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This thesis presents the results of a series of
exÞeriments in which *ceveral common i-ron-bea¡:inE s j I ica-tes
\irâr,l su'1 iee teo to heat trealment in an at,rnosphet"e of
h¡riìroaen sul phiCe. Fu.re nr.ineraì- sÞeeimens were erusheci
ancl plaeed jn a cÀra"'ric boat jns j-rle the tu.be of a Burrel l-
hish-teml:eratrr-re íurnace, A sl ov,¡lï c j-rcu.l a'bing' stream of
h¡rdro,qen sulphide was pas,<ec1 throuc"h the fr-r-r"n¿rce tube.
tìxper.rnrents lasteci irom 3"5 to l20 horrrs at tempe¡:atr;res
rânEing fror,,r (:LrOoc to lOÍJ5ÔC, I'olisheci seetions of the
m-ineral s i^¡er?e prepe-reci lrelore and af ter treatment " In
se'vera-:1. ea-ses the rea.etion nrocjucts \v-ere identifiecj bv
X-ra.r povrder pietures 

"

0bserr¡ati-ons showed th.at the f erro-magne-sian
nineral -q reaebed with h¡rdrogen sulphide to form pvrrhotÍte
at temperatur"e-q consiclerabl¡r below their melting point.
'f'emÐeratllre ran"qes at .¡h-ieh this reaction,¡¡as initiateci
werã between B35oC :.nd 9l-r5oC f or hqrnbÌencie , 67OoC and,
Bj51c for 'o]rot'l'te, 1oo0oc- and 1055oc for augite, ancl l:e.l oi¡¡
I j("C flor ol ivene ancl epidote 

"

?he ,noss j-bif itr¡ of à sinrilar proeess of r!sul phllr
metaso:natism" in nati-rre is con*qiderecl to be siEnilicant
i-n the er¡alliation of iron sulphide deoo*cits" This reâ,etion
of sr:lohurolrs \¡apours r,vith conl-mon rock rineral,s eour.lrJ
result in ma jor rcyrr"hotite deposits ,¡¡itl-,or.:t the j ntroduetion
of ne ball ic elements associated with conmercia-l z ones of
meta-ll izati onr and rnav be an explanation of the non-
eommerc j-al- rrnlrrr.h.ot j-te d, j-l¡esrr of the Canac] ia.n Shield 

"
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î'ire pr:i.î:*.re t¡_{ i}':Ès th*s l-r: 3-* î:rt e{:T":ij !<i*r *h*

s:¡nt1:.*rÍs nf p.qr"rhfttå*r: by 'hjte sctí*r: ef h,"rr¿jir*;:ï*rt sï"ipi:rirl;;,

*t kå.gh 'n*r::per;,a"brJ.y'* e #rr år'çn-b* ir.r*l*.¿:; s il- å* atan, ifl:i'"+ rrl- ¡ìi-¡n¡:"f,s

¡r;r:u-i- öj' 'r,"t:L* r,*-*t¿:'eIt Í'.fås to å1-l.r¡stratg a possible scil.:f.'(",{3

for ù.h,¡;¡ vrrg'L a.rïf:r-;-n'L.e *f år'on *u-lpi'iLdi* '*r¡irich. oÐn'qi'[:l"tuç* ti,*

siaå¡l "*u'L¡x *f' rzl*.n¡¡ Fy.çc¿ì.ïÊhï"å.*ß iiûn*s r¡f *ieta3iås:rùåon, il,s

pcsstbå1åh.y' ¿:.f e- ErYËtç;ë-es *f.' 3.c**c.l'iing bhe åron ,f-roilt *rrEffïril,ÍI

fl*:".rr:*r*,*.ålrl**orårrur r+åneralE "øl¡"S aXpe:::Lru*nüally øX*rn1*a¿J ',:nd

quälitstli¡*i1¡' øv'alri.,*.t,*d, li',h* res**reli ¡¡a-t i:;r no :ri*iàIlê

c+m1:rl-¿tsu ?ru.t 3"Lç 4.aê* L;¡¿eåcab* so:?1# ,r'¡rùher j"lttr:å¿prånç;

Fe?* ;qiT:Í1" åtå*e årr'blic: :: t:¿*:T of èli* ¿1*¿a* is oii' n.atx::*.1-

Ðe e:ur.rin,Si Ëy:^rhrt i'i;* *:å**r.al. lv^t*t'i*n u

:ihåE stu.r*3 of Ù'he ,*yn*1nenås <t{l p7r'*thotåte w:x#

gt:i-l$í¿ler*ci sÍ¡,qnif1ç*nt Í'*x t=;;* reå.-q*n,$" ?he i"tr:+t' ilas

1,,*",:n L'r:i:1-:e:,zE** ;tJ-taaú.3rc ;{li .abi;e:cpt i.:¡å1 I }}i} 'l':r "Ð tc gåv+

an *eç,Ì-an,¿tåoi-r t,* ÉrT:I .*caclgr;åc ;;r*h1.*r:n $h* g*:"r*sås *f

pyr:r.hcl-t:åhe. '?lbi"p *"spe*'l çí"ll- 1:e {"iÕxr*1.ûËi¿i5. .fupt}:.r*l: içr. ä

-i.nç*r ehapt*:" o :'fht* s*e*'i'ì{i, r'ß,á#*:f1 i¡f,*g an q*cøn*cTîåe *î}{}' In

än l-nt,:nr.rLv* "p'taæ"p*r:'trni\ ptr.g;t*n *I t'k.tz L,en:rwånri g:*r"bbt

ririllin¡ c0lïiI;ânlas h'¿r"¡:-r rep+.*t*rii':i eÛæÉ) åer'$ßg r*t*s.T7æ1"Lë

tùfr"€];rfià.ji.r*g iyit j-ei:':s ¡*f ¡*f âft *if,:p'tlrl.*'i*'rç¡ Etøzt-'tzc: åävsnL15¡*t'íori

"{t-¿y* ¿:rr:nv*ei tc, þ; ;qr:r'ih-|ess z*ne*. af-" al¡tost exc}tlgi.¡*1l¡

-l

üü j:"TT',iä î

îT,r :f *..i]îl{':'i 1-i)'¡

ti'":fw:r?'a'Lj*i;e ,nåner':tl ly-.a'çi on " T"'t ,t¡tx* Yttsp*e5 t'hat tl:e 'Tt-ìF;t¡;¡.rf:-þ:

i.wtr:l'¡p,í: 7.n tÌrå* th*eL8 :tLg,hï, tr>oån* È* rx* *y:p\rtn-*tÍ.csn ïer



ilrese *xp*n.* i-a+; *.:r*;¡¡a"} i*ç o r- j:."r.'?\'¿'r:3-tr¿ ¿i:Llr'.:s r j,ìs: ti '-".:' ¡,?Í,',::r

e,à110t'-r:, s'¿-1-f:ä,Ðsi; bì::'* *¡;ås-[ene+ oí'c *ni-qr"l'* ii3:*erJfis i-'1 ÕsFi-r].,¡

u.r*."*1 at,et' t+ l-,h.e nor¡*al !iyr:icri-,1',eFÍii,:¿l t;ç,r cf l'i¡,*'i;a1l-ira'i:,io,":.

fi:ie, tl:esln å.t1u-strat*s t1:* p***f.biJ.f'b7 of ¡.i pF**ils* ï,."-r 'i'r''ich

ti.:,s ira-* f.n Èhe*a pp':::iho't.åùe dLkes wes ex*r,eeteü fr*n thc

,;¡,¿71 Taej¿ b-v upwil.rei cl"rcul*bång hot vieFÐLìi"ä$ or" Í-'.lui¿i-q, rI-ch

1n i:ydragen si:l¡:irlcie. .f ;yrrl:+'bib¡ :ninee ¡l-iz*Èåan col:lcj

th'¡y'pfo:",s be dä* 'b* å proc#ss cf sr..r1;+1:u:: x!*taeorn*tïr*;:: s¡l::ieï:.r

c:oes n-ot .requ.årc 'çhü a*-r:iÈåon oÍ' :*e¡t*i-låe ¿leiuenf s. d1ni.; br¡**.¡."I

::eachi',g1 a*. unders'i;*ndång af the gæne*tn of these pyrr}:.otfÈe

{iil<** r3ilJ- it ?r¿+ p*s*å}:1'e io cont:'ihute tc thelr i-núel1.I-g;ent

ev;ll al 'r.t i o'rr- .

-2

,'|h* srii:J*ct ra¡*t;t*zo ül: thf s theeÍs p¡ its Ðr€îå:rl Lneú

b* åntro*-l-lce üi:-re pro-hl**i ancj ùo nescrÍ};cr iþe inetlrocj sf
reseårcl"i¡ ås lreLl ts t,a prcsent +at.r ¿îl,c <ronclusLtns.

ü'Írapi;*r T.I 1s *¿ re...rí*ü' tf the liti:retur* rel;;.*e¿l 'Lo i,he

su'Ì:J*erto .,'in att*.mpt ".ãiås ïÌã.d"{" tc.¡ oæi*r¿sfn* w?*b]l¿¡¿r r)n:{

¿:revåoi-rs r,rclï'lr c:¡:l the ,"¡re"r,iroci a.l py't¡"Ttc1;ít* s-n¡*-Èh.esåe cgc¡d

hy ih* aubh+r: ïräcr hesn C"or¡'*, '!ttø Í*ess or} yn*basun|g-"t,is¡¿ rmc

v*le anir] s.r-n*.n¿iiiOrls ';i'-eï-e *1s* :=ðviöçgeû, üÏnapÈer III i.m åy!

aceount af ihe *.-*p*riwental prceedur+" ChapÈ*r. T1¡ ås ä{

cå*eue*l*n *L' sorue *il the tcclrnlc,rl ,c-rpects åy:voLr¡oc in
**rrVl'n"g or:'i; t?-re Jå.,3s*r.lrch, iixpi-:rLaental ciata :lnd obs..*nv¡*tåcrr*

ål:å ¡:,:cçrcied. ån th'ap't*r il. tlr*pt*r ,1I ås å eûylsj-Cer*i;icn

of 'l;he posri.hl.e ttr':,*nr1¡ å*volveci in .l;h+ experåi*ont;r¿1 r*åc:ì:ion

r:h*ei:'i,'eeJ o 'Îh* riuîïråry ¿r-ici e+ne l"uså*nE* Ðge nprr gentesi !*
Ch-apter l.Ii 1.



-..l$ Êxi*n,*i¡¡e åea.i:ei,, al- çh:+ i:*ol"ogåc;a3- *_nd *i.¿r.st*åeaL

j"åior'*tu-yrû w::rH r*::tile '*;T lli+r ¿irincr h+fare iefi;r Êl{ii',*:^rç¡r*n*aZ

'-"¡çek i¡¡¡rs jre,quno in L,:':e f:'irgt plaee it ,.r¿g :ñrlc*sfi;*31í tü
c]å'g¡:ç¡vc¡rn -ahgther 'àr]:{ ï?evå*¡:s str.:,rlj"*s h*¿1 l:,:r,*n mar_ie a}ong
'bh* I*nr':s ûl'ånvssiÍ.g,rlLåon íollor¡c:c Ín'Lhå$ Li:e*is" *sín**
b?r* preri:le;vi c¡f p;1'r,rhoÈåte syni;Lr+si* isr l"r,x*ïy * ch+mleal

ciiÉr ¡r1.1 t,i:¿r asr*"iïai:.t.e tlherni_cat "bstr¿e*s y.rerG ref+:,g,+r: bo

¡,trsii:::ï.' +;'**. :àTii;-tr#pfiabe h*r¡rcjfnge o -i_'hg ,¡¡r*13*known 6eoi o,rf ica_1

je:*.rnrils $ìil*re al-sc rsvÍ*l.o,sqi. rhe *eerl?ij pu"r.#Ðss of .Lhe

r'çr¿å*'ç':¡ o.f' tY.rr: l-å¡1+:.*-i;r;Fe lras ùsr invos,r,i;4:-rLr: .Ll:* nr¿i;1"¡:re *f
*'** ,q,'x.s¿ts pre-eeni: ån l.;y.:* ;*år,ti?-:, r s c:rli.q h. " r,.{¡1 caníe e;ne.ng¿tí*Ðs

;j-r'* þh* cjiS*eclf gr,r!¡gn¿6 aí- ?,1:¡?;Lü,yuyp*r}.t.-*"n fìå-qëff. Fn*r-:grtr.*.bcil.y*ås

is 'flie ;rr:ace*e i:¡r nhi"*h rnå¿erelË nr+ f cryrecr. dr.;$ 'Lo t?r* ac*å*n
of lr:agmal;ic Ëîir¿*{t,á..s orl rçck rûår#-<,ãs o Ëåçfih i?rese ph*narrr*n* y,J8rð

rerie,#e* ån_ a'r,Ej*r tq: *r¡al**t,ç th* pl"u,usåbilåb;¡ orl *, 6aologi*,¿1
þ.3C'ûúå8S f6rr@sîlÐnrl,L*¡r, b* L?:* #KFêT'lm*n"¡;,e1. pSrr?::otí-b* sEn1;l-:esj.s

c¿rl"{i+d. rlt.:r^t in *he 1*lroi,rttcry,

1''il# Ì:rå*'coi:¡ ofj ;;;in::!:rctåù* synthesås rrat*s ls:.-e.k .L*

a"h 3s.å* ¡ Ltfi.5o ìrinL:¿e1 r,*eor*.s. v.arir-)us r*eüi.:r]{:s i:f synil:e slx
'tt1¡: raat,Låq¡ns j.rt bv::¡+t cì:.y st*i;en ,r3"ún anej sul6rþçp **;nirlne ín
v.:rfous p;rc$cri;Íûns accnrrLång Lø Lha: eø',*.Ìbåons of Lhs

tli:;.'il'"f ,-',il f"î.

i? lîlilTitrì¡ fi,rr 'ït l¡; T.,îT'iîn ¡¡.lÏi.ï::l

l-o irlån.bra, ü,.2 fi;¿núr*.t;.t:h cj.*r
I'l0Ì.', FÍ , (;';iit, irlínera.logå*, L:,an*. I, i-¡,.r:io le



ör{î)#y'Í.laúnl" ï"b $r'r}.s røeop;*la*r: *ur:.'¡¡ *h,s.t p;rr1** lsrt :.,*r-ç

üLl its sulphur u'For:' }iæi,rL.ii'r¿ç to .à rêd næat ån iårl a'cfilos;:1,:,*re.

oIi" h.1rii;:.r:F.i*ït #1;i :.hiåú,*. $;rn'ci'rrrs.els i:¡Ër* c¿rr,ied ou,i: b;r vr*r,år:l, *

ofl:i*r r*,Êiàr1,8. {lorir-l:i-r;låti-ûns cf hydnog;eri ,-os'.il-p}¡åe1* ;¿n-d m*?ça*ffeu

flrern ,¿n*. suiphu:: u Í::tn y;1r,e *nd Ìl;.'d1'çg,¡;n oulp?rårjr* u 'n,.yrir-*g+n

*uI3:l:i.r1.*';rn* f¿Ìrn*u-s ch.l-orL.xe, *rn* çr¿rb<:n- r:åsl;l-F!::å{,il* and å:ron

'.,irere h**'l;ed r:n*,e:r vnr"ied. conrl iiiçns ?¡]/ cì åf f ei.ent l-nv*sÈfgat*n*.

ii tr*duclnã atnro*p'nerç yliu..çt bo ti;gec årr +r.eiCI:" cn pr*vent

*xiei.a'Låon' üi: 'hhe år.on su3-phicii:n 'îl:r+ Ðår1;¡ e:iperåne*n.tr¿ w.¡*T*
,

v{1Í'ï 'L,l.r*r*l:gh .¿ne; lio,:l-"ir,:r' l-ås'b* Õvr*r 1û$ p3rr.rhotåt* ,ural}rs*n,

!,¡o raenÈåe¡n wres found of rå.nF å.?rp#1:å¡n$n"hør v*i"ng. â.T:t å¿"an*

b**ring *l.l-åe a'bs ,j.s .a fioüreÕ ûj" åron ín hås ,slfnth"+sÐsi.

fr*"::lousi expl^an¿¡1.i.*y:¡s fon bhe erua*åc pr,c.pc;..i,icrns of iron

*nij gr-l'lphur' ån ¡;yrrnoi:ite ''q¡Êïi) prop*eedu ?.:u.l; nsL ;*ni;å} fu.fr,Ly

rir¿:rlT1h3-¡¡ hae :: pi*ture 6ìf ih* ínt,*n*.x). .*-brr;.*tur.i* 6fÌ pyrr'hotåle:

expL¡rín** bliís ?::e?.i¿v1*ur o

üur knowleci¿1e a:f 'p'yrrTlo'bj-te þ*.s'i:,r)ûn crir.såcã*r'reb.i-;¡

*-uåîi:1?ú;lhe¡l by a reit d+tailcc-j stueiJ.*s anú- *:ËFêef ii3.l-y hv sr)î4*

ra¡*enÈ cr"ys'u:i-l str:r¡c'l,rm,s ånç¡¿.:gt t6,**å***" í! \iÐtT sågnålic*.itb

stu"d.:¡ of .çyr:r.haaltæ v-¿iå"s Ëll."ih1lshs* 1n 1rjlä a.nr¡ 1*3? hy

:"i1"'i'* ¿l-J-*n r:.n* h.ås å,sFöeia.tes3. 'l'hÐv s i;ndi.æä. the rer¡æ-r.s1'!:]s

-lr -l

¿-j Þo*L t,*? , Cj. i I'larlrlbueï¡. ú+r ;llfneral-ogiæ ¡ î-1anei ll, I 1iål.f 'l:ê 
e

F#, 5i7*5?3,

,1i3.æno .ilj.'.:-', , Cri:ntåha-rv, J.Ln , Jú?irr,*cn, J. u Lu.r son, ij;.5, 5
;i¡il. oTorzrr¡. ìfol-" .]3 s J.ilZ.r 3:Ë, Iúíi anel xi ol. Li3, Iüj"T s'fi¡ä" 3"75 

"

"1 ¿



13i)åc t,Lo*"r

''!.'i::* dls$cE:å*.bå*n cf py:.å'bs bøe.osl*s raueh 3TìÕrÐ rapicå isù

T,¿¡srt¡+:v¿hu:-'¿¡s aboro 575*t:u i+-hereñ,e at ¡¿ lÕwer 'å;eiøperr*fur"e

fi::': r*r¡ers{} Fr¡oe *#s fieet¡:tg o $åne e "ç:hø s;1.stem c*nfl¿iÌns &

¡E':..r-e ph*se, b"e":,e eq*i3..i-br"iu¡¡r äer,rp*rature å* d*p*ruc*nt $r! ll-¡g

,Ë1{Ë{sJi:t* .Fî"r}Ësïl-ïÞç a¡,1-*o a.f'fect$ t'rt+z {1r{ïtpo$ition oí' i}ie

pyri'?r,,:ÈLüe, ih* culçrÌ:lur ccnt*ni; inep+.*.,çir"r¿; øri.i:.i: åner*a*sd

pT'Ð * slJ1?¡J' i'.å,'eïÌ t?:* l:i: .ttU*¡u: ¿j l-en anC, ?:ås 61C-w*r"]+¿*ruçl

{:OT:}.#Èci,E¡" p;i,nrh*ii.h* aS a i¡'rJ.nêr¿¡.1.*eh**il"c*1" se:r-Í *}S of r¡,T:r j.eh

Ðîle ã:nlú"*yylg¡N,l&T is broil j,t* {ï-m$} *"nrt -hh* o*i:,er Ênc-ín#ìîl?trer

e *nt ai.*s ei:oçt $,*!y4 d år*solveii *u3-;."1:ur . ì1.*e È¡rt ar:{stal
si;i,uefur+ ã't:ts.c)7;¡ 1-tnu ghc;:'¡n i:CIø thåg v¡:::åç-h1e *o:f4]ú.Ëåtl*n

ig T,Õ '¡:* lni'ar'g"rzo*totL in l+:rt¡É øf ¡;-'h*.¡qåe iArT:ùy=!:t,*Ttient. XV.gg,

¿nd þu*ksEftrrÍ'f! ¡ri*<ie +n )i*r"e+.;i sx¿¿mín¿tion of pyn:rh*'hite.

r"y*r,\':*biÌ;æ '**l*ngc t* *he nir:kef -ars*ni$,¡; år'Ðup s-n*. l'ils

å*'a*i st;c"ue:'br:-J,+ e*n*lg'[s. t]i ,såx *ulphur atotn* sr:ryorrn#-fr'lg

nf'eS¡
5't5aç\

iI'i aË;¡les,
,$FËs{f;}x + {n*x}s

*&&\;¡ i::un *to;a, ranú vico rr*F$âø Cheæåc¿:lJ, anialy's*# h¿å'*"'.r $i:øi"pn
I

i*. "ir"a?,' Ì¿'båon trørtt thåc ç:nit*tü*orrsr r,*t'io, T,*gg anci Frt"clrtcl"orff ,

?r;ir **rnp'*rång rionsi.tJ-';s .rT'IC u"niÈ *e1l- '$t&¡;.s\zy&T&*n*r u .r.,r,â.ltÐ sil*rvn

th¿fl "i}r* murrhr*r *f su-iphri:: atcms p*r r.:nÍ-i; c..*ll. ;:e:ç*.ir:s e*nç:i"anti

i:l¡i:-aïsag the nufi?---li{*p ú'f årcn æí¿:æs ía b*I*'ri¡ t:ar"¡tal. L* 'h]r,.e *u:lph.ur*

::ånb v,sri*Èåæs, $q::r-lo oïl ti:ie åz.e¡: *to:n t:ç*ikíans ln Lhe

ll, ttllg',¿s *o, anC ,îu*k**or-ff p ,.[. å 4eå"hsehr j"f-c f]I::r Fhys . (i'nûr*.
il¡,nC Z?r l-C;33s Ë1, lilLh.



å*,eal. 1¿'i;tåee åt"Fi -c}lsrei-o.r+ ilaeent år: *ro,ç i: p;¡r"rn*rûi.b+ fi:ìri.pl-**5.
'the tøo ¡:net*(_!sg" pírra€ìrrâËhs h¿¡ve m¿lde bråef

¡mi¡ syn"i;heeíx ot" grSn"rhctåtc. fhie rçorlç h¡¡.st sho?¿n f:h¿t v¡hr+n

år"ori åç sul:j*et*it i;o a sr-rlphun {on hyúrÕgÉ*n sulph:!-rìæ}

at*rosrpher* ål; b*npæratur"*s abc¡¡e 575Ûc -*y:-.r.F:otåf* ten*s ta1 ire
'îlorrr¡,'s*, lï'h* res.etione occur"reii l¡*'bween c*rlrpcur?d*e of bohl:: the

ele:n*nt* unclr¡r cûïlsl.Jeratlono ït ù?:+r*fcre ::ornaåne to ire

ier*onsbrated.s J.s f år- iås thle thCIsis åc **neernedu tha,t bhe

åron øï "çÐffie Õl] 'hhe eosirTirrn r*eh-farming fer.r'o-m.4¿tnesÍ-an

r*ån*r$ïs åp +qpllgÞLe 1'o:r: -*eä.**Íon wi-hh *?:.ç ,*r:-lpi:.un of
hy*r*ä*n *u,lpï:i.cra,

Llhs: -{iocus ef Õu.r sæux,*n shåf,f,e fïo-r-rr *r"*åffeåa3

su.ffnu:alc:rings r¡l tlre eh.<nstles] labori:i;*ny i:c th* tx'lre g,aeiJ.*gieal

en.råronraeni of g*se*uþq rååú*åons å;r ihe sarthf g r::-ust, ,;:he

L h*s3.*, å:î geo) o.*;J"c*).i;¡r si;nif f-canf,,, ru.qg**f s *na'¿ sfitrxa

pyr'.r"hc*3-i;r+ ter¡;r:lene&s êre 'bire resulÈ o;l hhe ac"blons cfl

?ty úr*g*n" nr;lJ:llåri'* ff¿Ls en roeks er:ntatning f*vrg-m.*gneså*n

lvrln+raJ- s u vanloi: * 6r;øL..np;f"s i;s iljr-lr-a ovolrer-i ,* l]:eo:ri¡ *f th j-e

natur¡e -*r-i]-;:hur r,ttrt*,s *ln¿fisr-;l- to *xpï. aån Ë-.i.rrhot l"te

m.inenal. j"xaÌ:lons 
"

T'urnep ¡¿nú tÍerhoo¡g*ná sts,w¡rtari¿z* i,'he rt:Lscussion

L

fIt

b,

ßr +gg,

?r:rner
'ì {l {:-'ir"í -'J- I

i9,l o t :!åer*lie

ant: YerÌierog*w.
þîì. hÇ3.

f,!truc'ilure

! lëIÐ¿*Õtis

of î¡îån,¡+r*3-e, Jdi37 s þ#,, *b.

en* lieÈ,zuri.c;rp?:ic 3,eÈro"l- eËT s



Ërs f nl1*rãs:
ttÞisçæmåns.tå*n* *{ Wy*LEr* and pi¡rrhoflå'h* fhrough
sleerns eelr-i i¡1,¡1Ei1æsl"an-åron eå-Jåe-+*¿e t-o*i¿s for"mac1
hF ;n*tesom¡rtån,r, o tT:r*ugh soråcff;e quarb*åt*s
trcclucet<i a"c l-*.tir+;r ternper*.h",.:-res -hy *.1k"¡"1,å
;*.wterec]ãr.*tism *f qr:'arb*ofe3.dspa"b?iie roeke,'**.s
"treen eiûrlhu'L*c:1. le roaction nr*'bween ir"*n-he.an'ång
*11" åc*'be.* { e*g, ehl-oråt,* or biottt'e) Enci.
'ni¿ú:.ä}¿àt, åenllif dæt"ivts* h.ycìn*6+n nulphåcì*' Ii; has
h*¡*'¡r sug¡¿o*È*d t,:-¡ #'trltlg*hu:i-*.ù 'bi:.¿rt the eomwion3.y
olv**rr¡*e: &Ësü*iaËion of 6:'x.pì:ri'be anc- sulph.ådes
ån *ceks of Èhi.s k"itv* åe *uæ Èc re,*.*f'å*n b*'f;lçe*n
f+r"rup:ir:*u.s sllåc*.àep ¡rnd t¡o3a'bi1e eornpcun*s of
c¿rrbqrv: ¿*nd nulphu:' -qu*li rÈù* earbon dlsulpllåcio anü
e*r'**vl dLoxiae" * - Loeal d*poså'L,e af meteÏl.le
er:.1plnåciæ Ðt:6Ê *rîö ecx¡'rriçntry å.s$Õei*tg* wii:?t r*cXçs
illa* h,evs h+en *ffe*teci oîl * br*ai3+r søaT+* by :rny
of tt:e ::+l;sr¡* s*ntioneti typ*s tt:t *uJ"ph.r-ir
ai+tagtrc.aÈIs,':*o fl

V,!Ío l?c¡lrisehnridtT def ines irr¡'bae+ïr,*tJ.sffi ;ås år

peöeú$å sf sn:^j-çl.. æw,t, ef t]::s rÕ*k* wnich rTùakes Ëlgge

hlr ci*-f ån1i:c ej::er*ical" reachåons beàwe*n bT:æ or"ågån;il"

:ruinæreJ.e .,+nel eirrie?rångi æçhgtsneestt, T'i* eLfræ* 'à. *fr.ffiø

w3":*ro* T*r¡;t ]:,"¿n cicscråhc,;i <ie3.ro*1te of ¡-:3,n-{-t* in sl."r:bes
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11'å¿¡.? f.*b.s:ueåi¡'ç vacks *ie en exn:npJ-e o"{' su3-p?run m*t¿rsor¡;*.ti*eÍtr

b;r re ac*1*ns 'h*åt'roan *'i:¡1orå'{:o os' l¡ånûlts rÍei: in iron enc¡

l:;r*reog*n su}.¡:håu * 
"

i¡r**-t ti:.',* ¿¡.?:r:ve s-ef*g,en*6õ lt can T¡e r:snelur:ioei

fi:eþ tl:+ j]*firia'råon clf pyri:.hq:båt+ hy t1t* a*tåon cf hyeì.:.ogi+n

nru1"¡.i::ic1* ç-:r:ì irsn ruå1le a'bç* i* *niå:re1y v¡ithl-n flre r#aJ-.rîx

c:f g;''*ol-o¡:íe p*,**,åhål ii:,.r al:ld. h** in .flae.t "been prc;:*s*a tc?

explili.' fi*l C yclaiion...hi:-s,

-{ . #ø3-1*eh:tt ifi t , I'loiii 
o

Reieks u '!;e*il.o f'':*1
Çn 'Lh.e ifet,"¿sc,;rretåË Fr:$c.ess*s in -clf "l *afó
Yçl, 17r J.tt?.'¿,e þþ. 1t5-]å3.



suJ,phitie is pr+nent in tl:re gs$ê*-q whi.eh ¿årã '¡ctåvs fr, r¡r,l.r,-ìÕus

phan** of :rr*¡E*ia&åc ae-bi"¡ity not neeesjsrå*íJ.;r reÏ-af** *c ülrç

e;*poeite, ïol-cr:n:i-c e*ld.na'Lions ,er,Ð th* ozte:.n.el ¡n""¿nif e.q'bs.j;åo:ns

o.f the ga*e,* p::e*,*n* in tl"rc *arthls eru#t;*nd" s*nståtu.'b* ti-r.e

onl:f ciiireei el,å*ì,*;re+ :for ân invt:st,íg+tiün- oi" tf:ese i?Ë.srir*r
,J

itrtntrarr¡¿ *ncl $¿*ha¡nau in*"icat* the si-gnífi-ciå?1€€ af

v*}e ìxnIc ç¡*.u,nablon.s ln 'Lh* pr*vsl-*rn e:f' na¿4lnatf.e 6åsËs ¡en*.

ùho1¡' äÐnesiE:
Ìrtiu.r.i.ripì vtagr*rxtj* diff'*rentåatí+n Èhs :aost ro xd.å3.¡r

'¡oJ.af;Í1e e o*stffiu*nts ?¡sr,o'ffle eoneænteated in
pneu::rietolyi;ic *nd hyciroti:ermal c.epo-el'be. ttttle
1e l{noli'r¿ of ttr¿ç c*ne+ni;ratåon o;1 ths nol-*tj-l'es ån
¿r r**Jt Õr ån" åÈ* derivatl^ves untl"tr. the*;,r :ríss to tlie
e:¿rtþrts surfa*e tl-oag cr*.cks ancr flsgu"l.gs erur"-r*nncing
th* rnagl'r¿å, baelno !r

Tt w*"s e*sentl.:].1. to d**rr:n*f,r:sÈ* tl*,*t "n;7(Jragr:n

o

;i"ns.I"Ysfs of vol*anåc ernan¡rtion"s ?**yÐ ffi;nd- Èo

revs*.1 s*vær:*"J. f*r,Ltur*s T¡¡tråch ,:tre ,*å;s*åfleå.nt ts; 'bh*

i:]:,t*eis pnçb1*.fi.

1u T{yetrogen eulphåri* 1s allx**t lnv¡¡råehlf ;¡reeent
1n ç:onci-ri*r'*.b1s r;unnti-tfen durinal sülli+ ptra** cf fur¿anolfe

(:
ac"biri*;r. i..1åes' gi.ves ta?:;1*ç ol;lph.*.s lnLng, t?-tø ernsåderahlel

vtJurfle of 1;ire hyel,ro¡ien stiS¡:håd* *neaping tra-,r- tn* W.atyxaí

fur:ìu-r"ÐJ er-i in ,{l ,¿eka.

r:
-)c

n-?f

I"t¿irk¿rua .+nC. Sahar¡r*-t #ooeï:ettå*br¡¡,

lå*st Tha çal].*'{ *f TJ,qn .ílh¿ôusånc
i;{';t1, " ,*eo;3 , ,q,úe . t,r*fr"tr-i hu b;tl: Tec}:t
LJC. TL

Ü8, 1'3h

$-**ke*,
Fa;:ars l'

ï e'nci llo 3ÇäÇ,
i{- 4l:init1 ì:ir]f l-û fI



Ao fiyclro¡::øn su,J-phÍdo anü tir* ath*r su-};ihu::

eoi*;.:ærlnd,r h.a=¡* *ï¡r¿li: def lnit'a)-y est¿ihlåe?leci pasåf;ir:n åtr íh*

ÊÊr!.lìilncì? û:Í e?ùnÌ:$ i.avçJ.'¡eC 1n f'cæane¡J"åc +lctl-vå'cy. fkråg

ord+r etf ;:.;a.pe.an &'*e* .r¿iz.s ?a+i¡s or' Le*s *stahJ isi:ed 5.n 1$$*
'l:;¡ D*vål.1e anc} Leb,lane *¡nd ir$s moriåill+d" b;r E'. T" ü-Lar"kelÛ,

ïn ffi.ce* c:1" Í;hege GûnËåder*.ti-cns the pre*â;l*ë of ';r*ater:

r-*sl-il.tr å;ru 1;ïro axidatia* oÍ' "Lhe T:yanÕ¿ïån *u-1-plrårrc ,vx.t:*pt

aÈ greatly l-a'"r,êre¡d t+;*;;,*raL'rtre,s, ;!t depth ib+: ne¡lctj.etns

uråg-:hì: tr*1"1 h* mo¿;åf laá by ofher *.?-"fe*bn" sueh es pr##slre*

xt¡it pe*'{¡ør$:.st:.€ne& *f, r,i:due fr:6 ga*as.

'!ø iry t* fåi; tl:e faz'rls'ííçn CIf ;¡;g'rcirot,å'he b;y

Li:* ¡,i"eii.CIn of }:;¡ti::ngen euSphiciæ Ðn år.cr¡ *å1"åcaèes åtrt*

-9

'í;ire øc:htþ'n.* of ges .**båvåÈp' evfd.*nced by rr*1c*nåe e;*æ.n.*.ûår;::ro

"riiy ¡,íiueh ü:"y' 'i;* tr:ac+ Lh,* p*ssÍ?:1* r,¿¡aetivåL1¡ *f tY:.* g+Ì$ilr;

bl'traugjfitnzv f-,h*år cÐLtï¡rst of trav,*1 o 7.tÀTrtrsayu'-:* .e?'td .o,g.krani:all

{,LLk'* ¡¡rnsi ånv'-cs'rJ-g*fiors af "{:li* ehc;i$åstrlr *f o3o8*fo;:ïíieÈj"on}

b*3ieç.r¡ fihaí 'bhe p:leumabøIyr,íe .:.nd i:;l*roi;i:erms.l_ *ætrÀr.ã*xj.ons

íirr? í-å¡:st *"cåEi ån rs¿aetå+n eiu.e'Lç the pree&nee *f r:iu:¡i+:"ous

vo].å-tí1e *cids , '"iib.r*** ;¿cåql¡: t ånch:"tiin'g hydn*¿tæn .qu-ì Fitå{i"e}

are n-+u.t:..t¡.Linç¿* ån r*ac'cåo"rrs ,+ååh ùi:lr* su.rycundi:i¿ roclr*

i:1¡rtil .Lh-s snJ.utåc;n# ß:å.1' hec*m,e *J-ka1ånæ ån * I,¿^tor *tag;.,t,

'lI,* eo*rp-l-*x ch::irrirtr¡,. ån:¡oJ ç'** v'tl1'.L p*l"mft *n3¡¡ .* tenta'¿i,ve

1Ü. *i,:f iro¡ .l: "'" , ijp,tu- t:f ß**ciie'tuj.stry,
F-,ì n 7ç1-2'',7-,

1l- . tp. * i'b, ¡ írå1, 1íill ,

titb ,,1d. ¡ !rr?11 ,



i;>Õ6tt:"3.s.tä 'bh.*.t bl:,ås **rl-;v *leid reactioir :may i.ncLu*e å- íìiör3Ë

E:¿' l",oss wådenpr,aad **U].pT:lU:r r*,*t*¿*omAÈi"s:s d"epu*nciårU¡ o31 b!::.e

't:il:* ø{ 'rn*"g;:z* ånr¡oivee, ,

Tl:.r+ coneJ.u,si*nss ô;' g*neralir"&tÍ-.cn,, uriråchi'si"fáre

:¿e*eìo *iter ;r re-våe¡,u,, ûf tke- Låûeratu¿'e *r"e ihreef eld.;

1. "'i.!ta ex:J,iråmen';*7. Lr.¡vs*tig*r j,nris ûl tì:e nel+.t:::* *t
the pres #nh r***,i:r c:,'* lì¿'.tö hean p::evå*',-i.ri;r p+rfo:rn:*t1 .

?, ifar.åou* lh.erty"íes ¿',n eulpÏlu,* yi:etaeürÍu.lås;ii shsw

l;Ì:¡r'b tlr* r**.**iosrs '*.b't,*rr,ç4;;arT hy tLra author ln thr* 1.s.hor¡¿tore

¿ÈT:# ån h¿:"y'icny eråth b?r+ *l-lfm.:tta gsc1ogf"* cråt*råon l',ù,ich

ås f felei oT:,çu;rïatl-ör¡"ç o

-10

3. i:;¡crc6*n sr.;.lph.ld* is freciuen'cly *:"e*ent

voJ,s anLc æ'*r¿¿ni¿iicns a-nri eoulc bir*:.ef'ore wç13" 1:e

*grln* of a prûcoss af sr-l-L;;hur rnetsso,m¡r'i;åsnt,

lrr

til4TI- glctLve



,1lo c1çterruln* whs'rï-:s:" p:iÊ'*i¡r¡bjfb':: e*2,'1 & pcs*åi:3y

b* icrä'¿esi !.J.y 'l?"ië ¿ctj"*n oJl ?iy*reig*n *ulpkiåti* ÇT\ ira*'

b*¿;r'intg xå-1,åt:.*t*cu ;¿n sxtrem-*1y så:rple proced.*r-iþ Hl1s

-11

{iiiitF,i,iïIT iÏî

iJ :,i'i,0_. t:¡ ì','f '1.";:(lj j

fü1}c"tr*¿l ír:r tl"re 1+'**raèo:ry, 3,{i-n'*r,*.1, anei sû'¡nåtl:aes rüf?{u

r-+*c:lFl-*]* iiiåre pl-areed i-nsido hl,.e com'lrushfcrn 'hutre tf s- liigh-

'r*'*t:p'*r*'hurCI fur.naee enc1 :.ì sl.ôw stnes,m cf 1:yrir*E*n .s:riFh5-d.e

ilt;å-q TJ4?rîtiL'b"v*il to f'J,o,;¡ tnnough ih* tç.1:e ivh.ll ,p the furn*ee

w;-ie h:'#r:.qhb to hjtç: de,s:lreä. te*ç*r*.Èurã¡ .:"'t-ie sÌräcí-raen w¡afi

*emovaoi aft+r' tn"eatmenï, *nd:. e:e*:aÍ.ned b;r lr::iSrfnf.5 pç1ås?:e*

eæetionc, ;n*'* j-n *ü?&* cå,e$s o A*nxV po'r'i,d.*r p?:ofimçir*p!:*"

:lh* åpí,:,':F rÈils use* ''.¡¿Ïiile *i*r¡¡ing; ou.i 'b?re pn*-ì:3.otir

*trnß'Lnhei; GÍ' Ðh+ fnl-lowing i

l-, ll'ç.:rr,+11. ,ih:bç ii'uprl*ce, iìíod*1 'T-'¿ti ¿nei ace*ssö:i: åçte.

"¿. o irr';sBï¡r"â Cylinclee **nt'efu¡Ing¡ h.yürog;r*n *r:"ip!:iådeo

"1 '"*'* ^'*I\tts f*r 'hlie pr*p¡lr';å'*åçti't umd, examårr¡¿ti"cn oJ'¿] r \y )J aL ? rJ t-! t) l- v¡ r :."?

g:*i.åc'lieil *e*t i*:*.s öJ.' thæ 3:*røc1ired. *arn¿;lo,

J+. I,*ede ¡¿nd- få*r*i:z"r¿pr Fot:.,.cnt:i-*n'*Èer çN*ti '.Tv,tevr*tseü¡r-¡-rJ*.

1å¡4ure 1 L.* :.¡ gXr*te?r cf t'*ø àpü#.:"ntçs *ztrLnt t:. typlce.l

ax.pti*r :l-:nttln'hal pt'ocæ*ç::* .

?l,"r"s re.-eil.g:tcll 'prfcÐ*vrü *}].Ð ?],# *"*t]-år:.ea *fi fcj1CI,.:rs¡

1o Fn*;¡a:*í:l"on çi bh* spÈtísr*no

âo l:le3act i¿ ptlri* xúneyyzl, sracTrpf.*.

b" t")ru*,"r r¡."i*.*yaT t.* ''f* ãûü ûr + 10* l::ç*h"
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c¡ fìlx;*måna *'pa*Lr$-Êrr- f*r pl:r"i-ù''r ¿1-ûnl s*piåF.:å,*i? Õï1i &ny

pts* lT:1* ï:Íag.w.ÐtLe fr¡ictlcn.

d. Fl ar:* :¿ s*:lnll irïîr$l.Iflt Ð"1' ih* poçrd&1u*rji t{.Lr,'"2T ì-J-

{5 È* 1ü í+#i#a } ån ,ã. FortÊl-i¡åa boat.

Z, 'llr*atr*an.L üf th'* sp*eLm*n

*.o Êl1na,s b3-re poreelain bs*.t con¡ 'aLnLn;i the -.;:Ín'::ra.J

sr**npl* i:ri;* ilia co:ir'*us'i,ion tube, {f-ioæ $:åg" 1}

11, Start th.e fioiv of' hy'cirog*n sr:lphíd+ thr:cugh

tlne tribe expetrl"ån,ç; 'bhe aír -i-ron¡ fhe *ppan:*{:ne,

e. fiv::'itch l,hr:t. Íjr.:,nn,s.c* ôn Tirå'üh üh.* s+*Õnd*.r:r "Jol.tú1l"*

d å'¿1e *e'h at a l¡¡¿J-uÈ* a"borr,* 'b3:a'L not€F.s¡,1::Ï¡ I'er 'ühe ci+sår^er).

beüFriratr:ï'ç c

d,. H¡-.1íntaån ¿ slo'a Í'lorr 6f ?:yrìr'og;en *uTp?.fiilr:

[:]u"+ru¿hou1; fih* i]x.I]*rrl"n:ent,

* * ':lilnnn bhrs *esl-t s* 'be*:;:+u"atr;x.+ is re*cl:*:rÍ u

m¿lnt*f:*- åt Tot: li. .sp*ei1'l*cj ti*ie, k*'*pi.*,9 *. r,seÕr* #t" .å$;r

'her:4:*r*tuã'Õ \rrìrÍ+t I cng .

n c S,lråicl: t?ie furnsic* off ",àne ean'bånu* -bYrc

3:yeårogr;n sul-ptuLde f'lo',{" ur:'Lå1. th.s fi.rr:n*e* trti¿s {:oöledn

ah,¿Nn4*T.

é*.¡ ::.lx"wy''3-n* Ð-ïx:íer th.e bfnoc'"rl 'eT, 'fri"e.t"úseopç f.'ûy

"eulpLif-*,e iÌc:i:nal,iorr, {'r-:s j-nn, r-":-åeealoi,i::aùåoi'r anrf åny ahi,e:e

'ilr.isÉihi ': *f f ects,

€!. íieinove th* sFseåm¿:n frora t.h* rrÕ},*d" eo¡nhuet'i*n

3" ;¡-xa*lån¡"tåon ol' i?:¡e t:re:;.bsel. spÉeå,x*:fi.,



h o Pr':p;lre $. pOl- Íshe ri sê(: I ion of t,he sii.n+:r al spiec Ímen n

'îi:re rnosf suceess:f111" ùechniituL; for- this is outlineC ln a l-ilter

ch.ap Lei'.

c? ,ìxr¿mine t,?rs i¡olishecl ssction of ihe lrineral

unrier t'rr+ inetrllograpl:ie n,ieroscope o

- llr

cl u 'lla'lre an X-n*ry powcier pict'ure of hhe fre +bec

speci-rnc=n ( if consirioreC' neeon-<ary) *

l+" iìeeoroing o.fl tj:re z:esul-be,,

Onli¡ a nual it¿ltivc evaluation of bhe rasr"tl.tç co'.:l cl

'bo rnacio ú.nci recorcled."

The metÌ:oci outJineci â.bovÐ was follov¡eC çrlth ¡¡ f ew

exce;obions, ,'ìn attenpt ,¡¡as -;ìi*ìd.e to use rj. nitiloffen |ltmos¡tbere

f or bo'b'h the ?icating ancl coolång str'tq<)-e of t'he e'x'pori'msn'b"

;i ¡trlish*<J rocb strlficlynen ( insteaC o:l 'e por:",i<1ered. rrrínænal) '?â.s

uso<i dr.rring; One rì-].nc 'IÌr* resul-tS ojl the-sre v.lrÈ.ltions v¡il-1

be rocorríeo l"ater'.

]-iur-'i'¡^ lhe eot'rrse ofl the experl.rnenLetion numeilou-B

diff ic.L:-l i;tslsl 'rvÐre encc;untereci, nS,n.-Y of lt¡Ïrich FÊ.¿re inherent

in the âFjrirråbtis and kren.ce pr-r-nely inechanical' t'ern-pe:",e'[ure

controls tÍíere cilff i-eul b t,o main"tein- i,íibhoub eonstant r:egu1.ai;ion.

The floyi of i:ydrogen sulphicr* tendec to Tte err¿rtfc anti

C*n5{,erours f *:a'}ra¡3ee ronaj.¡red a prob1en aÈ all tines, Since

tho .3?ipeï" j-nents generall -v L rrstecl f or '¿t Jesst eight hot-trsp

it "i,råù1 
-nÐoesssrï 'co ot'5{åniu,e thÍs tine so ¿ts io L¡e abl.e ta

checl¡; the âpi)ârç,r-'Ll:Ê con-E bant1.;r. 'i'he fu.rnace, eLonf¡: qlf;h the



r:*i;\.Ëh q5'î t,lt*.:tþ',lJir.Tliài'{:tÍ:F }'.i¡ti;lci,t, i':e*n uegti ¡':relr¡füçg}.;ç,*nii i*ucl-i

lJLr,::¡:¡ ,:i'$.g ç,¿,r11çÌ;-,+r:i Ln nå.1;'1:nfl o '*L'i:*:;npttlti *a} 11¡:"ai;åcrrs 
' 

,ånti

çiclt:i:r-rnåci.,ij- *r:i;Ìr.:s:L*ant* al ïh,* rìI-rriiirr?ii;irs ' ].n Õrdr.¡$ t;t:¡

Ê¡..!ã¡,¡l *tT' å3, e *"1'l'* *; i:,:l fji:,riT" ¡¿ 1., å #frl'"ij ,;y Cl\: J ":,iÍ1.$ e bl:* ¡¿1.: hï: fi.f h ¿TS

år:sen i r,tl ii:* f *i ) ct,+Íin¡ri eii*pàai.*

- lL-
J-



C ll*Í:T;i;R ïi¡

ifü01î1{-i-cÅL ASFìtìCt*q :\ïr.D CIPlÊ :lTIOI:f +i, pfìúc|lIriIRif

'i'!"ris c)r*.pbeep âs ùl.r'os.dli inciLcai;eci, is lntonc+c

;rs ,È 'pur*1.;;r' prac'bical operations. ¡::uirie for $.n:i¡ pts.sitrle

fürt?ror reso¡arcli ôrI ihe pr',+sonb proble'in. Thr,r g;r:eat .*-rnou.nt

oÍ tim* sperit oi:ì ,¡-l-i¡tir:tr*i:ing Aif f icu] t,ies in tecl:.nir:lue anc-l

ass*r'itnlin¡r anc checklng i;l:e !ipj?ãr*-tu*o tva.r:ren'bs a 'bríef'

di-scusrsionn

I?:e :lr.t.inbenance o-f s fåerl.rv ccnsir"sten-t; ttmperatune

rÀn¿ it*q aceur:.ito n.lÐ,åsure'fient ro¡as ngce,sstìr-ìi. Several"

clrlii::r'aùlons.+ere ai;'i;erzpteei using aure met¿-1 f:'eoø1n¿;

curvoE, rrr cons j.cicrable cliscrepånclf beLwee:r the furnace

teini:+raÈu-T.s rsa.<.lin¡qs ani the knolslrt erc¡l.l,1n¡: points Tl¡i.åg

f ouncÌ. T'hr¡ ïirriÈ.tj-ons fiic noh årplieråT? ba folloì,{ .s. very

c.onÈÍgter:t 1:eù'l,ern and tl.s s resu'] t lj; '"ïes eonÈqiqlentld

nocÐss:år.ir to :ìe{:¡uire .i füore relial:le Leeüs i¿n* .líonti.rrup

Fabentioynolor" ana. Îi:.errcocou;:1e r iJ- s q¡riss öl:' eoflI)i-+t'ison

c¡¿l-fh:'a'cions ï¡er,a lrì:rn rïj.th ilie previcusly c:eiibrated

Le+ds :lncl líorthrup The:.il'iocouple insertecl j.n on.e of t1-re

co;nìru,sticn bu-bos. ,'j'l.r¡ure 2 is a graph indicaiing the

acctÌ"r,r.cÐ ï-,ee<J s *nð iilorthrup valties 1n cûiÉÞa.:'ieon 'bo the

v¡ål.l-¡e,s öbser"v*ci on fhe i:ìur.re11 potentiorre ber" dåal_, ,iJ.1

f'l-r.e teinperaL-ilFÐ :.s*.cÌÍn4s 6iiven lhrourghcut 'Liris thesis

'lo:nl¡er eture I'r'ot¡J ems





h-eve besn eçy::ectec-i accor"ding to i:hís graph. ?h.e L.eeds

an<Ì liorth:'up i'otentioniet+r i¿'¿l-s calÍT-rratec'l by nunning

,-+ srrfeß of J.'roezri.np; cu-rvos, plo¿bi::g terope raLu.res ag;*ånst'

'ui-rt¡e. ?ìre aeeura"ey $aÊi Í'c'unii ío Ìre wibnin "[lvo clegrees in
,ÐvÊi':l cåse. TJrls rJccu"råcll .irås si-Lf f icient f. clP the pre sent

resÉ)*.r"cir, e$pçci.a-L11r since the load fl-uc[.u-atlon¡r on ihe

,,i.oC. source cûiur¡sd frenuent, s:tal1 terr-rpori¿Luro i:"regul -tr li;ies.

,ìs inäic*ietJ b.y the i).¡.*le bable-", it \¡tre.-a i.iupossibl.e tc¡

nainl;'¡.in å cleniz'oti 'b+ürler:itrrre anC in eacli ciåse tho

,,ril.e"-.L-bilsL r¡a¡i¿¡.'bion w¿:.s t"eeord.ed. Tt:is s i'hri¿rtii:n mlght

pcsri?rl-.r¡ 'be r$iir.ecÍeci h¡r i;¡'ç inse:'ùi-on cf s. :'heostat whic'h,

i:fl careflul]y ccniroller.l., eonld 't/ar"T the power input so as

tc be ahl.,E to lreep "bhe exsct deslreil tenper':lture" ã'or ihe

purpö$e cr' 'L,hiç resí]arch such oxactibtrc-le ""vas u.nneetsjsarr't

eonsirlerl,n¡¡ 'bire lengti-r of tir:e z'.3q.rl1roe to attain terlperl*bure

s b:.rl:iJ- í'L'-rr u:i Lhou b cûnstant rcr aiiu etrnent, .

å fe';i¡ ;oretguLions - luost of i;he¡-i: pra'oably obvlous

heci ¡6 be tairr>no !]ec¿ìuse l:ry'cinogen sulphide l"s infla:irna'nlet

¿l-1^ bh.e; ,¡.1t0 w¿s ci.rcii.l.ateC out of i,hre colribustÍon tu'ne

be.lio;re ân"ai hÐ:¿{, lt' as *p';:i ler(l . To prevenÈ â.n Êxplos ion r Ìt

ì',res neeeßsa.r;af to cool ilie 'fu.rnaco before op'sn"'r-np: 'bh* coitihu.etlon

tube to rëmor¡r¡ lho san¡tl-,;. Th.e vo) ba.l3o readån¡1s ûn bhe

rjial,g af tha fur:nace haa to l-re watei:ed c]-oseJy beeause êven

'ohe f inost aC justrnen.+" c$risi)Õ con.qlc;er¿r'ol-e t.anr¡or¡lfrire

f luctuation, tleranlc 'bo¡¡.ts Tr¿ii to be cool-ea slov'rl Y ln the

e onbustlon ch.a.nber to Þrer¡ent crae}cinPl.



Lfosj; of hìr.e expûr-T_ments vyer¡ü :.un for less ti",an

eight hor.r.¡E¡. '-i'l:cre i:r¡ef 0 tl,;ç 1'sASo-nS f or thf S" In the

f irst p1.ace ib we.c sorieryhat hazardou-s to lea¡¡* tho

hydro$en sulph'ic.e flovJ.ng c'r¡+r'nlglrt¡ CuE1 tc ih* cigng:.i;r' of'

leaka.ge ra.nd po,ssibi-e i¡qnlLion 1n the h.ot eombustion Lul:¡e.

lT'irç *ceccnci rêasrïr r'i.ås tt:at ihe oxtonli of the re*cti-on ilncÌ-

the ar¡tou-nt of p¡'r:rhotlte forrnec appearea. to ì:e unaffec1;eci

b.v an increas* ln time . l'ht:s iviüh :i- reasona.bl;r shor.ù

oxpeni*ir:nù:¿J Li¡ne, J.l wâs possihlç t* c,Jnciu-ct å 'rrunrt

cii-irlnÊi ,L slngle ciay. älhe ftr-rr:o chani:er i;lrEught ieias poor

a.ad 1,Lr:'orrgho'ut the year hycirogen suJ_phicr-e ga.ô, co'ulci be

tiot¿:ct+C ln 'r'i.rious parbs of bhe 'nuilci in.g. iill ì;nprot',sd

slu-$i;ori¡ tiiot:lci he rerìuireci 1f .F) ftore intensive ç.KporirnenüEitio-n

scheü-uliì welr# to ho .*.tter;rptec o F) inserting t'tre spêcinen

in thâ morninf; anrl regulai;fng ihe t*mper¡r.tr.:.re thror.rghout

Nhe ria;I¡ it was po$slble ,F,a have hhe f.'rtrn+ce *oel-*ci ;and

ihe hyiirc+:an sr:LphlrÌe \¡al-.¡e closed beflo::e ni¡lht.

"" tq

ûpera b ionel i'rocedure

It vi¡as nÊcessår:r 'bc¡ ni;ri.,tai.n a vêry slovv .fllov¡

oli hydrogen sr-.rl..chicJe throu.qh th.,l cornbustl¡-on tl.1oo of the

furn*ceo '{'ile slcr+r¡¡ v¡rl-r¡o r':rhÍch i.s parb o_f iíre h¡..drogen

sr;lphier: c_v1indêr rras of insut'ficfont senEitivíty anei

eonsio.orable clÍff icult5r wa* experienceci in r.eE¡rl eting the

prtp,èï' f lov¡. rl g,Jner¿itOr Yv-i th ¿L sÐns itive nf}ecile valve would

havn J:ean ¡r def -lnite lnrprorr*i'rrento an a.tteinirl to use rl. Fåp1i



ilener¿itor 1i¡,3,s r'.nsatief'srctcry. ilhis t;¡;;e o1l generabor

mig;irt intr.odu:ce foreågn iron into the s]¡stern. ¡\nÕ:L;?ieli,'

vari¡r.iion abtemntei. w¿r-s to u-se :¿ nitrog;en at¡tos¡:here

çli.lv'ì¡1;r1 the hea.t.in¿i;,.;.nc coolíng sùages of ihe ea¡:er'åru+nts.

This :'s.l'Inenient dlcl nct :åFile!år to be warrsnteti foz' bhre

prosenb siare;e af expÊl.inent,rtion e-qpöeiirllylreeause l.ibi:le

l"s known ahor-it thr: possi?.;l-e h*r-.arci-e of mixín.g nitr:o,qen

anci lryúro.gen su1.;rhf-cie at cxtren:e1¡t tiÍgh ternper¿ture.o,o

I'o-lierlroc sectiorrs of ti:o i*ineral srmiples Fle:Po

exsnlinecl beforo ancl afier Lrê¿trnenb in t;he fui:n:;ì'cå'

[iever¡¡.] techniqìre.s of mc'ttntin6r i,]re poiuclenecl minenal- in-

b¿'1.relite i,rere a.ltenpi;':d* I'he most s¿tisf'actory .neihod

however: wag f,'c¡unç bo be 0ïÌe u-SinÊ i.ouci-te" lL'ì:ie pfoceri.ure

ï,'¡LÍ: ,cs Íol 10ws i

f . idåx ;], s*:.s.11 amount, ( appr"oxiinabel Y l/8" in

a 2$ lr,l." b'eaksr) of finel;y powciared loucite ivi.tÌr bÌ:te

er"usirei ¡::llnerai o

?, Forrr the ¡ntxÈure into 'l,he mrJulc", spreading

it ovûr the "*c''bto:,n. lrill- Èhe r*ould bLr lhe requireC. iovel
y¡ itli I 3u c l L e ,o O..."rd er r

3. liea'i; the iaouici to 1Û0o at 2000 poltnei.s pï'essu:ne!

h. Tncrease tli.e pre*sure to SIOA pouncis anc

retain bnis ÐÌ",åscure unùi} Lhe temtrrer¡¿-r,ure i:eaches L25o'

,ib ihÍs *em;:er:*bu:'e Etritch i¡he heaior o.flf and allo¡¡ Lo

eool undr?r prassu-ro.

5. Grini ¿nd pol i*h LÏ:.e bransp.arent ler:icite



ss'ction úrr L,Þ.r+ ßr*.ton-i¡s.nder&iilt Fol lshing Irîaehine.

Ti::e seetions maiie in thls ms.rìn.år pro.rierÌ verÍ
s¿l'bis-"iactor.¡ for lìre cjetoctlon oî p'y.n::hoLito on or ínsíde

the :'niner¿rl- sieir.ple.



'i'he oetail s of al.l bhe signi.ficanb experiruents

lyÐre recorcled ln Tab.lr= l. r"hich appears oÐ páflo 23, ?his

i;-:-bl-er sh.or¡¡s ßonrs oi bhe difficulLies rvhj.ch rn¡ere encoun.ùereC.

¿n ",àvêrage iuiaxiinr',m1'etnporaturÐ!r ( the oesJ-ned, êKperirnenta1

temperature) î1i:rs often exceecoo driring the eourse cf the

exFer"l-menl;. Thi-" l*e a qeakness u¡h-ich. coul Ei be ovorcoïrre

ir;r el ts,êr sn¡rorvis åon ¿inci technicai. ¿Ld Jusùm*nùs ol.' bhe

e.ppårsrbï¡s. i¡or tho p:'esent noseareh thls olf:f Ícul.t;" r¡as

not; c(,.nslcielrecl 1:o he toc harmfi.¡.I. Tho colr"r"nn heeaod

"?ot¿1 Openatin¡;5 ltlnetr records the nr:mbor of hours nirat
-Ll-ro furnece wås sv¿itcÌred or1" lfhe aií'frerenco brebween Èhis

tot¿l åI'td 'bire ttD¡rùt,1on of the ii"vora¡1e Liaxlnuüt },3æperatlr-rerl

lnciÍca'Led i;i¡e ti.ne requirod to Ìteat Èt-¿e f'urnace to bkre

cìosinocl ùeirii:i:ratrire. iìrief observaüions irÐr€ nobsd und*r
rrCo:inmenbs :rrì{', ilosultstt o îhc re'rnaj.nci,er oí ihis cl:.apf,ar .,vil.l

consicter ,eon1c of the inclivl-du.al nineral s sëpsratel¡'.

Tt -or-a.sobsei:r'ecj. frorn 'bhe ilj.rst fer¡¡ expel:,ine nts

b?:at pr-rrhotite r.Íå$ forrneo b.¡ the raactir:n of tr¡¡üro¡¡en

sul,r:hlcie ivl'bh al1 o-i the l-ron.-bearin¡,1 stl icetos uroirÍ.ci:ing

bhe ù'sirperatr.lt"rì ir,¡its tri¿:h. onotr.gh (u.sti,.*lIr¡ within & f*:w
huncrcc cie¿_1r'ee e oÍ" i;Ìrei"r rnel ting teinp+naLur.<ls) . Br:ri;lror

expez'lments were t'rrsn carrieú out Lc deternnino bh<g lowør

I irnii,s 'bo wirl.cli this procsss of FyrrhoLi'Le -formation ',,eâ.s

Ci{-åFfitlR V

iiXP :::RTTd T.ïT;iL D¿.f:i -àj{Ü 0ti$;:{il t/iiTIC:ì'fS

- 11,



i-" 1:.i!

') )

TAEI ij I sTn,l /Í,-!Y 0F ¡-11i?iìaIl]ïTrillAi_, r.,rAT4

ì'-rO. Date
älo+-a1

0oeratrng .f ime

r:e-r:i-mu.rn.

Recorded ilernp.
Ave¡aEe

i',Ía;tirnutii Ter-np.

Durati- on of
4..-er-age )iarimum

Snecinen
l-lntreaied'l'¡ea.ted ''í-Ra-¡ I Cor,merr-t s an-d ,'--e sults

I

I rz/12/5r 7.5 hrs' 1l 150C I oÊqofl ? ( t"-.c 2-li Iio rton oli.te
Di-r.ni ie

¿r) ;i.l-.undant p;¡rrhoiite f orrned

2 ttftz/;t lc.0 |a65o c 1o 5 50c F( 1A Augite 3B
4!, Biotite 4B

3B
/t l]

Srra-l-1 ar,rount prrrrhoti te
P¡rrrhoti te abundant on cl ear¡aÂe

3 +/t/=z oar _o
1065 C

o
IO55 C 5.0 5A rìerpentine 58

6A Epidote 68 6R

riiinor p'¡:crhotlte
5'IOq1 pJ¡rrh o-bi t e or:r g r^ei n s

4 a/t/=z 10.0 lO80OC 10 5 50C 7l', Eornblende 7.8
8Ä lv.artz BB

7B
't.lp to 107 p-vrrhotj.te on qrains
rrlo metallic minerafs for.ned

) ro/r/52 1D ñ to75oc !Q350C 8,0 5A ,ie rÍ:en+-i ne
2^ llo rtonolite

I)un i te

5n1
2Bl

llo visible chanqe
Pyrrhotite fonned in and on gra.ins

o t> /t /;ç 10 550C 101 5 
0c 1"0 Às a.hove Às abo-¡e

7 l,t h /^,P'- t/ -/ r- Lì)" U LO650C !o15oc 4.O A s above As abcve

B r5h/52 ln Ã lO5OoC 7o25oC 9.0 /is above As a.bove

o tt/t/sz 12.0 TO2OOC lOCOOC 7oL' 7A I-lornbfend,e 781
4A Biotite 481

Sne.l I arnount pyrrhotite on clea.rrag;e
20"/ pvrrhotite on cfeavare

.LTJ n/t/sz 11.0 10J0oc 10 10 0c 8.0 A s e.b or¡e A s a-bor¡e

:t1 t ct /1 /^2 8"0 104 50(1 1010oC Ã41 li s aho ve lrrs above

L¿ 21h/52 98OOC 9700c F: .I 9A

8;i
irÍagneti--i;e

ìurartz
9B

9B

9B Cornpletely i"eCu-ced to pl¡r'rhotite
Fresh sur-fa.ce, no rnetal-'l-ic nrinerals

Ii 22h/52 )-c25oc onoo¡ trÃ 104 Chlorite 108 i"rinor amori¡,t ;o-vrrhoti te

,-'lo eviclence of p¡irrhoti-te transfer
io horrl,fenCe

14 25/r/52 80. 5 e7a"c ,i60oti 80.0 riorn.bl end.e ano Þ¡rrrhoti ie
at opposite ends r¡acuu-m

tuli e

IE zeh/æ O.U
Usl5 c B55oc r/l 6A

7l'.

llni d.o-r,e 5C
Hornhlende ?C

ì'-rO vi slbl"e change
sulohides lormedäo

I6 2s/r/52 10"0 94,50 C 9450C
a- 6A Tipi rlote 6C

7A iìornhlende 7D

0ceasion.al n..,rr"¡þg¿ile specks
l.rerj¡ rlinoi' prrrrhotite

17 to/t/rz 11.0 lo Looc lOOOOC ?Ã 6A 0piclote 6E

7!. T'íonr.blencl.e 7fl
:.:ulphi de s througìrout
' 'o 5 Ðlr¡r rh otl -f,e ol" ãraì n s



.t:

.'.

ÌrJo"
T'o-La.l-

Cpera.ting Tine
! iÐ-Xl- Iilum

ìecorcied äernp.
¿i rrârâ ra__ - _ --o-

i..'la:ri:ilu-n Temp"
iìpe ci rnen

I"intreaiecÌ Tr.eated l-1 - lr r¡ Corment,s a-nC !esu.f ts

18 zt h /=c fJ /ì ^.^o ^SLIU I; B35OC i.0 hrs" 4A Riotit " 4C
llA i,inoni te 118

!lrace s

?eC'¿ccd -bo pvrrhotite on sur.Íace

19 ¿ /ç /';ç Ô/.ì 106 5oC leSEo,l EA LzA rior-i;on o li ie Ìl2R
I lrl T-,i ¡no¡ i- 'L e 1 :r" C

To 25'l pyrrì-ro'cite on soÌre g:ra in s

î r'e-in s coâ-Led. ,¡ri th, pi¡rrhotite

20 6/z/sz Éi.0 860OC czro¡ J.A
^21', 

rrorronoIite Ì,2C
F8TA ¡ile ta s ed in'reni; F87B

Fare p1'r.hotite
ijca.ttered. pyrrhotite oä b:'roti-te

2!
z /ç /r,ç 4.0 8350c BJC OC DA AS abor¡e I s abo¡re

aa_ t/z/sz E.0 n. -O^ ¡ ¡ c,Ora
1,2!, Ì--ortorol i-te i,2D
3!. Ar,r.e i.i;e 3C

l.i.nor p)¡t"rhotite on Ì¡ro st q.a in s
:i.lo cha-nç:e wisible

¿) tc/z/52 8"0 t_010 0c t0 0coc 5.0 !\21', Ìío r-bon o 1i te J'.2D

3l\- ::iu.flj- te 3D

liror nr¡r^rhn'l-i tc

ìl o trac e of pr,¡rrho L.i i.e

2A 12/z/52 Ò. LJ 9t 5oc onnO^U''J U EA 3A Augite 3,\:
]-Ort Chlorite 10C

ilo vi sible change
Ì'fo change

¿) I ,, /ç /t;ç 102. O 6Taoc 640oc lLr 0. 0
Lpj,,-loie ancl pr-¡ r.h oti_te
a-t opoo -q..i. te encl. s v¿1c1lLìm' -ì¡:be

"ro 1;ra-n sf er o_1 p;rrrho ti-r,e -i-o

epii-o-be

aa tt /t:./c,2 Itz aì 680"C 570r)c l_20"0 4A Piotite ln 'o -¡isibl: elr¡nre---__-'a -

¿t tt /+/sz 7E 1040 oc 10250C A,2i'\. fior"to:n_o 1i. te t\2F U s ed n -i t rcrt-'en a. tmo snh e i e
ì:io p)rrrhoti-b e

28 ze/r,/fz () L io25 oc
10 10 0C Ear 7!, ilorl;o:no1ii;e TTÌ

7 i', río rnb -L end 
" 
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rri s run

t /; /-,2 R r') lo8ãoc l_06 5 
0c fìtr 7A ilornbl encl * 7'.-,
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Snall a¡noun-u o;v-r"r'hotite i

:¡.s abo-¡e" Il¡ed nitro.oten'¡,¡hil-e ;

h eatiir g. a.nr1 coo ling " I



acl:i.'¡ü. 'fhe sxpetrå:nonlal tlmo ï./as ill,so varler,i to ci*ter¡t'ii.ns

}:ow tl'rLs r-'¡ot:lcl ,:f'f ect l;l'l+ exl;ent bo 'gvhich t hr reac b.ion

;ilr o$r€ s I eci .

l. . llorn.bl endo .

,ì'o'inul-e: ( ort1 rl /a, I.t.i r1i) z*3( i]grFeu *1)5( sie +1) esi6oae
Irîel üln¿ ?lornporabr:rc z irll|-tOil5oC;l2

.ibo:aic $truc'bu::e : L;ou'blr* sllicorl-oxl¡gen ehains

?he í'ol.lorvinlq experimentå ',r-erae earriod out

usi."tg ?iorn'lrl {rnde si¡npJ os:

*25

if$fu TS.. 5::r¡pl e 1ìio, Å¡rqn.I.I':x. ]]ernp.

15 :lc

1.6

t7

9-r:

| -'

7;t

-.r]I ::'

I
¿tj

835oc

t)\50c

lOcooÇ

lolooc

iìesults: ll'he c1at,a 6irren ¿¿bove ino-icsl,s ùhat *1; higt:

t*r,rpernturo hycìrogerì sulphide rEfll react wi'bil Ï:ornbl-encie

f o :i'orn lly:"r:i:ro'cibe, There w ag .:L vêry sl15;hi fnriicat jon

that lhi¡ roacbl-on is ìiroT'e exì;ensir¡e at hÍç:her temperai;.r:rÊs

bub L:Jxpar.iment 2Ç v;ou3.cì appeirr Ì;o ieny this. Incre ased

,7.-t
Ii

êÌ'LÌ

I :l

11$ç lbn)
9"0

6,\
7rt.]

2?.0

LD550t

ro69oc

7?-, Groi-;L, il'ot. : Pebr"o¿¿rapþ¡¡ and petrol otyE t{.i3?_¡ FA . 15?_o

0'bserq¡aLions

lio vlsi-ble change

Trace of P¡rruho'Liie
| ¿-''!'lTp Lo j^:. p¡mhotÍto

Siual f araou.r:t
p¡¡rchci;ite 0n
cleavaga

To l0o¿ pyrrhoLite
. ¿'-;

LeSS tt'Li?lll þ:;r
p,v::rh.otite

Ll .þ

(,I:
Jo)



tine liaci no notl-cea'cle

p;*rrhctiio llo:.rnat loil .

rr,r.s f"or¡¡rect a t üi¡o more

ihts eleavage.

7: , ßiot Lte .

i-.ormlrl. a: K(Ì,r9, or) 
3( 

j\l.StotO) ( OX),

líel ting ?emprar¿¿ture,t l-130-1230oC13

off'eef on uny aspocf oí' Lhe

i'\s r1rouf iÌ be elcpectec , tÌro p¡¡rrhoi:li;e

âecessihl È outer nar,qin an<r al ong

*toulc S,Lructure: ,Sl:ee bs of s l-l icon-o)rygên i,etnahedra.

Dat,a:

lxp , I',T0. Sarnp] e ]do,

r:

9-11

L8

.¡ 1-¿\)
no P;rrrkrot ite

ïìesul.ts: :ilho he¿t tr"eatment of biotite ln an aùnosphsro

oJ' hycirogen sul r¡hiri{â resultÈd in a r€ecLlon t<¡ form

;ryr:nh.otite ¿t temper"al;rlros abor¡e a'î:ourt 81J5'Co .l,he r-e ect ion
lr¡gs founc, i;o be molls extensi.ve at higlr.erbenperatures ils
seÐn 1-, bhe *bove t¡:.ble. ,r 120-hour sxpör'ilnent at 67ç;ot:

f aileC Lo Froduce å.n.y p:rrrhotite. irs in t,he e{tse of

hornbl.end-e, tho p;¡rrholite f or"çlea alon"el ì:,Ì:,e el.eavage*

( see ]ihotonicro¡ïro.;+h Plaùe 2). illhe biotito ehoweci evici.ence

or :-rrìrt j a} Íi:sion ( or roaction proctr-:çf F ? ) ab t*elpersrtures

l+B
'l

J+3*

Ln
r l.\,

l*
LIL)

:ttzor , illax o 'IÐÍip .

ra55oÇ

1000cc

8i5oc

6Taoc

rilng ( t:I)
cf).)

22.0

5.0

I20.0

0'oservat i-ons

13. ij:rol;t¡ i,roi'ìo: Opo r_r lt. F.{" I5?.

5-10"1 pyrrhot1be

'To 5:X ytyrcno'¡.!-be

1'rrace p¡¡r.;:hotito

TÍnal tered 'tr ioi lte o



c
å.'T]CIve 10CO-t). 'l'he X-ray'poioider phobograph ( ta¡Ie .3) of

l¡iÌ g;ave a f ,rír1¡¡ ri¡ealr pyrrtrobibe pattern lv"ìLìr no e:vicjoncê

o.f bio'l,iie. Tirs birernal rlislniog¡'ation of the bioùiie ur¿is

ùheT".îf ore i-ncl icat+i "

3. ,:ttt^¡4 Lte,

Íormr:1. ¿¡.: C;l( l.lg, i;'o ) { S

i,fe1 t,in¡.;'I'ornperatupe :

itornic,qbructuz"o : $i

Ð¡¿ ba r

jl4p " ff g. F.årypl e. $Ì9"

i.ro2) r[, ut, iae) ro.] *
ül"opslcle 13r?l.oC oi:

ç z5-1h ooor1i¡

ng1 e s il icon-olidl'gen

t¿

23 3ü

? ì),

214

llesul ts: iìxper j-nenbs :i,",itieatçd th.at p'¡rnhotibe '¡¡111 for.n

by the reacÈion of hvrirogrrn sr:lnhicle 'r,¡ith an ;+ugite s,ærpl_e

¡.t tonperaLri:re6 ¿?rove sbout 1055oc, ixpo'rj-nontaj tlme was

$.0 hours th.roughol,t-,. ?he possi'bfl iLy of iå i;f_rno f aet.on wir'l
be ciisc.r-rsseci .l ator. iin ii-ray poii,;dÐr piciura o:Í -c a¡tl.l e 3,3

('î;¿b1e ?i inoical,tis tlnat i.ho i'ninr:"¡lr stn:cture iin noi j:noak

cown. Fhoi,onrS-crograph plate 1 shc¡rvs .,r typicar polisherl

ser:tic¡r of iirr: a.ug,lte gra.ï r:s ;l.f Ler brea*,,:nent.

.rver . Ïvi ax o 'Ietnp .

3c

her pyroi(en€s

1o55oc

g\50c

I OC00C

Sgooca rrl

chains.

Ti:ne- (lH)

5,0

Ol:s err¡st ions

1i+. ;1rout, i¡nf'"i

5.O

5.0
Éô

Smail aiæount
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"

No cllango visj-ble
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'' ho.îîortono1lte. ( fron i:ortonoilte clrrnite sa;rrplo collecteci

b¡r J";r. iÌ,Ij,B" i'Ï11son")

llornglaå ( i;igr,ro) 
"S.i0, 

( iron-rich ol ivene)c_ l+

lvioi.ti '¿.i lfcrnpe r¡riure : iissu:riln¡r li'€ iHn 
= ]8 222 niel bing range

t'ìin fror¡ 1100-1550*C.

¡itomic T,i;n:ctura: Setr)arate sil ieon-oxygen gtroüps Ê

Ðata:
-.;.l:låp 

-.To ' S aní-rl e No . sygrr$i¡j¡:. ':l'emp .

1ç]

e0-21

ER

22 ,'t-?.=i;

-a . .l;ì¿) i-¿t',

L*2t,

À-2t

toBSoc

l-035oû

"S;:'.,'r'r¡:Jes ciesignatoC 7- a?a grciuncl-up rock (hortonolíte
duni.te) cpeelrnens çvitTrinaønotite rerno'Jecj o !,"-Z san;:les
;år,o I)u.re hortono]fte separ".+ùed by Lh+ rise of ÌrÐ,à\¡y f.iqr:icis
{ C;l-ericl- eolu'.tion) ,

iìesul bs: flxnerirnonts ino lcato bhat at tcinperaLr.:res above
_ rì

a"bout ,J35-C p:rrrhoì;ite r.¡'i11 fonn by Lhe reactlon of,

hycjro¡ïen *r-iJ ¡;hlrle on iron-rich ol ir¡sne " Photomicr,o4;r-aph

itl aLe 5 shor"¡s the cl isbributicrn oil tbe pv:':'ho'l"i'Le bhror:.ghout

tho olivsne. ';{--:t,a.y- powder Ëictures inrjle.¡rte tiiat Èhe

oiivens suf-farec; Ð. tllsri¡lal br"eak:clown, ctr:ring bh+ i.reab

?img_ :Lirå)-:'t

?rí)Þ)

1t)554c

B35oc

,?h50c

10û0()c

Zl¡" 0 I'].rrhot j.te cn
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Cltrservat ion s

Abund anL pyrrhoti. be
f i.tr'med

5"0

5.0
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Íreco pyrrh.otlùe
on scmo grains

içiinor amounts
pyrr"krot i te

P;iinot' aryiount,
pyr:"hot i-'be



treatment, lcr pyrr.hotÍ,be aird en-ctatf b,e ( ? ) " H-rla.y d aba

iìre pï?oson'bed in ilaÌil es 5 ¿rn<J 6, Farl,ial frrsian of'

s ir;ttpl. ro Ã-?.8 resr:i .Lçd in ä gl.a-q -qy ri: s icrr:e wh ic h ina;r h¿lve

be,:n ir T'aac bion prodtr,ci o

5" :ipitiote ø

irorniulai lt.,i)' l-LCa0 " 3(-,\lrii'e)20, " 6Si02

Ì"leJ- ting Ìlsmpen+turö : Ðata not evail ahlo

å'bonlc Strr:cbrrre : TJnC,:terrcl-necll5

ü;rba:

ilxp.llg-. Sj¡¡rpl.e iri_q. iiv.flrj:1.'?x=-T,irrni:. Tlme J, îq)
1Án
J v::

r.5

1.?J. I

,{ìesu1ùs: Àt teinpor:¿'bures abor¡e abou.b Vil5oc p;yru}rcLite will
forni 'by th* rc¡action of hyrircg.:on sulþtlicìe with e;ci.ciote

uriCer tiie ccnc.ltions of bh.e experim+nb. ËhotornicrogriLpkr

Fi.ats 3 showe 'bhe epicioto eample a f ter tro*linenr:o T¡rble il
pt?osents d,,rùa lnciicatin¡.: r-ainer*1 ogfctr3 chan¡1e.e ÍnvoLvec-

inric¡;l ihe r* aet ion proeeers ¿

6. Other Ì{ine::ais.
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{J35oc
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of i'linera3 s, 1937 ¡ ffi " j+7,



usöd to test Fossible f ',trocuctlon of iron into i,Ì:+

rråac l;Íon s]¡siein. l"n all ti'res+ attempbs ll"on er¡1.ph.l.cie

!yir.s noü cietecteci *nrr henca the p¡¡rrhotite ,¡,'as aetually
forn:i+d i:y tlio extraction of' lron from tlr¡: ferro*rn*anesian

rn in.¡ir ai sr .

-30

ixperÍrnenL 13 í',i icabeu ths.t pyrrhotl ba

fornerj f't'o,.ii chlor"itc ì:y reacl,ion oi'¡ c-¡ô0oC tar 5,5
S+rnr)l.es of rrìíÀgne Li l,e ( lxperinent I2) a,nil

llirionibe (,IxperirirenL ]|J) sho¡,v'ed îioro or l"ess conçJ

1.*c.iur".' I J-orr'ùo plry,p¡ot 1 t;e.

7" 'TroaÈment ol" Tìocl.r Samples.

ïrr-s ii.&ruorp?loseü graywaclril 1 l;ii7 - cr,uartz, f bl.d-spar, i:lcrtíb.e)

¡,'es subjectod io'be.:npcrabrrres of a.bout LC,OCIoCl lor Lt+n

hol.:Ps, ¡\ th1n section of the trsated sËre(ìim,:n sho,¿,eci L!:,¡åt

the biob,ite b,ec,¡lmg al.,¡os'b eoinpl ete).y opaque ancì !?a-q

iargel;¡ rr+piãrcocr by p;,mrhoi;ite (j:hotornierogr.rpì--; I'J aLe á).

ii sarapl.e o.i unmincrel -tzeri F alcon LÈko

ir 3s
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$qlq. ä X-Ray Powder üata

Substancer ArrgÍte sample ]tl (after treatnrent)

FiLn Number; 818

Radiation/FiLter: Fe/,b

Centro readi.n¡x t 46.7

* l:l

1

10
10

.5
É

R

.5

64.1
65.5
69.L
7r.3
72.3
73.6
'14"8
75.3
go,o
ti1.L
85rB
86;6
89.2
89.8
93 "r
95.2
96,4
9f "o103.9

110.2
111.2

2

2
6
t
t
2
I
I
I

Sa0

L7.4
1g.B
22.5
24.6
25.6
26.9
28.1
28.6
33.2
36.3
59.L
79.9
42 "5
43.L
46 "448.5
49.7
50.3
57.2
v) o)
64,5

d (meas, )

3 "25
2 "99
2.55
2.32
2 "24
"2.àr4
2,Q5
2.ü2
r"76
1.63
r"53
1 r5L
L "43
L.41
L"33
1.29
L.27

1"15
1.09
1.ü7

"5
.5
.)

PublÍshed valu.es d
(Ausite)

3.26 (5o)
2.99 (100)
2.56 (85)
2.29 (5o)
2.2o (5o)
2.L3 0S)
2.o4 ft¡)
2.Oo (60)
t.74 (rS)
L.62 (1Oo)
r.ff (60)
1.5t (60)
1.43 (1Oo)
1"41 (s5)
Lfi3 @5,
1.2B (85)
1 .27 ( 50)

r..r.5 (50)
L.OB (t OO)
1.CI7 (too)



ï.ABLE 3 X-Ray Poç.¡.der Data

Suhstance: Biotite sample {B (aîter treatment)

Film }i.unrber: 777

RadiatàonÆiltor: Fe7trÂn

Centre reading: 38,"8

- -72

5
7
B

9
7

ss€ | o(meas")

58.2
60,0
6L.4
66,5
77."6
8,8..2

94.910

Lg"4
2L"2
22.6
27.5
58.8
49.6
56.1

Publíshed values
(P¡arrhotíte )

Note ¡ The above pattern is probably a vreak p"yrrhotite pattera.
The biotåto reflections aro entírely absent indåcating complete
breakdown of the atomíc structure of the biotlte during the heat
treatnont.



TAB.IE 4 X-Ray Powder Êata

Substance: Epldote sample 6B (after treatment)

Film ïlunrbor: 7É11

Radiatlon ¡îttter: Fe,4,hr

Çentre Reacling ¿ 45.4

10
9
o

7
L
6

4

62.5
63.2
6a.6
67.L
69.4
73"5
77.5
79.9
84,5
89'8

17.o
17.8
19.2
21.6
23.2
27 "g
32.1
34.5
39"L
44.4

d (rneas. )

7.3O
7.L6
2.94
2.62
2.45
2,06
I.B2
L,70
L.53
1.38

l{ote ¡ the above
(visual comparison antl
some of the pyroxsnssc

pattern differs from tùrat of untreated
rrreasurenent) and has affiniti.es v¡ith

epidote
that of



_1¿1,

T4Btq 5 X-Ray

Suhstanco: Eortonolite sample

Fil.r, îÍumber: 7BO

Radiai:ian/Filter z Fe/:+n

Centre readingì 45.5

Powder Ðata

Á2 - l! (un{:reeted)

5
2

)
5
9
7
9
5
4
I

10
1
1
1

L

5
I
2
2
L
a
t
2
f:

4

1
2

56.0
59.4
6L,2
63"9
65.4
67,6
69"2
{t9.5
.1o.2

7r,7
78"5
80,3
Bl,o
8105
82,1,
82 06
tl5.o
85.4
88.5
90.3
92 "A

10Éi.0
10i3.0
L12.4
i.04.8
i.16.1
r25.3

s:â

L0"6
14.1
15 '7
19"5
19.g
2I.g
22,5
23.8'
25"7
26,2
53"O
34 '8
35,5
36.O
10 cÐ

37.1
39"5
3919
42.8
4a.8
46,5
60.5
62.5
66 "g
59"3
7A"6
'19.8

d (rneas 
" )

5,25
3,96
3,fi
5 "o4
2 "t]42.59
2 "52
2.39
2 "23
2 rI9
r.77
tr "69
L.66
1.64
1.62
1.60
L.52
1 .53.
L "42
r "TT\.33
1,L1
1.09
1.05
1 .12
1.02
0,98



$ubstance: liortonolite sar:aple

Fílm ïfunrber: 784

Rsdj.ationf"itter: Fe/nn

flentre reading t 45"2

TABLE 6 X*Ray Powder Data

l0
lo
t0

A?-B

R

(after treatment)

63"o
64.4
64,9
66"8
ffl "g
75.3
T5"l
8,2.3
aì4 "6
86.2
gl 

"789,5
\Jd t)
93 8
95.1
gB.2

100,g
106.6
llo.5

1l2,4
121.S
118"2

4
5

L

ssg

17.8
lg.1
19"8
21,6
22 "5
eg.1
29"g
37.L
59.4
41 00
æ,5
$tt.3
47 "L/98.6
49"9
53"Q
55"7
6i..4
65,1
6T,a
76,6
75,O

4
r)

5

d (neas.)

3.L6
â.95
2 "85
2 "62
2 "59
2.45
1..94
1.6CI
r"fr
1.47
1,43
L.5g
1"32
1.29
L.26
J..21
1.17
L.10
1".06
1.05
0,gg
1.01.

l{ote absence of
L.T'I - strongest
ITortonolåÈe line



i-! t,ì1È,ÐFe'b fcffÏ cjons iclena.ticn cfl h.i¡ot-,- temirer siure

:rilneraJ-&:lis s';rstçrns¡ ås nÈcessårJr lree*use of the scarcit¡¡

of' fr¡ctua--l ritta on- Lhe -eubject. 'Iho Lherrn¿l sbud;v cf
:r;inerels n:à;.J incicsrts the physlc;¡,1 c;hemislry tf' 'bho

reiìctioi:s Ínvo1r'ecl j.n ùhe f crn.ition of l yrrhotlte r:ncie::

'bh.a ¡:r.esenb ûx;.)ÐT'lr¿en'[,:r.] cr:nili-'Liorrs, Ifi v¿a,q f orind

Ðxpûrirnen'ball ::¡ tl:at hy'riro¿3'3n sul-phiclo ,¡¡fl l" nea,c b t¡*ltlh

iron--b+âi:in$ si.l ieate.ç ah ::oistirrely irlgi-: teirperåture-qo

ì.:,1i;tpl e 'r,herrn,¡l tlisini*¿1:rs.tl-or:ì of' Èl:'t :ri-in,er¡rl.s mar¡r i:e

trrrkfng p1 ;ree r t 'il..ese ternpcr ab'.;i:os " T,rlç XÉirtry 'Þattçr:irs

ç:rhå1.,rltecl by breete<i slleúåm.ans ( excei.;t ,:.r:.g3-to) clo i-ncjcecl

::ecorc s.brr-:.ci;ura] hroreicc:oû'n of the atorii.lc p:rt b+rn. Ihis

*specf; e"nci als,o j;Ï:o si:ecu.1aÈi-ve naiu:"G ûÍ' 'bl:e sup;Ê:sst*d

h3'pa1,ires ås *f p;¡r.,rhoti'br¡ i¿enati ls necess iùi*tes ä t!:.eor*'bical

riig:i:aseion"o

The subject rf stnuchr:ra-l- ciisinbegraiion of

l¡riner,-¿ls a'c high bornper.Ètil:r'es Ì:¡'¡rJ. noi; r,ecelt¡ect mucl:

,i'b,ù+nlion unh j.l f airl¡¡' r:ecant ref lnecrent of 'ï--ray

tocl-t¡:rÍcìr..ies. ri re "¡ir)r¡* of ille lito:::rtr.ire clid hov¡êver

i-nciicate that Lì-s +arJ}r à-q li1Bl¡ toelbel,:¿ni liÌrssatl6

de terrnínad Nhat ãre*il hornhl ende broire dor,rn lnta H.ei]fiatite

0ri.,\F'Ii¡iì Y:i

'il:i i Oi,I T f C,iI, C Lì]';i Íi ïtl rR,, r:'' î {j lii Si

* 1|J

l- (: . lioe L L*r , î: . :rnci lh; s -c ak ¡
,;.{ag;*i:n auf ',ji+r sch i-eicne
r¡.nc1 i'¿1,., ììirnd 1r FF. l-

',ì . TTh nø ¡j
-:C . t- t.t\¿L \/

lrlÍnera] in:
i]-[Lr ( 1i]t?¿+ )

ie r';int'riirì.<un¿¡,qe sctl:'.ilo]',2 ëfr.ã?
$eues Jahr für ïfin., fíeol,¡



p1us *ÍiH?u o? r¡l.lvone, e :,ti ,; h.i.¡rh te-rri;oi:r" ;,rru-r+o ',"lii;be}*170

in 1137, lìX riÐ ¿Ì1,s of i il'lles'enti+-J tÌ"ieri¡.',rl- ¿n¿J y;ces,

ci iscovor",.gri Nhe legpr..rp:i.i';u-re r:f str"uctu:nal dfsinb'e¡;r,:'bicrl oí'

soitiì amplr.itrr:1-es. -üisivlte¡li:,',¿.t,io:: ¡',,**e ln-cî j-c ¿r'l;.¡ci bi, iia,:1ts

( endot,Ì:eirinic. rê¡,r-ctions) on h.i-s tÌrarmo¡¿r'aph1c curve-q.

i:ire¿¡rio*n* oceurred b,e-Lvseen 9A.jCIf: -:.r'tcl LI?54Ç .rn<; on-E of

the ¡:r'odu.ci;s of ciisinte6re;t ir-¡n was usu,,r1-Jy he¡i:¡¿tite or

iu,agne-LÍ.te, '['Jre presoni e.ã¡er:lme n"t,-e ( see pn'¿e 2)] shovs

tlr*"b p,1)e ¿ryrEi :rhor¡e, the 'remperabr;¡ei oí' 9i,5íotl ( I o,'.',1:' 1:ilnit of

r,:actlor: is t:ctri,'een.33loC'ln,J 9lf-5o*) p¡¡r,r.Ìioì;ice'-:¡i1l forrr

Ìr.y the ::ctj-on'of it;¡ciroä,e.ir $r:lLir'ilitiË on ïtornÌ-.]ilrìcie' ,iiÍÙtel-sl

ÈrEt?èr'ilri'¡nt*q si.r.ii:.Eest, th+t tlr* iron i'ori;htl fcrcatinn o'i

Ët¡rjrhotlte is '.nace avail a?il r.: Ic:' resc b j-oa x i'bh hy*rog':n

sulphi.r.lo simpì.1r lrÍi t?r.e ::esu.l t of thenn.rl shrt"lctu::al.

c1 isintrr,q::,;rtj-on. :l'he fo.i. lorg:i-'r.q j-n ,:.n exri:'iç)-e ,Jf :t Y'eâci;-Lon

,à'b i:-î.iii: ùeicprlr-rbul'e prct'Ìuceri tly l''itto1 s.

ì'iorn'+l.ende F I , ür+..Á:Ã-e polyaugite -l'pl.agioel arsef heruaL ite

I.ll an rrliÍiosph$T'€ of hyçi¡ç¡ïs* sulp'.:ide tl:re he¡lat!'¡¡; v,,çrr1ci

Ì-re i¡tu+eo.:laf.r':1t¡ ttoclrrce{ì 'Lo p;yl''riroiilCI, I L i-s possil:le L'l::rlt

in ¿l l. oÍ 'n'ne .ï.resenì; e>írce Ì'irnent-q I]{rrforr$ed by t,he i.otrì f,cr',

stru"c br:.ra.l lrpo al^:c own of t?ls iL'on-1rear i.npl s.. Í.1 ic.e.tes r.";as

J '/ ' ',,i it-bel s , î:ii 
" i:'r:*'t'hi-boì.os,

'ilhe ;'l irr: o ti: -r"

!.Inc 1,1in. ËF "

al -i.,1s
2a, --;11-) rI

*i:t -,0

integr'.*.tit¡:'i cf lo,:n*
r') j7 

"



necssi!i!lf)1r ln c;'def'Í'*n thc;;.1.3'¡l:r¿ri;Íi;+-füfiili.:'rr,: Íêi1t-:'Lj.o:ne'bo

l;:lil+ pJ;tr{:i:) " :"-t'.:i.1,' ,,ìi-ì ,.]i -'-'c.-..' ,r';f,ii' j+cj ti': s= l','pg..-1lr..lÐ:,:n, r¡- j.i]r

'b?ig í-]XCÊ,{:-ìt'í c;¡n Ci i;rì,r¿.iti'bûÞ

'il?i+ "b*mr:sr' .. tr.i.í' e of p;,¡ri.h çt 1e * - Jl cru ill g ]' +,åc t i on s

ç¡ij].s nqli¡Èr .-i.r..ir-r¡1i to .tre I or¡er tlir.l:t ijl5oi, (båc'tite i.rn(l

i:ir}r l.oncil 1'cei . 1i'ì1 f ¡r lr¡ "r' ï:1¿r|:: 'bçrrr.psrati:r,,] e ül¡Ðït fn -Lernis

eÍ' f¡¿noclis rù,tct ir;t'ts u i-:irr** r.:*ú1,s.ci maiirso;n¿lii.sm ¡rrnb;.b j.:,.

ir¿1,;+s l,ll- ac,J rr.i, b;lr¡rÐr,¡i:.rLLt¡:,ês f't:crlc l-¡-O*cC u [,€, ,-j0r]o(;. ,,,i-'e

i;'"lliÌp':lr'Éìt,r-iT".l of årf j"n'¿r"uäinq riå1 icecrus litå¿j.aíì l:iàng,?s i'ro.¡'e
.fiú,.

:'t-ìc-i: ùo -'l 100-(; , .iir.o pûårrii'cÌ3 it1,. of çi. prü*ess ûl' 1:;¡rrl-,ol;it*

ix';i:esin ii: ne-i;r:.ì:'r) Trüi"¿l1eJ.i.rri,: Ì"he conci:Li j.oris cf t?:i; eliperiracnb

E.rÐì.ìL{i b}reref'or"e .f.pi:;¡;åitro i;c be '¡"i¡'ì:h+r ::<*¡ncte u Ti-re cr:nd:1,t,Íoi:¡t

:ì-bi,i-j-n¡:e,;tt.irålrír1 :le-¡,-str:'fi;ó C¡.'n,+llie rt:i.i re,r'åcrr.*,1 rilet,;r,çrï;l:is,i;¡

cÍl :r¿'rsic roçj,]i-a { er. ¡¡o rr¡;;roer,.*t.o¡1'.,rr$ ;;..nd ¡"4r:'.;,waclee } e clL:1c-l

hor"'etres" cì¡-.i i. h a c Õn.c:¿J j.v*bl I' tJs ec cÐrrÐ ¡¡-n ieii b.ii J l-' i ;1h t oÌrÌÌ:E¡r:lf ij1',3

nr:J i:irur" fiii-s e b+-¿i* s

'i'Ller cailplexi b¡r c-i ?re*ltrr-,trro ian ul,e¿rl geoJ_a¡r;r"

ilfirs L'rai:r¡¡i ai..tË,-l-:li thi: inll-''cirl..br: as=r-rci*.ùioyl of' ¡.,og_:iona].

¡'iiet,r.n'ru:r,¡?;i-sn Lnr:i :LEneo!"1-q å.et j-r¡!'þ;ç lqï.1!çL cor,:lcj ::esul .b Ìn
El-rch â í{iisr ;ûhaÊ'ä l¿t -1.$*"s;u 1oeai.1;i. 'lhås güs pilasÐ 1¡-s*o

nr:f nÐcÐ.$siu'ål:r'he accai,.rp,u.rrirlc ì:;;¡ ?;ìr,: n'¡in+r*.)-og:i-c*1 ehar¿Eos

Ðf )iit ¡-¿-lv::.n*+r.l S1;,n3,r,: c.f .r+.:rjc¡'r,l¡._i ri:,et¿¡.iorphisir: i:rr Lire us.l:.¿i

ßtns.? " Ì'epine.-it¡iu Í r:nsg' iÍ,i.o1r.irj cllann*j .i;ì:e g¿esðs ånci iiie
resl;-ì. tan b p.rrr-f.;o hål:e çtct:.:i"rsijce anci, oi;l::er, áìssocis.i.,+ü

;L?:Èrrorn,*i:t.Ë 'ï';íörìl.i b + x,eEi:rieieä ia1 o;r¿-1 i;heso z+nes É



i:i'í,¡J-ä observatj.ons by ùhe -*ryiter in ttre r'i.est TI¿r+.,1r

r,lko iì.roa iravÐ shor¡¡r thaL i;Ì:ie pyrrhc'bite rrcìikclsot of f;h,e

å-¡.Irêíå ali;:'9.;,''s treno prrrlrl.l-Ð1. lc l,ho .bedrling ilnd f o1iaiions
ol th-e cc,:ni¡o'7 r'ocÌ¿" ji{osÈ of the in*ppec ,rcj.ikes¡r or uc,¡-l Éi$

cf ri;rrz.i':otlbe ¡:iiner;¡.l.iu.:ùion cion in f;lct, oecur at il

$oirte.ct uone T:etr,o¡een m*t¡¡"-sectinents anrj rnet¡¿-volc;inicE .

ililney'il-Lol{:ic ¿L c.:}r;rnp:,es along; t?roso zoitss are r:nique f orr_,

'h'ltls serins of roclc forrnatíons ¡rncì h'¡r¡e bean oiscussec.i t,3'
ríi

T.' n si o i3 fncj #'J .

Sever:r.l- th.eone bical post.ulatians c?.ln i)e ¡n,:cje

ir.s la tlie sicnff icance o.f tl:e> ÐxpÊT.inn¡nt¡ll ppûcess cf
pprrlrotibe qöneËi-< cjolnonstra'bed try tì:Í_s tb,esis.

l-. 'i'ho ate+_lgÞll!!¡.r of lhe lron in iron-be.:L::tns

-39

.Si.lic3iieF, J-f h-a* 1^roon d.eulonB'[rateci t]i¿lb, gi'roi] the r"ecr:ireé

c ¿:nci i. b io-n s o-t' temper,"'rtu-r e ,ånri su"iph.ur aus .r'bìil o sì:)hi?.r, ù , t,he

rne br¿j.l ic ol.i;:ni+nt lrÐn coulci b* exÌ:r"acteõ t:.alrR c¡rci.în;¡:"1,.

rocJl-jloriaing5 iro-*-T:aer"l-n.r¿ minerals irr blie sol i.d. sba[,e.

'lho ¡::'raI]el -prûcÐs-c in nat,urr: tres noù be,;n estebr Ìsi:rec*,

?:u.t the possi-,bil-itr¡ of bl"re proce ss has hei;-n prorreo..

?. Lrlq,ho_if'bÊ;.tglnin,f. pï ?ss.es nijlht, -ogcPr ,.,¡jl^tj.åL_?

,i¿rjg¡=*gl"¿gt_Èo So¡r1Ê1e*þg_ cg3Êg$qe!¿g3, L at r¿ rnagmat ic
su"l phu,roris ,iiâses ( -lf p::esenÈ) vrou j.cì react .,¡ri.cil .nes:l_c iron-
beai:j-ní,1 sj.licates, which havr¡ alr"eäd,,. becn cr,1¡stell. ize&,

liJ,'i::,inçia, I.,.3o ¡ t-retro_logv of
,f e S 

.b ïi ¿1,..¡k L "i_fre tr Ð.4 , l{ . Íl c .
tÌre ¡rrehaean- *leciiments .i.r_r. ilrø
Thesisu íìept. 1?53.



bo f'or:n p;¡rrhotit*" Tlte observecJ prê$once oTl .äbunci¡¿n*

p;rrrhoíi-i:e in soms phases of r":lortonolite riuniÌ;ee coulcì be

e:lp1i¡.inac1 bt:r i;lris prflcessr Iù 1s not ro¡ithin ihe scÕpe

of this thes j.s ta speculete Gn ihe presenee of su-ch a

ljås ab a sr¡f.flieienily enrl.v sta¡3e 01'co*sol-ideticn"

3,,¡" tqe-ine b,:,r I *î:¡qsEg*g"gå-gÞ¿Ee.-g!_È Ê3#rrg gogtEi

fgrm_rirs.¡n-*Þe¿rrini; Fr:lpjåj-q1g__ciiþes -by ¿ p.lggÊss g[,*rna]rk.Tsc,k

!g..Agh:i-lA, î'his p:rçcess wouLl.i (+xce¡:i; for pressì.lrÐ) ¡nore

or J.ess Cu-pl icaLe i.i:.r¡ eonC itf ons of the pz"esent exp 'ãr'inen'bs.

'.i.'tre presisr-ire rel-$ã.Fje necrissar';¡ to enabla such rå Siås plfr.ase

to tse¿rpß is nob i;nfeasitrle in the tkrgrn*L1lir irna

becbonier,rll¡r a*tir¡e z-.one o'1 i¿1neotr"s intrusion. For*e

.fair1'.y obvÍou* rineraloç,rica1. ;àßsçcj.:.rì;ions anci ch+.nges

- lr0

r.tigì::,t he ilef ,::c-ï;¿bl + in tkre vic in.i-t;v- of i;his neùrlll lzst. j.on

prOeÐsS trirtch 'rror:"1-u as.qi*q"b ín rllstin,guithlng; ihese unscÇnonic

iron-sr"ilpi-r,åcle r,one-s fror* cc,"¡:r,tÐrcial p"ospect$ o



i: r¡errr si.nple experimental. procedurr -'..{äs foll_ci.,¡ed

to exeirilne th* hí,r:h t;emp;:ri*turrj reaetirrii;y of v:rrlous

t,oclr-forrninq, inon-b*r+riit.q silj.ca.bee in ¿rn +rtmospìrcr,* of
hyr:ìr'o¡..;*n st.l3-i:hicæ, d,oclr ¿nd rrrlneral specimens Ti*ere t:¡.eat+c1-

Ín a Ì:igi.,-t*mpÐtta'i:u:"e iiu.:"ro11 Tube irr:.rnace thror-r¿qhr l,lhich

a s'breacr of hyarogen sr-rlpirfcje ïr¡ås pils$eci. i'ol lsb*ci. sections

of Lh* povdered sg:oeimens rrsre made 'before ancl s.fier
'bt'o;,i.tm*nt" l-rsr-r' powd.e-n p5-ctu,r"es ',,ye31e mr¿d'e of så¡:r:ni..f ic.rnL

s*riçle s .

Suæmar;¡ of ûlrsorvntlq:n-o

¡l i :l_l r!;: -1 l{ Y

- lt I

i T,,T::n

.xi¡iÐ c {_ril (il,lls r o tiis

..+;.' ¿

,f;â,"'
{.Ç
\. r-,",

'ill:,¡ ðtçpeT'inentsl Cai;cÌ has J:ecn briefly slltlLi:iirrizeð
'Ln Tlahlâ l.u appe,ar"ing in tlh¿pien f o ft rq¡a-s observeci Lh¡lt

f;l"ie varior,i* lrcrn-be*.rfng silicatos reactec wÍbb hyrlrog_:on

su-i,phicle a'[ ì:i-ph toirrper.:rbu,res o ilix..:nrÍn¿bir¡n unrier â

i*e ba.l ì-ograi:3:ie rnic.r'osccp* shoy,¡eci. th¡lt pyr.rhotlte fiae

l-re 1n¿r dai:osi'becl a-r'ou-nci ¡¡nc- w i-thi'n th+ ¡ainor'¿¿l s, ,lr"ir,rerar s

r'¡i.il: +¡..l 11 cjev*:i ôptr-'- cl.eiìv¡Ìge (e.åi. irloL j.t,e) gi:o'¡¡ed

?]írrhoL-'l.te bl eÌ:s alcng i;his cleavag+. X-::,r;r invsst-.i¿r;..riion

ttf sa;i:ples ;¡f Ècr" t;r,eaùment índicated tl:ab the stonic
struct-i.re of the ;'.liner¡rl- s sub jectei tc thc¡ Ìrer¿t treal:ri:ent

usi:a3J.:" süfferec bho::r¡*1. clisln'be¿ire'bion" :!r-1a j tÐ i'.¡as ít

notai:l e rxceptåc:r 'Lc bhf s observation, 1'lio f aet tiiat

t \ -:ir.

1
I

!
t''



Fyrvh¿:'bibç +¡as fo.r:-¡.ec .¡ritltottt structr:r'¿:1 bpeakdoq*¿n cf the

arigiùe specíräen inci j.cates thaL tcmporrrtu-T'es exc*taiii.:r¡z

thCI irtherrnal cij.sinteg:r,ç.tlon tr:rn¡¡nr¡.+tl-',râtt arr¡ nob necossitt"y

icr ihis ile'r-1hotl of i:l¡r:rhoùite sv"nth,esis.

1./*riatt-cns i-n tl:c e.xpeT*irìr€ntel- pr"ce.erinre polntod

or:t two i.nf,eresfing arip+;cts" The time of heat t::';¡¿tsent

rirs.s inereåssü (e.g. r.rixperir*ent,s 'i to li :-lncl 26) Ín çrd,:n

Èo +vi*.]u¡¿tê Lhe sÍrgnif icånce of the ti*ie¡ f ector. iilitl-r tho

J I¡uLNr,¡ci exË 3r,-i¡nental ci-,:.ba t!re increaseC time d.plieurec bo

h.¿ve no v.is i'ble eff ect on tlie ¡:e,¡c biono ii secenü rr¿lriatùon

åp rocarC.eci ln jllxBerif¡lilnt 20 wh.s.a1.e å m.eÈ:r.-secinentary noek

specil*.en 
"ç¿s 

g¡+tld. insrêtld- oC .1 rìlinera.J satnple. 'Ï'he

hl¡1h1-1' soL.trcti,r¡-q nrrbr.uîe of t,he r.eae.t.i-or: wås niap?:asiz*d

b]' tii* pol j.sÌ'.ed seet j.e:n ( Photonlr;?o.gt3aph Plnte /o) ¡t'hicïr

slro.,u"¡d g.:o bfotii,rl pa,r-r,l_rl1J.¡¡ replaceC, b;r, anrj stusï,Cunc.i,scì

r'¡iiilr'o,yr::i;r;ÈiLe'u.¡hl.l-e ùhe nc¡n-íron-be.3.J:infl afli¡:r':)T'¿ì1,s

roi¡r*-ined cf errr ô

-lt¿

"llhe ser:les of e.x.FÊr31:nents descr:ibrsd j-n bh.is

thesis hrir¡e úernonstràteci thnt hycir()¡.ien suiphlcle $'¿i11

rþeacb wi-ti: i.ron-be,,ring sil"iea'ues ¿lt hl.gh temp*.r:¿ture

t$ forn. pyrz'}.;i:tite. lfo *bud¡r ,¡¡¡l,s macle of i;l-re :n¿.È'¡re of

ciro trerìc j;ion nor of-' i.ì.nl FÐssibl+ by-pr"cducte o Tht;

ö,:ro-j-o¡:ii*¡.1. si:'--nif ic;;nco of this iernonstraticn is th*'b,

1:r j;krr) e.¿rtÌrt s r.ru.st¡ 9n ori¡tlnrr.l.l:lr ltcn*;nei.:;r,1-ì--'Lc suJ.phur

Clcncl ri.s ions



gÉ.s Fi'la$å ú.Õ1r1{io -b.y FÐatbion wii}r corrlTîion

proiìucs ir:on sulpirii.'e , lhi*q pr)ócess. o:f'

na.¡¡ 'bÐ a n,:.jcr ¡*o b..il izaì;ion .t.{enL in i;h'e

oeCl,r.rrencrSS O.fl certåin- ¡lFe¡lS Sl.i C}: ¿-àF i:jOgt

I:'ec¿*¡rbrten Sii'liel d of l'f anítoha'

*lrl

'¡saI1-ïöC",,.{ rr:.ineratr s e

sr:l¡:hr:.r rue t tts c:niài i r'*t

tt plri:i'c i I i: a -C il¡'s It

ì¡,awlr l.r:.!:c in ti:¡e



- l-l lr

.The nagnif ica'bion, ê:'.cepb iryhere noùeclu is
epproxÍniateì.;¡ -ìûlì t irnêsn

ß,LusT!ìÁf I0t,Is



.- JrL

Fl ate l.

?hcto:ltc:rogr¡iph of å polislrerd sectiûn thr"or-i-¡¡b

år-r. ¡jrJIslto ¡lra,i''i af'Lrr tre.Etr*enb (,sareple 3Ê CIf rxpeninent ?.j

showillg scat beired ininr-itn p¡rrrhrotS-be ]:1e}:s Lhrorighor:i;o .{:}:ere

ie e. sl-i:¡:ht tendenc¡r í'or -lÏle ¡rymho'bite i;o Gccul, in roi,.,s¡

Fio¿cs í'nl r. ål.oni,r cl-oirvagle ci Ínectåcrns.



- )16

Fl- ¿'bs 2

I'hotomLer'ogr*rp!r showlns a blc¡tLte gnaån a-{lterr

tieat tre¡r,tnent (Sam¡;1e l¡i} of lixperJ.non.b ?-) in rÀ'n Í¡tíiroFFi:ìrìre

of h.¡¡drog*n su.J'r.hj-rie" 'liiote ihe lror:ì¡ a'buncLsr¡N pr¡rrhoiitel

a1on,ç 'hhe ¡,¡.LL derrel-o*'åd cl eavage Irl-anes. 'iltrre l-r;+y

pc';,;itrer ¡:hoiograph of tl:is *e.å"mpl-e sholr;ed ver.'r sÌ:rong

p.vrr.hctite reflee.tlons *



- !t7

.l i,lts ]

iii':'5LoI*j.r"ss¡äl:+r,¡:Ìr Õi' ,i .jr".ìj'] ili- *¡::åi:i{r'i;i;i;, ;*,f i:*t'

l:r,,¡3,rt ir*'åià$nl¿lË:il .",jl¿*ç:åi:iij, åi:¡:f:*:1r.]'l;il+:; fcr"::i*d h¡: ¡;i';çr í,re:\j.ì,r)Ði*:l

*f i;i:+ epi.ä$s;3'¡;åi.;i': ll-¡* iì'{i;;t$*;ii:-r+..î'.r: r,ifn }:lyrir'*¡i':n $i:jl.#lìJ.iì+*

'ì'iir*;i.r¡3"r,ìtoi;åÐ* eÌ**ì,r:ì5,s trÌJài-n:i.::'$tx i,;lr,:,' t"i_si *f Ì;i'l* gr*,i.,:l* *nrj

,¡J.*niÌ trårir:.i"*, llr.,r*tÌ;¡å3¡jFf { Íì,*:":i;¡3 u; ii$ ûÍ i,ììçËrFåc*,trttï 3}



* lr8

ï1, ¿rts lp

Photornicr"oerapn o.f þrornhleniio graÍns,rften
tr"eÐ.trÍeni; { 5'gnpLo 7ij of, i:ìxpe::itnent h) showin¿=1 sc,:¡.i;û*¡red

ws.ll. c,ief ineci 1,ri eìr-e of' prlrrhcrtLte. )i-ria;r powcier ptrotog:raphs

of i,ì-re i.ronn-b.l enCs sa..np1o bofor"e ,tirci .¡fber trea.tnren'ù were

corripl *boJ";¡ c.iÍlferent ln*ica.t:irg th*i Nhe e.tomlc -r'Nnrcturç
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