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PiUT I: TZ COFFjR-ZIijC 33=03ITS

1. ETIODUCTION

. ' 110 year IBfitl Ikittc v und Sutherland rcupccted the Tranavaul
lev cuntine r t » C'ifa in River, aad report -i that they had creased
a rurvre of hills ecu] a>d f tsetaii r lie rocks striding Y/3.W. to B.N.2.
I «the atrem dr..i .in, the area they f und troccn of alluvial gold,
Fort ic mt< the mouth they encountered natives w rhing copper in hills

iyr tic graai art rer net .11 red I visit the actual workings.

In Juno, U7C, travel lin,, froa Lydunburg, they returned to the
lev eointr/ ©nd r.j'tc ere 7y tie Sal t< Ri/er" (Seluti) reached their
dei tinati u Dein .v thi range held great promise,

.c. i, in honour ¢ Sir, R,I. Mare ieca, a
It-i'ia ot logi . had a rtly before predict>d that the Liapopo
Guntrp vold - . t_ he auriferous, (liain.s 1077)

T?,j ace unt in r» b bly the earliest rocoruovl visit of any

3ircpe.it t this are.,

e ACTI ITLI; 07 T2 JyUZ'i hl.J IG IRIIGB.

A *t o writio, i f Stanley (1910), Trevor (1912), khwellnuB
(19.37) and the inventi, atio:is of Was:cr ( Wagner file kept in the office
o" t e Archaeological Survey, University of the .Tit aternrand'i it is
vortain th t an ancient tribe was very nuch concerned vdth tlio aining
of co nor i . the Nortlierr; Transvaal and ir- Horthom Rhodesia.

Purthor evidence in tie larr,c extent of the ancient worldngs
at hot' hutoina and Pmluborwa. i mil ancient workings were also
found or. the co; r-zinc do.,omits of the liurchisor. Range, being
only me* - fifteen nil « north of F alnbon-a. Wagr r o na> ( unpublished
rui ke t in the :usct«a of tie Arc ecological Survey, University of
the Witvatorsrand) mho/ing the location of ancient co per workings
in South m Africa notes the oocurronco at Solomons Mine which falls

within the schist liol. of the anta*C:.ioon Rwn,,o0,



Ihe art of nct.nllurcy viaH not new to tieso people, for in the
Rooiberg area they mined tin which wa. melted with copper to make bronze.
It ia possible that t ey used f > zinn to produce a tyjje of braoa.

\llio those .nolent miners were and where they came fr-_ baa not
been eteablieched wl'h any certt inty. T!jeir activitiea are aaained to
date back to a pc"led prior to the 3antu vio know today.

Fr*ud the extent of the old copper woritin®s at Keaeina and
Pial nfdrira it is inferred that several tliousond tono of cov~>ar were
pToihused. 0. tbia amount extremely little was found .y early Europeans
to be in poasofldion of tl;e 3 tu. >oc this it must ba concluded Oust the

old miners took thei- copper /vek to their homeland or to other

countries.

3. EAa&Y Uiv* AiHiE o:;; Z3 L"BC ~ 0:;; PA

Hie iirst av; ia. ie mini;., and geological publication about the
Murchison > , rritten by A.H.Sa%yer in 1092. It waa based on some
two yearr Work in ¢ v an u as /jtmager of a gold mining conj>any.

:Lis view w.n at t..e It. "e is coajwaet’ of Mirious crystalline
and B.-'t*«3(irphoHed racks of great age which had been folded and, in places,
tilted up from 60" to 90* , Jc mention# the presence of copper in some
reefs but does not report on either the zinc or the cinnabar deposit*.

3ver since t a discovr y of -old in 1870 the Hun;ie attracted the
attention of morr tvi-le aanrci.ited vith mining.

In 1895 rfilaon-i. ore road a j>a>er on the "Imp<-"t«noe c!/ the
yur<ihi*on 3tmv:e" before a meecting of the Geological Society.

To him oan be credited the discover)' of the cinnabar deposit,
about which he wrote im fcllosv
"The moretui.'erous oro BJ far foi id is cinnabar. It occurs in two
placoe neither of which have been submitted to develoTiront operations of
a/ly magnitude. Ti - one is far eist on the "l/ui,we:wrg' in qimrtzite
sandstone abutting on “rphyrite an 1the other is to the north of
Witkopjes' .  Unfortunately, there ia io map with tliis ar>er so the
exact location of the oecurrerroa aro difficult to ontablish with any
certainty. Sawyer hen not recorded the position of t’10 "Langweberg" on
his nuir, so the writer aasxan- h that the name refers to a range of hills
near Monarch Kop, fS<' Map No,L.) vh< *o the deposit invostigetod in this
thesis occurs. T-e "WitkopjoM" are shown on Dwyer's nap to bo situated

o<tt to the far east of the Range, hut this oecurr >nco has as yet not

been substantiated.



Subsequent to the work of these early pioneers the geology of the
Murchison Range has been described by Rail (1912), and van Eden (et al,

1939) yapped the area and described the mineral deposes found in the
Range,

4. ItRilOiialL GOLOGY AND  SITUCTuRE

Hie Murchison Range is situated in the North Hu,tern Transvaal
lowvold where it oir“tcl.ca from the Draitvnaberg escarpment in the vest

to tie Kruger Nati: nclPark in the east, a distance of some fifty miles.
a) General Strati.rrir.liv

vn;: Sden (et al, 1939) ave napped the area and subdivided the

rock typos encountered in the Murchison Range as listed below

Sand and AlJlintum
Bended irons vine

Carbonate-rich rocks

Serpentines
1 Roc f above lie. 2 .ivision: Slates and various
No, 1 o . .
.. | unrlas ified rocits sot of which arc lavas.
. Division . .
Swaziland I Carbon,!tea are very ¢:eminent in these rocly.
System Quartzitem grits and schists, bands cf green
No.2 carbonate rocks are prominent along the
Division quartzite horizons, hands of crush
con looerate with perhaps sheared conglomerate.
Rocks below No. 2 division and rocks of unkno-vn
No.3 stratigraphical position. Schists o'l varying
L v composition masoive hornblende rocks . ;.
Division

Sheared quartz porphyTies micaceous schists
of volcanic origin and hornblende rock-.

-

Karroo Dolor!te
Diabase of prc-Karroo age

Old Granito intruniw into the Swaziland
system end Rooiwater igneous complex,

Rooiwater Igneous Conplvxf Hornblvudt granito
intrusive into Swaziland Rooiwater bnnic rocks
rocKS [ Magnetite bands.

Hie accuracy ofthe sub-division of the rocks of the Swaziland
aystea an they occur in the Murchison Range dopenda largely on the
correct interpretation of their structure, ran Edos (1039) bcliovco hia
interpretation to be correct as far as the essentials are concerned,
but he states, "Naturally generalizations had to bo resorted to in
separating the riddle group from the lower and upper groups - especially

so in the eastern portion of ¢.0 schist belt".



H.o rocks of t.ie Murchison R/uvje aro considered to be old sedir.ents
and quartz porphyries which were intruded by hornblende pranites and
basic rocka belon”ring to the Itooiwater igneous complex. Ibis asamblage

was the;: intruded by the older jranite of the ifelnpruit type (Hall, 1912,
van Sion, ct al, 1929),

According to van Sie (et al, 1939, the intrusive relationship
between the IJolupntit granite and the rocka of toe Murchison Bazye was
eotr.bliahod beyond doubt. Cont, mporaneous :.ith the development of this
granite, motenorpliisu, contact and dynamic affected Mie rocks of the
Mu;*r:ison Han”e area. ['lis has resulted in the formation of quartzites

ana a variety of roclui of a .uglily ad iatose character.

The reiult of a more recent investigation of the older granites
in the Barberton area is that t < ilelopruit granite is nc longer
cornidered tc have consolidated from a no.vuil primarj’ granitic magua.
Viescr (ut 1, 1950) considea's t. ij granite to reprenent a product or a
neneo of producti cf a process or a nerieu of procenaoa generally known
ar granitizntion. T e intrusive features of tho Nelopruit grunite
observed by earlier worterr ¢ considered to have resulted from the local

mobilization subsc ,uent to its formation by proenoaoe of granitization.

Although tlie or: in of many granite bodies is still somewhat
controversial, and tl.is riay alrfo an- ly to the "Old Granite" of the
Murr .iiion ib'f\~e area, nevart cleai; it iu iegarded am the source of the
'sydrotnemal solutions > id were roipons ble for the mineralization in

that area.

Howie igneous intm” ioivi are coorion in the sc" iste and have a
genere 1 strike of N 40° E. (refer Map Ik), 2.) r.uioe associated with
the ore bodies at the Letabo nine are very altered and are probably older
than the Karroo dol-rit. « encountered in tlie granite eurrovuiding the
Mure ;inon Rnn.-c uc int belt. Tie basic dikes encountered at the

Mamiatm orcurronco arc probably of Karroo age,

b) Str-ctiu-'

Tlte uvera.ro strike of the rocks is N.65° E and the general dip
io fron C0° 90° to the rth, alt migh in oaac areas the dip is to the
south due to the overturning of isoclinal folds. Hie ecaiat belt attains
a imixium width of about sir miles near GravelottF and then decreases

gradually towards t«ic east.

H.e foliation or flow cleavage of the sc iste developed during

tho motamorphism in generally parallel to the rtrike of the beds.

Mendelssohn (1930, p 257) mtatoB, "Sinea the direction of flow cleavage



may be regarded w parallel to the direction of maximum 9train

(onnt of nortl*aot), the flow cleavage woo developed dminj the action
of either a non-rott ticnal atreao acti-% approximately from north to
aouth, or to n rotational atreao acting aa a couple from acme other
direction." Aa « renult of the atreonee zonoa of nhenring were

devrlo'y  w.ich acted nr, channel wtyn for the hydrothcnnal oolutiona
rooixitoibie for the mineralization. Hie dominant direction of thooo zones

of shearing wan j ir. li. 1 to tho ,trike of the no iata.

5. TiX COPPSd - ZIIC DIiPOfiire

In the klnrc ,inon Ranje t ere are known to exiat tlirec occurroncen
ol cop , ~+inc mineralisation. iVcre are indicated on Map No. 1 on
the Iame (r) Si lo .on. Mine; (b) Platveld and Vla.:laa<te; and
(c) kii.Ma,

Ai f rn- not pos:'ible tj obtain frcai. a&nples from (a) only the

ore from (b) and (c¢) viui investigated.

Jy fur tli; major occurrr.we in that at (b) which is known as the
L taba Copper ind iuc ihno. [t ir. located 1,0 miles north of the

kkilnti Port Of ice, j-1 t north of t o Castle Koppios range of ills.

Hie Lta".. Co < and Zinc Liinc is at prencnt under water, no it
was not o MI* to c.irri out any ayntecuttic unu rground ua- iing of the

deposit or collection of soi:>1(a.

In 1955 the owners of the property de-vntere.i the Hinc and mined
several tone of ore from tin* 450 foot ’.-vol. This ore war placed in
sealed metal drum, to prevent oxidation®* It is from aone of these
rtnim.i that free! sample* of ore were obtained. Samples of unoxidiz 1
ore wot nlrc selected from t < dtxopo of No. 1 and No. 2 shafto, and

are dammed to 'nvc been mined from the South and North Reefs

respec lively.

On the occurrence at MnshfiWit there is a small inclined shaft on
reef do'u to a vertical depth of 200 feet. At tills point frosu samples of
or** and wall roc., t/en. obtained. Samples of ore and wall roc. were also

obtained from f e core recover'd during a recent drilling program carried

out to investigate t'is property.



0. RZSILC 0? MIC GBEOLOGY

(1) T'u Letaha Conner nnd Zinc Llin,:

Biio darfosit occuro in highly flbeared qiwrtz-ejica and qunrtz-
chlorite nc! i31a belonging to ti e [4o. 3 divinion of the Murchison Range

succession as mapped by van Hlon, (at al, 1038).

Hie ore deposit coneioto of two parallel lodes about 450 ft,
apart and are known eui the Worth It of and South Roof, with a proved strike
length of 2LOC ft. and 3500 ft. respectively. He average strike of the
rocIM in the mine i:i fairly conete.it and is N.70°E. Hie dip varies
from vertical to HX¥ II, Hie average width of theore lodes is 33 inches,
but nuy vary from 3 inches to 127 inches. Dip and strike of the lode

conform;: to t at of ti e enclosing country rocks.

An ociatcd with t e ore swua les there was sufficient wall rock
in the specimens obtained to enable the determination of the grade of
metacwrphism of the associated roclc and the ty~a of garguc associated

with the ore.

kacroscopically the iall rock associated with the ore ir a fine-
grained green rock with a well jrenounced eechiatooity. Occasionally
leyes 1 of quartz up to half inch long art present; thvir direction

of elongation is parallel to the schistosity.

Other rock types encountered from samples collected on the d“anp
are, a fine-grained white quartz-ouscovito schist, and a dark coloured
quartz echiot containing pori;! yrob’usts of eodic plugioclose felspar,

and a chloritoid-quartz ochist.
(A) Petrological features of <.e roc’s aunocintcd wjtli the ore.

From a study of neveral tliin nsctions it wau found that tlio comon
wall rook is a quartz-rich ac.”iut containing; variable maounta of
chlorite, minute noricite needles, chloritoid or muflcovite. The quartz
gruinu have invariably been recryatallived due to dynamic stress, us tlie
grains are elongated paral el to the sc iotouity. In some instances
the quartz gr< in;; have boon bent so an to align thornselves vit.i minor
foldo and crenalotionr in tie schists. Refer pl.otograph No. 1. Wavy

extinction of t! e minerals due ia stress is a cannon feature,
(a) The Quartz-4lica < .ist

Hiis rock is composed of fine to medium grained quartz, generally
roorystallized, which ma.;ea up tlie major portion of the slide. Medina
grained flakes of muscovite are the second nvijor constituent. Plagioclase

felspar, if present, is a miner constituent and its composition varies



between that of albite and oligoclaae. Nituerouo apatite needleo are
present as an acceaoory mineral. 11 Home inatancea chluritold waa present

in small amounts.
(b) The Qunrtz-Chlorite Sc:lat

In this rock the quartz io a&ain the major constituent, and occurs
na described above. dark mineral io chlorite. Ibis is a ntro.igly
pleochroic variety; from pale green to dark green, v/ith maximum
abnorbtion when the 8 direction is parallel to the vibration direction
of the polarizer. P ' birefringence aa determined with a Doret
Compensator waa (5 - <) m 0.0091. ibis is Pennine ith composition

M(I(Al, Fe) (OU)6(Al, Si)* 0"

Ajv.(ite in a cmnon acceooory while nodic pla/;ioclone felspar
is pcent,i tally present an an jdrul grains, with ocricite needles as an

alteration prcuat v.

Generally both the above rock types were found to contain

varying nmunta of chloritoid, alt ough it waa not al ays preoent.

A c!:loritoid-<;uart,z schist containing laany rutile noedlec in also

present. Thin in no* a cotaaoi. rock type in the mine suite.

In addition to the features described above for the main rock
typoo, aont of tho rock typon contain additional minerals on described

b"low.

N all flai:. a of > otite were oomstimen present. It wao not
possible to b.ntabliah with certainty whether t. e biotite had been
formed from the chlorite, as « product of mctamorpbiom, or whether
the nor 11 flakes weic relics of the hydrothermal alteration of biotite
to green chlorite. Hie latter explanation is favoured by the writer.
The chloiite w ich had t e composition of pennine wao found no complete
pseudanorp! ! of clilorito after biotite. P.iio chlorite had a very low
ultra blus interfere ce colour, ;nd Schwartz (1650) regards thin type
of chlorite an Imvirv, formed ne the result of hydrothermal alteration

of biotite.

In two iiectionn of quartz-chlorite schist were found short
prionatic cryat# In — pale brown to olive green in colour — and
strongly pleochroic. Thio was identifi< d as the iron-rich toumalino

known as schorlite.

In a fe\/ ooctiona there are nnuill concentrations an well as
small vuinletn of calcite. In those sections it was not uncommon to

find minor concentrations of epidote as well.



The quartz achiet mentioned above in a rock compored essentially
of irregular quartz grains with an average oize of 0.04 n.m. and
contains porphyrubluata of both quartz and felspar. In between the
quartz grains tuere are present small amounts of oericite needles,
small green chlorite laths, and a few ealcite grains with an average

size of 0.11 tn.m,

Iho quartz j,K>rphyroblaiit« vary in size from 1,70 n.m. to 0,20 m.m.
and have an average size of 0.00 mum. Hie felspar porphyroblaata vary

in aizo from 0.45 mm, to 1.20 m.m. and have an average size of 0.83 m.m.

Hu? felspar present is a plagioclaae, usually an albite containing
from 5 to 77 anorthite. It has a 2Vi§ of 80 - 82 and iu twinned

according to tho albite law.

A basic dike is known to cut through the ooster’i section of the
underground workings. Hvp dike lias an ovp/.itic texture and is composed
essentially of calcic plagioclaae latko and hornblende. Hie plagioclaso
to labradorite which has been partially altered to aericite. The

hornblende has been almost completely altered to chlorite.

This dike is considered to bea diabase of pre-Jiajvuc age.
This agrees with the findings of van Bden (et al, 1839) who states that
there were basic intrusions into therocks of the Murchison Rangeoi

botli diabase and Karroo doleritea.

(B) Tho Uetaaoruhif'm

The mineral componition of the ochiota indicates that they were
formed under conditionr of “ow grade oetaaorpliiom. Hie complete lack
of aciphibolen and the minor distribution of epidcte indicates a grade of
regional metamorpnism equivalent to the low temperature portion of the
green schist facien an introduced by zhkola (1921). These rocks could
than have recryntallized at a comparati’oly low teroperatur©, acconpiniod
by a relatively high shearing atreea, which was rooponaible for the
elongation of tii# qnortu grains a.id the dovelopmont of pressure effects

resulting in w'dulating extinction.

In the maall oroa exoained, no ovideuce of contact metamorphism
woo noticed. It would appear that the mine is situated outside the
oureol of contact octamorphinm produced by tho development of tlie

Nelnpruit granite.



(ii) zx DEPOSIT o: T:" rm . ZS.M 4

T-.ia occurence io oitunte; ap; ro::inately 1,4 ailea north ofthe

nai.i jraveloti-c-GeneRcnerve read, on the fam Man awa 470.

Z'r ere occurs in quartz-chlorite schists dipping at =>(° to 65°
to the 3,S.and striking ii. 27°12f which ia a large deviation from the
general strike of the rocks of the Range. Eieae rocks have been classified
r.a belo”iging to t e ito.2 division of the Murchison Range.(van 2den,et al,

133£)

'f.ie ere deposit roved is n aller than tne Letaba deposit.
4 ins to the t,level and a

short winze c¢". reef,

Five i tclir.'d bore.ioles wore drilled in a line parallel to the

strike of the lod.-, but ailed to intersect any ore body.

oik v. the and s eciu*is collected froiu underground a d
nicrosco-.:ic sections repared fron then, there appears tc be very little
difference hotweon the wall rock a.id gan“pie on this property ana that

tsd

in the dec mbort holes ia saaend.at different.
(A) Fotrolopical e.al . o' t.o roc :, .uuiooiatcd witr the ere

Hie wall rock is a qur.rtz-chlorite schist but has a higl er
calcitc ec ten l-ant e w 11 rock frou the Letaba Kino. Bpidcte is n
cosnon access#ry nincral. [/ith an increase in depth the opidotc

co tent increases oo t at ft r vortical doptli of 50C ft. the epidote

i te rock* T epidote is present as
*11!
*03 B*B*
Aa "1l ropecrtio- of ;v in o" c.iinto *rc opuidimc isional in habit,

)

an vary i’ gr in nian ‘ton 0.20 r« .to 0,30 n,n. i*vepidote io

hi r-licf, a strong irefrirn cnco nr-;, ly (* - o») m C.Ot and io
biaxial icgutiv. with a 2l(a - 70°. According to data provided by
Wine .oil (1033) inis in nn opidoto wkic contains 25 nolocular percent

of i Cn" 7e2 Sig vl3.

Quartz in tlx ctxcr nrin co ustituont of t ia rock. It nakoo up
about 1C>by volume a.id occurn as nr.ll grains with an average size
of CC3 r.n, Tn ae grains tend to be olo gated arallol to the sc, iatooity.
Accessory r.inoraln are green chlorite and noricite.

T o rock ioconsidered to bo an epidote - quartzschist and is

illustrated in photograph No.2,



10

In thin particular area there have been intrusiona of
acid igneous dikes. 'Piesc dikes appear to have exorcised a structural
control on tnc or - body. T'wi it is considered that the intrusion of
these uciu dikes occurred prior to the period of coppcr-zine

emplacement,

r. e acid igneous rocks are composed onceitially of rpuirtz and
felspar. Minor tsiir.into of c¢ loriti and garnet are also present. The
quartz grains vivry i1 size from 0,20 a.m. to 0,78 u.c. and have an
average size of 0,-H m.u, Generally the felspar present io an altitc
contain!n, 5" anorthite. It is biaxial positive vit. 2Vi » 79°.
llio grain size varies from C.24 m. i. to 0. K'cim, and the avjruge size

0.50 a.m.

Thin roclt has an allotriamorp ic texture and is considered to

be an aplitc.

In r. thin uvecti i cut from a specimen of wall rock at a vertical
depth of 350 foot close to a major aplite dike, the predominating dark
mineral hombl ndo, and cklor ;% was present in minor auountn.

Erii iotv was still nbun..nt and garnet was also present. Possibly the
aplite dike -os responsible for tk, increase in grade of metaQorphisa
in the izm to Its usios. In another

borehole a similar rod: type rit lout garnet was encountered at a depth

of 290 ft. t. T 1ic roc would belong to the e”iJote-anphibolite facies.

*in, rous basic di us have intruded this area and arc probably

of Ktirroo ng..
(b) T m Liet<tinr :hi;in

T',. roclii of t in ~7rl iloc ahow evidence of having been subjected
to dynamic tnetaoor, hisa. Tl ubiquitouii content of cpidote is regarded
ao being indicative of n lighcr grade of mctmor.''inia, which increases
«/if depth* Tlte ten%errture is regarded as being towards the upper half

chist , but not oiw *

The localized incra oe in m tcoaorphic grade, noted in t»wo bore-
holes al out. 570 feet ajiart on eurfaco, nay be attributed to the intrusion

of the acid igneous rocks in that area.

r.o cuartz shows recrynf lliznt <on nd a wavy extinction due

to the effects o. pressure to which it wae subjected.
(c) Stivetore

Tho strike of the ore body io IL 27° B.which represents a owing

of some 30° to tho norf from the general strike prevailing on tho Hange.
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From the geology of the Murchison Range nlicnm on Map No. 2 it can be
seen that the schists of tho 1Jo. 2 division have beer drawn out to the
north and the hornblende sc! iota of the Itooiwator Igneous Complex
have been drawn out to tiie north-west at a point nort of the deposit.
Farther, tho prosenee o’ nany -uartz veins in the area at-etr to point

to a disturbed zone.

The writer is also of the opinion t at t: e wall rock of this
occurrence in closely related 'ey reason of tho similar mineralogy to
that of tee L tabu hin., in v.ic eerie it nay be correlated with the

older roc r. >f the No. 3 division,

Ta. similarity in the mineral coapositior of the roclui in this
area with taoac of the L taba occurrence suggests that both the
occur, .ce;, are in t *uam p.nor 1 iuixliv: ion of the stratigraphy,
To, My, t - fcr , t roc in t is rr. h long to tho No. 3 aub-
divir, o: . 7! might have resulted *ra rone loc 1 complex structural
m ir of ror of the No, C sub-divisi n huv: b

.. t , No* 8 division roc!: .

?. rEscairviCN OF r.iz crc

(A) UtO: of ! v.ed S .ction Pia .uYticr.

Free aonpl.i of ore were cut, mo.nted ':i bakelito and then ground
down on a gl wm si. tc unin the following grades of abrasive car-
borundum po-dors - 60, 40C id (CC, <c latter being the 'Aloxitcl type.
T . n.'xt at'.,a- woo to smooth the specimen on a falt-covcrod lap,
us inf; n"mouiivoxidt un the jKilis'.ing ago’t. The final polish was

mIn ipast f Mlows [—

k metal 1,p m covered wit nylon suede, and revolved at apnrcxi-
n tely «Cr, .. Cnt i1It were eve.ly opr d jur.l” concentrations
of iiv 'ate cont.ini\; 4 to  micron gr .de of diamond dist. Lubrica-

tion is ef'ectod by adding a few drops of paraffin when re pared during

nld i
f ut when 12:¢ a ecimenin tul:.noff t o 1;p it has a t in oily film
over t. . olu; . surfco. T.especimen mvmt bo . Id fimly nnd should
i Ia to avoid It being oo om 1 Im

The do'/nvmrd pressure must not be excessive, butthe correct amount is
soon found by tiic operator. Ti: time of polishing varies from 5 to 0
minutes. On. impregntition with diamond dust was found tc bo
sufficient to polish about twenty to tv. ity five oyecim: is. On com-
pletion of tliis stage the specimen in washed in acetone to ramove all

traces cf diamond dust adhering to its surface.
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?or i*o next utn”c t ¢ la., v/lrael in covered with nylon ouede,
which in in turn covered with nylon boltin, and prepared with a
1 to £ aicron diaium:. dirt jaata. Pie procedure in identical to that

of t e pr.viaun ata”o.

For i'. inr.! ntare the lap in covered an described in the
occend utavv, but i ,ul| ;ir-d with a Cto ' aicron (_t uo of dinnond
dual mat. . Ifa wry highlypolia.icd n rfaco in dtfired the pc:-iod

ofaoliohi ', ¢ h, increased, ind a leaner preocure exort. do™ the

lap.

Th.ihovv rcc..diuv in v ry juitable for orca with no large
ual lerala. In the eaee of
t .6 copper-zinc ore it van nont auccc-naful and did not produce a high

relief even b. tiv, i t. pyrite *nd th.i chalcopyrite.

r.e ran di. adv it ia t t, if the ore mine, ala aic very soft
or contain unor i.x wuii-na of a a ft uinoral, there io a tendency for
the o.eciu. a to b, c<... pitted due to a 1 eking action, and in the
can. of ainor aoft ccnatituont t oaa ara generally removed nlaoot

e tir. ly.

(3) D* cr. 11. .1 tL t-.i) CE" r md Ziuc Ore

Tu: foil, in, 1io « lint ¢*he ore ninorale recognized  under the

roflocting nicroacorei

2hrly Ju vdr 1 Pvr*t , .iarccoitv, Liter P>Tito, Chalcop.Tite,
Cu’ nit. , Sphal.iritv, Pyxrhot to, Dig* lite, Covollite and

Scluna

Ike proportions of the different niner.lo in the ore wau
dvtcmined by aeom.run; nto raid,, OR u intv.gr .ting atage, and the value

give: in an ovor:..g. of . numb,r of dot .-un,,'ono.
<) 2liriy 1 11

Thi :iin r .1 oft ecu enihodr 1 cryvtala u .owingperfectly
dvw ’,1),d cul.ilt i1 fv’ pyritoll dm were neon.Occnoionnlly
an octahedron far. in dv.wir; ¥d on act5, of thc-fo cubon« Lie to partial
rcplicuaont by lit r nvl: 1 .. the corner<of the cv.beo arc occonionally
rounded. 1! diotribution i-f *>t. is act regular. Itla a major
conntituont id ‘mmcea i. 1 kb, volume cf te oro, 1lociao snaploo of
ore the eithodrnl crjnit. Is nr: arranged in bands and are eoiapou, u cr
newll and 1 . ger cubcen nf nyr'te, the larger cryotalu having usually
been fractured aid later milphi »<4 have* f*lled-in tie erne a. Cioiie
pyrito—ric bands nrv oriented pumllol to tha oc-iiotoaity o* tlie

nurro.aiding rock.
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Dcts/uvn the* pyritv-ricb j.muu t ic pyritc content gredually decrcaoea
'to in illuntrntcd on “otogr . 1i'o* 3. Hie pyrito ,rain uize varioa

fron u,a, to C*07 . Ji< an avenge size of C.35 n.n.

Ur.-or tr.c uicrcaco o the- pyrii. haa a pclo crean-ycllow
colour and in devoid of inclucieas. If niaor pita arc seen, they are
probobly cnviti-n oriri i 11y .-r*r.e: 1 in the cryntaln opened up by

pciinning.

In aev. ral op.cinear t . pyrit. ran weakly aninotroyic. Thin
anonr.leufl aniot “ropina 'vio aloe noted in the c. nlce-pyrite, but the
writer iu of the opinion t at thin nnieotropinn in r.lated to the
p.ilia':;, an f -and by Stenton (fron unpublished paper entitled
"Ani ctro; ion in ?/rito", read rt HI< 591.1 A<'infll General Meeting cf
T Carad; n Inn; tut. uf Hi;: y 1d Met liuv,y, a;r 1 1957),

It T.J found on -iever 1 orcooiona that ere;1.s o..owed miootroplnz:
after pcliohinj; for t’.c f rot tirje and not after a oocond polishing
or vie, v.rea. T.iur in pcrhuna an ir.t. no;di to stage, between n
high nnd a lo pclioh ai which t.i. pyritc and cha.::pyrite arc
niaotrcpic. Tii aniaotronian in not related t< the tccparaturo of

fcroatic-n of t. p«Tito a stated by 3r.ith (104v)
(b) jirrc mit.

Marr it. 1 r nev.t in the ore in nino:* uae.titicO only,
ri t latei pyrite» r
narcrsiti, generally only occurdin the o;l;:.lvritec in the fore of
V1ot of C, 14 3,3.

-nd v ryi;”; in 1-ngtli fr n C.1C .i., to 0.98 n. r.i. narcaoito han
bet-' .artially r,; 1 r.17 by tin sphalerite which huj foraod deep cusps
into the iiarcmiit . P gr inj arc alignad p.mllei to the
schiotositj of tin o IToandin, rocks. Typical narcaoito grains are

illuotr ted in photogr ph No. 4.

St .11 r«rc »1lgraina arc cloo pr<sent ao inclusions inthe later
genoroti n of pyrite. IV.io tyjic of intergrowth in a romon feature of
tho Lotaba ¢  .r-zinc crea. Pie nnrcoaite inclusions hnvo nr apparent
preferred orientation i-id are distributed ut r ndcn in tho pyrito of a
lator ago. T one grains of oarcaoite are anail and irregular in shape
wit a variation in grain nizt frixu C.Cl n.iu. t¢ 0.0 n.u. A nr.rennito

grain in liter pyr:to io shown in photograph No. 5.

r.ie marciujito is distinguished frcti the pyritc by its strong
anisotrcpiou which io fran at.cl blue to a reddioh-brcwm colour.
Generally tiie cvircaaiti io polar in colour t an the surrounding p)Tite

and shows a wool: reflection pleocLrcion fron whits to pclo blue.
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3snc grainy of c.rcrn'tc v/erv cn?y weakly aniootropic anu were then
not rc tily tisti .in od fro i mour.- nding -yrite. Fbeaibly tliia
is c.<~ to the optic orientation of ti:: aarcanito which in ouch a

aecti a any hvo Lee cut n, rigtit a? lea to the optic axia.

Li t .e few j.uitancen  ere or. *c..:.«ite fiia neon to occur in contact
with chalcoyyrite tie latter a arm to ho later and surrounds the
oarcaaite, nltho.~ h 1 a fm? i“itazoea the larcamite enclosed a few

grainy cf e. alee - t;L
(c) Pc* later F ri<e

Pyrite o* a later utie is are.icnt in t o ore art irregular masses
enclosing t.c e.rlior formed sulphides .sue', as euftedral pyrite,
aarcanito and cha.'r rit . 7. £ (I t"at t iu nyrite i: not present
an euhodral cr ita". bi as irrvg lur intergrowtha distirsguis es it
from -r early formed vttr et; . I'ns ..yritc, life the inurcasite sfo’ra
in photograph IJo, 4, Bine tki
sphalerite, lif :cd paral'el to t. p achiatoeity of t .e enclosing

roclca. T -ap: ilerite ::a partially replace- the /rite,

T e late p'Tite doco net. often occur in co-itact with the
cba.copyrite but py..'rally 1 c ¢ <lcopyrite .nclosen the pyrite,
ul seigh ti e revu’np vi-iulno not. Ar exu leof ¢ alc pyrite

partially r -lac R, t &1 ter /r it is shown in photograph .Jo. 6.

A marl -d fv tiu- cf thin later generation of pyrite is its
clc.te as ocintion it 1 ciiirc .site. In t .. association of the
pyrite and t e mere uiitrt r pyr.te iuprueaut i : nr.ch larger cacurte
i - U | - - t Ides i
present in the fom of dioctntinuous gr in.T/ia could possibly be

!

a: original m..rr site yrain ich f s beev :>.rtilly replaced by the

later pyrite.
((2) C.,-1(> ,r; 1

Cinlccpyri <v in 1 e main coy mineral found in the ore. It
is uvsent -n irru, .Inr nasses which ave been dopesitec around tho
curlier fomed ore minerals or g gvo. It constitutes 14# by volume
of the ore.

li in n id 1/ identified beceu of its brass yellow colour and

it scratches easily it asteel ncodl.. It is isotropic, although a

few sections showed wen:uuioctropisu, poauibly a peliohing t feet.

In the ciial-ouyrite mrrcv oriented laths of a mineral somewhat

paler in colour ant. strongly anisotropic, wove seen to be present.



16

T.is the writer aetiuaee to b. cub ute formt'l ex-aolvtion.

Ifttfortunrtely, the laL .d vuxl too anull (tmuunun '-i .» ter lo c¢ than
IC micrr'iiti) to tllav or -ny pc.iltivv ide '-tificnti n eithor by means

of etch tento, Z-rnys or microcher.icr.l teatn.

The chul.'o jyrit rrvu-.oni y occum ch an intimate intererovfth
with apaalorito a n'm; | in nhotogr. No. 7. lhio intergmvtl;
R-.owin, mutual bound rios texture in cc';ia< o to be a result of

aimultiicoufl dcponiti n of i esc two crv minoralo.

Rarely ti.v cluleci yrito occum .+ minute oriented grainy in

a haleritc. Thie ie illu;itr iteci in r.oto.TTi ;lo.

TV.in type of texture in co:is 'iored by oeveral authorities
(Hmdoi.r, IVAC, ~." \ti, 1954) to be indicative of chnlcopyrite
form, d by t;-«.0l tion fnta ( . BrAaleritv tlen, it:? k1CQO) and (ill)

direct ioni.
(-) 5/ i-1-M

T-i* uin”ril in the u jar conetituent of the ore suite nd
i 1 i
ma.-iua siurrc idin, the oarli r form. . minerals, oit. ur r: lacing tVoo

I

ruby r nt r 1l r.. cti nui Wry diotinctivi ant' indicator a fairly
titiCti u to ini jer no it is not x 1% 3 to detect any change in iron

coal -t.

In t. in sect: no of thv -r. the n .rj e'tc can be distinctly
so. ito n WBC t : will rock alon; h. nc iotooity or along minor
cnc/ui n.r "ract-ir i. Ita colour in thin sections in dnr: red to
brewn. "> da/. rri.,aucoulu be aeon in th« sphalerite nurrounding
grains of ryrite m ic .rould have i die t d that the b,or.de had

aboorbed any iron from tin yriti.

1 o 1 < |80(e
lIhio product<m. ;*r.ttvrn cf vL .va> well as marhed nolyaynt'vtic
twin 1T line. No deformation tvxturvo were reve led by I io etching.

A- ex—i)l< of etc" oi. sphtl rite in shown on ot ,;r @i I*1L 9.

Photogr ix Nec. 10 ii:eujtr.tes otnru of sphalerite in chnlcopyrite.
Theuo stars of sphalerite have b<un foued by c:;-n. lution from the
c'alcc .rite. Thiu zinc wr.i poonibly included in the chnlcopyrite
lattice and iz i result of cooling it o.;-oolwd. iccoi-dini; to aimdola-
(iCLiO) the nt«.r-11ihi pf.ttori io typical of sphalerite formed by

ex-solution from chalcojyrite. This type of sphalerite does not occur

frequently.
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(f) Pyrrho<l I

Vyrr otite occurs only us snutll grains usually in the sphalerite
or in contact with ¢ alcopyrite. It was also seen in a few instances

included in the ehalcopyrite.

It has a pale pink to creac colour with a very marked aniwo-
tropiam frori grey to greenish brown. It doom not exliibit inflection
pleochroiom. Hiv grains ure vei’y utaall and are «i>arin(*ly distributed

t.’rough tie ore.
(g) ftilena

In a few polished sections of t e ore there were found to be
prpcert several minute rain*' of an isotropic silvery white uiiicr®*’ vjtr.
a |*mitco hardness of ¢ ro:jimately 3. [ITae /jraino varj' in size from
OOv m.n, to 0,10 tirn. .id the average mi/e is 0,03 cim, Occamionally
the vhite mineral i+ present in the early pyrite end is connected to the
surrounding sphalerite by means of a minute crack. Tne rzhite grains in
t ie apha’erite were generally located near to, or in small cracks
although isolated .iuull ,;rains witii no evidence of cracks leading to

than wore also o:served,

Dy e)nttitaatical ly on loying the etch reagents as deneribed by
Short (1U40) the mineral was identified as galena. In.t due to its small
size no confirmatory test by Beano of X-rays could bo made. An

exam, le of thin mineral is illustrated in plictc*raph Mo. 12.
(h) Dia nit,.

Digenite occurs .s email veins in cracks in c¢: Icopyrite, or ct
tiie contricts of ¢ Icopyrite *ith s.ilvJeritc. Sk .1l runounta occasionally
occur in a halerito winre tao digenite has completely replaced grains

of ch:.lccpjTite or left only nnuill remn&nta of that mineral.

It im pale roy il blue in colour and inotropic. It is only a
minor co, er constituent of the ore, but nevertheless has a fairly even

dietribution. An oxiu.'pli- is s::o n in puot ".[JJi Mo, 11,
(i) Covellite

Tliia mineral im generally present is minor amounts aesoeiutfd
witli digenite which it replaces. In ordinary light it has a darker blie
colour tnn the uigcnite. Its cvnisotropirua is distinctive, froiu a pale
pink to an orange red. It shows a weak reflection pleochroiam from prle

blue to dark blue.
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8. BLUGZI3SIS

From a study of tlio polished Hccticrw, the succession of ore
mineral formation from the earliest to the latest is as follows;
euhedrnl pyrite, aarcaeit-e, late pjTito, chnlcopyritc,

sphalvrito, pyrrhotite, cub nitc, galena, digenitiy and

eovellite.

hii.l sections of tin* mineralized zone:; show that the ore
minerals crystal lized later t':an tiie gejigue silicates ind often
re. laced Uico, To aid the study of ore ami ganguo relation;, polished
t'.in sections aNiut 0.5 D,m. ti.ick were nv.de. Hicao were viewed under
a binocular microscope*. This giv"s a very good tJ;ird dimensional
view of how trruinnureNt ore minerala like sphalerite entered along a
crack or grain boundary of g nguo, and thon by u process of
replacement formed a tmnll concentration of the ore mineral. It
clearly shows how tie ore rcplaceo the gangue miner Is parallel tc the

schiatosity.

The paragenoaiw is illustrated by meanr of the diagram on
page IP. The tiiir.".nese of tho lines ia proportional to the quantity
of ore mineral present and the length repreaente tie period of
mineral formation. A column showing the minerals formed by

ex-solution 1o also included.
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TARAGZVITiiC  CJIRT

Rypojone Sutwrgutu)

(Zx-Molutioo)

Pyrito

ilarc ioite
Pyrrhoti (&

Chalcoj, Titc — Sphalerite
. . * Cubanite
Spimloritr A-e]~Tr';0ti to
Xniitlcoriyrite
Gelenn
Digenitc
Covolliic I.

Pjc* nineraid im lorlined in re.l were forwd by ex-flolution, and

arc ahcwn connected to t oir hontn by arrows,

From tli» above jrfirag«netiv chart it in seen that the euhedral
pjrrito is t’ie firnt aul ide to have bee.: fonaod, and ha< no overlap

in ypr.c of foraition with t ir later sul v:ideo,

Pi<> lator wul ihide.: are present mirroundinf; the eulicdral pyrite
and have partially replaced ikii\ pyrite. Thin hua resulted in the
rouni ing off of ti-c cornnra of tie pyrite cryetala. In youe cases the
p\Titc him hot re lac«4 r.lonp certain cryatallographic directions.
In photogrn ill {in, 13 is i1 ustrated htm both chalcopyrite and to a lesser

extent ap! alerite, have replaced pyrite alon/* the cu!:e face.

An the enlitdial pyrite wan never seen end onin,; any of ti.c otlier
sulp'.iden it la 1> .eluded that there waa no overlap in the period of

formation between tl-o euliedral pjTite and the later nulphides.

P. ¢ marciu)ite snrroundv tie early pyrite and is replaced by the
later pyrite, chalcopyrite and ajhaleritc* Piv funount of marcasite
present in the ore in Wiy amall, and probably is in the order oi 1 or 2
percent by volune. For thin reason It was not possible to determine the
relation between the nuircasite and the chalcopyrite with certainty.

Generally however, the chalcopyrite surrounds anti partially replaces the

raarcanite an in illustrated in photograph No, 14.
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A to, inrttancus ««.-= tboerved ,, .rv the o.rcMite .urrcund, ainor
concentration, of ¢ alconjrite. Tren t'-.i,, obaervotion it i.

concluded that there i. probably a ra.ll ovorla,, in the period of

! ] the i ajority of the

In novem ¢ 1 o poliohod oectionc ejotiintd the only mrcaatte
oroaunt occiu’ au ri nutc inclujiono in the lator rito. Tlhio io
illustrated in i-lioto, v.... In, 5. TVont ainaK inrluaions of oarcaoito

occur only in t*\ liter gonoratior of nyrite,

K.o pyrito of a 1. ter a,o tiurroundti t .0 earlier formed
anlp.i.lt.. IX' to tii. lac o cont.ictc buterei.- t . later pyrito and
t iv c-aicopyrite tii. r ¢ rclati nu i bvti/eer. t ooe t m minerals could
mt be u.1i hl .dv/ii .. iolute cer’ nty. 5Vr*  study of tlic
polish d Hectiono it v ear tint t e ¢ ulccrjTite vno fonaod later
t t mnt. id .. n -ct it i: part. A fcv: inotances wore

obeerved 'or.. L I t.r pyriiv partially replace, tI chalcopyrite.
Fra-J t: tbuv. it id con. idvrvd tt at t. cu ority o the late pyrito
fomed bvfor. th. period of cl- .Icopyrit « formation but uome of the

P~tite form. . ator thi ci Icopyrito r p.ltinf in n nl/iyht overlap in

the pe *iod:mcf dvpooition,

21 ru (13.>.) cowldor# a mineral to ’ave a collofom
texture i it occirti in n erica f :i. vvd anti acai&i e layer convex
te,,ardo t:* younge or free flurface. Arcordiry to Doydcll (if25)
ti.ene curve «irfac 1 are cor idored to be: "m.. Ifcotatioso of
surface te.jilon effeetn in vim jua material, a d are therefore
imlicafive. is
Stqierge.ie pyrite v,y < a °<i(, 1 developed collofom texture,
esp<*cir.lly t-e vnrict termed 'melnikovite-pjTitcl by Sc neiderhB'in
and itandohr (1321). In the later pyrito nc collofom texturea
were observed, hence it in co:e:-ded that t in pyrite was not

transported by the ninetalizi solutionz'a, eolli idal PeS .

P.ie ;,e.-iod of chalcopyrite formation io considered to have
coottonrcd before V * clone o the late pyrite t.ro of minerrlicat: n
hence the nliylit overlap in the period ofdope.niti on of tliooe two
mineraln, Hie ¢ alcopyri*« him replaced <:e euliodrnl pyrite, the

nnreasite .. xI the pyrite of » lati r ape.

Li tlie chalcopyrite stage of ore formation there were

recognized iavo diotinct textural patterns, namely:

1) Surly chalcopyrite folio iny the Isto ’)*Tilo, H.ia

chalcopyrite ahows evidence of r lacotient by the sphalerite
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u the ephelerite,

2) Witt a lovorias of the tmperoture of the ore fominc fluldo
ex-00i: 'ion o. ¢ Icojyritc fron t' e opti'ilcrit too plncw. Pais has
renaltad in te f mation of ninute f*aiac of ¢ alcoyyrite oriented

' | *
1 )

graino are distribute in Uio (ill) or (ICO) directions and are

- - ' 21. - :.ic centre: is not
always ap; iront and em 1l ¢ alcopyrite grai n aro occaoionally
acre or lens evenly distributed Cirough the sphalerite. Pis ez-oolation
of c.uilcop”Tite fron oj. lerite "iau bee- observed by nr.ny invcotiuatoro,
and refore coo to it are :vym rauo in ti.e literature. (2LVards, 1954,

3nnio.".r, 165C, Colecnn, 1967)

P.o dv;v>1: n o. tho ;;lori ve 1. likely tr have occurred over
a ro.L.idi- bit 1 i*t ¢ time, pu t io oulp’it'e ia tho major comjionont
of the ore a.iite -nd com ri io. .l10r- by vohsau o: tic ore. The sphalerite
*sas VL1 y rc ct.vo partially replace:, all tic earlier fomcd
copyrite. In y otogi iph .Ic. 11 is
illu” tir.ter. ,io® t . laterLial rite .to veined t ¢ ¢ .lco:yrite an well

an re;, laced it alon . iw .rr.in be. id.riee,

R.oto-ri h 7 ill tr i u a cutur.l boundary texture between
Oy.ialerite ar«c »co . rit. iich ie tii rcjult of oiriultaneouo

depouiti n of t o tyro ai.v- 1 .

fbotcgr .0, If ilktrit.. .0 o al ritt has er.tcred yyri.to
along thin crac corcctod to theotv ound ..; oyV.lc ite and replaced
t A vritc. The grain of c elcoy/rlte also included in the pjTite was

n-obably form d at the nunc t> ~ =+ tie a, alorite.

A ninnr mo nt of ; occur as minute incliu ionu in the
chulcoyyritc. Son >ftie o meJ] <.t star-shaped and are considered
by Bnodohr (i960) too ty icl of < i'omi d by ex-oolution froc

the dialco ./rite. Anoxili 1-is nliow. 1ip oto,;ratJi Mo. 10.

?r0.2 f»p pnragenetie chart it in seen that the pyrrhotite is
considered as having been formed by ex-oolution from hotn tie c:.alcopyrite
and the sphalerite. Accordin t.i 3dwardo (196*:) it ins been established
experimentally that pyrr otito can for.i by cx-oclution from either
o -halcrite or c¢ '-.Ico; rite. In ei.c. of t.e above cases ti c pyrrhotite
occurs an minute ,Irain varyi "root C.«»ticu, t° C'K :tm#in size and

are surrotuided b either aphale-'i > or v alcopyTxte,
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In aornr . .. . . .
joliohei uecticna t:, pyrrr.otit, wao eoen to occur In

th. *Ph.l.rit. in ...tact with . grcin of clolcopyrita. It i.

that both t:.eo, Oineralo cx”otvod fro. the .?haloriU ,t th. tic.
Ind ,CUU t,U" h‘Ve the *“» t"iperaturo of fomotion. hn ,,m pl, ,f
e Urge nyrr; olito grain In contoot ..th =-.alcopyrite 1. .horn in

o« Me ' 17 1. B A

ex-roiution grain of pyrrl oiite in opi.alerite.

In a few gridno of c alcopyrite t'dn little and minor

concentre ona of cub: lite were ieen to occur. Ilho latl-s we.j
generally orientated parallel to each otlier in on Echelon fashion.
Both the and the aiall “ainn are regarded to be proiucte of

ex-eelution from the c. .ioopyrite.

A sttitei ue.rlier a few grains of galena were found in the
sphalerite, in t‘e euliedril pyrite and on* grain wao obucrved in a grain
of c alcopyrite. In all (lie a ove cases tl. galena wia associated with
crac../. in tiv mi: ra. in .liiich it had fonaod. Purt .ermore no galena
grains were seen which had t ic a.ape or distribution of typical
ex:-solution laacllae. pruu V above it is considered likely that the
galena formed aa a late hj ogene o. Iphid® and not by ex-eolution free

. ' topi N

The digenite occurs ee eitially m ,ng the contacts of the
c’alcopyrite with ot or sul ;idoa where it wao depooited as a aupergene

1

was used an a channel way by the supergene solution*:. It clso occurs
in erachjj tar the ¢ ilcop rite, the crack acting aa a channel in a

niai 1 aam.er, fcr the nltc aticn cf the c alcopyrite.

A ctrraon feature of t e ore in the presence of the digenite
developed at ¢:0 coih-'ct o™ t e c t.Icopyrite ujd n .llerite, eopecially

tt* aa f raed a vein in (he chalcopyrito# Anexample is
illustrated in pi: t-ograph No. 11.
3oue of (hr dige iiti ‘'ui been subsequently replaced by covellite
to forui minor eoncentrcl ona of this mineral vith a routinnta grain size
of apprciim/ttely 0,02 n. i.
In the ore nam-1 n obtained from the Mashawa occurrence there is
more covellite present i n in tlie Letnbr. ore. Tiia increase in covellit

content in attributed to a stronger superpene action aa the ore war

obtained from « depth cf only - 20C feet, which is probably clot* 4v the

level of the water table in the area.
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Apart from greater development of covellitc mentioned above there
do not appear to be any narked differences between the ore found at

the I*tuba copper-.-.inc mine and tlmt obtained from the deposit on the

farm liaa' awa 470.

9. o:ac.i;r OF T.g o0az DEPOSIT

The Letnbn copper a-d zinc deposit is conside. ed to be a hydro-
thermal de. oait, that ia it wan formed by heated ascending solutionc.
These ore fomirv fluids were probably asaoclated with the development
of tie Archeon granite ;0l1d ,pr nite) which eovern u large ;jart of the
iirrc :son !tniige area. TMH ,,ranit is ccna .dereu to be similar to the
Nele. ruit granite w :c. in regardid by Visser (et el, 1056) to have

been formed is a product of graaltizatlon.

IXir:ng tl e folding of the rocks of the Murchison Range shear
zones were developed and these zones f en acted oa channel ways for the

hydrothermal solutions.

Tie deposit was formed esne itially by the replacement of the
country rock by the ore minerals. The microscopic evidence indicates
that certain minerals present in the ore suite have preferentially
replaced a specific constituent of the country rock. In some hund
specimens of the ore it wea see i that there were pyritc-rich bunds
oriented par llel to th ic ittodity of tie surrounding rock.

Between the pyritc-rich bands the pyrite content gradually decrcuaec
os is illustrated in ji otograph Ik. 3. lhct,c buds have pro.ably been
formed as a r null of the pyrite having prefer, tially r.pl red oomo
constituent of tie country rock which was prencat originally ao bands.
I>.is mineral which the p>Tit-. replaced aupeam to be mainly quartz
although it is not limited to quartz only ao it van seen replacing
chlorite aa well. It would a; pour that t ia quartz vae originally

present in t> country rock <e+* vaa not formed by the hydrothermal

solut .rnn.

Ibe n/ire uiite occuru nu discontinuous elongated grains but
unfortunately no gangue mineral occurs in contact With the marcanite
and trur. it is not peeaible to determine whether the marcasite formed

by replacement of carlier pyrite or partly by replacement of gangue

minerals.
foruntion of th. pyrite of toe later ago .a. reooonoibl. for
: he sonsible for
tlie rep The formation of the pyrite of the later age was respo

these two mlacament of most of the marcesite. Te relationship between
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which revealed the relatiem hlp with certainty, aoeovcr on
illustrated in ?heto,,ruph He. 6 the em.ll inclueicn. ef m rceite have
irresuler »ar,ine with a textural pattern eugcecting replacement by

the later pyrite. ifcne of the marcaeite grains eh,-.,, any eigne of

having optical continuity.

Iki«r«or (1034) points out that marcaaite end pyrite do not fora
a dioorphoun pair but are chemically distinct compounds. Proc the
foregoing it 1is concluded that the small liircoaite incluoions in the
pyrite could not ir.ve formed by “x-oolution. Although oarensite and
pyrite have the anno cl-.onical formula, namely FeSO the amount of iron
{mroaent in t..e marcaaite in olightly higher and the sulphur content
.onewhat lover tiian in the pyrite. From this fact juerger (1934)
deduced that the aaroaoite form at a low temperature in an acid

enviroment.

If the above views arc applicable here it would mean that after
t o period of pjTite deposition the marcaaite was formed during a
phase of f 1lin” tenper turv in the ore solutions and cl anging chenical
condition, from alkaline to acid. For the introduction of the later
P/rite the .invironrx-nt became once again alkaline in character. Though
those changes nay have only been very slight the nature of the conditions
producing such c! rgea in ruther cocplox. Furtier in this ore body a
gradual djcrooso m’ too eraturv woo responsible for the order of

deponition of the ' dividual ore minerals of the ore suite.

On the other hand in Dana's Textbook of Mineralogy (1937) it is
tatod that onremite is a far less »table compound than pyrite, and
that marcaaite c¢.n be forn* d under comparatively limited conditions at
a temperature below 45C°C. T.e hi her the temperature of deposition
the more rid the solution mint be, but at ordi.ary temperatures,

core .sito nay b< deposited from nearly neutral solutions.

From t o above data it is possible that the marcaaite, being a
fairly unstable M<nerat tater inverted rv inly to pjnito, but in some
portions of the ore lod< tiiin process of inversion was not complete and
re.inants of onrconitt remained in the pyrite. A study of t* <u® marcaeite
rmnni nta nbowed t it (lie pyrite often appears to bo replacing tie
marcaaite an is illustrated in photograph No.5 . Ibo imtov docs not
consider this to bo a true replacement texture but prefers to tern it

a pseudo-replacement texture resulting from the incv plete inversion

of ciarorjjitc to pyrite.
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td.vinst;0 «™ dopoaited in » ,e,t,U onviro”nt

it in coneidcrnd “nibic that only ,,ucht vnriati.an in thn p., valnn
the oinoralinin, -lutinnn rendered the unreanite unntubla ,,d re.cited
in itn inversion to pyrite. A, there ore cert-in portion c, the ore
.boro =arct.it, in prcnent .itn no inter pyrite it appear, that the
ebanges in pi: value occurr.d only in niaall localized ocotion of the
ore lode, r-.i0 would o.rpl .in the proocnoo el dioc ntinuom *',"

Inter pyrite with ninor a reunite inclunione in co.-tain nectiono of the
ore lod, md ui ill yfuru cot: on d entirely of uarc .aite in othor
aeetiono. Pic latter t/pt c'”raiu in not oncountarud ir the ore no
frequ. :(ly mor. tuc forotr. It i:. concludud that the formtion of mareaaite
and itfl aubavqu. nt im'»mion to pyrite wxs probably controlled locally
i\ tilt on- lode 'ey alight vuriatioiie in tlio p.: v.lua of the aincraliziaj

fluido.

Ur.rcanite i. nowti *o fom uitv couuonly by the uupcrgeao
liter uion of pyvr.iolile but tiie mrcnuito prcuu t in thio ore unite io

ilIf6 it do 8 not occur ill v .'rtletu.

Mone of th. poliuhcd oectionr exauiaed showed any evidence
suggestin, ¢ it t iu.rc 3it. forced aa a r placcnvnt of pyrrhotite.
liarc .'it. aid nyn oti, wor. mt obo. «Wi in cont .ct with each other
ant tlicrv in no ev d. ic @.tir « tic c::iotence of any relationship

between ti eoe tvo r.inoraln in t in ore.

Before tl-e clcuv of t period of later pyrite formticn tlierc
*an m introduction of co- r into tin mnvrilizing solution. Thio

rosultod in the i'omiti a of chalcopyrito.

P . dev. lopacnt of c: ilcop/ri u mwa fairly tridec. read for it
partially r ;lat d t 1! : wvritv, t e aarcaoite and the later pyrite.
In cdditicn ti.ei\ 1 vid < of t t'alcopyrite replacing the oilicr.te
minerals of the country rock, rud ,oue. auing at tho ocne tino the

foliated toxtur of i roc

To nr...i tho latx oV >o0 of tiio copper cinor ilizntion period
the eta”e of sphalerite formation cotnoaced. Pie sphalerite a.por.ro
to bv tha ciont t/id. i ru - .uinor .1 introduced in tho or.; body. JVou a
atudy of tho thin ooctionci it in neon that tho zincblendo r<pk.cod
mainly the noftov coruitituontn of the wall rock like chloriU and
aeriejto. It. h.a ilno >.rti ;lly r placed 'no varlicr fomud oulphidcn
an lllustr L . in photo”ra*ihn Non. 4 and 11, Tha caalcopyrite io t.ie
oulphidc which h.ui boon replaced to a larger extent by tv.c sphalerite
than any of tiic other oulphideo. T.o c ilcopyritc a/ioneo are tra:ioected

by sphalerite veins and nave hod deep cusps and indentations made into
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then by thit sin.m 1. M, Ula>tr#ta4 lc ~.t.grcph

A“ eMnln,'tira “f thc thin ¢« « « « tdc ore ohowedthat the
colcitr of the 0- alorite docs :.ot vary appreciably fro, a dark orar"o-

r<»d in th, different sections of the ere body. 2™ hcrc too
epbalerlie ourroundu ire.,-rich minerals like pyrite and mrcaoitc
I
erbed 1,,

thiu it ioinfcrrvd Lint gi icrnlly th< iron ocutunt of the eii.lc t

dovfl not v ry rr ci ly.

A< ~ ° Pyrrhotitv srnina do not oriiibit a.iy typical r “laceaont
,wl rit or the < loop)rit i
b‘-or- tu. tv-i"i ul.Li Piirtlior no p>Trhotitv occurs sc vziza
Tree, i..v . 1;.. of ti, -r.iiu), Jid in v i o f tiic forogoing it io

co.icla .cd -Hmil K jijtt  Lit>.orv.vd by v :~3olvtion frocz eithtr the

¢ Icotyritv r tiu l..ritv, A tyvic 1 ox-oclution Isnv.ll
U
forriti . o ;; lotit, by . .oluti ¢ frou it or c ilcop”Tlte or
trh 1.ritc,
Thi aJill ori it,d 1.1 1 .. f cubunite urc regarded 'jj

ti-oi.'lotion irouuct fi<a t ¢ .lcopjTite,

L. thv chr.lco,-;/ritv ther ocriir occ%ai(.v.lly uinuto ctcr-chaped
1 ;11. illustrated . 1IC. B
arc co.biid r d to be (,y-col tion products of - lento frra cLilcopyrite

by Rtuadclar (1" ).

Hi« .1 1 orient grai.v ¢*¢ Icopyrito occurin," in the
epl.aleritc %< » own in jxio<ograph . 8,were frincd byex-aolution
of ebaleo: jTitc fruta H .nlorito.

i 3

general I, A it an; t< rtuiul relntion-' vdi < uphi.lerite i iicative
of ex-<iolution /os.ctm. Generally t ie ftruiivi are sivtuiar und occ ur
in or adjacent Ui oruc « t ruii*h the mhalcrite which acted an channel
ways for [to luto: It.d-bearing lolutiono. In one pclis'ted arction
tv/o flaall Tains of gal* na were H%en in a ea.odral j.jTite crystal,

ont in tiie centre of t e pyrito iuid the other in the Bar.;inal part
close to the surroundin,, a;.ialerite. A grain o gale m was also found
in « J*rain of cualoopyrite. Prom those facta it is inferred that tie
r;ale:ia did not form by ex-solution frou the sphalerite since it does

not occur exclusively in that mineral. K as probacly intioduced by



hydrothenar-1 solutions toward, th. latter oUce, of the ore fomation
period.

Tho mlnu u.ay plan, that tl:o oro from the Lotaba oojpor-
zinc nine contain* an average of 3.59 dwta. of ailver per ton. No
silver mineraln were identified in tiie poliahed eeotioae. Rere is a
poaaibilUy V' ¢ i: the silver mineral vadi present an timall grain.,,
lows i an 0.01 zi.n. m aizo, tltvy wore plucked out during te polishing
procts > jiowovtr tliia in only comiider , to be a r mote poaaibility

in view of the fuel t';at aom gr.L na wug found in the ore.

nlwards (I'M) ntat B t ut gal na ia capable of seme degree of
solid solution ’it), a variety of ailwr nincrala at high temp.rature.i,
but at normal tmu; vrat:a-.a it can accoBcodatc not more than UIGJt of
« Ivor in ito otruetur< . Ai-. iti roua galena containing leac then
0.10;', of silver tonda to be houogeneoua but galena witl: silver in

cxcens of this anon ,t invariably contains included silver nincrala.

(Kia: to fi.o anall aizo of t!, gal, v. jri;inn it wao not p”~Hsible
to determine either by atwining t&.;ts,chuoical analysis or X-ray
diffraction Wl t or tin gr.lt cont-.itas any silver ainerala or not.

It ia comudort ver>' 11 :wly ho over, that the galena present in the
ore id in fact ar*..'tt roua ..nuaa such ie considered to bothe source

of th. silver rvcover. ./ frocithe ore.

A a, ctrographic analysis of the sphalerite indicates tht
proaonce of silver aa a trar elm nt only, h. tco the silver present
is ; iil rale
An stated previot®ly t.v dig.mite and too covelliie wore forced
entirely by at . < . action. 7 is inti ogn th of dig<nite with covellite
doua not ap ear to havi ioen fora, d by uriaixtng. According to
iic kinatr>' (It .) t ioae ninercla probably cryi tallizod below 30 C.

and an thun not of hypogone origin.

10. rj,JUUTLRZ or fcicatio.:

Tie nature of Lie ore ainerala prosant suggests that
mineralization occurred under condi tionu of intermediate to hij.h
taaporatiire, tlat ia the dopooit i not a dibti ctly higl temperature
or a low temperature ty; e. A> atteupt has been ta/;de to detcminc noro
definitely the temperature exiatin,: at the timr of mineralization

from the evidence of ex-aelution featured which have been observed in

some of t ¢ ore mineralu.
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oin“rulD und ox-oolutioi
oluticn occuro have boon

I'e Ll tiC ROC of

uiif: case denote the ranjo

Jout
Cialcopyrito —_ Cubanite
Py 450°C.
Sphalerite —» Ctialeo; yrito 350°  400°C
Chalcopyrite - Sphalerite 550°C
Sphalerite Pyl‘l‘hOtitC 13C° - 894°C
Clialcoi>yrito * P>Triiotite 800°C.
Ai*.uciin™ t iiit the a I>vt data im applicable te the copper—zinc
01. j invontigat< d in t j;in t eoio, t-e p” rriotit. ;r»oent in the
c.lalcopyrit. ex-. Iv 1 froo it it a ts.ip. rnt.ur below the aaj.ioua of

>C C. 1. lyrrnotit« for\ by t.'ol tion froo the apialertte nay
lower i .o f o
a. ctiorui t .t t ATia.otitv and the r .alcopyrite occurred near to
or in contact i . e-c. ot.iier in th. u; .lerit, . If this chalccryrito
fomr-u ui c.i O <ol 'tion product it it inferred t: at t'-ic pyrrhotitc in
co.:.t ct wit t ¢ alcoyyritt p.ob .1 solved froci t'.v ophalerite
at a inilax t nperoturc- iui the c i.lco, rit. . ?Van the- table listed
abevo it ia noun that tar c .leopyr tt ¢ n only muix frou the
il. -it. at . f.ti r tor r A I % betvoi. 35C‘ and 400°C. Heice this
in probably th. I aper tur it hich the pyrrhotitc e:;-*olved frm the

sphalerite.

I*e uninll sphalerite stars ex-iolved fnm Lie cialcopyrito can
fom at any t -ipercture below 550 C. In view of the general ainjralo”y
thin ie not co iidered to be a big' temperature deposit. Rn*ther from
the diaouenion in the prrvioiui paragraph it i.i possible that tuio

sphalerite formed at a tomperntart* well belo 560 C.

I>€ cubani e lat’ui ir the chnlcopyrite cannot bo «a loyed an
a temperature indicator. It cun .nly be d»finitely staied that tney

forood bolo.T n temperature cf 450 C.

ITie work of Kullerud (1953) and Coleuan (1007) hun o’.ewn
conclusively that the iron content of a-hulerite in related to itn
temperature of foituition md further that the size of t.ie unit coll
in a function of the iron content. TMs latter relation ic akown on

the gxajti in fig. No. 2. These relations fire only applicable if the
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zincblende fom. 1 i< »n env “onacnt waere un oxccna of 7eS prevailed.
A at*ted previously t.ere are iresoat in the Uurc ioon coprer-zinc orea
cinor concentration of pynvotite in the sphalerite which indicates
that t .ere was an excoon of ?eS present in the sphalerite during its

period of deposition ..id hence the above relations are applicable.

Tho op: alerite uni! cell woo moanarod by zoi'on3 of un X?-ny
diffractometer Win,; cobalt radiation. r.:0 presence of LinS in the
cineral hv'/ever affects tic neoaurcaente, necosoitating corrections to
obtain the true 1: . of the mil cell. In the aphclerito from the
Letabn cop, vr-zinc mine, there is irescnt - If IJS. fly omployinj the
gruri in fi%. 1 tu rosuiti* -.ere adjusted accordingly and it weu found
that the li-ngi of t unit cell is fnom 5,416 - 5.417 1. From the
graph illustrate’ in fi . 2 compiled by Coleman (1957) a temperature
of form tion for th. n t<:*iti rnn*iti* from 460' to 520°C in

indicated.

Ybe presence of truce elements in sphalerites huu also been used
for indicating the t iraturo of formation of the sphalerites. Some
workers mention that t: » nature of tlic trace elements present varies
vith the tduporntur . 71 Sialzy (et 1, 1957) found that in sphalerites
formed ar a relatively igh tc:r rature In, L , and 3n were the noet
coaaon trace element*;, * tint Go, aid 3b were associated .ith

sphaleritos forced at n cuilium tc low temperature.

Hantv :vi and Sttliana (19*%19) state tf at as a general rule
i*drothermal aphalcritoa formed at ugh taaperetures contain cobalt as
well as much iron and manganese; gallium and indiim fa%du* sphalerites

fomk*d at intern*6late temperatures.

Other inv . tigators however ha/:* mentioned that there ia no direct
relation bctwe n the t erature of formation of the sphalerite and the
nature of t:.o tn ce Lmvnt proocit. Fryklund and Flotcaor (1956) folu<l
that the tnco element distribution in sphalerites from the Cocur
<Ulno district was random and that the presence of Cd, On, Gv, Mg, In

and (b were in no way related to the tmpercturv of fomit.ion of the

sphalerite.
A 0.-x,ctro,ra. 1. of th. .phnlerit. IN. the aorovioon
oron lodic'-ten fie rro.o.co « trace oicmouts of Vh %. S>. °¢ an4

In. Me would indicate a modi™ to high temperature of fonoatlon.

PV™™ Tho t*roturoo of formation of the different ore cinero.o
preoent, oe given by vuriou. -orhoro and deooriecd above, it would ap.eur
that there are certain contradiction, between tl,o temperature o

fomi tion and th. ago rclr.tioao of the mineral, .o detemined ode too

micron cope.
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™ LI BVuvl® ¢1— wmoioritc has fonncd later

ton the mreneito-pyrit, in te rs . Yet the temperature ef fometten
of the ephalerite *1 determined by u menourement of ito unit cell i,
approximately 47C',C. Unreunite in eonaiderod to be unotobl. at tin,
tdrperotur and in thought to hare boon dopoeitod at a loeer tenporuturo
under more or leea neutral eonditiona. Wit, an increoae in alkalinity

the mureaaite my have i.iverled to pyrite at a tmpornturc between
300* and 400°C.

Pi*‘ gt acral fcaturcn of the orv dupyuit indicate that it ie a
h>-drotherm! 1 copper-einc do”mit. Duo to the lack of typical high

temperature minor, le in the orv muito tho deposit could not have foraed

at a high temptraturo.

Gen, rally t is type of deposit hna been claaaified by Lindgren
(1913) ay a .maesvt nniil de; csit for which he quotes e temperature range

of 173° to 300°C.

Ae the euhvdrel pyrite ia earlier in age than the sphalerite
it ntwt he presumed th, t it was introduced at the aune temperature as
the sphalerite, or at a higher tecij'vrnture. Hiia would imply that the
ecarliest part of t.¢ <ulpude mineralization took place at a temperatura
appreciably abow the aesothe tv, I r-tnge which is considered to be

unlikely.

Yrum the foregoing it sjponrn that t’e temperature of formation
of the sph.lerite as determined by ueoua of tlie unit cell measurement
is too high. ?ris.i tio graph in fig. 2, it is evident that a small
variation in the t ird decinu.l place of the unit cell dimension
results in an a rcciablo difference in the temperature of formation.
It is possible that the experiments carried out on the sphalerite
suffered from the lac of ideal e uipsent for measuring the unit cell

"ith ti.e desired accuracy required for this purpose.

In view of the above it is concluded by reason of the general
mineralogy of tne ore IuM! the known temperatures of certain ex-solution
phenomena, that t e temperature of formation was probably in the range
of 330° to 400°C. Tiin temperature is soowrhat higher Lian the upper
limit given by Lindgron (lOlv) for his mesothemwil type of deposit.
Hotevs:- the writer feels that It is not possible to classify a type of
deposit by virtue of its temperature of fomntion cnly. From the

gcnornl confliderntifiiu, of to minor.l.¥y »f or. minor.l. thl. dcpo.it

is classifivd an a mvsothenaal typo.
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11. PJI"TATIQW Afrm DEPOSITION

In tac or, minornle present in the suite, certain minerals by
region of thoir phy-sicul or optical properties would show if there had

been any appreciable amount of deformation of the ore deposit subsequent

to its formation.

Hi,1 euhedral pyrite is almost entirely unfractured, and is
breccintvd to only a minor degree in one or two instances. This would

suggest very local minor movement along small post-ore faults.

Ib-' sphalerite after etching with KinO, + H,,SO. shows twin
lamellae and grain boundaries as illustrated in photograph No. 9, but

the t in 1-m Hue ahow no building or deformation due to stress as

illu., trr.t kI ly R/uadohi (1950).

[H-rriioti te, altliough a very’ brittle minora., shows no marked

fracturing.

Frm the features mentioned above it is evident that there was
no post depnsitionnl defoliation in the coppcr-zinc deposits of the
liurc.".ison It.age. T*us it is concluded that the major folding of the
Murchison It ng* rocks occurred before the period of mineral deposition

and not after.
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PART II: TIE MONKRC: CIlitUUAR DZPOSIT
1. irmDDJCTICN

Ih(> Monarch Cinnabar Mino is situated in the Murchison Range,
some 0.4 miles wist of Graw lotto and approximately 0.3 miles north
of the Qrnvolotte-Gcae Reserve natiomil road. Its position ia shown
on Map No. 2. Tu* deposit was discovered bj- Mr. H.A. Rarington
in 1938, although Wilson—Moore (1B96) mentioned tlie presence of mer-
cury in the Murchison Range in a paper read to the Geological Society
in 1396. As a res It of a shortage of mercury during tho second
world war the Mine was worked for a limited teriod. The deposit could
only be mined economically for tnin period due to tlie high price of
mercury prevail! ig at that time. At present the World's main

producers arc Italy, Spain and Mexico.

2. azsili OF TZ MLC TalOGY

At the Monarch Cinnabar Mine two ore lodes were mined; the one
to the ?ont, outcrops on t':e nertii flank of Monarch Kop; the one to the
east, outcrops on ti e sout. flonh o' .larington Kop. The lower ndx»
at Monarch wop hay nc elevation of 1003 ft. above mean sea level, and
the adit at :iann,;ton Kop has an elevation of 1804 ft. ajm.s.l., that
is, it is fo ir feet lower. The two hills are separated by a saddle

and fora part of the ridge known as tlie Free State Kopjes.

The einnaber-rieh lodea occur in carbonote-riih rocks nort.i of
the Ajitioony finr .nd soutl of ti e Chloritoid 3ar (van Hie , *1 ANAA
and are illufltreted on Map No. 3. Qunrtz-stibnite veins with no
cinnabar “oocinted wit." them are present a few hundred feet to the
south of the Antimony Bar, at n point opposite the cinnabar ore lodes.
Simil r veins are also present north of the ore lode situr-ted on the

oastem slope of .arington Kop (Wilson, 194ft).

n, ore body at littrington Kop too « etrike length on surface of
oliO ft., on .Venice vidth of 0.76 ft. end contain, appro,utatoly 0.15"
of aercury, B-o .trike of th. ore body 1. N.70“ K. and tho dip io to

tlie north nt angle, varying between 10 id I wvertic

According to rfileon (1646) the prenonoe of an anticlinal drngfold
in the Antimony 3ar at .yirIlnfton Kop, »ith an axle dipping norla a
60 ta .16° and pitohing enet at about 60°, ha. Woubtodlycontrol”®, the

deposition of the mercury oren in the Barington Kop ore
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n.. Umvrch Hop mineralization nt tin, outcrop, conoi.t. of ¢ tone
of l.noe, wit;, on nvoroge width of nine feet end n mercury content of
0,30fr. In geucrnl I :e cerbonnte-rich ochiot present at llonirch Kop is
more compcct end more oilicified then the rock ot Zlnrinjton Kop.

Kil.on (1948) stolen that there in little drng-folding about a vertical
axis, and connidcrs it possible that dragfolds about nearJiorizontal

ftjccs may account for thu prone 'ce of the ore body.
(A) Bzxrolo&ic:l foaturon of the rock appointed with the ore

nu' wall roc!', Qjooointed with the cinnabar ore ia a rock with u
big!) cart oiv.te content. It is ccaponed esHontially of carbonate and

lunrtz in the approxiaate r tio of three to one, and minor 'xiounts of

chlorite,

Hie carbonate h"r n rofr .ctivo indexw » 1.712 (- 0,002), It
ia conaidered to he an ankerite with a coraponition intermediate between
magneniodolonitv and ferroriol onite. P-ia ankerite is present as large

irregular muuiea which appear to have replaced HOGC of the quartz.

In some thin oectiont; it wan seen that the anlcerite bad a
tendency to be elongated jwr-11el to the achistooity of the rock, but

this is not a rcli-oarktd feature,

lhe cuartz occuro in the roc . as irregular grains, which vary in
size from C.01 n.n. to C.25 am. IVie distribution is fairly regular but
the size of the >x inr va.ri.ai considerably between the above mentioned
t o limits. Generally, til. grains hnvo be n recrjajtallized during the
procouo of metxwrpi.i n. it quartz v ins of a later period appear to

be present in th. e roclm.

T.tc chlont 1is thv colourless variety idiich is not pleochroic
and ha« a low hit fring,nee. It oerurn generally a« lamellae inter-
calated b tween the other constitu nts. Iheoe 1no, line vary in v.idth

fr<*i 0.0( m.n, to 0.2C m.o. and are oriented parallel to the schistoaity

of the rock.

The rocks of thin area have probably been subjected to considerable
ntrcsH, as botit tlie quartz and tlto chlorite cx.iibit a narked wavy

or undulating extinction.

In one polio: vd auction examined there wore found grains of
hcuatite which were ponitively identified by mem of A-r.q diffr.c
Tlioho grains vary in size from 0.04 mm, to 1,1* ’'u« 1,1 *nw Il
size of 0.12 ci,n. [Viio hematite io considered to have formed prior to
the period of hydrothermal mineralization in the Muriaiaon

io likely to have forced during the regional metanorphisn of the rocks
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of the iiurc loon Barge, ao in the area t.iere tire prcocnt many banded
ironstones which could have been the source of theiron required
for the formation of the Jumntitc. It in only present aaan

accenoory nutl is illustrated in photograph ho. 1.
(3) mtauorrhirr. * Origin o: t! a Carbonate

TK high carbonate content and the absence of any cpidotc,
line silicates or amphibo. .» in tills schist, indicates that it was
probably foraod under t nditionn of lew grade netamorpliion. This grade
of nctnnor;«hisn iu considered to b* the equivalent of the green sc ist

facies, no described by Bakela (1921).

k general fe turo of this ~ do of motaaorphiaw io that the
sediments tend to lose both water and carbon dioxide. Zither tiieoa
constituents find an easy egreao to the atmosphere and are thus loet
from the rock, or they are retained in the rock where their partial

vapour pr. fi.turv ill incroaso during the netaaorphisB.

According to Bajth (1952), field obuervations indicate that
circulating carbo”.te-bearing solutions are ilnoot always present in
tliis " 0 of rc-*i:. T is nearly always resultc in the formation of
calcite or dolomite in 1lin -rich rocks. Free the equilib.'ixa diagrun,
see fig. 3, it is seen that no lime-rich silicates are stable in tee
C corner of the diagram. Hence, in this facies a liue-ric rock boa
to develops either calcite or dolomite or else the rock has to change

its composition.

Bart (1952) statea "The carbonate.’, refore, grow together
wit. the silicates aa 'aupenasaerary' phaes , ac amount of which is
determined by th< carbonate content of t -ock-taaldng solutions".

Prro the foregoing discussion it in tiius considered that these
carbonate-rich rockn tero not originally quartr-chlorite schists which
had been car. oimtized, but were probably rocks foraod at a low taanera-
ture by the ptocean of metamorphism in an environment in which a Urge
amount of lime wan present. Biis lime could have been present in the

original sediment, or was produced during the process of metamorphism.

From Map No. 2 it is seen that carbonate rocks occur frequently
in the Murchison Hangs, and according to van Zden (T939)i t ’tre uro in
fact very few rocks in this area which are free from carbonate. He

found that the carbouat.-rich rocks often grade into rocks with little

or no carbonate. Van 3ien (1939) coneidero that the bulk of the

carboaite rockn represent altered basic lavas, although a certain portion

is undoubtedly of sedimentary origin.
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He divided the carbonate rocks into two clannen aa follow#
(1) the carbonate ofriia<jnatic origin, aaaociatjd with nearly
all the reefn of the nchistbelt, and,
(2) carbonatv roclta derived from baaic intruniveo and

effuaive roc! , and from aodimento.

With regard to formation of the carbonate acliatu nsoociated
withthe cinnabar depoaita, the writer agreeo with the views expressed
bBert!.(1962), that is,[lUvHV ne .inin were formed un'.r low grade
oetamorphic conditions by the metmorphism of a sediment conaiating of
uax'tz, magnesium carbonate and argillaceous material. Hiia roaulted
in the rccryot.illization of both the carbonate and the ou/irtz and the

foroati n of chlorite from tic nluninous conatituento.
3. 1CT 03 OF KLiSAD SeETI"W F.CTitUTION

Af cennabar subHue? a* .pproxioatcly 500 C. it can only be
mounted in a material % ch naa a low melting point. Hie method
employe . waa as follows*-  The ore specimen waa placed in a metal
mould, whose outside dimensions arc equal to a normal bokelite polished
oection ' >quette. A octal poascosing a low melting point waa poured
into i-c nmaid a*id t is then secured .he specimen in the deaired

position.

Ix .s found that the cinn-xbar ore dooo not polish readily.
Bnployiug the diamond dust powder in tht same manner as described on
page 11, waa found to be very ww tiafactory, as the apccincn retained

1 larg mnb. of per tehee on its polish, d surface.

k roan02 blc polish was eventually obtained by employing a Qraton
Vanderwilt polishing machine, m'-Jiufr.ctur -d by the kaco Irutnxnont
Company. This t..c’ inc enployn a olowly revolving lead lap which docs
not have a strong plucking action on the softer constituents. Hua

plucking action is nor. mar’tod when using a clotcovered lap revolving

at a high speed.

4. DabCIUPTION OF TOE KPGR~" IN
Hip following ore minerals were recognized isidc. refl ng
microscope™-

Pyrite, corynite, totrahodrito, chalcopyritc, mne-al

b

w , h n r diuronito, ana covollite.



(G) PvTit

Hk pyritc was the first sulphide to luivo formed. It is present
in minor anounto evenly distributed throughout the or- . The grnirw '/nry
in size from minute u’vehs to hOC .n.u., ind are generally cubic in
outline. The grains have straight crystal boundaries which have not boon
replaced by the late sulphides, and t... corners have not been rounded.
It has a pale yellow coloiur and io inotropic. The pyrite is almost
devoid of inclusions, except where cit;labnr has entered a grain along a
cracit and then partially replaced ocmt of the pyrite to form a cinnabar
concentration. So:x* . inut spechs of pyrite occur as minute e'.:ee trations

in the hcr.itite w ich the pyrit* in partially replacing.
(b) Consntyv

Cor *:ite 0l found soociated wit! ar*y of til-- other nulphides,
and its cccurr c¢ in li:r at- d to thv prcocnce of isolated grains in
contact with t\ givxgue minerals. The graino w ich are equidimensional
are nor or lona rounded in u! pe and have an aver go size of C.Ol n.n.
It onl occurs 1 v-ry lor -ounts with a colour paler t san jyrite,

i « '.rarti ;.
(c) T.trahedriti
It- . t*>trahvdrite is present as fairly large irregular naeses, as

1 ul ’ Xv ' 1
smaller grains usually occur as isolated individuals in the gangue,
whereas larger masses rr- generally associated wit!, the cinnabar and

rimr f rm<d ulj lid##. A# tetr#bedrit< ha# a

I .U-cre-m-to-w iU colour; a Talmge hardness of approximately C to D
and io inotropic. Tx colour of this ictrohodrito is paler than normal

may perhaps be attributed to t o presence of a minor amount of

mercury.
(d) Cv Ico-vTil-

The chalcopyritc occurs only in association with th* minor-.1 X
It .r ,are t. b. r,p 1~ by both tbo nlo.r.1 .1 =md the einn.b.r, - .il-t
the chhlcopyrttc loo rcplocoo the tinof.1 Z in port. «» '-ntur'l
rvl.tion.hip b-toeun tho- thro, ninornln i. iUu»tr»tod in
«... 3 .nd 3a. 9» oh.loopyrito a?po-u-o to bo iootropio. ban » palo

bran, colour, and ,mo otninod by 3" oilvor ultrato nolution, * 1=1

distinguished it Ircvi geld.
(o) iiitu-r .1

In the ciiviabar th.ro ocosionally occur, a ti»

intorgl rvth with the cinnabar of a darlt grey soft, inotropi
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Thia miner;".! occurs onl* in the cinnabar and only as a graphic
intercrnvth. Tic rin r 1 io not evenly distributed, but ci-or
concentration# JO found loc lly in th. cinnabar. Die mineral appears
to bo negative to 11 t';v reagents Hated by Short (194C) and the
nraiJia nr too tall t. allow for positive idv itific .tion by either
X-rays or chajic 1 analysis. Wilson (1945) asuuned t:io nineril to
bo a cotacinnabar Inown as guadalcazarite which contains up to of
zinc. Becauno cf tht clos. association '%ith cinnabar and this uineral

this aunir.ptivh r y be correct.

iv  microscopic avidence indie.-tet that the cinnabar has

to togr .3

or vis. i mod  vut<ctic i:it«rgrc«-th with it.
(f) Siibait.

Stibnit occurs very locally in t;.. or. body -a a minor
I 0.0 e*
to 0.07 c.c. -nd .x nor-, or L ;<circular in shape. The grains occur

I . 2.

stibnitv is whitv in colour raid exhibits a higher rolief a’d
a nore oarid reflectivity than t . cinnabar. It is strongly
anisotropic free white t dark brown, but shows no refl.ction
pleoehroiet:. Li one instance, two grains of stibn tc were fcundin a
grain of hyalite. It V.d partially replaced the heoatite along athin

crack t fern a s .all sulpiidi concentration.

(R) Cinnabar

Ciar. "bar in the uost prolific of the ore ninerale in iAi*
deposit. Acccrdi® to Wilson (iOtS) thu assays vary free 1 to 0* el
Di.-cury, accordi ig to the ooount of unreplaced carbonate present.

It is present either « irregular rvxsses of a trying size, or as very

ninute disnurtf.nnti:inn in the carb. nat gangue

The cinnabar i» strcngly anisotropic frot: grey to a darh Tieiy
red. large individuals of cinnabar ar not single crystals but
consist of an aggregate of grains of varying crystallcgraphic oriunt/ition
as shown by the different extinction positions ol to grains obstrved
under croossd nicols. Thn sniaotroaisn and red internal reflection of
the cinnabar are so strong tliat only a few minute spec .s prei

the calcite imparts a stro% reddish colour to the carbonate.

Certain grains of cinnabar present in the larger D.s, s exhibit

a weak reflection oleochroisc froci white to zrcy, t.ic latt r £
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nortiul colour of the surrounding cin.i&bar, lheoc particulaz- grains
ahowing the reflection leochroinu are also remarkably free fron
scratcheo, ao ceoparod .it': the normal cinnabar. Fron the above it is
concluded that these particular Grains aro harder in certain
cryatallographlc directions than others, and they aloe exhibit a weak

reflecti n pleoc’roion in this articular cryutallogruphic orientation.
(h) Di%eniti’ CoVcllno

On t.ie ¢ ntact;) ol' t. o tetr*iiedrite ind the cinnabar, or on the
contacts of t'.e gr.ngue imd t e tetrahedrite, there occur locally in the
ore or.all ¢ ico itrations of digenitc and ¢ vellite. The digenite ia pale
blue and istropic, while the c<vellite exhibits a reflection pleochroion
fr pale tn dar. blue, rid in otr ngly aniaotrcpic froc pale pink to

> "1
only.

Ihe fcilor in >'.arvjc otic chart iudic .tea the order of
de- jitUn of tlie ore ninvr-.LL present in the cinnabar oreo. The length
of the lines indicates the period cf deposition, and tie thickness of
the liiieo indicates the relative qua.ititieo c¢f the particular ainural

proaent.

Pyrite
Corynite
Tetrahedrite
CmlcopjTito
Mineral X
3tibni te

Cin uvbnr

Digcnite

IVua too poraE.n.tio .hart o,=v= it la .« = ttot the pyrit* ia
t , firot sulphide to have femed, and tha nieroooopio ovidorxe 10
the foot that the lator oul:!:ideo atirronad t.io jTit.

toxtural relutiom Ipn indicate t at there io no overlu, <H
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of the pyrite with any of the other aulphideo.

AG there are no contacts to o:ov the textural relationship
between the corynite and the ether sulphides, it could not be placed
in the paragenetic chart with certainty. Ita position in the

par'igenetic chart iu based nairxly on the fact that it io harder than

t ie tctrahv dritv..

Pr u the nicroooopic evidence it is clear that the cinnabar
h 3 partially = ! ced the tetrahedrite, aa is illustrated in
photograph No.4 . IM.i u-ova tiiat tiie tctrahedrit<- foraed before the

cinnabar.

The njo rol ii whip botweo ; the totrahedrHe and the etibnite
i0 net clear, tln there ore no contacts between these two uinerala.
Ad tjie btibnite d ifi> not occur in the tetrahedrite, and since
3dwardo (iCVi) gives : 1t -or t.. icratur® of forr*ation for tho wtibnitc
tlian for tetrahedrite, it in c¢ nsidered to have foraed after the
period of tctr : drite dep .iti n. Gr iia ,f atibnite m the cina-bar
are shown in :hot gra } .. . 2. 4 there are no contacts between the
ainoral X nd the- siibnite the r.g. relationship bctx'cen these two

ninerala could net b* determined.

Bkc™uoe of tin- c¢l; -, anoociat; n between t ie tiineral Z and the
cinziabar, t mtetrahedrite n ¢ midored to hav® foraed before the
nineral X, altlioufr’ then are »0 textural relationships between the

ainoral X d thj tvtr ..edrite to prove this.

Thi t xtur 1 relati :v;hipo between tho nineral X and the
c alcopjTite a illu/itrat.'d in pliot-.gra*ih .b. 3a indicate that theoe

two niner .!; wtr. prob hly d. ¢ oit u oiriulta.icously.

Aii the cinnabar in n t replaced by any other sulphides and

replaces the earlier oul,'hides it is c nsidered tc be the hist hypeg’ne
sul ihidt to have forr: d.

Tie digunit, and Inter the covellite, were foraed as result

supergene action, aft r the* period of liypogene sulphide- deposition.

6. CRT OF F.IF ORZ"jOPX

T!ie ore deposit io considered to be a hydrot«iemnl typo
depooit, formed under conditions of n fairly 1°w tenperature.
period of cinnabar mineralization is considered by Mendeles (

to be tiic Inst stage of hydrotherunl ninernlizati®n ./»icn

in tlie burci ison Ibuige.
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tt,e pyrite graina only constitute a minor component of the ore
auite, and appear to have minly replaced acne of the carbonate gangue.
The pyrito crystals have been replaced by the later sulphides to a very
omnll degree, for the c ntnct between the crystal faces of the pyrite
and tlu surrounding sulphides are straight with virtually no indentations

into them. P.i corners of the grains have not been rounded off to any

narked degree.

The tetruhodbrito was positively identified by moans of X-ray,
diffraction patterns. It in a fairly cocricn constituent in those
cinnabar ores .nd iv the antimony ores of the Murchison R~igo. In
these orea it in virtually devoid of inclusions, and io only associated
with thi cintabar u th latter has partially replaced the tetrahodrito,
no is illustrated in phrit graph it). 4. Th, tetrahodrito woo probably
doroaitid under intermediate ta.par.tur, conditions. Zdwardo (1654)
jives ti e t iperatura raago fcr the formation of tetrahodrito as being
between 25C to SOCQC, Bi. .lie. r ¢ ncontrations appear to have
mainly replaced the curb rr'.te gangu , probably because it is more

rc ctivo than the other gnngue minerals.

The eutectic intergrowtl of the mineral Z with the cinnabar

rocambles a yr hie intergr wth. Lindgron (1830) and Anderson (1934)

r.io particular replacement into? growth does net appear to be related

to any a* cific cryat. 11.grapliic dir oti n, but has advanced more or

crystals mny well hove been larger grains u,
of the cinn bar resulted in the rcplace~

: lice
. " . ng Cnly the r¢
1 he rndor ne n the nineral X leavi
thent of the rndier nortion of the leaving only the r lie

t .
cinmabar, This introducticn

crystals as ui.ova. in piiotograpli 1’> 3a.

Tie ehalcc]yrite must
the latter is conoidorod by

sulphide and must have boon the last sulpbidi ti
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The ainem lizine uoiuticnm probably contained ninor auounto
of zinc and copper after the forciaiion of the totrakedrito. Hie zinc
was poooibly ta-.c . up by <,e nineml Xt fort the guadalcazarite and

at thv s:vie tine the little copper in the solution foraed chalcopyrite

locally in thv ore. This has resulted in the texture illustrated in
phot'€pn"h i ¢ 3n which, in considered t be representative cf
eivultanecuo deposition of ci.lcopyrite and the oineral X, and
cinnabar replacing tlicuo earlier sulphides.
With a further doer aso in teuperaturo aiid after a depletion of
m

the Zn v.d Cu the n. -ecury rcnaining”t .. ore foming fluids wan

deposited an cinnabar.

I!.e tiicrcsccpic evidence indicates ilr.vt the otibuite foraed
pri r to th< cia’vibar, an the latter han replaced the otibnitc. Tiia
replaccront has rvnult.d in the rounding off of the otibnitv grainst

-aid in atinll ind. it \ti no of cinnabar into the otibnitc. Hieac

fe .turns -re illmitr ted in photograph W.. 2. JUwards (1954) considers
atibnite to be f n.d in hydr. tlxroal depotsits below 250 C., so that
there r-u.it eve been a general drop in temperature after the foruation

cf the tvtrehvdritt in order that t atihnito could fir:.

Hie stibuit grains ir net conoidered to be a product of
cx-aclution, md 3h< rdn (1954) docs net record the fuKiction of

t. tn .ii o ! IdtttcB, tte . w . no «w*»
near the etihnite to Indie to tot it my hero been introduced inti the

cinnabar at a later period.

ctnnebor ic considered by ahurd. to be n lo» t....pernture”

oulphidc, ,'iich t. deposited by hydrctilomcl.olutiom below =50 C.

Fror, photograph No. 6 it con be seen tot the cinnebcr mainly r.pl.ced

the girigue around tlie edges of the a.ikeritc grains.

Narrow rei dots c¢f cimebnr nbout C.Cl n..'.. wide, were

in .me of the chlorite bond., r.oee rein, ere oriented pcrollel o

to .chi.to.ity of ,e roch end bur.

is occauir.n *1ly cencentmt ;d in bands -

rich layers in thv ca onntv--qt vrtz sc .ist.

A .id nannyof the ci”“bur .howod ~NLoLd

0.56 dwts. of gold per ton. Hus also d S8incc the

associated with the nlncral X is chalcopyrite a



amount of thio nino.’ill proBo.it in considerably in exceao of the

quantity -/hicli would give rise tc much an nanny roault.

Tic few minor concentraticno of digenite and covcllito
are ccnaidevod to liavc fcmod by nupcrgene action on oone of the
cooper—bearing miner..In. ittt t.'uJO mineralo occur only on the contact

of the totrnhcdrito wit! the other sulphide# they arc not thought to

arm beer fcmod by hypogene action.

Frm the foregoing diacimoion it in ¢ aiu.-ed that the ore body
vt.s f mod by repl caaent of tiiv wall rrch by hydrothcinal aolutiona.
During th. lat. «at n of . rrir.ti n when the cinnabar ere was
deposited, the teuperuture of f mation vate probably initially ?.oov.t
050 c. d obr. ly j>ity of t ¢ clv. bn res ae onited ‘olov
r.0°C., "r o io tl: ; i«Bij*rature of formation of cinnabar aa stated
by to-*arris (lUfS-t)e According to Lindgren (li>13) deposit# falling within
thin ttap eratUTi range are classifi -d as opithemal, huttiio aerciu*y
ainerali/ation can only be considered as the final stageof a long period
of mineralization in the Murchison Range, in rvhich temperatures varied
from high temperature at the oot«ncneciaent,to tlie low temperature# indicated
above. It was during the period of intcmodiato toaperaturo that the

coppei®-vinc deposit* wore form t.
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I hereby declare that the diasertAtion entitled:
V kiniTftloKical Investigation of the Leiaba Copper-Zinc Ores and
the Monarch Cinnabar Depoaita, located in the kiurchiaon Range of
the amtern Transvnutl", has not been submitted for a Master's degree

at any University.

S.S. uilSMANN

15th January, 1959
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