
texture (Plate IX, l ) .

Prom the above mineral associations it can be deduced that since 

galena replaces an exsolution texture of chalcopyrite I in sphalerite 

with an iron content of 9,4 per cent by  weight, t h e‘galena must have, 

formed at temperatures below 550°C.

11. Silver : .

Although no sliver*mineral has been o b s e r v e d  under the microscope, the 

copper sulphides are argentiferous. .

The si!'.er present must be hypogene, since silver is present in 

small amounts wherever the copper Minerals are concentrated. The 

amount of silver present is directly proportional to the amount of 

copper present and not to the distance below surface. Silver values 

are not found associated with the galena. The relationship between 

the quar itie3 of copper and silver present is a simple one, which  ̂

may he expressed by the algebraic function;

y =  3,79 x 10- V  -

where: y  — Percentage copper (electrolytic analysis)

x  — Percentage silver (assay), . .

The above relationship is derived using the following method?!.

Firstly all available values obtained from samples which had been 

analysed for copper, using the electrolytic deposition method, and also 

assayed for silver, are plotted on rectangular co-ordinates using the 

copper percentage as the ordinate and the silver percentage as the 

abscissa. The graph obtained is presented in Figure 6. Values 

obtained by using the atomic absorption 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  =  m  

. where; m  =  slope of the line

To determine m  the expression; . .

. m  =  £ .xy “ lS.x)(^y). _ -





When the values for m  is subaiit'-ted in the locus of the line of best, 

fit the expression y  = 3,79 x 10“̂ x is obtained. Expressed iii 

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

2 638,5 parts of copper, •

3/Ue to the fact that the amount of silver present i-s directly 

related to the amount of copper sulphides present, and since all the 

aaiaples in this study were composed mainly of white chalcocite, it 

can be concluded that the silver is present within the white chalcocite.

She silver is probably present as a sulphide since examples of solid 

solutions between silver sulphides and chalcocite ".re well known.

Edwards (l965) in discussing the cooling of a solid solution of 

argentito and chalcocite states 'the silver is precipitated not as 

Ag 2S but as the intermediate compound stromeyerite'(CugS. A g 2S), wnich 

develops as blade-like crystals in the (ill) directions of the cv.bic 

chalcocite1.

Fro m  the above it seems probable that the silver is present 3a the 

form of hypogene stromeyerite. -

12. Native copper Cu

Hative copper is present within the upper portions of the n.ineralisea 

zone extending to a depth of 40,2 metres. It occurs almost exclusively 

within the porphyritic andesite and the coarsely crystalline andeeite./

The native copper was identified by its high reflectivity, distinctive 

copper-red colour and its Vicker's Hardness. The reflectivity at.5 9 0 ^  , 

using the U.S.S.R. pyrite standard is 82,1 per cent (Polinsbee J949 

gives 67,8 - 72,8 per cent), T i c k e r’s Hardness i.e. VHI-^ is 71*3 (70,2 - 

71,9) (Burke 1966 -  1967 gives 5 0 - 6 2 ) .

Textural relationships with other minerals

Ore minerals „

Blue chalcocite has replaced native copper as a 'rim-replacersent'

(Plate XIX, 2). Thus the native copper must have been deposited cefore

the blue chalcocite.

Gangue min&sfcls

Epidote has been corroded by native copper in a 'caries texture'. 5ha 

range of temperature within which epidote minerals crystallise 13 
given as 300°C -(400°C or 500°C) (lower limit Strin&i&ra (1952), upper ; 

limits. Banberg (1949) gives 400°0 and R e s e r v i s t  (l95?) gives 50C*>3.



quoted in Deer s t  al., p. 202, 196?)

The above mineral association would suggest that native copper was 

f o r n e d V  temperatures ’below 300°C. The native copper may he hypogene 

or supergene in origin since the hypogene native copper of the Lake 

Superior district of North America was deposited at temperatures of 

100° - 250°0, according to Lindgren (1933). The fact that the native . 

copper is restricted to coarser grained (more porous) rock types near 

the surface seems to indicate that it is supergene in origin (see Plate 

XX).

13. Goethite FegO^. HgO

Goethite has formed as an alteration product of magnetite especially 

in the vicinity of the mineralized zones. The formation of goethite 

is considered by the writer to be due to hydrothermal processes involving . 

oxidation and hydration, and not to the weathering processes. The 

amount of goethite present does not decrease with depth but increases 

markedly in the vicinity of copper suiphide bodies. Thus goethite, 

despite its fairly low temperature of formation is a  hypogene and not 

a supergene mineral. Soethite is recognised in polished section by 

its light yellow internal reflections, moderate anisotropism and ijron-

grey colour.

The presence of goethite would explain why geophysical surveys 

using electromagnetic or magnetic methods showed the mineralized nones 

to be lying along n o n m a g n e t i c  zones. The abundant magnetite a

high magnetic background and where the magnetite has been altered to 

goethite, a magnetic low occurs.

Textural relationships with other minerals

The goethite has been formed at the expense of magnetite and for this 

reason it is uncertain whether textural relationships between goethite 

and other minerals refer to the goethite or the pre-existing iragnetit& . 

The only texture observed between goethite and other minerals v/hicn is 

thought to refer to the goethite itself, is where it  encloses borr.itb -

and white chalcocite. •

The temperature of formation of goethite is given by Edwards (1965)

as up to 165°C for alkaline conditions and u p to 125°C foV neutral

conditions. Since the hydrothermal solutions were profcaoly alkaline,

containing soda (evidenced by  the albitization of the feldspar), a s ^

W e\ * as a fair'amount of potash (necessary for Hie fow.&ticr, .c: c^o .x .e),



it can he presumed -that goethite was deposited at temperatures below 

165°C.

14, Rdtile TiO£

Rutiie is present as an alteration product of ilipenite. It is clearly 

seen as a replacement of ilmenite in an ’island and sea' texture in 

plate IV, 3 and this same mass of rutiie has replaced an epidote grain 

in a 'caries texture'. Rutiie is also observed to enclose epidote 

completely. P rom the above it can be concluded that rutiie is a  super­

gene alteration product of ilmenite. Ziv (1956) has described the 

aupergene conversion of ilmenite to rutiie.

15. Coveilite Cvui

This mineral is present in minor ar.ounts to a d<ppth of 17 >4 metres from 

surface, Coveilite is easily identified by it3 strong pleocbroism _ 

from poster-blue to indigo-blue and its strong anisotropies with fiery- 

orange to red polarization colours.

Textural relationships with other minerals

Ore minerals .

Bornite, blue chalcocite and chalcopyrite II have been replau-d by 

coveilite along cleavages and cracks (Plate IX, 3) and white chalcocite 

has been directly replaced by coveilite along cleavages and cracks 

(Plate XII, l ) . Owing to the fact that coveilite is observed as a 

replacement of supergene blue chalcocite it can be concluded that .

coveilite was the last copper sulphide to form ar.d that it owes its 

origin to supergene replacement. A fact which supports a supergens 

origin for the coveilite is that it is only •” A at shallow depths.

Ramrinhr (1955) gave a description of a variety of 'blaubleibender' 

coveilite with an  intense blue colour, a description which fits the 

coveilite present at Roodekraal. Koh (1963) has determined that the 

upper stability limit of this 'blaubleibender' coveilite is 157°C + 3°C*

16. Malachite CuCOj. Cu(QH)2 , Aaurite 2Cu003 . Gu(OH)2 and Cuprite Cu20

These minerals are present as supergene replacement minerals in the sone 

of weathering.

Cuprite is easily recognised by its red colour in hand speotaea, 

bluish-grey colour in reflected light and parallel etch cleavage developed 

when treated with a 20 per cent by weight solution of KC1,. Ivslaesite 

and azurite a re recognised by their green and blue colours respectively,



and the fact that they effervesce with dilute HC1. These three 

minerals have replaced t he sulphides of copper, and “Were fo^asd "by 

oxidation a m  the action of carbonated waters upon the copper mineral 

a t  elisatic tesa^eratnres at or tvear the surface. •



; , V. DISCUSSICIf 0? RESULTS '

A. Formation of the Roodekraal Igneous Complex

1. Tectonic Framework and Age '

She Hoodekraal Igneous Complex is situated within a  well developed 

tectonic basin in the Pretoria Series of the Transvaal fastens. The 

■basin was formed by the intersection of two synclinal axes, one developed 

b y  the centrifugal forces resulting from the rising of the Yredefort 

Dome and the other syncline being the ’Eleazar Syncline1 (Eriksson, 1971) 

The 1Eleazar Syncline' was* strongly developed running approximately 

northwest %o southeast 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 development of 

a tectonic basin. On the map) i.e. Plate XXIV, the Magaliesberg 

Quartzite which forma the edge of the basin around the Roodekraal 

Igneous Complex is clearly in evidence on the western and northern 

sides of the Complex. The Kagaliesberg Quartzite consistently dij-s 

towards the centre of the Complex, and the contact of the Magaliesberg 

Quartzite and the amygdaloidal andesite along the northern edge of^the 

Complex is known from oirillirs operations to maintain its dip of 60 

to depths of at least 430 metres (see Plate XXIIl). This contact xs 

sharp with no signs of slip movement or brecciation.

A point of great importance is the fact that there has been no 

significant tilting or folding of the Complex since its emplacement. 

Evidence supporting this statement is as follows:-

(a) Layers of pyroxene andesite which occur as cap rocks 

overlying the amygdaloidal andesite are always roughly 

horizontal, parallel to the present su; ;e (see Plates 

XVIII, XIX, XX, XXII and XXIIl). This uemonstrates that 

no tilting has taken place since the pyroxene andesite 

flowed out onto the paleo-surface.

(b) From boreholes drilled along the quartzite contact, it 

appears that no movement has taken place between the 

quartzite and the andesite.

.(c) Contacts between successive flows of amygdaloidal andesite 

are gesisrally 'parallel to the present surface.



(d) Where block faulting has taken place due fco superincumbent .

loading, the high angle faults do not appear to have teen 

rotated since their formation (see Plates XVIII and X I X ) .

Pro a  the foregoing it can he concluded that the 'basin in which the 

Roodekraal Igneous Complex is situated was formed before the outflow of 

the andesite. It may however, have been deepened by isostatic sagging 

under a load of 700 tsetres or more of andesite and intrusive rocks. H u e  

to the fact that no '.How structures, or other features suggesting ex­

trusion under water, have been observed in the andesite, it can "be concluded 

that the andesite was extruded onto a land surface. The author's conclu­

sions conflict with the findings of Bisschoff (1970) who states firstly 

that the Complex was emplaced on a 'nearly horizontal surface of the 

Pretoria Series', and second.ly, that the iact that d.rilling operations 

shov; the lava is present to relatively great depths below the present 

surface ’indicates that the Complex has undergone a certain amount of fold­

ing subsequent to its development'. Bisschoff (1972b) concludes that tne 

Roodekraal Igneous Complex was e placed under shallow water conditions, 

an>! ’oes not rule out the possibility that the basin in which the Coeplex 

iien was deepened by isostatic sagging.

Hargraves (l970) concluded from measurements of the paleoinagnetis:; of 

the younger natellitio bodies around the Vredefort King Structure that 'the 

Rietfontein basic complex and its associated alkali granite pluton (and 

presumably the Vaal River plutons as well) were intruded into essentially 

flat lying sediments, p^ior to the development of the Vredefort Ring 

S t r u cture’. (By 'Vaal River plutons' Hargraves means the alkali graiiitr 

plutons at Schurwedraai and Baviaanskranz). The author does not agree 

with this conclusion, and presents the following arguments agaii.st its-

(i) Hargraves tested twelve samples of intrusive rock from tha sa* „-l- 

litic bodies to ses if their magnetic vectors w>'ve sues tan.si' > 'y 

different from those of t*ie basic granophyre, whicn was empls -1 

after the formation of the Vredefort Ring Structure. If these 

vectors differed substantially it would indicate that the satel- 

litic bodies were emplaced before overturning. Results obtained 

f r o m  ten of the twelve samples used were discounted by Hargraves.

The two remaining samples which were taken from the Rietfonreir. 

Complex, were used to derive his conclusion that the s a t e l l i t e  

bodies were intruded prior to overturning.

(ii) The Louberg Intrusion as Hargraves states, 'gives consistent paley- 

magnetic data of the same orientation as that from t ;;&sic



granophyre'. This would indicate emplacement after overturning.

(iii) The samples taken at Roodekraal were from the coarse pyroxene diorite 

and the amygdnloidal andesite. The amygdaloidal andesite (sample 14 

in  Fig, ?) has two ages of intrusives between it and the much younger 

coarse pyroxene diorite (sample 15 in Fig. 7 ). However when Hargraves 

plots the results of the paleomagnetism studies on .the ' po.'lar-wander 

curve' of McElhinny et al, (1968) in Figure 7 it appears that the ' 

andesite (14) is much younger than the Coarse pyroxene diorite (l5) 

which is incorrect. Hargraves' finding that the magnetic vectors of

the two samples from Roodekraal 'are within 35° of the basic grano- 

phyre vector' indicates emplacement after overturning.

The only rock formation at Roodekraal which appears to have been 

tilted after emplacement is the composite coarse pyroxene diorite and 

olivine gabbro sill. This formation has teen tilted towards the centre 

of the Vredefort Ring Structure, which is exactly the opposite of what 

would be expected if it had been emplaced before overturning.

(iv) Of the Vaal River plutons, Hargraves himself admits that the results 

in the alkali granites are widely scattered and that the results from 

the nepheline syenite, hornfels and dolerite are 'similar to that of

the basic granophyre' which would indicate emplacement after overturning*

(v) The Rietfontein Complex has magnetic vectors which indicate that this 

Complex has been tilted to the south 3ince formation. The. writer 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 o.f the Complex and not b y  the overturning country rock.

The age of the Roodekraal Igneous Complex is bracketed b y  two geological 

events. Firstly the Roodekraal Igneous Complex must be younger than the sedi­

mentary rocks of the Transvaal System, since, as noted by Bisschoff (1950, p. 4), 

the Complex is emplaced within rocks of the Magaliesberg and Daspoort Stages 

of the Pretoria Series. Secondly the Complex was emplaced before the intro- ’ 

duction cf pseudotachylite. The "basic granophyre which is regarded as being the 

same age or younger than the pseudotachylite by H a l l  and Molengraaff (1925) and 

others, has been dated by  tficolaysen 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 thc> Bushveld Igneous Complex. Further evi­

dence suggesting a  Bushveld age for the Roodekraal Igneous Coaplex is that the 

age datings, carried out on rocks from other centres of intrusion within the 

Vredefort Rin g  Structure, give a n  average which is very close to the age of 

the Bushveld Igneous Complex as determined by Davies et al, (1970).



Diagram summarising paleom&gnetic data for .intrusive 

centres within the Vrec 2f ort Ring Structure, (taken 

from Hargraves 1970, p. 260)

Fig. .J.—Equal-area loim-herfsphere projec- 

tfea sutassauzins'. ps’ecmasseise data in taV.e 1, T h e  
heavy broken line linking double solid elides por­

trays the n-.igTatioq sf the earth’s magnetic field vec­

tor at Yredei'ort, acc..rtling to the polar-wandcr 

curve of ilcKlhiney et ah 19cS. Solid triangle- 

basic grartophyre; solid square— c.ean of sites 9,10, 

IX; results iroiu other sites mustered accordingly. 

T h e  9S percent conaier.ce cone for site 16 (9°) has 

been c.v.uted lor clarity. Solid circles are oi north­

; ̂ eiisg pole on the b w e r  hemisphere; pr«s:tt-day 

ncr'h*ie<kii!E pole would be t>a upper hemisphere.



2. Sequence of Emplacement of the Components of the Roodekraal Igneous '{fossplftx 

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

a, Andesite/diorite cycle

The oldest rock? of the Complex are the massive andesite and the asygdaloi- 

dal andtaite, which lie in  direct, contact with the q.usrtzite and shale of the 

Kagaliesberg Stage and the qu^rtr-ite, shale and lava of the Daspoort Stage.

The andesite is present in great thicknesses, being at least 430 metres thick 

in the northwest portion of the Complex. The volcanic rocks of the Boodekraal 

Igneous Complex probably filled a deep tectonic basin within the sedimentary 

roelts of the Kagaliesberg and Daspoort Stages and overflowed its sout. --s edge. 

Due. to the faot that only very email amounts of pyroclastic rocks have bean . 

found at Rcodekraal the extrusion of the lava probably took the fora of a 

quiet fissure eruption along fractures. The coarsely crystalline andeaite 

horizons probably owe thei r origin to the extrusion of a particularly thick 

flow which, although chilled at the margins, would have cooled more slowly in 

the centre allowing crystals to grow to a larger than average size.

The volcanic agglomerate present does not have the appearance of a  p?ro~ 

clastic rock as the matrix between the rounded rock fragments is not tuffaeeous. 

In the view of the author it probably formed after a period of qui.eser.ce, which 

would result in the development of a land, surface strewn with pebbles ar.d . 

boulders of lava and quartzite. When the next outflow of lava took place the 

rounded rock fragments would have been caught up  in it foi'ming the agglomerate* 

In the closing stages of the volcanism, there was a certain amount of explosive 

gaseous eruption as evidenced by the presence of narrow zones O j. volcanic 

breccia cutting through the andesite. The volcanic breccia which has rock 

fragments enclosed within a fine-grained andesite matrix may have narrow zones 

of a later formed breccia, which is cemented by secondary minerals, cutting it. 

The later formed breccia was probably created whe n  late-stage hydrothermal 

solutions used the volcanic breccias as channelways, resulting in further 

brecciation and the introduction of a cement composed mainly of calcite. She 

second period of brecciation took place after the formation of pseudotachyliie 

vh:.ch may occur as fragments within the breccia. .

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

an almost gradational contact with the andesite, She diorite has much the 

suise •jixeralogy as the andesite, a similar chemical composition, and, ir. oer- .

localities, contains a few widely spaced amygdales which are r.sinly cor- . 

p'K36i of csAci4©- .As previously mentioned the diorite intrudes xr.s scaesita . 

in pj&ft") pest to southwest trending aones, which are taken to reprecen. 

pre-.eatntin* fractures along which the magma rose to the surfaoe, .



It is concluded that these two rock types -were part of the same intrusive . 

cycle.and' that the equigranulnr diorite intruded the andesite before it was 

complebely cold. : . •

b. Pyroxena andesite/diorite cycle ■

This cycle Of events was begun by an intrusion,, generally within the eaulgi-aa- 

u lar diorifce, of fine pyroxene diorite. . This rock type, when it reached tfca . 

surface, flowed out aa a fine pyroxene andesite to form a  layer aver such of . 

the surface area of the amygdaloidal andesite. The pyroxene andesite East 

hav e  beer- the first rock type of the pyroxene andesite/diorite suite to con— 

solidate since, it was extruded as thin flows which were chilled end conse­

quently crystallised before the .pyroxene diorite. This layer of pyroxene 

andesite has to a large extent been removed by erosion. An intrusion of cosi'aa 

pyroxene diorite then occurred, mainly within the fine pyx-oxene diorite.

The origins of unusual rock types which are considered by the author to . 

belong to -the pyroxene andesite/diorite cycle of intrusion are considered belo>r.

(i) Origin of the olivine gabbro

S h e  olivin© gabbro appears to have developed as a differentiate of tr.e coarse 

pyroxene diorite. The densities of the component minerals of the olivine 

gabbro, as calculated from their compositions are:- ‘

- 2.67

- . 5*35 ,
- 3,40
-  3 ,42
-  5,20

These densities are consistent with a  gravitational settling origin for tr.e 

mineral layering in the olivine gabbro, provided that there were no reversals 

in the normal order of crystallisation. Plagioclase and bronzite cexsg tne 

lightest mineral? are concentrated near the top of the olivir.e gabbro body 

while a’jgite, the mineral intermediate in density, is concentrated is tna 

centre and the two heaviest minerals, olivine and magnetite, are concentrated 

a l ong the lower contact. T he main texture of the olivine gabbro is a s s a i ’a  

texture. Cumulus minerals include olivine, magnetite, augite era cror.23.te . 

while the intercuculus material is provided by plagiocls~e zr. —e _a , r i ... 

lesser amounts of kaerautite and bioiite. The olivine gsbbro a r t  j : * *  

formed while the coarse pyroxene diori.te sill was more or less h o r U o ^ a i ,  

before the sill was tilted to the southwest. The tilting of the sill -cwuras ‘ 

the southwest could have been caused by a subsidence towards the cantre of

the Complex. - . ' • ' . '

(ii) Origin of the dioritic-pegmatite and dioritic-aplite . .

Plagioclase

Bronzite
Augite

Olivine
Magnetite



The dioritie-pegmatite and dio.ritic-aplite probably belong to tne pyroxene .

andesite/diorite cycle of activity since the author considers that these 

r ock types are genetically related to the coarse pyroxene diorite and have

migrated upwards from it. ■ •

Heinrich (1965) considered that pegmatite was formed when a magma, which is 

saturated with volatile constituents, crystallises. Ke regarded aplite as a 

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 agreement 

wit h  the ideas of Heinrich (1965). This model begins with the normal magaatic 

stage, which during the course of crystallisation results in a  concentration 

of volatilea within the melt. This stage is succeeded abruptly by a two fluid 

stage consisting of the rest magma and an aqueous fluid. Next the pegmatite 

veins are formed from the aq,ueous fluid, with tbeir lower portions composed of 

footwall aplite. The aplite is formed by a draining of excess water upwards 

into the higher portions of the veins in which the pegmatite is crystallising. 

This model, which has composite veins with aplite in the lower portions, would 

fit with the field relationships between pegmatite and aplite at Roodekraal.

The pegmatite is only found in the equigranular diorite while the aplite is 

found in both the equigranular diorite and the underlying coarse pyroxene dio­

rite. The high water contents of the pegmatite of 2,17 per cent for RC 23 and 

1,13 per cent for HC 25 as compared with the low .rater content of 0,46 per eeut 

for the aplite HC 27 is also in agreement with this model. Jahns and Tuttle 

(1963) grouped layered pegmatite-aplite intrusives into two major categories:

I, Composite bodies and complexes representing multiple injection of 

magma from external sources.

II'. Bodies representing a single injection of magma followed t>y segzegation .
' during crystallization and in soire occurrences by auto-injection of 

residual fluid.

The Roodekraal pegmatite and aplite would appear to fall into the second group 

as the pegmatite is extremely uniform in composition over wide areas and the 

veins are generally very narrow, the largest vein being 0,30 metres in width, . 

Where pegmatite and aplite occupy the came vein, the pegmatite is fine-grair.eS 

but has a fairly sharp contact with the aplite. Jahns and Tuttle (1963) divided 

their group II into four classes. The r“gtcatite-aplite veins at Rood'kraal can 

be best described by 'class four' which embraces highly Hssycsstrieaj. bodies, 

with upper portions consisting mainly or wholly of pepratite and lower portions 

which consist mainly or wholly of aplite. Since the pereatlte veins do not con­

tain xenoliths of wall rock and since they cay have matching irregularities m  

the wall rocks on either side they are dilation veins. The aplite « * « ' -
cain



xenoliths of wall rock and for this reason may partly owe dtp origin to re~ 

placement. .

c. Late intrusive cycle 

During this pez'io<3 several completely dissimilar types of i-ocks were intruded. 

Firstly, there was a small localised intrusion of two narrow dalerite dikes .. 

Within the fine pyroxene diorite in the southern area of the Complex. Secondly, . 

there was the widespread intrusion of narrow syenite dikes which cut t h r o n g  _ 

the andesite, diorite and pyroxene diorite. The syenite dikes are generally 

less than one metre in width, with the largest having a width of five metres.

Most of the dikes have a northeast to southwest strike and are composed, 

essentially of oligoclare feldspar., .

The next rock type to be intruded was the pseudotachylite. The fact that 

this peculiar rock type occurs within the Roodekraal Igneous Complex ianediate- 

ly links the Complex with other centres of intrusion around the Vredefort Bing 

Structure which also contain pseudotachylite.

There has been much controversy over the years as to the origin of pseudo­

tachylite. Shand (1916) considered that the pseudotachylite owed its origin 

to shock phenomena. Hall and Holengraaff (1925) and Nel (1927) s&-« the pseu- 

dotachylite as being formed by shearing under high pressure, Reynolds (1954} 

concluded that it owed its origin to a 'fluidized1 system of gas apd solid 

particles. Philpotts (1964) thought it was formed by the frictional heat or 

hot gases which are developed in a fault zone during rapid displacement. Big— 

schoff (1970) considered that the pseudotachylite is a 1tuffisite1 formed by 

the action of gases related to a central pluton. Although the thickest zone of 

pseudotachylite at Roodekraal follows the contact between an equigranular dio- 

rite sill and the asnyedaloidal andesite, as mentioned under the section entitled 

'Distribution and Structure of the Rock Types1, it does not always occur exactly 

on the contact and has a limited lateral extent. Since the contact between the 

diorite and andesite elsewhere is free of pseudotachylite this rock type cannot 

be a true tachylite. As the zone of pseudotachylite follows the contact of the 

sill, which is an  irregular horizontal surface for more than 150 metres, it is 

hard to imagine how such a feature could be caused directly by shearing al­

though the pseudotachylite itself could have been formed by shearing processes . 

at &  considerable distance from its present site, and then injected by gas 

action, The author thus favours the action of hot gases as the agent of ioraa- 

tion of the pseudotachylite as advocated by Reynolds (1954) and Bisochoff (l3?0) 

llie pseudotachylite from the sedimentary rocks surrounding the Complex has a 

similar groundless to the pseudotachylite from within ths 'loaplex, but the rock 

fragments and mineral grains are derived fro* the sedimentary rocks. The degree 

i-o which the included fragments in the pseudotachylite have been roundea



probably depends on the distance the material has been transported by the hot 

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

As mentioned previously Bisschoff (lS72b) observed fragments of pseu- 

dotachylite occurring within an agglomerstic rock. In the view of the author 

this does not m e a n  that there are two ages of pseudotachylite emplacement 

or that the main bodies of volcanic breccia which are cemented by andesite 

•sere formed after the pseudotachylite. This structure merely refers to the . 

second period of fragmentation caused by the introduction of hydrothermal 

solutions slightly prior to, or simultaneous with the emplacement of the 

sulphides. The pseudotachylite may be replaced by sulphide minerals and 

thus must have formed before the period of sulphide mineralization.

The next phase of activity was the introduction of the sulphides with 

their attendant hydrothermal alteration. Finally, probably during 1-ilanfis- 

berg times, a narrow syecite—porphyry dike was intruded in the extreme 

south of the Complex. This dike has a chill zone u p  to 50 millimetres in 

width and, significantly, is the only rock type which has not been intruded 

by pseudotachylite. As to the age of the syer.it e-porphyry, it intruded ,

after the pseudotachylite and probably after the sulphide mineralisation.

The fact that Bisschoff (1950, p. 23> observed copper minerals within this 

rock does not necessarily mean that it was emplaced prior to the copper 

mineralization, since it could have collected the copper minerals as it 

passed through the massive andesite which contains these minerals in fair 

abundance in the vicinity of the dike..

B. Crystallisation History rf the Hock Types

1, Andesite/diorite group

Within the rock types of this group there is a  common sequence of mineral 

deposition although minor variations in the order of crystallisation of .

the minerals do occur.

The accessory minerals, magnetite and ilmenite (in individual grains

or in exsolution with one another) were the first to form. Apatite and 

sphene are the main accessory minerals present and are frequently poikili- 

tically enclosed within the feldspar and mafic minerals. Plagioclase was 

the next mineral to form, as evidenced by the large size of individual 

crystals and the fact that it nevor encloses mafic minerals. The primary 

mafic minerals, which include augite, ccmn.cn hornblende and kaersutite, pro* 

bably crystallised at the same time as.the s m a l l e r  crystals of plagioclase. 

The ampMfcole srust have, to a certain extert, crystallised after the pyroxene 

since aisgite is partially enclosed by kaersutite (Plate Xi», 2). Some of 

the calcite, or the calcium which is now combined in the calcite molecule, 

must have been present as a primary constituent of the andesite. Evidence



i n  support of this statement is the fact that if, when calculating the 

‘storm1 erf the laves from the chemical .composition, all the CO2 and as 
equivalent amount of Ca are first subtracted, the normative cexposition 

derive! tears no resemblence to the minerals actually present in the 

reck. A  much better result i3. obtained if the Ga and COg are included . 

i n  the. calculation. Deuteric-stage rrinerals are present in abundanc& 

i s  a ll the rock types of this group, and include albite, which formed 

a s  an  alteration product of the feldspar, uralite, aetinolite, red-brown 

biotite and olivine pseudo morphs which are alteration products of tiafic 

Hinerals, and quartz and ealcite which were deposited in veins and 

interstit.ially to the other minerals. Due to the fact that not a 

single grain of olivine has been found in equigranular diorite, al- . -

though olivine p3eudosnorphs are present, the alteration of the olivine 

srust have been widespread and complete, probably during the deuteric—stag's.

The last minerals to be deposited we.~e those formed b y  hydrothermal 

alteration associated with sulphide deposition. These minerals are 

restricted in their occurrence to zones of hydro therjLal alteration . 

around sulphide bodies tjnd include replacement—microperthite, olive— 

gre e n  to pale brown biotite, epidote, chlorite, hematite, foethite, 

sulphide minerals and zeolite (variety phillipsite). AlbItt is present 

i n  greater abundance around sulphide bodies than elsewhere, thus some 

a l bite must have been formed by the hydrothermal solutions attending 

sulphide deposition. Supergene alteration products formed from the . 

sulphides and iljcenite-

. Unusual features in the crystallisation history of the individual 

r o c k  types of this group include;- .

a, Amygdalpidsl andesite

A  notable feature in the crystallisation sequence of this rock is that 

s o m e  of the sphene is late formed being present as a n  alteration pro-  ̂

■duct of the uralite. Spfceae nay also form within the amygdales. fhe 

amygdales may have feldspar crystals aligned parallel to their edges ■ 

(plate II, l), a feature which can probably be ascribed to the s-r~&ce 

tension effects of the fe&s bubble, yonstiaes the amygdales are elongated , 

i n  the horizontal plane, parallel to the direction of flow of the lava. 

S h e  viscosity of the andesite had probably been lowered by  cooling 30 
that the surface tension cf the gas bubble was not strong enough to 

restore to a spherical, or near spharical shape.



b, Volcanic 131*60013 .

Hematite appears to be the last mineral to have formed within the 

•volcanic breccia, since it occurs as a  coating around other mineral 

grains, and was probably sublimated onto rock fragments by hot gases.

In  discussing the crystallisation of hematite Deer et al. (l9o7, % , 

p. 24) states that it nay be formed -as a late-stage product of volcanic 

activities as thin crystals s-blinated on to earlier material*.

c. Equigranular diorite 

Arfvedsonite is present in this rock type as 'coronas' around grains 

of Jsaersutite and since the two anphiboles are in crystal continuity 

it seens probable that the development tf arfvedsonite reflects s 

change to a more soda-rich coroosition in the solution fro- whxcn the 

amphibole was crystallised, Quartz occurs at one locality vii&in the 

equigranular diorite as a primary rock forming mineral where it is ,

inters titial to the ether prir.ary minerals.

2. Pyroxene andesite/diorite group

The sequence of mineral deposition begins with the same minerals being 

formed a, in the previous group of rocks, i.e. magnetite ana i M t e  , 

(in individual and composite grains), apatite and sphene. Augxte raa , 

the next mineral to crystallise and is present in grains which n t a i r  a 

raasimun diameter of i 60 millimetres and may be partially or 

poikilitically enclosed within plagioclase crystals (Plate X I .. , h  

ThP phenocrysvs of plagioclase which may attain lengths of 24 ra.l~x-. 

metres were then formed, and were followed by  smaller crystals ox ,

plagioclase. Du e  to the fact that the primary amphiboles, namely . ^  

kaersutite and common hornblende, are never enclosed within tne relaspar, 

phenocrysts, they must have formed later, probably at the same ?x=e as 

the smaller crystals of plagioclase. Deuteric-stage minerals wnxcn , 

are less abundant than in the andesite/diorite group include alcxte 

as an alteration product of the plagioclase, uralite, actxnolx.e a- 

red- hrc hiotite, a , alteration products of the - af^  .

and finally « » * .  and calcite. I M K  * » - *  V  brother- .! al.,-.-, 

tion associated »ith M U M * ,  deposition include a lM t ., olw.-rreen „
.inerfiiS

pale M .  M o t i i e ,  epidcte, chlorite, goethite « d  the sulptice  ̂

Supergene minerals include rutil. and l » c o « » e ,  t o d  W  * l - « * ™ > -  o* 

il-e,ite, and alteration products of the sulphide i

A  discussion of exception. to this eeneralizsd se,ue,.=. . ' V * * ' -

lisstion follows, ‘



a* Pyroxene andesite .

detailed under the section on 'Petrology of Individual Rock Types' 

u.ere is a great difference in the relative size of the plagioclase 

phsnocrysts and the plagioclase crystals present within the ground- 

mass of the pyroxene andesite. The simplest ext Sanation of this 

feature is probably that the phenoc: ts formed before the lava3 were 

extruded.

b. Coarse pyroxene diorite

The unaltered plagioclase within the coarse pyroxene diorite ha3 a 

constant composition of A n^2 > suggesting that the plagioclase was not 

in contact with a r^.st liquid for long enough to cause widespread crystal 

zoning, In addition to this lack of zoning and the fact that the augite 

phenoarysts have a strikingly uniform composition the coarse pyroxene 

diorite occupies an anomalous position in the differentiation sequence^ 

of the pyroxene andesite/diorite group as derived from their goochemistry* 

TInusual field characteristics of this rock type are that even the ,

narrowest bodies contain large feldspar phenocrysts which are in places 

arranged parallel to the contacts of the bodies. The writer feels that 

all these exceptions to the generalized sequence of crystallisation can 

be explained by presuming that the nears* pyroxene diorite was intruded 

as a  semi-solid crystalline muah. If m  the nagma chamber magnetite, 

olivine, pyroxene and plagioclase iad crystallised, and the crystals 

settled to the lower portion of the cracner. the rest liquid could then 

have- been ta;.pei off and intruded aw the fine pyroxene diorite, while, 

the crystal mush left behind subsequently intruded as the coarse pyroxene

d i o r i t e .

c. Olivine gabbro

This rock type is regarded by the author as being a cumulate forced 

a l o n g  the lower contact of a thick sill of coarse pyroxene diorite. 

Although the magnetite is usually present in euhedral grains,, and was , 

generally the first formed mineral, along the lower margin of the body 

of olivine gabbro it forms an interstitial, groundmass around grains of 

olivine (Plate XIII, l) and appears in this case to have crystallised 

a f t e r  the olivine. The olivine occurs as small elliptical or w u n d e d  , 

grains, generally lesr than 0,25 millimetres in diameter, which tre en­

closed within bronzite, augite or plagiocla-se grains. Both olivine ,, 

and csgnetite increase in quantity nitfa depth. Bronzite crystallised 

before^augite, as demonstrated by the fact that it is present as large



anhodral grains up t ,0 millimetres in length which are surrounded ' . 

by smaller subhedral ... uinn of augite with an average diameter of 0,9 

millimetres* The bronzite decreases in quantity with depth while the 

augite reaches its (maximum concentration in the centre of the olivine 

gabbro body. The plsgioda.se occurs as an interstitial groundless 

between the abovementicned minerals and decreases markedly with depth.

Other minerals which may occur as part of the interstitial groundaass 

are kaersutite and red-brown biotite, although these minerals are 

also present in small auounts around the edges of magnetite grains.

Secondary minerals are completely absent from the olivine gabbro, as 

the deuteric-stage fluids probably concentrated in the upper regions 

of the coarso pyroxene diorite sill and there were no large sulphide 

bodies emplaeed in the immediate vicinity. ;

d. Moritic-pegmatite

The plagioolase and common hornblende present in the dioritic—pegmatite 

crystallised simultaneously as evidenced by an intergrowth texture 

between tha two minerals (Plate XV, 2). Red-brown biotite, a green 

pbyllosilicate and actinolite are developed along the contacts between 

the pegmatites and their wall rocks. Actinolite formed as an alteration 

product of hornblende while hematite, which is also present, could have 

formed eitl .r as a primary mineral or as an alteration product of horn­

blende. Deer et al. (1967, 1 , p. 24) noted that hematite commonly . 

crystallises from a melt with a low FeO content. The dioritic-pegmatite 

has a low FeO content due to the fact that it is composed predominantly , 

of plagioclaae feldspar. .

' e. Dioritic-aplite :

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

a very similar mineralogy and geochemistry to the coarse pyroxene diorite,

3, The Late Intrusive group . '

Rook types within this group differ greatly in both mineralogy and field 

appearance and thus have no comcon crystallisation sequence.

a. Dolerite dikes . .

Magnetite formed first in the dolerite, followed by plagioclaae pkenocrysts 

which often enclose magnetite crystals within them and attain langtns of 

1,85 millimetres. Augite, the next mineral to form* ray be interstitial 

to the feldspar and intrude it alenfi cracks, or it m y partially enclose , 

the feldsi>« in a sub-ophitic texture. Secondary minerals preeei-t



include epidote and chlorite.

. , b. Syenite dikes . .

?he essory minerals, namely apatite and magnetite, crystallised first 

ii. syenite and were followed by plagioclase, which forms phe.no- 

crysts with a length of less than 5,0 millimetres and a groundcasa of 

siib-fredral grains less than 0,40 millimetres in length, Common horn- 

"blende, arfvedsorito and red-brown biotite crystallised after the 

plagioclase phenocrysts, probably at ihe same time as the feldspar of 

the groundmass. Quartz was the last primary mineral to form since it 

is interstitial to the above minerals. Secondary minerals present 

include alblte, epidote, chlorite, olive-green to pale brown ciotite 

and red-brown iron oxide. At the surface the syenite has a distinctive 

red colour which must be due to the oxidation of iron since the red 

colour is absent where the dikes are intersected at depth, _

o. Syenite-porphyry dike

Magnetite and apatite crystallised first in this rock type,ar.d may be 

enclosed within the phenocrysts of plagioclase and barkevikite. The 

plagioclase phenocrysts reach a maximum length of 11,0 millimetres^ 

and are commonly broken or cracked indicating that the plagioalase 

phenocrysts were not formed in situ, in addition it is unlikely that 

such large crystals could fora in a dike only 1,3 metres wide with 

strongly chilled margins. The barkevikite phenocrysts are also cracked 

and broken, have a maximum length of 4,5 millimetres and were proeably 

transported to their present site. The groundmass of the reek is 

predominantly .plagioclase, with individual grains averaging 0,25 milli­

metres in Lsrigth. Subhedral grains of hornblende occur within the 

groundmass and were probably formed at the same time as the plagioclase, 

Anhedral grains of orthoclase were probably the last to form, ̂ since 

they are interstitial to the other minerals- Secondary minerals w e  

rare and generally confined to albite.

C. Differentiation Trends presert viirhir. the Rcoiekraal 

Igneous Complex

Various diagrams have been used in the past to demonstrate tr.e presence 

of differentiation trends in rocks. Several variation diagrams which, 

appear to demonstrate the presence of differentiation trer4e witf-in 

the rocks of the Hocdekra&l Igneous Complex are pretested it Atper.iix II 

while an explanation of these diagrams iw giver, below.



The variation of the major elements during differentiation will he dealt . 

With first. Since the Roodekraal Igneous Complex probably has the sair.e parent 

magma as the Losberg Intrusion, and becrmse the mafic rock types from the : 

Roodekraal-Igneous Complex have a similar chemical composition to the rock 

types of the. Losberg Intrusion,the chemical changes taking plr ■ d v  l~«r dif- 

ferentiabi .m should be much the same for both igneous bodies. V .sciiin and ■ 

Ferguson (.1970) studied the geochemistry of the Losberg Intrusion and con- 

eluded that during differentiation the SiO„, AlgO^, Ka 20 and ^ 0 -contents in- . 

creased while the MgO, CaO, MnO contents and to a lesser extent the (FeO + 

F e2o3 > Content decreased. The TiO^. content showed a steady enrichment until 

ilmenite was precipitated and thersa? .f?r a gradual decrease. Dsnchin and 

Ferguson noted that these variations tluriijg differentiation were similar to 

those inferred for the Bushveld Ignecus Complex.

Considering the APR ttiagran: of the Roodekraal rocks (jig. i,: Appendix ll) 

it Can be noted that the pyroxene a-idesite/diorite group lie along a definite 

line which probably represents a differentiation trend- Presuming that later : 

differentiates contain more alkalis the possible differentiation sequence runs

from EC 22—̂  RC 18 —> R C  1 9 ~ 5“RC 2 0—*“RC 21.

Ihe diagram of percentage AlgO-j plotted against'C,I.P.W. normative plagio- 

claae composition (Pig. U ,  Appendix ll) has a possible differentiation se­

quence running from RO 2 2 - > H C  1 8 - > R C  2 0 - > K C  19 ->RC 21 for the rocks of the 

pyroxene andeaite/diorite suite. This sequence is derived presuming that the

later differentiates contain more AlgOj.

A  trend is present in the alkalis-siliea diagram (Fig. iii, Appendix II) 

running from-HC 2 2 - > R C  1 8 - > R C  2 0 - ^ R C  2 1 - ^ R C  19 for increasing alkalis and

silica. .- . .

The ternary diagram Cpx - 01 - Op* (fig. iv, Appendix ll) will not be  con­

sidered in this discussion, since only the rocks with (nepheline +  quarts)- 0

in tfosir norms plotted on this diHgMns*

Nockolds and Allen (1953) used the ternary diagram tfa-K-Ca to demonstrate . 

differentiation trends in granodiorite, syenite, diorite and gebbro, thus this 

diagram would seem suitable for the rocks at Roodekraal. Nockolds and Allen 

found that when their analyse, were plotted on the ternary diagra: Na-K-Ca 

they tended to lie along a smooth curve which represented a differentiation 

trend, and had a more or less random scattering at the basic end which 

represented the composition of the parental magma. . '

Considering the Ka-K-Ca ternary d i g r a m  for the rocks at Roodekraal . 

(Fig- v , Appendix ll) the features discussed below may be orsertfsrw

(i) All the analyses lie along a broad.curve although those of the andesite
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(ii)

and equigranular diorite are more or leas randomly scattered. However . 

this.boraS curve is probably not a differentiation trer.d since the ande- 

site which is the oldest rock type, from the evidence of its field rela­

tionships, occupies the centre of the curve with younger intrusive rocks 

on either side ol it. .•■

If we now examine the analyses of pyroxene andesite/diorite group ox rocks 

separately a possible differentiation trend can be  inferred running from .

RC 22~»*RC 18->-RC 19->RC 21~>RC 20 for increasing alkalis. .

The ternary diagram (FeO + 0,8998Pe203 )-M60-Ti02 (Pig. vi, Appendix Ii) gives 

a similar picture, with the analyses of the pyroxene andesite/diorite group lying 

along a straight line. She differentiation trend in the pyroxene ar.desita/diorite 

group runs from RG 22-*RC 20->-RC 18->RC 19-^RC 21 for decreasing KgO content. ̂

•fhe ternary diagram (PeO + 0,8998Fe205 + Ti02)-Mg0-Al205 (Pig. vilx ^ppensix j 

11) is almost identical to the above in the relationships it portrays between 

the various rock types. The pyroxene andesite/diorite group differentiation trend 

in this diagram being RC 2 2 - R C  18->RC 20-*RC 19->RC 21 presuming later dif­

ferentiates have a higher AlgOj content. .

When the modal analyses of Ihe three rock types of the pyroxene araesite/ 

diorite suite i.e. pyroxene andesite, fine pyroxene diorite and cogrse pyroxer.e 

diorite, aif> examined, (see Table XXVII) it can be observed that the d i f f e r e d  .

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 sample nunbers

Mineral

Plagioclase • 

Pyroxene 
Amphibole 
Other altera­
tion products 
Ore minerals 
Apatite_______

RC 22 &  RC 21 RC  20 &  RC 19 _
nftnwe pyroxene diorite W n e  pyroxene diorite ryro>.t.-,.7e _§

"" 70,9

iesite

63.5

19.5 
8,2

71,4
9.8
7.1

2.2
8.9 
0.6

Totala 100,0 100.0 ICC.C

K0TE: It should be borne in mind during the_followinj
3/

andesite (RC 18) f o l l o w e d  by fine pyroxene diorite (RC 1, ar.d SC * ) -* 

finally coarse pyroxene diorite (RC 21 and RG 2 2J.

It can be noted from the data presented in Table /.XV'II tr.at there x* 

increase in pyroxene and amphibole content with a progress” ,''nrj _ore re.s...*, ^  

formed rock type and a corresponding decrease in the content of f,e ore »*•».*■

and plagioclase. These two opposing trends in the mineralogy « »
cause

V*,
r**r

s T y * « W i ' $.
«>/*’-V<ft \

Jfit,

• ' W "

>r *'

: z .



trends in the chemistry. Magnesium, which is mainly present in the mafic 

minerals, should increase with a progressively young&r host rock, which is the 

opposite of the normal sequence* Calcium is present in both the plagioclase . 

and the mafic minerals, hut since it is present, to a greater proportion within 

the mafic minerals the quantity of calcium present should increase with a pro­

gressively younger host rock. Iron snouid vary in a complex manner since with . 

differentiation in the host rock the increase in mafic minerals causes -Bit ia~ : 

crease in the iron content while the decrease in ore minerals present causes -a 

corresponding decrease in the iron content. The sodium which, is mainly present 

w i thin the plagioclase should decrease, as the quantity of plagioclase de~ 

creases,, with a progressively more recently formed rock type.

If the components of the ternary .sgrams are considered in a series of two 

component diagrams the nature of the variation of single components can be 

mope easily appreciated. .

In considering the variation of Fe^O- with respect to FeO (Fig. viii, Ap- J 

pendix II) once again the rocks of the pyroxene andesite/diorite group lie ' 

a l ong a curved line. However the oxidation ratio could not have increased 

progressively as differentiation proceeded since, if it Its presumed that rocks 

which w ere formed at a later stage have a higher S e2O^/FeQ ratio than early 
formed rocks, thin diagram indicates a completely different order -of formation 

for the pyroxene andesite/diorite group than that which is obtained from the 

ternary diagrams. The differentiation trend whiih would he inferred from this 

diagram is HO 20->RC 21—̂ RC 19-+RC 18-r>RC 22 which is the opposite to the. 

trend obtained from all the preceding diagrams.

In Figure ix, Appendix II, where (FeO + 0,8'398Feg0j) is plotted against TiO^ 

the later formed rock types appear to contain lees iron and titanium. Thus the, 

differentiation sequence which would be inferred from this diagram for the py­

roxene andesite/diorite group should be RC  22-*-RC 18->RC 20->RC 1S-*RC 21. TLa 

pyroxene andesite/diorite group of rocks appear, on the average, to contain a 

greater proportion of TiQg than the andesite and equigranular diorite*

figure x, Appendix II, is a graph of (FeO + Q,8998Fe2Qj)+Ti0g against MgO 
and gives an  inferred differentiation sequence for the pyroxene andesite/diorite 

group of RC 22->RC 18->RC 20-^RC 19 -*RC 21 presuming that later differentiates 

contain lees magnesium, iron and titanium. The andesite and equigranular dio- 

rite occur as a scattered group and the syenite and syenite-porphyry were the 

last rock types to form. ^

The variation of the minor elements often gives a more reliable result 

than the variation of the major elements when an attempt is r.sde to derive a 

differentiation trend- Philpotts and Schraetzler (1969) concluded that frac­

tional crystallisation in a basaltic magma leads to higher K, Ba and Rb
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concentrations, slightly higtier K/Sr, Ba/Sr and Rb/Sr ratios and slightly lower.' 

K /m  and Ba/Rb ratios in the rest liquid. If Tables XII and XIII are examined, 

bearing in mind the findings of P M x p o t t s  and Schmetzler (1969) and the sequence 

of formation of the various rock typas as determined, from field relationships, 

the points listed below may be noted.

: (i) The increase in rubidium, potassium, K/Sr and Rb/Sr values generally 

agree with an increasingly younger age in the rock types. Exceptions . 

are that the andesite has a proportionally greater content of rubidium 

than the dolerite and the rocks of the pyroxene andesite/diorite group.

The coarse pyroxene diorite contains less rubidium and potassium than 

the fine pyroxene diorite and the pegmatite and its wall rocks contain 

vety little rubidium or potasrium.

(ii) Th^ decrease in K/Rb ratio with an increasingly younger age in the rock

types is only very poorly marked. However the decrease in the Ca/Sr ratio 

with increasingly younger age in rook types gives a good correspondence 

with 1he only rs?.! exceptions being RG 24 (wall rock to the dioritie- 

pegmatite), RC 28 (do' ite) and R0 50 (syenite) which have abnormally 

high valuer for the C;*/Sr ratio.

In Figures r i , xii, xiii snd xiv the author has plottr-d Rb to Sr, K  to Rb,

K  to Rb/Sr and C; u> Sr respectively. A strong trend i'.v the analyses for the 

pyroxene aiidesito/dip"ite £roiv indicates a differentiation sequence of RC 22 

-^RC 21->RC 20-^(lt0 it:-'-RC 19) with only the bracketed pair altering in position 

Probably the best r^ihod of rVtermining genetic trends in cheaical analyses 

and the causes of these trend;, is by using the technique of Pearce (1968), , 

This etnod involves dividing the two variables under consideration by a third 

parameter which is constant a . - w i l l  not effect the relationship between the 

two variables. In the 'Pearce c.agrams' plotted for the rocks at Roodekraal, 

only the analyses of larger bodies were used and all special cases such as 

pegmatites a*.d their wall rocks were excluded,. In the a n a ^ a e s  chosen AlgOj 

maintains a fairly constant value except in RC 21. In RC 21, which is the ana­

lysis of the coarse pyroxene diorite from the most southerly outcrop in square 

B 4 of Flate XXIV, the AlgO,. content is considerably higher than in the ‘Other 

savpl • ::. The ratios used in the comparisons ox' MgO/AlgO^ to SiOg/AlgO^ (Fig. 

x v  (; , Appendix II) and CaC/AXgCy to SiOg/A.^Oj (Fig, xv  (b), Appendix IX) 

are &11 malar ratios. Thus for example the molar ratio of MgQ/AlgOj is calcu­

lated by dividing weight per cent MgO/jaoleeuLsr weight MgO by weight per cent ' 

Aljt /r.olecular weight Al^Oj, In Figures x v  (a) and xv (b) two nearly parallel 

straight lines were obtained on each of the diagrams. The lower line represents 

-the- crystallisation trend of the andesi-'.s and equigranular diorite while the
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upper line represents the crystallisation trend of the pyroxene andesite/ 

diovite in /both, diagrams., The theoretical curves 'for the minerals olivine, "•„• 

orthopyroxene, augite, apatite and plagioclase are derived from the average 

Value of their composition as determined by optical and X-ray methods (see aec- 

tion entitled 'Mineralogy of Rock Forming Minerals’)- The average values u°ed 

were P o81 for olivine, Ensl for orthopyroxene, t f o ^ E n j s ^ g g  for clinopyroxene 

and A»jq for plagioclase. Since apatite contains no silica the slope for the 

curve CaO/AlgO^ versus SiOg/AlgO^ must be infinity or parallel to the ordinate.

Considering Figure xv(a), Appendix IX, the slope of the trend for the py— 

roxeiie andesite/diorite group running from EC 2?—>- EC 1 8—>RC  20 -*-RC 19, but 

excluding EG 21 (which has an  abnormally high AlgO-j content), lie3 between the 
theoretical slopes of olivine and orthopyroxene of the compositions present at 

. ‘!oodekraa:i. Thus the traad in the pyroxene andesite/diorite gi-oup could have,

Ibeen caused by the fractionation of olivine and orthopyroxene. The observed ■ 

ti'-iitA in the a n d es?te.and equigranular diorite appears to be due to the frac- ..... 

t.5jnation of orthopyroxene. In Figure xv(b), Appendix II, the trend for the py- 

,roxene andesite/diorite group could have been caused by crystal fractionation 

of the primary calcium-rich minerals, namely apatite, cugite and plagioclase, 

since the slope of the pyroxene andesite/diorite trend lies between the slopes 

determ.ircd for apatite and the other two minerals. Tne trend for the andesite 

and equigranular lioi’ite could have been caused by the fractionation of the 

same minerals as in the case of the pyroxene andesite/diorite group. The fact 

that the slope of the pyroxene andesite/diorite group is steeper than that of 

the andesite and equigranular diorite can be attributed to the fact that the . 

former group of rocks contain more apatite than the latter group.

The i,;0st impfriant conclusion which can h e  drawn from the 'Pearce diagrams 

is the fact that t«ere are two distinct differentiation trends, one for the 

pyroxene andesite/diorite group and another .’or the andesite and equigranular 

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 cay owe their origin to crystal fractionation.

Summary of the differentiation sequence in the pyroxene ar.desite/dionte group'

Several conflicting differentiation trends have been derived from the fore­

going variation diagrams. The most important sequences being:-

(i) RC 22 -> RG 16 - > R C  20 -*-RC 19 ~ > H C  21 sequence obtained from the variation 

.. of the major.elements in Figures ii, vii, ix, x r and xv(a) and \ d ). .

(ii) RC ?0~*>RC 21-*-RC 1 9 - * K C  '13-^BC ?2 sequence l i a i s e d  fro*. the ;

oxidetion ratio ( F e g O/FeO) in Figure viii,-

’T-*1 ' ’’

 ̂,***. , ' 
f ,  '



(iii) EC 22 —> RG 21-v RC 20 -»(RC 1 8 - > R C  19)sequence obtained from, the
variation of the minor elements in Figures xi, xii, xiii and xiv. .

A  possible.explanation of the fact that the last rocks to be empl&ced 

occur first in the differentiation sequence is that the coarse pyroxene 

diorite could have intruded as a semi-solid crystalline mush as explained 

under the section, entitled 'Crystallisation History of !cck Types' and that 

the crystallisation of this rock type, within the 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. XI in the magma chsiBber, 

magnetite, olivine,, pyroxene and plagioclase had crystallised and the crystals 

had settled to the lower portion of the chamber, the rubidium would have been 

enricksd relative to strontium in the rest liquids due to the fact that 

rubidium cannot easily ent'jr the crystal lattices of these minerals, but 

plagioclase may act as a host to strontium. If it is now presumed that the 

rest liquid was tapped off to be intruded as the fine pyroxene diorite, this 

rock would have a higher rubidium to strontium ratio than the crystal mush 

left behind which was subsequently intraded as the coarse pyroxene diorite.

If the differentiation sequences as established from the vcrir.tion 

diagrams are reconsidered in the light of this new information, the 

sequence obtained froi? the variation of the minor elements seems perfectly ; 

logical, since it shows that the coarse pyroxene diorite formed first 

and the fine pyroxene diorite and pyroxene andesite formed last., She 

sequence obtained from the variation of the major elements differs - 

notably from that of the minor elements in that EO 21 (coarse pyroxene . . 

diorite) occurs last, which can be explained by the fact that the 

RC 21 sample contains much more feldspar than the other samples and 

consequently has higbor contents of AlgO^, NagO and CaO. Tbe explana­

tion of the differentiation sequence determined from the oxidation ratio 

is that the premise that the oxidation ratio increased progressively 

during differentiation is invalid, due to the fact that the partial 

pressure of oxygen varied throughout the cycle of differentiation*

D, Nature of the Parental Magma ,

1 . Parental M a g m a  of Kafic Igneous Rocks . . .

A  basaltic magma has long been regarded as the parent of the majority • 

of m ific igneous rock series. Two principal basalt magmas have been ,

recognised, namely the alkali-olivine basalt and the tholeiite. She 

two-parent ms£san are distinguished primarily on a basis of their 

mineralogical characteristics. Kennedy <1933), Tilley U 9 5 0 )  and burner ,



and Verhoogen {i960} broadly defined the tholeiite to be composed of two 

pyroxenes, generally augite together with hypersthene or pigeonifee, 

baaie plagioclase, iron ores and possibly small amounts of nagnesrum-rich 

olivine* The alkali-olivine basalt was defined as being composed sainly 

Of olivine, one pyroxene, generally augite, which is commonly of a 

titaniferous variety, basic plagioclase and iron ore. Apart front ninera- 

logical considerations an important distinction between the tholeiite 

and the alkali-olivine basalt is the fact that, as noted by Chayes 

(1965 > 1966}, mafic voleanics with nepheline in the norta are alkaline . 

while those with quartz in the norc are sub-alkaline-

The relationship between these two parent magmas has been the sub­

ject of some controversy, Bo'wec (1923) regarded the alkali-olivine 

basalt as being the parent aiid suggested that tholeiite was derived .

from it by the removal of early formed olivine, Daly (1S53) also decided 

that the alkali-olivine basalt was the parent and thought that.tholeiite 

was developed when the alkali-olivine basalt assimilated granitic aaterial, 

Kennedy (1933) postulated a difference in ooapoaition in the earth’s 

crust beneath continents on the one hand, giving rise to tholeiite, and . 

beneath oceans on tha other hand, giving rise to alkali-olivine basalt.

He decided that the alfeali-olivine basalt was composed essentially of 

olivine, augite,calcic plagioclase and iron ore, while the tholeiixe 

was composed essentially of pyroxene,calcic plagioclase and iron ore.

He came to the conclusion that the calc-alkaline suite of igneous roaks 

are differentiates of the alkali-olivine basalt. Tilley (l95C) agreed 

broadly with ideas set cut by Kennedy (1933) but suggested that the 

tholeiite eight be the source magus for both lines of descent, Turner ; 

anl Verhooger. (i960) suggested that the two varieties of basalt were 

generated by fusions at different levels in the peridotite mantle below 

the Mohrovi&Lc discontiwrlty. lodcr ana Tilley (1962) concluded that : 

the tholeiite and thu alicali-olivino basalt m y  be generated from a 

single parent, s»nd f ^’.t i-ho taSc,Xt ^ype generated is probably depenaant 

on pressure.

Yoder and Tilley (lB6<?) use »« basalt tetrahedron to sub-divide the 

■basaltic roeks, This tetrahedron has two important planes within it, 

namely the clinopyroxer.e - olivine - plagioclase (plane of critical 

understitrration) and the clinopyroxene - orthopyroxene - plagioclase 

(plane of quarts saturation), which divide the basalts into five unique 

gfiVipj a c 20J‘;Ung to thear normative components, these grours ares- ■



1 . Tlioleiite (oversaturated) normative quarts and. hypersthene.

2. Tholeiite (saturated; hypers''iene basalt) normative hypersthene.

3 . Olivine tholeiite (undeisaturated) normative hypersthene and olivine.

4. Olivitte basalt : normative olivine.

5 . Alkali basalt : normative olivine and nepheline. .

Kuno (l96S) distinguishes between three different parental basalt 
magmas, namely tholeiite, alkali-olxvine basalt and high-aluirina basalts 

His high-alumina basalt contains more than 16,5 per cent AlgO-^ in aphyric 

rocks and the Sa 20 +  K 20 contents lie between those of the other two 

basalt types for a given Si02 content, The high-alumina basal i. is 

transitional between the other two types.

2. The Parental Magma of the Hoodekraal Igneous Complex

The Vredefort Ring Structure is intruded by two suites of igneous rockfc. 

Thv older suite which lies closest to the centre of the Vreiexort Ring 

Structure is tholeiitic being composed of dolerlte, hyperite ard r.orite 

sills (Bisschoff, 1972a). The younger suite include? three bodies of 

igneous rock with alkaline chemical compositions. The satellitie todies 

at Baviaanskrana and Schurwedraai are composed of alkali granite wcile 

tne Rietfontein Complex is only partly composed of alkali grar.ire. l.err.e- 

line-syenite dikes cut all the bodies of alkali granite.

The author is in agreement with the widely held opinion that «,he 

Roodekraal Igneous Complex, together with the Schurwedraai and Baviasr.s- 

kranz Plutons, the Rietfontein Complex and the Lindequesdrift boay, is 

a soda-rich differentiate of a mafic magma body lying beneata tne . 

Vredefort Ring Structure (Hall and Kolengraaff, 1925; Hel, 1927;

Bisschoff, 1550, 1970 and 1972b). The abovementioned authors do set 

suggest to what magma type the concealed body below the Vreiezor* Rir.g 

Structure may belong. Bisschoff (l972a) and (1972b) suggests, and the 

author agrees that the mafic magma body was the source of both the olser 

and the younger suites of intrusive igneous rocks.

The rock types at Roodekraal do not readily lend themselves to 

definition by geochemical means since deuteric and late-stage r.yarother- 

mal alterations have modified their original chemistry. Despite tr.is 

limitation an attempt is made to define the andesitic and dioritic 

rocks of the Roodekraal Igneous Complex using the following re.r.ods.-



The average composition of the andesite of the Roodekraal Igneous 

Complex is compared with well known average compositions of . 

andesite. The andesit. flows should give the best indication of 

the nature of the parent magma since 'the quenching to which they 

have Been, subjected on extruiJ'ui, reveals their nature prior t? 

extrusion, whereas in granular rocks the continued outgrowth of 

crystal boundaries obscure the stages of their development1 
(Bowen, 1928).

With the exception of a few minor variations, the Roodekraal 

andesite has an almost constant composition. To get a preliminary 

indication as to which suite of igneous rocks the andesite at 

Roodekraal belongs the chemical analyses of the Roodekraal .

andesite are compared witn well known analyses (Table XIV, p. 2S') • 

This methcd can he usel, since most methods of distinguishing . 

between the various suites of basaltic rocks involve the use of , 

chemical analyses or normative minerals. Prom an examination of ; 

Tabic XIV it can be concluded that the andesite present at Roodekraal 

is closest in composition to the 'average tholeiitic andesite' of 

Hockold's (1954). The average andesite from Roodekraal however, has 

lower MgO, GaO, TiOg, Pe^Oj and A 190^ contents and higher JfegO, K-0, 

F eO and C0? contents. The high KgO content is probably due to late- 

stage hydrothermal alteration which resulted in the development 

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

The mineralogy and chemistry of the late-stage differentiate.- present 

within the Roodekraal Igneous Complex are compared with the miners- 

logy and chemical analyses for late-stage differentiates of tholeiita 

and alkaline-olivine basalt. Kennedy (1935) differentiates between 

the segregation veins, 'pegmati.toides', assoe.iated with, alkali-- * 

olivine basalt and those associated with tholeiite, on a  basis of 

their mineralogy. The veins associated with the alkali-olivir.e 

basalt magma contain no quartz, some feldspathoid, abundant potash 

a n d  alkali feldspar, soda bearing pyrorene and amphibole and iron ’ 

ore. Those veins associated with the tholeiite contain quart?;, 

n o  feldspathoid, acid plagioclase, subordinate orthoclaae toinly 

present as micropegmatite, augite or less frequently amphibole 

an d  a little iron ore. Except for the fact that an amphibola is 

the chief mafic mineral of the dioritie-pegmatite at Re ode- 

kraal, the mineralogical composition of this rock type fits 

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



, The chemical composition of the pegmatite veins at Roodfckraal is 

compared with tlie chemistry of the late-stage differentiates of 

olivine-basalt and tholeiite in Table XXVIII below.

, TABLE XXVIII

Comparison between the average chemical compositions in weight 

per cent of late-stage differentiates of olivine-basalt, 
tholeiils and the Roodekraal Igneou? Complex

1. 2. 3.

Pegmatitoides of olivine- Pegmatitoides of I/i oritic-pegmatlte 
basalt magma tholeiitie magma from Eoodekraal

Igneous Complex

Sx02 49,19 68,96 55,28

a 12°3 14,75 12,55 - 16,67

F e20 ĵ 5,13 1,64 -

FeO 5,61 2,73 7,29

MgO 3,22 1,49 2,37

CaO 7,83 2,76 6,25

fe20 4,22 5,24 7,19

k 2o 2,85 :.,74 0,34

k 2o+ 2,35 1,41 1,50

% 0- 1,00 0,27 0,15

T i02 3,22 0,60 1,75

p205
MnO

0,60 0,31 0,18

0,15 0,04 Q 506

£?st 0,00 0,72 0,03

^otal 100,12 100,46 99,12

Values 4uot«a in columns 1 and 2 are arithmetic means of the values 

given in Kennedy 1933. P* 245, Table III.

Values given in  column 3 represent the arithmetic mean of analyses 

RC  23 and EC 25 (Analyst Gold Fields Laboratories (Pty) Ltd.)

From Table XXVIII it can be observed tbr.t <11 oritic-pegmatite from 

Roodekraal has a chemical composition which lies? between those of the „ 

pegmatitoides from olivine-basalt and tholeiite but closer to those 

from the olivine-basalt. ;



She procedures employed by Irvine and Baragar (l97l) are used to 

classify the. rock types of Roodekraal accordirs* to throe pareatal 

magma groups established by Kennedy (1933) and To.̂  ley (1950), 

namely, tholeiite, alkaline-olivine basalt and pale-alkaline 

basalt * Irvine and Bara *̂1 ■ .livide the basalts into alkaline and 

sub-alkaline groups, where the term 'sub-alkaline1 is used in 

the same manner as Wilkinson (1968) to include calc-alkali basalt 

and tholeiite and to distinguish them from alkaline and peralkaline 

rocks.

Firstly it be decided whether the rocks are members of the

alkaline group o;c sub-alkaline group. Considering the alkalis- 

silica diagw-i 'Fig. iii. Appendix II) the majority of the rock 

types lie in the alkaline field, however Irvine a r * Baragar (l97l) 

tnems-'lves admit that the a 3.kalie~silica diagram /. shortcomings 

that r-osult in the composition oT somr i.holeiitic; :’ook 3  lying  ̂

wit hin the alkaline field, vud c-ncluae f i t  'the diagram has 

definite limitations, and should be r^-ed with cere'. The second 

variation diagram ussd by Irvine and k  r-agar (l9?l) was Vie 

ternary system olivine - nepheline - qv.arts. Shis diagram is 

totally unsuitable for the rocks from Roodekraal, which i.o the 

majority of cases only have one of tha three e-d members olivine,

y.dpbeliiio and quartz in their norms.

The method used by Irvine and Baragar (l97l) which is the 

most effective in classifying the Roodekraal rocks is the pro­

cedure of Chayes (196?, 1966). Chayes noted that basic volcanics 

with nepheline iu the norm are alkaline, while those with quartz 

in the norm are sub-alkaline and he suggests the use of the  ̂

clinopyroxene - olivine - orthopyroxene ternary diagram in deciding 

whether rocks with (nepheline +  quartz) = 0 in their norms are 
alkaline or sub-alkaline. Chayes derived two dividing lines for 

his ter.^rv ^ g r a m  (Fig. iv, Appendix II), a linear discriminant 

function and a r.nnr* «hich is a  combined linear and quadratic ■ 

function. He fo.ad that the curve gave the best discrimination

between the alkaline and sub-alkaline fields.

Of 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.



One sample M s  nepheline in the norm and therefore; 

cannot be tholeiitie. .

Eight samples have normative (nephelint quartz) = 0 

(see 5*ig. iv). five of these fall -within the curved 

sub-alkaline field of Chayes and three outside it.

Thus of the sixteen samples of lava, twelve indicate a sub-alkaline 

composition. .

If the same m i l e s  are applied to the intrusive rocks we find 1 
that four have qusrtz in the norms and are sub-alkaline, five 

have nepheline in the norms and aro alkaline while the remaining 

six rocks with normative (nepheline +  quartz) = 0 fall into the 
alkaline field of Figure iv. It must be remembered however that 

none of the rock types present at Roodekraal contain ne^eli:*.?- 

in t  :C-ir .nodes, and the nepheline presera in the noi'm could be 

a result of the presence of secondary amphiboles,

A final factor used by Irvine and Baragar (l97l) to distinguish 

between sub-alkaline and alkaline rocks is that sub-alkaline rocks 

typically show orthopyroxene in the norm. Orthopyroxene xs present 

in the norms of all the samples taken, except tho equigranular 

diorite, massive andesite, coarse pyroxene diorite, the dioritic- 

pegmatite and its wall rock (see Appendix l ) . Thus orthopyroxene 

is present in the norms of twenty five of the thirty one samples 

analysed.

Where the rock types have been designated as sub-alkaline a 

distinction must be made between the tholeiitie and calc-alkaline 

series. Considering the A M  plot of the Roodekraal rocks (fig. t, 

Appendix II) it can be noted that twenty eight of the thirty one 

rock types analysed fall within the tholeiitie field.

In Figure ii, Appendix II where the weight percentage of 

A120, is plotted against the normative plagioclase composition, 

it is o'Hjerved that the majority of the rock types lie in the  ̂

tholeiitie field. The rock types lying in the calc-alkaline 

field contain abundant plagioclase phenocrysts and include coarse 

pyroxene diorite, dioritic-pegmatite and aplite, syenite and

syenite-porphyr.v. -

If the sixteen samples ef lava which have been analysed froa . 

Roodekraal are defined according to the basalt tetrahedron of 

Yoder and Tilley (1962) we have s-



Seven samples have quart?, and hypersthene in the norm 

and are thus tholeiitic. .

Eight samples contain olivine and hyperstliene and are 

thus olivine tholeiites.

One sample contains olivine and nepheline and is thus an 

alscali basalt.

However, due tu the fact that the rocks which fall into the olivir,? 

tholeiite group contain no olivine whan examined under the micro­

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

the presence of secondary amphibole, the author feels it would 

be more reasonable to name these lavas tholeiites.

To draw a  conclusion as to the nature of the parental cagsa of the

Roodekraal Igneous Complex, a resume of the findings from the claa-

sification methods described above is helpful. , '

1 . From 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

tion to the 'average tholeiitic andesite' of Nockolds 1954# •

2. The comparison between the mineralogy and chemistry of the 

late-stage differentiates of the Roodekraal Igneous Complex 

and alkali-olivine basalt and tholeiite shows that although 

the mineralogy of the pegmatite is clearly similar to that of 

the tnoleiitic differentiates, the chemical composition is 

closest to that of the alkali-olivine basalt.

3. Using the methods of Irvine and Baragar (l97i)» 'the alkalis- 

silica diagram (Fig. iii, Appendix ll) indicates that most of 

the rock types at Roodekraal lie in the alkaline field. The 

methods of Chayes (1965, 1966) indicate that sixteen of the 

rock type& 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 

types have a sub-alkaline composition.

4. When the sixteen analyses of lavas are defined according to the 

basalt tetrahedron of loder and Tilley (1962) all but one in­

dicate a tholeiitic composition.



It can be concluded from the above summary that the majority of 

evidence points to the parental magma of the Roodekraal Igneous Complex 

having a tholeiitic composition* An explanation of the fairly frequent 

exceptions to this rule is present in the fact that the r ock types of 

the Roodekraal Igneous Complex do not really lend themselves to strict 

tholeiitic or alkaline-olivine basalt classification. The rock types 

at Roodekraal have an andesitic and dioritic rather than a basaltic 

composition and have undergone secondary i-yurothermal alteration which 

has modified the chemical composition by rendering it more alkaline 

(see section entitled 'Hydrothermal Alteration'). Evidence supporting 

the conclusion that the parental magaa of the Roodekraal Igneous 

Complex has a tholeiitic composition is that, as previously stated, , 

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

of an earlier suite of tholeiitic rocks. ’

- : E» Classification of the Rock Types \

The classification according to Streckeisen (l9&7) vras designed to fit 

in with t h e ,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.

The majority of the intrusive and extrusive rock types at Eoodakraal 

should be called diorite and andesite respectively, according to the 

classification schemes of Holmes (l920)> Johannsen (1937) r Shand (1950) 

and Streckeisen (1967). ®he author feels however that a division must 

be made between the two groups of dioritic rocks present at Roodekraal 

which have different macroscopic appearances, mineralogy and chemical

compositions. The nature of the dark minerals present was chosen as

the criterion for distinguishing between the two groups of rocks since, , 

as is detailed in the section entitled 'Petrology of Individual Rock 

Types', pyroxene is the chief dark mineral present wit’ in the pcrphyritic 

non-amygdaloidal rocks which are accordingly called pyroxene andesite 

and pyroxene diorite. Amphib:le is the most abundant dark mineral in - 

the equigranular, amygdaloidal rOcks which are simply termed diorite or 

andesite depending on whether they are intrusive or extrusive, As 

Bisschoff (1970) points out, the change from amphibole crystallization 

to pyroxene crystallisation marks the crossing of an important physio- 

e p i c a l  boundary, so that it is desirable to distinguish .-bet-.swa pyroxene 

rocks and m o k s  in which swphibole is the predominant mafic mineral.



the pyroxene diorite would-correspond to the soda gabbro of  Bisschoff

(l970), which he Refined as being composed predominantly of 

clinopyroxene, an.l plagioclase with a compositic 1 of (An <. 50).

Where important l;tsxtural differences are preseat they are used to 

sub-divide rock types* f or example t he massive andesite awttis'ti&^iished 

from the amygdaloidal andesite by its lack of amygdales.

Several rock types are present in the Roodekraal Igneous Complex 

which are neither andesite nor diorite, '

As far as the naming of segregation veins present within the Roode- 

kraal Igneous Complex is concerned, the classification soheme of 

Streokeisen (1967) is not detailed enough to include these rock types. 

Originally it w as suggested that the term ’pegmatite’ only be used for . 

coarse-grained rocks of granitic composition with a graphic texture, and 

that the term ’pegraatoid’ be used for those without a graphic texture,

Holmes (l920). Contemporary usage (jahns and Burnham, 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 coarse-grained segregation, veins present 

at Roodekraal since although they have a silica content of up to 58,80 per 

cent (as in sample EC 23) and contain primary quartz, they have plagioclase 

as the feldspar and also contain hornblende and aetinolite. Grout (l93H) 

used the term aplite to denote a granitic rock with an average grain size 

of less than one millimetre, l'he author uses the term dioritic-aplite for 

the fine-grained segregation veins present at Roodekraal.

The olivine rich rocks present at Roodekraal do not have a constant 

mineralogy, however all samples examined hrve dark minerals making up  the 

majority of the rock, and plagioclase with s composition of An4] as the 

only feldspar and all contain olivine. The author decided to call these 

rocks ‘olivine gabbro' since they fulfill all the conditions required by  

Streckeisen (1967) for classification as a gabbro, except that the plagio- 

clase present does not have an anorthite content of greater than 50 per cent.

T wo narrow dikes having a dioritic composition were classified as ,

dolerites by Bisschoff (1950, P- 10). Since these rooks have a sub- 

ophitio texture, occur as dikes and are predominantly composed of plagio- 

class and augite, the author agrees with this classification.

The pale dike rock which is widespread within the Complex and is 

composed »ainly of plagioclase feldspar is classified by Bisschoff (1950) 

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



contains little quartz, and secondly as plagi-aplite, when it is less 

porphyritio and contains more quartz. Bisschoff (19721')> however, 

classifies this pale dike rock, together with the rock type which eon- 

tains abundant phenocrysts of plagioclase and barkev.ikite and forms a 

narrow dike in the extreme soutlx of the Complex, as slbitite. The 

author regards that a  ^iffpler classification than that of Bisschoff 

(l950)t should he used, so that the pale dike rock, which is unifora in 

appearance and composition, may he referred to hy a single name. The 

author is further of the opinion that the term albitite employed by 

Bisschoff (l972b) is too general in that it includes two distinct rock 

types with differing petrology, texture and field appearance. Proa the 

petrology of tlie dike rocks in question it does not appear that albite 

is the dominant variety cf plagioclase present, except in the vicinity 

of sulphide bodies where late-stage hydrothermal alteration has resulted 

in the conversion of znore basic plagioclase to albite, Bisschoff (1950/ 

i n  discussing the narrow dike in the extreme south of the Complex states 

’Die veldspaat is min verander behalwe vir ’n  bietjie verwering na klsi 

jninerale1, and as previously recorded, Bisschoff (1950) had determined 

the composition of this plagioclase to be An 20 *

According to the classification of rock types of Streckeisen (a967) 

the pale dike rock described in t. ,, preceeding paragraph would be called 

a syenite. Morse (l968) in a discussion on syenite describes a specific 

variety of syenite which appears to be vez-y similar to the rock type 

present at Roodekraal. He calls this variety ’hydrous-syenite* and 

states that it contains amphibole or biotite and generally has a  silica 

oversaturation trend. The high water content of the syenite at Eoode­

kraal, 3,76 per cent for RC 30, suggests a hydrous nature. The other 

analysis for syenite i.e. EC 27 has a low water content but since this 

specimen was taken from outcrop the water content is not reliable, whereas 

EG  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 rod: type at Roodekraal,

The rock type w h ich is present as a  narrow dike in the extreme south 

of the Complex, which cuts the massive andesite and has not been intruded 

b y  pseudotachylite was originally classified by Wxllemse (3el et al.

1939, P. 9/ as a syenite-porphyry. Bisschoff (1950) felt, however,..-chat 

since it contained no .i-feldspar it should be called a diorite-porphyry. 

As previously discussed Bisschoff (l972b) classifies this rock type, 

together with, the syenite, as albitite although albite is not the 

dominant plagioclase present in this rock type. It has been stated by



Morse (ig68) that a K~xich.feldspar may occur in very late-stages, but 

is not necessary for a syenite uracl, its always dominatt-d by a lime poor 

pl&glacijjise. 5he author feels that for the above reason and because of 
the. f a H * ' ^ S t  a  ' vittle orthoclase is present, the rock should be clas- 

aified as 'a syenite-porphyry according to the original suggestion by  

Willemse* f h s  author concludes from the field evidence, the similar 

geochemistry to the Pilandsherg syenite at leeufontein and the fact that 

a  Pilandsberg syenite dike cuts the Rietfontein Complex, that this dike 

is in fact a  Pilandsherg syenite. A  notable feature in the field 

evidence is the fact that this dike has margins which have been more 

strongly chilled than the margins of the other dike rocks of the Cosplex, 

indicating that the syenite-porphyry Intruded at a later stage than the 

other dikes, when the host rocks had cooled to a greater extent.

the
F. Genesis and Classification of^Sulphide Bodies 

1. paragenesis of the Ore Minerals

The sequence of deposition of the ore minerals and the hydrothermal gangue 

minerals is graphically represented on the paragenetic char-s (Fig. 8>.

'fhe minerals are considered in their order of crystallisation as deter­

mined by their textural relations!^ps with other eiperals. .

Kagnetite and ilmenite are regarded by the writer as being p r i o r y  

minerals formed by igneous processes. Hamdohr (1955) and B u d d m g t o n  . 

and Lindsay (1964) give thi temperature of formation of  the exsolution 

texture between ilmenite and magnetite, which is commonly observed at

Eoodekraal, as between 40C°C - ?OG0G.
Hematite occurs as an early formed mineral within the pegmatite 

(Plate XV, 4), where it may have formed either as an  alteration product 

Of hornblende or as a primary mineral. A second generation of hematite 

may be formed at lower temperatures above 155°C as a n  intermediate step 

in the conversion of magnetite to goethite, although magnetite m ay b e  

altered directly to goethite. Hematite appears to have formed before 

secondary quarts since 'boxworks’ of hematite are filled with quarts .

(Plate XVI, l). ^  V
She position of njiarta in the paragenetic sequence is difficult to

assess since it was probably formed both as a  deuteric-stage mineral- 

and during hydrothermal alteration accompanying the deposition of the 

sulphide minerals. The quarts formed after hematite, but it mast have 

formed before pyrite I, since pyrite I encircles t h e  quartz in -atoll*

like structures {Plate VI, l).
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Albite, the majority of which is considered to have formed as a 

high-temperature, deuteric, modification of the pre-existing feldspar, 

is present in great abundance especially in the lavas. However the 

original feldspar has been more completely altered to alljite in if - \ ' ■ 

vicinity of the mineralised zones than elsewhere in the rocks of t«e 

Complex, Thus a certain amount must have been formed by. the late-stage 

hydrothermal solutions associated with the period of sulphide minerali­

zation.* .

Actinolite is present in fair proportion as a secondary mineral in 

most of the rocka of the Complex and occurs as fSne acicular or columnar 

crystals within the groundmass and amygdales. It is observed to have 

formed earlier than the chalcopyrite I which surrounds corroded crystals 

of it (Plate IX, 4), and earlier than bornite and chalcocite, since the . 

actinolite needles act as partitions between the bornite and white 

chalcocite (Plate XI, 4). As the actinolite is evenly distributed through­

out the lavas and other main rock types of the Complex, it probably ottes 

its origin to deuteric alteration. It is unlikely that actinolite was 

produced by a later , .etamorphism since the syenite and syenite-porphyry 

dike rocks do not contain actinolite. -

The bulk of the serioite is thought to have formed at temperatures 

above 350°C during the deuteric-stage alteration. However, some sericite 

could have been formed at a later stage when potash was released during 

the conversion of biotite to chlorite.

Calcite apparently formed before the sulphide minerals. It wa3 - 

formed before chalcopyrite I and sphalerite, since it hpo been surrounded 

and corroded by chalcopyrite I (Plate IX, l), and the cialcopyrite I 

in the saro" polished section occurs in exsolution with sphalerite. The 

sphalerite has an iron content of 9,4 per cent indicating a temperature 

of formation of 550°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°C. F r o m  this it can be con­

cluded that the calcite must have formed at temperatures in excess of 

400°C. It is probable that the majority of the calcite was forced early, 

during the deuteric-stage of alteration,

Biotite is considered by the writer to have formed by hydrothermal 

potassium metasomatism of-pre-existing mafic minerals. It is also 

concluded that the biotite was formed by late-stage hydrothermal solutions

associated with sulphide deposition.

: Pyrite I was deposited over two temperature ranges, probably withxn



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

and 150°C at low pressure. .

Pyrrhotite was the next mineral to be  deposited and it has replaced 

both pyyite and q\snrtz„ The pyrrhotite has an iron-content of 46>9 per 

cent atomic Pe, giving a  temperature of formation of 430°C at pressures 

greater than one bar, Pyrrhotite replaced quartz but its relationship 

to serieite is -uncertain.

Epidote occurs in association with pyrrhotite in Plate VIII, 4, where 

the epidote appears to have replaced the pyrrhotite in a 'caries texture’, 

h ut 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 quantities 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 determined as 430°C and that of 

chalcopyrite as about 35Q°C it follows that epidote was formed between 

these two temperatures. The above conclusion fits well with the range 

of the temperature of formation of epidote as quoted b y  Deer, et al. [l9ol) 

of 300°C - (400° - 500°e). .

Chlorite occurs in most of the rocks of the Complex in small amounts.

It is most abundant in the vicinity of the mineralized zones. One of 

the varieties of chlorite present is possibly bavalite (a variety of 

daphnite) which is generally formed between 200°C and 500°C. The chlorite 

probably formed at the expense of the olive-green to pale-brown biotitev 

with the K 20 released during the reaction being used in the formation 

of serieite.

Sphalerite is present in small quantities mainly as vein fillings.

Since it* occurs in exsolution with chalcopyrite I, it must have toe&u 

deposited at the same time as the chalcopyrite. The sphalerite has an 

iron content of 9,4 per cent which indicates a  temperature of formation 

of 350°G.

Chalcopyrite I was farmed at about 350°C*where it is ir, exsolution 

w i t h  sphalerite and deposition probably did not continue to much lower 

temperatures since chalcopyrite I is not found, in exsolution with bornite.

Bornite and white chalcocite must have formed at temperatures below 

350c0 because they do not occur as intergrovths with chalcopyrite I.

The 'jnyrmekitic’ intergrowth of bornite and white chalcocite was, according



to Brett (1963), probably formed at between 200°C and 270°C.

Clialcopyrite II is present as a  minor exsolved phase along the ;A

cleavage planes of bornite, and according to Brett (196?) it must have 

formed at temperatures below 228°C. -

Goetliite which is formed by the oxidation and hydration of magnetite is. 

considered to be hypogene in origin due to the fact that it is concentrated 

i n  the vicinity of sulphide bodies and because the amount of goethite pre­

sent does not decrease with distance from the surface. ',£ mentioned under 

t h e  section entitled ' Mineralogy of the Ore Minerals" -'/fie author considers 

that the goethite at Roodekraal formed under alkalii.c conditions. Edwards 

(1965) concludes that goethite forms at temperatures below 165°C under

alkaline conditions.

Zeolites are low temperature minerals and probably formed after all the 

hypogene sulphides had been deposited. The variety of zeolite present was 

determined by X-ray analysis to probably be a member of the phillipsite 

gr oup which Daubr&e (1879) quoted in Deer et al. (1967, p. 399> noted 

a a  formirg at temperatures below 70°C.

Native copper replaces epidote but is rimmed by later blue chalcocite.

'Eh0 native copper appears to be  supergene in origin since it is only present- 
in  porous rocks near the surface, where it could easily have been deposited 

by meteoric solutions. Rutiie formed as a supergene alteration product cf 

ilmenite, Blue chalcocite is present as a supergene alteration i n  a 'rim 

t e x t u r e1 around bornite and native copper.
Coveilite was the last supergene sulphide to form. It is present as an 

alteration of chalcopyrite II, bornite and white chalcocite. Since it is of 

the 'blaubi eibenaer' variety it must have formed at temperatures below 157 

+  3°C (Ramdohr, 1955). Malachite, azurite and cuprite are formed at or near . 

the surface by  the processes of weathering. These minerals form at the ex­

pense of any of the pre-existing capper minerals.

A n  inspection of the paragenetic chart (Fig. 8), shows that the ore 

minerals follow a perfectly logical sequence with the high temperature minerals 

h a v i n g  been deposited first and the low temperature minerals last. This 

decrease in the temperature of formation is accompanied by a parallel decrease 

i n  the sulphur content. This would seem to indicate that there vas only one 

period of mineralization, since if there was more than one period of mineral!- . 

zation we might expect local reversals of the sequence with a high tempers- -

ture mineral replacing a  low temperature one.

The gangue minerals do not follow a simple sequence since they were 

not all formed at the same time. Two distinct sequences are present?- •



(i)'i Secondary rock forming minerals f o r m e d  during the d e u t e n c -

ji stage alterations. These include quarta, albite, actxnclitfe,

V  sericite, apatite and eallcite. - .

Secondary rock forming ain&rals fo-med by the hydrothermal 

solutions vhich accompanied the swlj'Hide mineralization. ,

Minerals include® here are biotite, epidote, chlorite and o o l i t e .

2 . %di-o*h.erBal Zoning

Zoning ia- a aaW ect which clue to its variable nature is not adequately 

explained by any single h y p o t h e s i s  Two types of zoning are p r e s e t  at 

Roodekraal, a depth zoning, and a concentric zoning within tne replace­

ment bodies themselves, 

s. Depth zoning

This which is used to classify hydrothermal ore deposits *as. .

been discussed by many writers, notably iindgren (1933), Graton (1933) 

and Schneiderhohn (l94l). The essence of ifce classification sche.es 

put forward is that ore deposits forced at different d e p t h s ^ h a v e x r  

tinctly different sui „s of ore minerals and conditions of l o c a t i o n .  

U B f o r t u a a t ^ y  it is very difficult to apply these schemes in p r a n c e  

since'few deposits comply vith all the requirements of any p a r .10...,. .

SOh8The widely used classification of Lindgren (1933) is.taken as an

example. In his sub-division of deposits formed b y  chemical processes

j- . „ f*v areed with igneous emanations,
of concentration from hot ascending water U a x g e d  witn gn

h e  makes three sub-divisions, namely:- . ■

(1) Depoeition aad concentration at alight *«■«>• :

deposits ( a p p r o ^ i - t e W  50 - 200°C, moderate pressure).

H i )  Deposition and concentrstifln at intermediate deptt.

Kea.ther.*! deposits (approximately 200* -  300°C, pressure

h i gh). , 

(lil) D e p o s i t i o n  and concen tr at io n at groat d e p t k  or at M < *

■ temperature and pressure. Fypothermal deposits (30C C

-  500°C, p r e s s v  • ;'*y hight).

, 4. _ + Roodekraal would hot satisfy the con-
The sulphide deposits present at Roodekraal wo

- ,r r i ' these three sub-dxvasxons, sibc# 
rtitioriS for inclusion in any one of these n

tfai; sulphide mineral deposition ^rom above 430 C to alJf) 1
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over all -three sub-divisions from epithermal to hypo-thermal.

Although the depth of emplacement waa very shallow, the writer does 

n^t favour the use of the term 1 telsther.ifel’ since this, indicates that 

HgO, CO2, NaCl and other compounds escaped into f,he hydrosphere and 

atmosphere and that the deposits were formed at jut* pressure by open 

space filling (Brown, 1950). The witter feels that the main sulphide 

deposits at Roodekraal were trapped beneath a cap rock of pyroxene 

andesite, and regards the extensive disseminated replacement bodies as 

being indicative of formation under at least moderate pressure. Many 

of the requirements for inclusion as a mesothermal deposit are met 

since Sjany of the sulphide minerals vrere deposited between 20G°C - 300°C 

and the sulphide bodies have a tenuous connection with the surface.

$he writer is of the opinion, however, that the sulphi.de deposits 

at Roodekratil must be regarded as epithermal since they are emplaced 

in lavas which were probably only covered by subsequent lava flows of _ 

the Roodekraal Igneous Complex, if it is assumed that the period of : 

mineralization was pre-Karroo. The depth of burial must be the prime 

criterion of a ’dept h 1 sone classification, even though the word ther­

mal with several prefixes is used to describe the various sub-divisions.

» - -
b. Concentric zoning

This is the type of zoning which is present within a particular body 

r,nd hctf- received less attention than the depth zoning. Authors who 

wor/.'vV c~ the problem of zoning iix hydrothermal deposits such as 

Emmons Blanchard (192?), Giafcon and Bowdxtch fv$*6), Parks (l955)-

Sales and neper (1950), Schwartz (1956) and Parks cafid ^oDiarmid (IS64) 
concluded th;I ' v J h distance from the source of the mineralizing fluids 

successively iovi*»c iemperaturc minerals are deposited. However this 

generalisation, more to an open space, fissure filling type of

deposit than to a diflfitaninated replacement deposit. So many reversals 

fj-F thid zonal sequence t^I'e place that it cannot be regarded as more

than an idealised arrangement.

At Roodekraal, there is a distinct zoning in the sulphide bodies 

tthldh oscur around .he h igh angle normal faults. This zouzae is a 

c o m p e t e  reversal of +he normally accepted sequence, having an inner 

ZOilg :d bot?iite-cha 1 c0cite followed outwards by a  bornite-chalcopyrite 
zone and finally a  chalcopyrite-pyrite-pyrrhotite zone (see Plates . 

XVXII and XIX), This relationship can also be seen in Plates XXI and 

XXII where although no faults occur, the best copper values are always 

within the bornite zones becoming poorer in the chalcopyrite-pyrite-

7^ ,
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pyrrhotite aone. The white chalcocite which is present in greatest 

abundance in the centre of the sulphide "bodies must have been formed.' 

at fairly low temperatures since it invariably contains silver. Native 

coppf"' is not £,.'olve& in the zoning since it is supergene in origin 

and .ly occurs nesr the surface. .

. An exception 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 borni.te-chnlcocite zone above, and a bornite-chalcopyrite zone 

below, northern limb of the pyrrhotite body occupies an  irregularly 

shaped vO. ic breccia which acted as a favourable passageway for the 

mineralizing fluids. This breccia zone is possibly connected to the 

similar breccia which outcrops to the northeast and which would have . 

allowed the gases to escape to the surface bringing about a great re­

duction in pressure and causing the classical low pressure, fissure „ 

type of zoning to develop with t’-e high temperature sulphides on the 

inside. It thus appears that theru are two distinctly different sonal 

sequences:-

(x) The normal aonal sequence which occurs in low pressure, ( 

open space filling deposits.

(ii) The reversed zonal sequence which occurs in moderate to 

high pressure replacement deposits.

Jacobsen (1967) has proposed a model to explain the occurrence of 

reversed zoning in replacement bodies formed at moderate to high pre- 

sures. He considers that tho copper ore bodies of Artonvilla, which 

exhibit reversed soning, were for in a 'nearly or totally closed 

system in the physical sense*. He postulates that only one influx 

of mineralizing solutions entered a structural trap which was further 

sealed by the formation of a silicified and slightly sericitiaed 

pyrits zone. He Ihen reasons that the early precipitation of pyrite 

resulted in a depletion of sulphur in the rest solutions so that .

minerals containing progressively less sulphur were deposited on the 

outside of the 'bubble* of mineralizing fluids as it cooled inwards.

The gangue minerals were progressively enriched in water towards the \  

centre of the body. Jacobsen considers that the mineralizing fluids 

were transported as pneumatolytic solutions above the critical tempera­

ture of water, which however condensed as temperatures and pressures 

became lower.



The writer feels that the concentric zoning within the main sulphide 

"bodies at Roodekraal is adequately explained by a direct application of 

Jacobsen's model.' As far as the exact mode of deposition of the ore 

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

Brown (l9?l) who studied reversed zoning in the White Pine Copper dis­

trict, where the copper deposits were formed by replacement under 

pressures of 240 to 650 bars. Brown suggests that dissolved copper 

diffused through a stationary pore solution due to a chemical potential 

gradient generated by  the estimated differences in the copper contents 

of the mineralizing solutions and the interstitial solutions in the 

unmineralized rock.

the
3. Classification ofA 0res

This has to a li.rge extent been discussed in the section entitled 

’Depth Zoning' where it was concluded that due to their shallow 

depth of formation, the sulphide bodies at Roodekraal are epithermal ‘ 

in origin. These sulphide deposits exhibit the following mesothermal 

characteristics:-

(i) A  temperature of formation in the mesothermal range of 

iindgren (1933)* ■ *

(ii) A  tenuous connection with the surface (Parks and McDiarmid, 

1964).

(iii) Extensive replacement of pre-existing minerals as well as 

open spacs filling.

The wide range of temperature over which the sulphides formed 

would imply that the mineralized body is a 'telescoped deposit' (Spurr, 

1922), but the logical and well developed zoning present appears to 

refute this.

If a simple genetic classification such as the one suggested by 

Bateman (1964) is used to classify the Roodekraal deposits, they would 

be included 'i« deposits formed by hydrothermal process and would belong 

to both of the following two divisions:-

A. Cavity filling, sub-section f . Vesicular fillings

B» Replacement, - sub-section 0, Disseminated

There is a  strikisg similarity between the'sulphide replacement 

bodies of Roodekraal and Artonvilla. The differences which do occur, 

mainly in  the type of gangue minerals present, are caused by the com­

pletely different types of host rock. A  comparison between these two



deposits is presented in Table XXIX,

. TABLE XXIX

A  comparison 'between the svlphide replacement bodies of 
Roodekraal and Artonvilla •

Property Artonvilla Roodekraal

Location In structaral traps generally 

at. the intersection of two 
cross f o lds.

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

Immediate 
Host rock

Constantly in the 'Melano- 
crat;'c* zone which has a 
favourable chemical reactivity.

Always within the amygdaloi­
dal andesite which is 
chemically favourable to 
replacement.

Zoning Reversed zoning wiiii high 
Fe-S minerals at outer ex­
tremities and high Cu, HgO 
concentrations at the centre 
of the ore body.

As for Artonvilla. >

Formed by Ascending hydrothermal fluids 
of inagmatic origin.

As for Artonvilla.

Temperature 
range of sul­
phide deposition

Prom temperatures of above 
417°C to below 100°C.

■ * ... 
Prom temperatures of above 
430°C to below 100°C.

Type of 
Deposit

Disseminated replacement type 
with intense hydrothermal al­
teration and introduction of 
H 20, KgO, N a20, AI2O3 , GaO, 
MgO and minor SiC^.

Disseminated replacement 
and open space filling type 
with intense hydrothermal 
alteration and probable in-' 
troduction of HgO and K 2O.

Mode of 
Formation

Ore solutions entered traps 
in  one distinct upsurge and 
then crystallised from the 
margins 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. Eight of the silicate 
gangue minerals, which were deposited by the same hydro­
thermal solutions as the ore minerals, are common to both 
deposits. These minerals are albite, quartz, apatite, 

sericite, calcite, biotite, chlorite and epidote.

Fro® the conroaris*1;!! presented in Table XXIX it can be concluded that

the sulphide bodies at Roodekraal are best described as hydrothermal dis­

seminated replacement bodies of the 'Artonvilla type'.



4* Nature of Mineralizing Solutions

a. Physical state of the mineralizing fluids

%v. regards the actual physical state in which ore 'bearing fluids leave 

their source, earlier authors such as Fenner (1933)» Graton (l940) and 

other® concluded that ideal gases were incapable of transporting metals. 

I n  support of this contention Smith (1954) suggests that hydrothermal^ 

deposition is confined essentially to the liquid phases. .

, M o r e  recently, however, Ovchinnikov (1963) conducted experiments 

lrhlch indicated that metals could be moved from a n  artificial magma b y  

gases, mainly composed of water vapour. Krauskopf (196*?) also concludes 

that hydrothermal fluids may he partly or completely in the gas phase.

T h e  hydrothermal solutions at Roodekraal must have been capable of 

penetrating dense wall rocks, judging by the extensive wall rock al­

teration.

b . Transport of metal in solution

D u e  to  the fact that sulphide compounds are extremely insoluble, 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 metals in chloride complexes was postulated by 

Re l geson (1964). This hypothesis is substantiated by high concentrations 

o f  01“ i n  most hydrothermal environments.

3 p u r r  (1922) put forward the idea that the mineralizing fluids are 

composed essentially of sulphides in an 'ore malms'. ' more sophisti­

cated theory along similar lines is that of Brasa (l950) who feels that 

the mineralizing fluids were in the form of a yapourized (volatilized) 

sulphide melt. He  suggests that a  mixed sulphide melt accumulated deep 

with i n  the earth, which was stratified in accordance with metallurgical 

principles. Vapourisation of the substances having access to the 

avenues of escape then proceeded in accordance with their relative 

volatilities at the particular temperature of the melt* the probable 

order of vapourization being:-

pyrite —*■ chalcopyrite, sphalerite - > e n a r g i t e ,  tennantite, 

tetrahedrite, jamesonite chalcocite, galena, argentite.

H e  concludes that although water is of little value as a liquid or 

vapour i n  the transport of metal sulphides it oould be of great utility 

i n  t h e  elimination of carbonaceous tisp siliceous gangue to make way for 

the deposition of  sulphides. In support of his idea he quotes the
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