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The area investigated at lfagnet eights covers ten miles
of strike of the upsermost £ix thousand feet of the
layered mefic rocks of the Bushvelcd Complex. 4 fell of

a thcusand feet southwards from the Magnet Heights trading
store has causec¢ the almost complete "stripping off" of
the so0il cover to produce excellent rock exgosures; a

situation unigue in this zone of the Bushveld CZomzle:,

donomineralic layered rocks identified are mmagnetitite
anorthesite and pyroxenite, The remaining Jayered xzockc
are p»recominantly gabbroic. In ma -ing, theo Mair [cgae-
titite Scam was taken as a datum line relative to wlkic
four lower seams and 21 uyper seams werc numbered and magpgc:
Bach of these seams can b% recognised by noting Its Velg
content, a¥s thickness andlgield relstionships. Anorthaocite
ie more common than magnetitite anc¢ is cften intimatuly
associated with the latter rock, For example, the lein
Seam igc uncerlain with a chary contact by five feet of
gsure anorthosite anc gredes upwards into magnetite enor-

thesite. llost of the seams are gracational acwardc with &

C')

Larp lower contact, some are gradational upwards and
by

¢ownwercés, and Ceam No. 1¢ has a ehers ui2zer centact and
is transitional downwards into gabbro. Pyroxenite ig the

rarest monominerealic rock and only two bancs were icdent! -
fied. The Magnet Heights pgranite is a large dyke which

was mechanically intruded into rigid gabbro.

Using mainly the magnetitite seams as markers, numercus
faults and an anticline were icentified in the course of
mapping. Strike-faults with tharows of up to orne huudred
feet have produceé repeated outcrops of the lMain Teeam on
Nagnet Heights &46. KC. Cn Steelpoortdrift 36§. XT,small
oblique faults have frequently cdislocateé¢ the Hain Cezan.

The Staelpoort Fault, which displaces the Main Seam lotor--

ally for a distence of five-and-a-half miles, was colou-
lated to have a throw of about five thousand¢ feet. The
Sekhukhune Fault bordering the western eide cf the Luiu

D
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(Abstract) cont. ......

fountains is considered to have a similar throw. This fault
systern on Magnet Heights 846. X8 might be interpgrzted as a
tyce of graben. The presence of an anticline in the nor-
thern portion of the area exglains the absence there of out-

crops of the HMain Seam.

Generally, in the gabboic rocks slagioclace and magnetite
crystallised before olivine and pyroxene. Tyroxene occa-
sionally was concentrated to form pyroxenite, but olivine
has not been concentrated to produce harzburgite or dunite.

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

and finally spinel. Some of the ulvite wacs later oxidised
to secondary ilmenite. ,%?rge ilmenite crystals, which are
JS 1 Y4

frequently twinned, and,contain exsolved magnetitite lamellae

were precipitated sresumably directly from the magma.

When magnetite crystals began to ceparate sufficiently early,
it is nostulated that magnetitefzgncentrated by magmatic se-
dimentation into a monomineralic crystal layer on what, at
that time, constituted tle floor of the magma chamber. Thus
the lowest seam could have resulted. The Main Seam is com-
rogite., Its feldspathic centre is probably due to a tempo-
rarily decreased rate of magnetite deposition. Magma, chargec
with magnetite and plagioclase crystals, is suggested to have
made its way under the influence of gravity and magmatic
currents which may heve existed, to the floor of the magma
chamber and there to have denosited a2 layer of magnetite cry-
stals succeeded by an overlying layer of slowly settling

nS. .
plagioclase laths, thus producing the traditionesl top of the

Main Seam. _
The rhythmic occurrence of the magnetigg seams in the column
may have been due to intermittent precipitation of magnetite
by‘the magma or, rather 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 leccer extent the plagioclase crystal

layers, are suggested to have been converted to monomineralic

rocks by diffusion.

Digitised by the Department of Library Services in support of open.aﬁcsss jodnformatjop, Upivegsity of,Pretoria, 2021



(Abstract) cont. ... c.

The magnetite plugs are possibly late negmatoid bodies
which were formed in the nearly solié¢ gabbro and were
intruded upwarde, probably not more than a thousand

feet from their site of segregating.
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INTRCDICTION.

"The Magnetite Pands and their ascociated rocks make a
series of outcrops which are not only instructive as a
most striking instance of the intimate ascsociation of
rocks of extrere acid and basic composition, but offer
a display most probably unique for its impreseive grand-
eur.

This locality is dincomparably the finest demcnstration
of the Principal Magnetite Forizon available anywhere

w40

in the Lopolith," (Hall 1972, p.l42/343).

This quotation from Hall is taken to introduce the reader

to the most epectacular part of the locality mapped for
this Thecis. This aree consists of approximately ninety
square miles of the eastern portion of the Eushveld Igneous
Comglex, The rocks in this area inclilude the upgermost six
thousanc¢ feet of the PBushveld gabbro aand associated magne-
tite rich seams and anorthositeez, the Magnet Heighte gramnite

and a part of the roof including the Eignal Eill gquartzite.

liapping ané pros;ecting by the author anéd two other geolo-
gists, Mr., R. Jacob and Mr. ¥X. McQuillin, on behkalf of the
Anglo- American Corporafion of South Africa Limited, was
carried out on the farms Magnet Feights 846, K&, Ironstone
847, X& and Steelgpoortdrift 36£, XT. Further work carried
out indevendently by the writer covered the remeinder of

hese farms and part, or all, of Goedgemeende %1S5. XS, Avon-

e

tuur 814, X&, Duizend Annex 816.XE, Schoonoord 26, I

’
Diamond 34f£. XS, 'Croblers Vrede 844, X&, Troogehoek 282.X§,
Priehoek {83. XC, Aapjesboom CC4., X&, Steelpoort rFark 366.XT

and De Hoop £86. %S.

In the employment of the Anglo 4merican Corporation, the

/ 2 ceieenn
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writer szent 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, ncrmal 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 jumger dGrill, 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.

Initiaily the area was mapped using a plane table and a
telescopic alidade on a scale of 1 : £,000 with an almost
exclusive bias in favcur of magnetic iron ore. The various
seans and plugs were sampled¢ to determine their V3(Cg con-
tent anc¢ some comprehensive assays were also macde by the

Centrzl ﬁptallurgical Laboratory of the Anglo American

Corporation.

Magnet Heights was subsequently revisited by the writer on
several occcasions and map;ing was done on aerial photo -
graphs on scales of 1 : 17,00C and 1 : 36,CCOC. Kore
attention was then paid¢ to rocks other than the economi-
cally important magnetic iron-ore. By using various markel
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 west. The magping

was carried out in the following manner: -

by plane table with a telescopic alicade

1C square miles 1 : £,0CC

on aerial photographs

3C square miles 1 :17,CCC

The general mar (No. I) wes comgiled from the cdetailed maps
an¢ from the aerial photographs, all converted to a scale

of 1 : 2G,CCC. Some inevitable distortion resulted from

/300...-.1.
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using photographs, especially in such mountainous areas,
without carrying out the necessary corrections. €Compro-
mises were necessary,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....1 : 2C,CCC

No. II - A detailed map of the magnetic iron

ore seame on the south of Magnet

Heights 846.X% on a2 scale of....1 : §5,G0C
No. III - 4 detailed map on a scale of 1 : 5,CCC

of the magnetic iron ore seams in
the vicinity of the Magnet Heights
River on Magnet Heights 846.X8 and
Ironstone 847.XS

No. IV - Two east-west,scale.............1 : 10,000

sections across lMagnet Heights 846.3C

and Ircnstone C47.%XS coustructed from

the surveyed lines, three east-west
sections on a scale of...ccc....1 : 2C,CCC
deédnced from the No. I map and two
stratigraphical columns compiled

from the two 1 : 10,CCC sections

The petrographical study was carried out in the Tepartment

of Geology at the University of Pretoria.

The purpose of the work was to try and 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.McQuillin end R. Jacob who also worked in the
area.

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

The Bantu Affairs Tepartment for allowing me to enter
and work in a MNative Reserve.

Mr. D.N. Eall for critically reading the manuscript.
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“rofessor J. Yillemse and other members of the Staff of
the Geology LCegartment of the Ynivereity of Tretoria, who

assisted in various ways.

Cther Geologists who have offered suggeestions zandé comments

-

and with whom I heve discussed my wWork.
Clivetti (Africa (.ty.) Limitec for the loan cf a typewriter.
My wife for typing the thesis.

The Government Frintere for rermission tc trace Fig. 1 off

the Regional Geological [fag of South Africa.

ZR3EVICIE VCRX

Little previous detaileé¢ magpging has been carried¢ out in this

pertic:lar area.

In 190 Fall maz:ed tlhe area on a small scele. e conclu-
ded that there is no strike faulting and that the thick
iron ore seam in tie Magnet Feights River wes =znart of a
seccné¢ and lower ceries of seams under the Ifain Seam which
overlooks the river (ilall 192, p. 3&44). Azart from the
[‘'ain Sezm he mapped only the uppermoct seams which out-

crop» on the eastern slope of Sipnal Hill,

Hail regaried the roof rocke north-west of fekhukhune as
granite anc terminatecd the liegnet FEeighte granite east of

the llagnet Heights River.

In 1922 membere of the Shaler EBxvedition found two places
on the ezstern sicde of the lagret XHeighte granite whers

the granite is intrusive intc the gabbro (Fall 1982, p.J366

Lombaard (19%4) made the following relevant observations
on the magnetite-rick zone of the Eusliveld Complex: -
"there acgears to be a hiatus between the Eushveld granite
an¢ the underlying norite at Tautesberg" (p. 1C and 11).
"Alkali feldeiars are absent exceit in the upper norite".
(. 12). Ze mostulated that the magnetic iron ore seams
are the result of differentiaticn of senarate intrusions
aided by crystel settling within eack individual intrusio
(p. 22 / &3).

/‘\:oooo.onooooon
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In 1943 C.l., Schwellnus and J. Willemse carried out a
general investigation of the titaniferous vanadiferous

iron ores of the Bushveld Complex. They found that

VaCr ranges from C to 1.5% in the different seams and

that the Main Seam has the most Vo0Og, TiQg, according

to them, ranges from 8% 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 VoCg which, therefore, is probably accommg

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, where it out-
crops on the road to Jane Furse Hospital. What he secms
to have described are various weathering phenomena. The
"grey mineral" is gzrobably maghemite and the "pink-bmown

mineral" unaltered primary magnetite.

Strauss & Truter (1949) wrote a pajer on the minor alka-
line intrusives south-east of the llagnet Heights Store.
They confined themselves entirely to this petrograghic
ascemblage, mapping only incidentally a couple of magne-

tite seams,

Steyn (195C) worked in the lMagnet Heights area for his
M.Sc. Thesis. le recorded that olivine appears four-
teen hundred fget above the Main Seam and used this
position where olivine reappears as a division between
the Main Zonc¢ and the upper zone. He interpreted the
quartzite and metamorphic rocks on Schoonoord $26. XT

as xenoliths in the Magnet Heights granite.

/60.0000000
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CHALZPTZERII

TCPCCRAPHY £ND DPRAINACE

There are three distinct erosion surfaces in the area

(Fig. @) -

(a) the tlateau composed of roof rocks £,0CC feet above
sea level

(b) the plain north of Magnet Heights 4,000 feet above
sea level

(c) the sloping floor of the Steelpoort
Valley d,80C -
2,28CC feet above
sea level

Striking features which do not conférm with this pattern

are: -

( i) the Lulu kountains rising eastwards to Thama Xoosh
(634% feet)

( ii) the Magnet Heights granite (5,ECC feet)
(i1ii) the Signal Hill quartzite (5,70C feet)

The Signal ¥ill quartzite and the Magnet LKeights granite
each form prominent features which dominate their surroun-
dings. Tte roof of quartzite, leptite, diabase znd granite
ceps & steep escarwient rising from the plain north of kagnet Heights

and from the sloping floor of the Steslpoort Valley.

The Magnet Heights Store lies on the watershed between the
Clifants- and the Steelpcort Rivers. Northwards the ground
falls very gently and is drained by a choked river system.
Tiis plain,north of lagnet Heights,will be called "The Flats'
and, as it is largely covered with soil, map;ing the sclid

geology is rather difficult,

From Sipnal Hill an¢ the westerly escarpment of roof rocks,
the rivers drein westwerds and ultimately northwarde to the
Clifants River. Scuthwarcs from Magnet Heights, a fall of

1,%CC feet over eight miles has lecd to the "stripping off"
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of most of the soil cover to provide almost complete rock
outcrop. The best exposure is in the first three miles
on the farms Magnet Beights 846.%C8 an¢ Ironstone $47.XE,
where there is a fall of 1,CCC feet. The gabbro and in-
terstratified magnetic iron ore seams have been strongly
eroded leaving the harder bands,which are troctolite} mag-
netic iron ore and certair gabbro bands, as escarpments

(Sections C D and E F ).

The jointed gabbrc weathers snpheriodically (Fig. 5) and
yields a deep rec¢ soil. The ancorthoeite slters near the
surface to kaolin &and the seams of megnetic iron ore break
into slabs, the size of which is related to and character-
istic of the parent seam (Table I). Troctolite produces

unbroken sheets (Fig. 4).

The Main Seam is rarticulerly resistant to erosion because,
even when it has been broken into slabs by disintegration
along joints, these slebhs remain more cor less in situ as a
litter of blocks. Weatherecd gabbro tends to disapgear
from uncder the mzgnetite rock, which then slumps cownwards

as broken pavement.(Fig. ¥).

Xenoliths are harcder than the country rock and protrude up-
warcs as isolated knolls. The granite Cisintegrates along
its joints intc large boulders anc¢ hills of granite have a
jagged profile.

Cn Meagnet Heirhts £46.%f streams in place: follow the strike
faulte. For exemile, the Magnet IHeights River rises in,
and flows for about two miles southwWards along the biggest
of these faults. Northwarcs across "The Flats" the faults
do not give rise to any topographical feetures. The Cekhu-
khune Fault hes given rise to a deep V-sheped valley towards
the south, but north of Sekhu'thuneit is borcered to the east
by the Mein Zone gabbro rising to Thama Koosh, The Steel-
poort River meets the fteelpoort Fault on the south of Te
Foop 866.XE and north-eastwards, the river runs in the vici-

nity of this Fault.

The vepetation of the area weas probably originally bushveld,

Digitised by the Department of Library Services in support of open access to inform?ion,, University of Pretoria, 2021
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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 £46.%S and the westerly
contact of the Mapnet Heights granite are marked¢ by a line
of bigger 2nd greener treee, which are visible from the

roac.

CENBRAL
Ls mentioned in the intrcduction, the area of ninety

square miles mapped for this thesis covers the upperrniost
six thousand feet of the mefic portion of the Bushveld
Complex and sbout ten miles of strike. £s the total thick-
ness of the mafic portion is about tLirty thcousand¢ feet

(Pu Toit, p. 1€3), this uprernmost six¥ thousand feet repre-
sentse about one fifth of the total column. Taking the
total arez of the Complex as about twenty thousandé square
miles, the ares mespred by the writer is abecut helf a per-

cent of the area of the entire Bushveld Complex,

/900000.0..'
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Fig. @ View looking northwards from Mpupa Store,
“rominent scarps are troctolite, T, ks troctolite
1,200 feet aand Tg,fs trectolite 2,277 feet above
the Hain Seam,

Seam Nos ta-a
- Seated Gabhye

Fig. 8 Vier looking westworus towsrus Gignal Hill from the
nlug below Seam No. 8 oan l'sgnet Heishts 848.%3.

/-‘l,"‘-ﬂ s e 9000000
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Fig. 5 Swheroidal weathering of gabbro belo
oa lisgnet Heights 846. /5.
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Z. b View looking northwards from the Busaveld granite om
Pe Hoop 886,73

(&) ™ ateau of roof rocks 5,57 feet above sea-level
(b} The Tlsin nort: of IMagnet Hdei_ hts

4,700 feet above sea-level
(¢} The sloming floor of the Steeiwocort Valley
2,670 - 2,870 feet above sea-level

Thaema Xooslk 8,343 feet ebove sea-level
Wegnet Yeiglts granite 5,877 feet above sea-
level
L - e
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FIG 7. GENERALISED SECTION QF THE SLUMPIN
ﬂr«‘d-—e
THROUGH ELIMINATION OF WEATF
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- 12 -

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 troctolite.
Monomineralic rocks are magnetitite, x anorthosite and py-
roxenite. Magnetit%? makes up 14% and anorthosite 24% of
the topmost 6,CCC 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. & 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 goof is composed of quartzite, leptite, hornfels and a
post-Bushveld diabase sheet. The metamorphic components of
the Qeof 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 veine

Rocks intruded later than the granite include diabase sheets
dolerite dykes and sills, and a suite of minor alkaline in-

trusives of Spitzkop age.

Tart of the area has been covered by a recently deposited

blanket of calcrete, gravel, red clay and black turf (Fig.1C)

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
/18 e & & ¢

xIn the same way as the designation'chromitité'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 intc
anorthosite, the following further classification is proposed: -

predominantly magnetite - [MAGNETITITE
magnetite > P dgﬁog ase-fLFELDS“AT“IC N[GNQTITI?E y o of P 2021
pla gloc lase ¥ |g| se % egartment () '?%&%ﬁ"féwﬁ(ﬁe }Qﬁen C‘%efs[tﬁm ormation, University of Pretoria,

predominantly plagioclase- ANCORTIECSITE



the Pretoria series. They tend to be elongated along the

strike of the layered rocks and the biggest xenoliths occur near

the Roof.
(a} Cuartzose ZFenoliths

(v)

In the gabbro above the Sean No, &1 anl below the Signal Hill
%aartzite are about twenty %uartzite zenoliths, Moune is
large, the average size being about fifty feet iomg and ten

feet thick. They are considered to be fragments of the guartz-
ite roof incormorated in the uppermost gabbro. A few hundred
yards south-west of the trading store om Droogehoek 832.%¥S, a

flexstone xenolith dips cowmformably westwards with the gabbro,

s

lens lying hetween the Upwser Seam HMNn.

of pseuwdo-a~ygdaloida

Hornfelsic zenoliths sre less commoa but larger thsn the %uartz—
ose tymes. They are not counspicuously attenuated., Some of the

horafels swpears to te armygdaloidal (Fig. 8 but the white svots

co:ld be of metazor-hic origin.

The most accessisle xenolith is that east of the river in the

gouthern portiom of Magnet Heizhts 846.785. It seems to ke &

2 and 2. Tt-is composed
8\

-

1 hornfels (Fig. , hornfels showring rem-

o a
nants of current bedding, flinty fine-greined variety anc ,pale

grey cuartzite.

Ln interesting smell zenolith is exposed in the Magnet Heights
“iver in the southsrn portion of Msgmet Heights 846. XS (Fig, 9,
Upner Seam Wo. 1, which lies directly above:is not distorted or
attenuated.

A xenolith showm om Map No., I on the farm Iromstone 847.X& inter-

rupts Searm No. 21 for about a thousand fest.

A gmall banded calcareous xenolith outcrops on Ironstone 347,X3

near the horizon of Scam No, 8

(ii) The Roof Rocks

Anzart fror the granite which i1l be described separatel the
1 O & 9
roof rocks consist of guartzite, lewstite and thia bands of cor-

dierite hornfels,

/14 iieeie...
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Fig. 8§ A xenolith of rsendo-amygcdalcidal ho?nfels
in the southern portion of Mzpnet Heights

] e
346,.%35.

R PY - Q.,.O'O.'.o"" 00 ..9.'0.'0,"
/:«)NORTH,OS(TE WITH "SU!_PHIDES. o' o | FINELY -CURRENT-BEDDED'
. ° .o SO 02 “MAGNETITE ANORT&-{')SIfg'IMPURE'QUARTZITEb’
- % . ° .- °% - _o- . o _o o . 9 - ..-0 - .. -

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

SCALE 1100
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In the southern scarp above e Hoop 8£6.%YS a narrow band

of leptite intervenes locally between the gabbro and the

overlying Main Bushveld granite. On Ironstone 847.XC,
Magnet Heirhts £46.7E and Schoonoord 3Z26.%T, the roof is

composed of dislocatedblocks of quartzite znd leptite,

The leptite in the ares is a fine-grainecd.purple~pink or
olive~ccloured rock. {n Ironstone £47. X& it ie inter-
bedded with queartzite. lfost of the legptite occurs in the
vicinity of Sekhukhune where it is ascociated with coarse

white quartzite and a little cordierite hornfels.

The quartzite is the most conspricuous roof rock because

of ite wiiteness and resistance to erosion. The most
striking of these features is Cignal Hill rising to nearly
six thousand feet above sea-level and commanding a wondér~
ful view of a large rart of the eastern Bushveld. Iere
tihe quartzite is up to four hundred feet thick and rests
unconforma®tly on the uncderlying gabbro (Fig. 11). The
rock is white and granular containing some pink zndéd white
feldspar, which comprises up to twenty percent of the
whole rock. The Cignal 3Fill cuartzite forms a basin,the
sides of which diP inwarcs at about twenty cegrees. (n
the southern rim of this basin there is a _;ronounced joint
¢irection digcing outwards at about seventy cegrees. The
gquartzite c¢does not extend laterally from this basin and.
northwarés is replaced as roof by a cdiabase sheet which

thins out soutbhwards against Signal Hill.

At the north end of the Iagnet Heights granite lie
shattered slabs of gquartzite which are tilted at different
angles endé overturnecd¢ in placec. Here, as elsewhere, the
cuartzite shows current bedding and ripple marking. Crigi-
nally, tiis guartzite may have been connected with the
quartzite of Cignal Hill,

Horth-west of Sekhukhune a large hill of alwmost vertically
orientated quartzite is mainly white, but contains some

red an¢ green bends. The gquartzite within about ten feet
of the gabbro weathers more readily than the same rock

fgrther away from the gabtro.
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Cordierite hornfels is dark grey, fine grained andé shows
thin contorted bedding. It is oresumably derived from
shale and occurs on Schoonoord 3596.%T in lenses uyp to
thirty feet thick, between the gabbro and the overlying

quartzite.

Fig. 1C Recent deposits completely opscu?ing rockse
on itapjesboom 884.7C. Tnis view is from the
Roof on Proogehoek $82.XC looking towards
tue Steelpoort bridge.

< ~ | MILE —>
DISLOCATED ROOF FRAGMENT DIABASE SHEET

OF QUARTZITE

K IGNAL HILL QUARTZITE

B ié.mt B es

5 AN CADDD N 1SS

2 MotZnile s = 2 T

SRS A WA A

C.Gabbre L : o
R SR L :

SEAM LOCALLY THINNED SEAM NO 21
FIG. 11

NORTH-SOUTH DIAGRAMMATIC SECTION Q\IOT 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
and these will be numbered one to four lower seams

in ascending orcer of occurrence. The Mein Magneti-
tite Seam will be taken as a datum line and the ceams
above it will be numbereé one te twenty-one, coun-
ting from the Main Team. Certain of these upger
seame are composite, as probably is the HMain Seaﬁ
iteelf. The feam Ile. &6 consists of three closely
spaced magnetitite seams anc feam Nos. 7, 12 and 174
are composed of two adjecent magnetitite bands.These
ceams have been ccnsicered as a single seam for con-
venience in field map=-ing. Cabbroic rccks, other
monomineralic rocks, vlugs &ané xencliths will be lo-
cated by stating their position in the stratigraphical
column relative to the Main Seam and by naming the

nearest magnetitite seam.

The magnetitite seams divice into four naturel divi-
sicns on a basis of threir Vg(Ccg ccntent and their

grouring in the stratigraghical column (Map IV).

Sub-zone T[C.3)s V4Cg Jrnper Seam Nos. 16 - 21
Sub-zone C;C.64 Vo0g Up er Seam Nos. & -~ 18
Sub-zone B 1.E5 V3Cg liain Seam %

Uprer Seam Nos, 1 ~ 7

er Seam Nos. 1 - 4

.
@]
5

Sub-zone £;2.0.: Volpg

Vagnetitite seams overlying enorthosite have knife-
ecge lower centects (Figs 4< and 49), whereas those
above gabbro tend to Le transitional at the base.
Magnetitite is generally transitional ugwards into
megaetite anorthosite)but 2 notable exce tion is

Seem Mo. 13, whichk is overlain with a shary contect
by 2 thick znorthosite, and whrich grades downwarcs
into gabbro (Fig. 57). Xenolithic lenses of anortho-
site, and in a few places of gabbro, up to eiphteen
inches long enc¢ parallel to the tops ancd bottoms of

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

18 @i eaaye
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main field features of the various seams have been incor-

porated in Table I.(RSS)

About fifteen transgressive magnetitite plugs have been
magped. They are usually monomineralic apart from con-
taining a small percentage of sulghides, but one large
plug on Magnet Heights £46.3E8, below the Seam No. 8, is
composed of a broken ring of megnetitite . The plugs
seem to be intrusive into the country rock, into which

tuey rarely have sent smell offshoots.

The plugs are transgressive bodies of magnetitite cutting
vertically thkreough the gabbro. They are as roximately
circuler or elligtical in plan. Cne cyke-like body of
magnetitite, about three hundred feet long and twenty feet
wide, was encountered on Steeltoortlrift Z6C.7T. The
majority of uplugs outcrop below the horizon of the Main
Magnetitite Seam and the largest plugs occur below the
horizon of the lowest magnetitite seam. Tue to their su-
rerior hardness, pluge generally stand out in the land-

scape as consjpicuous features.

(IV) Anorthosite is generelly mottled in appearance, the

24

mottles being poikilitic pyroxene crystals (Fig. 5€,
€lide 63). Some of the anorthosite is cons:zicuously
banded (Fig. 6&), and the thicknese of the various
layers ranges from six inches to about forty feet,
The topmost portions of some of the anorthosite bands
(e.g. tre one below the lMain Sezm anc that above the
Seam No. 15) contain sulphidec. Thre anorthcsite
bends which have been mapped in the field are those
which are leucocratic (Fig. 44) and which contrast
with the gabbro. Cverlying most of the megnetitite
seams/is magnetite anorthosite. It is rather dzrk
(Fig. 49) and has not been serarately mapped in the

field.
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Cn the roa¢, 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.

(V) Pyroxenite. Lbout twenty feet below Seem No. 6 is

a melanocratic banc comzcosed of about eighty percent
oyroxene (orthorhombic in excese of monoclinic) &nd
twenty percent plagioclase. The pyroxene content is
sufficiently bigh to justify calling this rock
cyroxenite, 4 similesr rock exists about ten feet
above tire Seam No. 11, It hes a sharp bacal con-

tact anc¢ grades upwarcs into gabbro.

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

sequence is gabbroic or troctolic. The harder,gro-
minent layers, which form scerps (Fig. 4, lap IV),
have been mapped incdividually. 1In the field, the
two varieties distinguished are merely troctclite
ané¢ gabbro, whici includes also hypersthene gabbro,
hyperite andé norite. There is a greet deal of vari-
ation in the texture andé composition of the gabbro
due tc variation in grain-size and relative oropor-
tions of the four minerals present whick are plagio-
clace, pyroxene, magnetite andé olivine. The layered
rccks scmetimes show cross bedding (e.g. the trocto-
lite below tke feam No. 15) and this is consfidefed
to be due to flow in the partly consolidatec¢ magma.
The topmost fifty feet of the gebbro has been con-
teminated by roof material and in two thin sections
examined (Nos. 54 and £5) the gabbroc has been hybri-
dised. This material seems to be the diorite described
by previous workers. Weathered gabbro produces a
substantial-cover of fertile red soil. Troctolite,
because it is relatively unjointed, weathers less
reacdily than gabbro. Thke individual gabbroic =and
monomineralic layers, bandés and seams will be descri-

bed in Charcter six.

(VII) Granite. The granite in hand-samgle is pink, coarse-
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grained, equigranuler and 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 mappec only in the

south-west of the area on Te Foop SC6.XE and Drooge-
hoek 8£2.%X&., It lies above the lentite locally, and
elsewhere is directly ageinst the gabbro. The writer
believes that the basal gart of the granite is fine-
graines4 and thet it becomes coarser ucwards from the
gabbro. No contect of this granite with the legptite
wes seen in the field enc¢ the Hoof in this area, as

elsewhere, deserves a much closer investigetion.

If one reconstructs the nrofile of the Bushveld Com-
rlex, the lain Pushveld granite may originally have
overlain the diabase sheets anc¢ the fignal Hill quartz-
ite and may even have been in contact with the verti-

cally intruded Magnet Eeights granite.

The Magnet Heights granite is identical in apgearance

to the Main Bushveld granite and its most northerly
outcrop is on the farm lMagnet Feights 846.%X8, after
which it was named. Thirteen thousand feet south-
wards in the vicinity of the Trigonometrical Survey
beacon No. 57, it reaches its maximum width of about
six thousand feet. £ very instructive crosc-section
of the granite is exposed in the Magnet EHeights River.
A spotted dyke is intruded along the western contact
of the grznite (Fig. 13d). Contained entirely within
the granite is a more or lesc flat-lying lectite
xenolith which is a few hundrecd feet wide and over a
mile long. The Magnet Heights granite is a large
dyke which appears to have bDeen niechanically intruded

into rigid gabbro.

Near the contact of the [agnet Heights granite,in the
Magnet Heights River, are xenolithe about one foot
in diameter. These occur only with@%bout one hundéred

feet of the margin of the granite, which otherwise
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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 image of a

coarse uniform granite.

The Piamond grenite 4anderlies the highest point

of the rcad from Magnet Heights to Sekhukhune., It
may join the Magnet Heights granite,but it was not

obtserved tc do so,as the intervening area is covered

’
with deep sancd cderived from granite. It is neverthe-
less consicerec¢ to be an offshoot dyke of the Magnet
Feights grenite. it stops about half-a-mile north
of the rosd anéd about a guarter of a mile to the
north-east begine another granite body of the same
thickness and extendinpg nortkwarcds for abcut four
thousand feet. It is ccnclude¢ thet these two
grenites belong to the same mass offset by a fault,
an assumption which presupposes either that, if it
is a ncermsl fault, the grenite dyke is not vertical

or that slternatively, the fault is a tear fault,

Generally, this granite resembles the typical Bush-
veld granite - and for that matter the Magnet

Feights granite - but lccally it ie very rec in colour,
fine-grained or graphic. There is a considerab}e
amount of vein quartz along the western contact of

the occurrence, which suggeste the presence of a

fault.

Throughout the arez are 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 fezt wide, are so cocarse-grained anc¢ with-

outimarginal chilling.

s consicerable amount of pegmatite outcrors in the
gabbro between the Magnet Heights granite and Signal
Hill. The pegmatite is comzosed of quartz and feld-

spar, and an increasing amount of hornbtlende towarcds
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Fig. 12 Fine-grained

Main Bushveld granite
showing pronounced columnav
structure and capping the
rcof escarrment sbove the
gabbro on De Koop 8£6.%E.
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_EAST MEDIUM=-GRAINED FINE-GRAINED
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MEDIUM-GRAINED SHEARED GABBRO SPOTTED
(SLIGHTLY SHEARED DYKE
GRANITE WITH XENOLITHS

FIG 13. THE WESTERN CONTACT OF THE MAGNET HEIGHTS
GRANITE IN THE RIVER ON IRONSTONE SCALE 1.50
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the Boof. The pegmatites generally do not trend
more than 45° from a north-scuth direction. Ls
there is virtually no pegmatite in the granite and
much in the gabbro, the pegmatite is likelyeto be
contemporaneous wWith or older than the granite.
Lombaard (1934, p.8) has suggested that the pegma-

tite is a residual acid differentiate of the gabbro.

(VIII) Piabase, DPolerite #nd Cther Minor Intrusives

As no laboratory work was done ¢on these rccke, no
proper criteria were established to distinguish
dolerite and diabsse. Conseguently, the name dia-
base is used to designate the rhafic shects up to

two hundred feet thick in and near the Roof. Tolerite
is the name given to the smaller dykes and sills

map.ed elsewhere in the area.

North of fignal Eill, a diabase sheet one hundred
tc two hundred feet thick directly overlies the
gabbro. £4bout ten feet of the margin of the sheet
is fine-grsined, the rest having a medium-grainecd
texture. This sheet thins out southwards asgainst

the Fignal Hill quartzite (Fig. 11).

NMumerous dolerite dykes and sills occur in the gabbro,
especially along fault-planes. The dykes generally
have a north-south trend and are sometimes amygda~
loidal. The thicknese of the dykes and sills is

indicated on the pgeologicel merps.

Letailed work has been deone by Strsuss & Truter
(195C, p.169-193) in the vicinity of the Magnet
Heights Store on a suite of minor intrusives related
to the Spitzkop £lkaline Series. The information

on tke mep of Strause & Truter has merely been in-
corporated in map No. II accomianying this thesis.
The writer hes not cdefinitely icdentified 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 886. XS re-

presents a typical piedmont deposit.

CHEAPTERIV

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

/ 25 cocecens
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than five thousand feet. lioect of the distlacement
suggests normal faulting but some horizontal move-
ment may also have cnerated. The following faults

have been identified: -

(a) The Sekhukhune Fault
(b) The Steel@oort Fault

(c) The Magnet Heights Fault System comprising
several small faults.

(a) The Sekhukhune Fault borcers the western margin

of the Lulu mcountains anc¢ trendes southwards in a
deep V-shaped valley to join the Cteelpoort Fault
about two miles ncrth-east of the Cteelrpoort
bridge. The throw of this fault is four thousand
et to seven thcusend feet as movement hes brought
gabbro of the Lulu mountains in the east from be-
low the Main Seam to above the level of Searn No.21
west of the fazult (Profile AR, Map IV). This
imglies a throw of greater than four thousand feet
which is the intervael between the Main feamw and
Ceam No. 21. It is the ogpinion of the writer that
the maximum throw of the faualt is not more than
seven thousans feet, but the threow can only be de-
termined accurately when the stratigraphy of the

gabbro of the Lulu mountains is known.
The relationship of the Sekhukhune Fault to the
Cteelzoort Fault has not been studied nor has been

the occurrence of the former, north cf Sekhukhune.

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

of the area mapned, dispglaces the Main feam a dis-
tance of five and a helf miles, with the down-
thrown side to the ncorth-west. If it is a normal
fault, the throw is about five thousand feet. ?he
Cteelnoort Fault is an oblique fault, trendingAat
about 2t8° to the strike of the gabbro. More work
would have to be done along the length of the
fault to cdetermine if there is lateral movement.
The fault is exposed¢ where it crosses the Steel-
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poort River on the boundary between e Hoop
886.%ES and Aapjesboom 8C4.¥E. A wide dolerite

dyke has been intruded along the fault zone.

The Magnet Eeights Fault Sfystem. The most obvi-

ous member of this group of feults is that
followed by the Megnet Heights River on Magnet
Heights £46. ZC. 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 smneller strike faults
with throws of fifty to one hundred feet,(Profile
2D and Fig. 14). The fault rassing through the
Chief's Xraal on Hagnet Heiphts 246.%" has a

throw increasing from about three hundred feet at
the ¥raal to about 2,CC(C feet in the north-west
corner of the ESchoonoord 326.XT (rrofile 4ZE). In
the north this fault either swings to the northe
east, as drawn cn the mep, or continues northwards
and is met by another fault with a north-east
trend, The structure in the north of the area
will become clear when maPPing ie continued¢ in
that c¢irection. There are less important oblique
faults on Magnet Heights €46,XKE anc¢ these are shown
on the map. There is no evidence of faulting be-
tween the road on Magnet Heights 8<6. XS and fignal

Hill.

£n oblique fault, whichk dislocates the Iiamond
Crenite, is inferrec¢ on Mapnet Heights 846.X& and

Schoonoord 325.XT.

Cn Ircnstone 847.%Xf and Steelpoortdrift Z6E.XT
sections constructed from the map strongly suggest
the existence of a fault with a cdownthrow to the
north-west about eight hundrec¢ feet on the line

of the Magnet Heighte grenite (Fig. 14). The
gabbro hill just south of Sekhukhune may be a
wedge between the intersection of this fesult and
the Sekhukhune Fault. IXf this Magnet Heights

granite fault continues to the south-west, it has
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15 Minor fault dislocating Upper Seam No. 1
in the Mepgnet Heights River near the boundary
between Magnet Heights 816. %& and Ironectone
847, X&.
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a smell throw as there is nc observahle dJdisturbance

of the rock succession on Te Hoop 6C6. 7%C,

South of the Magnet Peirhts grenite and trending north-

south are at least ten emall faults with throws from

a few feet to about one hundred feet. In the lMagnet

Eeighte River, where it cuts through the [ain feem

outcrop on Cteelpoortdrift 36&. XT, there is a zone

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

of the faults south of the Megnet Zeights granite were

inferrec from examination of the dreinage pattern, ob-

served fault directions in the Magnet Heights River,

diszlacement of markers ancd study of the aerizl pho-

tographs.

£ numbter of small faults such as the one photographed

(Fig. 1£), ere to be seen in the area. The prefile

in Fig. 14 might be interpreted as demcnstrating asd

tyse of graben structure, though the cdown-faulting in

the west is very slight comrared to thet in the esst,

Folding is kncwn in the Pushveld Cemplex, but hse ncot

nreviously been recorded in this area, The absence

of the Main Seem on the 'Flats' north of Magnet lfeights

was tacitly expleinecd by ascuming that it is buried

beneath soil, an¢ the metamor:-hic rocks west of Sekhu-

khune, which are in actual fact roof rocks, were

assumed to be xenoliths in the gabbro below the liain

Seain, or in the Magnet Ileirhts granite, Evidence of

the existence of an enticlinal fold is: -

(a)

(b)

(c)

Seam No. 6 di-s at 10° eastwards in the river south
of the Chief's Xraal on Magnet Heights 846.%S.

Ceam Nec. 21 dips esst at 10° to 15° near the north
en¢ of the Magnet Heights granite, a fact ccnfirmed
by pitting.

Twenty-four megrnetometer traverses acrocss the
'Flats' csugpgest that the Main Ceam is not buried
under soil.
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(d) In the north of the area on Goedgegeende glE.KS,
€eam No. 21 dips to the east at 16 to 15 .

(e) Roof roc%s west of Sekhukhune dip eastwards at
about 1C

Ls the Magnet Heights granite cuts obliquely across the
strike of the layering in the gabbro, each of the up.er

seams must terminate in turn ageinst the granite, but north-
wards, from the outcros of Ceam No. 6 near the Chief's Kraal,
there is no exposure'and the next seams visible are Seams

No. 17 an¢ 21 near the ncrth ené¢ of the granite. Yhere
exnPosures are poor, it ie ,oseible to detzrmine the dir
direction of Cfeari No. 21 by noting on which side of the out-
crop of the Cfeam No. 17 ancd¢ the suotted gabbro are to be

found.

The reason why the lMein feam does not outcropy on the 'Flats'
is now clear: - it is folded back down in the core of a
faulted anticline before resciing the surface (Profile 4LF).
As the folc¢ exis, striking a2t abcut 1650, is oblique to the
strike (0020) of the layering in the gabbro, the Main Ceam
will ultimately reappear, as it coes in fact on Msalek's

Kragl, about twenty miles to the north.

North of Sekhukhune Seam No. 21 cutcropes twice. This may
be “ue to the g¢resence of s strike fault or of a small syn-

cline (Fig. 16).

There is & small pitching syncline shown on kap III in the
south of agnet Heights 346. %©. The fold sxis is east -~

west and it pitches with the regional dip to the west.
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MINIRALCCY

(1) GENZRLL

In tkhe fieid eg careful search wss made to obtain the
freshest magnetitite available. Thirty-five polished
sections were prerared of magnetitite anc¢ fifty thin
sections cut of feldspathetic ragnetitite, anorthosite,

pyrovenite, troctolite and gabbroic rocks.

The polished sections were examined uncer reflected
light using ma nifications from ¥1CC to X20CC. T“lhere
noscible, statistical counts were made to determine

the mineral sercentages in the slides and volished sec-
tions. The figfures which appear in Tebles IITI anc V
were extrapolatec¢ from about five serarate counts made
on cifferent portions of the secticns. It was nct
roscible to determine microscopically the gercentage of
large ilmenite greains in the ore, &c the magnification
of the ore microscope is too large. Consequently,
slabs were polished, etched with HF vapour or heat-
treated (acetylene torch)}end the percentage of ilmenite

vresent was calculated.

In sampling the silicate rocks, there was a cefinite
tendency to take specimens of the herder bands. “Jork
carried out on the silicate rocks was confined to ob-
servation of textures and calculation of the relative
percenteges present of the varicus silicate end ore
minerals. The fabric of the rock sections was examined
in an attemzt to determine the order of crystallisation,
mincful of the remark by Turner & Veerhoogen (196(C, p.
Ei): -

"Most petrograthers to some extent interpret the cri-
teria of idiomorphism and grain size to suit personal
grejucdices as to the sequence of crystallisation."

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021
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Flagioclase 1is the main constituent of the silicate

rocks and usually comprises 6CL to 7C.° of the rocks exa-
minecd. It generally forms subhedral leths about five to
ten millimetres long. There is aleo fihe plagioclase in

the grouncdmase of the rocks.

Plagioclase is also the precdomineant silicate containec¢ in
the megnetitite. Tn seems with transitional up:er margins
the magnetlte v1th & corresponaing increase im feldsrter content
but without any chsnge in the amounts mresent of other minersls.
Jven in the purest msgretitite of the 1'ain Sear there are occa-
sionzl tramped feidsmar crystals, Lbove the Mair Sea the rock
contzins 85% of feldspar znd 10% of magnetite but only 5% of other

minernls (Slide 41).

The plegioclase content 2t a particular horizoan in & sea: is constant,

]

sgnetite is present in all the rocks evamined aznd generally con-

?.'
&
Je

stitutes sbout 4% of the gebhros. Ls mentioned previously,~zgnetite
snd plagioclase arc intivately associated in magnetitite., The laia

etitite throuzh feldspathic meguetitite

sae

Sesm grades wpwards from ma
into magznetite anorthosite. Im Seam No. 6, vhich has o transitional
basal coztect over o distnuce of one izch,; the mamier aad size of
the magnetite crystals increass wrwards wuntil the rock is wredomi-
nently msgnetitite {Fig. 19, Slide 15°,

Pyroxe-e is the com:omest ferro-iagnesian riueral iu the silicele
rocks. Orthoryrovene is geteraily less abundent than clinopyroxenc.
?anly onc rcock, 150 fecet above the I'ain Sesn, was icentified as norite

(S1ize 4R),

The sears rarely contaia much wyroxene., Sezn Moz, 8, 7 z2nd 11,
however, each contain about 5% of late erystallising sand accordirngly
interstitial DBut discrete zraias of jyrowncie. The silicete clusters

3
in the Main Seam are poikilitic orthownyroxene crystals, eaclosinag
ragretite (Fig. 51, Slide 5. This is a2 interesting parallel to
the motiled anorthosite in whichkx each mottle is usually a »oikilitic
pyroxene crystal enclosing nlagzioclase laths (Fig. 68). Seam No. 18

2ionorphic

frbe

contains woikilitic pyrowene crystals incorporating small

(R \
(Flb‘ 6“;'

meguetite crystnls abouat one millimetre in size

-
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Clivine 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 1,2CC

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 l1little in Upper Seam

No. 4.

A chain of subhedral olivine crystalgoccurs one millimetre
above the base of the Main Seam (Fig. L, Slide 3). Clivine
only becomes an important constituent of the magnetitite in
Seam Nos. 9 to 12. Its presence 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 clides 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 Seam.

A striking change in appearance in the biotite occurs approxi-
mately 1,50C feet above the Main Seam. Below this point it

is pale brown and weakly pleochroic while, higher up, it be-
comes increasingly dark 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). However, accor-

ding to Turner & Verhoogen (196C, p. 63) : -

"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 (F,y0g5, OH, Cl) are un-
likely to have crystallised before the main crop of anhy-
drous s bDiiicatyes Departn@nt df giinry Seyicasenplpp@t@nmpgdan tccdss to mormetiod, ikediy of Re®,2021
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Horanbtlende anpears as 2 wrima mineral only within about eizht
T r M &
hundred feet of the Roof. Granitised rocks nesr the Roof contain

abunaant hormilende. Horndlende is virtuisily absert in the seams.
y

Quartz occurs only.very near the foof in clesr ir: exalar greins
the rock, It is consilerel! to have heen introcducea during

the process of grzzitisstion,

“rthoclase Felidsrn accomuenies 1ua tz aear the Roof ig nrlso

thaaght:ta have brea fori:ed by granitisstion of the gaskro.

(£Y TEXTUNES AVD ORDIA OF C YSTALLISLTION

Tlegioclase, ia few places, contaivs irnclusion of biotite,

nagnetite ana apaiite, It occurs as sudhedral laths aad
gererally crystellised early. There is one case in which feia-
spar 4id not crystellise as e~rly as pyroxese axnd that is in
the nyrozerite about four hundred feet above the Maiwm Seam

where wlajioclase enclosas ear vstallises pyrorerne crystels.

ily-cr
The amnorthogites co2x%ain &Bou 057 vle iocirse, ebout 827 of
which occurs in large laths zngd the rest consists of small

interstitisl crystels (Ti;. 68},

In the wagnetitite seams piegioclase cryst-ls are two to five
2illimetres in lemgth. In seams lover in the sequerce; tue
laths terd to be idiomorzhic but higher in the cslumn, are

gecerally subhedral.

The impression obtaized from ewanination of all the seams is
thet feldsvar vas one of the first minerals to crystzllise in

N -
tiie mag-e,

Mogzetite includes s~all idio .orphic biotite crystals through-
out the Seque ce (Pig. &2) =aad spatite towcrds the tow of the
coluun (®iz, 75). Ia the hyrerite zemeolith in Seer WNo. 11,
ragoetite ifacludes s wll plagiociase cryst-ls. In t.e gobdroic
rocks large megnetite crystals ap ezr to be interstiti~l, but

sreller crystals tend to e idioworvhic, beins occasionally

izcluded in »isgioclasz znd frei“ent‘y in pyroxe e &nt olivine.

U5 ® e 0 e e s 000 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,

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 ® 8 ® 6 00 0 0 0 o
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In the magne“ite acorthssite (Fiz, 18] the magretite appears to e
interstitis® to the volagioclase but there are some contradictory
occarrences of subhedrzl! or euhedral megmnetite crystsls emclosed
in plagioclese laths. nere is much evideance that maguetite hed
& long period of crystellisation. Locally, curved interfaces he-

-

tween magnetite and feldspar crystals wnrobably indicate sinul-
P94
taneous crysteliisation of these two mimnerzls {Tells, 195%;. The
impression obtained from examining 2.1 the thin sections is that
plagioclase and megnetite begen to crystailise before pyroxene
na olivine, Tnly in the later steges of their developent did
zrowing nlegioclase and megnetite interfere with each other. Up-
ras in the sequence the growing megaetite crysizsls irterfere in-
creasingly with the crystallisatios of the nlagioclase laths (e.gz.

corpare Fig. 21 «ud Tig. &7) though in the hyperits xenolith

(Stide 22) im Semm No, 11, mesnetite ineludes plegioclese, Tithin
the poixilitic orthopyroxene crystasls im the lL'sin Sesm, the magne-

tite has poor crystal form (Fig. 51, Slide 5 and is izterpreted

as having grown si-ultoneously with the poililitic pyroxenme crystals
in whick it is envelored. It is rossinle that the pyroveme has

Th

Inced the ::

nartislly rex onetite, In 3il the sezms megnetite

crystellised before pyrowene aad olivine Lzt wagnetite continued
to crystallise for a long period, overlapping Lotk these minerals

W

and occasionsi’y forming en intergrowih with them.
J ) S

o

onetite and feldsrar cryst s emclo-

zro rene Sove sections sucr W

sed in later pyrorene (Fipgs. 19 and &7V, Torever, im the pyroxe-

. P / .z .. N .
nite above the l"aia Sez {Slice 45 pyroxene cryst-llised eerly.

Dlivine erystallised si-ultaneously wits plazioclose im the trocto-
lites (Fix. 77, Slices 40, 48, end 5"} but wiem oresent im minor

azntities in & vock, it aprears to have crystalilisen Ilste.

Angtite 1is alvw ys idiowmornhic but, as —entioned, this idiomorphism

o

may not be 3 resilt of early crystsilisation.

A

Some Biotite crystzllised ecarly, & is include? in =meznetite =nd

occegionally in wnlagioclase. 1'ost of it, Lo~ ever, crystal.ised in-
tergtitial’y as suvhedral :ich freguently premetrate megnetite

¢ feldspar crystals.
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The geterslised order im viich the various nminercls started
to crystallise is: - {a) plagioclase, {b‘ wegoetite, biotite,
apatite?, {c) pyrozene and olivine, {¢' horablende . The
order in which minerals started to crystallise at different

levels in the column is shown in Fig, 17,

(8) Exsolution other them in magnetite, replacenent
gad intergrowth wnhenomensa

&L rip often occurs betwsen »logioelnse orpd negnatite
(Pizs. &0 and £8) auwd in —ost ceses this rim is thoughi to be
orthopyroxese, Oiscrete magaetite crystals in silicates are
attacke:s by the silicates sad are often partially destroyed
{Fige., 52 2nd 59). Bioc%ite, in wloces, is locally re.laced
by hornilende, Olivine =»nd pyroxen? are sziarctely ialtergromm
vith magactite (Figs. 24 =nd &5}, This is partly ¢ue to replace-
ment but it is the opimioa of the writer that this intergrowth
mey signify = entectic erystallisation, Desiduwal pyroxene

pertial’y repio-ced ninioclase snd biotite, Some

fre. uzewtly has
netite in the sess by pyrovene did take
rlace, But it is corsicered 4o have beeun of —imor immortance.

has us.2ily evsolved climonyrove-e (Fig. 74,

&

e
£6) end the reverse also occurs »iat is less cowmron. Near

e
N . . - . \
the Roof climopyroxe e has somctimes ersolved - e (Fig.78).

hlso aenr the roof, horu“lende h~s reploced pyroxene in fresh

rock snd is coacluded to he o late migmatic mineral (Tig. 75}‘

It forvs & perivhery vound and locally has completely replaced

nyroreae and possibly biotite, Quartz and orthoclase near tae

Roo” are thought to hiave beer introdwvced into the rock by - the
£

»rocess of gremitisation,

4‘” ® e e 0005000
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4) Mineragiosy of the llagsnetitite
! 7

The following minerals wers distinguished: -

(iii) Tivite

™ Ny

(iv}) S»irel {Hercynite or “leomaste ncar to Fehllgli in compo

gsition’
(v) Iartite
{iv} l"sghe—ite

{(vii} Sulnhides

(i} Lagnetite, Ziscrete ‘dicuorphic crystsals are one to two
zillicotras in size (Speci~en £6) snd in coarse-graianed

megnetitite greizs as biz as ten millimetres (*1&° 47,
Suecimen 5%, These larze crystals ar: tigatly interlocking
with & veory thin irregnlocr wyroxene, oliviaze or spinel fil
sezarzting the proins., The ain Seam is commosed of
closely irterlocking crystsls ~herecss the unrnerzost seams

e veing made .p of smeller, less tightly

bound erystals, These latter scams comserwently westher

aguehite erystals emveloped in gangue in the xemolith ia
{Fig. 56 %in the unserlying anorthosite have
beea corroded lecving only a skeletsl structure of ilmenite
(Fizs. 83 and 59", This is thought to de due to magmatic
action ratuer than to westherimg, and the replacing mineral

ig wrohably nyroxene,

Veia end fisswyre filliags of uniform moractite, occurring
O o 9 (=)
in weatlered rock (Fig. 48), are comsidered to be secondary

because of tihsir interstitial position, This is not the
same conclusion as thet of vem lershurg {1962, p 62/6?,
.

PLoto II,; who considers tlis ty.e of magnetite to ke ca

unwltered primary tyne.

Mafham L& X \
Vagoetite, weatiers to aﬁ;¥iﬁﬁ (Fi;;. 43) and,to = s~all ertent,
mada
to m=fre—ite.,
{(ii) Ilienite is orese~t in all the polished sections, it
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occurs in the following forms: -

(a) Discrete ilmenite grainc up to 5 mm. long
(Figs. 26 ¢nd 27)

(b) Large lamellse .C1 mm. thick (Fig. &2)

(c) Small lamellae .00S mm, thick (Figs. 34 and %)

(¢) Very fine anhedral ilmenitc grains

(a) Biscrete ilmenitc grains 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 spinel have migrated from the surrounding magnetite
into the periphery of ilmenite crystals (Fig. 35). I1l-
menite crystals have exsolved magnetite lamellae (Fig.
28) and these lamellae were seen wWith only one trend in
each ilmenite crystal. This magnetite, which is
younger than the ilmenite twinning, is partly altered «

is interrupted by sheets of spinel (Fig. 29).

(b) Large 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 spinel they contained)
behind in the magnetite, as irreggular lamellae. This
would explain the occurrence of irregular spinel lamellae
orientated parallel to the (III) plane of the magne-
tite. (Fig. 39). According to Edwards (1954, p.77)
durin gDigitge‘]a%y thecD%p?a%fn%ennl%f Lib?é}y'ggr\r/}cieét iﬁsu;])'p%m cﬁ g’p%na a(-:.cce'srééh%nfoclln%."agoirzl,"‘J%ieers(l?)}l oFPretoria, 2021
of the magnetite to form interstitial grainms.



(c) Small ilmenite lamellae occur in the lowest cne

foot of the Iizin feam and in the nlug below Seem
Mo.1i. They lie in the (IIX) rlane of the magnetite
(Figs. &1, 84 and (%) and they azpear to bte trun-
catec and sometimes offset by plates of spinel,which

are inferred to be younger.

se small lamellse sl.ow maximum extinction in the
457 nositicn under golarieed light. According to
Ramdohr (1954, £.82) ilmenite, which fecrms through
tie oxicdation of nulvite, hasc obligue extinction
whereas primary exsolved ilmenite hes straight ex-
tinction. Therefore, according to Remdohr, this fine
ilmenite wes produced by oxidation of ulvite. Evidence
soeeitly corroborating this hyrothecis is the fact
that this fine ilmenite ané ulvite are antirathetic.
Hevertirelese, it is the wWriter's o7inion that they
may heve excolved c¢irectly frcem the magnetite, be-
cance the lamellae, though small, are well developed
ancd evenrnly distriutec throughout the megnetite
graine.

-

(¢) Fine irregular ilmenite. “n sll the meynetite exam-

ined fine-grained ilmenite, which is antipathetic to
ulvite, occure in end nesr fiseures. Locally lamellae
have btegun to develop (Fig. ¢&). This iluenite is
thought by the writer to have goscibly been =~ro-
duced by oxication of wulvite, &5 it occurs cnly in

the vicinity of fissures, wlicl woulé have permitted

ti.e increacse of oxicising agents.

Jlvite has been exsolved cn the (1C€C) plzne of the mag-
netite (Figs. 36 an¢d (7). The res:lting texture has

been referrec to as 'cloti-texture' by Vincent % Phillips
(1954, p. 4). The exsolved ulvite ccnstitutes about one
third of the area of the magnetite cryctels in most of
tihe poliched sectionc. Zxceptionally, there is no ulvite

in the rock, its ~lace teing taken by fine ilmenite la-

mellae. The size of the ulvite comrertments

/zi’/-O-o--coocoo
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Fig. 26 Fabric of feld-
spathic magnetitite com-
posedof plagioclasse
(white), ilmenite (black)
and magnetite (grey).
Uprer Seam No 4, Section
14, Tolishec¢ slab,etched

Vol

with ZF vapour, ¥X23.

Fig. 27 Textural relationship of silicates, plagioclase
and olivine (white), magnetite (various shades
of grey) anc¢ ilmenite (black). Upzer unit of
Seam No 12, Section 25, polisheé slab, etched
with ['F vapour, X J.
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Fig. 2C Large tw11neﬂ“;lnen te grein. Zxsolved
lamellae o? %ﬁgneulte (narrow end white) in

twinned ilmenite (light end cark). The lamellae
are inferred to be later than the tﬂ*nnlng of
the 1lﬁonlte. Juper unit of feam No 12,8ection

o P

265 ™Ctocsed Nicols, X §6C.

Fig. 29 Spinel (black), occupying part of the plezne of
a magnetite lamell (white) exsolved by ilmenite
((rcy) Jprer Seam No. 2, Section 11, Cil
immersion, X 5CC.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021
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Fig. 3C Interstitial ilmenite (derk) between magnetite

grains (rele). Lower unit of Seam No. 12,

Section 24. Cil immersion. X 1CC.

Fig. 31 Slightly irreguler ilmenite lamellae (dark and
light), exhibiting oblique extinction, in mag-
netite (grey). Tlug below Seam No. 11 on
Magnet Heights 846. Z%E., Section 34, Crossed
Nicols, X 1CC.

/47 ® ® 800 0 0
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Fig. $2 Primary ilmenite lamellae (dark grey) con-
taining speciks of szinel (black) in magnetite
(grey). The darker network in the mzgnetite
is ulvite, which is evenly distributed. Lower
Tnit of Seanm Mo, 1f£, Section 24, 0il irmersion, X &00

pS i) e

Fig. 3% Ilmenite nroduced by oxication of,

or ex-
colved instead of, ulvite which is absent

in the vicinity of the ilmenite. Basal
anit of the Main feem. Cfection £. ¥ 100C.
/ 43C
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Spinel has been exsolved By magnetite as plates.,

Ramdohr (1S5&, 7. 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.C1
to C.1 mm., in length. Constituents of spinel have
migrated from magnetite, near ilmenite, intc the mar-
gin of the ilmenite (Fip. 35). Plates have also segre-
gated into discrete pgraine in scme of the megnetite,
This rocess can be observedé in various stagee of cém—
»letion (Fig. &8) and sometimes the grains contain a

core of chalcopyrite (Fig. Z9).

Irregular spinel lemellaze lie in the(lll}Flane of the
magnetite (Fig. &9, Parallel to ilmenite lamellae, znd
it is cecnsiderec¢ that the spinel may originally have
migrated into ilmenite lamellae which, in turn, later
diffused out of the magnetite crystal leaving the .
spinel behind. Tiscrete spinel grains are comnon
where plates are rare and¢ vice versa (Figs. &9 and 4(C).
These greine are resistent to westhering, as they
occur in strongly weathered magnetitite, imprlyinpg that
they are not pyroxeneé, olivine or plagioclasefRamdohr
(1952, ».625) states that “"commonly sjpinel grains are

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

There is probably a decreece in exsolved spinel plates
from Seam No. 11 upwards. The ulvite forms box-1like
freames eround spinel (Fig. I7) anéd in the uppPermost

Ceame, though tlhere are no sFinel plates, there are Jlvite
boxes imzlying that spinel plates were present origi-
nally, but that they have subseqgnently migreted else-

where (Sections 27 to U1).

here magnetite is completely surrcundec by gangue it
tencdec to be withoat its spinele. For example, the
magnetite in the magnetite anorthosite, above the lMain
Ceam, contains ulvite boxes but no spinel. The upper-
most seems have interstitial gangue. This may be why
they have lost their sginel plates; but the purer seams

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021
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< Emell ilmenite lamellaze (deark grey) in megnetite

Fig. &«
(lig=t grey). Dxcolved spinel ~latec (black)
are inferred to be ycunger than the ilnenite which
they a;_ear to truncate. Fasel Portion of llain
Seam. Secticn ¢. il I.inersion, X LCOT.

Fig., <% CSmall ilmenite lemellze (cerk grey) exsolved on

the (IT7T) ~lane of megnetite (1ele grey). Ilack
e inel plates lie in the (1CC) +lene of mepnetite.
L lerge ilmeanite crystal in tle left of the _ic-
tire hee collected s-inel (black) from tte adja-
cent magnetite. Eacel Portion of the [fain Seam.

Secticn 3. il dimmereion, ¥ EQOC.
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36 Fine network of ulvite (grey) in magnetite.
2 £il immersion,

Fig.
Lower Ceam Nec. ¥. Sectiocn 2.
X 840,
i
£
¢
4
Fig. 37 Jlvite (grey) forming a netwerk in mzgnetite
srinel (black). Fine ulvite
Lower Seam No.3J.

(rale) &round
also occurs insice the boxes.
X 1,CCC.

fection 2. Cil immersion,
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% Suinel (black) ;oscsibly ;artly segregated

from glates into irregular grains. The grey
fine network is ulvite. Feldsgathic centre
of the Main Sceam. Cection 6. (il immer-
sion, X CQOC.

Spinel veinlet and .lates (black). The large

spinel grain has a chalcopyrite nucleus (white)
Felds?attic centre cof the Main Seam. Sectiocn6.
Cil immersion, X ECC.
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Fig. 4C The dark grey graimns are concluded to be
segregated s-imel im _ale groundmess of ulvite
(grey) 2nd megnetite (-ale grey). Ilug on
Steelroortdrift 565, XT. Section 32, ¥ I50.

Fig. 41 Veinlets and subhedral crystals, -robably
of crinel (derk grey) in maprnetite (prale).
Upper Seam No. 1, Cfection 1C. ¥ J50.

£3 o :
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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).

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,

Maghemite 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.

Sulphides 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 crimary magne-
tite. The mzgnetite vein contains martite
(vhite) and poseibly soinel (dark uniforﬁ?grey)
Jozer Seam No. 21. Section 30. ¢il immersion,

¥ oz0C.,

%,
."JI'r‘.

AR

-
- v,

Fig. 4¢ Magnetite altered to medi-mime (vhite). The com-
vosition of the dark area is unknown though
mnch of it is poliched out. Uprer Seam No.l1l8.
Cection 29, X oCC.

/ E5 ceeocnos
Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



-55 -

TABLE |- SUMMARY OF PROPERTIES AND
RELATIONSHIPS OF THE MAGNETITITE SEAMS
Seam [Thick- Position N/, o° ; S1EEoF
) N:::'“ r:"e"s"; P 'Q'D‘T 108 | vaog !Hongmg-wall Footwall  [weaa
21 | 3660|3960 | 6 [0-39 ? Gabbro  |<3"
20 | 48 (3940 | - | - ? ? SMALL
U] i

19 12 3920 | - - ? Gabbro SMALL -
su8 ” —
TONE{ | 18 [ 30" |3890'| 3 [0:3%; ? Gabbro  'smar

D S

17 | 15" [3820'| 3 {0394 ? Gabbro 10"

PR _.__4} —— e
16 | 12" |3800'| - - ?. Gabbro s
1
IS5 | 24" | 3400| - | - |Pure Anorthos.| Troctolite 'suau
f UTEE“ 4" | 2660 1| OS50 ? Gabbro !
\WWER| 3" | 2650 | | P55% ? Gabbro 3
13 | 13" | 2370| 3 P 5SoHPure Anorthos| Gabbro 6
PPER 0
U;z . 9" | 2060| 4 D55% ? Gabbro 5 1o
SUB i Ul " .
ONE{ |0 12" [2050'| 4 ps ? Gabbro 7
c "

i | 20 |1700'| 6 [06%|Mag. Anorthes|Anorthosite | 12"

o | 9" 116620 | - | - ? ? 4"

9 9" 1 1540'| 2 D7) ? ? 4"

8 7" 1so0| - | - ? ? 2"

- [urper | o~ : — =
7 S , S60 c 350/, Anorthosite 4"
LOWER ,, ,

5 | 25" s56 Jﬁ Gabbro J
UPPER| 0 ! ] . .

6 | 9 1449 |36 ? ’ 4'to
Mid.6| 11" 432" | Mag. Anorthos| Gabbro )

s | 8 [ 150 2 |135% ? Gabbro  |swa
sug| | 4 | 18"| 100", 10 |I359% Gabbro Gabbro Te}
ZONH] t

5 3| 6" | 90| 4 [I350/gMag. Anorthos|{ Anorthosite |SMaL
; 2 | 30" 20' | 30 |I'59/0|Mag.Anorthos Anorthosite | 10"
pper
Seams|| | 14" 8' | 20 |I-5°/0|Mag.Anorthos|Anorthosite| S
Main Ug.tp?r 44" , 3 |I-6°/0]Mag.Anorthos|Fels.Magnet, LP o
[] C "
5“’"{,‘;.?“" 34° ! 3 |1-6%o| Fels. Magnet. [Anorthosite | 36
g
4 | 12" -390 - | - ? Gabbro 4"
SUB 3 | 60°| -530| | [2-0°4 ? Gabbro  [oMau
ZONE{1 —t - -
A 2 127! =690 1| [2-O%b ? Anerthosite | 4
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Seams| | 147 -90Qq 1 [2i0@ g. Anorthos | Anorthosite




TABLE 2 SUMMARY OF PROPERTIES OF THE ORE MINERALS

OF THE MAGNETITITE

‘DEGREE OF WEATHERING, Waxsoweo PLATES OF SPINEL ! g " ‘“ w LARGE ILMENITE
z o - 11 - 3 w | ¥ GRAINS 7
¢ [a] p
2 =1 ol o |8 | E [eelda M ETIN gel Ff »
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ul < T < w B Vi e 2 w a Z =|=< I
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ww 2z - uw O = Elv o 3 Wal & |12 S| ow 3
W I < Zz o o] = 2 2| » < 3 N RN )
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—— - —— }... —
26,27 13 1 ® ﬂ[ T @ ® e ® 6.0 o
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25 | orot | ® co2 .| @ ® ® ® 06/ ® & o|e
LowER LUWNIT
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15,16 |ceniun o || @ ; 002 @ ® ® @i X © ®
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s34 | 4 ® - [looa ® ® | o/leo @ oo
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BASAL VERYl @ | 1 @ | ud
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i
LOWER ? sys | 2 3, @ 2 ® ® ® ® X 60| O
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oW
1|3 Maa s, e o ® e o/eoe/ @ oo
Q[BELOW i —
* || MaG. s e o ®e @ @|X| @ ®

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



THEE INDIVIDUAL FETROGRATEIC UNITS

The magnetitite and the silicate rocks will be listed and

described separately.

(i) Magnetitite Seams

The more important progerties have been listed in Teble 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 maprped. This
#eam 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, XT as elsewhere the geological structure prevents them
from reaching the surface.

The sample examined from this seam is weathered, showing

magnetite partly altered to maghemite. 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 Heights River on Steelpoort-

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

outlier nearest to Ironstone 847. XE, also on Steelpoortdrift

365, XT.

Lower Seam No. 3 (Polished Section 2) is not fully differ-

entiated and consist of five feet of

/58 ® 0 0600 8 0 00
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feldspatiic megnetitite. It assays 1.5, VoCp suggesting
that, if it was pure magnetitite, it would contain about
2, Volcg. Lc it is friable, it outcrozs peorly sirea-
ding in its vicinity a veneer of small megnetite grains.
Tiis seam, heving similer characteristics, is known to
occur with Lower Seam Noeg. 1 end 4, twenty milee to the

south, on Zwertkop 172. JC.

The magnetite in the vicinity of ilmenite ic devoid of
spinel Dut conversely, csinel plates seem to occur gre-
ferentialiy in magnetite adjacent to gangue &ndé fissures.
In tre rolisied section, the striking feature is an .inter-
growth between mernetite #nd probably clivine (Fig. £4).
L thin film between megnetite and -lagioclase has straight
extinction, low tirifringerce, no pleochroism and¢ is con-
cludec to be orthocyroxene. Hall (1582, p, 24C) dis elso
“+he Same
of t===t cpinion 2s to the comrosition of the rim between
megnetite &end clagioclase in the ldain Ceam. The magne-
tite is genereslly anhedral’but some subkedral magnetite
grains are includes in the nserisheries of plagioclase

laths.

The Main Seanm

b=t

&)

rz basa con-

]
e

is nine feet thick (Fig. 44) and Las a sh
h

T eem ic composed

O

e

0]

tect witlh tire uncderlying anorthocite,
of twe u.its of magunectitite separated by one foot of feld-
stathic magnetitite. The upPer unit is eboat one foot
thicker than the lower one anc¢ is trenciticmnal u wards
through one foot of feldsyuathic magnetitite into megnetite
anortZosite. Trhe unite have an identical asrnearance in

n¢ each contains occecional anorthogcite

m

nanc¢ ggecimens
lenses, one to eix inches long, and discrete poikilitic
pyroxe:xe crystals about one inch in cdiamenter which dis-
arvear tlHrough wWeathkering, leesviang a pitted Cepression,

In the south of liegnet Leighte 486, XC in the river, the

anorthosite footwall forms a small deme rising about two
feet into the magnetitite bLut without cdisturbing the toz
of the seam (Ti;,. «b). The liain Seam >»rovides the most

ssectacular outcroy of all the seems, froducing huge

pavements in . laces more tasn g theutsnd

-
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Fig. 44, Upper Seam io,ly
tie entire Ilsin Searr and
its anorthosite footwall,
The shsrr besel contact of
the Main Sear ond the ban-
ding in the lower part of
t

=

he anorthosite arc visidle.
Meagnet Tleights “liver onm the
northern nortion of Iron-

T

stone 9247.7S.

Fig. 45. A4 "roll" im the aaorthositc footwsl
in the laguaet Fdeights Tiver on
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feet wide (Fig.4¢). Such pavements are sur:risingly un-
broken and¢ only towarde the 'up-di:' end cdo they become
¢islocatecd. There is no outcrop of the Main Seam north

of Magnet Eeights, in the area mapped, beceuse it is b@ried

in the core of a faultec¢ anticline (Profile £R).

The lizin Geam agpears, fer the first time, in the Magnet
Feights River 1,30C feet south-east of the Trading Store
ané¢ ite outcro; ccntinues southwards until it is bturied
anéer sand north of the Magnet Heights granite. Eastwards
from the first outcrog, overlocking the east bank of the
Magnet Heights River (Fig. 67), the seam is repezted three
times by strike faults (se= Prcfile CT).
€fouth of the Msgnet Heights granite, the kain feam again
outcrops in the KNagret =Zeighte River and cen be traced
nearly 2C,CCC feet gsouthwards to the Steelpoort Fault.In
ti.is Cistence it is c¢islocated by numercus small dip-faults
and outlying fragments cap twec conssyicuous kopjes. The
»Seam reappears 28,C0C feet fartber south-west on PNe Iioop

286. %2, on the opposite side of the fault.

In the Magnet FHeights area, the [Main Seam shows nc
measurable thinning but at Zwartko, 142. JU twenty miles
south, it is seven and 2 half feet thick ancd at Te Lagers-
drift 17&. J&, still further south, it is only six feet

thick.

In the loitest few inches of the lMain feem there is very
little ulvite but abun<ant small ilmenite lamellae thave
been exsclved along thke (111) 3nlane of the megnetite

(Fige. 34« and 3d5). ‘There these ilmenite lemellze are well
teveloped, inespsction uncer & X 2,({C megnificaticn re-
verls no ulvite. The megnetite crystals ccntain large

spinel rods orieuntated in the (1{0(C) :<lsne.

L chein of olivine crystals lies rarallel to, and about
one millimetre from, the base of the lMain Seam (Fig. E().
(livine alsc occurs as thin interstitiel filme extending
up intec the megnetitite (Séi;g;m 4). There are some idic-
mor-hic magnetite crystals associsted with the olivine

chain, the crystels of which are subhedral. At the actual

61 .
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Fig. 48 Bandeu { ‘ conteining
an &nort wenolithyg ights liver
in the south of cct He

;

Digitised by the Department of Library Services in support of open/accésé to Information, UniVersity of Pretoria, 2021



User underlain by anorthosite,

and grading s into megnetite amorthosite., The
dark bluars are rock ledg iver in
the sout portion 2.
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contact of the magretitite and the anorthnesite
growtih of magnetite with olivine borders the nagnst
and an intergrowih of pyroxene with plagiocclas

the anoathosite (Fig. £0). In the amnorthesite therec is

[
Q
©
w

distinctly interstitial magnetite (S1i

Ore foot frcm the base of the Main Seam th2 magnetite cou-

tains small ilmenite lamcllae, large epinels and a little
ite [Peolisted Secticn £). As sc c¢f the magnetite

| ]
vice versa,in the same sectloi, these two minercls appear

v

orthopyroxene ex:oiving
ite is subhedral, ponue-
and maguatite crystals,

a o
The pyroxene cryctal her eimuitaneousliy wWith,or

later than, the magnetite znd may have partliy replacerd
magnetite (Tig. 51). A poikilitic plagioclase cryst-l
2330 inciundes magastito (Slide E).

e a
nusually large armount of Dio-~

tite (3%). A rvim,which vas identified es5 orthopyroxens,

occurs between biotite and plagioclase (Polished Section €).

The polished gection of the upper unit of the Main Scan

was of weathered magnetitite and therefore unianfrormative,

Spinel plates show advanced sagregation intce larze bodies
ite thought

and there is a consicerable amount cof fine ilaend
v

to have teen produced Ly oxidation c¢f ul

The plagicclase laths in the transitional top of thz2 Main
Seam are joined by films of silicate lying betwecen the mage

netite grains., This silicate is thoeought to Be pyroxene

(Polished Section 8) This rock is composed almest entirely

of magnetite and plabloﬁl se with a little anhedral ortiaos-~
pyroxene suchedral *i
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Four feet above the lizin Seam in the magnetite enorthe=
site the magnetite has been corrodec by the silicates
end contains & speckling of sulpbides &nc some ilmenite
lamellze (Fig. 83), which ere thought to ha&e been pro-
duced by oxicdation of alvite. Vincent (196C, p.10(C

to 1C17) also reports the pertial oxicetion of ulvite to
ilmenite in the Skaergearc¢ Intrusion. Ho s inel plates
remain but there are bowves ¢f ulvite which origineslly
presumably accommocated spinel nlastes whick subseguently

migreted out of the megnetite.

The megnetite ic generzlly interstitial to rlegioclase

but one euwhedrsl magnetite crystel is included in =2
felcspethic lath (S1lidc4l). The orthogyroxcne rim be-
tween the magnetite #nd the plagiocleése is not continu-
cus 2long the interfaces. £n intergrowth between gyrocxene
anc¢ plegioclase may be cue to replacement of the plagio-

clase by pyroxene.

Jgzer Seam MNo. 1

is thrin and is usually pertly obscured by broken gavement
of Seam No. 2 (Fig. ). The spginel rods show 21l stages
of segregation en¢ some of the cFiscrete s:rinel grains con-
tein chelcopyrite cores. Irregiler spinel lemellse lie

on the (111) plane of the megnetite crystéls. Three

feet 2above the seam the magnetite in the mapnetite &nor-
thosite seems tc have crystallisecd leter then the felds-er.
Cubhedral megnetite and biotite crystels are rarely inclu-

¢ed in feldspar laths.

Upscer Seam Nos. 2 and 4

are equally resistant to crosion and, on Magnet leighte 846XS
often form pavements a few hundrec feet wide. CSecam No.4
is transitional uywerds and cownwards (Fig. £2), so that
its blocks are pock-marked on both sides, the pock-marks

being weasthered out felds~ar crystals.

The rim between magnetite and plagioclese is faintly
pleochroic and brownish with straight extinction and is

probably orthosnyroxene.

56 .
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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,

Upper Seam Nos. 3 and 5 are thin and composed of friable feld-

spathic magneti&e. 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,

Upper Seam No. 6. 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., 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.
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Upper Scam No 7 consists of two thin discrete magnetitite

units above, and separated by two fect of anorthosite from,
two feet of friable feldspathic magnetitite., Seam Nos.

6 and 7 outcrop in the vicinity of the Main Seam and both
produce sié%ble 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 feldspar laths
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. &, 9 and 10 all are inconspicuous in the

field, being less than one foot thick and with sharp Dbasal
and transitional upper contacts. They are visible only in
areas of good exposure on Magnet Heights 846. KS and Iron-
stone 847. XS, 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 ecuhedral magnetite crystals. There are also some large

plagioclase laths in the magnetitite.

Upper Scam 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
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deights 846. VS it conteins & xemolithic lens of hyperite, about
18 inches long (Figs. 58 and 70, Slide 22). Seom Wo. 11 resen-
bles Seam No. 17 in the field,but it can bhe disting:ished from

the latter, when mernping, by noting the fect that above Seam No.l7
lie only fine pebbles from the friable uppermost seams whereas
above Seam No. 1! are sizable hlocks derived from Seam Hos. 12 and

12,

Seam No. 11

has & sharp basal contact with anorthosite (Figs. 54 end 55).
Ageinst the megnetite is an intergrowth of magnetite and pyroxene
end agsainst the anorthosite one of pyroxeme amnd plegioclase. This
has been compared with a diagram of a lode cest (Fig. 55},
About one inch from the hase of the scam is & hyperite zenolith
which sg;;s allotriomorshic texture (Fig. 79). In this rock
(Slide 22} is the rare occurremce of small plagioclase crystals
included in magnetite, The arortlosite Tootwall of the seam 1is
speckled with small idiomorphic magnetite crystals (Fig. 54).lost
of the mcgnetite of these erystals hes beecn repleced by silicate,
vaicl,. is probebly pyroyene, le=ving only o lattice of iimenite.

(Figs. 52 and 59},

Most of the spinel has migrated out of the megmetite o the seam
and whet is left occurs heside cracks =nd near boumdaries .with
silicate and ilmenite. Ferther from the base of the seam the

spinels are less segregated,

The large ilmenite grains contain exsolved magnetite lawellae in
a single plane, These lamellese arc sometimes club-shaged(Sections
22 and 24). One euhedral six-sided spinel crystcl is enclosed in &

iarge ilmenite grain,

Included in the magnetite of the seams ere small idiomorghic bio-
tite plates. The biotite is darker then that lower in the se-

suence (Slide 23),

Usner Seam No, 12

congisgts of two wnits eizht feet apart., The topmost has a sharp
bagal contzet while the lower one hes a five inch thick core of
slightly feldspathic frisble magnetitite with & five iach transi-

tion upwrards and & two inch transition downwards into magnetite
Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021
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Fig. 54 Base of Seam No. l1. Uagnctite (white) ovcrlies anorthosite
(black} with am undulating coatact. At the comtact, pyroxeuc
is iutergrown with plagioclase oa the arorthosite side snd
with megnetite on the megmetitite sile., The enortiosite
conteins & speckling of idiomorphic magnetite crystals, tvo
of waich are photogranhed in Figs. 58 and 53. Slide 22,
Negative nhotograph, X 7.

FIG 55. SECTION OF A LARGE LODE CAST.
(TEN HAAF 1959 P 43)

s eo0o0v0e0 000
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Fig, 56 Seam No. 11 waich
has a sharp basal contact
with anorthosite, is tran-
sitional! upwards ianto mag-
netite anorthosite and con-
teins a2 hywerite xemolith,

Fig, 57 Searm No. 13, which is overlain with a sharp contect by
weathered anorthosite {rhite) and is transitional down-
wards into magnetite anorthosite,
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}Fig. 58 Ilmeno-mognetite grain nartially replaced by gansue
(probebly pyroxeme® leaving only an ilmenite sZeletom,
Anorthosite footwall of Sesm No. 11, Section 22, Crossed
Nicols, ¥ &0C
Nicols, ¥ C e

Fig. B¢ bitto Fig. 55 but showinz clearly the pyroxeme rim
urrounding the corroded ore grain, Section 2Z, Crossed
Nicols, I &20,
9
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anorthosite. Like other seams, which sare transitional upwards
and downwards, the weathered btlocks are pock-marked on both
sides. The units are guite resistant to weathering and, on
Magnet Feights £46. W&, form pavements u- to two hundred feet
wide. They outcro; streongly couthwaréds as far acs Aapjesboom
{Z4. X& where they are buried uncder recent derosits. Northwards

from Magnet Heights (46, ZXE the seam can be traced across

'The Flats'by identifying loose tlocks of rubble.

The szinel content of the megnetite is lecss than in sezms
lower in the sequenceﬁaf&magnetite crystel is included in a
large ilmenite grain (;ection 24). In the two thin sections
which were made (f8lides 24, a and b), pvoikilitic olivine pre-
dominates in one (2<4a) and plagioclase in the other (24b).
Zlinopyroxene is a minor constituent of each section. The fact
that the feldsrtar includes idiomor~hic grzins of magnetite
meane thet, before the feldspar finished crystallising, mag-
netite crystels existed in the mepma. The fabric of the seam
is shown in Fig. 27. The large ilmenite grains are concluded
to be rimary crystals. The olivine andé rlagioclase &are partly

interstitial to the msgnetite.

In the upper unit of feam No. 12 spinel plates are very scarce
but there are a number of ulvite boxes suggecting thet origi-
nally spine{% were more abuncant. Two interesting features

are evident (Section 2&,Fig. 6{) - spinel =lates :Zrotruce into
the rim, prebably of gyroxene between megrnetite and gengue,

and a 'ghost' crystal of megnetite Les been mede over comgpletel;
to silicate, £lsc probebly oyrcxene. The internal structure of
this magnetite crystal is still visitle and¢ trerein several
repleced s;inel glates are situated adjacent to a fiscure.
There is no szinel throughout tie rest of the crystal sugrest-
ing thaet there wes a low spirel content before the megnetite

wac re:laced by gengue.

The plagicclasc crysteaéle are suwbhedral and tend tc'be surroun-
ded by chains of small oliviune crystals. In the seam anc highe:
in the seguence, the felcds—ar crystallisedé¢ slightly later

shewing lesr- tendency tc be idiomor-hic then lower in the geo-
logical column, e.g. ccmtare Fig., 21 andé Fig. 27. The magnetite

on the contrary, exhibitsj&ncreasing tendency towards idio-
morghism, e.g. comjere Figs. 21 and 61), sugpgesting that it

begen to crystellice earlier in greater quantities than lower
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Fig. 60 Magnetite (white) including ulvite (grey) and spinel
plates (black) has been partly replaced by pyroxene
which now includes white spinel pseudomorphs.Neither
the significence nor the composition of the horizon-
tal streak is known. Upper unit of Seam No. 12,
Scction 25. ©0il immersion, X 40C. '

Fig. 61 Idiomorphic magnetite (white) included in altered
pyroxene (dark). Seam No. 13. Section 27.
Negative photograph, X 10.
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U -er Seam No, 12

b

is excentional in that it grodes dovmwards into magnetite anor-
thosite 3nd is overlain with a knife-edge contact by 30. feet of pure
snorthosite (fig. 57°. This is a comnlete reversal of the

normal segaence. In the field this seem is easily distinguished

by identifyirng +the thick anorthositg:ggich overiies it. It is

not as resistant to erosion as Seam Nos. 1l and 17 but, neverthe-
less, outcrogs fairly strongly end, unless therc is a deep soil

cover, it ean be followea in the field,

The polished scetion (MNo.27) is of badly weathered magactitite.

m | . .
The magnetite has been altered to i and the ulvite has turned
grey. There arc plenty of ulvite boxes but few spinel plotes.

T

Veinlets exist of a fresh transpareat mireral which can only be
spinel or qgartz as all the other silicates arec ezxtremely wea -

thered. This vein minersl is coansidered to be sninel.

A lerge ilmenite grein was observed to emclose & smsiler ilmenite
crystal, Iimenite grains,in contact with msgnectite,tend to be
subhedral, whereas those bordering gongue are arhedral, This
may %e due to »nartial replocement of ilmenite by gonzue, The si-
licate is weathered bat is comsideres to be poikilitic,nrobably

> @

orthorho~bic, wyroxene (Fig. 81),

Jover Seam Ho, 14

congsists of two swall wnits ten feet apart, both of which are aboat
four imches thick. The klocks arc less than two inches in size,
but are sufficient to indicate the position of the horizon across

the 'Flats' north of Kagnet Heijhts 843, XS,

!

Usnrer Sear: No. 15

is problematical as it wos enmcommtcered only on Ironstone 847.XE,
No trace of it is to be found on MVegmet Heights 845. X3 or else-

where, It is very friahie ani is either discontinuous or obscured,

Upner Seam Nos. 16,18,19 and 20

are friable, poorly di“ferentiated and two to four feet thick.

They h~ve no resistaonce to weatherin and are exposed only im fa-—

vourable streem sections on Maznet EHeirhts 848, S,

[}
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Us-er Seam Mo, 17

consists of one foot of hard magnetitite, which is tremsitional
upwards into megnetite moorthosite, The blocks of this sean

ere mingled only with fine magnetitite nebbles from the unper-
most seams. Seam Nos. 17 and €1 are the only seams of the unper-

most group which can easily be traced on 'The Flats',

The mrgnetitite is strongly weathered, and most of it is composed
of closely packed magnetite crystals separoted by & thin film of
weathered¢ gangue, Abundant alvite shows up clearly end ulvite
soxes arc nreseant though no stinel! wnlates remain. There are
veinlets of seconiary magnetite and martite comtaining also pat-

ches of possible snincl (Fig. 42).

Unwner Seam No. 21,

)

fully thirty feet thick, is the giant and the upnormost of th
seams {(Fig. 62). The lowest ten feet is composed of thin units
about two inches thick of friablce megnstitite interstretified with
irreguler bends and lenses of anorthoaite (Fig. 62). Uowards,
the magnetitite Lecomes more feldspathic ~nd the 2aorthosite ill-
defined, until the seam passes groduelly into magnetite gabbro.
Under the shadow of the Sigrel Hill %uart21ue, which sinks to
within one huadred feet of Seaw No, 21, it is estimuted that the

seam is only cbout two-thirds as thick es elsewhere,

Seam No, Z%butcrops as & low ridge coveres with fime m-gnetitc

send and snall magnetitite blocks. To determirne the value of the
dip, it is usually necessory to siul a pit, The smuccession of
layers con Se identified by implementing the fact thet below this
secam lie such prominent moarkers as Seaw No. 17, the spotted gabbro

.

and its wmderlying thick anorthosite,

Southwaras from llegunet Hdeizhts 846. XS, Searm Mo, €1 rums pazrallel
to and about one-tlird of the way up the stecer escarprent wlich .
rises to the Moof, It is ovscured by recent deposiis on Iroogehoek
882. ¥S , but reappeors =2nd can be traced southwards on Le Hoop886
XK. . On Ironstone 847, X5 it scems to be interrupted for about

one thousand feet by = large transgressive hornfels senolith,
L]

In the west of Magnet Teights 848, W3, Seam No., 21 dips to the
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west and continues northwards out of the area. On the
eastern portion of Magnet 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°

to 150. 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.

M e d»
The magnetite is extremely mertitised (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 FLUGS

The only place in the arca 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 circula¥ plugs and another is a

dyke-like body about three hundred feet long and twenty fcet

wide.

Composite plug on Steelpoortdrift 365. KT. It is made of

three adjacent, discrete, approximately circular bodies of

magnetitite,. The smallest is about 10 feet and the largest
b eved
is about 100 feet in diameter, The magnetitite is mardd

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. 1In the polished section (No. 32) there is also 5
little interstitisl ilmenite present, and about 1% of uniden-

tified sil DRBsE@oy the Department of Library Services in support of open access to information, University of Pretoria, 2021

78 ® * & &40 ¢ 0 0 % 0 4 s



g. 62 llaximum development
of Seam No., 21 1in
river cutting on
Ironstone 847, S,

Fig. 63 'Close-up' of Sean
No, 2! in the ss
locolity demomnstra-—

ting barding of the

megnetitite and itsthe
inclusion of anortho-
site lemses,

a
|
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TABLE 4 PROPERTIES OF THE MAGNETITITE PLUGS

HORIZON |oReSEnt |codrer piavETes
SUB-ZONE D | O0079%/o| 1O FEET
SUB~ZONE C 2 065°/0 |50 FEET
SUB-ZONE B 3 1:130°/0 |30 FEET
SUB-ZONE A 3 1-59/0 {70 FEET

BELOW SUB-ZONE A 6 1’759/ |IOOFEET

FIG.64. Available V,Og Analyses of Bushveld Magnetitite seams & plugs

Main
.2 3 Seam Root
204 ¢ | | ‘
Sub-Z | I '
) | |
| ! |
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} | |
| |
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v | | |
(2)/05 l l |
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|
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in Cub-zone 2 there are three small pluge which are

nearly circular and¢ are compoceé¢ of pure magnetitite.

Sub-zone T on Kagnet Ileifhts C46. XU ccatains twoe plugs

bot:r of which are associated with ancrthosite. The larger
one cutcrons in hard troctolite telow Seam No. 8. It
concists of a2 discontinuous ring of magnetitite surroun-
¢ing anorthosite. There is a transition over about a
foot through feldspathic magnetitite into the anorthosite,
wiich contains a little megnetite, pyroxene ancd sulzhide,
and Frobably represente an outlier of the anorthosite band

below Sean No. %.

L e e maanis . . .
The magnetite ies wmeetitieel and contains ulvite which some-

times forms ulvite boxes but no sPinel tlates remain.

Below Seam No. 11 is a crescent of magnetitite partly en-
circling znorthosite. The striking feszture of this ore
is the abundance of ilimienite lamellae with obligue ex-

tinction (Fig. ul).

No stinel was detectec but scme very fine ulvite present

is barely visible uncer the highest magnification (X20CC).

The highest lug in the seguence is ten feet across and

cccurs in_Cub-zone D, nczcar the horizon of the spottec gabbro

about 1,00C feet below the Rect,

THZE

g.) THE CHEMICLZL COMWMPOCITION (F

MACHETZIC IRTHN CRE

The Anglo £American Corperation has kindly made available

to the author for publication V45Cg assay results of magne-
titite of different seams and plugs in the Magnet Heights
area. The V4Cgp content and the numlier of ascays from which
the average value was cerived, are shown on Table I. The
information obtainec¢ from these V,Cg analysee can be sum-

marisec¢ as follows:
(a) The V4oCg ccntent of the magnetitite seceme and plugs
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TABLE 3 VOLUMETRIC COMPOSITION OF THE MAGNETITITE ROCKS VOLUMETRIC COMPOSITION OF THE ORE
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is & fuaction of their position in the stratigrephicel column
an¢ is not related to their size or thickness (Fig. 64 and
Table I}

b.) The seens show no lsteral varistiond in Volg5 content, This
/
aprears to be true over the entire 3Jushveld Complew, results
from Northem ia the Jest Transvaal being “irectly corperesble

with those from FMagnet Teights.

c.} The Vs2= content of the plugs is slightly less then, but simi-
; 5 plug & J

N
lar to, Ehgnetitite seem near the same horizon (Fig. 84).

d.) The seans, and to a large extent the plugs, can be grouped into
four sub-zones with Vgly contents of approximately %, 1.5%, 0.6%
and 0.2% (See Map IV). There is an overall decrease in the
Vo5 content and Fe countent, and an increase in Tilg content
upwaras in the coliamn, The result of plotting Volg content
egsinst position in the stratigraphical colum is showm on Fig.
64, (The Vols content is plottei on the ordinate so that  the
graph can be commered with thet of Vincent & Phillins (1954,p.18).

2
[

Average assays of the liain Seam and Seam No, Z1 follows -

Tidp Fe Voly
Seem No. 21 18% 50% 0,3%
Fein Seam 14% 51% 1.6%

hs alreedy pointed out by Schwellnus and Willemse (1942, p.33-24)
S

the fact that, wher Tilg increases, Valj decreaseﬁ, nroves zlmost

conclusively that the Vgl is not contained in the titenium miner-

als,

4,) LAYERED BiSIC ROCKS

The four important rock minerals encountered are plagiociase, »ny-
roxene, magnetite and olivine, The first three are locally con-
centrated into monomineralic anorthosite, pyroxenite and magnetitite.
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Olivine reaches a maximum concentration of about 3C% 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 535 of sample taken in layered rocks below
conical hill capped by quartzite, in the eastern part of

Magnet Heights 846. XS).

In the following account of the rocks, the distance of a
layer from the Main Scam is stated in feet, and the rock num-
bers, which are the same as their slide numbers, are indica-

ted on the regional map (No. 1).

Anorthosite (-1,000 feet, Slide 59) contains little intersti-

tizl clinopyroxene and there is some overlap of feldspar and
magnetite crystallisation, though magnetite tends to be later
than the plagioclase. Some of the larger plagioclase grains

are bent (Fig. 65) and between these large laths is late cry-

stallising feldspar (Fig.66).

Troctolite (~100 feet, Slide 40). This rock, on weathering,

gives rise to an uneven knobby surface. It contains a little

pyroxene,and plagioclasey 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 (Slide 3 and 60C)

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

Frof. 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 position
was noted, probably for the first time, by Prof. F. Ramdohr

during the International Geological Congress tour of the Bush-

veld Complex in 1929,
Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021
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Fiz. 65 A bent plegioclese loth in anorthosite (-1,200 feet,
Steclpoortdrift 365, XT, 3lide 59). Crossed Nicols,
X 3¢,

Fig. 66 Snall late-crystallised plagioclese graing interstiticl
tc lerge laths, Anorthogite (-1,200 feect, Slide 59),
Crossed Niccls, X 52,
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Within one inch of the top of the anorthosite is some olivine
which crystallised late in cowmpany with pyroxenec, Farther hbelow
the seam the only dark mineral is about 5% of poikilitic pyroxene,

partly altered to hormblernde and chlorite.

Norite (150 feet, Slide 42} This rock samvle was taken on Megnet

Heights 848, XS and it is the only true noritc thet was identified.
The orthopyroxene contains exsolved clinopyroxene end there are el-
so & few discrete crystals of the latter mineral, Feldspar began

to crystallise first hHut leter crystallised siaultancously with

orthopyroxene,

“yroxerite {420 feet, Siide 45) Megnet Ueishts £46.“3  Tkis rock

was sampled in the western tribatary joining the Magnet Zeights
Niver ehout a mile so*th of the Store. It contains shout 8°% of
pyroxene and there is twice es much ortho- as clinonyroxene. dy-
roxene is included in plagioclase crystals aad grew simultanecously
with, or eerlier, than plagioclase. This is the only rock in which

pyroxene was secn to e included in feldspar.

Gabbro below Seam No. 6(447 feet, Siide 15} Ilagnetite =nd plegio-

clase crystellised first (Fig. 19), being embedded in & pyroxene
groundmass., The rim between clinopyrozene end plagioclese and he-
tween clinopyroxene end megnectite is orthopyroxene, Thet between

orthosnyroxene and plagioclase is clinopyroxene, In an intergrowth

of pyroxene and feldswar, the former seeans to be replacing the latter.

. . - .
Troctolite belovw Seam No. 8 {Slide 46) forms a w»rominent scerp

(T4 on Fig. &.). This sheet is =bout twenty feet thick and out-
crops strongly aorthwards across 'the Flets', It is exjsosed nesar
the sisel hedge on the road to Jane Furse lHos»ital., It is easily
traced southwards wntil it disamnears beneath recent depesits on

Aapieshoom 834. X3,

Anorthosite below Scam No. 8 (Slide 8!) consists of four clecsely

szaced bands, The uppermost three =zre each one foot thick and the
lowest ome, which lies directly shove the troctolite, is eight feet
9 y ’ &

thick,

Hynerite Fenolith in Seam No. 1! (1,770 feet, Figs.56 % 70,Slide 22).

Orthopyroxene is three times as common as clinopyroxene and the

*the olivine of tHidliseRytheReparimentef Hrary §yvi§pé BLSPRPOR ¢f open acc/essstg information, University of Pretoria, 2021
(1958’ p.3>.q/ Was cowa %W“\/Wh\’umﬁ‘iﬁ}v"gg‘l FL EEEEEEREEEEEX
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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.

Fig. 68 Prominent ban&yg 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
Dlsgft%sz,*d by’fh% Department of Library Services in support of open access to inffrmgt?n, University of Pretoria, 2021
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Fig. 59 Spotted gabbro (2,500 feet). The white ovoidal spots
ere piagitoclase,

9 : A

Fig. 70 Hy»nerite occurring as & wenolith in Seam No. 11,
0 - orthopyroxene exsolving clinopnyroxene

C - clinopyroxene, P - nlagioclase, I’ - magnetite.
Slide &£2. Crossed Nicols, T 39,
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biotite has become darker than lower in the se.-uence. The
orthonyroxzene has exsolved clinopyroxene and magnetite includes
small plagioclase crystals, & phenomenon which was observed oanly

in this rock,

Troctolite (1,800 feet, Slide 48) forms another comspicuous scarp

—
(Fig. 4) and is about fity feet above Sesn Mo. 1l1.  Troctolite

outerons as unbroken sheets in contrast to gabbro, which weathers
along its joints and disintegretes into blocks, It comtains little
ryrozene and its olivine ccrystels are comsiderebly cleaved. There
is some imtergrowth of mognetite with olivine.

Lnorthosite above Scar Mo, 12,{Slide 63}

.

It is mottled and overlies the scam with a sharp comtact, The
nyroxcne preseat in the rock has formed poikilitic grains (Fig. 72},

Therc is sone interstitial magnetite present,

Plagioclase, mag:etite and olivine are interpreted as heving

crystailised simultaneously, though the megnetite was vossibly first.

Rising from Seam No., 14 is & steep scarm composed of gaburo at tae
base and capped by a sheet of troctolite (Fig. R,Slide 5C). This
scarp is & promincnt feature and outcrops across 'the Flats' to the
worth as & ridge a few feet high and is also the lost ridge to be
submerged to tlhe south mnder the recent deposits on De Hoop 836. XS.

The febric of this troctolite is showvm in Fig. 7i

Anorthosite above Seam No. 15 (Slides 62.and 64) This forty fzet

thick band is the highest anorthosite in the sequence and has a
sharp upper contect with the overlying svotted hypersthene gabbro.
The band outcrons strongly and even om 'the Flats' produces & litter
of rubble. It weatliers to a particularly sticky red clay and the
portion of the road to Jeme Furse Hospital, which traverses it, is

almost impassible to motor vehicles after heavy rein,

Spotied Hynersthene Gabbro {8,500 feet, Fig. 72, Slide 51) contains

ovoidal plagioclese bodies (Fig. 69) end is comsequently a good marker
band . Those bodies arc comvosed of corroded feldspar sggregeates

which contain a weathered dark mineral, probably pyroxzene. Thkcse

Digitised by the Department of Library Services in support of open access to in?)rmation, University of Pretoria, 2021
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71 Textural relationghip betweer plagioclcse (black)olivine
(grey) end megnetite (white). It is interpreted as indi-
cating simultencous crystallisation of the three minerels,
though magnetite may be slightly carlier than the others.
Troctolite {2,800 feet). Slide 57, Negetive photograph,Z7,

72 Plagioclasc laths (black) enclosed in a poika'itic py-
rovene crystal (wiite) tovards the right hend side of
the photograph, Anorthosite aove Seam Mo, 13, Slide
53, Negative photograph, X 5.
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Fig. 72 Biouvite (grey w»lates) is interpreted as having crystallised
sirultaneonsly with magnetite {black),and likewise clino-
pyroxvene (grey and hatched) with plegioclase (~hite}. A
little orthopyrovene (7)) is presemt. Snotted hypersthene
gebsro (3,50 feet). Slide 51, Polerised light, X 35,

Fig. 74 Apetite (a), pi;gioclase (p), olivine (o) and clinopy-
roxene (c}. Olivine gabbro (4,200 feet).Slide 52.Tolar-
ised light, X 35,
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These feldspathic inclusions in the gabbro mey %e corroded pheno-
crysts, or mey have been crystal clots suspended in the magme., In
tie rest of the rock, clinopyroxene is the dominant pyroxene and
there is a coqslderable emount (10%) of wegnetite in the rock.

Biotite

with megnetite eand likewise doms

clinopyroxere with feldsrvar (Fig. 72},

Between ome hundred and ome thoussnd feet of gabbro lies above

Seam:z Mo, &1, “here the roof materizl is disbase, leptite or
graazite, the gabbro is wcerly & thousand feet thick, but the quartz-
ite outlier of Sigmael Hill has sunk ucconformably to within one

hundred feet of Sem: No. £1 (Fig. 11},

Olivine Gabbro below Signal HMill Quartzite (4,277 feet,
. . AY
Figz., 768, Slide 5%

Apctite is elways idiomorphic. Magnetite end plagioclase crystal-
lised esarly followed by olivime which is cleaved. Biotite is very
dark zad crystellised sirmltaneously -rith maogmetite. Climopyroxcae
has exsolved a little magnetite, L iittle pyroxeme is sltered to

hornbklende, wiich also seoms to have replauced biotite.

l®

The topuoal pert of the gabbro is contarinsted By @oof raterial.
Evidence of graritisstion in the field is reddening of the gabdro
and the eppeercice of irreguler pegmatite stringers, Hornilende
hes replaced poikilitic pyroxene crystals in the gabbro. “here

the gabbro is in contact with sediments of the Roof, it is inter-

ningled with hard, grey, flinty, intersely metamorgphosed, material,

Derk Patch in Gabbro (4,770 feetSlide S3)
)

'he dark minerel is & large poikilitic horablende crystal which
seenns to have rapleced pyroxere, £s the rock contains o lithle
quertz, sad uearly cqusl %1w“t1 sies of orthoclese snd pla

1
azgioclasc,

it is called monzonite.
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Fig. 75 Hornblende (h) replacing pyroxene (py). Also in the
photograph are nlagioclase {p)}, olivine (o), magnectite
{m) and apetite (&), Olivize gabbro (4,407 feet).
Siide 56, Folarised light, X 35

Fig. 76 Clinopyroxene (c)} cxsolving megnetitc (bleck). Also
present eare plagioclase (o), olivine {o) ond apatite
(e). Olivire gabbro (4,420 feet'. Slide 56. Polar-
ised light, X 35,
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TABLE 5
VOLUMETRIC COMPOSITION OF THE SILICATE ROCKS
S| ¢ v v

s Position g .i § . s . v g § l&':

w |in Column| Y al|l 2| = sl | =t 3] > ° -

§ Relative to 'g- *_:’; .g é §' ° §. E 5 f; §~

Main Seem @ | 0| g || 2| ®| <] x}jO]| O &

54 |8 L‘:‘J:,ii";'“c’zg B Rittig® 2 [Areie] 2 [© 25 [“s0 | Normal Granite
55 [§|Asantfan] 7 |Ci2 B8 flitie|[tirie|” 8 |° 20|° 5 | Quartz Diorite
53 | 4700'* 30 T T P25 P9 [P35 | Monzonite
so | 4400 [A56(%2 |26 |Bio [*2 |Trace| 1 (3 Olivine Gabbro |
s2 | 4200 Pse(®s [P22 |Bs [fa |fa [P Gabbro ‘
st | 3500 |* 60 €0 A ofP 3 Hyper{hene Gabbro ;
2yd 3400 Age ¢ | BO~5 BO-S Anorthosite !
so | 3200'|* ¢y Co4lPs |Fos [Pas Troctolite
49 2900’ A42 B I5 835 B-, B | Hypersthene Gabbro
48 1800" [Pes |B2 B [Pag |4 [A2 Troctolite
22 1700 A36 Bso I3 Bg A| Hyperite Xenolith
47 1500 Aeo B 20 Dariy Noritic Anorthosite
61 1250’ A 90 B 5 n;’hlcz Cs Anorthosite
46 1200’ A45 B 3 A45 A6 A I Troctolite
15 440 A 78 c 4 c T 5 6 A | Magnetite Gabbro
45 420’ C16 BSS B22 B2 A2 Pyroxenite
44 340' |Psg B|3 B 20 82 %’mcc Hypersthene Gabbro
43 150' ASS A4o Bs Norite
42 T 76 B| A 20 A 3 Magnetite Anorthosite
41 » .1' A 86 c 2 Co.s B o | 15 Magnetite Anorthositq
60 RFO o 95 ° 5 $m¢ Anorthosite
37 -30' A 80 BS A 15 Littie[Trace Gabbroic Anorthosite
40 -100’ A 7i 8 2 B.’:’6 ﬁime "?‘racc Troctolite
39 -9o0'{* 40 B i9 B32 59 Hypersthene Gabbro
59 - 1,000’ A9 B 3 A | Anorthosite

% NUMBERS _ARE ﬁqui%me OF . OTAL_COMPOGITION . . R
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Grazite egainst Leptite roof (4,820 feet on Schoonoord 226, XT
Slide 54}

This rock contains 25% %martz and abandant microperthite, evidently
o renlacement perihite. It is obviously a grsnite. Biotite and
pyroxene ere being replaced by an amphibole vhicli, in places, hes
a comnspicuously green pleochroic colour, Apstite snd megneibite

are 2lso present and the rock is regarded as & graaitised gabbro.

Quartz Diorite in contact with Diabese roof on Puizend Annew,
818, XS (Slide 55)

In this slide are smell euhedral biotite and spatite crystzls. The
clinopyroxenée contains exsolved magnetite. In the rock is = con-
siderable amount of msgnetite, A little orthoclese has replaced

» .

plagioclaese and this rock is also comsidered to be e graritised

gaboro.

I.) PARAGENESIS 07 ILMETITE, UuVITI AL SPINEL IV THE MIGHWITITITE

Before counsidering the petrogenesis of all the mimerals together
1 %) by 5 b

the salient paragenetic features of cach will be swmerised.

a.) Ilmenite. Four varicties of ilwmenite were obdserved inm

the magrnetitite,

{i) Coarse subhedral crystals (Figs. &6 =2nd 27) ere oftcn

twinrned snd meny conteain exsolved magnetite and spinel
(Figs. 28 and 29). There is some slender evidence that
these grainms are younger than the m&gﬁetite’but it is,
nevertheless, very likely that they are primary crystaols
nreciniteted directly from the megme, The large size
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snd difference in appearauce (twinaing end ersolved
megnetite lamellee’ of these ilmenite greims in the
Bushveld magnetitite compsred to the obviously exsolved
ilmenite suggests strongly that these lerge crystals

were precipitated directly from the magrma.

hccordirg to Vincent (1967, p.1013) in the Skaergeerd
Intrusion, nrot until perhaps 75% of the whole rmegme
had crystallised, was the remainiag liquid able to de-
posit titeniferous meznetite {ond probebly clso ilme-

nite} in mentity as a primery precivitate mineral.

The exsolved megaectite lemellae in the Bushveld ilme-
rite are often interrupted by spinel sheets (Fig. 29).
Ramdohr (1955, p. 10) pointed out that swminel in il -
menite often occurs next to maguetite or heematite,
Vinceat and hillins (1954, p. 3);}ecorded that megne-
tite lemellae exsclived by ilmenite mrobably comtain
inel and Vincent (1987, Fig. 7 has éggéxphotogr&?hed

\&khJ

8P
2is pheno-enoa.

t

Interstitial Iimenite Greias (Fig. 20) wusually  are

i

untwinned and hove not exsolved magnetite lamellae. They
mey have been precipiteted direcctly from the megma or,
otherwise, hove grown frem through segregstion of il-
menite lamellae originally exsolved by mognetite, It
is tentotively swursested that ilmenite lamellee in the
megnetite mey sometimes hnve segregated into the inter-
stices between the ragnetite crystals leaving s==33
gr=tas behind small gninel grains cs & discontinuous

sheet (Fig. 29).

?Primery Ilmenite Lomellae (Fig. 22) are scattered

spercely ond irregulariy throughout the mignetite grains
of the scams and were exsolved dircctly from the meag-
netite early during its cooling., They &are ccnclusively

. s . . . A
not formed by ovidation of ulvite cs this mineral e
directly in contact with the lamellee. As mentiomed nre-
viously, these lomellae mny sometimes have segregated
into the interstices to form small imterstitial ilmeunite

grains.,
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iv) Ilmenite of doubtful origin. According to Fandohr

(1952, ».622) small ilmenite lamellae showing obli-ue
evtinction, n%vngeen produced by oxidstion of ulvite.
If tﬂls%is:t:ﬂs, the fine lamellee near the base of the
liein Scem (Figs
Secam Mo, 11 {

=tvite, DLvidencc possibly corrohorating this is the fact
b o

. \ i - *g‘.\s sy
ig. 31}),hnave been produced Hy—es3

gs. 34 end 35), and thosc in the plug below
P

that they ere eantipathetic in guentity to ulvite.Famdohr
{1956, ». 12} recorded thet "ilmenite has beca scem in
all stages of change to ulvite. Inside the triangle
FegTilyg-Fealy—FeTilg simultaneous sepcration of ilmenite
snc unlvite is to Dbe expected near the magnetite cormer
{Pi=—g>>, Foslie's asswption that ulvite oridised to
give iliermite is not clweys correct. Nevertheless,

secondary ilmenite coming from ulvite is found"

2Feg Tildy + 0 3Fe Ti%q + Feqly
& a 3v4

<&

(nlvite} (ilwenite)(megnetite)

However, these fince lamellac mey have been exsolved di-
rectly from the mognetite ianstead of&gf;ite if sufficient
oyren wos avsiiskle, £11 the volished sectioms comtain
irregulzr, very fine, iluzenite which 30st »probably was

nroduced by owideti of ulvite, In nlaces sccondoery

P}
=}
&

lamellec mey have Zegan to develop by thiis process (Fi~.33},

b.) Ulvite is elmost maiversszliy present in the negnetite. here

it is rere or eksent, its wplace Zas been taken by fine ilme-

nite larcll . Fenerally, the megneltite coniteins about o

T its voluse of ulivite,

Spinecl, probably near to FehAlglyq in commosition. Sninel

i 9 “ ® <
vletes sre oresent in all the sewms as high as Seam No. 124,

They reach & merimw concentration of £F in the mugnetite of

he /zin Sewm cnd Sean Mo, 3, Ulvite hes formed boxes round

Wy X ubu.s ot s

spinel, Ipn the mogretitite above Senw Mo, 1& are ulvite boxmes
and it is therefore inferred thct some spiael plates ~were
prescut but subse%pently mipgrated out of the mognetite into

the interstices (Fig. 4%). DNevertheless, o generalisation

con be made thot the uppermost scams cozxtain less spinel then
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»osce Lower in the scwyence. The Plat;s are irdterareted &s

heving erselved later thra much of the zlvite {Fig. 27 ~nd e
the fine ilmenite lamellee (Fig. 34)., Spice’ Llebs hove

- . . . . 4 . \
&cszulatea in the nergin of lorge ilmenite crystols (Fig.os)
0 i
Jdarge ilmenite lamelise (Fig. 22} =md The constitucnts
: Fvon~
nroscbly reschei the ilmenite LUy dircet migration by solid

solution wiith the magmetite,

O

The sninel nlates arc considered to hrve bien relstively mo-
bile and to have becem carable of seyregating into discrete
greins (Fig. 47. Pletes hove not been mentioned by Vincent
end Paillins {1954 and 1067 in the Shaergaard mognebite and

this roy be due to the abuadance in the Skaergoard of gansue
into wiich the swminel migrated out of the magnetite. For
evamplie, »he pure magnetitite of the Mein Seam contoins plemty
of spinel platcs while, four fcct above the sear, there is none,

Sninel sheets occur ia the pleces of megnetits lamellce cexzsol-

ved by ilmemite (®iz. £¢). Vincent {1087, p.17°77 cag Fig., 7T,

also recorded the sate phenemcnon in the Shoorgaard Intrusion.

1. ove

Gezeralised naragenetic sequence of exsolution of minersls
in the Bushvelld magnetite

Ls the solid mounetite coolad, the first minerals to have been
exsolved were the prirery ilwmesitc lamelloe znd ulvite. In

-

rlaces such as near the base of the Main Seam, smnll ilmenite
1

lamcelleac may hove been exselved instead of unlvite, implying the

aveilability of oxygen Jduring cooling.

The Fain Scaa contains arnnrowirntely 14% TiCeo &nd about 35%
ulvite and 5% ilremnite, 35% ulvite end 5% ilmenite recalcu-
lated to Tilg gives sbout 14% Tilg, whick is apsroximstely that
preseat in the Voin Scom, Thercfore all, or mearly all, of
the Tifg hes been expelied from the magnetite lattice end is

now incorporatced im ilmenite and ulvite,

3

he Ti%g content of Scom No. 71 is 13% bat, as there is only &

smoll increase in the omount of ilmexnitc compored to the Main

2

eax, ulvite nrodably increases slightly in cueatity uprards in
the seguence,

/ 99 ceceanocneanns
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The third mirerel to have been exsolved from the magnetite
wes szinel. Epinel (FellgC,) contains about F1.5 £1. IMag-
netite exsolving %,. s_.inel must hzve held abcut 145 Al in
. Wilson (19t3, .Z7C-<C7) listed the

following atomic radii: 41 7 C.E7, Fe " 'Tc.s7, Fe ‘To.gv

. +++ . . . . .
Ti 0.69 ancé sointed out t at the esse,wWwith which an ijon

- =

its lattice. | S

is accommocdated in the lattice cf a crystal of another ion,
cepends on the degree of correc-oncence of their atomic
radii, their veaslancies being egual. Fe' " shov's the biggest
fiscrezcancy in the above list and it is zlso Fe++ which com-~
bines with Ti and ¢ in ulvite and ilmenite. Possibly

these minereles were hurriedly exsolvel by magnetite because
of this discrejency in the atomic racdius of Fe++. However,
it is also postible that ilmenite and ulvite wWere exsol-
ved first because the magnetite contained much more Ti than
Al. There is some ovarla~r of the exsclution of thecse two

Ti minerals with that of ssinel.

The large ilmenite crystezle, probably rrecipitated  di-
rectly from the magme, developed twinning anc exsolved mag-

netite lamellae d¢uring their cooling.

The last chemical reaction t¢ have taken place curing the
cooling of the megnetite was the oxidaticn cof some of the

ulvite to fine irregular ilmenite,

hysical reorganisation of the minerals, thought to have

taken place a2t a late stage of cooling, includes

The

1.) Segregetion of spinel tlates into discrete grains and
mipration of sginel into ilmenite andé gangue.

e
2.,) Poceible migraticn of ilmenite lamellae into the inter-
stices of the magnetitite. BEcwards (1984, 2. 77)

recorded that migration of ilmenite intc the inter-
stices between megnetite grsins is possitle if cooling
is slow!

Weathering of the megnetitite groduced martite, maghemnite
and¢ veins of secondary magnetite containing lamellae of

hematite.

/lCl............
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2.) Petrogenesis of the monomineralic rocks in the upper
Portion of the layered rocks of the Bushveld Complex

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. ié“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
D|g|t|secf by the Department of Library Services in support of open access to information, University of Pretoria, 2021
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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 Magnet 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 V905 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 magnetite 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.
/102 9600000 avoeoe
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Differentiation st deptl entails squeezing out ~nd in-

-

trasion of the mognetite magne to o higher level, to sprend

ouat os o mniform sheet seventy miles lozgz =omnd sixz to amine
feet thick, Mo scom at Meogmet Heighis or elsevhere weos
seen to tronsgress from ome horisom bo anolhier nor WLs &ny
evizence observed g?ust*ng o break ia the layered rocks
et the horizon of tic lluin Setm. Thkis hyv eft esis also

fcils 1o cxrlain  the feldsmathic P:rtlh% in the ain Seam,

If the plugs wers feoders bringing us masaetitite from be-

(")
¥ :'1
)
!-l-
3
[£7]

towr to feed the seamg, ot th e~ norizon for evomprle,

oac woulz exmect to fimd piugs with Velp contents corres -
ponding to oll the sewzs higher ia thae soquence. Wh~t is,
ia fact,the cuse is that the Yoy comtent of all the plugs
is similar to thit cof the senms near the same horizon

. This sugrests that plugs originsted not fer

A
/ e

(Piz. 64

p)

fron the horizon a¥ which they mow occur,

Crystsl settling, =ided hy convectiocn currents, wos first
aut Torverd by Grout (1912) os o mechaniss 4o eyplain the
formation of momomimeralic rocks in the Duluth gabbro.

Teger % Sseer (1986 sugpestel the sere theory to exmnlein

4he differentintion of the Sraergacséd intrusion., Jiffer-

Z
enti~tion ¢of the Stillwnter Complex wos concluded Dy Hess
(1958) olse to hove heen droduced by this mechrnism,Comeron
{(1e59Y, deoliny with the chromitititc scams of the Jostern
Sushveld Complem, decided that the senms were formed ULy
sorting ead¢ devosition of chrorite crysisls Ly mugnnlic

currents follorea by sul sc%xenu eariclunent of this crystal

™

nile by the process of diffusicn to preduce pure chromitite.

f
A 2 e .
Steyn {195C, ». 47) worTing at ln net Heights, mede the
followiny importent obscrvations -
»
" Die relotief vroeg  kristolligercnde maguctiet ket deur

L3

sranrbekrogs — differecasiosie uitgeskei en versanel op
'n meer soliede bodem om dcear 'n 1o63 UH&OPW. "

eger, Browa % Uadsworth {1957, ».75-3") introduced the followy

nseful term:s. Cumualua mnoterizl is thoet which accuszulated
on the floor of the magme chorder by crysinl settling.

Iztercumuius material is the setrix which cemented this

cumulius crystel 9ile
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Crystal settling is the mechanism favoured¢ by the writer,
for the following reasons, to exzlcin the formaticn of the

monomineralic rocke at lMagnet Heights,

~lagicclase and magnetite began tc crystellise eerly and,
therefcre, in the rartly consolicated megma £here—were Cry-
estels of these minerals, ﬁi;zzzcould kave been degosited ss
layers of megnetite or 2ﬁL:¥:§2ifa crystals by magmatic sedi-

mentation. *n contrest olivine, whichk crystallised late in

is 3art of the Bushvelid Com:lex, <{oes not form dunite or
harzburgite. Yyroxene, which also crystaliised late, rarely
formed pyroxenite,.
Ls magnetite end slagioclase were the first minerals to start
crystallising, it is reasonable tlat they should occur to-
gether ac they, in fact, co. If a shower cof magnetite and
rlegioclase crystals started to Cescend towarde the floor of
the megma chember, the first to arrive would have be:n the
denser, though smaller, magnetite crystels which would then
have been folliowed br the slowly travelling feldezear. lrystal
settling woulé have producec a conformeble layer of cryctals
on the floor of the megma chamber, if that flocr waes level
and jrovided the cceonditions in the megma were uniform and

megmatic currente were nct erocive,

Evicence of flow, whick existe, can be incorjorated into the
theory of crystel settling by assuming that currents could
heve. helped in the formetion of monomineralic rocke by selec-
tive mpgmatic sedimentaticon. Cmell encrthesite xenoliths in
the I‘zin Seaiw might unave risen from the anorthosite footwall,
but were more likely to have besen crystel aggregates suspnencded

in the magma.

The one foot thick feldspathic Parting in the centre of the
fain Seam can Gbe exPlained by the thecory of crystcl settling
by postulating that the Parting may represent a chort brezak

in the deposition of magnetite crystels. The steady change
in the Vg(g content of the ceams upwerds in the sequence,which
corresponds closely to tlat in the Claergaard Intrusion,

sugpests scme continuous rccecs of differentistion. While
EF

/ lOl\: e & o ¢ o v &+ o 0
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magnetite began to crystallise early, it also continued

to separate from the megma for a long time. It is possible
that residual magnetite-rich liquié¢ in the interstices of
the nearly solid gabbro was locally concentrated into late
pegmatoid segregations which wWere intruded ugwarde as mag-
netitite plugs. This is also the oginion of van Rensburg
(1962, p. 78). The parent magma of the layered maifc rocks
is thought tc hiave been basalt as this is the only tyge '
of magma which has been _roved to have been generated in .
large quantities in the earth's cruet. Hith regard to the
intrusion of this magme, there are two poscibilities: a)

it was continuslly or intermittently added to a considerable
amount of magma, wWikich was already present and J¢ifferenti-
ating in the megma clamber, or b) 211 the megma was intru-
ded before differentiation began. Cooling must hasve taken
2lace through the roof of the magma chamber, which waec not
necessarily level. Iflap>ing shows that portions of the
Cignal Xill quartzite sank several hundred feet into the
gabbro. To have had a level uncisturbed bottom, the magma
chamber must heve been at least a thousandé feet deep at

its deepest wpoint sco that the corrugated roof was floating
clear of the floor. There is evidence of magmatic cur-
rents but they cannot have been as strong as they were in
the Skaergaard Intrusion or the Stillwater Compzlex where
they eroded the floor of the megms chamber and dejosited

the rocks as very clongated, lenticular units.

£Ls the gabbro of the liain Zone crystallised, the concentra-
ticn of ferric iron is fostulated to have increased and
megnetite conseguently began to crystallise zrogressively
eavlier. Below the horizon of the lowest magnetitite

seam,mzgnetite did not crystallise carly enough to have bean

abled—dtt—tc= sorteé¢ as a separate Phase by crystal sett-
ling. The megnetite in this locality rather formed late

dykes and plugs.

It is suggected tiet, at tre horizeon of the lowest scam,
the magnetite crystslliced cufficiently early to have
allowed it to be separated mechanically by magmatic sedi-
mentation into a layer of magnetite crystals. dnother

soscibly relevant fact is that, sheortly below the Iiain
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Seam, biotite appears in the layered rocke imglying the
cresence of water in the magma. This might have in -
creased the fluidity of the magma and thereby facilitated

crystal sedimentation.

The large amount of anortiosite, which separzted out by
crystal sorting sbout fifty feggfpand also directly, below
the lMein Seam may have tilteé the balance in favour of
magnetite crystallisation c£o that, when magnetite began

to separate, a ccnsidereble shower ¢f crystale was re-
leased by the magma. These megnetite crystals would kave
macde their way to the floor influenced by gravity and
mapmatic currents to form a layer of mapgnetite crystals
about three feet thick, constituting the basel -“ortion of
the Main Seamn. 4 temporary slackening of the magmeatic
currents or a decrease in the rate at which magnetite was
"being precipitated may have caused the formation of the
one foot thick felcéspathic carting in the middle of the
Ifain Seam. Then the return to the almost exclusive depo-
sition of magnetite crystels would have producec another
thaick layer, which now constitutes the ®pper portion of
the Liain Seem. Plagioclzse may tlhien have been precipi-
tated at the expense of magnetite or a change in condi-
tions of sedimentation may have taken :-lace to have pro-
éuced the transition over one foot from magnetitite through
feldstathic magnetitite intc the overlying magnetite anor-
thosite. This transition may be analdgous tc a graded

bed.

Assuming that the seams originated by crystal settling,
one nust look for an exjlanation of their rihythmic occur-
rence. DBDither megnetite was precipiteted rhythmically
from the megma and settlel as seams at the intervals ob-
served in the column or else, crystallisation of all the
minerals took place at a constant rate and¢ the different
menomineralic rocks were prodirced through selective se-
dimentation by magmestic currents. Acherents of the theory
of convective overturn of basic magma might attribute the
rhythmic character of the occurrence of seamc to periodic
convective overturn of the magma. Becauce of the lateral
nersistence of monomineralic bends, rhythmic precizitation
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of meagnetite ap-ears more likely., This rhythmic precipitation

right hove been duwe to intermittent addition of magma to the

due

chember or,to ¥ogeris—theory—af differing vowers of crystal nu-~
3

clestion (1588, p. 75-83).
A

About four hundred feet above the Main Seam o pyroxzenite bond
. - .. cAea~
possilly resulted from: crystnl settling. Af exemple of the
rhythaic asture of the layered rocks is the sequence cbove Seam:

No. 11.(Toble b)

Roc\k Suz/wbc o S, \}\'Qv;\;\./v& o S2 e No L

Thickness dock Toie redomincnt Miaerals
Twenty fcet troctoiite olivine and plegiocleose
ten feet bended cnorthosite plogioclase

gix feet gebbro plagioclase ond pyrozemne
one foot vrrozenite Pyroveae

eight feet negnetite ecrorthosite plagioclase

one foot negnetitite (Seam No. 11 megnetite

six inches anorthosite rlogioclase
Lsoroximately at the horizon of Jeam No, 12 megnetite begen to

crystcllise eariier thanm it had done iower in the sequeace, ns

dicated by the fact that the unpermost na"netiti%e'seams are
A% 1rs

(5

comrosed of smaller megnetite crystels amd nre
corparel to the seams lower in the coluwmn, This oy have leen
beccuse, as uore magneiite crystnilised earlier, less mggnetite
remained in the intercurmulus megme to enmrich the cumulus magne-—

tite to form pure megnetitite.

Conversion of cumulus materiel to adeunuiate rocks

& loyer of cummius crystrls still conteins wmore thom 25% of inter-—
stiticl liquid. Horzel crystallisntion orodunces w rock of the

compositior. derivea in Fig. .

Magnetitite comtoins up to 97% neznetite emd, therefore,
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is an adcumulate rather than an ortheccumulete rockﬁjjkc

Hess (1956, p.146-1<C) describing the Stillwater Complex
an¢ Cameron (1989, ¢.1101-1214) working on the chromitite
seams of the Fushvelé Complex, both invoked diffusion

snl rejected artial remelting of sunken crystals as a

mectanism to gproduce an asdcumulate rock. Eesg produced

the following hyzothetical statistics: "The crystal mush
on the floor was about five feet thick. The rate of

¢iffusion was comnerable tco the rate of sedimentation and
was QCZ effective over a cistence of one metre". As tle
BRusliveld CTom:-lex is birger thanAStillwate%??t?ystal sett-
ling é% the former is likely to hsve been slower.liffusion
therefore, if it is a valid mechanism, wo11l¢é have been

more effective than it wae in the Stillwater Tomplex.

The partial remelting of magnetite crystals would have
nroduced¢ grains with corroded outlines and these Were
not seen, Though the noseibility of partial remelting
cannot be excluded, the writer ;refers tl.e ¢iffusion
theory as & mechanism to explain the conversion of cumu-

;98 material to adcumulate rock.

Magnetitite usually contains poikilitic pyrcxene crystzals
and,lesse commonly,olivine. Therefore, the only mineral
which neecec tc be replaced in the intercuamulus liquid

was plagioclase. Ifany seams have a shar; lower contact
and¢ Seam lo. 1¢ has a sharp upgper ccntact with anorthosite.
It mey be that these contacts were 'diffusion interfaces!
acrosc wohich plagioclase diffused out of the magnetitite
into the anorthosite an¢ megnetite diffused in the oppo-
site direction. Thic sugrection nas no evidence whatso-
ever to support it end, therefore, is extremely speculative.
The thin layer of olivine near the base of tihe llain Seam
may have migrated from the adjacent rock to the interface

between the magnetitite anc¢ the anorthocite.

Genesis of £fZnorthosite

Mearly 211 the anorthosite, like the megnet tite, con-
tains poikilitic pyroxene crystals. 4 sile of »nlagio-
clase crystels plus its interstitial liquid woulcd crystel-

lise to ~rocice the rock cerivedé thecoretically in Fig.Zo.
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75% crozmlus mognetite czr*ysvl) (

pile nius 25% . normel (

of istercumulas liquid Q) erratellio { .

of arbitrary composition) ﬁ-"»:]t,io:;-h {  18% mcgnetite

) T { 15% plogiocicse

8% » legioc" e.sc ) rives rock of ( 1% pyroxene
23% pyrox Ve : { &% olivine
8% ohvxne ) composition |
4% mrgmetite ) {
Fig. ¢0 Gemesis 0% Ov QRocumuta Anwilos s
75% curulus ; =gt ioclase k i

erystal oile ) .

wLIuS gb% of intercuu— norarl { _

lus liquid of arbitrary 3 cryg:t;a,lli— { 979 plogioclase

composition s { 1% pyrozene

§ o gaion (2% olivime

62% picgioclase : cives ook of g 1% negaetite
28% —yroxwone ,° \
87’0 olivine . composition |
4% mognetite > {

: Gabbro _Late Stage Iug
sggr;:g N Pegmatitic chrcgotwn I
orm ‘ )
Eafrly CrystgMisation Mobi I.Is otion
Crystalllisation (unlikely)

Magnetite |
Magnetite Replac Maognetitite

rystal Plle “jngerstitiol Lig. (>95°/oMag)
by Diffusion

Magnetite Crystals
Plagiockase Crystals
Pyroxene Crystals Y Magmatic

Separation

Currents
Rare . Normal
lagioclase stallisat i Anorthosite
. rystal Pile : o lag.
Pyroxenite Y &'ﬁ:iigz (>950/0 Plag.)
FIG 8\ The suggested Genesis of the Plugs, Anorthosite Sands,

& Magnetitite Seams
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tueh of the anorthosite has o composition similnr to the =dcww-
1a.20

late rock derived in EQgitzg. “here the amcrthosite is nearly

pure, some pyrerene nicy have diffused cut meking the rock & meso-

cumilate type.

Genesis of pyroxenite

The »yroxezite four humdred feet above the Mnin Jeom, if it wos

for-ed by crystal seitling, is an orthocumulszte tyne (see commo-

(]

siticn in Teble 5) with no carichment of the ecumulus pyroxwen
crystols from o scurce other than that of the interecunulus liguid.
The pyrorene cbove Sera No, 11 has o sharp bascl contoet ngaimst
caortheosite cad o trasmsitional apper coatoct sirmilar to, ond

sugresting the same moue of formatiorm as, the msgnetitite seonms.

~==0000G =
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