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yrite and chalcopyrite. Thas mineral has a "colloform' texture

the term implies s colloid or gel texture) and occurs as botryoidal,
reniforn or mammillary shapes arranged in concentric layers (see
Plste 48). Pyrite was soen grading into irregular allotriomorphic
aggregstes of melnikovite-pyrite. Quariz particles often form the
cores of the corcentric layers. A few radisl cracks were ~oted hut
concentric spheroidal crecks are more comwn. Pyrrhotite replaces
the melnikovite-pyrite and arservoyrite in the same sections and the
meinikovite-pyrite in turn corrodus and reslaces tue arseropyrite
aggregates.

Melnikovite-pyrite, an unususl minsral, is only described
in 8 taw occurrences thro ut the world. It has been described by
Schnelcerhnn and Ramdohr (1931) and is corsidered by them to have
formed by supargene processes, Before them however, Smitheringale
(1928) described crystalline aggregates arranged in circulasr form
sbout centres of quartz or chlorite from the George Gold-Copper Mine,
Stewart, Britich Columbis.

de Villiers (1957), in addition to dascribing melnikovite-
pyrite in tha Lily Mine also found it to be fairly common in the
Barbrook Mine snd in the Plgg's Peak Mine in Swaziland.

It appears that the mineral is restricted tu zones of
slteration and localities where supergene effacts have been operetive.

(vit1) Magreiite

Msgnetite was seldom noted ir the pyrrhotite cres but
oreurred loczlly, vspecislly in some folded zones or 1 Level maln
crostcut drive. The ore was strongly magretic rnd .ccufred in
massive banded form in strongly folded shales. ™  cock is folded
in the hand specimen, yet on microscoplc examin. .. A he magnetite
occurs as idiomorphic crystals entirely disconme .4 fium one
another in the sedimentary and silicate matrix. bven in L tight
13 o zones Jf the falds the grains show no evidence of having been
dnformad and spparently formed subsequant or synctronous to the
deformation. A few grains of henMtite were seen with the magiev. 4.
Sy .ergene oxidation has caused the latter mineral to revert to
hsmptite., The brittle nature of the magnetito and the fact that
much of it 1a partially altered makes the mineral difficu)’ to
poligh anid the surfaces are ssldom free from pitting.




(ix) Hematite

Mot polished sections examined contained a little hematite.
It was more conmonly seen associ.ted with magnetite and in oxidized
ores, It is often clearly pseudomorphtous after magnetite with
sometimes the antire crystal being replaced while in other instances
1t i caly partly altered consisting of magnetite cores enclosed ia
hemstite. Those replacenents tend to suggest that much of the
hematite formed from the oxidation of magnetite.

(x) Limenite and Gogthiis

These two ferruginous minerals frequently cccur together
arc were largely formed in situ by hydration of the iron oxides of
the banded ironstcnes :nd magnetite-hematite minerals. The limonite
is largely responsible for the variety of colours ranging from earthy
yellow to brick-red found in the oxidized parts of the mine. Both
mineTsls are very soft and cccur filling fracture planes and cavities
in the ore zones. They also occur frequ ntly in brecciatlon
cavities and exhibits colloform banding or hotryoidal structures
(s0e Plate 57).

The two minerals sccur in amorphous form bit are readily
seen under the ore microscope where the goethite may be recognized by
1te dark gray colouration. The limonite, ou the other hand, is
light gray in culour end under crossed nicois is orange-yellow.

All the ferrugimous minorsl assonblages morntioned above,
€., maynetite, hemotte and limonite-goethite, are pregant
throughot the wine and are for ‘he most psrt origiral primary
constitumits of the sedimentary sequence. Some of the magnetite
and '+ tito has probably been introduced by hydrothermal solutions
gt ., is most likely that the orlginal matorial in the sediment
has Lsen recrystsllized, Flete 50 shows & narrow vein of gold
severad by a later veln of limonite~goéthite.

(xi) Geld

Gold occurs widely but errvatically, throughout the mine.
4 s associsted with sulphide ore from 2 Level where it occurs in
the toik as veire sometimes 1/16th, of en inch thick Lsce Plates .
51, %2 ard 55). More gerersl.y however, the gold tends to be
astociated with quartz only, Where iU oceu-s as fiee gold 1t is
ususlly extramely rich, frequently ocrurring as flattened laaves,
platew, sirticles or veins .
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The gold itselif reveals m obvious tevturss but has largel
besn moulded by its environment. In giartr,disseminated pmic‘j: ‘:t
times form stringers a fow microns in size and the gold frequently
behaves in a simila» manner fo pyrrhatite in that it occurs inter-
stitially betwoen anmphibole iaths or a: replacement filliags in quartz
(see Plates 55 and 5 ). Thaere is otten no evidence of the quartz
being fractured and it is asssumed that the gold formed contemporanecusly
with this amineral lesving some of it trapped within the quarts.

Idtomoxphic crystals of arseropyrite, fractured as a result of
shearing are replaced by gold and cavitles left in the former are often
filled by the latter mireral. Under high powered magnificatlon mirute
g01d particles were ssen to be trapped within the arsercpyrite-
gudmundite crystals from the winzes below 2 Level. This mineral, pink
in colour, has been mentiored marlier. There is so much gold present
within the sulphide, however. that the reflactivity has been ermhanced,
possinly explaining also the colour aifference between it anu arsero-

ite. Numervus tests were performed on this mineral thai gave an
indication of tle presence of antimony. The minersl was also found
to be very brittis and gave 8 Vickers hardness of approximately 800
(1,e. cons.derabiy softer than pure arsenopyrite). The abundance
of gold also no doubt was responsible for the lower value obtained,
aithough great care wss taken to avoid the minute particles when the
tests were made.

Much of the guld s coniidered by the writer to be of
spergane or secondary origin especlally in the oxidized zcnes of the
mine. 1. depositional sequence apparently overlaps, i.e, scme gold
formed simultaneouely with the sulphides and was trapped within the
lsteer, while other gold occurred later in the sequence nnd resrrses
the processes. ldiomorphic srsencpyrite was seen entively
surrounded by gold (see Plate 53).

This lster gold wa probubly released from the altered
wl&mn in higher levels and mode its way down suitable channelways
to precipitated and concentrated in structursily controllied loct
below.

(¢) Causas 9f the localizatien of Geld

As has been mertioned the gold recovered from *he mine to
date has cecurred primarily in velus and reafs and 1n premounced zones
of disturbance.
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The channelways and brecclated cones thus provided a more
fawourable passag: through which larger wolumes of gold-bearing
solutions could pass. Advantage was taken of the jreater permeablility
afforded by the brecciass and slthough the gold elseshere in the mine
wss introduced more or less suntemporanecusly, that deposited in the
shoots could have continued for longer periods. Possible supergene
gold solutions produced a‘ter oxidation and weathuring oy the sulphides,
foroured the breccia channels that probably remained open before being
camented closed by nuds, quartz and carbonate veins. After oxidstion
near the surface the gold from the upper reaches of the deposit was
probably taken fato solution and reprecipitated contemporaneously with
the brescis i.l! material. ‘

The surfaco workings consist of broad open quarries on the
dowrslope side of & hill, The opencast workings give way with depth
to nerrowsy reefs.  The shoot los, narrows and pinches out with depth.
Emanating from the northern limit of the body towsrds the southeast,
{s on intense system of flstly dipping fractures, It is almost
cortain that these fractures provided sultsble channels for movement
of aurifercus solutions to lower levsis ard te the brecclated zones.
Invariably it is found that enrichment occure where s fracture plene
intersects & vertical shear zone or reef. Gold concentration
diminishes away from the intersecting planes, Roper (1038 ') on
exsmination of numerous small minss in the Barberton District found
s;zentially the same features 2 mentioned shove, so thav this
process of enrichment inay have been operative to a greater extent
than «t first might be imagined.

(d) Easioxs Dessibly Faveuring Supergens Enxichient

The bulk accumulation of goid within the shuot, s W
lesser extant, in certain of the reefs and shear vones, irmediately
suggested an unusual mode of depositior. The extracrdinary
concentration of gold i1 pockets did not sppear to be entirely primary
ayd the nrobability of residusl or supergene enrichment of the lodes
wag cor, dered.

The upper levels of the mine are entirely composed of
oxidized ores and most of the mines workings were curtsiled once
sulphide material was encountered. In the fresh rock the gold is
o longer free milling and extraction costs rise prohizitively.
Visible gnld, spart from rave exceptions, become ; non-existent with

depth, but most likely occurs ‘ub-microscopically with the sulphides.
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Four spot samples of sulphide nro wer .
localitiasi- ph o assayed from the following

(1) Main Reef Zone on 2 Level.
(11) Winzes below 2 Level.
(111) Ore occurring between the winvas and t' e Maln Reef
{2 Level)
(iv) /0 Ft. Level (western face).

These samples were ammlvsed by tiew Consart Mine and gave
the following errati: resultsie »

(1) 39.1 dwts. (11) C.3 dwts.
(111) ™11 (1v) 1.35 dwts,

It car be seen that the Mein Reef furnished the h'g. su gold value .
This 7act is regardec ss cionificant for it §s considered prubible that
s large proportion of the gold mineralirzs’ion found 2lsewhere in the
mine had its origins in the Main Reef Zone,

The oxidized sections of the rive conta’r iiw ull of the
sanily recuverable gold and the replacome it Lextucas v he gol. Ia
polished sections studied from m st parts of tha ric: el w1l te
iniroductior for much of tills meta',

With the wim of findiny sdd)itionel svideace Ln support oi
the ides of secondery enrichment, samples vf panned concentrates
wera obtained from four levels in the Lily Mins. These concen’ rates
sere vollooted over a pericd of six woeke. Tho samples corsisted of
daily panndig. of ore frew working ends nin! stopes on esch level. The
fact that the pannings were obiained from severel lncalities on emn
ievel makes the final corcentrate rapresentative of the depth zons
below surfece.

The sasples vare enslysed Ly Gold Flelds Latnratorios,
Johsnnesburg, end the percentsges < f gold and silver in each sample
were determined, Two of the samples were sbtained from thoroughly
aridized sections of the mine, s third from the toangiiional zane
between 1 and 2 levels and the fourth semple was obtalned from
sulphide ores in the mine below 2 level.

The following table ¢!ves the averzge depth of the samples
below surface as well as 8 denth in relalienship to 8 Astum piene.
In addition the sssay resu.ts for tha gold and silver samples are
listed.
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TABIE IV
Average Depth Depth Be,ow
Sample  Levgl Budow Surface 200 Datum LAy, Kng.
P.ene

1. O Pl 19 iwet X0 fost 1,52 a,w
2. 1 Lavel 130 ieet 200 faet 91.15 8.8%
3. 13 tovel 150 teet 340 fest 90.28 9,72
¢, < Leval 230 feet 420 feet 89 .04 10.96

. The mine is si uatel on the slope of » hillside with a_gradiert
of approximately one in tour. The upper limit of the sulphide zone
roughly follows the surface contour but cccurs at sn elevation approx-
imately 200 feet below surface.

From the table asbove two graphs, one showing depth of sample
sgsinst percentage of gold, the other showing depth against percentage
of siiver, were drawn (.ve Figs. 24 and 2%2). Also indicated are the
relative positions ¢f the oxide, transitional and sulphlide zones.

As can be seen the gold from the upper lavels possesses 2
grester fineness. As one approaches the sulphide ore visible gold
dissppears and the silver content increases. The fate of the silver
in the upper leveis {s mot known, It was posulbly disseminated over
too large 8 vertical or norizontal range tc b ouserved.

Under normal circumstances it has been found by several
investigators, amongst them Fisher (194%), that gold fineness or purity
increases with depih, indicating that at aigher tomperatures gold is
precipitated before silver. In other words, norma, ly one should
expect to £ind greater percentages of silvsr nearer the surface. The
goldesilver relationship in the Lily Mine 1s, therefore, in direct
contrast to the findings mentioned above. Insufficlent development
in sulphide ore st the mine prevents the writer commenting on findings
similar to those mentioned by Eales (1561). He showed that in
some Southern Rhodesian mines, gold with decreasing fineness indicatod
8 low grade ore. It is thought possible that with depth the gold
fineness will once again increase in the Lily Mire and that the results
shown carlier indicate s secondary enrichment within the limite of
oxidized and semi-oxidized rock. In addition, therefore, to
suggesting that the *pbonanza® gold pockets were prﬁbabey laigely due
to supergens or socondary enrichment, it is the writer's contention
that & groat percentage of the "yisible" gold ore from the oxidized
levels was similarly enriched.
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The gold regarded as svcondary, is purer and more easily

freed as well as being coarser in texture. It is mostly recovered by

amalgamation. The primary gold is emaller, less easily freed by
grinding and milling and is mostly recovered by cyanidation.

No recordr exist at the Lily Mine as to the fineness of
aalznreted gold opp sed to oold recusered from the cyanide process.
It mas besn neled, however, that %ne amalgammted material always gave
@ greater percentaya gold reccvery. In this respect then, a
gimisarity oxists with this and Mackays (1944) obgervations in
Tanqanyika snd Nigeria. He examined 40 mincs and found that in all
sns08 gold recovered by amalgamation was of a greater finenes. than
that wen by cyanidation, He concluded that thy divergences in the
o\v/Aq ratio of the coarse or amalgamated fraction and the fine or
cyanided fraction was proportional to the secondary enrichment, with
the gold formed by this process having less silver than the primery
gold ¢f the same orebody,

(e) Pessible Mechanisn for Lor.chment

Humercus papers have been written discussing the processes
both physisal and chemical necessary to produce se.ondary enrichment
of gold. It should be roalized immediately that when talking about
supergenrs gold, its scale anu intensity should not be compared with
that of sulphide escondary or suprrgene enriching processes, Gold
is notably a stable mineral but thls does not prohibit some soiution
taking place.

Krauskopf (1951) working on the solubility of gold,
o nfirmed earlier findings of Emmons (1917), Ogryzlo (193%),
7 vagintsev and Paulgen (1938 and 1940) andt Smith (1943}, who
f und that the greatest and most essential requirement was that
e gild be cxidized., They found naturally occurring oxidizing
4 ks, whose effectlveness was corclusive, to be MOy, y Fe
e Cu‘"’, but at ordinary tempersture neither H ror 804~ were
sfficlently strong as oxidizing agents to affect gold approciably.
Krsuskopf suggested that in sulphide solutions gold oecurred ss 8
“mplen ion,, probably AE while in alksline solutions 1t was
.significantly soluble unlegs suiphide was present,

He stated that, “solution and ¢ransportation of gold in
i gnlution is probably the mochanism of supdrgens movenent of
“ . The requirements for taxing gld into solution were -
, e-ribed snd these indicated that an acid solution containing Cl
. w strong oxidlzing agent need be present.




- 129 -

The precipitaticn of gold from a solution does not present
the same problem and 8ll that is necessary is a fall of temperature or
pressure, N, mention is made, however, asz t¢ whether these parameters
are significant in supergene processis of simple ground water circula-
tion and weathering, but it is stated that gold may appear as a sol
rather than & precipitate and $1 this fo.m car remain in suipensie-
down tc low temperatures., O .thouet Lie a4 CL dovc.ats f00 ine L4id
of supergene processes of snric.meut hie docs not oo e
possibility that alternstive mechanisms could hevas beer involved. The
removal in solution of some of the other constituents of the prirary
ore such as iron, sulphur, arsenic, copper, ctc. would decrease the
welght of what remained, thereby relatively enhancing the weight of
the gold by the process known as residuai enrichment, This process,
aided by downward descending meteoric waters could have played some
part ia concentrating the gold. Initial hydrothermal solutions must
have been operstive in the filling of shear zones and breccia cavities
but attention hag been oiverted from that line of thought expressly
in order to bring to the sttention the idea of supergene enrichment of
gold. This idea has in the past generally boen regarded with such
scepticism that it 1s never adequately considered when describing
deposits of this type. The writer found 8 complete inadequacy of
1iterature pertaining to the chemistry of gold in geoeral and its
solution and precipitation i particular.

(£) Ayailability of a Suitable Chemical Evicoument
in he Lily Mine

ilaving the theoretical as well as experimental krowledge

of the chemistry inwlved in gold solution and precipitation, it now
romains for an examination of the chemical environment present in the
Lily Mine itself. As was seen ¢rom experimental work gold requires
an scid environment for solution to take place. Acid is generated
by oxidatiocn of sulphides - particularly iron sulphides. The main
ore minera) in the mine is pyrrhotite with minor amounts of Arseno-
pyrite, pyrite and chaloopyrite.

The pyrrhotite, although possessing 3 variable amount of
sulphur, still rescts similarly to pyrite on oxidation foiming ferric
sulphate and sulphuric cid. Bateman (1958) -

Fe, * 70 ¢ EQ = FBOy *+ HEO,
the reaciion goes further and ferric sulphate hydrolizes to ferric
wodroxide and more sulphuric acid. 3

Fegls0,)3 ¢ g0 = gFe(OH)T ¢ 3504
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Chlorine, according to Emmons {1917}

s although essential for
rexction and solution to take place, need only be present in small
emounts. He mentions that sufficient chlorine is usually available
in natural waters and in salts in rock strata,

.he tanded i~ nstor 's and shales of the Lower Fig-tree Series
contains so@ wArvs-2:: sae Table 111 earlier) that would aid the
production .f "nascen' cnlorine nc:essary for effective solution of
gold, The sulpnlde - ~wials could supply an acid envirornment., The
weathered pyrrhotiie sould probably produce dilute sulphuric acld
and ferric iron Fe %, as well as minor amounts of copper Cu*’,
would becoms avallabia as effective oxidizing agents. The gold thus
taken into solution would mrobably be precipitated by reaction of the
solution with sulphides or partially altered sulphidic materlal where
too little MnOy was pressnt to niutralize the effects sf the precipi-
tating sgents, ferric sulphate axd pyrite, The oxlidized zone
possesses the rich qold yet there are no sulphides present today.

(g) #all Rock Alteratics

Mineralizing so’ .tions, passing through fractures in the
mine, have superimposed 5 mwtamorphic effect on the country rock.
This metamorphiem s not aiways clearly spparent espe.ially in the
oxidized zone. There is no sharp wall rock slterstion adjacent to
quartz filled veins and mineralized zonesy instead the effects are
disseminated fairly ewenly through zones measurable in feet. As has
been shown sarlier the mineralization has resulted in impregnat lons
into shear and brecclia zones. In the oxidized zones of the deposit
thers is no ver, merked ciiference between the rocks within and
outside the limits of the ecoromically valusble zones. Even in the
less sltored fresh rock zones, gangus minerals in the sulphide ores
are for the most part the same as those in the adjacent or wall rocks,
High tempereture metamorphic minerals are generallv absent although
ocoasional auhedral garnets may be found either in the oTe zones or
in nearby shear planes.

A little green chlorite is often found sccoupanying tremolite
But mostly the chlorite has spparently glven way to the fo-mation of
tremolite in the higher tempurature reglons. Biotite is present in
proctically sll the rocks.

Hearn (1943) noted similar features in the New Consort Minu.

He algo mentions the introducticn of ouartz and schorlite tourraline

during mineralization. Tourmaline occurs widely throughout the Lily
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Mine ~‘b'.’ng most intensely developed in the 70 Foot Level ores. The
mineral desreased in quantily away from the stoped out sections but it
could not he determined how extensive was ith lateral development. The
tourmaiine was no doubt introduced together with the quartz as th. two
minerals ars ften fourd together both in the mine ard in the rocks
surrounding the mine.

1Y Paragensiic Seauence of Mireralization

As the Lily ores occur in banded ironstones and ferruginous
shales of the Lower Flg-tree Series it was thought necessary to sub-
divide the paragenetic sequence into (1) Primary ores and (11)
Secondary ores.

(1) Brimary Qre

These minerals comprise the original constituents of the
banded ironstone horizon. This primary sulte consists of magnetite,
hematite and limonite. These minerals are now largely aitered to
limonite and gosthite. Chemical reaction with later sulphuretted
solutions could have contributed to or contrilled the formation and

srecipitstion of the secondary oTes.

(11) Secopdary Ore

The normal sequance of deposition correuponds with a
progressive decrease in tempe: sture, solubility and hardness.
Bdwards (1954) has drawn up s geneTulized paragenstic sequence
bearing those factors in mind.

The followirg schems o® events is based on Edward's
clussification to somr “xtwat kut has 1argsly ben « stermined by
#iuroscopic examination.

Magnetite and srgenopy Tt wera jotroduced st e early
stage and display well fovmad fedmu. - e c1ystal ouilines, A little
gold is considered ts hiwe bean fo5r daced  contemperansotsly with
some of the arsercpyrite as it is fourd in.iartely connectsd with this
mineral, At slightly cooles tewpersturec (experimentally established
c gpaokinetely A ) ayrrhotite was introduced co=-lateraily with
< L.oapyrite.  Vyrite and hemst te, although only of mimor smount , ’
Jiapley textural relatiorship: suggesting that they were preciplitates
subsequent to the srseropyrite and magre! ite and prior to the
prervot tte formation. Melnikovite-pyrite being largely due to the
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effects of alteration would, therefure, be classed as &
mineral (Schratderhbhn and l{m’h,’ 19:;1) s a supergene

A second age of gold vs envisaged., This gold was precipitated
prior to and togeth-r with secoidary quertr in veins and breccia cavities.
Although ro gold was wmen togeches with pyrrhotite, it never:heless dves
ovcur with thet mirey+. ze assay swar'ino has {~dicated., The gold
dapogita in hypogere foum $omssther wool 0~ rale gl w8 arserooy-it.
any py.xio . was pro B liberated L. o ltered and oxddired - nes.
The gold sutscquently tak . into the solutic: was reprecipituted ss
supergene gold., Other supergene minerals produced by the chemical
westhering of the rocks include the goethite- limonite associstion.

These were formed over quite an extensive renge of time right up to the
present and were probably derived from the alteration of the iron
minerals in the banded ironstones as well as some pyrrhotite.

The only nonemetallic mineral ciosely associated with the ores
is quartz. This minersl too, has a complex history. It was evidently
introduced at very earlier stayes and again later together with super-
gerw minerals. On the paragenetis chart (Fig. 26) it car only be
depicted as having been deposited over a grest time range. The
selnikovite-pyrite, although a superg:te miraral, must hove formed in
# reducing environment. Oxidizing corditions later took over and
~ Iimonite~goethite was cble to form,

(1) Minazalization of the Lilv Mine

Bearing in mind the various mineralization types mentloned by

Gribnite (1961) earlier in this chapter, it was found very difficult to

stipulate any one particular type or category into which the Lily Mine

¢ fail. Features pertsining to all his sub-divisions are oqually
wll represented.

If 1t is accepted that the Main Reet Zone of brecciation
fapresants & plane of weakness or a fault then the first type,
sented by sulphide and gangue reslacement in a faulted of
Precciated zone, will hold.

The principal source of free @old in the Lilyriine has been
Jargely confined to quartr veins (Gribnitz's secord type).

Finslly, to the pipe-like features ocourri.ag at Shebs Mine aey
e added the pluglr.q shoot or pipe orsbody of the Lily Mine. This
breccla filled zone 1s an example of 8 strusture caused by tectonic
disturbance.
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eHAPTE

\ The bgstfr.::m “oon v-oich were laid the Archagan volcanic =nd
wdie SEY I g wieied ‘or the most part o granites . i gnels as
@: o Kelspruit Migmatite,

The jeosynclinal cycle began with the deposition of the lavas
arel sediments of the Onverwacht Series. These rocks have undergone
conglourable charge since they were first lald down and are seen in the
field today as dark contact amphibolites or quartz-hornblende schists,
green saphitsie schists consisting in the main of tremolite and
sctinslite schists and talc-carbonate~gquarti-chlorite schists. These
baslc varieties are accompanied by zones of a:id rocks probably
aitered from acid lavas and guartz porphyries or even orthoguartzites.
The alteration was assister 'w intense shearing resulting in these
rocks being transformed i,t. gquartz-gericite schists, mylonites and
e¢ven cherty horirone.

Subsequen' ' the Onverwacht deposition uplift is thought
t- have taken pli.& w:th the result that the Fig-tree Serles,
consisting of an aryillzcecus succession, was rot developed within the
Lily Syncline except for a minor amount towards the New Coneort Gold
Mine. The Fig~tree soq.ence, essentially a flysch type of deposit,
was lald down in the deeper portions of the geosyncline lmmediately
south of the srea.

Subsidence is envisaged at this stage and the whole arvee was
transgressed by the arensceous or molasse successions of the Moodies
System. Due to the shallow nature of the depositional environment
within the area of the Lily Syncline, only the lower members of the
Moodies System are present. These consist of 2 restricted but well
developed basal conglomerate and lower quartzite horizon.

A period of orogeny, no doubt associated with the geo-
syrclinel saquence of events, took place in a series of phases or
pulses., At first there developed 8 number of major folds, the

traces of which tranded in an approximate northenst-southwest direction.
The folding was responsible for the formation of the major synclines in
the Barberton Mountain Land, including the Lily Syncline. Basic
1gneous rocks intruded mainly around the periphery of the deformed area.
Longitudinal strike faulting accompaniad the folding and in some cases
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appears to ha )
i?\tr\,ﬂ.d_ ve provided the weak zonus into which basic bediss were

The Lily Fault, occurring between two &

ynclines in much the
same manner as several other major faults such as the Barbrook and
S:eba Faults, is considered to have frrmed during the initial orcoenic
phase.

Comoressl N LI (10 Wil wne regyional stiatn heing dirscte
from the N.N.W. and S.5.8. The folding be:am rore int;:nschgnd a +
slaty cleavage was prode. . ( * evrmm-cyt covl ¢ frramed folds.
Further evidence of the intense flatteaing that occurred during this
time can be seen in the deformed conglomerate pebbles found in several
localities along the Xaap River Valley. Numerous rock fabrics were
aiso initiated at this time and included !ineations, foliation and
schistosity. The Nelspruit Granite .atrusicn took place and was
;:;;t)onﬂblo for many changss in the rock ty.es bordering on the granite

The most marked change involved the productlon of a contact
metamorphic 2ureole that extended for a comparatively short distance
into the sedimentary and volcanic successions to the south, Three
separate faclies of contact metamorphism could be distinguished in the
area examined. That closest to the granites was ciassified 2s the
hornblende-~hornfels faclies. Minera's ranging from sillimanite to
garnets and hornblends were included in this zone.

Hornblende schists gave way with inereasing distance from
the contact, to a zone of tremolite-actinolite schists that wers
classified into the albite-epidote-hornfels facies. Finally and
furthest from the granites several varieties of basic schist ware
grouped in the greenschist facies. Sediments entirely unaffected
by the wave of metamorphism exist within 8 mile of the contact belt.

The emplacement of the gianites was responsible for

considerabie shearing slong .ne contact and {mmediately adjacent areas.
The rocks underwent a destructive type of alterstion involving
considerable reduction of grain sirze. Where the effects of this
alteration were extreme as in the case of the quartzite-conglomerate
ridge of the Lily Syncline the rocks were changed io mylonites and

cherts.
The late phase of granite intrusion involved the injection

: ther
of tite and eplite bodies and veins accompanied by fur
folgz::alvng the contact, Probably also introduced al the same
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time were the hydrothermel mineralizi

ng solutions, The malsr fault
planes in the Mountain Land are considered to have provided a suituble
means of egress for the escaping ore-bearing fluids,

The next impcrtant deformational event occur ia th
Barbertor Mountain Land v~ ihe grest inflesiion t;e # \mxkarimﬂ
Ulundi Synclines. A th. .ame time it is thought that *he lLily
Tyef Yine wis lnvolved s & seing from northcast-southwer! to an
acogaxf oo wastewe st Cooeculion.

A final stage .n the deformaticonai history inwo.vel further
stress direcie’ in 3 vertical or near vertical direction and was
responsible for the Lmprinting of minct crenulaticn snd conjugate folds
aver » wide sres. Each suwcessive event either rejuvenated earlisy
sty .2 s 5z oAcs instrom ntul oo thelr oblitsi-tisnn.

It is likely that the orogenic cycle was a continuous cnc and
that each diastrophic event can be related to the updoming of the
granites. The subdivision into phases merely emphasizes the maln
events that took place and relates them chronologically to one srother.

The sconomic geology >f the area centres uainly around the
occurrence of gold. Two small mines, viz, the Lily and Rose's Fortune
Mines, have untll mid-1963 been in production. Apart from several
exnceptional flnds of gold pockets, the values have heen too erratic to
warrant continued mining., Work has been carried cut solely in the
oxidized sections of the mine with the result that very 1ittie is
known about the sulphide oree.

The Lily Mise occurs in banded {rcastones, cherts, graywackes,
shales and intercalated basic schlstose rocks af the Lower Fig-tree
Saries. The rocks may tentatively be correlated with the Zwartkopple

Zone of the Sheba Valley.

Reefs of vein guartz fill shewr zones {n the steeply dipping
thinly bedded strata.

ndeigone an axtensive shortening

The Fig-tree succession has u
ot tignt tscclinal folding of the

and flattening deformation that produced
strata.

The foiding in the mine was probably initisted during the first
phase of reglonal deformation whan the Lily fyrciine and other majer
synclines in the Mountain Land were formed. The varistion of fold

plunges in the mine sugge

sts either differentisl movement in the '8’
o 1d direction or a superimposed set of folding.
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The plunge of the folds and the

plunge »f the ore shont are
:o:ghéy :tncident. Tre mineralization is consldered to have been
ntroduced some time during the second phase of regional deformation -
though probably at & late stage, ? e

The main mineralizing solutions are considered zs hav.ng been
introduced along the Lily Fsult or Maln Reef breccia zone.

The Main Reef Zone has provided the most consistent valuws in
the mins, The zone is partly breccliated and abuts up sgainst a footwall
of talcose schists. The Main Quarry was developed on the Main Reef and
only oxidized ore was extracted,

Two se's of Practures exist in the mine. Tha strongest set is
@ verticai fracture system withh a weaker se® of crosscutting-flat
fractures. The strongest reef development cccurs in the vertical shear
fractures that are considered ‘» have formed diring the second phase of
regional deformation.

The formation of the pipe-like brecciatad ore shoot which was
buckled into & cymold shape is thought lo have deve .oped by strike-slip
or shear movemant synchromous to the developmunt of the vertical
fractures.

The breccistsd zones both in the Main Reef and in the ore
shoot are thought to have provided suitable cnannelways for ore-baaring
solutions of both hypogene and superaene origin,.

The flat fractures provided suitable channelways for the
digperssl of meteoric solutions to deeper portions of the mine and
probably sssisted the processes of residual or supergene enrichment of
the gold.

The Lily Mine can be classified as an ore deposit containing
sssentially pyrrhotite and arse.opyrite with subordinste amounts of
chalcapyrite, pyrite and melnikovite-pyrite.

The gold is sssoclated primavily with vein quartz but sccurs
with arsenopyrite and to 8 lesser extent with pyrrhotite.

Several "bonsnzs" gola pockets were regovered from the ore-
shoot in the mine, The enriched zones ovcurred primruyﬂln the
ox,dized zone with some axceptional values also occurring .n th?
transi: tonal cone between exide and wulphide metesial. A geallor
pocke’, sas encounteced in the sulphide ore Hi no further indicatione
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of gold .
vaqurn:;:‘. noted below this point aithough sulphic~ mineralization

Concentrates of panni~gs {rom the workings on diffe
were assayed and the results indicated that the gon?d from ttfmﬂu;;oi“'h
levels possessed a greater fineness than that occurring at depth. There
is @ corresponding increase in the proportion of silver in the lower
lavels., These facts suggest thst gold from the oxidized regions has
been enriched by the leaching from it of silver.

The coarse gold is ususlly ecovered in the mill by amalge-
mation while the fine gold is recovered by cysnldation. The amalga-
mated material always gave s grester percentage of gold recovery.

. In order that gold be made soluble an acid solution containing
C1” and a strong oxidizing agent are required. The chlorine necessary
need only be slight and is usuelly available in natursl waters and ss
salts in the rock formations. The banded ironstones of the Flg-tree
Series probably contains sufficlent manganese necessary for the
production of nascent chlorine required for the effective solution of
gold.

X-yay diffractometer work on pyrrhotite enabled ar
approximate temperature of formation of the mineralizetion to be
calculated. The pyrrhotite formed at about 330°C, Arsemopyrite
was found to be earlier than pyrrhotite in the paragenetic sequence
of d-g;ooitiorbmd it 18 considered that & maximam temperature not
excoeding 3%0°C or 400°C exisied at the time the ore was introduced.

The parsgenetic sequence of sulphide ores in the mine was
found to be ar .enopyrite followed by pyrite, pyrrhotite, chalcopyrite
and meinikovitespviite. Two ages of gold zre envisaged. The first
occurred early in the sequonce and is thought to have been introduced
contemporanecusly with the arsencpyrite. The later age of gold is
regarded as being of supergene origin deposited after considerabls
oxidaiion of the originel sulphides.

Wall rock slteration has occurred but only to @ slight
extent. Generally only low grede netamorphic minerals such ae
biotite snd chlorite arc prusent. Tromolite is the most crmaon
amphibole and occasionally garnets were oted, Tourmaline s *'so
quite common both in the sediments and in auarty veinn,

The problam of finding or even predicting more ove in the

Lily Mine is roc an easy tagk., The limited scale of operations and
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development falled to indicate further structural features simllar to
that of the pipe~like ore shoot. The whergsmouts of the quartz fillea
vertical fractures or reefs have genorally been determined by mining but
have proved very erratic and it is naturally difficult in an ore~body of
thls character to predict ecoromic zones. The Main Reef has in the past
proved to be the most consistent source of gold. This reef has scarcely
been investigated except in the oxidized zone. Sulphide mineralizstion
15 exceptlonally plentiful where this rsef has been exposed in deeper
levels and a spot sample asscyed 39.1 dwts. The ruader will heve to
draw his own conclusions from this point on.

Further work in the oxidized sections of the mine might uncover
additional rich pockets but unless some structural phenomenon can be
related to the find, the chances of locating more ore will be considerably
lessened. It is the writer's opinion that pockets similar to the “bonanza”
gold discoveries of the past will only be found in oxidized or seml-
oxidized rones or in fracture planes directly connected with thege
altered zones.

Reglonal mapping has shown that the Lily Mine and the Rose's
Fortune Mine, together with several otner smaller worklngs and trenches
are locaced along 8 line of minerslizstion over 12 miles in extent thst
is thought to be associated with the Lily Fault. Again, us much of the
ecritical zone is covered by soil and scree, prediction ir difficult.
Only considerably more detailed prospecting in the form of trenches or
drili-holes along the suggested wineralized zone will prove or disprowe
additional gold ore.

Talc is at present being mined north of Shebs Siding at the
Scotis Talc Mine, The talc is considered to have formed within w
basic intrusive body as a result of deformationa. shearing coupled
with hydrotherma! metamorphism.

Magnesite occurrences riear Sugden Siding are of poer qualiity
snd quantity. The megnesite also occurs in s basic intruzive body and
formed by processes tnvolving chemics! weathering and the introduction
of carbonate solutions.

Magnetic alckellferous deposits of treworite occur in shesr
gones in the serpentinites 1orth of Sheba Siding. A rickel silicate
wineral nep.uite is also present. The nickel probably occurred in
digseminsted form within the ultrabasic body and was subsequently
concentrrted by hydrothermal astivity associsted with th? Nelspruit
Granits intrusion. The minersl does not spprar in sufficlent

quantity to warrant mining.
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Aerial photograph of portion of the Lily Syncline bot veen
Louw's Creek and Honeybird Creek.

View looking cast of tha Three Sisters and Lily Syncline.

Arcuate form of the Lily Syncline as seen from near Bar %
beacon.

Jeinting in contact amphibole schi.ts showing minor
digplacement of quartz veins.

Two directions of jointing in the migmatite gorne.
Boudinage structure in banded contact amphibole schists.
Boudinage structure and compositional banding.

Chert nocules in quartz-sericite schists.

Microfolds in quartz-sericite schi,ts.

Small scale crenulation folds with associsted conjugate
folds.

One set of conjugate folds with mimer crenulation folds.
Radieting clusters of chlorfieid in quartz-sericite schists.

Tabular chloritold crystal growing at right anglies to the
schistosity.

Microfolding of guartz vein due to differential shear.

Elongated "sutoliths or conglomer.te pebbles® in lava or
tuffaceous greywacke.

‘5 imilar’ folding of granite intrusives and soitact
amphibole schists.

Small scale paresitic folding of granite veins.

Photomicrograph oy bent micas in contact granites.




Photomicragraph of beat micas i contact granites.
Flow folding in migmatite granites.
P(arphyr‘.tic disbase dyke.

wrgtra Ore" wagnesite veins.

Gulley showing recent deposits.

Tight 1eocliinal fold in Moadies shales.

Conjugate fold in pandud ferruginous cherts of the
Fig-tree Series.

Linestions in quartz .sericite schists.

Intrusive granite veid cross~cutting 1ineated quartz-
sericite schists.

Lirestions in foided sontact gronites.
5trongly 1ineated granites.

5 ize veriations of flattened conglomerste pebbies =
a/y plene.

Flmrened pebbles = 8/ planes
piatiened chert pebbles = B/p plane.
Flattened chert pebbles = 8/¢ plane.
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whiboh schists-

prygmatic folds - Contact Bel®.

Goneral view of the Lily Mire looking eatt.
view of Lily gynclings from Crystal Stresm.
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Tight isoclinal fold in banded Fig~tree shales.

A3
Blate 41. gccordinn' folding in banded s'.zles of the Fig-tree 27
eries,

Tight isoclinal folds showing narrow wave lengths and
large amplitudes - Fig-tree shales.

Plate 43, Pyrrnotite interstitial to tremolite needles. 17
Plate 44. Pyrrhotite interstitial to radiating tremolite needles. "y
Blate 43. Pyrrhotite replacing quartz. it

Plate 40. Radiating clusters of tremolite in a fine matrix of I
quartz or chert.

Plate 47. Arsencpyrite crystal being rep.aced by pyrrhotite. o
Plate 46.  Colloform banding of melikovitespyrite, 20
Rlats 49. Gold replacing pyrrhotite. 12!
Plate Q. Gold vein severed by vein of limonite-goethite. 11

Blate 51. Gold velns filling and replacirg cracks in arseropyrite 'l
{gudmundite).

Plste 53.  Gold in 3 veln replacing srsemopyrite and pyrrhotite. (S

Flace 33. Arsenopyrits crystal surrounded by gold. 113
Plate 34.  Gold repiacing quartz. 13
Plate 33, Gnld veins replacing quartz along fractures. 124
Plate 6. Gold interstitial to radisting tremolite needles. 124
Plate 97. Colloform banding of goethite ard limonite with gold 114

and quartz.
Plate 8. Fibrous or felted mass of chalcedony - Lily Mine.

nerite needles growing st 32

~howing gy
Elats 2. Photomicrograpt s band in cherty quartz.

right angles tc a ferruginou



Boudinaged quartz "ncet™ in schist
ouine schists of the Onverwacht

Radiating fuchsite mica in Moodies quartzites.

Locality mep showing the major syrclines and faults
together with some of the more important gold mines
in the Barberton District.

Geological Map of the area betwwen Shebe Siding and
Louw's Creek ~ seale 1 1 15,000,

Structural Map of the ares betwsun Sheba Siding and
Louw's Creex - scale 1 1 15,000,

Underground Plan of the Lily Gold Mine ~ scale 1 ¢ 250
(2 parts).

Surface Geology of the Lily Mine - scale i + 5,000,

East/Mest section of the Lily Wne showing the
localities of assay samples and bonanza gold pockats.

Lisgrammatic sectione across the Lily Syneline and
portion of the Eurvka Syncline.

Dlagramatic seetirns indiosting the posaible
palaeohistory of portion of the morthern fringe of the
Barberton Mountsin Land (viz. portion of the Lily

Synellne).

$tereogram ploty of axial planes and plunges of
{snelinel folds in the Lily Mine.
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linostions.

Foc et

Focliat.

Poe ek

AT

Po ket

[y

Packet




Sterwogram plot of poles t¢ true {derived) dips nd poles
te apparent dips of fracture planes,

Diagram showing the approximste maximum stress fleld ns
indicated by plots of conjuyate folds and minor foids in
Onverwacht rocks,

Plots of lineatisn direction and plunge trom the granite
contact belt.

Diagram showing the inter-relationship between lineatlions,
pebble elongatisn, plunge of isoclinel folding and poles
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Graph showing the rclationships between tha A, B and C
axes of undeformed conglomeraste pabbies.

Graph showing the relationships betwean the A, B and C
axes of defcrmed conglomerate pebbles.

Graph after Ramsay (1926b) showing the percentage
flattening of the Flg-tree succession in the Lily Mine.

Plan of fracture vpattern of the main workings of the
Lily Mine.

Disgram after Moody and Hitl (19%) indicating theoretical
considerations based on wrench fault tectonics.
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Lily Mine to sesnnd order shears.
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Graph. showing @ corresponding increase in percentage
silver content with depth below surface.

Map showing the distribution of contact metamorphlc

Chart depicting the paragenetic sequence of ore
deposition in the Lily Mine.

facies between Bar 5 beacon and Louww's Creek ¢iation.
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of the mine - scale 1 ¢ 1,000,
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LILY MINE

SURFACE GEOLOGY
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