»texture (Plate :rx, 1)

From the above mineral assoclatlons it can be deduced that since
'galena replaces an exsolution texture of chalcop rrite I in sphalerlte
Cwith an iron content of 9,4 per cent by weight, the" galena must have
fformud at temperatures below 25000.

11. Silver
Although no'silver mineral has been observed under the microscope, the
_copper sulphides are argentiferous. o :

The 511'er presant must be hypogene, since silver is present in
small ampounts wherever the copper minerals are concentrated. - The
amount of silver present. is directly proportional to the amouht off
oopperiprasent and not to the distance below surface.’ Silver vélues
are not found associated with the galera. The relationship between
the quar-ities of copper and silver present iz a simple One, which

may be expressed by the algebraic functions:

y = 3,79 x 1074 .
where: y = Percentage copper (electrolytic analysis)
x = Pevcentage silver (assay).

The above relationship is derived uglng the following methods.
Pirstly all svailable values obtained from samples which had been
analysed for copper, using the electrolytic deposition method, and also
assayed for silver, are plotted on reciangular co-ordinates using the
copper percentage as the ordinate and the silver percentage as the
abscmssa. The graph obtained is presented in Figure 6. Values
obtained by using the atomic absorpulon method of analysis are not
used in this study due to their inaccuracy. Secondly, by inspection
“of the graph it is seen that the line of best fit passes through the
origin. The equation of the locus of the line of best fit may thus be

expressed as !

i

y = mx

where; m

i

siope of the line

To determine m the expressioni

n=Exy - (£x)(Ey)

n : "

(=Ex22
n

wag used,

iy

T




Graph showing the relationship between the anount
of silver and copper present within the copper
sulphides of the Roodekraal Igneous Complex
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When the valus for m is subsiif-ted in the locus of the line of Dbest
fit the expression y = 3,79 = 10~4x is obtained. FExpressed in

another way it means that for every part of silver present inere are

2 638,5 parts of copper. .

“ue to the fact that the amount of silver present is directly
related to the amouat of copper sulphides present, end since all the
Asamples in this study were composed mainly of white chalcocite; it
can be concluded that the silver is present within the white chalconite,
The silver is probably present as a sulphide since examples of solid V
solutigns betweén silver sulphides and chulcocite are well known.
Eawards {1965) in discussing the cooling of & solid solution of
argentite and chalcocite states 'the silver is precipitzted not as
Ag,S but as fhe intermediate compound stromeyerite {CuoS. Lg,S), which
develops as blade-like crystals in the (111) directions cf the cuhic
chaleocite'. V

From the above it seems probable that the silver is present in %re

form of hypogene stromeyerite.

12. Native copper Cu

Native copper is present within the upper portions of the nlner“llﬂea
zone extending to a depth of 40,2 metres. It occurs ‘almost exclus 1wely
within the porphyritic andesite and the ¢oarsely crystalline andesite.

The native copper was identifiled by its high reflectivity, disiisctive

copper-red colour and its Vicker's Hardness. The reflectivity &t 5904
using the U.3.S.R. pyrite standard is 82,1 per cent (Folinsbee 1942
gives 67,8 - 72,8 per cent), Vicker's Hardness ji.e. VHE4 is T1,% (70 2 -~
71,9) ’Burke 1966 - 1967 gives 50 - 62).

?extural relationships with other minerals

Ore minerals

Blue chalcocite has replaced native copper as a 'pim-replacemnent
(Plate XII, 2), ‘Thus the native ccpper mus 3t have been deposited ne&o*e

the blue chalcocite.

Gangue minersls

Epidote has been snirroded by native copper in a 'caries texture'. The
range of temperature within which epidote minerals crysiallise is
given as 3009C ~(4009C or 5000¢) {lower limit Stringuen (1 52), ucpe
lirits Hamberg (1949) gives 400°C and Resenqvisi (1952) gives ICCYC,

e
P




quoted in Dee1 B al., 1, p. 202, 1967) , _

; The above uinﬂral association would suggest thai native cogper was
formed $*~ﬁnmperatures-below 30000. The native copper may be nypogene
or supergene in oragln since the hypogene native copper of the Lake
© Superior district of North America was deposited at temperatures of
1009 - 2509, according to Iindgren (1933). The fagt that the native
copper is reatrlcted fo- coarser grained {more porous ) roc% types near
the surface seems o 1ndlcate that it is supergene in orlgln (see Plate
XX).

13, Goethite Fep03. H,0

Goethite has formed ag an alteration product of megnetite eépeci&11y~
in the vicihity of *ho mineralized zones. The formation of goethite.
is considered by the writer to be due to hydrothermal rrocesses involvﬁng, 
oxidation and hydration, and not %to the weathering processes. The S
amount of goethite present does not decrease with depth but 1ncrea$e
markedly in the vicinity of copper sulphlde bodies. Thus goethlte,
degpite its falrly low temperature of formation is & hypogene ard not
a supergene minexral. qoethite is wecognised in polished section Ly
its light yellow internal reflections, moderate anisotropism and iron-
grey colour. B

; The presence of goethite would explaln why geophysical surVeya
using electromagnetic or magnetic methods showed the rireralized znones
to be lying along non-magnetic zones. The abundant magnetite :;vhs a-
high magnetic background and where the magnetite has been altere& to

goethite, a magnetic low occurs.
Pextural relationships thn other mlnerals

Phe goethite has been formed at the expense of magnetlte and fOT‘uhlS
reason it is ungertain whether textural relationships betweer. goeitite
and other minerals refer to the goethite or the pre-exisiing magneuitet
The only itexture. vbserved between goethlte and other minerals which. is
thought to refer to the goethite itself, is ‘where i% encloses bornite
and white chalcocite. S S
.The temperature of formation of goethite is given by Efwards (1965}
as up to 1659C for alkaline conditions and up to 125°¢ fou neutral
conditions. Since the hydrothermal solutlons were probesly alksline
containing soda {evidenced by the albitization of the feldsnar}, &s

.
.

wéi; as a fair amount of potash (necessary for ihe fsrzatzo“ of i ctzte),




it can he presumed that goethite was depocsifed at temperaturesyﬁelow
165°¢. '

14. Ratile TiOp

“Rutile is présent as an alteration product of ilmenite. It is clearly
geen as a replacement of ilmenite in an 'islard and sea' terture in
Flate IV, 3 and this same mass of rutile has replaced an epidote grain
in & ‘caries texture'. ‘Rutile is also observed to enclosekepidote

completely. From the above it can be concluded that rutile is a super-

gene alferation product of ilmenite. Ziv (1956) has descrited the

supergene conversion of ilmenite fo rutile.
15. GCovellite Ouis

This mineral is present in minor amounts fo A devth of 17,4 metres from
surface, Covellite is easily identified by its sirong plecchroism
fron powler-biue to indigo-blue and its strong enisotropism with fiexy.

orange to red polarization colours.
Mextural relationships with other minerals
QOre minerals

Bornite, blue chalcocite and chalcopyrite II have been replav~d hf
covellite slong cleavages and cracks {Flate 1X, 3) and white chalcocite
has been direc.ly replaced by covellite along clesvages and cracks
(Plate XII, 1). Owing to the fact that covellite is observed as a
replacement of supergene blue chaleocite it can be concluded thas
covellite was the last copper sulphide to form ard that it owes its
origin to supergene replacement. A fact which supports a supergene
origin for the covellite is that it is omly ~ 4 at shallow depths.
Ramdohr (1955) gave a description of a variety of 'blaubleibender’
covellite with an intense blue colour, & description which fiﬁs the
covellite present at Roodekraal. Koh (1963) has determined that the
upper stability limit of this tblautleibender' covellite is 1579C % 3°C.

16. Malachite CuCOz. Cu(0H)p, Azurite 20uC0s. Cu(0H), ard Cuprite Cug0

These minerals are presenit as supergene replacement minerals in +the zone
of weathering.

Cuprite is easily recognised by its red colour in hand spesimen,
bluish-grey colour in reflectad 1ight aod parallel etech cleavage developed

when treated with a 20 ver cent by weigkt solution of KCN, Ialachite

and szurite arve recogniced by their graen and blue colours respechively,




and the fact that they effervesce with diluie HGL. These three
vﬁrixér&lé h&ve replaced the sulphides of copper, and were formed by

m&atzm ana the action of carbonated waters up:m the coppar minerals

at climatic temperatﬂres at or near the surface. -




V. DISCUSSION OF KESULTS

A, TForpation of the Roodekraal Igneows Couplex

1. Tectonic Framework and Age :

The Roodekraal Igneous éomplex iz situated within a well developed
tectOnic basin in the Pretoria Series of the Transvaal Tystem. The
basin was formed by the intersection of twe synclinal axes, one developed
by the centrifugal forces resuliing from the rising of the Vredeforf
Dome and the other éyncline being the 'Eleazar Syncline' (BEriksson, 1971).
Phe 'Fleazar Syncline' was strongly developed running approximately k
northwest to southesst through the Roodekraal Igneous Complex and inter-
secting the weakly developed syncline lying parallel to the strike of
the sediments at roughly right angles resulting in the developrent of
a tectonic basin. On the map, i.e. Plate XXIV, the Magaliesberg
Quartzite which forms the edge of the basin around the Roodekraal
Igneous Complex is clearly in evidence on the western and northern
sides of the Complex., The Magaiiesberg Quartzite consistent1y digs
towards the centre of ithe Complex, and the contact of the ¥agaliesberg
uartzite and the amygdaleoidal andesite along the northern edge of the
Complex is known from drillirg opzrations to maintain its dip of 66°
to depths of at least 430 metres {see Plate XXII1). This contacl is
sharp with no signs of slip rovement or brecciation.

A point of great smportance is the fact that there has been no
significant tilting or folding of the Complex since its emplacezent.

Tyidence supporting this statement is as follows:-

(a) Layerg of pyroxene ardesite which occur as cap rocks
overlying the amygdaloidal andesite are always roughly
horizontal, parallel to the present su: 2e (see Piates
XVIII, XIX, XX, ZXIT and XXIII). This ucmonstrates that
no tilting has teken place since the pyroxene andesite

flowed out onto the paleo-surface.

From boreholes drilled along the quartzite contact, it
appears that no movement has taken place between the

quartzite and the andesite.

Contacts between successive Tiows of amygdaloidal endesite

are generally parallel to the present surface.
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‘Where block faﬁlting has taken place due to superincurbent
loading, the high angle faults do not appear to have teen
rotated since their formation (see Plates XVIIT and XIX).

Prom ‘the foregoing it can be concluded {hat the basin in whioh fhe
Roodekranl Igneous Complex is situated was formed before the cuiflow of
the andegite. It mav however, have been deepened by isostailic sagging
under a lecad of 700 metres or more of andesite and intrusive rocks. Tue
to the fact that no L1low structures, or other features suggesting éx»
+4rusion under water, have been observed in the andesite, it dan be éonciuded‘
that the andesite was extruded onto a land surface. ‘The author's conciu~
Sions conflict with the findings of Bisschoff (1970) who gtates firstly
that the Complex‘was emplaced on a2 '‘nearly herizontal surface of the
Pretoria Series', and secondly, that the fact that drilling operations
shov, the lava is present to relatively great depths below the preseﬁt
surface ‘'indicates that the Complex has undergone a certain amount of fold-
ing subsequent to its development'. Bisschoff (1972b) econcludes that the '
Roodekraal Igneous Complex was e placed under shallow water corditiors,
and oes not rule out the poszibility that the basin in which the Coxplex
iies was deepened by isostatic sagging.

Hargraves (1970) concluded from measurements of the paleomagnétism qf
the younger satellitic bodies around the Vredefort Ring Structure that 'the
Rietfontein basic complex and its associated alkali granite pluton (an
presunably the Vaal River plutons as weli) were intruded into essentially
flat lying sediments, prior to the development of the Vredefort Bing
Structure'. (By 'Vaal River plutons' Hargraves meauns the alkali graniic
plutons at Schurwedraai and Baviaanskranz). The author does not agres

with this conclusion, and presents the following arguments against it:~

(i) THargraves tested twelve samples of intrusive rock from thz sa’ /i~
1itic bodies to sec if their magnetic vectors were substannif}‘y
different from those of the basic granophyre, wkicn was emple 1
after the formation of the Vredefort Ring Structure. If inese
vectors differed substantiaily it would indicate that the satel-’
1itic bodies were emplaced before overturning. Results ctiaired
from ten of the twelve samples used were discounted by Hargraves.
The two remaining samples which were taken from the Rietfontein
Complex, were used to derive his conclusion that the satellitic

bodies were iniruded prior to overfurning.

The Losberg Intrusion as Hargraves atates, 'gives corgictent naleu=
EN

magnetic data of the same orientation as that from wngie




granophyre'. This would indicate emplacement after overturniug.

The samples taken at Bdodekraal were from the coarse pyroxene diorite
and the #mygdaloidal andesite. The amygdaloidal andesite (sample 14
4in Fig. 7) has two ages of intrusives between it and the much younger
coarse pyroxene diorite (sample 15 in Fig. 7). However when Bargraves
plots the results of’the paleomagnetism studies on the"polar-wandar
curve' of McElhinny et al. (1968) in Figure 7 it appears that the
andesite (14) is much younger than the coarse pyroxene diorite (15)
which is incorrect. Hargraves' finding that the magnetic vectois of
the two samples from Roodekraal 'are within 35° of “he basic grano-
phyre vector’ indicates emplacement after overturning.

The only rock formation at Roodekraal which sppears to hays been
ilted after emplacement is the composite coarse pyroxene diorite and
olivine gabbro sill, This formation has Yeen tilted towards the cshtre
of the Vredefort Ring Structure, which is exactly the oppusite of what
would be expected if it had been emplaced before overturning.‘ i

Of the Vaal River plutons, Hargraves himself admits that the results

in the alkali granites are widely scattered and that the reéults from
the nepheline gyenite, hornfels and dolerite are 'similar to that of:

the basic granophyre' which would indicats emplacement after overturning~

The Rietfontein Complex has magnetic vectors which indicate that this
Complex has been tilted to the south aince formation, The.writér feels
that this tilting of this Complex to the south could have been caused
by the rising of the mass of alkali granite which now forms the north-
ern part of the Complex and not by the overturning country rock,

The age of the Roodekraasl Igneosus Complex is bracketed by itwo geological.
events. Firstly the Roodekraal Igneous Complex must be younger than the sedi-
mentary rocks of the Transvaal System, since, as noted by B19$chof£ (1950, p. 4),'
the Complex is emplaced within rocks of the Magaliesberg and Daspoort Stages
of the Pretoria Serlps: Secondly the Complex wag emplaced before the intro-
duction of pseudotachylite. The basic granophyre which is regarded as being the
same sge or younger than the psevdotachylite by Hall and.Molengraaff (1925) and
others, has been dated by Nicolaysen et al. (1963) at approximately 1 970 million
years, It would thus appear that the Roodekraal Igneous Complex was '
emplaced at a similar time to tho Bushveld Igneous Complex. Furiher evi-
dence suggesiing a Bushveld age for the Roodekrsal Igneous Complex is that the
age datings, carried out on rocks from other centres of intrusion within fhe
VYredefort Ring Structﬁre, give an average which is very rlose to the age of
the Bushveld Igneous Complex as determinsd by Davies et al. (1970).




Diagram summarizing paleomagnetic dzta for intrusive
sentres within the Vred:sfort Ring Structure. (taken
from Hargraves 1970, p. 260) :

i

[t d

Fro, 3~~Equalarsa Jower-hemisphere projec-

) ticn sumnarizing paleomametic data in table 1. The
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2. Sequence of Emplacement of the Components of the Raodekraél Ighaous Ccmpléz

In general the emplacement of the Complex can be divided into three cycles.

&. Andesite/diorite cycle

The ol&est rocks of the Complex ave the massive andesite and thé amygdaloi-
dal andesite, which lie in direct contact with the guarizite énd shale of the
¥agaliesberg Stage and the quertrite, shale and lava of the Daspoort Stage.
The andesiie is present in greal thicknesses, being at least 430 métrés thiék’
in: the nortbwest portion of the Complex. The volcanic rocks of the ROOdekraal

Ignecus Complex probebly filled & deep tectonic basin within the.se&imen%anya»"‘

roeks of the Magaliesberg and Daspoort Siages and overflowed its sout. ~-n edge.
Due to the faut thal only very emall amounts of perclastic rocks have heen"‘
found at Roodekrasl the extrusion of the lava probably ook the foru o; &

quiet figaure eroptlon along fractures. The coarsely crystalllne andesite
horigzons probably owe their origin to the extrusion of a partlcularly thlck
flow which, although chilled at the margins, would have cooled more slowly in
the céntre allowing crystals to grow to a larger than average size.

The volcanic agglomerate present does not have the appearance of a p#ro-
clastlc roek as the matrix beiween the roynded rock fragments is not tu?faﬁeous
Tn the view of the authnr it probably formed after & period of quigserce, whickh
would result in the development of a land surface strewn with pebbles and ‘
boulders of lava and quartzite. When the next outflow of lava took place the
pounded rock fraugments would have been caught up in it forming the agglorerate.
In the closing stages of the volecanism, there was a certain amount of exnlosmve
gaseous eruption as evidenced by the presencn of narrow zores of volcanic
breccia cutting through the andesite. The volcanic treccia which has rock
fragments enclosed within a fine-grained andesite matrix may have narrow zores
of a later formed breccia, which is cemented by seéondary rinerals, cutting it.,
The later formed breccia was probably created when late-stage hydrotherzal
solutions used the voleanic breccias as charnelways, resulting in further
yrecciation and the introduction of a cement composed mainly of caleite. The
gecond period of breceiation took place after the formation of pseu&o»achvllxe
vhich mey occur as fragments within the breccis. B

The andesite was intruded by the equigranular diorite which in rlsces has

n almost gradational contact with the andesite, The diorite has much the
stma mireralogy &s the andesite, a similar chemical composition, and, in cer-
ted ) loeslities, coriains a fey widely spaced amyg&a1e° which are reinly coz-
prsed of eslei'e. Ae previously rmentioned the diorite intrrdes the ardeslits
41 4wy neor) past A0 wouthwest trerding sones, which are taken to repregent
pre—ax nting fractures along which the magma rose to the surfaoef




I% 19 conelu&ad tnat these iwo rock types were part of’ tha BEES 1ntruszve
: cycle and that the equigranular ﬁior;te intruded ithe smdesite ~e;are it &as
4cemp¢ebely culd.

b. Pyrnxena and331te/a10r1te cycle

"Thls oycle af events was begun by an 1ntrus:on, generally within the eﬁalgra&-
ular dierite, of fine pyroxene diorite. This vock iype, when it rescked ihe |
surfaca, flowed out as a fine pyroxene andesite to form a layer over ~uch af
the surface ares of the amygdaloidel. andesiie. The pyroxene sndesite must
have beer the first rock type of the pyroxene andesitefdiorite suite to GO~ -
solidate since i% was extvuded as thin flows which were chilled sri comnse—.
‘quenti; cryatalliced before the pyroxene diorite. This layer Gx tgroxsna ‘
‘andesite has %o = a large extent been removed by erosion. 4An 1n,ruszon D*vCQEré9>
pyroxene diorite then occurred, mainly within the fine pyrozene dzorlte.~

The arigins of unuaual rock ftypes which are considered by ike sutror io.

belong Yo ihe pyrexene andesite/diorite cyele of intrusion are con51de.ai helnws

(i) Origin of the olivine gabbro

™

The plivine gabbro appears %0 have developed as a dlfferentla;e ¥ ke caavse
pyrozene diorite. The densities of the ccmponent minerals of tte olivize
gabbro, as caleulated from their compositions are:~ : e

Plagioclase - 2,67

Bronzite - 5,35

rugite - 3,40

Olivine - 3,42
¥iagnetite - 5,20

These densities are consistert with a gravitational settlirg origin -0"~tée
mineral layering in the olivine guthro, provided that there weve Lo ”E"ersaiw
in the normal order of crysiallisation. Plagloclase ard tronzite teing ‘*3 ,
lightest wminerals are concertrated near the top of the olivire £8tkro heﬁ;"
while augite, the mineral intermediate in density, is concent=asted iz tba ,
centre and the two heaviest miunerals, olivine and magretite, =ve coneentratel
along the lower contact. The main texture of the olivine getiro

fexture. Cumulus mirerals incluls olivine, magnetite, augite eri te
while the intercumuius materisl is provided by plagioclase in <rhe zaln, xi:h ‘
lesaer armounts of kaersutite ard biotite. The olivine gettro T ‘

formed wille the coarss pyroxene diorite sill was more or legs Lol

before the =11l wes filted to the souihwest. The tilting of the gLl 'Gﬁ&“‘“fv
the aouthwest could have been caused by a subsidence towaris the ceztre of

the Corplex.

(4i) Origin of the dioritic-pegmatite and Aioritic-aplite




The dioritic—pegmatite and dioritic-aplite probably belong to the pyroﬁene

andesite/diorite cycle of activily since the author considers that these
rock types are genetically related to the coarse pyroxens diorite and have
migrated upwaids from it.

feinrich (1965) considered that pegmatite was formed when a magma, which is
smturated with volatile constituents, crystallises. He regarded aplite as & ‘
‘quenched rock formed by a 'pressure quench' owing to an escape of volatiles
resulting in a responsive rise in the liquidus temperature. Jahns and Burnham -
(1969) outlined a genetic model for pegmatite formation which is in agresment
with the ideas of Heinrich (1965). This model begins with the normel regmatic
stage, which during the course of cryctallisation resulis in & concentration
of volatiles within the melt. This stage is succeeded abruptly by a two fluid
stage consisting of the rest magma and an agueous fluid. Hext the vegratite -
veins are formed from the squeous fluid, with their lower portions composad of
footwall aplite. The aplite is formed by 2 draining of excess ﬁater upwards ‘
into the higher portions of the veins in which the pegmatite is erystallising.
This model, which hae composite veins with aplite in the lower portions, would
£it with the field relationships between pezmatite and aplite at Roodekraal.
The pegsatite is only fouud in the equigranular diorite vhile the aplite is.
found in both the eguigrenular diorite and the underlying coarse pyroxené dio-
rite. The high water contenis of the pegmatite of 2,17 per cent foxr RC 23 and
1,13 per cent for RC 25 as compared with the low Jater content of 0,46 per cent
for the aplite RC 27 is also in agreement with this model. Jahns and Tuttle
(1963) grouped layered pegmatite-aplite intrusives into two major categories:

1. Oomposite bodies and complexes representing multiple injection of
magma from external sources.

1I. Bodies representing a single injection of megma followed by sezgregation
during crystallization and in sore occurrences by auto-injection of
residupl fluid. '

The Roocdekraal pegmatite and aplite would appear to Tall into the second grbupi
as the pegmatite is extremely uniform in composition over wide areass and the
veins are generally very narxow, {he largest vein being 0,30 metres in widih,
Where pegmatite and aplite ocoupy the game vein, the pegmatife is fine—gr&iﬁed
but has a fairly sharp contact with the aplite. Jahns and Tutile (1963) divided
their group II into four classes. The pegmatite-aplite veins at Rood “kraal can
be best described by 'class four' which embraces highly geayrretricas bodies,
with upper portions consisling mainly or wholly of pegratite sud lower portions
which consist mainly or wholly of aplite. Since the pescatite veins do not oon-
tain xenoliths of wall rock ard since they may have matching irregularities in
the wall rocks on either side they are dilstion veins. The aplite uay corntain




’xeuolmths of wa11 rcck and for this reason may ypartly owe iis orlgln ta ve~v

' plPaement

: ‘e, ILate intrusive cyele : ;
Durlng thls period several completalJ dissii 1lar types of rocks were 1ntruded.r
Firstly, theze was a8 small 100&11»6& intrusion of two narrow doleriie dikes
within the fine pyroxene diorite in the southern area of the Complex.,Seaundl&;'
there was the'wideSpread intrusion of narrow‘syenite dikes which cul through -
the andesite, diovite and pyroxene diorite. The syenite dikes are genefally‘ ‘
less than one metre in width, with the largest having a width of five me_ﬁres’.j
Most of thé dikes have & northeast 1o southwesti strike and are doﬁposed,v ‘
essentially of cligoclace feldspar. '

The next rock type to be intruded was the pseudofachylite. The fact that
this peculisr rock type occurs within the Rocdekraal Ignecus~00mplex 1mme“13te-
1y links the Complex with other certres of intrusion around the Vredefort Eiﬁg
Structure which also contain pseudotachylite. »

There has been much controversy over the years as io the crlgln of pseudo-
tachylite. Shqnd (1916) considered that the pseudotachylite owed ifs origin
to shock phenomena, Hall and Holengraaff (1925) and Nel (1927) sav the pseu-
dotachylite as being formed by shearing under high pressure. Reynolds (1954)
conicluded that it owed its origin to a 'fluidized' system of gas and solid
particles. Philpotts (1964) thought it was formed by the frictional heat or
hot gases which are developed in a favlt zone during rapid fisplacement. Bis-
schoff (1970) considered that the pseudotackylite is a tfuffisite' formed by
the mctiom of gases related to a central pluton. Although the thickest zone of
peeudotachylite at Roodekraul foilows the contact betweén an equigranular dio-
pite sill and the amysdaloidal andesite, as mentioned under the sectlon,entltled
iDistribution and Structure of the Rock Types' it does rnot always occur exactly
on the contact and has a limited lateral extent. Since the contact befween ‘the
diorite and undesite elsewhere is free of pseudotackylite this rock type gannot
be a true tathylite. As the zone of pseudotachylite follows the contact of the
gill, which is an irregular horigontal surface for more than 150 metres, it is
hard to imagine how such a feature could te censed Qirectly by shearing ail- ‘
though the pueudotachylite itself could have been formed by shearing proceasea,
at a considerable distarce frow its present site, ard then injected by gas E
antlon, The author thus favours the action of hot gases as the agent of forme-.
tion of the pseudotachylite as advocated by Reynolds (1954) and Bisschoff (19;0)
The pseudotachylite from the sedimentary rocks gurrounding the Complex L2s
similar groundmase to the peendotachrlite Tron within thz Corplex, hut‘the oty
bfragments and mineral grains sre derived from the sedimen tary rocks. The degres
to which the included fragments in ihe pseudotachylite have been rounded )
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probably depends on the distance the material has been transporied byAthe hot

gases, with the more rounded frapments having been transported the furthest.

As mentioned previously Bisschoff {1972b) observed frugments of pseu-
dotachylite occurring within an agglomerstic rock. In the view of the author
this does not‘mean.thét there are iwo ages of pseudotachylite emﬁlacemeﬁt ’
or that the main boties of volecanic breccia which are cemented by andesite
were formed after the pseudotachylite. This structure merely refers to the.
gecond period of fragmeutation'caused by the introduction of hydrothermal
solutions slightly prior to, or simultaneous with the emplacement of tﬁe
sulphides. The psaudotachylite z2y be replaced by sulphide minerals and
thus musi have formed tefore ihe rericd of sulphide mineralization.

The nex$t phase of activiiy wasz the iriroduction of the sulphideé with
their attendant hydrotherral elteration. Finally, probably during Pilands-
berg times, & narrow syenite-porphyry dike was intrwled in the exirveme
south of the Complex. This dike kas z chill zone up to 50 nillimetres iﬁ
width and, significzntly, is the only rock type which has mnot been int;uded
by pseudotachyliie. A4s to the age of the syenite-porphyry, it intruded
after the pseudotackylite and probsily after the sulrhide mineralizaticn,
The fact that Bisschoff (1950, p. 28) observed copper minerals within this
rock does not necessarily mean that it was explaced prior to the copper'
mineralization, since it could have collected the copper minerals as it
passed through the nassive andezite which con.ains these minerals in fair

abupdance in the viginity of the dike..

B. Crystallisation History ¢ the Rock Types
1. Andesite/diorite group

Within the rock types of this group theve is a common seguence of mineral
deposition although minor varistions in the order of crystallisation of
the minerals do occur. ‘
The accesscry minerals, magnetite and jlmenite (in individual grains
or in exsolution with one anoiher) were the first to form. Apatite and
sphene are the main accessory rinerals present and are frequently pqikili—
tically enclosed within the felispar and mafic minerzls. Plagioclase was
the next mineral to form, as eviderced by ihe large size of individual
erystals and the fact that it never encloses mafic minerals. The primary
mafic minerals, which include suglte, cczron hornblende and kaersutite, pro-.
bably crystallised at the sane time as the smaller crystals of plagioclése.
The anphibole wust have, to & certain exiert, crysialliced efter the pyroxene
since amugite is pariislly enclozed oy keersuiite {Piate XIV, 2). Soxe of
the caleite, or the calcium which is now compined in the caleiie rolecule,

mist huve been preseni as & primary corstituent of the andesite. Evidence




in,éuppor%>cf this statement is the fact that if, when caleuiating the

Ynorm! of the laves from the chemical composition, 211 the €05 and an
- eguivalent amount of (a are first subiracted,. the normative composition
derived Lears no resemblence to. the minerals actually present in the
' rock. A& mach better result is obtaincd if the Ca and COp are included
in the caloulation. Deuteric-siage minerals are present in abuniance
‘in,all the rock types of this group, and include albife, which formed
&5 an alieration product of ihe feldspar, uralite, actinolite, red-brown
biotite and olivine pseudomorphs which are alteration products of mafic
winerals, and quariz and calcite which were deposited in veins énd
interatitislly %o ihe other minerals, Due to the fact that not a
sinyle grain of olivine has been found in eguigranular diorite, a1~
though vlivine pseudcmorphs ars present, the alteration of ithe olivine'
must have been widespresd and complets, prubabiy during the deuteric-siags.
The 1sst minerals to be deposited wer~e those formed by hydrothermal
alteratior associsted with sulphide deposition. These minerals are
restricted in their occurrence to zcneé of hydrotherral alteration
around sulphide todies and include replecerent-mioreperthite, vlive-
green ito pale brown biotite, epidote, chlorite, hematite, wpoethite,
sulphide minersls ard zeolite {variety phillipsite). Alblt: is present
in greater abundance around sulrhide bodies than elsewhera; {thus some
albite wust heve been formed by the hydrothermal solutions attending
sulphide deposition. Supergene alteration products formed from the

sulphides and ilmerite.

Unusnal Teatures in the cuystallisation history of the individual

rock types of this group include:-
a, -Amygdaleidsl andesite

- A notable feature in the crystallisation sequence of this rock is that
some of the sphene is late formed being rresent as an alieration pro-
duet of the uralite. Sphene may also Torm within the amygialea. The
amypdales may have feldspar crystals aligned parallel to their e&ges
'{Plate 11, 1), a feature which can probatly be aseribed to ike surface
tension effects of the gus bubble. Sometimes the amygdales are elongated.
in the horizéntal plane, parallel to the direction of flow of ihe lawa.
The visposity of the andesite had probably been lowered by cpaling so
that the surfuce tension ¢f the gas bubble was not strong enough to

restpre <% to = sylhepical, or near srherical shape.




b. Veleanic breccis'

Hematite appears to be the last mineral to have formel within the
voleanic bre¢cia, gince it occurs as a coating asround other mineral
graing, and was probably sublimated onto rock fragménts by hot gases.
In discussipg the crystallisation of hematite Deer et al. (1967, 5,
" p. 24) stales that it may be formed ‘as a late-siage product of voleanic

1activities as thin crystals smblimated on to earlier material‘;
¢. - Byuigranular diorite

Arfvedsonite is present in this rock type as ‘'coromas' around grains
of kmersuiite and since the two amphiboles are in crysial continﬁiiy
it seems probable that the developzent of arfvedsoﬁite reflecis &
change to a nore goda~rich corposition in ike solution from whick the
amphibole was crysiallised, Guartz occurs at one loeality within the
equigraﬁular diorite as a primary rock forming mineral where it is -

interstitial to the cther primary ninerals.
2. Pyroxene sndesite/diorite group

The sequence of mineral deposition begins with the ceme minerals Telrng
formed as in the previous group of rocks, i.e. .agnetite ard ilyenite ‘
(3n individusl and composite grains), apabite and sphexe. Lugize vas
the next mineral to crystallise and is present in grains which eﬁtain &
maximun diameter of & 60 millimetres and may be partislly or conyleiely
poikiliticaliy enclosed within plagiccluse crystals (Plate XIII, 4).
The phenocrysis of plagioclase which may atiain lengths of 24 milii-
metres were then formed, and were followed by spaller crysials of
plagioclase. Dye to the fact that the primary amphiboles, nacely
ksersutite and common hernblende, are never enclosed within the Fplisper
phenocrysts, they must have formed later, probably at the seme tice &s
the smaller crysials of plagioclase. Deuteric-stage minerals which .
are less abundant than in the andesite/diarite group include glrite,
as an alteration product of the plagioclase, uralite, actinolitefani

red-brown hiotite, as alteration producis of the mafic minerals,

and finally gquartz and cslcite. Hinerals formed by hydrotherzal alters—,

tion acsociated with sulphide deposition include alvite, olive-green o
pale trown bviotite, epidcte, crlorite, goetkhite And tke sulprhiie minersls.
Supergene minerals ineclude rutile and lanccxeﬁe; forred by aliersticn oi
11merite, and alverstion producis of the sulphide wirerals. e

A discussion of exceptions to this generalized sequenc. B

-

lisation Tollows. ;




a. Pyroxene andesite

Jetalled vnder the section on 'Petrology of Individual Rock Types’

tnere is a great dlfference in the relative size of the plaglonlase

phenverysts and the plagloulase crystals present w1th1n the ground-
pass of ihe pyroxene andesife. The simplest exr’anation of this
feature is probably that the phenocr  ts formed before the lavas were
exiruded.

b. Coarse pyroxene diorite

The unaltered plagioclase within the coarse pyroxene diorite has a

constant composition of Anjg, sugpesting that the plagioclase was not

in contact with a r.at liquid for leng enough to cause widespread crystal

woning, In addition to this lack of zoning and the fact that the augite
phenocrysts have a sirikingly uniform compos ition the cdarse pyroxens
diorite occupies an aznomalous position in the differeatiation sequence
of the ypyroxene andesite/diorite group as derived from their gaochemisiry;
Upusual {ield characteristics of ibis rock type are that even the
narrowest todies contain large feldspar pherocrysts which aré in places
arranged parallel to the contacts of the bodies. The writer feels that
all these exceptions to the gereralized sequence of crystailisafion can
be explained by presuvidng that the ccasse pyroxene diorite was intruded\
as a semi-solid crystalline mush. If in the nagma chamber magnetite, '
olivine, pyroxene and plagioclase “ad orystallised, and the crystels
settled to the lower portion of the c¢hamner, tihe rest liguid could fthen
have been tarved off and intruded au the fine pyroxene diorite, while
the crystal mush left behind subsequently intruded as the coarse pyroxeﬁe%
diorite. '
¢. O0Olivine gabbro

This wock itype is regarded by the author as being a cumulace formed
along the lower contact of a thick sill of coarse pyroxene diorite.
Although the ragnetite is usually present in euhedral grains, and wus
generally the first formed mineral, along the lower margin of the body
of olivine gabbro it forms an interstitial groundmagss around grains of
olivine (Plate XIIL, 1) and appezvs in this case %o have crystallised
after the olivine. The olivine occurs as swall elliptical or r&unde&
grains, generally lesr than 0,25 millimetres in diareter, which Lre en—
closed within bron zite, augite or plagioclase grains., Both ollwlne
and ragnetite inerease in guantily %ith depth. Bronzite crystall:sed
hefore augite, 8s demonsirated by the fact that it is present as large
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anhedral grains up * 7,0 millimetres in length which are surrounded
by smaller subbedral ..uins of augite with an average dlameter of 0,9
milllmeﬁres‘ The bronzite decreases in quantity with depth while the
augite reaches its maximum comcentration in the centre of the olivine
agbbro’body; ‘The plegloclase occurs as an interstifial groundrmass
betwesn the abovementioned minerals and decreases markedly with depth.
Other minerals which may occur as part of the inmterstitial gvaand 888
are kasroutite and red-brown biotite, although these minevals are
algo present in small smounts around the edges of magnelite grains;
Secondary minersls are completely absent from the olivine gabbro, as
tre dsutsric-stape fluids probably concentrated in the upper regions:
of the coarse pyroxene diorite sill and there were no large sulp! ide
bodies emplaced in the immeliate vicinity,

d. Dioritic-pegmatite

The plagioclase and common hornblende present in the dioritic-pegmatite
crystalliced simultaneously as evidenced by an intergrowth texture ‘

between the two minerals (Plate XV, 2). Red-brown biotite, a green
phyllosilicate and actinolite are developed aloug the contacts between
the pegmatites and iheir wall rocks. Actinolite forred as an altgratidn
produet of hinrnilende while hemantite, which is also present, could heve -
formed eith.r as a primary mineral or as an alteration preduct of horn-
blende. Deer et al. (1967, 5, p. 24) noted that hematite commonly
erystallises from a melt with a low FeQ content. The dioritic-pegmatite
has 8 low FeO content due to the fact that it is composed rredorinantly :

of plagioclase feldspar.
é. Dioritic~aplite

The aplites contain large and small xenoliths of the wall rock &nd have

a very similar minevalogy and geochemistry to the coarse pyroxene dlorlte.

-

3, The Late Intrusive group

Rock types within this group differ greatly in both mineralogy zrd field -
appearance and thus have no common erys stallisation aequence.

a. Dolerite dikes »
Magnetite formed first in the dolerite, followcd hy plagicclase rh enocrysts -
which often encloze ragnetite crystals within them and attain lergths of
1,85 millimetres.  Augite, the vext mineral to form, ray be xnte*stltlal'
to tre feldupar n}i intruds i% along eracks, or it may pertisily encloie
the feldspar latkc in a sub-ophitic texture. Secondary minerals present

.




~ include epidote and chlorite.

b, Syenite dikes

The . *gessory minerals, namely apatite and magnetite, crystallised first
il gyenite and were followed by plagio¢lase, which forms pheno-
crysts with a 1eﬁgth‘of less than 5,0 millimgtres and 8 groundrass of
~eab-hedral grains less thar 0,40 millimetres in length. Cozzon horn-
_blende, arfvedsonite snd red-brown biotite crystallised affer the
plagioclase phenoorysts, probably at the same time as the Feldspar of
the groundmass. Quartz was ile last primary mineral %o form since it
ig intepstitial to the above minerals. Secondary minerals present
include albite, epidote, chlorite, olive-green %o pale Lrown tiotite
and red-brown iron oxide., At the surface the syerite has a distinctive
red colour which must be due to the oxidation of iron sirce the red
colour is absent where the dikes are intersected at depth.

¢. Syenite-porphyry dike

Mapnetite and apatite crystallised first in chis rock type ard may be
enclozed within the phenocrysts of plagioclase and tarkevikite. The
plagioclase phenocrysis reach & meximum length of 11,0 rilliceires

and are commonly broken or oracked indicating that the plagl alase
phenoerysts were not formed in situ, in addition it is uniikely that
such large crysials could form in a dike only 1,3 metres wide with
strongly chilled margins. The barkevikite vhenocrysts -are also cracked
and broken, have a maximum length of 4,5 millimeires ard were procably
transported to their present gite. The groundmass of the reeck is '
predominantly piagioclase, with individual grains averaging 0,25 silli-
metres in ILerigth. Subhedral grains of nornblende ogeur within the
groundmass and were probably formed at the sare time as the plagioclase,
Anhedral grains of orthoclase were probably the last to form, since
they are interstitiel to the other minerals. Secondary winerals sre

rare and generally confined to albite.

C. Differentiation Trends presert within the Aoolexranl
Igneous Complex

Various diagrams have been used in the raat to derorstrate the presence
of differentiation frends in rocks. Seversl variation diaprans which"
appear to demonsir. te the precence of diffeventiation irenis :

the rocks of the Rocdekrasl Igneous Complex are presented it

while an explanation of these diagrams iv glven below.




» ‘The varlamlon of the magor eglements during differentiation will be dealt
with first. Since the Roodekraal Igneous Complex probably has the same parent

- magma as the Losberg Intrusion, and becnuse the mafic rock i types from the

Rcodekraal Ignecus Complex have a similar chemical conposltlan to the rock
types of the Losberg Intrusion,the chemical changes teking plr.. duv ‘g dlfé
ferentiati ’n should be much the seme for both igneous bodies, '+ acuin and

- Perguson (1970) siudied the geochemistry of the Losberg Intrusion and con-

cluded that during differentiation %he SnOn, A1207, Na,0 and Kzo contents in—L
ercased while the ¥e0, Cao ¥n0 contents and 1o a lesser extent the (Fed +
e 03) sontent decreased.. The TiO2 content showed a steady enrichment until
ilmenite was precipitated and thersai er a gradual decrease, - Danchin and
Fergugon noted that these variations curiug differentirtion were similar to
those inferred for the Bushveld Ignecus fomplex. :

Gonsidering the AFK wiagram of the Roodekraal rocks (rig. i, ippendlx 11)

it can be noted <hal the pyroxene ande51be/d10r1te group lie along a de:lnlto_ 5

line which probably represents a differentiation trend. Presumlrg that 1ater
difforentiates contain more alkalis the possible differentiation sequence TUNS
from RC 22-> RC 18 —RC 19~ RC 20—~RC 21.

The diagram of percentage 31205 plotted zgainst C.I.P.W. normative plaglo—
clpse composition (Pig. i3, Appendix TI) has a possible differentiation se-
quince running from KO 22> RC 18—=RC 20 -»RC 19 —>RC 21 for the rocks of the
pyroxene andesite/diorite suite. This sequence is derived presuning that the ’
later differentiate: contain more Al 07. )

A trend is present in the alka115~olllea diagram (Flg. iii, Appendix 1T)
running from ‘RG 22— RC 18—>RC 20—>RC 21-»RG 19 for ipcreasing alkalis and
silica. ' | ‘ L
The fernary diagram Cpx - 01 - Opx (Fig. iv, Appendix II) will not be gon-
gidered in thlS discussion, since only the rrcks wi%h (nepheline + quartz)~
in their norms are plotted on this diagram.

Nockolds and Allen (195)) used the ternary diagram ha—K—Ca.to demonstrate
difterentiation trends in granodiorite, syenite, diorite and gatbro, thus. this
diasgram would seeuw suitable for the rocks at Roodekraal. Nockolds and Allen
found that when i{heir analyses were plotted on the ternary diagrar hauK—Ca
they tended to lie along a smooth curve which represegtnd & 4ifsf e”enuiat;an
trend, and had a more or less randon scattering at the basic end whish
represented the couposmt1on of the pzrentsl magra. , .

Congidering the Na-K~Ca ternary diagran for the rocks ai Rou Aékf&&l»

(Pig. v, Appendix I1) the features discussed below may bte otservel.

(i) A1l the analyses lie along & broed curve although ﬁhosg of the andesiis

.
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and equigfanular diogite are more or less randomly scattered. Hoyever
this borad curve is probably not = differentiation trend since the ande-
site which 18 the oldest rock iype, from the eviderce of iis field rela~
tionships, cccupies the centre of the ocurve wiﬁh»youngerkintrusive rovks

on either gide of it.

(i) If we now examine the analyses of pyroxene andesite/diorite group CEFrockslf‘
geparately a possible differentiation trend can be inferred running’ffam‘;
RC 22--RC 18-RC 19->KC 21.»RC 20 for increasing alkalis. N

The ternary diagram (Fe0 + 0,8998Fe203)-Mg0-Ti02 (Pig. vi, Apperdix II),givés
a similar picture, with the analyses of the pyroxene andesite/ﬁiorité group lyirg
along a straight linc. fhe differentiation trend in the pyroxene srdesite/éiarite
group runs from RC 22-+RC 20-RC 18-+RC 19-»RC 21 for decreasing ¥g0 coxtent.

Phe ternary diagram (FeQd + 0,8998Fe,0x + 7i0,)-MgO-41,05 (Pig. vil, Appeniix .
1I) is almost identical to the gbove in the relationships it porireyc beiween - 8
the various rock types. The pyroxene andesite/diorite group differantintion trerdi [
in this diagrem being RC 22--RC 18-»RC 20-»RC 19->RC 21 presuming later dif- N
ferentiates have a higher A1203 content. A

When the modal analyses of ithe three rock types o the pyrozene sriesite/
diorite suite i.e. prroxene andesite, fine pyroxene diorite ard cosree pyrozene if“flff
diorite, aie examined, (see Table XXVII) it can be observed that rre '
tiation is reflected in the mineralogy.

TABLE XXVII ‘ .
Comparison of the modal analyses of the rocks of the pyroxene
andesite/diorite group
Rock types and sanyple nutthers

T
dilferet~-

Mineral RC 22 & RC 21 RC 20 & RC 19 RC i3
Coarse pyroxene diorite Fine pyroxepe diorite Fyroverne sriesifs
Plagioclase - 63,5 TL,4 7,9
Fyroxene ; 19,3 9,8 4,5
Amphibole 8,2 7,1 2,6
Other altera-
tion products 1,3 2,2 - €,2
Ore minerals 7,1 8,9 15,1
Apatite 0,45 , 0,6 =
Totala 109,0 100,0 i€.C
&

NOTE: - It should be borne in mind during the followin diseussion ke
sequence of formation of the various rock types of the pyroxere gries
ciorite group, &s determined by their field relationshipy, was [yroxe
andesite (RC 18) followed by fine pyroxene diorite (RC 19 azd RC 20} and
finally coarse pyroxene diorite (RC 21 and RG 22). . ,

‘T ¢an be noted from the data presented in Table JEVI
th a progressively Gre rezentlil

T trgt there iz &x

inerease in pyroxene and amphibole content wi
g decrease in the conient of the ore ningrelE

formed rogk type and a correuporiin
ned csuge WL

‘and plagioclase. These two oppesing trends in the mineralogy

e :
e . & >




trends in the chemistry. Hagnesium, which is mainly present in the méfic
minerals, should increase with a progressively‘younger host rock,'whiéh is the
opposite of the normal sequence. Calcivm is present in both the plagioclasé ,
and the mafic minerals, but since it is present to a gfeater-proportiéniuithinn
the mafic minerals the quantity of calcium present shoﬁld increase ﬁith a~pio~
greasively younger host rock. - Iron snould vary in a complex mahner sinee with
“differentiation in the host rock the ingrease in mafic minerals'cauﬁes'wi inw
c¢rease in the iron content whlle the decrease in ore minerals present causes a
corresponding decrease in the iron content. The gsodium which is mainly present
within the plagioclase should decrease, as the quantity of plagioclase de~ .
creases, with a progressively more recently formed rock type.
If the componenis of the iernary ¢ .ngrams are considered in a series of two .
component diagrams the nature of the variation of single components can be'

more easily appreciated.

In considering the variation of Fe20~ with respect to Fel (Flg. v115 ap—

pendix II) once again the rocks of the pyroxene andasite/diorite group lie
along a curved line. However the oxidation ratio could not have incraased'
progressively as differentiatlion proceeded since, if it ieo yrewumed that rocks
which were formed at a later stage have a higher Fe203/?e0 ratis than early
formed rocks, this diagram indicates a complétely different order of formsiion
for the pyroxene andesite/diorite group than that which is obtained #rom the
ternary diagrams. The differentiation trend which would be inferrad from this
diagram is RC 20->RC 21-»RC 19->RC 18—RC 22 which is the oppositie to the
trend obtained from all the preceding diagrams.

In Figure ix, Appendix II, where (FeO + 0 8498F9203) is plotted agalnst 140 s
the later formed rock types appear to contain legs iron and titanium. Thus the
differentiation sequence which would e inferred from thie diagrém for the pv—
roxene andesite/diorite group should be RC 22--RC 18->KC 20-»RC 19-»RC 21, The
pyroxene andesite/diorite group of rocks appear, on the average, to énntainv&":
greater proporiion of TiQ, than the andesite and equigranular diorite. ‘

Pigure x, Appendix II, is a graph of (FeO + 0,8998Fe 03)+T10 cagainst Ego
and gives an inferred differentiation seguence for the pyroxere andeszte/hlorl;e
group of R{ 22-»RC 18-»RC 20--RC 19-»RC 21 presuming that later differaﬁtiaﬁas

contain less magnesium, iron and titanium. The andesite and equigranular'&ic4 :
rite occur as a gcattered group and the syenite‘and syenite~porphyry were the
last rock types to form.

The variation of the minor elements often glves a more rsllable reﬂult
than the variation of the major elerents when an attempt is mede 1o derive a
differentiation trend. Philpotts and Schmetzler (1U69) concluded that Trac-

 tional crystallisation in a basaltic msgma leads to higher K, Ba and Rb




concentratlons, slightly higher K/Sr, Ba/Sr and Rb/Sr ratiocs and sllghtly lowe
K/Rb and Ba/Rb ratios in the rest liguid, If Tables XII and XIII are examined,
bearing in mind the findings of Philpotts and Schmetzler (1969) and the sequence
~of formailion of the various rock itypss as determined from field relationshipe,

tﬁe points listed below may b= noted.

'(i) The increase ir rubilium, potassium, V/Sr and Rh/Sr values generally
agree with an ircreasingly younger age in the ropk types. Exceptions
are that the andesite has a proporiionally greater content of rubidium
than the dolerite and ihe rocks of the pyroxene ande31te/d1ur1te group.
The coarse pyroxene diorite contains less rubidium and potassium than
the fine pyroxene diorite and the pegmatite and its wall racks contain

very little rubidium or potasciam.

The decrease in K/Rb ratio with an inereasingly younger age in the rock
types is only very poeorly marked. However the decrease>in the Gé/Sr ratio
wilh increasingly younger age in rcck types gives a good correspondence.
with the only rzol exceptions being RC 24 (wall rock to the dioritie~
pegmatite), RC 28 {do’ ite) and RC 30 (syenite) which have abnormally
high values tor tre 0./Sr ratio. '

In Vigures ~i, xii, xiii and xiv the author has plotted Rb to Sr, X to Rb,
K to Rb/Sr and £¢ to Sr respecsively. A strong tremd iv the analyées for the
pyroxene andesite/diovite grovy indicates a differentiation sequence of RC 22
~>RC 21-»RC 20-(XC 1u+~BC 19) with only the bracketsd pair altering in position.

FProbably the best rrthod of fulermining genetic trends in chemital analyses ]
and the causes of these trend., is by using the techniyue of Pearce (1968), /
This ~etnod involves dividing *he wwo variables under ronsideration by a third
parapcter which it conctant a. . will not effect the relationship beiwesn the'
two vsriables. In ihe 'Pearce ¢ .agrams' plotted for the rocks at Roodekraal,
enly the analyses of larger bYodies were uses and all special cases such as
pegnatites awd their wall rocks were excluded. In the anaiyaes chosen A1203
mainteins a fairly constant value except in RC 21. In RO 21, which is the sna-
lysis of the cowurse pyroxera diorite from the mosk southérly ouﬁérop in squ&fe
E 4 of Flate XXIV, the Aly0y content is coasiderably higher than in the ‘other
gampl+z,. The ratios used in the comparisono of MgD/A1205 te 8102/51203 (Pig.
xv {: , Appendix II) and cao/mzo,), to 510,/41505 (Fig, xv (b), Appendix II)
are &1l nelar ratios, Thus For example the nolar ratio of Mg0/51205 is calcy- -
latei by dividing weight per cent MgO/molecular weight MgO by weight per cent V
81,0 /rolecular weight AL,045, In Figures xv (a) and xv (b) two nearly parallel
gtruight lineg were obtailned on each of the disgrams. The lower line represents
+he cerystallization trend of the andesils and squigranular diorite while the

cawe
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upper line :epresénts the crystailisa%ion trend of the pyroxene~andésite/
diorite in both diagrams. The Theﬂretical curves for the minerals olivine,
orthopyroxene, auglte, apatite and plagioclase ave derived from the average
value of thelr composltlon as determined by optical and X-ray methoda (zee sac;
tion enultlea ‘Hlneralogy of Rock Forming Minerals'). The average values ug ed "
‘were F°81 for olivine, Engy for orthopyroxene, WoppEnzgFspp for « 11n0pyr0>‘e*ne
and An30 for plagloclase. Since apeiite conizins no silica the slope for the
curve CaO/Alz 5 versus SxQz/klgoj wust be infinity or parallel to the urdlnate.,

Congidering Pigure xv{a), Appendix II, the slope of the trend for the Y-
roxene andesite/diorite group rumning from RC 22— RC.18->RC 20 —RC 19, but
¢xcluding RC 21 (which has an abnormally high Al,0s content), lies betﬁéén ﬁhé
thgoreiical slopes of olivine and orthopyroxene of the compositions present at
slnedekraal, Thus the trend in the pyroxene andesite/diorite group could have
haéﬁ caused by the fractionation of olivine and ortbopyrozene. The ohmerved
tward in the andesite and equigranular diorite appears to be due to the frac- RN
~ pismation of orthopyroxene. In Figure xv(b), 4ppendix IT, the trend for the py—
roxene andesite/dinrite group could have bzen caused by crystal fractionation ‘
of the primary calclum-rich minevals, namely apatite, sugite and plagio:laée;
since the slope of the pyroxene andesite/diorite trend lizs between the slopes
determired for apatitc and the other two minerals. The trend for the anfesite
and eguigranular liovite could have been csused Ly the fractionation of the
same minerals as in the case of the pyroxene andesite/diorite group. The fact
that the slope of the pyrozene andesite/diorite group is steepsr than that of
the apdesite and equigranular diorife can be attrivuted to the fact that the
former group of rocks conbtain more apatite than the latter group. V

The most imp:wtant conclusion which can be drewn from the 'Pearce dlagrams‘
is the fact that there are iwo distinct differentiation trends, one for the
pyroxene sndesite/diorite group and another Jor the andesite and equlgranular
diorite. This underlines the necessity of distinguishing between these two
groups of rocks, It can also be observed that the pyroxene andesite/diorite

group of rocks nay owe teir origin to crystal fracticnation.
Sumpary of the differentiation sequence in the pyroxene &ndes;tn/dlorlte group

Several conflicting differentiation trends have been derived from the fore- -
going veriation diagramws. The most importani sequences being:-
(i) RC 22-»RC 18 —»RG 20 —-RC 19 —>RC 21 sequence obtained fror the variaticn

of ihe major elements in Figures ii, vii, ix, =, and xy(a) =nd {b).

ii) RC 20~>RC Z1-—»RC 18 -3 13—RC PT seguence sbtaived from

=

oxidetion ratio (Peg0-/FeQ) in Figure viil
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(iii) RC 22-»RC 21-% RC 20->(iC 18 ->RC 19)sequence obtained from the
variation of the miﬁor elements in Figureé xi, xii, xiii and xiv.
A possible explanation of the fact that tﬁe last rocks fo be empl&éed
ocour first in the differentiation sequence is that the coarse pyroxene
 diorite could have intruded as a semi-solid crystaliine mugh as explained
under the section entitled 'Crystallisation History of ‘cck Types' and trat
the crystallisstion of this rock type, within ihe magma chamber, could well
have begun before that of the fine pyroxene diorite even though the coarse
pyroxene diorite was intruded at a later date. If in the magma chamber,'
megnetite, olivine, pyroxere and plagioclase had crystallised and the dfystaisv
had settled to the lower portion of the chamber, the rubidium would have been '
enrickai relative to strontium in the rest liquid, due to the fact that ‘
rubidium cannot essily entsr the crystal lattices of these minerals, but
plagioclase may act as & host to strontium. If it is now yresumed thai thé'k
rest liquid was tapped off to ve intruded as the fine pyroxene dicrile, fhis
rock would have a higher rubidium tb strontivm ratio than the crystai mnsh
lefl behind which was subseguently intruded as the coarse pyroxens diorite.
1f the differentiantion sequences as established from the veristion
diagrams are reconsidered in the light of this new iaformatiomnm, the
sequence obtained frouw the variation of the minor elements seems perfecily
logical, since it shows that the coarse pyroxere diorite formed first
and the fine pyroxene diorite and pyroxene andesite formed last. The
sequence obtained from the variation of tha major elements differs
notably from that of the minor elements in that RG 21 (coarse pyroxens
diorite) occcurs last, which can be explained by the fact that the
RC 21 semple contains much more feldspar than the other samples and
consequently has higher contents of A1203, Na,0 and Ca0. The explana-
tion of the differentiation sequence determined from the oxidation ratio
ig that the premise that the oxidation ratio ineresased progressively
during differentiation is invalid, due to the fact that the partial

pressure of oxygen varied throughout the cycle of differentiation.
D. Bature of the Parental Magma

1. Parental Magnas of Kaflc Ignecus Rocks

A basaltic magma has long been reparded as the parent of the majority.

of mfic igneous rock series. Two principal basalt magmas have bsen
recognised, namely the alkali-olivine hasalt and the tholeiite. The
two parent megmas are disbinguished primarily on a tagis of their

mineralogical charascierictics. Kerncdy {1933), Tilley {1950) and Turper

'




and Verhoogen {1960) broadly defined the tholeiite to be conposed . of tuo

vpyromenes, generally augite together with hypersthene or pigeoniie,

basic plagioclsse, iron ores and possibly small amounts of magne51uméric& ~ "3”5
olivine.  The alkali~olivine basalt was defined as being composed zalnly :

of ollvlne, one pyroxene, generally augite, which is commonly of &

titaniferous variety, tasic plagioclase and iron ore. Apart Trom minera~ o  ?:'0
Ingical considerations an important distinétion tetween the tholeiite &
and the alkali-olivine basalt is the fact that, as noted by Chayes
(1965, 1966), mafic volcanica with nepheline in the norm are alkaline
while those with quartz in the rorm are sub-alkaline.

The relationship between these iwo parent magmes has been the sub-
ject of some controversy. Bowen (1523) regarded the a2lkali-olivine
basalt as being the parent aud suggested that tholeiite was derived ‘
from it by the rewoval of early formed olivine. Daly (1953) also decided
ftkat the alksli-olivine basalt wes the parent and thought that_tholeiite
was developed when the alkali-olivine basalt sssimilated graniiic material.

Kennedy {19%2) postulsted a difference in couposition in ihe eavih’s

erust beneuail: contineuts cn the one hand, giving rise to thoieiite, ané
bensath oceans on the other hand, giving rise to alkali-olivine basalt.
He decided trhnot the alksli-olivine bagalt was composed esseﬁtially'of o e Af —
olivine, augite,calcic plagioclase and iron ore, while the tholeiize : ’
was composed cssentinlly of pyroxene,caicic plagioclase and iron ore.
He come to the ronclusion that the calec-alkaline suite of igneous rptks
are differentiates of the alkali-olivine basalt. Tilley (1950) agreed
troadly with ideas set cut by Kennedy (1933) but suggested that the
tholeiite wmight be the source magra for both lines of descent. Turner
ard Verhoogen (1960) suggested that the two varieties of basalt were
gererated by fusions at different levels in the peridotite mantle below
the Mohrovidid diseontiyiiiy. TYoder and Tilley (1962) concluded that
the tholeiite avd th. alieli~olivine basalt may be geperated from 2
single parent, and thit uhe tas.ali wype generated is probably dependant

On Pressure.

s

Yoder and Tilley (106”) nae o basald tetrahedron to sub~divide the
tasaliic roo¥s. This fetrahedron has twe important planes within i,
parely the cllnopyraxe ¢ ~ olivine ~ plagioclase (plane of critical
undersufvraticﬂ) and the clinopyroxene - orthapyroxene - plagiocclese
{plane of guariz seturation), whick divide the tasalts into five uniyue S

Eroups ac"*r“nw 4p iheir norrative conponents, thece grours arei~

y PO ‘ e v



1. ‘Tholeiite (oversaturated) normative quartz and hypers%heﬁe.

>2, Tholeiitei(saﬁurated; hypers’ﬁenevbasalt) normative hypersthene‘

vj. Olivine.tholeiiie (undeisaturated) normative hypersthena_an& élivine.
4. biivlne basalt : normative olivine. 7 -

5.  Alkali basalt : normative olivine and nepheline.

Kuno (1968) distinguishes between three different parental ﬁasaiﬁ
'magmab, namely tholeiite, alkali-olivine basalt and high-alumi ina basalt.
His hlgh—alumlna basalt contains more than 16,5 per cent A120~ in aphyrlc
rocks and the Nas0 + Ky0 contents lie between those of the other iwo

basali iypes for & given 5i0, content. The high~zlumine basali is
transitional between the other two types.

2. The Parental Magma of the Roodekraal Igneous Complex

The Vredefort Ring Structure is intruded by two suites of igneous vocks.
Ph. older suite which lies clocest to the centre of the Vredefort Ring ’
Struciure is tholeiitic being composed of dolerite, hyperite and zorite
sills (Bisschoff, 1972a). The younger suite includez three todies. of
igneous rock with allaline chemical compositions. The satellitic ?odies
at Baviaanskranz and Schurwedraal are composed of alkali granite weile

the Rietfontein Complex is only partly composed of alkali granife. Terrhe~
line-syenite dikes cut all the bodies of alkali graznite.

The author is iu agreement wiih the widely held opinion that ihe
Roodekrasl Igneous Complex, together with the Schurwedraai and Bavissns-
kranz Plutons, the Rietfontein Complex and the Lindequesdrif’ tody, is
a soda~rich differentiate of a mafic magma body lying vereath the
Vredefort Ring Structure (Hall and Molengraalf, 1925; Hel, 1627;
Bisschoff, 1650, 1970 and 1972b). The abovementioned authors 3o nct
suggesl to what magma type the concealed body below the Vreielort Ring
Structure may belong. Bisschoff (1972a) and (1972b) suggests , and the
author agrees that the mafic magma body was the source of botk the olier
and the younger suites of intrusive ignecus rocks.

The rock iypes at Roodekrsal do not resdily lerd ihexselives -io
definition by geochemical wmeans since deuteric ard late-stasge kydrotvher—.
mal alterations have modifisd their original chemistry. Despite Ihis ’
limitation an attempt is made to gefine the andesitic and dior ritic

rocks of the Roodekraal Igreous Complex using the following methodg-




The average composition of the andesite of the Roodekraal Igneous

ﬁqmplex is compared with well known average cdmpositions of
andesite. The andesit. flows should give the best indication of
-the pature of the parent magms since 'the quenching to which they
have peen subjected on extruui~u, reveals their nature prior: Lo
extrugion, whereas in gramular rocks the continued outgrowth of
erystal boundaries obscure the stages of their development!
{Bowen, 1928).

With the excepticn of a few minor wvariations, the Rocdekraal .
andesite has an almost congtant composition. To get z prelimincry
indication as to which suite of igneous rocks the andesite at
Roodekraal belongs the chemical analyses of the Roodekraal »
andesite are cbmpared witn well known analyses (Table XIV, p. 24},
This methed can be used, since rost methods of distiaguisking -
between the varicus suites of basaliic rocks involve the use of
chemical analyses or normative minerals. From an examination of
Table XIV it can be concluded that the andesite preseni at Rooderrzal
is closest in compcsition Yo ihe ‘average iholeiitic andesite' of
Nockeld's (1954). The average andesite from Roodekrazl however, has
lower Mg0, Ca0, TiO,, Fe,03 and Al,0; contents and higher ¥a,0, K20;>
FeO and CO, contents. The high K20 content is probably due to late-
stage hydrothermsl alteration which resulted in the development

of large amounts of olive-green to pale brown biotite.

The mineralogy and chemistry of the late-stage differentiat=: present
within the Roodekras) Igneous Complex are compared with the zinera-
logy and chemical analyses for late-stage differentiztes of tholeiite
and alkaline-olivine basalt. Keunedy (1933) differentiates between
the segregation veins, 'pegmatitoides', associated with alkali~ -i-v e’
olivine basalt and those assvciated with tholeiite, on a basis of
their mineralogy. The veins associated with the alkeli-olivire
basalt magma contain no quartz, some feldspathoid, abundant potash
and alkali feldspar, soda bearing pyrorene and awphibole and iron e
ore. Those veins associated with the tholeiite contain guariz,

no feldspathoid, acid plagioclase, subordinate ortiocisze wmsinly
present as micropegmatite, augife or less frequently amphibole

and & little iron ore. Excepi Tor the fact that an azphibole is
the chief mafic mineral of the divritic-pegmatite at Reode-

kranl, the mineralogical composition of this rock tyre fits

well with that of the late-ptuge differentiates of the tholeiite.




The chemical composition of the pegmatite veins ot Rouodékrasl is
compared with the chemistry of the late-stage differentiates of
olivine-basalt and tholeiite in Table XXVIII below.

TABLE XXVIII

_CGomparison between the average cherical compositions in weight 3
per cent of late-stage diffeventiates of olivine-basall,
tnoleiite and the Roudekraal Igneouy Complex

1. ‘ 2. .

Pegmatitoides of olivine-  Pegmatitoides of Dioritic—pegmatite
basalt magna tholeiitic magna from Rnodekraal
Tgneous - Complex -

Si0, 49,19 68,96 55,28
21,0, 7 14,75 12,55 - 16,67
Fe0; 5,13 1,64 -
FeO 5,61 2,73 7,29
Hg0 3,22 1,49 2,37
cad - 7,83 2,76 6,25
Ka 50 4,22 5,24 7,19
K50 2,85 T4 0,34
Ho0+ 2,35 1,41 1,50
H,0- 1,00 0,27 0,15
Ti0y 3,22 0,60 1,75
Py0; 0,560 0,31 9,18
¥no 0,15 0,04 0,06
0,00 0,7z 0,08

Tatal 100,12 100,46 99,1g

Values quoien in columns 1 and 2 are arithmetic means qf the wvelues
given in Kennedy 1933, p. 245, Table IIi.

Values given in column 3 represent the arithmetic mean of anslyses
RC 2% and RC 25 {Analyst Gold Fields laboratories (pty) Ltd.)

Prom Table XZAVIII it can te observed thrt dioritice-regmatite from
Roodekraal has a chemical composition which lies between those of the |
pegnatitoides from olivire-baselt and tholeiite but closer to those

from the olivine-basalt. 7 :
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The procedures employed by Irvine and Baragar (1971) are used to
clasaify the rock types of Roodekraal accordlvq to three paresiul
magma groups ectablished by Kennedy (19%3) and T.iley (1950),
namely, tholaiite, alkaline~olivine basalt and cale-alkaline
nasalt, TIrvine and Barap: ' Jivide the basalts into alkaline and
sub~-alkaline groups, where the term 'sub-alkaline’ is used in
the sewe manner as Wilkinson (1968) tov ineludc cale-alkali basalt

. and tholeiits and to distinguish them from alkaline and peralkaline

rocks.

Firstly it .we® be decided whether the rocks are mem:ars of the
alikaline group wr sub-alkaline group. Considering the alkalis—
silica diagzve ‘Fig. iii, Appendix II) the majority of the rock
types 1lie in the alkaline field, however Irvine art Barazar (1971)
inems~lves admit trat the alkalive-silica diagram s phortcomings
that rosult in the composition of some iholeiitice zocks lying
within the alkaline field, 1ud c-noclude vt 'the diagram has
definite limitations, and should be v-ed witn cere'. The second
variation diagram us2d by Trvire and h. ragar (19(1? was the
ternary system olivine - nepheline - guartz. This diagram is
totally unsuitable for the rocks from Roodekraal, which i1 the
pajority of cases only have one of the thrae eovi mémbers olivine,
v.epveline and quartz in their norms.

The method used by Irv1ne and Baragar {1971) which is the
most effective in classifylng the Roodekrzal rocks is the pro-
cedure of Chayes (196%, 1966). Chayes noted that basice volcanics
with nepheline iu the norm are alkaline, while those with quarts
in the norm are sub-alkaline and he suggests the use of the
¢linopyroxene - olivine - orthopyroxene ternary diagram in deciding
whether rocks with (nephéline + quartz) = 0 in their norms are
alkaline or snb-alkaline. Chayes derived iwo dividing lines for
his ter.nry -.ogram (Fig. iv, Appendix IT), a linear discriminant
functlon and a rarve shich is a combined linear and quadratic
function. He fo.ad that the curve gave the best discrimination
betwreen the alkaline and sub-alkaline flelds.

0f the rocks at Roodekraal, considering first the lavas of

which there are sixteen analyses in all:~

.

Seven samples have quartz in the norm and are

therefore sub~alkaline.
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One sauple has nepheline in the rorm and therefore
uannot be tholeiitic. ‘

Eight somples have normative {nephelint -« quarts) =
(see Pig. iv). Five of these £all within the curved
sub-alkeline field of Chayes and three outside if.

Thus of the sixteen samples of lava, itwelve indicate a sub-alkaiin@ E
_composition. ‘ :

If the same -rTules are applied to the intrusive rocks we find
that four have qusrtz in the norms and are sub-alkaline, five
have nepheline in the norms and are alkaline while the remaining
six rocks with normative (nepheline + gquartz) = 0 fall into the
aikaline field of Figure iv. It musi be remembered however thak
none ol the rock types present nt Roodekraal contain’ ﬂ&yf Tine
in {.eir nodes, and the nepheline present in the noram ‘could be
a result of the presence of secondary amphiboles. k

A Tipal factor used by Irvire and Baragar {1971) %o dzsilngulsh
between sub-alkaline and alkaline rocks is that sub-alkaline rocks

typicully show orthopyroxene in the norm. Orthopyroxene iz present

in the norms of all the samples taken, except the eauigranular
divrite, naasive andesite, coarse pyroxene diorite, the dioritic-
pegmatite and its wall rock {see Appendix 1). Thus orthopyroxene
is present in the norms of iwenty five of the thirity one samples‘
analysed.

Wwhere the rock tyres have been designated as sub-alkalmne a
distinction must be made between the tholeiitdic and calg-alkaline:
series. Considerins the AFM plot of the Roodekraal rocks {Fig. 1,
Appendix II) it can be noted that twenty-elght of the thirty one
rock types analysed fall within the tholeiitic field.

In Figure ii, Appendix II where the weight percentage of
Al O.,, is plotted against the normative plagioclase composition,
1t 38 oreerved that the majority of the rock types lie in the
tholeiitic Field. The rock types lying in the calc—alkallne
f£ield contain sbundant plagioclase phenocrysts and 1nc1ude coarse
pyroxens diorite, dioritic-pegmatite and aplite, syeqxte and
syenite-porphyry.

If the sixteen samples ¢f lava whigh have been analysed from
Roodekraal are defined according to the vasalt teirahedron of
Yoder and Tilley (1962) we have :-

i st [N -
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To draw a conclusion as to the nature of the parental ragma of the

sification methods described above is heipful.

"Beven samples have quartz and hypersthene in the norm R
and are thus tholeiitic. : ‘ o : R -

Bight samples contain olivine and hypersilene and are ' R =

thus olivine tholeiites.

One sample contains colivine an? nepheline and is thus an

alxali basalt.

However, due tu vhe fact that the rocks which fail into the olivime -

tholeiite group contain no olivine when examined under the micro~

scope, and since the nepheline in the norm could be a resuli of

the presence of secondary amphibole, the author feels it would

be more remsonable to neme these lavas tholeiites.

Roocdekraal Igneous Complex, a resumé of the findings from the clas- : ‘5;%

Prom the direct comparison of the average composition of the

Roodekraal andesite with well known world averages it was found

that the andesite present at Roodekraal is closest in composi- S "f;,'
tion to the ‘average tholeiitic andesite' of Nockolds 1954, +

The comparison between the mineralogy and chemisiry of the

late-stage differentiates of ti:e Roodekraal Igneous Complex = . o
and alkali-olivine basait and tholeiite shows that although :
the mineralogy of ithe pegmatite is clearly similar to that of ‘ ”iA_
the tnoleiitic differentiates, the chemical composition is | =2

closest to that of the alkali-olivine basalt.

Using the methods of Irvine and Baragar (1971), the alkalis-
silica diagram (Fig. iii, Appendix IT) indicates that most of ‘”.f,
the rock types at Roodekraal lie in the alkaline field. The :
methods of Chayes (1965, 1966) indicate that sixteen of the
rock types are tholeiitic and fifteen alkaline. Orthopyroxene
is present in the norms of twenty five of the thirty one
samples analysed indicating that the vast majority of rock o S

types have a sub-alkaline composition. Lo L

When the sixteen anelyses of lavas are defined according to the e
besalt tetrahedron of Yoder and Tilley (1362) all but one in- B

dicate a tholeiitic composition. , ; N
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L It can be eoncludedyfrom the above summary that fthe majerity of .
evidence peinfs-to the parental magma of the Rocdekraal'lgneoue Complex

"'haV1ng a tholeiikic comp051tlon., An explanation of the fairly freqﬁen%
o exceptlons to this rule is present in the fact that the rock types of
- the Roodekraal Igneous Complex do not really lend themselves to strict

tholei itic or alkaline- ollv1ne pasalt classification. The rock types

at ROOdekraal have an andesitic and dioritic rather than a basaltic
composition and have undergone secondary u;;rothermal alteration which
has modified the chemical composition by rendering it more alkaline

(see section entifled ‘HydrothermalvAlteration'). Evidence'eupperfing‘
the conclusion that the parental magms of the Roodekraal Igneous
Complex has a tholeiitic composition is thati, as previously stated,

the parental magma of the Roodekraal Igneous Complex was also the source

.

of &n earlier suite of tholeiitic rocks.
B, (Classification of the Rock Typesk

The classification according to Streckeisen (1967) was designed to fit
in with the current usage of the names for the various rock types, and
defines the rock types according to their position in the double triangle;;
quartz - alkali feldspar - plagioclase - feldspathoid. ' ’ '
Phe majority of the intrusive and extrusive rock types at Roodakraal
should be called diorite and andesite respectively, accordlng ta the
classification schemes of Holmes (1920), Johannsen (1937), Shand (1950)
and Streckeisen (1967). Phe author feels however that a division must
be made between the two groups of dieritic rocks present at Roodekraalb
which have different macroscopic appearances, mineralogy and chemical
compositions, The nature of the dark minerals present‘was chosen as
the eritesion for distinguishing between the two groups of rocks since,
as is detsiled in the section entitled *'Petrology of Individual Rock -~
Types!, pyroxene is the chief dark mineral present wit' in the porphyritig
non-amygdaloidal rocks which are accordingly called pyroxene andesite
and pyroxene diorite, Amphikcie is the most abundant dark mineral in -
the equigrapular, amygdaloidal rocks which are simply termed diorite or:
andesite depending on vwhether they are intrusive or extrusive. As ‘
Blsschoff (1970) points out, the criange from amphibole crystallizatlon
0 pyroxene crystallization marks the cross1ng of .an inportant physie-
chowical boundary, so that it is desirable to distinguish belsyzen pyroxene
w#ioh rocks and racks in which amnhlbn¢e is the preduminant maflc mineral.
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The pyroxeny diordite would- correspond to the soda gabbro of‘Biséchoff
1(1970), which he'd3f¢ned as being composed predominantly of
cllnopyroxene, and ‘plagioclase with a compositicy of (An < 50),
¥here 1mporiant “axtural differences are present thcy are unsed to ;\W
_:sub—&zvzde rock fypes, for example the masaive andesite 1w dlstlnguﬂshéd
'_from the amypdaléidal andesite Dby its lack of amygdales.~
_ Several rock types are present in the Roodekrzal Igneous Gomplex ST
7 which are neither andesite nce diorite, ‘ S n s
-As far-as the naming of segregation weins present witﬁin the Roade%
'kraal Igneous Complex is ‘concerned, the classification scheme of
Streckeisen (1967) is not detalled pnough to include these rock types.
Originally it was suggesfed that the term ‘pegmatite’ only be used for
“coarse-grained rocks of granitic composition with a graphic texiure, and"b
that the term 'pegmatoid’ be used for those without a graphic texture, ' v
‘Holmes (1920). Coniemporary usage (bahns and Burpham, 1969) seems to be
to employ the term 'pegmatite! for a wider range of coarse~grained rock :
types without graphic texture, and to use a prefix to qualify the rock
type more closely e.g. syenite-pegmatite. The writer uses the term
dioritic-pegmatite to describe the eoarse-grained segregatioﬁvveins preaent
- at Roodekraal since although they have a silica conternt of up to 58,80 per',
'7itf ~ cent (as in sample RC 23) and contain primary quariz, thej haye'plagioclééé
- ‘1 as the feldspar and also contain hornblende and actinolite. grout (1932)
. 1T : used the term aplite to denote a granitic rock with an sverage grain éize
‘ of less than one millimeire. The cuthor uses the term dioritic-aplite for B

the fine-grained segregation veins present at Roodekraal.
The olivine rich rocks present at Roodekraal de not have a constant

R mineralogy, however all samples examined heve dark minerals making up the B
cfﬁ; ' majority of the rock, a&nd plagioclase with & composition of An41 as the
L only feldspar and all contain olivine. The author decided to call these
- , ‘ rocks ‘olivine gabbro' since they fulfiil all the conditions required by
Streckeisen (1967) for classification as a gabbro, except that the plagio-
B clase present does not have an anorthite content of greater thun 50 per uant
Two narrow dikes baving a dioritic composltlon were classified as
dolerites by Bisschoff {1950, p. 30). Since these rocks have a sub- '
ophitic texture, occur as dikes and are predominantly composed of plaglo- -

clase and augite, the author agrees with this clessificatiion.
The pale dike rock which is widespread within the Complex and is ) : ,:f‘

composed mainly of plagioclase feldspar is elassified by Bisschoff {1950) e

under two names, firsily as an oligophyre, when it is porphyritic and




contains little quartz, and secondly as plagi-aplite, when it is less
porphyritic and contains more quariz. Bisschoff {1972%), however,
classifies ithis pale dike rock, together with ihe rock tyye which con~
aing abundant phenocrysts of plagioclase and barkevikite aﬁd forms &
‘parrow dike in the extrome south of the Complex, as albitite. The

author regards that a simpler classification than that of Bisschoff
(1950), should be used, so that the pale dike rock, which is uniform in
appearance and ccmpoéition, may be referred to by a single name. The
author is further of the opinion that the term albitite employed by
Bisschoff (1972b) is too general in that it includes two distinmet rock
tvpes with differing petrology, texture and field appearance. From the
petrology of the dike rocks in question it does not appear that albife

is the dominant variety of plagioclase presert, except in the vicinity‘
of sulphide bodies where late-stage hydrothermal alteration hes resulied
in the eonvearsion of more basic plagioclase to albite. Bissckoff (1950).
in discussing the narrow dike in the extreme south of the Complex’statéé
"Die veldspaat is min verander behalwe vir 'n bietjie ververing ne klzi
minerale!, and as previously recorded, Bisschoff (1950) had Adstermined
the composition of this plagicclase to be &nype

 According to the rlassification of rock types of Streckeisen 61957)

the pale dike rock described in & . vreceeding paragraph would be called
a syenite. Morse (1968} in a discussion on syenite describes & specific
variety of gyeuite which appears to be very similar to ihe rock type
present at Roodekraal. He calls this variety thydrous-syenite! and
states that it contains amphibole or biotite and generally has a silica
oversaturation trend. The high water content of the syenite at Roode~
kraal, 3,76 per cent for RC 30, suggests a hydrous nature. The other
analysis for syemite i.e. BC 27 has a low water content but since this
specimen was taken from outcrop the water content is not reliable, whereas
RC 30 analysis should be reliable since it is a channel sample of a dike
intersected at depth in a borehole. The author, however, for the sake
of simplicity, uses the term syenite for tha rock type at Roodekraal,

The rock type which is present as a narrow dike in the exivenme south
of the Complex, which cuts the massive andesife and has not been intruded
by pseudetachylite was originally classified by Willemse {¥e1 et al.
1939, p. 9, as a syenite-porphyry. Binschoff (1950) felt, however, that
gsinca it contained no (-feldspar it should be called a diorite-porphyry.
As previously discussed Bisschoff (197°b) classifies this rock type,
together with the gyenite, as albitite although albite is not the

dominapt plagioclase present in tnis rock type. 1% has ‘been siated by




~ Morse (1968) that a K-rich. feldspar may ocour in very 1ate—stages, but
is not\necessary for a syenike wnieh is always dominated by a 1ime poeT
plﬂglﬁcbase. The author Teels thet for the above reascn #nd tecause of
'ﬂ;%he fag
sified‘as a syenlte—porphyry according to the original auggestlnn by

4‘*ﬁat & wibtle- orihoclase is present the rock shouhu be clas-l

Willemse. Tha»author concludes from the field evidence, the similar
geochemlstry to the Pilandsberg syenite at Leeufonfein and the. fact that
2 Pilandsberg syeniie dike cuts the Rietfontein Complex, that this dike
is in fact a Pilsndsberg SJeﬂlte. A nolable feature in the field
evidenuce is bhe Tact thet this dike has margins which have been more
strongly chilled than ‘he margins of the other dike rocks of ihe Gomplex,
indicating that %he syanlte—pcrphvry intrudad at a later stage than the
other dikes, when the host rocks had cooled to a greater extent.

i the
F. LGenesis and Classification of Sulpbide. Bodies
1. Paragenesis of the Cre Einerals

The sequence of deposition of the ore winerals and the hydrotheimal gangﬁe'A
minerals is graphically represented on the paragenetic crars (rig. 8}.
The minerals are corsidered in their order of crystzllisziion as deter-
mined by their textursl relationships with other winerals.. '

Megnetite and ilmenite are regarded by the writer as being primary
minerals formed by ignecus procesaes. Ramdohr (1355) and Buddingion
and Lindsay (1964) give thi temperazture of formation of the exsolution
texture between ilmenite and pagnetite, which is ‘commornly observed ai
Roodekraal, &s between 40C°C - 700°¢. '

Hepatite ocours as an early Tormed mineral within the pegmatite
(P1ate XV, 4), where it may have Tormed either as an alteration product
of hornblende or as & pr1mary mineral., A mecond genmeration of hematite
may be formed at lower temperatures above 13590 as an intermediate siep
in the comversion of magnetite to goethite, although magnetl & may he
altered directly to goethite. Hematite appears to have formed before
secondary quartz since ‘boxworks! of hematite are filled with guarts
(P1ate XVI, 1),

The position of panrtz in the paragenetic segquence is difficuit to -
sspess since it was provably formed both as a Geuteric-stage mineral. B
and durirg hydrothermal slteration accompenying the deposition of the
gulphide minerals. The guartz formed after hematite, but it must bave
formed before pyrite I, since ryrite I encircles the guartz in ‘atoll’

1ike structures {Plate VI, 1).
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Albite, the majority of which is considered to have formed as a
high-temperature, deuteric, modification of the pré—exiéting Teldspar,

is present in great abundance especially in the lavas. - Howaver‘the' -
Joriginal feldspar has been nmore cumpletely altered to albiie in ¥ |
Syieinity of the mlnerallzed zones than elsewhere in the rocks of. tne
Complex, Thus a certain amount must have been formed by the 1aus—stage
 hydrothermal solutions associated with thé‘period of sulphide minerali-:
Zatlﬂn‘

Actinolite is present in fair proportion &s a secondary mlnerul in
most of ‘the rocks of the Complex and oceurs as *ine acicular or columnar i
>'crystals within ihe,groundmass and amygdales. 1% is observed to have
formed earlier than the chalcopyrite T which surrounds corrodied crystals’
of it (Platé IX, 4), and earlier than bornite and chalcocite, since %hé .

sctinolite needles act as partitions between the bornite and white

chelcocite (Plate XI, 4). As the actinolite is evenly distributed througﬁ»‘_‘;zﬂ !

out the lavas and other main rock types of the Complex, it probably owes <
its ovigin to deuteric aliberation. It is unlikely that actinolite was:
produced by a later .etamorphism since the syenite and syenite—porphyry
dike rocks do not contain actinolite. ' ;
~'Phe bulk of the sericite is thought to have formed at temperabures

above %50°C during the deuteric-stege alteration. However, some sericite
could have Leen formed at a later slage when potash was released during
the conversion of biotite to chlorite. ) o

Calcite apparently formed before the sulphide mlnerals* It was - - B i
formed before chalcopyrite I and sphalerite, since it heo been surrounded-
and cmrroded hy chalecopyrite I (Plate IX, 1), and the chalcopyrite I o
in the sap® pollshed section occurs in exsolution with sphalerite. The

gphalerite has an iron content of 9,4 per cent indicating a temperature
of formation of 350°C which is in accordance with the findings of '
Buerger (1934) who stated that the exsolution of chalcopyrite»within
sphalerite took place between 350°C and 400°CG. From this it can be con-
cluded that the calecite must have formed at femperatures in excess of
400°C. It iz probable that the majority of the caleite was foryed earlg,
during the deuteric-stage of alteration. '

Biotite is considered by the writer to have formed by hyirnthermal
potassium metasomatism of -pre-existing mafic minerals, It is zlso
concluded that the biotite was formed by late-stage hydrotkerzal solutLOns
associated with sulphide dePOSltlon.

Pyrite I was deposited over two temperature ranges, proﬁgbly within

i




the limits suggested by Smith (1948) of 630°¢ - 400°C at high pressure

and 150°C at low pressure. : :

» Pyrrhotite was the nexi mineral to be deposited amd it has replaced
Loty pyrite and gquartz. The pyrrhotite has an iron -content of 46,9 per
cent atomic Fe, giving 2 lemperalure of formetion of 43%0°C at preséures:
greater than one bar., Pyrrhotite replaced quartz but its relationship
to serigite is uncertain. ’ '

Epidote occurs in association with pyrrhotite in Plate VIII, 4, where
the epidote abpears to have replaced the pyrrhotite in a 'caries texture!,
but has itself been replaced by chalcopyrite I. Epidote formed as a
late-stage hydrothermal mineral by the alteration of aluminous ferro~

magnesian minerals. It may also be formed in small guantities as an
alteration product of the feldspar when the feldspar is albitized with
the liberation of calcium. It has been noted under the section on the
'Mineralogy of the Ore Minerals' that chalcopyrite I has replaced epidote
and that epidote in turn replaced pyrrhotite. Since the temperature of
Formation of the pyrrhotite has been deiermined as 430°C and that of k
chalcopyrite as about 350°C it follows that epidote was formed between
these two temperatures. The above conclusion fite well with the range
of the temperature of formation of epidote as quoted by Deer, et al. (1967)
of 300°C - (400° ~ 500%). ‘ | -

Chlorite occurs in most of the rocks of the Complex in small amounts.
1% is most abundant in the vicinity of the mineralived zones. Ore of
the varieties of chlorite present is possibly bavalite (a variety of
daphnite) whivh is generally formed between 200°C and 500°C, The chloxite
probably formed at the expense of the olive-green to pale-brown biotite,
with the X,0 released during the reaction being used in the Tormation
of sericite,

Sphalerite is present in small quantities mainly as vein fillings.v
Since i+ occurs in exsolution with chalcopyrite I, it must have beeu
deposited at the same time as the chalcopyrite. The sphalerite has an
iron content of 9,4 per cent which irdicates a temporaturs of formationh
of 350°C. - ;

Chalcopyrite I was farmed at about 350°C where it is in exsolution
with sphalerite and deposition probably did not continue to much lower ,

temperatures since chalcopyrite I is not foun@_in exsolution with bormite. .

Bornite and white chalcocite must have formed at temperatures below

35050 hecausé they do no* occur as intergrowths with chalcupyritell.‘

The 'myrmekitic’ intergrowth of bosnite and white chalcocite was, aocord;ng

-
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to Breti (1963), probably formed at beiwsen 200°C‘and’270°d.
Chalcopyrite II is preseni as 2 minor exsolved phase along the _vff;

cleavage planes df«bcrnité, and sccordipg to Bretbt (1965) it must havef
formed at temperatures below .228°C. ,

Géethite which is formed by the oxidatlon and hydratlcn of wagnetite is

R

considered to be hypogene in origin due to the fact that it is concentrated
in the vicinity of sulphiderho&ies and because tﬁe amount of goethite ?re—
sent does not decrease with distancevfrom the surfags. ¢ mentioned under,;
the section entitled ' Mineralogy of the Ore Minera v “he author consiﬁefé f? ‘
that the goelhite at Roodekraal formed under alkalii. condifions. Edwards |
(1965) concludes that goethite forms at temperatures below 165°C under S
alkaline conditions. '
Zeolites are low temperature minerals and probably formed after all the . B
hypogene sulpkides had been deposited. The variety of zeolite ﬁresent was | RS
determined by X-ray analysis %o probably be a member of the ph1111p31te LJV vf +
group which Daubrée {1879) quoted in Deer et al. (1967, 4 i P 399} noted - .

ag formirg at temperztures below 70°C.

L]

Native copper replaces epidote but is rimned by later blue chalcoclte.

"

The native copper appears to be supergene in origin since it is only present

L

in porous rocks near the surface, where it could eaaily have been feposited
by meteoric solutions. Rutile formed as a supergene alteration product of
ilmenite. Blue chalcocite is present as a supergene alterat.on in & ‘ric 2‘
texture’ around bornite and native copper. N =
Covrllite was the last supergene sulphide to form. 1t is present as an
alteration of chalcopyrite II, bornite and white chalcogite. Since it is of
ine 'blaubleibender’ variety it must have formed at temperatures below 157 .
+ 390 (Ramdohr, 1955). Malachite, azurite and cuprite are formed at or near
the surface by the processes of weathering. These minerals form z%t the ex-

pense of any of the pre-existing copper minerals.

"

An inspection of the paragenetic chart (Flg. 8), shows that the ore
minerals follow a perfectly logical sequence with the high temperaiure minerals
having been deposited first and the low temperature minerals las%. This '
decrease in the femperature of formation is accompanied by a parallel decrease
in the sulphur content. This would seem to indicate that there was only one

pericd of mineralization, since iff there was more than one period of minerali¢ 

zation we might expect local reversals of the sequence with & high tewpere~
ture mineral replacing 8 low temperature one.
The gangue minerals do not follow a simple sequenice since they were _

not all formed at the same time. Two dintinet seguences are presenti-
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Secondaxy rock forming minerals formed during the deuteric-
" ptage &@terations. These incluie guariz, albite, mctinelite,
‘mericite, apatite and calecite.

Secon&ary rock forming miﬁerals foemed by the hydrotherpal

‘solutions which accompanied the sulmiide mineralization.

Mi@eralg jpcivded here are bioiite, epidote, chlorite andvaGOIita,

2. .ﬁyﬂzo%ﬁarmai Zoning

goning it a subject which éue to ite variable nature is not adequatekyr
explained by any single hypothesis. ‘lwo types of zoning arg yresentra% A
Roodekraal, a depbh soning, and a concentric zoning within the replace=

ment bodies themselves.
a., Depih zoning

This featvre which is uged to classify hydrothermal ore deposits Fisr'
veen discnssed by many writers, notably idndgren {1933), Gra%aﬁ.(lQB})'
and Schneiderkohn {1941). The ezsence of the classification schemes
put forward is that ore deposits formed at different depths have dis-
tinctly differsmt sul us of ore minerals and conditions of formation.
Ynfortunaiely it is vexry difficult to apply these schemes in praciice
since few depeoits comply with all thle requirements of any particuler
scheme.

The widely used classification of Lindgren (1933) is taken as an
example. In his sub-division of deposits formed by chemiczl processes
of conceniration from not ascending water crarged with igneous emanations,

he makes three sub-divisions, nsmely:-

(i) Deposition and concentration at slight depth. Epithermal
deposits (approximately 50 - 200°C, moderate pressure).

Deposition and concentration at intermediate depth.
Mesothermal deposits (approximately 200° - 300°C, pressure’
high) .

(iii) Deposition and concentration at great depth or at high
gemperature and pressure. Fypothermal deposits {30¢°¢
- 500°C, pressvi: IY high)«

The sulphide deposits present at Roodekraal would not satisly the con-
dstions for inclusion in any one of thése three sub-divisions, singe
“glthough it would be epithermal by its depih, the iemperatare range o
fhe sulphide mineral deposition from avove 430°C %o abcui 1009¢ streﬁzkes 




over all three sub~ditigions from epithermal to hypothermal.

Although the dépth of emplacement wan very shallow, the writer does
net favour the use of the term 'teletherssl' since this indicates that

'HéO, COp, NaCl and other compounds escaped into the hydrosphere and
'atmosphare and that the depdsits were formed at 1o pressure by open
space filling (Brown, 1950). The wriver feels that the main sulphide
deposits at Roodekraal were trapped beneath a cap rock of pyroxene
fandesiﬁe, and vegards the exiensive disseminated replacement bodies as
being indicstive of formation under at least moderate pressure. Many
of ‘the requirements for inclusion as a mesothermal deposit are met
since many of the sulphide minerals were deposited between 2009¢ - 300°C
and the sulphide hodies have a tenuous connection with the surface.

The writer is of the opinion, however, that the sulphide deposits
at Roodekrasl must be regarded as epithermal since they are emplaced
in lavas which were probably only covered by subsequent lava filows of
the Roodekraal Igneous Complex, if it 1s assumed that the peried of
mineralization was pre-Karroo. The depth of burial must be the prime
criterion of a ‘depth' sone classiTicatiow, even though the word ther-
mal with several vrrefixes is used to describe the varicus sub—divisions,

b. Conegentric zoning !

This ié the type of zoning which is present within a particular body
and her received less attention than the depth zoning; Authors who
worze’ u3 the problem of zoning iu hydrothermal deposits such as
Epmona .3921Y. Blanchard (1927), Gruton and Bowd.tch 114%6), Parks {1955). | :
Sales and heyns (1950), Schwartz (1956) and Parks wnd weDiavmid (1964) o
concluded 4#:i »i7h distance from the source of the mineralizing fluids ‘ 3

sucoessively lowoe lemperaturc minex als are deposited. However ihi

generalization uppiics wove to an open space, fissure filling type of .
deposit trhan to a dimseninated replacement deposit. So meny reverzals

of this =zonal sequenve tela place that it cannot be regarded as more

than an idealised arrangement.
A% Roodekraal, there is & distinct zoning in the gulphide bodies

"‘t 'Iuh%ih oacur around vhe high argle normal faults. ‘Pris zoulug is &

comitete reversal of *he norsally accepted sequence, having an inner
gone < barnite-chalcocite followed outwards by a bornite~chalcopyrite
zong and finally a chalcopyr1tempyrltempyrrhntlte zone {see Platas
XVIII and XIX). This relations’ip can also be seen in Plates XXI and
"YXII where although no feults ccenr, the best copper values are elways
within the bornite zomes becauing poorer in the rhalcopyrite—pyrlte- v




|
i

i \H «

‘ TR TI B 1 TR

I Jﬁ"ﬁlu

h ]

pyrrhotite zone. The white éhalcocite‘which.is present in greatest

abundance in the ¢entre of the sulphide hodies must have been formed
at falyly 1ow \emperatures since it invariably contains silver. Native
coppe is not ivoolved in the zon1ng~smnce it is supergene in origin

end . .1y occurs nesr the surface.

Ap‘excéption to this general zonal sequence is found in Plate XX,
where a large irregularly shaped pyrrhotite body, elongated in the
horizontal plane, is surrounded by a chalcopyrite zone which- gives way

to a bornatewchalcoclte zone above, and & bornite-chalcopyrite zone

below."fhg'nprt ern limb of the pyrrhotite body ogcupies an 1rragularly
shaped vmgﬂﬁaic breecia which acted as a favourable passageway for the
mineralizing fluids. This breccia zone is possibiy connected to the
similar breccia which outcrops to the northeast and which would have
allowal the gases to escape ic the surface brirging aboul d"greét re-
ductior in pressure and causing the classical low pressure, fissure |
type of zoning to develop with t™e high temperature suiphides on the
inside., It thus appears that there are iwe distinetly different smonal

segquencea~

(i) The normal zonal sequence which occurs in low pressure,

open space filling deposits.

(ii) The reversed zonal sequence which occurs in moderate %o
high pressure replacement deposits.

Jacobsent (1967) has proposed a model to explain the occurrence of
poversed zoning in replacement bodies formed at moderate to high pre-
sures, He conmiders that the copper ore bodies of Artonvilla, which

exhibit reversed goning, were for  in a 'neérly or totally closed .
system in the physical sense', He postulates that only one influx
of mineralizing solutions entered & structural trap which was further
senled by the formation of a silicified and slightly sericitized
pyrite zone, He then reasong that the early precipitation of pyrite
resulted in & depletion of sulphur in the rest solutions so that
minerals containing progressively less sulphur were deposited on the
cutnide of the 'bubble' of mineralizing fluids as it cooled invards,
The gangue minerals were progressively enriched in water towards the
cortre of the body, Jacobsen considers that the minerelizing fluids
were transported as pneumatolytic solutions above the oritical tempera-
ture of water, which however condensed ag temperatures and presaurés

became lower.
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The writer feels that the concentric zoning within the main su)phide
“‘bodies at Roodekraal is adequately explained by a direct applicaliion §£
..J&eobsen‘s model: As far as the exact mode of deposition of the ore

minerals is concerned the writer would like to refer to thefwoik of

Brown (1971) who studied reversed zoning in the White Pine Copper dis—
‘trict, vhere Yhe copper deposits were formed by replacement under
pressures of 240 to 650 bars. Brown suggests that.dissolvéd copper
diffused through a stationary pore solution due to a chemical potentiél e
gradient generated by the estimated differences in the coppér~eonﬂents k

of the mineralizing solutions and the interstitial solutions in'the,

unwineralized rock.
‘ “the
3. Clasgification ofAOres
Thig has to a large extent been discussed in the section entitled
"Depth Zoning' where it was concluded that due to their shallow
depth of fermation, the sulphide bodies at Roodekraal are epitherma1  s

iv origin. These sulphide deposiis exhibit the following mesothermal‘

chargeterigticsi-

{1) A temperature of formation in the mesothermal range of
Lindgren (1933). ) TG

& tenunus connection with the surface (Parks and MeDiarmid,
1964).

Extensive replacement of pre-ezisting minerals as well as

- open gpace filling.

The wide range of temperature over which the sulphides formed
would imply that the mineralized body is a 'telescoped deposit' (Spurx,
1922), but the logical and well developed zoning present appears fq
refute tﬁis. :

If a simple genetic classification such as the one suggested by
Bateman {1964) is used to classify the Roodekrael deposits, they would
‘be included i deposits formed by hydrothermal process and would belong
t+o both of the following two divisiong:- o

A. - Qavity filling, sub-section f. Vesicnlar fillings

B, Replacement,-sub—section ¢, Disseminated

There is & striking similarity between thefsulphide replacenent
| bodies of Roodekraal and Artonvilla. Tue differences which do occur,
mainly in the type of gangue minerals present, are caused by the com-
pletely different ypes of hnst rock. A comparigon between these two

-




‘deposits is presented in Table XXIX.

A comparison betweer the svlphide replacement bodids

"TABLE XXIX

Roodekraal and Artonvilla

of

Property

Artonvilla

- Roodekraal -

‘Location

In structural tréps generally
at the intersection of two
¢roasg folds,

In structural traps within
the amygdaloidal andesite
vetween the pyroxene ande~
site above and the equi-
granular diorite sill below.

Inmediate
Host rock

Constantly in the 'Melano~
crat’¢' zone which has a
Tavourable chemical reactivity.

Always within the amygdaloi~ .
dal andesite which is i
chemically favourable to'
replacement, -

Zoning

Reversed zoning with high
Fe~S minerals at outer ex-—
tremities and high Cu, Hp0
concentrations at the centre
of the ore body.

As for Artonvilla.

Formed by

Ascending hydrothermal fluids
of wagmatic origin.

As for Artonvilla.

Temperature
range of sul-
phide deposition

From temperatures of above
4179¢ Yo below 100°C.

From temperaturesg of above
430°C to below 100°C.

Type of
Deposit

Disseminated replacement type
with intense hydrothermal al-
teration and introduction of
Hp0, Kp0, Bajy0, Alp03, Cal,
Mg0 and minor Si0,.

Disseminated replacement
and open space filling type
with intense hydrothermal - -
alteration and probable in~’
troduction of Hz0 and X50.

Mode of
Pcrmation

Ore solutions entered traps
in one distinct upsurge and
then crystallised from the
marging inwards.

As for Artonvilla

Type of
Mineralization

Eleven of the ore minerals present at Artonvilla are also

present at Roodekraal.

Sulphides which are common to both

deposits include pyrite, pyrrhotite, sphalerite, chalcopyrite,

bornite, chalcocite and covellite.

Bight of the silicate

gangue minerals, which were deposited by the same hydro-
thermal solutions as the ore min¢rals, are common to both

deposits.

These minerals are elbite, quartz, apatife,

gericite, calcite, biotite, chlorite and epidote.

From the comparisra presented in Table XXIX it can be concluded that
the sulphide bodies at Roodekraal are best described as hydrothermal dig-
seminated replacement bodies of the 'Artonvilla type’.
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4. Fature of Nineralizing Solutions
‘a, Physical state of the mineralizing fluids

A regards the actual physical state in which ore bearing fluids leave
" their source, earlier suthors such as Fenner (1933), Graton (1940) and
‘vthers goncluded that 1deal gases were inespable of transporting-metals;
In support of this contention Smith (1954) suggests that hydrothermal
&eposition.iSFCOnfined essentially %o the liquid phases. );
. More recestly, however, Ovchinnikov (1963) conducted experiments
‘which indicated that metsls could be moved from an artificial magma by
gases, mainly composed of water vapour. XKrauskopf (1967) also concludes
that hydrothermal fiuids may be partly or completely in the gas phase.
The hydrothermal solutions at Roodekraal must have been capable of
penetrating dense wall rocks, judging by the extensive wall rock &l-

teration.
b. Transpori of metal in seolution

Due to the fact that sulphide compounds are extremely irsoluble, it
seems probable that some form of chemical bonding takes place which
could increase the solubility of these compounds by several orders of
magnitude. Transport of meials in chloride complexes was postulagéd by

Relgeson {1964). This hypothesis is substantiated by high concenirations

of CI" in most hydrothermal environments.

Spury {1922) put forward the idea that the mlnerallzlng fiuids are
compoaed essentially of sulphides in an 'ore magns”’. % more gophisti-
eated theory along similar lines is that of Browa (1950) who feels that
fhe mineralizing fluids were in the form of a vapourized (volatilized)
sulphide melt. He suggests that a mixed sulphide melt accumulated deep
within the earth, which was stratified in accordance with metallurgical
principles. Vapourization of the substances having access 1o the
avenues of escape then proceeded in accordance with their relative
volatilities at the particular temperature of the melt, the probable

order of‘vapnurizatioh being:-

pyrite —»chalcopyrite, sphalerite —» enargite, temnmantite,
tetrahedrite, jamesonite —s chaleocite, galena, argentite.

He concludes that although water is of little value &8s & llquld or
vapour in the transport of metal sul.phides it could be of greal utility
in the elimination of carbonaceaus ar silicéous gangue to meke way for
“the deposition of sulphides. In support of his idea he guotes the

.
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