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ABSTRACT

A sedimentological description of the layers of conglomerate
in the Elsburg Stage of the Witwatersrand System, as disclosed
by 23 boreholes and underground development on the Welkom and
Western Holdings Gold Mines in the Orange Free State (oldfield,

is given.

The palasocurrents in the Elsburg Stage as inferred from
pebble~gize distribution and preferred pebble orientation, were
from two different directicns. On Western Holdings Limited and
the Welkom Mine area west of the Arrarat Fault, the layers of
conglomerate were derived from the north-west. On the Welkom
Mine area east of the Arrarat Fault, the direction of iransport was

from the south-west.

These two different palaeocurrent directions can be explained
by lateral movement alcong the Arrarat Tault. Thus, the eastern
block of the lease area of the Welkom Gold Mining Company, which
was formerly situated on the norith—eastern flank of a delta fan,
was displaced along the strike of the Arrarat Fault for a distance
of approximately 6 CCC m towards the south, while the western
block (Welkom No. 3 Shafﬁ and Western Holdings Limited), was

displaced towards the north.

A detailed analysis regarding the compoesition, roundness,
gshape, orientation and sorting of the pebbles in the layers of
conglomerate was undertaken. The sorting and roundness of the
pebbles increase towards the centre of the basin, while the
majority are orientated with their long axes parallel to the
palasocurrent direction. The percentage of non-durable pebble
types also decreases in a down—-current direction, while the
durable types remain constant. The pedbbles are mostly
apheroidal, although certain types show a strong tendency to
disc shaped. These features indicate that the layers of
conglomerate were probably deposited on an alluvial fan

bordering an inland lake or sea.
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I. INTRODUCTICH

During the years 1533 to 1949, a successful exploration
campaign for gold in the Orange Free State, revealed a tremendous
amount of stratigraphical data which are being recorded and
safe-kept in the form of borehole core. Ceoclogical data from
this borehole core disclosed a sequence of sedimentary rocks
below the Voentersdorp System whick has boeen correlated with the
Witwatersrand System.

The layers of conglomerate in the Elsburg Stage of the
Witwatersrand System on which this investigation was focussed,
were discovered in the deep borcholes drilled for tho locating
of the gold-bearing Basal Resf. The cores from all the surface
borcholes arc stored in the core-shed of the Anglo American
Corporation at Western Holdings Limited, or have been safe-kept
in the core yards of the other gold minocs in the Anglo Group.

With the kind zpproval of the Consulting Geologist in
the Gold Section of the Anglo American Corporation,

Dr. H.C.M. Whiteside, and the Managomentis of the Welkom and
Western Holdings Gold Mines, the author was able to submit a
thesis on the sedimentation of the Elsburg Stage in the
Witwatersrand System in the arca embracing the Welkom and

Western Holdings Gold Mines.

A HISTORICAL REVIEW

Almost 37 years have passed since the first borehole
was drilled for the exploration of gold in the (range Free
State. This historical borchole, W. I 1, which was drilled
in 1933 on the farm Aandenk, near Loraine, proved the presence
of gold-bearing conglomerates of the Witwatersrand System
helow the overlying rocks of the Ventersdorp and Karroco Systems.

In 1937, borshole W.E. 4 intersected sedimentary
rocks which were recorded as "Upper Witwatersrand Quartzites,

presumably of the Elsburg Series" (Coetzes, 1960, p. 57).



Diamond drilling commenced to radiaste from Aandenlk
and was located on relatively low graviiy arcas where it was
anticipated that the Ventorsdorp lava below the Karroo System
would be thin. The African snd Suropean Investment Company
Limited, commenced drilling in 1938 in such an arsa of low
gravity. This arca comprises the present Welkom, Fresident Steyn
and President Brand Gold Mines.

Up to that stage, conglomerates yielding only very low
values were intersccted. After Weorld War II, drilling activities
increased, until such a wealth of geclogical information regarding
the gold-beoaring reefs has been obitained, thet mining activities

could be commcnced in 1946.

B. PREVIOQUS GEOLOGICAL WORK

Since the Basal Roofl kes been enceountered in surfacs
borehole Ho. 7 on St. Helena, in April 1939, many authors have
made contributions regarding the geology of the Orange Free State
Goldfield. There have been different opinions as to the mode of
deposition of the great thickness of scdiments in the Witwators-—
rand System. Strong arguments have buon submitited 1n favour or
againet the theories regarding thoe proposed sadimentary
anvironments.

Whereas this rescarch is mainly focusssd on the
palasocurrent analysis of the conglomeratcs in the Elsburg
Stage, it would bo of great importance to discuss some of tho
theories closely related to the sodimentation and structure of
the Witwatersrand Basin in the Froo State Goldfield.

Sharpe (1949) rocogmiscd z cyclic periodicity in the
deposition of the Witwatersrand rocks, each cycle ending with
a diastrophic culmination.

Borchurs (1950) describes the formation of a border
fault parallel to the weestern margin of the Witwatersrand

Basins which was contemperaneous with deposition of the



sediments east of the fault scarp. According to Borchers, it
appears that sediments had been discharged into the basin from
the north, north-west and west. The laycrs of conglomeratc in
the Upper Division of the Witwatersrand Systcm are coarscr in
these directions with a thickening of the sedimenis towards the
centre of the basin. Borchers visualiscd the deposition of the
sediments as followss-

At the outset of the Witwatersrand period, the
Archaean land surface in the vicinity of the present goldfield
conpisted of a barren pencplane of rocks of the Primitive System
and granite. Rivers from digtanit mountains north and west of the
Witwatersrand basin, discharged fine sediments into this inland
sca. 4 change in climate, combined possibly with slight
clevation of the surrounding country, causcd the rivers to
transport coarscr scdiments which were deposited in the basin as
layers of conglomerate interboedded with gquartzites.

Simpson (1951) supported the thoory of Borchers. He
found that the sediments of thoe Witwatorsrand System arc
characterised by a seriss of uraniferous cycles which arc
geparated by poriods of lesser activity. Those cycles proved
helpful in problems of correlation.

Brock (Coctzec, 1960) postulated that in the western
geetor of the Orange Freco State Goldficld, the auriferous reefs
have been preserved in e graben. According to Brock, the
scdiments of the Upper Division of the Witwatersrand System
were deposited in a continental basin. The periphery of this
basin was surrounded by elliptical faults along which the source
rocks were uplifted, while the basin itself was not affected by
the faulting.

Mntrobus (1956) is of thc opinion that the sediments
of the Witwatersrand System are the result of deposition in a
continental basin surrounded by land surfaces. The whole
sequence maintains the same lithological character. According

to Antrobus, two types of conglomerate can be recognised in the
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Upper Division of the Witwatersrand System. Normal conglomerates
possess a polymictic pebble asscmblage and are characterised by
drab matrix material. Auriferous conglomerates arc composed of
well rounded chemical stable pebbles, usually set in a clean matrix
of orthoguartzite.

Costzee (1960) is of the opinion that the Witwatersrand
System as found in the Orange Froo State Goldfield, is part of a
marine scquence laid down in a shrinking basin. Coctzee stated:
"Many of the conglomerates prokably are deposited on a transgressive
beach over a surfacec of low relicf'" (Coctzee, 1960, p. 51).

Winter (1964) postulates that the formation was
deposited in a marginal synclinal trough formcd by prominent
folding along an axis parallel to the elongation of the
Witwatersrand Basin. The folding continued during the deposition
of the beds and was particularly prominent when the Elsburg Stage
was laid down. Thoe shoreline was not far distant from the present
position of the suboutcrop of the Basal Reef. The rising of the
source area to the west had a profound influcence on the sedimentas—
tion in the basin, and as the source arca advanced sastwards, the
removal and redeposition of proviously asccumulated sediments took
placa.

In studying the Lisburg Reofs in the Loraine arsa of the
Orange Free State Goldfield, Olivier (South African Mining and
Enginecring Journal, 196C) felt that Winter's idea of a synclinal
trough is somewhat over—emphasiscd. Olivier describes the prie-
Ventersdorp structure as a steep marginal limb and a relatively
flat area castwards towards the contre of the basin.

In the area investigated, however, there is evidence
of regular sedimentation during the deposition of the Bird,
Kimberliey and Elsburg Stages in the Witwatersrand Basin.
The results obtained by Sims (1969) in his study of the
stratigraphy and palacocurrent history of the Upper Division

of the Witwatersrand System on President Steyn Mine and



ad jacent areas, strongly suggest the arrangement of a fan dslita
about at the peint of entry of a fluvial sysiten into the marginal

envirenment of a2 continental soa.

SSTTCATION

The study of sedimconts, both proescnt day deposits as
well as ancient sodimentary processes, has grown enormously during
the past fow years. Teoday, much szdimenteological rescarch is just
a refincement of proviocus work alroady done. In a study of the
gedimentology and palacocurroents of tho conglomerates in the
Elsburg Stage, the auther benelitted from the rosults obtalned and
techniques used during research donc by hig predecessors.

Zncouraged by the successful results obizined by similar
projects (Winter, 1957; Coutzow, 196C, Steyn, 1963; Knowlcs, 1066:
Hodgson, 1967; TFicnaar, 1969 and Sims, 1969)., this investigation

5

was undertaken to assemble and integrate some soedimontelogical

information with the wish that the rosulits might be a usaful

=

contribution to the study of the Elsburg Itage.

A11 the work done by the author was on a macroscopic
scale. The investigation commencoed at the beginning of 1968
ang consisted of detailod goological logging of some 23 borcholes,
the measuring of the pebble sizcs on thoe borchele core, and the
determination of pebble parameters such as poehble composition,
roundness, shapo, orisntation, eto.; during observations and
measurenents underground.

The arca of detailed analysis covered by this
treatise comprises the Welllom and Western Holdings Gold Mines
which are situated in the centre of the Welkom scction of the
Orange Free State Goldfield. Tho area is bounded on the south
by the lease arcas of Presideni Steyn, President Brand and

St. Helena Gold Mines and in tho north by the Free State

Geduld Wine (Fig. 1).
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IT. GENDRAL GBEOLOGY

The stratigraphical succession in the Orange Free State
Joldfield is interpreted in the goological célumn as recognised
by the Anglo Amcrican CGroup Mincs (Table I and Fig. 2).

The description, subdivision and correlation of the
Witwatersrand System and other formations in the Orange Pres
State Goldfield, as described in this trecatise, are based on
contributions by Borchers (1950), Van der Vyver (1956),

Antrobus (1956), Costzes {1960), Winter (1964}, McKinney et al.
(1964) and Sims (1969). These authors provided comprehensive

descriptions of the geoclogical column in this arca.

A PRE~-WITWATERSRAND ROCKS

Surface boreholes which pensirated the rocks of the
Witwawersrand System proved the presence of granito, diorite,
rhyolite znd andesite below the Witwatersrand 3ystem. The
lavas probably belong to the Dominion Reef System {Coctzee, 1960,

p. 25 - 27).

B. WITWATERSRAND 3YSTEM

i. Lower Division
The sediments of the Lower Division of the Witwatersrand
System consist mainly of shalc and quartzites belonging to the
Jeppestown, Government Reef and Hospital Hill Series (Coetzec,
1960, p. 50 - 53).
2. Upper Division
(a) Main-Bird Serics
The rocks stratigraphically underlying tho Basal Reef
are referred to as the footwall buds. Lithologically these rocks
are quite variable. Conglomerates and quartzites with pebble
bands are subordinate to a wide varicty of quartzite types

belonging to the Livingstone and Main Reefl Stages.
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(i) Bird Group

This group comprises the Basal Reef and Loader Reef
Formations.

The Basal Reef is characterised by an intermittent thin
carbon scam at its basc with once or more laycrs of small pobbles
varying in thickness from 25 to 50 mm or from C.3 to 1 m. This
is the most imporitant gold-bearing conglomerats in the Free State
Goldfield. The recf usually contains much pyrite in a finely
disseminated form or as crystalline noduloes arnd also carbon in the
form of scatteored fine granules. The Basal Reef is overlain by a
thin layer of Basal Quartzite.

The ¥haki Shale overlying the Basal Quartzite and Rasal
RBoeef ranges in thickness from less than 30 cm in the north-—castorn
portion of the arca, to more than 150 cm in the cextremc scuth-west
of the arsa.

The Loader Reef Formation rests unconformably upon the
Leader Quartzites. Thesc quartzites consist of sevoral layers of
congiomerate and quartzite and atftain an average thickness of
approximately 18 m. The Leader Recf is a fairly compact small
pebble conglomeratc about 30 com in thickness. Mincralisation of
pyrite ocecur quite often, but the carbon content is normally low
compared with the Basal Reef. The Leader Reef has consistantly
low gold values.

The quartzites of the Uppeocr Main-Bird Stage arc
described as coarse—graincd impurc argillaceous rocks overlying
the yellow grey micaceous guartzsites of the Loader HReef Zona.

The Upper Shale Marker, unconformably overlain by the
Kimberley-Elsburg Serics, overlics the gquartzites of the Upper
Main-Bird Stage and attains a thicknsss of a few metres to

approximately 30 m. The compesiticn of this member in the

-

Leader Reef Formation varies slightly, but is commonly described

as a dark groy arcnaceous shalc.
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(b) Kimberley-Elsburg Sceries

The Kimberley-Elsburg Scrics is subdivided into the
Kimberley and Elsburg Stages.

(i) Ximberley Stage

The stratigraphic break between the Kimberley-and
Elsburg Sitages is based on a sharp scdimentary chang%;ﬁhere the
Lower Elsburg Conglomerate (Zone V3 5) is overlying the relatively
even=-grained sedimonts of the Upper Shale Marker. The stage
compriscs three horizons of conglomerates intercalated with
varying thicknesses of impure quartzite. Thess conglomerates arc
the so-ecalled "Gold Estates Reefs” (A" Reef, Big Pebble Con-
glomerate and "B" Recf respoctively) which attain a thickness of
approximately 120 m.

(ii) Elsburg Stage

This upper group of scdiments in the Witwatersrand
System, which is overlain by tho Lower Volcanic Stage of the
Ventersdorp 3ystem, consists of a succession of conglomerztcs
and gquartzites with an average thickness of approximately 500 m.
Thie thickness is mainly based on interscections in surface
borcholes, and faulting might therefore influence the thicknesses.

Plan 1 is a map of the pro~Karrco surface showing the
gubouterep of the Llsburg 3tage in the central part of the
Welkom Gold Mine and ths westoern portion of Western Holdings
Limited.

In tho ares investigatod, Borchers and White (1943,
pe 137 —= 143) have subdivided the sediments of tho Elsburg
Stage into a number of zoncs which are indicated by symbols.

Zone VS 1

Zone V3 2

Zone VS 3

Zone VS 4

Zone V3 H.
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A subdivision of the Tlsburg Stage into threc substages
based on genetic and cyclie affinitics is described by Sims (1969,

p. 138) (Table II).

TABLE II. — A subdivision of thc Elsburg Stage after Sims (1969)

g « AVIRAGE THICKNESS:
ZO¥NE LITHOLOGIC D AT WELKOM AND :

} SYMBOL! COMYQHENT ¢ WEZSTERN HOLDINGS i SUBSTAGLES

: ! L GOLD MINES 4

; V3 1 Upper Dlsburg Conglomerate ‘ 00 m + i Upper Elsburg
: N i

)

Lys 2

;
:
;
;
;
i
i
i
;
i
; i
- ;
¢
;
i
i
i
1
i
3
:
t
§

Dt A
= ; ; .} Middle Elsburg
i VS 3 iM¥iddle Elsburg Conglomerate ! 15 m + )
: | | |
{ VS 4 | Lowor Zlsburg Quartzite { 75 m + )
i i : ') Lower Ilsburg
L VS 5 ! Lower Elsburg Conglomerato ; 30 m + :

Tho Elsburg Stage is unconformably overlain by the Lower
Volecanic Stage of thoe Ventcrsdorp System with further probable
unconformities at the basc of the Upper Elsburg Conglomerate (VS 1),
the Middle Elsburg Conglomosrate [ﬁiddling Conglomerate (VS 3ai]9
as well as, at the base of the Lower Zlsburg Conglomerate (VS 5).

The rocks of tho Elgburg Stage arce subjeot to proncunced
changes in faclos in the arsa investigated. The one extroeme occurs
near the western scctor of Western Heldings Limited, where the
V8 Zeoneos are reproscnted by layoers of conglomeratc with
occasional thin intercalations of quartzitc. In the central area,
the succession 1s represented by variable amounts of quartzite and
conglomerate. Further to the cast and north-east; the layers of
conglomerate become subordinate and the succession is largely
represented by dark and light grey quartzites. Only a few
layers of conglomerate are invariably developed at the top of
Zone V8 1 and in Zone VS 5.

The layers of conglomeratc in the Elsburg Stage differ
strikingly from other conglomcrates within the Upper Division of

the Witwatersrand System. The conglomerates are of a very mixed,
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ill~-sorted type, which gave risc tc the term "agglomerate -~
conglomerate” to distinguish them from the cleaner more typical
types of conglomerate encounicred lower down in the Witwatersrand
System.

Pettijohn (1957, p. 254 - 259) has doscribed a
genetic eclassification of conglomerates, according to which they
are divided into the following types:

Olimictic conglomcrats

Pelymictic conglomecratoe

Intraformztional conglomeratc.

The principle featurcs of z polymictic conglomerato
arei=—

{a) A high range of pcbble sizes with poor

sorting.
{b} Subroundcd to subangular pebbles.
(c) Varicd lithology with many rock types
reprosented.

(d) Crude bedding of the coarsest phascs.

{¢) Subordinate matrix.

(f) The great thickness of the deposits.

The layers of conglomcrate in the Blsburg Stage are not
ideal pelymictic conglomcrates,; but could be regarded as 2
variety of that iype.

Lower Elsburg Substage (VS 5 = VS 4):~ This substage
consists of a basal membor of conglomerate followed by a phase
of quartzite. The conglomoraic ocours as a polymictic ill-sorted
type which forms a distinctive marker and normally ranges botween
10 and 20 m in thickness, but may, together with the intervening
gquartzite, attain a thickness of about 30 m.

The rock varies from a small pebble to a boulder
conglomerate. It is poor to well packed, while the pebbles arc
usually fairly well rounded to rounded. In order of predominence,

the pebbles of Zone V8 5 consist of white and smoky quarts,
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massive black chert, green and grey guartzites, pale yellow
sericitic silicificd shale, bluc and blue-grey slate, buffland
banded choert, and decomposcd porphyry. The prescence of such a
varicty of pebbles causcd a colourful cffect {Pl. I). The

matrix of thc comglomoratc in Zone V3 5 consists of dirty,

black and yellow speckled gquartzite which is typically ill-sorited
and gencrally dark grey in colour.

This conglomerate (VS 5) grades upwards into a
scquence of gquartzites (VS 4), which range in thickness from an
average of 3 m on Woestern Holdings Limited to 70 m on Welkom
Goid Minc. These gquartzites are usually medium to fine-grained,
grey to dark grey in colour and subglassy, with finc-grained
argillaceous intercalations.

Middle Elsburg Substage (VS 3 - VS 2)s:~ This substage
is mestly composed of guartzites with an average thickness of 20 n
on Westorn Holdings Limited and 110 m on Welkom Gold Mine. A
conglomerate consisting of small pobbles occurs cften at thoe base
of this substagce with a thickness of about 10 to 30 m and has been
designated as Zone V3 3a. This zone counsists of a persistent
dovelopment of typical conglomcratos of the Flsburg typo.

The coarse faciles grades upwards into a sequence of
dark grey quartzito (VS 3) which passcs through a transition zonc
of alternating light groy (almost whitish blcached), coarse-
grainced glassy quartzitc. Towards the west lenticular and wedgo-
shaped layers of conglomerate incrcasc rapidly so that almost the
entire sequence on the western portion of Western Holdings Limited
consists of conglomerato.

Upper Elsburg Substags (VS 1):= The base of the
Upper Elsbhurg Substage is often gradational, thus causing
misecalculations in estimating the thickness of this zone. This,
combined with faulting and subscquent crosion causes thicknessocs
to be erratic.

Zone VS 1 constitutes the upper 220 m of the succossions

it is characterised by a thick conglomerate initerbeddced to a
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variablc extent with dark grey impurc gquaritzites. The composition
of the Upper Elsburg Conglomeraic is evontually éimilar to that of
the Lower Elsburg Conglomerato. The same range of pobble types
occurs and a dark grey often pyriftic matrix is typical.

Although there is & good roscmblance botweoen Zones V3 1
and VS 5, Zopc V3 1 can bo distinguishoed from the lower conglomerate
by the proscnce of a higher proportion of well roundced pebdles of
milky quartz in a darxk grey groundmass consisting of impure yellow
spockled quartziic.

The colour of tho =zcediments in Zone V3 1 changes from
dark green in the uppor portion, fto dark grey and light grey shades
lower down. Tho greonish colour of the upper poriion is thought to
be the rosult of metamorphisn causcd Ly the lavas of the Ventersdorp
System which dirscetly overlic Zone V5 1 of the HBlsburg Stage
(Pl. II and III}.

Ce. VENTERSDCHP SYSTEM

Thore is no apparent unconformiiy botween the Witwators-
rénd System and the overlying Ventersderp System. The Ventersdorp
Systom is reproscented by an Uppor and a Lower Volcanic Stage
%cparat&d by & scdimcntary SCgUCHCC.

Tho lava of the Lower Volcanlic Stage rangses in thickness
from 200 to 650 m and consists of a thick scrics of dark groon,
ducomposed, intormodiate to basic amygdaloidal and non—amygdaloidal
types.

The scediments of thoe Venicrsdorp System are poorly
sorted, with well pounded to subangular pebbles in a matrix of
dark groy, groeen to almost black guartzites. Pevbles of igncous
rocks ar¢e rclatively rarc, whorsas pebbles of black and dark groey
shale and chert arce numerous with an abundance of dark groy
pobbles of quartzite.

Fairly fine-grained grey—green andesitic lava of the
Upper Volecanic Stage overlics thoe Ventorsdorp sediments.

Gencrally this lava is not distinguishsble from that of the

Lower Veolcanic Stage.
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D. KARROOC SYSTEM

The Karroo beds are fairly flat lying in this area and
vary in thickness between 300 and 350 m. Although sandstones in
the lower portion of the Beaufort Scries are found to the south-
cast of Welkom, the Karroo Systom is mainly reprosented by the
Beca and Dwyka Serics, which are the two lowcst soguences in the
Karroo System. The LEcca Series is composoed of blue~black soft
arcnaccous shales and some gritty sandstoncs, whilc the Dwyka
Scries is reproscmnted by tillite. The tillite consists of an
unsorted assemblage of pebbles and bouldcers in a groundmass of
sandstonc or mudstonc. The Dwyka tillite occurs intermittently

at thoc base of the Bceca Sorics.

. OITRUSIVE BODILES

Locally discordant shoots of intrusives arce common
on Welkom (old Minc and Westorn Holdings Limited. Thesc
transgrossive sills have considerable cconomie significanco.
Difficult mining conditions are éncounterced when thoe plane
of the intrusion is along the basal reof parting.

Antrobus (1956) doscribes Karroo dolcrites and
lamprophyres of post-Ventersdorp ago. Tho dykes of Ventersdorp

age ars subdivided by him in yellow porphyrics and acicular lava.
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ITI. STRUCTURAL GEQLOGY
A. GENERAL

Prom the interprotation of the succossion of rock typoes
found in borchoelos as well as tho analysie of structural problems
encountercd in undcerground mining opecrations, the general struc-
ture of the Welkom Gold Mine and Wostorn Heldings Limited can be
represonted by an cast-west geological scction (Pig. 3).

It is advisable to comparc Plan 2 with this figurc so
that the readoer can ecasily intorpret the influence of faulting in
this arca. Comparing thoesc two diagrams, & numboer of interesting
points arisc from the discussion of the difforent aspcets of faulting

in this arcs.

B. STRUCTURE OF TUE rHE-HARRCC SURFACE

Provicusly it was zssumcd that the Karroo Systen was
lzid down on a2 smooth poncplancd surface. Borcholes afterwards
proved that this statoment is neot truc. Borchers (1950, diagranm
10) indicates that the pre-Karroo surface in the Orange Froe Statc
Goldficld was Tairly doeply disscceted. Pig. 3 illustrates that tho
sediments of the Karroo 3ystom wore deposited on an undulating
gurface after the Lower Volcoanic Stagoe of the Vontersdorp Systenm
hag boon crodoed.

The scdimentary laycrs of the Upper Division of the
Witwatersrand Systoem werc doposited on a surface with a gentle
gradicnt. The strata in the central part of Westorn Holdings
Limited and Wolkom Gold Mine have an average dip of 15 to 22
degrees to the cast, whilet the sedimentary layers ncar the
western boundary of Westoern llcldings Limited and cast of the
Arrarat Fault on Welkom Gold Minc have dips of 25 to 52 degrees.
This can be attributed to the intensive faulting near the margin
of the basin and the influence of the Do Bron Pault immediately

cast of thoe leasc arca of the Wolkom Gold Mine.
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C. FAULTING

To interpret the influencc of faulting on the sedimentary
rocks of the Witwatersrand Systom in the arca under investigstion,
a bricef discussion on the major Tault systems is nccessary.

From the structural plan of Welkom Mine and Western
Holdings Limitcd (Plan 2), it is cvidont that the Witwatersrand
Basin in this arsa has boon subjeotsd to considorable faulting.
Only faults with wvoertical displacements of more than 20 m are shown
on the structural plan. There is direvct ovidence of a long and
complicated fault history.

Borchors (19509 p. 83) summariscd the fault history as
follows:~

Turing the dopesition of the Uppoer Division of the
Witwatersrand Systom some marginal faulting took place. Thoese
faulte, associatod with rolative uplift around the cdges of the
basin, were possibly formed during thoe process of the maintenance
of isostatic eguilibrium betweeon coastal arcas and the groat mass
of sedimentas being deposited 1n the basin. Therce is evidence of
faulting during the perioed of cffusion of the Lower Volcanic Stage
of the Ventersdorp Systom, but immediately thercafter, and before
the commencement of tho Upper Velcanic Stage, a cousiderable poriod
of intensive faulting must have taken placc.

In somoe parts of the arce the faulting is oxcessive 1in
magnitude as well as in frogquoncy; whoercas in other parts, faulting
ia less. The major faults cnceountered in borcholes and underground
mining operations arci-

(1) Normal faults of various ages, which trcnd north-south.
The majority of thesc arc step-faulis associated with
regional tilting and with downthrows c¢ither to the
cagt or west, depending on the regional tilt. 'These
faults displace the thrust-faults ftrending easi-west.

(2) Thrust~faults which trond north-scuth. These faults

are found more froguently ncar the western boundary



of Western Holdings Limited with only occcasional small
thrust-~faults in the Welkom Gold Mining azroa.

{3) Transverse tcar-faults troending cast-west. They
displace faults which trend north—south.

From those fault systems, the fellowing are of major
importancGi-

The three major faulis recognised on Wolkom Gold Mine
and Wostern Holdings Limitod,; are thoe Do Bron Fault, Arrarat Fault
and the Dagbrock Fault. Thoso throo faults are all normal gravity
faults with dips varying from 55 to 70 degrecs and thoy troend
roughly north-north-west {Plan 2).

The De Bron Fault cuts across the horizon of the Brsal
Reef noar the casitcrn boundary of Welkonm Mine. In a dofloction
of Lorchole MR 6 and in borcholc U 3 the position of tho Do Bron
Fault was located as 2 fracture zonoc of intensive faulted rocks
associated with magnotic shales of the Joppestown Serics.
According to Coctzee (1960, p. 122) twe phascs of faulting cxist.
During thce first phasc of faulting (about 2 400 m to the west),
the castorn block was clovated and subjoceted to crosion which
removed in places the Lower Stage of the Ventorsdorp System as well
a8 sedimonts of the Upper Division of the Witwatersrand Systom dowm
to below tho horizon of the Basal Reef. The sccond phasc had a
doewnthrow of about 600 m to the cast,

The Arrarat Fault 1s one of thoe majeor fosturces against
which thoe sediments of the Witwatersrand Syston have been downthrown
on Welkom Gold Mino. This fault is zituated near the central part
of Welkom Gold Mine and the north-castern portion of Wostern
Heldings Limited. It has a vertical downthrow of approximately
950 m in the Welkom Mining Arca, but the amount of displacement
inersascg to 1 500 to 2 OD0 m towards the north. Near the
northern boundary of the Woelkom Gold Mino, the Arrarat Fault is
displaced to the cast by an cast-waest tronding tear fault.

™o rosults obtained from pebblo-size distribution

and pebblce oricntations, proved that the Arrarat Fault ie
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asgociated with a north-south tcar action. Tho block of ground
to the east of the fault has s lateral displacement of
approximately & 000 m to the south.

The Dagbreek FPault occurs in the eastoern portion of
Western Holdings Limited and is also oncountercd in the south-
western corner of the Welkom Gold Mine. It has an average
vertical displacement of 40C m with a downthrow to the west.

The minor faults which appcar crosswise over the ares,
can be ftentatively Jolned up with the major faults.

The structural implications of the many intrusives
encountered in the surfacc borcholes arc not thought to be of
great geological significancoe as far ag the layors of
conglomerate in the Blsburg Stage are concerned, but thosc
intrusive bodics have constituted a hazard in the mining of
the Basal Reef whon the planc of thoe intrusion is along the

Basal Reef parting.



1iv. SEDTHMERTCLOGY

Al GENERAD

Scdimentation refors to thoe procuss rosponsible for
the formation of sedimentary rocks, including the transportation
and deposition of the rock-forming materials, their diagencesis
and lithification. Commonly implicd, scdimcntation compriscs
sedimentary poetrology and scdimentary poirography, which togethoer
cover the study, description, classiflication and interpretation of
scdimentary rocks.

The study of scdimonts and sedimontary processaes has
made great strides in the rocont years. lMew toechnigues have beoon
developed for the anelysis of the behaviour of socdimentary
materials during transport and aftcr doposition. Thuse advances
have bouen parallcled by the refincment of nmethods for the
investigation of a widoe wvaricty of physical and chumical
attrivutes of sedimoents. The investigation and analysis of a
stratigraphic unit, thus, bogin with thoe systematic obscrvation
of tho basic componoents of tho objucet, which in this casc, ara
the propertice of the laysrs of conglonmorate in the Elsburg Stago.

The nature of the conglomerate layoers was macroscopically
cxamined rogarding the composition, sizoe, morting and oricntation
of the pebbles im order to conpile an cnalytical troatisce on the
palacocurront history of thoe rocks. The arss invebtigated covers
571 km2 bounded by the loase arcas of Wostern Holdings Limited and
tho Welkom Gold Hining Company (Fig. 1). Within fthe above—
mentioned area, the asuthor had to make uss of the information
obtained from 23 surface borcholces. The reosearch has largely boen
carricd out by means of detailed logging and measurcments on the
borehole core as woll as mecasurcmonts and obscrvations underground.

When selecting the 23 borcholes, the author has kept
in mind that certain rostrictions would be incvitable, i.e.

digtances boetween the borcholes and tho tremendous amount of
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fazulting in the area. The bercholes were chosen in order to give
a regularly spaced grid when detormining the propertiss of the
conglomeratcs and comparing thelr relationships to one ancthor.
Bearing in mind that vory little is known about the diffcroncces
betwosen the conglomerates of the Uppur Elsburg Subsiage (Zone VS 1)
and thosc of the Lower Blsburg Substage (Zonc VS 5), tho borcholes
were sclectud in such 2 way that the complets succession of the
Blsburg Stage is reprossnted in the coro.

Underground obscrvations and measurcments have boon
carried out on both mincs where conglomerates of the Elsburg Stage
are exposcd. The surface borcholus and underground localitiss are

indicated in Fig. 4.

B. PEBBLE LITHCLOGY

1. Doscription
A widc rangoe of pobble types constitutes the pebble
asscmblage of the conglomeratos, which can be divided in duradble
and non—dursblc types. Thuse are:
Wnite milky quarts
Smoky quartsz
Massive black chort

Turablce types

Bandod chort

e P e i, o, T,

med Jasper

Yoellow silicified shale

Slate (bluc, grey, clive green and purple)
Hon-durablc types
Quartzite (grey and light greon)

A b e, P e e

Quartz porphyry

(a) Durablc Types
(i) Pcbbles of Quarts
Tho pebbles of quartz proscnt in the layers of

conglomcrate consist mainly of the following typesi-—
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(1) Milky whito pebbles are the most
abundant.

(2) Clear transparcnt glessy pcbbles.

{3) ©Smoky quariz — thusc pobbles are rarc.

The pobblos of guartz which have bson intorsceted in the
borcholces on Welkowm Gold MWine and the contral portion of Western
Holdings Limitod, are mainly of thoe clear transparcent varicty,
whilc pebbloes of milky guartz arc the most abundant ncar the
westorn and north-western boundary of Westorn Holdings Limitod.

A definite inercasc in the milky typoe towards the margin of tho
bagin is noticcable.

Pebblos of thoe milky type arc Tfroguontly fractured.
Fracturing in two or threo dircctions 1s guitc common, while
intensce fracturing on thoe odgoes causcs that those pobbles have a
pscudo=-guartzite appecaranco. Tho Ifracturcs arc sometimes filled
with r¢d iron oxide which might have cntorcd the craeks during
the weathoering of tho souree rock. If the fracturcs are vory
well developed towards thoe contre of thoe pobble, & pinkish tinge
is obsurved. Thess have proviocously boon desoribed as pebbles of
rose—quartz.

The fracturing has zlsco boen obscrved by Stoeyn (1963, p. 14)
in pebbles of quarts prosent in the Livingstenc Reefs on the West
Rand. He found that the fracturing 1s only limitced to cortain
zones on the pebvble surfaces revealing s homoguncous interior.

{11} ©Pebbles of Choert

Tho following varictiecs arc presont:

(1) Vory well rounded, oval-—shaped, massive
black chort.

(2) Foundcd %o subrounded yollow-grey chert.

(3) Badly roundsed banded chert which occurs
zs pobbles with rectangular to triangular

shapos.
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(4) Apart from the common types, other
‘ﬁéfictiog 3ﬁch as clive greon and purple
colourcd pobbles of chert are presont in.
the conglomorates, though in small quan-
titics.

From the logging donoe by provious geologists of soveral
borchole core, the author noticed that the term "maroon chertst
was quitc often usced to describe the purple colourced pebblos of
slatg which occur ncar the margin of the basin. Characteristic red
pcbbles of Jaspor are also doscribed as "amaroon cherts'. The author
wishes to omphasize that this toerm has no congeniality with chert
nor jasper, but refers fo purplc colourcd slates.

(iii) ©Pcbbles of Jaspor

Pebbles of red Jaspor occcur very scldom in the laycrs of
conglomerate, but an intoresiing foature is the occurrcnee of thoesc
pebbles in dofinitce zmoncs. Typical cxamples of thesce zeoncs arc
found in thc 33 Eaulage Bast at Ho. 2 Shaft on Westcrn Holdings
Limited (P1l. IV). Tho pebbles are very poorly rounded with
rectangular and triangular shapes.

(b) Hon-durablec Typus

{i) ©Pebblecs of Quartzite

Pebblos of this type occur quite froguontly in the
layers of conglomaerate. Throec types arce presonti—

(1) A& light gre.n,; cvoen-grainced quartzite
with a sugary toxture. This is the
most common iypo.

(2) & whitish groy, somewhat bleached,
finc—graincd guartzitce.

(3) Dark groy, coarsc—grained pcbbles of
guartzite with s mottled appcarance
and sago texture do cccur often.

The first two types are sasily rocognisable amongst the
dark groy matrix of the conglomcrate, whorcas thoe pebbles of

gquartzite with a dark grey colour can only boe distinguished
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with difficulty.
(ii) Pebbles of Slate

Pebbles of this type occur very scldom in tho layers of
conglomeratc which have boen intorsccted in borcholos drilled on
the lease arca of the Welkom Gold Mining Company, but a definite
increase in sbundance towards the margin of the basin is cohscrved.
The pobbles arc usually well rounded with oval shapos and arc ofton
elongated. The colour of the slate varics from shades of bluc 1o
olive green. Pebbles of purple slate are often found, but theoy
incroasc in numbor towards the margin of the basin. The pebbles of
purple slate alsc show the fondoncy to ogcur in separaite zoncs.

(iii) Pcbbles of Yollow Silicified Shale

The pcbbles of shale arc thoe most common type amongs the
non=durable pebbles. Thoy arc zlways prosent in the layers of
conglomerate and vary in gquaentity from modorztc fto abundant. The
pebbles have angular to subrounded cdges and irregular or flationod
shapes. Pettijohn (1957, p. 1%3) postulatcs that pebbles of shalc
are doposited as soft clay galls and diagenctic roesponse dotermines
the flattencd shapo of thosc particlos.

(iv) ©Pebbles of Quartz Porphyry

This typc is a rarc constifuent and occurs usually as

well rounded pebbles.
{v) Othcr Pobble Types

Tebblos of granite =nd of somo grecnish grey igncous

rock woere occasicnally obscrved.
2. Ratios

The relative amount of tho various pebble types was
determined by counting the number of cach type preoscnt in the
borehols corece. Comparing the diffcront borsholes it is
gignificant that there is a definite decrcase in the non—
durable types towards the cast (Fig. 5). This might be the
rosult of the more rapid abrasion of the lcast resistant

particles in the downe-current direction.
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C. PEBBLE-STZE DISTRIBUTION

1. Size Variation

One of the most reliable and casily measurcd indices of
palacocurrcnt and dispersal in scdimentary rocks is thoe scalar
property of pobblc sizc.

Soveral studics have buon‘dono on tho pebble-size
variation in conglomceratus with spocial reforence to the relation
between pebble sizes and gold distribution (Steyn, 19633 Knowlcs,
19663 Hodgson, 1967 and Sims, 1969). Thesc authors made use of
the maximum pcebblc sizes and all came te the conclusion that the
sizes diminishes in a down-currcnt dircciion.

A similar study was carricd out by the author on tho
pebble-size variation in the conglomerates of the Elsburg Stago
ag obscrved within the boundaricos of Hestorn Holdings Limited and
Welkom Gold Mine.

The object of this investigation was to detorminc:

(1) The possible inwash dircction of the
scdiments.

(2) T™e competency of the strcams during
the deposition of tho conglomoratos.

{(3) The approximate distance along which tho
pobbles were transported.

(2) Mcthod Applicd

The study of the pebble-size variation is basced on the
moasurcmont of pebblc sizes on the core of surface borcholes,
because very little of the layors of conglomerate is exposcd
during underground mining opcrations. It 1s, howover, impossiblo
to measure the sizc of overy pebble cxposed on these borchole
cores ~ o sampling problem common in geclogy.

In boreholes drilled on the leasc arca of the Welkom
Gold Mining Company,; tho author has chosen a sample of about
30 om within overy 2 m of corc. The sizcs of all the pobbles

which were exposcd in the samplc, wore determined. The mcan
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pebble size in the layoers of conglomcrate within tho lcasc arca of
the Welkom (old Mine is relatively snmall and in ¢very samplo
betwoon 70 and 100 pebblos woers cxposcd. Thoesce samples could thus
be considered as reproescntative of the interval net moasurced. With
an incrcasc in pebble size towards tho margin of the basin, a total
of 1 m within cvery 5 m of corc was neasurcd.

This mothod of detormining the sizo of pobbles diffors
entirely from the morce conventional tochnigues in which at least
the longest axis is directly moasurcd. No measurcments could bo done
on vither of the thrce apparcnt axes of the pebbles found in the
borchole corc, thercfore the sguarc arca of cach pebble was
dotermined dircetly on the surfacc of the borehole core. The
following tochnigue was applicd in the dotormination of the sguare
arca of the pcbblos:

A grid of 5 mm x 5 mm was cengraved in a small shoct of
transparent perspex,; thus obitaining a grid pattern, cach square
representing 25 mmzﬁ Every four of these little squares woere then
combined teo give a grid pattern of 10 mm x 10 mm — thus 100 mmz.
This sheot of perspox was thon curved by means of a hot iron rod
which had the same circumforence as the borshole core. By sliding
the curved perspex over the borchole core, a dircct rzading of the
square arca of cach pebble could be donc (Fig. 63 Pl. V).

The author is well awarc of the mean orror causcd by
the roundcd surface of the borchole corcy; but this crror remains
conatant throughout the moasuring of all the poebbles, and may
thersfore be noglected. (In the casc of only one borehole,

WK 3, tho author had to constiruct z curvod perspex with a
larger circumference becausc this hols was drilled with an WX
crown. In the casc of borchole MB 2, the corsc was splittod,

so pebble arcas worc moasurcd with a flat picce of grid perspex.)

One disadvaentage in this mcethod of the determination
of pebble area is, however, when the size of the pebbles cxoceds

the diameter of the borchole core (Pl. VI). To overcomc this
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problem, the author applied the following technigue from which a
fair amount of accuracy could be cbtaincd: It has bucn proved

by undoerground obscervations that large pebbles were laild down wiih
their a~ and b-axcs parallicel to the pilane of deposition and the
c—axis a2t right angloes to the bedding-plancs (Tl. VII and VIII).
Surveying of thoe surfaocce borcholces indicated that these borcholes

tond to dofloct from the wvortical position into dircetion almos®

o

perpendicular to the bodding plancs. Whoen a drill-crown pencitrates
a pebble larger than thoe diamctor of the bit; it can thorelore be
assumed that o cut almost parailcel to the apparont c-axis ig scon
on thoe core (P1. VI). In the casc of sphuroids,; this axis would
not differ much from the zctual c-axis.

Heasurcnoents at different underground localitics to
detormine the ratic boedtwoeon the o—-axis and the square srea of a
pocbble have boon carricd out. Heasurcmonts of thoe apparcent a— and
c-axes of approximaetcly 1 600 pebbles of different sizos woere taken.
A scattergram of the ¢—axls vorsus the pebblc arca is thon
constructed for cach poebble typo. A straight line {rogrossion
l1inc) can thon bo fitted onto thesc diasgrams (Fig. 7, &, 9, 10, 11
and 12).

{v) Dotormination of the Hogrossion Lincs

The rogrossion linc for ovory spocific typo of pebble
can be determined cither mathemstically or by means of a computcer.
By using any onoc of thusc two mothods, the regroession linc for
cstimating tho pobblo zrca for a2 cortain length of the c-axis
of cach pebble, is thoen caleulated and plottcd on thoe scattergram.
The pebble arca can thus boe read off from the graph for 2 given
length of the c-axis. The X co-ordinate reprosents the longth
of the c-—axis, while the squarc arca of the psbble is

represcnted by thoe ¥ co-ordinatce.

=
p
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(i) Mathematical Method

The regression line is given as an equation in the forms

F=y+b (x-x)

]

where § = area of the pebble

X C~gXxXis

§ = g;g = mean pebble area

=
it

amount of pebbles

- &

= mean ¢-axis
B

~

. » - o5 - Nxy
d&z - Nig

{ii) Determination by means of a computers:
A detailed write-up of the program used by a computer in
the calculation of the regression line is given in the Addendum.

The results are summarised below:

DETERMINATION OF THE REGRESSICN LINE FOR PEBBLES OF QUARTZ (FIG. 7).

Regression line %o estimate Y for a given value of X
Y = ~-4712.59 + 183.26X

Regression line to estimate X for a given value of Y
X = 40.57 + 0.00Y

Correlation coefficient = 0.854

DETERMINATION OF THE RECGRESSICN LINE FOR PEBBLES OF QUARTZITE (FIG. 8).

1. For pebbles with c-axis from 30 - 140 mm.
Regression line to estimate Y for a given value of X
Y = -9934.47 + 255.37X
Regression line to estimate X for a given value of ¥
X = 4%.45 + 0.00Y

Correlation coefficient = (.923

2 For pebbles with c-axis from 140 ~ 240 mm.
Regression line to estimate Y for a given value of X
Y = -30208.08 + 422.16X
Regression line to estimate X for a given value of Y
X = T.94 + 0.002Y

Correlation coefficient = (0.968
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DETERMINATION OF THE RECRESSION LINE FOR PEBBLES OF CHERT (FIG. 9).

Rogression line to gstimate Y for a given value of X
Y = ~4851.09 + 194.36X

Regression linc to cstimate X for o sgivon valuc of Y
X = 40.15% + 0.00Y

Corrclation cocfficicnt = C.803

DETERMINATION OF THE RECRESSION LINE FOR PEBBLES OF SHALE (FIQ. 10).

Regroassion linc to estimate Y for & given value of X
T = =3586.03 + 165.35X

Rogression line to estimate X for a given value of Y
X = 28.50 + C.01Y

Correlation cocfficient = (0.917

DETERMINATION OF THE REGRESSION LIVE FOR PEBBLES OF SLATE (FIG. 11).

Regrossion linc to cstimete ¥ for a given valuo of X
Y = -=-8080.95 + 235.02X

Regression line to cstimate £ for a given valus of Y
Z o= 37.93 + Q.00Y

Correlation cocfficicnt = 0.960

DETERMINATION OF THE HECGRESSICN LIVE FOR PEBBLES OF PORPHYRY (FIG.lal.

Regresgsion linc to ostimate ¥ for o given valuc of X
Y = -6495.22 + 224.14X

Regression line to estimatc X for a given valuc of Y
X = 39.88 + 00.00Y

Corrclation cocfficicnt = 0.904

(c) Mcan Sizc and Its Significance

To determine tho mcan pcbble size for cach borchols, the
data are calculated by means of a computer, which gave values for
varicus pebble-size parameters and prinitcd a report for cach
sample submitted. Two scts of parameters are calculated, using

the formulac of Inman (1952) and Folk and Ward (Folk, 1966, p. 81).
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These formulae are somewhat modified from their usual form, in that

the size in squarce millimetres is used instead of vhi sizes. Tho

method of momoent moeasures is uscd to caleulate the mean size and

mean deviation. A doetailed write-up of the program uscd by the computor
is given in the Addondum. Thoe feormulac uscd arc:

Inman:
(w@l g + MM
2

64

i

Mcean sizc

Folk and Ward:

b Mg ity
(iy o+ Mg+ 33134)_
3

Mean sgize =

2 .
where <.g. MM16 average mm a2t a cumulative porcentage of 16.
Method of moments:

Moan sizo géi(pcroontagg pubbles in cach group)(mcan sizc (mmgl

100
Moan deviation = o He
' Eggercentage pebbles ) (mean sizc - average sizo) :F

100

According to Krumbein and Sloss (1963, p. 101), tho
analysis of tho grain sizc of & scdimunt can give some idea of tho
conditions undor which clastic scdiments were deposited. Mean size
is proportional to tho competuncy of tho curront that transported
the materizl to the site of deposition.

The laycrs of conglomeratc in the Elsburg Stage diffor
gtrikingly from on¢ another rogarding thoir moean pobble size. This
featurc is most promincent in the conglomocratos noag the margin of
the basgin. It has boen found that in the borcholes drilled on the
lease area of Westorn Holdings Limitoed, thoe different layers of
conglomorate consist of alternating horizons of big cobblcs and
small pobbles.

Tables TIT and Iﬁ illustrate the variation in moan
pebble-~gize in the different layoers of conglomerate. Table TIT
represonts the reosults obtained from surface borehole ME 5, while
Table IV illustrates the differcnces in mean pebble size as
obscrved at Western Holdings No. 2 Shaft on the 33 Haulage East.

Observations in this haulage have been done at intervals of
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approximately 75 to 150 m in an casterly dircetion. An aversge of
approximately 120 pebblus wore measured at cach station. From the
results in Tables IIT and IV it can be rocognised that a large
variation in mcan pobble size cxists. In the Welkom Mining Arcs,
however, almost ne difforence in mean pebble sizes could bs obscrved
in the differont layoers of conglomcerate.

TABLE IITI. - The diffcerence in mean pebble size in the layers of

conglemcrate intorsccted in borcheole MH 5,

; Layer Fo. ; Dopth intcrsected : Mcean pebglc sizc ;
! é (m) é (em”) :
L 1. 37746 - 389.5 § 340.6 :
L 2. § 385.5 - 413.3 : 718.0 ?
L300 413.3 - 436.2 § 983.7 :
L 4 4385 - 4444 ? 1 709.4 :
L s ] 4444 = 505.9 | 5 166.7 i
§ 6. | 505.9 — 56065 ; 2 871.6 ;
I 560.8 = 536.9 : 6 402.4 2
f 8. g 538.9 - 603.5 g 605.2 i
T2 ! 603.5 ~ 622.7 g 375.3 %
L 10 § 626.1 ~ 651.0 | 874.1 E
P11, | 651.0 — 660.5 ! 3 324.5 §
12 ! 662.6 ~ 748.9 f 898.0 }
P13 762.3 - 801.3 j 365.5 i

TABLE IV. = The difforoences in mocan pebble size at sevoral

wunderground localitics on Wostern Holdings Wo. 2

3

Shaft, 33 Haulage Bast.

i Humbor i _ ; Distance to : Hean pobble
: of ;  Distancc to i provicus station ; 81ze ,
5 Station ; nearcst peg E (i) % {mmz\ ;
! 3 ~ i 3
L ! A46T6 + 22 m i L3418
Loz 1 mw99- Ta 175 . 423
L3 i AB®T4A+ S5n 166 L 5063 |
4 ! A3149 + 24 nm 170 i 2 153 4:
5 i 603+ 9m | 128 | 987
L6 L omonar+ 3w 110 ! 738
7 @ mms+aam 77 L1843
; 8 % H 379 + 0 % 119 é 12 076 :
9 . H 744~ 3 5 170 Co146

@ e g e+ Siobbi Rt 2 e ik g w5 o e e ——
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(a) Conclusions
The mean pebble sizes in the layoers of conglomcratc vary
slightly from borchole to borchele, Wut a general decrcase in
thoe moan size can be obscrved in mainly two dircetions.

West of the Arrarat Fault 2 dofinite doorcasc in a
south—castorly dircetion is cvidont, whilc in the arca cast of
the Arrarat Fault, the pebblc sizes show a docrease in a north-
casterly dircciion.

The disporsal paticrn for the conglomeratos (Plan 3)
indicates that a sudden change in the direction in which the
mean pebble size decrceascs,; takes place along the strike of the
Arrarat Fault. It is thus obvious that this fault must have an
gcnormous siructural influence aTtur the deposmition of the
sedimentary layers of the Elsburg Stage. Fige 13 illustratos
the suggostod transport dircctions of the scdimonts during the
deposition of thc Elsburg Stage. The scdiments arc deposited
on a deltaic fan sprecading from west to cast. Tho arcas
surroundcd by dottced lines reprosent thoe lceasc arcas of tho
different mining properiics as they are visualised bofore the
Arrarat Fault. The rcosult is that Westoern Holdings Limitcd
was situsted on the south-wostorn flank of the delta fan whilst
the arca,; representing the ¥Welkom Cold Mine, lay on thoe north-
casteorn flank of the fan.

Shearing stress thon causcd the downthrow along the
Arrarat Fault with a vortical displacement of 1 200 o0 2 100
to the west. Simultancously, latoral displacement teok placo
along the fault-planc with the western block moving towards
the north and the castern one towards the gouth (Fig. 13). '.
A lateral displacement of approximately 6 GOO_m in &
diroction north-south could thercfore be postulated on the
Arrarat Fault.

Sims (1969) obscrved a similar displacement on the

Brond Fault which trends in the same dirsctionm as the

cArrarat Fault and coincides with the latter ntar the
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southcrn boundary of the Welkom Mine. The latcral displace—
ment, howover, was lass than that along the Arrarat Fault,
but the movement was similar.

In o doscription of tho palacecurrent analysis of the
Elsburg Stage on Presidont Stoyn Mine, Sims (1969, p. 140)
statcd that "the dircction of scdimoent transport during the

Elsburg Stage was csscatiaslly from woest to cast". From
g

Fig. 13 it is obvious that tho President Stoyn Gold Minc

must have beon situated in the middle of the delta fan whero

the palacocurront directions wore ssscniially from west to

cast.

Although this rcscarch was focussed on the sedimontolo—
gical aspcecis of the layers of conglomerate in the Elsburg
Stage, thce author is of the opimion that, by using the
present results, morc light might probably be thrown on tho
pazlacocurrent directions of the Basal Reef on tho Welkom and
Western Holdings Cold Mines.

In a palacocurrcnt study of the Basal Roef on
President Stoyn Mine, Sims (1969) deseribed transport of
the scodiments from south to north. A sedimeniclogical
project carricd out by the Geological Departmoent of the
University of the Crange Froo Statce on the Welkom, Frec
State Coduld, Western Holdings, Prosideont Brand and
Prosidoent Steyn Gold Mincs during 1966 to 1967, indicated
the following palacocurrcont dircetions in the Basal Reef:
Free State Geduld Mines Litd.:— From west to cast.

Western Holdings Ltd. :— From north~woest to south—cast.

Prosidont Brand G.M. Co. Ltd.:— From south to north.

President Steyn G.M. Co. Lid.:- From south to nocrth.

Walkom Gold Minming Co. Ltd. - In the south-eastern portion the
dircetion was from the south,
but the western and north-—
wostern part showed trapnsport
from west to cast.

From the above measremonts the major part of tho Basal
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Rocf shows an identical palacocurrcont dircetion to that of the
Elsburg Stage. Fiéfﬁléwcan thus be divided into twe zonos:

the ong south of lino RR% can bo doscribed as a "gold-rich
zono' with a highly payable Basal Reof, while $the zonc north

of this linc yiclds low gold valucs. 1t is then obvious that
Froddics Consolidated Mincs and thoe castern poriion of the
Wolkom Geold Minc pmust have beon situated in the zone of low
gold valucs, whilc thoe reet of the mincs are situated in the
highly payable zone. On the HWelkem (old Hine lateral displaco-
ment along the Arrarat Fault would thorefore probably cxplain
the arca of low gold wvalucs {No. 1 and 2 Shafts) adjaccnt to
the richer arca on which the No. 3 Shaft is situated.

From thc pobble-size distribution alternating zones of high and
low stroam vclocitics can bo recogniscd. Thosc zones arce very
woll doefined ncear the margin of the basin, but bocome less
obvious vastward and northecstvard zs thoe pebbles decrcase in

size towards the coenire of the basin.

(3) Analysis of the pebble sizos shows that the various pobbloe
types in the layers of conglomerate have different mcan
diamcters (Table V).
TABLE V. - The mean diamcters of the difforont types of pubbles
at randomly sclocted stations.

| Numbor : Mean pebble size in mn® '”i
© of ' Milky Opalcscent! e | i : e ;
; Station | quartz | quartz | Chort ; Slate ; ShaleEQualt21ﬁegPorphyry;
4 3 ¢ ! ' ! : F -
5 ; ' ! i ! i : i
t . : N H ' . .
L Goihot 19608 | 7246 § 921.3 | 783.7 §421.30 1274.6 { - |
! ; i ! i ! i ! i
! i i ! i ! i 1 i
:"S’};Hﬁ"‘z 7833.7 | 981.2 12482.0 \ 965.4 | 613.21 9727.0 | 2117.3 |
¢ e i ; i ? i Z i |
i i i i ; ; i : ‘
: gﬂ§g§°'3 8214.6 | 3796.9 14248.3 i1207.3 ! 879.0i 28303.8 P 6453.7 §
: & ¢ i ! * 4 3 . t
: ; é ¢ : t i t i
. W.H.No.4 s ' i : : poa ! _ i
;Shaft §423¢O i 5?1«0 ! ?38-2 : 211-8 E 364.?§ 821.1 : ;
; 110 3 : ? 5 % i E i
 WGIloed y7805 | 423.7 | 387.4 ¢ 241.4 | 283.10 473.9 | -
i i ' i ; ; ! 1

The 25 largest pebbles of cach type have besn measurcd ab

cach station. Comparing the mean pebble sizes of the differcnt
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types (Table V) the following deductions can be madc:

Near the margin of the basin thoe pobbles of chert, slate
and shale arc always much smzller than those of milky and
opaloscent quartz, gquartzite and porphyry (Pl. IX and X).

The pebbles of quartzite oro very large in comparison to the
othor pobble types, whilec those of chert end milky quartsz
have approximately the same sgiszc.

According to Snocd and Folk (1958, p. 126) pebbles of
milky quartz and chert appocar to abrade at equal rates and
will therefore remain in the samo size ratio during transpor—
tation. Thus, in the layors of conglomcrate of the Elsburg
Stage, thesc two typos must have covered the same distance
during transportation.

Pettijohn (1957, p. 554) found that pcbbles of quartzite
abrade four times fastor ihan that of quartz and chert. The
fact that the pebbles of guartzite arc very large in comparison
to thosc of quartz and choert indicates that their source arca
was much closcr te the basin than that of cither quartz or
chert. Borchers (1950, p. 116) describoed considorable erosion
of the Lowcer Division of the Witwatcrsrand Systom during tho
deposition of the Upper Division duc to a retreating shore-linc.
According to thc hypothesis of Borchors, fragments of quartzite
were weathored from the cxposcd formations {Lower Division)
ané werce thus subjocted to z sccond cyclce of deposition
without long distance transportztion.

Tho author dous not wish to claborato on the rate of
abrasion of pcbbles in this rcescarch, but it can, howevor,
be said that tho abrasion appcars to become less towards
the centre of the basin, where thoe diffcerent pebble types

have almost tho same moan size (Table V, W.G.M. No. 3 Shaft).

2 Sorting
The sorting of a sediment can be of great importance

when problems rugarding the itransportation and distribution of
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the particles have to be solvod. Pottijohn (1957, p. 36) defined
the torm "sorting' ae the sprecad of the parsicle sigzoes of a
sodiment. Analysis of the sorting of particlc sizes may possibly
indicatc the transporting agont of the pariicie.

Udden, in his piloncoering worlk on scdimonts, made uso of
the ratio betwoen succcssive classee on a histogram, as well as the
total spread of the histogram as 2 moasurc of sorting (Folk, 1966,
p. 82).

Trask in 1930 suggested o neasure, which he defined ags the
gsorting cocfficiont, and this romainced the most widely used paramotcr
for sorting of scediments until rocoent years. In 1932 he defined the
sorting cocfficicent (8Sc) as the squarc root of tho ratic of the
larger quartilc (the 25 per ccnt valuc - Ql) to tho smaller
gquartile (the 75 poer cont valuc - Q3) (Pzttijohn, 1957, p. 57).

Therefores So = Ql QB

If thoe wvalucs for thesc two gquartiles are ncarly cgqual,
the sorting coofficiocnt approaches 1. As this formula covers only
50 por cent of a cunulative curve, it has a low officicnecy and
should thercforc bo used only in thoe caso of well sortod scdiments.

Griffiths deoveloped = norce comprchonsive measurc,; tho
percontile devintion ("Pi)sé)ﬁ covoring the contral 50 per cont of
the size distrivution (Folk, 1966, p. £2). Inmen {1952) proposcd

a phi anzlogue to Trask's sorting co:fficient (?B¢ = %@4 B glé)

whick is being & closcr approach te thoe porcentile deviation in
natural sediments of the overall presencoe of poorly-sorted tail
fractions.

Polk and Ward (Folk, 1964, p. 83) found thosc measurcs
inadogquate for bimodal or skewed distributions and developoed thoe

measure of "Inclusive Graphic Standard Deviation".

& - Pog =t P95~ s
4 5.6

Another mothod to celeoulate thio sorting of a scdiment

ig that of standard doviation.
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standard deviation 35 =J/ L x 2 F
. -1 -
(xy - x)
where n = the number of observations
xy = the individual agzimuths
X = the mean value of 21l the observations.

Due to the many calculations involved in this method,
it is thought to be impractical when the sorting of a large number
of samples have to be determined.

The sorting of the pebbles in the conglomerates of the
Elsburg Stage was calculated by means of z computer and the formulae
of Inman and that of Folk and Ward were used. As the program written
for the computer was based on measurements in mmgy the calculation for
sorting, skewness and kurtosis wesre all done by the computer on this
basis. In Fig. 14 a graph for the conversion of these calculations
to values for sorting as defined by Inman and Folk and Ward is given.

The sorting values vary from about 1.10 te .55, but their
distribution is strongly influenced by the Arrarat Fault. The
average values ¢ the west of the Arrarat Fault show a considerable
decrease in the direction of transport (south-—east) which is in
accordance with the results obtained by the pebble~size distribution.
The sorting is moderately poor (30 = 0.8 i) which could possibly be
representative of & transition between a fluvial and a beach
environment. To the esast of the Arrarat Pault the layers of
conglomerate are betier sorted (3o = 0.6 i) and probably indicate
a beach environment. The sorting valuss aleso show & tendency to
decrease in a north-eastern direction,; indicating an increase in

sorting down-siream.

3. Skewmness and Kurtosis
The formulae for the calculation of skewness and kurtosis
were part of the program written for the computer and the values
were thus caloulated on the basis of sguare millimetres. These
values were, however, not used because an inferpretation for

skewness and kurtosis based on them was considered not reliable.
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. FABRIC

The determination of particlc oricntation is largely
confincd to pobbles becausc of difficultivs in mcasuring the
oricntation of wvery small grains, and it is =z powoerful tool in
intorproting thu transport dirsction of the masterial.

When pobbles are transported in a stream, they will
assume the position of ninimum rosistance to the water. During
flood stages the movomont of large pebbles is mainly by rolling
and sliding, medium-sized pobbles arc transported by saltation,
whilst small pobbles arc carricd in suspoension. During transportas-
tion large rod-shaped pebbles will thercfore he rolled like a
cylinder. Aftcr deposition thoy reoriontate themselves with their
long axos parallel to the stroam direcction (Heinecke, 1930, p. 122).
In the casc of modium—-sizod rod-shaped pebbles, roericntation might
tzlto place during transportation and they will also bo laid down
with their longest axcs (a-axcs) parallel to the dircction of the
strcam. The cxtend to which this rcoricentation of the pebblos will

take place, will depend on the rate of deposition.

~

1. Mothed of Dotormination

Five underground lecalitics which arc cgually sproad over
the arce invostigetsd, wore sclocted, viz. the four shafts of
Woestern Holdings Limitcd and thoe Ho. 3 Shaft of the ¥Wolkom Gold
Mining Comprny (Fige. 4).  'he only cother locality where conglomo-—
rates of the Glsburg Stage arce cxposcd in underground develepmoent
on Welkom Cold Mine, is at Ne. 2 Shaft, but this specific locality
is inaccessible.) Stations wore sclected whore pebbles are exposced
in a2t lcast one horizontal and two vertical plancs, thus viewing
the pebbles from the bottom (oxposurcs on the hanging-wall) as
well as from two sides almost alt right angles to onc another.
Cubby breskaways and substation often satisfy these conditions.

The reason boing that the author would always be ascertained

124622







2. Statistical Analysis

Knopf and Ingerson {DPottijohn, 1957, p. 75) described s
petrofabric disgram on which both the azimuth and thoe inclination
of a fabric clement can be plotted. Knowles (1966) and Sims (1969)
also used pcbble imbrication =s an index of the original deposi-
tional environment and of palacocurrcent dircciion. In the con-
glomorates investigated, the anglos botwoeon the long axes of the
pcebbles and the horizontal were oxtromely small. These valucs woerc
congidered not reliable wnough so that thorefore only tho strike of
the long axcs was plotted on ross diograms. Fige 16 shows
histograms of the oricntation of the long axcs of the pebblos
arrangsd on a half oylindcr over an intoerval of 1BOC, ag measured
at the five different shafts.

Preforred oricntation of the rod-shaped pobbles in tho
layers of conglomerats of thoe Elsburg Stage could be obscrved at
all tho localitics investigated by the author. A major orientation
of the pobbles in & dircction wlmost perallel to that of the
valacocurronts as indicated by thu pebble-size distribution is
predoninant. Apart from this, o minority of pcbbles werc
orientated with ftheir longcet axce at right anglos to the dircetion
of proferred orienitation. Heborts and Kransdorf (1938, p. 243 - 244)
found that the majerity of pebbles in ths conglomerates of tho
Witwatersrand Systom at the Central Eend, arc oricntated with
their longest axces at right angles to thoe stroam diresction.
According to thoenm this phenomonon is typical of boach doposits.

Hodgson (1967) found a bimodal distribution of pobble
orientations in the Basal Roof conglomorate szt Harmony Gold Minc.
He explained this phenomenon as follows:

Large rod-shaped pebbles will tend teo roll like a cylinder.
¥hen deposited, these pebbles will reorientate themselves with
the longest axes parallcl to tho sfrecam dircction. Thoe pobbles
that were not reoricentated, wore cemented, or capbtured by

surrounding grains before rcoricntation could take place.
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. PEBBLE SHAPE

The shape of ; sedim@ntarj particle is its geometric
form and is generally described by certain parameters, viz.
sphericity and roundness. OSphericity defines the general shape
of the particle, while roundness describes the sharpness of tho
edges and cormers of a clastic fragment.

Quantitative descriptions of the shape of a sedimentary
particle appcar %o have first been given by Wentworth in 1922
{(Krumbein and Pettijohn, 1935). He used two parameters for this
purpose, viz. a roundness ratio and a flatness ratio.

Wadell differentiated between shape and roundnes. -

1933 (Krumbein and Pettijohn, 1938). Shape was described by him

in terms of sphericity. He delined true sphericity as '"the ratio
of the surface area of 2 spherc of the same veolume as the particle
to the actual surface area of the particle” (Krumbein and Petti john,
1938, p. 283 - 284).

The shape of a pebblc has a strong influence on its
behaviour during transporiation and deposition. The ease with
which pebbles can be rolled or transported in suspension, their
settling velocities in fluids and their packing arrangements, are
all determined by the shape of the particular pebhlas.

Several studies of pcbblas under natural and experimental
conditions have demenstrated changes in pebble shape as a funciion
of distance of transport (¥rumbein, 19413 Sneed and Folk, 1958).
The shape of pebbles, however, is almost entirely controlled by:

1. Roundnaess. 2. Sphericity. 3. Source rock characterigtics.
1. Roundness
Wadell {Krumbein and Pettijohn, 1938) expressed the

roundness of a particle as:

Average radius of cornoy and edges
Badius of maximum inscribed circlse

Roundness =

When the corners and edges are sharp, the average
radius is small andé the roundness accordingly low. When the
average radius of the corners approaches that of the inscribed

cirele, the roundness value approaches 1.0.
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Krumbein (1941) developod a chart for the visual
catimation of roundness of pobbles botwoon 16 and 32 mm in
diameter (Fig. 20). The sizos of the pobbles in the Elsburg Stage
on which the roscarch was focusscd, arc cxtremely large in com—
parison with the pobble sizgoes Hrumboin used for hie chari. The
roundncess was determincd thorolorce by visuval compariseon of tho
silhouctte of the pebbles with an cnlargement of the set of
inages developed by Krumboin.

When difforent observers meke visual catimates of
particle roundnoss, somce veriation can be cxpected.  This offcct,
known as coperator variestion, has boun studicd by Hoscnfceld
Griffitks (1953), who found that although cstimates of individual
particles may vary significently, the avoerage valucs based on HO
or more perticlos, tond to bu gimilar, becausc the grrors of

getimation arc largely comnponsatiing in abscnce of gtrong oporator

bias.
Roundnecss is defined by Pettijohn (1957, ». 57) as:

3

. I .

P (rhe) = (—K’/ i}
H K

Where Ty = The individual radii of thoe cornors.
i) = The nunboer of cornoers.
R = The radius of the maximum Inscribed circle.

Sames (1966) developed o nothod according to which the
roundncss (rho) is cxprosscd as the porcontage of the convex parts
of & pebblc along its periphery (Fig. 21). The following six
grades of roundness arc distinguished by Sames (1966, p.‘12? - 128),
Angulari- O - 10% rho. 1In this casc not the slightest rounding
of an cdge or cornoer is visible.

Subangular:- 15 - 25% rho. Some cdges arc slightly rounded but
sccondary cornors arc still proscnt.

Subrounded:—- 30 - 40% rho. In this casc sccondary corncrs begin to
disappear and thc convex parts cover at lcoast once third of the
circunfercnce.

Roundedi- 45 -~ 60% rho. Sccondary corncrs arc almost sbsont,

whilat concave parts arc smoothod.
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Well roundod:— 65 - 80%-rho. All paris arc smoothed and socondary

& g Vg g F o

corners have disappoearcd.

Extromely well rounded:- 85 - 100% rho. This degrec of roundness

can probably only beo achicved on buaches.

This moithod describoed by Samcs is probably not suitable
for particles smaller than 20 mm but will give accurate results
for larger particles.

From studics of tho roundness of pobbles, the following
can be derived:

The reoundncss of o particle is increased by wear and
reflects the distance franspoertced and the mode of trangportation.
Apart from the mode of transpertaticn, the roundness incroascs in
the)direction of transport in the abscence of sovere breazkage.

Large angular pebbles tend te round more rapidly then small oncs.
The rate of roundnoss dopends,; in part,; on the hardncess of the
pebble.

4 study of the roundncss of thoe pebbles in fthe BElsburg
Stage gives thoe following rosults:

(a) Durablc Typos

(i) Quartz

The largor pebblos of guarts; when compared to Krumboin's
visual comparison chart, are subroundcd to rounded, yiclding a
value of 0.59 to C.63.

4 distinctive diffeoronce cazn boe made bobweosn the rounding
of the pebbles of quartz in the small size range (200 - 500 mmz) o1l
Welkem Mine and thosc on ¥Westurn Holdings Limited. In the Welkom
Mining Arca the pubbleos of quartz arc zll roundod to well roundod
(0.65 to 0.73), whilst thosc in the same size range found noar
the eastorn portion of Western Feoldings Limited and westwards,
are almost cptirely angular, yiclding walucs of 0.3 to 0.4
according to Krumbein's chart.

It would be ebvious to conclude that the rounding of the

pebbles of gquartz in the small size range increascs castwards, but
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apart from this phenomenon, noe diffcrence could be observed between
the rounding of pebbles of quartsz in tho largor sizc range boetweon
theee two areas. This can poesibly be explaincd by the fact that
som¢ largor well-roundod pobbles broks up during the procoess of
transportation. The majority of the largpor pobblces show fracturcs
filled with impurities, which would promotc the above-mentioned
precess. Thoesce angular fragments were rounded during further
transportation into the basin and would increasc the number of

snaller rounded pcbbles teowards the cast.

{11} Chort
According to Snccd and Folk (1958, p. 1265 Plum ., 1948),
chert and milky quartz apponr to abrade at egual rates. All the
pebblcs of massive biack chort arc vory well rounded. This indicates
that the pebblos of maseive black chort arc being transported over
a rcelatively longer distance than the pebbles of guartz, which
means that the scurce arce of thoe chert was quite remotco.

In the casc of the ycellow and banded types, a very low
grade of rounding is obgcrved. These varictics of chert have the
tendency to weanther into squarce to cguant blocks; controlliced by
Joints. These two typos of chert are in fact highly suscoeptible
to gplitting and tend to chip or brcak during transport with tho

reeult thot badly roundod surfaccs arc comnon-

(b)) ¥on-durablc Types
(i) GQuartzitc

Pottijohn (1957, p. 594) pestulates that pobbles of
quartzite abrado four timos faster than quartz. He quoted an
example whore pebbles of quartzite have attained a roundncess
of 0.59 after being transportced for a maximum distance of
72 km (Pcttijobm, 1957, p. 553). The pcebblos of quartzite
found in tho conglomerate laycrs of the Elsburg Stage are well
rounded to extremely well rounded, which might indicate that

these pcbbles were transported at lcast 72 kme The well rounded

pebbles of quartzite could also be the result that many of them



- 64 -

have boen subjected to morce than one cyele of scdimentation.
According to Borchers (1950) the Lower Division of tho Witwators—
rand Systcm was eXposced during the deposition of the Upper
Division as the shoreling rotreatod int: the basin, and could
have suffcred comsiderable crosion. It is, however, doubtful
whether pebblos of guartzitce dorived from the crosion of the
Lower Division would attzin such o high grade of roundnees in

the absence of long distance trensportation.

(ii) Slate and Shalc
Pebblces of slatc and shalc arc composed of clay, with
the regult that they are structurally woak and will disintegrate
easily when transportation takoes place in fast flowing stroams.
Those particloes are markedly flattencd and somcewhat rounded to

subangular in outlinc.

(iii} Porphyry
A11 tho pebbles of quartz porphyry prosent in the
layors of conglomeratce arc always subrounded to rounded, which
indicatos that the dogroe of sbrasion amongst those pebbles was

modorato.

2. Sphericity
Krumbcin snd Sloss {1963, p. 106) postulatc that the
relation of the particle intercepts to cach othor mey be exprosscd
as the sphoricity of that particlc. This was dofined by Wadcll
in 1932 (Krumbcin and Pottijohn, 1938) as:

Surface amrea of the particlc
Surface arca of a spheroe of the same volume

Truc sphoricity =

Tho measurement of truc sphericiity of an irrcgular
particle is not practically foasiblc, thorefors the fundamontal
cquation for measuring sphericity, as defined by Wadell, is:—

Volume of particle
Volume of tho circumscribing sphere

Opticnal sphoericity =

The sphcricity of a pebblc partly controls its

behaviour during transporiation and deposition. Although
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Sphericity is important in particle dynamic behaviour
and perticles with the same sphoricity bohave in similar marmer
under given conditions 1f thoeir diamctors and densitios are the
same., Duc to thoe high degrec of lithification, it was not poa-
gible to cxtracet comploto pobbles undorground:y hence pebblos
could not be studiced soparatcly for dotormining ftheir physical
propertivs, 3Bince the disgram of Zingg is bascd on the ratics of
the three axes and net on their actual loengths, it could alse be
usad tco determine the shape of poebbles whon tue apparcnt o-, b-
and cw-axgs arc Knowam.

The shape of vach of the throo pebble typos, vis.
gquartz, massive black choert and quartzite, woas dotcrmined separately.
Mwelve localitice at Westorn Heldings Ne. 2 3haft were sclected for
moasuring tho three aprarcent axce. Thoe results obtained from thesc

g

meagurcnonts, wore uscd for tho calcuwlation of both tho and 5

@

reatios.

The meaguromonts were fakon on the 33 Haoulago East,
because thoe strike of this development ond is slmost parallel to
the direction of tho palacocurroents zs dotcrmined by the pobble-
size distribution and preforrcd pobble oricniation.

The following procodurc wes usced in moesuring tho ihroc
apparcnt axoes:

2411 measurcments wers carricd out in placcs where both
vertical as woll as horizontal cxposurcs of pebblos were found at
tho samc location. Tho reason boeing, thoet cither on a vortical or
horigontal surfeco, tho pebbloes are scon in two dimensions only.
By following this procedurc, the paramncters of tho apparcent a-
and b—axcs of thoe pubblos werce obtained in the horizontal
exposures (the operator was alwaye dealing with pobbles on the
hanging-wall or roof of the haulage), while the apparent a- and
c-axcs of the pebbles woere obtained in vertical oxpesures.

Indicationa of pebbles oricntated in proforred

dircctions were obscrved. No indications of pebble imbrication,
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nowever, arce evident, and it may be assumced that the pebbles
were thus deposited with their apparont a— and b-axcs
parallel to the dopositionsl planc. While only the
apparcnt a- and b-axes of o pobble could be meessured in 2
horizontal plaﬁe and the apparcnt a- and c-axcs along a
vertical scotion, tho operator haod to sclecet pobbloes with
approximately the samc longth of thoe s-axis on both plancs.
Thus, the longth of the be-axis of a poebble of quariz as
measurcd in the herizontal planc was thon used to

cglculatc the 2:ibic ratios of that poebble with the same
a—axis as mcasurcd in a wvertical planc. The apparent

a~, b~ and c—axcs of only the largust pebbles possidble
were measured so that tho amount of crror in mcasuring the
s-axis in two differont plancs (horizontal and voriical

plancs) will bo nogligible small.

The arithmetic nean of the apparont longest,
intermediate snd shortost axces of the throe pebble ftypos
(quartz, quartzitc and massive black chort) were caleoulated
for wach sitation,; ond thoen comparcd and classified
according to Zingg. Since the invositigation waz restricted
to pebblce of approximately the sanc size (bzscd on tha
length of the a-axis) this mothod is belioved to yicld

fairly reliablc rosults.

The ratios botweon the longost, intormediate and
shortest intoercopts of cach pebble type, as well as the
classification of its shapc arc shown in Tables VI, VII

and VIIT and in Fig. 23.

From Fig. 23 it is ovidoent that tho average shapo
of the pebbles of quartz is sphoeroidal, that of massive
black chert also sphoeroidal, though somc tond to be disk
ghaped, while that of guartzitc have a tondency to bo both

sphoreidal and disk shaped.
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TABLE VI. - The ratios boiwoen the longost, intermediate and

ghortest intercopbs of tho pebblos of quarts.

(Weetorn Heldings Linited No. 2 Shaft, 33 Houlage Wost).

%Numbcr Bottom vicw Side vicw ; Ratio ) ;
: of g-axis X b-exis © a—-axis X c-axis ! :
' station {mm ; (mr) Ca b c é
' Peg A4676% 168.3 x 138.0 é 181.3 x 123.%8 5 1 ¢ 0.76 : 0.68 !
g " 128.7 x  91.4 E 121.6 x  64.4 é 1 : 0.75 : 0.53 3
E " S 140.5 x 87.6 % 138.2 x  66.1 % 1 5 0.63 5 0.47 %
g " L 106.3 % 79.1 L 117.0 x 64.7 % 1 : 0.72 : 0.58 E
Cw o o5L5 x 179.3 247.3 x 109.0 1 : 0071 : 044 |
; n é 149.4 x 113.7 ; 157.4 = 97.8 § 1+ 0.75 : 0.65 |
é " g 194.7 x 124.2 ; 172.5 x 103.4 g 1 2 0.72 @ 0.60
g ! % 267.4 x 151.0 é 253.6 x 107.9 g 1 5 0.5 : 0.42

é " i 153.5 x 123.6 ; 168.9 x  97.4 g 1 5 0.73 : 0.58

g " ; 203.7 x 107.5 0 193.0 x  83.6 % 1z 0.56 : 0.43

E Pog HITY i 144.3 = 89.3 % 138.8 x  74.3 g 1 @ 0.64 : 0.53

E " L 203.3 % 149.7 é 205.7 x 123.1 % 1 ¢ 0.73 ¢ 0.60 |
| " ? 194.1 x 1212 170.3 x 109.8 % 1 5 0.72 5 0.65

f " g 227.2 x 163.6 f 219.7 x 128.8 g 1 : 0.75 : 0.59

? n f 186.5 x 161.5 193.5 x 109.0 % 1 ¢ 0.84 : 0.56 ;
é n % 113.3 % 76.5 114.6 x  356.7 § 1 i C.67 : 0.51
E " % 128.8 % 97.4 130.4 x  79.3 % 1 : 0.75 : 0.61 f
E " 2221.7 x 151.1 % 217.6 x 129.3 % 1 ¢ 0.70 2 Q.60 ?
w1246 x 1122 1275 1 93.6 01 : 0.88 5 0.73 |
E n % 123.0 x 103.1 % 144.9 x  87.5 é 1 : 0.71 : 0.61 i
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intermediate and

shortest intorcoepts of the pobbles of guartzite

{Westorn Holdings Linited ¥o. 2 Shaft, 33 Haulage Wost).

§ Tumbcr Bottom viow Sido vicw ; Hatic ““j
;o of e-axls x b-anls a-axis ¥ c-axis'! i
; station (mm) (mz) 3 & K CHL;
E Peg A4676? 131.4 x 106.3 136.3 x 86.7 j 1 0. 76 0.532
é n 157.5 x 127.1 172.4 x 98.4 E 1 :0.74 0-572
E it 274.2 x 168.7 25%.5 x 104.5 g 1 0.65 O»é@%
i 143.7 x 102.9 151.0 % 74.3 ‘l 1 0.68 0,493
E " 197.3 x 149,68 189.1 x 113.2 E 1 : .79 o.éo%
g " 203.5 x 169.4 211.5 x 121.1 % 1 0.80 @.57%
C 154.0 % 123.7 161.3 % 945 | 1 s 0.77 5 0.591
E ¥ 129.2 = 97.0 140.7 = 78.7 é 1 : 0.69 o.56§
é " 217.5 x 178.3 204.2 x 114.5 E 1 C.87 ﬂ.SLE
; " 301.1 = 204.7 204.1 x 164.1 é i 0.72 O-S@é
% o 241.7 x 194.2 223.1 x 10%.0 E 1 0. 57 0-49?
i " 164.3 % 107.5 158.5 = 89.5 é 1 & .68 0-562
i " 138.4 x 112.0 143.9 = 84.0 é 1 0. 78 Oa5SE
: |
| Pog E744 | 179.5 x 124.5 161.6 x 96.0 . 1 : 07T ¢ 0.5,
% t 102.6 x 89.9 113.1 x  61.5 % 1 0.79 C.§4§
; " 157.1 = 101.7 162.2 x 79-3 ; 1 s 0.63 = O-49é
: i :
§ v 123.0 x  97.1 119.5 = 53.2 ' 1 : 0.81 O-45§
; s :
§ " 218.5 x 153.5 507.1 % 165.5 | 1 : 0.74 0,51§
" 269.9 x 179.1 231.7 x 127.1 . 1 @ 0.64 O.Arfjé
§ o 129.2 = 86.0 132.1 x 73.7 | 1 : 0.65 0'562
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TABLE VIII. - Tho ratics betwoon the longest, intormediate and
shortest intocrcepts of the pobbles of chort

{Wostern Holdings Limited, Wo. 2 Shaft, 33 Haulage Wesh).

Humbor HBottom vicw Hdide vicw Ratio

of . e~uxis x b-axis ; a-oxis x c-oxis
station g {iam) : {mm) a v o ¢

e oo it s nn

80.0

Peg A4ET6 % % 10d.4 x 58.0 1 = 2.77 3 0.55
) 138.5 x  98.5 143.7 = 53.7 1 ¢ 0.69 s 0.37
" E 97.0 x 62,0 5 99.1 x 51.2 11 5 0.63 & 0.52
! § 156.3 x 123.3 ©149.2 x 102.1 § 1 & 0.83 : 0.68
" } 112.5 = 79.7 '107.3 x 61.6 E 1 2 C.74 oz 0.57
84.2 x 6l.2 §9.5 % 53.5 1 ¢ 0.68 ¢ 0.60
] 123.7 x 109.5 1197 % 8344 C1: 0,90 s 0.70
11 x 11203 1431 x 767 11 2070 : 0,54
: 173 x 3.8 C105.2x 68.9 1 0.80 : 0.65
4 } 113.0 x  98.2 E 110.0 % 67.3 { 1 :0.89 : 0.61
" i 161.4 = 130.5 g 157.5 x 102.0 E I 0.83 2 0.65
" é 143.1 % 114.9 bo139.8 % 97.0 % 1 s 0.82 @ 0.6
l 131.2 x 102.5 135k 7902 1L 0,77+ 0.60
" g Gl.1l = 73.3 ? G4.5 % 61.5 ; 1 ¢ 0.76 ¢ Q.05
" L 101.7 % 89.7 é 103.0 % 69.0 1 : 0.87 & 0.67
" L 112.2 x 84.2 é 109.5 x 61.3 f 1 ¢ 0.77 & 0.56

i ; ;
" § 139.3 x 102.5 i 137.3 = 79.5 i 1 s 0.75 0.57
" § 170.9 x 134.2 } 161.7 x 101.2 ? 1 5 0.83 = 0.63
J E 119.1 x 103.1 % 123.2 = 73.1 ; 1 : 0.84 1 0.59
" i 105.0 x 74.3  102.1 x 59.4 2 1 5 0.73 ¢ 0.58
5 i
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FIG. 23. - Shape classification of the pebbles of quarts,
gquartzite and chert according to calculated

parancters.
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F. MORPHOLOGY OF THZ PRRBLES

The purposc of the study of pebble morphclogy is to bring the
cffeet of pebble sizes in connoection with pobble shape. This practice,
shown by Snced and Folk {1958), illustrateos interosting effects within
gortain particlc sizc rangos in a scdimentary rock. 48 Snced and Folk
{1958, p. 115) point out, pobblc morpholegy is affected by numercus
varisbles such as the

(1) initial shapc whon releascd from the paront rock;

(2) internal charactsristics of the pobbles such as
hardness, brittlconcss, bedding, cloavage, cetc.s

(3) originsl sizo;

(4) +transport distanco;

(5) +treansport agont; and

(6) other obscure frctors.

In the study of the shape, roundncss, sphoricity and orien-
totion of pobbles during underground observations, the author noticed
that a fairly high percentage of pobbles of the durable types (quartsz
and chort) as well as thosc of gquertzite, arc crocked or broken.
Pebbles which sre chipped, arc =zlso guite common. In thoe borchole corc
exemined, brokoen pebbles were raro; but chipped onss were froequontly
obscrvoed.

The tondoency in pebbles to broak or chilp is controlled by
(1) physical property (hardncss), (2) cnergy (strcam volocity and mass
of the pebble) and {3) mode of transport (traction, saltation and
guspension). The many pibbles of chert and quartz that woere chipped
can be ascriboed to the hardncess and homogeoneity of the rock. The
broken pebbles nmay bo the rosult of proccascs operating during trans-
portation.

There are threc modes of stream transport which have a fun-—
damental effeet on particle sizc and particle hehavicur. The first is
traction, in which particlcs roll, slidc or tumblc along the bottom.
During saltation the particles bouncc along the stream—-bed in a sories
of short interrupted leaps, whilc in susponsion the particles arc swept
along entirely free from the stroam-bod (Krumboin and Sloss, 1963, p.203).

According to Gilbert (Pittman and Ovonshine, 1968), particles being moved
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by traction have a considorable lowoer velocity than the stroam itsclf
because of frieticnal loss of encrgy to the stream~bed. During saltation,
the particles moved with 2 velocity ncarly the same as that of the
flowing wator, while particles in susponsion have o velocity almost
agqual to that of the stroam.

Pittman and Ovenshine (1968) Lave found in the Merced River,
U.3.4., that tho critical factor in the broakage of pebbles is probably
momentun [%ass timcs velocity (HV):}and during the transportation of tho
pcbbles, it can be suggosied thnt tho saltating intermedizte sized peb-
bles might heve stitained the nocossary velocity-mass product to broak
when they collide with stationery boulders in the strsan-bed. Breakage
of the pebblos ooour if the cnergy of collision oxcoods tho fracture-
strength of the pebdble. The cnorgy of collisien will be a2 function of
the momentum of the pebble at tho moment of impact. Thus, for brozkago
to ceceour, thore must be o critical value of the nass-veloclty product.

Smzll pooblos that ccllide with a boulder may not possess
gsufficicnt mass, ner momentum, to frocturs. A larger pebble, although
noving at cssentially the camo velocity as the smaller pebbles, may
fracture becausc of the larger mass which yields e greazter nomentum.
Pebbles in tho intermcdiatc sizo thoerefore, will have the groatost
momentum during the process of saltation and should be most subjoct
to breakagoe.

Turing high fleod stngoes, thoe movemont of small pebbles is
by suspension where those particles zro swept along free from the
strecam~bed or steticnary bouldors. The poebbles in this size range
also have net a sufficicnt mass or momontum tc¢ brosk during collision
with cach other.

They advanced a hypothosis to cxplain the relazationship
between pebble size and broskage of pobbles during transportation.
To express this relationship mathometiecally, they assumos

Collision cnergy = kmv

mags of thu pebble

]

WHCTS I

v = its vclooity

]

and k a constant of proporticnality.
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Thege authors furthor assumc thet the fracturce strongth of tha
pebble may bo vxpressed in toerms of the collision oncrgy roguired for
the fracturing of the pebblo.  Thus:

Fracture strongth

{
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L

whors {(kmv) = the collision onorgy at which rock
ruptur. QCoUrs.
Mo relationship botweon collision cnorey {kmv) and sizo
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Fige 24. — HModel illustrating tha rolatieonsbip botweon broken rounds
and pobble size (aftor Pittmon nnd Ovenshine, 1968).

L. Distribution of collisicn onergy (kmv) botwoon moving

7

clasts and staticonary bouldirs as s Tuncliion of azizo.

B. Ceollisicn cnorgy at whilch rock rupbture occours, (kmv)o

dofines flioslds of broken =nd unbroken pobbles.

G A combinetion of plots A and B, The distrivution of
Emv versus clast size at some aversge stream velocity
(v), oxcecds {(kmv) only for intermedinte sizod
o

pubbles during ssltetion. Thus, intermoediste sizoed

pobblos brosk whoreas larger and smellor pobblos with

comparable physicel proportics do not broak.
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If the thoory of Pittman and Ovenshine (1968) is valid it
can be concludod thet the broken pebbles in the conglomerates of the
Elsburg Stage could be ascribod tc saltation movement in rapid flowing
streams. This weould zpply that deposition tock place in g high onorgy
fluvial envircnmont. The large pobbles 9{%128 mm in diamcter) werc
moved by rolling and sliding along the bottom with the result that
vory little fracturing tcok placc. Tho smaller pobbles weroe mainly
transported in suspension and thelr momentunm was net sufficiont to

affcet fracturing, but chipping of the pebbles teok place.

G. VARTATION IN THE PURCENTAGE OF CONGLOMERATE

The percentage of conglomorate in thoe Zlsburg Stage shows
a definite down-curront decreasc. On Western Heldings Limited,
a progressive change in the conglomerate-—-guortzite ratic in a2
gouth—casterly dircction is cbsaerved. On thoe lease arca of the
Welkom Geld Mining Company =z docrcasc in the ratio towards the
north-cast is cvident {(Plan 4). Abnormal conglomcrate-quartzite
ratios were obtaincd at scvoral leocalitics, but as this information
wag gathored from thoe intersccotions in surface borcheles, faulting

might have influcnced thoe data.

-
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V. CONCLUSICOHS

The most imporitant concopts that have emerged from this

investigation arc:-

1.

4.

The transport dircction of thoe scdimonts of the Elsburg Stage
is dominantly from the northwest towards thoe southeast on
Western Holdings Idimited, and from the scuthwost towards the
northeast on Welkom Mine cast of the Arrarat Fault.

A general docrcasc in thoe average pebblo-—-size in thoese
dircetions arce chserved. hese dircetions are omphasized by
the gorting of the conglomerates which alsc improves in a down-
currcnt dircetion. A study of tho proforred oricentation of
lzrge rod-shapod pebbles indicates that thesce particles arc
1aid down with thelr long axces prrallcel te the palaccourrcent
direction. Pcbble clustors, a feature previously not rocognised
in the Witwatersrand Systoen, worc alsc uscd to indicatce the
dircction of tTransport.

A study of the pcbble lithology proved that the presence of
non—durable typoes show a doefinitc deocrease in thoe downstrean
dircetion — perphyry, however, proves to be an cxcoption, while
the percontage of the durablc types {quartz and chert) roemains
constant.

No cloar picturce of tho convironmont of daposition can bo
postulatoed. The seorting which wvarics betweoen 1.10 and 0.55

can be indicative of the transitional sonce botween a fluviel
and & beach cavironment. Deposition in a beach cenvironment

is alac stresscd by the tonduncy of tho pebbleos te be
sphereidal to disk-shape. The preescnce of pobble clusters

and =2xn abundance of brokon pebbles point to deposition in
fagt-Tlowing strcams. Tho distribution pattern of the
conglomerates also favours depositicon in a fluvial environmoent.
It scoms mest likely thet deoposition tock plzce on an alluvial
fan bordering an inland lako or sca and that some resorting

by wave action tock placc.
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A very important factor brought cut by this investigation
is the striko-—-slip movencont along the Arrarat Pault.
Various factors indicatc thot horizontal movement in tho
ordor of 6 OCO0 m 2long the Arrarat Foult tock placc.

The sastorn part of the loasce arce of Welkoem Minc
originelly lay next to FPreddices Consclidated Minos whore

it formoed part of thoe northorn flank of a delta. Bvidaencoe
in this conncotion is borne cut by the palacocurront
dircctions, sorting cf tho conglomcrates, pobble lithology,
porcontage of conglomeratc and the distribution of gold

valucs in the Basal Reof.



-8 -

ACKNOWLEDGEMENTS

The author is indebted to:

The Anglo American Corporation of South Africa, Limited, for

permission to undertake this research.

The Managementis of the Welkem and Wesiern Holdings Cold
Mines for permission to collect data underground and to

investigate the borehole core.

The staff of the Inter-Mine Services Data Processing Department
and especially Messrs. Pearson, Nelson and Dippenaar and

Mrg. B. Day for running the computer program,.

Mrs. E.H. Sibthorpe for typing the text and Mrs. M. van Wyk for

the drawing of the plans.

Mr. W. Hoogenhout for the use of figures compiled by him and

for helpful comments during discussions.

I am grateful to Prof, B.J.V. Botha and Dr. J.N.J. Visser
at the University of the Orange Free State, as well asg
Dr. T. Antrobus from the Anglo American Corporation for their

guidance and valuable advice whilst promoting the project.



-.'79._

REFERENCES

ANTROBUS, E.S.4. (1956) =

BAINES, V. (1949) :

BORCHERS, R. {1950} :

BORCHERS, R. and WHITE, G. (1943) :

The origin of the auriferous rcaofs
in the Witwatersrand Systom: Tronc.

geﬂl- SOC- S. Mr., 59, P 3 - 15«

The geoclogy of the Odendaalsrus
Goldficld in relation to that of
the Klerksdorp Digtrict, and notes
on the correlation of the Upper
Division of the Witwatersrand
System: Trans. geol. Soc. S. Afr

52, p. 301 - 330.

The Odendsalsrus -~ Virginia Gold-
ficld and its relation to the
Witwatersrand: D.8c¢. Thesgis, Univ

of S.4A. (Unpubl.)

Preliminary contribution to tho

the Odendaalsrust
Lec -

Trans. geol.ﬂ S. Afr.,

geology of
Goldfield:

46, p. 127 - 153.

BROCK, B.B. and PRETORIUS, D.A. (1964): Hand basin sedimentation and

COETZEE, C.B. (1960)

DAL CIN, R. (1968) :

tectonics;ls The geology of some
ore deposits of Southern Africa,
Vol. 1: Geol. Soc. 5.4.; Johanmos-

burg p. 545 - 599.

The goology of the Orange Free
State Goldfigld: Mem. geol. Burv.

S.Af}t‘-, 4-9, o2 1 - 198-

"Pebble clusters": their origin
and utalization in the study of
palacoocurrents., Sediment Geol.,

2 (4), p. 233 - 241.



- 80 -~
DOEGLAS, D.J. (1962) The structure of sedimcntary

deposite of braided rivers:

Sedimentology, 1 (3), p. 167 ~ 190.

FOLX, R.L. (1966) A review of graine-size paramcters:

Sedimcntology, 6, p. 73 - 93.

HODGSON, F.D.I. (1967) : The rclationship between the sedi-
mentology and the gold distribution
of the Basal Reef Zone, Harmony
Gold Minc: M.Sec. Thesis, Univ.

0.F.3. {Unpubl.)

INMAN, D.L. (1952) Mcasures for describing the sizc
distribution of sediments: J.

scdimont. Potrol., 22, p. 125 -~ 145.

KNOWLES, A.G. (1966) : A palacocurrent study of the Vonfcrs-
dorp Contact Roof at Western Doep
Levels, Litd., on the Far Western
Rand: M.Sc. Thosis, Univ. Witwaters-

rand. {Unpubl.)

KRUMBEIN, W.C. (1939) = Preforred orientation of pobbles in
secdimentary deposits: J. Geol.s 47,
po 673 bt 706-

(1941) Mcasurement of geological significance

of shape and roundness of gcdimontary
particles: J. sediment. Potrol., 2,

P 64 - ?2.

KRUMBEIN, W.C. and PETTIJCHN, F.J. (1938): Manual of scdimentary potro-
graphy: Appleton - Century -

Crofts, Inc., New York.

KRUMBEIN, W.C. and SLOSS, L.L. (1963): Stratigraphy and sedimentation:
W.H. Frecman and Co., San Prancisco,

660 p.



- 81 -
McCAMMON, R.B. (1962) Efficisnces of percentile measurcs
for describing the mean size and

sorting of sedimentary particles:

Ja %01-3 709 Pe 453 - 4631

McKINNEY, J.S5., BELL, K.J., Geology of the Anglo American Group

HICKS, E.C., HOOGENHCOUT, W.J., Mines in the Welkom area, Qrango
4—;’1 3@01 °‘_?,_'f (-3

LEUNER, W.R., SIMS, J.F.M., Free State Geoldfield, ggﬁwﬁome orc

WALKER, D.R.S., WEYERS, J.4i. (1964): deposits of Southern Africa, Vol. I:
Geol. Boc. S.Afr., Johannesburg,

p. 451 - 489,

PETTIJOHN, F.J. (1957) : Sedimentary Rocks: Harpcer and

Brothers, Now York, Ti8& p.

PIENAAR, J.P. (1969) : Oeological aspcets of the Basal
Reef in the Free Statce Saaiplaas
Gold Mining Arca: M.Sc. Thosisg,

Univ. 0.F.S. (Unpubl.)

PITTMAN, E. and OVENSHINE, 7. {1968): Pobblec morphology in the Merced
River (California): Sedimcnt. Gool.,

2 (2), P. 125 = 137.

PLUMLEY, W.J. (1948) Black Hills tcrrace gravels - 4
study in scdimentary transport:

J. Geol., 56, p. 526 - 577.

POTTER, P.E. and PETTIJCHN, F.J. (1963): Palacocurrcnt and basin

analysis: Springor-Verlag, Bexrlin.

REINECKE, L. (1930) Origin of the Witwatersrand Systom:
Trans. geol. Soc. S.Afr., 33,

pe 111 - 133.

ROBERTS, E.R. and KRANSDORP, D. (1938): The Upper Witwatcrsrand Systom
at Randfontein Estates: Trans.

g‘@ol- SOQG S-Afl‘., o‘-:%-l’ P- 225 - 2460




- 82 -

ROSENFELD, M.A. and ORIFFITHS, J.C. (1953): An oxperimental tcst for
visual comparison techniques in
cstimating two dimensional sphericity
and roundncss of gquartz grains:

Aﬂ]ero 3-9 Sci-, 2519 po 553 - 585.

SAMES, C.W. (1966) : Morphometric data of some rocent
pebble asscociatiocne and their
application to ancient dcoposits:

J. sedimcnt. Petrol., 36, p. 126 ~ 142

SHARPE, J.W.M. (1949) : The economic auriferous bankets of
the Upper Witwztersrand beds and
their relationship to sedimentation
features: Trans. gool. Soc. S.Afr.,

52, p. 265 - 300,

SIMPSON, D.J. (1951) : Some results of radiomoiric logging
in the boreholes of the Orange Froo
State Goldficld and neighbouring
arcass: Trans. geol. Soc. B.Afr., 54,

p. 99 - 133.

SIMS, J.F.M. {1969) : The stratigraphy and palacocurront
history of the Upper Division of
the Witwatersrand Systom on Presi-
dent Steyn Mine and adjacent arcas
in the Orange Fres State Goldficld
with specific reference to the
origin of the auriferous recfs:s
D. Phil. Thoesis, Univ. Witwatocrsrand.

(Unpubl. }

SNEED, E.D. and FOIK, R.L. {(1958): Pebbleos in the lower Ccolorado River,
Texas. A study in particle
morphogenesis: J. Geol., 66 (2),

p. 114 - 150.



STEYN, L.S. (1963) The scdimentology and gold distri-
bution pattern of the Livingstono
Recfs on the West Rand: M.Sc. Thosis,.

Univ. Witwatorsrand. (Unpubl.)

TWENEOFEL, W.H. (1947) : The environmental significance of
cenglomerates: J. sedimoent. Petrol.,

(1950) Principles of sedimentation:

MceGraw-Hill Book Co., Inc., New York,

673 p-

VAN DER VYVER, G.P. (1956) : The¢ Rainbow Heefs of the Van Der
Heeverarust Arca north of Odondanle
rus: M.3c. Thesis, Univ. Pretoria.

(Unpubl.)

WHITESIDE, H.C.M. (1950) : The Kimberley-Elsburg Scries in
certain minces of the Far East Rand:
Trana. geol. Soc. S.Afr. 53,

p. 124 - 127.

WINTER, H. De la R. (1957) : The Upper Division of the Witwaters-
rand System in the Virginias and
Mcrriespruit areas: M.Sc. Thesis,
Univ. Pretoria. {Unpubl.)

(1964) - The geology of the northern sectiom

of the Orange Freco State Goldfield,
in The geology of some orc deposits
of Southern Africa, Vol. I: Coeol.
Soc. S.Afr., Johanngsburg, p. 417 -
448.

% gcau:LLJ ﬁipf!;&f} Mfl-.!m’\j/ am:[

fnﬂjnacfmj J;u{naf, \/aj. HIE
No. 8. (1960)















A

- B8 -

ADDENDUM

PROGRAMS FOR I.B.M. COMPUTER

HUNHING OF THE PROGRAM

REGRESSICH LINES

1. Cutling of Program
2. Input to the Progranm
. Processing

Calculations

=8 [V

5 Cutput
6. Interpretation of Results

T Fanning the FProgram.

PEEBLE~-SIZE DISTRIBUTION

1. Cutline
2. Input

Calculztions

3

4. Cutput
5 Interpretation of Resulis
6

Running the FProgram.
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A. RUNNING OF THE PROGRAM

1. The program is coded in a computer language called FORTRAN.
This code is read off punched cards by the machine and coded

into FORTEAN. The calculations arc thon porformod.

2 The dats are punchod onte cards, which azre read by the
machinc. Thoe computer then uscs the above program, doos the

calculations and prints thoe rosults.

3. The computer has a printer which produces many hundred lincs

per second -~ 132 characters poer line can be printed.

Funning Timcs

Regression lincs @ 2% scconds per 120¢ sets of data.

Pebble sizes : 18 scconds for cach complete calculation.

B. EEGRESSION LINES

1. Outline of Program
The program has been written to read in a large number
of ordercd pairs (c.g. X and Y co-ordinatos) and to fit, by the
method of least sguarcs, thoe two most probable straight lines,
that could bo uscd to predict one clement of a pair, given the other.

These lines are kmown z2s the regrossion lincs

The correlation coefficicent, showing tho degrec of
correlaticn between the two lincs, is =zlso calculated.

This progrom hazs boon written with goological data
gpecifically in mind, but may be adapied, with relatively few

changes, to any application reguiring regrossion linc techniques.

2. Input to the Program
In ordor to usc the program, the user must submit the
data on punched cards. This data must be punched in a specific
format.
Six differcnt classcs of pebbles will be dealt with,
viz. quartz, shale, guartzitc, black chert, porphyry and slate.

For sach pebble, the X co-ordinato is the length of the longest
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axis (in mm) perpendicular to the bedding-plane and the a/c ratio
is the Y co-ordinate.

A lzrge number of pebbles in each group is dealt with.
Bach class is processed separately.

3. Processing

If the above sets of pointes were plotted on graph paper,
a scatter diagram willi be obtained. The program will fit a straight
line by least sguares to the dots on the scatter diagram.

The equations of two regression lines are caloulated:
firstly, to minimize the sum of thec squares of the distances parallel
to the Y~axis, from the dots to the line, and so to obtain the

regression line of Y on X; the second line will be jusi the

W

opposite, that of X on Y.

The user data consist of & large number of X and Y
co~ordinates, which, if plotted onto squared paper, would yield a
scatter diagram. Such a collection of data will be referred to as
a "set" of data.

As many sets of data as required may be submitted to the
computer. Lach set is then punched onto cards which are fed into
the computer.

Fil Calculations

For sach data sct, thoe program goes through the following
steps.

(a) BReads in all data cards pertaining to the data set in
guestion.
(b) Counts up the totzl number of ordered pairs in the

set, i.e. the total number of points that would be

plotted on the scatter diagram.

{(¢c) Performs the following totalling operations:

Total of all X co—ordinates

Total of all Y co~ordinates

Total of the sguares of each X co-ordinate

Total of the sguares of sach Y co—ordinate

Total of the product of each X co-ordinate

with its corresponding Y co-ordinate.
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(d) Two regression lincs cquations are caloulated and
printed out in the form:
T = bx+a and X = bly+a’

{(e) b is calculated from the formula:

I z-z
’““23 2y - Zl X D v

N_ ! o
N{_/_ X . - (E Xl )
i i 1
Where x, = the X co-ordinate
vy = the Y co-crdinate
¥ = total number of pairs of

co~ordinates.
(£) a = (iyi - ngz)%’ i
i 1
(g) Inscriing these valucs for = and b into
¥y = bx + a will yicld the cquation of the
rogrossion 1line of ¥ on X

(r) ' is caloulated from the formula:
I

N N
LD N 2 T T N 1
5 ]

i

R
at = (S %, - Xy, )+ W
+

(i) 1Inscrting these valucs for a a' and b' into
¥y = b'm + a' will yisld tho oguetion of
the regreesion line of X on Y.

{3) Pcarson's corrclation cocfficient is calculated
to give a measure to the degrcee of corrclatiom
betweon the two lines. (R = corrclation

cocfficicnt )

R = E‘ZE: =y = .Ei x :E:y
> - (> 0 (x)

k = (%Z oo (Z 7)2)?
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5 Cutput

Two roports are printed ocut by the computer.

{(a) Input Listing

A list of pairs of X and Y co-ordinatos, as road from the
punched cards is printed out on this roupert. Six pairs of co—ordinatos
appear on each linc. Doeimal points cre punched in their correct placcs.
Thisg onablcs the uscrs to check that the correct information has been
punched on thoe cards, and is boing used in the calculations.

It is suggestced that the user check this input data thoroughly
before meking actual use of the final results.

The Input Listing Report is hoadoed with the description, as
punched on Card 1.

The column undcr which the X co~ordinates arc printed, is
headed "C~AXIB", and the column under which the Y go—-ordinates are
printed, is heoaded "PEB AREA".

3ix pairs of co-ordinctes are printed por line, and thore
are 50 lines per pogo.

Since cach line corrcspends to a punch card, any incorrcct
data can readily be corrceted; and the cards can, then be resubmittod.

(v) Regrcssion Results

This report gives the following results:

1. The regroesion line of Y on X.

2. Tho regression linc of X on Y.
3. The correlation cocfficiont.

The report is headed with thoe description as punched
on Card 1.

The first result is thoe regression line of Y on X,
rrinted in the form y = a2 + bx. Then the regression line of
X on ¥, printed in the form x = a' + b'y appears.

Pearson's correlation coefficient, rounded to threc
docimal places, is given to measure the degree of corrclation
between the two straight line equations.

The number of points (i.c. pairs of X and Y co-ordinatcs)

is printod at the end of the report. This also scerveg as a choeck
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on the corrccinesa of the data used.
6. Interpretation of Rosults

(a) Regrossion Linus

The first rogrussion linc cguation, i.c. the line of
Y on Xy, will be used for estimoting the value of Y, given X.

Thus, with regard to this goological problom, this eguation would
be used to prodict thoe corrosponding PEB. AREA, given tho longth
of the C-aXIS.

The scoond linc, that of X on ¥, would be uscd for
predicting the valuc of X, givoen Y.

With a fairly large sample, the probability of the
prodicted value boing accuratc, becomes very high (approximately
95%)+

(b) Corrclation Cocfficicnt

The acecuracy of the proedictions mnde from the regression
lines is bound up with tho valuc of tho corrclation cocfficicnt.

The quantity, called the "stondard srror of cstimate!
may be calculated to give the crror to be cxpested in estimating ¥
for a given valus of X,

When the corroclation coefficicnt i1s zero, the “orror
catimnte" bocomes maximum, and thus, knowledge of X is of no value
in predicting Y.  As thoe modulus of the cocfficicent increases; i.c.
a8 the coefficicnt approachcs +1 or -1, the "orror cstimate”
docroascd.

For completencss, tho doviation of the "standard error
estimato™ is given below. This formula may be used with the
computer to estimate the errors likely to occur from use of the

regression lincs.

From the scatter diagram above, the following doefinition

can be mado:
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The average concentration of tho points about the regression line
is measurcd by (D 4, 2Y/N  whore a, is tho difference botween
an obscrved Yi. apd o calculated Yi from the regression line.

This variance of the ¥ wvalucs about the rogroession line can be

denotcd by SoyZ.

Thorefore NSey2 = Ei diz (from dofinition)

2
=§: (:)rl - Yl)

Before continuing, tho thoory of rogression lincs must
be reconsidorcd.
If a larg. number of X valucs arc availsble, the average

valuc may bo donoted by x and the variance of X valucs defined as:

ns =Z(x-§)2

X

X is merely the arithmotic average

viz. X = (jg- x) /W

Similarly:

§osye =z(y—§r)2 and

yo= (Y w /0

Howgver, in the scatter diagram, pairs of X and Y values
arg present, ond therofore the covariance of X ond Y may be defincd
as:

NS xy =Z(X-§) (y ~ )

Multiply out = jgj(xy - Xy - Xy + Xy)
Sinplify = Qxy - & xpy - 2 x %_y . %T;g_
"
Ez‘xy' - E;E;EEX' -2£x: :§1'+-2E3:$:E;¥
1 i it

13

4

ny~ ZXNZX algo

N s ° D2 -2 s B

[?ultiply'out (25]

2
= ZE::x - EE:E: X ;%%iﬁ + E;;x ”;%%35
=Zx2 - (Z x)° /7
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Yow refor back to the ecquations in 3{e) for b.

I% will be scen that

b = XL
2
3 x

and in scction 3(f) an cquation is given for a, viz.

a = ( z; y - b 2; x) /N
= 2y - b2x
N N
a = § -bx
Thorefore the cquation of the regression line
bocomes: y = & + b X

= y =(y-8x x) + Sy

x
5 X2 3 x2

iece y -y = Sxy (x-2x)
3 12

Now rcturn to equation (1)

From tho above

y = § + b (}t—]_{)
. > =, 2
Substitrting ‘n N S ~ »7 = > S Yi)

= E; (y; =5 =~ o (=, - x) )?

]

Z(yi“mz*bZZ(Xi—i)Q—-?_b?

- Ney? =b° ¥s 2-2b Usxy

from (3) b Sx = b B xy.

Further, it may be proved that tho corrclation

coefficient r» = B xy
3x Sy
2 5 2 2
o T ¥ = 3 xy = b § xy
Sx 2
l.s. b 2 3 x 2 . bPbS3xy = r 2 Sy 2
Substitute in (4)
3 632 = 9§ y2 + 2 Sy2 -2 2 Sy2
= By - T 2 Syg
= s5° (1 - 29)

and this may be uscd to caleculate the standard crror of cstimate.
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T. Running tho Program
The program will be run off the objcct deck. Tho uscr
magt supply the data cards, sorted into corrcet order.
The fellowing Job Control Cards will be used %o run the
program.
ﬁ denotes a blank. $ denotcs o dollar sign.
#pBAIOBCEOLL
®pPEPRTD
//¥IOBYCEOLL
/ /BOPTIONYLINK
INCLULE
Object Deck
/x
//¥EXECPLEKEDT
//PEXEC

Data Cards
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES.

Locality : Western Holdings Ltd. - No., 2 Shaft
33 West Haulage Peg: A 4676

Co-ordinates : X + 30%00,50 Y + 35249,17 ft.
X + 9323%,98 Yo+ LO74%,95 m.

PEBBELE © PEBBLE SHAPE .
EBELE TYPE ' PEBBLE SHAPE A X E S | eEBeLE AnEs

. Spherical

RO SR [ U POPNIRT
Oval . . : 4

Rectangular | ﬁ(Ax;s; C(Af§$ ; A x %22% 3.14
Slongated MM i ! o

A 1 A e e

uartz | swherical | e13 se.6 306
‘W“artzunm#& . _Spherical éﬁ,w,?}:Opim_.,5518."_1r,,_.m“?1?}9wu,wuww
Shale . Elomgated | 63.2 b1 2,385
'QuartZItE.‘mi_,SPhéri?%%“m_;nﬁmuﬁa B 37k 2,430

Quartz . Oval ' 123.6 91k - 8,866
‘Quartzite © Spherical . 92,1 | 62,0 | kg2
'Quartzite | Oval . 93,6 | 48,3 . 3548

Quartz , Oval LoM6s L 26 12122

Black Chert = Oval | 71.2 ' 437 | 2,Lh2

e = VR P L i g — e

\quartzite  Oval ! 13k.b4 0 128,613,567
‘Quartzite - Oval SN2 S T > 2V S 5,264

‘Quartz  Spherical | 133.C ,  98.h 10,372
‘Quartzite Cval i BP.3 716 o h,006

Quartzite | Oval C 138,40 B86.1 9,354
S ot SRR SOV - Ce AL Y SO £ 0 S
Black Chert ; Oval & 117.C . 6.7 | 5,941

1ﬂu%rt%m”‘,“EHMﬁpker}??%_ ... 2h7.0 + 1836 . 35,598
‘guartz  Spherical . 87,1 . 6l,7 4,218
Quartz Spherical . 97.5 | 69.0 ' 5275
Quartzite  Spherdcal | 153.8 | 107.0 12,851
‘Quartzite . Oval | 148,3 . 111.0 . 12,921

‘Quartz . sphericel | 109.2 .1 7,938
?QP??F%?F?wWNL“”§Qh??49234N.?m_wl3}:9 oL 583 5,993
\Quartz  Spherieal ,  183.9 ! 138.6 @ 20,008

ishale  Blomgated i  105.0 363 | 2,091
‘Porphyry | Spherical .  103.1 | 89.9 . 7,267 !
\Quartz | Spherical  172.3 . 1311 . 17,931
'quartz ' Spherical . _ 118.2 , 112.3 10,419

iQuartz 3pherical | = 147.3

98,6 1 11,k00

|Quartzite | Sphorical | 141.0 . 87.2 | 9,651
' Quartzite Spherical . 116.3 98.7 . 9,010
‘Quartzite i

quarts | Spherical Tises | 1013 L LA7739
97kt 8w 1 4,900

Quartz ! Spherical | .

quartz | Spherical i 283.3 | 11,0 31,36

'Quartz  Spherdeal 157.3 , 1057 . 13,050

guarts | Spherfeal | 10210 85k . 6,84
martz i Sp _ |

Quart31te_ﬂui Oval f 75.0 . .

49,3 2,902
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PEBELE AREAS

AT UNDERGROUND LOCALITIES.

Locality

Co-ordinates

' PEBBLE TYPE DEBBLE SHAFE

Western Holdings Ltd.

33 West Haulage

X + 30500,50
X o+ 932%,98

!
l
l
i
l
!
1

«>pherical
‘Oval

Black ”hert‘m

!Black Chert

“ﬂadichﬁﬁgynglﬁ%w,ﬂ

Quartz o

Black ”hert

yﬁ?ﬁlngM“mw

iShalerr*

(Quartz

‘Black Chert
%“uartzzte

LQH??F?}??UW
 Quartz
?ﬁhaéﬁum__“.

 Black @@9s;f
 Porphyry |

{ Quartz

: . i
i Quartzite

Lo
: Quartz

A e R
t Quartzite

i debalichbuh

| Quartzite |

‘Black Chert

‘Quart21ggm
| Shale

Quartzite

Quartzite

T e st et e

Porphyry

e bR A A 4

Quart21te_m

‘Rectangular

No. 2 Shaft
Teg: A 4676
+ 35249,17 ft.

<

_86.1

=

+ 10743.95 m.

2 AXES PEBBLE AREA
. A Axis C Axig A x 4C x 3.1@
: (mm (ma) ; (2n?) :

2,771

e e em ke o b e w8 w4 b v e e e s e s o e e e s 4 e T MR D M Tt f e s w6 M= % o W § e e b s e ey

o o e |

; Spherical = ¢
; Spherical

%

. Rectangular &

- Ooval

Oval [
bval o

Oval o

Oval

5 opherlcal
Oval

}_Spherlcalkﬂw;ju
Black Chert! Spherical |
Black Chert! Spherical _
uartzi j Spherical

.......

;_Qﬁa}m_ﬂhk,“,:

opherlcal‘uw

2 bpherlcal,%w;u”

| Spherical _

Lo1587.9 0 T
L B7.5
L1392

. 1640
[ 111.3
138,82 7

,:“._ﬁﬁ}na.

97.2
. 139.6

 387.2

]

12,293

S VL 1,369
Poobs.3 L 1,976 ]

L
AN
[y

L2086 177
L B9.S G 32563 . i
G5 8278
Bheo Lo 880
L 103.6 15,738

745 9,231 .|

. 5,852
767 L
L a2h0 L 13,588

X0 R
2 T S 2 3.2 > S

.%,.. 193.I{'_“V'w____u
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES.

Locality Ltd. 2 Shaft

Teg: A L4676

Western Holdings

33 West Haulage

No.

Co-ordinates

£ + 305%0.50

X+ 9323.98

Y 3+ 35249,17 ft,
Y 4+ 1C0743.95 m,

| Eroremied . (m) (e (a2}
Quartz oval 1 W33 L 61 gk
\Quartzite | Gval . 204,56 AB3.7 021,998
ishale  loval 1045 51,3 . k207
Black Chert | Oval __ | 119.7 | 36.2 . 3,0l
\Quartz “,wmwf Spherlcal “,i,_ 143,1 : }ggxﬁ_”; L 12 22;”m_mp
Black Chert ' Oval 1190 k6.5 . by3ks
\Quartz . Spherical |  98.9 . 71,7 ! 5566
{Quartz .4 Spherical 79,3 . 38,1 ' 2,364
\Quartzite . Oval 2936 L 1614 L 37,605
\Porphyry_ . Spherical _  271.3 |  193.8 | 41,258
\Quartz . Spherical | 121.6 | 116,0 | 11,072

a§}99k_?ﬁ?zﬁuj_”_;
.Quartz .

i 3
tQuartz

|Quartzite
|Quartz
| Quartzite

| Quartz

+ Spherical

u§w§ph?£i9%}Jw_yww

fspherical
Oval

A

Spherical ? 153.0
Spherical . = 78.2
Oval i 152.6

inﬁpheric%l_“ﬂ

. Spherical

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

&A ¥ 3C x

ol UV S

\Quartzite . oval | 163.1 . 114.3 o 14,633
\Quartz | Spherical . 97,3 . 68.0 ' 5,193, .
|Quartzite i Spherical . 149.0 [ 9.5 | 10,701
Shale i Oval 1 10bk 63,7 | 5200
(Black Chert ~ Spherical | 6p.k | k2,9 |- 2,340
'Quartzite ! Spherical ' 171.3 | 127.1 ! 17,091
\Quartz  ioval ' 1233, 9k3 . 9127
| Quartz i Oval L1130 0 67.2 1 5,90
\Porphyry ' Spherical |  151.5 . 113.6 | 13,509
islate Spherical | 104.3 - 79.8 | 6,531

| Quartzite ! Spherical i 343.1 . 2137 i 57,556

! Black Chert | Spherical |  93.6 o 5%e9 i . 1,033
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES,

Locality : Western Holdings Ltd, -~ ©No. 2 Shaft
33 West Haulage Peg: A& 3574
Co-ordinates : X + 30618.56 Y + 34188,15 ft,
X + 9332,54 Y + 10420.55 n.
;PEBBLE TYPE P“BBLE SHAPE é-m-~m»;w%wgwgm~~m-wwmgumau;;é;;;—;;%;-uum-é
; ;Spherical %7 %" AR e :
éSZii‘angm R S
Quarts | Spherical | 1023 | 578 | ko .
Black Chert | Spherical . 1912 ' 1513 | s2,;13
Shale | Spherical | 731 | 3.0 ' 1978 |
Black Chert | Spherical | 196.3 | 143.7 i 22,1k3
‘Quartzite . Spherical | 1958 | 156.8 | 24,000
’Q_u_az"_?%at?”,,, bpherlcalmﬂ?“ _______ 683 _____________ 2489 .
quartz _Spherical . 146,31 1327 | 15,239 .
Quartzite ! Spherical . 191.6 | 66,3 G 25,012
Banded Chert! Oval _ ' 1234 ' 683 [ 6,615
Forphyry | Spherical I 941 . 784 | 5500
uartzite | Spherical ! 9h.3 | eB.p | 5,085
‘Black Chert | Oval | 188.6 |  93.8 | 13,886
\Quartzite  Spherical | oLk | 5 8.6 1 . heon
Quartz i Spherical | (BO6 i ko 42,207
Black Chert ' Oval G 62:b L BL7 L 30MS
Quarteite | Ovel . 126.0 Go 8203 6833
ZQuartz .. Spherical 11749 5} E@_ﬁ:%wémﬂ_’ 17,628
Quartz  Spherical | 191.6_ 5 1148 1 17,266
iSlate | Spherical ! 122.8 @  97.9 ! SIS A
‘Quartzite | Spherical 1 1843 | 1269 ! 18,329 ;
\Shale | Spherical ! 79.0 i 55.3 ! . 3,428 |
%ﬁlﬁ?‘? ___________ Spherical ! 9 26 ,,,,,,,, 43.8 4 . 30183
\Quartz [ spherical [ 153.1 i 139.6 ! 16,777
Black Chert | Oval | 1813 . 51,2 ! 7,286 .
(Quartzite | Spherical | 163.7 | 1204 ! 15.h71
\uartz | Spherical | 168.9 | 1543 | 20,459
Shale | Elongated | 110.3 |  37.9 | 5,280
‘Black Chert | Oval o138 b i 7740 |
\Quartzite | Oval | 18,3 ,  oL7 | 8515
\quartzite | oval 217 B9 L 8,620
quartz_ | oval 1020 | s63 1 4,507
Fersey et e | ee
Quartaite EEPP@FE%%,_% NNNNNN 1 L 729 1 5,215
Quartzite | Oval 2> 0 B Bhoo i 7T.%2
{Black Chert ! Oval 1 105.7 i  h4o.6 i h,1ah

iQuartzitelﬂwg Spherical ~.§‘mw_§§1§w
' Quartzite ’ Spherical l



-~ 101l -

DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES,

Locality :

Co~ordinastes

Western Holdings Ltd.

33 VWest Haulage
¥+ 30618.56
X + 9332.54

2 Shaft

A 3574

¥ + 34188.15 ft.
Y + 10420.55 m.

- No,

Peg:

TEBBLE SHAPE o o o
. Spherical AAEES

; S oval
‘Qectangular

iShale i

fom e

.Black Chert
Black Chert
Shaie N

=Black Chertf

~L.

i
f@E%IP%%t?W””hM

[Shale i
‘Black Chert |

iPorphyry .

‘Quart31te E

Slate

.Quartz ~

=Porphyry

:Quart21te !
mHalvedlte L

‘Quartzite j

A Axis C Axig

E@Qnﬁﬁi?ﬁcmm#krfTﬁl;unyirﬁET?) )
Spherical . 170,8 | 121,k
Cval . 169.1 .
Gvaz.m”‘"m”LEW.m”¥Q§19‘u .
Cval AT I

o 183.9
R RSP S

%pherlcal
QV%¥W_WH__

Oval

Spherlcal ) im"”,ﬁéz?_,ﬁ

O‘J.
Hel
jons
o]
o]
b
0%
S
s
o0
~J
-
=

Spherlcal “h§r 9Af6
Oval S

o

i

§

1168 ¢
LIS
45.9
149.3 1
62,8 1

J117.2 ‘W “38z5,£”“r_

PFBBLE AREA

B R T

Q‘A X ?C b4 3.14
{ mm? )

R e L T R e R

16,276 |

15,238
b2z
2,749
21,552
. 5,920

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

Spherical |  168.3 |  112.5 |

iShale . Oval 107.4 | 56.2 b,737

iBhate | novelo 207 2BeE 73

iChert i Ovar i 98,3 i k6.7 . _ 3,603

\Quartzite | Oval Lo107.2 42,9 . 3,609 :
i Quartz E Oval : g2.4 56,8 § 4,119 ?
o e - e A (R P U LT —p Sut A g
\Quartz . Spherieal | 79.3 . sL2 . 318 |
t ¥ R ' N
;Quartzite . Oval : 84.8 ! Zh,2 ! 2,276 E
(Quartzite . Ova L ... &%.8 . 3h.2 e _...2276 ;

{Porphyry
i:,?.%%?kﬁ*}f?_r:‘f
EPorphyrxwm
x?gaxﬁ& ,,,,,,,,,,,
{Quartzite
Chert
|quartz

‘Quartz1te

i Quartzite
EShale

‘Quart21te ~

‘Quart21te

v 4w e s e e o e+ e+ e o m s e s e e € e L am o o R4 Mk ek« ot At M At 4 ram e s

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

o s ea i m e e e ek e AR\ b s g @ e r I s Am s e ek s W R L e e

T R e R

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

e e
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES

Locality

Co~ordinates

PEBELE TYPE

U PERBLE SHAPE™ 777

Western Holdings Ltd.
33
X + 30618.56
X+ 9332.5h

West Haulage

 Spherical

" Oval

é
I'
|
!

Quartzite !

shale  ovar . 1313 S0.7 . 6,148
 Quartzite | Oval __ 196.2 . 874 | 13,460
Black Chert ' Oval  127.h ' 59.8 & 5,980
 quartzite | Spherical | 99.1  6h.p | 5,032
Black Chert | Oval | 93.7 | 38.6 2,838
quartz  oval | 103.2 | 59.6 | h,827
 Banded Chert! Spherical . 58,7 32,9 1,515
 Black Chert | Spherical | 1472 . 103.5 11,959
 Porphyry | Spherical |  73.1 | 32,7 18,761
‘Shale i Oval 1 105.2 |  58.6 | 4,837
CQuartz i Spherical | 148.2 | 120.h 15,053
|

Quartzite
Shale

Quartz

Slate
Quartz
Quartz L

Shale
Black Che

i#é

QP%?F%}§€H

....-....,..-.a.r.-..---»-.«.-.»-...4..-4....-._...‘..4.._._._..~.<_......“.....‘-.._

Quartzite

Porphyry B
Quart21te N
YQuartzite
_Quartz
Black Chert
Quartzite
Shale

3 Elack Cnert

]
i
N
i
€
E
l
¥
%
i
&
i
%
?
E

.,«.w.m..........,.m,mga....,n.-.,..va.w._-.@.

+

Quartzite

I
e P

t

i

GQuartzite

Guartzite .

‘ Hectangular
wilongated .

Spherical

g

Oval [N

Oval

Ovalm”

Oval_mw

Spherlcal

.wspé?ri9?}hm

..Oval

~ Oval

~ Oval

_ Spherical

~ _Spherical

_ Oval

Vopherlcal B

Spherical |
cp IPREDICRL O

Black Chert ! Oval

_Spbe219§%“wi_w
_.i . Spherical
Black Chert | Oval
oval
Spherical

”SPheriE%EMU

A A.Xfi.u

(mm)

C AX'J.A.:
{mm)

a87.2

Lo 123,91 62,0
ook i 6247

180.4
91.3

1628
J169.2 1

L1105

L 135.6 0
; N%QBSE%Hénmm

e s
. 91.8
120.3 1 8¢
106.8 |
1633
162,10
.mq;7§:5Ji”wwm%A
L 169.3 1

A X E S : PEBBLE ARLA

46 L" ‘.__._._-_.._.._......».‘.
,?QM%MLWU,HWWN_wWN

123.7:
CETE B .

No. 2 Shaft
A 3574
Y + 34188,15

Y + 10hk20.55%

Peg:
ft.

T

%A X %C X 3 14

| -mmz)

e L T

§ 16,708 !
j 15,284

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

© 15,258

v 20,095

o 4,267 |
11,139
j_ 9,734 |
i 8,909 §

B

02,10 13



Co-ordinates { + 30,541,20 Y 4+ 34,637,177 ft,
X + 93%08,98 Y + 10557.41 .

g?@iééﬂﬁ TYPE _ PFWBBJE SHaPE ~ 7T q ' -X . _S """""""""""""""""" ? »ﬂé;a‘-; Ed -E:QE: """""""
: | gzzign?ular A dxis | C Axis . $A x 30 x 3.1k
| : Re ! () (mm) (o)
Quartz | Spherical | 151.2 1568 . 15,050
Quartzite  Oval . 80,6 k0.1 2,500
Shale Spherical 1611 1284 16,233
Guartzite | Oval 95.2.51.6 3,840
Quartzite | Spherical 136.5 kg 12,311
Shale | Spherical 129.1 . 56.3 ¢ 5,685
Shale | Spherical | 1426 1218 13,555
quarta . Spherdcal | 83.7 | 561 3,697 .
uartzite | oval ' .8 5820 6mB
\uartaite | sphorical . 163.3 131l 17,568
Black Chert | Oval _  : 1096 ' S1.30 255
Quartz i ovel LRk 1265 ... 17,119
Quartn D ooval o wsa s 5,077
\uertz | spherical | 143 1087 FUNT
@u'-;r%z 0 spherieml | 66 bL.oi . 2L,34h
Quartzice | Ovei . 1613 127.1 16,093
guartz | oval 1 104.8 52.9) 4,269
Shele | oval . 2.8 by 2,779
Black Chert | Sphericel | 149.7 | 130.0: 15,275
quartzite ! ﬁyrz.e,r}galwz ,,,,,, 160.5 123,80 15,597
‘Shale | oval _ 117.4 64,90 5,958
smate | ovar | 1om | seas T Thges
\quartzite | Spherical | 140, 121.0, 12,07
(Guartz | spherical | 158.1 122,30 15,190
Quartz | oval . 14.6 97.30 11,436
Shale i oval 394 57,00 6311
\quartz | spherical | 146.2 . W7.3 13,461
| Quartz ! sSpherical . 178.1 . 132.k¢ 17,517
:Blaqk.‘cmt;k Spherical | 143.2 | 136.5] 15,343
| quartz . Oval 1__5?.:%.,;._,_.,.‘,‘“_9}._6_1 ________________ 10,934
| Quartz | _ Spherical ! 154.3 | 137.2; 16,617
| sk Chort| Oval [ 109.9 G 584l 4,881
?wgzga?is,@ Spherical |  123.3 | 02,1 517
| Quartzite | Spherical | 158.0 | 126,71 15,813
 Black Chort! oval | 12610 597 599
f éléék Chert : d&al i 146.3 £2.3! 7,151

- 103 -
DETLRMINATION OF PEBRBLE AREAS AT UNDERGROUND LOCAT JITIES.

Locality Western Holdings Ltd. No. 2 Shaft

3% West Haulage Peg A.3787
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DELTERMINATION OF FEBBLE AREAS AT UNDERGROUND LOCALITIES.

Locality :

Co~ordinates

3*BBLE TYPE

3% West Haulage
X+ 30%L71,

X

' DFRBLE SHA

; TOval
i gRactangular i
{;uértz”L_ " ; 47,1 E C g
Quartz _Q,Vf"k]:,‘,_ o 1bB.1 683 7, 94C
uartz ¢ Spherical | 123.7 1014 | 9,859 |
wertm . Oval 1628 593 . 5,607
Quartz 0 oval ' 1761 69.2 9,201 |
uerts | Sphoricsl | 1517 | 122.6 . 1k,505
Quartzite | Oval | 102.8 k9. | 3,705
quartz oval SR L N - 8,724
Black Chert | Spherical | 166.9 135.7 | 17,778
Plack Chert | Oval L3326 85.4 . 9905
Shele  ooval R T S SR> 1 SO . 3,509
!l?qr_p}%;fl:qi .. Spherical @ 93.8_ i .. 61.2 . hhe7
‘Quartzite . Spherical 639494 ............ 2,kk8
‘&%‘Pf.’f‘.?%_,”.h,,_.....g_._S_PW%I.’_.i_?%l \\\\\ L. 253.0 130,315,648 .
Quartzite ¢ Spherical | 172.8 116,115,748 |
Porphyry _____ S_P.?%F_‘}P:%._._;_..w._.?ﬁﬁf} ,,,,, Loo1z2.6 4 15,446
Black Chert ' Spherical | 169.5 | 1371 | 18,261 i
Quartzite ! Gval i 126.1 G 97.b L 9,590
Quartzite | oval I & -2 S S <Yy S S g,2k0
Shale | Spherical | 164.8 | 1326 | 17,395
‘Porphyry | Spherical | 149.6  _ 119.1 | 13,986
Slate Oval Do 1m.1 i 610 1 6,249 |
Quartzite i Oval Lo 58,6 o mh Do ek
\uartz o oval 1064 L 397 L 5,568
iuartz | Spherical | k6.2 ! 118.9 ! 13,0k5
s?@%ﬁ?ﬁ-.@&é}"ﬁ._.L-eﬁhﬁ%{.lﬁf}%._é ....... 184.3 | 1124 ¢ 16,276 i
Black Chert | Oval | 119.7 . 47,3 L b0
Shale Coval 2063 i __1bl.2 21,912 __ !
:E?_rﬁ%%mr ......... s phorical | 98.1 Bk 5,017 _
‘Black Chert | Oval L Ak0 6905 L 6,147
|Quartz | Spherical . 1517 !  142.9 | 17,016
iSmale . oval L a0h.3 L 82,7 6,682 .
| Quartzite | Spherieal { _ 162.3 | _ 1210 . 15,364 |
(Quartgite | oval . 100 537 1 ! 4,260
(Quartz | Oval W2 o BS.6 L 5AO_
i Quartz . Spherical 163,2 129.7 ¢ 16,623 ;

. Spherical

Western Holdings Ltd,

i

- 2 Shaft.
A 2787
Y + 345637,17 ft,

¥ + 10557.41 m.,

No.
Feg:

20
308,96
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DETERMINATION OF PEBBLE AREAS AT UNDERGRCGUND LOCALITIES,

Locality :

Co=ordinates

western Holdings Ltd.
33
X + 30541.20

Hest Haulapge

-~ No, 2 Shaft.
Peg: A 3787

Y + 34637.17 ft.

X + 9308,06 ¥ o+ 10557,41 u.
;Péﬁéiémfiﬁwa'?Lé?iﬁ’ggé"ﬂ_ """"""""""""""""""""""""""""""""""""""""""""""""
| - Spherical AXES | POWIE GRSA
é E ?Ziidngulwr % q(;:%s éc(;§%5 A X(fj ; Zalk
: ; Blongzted L m
Forphyry | Spherical | 983 SLE TR T
51.:?‘5{ ... Spherical . 86,4 -~ 56, ' 3,910
vﬂuar.t.z © Sprerdeal | 112.7 1013 9,200
wartz | Spherical  143.6 | 106.3 12,016
Blac_k‘.cmrt oval 1137 . k32 i 3,820
uartzite | Gval 119.4 - 59.9 5,611
'%9:&‘1_‘4?2*".,_"_,11,.,!.#.:%513.%1739%1 ______________ 99.1 887 . 7,010 :
martzite © Oval . 108.3 | 64,3 . 5k82
ouartaite | Oval L 129.2 0 sEM L 5,003
Black Chert | Spherical | 99.8 | 7LA . 5,609
Guartzite ! Oval . 140,0  59.6 6,397
géuargziée' 3 Sphorzcal 163.8 129,4 17,064

e Ll L T R
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIZS.

locality :

Co-ordinates

E TYPE

Yestern Holdings Ltd.
32 East Haulage
L+ 3ub57,11

X+ 9283.33

 FEBBLE_SHAPE -

H

: Spherical

s Uval _—
Regtangular ‘{"x
: i

© C Axis

- HNo. 2 %haft.
Peg: T 91k4 + 5007
Y + 33162.06 ft.

Y o+ 10108,07 m.

PEBELL AREA

o iFlommatea . fmel 0w )
Quirtz . Spheriesl | Bo,6  43.8  ag9;m
Shale ¢ Spherieal | 491 310 1,146
Quartzite  Spheriesl | 65.2 | 32,6 1,668

‘Quart

ZQuqrt

dguart

zite ;

z

Spherical

WO
s
.
‘t_'

=3 o

WA IR 4
. :
oy

51.8

b
N H
1
i
i

¢ Zvherical

\Q
)
P NH

Spherical L 33.6

40,7

Z » .
Porphyry | Spherieal ___ 75.0. 62,1 3,655
Quartzite | Spherical | 88.2 . b3.7 . 3,025
Guartz | Spheriesl 102,30 68.9 1 5,532
Shale 1 Spherical i 911 1 VA 3675
‘Quartzite | Sphericml . 728 1 519 2,965

‘Black Chert i Oval L 784

B}ack

st
: uyart

iBhale

Black

Chgrt

Chiert

zite '

g e e e

tlack Chert i Oval 0 127.4 - 56,3 . 5,630
"""""" . oval 79 oz 2o

Covel 0 iov. | 53.8 . h,269

| Spherieal | 180.2 . 102,3 . 1kb70

 oval Caese L 73 . 7,577

‘Black

 Shalc
Couartzite
, Qquartzite

4
P Guartz

‘Euqrtz1te

1ack Cngrt

§{unrt21te

i

fyﬂlrtz

Chert o

D Ot T L

Lval

N

1h2,0 9

1w

3

1
Spherical o 112.2 1 b1
Sp i

Cwal

te

Rax
i .
SO N e

r

[ANIERAEN]
O D !W

.

5

S
00

C
<3
50
,_.J
T
R liEs;
ST
.
AV
‘J‘-"
~J
s

b i g

L) !
HA N

R e
e 2aBB2

9

Quartz. oval 831 k2l 2085
‘Black Chert | Oval . 11h,3 : 898 | 8,057
Shale 0 oval . 9.2 51.31 ;- 3,658 !
guartz ! oyal 1 107.0 b 34,3 0 2,880
‘Quartz ! Oval ., 880 ! kOO ! 2,763 5
Quartzite | Spherical | 71,2 ! 51,0 | 2,850
Black Chert | Oval 155 5_5;.%._1_.”1_.»._.5&?9._._ _________
g ; |

_Oval o 82.3 | 36'9
Spherical E 87.1 : 62,3

LS = e
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DETERMINATION OF PERBLE AREAS AT UNDERGROUND LOCALITTINH

Locality Vestern Holdings Ltd. ~ No. 2 3haft.

33 kBast Haulage Peg: F oLkl 4 sous
Co-ordinates : ¥ o+ 30h4s7,11 Y + 33162.96 ft.

X+ 9283.33 ¥ + 10108,07 m.

i ”h‘u BELE TYPE v OmBRLE OSEATE
CSpherical : A K 3
. Oval P u-.‘w s e e a4 s -

: S : : C Aixis P FA ox $C x 3. l%

; Rectangzular Lo : 2\

: ‘ ! mm) : (mm

: : ulong“ted : !

BT L L e e s e L L Y LT L T G T LT G L T T s ST ST D T TR L T N AT T P M L T T M T R R

Juartzite P Oval

PERELE SREL

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

;ahﬁlc . Spherical 3 5

Black ”hert | Dval

Black Chert 5 Oval

R T T e T i el U S

; bi,3 ¢ 3,334

vs)
]
63
O
s
2
=
B
;¥ '
ot f
<
<
)
|
ol
9
£
*
R

. B B e e DD L R el T
Forphyry \“mwéﬂuapherlcal i B8 38.0 RO

| Quartzite ' Spherical 97.1 52.7  biog

P Quartzite ; Spherical

‘Black Chert i Oval 80.8 ! 36,8 i 2,333 _
; Black Chert R OS5 SN 5N SO £ 7 S

| Quartz i Spherical : ok.g _5?:%-_f__,.ﬂﬂ- 5,905

Cquartz L oval 1122 2h.7 2,349

J o s e e ,,,‘.A_a‘.,.‘u.,ﬁ‘...._.,_._..w.:;_._.._.._ (PR B :
|Quartz o Oval 0 76,0 o 88.9 2,917

. ¥ : 1 '
 Quartzite - Oval . 126.3 . k2,0 G 4,163

11 - - g v-wwv-v-n-: - —E_'- B - _—
uartzite | OV%@ ] _“m5.m"W%?§:E_LW”W”§4:%MW£NHW__unw%z???___-_

CQuartzite . Oyal ' 02,0 267 1 2,139
Shale ' Spherieal ' 69.5 . 510 % 2,787
Cguartzite ' Oval 1 80.0 1 36,5 1 229
Cwartz 0 oval 010302 0 491 3,977
P Blate Oval Lo A26.3 0 37.1 i 3,677 .

CBlack Chert | Oval § 79.2 ¢ k7.2

ﬁ5932%35y__n.wi__9¥?% L 9l7 31 2,238
Spherical | 87.3 . 63,7 ' h.365
Juartzite | Oval P 126.9 ¢ 59,5 | 5,926

i, e L T T R R I

| Black Chert i Oval P11k s 39,0 f 3,492

Juartz

! Quartzite

H
! 1
! ,r4 - p— - - Iremrmrmmr T T .
! Quartz i SphbflCnl : 754 Le.2 2,042 :
j XBArLz L SO 48 Jo 0 SO A O IO IODNN. & N e
| Quartzite i Spherical 92.6 56,8 3,953 :
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DETERMINATION CF PEEBLE AREAS

i

AT UNDERGROUND [OCALITIED,

Locality Vestern Holdings Ltd. -

3% Enst Haulage Teg: F 9lhh 4+ s007

Co-ordinates

F Eéi;w%Y?E Q'ﬁéﬁ“fﬁ'}f;éf”f'” o ~"“fm”“w'm“w*d"”°”~_”'
Dox %?L. SHALE LR S . FEBBLE AREA
: ;o owpherienl LIS e L e s
: © Gval : : ; ;
! ; - P v : Axid S Ao e o !
; . Rectangular j( 33$ : C{ g&s zh X,“ g% el
{ : mlonfit(ﬁ yooamm, : Lam L )
Black Chert | ‘3"’5*1 o Lo 8944 3306 L Ry35T
Cguartzite 0 Cval 0 102.2 64.9 | 5, /9 .
Shale . Spherical 1 107.3 43.3 L 3,545 |
.“uartz % Oval ; 121.9 L6,7 4,@68 ;
........... s & A B e
?l wck Chert | val i BL,p2 38,1 2,518 i
aek Hhert LAl L ORI LSS o= L RS L e S %
Plzck Chert = Oval i 97.3 27.0 2,062 :
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ R U OO 3 SR MM (AN S SRS o e
“s’«?‘:’i{i?lt,‘? i Gwal GoRe.7 3503 L 3,086
Quartz.  Spherical ! 8l4 51.9 13438
Shale i oval L 9v.7 2608 2,085
Black Chert | oval | 1013 236 | 1,876
quartsite | Spherioal . 89.9 | s6.2 | 3,965
‘umartzite j Spherica i 76.5 62,5 54753
,,,,,,,,,,,,,, Lpmpheracal R LB P22
fuartzite o Oval ¢ 1034 . 51,0 .o 4,139
uartzitc  © Spherical ' 92.0 | 57.7 b,168

X o
X 4

y -
3 15

shal

045711

¥ + 331462.95 ft.

9283.33

¥ + 10108.07 m.

, 060 Z

Slack Chert , Gwsl . 971 0 3h2 2606
forphyry . oval M9 32 2,802
?"%?35?"705?#%  Gpherial 82,7 623 L W,337
Quartz | Spherieal | 76,3 . 38.7 2,317
Flack Chert  Oval | 195.0 399 ____ 6,107
Guartz 5 ::?‘%_ef}ii*_l .......... 63.h h2& 3131
 ouartzite . Oval . 113.7 . _46.0 1105

| Gusrtz  Spherical 97,3 . 518 | b,055
quartzite . Spherical ! 88.8 s6.2 . 3,917
Slate Spherical | 67,1 - k6.7 o 2,459
quartzite | Oval 1210 ' 24,3 1 2,307
guartzite . Spherical . 89.7 52k 3,680
Slate | Spherieal | 78.2 . 617 1 3,786
Black Chert ' Oval ~ 123.9 | 569 . 5,535
Rlack Chort| Ovel | 1713 | 95.2 12,532
quartz | Oval o 79.6 | 36 ' 2,255
Guartz | Oval ' 108.6 . 43.0 | 3,665
Black Chert ' Oval | 11k 59,3 b,bih
Shale | oval i k5 360 & 2,397 .
Porghyry | oval 1 107.0 305 ' 3,317
AQuartzite ) rmpherlcal '?9-0 6h.9 __;_.__“__M.M%;}?{ﬁ_% ______________
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITILS,

Locality - Western Holdings Ltd., - No., 2 Shaft.
3% hnst Haulage Feg: F.6117

Co-ordinates : X+ BOLS7,17 Y + 32026,L42 ft.
Xov o 9283,34 Y + 10C35.97 m.

TEBBLE TYPE i imdBL% SHAFE 1 LY RS i DERETE AREA

: Spherical . ;
i . Oval . L Lxis . O Axis R Y L S A R
: " Rectaneular  (mm) ‘ A{mm)
i ; Elongaued : i

. spherical _ 217.h 130,01 22,185
339{9?XSIJ»WAEH oval 1 1h3.6 ¢ 954 10,753
ZQuartzitem“_f Oval e 127.2 93.3 . 9,315

R A

‘Quartzite ; upherlcal : 170.8 123.7 16,584

e e e e e e s e e s e w4 am e wm ot s kst e b me S s um L e C em s e om ek s e 4w s wm s s mm % 8 e ¢ b ¢ e b b o s s e h e e e R 4 s e e e 4

fQuartzmto. . Oval o 153.0 72,60 &8

ERE R SRR - [TV

Juartzite f aphurzcal E 93.3 ; 56.6 ° by 1bkk

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

.?uafﬁﬁﬁﬁ?m_m- ;;;;;; oval . 135.5 93.2: 9,912 -
\Black Chert , 3pherical @ 89,9 ' s51,0: 3,508

iauartzite‘nnjnMQV?%"__m o 197.2 86,9 _13.h51

L S e kR R

E?%%angﬁﬁfﬁni”mﬁE@&?}?ﬁl“wng__.1%%:1M‘§ 81,1 9,175

'Black Chert . Spherical |  110,5 | B3.5. 7,242
{Shale . Spherical | 874 1 543, 3,724
ishale o oval . 103.3 1 56.50 K581
iQuartzite . Oval & 13k.2 ,  91.7 9,660
‘Porphyry |l Oval . 173.6 [ 82.1. 11,187
iShale 0 oval L1125 L 67.70 5,978
uartzite | oval . 219,9 i 1k.2l 19,712,
‘vtz oval . 12b.8 . 87,9 8,610
iPorphyry owar 1190 0 8330 12,1430

)
AW
g
o
-
[#2Y
1 '
N
t
\
'
{
Y
‘e
O
gy
I~

sBiack Chvrt ¢ Cval

BT —ae g T

-
~1
&l
o

gQudrtz i Up%brzcal : 9z.2 51.2
e R L A et R :
‘Guartzite ot Oval . 102.5 o . 58:3. . _.
Ml hoelvE

u
N
- N
WO

frg b
1Wi\0:

-

ool

g .

I RN
w00

fquartz - Cval

]
t
]
!
i
1,

D
‘Slate . Oval 8

4
i
)
3
1
i
1
§

Quartzite 7;7 Oval

!
1

1
B T
;
t
;
i

i
{
]
]
i
t

Black Chgrt E w@y@}“

A%
K]

O
jo
AN
oot
e

[RNe]
i |

R A 5.

Juartzzt“ t qul E A;ﬁ
: 9

8

quartz . Spherieal 1 87,0 , 52,50 3,578
Porphyry oval 107 0 38,30 3,228
Quartzite ! Oval _f 9.7 i W38 2,255

Quartzite . Oval . Ldee2 0 2MeZ0 LD

Slate ..._.i.0vl L. B3.8

[N el oS } ................................. ;? ..............
Snate . oval o 101.2 ¢ 39.70 3,153
| shal T .. i ;
| quartz i Spherical 74,7 ; 60,90 3a97C
: S S Rt T SRNNY A X AU SRR i
1 ; ‘
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIRS,

Locality : Yostern Holdings Ltd., =~ No. 2 Shaft.
33 East Haoulage Peg: F.gli?

Co-ordinates : X+ 36457.17 Vo4 32926.4k2 ft.
L+ 92B% 3L Y + 10035,97 m.

Eaphurlcal _______

f Cval LA axis U0 axdis T FA T x HCx Bk

i Rectangular . (mm) (mm) (mm?)
Elﬁnua+ed :

TN DTt LT TRI UL LT TR I LS T MRS DL TR e PUATLL T T L ST A AT ST LT T T T T LTS A W W L LT A L L

fﬁuart21te_,wjm,QY%1w”_"._ u mw_m1“?f
“i,l“a.??ﬂ._%f_by?_h.é ..... Oval 93.3  M&.2 3,530

;5}@9¥M99arﬁ_LWWGY?l” o

14.8 51,
iShale | Spherical . 69,2 : 30
* | a8

' B
iGuartzite © Spherical

querts | oval . m94 3630 3h02
Guwrtzite | Bpherical . 73.6 . 68.5 . 3,957
’for:ﬂhyr:{ Ovel 102,90 he.z . o 3.h0f
Shale | Flomgated . 93.2 . 35.9 2,625
Black Chert | Oval | 192.1 . k3.1 6,h99
iQuartz - ooval 0 102.5 . k9.7 3,998
uartz . oval B3 363 202
Mlack Chert © oval 2.8 BB 6578

‘Black Chert : Cval . 123.7 23,4 | 2,771

41%55ff """" Cewsy o amua o se 5,082
\ouartzite | Sgherical | 89.h 6120 4,20k
s.-g.%ii??%%?_ewi over 0 ier.3 o2k 22eh
s1ate Coval 132,00 M5 b,818 @
\quartzite | oval - 1805 513 U268
Hquartz Coval 932 59.9 k381
‘Black Chert | Oval - 112.0 K18 3,67
'Ouarta,mm | spmerical 02,6 6.0 bRk

Black Chert | Oval |, 102.5.  32.5. 2,614
2

Quartz Dooval 0 ayss 3800 5,26k

b
late  spherical | B8.3: 53,00 3,673
‘ 4 200
' quartz . Spherical 99,3, 4.5, 502k
E _Oval ; 114.9 | 42,3 %, 815
'Black ﬂhert i Spher1ca1 _ 9%,2 ; 51,8 mmu%ﬁ?ggnpw"‘,

e PR e e BT T

EDorphyry 1 QOval ; lQ?.h; ‘ 51-9é ) h,373

:Porphyry

""""""""" fmfif«mﬁpyﬁzyea}m,;Wmmuuwéafo;w_nwu.é}-z;“, k282
7Qua§£éi%é‘ over 1219 a1l W06
Black Chert | oOval  100.80 39,50 3,kck
jélggéw”"””“”;” Sphrrlcal wjm”m__ 39.0é”'____§l,%§ o 3??
' Slate Coval 1 Tacc.ol 363l 2,f
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DETERMINATION OF PEBBLE AREAS. AT UNDERGROUND LOCALITIES.

Locality :

33 East Haulage

Co=-ordinates X
X

+ PEBBLE SHAPE

9283.3%4

+

Western Holdings Ltd.

Peg:

Ro, 2 Shaft,

F.9117

Y + 32926,Lk2 ft,
Y + 10035,97 m.

P e b M AR st ek ¢ e M e % L 1M L A k8 ke e e e - S s

~mBBLE = | Spherical - AXES . FEDRLD AREA

; | : TR R ;
2 Beetangaar x| Cs 1 ghxiC g3k
o Blomgatea ot 0 tm) )
Black Chert | oval | 1256 29.7 L 2,876 |
quertz . Spherical : 98,5 ! 45,2 . 3,549 . :
quartzite | Spherical | 1.2 om2a 12,424 |
quartzite 0%1 L il.%2.5 _3‘6.:.1.&.__35 ............ 2,621 |
Slate Doyl 98,6 o 49,2 3,808
Black Chert ' Spherical . 117.0 © 73.7 i 5,768 |
Forphyry | Spherical | 1483 | 9.3 ... 10,628
uarta oval o 279.9 | 137.9 ' . 30,299 |
iquartzite ' Spherical 98.1 i 600 ! 4,620 |
Black Chert | Spherical | 183.4 . 119.3 | 17,175 ]
Quarts L Oval 1595 1 56.0 + __  aom
Black Chert | Oval ' 130.6 89,5 i 10,578
Shate | Elongated | 1891 . 53,5 . 708 !
\Quartz oval b oaepbo oo 733 7,330
Quartzite ! Oval 1835 1 622 8,959
‘Guartzite  , Oval 1ok o 78.9 & 4,84y
shale 1 oval 1wz . 4h.o . 3868
si%»?%f#f.::. _Spherical | 98.9 1 5 83‘*525 .......
quartz | _Spherical . 9.0 . 83,5 ' 6,161 |
Forphyry | Oval Cox95. 0 57.2 o 8,79 L :
{Black Chert ; Oval o l2k6 o 63.0 ¢ 6,159
[Black Chert . Spherical . 96.7 |  62.5 i 743
réi.‘.iaﬁ%l_#ﬁ _______ . Spherical | 112.2 i 71,7 i 1 6,317 . :
shale Doval o Go12%2 | 6971 6,740 |
|Quartzite | Oval o Mb.s o 88,3 ] 7,936 i
'Shale | Sphorical . 105.0 ! 92,8 ! 7,649
iQuartz | oval i 1233 0 726 | 7,026 |
{Porphyry i Oval 1 195.9 1 6L.5 . . 9456
{Black Chert | Spherieal 1208 i 810\ 7,680 _ .
i Quartz ! _Spherical i 150.k 1 9623 i e 11,391 . §
| Quartzite | Oval . 1932 1 10k.6 ¢ 15,863 |
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DETERMINATION OF PEBELE AREAS AT UNDERGROUND LOCALITIES.

Locality : Western Holdings Ltd. - No. 2 Shaft.
35 East Haulage Pep: H, 379

Co-ordinates : X+ 3019L,0h T + 32305,60 ft.

X + 9203.14 Y + 986,95 u,
uuuuuuu L S BESBLE SR e
. Spherfeal . JARES ) FeesLmoamm
; ; g:i%angular é A(Ax%s S C Axis ; 4 ox sP x 3,14 “f
e Elongated (o G (o) (na®) ?
ueres L Spherieal | 170 | 12503 L 16,960
| Shale | Spherical | .1,39_:,‘8__.‘ ........ 98.7 . 16,126
r.@ﬁa}f}’f%_-‘s?e _._Spherical . 205.2 | 1‘*0'_2'_? ““““““ e2,583
Quartaite | Spherical | 219.9 | 163.9 | Bae0
- R N B St
uartz 0 oowl 150.3 1 801 . 0,k50 !
Shale . Oval 0 1%0.8 | 735 | &a23
CQuartz | Spherieml | 1bs.2 | 120k [ Ta3pe3
|Quartaite | Spherical . 168.5 | 98.2 i 12,988 .
| Quartaite . Sphorieal | 1147 | 80.6 | 7,256 !
(Quartz 0 Spherdeal | 132.3 | 90.5 . 9,398 é
|Quartzite ! Spherical | 1212 | 100,91 2,599 .
{Forphyry ! Spherical | 193.5 . 131.2 . 19,928 .
| Quartzite | Spherical | 150,8 |  105.0 . 12,629
Cuartz | Spherieal | 120.h | B3 7967
 Black Ghert | Oval 1 195.3 . 65.7 | 9,599
Forphyry | Oval 1232 28,-.?5._f_,':_.,3:5_,.%25_'::.“,'.1
{Quartz | Spherieal 1 105.5 . 69.5 ' 5755 |
iShale . Seherical 1 Mk.9 i 83.4 1 7,521 ]
| Guartzite | Oval 1371 66 % 5,496 1
PShale i Spherfeal 1 M12.2 1 97,51  E,587 |
| Quartzite . Spherical ! 93.8 . 56.3 | bbb L !
t Black Cherti Oval ! 107.5 [ 4.2 35,929 |
| Black Chert: Oval ! 1959 . 7.9 11,084 |
| Porphyry i Spherical ! oh.0 1 521 3,858
| Slate | Spherdcal 1 98.2 1 55.5 % 4,278 i
| Shale i Spherical ! 130.3 . 737,507 _
{ Quartzite i Spherical ! 1048 [ L6 5,889 |
{ Ouartzite 1 Cval L85 736 10,601
t Quartz i Spherical | 128.2 0 712 . 7,364
{.Shale L Spherical | 88.7 1. 5309 5 e 22702
| Black Chort: Oval a3l 60} 10,004
| Quartz i Oval N rw:z;'z_;_,_._.__ff@»-_a_‘: _________________ hhozh
Z_,_B_}%_Ck,,}?}}%r}‘ ______ Spherical | 1846, 120,71 17,490 E
Quartzite Spherical ! 92.0; 610“@5

[ e e _.—..a‘.-.-!__. -
¥

{_Porphyry i Oval i 153.8  99.8i 12,048 5

W i

1

t 1

i Quartzite al_ L. = | :
i Quartz i oval ; 281.1 | 140.3 | 30,958 i
i Quartz % L.e8r.1 2 e e
H 1
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES,

Locality : Yestern Holdings Ltd., -

33 Kast Haulage Peg:

Co-ordinates : X + 301%4,04 ¥ o+
X + 9203,.14 Y o+

No. 2 Shaft.
H., 379

32305,60 ft.
9846,75 m.

FERLINE  GERBLLSMIE  hxms o PosmLE 4REA |
; z ggiiangular ; A(iz%s ? C(i§%5 E %ﬁ X 3521 3.14 i
msemrmimn oo BROBERLEA i mmm s s i o e et s ot o s
;f?lﬁfb-cmrt Cooval i 1‘5‘1 4852, .53?5}-._._._1-.?
islate | spherical :  95.2 ' 416 . 3,108
Black Chert | Oval IR R N 3,961
iShale . Oval . 1064 1 A9k L h,167
\qQuartzite i Spherical __ 271.2 . 136.2 . 29,019
lquartz 1 Oval 1440?248183
A.@%ﬁt&u.wm._ﬂ._.i‘,.Fzmer}eﬁl ______ S 81,5 | 5L.8 333 ;
\quartzite | Spherieal :  107,7 |  Bo.4 i 7,558
Porphyry | Spherical | _151.1 . 73.1 | 8,670 |
Quartz | Spherical | 1853 | 1043 . 15,007 !
uartaite | Sphericel | 2812 | 1813 1 40,030 |
Black Chert | sSpherical .  137,5 [ 118.7 & . 12,811
‘?.%r%‘?ﬁ?-@i?f’f._L.Jf’i’,h},f'&?:_?}__.L._.#.ﬂ‘?%‘-.(?,._i ,,,,, 7202 i 5,208 _ _._. ;
{qQuartzite | Spherical 1341 | 1048 1 11,031 i
féﬁ?le_H‘Wmuw;“mQV%1,_m““ﬁfj,ﬁmW¥Q7:% L k6.0 3,866
\quartzite | Gpherical 92,5 . Sl i 3,731 ]
Black Ohert | Spherical . 53.2 1 bk i 2,062
\guartz 1 Spherical | 161.0 ! 107.6 13,598
quartz ,. Spherical . 182.4 | 66.3 9,495 |
Juartz Pooval o as8.3 381 0 by73h
Quartzite ! Spherical | 361.7 . 217.7 [ .. 61,798 .
|Quartzite | Spherical | 133.2 | 72 L 72569 ... g
‘quarts | Sphericsl . 1381 - 81,3 1 8,813 .
| Quartzite | Oval . 1003 . 5.8 [ 4,198
' Quartz | Spherical | 163.7 | 108.9 ! 13,993 :
\Quartz 4 Oval R L P S 2 7% B S 1,618
 Black Chert i spherical | = 89.1 1 k6.0 | 3,216 i
Quartzite , Oval | 140.0 | ?1“803_
iShale i Oval i 187.3 | 109.0 | 16,025 |
 Quartzite | Oval . 122.9 ;L0 1 5,884 |
|Black Chert i Oval | 1312 | 86,3 ! 8,887 |
lack Chert | oval | 026 L 4gg L ooy
|Guartaite | Spherical i 151,55 1 112.0 | 13,519 .
‘Quartz i Oval i 139.0 52,1 { 5,684 .
Porphyry i Oval 1 168.0 | 97.5 1 12,866 1
| Quaxtzito [ _Spherical 1 55k 1 T SRS T1:.-2 SO
i Porphyry i Spherical ! = 58,7 1. .36.2 i 1,667 ;
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DETERMINATION OF FEBBLE AREAS AT UNDERGROUND LOCALTITTES.

Locality :

Co~ordinates : X + 30194,04

X + 9203,1k4 Y + 9846,75 m,

PEBBLE TYPE E PEBBLE SHHPE { A XES ; PEBELT AREA
§ g‘xjgfncal d_“_w _.w. M.._.‘_..,W_._._.-,.,,.,,_._.,_._‘w._‘.;
Rectangutar | RS COME BB
i Elongatea i tmo o fwm) (el
18late | Spherical 72.1 8.3 2a733
Quartz . Spherical | 143.2 | 106.9 . 12,006
Slate __Spherical 70,3 | 4ho 1 5hag
Slate | Spherical | 56,8 © 39.6 . 1,765 i
|Quartzite | Oval o te3.3 o927 L 8,971 i
‘Quartzite | Oval | 1460 | o1.0 | 10429 !
quares over 151.0 87,3 10,347
Quartz | Spherical | 112.3 @ 110.3 9:723 . ]
\Quartz | Spherical . 171.2 | 127.5 | 17,3k |
‘Porphyry . Spherical | 1060 . 93.2 | - 72755
Porphyry ! Oval 0 108.5 ' 385 . 3,278
Smale | Spherical ‘' 181,7 | 1328 . 18,941
| Quartzite | Spherieal .  123.6 . 6b.3 . .. _.6,238 |

 Quartzite . Oval . .119.5 1 59.8 1 5,609 |
Sate Oval . 137.5 . 89.3 L 9,638
guartzite | Sphericsl . 326.5 | 1206 | 30,909 |
iSlate i oval | 110.5 « 56.5 . kB899
| quartz . _Spherical | 99,6 . 89.0 | 6,958 . i
5;ééé.r:mézs&s_._i.w.?}f?_f&_._.___.ﬂ._ﬁ ______ 153.3 © _ 53.2 ! . 6,k01
Black Chort| Sphorical | 179.0 | 1319 | 18,533
| Quartzite | Oval . 31985 69 859
i Black Chert ; Oval  ~ °  92.2 1  42.4 o 3,068 i
|quartzite | oval BT 595 3955
[Slate ooval L1083 k6 ETL: S
| Shale . Spherical | 119.8 ¢ 112.6 010,588 !
\Quartz i Oval | 123.9 ! 875 ' 8,50 |
| Porphyry i Spherical | 2201 156.0 | 33,075 _._ |
 Porphyry | oOval L 298,10 M6z b AL :
. Quartzite | Oval ¢ 98,3, 39.5 | 2,k27 ]
| Quartz | Spherical | 99.8 i 72,0 ! 5,640 1
| Quertzite | Oval | 117.2:  59.0 1 5,427 !

Western Holdings Ltd.
3% East Haulage

-

Feg:

No. 2 Shaft.

H. 379

Y + 32305,60 ft.
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DETERMINATION OF PEBBLE AREAS AT UNDERGRGUND LOCLLITIES,

Locality :

33

Co-ordinates X + 29847.07 Y + 31886,07 ft.
X+ 9097.39 Y+ 9718.87 m.
IP%’B ETVPE™T PEBBLE SHIPE T - T s e,
; Spherical T A XES . PEMIE REA |
:E‘Z?i’angum an:s %Angmgx)a.m |
Quartzite Cwl 2.8 ; 600 s
Guartz 1 oval ! zkok | 1125 a 1250 |
Smartzite | Oval 0 732 a3 o0
Black Chert | Oval 1280 | a3l 9:876 ]
marta . Spherical . 1912 | 173.8 26,085
Black Chert | Spherical | 117.8 | 69.9. 6,463 .
owsrt | Speriealaos.t 932, 150y |
aroon Slate] Spherical | 193.1 | s 23,100 |
uartzite | Spherical | 2160 | 186! 13m0
forphyry | Seherical . 107.5 | 633 ssur |
Baroon Slatel Spherteal I 2132 | stoi T Togm
‘uarts | Spherical | 2849 |  168.5 32,902
Baok Chere | spreriont 1508 | 105 | azos6
Shale i Spherical | 169.3 . 6h.2i 8,532 i
quartzite | Spherical . 209,5 . 147.01 Phy1zk
qunrtz _Spherieal | 327.6 1 69.1% 17,770
Black Chert | Sphorical | 964 | 521l s,9h2 !
Slate  © Spherical | 1353 . 79,h% 8,h30 !
Maroon Slate! Spherical | 1090 . 8L.5. 6973 |
Noreon Slatel Spherical . 1241 1 93.2. 9,079 _ i
uartzite | spherieal | 1545 | 15067 BT
\Black Chert 1 Spherical | 402.6 :  123.3% 35296
\Quartz ! Spherical i 373.8 | 10h8% 30,751
wzu,ast@aat.;e 4. Spherical i 281.0 [ 160.5 ! 35,403 |
iSlate ! Spherical 1 171.3 §  87.21 11,725 .
(uertzite ; Spherieal | 190.5 | 93.7, 13,870 __ |
\Quartzite | Spherfeal | k00.2 | 2Wh.3! 67,323 .
Porghyry | Spherical 1915 [ 9221 14,016 |
Quartz | Sprerieal | 17,5 L 16150 22,122 |
‘Quartzite | Sphereal | P11,0 , 8.0 13,013
Slate |_.Spherical i 134.0 i 63.91 5,720 )
\Quartaite | Spherical i 1933 i 15151 22,987 |
| quartzite | Sphorical oo 128.2 1 w660 W89
‘Quartz | Spherical |  310.8 | 72,70 17,737 ]
\Maroon Slate| Spherical |  268.1 i\ 100.81 2,046 |
uerbeite | spreriead | towo i ezl 7T 25,569 |
;Sﬁéié __________ 5— Spherical ] 155.1 ¢ 146.6 4 17,546 i

Wwestern Holdings Ltd,

Last Haulage

- NO-
;;,

2 Shaft.
M, 7Lk

o

g

T e D
U -
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DETERMTINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES.

Locality : Western Holdings Ltd. -+ HNo., 2 Shaft.
33 East Haulage Peg: H, 744
Co~ordinates : X o+ 26847,07 Y + 31886,07 ft.

X + 9097.39 Y+ 9718.37 m.

PEBBLE TYFE . PEBELE SH.PE ¢ ) . 5 '
; . Spherical ;... XES . FEBBLD AREA
! | Oval % : ) ]
; ! Rectangular ; H(;z%s ‘ C(:z%s : h x(iiE? 3.4
Cmnnnn ... . Blongated 1 L L : ‘ ¥
Quartz | Spherical ! 271.6 521 i 15,197

H
Quartz | Spherical | 21k.6 ! 56,4 9,500 i
:Quartzite ; :

i Spherical | 116,3 | 92,8 {8471 |
Black Chert | Spherical : 13k i 128.6 1 13,567
'QU':r.t.ﬂz»_wm,_,W; _____ Spherical ©  138.3 ' 8§.:E.J__._.‘.“_,.‘._2-_3_‘@ _________ E
quartz | Oval . 1174 0 647 | 5,962 |
#aroon Slate| Oval 2473 1835 | 3.6k2
Maroon Slate) Oval o .253.6. % 1071 | 21,320 !
FPorphyry . Oval . 149.6 1 97,3 11,k26
5%%‘?52.9*3‘?}‘_‘2- { Ovel 0 102,30 58,6 i 4,695 i
‘uartzite | Spherical | 157.3 | 102.6 . 12,668 |
HMaroon Chert | Oval __.286.1 1632 | 36,652 |
uartzite | Spherical | 180,k | 11k.3 | 16,185 |
quartsite | oval o 107.3. s . k733
Porphyry | Oval 1 awk.2 | se.2 i bS8l
Maroon Slate | Oval o218k 1 k2,7 1 2b bk |
Porphyry | Spherical | 1833 ' 1439 i 20,705
;Quartzit?7WA} _Spherlcal_vgr 10%.2 | 89.0 1 7,628 _j
Quartz | Sphorieal i 136.8 | 7h.2 | 8,06 |
\Quartz | Spherical ! 164.0 1 118k 15,242 :
(martzite | Spherical | 119.6 1 103.2 i 9,688 _
Quartzite | Oval L A6.3 . 6h.9 L 8,981 .
iBlack Chert . Oval L1396 5700 6,302 |
‘quartz . Spherical i 148.3 ' 107.2 . 12,465 |
shate  Spherical | 1Lk, 17 17,951
lquartzite | Spherical & 18h.0 .,  113.2 . 16,349 |
slate | Spherical 136k . 110,51 11,831
Quartzite [ Oval Lo ABlee s 8390 L 2086
‘Porphyry | Sphericel | 153.0 \ 1211  1h,5hh
iQuartaite i Oval 15230 8L 9,731
Slate o oval A6l 20301 11,692 .
Marcon Slatei Spherical | 1233 90,2, 8,729
\Quartsite | Spherical | 172! 9811 11,355
uerta 1 ova L a0l 1032, 19,766 !
Slate . i Oval 192#914109%
| Porphyry | _Spherical | 193.21 102.6 1 15,8 313 ! '

-.m,) [P SR L L R R R T S

B - “i B
xQuartzmte | Spherical | 20k,7:  1ik,2i 15*.?.5,9_. v
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DETERMINATION OF PEBBLE AREAS AT UNDERGRQUND LOCALITIES.

Locality : Western Holdings Ltd. - MNo, 2 Shaft,
33 East Haulage Peg: H, 74k

Co~ordinates : X + 298k7,07 Y + %1886.07 ft.
£+ 9097,39 Y + 9718.87 m.

it S A s e s ks et 4 b bk ¢ e s 4 RS e At R S e

‘PEBBLE TYPE

M cwr, axps o wems ]
| | ! ; ,
Rectangnar | A0 e i
S U8 2-1c) 1 1 S U St SO,
quarte | Spherical : 2763 1213 | 26,309
'Qu_ssf%atx ........ L,m.%rz‘zsf}eﬁ?alw.i ......... 303.1 L7 210.2 . 20,013 . ;
Porphyry | Oval 192 . 914 13,717
Slate i oval | 1zzs | aeih 11,676
Black Chort | Oval 1901 1263 L 18,045 !
s%u_azén.%?-}? ...... L Ovar 142,06 | 89.3 . 91953 ...
Cuartz | Sprerical | 1334 77,2 1 8,083
Slate | Spherieal . 126.0 . 89.3 ' 8,832
lQuartzite 1 Oval . 1026 59,3 ‘| 4,775
‘iSh%}; ________ ;_._?PIE.&P}S@:%.-_; ﬂﬂﬂﬂﬂﬂﬂﬂ 181,40 103.0 1 1h,666 .
quartz | Oval L Ab7.0 o3 i 12,865 .
=QU.%%%‘EZ_%}?: _____ . Spherical . 164.3 - 112.8 & ] 14,548
Maroon Slate Oval | 1102 i 613 1 5,302 |
Porphyry i Ovel | | 269.0 . 1262 1 26,68 |
Q;;;Q;;;;wuri”'Sphrrlcal o 134,06 ' 101.6 . V-w,.}9t§§§.._-ﬂj
quartzite | Oval 1536 L sk 6,317
late oowr i 180 9.0 . k538
Quartzite | Oval o A9r.7 0 10005 v 13,123
Black Chert | Oval | 163.0 0 126 0 ab,h07
Qum '''''''''''' i e [ EER. 3.2 11,142

b e+ b s A e ¢ A s B W S e K e e AR L d ke s D
(R A U T e N o
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOCALITIES.

Locality Welkom G.M. Co., Ltd. - No. % Shaft,.
30 Level Conrection to J.V.5.

Co-ordinates : X + 283%20,87 Y + 22133.56 ft.

¥+ 863L,94 Y + 67L5,31 m.
féﬁé}éﬁiﬁﬁﬁlié@éiiﬁf SHAPE """""" cwws """"" P?,BBLUPA
i ! Spherical e e et e -
; £0v31 ; 4 Axis O Axis : 5 x éﬁzg 3.1k {
i Rectangular ! {m ) (mm) 5 :
Cmrmssimrm o e ;P?S’l"fﬁea S S S g__.,-,.,..,,.,,._,.é
Black Chert . Oval <5 SRS U5 M N 2,920 ,%
{Black Chert ! Spherical ' 33,6 ' 325 | 1,506 |
Quarteite | Oval . 7h0 33 ygge
Quirksite | oval 1 ghw [ upg | agm 5
Shade Seherseal | b2.0 o 3h8 1 a3y
{Black Chert { Ovar 1 1101 | s5.6 | i gog
Shale  Lowel 1 737 ko D Tause
{Chert pOoval Lo X033 0 W7 L 2,852 .
(Shale  Goval i 7h8 39,9 1 aup
\Quartz ! Spherical | 1182 | 503 4,667
Quartzite | Oval | @52 S..50.0 L3352
| Chert | P Ova .28 389 L 2,834
iShale iooval . g7 i kg0 1T o opg
| Quartzite | Oval L2061 0 35,8 2o
fshale oyl 072 Eph 5,662
ismale i oval 41137 0 810 [ suke
| Black Chort | Oval 77,5 b7 2q0p ;
Black Chert | oval | 985 | u2g 2,590
iShale ! oval BT U 2130
| Black Chert | Spherieal | 76 | sho L 5oaap T
Shale L ova L83 W2 . 3,160
|Black Chert i Oval L__.72.8 0 ko o 2,308
 uartaite | Sphorical | 87,6 | 49.8 | 33
{ Black Chort | Spherical 60.9 1 5.0 1 2,151 ;
| Black Chert | Oval | 102k ;b L 2sp1
| Black Chert | Spheriom ! 891 sy ' 4,057 |
Black Chert | Ovm 1 9551 st b 3,848
| Black Chert ! Oval . 5.0 1 3.8 | " 2,920
CQuartzite | oval L 60.8 33z 1,584
| Quarte . Spherieal | 109.8 | 58.5 i SAOH
| Black Chert Spherical i _ 37.2 { 30,0 & 876
| Black Chert, Oval [ B0.1, 386 i . 2,679 !
| quartaite | Oval i 18k [ 6L2 I 5,686
| Black Chort! Spherieal | 79.9 . €3.0. 1 __ 3,950
shale i Owal TR 80.8 208 L .. 1953 .. i
ishale 1 Oval BTl Mmb P 5,239
| Shale | Spherical ! 54,0 1 305 G . 1,292 I
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DETERMINATION CF PEBRBLE AREAS AT UNDERGROUND LOCALITIES.

Locality : Welkom G.M. Co., Ltd., - Ho, 3 Shaft.
30 Level Connection to J.V.3.

Co-ordinates : X+ 28%29.87 ¥ + 22133%.556 ft.
X + B63L,94 Y + 6746.31 m.

B T T T T v A G S

1PEBBLE TYPE . FEBBLE SHAPE | j ;
; . Spherical i AXES ! FERBLE AREA :
] i S AR SR b BB AR L :

E ; Rectangular | A(f§§3 E C(2§§S E o ?gm )3‘1& ;
S b Blomgated i
‘Black Chert | Spherical | 83.9 . 59,9 | 3,043 |
Black Chert | Oval 1 92.8B ' 336 . 2.L4g !
uartaite | Spherical 417 L 346 i 1,131 |
Black Chert . Oval G928 537 ! 5,862 i
Shale i.w$%9f3?aﬁ}3?uf“1“_ 58, 1 38,7 L 1774 :
\Shale | Rectapgular @ 95.4 hou3 2,995 ... :
Quartzite | Ovel So115.0 ! 6L.2 i 5,52k 1
Black Chert | Oval So..109.2 L s5.5 i b1

B L S e R S R R

Blac% Chert | Oval , 82,0 . 38.0 2,46 i

....................... e e R ,azv-._.._.._..__..r..w-..‘.........-.....—r—--—<.—-..»._~'ﬁ...-.....-u§

‘Shale ! Spherical 79.6

i
e e L e ks et e A AR e e s e e e 2 e 1

|ohale ... Spherical 1
-Shalo . Oval

1

PR PN e e e D g e T
H
M

;31 ek Chhrt ?w‘aphfrlcal oy

‘Black Chert . Sphericsl | 76.8 © 512 ' 3,07k %
'Shale i Spherical ! 69.3 1 613 1 2,230
Shale | Spherical | 89.5 . k7.7 | 2,565
Black Chert | Oval ' 1207 | 60 [ 5.68
Shale | Sprerieal ! 79:7 1 SO L 3189 .
'Black Chert | Oval . 98.1 1 A7.6 4,006 i

|

Shale . spherical | 55.3 | B5.5 1 1,975

Quartzite , Oval | 90,0 1 33,0 0 2,332
Blnok Chert : Spherical | 81,6 o 37.7 . §
Black Chert | Oval | 106 3 i k9.2 o 4,089
Shale . Oval i 78.5 : 38,9 ! 2,39 g

éa&tz'x“é;w_'féf.%éa'i_,_..._ 1289 1 5630 5,666

PP A SRR S R L by

L e _.; - . ,r !

| Black Chert* oval | 113.0 | 63.3 i 5,589 ;
1
1

R LT

.................... T L I T e PR
i Quartz é, Rectangulﬂré 98.1

R . L T

Black Chert |  Spherical _i'”“ 82,3

i Quartz f Rectangular L8,7



-~ 120 -
DETERMINATION OF PEBBLE AREAS AT

UNDERGROUND LOCALITIES.

Locality : Welkom G.H¥, Co. Lt

d. No. 3 Shaft

30 Level Connection to J.V.S

Co-crdinates X+ 28329,87

X + 863L,94

: ? gZi%angulzr A Axis | C Axis 5 Ax gC x 3. 14 é
.. Flomgated ! "”H
Black Chert | Spherical  62.1 | 8.3 . 2,343 |
Quartzite | Oval . 1048 @ 52,3 | K275
Shale . Gpherical | 66,0 | 41.0 | 2,022
quartzite | Oval | 926 | 3o 1 2,853
Quartzite 0 Oval 1051 | 37.3 | 3,077 .
‘Quartzite . Oval SR> T AU 3.7 52,026 :
Plack Chert | Oval | 95.1 381 2Bk
Shale | Sphereal | 82.0 . . 62.1 3,94
Black Chert : Oval i 97.0 0.4 523k
Black Chert ' Oval | 961 | k1,0 i+ 5,092
Black Chert | Spherical | 1011 537 1 4,260
quartzite 0 Oval 1 102.7 1 B6.0 [ 2,798 ;
quartzite  Oval | 93.9 | 32,3 [ . 238
'B}%ﬁa§§ir9miw93%%”_ﬂ_ﬂ-hqﬂ 1.8 1 59.8 6,654 ]
Black Chert | Ovsl a2 w80 o 5h32
Quartzite | Oval . 99.9 . 3k [ . 2,681 :
-%?;ié“l | Spherical iw»m“m?%;%ui,__mﬁ};ﬁwé _____________ 1,352 :
\Quartzite - Spherdcal | 5%.9 : 3%l i 1,801 ¢
Black Chert . Oval . B8k . 39.5 . 2,72 |
'Black Chert | Oval W63 62,3 7,151
uartsite | Spherical | 92.0 . SLB 1 sl
 quartz | Spnerieal | 1089 66.2 i 5,656

Rectungulgr:

Oval 10? 8

Oval 89 b

[
i

O
1

'Quartzite |
‘31?°¥”§herﬁw%

lQuart31tc

ﬁwgg.é#:“j::

Y + 22133%,.5%6 ft.
Y + A746.31 m.

i L7.0 x 3,037
3Pl 2,993
32,9 2,308
r 53,k 3,931 ?

gl Rtk R R
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DETERMINATION OF PEBBLE AREAS AT UNDERGROUND LOC ALITIES,

Loecality :

Co~ordinate

'PEBBLE TYPE

Welkom G.M,
26 Level

Co. Ltd,

-

Station

X + 28329,.87
X + B&3L g4

b}

i
i

L
T

:Shale :

Chert
SChart - 7
Quartzite
Chery
Shale
;Qqartgite__na
;Quartz o
!%uartz -
,Quartzlte
=Ch?rt R
iQuartzlte m"i
shale

e

[Quartz

- Oval
- Rectangular
. Elongated

P Qval_

: opherlcal L

A uphurlcal R
. Spherical . €

] Spherigg}hw_;

PERELE SHAPE | v oo
Spherical e “%,hwuméhﬁwuh

r

(v

A Axis ;
(mm) f (mm)
72
116.2

Spherical
Ov&l o A“‘t

Sph@rlcal
Oval
al

86.9

75.0
15? O
857,

Spheric
Oval _

Ovﬁ}

Oval _
‘ophbrlcal oo
Oval _ B EV,

Spherical

Axis

_.55.6
L.61.3
. s7.0 w8
‘ 59.2

389
1_64.0 B

Fo. 3 Shaft.

¥ + 22133%.56 ft.
Y +

6746.31 .,

PE

i

BELE AREA |

4 x 3C x 3,14
(mne)

5
¥
i
i
t
1
!
1
i
1
;
1
t
i
:
£
4

,Chert 909 35.h G 2,526
l@uartz#te”._,,‘;,Sphomcal L5538 1,620
uertz i Rectamgular | 97.3 | 59.0 | k,s50h
(Chert ., Oval i 99.h [ A7.7 L 3,645 ]
| Quartz | Spherical | 1095 | 63.2 s34 |
| Quartz Ovel 1087 . 682 5819 |
Guarteie | Owl . ov2 . 3811 2g8y
Onert | oval | 02 | sB.9 L hp21
{Chert | Seherical | 66.2 . 512 ! 2,661 |
‘Snale | Spherieal | 83,3 | s6,5 ! 365 |
Chert  spremsest 519 o 106y
Quartite | Oval 109 k&4 L 307k
quartsite | Oval . 784 . si0 ' 539
iChert  f Oval ! 122.6 . 67.0 | 6,48
| Chert 0&1 783 L o o 2,500 |
uart L Spheriesl | 579 W83 i . 295 !
{Chert ! Oval i 85.6 1 340 | 2,285 .
;Shale i E -

iChert

4 e n e e 1 S s T T P+ e S 4 e
F T T T IR
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DETERMINATION OF PEBBLE AREAS AT UNDERGRCUND LOCALITIES.

Locality : Welkom G.M. Co. Ltd. -~ No. 3 Shaft.
26 Level Station

Co-crdinates : X + 28329,87 Y o+ 2213%,546 ft.
X + BE3L,04 Y+ 5748,31 m.

t PEBBLE TYFPE %PEBBL? SHAPE L X @ ; FERBLE AREA
i : Spherical e i e e

t : i

i

3

H

01 H
tUva i e i . . i
oY ! 4 Jxis ¢ C Awis ! 34 0x 3 x 3,14 !
'

T

]

. Rectangular (mm) () | (2m?)

Elongate i i
s i Sz e Lt T T s LM e s e o Fom g e my e a0 e I LS LR e ST BT T T ML M S L R R L

§ L ..;-' i 2 : ;
 Shale ¢ Spherical i E5.9 Ly.s 3,203

‘Chert | Spherical 848 58,0 1 3,861 .
{ Shale . Spherical 55,7 31,9 . 1,395 |
\quartz ¢ Spherical | 83.7 i 62,1 L h,080 |
\Shale | Spheriesl | 37.1 | 30k 885
‘Quartzite . Spherical . 81.L 618 3,949 |
| Chert mwm_§W9Y%§,WW"M_“_LN-mﬂﬁgiﬁkmj ‘‘‘‘‘‘‘ LRI N 3,304 . .mj

, Oval 1 100,6 L5.5 | 3,593 :

iChert

| Quartz

. spherical ! 93.2 . 60
;Quartzite . Oval
\ Shale

L] B . . T
' Quartzite i_Sp@erlcal

L Oval

{ Shale | spherical | 57.5 1 33,0 1,690
Quartzite | Spherical 1 B9.h | 53.0 . 3,719 |
Cguartzite G Oval oo 80.h 0.0 L2925 |
 quartzite . Oval 1159 . 6L.5 0 54595 __ .|

Quartz | Spherical 45,7 o %201 1,184
Shale Oval ‘ 95.k

i

t
U R, PP

§

L

hS7]
[

.

AN

!
AN
-
g )
4+~
AV

1
i
1
i
1
1
1
3
1
)
1
i
¢

Spherical i

e
[ - -

PR A pepye. S N SR A

o R TE R TR R TR RRY

.........
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C. PEBBLE-SIZE DISTRIBUTION

L Outline

This program will calculato the pebbhle-size parameters
of mcan size, sorting, skowness and kurtosis, according to the
number of pebdles in cach of 40 sizoe groups.

Two scts of poramutors will be caleulsted, using the
Inman and Folk snd Werd formulac. These formulae will be somewhat
medified from their usunl form, in that sizc in square millimotres
will bo uscd instead of phi size. The mothod of moment measures

will be uscd to calculate mean size and mean doviation.

2. Input

Input to the progrem is in the form of punched cards,
submitted by thc uscr.

Information pecrtaining to a particular SAMPLE of pobbles
ig required for one calculation. Basically, the input data consist
of the number of pebbles, countod in cach of the 40 size groups.
Thus, the sizo {i.c. totzl number of pebbles) of the sample will
depend cntircly on toe uscr.

Although the program does refor to 40 scpsrate groups,
the user may find that only = limited number of thesc groups
contain poebbles in a particular samplc. Only scldom (if ever),
will there be = samplo, with pebhles in cach and overy group.
Thus, tho actual definition of a samplc is cntirely up to tho
usor;  i.o. the user must docide on the size of the sample and
its location.

Por each sample, four punched cards must be submittced

to the computer.

3. Calculations
The pregram goos through the following steps:
(a) The number of pebbles in each of the 40 size

groups, is totalled up.



(&)

(e)

(a)

(2)
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The porcontage of the toial pebbles in each

group, is calculatcd:

Wumber in group

i

Pereentage in group x 100

Totnl number
The cumulative porcentage in cach group is
caleouletod.

The cumulotive porcentage in the fortieth size
group {group 6000L - TOOO0 mmg) is tho actual
porcentage of thoe total in that group. The
cumuilative percentage of thoe noext group is obiainced
by adding thoe Just ¢alculsted cumulative percentago
of the provious greoup to tho zectual poercentage of the
total in the group in guoestion. This is ropeatod
for cach of the 40 groups; the first size group,
which is last calecuwlated, will thus have a cumulative
porcentage of 100,

Tho avorage sqguare millimetre sizo of cach group is
now caleulated. The arithmeiic average is used,

D fte Gooup eH = 50 mm29 avornge sigo = (gi_%_ﬁg)

= 37.5 mm2

A Meraph" of avorsge sizce versus cumulative
perecntage is "storad’.

In ordey to mako thoe nocessary celoulstions, tho
average sizos at seven eritical percoentages are
roguircd, and thoese are "ealoulated" from the
Ugraph'. Tho seven critical percentagos asros

5s 16, 25, 50, 75; 84 ond 95.

Using theso resulis, the Inman formulac arg uscd t«
caleulzte mean size, soriing, skoewnoess and kurtosis.

2
average mm  3izo at

M.B. MM5 =
cumulative % 5, cto.
“}'J‘f Y -
Moan Size = Ufhg * Mig,)
2

(I‘JMS e Mify 6)
b

Sorting =
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- ZMM

Skewness = (MM5 + I

95 50>
8q " MMg)

{1

it - MY = (MM, - MY
Kurtosis = (““95 ‘”j) (MM84 ﬁMlG)
(MM84 - ﬁMlS)

(h) ™he Folk and Ward formulac nre then uscd to
calcul=ate mean size, sorting, skKownoss and

kurtosis.

k¥ 3 o an
Hoon sizo =

TS ,

Soriing = B4 5 ~ Mg
4 6.6

1 - MM, - 2MK . - U

Skownoss = W + ing4 2”150 + MME + MM95 2ﬁﬁ§®
(g~ W ) E(Mw95 = HE5)

Hig s — MM

Kurtosis = ( G5 1-5>
2.44 (Mlyg i)

(i) The Method of Momunts is uscd to calculate the
meoan size, ns follows:i-
Moan sizc =

:gvlf~pebblgs in vaoh group) (mean sizo (mmz))
i o ¢

(i) The mean dovintion is caleuleted by first totalling
for cach sizt group, tho product of the porcontago
of pcebbles in cach group, with the sguare of the
differconcs bolwoen mosn size and avorngoe sizoe in
cach group; this totzl is then divided by 100,
and the sguare root ig calculated to give the

mean deviation.

]

Mean deviation

(:E: (% pebblos) (moan sige ~ average size)
I o 0

F: Cutput
Program output consists of 2 two page report for cach
sample submitted.
Page 1
This report is hoaded with an idontification of the

sample, ¢.g. borechole mambor. Purthor identification in the
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form of the location; co~ordinatcs, dopth and rock type is printed.
Roek typoe is always given as 'ELSBURG CONGLOMERATE'.

Then the sizes in square millimeires, the numbers of
pebbles in cach group, the porcontages of fotal pebbles and the
cumulative percentoges are tabulasted. The sizc groups are listed
in descending order.

This roport could bc uscd as = chock on the corrceincss
of the input, i.c. on the number of pobbles in cach group.

The porcentages are given, roundsd teo twoe decimal places,
and the cumulative porecontege for the smallest size group, should

in 21l cases be 100,00,

Page 2

This rcport contazins the mcan size; sorting, skownoss
and kurtosisg, 28 calculated by the Inman and Folk and Ward formul-~-
mean size eand menn deviation; as calculatoed by the moethod of
moment measurcs arc also given. Those results are printoed
alongside cach other for comparison purposcs.

Minally, & list of the mean sguare mlllimctre size at tho
eritical cumulative porcentages of 5, 16, 25, 50, 75, 84 and 95 is

given bpelow. 411 resulis sre giveon corrcct to two docimal placcs.

5 Intuerprstation of Bosults

The cumulative poercontagos and thoir corrosponding
squarc millimetre sizos may be usced togoether with the cumulative
perccntages on tho first page to plot an sceourate graph of size
(mmg) versug cumulative percentage. If the rosults from tho
firat page arc used in plotting the graph, the maximum and
minimum sizes of the group in guostion should be arithmetically
meancd.

The results on tho sccond page may be used to make

various deductions sbout the samplos, e.g. grade, sic.
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6. Running the Program

The program wili be r»un off the objoet deck. The
following Job Control Cards are roquircedg-
(N.B. ¥ denotous o blank. P donotes o dollar sign.)

AL OBGEOLS

PUES UL

//pIoByaE0L2

/ YOPTICHBLINK

PIICLUDE

Objoect deck of program.

/ /BEXECYLNKEDT

/BEREC

Data cards.

e

e

“hiduog

Tho usc: nesd only supply thoe data cards.

Timing
fommilnticra Sime = 1 minuvt-s 38 scoonde
Runmiing $img = ainuges 32 soconds
.

¥.B. Actusl running him.s may aiifor dus to rfunning undcer P O W & RH.
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PERELE-SIZE DISTRIBUTION BOREHOLE TRS.

SAMPLE LOCATION WESTERN HOLDINGS LTD.
COORDINATES Y+ L2560.13% X+ 32299,23
Y+ 12972.3 X+ OBLL B
DEPTH 193 - 1357 ft, (8.8 - 413,6 metre)
ROCK TYPE ELSRBURG CONGLCI ERATE
SIZE IN 5G MM. NO. CGF FEBBLES. ¢ OF TOTAL. CUMULATIVE %
60001 - 70000 O 0.0 C.0
5C001 - 60000 o .0 0.0
LOOO1l -~ 50000 0 0.0 C.0
20001 - L0000 0 0.0 0.0
25001 - 30000 o 0.0 0.0
20001 - 25000 0 0.0 0.0
17501 - 20000 C 0.0 C.0
15001 - 17500 O 0.0 0.0
12501 - 1500C o C.¢ 0.0
10001 - 12500 0 0.0 0.0
9501 - 10C00 0 0.0 0.0
9001 -~ 9500 o 0.0 0.0
8501 - 90CC 1 0,01 .01
ool -~ 8500 A 0,04 0.05
7501 -~ 8000 3 0,03 0.08
7001 - 7500 ¢ 0,0 0.08
6501 - 7000 3 0,03 .11
6001 - £500 5 G.05% 0,16
5501 -  &000 L C. oL 0.21
5001 -~ 5500 17 G.17 0,38
4501 - 5000 19 .19 .57
Lool - 4500 56 0.57 1.15
3501 -  LO0O 102 1.05 2,20
3001 - 3500 532 0. 85 3.05
2501 3000 107 1.10 4,15
2001 -~ 2500 312 3,20 7.35
1501 - 2000 35 6£.58 13.92
1001 - 1500 924 9,48 23,40
901 - 100G 1221 12.63 36,04
301 -~ 900 1076 11.0% 47,08
201 - 800 975 1¢.,05 57.12
601 - 700 1286 13,20 70,32
501 - 600 872 8.95 79.26
ol - 500 526 5,40 84,66
301 - L0 Lk .56 89.22
201 - 300 321 3.29 92.51
151 -~ 200 286 2.93 95 . 4L
101 - 150 217 2.2% 97.67
51 = 100 10% 1.06 98.73
25 - 50 124 1.27 100.00
INMAN FOLK & WARD MOMENT MEASURES
MEAN S8IZE 1051.87 975, Ok 9k2.,20
SORTING -589.1% ~662.77%
SKEWNESS -0.99 ~0.,43
KURTGCSIS 1.06 1.62
MEAN DEV. 771.82

SIZE (5Q MM.) AT CUM. DPERCENTAGES OF

5% 2617.0
16% 1641.,0
25% 1212.6
50% 821.4
75% 598.1
hes Lsz,7

*See Fig. H{.
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PEBBLE 517ZE DISTRIBUTION BOREHOLE MH2,

SAMPLE LOCATION
COORDINATES
DEPTH
ROCK TYPE
SIZE TN 3¢ MM,
BOC0L - 70000
50001 - 60000
LOooor - 50000
30001 - LOO0D
25001 - 30000
2001 - 25000
17501 - 20000
15001 - 17500
12501 - 15000
10001 - 12500
9501 -~ 1000C
9001 - 9500
8501 - G000
2001 - 8500
7501 - 8000
7001 - 7500
6501 - 7000
6001 - 6500
5501 - eele
5001 ~ 5500
hsol - 5000
hool - L500
3501 - 4000
3001 - 3500
2501 - 2000
2001 - 2500
1501 - 2600
1601 - 1500
901 - 1060
801 - sTele;
701 - 00
601 - 700
501 - H00
401 - 500
301 - Loo
201 - 300
151 - 200
101 - 150
51 - 100
25 - 50
MEAN SIZE
SORTING
SKEWNESS
KURTOSIS
MEAN DEV,

WESTERN HOLDINGS LTD,

Y+  LO30,12 pe
¥+ 13}-15-5 i+

789 - 1519 ft.

28148,%6
8579.8

ELSBURG CONGLOMERATL.

HC. QOF IEBBLES. ¢ 0% TOTAL
O C.c
] GG
o 0.0
G 0.0
3 .02
8 OLO7
2 GL,02
5 0,04
2 oL u2
7 0,0
6 G,05
11 .09
19 0.16
39 C.32
34 0.28
28 0.2%
52 O.h42
71 0.58
L& 0038
a3 0.76
111 0.91
189 1,54
214 1.75
7l 5,08
£21 5,07
B6L 2,06
1087 5,88
923 7.5
538 L 4o
827 6,76
643 5.25
260 5,28
651 .32
631 5,15
561 4,58
358 3.17
£74 5,51
452 %.69
Ah1 5.04
287 2.3
TNMAN FOLK &% WARD
1634 66 1390.3%h
-13294.78 ~1371.80%
-1.062 ~0.58
0.60 .98

SIZE (54 ¥WM.) AT CUM.

2 .
See Fig

5%
16%
25%
50%
75%
8h4%
G5%

- 14‘

PERCENTAGES OF

4551.9
3029, 4
23134
901.7
459,6
239.9
100.9

(240.4 ~ L62,9 metr:)

CUMULATIVE %.

Q.27
0.36
C.51
0.83
1.11
1.34
1.76
2,3
2.72
3,48
4.39
5.93
7.68
1%.76
18.83
25.89
3k, 77
42,31
L6.70
53.46
58.71
64.99
70.31
7547
80.05
83,22
88,73
92,42
G7.66
106.00

MOMENT MEASURES
1k52.43

1691.14
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PEBBLE~SIZE DISTRIBUTION BOREHCLE MBS,

SAMPLE LOCATION

COORDINATES
DEPTH
ROCK TYPE
SIZE 1IN 5Q MM.
60001 « 70000
50001 - 60000
Loool -~ 30000
30001 - 4oooo
25001 - 3C000
20001 - 25000
17501 - 20000
15001 « 17500
12501 - 15000
10001 -~ 12500
9501 ~ 10000
9001 - 9500
8501 - 9000
8001 -~ 8500
7501 - 8000
7001 - 7500
6501 ~ 7000
6001 - 6500
5501 - 6000
5001 ~ 5500
4501 - 5000
Logr -  AS500
3501 - kOOC
3001 - 3500
2501 « 3000
2001 - 2500
1501 - 2000
1001 - 1500
901 -~ 1000
801 - GO0
701 - 800
601 - 200
501 - 600
Lol - 500
301 - 4oo
201 - 300
151 =~ 200
101 - 150
51 - 100
25 - 50

MEAN SIZE

SORTING

SKEWNESS
KURTCS IS
MEAN DIV,

SIZE (8Q ¥MM.) AT CUM,

*See Fige.

5%

16%
25%
505
75%
8h%
95%

1%.

WELKOM GOLD MINING O,

Y+ 13780.71
Y+ 5724.3

841 -~ 1980 feet

X+ 17781.85
X+ 5419,9

(256.3 - 603%.5 metre)

ELSBURG CONGLOMERATE.

NO. OF PEBRBLES, % OF TOTAL. CUMULATIVE %

WFEFMNWFROOOCOOCOCO00000C0000CO0O0

955

INMAN

246,51
-171.12
-0, 48
0,45

544.5
4i7.6
348,3
214.1
118.3

75k

49,3

. .

L]

* = & & s =

. s »

SReBeRepelsReNeNoRoRoRoRolsloReRoNsNeNoNole

COO0CoCOOoOD0C0000000COO0CO0OCO

<

0,02
0,05
.03
0.03
.07
0,15
0,18
O.h7
1.2h
2352
7.21

12.84

17.38

16.52

14,97

1047

15,05

FOLE & WARD

235,72

-160.,59%
~0,26
0,88

PERCENTAGES OF.

. L)

*

OO0 00O0

» s

*

- .

LY L

. ®

OVMUWNHHOCOOOCO0000O0

2N O O~

. .

MHOOODOCOOOOOCOOOOLOCO0CODOOOCOOCOOO0O0

100.00

MOMENT MEASURES
214,21

175.22



PEBELL-5TZLE DISTRIBUTI

Ol  DOREHQLE MRBL,

feet {463,9 = 82%,6 metre)

SAMPLE LOCATION WELKOM GOLD MINING CO.

CCCRDINATES Y+ 18146.67 X+ 19991.05
Y+ 5531.,1 X+ 6007, 3

DEPTH 1522 - 2932

ROCK TYPE ELSBURG CONGLOMERATE,

SIZE IN 5§ MM, NC. OF FPEEBL

60001 - 7C0CO o
50001 -~ 60000 ¢
4LOoo01 - 50000 O
30001 - 40000 0
25001 - 30000 o
20001 - 25000 0
17501 - 20000 O
15001 -~ 17500 0
12501 -~ 15000 0
10001 -~ 12500 0
9501 - 10000 0
o001 - G500 I
8501 - =latele] 0
goor - 8500 0
7501 =~ 8000 0
7001 - 7500 0
£501 - 7000 O
6001 - 6500 0
5501 - 6000 0
5001 - 5500 o
4501 - 5000 0
LoOl - 4500 o)
3501 -  L4OCO o)
3001 -~ 3500 o}
2501 - 3000 o
2001 - 2500 3
1501 - 2000 14
1001 - 1500 L1
901 - 1000 71
goi - G0 193
701 - 800 289
601 - 700 LOG
501 - £00 597
Lol - 500 8Lz
301 - Loo 1003
201 - 300 1125
151 - 200 1086
101 - 150 981
51 - 100 1256
25 - 50 1184
INMAN
MEAN SIZE 331,74
SORTING -2h5 .47
SKEWNESS ~0.71
KURTOSIS 0.53%
MEAN DEV.
SIZE (8@ MM.) AT CUM. PERCE
5% 8ok4.6
16% 5772
25% h72.3
50% 253.9
5% 118.8
849 86.3
95% 52,1

iSee Fig. li-

B3, % OF TOTAL.

*

-

O CDCOC OO GO0 00

*

.

SOOOOCCOO0COoO0O0CO 00000

.

~
-

CUMULATIVE %

o}
|8}

.

L) .

ﬁwwmwmbobooooooooooaoocowooaoo

.

.

.

*

MW OOOOOoOOOoOO0O00o0O0000000OQOOC OO0

.0
L0
¢
.C
Re
O
0
0.0 .
0.0
0.0
0.0
.G
0.03 .03
.15 .19
G b5 Gh
0.78 2
2.12 .5h
3.18 .
L,b7 11.19
£.57 17.75
9.26 27.02
11.C3 38.05
12.37 50,42
11.95 62.37
10.79 ?73.16
1%.82 86.98
13.02 100.00
FOLK & WARD MOMENT MEASURES
305, 8¢ 284,83
-236,76%
-0.39
0.87
240,61
NTAGES OF.
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PEBEBLE-EITZE DISTRIBUTICON RBOTEHCOLE ¥B3,

SAMPLE LOCCATICN WELKOM GCLD MINING CO,

COORDINATES Y+ 17511.87 X+ 22202,91
Y+ 5337.6 X+ 67674
DEPTH 1356 - 2971 feet (41%,3 - 905,66 metre)
ROCK TYPE ELSBURG CONGLOMERATRH
SIZE IN 5Q M. NO. OF PERBDBLES. % CI TOTAL. CUMULATIVE %
£0001 - 70000 0 0.0 0.0
50001 - 60CCO 0 0.0 0.0
LOOO1 - 50000 0 0.0 0.0
30001 -~ 40000 o) .0 0.C
25001 - 30000 o .0 0.0
20001 - 25000 0 0.0 0.0
17501 - 20000 O 0.0 0.0
15001 - 17500 9 .0 0.0
12501 - 15060 0 0.0 0.0
10001 - 12500 o 0.0 0.0
9501 -~ 10000 ) 0.0 .0
9001 - 9500 O 0,0 C.0
8501 - 9000 o] .0 0.0
8001 - 8500 ) 0.0 0.0
7501 -  B000 s 0.0 0.0
7001 - 7500 O 0.0 0.0
6501 - 7000 o 0.0 0.0
6001 - 6500 0 oL 0.0
5501 -~ 6000 0 0.0 0.0
5001 - 5500 O 0.0 0.0
4501 - 5000 O 0.0 0.0
4o01 - 4300 1 0.01 0.01
3501 - Lo 2 0,02 ¢.03%
3001 -~ 3500 2 0,02 0.05
2501 - 3000 b CLO0k 0.10
2001 - 25060 7 0,08 0.18
1501 - 2000 21 0.2% o.41
1001 - 1500 69 G.76 1.16
901 - 1000 127 1.3%9 2.56
801 - GO 240 2,64 5,19
701 - 800 201 3.31 8,50
601 - 200 375 §,10 12.59
501 - 600 L8 5,35 17.94
Lor - 500 7549 &.22 26.17
301 - Loo 901 9.29 36.06
201 - 300 969 10,64 46.70
151 - 200 1244 13.68 £0.38
101 - 15¢ 1187 13,03 73,42
51 - 100 1094 12,01 85,43
25 - 50 1327 14,57 100.00
INMAN FOLK & WARD HOMINT MEASURES
MEAN SIZE 334,13 300,23 288,29
SORTING -252,.69 -2L8,66%
SKEWNESS -0, 88 -G48
KURTOSIS C.60 0. 96

MEAN DEV. 277.32

SIZE (8@ MM.) AT CUM. PERCENTAGES OF.

5% 857.9
16% 586.8
25% Lgk 7y
50% 232.h
75% 118.9
844 81.k
95% 50.5

*sea Pig. 4.
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EEBELE-SIZE DISTRIBUTICON BCOREHOLE W3.

SAMPLE LOCATION

COORDINATES

DEPTH
ROCK TYPE

SIZE IN 5@ WM.

60001 - 70000
50001 - 60000
LOool - 50000
20001 - L0000
25001 - 30000
20001 - 25000
17501 = 20000
15001 - 17500
12501 - 15000
10001 - 12500
9501 - 10000
a001 - 9500
8501 - 9000
8001 - 8500
7501 - 8000
7001 - 7500
6501 - 7000
6001 =~ 6500
5501 =~ 6000
5001 - 5500
4501 - 5000
Lool - 4500
3501 - LOOo
3001 - 3500
2501 -~ 3000
2001 - 2500
1501 - 2000
1001 - 1500
901 - 1000
801 - 900
701 - 800
6501 - 200
501 - 600
401 - 500
301 - Loo
201 - 200
151 =~ 200
101 - 150
51 - 100
25 - 50
MEAN SIZE
SORTING
SKEWNESS
KURTOSIS
MEAN DEV.
SIZE (8¢ MM.)
5%
16%
25%
S50%
75%
8L
95%
E3ee TFig. 14.

AT CUM.

YELKOM GOLD MINING CO.

Y+ 15280.0

Y+ 4657.3

954 - 2156 feet
ELSBURG CC

NO. OF PEBBLES,.

WM AENNUWE OO0 C OO0 000COCOO0C0

377
561
707
G935
1258
1123
672
L37
514

INMAN

366,92
-227.83
0,57
.67

825.9
594, 7
Los.h
313.9
185.4
139.1
63.7

X+ 30251.0

i+ G220.,5%

NGLOMERATE.

. » « = = B e &

.

sRelsReReRoReRoRoRoRsRoRe R

L]

.

COoCOC GO0 OOC0O 000

* &« =2 = * & =

C.13
5.0
G, 32
0.545
0.32
1.28
1.21
1.68
532
7.92
9,98
14,01
17.75
15.85
9,48
£.17
7-25

FOLK & WARD

349.23
-225.40%

~0.29

1.01

PERCENTAGES OF.

{290.7 - 657.1 metre)

% OF TOTAL. CUMULATIVE %

.

ONEWHHOOOOOODOOoOOOCOOOOODOOO0

DI ND O3 G0N

s v a0

* a

. LI

NMHOOODOOODOoOODOODOoOoOLOOOOQOOOO0O0OCO

92.75
100.00

MOKENT MEASURES
z41 .65

349.63
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PERBLE-SIZE DISTRIBUTION BOREHOLE 12,

SAMPLE LOCATICN WELKOM GOLD MINING CO.
COCRDINATES v+ 11616.31 X+ 29259,06
Y+ 35L0,6 ¥+ 8918,2 .

DEPTH 1711 - 3487 feet  (521.5 - 1062.8 metre)

ROCK TYFE ELSBURG CONGLCKERATE.

SIZE IN Sq MM. NO, OF FERBLES. % OF TOTAL. CUMULATIVE %
60001 - 70000 0 0.0 0.0
50001 - 60000 o 0.0 0.0
LOOO1 - 500060 G 0.0 0.0
30001 - 40000 0 0.0 0.0
25001 - 30000 o 0.0 c.0
20001 - 25000 o 0.0 0.0
17501 - 20000 s 0,0 0.0
15001 - 17500 0 0.0 0.0
12501 - 15000 o 0.0 0.0
10001 - 12500 ¢ 0.0 0.0

9501 - 10000 0 0.0 G.0

9001 - 9500 o 0.0 0.0

8501 - 9000 4] 0.0 0.0

8001 - 8500 o} 0.0 0.0

7501 - 8000 o} C.0 0.0

7001 - 7500 0 0.0 0.0

£501 - 7000 o 0.0 0.0

6001 - £500 o] 0.0 0.0

5501 - 6000 o .0 0.0

5001 -~ 5500 0 0.0 0.0

4501 - 5000 O 0.0 0.0

4001 - 4300 o} 0.0 0.0

3501 - Looo 0 0.0 0.0

3001 - 3500 § 0.0 0.0

2501 - 3000 3 0.0k 0.04

2001 - 2500 7 0.1¢ 0.1

1501 - 2000 11 0.15 0.29

1001 - 1500 37 0.51 0.80

901 - 1000 52 0,72 1.53
801 - 900 91 1.26 2.79
701 - 800 103 1.43 4,21
601 - 700 712 9,87 14.09
501 - 600 488 6.77 20.85
Lol - 500 675 9. 36 30,21
301 - Loo 1023 14,18 L. 39
201 -~ 300 581 13,60 57.99
151 - 200 917 12.71 70.71
101 - 150 750 1C.40 81.10
51 - 100 569 7.89 88.99
25 - 50 794 11.01 100.00
INMAN FOLK & WARD MOMENT MEASURES
MEAN SIZE 364,67 346,20 313.55
SORTING -257.53 -232,98%
SKEWNESS -0.35 ~0.24
KURTOSIS 0.3k 0.80
MEAN DEV. 243,94

SIZE (SQ MM.) AT CUM. PERCENTAGES CF.

5% ha.5
16% 622,2
25% 506,2
50% 309.3
75% 154 .8
8Lg 107.1
95% 54.8

% .
See Tig.




....]_35..

FEBBLE-3IZE DISTRIBUTICN BCREHCLE HTK3,

SAMPLE LOCATICN
CCCRDINATES

DEPTH
ROCK TYPE
SIZE IH

60001 -
50001 -
40001 -
30001 -
25001 -
20001 -
17501 -
15¢C1 -
12501 -
10061 -
9501 -
9001 -
8sc1 -
8co1r -
7501 -
72001 -
6501 -
6001 -
5501 -
5001 -
4501 -
4001 -
3501 -
3001 -
2501 -
2001 -
1501 -
1001 -
901 -
801 -
701 -
601 -
501 -
Lol -
301 -
201 -
151 -
101 -
51 -

25 -

59 M.

LCO0
[Se elele
50000
LOGOo
30000
25000
20000
17500
15000
12500
10000
9500
9GO0
8500
FJelele!
7500
2000
E5CT
000
5500
5000
L5500
Looo
3500
ZO00
2500
2000
1500
100G

sTele!

Boo

700

60C

500

LOO

300

200

15

160

50

MEAR SIZE

SCRTING

SKEWNESS
KURTOSIS
MEAN DEV.

SIZE (8¢ ¥M.) AT CUM.

5%

16%
25%
50
75%
8l
95%

®3ee Fig. 14

v+ 788L.9
2464 ~ L4280 feet
SZLEBURG CONGLCHMIRATE.

NO. OF FPEBBLES. wOOF T

WO MO D I AN D OO0 D0

471
LAC
61k
1176
325
240
4778
645
1526
986
1068
781
912
652

INMAN

645,37
-508.93
-1.58
1.29

2395.53
1154, 3
903%.0
L27.6
201.2
1364
€G.1

WESTERN HOLDINGS LTD.
Y+ 25869,18

X+ 21150,17

X+ ALAG

1

1

5

.

."" -
Y D Y Oy O

-

i e

ST

2

~
e e

CL01
0,02
¢L 06
oL Ok
oL

.02
0,0k
.06
5,05
¢.08
GL.1C
L.16
C.27
C.39
CL.77
1,47
2,07
4,34
h,2h4
5,66
7,85
3,00
3.15
L,hi
5,95
2.23
.09
9.85
7.2l
8,41
6,01

FOLK % WAiRD

572.78
-606,91%

~0.56

1»36

PERCENTAGES COF.

(751.0 -« 1304.5 metre)

Al CUMULATIVE %

o
jo}

COoOOoCO0

. »

O o GO 000

MCHMENT MEASURES
654,03

874 .64
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FEBBLo_SIZE DISTRIBUTICN BOREECLE DG1.

SAMPLE LOCATICN WESTERN HOLDINGS LTD.
COURDINATES Y+ 28683,02 X+ 26370 .45
¥+ B7Lk2.5 Xe BO37.7
DEPTH 24327 - 2006 feet {(7h2,7 - 916,2 metre)
ROCK TYPE ELSBURG CONGLCMERATE.

SIZE IN Sg MM, NO, OF PERBLES. % CF TCTAL, CUMULATIVE %
HCCC1T -~ 70600 U 4L G C.¢
50001 - 60000 o oLe C.C
LooCl -~ 50000 C LG 0.0
30001 - LOCOG C C.o 0.0
25001 -~ 30000 C C.C .0
20001 - 25000 G c.o o.0
17501 - 20000 O CL0 C.0
15061 - 17500 3 .01 0.01
125C1 -~ 150C0 4 CLol c.c2
10001 -  125GC 4 C.01 C.ok4

95C1 -  1GCO0 5 C.02 G.05

eTole R e 950C 3 C.01 c.C

8501 - iaely; & CL02 ¢.G9

gcol - 8500 & C.oP 0.11

7501 - ety 8 ¢Lo3 C,13

7001 - 7500 7 cLoe C.16

6501 - 7000 11 C.ob .19

£0C1 - 6500 146 0.05 ¢.25

5501 - (OO0 2C s 0.32

5001 = 5500 2% C.C8 C.39

4501 - B0CC 52 ~.18 .57

4ol - hS0C 120 Cuhl ¢.98

3501 - LOOC 175 .60 1.57

3001 - 3560 267 Lol 248

2501 =~ 3CLC Ly 1.5C 3,99

2001 - 2500 71% 2.h43 .41

1501 - 2000 1387 L, 72 11.13

1001 - 15CC 1749 5,95 17.08

o011 - 100C 1596 5,43 22.51
&1 - L 30E8 1C.50C 33,01
701 - 3O 2987 1C.16 43,17
£C1 - 7C0 2615 2.89 52.07
501 - G0 31%3% 10.66 £2.72
4¢1 0 - S5GC 2163 7.36 7C.08
301 - Lo 1498 5.1C 75.18
201 - 350 1826 £.21 81.39
151 - 200 1426 L, &5 86.24
101 - 15¢ 1224 4,16 90.40
51 - 106 1298 4,42 ok, 82
25 - 50 1524 5.18 100.0C
INMAN FCLK & WARD KOMINT MEASURES
MEAN SIZE 775.63 741,67 778,71
SORTING 565,54 -656 ,62F
SKEWNESS ~1.12 -0, 35
KURTOS IS 1.18 1.77
MEAN DEV. 822.45

SIZE {SQ MM.) AT CUM. PERCENTAGES CF.

5% 2541.6
16% 1341,2
25% 926.8
50% 673.7
75% 3540
84y 210.1
95% 7h.2

®sce Fig. 14.
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FPEBELE-SIZE DISTRIBUTION BOREHOLE MB7.

SAMPLE LOCATICN WELKOM GOLD MINING CO.
COORDINATES ¥+ 14070.0 X+ 16449.0
Y+ 4288.5 X+ 5013.6
DEPTH 3038 -~ 4777 feet (925.9 « 1456.0 metre)
ROCK TYFE ELSBURG CONGLOMIRATE,

SIZE IN 5Q MM. NG, OF PEBBLES. % OF TOTAL. CUMULATIVE %

60001 - 70000 0 0.0 c.0
50001 - 60000 0 0.0 0.0
Loool - 50000 3 C.0 0.0
20001 - 40000 ¢ c.o 0.0
25601 - 30000 0 0.0 0.0
20001 - 25000 0 0.0 0.0
17501 ~ 20000 O 0.0 0.0
15001 - 17500 O C.O 0.0
12501 - 15000 o C.0 C.0
10001 - 12500 0 0.0 0.0
9501 -~ 16000 0 L0 0.0
9001 - 9500 0 0.0 C.0
8501 - 9GO0 0 0.0 0.0
8ocr - 8500 0 0.0 0.0
7501 - 8000 0 0.0 C.0
2001 - 7500 0 0.0 0.0
6501 - 7000 ¢ 0.0 0.0
6001 - 6500 0 0.0 0.0
5501 - 6000 0 0.0 0.0
5001 - 5500 o 0.0 0.0
450l - 5000 G 0.0 0.0
Loolr - 4500 0 0.0 0.0
3501 - hG0OO 1 0.01 .01
3001 - 3500 1 0.01 0.03
2501 - 3000 1 G.01 0.04
2001 - 2500 o 0.0 0.04
1501 - 2000 3 0.0k 0.09
1001 - 1500 O 2.0 0.09
901 - 1000 L 0.06 0.15
801 - 300 0 0.0 0.15
701 - 200 0 0.0 0.15
601 - 200 6 0.09 C.23%
501 - 600 21 C.31 0.54
Lol - 500 76 1.10 1.64
301 - Lo 328 L,77 6,41
201 - 300 8§70 12.64 19.05
151 - 200 1073 15.59 3,64
101 - 150 1545 22,45 57.08
51 - 100 1716 24,93 82.01
25 - 50 1238 17.99 106,00
INMAN FOLK & WARD  MCMENT MEASURES
MEAN SIZE 172.95 162.40 139,42
SORTING -101.65 -101,12%
SKEWNESS -0.72 ~C.38
KURTOSIS 0.63 1.03
MEAN DEV. 120.14

SIZ2E (8Q MM.) AT CUM. PERCENTAGES OF,

5% 330.0
16% 27,6
25% 221.9
50% 1541.3
759% 89.6
8Ly 71.3
95% 48,1

*See Pig. 14
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PEBBLE-SIZE DISTRIBUTIOKR BCREHOLE EF2,

SAMPLE LOCATION WESTERN HCLDINGS LTD.
COCRDINATES ¥+ 3971C,24 X+ 24194, 70
Y+ 121C3.6 i+ 7374.5
DEPTH 1465 -~ 3328 feet (bhE,5 - 1014.3 metre)
ROCK TYPE ELSRURG COUGLUMERATE
SIZE IN 89 MM. NO. OF FPEBELES. ©“OT TCTL. CUMULATIVE %
BO0CL - 70000 0 oLC 0.0
50001 - BOCGT G e C.0
LOCOol - 50000 o .0 .0
Z00C1 - LOCOC L L 03 0.03%
25C01 - 30000 3 G.oP ¢, 05
20001 - 25C00 £ CLok 0.09
17501 - 20000 9 C,06 0,16
15001 - 17500 g CL16 0.31
12501 -  1500C 31 .22 .53
10001 - 125C0 29 .21 C.74
9501 - 10000 14 CLlE C.8k
9001 - 95GC 23 .16 1.00
8501 - >lelele o £,28 1,28
8001 - &500 4g CL3E5 1.63
7501 ~  8CCo 77 C.55 2.17
7001 - 75C0 &L C.59 2.77
65C1 = 70CC 73 U.52 3.29
001 - 6500 130 (.92 4,21
5501 - EC0C 139 .95 5.19
5CC1 -~ 5500 138 .98 £.17
4501 - 500C 208 1.47 7,64
Lool - 4500 B4 2,46 10.10
3501 -  LOGC LéEp 3,27 13,37
3001 - 2500 711 5,04 18.41
2501 - 30C0 1605 ?.12 25.52
2001 - 2500 9Ly 6.71 32,23%
1561 - 2000 1221 8,65 L¢, B8
1601 -~ 15CC 1140 8,07 L&,95
901 - 106G 8ok 65,33 55,28
1 - GO0 685 4,85 6CL13
201 - Boo 556 %,94 64,07
01 - piele) 78Y 5.95 £9.62
501 - 6CC 825 5.8 75 .46
401 - 500 653 L,B2 &0.09
301 - LG 330 2,37 82,45
201 - 200 Lp 3,34 85.79
151 - 200 554 3.92 89.72
101 - 150 LEY z.0h1 93,12
51 - 1C0 577 Lo 97.21
25 - 5C 394 2.79 100,00
INMAR FCLK & WARD BCMENT MEASURES
MEAN SIZE 1896,76 1664.73 1791.61
SCORTING -1592.59 -1666.73%
SKEWNESS -1.11 -1 .53
KURTCS IS .80 1.06
MEAN DEV. 2133.20

SIZE (8@ MM.) AT CUM. PERCENTAGES CF.

5% 5847 4
16% 3489,3
25% 2787.2
50% 1200.7
75% 558.4
84% 304,2
95% 102.5

Foee Fig. 14
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PEBBLE~-STZE DISTRIBUTION BOREHCOLE JR1.

SAMFLE LOCATION WESTERM HOLDINGS LTID,

COURDINATES Y+ 44853,53 X+ 281k5,21

Y+ 13671.3% X+ 85786
DEPTH 718 - 1302 foet (218.8 - 2%96,8 metre)
RCCK TYPE EL3BURG CONGLOMERATE.

SIZE IN SQ MM. NO. OF PEBBLES. % OF TOTAL. CUMULATIVE %
60001 - 70000 ' 3 0.02 0,02
50001 -  6000C 4 .03 0.06
LOooCt - 50000 IS e 0.11
30001 - L0000 2 G.c2 .12
25001 - 30000 7 0,06 0.18
20001 - 25000 5 0.0k 0.22
17501 - 20000 L .03 0.25
15001 - 17500 19 0.15 040
12501 - 15000 11 0,09 0.49
10001 - 12500 12 7,10 .59

9501 - 10CCOo 11 .09 0.68

5001 - 9500 5 C.Ch 0.72

8501 - 9000 13 C,11 c.82

gocy - 8500 26 0,21 1.04

7501 - 2000 49 oLko 1.43

7001 -~ 7560 42 0, Bk 1.77

£501 - 7000 55 O by 2.22

6001 -~ 6500 10% 0,83 3,05

5501 = 600G 141 1.14 4,19

5001 - 5500 204 1.65 5,84

4501 - 5000 315 2.55 8.39

HOC1 - 4500 Lgb L,c1 12.40

3501 - 400G 513 L.15 16.54

3001 - 3500 597 L, 33 21.3%7

2501 - 3000 533 L, 31 25.68

2001 - 2500 775 £,29 21.97

1501 - 2000 752 £.08 38.05

1001 - 1500 671 5,43 L3 48

901 - 100G 526 4,25 L7.73
801 - 900 508 4,11 51.8k
701 - 80 L6 3,28 55.12
6C1 - 700 561 L, 54 59.66
501 - 650 752 6£.08 65.74
Lol - 500 880 7.12 72.86
301 - Loo 1021 §.26 81.11
201 - 300 563 4,55 85.66
151 - 20C 511 4,13 89.80
101 = 150 473 3,82 93%.62
51 - 100 L34 5.51 97.13
25 - 5C 355 2.87 100.00
INMAN FOLK & WARD MCHENT MEASURES

MEAN SIZE 2051.55 1666.13 1757.96

SORTING -1764 .52 ~1700, 2L%

SKEWNESS -1.08 ~0.68

KURTOSIS 0.53% .92

MEAN DEV. 2668.03

SIZE (SQ MM.) AT CUM., PERCENTAGES OF.

5% 5504.5
16% 3816.1
25% 2829.5
50% 895.3
75% b2k, 5
8L% 287.0
95% 105.8

Fses Fig. 4.
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PEBBLE~SIZE DISTRIBUTICN BCREHCLE TR2.

BAMPLE LOCATICN WESTERN HCLDINGS LTD.
CCORDINLTES Y+ 38C02,82 X+ 29878,32
Y+ 11583.2 ¥+ 0106,9
DEPTH 823 - 2262 feet (25¢.8 -~ 689.5 metre)
ROCK TYPE ELSBURG CONGLCMERATE,

SIZE IN 3Q MM. NG. OF PEBRLES. 9% CF TCTAL. CUMULATIVE %
£OC01 - 7000 ¢ C.0 ¢.0
50001 - BLOCC C .o 0.0
LCC01 - B0CCC G “.C 0.0
200C1L - hoose C CLC G.C
25001 - 30000 ¢ 0.0 0.0
20001 - 25000 3 o ¢L.e2
17501 ~  2000C 5 Coih 0,06
15001 - 175GC 3 L.oe .08
12561 -  156CC 2 okt 0.09
1CCC1 - 125C¢ 9 .06 .15

95¢1 -~  1C{00 3 ) 0.18

GoCL - 95G0 4 (.03 ¢,20

8501 - 9COC & (.03 .23

8ccr - 850 8 CL6 Cu29

9501 - BUCg 3 L2 .31

Aol - 750 7 .05 C.36

6501 - rigae 18 .13 ¢.49

Suloh - E50C 41 .29 C.77

5501 - HLED L8 €, 34 1.11

5601 - 55(CC 63 CLbh 1.56

4501 - 50LC 97 {68 2.24

Lo - 45C¢C 113 ol 2,03

25051 - 400U 187 1.32 4,35

3501 - 3500 533 3.75 8.1¢

2501 - 3000 cal L, 88 12.98

2001 - 250C 887 6,2k 19.22

1501 - 2000 1049 7.38 26,60

oY - 15¢0 1287 g.Ch 35.66

9c1 - 1000 1491 10,49 46,15
81 - elele 130h 9,18 55.33
701 - Beo 1534 10.79 66.12
601 - L0 1211 g&.52 74 64
501 - ECO 793 5.58 80.22
Lol - 5¢C 517 3,64 83,86
3¢l - Lo 524 2,69 87.55
201 - 30( 675 4,75 g2, 30
151 = 20C 251 1.77 9k .06
101 - 15¢C 248 1.75 95.81

51 -~ 100 267 1.88 97.68

25 = 50 329 2.31 10¢. 00

INMAN FCLK & W.RD MCHMENT MEASURES

MEAN SIZE 1477.69 1287.98 1258.47
SORTING -103%1.03% ~1048,00%

SKEWNESS -0, 97 (.56

KURTCSIS C.7¢ 1.19

MEAN DEV, 1256.70

SIZE (SQ MM.) AT CUM. PERCENTAGES OF.

5% 3663,6
16% 2508.,7
25% 1859.2
50% 908, 6
75% G4k, 1
849 LLE, 7
95% 148,.6

*sce Fig. 14.
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PEBBLE-.STIZE DISTRIBUTIC

N BOREHCOLE MHS,

SAMPLE LOCATICN WESTERN HOL
COORDINATES v+ L41480,82
Y+ 12542.3
DEPTH 163G - "A29
ROCK TYPE ELSBURG COWN
S5IZE IN 8Q M. NO. OF PLEBBL
60001 - 7G000 1
50001 -~ 60000 o
LO0D1 - 5COC0 3
30001 - L0000 3
25001 -~ 30000 2
20001 -~ 25000 7
17501 - 20C00 16
15001 - 19500 31
12501 - 15000 67
10001 - 12500 106
9501 - 10000 130
9C01 - 9500 169
8501 ~ 9000 211
8001 -~ 8500 262
7501 - 8000 221
7001 - 7500 142
£501 - 7000 157
6001 - 6500 181
5501 - 6000 208
5001 - 5500 274
4501 ~ 5000 224
4001 - Ls00 332
3501 - 4000 261
3001 - 3500 27k
2501 - 3000 289
2001 - 2500 313%
1501 - 2000 327
1001 - 1500 Ly
901 - 1000 L4o
801 - 900 563
701 - 800 508
601 - 760 S43
501 - 600 961
401 - 500 997
301 - Loo 1430
201 - 300 1690
151 - 200 1297
101 - 15C 871
51 - 100 726
25 - 50 Led
INMAN
MEAN SIZE 2h64,57
SORTING -2267.37
SKEWNESS -1.70
KURTCSIS 0.90
MEAN DEV.

DINGS LTD.

X+ 2L4ah 45
X+ 7465.9

feet (377.6 - 801.3 metre)

GLOMLERATE

Es, % OF TOTAL.
0,01

CUMULATIVE %

0.01
0.01
0.03%
0.05
0,06
0.10
0.21
O.41
0.85
1.57
2.42
3.53
4,91
£.63
8.08
9,01

10.04
11.22
12,59
14,38
15.92
18.10
19.81
21.60
23.50
25.55
27.69
30.61
33,49
27,18
41,10
44,66
50,96
57.50
66.88
77.96
86,46
92,17
96.93
100,00

FOLK & WARD ROMINT HMEASURES

1831.64
~2hk1,07%

-0.86

1.68

SIZE (8Q MM.) AT CUM. PERCENTAGES OF.

5% 8724.5
16% k731.9
25% 2384, 7
50% 565.8
75% 277.2
8h% 197.2
95% 95.8

Fave Fig. 14.

1895.25

30%2.42
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PEBBLE-SIZE DISTRIBUTICN BOREHOLE FHI,

SAMPLE LOCATICHN WESTERN HCLDINGS LTD.

COCRDINATES Y+ 34292.67 X+ 23341,05

Y+ 104524 A+ PL1EL3
DEPTH 1994 - 32803 feet (607.7 - 1159.1 metre)
ROCK TYPE ELSBURG CONGLOMERATE.

S51ZE IN SQ HI:. NG, CF FEBBLES. % 0T TCTAL. CUMULATIVE %

60001 - 7CCOC 0 L0 0.0
50001 - 6LLCC C G0 .G
LOcol -~ BCOCO o L0 0.C
G001 - hCoec C .0 .G
25001 - 3GUCC C LG 6.6
20001 - 25000 ¢ €,C CL0
175C1 - 20000 C £L,0 GC.C
15001 - 17500 < L0 .0
12501 - 1500¢ 1 ¢Lo1 C.01
100601 - 12500 3 c.o2 .03
9501 - 10000 6 CLOh .07
9001 -~ 9500 14 10 0.17
8501 - 90UC 22 (.16 .33
8ol -~ 8soo 15 ¢L1l O.h3%
7501 - eoo 2¢ L1k C.57
7001 - 500 28 CL20 &.77
6501 - 7000 41 .20 1.6
£CC1 - 650G C (35 1.42
55C1 - AL 57 CJh48 1.89
5C01 - 5500 126 .89 2.79
4501 - 5C00 124 .88 3.67
4ool - 450C 233 1.65 5,32
351 - Looc 359 2.55 7.87
3001 - 2500 564 L oo 11.87
2501 -~ 3000 761 5,40 17.26
2001 - 2530C 1325 9. b 26.66
15CG1 -~ 200G 1456 10.33 36.99
1001 - 1500 1277 9,06 L&, 04
901 - 1oCC 802 5 .69 51.73
o1 - 90C 5C0 3.55 55.28
701 - e 673 4,77 50.05
6L - it 671 b ,76 4,81
501 - 6GL Lgs 3,30 68.11
Lol - 540 511 3,62 21.73
201 - LEC 435 3.09 7L.82
201 - 300 545 3,87 78 .68
151 - 20C 686 4,87 83.55
11 -~ 15C £19 I,3g &7.904
51 - 1C0 1092 7.7k 95,68
25 - 5C 609 %2 1CC. 00
INMAN FOLK & WARD  MOHENT MEASURES
MEAN SIZE 1518.89 1359.85 1399.52
SCRTING -1348.56 ~132¢.82%
SKEWNESS -0, 87 -0 b5
KURTCSIS 0,58 ©.88
MEAN DEV, 1426.00

SIZE (8Q MM.) AT CUM. PERCENTAGES CF.

5% 4347.1
16% 2867.5
25% 23%8.8
50% 1041.8
75% 345.7
844 17C.3
95% 79.9

®5ce Fig. 14.
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PEBBLE~-SIZE DISTRIBUTICN BCREECLE BD1.

SAMPLE LCCATION

COORDINATES

DEPTH
ROCK TYPE

SIZE IN 8Q M.

60001 - 7
50001 - 6
4oC0l - 5
30C01 - L
25CC1 - 3
20001 - 2
17501 - 2
15001 - 1
12501 - 1
10001 - 1
95C1 - 1
aCel -
851 -
gocr -
9501 -
7501 -
6501 -
001 -
5501 -
5001 -
4501 -~
4eel -
3501 -
3001 -
25C1 -
2001 -
15¢C1 -
1001 -
9c1 -
qc1 -
0l -
61 -
501 -
Lol -
1 -
201 -
151 -
101 -
51 -
25 -

Rele
o000
Coee
Lo
QL
5006
Geec
7500
5000
2500
coce
95CC
GCG0
E500
8uC
7500
2000
500
fStoln
5500
S5CE0
Lo
BG0C
2500
ZC00
2500
2000
15C¢
1000
QoG
800
iste
60
50C
Lee
300
20¢
15¢
1CU
5Q

MEAN SIZE

SCRTING

SKEWNESS
KURTOSIS
MEAN DEV.

WESTERN HCLDINGS LTD.

Y+ 33184,9% X+ 30253,18
Y+ 10114,7 i+ 9221.1

2149 ~ 3789 feet  (655.0 -
ELSRURG CONGLCMERATE.

NC. oF FERBLES. % CF OTCT.
¢ oL
0 C.0
C L
C L0
1 C.o0
4 C.o2
3 ¢,ol
12 .05
17 cLe8
28 .13
3k C.15
25 C.l11
%2 .15
21 CL1n
7 .17
35 .16
75 .3k
87 CLhC
78 .35
115 .52
178 .81
279 1.27
264 1,20
280 1.73
598 2.62
£81 3,09
GGk 4,11
659 2.99
1592 723
2128 9,h6
20Ch 9.1
1892 &.59
1936 8,79
1628 7.39
1341 £.09
1136 5.16
913 b,15
863 3.92
968 L L
1093 b, 96
INM:@N FCLK & ‘f'!s"xRD
182,93 958, 74
-858.19 -105C,12%
-1.65 -.56
1.39 2.49

SIZE (SQ MM.) AT CUM. PERCENTAGES CF.

*3ee Fig.

5%

16%
25%
et
75%
84%
95%

14-

4374 .6
1941,1
1066.2
71C . b
390.2
224.7
75.9

1154,8 metre)

L. CUHMULATIVE %

@
]

IO OGO o000
* = 3 & 3 B = a3 =
FAAN OO O OO OO
AVEIES LN N6 i ol LV

I
ow

0.56
0.71
0.8C
C.97
1.13
1.47
1.87
2.22
2.74
%.55
4,82
6,02
7.74
1C.37
13,46
17.57
2C.56
2’?‘?9
37.45
L&,55
55.14
£%.93
71.33
R
82.58
86,72
QC. 6L
95, Ch
100,00

MOMTHT MEASURES
1060.64

14%97.59
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FEBBLE.ST1ZE DISTRIBUTION BOREHOLE D¥1,

SAMFLE LOCATION

COORDINATES
DEPTH
ROCK TYPE
SIZE IN 3@ MM,
£0001 - 70000
50001 - 60000
Lopol - 50000
30001 - 40000
25001 - 30000
20001 - 25600
17501 ~ 20000
150601 -~ 17500
12501 =~ 15000
10C01 -~ 12500
95C1 - 10000
9Cc01 - 9500
8501 - 9000
8001 - 8500
7501 =~ slelele]
7001 - 7500
6501 - 7000
6001 - 6500
5501 - 6000
5001 - 5500
4501 - 5000
4001 - 4500
3501 - Loco
3001 - 3500
2501 - 3000
2001 - 25CC
1501 -~  200C
1601 - 1500
901 -~ 110G
8c1 - 90C
701 - 800
601 - 700
501 - 500
Lol - 500
Z01 - Loo
201 - 300
151 - 240
101 - 150
51 - 100
25 - 50
MEAN S5IZE
SORTING
SKEWNESS
KURTOS IS
MEAN DEV.

SIZE (SqQ MM.)

5%

16%
25%
50%
75%
84%
95%

*5ee Fig. 14.

WELKOM GOLD MINING CC.
Y+ 16104.65 X+ 10881.92

Y+ LOO8.A2

A+ 3310.71

1211 - 2795 feet (369,1 - 851,9 metre)
ELSBURG CONGLOMERATE.

NO. OF PEBELES, % OF TOTAL. CUMULATIVE %

MO FOWOORNODOOOC OO0 000 00000 O0COC OO

INHAN

172.95
-101.65
-0.72
Q.63

c.0 0.0

e 0.0

o.0¢ 0.0

0.0 Q.0

0.0 0.0

0,0 0.0

CL0 Q.0

.0 .0

LG 0.0

0,0 0.0

G.C 0.0
0.C 0.0

0.0 0.0

0.0 0.0

G.0O 0.0

GLO 0.0
O.C 0.0

.C 0.0

C.C 0.0

0.0 0.0

C.C 0.0

.0 G.0
G0 GC.0
0,03 0.03
0.01 0,04

C.O 0.0k

CLO 0.0k
GLoh 0.09
0.0 0.09
.06 G.15

c.C .15
C.r9 0.23%
Ca31 0.54
1.1C 1.64
L,77 .41
12.54 19.065
15.59 Bh 64
22.,k5 57,08
24,93 82.01
17.99 100,00
FOLK & WARD MORENT MEASURES

162.40 139.07
~101.12%
-,38
1.03

115.16

4T CUM. PERCENTAGES COF.

38C.0
274 ,6
221.9
141.3
89.6
71.3
48,1
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PEBELE-SIZE DISTRIBUTION BOREHOLE MBZ2,

SAMPLE LOCATICH

CCORDINATES
DEPTH
ROCK TYPE
SIZE IN 5Q MM.
60001 ~ 70000
50001 -~ ACCO0
Loocr - 5000
30001 - LOOOU
25001 20000
20001 25000
17501 - 20000
15001 «~ 17500
12501 - 15000
10001 - 12500
9501 - 10000
9001 - 9500
8501 - GOLo
8001 - K500
7501 - 8000
72001 -~ 7500
6501 - 7000
6001 - 6500
5501 - 6000
5001 -~ 5500
4501 - 5000
Loy - L4500
2501 - Looo
3001 - 3500
2501 - 3000
2001 - 2500
1501 - 2000
1001 - 1500
g0l - 1000
801 - slo'e
701 - 800
601 - 700
501 - 600
501 - 500
301 - Lpo
201 - 300
151 - 200
101 - 150
51 - 100
25 - 50
MEAN SIZE
SORTING
SKEWNESS
KURTOSIS
MEAN DEV.

WELKOM GOLD MINING CO.

Y+ 162k7.60
Y+ 4925.,3

1164 - 2433

NO. OF PEBBLES.

VR
NI IR OO0 00000000000 OO0 0 OO0 0

BV ]
0

101
319
393
357
h28
8Lz
924
1339
1276
1041
952
634

TNMAN

375.48
-257.95
~0.71
0.60

S5IZE (5Q MM,) AT CUM., PERCEW

5%
164
25%
50%
75%
8l
955

*® . ‘
See Wig. 14.

890.9
633, 4
516.6
293.7
157.G
117.5
64 b

X+ 26629.55
X+ 8116-7

feet (354,8 = 741,6 metre)
ELSBURG CONGLCOMERATE

i

W EWHOOOO OGO

9

PO OO0 OOO0O00CO OO GO0 0

. 3

LI}

OO0 OO0OC OO0

. v

-

WA= Ao OO D0 000!

D
oo MANNY F O ~J oY

. s @ . . & L. s » .

% OF TOTAL,

Lo

10.31
14. 94
14.23
11.61
10.62

7.07

FOLK & WARD

348,23

-254 ,20%

~0,38
0.9%4

TAGES OF.

CUMULATIVE %

“« * = « » o+ 0 . » s = L LI

. »

L] * -

SNV ONMANH QOO COOQ b CQCOCoOOOOO0O0O0

HHOODOQOO0O0OO0OQOOOOOOO0OCOO00O00

MOMENT MEASURES
342,13

351.07
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PEBBLE~SIZE DISTRIBUTION BOREHCOLE ENK1.

SAMPLE LOCATION WELKOM GOLD MINING CO.
COORDINATES Y+ 24163.74 X+ 28203.97
Y+ 7365.1 X+ 8596.5
DEPTH 1751 - 3354 feet  (533.7 - 1022.2 metre)
ROCK TYPE ELSBURG CONGLOMBRATE.

SIZE IN 3¢ MM. NO. OF PEBBLES. % OF TOTAL, CUMULATIVE %

60001 -~ 770000 o 0.0 0.0
50001 - 6000C 0 0,0 0.0
40001 - 50000 o 0.0 0.0
20001 - 40000 o 0.0 0.0
25001 -~ 30000 o 0.0 0.0
20001 - 25000 0 0.0 0.0
17501 -~ 20000 0 0.0 0.0
15001 - 17500 1 0.01 .01
12501 - 15000 3 0.03 0.0k
10001 - 12500 3 0.03 0.07
9501 -~ 10000 o) 0.0 0.07
9001 - 9500 3 .03 0,10
8501 - 5000 b 0.04 0.1k
8001 - 8500 2 0.02 0,16
7501 - 8000 0 0.0 0.16
7001 - 7500 4 .0k 0.20
6501 - 7000 8 0.08 0.27
6001 - 6500 14 0.14 G.h41
5501 - 6000 21 ¢,21 0.62
5001 - 5500 12 .12 0.73
Lsoy - 5000 18 .18 0.91
Lool - L4500 64 .63 1.53
3501 - Loco 31 0,30 1.84
32001 - 3500 L3z C.h2 2.26
2501 -~ 3000 55 0.54 2.79
2001 -~ 2500 83 0.81 3,61
1501 - 2000 126 1.23 4,84
1001 - 1500 317 3,10 7.93
501 - 1000 581 5.68 13.61
801 - 900 543 5,31 18.92
701 - 800 1607 15.70 34,62
601 - 700 1023 10,00 L 62
501 - 600 893 8.7% 53,34
401 - 500 671 6,56 59.90
301 - Loo 337 5.18 68,08
201 - 300 1240 12.12 80.19
151 - 200 873 8.53 88,72
101 - 150 357 3.49 92.21
51 - 100 486 L.75 96 .96
25 - 50 311 3,0k 100.00
INMAN FOLK & WARD MOMENT MEASURES
MEAN SIZE 561.26 570,44 647,18
SORTING -344,23 ~1418,78%
SKEWNESS -0.93 -0.16
KURTOSIS 1.%6 1.29
MEAN DEV. 816.38

SIZE (SQ MM.) AT CUM. PERCENTAGES OF.

5% 172k, 2
16% 905.5
25% 811.8
50% 588.8
75% 293, 4
8L 217.0
95% 96.1

*see Pig. 14.
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PEBBLE-3IZE DISTRIBUTION BOREHOLE WO1.

SAMPLE LOCATION WELKOM GOLD MINING CO.
CCORDINATES Y+ 15399.59 X+ 5765.99
Y+ 4693.8 X+ 1757.5
DEPTH 3671 - 4306 feet (118.9 -~ 1312.5% metre)
ROCK TYPE ELSBURG CONGLOMERATE

SIZE IN 5§ MM, NC. OF PEBELES. % OF TGTAL. CUMULATIVE %

60001 « 70000 0 0.0 6.0
50001 - 60000 0 .0 0.0
LOOO1L - 50000 o .0 0.0
30001 - 40000 0 0.0 6.0
25001 - 30000 o} 0.0 0.0
20001 - 25000 o} 0.0 0.0
17501 - 20000 o 0.0 0.0
15001 - 175C0 0 0.0 0.0
12501 - 15000 o} 0.0 0.0
10001 - 12500 0 0.0 0.0
g501 - 10000 e 0.0 0.0
9001 - 9500 o] 0.0 0.0
8501 - 3000 0 0.0 0.0
gcor - 8500 0 0.0 0.0
7501 - 8000 o] 0.0 0.0
7001 - 7500 o] 0.0 0.0
6501 - 7000 0 0.0 0.0
6001 - 6500 0 0.0 0.0
5501 - 6000 0 0.0 0.0
5001 - 5500 0 0.0 0.0
4501 - 5000 0 0.0 0.0
4001 - 4500 s 0.0 0.0
3501 - hOOO o) 0.0 C.0
3001 - 3500 s G.0 0.0
2501 - 3000 O 0.0 0.0
2001 -~ 2500 2 0.05 0.C5
1501 - 2000 o) .0 0.0%
1001 - 1500 1 .03 0.08
901 - 1000 1 .03 0.10
8c1 - 900 0 C.0 .10
701 - 800 4 0.10 0.21
601 - 700 3 0.08 0.28
501 - 600 8 0.21 0.49
Lol - 500 L8 1.2k 1.73
301 - Loo 111 2.87 L.,60
201 - 300 347 8.81 13.541
151 - 200 528 13.59 27.00
101 - 150 710 18.35 k5.35
51 - 100 o942 24,34 69.69
25 - 50 1173 30,31 100.00
TNMAN FOLK & WARD KOMENT MEASURES
MEAN SIZE 146,89 136,57 118,48
SORTING -89.33 -90.45=®
SKEWNESS . -0.88 -0.43
KURTOSIS 0.69 1.05
MEAN DEV. 105,89

SIZE (8@ MM.) AT CUM. PERCENTAGES OF.

5% 346.0
16% 236.2
25% 186.6
50% 115.9
75% 6£8.8
84% 57.6
95% 53.8

®sce Fig. 14.
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PEBBLE--SIZE DISTRIBUTION BOREHCLE AR1.

SAMPLE LOCATICN

WELKOM GOLD MINING CO,

SIZE (SQ MM.) AT CUM. PERCENTAGES CF.

5% 516.6
16% Lo1, b
25% 336.0
S0% 211.0
75% 118.7
8h4% 0.4
95% Shb4

x s
See FPig. 4.

COCRDINATES Y+ 19202,81 X+ 14003,25
Ye 5853,02 X+ 295,62

DEPTH

ROCK TYFE ELSBURG CONGLOMERATE.

SIZE IN 35§ MM, NO. OF PEBBLES. . % CF TOTAL. CUMULATIVE %.
60001 « 70000 0 0.0 0.0
50001 - 6CC00 0 C.0 0.0
LooOl - 50000 0 0.0 0.0
20001 - L0000 0 0.0 0.0
25001 -~ 30000 0 0.0 0.0
20001 « 25000 o .0 0.0
17501 - 20000 o 0.0 0.0
15001 - 17500 o} 0.0 0.0
12501 - 15000 0 ¢.0 0.0
10001 - 12500 0 0.0 0.0

g501 - 10000 0 0.0 0.0

9001 - 9500 0 .0 0.0

8501 - 9000 0 0.0 0.0

8001 -~ 8500 o} 0.0 0.0

7501 - 8000 0 0.0 0.0

7001 - 7500 0 0.0 0.0

6501 - 7000 C 0.0 0.0

6001 - 6500 0 0.0 0.0

5501 - 6000 0 0.0 0.0

5001 - 5500 o 0.0 0.0

4501 - 5000 o C.0 0.0

4001 - 4500 0 0.C Cc.0

2501 - 4000 0 0.0 C.0

3001 - 3500 1 0.03 0.03%

2501 - 3000 1 0.03 0.05

2001 - 2500 0 0.0 0.05

1501 - 2000 C G.0 0.05

1001 -~ 1500 2 0.05 .10

901 - 1000 1 0.0% 0.13
gor - 900 1 0.03% 0.15
701 - 800 5 0.13% 0.28
601 - 200 19 0. kb9 0.77
501 - 600 £7 1.71 2,48
401 - 500 201 7.43 2.91
301 - LOO L86 12,41 22.3%2
201 - 200 w22 18,44 40.77
151 - 200 £87 17.55 58.31
101 - 150 568 14,51 72.82
51 - 100 £23 15.91 88,74
25 - 50 Ly 11.26 100,00
INMAN FOLK & WARD MOMENT MEASURES
MEAN SIZE 245,91 234,29 204,60
SORTING -155.53 -147,80%
SKEWNESS -0.48 -0,27
KURTOSIS 0.49 .87
MEAN DEV. 150,35
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PEBRLE~-3IZE DISTRIBUTICN BOREHOLE MB6.

SAMPLE LOCATION

COORDINATES
DEPTH
ROCK TYPE
SIZE IN Sg MM,
60001 « 70000
50001 60000
LOoCl - 50000
20001 - LO00O
25001 - 30000
20001 - 25000
17501 -~ 20000
15001 =~ 17500
12501 - 15000
10001 - 12500
9501 - 100C0
9001 - 9500
8501 - 9000
8001 - 8500
7501 - 8000
72001 - 7500
6501 - 72000
6001 - 6500
5501 - 6000
5001 - 5500
4501 - 5000
4LOC1 - 4500
3501 - 4000
2001 = 3500
2501 -~ 3000
2001 - 2500
1501 - 2000
1001 - 1500
901 -~ 1000
801 - 900
701 - 800
601 -~ 700
501 600
LO1 5G0
301 - Loo
201 - 300
151 - 200
101 - 150
51 = 100
25 - 50
MEAN SIZE
SORTING
SKEWNESS
KURTOSIS
MEAN DEV.

WELKOM GOLD MINING CO.

Y+ 12163,0 X+ 23040.0
Y+ 3707.3 X+ 7022,6

2563 - 4370 feet (790,3 ~ 1331.9 metre)
ELSBURG CONGLOMERATE.

NC. OF PEBBLES. % OF TCTAL. CUMULATIVE %

@}
<

ODCOCOOCoOO0O00CO OO OO0 000
+ » ) L T T T Y S N .
sEsNeoNoNoRoNoNeoRoRoloRoNoNaoRsNoReNoRGReN®]
* ¥ & & ¥ & 9 & & ¢ &

VMW EFNRNAN AR EWNHHFODODOOOOOOCOOODOO0OOOOO0CD

L] ‘ L4 *
. [ . -

ot
FONNNERP RO OOOCO00CCOOOO0O0QCO

bt
MPEFEVHOOOOOOOOOOOODOOQOOCOOOOO00O00000

.01 .01

.C3 LOh

0.0l L ] 5

0.05 .11

0.04 .15

0.08 23

0.08 .31

c.l2 Lk

.19 .63

12 0.16 .79
39 C.53 33
&5 1.15 47
139 1.90 .37
208 4,21 58
531 7.26 .84
9568 13.23 29.06
1486 20.30 kg, 36
1121 15.32 64,68
713 9. 74 7 42
827 11.30 85.72
1045 14,28 100,00

INMAN FOLK & WARD MOMENT MEASURES

266,19 259.92 2k7.74
~183%,07 -180.14%
-0.52 ~0,22
0.60 .93
252.11

SIZE (SQ MM.) AT CUM. PERCENTAGES OF.

5%

165
_25%
50%
75%
Bl
95%

*sce Fig. 14.

635.6
449.3
381.2
2474
122.9

83.1

50.8
















