
A low-cost, heap-leach operation at the Ayrshire gold mine z4l
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Figure 3. General mine iayour of the Ayrshire mine.

preparin-e the ground for the heap leach pads (cyclic and perrnanent) and the plant area- In
addition workshops and offices had to be built (Fig. 3). The area for the leach pads was
carefully chosen so as not to cover any parallel orebodies, yet still have sufficient ground
slope to permit drainage. Trees were cleared by hand to allow the surveying of the area
foliowed by grading and levelling.

The initial plans were to use an asphalt pad (100 m x 50 m) for leaching the high-grade
ore and for this purpose contractors were brought in. However, poor compaction of the
ground resuhed.in the breaking up of the asphalt pad and the decision ro use a plastic
membrane was made. Consequently rwo 50 m x 50 m,250 pm low densiry polyethylene
(LDPE) sheets, produced in Zimbabwe, were Iain on top of a recompacted gravel base
covered with some 20 cm of slimes, found locally within the mine area- The npo sheets
nec€ssary to complete the pad were simply joined by tightly folding together lm of each of
the sheets. A further layer of slimes was laid on top of the plastic followed by a
comprehensive net'work of drains which comprised both loosely fined, clay pipes and waste
rocks obtained from the rock dump on site.

In the plant area nvo ponds (350 m3) were dug and lined with locally available 500 pm
PVC liners. A set of five mild steel carbon columns were made and installed in such a way
that the counter-iurrent movement of carbon could be achieved by simply moving the
joining pipework berween the columns. This method negates the need to physically move
carbon benpeen columns. The necessary pumps and reticulation were installed completing
the plant assembly. .

6 MINING

Mining is achieved relatively easily without any drilling and blasting due to the deeply
weathered nature of the diorite. The oxide ore at Ayrshire can be caregorised into either
high-grade Q 0.7 g/tonne) or low-grade (0.2 - 0.7 g/tonne). Fornrnately the high-grade ore
is enveloped by low-grade ore and hence waste stripping is kept to an absolute minimum.
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Waste rock is usually chlorite schist confined to the foorwatl of the ore body and is dumped
on a waste pile. Treatment is done on run-of-mine ore which is loadeaGil;;;.t
leach Pads. The high-grade ore is iniriaily treated on the cyclic pad, where ,p i"'ZOz,
extraction is realised after 4 to 5 weeks of leaching. The low-gradJore is taken air..,iy ,o
the much larger perrnanent pad, where the paniallyleached or" from the cyclic paa (taiJii is
placed, and treatment here continues to extract the remaining gold.

The earthmoving is accomplished using an excavator and 5 rractor-tipper units. When
mining, the excavator digs and loads the trailers which can take * ur..ug. of 7.2 tonnes
and on a rypical day between 2000 and 4000 tonnes of material can be rnorld dependinf on
the haulage distance. Once loaded the tractors leave the pit and stop at a lime shei wherJa +
kg ore sample for grade conrol is collecred from each rrailer aftei which lime is added at a
rate of 3 kg/tonne. Samples from ten loads are buiked together and then thororgf,ty
homogenised prior to splitting through a riffle spliner. The represenr.arive sample is ihen
bottle rolled for 12 o 24 hours, filtered and thi resultant solution read on the Atomic
Absorbtion Specrophotometer to determine the gold content of that sample.

The tractors then move off to either the cyclic or pennanent pad where they end-tip off
the top of the heap. The constmction of the heap is controlled by the fronr-end l,oader which
maintains the horizontal anirude of the top of the lift. Typically a heap on the cyclic pad is
made approximately 4 m high whereas the permanent pad is constn:cied using tiru of S m
each.

Once the high--rrade ore has been under leach, it is allowed to drain for 2-3 days before
being off-loaded by the excavator and tractor-trailer units. During off-loading the same
sampling system is used and additional lime is added at a rare of about I kg/ronne.

7 TREATMENT

Solution application onto the heaps is achieved using imported wobbler sprays which can
deliver up to 1 mi/hr. The barren solution is made up ro acyanide strength o f O.Z5 g/l with
an accompanying pH of >10.5 prior to spraying on the heap. Wirh . n.* heap it aLr 61yo
days for the pregnant solution to start coming through the drains and this first solution is
normally high in gold (Fig.4). During the progression of the leach the gold values decrease

' until after approximately 3-4 weeks where the amount of Au in solution levels off. After
some 4 weeks ulde_r leach the application of barren solution is stopped and the heap
allowed to drain for 2 days prior to off-loading.

The cyanide srength of the pregnant solution is normally around 0.08 g/l indicating
exceis cyanide and hence optimum gold dissolution. The pHis also iower than the bar,ren
solution but is buffered at values >9 by the lime added during loading. Trearment on the
Perrnanent pad is identical to that at the cyclic pad with pregnanr solution pumped into the
cyclic pad pregnant pond.

Pregnant solution is then pumped through a series of carbon columns ('Carbon Column
Carousel') where the gold is absorbed onto the activated carbon. Counter current move-
ment of the carbon is simply achieved by changing the inter-column pipework such that the
column that was first in line becomes the last erc. During the chang. ou.r of the piping, the
'loaded' carbon is off-loaded and replaced with eluted carbon.

I
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A low'cost, heap-leach operation at the Ayrshire gord mine 243

Figure 4. A rypical leach curve from the cyclic leach pad at the Ayrshire mine.

8 CONCLUSIONS

The use of heap leaching at the Ayrshire gold mine has proved to be very successful and this
success can be anributed to bo& the techniques being used and the narure of the mineralised
host rock

Initial mine designs and scheduling were made prior to the development of the mine but
subsequent to the start of mining, alterations have been made in order to improve the initial
ideas. This has been made possible by the fact that the entire operarion is done in-house and
the decision to alter a technique is made on-site. No matter how much careful plannin-e and
thought goes into a project it is only once production.starts that one realises the limitations.
For example the original plan was to only mine the high-grade ore and ro regard everything
else as waste, but soon after mining and treatment started it became apparent that most of
the so-called waste could in fact be treated profitably.

It was at this stage that the decision to have a pennanent pad was made and to date, the
value of the gold recovered from the permanent pad is far in excess of the construcr.ion and
treatment costs. It has also been possible to lower the treatment costs by reducing the
cvanide concentration of the barren solution and by using lime in place of caustic soda in
pH control. This reduction in the reatment costs has also resulted in the reappraisal of the
original oxidised ore reseryes considering that a lower cut-off grade can now be used. This
has substantially increased the ore reserves and hence life-of-mine.

The use of locally available items such as the LDPE membrane has ne,eared the need to
use valuable foreign curency and kept costs low (local LDPE plastic can be purchased at a
cost of Z$ 6lmz whereas imported HDPE comes in at > 7330/ m2,and the f-Oirg has proved
to be a viable alternative to HDPE). In addition, the presence of both slimes and waste rock
site means that these don't need to be transported in from elsewhere and so helps in keeping
down costs.' 

The namre of the mineralised diorite host rock has also contributed to the success of the
mine in that:

a) It is deeply weathered allowing simple low-cost mining methods;
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244 WolfgangMB Fabiani & FekC Walraven

b) Good recoveries from leaching the high-grade ore (lIvoin 4 weeks) altow for quickcash return with much of the remaining golo be-ing extracred with rime;
c) The high fineness of the gold (910) and heice low impuriry contenr reduce reagenrrequirements. 'vsswv 'toEen.
The efforts of Pan-African Mining have shown that some unusual and unique ideastogether with a cgmpetent and professional in-house reuun, have transformed irr. ,r,rilgloomy history of the mine into a success story. After a three year period of eraluuii;;;;

numerous feasibiliry srudies, the heap-leach project was brought on-lin. in six *";,h;;;;
capital cost of 2$800,000' The mine, which was evaluated, dJsigned and construcred b;;t"T of three -geologists, currently produces gold at a cash.orr oIUS$rzo pe, orrrrc;: 

"' '
Plans are now under w3y to deepen the opin pir into low-grade sulphides and work willbe started to re-equip the Edwards Shaft to enabli a comprehensive uni.rgrornd investiga-

tion' Treatment of the sulphide ore will require a Carbon in Pulp (CIp) circuit which will beinstalled within the next l2 months. Again, this work wiil largely be carried out in-house, toreduce capiml requirements.
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sroP 2' The Eldorado shear zone along the contact between shamvaian and Bulawayan in the ManyameRiver, 1 km east of Chinhoyi.

The Eldorado shear Zone is a prominent NE trending structure inthe sw part of the CGGB, andseparates Shamvaiian sediments to the NW from Bulawayaniolcanics to the sE. Thg .h"", zone hosts a greatmany gold deposits. \l/rthin the Manyame Fliver at Chinhoyi, tne eHoiido shear zone, e , ,on" of high strainwithin conglonerates. The polymictbonglomerate in the rir"r o"o o"l*Ir to the rHoraoo conglomerate, which isup to 5o m thick' and contains cobbles ind boulders ofgranito-iJJ, gr;istones, porphyries, chert and BlF. Theconglomerate occurs in a pyroclastic seguence with tuffind uggldeiuie, wrricirbvjrriil p;1-roweo maficgreenstone and banded iron-formation. The conglomerate nosi6otne Etoorao" oLiJ rr,llirie, whicn at the beginningof the century was the largest gold mine in the.c5untry, witn moitry iLe-mirring gold and titile sutphide. After itsdiscov.erylt yvas initially thought that the dep.osit represented a toslit ptacer anatogous to the witwatersranddeposib' This sparked a hug-e gold rush e it Iq! bxpecteo ilrat G ,ieposit woutd erteno orer a targe area. Thisturned out to be unhue (Ref: Geol. Surv. Zmb. Bull. 4g). - --r
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Chinhoyi Greenstone Belt
Manyatne river section \{afic Tuff
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Agglomerate
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160 m \{afic Tuff

20 cm]
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200 m

\{afic lava
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Stop 2- Stratigraphic column through the Butawayan sequence, Manyame Hiver section, ChinHoyi
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Saturday 6th September, 1gg7

North Midlands: The Kadoma and Lily shear Zones

P.J. CHADWICK
Falcon Gotd Zmbabwe, clo Gtobe & Phoenix filine, PoBox SgS, Kwekwe, Zmbabwe

:Dalny Mine

The Dalny group of mines includes Dalny, Artandzer and Turkois mines, whose focus is the miningsettlement of Chakari, are mostly hosted by greensiones, but some occurs in felsics'anoiarety even in BIF units.The deposits are mainly associated with the-northem extension of the Lily Deforritlon Zone (LDe, north of thewhitewaters Pluton, in the Midlands Greenstone Bett,.q$ esgecialiy wirr its slstem or spnys in the Chakaridistrict. Ygny of the mines are concentrated along the NE-striliing, ,.ry linear nriinozeiSh;;i2oii",'ini-i.n ."nbe traced for several kilometres. lt splays from the LDZ, and pas#s tniougrr, or cnrJto, Arlandzer, Turkois andDalny mines. Virtually all of the deposits near Turkois and irtandiJr miiei itrLe priirr"l to the shear zone.There are a few NW-striking reefs and other trends ogcul locally. R secono signiticini rpr.v from the ArlandzerShear Zone, trending more ENE, is initiated near Turkois mine and strikes towards the Chadshunt mine.Numerous srnall mines are clustered on or near this structure. Earlier structural mooerring of Dalny mine and ifssatellites in the chakari area considers this as a prime exa.Tpfg or goH ;iner;E;iio;'hosted by an isotated,continuous shear that has been broken.yp by post-miner,alizition fiurting, wnereoiJhe kinematics generallyindicate amain phase of brittleductile, obliqu6, ieverse-sinistral movemen[.' Flecent iesearcn proposes that theArlandzer Shear Zone is not a penetrative 300 m wide,.5 l,* 19ng ineir.zone, but rather part of 
'an 

anastomosingnetwork ol Erly shears, which have been re-activated during the;ift;;tising pnase or oe-formation.At Dalny mine proper, mineralization comprises. ext6nsive sutpnide ie'pri&ment ano shear-veining withina general zone of silicification. Arsenopyrite and pyrite are the dominant sulphides. euartz shear-veins aresporadic. Where carbonatization of the shear zone iiprevalent, tne gold conteni is reduced. Wall rock alterationis dominated.by carbonatization and sericitization, arid exteno's uplo rs m from the ore zone, but carries titttegold' The mine geology is complicated by three sets of.dv[esipie-shearing, posimain-shearing, but pre-mineralising - the Brown dykes; and post mineralizati.on - tre Blue bykes. ln aloition to the main o"alny in"r,zone, the minor Dalny'B' and a localised footwall reef are 99.-v9.topeO. Stoping putt"inr'or tne rnain b;hy 
-Mi*,

the Dalny Footwall Beef, and the Stella section allsuggest WNW-e[Ging oreshoots. The Dalny,B,reef oreshootplu nges s ubvertically.

sToP. 1 Underground visit to Dalny Mine via west 14 srlaft

An underground visit to 34,35.and possibly 36 levels to observe the relationship of the main Dalny Reefwith respect to the host shear, in addition to the Dllny'B' Heef wifiOe undertaken. lt is of interest to note thatDalny mine is the deepest producing gold mine in Zimbabwe, with thelowermost level (3g level) being some 1gO0m below surface.
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GSZ conference f retd \:-: Gc c anc rr lri
figr* C photointerpretation ( l:g0 000
scale) of rhe area of the Lily and Whitewarers
deformation zones upon which the loci of
recorded gold mines (clussifietl accortling to
production and showing the approxinrate
strikebf the deposirs) aie superinrposed.
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structurat controts on gold mineralisation at Darny Mine, Zimbabwe.

*:n",ffilfl,3Iount is based on DIRKS, P. H. & vAN DEH MERWE J. (1ee7;JAES in press) and is by no
lntrodrrction

Groves #:f,""Ji,'33ffi1': 
+"ll::,Tq,?!%T:ih,ffi:,H fleL:.J?"',.J.iii,F3,?ff,1aT:B:i,"_il?,,(i;%

-ffi#;lHtif#Hffi;"tl i,[ff:n#re[lln:*:tr,r,tl+Ftfii,'o,,s,rs in thebri*,educti,ederivation are channer"Jinio, and r6rceo-rp-rn";;.#;;,irT,,:l##ieJtf#**,T?::il[l[Ti;
lil"o'#?i?;T#?,'#ri[:gi'ls#.[li;::*iiltt 

i".,T#t;,#;,ir,,tyg1hgnu, *;;k;ffis,,v ano aand granitic to monzoniiic i"rii. int',rJ;;;'r,p""iil,v uii;diii"i,.l;f91qgi#,;: f,f;:mrut$:.,::lAespecially those with a te'"tiJtomponent, a,t, noteio^ii-exililrv'irportant iiilociiizing.ruid rro* inj.acting asSi'#':'sH ff;: riJ H-",:J ffi ;3-ir;i:::;ryi#ffi_rx*;, :,$ HrTs,;,#,,1,,"11r(rchalenko'1970)' wnitrr 
"*[lt" ;t high ;trailrt, an aridstdmGing pattern or riactures comprising dirationar3il9?:li3l,3H??Li3i:L'?.'"?',"ffi?f"ffr,,t"ffiiri'if;f$Wfrffhl3ifl: 

,,,HJj: 
reactivation or suchiIt has commonly oeJn ob.served tnit lie", n*i9ii!bji?.po'tf i,i'gr*n-rton" berts are not direcry

within a major.shea' toi"' oIi'ratner o..uiiuitnin.second.rv itirqt-r_r^o iq.g.]"i,;i iprgv{ rerateo to-a nearoy
masrer shear (Foster er ai.-Gao1 a;:ii;niiril, o; oioves,rio-i_ost.r,,ig-gii6rlpp"l 

ano pitrierj, rssa1.Iff';n''ffi1'*ff:"'usi'Htrii;.'E?[J,'ff?l'#{tr1tT;3#},ltHffi,;,i""?,"ffiLil,s,ftxlf,I
Elisl"J',r?5:"HTi5r'.:flT 'l"Trr:'lfs:l1i:;ii?*IffTf;!5a;:iffilt';.":j*i;,ir;,tny
understanding
cnannerw.a-yi;{d,#l.tXil?:rtr##:l'f,*{- s'ioe or.iir""'g"ometri&, iJtn""u const*ure rhe basis ror
zmoaowl:',."fi1",'.fly.i'T?,H:il'H[[i.,;,i*.o..#::"1,irt'.:'',ji,ilfi:!ii|?;:,B,,Ti;}:i?J,$",fifJff,!,,j;

l?t?,Ixf ;:'r*",',ffi'n[,il'H::friiH:!if 
dif#"'u,:*fu pi:lrsle#i:iily;:"1i&x j:,,*fi 

lJliid",:B?iH5,9,ffi*il i;'; seometricar i'amewirr< tnai.oniioir"o td;;;[i;:n-or subsequent sord reers

Regional Geology setting

zmoaowSi?I#liE8:i:1',,T,li:J!"J:HTifitl:{iili.:gH,:ffit&:-i?t",t;,H,H:"g83[,TIX:
upper-Bul"*'v1!-t-Tyerice oigr;n.tones o"t"o ;r:rn -dffii"d; 

_rJ "t,,rgssl. 
iiL generary assumed that

this part of the greenitone oett ory" to tn-e rlfr J a3.gro1 inii.rinii .tructure, ih6' ili*ma Aniicrine, which is8ffi 1['&?'#?iq]!,tt'f ',s*fru1#s*'j:h"r,-,21ffi ,"?,''H*i,sd;,i&i,:*1y,",ffi 
eactuarwest or the mine the sreen,t.,?,6iire oounomv,ttsffiffiIll$l{i,1rSp": fftlll:T:j": ffit:;crustal break and marks tne conGct oJt*""i-il;'gL"rtonei to ti"-rirt and pr"iJb'rtic metasediments of the3i':ffi:,f#'j,;:ijllllfls',H'ffi{j!tr,sffgi,,;,Jil,j::iau be,ieved to be i;iil;i;i;=,#t"o toDalnv Mine in cnatirills tne-iargest-oii'd'oqp or mines irdr1glrg,pixie,.Stera, Turkoise and Arrandzer

Mines' which o"gyr.?tong; NE;tiil'giltt q,irt e1 senerarrv"rr.,rilo ai'tn" eihndzer shear zone (e.g.
campbell and Pitfielo' I s"s+l' iie mine is one br ine-la6""J ,,i #,f=,,i,.qr1 *initoiir proouction ro date of abour
6o tonnes or sold' current('tn"-rinel: dk;'iri g"piri ;iiso6;'1s's.19r![ ;ifi ;;ropment to a depth orsg?[J?'1",'o"jL,,'fJH,",'rffi 

'rglir[',:iJ#,,I[,*:j,xi#.:myiffi:,T,,.tins 
as part or tne-bii,",vrhe main Dalnv tber r trrpicarrv h";u;;'r,{!-p!i1"0?iiilli"o 

ryrTc ,iorcanics arthoush some o*heother deposits in the 
"tei iie ;i;E.bi ri,i1i7;,glai1ed ;*1ir; mafic ,orca-n'ics-, siriceous schists and

ironstones (Bliss' tgzo; oio", rsi; rG rci ii'ii,'\iiz.s1. ooTo 
"iJ,irJlitner 

oisseili,.r,lo in rhe host rocks near
shears or in quartz veini witni-n'sheii ionir. 'oio 

i. ;;;ry;;iiJ._"nq mosry iisociated w*h pyrite and
arsenopvrite' other acc*rorv irrpnigi ;ilffir;;lgg ,;u",i,dl,ii", pvrrr,gtlte,.fgrena_spharerite 

and bornite
(carter' 1990; campbell uno-p'*r[rti, r ggai- io,I;"rin* ,no ,"noriiiilre found witEin i*ir"rou, gord veins. Gord ,

was probablv transported at -ggo't ;rd'i.; kd;; * n" nvo-rii,:rpirit-comple*, euHso, in low sarinity, coz+1zo rich fluids of pH 5'3s (catter, 1990)- The fo2, fH2s and fso2 of the fruid was r.99s xta-Z7bars, 1.24 barsand 3'33 x la-7 bars respectively, and the total amiunt of H2s in sotution was ^457ppm (caner, 1990).
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Fig' 2' comwsite tithotogical map o!.thg area around Darny Mine based on manninn htt hMerwe (tees): at ois,trioinoiri itnoaiiii i,-ii'in 11g;;i;; i6"6i!,f{i;f,i:igu,?:#*t3;y#:rxpattern is parttv iiterpretei issimiig tnit mast iiii*-u" ggnisti, 'gr-a;in* ji;tr";;;7,;rrbrmabte *ttotqi,ntcontacts represent inear zoiii. i{9 ;iyj;; p;;i,";r g1,xniiq,oifi,,,y,r, ir 6;,;;";,,L superimwsed on the,!;:l:;,;: fff,!i,'!; l!;;ffii "r,o* m, 
-p6iiii 

or tne ;;;;;,;;i; f nz ioiiio;'zi ;;" strain samptes (a-h)
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Fig' s' stereographic equal area plots of structural elements around Datny Mine (see tert for discussicn,
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GSZ conference field

This paper
Dr:
. Formation of an imbricate stack of
lithological units along an anastomosing
network of 1-5 m wide shear zones.
. F1 oon-cllindricalfolding within felsic fautt
blocks accompanies shearing.
. 51 is axnl planar to F1 folds and parallels
the shear zones.

Steepening of the sequen@ may have
occurred during Dpr could have post_
dated it (e.9. during the development at the
Gatoonp Antictine).

Leigh (1%4), Btiss (1970)

nu1.
. Development of the dominant
cleavage, related to the
Gatooma Anticline.
. Shearing along limbs of
vergence fotds to the
Gatoonra Anticline

-

Dz:
. NW-trending cross fotding.

nv3.
. Activation of the Lity Shear
Zone.
. Emplacement of large
batholiths, wrth associated
balooning de{ormation

Da: 
i

. Development of NNE trending I

faults.
I. Dyke emptacement 
i

I

I

i

Dz:
. Reactivation of D1 shear zones as
brittle{uctite fautts.
. Multipte episodes ol fault nr,otion,
reflected in overprinting slickenside lineations
(Le", Lzo, L2j. Heverse sinistraland normat
movements alternated.
. Multiple sets of gold-bearing veins were
emphced.

Dg:
. Emplacenrent of mafic dykes along NNW
trending fractures.

u L i,i

Table 2' summary diagram of the pringigte deformation events around Dalny Mine, inctuding diagnmmaticillustrations of the most imprtant geometiicat teatures. en aneiinas oeen made to arrelate the events with thedeformation scheme reportd in Btiss (1970), ,nhiin-is partty oaseioi Leigh (1964). The D r g@metrg,, of Btiss(1970) largely oincide with the D 1 geometies reported in inis wper, but a dir*t tink with the Gatooma Antiformcan not be made' D2 of Bfbs (1970) and his D4 fautting couti nof oe-recognised in the Datny area (see tert fordiscuxion).
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I
Stratigraphy

As a result of intense deformation, tne stlqt]graphy around Dalny Mine is uncertain, therefore, onlylithological variations are described nere Goi"-ri r.a3ilc sirieilio;;.. consisting_of massive to weakry foriated,pillowed' basattic to andesitic lavas are the most u6iqrilr:r*k-tw.',." 
ltig.irdi [ai[.,"l970; Foster eiat.,1979;van der Merwe, 1995)' The mafic greenstones can oe suooiviiEo into three rlr'Jrogi.at units (Dube, 1977),namely: 1) fine-grained, foliated, citorite-citoonute ricrr votcan-i6locks, probably r6presenting sheared andintensely altered andesitic-basaltic lavas;2t;;il*- to coiriegiaineo mhssG,i.,uti, roc(with metamorphicactinolite-epidote-chlorite-albite replacip ,gdG augitg;;.d pdgi"-ctase; gi ft;;- i; medium-grained pi,owedmetabasalt' with a composition similar td tfie coaisegraineo-giee-;ii91" variety. The pilowed greenstones arethe rnajor host of gold mineralisation. rne oriioution putt"rn orlacn or trese unit, i, Jnt*n in figure 2.Quartzofeldspathic mica.schists outciop-as a series of ii*ncoloured, tozenge-shaped bodies, mostprominentlv to the south of the *ai!'.Le w.orrinfr ilGj,3r.ot1"!ir"ruqr"_lor'painic schist renses or rozengesoccur isolated within the greenstones. The lozeffiare typicafiy t-z[m uy 0.5 kr;in ile and tocaily bounded bysilicified horizons' They commonly contain mti- to m-d6ale gpun io tight..folding of a primary compositionallayering (sg) that is deflned by 0.5 cm scale, light-darr coour ol.oirb resutting from variations in mica content.rhe unit can be subdivided into a felsic schist ino an con-glomerate member witn similar mineralogy. The schistconsists of <0'5 mm large rounded.rryls tpnenocrv:ls ?]fl_oriru a.nd fetdsiliil'"-tin.-grained (20-s0 pm)matrix of quartz {<45%), feldspar (10-307.i rnui.onit. tzi-ziii anq opa-r&-i.i'#/.). Ferdspar is generarysericitised and ctasts are commoniy onry viiioi; ; gnoits or mica so*"li;tit|-ii.tlv occurs in the groundmass' but it is rnostly attered to chlorite- ine mngrom-erate contains 5-1Scm clasts of quarp and chert in a fine-grained matrix of a similar composition as oesciiSeo aoove. ine-*-rri*on occurrence or amygdare filings in thefelsic schist member suggests 

'a 
volcanic orui; Jiin" unLlariss ,-id)a; ouoe, is77L in, schists are generarrymoderately foliated in the iield, but in thin secfion i rirng raoiic ot alljneo muscovite grains can be observed.

siliceous schists typically og.cq.?s ridges of beige to red-brown rocks atong the quartzofeldspathicschist-mafic greenstone contact (Fis. f) {lllousriG straigfirsirceouJJnllt ri,r"tiilffi: been resarded as BrF,sby previous workers (e.9. Foste i ei at.,' 19794 i6B6); Ihet.6&!y bdft ano traniect stiongly fotded schists (Fig.2)' testlfying that at least some are secondary in oigin. ine siii:r=o* irltstg 09.1e-rariv'consist of quartz {>7oo/o),muscovite (10-15%), opaques (5"/..),.gtassy lnon-itructrlreo q,il;i .,.r..If (10"z9) and a smal proportion offeldspar' Locally the siliceous schisi'binds'aiJiirongty orecci'ateo-ind infittratgg bv iron oxides or sulphidesresulting in a gossanous BIF-like appearance. Howevei, a regular interlayering oii;#rich and silica-rich bands,typical for primary BIF deposits, is.ryttq,.g*!y..9c[in!, and thSreiore none of t6e siticeous or,chergo units in thearea can be equated with sedimentary blr- Siticeouischist bandi ro"alrv contain isoctinal and intrafolial folds. lnthin section they show remarkable pressure shadoG ano grain size ieouction textures (see below).Black shale occurs as 0.1'5 m wide anaitomosirig zonJrriti',in the mafic greenstones. The shales arenot exposed on surface, but are commonly found t,noergr6uno, olin in the mine an"o in ooreholes. projection ofsuch intersections to surface suggests thai shalsbinds Ere-uoiiluitorr,.prr.ltel.to the generat stratigraphh trend(Flg' 2)' lt is not obvious whethei all bands ate mraller, oi wnelt6i o"ror actually bifurcate. The btack shates areintensely foliated and lineated and associateo'witn numerous open to isoclinal, as well as intrafolial folds. Theblack shales mainly consist of quartz. (30€0%), oo?oqgr (20-ie/"') ind calcite (<15%). The opaques consistmostly of graphite and pyrite. The cahitd r asso6iaieo irttn slG;#^i itteration, growth in presure shadows andveining' Although the black shales are comrnonly in ctose.proxi;ov f ihe reefs'a;d ;;; iicn in pyrite, gold vatuestend to b9_low (1-zgtt) compared to the greenstoire hosted'gold. ' - .

'Dyke'on the mine is used to refer to both ooreritiino gabbro dykes, which were emplaced at differentstages either pre-dating or post-dating mineralisation latiss,tsz-oiig*;, r-g641. The mosi prominent dykes are N-S trending dolerites that truncate the.lold rgefs (the'tiue Oyr,es;oilJbn, 1964).Dube (1977) noted that thL maric gieenston: ij{t lr[cuglzoretdspathic schisrs are comptextyinterleaved and commonly separated by min6r nunconformities; 
ingl z), ano duat"J tni, pattern with cycticvolcanic units of limited tateral extend..inis patternwas atso not'ed"on'a regionbl scate by Bliss (1g70), whoexplained the stacking of felsic lenses to result rrom tignt vergencelolding along the NW limb of the Gatoomaanticline' A summary of the different litho-tectonic units irorno 6urn-i rra]ne is presented in Tabte 1.

Metamorphism

The rocks around ' Dalny Mine preserve few indicative metamorphic assemblages. The maficgreenstones are.locally metamorphosed tti cnrorite-actinolite-epidote-atbite (An7) assemblages (Bliss, 1g70;Dube' 1977r, typical of greenschist facies conditions.guqrt gfeldspathic ard siiiceous schists contain albite-muscovite-chlorite and rare biotite. Feldspar is comrnrnly broken oown to white mica. euartz and albite showplastic deformation and dynamic recrystaliisatnn Giures and largei;ugen commonly preserve pressure fringesof quartz' These observations sugg6st that peakionditions realneolower to. middle greenschist facies (400,450"c)' The pressure of metamoip-nism is uhconsiraineo, out-comparison with geotherrnal gradients obtainedfrom nearby greensto.ne belts (e.g.'Jelsma et al., 1993).sugGtr inri pre$ures would be around 24kbar. peak
assemblages define the regional ioliation, prominent in ine ldrsic uniti, ihe siliceous schists and the black shates.Gold reefs cut the regional foliati<in ano mineralisatio_n po.i<i.to tne pear oi'meia*orphism.. Early gotdmineralisation was associated with the breakdown of actinolite il;liite at estimated fluid conditions of 3g0"cand 3'6 kbar (Carter' 1990). Most of the gold-bearing veins are associated with low-iatinity, CO'rich fluids,probably of metamorphic origin (Carte,r, lsgol.only late*tage quartz-oroon"t" ,"in. *ntain more saline (g.ggwt'% NaCl) aqueous primary fluid inclusions which aiso occi,i ai laGigenerations within the ;fif;il;lrlaru.

l':J 3: : :-€ rr il:r.el
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This late fluid flux along the shear zone and extensive hydration and carbonatization of the wall rocks may haveoriginated from magmalic fluids. e possiole souice or *idiiicli,io i. ine ,l*i, intiision of porphyries to the
wall rock alteration at Dtlni is attributed p.rimarily to the ea1lv^oold-bearing ftuids (Btiss, 1970; carter,1990)' and is distinguished by the bieakoown orictinoiiie'"f?'6oii"te t6 cnnrite iio'carcite. The aneration ofalbite and chlorite to K-mirx is apparent. The atteration .one iJc-fir;;i;;;;i'il#[tinctive deptetion or Na2oand enrichment in sio2, K2o, cao, Bb, Ba, w, As, cu and so rFort" r et at., 19g6).

Structure

Leigh (1964) and Bliss (1970), noted the stacking of felsic and. mafic tenses in the Dalny area, which theyinterpreted to have resulted tronitignt'vergence folding ifong thilrlw timb oi tn" oii*ira Antictine. The positionof the reef was interpreted to coinci-de wit[tne sneirei rimo-oi itighi p"r".itic syncline of the Gatoorna Antictine.Dalny Mine is generally interpreted as a tvpi&l eramp.tq o1a rineir, ineai i;,C ffi1; deposit occurring in thecentral portions of an extensive zone of tneared an'd taulted rocris referred tr aJ the Arlandzer shear Zone(Foster et al', 1979: 1986; campbell and P'tfield, ige+; Heiiington, lilgsl Atthough not a1 the mines in the arealie on the same strike line the a'bo-ve intetpgGtion is supportu! ov the proposal thit the original linear array wasoffset by later faults such as the Turkoise oap Fiurt ano tne-E#uin cutoff Fautt (Leigh, 19M; Bliss, 1g70 andFoster et al" 19I9)r even though no cleat pnvsical evidence oiinese fauns nii o,fen"presented. carter (1990)susgested that the Arlandzer shear zone is'a Ftiedetoffshooroi tn" rirv 5n;;;a;#t, iri" *o,.Kinematic data for the Dalny shear *"re riiiicon..H 6y'bqrpr (r 990) who showed that s-c tabricsindicate a relerse-sinistral movements. Further work by cilpb"li"nd. pitfield (1gg4) corroborated this on thebasis of s-c fabrics, vein fibre growth ano vein aiiivr inev arso iouno that there weie isolated occurrences ofdextral-normal movement, possioty related to anti- n ieoel s hears.

A revised structurat framework

on the basis oI our data and rel$erpEtation of previous data_it is possibte to distirguish a minimum ofthree deformation events around Dalny naine oaoie zl. ?n" uurri"rt, D1, is a composite event which predatesthe gold mineralisation, the second, D!, accompanies gold mineralisation and D3 represen6 the final stages ofdeformation that postdate gold minetatisation. b1 coincided with the peak of metamorphism and is responsiblefor the lithological arrangernent that underlies the mineralized fault zones. This anangernent is associated with ajuxtaposition of cohereni lithological blocks acioss ais;Ate;uc.ti;ilybnite zones. D2 is associated with brit e-ductile fault zones that propagated parallel to underlying geometricarloundaries, including ductile shear zones.lh is associated with rate siagl intrdsion of dorerite ano Ealorc oiirlr.
Premi neralisation deformation, D1

D1 comprises a number of deformation features including the development of the regional foliation,which is axial planar to folds in the felsic schists, the development of iozenge-shgped lithological units bounded bysiliceous schists and the development of an intenie iay"r paraltel foliation and lineation in the black shales withinmafic units that are otherwise reiatively weakly deformed rrrore il.- -'

The rqional fotiation aN associatd folding

The rncst prominent D1 deforrnation features are a variably developed schistosity, S1, and associatedmineral elongation lineation, L1. w'rthin the greenstones, s 1 ano r-llre generally weakly developed except withindiscrete shear zones characterised by chloiite-actinolite assemotai"r. witnin tne quar&ofeldspathic schists, s1and L1 are prominent. within the'cherty'siliceous schists ano Jspecially black shales, s1 and L1 are verystrongly developed. The orientation of foliation and lineation is simirar in ail'unitr;iih's; predominanly orientedat -330'/65" and L1 pitching steeply_to the NE (Fig. 3). S1 trends aie not entirely constant, but range from 030-070" around a largely constant lineation direction (Fig- g). ihis variation in trend mimics the wavy outcrop patternof most lithological contacts (Fig-2), and is cars'"d"by t*o 
"nL"il'ftaore 

1): 1) s1 traces in schist zones (i.e.shear zones, see below) anastonnse around lithological blocks of reiatively low itrrin. ihe anastomosing natureof the shears causes a spread in orientations of S r:-Zt within in ine centrei of tow itriin blocks, 51 is commontyoriented at a slight angle to the bounding schist zones. on approa.ning the bound ary ola low strain block 51 willrotate into parallelism with the boundingshear. This means inat the s] orientation parly depends on bulk strain,which indicates that s 1 formed in a non-coaxial environment. There is no field evidence such as cre,lulationlineations or later cleavage planes, which indicates that the spread in s1 was caused ov ,"t"ioirg;riin'g'l rrt",deformation stage. - | "-v vqvevv vJ rsrvr*,rrrv uu,rrg d

ln the mafic units 51 and L1 are defined by oriented metiamorphic minerals, especialty chtorite andactinolite, and by elongated objects such as pillours and agglomerate ctasts. ln the quarpofeldspathic schist, s t bdefined by strongly oriented muscovite grains and trails oiopaques. ln siliceous schists and black shales s t bdefined by oriented micas and opaques as well as ribboned.q.uirt, grains (bands) and pressure shadona (seebelow). ln afl felsic units, Ll is geirerilty detined brquartz rooding.- "
Early workers in the area (e.g- Lgigh, 1so+; .Blirr., 197d) report extensive folding, parly to explain thecomplicated interfingering of felsic ahohatiiunits, anb sit .Ln!io.[i to be axiat ptanar to such fotds Oabte 1;
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9fi::' 1970). Frg"p! within renses of quartzoferdsoathic schisr /trinevidence 
"iist'.roid's#;* ri " ,i *i ,'i,i,i"Jitrll'"'lF,l li3;:?dqiH,:ii5,%?,?ll5r'iilBl3,[,.lfi,[lenvelop some of the felsic units invailaorvi"ii.iil q.vornoing oirecidn ! lnJiivril;i o" not appear to be rorded

(Fig' 2; Dube' 19771' rne'eiote, oi ioiong-in ili" ar;i'ii"r;tricted i. t.rtii, rilhorogicar units. rn thequartzofeldspathic schists s1 is axial plan.r"to ,* to m-scir", ,i*ir", roro, *ni"genily to rhoderatery westplunging fold axes (Fig' 3)' The folds *ry tr"* open, box-rike r" tighi:}il;;;ilping surfaces describe moreopen sw-verging roios with fordaxes mor6 or bss normarto L1 (Figs 2, g).The Arlandzer shear 49P n"t Gn ol-t9lib"d.qg'il;i*nt structure in the.area (e.g. Foster et at.,
1979' 1986; campbell and Pitfiero, rs%;;;ington, rsgsllhoo"ver there iJno'evioence of acontinuouslineament to coiricide with tnq 9'ggested posiiion'oi-t'i,-J'ril"r zone on eithlr Landsat rM images orairphotographs (Fig' 1)' ro estaor[n'ir;ilffie of the nrr.n;i",' sne., zon"'.'Lmparative study of strainwithin and outside tne iupposed snearr;r;'il;'i3gg,*ni..h 

.;;_Gts mt tne oiriuji strain in the arei is ratherlow'The strain within the'iited htranozei ii"a1"ig,1e-,j:.* ,ig,iiiiLntrv oirefuni;,; varues found ourside theshear zone, especially if one considers th"i th*;i;;ic schists arE intenrety folded, *her,show little evidence 6f roldins an9 uppeir lo oIn.r. as rigro-oio"r.s. F,o* tmb, ;;tiirt"tE m;f:f*m:iilineament we conctude that tn6 s00 ni wa; eiJnl=",. sn"aiz.nl;; nor exist as such.
Siliceous schlsts and black shales

Siliceous schist bands with a ehp'rtv an,"\aa7a^^a ...L-croserv'J'.iqy yr t6;,.v['$"?ff#"?J,r6fffu#:iHi"Tt",'.rtlilx!Ji"#.T3ffilJl?;ffi]Xnhffi
strongly silicified schist units, r^fiicr, ,lrpi;ily;;;in rounded ctasti ot attereo f;il$.; and unstru6tured quartz,and in thin section appear to G.n"dfiriii'n.f,i"i"quivarenis oJ;;r.,H' ,iii. 'ri"Iiumoer 

of rocarities thesesiliceous schist bandi'cross ttre reliic ;rt il;;'i[r to tne miin-tecio1i9 roriJion,'u,il'trunr*t a strongry rordedcompositional layering' The compositio"ot t[" trais.9ct11o Jii""orJJ.nist uanJi i,iiiliru, to the siriceous schiststhat are comformabte witn strati[rapnv, ano ge'n;Ar_ii"yl;;ffiil or a continro,ii'unit (Fig. 2). This indicates$fflt}Kion occurreo during'o'znleril.," rEr,ji'riievent is a reiun or siriceoui nril-rirring arons discrete zones
siliceous schist bands loglly occur in the greenstones as weL^co.lm9nry in crose association with minorfetsic tenses, sheared cnbriticlchisl;i;ffidinJ*llt1"j1_; ;ry1l1t,rl;,9g.,.fiiLnoone un*s (Fis. 2). tnone such locality 100 m north or tne oil;y Ml;"d, watt 1-s m;;L steepry r'r-we piunging isocrinar roui occurin a 10-20 m ione of siricified fersic.'di.i;; crrnrite ili;r;hi;.;6;iurt5,,.orrre_grained, 

massive,metabasite to the north' from fine-gt1'.."d tilLiei metaoasirt to the south, ,ieitGi oJ which show evidence offolding (Dube, 1s77)' The rold aiesll tniiiiiiceoli-unt p*;n;Ho,ii, prunging minerar rineation.Field relations indicate tnat at ieisii-.i,ro"rll n" .iri.**l. scn-ist-uina;;;. secondary and croseryassociated wilh locally unconformlp-le litnorooiiaiilnractr, p"G'brffiear zones. rn thin section both conformabreand unconrormabre siriceous scnists ar" cr,ria-i"ii:9..0v.i;ilJ6,.]g 
tgl?riab11c, defined by oriented micas,trails of opaques and quaru riooons. Dynirl,ilL",vrt ,'Tld;l&;T size reduction texures, and an apparent,strong quartz lattice preferred orientaiion are *,i,gon, n"gottib-ry-tne rauJi;ilid'not o" confirmed Iiitn tneuniversal stase set-up at the universitv oi-2fr["b*,e odarie 6r-try.gr,trgillliiine. grain size (<25 pm).Microscopic deformation features are consistenr _,th 3.;y6il," ;*:-,:tt-".ri-neijtr"o siticeous scirist givingthem a cherty appearance' ln some sirlceoui-i;hi;i;, gyara pressurE tringes havelormed on either side of 0.2-1mm large clasts of opaques and non-structrr"o ,iti.a rinii."ionv 

"ii19o;ffih-, Ji"rrrr" rringes consisring ofquartz and calcite have formed in the oli.x tnrlliri.,",nrv .*rr'.i qirite-. The prelsure fringes in the siriceousschist' consist of matrix materiat GrrFt tnat is not i1^gg1caiciliil,iiti with the [,,;o,i;;.ig.?ts (Fig. 5a), indicatingsyntaxial growth (growth trom miirii i"*ito'ti.'r]i'ng". are curved, however individuar fibres retain a constantcrystallographic orientation and fibrecurvature patterns can be coiretateo b"ld;;;sts, indicating that fibre
ilmffid',ionl3ffi!5,S:::T-X*:";,nll*,r5"'t,'" 

rrendJ or ritii"-r,"d;.;ffifiara,er to theiace or the
ple ryip tn" 

',gid 1ioi",ilLI d;6;;ilTi;#;:,tJffi,ffiX,il,t{#.T,,,t1?:ffln:'jrj",fg',ffit:i,Jf?."1,
'clasts'from a siliceous schist uniitl.ratbornorirolded felsic schist fi-able 3).' Most fringes show clear 

"'pf1ce 
oi ivtrrri. recrystailisaiion arong their outer margin where rerativerycoarse quartz fibres show strong undulatary;nffitiln 

_ano ygrv irriorrqgraii oounoari", u, parts of the fibre arereplaced by round.quaru grains"with a gtiinit;iii',ilu, to the ,atr-i* ]rte irregurar grain boundaries and rack ofclear subgrains indicate tn-at oynami" toGi;tGti"n s-gi.in boirli.v migrat-dn ;,iti;ii"o. Because of dynamicrecrvstailisation of the rrinses, the skain ati,"J"s i". r?il" ffiffiiy d";;i;;;;,;, a minimum, more sobecause it is not clear at ilnat it"ge of the oeioiiration ,iGss'itil"*"trix grains became detached from theclasls and frinses started oeverop-in6. cd;,df iiie *vronitn rL"t,rfu or the-maiii*-n ii not unrikery that fringesformed towards the end or a ifiliring episod"] inu ii,cre*lntJiiLin 
.nirprv of the round crasts shows aconsistently anti-clockwise rotation of. v6rig"iiilies retatG tJinE.l.t"rnar foriatlon. This is ress consistent withelongated crasts which were noiioru to iotaG rr"eriin the matrix.The strongly foliated ano iineateo iini"ouS olacGnJrei-are interpreted as the tectonic equivarents of thecherty siliceous sghist within tnagreenstone sequirce. They-r-noil ii',L ,"*" rnyronitic m.acro- and microscopicfeatures as the siliceous schist inc-tuoing int"ni"lJilii;"0 ;rgi,i!;ir;';l axiat ptanar fotiation defined by orientedgraphite or a quartz grain shape t:og rpla;y0,6'; syntefrsition"i ori,gin?-the'ioiisl, pressure fringes of

:HAE ?lf,ffii"ff IIJ:',,:X|?XH il1f;T5,4;d;E* r,,or*iopaq,E, sirao,ics ino ovn*ic recrysta,isation
considering all lrlesoscopic-1$.picroscopic deformation features, the siliceous schists and black shalesprobably represent mylonite zond iecording.o-nJibJrrorv nigdiil;i6 strains lnin ine iurrounding rocks. They
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Gold and Nickel

formed during the early stages of deformation contemporaneous with regional metamorphism ano ioloing of thefelsic schists' The black shales may have been primqiy seoimentarf units witn stiain being preferentialypartitioned along them during deformation. The mylonite ,oneJ rorm an anastomosing network separatingrelatively rigid blocks (Fig. 2b). tt is the tectonic iuxtaposition oi these orocxi in-it causes the disjointedstratigraphy first noted by Bliss (1970). The movemeht phse ipp""" to be reverie *ith a sinistral component,based on s.c fabrics in chloritic schists, and vergence of toroi iiirre quartzofeldspathic schists that are boundedby the siliceous mylonite bands.

D1 tectonic stacking of the greenstone sequence :
D1 mylonite zones accommodated the interleaving of lozenge-shaped lithological blocks of greenstone

and quartzofeldspathic schist. The lozenge-shaped ggqTelry is visibte on tandsat ir"g"r and aeriat photographs(Fig' c)- Landsat images show the overlapping sigrnoioat-snlpl uooies that constitute"G chain of fetsic hiils Swof Dalny Mine. This lensoidal pattern extends into-tne greensiones (Figs c, 2). Most of the lensoidal felsic bodiesare bounded and transected by cherty mylonites, wn91-eq9 lensoidaigieenst6ne units are commonly bounded bychloritic schist zones. Considering the discordant distribution oi iifriological units and the fact that whereveryounging directions have been observed these are invariaoty to ine Nwie.g. Gi;h, i964; Dube, 1977:Carter,199o), the greenstones around Dalny Mine are best interpret,ed as i tectonically stacked sequence of felsic andmafic blocks, each with an average size of about 1-1 .5 oi o s xm. 
-stacring 

resuted-i; the formation of duptexes,and is responsible for the wary attitude of 51 observed in the area. wnerias tneieriic schists are folded withineach fault block, the mafic greenstorestrave largely retained their coherency testifying to their larger competencyat the conditions prevailing during D1. The currdnt'steep orientation of oupiexes iioiL-tes that stacking resultedfrom reverse-sinistral movements. lt is not ctear whether this is also the original orientation in which stacking tookplace Oable 1: see below).
To the west of the Dalny qreg tl'r9 sequence of NW,trendiry ia{J blo_cks merges with the N-S trendingLily Shear zone and a parallel band of felsic schists (Fig, C; Bfisi, Jsz-ol. The discoroiniietationship betvrreen theLily Shear and the duplexes at Dalny- Mine is not cleir. R similar'relationship also exists farther south around theGolden Valley and the What-Cheer Group of Mines lBliss, rgzO; noOertson, 1g76; Catchpole, 1gg7; Henington,1995). Three possible relationships rnay be considerdo: eiti'rer tnd urv snear is tate ano tiuncatm the duplexes; orthe Lily Shear formed in conjunction-with the duplexes (e.g. ai I ioof thrust); or the Lity Shear is a mutti-deformationalzone with components ol both.

Q2, syrr.m ineralisation deformation

Gold mineralisation is associated with up to.1.Stm long segments of britfleductile shear zones fl-able2)' The main Dalny Heef has a strike.tength of about 1200 m aio Gnos at a fairly constant angte of 050. withdips varying between 60€0o NW. At the extremities of tlre reef, trenoi cfrange to ozooso" at relatively constantdip, giving the reefs a curved geometry on plan view (Fig. 2).'Til ;;r is n-ot one continuous planar zone, butconsists of a series of Bo-250 m long segrnehts ttrat ard airanged in lin_e along the tre;d of the reef. They displaya limited overlap and a smalldegrea(S-l0 m) of mainly rightsffiing. rnis isionsisteniwitn a Riedet arruya6nga compressional shear zone with a.sinistral componerit. Stner rbbtsjn the area like Turkoise and Arlandzer havesimilar dimensions and display similar variations in trend.
Within Dalny Bee-f, the foliatio.n is sub-parallel to the regional foliation and is defined in a 1-3 m widezone 

-by 
a large number of anastomosing, sub{aralel slickensiO6O riacture-planes. tnese are associated withcomplicated arrays of crack-seal veins parallel io tne shear zone wall and exiension veins at variable angles tothe shear zone wall. The slickensides parallet a more pennasive schistosity in silicified Cnbrite-ri.n gieenitones

adiacent to the shear zone- Several generations of slicken fibre iineations and gioores can be observed,although all of these are not always developed on one foliation prine. ine dominant fiieation, [iu, ino generalv
the earliest visible, plunges steeply to the NE (pitching 50€0"ttE on the fautt plane) and closely parallels L1 (Fig.
3)' S-c-like fracture arlays, slickenfibre steps and tension fracture arrays indicate a reverse-sinistral sense ofmovement- A second slickenfibre lineation, L2p, is locally developed andlpitches snal6wty to the SW ifig. 3). lneast Dalny and Pixie this lineation appears to be dominant. This lineation is associated with a sinistrat normalsense of rnovement. Locally, a third generation of down dip striations (Lec) is developeO issociated with a normal
sense of movement, however, these are uncommon. The different L2lin&tions, which appear to alternate within
the sarne fault segments, -testrfy to a complicated mutti-staged faulihistory in which the dominant movement isreverse sinistral. The normal movements probably occurr6d. during (transient ?) epiiodes of fault 1ie. stresslrelaxation. rlis process can be clearly dentonstratdo ufren ,ein g;;'retri.rs are consioeieo. etthough;r"st veins
and slickensided fractures parallel S t, tneir overalt distribution Oejines i srnall-circte on a $ereoplot (Fig. 3). The
centre of the srnall+ircle is near-verticle with a half-angle to the veins of -25o. This distribution patteiniuggests
that the fractures, including those hostihg the veins, nticleated and piopagated within a uniaxiat slress field withs1 vertical. This means that fracturing and fluid infiltration occurreO ciuring episoOes oi extension and normal
movement, which must have alternated with the pervasive reverse movenents.

Not all veins and fractures formed simuitaneously, and a complex vein chronology has been established(Carter, 1990). Early mineralisation involved highly delormed giey ariierous quartz veins (Vt d and black quartz
wins (V1b, with native gold) that impinge on the black shales, and mosty parallelto sheai zone wall. Deposition
followed of massive white auriferous quartz (V2, with native gold) paraflel to the shear zones and tensional
ankerite veins (V3) that cut across the shear taOric. Lastly, quarti-barbonate veins (V4) were deposited in a
variety of orientations. Some of the earlier veins are crack-seal veins with a large number (10-25) of vein-wall
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parallel cracks preserved as trails of epidote crystats, presenting evidence for cyclic fluid ftushing through iheshears.
Fleefs 

.?,1: 
geP.lally dipping steeply^(60€0") to. the NW, but trends vary signiticanly (between 010 and080') together with variation-s in the irend or s i rnL inain oepos,tJ iiie Rrtanoiei, iiiloir., stena, oreander ar*chadshunt are about 1'5 km apart, but not necessarilly on ihe same.lreJ',d (Fig. c). The as'sumption that thesereefs were once on the same tiend invoked til;-eed ot tater r.r-s ritrts roi riinicnin"r" i. no physicat evidence(e.9. Bliss, 1970). lf the reef distriu\ution a.rnO-O"lny.f,Aine is pfu"uO on lop of tne unOeilying duplex geonetry, itbecomes apparent that the variations in reef trenos itosety iliil til ritnorogical t[rol irnposed by Dt tectonicstacking (Fig' 2)' Many of the reefs ocggr within, or close io mylonite zones that dernarcate tectonic blocks. Thespacing of major deposits (1'5 km) matches tne iverage size oi i .,ngle raun oncr-witJiin tn" tectonic stack. Thisobservation implies that ine geometry and oiitriouiion ot reeti ii controlted by ieactivation of D1 duptexstructures, mostly via brittle ductile reactivation of bounding mylonite zones. This readily accounts for the strike of

I".:S3#f:#g?#H ffinttone 
Reeri, 'or,Ln were-prdviousty tnousht to Glni,*"rousty oir"niituo tng.

Post-M inera lisatio n Deformation

It has generally been assumed that the mines between Dalny and Arlandzer were broken up by latersinistral N-s striking fauits, possibly related 
1o gvte intrusion f".g. Bli.s, 1970; rostei er aL, 1919;campbell andPitfield' 1994; Table 2)' The most furominent ot irrese lg.ults^qieiupposeo to be tnoruiroige_Gap Fautt causingthe separation of the Turkoise anb Dalny neeri, and.the chJ"v 6'n"." or Eastein C4on Faurt truncating theDalny Fleef in the 

-ry9! 
ap possibly opp.r.gcing it io*aros Pgrppq'u ii,g 

"; 
Leigh, 1964; Btiss, 1970 and Foster etal' ' 1979i carter, 1990; campbell ind,Pitfieloi iss+jroespite trail tn'at ines| raufiJ"!n o, seen on randsat rMimages (campbell and Pitfield, 199+; Herringion,'rsissl we were unlote_to identity them, not only on landsat rMimages, but also on air photographs or in t6e field. lt is tikeiy tdi th; D1, sigmoioiinature and thinning of thefelsic schist lenses south of rurkoise has been confused wiih later fault displacements. To our knowledge, noperson (including the current mine geologists; P. Cnao.wtcr, pers. co**. rgg6) fiJ6*u; 

"oj""io 
ilffifi;Loustyidentify the position and orientatioriof th6 taritts. For this r&son ano oecause the g€ometry of the reefs can be

;[?,y.Hn':*,:t'ng 
the underlvins D1 structurer, it is conctuJeJ that tG-EiitE* brtorr and rurioise Gap

The only post-mineralisation event to affect the area is the intrusion of dolerite and gabbro dykes fiable2)' Most of these dykes are sub-vertical and treM NNW-ssE. vrneie tney trunilte t-n"-sw-trending reefs, theycause an apparent dextral displacement proportional to the width or tne ovr<e. Tdr; I no evidence for dextralshear zones parallelto the dykes.

Discussion

lmplications of the observations are two-fold:..1) qis possible to define a number of geometrical factorsthat constrain the distribution of gold mineralisation in the Datny irea, ano mar;t; ;;; modet for comparabteterrains elsewhere in greenstone sequence!, 2) the observation tnit tlrctgnlc sJacking occurred in the greenstonesequence during the peak of metamorphism'and possibly befoie ipright folding of the sequence, opens apossibility that horizontal thin-skinned processes'occurr6d in the greenstone -belt 
and questions existingstratigraphic and diapiric models of greenstone belts in zimbiowJ te.g. i_ersma etir, igsg; wilson et at.,1995).The idea that gold reefs in the Dalny area oc_cur atong I5-so m wide .dne ti reactivation within thecentre of a continuous, 300 m wide Arlandzer shea.r zone-(g 6 cirt"r, ]gqg, campbeil and pitfield, 1gg4) isincorrect' because regional strain and fabric intensity variaiiois oo not justify the definition of such a shear.lnstead, a neturnrk of 0-5-5 m wide silicified mylonite zones enveloping low skain lozenges of country rock can beidentified as siliceous schists and black shab6, thai occur both wiihin-and outside tha ;i; previousty defined asthe Arlandzer shear zone (Fig. 2). .The.intensity and consisteni asi*rn"try of defoimation features (fotding,crystallographic orientation, ribboned grains, s-c iabrics, irv*retri.Irerslre fringes, dynamic recrystallisationand grain size reduction textures) relltive to,the surrounding rocks,'testifies to inlii nign strain, non-coaxial, ,

origin, i'e' they are mylonites in shear zones. These shear"s preoated minerariJiiion and separate variouslithological blocks. Therefore it is reasonable to conclude thai the lensoidal distribution of consistengy NWyounging lithological units separated by unconformble contfgig ("ig. B_tirs,lgTol o[o", lgr1) resutted fromtectonic stacking across shear zones that also acmmnrodated fluid'floiv. T-he resuJfing duplex geonetry is closelyparalleled by the distribution of gold reefs.(F'.g, 2b). R;fs atpdi freferentially within fine-grained pilowedgreenstones' This either reflects some cnemiia[ hosi roct< contiot or ainecrranlcal'control: e.g. blocks of pil]owedbasalts are more competent causing boundingi shears to be more ieadily reaitiriieo or fractured duiing theauriferous D2 events.
The first order control on the distribution of gold in D2 shears is therefore the underlying D1, duplexgeometry' A Dz stress field of undefined orientation or 

-origin 
cruieo fracluring of the D1 tec{onostratigraphic pilewith fractures propagating predominantly along or in ctose proximity to D1 shear zones that represent zones ofmechanical contrast or weakness. These fractuies did not al'ways propagate as single fractures but Riedel arrayswith a.low degree of overtap are comrxln. This Riedel ogo*dry bri-J,iutes i ie6no-oioer controt, which is ofmore imnediate interest to the mining operations. with-this in mino s6rne interesting points can be rnade aboutreef distribution. Reefs are of limited-laieral extent; i.e. up io i:6-t* iong, 

"qr"lling 
the ma:<imum lengilh of asingle D1 fault block. By the samb token, the 1-1.5'km spacing of major otpoiiti pr6oiorv reftects the averagedirnension of D1 fault blocks. lmportantly, there is no need to invoke later faulis such as the Turkoise Gap, or East
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Dalny Fautts to explain the apparent "otfsets'of reefs: there never was a continuous reef, and the reefs are notconstant in orientation, but curve in accordance with o1 iriearro#r.'rn" *ent"i;;;;i Litge Kitty and oteanderBeefs are not'anomalous" but merely.rolrow oi ,n""r, in a slighgy dilerent orbntation.Lineations along the mineralised shears are variabre 
-ootn 

within a single mine and from one mine to thenext (e'g' Dube, 1977)- Although they.gr{ominantly_parallerthe iegionat peak-metamorphic tineation and recordreverse-sinistral movement, shears witn similar orieniationr, can G iinirtli[no;;j';;rre norrnat, and it is notuncommon to find cornplex slickensided surfaces that record ari tnree movements. lt appears that during D2 thevarious D1 lithological blocks were 'reshuffled" in a mostly compressional regime,-although sections alongfractured zones experienced episodes of normal movement and dilation. During these episodes of dilation anetwork of secondary fractures devetoped al.ong which large rolr*"i or auriteiouJniiiii penetrated the wall rockcausing deposition of gold in veins which.dispr"v a cnaricieietil iilalr-circte oistriuui[n around a verticat axis(Fig' 3)' The cyclic nature of crack-seal veins 5t oainy suggests that this rcenario *iJiepeated n*ny tinres. Theabove is consistent with the fluid-activated valve niooeTit soiJn"etat.lrsee; s"L'rrro Bouilier-and Robert,1992: schmidt Mumm et al', 1994) inwhich rising llylo poirui.i *rr"'seismic fautt faiture with increasedpermeability, a reduction in deviatoric stress aF 6s!-rairire rruioiiscnarge. The abrupt drop in fluid pressurestowards hydrostatic triggers mineral deposition in t-he tracturJ netuoi[ re..rling in se[:i6"ting and a repetition ofthe cycle' The genesis of large volumes of auriferous H2o - Cbi iriiio with a il r;[^ii],, rnoderate density and apH of about 5 is likely to have resufted from metamorphism inlrre greenstone belt (colvine et al.. 1984, 19gg;Groves etal.,1g84, 10g7; Carter, lgg0).
Pre-existing structures, like the D1 duplex.stack at Dalny, play an important role in the distribution ofmany gold deposits in greenstone belts as mineralisation o.rr.'relatively laie in the deformation sequence(colvine et al' 1984; Groves eraL, 1987; Groves-ang |*t"ilssi; 6ampoi:tt ano pitriltd, 1994). simitar peak-metamorphic imbricate stacking may exist and controtptn"l olporir in zimoaowe. fn" venice, what-cheergroup of mines 35 km south of-Dalny is a good example whereiiriiur earry shearzones separate alternatingfelsic-mafic lenses and appear to controt tn6 geomeiry'oi raier gotd leposrts ittutt, t gga; catcnpole, 1987; Lotz,1 994).
The second.implication of atqYfqlls presented here is that duptexing may have occurred in thegreenstone sequenc€'around Dalny and that this may nave seiiouity attect& (i.dr"pEated) the stratigraphy inthe region' lmbricate stacks have.been recognizeo i'n tne Midt;il;'Greenstone Belt (catchpole, 1gg7; witson,1990; Wlson et al', 1 995; Campbell and Pitfieid, 19941, ary grg'oenlritty related to strike-stip zones that transectthe domed granitegreenstone seguence .4[1bqsh ine imoridte iiacrs at Dalny coutd have formed within astrike-slip setting, evidence for this is limited. sirike-slip *orJ*enis along the major fautts in the MidtandsGreenstone Belt generally represent the last r"i* o"roi*ation in nL o"lt (e.g. wlson, .t9g0), and horizontallineations are commonly preserved.(campoerl ani irttrgio, ilisa) ni dalny, tde Imoricate stacks formed retatuetyearly' during the metamorphic peak, and lineations in the shearf are not 

-norizontil. 
TG afternating felsic-maficlenses extend to the north and nortireast or oirny ano are noi iestricieo 

Jo. 
tne viscinity of a discrete strike-stiplault (such as the Lily shear). The D1 geometti"i it oalny crn o" ilrretated with intdrteaved felsic and maficgreenstones separated by sheared graphitic shales and siliceous schists that occur in the same stratigraphicposition atthe venice, what-cheerino Nando Mines,35 km sou*iiruy.fi, 1gg4; catchpore, 1gg7; Lotz, 1gg4).Here, the D1 tectonic sequence is folded by NW trddilg ,;p;ignil"t; in tn" nose of the Gatooma Antictine.considering the above it seems reasonable to assume that the formation of the D1 imbricate stack atDalny predated steepening of the greenstone belt and upright ruroinf1i.e. the formation of the Gatooma Antictine).It is therefore possible that the d'1 geometries formed iri a noiizdntal position and resulted from thin-skinnedprocesses that caused repetition of the.stratigraphy early during the evorution of the greenstone belt, similar tothin-skinned thrusting described from other-g'raiitri-greehstone-terrains such as the Vilba* and the Barberton(e.9. de wit, 1gg2; Lamb, 1gg4; Martyn, rsgziswigdr ano Gritfin, 1ggoi 

gvvrr (r'' tlrs I,l
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wrson''ih'Hiis:[:i::"rplfirl:i#"',T:;".'!1?r,g?ffxr:::,g 
r-Ar.r,s"an re]sic ,*,.n.* in the

tr[ru:trp'o"""i'iE;oi'#.'i:6iil].,*a.d'rii,ii:a":,:g*ru;,[i*$,$[d,,.,.,flI

Surface visit to outcrop in Chakarl area
STOP 2. ptry Reef Outcrop

to the n"$,lXH approximatety 1 km to the N of Datny mine.

STOP O. ColnerFubbish Dump Outcrop

Situated s9fl.e q0 m to the SW of Stella shafr A hriar ,^. .

[,?j"J:":J;ffi 'r#y,3fl ,?n",ffi 

[,JJilrr,,"#;iE*. 
j#:!i?J",tf l#lT[f; [#r:,g:;i?,J]il:

STOP 4. Turkois Shatt Outcrop

and the .fl,:,1il?r313:.:T|r[: * to the sE or rurkois shaft which rorms the junction or the Arrandzer shear

STOP 5. Maldon BtF Outcrop

situated approxirnately 1 km to the s of rurkois shaft is a good exampre of BtF, which was once mined for gord.STOP 6. Artandrer Surface Diggings

shear 

'o'il'lJ'1",'fi3#:""ffi 
ili1:Jl,yf#1ffi.3*'J,i,"Jl*,T[fiii,',ffi'#ffii:ilap*#1?.!]soect to the host

STOP 7. Kadoma Rockery

An example 
-of 

the sporadj-c development of an s2 crenulaticelonsation lineations, associat& *itn ir"l"r"dijpi"-"rn""rGtril;'ilyftjj?il:i?r"^imfl:f3irg:rr"H weak

..

A brief review of the prxy reef complex as regards

Sunday 7th September, 1997

south Midlands: Tlre shenarood and raba Mari shear Zones
P.J. CHADWCK
Farcon Gorct Zimbabwe, c/o Gtobe & phrenix Mine, poBox 3g3, Kwekwe, zmbabwe
STOP 1' Underground visit to Phoenix section of Grobe & ptroenix and Rrverrae MineGlote & phoenix Mltp

point"J*,f,H?'*g'*rfl ilffi fr E'f"?J,'ffil{iiiitE".,ffiLit"":ff [oTt,*:ffi ,,#,:,+x:frP?i#,lt l?.: ':i1"f'vi" ini"'p'.teo rn t",-*"r'or,t,an$idsililrr*i;ted--,i-il, 
Lro in rhe srreaizone.oet"*eniffi ,r,;""ff;Jn;*jfl jH,flffi]Nuuql,:1ffi 

ix1g,6*rsnfua*",:,ng,ffi133[#'3::',ilfr,ijJ$flit':',ffif 
ifri',:%ffy##,8?:?!.,irr,;"n;;u]"rr,ere ip,o..&. rothephoenix Main ,,io-Fno",ii pill,er ieerJ"i;;':i"^:l-y:q,ffi,tiri'"?+!r1.i:u;#i*,ililTriJ,Ji3characterised bya reversedextiai.movement anolppeali to G oIsoAgO iinirtrauiiv tn" Appte reef, whichffiT':vs3:T":1ff13,l:ffi,Limt*r,,uxl:ft 

ft ft L:Hi'mxllr'flhkl,6;,*:ff;?*ffiwill also be observdd *hi;hap"j[ t" Giiriil'ti"-qr"ra ,*r. il,ith-u'r"r"rse rnovement.
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Figure*' ceology of the Munyad and Battlefields districts based on phoro-geological inrer.pretarion at l:25 000 scate.Insets show selected traverse sections through the Shamvaian Group sediments.
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Bell-Rivertea hline

of theo,#,:,H',I'H',?3#1il:!';,J3#,3,1p+ffiffiiiiliffi:*rx,Hl,lr#.%l*,","x:a,[H]TJ*y;#,:
within the present limits oi n";:1,:r 

11;@ #., **e w*h oJptn 
_ 
B"iil#;;:L 

.ho:J.o by coarse crastic
sediments' consisting oigi"*'ckes and congroilerat&, ,rn"i.'#ao:ls^g]F.i*pivto 

rhe w, ano the mine::#31:ili,f'E1li,'.:3'ff ffi''5j,il$:{^$:sililf,'r,t1niffi65iir*,iij:x;i?,[i,i..,;[.g,[:?Eysection comprises quartz rtnttt gg ';ili;t'J.-!Ln.,,.r siircrriciti-o-n or tnl ffii r#i: ald 6xtensive surphideff#?[:' ifi i]lffitti liJ ?HjJi! ti I flX :i,:;,r 
;.=:..S? g#; H H,;ffiUtTBfiL,ro oL.,. i,n-" iood; rxiis'1'Hli[r:1:Ji[?[j5=Th-T'i:[:#."].:itr18:t,ffi 

Etri#]Hf#H,'##SXl',ff1'E'i'?.tl;d:,'-.{.,f,'tr ml'1.*,,it?-'p,unse to tn. r.rrl rh" !i",;JG- "**, the Friverrea and Be,rne unJergrlrnci.,i',i ^^^^"-::;.;a-:^sl:;rgers. 
vvr"

indicators tcwa:-ds iie ;,;l .:.'_, ::==. :::-=r:^: e''et covering both the Hiverlea and.Bellsections. Kinematicextreme .rvesi. _e_c.a:: _:.,,- 1, . = - ,= -_: si::.:. cci..rracict those.in the rJrt oiin. section. Towirds theeast' rndic"i' ='i'- =:. . -.1:. :,,:-=:=;-i^T; :..1:j;:tr+it;X,,#il*#fi,,q,ffii;,,".-,3,S:jli;
S:|,+:iU,,i:! f--=.'' -.= ,.t-.'-;= . .; :;;'=.. :* B"li ;er, iJa ilrii.r"ropud white to-rijnt sreysectionand rineations ._:.I..=r-..r1_:._- : :- l::ra;r Diunge to the NE, is ooin. oreshoots or tne gett=: =l:anSTOP 2. phoenix Oxide pit

Situated ju.st to the yres: :. :-= _= - :- -;

.:fi$ffi:!?3i,i[fl#,i;:Ji; =.r:.-:=.=,;=:_, :i=iir::i.:iif',;r'rH&::Hffi,*',i,T?,fi;thefootwall ofthe,pnoeniimlii-reer i-€s€--.= -.t_,.:=-:::;;--=^,':_T:'1*li"wnichareparaler andinextensively mined.on + leveiluni t.r. :u=- :... __u,t,'1._='=' :=:'a--::-€','I,'E a*f bcth of which wererepresents the surface e*pressJonof a:, .,,:.. 
= --. .:J ,: = =l: 

t".:_i =,: : s :€ -3',ec :*at il a plo.nix pitbearing lodes. ThiszonJrirrffiirorm par .:.--. ,l _-:.-i, _-=_:'._. .:::.,;,:^,i-:^:::-_:. r _:..Er;Js, gotd-

STOP 3. lmpamesa Oxide pit
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