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The Basa) Conglomerate of the Eureka Syncline shows little or
» svidence of metamrphic alteration although at Sheba 5iding the under-
iying "lave or tuffacacus graywacke" has been slightly metamorphosed and
reerystallized,

(s} Greso Sexventinites
(3) Intreducticn

Some of the basic rocks in the area are thought to be of
igneous origin and probably belong to the Jamestown Igneous Complex.
{wcluded within this growp are:

1. massive green serpentinites.

2, isolated ultrabasic zones with magnesite occurrences.
3. nickelifercus magnetic serpentinites.

4. talc zones in massive serpentinites.

The association of basic and ultrabasic rccks may be classified
4 belng of the "alpine type" occurring in folded geosvnclinal sediments
of an orogenic belt (Turner and Verhoogen, 1960).

(11) Edeld Occurrence and Descriation

The serpentinite bodies are confined primarily to two areas.
The one occurrence is near Sugden Siding in the central portion of the
s, while the other main body occurs in the western portion of the area
L. morthwest of Sheba Siding. In addition a few minor occurrences are
' be found to the south of the Lily range on the farm Crystal Stream,

Included in these serpantinite masses are zones of magnetite,
filc wnd nickel-bearing trevorite.

The massive body to the north and northwast of the Scotia Tale

?‘” ®pears Lo have intruded inte the sedimentary sejuences of the Lily
ciing causing the iormation to split into three distinct bands that
B first to the sast of Ewceka Siding. They continue towards the
! where the divergence reaches its maximum, Leng narrow quartzite

s are severed by the ba.lc intrusives., Intercalations of
:?mtmu and the numercus alteration products of serpentinites occur
hin the Noodies rocks.




- B4 -
e rock has a pale greenish

she field th
1

it has 8 Airty brown coloud «
exhiibits @ mesh structurs.
to the northwest of the Scotia
Leticular talc bodies oteur in this area as
wriings sark their locality.

In

In thin section the serpentinite contains

wt is uunthny composed of @ felted oY
igetite 18 generally abundant and it togethes
1tm the pxim&pu ACCOIBOTY m'nerals in the rock.
vhedrsl grains form in parallel bards suggestive ©
vos, T80 18 developed in aggregates and in crac

(ptonate 18 poesent.

The serpentinites obta
] woen siding slso displey sltere
¥ .t rocks to chlorite and serpentina was see
e OMON, Antigorite flbres replace the ol
R wiphs of serpentine after olivine were mted.
A siquitous and 2 1ittle talc 2
. tinites ocourring petween Avo
§ ditterent {u that they are 3 Fore massive
3 anaty,  In thin sectiun the rock ls co
etiprite laths. There is ®
upetite ocours in fine crystals
wrallel stringere.

157N

that often

Seotia Tal
are locally magn
the nickel-magnet
silicate mireral nepcu
isted only ot magnetite

Rorth of the
mgon the serpentinites
sertaln ghear 20008, of
1843) siso noted a nickel
utined by the writer cons
wl » little talc.

The tale cceurrences
6 1 described at a later stege [
of the aren, It can be metinned howeves,
Paduniy in the talc. | vus pure zones conta
Ttewsite has alen been notd in the talc mine,

the section

—

in

(1) Steyetue

Tovariably tne sgrpon

;M in yome cases the strong re

Zones of magnesit
Talc Mine.
well and trenches and old

ined from the magnesit
d olivine crystals.

vine in crac

Again magne
ltering from the anti
ca and Crystal
£inely crys
mpo s6d almost
11ttle cartonate and ta
1ie in urxinterrwted

¢ Mine and neat the
etic due to
(te mineral t
ite,

are centred around U

trnites BOY mass e
glonal foiliation s ev

colour oy vhere

v 15 usually massive and

¢ ocour in the
Nume™ous

relict olivine crystals

fibrous wmast of antigorite.
with a few ¢

hromite ¢rains,
Dccasionally these

¢ magmatic diffeventis-

ks, Al times 2 little

e-bearing fone near
The transformation
Carbanates {nagnesite)
kg and pseudo~
Lite is
gorite is present.
Sy-eam are slightly
talline bluc-green
entirely of

1c present while

Bar 5 t.riq‘)mmctrical
the presence in
revorite. Fartridee
put all thin sections
N antigorite

, trevorite

ne Scotis Talv Mine
an the Ecomonic Geo logy

that tourmalline gecurs

talc and carbonates.

structuro=loss bodies,
jdent especially in




-5 .

e ssall narTow bodies. These bodies appear to be steeply inclined
1snses oF sheets lying concordantly with the surrounding quartzites of
the Lily Syncline.  The olp of the foliation is difficult to measure
bt gererally conforms to the regional structure probably indicating
that 4t underwent defcrmational events similar to or synchronous with
thase of the adjacert rock types.

(iv) Eetamoreblse

A difficulty arises in irying to estzblish whether or not the
swrpentinite bocies were intruded at high temperature or whether they
wre smplaced as "cold intrusions”. This difficulty is duv to the fact
et *he intrusive serpentinites all occur in closa proximity to the
Nelgruit Granite contact, The grade of metamorphism along this contact
{s sometimee extremely high as is seen by the occurrence of sillimanite
s pyroxene-bearing hornfelses. The fact that s high grade aureole
sours on the granite side of the serpentinite mass near Bar 5 beacon
wd ot on the south side suggests that metamorphism wae primarily uue
t the intrusion of the igneous granitic rocks.

The metanorphic influences of the ultrabasic todies are slight
ud the successions adjacert to them have alterved assemblager that may be
clamified as belonging to the greenschist facies or tc the lower grade
sebers of the albite-epidote-amphibolite facies. Bowen and Tuttle have
fowd erperimentaliy that thers is no likelihood of a serpentine magme
aiting below xOOOXC (Turner and Vezhoogen, 1960).  On this experimental
dita, however, Hess's (1938) idoa that an ultrabasi: magms ccald be
istreded at low temperature with 5 to 15 per cent HyO present, must be
jected.

Bowen proposed 8 theory of mechanism of ultrabasic intrusion
vereupon he stated tha* the "magma" at the time of intrusion consisted
izgely of olivine crystals kept roblle by small quantitiec of inter-
Pwalar megmatic liquid or even water vapour. Gravitational settling
of thy olivine would be a mechanism capaole of producing "magmas” of this
. It was argued that these basaltic magmas chould he expected to by
wewmanted by other and more siliceous rocks representing the comple-
wolery liquid differentiate (Turner and Verhoogen, 1960).

Buaring this Jast mentioned fact in mind ani the apparent high
g of silification snd chertification of practically all the
Weesslons in the srea the writer suggests that might this nct be some
"piesion of the processes outlined above?
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The ultrabasic bodies have been serpentinized and only in rave
jnstances were olivine rarnants ooserved. The serpentirization is more
ot less evenly distributed throughout the ultrabasic massec. Hess (1933}
wtud that the uilvahasic brdies he examined showed a8 lack »F  wvolume

change when altered tc serpentinite. He also stated that the sepentini-
stion resulted during the ‘last stages of the same cycle of igneous
awtivity es the Intrusio~ of the ultrabasic, Bowen and Tuttle have shown,
wowever, that serpenti dzation apgroximates to an equal-volume replacement
od occurs ut temperaturss of 200° to 400°C.  Water, silica and carbon
Hoxide necesssry ror the siteration Could hdve Boeas derived from the hydro-
therme] solutions emarmting from nearby granite imtrusivds, or from magmatic
wters or WeYur charged geosynclimal sediments (Turner and Ve-hoogen, 1960},

Ihese writers also give a reaction in which olivire is replaced
iy the ~ame wlume of serpentine, The excess Mg and SiO2 being removed
in sol lon.

MgS10, ¢ 4,0 4 2H Mgy SLO, ¢ AP +S10,
(0livine) (uirtroduced) (Serpentin.) (Removes in solution)

ithe metamurphic mineral assemblage of the serpentinite occurresces
in the report area generslly show a la~k of minerals other than serrentine
(mimih), magnetite, magnesite. quartz and rarely clivine and chromite,

The serpentinimites near Sugden Siding show signs of actinclite
ad chlorite indicating that 8 high temperature was present to cause the
steration of the uitrabasic rocks. Trere is abundant magnesite
developed due probably to the introcuctlor of CO, to the serpentinite,

Turner and Verhcogen (i%0) show this reaction as followss

31‘ ng 512 OQ ‘5{302 - H2 Mgs Sid O12 ’3Mcj)03 +3 HQO

(serpentine) (talc) (nagnesite)

Taleitication of the serpentinite-bsaring rocks probably was the last
Mixees to have taken place. Hess (1733) stated emphatically that
wrpentinization preceded steatitization and Turner and Verhoogen (1960)
tthough mot as adamant as Huss nevertheless sppear to support this view,
The slteration of the serpentinites to talc may be due to tne effect of
't agumous hydrothermal solutious probably derived from the ..warby

lve Nelsprult Granites. The fact that black needles of tourmaline
#t found tc sther with the talc would tend to support this contention.

Other oxamyles of talc depostits of the steatitized type
@oaiating of concordant lenticuiar bodies of altered ultrabasics are

facribed by Hoss (1933).




(v) Quigio

The presence of olivine, magnetite, chromite and rickel togethor
with nagnesite and talc rcurrences suggest that the rocks originally ware
arived frowa a magnesian rich parent rock of ultrabasic composition -
wesibly 8 peridotite or dunite, Barth (1952) statad "the home of the
dwites 1s, generally speaking, the folded mountain chains®, These are
frequently accompanied by serpentinites but as was stated earlier the
sroblet as to how the ultrabasic bodies intrude still remains althougn
Gwen and Tuttle (1949) think that there §s no oscape from the conclusion
that dunites can be lntruded o ., in the solid state.

(v) Melsorult Gganite
(0 Intredustion

The term "Nelspruit Granite" was used by Hall (191%) to describe
the Aruhacan granite-gneiss that constitutes a large area of the Eastern
Transveal lowveld., Unlike the dark hornblende-bearing Kaap Vallny
irmite, the Melsprult Granite is essentially a leuwcocratic variety but
s have numerous dark zones rich in biotite,

{11) Edeld Occurrence, Descriotion and Structurg

The Nelspruit Granite occurs along the ertivs northern fringe
of the Barberton Mountain Land whers 1t bullde wwil-rounded hiils that
foy part of the Krokodilpoort R. nge.  This range forms the watershed
heen the Crocodile River in the north and the Kaap River in “hc south.

On the whole uutcrops are poor except whers the Kaap River has
& into the granites, Large areas consist of flat-lying extensively
dcommsed rock and neer Louv's Creok Station the granites are ovorlain
%t stretches of arablo farmland.

The granites exposed in the arca may roughly be divided into
tit ategories:-
1. intrusive contact granites.
2, homogenous granites.
3. massive gnelssic granite,
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1. Intrusive Coptact Granites

The granite along the Contact Belt ie¢ an intrusive granite that
1 been injocted into the dark contact amphibolites. Tho Intrusive
ature of these rocks appears limited to the fringe of the granite massif
wd extends northwards for only a few hundred yards before gradationally
sanging into a moTe compact finer-grained homogeneous granite.

Typically, the granite seon in the ares is mediume to coarse-
grained and light in colour. Hand specimens consist of quartz, feclspar
»d sica.  In thin section the rock is principally conposed of quartz,
serocline, twinned and urtwinned plagioclase felspar (usually oligoclase
or albite}, muscovite, bintite and magnatite, In addition mlnor amunts
of green hornblende and epidote were roted.

The contact zone is characterized by numercus intrusive
sequatite bodies and veins as well as granitic and aplitlic occurrences.
(ewliths of amphibolite are largely résiricted to this zone and are fdlded
sether with tho granites. The folding has deformed the intrusive
veins and in the Kaap River cutting near Honeybird Siding a well emposed
cfictop shows conlempoTaneous folding o1 granite veins and amwphibolite.
huiinaged structures occur on the flanks of the folds while in the
nage sones minute parasitic folding has taken plece {see Plstes 16 and
7). All along the contact the granites a3ppear deforred and have
sbriously undergone extensive folding. Lineations considered to be
wselsted with the f{olding are well developed, especially in the Koap
twr cutting and in the ares to the north of the heicen, Bar 5. The
sltionship of the lineations to the folding ls explained mre fully
nder Structural Geology later in this report.

The granites are well foliated along the immediate contact
i mca flakes (sssentially muscovitc) show a parallel orientation.
inthir eection the linested granites 3isplay buckled and wbsted
tystaly of mica {see Plates 18 and 19). Tha quart: in the deformed
mite: shows strain extinctlion ant the piagloclase felspar
olgoclase, albite) 1s frequently seen underying incipient slteration
@ sericite,

Numerous pegmatite and aplite veins penetrate the earlier
Fultes and xeroliths and thorofore post-date them. The pegmetite
:‘1“ snagtomize throughout the contact area and ptygmatic veins ere
"uently scen in the contact amphibolites and xenoliths. ic
?¢1Mtlon ts made in the mappling of the granites and the pegmatitus
® to thelr obscure gradational nature in peor.y exposed creas.







Characteristically the pegmatites possess large folspar

crystals consisting of albite, oligoclase and microcline. The iarge:
wins often show zoning with a chill phase around the outside and coarss
telspar and quartz crystals towards the centre.  In most cases the
felspar 18 partly sltored to sericits. The microcline has wei!

dewdoped pelysynthatic twianing and cdgastonally small muscivite books’

e doveloped.

2. Homaeneous Granites.

Gradational boundaries exist between the granites along the
cotac od th e te the northk. The hoivgeneous granltes seldom sccur
inr  .ve bodics, The gradual change from a sheared lineated rock to
twi, acty almost undisturbed variety can be seen in the Kaap River
ctting which provides an exceilent section for about thrae mi.es into
te massif. There s a notsble colour charge from a 11 . coloured
punlte to a more pinkish variety, Dark zones are due to an increase
in the blotite content o the rock.

In some instances there is a corplete absence of foliatinn,
fpart from the Kamp River exposure the nature of the cuterops does not
rerlt any detailed study but aplitic and pegreticic velns were seen to
incrwde into the hemogansous graniteg,

3. Maaalve Gngissic Granites

Further north the granite bocomes gnelssic with follation
daer dutined by the parallelism of mica flakes. Tha greissic granite
is often intensely folded and intruded by veins of pegnatitic and
uiitle materdal.  There 1s 2 notable absunce of xeroliths in this zona.
keh of the granite g5 woathered snd the soils derived from them are
it grey in eolowr and are very sandy. Jointing is often very
sanent shore eXposures are good. On the farm lovedale shear zones
i \he granites have been filled by hydrothermal quartz velns and the
Faites adjacent to the shears have undergone recrystallization to a

$Bined aplitic rock. Trenching was carried out many years go
4 ta mynor irdfcations of gwid in the vein quartz,

A porphyritic diabase fyke that cuts through the granites on
e fovm Lovedale has altered the foliation direction of the greisses
#tely adjacent to the dyke. The mormal or regional foliatfon
) Toughly sast-west but in the nelghtourhood of the dyks it 1ies
::?!Hol o the contact ana q. rrobably the result of a cambinetion
Yuaring and ho o swelaced with the dyke's omplacement,
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Rorth «f Eurexs Siding and on the farm Perl, migmatites,
consisting of intimetely mised granitic and amphibolitic country rock,
ae exposed., Flow folding and lrregular banding was alse noted
{gse Plate -

A few marghy aress occur at the foot of the slopes leading up
v the gracite nills and springs are to be found in some of the shear

pios s

(211 dsvamershism Produced by the Granite Intrusion

Hest “rom the intrusive body spreading into the surrourding
sadimerts resulted in & minevalogical and textural reconstruction of the
rock fabric ane produced 8 thermal auveole of contact metamorphism.

By sxamining the wimeral assemblages in successive stages away from the
ganites It was pessible in tnis ares to defime wid ldentlify thres fatles
sf wtamrphisn. Theew sre, starting at ‘he contact and progressively
iy swamy From it

. thwe hornblende-hornfels facles

. aibite~spldote-amphibolite tacies

. greensctist facles. (Bse Fig, 27)

(R S

sl has been deslt with wore rully earlisr in this report. It is
wilinlent hers to mewtioa the wide varisty of metamorphic miserals
gy From sillimanate and garnets nesr the intrusive granite contascts
invwils ¥ progreusive decresse in metamcrphic grade to the south where
i wmk actimelite Timw.ly give way to entirely unaltered sedimentts.

T deficiene- of metsmorphic phonomena in the sediments of
e Tabmene Mountair .and has been noted and commented pon by mmerous
immigairrs Ln the post, Ome 0! the most plausible axplanations to
iy Gy el sdvemced e Fesd (1951) whe considered that the baslc rocks
the Meantuin Land scted ss buffers that dissipated the hweat
amskated with the gramive infrusions.

“ne relstive sbsense of regional metamorphic effects would siso
st &y wgggest thai the succossions revealed today could not have bian
neded wesatn wry great stretigrephic cover ir the past.

lsv) OQxdmdn

The re.ationship of tme granites tr the rocks of the Farberton
oo Land has poesed mamorcas problems fou which many viewpolots bave
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pean extended in an attempt to clarify or expialin certain phanomena. One
of the furemost difficulties has been to account for the origin of the
Kazp Valley Granite, the Nelspruit Granite and the corresvonding 'G'
series granites in Swaziland and their relationships fn time and place,
feiefly sunmed up below are several of the suggestions, findings and
theories presented in the past.

Age determinastions done on biotites from the ares betwesn
keleprult and Ka iden have given an age of 2,600 nillion years
{Micolaysen, 1962). The nearby Kasp Valley Granite has been dated as
peing 3,200 2 100 m.y., (Sample from the farm Somerset in the Barberton
Valley, Nicolaysen, verbal communication). On the Barberton-Agnes
¥ine road the intrusive relationshlips between the Kaap Valley Granite and
the Swaziland System can be seen. On the other side of the Barberton
Wuntain Land in Swazlland, the G4 grenites have been glven a mean age of
34070 160 m.y., obtalned by 'totai-rock' analysis (Allsopp, Roberts and
Sehredner, 1%25. Near Forbes Reef {n Swaziland the G4 grenite is
intrusive into the Swaziland System and ap'itic-granite dykelets invade
the Jamestown schists (Hunter, 1961),  van Eeden (1941) reported that
the Nelspruit Granite was intrusive into both the Swaziland and Moodles
Systems in additisn to the Jamestown Igneous Complex. In the report
wes the granites are only intrusive into the ascid and basic rocks of the
Cnwarwacht Series on the northern limb of the Lily Syncline (formerly
regarded ss the Jamestown Complex).

The Geological Survey (Visser, 195 ) has shown that several
phoges of the Nelspruit Oranite were exposed in the District and they
fugpest that the granite reprerents & serles of products derived from
the procusses of granitization.

Hoad (1951) interpreted the granites as being the products of
the migmatization of semi-pelitic and more siliceous rocks., He
vlassifiom tham as autochthonous granites l.e. granites produced by
grandtization that are surrounded by great aurecles of migmatites and
wtwmorphic rocks. Autochthorous granites, Read explained, formed in
place ut the baso of the migmatite complex.

The granitized materisl, rendered mobile by sosking, will tend
% move as 8 whole upwards into & lower pressure environment, Wobllized
Mtarisl, ususlly only & fraction of the original granitized mass may
diffar in composition and charscter from the parent material as it moves
into & different environment,

The granites snd gnelsses in the repc.t ares ere dominantly
o8 rich with abundant oligoclase and albite felspar. The ‘ntrusive
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et gxmitu and pegmatites have an increased potash content and
emeline becomes abundant. Read (1997) quotes soveral examples f
wtoshthonous granites with similar characteristics to those fourd an

the BTGB,

Ramsay (1963) was of the opinion that the granites represent
we sriginal basement on which the sediments were later deposited, He
wnsiders the whole to nave been deformed and intruded by later granites.

The age of 2,600 m.y. given for the Nelgpruit Granite is not
stirely in keeping with the idea that these granites represent the
wiginal basement. The difficulty might be explalned by the fact that
the age was determined using biotite only and ot the *total-rock’
wtwd, The age obtained might represent a superimposed period of
wiasorphism coincident with the last iatrusive phase of granites.
¥isnleysen, verbal communication).

: Amsther problem of prime importance is the juxtaposition of

tgh Tevel and low level 1uck types and the associated metmorphic
sncountered throughout the District, By high level ruck

tyes 15 meant the stretigraphic successions comprising the rocks of the
Jbepton Mountain Land that were deposited on the low level rocks made
#of granites, migmatites and gnelsses of varying compositiors, With
wh '8 vast development of granites ontirely surrounding the Mountaln
lad 1% hes genorally been regarded as extraordinary thau the metamorphic
#iacty observed in the area are practically negligible and are largely
wnfiwd to the merginal or contact fones. In some places luss than
1afle from and seldom exceeding 3 miies frem the granites the formations
#e sptirely unalteved. It would appedr that the Precambrian rocks in
e 4Pen were never covered by sny great thickness of younger formations.
e metmmorphism, therefors, is principally of the contact metamorphic
0 with # contact aurecle of varying grades and extent. Dynamic
#licks; m doubt, have locally influenced the rocks espocially slong
ity and in strongly deformod sreas but wide scale regional metamor-
i Iy prorly developed.

1t was montioned esrlier that the granite s followed by a very
Bglar succession of strata dipping outwerd from the massif. Both the
patites and the sdiacent sedimentary and wolcanic rock sequences are well
Glisted, Contemporancous with the mobility and injection of the granites
b poasibility exists that transpert of certein constituents {Blotita,
Sntovite snd hornblende) along paths of differential shear could have
“tited, thereby producing the conformable follstions.
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Perhaps the most efficient explanation applicable to the ares
pe found in Wegmann's infra and superstructural concept. Read (19%57)
qoting Wagnann shows how ho distinguished between the non-migmatitic
wperstructure and migmatite infrasstructure, The latter conditions
svancing from below Involve the basement rocks and the geosynclinal £ill
ssterial while the transitional zone botween the migmatites and the sedi-
gantary cover is the sphere of activity of regionsl metamorphism.

Within the moblie belt the infrastructure penetrates the super-
drpeture.  The injeccion is accompanied by intense metamorphism and
mtasomatism and tongues of magmatic granite ultimately appear at higher
levels,

Finally, and purely a suggastion not based on any extensive
investigation is an idea proposed by D. A, Pretorius {verral communicstion)
& gonsiders the possibility that the oldest granites encountered in
sethere Africa viz, the Xaap Valley Granite, the Gl granites of Swazlland
ad the Old Granite rorth of Johannesburg amony others, might represent
the Feores” of the granite massifs that have boen elevated to thelr present
dny positions. The granites encircling these generally dome shaped bodies
mzﬁmr and may represent some expression of a "crust of grenite” that
s locally been made mbile, especlally in aress fringing the uplifted
L

{e) Dvkes
(1) Intxeducticn

Several varieties of hypabyssal dyke rocks occur in the area.
They are seldom seen in outcrop, save where they are exposed in river beds.
In the granites the dykes are more conspicuous due to thelir darker
wisurstion. Good exposures are clso afforded by the road and rail
tuttings betweon Eureka and Honeybird S$idings.

Often 8 close visual similarity exists betwsen the dykes and the
basis roeks of the Onverwacht Series especially where they are weathered.

Four variet®es of dyke were distinguished in the fleld. These
"

1. dolerite dykes.

2. diabase dykes,

3, porphyritic diabase dykes.
4. amphibolitic dvkes.




(11) Edeld Occurrence und Strvcture

The dykes occur intruded into all the formations throughout the
asren. A fow occur as low mounds  inding out above the surrounding
wemat lons, while others in the granite for exsrmple, form notable
dpressions. In o st cases outcrops are poor and continu‘ty is brief.

The dykes to the south of the granites strike roughly at right
wgles to the trend of the sedimentary formations into which they intriude.
Jointing was noted ir well exposed outcrops of amphibolite and quartzite.
These juints are also roughly oriented at right angles tc the regional
trends. The intrusfon of. ti.e dykes therefore, may have been partly
wotrolled by the regional joint pattern. A fow dykes do deviate from
the general trends; these occur mo:tly in the granites where they strike,
in sddition to 8 north-south direc.ion, roughly mrtheast.

A very persistent porphyritic disbasce dyke also strikes rorth-
esst and can be traced for several miles before it disappears Into the
ganites.

‘ The dykes with faw excepticns ars narrow, sometimes only a few
& st in width., The principal exception is the dyke that occurs in the

J Honeybird Creek sres. This dyke is in places, up to 100 feet wide but
pinches and swells irTegularly and in addition possesses off-shoots that
7ive the impression that the dyke is still wider. Most of the dykes are
obscured in the 3rd dimension but appear to be vertical. The porphyritic
dvke enposed in the rail-cutting north of Eureka Siding dips steeply tu
the west.

(111) Detalled Descxiption of the Dvkes
1. DRolerits Dvkes

Only a Jew dolerits dykes were noted snd these passed at tines
into diabase dykes. In the gianite a dolerite dyke occurs northeast of
Honeybizd S1ding while near Louw's Creek on the farms Lilydale and
Suprise the dyke trending north is frequently of coarse-grained dolerite
wigesition. A porphyritic dolerite dyke occurs on the farm Klipbokrant.

In thir section the rocks are fine-gralned, holocrystalline
Wih fresh folspar and pycoxene. Ophitic intergrewths of plagloclase .
“m&m are commwon., Alteration of the constituents ususlly
#*9duces variable arcunts of chlorite. The felsper is generally
Iftrador ite-bytownite while the pyroxenes are augite and pigeonite.
4 1ittls magnetite and blotite was also noted.
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abscut® large tracts cf the ares lmmediately south of the Lily ridge.
geverzl recent rock fall: have taken place on the sheer c¢liffy on the
farm Crystsl Stream,

1. POSSIBLE PRE-DEFORMATION HISTORY OF THE AREA

Earlier in this report several reasons were given contesting
4w pravalence of the sssemblage of rocks formerly classified by the
Geslogical Curvey as beloncing to 'he Jamestown Complex. The evidence
ws presented in stages usnd the full impetus of the ides, that many of
the rocks be'onging to this succession do mct appear to be altered basic
{gneous rocks, may rot have been nmade sufficiently tenable.

The remarks that follow in this section are baged mot on one
particular facet of evidence but were formulasted from the considersble
wount of information obtained from structural and metamorphic
pheromens in the areas.

An almost identical arrangement of rock types to those found
{n the report rreu, exist in the Amphibele-Schist Series of Pahang,
kaleya, and their origin has, during the past, boen considered from
worsl viewp tats.  (Richardeon, 1947). Generally it was conceded
by sl the investigators that the original rocks must have been rich
in iron, magnesia and lime or that slternatively quantities of thesw
redicles, together with alkalis, were introduccd during metamorphism. {

Reverting to the rocks found in this report ares, ¢ precisely
ssilar origin must ts enviciged. The parent rocks might possibly have
tean one of the foliswing:-

1. dolomitic limestones, calcarecus and magnesian
shales and tuffs.

2. basic ignecus rocks (possibly both intrusive and
extrusive)

3. sedimentary rocks influenced by lron, magnesisn
and 1ime-rich effluents derived from ultrabasic
igneous rochs.

With these alternatives in view, an ati:mpt was mide tc
tkonstruct the possible stratigraphic column of the original or pre-
deformational successions., This task, althou,. virtually impossible
t swoomplish successfully without conaiderably more detaiied study
g undertaken, (e.g. on trace element snalysis of the Fasic suites)
“rartheless, could be attempted using other informatlon.
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The method undertaken was to work backwards relying esrentially
o0 8 knowledge of structure, sedimentology and metamorphism together with
the ctharges this last mentioned phenomens inwokes in rocks of various
chemical compositions.

The rocks in the zres, and for that matter in the whole district,
sre tremondously variable in type, texture and composition, but many of
then may often be jrouped in the same genetic category. It is also the
witer's opinion that there are no really complex structures in the
Sstberton Mountain Land comparsble, for sxample, with those occurring
in the Eurcpean Alps. Admittedly come areas are locally far from simple
structurally or otherwise but the broader aspects of the Mountain Land
are soon to comprise a syster of fairly regular synclinal basins separated
by nerrower anticlinal diviar=, The pattern presented in the field,
sithough badly defaced by the passage of time, orogeny and ignecus
wtivity should rot be made more complex than it really is by invoking
sn numerous theorles to describe local variatirns.

1t was vesn earlier how, in the stratigraphica! column, the
rocks were grouped .,

(1) 8, those occurring on the orihern limb of the Lily
syncline
(11) those cccurring 4n the enticlinsl divide south of ‘the

Mpin Southern Fault, and
{111} those occurring on the northern limb of the Eureka

Syncline respectively.

T supposition was made, the.efore, that the rocks from the granite
wntact to the Lily Fault at the base of the Fig-tree Serles formed
part of one depositional "cell", and that the rocks from the fault
withwards and incorporating the Eureks Syncline, formed part or the
wole of a second "cell”.

The Lily Syncline, comprised of conglomerates, quartzites
ud » varfety of basic schists, lles overfolded to the north. A
sction drawn through the central portion of the area would ehow the
wtrrence of several scid or siliceous horizons on both the rorth
ud the sout); side of the main quartzite-conglomerate ridge. Two
Wlewtions could be advanced to explsin the recurrence of these
5.

{1) The torizons on the northerr limb of the syncline may
Bld arouna at depth to reappear on the s::therr. side. This would
* the same time prubably mean that the basic rocks were similarly
idd around in sympathy with the siliceous horizors.
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(2) Taking into account the presence of the Main Southern Fault
thet iruncates the quartzite block of the Lily Syncline in the Noordkasp-
Jos'~ Luck Siding area it may be rossible to extend the fault eastwarde,
slee along the southern portion of the Lily ridoe past Luwrska Siding
ts louw's Creek., This high angie thrust fault can then be called upon
to explaln the repetition of baulc rocks and the acid horizons immediately
wuth of the quartzii. ridge. Figure 7 shows diagramatic sections of
toth possibilities.

The problem immed.ately involved hinges around the diesimilarity
of the Tock types on eithes side of the Lily conglomerate-quartzite ridge.
y 4 wivtion to this probles might possibly bs found ir the facies principal
L of disversal in 2 geosynclingl trough., The rocks may have had s common
| sapoe thus belonging to the seme provirce, but they could differ in
iracter from place to place (Pettijohn, 19%7). Putting this into other
wrds, the rocks might have ¢ markedly different lithological appearsnce
mt shronologically they may nave been of one and the same age.

At this stage o brief generallized palaechistory of the
Barbertorn Mourdtain Land as a whole might be considered before discussing
the move localized history of the Lily Syncline (see Fig. 8).

Briefly it is sssumed that the Onverwacht rocks, cnnsisting of
solonitic limestones, lavas, ete. were initially lsid down on a basement
of granites and gnelsses. Following the Onverwacht period of deposition
there was subsidence in the centre of the basii together with uplift in
places ayourd the edoes.

Erosion took place involving rocks from surrounding formations
together with some granite snd Onverwacht material. Deposition tock
plage in the newly formed deeper portions of the geosyncline and the
Figetree Serles was culminsted by the outpourings of lave and the
dposition . £ tuffaceous grsywsckes,

It must be mentioned here that contorted pebbles of banded
thiert have been found in the Basal Conglomerste of the Miodles System
{elagical Survey, Vissar 19% ), which seems to indicate that the
eka of tho Swaziland System had been folded to some extent bafore

tines.

The final stages inwwlved the deposition of the Hoodies
shts of rogks in the ceniral sectlon of the basin and in other localized
Wy of transgression. Subsequently the Jamestown intrusive rocks
wew indsuted into the various sccessions producing locallzed strustural
vielations
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Finally the Nelspruit Granite intrusion occurred in a series
of pulses continuous on one another. These pulses are reflected in
the deformation history of the sedimentary sequences of the geosyncline.

The Lily Syncline "cell" s plctured as having been a
niogeosyncling on the fringe of the greater basin or basing to the south.
This shallow water depositional environment would be conducive to the
development of dolomites, limestones and orthoquartzites. The acid or
silicecus horizons might also have heen represented by extrusive acid
iava outpourings, followed by further deposilior of dolomite formations.

There was no development of Fig-tree rocks in the miogeosyncline
sxcept in the west between Bar 5 beacon and the New Consort Mine where a
narrow zone of argillaceous sediments and cherts were deposited. This
lstk of Fig-tree deposition was possibly due to elevation of the area by
gradusl updoming from below (see Fig. B). Towards the south and away
from the margins of the basin the deop water flysch or argillaceous
facies attained its greatest development. This zone is almost entirely
¢lastic and the depcsition must have been nearly continuous with only a
few interrwtions during which time bedded cherts were deposited. As
the basin fillay with thousands of fest of shales and graywackes,
subsidence must have taken place probably causing Lurbldity flows of
material around the margins of the ares thus causing considerable
varistions in the composition,

Subsequently the entire ssquence was transgressed by & growp
%! rocks that may be dusignsted molasse. This greup consisted of thick
simstic layors comprised mainly of candstones and shales much coarser
than the fiysch and containing nctable conglomerates. Continued
sibgidence probably took place and the geosyncline was deformed and In
glacas intruded by basic snd ultra-baslc magma,

Subsequent to the major deformatisns the intrusion of the
Belspruit Granites tock place into the margins of the deformed ares,
metamoTphic ef fects from the intrusions produced a contact
Witamws shic aurecle that decreased in intensity swsy from the granites.

It is tharefore possinle, that the grest variastions of basic
¢ siliceous rocks on either side of the Lily Syncline cen be
"plained as having been due tor

(1) original facies variation of uepositinn coupled with
(14) differential metamorphism of the conlact metamorphic
type.
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No great focies variations need be called for to explain the
different rock typss racountered across the Lily Syscline, Investiga-
tors such as Richardson (1947), Tilley (1948) and Turner and Verhoogen
{1567) have shown that rocks ranging in composition from hornblende
saphibolites, tremolite-actinolite amphibolites and talcose schists may
be derived by different grades of contact metamorphism from eithex
dolomitic limestones or basic igneous rocks,

In terms of stratigraphic clessificatlon therefore, the

eariiest rocks to be layed down on the basement of ..rchaean granite-

isses, as sediments or lava flows were thoses belonging to the

vorwacht Series. In the basin there were facies variations sway
from the shoreline and only in the deeper portlons ware Flg-tree
Series rocks deposited. The entire sequence was then transgressed by
Noodies System conglomerates and quartiites and subsequently folded,
At the same time as the folding longitudinal strike faults were developed
and basic and ultrabasic rocks were intruded,

{(2) Intrcducticn

Structural festures found in ths various rock types have been
paptioned esrlier in this report and it is irtended here to discuss the
bverall structure of the ares mapped. An attempt will be made to
malyse the tectonic history of the ares and to place it into the

el structural pattern. The structural terminology used in the
sport is that defined by de Sitter (19%), Welss (1958?3 Ramsay (1958,
2 8 and b, 1963) and Cloos (1947).

() Bedding and Eoliation

Bedding and foliation attitudes in the area are very regular.
The recicnal strike is approximately esst-west and devistions from this
ditecticn sre entirely due to the forceful injectfon of basic intrustves
#nd Jocalized folding. Foliastion in the granites is best develsped in
the tontact zone where the alignment of mica flakes in the plane of
Hlistion is most evident., Northwards away from the contact the granite
Bacones more homogeneous and loses fts folldted character.

X The folistion invarisbly dips south away from the granite
Missif and is followed by an apparently conformsble sedimentary rock
Scession. The granite has possibly undergone an wpward doming
Tsulting in realignment of the constituents along paths of differentiai

14
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No great facies variations need be crlled for to explein the
different rock types encountered across the Lily Syncline., Investiga-
tors suth as Richardson {1947), Tilley (1948) and Turner and Verhoogen
(1960) have shown that rocks ranging in composition from hornblende
sphibolites, tremolite-actinolite amphibolites and talcose schists may
ba derived by different grades of contact metamorphism from either
dolomitic ilmestones or basic igneous rocks.

In terms of stratigraphic classification therefore, the
eariiest rocks to be layed down on the bagement of Archaeon granite-
greisses, as sediments or lava flows were those belonging to the

t Series. In the basin there were facies variatiocns away
from the shoreline and only in the deeper portions were Fig-tree
Series rocks deposited. The entire sequence was then transgressed by
Noudies System conglomerates and quartzites and subsequertly folded,
At the same time as the folding longitudinal strike faults were developed
snd basic and ultrabasic rocks were intruded.

4. SIBICTURAL GEOLOGY
{(2) ZIntredyction

Structural features found in the various rock types have heen
sentioned earlier in this report and it s intended hers to discuss the
overall structure of the sres mapped. An attempt will be made to
sislyse the tectonic history of the ares and to place it into the
mgional structural pattern. The structursl termirology used in the
rg;rz is that defined by de Sitter (19%), Welss (1959?’,' Ramsay (1958,
192 a and b, 1963) and Cloos (1347),

(b) Bedding and Folistion

Bedding end foliation attitudes in the area are very regular.
The reglonal strike is approximately esst-west and deviations from this
direction are entirely due to the forceful injection of bagle intrusives
¥ localized folding, Foliation in the granites is Dest developed in
the comtact zone where the alignment of mica flakes in the plane of
faiistion is most evident., MNorthwards away from the contact the granite
bstomes more homogensous and loses its follated chavacter.

The foliation irvarisbly dips south away from the granite
sassif and is followed by an spparently conformable sedimentary rock
tikcession, The granite has possibly undergone sn upward doming
fomiting in realignment of the constituents along paths of differential

.
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The sedimentary successions following on the granites dip
staeply to the south or are slmost verticsl at timeg, The Fig-tree
saquence provides the greatest varistions in the dip directions of
bedding due to the innumerable tight isoclinal folds that occur in
these incompetent banded argillacesus stra.a. Measurements taken in
the fold hinges have 2 varfable spread {see Fig. 1G).

There is in the area, a marked coincidence of schistosity
with primars structures such as bedding and the vertical attitude of
sstarorphic rocks over & considereble area. The over-all symmetry
of the fabric and the parallel alignment of biotite and quartz lensoid
sgoregates suggests that the schistosity has been achieved by compressicn
fsormal to the foliation. Alternatively, the fine-grained laminated
ydiments may have been fulded with the deveiopment of a slaty cleavage
paraliel to the axial planes of the folds. The axial plane cleavage
or schistosity produced 1s due to planar flow of material normal to
compression.

{e) Eolds
(1) Genezal Folding of the Rocks in the Ares

Along the granite contact belt folding car be seen both in
£ granites thomselves and in the adjacemi cortact smphibolite zone.
The late phase granitic, splitic rnd peymatite intrusives were
1a3scted into the anphibolites and 1t the seme time they were foided
together producing similar folds and attendant lineations.

The disturbance alung the contact belt has resulted in
folding, the sxial planes of which dip at angles varying butween 15
d 33 degrees to the south while the fold axes trend roughly east-wust.
Exposures of these folds are seldom clearly soon and in addi¥ion
1o the excellent Kssp River exposure there are a few folds displayed
18 an irrigation furrow cutting on the farm Lovedale.

The basic rock successlons are comparstively free of foldad
structures and the major readjustment in these rocks has taken the form
¢f setamorphism end resligmment of mineral constituents 'n the plune of

stress.

The Moodiey System Tocks have acted as a more rigld competent
Wit, The occurrence within the succession of flsttened, boudinaged
pehbles indicstes that plastic flow distortion, due principally to

in temperature snd a high confining pressure, was probably
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operative in the area. Only locally do less compotent bands occur
but these weaker rocks have rot been appreciably affected dus to the
protection afforced them by their sturdier neightours.

The Fig-tree Series, consisting of alternating narrow
argillacecus bedded units has behaved entirely as an incompetent mass.
Strong compression has resulted in considerable shortening and flattening
of the succession and the formation of tight isoclinal folds. These
folds plunge steeply to the east in the Lily Mine area and plots (Fig. 9)
shew a distinct spread along a great circle. This feature either
isdicates differential compression and a corresponding variation of
sovemerit in the 'a' direction, or 1t could probably represent a super-
imposed folding on an originally uneven surface.

The Onverwacht Series of brittle quartr-sericite schists has
recorded the most numerous minor structursl *estures. These include
wnjugate folds, crenulation folds and eccordion folds and will be dealt
vith shortly.

The Lily Syncline is the major structural feature of the area
and consists of a massive isoclinally folded syncline the southern limh
4 of shich 1s overfolded to the north., The syncline is best seen near
§  Lw's Creek (see Plate 1) while in the central portion of ths area the
strcture is that of a closed ‘old, To the west the structure is most
distarbed by the intrusion of serpentinites and the quartzites near the
Bar 5 beacon dip at shallow angles to the southeast forming a gently
@ wrped or basineshaped structure with an axial trace direction roughly
‘4 rsilel to the fold axial plane of the great Eureks Syncliral Inflection.

The approximately east-west trending Lily Syncline bends to the
mrihwest near Eureka Siding and then only reverts back to the regular
trend of the formstion in the Joe's Luck Siding srea.

(11) Minex Folds
1. Gonluaate Folds

Typical conjugate folds occur in the brittle larinated rocks
o thy Onverwecht Series. In addition to thess, several were moted in
w38 of the silicified shale horizons of the Lily Syncline north of
$iding and in the contact ampl.ibolite schists near Honeybird
sm- Plate 25 indicates the approximete size of a conjugate fold .
ia brittle banded ferruginous cherts of the Fig-tree Series found to
% west of the Lily Mine. The competent layers of chert have broken
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wqu};rly in the hinges of the folds and the rock is partially
precciateds The incompetent {ntercalated shale has suffered flow
faiding and is roughly conformable with the competent units. The
conjugate fold systems are ugeful in Jdetermining the maximum compression
sirection 1n addition the other forces {rvolved in the deformation of
the Tegion {Ramsay » 1962a). Plots of data derived from several of
these folds throughout the area indicaved thst the maximum compressive
forces weTe vertical Y nearly vertical {gee Fig. 13) during the final
ohass of geformation.

2. Grenulakien Folds

These folds are 2lso developed ptlncipally in the brittle
rocks of the Moodies arud Onverwacht successions. Irwvariably the folds
dapley only one shea¥ direction (see Plate 11) but folds ith
wrirontal or near horizontal axial planes do aCeur . Frequently the
closely parallel axial planes of the crenulation £0las produce 2
1inestion. The folds may have their axial planes parallel to one of
.0 conjugate shear directions oF they may have axial planes parpendi=
cular to the P maximum stress that produces conjugate folds. Flots
{sse Fig. 13) of the axial plane sttitude coincior proximately with
the P maximus stiess field tndicated by the conjugate folds in the
sam diagram. The crenulation folds are especially well developed

{n the exposures in the road cutt ing or. the farm Grystal Strear and

in the rocks to the rorth of the Lily Mine (see Plate 10). They are
appentially small scale structres generally measrable in pillimeteTs
st continsters.

2. gimilax Folds

Algost all the remaining folds found 1n the mres are similar
or ¢l folds and these are mostly of an ysoclinal nature (€711
Patar 24). They are exsentially confined to the Laminated Fig-tree
socks but are locally developed in sowe of the Moodies rocks of the
Wy Syncline. The folding hag produced a combined shortening and
figttening of 62.5 pel cent in the successions of the Lily Mire (soe
Strwture of the Mine).

Commonly the {aocliinal folds show tension jointingd in the
Mnges and shear joints oF the flanks, Parasitic folding in the
wregty of folds from e Woodies Systen ware seen nearl Eureka 5iding
Tenslon cracks in the fold laye-s have been pastly of wholly replaced
by quartz snd appoat 0 be boudinaged (see Piste 248).




Diagram showing the artroximate
maximum sUess finld 8% {ndicated

by plots of conjugate folds and mioor
folds in Orverwacht Rock s foaly) .
;Aa;fimu:n suossurs ¥ ) associated with
ateinwltate Messure onjugate folds
Minimum pressure . ¢ 9

Poles to axial planet of minor folds L 4
direction and plunge of minor folds *»

piots of Lineatinn direction and plunge
womi -

() & Contact pelt northwest of
Scotia Talc Mine and the Bar §
peacon

Gi) *e Kaap River granite exposurns
(Honaybud)

{111) o Poles to axial plane of post
grznite intrusinon folds

Dhagram showing:=

) *f lneaticns I quartz sericite
schists northesst of Eureks

44) -~ pebble elongation near Sheba
8iding

plunges of {soclinal folds in
the Lily Mine

poles to axial plane cleavage,
g histosity and bedding.




g

4
4
5

- T -

The axial planes of the isoclinal folde in the area are all
steeply dipping cr vertical suggesting that a strong torizontal
wneressive stress field was responsible for the fold forastion.  Large
q;utudes and narrow wave lsngths are encountered in the Lily Mine but
flding on a larger scale is responsible for localized -disturbance in
the railway cutting to the southwest of the Scotia Talc Mine, Here the
onverwacht and Fig-tree successions are tightly folded with the axial
plares dipping at aperoximately BO degrees to the northeast. The folds
slange to the southeast at spproximately 30 degrees. The fold axial
trace 1galn trends northwest - southeast i.e. similar to the Eureka
Syclinal axial trace. Also included within this broad fold are
mmerous minor folds of the crenulation and conjugate type.

(4) Lineations

In the area mapped there are two main types of lineation. The
first are those lineatlons produced by folding on a microscoplc scale.
this variety is menifest in the brittle quartz-sericite s.hists of che
omeerwacht Series. As hay previously been mentloned the crenulstion
foids have almost horizontally inclined axial planes. Thess folds
srodice & lineation thet plungs to the west av angles seldom greater
than 10 degrees [see Fig. i3). The second type of lineation is caused
% the elongation of fiagments such as individual grains, groups of
wains and small inclusions. On a slightly larger scale slongated
sebbles also result in a linear symmetry. Liveations of this second
tpa are the more frequently oncountered variety and occur in
srmtically all the rock sueces lons,

To the rortheast of .ureks Siding well developed lineations
®o in the sheared ouartz-soricite schist horizons (see Plate 26).
Vimtsioeml orientation of eolongated fabric elements, in this instance,
arts fragments and quartz 'nests’ produce an alignment of differen~
tlslly weathered constituents. On weathered faces the clear linear
fibrie is seen to plunge to the west at angles varying betwsen X and
* degrees (sie F_g. 19). These linsations show an Interesting
mlstionship with the {rirusive granites. Plste 27 irdicates that the
@anits post-dates the formation of the lineations as no tinear fabric
has bren transmitted to Jhe intrusive vein.

In the Sheba Siding srea outcrops of the Basal Conglomerate
o thy Bureka Syncline display elongated nebbles that also produce a
Umation, The cobbles have been flattersd in the bedding plane and
ot plongated in the ‘a’ divecticn and plunge aimost vertically (see
g 18}, The conglomerave pebbles of the Lily Sync’ine are alen
sttongd and associsted with the cleavage but there is seldom any
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gvelopment of a lineation except in 1isnlated instarces, for example,
wrth of the Scotia Talc Mine where they plunpe to the southeast,

In the Lily Mine individusl smphibole and chlerite crystals are
sligned with their long axos et rignt angles to the greatest deformative
forces. They are elongated in the plane of the bedding but are not
Mwsys aligned in the third dimens‘on and, therefcre, can only be
segarded as producing a planar fabric and mt 2 linestion,

The lineations northeast of Eureka 514ing and the flattened
pebbles at Sheba Siding are probably related to the same process that
produced the fulding in the Lily Mine. In Figure 15, it can be seen
that plots of all three parameters lie on a great circle and have a
fairly wide spread probably indicative of suprrposition on an ‘rregular
surface. The great circle that these points fali on is col fent with
the axial plane cleavage, schistosity and bedding throughcut ..e area.

Further lir:atiuns occur along the Contact Belt {see Plates 28
ad 29). On the farms Perl, Lovedale and Naude's Rust they are manifist
in the granites but are confined to the immediate contact. They are
utirely absent less than a quarter of a mile to the north, The lineations
et ocour in the atove-mertioned area are best seen, however, in the
instructive cutting in the Kaap .ver ai Honeybird. All these lineations
slunge to the southwest (Fig. 14}, owars the west near the Bar 5
§ teacon strongly developed lineations occur in the sheared intrusive
1 orunites and in the neighbouring quartz-sericite schist horizons. These
1 rluige to the southesst as do the occurrences in the adjacent Joa's Luck

$iding granites and hornfelses (Fig. 14).

In these bodies along the granits margine the parallel surfaces
wre determined by alignment of individual crystals of mica, hornblende
§ wd sther alongsted inclusions or aggre stes,

| Plots »f the lineations from the two soparate localities along
J e contact iiffer considerably in plunge direction but nevertheless,

A forn two maxims. These concentrations are seen to lie on the axial

§ slow of the late phase contact granite folding (see Fig. 14). It would,
therefore, appear logical that the formstion of the linear fabric and the
flding along the contact were conterporanesus.

(o) Taformed Conglomerate Pelbies

Tws; lo~alities exist where besal conglomerates of the #oodies
Spston are flattoned and defo.med, The first of these is the Lily
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Syncline where a great thickness of the formation is conposed of
wonglomerates and quartzites, The second locality occurs to the south
of the Lily Synciine and comprises the basal conglomerae of the Eureka
syncline., The basal conglomerate forms the lowermost unit of the
Moodies Systom.

The conglomerates in the Lily Syncline have acyuired, in
sddition to the flattening, a foliation, due to the “drajging out" of
the pebbles into elongated, as well as boudinaged forms.

The components are tightly cemented together anc few
individusl pebbles can be extracted without them breaking. It was
thus impossible to acquire sny specimens for the purpose of ctudying
the extent of deformation.

The second occurrence is entirely different, in that the
pebbles are contained in a less compact, more friable matrix of impure
shale and quartzite, wiih the result that on westhered surfices peblles
say be fairly easily freec, However, owing to their extremely
fractured nature, only a few are unbroken on removal.

The pebbles exposed in the road cuttings near Sheba 51 'ing
vary considerably in size and shape {see Plates 30 and 31). They
consist of a great sariety of rock types (see Noodles 3ystem). ‘ost
waon are pebbles of chert. It was roted that different rock types
ahibited different amounts of deformation.

The chert pebbles are most extensively eiongated ard flattened
while gr ~ftic and quartzitic pebbles retalyn a more rounded shape. The
posures are extrsmely weathersd snd the granitic pebbles were
wwrally ne decompogad to extract from the conglunnrate.

The pebbles are aligned with their long axes (A ..s}
slunging nearly vertical. The 'sb' planes of the pebb’ s 'Te
pirsilel to the plane of the bedding. 28 representative s formed
thert pebbles were obtained from the tutting and the meas rerents
of thalr me__r (A), .ntermediste (B) and miror {C) axes were not.i.

Unde formed basal conglomerates of the Moodies Sysfem occur
o the Barberton Shia-lo-Ngubu Dam road and numerous pebbles from
this horizsn were sbtained by M. J. Viljoen and the writer, for tne
wlpose of comparing them with the defo.med pebbles. The pebbles
willepted consisted of cherts, banded cherts, graywackes, quartzites
W granites,
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A graph was drawn with the & » Boand A ¢ C ratios plotted for
the combinations of

(1) chert ard banded chert
(11} quartzite, graywackes and granite.

The mean ratio A t+ B 1 C for undeformed chert pebbles was found to be
514 13, while the ratio for the graniteg and gquartzites wos found
to be 5 14 4 3.5 (gee Fig, 16),

A gecond graph was constructed and the A 1 B and A 1 C ra‘ias
3f the deformed chorts were plotted, Here the mean ratio % 5 3 o 1.2
was oblained (see Fig, 17), Using these results the percantages of
‘ deformation in the A, B ana C directions for the cherts were calculated.
‘ The assumption ts made that the pebbles in a conglomerate are not
ssherical since mon-distorted pebbles  are {nvariably triaxisl
ellipsoids, The values for A, B and C werc caiculated us}ng the
formula for 2 unit ellipsotd {(Jolume of eiilpsoid =

i

3
1 by first substituting the ratio for the deformed and then the
§ undeformed chert pebbles,

ﬂg_{g:-u The actual formula for calculating the volume of an

ellipsoid is 3 Ty whers o, b and & vepresent the holfeaxes of

" the unit ellipsold. By using the values Ay B and C obtained from the

geaphs, the problem is in no way affected as ratios are inwilved, The
!i ABL

talculstions using the formula 3 " would morely necessitate

the halving of the valucs for A, B and C. The ultimate snswors in
percentages remain unaffected.

Exanpler A 1B, 1C. = 513 ;1.2 (deformed)

25
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iMg17) Oraph showing the
relationships between the
& B, and C axes of doformed
tonglomerate pebbles froum
Shsba Stding.

(Flg,’ﬁ} Crapl. showing
the relationshipe hetween
the A,B, and ¢ axes of
undeformed conglomerate
pebblea,
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sinilarly for By and Cy

] Fsr the undeformed pebbles A ¢ BiC = 5 413

i, A v [~
Yy ’5/4‘ /e "4/13‘ I “3/5

w0 = é.:’f.%;ﬁ.&.a

4FA x 4h x 34
] o = 3 ) ¥
“‘ 3 rmen
| A =
m%’
| A = 368

snd simiisrly for B and C.

B T percentage deformation in A, B and C directions was then caloulsted
! sing the relationships?

- . - 100
Ai :xm() ?_\ BP:\ilCDC [OU 4




A = 43,2 representing an extensive incranse of 49.2%.

1o the same way valves for B and ¢ wers calzulatod. The values
for the cherts [rox Theba Siding were thus:-

L. for A oan increase of 49,2 per caont,
%, for B oar incyease of 12.25 per cont.
5. fer 0 s decresse of 40.03 per cant.

These rtosulls ol Ve yary o lnsely to those obt .ned by
#, Viljoen (porsonal communica 1 fer the deformed conglomorates

between Joeo's Luck Siding nrd Noordk sz .

Pamscy (1963) found the sriantatisns of undeformed pebbles o
be in the plane of the beddira. He also moted that the deformed pubbles
weth of the Kaap River nhad a preferred llnear orientation within the
plane of slaty cleavage resultant from intense tectonte elongation over-
printed on *he {nitial sedimentary fabric, The Sheba Siding conglomeT -
ates were found to iie with the t long &4es parallel to the ¢leavagi-
sedding plane which in thig case was coincident.

1t is, therefore, possible to show rom the formula '_‘,}.._:._t\. x 100,
&

Ay = Jong axis of deformed pabbles and

L.

¢ .7 = long axis of undeformed pehbles,

that the values above represent an absolute minimuan valua of the parcentage
Ay = A

detormation ber-use the ratio 'Jr—‘- would increase should the value A

tond towards C, the shortest axls of the pebblas.

1n scdition to the flattening, certaln petbles indicate further
disturbanco subsequent to the finttening doformation and some of the
lsrger pebbles especinlly, exhibit 2 s ightly twisted or buckled 'ah' plane
{yoe Plates 32 avd 33}, The long axes of the pobbles $a the Sheba Siding
titting were found to plunge steeply 1 the plane sf the bedding and
studveed 8 lireation (see Fig, 15). Also shown in the figure is the plane .
of budding.  The maximum siress direction 'cf, colncides with the bedding
wlus,







(f) Eaults

Faulting is not wery evident in the ares 3nd only minor
dislocations ocour that are associated with the folding or tho
intrusions, Mention has boen made, both in the sections on tre Lily
Mine and the Economic Geology, of the proposed addition to the existing
geological map of the areas, of 2 further longitudinal thrust fault, viz.
the Lily Fault. Reasons for assuming the presencs of this fault are
sleo given and it wes mentioned how such a fault would fit into the
existing pattern of fao.ting in the Barberton Mountain Land.

There is some fleld evidence to support the ides of a fault
imediately nouth of the quartzitewonglomerate hori-on of the Lily
Syncline.  Much of the area is, however, obscurad due to masking by
serev falling benk and covering the critical zone. The quartzitic
tocks of the Lily Syncline are freguently mylonitic along the contact
with the basic rocks. Mentiorn has been made by de Sitter (19%) of
thick mylenitic zunes near or adjacent te thrust faults. The proposed
fault {n the area mapped would be conformable with the southern limb of
the syncline.

The argwmert in favour of the presinca of the faull has been
strongthenad by the werk done :n the adjacent saction of the Lily
Syncline betwuen Noordk:ap and Joe's Luck Siding. Here Viljcen
{verbal communication) mapped a strong fault {the Main Southorn Fault)
that truncates the quartzite block of the westorn extremity of the Lily
Syncline. The fault trace was found to be fillsd with vein quartz.

In addition the seguences to the south c¢f the fsul% were found to be &
complete repetition of the stratigraphy as it occurs to the aerth of the
qusrtzites, The fault is considered to be a high angle longitudinal
thrust fault withn the underlying successions upthrown to the south.

The presence of the fault provides the most suitable
sxplanation of tre stratigraphical pleture presented in the field,

| The occurrence of intrusive serpentinite in the areas to the
rortheast and northwest of Eurcka $iding may reprezent intruelve
todies emplaced rlong the zone of faulting.

Graded bedding in the shales and graywackes of the Fig-tree
Sorley was of use in doteraining the direction of younging from the
bagle schists but it coule not be used sleoshore.

Figure 7 indicates, ding ammaticully, sectlons through the
e, The relationship of the faults to the synclines and anticlinal
divide are also illustrated.




(9) Qthex Structures

Additional structures in the area nre ecssentially of a localized

nsture and wire produced contemporanecusly together with the major
structures. The folding is practically all of a cleavage or similar

type where compression has been the maximum deformative force,
msociated with these folds are boudinaged structures on the flanks that
are produced by the extension and breaking up of the more com.atent unit
layers- Minor parasitic folding is concentrated in the cretts of the

1arger folds. Typlcally these small scale structures are W o1 M shaped

{n the hinge itself wnile on the fold limbs they are Z or § shapod,
structures of this type were noted both in the Lily Mine and in the

Kaap River cutting.

From both field observations and thin section study it is
certain that there has been a considerable amount of flattening and

shearing with the resultant formation of a strong schistosity that has
¢ fuirly uniform regional trend. Recrystallization in the form of
aeas takes place in the cleavage planas,
manifust when fine bodding is totally obliterated by recrystullization

of quartz ea we.! as mica. The strong recrystallization in the

Advanced schistosity iv

wphiibolite zones is sestly due to thermal acilon resultant from

sagmatic activity. The texture of the rock however, is prubably due
ts dynamic forces. The defcrmed fabrics are dominated by a schiutosity
#ich is more readily correlated with compression normal to, rather than

with shear parallel to the schistosity plane.

Plates 6 and 7 show compositional banding of the schists in

the contact amphibolite zone and the developrant of boudins,

Jointing, mentlonad eisewhere in this report, is frequently
wen snd has a constant direction over most of the area,

that the joints favour a trend at right angles to the granite cortact

wd ore especially manifest in most of the rigid rocks.

The joints

my be reyarded as 'a-c' tension Joinle indicating that the general
#tress mecessary for their formation probably came from the direction

of the granites. The stress producing many of the joints was rot the

um as that respon~ible for th. follation as joint pianes cut the
folistion and even act 8> small fractures alono which there has been

wvement (see Plate 4).

The jointing, cr at
i¥ost events 'n the area as it is seen

teast some of it, was probably one of the
in all formations and in the

ive dykes. Two or even threv directions of jeinting may some-

tmes be seen in the same outcrop (see Plate 5).

Often

It was shown
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Along the !ntrusive contsct there is a prevalence of
ptygmatic structures and contorted granitic and pegmatitic veins. They
sre genarally seen meandering about the dark contact amphibolitic
schi.is.  The ptygmas appear to be independent of the texture of the
wgt~rock and although the velns appear o be folded about axial planes
that are consistent and regularly aligned, the amphibole schistosity
srems unaffected exrept around the margins of the ptygma itself {see
Tiates 34 and 3%).  de Sitter {1956) attributes the vause of this
pesuiiarity to the different reaction in the stress field of vein and
host rock materialy each possessing differing physical properties.

{h) Bealonal Stzucture Effects on the Mineral lecaliraticn

Betwoen Shera Siding and Louw's Creek it is belleved that the
@ld aineralization was introduced along the Iily Fault zone
hydrothermal solutions associated with the Nelspruit Granite ‘ntrusion.
A look at the reglonal map indicates that the geologicai « "~erslons in
the area are fairly regular and thal no apparent controlling “sctors are
svident o explain the localization of the gold into worksble ore
deposits such as thuse of the Lily and Rose's Fortune Mines.

Prospecting hrs taken place in a westerly directicn from the
Lily Mire and two other smail but very erratic occurrences have in the
past been mined on tne farms Avoca and Crystal Stream east of Eureka
Sidtug, These deposits slwo occur in apparently regular formetions
wd an explanation of their whereabouts is not caey to dxplain. A
turther d1fficulty involved is that the mineralized fault zone occurs
In & yallay where outcrops are far from ideal for the attainment of
deta ralating to the deposits.

All that can be attempted in an explanation is to point out
artain "localized disturbances” that may escape attention on the
y "legical and structural maps accompanying this report. The largest
of +:.089 80 called "disturbances” occurs immediately north of the iLily
dins where the quartzite-conglomerate horizon has a slight inflection,
Twre {5 a marked difference in bedding orientatisn over a short
Hstance within the inflocted zone and the strike alters from E.N.E.
v HNE .

It is not unlikely that the effect of the gentle warping
AgHt nave been transmitted through the wjscent rocks to the south
wd inkn the Fig-tree rocks in the mine ares, The brittle quartz-
“{r @ schist horizon north of the mine also displays uimnr obligue
. ting that may be reiated to the disturbance. The small fault
wag {s quartr filled but thore i1 no ovidence of any displscement of
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the formations. The exact s:fect such a small disturbance as outlined
above would have on the provision of suitable loci for mineral concenw
tration is aifficult to imagine, but it is likely to have contribuied

4 or assisted in the rearrangement and di:location of the formations,
thys making them more acceptable to subse. "0 depos tion and concentra=
tion of ore forming flulds.

It may simply be coincidencs put the fact remaiis that each
of the ex%sloit\)d deposits to date are located immedlately south of
features (howevar slight they may be) seen in the roctks north of the
Fig-tree succession,

North of the Rose's Fortune Mine the Onverwacht sequence of
quartzesericite schists breches into two separate units with basic schists
fiiling the wedge between the two limbs, Mo evidence to explain this
split coulc be found, but the stru. ture may represent the anticlinal
divide between the Lily Syncline and the furnations to the south.

A further example of gold deposits accompanied by 8
corresponding irregularity in the northerly formatlons can be .een
st of Eureks Siding. Here the Lily Syncline is gently buckled in
@ great arcuate shape convex to the successiuns in the south ()
Plate 3). The Lily Syncline and the Eureka Synciine are searest
ts one another in this aes and the lntervening Onverwacht and Flg-tree
rocks are narTowest along this compressed zone., The old workings of
the Mexican and Cleopatra Mines occur in this locality,

(1) Isctends History

It is clear from earlier menticned structures that there ure
svers] varicties and styles of deformation existent in the area. in
the New Consort Mine - Joe's Luck 5iding area these structures sre well
developed and were first investigated by Ramsay (1963) who was able to
wognize three phases of deformation. {ater M, Viljoen's investiga-
tiong led him %o believe that four perlods of deformation ia fact,
wisted in this area.

Althsugh occurring sdjacent to this exceptionally tectonized
10e the Shebs Siding - Louw's Creek area is comparatively dewoid of
structural parameters. The writer who worked in close collaboration
nth M, Viljoen was able to racognize certain style siwilarities 'n
the minor structures that were common to both regions mapged. It is
largely with these similarities in mind that aa attempt was made to
trrelate the structural events.




- B -

It is generally accepted by most geclogists who have examined
e structure of the Barberton Mountain Land, that the regional trend
of the Precambrian formations in the area was initiated by the first

g disstrophic event.

(1) Fiist Prase

The first stage of deformation was resporsible for the
development of the majer synclines that trend in a northeast-southwest
direction, the compression being directed from the morthwest and south-
wst. The major high angle longitudinal thrust taults are thought by
Rimsay (1963) to be coincident with the first perlod of folding., The
ily Syncline is consldered to have originated during this perlod.
fmsay (1963) mentioned the difficulty of reccgnizing the structures
on the morthern side of the Eureka Synciine. He believed however, that
tw large first folds existed there, These are the Woodstock Anticline
wd 8 syncline which he *hought might possibly be the continuation of
the Lily Syncline.

As the principal stress direction was operative at right
ugiss to the regional trend, the geclogical successjons in the area
aderwent considerable folding, shortening and flattening.

The first phase cannot directly be seen in the area
lvestigated but it ray be assumed or deduced from the spread on a great
tizcle of parameters belonging to the second phass. This spread
{rdicates that irregular surfaces existed before the strong development
of 3 clem age, schiztosity, flattening and metamor hism. The Lily
fwit snd the Main Southern Fsult among others - an probably be
mocisted with tho first folding., It {s also considered likely that
the basic and ultrabatic tocks 1. che area wers emsls .d esrly in the
wsynclinel tectonic history of the Mouriain land.  Many large basic
tndisg often occur as masses or sheets cnncrrdant w.th the struclure
o the enclosing strongly folded reck..  In & few inctances the basic
meks sre kreem to intrude Lrte tic v o iy System Tocks, bul cTogs-
titting welationenips orc asrerally o - i, The ulirstastc rocks
%y have been squeezed up o1ong majer cisle.-rina developed in the
Wevneling) busement during the onset of folding as pici aed by
o, Bongon o Howd gqusted tn Turner and Verhoogen, 1960)

(24} Secand Phoaw

The second stage ¢f de‘ormation involved compression from an
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ximate NNW - u5F direction. The tight fold.ng of the Lily Syncline
ad Fig-tree Series, Initisted in the first stage, was intensified. Tue
corpression was probebly responsible for differential varistior of
wvement in the 's' dire:tion of the isorlinil folds in the Lily Mine and
adjscent Fig-tree rocks

Lineations w're produced ear’y on in the quertz-sericite schis's
wrth uf Eureka Sidinc and a strong frliscion and schistosity in the
#rmations was initliated by the dynamic influences.

Ramsay {193) attributed the numerous fabrice leveloped over the
wole area as largoly resulting from strain suffered Ly the rrcxs during
the second phuse «f deformation. He showed reglonally that this second
phase produced a slaty cleavage that cvoss-cut the first formed folds and
was best seen in the Eurcka and Ulundi Synclines.

Within the area discussed in this rerort indications of this
thase are seen in the elongation and orientstion of the long axes of the
conglomerate pebbles at Sheba Siding, The pebbles are flattened in the
plane of the bedding and produce a lineation that plungas steeply (see
Fig. 13). Ramsay noted similar deformed and linear orientated pebbies
sauth of the Kaap River, west of Joe's Luck Siding.

Although cleavage is apparently absent it is likely to be
ctalned vAthin the bedding planes, The diffe.ential shearing of the
strata in the Lily Mine is coincident with bedding plane cleavage (see
Plate 14), It has also been shown earlier (Fig. 15) how it is
tongidared that the folding in the Lily Mine, the lineations north of
EW?!! Siding and the pebble linnations st Sheba Siding are inter-
selated,

Ramsay 2150 postulates the introdw tion at thls gstage of the

lelspruit Granite intrusion and the main period of mineralization. He

strong structural conformity between the slaty cleavage in the
umtamrphosed sediments, the schistosity of the phyllitic rocks and
wn within the granites themselves. Well developed tectonic
strustures probably developed while the granite was crystasllizing,
Events are thought to have been broadiy synchronous during the second

deformat ion because there is evidence north of Eureks Siding of
i granite or splitic vein cross-cutting and, therefove, post-dating
e lineations 1 the quartz-sericite schist horlzon. The lineatinns
pbably formed early on in the history of the granite emplacement
d the vein seen in the quartz-sericite schist very likely represents
¢ late phase intrusive. A further late phase evant is probably
mnifest  in the folding of the granites along the contest.
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This folding, clearly seen in the Kaap Rives cutting was
reggonsible tor the production of lineations that appear (o be confined
solely o the convuct zone. The folding, of a similar type, is thaught
t3 have been produced 1n the granites ano amphibolites while the
intresives were in a semi-plastic state.

The intrusion of the Nelspruit Granite was responsible for the
podue’ ion of the metamorphic fabrics in the adjacent formations. The
intens ity of the thermal aurecle decreases away from the granite contact,

In the Lily Mine “he aligmment of individual amphibole crystals
wss partly developed by dynamic metamorphism and [lattening due to
wapression and partly due to thermal metamoTphism assoclated with the
fntroduction of the hydrothermsl mineralizing solutions.

(111) Ihird Phase

The major svent in the Mountain Land during this stage was the
gert inflection of the Eureka and Ulundi Synclines. Ramsay 1963)
fsund slaty cleavage and schistosity folded by large and small scal2
folds. The compressive stresses were found to be at right angles to
the earlier deformations viz. from the northeast : .1 couthwest. The
Lily Syncline was probably inwolved in a swing from M - SW to an
wproximste esst-west direction.

1n addition to the major Ffolding it is likely that the folding
of the area northwest of Scotia Talc Mine can be related to the same
pertod of disturbanse although it should also be borne in mind that the
introduction aariier of the basic intrusive mass probably had the
weatest influence In the local deformation of the region.

{1v) Eauzih Phasg

Ramsay (1963) considered that the development of conjugate
foldy was synchronous with the formation of the ascuate structure of the
Bureka and Ulundi Synclines. He was however, mot emphatic about this
s guggested that they may post-date the 3rd Phase and be relat.d to a

period of deformation. Subsequent to wamsay's worx several
ityystigators have mentloned the occurrence st conjugate folds preducing
wallar stress directions. The conjugate folds were oted rrom widely
Wparated areas throughout the Mountain Land and 1t would appear that
“"Itﬂpﬂuﬂt a phase suosequent to that af {he third deformatlon.
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In the report area numrrous crenulavicn folds, cften
scompanied by a few conjugate folds, were noted. It rac been shown
urlier how the.e mincr structures (ndicate that a vertical or uear
wrtical ..ress fleld existed in the area. Although the maximum
sizess sppears to have boen operative in the Linge zone nf the Eurcka
sywline and areas to the rorth, it 1s nevertheless manifest to a
lessar degree in adjacent regions,

Finally at & much later .tage jointing affected the formations
md late intrusives, It is likely that all the phases of deformation
sre related to one continuous diastrophic event possibly connected with
the updoming of the granites. The Swrziland Geological Survey
{Hunter, 1961) recognizes the fact that the G5 granites aré tha youngest
imtrusive granites southeasy of the Barberton th‘ntain Lang They
are dated at between 2,200 « %0 m,y., and 2,880 -~ 340 m.y., v Allsopp,
iobwts and Schrelner (l%?). The intrusion of these granites
ierefore, may hsve been respunsible for the vertical pressures that
produred the horizontal axiel planes in the miror fold struct.-es.
Exh successive event elther rejuvenated previous structures such as
faults and fractures or obiiternted earlier formed pheromena,
lomtinwous re-orieriat.cn of stress fivlds produced by differential
wvement of the uv.weliing mass might explain the varied structures
sueh in the fileld .oday. Subdivision of the diastrophism into
sutessive pulrey or phases serves the useful purpose of emphasi:ing
4e maln everts that took place and relates them chromologically to
22 grother,

{0) lntreduction

Apart from the qold occurrences in the ares there are several
istal ties where the ron-metallic minersls magnesite and talc have been
| timd in the past. The Scotia Talc Mine near Shebe Siding is at

it being worked on a small scale.

Interest was again showr. in the nickel occurrer-e northwest
*i Sheba Siding on the farm Bon Accord, described by Partridge (1942,

1t is proposed in this section to briefly mention the
- Wious ore deposits and their scoromic i.plications.




(b) Magnesite

Magnesite cccurs near Sugden Siding on the farm Annex

fiverbank. It is found as » compact or amorphous variety in veins

| raifying the altered basic serpentinite. Two magnesite bearing

§ wnes were noted within the serpentinite body. These zones had an

§  wproximate east-west strike direction and displayed only irregular

. showings of magnesite, Numerous trenches and prospost winzes ¢ -cur
in Uie area out the mineral was only mined from two small quarries,
one in the east and the other, ard larger of the two, in the west near
o Sugden Siding. The deposits were described by van Zyl et. ai{1942)
d since that time little or no further mining has taken place.

The easterly quariy did rot appear to be of any significance
and wore attention was devoted to the westerly occurrence, The quarry
and trenches display “zebra ore", i.e. alternating narrow seams of
waihered serpentinite and magnesite (see Plate 22).

The mamesite seams vary from a 4-inch to 2 inches in width
ad ar« inclined at shallow angles to Lue north., The seams ire
separsted by dirty brown a! » ad serpentinites 3 to 4 irches in width,
Thicker vertical or near v rtical, seams of magnesite irterssct the
§ tarrow seams at righ! angles. Although a shaft exists in the centre
of the quarry thery = » evidence of the depth of the body. Abundant
sagnesite still r :: i oaxposed in the quarry. Much of it {s pure
wiite it the grester par® is disccloured due to impurities. The
pire magrasite has a porcollancous texture while the remainder is
§  ewthy,

In thin section the weathered serpentinite shows abundant
a4 itigorite, magnetite and carbonate material. In addition several
8 tltered clivine crystals were noted.

The magnesite has apparently forme. from an original ulira-
bste intrueive by processes involving chemical weathering and the
in¥iitration of carbonate waters which have reactsd with the magnesium
Heh serpentinites.

In addition to the nccurrences near Sugden Siding furcher
idications of magnesite were found to the northwest of the Scotis
Tale Mine. Magnesite bearing serpentinite ls exposed on the west
bank of the river cutting. Much of the rerpentinite has been
dtared to » yellowish brown ear‘hy colour and the magnesite on
seface outcrop appesrs impure.
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Large serpentinite intrusive bodies occur in the western
portions of the area. HNot infrequently associated with these serpen-
tinites are zones of talc. Prospect trenches are frequently encountered
i are centred around the Scotia Talc Min .,

The deposit at Scotia Talc is situated between tw> quartzite-
conglomerate bands of the Lily Syncline in a zone of intrusive, altered
seepentinite,

The aine was developsd early this century and was worked
ently by Unlon Corporation. It is at present being worked privately.

The talc occurs as lenticular bodies that pinch and swell from
srface outecrops to an unknown depth. These hodies, of which there are
tw known oceurrences, consist of talc i~ 2 variety of green and gray
wiours, The lenticular bodies sre seldom wider than 30 feet and an
marage width of 15 feet 15 estimated. In contrast with the wall socks
of serpentinite aad calrareous serpentinite the ore zone is intensely
J lolded and shows slickensided surfaces indicative of sirong shearirg
M scrasses,  The contact between the commercially recoverable talc and
4 e wall rock s sharp in the lower levels. Lateral cradation into
3 impure talcose material of uneconomic grade occurs in the upper riaches
@ of the deposit,

] The two lenticular bodies karw: as the North and “cuth bodies
mpectively, are separated from one another by a narrow band of whitish

B cubonate-rich serpentinite. Gradation into talc-carbonate schist was

4 o sncountered.

The Noxth body, the larger of the two, widens sut from
wrface with increasing depth and st the same time the quality of the
tle increases sympathetically,

The talc mined is of a fairly high quallty, the only
delstorious impurities being t+. black schorlite tourmaline that at
s very sbundant, especially in the dark green talc ove. The
st quality talc 1s gray or pale green in colour.

Tale is regarded as an alteration prrduct from mild hydro-
titmal metamorphism perhaps aided by dynumic metworphism and not
fton weathering (Batoman, 1958).
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It 1s apparent that the Scotla deposit has largely been
ontrolled by intensive shearing and hydrothermal replacement from
wivtions that pr-bably emanated from the intrusive granites.

(d) Niskel

An occurrence of trevorite, situated appy .imately 1¥ miles
wrihwest of Sheba 5iding on the farm Bon Acec ot was first described as
s row mineral by A. F. Crosse in 1921, He showed it to be an oxide of
iron and nickel, Partridge (1943) on re-exanination of the deposit,
wted and described also for the first time, the minaral nepouite, s
sickel~magnes)an-hydrated silicste, Some detalled mineralogical work
wis carried out on this ore and Partridge described trevorite being
mplaced by magnetite. He also noted a transparent mineral and the
sickel sulphide millerite. Hn concluded that the ore was 2 replace
@k deposit formed by the inmtroduction of rickel bearlng solutlons,
tetalled propertiss of the new mineral neprulte were glven and assays
isdlcated that this mineral containad a high percentage of alckel and
ns therafore deeirable as an ore of nicksl.

Henewed intersst in this deposit was shown in 1962 by Rand
#nes who undertook exploratory drilling and have subsequently
standonod work in the locality.

Briafly the geclogy of the ares is as follows. Intruded
inte the quartzites of the Lily Syncline is an ultredaseic budy now
emst totully altered to serpentinite. Tne intrusive mass probably
§ cumd considerable updoming of the steeply dipping regular successiors
§ ™ resvited in the splitting up and separation of the quartzite
B torizong which now dip at shallow angles to the southeast.

1t {s considered likely that the nickeliferous matexial was
itroduged into the area as an original constituent of the ultrabasic
irasive.  Subsequerd shearing took place in the srea providing
uitable channels for the introduction at a later stage of hydrothermal
wlkions essociatea with the Nelspruit Granite em.lacement, The hot
waous solutions are thought to have been responsible for the solution
v precipitation of the nickel bearing constituents with.in “hese shear
By, In the neighbourhood uf the trevorite nickel depcsit near the
i 5 baacon the serpentinite has been sheared and is schistose in
“ren gones. The trewrite occurs Ln the shear zona underlying the
Wrteite horizon but is 7o more than a few foet wide.
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North of the Scotda Talc Hine in the serpentinites that ocsur
petwesn the contact asphlibtolites ond the quartzites anc conglomerates,
further magnetic rock outcrops were emcountered indicating tiat the
sccwrrence described earlier is not an lsclated one bul that there may
v several smaller deposits in the area.

1t {s aleo reported that trevorite has been fount within the
csotia Talc Mine and s ro doubt related ¢, the same period of
vineraiization ss those to the northwest,

(o) Gald
(a) illy Goid Mine

The Lily Gold Mirs was, until recently, one of the few
rmaining smali scale gold »ines s*ill in operation in the Barverten
tiserict.  The mine occurs about 3 miles south of Louw's Creek Ctation
wd is situated on rocks belonging tn the lower part of the Fig-icree
teries. This Series abuts up against talcose rocks to the north.

Along the contact 3s the zone known as the Main Reef Zone. The
soposed Lily Fault occurs within the Main Reef Zone, a zone marked by
seared, sillcified and breccisted rocks.

The Fig-tree succession consists of narrow alternsting bands
+ shale, banded ironstone, cherts, graywackes and their metamorphic
sterat lon products.

In addition to the Main Reef there are several other reefs
ts the south consisting of veln quartz. These veins fill shear zones
inthas vertically dippirg strata. In the central portion of the mine
is 2 plunging plpe-like ore shoot that piiches out with depth. The
oot structure is complex, consisting of brecclisted country rock with
rplacement velns of quartz tilling the fractures snd breccia cavitiss.

The formations in the mine are deformed and are folded into
tigt {soclinal structures. The bedding is in all cases vertical or
ftseply dipping and 1s affaected by two sets of fracture systems, the
¢ vy tieal and the other 8 cross-cutting flat fracture type. In
©m {ngtances the intersection or the two fracture systems wes

6 have a direct bearing on the occurrence of pay zones.

Afthough the Msin Reef Zune has proved to be the mont
W.. gtent lode in the mine, saveral othe: reefs often containing free
#14, were worked. These reefs nearly always proved to be erratic.
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E.xupt\onluy tich nponarz 2’
Ly

ng that poriod. 1t is thoughs
b rupom&bh for the unususily high values oncountere

The mine workings were {nitially open cast 8slond the Moln
ne, but 1ator, sdits were driven into the hillside and under=
ground developmant continued a‘ong the strike of the Matn Reef. in
sddition drives slong strike were begun along 4 other routs inter-
sacted bY gnitisl crosscut unnalss The pip--uka ore shoot wes
only recently discovered and oxploited.

The nining has 8. o8 entirely reen carried out in oxidired
and only in a fov {nstances was sulpt.ide oT® imngttquod. The
o

alroT amount arsen? A cha&oopyrna and occompany ng

A moT® dotatled account of the guolodyr gtructure and
wineralody of the Lily Mine ys given in the following chapter.

(v) mhinmm-&“

Appronutny one mils 7O tha enst of tha LilY Nirw 13
swther small producim mine knownh as the Rose's Fortund Gold Wine.

The doposit 1s once agaln situated at the base of the Fig-
tree succanson and corwsptmds to thn same norizon 2% on which
the Lily Wire is gituated. Agaln, to the rorth, the succession is
followed DY valc schists.

Work on tris mine dates pack 2% aarly 88 1887 and the oTe
s obtsined from q\mrrylnq. Later 2 adits wer? driven into the
hilside on the reef. AR additionel sdit has poch atarted socently
m Louw's Crowk 1teelf. As the dip of the formation 1s nearly
wertical sil hres reaf drives ave slmost directl‘ atvva one

or. (See Fids 28, diagremmatic W5 wection

The ore thus far oxpo sad 1s 81l oxidized e docomposd.
Thie decomposition has almost entirely obiitorated the wedding otd
#rctural relationships in the mins. What is svicent howeves s
e the flat 1ying gractures that intarsect the reefs £l

mtable increase in values wT¢ cecorded 10 the jmmwsidiate vicinity

of tw srntersecting loci
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(e) Additional Gold Occurrences

Between Joe's Luck Siding and Louw’s 7. sek numerous old
wrkings consisting of trenches, adits and shafts define a zone of
sineralization that has a strike length of over 12 miles.

The mireralized zone occurs at the base of the Fig-tres
suwccession and also corresponds to a lateral extension of the Lily
and Rose's Fortune ore horizons. Along this zone aoout tuwo miles
ts the east of Louw's Creek is the old Kirberley Imperial Mire,
wile to the west of the Lily Mine two smaller vccurrences, namely
the Mexican and the Clsopatra are to be found on the farms Avoca and
Crystel Stream respectively.

Recent trenching on the esstern portion of the farm Crysta:
§trew» has proved the occurrence of gold in this urea but values are
aratic.

Near Joe's Luck Siding in the Kaap River Valley, further
indications exist that the auriferous horizon is continuous into this
wres. Outcrops are very poor along the valley but 'Lar' development,
f.0, development of a silicified and minaralized shesr zone, is at
timos discernable. A few old trenches and shafts show the sequence
wich is very similar to that exposed near the Lily Mine,

It is considered likely, that the frequent occurrence of
Pld mineralization aslong the same recognizable stratigraphic horizon
hes largely besn determined by structural control and in this rogard
it 4s Justifiably felt that the inferrence of a longitudinal fault,
the Lily Pault, is not entirely unwarranted. The envisaged faulit
wuld have acted 1s a channelway for the cre-bearing solutions and in
this msnner would not be unlike the other major faults L the Barberton
izen that are known for their controlling influence on the mireralization,

It hes been mentioned elsswhers in this report that the Lily
#ne Maln Reef ore horizon is brecciated. Tha succession in the Rose's
Frtune Mine too, is disturbed in the form of a rnarrow zone of de-
cwmposed breccia. In addition the lower Fig-tree succession in these
tiney and elsewhere on surface outcrop displays evidence of shearing
¢ locel metamorphism. Also along the envisaged fault there ave
Wdles of talc schist and what may be intrusive serventinites. The
frmr may also be a rock type of intrusive origin that has
wibsequent 1y undergone slteration due to processes of heal, presgsure
wd chemical weathering. Finall . 'bar' development along the
®ntact may be indicative cf secc.dary replacement along » faulted
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Thesc factors, together wi*h the accompanying gold and sulphide

W
points around which the ides of 8

smeralizetion, are the essential
fault hay been construed.

Large tracts of the mineralized z0ne are covered, and tisrefore
chscured from view, py arable and scree coversd tands. Earller investi=
rs and prospectcrs were thus deprived of eonsiderable outcrops.
Fyture prospeatinq may be confined to the norTIw wone tndicated on the

weompanying regional map.

Additional bul errstic gold was panned frem the banded iron-
stone and silicified zones to the southwest of the Lily 4ine.

The Consort Contact, sccurring mainly in the sdjacent ares
wis traced eastwards tor a distance of over % miles to a8 point near Bar
5 beacon where the horizon narrowed and £inally pinched out. The
tonmort Contact, on which is situated the New Consort Gold Mine,
wnsists of 8 zone of differential chearing bolwean the base of the
Fig=tree succession and the underlying Onverwacht rocks. The shear
wne Lias becomd silicified and mineralized probably due to hydrothermsl
wintions trntroduced st the time of the emplacement of the Nelspruit
dranite, The eilicification has resulted in 'bar' deve lopuent and
{he horizon can ba followed continupusly except where pegmatite and
ganite bodies have intruded and disrupted the regularity of the

HQInte s




A LIRCOICTION

A brief gsummary of the locality, mode of occurrence and
sineralogy of the various gold deposits in the Barberton Area is given
together with a description of the structural environment of the Lily
#ine. This is followed by a odrtalled study of the mine itself and
finally an attempt is made to show how the depos!: can be woven into
the overall mineralization pattern of the District.

(a) Lecalivy of Mireralization ir the Barberton Area

1t 1s well known, *hat throughout the Barberton Mountain lLand
wst of the gold vecurrences are located on o1 very near to regional
fault planes. A glance at the diagram (Fig. 1) shows the distribution
of the mor» important mines and their relatlionship to the major faults
in the ares. Two faults in particular are prominently studded with
nines, some of which are no longer worked due to the depletion of oxidic
are., These important faults are the Sheba and Barbrock lines of disturbance.
o of the largest mines in the District cecur along tlhe Sheba Pault,
vit, Fairview and Sheba Gold Mines.

These large longitudinal faults, represented in addition by the
Swtsman Fault near Three 5isters, the Saddleback, Inyoka snd Kamhlabane
falts to the southeast of the Mountain Land, probsbly served as major
thannelways for circulating hydrothermal solutions. Secondary channels
o fragtures branch from these ault lines extending the mineralization
% sdfacent areas,

Much of the mineralization, it will be noticed, is aessentinlly
mtricted to those reglons nearer to the granitas ye it is equally
dgnificant that very few deposits occur within the qranites, themselves.
e few occurrences found in the granites are eszentlally grartz veln
fillings of shear zones or isclated sedimentary xenoliths containing gold
ol copper minerslization, e.g. the Overton Mine on Mountain View Farm
luiles north of Honeybird Siding and sn gccurrence on the farm
Carscoto northwest of Revolver Creek,

The larger mines, notably the Agnes Mine, Fairview, and New
Ctsort Mines are disposed about the Yaap Valley Cranite plutun (Read,
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19%1),  The mineralization appears to dec.ase in amount away from the
granites - that is, towards the southeast. The mines away from the
contact zones sre also characterized by lowegrade sulphide ore.

(b) Iwmes of Mineralization Ocscurrences in the Barberton
Meuntain Land

Gribnitz (1961) describes three types of ore bodies in the
Barberton Area. He first mentions metasomatic replacements of foot and
nanging wall rocks in faulted areas. Sulphides and non-metallic gangue
mineral veplacement has taken place in breccliated and mylonitized zones,
e quotes New Congoxt, Fairview, Sheba and Agnes iines as being examples
of this tvpe.

The second type of occurrence are the go.d/quartz vein deposits.
The gold is distributed finely in white or black quartz with occasional
toning suggestive of vug deposition. Mines falling into this category
include the Fortuna and Ploneer.

The third type are pipes formed by mineral stoping. The famous
Cathedral shoot at Sheba is cited as an examyle together with other
maller examples from the same mine. The latter are swaller and
breccis fliled.

{¢) Mineralegy of the Barberton Gold Degosits

Soms detalled work has been done on mineralogy of the ore
deposits in the District. In 1957, de Villiers attempted a classifica-
tion and discussed the mineralogy of the more important deposits. He
cncluded from paragenetic evidence that the gold occurrences were all
formed during & single metallogenic age. Both he and van Eeden (1941)
mre in agreement with the idesa that the mineralizing hydrothermal
wiutions were derived from the Nelsprult Granite. Hearn (1943),
Wowver, was of the opinion that the Kaap Valley Granite was largely
tespon. ible for the introduced soclutions.

de Villiers sub-divided the deposits into 4 main types of
sulphide oret
1. ores containing arsenopyrite and pyrrhotite in

which the paragenetic sejquence appeared to be
arseropyrits, p/rrhotite and then chaleopyrite.

pyritic ores with arsenopyrite first to forr
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followed by pyrite, second generstion arseropyrite,
pyrrhotite and chalcopyrite.

3. lead ores with pyrite, sphalerite, tetrahedrite,
chalecopyrite and galena, forming in that order

4. antimonial ores with pyrite or arsenopyrite
forming early followed by berthierite, marcasite,
stibnite nd finally metallic antimony.

Gangue minerals were generally found to be early in the sequence
with gold one of the last minerals to be introduced.

Gribattz (1961) added s 5th type = no* a sulphide classificatior
towever, but gold-quartz ore.

The regional distribution of the types has only been mentioned
in an extremely generalizad manner by Gribnitz (1961) quoting C.A. Strauss.
He mentions thot arseropy:.tic ores become rarer in occurrences south :nd
wathwest of New Consort Mine, Next in the zonal arrangement of the ore
types are pyritic deposits with very small crystals. These are followed
y coarsely crystalline pyrites forming large impreanstion zones, The
gsid/quartz veins are mentioned as occurring near to the Kaap Valley
Granite. Antimonial ores occur 1 pockets in the first three zones.

de Villlers {1957) considered most deposits to have formed at
wdsrate temperatures and depths and states that the pyrrhotite and
wysnopyrite ores of New Consort and Lily Mines were due to introduction
ot high temperatures and great depth. de Villiers further clossified
the Bagle's Nest Mine, New Consort Mine and Lily Mine together ss all
having ore of the arsenopyrite-pyrrhotite group.

The Eagle's Nest Mine worked malnly oxidized ores. Sulphides
mra encountered In brecciasted zones along or near the contact of
fWrruginous banded chert and sericite schist. Yhe main sulphide was
pyrite with arseropyrite, pyrrhotite and chalcopyrite.

The New Consort miveralization occurs along folded and
siteified cortacts of altered shale overlying basic schists. The gold
fs associated mainly with arseropyrite and lesser amounts of syrrhotite.
‘lhlmmn., stibnite, tetrahedrite, galena, trevorite, pentlandite,
deeolite, maucharite and netive bismuth also occur to a lesser degree.
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(4) structural Envirepment of the Lily Mine

The Lily Mine occurs approximately three miles south of the
mearest granite exposure at Louw's Creek. It is alsc north cf both the
$heba md Barbrock Faults. Mapping within the mine itself together with
regionai napping ras krought to light certoin features Liat suggest the
sresence of an additional fault, the "Lily Fault®. This aspect has be.wn
discussed under the Economic Geology of the area wheie it is shown tha'
maerous old workings could possibly dcfine a further mineralized lire -
the "Lily Line",

It will b2 noticed on consulting the existing Geological Survey
Map of the District that two faults (Shebta and Barbrook Faults) occur in
the anticlinal divides between major synclines. The Sheba Fault separm.es
the Eurexa Syncline from the Ulundi Syncline while the Barbrook and the
nearby Saddleback Faults separate the Ulundi Syncline from the Saddleback
Syncline. A further example of major faulting associated with svnclines
securs near Three Sistere where the Scotsman Tault strikes in an east-west
direction parallel to the northern limb of the Lily Syncline. A
precisely similer arrangement appears to exist between Sheba Siding and
louw’s Creex where the Lureka Syncline and the Lily Syncline are
wparated by the Lily Fault.

The Kaap River has eroded much of the area immediately north
of the Eureka Syncline thus destroying snd obliterating the fault trace.
The rocks in the river valley are msinly composed of soft Laslc schists
B ith occasional shale and chert bands providing che only resistance to

tha erosive cycle.

1 The Lily Fault zone runs past the area south of Jo.'s Luck
§ Siding and continues for s short distancs 7n the northern bank of the
fup River. It then crosses the river and appears to join up with

the mineralized Woodstock Fault.

A further fault extending from just north of Joe's Luck
Siding %o the area north of ioordksap was mapped. The fault plane is
wil defined axd ir usually occupied by a large quartz vein. This
fsalt naned the Main Southern Fauit runs north of the Xasp River and
ttmcates the quartzite block of the westurn extremity of the Lily
wartzite line. In the area near Joe's Luck Siding the behaviour of
the fault is not clear but it is ronsidered likely that it continucs
the scuthern edge of the quartzite-conglomerate horizon past the
Sitis Talz Mine snd east towards Louw's Creek (M. viljoen, verbal
wmuntestion). Evidence for the fault is poor, but the quartzites
22 mylonitized along the entire length of the Lily Syncline probably
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indicative of shearing associasted with the faulting whicn is considered
ts be of the high angle thrust fault type.

Plate 36 gives a general view of the Lily Mine looking east.
The mine is situated on rocks belonging to the lower portion of the Fig-
tres Series. The banded ironstones and shales abut up agalnst talcose
rocks in the morth. Along the contzct is the zo.. known ae the Maln
Beef Zone. The Main Reef was first worked from surfsce whers the ore
wis quarried. The mine 1s situated on the slope of a hill and as the
quarry became deeper it was found necessary to drive several cross-
etting adits northwards intc the hiil to irtersect the ore zone at a
iower level.

The cross-cuts intersected several other reefs to the south
of the Main Reef. In the central portlon of the mine on 1 Level, 4
such reefs were located and developed latorally. The Mill Adit in the
st was started as a crosscut but then reveried to a drive parallel to
the formations that continued to the ares immedistely below the develop-
st of 1 Level. The 2 Level workings are in oxidized rock for some
distance but as the tunnel procesds west into the hillside, sulphide or
tresh rock takes over.

Higher up in the Mine above the 1 Level workings zre soveral
intermediate levels the more important of which have proved *o be the
70 Ft, Level and the Surface Level, Both these levels and the inter-
mdiste levels occur in oxidized rock and development has been curtailed
in the west by the presence of sulphide rock.

The reefs consist of vein quartz filling shear zones in the
strata. The Main Reef Zone is partly brecciated as is a zone or shoot
in the central portion of the mine south of the Main Reef. The shoot
tens out near the surface and has also been quarried, while with depth
the plunging structure narrows snd finally appears to plnch out below
ilevel. The term “"shoot" is generally nmployed to describe concentra-
tions of ore of hypogens origin s distinguished from supergene
wncentrations, However, pockets, nests and bonanzas may refer to
sither supergene or hypogena conditions and fall into the definitlon
of ore shcots. {Bateman, 1958).
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The Main Reef Zone has proved to be the most consistent lode
with ar. average grade in the oxidized ore of between 3 and 5 dwts. [he
70 Ft  Level reef was more erratic but contained abundant free gold.

The remaining reefs in the mine have all proved to be very erratic.
values are generally unpayable tut extremely rich pods containing free
@ld were encountered at intervals along the veins.

The main shoot provided the loci for about six "bonanza® gold
s #while the brecciated material gave ore with a good average grade.
{see Table 11). The term “"bonanza® is commonly used to desicnate an
exceptionally rich shoot or bunch of cre and is particularly applicable
with reference to gold or silver. (Bateman, 1938).

TABIE L.
TARLE OF QUIPUT AMD ORE TONW/E

The foliowing table represents the snnual tonnsges of ore
silied and the onld output in fine ounces for both the Lily Mine and
the Rose’s Forture Mine together. No sepsrate figures were kept for
the two mines but approximately 80 per cent of the ore was obtained
from the Lily Mine.

Bexied Ions Milled Eine Qunces Gold

st July 1938 - 30th June 19%9 17,288 2,470,10
1st July 1959 - 30th June 1960 10,860 6,729.84
1st July 1960 ~ 30th June 1961 10,469 4,903.52
1st July 1961 - 30th June 1962 10,713 2,740.83
1st July 1962 ~ 31st March 1963 9,146 1,999.19

TOTAL 53,276 18,843 .48

BXINOIE s -

Regarding the tonnage milled during the period lst July 1962
to 31st March 1963, 2,375 tons of ore from the Rege's Fortune were
treated, and the balance (6,771 tons) were derived from the Lily Mine.
The average grade was approximately 3.5 dwts.

The "bonanza® gold pockets were extracted between December
19 and November 1960, when approximstely 5,480 fine ounces were
tecovered and between Jenuary 1961 and October 1961, when approximatcly
2400 fine vunces were obtained. It car be seen from these figures
#at 7,510 {ine ounces of gold or approximately 40% of the total
etput between 1st July 1958 and 3lgt March 1963, were recovared from
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sout 6 rich pockets, Flates 38 and 39 chow an exa
¢f sccurrence of the “honanz a" goid,
pockets in the ore shoot can be
mine {Fig, &),

mple 5f the manne.
The nosition of the "horang 4"
seen 4 thy pastoweet secticon of the

The Flg-tyree sediments in the ming conslst of najrow
sternating banis of shale, banded ironstone, cherts, aray ~ackes and
thel. wwtamorphic alterstion products.  To the norin Lf the mine and
wll exposed in the main quarry are sheared tale,se schistg probably
wlonging to the Jamestown Compiox, althouth the possibility of them
cht Series cennot b discounted.
The schists grade laterally and northwards fnte other basic rocks
wnsisting of efther taic carbunate schist, talc-chlorite-carbonate
whist, quartz-chiorite~carbonate schist or “remolite~actinmol{te sehist,
the talcose schists in the ¥aln Quarry show evidence of gentle Luckling.
forth of the quarry in the basic rocks are remaant cuartzitic horizons
nd quartz-toumsline veins, The quartzitic norizon, -se sssentially
jartz-sericite scnists with losa) cherty wones,  They have been
tranched to the northeast of ths Lily Mine, Stratigraphically these
wiks probably belong o the Onverwacht Serics.  More talc schist seours
imirdistely north of the Rose's Fortuns Mine nuar Louw's Croeek. Quartz-

wlorite and quartzetalc schists are found south of the Teturrence in thae
JarTY and are located conformably betweon Fig-ires shale, and graywackes
®lle {n the Rose’s Fortunc y taicose schisis alwo o gur conformebly with
te shales south of the Ms’ ; Rocf,

Koen {1947) suggusted that certaln talo-chlorive srhiste found
i the Fig-tree vocks were probably ascribabla o tntunsoly sheareg and
B tltered graveackos, The senists in the Lily Mine can probably be
& Misted to ke tindings.  The mine may be =ituated on rocks similar
8 b the Twa- -poie Zone in the Sheba Valley (ses earlfar),

2 Ti s proposed Lily Fault occurs withiy. the Main Reef Zone
i =ath of the tale schists, The fault zone is maried by a shesred,
tecclatod and oxidized wone spproximately 3 feot wide in places.
it thie zone are cherty bands and masses of velin quartz in disturped
waiilaceous and ferruginous sadiments.,  South of the Main Reef the
frmation becomes more regular and is apparently little disturbed,

e rocks corsist of alternating Light and dark shales and Qraywac ko
l4sd and shearad extansively., The shes. ones parallel to the

#ike 3f the formations are forr sinized by siterod {ron oxldes

éﬁild!sita and goethite), and si. frequenatly replaced by hydrotherma)
iy etz containing some gold mineralization, The velins vary in
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thickness from a few millimetors up to several feet ncross, pinching anc
welling aleng the -ntire length of the shear planes. The quartz is of
mwre than one age and occurs in several colours and textures. Some is
sassive and vitrecus ranging from clear to white, gray and blue-gray,
#ile other vains are more chert-like with a fine granular texture.

#ell rock alteration on elther side of ths veins is almos! ron-oxistont
indicating that the hydrothermal solutions were low to moderate in
teparature, No dimenslons of the reefs can be given as they pinch and
well erratically and sometimes disappear completely only to reappear
sgain within a matter ¢f a few feot.

(¢) Metamorphism

Practically all the rocks in the mine have undergene metamorphic
alteration. Those rocks least affected are the shales and graywackes
aposed at the entrance to the Lily Adit and the Mill Adit. These gray-
L waxckes are fine-grained ard in thin scction consist of peoorly sorted
fragments together with variable smounts of felspar (orthoclase

] L s slbite), soricite, chlorite and mica. The rock shows 1ittle or no

widence of bodding and adjacent shales oftan contain tourmaline indicating
it there has probably been some alteration.

Thin section study of shales taken at random throughout the
wole mine indicated a wide variety of different metamorphic and other
sinmarals. Genorally present was quartz, sericite, chlorite, and the
iron ores (hematite, magnotite, limonite and goethite).  Much of the
sriginal sediment hus been altered to a biotite-smphilole hornfels.
| The amphiboles are orisntated with their long axes roughly parallel to
te foliation, They are invariably tremplite or actimelite in
wrposition but locally grunerite may be developed whore there is an abundance
o tron, Grunorite orystsls were scen radiating from o parrow magnotite-hematite
ol intercalated betwesn cherty quartz (see Flate 59).

Spotted shales and slzhos ar. commonly developed indicating a
- tsirly low grade of metamorphiem (Harker, 195%). Reconstitutien of
| stiginal material in the sodiments has formed now minerals, one of the
%8t prominent being blotite. The biotite is generally responsible for
the spotted nature of the shales, There 1s often some sign of the
wiginal bedding in thoe rock and the aggregates or 'nests' of 1 lca are
tigned parallel to the foliatfon kut within the individual 'nests'
the flakes display decussate structuras, 1he remaining phyllosilicatas
‘fiow' around wach of the 1ittls mlca clusters. The original sedimente
13t have contained just sufficient aluminous materisl ond alkalls to
fom the micss as thors is very little andalusite present. Where
#slusite doos occur the crystals are feebly developed and car easily
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po overiooked dus to their d4iffuse rrture and the presence withir tham
of abundant unewpolled inclusions,

lwrally develvped garnetebearing hornfelses occur with a
sarked crystal slignmemt. The garnets sre small and have poeciloblagtic
or "sieve” structurs. Magnetite and garnet porpnyroblasts have pushed
aside the wetrix of sericite, mice and qusrtz into a micruscopic
wudinage mertern,

me presence of tourmaline in precticslly all the rocks
sxamined suggests that boron pnaumatolysis probably was related to the
wtamorphiam or the hydrothermal solutions. There was » rotlicably marked
soncentration of tourmaline in disturved shear and breccia zones as well
38 in othey lese dense or compact permeable zonws, ¢.g. in the 70 Ft.
lewel stopee.

Silicifiention, chertification and m lonitizatisn 1s noticeabls
whore slickensiding and <hearing is evident.  In the shear zones the
dakes hove been formed into 8 shiny black compact brittis clay,
#lowitizetion iy evident in some of the crush zones and successive
wages in the formstion of 2 trus mvisnalte can be distinguished in thin
wetions,

Some qurt: velns are sporadically chaerty ana the micro-
wmwtall it tewturs ix often only interrupted hy radisting tremolite
shugters [wew Plate i), A fow diamord drill holes ylelded core from
Jomey voek on 2 Lews.. This core wes partly brecciasted and cartly
wsbsturimd, [t wwe woll minerslized especially in the Main Reef and in
i Bpeesisted shoo area. The ro~ks whon examined in thin section
iy pgmpesed of gqusen: , chlorite, cerbonave, tremolite and magnetite.
Wwkpmmnltte forms o zomes around the cherty avartz and is
mwmind by calexte, At times the impression obtsined is that the
gl it needlss wre growdng from the calcite particles. Carbonntes
R we tadriy sbundant i the rocks of the breccia zone and shebr planes
X sspeudnen replaced or filled by well formed rhombic calcite veins. In the
sulilusg 2ones carboenate weins were nut seen but are rrobably masked
iy almeation of adincent materisl.

Hear the 2200 adit =mere sra doveloped some chalcedoric and
waliie petches 1n 2 rock not unl'ke punice in appearance arwd tanbuae.
D ualosdony fiils crscks, foim planes and other cavities and hus
foumedi by the lesching of silice from the s rounding altered shales
Wik hawe bewome extremely meTUS.
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] In thin section the leached rock consiste of n dark vitreous
substance and the materisl newly formed in cavities consists ¢f quartz
id fibrous age-egates of chalcaedony (see Plate 58), with prominent
rulitic crosses. In additlon there is a little opal with the
shaleedony .

The metamorphic assemblages in the mine are of a low grade

of regional metamorphiasm failing into the category of the green~
schist facles, Metamorphism was probably the result of diastrophism
wupled with effects of heat provided by the intrusive rocks in the crea,
van Beden (1941) considered that the Jamestown Complex was partly the
cause of the metamorphism of the rocks into which it intruded as well as
being responsible for thasilicificationor chertification of many of the

§ suoccessions.

It was mentloned earlier that the talc schists morth of the
iily Fault may have originally been basic intrusives of the Jamestown
Ciwplex, The conformable succession has been used as a factor agninst
»¢ ‘ntrusive origin of these rocks hut the possibility should rot be
fiseounted that the basic rocks intruded imto or along the fault plane.

Locally, the metamorphic minerals found are indicatlve of
slightly higher grades of metamorphium but hydrothermal solutions
4 tesponsinle for the introduction of the mineralization may have
1 wrtributed towsrds their formetion. The nearest granite body is
B iwit two and & half miles to the rorth and the mine may be regarded as
J falling into the peripheral outer zone of contact metamorphism produced
§ Y the grenite intrusion.

S SIRVCIURE OF THE MING

During the course of mapping the mire a detalled structural
omination was undertaken and the items listed below were investigated

Folds.

Fractures.

Bedding.

Schigtosity and cleavage.
Brecciation and rock fracturing.
Boudinage.

Joints.
Possible relationships between the structures in the mine.

T me OO0 R




(2) Eolds

Throughout the mine the folds are of a tight isoclinal nature.
The folding {s all of a similar type, 1.e. the distances between the
bedding units parallel to the axial plane remain constant while the
distances measured at rignt angles to the same units are variable. The
fold axes sre mostly steeply dipping but show a spread in the axial
plane. A pyo diagram plot indicates a concentration of poles that dip
both north and south and also a greast circle with veitical fold axes.
{See Fig. 9). The folds plunge steeply to the east and also show &
spread of poles possibly indicating either differential compression of
the folds and & variastion of movement in the 'a' direction, or super-
fmosed folding. The folde are characterized by large amplitudes and
narrow wave lengths (see Plctes 40 and 42). Ramsay (1962b) developed
3 method to estimate the amount of fisttening in folds based entirely
on the thickness of a competent bed measured 2t any point in the fold,
and the observed angle of Inclination between the bedding and the axial
plane of the fold. The photographs (Plates 40 and 42) were enlarged
several times and used in an attenmpt to determine the approximate
mount of flattening in the Fig-iree succession, The values obtained
wre plottcd on a graph (see Fig, iB) and ithe resultant curves gave the
percentages of flattening tc be 37% and 46% ruspectively. An average
value, 41,8, represents the flattening additlonal to the original 6%
shortening uf tho flexure fold. The entire succession has therefore
wndevgone an approximate shortening and flattening combined of about
62.% per cent. This figure was derived as fullowss« The orlginal
uwilt length was assumed to have been 100. Shortening of 36% reduces
the unit length to 64. Subseguentiy, the additiocnal flattening of
41,% reduces the unit length 64 to 26.3%6. The comhined shortening
and flattening is therefoie 36 ¢ 26,5 or 62.3 per cent. Around
the folds and sometimes included in them are quartz veins of both
primary and secondary origin. The primary quartz veins are generally
#isturbed by tenslon Joints in the crests of the folds. Where o
martz accompanies the foiding the altered or met amorphosed shales
ehibit tension cracks that have subsequently been filled by secondary
weathered material, The entire formation is clearly folded but due
ts the great amplitude of individual folds it was only locally, and by
shance, that crosscuts sxposed the hinge Zones. An attempt was made
th ecorrelate the fold zones on the various levels but thls was mt
found possible due to the complete absence of any favourable marker
orizons .

Folding expresses itself in 8 mtlder form where it gently
tckles the sediments. The axi 1 planes of thuse folds are roughly
torizental end coincide with the vertical stress field of the fourth
thase of deformation mentioned earlier under Structural wology. The
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buckling or warping also cccounts for many of the irregularities !
wdding dip and strike (see Fig. 10). * "

(b) Exastures

Two sets of fractures exist in the mim,

(1) Vertical fracture systam.
(i1) Cross-cutting flat fracture system.

(4) Yextical fracture Jystep

From the point of view of reef deveiopment the most
{sportent fractures in the mine sre those that occur parallel to the
strike of the formations. Inve. lably these planes have been filled
or replaced by hydrothermally introduced quartz. The veins pinch and
swcil and constitute the ore zonds for they ace frequently accompaiied
by gold mineralization, Most of the development undertaken during
the mine's history has been confined to following these vertical or
near vertical, roughly east-west trending quartz filled fracturcs.
The Maln Reef Zone har quartz vein development along the entire length
and is one of the most consistent reefs., Arnother strongly developed
wonomic quartz filled fracture has been ztoped from 1 Level upwards
to the 70 Ft Level and then on to the surface.

The contral portion of the mine has the most intense network

of z filled fractures and altcgether 4 reefs were mined. The

sy however, merge with depth and apparently disappear balow 2
level, Charscteristic of certain of the ve’  ractures formed by
strike~slip or shear movement is 2 shape that msy be conveniently
termed & cymeid loop or curve {(McKinstry, 1955). “This is 2 reverse
curve in which & line or fracture swerves from its course and then
swings back again resuming 8 direction parallel to its former course,
bt not tn line with it. The two branches enclose 2 lens of wall
rock ghaped like 8 cam - 8 smoid lems”.

The fracture pattern in the mine behuves very similsrly to
the description given sbove and forms in the third dimension z pipe-
1ike ore shoot. The structure described s complex and involves the
splitting wp of veins into soveral smaller veins, which may sither
wntinue slong the same generil course, or may curve abruptly eway
trom it, forming what "s called "horsestatling’. The ore shoot
plunges to the east st approximately 50 degrees {see accompanying
dagram of fracture pattern of the man workings, Fig. 19).
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the same plane as that contained by the bedding and musater .near. H ig
also represented ss the P intermediasto stress,

The pcles A of the cymoid structure and B and £' of the
wrtical sheer, lie on a great circle or 'ac' plane. The point I or
ssximus comprescive force 1s located on this plane, making an sngle of
¥ degrees to tha shear plann G, The minimum stress J lles O
degrees awwy from P max. als. on the 'ac' plane.

The pole to the cymoid loop {point A) and &° the pole to the
saster shear piane (FG) make an angle with one another »f 38 degrees.
his ic 7 degrees less then the theoretical value of 45 degrees as
cslculsted for the angle (DUF) between the second ordsr shear and the
min fault in figure 20,

The cymoid loop is tiacught to be 8 second ordsy structurs
resultant on reorientated strosses adjacent to che mely east-west
wrikesslip shear.

Further !ateral movement alc.i the sher™ plane in the mine
tuld explain the flattening out of the siructure intc 3 cymid loop,
the angle of which has a lesser value than that bared on theovetical
saloulation,

The geometry of the veins has no dout’ played some part in
the localizstion of the "bonarza® gold pockets. Un‘ortunately most
of these "strikes® were niade before tais study was undertaken and the
§ omt nature of the velns could only be roughly estimated. In this
| wanection the miner, Mr. R. Thomson, was of help In explaining the
wde of vccurrence of the deposit, The majurity of the (old was
wecuntered together with the quartz in the plunging velns and 1%
Wpesrs that slight changes in the attitude of the veirs produced
fowurable structural loci for gold concentration. The largest end
richest of he poclets was encountercd in the brecia shoat Just sbove
| 1level {scs Fig. 6). Approximatsly 3,000 ounces were extracted from
| 1 arae roughly 25' x 12' x 2', Above this severdl guallor [inds of

isss than 100 ounces were made. Where the shnot entored thn quarry
upther L 200 ounce pocket was discovered. Below 1 Level scattered
visible gold was encountered and 8 few foet below 1 Level o 1 90
| cwee "honanza® was nined from an srea roughly 13' x 8' x 1. A fow
et snother 100 ounce: were located. Cnniinaing down the
oot between 1 Level and 2 Level the rock becomss progressively
freghar, OUn 2 Level there is no oxidized rock in the shoot.
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Between 1 lLevel and 2 Level a2 pocket of ? 8OO ounces in the
form of a taoular core vias extract.d from an area of 12' x 1' x 1'. In
the sulphide zone just above z Level a small pocket ( t 250 ounces) wes
found together with smaller isolated patches of visible gold. The gld
sxtended to a.out 10 feet below 2 Lavel and from this point down no
further visible gold was encountered. The shoot apparently pinched out
below & Level,

The zone of brecciation was roughly delimited by drilling on
1 Level and in places down the shoot it was found confined to a narrow
ssction between the und sturbed regular sedimentary leyers. The rock
in the lower levels is well mineralized as 2 result of the replacement
and ease of entry of solutions inte the disturbed zones.

Drilling also indicated that the Maln Reef Zone on 2 Lavel
war brecclated and replaced by sulphide mineralization. Narrow fracture
planes in the winzes and in the main crosscut cn 2 Level are fillad by
caisite veins.

From the investigation it would appear that the shearing was
st folding in age and that subsequently, quartz velns were introduced
{ato the fracturs and shear planes.

(11) Crgss-cutting Flat Fractuxe Systep

Difficuity was often experienced in obtainlng a three
dimnsional plane of fractures that crosscut the sedimentary layers.
ipparent strike and dip mea suremants of the fractures had therefore to
be taken by measuring two vectore in the fracture plane. From these
resdings true dip and strike velues were derived using & Wulff's
stercographic not (see Fig. 11). Poles of the true dips end strikes
lis §n the northwest quadrant of the alagram indicating 8 [lattish
sruth-eagtorly dip and a north ast - southwast strike for the majority
of the fractures. The plot of apparent polos to fractures lie around
the true dip poles defining a V-shaped pattern (see Fig. 12). As the
true dip poles bisect the V it may safely be assumed that thy overall
#ip direction of a vast majority of the fractures {e to the soulhasst
#t angles varying between 20 and 40 degrees.

Those fractures post-date the folding as they were swen
tutting through some hinge zones of isoclinal folds. Hovement slong
fractures is gonerally small or absent and the planes Lhemselves,
in the oxidised zons,, sre comwoniy mud filled or contsin 8 dark brown
tesinous to greasy quartz. Frequently blotite flakes in the fracture
tlanes are well doveloped and probably were prodursd by the heat of
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hydrothermal solutions and shearing.

A few other fractures oceur that dip more steeply but these
ar to be ccnnected with the vertical fracture system and are quartz
filled. Tre flat-lying fractures do ot extend far through the
sediments but “jump® strata and stralghten out, re-appearing again
lower down.

In certain sections of the Lily and Rose's Fortune Mines the
fiet fractures were found to have a direct bearing on the occurrence of
r+nes. n general values were found to be greater at tra inter=-

section of a vortical “reef fracture” and a flat fracture.

The incressed values were especially noticesble in the Ruse's
fortune Mine. Instead of alweys stoping the vertical reefs, development
was often solely confined to the intersection of a cross~cutting flat
fracture with the verticel ore zore  f the Maln Reef, Mo records of
the actual di fferences 1n values Dhetween these zones of lntersection and
the vartical stopes were ever kept by the mine, Owing to the limited
scale of operatlons, selective w.uing methods had to be amployed Lo
miintain economic payability,

(c) Bedding

Sedding dips and strikes were recorded throughout the mine
and diagrams were plotted. These combined gave the overall patlern of
the bedding stiitude in the mine (sve Fig. 0%, The bedding was
mrmally very steeply dipping bt & few readings did not coincide with
the genersl congentration of poles, The poles define a good great
tircie. The bedding plots also show the isoclinal nature of the folds
i the uniform orientation of the limbs. The variations may be
ssiribed to slump festures mainly on the hillside and the buckling and
folding of the sediments in the mine iteelf. Tha trend of the
formations colncides with the sast-west regional trend and ~lthough
the reglonal dip 1s approximately 75 degrees to the south the variations
ae largely found in the Fig-tree Serivs.

(d) _Schistosity and Gleavagd

Schistosity is 8 form of cleavage and 1s usad to descride
parallel fabric patterns in rocks, The term schintosity is applied to
Yee megascopically consplcuous parallel fabrics of metamorphic
# /n thet have imparted to thr Tocks 8 definita flssility {Turner and 3

Varhoogen, 1950).
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. Needles of amphibule are commonly found with their long or
¢’ axes roughly parallel to the bedding planes and in this regpect may
be regarded as s planar fabric. The crystals as seen in the 'ac’ plane
are well aligned and the prismatic crystal outline is clearly defined
together with some basal sections. The 'ab' plane, however, displays
randomly orientated prismatic sectlons alone.

The talcose schist to the morth of the mine has a schistosity
developed parallel to the regional trend of the formations, It is also
developed perallel %o the axial planes of the folds in the Fig-tree
shales to the south, The fabric was thus probably developed by
compression normal to the plane of schistosity.

Cleavage in the sedimentary layers is apparently absent but
is possibly in the bedding plane, There is thin section evidence of
minute bedding plane slip (see Plate 14).

(o) Brecciation and Rock Fracturing

Brecciation is largely confined tu the Main Reef Zone and the
plunging ore shoot but does occur in 2 milder form in practically all
the fracture zones and where folding of brittle componente has caused
the hinge runes to shatter, The brecciation consisis of fragmentary
shalos end slates in a matrix of fine rsd clay, quartz particles and
jrregular quartz veins. The breccia in the sulphide zone is replaced
by quartz, sulphides and carbonate material while that in the oxide
tone is largely decomposed to rubble.

Mylonitirstion and slickensiding occurs in crush zones and
original minersl constituents are pulverized and have been ground into
8 compact black brittle clay. This ¢lay appears to have acted as a
lubricant in many fracture planes.

The massive shale and graywacke units are more condik ive to
rock fracturing than the narrowly bedded layers dus probably to their
decressad abllity to adjust themselves to the stress by beddirg plane

mvement .

(#)  Boudinage

Boudinaged quaytz veins are freque
with the sediments and were probably formed d
sttitude of the lineations thus produced were

ntly seen iatercalated
uring folding. The
found to be unsystematic
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but the fact that they exist ves indicate that some of th

e quirtz
velng found in the mine were present in the sediment
prior to deformation. Y successions

(9) Joints

Jointing and rock fracturing seem to be clnsely related in
that both phenomena are largely restricted to the masuvz sedimentary
anits. The tight isoclinal folding displays shear jointing in the
steep Flanks of the fold where lateral shortening has been extensive
and tension jointing in the crests of the folds. The joints in both
the hinge and flanks of the folds dip towards tha fold axes.

(h) Possible Relationship Between the Structures in the Mlog

As has been shown, the formation of thinly bedded Fig-tice
rocks in the mine is intensely folded, shortsn d anc flattened. This
deformation was produced largely during the formation of the major
synclines of the Barbe-ton Mountain Land, {.e. colncident with Ramsay's
{19563 1st period of folding. Synchromsus with the fold development
was the faulting on 8 regionsl scale. The Lily Fault - 8 zone of
shearing ot the contact between [ig-tree and underlying Onverwacht
rocks provided the channel of entry for the hy-irothermal mineralizing
solutions.

The Lnitial deformation produced tight isoclinal folds that
plunge steeply to the east. The variable spread of the plunges can be
sseribed sither to differsntial movement in the ta' direction of folding
produced by variable compressive stresses, or the superimposition of
foids on an already deformed or folded succession. There is however,
m conclusive evidence in the ares or in adjacent areas of an earlier
period of folding, but the Geological Survey (Visser, 1956) as shown
previously, do mention thn occurrence of contorted pebbles of Flg-tree
rocks in the y.unger Moodies conglomerates, This dnes indicate the
possibility of some previous uneven surfaces.

The major or vertical fracture system was developed after the
folding and corresponds to Ramssy's 2nd phase svents in the Barberton
Atea. The crosscutting flat fractures post date the first folds as
well and are thought to be second order shears asgociated with the main
wrtical rracture system, The crosscutting fractures are generally
morly developad, often displaylng tittle or ro movement in the fracture
plane.
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The shearing or strike~slip movement produced coincident
cleavage~bedding relationshipe in the Figetree sediments of ths mine,
The intrusion of the Nelspruit Granites was found by Ramsay (1963) to
nave taken place during the Znd phase of deformation.

1f the hydrothermal solutions from the intrusion are assumed
to have been the source of the ¢old fou.d throughout the District then
the mineralization of the Lily Mine nust have taken place subsequent to
the fracture development, i.e. either late during the 2nd phase or
during the 3rd phase.

D.  MINERALOGY
(a) Introdustion

In recent yesrs the opening up of ‘he mine has led to further
development of existin; sections in addition to work elsevwhere in the
sine. Due to the limited scale of operstions it was always found
necessary to cease mining in the sulphide or fresh rock. However, in
certain instances the abundance of pyrrhotile and quartz warranted
investigstion and analysis end development continued for @ while. In
this regard the development of the two winzes below 2 Level was under-
taken following indications of folding, brecciation and sulphide
sineralization. The possibility existed that visible gold lodes might
be encountered in this zone. The winzes represented projections of
the ore shoot in higher levels bu® little success wa. encountered with
increacing depth and work was curtailed.

A few drill holes were designed to probe the sulphide breccia
pipe and the Main Reef to the north. The core, in several instances
greatly brecciated, contalned many sultable mineralized sections for
study. Sulphlde mineral specimens were also obtained from the
westerly porticn of the 70 Ft. Level and 1 Level, The remalning
samples studied weTe obtained from oxidized or partially oxidized
sections of the mine, The specimens containing visible gold were
esllected from all lavels., Altogether 43 polished sections were

exsuined.

In sddition to the L.ly Mine ore, 8 tew samples were
obtained from the Mexican prospect near Eureka Siding and from the
nicke) deposit on Bon Accord Stock Farm morth of Shebs Siding, The
mineralogy sssociated with thase deposits is briefly described.
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The ore suite from the Lily Mne contained ten minerals in
sddition to the gangue or ccuntry rock., The most abundant sulphide
wted was found to be pyrrhotite and this was followed in relative
sundance by arsencpyrite, magnetite, pyrite, melnikovite-pyrite,
chalcopyrite, hematite, iimonite, goothite and goid. Apart from the
pyrrhotite and arsenopyrite the remaining minerals were only present
in small smounts.

The gar jue varied considerably throughout the mine but
generally consisted of quartz, carbonates, amphiboles, tourmaline,
quartz—chlorite-carbonate materisl and the clay minerals. The gnarts
sccurred in seversl forms and varied from white to bluegray and was
either frosted or translucont. Massive bodies of cherty quartz were
encountered in all sections of the mine.

(b) Qza Minerals
(1) Extzaction Teat

Before discussing the mineralogy of the mine it is of interest
to note the results of an extraction test done on two samples of Lily
#ine ore in order to gain some ides of the variow alements present for
metallurgical purposes. The tests were carried out in March, 1935, by
the Consulting Metellurgist for Eastern Transvasl Congolidated Mines
Limited. Ref. No. Q.562.

2 bags each 2,000 lbs. woight.
1. Sulphide ore 2.16 dwte. Au,
2, Oxide ore 4,02 dwts. Au.
Amalysis of the cxidized ore gave the weight percentages of the

constituents, From these results the catlon percentages have been
caloulated (see Table II1).




1ABIE.. 1id

Constituents Welgnt ¥ Cation % -
Silics and Inscluble salts {s105) 7
2 5 85,00
::303 1.6 1.12
Gl 0.10
Fepy (ferric) 18.2 8.05
Fe0 i!cﬂom) 2.2 2,35
pyrite (F8,) 0:5 0,30
Arsenic As. 0.2 0,20
Antisony Sb. 0. .58
Blsmuth Bl. trace -
Copper trace -
Rickel trace -
Cobalt trace -
24ne trace -
CeCOy 0.l 0.01
MOy 0.8 068
Carbon C 0.3 1,78

e ————
TOTAL 100.0 100,17
i i
Prom the catlon percentsges it can be seen that silica makes
shout 85.0% bul this does ot entirely go to meke up quertz, Some
#f it combines with the alumina and magnesis to form amphibole. The
gpe mierals constituta a mere 1.08 per cent and the balance is mede
vp oi manganes® oxide, magnetite and hematite (10.50%) «

{13) Pupshotils

‘ Practically 31l
in places it poourted 8s

the sulphide oTe examined contained wﬂhontc.
massive rcphc.mnt bodies, especially in the
hreccieted ores on and below 2 Level, Veins, {rregulsy mastes

jcles with -natrtmtphic form are encountered thruughout the mine.
It 4 often concentrated in rands and 1s interstitial to jaths and
‘pediating neadles of u.wm.-mxmuu aonhibole. pyrrhotite was
spen eitner yeplacing oF heing replaced BY must of the oTe and gangue |
sinerals in the suite. (see plates 474 49 52), Good toxtural
relationships with quartz and amphiboles were seot (see Plat
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and 45) and gangue material was invariably found to precede the
sulphices leaving relict crystale or aggregates irapped within the
pyrrhutite. The replacement of chert cften produced a mosaic with
the spaces between the individual quartz grains providing the most
favoursble replacing environment.

Euhedral crystals and fragments of arsenopyrite are replaced
or entirely surrounded by the later pyrrhotite. Etching of the corners
of arseropyrite is common but replacement is seldom complete (see Plate
47). The pyrrhotite itself, lacks external crystal form and is usually
moulded within its surroundings. or is pseudomorphous after earlier ove
ninerals and gangue.

Frequently seen associsted with the pyrrhotite aggregates are
small irreqular particles of exsolved chalcopyrite. Pertlandite, s
e~ - sssociate of pyrrhotite is entirely absent from the Lily ore
sut. . In only rare instances was pyrite scen together with the
pyrriocite, The formevr mineral generally occurred as "islands"
surrounded and veplaced by the latter. In the partially altered zones
on 1 Level and ir some sections on 2 Level hoth pyrite and melnikovite-
pvrite replace pyrihotite,

(111) X-Ray Ditfxactometer Investication of siiy Mine Pvrzhetite

The possibility of applying the d(192) value/composition
relation to natural pyrrthotite was investigated by Arnold and Relchen
{1962). The X-Ray method was found to be a convenient and reasonably
scourate method of measuring t.e metsl content of hexagonal n.tural
pyrrhotites. Arnold and Reichev (1962) found experimentally that the
doterminstive surve would be spplied to natural pyrrhotite contalning
less than a total of sbout 0.6 per cent by welght of nickel, cobalt and
copper in solid solutinn, over 2 composition vange 46.5 t. 47 7 atomic
per cent iron. The uncertaisty in the compositions deter....ed
chemically and by the X-Ray method is taken to be 0.1 atomic per cent
iron,

Pyrrhotite was thus used to sbtain a rough estimatc of the
tenperature of formation of the orss. Polished section study
indicated that the pyrrhotite wrs generally free of impurililsy some
haviiy minor amounts of chalcopyrite in what appeared to be a mastual
association of the two minsrels. Three specimens were chosen that

were free of visusl impurities.
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The pyrrhotite was crushed and preprred for spectroscopic
analysis. This was carried out to get an indication of alements
other than iron and suiphur that »’ jht be present. The examination
indicated that cobalt, nickel and copper were present in trace amounts
only. The percentages were therefore, too smail to affect the lattice
parameters as determined by Arrold and Relchen (1962).

Specimens were also prepared for {-Ray snalyils and egual
proportions of analytically pure potassium chlc:iide wire mixed with the
sulphide for use 8s an internal standard. Measurements were made with
& Phigips X-Ray Diffractometer saulpred with an sutomatic chext
recorder.

Each (102) refluction was measured relstive to the (220) and
(222) reflec.ions of the analytically pure KU1, located at 6.6
FFal Kot | and 64.42 2@ e K= 1.

Scanning and chart spseds were § deqres per minute and 2
inches per degree. Pesk positions wers meeiured to 20,01° 2@/,
Standard deviations of the moan 2 S (102) values and the corresponding
a(102) values were & 0,0004 A® respectively.

The d(102) values obtaines were 2.0458, 2,0658 and 2.0672,
These values correspond to values of 47.3, 47.3 and 47.4 atomic per
cent tron, (ses Fig, 22), and thege in turn give approximate
temperatures t 290°C and 320°C, {see Fig. 23).

‘his takss into scsount a pressure of about 10 Lars. The
effect of precsure usually results in the r;éaénq of the temperature
of formetinn but this seldom exceeds 10 to , aven »t pressures of
ceveral thousand stmossheres. (Edwards, 1954},

The temperature of formstion of the pyrrhotite mineralizetion
st the Lily Mire would, therefore, be of the order of 330FC, Arsemo-
pyrite was found to be earlier than the pyrrhctite or examination of
fumesous polished sections and therefore, it was assumad that 8 rough
siximum tempersture not cxceading 3%0° - 400°%C ex.sted at the time nf
the deposition of ore solutions. This is in accordance to the scale

and intensity of rock alterstion In the mine Needles »nd slander
crystals of tremnlite or atinolite together with muscovite, biotite,
shiorite snd magnetite occur with and in the neightourhood of the
sulphides. These are all iow grade, low te werature metamorphic
wirerals, (Harker, 19%), and would fall into Mlogli's epi zone also
indicative of luw tempersture. and low hydrostatic pressures.
{Turrer and Verhoogen, 1960},
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It was mentioned by de Villlers (1957) that he considerad the
Lily occurrence to be s high temperature deposit formed at great depth,
Althougn gliving m sctusl temperature value it is considered by the
writer that the experimental work done on the pyrrhotites, together with
mineralogical and petrological evidence, would tend to favous « lower
temperature than that implied by de Villiers.

(1v) Araenppvrite

Arsenopyrite commonly accompanies pyrihotite but never in any
great amount. The greatest voncertration of this mineral was found in
a ralse off the westerly drive along the Main Reef Zone of 1 Level. The
ore has been partly altered yet is deleterious to the extraction process
st the mill. The arsecropyrite like the pyrrhotite may form bands in
the ore but this is rare. The mineral occurs essentially as individual
of aggregate groups of idiomorphic crystels. Movement withir the ore
body during ore deposition has often resulted in this nineral being
fractured. There is eviderce of intenre shearing slong bedding planes
with subsequent depusition of later minerals. The fractures in the
sulphide grains msay have been channels used iw ore solutions for the
localization of the gold.

The arsencpyrite is essily distingulshed focm other sulphides
by fts colour, anisotropism and hardness. Surfaces ususlly take on a
god polish and the rellef of the minoral alss alds in fts fu.otflcetion.
It is fairly resistant to replsceswnt bul pyrrhotite was seen sorroding
corters of certain crystals and penetrating fractures (see Plate 47).
In sddition idiomorphic arsenopyrite grains entively surrounded by
massive pyrrhotite wers roted.

Pyrite rrplaces arserwpyrite in ore obtained from the semi-
exidized portion of 2 Livel and the textures can still be discerned in
spite of the alterstion. Colour differences between the pyrite and
arsercpyrite were rot clearly spparenst but the strong snisotropien of
the latter minersl was distinctive.

A specimen obtained from minerslized quartz vein below 2
Level showed 2 pinkish variaty of scsenopyrite raplaced by veinlets of
wid, The mineral was testued chamically and indlcated the presence of
toth srsenic and artimony. X-Fay patterns however, confirmed it as
being ersenopyrite, There i3 » probabllity that this uineral
tepresents ¢ member of an isomorphous seiles containing variable \
Wounts of arsenlc snd satimomy. The antimony bearing member of this
series s the mireral judmundite (F&18).
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The crystal's unususl colouration may also partly be due to
the presence of highly reflective gold (see Plate 51), The gold veins
andd 1solated spetks within the gudmundile probably indicate a
contemporanscus origin for part of the gold ore.

A few samples were obtained from dumps at the old workings of
the Mexican prospect near Eureks 5iiing. These consisted essentially
of weuther:d arsonopyrits crystals having good idiomerphic shapes. The
gangue consisted of radisting laths of tremolite with fine micro-
crystalline and isolated cosrsa grains of quartz.

(v) Chalcopyrite

This minera! is nearly always associated with pyrrhotite hat
never occurs in great emounts. Its presence was suspected prior o
sicroscopic examination due to the minute displays of iridescence seen
on tarnished ores. Lathg of irregular, intimate intergrowths of the
chalcopyrite with pyrrhotite seen under ihe microscope show mutual
boundary relationst’'ps and suggests contempoTraneous formation of the
two minersls. Chalcopyrite wes also seen together with pyrite and
aelnikovite-pyrite where it occurred replacing the laiter mineral.

(vi) Fyrite

In only a few instances wae oyrite roted in the ores., Its
colowr #rd hardness made it distinctive except where it coecurred with
some of ‘he srseropyrite. Specimens from 2 Level contained pyrite
together with pyrrhotite and melntkovite-pyrite. The mineral
scturred as aggregetes or ‘ndividual crystais of allotriomorphlic to
jdiomorphic form. Pyrrhotite being later in the parageretic sequence
of ore deposition surrounded the pyrite "islands® but generally the
relstionship between the two minerals was not clear.

The pyrite often exhibitad replacement textures and a fow
{dfomorphic crystals were suggestive of pseudomorphism after arseno-
pyrite, The evidence for this was limited but the textures wers
fdentical to similar ores wherein meinikovite-pyrite and pvrite
replace arseropyrite to 8 lirited extent.

(vii) Melpikovite-pyrils (gel of FaS and Faig) 2As.

This mineral i3 rot very common and 15 mostly found in gonss
of partial alterstion. It is closely associated with pyrita, arseru-
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