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!~i~'p9~11s .qf se...9.9!lCl,qrJ: orif!;~U. 

Altb.ou.gh thts the£'319 is noncernecl J"If:l,inly 11'11. th ·the 

pril'nary ore and gangue minerals of the Zoehan ora-bodies, 

the ~Jeeondar:r minerals aasaej,ated \;,.;ii.,h thG or-on are <11.13­

cusa0'(l brie-i:'ly. 

Many of the nscom1ax'Y m.inerr;t.lt:3 ht:\\ve not boen Ohf.H~rvf)d 

by' the prargerrt Bu:thor but were roconletl by Pcitert1 111 G... 

cle'hailed review of TaGmn.n1.~_n. TJi.ineralf:1 (1910). Tl're ma.jority 

Af ·Pat·,· ........::. t "'" .~ ;'l1'O>nt~ .hA ....0",.,: "V"<' .,. .... '" .....-:,~,. ~ b,o,-"1 "'~" """""..··.......... t b"t�\.;, .... \:.;;: . 1.1~..L \.1 ~ ~J__ !t,J ;,;. , A,J-.• ...l.~<.:;:b- b ..t \., \f..l",;1 (,;.~.L ~ ..t- ".... Cl'i;l J~'"\.;:... ~jI ... ,... C.:~.v V\,Il..,L.;L. '0,\; J V!.,', 

tt'tera t:tre i30mo eXflJ'nplea whioh ma.y be open to dou.ht. In. the 

abH~Hlee of 8e..mplG~J of tho rninergls in quent:l-oot lj:ttlf:~ CSln 

he s<'1.d on t~'(J vnl::i d:L ty of j;htJse: tchmtificfI.'t;:J.ons. 

AK1,"le q i··.. e b<','Oe' 'sa" ' ,tJ.~ci1 P0 4­l..o 

Ao'Cording to rOL'orts by Waller (19(3) and Twelvetrees 

anc1Rar~ (1910), anp;l<:wi te Wt,).U :found in the oxidized zone 

of bo't;h the enG't find west lo(les oft;'lC ;:;u.f:Hll'mi te (:ari tm'mia 

'f;", t ) ·~1J.: 1l ...X _c,,:.!.. ,1e • 

Pett.el'd (1910) quotE;H:l ~. conmv.nicati.cm fI~()m 1,. K. Ward 

stating tha.t nJ1g1e~}:tte 'h8.c1 'been fou.nd in this 10coJ.:1 t;,/ ns 

f'clear, colourless, tahultll:' erY~3tals up to 2 ine}len in 

length fJ.fld.,l-:tneh in (1 epth~n • 

Annaberf~i te u....... ·1.,,31 l'l13~SO4 ) 2·8H20 

The only report of arma,lH?rr:::ite in'i,he Zoehal'l aren. io 

'{;hn:t o:f 'WilliEUTItJ (1958),. wt"o idontLfied It aB a ·t1~in co[~tin{';, 

tluo 1;() f.Jxidation, on two s'peeiJ"iH911:':1 of nickel ore from~;he 

C(Hltral Balstrup [,Tine. 
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Atacami'te Cu (OH) Cl 
,......,. "". _. _u I' • t .... 2 .. 3 

·.'Pet!,~-::t (.otc~1Cj") T"'Y"n""'t'""",ll '!"h<lt,,· .,....<?,.·"'!'l ...,.;it.,;· ,..,.... (.,~,.,. ..........~ in
~ ~.c.,l..\·l f." - .,' - 0" X:~~"'" "'"' C·...,~ ~._, .. f,.,;,. c:,t\t'f,;"",Vl,l..ol"l:'..,~l...J"..., - -~ "... ~ ',' vt·..f.,..L g\J. 

sm.a.l1smount.s in ffFlixed oxtd:tzec1 ore" in ·~l::;:: Z.~,;·ehan queen 

'lI0I'Jringo .. 

Azurite eu] (Of0 2 {COJ )2
"*lIIl'-"''' It ;t. 

Copper (HJ.rbonates lSl.t'l& not (Hi.mrrtOn in the ~i;eehnn a.rea" 

and. have t;,.een reported in the work:i.ng.n of only tlffO mln.tH13., 

~ .... <'-1 ] ..... .,..". ~·t""e ... m Q ....·d "£\'fell'l'""Y t "" 11'1,... ••11)." cO· "" t"'.A!' till") Q''''''';'h "1., ,'<'V ..z,."ii!'.t'" O.,L_ .... V~~... i,1 .>..~-~.j(.A:~:;.!. 't<....J,.'.r~., .r.;.i:::;'4""'O: 'lW' -J.. "", ..... ~Vfo{j~ .,J_ ........i ~JV.AlJ.;L;"," .""..."'~ A.~,:;
 

\110 rlr:inge • r­

\'J'al1er (1903) descr:i.bed ft lode f~wuth-weHt of' the main 

e·il........ '" ':J;-', ·...,.",t'-().....k"'ni·"'~ ~O"tCt·,"t·,,\ J)' ""f' "',:·~"'l·· ·"'t· e·t·~·""")It q~), V ~~ '" ,VI '.. ~~<;' l. W .•/•• 1"~~.,•., .. ~~.9" "'I.:l~J'Q >, ._"Kl o~ , ~<~:'V" ,,1: t '. C,~ 1 2 \J~Q 

and ";of.man,,, .. ch l:ltr.L:I.ned ,11,.'1. cOtiJJ-er c'l,rlI OIlf:'d,e , but <..1.d 

nr.rt Bl}~~C:Lfy lJll;hether 'the c~.rb::mnte waD a,Zl:Lr:t'te oX' maJ.achi te.. 

or 1'Jot;h. 

h) 176/-r! ')""7)· +'''' .... f")' 'n,-,t"'r1.·""l-A ~1--~""·'...l;.-1.."·1i;;;~"'·'''l''.A':''''''''n (V'..r'l..'. ~ - -,~. ol-,~C _ of '.J'~'_'1.t.::; '~o.,,('>""n"""""~..1lA-Q :i~L":-':;' f,';'; ~-t;;:.h.;}I~;i;, 

frOD }1Ia-hey·s Triln.diecwl'1'tcd.ns 9,Ztu."i to in f:1£~sociation with 

maJ.achi to, eovelli;'to and chaleocite. 

PetterrJ (1910) included Zerc.lhan in a list of the occur-

T€H'lC<lHl of' azurite :in ~r~lI3tNln5.at 'bu.t d:HI not fJ'ttl'hc art:! 

::ipeotf'~J.C loe.'",lt't;ZI a:t ZeeJ1an. 

1)b·. '~b·,· 0 ( \'~\ ,J)U )B5.ndhetJ<i,i'te 2'" J' ...,_" '''.IlI-'''ltl'"!'.''I'~ , 2 6 . .1 

...l. (1 0 10') .t "'d~ 

1
...1o -l ""'1"" 'f;'"' hI'" <"'If''''' 'It~P"V-V"l"I'Il ......'''!'rti:l.j "'0' to '\")r,.......t I")~...L""""l~ .,.F u, ~ ,..:. ~..JO.J1J .. ~ '''0') I\.,l ....J.l1t.,l "'... "!'
,.I,..f,..Uo .4- :i'lT~tli. 

lton.Uftryftor ttp:lcos" ore in the Into.log :f'i(;ltji::~ of w{;~ster-n 

TiStsman:l~<;L.:PGt1jeTd recorded 'that b1n(lheim:i.. to occurred in the 

'" •. ,., '.. ,111 If'\'. ·0'" ·'~·h··' .~ .1 (" '~h ... ) !"'U ""n ':,~. '''la..,)!::l·.,J,ze.l ZvlH9 .\. " .. ~;, 02.,_J'er ..O(h:.Ltl.....re"" . .iI:~ .. .;."," 

1'1l'~ 11""''l1'' { "If·j.:l;~o1) -\.,;",... 0""''''Jt.~~.l't.r~J,""..3 nAn"'l"'r" o.....e u 
'CJl'lI 1·).,,~ 1 C.,-l>'r·""1"'''''Q ~'f:i ~~.-t -e'·· 't;,.... '~.~.l.~~):.,;;; ..-.J,.. ....... Ltr..:..':•.._'6:)'lt
~.l.. ....,- :"A,..' Min'" 

(ManglM1ose Hill); tl'li:3 was prnbabl;'l l~rgel;y· blnclhett'itab-ut 
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may also have contgjiJodmassicot" a ;)rellow ler:'ld. QXi0G 

wh:teh occurred In E';Om~) of ·tth~ ~~oehan m:i.nes .. 

(", "'"1' ."... .\'- ..... 
V v_ ".~ >. f.rt.~.k \1<:• A£1Jl 

.:lfIol ..... '''''' 'I "'_110'­

0 '('CerargyI'1,te wgSEtn iJ:Ii:portCtll"1t c01:'lstlttlerrt ., !:1ev~:!:r'a.l 

£IT,;GJ:l"tifr;);t'oua {toaaan :f'onnationfJ in the Zeehan field • Re­

pO.t'tZ4 indicat·e1;ha"l;; t}H.1fH9 occurred majnl~r in the cent:r.·nl 

an.cl ee,f.5tern;;:n.r'ta of tho :field., -Etnd the local:Lties in.clu,de 

'"·.·~1 .J<. Q,., ,.. ''''1' '., .-. 1'''1'0' 'h J •... t··· "'. ·Cl···1 ,t...... t. .;,t'J.;:,vesv~l;;l:", ;"'I)I~l.Y, j,',·()r€h1Cet/·nf4-.(~~, "Hie ·It,,n• .!.)0" Su... IlP s anu 

Zecll:;;Ul ;:,jlle,on minea, am! i;b,e nChloride- Lo{je tf in th.(~ Colonel 

Nort.h ctrea, .. 

The ha,l::Hle wnso(~can:t(n.lally repor'f;od to 1)0 t' e h:r-onian 

v .... .......: '''"~'Y o·r' c" ".'{ r.ll 4'"·, ~ ·x, '. "~'~'ol-41"r' '""1,; '" ".:.....1" I;.. t< J. ,~-; 8.4 ,':ry.. .I." E. It~ nn as el",.',;· ,\ ,.,,} e. .1. c•.••_ i,c' variety was 

"'" 01. ·t·1., ~ I",~'l ,. "'''~, ""~rI'€JcoJ'ded C!,o. v '''',~i; t -tr~~ ~l rJ .J. 't" ~ 't;'~ t: \:,. , , JUtH.~tt01'l 1]~!1d l~ef>.ha.n2''O.een m:tnes 

and near Balwtrtlp'a Mine. 

Na·tive ~lilver vrasoften .9..sr:1oci~)"t€;d wj'ih the :b.a-Jives in 

·hbcoc ,?:ossnn fOrmt1tiouf:l, and ~::]j.lvet· aa:tJD;lS up 'to 2,000 ozs. 

per ton ViJ:ere reco!'tl\:·d .. 

.( '-"<:t.,:,1·$'0 P1--C0' "....0.,' .. \,,.. '" .3....... a .. ,.. '-'
_~ 

CeroB!21ite WHoS l"'eporta(t to 'be a cormt;:lt;.ur;;mt of the <:r:x... 

idizad zone of ::Joverul orc}-Dor1ir,::fl in tho %ochan arefl­

,r ",~,t ...·l:>.... c'r·'1"'('lt~ ",,(cc>:> lj .... "l>v.... '...,.~l·t·P. 1t-J-:."g ""·1.·1'1<~(!:I ,­'t::let'+"''''''A.l: ~-H~'.:1,. (J. (1('10 1!) AO··)J oh 'GO-\"; 't,; <., ·t11!':toj!· '\.,.,; ~.", "'" 't"'r:t<:o ,~.""''I:;,.. ',..$. fl'l'''ll~..J', t ,; ~AtO'f.:J ' l.i:$. 

f'llirly large quantities E.'?~t the Silv,er {Zeehal'l);rueen, 

S~71V'Bst;~~r, Aust;r;:~l nnd. other mine::: at Zeehal'l .... It. T1.11e;s' 

J·"",..... t,. r".,.,~r·.....tl:'!>rl o:~;,tutt·' ""'.'1' .....'1"·1·'·'" c,~, lc'n]e,,·+'_l,,",·t'C'!..(1",...n91). c,-"~'''''d.. i...~ E;~\,.~~,.!I. (19'::')dJ 1,,:;1.J~].J, ~I·.:t ""1""011 t:.l>~",.!iV;k;.:.j'~ 1,lj;;..'J ~t .D·4:7 • 1<,;1' u:.L I..;"'J~ ~ 

,/ 

~il; l"'e ('"".["' .... g~"~.. "1'<'>0 p'.!! 1·1);,~-J.~"", ,..I i".~~A.-t.ll. ,~l.'.{,,'.!.-f;;.',1."'l G .'l.,1.J..., - • 

S130e1men no. 2.2169 frOl?1 the: "IaBman:ia1'1 tiJuseum 001100­

tion, labelled "1~en.dh111:tte, ~1:i.lver (Zeehan) Qneen J.\;Une, 
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Z(:~ehnntl, has been. ident:i':'ied fU!l ('H:}ru.s,sll~e l)y meaYlE of X-ray
 

dl:iffrnoM.. on.
 

(' .....r··.! ..., '''11·.-'l\' e SOf"}O (?)

~~,-~,:;:\_~~ (,. 4 

!\oco):"'r}1.11 t1; to Pertterd ('1910), small /'ll;?nttties of ear­

vrwti te VH?-re found at seven1.1 ()f ·the silver-leu'cl mineG at 

Zeermn. .\lthongh Pett(,rr'l (~gee not give S1){~~ci.fjc loen.l:; tles, 

it :t~) l:Lk~)lythn't ·th:: cervar.l'ti te occurred ~'.t m:J.nes con tn:lning 

Do h:tr','h proportion of .",ntim\'my-hcftr:trL~ 8u.l.hidt1S :1.n ·t;1'1e ore 

( f.'\ ,.,. a,.~}k"J...c' . ...y,.,)(':.-.,'V' r" ......U.~b'·· ·f s) 0",1.:4......1 "C~.~ ""e-"""') v1t~..L 1;..f·~1"e !~--:'".i,~"l O~~·~ ~1'" A··1 nn.;;,'. i,1. \..f.f~ U '" _ "'" VI. '1"''', 
-t.L..1o.':.'Ii,... ..,.\ .),.\..,,'-7""' V.J..\... , 

product of minert · f:.mch Gtfj bOt'l.lru'Vi;cri 1;e ,'nd. hourl1oni t~e. The 

rel'iter] min0r":J.1 stibicon:i l;e hcu:~ been re;.()rtnC! at t;he ;3pre.y 

Mino (Ps'tterd, 1910)",,­

C11alcocite Cu,?S-,.. . 
The only OOC1..trtronce of ohalcoc:i t;f.~ notm1 in 'thtg fdjud~1 

!t~.:1 tl.("1·"'" ~ .. "'t .'~ '~- "'~ <'Jl:;n .A~"f . ~"" ?,._,~ ~":l" f 1" f'l'rr -"". '\. ·r1- "~":'! 0"'" 'tt ':',r..;;" r? {'{'2"l~l":\, • etV1d,::.:, .1,:.... lJ .le., ',OS.:c,.C,L,•.1 ••<.f:l m. (Je .••~(..d. ,r,.)." II cl· ... .,) .}. ,1 :,-.1.11i'-•• .l:n.:lr:._Y"" 

111;, ..... ··' \,,"'1'''') 1f,'r)'""k~! ". "r<" '('n ,,·t,..·i ." ,~q..l·mv;': ~ll ,~.,."".,'<"t .... ,.,.,O~1~"·-t-'· ne(' ,... ",,,,,•.3"__ J~ ~.-l ',)~~ 'f ....1> ? .. ~~ "-..~~ of•.1" ft_..l, t,t!,., .,.:,) Hh-'·, tl ..::',.Ji~ (::'" .1r.;)~'h:".\...~ • ..L. C\..l:l. '''',",~,•.. ~" .,J._' >c"Q""-­

Ofi('{(Il1.;/ ch,<tcocj te occur \'d i:;~) cove115 to tn. mn laC~l~; ';e, G.zu.ri 1;13 

~",,":~_1,,~ ",+!''il'T ~)(,.r~.. "ll ... ,·,'~""(' A"~·_.1;w,~ •.1 •• «.7 j ""'~'Y1\..I''!'_~. \..J.'._~ .. :.", t;:;,....'.}.' _..~,. 

C~f),'~t:lIl1-1·t~ ('11(;
_~...;:~.._,:,_;';...~ J .... ~ ... 

Covelltte if:3 a rare 1J'j: ner'~l in ';he ~~oehG,n l1:ts.tr-lct, 

h1:1Vil:1":bE;en obHerved I3Dtrnce funoun 1,:,n only in ores )~rom sorne 

of the mtnes :1.1:1 ~~he Ct:ls'tol'n pttrt of t"v: 8:ren.. All of t;fHJ 

pecond;;"r'! o""j c-incQvel1,,-, --',. < _ j 'l'ij'" •." oh';H)!"V~d',"_ ........ , .j,..~.".·1 '': D!'ob'/. t .•,_..b: ly 0'1",...J... ..... ' .. ,.;..... -l. ~'~~;:-' " •
 

r)rm?111 aPlOuntD Of eovl.litc iJ.:ce ~.~.8socdai:;::jf' wtt;h ah'T.deo"· 

et to :i. rl .m.aJ..ach:ll;o ,azurite eU1:d (~:3rth:f :iron oxIdes frorl'l <ho 

qO'l'~~ /~nv (~ftl,~rt~ _f",~'", 'Yt"J\ 1 "'"J f·,) ~ ""i ,~lr·'; n ,-",,~ 

;'J .). tt t, I d ... J.. , ,_ t::> ,,:r.,. t.,1:\.' .•,1';:;:: S i:1 .~.• ~ lI..}L-'l ",e VfuI '~,,"4&.".l.;·/••_~" 

Tr:1.ces of fine cQvel15te hsve aloo been Doted in 
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elmlcop~l'rito from the Zeehan:BeJ.l and Oonah m1 nes, in. ru,:'gen­

ti-te from the 3pra,Y' [,."ini-?:, and in tetrahod:t"t1;(;~ fromt;(€~ 

Zeehan-Wesl,e:r'rl. £\~-J.. ll e lit 

'Brnbol:l te I; ,,,:'('PI" Cl) 
.~_ 

.t·\.'C) ..•_" 
., M( ill' 

S00 Ul1<.1nT "(Hlrl""-lrlt.IT·jt e tl ('l') ).2g)
~.. .J.... -. ~••;'••lIii'*" ,;- 1u ' 1. • • 

11 (n~ ).(nu ) 6.~ nEvarHsi'te"'''_.''1IM!lI "\''''3 \. \.1 4 1,1.1 6· ,>J121..1 
"'Ill' ••• 

1l..Sre'j•. ' 1'11~A_' (18Q.:J......1) l"'l'1")l"r"tPJ.l}_'1., 0"" il"_li',,.~ cnr,., 1'~.:LJ.
p 'ot'l"ll;kPl o'f (~.. sno(»,. !"I'en".J~ .;"lr ,I' !oIl !'h •. ",J •.," J, " ,~ j,,"<H .. 

of botr~J"otd.91 eVfmsite f'roJ'l1 the ;\lount Zaeha,n f,1ine. 11'1'1e 

foll()v~:tn;?, ~rm.l:rsjs W8,S p!'blltih,ed. by ~h!dth.. 

p~o~ 18.11'/{
~ , 

AlryOl 40.19% 
~ 

P t) A 1 "'3'..(-\-1 ," i~. tt c., j'v2
nl··",·t+.,..~...!l '191C)·."l) "10)" ""lC!:'!·o '~'''''f'p''''''''o~ -"0 ~v;·'no!;+.·., <!:t.!.•P;;:" 'i.oI-\:J..:.L\.l 1\ ' t'S;'-' r {~1~ 0 ~. VJ,.; .... .L ..\. '0' ..... V "(.;; ,. ... ~JJ.. v't;; ~O} tI 

z;eehn,ll,. but {~t\Ve t'lf) locoJ..i ty' <l(i'ta:1 hl G '~her thD.n st;~,.·t:tng 

'!j!-tat i 't (>C(~t;rr{;:d ft; .•'\ !":t '''i'''7'''''r_'!"'>'":"I.n lcl1", ",4+-1" '7·.-:c'ltn·l'c.i n,...t~
\' ._ ~_ - • ~ ' ....H ... 0 ".u.' & ......". ...".' 

nphR.lcrite tl 
• 

Goet;.h:t te IITr-eo 
........... * »""""'""..
 z 

':rho lit~cmite1 ':;OSC;:fl f'orrnf:t',:;ons f1SGoeintec1 witL, never-al 

lodes Ln the Zaehan a,ree are presumed ·to contr:i.n u;oet'd.te 

ao the maj.r!. Iron. oxide censtJ. t~HHl't. The :i.dont:U;3' of the, 

iron mel.ds has not bf:HHl :invesl;i::n tE!fY in <letE'l.:1.1. 

Several of t}lC:.,e ;i;osfmns r(rt1)X'rlcd h:1 et 1~"v(1:r1> rIt:3Ht~S 

( '" ,., ·t c, 2(\(':0 09:"" C)' f' <;, '1' 1v·' f:' -r.' '.'A ,." "~:" )11">1......1J . '..,' ,.. .J.~l ..~tr-:.'·. "".•._.~, .. ~~_. ~~; ,,,.t ~;.u.u. , VJ"t t~'i t~8 silver fresent 

, 't"'r' 4~ ......, ot' ... , ....,. ',l')'" .; t"" n,m.... o] '1- '''~·d "'n l'j ''17'> . ~ I n \~....J. n,' ;.;J: .L i)X L. .•.'- "" 61: ".'.1. ClJ' r..... <';'!1 ·'"",.d.d, .. J.. )e ,,",M. .k'·, lJ .. ,. ,"" s -' .v L..;/..• 

t,r;or0 rrlrely, coppm:' c1:"rbom:l"tes :.·nd on::-.erg(me e02~per :3tl1j,:hides 

~!.re aSrJocinted wi;h th(~ 5.ron o~:tde .. 

fl'h~ b l;!;lClr. botryoi d~~,lvarie'~y of' limonite known RA 
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,: ·r··~ l ..... ·,·, .. ~""·i 'i",- • .1,. l'.~'.. ",:'t :) b r,.. t i-rl... ",:11 (1Q10) ... t, 0"""'" "'1H 'J.L .. e'~'J ..) .JH. rJ. 1,·e,I·.t.8 TBi!Cl1. ('l et< y.l. e , ",,1 (1 .• ,it.;) ,,,.. UY1: ng 

!::>.f. .1;.,.\ C' .:,,,,' 'tT<'l". ,,1 'I'" J .. To· l' 1.~~ti ( .....,J\ 11 f1t 'H,l 'Iflid.".".;)!~.. 'I "I "" r) ..,....' .. ­'""U 1,I ..e'\:;lcl 0,.1..8.d<"'11.) ne ... 1, .... •.n","'~,.,.11, ,,', !""­

'i)ref3f:nt'r·d in the Ta.smcmi.o.n Niusaum collect:' on by a IF!.rge 

10 '." .lI ...",.1 '" ir,.o (y'~?J~._.'?j.. ,,-('J) 'f' . i-l',.Tl0C' l' ., .' t~'!,1 ....!'1\.1 cc.•n.....n "rom \..iC ...r'" ,,1 .~.
 

G'oa1.HX'i to ZnSO A ...7H"O
 ..~~~.~--... tt.. c 

Pett.erd (1910) :r.ecc'rde,J th(~ occurrence of gba]Y!.:r.~i to 

;{'t !;he Comstock i;1.i.r10 7 bu:t grAve no dotail:; of abundance. 

"~.. (~, " ("'lE) ,,>U C}' ."? \Hi ~-:ll nc:cri te J'e2>.J~21·J5\G. 4 HH2' \ . } 
-.----~-~ 

,w~. J'l ' (1")n~ . '13\ ·,,·· t .., -4'l"(~ .' "-Cl' "'CP ".. .p h~ ..,'" ~-••• tllc:l·•. er ':,.:.5.p. I J,8J, e,) {J,<v ):·!Uo0J"."." u.,. ".~ •.,d.:l:l";U.. J. 0, 

(·t.' '.C<. ~"'O"lll'O'''T ..,--~ ,,,.- -,"- ../""<' l'O"!"(,~')-""CI<, '.:1"'. '~'~'I" /' '}<:·c"...~~· .,,'l -' ....),L lo.,)C~; ~. (l •...,.-J {,.J'.'" _t~,·,:,~tn" c~ lJ tl.:.Jti::~; \".It h'·""l ;.J ...J '.' t..l0 [_"l.,l..l.~{ ".1.\...:l ,.j;" J,..,dC.C'l. 1.. 4J,11.,. 

n.·.. 
(~1'.)1 ()e~Urrirlg 5. n tlnr)Ori~tOUS m::;';:H1es a~J::jQc:lHte'1 iP:t t ~l J?_~:.r!~:t 't j.. c~ 

OJ:'·~ e,xposed in the lower 'tunnel ". 

(\r. .,', /. m ('1.'" 111 A. '7 ) f \ ,~ .,,' ,,,' ("') '1"..t 4- l> f ,.,.
,1 .. J.C SJ,E:lcrJ.".en f;.. ,)Ot 0 ':-1..J~.! 1..(1,::;(. •• J. ",€I . rOle' t 11:i 0 ]J', 0 al:l ty 

1.~1 rr:Jpr'9f:lGI'lto(l in i;ho ~rn.fHnanif-Jtn :il'u.seutcl col1.el1tion. 

nq· (,·\'t1) tc') 1'{ 0H;rd r()matf.n.e~d. te \ ;;cg4 .};. ?' \.) .3 ,..;t·2 · 

TIH3 only reccJ:l:"l of hy(1roI1.f::j.!;,:rH~dlt;() :tn t;ho ~?;{~eha.n :('j,·.:;1<1 

5fl 'that by 'Pett{n~ (1910, p.97) who re:p'::rte(~. "solid, all.noat 

\'('ri~;e, rt:J.dtntin,,· bunchee ll of' hJN],t'>O)/\f--w;nesiiJe !It t;l:u·') COITfstoek 

Min.e. 

_...., _;--_.....~-....._ ........_­.. 

......b ...·0Ke:r.'illelii \,;'0 ~'} ?.::> ':)-_....Q«...__.......
 

" c;. 

,J~··,+<:'l. ......'l (1911~1 

....1',.·.·}) 10'2) ""''''''(''l''d 0 f' ....t; ....i)·l·t t,.:Z ';,1·,_~.,.1...,(11 L"~V't . ..Il;·-l, .L~·~.I~-••:".,J ,.:.,. k'... ·,...",.j""r·'··l'·p •. .'\;) ... "" .... .L<.,V:..• l<.:', ..J".~ ":~\:;Lt::.e~)_ 

f017,i'lfl /tin ex~~;rQrlely lirli..tJ0d :luCJl'} ~i t~;l impl~"rl'ted in the 

f'r?c'tnros of j !;;.m(~Honi-';;(J et :.,t,':cRr.-i\,:tntl ZE~ah~in ~~Ilinen. As 

o.escrlbBd earlier (p"IQ4-) the r(lii1e.r.~l rcf'errerl to ao "ja.l'fie­

8onj,te'" tB, in fnct, 110ul::'1'Iu;er:}'!;e. Tho rmme "}3rits~l Z(l €han 

Mine" was sometjmen lm~~l~ for the Sr;!';1.yM:i.liHih 
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• O'1:1 ) ( I'"r )M';:~lEH'}hi te CU2{ 1.. 2 ""')3' 

The occurrence of (~Orfpe:r. carbon.ates at Ze~;han has been 

de. '7''''r'ib··''''l u'·\·~r.:>"" tt""I7·'l',···j I<:>Hf y' '"\),,7) . 

.•• p 1l~_""""""'" 

....3\·# .. J,-. ~..... '\), .s.""t,..~l;;;I,J. ,,::.t,.1Ii1>11.L:.,J.. ,),\.;0. \ .1,/ • .L • 

0~~~B_(~rG '1~j'10) -J~la+ '. ,
.1 v -U \.f~.,I.~. ,;; \. ,. _.. "J U ():f mi!181'P.-ln in ..1,: ~:).i~iln:"_'_kl:,t et ,118 rlOt 

"'1 ...' {~ .. '~ .. ' tl r7) ""~ -:-'''' -"'~~:r"·'7I··,,··~t:\ le ;'),."~~ f.' -'~ 'r1'"';) ": .<', !"t'}} ~ 1,_ ')_,.1., ..L,.l._.~ c".r...~ v":'-, .. H..!.,). .;;,.C (~;,b ,)..1 L,,,.!..,lr...··.l :,e. 

NU1S :3i C 0 '1; ::'1;:.1 
~...'~ 

i'.;r,;~oc'·l·CO-t..l,j"(jj,;:)'i-_~ ~,~L" w"'<" ,...,-J.'......., hv'<~ ·::~~t·t,:,··",,·!
-.:, ""-

('I'J'10"}
'\." ,~~ '1'1])
rec'h"'d,:"~·,,-,,',,~ ~'~;,>#, ..... • 

"1.3(:"61>.. -:,~"..J '.'. 

occuri:'ing ;!lin b.!nitod qu.ant.:tt:l at ~H~V(~l"dl or l:,he ....... Zeeh::m 

sJ.1.ver-lead lnineB fl t but no ]),?s·t:icuJ.;::J,r· Gl~LnEm ""H'(~ lfJ(m ~~:Lol'led. 

Blndhe1m:i '':;~E~ a.nd flc',mar,J! ore 11 hnvG hr en re cor'lle,; tViC 

.-."" ......1. ".".l>&eoh.an."lueen ~;m.d ..d li:, trupt H mirH3:3 ( 1~"v 'v ""(;,~J.. \.~;.- l310; I~;.11e.Y, 

1',,-; 1',\. !;Pld'.,J~ H 10:-;<1... OX-;'.~,. d P 11 W"F'j". . nl.t 'il'd 'rLi"!.it)\01'_ ,; r IJ .,.1.. .....'le
;r;'""".,('!''terl '• ... ' '_"".,' .,...,. \'.14",. O' ..t- "I ,.~. ,....... ,.,1...., '


( : " () ..) -I' '..·.·,.',·.;.\/;"'J.r'lf /1 P c' ":( ). t.})Xl i; §~:';{lLJ~) ic (; t; ;.:''''.'. L.u•.)\.) ..... ~ .. ~.J" ...J') ......;. It 1~} probable (~Qtl':'1~t,j< 

uted. ,l t leas"i;. }!iJ,rt; of the mater'iela referred to In ~heme 

rq,w.cts. 

IWiatloch:i te ,i:h1!'Cl..•_-.. ... 11". ... 

T:'le only I'e~):)J·t 01 Jru.\tloc~d~e :~·t Zee~1"u1 i:.·; ~;h6lt by 

r'et~er-d (1910). 

~I"··o-"i",·,,··t; ';, t' ''''>'~' (") 113') "("'\'10"- ''''::' ."....'.' ·r",..,··.. ~ "inJ'\, .. C ... \.1 .a,:', 0 :.6 -',CId. 1;. ",,/,)..e. ("~,ll,,l::l .In,~.Jl ..~G\"<,';hl .' 

tf,bu.l;::{!" cr;Yi31;tJl:3 of L~ gl'ee'nl~.,;l-g;l'(:Y colcmr, rtp!.. ':cel'ltl;y' rare, 

<1:;:~ E~'O r~ i [et t;(~d \\l:l {~!'~ r~'1 iXE)'-1 fftll };;'hi d. B ~J.t}(J r~ ">~1'~1) ~i rl{:~. '1;1 c.~ 01'(') Ei: 0 '.r IGf~l(l 

at t;l~!, fJ;(LveEJt{:;r Tiine tl ; and H;tn rill,n.ll p&Lcl-le~1 ,)f a hu{wy­

~ "11 .. ',] c ~.' J ... :.... t·, ;.! •. .."c"1 n'" ''', , •. -+ '1.... r ".:'" ~ t " ....., ·'.. ,,1·,.... '7"''''11'''''''' It1S eJ _()U-.. co .... \Jtli r.l~J ~!;... ;~c,: ..).e\.{ lJ'\) tj..;}, ..tf(-:'il\::.~ t.:4 t.J tJ:';;'0' .~c~()!i.. ,,,I&~j,~:;~ ~i~ ...... J.1\.~, s..ICO' ....(:4;.1.;1. ." 

. ,..,~.~ .-: ,.,".

Ti\e.lantert'te 1;! € .<;() 4- ., i<2\" 
........ .... -•• M Ill"! IN••••
 

... I' '(1(91·" 1 " ", .. 'tb •1;'e·'I~e.r'(l .. 0) reeol'c. ed.li",(l nccvrence OJI:,(: lE,rX(;E;C "'C 

e"tow l"i-'~;" f~"-:~J'l ",' (;'~.~t(.'·.:t~.·,~·~y- ....~~ -I) ('~ "O··,··r·~!-':J.,,~· . .,. ~.,.~,.,':'t c·~")-··;J-,.:~-(' ... ·1 .. )·q L1"1~"'" l.··t 
,.,~ 'J l.'/J.'_' ",u... Jer' .l.d.:Jw"·,,•.l.l. t:tl:t. v 1. '" II <"".I. Ut!, ",:.uU. .~·Ub/:!,:';O"t,l,. 'J, ;"'''' h 

hEld formod >:"iB l~he rCEHl1';; of' dOCO.lItpo:;:dtion of lwrt ·tein the 
t\l; ;__.~ tl(] UflfJ-( ;1..Jo:r;.1{"~l.. J<.l{~;O. 
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tUmeti"te PbS(A!;JO4 ,:PO4.)3C1 
Mt .........:
 

Mimeti"te occurred in oxiclj,zefl ore from tho Suaannite 

.~~. ," .... 'C'" 4 'P."-) ;11'j ~ n!·;I tt.,.. "') it., . "f-C n .' 
( "",,1:'1. Inh"rLl.al."'X l.. '-'" ,ne <:" ••1(1 .\.1i9 .vI' anrna. IL.t __e. 

The .mimettte found a.t t 1i.e SlJsanni te Mine wno or:iginally 

tllougl:rt 'to be the leadhilli te v'UJ~:ety knm"jfl as 8u,,8a.nni te, 

hence the nrU!H~l of the mine. Lm:ter it wee sllOwn by 

'ft. :1". Petterd fl,l'1d 'N. A. I1eLeod (in rrwelvetreee, 1901a) to be 

Cfl.J!lpyli te, a variety of miJlleti te. C9j'ThJJ~rlite Wf~S alao found 

at the Bri'tanl'l:ta N:ifHh 

Some of the mtmetite from the Bri't;an.nir~. T"'!line was des­

orfbad by ~lvml.vetrees (1901h) as a new m:i.neral, which he 

cal1eff flpot"terdite". However,. p~nali:~raon (1908) fOl"wd it to 

be a v~,*ri€l'ty of mimEJti te.. Al1d(~rs{'m qu.esttoned -the chemica.l 

ana:lysls pttbl:tshed by rrwelvetree;9 and Pllbl-1 ~;)h0d 'l;WQ fuX"ther 

~::malJses, the mean of. w~11ch to s110vm belc~w. 

PhO 77 .14~; --­
~ ,-, 0

.1\,') ....... «:, 17.95%
Co . 

2.50,t1:>2°5 

Cl 2.461· 

J?ltU'1!9 ~y).}ul'jm1·t! Pb3A13{P04)2(OH)5·U20 

Petterd (1901, p.139) recorded plWJ1bogurnrni.. te as havtng 

been found "e,'Ctached to parti,ally decompof;H~d gal:::ma tt at the 

Brttteh Zeehan (Spray) Mine. 

'j:h~~ onlj.r spectmen of plv.!!ibogVJ:.uni tE:~ .fron1 Zeeht:.tn in the 

TaHmarniaJ!l MtUHlurn col1ectdon is epocimen no.X.20e3, from the 

Zaeh.om-!Viontema Mine. The spec:i.menootlsists of galena VI.hi-ch 

h~H3 been pe.rL:i.ally fl1 tared tOPS'I'Of?,o!'p·h1 ta., wh:i.ch 119,3 tin 
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'........ 'I);) r·t; i n 1 J v', 1 -I: C' ""'e'~ Lt •• ~~1 PWi1'1') ;romr: 1'1" tt, .....,1 "';180
·~:.tl.rn,l l~ eer'.1. j,.ff•., "~~""C'~~ "~'_."·.'"h''' .~'-. .... (l J: ,_A.~ "\;:~: •. , .• <. ~ "- (r., f:Jo;:>
.••••. ~_,. 

''q.,..~,.t\'" <for: 3 ) .1..'.,,_.. , ......l.' 1 "ll.) .• 

;,,,,,,,()'Pvro l1JBl'!;e ;".n, 2 
~.~-_.-...._~ ........-:._....".
 

Th(~ only reportod OC(~UrrOnC0 or p.vroltHJ~to in ,1';e 

ZeBhrUl f:i.eld if) B,L N;m'l.·'·.':lnEIGe IB1.1 7 W'H~l'(~ :Lt is R.A';o('d~ttetl 

Vi/"1.tj1. :lt1'n.~)nj.'te itl 'l;}"lf) n1;]tj.fs·~tni:reT·Ol.A~·~ ~;~'Of:JE1:::trl C;·:':~-·~'.J n:.,G~~ ·t~le 

l~"i 1} }""''''''' (1("6' 3) ";'J'_.\CIh,".c-" ""1- -rr,."""'t',,,,·i~,;'l".. ..~,) .. , +.,~ ';-1'l0'·h._,· I.~'J',' ~",,,,.;., ,,,,~:H.~.. .•,,..~ ..:l 1C'ii..t..ll,.. ~.. 't: C4'''.... rJ} ~':J''..A.g:,~fU-(..J' v.f..L..:1. ':;1 >'1:.:)~ !>·~~jv·"",::I:1.3. ~.l,()-Jl,. 

fro~ the oxidntio~ I);/,rj. 'CC: ~',~)nJ. rnD l'l~e:tJi ~rC,eOtlCj ~J i d f1:r:l ·i;o·. 

'Ph ("pr'" f,."n) Ct '1:Pvl'()mor:~)h:lto -- 'r.: '" .,}.~ ,'>..;l"., A 3 . 
....-.~~~..~ ::> '1' i!. 

-r>vrn'l"?>~~,·...,11·; '!"'"" n,,"," '('{)p""r' .t y, t::''\... ,H'r..I''.1..... ~' r' .... ''"hA ··',,·lv"""......-o..... ..I'"r..- ·,.,~.:.I'.}.J"..J...!J \ ..,)"'_' '1~'t ... }.. ,j t '. "tIJ.'a ..."_110':' ... J.U."" .. !.~, (,<,r..• ,.i~';" ~:,~.l! 1., ,•. ~, :~) ... ,. ,:;;,.)-\,~ ". 

i('; ),}{:> (fln'/'r~O!"'or '~"1 ;, ('. ., "'d 0 It) '1 '1/' :11'''' ('rt1'j !', .cr 'l'() 'P':>7: h-:r:.'i"i1 (1 (J 10)
I . ..; .....J'" ~.},.~." .. ;. : J ..¥.:} •..•l- .:. ......... ,_.-l-> •.\, ,.,_,,>,1.,._ .•. ;, .,}, ."~,,.J·......, •..• ,l ;J ,
 

't')ore were oth-er rntnm:' ocr;urre¥'lceo j n the ZeO~1f.n~ nx"sn. 

:Po't,ryr(l \~:Id not flftfnenrc of i~hefiH~ 0 ",her 1(}C~l1~t~~:iJ!)f~~ hu:t one 

fl...., ...... j~."\ (:,1"irl nI .. _.~.... >'\:!("'" t'fil')cl'l • ~"iV'Y'tll'}0, •. ""'nh': .. ' r,.· r::~elm':']'"" cl ." ,.•~ ...,.1, U (Xl"'8),J f)f .~."~ ...... ~... -I.-. )" "~'" I'.J n 'f"'r"nm.~c _,4...".. -I' h~' ."' '.' 1, ...... 

;u.l?el'1 ine ~l.s ,)'(1."(:,,)01'1 t; in th<G TnnT"~l.n:i. nr) )';:':~in;1.'··' ("o11eet"ot'.l ... 

? •• 'I ~n) Y'("","'~··{'1E".l! D{~(l.f}.Y~l··erJeePe1~ter(1 (01)" 0J.'·+ . _. 0 .. , 'n. 1.:>:1 !::OJ\;,'b ...... a,.',"'0 _" ,:.~ ... U .. ,... , .' " ~:~. 

of' the c,l}c51u1'1-r:ich vo.r:'1 wt,y of' J!YJ"'nr')Dr1:1'd.1~;f!,1\:nown Ha T.wly­

sphaerite "a't ,he '3;,{lv~?fd:e:r' \/511.0 .. 

....'.e 1 TT r .A.g.s2;,;.;;.;;iL 

Nnt:Lv("I ~J'; lver of fJrDccmtln,X':If Dr:1 J'::: f.l }~ .n l"F:'-:''J rC'00r(1 ad 

11'1 \1;() ox:jJ)jzed z()nl!~S never' 1 ore-bodi ns j l l ~;h0 %cehr-tTI 

::"r~(~.• 

~l.'he !:;:t1.'1},9:r' occl.:.),.ed :in the' ItIT\on.:i tn ""()f-'!8~H'1 :!"ormn:l71ona 
/\ 

13J.ong vd t'il 1;110 ~':U.vO!' hcJ.:Ulr:m eer~lr,~yr:'i tE~ ,~nd mn1~ol'7 te, and 

"Jp"Y',r h'~ ,,;'~'I {"-':l"B,'l'" ':""''''~V''' '11"-' "'0 ?C'OO 0<7,"":)'(' cd 1v "",,,' ·)··p,.,.. ..on)It -''''''ti" ... '~ ':':;"~ ~,"i_·~ .. ,.... ,.i'.. t•. 'Oj,,)t...~{;.,~:.~ ... ,~f 't.! ~,.l~.) .... / ..• ' '·",1" 110 ...... l.,._.,·/ ,-<,-'''''. :,,",.J U 

were recorded. G08s;'noP:'1rorrn:~t·; ann cr~rr':rtr:us h5 F:1' f:i:l lver 

Vf~: 11,1 0:1 ht~,ve b (J (,~11 l~(~ J.)-0 J.~to·/~ ':L r1 t;1"10 ll-;) ';",- eT'~ ~?V()r~·ri. n ~;f. tj,) c.: Oonah, 

L 
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Spray and Dalstrttp'f:l minas, n~ar the l'i'loI"ence Mirle, and.
 

in the C010l1S1 North area (Ch1.oride Lode).
 

E;'t:i;bie.on1tll Sb3060H(?)
 

Stfbieonite was rGoordec1 b~~ Petterd (1910, p .. 1Tl) a.a 

having been found lUS'E!al1 qu.anti ties in the 33r1tiah 

ZeCh3Jl (Sprc>,sr) mina at Zeeha.n. 

!h9.711~~:tt~, ~~n5540 

Pet'tare (1910., p.1~n) nco.r3ed voltzite t:'tt 'the S1.1ver 

(Tali:HJ1H,n:u:tn) C:r'O'Wtl riline [1fj rare globulnr Hnd. lar1f;11ar in­

eruf'.ltations. 

=---­



r'2.,)0. 

(rf~crC(}G'T(;(T. ~'P1tT~1{?t.,()I~1T~~li~ H.Y
~_,	 _~..... ........__._:.......,...	 _loI: .. _ ...
 

An :'lnvest1.gr:',t:l 0::1 1nt;o the com:potJi/J~ion or S~P~iq! er:-; tB 

from the Ze~~h9..n ~u"'on he.s been m;:-ilde :Ltl an ~}ttr:'m'.t 1,0 ohta:1.n 

~i11,.fo:rJ1"~lr;,':';5 D.rl Ofl ·t~;Fi_:~)1:~:rn ".·tr '(~:::J ()t~ fOl~nn..t;::~, j·)P {)f oren and to 

He(~ j_f~~hcre is cmy evidence of\iem:pi'.n·:cl."~'nre gr ;(1~J {H1te hav-

J .. 0.z~t;:,) ..t;(:~~ d11rj..l'l:~·~ :'1;-:: 'it~:torl ()-:? ~,~11(: (i·rei). ~"}1 ~~} 1.2,. o:'].o·f.! tern.. 

(iHrrrture dn:t~f.~ 'fo:r 0 ;:;}l(:;!r nulphtd.o f:;yr:!tif.nne h'Nt:;: n.lno be-.:m 

"'01'"1< '"', ....,J,. ,~\:liT-! ., ·r'''·~'~'Il·L·:-::~ \,.~,J:	 ',JI~......eX:'.lFli l"te<l i~\t)/! ~.~ ...~ .....i. .....' . ~,t ;,\h-hr~J.... ,', .. ~. .,~ 't.... L ...,,<!...,: 'yf:'~ t·'~10 SI)!'l 7.e:c1. t;e s il;11(ly',.• 

}~'e· ..... 2~!1 ,~. ~) $'Ts'tieJ'n •.._....,"''''''-~---_-.~>- ...-­
:f;hc appl:leat:1on of t;11Q ~]YS't;or;l Po ~~rl S 1 n i':;e 0 ll)f~:;;t cal 

"tiT181"'l'})mnei,17 ha£~ fol1()''fed t!H~; eXT)HCinerrl;8' 'Nu;ck of' Kullel1.f..(l 

( ·t nS3)· who doA,t~1P"·p'1i ~1t:.t1 ·nl\,' """hqso1""(~'1'Tt"; (1\"(" .\ '1.-2 Pyj x-nrvst!!t1.7.. , .' '"~ ",-, J ",.L~·., 1."" ,1,.¥ ..!,,::J. (~, •. ' \,.1' "... ".t •• "C.,,),.,., ,,"'_-41>.-' .~ __ \,.l ,.'.0 ....... 7'~' '---.- ..
 

corrr,),);!i lSonstn	 the svatcm FeS ~ ZnS. ','flera p;~!rrbotite Hnd 

l'(" ',. .,J':11.. "~" ~rHl}.L. '" "I ]" lH"i ,1"'"J1-l,E1T)h' -lertte hD.vf~	 ~ . ..J" ,.:1. 'j_>~ v'•.. J o.A "'t~ ... .-~,~ ~~:'l~) :t:r.?()J:l (~Dn.1;f!~·i.tj ()f
u "..,_.... 

t~')e aI1}1"G,]._e!'lj~t;(~ (~;'ln ·be U(::(hl "GO d -t;e' ·Y'11,n.O ,},~o~" ~:bE.~·' :,;'O)ern,,'::\Ue £).)7 

:f~!:):r."rnn.ij:t(ltl of ti'~1e C9 ~;,of~J'~l.·tJG·. '<~~).~n,rnlJ'."1-e3 (j:f~ ·t;~"~r:~ f:~:1;":::~1_:tc'·:~~, ~)r.1 o:e 

l~h:if3 oytt0r,}n in ({polo,(LcDI t~"oi:"rnone !~ry are Tn'ovtdfyl hy ':,;he 

~/..:t() ~1j~ K1.l11o;r.·ud et .. ·,1 (19Ejr.'\) T;'
"'_.:.
,1 "

'.
-, 

iJ.·.j"
,'~ ,.,.,1 S 

-... 
(1 (" '-e;

) It., ) t l;' ·1 '"~t ,'" .;...r(J'vI:" 1,;;1. \1~.'I. ... , .. ~ ..f" .~. .., ...J't 1. :1'... .:~ 'tl~ 

~L:l()Yl (-1957), ColemD11 (1957), ~:~} i,{l }'}Hi;"JOn (1960). 

Att.Emrpl,;s h,:wn nlsob.::;on mnde to USE; the system l)'!:t'J,"te­

~JJln ~,er:i te GfJ a gao1. () ii;l <~~),l t "!erzYiO!ueter '";i)1(~I'e p,Tr.rllol;tte ::,5 

~~:i- ':,lH~:(' ~;(~n1"{~C O:r.' n,b~·H::mt. 'F;jfqJ'rjlO'J oftlK) W:)!3 o"~ t~'r'LH nyai,;~.m 

(""'10 fnnJli! il'}r1'1,"" 1'101.'1" ()~.. r""",('I'1,-1'1"'''1 '''f~'1 T"L-,lC';';C'i"'" ('1r,~~)_:t.·", "'.' , .... ,...l{..o' •• '11: ""'"'••,,./ ., ~,~ • \ .). J..-,.'Y •.'l_...... (,J-'. ~.:.t.'.~\.... .4 ,,,'I.,, t,l .,,' ·,\•.••1:.. ,.".",,..,., 

'r~ ~~~ J,/I",:\I'" 1J.1.1 • ~~)0 pmnl o ·(1o~)·6) l',·,.,!.t" ,-.JJ.0~'a.1:11--J .'.'~ L.n n~r'~oM (19C 1) •~ '~~"',~. ~ • ~I' , 

It 1eG!H~ DyrrtoJ'J py:r:i.\;{~-r3ph~,ler1.I;n :tch j '" ()f in t';erest 

:In the} Z'.:~ehnn ores, ~3:1 nee Dyrrh o'l;1:tn oc~urs 1.n only m"lnQT to 

'""-~I .,trctce 0lJrlOtU"Jts :i.n o·.r~·e8 f'rorn the '.'restsi'n. nn<t! Cr~;'f1 t; r":rt~a of<:'~..- ,.t. 

.--' . 
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the area. and is ahsent elsowhere. 

In this stu.dy of the Zeoh.l\\,n ores, the oompoSitlon of 

the spb:aleI'i'te Ims been investigated for all m:1..neo in 1,.;h$ 

nr~a from wh:1.aIl su.itableaamples cou.l!l be obtah"':l.ed.. Aa 

d.eocr1J:HJld earlier in thin ·thesis, the ma;jori.ty of them1tl-G1lEl 

11'1 the ZeehanaI'e8. g,re now 1nacceaaHlle t'J,nd mOErl; of th.G 

samples VN;Jlret "therefore, oollectecl from the tltunpa of the 

mil:'lea. Altl.lOU.gb. 1 t would- be- of' irr'terest to inve~rtigate the 

'\laI'~ia;tiol1 in c01'1Tposi t;ion ofsphc.Llertt,e within incUvidltal 

ore bodies, this :i.8 no't possible for tho ZSf:,han ores. 

G1"'owt.h zoning was ol:nserved in fiorn.esFoctnens of aphal­

er! te :trOll'( .l::;he ,;istrict. b.xt met;SU1"(3fflen'ts of 1jhx:} iron con'tent 

were not made on t;l1.Gse apecil'.nens. 

Ant~~. In@tho<1s. rJ,nd ...$}Julta ..~'.t.ieal j,I. .. I." ••U ..~ "'. q - ,_ 1 _ , • 

Th.a oD'!'Jplea of sphaleri te were inves1;igated by two 

cliff'aren't metlu:Hls, viz. ~lectron-:probe mi.ero-ana.lysia Gnd 

X-T{),Y po\vd.er diff.rl:1.ction. 

~t'::H~ 8,.fl,;:tl:rse:J·d-th the elec'tron-pro'be I1'ttoro-:ult~.ljrser 

\.vera kindlycarriEHl ou:t for. the au'C;lor by flir. P. ~;chultz of 

the AUErtralian MirHH'o,l D.evelopmof1\, I..."ibo:t"a..:t{)r:i.ea~ Adel~d(le, 

South A.uetra.lia. Elements i1eterm.:i ned were :tron, co.d.mtum 

Hnd lllaug"nese. Hef:iUl··ta of ·these anal:{ses are t::ihown in 

Table 11. li'o:t~ t;h€rSS dett'iu,,:wil"i/l'!:iooa 'the sanrpl-eB were su.b­

mitted a.s polishedf3ect:lonr:I1.'\10v.nted in cold-seti.. ing polyentcl' 

renin·,. and the f'o11owing notes on iHla.1ytj.enl techniq,-,e rml"e 

supplied by Mr. Sohultz. 



"'3()e; ..c.~-

'the sa.rrlfJlf)s were uned a.s rece:l"od with.ont c.f!l.rbon coat.... 
ill,g. Sorne ci\ox'g1.ng effects were experiQf1ced.. 1lhe electron.­
nrol'G ....?~:ao 1 ..5 rrd,erons in d1,amet(;'!T, nl"otlueed 'by aT; accel­
ort\1,'tlng volt{:'l.go of 25kV, and yleldi;lg a ~':3:peeim9n CUrI'Cfl't of 
0 .. 35}.tt~•• 

Ineoich inB't.;t.woe OfilE~ aCCl~rate ~3poi; rUllilJ.~reis was !T!l\de 
4'r" ..•• 't.,,,," C'd .~.~ ..'\ '\\""" ,"'1 ..··1.. <.,"'v· ........,."l .,,·1:)·r·· ....O ;:.,'.,.·1t"" r>~.. "J,,........ '" "..,.A,J~ .).: ~'t J _, C.l1... ,~,JCt .phJi" J'}_... t.~.-...~<. 1,J v 'C~';'.Jo. (:.'t. e.:td.i.., .k ..\.., ..e....,. ,.... ,i.;;::~.,. ,:. (·,~.:ilj.~.~... _J tr",'u~~ <,:t.~
 

'
 oheckH. I\;:rc f~)etalfJ were u;'i,ed. aa standf:),rrls a,ncl mass ah-
eo ,I- ,~... ~"'.'~ ' ' '0 .f·.· '" ~.' n \.,,,~,,,,,,, ~". """1'- .....,.. -to' 11 ".,~ 1 ,., """~," ,'. ') Q' "",. "'c'"•.:: rpv .......,ll ";vlI't,,, t.J.'.J:. .. ..:, ,",-<."!",, ~:*j)J! .1."".1. j a V'_·. __ \"·",;;:;~";< \'U '",,,;, ..L.
 

Values 11uo't;e~1 are aoourate to .1J05's of the amount j;;renent. 

One obvicrU8 (U.rm,dvnnta.gt~ of the (-':!lan"l;:r:'on-probe technique 

'Uoed in thesemeasnrements .is the range o:f tU.'1D,lyti5..cal lll'l ­

ner"ta1nt.y', but~ tho total sprsD,d of :1:r'Ol'1 veJ.ues in Gl)haleri to 

from Z08h.an is nuff:tc:J.O'fl'tly In,rge for the me'thod toprovicl.e 

f.d:·':tlif1ecmt rem]lts. rl?he great adva.ntago :lrl ·:.;h1s method is 

tho nb:ll:i.1jY to carl";'/ o'ut eJ'~_'J.ly::>ea on extrct'loly ~3nal1 '1Ul:iM'lti­

t:1.es of. Jl)61tel"'1.[),1, ~lnc1 :in several of "the Ze<l~hunsaxi)1?les 

aphnlerite ls not tru,ffin1t;;1ntly abul1Jlant to Gl13:blo e,nnlysia 

1)'''' '" '1,,1' ~4.;. '" '" m""A.•'" ""c:'l';1 c.... .,} ." vU",,~. ..: .. "1:> l;>: :.'.".!" 

"1'.... 1 ~J j ,,'t-c.,·,l(,",t· of n .;, ", "'11')''-'" •• 'j. .. ..,. <I' f\(jl·.,····· '" "'.,., '1t...~:on (1963).,'0_l~ 1.." ....1- .. _1.£ IY.;;-r,,:,,)- J,.... ,,'.';?:- :.J1....... ~ ..... L -c; Lt" f.ti.~ \.I: ~ - .' .. v.~" ,~-:: .... .l1.'),... .I:,,~' -b ",' '
 

htlVe 1:"eI)OT'tedthat 1TIOt:li:11U"Cment, TIlde by themo~ thD ir.on 

""("'1'1'~H. r""'~' ..nl .;..,p Jl,;..t ...... '··i+l.ciQ,'it'.. 1'0,4~,.;t in,ff 'I'h,~_,.:..:."::;;': '" l..~ ... no"Oi"V.... ·t.J,.....·O....,f• .&.-.£;).;t.. 1'" f'l,,',·, .... 4 "'t'e'n....o'h(~'\,..;, :.J,:~~~.~ b ....;~~~ !:"'~I"V'l 'J,·Y0 ..t. ''l:::;.J. ";;;~ ~.J':~ V""4-i,... Lt.L",.J.''.1~~'" 

l·"e·1""" ,.... """"('1·.. ....... '··"" t·0 ...+4·d coE'>ilJ. .l·'hC· :"\';';'1(1, ~_, ....!:.r_~Io-)V[..t,l),, ..."''''~...,.A, t·· "'he .Ji....t:::~~t.,.[~~1'"..;;
.'1 0 -C'40""-i jI",~\..V\r~.}~; ," i" u.:.s".; ·~I"~O··U·'lt .f)' t,,~:.., .........\- ­

15 '{;o 5~) !'flo1e lnn:eent J'f<3. No deta:i.ls of the m(~thod. WEl'rS 

g:lV~H1 in tide f:)jbs·'\iro.c't rc::uort., l.m:t; Mr. K.J:a \'!illj~!'ma of t;he 

JUlstralian H~lt:j.onu.1 Un:i.ver~lity 11~1~1 rocently ~m(~cceded in 

"-r,apply:l ng correcl,1 on pr<}{~t){!rtr08 t,v c:1octr;::m.- rot\8 .mtcro-ana,ly::~efJ 

",.r· ,.,,~.,l1'" 1 """"'it"'" ,,, ",1"'1 h,....~ "d'·Tio ..~/l ""'1<'"",. f.H<,r·}'or( ""c.r,-j c'O""""') 4o""f" "'1-"1""h·v~ "'':'illO'l_~V..&. 'iii;;' C1.·!•.~,".! ... ",,,A~ t"~.v ~'V'~·' \'1,.~tr.;: ~"", .. ·t."t<.~.~ J;.;~.<i "::".,J'J\.'c~.i .• ti" ... 1>..\,;!;r ~J..,· ....u 

mn.;jorityoT analyses by the techniqu.e cnn he qu;)'te:'i as 

... u"'" t· to ±" q:t Iy[' ·t1" . "'; ." '!- '"..... ,,-" "pt "" ""0 .......f')c ..··' ')"" ""","1" A,-"CC ... <;l.EJ '.' --t'i"'" \.I.' hue B..".OilU.> Jfi"Of:HH.. 1.1. ....n"" ", 1 .•,~. ~ itJ.... ~.. b'" \,k.­

"''''''11''''''.':, h.,..v~ b""r,.:,·'" 0" ':"ll' v.",,'" ',.""..il "'~·l ...t b~' ,:x;111'~ ''''-'<1' ( ., Q.e:;t;)ti" lw' .. Ci~~ ,I, .. ~,,"'j~ ~ ·w ...... ~·t, • ~A. r~l •• .iJ.'::i·.~l U~~.J.;~J. J . tf t'~,,,,, -~, ...~ . ..:::,c.·J,.~~-l>:,)'t t ;';\.".1'''' .,. 

--...... 
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The rom.ll:\:;.a f31"iO'l'Jl1 :i.n Tahh~ 11 \~I'ere C011fdd(~re(1 to be 

:.nrf'f:1. e:i. cmtly in t.B!'(H3·tinn; to 1.NarY-afi :', tho CX\81101 n offurtb..sr 

l:1r:.'D'l.p1eE! from \;!w ,u'eo.. AD .:It; was not possible Lo !In,ve 

.f'~J""".I·)·I('···'4l, .f.U ln1"iI)W-:-O';:'~i:)'~~1 .... ··\X"'··-i o.~, o·u.;' .t·, t:\·,t.......I" pl"',.,,+ on-"·)
• 

......,···b0l:: ,.,I'i'..... ... ,J:.......Ji,;\ ..... · u ",,"~J.. ..O(;~•••• t.",-t,........_\:~'l.....l b·y '.. ~,,"' .t".A. ",.1 ..~ rrl"~~:'l-,f'\~"]


"."J. o 

'I'br) '1r_r'::Q; 'oov'do"'" (li-f''fJ''':lc·''j or- m.e.'J.j')od l:\]':U" 0,:')'] o'~l:'ld.J{ ... ~ ;I..~ ~.~J ,&. ,~., -40- .~ ~"~"""''''.'", ... ~ll. .l_~:t:S :. -, ~.t .. "...) "~"-".~,···'JV. 

l;r""l""'v"~(~ (1 nC:3) i:"'·...-t·!"l" ....r ""of" '~1 (1(H;n) "''''lC't l~1"·i.," .. ""r("I·961)ta,.~J~ .. 'il,':''''''' \Jt. ..l. . :J ,..-I ,. "";;H.·)..J,,. ..1 ,H::" G W r..A,. • '),r;l (,~£.!.A ~ "'~~ .. ~~.: ,~'t'",,;;: . I~'" . 

hfwe ,1emons·trated thEet aecrl.rn;te me~:'tfH~rernen'ts of the unit-

cell (;~dge ofSl:>h!:11E:F'i,t;e provide S0!1H:i'tiVEl m.$t1Bl'tI'Om011't.s of 

'{,l)", ""'O"l"i"A(',,{ ""1· (''''. C'k·j "'\'1""'" (19(.1') ·""".'·'v~"""'·~~ t 1i"t.e> f·01·lo"!1"'JU'I~·.v , .... 4~'~' ..l,..'\.•h::J',.J..V ..... ,.,;.1,.'. U _l . .l.t.. .... _u.Jt. .,.1' '''''''''L'''fi'.l.-\tv~~, l-.. U .'. '" w~ 1 ..iI~.:., 

relr).t;:torU5~'l.i p betWtVmLltl:~.t-cell edge and compos5 t:ion. of 

flJ!11t:11,o.x~:i.. Jte,. 

a ~ 5.4093 + 0.000456 X +0.00424, Y +0.002022 

·'·;n.··L~·"""" v /y .".".n C/ .. '<'.~, i·t~c' ~f'·I"'·"-"'t"l-t·"~ r·,..!' F''''<''i-f.tJ.~ .. l .. Q ,M\..: ..., Q~·,.1,U ,t"j t.:~,;, ,... VS~::'.' ,.•-r ..,i .A.V-\i*.... 'lIb v-t . t:;.·u,: CdS nndMnS 

t • ;,.1"".. ~".. "',,..... .l••", , •. ~... CIU. ,. l. '" - ,. "" " <C' _ J ......' J<in..I'r'Olt'li"'''''i" e. ~''''.ltr. ':".~';d.. a.-t c', -l:h"Jo IH1~;,a":'_Cp.>1·i ''''d .."''o eT ·th"" 

........ ~)~l·".', 'Cl .... 'l'""it· "" (j 'n 10\ "" .~...~--r, •.,,~.• )i,.:;.' 1"~' t, ,.,,1. ~..... lf~ .. :t-J.. ,,-, ~!.J.- ,:~'-j It.J.. vL,«.:I· • 

~rb.n un:; t-cel1 ea ::e L':'f:lEtnUl'ements of' s.p"ln,lt".lri tit]! sr·lf'lj:J' ea 

1· nV'''' -b·""""l"··-'·~{"(' -t·, ';:,,1n no 4--..",~.... f;.·"'Jti '! ." ~·f·-,,·""tio""1.1f~: ~"(J'rn ~lAC'\,7·~4,t'>}""'n.. .l·C,~ ,I..h~'.u "iiOi> t.:;;;u·~.J,. {l_.~.(~,~.,," _." b1J'V . ~ t ...... ~ "C~'-i 'IQ'" ""h~-"~k'\)I';(lI'..I !"J"\;..... q ~t ..'... ..... ,;:~A';;",t.., ,t~{ 

':1h~~·t""ffr'"U-'J~:~..," -,,',.,t:,.·,~o·'J'"~,, ,.Q..l.~ C"J''l~'r'",'''.. '. ,~.iI <rvf"\."..... 1. 4 
t 4 • 6· m l'"n . ~"i a·i,·'rn..i._",~ •.:..(IC...·t""·· '~"'t.--.~. ""'~Sl.-'".!l.~. 'l~" . _,,',;~, h.!.!'-'H. i'" 0,.,. '11n-l'nr,a 

nrn1g!~nf}$G f5..1tered :iron j{1X rntli::rt:1. on. In E%'J.C1') c"se t;he vtJ"lu.e's 

of Qc- ao,le~11:.3,i;et~ £\')1' ecwh of t~h::J li l1t:1S meH~Jl.lred were plotted' 

l.lgain.st the Iicleon ~:ltld R:llay f'unetion (Nelson, and Riley, 

1945), anc.l the cu.rve extrapolated to f:7ive the 1..1..1111:;-0011 edge 

value a"t 180°29'. The uncer"t111n'ty in;;hese mefi<l.Dlt.'t'ements Vf~la 

o 
.£'1 ()f'!.O·Soil ·t·~,)·", ..n""e""'+r>1· ...,-h7 1 """t""f'T -1'}',6 !l;,V"·~·~·{-'~o·'" ..... ht''''l···]'1I~ll -r "'·m·:J;:-'. u .u.• ""J, •.'\ '''...'~~ IiJ' •• uVl1 ;)<;.I."""~' ., .. v "L :L,.ov~. L.l vU <cI_. c""., - . 

the l.1l.lrr.:er:Im!l,l £waro.{:,:c of oev c:rc~l mer:u.'iure,ments of "tJtc EV;I:10 

ph{)'t;OgI'.9.ph. 

~ 
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.A.. J".. f;.,l>::~ _ • ""!'iB T1 
' 11 

:Bl(,}ctron-probe micro-ar.l<;J.1;}~ses of Spt'.lalerita, Zeehan* .. 

..
 
Mine Polished 

sec't:ton 
number 

E:lement, 

Ye 
vveLrht 

Cd 
per cent 

Mn . . FeS 
mole 
par cent 

Oceans. 1'.254 1.7 0.6 0.1 3·0 ~ 

00o.a1'1 P.255 2.; 0.22 0.02 4.) 0 
AU6'tral 
Valley P ~l~'6 .... t" .,' 0.6 0 .. ; 0.2 0.9 

Zeehan 
Bell F' 2t:i8, .. ",./ . 5.0 0 .. 3 0.01 8 h• .J 

Sunrise P.259 0.04 0.25 0.07 0.06 

Sunrise P.221 1.5 0.25 <0.01 2.6 Lt 
Si.lver 
King . 1'.260 1,.. 1 0.25 0.03 1.9 

Montant9J S.1,. P.261 1.1 (0.01 0.02 1.9 

'1' t' smanian "' ­
Crown P.262 3.1 0.4 0.04 5.4 0 
JUYlct'.1on P.263 0.8 0.2 <0.005 1.4 --) 

'~-

No. 4 Argent P.264 7.8 0·3 0.05 13.4 f 

. 
-'/ 

~) 

StOI'1T!sdown P.265 8.2 0·3 <0.005 14.0 !U 
i 

Silver 
S1;ream P.266 13·3 0.25 1.7 22.6 2l/ 

Com:.rtock P.267 11.2 0.2 <;.15 19.1 

Swan.sea P.268 1.6 0.27 <0 .. 005 2.7 \-\ 

T.. L. g. P.269 5·3 0.3 0.6 9.1 

SpTt.1y P.270 7.. 7 0.27 0.03 13.2 r-' 

... Analyses by P. Schultz" AUBtrali~:ln M1..neral Development 
Labora:tor:i.es, Adelaide~ South Austra.lia,.. 

~ 
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The above relationsYd.p between unit-cell and oompos:i.tion 

demonat;ra.t~}s thH.t the cell edge io depen.dent on the presence 

not only of iron, but a.lso on other components in solj..d 

~:lolution.. Therefore, in order to cI3l1eul~3:t;e the jron. content 

from un::i.t;~·cel1 edge mensurEHnents it is necessary to knoVl at 

leasi, "the ce,drnium and mangane~3e contents. In the,::;6 c81<ml­

a:t:ions it has been a,ssUlfled that the cadmium, and manganese 

contents of the sflhaleri te samples are equivalent ·to the 

average values obtained from the seventeen electrorl-probe 

analysefh frhe aven1.ge GdS va.lue is 0.24 mole per centt and 

tl:ts 8.vera.ge MonS value ie 0.31 mole 'per cerJt. Ta.ble 11 

demons'tratfJS th.at the CtlJ.dmium content of sphn,lerite a'hows 

little v~lrj,atfof1 in the Zeehan ax-ea, but the var:latlo!! in 

m~\n~:~laBe con~:t i~ Eomewhat,,:li gh:r :r1d. i:t~O~1)CeH an 

addluJ.onal SOi.lrC~ of error in",} tlh. c",lcuL,tlOJEh 

MeaStlrementa of the untt-eell edges of elfJven aphalertte 

SanilJ1eS, and the calculat;Hrl FeS values }:lre listed in Tu,ble 

12. frhe last two samples listed in 'lIable 12, i.e. spho,lerite 

f'raIn 'th() ComErtoclc ana. Sr;ray mines, have been included to 

provide a COnri)oison wi ':,h 'the alae tron-probe micro-stnalysos. 

Il'hree figu.res are sh.own for each of these samples, these 

~\re (1) the FeS valu0 en lculated on the baste of 'the n.v0rage 

values for cadmium and mang:~meae, (2) the l"eS vHlue 081­

c1J.le:t£::(] using thE~ actu'l c(J,dmium antI man§'P,nese vallles for 

"these sFJ.m:plp.E:1 rneasttred by electron-probe (see TF.tble 11) and 

(3) the FaG valu.e from elE~cl;ron-XJroba measuren'lent (see Table 

11).. The t;wo calcu.lated values for 0 1" s""rnpl".' . .'Q" , '''.1" f:;~ are 1.0 

/ 
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reo.Hof1a,ble agreement. '.Vi th "the elec-tron-probe micro-­

analyses t a.nd are withtn t,;he range of s.n:a.ly-t:;;.cal uncertainty 

of the electron-prohe measurernan1;s. 

'1: i\J31B
''It 

12.
• ..... 

Measv.red 12nit-eell edp':e valt.les and ci~.lc'llhtted iron eontents 

of sphalerite, Zeehan. 

..... w r n I • iIMIU". J ~I.I a 4A~ 1& tli 10 j. J I • T f r ..........
 

Mine Corresponding Unit-cell Caleula:ted 
Polit3h(!cl edge* (1) FeS, mole p{~r 

section cont. 
nmnber. 

• "t8 • -,l:i' -
Dorie 1',..333 5.4190 17.8 
Sylves'tier I:'.J20 5 .. 4203 20 .. 6 

I ) 31"'\1:;:13088 5.4180 15.6
'. ?-' 

13ritannia P.332 ; .. 4178 15.1 
...., 3f: '?S tonehe.nge ./,. .Jc.. 5.4130 4..6 

Grubba 5.4145 7.9'-'335 
Colonel 
!{or't,h 
(Tl"rwiwny
 
J?oI'mation) P.345 !;"4132 5.0
 

l)espatch P.. 310 5.4150 9.0 
SweerH~yts P.368 5.4205 21.1 

.",,* **If.)
COI.'1stock ·P.267 5 .. 4196 19.1(17.7 ,19 .. 1

** *"HfSI)r,3.::! :P .. 196 5.4175 12.3(15.5 ,13.2 ) 

tt",rI,>,.""..,.",...... ~~ ..",•.",... Eh.!.... t·0 "".; + 1,. '1 ~.,~ :t 0 00'0-r.: er".L .... 1 .. . ?A. 

** C8.1cul13.teOI vHlue on basis of actu..~l Cd and Nin content 
of 1~hese samXlles. 

*** Values obt.e5ned by elec'tron-probe Jllicro-analy-ei-s. 

/~ 
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\ 

Internre'tati. on of results • 
.-.Ill J ill I •. • ••• It. ,.---~ .­

The '!s'riationtJ i.u iron-content of sphn leri te in the 

ZCfc,h,c1Vl are'a m£lV br.~ i Yl"ter"il"''''t0f1 by me' 08 o·r F"i.n:tre 3 (fro'".... ~..l", ..<1,>..... " '. 9 ." ....,,(1.1 ~ ;o"k ''''.l:~ - I:;:;: ..., .... ", ; , -_. ...... ". :."~ . - :IiJ, 

31ms ~2l.!1d nHrton, 1961) in ~onjunctioll '.Ni th t;he theoretical 

nnd expe:rtmel'1't[~..1 work of J(ullerud (1953 t 1959) t Dn.rton and 

·;',···11"' ·(:1 <cd!~, •.d.' C'-l f n .", ''In'"!.... '[;k~'i]lnr"·oViu ('1961) •(1 Q f;{) ;v_... ,,';;' .c,.. (, l.t'.,.t. . ~.;; ,.l ;l "" () , 

900 

Sp+Po+v Sp t L t V 800 

lOO 

600 

Sp. T,oilitp + v .. TIDe 
SptPytV 

500 
EXPLANATION 

~5Phole'ite 

Po, pyrrhotite 400 " 
P y = pyrite 

L = liquid (mostly sul(ur) 
300

V = vopor (mostly sulflJr) 

zoo 

40 30 20 10 
Mole percent FeS in sphole,ile 

17 I ".',1 D 'J:~ l\..f ,-, fi.lJ •.J~' . ~ ' Com,post tlon of sphaleri te in aqt:t:l.libritun. wi th 
.. is. 

V·t'~·_~""I"'-' O1>S :..".,.' ~"'11··h~">t" ~ l.lJ."" .... h-- nv·"'t•.:.1..., .....~ 'l1 ..t - ''Jr'l - <~ (f·ro.. ..... .1J.",(,~ ...::t'!il;~'lo' b . ..,.~~;· i::J -~ "'e L.I U ".tA'J. 

C', ". .~\ l":1 T'r c:' 'tot c· 1· or: 1) ....JJ:,,{3 ,,-,.,,·,L ....ho,... O,1, :;,J'. 

fC'J{;; fnc'tors COIl trol1ingi;11c~ iron. content of Beh'c>, le!'i te 

in e:\'t.l.ililJriufl'.i w.i 'Ch, pyrt"to a1"fj (a) other elementr.l pre;:::ent 

",1 >-1-,,,, ",,·t-)...,"n·'"1'~~·CI 0'1"1'\.1'" Clnh,··"!e·'·it''''' (b) '1'0"<'11 T""""!::!~I'U""""J..I_ h4,\,(.~i Q .• {.,('".. b ...A.....J..~ .." Jl t.J ~J:,."" ... ".~l~,:p;. '"1~ ,1-x; , J' !.Jt.:.·~~. ~~""..1..."""'~:J~ .~... ~;;; 

~ 
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(c) te1'Irperature, ~tn,d (d) activity of ;:~iUll)hur. 

In ttddi tion tD iron, erne.11 a.fi1ounte of other elements 

may substHiute for 2~ine tn sphrd..eri te.. 'rh.a moet irnportcmt 

of t.hl~Ge other elements are oac1mi urn an,1 nnmganese, but 

ld.8fl'tu:th, eobr:tlt, copper, gallimn, ind1Ul'lJ.,le r '.d, morcury, 

molyhclenwi1" slIver and 'tin a180 maybe capableo:f subntit ­

u.ttng for zinc. Previous invc;'J !;igati.c:ma (e.g. Frykhmd and 

Fletoher, 1956; S:ime and lkirton., 1961) have shownth~:tt pure 

sampleD of sphQlerite COlrtf;:dn very low fU110U!'l'ts of' 'the-se 

eler~:ents • 

Aeeorilingto Kullerud (1959) t {Clxperi:rrH~ntC'l work h~lS 

'.:)"'"ol'o""n 4o·}1!1't·,I' uxt.r 1.;'"Jr'~"""'·n(".n of 2 '''''''T'p't; r.ft''l't .•, ..... l •...',j~ le",'"·''' o{~.,.. .... ·U:.Llf,. " tf, -.;:,.". '··h,~ ,- ~",;.~ ....'·,.3~"1 ....VUJ';:l·n. .... c~~ ....,1i;O ~.~-u.t-Jj.' """~::

~I.nd/or mrru1go.nese has no td grd,ficant effect orl the solubility 

of :f.:r'(H1 in sphtllerite .. 

r.rhe effectis of total pressure, te.mperature:l!1c1 acttvi'ty 

of sulphu.r are in1.ierreltited f and hc'\ve b~JEHl cOn£3j.d(7red by 

c~:~ 11'!,)j:~ ' ...;:)""nl nprton (196· 1 ) • 
,..... .!I;.,;J ..'1 ...... ~~:{;, , ". According to ..)J.ms and J3;'rton, cal­

cll1.,atj. ana hoye aho',":n -that tOtfl1 pres::m.re holS l:t ttle eff'<.:;.ct 

on t.l'w ir n contotlt of }J:p~r~aleri'tlC) tn equilU.>rlum w:l.. th pyr1te 

for a givon temperr~.tu.l"e anfl f::l:ctiVlty Of' sulphur.. If theee­

c>;}ncltm:i om) '''r"'{,:jl ~O""''I'''C\''''i' ·1 ~ en.1'l be assU1\'lf.!\1 ·!.;h:'t "the variations~';4- ~ ..... , ...1.. ~" {;."", ~.,. ..Ai. od 

in iron cOfltient in sphnleri.t(! at Zeeb,an nre <1ue l;o trH', 

cornhined erf fe-ct!3 of t{;1J':pnrnbure f.md a,ctlv1.ty of Bulphur. 

S11113 and B·!~,rton have a,Is-cl c::lleult;,ted thr.:li. at con~'rt;ant 

t nn"'-."".J£"1 ; ..'P. t.:t."'t"I·p "'ii !'1,,·1,~.'-.l\~l:,i,-1. ·"'·h\It.toe. ·.'··,'rri·te-Qlt<3:l:"~.....h·,1.C,-,··,,·pr";..1. ·t""" c··'r.)l".•j lii'y.."".. ..... 'l,/l. '<," .. '" ....., v 'f'i"~14.~ .1:'v.... -i.;JI1,l-,:,).J ..... ' .',. ~,. 

(see F:lguro 3), an incrc2I.se intho acti.vj,ty of m;!lphtrby 

two order:] of mJ.;lgnj·tude decrease;) tih{,~ molecular perc.snto.ge 

of FeS in Bphaleri'te by one order of magn:i.tu~le.. 31ms tl,nd 



.... ,JlIt:'
;:,'.4);'· 

Bal."ton have poin'ted out. tb.n.t since 'the range incol'Jposj1;ion 

of 11'eS in sphalerit;e is only about: onc; 01":(1131' of 1IJngn:ltulle 

(39 mole 'percent at [)94QC to about 3 mole percent at 200°C) 

whereas the possible r:mge of acttv:1.ty ofsulphnr is many 

ordorn of magn:ltude, act~lv:I.ty of £;u1;:hu1' is a verjr important 

. hI· . t t·, i.... bJvarJ.a e J.I1 PSl'"1 . e-spl1~t . er .vEl as 13 em "_!;lgC~h 

rrhe iron conterrt; of sphnlerite, formed in equ.ilibrium 

with pyr~tetprovldes r:t minimum temiera'!,;ure of format;ion of 

the spha.leri te-pyrJte a,s":H?'mbl'ge~;, 1.~fhen the FeS-ZnH s01vu$ 

curve (lcn'v'cr curve in Pigure 3) is USE1l1 as Et t~W1IJBr:c'.tl1re 

tndic,g,tor.. Simila,rlY~:t mHxil1lu.m tfFrperutu:re :In obtni.ned by 

usin{!:;the curve which ShOWfJ!;hE! cmnposi t; on of spha,lerita 

ex:i.st:i.ng in e?lui1:i briu.m w:lt,h Il,yri"te + li c1u:ld + vapou.r 

( ;;,.! """r'~ "J) fl'lt, '" ""c4-pfll te'IT"·'Aro·t·'lr""· WJ" ·th·; l"'''"}'' n.,""" 1"1.'r""i+''''A' J.,'L;..u. ~~,< ,J" ~.~.1.~i <;-t. ti_..I,."~, .. ~ '~"~'l,;l::'" ", ';"", ~, • 1_..&._",- ~, .. t'V-f,)~ .. - ~!I-- ttt:..J"' 

at whi(~h i;he a1)hl11ex'~itle-pyri to HSfHuI't.blage wtl.sformed, cH.nnot 

be specified vii tJwu.tfurther krwwlod;,:~e :.r'e:-~~::tr(1il:1{t: ttlG activity 

of JJulphltI' a \, :;,11(; time of :fo:r."Tf!ation. 

'''l}.." ."" .. ~t,"c·n ('-.f' "·"·l';l·:i"'··i~'n· 1- ,.- ·ry ·t"-' r,'nr':! ,T'\hnl_loll;. "l,.J.eQ,l J..•~. e ..~" ... .l. •.IX .....I De lJweeu iJ. '" 1. ",. ,,'" •.1 S,F'"'''''' . 

erite is clearly o:f c:ci t:1 c::,l importance in [;1<e apl')licn:l;ion 

of the oyf:1te.m Fe-Zn-S in g<HJlo!,t~ical theJ'mome-t:t'y. F>m1.1i.briUIfi 

in mrt;V..1"l;l,l n~JT11 afK;·tTll)hlge~i iD difftCll1t to prove, but 

it is oft,en af.!sumed for coeXisting rdl'lCI'f:l,ls. 

B1··r·t'- .70 ~~,v~ ;r····'·,~,t "'·~)"'t 1. . .1,>.:11f,,80·'11. f.k!·-"'d ,,,t<.Hl (1 0 '"'1) ..1<3, e '" ,-:I "',.c. "f S1.i '''", "" •• 13..,U.:>..,€".'I.e~l yl",q'l""r~'I'" 

'I .... ,,1 e "n e j ·t- 0" '1·' '" j·.l'~r, "·"j"'.t':'QA~I"''''' i:f n'" ",,-:~·j'··I·i ( .•,. rJ".·' n(·'r~·) !.. ~ (';'1'1 041' ........ 0 >,.1.. -.t/ ..",~,.J ~ ",,,,-'1 .,IJ. "-il",,. ).:..~. \,;.. ,,__...... t,·.\,..;'\:;... f~'l;.'t.! G(::<::,·_ .... ~ ....,J.. ~~'.' ....,,'.-' • ,~~, \J,{ ~." :>..t 

,;,;y'rttc, then the k?Jphii·!erl.te is in equj,librium wit;J't t.he 

surface c/f the :p~1rj tee 'I'tH; term Ifsurface err:'ilihri.um" \\'~'l,a 

us ed 1):: SimrJ " n(l lk\l"tol1 to describe;~h.c; cxten t; of equi 1. i br1'um 
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hetween the minerals i.n sueh n 1~j tu:t1tiol:'l. Since it 1.a the 

.:J.~:,~~.-:,:,.;..",~",;""".'l:·I"··' ..I""'···.. i~·tt\-;;..... 11.l
l·'i""-t",.1. j""......:1 jVl1,..' • 1 "'i ...tJ:';:".·;·\ ."n··~fqA""f,~!\,..'t,J.,. l"f',I·, ""h"'". .,,,1.1;. , .. e'·1)")"11b·r-I.'101'. y~ u,,_,:... ~lf~ ~..:hV'V""~,!.A~. _. ~J:.O 

·,·j·' ..... 1··· ",. ..~"\..". ....eftui.,."'m"'1'1t·s' :for' "I'h"" ,.,'<'\""'11 ....... -1··; ,...,'" oJ> ..!.y", 1:'_'/", :t'~
k,,';'':'' -... t..,1:.,:', '.\;,<,:: ..I•.,....~j. ~".&.'Ci.(:'~';;"'_" . , V" .. c;;:; (:'Q."t'l.JS _.vc~l,_l.v.l".t "t '.1,,1,,:; J:.~-.u.t............,
 

system i.n gE:~olc ':;ioa1 thermorne t.ry would be s~""t5-sfied. 

Th,Q convel1tlon~11 Intarl1J:'etation of' th.e textureJ. relati,on­

sillp between p;:;r:ri te ,:uld sphDJ,eri te in t;h(0 Zeehan nrea 

j nd,icate~,that the spha,ler1. teoC'cardes a. laLer 'posi t:l.on -than 

pyr5, to in 't,hf:; parai";E~ne't:i.c se'luenee. If th:1El i.n BOt then the 

<Ct,,-,h, ..,·j..-:\...-.· •• ~oul ..a 1••.•.. .1" ' .."r·..·' "J'l"b ·'1' '!T"t'" ·t'h· 1'r;'!"'"d;C' "'.cL ... c ... 1 I) e.! ,( [hC 1.,} ·.,,,lA. L:b ·,::1 EL..!.1.,.1 •.1. • Tl <1nl \,1. ; 1. J. 0 .JJ r.~ .,..;';. 

It in eanenM.nl tl'119.t euJ'f:i..ci('Hlt. pyrite Wf,'1Si;reoeni.; :for 

th,o .sp~':t3;eritG to ha.v~) become srf;';Ltr~1\.;cd·i'th iron at the 

.t;en;,:er·~t~;u.re a~.J YiIri.oh it 'N;'iS d.epost ted. Pyr:lte is no't; ahn,ml-

Hnt in f:tll mines 1.n the Zeehal1 area, but care was token to 

Inea.srtre the :1 rem con.l;C~f.lt of only !.;hOS€lr;lp1: i --:,· e:r·t'te snm.ples 

cuntdning ufJ:Jocie',,(!-c! pyrite. 

TT'H) sp1:L:·'terj'te Sil.l'ii})les l:jsto~' 1.n. Table 13, o.mlalso 

zhovm in Pigu.rc 4, have iron contetl'ts I\3,ne;ing fro~,) 0.06 mole 

'~"l:lor""~'l~",\<:;~:j't. 1. 'C.~'-) «·'~'''T'·I<:.''>~::s"""tI!Jv-. 1U ,"~., 11 to" 22,.... 6 1P,""01<" ·,,'., .....CC>"it·.;..~;i.. -.;'",(• Gli.,).t.~Q V 
1'''''''< >.Q1\:;~ ~O!in"') .::;f ,~. ) 'NV ,j;"J't,,,,,,,,, J; 

t~'l'm"( ...<~4J,,","-_1 v·"" ....· '~"·l"""<··I1',M·~1.·.,·l ..~...v,!v.... ) o1:.•. t.:Ji """,.,1 
.l"_~~'~..L~ ... .1 (4.()t.::1! '1"1 I. oF 

h..,V'".,4t:::'v.~" "J ~P .• v ........ l}J tt ~"". ":_i... li,P.~ T~~I'V"+",,,,,",,"...,.. ".7'-..1 .,. J;~. 

4 23.(1) ... IQ
 

l"oporteHl 'tht the pna.xirrrum i3.IJ10unt of iron :Cou.nd in s';Jhnle.:ei te 

'j .,!'- h . ,v' ,.;". ,". i·' "·.,"T'" '1-" ~"l,·~. \ .,r "" 1<) 5 t· '''0 C' )',n"., ''', ... c· ,·tV\I . ",<' ::".!.r.· c·.. ,1 ".'1 1,.) ~., ".l( ranG ~11Ei.8 -,. 0 r..'_ .. ! L,cl) e ,t..·or .. €H" 

1'i'e('~ ..,+ ::::")(";°C'" 'ri'jn ""~'J'l"C) ,yr' ">2' 6 mol (;~T"lArCf~;n.j. j:'I"C, fr·.I .... +1""".J". 'J'1wi c:..l,,-' 1,..t·. "..- • '·,,01 V':ff .. v.v \.01_ "'-",,'. ~ .... ~ _..., J:."'- '" .....~l'"t _ ... ),.... ,"c.l. V1.f.~ 

:.:!Fl,mp.'1.e fr;:rF; the S1.1/er ~)trc~.?!.mDJl.ine is, i;hersf'oro,. hL:r,her 

th.fHl)iho mUXiml1.:fJ fiGure p;:)s~J:tble 'fox' a pyr:f. tE~-tTphnJ eri te 

~,:!t:sclrtblHi·:e but :t '.';'i thinth,:;. rm::wc:of ~1l'lnl;J'·t:ieal u!1ce~('i;rdnty. 

CL'! '''"11 "r1"r 'l~ ~,. "· ..·1', ......c· 0 4 ' "lr, t'-'" "'n/l ') 1·' 1 "'01'" ,,- e~"c "" v\. i- ,.:0 ",(.;' .t~ort.)~.!!i •. . 1~J. '.) '",.t"l,::V":~,. \._."i;ji~ ~.~ ~\,} ••) ~?, .".'. (,.... l.,~ r..:~ J;::}'.L JlVI.'.\J .1·~;R.J J. J 

.".,.J., :~·\.·1"'~pm .~~ 1":''1"' .. ' <:"' +..,,_ ',"'r,",.C> ••••,1-1'" ., e· ~_V(''''''pi .I.~) .p·"""H».......,_ .,v ..........,.. ... ..."._ ::1-,.... .,.>1l"'d '::;Wtllo"'''' p.v Q 'I"';... ,-J... n'''ll~~ ;;1......
'iiJ.l~""'''':' ""t.J. .. , ,~.~.\;;;:.l:J,""'iJI sl:i':;htly 
I 
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hi her 'than WGuld expected bU.t are aea:in \'1i t' in the range 

of HYw,lS;j:tcal u'1cert d,nty.. The·tjem,ern.t1J.res of formation of 

f"~'I',t::1t:.\'}.' ~,;_,,,.} 'I."" +,t-.'''''''e <"":<:111'\"""',1"\,.. 'l:\'''''i.G,~1 ,,'1."'<"> f:~h'w",~, ,.V~I'n '~,~ 13 ~~,-" 620'OC~ .. ~1,••*.1...,,"- t"...:; <: U \,,_ in ff'o'hl<> '."..,Q '.0',,,"'\,,,,\(~. ,L ....-'->'j. 1:; ~... , 

temp:'l"'fJtur{);~,' ob~""0i n""~ f·"'om 1?1,:o'~re 3 for. o1~heI''l'h.e .... ~" .... ,~ , ' ... ~, .... ¥.J ~1!".., ",I" \:,;;:" ••• 4.- , ... ";,;~"" '"~,, -" ~,~ '. 

S-~17'l ~-es ar~:; leGEJ G;rH~('ifiCt an/l Dhowr.:;. cono1(]ercble !"'n'~e 

between the maximum and D':il'1imn.m tertlperat;u.r€A for each fipl1al-, 

erito s'1l:1ple- {eg. eph3,leri te frornthe :Bri'ta.1'H"lia Mine, eon-

t~:dning 15.1 mole J!ereeriTl:i Ji'e~1, cO\lld have f'Ol"'I'10'1 at; ~~ny 

'-t('!·~~'" ... ·"··",,j.ul"'''1\ b·-t9'1"""~" Jl(100 n",~ 740°C 'l""}~n"inO' "'n ·thn "'''''''-;v':;4-yu "~ {!:! .tf'! 0 ,f" t ...., IJ' ~~ ~ 't:l ... :; ~:,~ 'i.,"1 i:l.. .....~, :J . ('l.·,d.'t:l . ""~:3} c. ro.J ".-fr-."J (". . .j,""", ~.' ,:J,-...... t.J.Jl. ~! \,. . 

", .. ~~ .. 61'1-'''''~\-r r<1f!~:e8(),,,toOr.- th#\ o ..-ii .t,J;i<...A· .• ) Tbe pC}suible tempera:;nre. for th.H 

variO~l.S sampl(';£:l are listei'l in 1.',a-ble 13. It mun1;, how(3!v:':e, 

be r.e·~)liaedthr~:t -these tempElrf:!.·ureo o.re ho.:~.Hed (Hlth-e measured 

val\~es of FeS and" 1. f allowance were raad 0 for:;he rn~1rgin of 

f'U1f-11:rttcal uncertainty t the po.ssible rGn:;es ()f t;emperf:l.\;n:l"'c 

'",'on]Ji be inc;c€FIsQ:\l even fur~,her for each ~mmple* The un­

corL::rlnl:y of the tempern't;ru:E: ':a~;a Is again fl.lrt-YH~r incre'sed 

hyi_,,. .. 'c'""" 1.:l",~t.::I.l",+·"t h l'l1·'rlt -""f'\4'., m")1'lr'flnJ.\w ...t 1,'.. ,.,1 l~"'r·t'···l">'..,/'1<1. ,"'c,·,. n·6·6·S·)- .....h·"·t:f-£.l.~:", \J;.;.~r~ . .. "'1'1r"c"t ... ct_,,:;:t:, (19'-;4· J:. V .. J,.I,,, ......· ' 

t;'he f'eS-ZnS solvu.s curve cd' <ullel"1.lJl (1953) eouJ,!"l he in error 

i2tnr'1 :l.s in need of further :tnvet3tiJ~atione If this in f~;Qt 

ljhen 1~h(i) Ilm1.l'l:trnu.m" 'tBr;niperat;1.l..ri:~s 11 ated in Table 13 could be 

::-:llib j eet'to revision when further eXIi(-,;r:i,men tf11 work i 8 

enrr:iec1 oU,:; n.n" t1:w Fef}-Zn~} solvuH" 

) 
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TTiB~~'1?...;..,'.' ~- .uJ:~.~ 13rd •. 

Iron coni;enta f::H1<leatima:ted tenrperaturea of f'01."f'lt.'t'tiion of 
sptIB.:!orita, ;Y,eehan.. 

~*~ 1"1' .. IS_ ,I. ... l\W"'W rm--. 

Mine 

"'J.._ ,,",*"'~""'tbi'lf."'" 

Oceana 
Oonah 
AUf~tral 

Valley
Zeehan Bell 
SUl1r:lf3e 
Sunrise 
Silver i{i.ng 
Mon'tana 8.1•• 
'faeman:tan 
Crown 
JUYlctl.on 
No. 4 Argent
Stormsdown 
8:11ver Strerotl 
Cornatoeli.: 
Swansea 
T.. L.Jj;. 
Spra.y
Doric 
Syb1ester' 
:Soas 
Britan.nia 
Stonohenga
Gro.bb's 
Colom,l N01~th 

(Irramway , 
Formation)

Polisher} 
section 

FeS CCl!'l!:;ent 
(mole pel"con"t) 

nurnb{~r 

tll'llilll'r~j JiI\. a ....4"" w" '" "1 .~. AlII 

254· 
255 

).0
4.3 

256 0.9 
258 8.5 
259 0.06 
?21 2.6 
260 1.9 
261 1.9 

~?62 , .. 4 
263 1.4 
264 13.4 
265 14.0 
266 22.6· 
2.67 19.1 
26B 2.7 
269 9.1 
270 
333 

1).2
17.8 

320 20.6 
325 1;.6 
332 15.1 
352 4.6 
335 7.9 

345 5.0 
Despatch 310 9.0 
::;woeney f s )68 21 .. 1 
...... ~ 

'it- .Not corrected forpresr:n.:cre. 

}~~tirm.tec1 tm'!rpE~rat;'l.Jre 

o:f :forrm:1.t5.on {CC l* 
)\'1:1 f1iurtlum i<fla.ximurn 
lIl"li~.I!I'll!llTT 1 ............... _. d l~
_ 

190 605 
245 630 

<100 560 
355 6g0 

<100 400 
190 595 
155 590 
155 590 

220 640 
125 ;10 
460 730 
475 735 
620 620 
')80.. 660 
180 600 
370 685 
455 130 
550 685 
620 620 
50; 730 
490 740 
255 630 
340 675 

265 635
 
370 685
 
620 620
 

~
 

~ 



(5'A) TASMANIAN CROWN 
(l'A)JUNCTlON • 

(17'8) DORIC •
(A·3)00NAH • (9'0)•DESPATCH• 

.(14·1) STORMSDOWN 
-~ ~r	 , 

-~~~~	 ZEEHAN 
•(13'A)N°A ARGENT 

(22'6)5ILVER 5TREAM 

•	 ~i'1 )COM5TOCK E 
(1'9)SILVER KING" (15·6)B055 •. 

..
,~ 

. (15'1)BRITANNIA •
",ou{ (13·2) SPRAY •y..(~p'	 •(9·1 >T. L.. E. 

~'6\
./ h • \. (O'9)AU~TRAL VALLEY 

to ,,{\ • (5·0)COL. NORTH \ ( 8· 5) Z .BEL L 
(A' 6)STONEHENGE \ . 

(O'06):UNRISE

•
 \ (2'6 )
 
(7'9)GRUBB'S 

(2·7) SWANSEA•	 ) 

SCALE 
(3'O)OCEANAo 1/2 1 MILE 

I ! ! ~	 •

Figure 4. Map of ZEEHAN AREA showing location of mines 
and iron contents (in mole percent Fe 5 ) of sphalerite samples. 

"
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1\110 lron cnntents of the 8p1~~iJerl~Ge exhihi t 1:1 pa:ttern 

wlJich is g0nerGily systematic \"11 th respec"t to the gcogri:lph1.c 

lac-uti on of the rni:'JEHJ (see Figllre 4) t althou.gh there are 

some local t rregulari.. t,j O~·\. S:pha! erl. ·te S{'J,1':'l;') C~:1 frOIi1 mi nes 

in.. thf~ woa'~p.rY.l.''''' .::...~" oJ o{J' i'he ·field..L .' ......~ 'J h.JSl·l"~~o·n....,... \:.w~, _. COl'fl"'·'to(fl'.l.,~'-' ,.;I .~.. J; 'i9r(' "'" 1"1.,,, ~ (~:;'i] \"~r'i(;j. "• \.~lnt'l ,ooQ!k 

Mines ) r:tre hi(~h if! iron content, while 13pha} srite snmplas 

. from mines in t,ho north...eSfJterr>." c!J.stern and nouthern mar­

:!;;:i.ns of 'he ftc;ld ~1re low in iron content. TIIG mtnl?B with 

;:3ph8.~ erica confj!'d:it int():rr->;edtate vrdues t3"re locH'ted in a 

reg'ion occu:pylng 'the cen);r'l part of 'the fi.old and e:>etending 

east to includ.e mines in 1;ho~:ueen Htll-Arg€Hr:1i. rl'x!.; area. 

The val":l.atj on within this i-:'egion of i!lter1ned:l.ate values also 

ahows: a patt~)1.··n which is generally sya·t(~ma:l;ic. The only 

Sl,hn.1.G1"i, te sa.mple re'prenentinp; a mine wii;hi1'1 the HeemHld.rk 

Grt':nitc in J -r"""O'J." m ~,,., { ' '1\!~Tl·.~,"'1··e (100·,+",,/:1uc;;;;;~'t ....rJ'.·"'''Ol:rA,. ....{ "l'j..-.t"ely......'r.:'.hn't' ~..t, i.:';';;·e""'ne·yc:. f S ~, (;~. A.J,..J~A ......\ol'~"L.', ....... _ ... I';~.
 

2 mi,lea nOl'th-e:~,s:; of Tr::tal Hnrlwur). The iron c()ntent of
 

t;hts s.a.m g:le was measured at 21.1 mole percont F'eS.
 

BeClause each iron eOtJ,';;en't; does not, in m08t cn.ses, :i..n­

dicat(:) a. specif:te 'te',ern't1..1re of fO:;'mation but iu:", 'cad 

provi(le~3 a range lH,::tween mn.::d,mwl'J an::'! a milll1mu!n values, it is 

diffic-ul t to intGr[Yt~e-l:; the recn.1.1t.s from the point of' v:1e'l\I of 

tem.p~)rrrl;ut'e gr9J:l).ont;s. The totel p(l~mible rrii.nc;!;"r of tet;p­

erg GUT'S of forJl'latj, on for spha 'er:i. to in th(~ Zee.x'u:",!"l area, is 

1000 
( or less) up to 740°C., 'Wli'tho;)t some ImcrwlecV:;:e ofpre­

Vt~.:i.li ng sul{,hur vapour :irret:,sures :1 (; :1.B no t; poao:i.ble 'to make 

a';:.JreC:1S~l;er(]I'eta:~.:ion of th.e thenYU11 11uttern of' 1;l'H), ores. 

I'~; is useful at this a'te,ge to CODEddc::rt;he 'Nor'l{ of 

\ 
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filc~{; I'1stry anrl Kennecly (1957) t Sirns and Bartorl (1961), and 

"J'·;>rkh .:"", (1'9·(~3).Lf.t.:;t ,,:\..> ,t.:....~..L:1 . Vi' .• 

"i'; ..... ·Ii"itr.' ", ;~ v' . ,.1 (0···· <"\j"') 0"""';; ..'1 t , ....., 1 r."! ..r',l"J." .. "".05 ... .•r ".,nt. l.\..enne.,.y 1}.',·. \". ~~\;v.o. ... e,.• na L--L.'1. !..l ... ne. ", 

aSfr:;!;1bl~).ges in the ay'stems Cu-ITe-S, Fe-O-S, Cu~As-S,Pb-A.s-S 

'''''''('l '11\) ~"b' 1"1 ""lr' .... O·l"r'·.,. ...... 'n·~·,·(·1 ""'l~<';>8e fli"'"O' .....r.n.·. on ·...1:1"" 'b!1l""'!'" c..··fr...?",1..J.~. J: '" -r.) -u C.;.t.;..,1' q.,; t..h;.) \P.,l. V'Io\JI u,J It .1:.,.1: t(.~· .~ •. ~~'I,~..)...J" "",~;,_.,) lo· tl!, 0 ... r::~~.::.',t ..l. t.;! I. 

ObEHu~ve<1 seqtumces of miner 1. a8~lemblngcs :i.n vnrtou.8 mineral 

d.ep:)oi ts. Th.e phE~ae die.n;rams of McK-instr.,y a.nd Kennedy 

demons't;rnted ·thEtl; the trend of cr:rstallizat:ton of the mineral 

r.lf56pr~b18,gZ?S Wi!'tS inr1ictive of nn :increD.,f:H~ in t;ho Chemical 

1potentl~3.1 o·r sulphur 11'1 ;ho system,s. mcKirH:1try and Kermedy 

~':OJ.ggo~,;tc{1that the most l"'e~:I~,)omlble oxplanatiorJ for this 

wou.ld be a simultaneot'l.f.1 decline in bo1;h te::T'iA3r~), ':uxe cinCl 

par't:i.al pram-3ure of the sulphur. 

"'j ""'" q n/l '~""rton (0""' 1:. t'a.J .... J,'.' C. (~"" \,-'. _l)~~ - . ,. .... J t in a dc,tDilet'l E:I':;W'ly of~T" V 

S~p'lDler::ltle....lv·ar:in{': assc'mblc~ges in ores from the GEHltral 

Cl'ts district o:f ColGra?o f .sxwwed t:'1e l)r'SSnee of a correl­

at:iC))1 t)(~tW!3Em :trol'! content ofth(~ :;;ph.aleri t;f3 and (,he zonal 

arr~,Ul,'7,(~ment of '1;1'10 ores intlw area. Although Simsand 

Harton v/ere aleo de~:<U, ng v/jth sph~!J.eri·te-pyritB tlSf:!Offiblages 

givirv:; a cons:ljernbl? r"nge of ·tci"jyerr.1,tiure for. 0GCl1 81:)h,:;l1­

eri te SrW'lLle, t,11ey 1!'}er'c~ a.hIe to 111r:we moro :r'o~Tt.rj.(~t:i.VG 

lip11.to on these ranp:es 'by conc::i.der"tion of' other rnirH:~rnls 

i}rel1H3n't in (;ho af:js~'mblt'lges, 8t1r1 aIDe> by BCr%; meB,SUrefiC,(mts of' 

tOEl/',lNl ';C1.re13 of form"ti on f'r01;: fluId incluf::dorH::1 in 1;i:1{; 

.,. ·,-1".); "t ,.. 'l'~-'l -l- ...~ T'll"'" ..... "'''''0 '··.~·l.C'" ..I l~ ......,.~ .1Y ~, '"' 1',.'"'' 1 0.>0 C' f' .•, r, ", ,'. '"j rj-t -i +, '" .~'" i ""hQf?:r.(&J,.c~~~~. u~,;-'. ! ~ .~..j.J.vt~/::'_:\· ('; ,J.. ,f;. &.H(,)"" ~:J(/l"".I~L;~ f.:;..L..t) '., .. lJO:,':,.l.r,':. .. ,.i .. '~· ~.IC vi't, \.,#", 

j-,,:>-c., '~ [",r'] ..~." .",'-lj "'t 'Tt' 6lrOOC \'Iqc' Upe'l to nl·3,clP on U",""cr~,:t-i~:J' C'jJ. •.•• 1..... ,•• '"""_ .~ ...:.. ... - ... , •• 1." \. "" r , ~"""-'" ~..... - ,,,,..• C~'oJ •.,, {;.,i'{, -l"k~' 

li r~'~~ '..t. t, {'If' 640°0 ')"1\: l';..•.' t'''''fn.. P '''''''''''''''''l'r''',1 :J._, {if'~ _ f·'('_"..i.......j,t.l.C.J-_.,,..,tio L.,..,1 0-4',J, '".
~-.. +l'if.' ~ t.l.. 'l;.'; ~~ +-~·l'.~U• l .,. J:!' '. ,~_ '-0, .. ~..,~ 
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sphalerite in 'f;hese f3amples. By consideratlon of thE: d18­

fJiJ(,}iaticm curve for 'the enargite~tennantii;e +8 reaction,
2 

311111:7 and Barton were able to place fU.rthor rm~·trietive. lirnits 

~l'J riilGlf1e of the tempex'a,t;ure l:'ang~s and Wt::Jre also able to ob­

tt;\ill information on I;revailingsu.lphl.lT activi·ty. This di8­

socjn.tton CUl"VEl provides ·the approximate relationships 

between temr;erature and ae 1;1v:i. ty of sulphur for the ena.rg:i:te­

tennantita rea.ction. W'here the pyI·i. te-spb.aleri te a::'lselJibl;?l.gea 

were accompanied by enargi.te or tenryanttte, the possible 

tempera,ture range provideOby "the pyrtte-sphn,ler1. te assemblage 

was reduced by cone:1.,1'c~ration of l.;}w ena,r'gi. tiG-tennantj te curve. 

A.s a reaul t; of <their in.vestigati ons, Sims ~:lnc1H~.1X·ton concluder) 

that the l.:1p\·u3.1:erite in 'tt:ie Central City distrJct WH.S deposited 

over a ter"'klera:ture range of approxim.ately 620°C t in the inner 

zone, to approxirnately 150°C. at the margins of the onter 

zone, and. they also tnferrecl a. decrease in activity of sulphur 

from. the central to outer zones! 

I\1.a,rkhartJ (1963) stu.died sulph5de mirwral assembla.ges in 

the ores at !Jlount Lyell, ri:asmani.a, and suggestecl tht:l,t the 

trend of' CI"j"staltization of tho assemblages was one of de­

elini-t1g sulphur vapour pressure andteFlperai!jUrih 

The work of jVle.;(in~:r'(;ry an(l Ke.nnedy. Sims 8.n-d 1l:\rton. and 

,M.arkharn shO'llld be cO~leidEG'ed when making an interrret.:);,tio!l. 

of -the v[ltr1ation 1.n compof:3i tion of'aphf.'tleri te in the ZeehRu 

d1.strie:!. :r'11e most; reasonable int~·:~rpretation ifj that the 

de.crease in iron content of' the si:haleri"l;o, from west to 

east, was con.trolled by a gimu,ltaneous decli.ne :1.n both 

tetnperature and D.ctivi.ty of.' f::lvlphur. ---' 
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A much Ji1·0re !'Iei;ailed· h"1vest~ig~~t1on of the var:l8ttons 

';;y, Ar·m'")o··,,~·t,.;,) 0"'" ,,,·,~·,,,.,"1"'T·i·t .... ,r.'rnr't _l·t-.., 'J'n,·'Y'ln'" ·""'r.....:> ·1", "".t.L_~.(. ~· ...·~·~)t ..:j-J" \J.f,~ i,4 . 'J'.~ ,,:.'i.!}>~'(3,.~.V.,J.._ ~ ..t . _.,1, 1."iy ,J;.J~;'.·'."J",;.,.L-4 \:;t C{f.;!.; A.f.') (:;li." 

};-:T.'ea~m1; b(d carr:led o'ut; by rJ:r. K. Ih Yd.llia.ms of the 

AUBiiral:h'ul Na'ti.onal Uni V'E;rsi ty. t':lr. W:Llliams is employing 

u ....,.. \..;;Cl..I..::. .....,'.:J..... ,,'t;;.;.uthe electron-probo ann stortdc absorption .~~ •."..... hm"i O"P; .... c:' rind is 

applytng (wrrectj:iof! }.Jrocerh 3roB to obta:i.n reoultfJ of grerJ:ter 

ElC('Ul"'[!.(':W i,hetl those quote<~ b:,: tti0.preseu'\; fu.:rt"or. Al-M:orlgh 

lVII'.. W:lllit1xns f study to not yei; comple·te, the reo'iJlta to 

(h~to have apPB.ren,tly cord'i::erilod 't;~10 mTeroJ.l pa't;Gern domon­

~ .4. ,.,..•., 4- ....(·t 1. ~ .,) •......1 VI. ( ••~ ~~s . c' (~f~·l"'" i7' ]'\,;/ )u l':.J.,.Cb ,",'0 11. t,.~.\;J, ..L u E,."- j!V_~.. I",·;j;.'/,f: • .......... .I'."i>~. • It :is ant:tcipf4:ted tI'l£rt
 

i:1.", ~Yj.l1··f.'. ~""''''·'·''·lt·<." ' '''ill "''''''ov:'l d· ... r11"'''''' ;4 +. .lll·""~ ·,,,,'?t"' ....rnh,tI.. ".. ",,,,,.l,r·,,.., r""o::I,A, ..... "'. .iJ... ·.- e <". .,i.'.'''' e uC vlJ",.. \t;U ';'><., I,I;;· .. 

n,nd 0ou,ld le.S1.(i to in{iox'J€Jstlnn: goooholrIieal COlfls}dera;tj:! one. 

\
 

./' 

http:4.,.,..�
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'il~ ~(11"":n""~.J..• .k, :r~,' ....-\,".'W" . ·o!>l~ ~. ·~,t:.,~.U·.!.;!.
e""""",·""t"" - •.. j. :".)nr""':'];-11 !~h ", e"...t,,,.".t. t~t~ 

, • ! • '" ' , '. r iMP' I' I 

~rhere is no r"-I)parent corralat:lon between -the iron 

COl'1tent 2_n(1 cadmiu,m or mani~).nese corlt~ent!J of'i;he ophalarite 

lnthe Zeehan B.rOfl·. 

f.l~h:e aoluJ:>i"ity of ('~admiltln and mL1nBG.nese :tT.'l f:lphalerite 

bo-i;h inereaseVll 'th :tnerea(dn{~ tem;pere·tll,l:,e:lf ,antI a;pprox:i.mn:te 

cOl:Tfjlatioli:s bei;ween :i.rl..'m and 1nt{,n.gane-se hn,ve 'bNHl demon­

rrtra,ted by Fl"'yklu.nd and J:"lletcher (1956, S'trtJ:' W:::ine in Oocur 

Cl'1\.leoe di1?rbrict, Idaho) ar:;d Sints and Darton (1961, Central 

"'lt,r t1"tr-,4--..,·~,....t. "·olo....~.lIo·).· ·!'l!t} ...", ..",lt:> (1qf1t=) '-,'IIO'''',:!,,'! ··thfCl"- thl(loC __ 'tJ ,_...l~t<;;}b:&..1.. '\..t ·t \" ~'t:....u , ......."_,.y~C;.t.- ..... ',,Li..'J _ .... :.J t.. I·,._,"'~"''lt,-:}·.;· .'."~, ..•", !,), ... 'f,:,j
 

.~~(:>l.."'~''''·,, .... (\ ..''f·~''l''I'' Af: ""'\"'>1--,.,., "I""""'j ~."" -fr"l"i'1 t<·...,01-__ "'!'~ 1;1--111 l1 C' \nr~~l ;U.."L<!...-u.:..t li:.,'. ·.f,t.·"t'\:;:JL Y (,; ~ i.~_';l.eh~""''.-'1:,.~.~ .. l,x,.~ ","L~ ~t.:r.,l.. ,.~T~ ...-.t. .n"A~ t )'1.0 •. ;"., 

deCreaH(H:! with incret1J..Bing ztne eonten.t. 

'rhe cadmium oont~~nt t~'f the Zeehan aphnJ.erite is 

essentially un:i.form (see Figure 5),. t£'}10 mangnnese contont 

is generally low anB 01"lowa 11 t-!~l(::: var5.f',tio-n-, vii th th.e 

eXC(~Tjtlon oX' splHl1eri ·te frOlti -the Silver SkiL'oam and T. 11. E... 

,)<11,'
..''1', 

y, ':10<.:" (M,Aa'01:;;iQ ,t..o\o r~51 '" 1"'8 6). It c:!U1t therefore, (HJr:l(:~lu(]e(l thflt,....;:l,r;.,..-i;) '?~ .. '£' v h(~ 

w:U.;h thepo!3nible oxcel:rl;ion ~t manganese 1n thn S:i.lver Strea.m 

a,no' 'r.L.g.- sp11..8.1er:U;e, oadmium and manganJ:l.',e cH_d_ not 

rc;aeh eqD:i.lihritull conc4-~n'tre:tions s.nd the (lintri'b-l1.tion of 

thefJe elememt;s in s~er1.'te itl the Hrea ..vn~) 001; c0F.1trol1ed 

by~teI'!:p0r[rttu:'e_ 

"'­
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Other snl.nh:1.\1 Cl mine~4.1 arHJembla.!!iSif' • , 

As descrtbed above., 31ms (;l.r)(l Bar-ton (1961) used the 

rTI.oltirw point 0:.1: t'{Jl'U1Flnti'te (640°0) to pIa.ca an upper limit 

(~."- .J"'!'~':lI t;('''rr·':T''~r~lt·u''~'''' of' .po'r...";"t'{ ""fl 01" ..' ...... orc hl<t> '~,.,,"" .).It' ,,~p] •. t1J. d Ain.S. ':,.,dl~::. }:'t..... > ..·t.i>/.:~,.L,~.t..&.G " .t· H't\':~~", .;&,."'..1.' ,"', C",J.,&.,o~ •.~l ,'{.;~r:j,,,,·Q t.:.l 1>';:J:.A. .... J.I~,..\, ro 

mjrH~ra18 cOi'ltini.l'lg tennanti tee The rnel1i1ng point of 

t ··d··',jj.l··"'!'·it"" .ll .... !7"'vc-:'n by 11''''r .~ ... > nnr':1 ·B··l'l(·on (191:::.7') "',,'" 5t::e::-°C. 'Cc "I',...clCu., ~_ .I..> e:,J. '... • ,h;;· n.l "', ,,".!\-.1 , e,..:] ' . .,,1 '"""" ::>:.1 t 

but :it is not; !rnown to Vthat extent thi a f1.gure W3r:J'')};) as a 

:r.e~n:!J.. t of sn.bsti tuti.onof elements su,ch HS iren, zi ne a.nn 

silver :i n the tetrohedrite lstt:ice. 

l,t iNould fwrmn,11y be di:fficult tio rule Ou:t;l;hEI pOGs1.b­

11:1 tythat tc'treJ:H9drt i;e or tennJ:lnt5. t;e could h,ave crY~3tal1ized 

:froT': a sulph1,cle melt. Slms g,ntlBartc-n regnrrled the occur-' 

rmlce of tonnantJ te in 1ihe form of '!Nel1-d );vel01)e(~ cr.yst,nl0 

pro;ject1.ng :into vuc~hs ~lJ3 evidence that t;he tennrf.nU.te :tn 

,$ •.¥. ColO"""'n..1.1"..:"" 0 ... b""lr,r"I' 64(1°C",f·tl 
:.. ),,0') C·'. "l;;.~.4'.r .. '·" h.L{:,\..........~] Cl -T ,f.tu;.;'~'l-l ",,~~'d,,;,t.,..,At , __" , 'rO.,,>rn~..:l~.l.l.rl~jl Ut "f. . .•
('.' ... ""', tI..", 9<:;;. 

'l'etr<':1.hedri'te is common as al'Mlnor co DH't:t tuent :1 n ore !:u3)JTple's 

from the majority cd' the rJ1~ in th(;,< Zeehan are:', but it 

:is not poss:lble to irecll1de the posstbUJ.ty of soljd~,f'j,clltion 

f:rom a ITI(,'')J.-!j.. Dr .. HO' I... i'~1arkham,of the Un:lvcrsi ty of New 

Sou.th-Hales, has infol"iYledth.e f:.:\uthor (]Jars .. COIPf'~,,) that 

""Dt;?>n1",,,,.3 r :l <til." 1"n "".~.""".'~ "'8 0<' QJ""" .co""""rn n·..·, k ......... 111"11 CI\f S· \t'
v .....' J.J.. ~.,.-_!Jt"'n .. ~ '0.,;" . J...1/.':...,J,f",L~' Q ... ..L • id 1...t U ,.~ ...~).,... · 1. ,Cil.j. ..1' ... , .l' ...... . ~r .. , 

Show.) no t;extural ov13 once oi'Ule:lting, yet; those ores are 

rr·..'u·:.\.#~......'f;.;,.')] J,.y '::j"'ce'''t''''d' f'1~'"'_,.,,,;-:t ~'~.\ u.t:~, -:;.iJ.',,;l.,O·V"'"(J' 60'0oe ~.~i3,....~;.••.'l;;.:., ',1.1 l"l'''vi''·(r. '''o'VWY'''''d.~. ..L ,!.,~c . (·["J1I\··'·i>r q~)~;~";li,. .. ,z; "., t, J.:kU,"l,..,r::.~.. 

1956; Kv.l1CTl.ld , 1959). 

It would, therefc}re bf; dangerous 't;o attempt topl.ace 

limits on the p0581b1,0 tmi'1}Jeral;u1"ea of formation 01' Zeehan 

orBf3 on the h.'?:~:ti.s of the tYlelt~ing !Join·t of t0tr['!hedrit~. 

..........
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rrempera:tUl"e data for other sulphide mineral asaembl8,ges 

have also been (wnsi,qeroti, "to sea if t t is pos:dble to 

df31'1ne more prectsely 'the tempern:tures of :t<."OI'!!lO.t:l 011 of the 

Zeehan or'€m.Most of these com:d.<lern't;:l.ons have not pro­

'i1'i.ded satisfactory :tnforma"tion, for ren.sonn which are dis­

cussed below. 

Clo,rk (1959, 1960) reportefi that experimen'tnl wart.,· in 

the Pe - As - S sY~item 'nas shown that i;he maximum tempern:ture 

for atab:f.li.ty of th.€' tlsseJ.1'iblri.g(~ a.raenop~trifje-pyrite i.s 

491°:' 12°0" Above thistemperatu.re, p;:yrrhot:ite to produced 

a,ccordin.g to t.;ho roao1don arf:H~l1ol?;V"X":tte + pyri te ..... p;Trrhot:tte 

+ liquid. The assemblage arseno:pyFi te - pyrt ta h,,,,s o(}en 
I 

o'beorvea in ~i9jnl>les froI~ several of "the rrdnes represente.d 

in T~.'ll')lc~ 13 and Firr;ure 4- t viz. C\ii'flf.'l'tock, Syl'ltes ter, 

13r:U'<-'lfll1ia, Sprfl.y, Oonfth. S't;oI'ffi8<:lowl'l and Zeehull 'Bell rrdneB. 

Com'~'-'r4l1"" "~·hn. t"'''''''')er~t:'lT'e .. ~.IV,""·I" 'b-_ ("1,,,-1'" '·~ljt-l.., t"h"". ..P"~. ,L. !'.'. I, .. -""~"1 C.~ .0-,,_ {~r,.l. ,,!..< ').Y , c_,4 ." • . l.~., .• ,," 

r)oS$1hlt~ teJl'I:pora.l:;ure rf;l..ng(~i; in Table 13 f'orthi:1 pyrit.e­

"'"'t;<:,\·r)i·c~l·e,,...t.·t~" .a.l. ··"CI ""~'''r~·,.dJ' nn ut·"'!" l.i-"'i~t of~',.1'4Q 1° ;t ,'20 C"J \~, .. 1d,.1~.... "'rnb'J'::>l70<?J C,1io' J:');~""'C t' ...Ju... ·e lC~oSr;,;;;;.;,., .....Jd.' • 

be pomdhle :for i~ill oxce:pt the Comi:;tock and Dylvester orHs, 

for 'Nhleh there i, a tJeriol,u-i confl:tct. The pyr:t te-sp't,nJ.erlte 

')l"""~L"'r'''bl"'" /1'0'11 J' ~H~ "lC'>D!·t,. ,... '" """"'O''''''''J' 'Io}le. t··"-"r"""'A"'-" ,." 'I"''''' '"'"'l'lg"" r'f' c::(oOo(;':..",.~ v .... !, ..., '.~ "»~ ,,_ ~&\.J ,~. -." f.,..· tl r.::'~, ,,-,;,r... .t!'V ij ,.7 ,.~.• ' "';:" -, ~";.'l;/ <. J, C-~ ,.,i....~~.~ v -i. Ol.. " ',:;)!;':;; 'v" . JT ) 

- 660°C foy:' 'I;he Comstocki;,'!5.ne aphr.J.1 cri tie (19 .. 1 mo" e percent 

l;' .... ';~) ,"''\11 n t"""''c''''t'I'>Q1'u''r'''' 0.(;1 ;~''''''''''''''o'''''l''l\Qt'ol' v 62C,oC' p()r H'l'".l,r..;;o't-,.i' t t.~:t.4. ,,' ......(, Y;Vi"',kJ'r.,< ' .•4 V .~ ~ ~t ..1"l:)~'.Io ~~ .. t.!_,_", 'Cl. 'e:J ... .l. " 'J.,;. v 

""j"l1"".,·1"'1"";·1-e (QC' h. mOl"" "e"""',", ..,l> ,,,,,,,; .•,)SyJ.ve:Jter Mine o ';;-,.let:,I, ~ 'lirJ·.· "t.... v ~ A"'i ,J .. V ~~, ..... 'C,;; ;,~, d. \",'''':';1..1- b .!:.- ,;;:.i'J.) • 'There 
~' ~ 

J.$ no te~-(turn.l evJ.denae of lmrtabl1 i. 'ty in 't;l'H'H.H~ BNJElrwl).yrite­

'Pyr:ltG /3,HserribJages (eg. no reflation )....iEJS of psrrho't:l"t;e were 

O h",,'~""""~.a) Jlcc'"r/lin''''' ~o "-ll"" "'nv:."'t i o·r'''',l ·;r'tr·) ..... '.. re1·"'·t'l~0f1 0"'". ui1l r;:.'I.:L y €h..l. El ~ \.1. \1. . Cl tl' \.I ... c , ,j to,.,'"" ~~. ,tf,,,;4. ...t. "'£. {'~",J- ,tJ. ,.,J.:I,';~~ . ' '..J.. 
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. the textllral relationships between the minerals, arseno­

pyri te and pyrite formed appro:Xima~ely con'temporaneou~dyt 

',>'Vtth sph~.,lert to be1.ng later in the paragenetic se:uence. 

ll'he reasons for the confl1.c t between the tempera.t;ure 

data provided byt~he F'e-Zn-S and Fe - AtJ· - :3 systems are 

not clear. The experirnentnl work of Cl:;J.rl< (Oil.ei t.) showecl 

that increfJsod cor:f::i.ning prefHmre resul'ted in onl,Y a 

relnM.vely sniall riso :tn the upper temcerature of stability 

of t.he arsenopyri te - pyri. te assemblnq;e. The effect of 

oth.er elementstBuch as cobalt, nj.clfel,hismuth or antimony, 

haa not been inv8at.i.ga:ted and cou.ld pos':ibly provide a 

part:i.al explanation for th.€' 'Hfference in the tempera"tures. 

"'I~"~ 

The eXI.alytical unct:;l"'ta1n.ty 1n 'the iron anaJ..yaes of the
 

Zeehan si1~n~.lerite samples. may aecount for at least ,). part of
 

the observed difference to ·tem~erntures_ If allowance is
 

".....,c, .1"-).," .}, .," .." (:A. . '..... 0"".~.-.;....304, in. t:~l<:;'~,II:-" ""lec{~.ro"'-
o.
~'.to. t-h<:,· "c,qt"t",,/i un"";;)r"t''''- 1)1· n·ty· v 1,.1:JJ.; I::,<-~.~,'f ''!\WiI "~"", ,-' 

----- (~hen possible tempera.tureprobe Inicro-analJ'ses, the .minimum 

'for the Comatoek spha.1erite is 480°C, for B vrilue of 14-4 

!nola .cereent FeS.But in view of 'the ClOtH:l agreement b,:::tw'een 

'the ':' lectron- L robe result and the uni t-0011 mea',urerru:'nt 

(see Table 12) it is unlikely that the t~le iron content is 

as low flath.:! s .. 

It is alBo pos ;ible tho.t "the C'onflj.. c t of' tep"'i'era {,ura 

finta is pflrtly explained by the' observation of' Toulm111 a.n 1 

Barton (1964, p.668 )l,hat t;he Jl'eS - ZnS solvus curve may be 

in error 8110 in nee i : of 'fur'th!:lr ca1:lbratj on. 

Attempts have bean made by some Wor'~n3rs to use nun.mixing" 

" 
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temperRtU1"eS of solid ~;lOluti.:ms to set Imver I1mi ts f~o the 

temperatures 01' forma1t1.on of the miner~'l aGsemblsgos con­

cerned. The assemblage s1,haleri te-chalcopyri te h"iS often 

been used ion +;IH~l~e estirn~3tes of mirlimum 'temperrltu.res of 

f'ormation~ Buer0.eI· (19.34)co.rr:led OU.t henting experlmr::mts 

wj.th samples of sph[;lerite from Binghnffi Canyon,Ut;ah, and 

reported "tha.t the temperature of ul.'lmixing of chaleopyrlt'e 

from t;he sphaJ art I.a for these samples W~lt~3 in thf? r!mge 

3500 400°0. The presence of' e>rsOltltion bo!'l1es of chalco­

pyrite in sphe,lerite is sometimes used to il'l(H0,n~Ge that the 

aphalerite was depo:a1.ted nt tl ternper,;l!;ul'e of at lea8t 350oC 

(eg. }~,c~Wt1rdBf1954). 

li:<hvards (1954) t Lyon (1959) and J..~dwardG andL~.lon (1957) 

have repor·ted on heat:i.n~g expcrimen'ts rm ore frof" Pine V~;"le, 

Queensland, and the .Aberfo.yle Pld.ne, Hossarden, 1'nsIDe,nla. In 

---­t.he experimf:mts on the ore from Plne Vide, w1;e:r,'e ehJ'lco­

pyrite,. ho:r.ni te tmd te·t;Tn,hedri·te occu.r i.n or5.ented e:lI:"solution 

interfsrowtfU:l, sarnpl Em ofthc; ore were homoge.nized hy heating 

for .nhoIJ.t tOO houT's at 4[-50" - :-;QOOC. F;(~war(lr-j) :,wd IJyon fountl 

-that the or:L?:in~:::;l 1"~;j~.el1I:'lr text"lrm~ cou.ld be reproduced 

only bycoolin/l; t·he homog0n-.i.zefl, ore rf:lpidly. If slower 

cooling was ~.llowed t an eTu1r;;r::\fll)lar mosaIc of' cf-\:"lcopyri te 

"0(1 tet;rtili:1€'1rl ~,;e .resulted. The ori'~~inalt.extureB were ob­

'tiair.H£Jd oo.1s by quenchi ng fI"om 4nOOC to helow 250°C, and 

Ii:dwl;:j,rdr~ and l.yon concluded ·that the m1nern.lizing flv.i(1S 

were int.rDdu(~ed at a tElml'Ezrature of at le~:H3t500oC and cooled 

t;o about 250°C in ~~ m.atter of minutes. Siml'J.al" h08.ting 
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experim.en,t.s were performf-)o by l;:OvJ~: rdH and 1.von (1957) on 

ore front t;he AbEII'foyle Mi.ne. Thi s ore contains exsolut1on 

intergro'; \.;118 ofch::'.lcopyri -te, st~,1mli te and t~ph,aler1te, and 

the reaul ts of heat~ing expf:;riment.s were interpreted as 

inn I catingth~'it th<~:3e st~lphjde.s w~ire dapord te(l at a 't;emper­

a:tu:ce of ~lbout 500°C and cooled raptdly to less than 400°0. 

Accordine: to T'~dw'~r;h,l and rl.yon tih:lr:l rap:ld chilling caused 

t'1e unmf,x:i.ne; of the uol:i.d solutions to be arrested. 

T1"}.0 cooelnstorlS of }~;dV'111r(la .," nd L,yon for the Pi neV91e 

rmd f~b8rfoyle ore h.~3ve recently been ,1:is.i~'t1ted by Brett( 1964}, 

who has carried oui. extel'1fd '.le con I,rolled cooling eXIH:?rtrl'l0nt.s 

<'on solld solutions in th~::; Flystem Cu - Fe ... v. Brett has 

(lelllOnf.'J'trated in ·thene expoI1.,mente th~q·t ex-solu.tion lameJ.la.e 

ean fornl t'1 ,3101/4 (:3.S well Ha by re.pin cooling. . Accord:tnp; to 

Brel:;t, c";,X'e sl'l.ould bE~ 'taken j,n~he interpretiati.on of temp­

eratures of forro:1ti on of 'miner'l,l a~3semblng,;;8 on ':he h·"si.s of' 

rc'bomog0nize.tion exporimenf;s. Brett (p.1268) states tha,t 

nconsi,:1,!tu'inH; the di fficultiea in in terr;:r.e't~tt'lon of results t 

the only gt')o\~hermometric information tr't3.,t cB,n.eefmlt from 

such rehomogenize.tion experiments :i,B n minirf.lUnl ten1perature 

')f ·rAr'l'll~·' ·l'on ql,·tn·'l"'·~·d b'· 11'~1'l'O(ferdr?"lnQ' 1~lr"r>11""'" ,""j··l-h';-""·~. , .tt· \J. ~,,·l••\;:·. ,. '_. ..... ...01>, .,.Av . 'lJ ", \1),1, j,:) ._~~, _ ~:~~ . "",~J..r .'\.... ....:l.o. ..." .... 'f,:;;:, IV A V.~.i. it'" 

stnr:J.e grlli ri,s It .. 

The cnl,V rdrwrF:ll rtssemblH{c;sa present 1.n the Zeeht=i.ll ores 

".;}, ." -:1 .n{,.•. ~ J' t ,oni 'Y" - ,_one< h' ", f" lch 'lmiix:tng temp­,;.>,Q ... eYbO.,l, 1 ," t'l..,C ... ,'" 1;;,3 •.. or 

erflture ddt;e, exist. 8r(~~ the a!")SHIHnblages ch·-"lcopSr:1. 'I;e- sphal­

el"i te anti ch lcopyri te - stfwni te. The foru'ler j El [,1. wide­

fJ'pr~v:ld B.a;:H1tmblr:~ge, .and the If.ltter occurs n I; 'the OOflfih Wane 

--------\
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a,nd i,nthe nearby Clarke's Lode of the Zeehan ~JueenMine. 

As ment:l once] <;J,bove" :Buer:~'Gr (1934) reported the unmixing 

ter""""'r",tur·e ",11' Cl"j'," 1 ,.. .... pur"·! 1"':-' f' .... '·''''1 '""'p·h·~-l p .....:: +,,, '"'8 31::0 ""'lOCe';'blJ.J\:'lI {A· .. .. I;.J~. , ..' ~,.\".Pt"' .... tl ... lJt~~ .~ \.lti .i:I .... , ..,,(,,1, L ~~.J,. ,~, lJ~ c,!:. ,,:.,,'" t'T'~~) '. 

AeaoI'{Ung to Ndw!!,rds (1954) the unmixing tfHnptH'''dture of' 

chBlcop.yri te :from stanni,te is 500°0. These flgures eou.lcl 

represent minimum tem.,;!f:.u:-fi'tures of fonnqtJ on for the HElSern­

bhtges conc.=rned t am1 as su.ch, they woul(l not conflict with 

th,s tern pcratur~'Hr3 obt ined from the pyri te-Bpn.,·, leri 'te Uf:HHun­

hIn 0""'" "ri-',- 't' {n v-l r,"'" o·p t'he '~ .....~ "'ri.... ""nt-i-ll ·NO ...·'K of' '~rot~· (0"\.,~ . ('~':"'\ G 1.'::;- • .l.. 0t ..c.. ' ,:';, '1::.,.' ",'" ~. ~. \.~.I\ 1:'-0 . lj,~·C C" 1 'f . .-l.~, ,,:t.~_ . t::J' i, t;,. • 

eft) it would be unwise to attempt to pIece restrictive 

lirr:1 tiS on the pyrit;e - sphaleri. to tempernture dnta. by use 

of l;hese unixinEr, tem; erF!,tur'es. 

\
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Gonc~lus:i.ons concern:ing temperat~ures of 'formatlone 

. It :is appar~Hlt trv"lt there is no suitalile f.:r,eologjcGd 

thermometer to enable dcterl':ination o:f't.emperr:rtures of 

fOTroat.ion of th(~ 2,eeh<!M~ ore:o. l\lthou~h am:\lyses of the 

npl;oler:l te h".ve shol,'m nJgni:ftco,nt variations in 1;he iron 

enn'!;ent, temp(:ratu.X'es inrl:i ~a \',ed by th.e pyri te-Dp'holeri te 

ns.l;lemblf:'!.ge}j are no t of any quantt trtti v'e use in est""lblishing 

ter"'l)er:::tture trends. 

Th.e (mly oth~~r Bul}J'ltde af:jsembl:'H~e to provj.deluH~ful 

tnform8-'ti on on t;hf; teJi\,f,eratu.reu of forrrnt;:ion :is t.he ar~:1E!nO-

IJyri te-\;fyri t.e af~sembl'~;ge.· Tide mincrJtl,l pair places H"l') 

U """('T l-imi-" or O"'''"''·o iw,;;tel-y 1':)·OOoC· qv' .t-11~:\ t"",rf"l"eV··l"+IUI··~ o-"Pt",t""'- ,,""U f.·,Jt.J/l,··J;·- ,···,·,I,,,•• ~-'I! ., ~J \.• ,.L \.lIlI,:",i.' 'i.";'4.'J:,1-.I,:':\;V ... ~:.; ' .... 

fOT'Trl!;l t:l Ofl of rnony o·f. the ore-bo(ij ~~s in tih.", Zeehal1 Ft (:dd. 

I_.J..L' "'h'"1",,~, 'wor'"r.;\ o'f\'l""vl·.,",~".'lo..·1' n,:;,t'l""V~ -tJ nnd..J J\.~l..r:.,r"""'ne'~1~1,_~( ("!'9J:::7)r' :.J ,~).,0,'"".<,.•.Ul. ~~.,.l..!-",-.'t':;: ...... ~'\,,.,. .o:~ '~""r1 

Barton (1961) and, iWa,rkham (1963) :h'! ('on:~)idered wh'u in :j(~r-

I;retj._nt~:;rH:' condj'tj,:;118 und er which the::H~ oroe were forrnerl, 

it 'j;1 possible to mrAh:.r) ';;l,e :fol1owtng BUH/~~l'~]tions concox"uing 

the OrE~[l:-

1. Sphnlerite in ',h i wee ternpa.rt of 'the Zeeha.l'l area.--. 

formed at tempt1ratures in the \ficin:!, ty of 5COoC 

and r,):t moderate sn,l.lptmr vapour ])resf}u:re. 

2.	 'rh~1f1 eCr{HH:H~ in trOll con'tent ofthef::'lpha.le:ri tE~ 

f'rof'! 'tE;wt to enst was eotltrolJ,ed by Pt oec1:lne in 

hoth tern;:o'!'l"8talre of fOrmtition R.ad su,lphur ::?ictiVit~f. 

3.	 ThE deponj ts in tl'HJ Zeehanfi elc1 were formed from 

801!) tier! w!dch move'1 e;.Hl'tvvardr:J fro!?'Jthe grani t:1.o 

body. 



263 ..
 

It should he emphnsized that this i.nterpretation, a1­

t;hough <Jonsidered to be geolG\r.tcaJ.ly and chemically r(lfH~jOn­

able. must be reg:1rdec1 as -tentatlve. li'url;h8r exr;eri.rnentnl 

informte1ition reg3.roil:'J.g\;he var~l DUS mineral 1:'u'1sol.T:bl;:!tges is 

rce:p.,dred 'be:fo:ee a more s·~:ttsfaetor~· intf]rpreta.t; on 1. a pO.9S­

1ble. ]'IJrther knowl't~dge of the f[~nla1:;ini'te-tetrahedrite 

d 1 ;:lEWct':oi.tion curve could be prirtt.cularly useful. Sjms and 

f)arton (1961) were ~.'l.ble ·to use the enargite-tctltls.nt:i.te 

rel:,),tiorlshtp succeGs:fully and it ts possible 'th'lt a similar 

treatroen't of the correspondj, ne; famatifli te-tetrr!l,hedJite 

relationshj p 'Would a'·;;s:1st in a better approximation of the 

temperfltures amI aetivi ty of su.lphtU' d;uri ng forrn":tt5.on of 

the Zeeht'U'l ores. Barton a.nd Toulmin (1964) hav<::,~ reported 

that preliminarj' work on the v8;r1e.tton of the fugac1.ty of 

the su-l:phur with ternpera'tiures for 1;112 SYLitem tetrHhedrl te­

fa."Il,a:tinite, by rne~'1ns of the elec'trum-·tar~nlsh method, has 

yielded pr(jmisin!:~ Y'esults. The relotloflshi,;;s have not yet 

b€lenpublit3hed as Ba-Mon and 1'oulmtn considered that further 

inve:3tigation was re:: ,llired before 'pub15 ca,t·] on. 



264.
 

~3ln.JPHUR ISOr:eO :~'E: CO,v:PO::nTION 
• "'" r .. 

Intrmluc'tion 

In recenl~ yenrs the applica.:tions of isotope' f31;uclies tn 

orf~ genesis have received cons'] cl arable attention. In pGrt­

icular, sulphur :i.sotope~1 nB,Ye been widely used as a tnol in 

the investig;'atlon o:f the origin of' many sulphide Il'iineral 

deposj ta, and in ~H~veral CUJH!S suli:hur isoto:1 G studies have 

proved u::'lsful ln differentiating between opposing tl1eoriss 

cm the orig:ln Qf' the cl aposi t8 cOl1cerned. 

ProfeSf1Or M... L. JenBem, of Yale Ufdversity, has kindly 

C:!-U'rie\1 OU.t analyst~s of t;he sulphur iaotopje composi tiOL of 

sevoral l:H;,\fT;:plefJ o'r ore fr0!11i;hc Zeehan distric'i;. 
" 

.Befcn'ethE! 1'681)1t8 of these ana,lyses aTe (lic~eusset1t a 

brief sUTnJ'l'lnry of 1;he bnaic prj ncipl~1s of' ".Julphur l.notoL e 

etufHen is prosenter1 • 

The j~~otopes of interest in the study of ore Cl tJpos:i, t6 

534nre 532 and t since the~H~ are the most abUY.li1ant i:aotopes 

of sul,~hur. Variations in the relative alm.ndanceB of' these 

'two isotopes can be di.l30ussed j,n terms of 332/534 ratio 

values t or in terms of S834 per mil (;[,D) valltes. The SS34 

vn.lnee repr.'esent variations frOl'H a standard v8.1ue, o,ccordi,ng 

to the followiD~ relationship_ 

SS34(5{;o) = <s34Ls32~ sa.mple - (S34LS32 }stande.rcJX 103 

(S34/S32 ) stawlard 

T}le stanch:rd used in almost all sulphur tso'to,pe ~3tU'd1.es 

is troili.te from the C.?,nyol1 Diablo meteori ta, wi'tl1 a ratio 

vt~lue of 3
32

/534 22.220 9,nd bS34 O.OO~lbD (Aul"t; and Jensen,11: OIl: 
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1962). 1~he value. of bS34 ;:; 0.00%'019 c1J.1:30 genercJ.11y .9J,cepted 

t)tS represent:l..ng t.he average compos::) ti.on of' terJ'CGtrii':1J. 

"""1 "1..""'" ("I"~"C onm""!',,, ·,y'iIl Th'"~d'" 195'0)L:J'~,l.. • x:,.t" .4. V,.A. :':f. <'.;:l . ,~w ~,t.c}. '{~il· ~;;~. -.C,. . ~ 1.,.1 - v t. • 

The obfHu"Ved variation£; tn relative l)r'oportiono of 332 

and 334 in various sou,rees in nature are 6 1';.017'n in Fi.gure 7. 

The most useful crj terta in Bulpr!.ur isotope stuc1:ies of 

Intl.'H(!ral dep{)s:i.ts are (a) the total s~',read of SS34 values 

sho';:vn byt;he sulphide minerr,la i11(1 g:tven rlep stt of Airotll::l 

of reIn.ted de[JOBi t;s t and (b) the difference between 'these 

bS34 values and the ~terJ'm-1trial average of S334 0;1:0.::'l: 

If the suli:,icide mlnert'd(;j from H de:posi t exhibit. a 

narrow r;Jrlge of bS34 values witb an average close to 

SS34 f'I: O)~o. this is norm~111y regarded as good evidence of a 

magma.-ttc hy~'lr{)theX'mal orj.gin 'for the deposit,1.e. the deposit 

is regar(led &s having been deposj tef! from hydro'tt--'.erma.l 

oolutions of. magmatic origin, (Jel'lsen. 1959). Such an origin 

would irnrolve a homogeneous source of sulj"hur, and avail-

a,ble evidence sug';E~s·ta that the processes la!;uUng up to the 

formetion of theCle or-eB (to no·t; crruse B:i.gnifican-t frnction­

ation of sulphu,r isotoI)ea br:'tlr}(~en t~iO sUlphide mi-nerals 

(Aul:t anet [ulp, 1(60) • 

• 
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FIGURE 7. Sulphur isotope variations in nature. Compiled by Tupper (1960). 
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A brol~td. :9i;;re,,~;d of 5334 vn]1)eS jiB often indicntive of 

a biogenic origin, wi'ththe sulphides h,aving been deposi: ted 

as the re~3ult of reduction of i:'loluble sulphate:~ to insal.... 

u.bIe sulphides by the action o:e sulp1~a1;e - reduc~l ng br:il.eteria. 

'11.' '.".,.~ ,) '-, c· "n't·,'" 1 wor'!' b" " v' , ,.. ) 'l'r-' "'Cl (...,. 1'I'l"<, -, 'ill , 1 fOIl,I.; l~ erlJIH:;I.,'.' ",'j de er. ~. ft~ 1.)\", ,\;'~ '1>. f'S. J., <;0. Cl e •., <;,.", 

1951; JoneB et c!.I., 1956; F\:Jely ax~d Kulp, 1957; Harri.aon 

and Thode, 1958) has demol1stre t€Hl that fr',ct1ona:ticm of the 

aulphPT tsotopes takes l11a.ce ;luring re,lvction o~r 8ulphw'G9s 

b" -the bac tf'ri"'6°')1 "l'lovihrio df's!)l~)hul'j c~n'C; lJnrin 7 .f-.h1 SiJ . '. -,.' - . - ,,.;,,,,,,,) ~ ,- p.J4 \~, .. ,,"" &'d' • •;...........-:.,. ,~'" ····f.'> U ~ •
<.. 

relf1uc·tjon, which :involves a changf: :tn vnlrmce of sul.phu.r 

from + 6 to - 2, the lighter i.£wtope (832 ) is cOf1cent1".:':\tecl 

In -the snlphilje phase, leaving t.h~:~ sulpha te enriched. in 334 • 
! 

The litera,!;ure on su1IJ").ur isotopes is e:ift(?H'lt~ive and. 

for cornprehensjve accounts of the causes of fract1. r.:mat5 on. 

of sulphur isotopes r1.f1fi 'thf'l1nterpx-etnti.on of SV.l;.,IHlr 160­

topic compos) tion of' mi WJ:r."il depord t8 ,the rElul] er is r(~ferred 

to Jensen (1959.1962), Ault (1959), AiJlt 9.nd ({vIp (1960), 

an2 Stanton (1960). 

\
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l~esu.lts 

Of the fourteen aamplel:i analy~~e'l for t.he ;:ril'thor by 

Professor Jensen. twelve were selected from mines in the 

Zeehan field imd two from mines i.n nearby ril;lf~ted a.re~1\,s. 

One of these two eamplE1fJ wriscollected from S'v:e!'.!neyt s Mine, 

within the Heemskirk GrI1ni·te, and the oth.er from ti1ayne t g 

tUne, whi.ch :ia stt;uctted sou.th-west of th.e Zeeha.n field nnd 

is fa sJ1.0rt dh{tanee south of the nouthorn m'irgin of 'the 

rIeer:'ldkirk GI"13J'lite. T11e twelve samples fron, the Zee11an f1.eHI 

were ;_H~lected "to provide Et re"sonable geogra,phic covero.ge 

of the field t and 01£10 to p!'ovifle analyses of the sulphur 

:i.sotores tn saveral d:i.f'fRrent rmlphiCle minerals. 

The rStmlt,s o,r' the::,nalYHes are ahown in Tn.1)le 14 :)ml 

!?Ire presented diagr{lmrlf"~t:i.c::'11y In Figure 8. 

\
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X.5251 

:it:.5236 

X.5198 

K.5205 

X.5210 

x.52in 

X.;226 

X.·;252 

X.3162 

X.. 5283 

..... ".11I" 11 

n \ r"",-" '''iIl HI.". 

rl1ine -
COI11/3"tock 

TeL.E.. 

SW8,l'U31 ea 

Oonah 

S~,;rD.·U·"" ·".,..r 

I~.t,)rl ..t,rlnt~t S. L. 

Occane. 

Z~eha.nBell 

Silver King 

No.2 ArgGnt 

Btormf3i~1 own ' 

Grubb'a 

I1it:!l.,yne t IS 

S"lvee1'1cy f S 

l:t, .... 'Ili~ PIal lP' 

ore minernln, 

_ c i 11:I11 ... 

T'/tineral 

S'phaler:t 1:;~ 

" 
It 

St.'-1tnnite 

Boulnngerite 

Gnlene. 

n 

Pyrite 

Gl1tlena. 

n 

'P:;rri'te 

Gal.:;na 

I'yrite 

Sphtllerite 

Zeehan. * 

................� 
S$34(%0)-�

+6.9 

-0..7 

+6.5 

+1.5 

+4 .. 9 

-3.6 

+1.2 

+1.7 

+2..2 

+1.5 

+1.3 

+7.1 

+5.8 

+15.1 

I ..IloU $" .' 

... IeotoIHl €:{J:'lccl;'j'"ses hyM.L. Jonsen, Yale Uni\lersl1;y. 

*'/t TnsEJ:anianN'luaaum aceeseion numbers. 

'" 
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.!.!':!ie,r;Eretr;:ttiq,p .•of re~:J1ts 

The fUlal.j"i2len do not show any correl~1t:ton betweer.t 

sulphnr i.sotopic oontent 8,nd minernJ species, nor is there 

any al)~;arent relai.iouship with tb,e host roclm for the mines 

concernc(l. Sim:llRrly the:ee in no cona:If;tent reJat 1onuh:l.p, 

as fH!" as C}1.rl bo juclgod, 'Nith probable tern,:eI"atu:cs;£J of 

.formA.:tion. The ana,lyses wi~h SS34 values of the or~:ter of 

-+ 5%0, or greater. represent mines locate(l in the !;fe.)1,e,,'n 

F:l,ucl 1:l0u'th-western part of the} nrea., bl.lt thi~'; is no't fit con­

sistezl't f"eat;ure since the 'l'.L.E. t1'tl.I'H1! (b334 :: -0.7%0) is 

also located in this region. 

'rhe total; sprend of bS34 v<:1.1ues for the SamI,l(w is 
, 

3.6 to + 1~i.1?iof with an avera.ge value of + 3.1%0. Thta 

range i,~ crm.s:idElr:':lbly gre~lter then would be expectHr1. for 

,".!G.~''~"'po·s;,,~, t<::> of l!J..~~':tO"--""-l~t""~7'£l'!'!"tl;; +1·'to,;;... h'T('t""c··t·'~er"?I'''l...1 A Jf:l ~" ori'o'1""rt .; "1 !C''''''''O''-,,)~\;,.j>\,;.' r r1n
<.,,-Cl, n ....... V'f', --1',1
I-"~j- .~; ilJ .l"t•.r ,$ .H' .':~" ol... li ~ v'\7J ""1." t'l-l 

the :lde,ls discussed by Jen;"en (1959). 

If t,hl:; !i,na-lysis for 3w(~eney's liLi.ne 1.. 8 excluded, the 

range be('H)IDI\'JS - 3.6 to + 7 .11Go. for whIch th~,' avera,ge is 

+ 2.8%". Tl....d:a, range is et:ll.1 sor~e1f/I::mt greater t·h;'l.'l \Nou..1d be 

expected for depo13i1>13 i"ornM~i1 by sulphur derived from a homo­

geneoUf:~ Bource, as rEFiulrerl for 1:1 m~';grfJatic hyctro Lh€!rmal 

origin. Deposits formed 'by such a proeens are not €lXljf:~eted 

..\, ""h , ....". "" +:..il. .. :T.' ': ..... r' t· h·'"' ' •. T'" i . t ...,] <tr 5~1' f'" ,... +}.0 ;:~ .....ow v·:~rl':f, "l.. ons bre.:..~tn:!·! , ....,.n apl:i_oX rna, <, .. "~'; 1"0 .. XO' ,,~1e 

acro value. 

Nkany of the; Zeehc1U nna.lyE1ee are well wi t;l'l:l n thE) r'lSmge 

of O.OO:!: 5)'1(,,, .. rI,n.O it 1.1:J sugr::nsted t;hat~;he OJ':(H1 represented 

by i;hEHH~~ analyr3es w:ere forrrH3',~ by norm~:ll ffia..gmatic hydrothermal 

----... _--­
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processes wi t;h the sulphur haviI'lg been der1ved from a homo­

ge~JU,s 80lxrce, f'luch as the vppar ma.ntle, byaelective vola­

1ilzat:i.on. The analYfH~H QutHide this nlnge are enl':lcfled in 

s34. w"iich strongly EIli..;tgges'ts contamination by a source rich 

in suJ.phate. 

'rhe sulphur tso"t;ope fHu\lyt~es can, therefore. 'bG inter-

prated as ind:i.cating that tlHj sulphu.r in tlH~ge OrEH71 W~lS 

t'ier:lved from two f:10UrC8a.. If'!;hia is so, the rnos'!; likely 

e~:phUla.ti(H) V/CHlld be t!"'<J'lt Hed imuotsJ" eontainin.i:;; eedlmentnry 

sU.lphate, were nssim:i.late:d by the magma durin,n; emplacement 

of the Heemskirk Gra,ui te, andl;ha"t the sulpho:te was rerluced 

to sulphide during the aS81,.mil,a tion proeem~. 

'rh,s dat~' of 'fudge t:ll1d l\hode .(1950) and. Sa-kai (19;7) bJ;18 

damonat;rH,ted t1:18:i; l~eductS.()n of sulpho:te 'to sulphtd0 at 

ter'1.perai;u.res in e1t(~e£H3 of ;O<.PC will cause very Iit1;le fl"$,C­

'·h..,. . :;~'-'·'t:I'\'·"'."" 3(.p.....o"'" 19t;'7)t ·l·"" ... ..,.·t1.·on of.. {.,..•.~lQ s·l']·"'·hl'rA. "",{;}--;eT ...l),. ...:,l4· ~V.1/G-"~;I.'" P-l""'''r'''''~:;l.,.Jl. ~ ..... .1- Ui "'}t:";£;.ol.(!Jw,(~..,.in"i f ""I •. V(,I;,Q·· ~j,,,' 

il1u3tratentha deere~1;se in the fra{~ttonation factor w:i th 

inoret?lE~lng tem,pera\:;.ure. 

AecorfJing to 'the above hypotheais, the 8ulcb;ur of mag-

matte QTtg1.n would have 'becorne conts.roJ.nated by auJ.phur from 

a sul1111atu-rich s01lrce, gi.ving I'-:hle to th~ obHerved v~:lrii'lt-

.t • ('{'34 1­
~OnB 1nd~ va uss. 

There o.re, h01Nev~~r, ~~1·l;erm\t1v,,) interprfYi;ati.ons which 

et)uld be rn~i(le for the ~nalY~H;!s. Tt could. :for exarrrple, be 

flrgued thfJt the:s :':-l.ual.yses lndieate ·tha.t the ores: in t.he 

Zeehan field are u.nrel;;l1;e~l to the Heemskirl( Gran.i tat in 

vi(~w of th.e analYHi~) of + 15 .. 1%0 from Sweeney' '8 lVline cort,pared 
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'l·~!f·<lfl,·t,:. 2..... ,';.J.,\L. .. • Variation of frgcttona:tion factor wi t 1'1 temp­

erature for ::;=/S04-=:. (Il'rom Saka:l, 1957). 

with.... 7.1%0 aB the high t3li.rtbS34 value from ·the Zeohan field. 

Another ~.tl't;er!'la:t:i.va ii'l'\;er:pret.ation would be t~hat most of the 

orea inthC! we:::rtern anrl l21outh-western part of the Zm:han ' 

:f:'tcl(l a.re relat.&dto the Heemskirk Grll'Hli te whereas those in 

1.TH:., eaBtern part ofth",) field /sn"'e related to some O--t'H~J' 30urce. 

Irhe firs t; ()f dlese interpretati 01'1S is nr)t favoured by 

the: author 'he(:nune severaJ. eaJIiples sholt'J an enrich:m0.mt il1 834 

b;y' more than 5f.1Qa- This HuggE;stBthat t;heee ores contain some 

E1ulphur derived, as expl'·i.ned above, fror:J el, ~3nlphnte-rich 

fJOU,t'ce. 

It is not possible t.o conclus1vel:r reject trw second 

al tE.n".na·tlv(~" bU.t i t~ is conr:ddered to be lese: l:i:ely tihrm 

the hypothesi;:; ov.'tlinet1 ahove. One factor not in favour of' 

two oomr;letely ::~epgre;tie sou.rces for' -the ore d"'poei ts ir.1 the 

m:lm)rC,10l:~ical zoning of L11c ore~1 "1:1 ·t'l~1 resp-:::c"t to the 
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Heemskirk Grani tat as described in la su.bsec;uent section. 

~~he systematic pattern s~tOwn in the iron conttmts of the 

Bphalerite (as Riscussed in the previous section) also 

.sUf?;gests a rela"t:1onshi IJ wi th 'the gr:?.ni"te body'. 

Infle:pend Emi; eviclence whic'h asr~ll sts :In ·1.;he in1;erpreta­

tio!.1 of ·the origin of the sulphur it' provided. b~r recent 

work of memb<iu"s a-f' th$J)epsrtment of Geophysics, Aus'tr-11ian 

Natioru:l.l Un.:lversi'l;y. '1'111.8 work has been concerned w:1Ch the 

compos),i tion 8\,nd orL;in ()f the T:Ieemsk:irk Granite, t;i,nd will 

be out,.ltnaf~ in t,~;o forthcoming pa,pers l).y Brook:s anCl Co,mp­

StQ11 (in preBs) and He:ter arid Brooks (in 'I') ""e,:') 'Q' ) The•
.i:~"''i. .... ,~ 

inves :;jg'a"t;ion~ of the: grant te have tnvolved fiel(l mapping, 
I 

pe'trolng1.cal ' stud i es t ~}nd mea.sureW(H1ts of the Rh, Sr, Th 

and lJ eOInposi ttonm. Mr. C. Brooks ht),s infoI1ne,1 t.hts author 

\,t t11'~.'" ,"";;;...... d.-,t .., 'l'l~n<O\''''' lif' '~)~""""'''''''''( ,·"t:.>roQ. .... orr'ITt..,J,,,,., ,) "'haI\I,.\.~:· 

l - t:,: c'o,t\Ob'in"'t/:... 'J'Ji.t. ' ....." "'f .;j, .';",,;.'::'t'ii;;o .1,.,,,,)lJ J ~-\'.L:o-..t~1\.J:1;-;",· 1;, :-:~, 1"' \.~... 

strongly suggest ·thmttwo period CJ of Gl,ctlv:i ty were involved 

in the forrrJat;:lon of t;hr- grrmite. According to the 'theories 

prOpC;i:Hj(l by the above au.thors t~he ftrst phase of' the m:t:l,::rna 

was accomi/a.nied by i n-car,pe Trol tiOl'l of Precftmbrian sedtmen$o, 

bU.t the second pJ:iase was a more nOrJTI"1 magmattc :i n-trl:WiOfl, 

'lit th far less accomptluyfng V'olr,-diilea trnlr3 "t;he fie~Jt p"h:3.se, 

and difl not; tr'lvolve significant assimtlat:lon of:' crlu3tal 

rtt9.t ert le::,1. 

Th:1.s trleory for tllc or:Lgin of Lh".' grf,ul1.'te UU1HS is eom­

pati,blevdth the f.F..llp11ur :isotope data grlfd pro;ljJ~es a 

:mechanimn for l;he dcrivation of sulphur from two sourees. 

If th.1,stbeory :Lo correct. then it irvH c:"J.t;es thn,t the ores 

--_.._._-_.~ 
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of the Zecha.n ·f':i.old are genetically reJ.ttted to the :fiest 

phase of thc:! gran! te maryua .. 

Another flpproach whj.ch provide8 some fu.rther evidence 

on the o.r:1gin of the su.lphur i~J the selenium content of' 1,;he 

su.lphides.. rr~hj e if; discussed. :J.n the; following secti.on .. 

A d'lSC'l15S:i.Oll o:f!~h8 sulphur laotopio compoBi tier! of 

the Zeehan ores \"lOuld not, be compl·;)te wit!wu't DOInc roferenae 

to is,f)topic ~);.nalYgeH of o'ther ores :from the: west eof:l.S~; 

'~","io""oil. Ii,.i. "n m",on'''"'''';tl..1..·.;.~-\>O.,~,~~l.·L,l,;_ '. "ft Sol'Jmon o· {" lJ.:-l~~ U·r .... 4·11 w _ o~'J..·""r"'1·..,.'l1' 

T¥3,Sm8.uia, h8J;1 kiniHy s'1pplj. ad the author w1.i;h unrmblished 

stJ:lptnJr isotope anrtlyses of ores :I'romthc' Niou.nt I~yel~" 

Henj~son Bell. and Hosebery d"epofdts. 'these ~XlH.ly:)as were 

c~"r'"ied out by Professor J ensen, and ranges. ofSS34values 

t:lnd thl!~ res:p~"!ct1 va averag(J1 values are i.3hown in 'lIable 1'~ 

The r~H"l:ge aOJl average of the Zeehnn f\t.nal;lses are inclu.ded 

for comparl.sorh 

W1'd le l"t ts not posf31ble to discuss thEH::e results in 

ae-!;fttil w:l thou:t goinlz~ well 'beyond, the scope o:f this thes1.s f 

it is nevertheless, interesting to 110te t}::tat there Is an 

apl'aremt ·tondency for all sulphide deposits in western 

'Ot:',_. 4- ... ~t1. I)r' ~if_~." '\.1".l. "'1~", t,a J.. g \1.1 

1,.· ....... j't "'u I'H~r'icr""'e"'+,.~._J, of ~34 1.t~ ~s '()<.:~rt·j"""'ln""rn..Lr..t,ot.J'.... ".mn""::t.·'"CAr. to ,'"hOlrJ Cl. ....",uk1. ~l 'U ... .. 'T"'i'~ vn.f'0;_ ,lCC... ,l".lit.r:. ......l:.~~""j,.I. l'L .•,..., ~..&. ......_

interest in view of the posnihi.li'ty tha:t more tho.n one type 

of or-tgin il'i represen'te'l byt;H~aG deposita. lir'berefH'3 the 

Ren1.~)on Bell easel terite-p~1rrh()'titc 01"(~a are aceepted a·s 

magnlCt'tie hydrothermal, th.t! orlg:i.ns of ·the M~)t'l.nt Lyell copper. 

ores and 'the Hoaebf.}ry gaJ.cna-spha}er:l te Ol"e.fJ fa.re !'lot clear. 
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ThBLJl: 
r 8 • "1_ 15.' 

Summary of sul,p1'll.lr isotopi c compos:i tion of orCfS 'fro,m 

western. T~l:"rs'!ant8.. 

.... "� It. & .•• . 1 ~4:","il: 

Localitjr� :V1ineraJ.s Range {)fbS34 No. of Avel'age 

anafolBEl(1_. vaJ..,;tes(%o) fmal;y"seB ~s34~7f.o.l 

•� I ." if RI. • • 

Mount� Pyrite, - 2.8 to 18 ... 4.6 

Lyell� Sp1:1E:tleri 'ta, + 8.6 

ehalcopyrlte, 

bornlte 

Henison Psrrhotlte, + 2.2 to 10 +- 6.3 

Bell pyrl:te,gEtlewa + 8.1 

{"r;h n 1""'r:l ·1· ""ROldebery� U ..f.""U'C~~ .. "Wi ... 'B'U + 9.2 to 11 +11 .. 7 

cha1aot,yri te, ...13.8 

gfii,len,9" pyri te 

Zeehan- See 'rable 14. - 3 .. 6 to 14 ... 3.7 

Heemsk1.rk +15.1 

.....� ..._:ill .1._ _, _.. '" ........ pr ...........� 

R"'(· ... "'..,· 1''''11·""""."]' 1:1"'" ,·tor·lC' l"~F "11.1" ~,~ Ctol"IDon (Utl-t~'·erSl· t,'T nf. ,;t. ..<-w..l...l \t . Lt ;:;;0 U "C)r:·;· .l..d vd J.J • ,d.!.~.J v -', _ ~t. If .1*., ' .c. '.iiIJ \iJ', 

"'ffi,r ..."l ",) rlV\rtT ~;,~:~j1.,~ ~·<tu..l. r:;\,� C~ .. !.J'. '\.' Dr. N. L .. Markhmn (Untversi t:;i of Ne't,'{ South 

Wlctlee)suggest- tiled; these ore£~ may 0'21, 1::lt ler:w·t in j()I't, 

rel~'='ii;er~ to CG.mbrhln voloanic activity (Solmnoll, 1964-; Solo­

m011.:111(1 'Elms. 1965; Nlarkham, pR'r;Eh comm.). 

:Purther work is near1ad to explain th{~ appurently con­
'24

lidstent enrtchroent in S..J in th(:: ores i1'1 western Tnsmnnia. 
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'fi'.lW"".....,,"J'.J., \.t S ':;n'. il r•• ~ . (1qr::4')... ..r inUAg
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eoni;en·t; of ores from many mineral provi-nces tn!\..llstralili 

rmf! included in th.eir results: &lI'e fnn!" n.nalyBsa fromt.he 

Zeehan and Heemsldrk areas. It is of i.t'rtf~reBt to brh~fly 

review some aspects oft;hEr work t):f Edward~.'.t ::::Ul0 GnrloJ:1, ::;)nd 

to r11.scuss the neleniu.m (H)!1tjen t of the Zeehan oretj, Hinc~e 

the S::3e ratios offer a. poastble correlation wit.h the 

eul In.,tr i eotol')E~ ,fl.nal;lSefiJ. 

IrhG p1"Jrr18"r-j objective of the '.Mork by Edwc,rds and C,:irlos 

waa to test 1;he use of S: Se ratj os as a method for d1.8­

+-" >£1" """"'-:lng 011.1'11..... ,'1 0 m:i· '''''''1',,.,1 a"'p -'I ,,·c of h;'1y-'l r ,t'ho 1".1 lA6).'''' I... . '" Q ~l s'" d., v 11" U'·;. ' t'>.,.,. ',' • os .... :...:3 . .11.1. 0 ,,::>rm:a. 

orig:i.n froE! those of i~e(Hmentary or:i.gtn. Golr1achmidt and 

Strock (19.35) had -!'ound tlw.t pyri to of 8edirrH:::n,tary origin 

had S:Se ra!;:los of \;hc order of 200,.OCO or more, wl1ile 

pyrj.tt!! of h~ldI'othermal origin had Cl S:Sn ratio of 10,000 

t.o	 20,000. 

l'!.r'l ,'I c,,.,.t,-""i'lt '~n(';t '·+r·AM1,. ( ... 93E)~') "".., ...1 Gi")l.:l"".... 'I,..;",·~,:t+ {10t:;8)\Av .\, ~.... \..,. '. U If,.. l t':...~ .I. 1.) u -w,," h .'... (':ii;-J.,\"..~ \" " \1 ".? \.i- r:L$.~.jt..U \::J ;'1 J 

have expl::dned th' t 'l:.hc low selenium cC}!'1,t;ent o:f' sef:ltmentar,y 

pyr'i'te is ·hte to the breakdown tn thep~'rtnerf21hip between 
~ ...,..' 

sulphur and selenium i~uring the weat.haring a.vele. 'the 

selenium .content of ~1€t"). Vde;ter is very low, since rnost of 

'tho delentum :1.8 pr'Eie::1.L1'l tated wi L~~ bottom ;o;ediFHi:n"Gs.. i'iiineralf:1 

".11 ..... h ,", <" ,:r,r' <'''1'''' ." "'/1 '-'ln~" ,,.,1',...4 to e. 'i n 4'1>V<) "',i'1 '''1 .!.~ (~'C:' -"..." .• .; 't' 'C,' ... f"fl't:.q,1.· n~~). .....\.l".< ._,	 .,.,~.':':'"J' ~:'JriJ~ . .i..l ~1.i:J ,,:.. 1..1. I". ',u1. .... .1~i <,to _. ~l. U , ..... ...., t.,,-.i:-" ..l. U r.,::;i ~,I;,> .i:>~'# ..~J..J". I,.,. '\.." ..'#. tr '",Ill' • 

very	 It t-tle ;:')elenium. 

l~{lward~j and eHrloe (op·. clt.) measu.red the su.lphur and 

selenium cOl'1tento, PUllf calculated \;he S:Se r(.i:l;ins, of 
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Bu.lphJ.de minerals from vs,riOu.f::1 Australian min~"!ral d.epo:rdts. 

As a I'€1l3ul\; of thai-r investigat:ions~ Edvvards i:1.wl Carlot, 

eouelu.c1ed th;;J.i; [it high selenium content., with a S:Se ratl0 

of ·tiheo.:cder of 10,000, is positive evidence of hydrothermal 

ori.g'in. .A low selenium content;, giv:lng high S:Se rRtios, 

was cO\'lsidered. byF:{iwa.rds and CarIos tabe indicative of 

;3cd:5,mentllry origin; bu:t. accordlng to .Echvard£J and CarIos, 

h-sn';\;root;hermal sulphide depcl si1iS cou.ld be low i.n. selenium 

content i.f formed in I.,~. aelenimn-lJoor province_ Tb.e resuJ.ts 

of Williams ana B;yers (1934) are in essential agreement wlth 

these conclusions_ 

It should be no1a~d tha"t; the pyri·te depos::tta at Nai:rne, 

Soulih Au.s"tiralia, were foun.d to have S:Se rtJ.tios rane;ing from 

9.,9:10 to 13,400 for pyrite samp'es <:Uld .from 20,600 ·to 37,400 

for samples of pyrl-l;e-pyrrhoti te concentra:te. On the hasis 

of these resul"usEdwaras and Ca.rIos concluded th·",t 't.he Nairne 

depoai ts are of h.yclrotherrnal origin. hut it is generally 

C011sidered th.a.t; 1ihese depoeito are of sGctim.entary origin 

(Skinner, 1958; MirafllS, 1965). 

T1:19 four analyses reported by Ec1warda an\~ Carlo;; for 

the Zeehan - Heemekirk region t?..:re listed in Table 16. T'~ree 

of the ~u'lalyses represent sulphide min(~rahJ from mines in 

the Zec!han field and the ~:'ourth refers tio a earr:ple o:f p;'lri to 

from the Heemsk:i.rk Grani:te. 
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TABLE 16. 
11 • Oil IllJIl • 

Sulphur rind seleni urD con !;ent of orcm.1nerals, 

Zeehan and. Heernskirk (J~:dwards and Carlos, 1954). 

Mineral ,Locali t.y 
•.11I 

S(~l Se~'0~ .S:Se 

Sphalerite Swansea Mlne 29.7'7 0.000; 59,940 

Stanntte Oonah M1ne 27.76 0.0019 14,600 

Bot-dangerite Spray Mi ne 17.82 a.ooee 22,275 

Pyrite Heemski. rl{ Grant te 

(precise locality 

not stated) 31.75 -

The S: Se .ratio:>3 of tJ'w 13tannite from Oonah ;Yii ne and 

, 
bo~18n~erite ~rom Spray Mine are compatible w1t~ the 

eX'pected values for l'tyc1rotherma.l ores, 'but the ra.tio :for 

spheJ..ert te from ~:)wanse8. Mine iE: not conclu13i VB. The sel ­

enium con tent of the pyrite sr'l..mple from the Heemskirk 

Grani te was below the level of' detection for the me t1'lOd em­

ployef! by 8:hvard.8:-wd CarIos • This ~F:mple \V8S rel'crt.c 1:'i 'to 

COl1t'3iBt of Ita number of loose cubes of p,;rri te encrus'f;ed with 

minu.te cry:J tale of co.sai t;crl1;e" ,::tnd hr~d ~'3uch oblJioU.8 mag-

matte associ ations th t Edwards and CarIcs concludecl that 

the Heemskirk 8_rea represent.ed a. selenium-poor provinne. 

It is int;(~re!~,t;in1j t;o COmpl:1.re the S:Se ratio::; in Ttlble 16 

with \<lw stllphur isotope ar;.al;tset"i in Table 14. Alt~·,.ough 

the number of sampl ea i81 lir"ited t;hsY'€! is H cle~1r correlation. 

. between the two sets of data. The	 S:Se ratj.o of the pyrite 

c 34from '\;he Hee:mskirkGr~Hlite and	 sthe 0 vC::1.1ue of sphaJ.erit;e 



2~j'-'0., • 

from Sweeney' s l"l1i ne? t 'Ni tht n the grani te, are both incom­

patible with the respective expected values for snlphur 

of mtlp.;m~ tic ori,gin. 

WhereBlS :gi~wardn t';snli Cnrlos i nt'c;!:r'preted the low neleniwl1 

(H.1ntent of' this pyri'te HS indicat1,ng an asooe!::? tii.·on wi.th 8, 

selenium-poor province, the 5 S34 Vf~lue of the Sph:"ll (~ri -ta 

< ~ ..., 'r' J <-·tr"" '" "r] y <:' Tn' .,,+ re" th"" t ·'-h·· su1'" "'1 r i· t k ,' y, .. rl·· "l­,3<.1",.\".,e", v;ui,,-, .:>Ubi,:>e.:>b~~1. u.~ l,r,..O. ,.i;-1.ulJ. n ,1110 l'i _ .a 

i'wd the spl'ta.leri.te hOJ3 been derive(lhirgely fro.tn seiii.fl'lentary 

sulpha.l;e byr.hn proees::,e3 oUl,line(l in the 1JreV;Olls seotion. 

")} b 1 t'h (" S'" t' :> t' St,~34 1' ~' '. ~~f " . '- ~"" •.' ',", • -. - '_ • c~~.. ,.... ,1 ...• , , _ -1.'. n ",H) Ek•.me,\.~;." e ;;:). e r~,. :'lu ,:?,nfJ? i;) VB; ue 

of 1,he sphHler:i. t~e from ~}'!'iamH~? riline both ;:mgg;est ~:i. mixture 

of lnt:l.,gn:atic an,d se.dirflent;'lry sulphur. 

l "tJ h~n..../" ~'1ere·fo~~It • " ..L~ b~...... +~1.~v 1 Cl> b t'h~.. s"'~h"r- t3':, ~ , soi~ If" J ..-. f-~ 4Q~to')e..I. .:J r""J l:'\..i <" '.,--'1,. '\A ...~'t 

analy:.:;es and t;he sulphur - fJelen::i.um. a.nalYfHm of o.res ta the 

Zeehan and Heemskirk 3.ceas are ir! good agrEH3rt'l&nl; ~t.l.d provide 

supporting evidence for theories on the origin of the 

sulp?mr int-;hEJ aces. 

11'hese results indlcate 'thnt S:8e I'[~tt(H:l of ore minerals 

may bf~ of ;p~ore value in s tufliea on the origin of ore deposits 

tha.n has b"~Em Iireviously acknowled.!T,ed. However, i;!:1e. above 

results ahw emph'siae thlllt Ci1re is needed in the inter­

pretntion of S:Se rat:los. It would obv"lously be interest:i.ng 

to hnve both sulp}'n.lr tsotope rmfl eulphu.r-seleniwn analyses
, . 

carried all L for <1, e(mlprl~h.ensi.ve rHlo repre8ent~:ti ve sui te 

of sul~J:dde a~unples from the Heemskirlr Grrmlte. Such a. 

project cau.ll" providr:; further j,nformat:i on o:f the validity of 

:thE~ tdeas expresf;,e,.J in this Bnd "the previouf~ sec"tion. 




