion of Iron­
stoae B4'r7 . '(3 . 

A 11 ro 1 ~" i n the &110rt:10 si tc footu'].11 of t tw I, :ain Sc::1:.. 
in t h e r!:ac:t1e t aeie;h ts ':ti ve r on r:1&gnet r-Ieic;hts s~rn . :(s. 

I 6( ........... 
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Such pavements are sur\risingly un­

broken and only towaraE the 'up-di;' end do they become 

dislocated. There is no outcrop of the Main Seam north 

of Mvgnet Heights, in the area mapped, because it is b6ried 

in the core of a faulte~ anticline (Profile lE). 

The Main Gearn appears, for the first time, in the Ma[net 

Eeifhts River l,3CC feet south-east of the Tradine Store 

an~ its outcro~ ccntinues southwards until it is buried 

under sand north of the Magnet Heiehts rranite. Eastwards 

from the first outcrop, ov-erlookin[:_, the east benk of the 

Ma.rnet r:eir:hts River (Fig. 67), the seam is repected three 

times by strike faults (~ ?rofile 

fouth of the Magnet Hei£hts pra.nite, the ~ain feam eeain 

o~tcrops in the Nac~et Zeights River an( cvn be traced 

ne2rly ~~,CCC feet southwarfs to the eteelpoort Fault.In 

tLis ~istence it is ~islocated by numerous s~all di~-faults 

and outlying frssments cap two cons;icuous kopjes. The 

_.seam reappears 28,0CO feet f ~ 1 rt he r s o u t h -we s t on Pe 
.,.. 
i:..OOp 

D C 6 • ;r 8 , 0 11 th C O p i10 s it e s id e Of~ t be fa u 1 t . 

In the Macnct Eeiehts area, the Eain Seam shows no 

measurable thinning but at Zwartko~ 1~2. JC twenty miles 

south, it is seven and a half feet thick anc at re Lagers­

drift 170. J~, still f 11rther south, it is only Eix feet 

thick. 

In the lo,1est few incbes of the t~ain E'eem there is very 

little ulvite but abuntant Emall ilmenite lamellae 

been exsolved alon~ the (111) nlane of the rn~enetite 

hove 

~-1he re these ilr.,e ni tE· lei me lle e a re we 11 

t'eveloped, inspsction ~nder a X 2,Crr megnificaticn re-

veE'ls no ulvite. The m~gnetite crystals ccntain large 

spinel rodo orientated in tte (10() ;lsne. 

t chain of olivine crystals lies ~arallel to, and Bbout 

one millimetre from, the base of tbe f/Iain Seam (Fig. 5[•). 

flivine alEo occurs as thin interstitiel fil~~ extending 
<;.\ \ d.,ca,,.. 

up into the magnetitite (S::-1 1 i n 0). There are eome idio-

mor·-hic magnetite crystals associated wit~ the olivine 

chain, the crystals of whict are subhedral. At the actaal 

/ 61 ••••.••.....•• 
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46 Band.e r~ fe id. s ) athic c e·Qtre of t :1e I',~a in Se::1 .. 1 contH,i ~ i ng 

an anort½.osite 1wnolith; in t:-10 J>.~ae;net Hei;3hts :Liver 
i n t !w sout!.1 of i:t&;:_; ,'."lo t Hei e:ht s 8t16 0 l(S o 

Fi i o 47 Co a rse l y crys t ~~l i ne m~gnetitite of the lL1n ~ea~ i n 

Mac,net :fo i ;_; ~1 ts ·_·',i -var in t ;..1. c sou tb,en1 p ortion of r/&gnet 

/ 62 
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48 S·:)ectac·_:1_:::_2.r ps,ve"""'Gnt or 1'/·=:. i ·t1 Sc .::-... :c1 a q_·:1.a.rter o f a r:ii le 
east of the ro~d and Bbo·1t h~lf ~ ~i!e south of the 
M&gnet He i3hts Store . 

Fi3 . 49 U;,;,er Seac:'I No . 1 , und erla,in b~r anorthosite, ba;nde<l. j 
ax.ad. g r v.d.ine; U;flmrG. s into m.r.gneti tc a:r.:-1o·rthosi tc. The 
da.rk blurs 5-rc rock lof6 e s. Lifj(?,I!Gt ~foig :1. ts ·-·.iver in 
t h e souti~ern p ortion of f.7~gnct 3:eights 846 . 1r,s . 

/ 63 
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contact of tae rr.a gr:eti ti te and the nnorthcsi t,2 a::1 .:!, te:c .. , 

g~owth of magnetite with olivine bo~ders tte nagn9titi~o 

an1 an intergrowth of py~oxene with plagioclase bo~ders 

o~e ~0ot frc~ the base of tto Nain Seam th~ mngnetitc c0~­

tains small ilmenite larnollae, l~rge ~pi~0lo end a little 

As scme cf the ~agnotite 

crystals ~coctain ab~nda~t ulvlto and nc fine ilm€nite,and 
• vice ve~sn,in tto same sect!o~J these two ~~~e~~~s ap~ear 
• 

to be e~t-ipath0tic .. 

rlost of the cd.lic?.te is poikilitic o:::-thopyroxefie ez:·.;'Jlv:L:1g 

The py~oxena c~yctallised. sit~er cirnultaneouoly wi~h,or 

stals and veinletso Ulv~te is well developed ani the~a -~ 

only a little ilmehite present. The silicate is mostly 

pla3iccJ.9.se, but t!~ere is an unusually lnrge eri.ou:1t of bio-· 

occurs between biotite and plagioclaoe (Polished Section f)o 

The_ polished oection of the upper unit of th0 Main Scam 

was of wee~hered magnetitite and therefore u~i~for~3tive. 

Spinel plates s~ow advanced segregation intc l&2ge bodies 

and there is a consiCarable arnount cf ~ine il~enite ~hought 

to have been produced ~y oxidat~on o~ ulvite~ 

The plagioclase lathG in the transitional top of t~a M~in 

Seam are joined by films of silicate lying between the ~ag-

netite e::-a.ins. Tbia silicate io t~ought t~ ba ry~oxens 

This reek is compooed al~cct €Ltir~ly 

of magnetite and plaeioclase with n little anhed~al orth~­

pyrozene a~d ou~hedral biot!tc. 
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Fi 8: o 5 ~ T}-~ e c h G. i Ti. of c :cystc..1 s ( e. r ir c;rey ~ a.bout l ,:z,.i. tro"'.'1 t h e 
ba s e o f t ?::. e ~·_:,·,g::1 ~ ·':,i ti te (--,::d. te) is o li vi :rn o T'; e -p ::re ­
tlo::-:: i ·•: -::.:~ t I y ·:o l -;. c ~r: C,'r0&, i :n th8 ~otto-·. of t b c l)hOto i S 
:.L'.t. O : t :1os i tc . B·. se o . t'. -G,i 1 Se s-:, o 'S:.i:: e 2 . l·Jegc: .. t i ve 
photo~rGJh , Z 12 . 

Fie;. 5 1 1'ni k i li tic -,yro-,.e -~1 e ( da. r !'-: _, s ~c l os be; :'.::l,l .rn ti tc {"1rl:·. i te : • 
Th e la. r g e a" .. r k crystcl on t : ii::; left is pl ':1c; ioc le,sc: o 

Ba s al J Ortio~ of i~in Soe~ . Slid e 5. Ne~ative photogra,~ z 1D 0 
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Four feet ebove the M~in Seam in the magnetite Fnortho~ 

site the magnetite has bean corrode( by the silicates 

End contains e speckling of sulphides En~ some ilrnanite 

lamellEe (Fig. 33), which ere thought to beve been pro-

fuced by oxidation of ~lvite. Vincent (196C, p.lCC~ 

to l('lf') also reports the partial oxicetion of nlvite to 

ilmenite in the Skaergaar( IntruEion. no s~inel plates 

remain but there are boxes cf ~lvite which originelly 

presumably accommo<ated spinel ~lates which subsequently 

migrated out of the mEfnetite. 

The m&fnetite iE eenerally interstitial to ;lepioclase 

but one euhedral mafnetite cryst~l is included in a 

felc'spathic lath (Slide41). The ortho~yroxane rim be-

tween the magnetite en( the plaeioclEse is not continu­

ous Bloor the interfaces. l:n intergrowth between r,yroxene 

an( plaeioclase mcy be (ue to replacement of the plaeio­

clase by pyroxene. 

is t~in an< is usuRlly pertly obscured by broken pevement 

of Seem No. 2 (Fig. ~). The spinel ro~s show ell stBges 

of seereeation en< sane of the <iscrete s:inel erains con­

tEin chalcopyrite cores. Irrec2lFr spinel lemellee lie 

on the (111) plane of the megnctitc crystfls. Three 

feet above the seam the matnetite in the maenetite 2nor­

thosite seems tc have crystallise( l2ter thPn the felds~ar. 

~ubhedral m?gnetite and biotite crystals are rarely inclu­

cec in feldspar laths. 

Up~er Seam Nos. 2 anc ~ 

are eq11ally resistant to erosion and, on MBenet ::ei£PtE846KS 

often form pavements a few hundrel feet wide. Scam No.< .. 

is tr8nsitional u1wer~s PnC <ownwerds (Fig. E2), so that 

its blocks are pock-mcrkec on both siccs, the pock-marks 

being weBt~ere( out felds~ar crystals. 

The rim between marnctite 2nd plagioclese is faintly 

pleochroic and brownish wit1 straight extinction en~ is 

probably orthopyroxene. 

/ 66 •.....•.•. 
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In Seam No. 4 an ilmenite crystal was observed inside a pla­

gioclase lath. There are rims, considered to be orthopyroxene, 

between biotite and plagioclase and also between magnetite and 

plagioclase. A little secondary hornblende has replaced py -

roxene. 

£~£er Seam Nos. 3 and Sare thin and composed of friable feld­
i~ 

spathic magnetite. Seam No. 3 can easily be recognised as it 
~ 

is underlain by a hard conspicuous, four feet thick, anorthosite 

Seam No. 5 is visible only in areas of good rock exposure; it is 

considered worth recording these insignificant seams because, 

even though they cannot often be mapped, they appear in the 

various drill cores that have been obtained of the two hundred 

feet of rock above the Main Seam. 

Although this seam consists of three closely 

spaced units of magnetitite, in the general course of mapping 

it is convenient to treat it as a single seam. The topmost 

unit of magnetitite has a sharp basal contact. The middle unit, 

eight feet below, is transitional upwards and downwards, and 

the lowest, eight feet farther below, is composed of two inches 

of friable magnetitite. It is important to record such a thin 

unit as the lowest one, because it is still present on Zwartkop 

142. JS. twenty miles farther south. 

In the uppermost unit, orthopyroxene exsolving clinopyroxene, 
w,-

is usually abundant. 
A 

The rim between plagioclase and magnetite 

is orthopyroxene, or possibly amphibole. 

The middle unit has a transitional basal contact. The amount 

of magnetite in the gabbro increases upwards until the rock 

grades over a distance of one inch into magnetitite (Fig. 19). 

In this transition, there is intergrowth of magnetite with py­

roxene and of pyroxene with plagioclase. 

Below the seam the rock consists of clinopyroxene enclosing 

euhedral plagioclase and magnetite crystals. The magnetite 

crystals increase upwards in number over a distance of one inch 

until the rock is composed predominantly of magnetite. In 

one case a large ilmenite contains small idiomorphic chalco­

pyrite crystals (Polished Section 15). The spinel is more 

segregated near the base than in the higher, purer, magnetitite 

of the seam. 

/ 68 •••••.••••• 
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Q,££er Scam No 7 consists of two thin discrete magnetitite 

units above,and separated by two feet of anorthosite from~ 

two feet of friable feldspathic magnetitite. Seam Nos. 

6 and 7 outcrop in the vicinity of the Main Seam and both 
L 

produce sizable pavement slopes on Magnet Heights. On 
~ 

Aapjesboom 884. KS, the seams outcrop poorly and erratically. 

Both seams have the same character and position relative to 

the Main Seam on Zwartkop 142. JS, twenty miles to the 

south. The ulvite compartments are very small but it is 

estimated that they form about one third of the ore~ Upper 

and lower limits of the amount of ulvite present are set at 

40% and 25%. In the thin section that was made of the feld­

spathic portion of Seam No. 7, a feldspathic aggregate about 

half an inch in size is composed of several feldsparmths 

and some orthopyroxene grains and it must be a tiny xenolith. 

Magnetite crystals enclose some quite large idiomorphic 

biotite flakes. The fabric of part of the seam is shown 

in Fig. ·20 (Slide 18). Euhedral magnetite and subhedral 

plagioclase crystals are enclosed in orthopyroxene, which 

has exsolved clinopyroxene. 

Upper Seam Nos. 8, 9 and 10 all are inconspicuous in the 

field, being less than one foot thick and with sharp basal 

and transitionel upper contacts. They are visible only in 

areas of good exposure on Magnet Heights 846. KS and Iron­

stone 847. KS. In Seam No. 9 the magnetite crystals enclosed 

in gangue have lost most of their spinel plates whereas the 

spinel plates have been retained by purer magnetitite. The 

magnetite contains large ilmenite lamellae, some of which 

may possibly have partly migrated out into the interstices. 

The gangue is mostly olivine which has·grown poikilitically 

around euhedral magnetite crystals. 

plagioclase laths in the magnetitite. 

There are also some large 

Upper Seam No. 11 (Fig. 56 is relatively thin (18 inches) 

but is extremely hard and forms conspicuous pavement slopes 

especially on Magnet Heights (Fig. 6). Apart from the 

Main Seam and Seam No 21, it is the most easily mapped 

of all the seams and is a good marker band. On Magnet 

I 69 ~ . . . . . . . . . . . . 
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:foights 846. ·rs it contains a xenoli thic lens of hy;,-ori te, c..bout 

18 inches lon~ (Figs. 56 and 70, Slide 2f.;. Seao No. 11 resem­

bles Seam No. 17 in the fieJ.d, but it co.n be disting-:.ishec. from 

the latter, when map?ing, by noting the fact that above Sean No.17 

lie only fine pe~bles from the fricble U?permost seams whereas 

o.bo.,.,e Sea.g No. 11 a.re sizable blocks deri vetl from Seam Nos. 12 and 

13. 

Sea.~ No. 11 

has a sharp basal contact with arrorthosite (Figs. 54 and 55). 

Against the :Ja.gne-tite is an intergrowth of magnetite and. pyrozene 

e.,nd a.gs.inst the a.northosi te one of pyroxe:ne €,nd plc,gioclase. This 

ht1s been compared i:ri th a dia.gre.m of a lode cc.st (Fig. 55). 

About one inch from the base of the sea~ is a hyperite xenolith 
h~ 

which~ allotriomorphic texture (Fig. 70). In t~is rock 

(Slide 22) is tb.e rare occ-urre:nce of srr,.all plagioclase crystals 

included in m'1gneti te. The an.ort: .. osi te ~oot~rall of the sea;;:; is 

speckled ~ith m~a.11 idionorphic :r1sgnetite crystals (Fig. 54).l·ost 

of the mc.g:netite of these cryst9.ls lw,s berm replcced by silica.te 7 

w:~ic~; is probably pyro:n:rc1.e, le~,vi~ only e, lattice of il:oenite. 

(Figs. 5C and 59;. 

Most of t~:1e spinel has r:!igrc..ted out of the mr:.gnetite o" the seao 

and 11ha.t is left occurs beside cracks ':',nd ne~r 7oound.aries . ~·d th 

silicate e~d ilmenite. Farther from the base of tho sea.ri the 

S?inels &ra less segregated. 

The l~rge il~enite grains contain e~s~lved magn~tite lamellae in 

a. singfo ple.ne. These le.melJ.u~ a.re sometimes ch1b-$he,-~ed{Sections 

23 ~nd 24}. One euhedral.aix-sided spinel cryst~l is eTiclosed in a 

large ilmenite grain. 

Included in the r:t&gneti te of tb.e sea..ns are Sf:JG.11 idiomor:_;hic bio-

ti te pls.tes. The bioti te is d&rker tiw.n ths..t lo~rer in the se-

Guence (Slide 23). 

consists of two Ui.Aits ei5ht feet a?art. The top~ost has a sharp 

basal cont~ct while ~he lo~er one hes a five inch thick core of 

sli3htly feldspathic friable rnagnetitite with a five inch tranzi­

tion up1-ra.rd.s ~nd a. two iilch tre.nsi tion do~mwards into ma~neti te 
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Fig. 54 Base of Sear:. No. 11. 1/£,gnc-tite (~:r}lite; overlies anorthosite 
(black) '!;'fi th aa undul3..ting cont~.ct. At t!ie! con.tact, pyro;z~:::.;.G 
is intergrmm v!i th pb.gioclase on the ':trorthosi te side 5-nc"i 
with ~&gnetite on the rn~gnetitits sitG. The enorthosite 
con:tr..ins s. s;:)eckling of it:.iornor?hic mag:neti te crystals, t,:ro 
of ~hicb are photogra,hed in Figs. 58 end 59. Slide 22. 
Negative ~hotogrsph, X 7. 

:· .: :.. : :· ·:,:· ,·. . ... : . 
I •• .=\~.:~.-:\6•~:~:••:•••••.•:••,• •:/)::-..:: • 

... ·.· .. · .•. 
• • • • I • • •• 

L?.t/<-- i- .. 
. . . . . 

i:(/}/: ·:. ··.-~ 
~ ~ -
~ ------ Sha I~ 

FIG 55. SECTION OF A LARGE LODE CAST. 
(TEN HAAF 1959 P 43) 
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Fig. 56 Se::-.n No. 11 ,.,:~:i ch 
has a sharp basal contect 
with anorthosite, is tran­
sitional upwards b1to m&g­
netite anorthosite and con­
tains a hy~erite xenolitho 

Fig. 57 See,m No. 13, which is overlain with a shar:J contr..ct by 
weathered anorthosi te (-.'.~hi te ~ &ncl is transitional dmm­
wards into ~agnetite anorthosite. 
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l Fig. 58 I l rc~eno-n.c,gnet1 te gra.1.n part 1. a .1!. l y rep 1 -::, ced by gan,~ue 
(proba bly l)yrox:ene ) lea.vhtiB only an i h 1;.eni te s 1:.e l eton. 
Anorthosite foot-:lfa.11 of Se~;:1;'.'. No . 11. Section 22. Crossed 
Nico l s, X 2C·C· . 

Fig. 59 Ditto Fi g . 58 but showi ng c l early the pyroxene rim 
sur r-o and i ng t he cor r od ed ore gra in. Section 2E. Crossed 
Nicols 7 :-ir.: ~J D. 
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anorthosite. Like other seams, which are transitional upwards 

and downwar~s. the weattered blocks are pock-marked on both 

sic.es.. The uni ts a re q;1i te res is tan t to wea t~ering and, on 

Magnet Eeights £46 .. ~S, form ?avements u~ to two hundre~ feet 

wide. They outcro; strocgly southwards as far ae Aapjesboorn 

2:4. XS where they are buried uneer recent de~osits. Northwar~s 

from Mapnet Hei[hts 246. ~S the seem can be trece6 acrosE 

'The Flats'by identifyinf loose blocks of rubble. 

The S?inel content of the ffiPfnetite is less than in se£ms 

lower in the seq~ence. A magnetite crystal is inclu~ed in a 
fo1.,s\...li 

large ilmenite grain (fection ~~). In the two thin sections 

which were rnade (8li~es 24, a and b), 9oikilitic olivine pre-

6ominates in one (2~a) and plegioclase in the other (24b). 

Clinopyroxene is a minor constituent of each section. The fact 

that the felds~ar includes idiomor~hic erains of magnetite 

means that, before the feldspar finished crystallising, mae­

netite crystsls existe~ in the rnserna. The fabric of the seam 

is shown in Fig. 27. The large ilmenite grains are concluded 

to he ~rimery crystFls. The olivine and ~laeioclase are partly 

interstitial to the macnetite. 

In the upper unit of Eeam No. 12 spinel plates are very scarce 

but there are a number of ~lvite boxes sucgecting that origi-
,,/ vJM 

nally spinelr r~ more abuncant. Two interesting feature$ 

are evident (Section 25,Fig. 6C) - spiael ~lates ~rotru(e into 

the rim, probably of py~oxene between mernetite an( [Fn[ue, 

and a 'ghost' crystal of megnetite hes been mP~e over comrletel: 

to silicate, 21s0 ~robebly pyroxene. The internal structure of 

this msfnetite crystal is still visible ant t~erein severel 

re;;lE·cec s._;inel flates &re sit:rnted adjacent to a fis£ure. 

There is no s;,inel thrcue:hout tLe rest of the crystal sug2est­

ing that there wes a low spicel content before the mErnetite 

wac re;lcced by gen[ue. 

The ~larioclass cryst&lE are s~bhedral end tend tc 1 be surroun-

ded by chains of small olivi~e crystals. In the seam an~ hi£he 

in t he s e (pence , the f e 1 c. s -~ a r c r y s ta. 11 is e c s 1 if t t 1 y 1 a. t e r 

shewing les~ tendency to be idiomor;hic than lower in the geo­

logical column, e.e. con~are Fif. 21 an~ Fig. 27~ The magnetite 
~ 

on the contrary, ex$.,ibits/\increasine tendency towarc1s idio-

morrhism, e.f. coLl;are Figs. ~land 61). sugeesting that it 

began to crystallise earlier in greater quantities than lower 

in the seq 1Jence. 
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Fig. 60 Magnetite (white) including ulvite (grey) and spine! 
plates (black) has been partly replaced by pyroxene 
which now includes white spinel pseudomorphs~Neither 
the significance nor the composition of the horizon­
tal streak is known. Upper unit of Seam No. 12. 
Section 25. Oil immersion, X 400 • 

, I 
·, 

. , ',-.:,,,--..,..,~· ,, -
.IC. , • r 

... . / 

'!"o 

, , 

~ . 

' .... ,;·~ . 
..;~ " . .. . -. ..,...:. 

Fig. 61 Idiomorphic magnetite (white) included in altered 
pyroxene (dark). Seam No. 13. Section 27. 
Negative photograph, X 10. 
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is e:;:ce~;tional in that it gr~,des doi·.'l1.1mrds into m~gncti t0 anor­

thosite ~n~ is overlain with a knife-edge contact by 30-feet of pure 

c.northosite (Fig. 57\o This is a complete reversal of the 

norrnr..l se~·.1encc. In the field. this ser.m is easily distinguished 

oy identifying the thick e.northosit~~ich overlies it. It is 
I' 

not us resistant to e~osion as Sea~ Nos. 11 ~nd 17 but, neverthe-

less, outcrops fairly strongly and., unless there is a deep soil 

cover, it c&n be followe~ in the fieldo 

The 7':•olished. section (No.27~ is of badly 1-rnil.tl1ered. n°~;-:'l'.:..·10titite. 
~ , ~~l~ ~ 

The ma.gneti te ha,s been &l tered to ::a3t~ a.nd the ulvi te has turned 

grey. There arc plenty of ulvite boxes but few s~inel plctes. 

Veinlets ezist of a fresh transparent nineral which can only be 

s~t1ine l or q,ue..rtz as a 11 the other si U ce,tes a.ro e:ztrer:10 ly 1:rea. 

thered. This vein mineral is considered to be s,inel. 

A large ilmenite gr&iL was observed to enclose a srn~ller ilmenite 

crystal. I lrneni te grrtins, in contact 1:ri th ;mi;;.gncti te, tend to be 

subhedre.1, 111hereas those horderi::.1.3 3 Gn0 uc c..re a:nh0drl1,l. This 

ma.y be d:ue to partial replG,cement of i 1-Jaeni te 'by gangue. The si­

licate is ~eathercJ 1b~t is consideret to be poikilitic,probably 

orthorho,...~bicl ~yro:;rnne (Fi,5 • 61). 

-°LL)por Seam. Ho. 14 

consists of two s·,2al l uni ts ten f 0et apart, hot;1 of i:rhi ch are about 

four inches thick. The blocks arc less Uv:1..n t1rn inches in size, 

but are sufficient to in1icate the position o~ the horizon across 

the 'Fls. ts' north of Ea.gnct Hei;_;hts 843. XS. 

u,~er Sea~ No. 15 

is pJroblc1:1P..tic2.l e:.s it 'lms enco-)mtc:cecl only on Ironstone 347 .I-CS. 

No trace of it is to be fou.c11.d on r.ri&.gnot Heights 846. IC or else­

where. It is very frir.}:>le D,n~';. is either discoD.tinuous or obscured. 

Upncr Seam Nos. 16, 18, 19 and 2/) 

a.re fria~le, poorly di ~ferentir.,ted am::. two to four feet th ·rck. 

They hr:.vo uo resi st~nce to -;:-ree..thcrinc r.,nd. a.ro e:z-oosed. only in fa­

vourable streGm sections on N&3not Ecichts 8460 ~S. 
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consists of one foot of hard m~gnetitite, which is trcnsition~l 

u:·nra.rds into r1f.,gneti te E,ilorthosi te. The blocks of this seea 

o,re minglc-d only vJ"i th fine m'"'J£_;neti ti te ·1ebbJ es froI:1 the Uf>;Jer­

most seams. Sen.in Nos. 17 a .. nd 21 c.r8 tho only scams of the u:;Jper­

~ost group 11,rhi ch cr,.n easily be trr.i,cetl on 'The Fl s.. ts' • 

The m.'.".,g·.:1eti ti to is strongly 1'ron.thcred, '.1.:tr.d nost of it is com~)osed 

of closely pG.ckod!. -macnetitc crystals separate-:.~ by a thin film of 

weo.there~: gn:n6 uo. Abunc.ant ~:1lvite shows u;, clea!"ly end ulvite 

Ther0 a.re 

vein} ets of seconc ary rn.~g:.1.Gti te .::..nd !f1G.rti tc contu.inii1g c.lso pa.t­

ches of possible spinel (~ic~ 4P). 

fully t!1i rty feet thick, is the 3ie.nt end tho up~crmost of the 

The lowest ten feet is co~posed of thin units 

about t11rn inches thick of fri-::.bfo me .. gn-::titite interstre.tified "':'!ith 

irregulcr b~nds and lenses of &northosite (Fig. 83). Up1re..rds, 

the n::-,gnctitit8 7:-;econes iraore feld.r:f~"t!:iic ,·,nd the o:11orthosite ill­

acfincd, -urti l the seam passes c:rs~hm.lly into n~.gncti te gabbro. 

Und.er the shu.dow of the Sign&l Hi 11 1·w.artzi te, wh:. ch sinks to 

within one hu.ndre=:l feet of Sea:r. No. 21, it is estic:.i.ted thn.t the 

se~m is only cbout two-thi rls as thick c,s e 1 sGwhcre. 

Se~m. No. r.1jou.tcro,1s u.s f~ lm~r ridge cove re:'. 1ri th fine m·-.gneti to 

ssnd and s~~ll ~~enetitit0 blocks. To deternine the value of t~e 

tlip, it is usually necessary to sink a pit. The s~ccession of 

layers co.n ~e itlcntificd by im,le"1lentin.;; the fc.ct t:1.st belo~·:r this 

seam lie such )rominent m~rkcrs as So~hl No. 17, the spotted gabbro 

?..nd its ·'..mdcrlying tl-Jti c!: anorthosi tQ. 

Soutlrrarcis from I/G.g:rnt :fei:3hts 846. 1<:S, Sec.~ !'To. £.l runs :pn.ral le l 

to 0.nd n~:;out one-t~:.:ird of: t~1e wsy up the steo1;) escar;>':1"ent 1i:,.ich , 

rises to tho ~oof o It is o:Jscurecl by recent deI)Osi ts on Droogehoek 

882. KS 1 bu.t reappee,rs E-.n<l. c~.:: be tra.ced so~1tlr:re,rds on :Ge Hoop886 

KS. On I :ro:1atone 847. 1(3 it sooms to b0 interru;:>ted for about 

one thous~nd feet by~ l~rge transgressive hornf0ls xenolith. 

I 11 .. 0 • 0 •••••••• 
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west and continues northwards out of the area. On the 

eastern portion of Magn€t Heights 346. KS the seam outcrops 

dipping east, near the north end of the Magnet Heights 

granite. It can be traced northwards with some inter­

ruption, repetition and a persistent easterly dip of 10° 
0 to 15. In this eastern part of the area, Seam No. 21 

forms part of the easterly limb of a faulted anticline 

(Profile AB). The identification of this seam and its di­

rection of dip has been most useful in unravelling the geo­

logical structure in the western part of the area. 

a,\h,...,( _ _k 

The magnetite is extremely JA.e-rt-it-i-s-e-9 (Fig. 43). There are 

plenty of ulvite boxes but no spinel plates remain. The 

ilmenite is subidiomorphic but exhibits some perfect crystal 

faces (Sections 30 and 31). The magnetite in the vicinity 

of ilmenite is less weathered than elsewhere. 

2.) MAGNETITITE PLUGS 

The only place in the area mapped where the rocks below the 

Main Seam are fully exposed, is on Steelpoortdrift 365. KT. 

On this farm, below the lowest seam, are five magnetitite 

plugs. They are monomineralic and cut vertically through 

the gabbro. Due to their superior hardness, they rise about 

ten feet above the surrounding landscape. Also on Steel­

poortdrift 365. KT, in Sub-zone A of the seams, are three 

plugs. One is elliptical in plan, one is composite, con­

sisting of three more or less circula1 plugs and another is a 

dyke-like body about three hundred feet long and 1wenty feet 

wide. 

fQ~££Site_£!!!.B__on Steelpoortdrift 365. KT. It is made of 

three adje.cent, discrete, approximately circular bodies of 

magnetitite. The smallest is about 10 feet and the largest 
~~~~ 

is about 100 feet in diameter. The magnetitite is Me'"T'"-tioed 

and contains the usual amount of ulvite, which amounts to 

25% - 40% of the ore. A speckling of discrete transparent 

grains are individually about 0.02 mm in size (Fig. 40). In 

thin section (Slide 32) they are too small to be identified 

but they are probably isotropic and are tentatively regarded 
( 

as spinel. In the polished section (No. 32) there is also a 

little interstiti?l ilmenite present, and about 1% of uniden­

tified silicate. 
/ 78 . . . . . . . . . . . . . 
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Fig. 62 l'·.:c.irimum d.eve l op''.'1ent of Seam No. 21 in 
:ri vc:: c·utti rr:.,g on 
Ironstone 847. Y~. 

Fig. 63 'C l ose-u}1 ' of Sea•1 No. 21 in t he s ~ne 
l oc .,. ,li ty der:i.onstra­
ting bandtng of the 
roagnetiti te and i=w-*l~ inclusion of o.northo-
si te lenses. 
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TABLE 4 PROPERTIES OF THE MAGNETrTIT£ PLUGS 
---·· ·----------4--•-

HORIZON 
NUMBER V2 05 APPROX. 

Pf1ESENT CONTENT DiAMETE:Ji 

SUB-ZONE D I 0070/o 10 FEET 

SUB--ZONE C 2 0·65 °/o 50 FEET 

SUB--ZONE B 3 1·3 °/o 30 FEET 

SUB-'ZONE A 3 1·50/o 70 FEET 

BELOW SUB-ZONE A 6 1·75 O/a IOOFEET 

FIG.64. Availobl< v2 o5 Anal}'5'S of Bushuld Mognetitite uoms & plugs 

2·0 

1·5 

O·S 

Main 
Seam 

I 

' 
' I 
' j 

! 

t Sub-Zonr B ! 
~ 6 · I 
3N4 •7 j 

I 

, 
I 

Lower I 
~oms •<-.....,_~-uppu ~~ms 

I 
I 
I 
I 

I 

I 
I 
I 

ePrugs I I 
• Scamslwlth thtir numtter5 

i I 

I I 
I 

• 

Roof 

o ___________ ___......__ ________________ .._ ___ _. 

-1ooo' 0' ' 1000 2000' 
I 

3000 ' 4000 
Position il'l column relat iv< to Main Seam 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

In Sub-zone E there are three small plurs which are 

nearly circular anC are compoeed of pure maenetitite. 

Sub-zone C on Ea rnet !:eichts [:.c}:6. XC cc n ta ins two plugs 

bott of wtich are associate( with anorthosite. The larger 

one outcro~s in ha.re troctolite telow Sea.m No. 8. It 

concists of a discontinuous ring of magnetitite surroun-

cing anorthosite. There is a transition over about a 

foot throuch fel~spat~ic rnagnetitite into the anorthosite, 

w~ich contains a little meenctite, pyroxene and sul,hide, 

and rrobably rerresente an outlier of the anorthoEite band 

below Seam No. 8. 

~-\Ju~ -\:o "N\~ ... ~ 
The ma g n e t it e i e nua z:: t it i g;:e_.._ · a n d c c n ta ins u 1 vi t e w :-d c h some -

times formo ulvite boxes but no spinel ;lates remain. 

Below Seam No. 11 is a crescent of macnetitite partly en-

circline anorthosite. The str1kine feature of this ore 

ie the abun~ance of ilmenite lamellae with obli~~e ex-

tinction (Fig. ~l). 

No Sfinel was ~etecte( but scrne very fine ulvite present 

is barely visible an(er the hichest maenification (X20CC). 

The highest :lur in the sequence is ten feet across and 

occurs in_~t!_b-~one D, n8-ar the horizon of the spotted £abbro 

about l,GCf' feet below the Reef. 

3.) TffE CHEMICJL 80MPOS1TION CF TBE 

nA(NST:C IRCN (RE 

The Anglo American Corpor2tion has kin{ly made available 

to the author for publication V2C5 aasay results of magne­

titite of different seams an~ plues in the Magnet Heights 

area. The v 205 content ent' the num~er of assays from which 

the average value was cerived, are shown on Table I. The 

information obtainef from these VnC5 analyses can be sum-
"' 

marisec as follows: 

(a) The v2cE ccntent of the magnetitite seFme and plugs 

/ Cl 
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is a r~~ction of their position i~ the stratigrephical column 

ancl is not related to their size or thickness {Fig. 64 and 

Table I) 

b.) The see.ns sb.011 no le,teral variations' in v205 content. This 
I 

ap~ears to be true over the entire Jushveld Co~pleY-, results 

from Northam in the West Transvaal being lirectly co~parable 

with those from Eagnet ~eichts. 

c.) The V2_o5 content of the plugs is slightly less the,n, but simi­
tlbfe ()~ ~ 

l'!.r to,... na,eneti ti te serJm near the sa.r.1e horizon (Fig. 64). 

d.) The sea~s, and to a large extent the plugs, can be grouped into 

fou~ sub-zones w'i th V2')5 contents of ap:rroximately 2-%, 1.5%, 0 .6% 

and O. 2% (See i:ap IV). There is an overall decrease in the 

V205 content and Fe content, and an increase in Ti02 content 

U;:>w-arcls in the coh.1.mn. The ~esult of plotting V205 content 

ag$inst position in the stratigraphical coluv.n is shown on Fig. 

64. (The V2C5 content is plotted on the ordinate so that the 

graph can be com,ered with that of Vincent & Philli?s (1954,p.18). 

Average assays of the Fain Sea:'!'. and Seam No. 21 foll min -

Fe 

See.G No. 21 

1· l ' . t "'1 t b S ' l I ' ,.11
• 1 ' -- ( 194n 3~ ~4' .as a_reac:.y po1.n · eu ou ,r c.awe .· .nus a.nct •. 1. ... .:.e:..,se ,.J, p. v-\.,, ) 

s 
the fact that, when Ti02 increases, V205 decreasef, ~~roves alnost 

conclusively that the V205 is not contained in the titanium miner­

c.ls. 

4.) LAYERtD BASIC ~OCKS 

The four i□portant rock minerals enco:1r:i.tered are -plagiocle.se, '?Y-

roxene, negnetite and olivine. The first three are locally con-

centrated into monomineralic anorthosite, pyro~enite and illagnetitite. 
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Olivine reaches a maximum concentration of about 30% in 

troctolite. 

Orthopyroxene does not decrease conspicuously in amount 

relative to clinopyroxene. upwards in the sequence. The 

mafic rocks are generally gabbroic. though locally they are 

hyperitic, noritic or troctolitic. 

Within a few hundred feet of the roof, dark patches appear 

in the layered ·rocks. These represent poikilitic hornblende 

crystals, which have replaced pyroxene and this rock is mon­

zonite (Slide 53f of sample taken in layered rocks below 

conical hill capped by quartzite, in the eastern part of 

Magnet Heights 846. KS). 

In the following account of the rocks, the distance of a 

layer from the Main SGam is stnted in feet, and the rock num­

bers, which are the same as their slide numbers, are indica­

ted on the regional map (No. 1). 

Anorthosi_!Ll-1,000 f e·et, Slide 59) contains little in tersti­

t ie 1 clinopyroxene and there is some overlap of feldspar and 

magnetite crystallisation, though magnetite tends to be later 

than the plagioclase. Some of the larger plagiocl&se grains 

are bent (Fig. 65) and between these large laths is late cry­

stallising feldspar (Fig.66). 

Troctolite l-100 feet, Slide 40). This rock, on weathering, 

gives rise to an uneven knobby surface. It contains a little 

pyroxene.and plagioclase; which crystallised first, was fol~ 

lowed by magnetite and olivine. There is some intergrowth· 

of olivine with megnetite, and orthopyroxene sometimes forms 

a rim between olivine and plagioclase. 

Anorthosite directly below the Main Seam_J_Slide 3 and 60) 

This is the best known anorthosite in the area and is about 

six feet thick, being mottled, with a banded lower portion 

(Fig. 68) and a sharp upper contact (Fig. 44). The uppermost 

foot contains disseminated sulphide specks. According to 

Prof. J. Willemse (verbal communication) the sulphides present 

constitute the typical copper-nickel-iron association to be 

found in mafic complexes and their presence in this positio~ 

was noted, probably for the first time, by Prof. P. Ramdohr 

during the International Geological Congress tour of the Bush­

veld Complex in 1929. 
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Fi3. 65 A bent ?le.si oc lc..se le. th i::1 anorthosi te (-1, OC·::i feet, 
Steolpoortdrift 365. KT, Slide 59). Crossed Nicols, 
X 35·. 

Fig. 66 Sr:i~ll lnte-crystc.lli sed. 1_'.)lc.gioclcse grn.ins intersti t c.l 
to le..rge lc.ths. Anorthosi te (-1,-GOC feet, Slide 59 , 
Crossed Nicols, X 50. 
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~ithin one inch of the top of the ano~thosite is soce olivine 

which cryst&,llised late in company ,,-ith pyroxene. F~J.rtber 1':>elO't!! 

the seam the only dark mineral is about 5% of poikilitic pyroxene 7 

partly altered to hornblende and chlorite. 

Norite (15r' feet, Slide 43) This rock samr,le 1•ras takeI1 on Magnet 

Heights 846. XS and it is the only true noritc that was identified. 

The orthopyroYene contains exsolved clinopyroxene and there are al-

so a few discrete crystals of the latter mineral. Feldspar began 

to crystal?.ise first 7Jut later crystallisec sL1ultanem1sly 11ith 

orthopyrm.-:ene. 

?yro)rerd te (420 feet 2 Slide 45} Magnet Heir;hts 846 .:~ Ttis rock 

1ras sampled in the w0stern trib-ntary joining the Magnet :ieights 

11i ver a~o~t a r:ii le so 4·.th of the 3tore. It contains about f!/'% of 

pyroxene and there is t-w"i ce as ouch ortho- as c liI!o,yro;cene. ?y­

roAe~e is included in plagiocl&se crystals add erew simultaneously 

~1ith, or eerlier, than pl&giocl&s0. This is the only rock in which 

pyroxene w::1s seen to 7Je incluc.etl in feldspar. 

Ga.b~ro belm•.r Seam No. 6(44:~- feet 9 Slide 15} Pagnetite :",ncl pleJ~io­

clase crystallised first (Fig. 19), being embedded in a pyroxene 

groundnass. The rirr;. befa:reen clinopyro)re:ne e,nd :;>laeiocla.se and be-

tween clinopyroxene end magnetite is orthopyroze~e. That bet-:,reen 

orthopyroxene and plagioclase is clinopyroxe~e. In a~ intergrowth 

of pyroxene and feld.s:par 7 the for-,:e:r see':.:s to be replacing the latter. 

Troe to lite be lm·:- Sea,m No. 8 ( Slide 46 ;-• forms a. ,)ro;;inent scar;? 

( Ti on Fig. ~. ~ • This sheet is g,bout t-v.renty feet thick and out-

crops stron0 ly ;).ortlnmrcls across 'the Fle,ts'. It is ex:,:Josed near 

the sisal hedge on the road to Jane Furse llos7it~l. It is easily 

traced south"':·rarc.s unti 1 it disa?2ears beneath rece:1t dGposi ts on 

Anorthosite belm·r Scam No. 8 (SlLle 6:!..) consists o~ four closely 

s:paced be,nds. The uyr~erTTlost three ~re each one foot tti ck and the 

lowest o~e, which lies directly above the troctolite, is eight feet 

thick. 

Hyperite Xenolith in Seara No. 11 (1,7~0 feet, Figs.56 ~ 7O,Slide 22). 

Orthopyro1rene is three tL:1cs as conrnon as clinopyroxene and the 

+the olivine of this rock ,ms examined. by Heckroodt 
( 1958, p. 3). ~ ~~ ~~u-~ t, u,~V ~ ~\' w~ ~ ~ \ ~ <;" ~~ f e.. 
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Fig. 

Fig. 

67 Thick banded anorthosite (white) below the Main Seam 
{on the skyline). Blocks of magnetitite have slumped 
down the slope. This · cutting is in Magnet Heights 
River about half-a-mile south of the Trading Store 
on Magnet Heights 846. KS. 

68 Prominent ban~~~ in the base of the anorthosite band 
directly below the Main Seam {not in photo). The 
dark mineral in the anorthosite is poikilitic pyro­
xene. Locality - Magnet Heights River on Ironstone 
847. KS. 
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Fig. 69 Spotted gabbro (3 9500 feet). 
c..re plagioclase. 

The white ovoidal spots 

Fig. 70 Hy~erite occurring as a ¥.enolith in Sea~ No. 11. 
0 - ortho,yroxene exsolving clinopyroxene 
C - clinopyroxene, P - plc.gioclase, E - magnetite. 
Slide ~2. Crossed Nicols, X 30. 
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biotitc has become darker then lower in the se~uence. The 

ortho,yro:rene has exso}ved clinopyro:z:ene and magnetite includes 

small plagioclase crystals, 6.. pheno'.'Tienon which 1Tas observed only 

in this rock. 

Trocto lite (1,800 feet, Slide 48 ~ forns a.nother conspicuous scar1J 

(Fis. if-} and is ahou.t fiCty feet above See,:n Ho. 11. Troctolite 

outcro~1s as ·u..""".lbrok0n sheets in co,atrast to gabb::ro, 11hi ch 1-rnathers 

along its joints and disintegrates into blocks. It contains little 

pyro~ene and its olivine crystels arG considere~ly cleaved. There 

is some intergrovrth of n::.gneti te with olivine. 

L.northosi te above Sea~ No. 13, {Slide 63) 

It is mottled and overlies the sea~ with a sharp contact. The 

,yroz0ne prese~t in the rock has formed poikilitic grains (Fig. 12;. 

Thero is sone interstitial n:!:1gnetite present. 

Plagioclase 7 ..-~ag·\eti te e..nd olivine ere inter:1rctcd as h&,ving 

crystal li scd. sir.:rn.l taneous ly, though the magneti tc "t'r::.s r,ossi b ly first. 

Rising fro::"l SeaTIJ No. l ✓-1- is e, steep scar~ conI)osed. of gab1ro at the 

base &nd capped by a sheet of troctolite (Figo ~,Slic.e 5C:). This 

sc&rp is a pro~inont featu~e ~nd outcrovs across 'the Flats' to the 

north as a ridge a few feet high a~d is also the lest ridge to be 

submerged to tL.e south ~"'"lder the rGcent deposits on De Hoop 886. K-'1. 

The f[;.bri c of this troctoli te is shown in Fig O 11 

Anorthosite above Sean No. 15 (Slides 62.and 64} This forty foet 

thick band is the hir;hcst a:northosite in the se'l,uence a.nd has a 

sharp upper contect 'tri th the overlying s~otted hypersthene gabbro. 

The band outcroJs strongly an<l evan on 'the Flats' produces e litter 

of rubble. It wea.t:~ers to a partic1.1larly sticky red clay and the 

portion of the road to Jc.ne Furse Hos::,ital? 1tl:.ich tr&..vcrses it, is 

alnost in.passible to m.otor vehicles after h~avy r[;_,in. 

Spotted. Hy~Jcrsthcne Gabbro ( 3,50C foet, Fig. 72, Slide 51; contains 

ovoidal pl&gi?clB,se bodies (Fig. 69) and is conseq_"'.lently a good marker 

band. Those hodies arc com.nosed of corrod.ed feldspi:tr aggregates 

which contain a weathered dark ~ineral, probably pyroxene. Those 
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Fig. 72 
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Textural relationship between plagioclcs0 (black)olivine 
(grey) &nd magnetite (white). It is inter,reted as indi­
cating sit!lultaneous crystallisation of the three minerals, 
though magnetite may be sligttly oe.rlic:r than the ot:1ers. 
Troctolite (3,£ro feet). Slide 50. Negative photograph,X7. 

?lagioclaso laths (black! enclosed in a ,oiki'itic py­
roxe,:~.e crystal (-:·r:.i te) to-·"fl.:.rd.s the rigbt hrnd side of 
the photograph. A.c~orthosi tc 6..'.~ove Sea~:: No. 13. Slide 
53. Negative photograph, X 5. 
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Fig. 73 BioLite (grey ;:,lates) is interpretec as having crystallised 
sinultaneously with n~Gnetite (black),and likewise clino­

pyro:irnne (grey and hatched) 1,ri th plagioclase ("·~'rd te). A 
little ortr:opyro1rene ( ~) is present. S:1otted hy_perstheoG 
g~b~ro (3,5Cr feet). Slide 51, Polarised light, X 35. 

Fig. 74 Apatite (a), plaGioclasc (p), olivine (o) and clinopy­
roxene (c). Olivine gabbro (4,20n feet).Slide 52.rolar­
ised light, X 35. 
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These feldspathic inclusions in the gabbro n&y be corroded pheno­

crysts, or :riay hc.vo been crystal clots suspended in the magma. In 

the rest of the rock, clinopyroxene is the domin~nt pyroxene and 

there is a co!:iside.rable araotmt (le%) of ::r-.agneti te in the rock. 
,·~ ""''(LJ. ~C)~~ 

Biotite .1~HPl!I :;11:c~··1'te:1'.eot.t.iJ 5ro·dch 1':ith magnetite and lik~Y!isc ~ 

clinopyroxene with felds~a.r (Fig. 72:. 

Bet--:rncn one hundred and one thousc,:nd. feet of ga.bbro lies above 

Sea;:1 No. 21. ~here the roof ~ateri~l is diabase, leptite or 

gra·:iite, the gs.bbro is ·.:1carly a thousand feet thick, but the 9,:xartz­

ite o:JLtlicr of Si 6nal Hill has s\Olk ::u-:.confom&bly to w-it~1in one 

hlli"1.dreJ. feet of Sca:1 No. ~l (Fig. '117l '-
~ .JL,... 

Olivi~e Gabbro below Signal Hill ~uartzite {4,£~n feet, 
FiG. 76, Sli1e 5~} 

P~agnetite end pl&giocl~se crystal­

lisec. ee..r3y follm·:etl by olivi:n.o v:r:1ich is cler.,ved.o Biotito is very 

~ark 1nd crystsl!isGd sinultaneously ~ith n~gnetite. Clino,yro~ane 

has ersolved a little rnsgnetite. A little pyroxene is altered to 

horn~lentle, w~ich also sooss to h~ve repl~ced biotite. 

The top::.ost pc.rt of the ge,h:;ro is co11tar.1~ .. rcl~.tecl ":Jy ~oof nato;tia) .• 

Evi~ence of gra3itis~tion in the field is relJ~ning of tho gabbro 

Ifornblen.de 

he.s rrcpb.cec';. poiki li tic r,yro:-z.:one <:rysk .. ls in t~:-:.c ga!liJro. "''1hcre 

the gaio~ro is in contact 1ri th sediments of the Roof, it is inter­

ningled with ha.rd, Grey, flinty 9 intensely ::::aetamorphosed, material. 

The dark rninernl is a large poikilitic hornblende crystal which 

9'-uartz, H,nd ten.rly Gq_:~e.l 9/~a::iti-:•,ies of ort:10clcse o.ml pln.c;ioclasc, 

it is calletl monzonite. 
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Fig. 75 Hornblende (h ~ replacing pyroxe~e (py). Also in the 
photogr~ph are plagioclase (p), olivine (o), magnetite 
(~) and apetite (a). Olivine g&b~ro (4,40~ feet). 
Slide 56. Polarised light, Z 35 

Fig. 76 Clinopyro~ene (c) c:zsolving ms,gnetitc (bleck) • .Also 
present are plagioclase (p), olivine {o} nnd apatite 
(a). Olivine gabbro (4,4~r feet'. Slide 56. Polar­
ised light, X 35. 
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TABLE 5 

VOLUMETRIC COMP051TION OF THE. SILICATE ROCKS 

., ., 
C: C: ., ., ., ., 
,1( 

., 
"0 

.., 
Position 

.,. 
0 X ... 0 UJ 

0 0 0 - C: Q. 
2 

c.. '- ·- ., ., - >-- >- ., - V - u 
in Colurnn u >,. - N I-

UJ 0 
a. a. .::. .., - ·- .0 - 0 
0 C. ·- - "' .&:. a 

Rt'lotiw to ·- .c:. 0 > C1' - 0 C. 
Q - ~ 

J C1' ·- 0 "' v· 
0 - C: - 0 a. ::, '- 0 V, 

Main Stom1 '- ·- 0 ~ CD 0 0 a. 0 - ,ct J: 0 Ck'.: 
... u 

54 ~ Against ~(;> ... B 
I tittle B 2 ~ttle: c2 C 25 cso Normal Granite: 

le:otite: 20 
-q-

55 8 Against A40 7 c,2 B 8 rl.ittt,: little: D 8 D 20 D5 Quartz Diorit~ 
IX DiobaS2 

47001 A30 
. •B B B 

5'3 I 25 9 35 Monzonite: A Al A 

4400' A 56 B2 8
26 e,o ,. 

trace 
A Cl Olivine Gobbro Sfi 2 I 

52 4200
1 A 56 B8 'B22 BS A4 A4 Al Gabbro 

3500' A 60 C ~ B 3 Sf◄ott~d 
SI 20 IO Hypu then~ Gabbro 

3400
1 A C B B 

Anorthosite: t:i2. 98 I 0·S o.s 
50 3200

1 A· C 8 8c-s A2·5 Troctotact 67 24 6 

2900' A 8 8 B .e Hype:rsthe:ne Gabbro 4~ 42 IS 35 7 I 

48 1800' A65 82 s, B 26 A4 A2 Trcctol ih 

22 1700' A B 8 B A Hyp~ritc Xtnolith 36 so 13 2 I 

47 1500' A 8 
Dart, Noritic Anorthosite 80 20 

1250' 
A B Rlte• 

C 
Anorthoslte 61 90 5 5 

46 1200' A B A A A 
Troctolite: 45 3 45 6 I 

440J A C C B A 
Magne:tite: Gabbro J'5 78 4 II 6 I 

420' C B B B A 
Py roxenitr 45 16 58 22 2 2 

44 340' A4S 8
13 

8
20 82 4roce: Hype:rsthene Gabb~o 

4~ 150' A A B No rite ss -40 5 

16' A B A A 
Magnetite Anorthosilc 42 76 I 20 3 

41 4' A C CO·S B A Magn,:titr .An orthosit• 86 2 10 1·5 .. -,,,..., ....... , .... ., 
~ B IC 

60 -2'. 95 5 Trcx:e Anorthositr 

37 -Jo' .A 80 BS ~ 
15 Litt le !Traer Gabbroic Anorthosite: 

-100' 
A B B IA A 

Troctolitr 40 71 2 26 Litt l<Z Tract 

-900' ~ 40 B 832 9 Hypers t hene: Gob bro 39 19 9 

59 -1,000' A96 B A An orthos i te 3 I 

* NUMBERS ARE' PERCENTAGE OF TOTAi. C.OMPO~ITION 

C:) LETTERS IN ALPHABETICAL ORDER REPR€SE."1T C.R'l'ST"-LLISATIO"-l. 
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Granite egainst Leptite roof (4,8~0 feet on Schoonoord 326. KT 
Slide 54) 

This rock cont,a.::.ns 25% ci;aartz t',ncl ab~:mda.nt mi croperthi te, evidently 

n, re?lacement 1nrthite. It is obvio:1sly a gn.nite. Biotite o.:".ld 

pyroxene are beine replaced by an amphibole 11hi ch, in places, he,s 

a conspicuously green pleochroic colour. Apa.ti te f:,nd me"gneti te 

are also present o..nd the rocir is regarded o.s a grani ti sed gahbro. 

Q0.!artz :)iori te in contq,,ct vri th Diabase roof on Dui zend .P ... nneir, 
816. KS (Slide 55) 

In this slide are sr:m.11 euhedral bioUte a.nc.. a.patita crystc:.ls. The 

clinopyroxene co~tains exsolved maGnetite. In the rock is~ con-

sidera.ble amo:mt of ~:m,gneti te. A little orthoclase hes replaced 

pla.giocl~.se end. this rock is also consia.ered to be e granitised 

gab!lro. 

C 3 L ~TE R VII • 

PETTI,OG3HESIS 

BeforG co~sideri~g the petrogenesis of &11 t~e ninercls together, 

the oalient po.ragen.eti c features of ec.ch. wi 11 0e ourz-1ari sed. 

a.} Ilneni te. Four varieties of i l'.~eni t.,c were onserved in 

t~c ~cgnetitite. 

{i) ~~~~!~ subhedral_~:_Zstals (Figs. ~6 ~nd 27) ere often 

tvd::mod ~md nany conte.in e}::solvccl magnetite and s;)ine~ 

(F . · ~s d (":,g\ 1g s. ;c, 1:1.n i::. / • There is some slender evidence that 

these grains c.re younc:er the~. the roagnctite1but it is, 

ueverthelesD 9 very likely that they a.re primr~ry crystr~ls 

preci~itated directly from the mcgrae. Tho large size 
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c.nd. ~if ference in af'fearr..uce ( t1,finning 5,nd ezso l ved 

c~ ... gneti :.:.e lamelln.e) of those i lxr.cmi te grains in the 

Bushveld magnetitite cojpared to the obviously exsolved 

ilmenite suggests strongly that those lcrge cryst&ls 

1rnre l)reci;-i tat8~. direct:Ly fron the ~a.g~a. 

Accordine to Vincent (196';,, p.101~} in the Skaergaard. 

Intrusion, not unti 1 perhaps 15% of the 11!1ole nagrna 

h1d crystr..lli sed, -;-ra.s the re;ro.aining liq, uid. able to de­

posit titnniferous magnetite (~~d probcbly clso ilne­

nite) in ].IB..ntity as a princry precipitate mineral. 

The exsolvetl na[f:J.Gti te lamella.e in tho Bushve ld i hwa­

ni te are often interru.:p-ted Toy spine l sheets (Fi~. 29). 

:'J.a;;:idohr ( 1955, p. 10) pointed. out that S-?inel in il 

menite ofteu occurs next to roegnetito or haenatite. 

( 
"\ ~l<;<, • 

Vince:wtt c::.nd. ·'.)hilli:Js 1954 7 p. 0 1 "record.ca. that nagne-

ti te l~~ellae exsolved by ilmenite probebly cont~in 
LU~ 

spinel and Vi~cent (196~, Fig. 7; has~ photogra?hed 
)U"°\LJ 

t~:li s /\pheno · enoia. 

(ii) I~tersti tial HMe~i t0 Gr~i:.1s (Fip;. a~) ~~s112.rHy c.re 

( ... ' 111, 

untwin:.'led c..nd hr~ve not e:1rnolvocl ma.gnetit~ ls.nellc.e. They 

m~y bGve been preci?it&tei ~irectly from tte rn~gma or, 

other:rise, hsve groi:m f:raci: tI-11"0,1e;h sezregs.tion -c)f il­

roe:aite l~~mellae origimdly exsolved by nr{;netite. It 

is tenta,tively St\3,..-_:;csted thc..t iLmc:mite 1E7,mellae in the 

magnetite may sorr:eti2:JCS hr=,,,VG segreeatcd. into the inter­

stices bGtvrnen t~:1e r1c.r;neti t2 crysta.~s leaving ~ 

sheet (Fig. ~9). 

?rir:m .. ry Ilne:ni te LuDe lla.e (Fie;. 32) &..re scattered 

spc..rce ly r.nd i rregulc.rly thrm.l[~hout the ns,aneti te 6rn.iit1s 

of the scams o.ndl. -rrnre exso 1 ved di re ct ly fror.1 the mc3-

neti tc early durinc its cooling. They &re conclusively 
\> ?~'<' 

no-t formed by oyic~o.tion of ulvi te cs this minere..l t:-d □ts 

directly in contact with tho lGmellae. As centioncd pre­

viou.sly7 t21ese le:,Dellce 71r,..y soneti17les h~ve se~rcc;c.ted 

into the interstices to form snall interstitial ilnenite 

gro,ins. 
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(iv) IlCi.eni te of doubtful oric;il.1. Accordtng to ~.amdohr 

( 1952, p. 682) s:::all i lmGni te lame Ha.0 sho"'ring oblLlue 

e~tinction, have been produced by ozidation of ulvite • 
. \.. o\c;c; ~c-,0-" • -. ' ' 

If t~u s -l:;::$:~, the fine lame L .. ac near the :oc.sc of tt1e 

1-fo,in S0c..m (Figs. 34 c,nd 35), a;:1d. t!-::osc in the plug belm'! 
, ~ ~\-'S, "--><\>\ 

Sec.m No. 11 (Fig. 31:1 ,hrwc be0n pro':luced.:.hy o.-rFot,ion of 

~~..t;e.. Evidenco possi~ly cor!'oborn.tin6 this is the f8_..ct., 

th-;.t t!1ey ere antipathetic in cp:!anti ty to ulvi te .:?.antlohr 

(1956 7 p. IC) recorded that "i lr:-,oni te has been seen in 

~1: st~ges of chan50 to ulvite. Inside the triangle 

Fe2Ti04-Fe3D4-FeTi03 simul tcn.eous se:-:,c..rn.tion of i l□eni te 

r::.nc. ul vi te is to oe expected. necr the m~.gncti te corner 

#t=rr:-~\ Foslie's ass-n:3tion t;:;.&t ulvite oY.i..dise4 to 

give i h-·eni te is :n.ot c:.li::-c,:,rs cor:::-ect. lfoverthe less 7 

se condn.ry i lr.1eni tc coming from uhri te is found 11 

3Fe2 Ti04 + 0 3Fe Ti~a + Fe304 

(ulvite~ (il~enite)(m~gnetite~ 

:Io--:•rover, these fine 13.mellaG ;;i&y have been exsolvecl tli­
f,o"M 

rectly fro~ the ~~gnetite instead ofAulvite if sufficient 

All the ?olis½cl sections contain 

::1rod:1ced. by o·dd£.tior,l of ulvi te. In ~laces seconkary 

b.) Ulvite is e..lnost 1;miverss.lly ~lJrcse:1t i:'.:l t:'l0 :,-,£,g~1etite. ""'/here 

it is re.re or e:.ts8·:~.t, its pb.ce :-:2..s hcen tr .. kc:.1. :-:,y fine ilme-

:ii to lc.r,o l lac • Ge~er~lly, the n~gnc~ite co~tcins about c 

third o: its volw:.:e of ulvite. 

!)le.ten l],TG :1resent in n.11 the se-:x~s as hich c.s See.r.1 No. 12. 

They reach a mGxin·v1 concentration of C% in the n 1~gnetite of 

. .., 
spine.;... 

Ul·;,ri te h&.s for:'.Jed boxes round 
w,<l....~~"'L'• ot-- Sfl-'W 

I~ the m~gnetitite above SeG7 No. 12 ~re ulvito bozesA 

1nd it is therefore inferred t~Gt soce spi~el pl~tes ~ere 

pres,m.t but subse~;uently mi3rc..ted out of the □G,gneti t0 into 

Nevertheless,~ generalisction 
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h:.vinc; ezsolvoll later tl~•.r:,n r-;:.c~: .. of tte :.lvito (Fi-:3. :::1; f",nd ti...~ 

t}:.o f~.ne ilmc"1it0 lc,JP2e1lr,o (Fie;. 34). S;·dD.e: ~:,le':bs hr.,ve 

e:.c·;::~-::.::ulr:.ted in the ::-r,~.rcin of J.crge ilncnito crryst1.?.,ls (Fic;.G5; 
0~ 

., l . 1 • I ... ,-,~ ., ·1 { 1j'I.; --- "'"' \ -..I. -,x:-'f t . t t 
5., ·•1a,.. 'a rec l 1..;'.}G'D.l :.:.e .r..V.,t:.1.v.,,.. ..'lf.be \ } . ..:.t, • , 1,; :.;..u.u i:, .. 10 CO:".'.:S 1. ·::.on S 

f-.,,-ovv­
I}TO.:,c,b:.y rre~.che:~ the i.l:-:-1oni t0 ~J:7 di:roct mi:cn.tion cy solid 

solution wit~ the ~sgnotite. 

Tho spincl pl~tes ~re considcre~ to ~r~e bsGn rel~tively no­

bile and to hn..vo been can5.b1e of sei;regc.tin0 into discrete 

?letos hc.ve not been nentionel by Vincent 

( :954 

of s,ii1el pla.tos vrhile, four feet a.hove the s0ar"'. 9 there is none. 

c..lso record.Gd. the sr.0 ::.0 -;Jhenononon in the S~::sarec.c.rd I:1tr~sion. 

~.0-1~ 

Ge:.ore.lisec. ~c.re{;c:;aGtic seraG:1.CG of e::::solntion of/\~dncre.ls 
in the BushvolJ. ·,~.r..g:r:1o~i te 

~s the solid 2G3netite coolad 7 tho first minercls to h~ve boon 

e:>rso l ved 1.rnrc t:~e p:ri::-:-,c:,ry i h,_e;,:_i to ls..ne l lt,0 l; .. n.:1 u.l vi te:. !n 

r leces such as n8(:.Jr thG 7Jc:.se of tho r-.:&i:.~ Ser,r:1 9 smr,.11 i lmo::ii tc 

lar:ellc.G cc.,y !:w,ve been G>rnolvGd. instead. of u"!.vite 7 i~,plying the 

av~il~bility of o:z:yge~ durin0 coolinG• 

ulvite ~nd 5% ilrenite. 35% ulvit.,0 c,na 5% ilricni tc recalcu-

present in t~e ~nin Sosn. Therc~ore ell, or ~eerly all, of 

tl1c Ti02 h:::.s bee:i oxy:c1l0J frm1 tho nt,;::::notite lG.ttice end is 

now incor,orsted in il~enite ~nd ulvite. 

The Ti0 2 c~ntcmt of Sosn No. ~l is 13% 1r<J.t, as there is only e, 

.mna.11 increase in the ::,nou..111t of i lmc~-:.i t0 compc.reC:. to the }··n.in 

Ser.o 9 ul vi tc :,ro?Jalhly increc.ses s I ic:;htly in ~r:J..(' ... ~1ti ty ups:•'.rard.s in 

the seq, ue:GLce. 

/ 99 0 0 • 0 •• 0 0 •••••• 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

The third mineral to have been exsolved from the maenetite 

Sp·inel (FeAl2C~) contains about 31,: Al. rfa g-

netite exsolving ~~ s~inel must hEve hel< abcut 11~ Al in 

·t 1 tt· .,- ....., "':: t1·1 (19f:'7. - '-.(f"Jc, ,•c?) 1· t ,;< th 1 s a 1c e. _;_-., .... -'·· • /, 1 son .., v , ~. -.. ✓ · _,_ is e \.J ,l.e 

f 1 . . . ",l +++ C c:-7 F +++ · r-.7 F ++" 0 ,,.1 ol ow1.ne atomic rad11: ,. ..., , ·e C.0, e \..."•v--

T1. +++ 69 . C. and jointed out t· at the ease.with which an ion 

is accommodated in the lattice of a crystal of another io~. 

cepends on the degree of correc-oncence of their atomic 

radii, their valancies being equal. Fe++ shoPs the bie;gest 
++ 

~iscre;ancy in the above list an~ it is also Fe which com-

bines with Ti and C in ulvite and ilmenite. f'ossibly 

these minerel~ were hurriedly exsolvec by maenetite because 

of this ciscre)~ncy in the atomic racius of Fe++. However, 

it is also pos~ible ttat ilmenite anf ulvite were exsol­

ved first because the maenetite containe~ much rnore Ti than 

Al. There is some ovsrla~ of the exsolution of theee two 

Ti ninerals with that of s~inel. 

The large ilmenite crystE lE', probcbly r,reci~~itatec di­

rectly from the mafmE', develor,ed twinning anr~ exsolve-d rnae­

neti te lamellae curing tteir coolinr. 

The last cher:1 ical reaction to have taken place Curing the 

cooling of the magnetite was the oxidaticn cf some of the 

ulvite to fine irrec~la~ ilmenite. 

Physical reorganisation of the minerals. thought to have 

taken place at a late sta[e of cooling, includes 

---(\..., 
1.) Seeregation of spine! platee into discrete grains and 

"r:~ir.ration of sr~inel into ilmenite and gangue. 

i'nL 
2.) Poc~ible mieraticn of ilmenite lamellae into the inter-

stices of the magnetitite. tc.wares (1954, p. 77) 
recordee that migration of ilmenite into the inter­
stices between ~agnetite grains is possible if cooling 
is slow! 

Weathering of the magnetitite producet' mertite, maehernite 

and vein& of secondary magnetite containing lamellae of 

hematite. 
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2.) Petrogenesis of the monomineralic rocks in the upper 
Portion of the layered rocks of the Bushveld Com£lex 

a.) General characteristics of the magnetitite and the 
anorthosite rocks. 

The following aspects have to be borne in mind in 

trying to explain the origin of the monomineralic 

rocks in the upper Portion of the Bushveld Igneous 

Complex. 

(i} Plagioclase and magnetite are intimately associated 

in the magnetitite seams (Figs. 18 and 21} whereas 

pyroxene and olivine are scarce. 

(ii} Plagioclase and magnetite started to crystallise 

before pyroxene and olivine in nearly all the layerec 

rocks. 

(iii) When the contact of a magnetitite seam is transitio­

nal, the gradation is into magnetite anorthosite.They 

generally take place upwards (Fig. 49), though Seam ·~ No.~ is exceptional in that it is overlain with a 

sharp contact by pure anorthosite and grades down-

wards into gabbro (Fig. 57). Contacts of magnetitite 

with pure anorthosite are sharp (Fig. 54). Near the 

middle of the Main Seam there is a feldspar-rich zone 

(Fig. 46}. 

(iv) Below each group of magnetitite seams is a consider­

able amount of anorthosite (Fig. 67). 

{v) Monomineralic bands do not transgress from one hori­

zon to another, though occasional bulging and thinnin 

developed contemporaneously with the formation of 

the bands. 

(vi) Platy crystals and elongated xenoliths are orientated 

parallel to the igneous layering implying some type 

of flow during the formation of the rocks (Fig.49). 

Currents can not have been strong, however,as there 

was little or no erosion of the floor of the magma 

chamber. 

(vii) The floor, on which the monomineralic bands were 

formed, must have been level to have produced such 
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extraordinary lateral persistance of even the thinnest 

units. The sequence at Zwartkop 142.JS, twenty miles 

south, is similar to that at Magnet Heights 846. KS,even 

in detail. Seams at Northam, 250 miles to the west,can 

be corrolated with those at Megnet Heights 846. KS. 

(viii) There is a steady decrease in V205 content of the seams 

upwards in the sequence, (Fig. 64). 

(ix) Plugs of magnetitite transgress the layering of the gabbrc 

and have a V205 content similar to seams near the same 

horizon (Fig. 64). 

(x) The same mechanism is likely to have been responsible 

for the formation of different layered monomineralic 

rocks. 

b.) Theories suggested by other workers to explain the for­
mation of the monomineralic rocks 

(i) Differentiation at depth followed by separate intrusions 

aided by gravity settling of crystals within the indivi­

dual heaves was postulated by Lombaard (1934, p.32/33). 

(ii) Sinking of residual magnetite liquid and floating up­

wards through this liquid of plagioclase crystals was 

suggested by Hall (1932, p.347-350) to explain the forma­

tion of the Main Seam. The main objection to this hypo­

thesis is that much of the me.gnetite crystallised early, 

a fact that was not observed by Hall when he suggested 

this theory, for example, Seam No. 6 starts with an in­

crease in the number of magnetite crystals in the gabbro 

and this fact directly contradicts the idea that the 

seams formed by accumulation of residual magnetite 

liquid. 

(iii) The magnetitite seams are sheet-like bodies which were 

fed by the plugs and were intruded into the gabbro as 

sills (Coertze 1964, p. 51/68). If a magma is capable 

of differentiating to produce magnetitite, it appears 

more likely that it did so in the present magma chamber 

and to have deposited the seams directly on its floor 

instead of by differentiating in a hypothetical magma 

reservoir at depth. 
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Differcmti?,tim1 ~ .. t dept::. entn.i ls siu00zing out "',.JC.cl in­

tr·.:udon of the mr,eneti t0 ~~JI(l~:. to a hich0r 1evG11 to sr,re~.d 

0 1.1.t o,s 0 uni f onn s:rnet neve:-1ty :Ji le n lo::::.g c:,nd. si:;: to nine 

feet thic!cr. No sc·2x·,_ :1t I!.'.c,Jnet :foi;.:)1ts or e!se,thcrre -w-c,s 

s00n to tr2,nsgresn fron one horizon to c:-..:o L::er :1or -:1cs 0.ny 

e,ri:.ence observec'. s".:.~gestinc o, brec.k L.1 the l~yereJ. roc:rn 

e,t t}10 horizon of i.:.~w I:!: .. in. Sec.m. T:1ia h-;r:')o/t;10sis also 

f · 1 t 1 · tb r ~ .-1 ~ ' • t · · } , "" · · S c .. 1. s o o~:-"'~-.f" ... 1.:n - Ae ~Gl;,.;i,fl~f .. ~;~!.Jl.c p-.:.r 1.:c,ij 1.:n "i:..ir:.e 1.r .. 1.n ee."'-:. 

one 1·ro·nl:i o:·.-r:)ect to fincl 11l,:.1gs ,·ri th V 2,".:5 contents cor:res -

pond inc; to t .. 'l. 1 t.hc sG~.::,s highGr i:'.l t:1e sc, :1ence. Wh:-~ t is 9 

L:i fc.ct 7 t~::.G csse is t:-.J?c.t the Y2,f."l5 contcn:t of 2.ll the pl~s 

is si•-:i l 'l.r to th::.t cf the s0:-z.1s n0£>r t~.10 sr,r:e horizon 

C~~ry•e~ ... tC! X!-0 11 lo-·!"G'. : .... y C-:-T"':""'~Q ,~~'!"I+ r.. ..... ,..i c~--:-r:n-,t o·I(\ t\-~ s c~st-- '1 
UL - .,4 ;::J J. J. VI. ..J iJVi:Vj.;j\;; V·.,.~--- .J "-'-..1..c. •• -J.L,..., .• _ ..I. ·'-'·-"- A;f ,.,.i;_ 

~ile by the yroceas o! diffusion to produce pure chromitite. 

Stoyn ( 195~ j p. 4'7~ \rnr~dnc; e,,t I~r.,:.,:10t :foi;;htr; 7 m:.~o ~r..G 

" ~)ie r0lr-ti0f vroe3 J('ristc,:'..?.iserc·.:J.c Tn.'c\3"J.Ctiet het deur 
m·Vi.c.rt0kr::: .. g~ - differa..'.lsic~si0 ui tsG~:.rei c:::1 v0rs,aL,02'. op 
'n mGer soliede bodera om dc..cr 'n le,c.,,3 te/vort..1... " 

".ls~ful ter.2.s. 

on tl1G floor of tho mc~r;~.c, ch:1~b0r by cryst::.l settling. 

cumulus crystr~l ~Ji J'.0 

I ,, f\l)._ 
J!.., ... ::. 0 0 0 0 e e O O e. 0 e 
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Crystal settling is the mechanism favoured by the writer, 

for the fol~owinr reasons, to ex;lrin the formation of the 

monomineralic rocks at ~arnet Heirhts. 

:laticclase and magnetite beeen tc crystFllice eerly and, 

therefore, in the ;artly consolit'ated megma tbe,e were cry­

s tc: l$ of these minera. 1£, .,or'. .ic; co:..1. ld t.ave been de 1.~osi tee as 
f\~cc.,t~c;~ . 

1 ayers of mv. 8 net it e or r n otl1:r:o:s:i:::t c r ~rs ta 1 s by nH? £,ma tic s e c1 i-

mentation. ~n contrest olivine, w~ict crystallised late in 

this }art of the Bushveld :om:lex, <oeG not form dunite or 

harzburcite. :.~·yroxene, wLich also cryste.llised late, rarery 

formed pyroxenite. 

As maenetite end ~lasioclase were the first minerals to start 

c r y s ta 11 is in E , it is re a s on a b 1 e t : .. a t they s ho u 1 c o cc u r to -

cether ae they, in fact, do. If a shower of m~gnetite and 

;legioclase crystals sterted to (escend towardE the floor of 

the mFfirna chFmber, the first to arrive would hcve be0n the 

denser, though smaller, rnaenetite crystPls which would then 

have been followed by the slowly travelling felds;er. Crystal 

settling woul6 have producec. a conformable layer of cryc·tals 

on the floor of the magma c~amber, if thet floor was level 

2nd )rovided the conditions in the mEema were uniform and 

megmatic currents we1·e no~ erosive. 

Evi~ence of flow, w~ich exists, can be incor;orated into the 

theory of crystel settling by as$uminf that currents coulG 

heve helped in the formPtion of monomineralic rocks by selec­

tive m~gmatic sedimentation. fmall snorthosite xenoliths in 

the f'is in 8ea:r1 mizr.. t iie. ve risen f rorn t !1e a no rt hos i te f ootwa 11, 

but were more likely to have be0n crystel argre~ates suspended 

in the maema. 

The one foot thick feldspethic pErtinr in the centre of the 

Main Seam can be explained by the theory of crystEl Eettling 

by postulating thet the pirting may represent a Ehort break 

in the deposition of magnetite crystels. The steady change 

in the V2C5 content of tbe seams upwerfs in tire sequence,which 

c o r res ponds c 1 o s e 1 y to t :~ a t in t he C\,<a erg a a rd I n t r ,ls ion , 

sugrests some continuous procecE of differentietion. '...Jhile 
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m&gnetite began to crystallise early, it also continued 

to separate from the mrgma for a lonr time. It is possible 

that residual magnetite-rich liquid in the intGrstices of 

the nearly solid gabbro was locally concentrated into lat~ 

pegmatoid segregations wtich were intruded upwards as mag-

netitite plues. 

( 19 62 , p. 7g) • 

This is also the opinion of van Rensbur8 

The ;arant magma of the layered maifc rocks 

is thought to have been basalt as this is the only type 

of maema which has been ._...roved to have been generated in __ 

large quantities in the earth's cr~st. With reeard to the 

intrusion of this magma, there are two possibilities: a) 

it was continually or intermittently added to a considerable 

amount of magma, which was already present and eifferenti­

ating in the marma ctamber, er b) 211 the mEgma wss intru~ 

ded before differentiation beean. Cooling must have taken 

?lace throurh the roof of the magma chamber, which was not 

necessarily level. WapJing shows that portions of the 

Cignal 2ill quartzite sank several hundred feet into the 

gabbro. To have had a level uneisturbed bottom, the magma 

chamber must have been at least a thousand feet deen at 

its deepest point so that the corrugated roof was floating 

clear of the floor. There is evidence of maematic cur-

rents but they cannot have been as strong as they were in 

the Skaergaard Intrusion or the Stillwater Co~;lex where 

they erode~ the floor of the mafma chamber and deJosited 

the rocks as very elonreted, lenticular units. 

As the gabbro of the Eain Zone crystallised, the concentra­

tion of ferric iron is ;ost~lated to have increased and 

megnetite coneequently began to crystallise :.:rogressively 

earlier. Below the horizon of the lowest magnetitite 

s ea m , m E'. g n e t it e c :i~ d no t c r y s ta 11 is e c a r 1 y e no u g h to he. v e be a. t'\, 

:a:=b=i:G-d- i=t=: t c ( , s o r t e d a s a s e ;:; a r a t e p ha s e by c r y s ta 1 s e t t -

ling. The magnetite in this locality rather formed late 

dykes and plurs. 

It is suggested t~ets at t~e horizon of t~e lowest seam, 

the mecnetite crystallised sufficiently early to have 

allow~d it to be seJarated mechanically by magmatic sedi-

mentation into a layer of magnetite crystals. Another 

possibly relevant fact is that, shortly below the Wain 
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Seam, biotite eppeFrs in the layeree rocks im~lyine the 

fresence of water in the magma. This might heve in -

creased the fluidity of the magma and thereby facilitated 

crystal secimentation. 

The laree amo~nt of anort~osite, wbich separated out by 

c r y s ta 1 s o rt in g a b o u t f i f t y fee ~t~ an cl a 1 so c1 ire c t 1 y , be 1 ow 
/\ 

the Mein Seam may have tiltet the balance in favour of 

magnetite crystallisation co that, when maenetite bgean 

to separate, a considereble shower of cryst~ls was re-

leased by the magma. These mRgnetite crystals would have 

ma~e their way to the floor influenced by eravity end 

~aematic currents to form a leyer of maenetite cryst2ls 

about three feet thick, constituting tte basal ~ortion of 

the main Seam. A temporary sl2ckening of the marrn2tic 

currents or a decrease in the rete at which magnetite was 

·being precipitated may have caased the formation of the 

one foot thick felds~athic ;arting in the middle of the 

Vain Seam. Then the return to the almost exclusive depo­

sition of magnetite crystels would have produced another 

t~ick layer, which now constitutes the tipper portion of 

the Uain Seem. Plagioclese may then have been precipi-

tated at the expense of maenetite or a change in condi­

tions of sedimentation may have taken ;lace to h&ve pro­

duced the transition over one foot from megnetitite thro~gh 

felds~athic rnagnetitite into the overlying magnetite anor-

thosite. This transition may be analngous tc a graded 

bee. 

Assuming that the seams originated by crystal settling, 

one rnust look for an ex;lanation of their r~ythmic occur-

rence. Either mPgnetite was precipitFte~ rhythmically 

from the Q&gma and settled as seans at the intervals ob­

served in the column or else, crystallisation of all the 

minerals took place at a constant rate ane the different 

monomineralic rocks were prod~ce~ throueh selective se-

dimentation by magm~tic currents. Adherents of the theory 

of convective overturn of basic magma mieht attribute the 

rhythmic character of the occurrence of searnc to periodic 

convective overturn of the maemB. BecauEe of the lateral 

Jersistence of monomineralic b~nds, rhythmic preci~itstiop 
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of r.:1agneti ta a.p -,e~rs nore likely. This rhyth"r1i c pre ci pi ta ti on. 

1t1ight hc,,ve been due to interr'.",i tten.t e.d.cU .. tion of :~r.:.g~~ to the 
clu.e.. 

ch&ubar or .11 to £. g01 '~ t,lp-, :n y ,. f differing ipoi::rers of crystr-.. 1 nu­
w~~ 

clention (1S59, p. 75-81). 
I\ 

About four h:n'ldred feet above th~ Tula.in Sen.::i c.. pyro~rnni te br~nd 
c,4t,~ 

possibly rosul ted fro~.1 cryst:.l settling. J.:p./1 exe,nI-'le of the 

rhyth~ic n~ture of the l~yored rocks is the seiuence nbove Senn 

No. 11. l 1 <Y'o\t. b) 

Thickness 

Tvrn:ity f cet 

ten feet 

si=r feet 

one foot 

eight feet 

one foot 

si:z inches 

TABL~ 6 

troctolite 

bended cnortnosite 

ge.bbro 

!Jcgneti tc enorthosi te 

r..northosite 

~?rGdominc..nt Ui:D.orr,,ls 

olivine c~nd plagioclcse 

p 1 rJgi oc lc~se 

pla.c;iocla.se :::.nd. ~pyro:i!:cme 

plngioclr .. se 

A:G~-:iroximc.tely e..t the horizon of Se1J.n No. !2 me .. cneti tG bege..n to 

crystc.llis0 ec:.rlier th:..n it hc..d ione lm·rGr in the se9.,'!1e-~ce 9 o.s 

ind.ice.tee. by the f!;.,ct tlmt t~:1e Ujll;e:c: 0 ost ns,;.:;neti ti tG. soc,::1s c.ro 
yr'\M>l~ 

con;,osed. of smo.llcr t:ir.c;·:ieti te cryatc.ls o.nd s:..re 3.:: ::rly c 2-111u.t ;i 

cor-::?a.rec. to the sec.r:is lmrnr in the colu-:;:,n. This nc.y hc.ve been 

bece.use 9 a.s nor0 mr~c;netite crystr:-!,llised earlier, less ni,,i:_;:netite 

rema.ineC: in the intercu·nul ua m:-,gEc.. to enrich the cm:::ul us n~~gne­

ti tc to for:c 1mrc nc.ancti ti te. 

c.) Conversion of c.cii::n1lus :"7'l.C.tGrie..l to e .. Jcunulc.te roc~s 

A :r.yer of cu::1 . .1lus crysk,ls sti 11 conteins ~,ore then 2.5% of intor­

sti tiei.l :iq;uid. 

composi ti oi:. derived in Fi3. -,:J-. 
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is an aclcumula te ro. ther than an orthocum~tle te rock- ~"'e.... 
Eess (1956, p.1~6-1~[} describing the Stillwater Complex 

end Cameron (1959, p.llCl-121~) working on the chromitite 

seams of the Eushveld Complex, both invoked ~iffusion 

anC rejected ~artial rerneltine of sunken crystals as a 

mectanisrn to rroduce an adcumulate rock. Hes£. vrocuced 

the following hy:_:;othetical statistics: "The crystal mush 

on the floor was about five feet thick. The rate of 

diffusion was comvareble to the rate of sedimentation snd 

was 9Ct effective over a distance of one metre". As t!:::.e 
~ ~y\,)I. 

Bushv~ld Com:lex is bizger than~Stillwater, crystal sett-,n A 

1 in g o:f ti" .. e form e r is 1 i k e 1 y to ha v e been s 1 owe r • :' i f f us ion 

therefore, if it is a valic mecL.anism, wo·1ld he.ve be.en 

more effective than it was in the Stillwater Complex. 

The partial remelting of magnetite crystals would have 

produced grains with corroded outlines an~ tLese were 

not seen. Though the 9ossibility of partial remelting 

cannot be exc ludec1, the writer ; refers t~.e cif fusion 

theory ass mechanism to explain the conversion of cumu­

lus material to adcumulate rock. 
/ 

Magnetitite usually contains poikilitic pyroxene crystals 

and,les~ comrnonly,olivine. Therefore, tte only mineral 

which neecec t,: be replacef in the interc:1mulus liquid 

was plagioclase. ~any seams have a shar; lower contact 

and Seam No. la has a sharr ufper ccntact wit~ anorthosite. 

It may be t~at these contacts were 'diffusion interfaces! 

acrosc w~ich plagioclase diffused out of the magnctitite 

into the anorthosite and magnetite diffused in the ~ppo-

site cirection. Th:L:: sugcef;tion has no evidence whatso-

ever to eup~ort it end, therefore, is extremely speculative. 

The thin leyer of olivine near the base of t~e Eain Seam 

may have mieraterl from the adjacent rock to the interface 

between the maenetitite anc the anorthoEite. 

d.)-1'1'-' Genesis_of _l.northosi te 

Nearly all the anorthosite, like the mzrnet~tite, con­

tains poikilitic ~yroxene crystals. 

clase crystels plus its interstitial liquid woul( crystel­

lise to :rod1ce the rock <erive( theoretically in Fig.SQ. 

/ 109 .•.•...•• 
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ov-tlcs 

the c:dcunu-

~?hcre the r~northosi te is :n.cn.rly 

pure 1 so:20 pyro:.irnne ":1c,y hr..v0 diffused. ou.t :::::.e1,l'.:inc the rock r .. meso­

c,.;ir.::r1lc.. to ty~Je. 

Genesis of pyroxe~itc 

The ':)yro:;;-cr.:.i te fo;utr h·unc.r0cl fcGt l)..bovc the r_r--,in 3e:,n, if it w~.s 

for~ecl by cryst'.11 settling 7 is ~n orthocu-::rr.:1lc .. te ty:Jc ( s0e co:r:.1:10-

si tion in Tc..hle 5; ·:-rith no e::;.ric!:lcent of th8 c"J.:..,.ru~·"1s }yro:zenG 

crystc,ls f:ro□ s so·J.rce other th~ .. n thc..t of t!le :n.ntcrc·trnulus li:r:_ui<l. 

Th0 ;?yro;:one a.'bove Scr~r::. No. 11 hr:,s n. shr...r:i br .. sc,l contc.ct r.,e;c..inst 

cnorthooi te c.:nd c. tra,nsi ti one.I -upper co:.itc.ct si:"~.i lr .. r to, r..nc. 

s·!lGcesti:ig the sr..ri.G moae of -f or□~ .. tio?. o..s, the r.2:---.e3ncti ti te sec..3s. 

---oo~oo---



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

Ce .. rc:.eron, E .. N. an.cl 
E'r:lerso~ri, M.~. 

Co0rtze, :? • J. 

:'.)u Toi t, 

Edwards, L .D. 

Frank0l, J.J. ~nd 
Grainger, 1 oW. 

Grout, 7oF. 

Hess, 1-LH. 

Lor:,.bar.,:rd, :3. V. 

- 110. -

(1956) T:ic Lc;yerc:l ·'.ntr":":::,c.sic 7~oc!:rs of ::lhun,Inner 
Hebri~Gs 9 ?hilosophic~l TrcnnGctions of the 
-='.,oyal Society of London. t4~, 1-53. 

(1959) The 0rigin of Ccrt~i~ Chro~itite Do,osits 
of the c&stern '.,Jc.rt of the Tiushve fo. Igneous 
C01=1.r:::,: o:z. :3conomi c Ge:) lou, 54, U5 l-l f-14. 

(1964) The Genesis an:.l Geolo0 ic!::.l ~nviron::ient of 
the Buohve ld I.:P..{sneti ti to in tho o.rec south­
,tGst of thG Lu~ :i r.ro:;G1tn.L1s. :?otc;.10f stroon 
-:faiversJi.ty, I:.sc. T:hesis. 

178-202.. 

( 1954) Tczt-ures of t!rn t·ro Finera.ls and their Sii­
ni fi ce.ncc. :t:ini::l::_; c::1tl i'·ote:.llurgy (Inc.) 
r~e lbo·~rne. 

(I~G41) Notes on Bu.shveldt Titanifcrous Iron ~re. 
Sm1th Africcn Jo,.1rrrc,l of Science, 37, 101-
1 :r. 

(:. 918) I~Yternc.l Struct;arcs of I 0 noous n.ockn, thei ir 

Sig:nifice.ncG e.nd 'Dri;Ji:a ,;:ri t!1 s;,ecie .. l refer­
once to the :)ul-:1th Ge .. bbro. Journe.l of 
Geology, 429-•1:59, 431-5:V: 7 6f,6-658. 

( 193f; ThG Bushvelci Iencous C~r~plex of the Central 
Trcnov~al. re~oir GGolocic~l Survey of South 
J._f rice., f8 o 

( 1953) Die -··'le..tinur,1'.i.re..enC:.e Juni etpyJ op Drickop 
(oos Trcnsve.cl; en dio sc~estclling van oli­
vine in die Bosvold....,atollL1g lonploks .E.Sc. 
Thoois, Ujiversity of ?rGt~rie. 

(1956) The Stil}~T~ter Cov.;:ple:r::, t:ont,fi,na Ee:-1oir,Geo­
logi csl Society of P,.r:i.crica, 8!1 o 

(1934) c~ the ~iffero~tietion and Rcl~tionships of 
thG :J.oc!rn of the 3ushveld CorT;-lcz. Tr~no. 
i.;crnL3oc. '1.Lfr., ~1, 5-5:? .• 

(1955) Die Erz1:ni:iere.lien ,:rad ihre Vcri:mclun111e;cn. 

( 1956; ~)io Beziohunzen von Fe-Ti-Erz0;.'1 s.us 1:!c.g1t11a­
ti sc:':1en Gcsteinon. Bu:::. lctin de Le. Conni ssion 
Geologi'\,ue d.0 Fin?..eJnd, Helsinki, 3-11. 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

Scb:trn l hn.1:.:;, ~ .F. c.n~l 
~·:i 11 ems e , J • 

Strauss, CoA. ~n<l Trutcr, 

_ 111 -

( 194:2) Ti tcni uis:t c..nC: Va,n.P .. d.i U..":l in t~;vJ i:';e,.z­
noti c Iron Dreo of tho Bushvclct 
Ie;neous Co;r~1ilc:iro Tr·:.:1s. c;eol. Soc. 
S. hfr., 46. 22-39. 

f 1°5"'' "· G 1 • :11 • B l ,. e._ ,. 1 , ... , '- .. : ;;lG eo.i:.og:te Vri,n C!.le ,. osve e,;.~oic:p.i.e.rn 

i:n ode .CzneG-:'!inc van Meeneetohoogte -
Voor8e1~ tcr vervulli~g van 'n doel 
van die varicst.Gs vir die greMnd vr .. n 
L.~cgi atcr in Wis - En Ne .. tu.urlnL'1de 
Universiteit van ~rctori~. 

(1945) Hot0s on t:::ae Microsco1t)ic Foctures of 
111[;.g;c::}tic Ircn :'res of the Bushvcld 
Cm:,t;plcz. Tr&ns .geo 1 oSoc. S. k.fr., 49, 
35-5D. 

~.C. (195{'-\ 'i)0st-3ushve1d. Ultrabc.sic, Al!rn.li e.nd 

-:;.i1 
_;_J 0 

Turner 9 FoJo and Ver­
hoo13on9 Jo 

Vincent, EoA. ~n~ 
~hi l li:?s, R. 

'!!" ;~ 
.:'.JO:.!., 0 

·:7 ng c r , ~'.J • :?.. .. ".",:nd. Br mr:.1 , 
8r o M. ::-,::icl \'fo.d a·:ro rth 9 } .Jo 

Cc:rboncti tic Eru,tives nt i::.ie..3net 
::foi 6tts, Sekhukhu:tr.:? 1 ~,nd, ~astern Trc.ns­
vcel. Transo gcol. Soc. S. Afr. 52, 
169-192. 

(1959) Gra.iou. Bods of t,;.10 Northern Apennineso 
T~esis Im,eriel University of 3ronin3en. 

- Seo Strcuss ~nd Truter 

The G0ology cf the }J1rr..:.rs 1?~i ver Frr .. e;-:J.cnt 
encl :'re L:L-io:re,lo of tho I-t:..encti te 
Der-osi ts on Xonnetly' s "/&le 36, l JCT, 
~r~stor;:. Tre.:~sv&:-~l. L'.oSco Thesis ~Jni­
vcrsity of Yrotori~. 

(l96r-} Ulvo:T',,inel in the Skc.erg,.....,r,rcl Intrusion, 
Groer.lcncl, F0st~la.nd j::nndohr 94.:. Stutt­
gc.rt j 993-1. "· 16. 

( 1954) Iron Ti tc.ni un 0:z:i.:.e I.~inerc.ls in L&y­
ered G~bbroo of the Skeorea~rd In­
trisi on, E&st Groenl~.nd, Geocheni cc 
Gnd Coemocbamicn Actc, 6, 1-26. 

(1959) :~ifforing ~m:.rers of Crystc.l Nuclection 
c.,s c. fr,ctor in ;:H·od.ucing ~=i versi ty in 
L~yere~ Igneous Intrusi0ns .. Gcoloci?~l 
Uc.gc~ine, 96, "!5-C~. 

( J'.96:·; TT-::es of Igne::ru.s Cunul:-:,tos o Journcl 
of PGtroloGy, Volu~e l, ?art 1, 75-8;. 

~ager, L.S. n~d Deer,~.L.(1939~ Geologies! Invostig~tion in E~ot Gro2n­
l0ntl9 P~rt 3 9 ?etrolo~ of Skaerg~urd 
Intr 2.ai on. 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

":le lls, I .... IC { 195,2) 

(1953~ 

- 11a -

TexturG! Fe~tures of So3e Bushveld Noritas. 
Minere..l ogi eel Ilc .. gt:.Z?..ne, 29, 913-924. 

Geo logy c.nd Geocho-:;i stry of :3c.se Metc.l 
De;wsi ts. Econoni c Geology, 48, 37C-
401. 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

j 

MAP NO. I 
REGIONAL MAP OF MAGNET HEIGHTS 

SCALE 1:20,000 

GOEDGEMEEND 

21 

DUIZEND ANNEX 
816- KS 

JANE FURSE HOSPITAL 

4500' 

¾ 

' ' ' ' 

.. . ...... . . .. . . . . . . . .. . .. .. 

. 
• 

•. ·. . . ·. ·. . . .. 
· . . . . 

GROBLER'S VREDE·· ... 

y 

y 

y 

y " 
y 

y 

y 

y 

y 
y 

S\GNAL Hl~L ,. 
TR\G. BEACON 43 

b,. . 
5570 

y v-.. 
y y y 

\·r''" 
' V y 

/ '- y 

. 
• . . 
• 
• . . . . 
• . . . 

• • FALLING A9GUT 2000 

ROM INCISED ."PENEPL},IN 

sooO 

B44 - KS 
·. -.. 

. .. 

'..'·S ')8 QB .. £5 
DB r°E ~ 8••. . 

sof;o' oe o 
Df:{ '.)B OB 

i THICK 
:JB 0 

• . . . 

~ DIABASE::;,_ H 

. . 

D~ SHEET ,.., ~; 
l ~\ DB ,•"H 

• . 
• . 

r r ;..,_ r 6 .... 

....._'" _c. C '""•• '-.'C- ' 

DO 
DB 

DB 
500 
D8 

ssocf ·· 

' 

----
--- . - ---

\= -=="'~ 

ESCARPMENT J...- .. · 

RIDGl-'_ 

y 

y y 

V '-{ '( 

. . 
. . 
. . . 

• 

. . 
4500'· ." 

• 
4000' 

6' SILL IN 

. 
• 
• 

. 
: . 
• 

3500' 

21 

AREA 

\ 
• 

815 - l<S 

---,.,,, - BX 
// 4570' ey 
BX BX BX/ 

BX 8X 
BX BX B 

17 

\ 
\ 

• . 

1/ ., 
' 

. , 

. 
• • . 

\ 

'THE 

HOOP 
• . . . . . . . . 
. . . 
• . 
: . . . . . . 

3000' 

/ 

B8 6 - KS 

-

. 
\ 

• . . 
\ . . . 

/ 
/ • 

MALI PS~ DRIFT 

\ 
" 

AVONTUU~ 814-
\ 

" • 

. 

2L __ ~ _ _- ~• I _____ _ 

'\ 

I 

\ 
\ 
\ 
\ 
'\ 

\ 

4500' .......... 
40,0o' ... . . 

Q ••• 

\ 
\ 

. . . . . . . . . • . 
• . 

. . . . . 
• • : . . . 
• . 
: . 

. 
• . . . . . . . 

• . . 

. 
• . . . . . 
: . 

. . 

. . . . 

. 
' . ' ! . . 

MAGNETl!rlTE DRIFT 

~RS~? . . . . 
SEK'HLIKHU"NE 

; 390(/ . . . . 
. . 

. . . 
• . . 
: 
: . 

. . . . . . . . . . 
• • . . 
. . . 
• . . . . 

. . .. 

. . . 

• . . . 

. 
• 

. 
• • . . . . 

• . . . 

. . 
. . 
. . . . . . . 

. . . ' 
SODO 

. 

• . 
• • . 

\ 
• . 

ssGo' . . . . . 

-. • 

' I 
I 
I 
I 

•• THAMA . 

·• .. K~ 

' 

/ 

• ,IG. BEACON 
\ NO. 62 

• . . . . . . 
. . . . 

l 
i 

GR"AN!TE ENDS AGA!NST 

t 

• 

. . 
: 

. . . . 
• . 

. . 

. 

l 

' . . . . . . . . . • . 

. 
• • 

NOT MAPPED 

SHATTERED QUARTZITE 

. . . 
' • . 

. . 

I 

• . 
• . . . 
-. . . . 

. . . 
. . . . . . . 

. 
. . . . , 

• 
·• . . 

. . . . 
• . 

. . 

. 

• . . . 

• . . 

• • • 

3s0o' 

. . . . . 

• • . . . . . . . . . 
. . . 
• . . . . 
• . . . 

4500' 

. . 

_ _x_·. 

. . . 

KOMA SCHOOL 
QUARRY 

I 

/ 
,ti 

/ 

280 / 

----.,.,.,.1--/ 

/ 

-- .. -

-NOT MA PED 

• . . . . 
• . 
• • . . . . . . . . 

STEELP.OORTDR 
• . 
• 

365 . . 
• • • . . 

• . . . . . . 

KT 

I 1640' R..5.I. lo 

/PL 

1·62% 

•••• 1·59'l, 

. . ... 

• . 
• 

. . 
• 

. . 
• . . 

• . . 
• 
• . . . . . . 

. . . 

······ ..... ~~~., ... :S TEE LP 

RIVE 

=--=- "/I 

STEELPOORT PARK 366- KT 

LEGEND 

-

. 
TE.ELPOORT 

EZJ :>EEP SOIL & CALCRET~ } RECENT == 
RIVER 

AOAO 

Ml SC(LL.A!'.E OU' 

VEIN OUAAH 

DIA SASE 

l 
f eos,-

sus.,vELD 

COMPLEX 

j 

TP,AOING 5TOP..E 

•••• CONTOUR 

•-•-• FAULT 

,._.,_., FOLD 

__, DIP ARROW 

INFERRED BOUNDARY 

M\ DDEL8URG 

!!3'J 
~ 

§I 
OBSERVED SOUNDARY 

D DAM 

v::l 
re 7 ~,.-
[_i__iJ 

[FP] 

···;;;, "'­-CJ 

PEGMA'(TE l 

GRA._,ITE 

H"~AIDIS[D UPPERM0S1 GA8SRO' 

SPOTTED GABBAO 
.Ii 

: 8USHVfLD 

rcOMPLEX 

MAGr-.[TIT•TE (M-Ma,n s,am.PL-Pluf. 
, Upp,r • i..QM'r '><'oms Numj~r~. 

GA89ROiC ROCKS J 

• [!:}"J O~ARTZ:TE XENOLl'H 
1 

1 OOOF ACCKS 
; 

t-~ HOP.NFELS 

~c LEPTITE 

r-- i'.BOVE, & 

i XENOi.JTPS IN 

I THE: SUSHVELD 
COMP'-EX 

J 

-···-··- MAGNETOMETER TRAVERSE 

----· MAPPED ON 1:sooo SCALE 

-
ITT1 ,, 

1SS I 

TRIG BEACON 

FARM BOUNDARY 

ESCARPMENT EDGE 

S~MPLE NUMBER 

I 
I 

I 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

MAPilI GEOLOGICAL MAP OF STREAM CUTTING lN SOUTHERN PORT!~ 

••• ... 
3700

1 

'3 650' •• • 

n~t H\ 

lronstorw 

.. · • • . . 
. . 

3600 •• • 
3550' • 

• • 
. . •• 

• • • 
' 

. . 
• 

3600' 

'TO SCALE-' STRIKE SECTION OF WARP. 

·ALONG A 8 

MAGNET HEIGHTS 8 /46-K~ 

SCALE 1:sooo 
~ 

GABBRO 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021 

COLUMN FROM SECT -F- SOME UNITS NOT 085EBVEP 

ROOF.,.....ld2j VEA TICAL SCALE I: 2,500 

Granat yyy E NL.AAGED SCALE l: so_. 

MAP NON GEOLOGICAL SECTIONS & STRATIGRAPHICAL COLUMN. MAGNET HEIGHTS AREA SOUTHERN SEKHUKH UNELAN D. COLVMN FROM 5ECTION 

C-D 

M 

Signal Hill 
C 5615' 

G 

E 4960' 

B DB 

I PLATEAU 
y y y y y 

YYYYYy-<.y 
y V y y Y VV;,JY~;Jllllll"'---­
V '( y y y~ 

y 

14 

I I 

(SEAMS & BANDS ARE PERSIS TANT & THOSE NOT RECORDED IN A PARTICULAR SECTION ARE NOT EXPOSED. SECTION LINES REFER TO MAPS I & IT) 
sood 5000 

SECTION LINE A-B 

VERTICAL & HORIZONTAL SCALE I : 20,000 

4000' DATUM LINE 
H 

----

. 

I M • I I -~-
aasosa ssa 668668886 6668666660 <liuoo~OB!l!S0,8"'86..ls ~ 

000001 

. I 
0 I . I 

I 
M . 

I 0 

oo M 
00000000 

SECTION LINE C-D. VERTICAL & HORIZONAL SCALE 1:10,000. 

13 
12 e ' Partin s 

Ror 

- ------~~:::•~:;~~: -.. 

~ -. ~· ~- -- -· 

SECTION LINE E-F 

---3000' 

HORIZONTAL & VERTICAL SCALE I: 10,000 

II 10 

.. ' 
3000 Datum Line 

SECTION Ll:-.JE G-H 

HORIZONTAL & VERTICAL SCALE I: 20,000 

UPPER SEAMS 

XENOLITHS 14 RECENT DEPOSITS OBSCURE EXPOSURE 

MAGNET HEIGHTS 
GRANITE 

SECTION LINE 1-J ACROSS DE HOOP 866-KS 

HORIZONTAL t VERTICAL SCALE 1:20,000 

300Cl DATUM LINE 

11 

--:.;u.J__!\~ 
--==-.:::-- - -

V y 

V 

y V 

y ,,y y 

V y y 

y y y 

y y y 

y 

STEELFOORT 
RIVER 

y y 

ROAD 

,_ ---STEEL.nclRT FAU~T 

-- - THRO~~SOOO 

Jr 

Datum Lirit: 

• 

. I I . . I I . 

I 

M 

J 

4 

H H H 

• 

17 

I 
I ==:-....::-- --, 

. 

SEKHUfHUNE 
FAU T 

. 

ro":ro~o ~~!3-o~O~o~~o0•-1 

River 

Slum , 
2 I 

0 ,. 
,, 

• 

I . 
I 

LULU MOUNTAINS 

\ 
y 

I 
y 

6 7 
No Exp<»urt: • 

'( y 1 
V vi V 

V V V 

V V V 

Mognt:t Htights Gronilt 

y y 

y V y y y y y 

V y y y y y y 

V y v· V V v ___ v -t -
V V V V V V V ~ 

V 

y y 

y 

l y V• 

y J 
V vi 

• 

V J 
y I • . 

)J y 

B 
THAMA KOOSH 

6343' 

4000' ---- ---~ 

y y 

V y 

y 

y V 

y 

V V 

y 

y 

F 

V y 

V V 

y V 

sue­
ZONED 

SUB-ZONE C 

LOWER SEAMS 
3 2 MI NOR FAUL:::::r ________ ~- SEKHUKHUNE 

....__..,.------~ l 
FAULT 

H 

• 
20001 DATUM LINE I 

• 

I 
• 

I 
r-

• 

I 

4Soo' 

Signol 
Hill 

Quartzilt 

30' 

Monzonitt 

4500 

OJ. Gob bro t)/\ .·. :·:•:. 

0·30/o 21 

0·3 0/o ,a,.i--1 

0·30/o 1,11--1 
4000 

IS 

...... ·. :. : ·.--.:, 
,•.· .. .... ·· ... - . 
:-: ; :: 
: : : : ,' 

300CJ'-I.": :_.: .- :· .... 
. :· ; :_;: 

0-550/o 14 

2500 

Gabbto 

15 

Troctolltr: 

Hyptrsthr:l'lt' Gobbro 
3ood 

14 

25001 

00000 30' 
O·SS 0 /o 13 

0-550/o 12 

200.ci 

1500' 

0-750/,, 91--I 

81--I 

1000' 

T roctolitr: 

II 

10 

Anortho silt 

1500'9 
g 

Tr octolilt 

1000' 

20' 

. 
8 

,2· 

5" 
4· 

5" 
4• 

7• 

2' ,. 

SUB-ZONE B 1.35 0/o 7 _ 

EAST-WEST SECTION ACROSS LOWER SEAMS ON STEELPOORTDRIFT 365-KT 500 

HORIZONTAL & VERTICAL SCALE I: 5000 

3400' 
Main S,om Outliu 

LEGEND 
m 
DD 
[A] 

RECENT PIEDMONT DEPOSIT 

Ml SCELLANEOUS Ml NOR INTRUSIVES 

DOLERITE 

00 DIABASE 

[]] PEG MA Tl TE 

[yyJ GRANITE 

~ PYROXENITE 

(j-:fl TROCTOUTE 

~ ANORTHOSITE 

~ 

~ 

MAGNETITIH (M- Main Seam-Other 
Sizam5 Numb,zrtd) 

FELDSPATHIC MAGNETITITE 

4 
3 2 

0 

D PROMINENT GABHRO SHEET 

. ~ SPOTTED GABBRC 

D GASBROIC !=\OCK) 

a QUARTZ !TE 

IDII LEPTITE 

@] QUARTZITE OR !BX) HORNFELS XENOUTH 

-•- FAULT 

OBSERVED GEOLOGICAL BOUNDARY 

INFERRED GEOLOGICAL BOUNDARY 

V O CONTENT OF MAGNETITJTE 
2 5 

N 

SUB-ZONE 

LOWER SEAM sue 
COMPILED FROM 

TRAVERSE M-N ON 

STEELPOO!HDRIFT 
365· KT 

a· 

Hypr:rsthtnr: Ga 

1·350/o 

1·5°/o 
1·60/o o' 

2 
I 

4 

-soo' 
2•00/o 3 

1'99 0/0 2 

Tr<>clolile: 

-••Jmc,:z,j4' -IOOu-

4" 

~ 6" 

- 20· 

5 le,,,,""" j 
Noritt ... _,, . 10" 

4 
3 

Gob bro 

2 
i!.--i== 

An, Xe:n, 

Sulphide: 

9" 
5' 

12' 

,o• 

1 

7 


	Geology and Structure Magnet Heights
	Table of Contents 
	Abstract 
	front_4
	front_5

	Chapter 1: Introduction
	p002
	p003
	p004
	p005

	Chapter 2: Topography and Drainage
	p007

	Chaper 3: Geology 
	p009
	p010
	p011
	p012
	p013
	p014
	p015
	p016
	p017
	p018
	p019
	p020
	p021
	p022
	p023

	Chapter 4: Geological Structure
	p025
	p026
	p027
	p028
	p029

	Chapter 5: Mineralogy
	p031
	p032
	p033
	p034
	p035
	p036
	p037
	p038
	p039
	p040
	p041
	p042
	p043
	p044
	p045
	p046
	p047
	p048
	p049
	p050
	p051
	p052
	p053
	p054
	p055
	p056

	Chapter 6: The Individual Petrographic Units
	p058
	p059
	p060
	p061
	p062
	p063
	p064
	p065
	p066
	p067
	p068
	p069
	p070
	p071
	p072
	p073
	p074
	p075
	p076
	p077
	p078
	p079
	p080
	p081
	p082
	p083
	p084
	p085
	p086
	p087
	p088
	p089
	p090
	p091
	p092
	p093
	p094

	Chapter 7: Petrogenesis
	p096
	p097
	p098
	p099
	p100
	p101
	p102
	p103
	p104
	p105
	p106
	p107
	p108
	p109

	References
	p111
	p112

	Maps
	maps_ii
	maps_iii
	maps_iv




