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ABSTRACT 

The synclines of highly folded extrusives and 

sediments within the Sebakwian, Ultrabasic, Bulawayan and 

Shamvaian Systems in Southern Rhodesia are described. They 

are representative of all the folded formations engulfed in 

the Archaean granites in Southern Africa and are collectively 

classified as the Schist Belts of the Basement Complex. 

Hydrothermal gold deposits within the Schist Belts 

and the earlier Archaean granites along their margins are 

discussed. They consist of mineralised quartz stockworks, 

compound and simple quartz lodes, and pyritic quartz-filled 

shatter zones in competent formations. 

The Cam & Motor Mine, the largest and deepest gold 

producer in Southern Rhodesia, is shown to be a typical 

mesothermal gold deposit. It is located in a Major linear 

fault zone developed along planes of weakness in and near the 

contact of a thin bed of sediments and serpentinised lava 

which are themselves sandwiched between massive basalts and 

pillow andesites, in the vertical limb of an anticlinal-

synclinal fold. The Fatchway, Pickstone and Midwinter Mines 

are cited as examples of vein, shatter and "pocket" lodes. 

It is shown that in the Archaean gold provinces where 

major regional linear fault traces of gold/sulphide mineralisation 

traverse a stratigraphic horizon which, due to mineral and 



textural composition or intense carbonation, is susceptible to 

rupturing or shattering, gold was deposited from ascending 

hydrothermal solutions. The gold occurs native or with 

sulphides in quartz within structurally-controlled focal 

openings or in stockworks in these horizons, and along fracture 

planes and crush zones which cut obliquely across the host 

rocks. 

The stratigraphy and structure of the Witwatersrand 

formations, and of the economic reefs in the six gold 

producing districts along the northern, north-western and 

western rim of the Greater Witwatersrand geosyncline are 

briefly discussed. In all these areas pebble orientation, 

cross bedding, grain size, pay shoots, pay streaks, movement 

of footwall debris, and the frequency and development of 

gold -bea:.-ing oonglomerate deposits, all indicate a south-easterly 

direction of sediment transport. The pebbles in the conglomerates 

can be matched with identical quartz, chart, jaspilite, porphyries, 

lavas and peridotites from the Basement Complex. Areas barren 

of gold are shown to be present along rising structures on 

which, due to progressive deposition, elevation and denudation, 

each reef was transgressed by a younger reef along a shore of 

rising ground. 

Gold in the Black Reef and Ventersdorp Contact Reefs 

is shown to be derived mainly from sub-outcropping reefs. 

On West Rand Consolidated, six different economic conglomerates 

in the Livingstone Reefs were identified by the author and are 

now being individually exploited. Ventersdorp sediments are 

recorded for the first time on the West Rand and their 

identification led to the opening up of a major block of 



Ventersdorp Contact Reef on South Roodepoort Mine and the 

exploitation of the hitherto undiscovered payable Kimberley 

Reefs on this mine north of the major Roodepoort Fault. 

The identification of Jeppestown shales in a borehole core 

from east of Venterspost, previously classified as Kimberley 

shales, is shown to have provided the key to the opening of 

the New West Rana Goldfields (Western Areas and Kloof Mines). 

A study of the stratigraphy of the West Rand and 

Klerksdorp Areas is made from detailed logging of borehole 

cores and from rock exposures in underground development. 

The Kimberley—Elsburg beds are treated as one Series down to 

the base of the Kimberley Reef, the Kimberley shale being 

placed in the Main Bird Series which terminates at the base 

of the North Reef. The Government Reefs at the top of the 

succession of Government Beds, hitherto regarded as part of 

the Government Reef Series, are placed in the Jeppestown Series. 

New stages, known as the Boulder and Bonanza, have now been 

incorporated in the Government Series. A suite of sedimentary 

rocks starting with a basal conglomerate, deposited on an 

intraformational surface of erosion, and ending generally with 

shales is regarded as a cycle of deposition. Using these new 

stages a completely revised tabulation is given to the Series, 

Stages and Beds of the Witwatersrand System. 

Shareholders' plana are used to construct regional 

structural contour plans, and these regional plans together 

wiith borehole information from intervening areas are used to 

compile a detailed contour plan of the Main and Basal (Bird) 

Reef horizons throughout the area of the Greater 7iitwatersrand 

geosyncline. The major economic reefs are shown to persist 



from mine to mine, and even from district to district, without 

loss of identity. The effects of major and minor faults and 

dykes on the reefs are discussed. 

Arguments put forward by Ramdohr and Liebenberg, 

the leading authorities on polished section studies of pyrite 

and uraninite respectively, are used. to support the author's 

observations that the sulphides and uraninite grains in the 

conglomerates are detrital. Thucolite is believed to have 

been formed through the polymerisation of methane. Payshoots 

and pustreaks are shown to be unaffected by post-conglomerate 

faults and dykes. Gold values in the conglomerates are 

cut-off by transgressive overlying conglomerates, but derive 

some of their values from sub-outcropping auriferous reefs. 

The gold in the reefs appears to pre-date minor cross channels. 

The total evidence indicates that the gold in the 

Witwatersrand reefs was deposited contemporaneously with the 

conglomerates and was originally derived from hydrothermal 

gold deposits in the Basement Complex. 



1. 

DISTRIBUTION OF THE GOLD NINES  IN SOUTHERN AFRICA 

INTRODUCTION 

The gold mines of the Witwatersrand are situated along 

the northern and western rim of a geosyncline which stretches 

from Springs in the north east to Virginia in the south west, a 

distance of 180 miles. They can be traced as a continuous 

line of mines from Heidelberg in the East Rand, north to Springs, 

westwards through Benoni and Brakpan, and then along the Central 

Rand through Germiston and Johannesburg to Rood9poort, a total 

distance of 60 miles. West of Roodepoort is the Witpoortjie gap, 

a break of 5 miles where the reef is faulted out, but is faulted 

back again at Krugersdorp where the beds are intensely folded 

and the reef takes a sudden turn to the south, through another 

minor gap, end on to Westonaria where it descends beneath a 

cover of the Ventersdorp Lavas and Transvaal. Dolomites. The 

Krugersdorp strike is 14 miles and the Westonaria :strike 8 miles. 

West of Westonaria the strike of the reef is deflected by the Bank 

fault to an E-,W trend to form the economic block of the Far lest 

Rand, which is payable for a strike length of 16 miles. 

Between the Far West Rand and the Klerksdorp area 

the sub—outcrop of the reef swings south, but the mineable ground 

is either too deep or is unpayable; no economic sections have 

been proved to date by diamond drilling. In the Klerksdorp 

area the reef is being mined over a continuous strike of 20 miles. 

South of Klerksdorp the reef is thrown down again by 

the Hachila fault and re—appears at Allanridge 80 miles to the 

south. Diamond drilling indicates that the reef zone in this 

gap is either too deep (+10,000 feet) or is unpayable at the 

present price of gold. From Allanridge the reef sub—outcrops 



against the Ventersdorp Lavas and trends southwards through 

Odendaalsrus and Welkom to Virginia, and then in a short arc 

north-eastwards, the total payable strike being 40 miles, 

The south and east limbs of the 7itwatersrand sync]ine 

have been probed by drilling, but due to their greater distance 

from the auriferous source rocks to the north-west, no payable 

intersections have been found. The rim sub-outcrops from 

Virginia through Hennenman, south of Kroonstad, Edenville, 

Heilbron to just south cf Heidelberg. 

The total payable strike along the northern and western 

rim of the geosyncline is 158 miles. The circumference of the 

basin, excluding the small section at Kinross, is 430 miles in 

length. Total production from the mines to December 1962 has 

been 690 million ounces of gold, recovered from 2,500 million 

tons of ore milled. This is equivalent to 2,750 million tons 

mined or an area on the plane of the reef of 264 sq. miles at an 

average thickness of 54 inches. 

Unfortunately the rocks of the Basement Complex in the 

north-western Transvaal, from which the sediments of the 

Witwatersrand System were derived, are covered by Ventersdorp 

Lavas and Dolomites of the Transvaal System. The few outcrops 

of granite to the north of Johannesburg, west of Klerksdorp 

and west of Thaba Zimbi represent exposed surfaces of eroded 

dome structures, and only short sections of the mineralised 

arcuate schist belts around the granite contacts emerge from 

beneath the cover of the surrounding younger formations. 

Still further to the north-west, in Bechuanaland, the 

whole country is covered by superficial recent sands so that 

there are no exposures of archaean rocks. 

2. 



xls 

0 

• .......... ) 

/ 	 1 _ 	 i.. 	." 

... 
i 1AFRICA; / 
f 	

,, ./UGANDA: 

E N Y A I, 

i 	 I 	 ! 
c 

/ 
) THE 	CONGO 

•• Nairobi 

200 200 400 600 

• 

R. T Z. 

map of 

SOUTHERN AFRICA 
scale: I: 20,000,000 

MILES 

I„ 

ANGOLA 

N. 	RHODESIA 

-a .  

BECHUANAL 

I 
f ! 	Joho 

! 

UN! 

OF 
Durban 

SOUT H 
r*".  

AFRICA 

Accra 
•C? U AT 0 R 	A •-••••-• 

Cope 
Town 

• q 
to 

Lusaka o 

--•• • -•-• r.-•  

\•• R • 

Y 

TMc 
t' 

/ 

ourenco Marques 

	KLERKSDORP DISTRICT 

44, 

HARTLEY DISTR IC 

Beira 
SOUTH 

W E•S T 

AFRICA 

GOLDFIELDS  
OF  

SOUTHERN AFRICA  

6 
f  

• 

.) 
• IA. NI GERIA ,,, 

	
•-• 

'FRENCH 

(
!GHANA/ 	 SUDAN 	 ETHIOPIA 

( 1 	
1.—

*\ \*1 	 1 
Lugo 	 • \ 

• Luanda 

) 

TANGANYIKA 	Doi • es • Salaam 



North of the Witwatersrand beyond the rim of the 

east-west geosyncline of the Bushveld Complex and Transvaal 

System, a great shield of pre-:Witwatersrand granite is exposed 

throughout most of Northern Transvaal and Southern Rhodesia. 

It is riddled with remnants and inclusions of Archaean sediments 

and extrusives, which increase in frequency to the north-east. 

Vestiges of small arcuate synclines are all that remain of the 

vast thin crustal deposits which were assimilated, warped and 

ruptured by "reactive" granites, and then invaded by residual 

highly mineralised fluids which produced,alonc; zones of weakness, 

a multitude of gold-bearing quartz veins. 

The Liadiba gold fields are situated in the Western 

Transvaal, 80 miles west of Klerksdorp, while the Barbertcn 

gold fields lie in Eastern Transvaal, and to the north are the 

mines of the Murchison and Sutherland Ranges. 

The Southern Rhodesian gold deposits fall within a 

broad belt which runs through the country from the south-weatern 

to the north-eastern borders. In the extreme south-west is the 

dormant Antelope group of mines which lie approximately 100 miles 

south of Bulawayo. Straddling the Bulawayo-Johannesburg road 

to the north-east of Antelope is the Gwanda group, followed 

by the Bulawayo-Filaousi-Belingwe gold fields. 

The Midlands gold mines are distributed along a belt 

shaped like a ragged letter G, with Selukwe at the lower lip 

and the mines of the Gwelo, Que Que, Gatooma and Hartley 

gold fields scattered along the curve of the letter. 

The north-eastern group of mines are disposed in the 

shape of a capital E, with Salisbury-Arcturus on the lower line, 

Bindura-Shamva on the middle and Darwin at the top, the upright 

3. 



being formed by the Mazoe-Concession line. 

In December 1962 there were 130 gold producers, 

comprising 58 in the south-western, 52 in the midlands and 

20 in the north-eastern gold fields. Out of this total only 

13 mines were producing more than 10,000 ounces of gold per 

annum, 6 being in the Gatooma District. 

The first recorded production was in 1892 from the 

Dickens mine in the VictJria District. Total production to 

date is 374 million ounces from 150 million tons of ore 

milled. Allowing for sorting this is equivalent to a body of 

ore extracted from a slot 200 miles long, 500 ft deep at 

4.5 ft wide, 





DEVELOPMENT OF THE BASEMENT COMPLEX, 

ARCHAEAN GRANITES AND ASSOCIATED GEOSYNCLINES 

The great floor of granite of Southern Africa is 

exposed in an arc around the major geosynclines of the Transvaal 

and Karroo Systems, from the Northern Cape in the west through 

the northern Transvaal, the central and southern areas of 

Southern Rhodesia in the north, and through the eastern Transvaal 

into central Natal in the east. 

The general structure of the granite beneath the 

cover of overlying Systems in the Transvaal and Orange Free 

State can be interpreted from the results of boreholes drilled 

to investigate the goldfields and coalfields, and from a 

stratigraphic knowledge of the thickness of the beds and stages 

in the individual Systems. 

In Southern Africa the Archaean granites appear to 

have passed through four stages of major geosynclinal folding, 

The oldest Archaean folding (3,000-3,500 m. years) was 

associated with deposition and intrusion of rocks of the 

Basement Complex. The second stage of folding was associateu 

with the deposition of the Witwatersrand System of rocks, 

2,000-3,000 m. years. 	Subsequently, the geosyncline of the 

younger Bushveld Complex was formed by subsidence (2,000 m. yews) 

and this was finally followed by the formation of a shallow 

geosyncline within which the Karroo System was deposited 

0+00 m. years). 

The earth's earliest cover may have been a thin veneer 

of basic lava flows interbedded with lenses of sediments derived 

from both the breakdown of the lavas and the: .underlying granite. 

5. 
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6. 

The crust built up slowly in thickness and consolidated, and 

eruptions of basaltic and granitic magmas gradually decreased. 

During the Archaean Era, the thin crustal islands of interbedded 

sediments and lavas were subjected to continuous deformation 

due to gravitative subsidence and magmatic upheavals, resulting 

in the formation of relatively small, highly folded arcuate 

geosynclines and anticlines. Gradual consolidation of the 

crust led to the formation of shallower, larger regional geosynclines 

during early pre-Cambrian times and finally led to the development 

of a very shallow sub-continental geosyncline in which sediments 

of the Karroo system were deposited. 

The early oynclines, whose limbs now dip inwards at 

30-90°, are highly sheared along their axes, and the beds within 

them are traversed by scores of barren or mineralised veins and 

pegmatit:s. Folding was slow, prolonged and severe, but not 

violent. The fractures and faults within these synclines are 

all steep and cross fractures are rare, implying that the 

movements which folded the older granites and overlying beds 

were predominantly vertical. 

The later geosyncline of the Witwatersrand, with 

its limbs dipping inwards at 25-30°, 	was produced by slow, 

gentle and prolonged folding, and is faulted along its axis. 

The Karroo geosyncline is not faulted along its axis 

and its beds, which dip inwards at 50, show very little sign 
of disturbance. 

A picture thus emerges of the present granite base 

or floor upon which all the Systems were deposited. It re/eals 

a vast granite shield studded with arcuate, small geosynclines 

filled with folded lavas and sediments disposed in a broad 
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north-east pattern. Superimposed on these smnll geosynclines 

are two larger geosynclines occupied by Witwatersrand and 

Transvaal sediments, by. an east-west gravity syncline due to 

down buckling of the heavy Bushveld Complex, ana by the large 

gentle geosyncline of the Karroo centred around Basutoland. 

The Archaean granites, whose emplacement affected the 

development of the various geosynclines, consist of domes, 

batholiths, stocks, sheets, sills and dykes of varying ages 

emplaced 3,0-3.5 m. years ago. 

The oldest Known granites are a paragneissic group 

which outcrops to the south of, and parallel to, the Sandawana 

Bukwe schist belt in the southern part of Southern Rhodesia. 

These granites may well be of pre-Sebakwiar.•. age, 

The widespread granites of immediate post-Sebakwian 

age are generally homogeneous, though gneissic near their 

contacts with the enveloping schists. They contain numerous 

large inclusions of Sebakwian sediments, volcanics and incrusives, 

and are themselves traversed by mineralised quartz veins. 

The post-ammvaian granites vary in age. An older 

group, which occurs mainly as cupolas and stocks in the schists, 

is cut by the gold-bearing quartz leins and is generally 

mineralised with fine disseminated pyrite and arsenopyrite. 

The younger granites, which are pale white to pink in colour 

and nearly always porphyritic, are intrusive into all the 

Basement schists and granites, and are of post-gold 

mineralisation age. 

7. 
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The post-Sebakwian granites continued to rise during 

the formation of the younger Basement schist belts and 

consequently they influenced the orientation of the shears 

and fractures in these belts. The post-Shamvaian granites 

of pre-gold mineralisation age are genetically related to the 

later, but pene-contemporaneous felsites, pegmatites, and 

volatile are .asBobiatQd. with 	the gold-bearing quartz 

veins. 

The continual rising of the granites to form domes 

and ridges in isostatic harmony with the adjacent synclines 

is perhaps best illustrated by means of a series of iscpach 

plans which depict the conditions around the margins of the 

rising granites during the period of deposition of the 

Witwatersrand System. It will be shown in a later chapter 

that the beds of this System were gradually folded in stages 

of repeated elevation and denudation. The sediments slide 

along interbedded shales and are slowly tilted, but not faulted, 

until the close of the Witwatersrand era when fracturing finally 

took place along the hinge of the inclined beds. After 

extrusion of the Ventersdorp lavas the whole Witwatersrand 

System collapsed into the faltering syncline along a network 

of fractures which developed when folding increased beyond the 

plastic limit of the formations. The granite domes continued 

to rise throughout the periods of deposition of the Ventersdorp 

Lavas and the sediments of the Transvaal System, after which 

doming apparently ceased. The evidence of slow vertical 

folding of the basement schists, without any indications of 

hokizontal cross brecciation or violent thrusts, seems to imply 

that the granites were in a state of continuous flux during the 

persistent ridging and doming that took place throughout the 

Archaean and Proterozoic eras. 

8. 
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9. 
The general stratigraphy of the Systems of the Basement 

Complex, which are the main host rocks of the gold-bearing quartz 

veins, are briefly outlined in the following pages. .These 

gold deposits are far more extensively developed in the Schist 

Belts of Southern Rhodesia than they are in South Africa, and 

for this reason the Sebakwian, Bulawayan and Shamvaian Systems 

have been more thoroughly investigated and correlated than 

those to the south. The following discussion of the formations 

within the Basement Complex is therefore confined to those 

Systems which are exposed in Southern Rhodesia. 

The Sebakwian System 

The Sebakwian System includes the earliest known 

rocks in Southern Africa, It consists essentially of a 

suite of sediments and lavas which were invaded by peridotites 

and dunites, and then engulfed and partially assimilated by the 

Primitive Granites so that only lenses of banded ironstones, 

serpentines, phyllites and siliceous granulites now remain. 

The beds are best developed in the central area of 

Southern Rhodesia as relics in the granites, and occasionally 

along the margins of the schist belts of Gwelo and the surrounding 

districts of Selukwe, Shabani, Filabusi, Shangani and Que Que. 

The Sebakwian rocks are highly metamorphosed, sheared and 

distorted, and there are no reliable sections which can be 

used for :the determination of strata thicknesses, which may 

be of the order of 7,000 feet. The lower beds are essentially 

composed of phyllites and micaceous schists, which darken in 

colour towards the granites due to their increasing content of 

biotite; two narrow bands of jaspilite occur near the base. 
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10. 

The middle beds are more siliceous, grading from ripple-marked 

felspathic grits (sericitic schists) to quartzites which, in 

the Shangani area, form a prominent white siliceous bar. 

This sedimentary stage is in turn overlain by basic highly 

altered basaltic and limburgitic lavas. 

The Ultrabasic Complex 

Peridotites and dunites of the Ultrabasic Complex, 

like the banded jaspilites, were not readily digested by the 

granites and their distribution as relics;.•: is thus far more 

frequent than is that of the sediments or the Sebakwian into 

which they are intruyive. They are present throughout most 

of Southern Rhodesia, the northern and eastern Transvaal and 

Northern Swaziland. 

The ultrabasic rocks, which may locally attain a 

thickness of up to 3,000 feet, are essentially composed of 

serpentine, a little talc, ferromagnesian carbonates and some 

secondary magnetite. They intrude the basement schists as 

individual sheets or layers which, upon exposure, exhibit 

marked pseudo-stratification. These sheets of blue and green 

berpentinised peridotites and dunites which locally contain 

high grade seams of chromite, are usually a little more than 

100 feet thick. Some of the best exposures of the Ultrabasic 

rocks are in the Shabani and Barberton asbestos fields. 

At Shabani the full thickness of the serpentines is 

about 2,500 feet. The lower 1,000 feet consists of talc-carbonate 

schists containing pseudomorphs after asbestos. Away from the 

granite contacts the carbonates decrease in amount and the rocks 

pass into a talc serpentine with stringers and lenses of brittle 
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fibre, This zone is in turn overlain successively by a 100 

to 200 ft thick serpentine riddled with seams of silky 

chrysotile, which constitutes the main ore horizon of the 

Southern Rhodesian asbestos fields, and by partially 

serpentinised peridotites and dunites. 

The Bulawayan System 

The Bulawayan System, widely distributed throughout 

Southern Rhodesia, derives its name from the broad zone of 

greenstones" which are very well developed z.round Bulawayo. 

The lowest beds of the System were laid down upon an 

old land surface of Primitive Granites and partially assimilated 

remnants of the Sebakwian and Ultrabasic Complex. It is 

possible to subdivide the System into three definite 

stratigraphic stages, a lower sedimentary and two upper volcanic. 

The lower stage of the Bulawayan System consists of 

argillaceous and arenaceous sediments overlain by jaspilites, 

crystalline limestones and interbedded lavas. In most areas 

the basal beds were eliminated by the shearing and faulting 

venich accompanied the progressive synclinal folding induced 

by vertical movements in the surrounding granites. 

Consequently they are only preserved where they were laid 

down on rocks of the Sebakwian System. 

The sediments grade downwards from phyllites and 

jaspilites, through a fairly broad zone of coarse felspathic 

grits, into a basal conglomerate containing pebbles and boulder:. 

of vein quartz, granite and talc schist. 

11. 



There are generally two main bands of jaspilite, 

1,000 to 3,000 feet apart, both of which are locally 

auriferous. They can be traced for many miles along strike, 

grading from slightly ferruginous banded dolomitic jaspilites 

to high-grade banded ironstones. 	These bands, which range 

from 20 to 100 feet in thickness, are frequently folded and 

contorted and have suffered a considerable amount of 

horizontal brecciation. In most areas they are overlain 

and underlain by highly schistose porphyritic basaltic lavas, 

some 3,000 ft in thickness. 

The middle and upper stages of the upper Bulawayan 

System consist chiefly of massive flows of basaltic, andesitic 

and trachyte lavas which, in the Midlands of Southern Rhodesia, 

may be as much as 10,000 feet thick. They are notably less 

schistose and more compact than the underlying extrusives and 

are characterised by an upper, widespread group of andesitic 

pillow lavas. Between the middle and upper lavas there are 

several narrow beds of quartzites, greywackes and shales which 

have been derived from erosion of the lavas and granites. 

These sedimentary beds were extremely important in localising 

and controlling the major fractures and faults which acted as 

channelways to the gold-bearing solutions. 

Flows of highly siliceous trachyte are present in 

the upper lavas, and sills of diabase are commonly emplaced 

along and near the lava-sediment contacts. 

The wholp System is cut by dykes and stocks of fine 

to coarse epidiorites, the stocks being generally of pre-gold 

mineralisation age and the dykes post-mineralisation. 

12. 
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Stocks, sills and dykes of felsite and quartz porphyry are also 

common, the stocks being particularly localised in the lower 

part of the System near the granite contacts, while the sills 

and dykes are mainly confined to the middle pam. These 

acid intrusives are both older and younger than the period 

of gold mineralisation, and since the sills often follow 

the same shear zones as those occupied by the gold-bearing 

quartz veins they constitute valuable guides to ore. 

The Shamvaian_lystem 

Formations of the Shamvaian System were exposed 

from north-west of G7anda through Gwelo, Que Que, Gatooma and 

Hartley to the north-east of Salisbury, at Shamva and Bindura, 

and are els° present in the Bulawayo and Umtali districts. 

They are essentially a sedimentary group, the 

lowermost beds of which were deposited unconformabJy upon the 

slightly folded lavas of the Bulawayan System. Unfortunately, 

in most areas the contact between the sediments and the 

underlying lavas is not clear. 

As a result of prolonged and severe post-Shamvaian 

crustal movements, during which the beds of both Systems were 

tightly folded, the contact between the two Systems became a 

zone of major movement involving both shearing and thrusting, 

and only remnants of the basal members of the younger system 

survived. 

13. 



In the Umtali district the basal beds consist of a 

well developed zone of conglomerates up to 300 feet in 

thickness and more than 15 miles in unbroken strike. In the 

Gwelo, Hartley and Bindura districts remnants of conglomerates 

are exposed in places along the Bulawayan lava contacts. 

They are generally loosely packed and grade from true 

conglomerates to pebbly quartzites, their pebbles being always 

well rounded and ranging in size from grains to boulders. 

The pebbles, which were derived from the granites and 

virtually all the beds cf the underlying Systems, consist 

of quartz, granite, porphyry, lava, epidiorite, banded 

jaspilite and talc schist. 

The overlying sediments vary from gritty quartzites 

to greywackes, arkoses and shales, and are best developed 

in the namva and Bindura districts where they are probably 

10,000 feet thick. The gritty quartzites are usually 

felspathic and contain a number of scattered pebbles. 

During deposition the re—washing and re—concentration of 

these beds resulted in the frequent accumulation of layers 

of "scattered pebble conglomerates", which are present near 

the centre of the System, from Gwelo to Shamva. 

The felspathic grits grade upwards into light, 

highly felspathic arkoses, both of which were derived from 

erosion of the granites. In proximity to the intrusive 

granites, as at Shamva, recrystallisation of the felspars 

and the development of biotite gives the sediments the 

spurious appearance of a microgranite. 

4. 
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Upwards the arkoses alternate with greywackes; the 

former are more persistent in the north-eastern districts and 

the latter more prominent in the Gwelo-Gwanda belts. The 

greywackes have been derived from the underlying basic igneous 

rocks of the Bulawayan System; indeed, mineralogically the 

two rock-types are almost identical, and where the greywackes have 

been metamorphosed and reciystallised it is often difficult 

to distinguish them from basic sills. 

The argillaceuus formations at the top of the 

System vary from narrow shale beds to broad zones of phyllite 

with occasional intercalated narrow bands of jaspilite. 

Owing to shearing anti recrystallisation the phyllites have 

developed an intense schistosity which is often mistaken for 

bedding, but in reality in underground workings the true 

bedding oan be faintly discerned crossing the schistosity. 

Graphite and pyrite are generally present in the shales near 

hydrothermal shear zones. 

The Shamvaian System is invaded by porphyries and 

allied felsitic rocks, and together with the underlying Systems 

it has been folded and pierced by younger Archaean granites. 
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GOLDFIELDS OF THE HARTLEY DISTRICT 

INTRODUCTION 

The Hartley District, situated in the heart of 

Southern Rhodesia at an elevation of 4,000 feet above sea 

level, in the "midlands" of the country, contains 7 major 

gold mines, including the famous Cam & Motor Mine. The 

general topography is remarkably flat, apart from the long 

narrow ranges of banded ironstones which stand out in the 

slightly undulating schist belts, which are themselves enclosed 

in a "sea" of extremely flat granite country. 

The natural vegetation is grass, low acacia thorn 

bush and mopane trees, the thorn acacia being densest on the 

higher schist zones whereas the mopane follows the water courses 

and prefers the sandy granite plains. Unfortunately, the 

mopane, which normally flourishes along mineralised shear zones, 

has been greatly depleted by the mining industry in its search 

for fuel for the roasters. The chinda, a slight bush some 

three feet in height is always confined to areas of serpentine. 

The wild fig, a majestic tree some sixty feet high with thick 

green foliage, is a conspicuous marker to the ancient workings, 

so much so that each and every known large gold occurrence around 

Gatooma was discovered at the site of one of these great trees; 

often with no other surface feature to guide them, the pioneer 

prospectors of the 1890's realised their significance and re-opened 

the underlying workings from which they had grown. 

Maize, cotton, tobacco and vegetables are the main 

cultivated crops. The good summer rainfall, 30", and the 

warm climate 80°  favour the former. Maize is extensively 

grown in all areas underlain by basic lavas. The ground is 



generally very flat, and the soil a conspicuous deep red. 

Knolls of epidiorite and large antheaps covered in grass and 

bush stand out like "inselbergen" in the open ploughed fields. 

Fragments of flaggy schist accompanied by chips of quartz can 

be traced through the cultivated lands along the large shear 

zones, which cannot be recognised from the aerial photographs, 

even though they are very good aquifers. 

The district is the heart of the cotton growing 

industry, the lower-lying rich lavas providing an ideal soil 

for this crop. Tobacco is confined to the light sandypotash-

bearing granites, and vegetables to the schists, especially 

near old shafts and nines where water is abundant. 

Aerial photographs outline the greenstones and granites 

very clearly, the dense vegetation and bush being most striking 

on the former. The hills of thickly wooded banded jaspilites 

and trachyte are so distinct that faults dislocating them can 

be clearly traced. In photographs the ploughed fields in the 

lavas are shaded in various hues unrelated to the underlying 

rock types, and the epidiorites, diabases and andesites cannot 

be separately identified. Fields in granites are a lighter 

shade, and the massive felsites, which are rarely ploughed, are 

very light in colour. The quartzite ridges show up well and 

the arkoses of the Sharnvaian are slightly raised relative to 

the lavas, the bedding of the sediments being often apparent. 

Open cuttings along the outcrops of the mineralised deposits 

are clearly visible, and occasional trenches scattered throughout 

the vast bush area are the only indication of possible points 

of mineralisation examined by prospectors, hunters and farmers. 

17. 
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With the exception of the banded jaspilites and 

the occasional quartzite and trachyte ridge, outcrops are 

extremely rare, the average depth of overburden being from 

3 to 12 feet. Aerial photographs therefore provide a more 

accurate general picture than can be obtained from surface 

mapping, though the detailed geology must be filled in from 

close ground observations, underground workings, diamond 

drilling, auger drilling, trenching and geophysics. 

The original t;eologiGal map of the Gatooma area was 

compiled by A.E.V. Zeplley (1918), who concentrated on the 

district around and to the south of the Cam & Motor Mine. 

Old mine plans and r-3cords undoubtedly provided much material 

for his compilation, bub his detailed mapping has magnificently 

stood tin test of time. In the 1950's J. Wiles took over the 

task of piecing together the geology of the eastern and north—

eastern areas. Subsequently in 1959 Rio Tinto Rhodesia Limited 

entered the field of exploration in this district and four 

E.P.O's (Exploration Orders) were taken out, two to the north 

of Gatooma, around Patchway, one centred around the Cam & Motor 

Mine, and the fourth in the eastern Pickstone Area; these 

Orders varied in area from 50 to 100 square miles each. 

The overburden in the Cam & Motor E.P.O. Area is 

relatively deep in the "vleis" and depressions, but shPllow 

in the higher ground. During the author's supervision of 

exploration (1960-1962) tae area was riddled with auger drill 

holes to a depth of 6 ft and some 25,000 ft of trenching were 

cut for further information. Old workings were dewatered, 

surface drill holes were put down and the area covered by a 

close grid geophysical resistivity survey to assist in 

structural mapping. 
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The auger drilling for the main part failed to hit 

bed rock and the great number of anomalous values recorded 

marred the overall picture. Although this method of exploration 

was fast and cheap experience showed that it co.fld only be used 

effectively in areas with less than 5 ft of overburden. 

Throughout, the auger holes picked up extraneous pebbles and 

fragments of quartz lying in the clays and soil, and in one 

area they located a unique working and sorting point of the 

"Ancients", now covered by 5 ft of clay. In areas of shallow 

overburden the auger holes greatly assisted mapping and 

indicated distinct lenses of sediments, and stocks of 

epidiorite in the lavas. 

Trenching to an average depth of 12 ft was carried 

out using a "J,C.B." digger; for extra speed of trenching 

the Standard 30" shovel was removed and replaced by a narrow 

lb" scoop bucket. It was found that mapping and sampling could 

be carried out in the 18" cut provided the work was done 

immediately, otherwise it was dangerous. The shovel had to 

struggle in the black clay, but under normal conditions it 

averaged 100 ft per shift, and proved to be one of the most 

successful methods of exploration. 

Since drilling was used for evaluation below outcrops 

it only assisted geologically over very narrow sections. 

It is worth emphasising that core recovery of the reef zone 

is all important and that small portable one man diamond drills 

were a complete failure. On the larger drills double tube 

corebarrels, with reversed water flow, gave excellent core 

recovery. Plugging of the end of the hole with cement and 

redrilling was used for picking up residual gold tailings 

left in the hole, which were -then assayed purely as a check. 
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Surface traversing for mapping was very disheartening 

due to the poor exposures and thick grass. 

In the northern E.P.O's the story was much the same. 

Exploration started with a massive programme of auger drilling 

followed by manual trenching and later by machine trenching 

and diamond drilling. The auger drilling again failed to 

produce satisfactory results. Trenching located the ancient 

workings of the Patchway North, and in the two northern E.P.O's 

some 60 boreholes were drilled each to a depth of 400-500 ft. 

The ancient workings were exposed as a 3 ft wide waste-fill of 

lava fragments dipping at 25°  within the country rocks of 

decomposed lava. A small high-grade rib pillar of quartz 

which had been left, established the true identity of the workings 

and drilling was carried out to prove the orebotr at depth. 

To date over one mile of underground development has been carried 

out on Patchway North reef. There are no outcrops in these 

northern areas to assist detailed mapping. Granite yielding 

extremely sandy soil full of quartz grains is fairly readily 

distinguished from areas of lavas, but the hunt for quartz reefs 

in the lavas can only be carried out effectively by systematic 

trenching and drilling. To a large extent the quartz reefs 

follow planes of weakness in the lavas created by the intrusion 

of narrow sills of felsite, and once intersected in a trench 

the white, decomposed kaolinised felsites stand out clearly. 

Exploration in the eastern area was confined to 

following up a major mineralised fracture in the sediments, 

and to the mapping and sampling of some ten miles of jaspilites. 

The procedure adopted was that of traversing across the area 



at 1,000 ft intervals over the ridges of jaspilites,starting 
from just inside the granite, sampling quartz floats in the 

depressions, and recording all contacts where possible. 

This was followed up by spectrographic sampling of the jaspilite 

at 251  intervals along its outcrop for trace elements associated 

with the gold, namely nickel, arsenic and antimony, and by 

direct gold sampling wherever mineralisation or quartz was noted 

in the ironstones. Subsequently trenching was carried out in 

depressions near favcurable anomalies and deep drilling along 

mineralised zones. 

GEOLOGY 

Within this district Archaean Granites and rock,; of 

Bulawayan and Shamvaian age are widely and well exposed. 

Rocks of the Gatooma schist belt are highly folded 

between two major granite batholiths, the Rhodesdalle to the 

south-east and the Biri to the north. 	To the east and west 

of Gatooma the schist formations are ruptured and invaded by 

younger granites, referred to respectively as the Concession and 

Whitewater Granites, which cut right across the general 

schistosity. 

The Rhodesdale granite, of post-Sebakwian age, is 

a major Southern Rhodesian geological feature some 3,000 square 

miles in extent. Outcrops of the granite are rare, and tracks 

and roads traversing it have featureless sandy.  surfaces. 

Fortunately, however, the margins of the granite have been 

extensively prospected by farmers and small workers who have 

pitted every indication of quartz. The Thistle Etna, Inez, 

21. 
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and Shepherd Mines, discovered by the re-opening of ancient 

workings, have exploited reefs in the granite. Specimens were 

collected from the dumps for comparison with boulders collected 

from conglomerates in the engulfed basement schists. 

The Rhodesdale granite in these marginal areas is 

gneissic and banded, The gneissic structure seems to have 

resulted from dynamic metamorphism with realignment of the mica, 

whereas the banding appears to be due to variation in the bio-cite 

content, possibly due to local differentiation within the granite. 

Near the Inez and Thistle Etna mines the contact 

between the Rhodesdale granite and overlying schist is a normal 

erosional one whereas the western margin of the granite, rear the 

Owl mine, is faulted against sediments of the Shamvaian System. 

Regionally the gneissic structure and foliation of 

the granites are parallel to the schistosity of the folded 

Bulawayan lavas and jaspilites. This striking relationship 

is due to the dynamic forces which domed the granites and 

contemporaneously folded the overlying Bulawayan rocks. 

The geological history of the Southern African 

Pre-Cambrian is one of continuous subsidence of synclines 

accompanied by the progressive doming of granites from pre-

Bulawayan to post 'Witwatersrand times. The history of the 

Gatooma area indicates that the rising granites provided the 

source ma+erial for the granite boulder conglomerates and 

arkoses of the Shamvaian. The gneissic margin of the Rhodesdale 

granite is the host rock to numerous gold deposits along a 

stretch of some 60 miles. The Rhodesdale batholith was 

invaded by massive pos::, -mineralisation granites akin to the 

main part of the Biri granites. 



23. 

The Biri granite to the north and the Concession granite 

to the east are similar to the Rhodesdale in texture and 

composition. 

Unlike the Rhodesdale granite the Biri and Concession 

granites were not folded with the basement schists but cut 

through them. No gold deposits have yet been discovered within 

these later granites and there is little doubt that they are of 

post—gold mineralisation age. Both the Biri and Concession 

granites have stoped rather than intruded the schists, since 

the contacts are clearly transgressive and show no sign of 

folding. The major Midwinter Elf gold-bearing fissure does 

not penetrate the Concession granite and abruptly terminates 

against it. 

The Patchway granite boss, at the northern end of the 

Whitewater granite, is cut by a number of pegmatite veins and 

a group of gold deposits is located around the circumference 

of the intrusion. Forces doming the Patchway granite probably 

caused low—angle shearing in the overlying lava flows aloag 

which felsites were intruded and later, after continued 

movements, mineralised quartz veins were injected. Subsequently, 

steep strike faults, parallel to the granite margin, were 

developed during the final  phase of elevation, as illustrated 

in Fig. 10. 
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Bulawayan 

In the Hartley District the formations of the Bulawayan 

System were laid down on remnants of the Ultrabt.sic Complex 

and the Rhodesdale Granite. 

The Bulawayan in this area may be sub-divided into 

three stages - Upper, Middle and Lower. 

The Lower stage consists essentially of basaltic lava 

flows with interbedded banded jaspilite ironstones, and crystalline 

limestones. 

The Middle Stage is composed of less basic lavas with 

overlying interbedded lenses of greywacke and quartzite. 

The Upper stage consists of thick flows of andesitic 

amygdaloidal and pillow lavas with occasional interbedded 

trachytes and sills of diabase. 

Lower Stage 

The beds of the Lower stage have been fairly fully 

exposed in the Pickstone area, throagh underground development 

and diamond drilling, Underground development has exposed 

the jaspilites and dolomites, and diamond drilling from these 

formations has traversed some 3,000 ft of the Lower Stage as 

illustrated in Fig.11. 	The lavas exposed in diamond drilling 

in the Pickstone area are completely different from those of 

the kiddie and Upper Stages in the Cam & Motor and Patchway areas. 

Macroscopically they are softer, darker, more highly schistose 

and ba'ic, and ieact more readily to HCl (a useful test for 

core identification). Amygdaloidal phases are not present, 
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but the lavas are characterised by conspicuous dark tottery dark 

iL," banding. At surface they are soft and highly decomposed. 

Microscopical examination reveals that; the lavas consist 

of felspars and pyroxenes highly altered to a mass of sericite 

and chlorite, and a considerable amount of secondary calcite is 

associated with the lighter bands. Occasional small dark 

fibrous "patches" of serpentine, probably the altered product 

of olivine, frequently impart a speckled or porphyritic 

appearance to the rock. 

The jaspilites vary in width up to fifty feet and are 

continuous for many piles. Their origin has been debated in 

many texts and haz been recorded as being either sedimentary 

or igneous in origin, but present evidence has led the author 

to beliere that there is little doubt about their sedimentary 

nature. They are very resistant to weathering and form continuous 

ridges alongside which the a,,jacent lavas are covered with 

ferrocrete. 	Slumping of the jaspilites invariably gives a false 

impression of their true width. On surface, they are well 

banded due to an alteration of white to grey sandy layers and 

deep red to black ferruginous clayey layers, and are highly 

silicified as a result of dynanic metamorphism and proximity 

to the granites, in contradistinction to the broad banded 

unsilicified ironstones in the upper Shamvaiam shales away 

from the granites. 

The near-vertical jaspilites grade across the 

bedding from lenses of deep black shale at the top through 

talc-ferro-argillaceous layers to very light arenaceous bands 

towards the base. Downwards from surface there is also a 

marked change in the jaspilites due to oxidation and enrichment. 
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The black magnetite 4" bands in the beds at surface change 

rapidly with depth to red hematite and then, below 50 feet, 

to red hematite-argillaceous layers to a depth of 400 feet, 

and finally to grey silicified ferruginous argillaceous layers. 

The jaspilites are invariably highly sheared, due to 

vertical torsional forces associated with doming of the nearby 

granite. 	This has caused the beds to appear more often than 

not as a series of echelon lenses. Locally they have suffered 

horizontal pressures which have caused reverse faulting, and 

where crushed the jaspilites have been mineralised by pyritic, 

gold-bearing quartz solutions. 	The following analyses 

represent an average of run of mine ore at Pickstone. 

SiO2 
20.6% A1203 10.8% Fe

2
03 7.1% 

Fe0 14.5% Mg0 6.8% Ca0 4.6% 

Na/K20 2.6% CO2 16.4% S b. 

FeAsS 6.2% FeS
2 

9.97o CaCO3  8,1% 

MgCO3  13.1% FE,
2
03 15.6% Fe304  10.3% 

The crystalline dolomites are only exposed on surface 

along a few small dry stream beds, but underground development 

at the Newspaper-Peerless sections, supplemented by diamond drilling, 

has given a clear picture of these formations. The main bed 

averages 80 ft. in width, has a vertical dip, and strikes for 

several miles. On surface it has the grey corroded appearance 

so typical of dolomites. 	Locally the dolomites are mineralised 

along a crush zone in which a stockwork of gold-bearing quartz 

veins has formed. 
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Middle Stake 

The beds of the Middle Stage are best exposed at the 

Cam & Motor Mine where some 1,500 feet of the urper formations 

have been traversed by underground development and diamond 

drilling, but the total thickness of the Stage is probably about 

1,000 feet. 	Surface expos,lres are extremely rare. 	In general, 

the upper formations are predominantly sedimentary, and the lower 

consist mainly of lavas. 

The zone of weakness created by the sediments above 

the lavas acted as a focus for major faulting and folding, 

and the intrusion of igneous stocks and sills towards the close 

of the folding episode but prior to the period of gold mineralisation. 

The lavas, of andesitic composition, are green to pale 

green in colour, their variations in colour and texture being 

related to degrees of dynamic and thermal metamorphism. 

Alteration is marked in proximity to intrusives and major faults, 

and recrystallisation in the vicinity of veins has given the 

lavas a mottled appearance. Banding is more marked in the 

lower lavas than in the upper ones, and they are also more 

schistose. 

Of the igneous rock types the intrusives are by far 

the most difficult to distinguish macroscopically, for they 

are all essentially diabasic in composition, but of different 

ages. The lighter, older group consists of sills, rich in 

chlorite and sericite, generally intruded into the sediments 

or along the sediment—lava contacts, 



28. 

The younger intrusives are generally harder and darker 

than the older diabases. They still have a remnant ophitic 

structure characteristic of dolerites, and to distinguish them 

from the later dolerites of the Pickstone area, they are 

classified as epidiorites. Their contacts with the older rocks 

are very ragged. Where the gpidlorites occur in sediments 

their margins are extremely light and highly siliceous but 

inwards they pass through varying mottled green phases to 

typical epidiorites, the changes being fairly sharp or 

extending across a width of up to fifty feet. These light 

phases were originally classified as felsites, but drilling 

and mapping has definitely established that they are in fact 

altered epidiorites. Lava-epidiorite contacts are often sharp„ 

and although there is no marked change in the epidiorite near 

its margins, recrystallisation and darkening of the adjacent 

lava is pronounced. 

The epidiorites are only slightly calcareous, and 

since they cracked unevenly under stress they were not 

favourable host rocks to gold mineralisation. 

In the Gatooma area the upper zone of the Middle 

stage is composed of highysheared faulted sediments, the true 

thickness of which is unknown. The lower beds consist of 

coarse, clean, grey quartzites wit', occasional gritty horizons 

characterised by numerous sparkling dark chert bands. The 

quartzites are extremely hard and break with a rough granular 

fracture, but they contain no mineralised quartz veins. They 

grade upwards into alternating bands of shales and greywackes, 

individual bands grading upwards from a pebble contact at the 

base through light scattered pebble greywackes to finer darker 
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greywackes and finally to black shales. This gradation and 

repetition indicates without doubt that the top of the formations 

lies to the east and that the Cam & Motor Lode is located on 

the western limb of a tightly folded syncline. Coarse needles 

of arsenopyrite and crystals of pyrite are common in the shales 

but rare in the greywackes. The shales, which become progressively 

more massive towards the top, acted as major sliding planes 

between the sediments and lavas, and in places they are highly 

metamorphosed. Along planes of movement the shales are 

generAlly jet black and the presence of graphite imparts to them 

a bright gloss. 

The quartzites must have been derived from erosion of 

the Rhodesdale granite several miles to the south; the 

greywackes and shales were derived from the granites and the 

pre-existing lavas, consequent upon a cessation of volcanic 

activity and the continued elevation of ground to the south. 

The quartzites, greywackes and shales are missing 3n the 

Pickstone area, and although faulting may account for the absence 

of some of the beds it is more probable that they were largely 

eroded, following repeated elevation, to feed the vast basin 

of sediments of tha Shamvaian. 

Upper Stage 

Tha Upper Stage of the Bulawayan is made up of great 

thicknesses of amygdaloidal and pillow lava flows. The succession 

increases in thickness towards the north-iuest, and is absent 

in the south-east. 

In the Cam & Motor area underground development on 

the Cam-Aileen Alannah lodes cut across some 5,000 feet of the 
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formation. In this area the lower lavas are amygdaloidal, 

with amygdales up to several inches in diameter. Macroscopically 

the rocks have a mottled and speckled appearance, are darker 

than the overlying pillow lavas, and because they are highly 

carbonated they react sharply to acid. In thin section, the 

original minerals (felspars, pyroxenes and olivine) show 

virtually complete alteration to aggregates of kaolin, 

carbonates, sericite and fibrous chlorite, serpentine and 

tremolite, and it is therefore probable that these lower lavas 

were of basaltic composition. The pillow levas throughout 

the district show little physical alteration, the pillow 

structures being remarkably well preserved. They are very 

fine grained, highly carbonated rocks whose original textures 

cannot be deciphered in thin section. In the Patchway area 

a few tuffaceous layers and narrow sills of felsite are 

associated with the basic flows, while in the Cam area a flow 

of trachyte, which forms a prominent low ridge, occurs near 

the top of the Stage. 

Although the pillow lavas have not been subjected to 

much dynamic metamorphism they contain vast quantities of CO2  

and H2O. In the past they have been classified either as 

andesites or basalts, but the author prefers to regard them 

as andesites, admittedly because they closely resemble later andesitic 

flows with which he is more familiar. 

Shamvaian 

Reference has already been made to the rocks of the 

Shamvaian System, and little more need be added in this section 

since so little background work has been carried out in the 

Shamvaian rocks of this area. 
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The formations, which are present only in the eastern 

area as a highly folded suite of rocks overlying and folded 

within the limbs of the Bulawayan system, are essentially 

composed of sediments, arkoses, greywackes, shales and phyllites. 

J. Wiles (1957) has sub-divided the System in this 

area into two sedimentary stages, with a marked unconformity 

between the two. The sediments of the lower stages consist 

of coarse grits and in places are very siliceous, forming 

quartzite ridges as in +he area north of Pickstone and east 

of the Cam ez Motor Mine. The upper stage is composed of a 

basal conglomerate, varying up to 100 ft in wialtia, overlain 

by light green arkoses which grade upwards into shales at 

the top. 

There is little doubt that the arkoses and quartzites 

were derived from granite hills to the south. The conglomerates 

contain boulders of both granite and jaspilites, thus indicating 

that the lower part of the Bulawayan System had been previously 

folded to provide outcrops and ridges of jaspilites. 

The Midwinter Mine is located on a major fault between 

shales and arkoses of the upper stage, and approximately 

1,000 feet of these sediments have been exposed in underground 

cross cuts. Here the arkoses are coarse and granular with a 

high proportion of sericitised felspar grains; they rarely exhibit 

cross bedding. The shales vary from arenaceous phases to jet 

black slatey phyllites with occasional interbedded lenses of 

jaspilite. 
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Structure of the Hartley Goldfields 

The structure of the Hartley gold belt is similar 

to that of other gold belts in Southern Rhodesia, and is 

reminiscent of those of Western Australia and Canada. It 

consists essentially of Archaean sediments and lavas which 

have been tightly folded between and engulfed by younger 

granites. 

Tile Hartley gold belt is the largest and most highly 

mineralised in Southern Rhodesia. The auriferous deposits are 

noted for their abundance (numbering 1,200), their distribution 

throughout all formations, their varying structures, and the 

number of large producers. 

To the north—east and south—east of the belt the 

formations have been steeply folded against and by the 

continuously rising domes of the Biri and Rhodesdale granites. 

In the central west they have been arched and intruded by the 

mineralised Whitewaters granite, and in the central east 

they have been invaded bu'L not folded by a younger granite. 

It is highly probable that the earlier gneissic granites were 

invaded and elevated by intermediate and younger Archaean granites. 

The contact of the Rhodesdale granite is largely 

conformable to the overlying lower schist formations, except 

in the section closest to Gatooma where the contact is 

obviously defined by a group of parallel faults which exteni 

into the schists. Close to the schists the Rhodesdale granite 

is markedly gneissic,whereas boulders of granite in the greenstones, 

which have undoubtedly been derived from the "rising Rhodeslale", 

are coarsely crystalline. It thus appears that the gneissic 



texture was developed by extensive stresses set up during the 

final stages of folding and doming. 

It has already been noted that in Sou.hern Africa 

the Archaean and Pre—Cambrian eras were characterised by the 

intrusion of granite domes and cupolas, the doming being 

accompanied by denudation, sedimentation and the formation of 

geosynclines. 	The Archaean synclines were smaller, more 

numerous, and more highly folded than those of the later 

Witwatersrand System (Pre•-Cambrian), possibly because of the 

gradual thickening and consolidation of the eartRs crust. 

Structural investigation of the Witwatersrand area 

has clearly shown that isostatic instability caused by the 

weight of sediments, coupled with the development of major 

regional tension fractures due to folding beyond the plastic 

limits of the formations during doming, resulted in the mass 

extrusion of basic lavas through these major breaks and a final 

major collapse of the formations. 

The thin Sebakwian System, the earliest of the 

Archaean formations, was continuously engulfed by unconsolidated 

granite, as testified by the structure of its remnants, and 

its distribution throughout the exposed Archaean yields no 

useful guide to the structures of the schist belts. 

The deposition of sediments during Middle Bulawayan 

times was followed by the extrusion of a tremendous thickness 

of basic lavas of Upper Bulawayan age. Subsequently the lavas 

subsided rapidly, the granite masses to the N.E. and S.E. 

were elevated, and the Shamvaian sediments were deposited iii 

33. 
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deepening valleys of the developing synclines. The relics of 

these Shamvaian sediments therefore provide the last guide to 

the earlier granitic domes prior to their deformation by 

younger granites. 

The Shamvaian sediments and older granites are shown 

on the accompanying plan (Fig. 9 ), the outlines of the granites 
being interpolated from the present known areas of Pre-Shamvaian 

gneissic granites. The original structures of these rocks have 

in part been destroyed by the invasion of younger granites. 

The map indicates a vast eastern area with relatively few remnants 

of Shamvaian sediments or earlier granites and a western area 

where the Archaean is covered by Pre-Cambrian and Cambrian 

formations. The central area, trending N.N.E., appears to consist 

of twin parallel ranges of granite, with arcuate synclines around 

the batholiths and synclinal belts between the parallel ranges. 

Axes of major fracturing conform to the trend of the synclines. 

The process of granite doming was accompanied by 

dragging of the formations towards the rising granites and the 

creation of sets of tension fractures and normal faults. Near 

the domes these fractures are concentric, since the maximum 

pressure was directed upwards to cause doming. The displacement 

on the concentric Rhodesdale fault is extremely large running 

into many thousands of feet. Apparently the movements along 

the fault were slow and gentle, their direction of movement 

being normal with a steep slight rotational drag, as exemplified 

by drag lines in the Blow Again Mine. In the formations around 

the rim of the Rhodeslale granite there is practically no major 

post-mineralisation concentric faulting, which implies that 

vertical movements had almost ceased before the onset of 
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mineralisation. There are, however, a number of small flat 

reverse faults and a series of small normal radial faults, 

developed during the final settlement caused by crystallisation 

of the younger granites which had invaded the greenstones and 

domed the older granites.. The faults further away from the 

domes were influenced by a combined force acting towards two 

or more granites, again tending to pull the formations towards 

both intrusions, thereby fracturing the synclinal formations 

along a line parallel to the tangents joining the granites. Fig.12 

It has been shown on the Witwatersrand that the 

earliest faults develop where the sediments start to fold and 

that the movement along these faults is continuous with 

further deposition and folding. The faults are generally 

vertical. 	Fig. 13, 

It can therefore be assumed that the rising Rhodesdale 

granite was accompanied by progressive faulting along its 

contact, a natural plane of weakness and the development of a 

second set of northerly faults further to the west. Fig. 14. 

These then were the first stages of movement and they 

left'us with the following picture. Fig. 15. 

Following progressive folding, crumbling and fracturing 

effected towards the close of the cycles of sedimentation and 

extrusion of basic lavas, the Gatooma area was invaded and 

folded by the Whitewaters granite which resulted in the 

formation of an anticline with a N.N.E. axis. 	The granites 

themselves were mineralised but their intrusion largely 

preceded the main period of gold deposition. Residual movements 

in the granites continued, however, after the deposition of gold, 
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as testified by post-reef faulting in the Patchway„ Golden 

Valley and Big Ben group of mines around the small northerly 

boss of the Whitewaters granite. 

The intrusion of the iilhitewaters granite was preceded 

and followed by the invasion of a series of narrow, fine-grained 

granite sills and dykes of granite porphyry. The sills are 
a honey colour and are locally termed Golden Valley felsites, 

while the dykes are lighter in colour, more porphyritic and 

potash-rich. 

The major period of gold mineralisation took place 

during the closing stages of intrusion of the Whitewaters granite, 

following the collapse of the schist belt through plastic 

instability, related deep-seated fracturing, severe folding, 

and the invasion of acid sills, dykes, pegmatites and quartz 

veins. The crystallisation of the mineralised Whitewaters 

granite(s) was accompanied by pneumatolytic stages of regional 

mineralisation, which were followed, in turn, by the injection 

of barren felsites and the widespread extrusion of acid lava 

over the folded schist belt. 

The close of the dhitewaters era was one of gradual, 

progressive vertical warping, with the synclines continuing 

to sink and the granitic domes and anticlines continuing to 

rise. These vertical movements created schistose and gneissic 

textures in the greenstones and granites, emphasised the major 

faults, and produced sets of minor faults. Their action may 

be likened to the folding of a pack of vert:.%eal.y/-arranged .cards 
(a) rather than the folding of a pack of cards (b) in diagram)). 
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As a result of these vertical movements the margins of 

the granites became gneissic, the lower Bulawayan basaltic 

lavas developed a marked schistosity, the jaspilites suffered 

major faulting and shearing, and the lodes within the Bulawayan 

rocks were subjected to continuous vertical shearing. There 

is no evidence of any horizontal distortion of the rocks nor 

any indication of violent movements. 

In the sediments of the Shamvaian, located in the middle 

of the synclines, the shales have been metamorphosed to phyllites, 

while still displaying vestiges of original bedding, and thin 

relics of jaspilite betray the original pattern and dip of 

the formation. 

In the Midwinter Mine, three different ages of 

movement are indicated by the patterns of schistosity and the 

filling of fractures with quartz. The attitude of the minor 

folding implies an easterly movement to the south, comparable with 

that observed underground in the Pickstone and Peerless mines. 

The folding of the northerly jaspilites in the Butterfly area 

indicatesa westerly movement to the north, corresponding to an 

anticlockwise movement of the northern granite and a clockwise 

movement of the Rhodesda]e granite. The Midwinter and 

associated mineralisation in the Shamvaian is related to major 

normal flat faults (45°) which cut obliquely through the 

formations on both dip and strike. The fault at the Midwinter 

Mine has a considerable throw, and although it is normal it 

causes dulaication of the formations. The main lode is 

located in the fault plane and is accompanied by an aureole 

of mineralisation in the shales along the crest of a fold, so 

that the orebodv, which is 80 ft in diameter, has a flatly—

pitching pipe—like form. 



The felsites exhibit the characteristic steep 

schistosity of the surrounding formations, but although they 

outcrop close to the Pickstone jaspilites, they have not been 

located in any of the underground diamond drill holes which 

have been fanned out from the 400, 600 and 1,200 ft levels. 

It is therefore assumed that the felsites are extrusives, that 

the dip of the schistosity is false and that they are remnants 

of large acid lava flows which covered the area. 

The final stage in the formation and structure of 

the Hartley goldfields was the collapse by magmatic stoping 

of huge areas of both greenstone and granite which subsided, 

were engulfed, and replaced by one or more phases of the 

younger granite. A conspicuous result of this magmatic 

invasion is the complete lack of distortion of the host 

formations and the sudden termination of veins, jaspilites, 

lavas and sediments. The younger granites are barren of 

sulphides, their contacts are relatively sharp and they display 

no evidence of regional metamorphism. The author believes 

that in the highly folded deep wedge in the eastern section 

of the area, between the granites, the schistose greenstones 

simply subsided slowly through gravitation between vertical 

walls into the molten granites. It is believed that the wedges 

penetrate to a depth of more than 50,000 feet. 

The exposure of younger granites in the cores of the 

domes is due to uplift and denudation. 

Archaean pre—mineralisation stocks and intrusions 

of diabase influenced the pattern of subsequent faulting and 

shearing. The Pre—Cambrian dykes are simflar in appearance 

to the Ventersdorp dykes which cut rocks of the Witwatersrand 

38. 
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System. They are of pre-dolomite age, which means that they 

are associated with either the Dominion or Ventersdorp eras 

of vulcanisity (Dew(Aras), probably the latter. The dykes 

follow the general trend of N.N.E. regional lineations, a 

direction subsequently followed by the Great Dyke through the 

eastern Hartley District. 

Gold Deposits in the Hartley District 

The Hartley Gold belt has been more thoroughly 

explored than any other schist belt in Southern Africa. 

The ancients went over it with remarkable thoroughness, 

crushing and _panning every exposure of quartz in the area, 

and "pig-rooting" every possible auriferous vein down to the 

watertable. Then came the pioneers at the turn of last century, 

who re-opened many thousands of these old workings, taking out 

the "eyes" and following the economic shoots down as far as funds, 

water and other conditions would let them. They cyanided the 

old sands dumps but kept clear of the refractory ores, and the 

old stamp battery virtually became a symbol of Southern R'iodesia. 

The ex-Servicemen's scheme at the end of the 1939-1945 war 

carried the exploration phase one step further when the 

Government .dines Dept. riddled likely gold areas with auger 

holes and once again re-opened all likely prospects to assist 

the resettlement of ex-Servicemen, and into the hunt too came 

the Mining Groups, Throughout this period 1,200 small 

properties were at one time or another exploited by the small 

workers, but to-day only 18 remain active and alas these too, 

through increasing costs, are gradually grinding to a halt. 

The deposits of the district are located in granitez, 

serpentines, jaspilites, dolomites, lavas and sediments, and 
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are associated with formations of pll  the Systems. Within these 

formations they may be conveniently classified according to 

their dip, composition, structure. The steep lodes vary from 

70o to vertical, intermediate lodes from 45o - 70, and flat 
lodes from 20°  - 45°. Chemically there are two principal geoups, 

viz. the pyritic free milling ores and the arsenical refractory 

ores. Stibnite, pyrrhotite, sphalerite, galena, bismuthinite 

and seheelite are generally present in varying small amounts. 

Finally, the deposits may be classified structurally as 

stockworks of quartz veins, compound veins, simple veins, 

crush zones or mineralised breccias. 

The Department of Mines Schedule of Gold outputs for 

the Hartley District lists a total of 1,222 deposits from which 

gold outputs have been declared. They may be sub-divided into 

major  producers whose output exceeds 500,000 ounces, intermediate 

mines whose output exceeds 50,000 ounces, and small mines which 

produce for some years at several hundred ounces per month with 

a minimum output of 5,000 ounces. Occurrences with outputs of 

less than 5,000 ounces are classified as prospects. 

The major producers are the Cam & Motor Mine and the 

Dalny Mine. The former' total output exceeds £50 million worth 

of gold. Both mines are associated with major shear planes 

in Bulawayan Greenstone, They are both stockworks which in 

depth narrow to compound veins and then to simple quartz veins. 

Both are steep, with dips of 70°  steepening downwards to vertical, 

and both contain refractory arsenical ores with subordinate 

antimony, lead and zinc. In the two mines the gold content 

increases in cJncentration with narrowing of the lodes. The 

Motor lode is being mined continuously to a depth of 6,500 ft, 

and the Dalny orebody is now being mined below the 2,000 ft level. 
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Sixteen mines are listed in the intermediate group 

with total outputs exceeding 50,000 ounces. 

The Pickstone and Giant Mines are located in ferruginous 

jaspilites of the lower Bulawayan System. Their total outputs 

both exceed 250,000 ounces. The Pickstone lodes occur'in crush 

zones in the more argillaceous fractions 	the banded 

jaspilites, while the Giant lodes consibt of mineralised chloritic 

schist in ironstones which are believed to be hydrothermally-

altered lenses of clay. The ores in both mines are free milling, 

but coarse arsenopyrite and pyrrhotite accompany the pyrite, and 

their grades vary from 4. to 5 dwts over widths up to 40 feet. 

The Golden Valley, Patchway, Kanyemba and Glencairn 

lanes are located in the Middle Bulawayan Lavas. They all 

consist of compound and simple 3-4 ft quartz veins which dip 

at angles varying from 25°  to l0°. The veins are generally 

associated with pre-mineralisation narrow (4'-.0) sills of 

felsite and follow the general strike, but not the dip, of the 

lavas. The ores are all free milling. Pyrite is the main 

sulphide, arsenic is absent, and sphalerite, tourmaline and 

scneelite are accessory constituents. 	The grades are high, 

varying from 8 to 20 dwts. The What Cheer, Eiffel Blue and. 

Washington Mines are located in Bulawayan lavas, the deposits 

being all steeply inclined. The Nnat Cheer is a low grade 

stockwork, the Eiffel Blue is a Motor type vein, and the 

Inashington is unique because its mineralisation is confined 

to the junction of two sets of quartz veins. 

The Thistle Etna, Owl and Inkerman Mines are located 

in the gneissic Rhodesdale granite near its contact with the 

adjacent schists. 	The deposits consist of-simple and c.ompound 
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quartz veins which occupy gash fractures, their dips being 

generally rather flat, varying from 30 - 400. Pyrite, the 

main sulphide, is accompanied by sphalerite and galena. 

The silver content of the Thistle Etna was high (35%) but the 

average gold grade was low (3 dwts); the auriferous content 

of the Owl and Inkerman ores were high. 

The Inez, Shepherd and Siegneury deposits are 

associated with remnants of greenstone within the Rhodesdale 

granite. They consist of a series of quartz veins in cgash 

fissures and are generally localised along less competent 

sections or along the margins of talc schist. Several ages 

of quartz are present and in the Inez mine on the 9th Level 

the rich quartz reef cuts gradually across a wider barren vein. 

The veins dip from 45o to 55
o but do Lot necessarily follow the 

true dip of the greenstone inclusions. Grades varied from 

4 to 7 dwts., the main sulphide, pyrite, being accompanied 

by minor galena and chalcopyrite. 

There are 50 occurrences listed which have produced 

between 5,000 and 50,000 ounces of gold. Probably the most 

important of these are the Masterpiece, Big Ben and Glasgow 

group which occur within Bulawayan lavas and are similar, 

chemically, physically and structurally, to the Golden Valley-

Patchway group of deposits. 

The Midwinter Mine is notable as being the largest 

of the mines in this area located in Shamvaian sediments. 

Its mineralisation is related to undulations 9.long a major fault 

dipping at 40. The ore is highly refractory, with considerable 

arsenopyrite and pyrite, the gold mineralisation being confined 

to quartz veins and veinlets in the shales but not in the arkoses. 
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The deposits of the Hartley District are associated 

with general regional trends (lineations) of mineralisation and 

are located in favourable stratigraphic horizons. The steep 

lodes are aligned parallel to these lineations, which tend to 

follow the schistosity induced by early folding. The flatter 

veins follow the strike associated with structures of later 

folding, and the gold in these flatter, pyritic veins is believed 

to have been derived from the primary, refractory, steep lodes. 

The veins are both simple and compound, and of varying ages, 

the association of mineralisation with competent horizons being 

conspicuous in the jaspilite and Washington deposit. Locally, 

gold mineralisation is confined to the more argillaceous 

fractions of the jaspilites and sediments, and as described 

in the following chapter there is often an intimate relation 

between gold—bearing structures and specific "plastic" lava 

horizons, The structural locaiisation of individual gold 

deposits will be discussed as follows:- 

1.  Cam & Motor Mine Steep stockwork in lava 

2.  Patchway Mine Flat compound veins ir. lava 

3.  Pickstone Mine Crush zone in jaspilite 

4.  Midwinter Mine Stockwork in sediments 

5.  Blow Again Prospect Contact deposit between 
greenstones and granite 
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CAM & MOTOR MINE 

INTRODUCTION 

The Cam & Motor Mine is situated 41 miles east of and 

is connected to Gatooma by a road and a branch line of the Rhodesia 

Railways. Gatooma which derives its name from the African word 

Katuma "A small hill" is essentially an agricultural, cotton 

spinning and mining centre. 

The Cam & Motor Mine is the largest gold producer in 

Rhodesia with a total output to December 1962 of 4,308,053 ounces 

from 12,213,060 tons milled; an average grade of 7.0 dwts per ton. 

The present monthly output is 9,000 ounces from 16,000 tons milled. 

The ore is being mined from surface to a vertical depth of 6,550 ft 

from 6 major lodes, the Motor, Cam, Cam Spur, New Cam Spur, Petrol 

and the Diesel. 

The Eiffel claims were first pegged and registered by 

Leander Starr Jameson in December 1890, shortly after the 

occupation of Mashonaland. In 1904 they went to forfeiture and were 

re-pegged as the Cam claims by Cameron and Campion. In 1909 the 

London and Rhodesian Mining and Land Co. Ltd. purchased and sold all 

the claims to the newly-formed Cam & Motor Gold Mining Co. Ltd. 

for £325,000 and in 1910 a four compartment shaft was started and a 

five stamp mill erected. Production continued to 1912 and was then 

temporarily stopped in order to re-organise development and to 

reconstruct the plant. The new mine was officially opened in 1914.. 

Milling consisted of dry crushing, roasting, classifying and 

cyaniding, the milling rate being set at 15,000 tons per month. 

In 1919 the mine was reconstituted, a new circular shaft commenced, 

the Main shaft deepened to below 1,000 ft, and the mill extended 

to 24. Nissen Stamps, 3 Ball and 3 Tube mills. By 1931 the ore 
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reserves had reached 1 million tons of 12 dwts and following the 

increase in the price of gold in 1932, production was stepped up 

to 25,000 tons per month, using 56 stamp and 5 tube mills. The 

Main Shaft was completed in 1934 to a depth of 3,600 ft and the 
Sub-Vertical Shaft was started. 	The New Cam Spur was discovered 

in 1952 and in the following year the Diesel Reef was exposed. 

In 1955 an all-slimes cyanide plant was put in, and in 1956 the 

Tertiary "A" suh-sub-vertical was commenced and later stopped 

88 ft below 46 level at a depth of more than 6,500 ft. 

In 1960, the Cam & Motor Gold Mining Co. Ltd, was 

acquired by the Rio Tinto Mining Company. 

wca FRACTURES AND FAULTS 

Pre-Mineralisation Faults 

Most of the faults at the Cam & Motor Mine are of 

pre-gold mineralisation age. Faulting started with the formation 

of the syncline and terminated after the intrusion of the 

epidiorite. The earliest faults controlled the structure of the 

sediments which influenced the structure of the epidiorite, and 

this in turn controlled the pattern of later faulting. 

Pre-mineralisation faults dictated the pattern of the 

payable ore shoots mainly through coatrolling the position of the 

rock types through which the solutions passed. 

Faulting and folding, as in other schist areas, was 

not violent. No thrust faults or horizontal faults have been 

recognised in the mine area. The north-south group are normal 

tension faults, along which continuous movement was accompanied 

by progressive opening, filling and replacement by lime and silica. 
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The eastern area of pillow lavas, between the Motor 

Group and the Eastern sediments, is remarkably free of north-

south faults. As observed underground the pillow lavas 

display remarkably well preserved structures, though they 

are traversed by a series of east-west tension fractures. 

The sediments, however, are traversed by a number of minor 

strike fractures, which are more common in the upper 

argillaceous horizons and are associated with local distortim 

of the shales and grvwackes. 

The five notable fractures, all striking north-south, 

have been named after the mineralised lodes with which they 

are associated. From west to east, they are the Motor Centre, 

Footwall B, Cam Spur, New Cam Spur and Cam Hangingwall. 

The fractures, where they cut the lavas, are 

generally well developed. They are all  calcite-filled, with 

streaks and fragments of altered lava embedded in the coarsely 

crystalline calcite. D olomitisation of the calcite by 

thermal alteration is fairly common, and in the shales where 

the veins are narrow siderite is the predominant carbonate. 

The calcite is generally coarsely crystalline and exhibits 

distinct rhombohedral cleavage. It is frequently replaced 

by silica in the wider fractures, with the formation of 

perfect quartz pseudomorphs. The carbonate fracture-filling 

is, however, very rarely completely replaced by silica, and 

in underground mapping vestiges of calcite are always a good 

guide to the identification of filled fractures or mineralised 

veins. 

4-6. 
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The Motor Centre fracture has been traced between 

the limits of 2,000 - 6,000 feet below surface. It is mainly 

confined to the sediments where it is generally a dirty 

quartz-siderite-calcite filled fissure with a slight 

horizontal displacement southwards to the west. The fracture 

has a direct control on the formation of the ore shoots of 

the Motor Centre and Footwall 14. lodes, the mineralisation 

generally terminating on entry into the fissure (see Fig.21). 

The Footwall 2. fracture has been traced between 

depths of 3,500 feet and 6,000 feet below surface. It peels 

off the Footwall J. fault at 6,000 feet and cuts up vertically 

through both lavas and sediments. It has a direct control 

over the various shoots of the Footwall B Lode, again with the 

mineralisation in the Lode ending where it meets the fracture. 

The fracture filling consists essentially of coarsely crystalline 

calcite with occasional patches of dolomite; inclusions are 

abundant, but there is scant silicification and no wall rock 

mineralisation. The fracture varies from a few inches to 

over eight feet in width. 

The Cam Spur fracture can be followed from surface 

to the lowest levels in the Mine, at present more than 6,500 feet 

below surface. 	It is closely associated with the Can Spur 

Reef and is the parent fissure to the Motor System, besides 

acting as the terminal fault to the east and west lodes. 

The fracture is characterised by severe wall rock metamorphism, 

horizonta?_ shearing, minor drag folding and continuous 

dislocation of the numerous calcite-quartz veins that make up 

the fissure. 

1+7. 



It is essentially the main plane of weakness along 

which movements continued from the stage of early folding 

through the period of igneous intrusions to the final phases 

of consolidation. The intrusions finally acted as buffer-

stops to movements in the older bedded sediments and plastic 

lavas. 

The New Cam Spur fracture has been traced between 

the limits of 3,000 to 6,000 feet below ground. It is 

probably an offshoot of the Cam Spur fracture and is essentially 

a calcite-quartz vein varying from a few inches to several feet 

in thickness. There is slight wallrock metamorphism alongside 

the fracture. 

The Cam Han ir„..&2avaLltr29.:_t2ur has been intersected 

over a strike of 3,000 feet, between 2,000 feet and 4,000 feet 

below surface. It cuts both lavas and sediments and is the 

most easterly fracture of the series. Like the others, it 

dips almost vertically. It varies from a single calcite-quartz 

vein to a number of stringers, covering a width of 15 feet, and 

dislocates the Cam group of reefs with a 20-30 feet northerly 

movement to the east. 

THE MAJOR LODES 

The Cam & Motor Lodes 

The Motor group of reefs is essentially a steeply 

dipping stockwork of mineralised quartz veins which are 

closely associated with a zone of sediments vrithin.:the lavas 
and with the major north-south zone of shearing and faulting. 

48. 
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In the upper levels of the mine the ore shoots all strike in a 

general northerly direction,. their strike lengths being 

controlled by the position of the shales and the major faults. 

The quartz veins may persist for some distance along the faults 

or penetrate the shales, but the gold mineralisation cuts off 

abruptly and. is confined to the serpentinised lavas, diabases 

and metamorphosed basic greywackes. In the lower levels the 

westerly limb of the ore shoot swings with and along the 

contact of the sediments, and therefore changes its strike 

from north—south to east—west. The middle Motor lodes feather 

and branch off this lode, cutting across the serpentinised 

lavas until they intersect the faults. The eastern reefs of 

the group, the Old and New Cam Spur, continue to strike in a 

northerly direction and their ore shoots are localised by 

sediments to the south and faulting to the north. In the 

upper levels, the stockwork dips at 80°  to the west and in 

the lower levels it is practically vertical. 

The Cam group of reefs (Fig.23) ell  strike in an 

east—west direction and. dip to the south at approximately 700. 

They follow a major set of fractures and breccia zones which 

developed across the lavas from the Motor plane of weakness 

to the sediments in the east. They are not as well developed 

as those of the Motor group, the veins of the Diesel and 

Petrol being often only a few inches thick. The fractures 

do not cross the Motor group but terminate against the Old 

and New Cam Spur Reefs and their southern extensions. In 

section the Cam group cut steeply across these reefs and it 

was therefore only natural that the rising hydrothermal fluids 

which formed the Cam Spur Reefs entered the Cam fractures and 

fanned out upwards and eastwards to create the obliquely 

pitching shoots of thia series. 

4.9. 
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50. 

The Motor group of reefs is being mined from surface 

to a depth of 6,300 feet. At this depth it is fed and breaks 

away from the Cam Spur reef-fault zone, fanning up and out to 

the west along the northerly dipping lava sediment contact. 

The main shoot is largely controlled by the N-S Motor Centre 

fault to the west and by an east-west almost parallel footwall 

fault to the east. Gold values are fairly high for the uppermost 

few hundred feet then gradually settle down to a steady 7 dwts 

for the next 2,000 feet. The gold-bearing quartz is white and 

has a typical ribbon structure. The sediment footwall contact 

is sharp, the lava hangingwall is cut by a series of little 

veins which shoot off the main lode to form a low grade stockwork 

in the crest of the fold-at the junction of the Motor lode 

and Motor Centre fault. There is no apparent chemical control 

at this depth, and the deposition of auriferous quartz is 

dependent on the presence of suitable channels along the edge 

of and in the lava. 

At a depth of 4,500 feet the Footwall B emerges from 

the Motor as an individual lode, swinging up to the north-east 

well into the lavas and gradually changes its strike to due 

north-south and its dip to almost vertical. Its strike is 

controlled by the sediments to the south and the Footwall B 

fault to the north. The reef above 4,000 feet and up to 2,500ft 

is exceptionally rich and the cut-off in value between lava 

and sediment is dramatic. This is best exemplified on the 

30 level where the reef in the lavas drops within feet from 

over 100 dwts per ton to less than 1 dwt per ton over the 

drive width, without any perceptible change in colour, width 

or nature of the quartz for several hundred feet either way. 

This must surely indicate that the .00twall B was originally 



an extremely rich very narrow 2"-1" quartz vein in the lavas, 

which through repeated movement, fracturing and re-opening 

was engulfed by carbonates and finally replaced by quartz to 

form one extensive quartz vein that extended into both lavas 

and sediments, but remained only auriferous in the lavas. 

Visible gold occurs in lenses along the ribbon contacts and 

is generally associated with bournonite. 

The Footwall A reef draws away from the Motor Lode 

at a depth of 4,000 feet and rapidly splits into an east 

and west lode which simulate the hypotenuse and base of 

a triangle of veins of which the Motor Centre forms the 

north-south limb. The structure of the lodes is again 

controlled by the position of the sediments to the south 

and the Motor Centre fault to the north. Both the east and 

west veLas increase rapidly in values as they rise, probably 

as a result of decrease in confining pressure caused by 

additional fracturing and veining and the precipitation of 

antimony with the gold. Repeated stages of gold mineralisation 

can be detected where the veins cross each other. 

The Motor Centre continues upwards vertically, 

its localisation being controlled by the sediments, the fault, 

and the two arms of the Footwall A reef. The lode is largely 

confined to the greywacke section of the sediments and its 

shoots are erratic. Above the 2,000 ft level it gradually 

folds over to the east and all the footwall reefs and lenses 

tend to rejoin it so as to form one large and long major 

stockwork of mineralised veins which continues up to surface 

along the contact of lavas and sediments. 

51. 
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The New Cam Spur 

The New Cam Spur (Fig.25) is developed from a depth 

of 4,000 feet to below 6,800 feet, the structure of the pay 

shoots being controlled by sediments to the south and by the 

group of New Cam Spur faults to the north. 

In contrast to the other lodes of the Motor group, 

the quartz of the New Cam Spur has a deep blue-grey colour, 

probably due to its greater content of carbon, which is fairly 

bommon in the fault zone. The faults, which are of pre-reef 

age, contain relics- of metamorphosed shale and lenses of 

younger white quartz-carbonate. Evidence of repeated 

movements along the faults is marked. 

The New Cam Spur Reef cuts obliquely northwards from 

the sediments through the lavas, moving from fault to fault. 

At points of intersection with the faults the quartz swings 

gradually into them and loses its identity until it takes off 

from the opposite side of the faults. Apparently the 

deposition of quartz was favoured by the presence of clean 

channels in the lava which were created by northern movements 

along a north-western pattern of shearing; on the other hand 

its deposition was inhibited along the major dirty fault which 

was probably closed by northerly movements on a north-easterly 

striking plane. The vein/lava contacts are sharp. The quartz 

of the New Cam Spur is less streaked than that in the Motor Lodes, 

has a more massive mottled appearance, and ranges in width up 

to 8 ft. 	It is therefore believed to be a direct fissure 

filling rather than a carbonate filling which has been 

replaced by quartz. 

52. 
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The reef is extremely high grade, the gold being very 

53- 

fine and rarely visible. 

rock and in country rock 

increases with depth and 

three-inch veins of dark 

there is a dramatic fall 

without any accompanying  

Arsenic is always present in the wall 

inclusions. Zinc in the reef 

below 6,000 feet it forms solid 

marmatitic sphalerite; pari passu 

in gold values below 6,200 ft. 

change in the quartz. 

The New Cam Spur East Reef, which is a branch lode 

of the New Cam Spur, is being mined between the 5,000 ft and 

6,500 ft levels. 	It closely resembles the New Cam Spur but 

has a shorter strike length and a lower grade. 

The Cam Spur 

The Cam Spur Lode (Fig.26) has been exposed in 

development over a strike length of 2,000 feet in sections 

along the plane of the major Cam Spur fault. The Cam Spur 

is the "mother" lode to the Motor group and the terminal 

plane of the east-west Cam group. At a depth of 6,200 ft 

it breaks away from the Cam Spur fault in conjunction with the 

Motor lode and rises vertically with its southern contact 

hugging the sharp fault/sediment contact while the Motor lode 

swings up to the west along the sedimentary contact. From 

6,000 ft to 4,800 ft the southern contact of the Cam Spur 

leaves the sediments and forms a Y junction with the Motor 

Footwall B in the serpentinised lavas. As a result of 

north-easterly movements the arms of the Y opened to provide 

a clear channel in the plastic lavas, with the Cam Spur fault 

still restricting the full development of the lode. 
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Metamorphism along the fault contact is intense the lava 

being "burnt" and graphite commonly developed in the remnants 

of shaley slate. Epidote and chlorite, the main alteration 

products, often give the lavas an intense apple-green Dolour. 

Arsenopyrite in the wallrock and in relics is common, 

while the Lode always contains pyrite together with traces of 

copper and zinc sulphides in the quartz. 

From 4,800 ft to 3,500 ft the sediments once again 

control ore deposition, and above this zone the Lode changes in 

strike due to the presence of the epidiorite intrusion and the 

shoots assume a northerly pitch with the auriferous values 

increasing in intensity at the junction of small cross fractures 

and the Cam Spur Reef. Antimony also makes its appearance, 

particularly so between 2,700 ft and 3,000 ft. From 3,000 ft 

to surface the lens of mineralisation is small and is always 

associated with the L junction of the main Cam Lode. 

The quartz in the Cam Spur lode is generally white 

and varies in width from a few inches up to 6 feet. 

Gold values are erratic and average about 5 dwts. 

The Cam Lode 

The Cam, which is the major lode of the east-west 

striking group, dips to the south at 70°  and is being mined 

to a vertical depth of 4,000 ft (Fig. 27). 

Almost throughout its entire dip length it is terminated 

to the west by the Cam Spur Lode or fault plane, with flows of 

54. 
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quartz generally developing at the intersection. Mineralisation 

of the two lodes is identical, and they are undoubtedly of the 

same age. This suggests that the terminal junction of the Cam 

and Cam Spur was the parent channel through which mineralised 

fluids ascended vertically into the Cam Spur and then spread 

out eastwards into the Cam. 

The Cam fracture has its origin in the highly sheared 

shales around the northern contact of the epidiorites, and 

from a depth of 43000 ft to 3,000 ft the gold-bearing quartz 

crystallised in short lenticular channels in the varied 

assemblage of epidiorites  felsitic-epidiorite, shales and 

metamorphosed lavas, 

Above 3,000 ft the Cam gradually draws away from 

the epidiorite contact into the sheared lavas. To the west 

it joins the Cam Spur, and to the east it merges with the 

dirty oblique Cam Hangingwall fault which rapidly swings away 

above the 2,000 ft level. This deviation allowed the 

mineralising fluids to fan out and give rise to the composite 

Cam-Eileen Alannah reef, which has been mined in the upper 

levels for a strike length of more than 4,000 ft. 

Carbonation in the Cam lode is often intense, while 

stibnite is persistent from 25 level upwards and is abundant 

in the middle levels, centred. about 16 level. Arsenopyrite 

and pyrite are alwAyg present, the felsitic epidiorites 

being particularly enriched with arsenic where they are 

traversed by the Cam lode. Chalcopyrite is conspicuous in 

the lower levels. 
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Gold values in the lode increase where the quartz 

lenses are well developed, and sampling indicates persistent 

higher values towards the top of the vein which is characterised 

by several ages of quartz injection and veining. The lower 

contact of the lode is generally frozen and sharp while the 

upper contact is frequently brecciated. Really high gold 

values occur in the final "estuary" of the Eileen Alannah where 

the reef opens up to a width of more than 20 ft. 

Petrol lode 

The Petrol lode strikes slightly north of east 

and dips south at 65-70°. It is located in a prominent fracture 

which terminates on the Cam Spur fault to the west and cuts 

through serpentinised and pillow lavas to the east. The 

fracture has a flatter dip than that of the Cam and apparently 

originates in the epidiorite stock at a depth of 7,000 ft. 

There is little doubt that the Petrol lode derived its 

mineralisation from the Cam Spur since all shoots within the 

major lens pitch into the Cam Spur. The main shoot or lens 

is relatively short and is confined almost exclusively to the 

serpentinised lavas. Gold increased considerably in grade 

towards surface. > 

Spark lode 

The Spark lode has been exposed in development over 

a strike length of some 500 ft on its middle levels. The reef 

is narrow and carries scattered erratic values, and the shoots 

are extremely short (50ft). It is located in a steep east—west 



fracture which joins the Petrol and Diesel lodes, and its 

mineralisation seems to have been derived from the Diesel, 

below which it is valueless. 

Diesel lode 

The Diesel, which is the northern lode of the east—

west group, is located in serpentinised and pillow lavas. It has 

been and is being mined in two sections. The surface section 

has been fully exposed to the 450 ft level and the mein sectf.on 

between the 2,500 ft level and the 4,500 ft level, at which 

depth it joins the New Cam Spur. 

The lode is structurally limited to the west by its 

junction with the Cam Spur fault and sediments, and to the east 

by the more consolidated pillow lavas which restricted the 

development of open fractures along the shear plane. 

The Diesel is generally a poorly developed reef which 

on the lower levels closely resembles the New Cam Spur ir 

colour and texture, but not in strength, value or width. 

The lode is clearly an offshoot of the New Cam Spur. Its 

average grade is about 6 dwts in the lower section and 5 dwts 
in the upper section. Assenopyrite and scheelite are the 

two major accessory minerals associated with the gold. 

57. 
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THE GENERAL STRUCTURE 

The ancient workings along the auriferous lodes of 

the Cam and Motor were re-opened by early prospectors. They 

followed two distinct sets of mineralised veins, one striking 

north-south and dipping west at 75°  and the other striking 

east-west and dipping south at 65°. The former were pegged 

as the Motor and the latter the Cam group. 

In the upper 1;evels the veins of the Motor system 

formed a stockwork of reefs two thousand feet in length and 

up to eighty feet in width. The Cam and Eileen Alannah -

Arizona - Egglantine lodes contained simple shoots along a 

fracture plane 4,000 ft in strike length, and along fractures 

in the footwall of the Cam, the Petrol and Diesel lodes were 

developed. 

The Cam & Motor deposit resembles a cannah with a 

strong central stem and a series of thick leaves. 

The Old Cam Spur, the "mother" lode, may be regarded 

as the stalk, the Motor group as a series of closely hugging 

leaves, and the Cam, Diesel and Petrol as open leaves.(ig.29) 

The Cam & Motor deposit is located in a major shear 

zone which cuts through the relatively narrow group of 

sediments at the top of the Middle Bulawayan System into the 

narrow now of basaltic lava of the Upper Bulawayan. These 

formations, which lie between massive amygdaloidal and pillow 

lavas, dip steeply to the west near surface at the mine and 

gradually roll over to an easterly dip in the lower levels. 

58. 
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Since the regional folding and faulting probably show 

these features more clearly a section has been drawn through 

the Cam & Motor, from the Thistle Etna in the south-east to 

the Patchway in the north-west. 	(Fig.30). 

This section clearly indicates that the Motor shear 

zone developed along a plane where the thin zone of sediments 

and plastic lavas were nearly vertical, a plane corresponding 

with the least competent section of the anticlinal and synclinal 

fold. 

The Rhodesdale shear developed along the opposite, 

steep contact between the granite and greenstone. 

The angular dip of the syncline as observed in 

undergrcund workings is corroborated by the measurement of 

surface dips on rugged exposures of the sediments, the western 

outcrops of which dip at 80°  to the west and the eastern 

outcrops at 65 Go the west. The arched formation on the 

Patchway Glasgow section will be discussed later. 

The major shear zones are regional features 

oxtending to great depth, and the Motor and Rhodesdale 

shears are considered to constitute original feeder channels 

to the lodes in this area. 

In the chapter on regional structures it was 

recorded that clockwise rotational movements were observed 

at various points and workings around the Rhodesdale granite. 

These movements were of pre-mineralisation age. In the Cam 

&Motor Mine area they created a minor oblique drag fold in 
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the lens of sediments. Openings in the more plastic upper 

argillaceous fraction naturally developed, and into them 

epidiorites were injected and fused into a single stock above 

the 2,000 ft level. 

In Fig. 31 the direction of movement is indicated, 

together with the Motor shear. Fig. 32 depicts the injection 

of epidiorites into the shales, and the development of the 

Cam Spur and the Cam Hangingwall faults. Fig.33 shows the 

development of the Motor east-west fault through enlargement 

of the epidiorite, coupled with east-west rupturing of the 

sediments. Fig.34 illustrates the final stages of faulting 

caused by renewed northerly movements prior to the hydrothermal 

period of mineralisation. The Diesel and Petrol shears appear 

in sympathy with the Cam and Cam Hangingwall and the Motor 

Footwall B faults. 

Fig.35 shows diagrammatically the intrusion of the 

epidiorite. On the 6,000 ft level the western intrusion is 

emplaced in,  sediments to the south-west, along; the Motor Centre 

shear. 

On the 4,500 ft level the western intrusion has moved 

slightly south and the main intrusion makes its appearance. 

The relation of the Cam to the intrusion is very marked in 

these sequences. 

On the 3,000 ft level the epidiorites are parallel 

and on the 1,500 ft level and above they have fused into one 

composite stock. 

60. 



61. 

The plan entitled "Structure of the Sediments" (Fig.36) 

illustrates the pattern of the sediments and the disposition 

of the Cam Spur fault. At a depth of 1,000 ft the sediment-lava 

contact resembles the letter h, with the 1 section dipping 

west at 75°  and the n section south at 65°. Below 2,000 ft 

the western dip is steeper and more regular and follows a fault 

plane, while the southern dip is still normal around the 

epidiorite. 

At 3,000 ft the western dip steepens, while the 

southern contact curves more rapidly around the intrusives. 

At 4,000 ft the western sediment-contact is almost 

vertical and in the south-west the sediment-contact along the 

Motor east-west fault turns back and dips to the north. 

The southern contact has dragged a thousand feet along the 

Gam Spur fault. 

At 5,000 ft the western limb is still vertical and 

the L wedge of sediments and faults (Motor Centre and Motor 

West West) has moved well north, with the south-west contact 

dipping strongly north. 

At 6,000 ft the western limb has turned and is 

dipping east, with the south-west contact still dipping north. 

The structures of the old and New Cam Spur are 

closely controlled by their respective faults and the sediments 

to the south; the Motor group by the Motor Centre, East West 

and Footwall B faults and the sediments, and the Cam-Diesel 

group by the epidiorites stock and the Cam Spur fault. 
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CAM & MOTOR MINE - 43 LEVEL 
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The plan "Structure of the Reefs" (Fig.:57) shows the 

focal planes of mineralisation with depth. The twin shoots of 

the New Cam Spur are controlled by faulting, the curvature 

and splitting of the Motor lode relative to the sediments, the 

origin and fanning out of the Can lode and the marked effect 

of the Cam Hanginivall fault and the origin of the Diesel in 

the New Cam Spur. 

The 23 level structural plan incorporates most of 

the above details and shows how all the ore shoots are related 

to the structures and faults. 

30 level has been selected as a general plan to 

illustrate the control the sediments and faults have had on 

the Cam Spur-Motor group, and the intrusive/sediments on the 

Cam lode. 35 level has been included since it shows the 

marked effect of the Footwall B and Cam Spur faults on the 

Footwall B and Cam Spur reefs. 38 level shows the control 

of faults and sediments on the Motor lode and the control of 

faulting on the Can  Spur. 43 level again indicates the 

control of sediments on the Motor lode and shows how the 

minor stockwork of veins has developed in the lavas at the 

crest of the fold. 

Other remarkable controls of ore shoots are shown 

on the plans of the 14 and 33 levels. On the 14 level the 

motor shoots are limited to the lavas and the highly 

metamorphosed basic greywackes, which in places closely 

resemble the lavas from which they were originally derived. 

On 33 level the section illustrates the southern extensions of 

the Cam Spur and shows that the ore shoots are wholly contained 

in the lavas but are cuntrolled by faults in the shear zone. 
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MINERALISATION 

Quartz 

The quartz veins are the product of progressive 

mesothermal emplacement into structurally-formed channels within 

certain formations, accompanied. locally by the replacement of 

earlier carbonate veins. 

The quartz in all the lodes, with the exception of 

that in the New Can Spur and Lower Diesel, varies in colour 

from a light translucent grey to milky white. In the latter 

reefs the quartz is generally mottled light and dark grey, with 

a purplish tinge in ',lie darker patches. The deeper colour may 

be due to the presence of carbon and seems to bP related to 

higher temperature of crystallisation. 

The quartz in the lodes varies in width from narrow 

stringers up to twenty feet. In the serpentinised lavas, the 

quartz lenses are long and continuous and the contacts sharp, 

whereas in less carbonated lavas the lodes are more irregular 

and impregnation of quartz into the wall rock is often intense. 

Within the pillow lavas the quartz stringers follow the margins 

of the pillows, while in shales they often branch from the lode 

to follow bedding planes. 

vdall rock relics are always present in the lodes and 

where continuous they impart a characteristic ribbon or bacon 

texture to the quartz. Distortion of the ribbons decreases 

towards the lode contact. The folded relic or bacon structures 

of the inner layers clearly testify progressive movement and.  
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associated re-fracturing of -che earlier quartz, together with the 

re-filling of newly opened channels. 

The contacts of the quartz lodes and margins of the 

chloritised relic inclusions and chlorite are practically 

always favourable sites for gold and sulphide mineralisation. 

The relics may be smell  or fairly continuous, straight or ragged, 

and sulphide mineralisation in the ribbon quartz is almost 

invariably concentrated in, along or quite close to these relics. 

Intergrowths and mosaics of quartz and calcite are 

common; indeed, the quartz is often referred to on the mine as 

"quartz carbonate". In the development faces underground 

typical palimpsest rhombohedral carbonate structures are clearlj  

discernible in the wider veins of pure quartz. Remnants and 

ribbons of original vein quartz are often found in the carbonate 

veins, and it is believed that most fractures as they open and 

re-open are first filled with quartz or carbonates, and the 

latter in turn is replaced by quartz. 

quartz of various ages may be recognised underground 

in the ribbon quartz structures, where older veins are cut by 

mineralised veins (38 level), where mineralised veins are 

replaced by younger barren quartz veins which extend into the 

sediments (30 level), and where the E-W Cam veins are cut by 

younger barren N-S quartz carbonate veins (23 level). 

In polished specimens older white glassy quartz is 

seen to be veined by a more opalescent mineralised quartz and 

crystallisation and stress fractures in the older quartz are 

fillod with residual quartz. The small, interlocking grains of 
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quartz often contain minute ramifying veinlets of opalescent 

quartz which diverge from the wisps and larger inclusions of 

shale or chlorite. The edges of quartz grains in contact 

with sulphides are generally smooth. 

Carbonates 

All the major and minor faults, which vary in width 

from narrow planes to over 10 feet, carry carbonates and are 

silicified to varying degrees. 

The carbonates are essentially magnesian calcite and 

ankerite. Carbonatisation of the wall rock is intense in the 

region of the major faults and lodes, its intensity being generally 

related to the distance from the lodes and to the permeability 

of the wall rock. In the lavas it is often present some 30 ft 

away, but in the epidiorites its effects are very limited. 

In the mine to a depth of 3,500 ft calcium and aagnesium-

bearing carbonates are at present being precipitated as stalagtites 

and stalagmites several feet in length, and as carbonate beds in 

the old development ends. In the shales, due to the greater 

presence of sulphides, sulphates are preserri; with the carbonates. 

In 30 level scuth (-3,550', narrow openings in the quartz veins 

are filled with recently deposited fibrous masses of sulphate-

carbonate. It is therefore apparent that over a short geological 

period of time all fracture openings would fill with calcium-

magnesium carbonates due to the action of circulating waters 

charged with 002. 



Throughout the Southern Rhodesian goldfields the 

gold/sulphide mineralisation is associated with intense 

carbonatisation of the host rocks, whether they be serpentines, 

lavas, sediments or granites. It is therefore clear that the 

primary carbonate-rich solutions were of hydrothermal origin, 

The period of carbonate deposition was continuous 

from pre- to post-gold/quartz mineralisation. Original openings 

were continuously filled with carbonates and later replaced 

by quartz during a cycle which extended to the end of the 

hydrothermal quartz era, after which carbonate alone continued 

to be deposited either from hydrothermal or meteoric solutions. 

Pyrite 

Pyrite is present in all lodes and in the wall rock 

traversed by th3 lodes from the lowest levels to surface. It 

is more persistent in the argillaceous sediments than in other 

rock types and occurs in the form of aggregates, granular 

strIngers and cubic crystals. 

Turbid corroded pyrite, associated with very early 

carbonate - quartz mineralisation, was the earliest of the 

sulphide minerals to be deposited in the major fault planes. 

The crystallisation of pyrite within the veins was continuous 

throughout the period of quartz deposition, as can readily be 

seen macroscopically underground and in polished sections under 

the microscope. 

In the vicinity of the Cam Spur and Motor lodes, 

pyrite is most abundant in the lodes where they traverse shales 
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and in the shales themselves. It is present in almost all 

relics and inclusions of shale and chloritic greenstone in the 

quartz. Minute cubic crystals of pyrite sometimes appear to 

have migrated from the relics into shrinkage cracks in the 

quartz. Wall rock inclusions are invariably pyritic, and it 

is clear that pyritisation was continuous throughout successive 

phases of vein re-opening. In polished sections different ages 

of pyrite are seen, with coarse crystalline pyrite replacing 

a turbid granular variety. Some of the pyrite is replaced 

by arsenopyrite and sphalerite, but still later microscopic 

grains of pyrite crystallised out in quartz with late-stage 

gold. 

The orientation of quartz-filled pressure shadows 

flanking the pyrite grains seems to imply pressures 

perpendicular to the fault feeders, though mapping of the 

mineralised gold-quartz veins indicates that they occupy 

later tensional openings. 

Arsenopyrite 

Arsenopyrite is present in all the lodes and in the 

adjacent host rocks. 	It is more persistent in the lavas than 

in the sediments and is very prolific in the "felsitic" 

epidiorite where it is cut by or lies in the immediate 

hangingwall of the Cam Lode. It is rarely found in the pure 

quartz but is extremely common in the included wisps and relics 

of chloritised and epidotised wall rocks. 

Arsenopyrite is present from surface to the lowest 

levels, but the author has not recognised any major or specific 
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variation in content with depth. It is later than the earliest 

pyrite and is frequently seen to replace and cut through it, 

and it is certainly earlier than the coarse gold, sphalerite, 

bournonite and stibnite. 

The arsenopyrite in pure quartz occurs as extremely 

fine crystals. In the wall rock the crystals and needles 

increase in size away from the veins thus providing a distinctive 

and characteristic feature of the auriferous reef. Within 

the shales the needles row from less than a millimetre to a 

centimetre in length over a distance of two feet from the 

contact, whereas in the lavas similar changes in crystal size 

are far less pronounced though the needles invariably increase 

ten fold in length over distances up to twenty feet from the 

vein contact. The crystals decrease in abundance away from 

the veins. 

It is believed by the author that approximately 

10 percent of the gold was probably introduced with the primary 

arsenopyrite. This gold is not released on amalgamation or 

cyanidation at 300 mesh. After roasting it remains locked in 

the products of oxidation, and even after re-milling and 

:re-roasting the gold particles are apparently too fine for 

exposure to solution by acids or re -cyanidation. 

Sphalerite 

Sphalerite is confined to the quartz and is later 

than the arsenopyrite. It is not present in the lodes mapped 

above 14 level and is sporadically present in minute quantities 

in the intermediate levels between 1,500 ft and 5,500 ft, below 
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which it increases in amount fairly rapidly and forms veins of 

dark marmatitic sphalerite below a depth of 6,000 ft. On the 

44th level (6,1509 the sphalerite is extremely dark and occurs 

as veins up to 6 inches in width parallel to bands of quartz. 

Below this level both sphalerite and gold rapidly decline in 

tenor. 

Chalcopyrite is present as exsolution flecks in the 

sphalerite and as veinlets in the quartz alongside the sphalerite. 

Pyrrhotite and exsolutim veinlets of cubanite in the chalcopyrite 

indicate a fairly high temperature. Galena is generally present 

with the sphalerite in the lower levels but is extremely rare 

above the 5,000 ft level. 

It is probable that the sphalerite, accompanied by 

galena and scheelite, was deposited during an early, brief 

high-temperature surge of gold-quartz mineralisation prior to 

the main period of gold deposition. 	Both scheelite and 

sphalerite are more common in the darker higher temperature lodes 

of New Cam Spur and Lower Diesel. 

Sphalerite, scheelite and sulphides of copper are 

common in the Patchway group of mines, which are known to have 

suffered vertical uplift after formation. It is thought 

probable that continuous vertical movements on either side of 

the Motor raised the country rock and deepened the ore zone, 

thus protecting the deposit from subsequent erosion. 



Stibnite — Bournonite 

These two sulphides of antimony are closely 

associated with the main period of gold mineralisation, with 

stibnite predominating in the intermediate and upper levels 

and bournonite in the lower levels. 

Bournonite, present only in quart4 and stibnite were 

the last sulphides to be deposited. Where visible gold is 

abundant bournonite is always present, and in the presence of' 

stibnite, high gold values are the rule. 

Bournonite occurs throughout the lower levels in 

minor quantities, generally accompanied by a little sphalerite 

and chalcopyrite. It gradually increases above the 4,000 ft. 
level to a maximum of about 0.2% in the region of the 3,000 ft 

level, and fades out completely above the 2,000 ft. level. 

Bournonite is somewhat rare 	the darker quartz of the New 

Cam Spur and the Lower Diesel. and in the lighter quartz of 

the other lodes it ns.present as globules and veinlet6. 

Stibnite makes its first appearance at a depth of 

4,000 ft. and increases to a maximum in the Cam Spur a little 

above 3,000 ft., and in the Cam just above 2,000 ft and again 

in the upper thousand feet. Unlike the bournonite it is not 

confined purely to the quartz but is present in both quartz and 

lavas as massive lenses of stibnite up to ten feet in width. 

On the 23rd level, stibnite veins branching off the main mass 

of stibnite cut right through the bands of arsenopyrite and 

Write associated with the earlier Cam Spur reef fault zone, 

thus clearly demonstrating that the stibnite is later than the 
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latter sulphide. Polished sections corroborate this age 

relationship of the sulphides. 

Gold is present in the stibnite in solution, possibly 

as aurostibnite, and in extremely fine exsolution veinlets, and 

occasionally also as anhedral grains. Bournonite surrounds 

earlier pyrite and arsenopyrite and replaces sphalerite. It 

is sometimes veined with chalcopyrite and is intimately 

associated with native gold in cracks in the quartz. 

Gold 

Gold is pr3sent in all the quartz lodes in the 

serpentinised lavas, from the lowest levels in the mine up 

to surface. It is also present in well—developed quartz 

veins of the Cam Group which extend into the more massive lavas, 

and in the strong quartz—filled veins of the Motor group where 

they leave the lavas and cut obliquely through the metagreywackes 

in the upper sediments. 

Test sampling indicates that gold is present in 811  

varieties of quartz taken from veins in propitious, structural 

and stratigraphical environments. 

The gold is essentially confined to the major quartz 

lodes and to quartz veinlets which extend into the wall rock. 

The highly mineralised (arsenopyrite and pyrite) apple—green, 

epidote —rich serpentinised lavas near the lode contacts contain 

from 1 to 1.5 dwts of gold, and the mineralised serpentinised 

lavas in the immediate wall rock carry from 0.5 to 1 dwt, 

even though no quartz is present. The total output of ore from 

the nine has averaged 7 dwts per ton in grade. 
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Really high—grade sections (plus 1 oz per ton) are 

associated with the 'setter developed qUartz veins, including 

the dark 6 ft. wide New Can Spur lode in serpentinised lavas 
from 4,000-6,300 ft. in depth; the Motor lode ma its first 

few hundred feet after leaving the Cam Spur fault; the 

Footwall A and B lodes from 2,500' to 4,000' where they draw 

away from the Motor Mae into zhe serpentinised lavas; and 

the Rileen Alannah where the relatively tight Cam Lode flares 

out into an "estuary" etockwork which cuts at right angles 

through the massive piL'ow lavas from a depth of 1,500 ft up 

to the surface. 

The deposition of gold was fairly continuous, starting 

with the earliest introduction of pyrite and arsenopyrite, 

The earlfi.est gold is extremely fine in particle size and the 

tenor of the ore in which it was deposited is very low 

(0.5 dwt per tun = 1 p.p.million), as indicated by sampling 

of the pre—reef arsenical fault zones and the extensions of 

the arsenical lodes into the sediments. These sections always 

average half a pennyweight per ton on assay. The arsenical 

concentrates, after extraction of all the free gold by amalgamation 

and cyanidation, still contain 12 dwts per ton due to the presence 

of extremely fine gold locked up in the sulphides. A metallurgical 

report (1960) on the extraction of gold in the concentrate dumps 

after roasting and cyanidation, noted that very fine gold 

remained in the products of nartial oxidation, and there is 

little doubt that all the free gold had been removed. The dump, 

which had accumulated over many years and may be considered as 

a pepresentative concentrate sample, contains 100,000 tons of 

roasted concentrates averaging 7.4 dwts per ton. These high 
values represent from 0.25 to 0.5 dwts per ton of total ore. 



This residue value increased in depth with mining (measured 

by progressive years) and is therefore related more to the 

arsenic than to the antimony content of the ore. 

The second phase of gold mineralisation was related 

to the emplacement of the higher temperature dark quartz, 

scheelite, sphalerite, chalcopyrite and bournonite. The 

final stages of gold mineralisation were associated with 

successive depositions of quartz and late low-temperature 

antimony minerals in the major Motor and Cam ribbon lodes. 

Gold occurs in veinlets and globules in the sulphides, 

in contraction fractures in the quartz, and in repeatedly 

opened channels where it is accompanied by chlorite relics. 

Migration of the gold from relics into fractures in the quartz 

is marked, and the precious metal is often intimately associated 

with bournonite. 

The concentration of gold particles attains a maximum 

in the 3 to 5 dwts per ton range in all  lodes, with a fairly 

even distribution for 50 percent of all samples. High-grade 

lodes derive their value from a relatively small amount of 

high-grade samples which generally contain visible gold. 

Percent of Sarlples 50 60 70 80 .22 100 

New Cam Spur -7 -11 -18 -4-0 -60 -125 dwts 

Cam Spur -6 - 7 - 8 -11 -15 - 25 dwts 
Motor -6 - 8 -10 -13 -18 - 5C dwtc 

Graphs were used to determine a satisfactory "value cut-off" 

per sample to deal with the really high grade sections. The 

percent distributions follow normal curves. 

73. 



74. 

The extremely regular distribution of gold within 

the ore shoots is depicted on the accompanying pay shoot sections. 

Actually this regularity is often more pronounced in individual 

stopes than in the pay shoots. Contouring of stope samples 

confirms the typical vertical trend of the pay streaks within 

the shoots. Two and a half years after the revaluation of 

stopes to calculated cut-off values, using horizontal drive 

and stope samples only, recovery to valuation was 102%. 

Since raise sampling follows individual streaks it should not 

be used in valuation. 

The purity of ,the gold varies from 90 to 95% with 

3— silver and Zo mixed metals, but cannot be correlated 

with depth. 

Some features of the distribution of the c')arse and 

fine gold which are important to the mining geologist in 

assessing valuation, relative to grade, sampling and assaying 

are: - 

(a) A cut-off point for high values nay be deduced from 

the tangent to the curve of "progressive percent" 

of values where it cuts the 10O line. 

(b) In the re-checking of samples of split cores and 

underground sample channels, the distribution of 

gold was found to be fairly even and not completely 

erratic as might have been suspected. 

(a) 	Due to the minute size of the gold particles the error 

in assaying is greatly reduced by pulverising the 

samples to 90% -325 mesh. 
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Knowledge of the distribution of gold in the lodes 

relative to tenor, distribution, and fineness is extremely 

useful in calculating the final ore reserves. 

In all estimates of ore reserves some figure has to 

be derived for dealing collectively with high values, for within 

the limited sampling of stopes or the more variable sampling 

of drives, there is some point above which a value is mathemtically 

meaningless. For instance, if in a stope face 200 ft long, 

20 sections at 10 ft intervals are taken and. it is known that the 

stope is unlikely to yield more than 12 dwts per ton, then if 

an individual section value gave 1,000 dwts (equal to 50 dwts 

for the whole stope advance) it would be so abnormal as to 

invalidate the stope value. 

The practice of cutting values to conform with actual 

production is dangerous, since any sort of arTor in the mine 

or mill resulting in the loss cf gold will not he detected, 

Consequently a reduction of high values must therefore be made 

according to a law relating to the grade of the lode being 

mined. 

The value/distribution of gold was therefore plotted 

normally and then as a progression, and the final curve 

relative to the few percent of high values was continued as a 

tangent to the progressive curve to the total 100% mark. 

The intersection of the tangent to the logo mark represents 

the natural termination of the graph, and a mark at which if 

extremely high values were resampled they were likely to 

average. (Figs 4951) 
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This method of plotting was put into practice and 

met with a high degree of success. 

This test was followed up by the re-sampling of 

original channels, and on the 39 and 41 levels New Cam Spur 
100 12-18" channels were sampled in duplicate along the same 

channel. Actually re-sampling gave the following results:- 

Value Variation: 1:1.25, 1:1.5, 	1:1.75, 1:2, 1:3, 1:4 dwts 

1:5, 1:10, dwts 

Li:21j of Valuest 34 	104. 	53 	61 	82 	08 

ai 	97,+ 

In view of the difficulty of chiselling by hand in 

pure quartz these results were unexpectedly close checks. 

The duplicates of all split cores were plotted aad 

these provided an even mope surprisingly close chec17. as 

follows:- 

Value Variation.: 	1;1.25, 1:1.5, 1:1,75, 1:2 dAs 

TFei-i. L2.1! Valnan:. 	50 	82 	94 

The distribution is fairly even up to 30 dwts per ton, 

but tends to deviate where coarse via is present, 

High values deliberately sampled varied as follows 

(New Cam Spur): 

303.9 - 298.2 dwts 	100.5 - 	47.9 dwts 145.0 - 	57.9 dwts 

211.4- 	13.4 673.4 - 109.1 2/.0.0 - 220.7 

186.4 - 	88.8 298.4 - 	3.0 228.1 - 	64..2 

118.6 - 	91.8 (Original Average = 250.5 
Re-sampling 	= 	98.3) 

The out-off value for this lode is 125 dwts 
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A final check on the gold distribution and its effect 

on valuation lies in the direct assaying of the sample. 

100 samples of ore were assayed, re-numbered and 

re-assayed by P. Connear, the results being plotted on the 

accompanying graph. (Fig.52 ) The results showed a 10% 

deviation for both low and high values. 

The importanaof pulverising ores containing finely 

distributed gold, prior to assaying, is illustrated by the 

following test on two samples: 

(i) Crushed to 505 —325 mRsh 

Value - 11.7 (check 12.2, 15,2, 11.0, 10.4, 
10.2, 16.6, 8.2) 

(ii) Crushed to 90g -325 mesh 

Value - 11.0 (check 10.8, 10,8, 11,4, 10.6, 
11,2, 11.6, 11.6) 

This indicates quite clearly that owing to errors 

(a) due to abnormally high values 

(b) a 1:2 error in sampling by hand 

(c) a 1:1.5 error from drill samples 

(d) a 10% error in assaying, 

it is essential that a large number of samples must be taken 

for valuation purposes. 

The gold value of various rock types, separated from 

run-of-mine ore during a test in 1961, was as follows:- 

Bulk 300 lb samples were collected. The mill feed 

was 12.0 dwts, 

77. 



Dwts of Gold 

Test No. 1 2 3 4 5 6 

Pure Quartz 71.3 19.3 10.2 8.1 22.7 

White Quartz 19.3 90.1 

Blue Quartz 22.7 

"Buck" Quartz 12.7 41.1 

Antimonial Ore 9.6 13.2 

Quartz + Lava 7.6 6.7 10.7 9.2 8.6 2.1 

Min, Epidosite 1.4. 1.4 11 1.4 1.6 1.2 

Min. Felsitic 
Epidiorite 1.3 

Min. Lavas (Waste) 0.8 0.8 0.7 0.8 0.6 0.8 

These results indicate 

(a) persistently low values in the relatively 

quartz-free mineralised (arsenopyrite) wallrock; 

(b) run-of-mine values in the quartz + lava; 

(c) high gold values in all varieties of quartz. 

Other Minerals resent in  the Ore 

Carbon is only found in the shaley, upper fraction 

of the argillaceous sediments where they are traversed by the 

major fault zones. It appears to be a metamorphic product of 

some earlier hydrocarbon in the shale. 

Tungsten: Minor amounts of scheelite are present in 

the darker quartz of the New Cam Spur and Lower Diesel, and 

occasionally in the Cam Spur lodes where the veins traverse 

serpentinised lavas. It was probably formed as the result 

78. 



79. 

of reaction between weak solutions of tungstic acid and carbonate 

inclusions. Recent tests indicate a possible recovery of 5 tons 
per month from 10,000 tons of ore, equivalent to a concentration 

of 0.05% of scheelite. 

Copper is present as flecks and veinlets of chalcopyrite, 

as an apparent exsolution product in both the sphalerite and 

tetrahedrite. Bornite has been noted, and malachite, often 

present on the walls of the drives, indicates the presence of 

copper minerals in the wa1irock3 near 	lodes. 

Manganese occurs as a constituent of ankerite which 

is present in minor amounts in all the lodes in the mine. 

Titanium shows up on the spectrographic_ analysis 

of the ore and is probably present :Ln the sediments as ilmenite. 

Bismuth can be deL;ectod by spectrographic analysis, 

aild was observed as a silvery-white metal in a specimen from 

the 6,150 ft level. It is common in the east Pickstone group 

of mines. 

Nickel is detectable by spectrographic analysis. It 

may be present as a detrital mineral in the sediments since 

garnierite is a common mineral in the earlier serpentines. 

Bravoite, accompanied by chalcopyrite, was noted in pyrrhotite 

in the lower levels of the mine. 

Strontium is present in all the gold ores of Southern 

Rhodesia end may almost be considered_ as a marker element. 

It is undoubtedly present in the carbonates. 



Lead octurs in galena, which accompanies sphalerite 

in the lower levels of the mine. It is definitely not present 

in the upper levels and is not recorded in any of the old 

analyses of ore concentrates, 
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ORIGIN OF THE CAM & MOTOR GOLD DEPOSIT 

The Sebakwian, the earliest of the Archaean 

formations, was repeatedly invaded by unconsolidated granites, 

and erosion of these formations contributed to the accumulation 

of mixed sediments of Lower and Middle Bulawayan age. 

The extrusion of tremendous thicknesses of basic 

lava followed the deposition of the Bulawayan sediments. 

This was succeeded by a rapid subsidence of the lavas, by 

elevation of the granite masses to the NE and SE, and by the 

deposition of Shauvaian sediments in deepening valleys of the 
developing syncline. 

Rising of the Rhodesdale granite was accompanied by 

progressive faulting along the weak granite-lava contact, and 

by the development of a second set of N-S faults in the syncline 

to the west. 

Towards the close of the cycle of sedimentation and 

extrusion of lavas, the western area was intruded and folded by 

the Whitewaters Granite, thus creating an anticlinal ridge 

west of Gatooma and a synclinal valley to the east. The 

intrusion of this Granite was preceded and followed by the 

invasion of a series of narrow porphyry sills. 

A major fault zone was developed along planes of 

weakness along and near the contact between a thin bed of 

sediments and serpentinised lava, which were themselves 

sandwiched between massive basalts and pillow andesites in the 

vertical limb of an anticlinal-synclinal fold. This fault zone 

is of regional dimensions and undoubtedly extends to great depth. 
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Rotational regional clockwise movements associated 

with the intrusion of the Granite created a minor oblique 

drag fold in the lens ef sediments. Openings were developed 

in the upper, argillaceous, sediments and into these openings 

epidiorites were injected. Continued movement resulted in the 

formation of the Cam Spur and Cam Hangingwall faults. 

Crystallisation of the mineralised White Waters 

Granite was accompanied by the development of residual 

pneumatolytio phaes by a minor episoa) of mineralisation and 

by the extrusion of acid lavas. This was followed by the 

major period of hydrothermal activity and the collapse of the 

schist belt due to instability and related deep-seated fracturing. 

The early pneumatolytic activity which took place 

during the final stage of folding prior to collapse, was 

coupled with widespread carbonation due to the migration of 

fluids highly charged with CO,. 

The major faults provided obalanelways for the earliest 

mineralised hydrothermal fluids, from which pyInite, and later 

arsenopyrite with a little very fine included gold, were 

deposited. 

With progressive movements farther openings and 

fractures developed, the Cam Spur fault acting as a terminal 

plane to the N-S and E-W shear zones. Ac the openings formed 

they were filled with carbonates, which were later readily 

attacked and replaced by ascending juvenile gold-quartz 

solutions. 
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The structure of the sediments greatly influenced the 

pattern of the new fissures, and the pre-mineralisation faults 

dictated the pattern of the ore shoots within these fissures. 

A clean break developed in the serpentinised lavas, 

branching off the New Cam Spur fault like a cord to a bow 

across a fold in the sediments. 	Then a high-

temperature surge of quartz, accompanied by gold, sphalerite, 

galena and scheelite filled the break to form the rich New Cam 

Spur lode. 

The Cam Spur fault acted as a focal plane and host 

channel along which the main gold-iron-antimony-quartz solutions 

travelled through fractures successively opened by repeated 

movcments. 

Incidentally, the occurrence of the quartz lodes is 

in many respects analogous to that of thr, earlier thin, pyriti, 

glassy porphyry dykes and :gills. 

Quartz deposition flared upwards and outwani.s like the 

leaves of a canna, the sulphides crystallising in the quartz veins 

in favourable structural, stratigraphic and thermal environments. 

Native gold was deposited in suitable openirEs it the quartz, 

generally with bouraonite, and as minute globules in pyrite and 

stibnite. After the main period of crystallisation of the quartz 

and sulphides some gold migrated into fine tributary cracks from 

points of high to le7er pressure. 
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There is little doubt that ribbon wallrock relics 

in the lodes acted as catalysts which promoted the precipitation 

from solution of gold aid other minerals. 

Following the period of gold deposition contiLued 

vertical movements affected the main breaks so as repeatedly 

to open up fractures. These fractures were first occupied by 

carbonates, which were later replaced by quartz, and finally 

filled with carbonate, thus creating the large Motor group 

of carbonate-bearing faults. 
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PATCHWAY MINE 

The mine, located in Bulawayan lavas, 12 miles north 

of Gatooma was first worked by the ancients and re-opened by 

the 19th Century pioneers, and subsequently by John Mack who 

also developed the adjoining Golden Valley Mine. 	(It derived 

its name from a piebald cow which had fallen into one of the 

prospecting pitst) 

In 1923 the mine was acquired by the Patchway Syndicate 

which, during the next two years, produced some 1,838 ozs from 9,300 

tons of ore. Very little work was carried out from 1925 to 

1955 when it was acquired by Amnor Mines who developed and sold 

it to Rio Tinto Limited in 1959. 

The topography in the vicinity of the mine is one of 

low relief with very few outcrops, and the geological information 

could only be interpolated from considerable trenching and the 

use of aerial photographs. 

The Patchway reef occupies one of a series of tension 

fractures in the lavas whj.ch overlie the White Waters granite. 

The outcrops of these lodes are disposed concentrically around 

the denuded exposed boss of granite. 	(See Fig. 10) A section 

drawn from the Thistle Etna through the Cam & Motor to the 

Patchway Mine (Fig.N) shows the relation of the Patchway and 

overlying Golden Valley lodes to the granite. The fractures 

in the lavas developed on a regional scale due to movements 

created by the early intrusion of the granites. They opened 

during crystallisation and subsidence of the granite and were 

then mineralised by hydrothermal fluids. The mineralised veins 

were finally elevated and faulted by further doming of the granites. 
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The lud€s consist of narrow, simple and compound 

quartz veins which individually average 40 inches in width 

and collectively occur in a zone varying up to 30 feet thick. 

On the Patchway Mine, up to four veins are present. 

The quartz, sulphide and gold contents of the 

individual veins varied considerably and there is little 

doubt that the vein channels were filled during different 

periods. 

A striking feature is the merging of the veins, which 

all have a flat dip, towards the centre of the granite dome. 

(Fig.53). These tension fractures could only have developed 

through progressive pulsating elevation and contraction of the 

granite with subsurface stoping and settlement. Their 

development is simulated by the settlement of stopes in deep 

mines (e.g. Witwatersrand) which is accompanied by movements 

and openings many thousands of feet above, the downward 

,aovements being in the direction of the dip of the stopes. 

The final up—doming of the granite resulted in strike 

faulting and shearing along the plane of the veins, followed 

by post—reef concentric vertical faulting. (Fig. 53 ) 

The reefs on the Patchway mine are known as the 

Upper, Middle and Lower. 

The Lower reef, which consists of dull white quartz 

generally averaging 15 inches in width, is poorly mineralised 

and carries very low gold values. The vein occasionally 

splits into two bands, (No. 3 and 4 Reef). Pyrite, the only 
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sulphide is completely "dead" in appearance. 	(The pyrite 

is frequently described on the mine as "alive" and "dead", 

the latter being dull g7anular and turbid, or as bright cubes 

and continuous veinlets, whereas the "live" pyrite is pseudo-

granular and "lively", probably due to the presence of hundreds 

of minute inclusions of quartz, galena etc.) 

The Middle Reef truncates the Lower reef and varies 

in width up to 8 feet, with an average of 3 feet. Its quartz 

is predominantly dark and is accompanied by a very mixed. assemblage 

of minerals, mainly pyrite but with a considerable amount of 

pyrrhotite, together with marmatitic/sphalerite containing 

exsolution flecks of chalcopyrite. Galena is a significant 

and common indicator of gold. 

The lead and zinc sulphides have mutual boundaries 

and appear to be of the same age, and the earlier pyrite, 

pyrrhotite and chalcopyrite are pene-contemporaneous. The 

gold is coarse and entirely erratic in distribution, scheelite 

is present, and the general assemblage of minerals in the 

Reef suggests deposition at a fairly high temperature. 

The Upper reef, which truncate;, the Lower and Middle 

reefs, has yielded 8c% of the gold production from the Mine. 
It is highly disturbed by strike faults along the plane of the 

reef. 

The quartz in the reef is light and "lively" in 

colour, ribbon-like lu texture, well mineralised, and 

averages some 42 inches in width, 	"Lively" pyrite, the 

predominant sulphide, is accompanied by a little galena and 

sphalerite. 
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Gold is present in pores; in contraction fractures 

in the quartz, and as fine exsolution globules in the pyrite. 

The main feature of the reef appears to be the close association 

of gold with the galena and as veinlets in the pyrite. 

Metallurgioally this is important to the mining geologist since 

it is more difficult to release the included gold from soft 

galena than it is from brittle pyrite, and consequently the 

higher grade gold sections, rich in galena, yield high gold 

residues. 

The contacts of vein and wallrock are sharp but 

undulating. Crystalline pyrite is common in the wallrock, 

especially in sheared tuffaceous areas, and as at the Cam & 

Motor, the pyrite near the contact is fine but increases in 

coarseness away from the veins. Epidote is the most prominent 

alteration product along the margins of the veins. 

The reefs of the Golden Valley Patchway group are 

associated with pre- and post-mineralisation of thin "sills" 

of honey-coloured quartz porphyry ("felsi.ce"). 

The pre-reef "felsites", which have a slightly 

steeper dip than the reefs, vary slightly in strike, so that 

the veins merge and deviate obliquely from them. Their 

contacts are sharp, burnt and slightly pyritised. The mutual 

boundaries of the reef and felsite, where they merge into one 

another, are often unsatisfactory criteria of the relative 

ages of the two formations. A systematic investigation, 

however, yielded enough evidence of felsite relics in the 

quartz and of veinlets of the latter fingering into the 

former to confirm that the felsites are definitely older than 

the quartz. 
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Post-reef felsites cut radially across the veins, 

and drag patterns along the contact of the veins in the ribbons 

of quartz and of the veins themselves all exhibit Z folds in 

the east walls. Since the veins dip to the west at 25-30°  

the directions of movement were therefore to the north along 

the east side of the veins. The ore shoots pitch down dip 

to the south-east in conformity with the direction of the 

reef/folsite intersection line, corresponding to the reef-zone 

of weakness line along which the felsite was intruded. 

The reefs are cut by a series of vertical dykes which 

are believed to be of Ventersdorp age and related to the Piriwiri 

basic volcanics to the north. The dykes also cut the post-reef 

felsites and are not affected by the numerous steep strike 

faults which rupture the veins. 

It is considered that the north-easterly striking 

Rouge-March Hare shear zone acted as the "mother lode" to the 

flatter dipping veins in the area, in the same way as the 

Cam Spur shear zone acted as the mother lode to the Cam group 

of reefs. 

The gold in the Patchway Mine is very erratically 

distributed even within the ore shoots, as indicated by the 

following statistics compiled from several thousand samples 

from the actual shoots. All the samples were taken over 12". 

The average grade of the ore is 8 dwts. 

Level Trace 0-2.5 2.5-5 5-10 +10 dwts 

1 70% 1 af,, 10$ .3% 7% 

2 82% 10% 1% 1% 6% 

3 7BA .5% 7% 5% 5% 
4 7 B% 1% 9% 4% 
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These results clearly demonstrate the necessity of taking a large 

number of samples from these veins for valuation and prospecting 

purposes. 

The gold is distributed in pockets and veinlets in 

relics of ribbon structures, and not haphazardly. Assaying 

of duplicate, sections of split cores indicated that 5  of 

them varied between the limits of 1:1.25, 75, between 1:1.5 

and 85% between 1:2, which is extremely close for gold sampling. 

Present production from the Patchway Mine is 20,000 ouncas 

per annum from 60,000 tons of ore milled. 

PICKSTONE MINE 

The Pickstone Mine is located in vertical banded 

ferruginous jaspilites 20 miles east of Gatooma. 

The deposits were originally worked by the ancients 

and subsequently re-opened by the 19th Century pioneers as 

three separate mines, namely, Concession Hill, Pickstone East 

and Pickstone West. The jaspilites form prominent ridges 

xhich can be readily traced on aerial photographs as they 

traverse the relatively flat ground occupied by schistose lavas. 

Zealley,in his Bulletin on the Gatooma district in 

1918, stcttes "The Pickstone outcrop is an iron cap composed of 

massive to earthy hematite and limonite with fair quantities 

of carbonates, and the Concession outcrop consists of quartz 

veins in felsite which have been so highly carbonated that it 
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is practically a limestone. The rock is very rich in iron 

and is locally jasperised and banded. All work by the pioneers 

was carried out in the zone of secondary enrichment." 

The three mines were subsequently taken over by the 

Lonrho Group who mined and developed them as the Pickstone 

Mine down to the 10th level over a total strike of some 2,000 ft. 

In 1960 Pickstone was acquired by Rio Tinto Rhodesia Limited. 

Exploration along the jaspilites at depth indicates 

quite clearly that they are a bed of sediments some 60 ft in 

thickness which varies upwards from a basal arenaceous bed 

throw; h an argillaceous zone to layers of black shale at the 

top. The more argillaceous zones are well bedded with thin 

intercalations of ferruginous and calcareous material. The 

jaspilites extend for many miles along the strike and their 

sedimentary character changes appreciably along the strike, 

an important factor to be taken into account during exploration. 

There is little doubt that locally the jaspilites have been 

carbonated for numerous veins of secondary carbonates criss-cross 

them, and since the calcareous layers in the Pickstone Mine 

closely resemble a well-developed bed of dolomite exposed in 

the Peerless Mine some 1,500 ft to the north, it seems reasonable 

to suppose that these calcareous layers were sedimentary in origin. 

The jaspilites are located in the lowermost 2,000 ft 

of the Bulawayan System. They suffered severe compressional 

metamorphism during the formation of the syncline, accompanied 

by intense silicification and strike faulting. Strike faulting 

affected the beds both vertically and horizontally, shearing 

them into en echelon lenses and remnants on a regional scale. 
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Prior to mineralisation the jaspilites were traversed 

by a series of highly oblique almost parallel shear stresses 

which created oblique shatter zones within them. 

The composition of the jaspilites greatly influenced the pattern 

of fracturing, for the siliceous arenaceous zones cracked 

discontinuously, whereas the calcareous argillaceous beds were 

relatively plastic and within them the greatest stockwork of 

persistent fractures developed, and the shales cushioned and 

deflected the fractures. 

The shatter pattern was complicated by the pre-

mineralisation structure of the en echelon beds, within which 

large blocks *ere completely twisted out of normal orientation, 

and other blocks were torn off and twisted against the flanks. 

(Fig.57). Thick gouge fillings separated and distorted the 

jaspilite leaving siliceous sections against shaley sections 

and vice versa. 

Minor normal and reverse faulting followed the 

period of shattering and mineralisation. Underground it is 

possible to reflect upon and understand the geological sequence 

of events, but it is difficult to reconstruct it for purposes 

of demonstration. However, a glance at a similar undisturbed 

gold-bearing "text book" jaspilite in Southern Rhodesia is 

worth describing - The Sun Yet Sen Mine, 100 miles south 

of Bulawayo - before proceeding with the description of the 

Pickstone Mine. 

The Sun Yet Sen Mine (Fig.58) is located in a bed 

of jaspilite, within highly metabasic lavas (amphibolites), 

which varies in thickness from 5 to 15 feet and dips almost 
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vertically. It is well banded, silicified, with typical 

Pickstone-like calc-ferrug-argillaceous layers. The jaspilite 

is unfaulted from surface to the 15th level at which depth 

it is cut off by a major fault or dyke. It is traversed 

(on plan) by a shear zone which cuts obliquely through it at 

varying angles dependent on the strike of both the shear and 

the jaspilite. The fracture does not cut through in one 

straight line but is deflected on hitting the band leaving a 

shatter trail within it. 

Both the shear and shatter zones were subsequent3,y 

mineralised by hydrothermal solutions with the deposition of 

quartz, pyrite, pyrrhotite and gold. The quartz and subsidiary 

pyrite filled the shear but the gold-pyrite-pyrrhotite deposition 

was confined almost exclusively to the banded jaspilite. Where 

the shatter zone through the beds was short, sharp and open the 

deposition of gold and sulphides was intense, and values 

reached the astronomical figure of 500,000 to 700,000 inch dwts 

over 30 inches. 	Gold was cut daily from the face• with saws 

and pliers!. Where the shear or shatter zone turned parallel 

to the bedding, values dropped slightly but still remained 

phenomenally rich. The quartz-filled shatter zone within the 

jaspilite was considered to be the gold carrier and was mined 

at a width varying from 30-40 inches. The jaspilite and 

greenstone were treated as country rock. 

To obtain a clearer picture for future development, 

the quartz vein was contoured against a vertical plane. 

This itself gave no indication cf a structural shoot, so the 

jaspilite was contoured against the same plane, and the two 

sets of contours were superimposed. The points of twin 
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intersection, shown on Fig.58 , clearly showed that mineralisation 

was confined virtually within these points and that gold was 

nerer present in the quartz more than a few feet horizontally 

away from the jaspilites. 

This indicates that the jaspilite acted as a favourable 

host for open-fissure fracturing and for the precipitation of sulphide 

and gold in the interbedded„ clay layers within the jaspilite. 

These features are analogous to those at the Pickstone 

Mine, except that there the mineralising fluids which ascended 

along the shatter zones had to traverse fault gouges, twisted 

and alternating blocks of argillaceous and arenaceous sediments. 

Consequently, the mineralisation is "blocky" within the major 

shoots and, since the picture is further complicated due to 

post-mineralisation movements, contouring of the vein and 

jaspilite proved to be almost impossible and certainly meaningless. 

The structural pattern of the Pickstone veins varies with 

the composition of the sediments comprising the jaspilite through 

which they pass, and more significantly with the strike of the 

formations and twisted blocks relative to the strike of the veins. 

The ferruginous-argillaceous and calcareous (dolomitic) 

layers were readily replaced by the sulphides, whereas the siliceous 

sand layers remained inert. It is clear therefore that there 

was favourable angle of traverse through the layers which 

promoted a maximum spread of replacement, and that where the 

fissure passes' from a banded., ferruginous-argillaceous zone 

to a faulted homogeneous shale or sandy zone the mineralisation 

was severely restricted. 





The distribution of gold as shown by the duplicate 

assaying of split cores is surprisingly more erratic than in 

the other mines, probably due to considerable minor faulting. 

The mineralisation tends to come in from the south-west and 

leave the jaspilite on the north-east, and although the grade 

within the shoot between these points is erratic the values 

are fairly persistent. Thus, while shoot values may average 

4 dwts over full width (approximately 20 ft) sections, the 

jaspilite between the shoots may average less than 2  dwt. 

The value distribution within the shoots is shown on 

the accompanying graph (Pig.59) together with continuous values 

on 6, 8 and 10 level within the same shoot. 

A horizontal sill of Karroo dolerite, approximately 

60 feet thick, cuts through the jaspilite at a vertical depth 

of 600 feet (Fig.56). Above it to surface the ore is highly 

oxidised (the ore between 400 and 500 feet is often a red mud) 

and below it relatively fresh. This is a most unusual depth 

for severe oxidation in Southern Rhodesia. 

Statistically and visibly there is a close relation 

between the gold and sulphides. Indeed, in the assaying of 

cores if sulphides are absent it can be safely assumed that 

there is no gold, and in the shrinkage stopes every attempt 

is made to follow the lenses of pyritic quartz. 

Pyrite and arsenopyrite, which occur in relatively 

equal proportions are virtually the only sulphides. Polished 

sections reveal that the ore consists of these two sulphides 

which are frequently intergrown in a banded ground-mass of 

95. 
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euhedral rhombs of dolomite, quartz grains and argillaceous 

material containing vein quartz and carbonates. 

Pyrite, the earlier sulphide is commonly overgrown 

by arsenopyrite, and is also present as fine crystals in the 

latter. 	Scme crystals of pyrite are sheared and others 

completely shattered. Fine inclusions of gangue and magnetite 

are common, and of pyrrhotite extremely rare. 

Gold and chalcopyrite go hand in hand as minute 

inclusions in the pyrite and as fine veinlets generally 

between the crystals of pyrite. 	Only one grain of gold was 

seen in arsenopyrite and this was in a tiny fracture leading 

off a grain of pyrite. 

From a study of polished sections the paragenesis 

appears to be pyrite, chalcopyrite and gold, then arsenopyrite, 

although the author prefers to believe that the arsenopyrite 

is earlier than the gold. The contacts between chalcopyrite 

and pyrite are sharp, whereas the contacts between chalcopy:ite 

and arsenopyrite are ragged. Within individual veinlets 

chalcopyrite and gold tend to occur in juxtaposition. 

Assuming gold is present to the extent of 10 p.p.million then 

chalcopyrite appears to be about 20 p.p.m. and pyrrhotite 5 p.p.m. 
An analysis of a samplecfrun-of-mine ore from Pickstone gave the 

following results:- 

SiO, 20.6% Mg0 6.8 As 2.8 

Al203 10.8 Ca0 4.6 S 	6.5 

Fe
2
0
3 14.5 Na/K20 2.6 Cu < .1 

Fe0 6.7 CO2 
16.4 Mn .3 



Spectrographic analysis indicates the presence of 

Sh, Ni, Ti, Zn with traces of Pb, Cr, Sr and Co. In an 

amalgamation test only 3.5% of gold was extracted. Milling 

to 200 mesh yields a recovery of 94% on cyanidation, indicating 

that practically all the gold is free and that very little, 

if any, is locked up in the arsenopyrite. 

Total gold production to 1963 was 183,000 ounces. 

MIDWINTER MINE 

The Midwinter Mine is located in Shamvaian sediments 

14 miles east of the Cam & Motor Mine. 

The deposit was originally worked by the ancients. 

It was re-opened in 1913 and was sporadically worked during 

the years 1913-15, 1932, 1934-37 and 1938-51, 1960-63. 

Total production is 11,425 ounces from 51,249 tons, equivalent 

to an average extraction of 4.46 dwts. 

The reef is essentially a gold-bearing quartz vein 

which strikes E.N.E. for several thousand feet and dips to the 

S.S.E. at approximately 45°  in the eastern section of the Mine 

and at 55°  in the western. 

The host rock sediments are shales, phyllites and 

arkoses which dip S.S.E. at 65°. 	The shales are soft, 

extremely da-?k, and in places slr'.ghtly graphitic, 	The 

phyllites are harder, predominantly slatey with intercalations 

of quartzose material, while the arkoses are light in colour 

97. 
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coarse, even-grained and devoid of pebbles. Interbedded narrow 

ferruginous jaspilites, varying in width from a few inches up 

to 8 feet, frequently occur within both the arkoses and phyllites. 

The main quartz vein is generally narrow and seldom 

exceeds 6 inches in width. Its contacts are sharp and in the 
shales often graphitic, while wallrock alteration is intense 

in sections of payable ore. 

From the 4th level (400 ft) upwards the ore is highly 

oxidised and there are no visible signs of mineralisation. 

The gold has been precipitated in a series of ore 

shoots which were controlled by structural and chemical influences. 

In sections of chemical influence, the lenses are short (50 ft) 

and vary in width up to 20 ft. In the structurally-controlled 

ore shoot the lode forms a carrot-shaped body some 80 ft in 

diameter at surface, diminishing to 20 ft in diameter on the 

6th level (600 ft). 

Three main stages of fracturing and faulting have been 

observed 	)- 

1. • Denoted by a series of barren quartz veins with no 

marked dislocation of the sediments. 

2. A cross break between two early quartz veins (east of 

the Main Shaft), associated with a twisted block of 

sediments between shale and arkoses. 

3. Main stage cutting obl:quely across the sediments 

in both strike and dip. The movement along the fault 

plane is considerable, of the order of several hundreds 
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of feet, and drags the earlier strike faults to the east 

along the southern contact of the main vein; similar 

clockwise movements to the S.E. are indicated by drag 

folding of the narrow jaspilites. The throw along 

the fault is normal, the marked and sudden change in 

its dip, from 45°  to 55°, between the east and west 

sections of the mine being associated with a sharp 

"s" fold which decreases in amplitude with depth due 

to the change of dip. J "pocket fault" (Pig.62) splits 

off the fold to produce a carrot-shaped lode. The 

major fault plane acted as feeder channel to the gold-

and sulphide-bearing solutions 

Where the main shear undulates due to changes in dip, 

the sediments along the crest of the vein are highly mineralised. 

The aureole of mineralisation is confined to the shales, avoiding 

the arkoses, and is intensified along pre-fault fracture veins 

and fine jaspilite lenses, as shown on Fig. 61. 	A series of 

mineralised pocket fractures branching off the crest of the vein 

intensifies the overall mineralisation and forms an intricate 

pattern with the older veins, mineralised jaspilites and graphitic 

shales, thus producing a large, carrot-shaped orebody plunging 

to the south-east. 

Wherever the mineralised solutions came into contact 

with the thin ferruginous jaspilites, gold and sulphides were 

deposited. 	Since the jaspilites dip steeply to the E.S.E. and 

the quartz veins dip to the S.E. it is relatively simple to 

calculate the pitch of the ore shoots, using normal reef-fault 

intersection planes. The jaspilite-quartz intersections are 

heavily mineralised with intergrowths of pyrite and arsenopyrite 

together with about 6 dwts of extremely pure (997 fine) gold. 

The ore is very refractory. 



LINEATIONS OF GOLD DEPOSITS 
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REGIONAL MINA ALISATION 

Linear Stratigraphic and Structural Controls 

The vast majority of major and minor occurrences of 

gold in Southern Rhodeaia are closely related to one or two 

linear deep—seated fractures which traverse the individual 

schist belts. 

These regional fractures are the produot of doming 

of the granites and of folding of the included schist belts. 

They are related to the structures of the pre—mineralisation 

and mineralised granites and to progressive movements of early 

and middle Bulawayan age. Within the early granites the 

structures have been largely destroyed by the younger granites. 

The prominent lineations are tens of miles in length 

and in depth they obviously penetrate the thin Sebakwian and 
Bulawayan crust. With progressive folding and distortion the 

earlier fractures developed into major shear zones accompanied 

by numerous widespread minor pocket and splinter fractures. 

Along and through these primary deep—seated fractures 

mineralising solutions escaped and fanned out into splinter 

fractures. The initial focal points of escape along these planes 

were probably few, but distribution of the ore fluids from 
them was widespread. Major mines are few and far between, 

but are accompanied by a number of satellite deposits. 

Along the lineaments of mineralisation, steep en 

echelon deposits form stockworks of mineralised quartz veins. 
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In a broad zone along the lineaments the shallower deposits form 

irregularly distributed narrow gash veins, with shoots dipping 

or pitching towards the focal plane. 

The Cam & Motor veins, if projected in depth would 

all converge at a depth of approximately 10,000 feet, while the 

Daisy stockwork of veins converge at a depth of 2,000 ft. 

The study of linear patterns is best made on a 

regional scale, and on the plan of Southern Rhodesia (Plan) 

all known producers have been plotted. It is on this plan 

that the linear patterns are most strikingly displayed. 

In the Gwanda Goldfields the band of mineralisation 

follows a quarter-moon pattern, spreading outwards in the central 

broad zone of schistose lavas and tapering at the extremities 

where the schists steepen and are tightly folded (Fig.64 ). 

The zone of mineralisation weakens where it traverses the 

sediments and jaspilites. 830 of the deposits in this belt 

are located in a 3 mile wide zone along the 50 mile Gwanda and 

Freda lineations. 

In the Central Bulawayo District ( Plan ) the lineaments 

again form an arc, with a 3 mile spread over a 50 mile strike, 

in which 700 of the deposits are located, while in the Northern 

areas (Queen's Turk) the lineaments follow the andesite/basalt 

contact for many miles. 

In the Felixburg schist belt (Plan ) 	all the gold 

deposits are located along a series of steeply-dipping quartz 

veins, which can be traced for some 6 miles. The veins 

undoubtedly merge in depth. 
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The Que Que gold line is some 30 miles in length. 

Along it the deposits are nearly all located in a relatively 

narrow belt close to the contact of the schist and Rhodesdale 

granite. Within this belt the formations are highly folded 

and very varied, and consequently the gold deposits are located 

in many different rock types traversed by the "lineation". 

Located along this zone are the Connemara, Cactus, Gaika, 

Globe and Phoenix, Indarama and Sherwood Starr Mines. 

Further north the trend of mineralisation tends to 

diverge, splintering to the east of Gatooma 

(a) along an anticlinal-synclinal limb (Cam & Motor) 

(b) into the granite (Thistle Etna, Inez, Pickstone) 

(c) through the sediments (Midwinter line) and 

(d) cutting northwards along the western limb 

of the Gatooma anticline along a narrow belt of sediments for 

some 20 miles, in which a number of minor deposits are located. 

The latter (d) lineament swings into the Dalny 

lineation, a relatively narrow, highly-mineralised shear zone, 

i mile wide, which can be traced for over 20 miles. Within 

it major lodes include those of the Ardlanger, Dalny and 

Pixy Mines. Further occurrences should be proved in this 

section. 

The eastern (b) lineament swings up through the 

Norton schist belt, where 9 out of 10 deposits are located 

within a zone 15 miles long and mile wide. 

The lineaments in the Salisbury goldfields 	. . 

Fig.66 	are relatively short but well-defined. In the 
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Enterprise District to the S.E. 9 out of 11 deposits occur 

within a zone of weakness and narrow felsitic intrusions, 10 miles 

long and 1 mile wide, which strikes parallel to the schists. 

Here, the mines include the Arcturus, Slate and the rich little 

Gladstone. 

The Shamva Mine is located in a linear shear plane 

which developed along an anticlinal fold in the sediments, a 

plane presumably connected with that along which the Trio-Joker 

epidiorite stock was mineralised, some 3 miles to the S.W. of 

Shamva. 

The Sinoia line is another marked lineation of 

mineralisation, which can be traced for over 30 miles. It 

trails tangentially off the granites, cutting through the 

jaspilites, lavas-and sediments, and forms the host plane to 

the Golden Kopje, Union Jack, Maggie Mac, Eldorado and Ayreshire 

mines, 

On the basis of all this information it can be assumed 

that the mineralisation lineations represent (a) the traces 

of planes of weakness near granite/lava contacts and along or 

near the contacts between lavas and narrow bands of sediment, 

(b) along limbs or axes of folds along which en echelon fractures 

developed. It is however, obvious that openings only developed 

in stratigraphically suitable formations, and therefore this 

second parameter is also important in controlling the localisation 

of the gold deposits. 
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In the Archaean gold provinces where the linear 

trace of gold/Sulphide mineralisation traverses a stratigraphic 

horizon which, due to mineral and textural composition or 

intense carbonatisation, is susceptible to rupturing and shattering 

gold was deposited as native gold or in sulphides within quartz. 

The mineralisation was structurally controlled by focal openings 

or in stockworks within these favourable stratigraphie horizons 

along fracture planes and Brush zones, provided they cut 

obliquely across the host rocks. 

The Archaean formations traversed by the lineaments 

consist of highly folded and altered schists, including 

intrusives, extrusives, sediments and underlying remnants of 

the older granites. The extrusives are composed largely of 

altered basic lavas, which comprise 750 of the schists, while 

the intrusives consist of stocks of granite and epidiorites 

and narrow dykes of fine or coarse, acid to basic rooks. 

The sediments vary from jaspilites through dolomitic beds to 

argillaceous and arenaceous formations. 

1. 	Deposits in the Granites 

The granites cover some 7% of the Southern Rhodesian 
Archaean shield but are apparently the least responsive to gold 

exploration. 

This may be because the early major linear faults were 

developed in the included beds of the synclines, and that these 

faults later acted as escape channels for the mineralising 

solutions. Moreover, 80% of the granites are post—mineralisation 

in age and have consequently destroyed earlier zones of gold 

deposition. 
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Gold occurrences in the regional granites are 

therefore "stratigraphically" confined to the remnants of folded 

pre-Bulawayan granites within a relatively narrow zone (1-3 miles 

wide) along the schist contacts, wherever mineralised lineaments 

penetrate them (1Ayreshire, Sinoia and Renvle, Gwelo) or traverse 

close to their contacts (sue Que E. Gatooma Group). 

The earlier granites, already described, may generally 

be recognised by their conformable contacts with the overlying 

formations, by their banded and gneissic texture, and by the 

presence of granitised remnants of Sebakwian rocks and gash veins 

of mineralised quartz. 

The "stratigraphic" control of mineralisation in the 

granites was related to the marginal, original schist contact 

zones with their innumerable inclusions and xenoliths of 

greenstones and sediments and conspicuous ortho- and para-gneissic 

banding. 

The structural control of mineralisation was kependent 

on local deformation and schistosity of the gneisses; on the 

angular deviation between the foliation and the mineralised 

fractures; on variations in the thickness, competence, lime 

content, and plasticity of different bands so that movements 

along oblique fractures gave rise to undulations as they 

traversed harder and weaker bands; and on the presence of 

mega-xenoliths. 

The Thistle Etna deposi.4., located in the granites 

12 miles from the schist contact 10 miles S.E. of Gatooma, is 

an example of a deposit in gneissic granite which is not directly 
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associated with xenoliths. The vein fissure strikes for over 

2,000 ft, has been mined on dip to a depth of more than 2,500 ft, 

and has yielded over 200,j00 ozs of gold at a grade of 3.2 dwts. 

The vein cuts obliquely and flatly (25°) through disturbed and 

steeply-dipping banded gneisses towards the granite/lava contact, 

and Midwinter and Motor lines of mineralisation. Inclusions 

of greenstone in the gneissic granite are numerous but do not 

affect gold payability. 

The Inkerman deposit (Fig.67) is located at Battlefields, 

between Gatooma and Que Que on the "Que Que lineation", in granites 

in close proximity to their contact with the schists. 	Three 

parallel "Cam type" veins, each some 400 ft in length, cut at 

right angles through the granite foliation and dip at some 40°  

to the south. Conspicuous banding in the granite varies from 

granular siliceous to dark dolomitised felspar zones. Pronounced 

lenses and shoots of ore were developed where movement along fissures 

caused overriding of the bands bringing harder bands in contiguity 

with soft. Inclusions of greenstone are associated with a fall 

in gold tenor. Production exceeded 100,000 ounces at a grade 

of 11.6 dwts 

Most of the deposits in the gneissic granites are, 

however, associated with the mega-xenoliths. The Owl, Step 

Lively, Seigneury and Inez in the Hartley District, the Kingdom 

(Fig.67) near Salisbury, and the Geelong in the Gwanda District, 

all located a mile or so from the schist contact, are typical 

examples of this association. 	Basic mega-xenoliths, being less 

competent then the surrounding granites, were readily altered by 

dynamic metamorphism to talc and chlorite schists which facilitated 

the development of major slides and openings along or near the 

contacts with the granites. 
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The following statistics are of interest - 

Deposit 	:Prod. Strike Av. Inclined  la Grade Quartz Dist.to 	 
Width depth 	Schists 	Xenol- 

ith 
Thick-
ness 

Seignenry 80,000 300' 4 9u0' 45 4.2 Laurin- * mile 401  

Inez 90,000 600' 4 800' 40  6.5  ate4 3 Itit mile 50' 

Step 	1. \ 
Lively 16,000 200' 8 700' 50 4.7 	n w 1 	mile  30' 
Owl 120,000 600' 6 1,500' 33 11.1 	n 1 mile 60' 

Geelong 90,000 800' 8 800' 33 4.8 	11 

Shepherd 70,000 400' 4. 800' 50 7.5 	t, q mile 150' 

An interesting feature of all the deposits in granite is 

the association of gold with galena. Carbonatisation, as in 

the greenstones, is at times intense, with epidote, kaolinite 

and paragonitL as the main alteration products. 

Gold deposits are located in the marginal remnants of 

folded pre-Bulawayan gneissic granites in areas (a) traversed 

by regional shears and mineralised lineations, (b) stratigraphically, 

in the original upper granite-contact zones with their innumerable 

inclusions and conspicuous ortho-and para-gneissic banding, 

(c) structurallyphere• planes of repeated shearing cut obliquely 

across bands of varying texture and hardness, or through zones 

of local deformation and (d) physically, where planes of weakness 

developed in the less competent highly metamorphosed schistose 

mega-xenoliths. Surface indications of mineralisation are rare, 

but low topographic relief, float of ribbon quartz and sheared 

gneissic granite, and traces of galena and pyrite in the soil 

are all encouraging. 
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2. 	De osits in the  Ultra Basic Rocks 

Formations of the Ultrabasic Complex are fairly 

extensively developed ia the southern schist belt of the 

Territory. They are pre- to.early Bulawayan in age and outcrop 

around the folded Bulawayan and )Lder granites. The formations 

have been highly altered to serpentine and talc schists and in 

areas of intense carbonatisation to magnesite rocks. 

Although extensively developed around most of the 

central and southern schist belts, gold deposits of any magnitude 

in the ultrabasic rocks are only located where these rocks are 

traversed by lineations of mineralisation, such as the Antelope, 

ittue Que and Umtali lines. 

In the Que Que district the ultrabasic rocks vary from 

talc schists to serpentines and lenses of magnesite. They 

mostly consist of soft, talc carbonate schists which are highly 

weathered at surface and only rarely form outcrops. The 

serpentines are more resistant and may be readily traced on 

surface, while the magnesites are silicified and form low ridges. 

Mineralisation is confined lithologically to a 

relatively narrow line of magnesite lenses in the talc schists. 

At the Gaika Mine (Fig.68) alteration of talc schist 

to magnesite, due to the action of hydrothermal CO2  -charged 

solutions, took place before and after the intrusion of narrow 

lenses of quartz porphyry along shear planes near the granite 

contact. The Gaika reef is a well-defined quartz vein, dipping 

at 65°  towards the granite with stringers running into the 
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hanging and footwalls to form local mineralised stockworks. 

The position of the lode was controlled by shearing between the 

competent porphyry and plastic magnesite. 

The Phoenix Lode of the Globe and Phoenix, like the 

Gaika, is located on the Que Que line in the magnesite horizon 

of the ultrabasics, close to the granite contact. 	There is 

clear evidence here that the carbonatisation of a post-granite 

dyke took place before the onset of mineralisation. The gold 

quartz lodes are located in a major shear plane which dips 

towards the granite, 

The Antelope deposit is located on the Antelope 

lineation where it traverses a narrow incompetent layer of 

highly altered ultrabasic rocks sandwiched between hard 

hornblende schists and quartzites (Fig.68). Hereabouts the 

ultrabasics form beds several miles in length and up to 

500 ft in width, ccnsisting of serpentines and calc-actinolite 

schists. The actinolite content of the schists increases 

towards the mineralised veins, and on surface near the reef 

they are more highly sheared and flaggy. 

The reef at the Antelope is a quartz vein some 300 ft 

in length, which occupies a major fault plane traversing soft 

carbonated talc schists just below a zone of hard hornblende 

schist. 

Go]d was deposited in rocks of the Ultrabasic 

Systems, (a) near major lineations of gold mineralisation, 

(b) lithologically, in the lower talc schist zone, (a) chemically, 
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where carbonatisation produced actinolite -carbonate and magnesite 

rocks, and (d) structurally, along major fault'zones spatially 

related to competent horizons, such as hard amphibolites and 

porphyry sills. 

Surface manifestations of mineralisation are represented 

by flaggy, sheared zones traversing low ridgec, of rugged serpentine, 

accompanied by indications of sulphides, magnesite and quartz 

stringers. 

3. 	Deposits in the Bulawayan Jaspilites 

By far the largest number of gold deposits, especially 

in the group of intermediate producers, are located in formations 

of Bulawayan age. They are most abundant in the banded 

jaspilites of the Lower Stage and in zones of serpentinised lavas 

near sedimentary lenses or thin intrusions of felsite close to 

the base of the Upper Stage. 

Mineralisation in the jaspilites is dependent on the 

width, texture, mineral composition, strength of brecciation„ 

and angle at which the mineralised zone traverses the jaspilites. 

For example the Sun Yet Sen deposit, previously described, 

consists of anarrow band of jaspilite, some 6 ft in width, with 
a quartz-filled fault shatter zone cutting obliquely through it. 

The jaspilite is well banded and carbonated, and the width of 

the ore shoots within it is directly proportional to the angle 

between the band and the shatter zone and to the overall length 

of brecciation within it. 
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The Pickstone deposit is an example of a bed of 

jaspilite varying up to 60 ft in thickness, in which mineral-

ogical banding plays an important part. The individual bands 

grade from argillaceous to arenaceous and from cherty to alatey, 

the argillaceous layers being well carbonated. The deposit 

simulates an enlarged version of the conditions at Sun Yet Sen, 

but with the mineralisation confined to the single calc- 

argillaceous zone. 	3 oblique .shatter zones traverse the beds 

and therefore give rise to 3 ore shoots in the cale-argillaceous 

horizon. 

The Veracity deposit in the Lower Gwelo area, lies 

within a wide stratified zone containing argillaceous and 

siliceous bands (jaspilites), similar to those at Pickstone. 

The shatter fracture at Veracity, however, was deflected through 

the band at right angles sc as to form 'blows' of mineralisation 

along its path, particularly at the Upper and Lower contacts of 

the jaspilite. 

Well known deposits on specific lineations in the 

jaspilites are the Sherwood Starr, Zabonkwe and Connemara on 

the Que Que line, the Golden Kopje, Union Jack and Maggie Mac 

on the Sinoia line, and the Long John and Lady Lina on the 

Gwanda line. 

A variation to the shatter-filled deposits in jaspilites 

are the en echelon quartz lenses in the crests of folds within 

highly contorted, well-banded carbonated jaspilites, as observed 

by the author' i..n the Ponpei mine at Selukwe. 



Generally speaking, gold was deposited in the 

jaspilites (a) along major lineations of mineralisation, 

(b) stratigraphically, in well-bedded carbonated and banded 

argillaceous lu!rs, and (c) structurally, where these layers 

were traversed obliquely by shatter zones containing quartz 

stockworks bearing sulphides of iron and arsenic. 

Surface indications of mineralisation in the jaspilites 

are represented by low ridges which display ferruginous, 

honeycomb quartz veinlets with purple, relic needle-like pits 

of oxidised arsenic (scorodite). 

4. 	Deposits in the Bulawayan Lavas 

Fifty percent of the intermediate and major gold 

producers in Southern Rhodesia are located in the Bulawayan 

Lavas. The auriferous deposits are steep major stockworks and 

more gently dipping veins, which invariably unite in depth. In 

a sense the stockworks resemble the stalks or trunks of the 

deposits while the veins simulate leaves or branches. 

The stockworks are generally aligned parallel to the 

strike of the schists, but in section they cut almost vertically 

through the dip of the schists and link up in depth with the 

major feeder shear. 

The broad zone of pillow lavas are unfavourable host 

formations, as are the highly schistose basaltic lavas of the 

Lower Stage of the Bulawayan System. 

Stratigraphically, ther:fore, the most propitious 

zones for mineralisation within the lavas are the relatively 
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narrow, serpentinised and carbonated lavas between the middle 

basalts and upper andesites in the western Bulawayo area; and 

between the middle and upper lavas (a disconformable zone marked 

by the presence of narrow beds of sediments) in the central Hartley 

district. 

In areas of steep folding these divisions between the 

lavas constituted pronounced slide planes and major shear zones, 

and thus served as host fractures which facilitated the passage 

of ore fluids. With depth the ore-bearing fractures become 

tighter, but towards surface they split up and develop into major 

stockworks. 

In areas where the middle and upper lavas are predominantly 

pillow-form, the zones of mineralisation are narrow and angular 

off-shoots are scarce, though economically important. 	In less 

competent areas, where thin beds of sediments are mole numerous, 

the zones of mineralisation are more widespread. 

In a number of areas narrow intrusions of quartz 

porphyry were emplaced along early shear zones and later served 

to localise further shearing and so to guide ascending 

mineralised fluids, as in the Golden Valley and Arcturus districts. 

The Motor deposit is a classic example of a major 

stockwork of gold-quartz veins, which dips steeply through a 

narrow zone of sediments sandwiched between the middle and 

upper lavas. The stockwork 80 ft wide at surface, separates 

into individual lodes at 3,000 ft and converges to a single 

plane which springs off the major Cam Spur shear at a depth of 

7,000 ft. Ore shoots at the Motor mine were controlled by early 
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faulting and by a fold in the sediments created by the intrusion 

of a basic stock. 

The Dalny deposit, located in the regional Dalvshear, 

is a major stockwork which cuts steeply through the lavas. 

Some 30 ft wide at surface it narrows to a single 7 ft wide vein 

at a depth of 2,000 ft. 

The Rezende deposit, on the Umtali lineation, strikes 

parallel to the enclosing formations but dips steeply across 

them. 

The Bushtick stockwork, some 30 ft in width, is located 

on a long straight major shear zone which traverses an inclusion 

of greenstone in the Essexvale Granite. Here the intensely 

carbonated ore shoots are located at the Y junctions of the veins. 

The queens and the Turk deposits occur close to and dip 

towards the contact between the middle and lower lavas. The 

Turk stockwork, 50 ft wide at surface, dips steeply through highly 

sheared, carbonated and contorted lavas, with a pre-reef narrow 

porphyry intrusion along the contact below the 11th level. Both 

the Queens and Turk lodes are associated with curvatures in the 

plane of the reef. 

The association of veins with narrow porphyry intrusives 

in the lavas is a marked feature of many Southern Rhodesian gold 

deposits. The earlier intrusives are very siliceous, waxy and 

honey-coloured, while the later ones are lighter and more 

porphyritic. All are generally only a few feet in width and like 

the quartz veins, they follow marked shear zones. The Golden 
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Valley - Patchway group (Gatooma) and the Arcturus - Gladstone 

group (Salisbury) exemplify this type of deposit. 

Shallower-dipping veins are located in broad zones 

regionally disposed along the lineations of mineralisation. 

These veins are generally narrow and the ore shoots within 

them all pitch in depth towards the focal points of mineralisation. 

The Jessie (Gwanda) and the Cam are both localised 

in long (5 mile) straight fault planes devoid of the horizontal 

curvatures which, after movement along them, would have yielded 

openings. Mineralised solutions entered these fault planes at 

their junction with feeder lodes ( Iotor) and then migrated 

upwards and outwards along the faults. 

Since most of the fractures are normal faults which 

tend to steepen upwards towards the surface a large number 

of lodes occupying these faults are apt to pinch in depth. 

Progressive injection is a marked feature of the 

flatter veins, resulting in characteristic ribbon and bacon 

structures, and pre-reef porphyry intrusives and post-reef 

shearing are common. Breccia filling by quartz between veins, 

as at the Sunaoe mine, indicates crushing before the completion 

of quartz deposition. Slightly different ages of gold-quartz 

filling is shown by cross-veining of the upper but not the lower 

of two parallel lodes of the Queens Mine, and by the crossing 

of gold lodes of the Footwall A of the Motor lode. 	'Ragged' 

reef formation at the Abercorn M..ne (Gwandn) seems to be 

indicative of reef development in progressively crumbling 

formations (Fig.70. 
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In favour of the hydrothermal origin of the gold 

mineralisation (as against its development by regional lateral 

migration) is the pattern of long sinuous shoots in the above-

mentioned deposits and the occurrences, such as at Indarama 

(Que Que) and Spark (Cam & Motor), of gold-bearing veins which 

traverse from one lode to another along cross fractures. The 

development of high-grade ore shoots at the Y junction (plan) 

of veins, as at the Bushtick and Queens (Bulawayo), the Frog 

(Hartley), the Welcome and Illanga (Felixburg) and the Fred and 

Celtic (Filabusi) also probably points to the hydrothermal 

genesis of the deposits. 

Another control in the location of gold deposits in 

lavas is the presence of epidiorite stocks which act as buffer 

stops along shear zones and create focal points for further 

fracturing, as occurred at the Cam and Cam bpur and the Fred lodes. 

Gold deposits in the lavas occur (a) as steep trunk-like 

stockworks along lineaments and regional shear zones, and as more 

gently dipping "branch" veins scattered along broader zones of 

the lineation, (b) stratigraphically, in the former case in the 

zone of serpentinised lavas and narrow interbedded sediments along 

the unconformable conact between the middle and upper lavas, and 

in the latter case along major cross fractures in the pillow lavas 

and in crush fractures within the southenaareas of schistose lavas 

and phyllites, (c) structurally, where the lava contacts dip 

steeply along the limbs cf folds, where the lavas are highly 

sheared and reveal evidence of coatinuous torsional movements, 

and where they were invaded by narrowporphyries -(13). physically,• 

where theLveins:cut formations, oblkuely dla'strike. or dip, or 
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traverse highly contorted formations or where they cross or 

merge into each other; (e) chemically, where intense carbonation 

had decreased the competency of the rocks thus enabling them 

to rupture rather than shatter. 

The surface indications of mineralisation within the lavas are 

poor, though the presence of quartz rubble or float and of 

kaolin streaks in the flat country along probable aquifers or 

in low depressions between hills of intrusives is encouraging. 

5. 	Deposits in the Shamaian Sediments 

The gold occurrences in the Shamvaian sediments generally 

consist of large low-grade stockworks or small medium-grade 

compound veins, the former being always steep and the latter 

gently dipping. The sediments of the Shamvaian, which occupy 

large areas of the Rhodesian Schist belts, are poor hosts for 

gold deposition and contain relatively few deposits. 

The sediments sonsist of shales, phyllites, banded 

ironstones, greywackes, quartzites, arkoses, conglomerates and 

occasional thin jaspilites. The thick arkoses are poor hosts, 

the quartzites are barren of veins, while the shales and 

greywackes afford the best horizons for mineralisation. The 

shales have generally been altered to phyllites due to a secondary 

shearing which cuts across the original bedding. 

Isolated gold occurrences, usually of considerable 

economic value, occur within the conglomerates and granitised 

sediments of Sebakwian and Shamvaian age. 
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The Shamva Mine was one of Southern Rhodesia's great 

mines, with an output exceeding one and a half million ounces 

of gold. It is situated on the "Shamva Line", a zone of 

mineralisation which extends from the granites N.E. of Shamva 

to and through an epidiorite stock some miles to the S.W. 

Here the sediments are composed of granitised gritty arkoses, 

the gold-bearing deposit being a stockwork within a broad shear 

zone which cuts steeply through the flank of a tight anticlinal 

fold. (see Fie.71) 

At Shamva the control of mineralisation was a network 

of fractures in the shear zone, within which gold axd quartz 

were deposited from hydrothermal fluids. Carbonates are 

present in the rock groundmass and calcite occurs in a web of 

veinlets. The width of the deposit varied up to 200 feet and 

its length was several thousand feet, the grade of ore 

averaging 3 dwts. 

The Eldorado Mine is located on the major Sinoia Line 

within a zone of conglomerates. The gold reef was originally 

believed to be of placer origin, but was finally proved in 

depth to traverse the conglomerates. The ore shoot was short 

and steep, but of high grade, and yielded half a million ounces 

of gold. 

The Bell Mine is located in greywackes on the E-4 

Calderwood-Globe Line, west of Que Que, which traverses almost 

at right angles across the strike of the sediments. The 

mineralisation was localised within a brecciated zone, some 

400 ft in length and 20 ft wide, pitching conformably along 

the plane of the greywacke fault contact. 

118. 
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Gold deposits in sediments occur sporadically as low 

grade stockworks in shattered meta-arenaceous sediments, as 

channel fillings in conglomerate, and in planes of disconformity 

along regional shear lines. Most of the deposits in sediments 

are located near mineralised lineations in shales and greywackes, 

and are associated with pocket folds alongside faults which through 

changes in dip give rise to carrot shaped stocks and lenses. 

6. 	Gold Deposits in Stocks and Intrusives 

Mineralised networks within dykes, and disseminated veins 

within basic stocks are developed where these competent rocks are 

traversed by mineralised lineations and shear planes. Narrow 

porphyries and quartz veins cut by these planes are mineralised 

at the intersections. 

The iyreshire deposit is located in a quartz diorite 

dyke which cuts granite at the N.E. end of the Sinoia lineation. 

Two mineralised quartz-filled shatter zones cut obliquely across 

the dyke, giving rise to two vertical ore shoots. 

The Freda deposit is in a granodiorite dyke which cuts 

lavas in the S.W. Gwanda belt. A shear zone cuts the dyke 

obliquely and turns into a steep quartz-filled shatter zone to 

form a ramifying network of veinlets. 

The Washington deposit consists of a series of steep 

E-W quartz veins cut by a major quartz vein, giving rise to a 

series of short, deep, very high-grade shoots at the intersection 

of the veins. The Queens, Patchway and a number of other lodes 

are also enriched by minor cross veins. 
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The Tafuna epidiorite stock, which lies in the path of 

the Shamva lime (Fig. 72), was shattered with the development of 

gash veins of varying dips and strikes which were subsequently 

filled with high-grade gold/quartz ore. The veins in the 2 miles 

square stock vary from 1 to 3 feet in thickness. Output from 

this area exceeded 150,000 ounces. 

Before concluding the description of gold mineralisation 

in Southern Rhodesia mention must be made of the mines in the 

smaller intrusive granite stocks which are dispersed sporadically 

in the greenstones. These granites are of post-Shamvaian age 

and preceded emplacement of the major granite intrusions, and 

are closely related to the main phase of gold mineralisation. 

Upon cooling and under the influence of progressive regional 

movements fractures deveJowe in the granites; some were small 

and others large enough to extend into the surrounding rocks 

(e.g. Rezende, Fig.72). Gold bearing residual magmatic fluids 

migrated to these fractures and towards the contacts of the granites 

and greenstones. 

In the Gwanda belt the Act, Prince Olef and Farvio deposits 

are located in a major fracture which transacts a biotite granite 

stock lying close to a regional path of mineralisation. The ore 

shoots of white quartz are short and high-grade. The loot and 

Prince Olef deposits occur within the Granites, and the Farvic 

shoots leave the granite contact and move into the greenstone. 

In the Balmoral granite stock, west of Filabusi, a 

series of gold bearing gash veins are filled with quartz which 

carries disseminated sulphides of copper and molybdenum. The 

veins, which have no regular orientation, tend to occur near 



the margins of the stock, and dip steeply or at shalow angles 

towards its contact (Fig.72). 

In the Grandeur stock, west of Gatoopa, the gold-bearing 

quartz fills a network of fine fractures and occasional large 

veins, and contains disseminated fine pyrite. The mineralisation 

is undoubtedly of the same age as the granite. 

The Bindura and Jumbo granites contain auriferous quartz 

gash veins and the surrounding sediments are locally cut by 

quartz offshoots. The veins within the granites terminate 

abruptly in character and grade on entry into different varieties 

of granitic and sedimentary host rocks. The large Kimberley 

lode swings off from the Bindura granite contact upwards 

and outwaras through the surrounding sediments. As in the 

Balmoral stock nolybdenite is a constituent of the Kimberley 

veins. 

Gold deposits may occur in stocks, dykes and sills 

either acid or basic, and in other competent formations such 

as narrow jaspilites and quartz veins where these rocks are 

traversed by regional mineralised shear planes. Low-grade quartz 

stockworks may be present in broad shutter zones in tabular 

intrusives, high-grade streaks and pipe-like shoots at the 

intersection or quartz veins, high-grade narrow quartz veins in 

basic stocks, and gash veins with networks of veinlets in and 

around granitic stocks. 

121. 
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