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Hi gh 1 evel s of Imagne?l. Llm (dol oml te) c:'ontaml natl on are 
perlodically e::perllnce.d ln the ::lnc: cleanlng clrc:'...lit OT the 
Pine Point concentrfor. lin this pl"'qJect the r"Esponse Q~ ;::':.ne 
f'oint lead-;:i.{c ore to'fl~t.atlcn .and ~~lphl..lrlC: ac::.d le~c:hing 
is e::amined. A~te;:tl.ll"'al st~Lld'f' 15 c:onduït-ted LlPQf\ a sample of 
rod mill feed in ord\ r J:o liden'tlfy min~ralogl~al te::tLu~e5 
whi c:h may contrl bute to va'rl. at l ons 1 n "metallLIl"'gl cal 
performè\nce. i, -',-

It is found that Plne POlnt dolotnite el:hibits a 
negligible amount of;entrainment and no det,ctable flotatlon 
respbnse in simulated ;:lnc cleaning clrc:ult,s; however, 
intricate aS50ciatlorls between dolpml~e and sphalerlte cause 

.. l,?cking down to parti\c:le si';:e5 of app~o:umatel'I lS-25)-&m. It 15 

estimated that the oCfurren~e of varl~ble amounts of lntrlcate 

f 
textures ln Pin'e pOin~ mlll' feeds c:oL\ld contnbute to c 

variations of app'rolll ately O. 1:~ ln magneslum levels ln the 
zinc concentrate. ' 
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RESUME -,-----
" 

Des ni veau:; éleVes de contami natlon au magn~sium 
(dolomite) sont perlodlquement observ~s dans le clrcult de 
nettoyage du zInc du conçentrateur de Plne POint. Ce proJet' 
~ consisté à étudier le comportement du minerai de zinc et 
plomb à la flotatlon et .) la lu:iviatlon È\ l'acide 
sulphuri·qLI~. On a étudié la te:,ture d'url échantillon de 
l'àlimentatlon au broyeur à tlge~ afin d'Identifier les 
~extures min'ralogiques pouvant favoriser le$ variations du 

ê 

rendement métall"urglque. ~. 
On a constaté que la quantlte de dolomite récupérée par 

entrâinement hydraulique ou 'vraie flotation est négligeable 
en simulant plusieL}rs circuits de nettoyage en laboratoire. 
Toutefois, des associations comple::es entre la dolomita et 
la sphalérite pr'oduisent des partlcLIle"s m.i::tes .Jusqu'a une 
finesse de 15,.1moa ~5J-lm. On a estim~ ql.le la présence de çes 
te}(tures comple::es en quantltés varlables pourrait prodUire 
des variations d"en'Ylran O.l~-:' en magnésium dans la concentré 
de :::tnc. 
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The F'l ne F'Ol nt ml n 1 ng dl strl ct 1 S Sl tl.lated on the sOl.lth 

shore of Gr~at Slave La~.~, N.W.T. ::\t LÜltLlde ol'4(·'N. 

l ongl tl.lde 114 a::O~ W ,:F,J. gur,e 1. 1). The dl str lC:t l S '36\) f,m al most 

due North o:f Edmonton. the nearest 1 ar-gè c: l t'l' ..and 80 ~ m east 

of t;he Greë\ t 51 ave Laf. e l"a1l l'la r' term1 nl.lS at Ha,. F:i ver. The 

~tages of development wlth estlm~ted tonnagés rang1ng from a 
, 

few hl.lndred thousand ta over 15 mlillon ton'nes. Average grades 

are appro:: l matel y ,7~~ :: l ne and .:!~~ 1 ead. 

. 
E;{posed lead and ::1I1C deposlt':? were fll'"st sta~'ed ln 1898= 

. \ 

however, the area was e::plol"'ed onl,y lnterml ttentl,' for the ne>:t 
'~ 

50 years. In 1948 Comlnco ~td. lnlt~~te1 a"maJor explorat1on 

. 
program WhlCh, by 19::5. haè! d'el1neated a large m1nerall::ed 

belL The area was developed over' the 'Iear"s 196::-19é:4 and mIne 

prodL~ctidn commenced late ln 1964. The sarL' de.'elopment o-f 

the Flne F'olnt propertles 15 summarl::ed by 8arange-r (1964) a.nd 

by Campbell (1966.1967). 

From 1964 to 1968 over a,mlillon tons of dlrect-shlRPlng 

ore ,,!,ere prOdl.lCed at grades o-f 18.0~~ to .:::.::;~.: lead and :5.0'% 

to :9.1% ::lnc. The concentrator commencsd product.:.on ln. 

November of 1,965 at a des,lgned throLlghpLlt of 5000 STF'D and by 

the t!nd of ,1968 a total of over 5 ml Il l'on, tons of ore were 
. 

prodLlced at' average head gr-ades of 4.::~~ lead and 8.::;~~ ::1nc. In 

1968 Comlnco Ltd. acqul~ed mlnlng rlghts te a large ore,body 

located .to 'the east of the F:1 ne POl nt cl~lms and .the 

',1 
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concentr<â{;;- was e::panded ta 8000 STPD throLl'ghput. Current ----- , -- . 
mlll J.ng capac:. t', ; s' over Il, ()(d) STF'D. 

The F'lne FOlnt dlstrlct has .developed ln~6 one of the 

rlchest prodLlClng areas of the wçwlcl. Sy the end of 1981 ovet 
. 

S4 mlll10n tons of ore had oeen produced at an average grade 

of 10.9~~ .':lnc and :.5i~ lead, and e::plora-tlon lS st1ll actlve 

ln the area. Producticn and reserves data are talén from 

Jacf'son and Fo~ l,nsbee (1969), Cor-mode (1977) and the Canad1an 

Ml nes Handbool (198:2/8'3) " 

The ref 1 nerv specl f1 cati ons for::: 1I'1C concentrates depend 

hlghly upon the reflnlng pro~ess belng used. Untll thJ ea,-l '1 

1960'5 horl::ontal ::lnc retorLng, was the standard method of 

reTlnlng ;:1nc. ln thlS process ~::.nc·concentrates were roasted~ 

ml::ed wlth car,b-on (coal or cole). placed ln a clay retort and 

heated to, appr-o:,lmately 1150°C ~n a gas-flred fu,-nace ta 

produce :::l1"1C o>:lde. The :::lnc o::lde r\?seted "ath carbon to 

prodllce carbon mono:: 1 de and :: 1 ne vapour-, wh.:. ch was 

prec1pltated 1nto ~ondensers at the open end of the retort. 

Impur1t1es were collected into a s1ag WhlCh was perlodlcally 

bl ed OLlt of the retort.. 

The prlnclpal 'advantaqe,of retort.lng was l.ts,ablllty, ta 

ac:cep~ hlgh levels of lmpurltles ln the lnco'mlng conc~ntrates!, 

However~ lt was clear b',.. th'e earl', 1!!?60's thàt horl:::ontal 

retortlhg cou~d not c~mpete wlth roast-le~ch-el~ctrowlnnlng of 

3 
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:!1nc",LabO\..lr and f\..lel costs were el:ceSS1ve and metal pur1ty 

was sometlmes unacceptable. The last remalnlng =lnc retort 

furnace was retlred ln 1°76 ln 8artlesv111e. Ollahoma. The 

history and e~entual obsolescenc2 of =lnc retortlng are 

summarl=ed by Dutrl=ac (1981). 

Roast-leach-electrowlnnlng l~ nON the standard process 

used to r-ef'l ne :: 1 nc concentrates. ',Concentrates ar e roasted to 

tor-m =lnc oltlde' and =1n\:: ferrItes 4'1hlCh are then dlssolved ln 
o 

a ,two-stage, S\..I 1 ph\..lr 1 c aCl d 1 e~ch to f orm :!.lnc S\..I 1 phate. The 

s~lphate lS electrolytlcally reflned uS1ng,a ::lnc cathode, 

upon WhlCh the ::lnc ln solutIon IS eleetroplated. Sulphates o~ 

contamlnatlng metals do not,plate out~ rather, they 

coneentr ate 1 n the el'ectr-ol y te Llp to thel r saturat Ion pOInts 
, 

and subsequentl; preclpltate out as a sludge whleM can be 

removed by fl1 tratlon.' 

In :lnc eoncentr~tes fram dolomltlc ores sueh as FIne 

POfnt the prIncIpal contamlnants ln the coneentrate are 

'calelu~ and magneslum. C~lelum poses litt!e problem. Slnee Its 

sqlubll1ty ln the electrolyte IS only about ~ grams per lItre; 

however. ma.gneslum 'sulphate. l'uth a solubll.lty of about :'50 

gram. per lItre, does not readlly pr~clpltate out from the 

ele~trolyte. The consequent magneslum bUlldup causes the 

followlng problems (Gorman and Nen~lnger. 1976): 

1) Increase of the specIfie gravlty.of the,eleetrolyte, 

WhlCh causes poorer settllng and fIltratIon. 

2) Reduced eleetrlcal current efflcleney ln the c~119 
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due to reslst'lVe heatlng. 

:::) Envl ronment.al p~pb 1 ems ln treatl ng or dl SPOSl ng of 
" 

purged elect~olyte. 
" 

the changeover from r~,tortlng to roa9±-leach-

\ 

Thu, 

lectrowl nlng WhlCh occurred ln the 1960's and earlv 1970's 

ha~,resul~ed ln an Increase ln the purlty reQulrements for 

:', \ 
~lnc concerttrates. Dependlng upon the speclflc operatlon, 

\ 
'\ 

telerable m~gneSlUm 1evels ln ~::.nc concentrates may range frem 

0.10 to 0.=~ mass percent. Penaltles are levled agalnst 

concentrates up te about 0.40% magneslurn. and concentrates 

wlth Mg leyels above 0.40 ma se percent are essentlally 

'-Insal e~l e. T~ese requlrements are much strlcter than the 
\ 

requlrements of retortlng operatlpns WhlCh would' accept up to 

0.40 to 0.50 mass percent magneslum wlthout penalty • 

.. . 
'The ma~er constltuents of Plne POInt ore lnclude the ore 

mfneral$ 9al~na ,(PbS).sphalerlte <ZnS) and the non-ore mIneraI 

pyrIte (Fe5t.), hosted ln dolomlte (CaMg(CO,'\) and calôt'e 

(Cace,". The presènce of 1 arge amounts of carbonate 1 n the ore 

~S a~vantageous ln one respect due te the hlgh 

aCld-neutrall:lng potentlal of the waste rock and mlll 
, , 

·t~~11~~S~ however. the abundanc~ of magneslum ln the or~' 
-

p'resents G:onSl der abl e ml Il 1 ng prob 1 ems, part l, cul ar 1'1' durl ng 

A ty,pl"cal sample of Plne FOInt m::.ll feed conta::.ns 8-11% 
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magneslum an~ 5-10% :lnc. It 1S readlly calculated that ln 
, 

order ta meet the 0.10% Mg re Ulrement over °9.~% of the 

magneslum must be reJected. Mo eo\er. thlS feat must be 
1 

accompllshed ~~thout brlnglng th :lnc recover( bel~w about 

90-95:~. It 15 net SLlrpr151ng. therefor-e, that the bene-f!Catlon 

WhlCh reqLllres prec:se control ~:md gr-eat eff!Clenc,. 

Table 1. 1 ~resents productlon data for the flrst ten 

years of cdncentrater operation. Data on magneslum levels ln 
~ 

the :lnc concentrate was collected onl ( for 197: and 1976; 

however, data on total carbonate <dolomlte and calcltel 

contamInation can be used to obtaln an estlmate cf magn,slum 

contamInation ln"the concentrate, dssumlng a dolom1te:calc!te 

ratlo of about 4 ta 1. 

TA .... 1.11 PRODUCTION DATA F~ FIRIT TEN YEAR8 
OF CONCENTRATOR OPERATION 

, 
----------------------------------------------------------------------------------

YEAII TONS r1 ILLED TONS Zif C-IlN Z CÀRBONATE IP!6 Xl INe 
1 10. 1 10 5 , 6ANGUE (ESTII'IATED) RECOVERY 1 _________________________________________________________________________ 1 

1 1966 1.46 2.41 2.54 1O..23J 92.70 
1 lm 1.52 2.33 t.S4 (0.:6) 94.10 

!9ôa 2.14 2.23 3.24 (0.29) 93.70 1 

1969 ,3.60 4.:1 3.06 (0.:::81 9:.10 
1970 3.86 4.51· 4.42 (0.40) 92.10 
1971 3.89 4.17 4.99, (0.45) 92.90 
lm 3.81 3.91 4.b9 0.45 ,92.00 
lm n 3.90 3.71 3.35 (0,:0) 91 • .70 

1 lm 4.14 3.57 3.B6 tO.3!i) 92.80 
!I lm 3.90 3.03 3.50 (0.32) 92.:0 
1 lm 3.77 l.26 2.87 0.22 9:.50 1 ____ ..... _________________ --.,.. ________________________________ 1 

1 • "ILL UP6RADED BY ADDITION OF THE SPHYNX (Xl CIRCUIT 
1 .. IIIPID91TATION OF FRDliF.AII iD CONTROl 115 CONTAPlINATION 
------------------_..1 , 

(from COF-MOOE. 1 C-'-:I.\ ,,1' 
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Durlng the lnltlal years of productlon ~lnc head grades 

were hlgh and magneslum levels ln the concentrste were 

acceptable (1966 estlmate 3.ppro::lmatel y <'. :::.:~) though close ta 

the acceptable Ilmlt.· Ov-er sdbseqLlent. 'jears head grades -rell 

and dolomite reJectlon dld not lncrea5e. The net result of 

thlS Sltuatlon was a è:c:mtlnuot.ls rlse ln magne'::;lym levels ln 

the =lnc concentrate ta the pOlnt at w~lch ~he concentrates 

produced were vlrt~aIl( unsaleable. The year 1°7: mari ed the 

beglnnlng of an'lntenslve effort te reduce magneslum 

contaml nat 1 on l'n the concentr ate. l..lar l OUs measur es were 

lmpleménted Includlng the foI19~lng: 

1) Careful ore blendlng to provlde more conitant head 

grades to the ::lnc clrcLut and .3 closer açntrol of 

reagent le'/els • 

1 

~) Installation of two addltlonal cleane'rs ln the ::lnc 

flotatlon Clrcult. 

3) IConstruction of ,a sulphLlrlc, aCld leach ClrCL.llt to 

treat part of the concentrate. . / 
The d07qmlte(r~~ectl0n program e::pèrlenced fJ\l:':ed sLlccess. 

Between 1973 and 1976 magnèSlum contamlnatlon was reduced from 

the 1'7: level ef 0.45% Mg to a much,better (but 5tlll onfy 

barely,acce~table) level cf O.::~ Mg. Ores WhlCh were 

dl ff l·cul t ta treat were rOLlted ta the ac 1 d leach c l. rCLU t for 

further Mg redLlct.lon. The leach plant was also- u.sed te b~\lld 
\ 

... up stèc~.pli e.s of hl gh-puri,ty concentrates for 'offshor~, 5a+ e,s • 
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orfe of the prIncIpal problems e::,perlenced at F'lne'F'Olr1t 

after ~:: was the\hlgh 'cast of C)~r,atln~ :9.nd maInt':llnlng the 

:lnc ~lrcult. At thlS pOInt ln tlme the :lnc cIrcuIt contalned 

a total of :44 small flotatlon cells, ln 15 ban~5 wlth 

In~lVld~al cell ~olumes ranglng from 40 te ~00 CUblC ~eet. The 

Leach plant. unll~e the flotatlon Cl~~ult. was easy to 

maIntaln and operate; however. aeld consump~lon was ver! hlgh 

(between 45 and 55 ~g. of 9:1. HLSO~ per tonne qf concentrate 

,~reated) and reagent costs were e:~ceSSl ve,' 

The ne::t major renOv'atlon of the ;:Inc ClrCLtlE. occurred ln 

1979-1980. at wh~ch tlme many of the small-~~l~me cè)l~ were 

replac::ed by 1:::(1<) CUblC foot unlts 'and the lea-ch prant .was 

chang'ed from an aU::lllary operatIon Into 'a parJ C?f the' règLllar 
'''': . , ,. 

processl ng 'stream.' ZInc concentrate gr ê1de,s 3nd r:cicover l'e's t;>oth 
" ... "' .... ~ 

rose and aCld addItIon to the leach was c'u't bac~"t.o 

appro::lmat,ely :::: to ::7 I--g. per tonne of contentrate treatecf. 

The .development oi! the F'l ne, Pal nt ;: 1 n,c C l·rCUl t 1 S, 

summarl;:ed by Cormode (1977) and by 'Jon~s (1°82). Additlonal 

Inf'ormatlon was provlded bv ~'. ,Tlet;: of Plne 'F'olnt Mlnes'Ltd •• 

:Magnesi L.lm contaml nat'l O,n of' !=He ;: l' ne concentrate contInues , , , 

to be a problem at Plne F'o\nt. ,~'ev~ral_·aspec.ts o~ the problem 
- , 

can be notect: 
. ' 

1) MagneSIum levels are ~ot co~st~n~~-ra~~er. they'tend 

to rLs.e 1,n ores fr-om speé:.J.flç· "~hfficùlt" ,DltS. 

'::> Maghesl um contaml na~l on ,1 s not LàL.lse.d sol el'! b~1 low 

head .g·~f3des .Gr by hlgh levels of magn'~sl.ùm ln the 

8 
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feed. Hlgh-gr~de'or~s often prove to be more 

dlf-flCLtlt to treat than low-grade ores. 

-3> .At the present tl me al most aIl of the ore must be 

treated ln the 1 each plant. even thOLlgh the = l nc 

Clncult contalns what would normally be cons1dered 

as a large amount of cleaning flotatlon capaclty~ 

4) The :lnc cleanlng and leach stages of t~e :lne 

cu-eLli,t seem to~be wor~lng rather lnef-flclentl'l wltM 

, 
respect ta magneslLlm. despl te ,close control by the 

~... Plne F'ol nt oper ator~ and mueh p~ ant research over 

the past f,:fteen years. At tlmes lt lS dlfflcult ta 

, ~ 

meet smelter r~qulrements even wlth the aCld leach 

. 
ln the Cl reUl t. The precl Se factor S wh 1 ch are 

responslble for the OCCLlrrence of "dlfflCLllt" orJ?S 

are still not k nown. 

5) The leach plant 15 very expenslve to operate. ACld 

consumptlon can cost up ta 6::'., of_ the val LIe of the 

coneentrate treated and ~ddltlonal costs are 

, lncurred due ta dlfflCLlltles ln dlsposlng of leach 

plant effluents. Moreover, the aCld plant must be 

perl0dlC~hly shut down' due -to hlgh H7.S emlSSlons 

caused by the partlal dlssolutlon of sulphldes . 

. ' 
The problem of magneslum contamlnatlon ln :lnc 

concentrates from dolamlte-hosted ore bodles 1S not speclfIe 

. to Plne POlnt. Problems slmllar to those at F'lFle POlnt have 

been encountered ln sorne Tennessee operatIons (Gorman, Pagel 
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" and Nennlnger. 1976), ,~t Comlnco Ltd.'s Magmont operatIon lM 

M1S50Llrl (Schwelt;:er, 198]), and at Comlnco Ltd's PolarIs 
, 

operatlon ln the Northwest Terrltorles (J. Flnch. personal 

commun 1 cat 1 on) . 

The prevlous dlSCUSSlon has establl$hed that Plne POint 

experlences dlfflcultles ln reduclng magneslum leveis to 

toI erabl e 1 evel s. l t \"as al sa 1 ndl cated that the prob 1 em at 

Plne POint lS a general problem assoclated wlt~ many 

dolomlte-hosted =lnc deposlts ln Canada and the Unlted States. 

The amount of tlme, resources and personnel Invested by 

varloLIS operations ln an attempt to solve the "dolomIte, 

problem" 1S not to be Ltnderestlmated. F'lne POInt Itself has 

produced COplOUS ~nternal reports over the past flfteen years 

deallng speclfically wlth the possible causes of dolom1te 
J 

contamlnatlon ln the :lnc circuit and posslble solutions to 

the p·rablem. 

The alm of thlS research. therefore, 1S to cont1nue the 

o~golng effort to 1dent1fy mechanlsms of dolomIte 

contamlnatlon ln =lnc concentrate~, wlth speclflc reference to 

the ores and to the Zln'C Clrcu'it of F'lne POInt. N.W.T .. The 

tOPIC is of technologlcal Interest. Slnce the requlred degree 

of magnesium .reJectlon in Plne POInt Zlnc concentrates lS 50 

hlgh as to push ~lotation technology to ItS llmlts. The top~c 

1S alsa of practlcal 1nterest Slnce dolomIte contam1natlon ln 
.R. 
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~lnc concentrates lS still an Imperfectly u~derstood 

phenomenon. the solutIons to WhlCh have proven both costly 

,and. ln sorne cases. Ineffect~ve. 

In thlS pr0.Ject e::perlmental slmuiatlons of F'lne POInt 

:lnc flotatlon and aCld leachlng have been Llndertal'en wl.th the 

goal of characterl:lng the followlng: 

1) Mechanlsms by WhlCh dQlom~te r~ports to the 

concentrate durlng cleanlng fiotatlon. 

~) Factors WhlCh affect magneslum recoYer~ durl~~ 
'~ 

flatatlon. 

3) Factors WhlCh affect =lnc recovery and sphalerlte 

~ Inet1cs durlng flotatlon. 

4) Factors WhlCh affect l~a.ch erfflclenc'I. and the 

~ Ine-tlcs of sulphLlrlé: aCld leachl.ng. 

5) The effects of aCld leachlng upmn subsequent stages " , 
of flotat~on. 

Exper~ments have been ~eslgned to simul~te'Plne POInt 

operatlnq condltlons as 'closéi y .5 pOSSIble ln arder ta 

elUcldate the fcl:\ctors wh,leh ar"e r'espor,tslble for magnesH.lffi 
t\ J • 

contamInatIon ln Plne PO''l.nt. ~Inc concentrates.· 

• 

, The ;::lnc: ClrCLll''b at F',lne POlnt has Llndergone sev6!r"al, 

,rad 1 cal chan,ges 51 n~e ml'll startup '1 n 1 ~65. ,The fOllowl,ng 1 s 

. 
an elaboratlQn ~pori the brIef cIrCUIt descrIptIon of,the 
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j:)revicus sect'lpn, and 1$ drlllwn from Cormode <19,77). Jone. 

(199::>' and InformatIon provlded by K. Tlet;: of F'lne Point 

Ltd •• 

throughput _of 5000 STPD. Four banks of lead roughers ~ere 

followed b't one bank of lead cleaners and two ,ban!<.s of 

recleaners. -The lead tal1Ings were l'"oLtted to the :::lnc CIr,cult. 

WhlCh conslsted of flve banks of roughers, tWQ banks of 

cleaners and two banis of recleaners. The cells were all 40 

cul;li'c ,foot Gallghel:'" Agl,talt' model .. 48 unlts. 
, 

In 1969 Pln~ Pa~nt àcqulr~d mlning ~19hts ta the Pyramid 

ore bodIes loca~ed 54 ~m east of th~ Fine Pcilnt corlcentrat9r. 

At thlS tlme mlll capac::.ty INas upgrade~ to -80')(\ 6TPD by' 
, , 

1 nst,alll ng >an I,ndependent proceSSl ng c~ rcu1. t (the Sph In;~. or-

"X" clrc::ult) parallel ta the e;:lsting F'i'ne POInt ClrCl..I:t. The 

Sphynx ',Clrcuit had lndependent grlndlng and flÇ)tatlon capaC:lt'l 

, 
and merged ''''H th ,the F='l ne POl nt Cl rCl.ll t on ly at the Un c ~ en 1 ng 

~nd flltl"'atl'on sta,ges of Pfocesslnta. The Sph'ln:; CIrcuIt 
~, 

c,onslsted of àne'bank of l.ead roughers (100 CLtblC foot Denver 

'l'; 

30DR~s). one bank of lead cleaners and one ban~ 6f lead: 

recleaners/superclean,ers <bath Aglt-.:\ll'" ,*48 ,1.tnltS), folloYJed by 

th~ee banks of =Inc roughers and one ban~ of :::lnc 

cleaners/recleaners/supercleaners (all Denver JODR"s). 
, ' 

As, I?art of the 197:: progr~m to' ~ ncrease' dol ÇJm! t.a . 

reJ~ct~on addltlonal cleanlng-capacliy wa~ ~dded to the ,:lnc 

clrc.Ul t. Th-e == I nc concentrates frç)/n the F'l ne Fo! nt and Sphyn:: 
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Clrcults were cOmblned-and'fed to two banks Of =00 ÇUblC foot 

Denver ~~OOV c~11s, WhlCh were partltlbned lnto al thlrd 

cleaner :(one b~nk~. a fourth. -.nd a f!fth cleaner 11/= ban~ 

each) • 
, 

The post-197= flotatlon CIrCUIt at the'~ine FOlnt 
\ 

concentrator 1 S 111 ustrated 1 n Fl gure 1. ~ .• ' In total the 
, 

clr~ult consrsted df :66 flotatlon cells ln the Plne POlnt 

CU-cul,t. 108 cells ln the Sph,n:: CU"Cult and 16 cells ln the 

added' =lnc cleanlng Clrcult. Of these. 174 cells wlth a 

comblned volume of 10.:60 ~UblC feet were used for :lnc 

-' 
roughing and 68 ce~ls w;t.h al combln,ed volwne of, 6440 CWblC 

feet were used for =ln~ clean1ng. rhe,c~rcult was a rather 

unwleldy one whlch posed s-everal problems.: 

1) Process flows 'could not be evenly ~balanc~d ~mo~gst 

the separate bank~. Thus.-it wa~ almost ~mpo$slble ~ 

to achieve optlmum ~eta~lurglcal pêrformance and 

z lnc recovery. 

Z> The Pine POl.nt and Sphyn:< rougher c:a"C:Ults e::h:.t;llted 

dl'fferent ret6!ntl.·on tl-mes (17.9 mlnutes 11';1 Plne 

Pdlnt vs. =~.8 ln Sphyn::> and thlS adversely 

af-f ècted matall urgl cal 'performaric~. 

:;> As tlme· prÇlgressed the AgI tau- cell ~ 'reached the end­

of- thelr useful oper_atlng llves. Moin.,,'· needed 

rebulldlng. and the necessary overhaul$ were both 

lengthy and expenslve. 
" 

4> ALltomated process control was 1 mpo5s1 bl e -dLle to the _. , 
-f 
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multItude sf flotation c~115 and ,proce95 stream~ ln 

the two 'ClI"'CLUtS. 

Sy the ml d-seve'nt l'es 1 t ~s eVl dent that fl.lrth'er changes 

'{leeded to be effected. In 1980-81 the enti'r~' flotatlon sectIon 

of the concentrat9r ~as dlsmantled and the small-yolume cells 

we~e replacéd by 600 CUblC foot O. -16 and 1:50 CUblC foot 

DK-:::a flotatlon cells.- The new 'fl~-t.abdn CI'rCLlI t (shawn ln 

FIgure 1.'3) has a capaclty of 11.000 STPD and 1S now ln 

operatlo~. Aft'er consolldatlon of the F'lne POlnt and Sph,'n~~ 

circu1ts an Increase ln th~ =lnc concentrate of 0.6 g~ade 
, T ~ ~ 

unlts and 0.2 recovery unlts was reall=ed., The clrcuit 15 now 

amenable to on-stream ana1ysls and process control, bo~~ of 

whl cti are bel: ng con,s1 dered. 

'The Plne Point lea~h plant was put Intb operatimn late in • 

197= aS part of the program at that tlme to reduce ma~neSlum ' 

levels ln the =lnc concentrate.'Test wOf"I, had establlshed that 

maQneslum'could ~e effectlvely removed frOm =lnc concentr~tes 

accord-lng to the ~_~c!c-tlon: 
(, 1 

The plant conSl sted' of f OLtr \IIIood-staved tanLs 1 M sel'" 1 es 

and 'was de~lgned fo re~uce.magne.lu~ level~ ln the concent~ate 

,from.'appro:~l(!lately O.~5~~ to below, O.10~~., oper-a,tlng 

c'ontlnuously at a des1'gn cëlpacity of 1000 STPD. It \Illas' soon 



( " 

~ -

d i 5cov~r.d, however. that t'he 1 ncoml ng concentrâte magneslum 

level $ were cl oser to O. ::5i~. and 1 t. ~as ne,cessary to add a 

fifth leach tank to the"plant ln order to provlde longer 

retentI on of the concentrate •. The cLlt'"t'"ent mean res: dence tlme 

in the le'ach ClrCl.llt IS appr:-o::lmate'l'; tWQ hOl.,lrs (Fl.gl.lre 1.4). 

A schemat1c of the leach plant 1S shown ln FIgure' 1.5., 

SulphLlrlC aCld lS added ta the f!rst and second tan~s. WhlCh 

ac:t as aCldlflers. The th1rd and fourth tan' s ~ct as holdIng 

tan~s. or dlgesters. and 11qUld ammorila 1S added ta the flfth 

tan~. Wh1Ch serves as a neutral1=er. The neutrall=er IS 

nec:essary In,arder to consume excess aCld Slnce the post-Ieach 

flotatlan celis and the th1dener are not 'aC1~ praof. The 

neutral1=er also redLlces soluble =lnc to a metallurgl~aly 

, 1 nSl gm f 1 cant 1 evel( al thaugh st 1 Il hl gh fram an en\(lronmental 

standpoJ.nt). TYPlcal pH levels ln the tanks è\re 1.0 to .1.5' ln 

the aCldlcf,lers .. ,:2.<) to 2.5 ln the f'lrst dlgester_ ::.5 te :.5 
. 

'i~ the secon.d çhges.ter. and 7.Ct to 8.0 ln the nel.ltrall;:er.' 

'ACld addltlon ln 197:: wes 45 to 55 ~g per tonne of 

concentrate. but IS presently about =: to :7 kg per tonne. 

Ammonl a c:onsumpt.lon lIar 1 es at up ta? ~ 9 per tonne. 

THe 1 ayou~ of the 1-eac~ pl ~t Mas remai ned the s.ame from, 

1973 to present= however, ItS pos1tlon ln the p'rocesslng 

circuit was changed dl.lrlng" th~ 198<)-81 'plan~ renovatlons. From 

197'3 to 1980 the plci\nt was used as an aW(lllary post-flf)tatlon 

operat·lon to treat "dl ff::. cul t" ores and to provl de stoc~ p 11 es 

o~ low-Mg ::lnc conc:entrate ,for c;:oncentrate blendlng and for 
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9Tfshore sales. The posltlon of the leac~ ~l~nt ln the 1973 . "\ 
CIrcuIt 15 shown ln Flgure 1.=. 

'FoII O~H ng the 1 ~t:lO-81 pl ant renovat ~ ons the 1 each p,l ant 
. \ 

Was Incorporated Into the regular 'preccisslng itream. 

cèncentr-ate fr-om the ~: :: 1 nc cl eane'r 1 s' c l!=,l oned., and the 
~ 
. , 

under~low (at 60 to 70% sollds) 1S pumped ~o the leach plan~ 

(Fl~ure 1.:'). The leach plant d~scharge and c'/clone o/erflo,~ 

are 20mblned and constltute the ~ee~ to a thlrd (and optlonal 

,,{ourth) ban~ of cleanlng cells,. Touls from the thlrd and 

fourth cleaners are routed bac~ te the head of the ::lnc 

cleanlng cIrcuIt. When unusually hlgh magneslu~ levels.are 

encountered ln thé cleaner :: concentrate t~e pre-Ieach cyclone , 
, 

l' ~ s bypassed and aIl 01 th~ C::oncentrate 1 s thl d ened and 

leached. 

There are several operatlona~ and envlronm~ntal proble~s 

asseclated wlth t~e Plne POInt leach plant. The r-eactlon 

~et~een aCld and dolomlte releases COP1~US amounts ~f ~arbon 

dlo::1de ga5, and foamlng 15 a commen problem. In order t,o 

control thlS. wa5h water 15 added to the tops of. the tan~s and 

aIl tanls ar~ weIl agltated. Occaslonally there.ls a problem 
t 

with H~S emlSSIons (usually when the pH of the aCldlf!ers 

faiis below 1.0 to 1.5) .nd the plant must be temporarl~y 

closed down, desplte the fact .that the tan~s are aIl vent.d,to 

~'he atmo5phere. lIJater from the ;: 1 nc th 1 d ener cannot be 

recycled'd~e to ammenla evolutlon If It lS used ln the 
.. 

flm'tatlon Clrcult a'nd dlsposal oLtJ:llS water call.lses 
;' 
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énVl~onmental ~roblem~ due ~o lts hlgh cont~nt of dlssolved 

metal s. 

,OThe 1 each plant ha':5 prov~d ta be a sL\ce:essfL\1 method of 

1 

redu~lng ~agneslum conta~rnatlon ::.n Pinè POlnt :lnc 

concentrat.es; however:, the costs l nCL\rre-d ln 1 ts aper.at! or, ar~ 

very hlgh. The quoted (197'::) aCl'd consLlmptlon of appra::::.mately 

50 ~ 9 pel" tonne of .concentrate translat:=s lnto aboLlt 7('00 

tonnes of H~S04 WhlCh must bec purchased ~nd,shlpped ta Plre 

POlnt.~ach year, ev en lf only ~alf the concentrate 15 tr~ated. 

ThlS,Ltltlmately resLllts ln abOLit 7·)r)(),t.onnes àf sulphate tons 

, , 
and a comparable mass of metal ::.on5 wh::.ch must be d15pased of 

ln talll ngs ponds, as weIl as nl tr ates fram' n'eutral ::'.:: a't l on and 

, . 
H2,S from sulphlde dlSSolut::.on. FortLtnat~~·I.,for F'::.ne F'Oln,t·. 

Trall B.e, the major consumer of Pl,ne F01.nt ::lnc, acceots_ ... 

magnesl l\m 1 evel s of up ta <). ::5~~ ln the ;: l ne: èonc:?ntr ate 

wl'thout penalty. F.ar thlS reason aCld 'addlt!On C:an. often' b,e 

~ept low:, hawever, as head grades fall and as .more. "dlfflC: .. :lt"· 
" 

0, 

ore lS treated th~ leach,plant 15 becom::.ng mare hea/lly' rel::.ed' 
\;~ . 

upan ln the .~fart ta praduc. sat::.sfactary. =~nc concentra~es. 
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QtieEIsB ;~ §ggbQ§Y QE I~~ fl~5 EQl~I BB5e 

The ,lÇlcatl.on of Plne Pcnnt ln relation ta maJor 

" . 
geoldglcal featLwes was shawn ln FlgLll'-e 1.1. An under-st';\ndlng 

of the genel'"al tectonlcs of the,"l=!-rn-e F'olnt ëlrea and the 

p.etrogenesls of 'th,e ore depaslts 1:; usef~ul ta the geologl.st. 

vlho 'LIses SLICh lnfarmatlan ta dlrect e'~plOl'"atlan. tF'etragenetic 

'al thOLlgh l,t, can be of gr.-eëlt val L\e ln determl n l ng the t Ipe? and 

depO$l,ts and t}îe potentl al pl'"acess1ng pl'"ob lems v/h l ch ma,.' arl se _. 
/ 

r ~ • F'ine POl nt 1S located on the easter? Tl ant of the LoJestern 

Cëlnada 3edlmen'tarv BaSln ln the Central Plalns prcl'.'lnce 

(FlgLll'"e 1.1). It 1S 'pat-t of a br-C)ad reef-l::.l-.e ban-1er comple:~ 

\>'Ihl ch e::tend~. ta the SOL\th",,~st from neal'" the F'l'"eCambrl an 

Sh leI d. passes north of the F'eace F,l ver Arch ln SLlbsLlt",f.aee and 

',,".çont;.l.nues ta the southwest (Flgure ::.1). The, barTler cDlTiple>: 

Devonlan tlmes (:;45 ta ::95 mlillon years ago) and 
/ 

i nf l'Llenced sed l mel1:ta tl on ovel'" much of Western Canada. The 

comple:: 
. m 

1$ located dlrectl',' o ... er al maJor NE./SL~ trendlng fault 

system ln the Precambrlan basement roc~s WhlCh can be traced 

f or'~ mâh'i mll es bath ta the north~ast and t~ the southl'>lest of 

t 

l, F'lne F'olnt. The ~tratlgraphy of the Plne F'olnt reglCln lS weIl 

dOcLlmented bv Bk aIl ( 19ï5). Campbell {1966. 67' and Jackson and 

'. Follnsbee U96=t). 

, .' 

F'rl(~t~.,t6, .pevonl'a.~ t;,lmes the F'lne F'olnt reglon was a 

23 
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NNW/SSE trendlng clastlc sedlmentary baSIn WhlCh accumulated 

/1 

qLliEi.rt;: sandstones" from the l..lpl ands tc thé East a}1d yJest. 
/ 

r'estr:cted marIne condlt:cns e:~lst=d ln the are:>. an-d some 

evaporltes were deposlted. Emergence teal place ln the earlv 

De\,onlan. C.:iLISlng a breë\~ ln sedlmentatl2n. ThlS \'o/as foll;:lwed 

b; a wldespread marIne transgressIon Whlch qUlcl l, shlfted 
,; 

condlt:ons from restrlcted ta open marIne. The ocean 

transgressed over much of Wester~ Canada and as far l~to the 

lnter!or as North Daf'bta (Figure ::.1). At thls tlme dolomlte 

was depos:ted ln the Plne FOlnt area. The quart:: sandstones, 

evaporltes and dolomite referrec to so far are named the Old 

Fort Island formatIon. the Chlnchaga formatIon and the feg 

RIver formatIon respect:vely, and these form the base upon 

WhlCh the F'lne POInt group was deposlted. 

Gentie arch:ng of the FIne FOlnt area ln the mlddle 

Devonlan Ilfted the sedlment~ close enough ta sea level so 

that reef-bulldlng organlsms could establlsh themselves. The 

arch de~eloped parallel te the underlYlng fauit s;stem ln the 

Precambrlan basement and establlshed the shape and the 

locatIon of the barrler comple::. FIgure :.:c?, shows the general 

appearance of the compla:: at thlS po~n:t wlth the l'"Jght-hand 

at ~hlS pOlnt conslsted of a bUlldup of reefal organlsms 

flan~ed on the seaward slde bv reef detrltus and on the 

1 an dward SI de b y tl dal -f 1 a t c .... rbonates. Away f rom the reef on 

the seaward slde deep-water shales were dep051ted. AlI of 

-~, 
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Fl6URE 2.2AI 

Iii EfIHF'IJF' l TE 

E.;3 C H~' 5: Ot~HTE, 

• 
Ft'EEFHL 

. Llt1E';TüHE 

50km 

INITIAL 'STAGES OF BARRIER BU!LDUP 

-NW 

(adapted from SfALL. 1975) 

these facles ~~re deposlted upon the feg Rlver formatlon. The 

barrler- Wii\5 not fully developed at thlS {lme: It contalned 

1 \ 

sE;'verral gap.s WhlCh allowed cIn:Lllatlon of brlne between the 

lnland ar:ld open .marlne are~s. Condltlons behlnd the barï"ler 

were very slml'lar to the condltlons WhlCh e::lsted dLtrlng the 

deposltlon of the ~,eg Rlver formatlon; conseqLlently. the 

bac~ -reef stl"ata are l''~fel''red ta as the Ùpper- ~ eg SI '.'er 
l . 

The ne-H t sequence of events l ne l L~ded l ncreased 5ubsl dence 

to the south. The faul t system under Pl ne F'01 nt atted 

Slmllar-ly to a hlnge and cawsed vertIcal faultlng o-t the 

overl )flng sédlments (Flgure ::.:2b). 81" thlS tlme the barrler 

~as weIL est.abll~hed and clrcl,datlon of watel" arOLlIÎd and 

_ across 1 t . was very r,È!str l c;ted. Mueh of. the Canadl an Inter 1, or 

InclLlèh.n1; ~os.t. of Alberta anq Sas~atchewan became analogous t:J 

a,huge evapol"atlng pan. Therè e::lsted a =.ontlnuous flolN of' 

..... 
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FIGURE 2.281 DEVELOPMENT OF THE SOÙTH HINGE 

Il EI_IHPOF'I'TE 

~ C HF'E~O~jHTE 

• F'EEPHL 
L 1 t1 E -=, T (1 ~-JE 

ru SHHLE 

E:F'IHE ' 
~ t,rOI,IE t'lEtl T 

-1160 km 1 (aoapted f,.-am SLALL.' 1975) 

watj?r l ni and over- the Pl ne F'ol nt bar-"-l e,.- ~ nowever. dwe ta, -the, _ 

rest"-lctlon of .cl.'rculatlon thè rate of flow lnlano wa;; less 

than the rate of evapo,.-atlon on t,he contl n!?nt. Marlne sa~ts 

.wlth low solL~bi.lltles pr,eclPltated closest ta t-he ba,.-rier. 

whlle the mo,.-e soluble salts we,.-e cëi\'rrl'eCl l.nl'and. Fo,.- thl;; 
, , 

reason there are 'v,ast occu,.-re,nc8-'$ of 'hall te and potash ln \ 

southern Sas~ atchawan. and comparabl y large occ\.:Irr-e'nces ,of 

an~Ydr~te 'n~ gypsum (of t~e ~usleg forma~lon)_ ln the Pine 

F'blnt 'ar,ea. A hlgh osmotlc gradlent e::J.sted bet .. "een the 

e:~tremely sallne waters trapped ln the Musl eg sedlments and 

the seawater on the marlne ~ld~ bf ·the bar-rler. Large volumei' 

of brlne reflu::ed through the barrier. and ln pass'lng changed 

the reefal llmestones to dolbm~te (Flgure':.:bJ. 

Cant.l nued SUbSl dence- ln the South' eventuall v caused 

lncreàsed mbvement of the faLllted 'ar-ea under- the F'lne Pol~t 

barrler comple:: and twà more hlnge ~ories develo~ed (the lY1aln 

. \ 

, , 

l 



FIGURE 2.2CI SUBSIDENCE AND DEVELOPMENT OF THE 
NORTH HINGE 

§3Cl-iR80HHTE 

•
PEEF..::tL L~,T 
::, CI (1 L (1 t" l TE 

m"3HALE 

1- 150 krTi 

--..-p.NW 

HH~':;E ::ONE': 
, . 
(ad aptlO!d f rom SJ- ALL. 1975;' 

Hlnge ln the- centre,~,f Fl~Lll'"e ::.:c. and the North Hlflge ,ta t-he 

,rlght" of lt). Movement along th,!:!se 'hlnges ove,..too~ the rate of 

'gro~th of the b",rrler. ther-eby dro~nlng lt. Ali that relflé'tlned 

of the organ1c 'barrler-, was a small bLllldup over- the North 

,Hlnge. Slnce cl"r-culatl'on was no longer restrlct,ed evapqrlte 

deposl t l o'n to the SQuth. was t~rml nated and a shallo\lol mar-,l ne 

Il mestone was depOSl ted. Wl ~h t;.h'e' el='ld of evap-or l te depàsl- tian 

FIGURE 2.20. PUE POINT MEA AT PRESENT 

Il EU..::tPOP l TE 

~ C HP'E:Ot~HTE ' 

• DOLOM l TE 

l , 
150km. 

ladapted from St ALL. 1 =7(5) 
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came the end 9f refluxin,g ~rlnes t~rough the barner 'compla:: 

and ~he ~nd of dolomlt;=atlo~. The carbonates dlrectly oyer 

the three hlnges ~'1e"'e faLllted b'l t~e hlnge movements Ivhl,ch 

Several subsequent events 'al tarad t-he 'appear-anca and tna 

s'tratlgraphy of the comple::. A wldèspread marlrYe regresslon 

é::posed~ tl")e F'l ne Pal nt araa some t l me 1 r1 the Late Ml ddl a 

Oe'I6n l an. The - area was ,al evated apprc~: 1 matei ",,' -':;C' met ars, ab-ove 

sea 1 avel and erqslon f)r.mèd 'e::,t'e~sl ,.:~ ~reas of f, ar st 

tÇlPograpt-.'i 'and SolLltlon brecchlatlon. Increased Subsl'dence 

followed and r~sulted ln the'deposltlon pf Ilmestones of the 

Wat t Mount al'n f or(l1at 1 on. vjh 1 ch constl tute t-he l'ast format Ions 

l!"l ~he sedlmentar',' sequence.' Near·the end of the'Faleo;::olc era 

WOlS deformed. and l~ now pluhges'gentl~ w~stwa~d. Outcrops ef . " 

ttie bar-r-Ier are found· on1,,' 1;' the F'lne -F'olnt reglon: hev/sver, 

drlllh,ele and gE70l?h'/slca1 data Indlcate that the cornpls;: ' -

el: tends 'as far as nerthèastern Br 1\1 sh Col ~mb la, at dspths o-f 
,\ 

170(' ~e ':500 msters. 

The :<"oc l's f or ml ng the Pl ne Po 1 nt area and hast l r-lg the 

Plne POInt deposlt3 are very porous. Part ef thlS porcslty IS 

a result of the blogenlc ~r.;x.gln of the barrler comole::, .;lnd 

part IS the rasult ef the farst topograph! ~nd the SolutIon 

.brecchlatlon WhlCh de'lelooed ln the ar;ea .• In addltlon t,a 

t' 

. ' 

-
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'por-osaty in the roc:~'s there el:lsts an El:,tenslve networl' of 

frac:tL1re and faul t s.','stems.over the thr.ee hl nç;e :ones. as 

prevlously dlsc:ussed and Shown ln FIgure :.:d. The barrler 

roè~s th~retore se!r~'ed'as'a,n e~:celient c:ondLI!.t far fl: . .Ild~ 

~org-bearlng and atherwise) Whlc:h moved in th~ subsurface 

-through t."he area •. SI- aIl (1975) descrl bed· the campI e:: as a jhl.lI~e 

"plumtpnç. system" for mO'./lng ~ILllds. 

'The flrst slgnlflcant ep!.s~de of fluld movement ln the 

area'occurred ln the Late Devonlan. at Whlc:h tlme warm 

madn~s1an brlnes moved up through the fractured roc~i 

bv~rlYlng the Maln,and North Hln~e :ones. Much of the 

11me'5tone ln the area was transformed- to a coarse. c'r','stal~!,ne 

dolom1te referred to as the Presqo'.le dolomlte. and lt lS 

th1s dolomlte WhlCh :host~ many of the P!.ne,Po~nt ore bodles. 

The C 1l""CLl19>t 1 on- of magnesl an brl n,es through thè comp 1 e:: may 

have been convec~lvel'l dr,1ven b'y an e::othermlc reactlon 

, , 

betwe~n anhydrl~e and hydroca~bpns WhlCh forme~ hydro~en 

sulphlde. c.:wbon dl'o::uje ànd \'\Iat-er <DLlnsmore. 197-:). ThIS 

Ore genesls ~t Plne Pblnt occur~ed some t:me durlng ~r 

after the Late Devon 1 an. appro:: l,mat el ., :'4~ m::. 11 ~ Oh 'tears age. 

The or1g1n of the or~-formlng flulds and t~e p~éc~s~ m~chanlsm 

of deposltlon ar.e sources of d,eb'at'e~ howe·/sr. lt;'ls'evldent,_ 

that metal-bearl ng s'O~ utl,ons 'iTloved, I.IP through th!=! f al.ll t'ed 

zones over the MaIn and North Hlnges and dep~slted tnelr' 

metals 1.n the pores ànd cavltles ln. the F'lne POÙ\t c,r~o.hate:- • 
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Mu;::h of the mlner;all::atlon occ:urs ln tl")e F'resqu'ile d01oml.te. 

al though abol.lt hal f of the Pl ne F'oi nt: or-e bod les e:: tend bevond 

typical relatlon~hlps between the Plne POlnt ore bodles 

,and .surrol..lndlng str.:\ta are ,shawn ln FlgLlre :.::d. Emplacement 

of the ore bodles was closely controlled bv the faulted and 

f'arst reg10ns ln the area. The ore bodle,s are concent~ated 

over th,e North and Maln Hlnges. and are elongated parallel to 

-
them_ The m4rglns of the o~e bodle$ are tYPlcall~ ~ery sharp 

and lack dlssemlna'ted frlnges Olt the outer edges ev.en though 

the wallroc~ Roroslty contlnues. 

The Plne POlnt orebodles are subdlVlded 1nto mas_lve and 

tabular ',1arletles. Masslve orebod1es are vertlcall'{ elongated 

<> 
vnth Ilttle horl;:ontal e::~enslon and occur ln the Llpper le.'els 

of the Presqu'll~ dolomit~. sqmetlmes'even penetratlng the 

Watt Mountaln 'carbonates and shales. Tabular ore bodles are .. 
thln and horl;:ontally e:<tended and occur ln deeper- 3trata. The 

tw'o t,pes of ore -boches e;:h1bl.~ dl.fferent lead/;:lnc r-at.los. 

wlth an average of 1:~.6 for maSSlve and 1::.6 or great~r for 

tabular ore bodles. It can be lnterpreted that these two types 

represent two dlfferent eplsodes of mlnerall;:atl.on (8ka11., 

!975). Most bf the ore reserves ~n productlon at P1rie POlnt 

are of the maSSlve '/arlet', Slnce t,helr prO::lmlt'/ te the 
) 

s.u.rface· ma~ es them eaSler ta e;:pTore and to produce than the 

deeper-seatad ~abl..llar, ore bodles, 
' .. 

1 , 
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i " .. . ' Ore. de~9S1~S c:al1 be claSSlfleQ Into one of 'severa-l ty,pe(S.'· 

.ba~ed upon suc~ factors as mln~raloç'l. I:,ode of orlglCl. 

te>:tures ... type of host rocl and '.:\ v·arle~.t,' of other.- f·ac:tors • 

. 
',1er',' SI ml 1 a.r 

. . 
~hara~terlstlc5 and'thl$ allows l~ferences to be mad. about ah 
. , . 

ore deposlt based \..Ipon geologléal' lnformatlon or operatlng, 

'I!::perlence ·-from.another deposlt of the same',tVPEil'. 

The'FI.ne Fo~nt ore bodIes /:lelong to ?- 9!'"oUP called 

MISSISSIPPI \~alley-tYPe deposlts. Man"''' suC'h deposl1;-s, occur' lCl 

North AmerIca Includl.ng depos:Lts ln MISSlSSl'PP1. t11ssoLlrl. 
, ' 

O~ lahoma. f ansa!::i. Tennesseé. Fennsvl Vanle. t'Jontana. W: sconSln 

and ln C~nada's Northwest Territor19s. lnclu'dlng not -:Jnly Plne 
, 

POInt but also' F'olarls ,and NêlnaSlvl~.' M1SSISS1PPl \/'alley-tYPE( 

ore dèpoS,l,t~ have the ~?i tovH,ng, features ln common: 

1) ,The deposlts contaln, lead. =~nc'and oft-en copper an.d : . 

bar l um. 611 ver ',l,allIes 'are 1 èH"I. ,. . 

2) The ore ml neral s a're ep l genet;. 1 è <,1 e-. emp 1 aced ~fter 

. , 

fQrmatlon of the host roc~? rather than wlth them)·.· 

3,) ,The host roc~:s are carbonates'. 

4) The deposlts are strata-bound or stratlform. 

ri) The.deposlts wer-e emplaèed. at 1011'. temperatu,res and, 

c:au~'ed ~ l'ttl e t~' no al'terat:. on of the coüntr\:, roç:! .. 

d) 'Sphalente often el:hiblt'S t:!a.nded or botr'.ol.dal 
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The Plne P01nt d.~osits are typ1cal ~lSSlèslPPl Valley-type 

depo!uts ln ,.al l, re,spec:ts e::cept for the1r lac:k of c:opper and. 

The hast roc:ks of tHe Plne Point- deooslts ar'e dal'oml t.e and 

calclte 'wlth trace amounts' of ç:ypsum. ,Dur,lng ore depO':lilt!'Cn 

sphalerlte and galena were Introd~ced alang wlth small Amounts 

of mar~aslte and pyrrhotlt~. Rare celest:ta. sulohur. bltume~-

and fluor 1 te have al so been r-eparted 1 n the al'"ea (SI aIl. 1975: 

J.aC:~$on and Fohnsl;lee. 1969). ThLlS. th~ depc:islts e::hlt;nt 

$1 mpl e ml ~eral og','. al though t'he te::tural rel atl onshl ps between 

ml,neral s t:=nd to be c:ompl e::. An understandl nq of the, 

paragenetl~ sequenc:~.at ~lne POlnt lS of use ln d~termlG1ng 

the factors \-JhlCh c:ontrol te::tLlres and te::tural '/arla-tlons ln' 

the or~ badles. 

As part of an 1 sotOPl c stud'l of Pl ne F'Ol nt carbotiatss 

Frlt: (1969) develpped ~ paragenetlc sequenc, for the 

depOSI tl on of hydrather:mal m'l neral 5 dLlr 1 nç: ore genesl ~. 

Temper atures of format 1 on "lere e;: trapal ated from 0 (18) 10 ( 16) 

IsotOPlC' ratl'o,s of' the carbonates. l~h.1Ch decrease as the 

,temperatur-e of formation r15es. Sorne of hlS results' and 

pet.rogenetl c: i nt!e,..'pretatl ons .are presented belo,,, and 1 n Fl gure , ' 

" 
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FIGURE 2.31 CYCLE nF MINERALIZATION AT PINE POINT 
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(adapted f r-om FF: l T:. 1 

F'r,l'or tD the onset ::Jf ore deposl t l on a pel" lad of 

and o'/ergrows the Fr:':=Sq\.l'lle. As h','drothermal actl'.'lt'l 

ln=reased the whlt~ leln dolcmlte'was overgrown b( clear. 

,well-cr"',staillne dolomlte. WhH;:h Ilned or' fllied ::a'.ltlE~S 

!ldeo~or~hl~ dolom~te). The temperature of formatlon of the 

temperatLtre was sLlst~ned dLlrlng thé onset of ore depDsltlon. 

A 'Short perlod' of ,c~~ireC1Pltatlon of dolomlte and .are 

O!:CLlrred; h~weve:"" d'Llr 1 ng the pl" l nc l pal- ep l sode '::Jf ore 

deposl~lon·the hydrothermal flulds wer~ undersaturated wl~h 

carbonate and bO}<::Jmlte dlsso1utlon occurred. 

by the pr.eCl.pltatlor; of spha~erltè •. galena and 
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pyrIte/marcasIte. AlI, of these mlnerals preCIpItated 

concurrent1y ln several repeated eplsodes of precIpItatlon 'and 

dIssolutIon. The maJor occur~ences and t~:tures of the ore 
1 

mInerals àre descrlbed below. 

Sphalerlte lS the maJor ore mIneraI and was depOslted 

mostly ln thln layers on vugs and pores ln the host ~oc~, 

often completely occludlng c~vltles. Due to th:.s moae cf' 

deposltlon the sp~alerlte e::hlblts thln bands 'whl(:h~ Jar'1. !rom 
. 

about 1(j1..lffi to a few (nllilmeters ln thlC~ ness. HI.lndreds of 

these band~ ma l, be depos! t~d one qpon anoth'e:"" ln rach al' 

arrangement, 50 that the overall aRpearanc~ of the sp~alerlte 

varle~ from banded botryolds to lamlnated crust~ (~l~ures :.4 

and ::.5>. The overall te::ture of' the =phalerlte 1S r'3f'~rred to 

as " co ll o form" <SI aIl, 1975): hOIfJe~./er, this ma,' be an 

unfortunate cholce of terms Slnce lt suggest~ that the 

sphalerlte was pre-clpltated as a gel. Ir,' reallt;,,' much 

eVldence e::lsts that the sphalerlt:? was dlT2Ctly prec:,'pltated' 

from Solutlon as flne cr'{stalilne layers (F:oedder, 1968)'. The' 

term "colloform" 1S used in thlS d1Scu3~10n as a d,escr::.pt:.'.'e 

rather than ~s a genetlc term. 

Ind1v],dt.lal sphale!,",lte bands e::hlblt i:hffer.ent C.oi"oLlrs 

·var yl ng from wh 1 te through a ser 1 es of ,Iellows', re.dd l sh-brown's 

and browns to a very dar~ brown WhlCh appears blacl ln hand 

speClmens. AlthoLtgh there has been sorne contro./ers,'" <F:.o'edder, 

1968) lt appears thaf t~e colou~ of the =phalerlte ::.s dlr~ctly 

related to Its I~on content (McLlmans et. al., 1°80). 
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FJ:6U'E 2.41 SOTR'(OIQAL SPHALERITE 
<Soxed area show~ ln~erface bet~een botryoldsi 

FI.6URE 2. S. 8ANDED 8PHAL.ERlTE 'L.ININ6 A VUS 
(Galena 'cari be seen at c'entr,e qf- th'e vug) 

" 
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Sph~lerlte trOm,Pln~ POInt ha~ Iron contents which range from 
~ ~ .! , -

v.:: mole p'ercent ta ov~r 14 mal e percent and the coloLlr of the 
". • .-... .. f ~ .. 

sphaler~fe'varles fro~:whlte at O~~ mole percent lron to 

opaque' at aboLit 4 or more mol e percent. 

Not aIl of the sphalerite at Plne POlnt 1S colloform~ In 
'.. ~ ~ , 

sorne Qr.eas the sphalerlte .forrps lde'omorphi-C or bloc~'y cr"'/stals '. 
~ l "" ~... '" J ... 

Whl~h 'occur as vug-l\nlhgs,or lntergrowths wit~ spar~~ 

calclte. S~all (1975) rep-orts that colloform sphalerlt~ 1S 

j:ommOn In.maSS1ve are bodles. but rare ln the tabLIlar ' ... arle~y. 

F'lne Point gal_en;' 15 fOUf1çf ln three prll'"iclpal "/arl·~tie:= 

wh~ch are des~rlbed by ~oedd~r (1968). These,are: 

'. 

1) Large. skel etâl crys,tal s. 'mal nI ~ ln the centres of 
. . 

'spHalerlte botryolds. Whlch--transect the sphaler-lt,e 

bands. 
" l • 

=). Elpngated c'rystal blebs ~~hlCh ~re radlall'i arranged 

" < 

l'n·-tbe sphaletpte botryc::nds. , T~e galena cryst~ls'ar~ 
• ~ .. , t. 

~ften faceted at theIr léa(!hng ec:fges. ~~lth t,he ~111~ 
. . 

cty~~ailogrp~hlc'dl:ectlon (the fastest-growth 

dïrectlOQ) pOlntIng outwardS. 
. 

3) C9ars.ely crystall,lne yelnlet 9 WhlC'1 c:ross t,~e s~'llPle 

l~·par~ randomly but whlch tend ta be concentrated 

, between lrydlvldual botryoids on thelr" Interie~~nte 
" ." 

surfaces. 
. .... , . 

Th" ~hree t'Ipes of galena are lllùstrated ln Flgl.lres 

and :!.8. 

.. 
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FIGURE 2.7. 

6ALENA _ CRYSTALS 
CROSS-CUTTING 
BANDING IN 
SPHALERITE , 
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FIGURE 2.61 

SI<EI..ETAL GRAIN 
OF GALENA IN 
SPHAI..ERITE 

FIGURE 2.91 

FRACTURE-FILLING 
GALENA IN 
SPHALERlTE 

,- --- ----~~~-~------.~--~-~-

f 



PyrIte ~nd marcaslte at Plne POInt are found ln two 

prlnclpal forms. The flr5t 15 a prlmar'l stage of 5',ngenetlc 

pyrIte WhlCh occurs as small dlssemlnaied blebs ln the 

dolomIte. often c~ncentrated along beddlng planes. TM1S type 

of pyrIte forms only a tlnl volume of the total ore b~~ lS sa 

wldely dlssem1nated as ta be present ln almost any ~ample of 

the countr,' roc~ . It lS Interpreted that thlS pt-:te ~Jas 
formed ln the 50ft sea-floor sed:ment~ dur:ng jecompos:t:on 

and reductlon of organlc matt~r. 

The second and maJor occurrence c~ P/rlte and ~arcaslte 

lS as a h(drothermal mIneraI deposlted wlth the sphalerlte and 

the gë;\lena. Cr'/stais are Llsuall,; ragged and dIssem::îated ar.d 

form olll',' a small fractlon of the ore vo1ume. alt~ough Sfall 

(1975) reports that some sulph1de deposlts at F::.ne Fo!nt a~' 
compo.ed almost totally of Iron sulphldes wlth on1 ( traces of 

lead and ;:lnc. 

Close to the end of ore depos1tlon the chemlcal 

composItIon of the hydrothermal flulds underwent changes WhlCh 

favoured tHe preCIpItatIon of calCIte. The calCIte 

preclpltated concurrently w1th the ore and gave rlse to 

Intlmate assocIatIons of ore mIneraIs (espec:a11i sphaler::.te) 

and calCIte gangue. CalCIte preclp::.tatlon perslsted after the 

termlnatlon of ore depO$ltdon, and thls late calCIte can be 

observed as overgrowths on the ore and as vug f1111ngs on 

dolomlte. Calculatad temperatures of formatIon of-the calc:te 

'Iary from 10/:,0 to ~50C and record the termlnatlon of 

:'8 
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hydrotherm~l ,actl'/lty. A ,secondar',', F:1or,-hydrdthermal calclte 

seqclence de-s'=r l bed' by ,McLl mans. ~arnes and Or moto l,~ °8'),1 for 

the west ra',-den and, Edger;-ton oYe, Dodl es ln soutr.~"est 

IollsconSln. FlyLlre :2.9 sUmmarl;:es :he' dj:?pasl:'}Onal sequence 

proposed b y these aLlthors. It, 1:5 ~nterest1ng to note tt:'1a': ::~-2 

• jeposl~lcn was preceded b,"a periad cf ~ol~mlte deOos1tlon and 

F'lI"1e F'olnt t:Jere \Nas na cDpreclPl'tatlon of dolomlte and ore; 

Thé featw-es and mlner~loglcal te~:tL.'.res of ot-es fram- ttilS 

FIGURE 2.9. CYCLE ,OF MINERALIZATIO~ AT WEST HAYDEN 
AND EDGERTON ORE'BODIES 

OOLClt1ITè: 

CHLC ITE, 

SPHHLEP,! TE 

p:rRITE 

(adapted from 8ARNES and OHMOTO. 1980) 
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reglon are remar~ablr Slmlldr ~p those of the Pl~e 'POlnt ore 

bcdl.es and reflect ë\' common lnode of o,rlgln.' Dr:es of the' 

M1SS1SS1PPl Valley reglpn (=~lled the Vlbernum Trend) are 

. (1981> and b.,. McL?- mans. Bar-riés and Qhmotq (1980). 

~ 
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The fundamental goal of l~borat~ry-ba3ed test wor~ lS ta 

yet ln a closel, c.::>ntrolled :.>.nd me'asLlraole er,>'l,..-onmei'~. The, 
1 

advantages ar:d the dlsadvantages aJ: 1 aborator,. ,wor~ ,ar-e weIl 

~ nown. Bench scal e tests are rnLlch mor'e cantr':)1l ab.l e tran D l.ant 

tests and the r-esear-c:her- has a mLlcn gr-ea:.er chel ce 'a'n'd .rar'1gè 

of operatlng varIables than he does ln tne plant. 

UnfortLtnatel.,', rlowever-, laborator, :'e5: r-esults al"e DJ:':.eri 

dlfflC:ult to' aP1il1, te ",..-ea1 11fe' Slt~"kÜlons. 

This proJeçt 15 e::clLls.l'/el f a labor-ator-y prc,)ect. Slnc~ 

the Fine FOlrit mlll was shut down over- most of the pe,..-:~d 

d~rl~Q wnl~h thls research was·conducted. Thus, muc:h care ~ad 

results co~lld re.ason'abl'. 'be applled ta a "real" s;:tLlat'lon 
, . 

deSlrable ta Slmulate the wldest possible varl~t, of 

contaffil nat 1 On mechan~ 5ms by wh 1 ch magnesl L~m coul.j en t.er, t;;é 

Plne POInt concen~~ate. 

,The data collected ln thlS e::perllnental wqr~ l~ largel, 

ln the form of assa( data. reCQVerleS, metai dlstrlbu~lons-and 

the li~e. Slnce lt 15 not posslble'to ma~e a direct 

correlatIon between obse,..-ved labo'ator~ results and 

a,nti,clpated plant performance ,tne presentat:on 01= numer-lc3.l .. 
, ' 

data ,",as been ~ept to a ml n,lmUffi. It lS belle'.ed, :-Jdwever." ':.hat 

°a qual~tat!~e anal~519 of laboratory fl~tatlon performance can 
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,tt:l1 s a'pproach e::perl m~ntal reSLll ts have been p,r-esent4=q 

, 
" 

'ar.e hot t\abul ated 1 n the te:: t can b,e f OLlnd '1 n the; append 1 ces 

, ' 
at the €n~ Qf thlS thesls. '. JO P1:ant data fr-om Flne F01rit was aval'lable on a llllllted 

OàS.1S fat- Illost"of the .pla~,t operat1ons" and for- a t1me perlocl 

span'ning most of the, 11fe of the Illlll. UnfortLtna'tel'f th-e' ' . .:.st 

maJor-lt\ of the plant data 1N8S 'c,ollected prlor ta the 

lnstallation of the new <Î9B':') flotat-lon ClrCL\lt, sa that the 

. , ' . , 

r-~sult~ has ~ee~ car~led out upoh the assumptlon that the 

magneSLum ~roblelll p~lor te 1980 prObabdy,has the same or a 

'51 m.ll al'" cause as the q.lrrer:'lt magnes1 Llm 6l'"ob l em~ 

The materlal WblCh was obt~lned for th1S ·and for aIl 

~ subsequent flotat1on tests was a sample of F1ne,P~lnt ore 

• 
wh1. ch was' consl.dered b'y th,e mlll opera,tors to be a dl f f 1 CLI'l t 

oré ta process. The sample fabout 100 ~g) was c~t fram' the rad 

mill feed and sent frcim Plne POlnt ln sealed.buc~ets. Th13 

materlal had a Slze of abou~ 60% passlng : mesh. ~nd was· 

redLtced at McGll1 to .about ;:I):~ passlnÇl :0(' mesh ::.tSlr,g-

two-sta,ge Jaw and cane CçLlsh1ng., The sample was spl,~t 

._- ~--_._~-----'--------



,repe,ate~l y ta P~Od~C~ about 80 sub-s"ampl es of 120<?g wh 1 ch were 

pLd~ '1 nto paper bags. and. stored 1 n, a" seal ed ~pl ast.ll:, ~uc.~ ~t. Th'e 

sample was mèllst I.lpOn recelpt ~nd 'wa? not. drled prlor tq 

October of 1982 ~nd , 

were ',L.lsed Cive,:" the per-lod Octcber 198: ta Februar ,>' 1984. l t 1 S 

. . 
hoped that the sl.lr:-facEl characterlstl"cS of the are Llnoerwernt: no 

drastlc change~ durlng sto~age. 

. . 
a :4cm (leng:t:!:1 by '18cm (dlameter) ':ite~l rcod ml Il charged W1 th 

nlneteen', 1.=:cm b'l :::cm <:;;teel ,:-::>ds. It '~as' determlned th..at a 

severr minute gr-lnd at 65% puIR denslty wOl.lld ~educe the feed 

to the Plne Fén,nt grind Sl=e of 5Ç':'~ -2.('(l mesh. It 1$ e::pected 

that' thls bat'ch gr 1 ndlng method sh.aul'd pro;dLlcé mare coarse 

(+100 mesh) ,and more fIne (-400.mesh} m,terlal than the Fine 

-
POlnt grlndlng clrcult. WhlCb ~mplays ~lo~ed-clrcult gr1ndlng 

~ , 

The flotatlon cali used in thlS test was a Leeds cell 
\ 

(Flg. 3.1). The cell features a bottom-d~lven lmpeller. WhlC~ 

a11 ows free access t'o the top of the f'l otat 1 on celI and 
... 

un1mpeded collectlon of the, concentrate. The.lmpeller 15 

hoored up to a" dlgltal, tachometar and .. ur flow lS metered 
~ 

through a precIsIon flow guage. Pulp level lS automatlcally 

controlled VI a a ',pressure transduc.er at the 'bac\< of the cell. 

t.li~ngs.can be pu~ged (with dlfflcult;, Vl~ a'splgot'at the 

bottom left-hand slde of the cell. The Leeds c:èll waa fOLlnd ta 

" 
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LEÉ'OS -FLOTATION CELL 

1 , 
J 

~~~ ___ _ .. _ __ -____ .-J 

A, . Baffle 

8, . Impeller 

ç AIr. supp l y. 
D' CoLLection collClr (c0 away.l' 
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g1Ye' very un1form and reprodt..lcable operatlng c:ondltlons ~nd 

flotat~on performance. 

Reagents used ln flotatlon tests came fro~ Cyanam1d Inc. 

<::anthate.'. the Dow Chemlcal Co. (Dowfrc.th :5').'" and Flsher 

Ltj. (metai salts such as NaCN. CaO etc.). Stock solLlt~ons 0'+ 
, , 

the metal saI ts were 1 epi;. for several mO{ïths. wh-Il e Organl c 

reager'lts !/IIere prepared Jt..IS't prler tO,the'e::perlment:=. 

• 

SImulatIon of plant flotatlon condlt,lons can be effected 

~n ~ ~arlet( of way~. ranglng frcrm a slngle batch tes~ to the 

constrt..lctlon of a mlfllatt..lre pIlot plant. In thlS proJE!ct It' 

was not feaslble to c:onduct c:ont1nuous flotatlon tests. sc 

that a flotatlon procedure had to be found uSlng batch tests 

W,hlCh ·wauld slmula"te plant condItions. One such metflod lS 

lacled cycle fJota~lon. ln WhlCh a cantlnuous flotatlon 

CIrcuIt can be slmulated by pe~farming multlple batch 

flatatLons and by reclréulatlng mlddllngs fram early flota~lon . , 

stages to the feeds of st..lbs~quent sta,ges. The pr 1 nCl p 1 e~:r 'of 

thlS method are that: 
). 

1) A batch test must bè conducted tor every flotatlb~ 
, 

stage (called a OQ~~ ) WhlCh 1S to be s~mul~ted. 

~) The IndlYldual stages are performed ln a-cMronQ-_ 

l Og1 cal arder c_orrespond 1 ng to t:he normal (pl ant:) 

processlng sequence. 

~) The mlddllngs col1~cted, at each Mode are re~aln~d . 

. , 
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4) When ~ll nodes have,been ~lmulated (le. when one 

, 

" 'Ç;:if!.'~ of the' test has b~en per--fol"'med). the entl're 

procèdl.ll"'e 1 S repea ted \..IS 1 ng ,f r-esn f eed and 

mlddllngs from the fu"'st,' c',Ele ·al""e adced at 

approprlate ~olnts wlthln the Cll""Cult. 

5), Sùfflc{ent c',cl~s of' the e::p-er-lment are perfo-rmed , ' 

so t'hat t.he s;'stem l''''eacnes eq\..ullbl"'twTJ. EqLllllbrlum 

can 'be recognL:ed ln several wa',$, t\~O of WhlCh are: 

~) The s~mmed composltlons of the conCentrate and 

fr-esh feed (le. what cornes O\..lt = wrlat goe~ ln) .. ThIS 

c'ondltlon 13 nct ~rue ln'the tlrst' c'/cle, for 

e:,ample, Slnce part of the feed, IS retalned' as 

mlddllngs. b) The ass~',!s and the' masses of aIl 

stl"'eams stab~ll=e. 

In arder to effectlvel" use the làc~ed c','cle procedure, 

one mLlst determlnli? several operatlng parameters before the 

test 1 s started" 1 ncl udl ng the f aIl OWI ng: 

1) The, optImum flot,atlon·tlmes, must be esfabllshed fol"" 

aSSLlmed th.at.. thè physlcal' and chemlcal condItions at 

each node are predeterm'l ned accordl,ng to pl ant 

practlce and are constant throughout the test). 

1 

,':) ~ predlctl~n must be made conoernlng the c~cle at 

Whl ch the test can be ter"'ml nated. Th l SIS n,ecessary 

{ 
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due to the fact that equlllbrlum 15 not Y1sually 

observabl e. 

The only altèrnatlve batcn ~rocedu~e te loc~ed ~~~le 

flotatlon 1 S open ,cycle testlng. ThlS 15 th~e "col1\ent;lonal i, ,p 

method for performlng laberatory flatatlon ~est~. For the 

purposes of thlS pro)ect a locled cycle test was chosen. 

although both,loc~.d and open c~cle procedures have,thelr 

advantages and dlsadvantages, as summàrl=ed belowr 

Open Cycle Flot~tlon: 

Advantages: 

1) 1he procedure 15 fas~. Slnce eachnpde 15 5imutated 
, 

.on 1 y once. and fi etat Ion t 1 mes al':"e usuall y 

estàbllshed by "eyeballlng" the c9nl:er:trate' WhlCh 

com~s up. 

=> As a d;1 rect resul t,' of \ thE:1 speed of the proc~durè a 

very comple~: clrcu1t can be' slmula'ted ln a 

reasonable amount of tlme. 

Dl sadvantages: 

1) The procedure reveals almost nothlng about' plant 

" 
flotatlon ~lnce nothl~g 15 lnown about ~he ultlmate 

destlnatlon of mlddllng part1cles. 

~> In arder to' be conf 1 dent Wl th the resul ts the e::per l-, . 

ment must be performed mc:re than once. Slnce, th19 

requl res al most" ~s mLlch ~f f art as perf ormll"lg. the 

loc~ ed c','cle test. sorne of the tlme ad';antàge 1S .lest. 
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Lo~led C/ele Flotatlon: 

'Advantages: 

1) Th1i 15 the farm uf batch test WhlCh bro~ldes the 

'clo,sest approach ta 'plant testlng. 

~) Th~ ~ffect~ of reclrculatlng loads and the ult1mate 

dèst1nàtlons of mlddllngs can b~ exam~~ed. 

- ' ::1 Th.e ,test 1S S,elf-'1erlf'llng. Slnce the establl3hmen,t' 

thre~ ldentlcal cy~les b~ pe~formed ln succeSSlon. 

Dlsadvantages: 

1)' The pr,ocedLlre requlr~s 10 to 2C' tlmes as mLlch tlme 

as an open cycle test. Thls ~s largelf due to the 

a~ount of pr~llmlnary wor~ WhlCh must be carrled Dut 

b~f_ore the 1 cei ed C'lC 1 e test 1 s und~rtaf en. The 

procedure also requlres 15-=0 t1mes the amount of 

feed'. reagen'ts e~c. as an opèn C',rC 1 e .test. 

,~), In most cases severa'l c icI es are ne,eded to r-eactl 

-equl'llb'rlL.lm.,- Thls.mean,s that ln, say. a ClI'"CLI1.t w1th 

5 ~ode~ a tétai of :0-40 IndlVldual flatat10ns must 

be perfarmed ln arder 
, 

ta adequ~tely establlsh 
, , 

,equ~ilbrlum. The mlddllng~,canAot be saved overnlght' 

du~ to ppsslble ch~nqes ln thelr surface pracertdes; 

thus, 
. ' 

there IS' a Ilmlt ta the amount of node~ WhlCh 

" 
can _ be SI mul'ated. The e~per l.mentp.l C 1l"'CUl t mLlst be 

-
~ ep t '51 mp 1 e •. 

::) The procedure requlres two operàtors and the­
..", 
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• 
dewater l ng procedure 5hou1 d not lose any f 1 ne5. nor, 

5h,ou~d It: 1,lSe any reagents~sLlch as flo.ccülants. 

The ~ewaterl ng needs are c:;~u5ed by' the' l ar-ge' amounts 

of welter WhlCh are- reclr-cul~ted "bad to the small. 

f 1~: ad-vol ume batch cell. 

l t was dec l ded that for the purpose of th 15 pro:;, ect :~ t 

was m0r:-e advantageous ta perf or'm a loé:ked cycl e test. The test 

was Il ml ted ta a Sl mp le ClrCLll t: however, l t was bell eved that 

thl;; dl sadvàntag~'·woul d be mdr-e than of f set by the greater 

appll cablll't y of,', the e:<'per1:men-tal ~es'Lil ts • 

Wqrl prl,.or 't'o locJ ed',cycle te~tlrr~' Involves the 

es\abl1shment of .flotat19n ~lmes at each node and the 
l ' , 

pred 1 Ct1 on 9f :the bes!:' end-pdl nt f or the e::per-l ment. The' 

e::per l mèntal pro~edur~s used her-e ,are those descrlbe.d b'li' Agar 

" (1980) • ' 0' 

flotatlon t~me at a: node.' Slnce-the goal of flotatlon lS the 

j 1 ~ , 

!!.Qt.S!t!'Q[! ~t!!.fb !.§ !.Q!!~C iD' gr:s9,g '.t.Q~O tb.~ f.g§t~ tQ t.!J~~ 
, . 

~t...èg~ . In other .words. 'f,lot'atlo'n should contlYlue untIl the 

IncrementaI ---'!""------- 'grade of· tl::le c..oncentrate eqLlals the feed gradEr. 
• ~ ~.. ~ t 1 

ThIS 15 Agar's flrst, cr'lterlon. If the récovery of metal, lS 
. "a .. . . 

unacceptabl'.,f low. Agar re.asons that l't -1 s Iz)et ter ta add a 
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second flotat1on stage than to contlnue t..he fa-st'. 

Sinee the object of flotation lS the reeovery of an ore 

!!lsll!.!!l!,,=~Q • If l t l S assumed that the recover 1 es of ore and 

gangue ean be treated as f l rst arder: rate processes l t can be 

shqvm' that the dlfference ln l'""aco'.lery bet~"een or-:= :.nd gangue 

'lS at p. ma:affium' when the two ffi1nerals are belng r-eco'/ered at 
, , 

an sqLlal rate.' A,s 10':1g as anl mIneraI "A" l S bel ng recovered 

fasler: than any m1nerai "B", the absolute dlffer-ence ln 

l' 
recqver-y "R(A)-R<Bl Il must be Increaslng Wlth bme. It follaws 

~ 

th,at'the d1fference ln r-ecover-y 1S at a ma;:lmLlm "Jhen 

':R(Al-R(B)11 equals ::ero, or when "F:(A)" eqLlals "R<Bl". ihls 1'5 

- Agar' s secon d cr l ter-l on. 

Agar" s thlrd cr 1 ter 1 an states that !;'!:l~ â~Q<à!:~lg!J 

'. ~ifl!alSo.!';;L âb.91J1g !2~ !!lSL:.!..!!l,l:..;;,~Q ~ Si nce the separ-atl on 

eff'lclency lS definéd as the difference ln recovery between 

th~,or~ mlneraI and the gangue, there is no d1scernable 

,d'if'ference between the second and the thir-d crlterla. Agar 

shows that the separ-ati on eff i Cl ency, 1 s at' a ma:: 1 mum when the 

1ncrementai concentrate grade equals t~e feed grade. This 

conclUS"lon, 15 laglcal if ,one'c9nslder-s the followlng: 

By bypass1 ng f l,otâtlon al together the dl f'f erence ln 

rèc9v~ry .between pre and gangLle l s :: ero. (le. both 

~ ,are 'If recovered Il a t 1 00 'Y. ) • . , 
" . 
...: If. t..he_ con'centrate Whl ch i s bel ng coll ected has a 

\ 

o 
,Pi !.-_ ,,-
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hlgher'metal assay than the feed, separatlon 15 

ta~ Ing place and the recover-y of metal lS t-ngher- than 

the r-ecover-y of gangue. The,separatlon efflclenc, 

lS ther-efbr-e pOSl t 1 .le. 

If flotatlon prog"-2sses te the pOlnt wnere the 

concentrate assay lS less th an the feed assay a 

negatl~e separation 1S ta~lng pla~e. Mass for mass. 

ddding thlS mater-lal to the concentrate lower::. the . 
gr-ade faster than bypasslng flotatlon and dddlng 

fr-esh feed tp the concentrate. 51nce b)paSslng 

flotatlon altogether corresponds to a se~aratlon 

efficiency of :ero. the "worse" sltuat.cn corresponds 

ta a separatIon efflclenc',. WhlCh 1S negatlve. 

Thl..ls. the three cr-lterla deflned by Agar ,are ail 

statements of the same baslc pr-lnclple, namel; that flotatlon 
\. 

should contlnue untll the Incremenlal grade of concentrate 

belng collected equals the feed grade. 

the comple::lty of locked cycle testl:lg reqLI1.,.-ed that the 

ma::lmum amount 'of' separa.tlon stages ln thlS e::p,erlment be 

Ilmlted to fOLlr or- 'fl.,le. It was therefore declded that lead 

roughl ng WOLll d be aml t ted and that the test woul d emp 10'; bul ~ 

lead/;::lnc flotatlon. It' !Nd» h~@'d...that the ;Jresence of ;alena 

ln the ;:lnc CU-CUlt wauld not affect the flotat:on beha'.'lour 

of the other mlnerÇlI s.'-

5l 
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The chosen e;:perlmental clr.cuit 1S lll~tstrate,d ln Fl~ur:e 

..,... ..., 
-'. _. The ClrCL.ut.was deslgned t,Q'slmLtlate the fol·low~nç;:. 

:" 

1) Zlnc: reugh'lng/sca,.'englng. 

~) ReClr~ulatlon between the rougher and tHe cleaners. 
, . 

~) ReClrcutatlon be\ween two cle~ners. 

4) Flotat10n af.ter 1 e~chlnQ. 

'Most 'of the CH-CUlt des.lgn 1S ::onventlpnal and 

head of the f 1 rst cl eaner. however-. 1 S not ëo S: ~nd èrd 

practlce. l S ~S fol1 :lWS: .. 
- It 15 nct deslrable to have large recl~c~latlng l~~ds 

gOlng t:hrough the lea.ch, Slnce thlS re9Ldts Ir r~gh, 

aCld consum~tlon anèJ large sol'...lble ::lnc loss., 

- It 1S not deslrable to 'let materlid esc~pe fr-Offi the 

clean.er-. Thus. th~ materlal lS not sent dlrec-':l 'pac} 

to the - roughers·. 

At FIne FOlnt thé post-leach talllngs are sent. al: the 

way baCt ta r-ou~h l ng. Mater l al ln the r oLlgher s. howe'.'er, r as' a 

mean r-esldence time of a Il cws for 

greater recoverr of slow-flaatlng' ;::lnc than, t'îe :--el:.':: .el f 

short fiotation times used ln laboratcr'f test l'lor •• It ""as 

deClded that ln thlS case lt was bette,- n?t ~o emulete the 

F'lne Felnt Clrcuit. 
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FlG. 3.2 
EXPERIMENTAL CIRCUIT FOR LOCKE» CYCLE TEST 
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Flotatlon condlt.lq{l$ ln the Indlvldu",l Tlotat\or. stage:s , . 

were chosen t-c; slmulate Flne FOlht .::ondl'_lGnS d.S =losel. as 

posslble. an,j are outllned lr1 Appendl' 1. !....de\~lse. the le",;:r 

leach tlrne wa5 onl.". 4= ITllriLltes. but t~lS 5r":Jrt:. ':.lT.8 .'-Jas 

cl Dse te::: cmp let l on. 

A t:::tal se .... en lr,c:~emer.t.al 

ln ":he ! ::lC ~ eo :: f : l e .. c.- t' --':: - .. tests 

:::- ... ~. - . anc • n ~ 3b les 

~::~gre'" -.:::a::::,~' t.me w",s esta.:J::sr,e::::. sco.er,ger ,:.r>ël :Aeélner 

~ 
l l~="'emer-:'20: ":-:~tat~:Jns :::::Ll: =e per~:::r'T1e=. t:es\..!':s sf t"ese 

_ ..... ai,e ""ra:':es :.4 

nanner. .:oree t:"1e fl::tat.::r 
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fl~st cleaner Mad been,establlshed. an lnc~emental second 

~) . and +lnall'I a th 1 r d c l e a ner +l'::tat~':ln and 

/ 

are Sl..lmmarL::ed In~ Table :.8. 

1""'35S ,- ec::: ~ e r . ~U!::t jr ::;ppec 

• Tt l ,... L, ~ e _ ;... ..- e 4. ~ ~. • e : 

= l ne -eC~'.ter.,' :. n t - e c: r~:: :..... ~ c.er ==. ::- .... 

. 
ln the ::leaJle"-s --:"'a": 1: ~as ::.+';'~=..Jl~ ':-:: 2SS:g; ~ ,:or"-e,::t 

0"' the 'tDtal +l::Jtatl~n t!me. ~=r- e :jnpl~. ,f""\ ~ .... ~ ~ec:-':: 

, -



; 
. In the 1aberatory c:e11 the recovery rate 0+ ::lnc ln the 

cleaners l'las governed' net b', the flotablilty of trie :Inc. bLI'.: ' 

by the ablllti pf the froth to sup~ort the huge mass df floats 

WhlCh ""ere collected ln the froth 1a'ier lIHthl.n the f:r-::;t 

ml nute of the test. It was deCl ded. therefore. -tha:t a small 

amOLtnt of tlme (15 to :(, seç::mGls) should be added ta the 9 

)'optlmLtm" tlmes. Tt-le addi'.:lonal' tIme l'E, meant te help . 

compensate for posslble errors If! the estImatIon of t"lfne-:ero 

and for the rather- Ltnpr.edlctable ef-tects of OPE'ratlng at 

ma,:lmum -bubble-load~ng and fr':lth-callectlng , .. capaCl_,'. ~he 

optImum flctatlon ':lme!s l'ndl'cated'b, FlgLlr-es. :.: thraugh ;,7 

were rOLtnded up ta the nearest half ml nute. and are p.resented , 

, . 

, 
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TAILI: 3.21 _COND 1 NCfItEICNTAL. N3U&HEJIt FL.CTATION 
'r 

------- . ---------------------
TEST 2: ROU6HER FLOTATIOIt 
----------------------- ,. 

kAssz 
CU". ASSAY REt. CU". CUft. 

"ASS (6) MSS met ZINC REC. GRADE 
----

0-1 "IN. 234.00 11?51 19;51 44.30 70.~2 7.0.~2 4:.JO 
1-2 fllN. 56.80 4.73 24.24 TI.20 13.« 83.9b 40.~2 
2-4 ~IN. 38.10 3.18 27.42 27.10 7.36 ~l. 32 18.H 
4-ô ftlll. 32.40 2,70 30.12 20.00 4.ô2 Ci5.9l 37.27 
ô-a NIN. 11.70 0.9B 31.0~ ",0.50 0.88 90.81 36.43 
8-10 "III. 12.00 1.00 32.09 . 4.40 0-.38 97.18 ~.43 '-i 
SCAYÈM6EF 22.30 1.86 9.20 1.40 
14 NIII.) ~ 

TAILS: 792.30 116.05 0.24 1.34 

.. 
RECALCUlATED HEAD ~ADE: 11.70 

57 0" 
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TAlLE 3.;3, ~IRD INCREI1ENTAL. AOU6HER FLDTATION 
, , 

-------------.---------------------------------------------:::::--~-~---------
TEST 3: F.OU6HER FLOTATION 

. ' 

l' 

-------_ ......... -_ .. -

0-1 ~IN. 
H "UI. 
H ,"IN . 
H l'IlM. 
0-9 IHN. 
8-10 "IN. 

IlASS (6) ---:--
234.BO 
o4.bQ 
~l.OO 
1~,30 
9.:0 
4. ~0 

SCAYEMfiEF 10. 30 
('IIlN.) 

TAllS: 

l'IASSl 

2o.H 
S.5b 

\ 2.72 
1. 4Ç 
J.30 
0.40 

O.S~ 

RECAlCULA TED IfEAD Sim: 

eu" . 
""55 

2G.19 
2~. 75 
28.4" :ç. ~~ 
30. 7~ 
:1. ! 5 

ASSAY 
ZINC: 

41.50 
33.10 
22.00 
15.00 
10.00 
4.40 , 

13.20 

O.JO 

Il.46 

'y--" 
REe. 
ZINC 

73.12 
16.04 
5.22 
U~ 
0.70 
O,lb 

1.0: 

1.80 

73.12 
BUb 
94.38 
90.3: 
?:.O: 
97.18 

CUI!. 
6RADE 

41.50 
39.69 
3B.00 
:6.8a 
:iil.lb ..,.c ~c 
...;. ..... ., 

~,... 3.4. INCMICNTM. 8CA~ ,..DTATIQN 

, , 

J , 

• f 

TEST 4: ,SCA,YE!EEF. FLOTATHlPl -----
"ASS (61 lIAS_St ---

ROUIifIE1i : m.~o 30.19 
SèAV-.fEED , a21.S0 b9.81 
SCAY. ttIIf 52.40 4.44 , 

0-1 lm. 27.30 3.12 
1-2 "IN. 7.20 0.6'8 
2-3 Plllf. 4.40 0.54 
3-S PlUI. 8.70 1.06 
5--7 "1 •• 4.80 0:~8 

lAllS.: 76'1-.00 bS.J7 

RtCAlCUlAfED HE'D &WEl 

é 
) 

!S8 

------,--
CU". ASSAY REC. CU", CIJIt. 
"ASa ZINCl ZINC REe, aRADE 

3b.l0 193.8) 
1.0',1 ( 6.2) 

12.92 ( 4. q, 

3.32 20.10 ~4.n 114.72 20.10 
4.2"0 0.60 5.61 70.:3 17.28 
4.74 5.~0 2.85 73.18 15.95 
5.7° 4.10 4.21 77.39 Il. 78 
US 4.40 2.49 79.88 lZ.C?~ 

0.:3 :7.60 
(1.3) 

Il.02 . ... _ ..... -

• < 

------~---
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TA'" 3.S. INCAEMENTAL_CLEANER 1 FLOTATION 
------------------------------------------------------------------------~-------

TEST 5: CLEANER 1 FLDTATION 
-------.--------------------

CU~. ASSAY P.EC. CU~. CU~. 
MSS 16) ~ASS! MASS ZINCl ZINC REC. GRACE 
--------

F.OUGHEfh m.50 m.65) 37.56 194.8n 
SCAY. : 6B.:0 1 5.801 ,. 7.BI 1 3.90) 

0-1 ~IN. 2~B. 50 74.82 74.82 44.40 88.44, 66.44 44.40 
1-2 ~IH. 20.80 6.02 90.84 42.00 ' 71 9~.la 44.22 o •. ~ 
2-4 "IN. /1090 2.00 82 .. 84 36.70 1. 95 97.13 44.04 
4-0 ~IN. 2.00 0.58 83.42 ~2.ao 0.51 97.63 - 43.90 
CLNRI TLS 57.30 Ib.5& 5.45 2.37 

" FINAL rLS 751.00 164.49l 0.:2 ,I 1.231 

RECALCULATED HEAD 6RADE II. 74 
--------------------------------------------------------------------------------

1 -

T~ 3... INCA&~E~TAL CUEANEA 2 FLOTATION 

TEST 0: ClEANEF 2 FlOTATlON 

CUM. ASSAY 
~ASS (6) "ASSZ '"ABS ZINez 

REC. 
ZINC 

ROU6HER: 
SCAV. : 
CURI CON 
CURI TtS 

0-1 "IN. 
1-2 "IN. 
2-4 -/tIN. 
4-0 "fil. 
CLHR2 TLS 

342.~~ 
24.b2 

315.45. 
27.10 

281.119 
2~.B4 
l.b4 
a.40 
US 

130. Z&l 
( 2. t7l 
1:7.871 
1 2.391 

89.30 
8.19 

'I.IS 
0.13 
I.zj 

FINAL TLS 165.10 167.591 

39.30 
97.49 
98.04 
98.77 

3U6 19&.44) 
7.81 1 2.321 

41.00 194.441 
9.09 1 2.001 

42.10 91.69 
311.00 7.19 
27.80' 0.79 

0.00 
11.50 0.33 

/ 

CUPt CUPI. 
REC. 6RADE 

91. 69 
. 98.89 

99.07 
99.67 

42.10 
41.!9 
41.43 
41.:17 

,1 

l, 

l, 

1 

RECAlCULA TED HEAD 6RADÈ' 

0.22 1 1.:'31 

12.07 l' 

-----,.".----- -- --.. -----------------------
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TALE 3.1. INCREJIIEHTAL CLENER :5 FLOTATION 
, -

----,~y-7;_~ëL~R l FlOTATÏON--------~-~----~------------------------------

---~-----------------~------ 1 -
CU". ASSAY REC. CU". CUII. 

MSS (61 f'lASSl "ASS 1INC1 ZINC REe. 6~ADE 
---~---

1 

" .ROU6HER: 418.27 (34.291 33.15 (9b.B31 ' 1 

• ClIlI1 CON 357.65 (29.32) 37.76 (94.30) 
l' ClMR2 CON 320.42 (20.n) 38.91 IBB.701 

. ClHR2 TLS 31.20 ( 2.501 :5.6b ( 'S.bOl 
CUIRI TLS 00.00 ( 4.97) 5.98 ( 1.80) 

0-.1 11111. 241.10 - 73.86 73.86 40.28 n.46 70.40 4.0.28 
1-2 IIUI.- 50,30 ' 15.41 89.27 39.59 15.oB 92.14 40.16 
2-4 "IN. 18.70 5.73 , 95.~0 30.33 

, 
5.35 1/7.49 ~9 •. 93 ,. 4-b IIIN. 4.60 1.41 'lb. 41 21.36 0.77 98.20 3U6 

ClHR3 TLS 11.50 3,69 18.64 1.74 , 1 

FIlIAL Tt.S BOl ,7.0 (65.721 O.~ ( 1.231 ' 1 

RECAlCULATED HEAD 6RADE 11.74 
, . 

------------7-----------------~-------------------------------------------------~ 

, . 
TML.E 3 ...... ~ CP CPTt ...... FLOTAT'ICN TIMES 

-----------------------------------------------
FLOTATION OPTIMUM CORF.ESFDNDING 

STAGE TIME F:ECOVEF:V 
. --------- ------- -----_.:...-----,-

" ROUGHER . ' r.O MIN . , 95. ,9 fj='ER!:ENT 

SCAVEN~E-R 5.0 MIN 56.8 " 

CLEANER 1 '"' w _'>J MIN 96.9' " 
-CLEANER ..., LO MIN .. 93.0 " 

CLEANER "T ::.5' MIN ~, 92.1 " 

. ' 
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Agar (1.'~78) pLlbllshed ci mathern.at~cal madel' wh:c~h 1.1=65 the 

-,resLIlts of .open .cycle tests ta predlct the résplt3 ,:;f a 1.:)c: ed 

cy'cl e' test. ~The, de,velopment of thl s model became necessary', 

uSIng samples ,,:,hlCh w~re tao sma11 te LIse in a Ib:;:~_ed crcle 

test. It has b~.en men-tlon'ed tha,~ t,he loc~ ed c',a:le procedw-? 

;' i el ds' a bet ter: ~s:tl metl on of 'p 1 ar\,t 'o6rf ormar:ce' th"an dC~6 ?pèn 

cycle testl~gl ho~ev~r,tM~'IOCJed~C~Cle p~ocedurB (e~Ul~es 
• , ... L • , . , 

abOLIt 11)-,15 tlmes as much samp,le ·as an apen c'lcle test. It vIas 

therefore 'hlghl,.· deslrable ta dli!'.'61Lop 'a ,netho,d b',;, wh:=h op2n 

,cycle test results cOt.lld be 'e,:trapq,lated ta '(leld a, predl~-t:lo,: 

of lac~~d cycle behaviour. 

Incrementa'l flatatl-on tests WhlCh are per-fqrmèc! under-

ldentlcal phYS1C-at' and, chemlcal 'Condltlon's shoul:=t deflbEi; f,l::ed 
, .. 

, , . 
grade/recover-',' 'cL\~VeS for e~ch {111ner.al ln the fe~d~' 

Consequently, the flotatIon. t.lme qsed ait an', node \'Jl thl~ a. 

" CH'CÜlt should,,10eall', have ,assoclated w::.tt:l It.a flKed, ,­

recovery for each mine'ral: Thl S r;"'co',1~'r',... l S referr"ed'- to as a 
, ) - . ' 

Spl,lt factor. "In the Agar. mad.el·the Spllt f;l\ctor's wh.leh,are 

calcLllated et each node ar~ Gsed·to 6~edlct 't~e c~cfe at WhlCh 

eQLllllbrlL.J,m wlil be r-e,acned. and the condltIO~$ WhlCh wlll , '. . - , 

e::lst at that ~qLllll'brlum., A"mathematlcal sim\-llatlqn. of the 
1 (' .. l 

flotatlon proc~du're' lS ca~r-1ed OLlt b', 1..Isang ··th~ splIt factors 

\ ' 
ta calcl.llate the amOl..lnt of mlddlln,gs e::pected at 'Sà~h. nade 
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d~rlng the flr~t cycle Dt the test. The ca~culatloni are then 

repeated. wlth the mlddlings.lnserted at appraprlate pOlnt~ ln 

,the ~lrcult~ and the sImulatIon IS contlnued untll the results 

It,lS assumed durlng these calculatlcns that the spllt 

factar-s abtalned from IncrementaI flotatlon tests are fl::ed 

values, and that thev are not affected b'l the bLt~ldup ':)f '/ 

reclrculatlng mlddllngs durlng lac~ed c~cle testlnb. ThIS 

assumptlon lS a fundamental (but unavoldable) we31~ess ln the . 
, ~ 

predIctIve power of the Agar m~del. For 2:,ample, ;:lnc wh~.:h ~'= 

found ln the. mlddllngs 15 less flatable. orr a':erage. 
, 

than ': 1 rlc 

Whlch ~eparts dlrectlv ta the concentrate. Wh~n thlS mat~rlal 

15 reclrculated bacl ta the head of a separatIon stage there 

translates Into an Incr4ased baclwards flow of :lnc ln the 
l~'" c. 

CIrCUIt. :lnc lasses Into'the talllngs are aImcst always 

hl.t~her than the model predl ct s. In a 51 ml 1 ar manner. magnesl Llm .,J 

WhlCh reaches the cleaners Is"more flotabie. an average, ~han 

m~gneslum WhlCh lS reJected stralght away ln the roughers. 

(The preClse reason for thlS. 1J1ncre~sed ,flotablllty", be It 

loc~lng ?r'whatever. IS 1rrel~vant). Thus. when mlddlings 

streams are reclrculated there 15 a 9?neral ~D~cg~§~ ln th~ 
, 

magneslum splIt factor. Slnc:e thlS represents an lncreased 

forwar-d flow of magné~lum ln the CIrCUIt, magneslum levels ln 

tHe'ccncentrate a~e u.ually hlgher than the madel credlcts. 

TIiLIS. the Agar moc:jel predlctl(:ms are generall't' optlmlstlC ln 

'. ' 
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reClt'""CLllat!r.g l::,ads Whl=;, ai: t::,c low. -:-he s ... ;r ... f ... :=~cl::? of 

1'11111 occur ~r. a loc~ed C!:'lcle test :Jr. bet:'=r st:ll. 

be used as a repla=ement fc~ t~e ~e5~ :tsel~. T_ 

evaluated ~~e agreement between reswl~5 :Jbtal~ej b, :pe~ :.=le 

predlctl0r and resLllts ùbtall'led b', cond~:ctln,; l~c'- &d = .:l:> 

• tests <Table :.'7). Ir. the 51;: test=: repor':.ed =, rlga~ l:t->e 

metal dl Str-l bLltl ons 1 n the same 51.: tests a.er-aç;ec 
.... . 

4" .. ~ :--'. ar.c 

-:::(='~~ for the concentrate. talllngs a:lj tr.lddl::..~gs. respec~:/ely. 

These results lndlcate tha~ the pradlctl.a model can be ~sed 

wlth fair accuracy ta predlct the final c=ncent~ate cr~ducad 

fram a lac~e.d cl:::;,le test. br..lt that aCC~lr-aC'l' lS c:Jn~l.:e"-abl, 

less for the tallings and especlall, for the mlddllng streams. 

be perfcrmed 1t 15 more advsn~ageou~ ta use results =f tne 
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TABLE 3. ~I COPIPAR 1 BON BETWEEN AGAR PREDICTIVE P1DDEL AND 
LOCICED CYCLE DATA -------------------------------------------------------------

Pf.EDICTED OBSEF:'JED PEF.CEJH 5R/lDE 5?ADE PEP.WfT , 
1 TYPE OF ORE STREM DIST. DI5T. OIFFEf,EHCE FIIED!CTED OB5Er'iED D! HE~ EnC: , -------- -----------------------------------, 

• 
, NI/CU SUlPHIDE IUDDLlII65 19.00 la.40 ~ 0.46 0.34 -!~ 

, 
~ 

,nDDLIN65 3'5. bO :7.10 -31 ~ ,.- - -~ -71 , v.o. .. ....... 
CONC. a4,30 1~.70 -! 1 4.97 ~.al 14 1 

rAILS 15.00 21. 20 20 0.07 O. O~ .". , .... 
1 Ill/CU SULPHIDE "1 DDLI 1165 23,00 34.70 34 0.03 O.ba ~ 

, 
CONC. 81,10 80.80 0 0.00 4.98 -13 , 
rAILS 18.80 18.80 0 O.Oc 0.0'1 0 , 

1 Ill/CU SULPHIDE "IDDllNéS 0,40 Il.00 42 0.01 0.:7 -bS- , 
!'IIDDL1I16S 15.00 14.90 -$ 0.2'1 0.21 -lB , 
CONC. 77,70 BO.OO "T 4:40 4.90 10 , 

'" TAIlS :2.30 19.10 -17 O. Il 0.09 -22 , 

, NI/CU SULPHIDE l'lIDDLlNiS 2.10 3.70 43 0.25 0.41 39 1 

ItlDDLlll65 1. :0 1.00 :5 0.58 0.b2 il , 
CDIC. 94.BO 91.00 -3 :.33 3.Sb 6 1 

TAllS 5.:0 B.40 38 0.08 0.1: . ., , 

, Ill/CU SUlPHIDE ItlDDllN65 3.30 7.70 57 0.50 0.82 39 , 
!UDDLINS5 2.20 ~.90 b3 1.34 1. cil 17 1 

COMe. 90.00 8B.70 -1 :.B5 3.40 -13 , 
TA ILS 9.90 11. 30 12 0.15 0.1 a 17 , 

1 AG EIPLORATIDN aMPlE IUDDLIII6S 3.20 3.40 0 IAGI 123 IA61 128 4 , 
. , IUDDLIN6S 11. 90 9.BO -21 (PP~) 31H (PPIII 360 -3 1 , ,COIIC. 84.40 as. 60 1 40 39 -3 1 

" TAIlS 15.&0 14.40 -8 11100 13700 19 , 

------- -----------------

(af ter AGAF:. 19(8) 

"b 

" 
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.. 
Agar ;Jredl:::t:.e model ~har. te use t .... ,e ~ra~J'_,s':.ed P'"es_lts of 

nerl: '=. ..... 2 a::ar.jcr,r.-:el,": :J- :=C EC =;::~ ~a=: __ 

mlddllng streams were floa~ed a~C aS5:~ne~ ~hE:r :::w- ~~.:t 

factors. It was faund that <::;e seconc,:w, spLt f3ct~r3 I~ere 

almost ,ldentlcal to the prlmar, splIt fa:::tors. a-.r,C! tha':. .,0 

Sl~nlflcan':. :mpr':l'.ements were made c'.er the {"\lt:al 

~redlctlor,. ThIs resul t suggests ':.hat the ,j:f?'er.:--e.r~e ~Et~Jeen 

pr-ed 1 ctec anC' ab iiÉ-r-'.'ed results was caused b, a sens=.t:. . .. ....... 

the rnaterlal ta small changes lr, the operatlr.g prccedL.,re 

rather than b, a fundamental ~~ea~ ness ln the preC!::::tl.'e ,T.oCel. 
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There are two dIstInct types of error WhlCh can 

contrlbLlte to de".atlons oetween predlctlons 0+ the Agar model 

and actual 10c~ed c,'cle results. These are ~~~~~Q~~ errors 

caused by Sllght changes ln the aH- f10w rate, Impe11er speed 

etc .• and '!"QtC!'Q§l.ç:; err-ors generated b'l '.Iarlable flotatlon 

of the fee-d under absolutely Identlcal operatlng condlt1ons. 

In a SIngle flotat1on test there 15 no devlatlon caused by 

1ntrlnSlc errors: however, ln loc~'ed c',cle flotatlon where the 

nature of the feed to any one stage changes from cycle to 

cycle one cannat ma~e thlS assumptlon. The Agar model IS 

potent 1 aIl y useful as a model to predl ct locl<'ed cycl e -behaVlour sa long as an,! one of the followlng condItIons are 

met: 

, 
) 

a) The 1 ntr 1 nS1 c errors are small pr const ant f Or a 

wlde varlet y of ores. thus allo~lng for some type of 

emplr1cal correct10n factor to be establlshed. 

b) The Intrlns1c errors can be quantlfled by the 

generatlon of secondary splIt factOrS. 

c) The Intrlns1c errors ar~ wlthln the confIdence 

Ilmlts WhlCh are deSlred ln the predIctIon. 

In order ta evaluate the lntrlnslc ~rrors assoclated wI~h 

the appllcatlon of loc~ed cycle predIctIons to Plne POlnt ore' 
\ 

It 15 necessary to develop some sOrt of range wlthln WhlCh the 

re5~lts could vary due ta experlmental procedure alone. Any 
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~arlat~on beyond thl~ range can be attrlbuted to IntrlnS1C 

f sources of variatIon. There 1S a Ilmlted amount of repllcate 

data fr~m t~e :ncremental flotatlon tests ~h1Ch can be used ~~ 
, ' 

establlih a rough estlmate of t~e ~epr~d0cab~!!t, of flotation 

results dur:ng loc~ed ~(cle testlng. 

The results of the seven Intremental ~lQtatIon tests are 

FOL.ir pleces of : n f or ma t Ion ar e 

Drov~ded fo~ each flotatlon stage. These are C~~QY~[L of 

=lnc at the optImum flotatlon tlme \le. the SplIt factor), 

cu,mui at l 'v'e. g!i~Q~ of the concentrate collected up ta the 

. , 
wlth t:hIS cutoff tIme (e~:pr.essed as a percent of the lnltl.al 

feed mass)~ and tHe recalcul~ted ~!Qf Dg~~- g[~~~ gOlng lnto 

the separatIon stage. 

The Informatlcin ln ~able 3.10 was used to calculate the 

average SplIt factors and the standard devlatlons of splIt 

factors for =lnc and for ma~s at each node. These results are 

presented'lr Table :.11. The number of trIals upon WhlCh each 

splIt factor/standdrd deviatlon were based varled from seven 
~. , 

for the rougher fl~tat~on (WhlCh had to be performed ln each 

of the seven tests) to only one for the thlrd cleaner 

flotatlon (WhlCh was performed only ln th~ last test). The 

standard devlatlons of the splIt factors for the second and 

third cleaners could ~ot be calculated due ta an InsufflClent 

amount of replI cate tests, and were therefore est 1 mated USI ng 

the cal Cul ated standard devI at Ion Glf the rOLlgher Spll t factor 

'. 

-" "0 



TAlLE 3.10 a.R1Afty OF 1 NCREMENTAL FLOTATION RESULTS 

• 1 

------~------------------------------------------~------------------------------------

TEST! TEST: TEST: TEST4 TE5T~ TESTb TEST; 

:UIP. 3: ~EC~'vERY: aL 70 
GRADE: 40.:) 
lIIASS FiC ::.80 
HEAD: :-:-.99 

CUIR 2: RECO\'EPr: , Sb.80 Be. '0 
&RADE: 4:.10 38.90 
tllASS !\EC :4.90 :Q.70 
HEADI 41.00 :7.80 

C~ 1: mO'VERY: 90.:10 Q4.40 ~4.30 
GRADE: 44. :0 41.00 37.ilC 
~ASS REC 25.70 :4.90 29.30 
~EAD: !7. bO 38.54 ~:!.20 

ROU&HEn:IRECOYE"~: 9b.50 911.40 ~b.bO 93.80 94.8" °b.44 9b.8: 
6RADE: . 37.~O 3c.~0 3b.~0 :0.10 :"'.5;) :S.~4 :~.15 
tllASS ~EC 29,80 :O.bO 30.40 ~O: 19 ~o c 

." :lw :0.:: 34.:9 
~EAD: Il.iJ9 11.70 lI. 46 11.02 11.74 !:. J: 11. 74 

SL:AV. : f.ECO'IER~: 3~.JO 54.00 ~Q.OO '/7.00 77.00 05.00 ----- 6~ADE: b.bO 9.:0 13.20 . 13, av ~,80 1:.90 , 
:''fASS REC, 1.40 l.90 0.90 4.00 5.90 :.20 ' 
0: ' O.~8 O.bl O. ~b 1.0: 0.80 0.112 0.50 

TAllS: RECO':ERY: ' 1.70 1.30 I.ao 1.50 1.10 1.20 
GRADE: 0.39 'J.24 0.30 0.2é o ,~ 

.~ -~.:1 

-_ ..... _-----------~----------------------~------------~----~-----------. -----

TAlLE 3. l1 SPLIT F:ACT~. FOR ZI·NC AND FOR MSS 
WITH STANDARD-DEVIATIONS 

--------~------------------------------------------------------------
.1 

MBEliOF m FlOAT5 STAlfnMD !J'.A5S FL T5 STAHnAFC 
STJ!EAft TRIALS ISPlT FCTRl DEVIAT!DN (SP~T FerRI JEVIATION ---- -------- --------- ----------- -------
ROU6l(Efi 7 0.9511 0.011 O.~OB O.Olé 

SCAVENG[R b 0.5ôS 0.197 C.O~II 0.021 

, 

.1 

CLEANER 1 3 0.961? 0.013 0.8BI 0.03c 

CLEAHEH 2 2' 0.930 • 10.0151 0.9~2 10.0\51 

CLEAIIER 3 L 0.921 10.0151 ,O.B'H 10.015l 

-------,---~--_+_--~--f--~--... -----.-----------:--..-----,------
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'. 

(the most confldent value avallable). 

The =lnc SplIt factors l'lere used accordlng tb the Agar 

procedure to c.alculate the e;:pected amount of reclrculatl.ng 

Zlnc ln each mlddllngs stream and ln the concentrate and 

talls (Table ::.12). A slmllar set of calculatlons wdS 

performed for mass (Table ::.1-:). It can be seen trem elther of. 

the tables that equlllbrlwm should be reached ln the fourth 

cycle of the locked cycle test.. It INas decided ta perform the 

{ ..... ~""-- -;---

test for seven cycles ln the hope of obtalnlng three sets of 

repllcate daL3. 

Tables :.14 and ::.15 present the standard dev,l atlons of 

the predlcted =lnc and mass flow rates. calculated f~om th~ 

data of Tables ::.11. ~.1: and ::. 1~. At Junctions where two or 

more streams are merged (such as the feed ta the f lTst 

cleaner) the var 1 ance of the, fI ow rate 1 s eCluall ta the' suffi of 

the flow rate v~rlances ~f the component ~treams. At the flve 

separatlon stages the varIances of the concentrate and 

ta.l11ngs flow rates- can be obtalned by applYlng a Tavlor 

serles expansIon as fol10ws: 

For the concentrate: 

CON := FEED * SF <SF = SplIt ,factor) 

VAR (CON) = CVARJFEEO> .... 2 * SF~ +""- CVAR <SF) - 2 * FEED} 

71 
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TABLE 3.12 PREDICTED ZINC FLOW THROUGH CIRCUIT 
------------------------------------------------------------------------------

U!m5 OF 2 r~c, IIHERE 100 ~:iI'~S AAE fI:JDED iD THE t.O~EHEP. EACH CYCLE 

5TF.EA" CYCLEI Cy:~[: :YC!.E: :{C~E~ CYC~E~ ~ V:l.E ~ :\ ~~E7 C1CLE8 

R6KR HEC 100.00 105.30 10b.OÙ lOb. 11 100. :: 100.14 10b.14 10:. : 4 
R6KR Fl TS °5.~O 100. ~e 101. Q~ 101. 76 1')1. 1 8 101. 78 ~ 0 1. 78 I~!. 78 
R6HR TlS 4.10 4. :: 4.35 4.:5 4.:5 4.:;:: US 4. :~ 

SCAY Fm 4.10 4~3: 4.3S 4.:5 4.35 4.35 4.35 4. :~ 
5CAV nTS " ., :.45 :.47 ~.C :.47 :.47 2.47 2.47 .... ..",J 

SCAY TLS 1.77 1. 87 !. 88 1. se 1. 88 LaS :. BS 1. 88 

CLIU FEE.!) 95.90 l1U~ 117.54 118. JO 118.:0 118. :: 119.2: ~ 18.:: 
CLN!.. ms n.n 110. }7 113.90 114.44 : 14. 54 11~1 :;~ : 14.~:: 114.56 
ClNl TlS 2.97 3.5~ :.b4 3.06 3.66 3. 00 3. bb 3.ob 

CLN: HED 9U3 110.77 11~.9C 114.44 114. ~4 114.5S 114.5~ 114.50 
CUf1 FLTS ab.4~ ! 03.0~ 105.93 D6.43 l 'J6. ~2 !O:. ~3 lu6.54 106054 
CLN2 TLS 0.50 7.75 7.97 8.0! 9.0: 8.0: . S.U: 8.02 

. 
CLNl HED 8b.42 10:.02 105.93 IOb.43 10b.~: IOb.53 10b.~4 106.54 
ClN3 FLTS 79,59 94.BB 97.56 ~8. 02 98.10 93.1: 98.12 18.12 
CLM3 TlS b.B3 8.14 8. ~i 8.41 9.41 8.4: 8.4~ 8.42 

<b 

--~------------------------------------------------------------------~----------------

TABLe 3.13 ~ICTED l'tASS FLOW THROUGH CIRCUIT 
--------------------------------- -----------------------------------

UJI!TS OF P!ASS, WHEFE 100 UH!;S AF.E ~DnE:) !C THE PG!!SHËF E~:H :'1C~: 

STREAII CYCLEI CYCLE: CYQ.E: CYCLE4 CYCLES CYCL:o cmE:" m:"E9 

1 

R6HR FEED 100.00 106.16 107.17 107. :8 107.4: 107.H ! 07: 44 107.44-
t( R6HR FlTS 30.80 32.70 33.01 3:.07 :3.09 3:.0Ç 33.0° ::.09 

R&HR TlS 09.20 73.46 74.1& 74.31 74.34 74.35 74,35 '4.3S 

SCAY FEED 69.20 73.46 74.16 74.31 74.34 14.35 74.35 H.35 
SCAY Fl TS 2.4~ 2.64 Z.67 2.68 2.b8 :.118 2.68 2,68 
SCAY flS 66.71 70.82 71. 49 71.63 71.:'6 . 71.07 71. 67 '1.67 - 1 

eun FEED 30.BO 38.02 39.58 39.92 39:99 40.01 40.01 +0.01 
CLNI FLTe 27.13 33.50 34.97 35.1;' 35.:3 ~5. :5 ",c: 'le' 35.:~ ,. 

J ......... 

CLN! TlS 3.37 4.52 4.71 4.75 4.76 4.76 4.70 4.76 
" CLH2 FEED 27.13 33.50 34.87 35.17 35.23 35.25 ~C' l'Ir 

~S.25 ."ltJ .... ", 

CLN~ Ft TS 24.48 30.Z2 31.46 31. 72 31. 78 31. 79 31.79 jl.80 
CLN2 TlS Ua 3.28 3.42 3.45 j.45 3.45 3.45 3.45 1 

,/ 
! 

CLN3 FEED 24.48 30.21 3.1. 46 31.72 31.78 31.79 ~1. :~ 31.80 ~~~~JI 
CLM3 FLTS 21. BI 26.92 28.03 :8.20 :8.3: :8.:: :8.:: 28.33 , 
CLN3 TlS 2.D7 3.29 3.43 3.4ô 3.46 3.47 1. 47 3.47 , 

--------------------------------ï----------------,.-----------------------

1: 

-
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TABLE 3.14 STD. DEVIATION OF ZaNC. FLOW QUE TO 
E~~IMENTAL (EX~NAL) VARIATION 

~ELATIVE STAIlDAF.D ?:VIATION OF :l?EDICHD :1~C FUit P~RCENT) 

STREAI'I 

R611R FEED 
R6flRFLTS 
R6HR TLS 

SCAY FEED 
SCAY FLTS 
SCAY TLS 

CYCLE 1 

1.54 
1.92 

2b.87 

Zb.87 
43.88 
52.93 

CLHI FEED 1.92 
CLMI FLTS :.34 

ib.91 
43.90 
5:.95 

26.9: 
43.91 
51. :16 

2.:'1 _ :.94 
:.02 3.:3 

:.:9 :.:9 
2.5b :.56 

20.9": :6. o~ 
:.56 

20.°: 
:b. C: 
C.91 
5:. ;0 

:b. O : 

C?l 
5:. ge 

:.98 :.9~ " 00 , ;e 

:.:? ).27 3.17 :.28 

CYCLEB 

1 CUI TLS 41. 98 42.02 42.04 42.04 42.04 4:.04 42.04 

:.90 

3.28 
42.04 

') 

1 

• 1 

CLH2 FEEI 
CLlt2 PUS 
CU: TlS 

CUl3 FEED 
CUt3 FlTS 
C1lI3 :rLS 

2.34 
Z.84 

:1.50 

2.84 
3.28 

19. :0' 

3.0~ 3.:~ 
3.43 3.61 

11.b4 • :1.07 

:.43 :.01 
3.79 ~.% 

19.29 1~.33 

~ " 
:.04 

:1.06 

~.b4 
:. ~9 

! 9.33 

3.e~ 
:-l.08 

~ -., 
... ·60' 
31o~ -, " ••• 0:: 

~ ," .... ~.., 
4.00 

19.:4 

~.:S 
:.65 

:!. cé 

. ." oi.O.J 

4.00 
19. :4 

, . 

3.:8 
:.65 

:1. 08 

4.00 
19.34 

---------------------------------------------------------------------

TABLÉ 3.1:5 STD. DEVIATION OF MASS FLOW DUE TO 
EXPEF\ 1 MENTAl. (EXTEf\NAL)' VAFiIATION 

---~-----------------------------------------------------------------

RELATIVE STANDARD DÈ'JIATION CF PREDICTED "A55 FLOW (PEFwm 

STiEAI! , C'fClEl CYCLE: CYCLE:: CYCLE4 CYCL~ CYCLE:. CYCLP , cmu ------
• RIiHR FEED 0.00 1. 73 1.94 1.98 1.99 1. 99 1. 99 1.99 

RGHR FlTS 5.19 5.48 5.~4 ~. Sb 5.~b 5.~b ~.5b S.5b 
F.GHR TUt Ut 2.811 3.02 3.04 3.05 3.0~ 3.05 3.05 

SCAY FEED ' 11 2.89 l.02 -3.04 3.05 3.05 . 3.05 :.05 
SCAV FUS 5à:,!~ 58.40 58.41 5B.41 5B.41 58.41 5B.41 58.41 
SCAY TLS 3.18 3.b2 3.n l.74 l 111" ~ .,0: ~ 7~ 3.75 ...... " - -..., '" .J •• w 

CLNI FEED 5.19 4.97 4.99 5.00 ~. 00 5.00 ' 5.00 5.00 
CUI FUS 6.60 b.43 b.44 0.45 6.45 6.~~ b.4~ b.45 
CLNI TLS 30.ô3 30.59 :>0.59 30.59 30.59 :O,~9 30. ~9 30.59 . 

CL'12 FEED édO 0.4~ 0.44 b.45 0.45 b.45 6.45 0.45 
ClN2 FLTS 6.91 0.64 b.bS b.bb b.bb b.bb b.ôb b.bé 
CLII2 TLS 1b.67 1b.60 Ib.61 Ib.o1 Ib.ôl Ib.61 1b.61 Ib.bl , 
CUl3 FEEQ b.Bl 6.64 b.65 b.oo ' 6.b6 b.bô ô.oo 0.b6 
CUl3 FLTS 7.01 6.95 b.96 b.Bi 6.B7 b.81 'b.87 6.B7 
CLH3 TLS 15.35 15.28 15.29 15.29 15.29 15.29 \ 15.29 15.29 

----------------------------------------------------------------------------
if 
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~nd for the talllngs: 

rAILS =.FEED * (l-SF) 

\lAF-(TAILS) = ~VAR(FEED) '"' * (l-SFU ;+ CVAF;(l-SF) :: * FEED~ 

Table ->.16 presents 'predlcte~ assaiS of the 
• 

varlous 
1 

streams at equili br 1 um. Con,t l dence l nterval s f or ~he assay 

predlctlClns cannat be cal.cula.ted from the' a/-"llable dâta Slnce 

the assays are pr-edlcted as: 

Ass~y = 11.71% * <;:lnc flow / mass flo",,)' ..... 

Zlnc flow and mas's flo"" e::hlblt al') unJ.-nmm degree of 

~ovarlance. thereby ~enderlng uncertaln any caLculated 

conf 1 dence 1 nterval s. Thus. the Agar model must be tested 1 n 

terms of :: 1 ne and mass fI o""s r ather than 1 n terms of assa',s. 

The conf 1 dence 1 nter'/al s reported ! n T abl es :.. 14 and :.. 15 

are crude. 1 n that the9- l gnore much of the fundamental nature 

of the flotatlon process. In a case where several repl!c.ate 

flotatl0n tests ar~ perfmrmed there wl11 always, be,sllght 

varlatlons ln Indl'/ldual cell performances between tests~ 

These varlatlons usually cause compensatlng adJustments ln 

subsequent fI otat 1 on stages. For e:: ampl e. l f the rOLlgher 

e~al ns a Il t tl e· more gangue than normal ln one of the 

flotatlon tests then the fu"st cleaner 15 e:~pected to reJect 

1t. If the rougher floats l-ess ::lnc then the scavenger shQuld 

recover It. The statlstlcal confldence lntervals whlcA are 

presented do not tave covarlance Into account. The om15s1pn 15 
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~navoldable s.n6e the covariances cannot be determlned wlthout 

ler;'gth'r e .. pèrlméntatlon. The estlmated conf.l·jence lor.ter'/ais 

are therefore large ~ompared ta the actual ~arlation Whl=h 15 

e.:pected. For- e .. ample.- ::lnc r-eco.er-, ln the r-:Jugher was fDund 

,by e;.p·'er-l,nentatlan ta be 96:: +,- ::i:; however. the 0,eral1 

~recoYery of the CIrcuIt (calculated by the sum-of-variances 

methodl ·has a confldehce Interval of 96i: +:- 8:. ITab12s :.1:::. 

:.14). Since the amount of "ar-lance contributed br el,ter-nal 

error 15 overestimated. results WhlCh fall outs1de of the 

calculated confIdence Intervals are ll~el~ to reveal 

S1 gn 1 f 1 c,ant amo'Llnts of 1 ntr- 1 nSl c -error. 

3.8 ~êc~f~S~~~QQ Qi ~g~~l~Q[l~ID çQQQ~~~QQ~ ~~~ I~§t.Qf ~n~ Bg~r 
t1QQ~Ü 

~he primar~ obJectIve 0+ thlS sectlon 1S ta Intr~ducs 

some of the results of the loc~ed cycle test and ta verlfy 

that equlllbrlum condltlons were reached wl~hln the se\en 

cycle duratlon of the test. These results are compared wlth 

the Agar predIctlons made for mass and =lnç flow ln the 

Clrcult. wlth the qbJect of determlnlng the confldence wlth 

WhlCh the model can be used to predlct performa~ce dur1ng 

locked cycle flotatlon of thlS ~aterial. The followlng streams 

were collected durlng the test: 

Concentrates for cycles 1 through 7. 

Talllngs for cycles 1 through 7. 

Mlddllngs for cycle 7 5cavenger and for the three 

- -------------------~~~~--------~---------------
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cleaners. 

'. 
'. , 

. Det·a11s of bhe pr-oêedure used Hl tH~ loc~?d ::"c1,.e t'Est 
1 

1 • ~ 

I. The con::e:ntr"at"e.=. and ml je:::. rYgs 
~ 

_ :,.. 't 

wer-e scraened sc tha''t s1.-::e-b (-;;1::03 perforâlance ,j'f tne'" clrc:_tlt 
~l 1... 

, , 
could be e~aluated. An un~nown.amount of mass wêls lest from , 

.\ ' : 

the c'/clE:! 4 c.Ç)nc.ent'rate.>' durlng 5,~reenlng and calLI3ed 
A , 

30me 

anomalOLIS 
J 

data pOInts 'pert.;nnlng te tha": 

WhlCh,follow. ", 

, 
the mas~es of mater1al ,=oll'ec ted f rom 'edCQ of the ;;;traams , , 

"'l....... are shown.'ln Table :.1:. The,o"'>éra:ll ln the test 

was 9'.45%. w~th th~ ~.55~ mass less dlstrlbuted 1n'un~nown 
~ .~ ~ f 

proportIons between mass 'Lo~ ln the leach aaQ mass, l':Jss 

durlng handllng ~nd flltr.ôl:t;lOI) 'of ':he ~amp1es. In ord'er ts: 
~ 

the mode1 '. 

a11 data was scalep Ltp by <1/').9745) ln T~bJ..e -:-.18. 

The occurrence of equ111b~lU~ can be dete~te~ US1~g any 

of several crI ter18. two o~ whl'c:h have been pre'/lQLISl', 
, ~ , -J 

dl sCLlssed. 
.. 

Equlllbrlum can be detected b, anv of~~he 

f0110wlng: 

Mass flow ln any one ~~~ea~ be~omes constant. 

ZInc flow ln any one ~tream becmm~s constant. 

The wleghted" sum of the ~oncentrate and talll~gs assays 

equals the feed grade. 

Assa'(s ln any one str~am become c,::-nstalît. 
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TABLE 3.17 'MAaS RECOVERY IN LOCKED CYCLE TEST 

---------------------------~-------------------------------
MSS RECOVERED rN &RAM5 -' 

TOTAL 6 TOTAL 6 
1 CYCLE. OF FIED RECOI/RD CON+400 :ON-~OO T~S+400 TL3-400 ---_ .. _- -------

CYCLE 1 1108 1009 170. 1''' bO.o m.1: 258.9 
1 CYCLE 2 1101 1080 20B.8 74.7 532. b 2&U 
1 CYCLE 3 1145 1084 223.3 63.S 527.4 2b9.b 
1 _ CYCLE 4 1163 1097 m.7 54.2 ~2~.1: 283.0 1 • 

• J CYCL~ 5 lm 1111 228. ! 59.9 5~.4 ~94.e 
1 CYCL b 1155 1131 2:3.8 78.0 ~30.1 ~99.2 
1 CYCLE 7 l1é5 1114 2:7.9 '1 "1 

1 •• ' 545.2 269.0 

1 _____ ----'---------------------------------------------_________________ 1 

'SCAV.CON: 
'ClHl TLS: 
'CLH2 TLS: 
'CLN3 TLS: 

30.4 
146.9 
33.8 
6~.5 

14.9: 
Il. 48 
4.20 
8.26 

1 

15.48 
13S.32 
~9. bO 
54.24 

"'::. , 1 _____________________________________________________________________________ 1 

" 1 

1 /'IASS IIASS IIASS 
1 TOTALS: IN OUT RECOVERY 

SI06 7900 97.4SZ 

TABLE 3.18 ADJUSTED MASS RECOVERY VS. MODEL 

PRED 1 CTI ONS 

• ----------------------------------------------
RECOVRY "ODEL RECOI/"Y TOTAL "QOEL 

TOTAL 6 TOTAL 6 INTO ZINC INTO MODEl QECOVRY RECOVRY 
CYCU: 1 OF FEED RECOVRD IN. CON . , CONe. TAILS TAtlS e!ltMLS COIHTLS -------
CytLE,1 l1'ba 1036 20.28 :1.81 08.43 6b.71 89.70 98.52 
CYCLE 2 - 1161 1108 :!S.Ob ZO.92 70.40 70.82 ~5.40 97.74 
CYCLE 3 1145 1112 25.73 :8.03 71. 42 71.49 97.14 99.52 
CYCI.'E 4 1163 1125 25.40 28. :6 l' "'7 71.63 96.73 9~.B9 J •• ,J'lot 

CYCl'E 5 1149 ~ 140 25.72 28.32 73.52 71.66 99.24 99.98 
CYCLE 6 1155. \ 1161 20.82 28.33 73.69 71.67 100.50 100.00 
CYCLE 7 1165 1143 20.39 28.33 71. 70 71. 67 98.09 100.00 

l, 

1 

1 __ :. ___ -----------------------------------------------______________________ 1 

1 
~ rtASS KODEl "OOEl STD. DEV. DIFFERENCE 1 

RECOVERED PREDICT. STD.DEI) (OBSERIJED VS. rtODELl 1 
b ï -------- -------- .. _-----

• 1 SCAY CON 31.20 31.11 , 18.~0 0.08 
1 CLNRI TlS 150.64 55.46 10.97 5.61 
1 CLNR2 TlS 34.68 40.20 0.68 -0.83 ( 
1 ClHR3 TLS 64.14 40.32 6.16 3.80 
_____________________________________________ ... ___________ Ji ___ • ____ _ 
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Oetermlnatlon of EQuil~brlum ty Mass Recovery: 

Flgure 3.8 shows ~he mass of concentrate recover-ed ln 

cycles' 1 thr-ough 7. It can bel seen thc;lt the 'concentrate mass 

stablll:::ed at the thlr-'d cycle. bLlt that thls eQLtlllbr-:'Ltm m,aSS 

was slgnlflcantly lower tl'1an the moass recaver-,;, pr-edlcted by 

the model. The eqylllbr-lum, r-eCovery df mass Into the 

concentr-ate wi!ls ::6.'.)~: +/- O.8~:. as campar-ed to the pr-ed"lcted 

ret:overy of :8.4i: +/- 1. 6~': . 

. ' Flgur-e 3.9 pr-esents slmllar- data for- the.mass of tallH'lgs 

le~vlng the s/stem. F'lve of the'seven cycles showed talllngs 

masses WhlÇh closel',' follOl'led the pr-edlctec mass recover- .. of 

7.1.6~~: however-. the flfth and sl::th cycles showed an Incr-ease 

ln talllngs mass to appro::lmatel',' :'~: o,,'er- the predlcted '.'aILle. 

ThIS Increase Iles wlthln the statlstlc,ü confIdence Ilmlt of 

Var-latlons ln· mass flow wlthln the Clr-CUlt can be 

C::larl.fled by e::amlnlng the separate behavlour- a.f coarse and 

f'lne J;lartlcl"es. 'InchvldLlal caarse (+400 mesh) and flne (-40(' 

;mesh) Sl:::e 'fractIons shO':-lld not necessar-Ily e::hlblt mass 

. recoyer-l es - .~hl ch are 1. dent 1 cal to thase predl ct ed for total 

mass recovery. Slnce the SplIt factors calculated for each 

nodelllare eqLll valent to the wel ghtec sum of Spll t factors from 

lndlvldual Sl:::e classes. each of WhlCh can respond to 

flotatlon ln a dlf'ferent manner. 

1 t 15 comman e):per 1 ence that f 1 nes are recovered tilt Cl 

slower ràte than coarse 51:e fractIons. The dl of f erence ln 
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Ft6URE 3.8 

REAL YS. PRED 1 CTED MSS 1 N, FI NAL CON 

1 2 '3 4 '5 G 
C',"CLE l'lur'1BEf< 

FI6l.WE 

REAL vs. PREDICTED l''IASS IN FINAL 

~ 
f 

1 ;;: "3 4 0:::' i; .' 
C','CLE t-IUM8ER 

SHADED AREAS SHOW CONFIDENCE 
INTERVALS CALCULiHED IrJ F'REI,I!OUS 
SECTION 
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l'''ecovery 15 8spe"cially ~evident in circuits such as this 

experi~ent~l CIrcu1t w~ere s~ort flotat1on tlmes are used. 

Thus,tHe SplIt factors of the coarse Sl=e classes are usually 

hlgher than the overall SplIt ~actor whIle the SplIt factors 

of the, flne materlai 'usLlally fall below It. A bLllldLtp of f.,lne 

rec1rtuiatIng loads ln the ~lrcult usually lowers the overall 

Spl1t factor below the predIcted value. 

FIgures :.10 and ~.11 show the masses of Sl=ed 

concentrate and talllngs, respectIveIy, WhlCh were ~ecovered 

ln cycles 1 throLlgh 7. It can be seen ln both flgLlres that the 

coarse materlal followed the predlcted mass recoverles falrly 
, 

closely, wh1le the partltlonlng of fine materlal between the 

concentrate and th~ tallings tended to fluctuate. The coar$e 

mater 1 al appeared,,-to rt:?-ach equ111 br 1 Llm at ab,out the thl rd or 

fourth cy~le of the test, whlle the flne materlal s~emed not 
) 

to eQulllbçate at aIl. The ~luctuatlons ln mass partltlon1ng 
" 

Wh1 ch can be seen 1 n Fi gures -:.8 and ~. 9 a" caused al most 
~ 

excluslvely by the varla~le behavlour of the -400 ~esh 51=e 

classes. 

There were no changes ln operat1~g condItions durlng the 

test -WhlCh could ,e>:plaln the variable behaVIOLtr observe~ 1~ 

the f1ne 51=es. It IS posslble that the -400 mesh partlcles 

were sens1t1ve to subtle,changes ln operatlng parameters at a 

1 evel f 1 ner than that to wh 1 ch the e::per I ment COLtl d be 

controlled. It IS the oplnlon; of the author that the 

fluctuatIons could be caused by sllght changes elther ln 
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flotatlon' tlme or in frother concentratIon ln the c:ell. (he 

dlfflCL\ltles ln establlshlng e::act flotatlon tlmes have been 

prevlouslV,mentloned. Frother concentratlon ln the flotatlon 
.!' 

cell represents a second potentlal source of ~arlatloA Slnce a 

amount of water ln the mlddllng5 p~lp. 

The masses found ln the reclrculatlng loads at the end of . 

Cyc:le 7 are reported at the bottom of Table'J.18. It can be 

seen that the masses of mIddllngs found ln the scavenger 

conc:entrate and ln the second cleaner talllngs were both very 

close to the predlctod values. The flrst and third cleaner 

tàlll ng5. how8ver, both cont..:.n nad masses weil 1 n e:(cess of 

those l'JhlCh were e::pectod. The flrst cleaner taIllngs had 

al most threo ti mes the e:: pected mass "( 5.6 standard de'.l at 1 onjj; , " 

over the prediction) while the thlrd cleaner talllngs 

contal ned ovor- 1."5 t l mes' the e::pected mass (:'.9 standard 

devlations ,,:way from the predlctlon). E::amlnatlon of Table ," 
. . 

~.17 shows that the vast maJorlty of the reclrculatlng 

mate!'"1 al was of a 51;: e 1 ess than 4')(1 mesh: thLIS 1 t cari be 

concluded that performance of tho -400 mesh matarlal caused 
r 

statlstlcall.,;r slgnlflcant departLlres from predlcted mass f10ws 

not cnly ln the concentr~te but a1so ln the flr~t and thlrd 

cleaner talllngs. Fine partlcle flotatlon performance 

therefore contrlbuted a slgnlflcant amount of Intrl~~lC error 

WhlCh caused departures from the model predIctIons. 
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Determ1nation of Equ111brlum by Zlnc Flow: 
~, 

~ 

Table :. 19 presents assay data for the varlOUS streams ln 

,t,t-I\: test.. Thesl? ""ssays were comblned w,:,th the ma::.e r-e-:o .'ery 

data of T-::\ble :.17 to calc:ulate ::1nc flow thrallgh the ='/ste,m. 

Flgure ~.1: 5hows the flaw of ~lnc ~nto the concentrat,_ 
~ 

It can be.seen that the ::lnc flow stablll::es at about the 

p~lnt. The small dlP in ::lnc re~overy WhlCh can be seen ln the 

fourth cycle 15 ~ndoubted~y due to the los~ of Qa~t of the 

conc:entra~e WhlCh oc~urred dU~lng scree~lng. 

The overall rec:over, of :lnc 1[') the clrclllt was lower ' 

than e:,pected. Slnce lOO "::lnc unlts" ,:Nere added ta' the cell 

ln each eycle. the amouDt of unlts found ln the con~entrate 15 

equi~alent ta the :lnc reeo\ery. Recovery was low ln the flrst 

few cycles due ta retentlon of =lnc ln the reclrculatlng 
, 

Ioaes. A-kter eqlllllbrlllm wa5 reachee ::lnc r-eCQ'ler-'t' st.i\blll::ed 

et abpllt 94.-:::. Thls 15 weIl below. the r-ecover-,' of 98.1~~ 

prédlcted by the model though 'stlll wlthln the calculated 

conf~dence lnterval. 

Flgure -:.1: lilustrates :lnc flow ln the talllngs. 

::lnr.: lasses e;;per-lsnced ln the C1rcult flLlctllated from abOLIt 

=% te 5%. wlth three of the data pOInts showlng ::lnc losses 

WhlCh were slgnlflcantly hlgher than p~edlcted. ZInc f10w lnto 

the .talllngs seemed not ta reach equ111brlum. but 'larled ln ~n 
. . 

unpred1ctable manner. 

The se~arate ccntrlbutlons of +400 mesh and -400 me3h 
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- TABLE 3.19 ZINC ABBAYS AND CAl.CUl.ATED ZINC Fl.OW . 

---------.-----------------~._----------------------.------------------------------------.----PERCENTA6E me IN CDfI Atlll lAILS ZINC FLOW III COH AllO lAILS 

i +400 -400 +400 ·400 +400 -400 +400 -400 
t UI CON W CON lAILS H\ILS :11 COlI ZN cOtI TA ILS TAILS 
j' - .. .,-_ ... 

" i 0 1 

i CYCLE 1 42.58 _ 37.34 0.63 0.92 15.~4 6.00 51.49 27.11 
t CYCLE 2 41.8~ 39.72 0.30 0,13 19.33 Il.V2 4Q.31 14.44 
l CYCLE 3 43.78 39.bO 0.16 0.b8 20.60 5.89 48;65 24.87 
1 C,(CLE'~ 4S.St 39.31 0.23 0.75 20.40 4.94 47.'13 26.:2 

.! CYCLE • 44.04 J8.H 0.31 1.22 20.53 5.l9 47.5~ 26.53 
CYCLE Il 42.57 -37.t9 0.11 1.99 19.~9 b.~O 46.87 :6.45 1 

I~~ ____ ~-------------~---~.-_._---------------------~----------______ •• _. ______ .. ~~---:.----~. 
! TOTAL TOTAL TOTAL r.om TOTAl "ODEL i 

CYCLE 1 
CYCLE 2 

• CYCLE J 
, .1,- CYCLE • 

1 CYCLE 5 
1 CYCLE b 
1 

ZN cml TAILS FLOIl [fi FLOW III flOt! lN FLOW IN 
ASSAY ASSAY ZU CON m cou rAILS TAIlS 

41.11 ' 
41.02 
42.85 
42.53 
42.97 
41.10 

0.73 
0.44 

, 0.34 
0.42 
0.64 
0.82 

71.11 
07.77 
94.14 
94.24 
94.~9 
~4. 30 

79.59 
94.SB 

, 97.56 
98.0: 
ge.IO 
90.12 

4.20 
2.65 
2.07 
Mb 
4.02 
5.lb' , 

1.77 
1.8; 
1. B9 
1.8a 1 

1.B9 1 

1.BB 

._-~-~---~--._-------*-~---------_._---------------------~------~---------.--------~----------_. 
i Tom +,O~ ·400 +400 ·400 
1 flSSflY FlOM III FLOU lU FLOU HI ,FlON lM 
i\ .:.... IN CON !Il COll TAILS TAlLS 
1 

! CYCLE 1 
! .CYClE 2 
1 CYCLE 3 

.1 CYCLE.( 
! CYCLE 5 
! CYCLE /) 
1 

55.70 
6'9.01 
77.01 

o 75.46 
77.20 
71.93 

:. 77 ~ 
1.2b 
0.60 
0.94 
!.~b 
0.68 

2.1l 
1.52 
1. t4 
1.71 
2.76 
4.'47 
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zinc te total :lnc flow ln the taillngs are presented ln T~ble 

'J.19 and lliustrated ln FlgL\re ::.14. The -ilgL\l"'e re.'Bals 

varlablllt~ ln both coarse and fine ::lnc lcss~ however. the 

lOS'3t:?s were e::perl'enc:ed ln the fIne Sl::es. Flne (-.'1-('(- mesh) 

materla~ made up only about cne thlrd of the tailings; however 

the fine talllngs contalned an average of two thlrds of the 

total unrecovered =Inc:. 

Determfnatlon of Equlllbrlum by Recalculated As~ays: 

A fInal test for equlllbrlum caM be ccnducted by uSIng 

the welghted '3ums~cf the c:oncentrate and talllngs assays tc 

re<7alcLllate the assays of mater~al leavlng the circult. The 

recal cl..llated head 2\ssa,. 1 5 e;~pected to equal the feed assa',' 

when t~e recircuiating loads have attained an equll1brlum ma~s , 

and compOSitIon. 

The welghted sums of the concentrate and t~lllngs assays 

are,calculated ln Tabl~ ::.19. and are presented l~ FIgure 

:::.15. It can be seen that the t-eC:'al cl..\lated head assa', qL.llC1 1',' 

reached the feed grade by the thlrd cycle. Apart frcm the 

, "bl..lmp" caused b).' the 1 css of mass f rom the c','cl e 4 

, 
concentrate. the recalculated grade of materlal leaving the 

system remal ned al,most e::actl'l eqLlal to the feed grade after 

the thll"'d cycle of the test., The rGcalcLllated grades of 

materlal leavlng c'(cles :. 5. 'and 6 were l1.Cl(\:·~. 11.61:'.:. and , ' 

11.:;9~~· ::lnc respect::.ve,ly. as cc;>mpared the "feed grade cf 11,.7::% 
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flot~tlCJn test:;;. 
, , 

J:; the e" am 1 n a t 1er. G,f. 

the r~clrc~latlng loads around the c1e~nErs; ... 
, . , 

been ebser/ed that t~2 ~2clrc~lat~ng lcaj~ con31~~ almcst 

Il-The reclrc01atl~g loads ~3rideml~ recharge and 

the ccmpesltlcn ~f loa.:!s 

, , 

composl tl~~,.- but t'hG- r':Jug~,er' snow~ .'arlable,-

performance and e::perlsncB.5, '/:\r~able' ':1n.:; 1,:)95'. 

Of thes8 two pOSSlblll~le~ the former males. 

l'nterprètatlen clf the locled .::'(c'1e resLllts dlfflcult'. ''''Mlle 
" 

the latter dees net slgnlf~êantl'., ~ffec".:.' th,e anal (SlS~ 

1 
Censlderlng the CU"CLtlt arl"'BngemeMt Hl .the loCfed c',c1e 

test. one car. 5ee that If materlal 15 reJected ln the cleaners 

( 1 e. 1f a "surplus" bUllt L.tp ln the rec,lrc,:..datlng loadsl 

can not leave the clrcult untl! a".:. least the followlnç cycle. 

Simllarly. If materl~l lS dl:;cha~ged for seme reason irom the-

çleaners then t~lS materlal c",nnot be rech2t"'::led Lln",:j,l the n'e::t - , 

-. 

" 

" 



" 

cycl e of th e test i's performed. The resul t of the f 1 rst 

sltuatl0n lS that ;:lnc "dlsappears" from the concentrate for 

one cycle and reappe'ars ln el ther the concentrate 'or l.n the 

t?lllngs dur1.ng sL,lbsequent c',·t:les. Thus.,the recalcLllatac Mead , 

grade' shoul d show a dl p belovJ the actual Teed grade dLu"'::.nç; the 

cycle ln WhlCh the rec::.rcL:lat'1.ng load lS charge::o. and an 
"-

Inc-rease o'ler the actual ieed grade dLl1"'1ng the C'lele ln VJhlch 

the reclrculatlng loads dlSc.harge bac~ te thelr eClL:ll~br!:"lm 
", 

dlscharged materlal shoLtld Cë\LISe ë\ r:se ln the recalcL~l.;tted 

feedograde, then ln the follol'nng cycle the recharge of the 

rec::. rcul at 1 ng l bads ShOLll d cause a drop 1,. n the re~al cul ated 

feed grade for that c.ycle. 

The data presented ln F~gure ::.15 r~ ... eë\ls ne 'fl\.-lctllatlotis 

sueh êlS those Just descrlbed. Slnce 1.t 15 ::.mfJosslble 'for" the 

rec1r,cLlldtl-ng Ioads to var'i slgnlf::.cantly ~~lthout c.aLI!~ilng t.hl9 

"hl II and troL;g.h" effec,t. 1 t can be 'carÙ:.'l ud'ed that tt-le' erràt.l'c 
, , ' 

behaVI01..lr of the fInes' was caused b', v'ëü-lable rCH,\(;Îher_ 

per~ormance,: }a,ten al ,wtilC~ passed t:he rOU'ghe; 'èa~ b~ assumed, 
e, ~ 1 

ta have fa.!l owed the "normal" pracess.l ng rdLlte ~-.jl thaut' causl,ng" 

l aads •. . . 

Summary'of 'Equlllt:lrll.lm Condl-tlons a,nd·the'Agar':1odel: '-

. -, 

Data. on' thè f l OW rates_ of,'mass and =,l n,.c l ntô ,the 

'canc;:en,tl"ate and tal hf)g;;:; ~-.jas Ll$ed~ to' de'te,:,",J1\~ne ,the c';'c'l e of 
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the loded cycle test ln ~'ihleh equ111br1Llm ~'ias attalned. ;rhe 

Agar mDdel pred l eted that equlll br l um VJoul d be reached ln the 

thl rd or f ourth ,c','cl e of the test. Thl s pred l ct l on was 

conf 1 rm~d b,/ ,data on the mass rëcov'é;" of +4('(' mesh 

concentrate (Fl g. :::. 1 <). on the mass reco'/e~/ of +40(1 mesh 

t':\lllngs (Flg. ::.11>. and on the flow of :::lnc ln the 

concentrate (Flg. :.1::), aIl of wt'llch reached eqLllllbrll,lm ln 

the thl~d c,/cle of the test'. The vJelghted sum of :::lne grades 

ln the coneentr ate and talll ng str eams r eached the f eed gr- ade 

ln the thlrd cycle'of the test (Flg. '3.1":::), thereby confl'rmlng 

tha t at thl s pOl. nt the reCl reul at l ng l oads ~'iere full '( 
"1, 

estab Il shed. 

The mass 'and :::lnc fIONS of -40(1 mesh particles l'ier"e 

'Llnpredu::table. and showeç! Il ttle eVldence of reaching 

equlllbr:-1Lun ,(Flgures ::,10 and -::::.11). Flne :lnc losses ta the 

,tal.'llngs proved to be varlab~e and VJere generallv hlgher than 

e::pected (Flg. ::.14). It Illas belleved that the Llnpred~ctable 

behavlour of,flne partlcles was l~rgeHy' due ta varlable 

rOLlgher performance. ànd had Il tt 1 e eff ect upon the eqLllI::. brl a 

reached by the reClrCI...l1 atlng loads. 

The Agar model proved ta ,be I..lseful -ln predlctlng the 

-, behavloLlr of coarse partlcles durlng locLed cycle flotatlon 

,and .ln pl"'edlctl,ng the, cycle at I~hlch'the 'locLed c'/cle test 

',wou1d eqLllllbrate. The.mO,del was lesssuceessfuiln predlctlng 

" 
,the b.eha,vloLlr of. flne (-400 mesh) partlcles. There 1'.5 ev::.dence ... ~ . .. 

that; <f (ne partl cl es ln thl sore behaved ln a \ dl fferent manner 
l' 

'l \ 
~ \ 
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f rom the cQ~r"se p.,srb c les, .. th~. us~ 0'; slngl e,. "average" >ip l'l't­

.f<ll.ctors Tor th~ 0;"','=1 t,'"re~:efO~E? .rt?~1..\.~~e'ç:J ln- t~e" ç;e~S'r2\t::. cr. Cl.! 
, . 

slgnl-flca,nt IntrlQS'lC: errors WhlCt-7 :cc3.c\?ad' depart·\..Ir-e~ -tram t,rie 

l' 

ore CO\..lld be' lmpr::>ved "ÉIgn'lflçaf:lt'l·/ b\1 the Implement,atlon o-f 

\ -40-) mesh ~ sp 1.'1 t f acter s 

f actQr ~ .:o~ t"~e, 7-dd:l1 ng stre~ms as descr 1 bed p.'r' ,Agar' (19'7EP .. 

::.7' BOèl:i§l.§ -Qi "6Q~L~9 ç.:if.l~ E!.Qt$t.1QO E§r:.iQ!.:.m$\IJ.f;~ 

the follo"Hng sectIons dlSC\.ISS f1.otatlon performance at. 

thE1 ':ar 101.15 nodE?s 1 n thE;' 1 oc: ~ ad c:,t:J e 'test • 
• 

magneSl.um 

and lron. the three els:unent~· af~ prlnc::.pal import.anCE? ln t=lne' 

Feint ;:lnc flot~tIQn. Lt 1$ assL\I~ed that ':::l'nc:: . .cc:et:t~~onl".as-
_ " ( . -

Zn8 .and chat magnesl um' accur3 on 1 '1 ~s MgC.ilt (CO 3)2 • 7h\.IS. ;: l'ne " - ~ ~ . ~ 

- . 
p yr.rhot::. te . (F e ~'-"l S)·~ 

, " 

marcasî. t.e f, F~e.2) and ln soll d' '501 ut l on \"11 th ;: Hli; ln 

. ' 

s~lJaler-lte. SphalerJ,te at Plne r::'Olnt el:hlb,lts Yarla~le'lron 

cpmpOs,lt~CJn. 50 that the a'1ll0Llnt of Iron ln 't-h,e ::u,c 

t:-oncentrate dl.le-to solld solLltlOrl cannot be dlrectly 

evalLlated. 

A var l ab l e wh l ch the al.lt-hor has terilled "SEp ar-atl or. 
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efflclency" IS used durlng arralysu~ of flotat10n performance. 

Thls varlable ls.analogous t= but not 1dentl.cal te the 

separat10n effic1ency WhlCh 15 deflned by Agar (1980). Agar 

deflnes the separatl.on effl=lency as the dl~ference_ ln 
; 

recOVer..,' between the de5l:red mlneral\" and the g.angLle. Far the 

purposes of thl.s dlSc0sslon th. separatIon efflclency 15 

redeflned as: 

(ï., GANGUE MINERÀL REJECT'ION) 

(ï. ORE MINERAL REJ,ECTIONl 

J!.r 

The use of thl.S '/-arlable allows the flctatlon performance 

at each stage to be anal y-=:ed Wl th respect to the mate:"'l al 

WhICh'~; removed at that stage. 

The' recoverl.es and separatlon effl.ClenCles of mlnerals 

throLlgh the Clrcult can be Llsed l.n conJLlné:tlon to anal ,';:e ,the 

behaVlour of Indlvldual flotat10n stages. F:.ecover'1 ',.'s. Sl.;:e 

data defines the flotablilty of ml.nerals ln each Sl;:e class 

under the speclfled test condit'lons. whlle data on the 

separatIon efflclency help~ to elUcldate reJectlon mechanlsms. 

A separa1=- l.Qn ef f lCI ency of 1-.0 corresponds to random. 

,. , 
hon-selectIve gangue reJe~tlon and lndl.cates that the ~re and 

gan-Què ml.ner,als respond to flotat,lon IfJ an ldent.cal manner;. 

Hl Qh separ,a.tlon eff l. Cl ent..l es 1 nd l. cate that the 'ore ,and, gan.gLle 

. ml neral s respond, dl·f ferentl y ta' fI otat 1 on. and that sePar at 1 on' 

1S taf Ing place. 

(\ 
Mineral reCOV6!l"'leS and separatIon efflclencles do not 
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necessarlly have any dIrect correlatlory. It :$ qUlte posslble. 

for Instance. to reJect on1; a mInute amount of magneslum ln a 

strongly floatlng Sl;e clas5. but to effect thlS re)ectlon at 

onl~' a mlmlmal ::lnc penalt" \le. low Mg r-eJectlon. bllt at à\ 

hlgh efTlc:enc',). Llkel'llse. 1t 15 pqsslble dur-lng r-ap~d 

flotat1on to reJect almost aIl of 

1 o~ ef fIC 1 en c y) • 

the fIne jm.at,er 1 al , 

hl gh y.g~ r- e J ec t:. on. 
'- -

lncludlng 

bwt at 

The use of recover-les .and sepdrat10n eff:clenCll?S allo~"s 

the performance of dlfferent Sl::e classes and dlfferent 

flotatlon stages ta be analy;:ed pn a r21atl'.'e baS13. It lS 

llkely that the relat:ve behav10ur of partlcles ln the 

e:~per1mental clrcLllt 15 more cor-relatable ~"lth plant 

performance than laborator-y-produced assay and dIstrIbutIon 

dat.a. 

The streams which were collected at the énd o~ the loc~~d 

c:yc l'e test wer-e the f 1 nal conçen trate and talll ngs pl us the 

four mlddllng streams from th~ scavenger and three cleaners. 

, . 
The Leach 11quer was not cnllected ln the t2st •. Slhce: a) 

was present ln" c,onslderable concentratIons ln. the tap \"a.tœr 
. . 

used for flotatlon; b) 'the precIse .olume of le-.ach Il.ql..:l<:;>r 

WhlCh was present cnuld bS eS~lmate~ only by completely , 

Tl1terlng the.sollds fram the leachate. $nd thl~ would requlre 
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mU,c:h t 1 me and unwante~hanatllng of the 1 e.ched Foncentrate; c) 

the leach liquor ~as needed for thlrd cleaner flotatlon. 

The streams Wh1Ch were not d1rectly sampled were 

calculated from the welghted sums of thelr compcnent 3treams. 

Par e:: amp 1 e. the rOLlgher talll ngs \lJere cal CLll ated as the 

w91ghted sum of the stavenger concentrate and the ~lnal 

tal Il ngs. The presence of the aC1 d 1 each !Jetween the secon~ 

and thlrd cle~ners causes problems Slnce the amount of each 

mineraI leached from the cleaner = concentr~te ls unlnown. 

ThlS affects the recalcLllated reCO'le,rles and separatlon 

effiClenC1es of the rougher and the f1rst two cleaners. The 

p~oblems presented bY'the leached materlal are net 

lnsurmountable Slnce analysls of the leachlng process can 

clarlfy the effects· and. ln part. the magn1t~de5 Of the @rrors 
() 

WhlCh are Introduced. 
.' 

The concentrate enterlng the leach cent31ns a large 

amount of ::lnc. a fa1r amount of 1ron (Wh1ch 15 presumably. at 
1 

the second cleaner. mostly locked Into the sphalerlte 

structure). and a re 1 atl ,.~el y smal L amount of magnesl Llm. Wh1l e 

the leach1ng process removes a ~lnlt~ amount of ::lnc thlS 

amount 15 small compared te the total ;::lnc present. and sheuld 
, 

not af'fect recalcLllated ::!nc r:ec;ove,rles ta any slgn,1·hcant 

. .' e::tent. L1keWlse th,e 1ron, WhlCh lS l~rgel', loc~ed lr~tq the, 
') ) , ,L,,/ 
sp1'Tàl er l te structLlre. cannet be 1 eached a~ an apprec 1 aJtt<f'~, 

hlgher rate than the sphalèrlte. The pr1nC1pai mlnerais 

affected by the leach are caldlte and delemlte~ It lS dolomIte 
. - ' 

. ...., - --;'"'---_. 
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WhlCh 15 of Interest ln thlS d1SCUSSlon. 

When 3 ~omcgenous materlal lS grbund and leache~ t~e rate 

of leachlng lS roughly proport10nal ta the surf~ce area WhlCh 

defec:'s, surface lr.-egLllar~ ... J.es and the 11Ie). 5mall partl::.les 
) 

are lea.:ned at a faster rate than large p~rt1c12s. usuall, at 

ser:e~ of Sl=e =la33es whlCh fallcw a l 

removal c-f magne5~Llrn f-::Jm al!_ 51::e cl2\sses a-= troe ==~centrate--

and a 

true ~alue5 ln aIl 51::e fra=~lans and aro al~c ele.ated ln the 

Barrlng the pàssl,b1l1t y of dolam:te flatatlan. magneS1L\m 

. \" \ 

recovery cannot, e;:ceed =lnc reco'Vt::?r', ln an',' 31.:e .:1.=\5-;;;. In 

flne 51:e cl'as.;es.' {; calculatlon lS presented ln Hppendl" 

WhlCh uses these prlnClples ta formul~te a rou~h estlmate of 

t~e amount of magneslum WhlCh co~ld be re~oved ln the leach. 

The c-alcLll at10n sLlggests ·that the "real" dmOLlilts of iTlagneslurn 

wh1c~ were present ln the cleaner = feed'mav have ceen 0.= ta ~ . . 

hlgher ln t~~ -10um materlal t~an the a5sa~s lndlcata. 
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The ef f ects of the 1 each upon recal ct.ll ated, val t.les -are 

les!:> as:. Orile ffioves bcacl thr-aug\, the '=lr;:u~t towar-d~ the 
, 

/ 

roLlgher-. Fer ~;:ample. fu,,-ther c:a1CL\~atlon3 in r~ppend::';: ::-:;hOW 

magneslum CQu~d be up ta ~.0_tlmes hlgher than the 

rec·a1~'..llated -l3Sa'rS ~nd.l ... .:.,t:? In the'l'Ougher- c:Jilcent:--ate none 

cont8mlna~lQn mor~ than O.:~ tlmes cver the rec~lculated 

It can be assumed that the leach has a ,naJar effec:t t..pon 

calculatlons lnv01Ylng bath coar-se (+4,)0) mesh\ and fln.e" ,(-400· 

mesh) cleaner :: m,terlal. The effect:;, of the leach on 

~alculatlans for the flrst cleaner arS ma;:Jr fpr fIne (-400 

me~h) materla1 and ~od~rate for coarse (+~00'mesh) matarlal. 

The leach has smali to moderate effects Llpon 'c:aICL\latl'ar:ls for 

ail 51:e cl~~ses ln the rougher. 

Tabulated data ln the ~ec:tlons Whl~h follow 15 present~d 
, 

as If the 1each had no effect upcn recalcula~ed recoverles and 

dlstr1butlons of magneslum. Arrows on the fIgures present a 

qwalitàtlve lndlcatlon of the .chrectl0n Hi WhlCh the "rea1" 

recovery. dlstrlbutlon an~ 5eparatlo~ effltlencyeurves are 

ddlplaced fr,Jffi the ~l.tr·/e:; wh~ch ."'ré? àb·s~rve·d. an'd tr.e relatl'-:e 

effects of the leach upon the recal~ul~ted ass~ys of the 

separ.ate '3tream$ are qlsc:"lssed .1 n' the te;( t . 
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Data for the rougher l'S, presented ln Tables -'::.:0 and :::.:1 

and ln FlgLlros, 3.16 to -::.19. FlgLlre 3.16 shows the recCJ,vekles 

cf :lnc:. 1ron and ltl.:\gneslLlm • .:\nd reveals a ;:lnc f~otatlo,n 
t 

proflle Whlc:h IS typic:al of a strongly floatlng, mIneraI 

(Trahar. 1978). Tho hlghost ;:lnc recoverles (98-99~) are 

'~xperlence~ ln the -100~+400 mesh Sl;:e range whlle Sllghtly 

lower recover~cs are exporlenc:ed ln the coarse l+100 mesh) and 

Magne~31um sho~'l/s "bacl,ground" r:ecoverles of three to fOLlr 

percent ln ail +400 mqnh ~l=e frac:tlo~~ wlth hlgher rec:civery 

(over,111.) ln the -4(H? mesh fInes. The magne~nLlm recoller,! 

profile lD typiC:ùl of rocovory by, cmtr.::nnment. Iron shows an 

unusual rocovery curve wlth recovorlCS of 40ï.,to 50% ln the 

lower rei::overlcs ln the c:oarse ~:n:::.e c:l . .assos. ThlS profll~ 15 

llkely te bo the c:omblnat~on of an entra~nment pr~flIe for 

.gangue iron and a flotatlon pro~lle for 1ron ln SOlid solutIon 

'with ::lnc: ln sphalorlte. 

Flgure 3.17 shows the sÈparation. efflclencles of 

. -, 

magnmslum,and 1ron ln the rougher. The most efflclent 

, . 
. classes (-150/+400 ffiQsh). ·whorC? m'agnoSlum 15 rO,Jocted up, ta 75 

\ ' 

times ~~re gtrqngly than =lnc. Efflclency of re,Jcctlon 13 

Iower at the end5'o~ the 51;:0 ~pectrum. Th~ low eff1clency tn 

··t;h~ -400 mesh ~>l;:e range ref 1 ects a 51 mul taneOLls drop 1 n 
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-TABLE 3.20 
ASSAV DATA FOR ROUGHEA FLOTATIDN . - ~ . "--..,,.------------..---; ...... -----------------------------------------

1 ROUGHEF: FLOTATION: t'1A3S RECOVERY ::8.5:': 
1 • DURIH l ON: 7. 0 MIN. 

i . STEEAM SI ZI::: MASS:~: n~c:~ l F:DI'~:: MG:·~. 1 _____ • _____________________ ---------------__ :... ___________ ---- • 

• 1 

.1 

1 

RECALe 
RGHF 

-TA ILS 

RECALC 
ROUGHEF: 
CON 

+ 48 
+ 64' 
+100 
+150 
+:C)() 
+270 
+400 
-4(jO 

+ 4\3 
+ 64 
+100 
+150 
+:00 
+:70 
+400 
-400 

8. ::9 
1'6.'(1 :: 
1:::.76 
10.5~ 
9.46 
6.68 

::::.68 

0.60 
.., 0-
_. 1 _1 

8.84 
11.,58 
8.96 
7.9:: 
6. :8 

5:.79 

=.46 

').64 
(1.45 
() c '}:; 

.0. :9 
<). J(I 
1 • 90 

4:::.49 
4::" • ::6 
4::. :0' 
41.44 
41 • :::: 
40.65 
-0 C",..., 
';" • bJ .. 

..... C'" C'-­
_I..J • ...J .... 

2.48 

_ ..... -. 
1. 86 
1 ~ 7:: 
1. 85 
1. 81 
:.86 

::.16 
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..... • # 
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TAlLE 3.21 

CALCUL.ATIONS FOR ROUGHSt 

-~-------------------------------------~ 
1 ~OUGHE~ RECOVERIES ! 
I_~-------------------------------------_I 
, MESH ZINC IRON MG 1 ___ _ 

l 'j 

,! + 48 80. 74 ~::. =1 =.57 
1 + 64 80.49 :~.67 ~.a7 
1 "+100 95'89 ::::::.:::;4 4.7-="..\. 

+150 97.90 45.10 7.70 1 

+~OO 98.43 4~.0:::; 4.08 
+270 98.0: 44.74' ::.4: 

l, +400 98.7: 51.10 ::.89 
1 • -40() 94.41 60.44 11.:-:: 
i i I ______ ----------------------------_~ ____ I 

\ ! SEPARATION EFFICIEilC'( COt1F,4F.ED TO :'H1C i I ___________________ ~ ___________ ~ ________ l 

MESH ZINC IRON MG 

" ! + 48 ::'1)99 5.06 
+ 64 :::.96 '4 ~ 9:: 
+100 16. 17 :::. 18 
+150 ' :6. 14 4 -;.95 .. +200 :::4. ::6 61.10 
+::70 4('.04 69.99 
+400 :38. ::() 75.09 
-400 7.08 15.88 

1 ______ ----------------------------______ 1 

! DISTRIBUTIONS IN ~OUGHER CONCENTRATE . 
I~ ___ -_----------------------------______ I 

1 MESH ZINC IRON MG 1 

+ 48 (l.7: 0.51 0.51 
+ 64 :.49 :.::'4 4.:24 

1 +10C> 10.5: 7.67 10.::4 
1 +150 1:2.64 8.95 15.63' 

+200 10.08, 6.59 6.16 
+::70' '8.65 6.0::: 4.50 
+400 6.67 5.::9 ::::.6:: 
-400 47.::: 6:.5: 54.98 

,----------------------------------______ 1 

!: DISTRIBUTIONS IN ROUGHEF TAILINGS i 
._-----~---------------------------___ ~ __ I 
. MESH ZINC 1 F-ON MG 

~ 48 !J.51 1.87 1. 48 
+ 64 1,~: §t ' 8.00 7.99 
+100 15.9: 15,83 
+150 . -5.5:: 11.46 14.:: 
-+200 :.28 8.34 10.99 
+::70 ':.47 8.10 9.65 
+400 1. 76 ...... -

';';.;;;.1- .6.92 
-4°9 57.00 40.76 J"J. '0:: 

100 
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raqovery and a rise in magnesium recovery. This lS 1nterpreted 

as the result of' a lOIN flotat1on rate for f1ne ::lnc and 

non-select1ve ~ntra1nment of f1ne magneslum. The Ipw 
1 

,1 
......... -.... " -, 

separatlon e'fli~~enCles ln the coarse Sl::e classes are caused" 

by a drop ln ::lnc recovery, attrlbutable ln part ta ~ lnetlc 

problems ln the flotatlon of coarse partlcles. , , 

The separatIon efflclency profIle for lrQn 15 1dent1cal 

" 
1 n form to' that e>:h 1 bl ted by magnes1 Llffi blet shows) ower 

1S reJected. thereby' glvlng the l'O~ efflClenCy proflle the 

same ferm as that of magneslum~ however. lron r~co~er1es are 

elevated ovo. thoso of magneslum by the passage of 

iron-bearlng sphalerlto Into the concentrate. 

Figure ~.18 shows the distrIbution of ::lnc and magneslum 

in the rough0r conccmtrato. 'Magnasl um 15 d! str'l but ed 

preferentléüly 1nto the -400 mC?5h 5'l;:(? range'of the 

concentrate. and t'o a 1 esser e:, tent 1 nto the + 150 mesh 51:: e 

range. The' best performance, 1 s seen ln the -150/+400 me'sh sl:::e 

classes. 
, Q 

F1gure :.19 lliustrates the d1strlbutlon of magneslum and 

Zlnc ln the rougher taillngs. Although the +64,mesh Slze 

f ractl on el<perl ences the 1 elA/est 'overall recover'i of ::: 1 ne (Fl g. 

3.16) lt lS the more 51::e-abundant -400 mesh 51::2 range WhlCh 

contrlbutes most of t~e zinc ln the rougher talllngs. The -400 

mesh Sl::e range contalns 57~~ of the l.lnrecovered ::lnc 1.n 
,) 

aSsoclatlQn wlth only ~~% of the talllngs mass • 

" 

10~ 
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Summ~ry o~ Rougher Performance: 

. , 
ZInc ln the ~ougher showed good recove~y ln ~ll .~=e 

fract 1 ons. Wl th the best recover 1 es e:: per 1 enced 1, n the 

-150,/+400 mesh Sl;:e fractlons. The flotatlçm profIle of ':lnc 

"",as tYPlcal of a st~ongly floatlng mIneraI. Magnesium was 
" 

effect1vely re;ected in aIl but the -400 mesh S1;:e range, 
, r 

"",tùch showed Inéücatlons of flne gangLle ent,r:-êunment. The 

beha~lour of lrbn was'lntermedlate between that of :lnc and 

magneS1L,lm. 

Zinc lasses ln the roughor were e::perlenced mostly ln the-

~400 mesh Sl::e fractlon. although ~lgnlflcant contrlbut16ns 

were mado by the +64 mosh mnterlal. THIS behaVlcur was tYPlcal 

df si 0"'" '~lotatlon ln the fInes and k1netlc problems or lockln~ 
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Re_co-..:erle~ and 91strlbLlt,10n's .of elem~nt~'"ln' the 
, , 

~c~~enge~ aré presented 10 Tab~~s':.~l and :.=~ and 

111,ustr,ated,'ln FlgLlres'J.:O to :::.~:::. F:'19CI~~ ::.~I)· Sh~~s'_~·· :" 

r'ec,over'y data for ::lnc. ll'""'on' a~'d~ ~agriè~l~Im "iD ·th~'·sc:~v:~n~~r.:.', 
# .. • -- • ~ "... \ -" .... • 

Zlnc recovery loS errat1'c Wlth,'G\ tendf;?ncy .to~;r'ds oet;S'".. -- - " ~ 
~ ... - " , _ .. 

~ ~ ." Ir 

'in atl Sl::~ cla~ses and iron recovenes 'ar~, ver'i l'ow.,"· :",'" 
~ ! ~ ,. '~' ~ ~ , ~ ,'.. • - - -" ~. - ... ,: ~~-

, , 
indlcatln~.that al~ost.all of the "Iron :lI")'~the ,-s'c~v~n'gel'"" l~:l~"" '-- . -,' .... - .......... -

, ~. . -' ~, 

t'he form qf ,gangu~ sulphlpes. ~hI s 'conc'luslon' 1'S 'S,L~ppo·rte~·:.by 

t.he aln:'~st Identlc~l separa,tlon effH!len-C'i prof'il~s' e~.:,h-Ib.l·tt;?d ,,' 

by' i rDn and magncsntm (Flgure -;:~ ~ 1) •. 

F)'~Llt-es :.:~:: an,d '3.:::::- sho'w t,be'dlstrlbutlon of· zl"n~,ln':, 
the! scaveriger concentrate' and ta,l Il ngs. r-éspe~~l; v~l '/. 'r't 'can' 

. 
'be' sean that 'most of the ;: l nc. loss oCCLlrs ln th'e -400 illesh 

À • _'.- • 

< • 

" 

" 

Sl:::e ran'ge. The -:400.mesh ta;LI'lng? c;:ontalrî"only ab~LI't' ;' .. :::ï. of.' ____ ',: .' 

the total' mass~ howc;!ver, they contrl bute over 65i~ of 'the to(,oü -; - ='-. ' , 

:::~nc loss~ The,sl;:e classes coarser- than 65 mesh 'contri bt.rt~ ~ •.. "', 
~ , 

more ;:lnc to.the'tall1ngs th':!n the lntermechat~' pàrt;.cl ê"s .bL\t;' :.: • 
~ '. \ ~ t. - - .. -< ""~. 

less than :291. of the total :::lnc 10ss. Fln.e (-40(r-mèsh) ZÜ1.c: i~ 

( . 

$ummary' of Scavsnger Porformanèe: 

Il nc ln. ·the $c::avenger fe~d' was found 'p; l rT)ë.Ù';; 1 yin. 'tHe 
" 1 ~ .. ' ~ 

-400 mesh . and - the +6-:+ mesh s.l::e f r-actl a'Ils. 1,n ',th~ .~ca~éR'g~r .. . 

li)4 
1 • 

. . , 

, ' 

'. 

• ~ f" 

. .. 
... > ~ • 

" -
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the coarse <+64 mesh) "Sl:i~e fractIons, thus pr-oducing a' 

concentrate stream wlth =fnc dlst~l~utions slmllar to but 

Sllghtly coarser· than the =lnc dIstrIbution ln the scavenger 

feed, and a final talllngs stream wlth =lnc distributIons 

simllar: ta but flner than the feed distribution. ,over 6 '::°; 
<-JI. of 

the zinc lostl lM the circuit was -400 mesh. as compared wlth 

only 3:% of thé total tallings mass ln t/:lat sl=e range. Thus' 

can be, concl uded that fine =lnc 1055 

circwlt. 
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TABLE 3.,22 _ 
ASSAV DATA FOR SCAVENGE~ 

. " 

------------~-----~---------------------------------------
1 SCAVENGE~ FLOTATION: ~iA3S RE;:COVEF:Y 

DUFATION: 
- ~, 
-'. Q,'. 

5.0 MIN. 

1 STFEAM SI ZE l''IASS:. ZINC:~ l F\ON~: MG:. 
1 _________ -----------------------.--------,..-.---..:.-.-----------_____ 1 

, SCA\'. 
1 CONe 

1" 64 
+100 
+150 
1"200 
+~70 
+400 
-40(1 

15.94 
16.::7 
9.04 .... """": -'. --' :.:::1 
::.28 

50.9: 

• 1 

:5.18 
11. ! 9 
11,67 
15.51 
15.4<) 
1:.90 
15. 15 

~'11 
_'. _6 
::.87 
~.5§ 
..J. 4., 
4.49 '\ 
5.-:4 

4.66 
4.79 
4.77 
4.89 - " _.01 - -,.., -.1. _~O 

~.54 

1 SCAV. + 48 1. 66 -::.46 ::.48 7.97 
1 TAILS + 64 8.00 0.64 ~.~o 8.56 

+100 16.0~ 0.~4 ::.19 8.b5 
+150 13.94 0,18 1.81 9.00 
+21)0 10.79 0.18 1. 7\) 9.05 
+::70 9.7: 0.16 1.8: 8.8:: 
+400 6.84 0.1: 1.78 8.87 

1 -400 =::.04 1.1~ 8.79 
r 1 

----------------------~-~-------~----------------(--------

F' 
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FIGU~E 3.20 

SCAUENC2R RECOUER1ES 
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TABLE 3.23 
CAl-CULAT 1 ONS FOR SCAVENGER 

SCAVENGER RECQVERIES 
I ____________ ~--------------~------______ I 

, MESH ZINC IRON MG 

+ 64 
+100 
+150 
+"n(j 
+S7Ô 
+400 
-400 

6:.05 
6::.58 
61 :4 
49.04 
46.:::-
57.9:: 
4::.47 

-.85 
5.::4 
4.9: 
'""' ~o 
~."-~ 

1. 6:: 
3.04 
9.98 

-_'. - 1 

::. (}6 
1. :7 
O.or) 
(\ ----. . -', 
0.47 
1 . 64 

1 ______ -----------------------------___ -_1 

SEPARATION EFFICIENCY C~MPARED TO ZINC' 
1----------------~-------------7---------~ 

MESH ZINC IRON! MG 
__ ....J_ 

+ 64 ::.4:: '""' c:c" _ • ..J..J 

+100 ~.60 :.69 
+150 :.45 

,..., c:c: 
_ • ....,J""'; 

+::!oo 1. 9: 1. ~5 
+:70 1. 8:- 1. 86 
+400 :.:0 :.:::7 
-4ù(J 1. 59 1. 74 

1 ______ ----------------------------------1 
o ISTR 1 BUT! ONS IN 3CA'v'ENGER :m~CENTRATE ' I ______ -------------~-------------------_I 

MESH' n NC IF,ON MG 

1- 64 :5.44 11.4: ~O.8: 
+100 11.54 1::.:: _1.87 
+150 6.69 8.06 1:.09 ., +::00 17 :.66 4.4:: -' . 
+:70 '"' ....,~ 1. a:: ..... -,.., , .- __ <.J. _,0 

+400 :2. 1) 1 '"' -, 16 _. _'0 .... 
-400 48.9(1 01.44 ::6.::5 

I ______ -----------------~---------------, 
DISTF.IBUTIONS IN SC;i!""ENGER TAIL"'INGS ' 1 _____________________________________ ~--1 

1 MESH ZINC IRON ~G 1 
1 ~~__ _ __ _ 

, 
+ 64 15:98 9.87 9~30 
+100 q.79 15.9:: 15.74 
+150 4.::5 11.46 14.:5 
+200 ::.::9 .8.34 11 '. 0~ 
+270 :.é:i9 8.10 '9.76 

1 
, 

+400 1 .. 5-: ç: .;:- <b.89 ..:J • .:J_' 

-400, '05.30 40'.76 -,.., 97 ' ,-'-'- . 
______ ,-J ____ ...:..'-__ -....J---______ -: ______ Io-_~ __ _ 
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,FIGURE 3.22 
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Recovery and distribution of elements ln the f~~~t 

cleaner lS shown ln Tables ::.::: and ::.:4 and 111.ustr.ated ln 

FlgLlres ::.~4 to 3.27. It can be seen ln FltJure, ':::.:4' that ,the 

recovery of :lnc 15 over 98% ln aIl Sl:e fr.actlons above 400 

mesh but decre.a~es steadlly ln the fInes dbwn to about 45% ln 

the -10Llm s::.:e range. Iron r'ecoverles are slmllar to but about· , 

LO percentage pOints lower than :lnc racoverles ln ail Slze 

fr.actlons~ THe p.a~allel recoverles o~ lro~ .and :lnc sug~est 

that'most of the Iron enterlng the flrst cle.aner IS contalned 

Wl thl n spha'l el'" 1 te al thaugh reSI dLI.al amOL\nts of' g~ngu~ lr,on may 

be 're jected at th 15 'pOl nt, thereby 1 ower 1 ng the overall ll'"pn 

recovery. MagneSium recovery 15 anly 11% ln the -10~m Sl:e 

fraction but lnc~eases stranQly wlth Increaslng Sl:e. reachl~g 

about 90% recovery 1 \1 the, +:00' mesh 'sl::e range .. Th.e recovery 

proflle,of magneslum suggests that entralnment ln the flrst 

c:leaner. lS minimal bLlt that locl<lng between dolomite and 

sphalerlte ~s slgnlf~cant,at' Slzes aS,low as :5J-lm. 

FigLlre ::.:5 shows t,he va'rlatld.n of separatl'on ef.fl'clency 

" 
I!Hth par:t,lcle SI:e ln the first' cleaner.· Selectlvlty of 

, 
flotatlon IS hlghest fa~ the -:00/+:70 mesh slie range. ln 

j ; • , ~ 

wh i c:h : ~ ne;: recovery 1 S over 99:~ and ,magf\esol ul!1 recover,. 1 S jLlst 

over :0%. In the f1ne ,sues efflC-l.ency lS low, pnmarlly due 

to fl,ne .Zlnc rejectton.· AJ~hoLlgh abOLit 70-90% of the ,-:S)-lm 

magnesn,lm 1 S re j ected 'thl s. ac.t 1. on 1 s a'ccompan l'ed by = 1 ne. , . 

losses of up to 55%.' In the coarser Sl=es separ.atlQn 

,~, 
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,TABL.E 3.24 
ASSAV'DATA FOR FIRST CL~ 

1 FXRST tLEANEF FLOTATION: MASS RECQVEJ;Y 
DUF:ATION: 

-..... 0. ' 1 .. '. , •• 

:.5 MIN. 

1 STREAM ,3 IZE MA?S~::: r Ne:; l r; ON;~ .MG~~ , __________________________ -.;- _____________________ , __________ 1 

1 CLNR 1 
1 TAILS 

,1 

1 RECALe 
1 CL..NRl 
1 CON 

+150 
+:')l~l 
+:7() 
+40ü 
-400 
+:5~(!'\ 
+15)..lm 
+.ll)J."lm' 
-lCJ)..lm, 

+ 413 
+ 64 
+100 
+150 
+:-00 
+:70 
+40<) 
-400 
+::~J..lm 

,+' 15}-lm 
+l0J..lm 
-1<))..I1n 

:'.78 
·).98 
1. ':.5 
1. 71 

9:. 18 
2.~7 
6.::0 

15.09 
68.00 

0.8: 
:'.96 

11.97 
14.'3~ 
11.77 
10.:4 
8.0:: 

:8.88 
6.54 
9.::4 
8.06 

14.95 

1:.46 
1,).94 
8.67 
9. 1,) 

~5.7t? 
1:.46 
:::::. (l6 
..-.,c:;.- 0""'\' _'-1 __ 0 

::5.98 

4:.49 
4:.16 
,4'3. :() 
42. ()5 
41.54 
41.00 
40.06 
:7.46 
::9.:4 
:8.45 
:6.6(' 
:'~.()9 

:.. 16 
:.99 
::.24 
:.91 
.... ... ... 
~.8:: 
:.01 
::. 6'1 
'3.78 
:'.70 
:.71 
:.78 

6.54 
6.':~ 
6.57 
5.41 
:.10 
4.50 
.... -0 
_. _, 1 

1.9: 
1. 76 

0.89 
1. 51 
1. ::: 

,'). 8~ 
(1.69 
1).:8 
(l. ::: 
(>. :~ 
O. 16 
.). 18 
(). :7 
(). ~4 

----~--------------~---7---~-----------------------------~ 

, ' 
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.~ 
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FIGURE ~.24 
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TABLE 3.2~ CALCULATIONS FOR CLEANER *1 
---~-----------~--------------~---------

CLEANEF: 1 RECOVEF~ 1 ES - 1 1 ________________________________________ � 

1 MESH ZIWC IRON MG 

+150 
+200 
+::70 
+400 
+::5J..1m 
+ 15,Llm' 
+ 10,um 
-l0J-lm 

98.59 
99. 19 
98.97 
98.::= 
95.55 
87.59 
67.78 
44.a: 

96.40 
96.70 
9:.15 
87.51 
8(,.67 
""4.6~ 
55. :C' 
-::4.8: 

78.Q4 
7"3.72 
47.58 " :.=. :;(); 1 

:0.09 
:7. 11 
1°.'7: 
1:. 11 

1 __ ~ _______ ~ ______________________ ~ __ ~---1 

! SEF'ARATION ÊFFICIENC'{ COt1F'AF:ED -TO ZINC; 1 1 ________________________________________ 1 

MESH ZINC IRON MG 

~'----

.... ","1:" 
_."J...J 
4. (t; - ,,..., 
r .0_ 

15. 15 
::::.44 
~O·~2 
.. 8. <) .... 

.... 

7.0: 
4.:::4 
:. (>5 
L :'9 
1. 18 

17.96 
5.87 
:.49 
1.59 l' 

1 

1 ______ ----------------- _______ ~ ____ ~ __ I 

1 DISt~IBUTIONS IN CLEANER l CCNCENTRATE 1 1 _________ ~ _____________________________ 1 

1 

MESH 

+l~b 
+::00 
+:'lt; 
+400 
+::5J..1m 
+15J-lm 
+10,um 
-10j-lm 

ZINC 

:':: .. ():: J 

1:. :24 
10.47 
8.0: 
6.41 

,8.9Q 

7.47 
1:.36 

MG 

59.6: 
11. : 1 
5.::8 
:.89 

, 1. 91 - 1 

:.61 
4.66 

1').8: 

! -,,......:.------7--~----~-=.-~------------ ------ i 
1 DISTRIBUTIONS IN CLEANEF' '1 :rAILIN 1 

1 --"t'------------.-------------------------
l 'MESH . ZINC IF-ON' MG i ----, ____ 1 

.. 
+1:50 :.1:: :~O7 11.0-:: 
+:200 O.4S. 0.64 ~.7:· 

1 +:70 . (1.49 1.40 :::.96 
1.' +400 0.65 1. 98 4. 1 :. 

+:2~m 1 • :::.::: -::. 1 : 5'. 17 

i . 
+1 ,um 5:69 7.::4 6.61 
+10,um 15.~4 16.51 1::.91 
-lO)Jm 7:::.44 67.0::: 5:::.46 

~-_.:.._~----_ .... _-----------_ ..... _--------------

111 

. -,.,~-_. -" .... ,--.;......-------...,-."""----~--

:.. 

-



,- , 

, . 
t 

" 

. 

" 

, 
/ 

, 1 
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FIGURE 3.26 

MIC~ONS 

FIGURE 3.27 

NO M~~NESIUM OIST 
HNEF"' l THILINGS 

SJrlkC:tED ' 

'MIC'PONS T'i'LER MESH 
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.ff~Clency d~ops d~e te a stron~ inc~ease in magneslum 

r.c:cve~y, Whlc:h reac:hes about 80";' ln the +150 mesh 51:e range. 

It 15 p~obable that thlS l~crease lS caused by the occurrence 

of-loc~ed partlcLes. although the presènc:e of such pa~tlcles 

apparently exacts Ilttle or no toll upon :lnc reCovery. 

'Rèc:overy of ;:lnc e::c:eeds 98~~ at air partlc:le 51:es coarser 

than 400 mesh. 

FIgure'~.:6' shows the dlstrlbutl0n of :lnC and ~agneslum 

ln the flrst c:leaner c:ohcentrate. It can be seen that the SI:e 

cla~ses coarser than :OQ mesh contrlbute a dlsproportlonately 
, 

hlgh amount of magneslum ta the conc:entrate. The flner sl~e 

, 
clas~es (-:70 mesh) contaln 55% of the :lnc but only ~9% of 

the magneslLlm .. 

Flgure ~.:7 shows the dIstributIon of Zlnc: and magneslum 

ln the flrst cleaner talls. It can be seen that the maJorlty 

of both'llnc and magneSIl.lm reJectlon lS e::perlenced ln the 

-lO).lm s(::e l'"ange. Over 7t)~~ of the :lnc and 50:'~ of the 

m.agneslum ln the t.alllngs have a 51:e of less than 10)-lm. The 

bUlldup of reC:lrc:ulatlng flne :lnc between the flrst cleaner 

and the rougher undoubtediy contrlbutes to the flne :lnc: lo~s' 

whic:h I S EiHperlEmced ln the C:lrcuit. 

Summary of Flrst Cleaner Performanc:e: 

Ove~ half of the magneslum enterIng the, flrst cleaner had 

• 51ze of less than 400 mesh. ThIS fIne ma~erlal was st~ongly' 

reJected ln the fil"'st cleaner but,only at the e'>:pense of muc:h-

\ 

-\ 

\ 
," J 
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"f~n. ZInc ~e~ectldn. Con$equ~ntly. slgnIflcant recIrculating 

làads o! fine dolomIte and f'lne sphC\lerlte developed between 

the "r-ougher a"nd the fI rst cl eaner. The reCl rClil at 1 ng loads of 

- ,1 P)-I'm .: 1 ne .and mC\gneslLim were ap pro:: 1 mC\tel y 1 :5% -and 500:'~. 
( 

" respect 1 vel y. 

There WC\S no IndIcatIon of slgnlflcant entralnment of 

magne~lum ln the flrst cleaner; rather. magneslum ~ecovery 

increased wlth Sl;;:e from aboLIt l:::i: ln the -10)-ltn Sl=e fraction 

te abo~t 80% ln the +150 mesh materiai. ThIS suggested that 

10c~lng was slgnificant. and that loc~ed partlcles may have 

.x~tlblted hlgh flotatpllty. Such a concluslon 15 concordant 

-
wlth -the hlgh flotablllty e::hlblted by sphaler1te ln thlS 

c1rcuit: overall ;;:lnc recover-y ln the +:25}-1ffi Sl::e range was in 
, 

excess of 98i~ ln the flrst cleane~ at a fiotation tlme of onl~ 

2.5 mInutes. The 
.C 

short flotatlon tlme appeared to cause a 

general reJe~tlon of fine partlcles rather than a selectIve 

re~ectlon of coarse composItes. 

Th.e reclrClllatlon of flne =lnc bac\< to the rOLlgher 

und~ubtedly contrlbuted to high fIne =~nc losses ln the. 

ci reui t. The fInal tal"Il ngs 1 eav 1 ng the scavenger contaI n~d 

approxlmately 4% of the feed ::lnc. the maJorlty of 'WhlC:h 
" . 

occurred ~n the -400 mesh Sl::e range. The hlgh r-eJectlon of 

f~ne ::lnc ln the flrst,cleaner 15 therefore a cause .for 

concern. 
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The recoveries and dIstributIons of metals in the second 

presented diagramatically ln Figures 3.~8 ta 3.31. ~esults 

pertaining to the second cleaner can be presented only' 

serni-quantitatively due to the effects of the aCld leach upon 

the recalculated composItion of the second. clearrer 

concentrate. 

The second çleaner tailings, which were not leached, 

provide the best indIcation of the re.Jectlon mechanlsms which 

were operative in the second cleaner. Overall reJection wàs 

very lOll'J, Slnce mass recovery was ln e>:cess of 9Zï. at a 

~lotation time of only oné mInute~ Over' 87% of the rejected 

mass was of a Sl~e less than 400 mesh. It appears, therefore, 

that the first and second cleaners behaved ln a simllar 

manner. Fines were reJected with low selectivlty whlle the 

coarse particles (lncluding coarse composItes) were recovered 

at a high rate (FIgure 3. :28). 

It is pos~lble to examIne the relatIve efflciencles of 

~lotation performance in the ~irst and second cleaners. Slnce 

the.leach removed magneslum from the second cleaner 

concehtrate and not from the taillngs the separation 

e~ficien~ies "illustrated in Figure 3e29 for the second cleaner 

are aIl dl spI ac~d upward from their ·'tt'·ue" pOSI ti ons. It can 

be seen,' therefore, that the second cleaner lS much less 

~~ficient than the 'lrst. The separation efficiencies reported 

( 
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TABLE 3.26 
ASSAY DATA FOR SECOND 'CLEANER 

... .. -. 
----~--------------~-----------~~-----------------7-------

1 SECOND CLEANER FLOTATION: MASS F:ECOVEF:Y 
DUF\ATION: 

ot-\ .... ·1 

i -8 Î ~jUTE 
STSEHM. SIZE MH5S~': ZINO: I~ON': MG~~ 

I_~ ____ -------~---------------------------------------___ ~_I 

1 CLNF: ,-, +200 8.76 :r.::.97 ..., 7: 
__ e- c:' 

- -. _.~~ 

1 TAILS -r~7() 2.01 :: 1 . (l(' .... ",?,C' ·1 • 24 _. , ,.J 

+400 1. 67 28.6-:: - <:"Q 1. 4:: _1 ~'..J J 

-400 87.56 :8.47 5.04 1.")6 
+2~M. -::.21 28.51 c- ,.". .... 1. ::5 ~.--
+l...J}-lm 8.45 :8.4: 5. 1:' 1 • 2<:\ 

,+ 1 q}-lm ...... - {-)I:' :8. ::' , 5. 1)4 1.05, . 
____ ..-i 

-l(.')..lm ::::.-85 :8.01 4.95 f). 99 

1 RECALC + 48 0.88 4".:'.417 - 16 0.89 -' . 
1 CLNR2 + 64 4.29 4".:'. ".:'.e :.99' 1. 51 

'1 CON +100 1:.97 4::.:0 :'.=4 1. :~ 
+150 1=:.5~ 4"'" (,e-..... _--J :.91 0.89 
+:00 1':.0: , 4:. (l':' -., -- 0.58 
+27l) 11).9:: 41. 15 5: 8:; ':'. ::7 
+400 8.5S 4ü.:4 :: . ':'0 (1. =:: 
-400 ::4.8: -Q -.,. 

_, •• _'...J ::. :::: 1 0.05 
+25pm è.8: :9.66 3.::0 \:'. l '1 
+ 15}-lm 9.41 ::9.::1 ::.60 r) • 10 
+10)Jm 6.89 ::8.84 ::.36 (1.07 
-lC~m ,11.7') :7.81 - -..- 0.10 .... "' -' 

------------------------------------~---------------------

FIGURE 3.28 

CLEANER 2 RECOUERY 
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TQI.K 3.27 
cALÇULAT 1 ONS . FOR CLEÂNER .2 

---.-""" ... -----~ëLËANË~-=-REEëivERÏËS,- ... ---.. -~-
I---~ __ -~-~-~-------------------r--~-----I 

ME§H 'ZINC IRON MG 
-----
+~I)O 
+270 
+400 
+::5}Jm 
+15}.lm 
+lOi..tm 
-' 1 ({J-I~ 

,..---
98.60 

-98.7:: 
9~.T= 
96.96 

, 94.:::0 
S~.24 
75.94 

98.::9 
98.::~ 
97.85 
9~.:: 
89.85 
-,..-, 7-

~=: 84,' 

1 

1 

95.:7 r 
9:':.9:: 
87.6(- ,1 

65.94 
:::7.S4 
:':5.38 '1 

:':6.(14' 

I ______ -------~~-----------~-------______ I 

1 SEPA'RATION EFF,ICIENCY COMF'AF:ED Ta ZINC' 1 

I~~ ____ -----------------~----------__ ~ ___ I 
l' MESH ZINC IF:ON , MG 1. 

,1 

1 

,1 

,1 

1.,15 
.'1 • ::::.: ' 
1. 69 
:-" ...... -
1: 79 ' 
1. 54 
1 • 54 

_1 

::.:8 1 

5.57 
9 .• -:'6 

1 1". :':0 
7.4ü 
4.20 
:::.07 

-~--------------------------------______ I 

,DISTRIByTION IN :LEANER ~ ;ONCENTRAT~ 
----------------------------------______ 1 

MESH . ~Z INC I,F:ON . MG 1 r 

47.55 
'11.01 

8.4:: 
, ,"'" C.Q_ 
9.0:: 
'6.54 

:10.81 

- A:::. 60 
'9.40 
7.94 
7. l,l 

11 • 16 
8.64 

1 :" ~ 4 
, . . l, 

I ___ ~ __ --------~---------------------~--_I 
1 DISTRIBUTIONS IN CLEANER ::: JAILI~GS 
I __ ~ ___ --------~-------------------------~ 

MESH ZI~C IF:ON ~lG 1 

1· ---- " , l, 

1 

+::i)O ,10'. :::7 5.,0::: 18.9~ 
+=70' ::.17 1. 17 ::. 1·1 

); +400 1. 67 1. :::6 :.oJ' 
1 +25)Jm ::. 19 ::::.74 - '7 _,.'0 è 

+ l~J.lm· 8. ::7. 9. 1.- 8.5 -' 

+l3t:m '::1. 68 ::::::;"'44 lCil.59 

'. -1 -~m 5:.56 50 .. ':::::' 
" 

~,5. 1::: 
1 , . , 

--~-------~-----ï-----------------~---~-· 

.. 

" 
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.. ~- - -to.r" tf:l-ê +2"'70, mesh 'Sl::e ç:·lasg;s.s r:ar,lge 'from 3-6 ln the 'second 
. , ' fi.' , 

è:Jéa~':'r-,,' as. compared ta 15-50 l'n the f l rst cl ean.er. - ., 
Sej:Jarat l on 

:-.. ~ , 
• efhc:I~I)CLeS for- the ,·-27?/~:::5)-1m. p~rtl(:les r,::'ange ~rom 6-11 ln 

.~, t~é' sëcond:: -ële.aner-. as 'compar:ed' ,ta ~,~O-50 ln the f l rst.. 
~ ~ .... .,P -- "'.. _ _'...Jo -.II, 

" ~ . 
. ~ .... ' Ef'fl Cl ene'l es' l'n' the ~:25rUn"?1 ~,è "'~a,nge appe~r ta be ·eomparab le 

... - ~b;fw-!=en the- ,tV:'o cl eaner-s. :' ... J :', ': . ' . " -
-I·t.appear.? ft-om "t.hIS· comp\a'nson' that.'the flrst cleaner 

- • l'~.''' :: ... 
, .. ". "t .... 

~ ,. ~ ...,. 

.... 'r~mQ.Ye.s :Il\ost of t,he ',easll'y-:-I"e ~ ec'ted .. ma9-n.esl Llm-bean ng 
.. -' • - 1 ~ 

• .... -:-:,=ompo~fte-s.· The second cleaner' remdves a~l,mos1: no coarse 
'II ...... _\... ~ ." 

. ' 

.. :: mag.ne,?l:Llm: and l'"emoves fIne magneslum o,nl'y at hlgh' ::lnc 

p'enaltles. -Flotatlon ln the' second cleaner lS 50 fast as to 
, . 

greatly.reduce .:t;Me··seleStl~"lt'l -Of gan9,uè l'"emovcal. Over 707. of 
-,,' , -

t~~'magneS1Ll(n ln, the- seç:ond- cleaner. feed lS eaarser than' 200 

. ~~,esh=- hô~eYer,+:::OO ~esh magn'eslLlm ma~'es'~up ~nly 19% of the 

. ~(';;é~n~ ~ 0 )·".an or: .t a q, .n~ s: .. ~~c'we~y· of +~OO ... esh magnesl Gm 1$ 

. ë\!=t I..'\.a l 1 y greate .... than Teeov:ery of -400 'm.e>Sh ::: l ne. thereby 

- ,', -~ - '. ~ • i,,&1catlng tha-~ the rap.ldlty o~ tt'l~ ,float, ma~,es t/;l~ ,flot~t"lqn 

-p[.oeess .. more si :ze-se'l ectl ve ' than composi tIan-sel eet Ive, 

Iron r'eCDver-y ln the' "iiecond 'cleaner- is slmll~r- ta ;:l'ne 
~,' .~.~., ~'''. , ...... " ' . 

f~~ov.ery ip aH sl:::e. classes. nus re-afflrms that the~ 

pnncipal ..soLlr-ce of lr-an ln the sec~nd'eleaner eone~ntrate is: 
'. 

s13h~î en t~ r-ather t~an gangl.;,le l ron sul ph Ides. '1 r-on 

- s+eparahon efîii ci ency profll,é (fl gLlre :::. ~~) shows ,that 

.. r' .... 

r~.,Jectl(~lI:: of lraÎ1 lS a eon.:s~tant, 1. 5-~.O tlmes stronger thar'l 

reJectlon:~f ;:~nc lh all ~l:::e classes. Thls.sl:::e-10d?pendent 

~ l 'v 

efflclency' profile'is what one would· e~{peet 'between elements 
• tr 
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WhlCh ar-e mlner~loglcally ~Ssocl~ted= ho"lever-. the e~:pected 

se~ar-atlon efflclency between two elements ln the same mlner-al 

15 1. '), The chfferen.ce ln r-eJêçtlon between ;:lnc an9 -l!?on 

r 
opens the possiblllt'f th.at a certain propor-tlon of "hlgh-lr-on" 

sphal er-l te 1 s r-eJected at a gr-eater- rate th an sphal er 1 te Wl th 

Ilttle lr-on. This p.henomenon lS reported by Fln~elsteln and 

AIIlson (1976) an,d was Q~served r-epèatedl, durlng the cOLlr~e 

of thlS research. The 'ef--fects of Iron èontent Llpon sphaler::.te 

r-ecovery are measur-abl~ bLl,t small .. and ar-e jud9i"'d ta be 

metallurglcally lnslgnlflcant. 

Summer-y of Second Cleaner- Performance: 

The second t:le.aner feed contaln-ed mucM coarse magneslum 

and smaller: amounts 0+ fIne magneslum. The fine magneslum was 

strongly reJected: however •. thlS reJectlon w.as net efflcl~Ht 

and r-epresen'ted a gener-al non-sel ectl ve reject 1 an OT ëlll flna-' 

materlal. 

In the Intermedlate and coar-se Sl~e classes (+400 mesh) 

85-95% o'f the magneslum "las recover-ed. MagneslLUTI r'eJec:tlon and 

" separatldn efflClenClE!S of the second cleaner \"ere both 

1 nf er-l or CO those cal cul ated for the f 1 rst .c 1 eaCler. The 10i00i 

eff 1 Cl ency of separat Ion was ln part due ta the e:: tremel y hl gh 

flptatlon r-ate of the mater-lal. Over 9::~'~ of the mass "las 

r'ecovered dur 1 ng the one-ml nute fI oat and most of the mater!.3,1 

'WhlCh was left .behlnd was f.lner than 400 mesh. 
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classes and the separation efflc1e~cy was a ~onstant 1.5 to 

~.o. It lS concluded that lron at 'th1s pOlnt ln the clr~u1t 

,?CCLlrred prlmocElr11y ln the sphaler1te str"LlctLlr.e and that 

hlgh-rll'''on sphalerlte e>:hibLt-ed shghtly' lower flot'ab11lt.y'than' 

sphalerlte wltl1. low lr"on content. 
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'3. 15 E§cfg~m2D~~ Qi th~ I~l~Q iEQat=b~ê~ul Çl~~Q~c 
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J " 
" 

The recoverles and-dlstrlbutlons of metals ln the thlrcl 
, 

'( p-ost-l eacM > cle~ner are pres~nteo ln Tablès :.~8 and ~ ~o -'. -' .. ' 

ànd are lllustrated ln Flgures ~.~~ ta ~ -.:­
_'. _I,.j.'; 

T.he.recoverles of elements ln the post-leach cleaner are 

the reco~erles of,all elements compared to recoyerles ln the 

. -
second cleaner. Hôwever.' magneslum e::hlblts the greatest drop 

ln recov~ry. Comparz50n betwee~"Flgure ~.=8 (second cleamer 

recoverles)' and Flgure :::.~: (thl~d cleaner recoverles) shows 

th~t magne51um re~ectlon lncre~sed by about 5% ln the coarse 

Slze ~ange (+~OO mesh). by :0%-:::5% ln the mld-sl=es (down to 

,+::5j.lm) and by aboLIt 1:% ln the ,flne SL:es (-:5pm). 

Comparlson between the separatlon efflclencles for the 

second "and thlrd cleane"rs (Flgs. ~.:9 and :.::'l shows" that 

magne5~um reJectlon ln the thlrd cleaner 15 not only hlgher , 

but also more efflCl,ent. The efflclenc'I of coarse (+:00 meshl -

magneslum reJectlon rose from three Mg per Zn ln the second 

cleaner ta about seven ln the thlrd cleaner. Efflciency ln the 

-:00/+400 mesh materlal rose from 4-10 to 1:'-18. Efflclency of 

flne t1g rejectlon cannot be dl'rectly ,compared between the 

second and thlrd cleane~s: howeve~ It can be ncited that 

'r'e j èctlon of ,-15~m' partlcles ln the thlrd cleaner 15 only 1.1 

to 1.4 tlmes stronger than :lnc rejectlon and thu§ not very 

selectlv~. The l~w sele~tl~lty of magneslum reJectlon ln the 

third cleaner 15 probably a:ttrlbutable to the fact that fine 

1 '"""" --
. , 



TABLE 3.,28' 
ASSAY DATA FOR THIRD CLÈANER 

---------..,..--------_ ..... _---------,,-'----,---------------------.,--
, THI~D CLEANER- FLOTATION: 

, 

MAS3 F:ECO\'EF:Y 
DU!5HTIOfj 

8:. n: 
:.5 MIN. 

STFEAt1, sr:E , MASSi: :HJC. !FOl'<:: t1G:: 
I ____ ~-_-__ -----~--_-~--------__ -~--_-----~-----------_____ 1 

1 CLNF -: + lSü 
THILS +:00 

+:7(} 
+40Q 
-4( 1) 

+:S)-Im 
+l~}-lm 
+ 1 ':) pœ..." 
-1 1)}-l1lt 

1 CLNR3 ... 48 
, GON + 64 

+10(J 
+150 
+.200 
+:7() 
+4(1(> 
-4(10 
+~5rtm 
+ 15}-1m 
'+1(~m 
- l0..l:JM 

6.46 
1. 6: 
:.48 
::.64 

86.79 
::. 1 Cl 
8.60 

:: 1 • 5(t 
5: .. 6 1) 

1.07 
5.19 

15.08 
17.4: 
14. :.J 
1:.70 

=?79 
::::. 95 

7.60 
9.58 
::.83 
:.94 

4::.49 
4::.:::6 
4::.::(1 
4:.28 
4:.46 
41.84 
40.94 
:9,. ,:, 1 
40. 11 
-0 --.' , . --
'38.87 
''38. 0CI 

:.6(1 ::. -,. 
:;. ()7 

5. ':':, 
4.67 
6. 10 
"'" c:­...J • ...J _' 

4.6:: 
- c­_.Ow 

:.16 
:.99 
::.:4 
:.86 
:. ë(l 

:.64 
:.84 
:. :() 
::.08 
:.44 - ..." _'. _0 
-:. -::(1 

~ 37 
-:.9:# 
:;. C':\ 
l -(1 

\:< i"7 
(J.::-9 '1 

\).46 
'J. 1 =: 
\).'+ 6 

0.89 " 
1. 51 
l . ..,,.., 
') -'4 
i:\ -. -:::: 

(1. 1:-; 
.). 1 (i 
('. ':,4 
.). 06 
\). 1~18 

r:1. \)6 
(~. 1)9 

---------~--~---7-----~---------~------------------------~ 

FIGURE 3.32 

CLEANER 3 RECOUERIES 
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TABLE 3.~ 
CALOULATIONS FOR CLEANE~ *3 

( 

----------------------------------------
CLËAt..JEF: :: RECOVER l ES 

!------------------------------~---______ I 
1 MESH ZINC IF,ON MG 

+150 0"7 0:, 
' , • ...J, 0' ,o. 10 ~ 1.:: 

+2,00 9E;l.74 96.84 7'7 4'" 
+270 97.67 9:.74 57::0 
+400 96.::1 9 r).9:: 5(1.65 
+:5~m 9::.:1 85.44 45.:;c; 
+1>5~m 84.50 76.88 40~97 
+ 1 O}.lm 46.1(1 '"'""!"ï C"C :6.:1 -" . -' , 
...: 1 0,l-lm ~1.4: 19.':0 1:.57 

I_~~ ___ ---------~------------------______ I 

1 SEFA~ATION EF~ICIENCY COMPARED TO li~c r ________________ ~ _______________________ 1 

MESH ZINC 1 RO'N MG 

,1 

+150 1.60 - 0:, _ • ...J , 

+:00 --,-- :.51 17.9: 
+27 r) '3. ~1 ~ 18.::7 
+400 :.46 1:.:;-
+:!~m :. 14 8.04 
+l-')-lm 1. 49 :::.4: 
+ 10)-lm 1. 16 1. ::::7 
-10~lm 1.0':: '1. 11 

I_~ ____ ~----~--------------~-------______ I 

, DISTRI8UTION IN CLEANËR : :ONCENTRATE 
I ______ ------------------~--------------_I 

MESH ZINC IRON MG 

+1~0 40.61 4ü. lS 81.48 
+':00 14.44 1:.80 9.10 1 

+:70 1:.7: 11.:7 4 ,"",-, ._-
1 +4(h) . 9. 6~) 7. :::4 1.9: 

+:~pm - ï --}- 7.86 r).85 b' ::'!:1 +15pll1 , .u_ -11 • 1)8 1. 47 1-

+ 1 0,1-111\ -~ r::-, 4.::0 0.47 -'. -" 
-10,.um :2.74 :.60 ().5:: 

l' 
, . 

*----------------------------------------, 
1 0 ISTR IButrON.S 'IN CLEAi'~EF :: TA IL l NGS " 1 ____ .:... ____ ""':' _______________ , _______________ 1 

MESH ZINC IF:ON MG 

+150 ,5.54 5.58 :-::.5"4 
+200 1. (> l 1.44, 11.49 
+:7() 1. 66 ': . (':: ' 1:.61 

l, +400' ::.01 ::. ~ 9 8. P 
+:~m ::.91 4.58 4 " • 0 
+l..J}lm 9.06 11.41 7.ie 
+lO,um ==~82 ::;.85 5 .. 64 
-10pm 54. 99 46~94 15.9.6 

--------~--~-----------~~----~----------
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'( -lSJ-Im) magnésIum was 'Il ttl e more than a trace constl t\..lent ln 

the thlrd cl e.:\ner feed • 

The 'distributIon of magnesl Llm ln the flnal -concentrate 

'lll,strated 1 n FI gure 

figure that magneslum conta~lnatlon 15 caused by a 10C~1~g 

p~obl~m. Over 90% of the magnes~um ln the concentrate 15 

coarser than ~OO mesh. as opposed t6 only 55% of the =lnc of 

15. 

tha~ Sl:e. The~e lS no eVldence that magnesl~m lS recovered ln 

thls clrcLllt by Glny mechanlsm other' than lcîc~ lng. 

The recovery of 1ron ln the thlrd cleaner paralle15 the 

trend wh 1 ch was observed 1 n the second cl eaner. Iron 1 S 

r~covered at a rate Whl ch 15 sllghtl,y Lower- than but parall.el 

to :Lnc recovery. The separatIon efflclency of Iron 15 

essentlally rndependent 9f partlcle Sl:e, there~y reafflrmlng' 

that ChQst of the Iron '15 prabably loc~ed ln the sphalerltE;! 

strLlcture. 

'Iron ln the th'<lrd cleaner' lS reJected 1.-:, tlmes more 

stranglv than :Inc. ThlS rate lS Sll~ghtly (perhaps 

the second cleaner. Slnce fiotat10Q ln the thlrd cleaner lS 

canducted at a ~H of 7 (as opposed to a pH of 10 ln the second 

c: 1 eaner) gangue 1 ron woul d be e::pected ta fI oat mare 

favaurably ln the Ullrd .cleaner than ln the second. Pt 

Slmultaneous drap ln Iron and ZInc r-ecoverles from ail Sl:e 

fractIons 15 observed ln the thlrd cleaner. thereby suggestlng 

that LIttle If any of the Iron at thlS pOInt lS ln the form of 

gpngu'e SLllphl des. 
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s:t,m~ary o~ Third 

\ 
Flotatlon ln the thlrd cleaner Wè$ more efficlent than lt 

was ln the second ëleaner. There was an overall drop ln the 

recoverles of aIl Elements at ail SI=es; hpwever, the dr:op rn 

magneslum recovery was the most substantlal ln aIl Sl~~ 

~lasses above =5~m. The global detllne ln recoverle~ WhlCh w~s 

observed ln ,th 1 S cl eaner was not caLlsed by 'à snor t f 1 Otatl on 

tlme. Slnce the duratlo~.of flotatlon was =.5 minutes. ~s 

compared to only one.mlnute ln the second cleaner. Rather, It 

qppears that some phYSl cal or cheml cal changes wer-e evo~ ed b'i 

the lea~h WhlCh caused a general )owerl~g of sphalerlte 

i=lotablll,ty. This r-esLII,ted_ln slower sphaler-'lte r-eçovery and 

lncreased' r-eJectlon of cômposlte partlcles. 

Although r-ecov~r-Ies of magneslum were substantlally lowar 

ln the thlrd cleaner than they wera ln the second. over-all 

recoverles of coarse magneslum were still hlgh. The maJo~ 

~eJectlon me~hanlsm'~n the thlr-d cleaner- was the non-seleÇtl~e 

reJectlon of fine particies Slnce the thlrd cleane~ tallings 

had a SlZ~ of 87% -400 mesh and contalned much fine :lnc. " 

Examlnatlon of the f~nal concentrate r~vealed that the 

v.st maJorlty'of magneslum contamlnatlon was contrlbuted by 

the c:oarse Sl=e fractlons. Ther-e was no EVldence that 

entralnment of fine magneslum was a problem. ThI.IS. locI ing 

emerged as the major- mech~nlsm of dolomite contamination ln 

the zinc concentrate. MagneSium leveis ln the concentrate were 

strongly related to 5l:e. and 5howed a strong upturn at Sl:es 
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coarser than 400 m.sh (37~m~. Mineraloglcal assoClations wlth 

.pproximatel~ this gral~ Slze may have been responsible for 

high levels of m~gneslum coptamlnatlon ln the concentrate. 
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The behav10ur of materlal ln the loc~ed cycle test ~an' 

best be summarl;::ed by flow dlagrams, WhlCh ël:re, presente,d ,ln 

Flg~res 3.36 to 3.41. The f}ow dlagrams present a sch~matlt 

Vl~W of the amount of mater}al WhlCh passes through or WhlCh 

is reJected at each flotatlon·stage,ln the'~lrcult. FIgures 

:.36 tQ 3.38 present flow'dlagrams for coar5e (+:0~ meshl 

lntermed1t,e (-:OOmesh/+15}-lml, and f1ne (-15)-1ml ;::lnc, 

respectlvely. The,leaSh, w~lch was located between the second 

and the thlrd cléaners, 15 ~ot shàwn on the dlagram5. The 

~ldth of the bars leavlng any one flotatlon stage lS 

,proportlonal to the amount of :ln~ ~resent at that stage. Thus 

ln ~1gure 3.38, for example. the w1dth of the ;::lnc bar 

representlng the fresh feed 15 equal to the sum 'of the wldths 

ot the zinc bars represcntlng the concentrate and the 

t~111ngs. Llkewlsei the wldth of the bar representlng thè-feed 

to cleaner 3 lS equai to the sum of the wldths of the bars 

leaving the th1rd cleaner as talls and as concen~rate. The 

flow dl agrams theref ore provl de a -fi ast wëly of V,l suaIl;:: 1 ng ,the 

Circuit as a whol~. and of evaluating ~~rtult pèrformançe. The 

three zinc 
f 

dlagrams are tirawn to the same scale, 
\J 

.:;\S are the 

three magne'slLlm dl agrams (FI gLlrE?S -::. ~9 to ::.41 l = however, due 

to the wlde~y dlfferent masses,of ;::lnc'and m~gneslum WhlCh are 

encountered ln the cleaners It was not practlcal to draw'the 

zinc and magnes1um dlagrams on the same scale. In c~ses where 

t~e mass flow IS le5s than half a llne wldth. a dotted 11ne 15 
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FIGURE 3.36 . 
FLOW OF +200 MESH ZINC THROUGH CIRCU1T 

TAIL-:· ... 

FIGURE 3.37 
FLON OF -200*/+H5J,JM ZINC :rHRQUGH CIRcuIT, 

TAIL:' .... 

' .... ~ ..... 

FI~ 3.38 
. FLOW OF ~l~J.I1 ZINC 'TI-RJU6H CIRCUIT 

TAILS 

130 

.' 

" 



, , 
" 

" 

, r 

, . 

'FI6l.IRE, 3.39 . 
FLOW OF +200 I1EBH MG.'TI:fROl,f6H CIRCUIT 

TAILS 
(""'"'. 

1 

FIGURE 3.40 . _ 
FLON OF -~/+1S1JP1 P16 ~ CIRCUIT 

TH} LS 
,/ ..... 

. , 

. fIGURE 3.4.1. ' 
FUJN OF -1 e,.t1 116 TI-RlU6H C IRCU l T 

TAILS 
?' '-, . 
Il 
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Flgures ~.J6 and :'.~7 lilustrate the f10w of coarse and 

ml d-Sl:: e ::: Inc through the cl rCUl t. The behavlour of the two 

su:e ranges·is ,essentlally Identlcal'. and shows an almost 

unlmpeded flow of ::lnc through the clrcult. There are no-

slgnIflcant reclrculatlng loads at any p01nt ln the CI~cult. 

The sltuat10n lS qUlte d1fferent. however. for f1ne (-!5~m) 

::lnc. Flne Zlnc passes the rougher w1th Ilttle problem. but 1S 

reJected at aIl cleanlng stages!" The net results of th1S are 

summarl::ed as follows: 

1) The~e lS about a :00% recl~culatlng load of ~~ne Zlnc 
. 

through the second and thIrd cleaners. w~êre the leach 1S 

srtuated."ThlS means that there 1S about three'times the flne 

::lnc 'ln the leach at any one tlme than oneiwould, e::pect by 

1001<1ng at the amount of f1ne ::lnc enterlDc;1 an~ leavlng the 
.' 

CIrcuIt. Slnce these partlcles have very large 6pecl~lc 
.f> 

surfaces It IS possIble that flne ZInc parilcles are los~ ln 

the leach. For e>:ample. CUblC 5J-lm :::lnc pàrtlcles have specIflc 

surfaces over :'00 tlmes greater thaD the s~eclfic surfaces of 

Fa 100 mesh partlcles. Slnce they al,so have,a reclrcu].atlng 

load through the leach of :00%. 5Mm partlcles could easlly 

e::hlblt-a rate of leachlng 1000 t'lmes ~hat of 100 mesh 

partI cl es. 
, 

ThlS potentlal problem 15 magn1fl.ed whèn one ~onslders 

,the relatIve abundances of zInc and magneSl:um ln the leach 
1 

f eed. There 15 atSout 15 t 1 mes the vol ume OT. fi n"e (-15J-lm) Z uic 

r. 

> • 

: 

,1 
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ln ~the feed than there is .. coarse (+200- mesh) mag,nesll.lm. ThlS . . 
means that the surface ar~a e):posed ta 1 each t ng ~y f 1 ne :;: Inc ,. 

-. . 
-..i~ àt least 15.000 tlmes t'llgher.thaf) t~he surface ar:sa e){~osed 

. . 
by <;.oarse magneslum. DlSCL\.sslon of the prlnclples and 

...... - . ~... ., '-

mechanisms -of leacbtng 1S ~\I'ider-t..a"en ln th'"e .chàpters whlCh 
, " 

follow; however. '1 t caf! be stated at thl S pOl nt that the 

creatIon of rec1rculat1ng l~jds of fine :lnc through the leach 

1S a potent1al cause of hlgh aCld consumpt10n. Ineff1c1ent 

leach1ng of coarse l1'!a~!i~slum and ';::inc loss. 

2) The amoun,t of 11ne :ln-<: enterlng the flrst cleaner lS ., 

elght tlmes hlgher than the-amQunt-of f1ne =lnc enter1ng the 

rougher -as fresh feed. ThlS ~l~uatlon lS t~e result of, a maJor 

." 
reclrculatlon of flnes from aIl· cleaners. the latter two of 

. 
Whlch are ln closed clrcult ~Ht'h .the flr"st clean'er. Slnce the 

flrst c::leaner IS, ln tLlrn. in .CiOSéd cirlll.,llt wlth the rOLlgher • 
• f 

muc.h of the "flne :lnc overload" WhlCh the cleaner recelves 1S 

recl~culated back through the rougher. ThIS results ~n a 500X 

rec1rculat t ng load of f1ne :lnc.betwéen the rougher and the 
" 

èleanèr and tnev1tably result_s in flne ;unc loss through the 

" scav~ger. 

.' . 
-Figùre~- ":L.:::9 to 3:41 lliustrate the flow "0T" coarse, 

.' 
1 

Inter~ed~at~ and flne-~l:;:ed magneslum through the clrcUlt. The 

~ 

flow of magneslum through the rougher lS obviously very large 
, . 

and cannot be represented here~ The dlàgrams are deslgned to .' 
111~s~rate the behaVlour of magneslum ln the cleaners. 

.. . 
The ~low of coa~se magne,lu~ shown ln Flgure :::.:9 

), 
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presènts a ,very dl stLlrb 1 ng pl c ture f rqm' ~ processl nI;) POl nt of 

.llew. Although tl")ere lS a srr,all- rec1rcu'latlon O.f. coarse 

magneslL,lm betwe<en the rOLlgher and the flrst cleaner. t_he 

~6jQrlty of coarse magneslum wh~ch ~s floated-~n the rougner 

ultlmately ends up ln the fanal conc2~trat~. Ihere 15 al~ost 

no re J ect l on 0+ +:::;(1) me,?h magnesl um 1 ri 'an, of the c le=-.n,ers. 

Mlj-sl~e and flne magne51um behave ln a dl f f er"f1t manner, 

as lllustrated, l,n Flgw"-es ::,;4(1 and '-:::.41_" respectl ~elt. 'H great 

deal of Intermedlate to fine magneslum.ls passed thrQugh the 

rougher: however, rBjectlon ln t~e cleaners 15 ver~ good. Fln~ 

magneslum passlng the flr~t c1eaner 1S negllglble -ln 

co~parlson with the amount of coarse ~agneslum WhlCh lS 

passed. and the small amcunt of flne magne~lum WhlCh does pass 

IS effectlvely removed ln the second cleaner. Mld-sl~ed 

magneslum shows the beglnnlngs of the problems encountered l~ 

the coarser Sl::es. S1nce reject10rl' cafter' the t"lrst cleaner 15 

not ~s good aS.lt 15 w1th the flne'magneslum: howe.er. 
,fi 

reJectlon ~é reasonably good and mld-s1:ed m~gneslum does ~ot 

present a major problem. 

The major pOlnts about magnesluffi flow ln the CIrcult are 

as follows: 

1) -Coarse magneslum passl ng the rOL\gher e:(per 1 ence~ a 

IlttJe re~ectlon ln the flrst cleaner. but almost no 
{. 

reject10n ln subsequent stages. Consequently there 

lS a large -f-low cf coarse magneslLlm stralght through 

the c l-rCUl t. 

1-::4 
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~) Mld-sl=ed and especlally fine magneslum-bearlng 

partlcles are passed through ~he rougher ln larg~ 

quantltles but are effectlvely reJected ln the 

flrst cleaner. The second and tMlrd c1eaners reject 

most of thé mld-sl=ed and flne magneslum-bearlng 

parti cl es. WhlCh pass the flrst cle~ner. Thus. 

relatlvely 1lttl~ mld-sl~ed or fIne magneslu~ enters 

the concentrate. 

~) The flow of fine magneslum through the leac~ IS very 

small. Almost aIl of the magneslum passlng through • 
the leach 15 contal~ed wlthln partlcles coarser than 

:00 mesh. Slnce there IS a slgnlflcant amount of fIne 

=lnc ln the leach "competlng" wlth 'the coarse 

magneslum there IS a posslblilty -that fIne =lnc 

affects the efflClenCy of magneslum leachlng. 

As~ay data has prevlously been reported for the ~l ~e 

separatlon stages ln thlS test CIrCUIt (Tables :.:0 1 

3.24, ~.:6 and :.=8). DlScusslon of these assays has ~een 

.volded up to thls pOInt Slnce no dlrect relatlonshlp between 

plant. <1ind test data can be'establlshed: howeyer. the 
)' 

concentrate assays presented ln table :.:S Ind!cate that lt lS 

posslble at least ln theory ta produce an ac~eptaQle 

concentrate from thlS "dlfflcult" ore, pr-ovlded that few 

partlcles of a SI=e greater than 200 mesh enter the 

concentrate. Thl s constral nt coul d be met b'l 1 nstalll nQ a 

concentrate regrlnd somewhere ln the cleanlng CIrCUIt. The 
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assays of aIl -40Q mesh Slze cl~sses were aIl weIl below-thè 

acceptable llmlt of O.~5% Mg; however, the Mg ~ssays rose 

rapldly. ln aIl Sl;:e classes abàve 400 mesh. 'passlng the 

acceptable Ilmlt at about ~OO mesh. Th19 $ugge~ts that there 

(~OO me~h). It lS net I<nown 1,f thlS problem l~ typical of aIl 

F'lne POInt ores. 

An lncrease ln the efflclency of flotatlon was reall~ed 
1 
( between the second an~ thlrd cle~ners. The thlrd cleaner 

re Jected a gr eat.er pr-oport IOn bf coarse and ml d-Sl: ed 

m~gneslum than the second cleaner. and at gr-eater efflClenCy 

(le. at less :lnc penalty per %Mg ~eJ~cted). The'amount of 

fIne magneslLlm reJectlon e)(perlenced in the fIne Sl~e classes 

was hlgher- ln the thlrd cleaner than ln the second: however. 

reJectlon of fIne materlal ~n the thl~d cleaner was not very 

sel ect 1 ve. 

The th 1 rd cl eaner ôperated under the same e'; ternal 

condItIons (agltat~on. alr-flow etc.) a~ th~ second cleaner. 

Slnce mass recovery ln the second cleaner WaS ln e:.cess of 9:% 

the pulp denslty ~n both cleaners caM be co~slder~d to be 

1 dent 1 coal. There was no reason. theref pre. to e:: pee t that 

performance ln the second and thlr-d cfeaners should dlfier to 

ë\.n',.. apprecl ab 1 e e;: tent. 1 t 1 S gener all y c onsl dered that 

par-tlcles ln any one cleaner are sllghtly .. mor e 'f l,Dt ab ! e" on 
. " 
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ave~age th~n partlcles ln preVlous clean~rs. by Ylrtu~ of the 

fact that' they pass.ed tl'ie pr-evlous flotatlon stages whlle 

other "le~s flotable" material l'las rejected. It 1S generally 

cleane~ sh001~ be less effiCient ~han rejectlcn ln the second 

cleaner. and t-r,at ma.ss should be recover-ed mor-e completelj and 

at'a faste~ rpte Ir the thlrd cleaner. 

The beh~vlour 6f the thlrd Cleaner was cLearly ln 

Opposition 'to, the e:.pected behavlour of thlS flotatlon stage. 

Ov~rBll mass recoyery Ir the thlrd cleàner was less than 8:% 
- e' 

after :.5 minutes as opposed t::J a 0:'; mass rec::J.er'" after :me 

minute :n "'::he second :::.eaner. Moreo.er-, the selectldt" of 

lmproved ,Ir "'::he thlroj :::leaner- ::Jver "'::'lat wh.:::h .... as ::Jbser'.Ied ln 

the second :leaner. Sl~ce the ::Jrl r dlffer-ence be"::.ween the 

operatlng C::Jndltlpns ln the second an~ thlrd cleaners were 

those cau,sed b\f the aCld leach It can be concluded that,the 

'leach had a bene+lclal effect upon meta,llurglc.ôd per-formance 

durlng subsequent "'!otatlon. TI"'<lS effect was 'lot anal'r=ed ln 

detall. but may be the,result of any one or a comblnat:on of 

~ydrodynaml::: factors 'water vlscosit'r O~ speclf:c gravit yI. 

electrochemlcal or phYSIOcheml~al factors \lonlC strength or 

sur-face tenSion). or destruction of the sphaler:te surface. 

137 

-



1 -

• 

:.. 18 

A varlet y of methods are tradltlonalJ 1 used for th~ 

purlflcatlon of "problem" c:lncentf'"ates. Amon!; th~se :Ire 

used full-tlme as of 1°801, and r~grlndlng of th~ mlddll~gs 

streams or the concentrate. I~ .lew o~ the ~esul~s Gf thlS 

test, lt can be seen how sorne of these tradJ.tlonal sol<..ltlans 

are Inapplicable to the Plne FOlnt sltwatl~~. 

It l'las seen -ln thlS e::perlment ':hat reJectlcn ln the 

cleaners l'las mostly fram the fine Slzes. O~~rall recc~erles of 

both coarse Zl~C and caarse magneslum ln the =!eaners wer~ 

/" ver'l'---hlgh. 1hus, when the Agar crIteria" was used tr.:, :le':er,TI'Je 

the aptamum flotatlcn tJ.mes at each =leanlrg stage al~o5t aIl 

of the cearse magneslLlm was callected Ir. the tlme 1': t:lO~ ta 

callect acceptable amaunts of fine :lnc. 21~ce t~e se~aratlon 

,I;~ff,IClenc, ~f coarse magneslLlm wa's greater than aIl 

cleaners It can be concluded that ~pgradlng cc=urred jU~lng 

flotatlon of the c~arse Slzes: howe.er, coarse 

magneslum-bearlng "mlddllr.gs" proved ta be mere -flotatle t~ . .i\" 

" pure fl~e sphalerlte. The mlnLmal amount cf mlddllngs w~lch 

were reJected l'lere accompanled by large amaunts =~ -elat1 .~l) 

hlgh-grade fines. 

It can be predlctec. therefore. what the eT~ec~s a~ 

addlng addlt~onal cleanlng capacl":,. wauld be. Sl'lCe ... 15, 

1::8 
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cleaners are govern~d by the collectlon rates of these flne 

1 
-f par~lcles. This results ln a conslstent over-floatlng and hlgh 

recovery of mlddltng partlcles. Addltlonal cleaners would be 

e;:pected to remove only a'very small fractlon of the mlddllngs 

at each stage. but a cons1derable fractIon of the fines. Thls 

would res~lt ln even hlgher reclrculatl~g loads of flne :lnc 

~ut onl y.ver-, modest gal ns ln concentrate grade. 

In cases where contamination 15 due prlmar1ly to locked 

partlcles one lS faced wlth three alternatlves. One can elther 

accept the-mldd11ngs and thelr contamlnants. reJect them and 

suffer loss~s tn ore ml~eral recovery or regrind them and 

attempt to effect separation at a'smaller SI~e. At Plne POint 

magneslum contamination lS unacceptable and only t~e two 

latter pptlons can be conSldered. 

A common concept ln the f'lotatlon of mlddllng particies 

IS that partlcles wlth large amounts of gangue and smali 

amount$ of ore mIneraIs float at 'a lower l'"ate; than partlcles 

w~th sma!l amounts of gangue and a large proport1on of ore 

mlnerals. These partlcles. ln türn. are concelved as floatlF')g 

at a Iower rate than pure ore particies w1th no gangue. Thus, 

flotatlon lS concelved as be1ng able to separate composIte and 

pure part 1 cl es, and the "cutof f" amount of gangue 1 n any one 

part,cle 1S conceived as be:ng c6ntrollable by ad)ustlng the 

flotation time. 1n practice. however. these concepts appear to 

be'of llmlted appilcablilty ln reference to Plne POlnt ore. 

The domlnant factor affectlng the recovery of any one 

------~---~---------------------



zlnc-bearlng partlcle is its sl~e rather than its sphalerlte 

content. Thus, It IS nearly ImpOSSIble ta concentrate loc~ed 
~ 

particles in the m1ddling streams without gene~atlng huge 

reclrculatlng loads of fInes. It can be seen ln FIg. 3.38 that 

ln thlS cIrcuit, where only about 5-10% of the )ocked 

magneslum was removed, there was a recircuiating load of fine 

zinc equlvalent to about 800% passlng through the flrst 

cleaner (500% between the rougher and the flrst cleaner, and 

300% b~tween the flrst and subsequent cleaners>. In order ta 

reject slgnificant amounts of locked mIddllngs It would be 

necessary to bUIld up huge recirculating loads of fine ZInc. 

It appears, therefore, that two of the common solutions 

to gangue contamInatIon are of Ilttle or no applicabillty ta 

this circuit. Since the maJorlty of the magneslum 

contamInatIon appears ln the form of hlghly-flotable locked 

particles, additionai flotatlon should not slgnIflcantly 

Improve the concentrate; nor can the locked partlcles be 

easily separated from the pure partlcles for si=e reduction. 

Of·the conventlonal solutIons to magneslum contamInation only 

two remaln: regrlnd of the bulk concentrate ~nd leachi~g. 

The potential problems assoclated wlth the leaèhing o~ 
q 

coarse magneslum ln the presence of fine ZInc have already 

been dlscussed. A possible solutIon lS the cyclonlng Qf 

concentrate prior to leaching. This lS the practlce employed 

at Pine Point. ExperIence has proven that leach efficiency is 

n~vertheless very low. An evaluation of the possible benefits 

140 

\ 
,"'-

, '. 

, 
-



, ' 

o~ a bulk ~.grind is ~.d. at a later ~olnt, followlng th. 

results of a detalled e;:am'J.natlon of the temtural and 

llberatlon characteristlc~ of th~ ore. 

, ' 
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The loc~ed cycle tèst reported ln Chapter.~ revealed 

IOC~lng as a dominant mechanism of magneslum recovery. Flne 

dolomIte was recovered ln only mlnlmal amounts and It was " 

concluded fhat Plne POlnt dolomIte exh!b~ted nelther true . . 

flo~atlon cha~acterlstl~s nor strong tendenCles tDwards 

recovery by errtra~nment. ThIS chapter reports the results of 

two flotatlon tests WhlCh were performed upen pure 5amples of 

Plne POlnt gangue. TMe goal Of the tests was ta furt~er 

examlne the posslblilty of true fletatlon of typlcal FIne 

POint gangue materlal under conditions Slmllar ta thosé ln the 

Plne FOlnt ::lnc ClrCLtlt. 

A' sample of F'lne F'olnt gangue \Illas ground te sœ: -:20ü mesh 

ànd floated ln a Leeds flotat1on cell accordlng te the \ 

proceo4re out Il ned 1 n Appendl:: 1. The gangLle h,ad an assa.., of 

0.07% ::lnc and was consldered to be typlcal of the carbonates 

WhlCh host and WhlCh surround the Plne POint ore bodIes. The 

results. of the flotabon test are' presented ln Table 4.1. 

Figure" 4. 1 shows the recravery rates of water. coarse 

(+:::7J-1m) and flne (-:::7pm) gangLle as a functlon of tlme. 

expressed as mass percent recavery per mInute. Ar Inltlal 

surge of' froth ov~r the top o-f ·the ~ell was e: per: enc ad 1 n the 

fl.rst two nllnutes: ·however. the froth qUlcf ly be.::.ame unstable 

- --.~-- - .--



-1 

1 

1. 

,/ 

TABLE 4.1 
REaNÈRIES OF spLIDS AND WATER Du:lING FLOTATION 
-----------------------------------------~--------

PERCEl'JTAGE RECDVERY. 

TIME SOLIDS SOLIOS 
MINUTES WATER --::'7 ~M +37 j..JM 
------r- ----- ------ ------

(1-1 1-:.~ -::.9 .-· -' 
1-~ 10. 9 :2.7 • 1 2-4 7.~ 1.9 • 1 4:'" Ô 4.-: .5 NSS 
6-8 4. 1 .4 NSS 
8-10 -::.8 ~ NSS . -' 

RE,COVE;RY RATES 
COMPARED 'rD WATER: - 0.:'0 O. ()2 

0.:25 0.01 
0.26 .(>.1)1 
0.1:: 0.00 
0.10 0.00 
0.08 0.00 

~----------------------------.--------------------
NS.S :::::; INSUFF 1 C"IENT SAMPLE FDF: MEASUREMENT 

R 

B 
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FI6URE 4.1 
RECOVERY OF WATER AND SOLI-OS vs. TI" 

R 1 4 r---~-----------------_, 
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and water recc::ivèry' âfter about:' mlnLltes was onl y aboLit per 

" 
ml nute. Recavery of gangue.i n bath qie coarse a'nd t"he f 1 ne 

5-1Ze f,...actlons was fOLind ta be lower than ~a.ter r.:ecover-y at 

,a Il t 1 m-es. 
_ f 

FIgure 4.= shows the' recovery rates of the coarse and 

fIne gangue fractlons rela.tlve to water. The flne fractlon 

(--:::7pm) was' recovered more QUl c~ 1 (, th-an the coarse (+-:7pm/ 

materlal; howev,er.' the ;na;:lmum reco'/ery rate 9f fInes (fr.om 

(>-1 mlnLlte) was only ::O:~ of' the w.,ater ·reco',Ier',: r~te. T~e 

coar-s~ materlal was ~eçovered at onl ~ abOut :% cf t~e' w~ter 

recovery rate. The-re was ther ef or e no r ndl çat 1 on that' the 

gangue materlal floated under the e;.perlme~al condltlor,s'. Thé 

mass' recovered 1 n the fI otat Ion test was f ound t b assa', ','. S 1 .,: 

::lnc. corresponding tQ a ~lnc recovery of 74:~~ It can be 

toncluded that.the sphalerlte trace Co~stltGent 'floatad but 

that the gangue was recovere'd entl rei y b'l entraI r;ment. 

A serIes of LlnpLlbllsr,ed e::periments was performec b, Ton" 

LIttle at McGlll UnIverSIty ~n 198~. Twe dl~feren~ types of 

,F'lneF'olnt gangLle were,ldentIfl!?d, by ,thelr physlcal appearanc:;e 

and'thelr dl~fèrent g~lndablllt~es. and the flotatlon 

r~6ponses of these two g~ngue t,pes were compared to ~hat of, 

slilca sand. The gangue types were gang.ue. WI th a 

Ilght colour and low grlndablilty. and ~~cL gangue. wlth a 

darI colour and hlgh grlndablllt;. The samples ~er-e ground ta 

50% -=00 mesh ln the presence of sodIum cyanlde. :lnc "3ulphate 

, 
and copper sulphate. and were condltloned wlth sodlum , 
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lsoproRyl xanthat~ prlar to flatatlon. Me~hyl 1sobutyl 

carbi nol 'was used as a frother." 

Results of the flo.tatlon tésts are presented ln Table 4.: 

and ~lgure 4.~. Recovery of sol Ids ~as a mare or less constant 

16% of . water' l''"ecovery for both gangLle and s1l1 ca. "r-eveall ng no 

eVldènce of -9angue flot'atlon. The recoverles of slilca and 
\ 

gangL\Et as a functIon o-t water recover'i were essentlall ',' the 

1 

same ~ 1 ndl cat 1 ng that the gdngue showed' no Lin LIS LI a 1 r-ecovery 

charactèrlstlcs. under the condltlons oT ,the e::perlment. 

.~ '3 5 
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FIGURE 4.3 
RECOYERV" OF GANGUE AND 81 LICA 
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(from LITTLE, unpubllshed" 198:) 
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TAlLE 4.2 
-RECOVERY OF WATER AND GANGUE DURING FLdTATION 

-r------~---------------------------------------------

'SILICA , ------
, . 

, 
- , 

, 
1 

, LIGHT 
1 GANGUE 
,------,. 

'DARI< 
, GANGt1E 
1 _____ -

RÉCOVEF:Y OF: SOL l OS MEAN ~, 
WATEF: SOLIDS FEP::: H20 S. D. ' 
----- ------ _.:..._,....--. ___ -"' __ 1 

5.39 0.78 0.14 
5.51 0.68 0.1:2 
8.9:' 1. 27 0.14 
6. -:A 0.79 0.1:' 

10.91 -1. 8:2 t). 17 
.8. :'4 1.01 (l.1:> . 
9.84 1. 1= O. 11 
6.46 0.80 

.... 
0.1= 

, 
5.47 0.49 0.09 , 
7. T: 0.95 0.1:2 1=8' 
6.8::: 0.93 0.14 +/- .020 ' , 

1::.74 ::.::4 (1.18 
1 1 • :.~ ~.'()7 0.18 
16.77 2.47 0.15 
8.1~ 1. 27 0.15 

21.5::: - """" 0.15 '-'._""-

9.9tlf 1. 77 0.18 
16.:::0 '"' -,- (1.17 ... 1_' 

16. 17 - -1:' 
.1 •• IW (1.21 

9.:::7 1.60 0.17 
7.51 1. :'0 0.1-' 169' 
5.98 0.96 0.16 +/- • (> 17' 

11.70 ::.80 0.::4 
14.49, :.95 0.::0 
14.80 '"' -C' ...... I...J 0.16 
1=.-:;7 1. 96 0.16 , 
19. 17 :.. 18 0.17 , 
17.66 :.. 11 0.18 182! 
18.79 - -.., .:> • .,) .... 0.18 +/- .O=9! 

'(from LITTLE, Llnpubllshed, 1992) 
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FI otat l on tests perf orméd upon Pl ne POl nt gangue samp les 

reveal ed that recov,,?r'l of gangue was h 1 grler l rt the f l ne S1;:: e 

fractlons than ln the coarse tractlons. 80th coarse and fIne ... 

gangue ",ere recovered at èS rate l ess than that of water-. 

F'revlous wor).- at MCGIll Universlty showed that F'lne FOlnt 

gangLle e::hlblted no ~lotatlon c:l'1aracterlst1cs under t't'Plcal 

F'lne POlnt flotatlon con,c:ht10ns. It ",as aiso fOLlnd that the 

gangue materlaI showed a slmllar f,lotatlor'l r-esponse to that of 

5l11ca. WhlCh lS cons1dered to be strongl'( hydrophyllc. 

It 15 concluded that P1ne P01nt gangue Sh'O,"'S no flotatlon. 

response LInder normal Plne FOlnt flotatlon condltlons and that 

recovery mechanlsms of Plne POlnt gangue are tYP1cal of those 

e::hl,:blted by a strongly hydrophylic materlëll. Consequentl'I. 

the only gangue recovery mechanlsms WhlCh are e;~pected to be 

oper-atlve dL.lrlng the flotat1on of F'lne POInt sphaler-lte are 

entralnment ~nd sllm1ng ln the flne S1=e fractlons and loc~lng 

ln the coarse S1;::e fraé:tlon,s. 
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The pr1nclpal goal of commlnut10n ln or-e pr-ocesSlng 15 

the llberatlon of valu~ble o~e mlnerals ~rom ~nwanted gang~e 

and from each other- so that ~hYSlcal separat10n may be 

achleved. Each mlner-al ln an ore e:;hlblts char-acter-lstlc 51;:e 

ard shape dlstrlbLlt10ns (te:;tLI'res) WhlCh ar-e gover-ned b',l the 

pBtrogenesls of the ore dep0-51t. Th~ varlet" and dlstr-:butlon 

of mlner-al te:,tur-es ln the ore lS the prlnclpal factor WhlCr-, 

determlnes the amount of Sl;:e reductlan Whlch 15 needed ta 

effect separatlon. Addltronal constralnts ar-e 1mposed b( the 

sulpl'11de mlner-",ls. far e::ample. 1S gener-all'( not /er'l 

The gr-lnd 5l;:e Wh1ch .1:; Llsed tor a. pa.r-tlcLllar ore 15 .... 

largel( gaverned by economlc conslderatlo~S and 1S not 

necessar 1 1 Y the Sl;:9 wh 1 ch propuces apt l'mLtm metaii ur- gl cal-

performance. The grlnd lS generall) ~èpt as coar-se as posslble 
1 

ln or-der to ml-nlml;:e capItal costs (cost of the mlll \ 

malntenance costs (llner rePlacemert,etc.) and oper-atlng costs 

(ener-gy consumptlon). Use of tao coar-se a gr-lnd. howe,er. may 

result ln low or~ mlneral recovèr1es and posslble pena~tles 

due ta the lntroductlon of loc~ed gangue lnta the concentrate. 

The optlmum gr~nd 51;:e can therefore be deflned as the 51;:e at 

Wh1Ch the sum ~f (caPl~al ~ost5 + mal~tenance costs + 

1 

oper.a.tlng c.osts + value of lost recover" + penaltIes) lS 
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mlnlmlzed. DetermInatIon of the optImum grlnd 51ze 15 a 

complex process WhlCh reQUlres predlctlon ~f antlclpate~ casts 

and performance prlor ta purchase of the mlll and ad~ustments 

to operatlng proced~res followlng mlii stàrtup. Periodic 

adJustments must aisa be made when or~'from'a mIne exhiblts 

Ore at Pine POlnt 15 ground to approxlmately 50% pas5ing 

200 mesh (74~m); The dIScussIon WhlCh failows focuses upon 

texturaI features ln Plne POInt ore WhlCh show mIneraI 

aSSOCIatIons at a Slze finer than 50-70~m. It lS assumed that 

5uch aSSOCIatIons could cause slgnlficant 10cKlng at the 

current'grlnd Sl2e. A Ilberatlon study IS carrled out upon a 

sample of Plne Point ZInc cancentrate ,ln arder to relate the 

observed texturaI features ta the amount of magneslum WhlCh 

enters the concentrate. Due to pOSSIble discrepancies between 

metallurglcally and ec~nomlcally optImum grlnd Sl~es It lS not 

pOSSIble to evaluate'the feasibilty of cnanglng the grind in 

order ta effect greater 11beratlon of t~e sphalerite fram the 

gangue; howgver, an estlm~te is madé. r,egardlng the amounts of 
/ 

m~gnesium WhlCh are contributed by the Introduction of locked 

partlcles lnta the concentrate under the'current operatlng 

conditions. 

149 

.... 



.. ~. 

I~~t~~~t çn~C2çi~~1§t~Ç§ g± PIne ~91~t Q~~ ~Dg Q~~ tl~Q~C~~ 
Ql§t~~Q~tlQQ ~Q in~ BQQ ~llt E~~Q , ' 

In thlS sectIon the te::tures of th!? "dlf,flcult'i ore used 

in the loc~ed cycle test are e::amIned ln arder to Identlfy 

mIneraI assoclatlons whlch could glve rise to processlng 

problems. Hand samples were obtained by screenlog the orIgInal 

bat ch of rod mlll feed at four centimeters and collectlng the 

overslze. A total of 137 hand--samples were obtalned, only 45, 

of WhlCh contalned vIsIble mineralization. The mlneralized 

speCImens conta~ned an estlmated 25-95% ore mIneraIs by volume 

wlth only 3 speCImens appearing to contaln less than 25% 

sulphldes. ThIs observatIon lS concordant with the geology of 

the area Slnce mlneralizatlon tends to terminate abruptly 

wlthout any dlssemlnated fringes. The feed to the mlll -can be 
// 

characterlzed as a ml::ture of hlgh-grade materlal 

(approxlmately ,30% o~ the feed) and apparently barren gangue 
.ô 

(as1prœnmately 70% of the feed). Apprœ:lmately one thlrd of 

the specImens contalned abundant 'calcite. 

Twenty-three specl~ens were made into pollshed sections. 

Of these twelve were chosen at random from the sulphide-rich 

speCImens, ten were chosen at random from the carbonates and 
, 

one was chosen from the three suiphide-poor speCImens. 

E:<amlnation of the mlneY7allZed polished sect,ions under a 

reflected-light ore mIcroscope revealed the presence of 

distInct texturaI types in the ore. Six of the thlrteen 
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J mlnerall=ed specimens wer~ composed almost entlrely of 

sulph1des '~olloform cre;. ~our ~ere composed of flnely 

ê'Ssoc:;.':ec ':Iolcrr.:t,E? and sphale~~-:'e <d:ssemlnêlted ore' and 

thr'?e were :::JmposË'd of ~lod; sphalerlte lr jolortnte 'bloc~ f 

sre) . 

The ten gangue sample5 were classlfled lnto three 

.:.ategorles. T .... o were composed of ver'r' fine dolomlte wlth some. 

prlmar', te, <::'ures· aond hlgh porOSlt,' (mlcrltlc dolomlte,\. Seven 

werè ~cmposed 0+ c:oarse ~olom:te l~tergrowths w1th no prlmary 

te::tLres and hl:1h :"1ter::r',::;ta::lne pcr.::JS1t',; Isu:::rOS1C 

dclomlte) and one was composed ~+ ccarse ~o~omlte spar wlth 

yugg,' poros. t f (sparr', dol om1 te'. 'Jone of the gangLle samples 

~ere 'ound to contaln Ilslble galena or sphalerlt~ 1~ ~cllshed 

sect1on. 

The fol,1ow1ng diScuss10n elabqrates upon the te:,tural 

features of the ~ar10US ore and gangue tipes WhlCh were 

ldentaf1ed ln the mlll feed. 8y relat~ng the te:'tLlres ta 

eplsodes of ore deposltlon and alteratlon lt lS pqss1ble ta 

create a petrogenetlc def1nltlon of ore WhlCh could present 

potent1al processlng problems. Such a deflnlt10n has potentlal 

mlll-s1te applications Slnce fore~nowledge of the occurrence 

of dlfflcult ores COLlld al10w bath the blendl.rrg and 

stoc~plllng of ore aCéor-dlng ta te:<ture and the lmplemen~tlon 

of compensatlng changes to mlll procedures beTore problems 

arase. 
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The lilustratlons WhlCh follow were created by one of 

tMrèe technIques: 

ë\) Conventlonal toloLlr, photography", used for- :: 1 

magnlflcatlon of pollshed s~etlons. 

b) ~lc~ophotogr-aphY under- planè-polarl;:ed reflected 

llgh~. used for lilustr-atlon of surface features at 

hlgh re,solLltlon. 

c) M1Cr-ophotogr-aphy under cross-polarl;:ed r-eflected 

Il ght. used for l Il Llstr- at 1 on of sphal er I te band l ng at 

low resol ut l on. 

Plane-polarl;:ed 11ght reveals the relatlve reflectlv1tIes 

of t~e m1neral surfaces~ Galena 1S mor-e refleetlve than 

sphaler-lte, Whlch ln turn lS more reflectl~e than carbonate or 

the mount1ng medlum. Thus, galena appears to be whlte, 

sphaler-lte appears to be gray, and both carbonate and the 

mountlng medlum appear to be dar-~ gray or blael. ThIS 

photogr-aphic technique 1S used to lilustrate detalled t'e::tur-al 

features. 

Slnce both galena and sphalerlte are, optlcally lsotroplc 

lnsertlon of an analy'=1ng polar-l<::er (cross-polarl;:ed llght) 

ellmina-tes surf.ace reflectlons. The only llght Whlch 15 seen 

under such condlt10ns lS that Wh1Ch 1S multlply r-eflected from 

sub-sur-face crystal Interfaces. Slnce the amount of Internally 

r-eflected llght 15 related ta the translucency of the speOlmen 

colour tiandlng ln ~phalerlte 15 revealed; however, Slnce the 
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Image 1S created by subsurface reflectlons resolutlon 1S low 

and the lmage 1S Sllghtly d1ffuse. 5alent3.~ under SLICh 

condlt1ons. appears ta be blac~. 

Collo+orm Ore: 

The term "colloform" IS generally used ta descrlbe 

lamlnated botry01dal masses of a minerai. especlally 

sphaler1te from MlSS1SSlppl Valley-type ore deposlts. The term 

may be mlsleadlng Slnce ther-e IS sorne dispute as to whether or 

not these te::tLlres were forméd by true colloldal deposltlon 

(Roedde,r. 1968). For the pLlrpose of thlS d1SScuS510n the term 
\ 

"collof6r=--rr.'~'ls Llsed e::clLI5Ively as a te::turally descrlptlve 

term wlth no genet1c Impl1~at1ons. 

A pollshed section of colloform or~ 15 lilustrated ln 

r 
Fl(;J'ure 5.1. The sample conslsts almost ~ntlrel'y' of sphalerlte 

ln a wlde varl_ep of c:olours WhlCh range\ from an almost 
\ 

porce 1 anOLI: Il ght tan to a more v 1 treous dar 1 brown. Sorne 

small steel-gray gral ns of gal ena (gn) c-an be db~erved. No 

carbonate lS VIsible ln th15 pollshed sectlon. 

Flgure 5.:: presents a good e::ample of colloform -teHture-s 

ln sphalerlte vlèwed under cross-polarl~ed reflected llght. A 

large sphalerlte (sph) botryold l'n the centre of the dlagrar' 

has' nl:.lcleated around a blocl y grain of galena (gn). 

Plne POInt galena can also occur ln colloform ore as 

dendrltlC crystals (F1gure 5.:). ThiS texture lS In~lcat1ve of 

rapld crystal growth. 5alena has a CUblC structure and 

15:3 
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_ FI6URE S.l 
PCLI8HED SECTION OF CtLLÇJFQRf1 oRE 

, ' 

-FIGURE 5.2 
~ITE BOTRVOID NUCLEATING AROUND' &ALENA 

~~ 

""""'~ . 

. , ... ' 3OO"m 
' •. : ~;.r,~ rf ,r' 

l' l 

, (c:ross-polarl;;:ect 11ght) 

, 154 

-----....--.- - - -.-~ -



" ' 
, , 

.. 

FIGURE S.3 
DENDRITIC GAL...ENA IN SPHALERlTE <COLLOFORPt ORE) 

(plane-polarl=ed llght) 
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therefore grows mosi rapldly ln the ~111J dlr~ctlon~ ~s seen 

ln 'tf:1e lilustratlon~ The' spha)erlte ln thlS sample wa-s ban'ded 

p_er'pendlcular to the growth a ,15 of the galena. The te::tures 

seen 1" :::-,~gure 5.-::" rev'eal a potent'lal loc~ lng problem Slnce 

Indlddual galena dendr"t~s ,ar'( from 10,Um to ::O}-lm ln 

,t hic f ness' and woul d not be e:: p~c ted' to Il berate c omp 1 etel y at 

the C.trrent i=:ne C:olnt grlnd SI;:e. Dendrltlc galena could 

therefore cause =lnc flotatlon ln the lead CircuIt. 

The depos 1 t l onal ep 1 sodes, r ecorded 1 n. the preVIOLtS two 

flgur-es are simple and e::hlblt no IIlslble post-è1eposltlonal 

.... 1 ter a t 1 on . records deposltlon of botryoidal 

sphaler:te upor pre-e~lstlng galena whlle Figure 5.3 records . 1 

conC~l('''''en': .il.nd r-apld growth oi sphalerlte and g .... lena. Te::tural 

r-elatlonSrll;Js seen ln colloform o're often e::hlblt a mLlch 

grea~er degr-ee ~f complexlt,. The Plne POint deposlts were 

~ormed durlng severai eplsodes of deposltlon and d:ssolution 

of bath the ore minerais and t~e co~ntry rocl. Single hand 

speClmens of ore may therefore show Cl varlet y of complex 

te:tures caused by thlS repeated deposltlon and remoblll=ation 

o~ the constituent minerais. 

Figure 5.4 shows a dlfferent area of, the sample ln Figure 

5.:,photographed under plane-polarl=ed llght. The figure shows 

baSIC c.::lloform te::tl..\res: however. sorne alteratlon can b~ 

seen. The clear white area marked "gn" ln the top left of the 

figure IS prlmar', galena. ThiS galena IS separated from a 

large prlmary sphalerlte botr~old below lt by a wedge of 
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FIGURE :5.4 
SECONDARV ALTERATION IN COLLOFORJ1 ORE 

-- .. - , 
,., .~ 

, 1 . 

(plane-polarlzed llght) 

FIGURE :5.:5 
SECONDARY ALTERATION IN COLLOFORM ORE 

(cross-polarl=ed llght) 
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ca~bonate (cb). The sphalerlte botry01d can be more clea~ly 

seen ln Flgu~e 5.5 WhlCh lS a Vle~ of the same fjeld Jnder 

cr-os~-polarl=ed l"lght. 

The t~o f1gures record a secondary ep1sode of replacement 

du:r1ng WhlCh "gralny" galena replaced sphale~lte. , TM1 S . 

seconda~y galena replaçed sphaler1te alQrig the bands ~f 

bOtr-yOlds (the éurved galena Just ab ove the lab~l liB:' on the 

sample) and a10ng botr(Old lnterfaces (the Vel.fl of secoli1dary 

ga1ena marked "gn"). 

After deposltlon of seconda~y galena the s~mple ~mderwent 

tens10nal fractur1ng WhlCh preferentlally separ-a~ed the 

=#Jhaler-lte botry01ds e1ther perfectly parallel to the band1ng 
( 

(area "8" ln FIgure 5.4) or perfectl'l perpendlCL.llar te 1t 

(Just bel Jw the label "cb" on the same fI gLlre). Fref ersnt 1 al . . 
pa~tlng Occu~red at ~phale~lte/galena 1nte~faces (eg. between 

sphal el'" 1 te and the pl'" 1 mary and secondary gal ena at "A" • and 

between sphal el'" 1 te and the seconda~y gal ena at "8"). The 

fractures wers f1lled wlth carbonate. posslbly at t-he same' 

t1me as they were develop1ng. There 1S no eVldence tha~ the 

carbonate-bearlng ~01ut1Qns dlssolved maJor amounts of 

SL.IJ ph 1 des. 

F1gu~e 5.6 shows a th1rd area of the sample shawn ln 

F1gure 5.:. In addltion ta the features gene~ated by primary 

te:: tures. secondary gal ena and fra,ctur l ng thl s fI gLlre shows 

features caused b~ the replacement of spha1er1te wlth 

carbonates. The follow1ng features can be noted on the fIgure: 
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FIGURE ~.6 . 
CARBONATE REPLACEMÈNT TEXTURES IN COLLOFORH ORE 

(plane-polarl=ed llght) 
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- Galena (gn) lS found ln two prlnClpal forms. The flrst 

lS a replacement form WhlCh follows the outllnes of former 

sphalerlte botryolds (the elangated galena runnlng the length 

of the f1gure. ~nd the sllghtly more blocl~ galena at the 

bottam-centr-e). The second form 1S a late vOld-f1lllr~g galena 

(the brlght. maSSlve ga~ena at centre-rlghtl. 

- Sphaler1te ).::; faund ln three prlnclpal forms. The flrst 

15 prlmary sphalerlte. as seen ln the upper "'-lght-hand corner 

of the flgure. The second :5 corroded sphalerlte. 
\ 

~. -
seen at the 

rlms of prlmar,. sphalerlte l" assoclatlon \l'nth carbonêlte 'cb). 

,and the thlrd type 15 '."Old-flIl1ng sphalerlte. seen llnlng the 

rlm of the vOld-fllllng galena. 

Carbonate IS seen ln one fbrm. replaclng sphalerlte and .. 
fllllng vOlds. 

On the baSlS of the above Informatlon and the 

petrogenetic InterpretatIons of FIgures ~.2 and 5.4 the 

followlng hlstory of the sample can be constructed: 

" 1) Sphalerlte was deposlted ln colloform te:itures.' Galena 

was probably not present ln maJor amounts. 
'\ 

~) Galena selectlvely replaced sorne bands ln the 

sphalerlte botrYOlds. ThIS replacement predated the 

vOld-fllllng galena. 

3) A second eplsode of sphalerlte preclpltatlon'resulted 

ln the deposltlon of euhedral vOld-fllllng gralns. ThlS 

deposltlon was termlnated by a thlrd ep1sode of galena 

deposltlon_ WhlCh completely occluded the vOId space~ 
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4) Tenslonal ~~actU~lng opened up new 10ld spaces ln the 

sa~ple. Concurrent sphale~lte dlssolutlO~ and ca~boGate 

deposltlpn ,alke~ed much o~ the ,p~lmar-. ::':Jllc·~orrr. sphale~lte. 

The g~alnl natLlre cf t'ïe "sph+cb" ar'ea SL,ggests, ~Kat 

. 
Islands of undl~solJed sphalerlte ~t the fo~mer slte~ ~f 

ml~or =O~~OSlon around t~~ ed~es and may ~aJe ceen protected 

f~om replacement b~ It~ larger ~raln s:=e. 

The observed te::tLires reveal a larl~tr' 0'( ways ln ",hlCh 

thé ~on~~ltuent mlne~als of .al1oform or€ assaclsté. Bloc~y 

and rl;!p1acement galena general1 ( have graln' Sl;:es over 5(\)Jm: 

hpweve~. the de~d~ltlc v,ar1et, of' ga1ena e:'h~blts e1Çlngatec;l 

dendrlt.es WhlCh oT,ten have th.lcl--nesses as low as lO-:I)}-lffi. 

5phalerlte 15 gE'ne~ally maSS1,;e and botr,oldèil: however. 

frac~u~ed spha1eFlte may contaln fl111ngs of carbonate ~lth 

th1c~'ness,es b~ as Ilttle a,? lO)-lm 'and replacement te::tu~es w1th 

graln Sl:es ln the sUb-mlCI'"Of1 range.· 

F~I'"ther e:: am1 nat 1 on of sphal er l te/carbonate l'"ep 1 acement 

te:{'tLlres was CdndLicted Linder an el ectl'"on be.am ml cI'"oprobe. 

FIgure 5.7 1S a secondary Electron Image (SEI) of a s~mple of 

corroded sphalerlte whl1e Flgures 5.~ and 5.9 show the :1nc .. 
and calclum l''-alph.a emlSSlons. l'"epectlvely. 'M.agneslum 

emlSSlons were low. thereby reveal~ng calclte as the 

replacement mlneral 'ln thlS samp1e •. DlSSolLltlon of the 

sphalerlte botry01ds was eVldently band-selec~lye Slnce 
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FIGURE ~. 7 
SECONDARY ELECTRON IMAGE OF REPLACEMENT TEXTURE 

~~ .... 
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(WHITE E'AF 

- ( 
FIGURE ~. 8 

ZINC K-ALPHA EMISSIONS FROM AREA OF FIG. S.7 

(WHITE BAR = 10J-lM) 
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FI6URE ~.9 
CALe 1 Ut1 1( -ALPHA EI'1 1 as 1 ONS FROI"I AREA OF FIG. :5. 7 

(Whl te bar = 10um) 
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Figur-e 5.9 shows thr-ee banded areas Whl~h e',hlbit no calclLlm 

emi SSl ons. 

The hlgn-calclum areas are =ompcsed ~~ sub-ml~r~r 

prepara~lon. 

Dlssemlnated Ore: 

FIÇju:--e 5.10. In hand sample tne ore appears te CDrSl~+':' ':Jf 

sphalerlte ":lafes WhlCh "float" ,ln car-üonat:. Galena :::; 

generall., not ilSlb:e to the nafed eje. 

MicroscoplC e::aminatlon 0+ disseminated or'? re.eal~ 

te:,tures WhlCh ar-e fLlndamentall f dlffer-en':. f .... om those 

e::hlblted by collo~orm ore. Two ~ommon ''::l=semlnated ':e ':'_'-9': 

ar-e lilust,.-ated ln FlgLlres 5.11 and :::.1: and are r-e+er-~ec to 

of the dlssemlnated or-e type. 

The .,toid-filling te::tur-e seen ln Flgure 5.11 wa:; t-or-med 

b" the Intr-oduction o~ sph~ler-Ite Into ~o.d spaces ln the 

dolomltlc host roc~. F"lrlte and galena ar-~ generall',' no mor-e 

than trace constltuents ln thlS type of or-e. The hos~ conslsts 

of euhedr-ai dolomlte cr-ystals WhlCh e::hlblt p13nar-

" l ntercr "stalll ne boundar 1 es (eq\..ll.."M.:ent t::: ." SLlcrOSl c 
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11'11. 1S.10 
POl. 1 SHED SECT 1 ON OF DI SBEt1INA TED ORE 

1 cm 

dolomlte"l. The vOId-fllllng sphalerlte seen ln the 

lilustration appears ta be euhedral Slnce ItS deposltlon~as 

controlled by the configuratIon of pores ln the hast rock. 

Sphalerlte completei y accluded the poroslty. at WhlCh pOint 

mlneralization ceased. There lS no eVldence that the 

mlneralizing solutIons caused carbonate d1ssolutlon; hor 1S 

there any eVldence of secondary aiteration. 

The co-precipitated texture lilustrated ln F1gure 5.1: 

shows texturaI assoclatlons Whlch are more Intricate than 
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FIGURE ~.11 
VOID-FILLING VARIETY OF DISSE~INATED TEXTURE 

FIGURE ~. 12 
CO-PRECIPITATED VARIETY OF DISSEMlNATED TEXTURE 

(plane-pDlar1~ed 11ght! 
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thase e>:hlblted by the vOld-fllllng :'e::t.Llre. ::'alena. pyrite 

and dolom1te accu,.- as seconda,.-', mIne,.-al:; fliling Inte,.-::tl':es 

between well-developed sphalerlte blebs. In some samples areas 

e::hIbltlng vOlc-fllllng te::tLlres can be seen; howe'.e,.-. :he 

dissolutIon. It IS Interpreted that an episode 0"- ':.:Jnc .. \rrent 

carbonate dissolutIon and suiphloe preCIpItatIon resul~ed ln 

the Ilberatlon of euhedral graIns of sphalerlte 5LtC~ as those 

seen ln Figure 5.11. Secondary' sphaierite accreted upon these 

grains. thereby forming the spherold,:d ::;phale,,-"te ,;;r31ns 

observed ln FIgure 5.1=. Galena and pyrl:'e had ~ew 

pre-e::lstlng nucleatlon SItes and therefor-e formed small. 

dlspersed crystals ln between the sphalerlte grains. The 

deposltlon oT Inte,.-stlclal dolomIte probab:, '-eflect: dl chançe 

deposlt1on. It lS unlll<elJ that the secondar'l dolomIte \"las 

deposl ted at the same t 1 me that the pl'" I mar i (host) do l ami ~ 

was dlssol-ved. 

The grain Slzes seen ln Flgur-es 5.11 and 5.1: are much 

smaller than those WhlCh were obser~ed for the colloform ore. 

The mean Sl:::e of sphalerlte gralns ln Flgure 5.11 IS 

approMlmately 50urn: thus. partlcles of vOld-fllllng ore w1th 

91"'a1 n SI :::es above appro:: 1 matel 'f 50J-Lffi are e:.pectec to be 

substantlally loc~ed. The co-preclpltated sphalerlte of Figure 

these grains are separated by onl, about :;')}-lm and the 
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Inter-stlclal mater-lal lS composed largel. 0'; dolomite, ~hLlS, 

man'y part.lcles of c;J-prec:p4tatec ~r-e wl':h a gr-aln SI;::e :111. .• ,::""1 

above :20~m are e;q:)ected ta be locI ed. It can be ;:o.ppr-ecla':ed, 

of loc~ed magneslum Lnto ~he '::8ncantrate. 

Bloc 1-- y Ore: 

A pollshed sectIon OT blacf, ora :3 lllustr3ted ~n F:';;Llre 

5.1~. The ore conslsts of coarse sphale~l':e ~~ar ~cstec ln 

spar-r-( dolomIte or sparr'; calcite. The çraln 31;:= ~f the 

sphalerlte ofte~ approaches 1.0-1.5 cm. The :nter~aces between 

the sphaler-lte and the carbonates are generally planar and 

free of alteratlon. 

E;;aml.natlon of blocl<y ore ln pollshed sectIon r-.e'.eals 

that the sphalerlte lS'< free of Intr-lcate te::tur-es and conta:ns 

no IncluSions of other- mIneraIs. The onl) feature WhlCh can be 

observed under- the microscope lS a unlfor-m fleld of appar-ently 

pur-e sphalerlte. ThIS type of ore IS e;;pectac to 5ho"",, 

eHcellent Ilberatlon characterlstlCS due ta ItS lac~ of 

Intrlcate te::tures and large gra!n 51;::e. 

, 
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FIGURE :5.13 
POLISHEb SECTION OF BLOCKY ORE 
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Va~letles of Gangue: 

The gangue materlal found ln the rod mlll feed was 

common form of gangue was the SUcrOS1C type w~lch =onstltu~2d 

aboLit 85~~ of the non-mlnerall;:ed gangLIe samples. Abwut 1,)': of 

the samples ",ere composed of sparT', gangue and about 57: wf :he 

ganglle samples we~e of the mlcr-ltl::: ty'pe. On1. a small 

p~Opo~tlon of the gangue-bea~lng samples were mlner-all;:ed. 

Nlnet'y-two of the 1-::7 hand samples ln the sbJd y :6 7 %) 

contalned no mlne~all;:atlon. whlle :4 samples ( ~C"., ) 
_....J 1. ~ con tal ned 

ml::ed sulphldes and gangLle and 11 samples (8~:) were c:omposed 

of essentlalll pu~e sulphldes. 

A pollshed section of mlcrltl::: dolomite IS shawn ln 

FIglire 5.14. The grain 51;:e of thlS type of dolomite was .er- y 

fine (although not fine enciugh to classlfy as true mlcrlte 

accordlcng to the geol agi cal def 1 ni tl on of the ward' ,and 

pr-lmary structures. ln thls'c:ase beddlng lamlnatlons. could be 

seen. The dar~ l~mlnatlons ln thlS sample contaln sub-mlcran 

~l;:ed pY~lte wh1Ch lS Interpreted as belng d1agenetlC. 

M1crltlc dolomlte was found ta be very porous= dar~ ar-eas can 

be seen around the border of the sample ln Figure 5.14 where 

mount1ng reSln s9a~ed Into the pores of the roc~. No 

m1nerall;:ed samp~es of mlcrltlC dolo~lte were fouhd. 

SucroslC dolomite l' ll1ustrated ln figure 5.15. This 

type of dolom1te showed no prlmary te;:tl\res. and had a 

relat1vely coarse grain Sl:e Cup tg 1mml. Poros1ty was hlghly 
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FIGURE :5.14 
MICRITIC VARIETY OF DOLOMITE GANGUE 

FIGURE :5.1:5 
SUCROSIC VARIETY OF DOLOMITE GANGUE 
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FIGURE :5.16 
BPARRY VAR IETY OF DOLOMI TE GANGUE 
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varl able. It appeared that ~ll samples had a certal n amount of 

orlglnal poroslty whlch showed varlable lnfllllng by late 

calclte. In ca,.es where the pol"'OSlty contalned lnfllllngs of 

sphalerlte thlS type of gangue hosted the 10ld-fllll'lg '/arlet'( 

of dlssemlnated ore. 

Sparr'( gangue 1S 11lListrated ln F.lgure 5.16. Thls t'/pe of 

gangue conSI sted of large t)ystal S (up to :: cm) of elther 

calc1te or dolom1te wlth hlgh amounts of vuggy pOl"'oSltV. 

Sparry' gangLle contalnlng sphalerlte cry'stals was pl'"e\'lously 

referred ta as blody ore. 

Dl SCUSS1 on: 

The prlnclpal character1stlcs of the +4cm rod mlll feed 

ha\(e been dlscLlssed. Ouantltatlve e::tl'"apalatlon fram ,the +4 cm 

s1::e fractlon to smallel'" Sl::e fractIons mLlst be carrled out 

/ 
Wl th great reser- vatl ons S1 nce the sl..ll ph.1 des and gangue may 

have dlfferent crushablllt.1es. The prlnclijal cbservatlons made 

ln th1s sectIon are sLlmmarl=ed belaw: 

1) Appro:: 1 matel y 70% of the hand sampI es obta.l ned fram 

the rad mlll feed were barren. The, other :::O:~ of the sampI es 

cant,:qned fram ::=5% to almast 11)!):':; sulphldes by ',olume. There 

were almast no samples WhlCh showed sparse mlneral1::atlpn. 

2) The mlnerall;:ed samples COLlld be dlvlded 1nto three 

te::turai types. These were ore 

and !2!.Qç..!:_~ ore. 

"::) Collofarm ore was characterl ;:ed by banded sphaler l te 

<> 
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and dendrltlc gal.na. No prlmPlry carbonates were obsel""ved ln 

the !i~mp 1 &S • 

4) Secondary carbonates were lntroduced lnt~ colloform 

ores along fractures. In the maJorlty of cases lt was not 

determlned whether these carbonates were dolomlte or calCite. 

although the samples whlch were tested revealed the presence 

of both carbonates. The carbonates often replaced sphal~rlte 

and 1 ~d to the development of compl e:: assoc 1 ,atl(pns 'of 
\,. 

carbonate and sph,alerlte wlth graln Sl:es down to 
" 

5) Secondarv c)rbonates were not seen 1 n ,aIl ,areas of ail 

collofcrm samples. but appe,ared te be local phenomena. 

6) Dlssemlnated ores conslsted of flne-gr,alned 

assoclatlons of sphalerlte ,and sucrOSlC dolomite wlth varlable 

amounts of galena and pyrite. Two varletles of dlssemln,ated 

cre were ldentlfled. The YOld-fllllng varlet y was f~rmed by 

the Introduction of sphalerlte lnto pores ln the dolomlte. The 

co-preClpltated varlefy was lnterpreted as an altered form of 

vOld-fllllng dlssemln,ated ore WhlCh w,as formed by concu~rent 

dissolution of the dolomlte hast and preCIpitation of ... 

,SP:l/lerlte. galena and pyrite durlng a secondary eplsode of 

mlnerall:atlon. 

7) Three types of gangue were Identlfled. Mlcrltlç gangue 

w.s composed of f~ne gralned dolomite WhlCh showed prlmary 

textl.lres and e::hlblted hlgh poroslt·,. Sl.lCrOSlc gangue was . 

, composed of coarser gralned dolomite WhlCh showed no prlmary 

textures and exhlblted lntercrystaillne poroslty. Sp~rr~ 
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• calclte wlth vuggy poroslt). Onlv a small proportl~n of the 

gangue samples were mlnerall:ed and classlfled aS,ore. 

It lS eVldent from the preVlOUS dIScuSSIon that Plne 

POInt ore does not conslst of a unlform 3~semblage of 

mlnerals. Hand samples ta~en from the rod mlll feed show great 

polUihed sectIons may e::hlblt dlfferent te::tures ln dlfferent 

areas of the sample. ThIs has great lmpact upon the 

appllC:atlon of Ilberatlon models ta the ore. It can be roughly 

•• tlmat~d that over 90% of the carbonate lS barren. and 15 

"th'&refore llberated at ~Q.:t 

carbonate 15 Ilberated only at a fIne grlnd .l:e and some 

carbonate (that ln the oorroded colloform samples) cannot 

reall y be llberated at aIl. , 

Ore WhlCh lS processed ~ne POInt lS blended from 

varlOus stoclplles. It 15 not known, therefore. whether the 

"arlOUS te~:tures seen ln the ore rlipresent ore from dlfferent 

Plts or whether slngle PltS produce ore wlth a varletl of 

t~}:tures. It lS eVldent,~ however. that some te;,t\.lres are more {> 

amenable to llberatlon than others. A mlll feed contalnlng a 

hlgh amount of blochy ore or a hlgh proportlon 9f ~naltered 

colloform ore would produce a mlll feed WhlCh was easlly 

Ilberated. whlle a plt WhlCh contalned a hlghly'aitered 

colloform ore or a hlgh proportlon of dlssemlnàted ore would 

produce a -mlll fe~d WhlCh 'was much more dlfflcult to prOC~$5. 

, l 
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have maJor eifect.s ~Ipon mlll performance. 

Durl ng the course of thl s research n~ op.por t\.ln1 ty arose 

for. the aLlthor to'collect ore samples from, wor~,lng PltS at 

Plne POInt. Conseql.lently. no dlrect evalfatlon can be made ln 
,/' 

this thesls regardlng the Importance of texturaI varlatlons as 

a proces*lng varlable. The only other avallable samples of 

PIne POInt ore were pollshed sectlons made for the geology 

department of MCGlll Unlverslty sorne tlme ln the mld ta l~te 

60's. These sectIons were composed almost ent.Irely oi 

colloform ore and showed a remarhable ~ach of alteratlon. ~o 

conclUSIons can be made. howèver. Slnee the samples wera 
"-

likely to have been chosen'wlth blas ln order to show clean 

teHtures. Analysls of the spatIal dlstrlbutlon of te):tl.lral ore 
fil (' 

types ln the Pl ne Pal nt area l s an area __ f urther research. 

WhlCh could 60tentlally be used to explaln ~nd ta predIct the 

\ 
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A sample of 'Leach plant feed (second cleaner concentrate) 

was c.Jllec:ted fr-:)m the F'lne F'a1nt concentrator an' the same da'i 

dur1ng Whlc:h the rod mlll feed was collec:ted for use ln the 
o ~ 

locJ...ed '::'1cle test and the te.:tLlral study. The c:oncentrate was 

screened and assaved (Table 5.1) and the separate Sl:e classes 

were prepared for aS6essment of thelr Ilberatlon. Due to low 

contrast between èarbonate and the mount1ng med1um lt was 

dlfflc:ult to acc:urately count ~3rbonate partlcles ln the 51:e 

cl asses small er than ::7,) mesh (74pm); therefore. 1 t was 

dec1ded to c:onduct the Ilberatlon study ~pon t~e four Sl:e 

c:lasses.between -04 and +::70 mesh. One thousand magneslum-

bearlng part1cles were c:ounted from eac:h of the ~l:e cla~5es 

and classlfled accordlng to the1r magnes1um conte~t. 'WhlCh was 

V1SUoilly estlmated • .ilnd thelr te::tur;ql t',pe. as oLltl1ned 

TAlLE ~.1 
MlllAv CF 

8ECGND ca..E:ANER CONCENTRATE 

!-MG-ASSAY-AS-A-FÜNCrioN-OF-SÏZE-1 t _________________________ ~ _____ ~1 

SIZE MASS;~ 
-----

+64 7.::0 
+100 15.21 
+150 17.59 
+21..)0 14.:::1 
+=70 1::.03 
+400 9.51 
-400 =3.15 
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MG% 

1. 6:: 
1.:3 
C'.76 
('. :: 
0.18 
0.1:: 
0.18 
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. The fe.d contalned two distInct types of lëJcked partlcl •• 

The f l r!it type was wn,at one woul d conSl der a "con'vent l ar. .7\1" 

loc:ked partlcle contalnlrtg sphalerlte and carbonate JOlnerl by 
,~ 

a ~>lngle bOLlndar',f. as lllLlstr3ted ln Fl:;;l.ire 5.17. These 
Q \ 

partlcle~ are referred to ln the diScussion as §~~~lg loc~ed 

partlcles. The second type of locled p~rtlcl~ conslsted of 

lntlm~te aSSOciations of spnalerlte an~ ca~bonate. ~sually ~n 

the form of carbonate Incll..lSlOnS 1 .. ;; sphalerlte matrl'. 0 The 

lncll.1Slon 51=e ranged from abOl.lt ::~m t':l 5':'J.-lm -'llth an 8'.'er:-age 

51::e of 11)~lm. HllS type of loc~e'd partlc:.le ~s L.llustrated ln 
, 

Figure 5.18 and IS referred t~ as 
1 

çQœel~~ . Little gradatlon 

was observed between the slmple and comple: partlcle types. It 

1S Interpret~d that slmpls loc~ed partlcles were formed bv the 

commlnutlon of. b.10~~·v and colloform ore Whl1e comple" loc~ed 

partlcles were formed by the commlnutlon of dlssemlnated ore; . , 

The ê::pected 11beratlon characterlstlcs of the two locled 
~'" 

part~cl~ types a~e wldely dlfferent. Reduction of the Simple 
• 

loc~ed p~rtlcle?~ Flgu~e 5.17 bv two or more ~l::e classes 

would clearly result ln th~ production of at least one 

11berated partlcle~ however. ln order to produce slgnlflcant 

>0 
Ilberatlon ln the comple:: partlc:e of Figure 5.18 one wOl.\ld 

have ta red1..1Ce ltS Sl=e bv appro::lmatelv flv'e or SI" Sl;:e 

classes. The pdrtlcle snown ln the fIgure l~ from tne -64/+100 

mesh Sl;::e fractIon and would not e,:pected to show slgnlflcant 

The results of the partlcle ccuntlng studv are pr~sented 
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FIGURE :5.17 
SI~' LOCKE» PARTIC~ 

FIGURE :5.18 
CCl'PLEX LOCI<ED PARTICLE 
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in Tables 5.2 to 5.5 and in Figures 5.19 and 5.20. The figures 

show the relatlve abundances of locked particles with various 

compositions. It can be seen in Figure 5.19 that the simple 

locked particles were more or less evenly distributed 

throughout the entire range of possible particle compositions. 

In eontrast, most of' the complex particles had low gangue 

content (Fi gLtr~ 5.20). \) 

The even distribution of partiele compositi9ns seen in 

Figure 5.19 is not what one would normally expeet in a 
.,' 

flotation product. Particles with high amounts of gangue are 

usu~ny considered to be less flotable than particles with 

.little g~ngue and.should therefore be less abundant in the 

concent~ate; however, the distribution of partiels 

composi~ions observed·in the flgure is conc9rdant wi~h tHe 

-" ' locked-cycle observation that coarse~magnèsium rejeetion in 

the cleaners was negl~gible. It appéars'that composite 

particles contain.ing only small amounbi~ of sphalerit'e we .... 

highly flotable. .' .. 
The simple partiele profile for +270 mesh partieles s_en 

in Figure 5.19 i~ dlfferent from,the p ... ofile~ which are 

observed for the three eoarser size classes. The +270 mesh 

size fraction shows an increased frequeney of partieles with· 

10w amounts of gangue. It 15 probable that the c::oa~sest 

carbonate inclusions in the complex partic::les,.with a 5iz. of 

about SOum, bagan to exhibit simple loc::king at -200/+270 me.h 
"-, 

(-74/+~Ou.). This phenomenon would explain the increasad 
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TAlLa e.2 
LIBERATION OF +100 1EBH PARTICLEB 

----------------------------------------------.------------------------.------
<- \_ ... / ,~\. 

1 +100 ftESHI AftOUNT OF PARTICLES CONTAININ& A 61VEN PERCENt OF ~A6NESIU" ! 

.. 

I--~--__ -._-.--------------------------------------------___________________ , 
\i i l Mir "-, ~:~ 20-40 ·40-60 60-80 !~:!~ 100:~~ :~:~~,; 

SI"P\.E,:,o 121 115 137 120 117 185 m 
COIIPlEXI 112 32 28 17 le ·205 

1 __ -----__ ------------------------------------------------_____________________ • 

! ~80VE NUftBERS AS A PE~CENT OF TOTAL PARTICLES IN ANY ONE TVPEi 
,_:-----------~-------------------------------~--------------------------------, 
1 SUlflLEs 15.2 ,14.5 ~7.2 15.1 14.7 =3.: 100 
1 COttPLEXI 54.6 ~ 15.6 13.7 8.3 7.8 . 100 
,1----~---_---------------------.--7-------------~-------------------------.--1 i ft6 CONTRIBUT10N AS A l OF TOTAL "A6NESIU" IN SA"PLE 1 
• ___________________ ~_--_-----~-~---~--------------------_---------------______ 1 

. i SUlPlE, 2.2. 6.3 12.4 -.. 1~.3 . 19.1 33.6 88.9 
1 COttP\.EX:' 2.0 1.7 2.~ 2.2 :.0 ILl 
._----------------------------------------------------------------------------

:. ~ 
ABLE :5.3 

i..IIDtATIDN' OF +1150 ...... ~I • • 

,---....... --.. _-----------------.---------------------------------------------
! +150 ~SHI AftOUNT OF PARTICLES CONTAININ6 A 61VEN PERCENT OF ftASNESIU" ! .~ _____ .. ________________________________________________________________ J 

% ft6.. 1-20 20-40 40-60- 60-&0 80-99 100.00 TOTAL 

SI.u, lS.Z 14.7 18.2 1~.1 12.7 23.7 100 
ctIIPUls 58./ '18.~ 11.2 6.4 4.9 100 . 

!-----------___ F ---------~-----------------------------------------, 
1 lt6 emtTRllUTUIlt AS A l OF TOTAL IlA6llESIutI IN SAIIPLE ! __ •• ~ •• ~ •• ._._~ .. _________ •.•••• ~ _________________________ • _____________________ .J 

1 snIPu. 
Cllt'lEJl 

2.2 
3.7 

14.6 
2.8 

15.7 
2.7 

32.7 93.8 
16.2 ------.. ----------------- ------_._-­, 

./ 
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~ TABLE ~.4 
LIBERATION OF +200 JlESH PARTICLEB 

"! +200 ~SHI A"OUNT OF PARTICLES CONTAININ6 A 6lVEN PERCENT OF ~A6NE5IU" 1 f. _______ .~ __________________________ ~ __________________ • ______________________ 1 

1 ~: 1-20 20-40 40-00 60-80 80-99 100.00 TOTAL 1 _____ ,1 

! SIMPLE: 7S 9~ 71 79 109 97 526 
! COlIPlEI: l:1 4,3 4~ 29 26 , '474! , _________________________________ ~ ________________________________ ~ ______ ~---1 

.! ABOVE NUftBERS AS A PERCENT OF TOTAL PARTICLES IN ANY ONE TYPE! 
1_-----__ ------------------------------------------------------________________ 1 
'SIMPLE: 14.: le.1 13.5 15.0 20.7 IB.~ 100 
,CDftPLEI: 69.8 9.1 9.7 5.9 5.5 100 
I _____ --------~------------------~----------------------_________________ ~ _____ I 

! R6 CONTRIBUTION AS A 1 OF TOTAL "A6NESIUII IN SA"PLE \ i 
._-----------~-----------------------------------------------------------~-----, , SIlIPlE: 1.1 6.6 8.2 12.1 22.6 22.4 74.: 

COItPLEh 1.6 3.0 5.l 4.5 5.4 25.9 

TA8L.E 5.5 
LI .... ATION OF +270 .-BH PARTICLE8 

) 
--------------------------------------------------~---_._---------------------+270 ftESH: AROUNT OF PARTICLES CDHTAIHIN6 A 6IVEN PERCENT OF ftAGNE5IUft 1 

!------~---------------------------------------------------------------------_. 
1 l ~r 1-20 ,20-40 40-60 bO-BO BO-9~ 100.00 TOTAL 

BIItPLEz m 75 45 3B' 38 39 :86 
CDIPlEX: lql 110 60 26 27 614 ! 

~._- .- ..... _-_.-------------------------.-"'1-----_1 

1 ABOVE NUftBERS AS, A PERGEHT OF TOTAL PARTICLES IN ANY ONE TYPE 1 ! ••• , • -----------______________________________ $ 

SINt 39.1 19.4 '11.7 9.B 9.B 10.1 100 
CIIIPLEX: 63.7 11.9 9.S ,> 4.2 4.4 100 

1. 
,---.... ------------_._---.----------------------~-----______ I 
116 CDIITRlBUTIOII AS A 1 OF TDTAL '"A'MESlln! Hf SAIfPLE , 1 .. ~ _____________________________________ ~ __ • _____ A ___________________ a 

SIltPLEr 5.0 7.4 7.4 8.7 -11.2 12.8 5::.5 
COtlPLEX: 12.8 10.8 9.9 6.0 8.0 47.5 ----_......... . .. -_ .. _----,._------.-.,--------_ .. --------------

• 0 
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FIG. 5.19 

ABUNDANCE OF SIMPLE 
LOCKED PARTICLEB OF 
YARIOUS COMPOSITIONS 

FIG. 3.20 

ABUNDANCE OF COMPLEX 
LOeKED PARTICLES OF 
VARIOUS COMPOSITIONS 
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amount of gangue-poor 'SImple partIcles ~hlCh were'observed. 

t The profIle WhlCh 1'5 shown ln FlgLlre S.:XJ for cOffiple:: 

partléles Indlcates that the maJorlty of these par.tlcles 

co,., tal ned 1 ess than ::():~ carbonates. l t was 5~en 1 r, the 1 cc ~ eC 

cycle test and It was suggested ln FIgure S.:c that reJe!ctlon 

of coarse compos~te partlcles ln ~lne Fcilnt ::lnc ~lotatlon lS 

low. regardless of partlcle compcsltlOG. Mareover. the 

'pa~tlcle 31:es used ln the llberatlon study wer~ hlgher than 

th,e Sl:e at WhlCh slgnlflcant llberatlon of the comple:~ 

partlcles waLlld be e::pected t::;) occur. It lS tr,erefore 

concluded that the dlstrlbutlon o~ partlcle c::;)mposltlons seen 

ln Flgure 5.::0 was C3Llsed by the orIglnal ore te::tLlres. rt 

appears thdt the maJO~lty of the dlssemlnated ore contalned 

lese than =~% carbonites. 
'" 

DIssemInated ore was prevlously found to conslst of 

YOld-fllllng .and co-preclPlta~e~ varletl~s. The YOld-flll1ng 

'varlety conta1ned sphalerlte- Inclus10ns wlth a mean graln 51:e 

of appro::lmately 50~lm hosted ln a dolomlt;:,c matr1::. The 

co-preClpltated Narlety of dls~emlnated ~re conSlsted of 

1nterstlclal dolomlte gralns wlth a Sl::e of appro::1matel.." ~O}-1m 

wlthln a sphalerlte matrl::. Slnce the maJorlt'l of the comple:: 
; . 

loc~ed partlcles conslsted of dolomlte ln a sphalerlte matrlx 

It 15 Interpreted that the co-preclpltated varlet y of 

dlssemlnated ore was more abundant ln the mlll feed th~n the 

, . 
It lS posslble that the concentrate contalned a certaln 

.. 
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amount of unloc~ed c~rbonate-be~rlng partI cl es. Slnce a number 

of apparently free carbonate sectl0n~ were counted ln all Sl~e· 

fractIons. These sectlans'could represent elther Dure gangue 

partlcles or sImple locled partlcle5'orle~ted ln such a wal as 

to ma~e them appear to be free. The apparently free sectlons 

are e::amlned ln more detall ln the dlScusslon WhlCh foliows. 
, 

An estlmate was made regardlng the contrlbutlons ef 

simple. comple:: and "free" carbonate-bearlng .partlcle5 to 
\. 

t'o'tal magnes 1 um contaml natl orr ln each of the f our SI:: e 

fr~~t 1 o'hs of the concentrate. The magnesl wm assav centrl bLlted 

by SI mpl e partI cl es 1 s e::pected t::J dec,rease as 51:: e deereases 

due to lnereased Ilberatlon of the partlcles. On the other 

hand. the compl e:: part 1 cl es are not e::pected to show 1 ncreased 

Ilberatlon over the range of partlcle ~l:es whlth was 9tudled 

-x and thelr magneslum eontrl~'utlon 1S e::peeted, to be constant. 

The magneslum contrlbutl.on of "free:' sectIons would oe 

eHpected to decrease at flner Sl:es If the sectIons were 
'. 

produced ;fom locled partlcles. or to lncrease at flner 51::es 

If the partlcles represent free entralned carbonates. 
)II" 

The method used ta evaluate magneslum contributIons from 

the three partlcle types '(simple. comple:: and "free") IS 

symmarl:ed below: 

A (X) = Magnesl um assay 01= s,l::e frac:tlon "X" 

T .- Partlele type 

F(T) = Fractlon of partlcles of type "T" 

F<T(I» = FractIon of type "T" wlth I~~ gangue 
r 
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Mg assay ln si=e class 

t { N {T ( I) ), * l ~ 
L: Le N (T (r )'! 1: l J 

T F 

"X" fl"'om type "T" eql..lals: 
• 

* A(X) 

The results of these calculatlons are presented ln Tabla 

~.6 and ln Flgure 5.~1. 

It can b~ seen 1-.11 FIgure 5.:2,1 that the amount of 

contamlnatlon lntroauced bY~lmple locled partlcles decrea~ed 

w~th decreaslng Sl:e. presumably due to Increase~ liberatlon 

of' the partlcles. The magnesl~m ~D~trlbutldn from apparently 
-ri" 

free ::iectlons decr-éased 1 n q \SI mll ar manner. thereby 

sugg~stlng that most 'of these sectlons were produced from 

IOfkep part 1 cl ès. In contrpst. the amoLlnt of contam'l natl on 

1 ntrodLlced b y campI el: partl c les was a more or 1 ess constant 

0.1% Mg over the Sl:e range studled. ThIS levei of 

cont.amlnatl.On would be e)~pEicted to perSI st down' to par-tlcle 

';:n:es of a~oLlt :O-:5pm, at WhlCh p01nt the par-tll:les WOLlld 

begln ta Ilbe~ate. 

The magneslLlm c'ontr-IbLltlon of comple:: 10cJ.:ed par-tlcles lS 

hlgh enough to ha~e slgnIficant effeçts upon =lnc metallurgy. 

It is estlmated tnat the comple:: par-t1cloes contrlbl.lte 

approxlmately 0.1% Mg ta aIl Sl=e fractlons coarser than 

:O-:S~m and :5omewhat less than (J.lï. Mg to 'the flner S1-=:e 

fractlons. ThIS represents a large pr-oportlon of the 0.:5% Mg 

WhlCh 1S acceptable ln t:he concentr-ate., 'val'\latlons Ifi ,the 

\ amount of dissemlnated ore ln the mlll ~eed\CDUld be 
..... 
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t f1 TABLE ~. 6 
CONTRIBUTION ~OF 9IMPLE AND COMPLEX LOCKED 

PARTICLE9 TO MG CONTAMINATION 

-----------------------------------------------------------_ ... -------------------------
SIlE SII'IPLE COI1PLEX FREE 1'16 1'16i: FROM 1'161 FRo.~ 1151 FRa!'! 

(M:SHI LOCKIN6 LOCKIN6 PAI\TlCLES ASSAY SI~PLE COI'IPLEX FREE 
• 

---------------------------------------------------------------------------------------_. 
-64/+100 5~.j 11.1 33.6 0.99 O.5~ 0.11 0.33 

-100/+150 5l.1 lô.~ 3:.7 0.50 0.26 -. 0.08 0.16 

-150/+200 51.B 25.8 22.4 0.43 0.22 0.11 0.10 

-200/+270 3U 47.5 12.8 O.3J -).1 J O.lb 0.04 

-----------------------------------------------------------------~----------------_.-----

M r:; 50 -. 
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FIG. ~. 21 
TYPE OF LOCKING vs. ESTIMATED 

MA&NESIUM CONTRIBUTION 
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responslble for varlatlons of about O.l~~ Mg ln :lnc 

concentrates produced from dlfferent Plne POInt ores. 

The cavaI'" 1 ance ln FI gLlre 5.:: 1 between the magnesl um 

contrlbutlons of SImple locb.-ed partlcles and apparentl',' ·free 

partlcles sLlggests that most of the appar-entlv fr-ee sect.10ns 

were pr-odLlced b y lac f ed par t lCyl, es ~ howev el"'. 1 t was deCl dec' ta 

e,:amIne ln greater deta;ll the effects of sectlonlng upon 

observed partlcle dl:strlbutlons. 
\ 

In arder ta 51mulate the sectIons WhlCH can be prodLlced 

from any glven locJ...ed partIcle It 15 necessary ta SlmLllate the 

follolfung: 

\ 
II AlI possIble volumetrlc proportlIDns of gangue. 

:> AlI possIble sectlons through the sample. 

31 Ali posslble orlentatlons of the sample relatIve to 

the sect l on. 

A SImple model can be developed If It LS assumed that: 

11 The partlcles are spherlcal. 

::1 The boundarl es between ore" and gangue are planaI"'. 

These assumptlons are reasonable for many sulphlde 

c.oncentrates. Most 5ulphiqe mlnerals brea~ durlng commlnut""lOn 

Into partIcl~s wIth 10w aspect r-atlos. Whlle these partrcles 

are often falr1y angular there 1S a compensatlng factor 
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lntroduced bv the nature of sectlanlng a.nd partlC:le countlng. 

Odd corners wh 1 ch are 1 ntersected bl the pl ane of -the sectldn 

produc:e onl,. very smaii mlnerai sectlons Whlch are generally 

dlsregarded dL\rlng partlcle cOUr')tIng: thus. anglliar partlcles 

ara essent1ally "rounded Ollt"~ the eompensatlng bla.S ln the 
'- -- ,,// 

eountl H-g method. 

The aSSl.lmpt1~ that locked m1nerais have plana.r 

bOLmdarles lS valld at or below a certaIn graIn Sl;:e Wh1Ch 1S 

specifle ta the material being stlld1ed. At partlcie SI;:es weIl 

below the gral n 51;: e the ml nel""a l boundarl es are e:, pec tee ta be 

essent1ally plana,..: hO,wever. as the particie Sl:e a.pproacnes 

the g,..~a1n Sl;:e one may flnd mlnerai aggregates WhlCh e::h1blt 

lrregLllar_ or angular bOLlndarles. At very large partlcle Sl:es 

one may flnd gangue enclosed by sulphldes, or Vlce versa. 

It lS eVJ.dent that the comple:: loc\..ed partlcles se en ln 

thls stLldy dld nat e::h1b1t planar- baundarles over the s;.;:e 

range Wh1Ch was e::amlned. In fac\,' the gr.un Sl:es observed ln 

the comple:: partlcles were so much smaller than the part1cle 

sl~es that the carbonate contents whl ch were obser'/ed 1 n the 

particles should have been Insensltlve ta or-lentation and 

sectIonlng. The SImple loc~ed partlcles. however. e::hlblted 

mineraI boundarles whlch weTe very close to planar ln most of 

the partlcles. E::amlnatlon of FJ.gure 5.17 reveals that tt:e 

'slmple locked partlcles could e::hlblt a varJ.ety of sectJ.on 

.composl t 1 ons depend 1 ng Llpon the::. r or 1 entatl ons rel atl ','E' ta the 

plane of the sectIon. 
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The u_nlque lntersectlons between locked partlcles and 

sec t 1 ons throLlgh them can be e::aml ned by tak1 ng a f 1 ::ed 

orlentatlon of the sample and rctatlng the seC'+':'l8n thrOL.lgh ail 

possible unique orIentations. The unique orlentatlons of the 

sectlon are,11mlted b.,. the symmetr" of the partlcle. 

A spherlcal partlcle composed of two mlnerals separated 

by a planar boundar~ has an a::15 of symmetr', pass1ng trom the 

centre of the part1cle thrOL.lgh the center of the bO\.lndar'l. 

Flgure 5.~= shows a locked partlcle wlth the mlneral boundary 

"orlented hor1;:ontall'i and the a::lS of ~ymmet""1 PaSSlng 

t 

vertlcally through the center of the part1cle. A horl:ontal 

section 1S ~hown on the sample. located a d1stance "X" a"",ay 

from the center. In thlS orlentatlon the observed section 

WOl.lld be a free ore partu:le wlth gangue below the sLlrface. If, 

the sectlon 15 rotated (Flg. 5.:::) lt 1ntersects 'he gangue 
1 

and a loc~ ed partlcle 15 seen. If rotatlon contlnLles the 

section wll1 eventyall y leave the gang\.le and a free ore 

par tl cl e wlll b.e s~n once agaln. Due to the symmetrv of the 

"splnnlng" the partlcl'e out of the plane of the paper; thl.:s • 

• 
the total pOSS1 ble lntersectlons between the luneral and the 

sectlon can be SlmLllated by ~eeplng the or1e0itat10n of the 

samp 1 e constant and by rotatl ng the sect l on ~rOugh 11" radl ans 

ln the plane of the paper. The total pOSSIble comblnatlons of 

sample and sect;l,on orlentation can therefore be slmulated by 

'performlng the follo~Hng operations: 
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~ FIS. :5.22 
VERTICAL SECTION THR0U6H LOCI(ED 

PART 1 CLE 
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FIG. ~.23 
VERTICAL SECTION SHOWIN6 ROTATED 

PLAtE OF INTERSECT ION' 
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1) Th. distance "X" 15 5imulat.d between (X~O) and 

(X .. R) , where R = the radll.lS of the par~J,cle. 

:) S~nce the volumetrlc proportIon cf gangue 15 related 

to the dl stance "Du of the ml neral l nterf ace from 

the center of the partlcle (Flg. 5.:::). "D" 15 

Slml.llated from <D=R) to (D= -R). 

'3) At any glven "X" and "0", the sectlon 1S rotated 

frem (CR=O> throuQh <QR=T). 

Fq~ures 5.2:: and 5.:::: 111ustrated a eombination of "0" 

and "X" whl eh coul d not produee any free ganQl.le $ectlons. 
~ 

Sectlons of ap~arently free gangue are produce~ from loeked 

partlelss only when ~ X o ~. /' 

Figure 5.:4 lilustrates a poss1ble sectIon through a 

loeked partIcle at sorne arbItrary "X", "0" ~nd "OR". The 

< " Il 
observed mlneral boundary is always planar Slnee It represents 

/~ 

~he ~nterseetlon of two ~lanes, le~ the true mInerai boundary 
\ 

and the sect l on. The sect ron e}:hl b 1 ts a radll.\5 of "F:''', wh l eh 

is. fl.lnCtl0n of,"X". and)an area percen'tage of gangl.le Whlc:h' 
./ 

i 5 a f unc t l en of Il X ", Il D " an d "CR". 

\ 
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FIS. S.24 
IllU..ATED "'ACI QII' RCTIONED 

PMT!a.E 
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Math.matical D.:velopmen,t of the Model 

( 
~ 

C· 

,. 
The volumetnc: proportion "V" of gJnQI.l .• ln & loc:k.d 

~ 

~:t: p.Jrtlc:le 15 related to the d1stanc:e "D" in Flg. ~.:: bv the' 
, , 
'1.-
" ;.(. equatlon: 
-; 
~j 

\; 
~ <D/R)"3 = 
) 

J: 
f 
.i~ In Flgure ~ .. :~ l t c:&n be •• en that for any dl stança "0" 

k 
the Qangue occupla. <onrm, o-f the totAl C:lrcumfer4nc:. oT th. 

i 

part1c:le, where: 

GlO = ARCCOS (D/F:) 

Th. &nQular saparatlcn of the sectlon from th. ganQl.le 1s equal 

tOI 

" 
GlX OD 

whare. 

GlX = ARCCOS (X/R) 

1 
" 

The three poss1cle types of mlnaral SlIctltJn are a) free 

gilngue~ b) loc~ ad partlcles; c) free ore. Thes. three parhcle 

types are produc:ed in three ranges of OR., as summarlzed below: 

.. a) { 0 <: OR <, : (QX - CD) } (FREE GANGUE) , 
--\ 

b) -:: 1 (CX GlO) QR (OX + QD) ~, (LOC~ .ED) 
',' 

" 'c:) { (OX + QO) < QR ~' , 'JT' J. (FREE ORE) 

. , 
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If (QX ; QO) It 15 not possIble to produca fr •• g.ngue 

f • 
•• ctl0ns. l'n th1S case~ free ore 1S :ieen ln both (.l) and (c). 

By calculat1n'i) the three ranges lt lS possr.lble to 

evaluate the amount cf "free gan,.gue" and "frae ore" sectIons 

WhlCh wIll be produced by a glven "X" and "0". If X 1S steppad 

through the range ~ 0 X F: ~ then cne can obtaln an 

estlmate of the total amount of free sectlons produced by cl 

part 1 cl a of ~ nown "0" {l e. known com~osl t l on) 1 n r-andom 

orlentatlon. 

Sect10ns Wh1Ch Ile ln the second range (as descr1bed 

ai;)ove) are locked. The area of a locI ed sect10n Whlch 15 

occuplad by gangue lS a functlon of X. D. ax. aD a0d OR. If 

'. 'th.se parameters are aIl speclfled lt can be sean from th. 

constr-L\ctlon ln FIg. 5.:24 that: 

W .: ,X * COS (OF: ) 
and 

N :: R' -' <D-:W) JSIN (CR,} 

'whera Ra. X * SIN(OX) 

Gi ven the val ue of N. one can cd cul ilta t;h. ar ... percent 

.\ 

ef ç;jilngu, ln the sampl~. In reT.rance te Fig •. 5. ~4: 

TOTAL AREA OF SECTION = 'lr * <R' ;"':2> 

aN::; ARCCOS«R'-N)/R') 

'Z = R' * SIN ( QN ) 

and 'the perc:entage of gangue 15 equal to: 
, .' 

1 - <GIN) IT - Z (F-' -N) / <'1T(F:' "2) ) 

" 

" , .' 
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TAa.E 5.7 
... "UX P"DJM,ŒD IV SJIU..ATIDN .. "aSAM 

( · ( 
.... ----.----------------.------.---------.-----------------------~---------------------------CDftPOSITIDN DF PARTICLES (1 6AN6UEl 

. 00-10 10-20 20-~0 30-40 40-50 SO-cO 60-70 70-80 BO-~O 90-100 1 

I-------...-----~_--_.-----------------------------------------------------------~--__ --___ I 
1 C ! FREE lIRE 
'0 S 1 00-10 
! ft E 1 10-20 

56.15 31/.90 31. 51 25.~ 20.39' 111.12 12.34 8.85 S.~ 2.15 1 

22.79 11.26 1.71 5.72 4.35 3.61 2.04 I.BS 1,1~ 0.42 1 

ll.Ob 16.U 9.&4 5.92 4.34 3.=1 4.35 1.61 0.9b 0.36 1 

.... 1 pel 20-30 3.02 . 12.5B 15.19 8.14 5.45 4.00 L.81 1.99 1.12 0.40 1 

'oor\ 30-40 
, S F 1 j 40-50 

1.50 4;97 11.b9 15.14 8.17 5.47 l.b7 :.41 1. :9 0.51 1 

0.99 2.15 5.27 10.47 15.6~ 9.24 5.44 1.18 1. B9 0.66 1 

1 ! l, 0 1 ~O-&O Mit .... 1.89 3.3B 5.44 9.24 15.05 10.47 ~.:7 4.;' O.9~ 1 

1 T N 1 60-70 0.51 1.39 2.41 3.07 5.47 9.17 IS.14 Il.69 4.87 1.50 1 

'1 5 1 70-S0 0.40 1.12 I.B9 2.81 4.00 5.45 8.14 15.19 11.59 3.02 
~ D 1 80-90 ~.16 0.96 1.61 2.35 3.21 4.34 5.92 8.6~ 10,111 11.06 
1 JI 1 90-100 0.42 1.12 1.85 2.il4 ~.b1 4.35 5.72 7.71 11.26 ,2. i9 
1 1 FREE 6MI6UE 2.15 5.55 9.B5 12.34 16.12 20.39 25.37 31.51 39.90 56.15 1 

. .._--_ .. _----..... ---....... - ----_ ... ------------------

• , 0 
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The distrlbutlon of observed gangue percentage$ from 

partlcles of a glven volume percent gangue can be 51mulatad by 

aval uat 1 ng the above e:' pr- e5S1 on thr-ough the range 

,. .. IOX-QDJ CF ~ for all values of X ln the.range 

x R ). 

,-
The slmulatlon need only be applled to partI cIe 

compositlons between (1 and 50 volLI~e percent gangue. In' order , , 
to obtaln data for- hlgher gangue compostIons one n.ad onlv 

conslder the followlng: 

The amount of sections showlng (Y)% gangue from a 
';t 

partlcle of (Z)'l. gangue 15 eQual te the amount of 

s.ctlons showlng' (Y)ï. ore from al partlC:le of (Zl% ore. 

Slnce gangue plus ore must total 100%. thlS lS equal to 

the amount of sectlons show1ng (100-Ylï. gangue from a 

partlcle of (100-Z)j~ gangue. 

Thus, for !if:: ampl e, the cal cul ated amount of ~ectl ons 

conta1nlng ~5'l. gangue f~om a partlele of 4~% gangue must eQ~al 

the calculated amount of sectIons contaun1ng è5:: gangLle from a .. 
part1cle of 55% gangue. 

A program was wrltten to generate slmulated sectIons at 

varlous orientations through particles of var:OLlS composit1ons 

(Appendi;: 3 ). The Input '.'arlables TOr- the pr-ogr-am are: 

1) The steppl ng rate for partlcle compo5ltlons (ôV) • 

2) The steppl ng ratE.1 for sectlons <.~X}. 

~) The steppl ng rate fo .... rotat ion a'ng1 es (~dR) • 
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4) The d1mens10n CM) of ,the output matr1x. 

The output of the program 1 s a sqLlare C ~ * J ~ matn)( 

where I.J ; lS the fractIon of partlc:les of composltlon "1" 

WhlCh are prodLlced durlng the 'sectlon1ng of pat"tlcles wlth 

compoSl t l on .. J". 

Table 5.7 lS an outpLlt matrl:: WhlCh was prodLlçed ,-ls1ng 

'.,) = ':\.0:>. x = ').0:>. 

total of 500. (Joq sectlons were Sl mul ated dur 1 ng generat 1 on of 

the matr 1". The outPLlt can be Llsed to e:: amI ne the dl str l but l on 

of sectlons Whlch are e::pecteCl fram single part1cle 
, 

compos1tlons and to recalculate the o~lglnal partlc~e 

assembl ages Wh1Ch are represe,nt~d qy a gl ven assembl age of 

sectIon composlbons. 

FIgure 5.:5 shows the ,model predlctlon for the amoLint :lf 

. 
frae sectIons prod':-!ced by pal"tlcles of ar:'Y ,glven v'olumetr-IC 

(f 

composItIon of ore ,and ganguf;!. A.~ onè ma,! e:<pect. partlcles 

w1th.'sinall volLlmetrlc propor"t.lons of g~ngue produce many free. 

ore, sect10ns and, few free gangue sect10ns :"'h,tle parthcles wlth 

. large amounts of ga~gue pr-oduce few free ore seet 1 cns ançl, man y 

f ree gangue sectlon,s. 

It 15 a eommon practlce ln llberatlon studles to c.ount· 
') 

only the mInor çonst1tl.len,t mIneraIs of the sample. In Fine 

POl nt ;: 1 ne c:oncentr-ates, for el: ampl e. carbonate aceounts for 

only about ().5:~ of the eoncentrate volume. If free ore 

partI cl es were counted l t woul d be necessary ta eval uate many 

thousands of partI c l es 1 n order ta cOLlnt suff 1 Cl en t' carbonate 
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partlcles to per:form a meanlngful' statlstlcal anal ysis. ThLIS. 

in order to cOLlnt as many carbonate-bearlng partlcles as, 

posslble free ore lS often omltted. The resl...llts shown ln 
1 

Fl gure_:.5 .,:5 must therefore be ad.J Llsted. It car. be seen f rom 

the flgLlre that a partlc,le contalnlng 'JIn ga.ngue wll~,produc:e 

about li/. free gangue sectlons and :Si; fre, ore sect!ons, wit;h 

the remalning 61% composed of' locl'ed sectlons. However. when 
/ 

f ree ore l s not conSl dered the obsen/ed amount of f ree gangLte 

\An11 be 111(1-(l.:!8)Y. and tr-.e obser/ed amoL,lnt of locked 

sections wlll be 61/ (1-0.2S)i~. The adJLlsted amCLlnt of e.<pec:ad 
.1 

free ga~gue sec:tlons .1 s presented ln Fl gure 5. ~6. 

It can be seen ln Flgure 5.:6 th.at loc:J.-ed partlcles may 

produc:e s~gnl f lcant amounts of apparently free gangLle 

sectIons. Twenty-two perc:ent of the sec:tIons produced fr om a 
, 

partlcle wlth 50~~ gangue should be free gangue sectlons while 

, , 

50/. of the sections prodLlced fram a partlel e wlth 90% gangLle . , . 
shoul d appear ta be free gangue. Thl $ reveal s· a fLtndamental 

,f" 
we.kness ln llberation models Whlch use the dlrect observation 

of free gangue partlcles as a crlterion for a?sesslng 

liberatlon. Samples WhlCh con'tain absolLltely no fr-ee partlc1es 
-, -

may e::h1blt slgnlflcant amOLlnts of apparentl"y' fl'"ee sections:: --, 
JO 

Is therefore advantageous to fl~d a method by Whl~h a 

dlstribution. of sectlon composltlons can be manlpulated to 

prodLlce an e,timate of the parent partIele assemblage. 

=00 
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Reca 1 cul at 1 ng the Composl tl ons of Assemb 1 ages 

The observed dlstrlbutlon of sectIons from a partlcular 

assemblage of partlcles lS equal to the w€Hghted SUffi of the 

sect1.0ns generated by the lndlvldLlal" c:Jmponent par':.~c:e=;. 

Table 5.7 was produced bv slmulatlng partI cie composltlons ln 

two percent lntervals ,)from 1:: gangLle to 99:; gangL.e; then 

comblnlng the proflles lnto gr-OLlpS of f1'.'e to prodLlce ten 

evenly-spaced composltlon Intervals. The dlstrlbLlt:ons of 
{ 

sect 1. ons r-eporteô ln the tabl e are. b t t~lemsel .'es. assem:, 1 ages 

slnce each represents the sum of sect:ons prodLlcad br flve 

1 
lndlVldual partlcle COmposlt1.0nS. Flgure 5.:7 shows the 

dlstrlbutlons of :=.ectlons whlch are produced by three of the 

composltlon lntervals of Table ::.7. The section composltlons 

descrlbe an appro)~lmately nOt~mal dlstrlbutlon around the mear. 

part 1 cl e compOSl t 1. ons of the 1 nter- val s. These prof 11 es can be 

comb 1. ned ta 51 ml.ll ate assemb 1 ages Wl th ,a W1 der' range 0": 

compOSl tl ons • . 
FlgLlres 5.:8 and show two slmple types of loded 

par-tlcle assemblages and thell- eN;:lected proflles. In FlgLlre 

5.28 the Slml.llated assemblcage has an eQl.lal amount of locred 

partlcles of aIl composltlons. The parLc:'e composltlons are 

dlVlded lnto flve lntervals oT :O:~ WhlCh each contaln :O:~ of 

the total partlcles. None of the partlcles ln the parent 

assemblage are consldered to be free. The dlstrlbLltlon of 

.. 
e::pec'te?d pa,.-tlcle sectlons IS Slmllar ln form ta the 

assemblage of true partlcle composltlons. eHcept that the flve 

- --------.. ~~---------------- -~ ",. . ",,' .. ~ r 
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composltlon lnterva15 each contaln onl~ about 14% of the 

partlcles; the balance 15 mad~ up by free gangue sections, 

wtnch malee up over -:O:~ of the e ;pec':e·j ob~et \(at~ons. 

Figure 5.:9 Shows an assemblage of ~artlcles whose 

abundance 1S lnversel, proport10nal te ;angue cOhtert. Th1S 

could be ty;:Jlcal of many flotatl<:Jn prod\..lctS. It can be ~een 
-r 

that the model assemblage !~ once aga!n Simllar ln form to the 

real assemblage. except that the abundance of ~ectlons wlth 

1 arqe amount.= of gangue 1 s e:,agger-at~Cl and appro:,! matel'; :0:: 

of the observat1ons are e:pected lo be free gangue sections. 

It 15 pOSSIble to use an observed dIstrIbution of 5ectlon 

compOSItIons ta Interpret the true compOSitIon of a partlcle 

assemblage. Table 5.7 lS a square (J • Il matr1:,. ""here 

(J • Il lS the amount of, compOSItIon (Jl prod\..lced by the 

seetlonlng of particies of composltlon <Il. The ooser'.ad 

dIstrlbutlon of sectIons from partlcle counting lS an (1 X 1) 

veetor, and the orlg1nal part1cle ass~ffiblage can be Slffiulated 

by mult1plYlng the (! ,; 1) vector wlth the Inverse of the n X 

J) matr1::. 

Table 5.7 was condensed lnto flve =0 percent Intervals 

plus one c:lass for apparently free gangue. and the model was 

~pplled to the p~rtlcle counts of Table~ 5:= to 5.5. The 

c:qnden5ed matrl:, and 1tS lnverse are presented ln Tables 5.8 

and 5.9. and the reealculated d1str1butions of partlcle t~pe$ 

ln the four 51=e classes of the Ilberatlon study are presented' 

ln, T ab 1 e 5. 10. 
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TABLE ~.e ABRIDGED ~TRIX FROf1 SII'ftJLATION 

CONDEMSED VERSION OF "ODEL nATRIX I ________________________________ ~------------------------___________ • ________________ ~------------.-! 

1 1 ACTOAL l GANGUE 00-201 20-~Ol ~O-aOI 60-80% aO-Ioo: FREE GANGUE I __________________________________ ~ _________________________ ----------------------------------______ 1 

1 o G 00-20% 1 61. 78 19.74 9.52 4.i4 !.SC 0.00 
1 8 A 

S N 20-401 1 19.67 3S.23 14.:0 b.Q5 1.79 Q.OO 
E G 

1 RU 40-001 1 5.74 la. q7 lO.46 13. a2 3..:0 0 .• 00 
1 V E 

E aO-80% 1 3.12 7.47 14.07 28.03 11.54 0.00 
D 1 

80-100 1 2.al :5.86 9.46 1:5. bl 32.~5 0.00 

1 FREE GAN6UE 1 /.OB 14.7: 22.~8 31. 75 49.81 100.00 

T--": !., l~ OF ABAIDGED fllATAJ~ 

INVERSE OF CJNDENSEO "ATRIX 1 ____________________________________________________________________________________________________ 1 

1 ACTUAL l 6ANGUE 00-201 20-401 40-601 60,.901 90-1001 . FREE 5A"GUE 1 1 ____________________________________________________________________________________________________ 1 

1 06 00-201 1 

1 BA 1 

1 S N 20-401 1 

1 E 6 
1 R U 40-601 1 

1 IJ E 
1 E 60-BOI 1 

1 D 1 
BO-IOO 

1 FREE 6AIltiUE 1 

~ 

1.961 E+OO -1.037 E+OO -0.103 E+OO -0.~51 E-OI -0.341 E-O: 

-1.221 E+OO 4.309 EtOO -l.ô70 E+OO 0.133 E4 00 -0.594 E-02 

0.339 E+OO -2.259 EtOO 5.191 E+OQ -2.368 E+OO 0.428 E+OO 

-0.599 E-OI -0.145 E+OO -:.061 E4 00 5.56:; E+OO -1. 790 E +')0 

-0.725 E-03 -0.107 E+OO -0.215 EtOO -2.030 EtOO 3.a80 E"'OO 

-0.121 E+04 -0.497 E-03 -0.148 E-02 -0.226 E-02 -0.145 E-OI 

TALE !. 10 AECALCULATED ASSEMBLAGE 

PARTICLE SI!E: +100 +1~0 +200 

NU"BER COUNTED: 795 bB8 52b, 3B6 
• '_-------_-----------------------------------------------______ 1 1 _ 1 

1 OISERYED: 00-20. 
20-40 
4()-bO 
bo-BO 

, 80-100 
FREE GANGUE 

IS 
lS 
17 
15 
15 
23 

lb 
15 
lB 
I~ 
13 
24 

14 
lB 
14 
I~ 
21 
18 

!'? 
19 
12 
10 
10 
10 

1 

I_----------__ -------------------------~---------------______ I 
1 1 

1 RECAlC.: 00-20 12 13 7 57 
20-40 lb 15 39 17 
40-aO .. ., ..... 36 7 11 
00-80 23 25 20 13 
aO-l00 21 13 45 - 13 
FREE 6AH6UE -5 -2 • -I~ -10 

20~ 

, -_.".~--~~-"---~~-_._--

0.000 EtOO 

0.000 E+OO 

0.000 E+OO 

0.000 E+OO 
1 j' 

0.000 E,.OO 

0.100 E-Q2 

, 
-
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It can be a.en ln Table 5.10 that the r~con5tltvted 

partlcle assemblages are slmllar to the observed sectlon 

dl str l but l ons e::cep t that the reconst l tuted assemb 1 ages 

contaln no free gangue partlcles. The model contalns no 

constralnts to prevent the generatlon of negatlve results. The 

negatlve amounts of free gangue Wh1Ch are reported ln the 

reconstltuted as~emblages lndlcate that. ln facto fewer free 

gangue partlcles were observed than wer-e e;,pected, gl','en the 

dlstrlbutlons of sectlon composltlons WhlCh were abserved ln 

the StLldy. I t 15 therefore apparent that the free sect! ons ~ 

WhlCh were abserved durlng partlcle countlng can aIl be 

~onsldered to be loc~ed partlcles. In the two 51=e classes 

,wlth the hlghest Slmple loc~ed partlcle counts the 

reconstltuted assemblages balanced almost perfectlv wlthout 

havlng to add large negatlve amounts of free gangue. ThlS 

suggests that the fundamental assLlmptlons of the model are yi 
falrly accur.ate for the ;:lnc concentrate WhlCh was studled .... --/ 

A llberatlon study was performed upon a sample of Plne 

F'Ol nt 1 each f eed 1 n arder ta egaml ne the amol.,mt and t'Ipes of 

locked partlcles ln the :lnc concentrate. Twa dlstlnct types 

of locklng were observed. ~nd th.se types reflectad two 

dlstinct typ'es of te::tw-al assoclatlon ln the ore. It was 

lnterpreted that the colloform and bloc~y textures'producad 

âLmQl~ locked partlcles, WhlCh conslsted of sphalerlte and 
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dolomlte separated by planar boundarles. Th~ dlssemlnated ore 

produced ~Qm~l~~ loched partlcles. WhlCh contalned small 

1nciuSlons of dolomlt@ ln sphaherlte. or VIce ~ersa. The 

s1mple loc~ec partlcles showed e~ldence of lncreased 

Ilberatlon between the Sl:e classes +100 ta +=~O mesh; 

however. the c:o.nple:( p~tlC:les appear-ed to c:ontrlbLlte a more 

or l~ss c~nstant 0.10% Mg ln thlS range of SI:e classes. The 

contrlbLltlon of comple;, partlcles to magr:eSl\.lm contamlnatlon 

was not e:,pected to decrease Llntll abOLit :::5pm. Sinee the S14:e 

of the magneslum lncluSlons was t~pleally :-50 ~m. Magne~lum 

contrlbutlons from comple'\ loc~ed partlcles c:ould remaln h1gh 

at partlele SI.:es down to abOLit 5-1\).~m. 

Many free sectIons were' obser~ed durlng partlele 

countlng. and It was not ~nown whether these sectlons 

represented free partlcles or whether thev were actually 

loc~ed. A model was de~eloped ta reconstruct the orlg1nal 

part1cle assemblages based upon partlcle countlng data. and 1t 

was found that the fre@ sectIons Whlch were observed were 

llkely to ~ave aIl been loc~ed. 
----~~ , l' was therefore concluded that loc~lng was the prlnclpal 

source of magnes1um contamlnatlon ln the :lnc cpncentrate. and 

t,hat variatlon ln ore te:;tLlres 15 a probable cause of varl.3\blé 

metallurglcal performance exhlb~ted bv Plne POInt ores. 

Intrlcate texturaI aSsOciatIons between sp~dlerlte and 

carbonates could be respon51ble for ~arlatlons of about 0.10X 

ln the Mg content of varlOU5 Plne POInt :lnc concœntrates. 
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The Plne POInt leach plant (was prevlously descrlbed ln 
, 
Ch~pter 1. The operatlng parameters WhlCh are under dIrect 

control at the Plne POInt mlll lnclude aCld addltlon, pulp 

denslty and resldence tlme of the pulp ln the dlgestors. A 

series of controlled te5ts were performed upon a sample of 

Plne POint ,leach feed ln order to e;,amlne WhlCh If any of 

these operatlng parameters affect the efflclency of le~chlng. 

Two series of leach tests were performed ln order to evaluate 

the effects of varylng pulp denslty and resldence tlme ln the 

leach tan~. An aCld addition correspondlng to :9~g;tonne 
C 

(941bs/ton) was !..,sed ln aIl tests. The feed was 'ul trasonlcall 'f 

dlspersed ln dlstilled water and leached ln plastiC vessels. 

" Magnetlc stlrrlng rods were used to ~eep th~ pulp ln 

suspension durlng leachlng. At the completlon of the tests the 

pulp was flltered through a Buchner funnel and rlnsed three 

tlmes wlth dlstilled water. The leachate was analv~ed for 

zinc:, :.ron, calCium and magneslwm. 

The concentrate used ln the tests assayed 6:.46% :lnc. 

Cl.494~~ lron, 0.5::4i: magneslum and 0.7:5:: calCIum pr-:.or- to " 

Ittilch 1 ne;). Th~ concentrate was 1 eached for- 9(> ml nL,tes at pul p 

den51tles from 10% to 70% SOllds and the amounts of each metal 
lJ 

removed dur~ng the leach were calculatttd from tMe assays of 
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the leachates. Table 6.1 aDd FIgure 6.1 show the masses of 

soluble metals WhlCh were found at the concluslon of the 

tests. 

It was found- that pulp denslty had 11ttle effect upon the 

efflclency of the leach. There was no statlstlcally 

slgnlflcant varIatIon ln the amounts of :lnc. Iron and 

magneslum WhlCh w~re removed over the range of pulp oenSltles 

I.lsed ln the tests •. Ther"e was a decrec:>.se slgnlflcant at the 9(I~~ 

levei ln t~e amount of calCium removed wIth lncreaslng pulp 

denslty. It lS lnterpreted that th1S decrease was caused by 

the llmlted solubIllty of calcIum sulphate (about :g/lltre) 

WhlCh may have been preclpltated at hlgh pulp denaltles. The 

scatter ln the amount of calclum detected ln Solutlon 1S most 

If~~ly te have been caused bi variable amount5 of calCium 

sulphate precIpltate WhlCh were dlssolved durlng rlnslng of 

the leached concentrate. 

The results of thls serles of e::perlments are ln 

agreement wIth prlor wor~ lnvolvlng the sulphurlc aCld 
,07 

leachlng of carbonates. Frenay (1977) found that the"leachlng 

rate"of manganese carbonate (a chemlcal~y and 

crystallographlcally slmllar specles) was lndependent of pulp 

demi! ty. 

, 
the amounts of sol~ble materlal present ln the unleached feed~ 

The amount of soluble metals found ln the control leachate was 

about two orders of m~gnltude lower than the amount found ln 

( 
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LEACHING OF PlNE POINT ZINC CONCENTRATE 
\.' AT VARlOUS PULP DENSITIES 
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EF~ECT OF PULP DENSITY UPON LEACH EFFICI~NCY 

1 ______ -----------------------------------------------___ 1 

PULP 
DENSITY 

(GRAMS LOST FROM A 
MASS LOST LOST 
LOST ZINC IRON 

5F:AM SAMF'LE) , 
LOST LOST 

CA MG 1 ________________________________________________________ i 

70 1. :0 0.::4 • (157 0.1:: • r)88 
60 1.44 0.::::4 .1)60 0.15 -IQ'"' · \~ ~-
50 1. 44 0.;:::3 .061 ().15 .1)0(' 
40 1.44 t). :::: • Obi) O. 1:: • O~O 
30 1. 4:- O.::::' .06(1 (j.l6 (10"7 

:25 1. 46 O.::: · ('59 ().16 • r)97 

20 1. 45 f). :4 .06:: O. 15 • (IQ(l f 

15 1.46 ,). ::: .1)60 0.14' .085 
10 1.5: 0.:-: .06(1 ().16 • ('9:::: 

1 CONTROL (NO AeIO) .001'3 .0Dl .005 .001 
(F'. D. ::0%) 

---------------------~--------~-------------------------

TALE 6.1 ACID LEACHIN6 AT VARIOUS PlLP DefSITIES 
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the leachates from e::perlments uSlng acid (Table 6.1>. It was 

therefore concluded that ~lrtuaily a1l of the metal~ fouhd ln 

solution were solublll=ed by the leach • 

. Slnce the leachlng tatas of ~lnc. Iron and magne~lum were 

lnsensltl~e to pulp denSl\V lt IS posslble to dete~mlne a~ 

appro;;lmate efflclency of the leach. It can be r-eadlly 

calculated from the feed assay and from the data of Table 6.1 

" that appro:::.mately 70~·~ of the magnesllum was dlssolved dLtrlng 

the tests ~ along WI th 1. 5~~ of the = 1 njl and 60/: of the 1 ron. 

The dlsSol~tlon rate of ~lnc which was obser~ed ln these tests 

lS slmllar to a D: ::ln::: loss WhlCh was e"perler;'lced durlng test 

The rate of :lnc leachlng IS onlv about =% that of 

magneS1Ltm. howe' .. er". Slnce :lnc lS mLtch mor"e abLlndant than 

magneslum ln the con~entrate the amount of aCld used ta 

dlssolve :lnc lS comparable) to the am\JLtr.t L.lsed to d:.ssolve 

magneslum. It car. be calculated that for ,e .. er, mole of aCld 

WhlCh dlssolves dolomlte +:'here are appr:>)'lmatal', (J.o moles CT 

aCld whlch dlssol'/e Iron and zInc. Thus. no more th,an 60-65% 

of the aCld 15 çonSLlmed by the dlssohltlon of dolomlte. 

Moreo~er. a certa1n amount of calclte. galena and trace 

m1nerals are dlssolved ln the leach and there lS always sorne 

aCld WhlCh passes unused thiough th~ leach Clr~Ult due ta plug 

flow through the leach tanks; thus. the amount of aCld WhlCh 

lS a~allable for the d1Ssolut1on of dolomite 15 probably 

somewhat less than 60% of the aCld WhlCh 1S added to the 
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digestors. ACld addl tlon must thet-efore be appr"o:,lmatel'/ tWlce 

~be amount wh!ch lS requlr~d to stclchlometrlcaLl~ ~lssolve 

the dol amI t2. In arder- ta redLtce the magnes.:. UITI 1 e ... el ln a 

::oncentr-ate fr-om ':'. ::5~~ 1'1g to .). \)5~': one mLlst add aPOre): Imatel y 

48-6~ ~g of aCld • 

Table 6.: and Flgu~e 6.: show tHe co~c~ntratlon of =lnc, 

l,.-on and magneslLIIn ln the leachate as a fl.lnc:tlor. of t::.me. In 

~lgure 6.1 lt was se~n that leach ~fflcl~nc, at 90 mInutes was 

,lndependent of pLllp denslt'1. T • ..,o diffen:?nt pLllp denSlt.:.es C:::r:.:~ 

and 50%) were used ln thls serIes of tests ln an attempt to 

e::amine the possIble affact:; of pLllp den:Slt'1 Llpon laachlng , 
~lnetIcs at short leachlng tlmes. 

The leach1ng times used ln thlS serIes o~ tests rangad 

fr-om '3'0 ml nutes ta 5t) hours. It was dl ff 1 cul t ta perform 
-,~...,..-

e::perirnents wlth leachlng times of less than :;.:, Illlnutes. :Slnce 

no neutrall~lng agent. were used~to a~r-est the dIssolutIon 

process and the time requlr~d' to fiiter and wash the 

concentrate at the end of the leach was ab~ut 10 minute~. 

The results shawn ln FlgU(e 6.: Indlc:ate tha~ th~ leacn 

15 essentially complete at ::0 m1nutes. No slgn1flcant changes 

in the masses of soluble ~etals were obSer\ed at tlmes greatar 
, . 

than half an hour. Gorman et. al. \1976j fOLlnd trlat the 

reactlon between ~Inc concentra~as and ~ulphurlc AClj at the 

3aLlget refJ.ner,' was es:=,entlall i .=.omplete after- 9 1) ffilnLltes. 

_ .... __ ~.~ - r-'---------~-
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TABLE 6.2 EFFECT OF TIMEUPON ACID LEACHING 
. -------------------------------------------------------

Gr:; AMS OF ~'EH1L JI SSO~·.'ED 
FULF 

1 DE~.JS 1 T': TII'1E 2INC l F:QI'J MG CA 
1 ______ -----------------------------------------------__ 1 

::-1) 1"11 N (1. ~~ , , -- · ('5 ( :'. 1:\9 , , 15 
60 MIN (l. :5 " 

r)Cl r). ,-, - \:' . :1. C' · ..J 

1 :r:, MIN ':'. :4 , · I:'è. .-' (JO (\ . U: 
:40 MIN ':J. :4 1 · ':'6 1:), l)'=? " 16 

:::00(1 MIN 1:1. ~~ '.'. 06 (1. ! 1) ,-, 15 -- . 

::(, 1'11 N ,-, ~- (1 .. ':'6 1) • • :1::) , 15 . --
6': , MIN (J. ~- 1). ')6 r) • ,)- ,) . 15 --

1:0 MIN (J. ~- C' • ('b ,-, ,·,0 , '. 16 - - , 
:4,:' MIN (:' . :1 (, . ')5 (:1 1 ,) , , . 16 

:::0('0 MHj (:1 """" (1 .. 1 :'0 (1. 1 ':' (, . 15 --

:14 
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FIG. 6.2 
LEACHING OF PINE POINT ZINC CONCENTRATES FOR 

VARIOUS TIMES 

Sofld, 500/D P.O. ACID::: 94 lb./ton Open: 20% P. D. 
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Tests at the 5a\..lget reflner, were pe:or-~or-med on ~ pllot plant 

scale. ~nd may have req~~~ed longer leac~ tlmes than t~a 

tan~s. 

o+or,l. 

=. 3auget 

ef';' l c:: l enc, 0+ ~ost-leach flltratlon Gormar, et. - , 
d ••• 

, 
were r-etalned fOI" leach tests. ),-r-a, dl.::..cr-ac.tCJmetr-, r-e.ealed 

~races of calclte. A test was set up te slmulate a feed of 

0.4'; dolotnlte. leached olt 5<:,:: pL.lç dens~t, w..:.th ~r, ac:.j 

aCldltlon of 4~ ~ g, tonne. Leach resld\..le ""as c:::.lle:octed at tlmes 
J 

tlmes d;"l:'""lng the test. based upon ~elëotl.e dl..cfr-actlor peaf 

f 
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FIG. 6.3 
DD"POSITION OF LEACH PRECIPITATE AS 

A FUNCTION OF TIME 
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helghts. It can be seen that :::alclte was dlssol .ed vnthln 10 

An anr ,dr-OLIS mpnOc.llnlc calclLlm :'L.l;:,h.::-..t.e ;::'::1_ ,lTIorph "lBS 
"? 

form was found ta be unstable ln aclutlon a~d s~ont~neousll 

g,;JSLIITI :C:-.SC".:H1J) wlthln l':J hOLtr ... '1aS5 1=:55 .~, t'",,: SédTl~:e 
p 

was sma.ll Slne2 each male ot dolomlt2 (j1.W. lS4.ç,',n.Jl 

one mole of calC1Ltm sLIlphate (!'1.W. l:"og fTI::Il. or :5ôl~ mol "men 

as flne aClc~lar needles. 

or-der- ta e"amlne the rTlec.~lan!sms ëlnd the ':netlcs cf cëllclLlm 

1S eqLIl.ralent ta .ar,,!ng the concentr.;\tlor, of aCld ln 

=or,stant aCld addltlon per- tanne ot sol!ds) are ;:;rC;Jortlonè\l~ 

sLllphate and mass 105S reëlched almast :)(:\:~ b, :;1) fnlnltte5. At 

!:>upel""saturated ln solutIon pl""lar te pr-eclpltë\tlon. The resu1ts 

It was shown that dclomlte dIssolutIon wClS e~sentla11y 

complete dfter 45 111.1nU~es. The m::.r.::.m.al .cl_me ot .... dter at :::C~ 

::18 
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MASS LOBS IN LEACH AS A FUNCTION OF TIME 
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pulp denslty caused f~st supersaturatlon of the Solutlon. $0 

that Ilttle mass change was observed when the ~upersaturated 

The resI..llt3 lndlcate that thera l~ l.l.ttle .:lr 'la l.lne~.:..: 

ad.ant~ge to lncreaslng the cor.centratlon of aCld ln SOll.ltlCr.. 

Dlssoll.ltlon of dolomlte ~"as essentlall', complete af':ar- 4':-6':' 

fTtlnLltes. ,.-ega,.-dless of aCld CG1Cent,.-atlon. Fo,epeat tec:ts were 

performed at aCld add,;,tlon r-ate:5 fr-am:( to 1=:( ~g/t.=inne. and 

lt was fOLind that the curies reported ~n Flgl.l,.-e 6.4 were 

of aCld needed for stolchlometrlc dlssolLltlon of a feed wlth 

0.4% Mg lS :: ~g/tonne. '$0 that lt appea.r-s that ln the ab:5enca 

of sl..llphldes llttle e;:cess aCld 15 :;eeded to ccm~lete the 

dlSSoll.ltlon r-eactlon. 

Magnesll..lln WhlCh lS r-emoved dW-lng the leach ';'$ not 

e.:pec::ted te preclDltate a.s a. sulphate Slnce tt"le solubll1t,. of , 

magneslum sl..llphate lS about :(X, g/11 ter- at room temperatl..,r-e. 

l t l se.: pected that most of the magnesl Llm !. .=iflS wh l ch go 

lnto SOll.ltlon should be lost dLw~nç; thlC! en,;,ng and flltrat.:.on. 

removed ln the leach may be repreclp1tated 3:5 m~ç;neSlwm 

h r'dro.: l de ln the :;e: . .ltral::. ;:er at the end of the 1 each. 

Theoretlcal calcl..llatlons made for a hypothetlcal Clr~ult can 

:?20 
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predict the likellhood and the approXlmate magni tude of the 

problem. 

If a magnesi um reduct 1 on of 0.3 weI ght percent 1 S 

effected ln a leach feed at 65 percent pulp denslty the final 

concentration of magnes1um 10ns ln solution should be .003 

tonnes per 0.5 tonnes of water. ThlS 15 equal to about 0.25 

mol es per Il tre. The sol Ubll1 ty product of Mg (OH)l 15 1.2 ?< 

lOE-ll (CRe Handbook, 63rd ed.>. When the solution 15 

neutralized ta a pH of 7 the SOILlblIIty of magneslum IS equal 

to: 

{ 1.2 x lOE-ll / 1.0 * lOE-7 } , or 0.00012 mol/-l1tre 

lt is expected, therefore, that neutrallzlng the leachate 

should result ln the repr~clpitatlon of over 99.95% of the 

magneslum ions as a hydroxlde. Thl.s calculatlon lS an 

overslmplification Slnce the SOlLlbillty of magneslum ln the 

neutrallzer may be affected by factors such as the 10niC 

strength of the solution, pOSSIble supersatùratlon etc.; 

however, there exists a distInct possiblilty that the 

magnesium 15 solublllzed ln the leach, only ta be 

reprecl'pitated ln the neutrallzer. Such a phenomenon would 

explaln the fact that Ieachlng naver seems to remove aIl of 

the magnesium from leach feeds, aven though dolomIte shouid be 

readily soluble in sulphurlc aCld. 

A sample of post-Ieach (final) Zlnc cancentrate from the 

Pine POlnt concentrator was tested for soluble magneslum. The 

concentrate was dry and agglomerated upon receipt, and assayed 
~ 
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0.347. Mg, 0.787. Ca. The material exhibited streng hydro­

phob1C~ty and could net be wetted ln water at reom 

temperature. Two 100 gram 5ubsamples were boiled for 30 

minutes ln dlstliled water, then flltered and dr1ed. The dr1ed 

concentrate wa5 powdery and showed none of the agglomerates 

which were present in the orlglnal sample. The assays of the 

two sub5a~ples after boiling wer. { 0.23% Mg, 0.45% Ca } and 

{ 0.19% Mg, 0.36ï. Ca ). Thus, 1 t appears that up ta < 457. of the 

magneslum and up to 55% of the calclum ln the concentrate was 

in the form of soluble salts. No soluble salts were detected 

in the control experiment WhlCh was performed upon the Plne 

Point pre-leach ZInc concentrate <Table 6.1). Thus, it can be 

concluded that the soluble magneslum extracted from the 

post-Ieach èoncentrate was produced durlng the leach. 

The possibility of I1gCOH)l preClpitatlon ln the 

neutrallzer merlts further examlnatlon. It lS found at Pine 

Point that the neutrallzer reduces soluble zinc to 

metallurglcally lnsignlficant levels (Jones" 1980). It 15 not 

known whether tDe zinc preclpitates as a hydroxide or as an 

ammonla complex; however, 1t i5 pOSSible that zinc 1S not the 

only metal ta precipltate Dut of solution. The problem could 

be compounded if MgCOH11 nucleates upon sphalerlte Slnce this 

would, in effect, cr'eate "locked" sphalerlte 1 Mg (OH)l 

compoS1tes and result ln low magnesium reJectlon during 

post-leach flotatlon. 
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The maJor pd1nts coneernlng the leachlng of Plne POlnt 

'- Z lne conc:entrates ean be SLlmmarl ::ed as fo11ows: 

1) :"eachlng ef.flclency was found to be Independent of 

pui p denSI t y. 

~l The dISSolLltl0n react10n was essentlallf complete 

after :'0 mlnutes. but cOl;lld ta~ e longer ln a tan~ wlth 

less agItatIon. The mean resldence tlme of concentrate 

ln the P1ne F'oint leach ;::lIant 1S appro,lma·tely' two 

hOLlrs (Flgure 1.4): there-ror-e. :t 1S probable that 

the dlssolutlon reactlon reaches comeietlon. 

::;) DIssolutIon of ::lne sulphIde was appro: Imatel', 1.5~: 

un der condltlons slmIlar to those at FIne F'olnt: 

however. soll.lble =1nc 1S gener-all, reel.oumec ln the' 

neutrall::er (Jones. 1980). 

4) SeIeetlYlty of leachlng was found ta be hlgh. wIth 

magneslum leachlng rates reaehIng apprO::Imately 

50 tl mes the I eaeh 1 ng rate of = 1 ne: however- the 

amOL\nt of :: Viie ln the' eoncentr ate was appro:: l matel y 
\l 

50 tlmes hlgher than the amount of magneslum. The 

amOL\nt of aCld consL\med by the dlSSolL\tlon of 

sphal er l ta was therefore eomparabl e ta the amount 

of aeld consLlined bv the dlSSoll.ltlon cf dolomlte. 

5) It was appro:.lmated that the amoLtnt of Bel d needed 

to reduce the magnesl um assa,,' 1 n the :: 1 ne conc:entrate 



by 0.3% 15 between 48 and 60 ~g/tonne. Th1S lS 
l 

appro:nmately t~·u.ce the 'amount of aCld whlch lS n~eded 

for stOll::hlometrlc dlSSoll.\tlon of the dolomlte. The 

excess aCld is needed due to the dl~Solutlon 0+ 

sphalerlte. When pure dolomlte was leached It was 

found that the stolchlometrlc amount o~ aCld was 

sufflClent to complete the d;l.ssoIL\tlo,n r-eactloh. 

"" 6) Calclum sulphate was feund te pr-ecIPftate from 

solutlon at hlgh pulp denslt1es. The ameunt of 

sulphate preclpltated depends,upon bo~h the pulD 

denslt~ and the amount of dolomite dlssol ~ed. 

A feed aS~aylng 0.4% Mg preClpltates sign:flcan~ 

amounts of sulphate at pulp densltles over ~O%. 

7) The,.-e e:,lsts a posslblllt'r that magneSll.lm Whlch 15 

dlssol~ed ln the leach may be repreclpltated as 

Mg(OH)z. ln the neutrall=er. It was fi!ll.\nd that soluble 

magneSll.tffi comprl sed apprp):lmatel t' -::i-45i~ of the 

total magnesl~m ln a sample of :lnc concentrate 

~hlpped frem the Plne POlnt concentr-ator. Soluble 

m~gneslum was net found ln a sample of Flrie FOlnt 

pre-leach =lnc concentrate. 
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The test wor~ reported ln thlS' theslS lndlcates that 

locklng lS a major source of contaminatlon ln F'lne Point Zlnc 

concentrates. Loc~ed partlcl es l'lere subdi vlded lnto a ,"slmple" 

type, WhlCh would be unlocked by a modest reduct10n in grlnd 

S12:e, and a "comple:<" type, Wh1Ch would not be e::pected to 

liberate at grind sizes over approximately 25}-1m. 

The batch grlnd1ng process used in la,boratory worr-

typlcally y1elds a w1der· part1cle Sl;:e distribut10n than that 

whlch 1S experlenced in plant-scale closed cycle grlnding. A 

1 aboratory-produced a5sembl age Wl. th a gr1 nd si ze of 50% -::00 

mesh contalns more coarse and more f1ne part1cles than 1ts 

pl ant-scal e counterpart. For thl S reason i t 1 S eNpected that 

the sImple locking problem e::perlenc::ed in the laboratory 

" 

sh~uld be of a lesser magmtude ln the'plant. The 

eontam1nation Introduced by complei< locking, however, should 

be ·of a similar magnltude ln the laboratory and ln the plant. 
"-

It is therefore poss1ble that comple:< locking could cause a 

background level of about O. 1~~ MÇj dt.lrlhg plant processlng of 

the "d;'fficult" ore used in this, study. 

The two d1fferent types of locked partlcle were related 

t.o two dl.st 1 nct petrograph1 c te:d:ures whi c:h were not found 

together in s1ngle hand samples of ore. It lS probable that 

d1fferent Pine P.olnt ore bodies c:ould contaln vanable 
i 

proportions of the two te::tural ore tyPtl's. 
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The presence of f l ne te,: tures 11;) Pl ne F'Ol nt ml Il feeds 

poses a pr-oblem Whlch 15 dlfflCLllt ta solve. It was found that 

dolomlte-bear-lng sphaler-1te partlcles were stronglv flotable. 

and coul d not be easll y separ- ated l. nto ml ddl1 ng st:--eams. ThLls 

the anl y conventi onal ways ta r-emave the magnes1um are by 

l each l. ng. as per the curre,nt ml II procedure. or- by 1 nstalll ng 

a :lnc regr1nd. as was done at the Magmont c:oncentr-ator- ln 

Mlssourl (Schwelt::er. 198:'). 

ZInc c:oncentr-ates pr-odLlced f r-om Pl ne F'Ol nt or-e cantal ned 

Ilttle f1ne magnes1Llm. It was obser-ved that re.Jectlon of f1ne 

gèlngLle was not ver-y select1ve Slnc:e 1a\"ge reclr-cLl1atlng loads 

-----of flne ;:lnC wer-e bLlllt Llp between the clea.ners and the 

rougher dLIr-lng loc~ed c:ycle testlng. Th~~'r-esLllted ln hlgh 

lasses of flne ;:lnc lnto the talllngs. and a lower-lng of 

overall ;:lnc: rec:overy from over '98% ln open cycle testlng to 

about 95% ln the locked cycle test. The low selectlvlty of 

flotatlon' ln the flne Sl:es could glve rlse to an entra1nment 

problem 1f flotajtlon tlmes were Incr-eased ta boost ;:lnc 

racovery. v 

MagneslLlm contamlnatlon ln the f1ne Sl:eS lS oft.en bLlt 

not al ways a probl am at the Pl ne Pal nt concentr-ator. In an 

Inter-nal'· Comlnco repor-t (Aug.8. 1974) lt ",as stated that: 

"OccaSl onall y. cl eanl ng resul t5 in the MgO grade bel ng 

lowest ln the -:;25# fracti on. \iowever. th l s 1 s not 

conSl stent and the grade 1 S not l ess than f).4%I' 

" 1 
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Tests were performed upon samples of PIne POInt gangue ln 

order to verlfy that the gangue e::hlblted no flatatlon 

respanse. It Wc.'\S faLlnd that gangue was recovered ë>t a 

slgnlflcant1'l lower rate than water Linder t'(plcal FinE' F:n:lt 

fiotatlon conditIons. and that tr-,e r?ver r of gangL\e was 

slmllar ta the recovery of pure slllca sand under the same 

fiotation condItIons. FIne ganguE was recovered at a faster 

rate than coarse gangue. but at a lower rate than water. II.: 

was conclLlded that the behavlour of F'lne FOInt gangue \'las 

typlcal of a strongly hydr:::Jph',dlC .llaterl3.1. ThIS =~ncluslon 

was supported by a 11beratlon study WhlCh was per+ormed upon a 

sample of Plne POint ::lnc concentrate. It \'>las fOLlnd that 

carbonates 111 the concentrate occurred onl { as locf ed 

partlcles. 

The test wor~ performed at MCGlll revealed no 

hydrophoblClty of the carbonate partlcles; nor were there 

IndicatIons of maJor sllmlng or entralnment of carbonates 

durlng loc~ed cycle flotatlon of F'lne FOlnt ore. It appears to 

be pOSSIble. at least ln theory. that Circuit or operatlonal 

changes could be effected WhlCh would result ln more rellable 

flne-particie performance. 

One of the most str 1 ~ I ng phenomena observed 1 n the 

fiotation of Pine POInt sphalerlte was the SI::e selectlvlty of 

flotatlon. The recovery of compOSIte partlcles ln the cCarse 

sl::e fractIons was at one pOlnt observed ta b~ hlgher than the 

recovery of presumably Ilberated fine sphalerlte. Under such 



cond1tlons lt 15 1mpoSS1ble ta g'enerate slgn1f1cant 

loc~ed-part1cle-bearlng mlddllng streams wlthout r?Jectlng 

unacceptable amOLlnts of fIne ::ln,:. It couIc pc:;s:b:, be 

worthwhlle to cyclone the rougher ~oncentr3te and te treat t~e 

fInes ln a flotcOltlon column. Not only would thlS redSce the 

reclr-culatlng loads of flne :lnc (and hence flne '::lnc l'osses\, 

bLlt It would also be posslble ta l'"~duce the flotatlon +:'lmes of 

coar-se par-tlcles ln the cleaners, wlth the goal of generatlng .. 
loc~ed mlddllng streams for- a selectl/e regr:;.nd. 

Leachlng tests per-formed upon 5.mples of FIne F~1nt :eac~ 

feed (second cleaner concentrate' revealed that the leach~ng 

process 15 1nsensltIve to pulp denslty and tlme c~er 

appro,;lmately 45 ffiInLltes. However-, test wor~ at F'lne FOlnt 

lndlcated that lncreased pulp densIty was. benef:cIal t~ Leach 

eff1clency (Comlnco r-eport TL4')::, Nav. 9 • 1977), It 1S pessible 

that temper-ature affects leach eff1ClenC'(. Slnce addItIon of" 

40 ~g/tonne of 96% .sulphurlc aCld ta a feed at 65% pulp 

densIty could result ln a temperature r-lse 10~ over- that WhlCh 

would be e::per-lenced at a pulp denslty,af ::0::. The- effect of 

temperatLlre upon leach efflclency was not e::perlmentally 

e:: amIned. 

When pLlr-e gangue was leached and flltered It was fOI.lnd 

that the dolomIte dlssolved completel..,.. leavlng 'a resIdue of 

" calclum sulphate;',however-. when ZInc concentr-ate samples wer-e 

leached and the PLlip was neutr-all::ed pr-10r t.a reflotal::.lon 

magneslum l'las found ln the final concentrate. It was 5ugge5te~ 

, 
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that neutral1:at1oA may cause the preC1p1tatlon of magnes1um 

Ions as a hydro;:lde. Tests oro a sample of :lnc concentrate 

from the Plne POInt mlll Indlcated that up to 45% of the 

magneslum ln the coAcentrate could be ln the form of sparlngly 

soluble salts. It IS also poss1ble that comple:: locked 

~art1cles may contain dolomlte IncluSlons WhlCh are protec~ed 

f rom ac 1 d attac k by the surr ound 1 ng sphal er 1 te. 

The flotatlon response of ZInc concentrate was found to 

change after leachlng. Recoverles of aIl Elements were lower 

ln post-Ieach flotatlon; however, lt was found that the 

effIclency of separatIon was elevated. The precise reasons for 

changes ln the flotatlon behavlour were not e::amlned. ---- It lS posslble that the leach could be used ln a modlfled 

form to alter the flotatlon characterlstlcs of the ~lnc 

concentrate early ln the flbtatlon CIrcuIt. If the roughe~ 

concentrate was exposed to a low-acld. short-duratlon leach 1t 

lS poss1ble that flotat1on selectlvlty could be hlgher 

thro~ghout the ZInc clean1ng CIrcuIt. 

The maJor conclusIons WhlCh were made pertainlng to Pine 

P01nt =lnc flotatlon and leachlng are summarl~ed as follows: 

- Sphalerlte WaS found to float e::treffii?-l y rapldly. Zinc 

recoverles durlng batch flotat1on were tYPlcally over 907. 

wlthln one mInute. and the factors WhlCh llmlted the Zlnc 

228 

.' , 
--



recovery rate appeared ta be air flow rate ln the flotatlon 

cell and carrylng capaclt'y of the froth. 

at a rate WhlCh was comparable ta the ~lotatl~r rat~ c; ~~re 

sphalerlte. It was the-refore necessar'! to LIse ,er', 5hor-t 

- The LIse 0+ ver" :ihort flctatl:ln tlmes re'i:iu: ':.ad .n :-,l~r, 

l""eclrCLllatlng loads of fine ~. ThiS lS presLlmabl, caused by 

the low probablliti o~ flne-partlcle!bubble colll:;:~n:;. 

- The mlddllng streams WhlC~, ... ere ccllec':.ed ln 10::: ~d 

cycle flotatlon contalned a small amount of composite 

partlcles and a much larger amount of fine partlcles. 

Includlng bath sphalerlte and gangue. 
1 

The mlddllng 
~ 

str-eams 

were tYPlcall'y found ta contaln over 80:: -4,)1) mesh mat.erlal. 

Very Ilttle fine gangue entered the concentr-ate: however, the 

large reclrculatlng loads of fine partlcles resulte~ ln fine 

;:lnc loss. 

- The magneslum assays found ln labor~tor/-pr9duced ;:lnc 

concentrates were proportlon~l to partlcle s~=e. The fine Sl;:e 

classes prcduced a relatlvely pure concentrate. whlle the 

coarse SI;:e classes contalned considerable magneslum. Loc~ Ing 

therefore emerged as the domlnant mechanlsm of gangue 

l 

contaml natJ. on. The 1 ae ~ of f 1 ne contël.(Tll nat 1 on 1 n the 

concentrate ruled out entralnment and sllmlng as :naJor :;ang'_le 

r-eco~ery mechanlsms ln the test clrc~lt. 

- Te::tural st'_ldy of a sample pf Fine Fûlnt mlll feed 

-



revealed the presence of several d1stlnct are te~tures. The 

mcst .mportant of thes~ we~e ar.d 

te tures. -he twc te. tures were no~ found t~gether ln s.ngle 

hand samplei of ore. and It ~a5 .nterpreted t~at ~ne, 

reflected two dlfferent mode~ of are je~csltlO~. The two 

te:,tLlral t/pes cOLlld orlglnate tram d~tferent F'lne F01'Ït 

.mlnes. 

- The two dOilllnant ore te"tLll""eS had d!tferent gr2\!n 

Sl=es. Colloform ore showed few :ntrlca~e aSSoclatl~ns betw~en 

sphalerlte and carbonates: howe~er. dlssemlnated cre h2\d 3 

flne graln Sl:e and dlspla~ed lntrl~ate assoc:atl~ns between 

sphalerlte and carbonates. 

Part1cle-countlng anal ISIS of a sample =f FIne c~ln~ 

second cleaner concen~~ate revealed the presence o~ ~wo 

1 

,distInct types of lac~ed part1cle WhlCh reflect~d the ~~o 

predominant ore te.:tures. Calloform ore prodLtced Simple loc~ed 

,part1cles. WhlCh conslsted of :sphalerlte and ':2\rbcnate J01ned 

br' a sl1~gle planaI" bOLlndary. Dlssemuièlted ore prcd\..:ce::1 comple:: 

loc~ed partlcles. WhlCh contalned ~lne Inc!uSlons af .::arbonate 

ln sp_aler1te. 

- It was found that the magneslum assay contrlbLted to 

the concentrate br Simple locfed partl~les j~cl""eased wlth 

flne gra:n S12e of Inclusions ln comple partl-::les no 

appreclable llceratlùn was e:~'Perlenced ln thlS s1:e range. 

, 
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magneslum to the =lnc concentrate ln aIl Sl=e classes between 

64 and :00 mesh. and thls level o~ ~ontamlnatlon was e pectad 

1:.0 per-s:st down ta ~.=es of êlb.:JLII:. :=:-:Spm. It \l'II",,:, ccn=luded 

that sunpl e lod.l. ng ,'jouI d rasponc te smal: .:rlançe5 ."1 gr: nrj 

S 1 ;:.... but t h a t the " bac f gr" 0 und" 1 e '" el sc': ma g n e s 1 l.1 m 

contamination Introdl.lCed b'f :::.:Jmple', locf H'\g wOL!lj reméU,"1 

" employed at FIne Feint. '.'arlable amOl.lnts 0': cI5Seml,"'1.ated 

~6, tures ln FIne FOlnt mlll feeds C:8l.,lc cal.lse .ar".able 

ba.:lground level:; of Mg contamlnatlon .and .arlable 

metallur"glcal perfor"mance. 

Man~ apparentl, free 5ectlons of gang~e ~ere ~2e~ 

durlng partlc:le co~rt.ng. A model was constructed to :nl:.er;ret 
.r'" 

the partlcle countlng resLllts. lt \'lias ce':e'-,nlnt:?d that the free 

gangl.le sectIon", could aIl be e:.plalned br the ramdom 

sectlonlng of sImple locfed ~artlcles. Thus It appear"ed that 

the on:. maJor mechanl sm of gangl.ie :::ontam,lnat:::Jr. abo .. e :70 

mesh was loc~~~g. 

- ThLS conclusion was s~PPor"ted by wor~ In~ol"lng the 

cend 1 t 1 ons. l t waS f ound that r-ecover 'lof mater- 1 al over ::~~m 

(400 meshl was onlr' about ::~ DT U-,e;- r"eccY'er, r-ate c. water. 

Recovery of -:7pm partlcles was hlgher. but stlll ~nl~ a 

fractlon of water r"ecover~. The,recover-, ~f P:ne POInt gangue 

was Slmllar to the r"ecovery of slllca sand under ldentlcal 

flotatlon cond:tlons. It was therefor"e concluded that Plne 
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Po l nt gangue behaved as a h','drophy Il C spec 1 et;. 1 n the absence 

of sphalerlte the onl, dlstlngulshable gangue recoverJ 

was sl!çc.ess""ltl ~ r r-e..lected ln loc~ ed c ,cIe test::.ng by 

SUCC~SSI~e cleanlng flotatlon stages. 

- Leac~lng tests were performed upon samples of Flne 

FOlnt leach plant -reed. It WdS dlscovered that leach 

dissolutIon r-aactlon was completed wlthln aboG: 45 mInutas. 

- When pur-e gangue samples were lea:hed the dolomite was 

completel, jlssol.ed. lea~lng a resldue cf cal=l~m sulphate: 

however. when cün=entrates wer-e leached the magneslum was not 

completel,' "-:?ln0"Oed. It was 5l!ggested that carbonate InC:l,:EiIOnS 

1 n 5 p h ale r- 1 tee 0 LÜ d b e s h 1 e 1 de d f r- am the a c 1 d. art r. a ':. -"9 ( 0 r1) 2. 

could pr-ealpltate durlng neutraIl=atlcn ot the puip. In 

theory, oq.o~% of the dlssol~ed magneslum could be 

repreclpltated as ~~(D~~ ~~rlng neutr-all=atlon. 

- In leach tests In~olvlng pure gangue lt was fou~d that 

the~dlssolutlon reactlon c~uld be completed wlthout addlng an; 

aCld o~er the amount needed for sto::.chlometrlc dlSsolutlon of 

the dolomlte. However, ln tests :.n'.ol.lng ;:lnc =oncant~ates It 

was faund that UP te 1.5~ of the sphalerlte could dlssol~e. 

The requlrerj aCld addition was appre: :.matel', t'~IC2 th.:-.t :.-.n:.c!ï 

would be needed for- stalchlometrlc dlssolutlon of ~~e 

dol Olnl ta. 

, 
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- The recovery rates of aIl Elements dropped durlng 

post-Ieach flotatlon. The greatest decrease ln flotatlon rate 

was experlenced by magneslum. It was Interpreted that the 

flotablilty of sphalerlte decreased durlng leachlng, thereby 

causlng a general slowlng of recovery rates and an lncreased 

reJectlon of loc~ed partlcles. There e::lsts a posslblilty that 

thlS phenomenon could be explolted by lnstalling a short, 

low-aCld leach near to the head of the cleanlng circuit ln 

order to allow better reJectlon of composites ln the cleaners • 
., 

7.: 8~çQmID~QQÈt~QD§ [g[ E~ctb§c ~Q[L 

The conclusions made ln thlS theslS cOLlld be greatly 
"' 

enhanced by correlation wlth plant results. The followlng 

studles are suggested: 
/ 

1) A texturaI ~tudy should be carrled out ln order to 

deter-ml ne dl f f erences 1 n the te:: tures of "easy" and 

Il d 1 f fI cLll t Il ores. The spat 1 al occurrences of coll of orm and 

dlssemlnated ore ln the Plne POint area should be eKamlned. 

2) Magnesium levels ln Plne POInt concentrates sh6uld be 

correlated wlth the proportion of dlssemlnated ore WhlCh 

occurs ln the mlll feed. 

:::;) Te::tural st~dles of "dlfflcult" ;::lnc ores from other 

MISSISSippi Valley-type deposlts should be conduct~d ln order 

to eval uate pOSSl b 1 ete:: t ural reasons for varl abi e 

metallurglcal performance. 

4) Slnce sllmlng, entralnment and gangue flotation were 

.. 



ail found to be unlmportant as gangue reCovery mechan13ms ln 

laboratory test clrcults. a studi shoulj be conducted ln order 

5) The POSS! blll t', ':lf separate treatment 01' t 1 n= and 

c;oarse Sl::e tr::o.ctlons shol.llc be e::amlr.ed. F.emo,/al of the fine 

ln the cleaners. and cE! possible lncrease Ir loe:t ed part,le:le 

reJee:tlon. The flne-sl:ed partlc12s ma, be amenable t:l =cl~m~ 

.c l :l t <:., t 1 on • 

6) The :f.cect of temperature as a t~e:tor :n :each 

eff le:lenc', should be e"amlned. 

7) Flne F8lnt '::lnc .:::>ne:entratès shoLlld be e:,amliled 70r-, 

the, pos:'lble oc:urence of Mg(OH~or other sparlngl, scll.lble 

magneslum pree:lp~tates. 

8) The behavlour of '::lnc c:oncentrates ln post-leacn 

fI ct at 1 or. needs to be è:, aml ned. \1\11 th the goal of determl n 1 ng 

whether changes ln recovery rates are ç~used b~ phYSICal 

characterlstlcs such as the speclfle: gravlt, or '/lscoSlty of 

the water. or whether they are caused by chemlcal changes at 

the mlneral sLlrfaces. ACld leachlng ShOLtld be e::amlned as a 

posslble method of lne:reaslng flotatlon selectldt'I. 
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_ The foiiowing standard reagent addItion rates and 

operating procedures were used for the locked cycle flotatlon 

test (LCFT) of Chapter 3 and for the entralnment test o~ , 

Chapter 4: 

Reagents: 
l 

The followlng reagents were added prlor ta grlndlng: 

NaCN 10ml Ig 2ï. per kg. (0.2 kg/tonn-e) 

ZnSO~ 20mI @ 10ï. per ~ g. (2.0 \..g/tonne) 

Na1CO" 20ml @ 10ï. par ~ g. (2.0 kg/tonne) 

The addItIon rates of these reagents are hlgher than the 

amounts WhlCh are usually used at Plne POlnt, Slnce the ore 

contained almost tWlce the metai content of the ore WhlCh lS 

usually produced. 

The ground pulp was condltioned for 10 mlnates ln the 

presence of the followlng reagents: 

NaIPX 15ml @ • 1ï. per kg. (0.15 kg/tonne) 

CuSO,! 15ml @ 10ï. per kg. (1.50 kg/tonne) 

MIBC 10mI @ 1% per kg. (0.10 kg/tonne) 

CaO sufflClent amount to ralse pH to 10.0 
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Operatlng Condltlons: 

Durlng flotatlon the fallowlng condltlons were 

malntal.ned: 

l, 

Al.::: 

Alr flow :.0 lltres per mlnute (4.0 ln scavenger ~f LCFT) 
~ 

Impeller speed 1000 F..P.M (11\)l) ln scavenger of LCFT) 

pH 10.0. malntalned by perlodlc addltlon o~ CaO solution 

The mlddllngs WhlCh were generated durlng the LCFT 

generally contalned large amounts of water and needed ta be 

dewatered prlor, to reclrculatlon. ThiS was accompllshed b', 

vacuum-fllterlng the sample then re-pulplng lt ln a lesser 

quantlty OT water USlng a.n Liitrasonlc bath. In a prellmlnar'l 

test no observable dlfference was seen between the flotation 

,response of normal sphalerlte feed and feed e"posed to 

ultrasonlc ~lsperslon. 

ACld Leachlng: 

The second cleaner concentrate from the LCFT was 

transferred to a plastlc pall' for leachlng. The pulp was lept 

ln suspensIon wlth a nylon-coated magnetlc stlrrer and =Oml of 

:o~~ H SO was added (appro>: 1 matel y :0 log/tonne). The pul p was 

le~t for °0 mlnutes. after WhlCh 10% NaOH solutlon was used to 

-, 
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neutrallze any remalnlng aCId. At Plne P01nt Ilqu1d ammon1a 1S 
~ 

used as a neutrall=er; however, ammonla was found to pe too 

obnOXlous to use ln an unvented laboratory experlment. 

Analyses of flotatlon products were made by Atomic 

Absorption Spectroscopy. Samples of appro::lmately 0.5 grams 

were dlssolved ln 10mi of hot concentrated nitrlc acid. The 

solut1ons thus produce~ were dlluted down to a target 

concentratIon of approximately 5-l0ppm prior to analysls. The 

concentratIons of the samples were read from the absorptIon 

curves of a standard solutlon. The standard ""as prepared by 

dIssolvlng 0.1 moles of F'bSO'4 , 0.2 moles of ZnSO~, 0.2 moles 

of CaO, 0.2 moles of FeSO't and 0.1 moles of MgSO't ln one /Jl litre ::.v 

of 5% nltrlc aCld. 

'. 
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The leach whlCh was sltuated between ~he second and thlrd 

cleaners ln the locled cycle test removed an unlnown amount of 

magneslum from the second cleaner concentrate. ThIs unlnown 

amount of materlal affects the recalculated reooverles of 

~agneslum ln the rougher and ln the flrst and second cleaners. 

Ah estlmate of the effects of the aCld leach upon the 

recalculated recoverles of magneslum can be made If It IS 

assumed that: 

1) MagneSIum cannot be recovered more completely than 

any one Sl:e fractlon of any one flotatlon 

stage. • 

=) The leachlng' rate of magneslum lS Inversel~ 

proportlonal to partlcle Slze. 

Tab 1 e A:2.l shows an appro:: 1 mate of the ma:: 1 mum amount 0+ 

magneslum WhlCh may have been prese~t ln each Sl:e class of 

~he second clearier cqncentrate prlor to leachlng .. 

The flrst column o~ the table contalns the recalculated 

recoverles of magneslum ln the second cleaner (APPA~ENT 

F.ECOVEF:Y). These recoverleS canno,t be Al gl"ler than the 

recoverles of':lnc (ZINC ~ECOVE~Y). Ilsted ln the second 

column of the table. If It lS aSSLlmed that l,X) magneslLlm units 

were observed ln the second cleaner concentrate -and talllngs 

then the ma::lmLlm possIble amoLlnt of magne~Hum Lln::.ts whlCh may 

-
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TABLE A2.1 
MAXIMUM AMOUNT OF MG IN PRE-LEACH 

CLEANER 2 CDNCENTRATE 

1 ~AXI"UI! 1'16 IN :LE;'NEP. : :OI~ BASED UP3N F.E:OvERY RATES 1 ________________________________________________________ .1 

1 /lESH 
1 SIlE 

AmREHT ZINC, 
RECOVERv ma~'EF y 

m 1'16 l'lAI l 
IN CON LEACHED 1 

1 ______ ---------------------------------------------_____ .1 

1 +200 9~. 27 98.00 :33 71 1 

1 +270 92.93 98. ~: 550 B: 1 

1 +400 ô7. bO ?B.73 %4 9\ 1 

1 + 25UI! 05.94 9b.9b 108e H 1 

1 ~15UI! S7.a4 94. ~o 697 92 1 

1 + 1 OUI! 2~. !8 S:.24 ~40 9: , 
1 -IOUI! 2b. ()4 7~. q4 .~~ a9 1 

.~" 

1 __________________________________________ ._ 1 

1 l'IAXII'IU~ "6 :N C~EAHER 2 CON BASE) UFOH ~EACH~"6 "ATES 
I _____________________________ -L--________________________ I 

1 l'IESH 
1 sm l'IAX l SI:E 

LEHCHED F ACTOP. 
"AIl l'lAI "6 PERCEHT 1 

ms \ N CON CHAN6E 1 
1 ____________________________________________ --,.,1 

1 +200 71 25 :s m ~- 1 
Jv 

1 +:70 83 35 ~ .. 
J~ 143 54 1 

1 +400 91 50 50 m 100 1 

1 +25UI'I 94 71 71 ·"1 :45 1 
~~. 

1 +15U" 0" , .. 100 9: ~.,t 
1 ~. Il!O 1 

1 +1 OUI! 93 100 93 :63 lm 1 

1 -IOU" 89 100 89 .,~--". 809 1 

--------------_ ... ----- ---------
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have been p~esent ln the concentrat2 Dr10~ to leachlng .$ 

cal cul ated as: 

(1-Mg .F\ec.), (l-Zn F,ec.) , l-Mg F ec. • 

These calculatlons are shown as (MAX. MG IN corn. The 

dlfference between the (AFFAF\EN~ F.ECO'.EFY' and ':.he 'MAX. MG HJ 

COt'J: 1S equal to the ma"liTIurn amount 0+ ma;lneSl<-liTI unlt.s wtllch 

cOLtld ha'ie been leached from the concentrate. Thl~ 1S 

canJerted ta CI percentage (MAX ~: L:::ACHED1. T~e t':Jtal magneSl um 

unlts WhlCh were present ln the second cleë\ner' ~eed ~s e~l.:ll 

ta (MAX. MG IN CON) plus 1(l(1 - (':'FFAFEJJT i=ECO'JEF·) ). 

A second constr.:llnt 1S app11ed te the calc~,l.at!,:lnS ln 
J'. 

sl.::e-dependdn':.. ~ce.:111r'. there :;hould be CI lower S1:e :':,111':. .at 

wtn ch ed 1 magnesl L\m 1 s r emo.'ed. At 1 arger S1 ::es t~le amount of 

më\gneslum Whlch :5 removed from the c~ncentrate should be 

Inversel y praportl,onal ta partlcle Sl::e. It can be abser,ed ln 

Table ~.:6 that magnes:um assays ln t~e leached :;ecend c:eaner 

.-
concentrate rose ln the Sl:e classes coarser than 

apprei; l matel y 15um. l t was thereTore conSl dereo that l ~um l'las 

the apprO:;lmate Sl:::e 'llmlt abo"e WhlCh leachlng rates should 

follow the (L'SIZE) progresSlon. ';ssLlmlng a ma:.lmUm ;JCSSIDle 

leachlng rate oT l\)O:~ ln the +15um Slze class. the ma"lmLlm 

leachlng rates ln the ne:.t fOLlr ascendlng 5l::e classes !ihOL.ld 

be appro:qmatel', 717:. 51:":, ::;:-: and :::;: •• r-espectl .el,. The 

ma;:lmum leachlng rates Imposed b, th::; second ::::Jnstr-alnt ar-e 
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presented a.s 'SIZE :::-ACTJFS) 1r the table. 

~~e S&CC~c ~leare~ =-ma:.e~ 

LE':'CHE:' 

rnagreslum remo/a: frcrr t~& :or:::entrat.e. ~~:s .~ sl"'o,,"r as 'M':'X 

ar. :re s .. ;:e ;::.ass 

MG :onC ':he oetwE'er 

anC t'"1e est .. matec resl.: ':s. 

the +lr-St .:::eaner- ::::JnCi?r-:~ates. 

51:e =:ass 1.". ~'g ur.t~ are fOl.,r,C.; ':'"1e +eec te ar, Orje 

~r. the second cleaner- wdS otJser .. ed te De à~~r-= :-.mèltel r '=':;:.; 

th~reTor-e. ..Jnl ts tJer-e ;-ound . r. 
( 

': he c cncer t r at e and : 

the tal Il f"Igs. l t was est l mateC that the de': L..al amOur t of 

magnesl L.m • n thé :iecond :::1 eaner eOnCE'n':rate '::OL ~ Cl na. e Oèef'1 

:::: hlgher than the amount WhlCh was ODser .eC TableA:.ll. 

ThLls. the "r-eal" amount of Mg L.nl ts ::. n the seconC :_ eëoner 

concentrate cOLtld "ave been as hlgh as 1:,.:::)5 * 1. __ 

The ma, Imum amount of magneslum wtllCh cOLII'j ha'.€' been preser,t 

~n the secor,d c:leaner ta:l1ngs lS eQua: te JBS. ,..1G 
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SIZE 

TABLE 
A2.2 

Pli LEVEL.S IN CLEANER CONCENTRA TES 

ilBEEP.IJED EST. 095. TOTAL 
IIAGNE5IUI! BE 'ORE 116 IN ~6 rN FEFCEr. T 1 

RECJVERY LEACH 7AILS ,EED :HAH6E 1 
I_~ _________________________________________________________ t 

, 

~'" 1 

1 

, 

, 

, 

1 

1 

(ClJt~2 CON) (CUI: TLS 1 (C~Hl C:lN) 
·200 ~5 1:7.00 5 1:: :2 1 

+270 °3 143.00 
, 

lSO SC 
+400 as n.oo 1: IB7 B7 1 

t2~ oc ::7.00 :4 :01 lbl 
'15iJ" 58 ":3.00 4: ~b5 005 1 

'1~ 
~. ~o~.oo 's m :38 

-10Ut! :6 :J7.00 74 311 211 1 

C~HP.l :011) : C;'Nl T ~5) (R6HF :ON) 
'200 -b 100 :4 1:. :4 
'::0 4S ,~ .- ::4 :4 1 

'400 ,~ 00 08 1 ~~ 
~~ :8 

• =SUPI :0 .- BO 'o. ~2 1 .... .J • 

'I5UPI -'l .. , 207 :80 180 
-looPl :0 as ao loB 08 1 

-10Uf'l 1~ :7 86 1-· -. 
~w 

---------------------------------

TAB LE A2.:S 
EFFECTB CF LEACH lJPON RECALCULATED 

RECOVER 1 ES • SEP. EFF 1 C 1 EN: 1 ES 

---------------- -'" 
085 "Al D85 !!IN 

SIlE "6 qEC né REt SEP ~FF SE? ITF 1 1 ______________________________________________ _ 

1 CLEANEJi: 

C:.fAiŒRl 

+150 
·200 
+270 
.400 

+25UI' 
+!5UP! 
• lOUP! 
-lOUP! 

+20C 
+210 
+400 

+Z~U" 
+ 15UI' 
+10Uft 
-tOU" 

·200 
+:70 
+400 

+ 251JI! 
T15U11 
.10Ul'l 
-lOim 

~!.3 
~7.4 

57.: 
50.: 
45.4 
47.0 

1:.0 

95.: 
:)1.~ 

87.6 
115.9 
57.8 
25.4 
20.0 

.,.. 'l 
~. 

47.b 
3:.: 
20.1 
~., . .,. " 
1~.~ 
12.1 

91.: 
77.4 
~~ " .JI .... 

50 • ., 
45.4 
4:'.0 

1:.0 

90.: 
9~. ~ 
93.6 
87.0 
94.5 
8:.9 
:0.: 

52.4 
29.0 
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3.11 
1:.9 
18.4 
13.4 
8.0 
:.4 
1.4 
1.1 

3.4 
~.O 
°.8 
1I.~ 
7.4 
4.~ 
:.1 

30.0 .. 
~.~ 

:.9 
1.9 . , 
~.o 

C 
10.8 

:.i; 1 

17.9 
IB.4 ' 
13.4 ' 
8.0 1 

:.4 ' 
1. 4 1 

1.1, , 

:.7 1 

3.7 ' 
5.0 ' 
4.3 ' 
1.0 1 

1.0 ' 
2.j 1 

:4.0 ' 
4.: 
:.3 " 
1.4 
1.3 ' 
:.8 
8.6 ' 

f -, 
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mesh f~actlon of the second cleane~ feed Ifl~st cleane~ 

concentrate) could have been as hlgh as (1::- • 5). o~ ::': 

hl';lhe~ than the calcLll::lted .all..le. Ir, a Slml:ar lTianne~. s~nce 

cleaner was calcl..llated as ,o ••• the actual amount of magneslum 

ln the fll'-st cleaner fe@d c::luld ha.E! been as hlÇ;h as '''0 .. 

1 , ~:) + :: 4. or 1: 4, 

The effects of the 1 each are ~ ess as one progresses ::Jac~ 

th~ough the ClrCUlt. The second ::le",ner ccncentrate assa.s may 

have dlffered from the recal~:ated .a:ues b, 

dlfference was -~'I for trie secor.d cleaner feed I+lrst cleaner 

concentrate! and :4~. for- the f:rst c:earer- Teed 'roLgrer 

concentr at e) • 

The results presented ln the two tacles .nd:c3te that 

hlghe~ than the recalc~lated assa,s ln the ~ec::lnC c!eaner 

the second cleane~ feed 'fl~st cleaner concent-ate!. arC 

:4-:8% ~lgher than tne reFalculated .a~ues fer the +l~St 

cleane~ feed Ircl..!gher concentrate The assay$ 0+ f.ne ',-4(\(' 

mesr,) magnesl um ma 1 have been :5(':: to l ~/)(J:. ~ l 9he,.. than tne 

recalculated the seccnc ,: 1 eane,- ,:ont: aon tr ate. . : ... '. 

050% hlgher than the recalculatec .alues ln the secend c~eaner 

feed , f 1 r st cl eaner ,:orc2ntrate. t:lar 

rougher 

concentrate\. These ,-ang@s rapresent t~e t'>eer-et.ca: ,nël : nU,ll 



) 

\. 

var 1 at 1 ons wh 1 ch cOLlI d be e;,per l enced between the obser'.'ed and 

actual magnes1um assays. It 15 Id el r' that the trLle varlat10ns , 
were somewhat less. 

The potential e+tect of the leach llpon the assa,s ,:l+ the 

cleaner concentrates has been shown to be h:gh: however. the 

rec~verles and separat:on efflclenCles 0+ magnes!um ln the 

cleaners are Iess affected b. the leach than the recalculated 

assays of the cleaner concentrate streams. The Ieach lowet's 

the obserJed magneslum reCOJerles and ralses the obserJed 

sepa.r-atl~n eTflC!enC!es. The tr~le r-ec~.et les OT magneS!Llm 

t~erefcre fail ~etween the observed reCQverleS and the 

theoretlC:al ma. lma. while the trlle separat:on efflc:enc:es 

faii between the obser;ed separatIon efflclenCles and the 

theor-et:cal mlmlma. ,hese rang2S are SLlmmar::ed ln Table ":':.:. 

The maJor concluSIons WhlCh were made ln the loèl ed crcle 

test are as folloW5: 

~eco~er!es of magneslum are proportl0n~1 to partlcle 

sn:e ln aIl cleaners. 

SeparatIon efflClenCles are hlgh~ at larger Sl:es. 

The perf::)/'-mance of the th1rd cleaner was"Uper10l" to 

that DT the flrst and second cleaner s. 

It can be seen that the .. alldlt, of these concluSIons 1S 

nct affectec b, the aCld Ieach. 

t 
.". 

f -
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AFFENDIX -: 
PROGRAM LISTING FOR PA~TICLE 3ECTIONING MODEL 

1 
..... -
.. 
c:-
-.J 

~ 

7 
8 
9 
1 .) 
::(\ 

"3() 

4(1 

50 
6(J 

-;"'0 

BC 
q(J 

100 
1 1(:' 

1::U 
1 -::(. 
141~1 

15(' 
lo(J 

170 
180 
1°') 
:;:(/1) 

210 
:=::Cl 
:::() 
:::4(1 
1 

8(1 

=50 
(1 

:::60 --' 

0 
~;(, 

C4 
80 

28(1 

=9~.' 
-: (li) 

-:: 11:' 

-=-=') 
-::-::0 

REM ********************\ 
REM LOC~ED PARTISLE * 
FE'1 SECTIDr'J SIMULATION * 
REM 
FEM * 

* 
REM **********f********* 
REM 
~EM 

FEM 
F,EM 
REM 
F:EM 
F.EM 
F.EM 
F.EM 
GOTO 

*t*****t**********,****** 
INPUT .jAF.IABLES 

************************* 

ll)(l 

FO~ L = l TO 1 ,_,(,() 
NEXT L 

HOME : F Dt E :=:. 1 
INFUT "INPUT THE 3TEF-F,ATE FOF 'v'OLUME: : DI." 
INFUT "INPUT THE SECTION 3E:=AF,ATION: ": OX 
INFI.JT "INFUT FO,A~ION INCF\EMENT: ";DGF 
INPUT "INPUT SIZE OF OUTFUT MATF,!J.: ";MA 
HOME 
F:EM 
hEM 

F.EM *******~*************** 
F.EM \.'EF IF 1 DATA 

F.EM ************************ 
REM 
REM 
pmE 

Cl = 
r) THEN 

INT «MA 
FF,HlT 

/ D' .. ) + lE - -:: J - \ MA 
"M MUST BE H MUL TIFLE OF d 'Ill • . . 

1 ~ ,-. -
GOTO ' 

C: = 
THEN 
C: == 

INT \(1/ DX) + lE - 5 .. - "1 " ex): IF C: 
PRINT "l/dX MUST BE A~~ INTEGEF.": GOTO 80 
1 NT «( l / DOF) T 1 E - =: J - '1 , C OF J: IFe 

<) THEN PF: 1 NT "1 /dQF. MUST BE Ar" I NTEGEF ": GC-;Q 8 

C 4 == I NT "11)') " MA,. + : E - c: , 1'_'(1 , MA): 1 F 
() THEN PF,INT "1')(I/M MUST BE AN INTEGEF.": GClTO 

REM 
F,EM 

REM *********************** 
RE~ 3ET UF INTERVALS 

REM *********************** 
REM 
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::40 REM 
::5(' \/0 = DV / ::: \/1 :c: .5 
:'60 X (1 = D X :: : X 1 = 1 - (D X / :::) 
::70 F\EM 
-:3,: F\EM 

:::-0(. REM *********t**n*** ,***** 
4(lü F:Ei'" SL'MMHF, l ZE COND l T IONS 
41') F,EM AND AF F F\O\""~ 

4:') F\EM *****i***************** 
4 ::(, F.Ei1 

44(' F,EM 
4:;(' GOSUB :<:,7(1 
40(' FF,INT "15 ,HIS O.f .~";: GET h$: IF A$ = "W THE 
N GOTO 80 
470 F.EM 

48':' F:EM 
49(, 

5')(' 
511) 
C"-,-, 
..J_~ 

~:::(l 

54(, 
55(> 
56() 
57() 
58() 
590 
6()(l 

610 
6': 0 
6::(1 
64ü 
641 
04:: 
64:-
05,) 

660 
670 
680 
690 
700 
710 
7:20 
1'::0 
740 
750 
760 
770 
78ü 
79(1 
80() 

F.EM **'***f*",**"******,, 
F:EM DIMENSION MATF.IX 

F.EM *********************** 
F.EM 
F\Ef" 
DI M f1 (MA + 1. MA + 1.' 
F:EM 
FEM 

F EM * * ** * * * *.* * * * * ** * * * * * ** 
REM SET ')AFI ABLES 

FEM *********************** 
REM 
F\EM 

PI = -::::.14159: 
DEF FN A ( X) :: ATN « (1 - (X :) ) 

TC = / 1 1 DaR) * (1 / D'.') * (1 / 0 X ) 
TV t) 

TX :: (1 

TD :: () 

REM 
REM 

REM ******************~*** 
RËM 1 NI TIAL 1 ZE DI SPLAY 

REM ********************** 
REM 
REM 
GOSUE' ::50 
REM 
F:EM 

REM ********************** 
REM VOLUME LOOP 

REM ********************** 
REM 
REM 
FdR V :: VO TO V 1 + lE - 5 STEF DV 

245 
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810 
8::0 
8:'0 
840 
85') 
80 1.' 

87') 
880 
890 
900 
910 
9::0 
9:(, 

1 94<) 

95ü 
96,) 
97(\ 

980 
990 
1000 
1 <) 1 (, 
10::::: 1) 

11):' ,) 

GOSUB :':5u: REM *****PRINT 
1 N = an, MA * ')) + 1 

GOSUB 19:0: ~EM *****CALC D 
aD = FN A (D) 

GOSUI? :5è '): FE!'" tn UFF I;H 
hEM 
F.EM 

hEM tM******************* 
F:EM SECTlmJ LClOP 
REM **********~********** 
F.EM 
PEM 
FOh'( = ,('.' TO Xl'" lE - c STEF :::,( 

GOSU8 :: 1 ::0: F:Er-1 * ** ** RF l NT 
QX:: FN A(X> 

GOSU8 :44'): REM * * * HF F 1 NT 
PFFIME COS 'OX) 

F:EM 
REM 

FEM ********************** 
REM FREE SECTIONS 

FEM ********~~*****~***'~. 
REM 

1040 FEM 
1050 Cl = QX - DD 
106(' FO.--= Cl: FG = 0: IFe 1 
1 

':' THEN F':: = ':: FG = 

lOïl:) c: = = * DD: IF C!,. r~l THEN C= = : • C(:':l = H 
85 \C1) 

108') Lü = C: 
1,)9(l C: = FI - C:: - Cl 
1100 FO = FG + C: 
111 <) R~M 

11::0 REM 
1130 REM *************~*******. 
1140 REM CON\lERT F.ANGES TO #5 

1150 REM ********************** 
1160 REM 
1170 REM 
1180 FG = INT «(FG': FI) , DiJR) + .5\ 
119() Fa = 1 NT « (Fa / F' 1) / DOF:' + .5) 
1::00 IF FG = 0 THEN GOTO 1::40 
1::10 00 = \DOF 1 ::) ... ,'FG "* DOF:) 
1 ::::0 01 = 1 - (DOF' 1 .... \ - (FO * DaR' 
1 ::::W GOTO 1 :70 
1 ::40 Cl = 1 NT « (C 1 / F' 1) / DOF.) + • S ) 
1::50 C:. = INT «( 'e: / F'n / DOF.) + .5) 
1260 
:) -
1 ::70 
1280 

00 = l '. DOF. 
( C:. * DaR) ) 

GOSUB :55(J: 
GOSUB :66(J: 

:) + 'DOF l Cl \ 1 : Q 1 = 

hEM *****FF Ira 
F:EM U***PFiINT 

2~6 

, 1 - (CGF, 
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/ 

1:90 
1:::0(1 
1 :::10 
1:::0 
1::::0 
1:40 
1 ::::(, 

1::60 
1::70 
1380 
1 :9') 
14(11-, 
141 (1 

14:(' 
14::0 
144(' 
145'·' 
1460 
1471) 
148(1 
1491) 
15(10 
151 'j 
15:?O 
15:0 
1540 
15:::1) 

1560 
157') 

M ( IN, ':1 ) = M ( IN. <) ) + F G 
M<IN,I'1A + lI. = "'!!IN,MA + 1) ... FO 

REM 
REM 

REM .**'~'**'**~~*~'***~*' 
F:EM ST HF T f=:'OTAT l m. ~OOP 
REM ******'***'*«~~*«****! 
F:EM 
REM 

LS = l + 1 (Q l - 0.1.') " DOF,' 
IF OCI Q 1 THEN GOTQ 18::0 
FOR. DF = Q(J TO Ql + lE - .::; STEF DOF 
GOSU8 ::7~~: REM *****P~INT 
GOSU8 ::900: FEM *****FFINT 
SOSU8 -::.-')()(): R~M * * * * *F'R l NT 
F-EM 
PEM 

FEM ********************** 
REM EVALUATE LOCfr FAFTCLS 
F-EM ***********t*!*'«**«~* 
REM 
REM 

lN = X * COS (OF- * FI) 
RPRIME = SIN (OX) 
N 1 = (D - W) 3 l N ( FI' OP) 
N1 = A8S (N1) 
N = J;FhIME - Nl 
ON = Fr" A\(F\F'hIME - Nl hFF,IME> 
Z = F;F F\ l ME. S II'J (Dt n 

1580 GANGUE = 1 - « F' 1 - ON) / F' 1) - \... * \ F:F'F\ l ME -
N» / ( F l * F. FR. l ME * RPR l ME ) 
1590 GANGUE l NT (09 * GANGUE + 1) 
16(11) IF W D THEN GAtJGUE = 10(' - GANGUE 
1610 GOSUB :-700 
16:0 
16:'0 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1705 
1710 
1 7-:2') 
l 7:',) 
1740 
175() 
1760 
17'71) 

IF G":;t./GUE 00 OF- GANGUE THErJ GOTO :;>/:'(1\: 

REM 
F:EM 

REM ****************~***** 
REM UPDATE ~ COMPLET ION 
REM AND MATh IX 

REM ********************** 
-REM 

F,EM 
Ta = TQ + 1 

GOSUB ::::70 
Ul = niT ((GANGUE * MAl 
M<IN,Ul) = M(IN,Ull + 1 

REM 
FEM 
REM ,*,*t,***************. 
REM END OF LOOPS 
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1780 
179') 
1800 
1810 

REM ********************** 
REM 
REM 
NEXT OF: 

1815 TX ::; TX + 
18:20 NEXT X 
18:25 T'j ::; T'v' + 

18::::0 NEXT V 
1840 GOTO ~750: ~EM 

1850 REM 
'1860 ~EM 

H HF l NAL F'F. niT 

1870 ~EM *'*****************~** 
188::) REM 3B~ TO CALe. "0/1 

1890 ~EM *1~******************* 
1900 REM 
1910 REM 
1°:0 REM ~DUTINE TO EV~LUATE D 
19-:::0 D = 0.5 
1 °40 AM = (J.::5 
195(' su = (~ * D) - (D * D • D) + (<+ * 'i' - : 
1960 IF ABS <SU) lE - 6 THEN GOTO 1Q 90 
19-"':' IF SU ':' THE/'J 0 '" D - AM:AM ::; AM " ::: GOTO F' 
50 
1980 D = 0 ... AM: AM = AM / :: GOTO 195(' 
1990 ~ETURN 

::000 F\EM 
:') l ':' F:EM 
::0:0 ~EM ***~*************.**** 
:0-:::0 REM SBF\ 10 SHOW CONDITIONS 
::040 F\EM *******~********f***~* 
:05 ') REM 
::')00 F EM 
:070 HOME PO~E :5.10 
::080 PF.INT 'SIMULATION CONSISTS OF:" 
:2090 PRINT 
::100 PRINT MA;: pm E -:::0.4: FFIN-:- " COMFOSITION INTE 
RVALS" 
::11() FI;INT 1 .' (MA * 01):: F'Œ E :0.4: FF.INT " FARTI 
CLE COMPOSITIONS PE~ INTERVAL" 
::1:0 PRINT ' 

PAFTICLE" 
::l: r) F~II'JT 1 
E~ SECTION" 
::14(J FFINT 

D,(:: Fm E :0.4: FF.INT " SECTIONS FE:::' 

DaF.;: F'm,E :6.4: FF.rrH " F,OTATIONS F 

::150 F'RINT "TOTAL 3IMULATIDNS: ": 1 1 D'v" « .. 1 ex 
) * (1 1 DaR) 
::10(.' FFINT 
:: 1 """) RETURN 
::18(, FEN 
:1°,:, F.EM 

:::2':,(' F,EM' * * * * * * * * *._ * u * *.« * *.« * * 
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'. 
~::10 

=::0 
~=::(\ 

::::40 
:::5() 
2::60 
~:71) 

~::81) 

::::91) 
:::::00 
~-::10 

REM SET UP DISPLAV FORMAT 

REM ********************** 
REM 
REM 
F'ŒE -:::4.8: FmE :5.:4: HOI""E r=C:,Irn 
PR 1 NT "GANGUE FRACT 1 ON :" 
F'FdNT "SECTION DISTANCE:" 
F'RINT "F:OTATION ANG~E :" 
F'F: INT 
F'F:INT ":~ COMPLETION OF SIMULHTION: 
PRINT 

::::::C' F'RINT "FF:EE GANGUE:": FFII'H "cFEE JFE:": FF.Hj~ 

"LOCf ED: TOTAL:" 
::-::::0 F'F.INT: PSINT " 
~-::40 F'Œ'E:::4 , :::4 
:::::50 RETURN 
~-::60 F:EM 
::-:::70 FEN 

OX: 

::::80 
~-::9(l 

::400 
:::410 
:: 4::(' 

F.EM ********************** , 
REM SBF. TO PRINT ax 
REM ********************** 
REM 
REM 

~4-::0 REM 

DD: " 

::440 aX$ = STF.$ ( INT «OX , 18(,1:,(1 . FI' + .S;' 1'.' 
1) ) 

::450 pm E 1504, ASC ("."): Fm E 150=:. ASC 
r E 1506, ASC ("0") 
::460 FOR ~ ; 1 TO LEN <OX$): POlE 1501 + 

MI D$ ( 0 X $ • l , 1 ) ): NE X T V 
::470 RETUFi'N 
::480 REM 
::490 F\EM 

::500 REM ********************** 
::510 REM SBR PRINT PREE GNGUE 
::5::0 REM ********************* 
::5-:::0 REM 
::540 REM 
::550 FG$ = STR$ (FG) 

1. H3C 

::560 IF LEN (FG$) 5 THEN FG$ = " .. + F5$: GOTO :: 
560 
::570 FOR r = 1 TO LEN (FG$): pm E 197::: + 1 • ABC ( 
MID$ 
::580 
~590 

::600 
::610 

(FG$.I • 1 ) ): NEX T ~ 

RETURN 
REM 
REM 
REM ********************** 

~6:::0 F.EM SBR PRNT FREE ORE 
::6-:::0 REM t*ft**********t******* 
~640 REM 
::650 REM 
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1 
1 

:660 FO$ = STRS (FOi 
:67 1) IF LEN (FO$) 5 THEN FQ$ = '. " + FO$: GOlO: 
670 
:680 
MIO$ 
:69 r) 

:700 
:-, l ,) 

:7:0 
~:;:' () 

:740 
:75(> 
:760 
:77(\ 

FOR r = 1 TO LEN (FO$): Fm E 11 16 
(I='O$,~ ,1»: NEXT ~ 

RETUF-N 
F.EM 
REM 

REM U ** *.t: * * u * .... * ~ "'.le * *'* * U 
REM F'R l NT AMOUNT Loer ED 

REM ********************** 
REM 
REM. 

LS = DOF, + 1 
:78.) LS$ 
:790 IF 
790 

(Q 1 - OCI) 
STRS (LS) 

LEN (LS$) :; THEN LS$ 

... f, ASC 1 

LS$: GOTO : 

:800 FOF- ~ ::: 1 TD 5: Fm E 1:44 ~ f. ABC , MID$ (LS$ 
• ~ • 1 ) ): NE X T ~: 
:810 TT$ = STF$ (LB'" FG + FQ) 
:8:':' RETUF:N 
:8-::0 
:840 
:850 
:860 
:870 
:880 
:89(\ 
:::::9()(J 

900 

REM 
F:EM 
REM 
REM 
F,EM 
F:EM 
F..EM 
IF 

-********************* 
F'F l NT TOTAL SECT IONS 

************$~*~~****~ 

LEN . :T$) 5 THEN TT$ == " " + TT$: I::3QTO := 

:910 FOR ~ :: 1 TO 5: F'Œ'E 1:6(\ + f. ASC ( MID$ (1T$ 
• ~', 1 ) ): NE X T ~ 

:9::0 F:ETUF:N 
:9::0 F:EM 
:94(1 FEM 

:950 ~EM ***************~****** 
:960 REM PRINT OR 

:970 F..EM ********************** 
:980 REM 
::990 REM 
::000 Dl = !!'JT 1 <Of" * 180 / PI) + .5) 
:010 D1$ = STRS (Dl) 
::0::0 IF LEN (D 1$) :: THEN 01$ = "')" .... 01$: SOTO -
/):0 
::0:0 F'm E 1466. ASCr (" ") 
3040 FOR f = 1 TO 3: PO~E 1466 + r. ASC ( MIOS 101$ 
• f~. 1) ): NEXT 
::O=:;() RETUF:N 
::.)6(, REM 
:(71) REM 

::080 REM ********************** 
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:'090 REM F'R INT X 
"31 C,O F\'EM * nu* -* +:u u *,~*U* *,~H 
:'11 (> REM 
"31:0. REM 
:'1 :'C' D:$ = STF$ ( IMT (1('(,() * X» 
:'14') IF L.EN (0::2$) -:: THEN D:$ = ",," + 0:$: GOTO _, 
14(, 
:'150 POfE 1:':8,40 
"3160 FOR~, = 1 TO "3: F'Œ'E 1 :':'8 + ~ , Ase 
• ~ • 1 ) ): NE X T 
"317':' RETURI'J 
:18ü F:EM 
"31 Q,-, REt"! 

"3:0 1
:, FiEM '4:.je * oU * -* * u * * * * * n * * u * ::10 REM PRINT VOLUME% GANGUE 

"3::0 REM *************'***'**** o 

-:::4(, REM 
"3:51)' D:'$::;; STF $ ( l NT (1 Or)l) * 1/» 
:':60 IF LEN (0-::$) THEN D-:::$ = "n" + 0:$: GOTO :. 
::260 
"3:70 POfE 1:10,46 
"3:80 FOR f '" 1 TO -. pm E !:: 1 (J + f. Ase 
• f • 1 ) ): NE X T u 

"3:90 F,ETURN 
:':'(>0 F:EM 
"3:: 1 (> REM 

"3:::0 REM ***t****,,*,*,*,,*,*** 
:':':'0 REM PRINT % COMPLETION 

"3"340 Fi'EM * * * ** * * * ** * * * * * * * * * * ** :'::51:' REM 
"3::60 REM 
3::70 D5 = 

+ Ta 
::::411 D5 = 
34:") 
"344(' 
440 

D5$ = 
IF 

« 1 " D X) + (1 / Da») * TI) + <1 

INT « 1 ':'(1(1<) * D5 / TC) + .5) 
STR$ (05) 

LEN (D5$) 4 THEN 05$ ;: " " + 

MID$ ID:$ 

/ DQ) ~ TX 

D5$: GOTO "3 

:::450 FOR" = 1 TO :: PŒ E 1 -.:: 1 ..... f ASC ( t"!ID$ (D5$ 
• f • 1 ) ): NEX T ~ 
"3460 PO~E 17:'4.46 
"3470 FOR f..' = :: TO 4: pmE 17::: + f. ASC ( MID$ (05$ 
• ~ • 1 ) ): NE X T ~ 
:::48(' RETURN 
:'49') REM 
:::500 REM 

3510 REM *********************_ 
:'5:0 F:EM SBR TD PF: INT QD 
35:'0 
:54(' 
"355() 

REM *********'************ 
REM 
REM 
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"3560 DD$ = 
r) ) 

STS$ ( <:". 
• ...J ' 

Fm E 1515, ASC ("."): F Œ/E 1516, ASC 1" 1)" ): F [1 

f'E 151 -:, ASC (" 1)" ) 

"358 r:, FO!; \ = 1 ~IJ Lé:: 1 i OD~ \: F Cf El':: ~::: .. '. ç..~C 

MI D$ (OD$. ~ • : ' \: ~\JE X T f 

-::6')') 
-:-610 
"36:(1 
-::67,) 

"3680 
-::6°'-1 

FETUFfJ 
F.EM 
REM 
F.EM ******'**.«*«,«*"*~*~ 
REM SBF TQ 3HOW GANGUE% 

F.EM ~****«******«************** 
F:EM 

-:-700 GANGUES ~ 5TF$ (GANGUE) 
-::710 IF LEN (GANGUE$) -: THEN GHNGLJE$ = " " ... GAN 
GUES: GOTD ::71CJ 
-:-7: r) FO" f == 1 TD :: 
-:-7-:-':, F'm E 1 :::9 + ~, ASC 

f' 
::740 RETUF\N 
::74-: 
::744 
::745 
::"746 
::747 

-:-748 
-:-74 Q 

::750 
::761:, 

::770 

REM 
f;'EM 

REM ********************** 
REM RINAL PRINT F\OUTINE 

F.EM *************~*t****** 
F:EM 
f;EM 
FOI=' X == 
FOR Y 

M (MA - ',( 

1 TO i1A 
1) TO MA + 1 
+ l,MA - Y + II = 

::780 NEXT y 
-:-79(1 NEXT X 
::SOI) 

::81<) 
::8:') 
::8::(' 
::840 
::850 
::860 
::870 

PR~ 1 
Fm E ::4, r) 

FOF. X = .') TO ... -MA + 1 
F OR Y :::: 1) TO MA ... 1 
PR 1 NT M ( X, y) ;" ": 
NEXT y 

PRINT 
NEXT x: 

::88(1 F'R# 0 
::890 END 

1 JF:UN 
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