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Generol O()IIlttents 

Dtll'ing the s· r ot 1950 'mile in the e:mplo . nt of the Ont ·~to 

Dopurtllll3nt ot Uine.s the n-iter spent some time in the examination of the 

Bessemer prop-erty. Using a euide a base map kindl:~r furnished by the 

robisher EXplor tion Company, L t , the our:ta-ce geology roa olosel y­

stud.1ed, old 1nfo~tion cbeokQd, and supplementary 1:o.tormation added. 

D1 nond. drill oore was examined and o ~les taken for 1 boratory study., 

The l aboratory ork consisted of the compilation ot information 

gained du:ring the <:lourso of the fiel d work. and. an intensilre mioroaoopto 

o·tudy of thin and polished seetions of ore ; wallrook, o.nd ssooi ted 

rocks. The Federov universal stage ~ used for the deter.tdno.tion ot 

tho optioa of a numbe:J,' ot mtneralf<J . 

History ofi the !essemr Mine 

f!'he Boase.mer property includes lots e, 3 , 4, Wld 5, ooncession 

Vli and lot 1 . cono~ssion VII in Mayo Township, Hastings County, 

A ntunber ot or0 lenses of dcil'f'et-e.nt sitaes Jill'$ k:mown, but minin~ operations 

have been eonf'ined to four . Thi s study i oonc0rnad .Jith the loreest and 

richest of these deposits , the BQsaemer No. 4. a ituated on lots 4 and o. 

concession n . 
This depostt , o.s w~ll as others in tbe loe-al.ity hus been exploited 

intermi.t'bontlt sinM 1902 by a numbor of com:ptmhs • The latest sh:\.plllfilnts 

from this mine were reported in 1914 when tho total amount of ore shipped 

'lio tP.a.t timo was reported to be 92,413 tons (Lindeman and Bolton, 191.7, 

P• 50) . The deposit has been developed by a pit 275 t ot in length (Plato 

l 
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I figure 1) and aver gin eo feet L 'lidth, as ~ 11 as by a sha.ft and 

three levels. During 1941 nnd 1942 the :Frobisher " plCl,.. tion Company 

Limited oor1~ied out an extensive surface and underground exploration 

prog:t· inolud1n~ di runond dl~illing . Baaed on this ork, the ore re­

serves were estim~ted to be 75'7 , 500 gross tons bet'ol"e dilution. avera-sing 

42.18:£ iron, a.ao•" sulphur; 0.018~~ phosphorus, and 15. 9% a·ilie • In... 

cludi.l:lB ten percent dilut ion from wal.lo the tonn ge is 855,250, nvera"'ing . 

39% iron and O. 'lll;; sul.phur (l:Jadson , 1942, P• 3). 

At the present time the open pit and the ttnder. ound workings 

are f'looded and ore in oceseible. 
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This \-rork. was l:!lade possible by the cooperation of the :l:'robisher 
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work. especi lly in t;be preparation of the pbotorniorogr phs . The r.ritor 

Wishes to thank Dr. R• S . · 1\l'.J.:DStro:ng, Pr ofessor H. S . Scott• and Professor 

D. 1\l• Shtn- of the De:pu.rtment of Geology; !1CMaster Univei•s1ty for helpful 

suggestions and criticistna during the courao of the l bora.tocy work. 

Informal,. discussions with ·the l'iter• s aolle es of the p:robloJM ttend­

ing this study ;ere both helpful and infor:mati-a'e. 
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E!Gl ot{AL GJ£0LOOY 

The' Bessemer iron deposit lias within the Grenville sub...pr ovinoe 

of the Cunadian . "scamorinn C-$hield . •:Phe rocks f'o:rm part of t he GrenVille 

serios underlying a lares part of ooutb.e(l&tern Onturio and extcn.d.in ~ into 

the \dirond.ack region of tho United St ates or 1\merioa. 

The Grenvill e ser ies consists of a highly altered complex of 

sediments. volcani cs, !imd 1ntru.'3 iVes . The eediments inolude limestones 

arul dolomites r anging from :pure cryst alline types to highly 1mpuro oQJ. ... 

careou.<J gneisses und a...1"!lphibolites; paragnei sses ob.ur acterized by a.bun­

d nee ot oeoond ry rninerOls;and em.!Ul ill"Q s of e n<,,lomerute . Volcanics 

include baoie floWlJ and tuff beds, locally considerably altered to horn• 

blc:nd.e...ehlorite schists . The sediment s ~ vole ntos are> highly .defom.ed 

and folded , and d1ps are aom10nly vertical or :near-vertical . A l arge 

:part of the area 1o underl ·n by granite gne!as, :pegmatite and hybrid 

acid gneiss . other i ntrusiVes i nclUde Xl'l.l'Ellal"OUS az...bbro and d i orite SliOOkS 

and. dike~:~. or partieul.a!" i~tereat: to geologists hav& been the nepheline 

syenites and pogmatitea ooe'l.l.rring in the area . 
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The rocks of the m-ea v~ ry in strike f'l'Oill tl30°E to l¢60°-m and dip 

to the southeast at n average ot s venty-1'1ve degreeG• 'rhe rook types 

ot the area consist of hornblende-:plagiocl so and oiotita-pla.giocl se 

gneiss. crystalline limestone; mineraliz d skarn zon~, and diorite. 

'rhe gneisses, limestone~ and skarn zone c.ro oo:o.rormabla, hel'OaG tho 

diorite dikes out across those x•ocko . i'he field rell:).tionahipa or~ shown 

on the m p page 1. 

Hornblende-Pla.gioel eaa Gneiss 

'l'he hornblende• plaa;iool ase gne~se fo1-ma a band from 300 to 400 

feet tide cmd 1s 'bounded by ccystal.line limestone to the aoutpeast and 

by the skarn to ·the northwest . The gneiss is strongly f'oli ted parul.lel: 

to its oontac'bs ,, 

The bulk of this gneiss is coarsely crystalliue with a. r~ain 

s i2e averaginG bout 0 . 05 em. in diameter and cons1sts mainly of pl :sio­

claae, quartz~ oaloite, and hornblende . (Plate II, figure 3}, lbe pla 

i<>olase is clear and unoltared; t t'ifi nt.l:ing is present in some grains • but 

lacking in otlters. Optical detantdnatious indicated a (-) 2V of eiG];lt:;r­

eight degrees and an extinction ·e (between Z and 010) of t'ift-y...n,ine 

degrees , corresponding to Ab2e ?Z• uar'tz an4 a.alcite are present in 

varying amounts throughout the enei s . The hornbl nde i s dark 1n coloUJ." 

and shows stron'"" pJ.ooolu.'oism trom light yellow- green to dark blue- green. 

It h s variable optical properties with 2V ra:It.;,~DS from (•) sixty...seven 

daga'ees to {• ) seventy-seven dogr-ees, and: the extinction e.nib].e L'rom ten 

to twanty- n:i.ne tle{Jl•ees. This corresponds :t.•ougb.ly to e.n. amphibole ana.. 
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lyzad by • M. l31l11ncs (1928. pp. 290 , 291} which he terms "~emaghasU.ng-

site~and t~ich has a comwosition of: 

CaO........ • .12 .42:~ 
t:e;o•••• • ~ • " •• 'l •26 
Fe2o3• •• • • •••e • • 

oo.. ..... . . ..l5.S5 

N~O· . .... .. .. 3. 21 

Other minerals in tho gneiss include a pale eon d1opside, 

so100 stron: y pleochroic biotite, orthoclase and microcline, and scat-

tared grains ct pyrite and magnat its ~ 

There ar tevl na:t•t'OW limestone members i n the hornblende• 

pla.gioala.'Se gneiss which are entirely conformabl e and which exhi bi t 

sharp boundaries ag· 1nat the gnei ss ou:te:t'op ot one of these bends 

The.r._, is a fine- grained bnnd near the oonter of the co&rse 

largely of a tine... ained equigrenul....r acgregate of mineral grains about 

0. 005 am. in di - eter. '!ih$ minor- - s include quartz; :plugioclase-., ser1­

cite, and a dark opaque minert:.\1 beH.evod to be ilmenite. (Plate Il • fig... 

ure 4) . It is prism-atic in outline and ha':! a dense \'Illite ~lltoration. 

These ilmenite aina era distributed fairl y evenly amons tho other mine­

rals, and Ilave a common orientation. nmall sericite flt:'\kes t ith the 

same orientation huvo developed a foliation in the fine• grained rock-. 

Ve:1!'l.lets of qaartz and pla: i oclaso dross this fine- grai ned m t or1al. • 

It is believed from the evi enee .1vailable that this gnei ss is 

of sedi ment ry origin, hence a paragne1os. It lies con:t'ol'Il'lllbl y betweem 

lir:tostone members of aedimentarJ ori- n. The banding o uacd by ttle ar­

http:emaghasU.ng
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ran:..o:ment of light and. durk miner<!.la is parallel to the oontuots un.d 

may a relic bedd1n .• 

'l'he ori.:.: nal rock is .beliov cl to have boen a g:ra;vwacke viith a 

fine-·~r ned oilt mern.ber and sovareU. thin limestone monibera. 

n1ot1to-2la~iocl se Oneiss 

In the northwestern l't of 'the m!.ip ehe<rt is Blloiasio rock that 

h~ boon mapped as granite by Lindemun and Bolton {1917) and by #c..;eolots:iots 

of bh~ Frobisher I:Jxp1orat1on Compat"'ly . •,ic;~.•oseopio examination or several 

specimens, llo overt thowod that tho rock is composed l r "ely or qu.:xrtz; 

untwinned :;pl. ....iocl ase foldspar of e:lmil r Ct>lnpOsition to tho pl f7i~laue 

i n t he paragneisa to the eouthoust, and biotite, with few calcite and 

muenetite gr ne . The rook ia quite equiert::tnultl.t' and exhibit 11ome 

foliation due to the arrangement of the biotite. ':l:he cont <ot bet eon 

this gneiss and tha limestone 1s nowhere eXposed , but the eno?al tield 

rolationu shoi: · th ,t it; is roughly oontorl.tli!lble . 'l'he gneiu.soeity is para.l ­

l~l to the regional structure. ~his i s obviously not a noru1al gr~1ite. 

but may be a contaminated phn.se of grt.tnite. Unfortunately , bee.: use of 

1 ck of illformution r~garding tho rock ·to the north lest , 4t ie not lmo ·m. 

whether thi s gneiss erooes into a normal ~enite . 

Crystalline Limast one 

'-.he limestone is p:r:•esent in two band a wide 'belt ocaupyine the 

southeastern :part ot the urea. mapped., and belt less than 1 00 feet :w:i.cle 

just to the tlorthwost of tho sktlrn ~one . iU.l of the limasto.ne is OOB.!'SO ... 

l y oi•YfJtlllll i ne and is .~enel'all quito maasivo . Host ha boen oon"torted 

to a :pure 'lhite m• rbl e, but thora a.re soma dark 1Ill.!?ure banda consist in,.~ 

http:limasto.ne
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mostly of lL100 sil" c te.s . ;omo t the lim stone ad j cent to the ka.rn 

zono has ben sil1catcdt th the form;tion o tremclito. but in eev ral 

pl aces clone tho cont act the lime tone i s oimply reeryst ~J.lized~ The 

limestone is cut in a number of pl ces by mnell veinlets of pure hito 

quartz; around these hus been d.evel01Jed a zone of' tre1noU.ta from one t o 

Diorite 

A lo.r8e n.uribar o · dio ite dikes oro found in tho a , and th'9se 

cut at an angle all the rocka pre'lfiously ncntioned . The marctn.c; against 

th~ intruded rock ure i n ,onoral quite nhorp , and almost t'li thout o~i:aoption 

fine-gr ined . llowovor~ one co:utaat exposed by n trench about 100 faot 

ad joinins crystallino limestone for a width ot about onG toot (Plate III , 

figure '1 }. The dikes .are quite i rreSU].ar i n shape :rrequentl bifurcating 

and changing in strike, Hence i;t is not 1.,ossi'blo to obtain ·1 clear idoa. 

of their o".ror-llll ori entation. 'l1h di orite oxl1ibits a. li :;ht f'ol i ation 

p~ T'allol i th ·the \Julls of the di res . 

highly coloured, :pleochroic hornblende . coessocy minerals 1nclud · brown 

bioti.te , quartz , titw1itc . magnetit , and rcre :pyrite . of tbo to­

tito is ·vidontly secondury ter hornbl.onde . Tho magnetite :1. 0 closely 

ina ot the former in a nUlllber of canes 

being encl osed in the l atter mineral . 'l."hia is r.r :tJ.b.al' ·s esttve or 1lniD 

nite or t1tani:t'e;r.•ous magnotJ:te brealtill8 don to i'orm ttt!lllite ai1d mag ,.. 

tite .. 

he d i ori t e appears to rapreeent the last staae of i~eous ·a­

http:bioti.te
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tivit:Y in the area, and nuot h vo bo n int:-uded conoider-.J.bly l ....ter than 

tho m to.morph1sm of the other rocks in the area, Thi s i s inferred by in­

jection or tlla dior1ti o mar:.;m.u ons fractures cutting the foliation or. 

the other ro~k as ~ll ao tho uk~xrn zone . 
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FIGURE 2 




Structul'e 

The ore zone 1a here eonaid red as the zone ot skarn devel­

opment. "ost of the skai'n zone containe bundant l:l.U{l;netite; al thou.gh. 

in nome caaos the slro.rn ox-tends up to twenty- five to t beyond the ma,r... 

giF..s of the magnetite . 'l"he aku.rn zone is sinuoue in shape ana li s 

eonformab1y between o:r.ystalline lim(,HJtow to the :uol...tllwest and pnra­

:;neiss to tho southeast . It dips to the southeast at soven:ty .. tbree to 

eighty- one degrees (see figure 2). ~vidence o interbcd movement vres 

obocrved along the southeastern margin of the body. llthou€)h it has 

been expo ad at the surface for only about 300f~et. the entire zone, 

as shovm by d1mnond drilling and magnetometer survey h:..-w a total loxlgth 

of about 4200 teet. ~e width variea from about ten to ninety feet. 

There .1e an irregular ba.tlding i.n the skarn zone protluced by tho 

a.rrungement of tho minsrnls ( Pl.a~e III , fi :uro 8) • 'fui s is more or l s~ 

porallel to the olls of the rika1•n zone and may be relic bedding. 

The magnetite itself i s 1r:ro$lJl.ax in dht:t"ibution both in horizontal and 

vertical ::R~ction (See figure 3) . •it the south: eert~ern end or the skorn 

zon the m.ac;netite is immediately djaoent to the· limestone ljtin~ to the 

nortlw;est . At the northeastern end , however, tbe lll<'ileneti.te is sepuro.too 

from the li::ooatone by a twenty- tivG) :t'oot . d.th of skarn. 

!ilneralogy 

'!.'he distribution oi' minerals in the s.::: rn z ne is ver' irrebu... 

1(ll'- Thie is shown, tn purli by fi.gare 4 which :represents a cross- 3ection 

of the skarn Mne ·taken lon r diru.70 d drill hole 1lW!lbor 9. 'fhe> l)orco:n... 

11 
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tw.;eo aro :rrn.'oxir:l::l.te as they iOrc ostinntad tr u thin sect i ono mruie t rom 

spic'mens o~ the coro t. an at intervals , but they servo to ill ustr ate 

't h irre 0 a.r di otributiou or tho nincrols .. 

L· ~net ita 

As s t ateO previously, m~~netito is not found ~croos t he ent1r 

width of th skarn zone . 1 n.ere the .,. r-net i t e is r . thor spar•Jely di ­

s otllin<lted i t occurs as eutt orod grain$ commonly subhed:t•oJ. t o cum,dral 

(Pl ate IV, i'it>ure 9}. ·,here it is mo:r.c abundant , i t occurs as r . r;ged 

mass s i ntri ce.tal y i ntergrown wi th gangue minerals · (Pl o:ca IV, f i sures 5 

and 6) • ..here ho:rnblend and pyroxene are b ) t h present the mugu tite i s 

found lo.rc;oly with t he lat·~er. Massive magnet i te devi od of t enguo minor-

he ~etite , i n l arge part , 11t loo.st, sooms t o 

be conte:m:poranoous vrlth t he gangue r.dnerals. 

There is u l at e s t $E;l :mW"'..)let 1t , praaent onl y i n rnicroacopic 

quunt i ties , vm1eh. occurs s tiny repl aco ; ..ent veinlets cut·bing and r e­

pl ac i ng g1:mgue :mi nerals us 1ell as sulphides ( ate I V, fi~o 10). 

Some sulphi de grains t::U"e entirely SUl 'I'OUtl(},e(l 'by l~c;ne1;ite . (Plato ! iff 

fi~s 11 end 1 2) . k number ,of ~etito veinlets contain blebo of 

chulcopyrito a:nd pyrr hot1te, and ono '\1ei·nlet waa observed h :ving a mar­

gi n oi' m r.:~tite and a core o:f' ohalcopyrite ( ate V, fi gure 13). It 

appears, then, that the late magnettte is mostly later than the sulph ides, 

but that some of it is contemporaneous with and even somowhat earlier tlum 

chalcopyrite. B. s .. Butler (1927) sug"'ests that the appearance of late 

magnetite l'epresents a reve:r~al. of tho normal order ()f deposition and :is 

the resUlt of a temporary or l ocul increase in t empe:rature (p. 235). 

http:rrn.'oxir:l::l.te
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'fh aul hides conotitute a. minor .part of tha nina:rn.l a.s s embla e 

:f' the skarn zone . 1l1he sulphur ao tont · rt the ore is in. most oases loss 

· than one peraont t end only rarely tllld locally does it 1nareaso to over 

two percent . 

Fi~ure 5 attempts to sho~'l the J.uantitative relationship between 

iron and sulphur along several dium¢nd drill holes . Eost of the iron io 

present in ma(;lletita and :pr obably all tho aul:phlll" i n sulphides, eo that 

this chart mey well be to.kan a.a repr~senting the qu.untitative relation-

Ship of mug.'l.etite and sulphides . These values wore obtained :fr om ore 

assays made for the l!'robisher J~ploration Gom:pany, and make it eviclent 

that there is no uniform quantit a iva relationship between magnetite and 

sulphide. 

iS generally pre~ent as irragulal" grains . In 1nost e sao there is little 

evidenoe to suggest replaoernent 'by tb.i.r:~ mineral .. IIowaver, in a few oases 

tiny pyrite veinlets out ucross gansue minerals nd. oocusionally stll'round 

them or embay tlloz:a (Plate V, f i ~ure 14) • s everal veinlets ·tuere found cut­

ting magnet i te . Some r ounrled and engul .,., 6J.'Uins of magp.et i tG m-e in a num­

'bor of places found entirel y enolo~H3d in le.rgo grains of py-ri te . 

l:7rite 1. cor::nnonly replaced by other sUlphides, notabl y t:lwloopy­

rite and · yrrhotito, t.-lnd the :pyrite is observed to be veined by thesl.'t 

sulpnidos and 1s r~equently left as partl y replaced remnants in them 

{Plato V; figui e 15 • 

pyrrhotite. Pyrrhotite is ~uite oonmon in the ore zone and is 

present in irregular m ses . It replaces ~aneua minerals , but i ts ro­
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lationship to m.a:znetitc is I4-ol'e dii'f1eult to etol"mine . T:hG contacts 

b two n the tw·o are generall Slmooth end rounded, sug::entin oontem­

por..:meous deposi·tio • One sect i on, ho.<t.Ner, shows un cu.hedrll, crystal 

of ron -:n,etite a.J.rnost entirely sur:r'Ot.md.od by :pyrrhotite. i\lso, where 

notito and gungue a:t.• adjacent, tongues of pyrrllotit a:re commomly found 

injected at the contact, SU860stine ropl coment by pyrrho~1to ong the 

mar·,·ins of the grains. Although the evidence is not conclus1vot it u 

pears that pyrritotitc ia later than ma,gnotite . 'I'his is shown indirectly 

ohaloo_pyrite (Plate V, f1gl.lr$ 16), 

a~ it is only resent in very s~l qunntitics , and 1s found 1n only one 

section. It to believed to be 'P tlandito because of its hardness, colour 

end e.tch test l"esulto It ie found onl-y in voey close ·s soci tion Witi.h 

pyrrh.c1tlte . It occurs as replacom~nt :dms at"Ouru:l pyrrhotite and conteins 

renman.til of this minor~ (Plate V! ~ fi~\U'e 1?) • I t is 1n t urn Clit &111 

ro:pluced by chalcopyrite • 

.,.,~~c<>m;t:it~.· OhaloopyX"ite i s p:resant b. votns ond m:-.-ssea. Rt:l• 

pl cement veinlets of this mineral cu.t end. replace gangue minerals (Plate 

hotito than with any ot her mineral. a.ml frequecntly u.rrounda and voine it 

{Plate v, figure 16) • It aon-u.only contains pyrrhotit e renmants . 

Ohaloopyrita i s th l at est t t he :;.mlphi des and the lat est mot<U~ 

http:sur:r'Ot.md.od
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lie mineral Vl$.tb the exception of late stage m.agnetite . 

Non-metallic Minerals 

Garnet. Garnet is by no me ml foWid througb.ou.~ the ore zone, 

bU.t is reotriotod to a number or lenses . Hence in quantity it is a. 

minor constituent of the ska:rn zonal. 

The garnet is dark am massive in hand specimen~ red• brown. in 

thin secttion. and completely t.sotro:pio in polarized l:Leht. It is darker 

in colour along aom.a fractures, suooosting addition or ivor.•.The ga~ 

net belonga to tbEt Q.grand.ite group {Vitnehell , 1933, P• 180) , partiCUlar­

ly rtoh in andre.dilte . This was eatal>l:l,ah$d by the high retra.ct1v index 

of the garnet , consider bly above 1.83, and its magnetism. Dlo\v..t>l 

tests sho 1ed that th• garnet tuse$ easily to a black magnetic globule, 

characterisM.c Of andra.dite. 

tthe ge¢net ia irregUlarly fl."ac:tr\U"'~ad aml ao~ ot tho fraet'l.lres 

ere, in ;part filled by epidote and he.d~nbe1'gite (l?la.te VII~ ttsure 21). 

In some instal:l.Ces, ho evor, veins of garnet cross tine-ar~in-ed aggre... 

gate of EJp1dote and heden'bargita.. 'rllts 1nd1oa.tes more or less eon.tem­

poraneous crystallization of these .minerals . In a nUII'lb&r of cases t~-o 

garnet is eut by numerous cal.oite winlets (Pla:t:e VII. • t1gure 21) . 

®,?idq~~.· ThiS millarJal ia, 'lith teW e;x:cepti-ona , found across the 

entire width of the skarn zone. It is usually present as small grains , 

but one section shows l arge l'eorystall:Lz~ grains . Bp14ote is v ey fresh 

in appearance ~ bright yellow in colour, ·and quite pleochroic 1n thin. sec­

tion. Uttlversal stage deterxni:n.ations sh01:-1 that 1t has a ( - )2V of soven­

ty...tt10 d:egreee , fUld the angle 'between Z and 001 oleavo.ge is twenty• n.ine 

http:oleavo.ge
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degrees . These optics correspond to an epidote containing ubout :four­

teen percant iron by ·~ight (Winchell, 1933, t> • 313) • bQnoe quite iron­

rich. 

The ll'd.nerals most closely a.ssooia.ted 11th epidote are oeloite 

and hedenbergite; in f ct , this aasoo:l.a.tion i.o .ulmost universal in the 

ska:t~n ~one. These minerals show mutual bound · ies . One section, hovv­

ever; shows a fine-grained veinlet ot epidote nd calcite cuttine; an 

at3 agate .of magnetite~ hede:n:bQ:rgite. ealollte, . d eJ)idote erains (Plate 

VII • figure 22) . Thi s suggests an epidote of sli e)ltly l ater ~e~ 

~oxene; Pyroxene is found across the enti re skarn zone, It 

18 col'!!mOnly b.right groan in ool oar and in some casc.a faintl y pl.eoQhroic . 

Universal stase determinations show tb.at it l~as a 2V of f1tty- nine de... 

grees, llnd the direction Z makes an angl e ·Ot :fif'ty...two degreas with c . 

It is t hus est lJlishad as almoet :pure hQdonbergite ( tJinehell , H1331. 

It is usually present o.a Small sa ttered grain;:;, although several SJee­

tions show quito massive pyroxene ag~agatos . 

In some case& the pyroxene hus bean partly ro:pl eed by a pleo­

chroic hornblende (Plate VI!, fig\ll>e 2S) , 'but one section s.howa definit e 

evidence ot h01:nblellde being replaced by pyroxene (Pl t., VII, .figure 24} • 

This iruH..cates a reversal of the normcl. o;~:~der ot a1tor :t~on . 

'l'he pyroxene of the skarn zone is distinguished fro:IQ. that outside 

the zone by ita green colour and by ita largor extinct i on angLe . 

'ho amphibole is a highly colo red, extr ly ploo­

chroic hoi"nblende qu~te sim.Uar to that fO~ld in t:Uo a.djoi.:ning $faregn~1:li:J. 

It is not very oo:mmon .in th& skarn zone. and 1 ts most common occu.:rrencos 
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i.s an tere.t;Lon product of pyrox.~ne. So ot tho hornblende cont ina 

numerous round inclusions of oo..tcite {I~ate Vlli, fi u.re 25). 

Light green amphibole is uncommon, but looally foUll.d. It la.c~ 

the brie;ht colour or the cotllm\Jn hornblende, but shows sli8lJ.t !)leochl'oismo 

Ita optics, (-}2V of seventy...seven degree.s, and extinction e t ubout 

twenty de eea tl s ign te it as a mombcr of the tremolite- act in.olite so­

ries. 't'h~re appears to be a. oharaotarist1c la~k of 111!:lgnet1ta associated 

11th this ampb.1bole; ~jacent yro:xono rock contains abundant maen&t:l.te .. 

Qua,rtz. hla.rtz is eommon as scattered grains throU€)hout m:>st 

parts ot tho sk rn zone. It i ..G fresh and un tar d in ppear anae. 

Oaloite. Calcite is :present ln aU parts of the skarn zone. 'l'he 

grains are oolll!l.Only large and exh1'\iit g.llcle twinning. Calcite is inter• 

atitiaJ. to all other minerals in the zone, and in a etv c ses occurs in 

ve1nlets cutting the silicates (Plate VIli • fi~e 21). !n soma sections 

it is present s r ounded inclusions in hornblende (Plate VIII, fie~ 25). 

This au esta either pa!.'tial repl acement ot ealcite- by hornblende, o:u the 

separation of calcite tron hol'I!lblende . 

Chlorite . Ohlorite was :found in only one seation.. It 1.$ r ther 

fibrous, and the fibres are arranged more ot less normal to the ve1nlet : 

walls {Plat VIII, figure 26).. The chlorite is eon~'lO :nly found at the 

boundary between ho;rnblende end calcite ft.r ins, and is not found in the 

absence of either of these minerals. (rhis suggests th t the ohl('Jl'ite has 

been forrr..ed by !'enction between o cite and. hornble:r.ule , 

Titanite_. C:his mineral ;is rare :tn the skarn zone and. was observed 

http:maen&t:l.te
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only :i.n one thin section. It ocoUTs in :t-:re.... e.r ma &:a is alt rod 

in p t to calcite and a. yellot bl'om torntion. 

Bi otite . 'Phis nnnerm is also quit r l.r in the skai-n. zone, Tb 

biotite is light green and pleochroic , but is altered around the margins 

of g:c ins to a dark green pleochroic :mica (Plate VIII • figure 27) • This 

may be due to hyd:rotllermal al.tel~a.tion {Uinchell, 19:53, P• 276) . 

The gangue rrl.ner s !ll'C ch 'aatorized. by ricnneoa in iron and 

C"'CiUDl• 

en recrystallized 

t. a late !!l...agnetito occurs in \'oinletc cuttins gangue and sulphides . 

The sulphides include pyrite , pyr:dlotito~ chalcopyrit , and pos"i'bl 

p ntl .. it~h They are present a replacexoont masses a.'id i n voinl.Elt:a 

cutting gang,le ruad oa:tly magnotite . 'the folloWing table illustrot-es the 

seq:ueneo o:t m tallio minerals . 

Gan!JUe minerals 
il~<::rbite ..~. ••• 
f'Y7?ite .·•.. 

•• 14' •••:r:·:.. h'"lt:1te 
?<::Mtl :ndite ('?) •• 
c oleom ito 

The formation of tlle 13knrn ond a.ooompanying mineralization re­
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ettlted in the o'bsourin.g o.f original bedding. if any tma proeent, and t he 

develo.toont of an irregular 'bandine rou{;hly parallal to the lon.,. d:llnen... 

sions of the body. (flat~ III, t'1£;'tlre S) ~ 'l'hio" and the presence ot gar... 

net ~einlets cutting :pyroxene and epidote; and epidote~ pyroxenG, and aal. ... 

cite veinlots cutting garnot , suggests tho.t physictU. readjustment was tak-. 

lnt) place during developll'JOnt or the skarn body. 

The sulph1dos vJ0re depo.s.ited after the l"'Orystal.lization ot tr.mgue 

minerals and magnetite .. Th$ lt'lte...stage 1nagnatite may l:uwe been intro.... 

duoed by iron-rich solutions • or by re...solution <rt pr&o-e:dflting. :magna... 

tite. 'lb1s acti on is pro'b~bly closely related to tbe alteration of gar­

not and hedenbergite elons fraotttt'Euil by iron-r>ieh solutions. 



Possibly Hypotheses Reviewed 

'L'h ro is, in c.onoral , • sh•:u-p division between titanifo;rous and 

no:n- titanitorous magnetite d po its e ThG" formo:r are osoci tod '<11th 

basic intru:,iv¢s; ·tho l atter, m::re oomm.0nly 11th proc(tasos of metamor­

phism or etasomatism ouused by oid or intermediate intrusives . he 

B0asemer iron deposit cont o.i:ns no 6.l)J?raoia.blo titan.ii.Ull, oo in the dis­

cussion hich followD , it <;i.ll oo eal:lP ·od · rl.th ~leposits of non- t1ta.n­

1f.eroua oagnot i.tc . 

nw~bo:r of diffe~ont aaus hu o een asc~ibod to t1e non­

tits.nH'erou ma..:;;netitc deposits which have been studied to da.to. Tl1o 

~"a·t ~o:t,>tant thoor1eo oro the injection, metasomatic traplaol!m16nt, and 

syneenotic theories. 

Injection .ot, .Mtlf>n~tit~e ~ a Mam tic Dif:f'erentia.t.i,· to 

'rhG proponents or thi .s tha-o!l:'y for th~ ori gin of non- tUonife:rous 

m etit e ores believe that the ol'e ia a. 1 te differentiate of igneous 

body, Geijer .(1 931} attri butes this origin to t he Ki runa iron ores , cou­

nacting them wi th i gneous rocks of un i ntermediate or moderately s i liceous 

enurncter. Zava.ritsky {1927) found fre..,~ents of wall rock suspended in 

the magnetite of some Ural l~oun.tmin deposita . In northern ifew J'eray there 

aro number of occurJJcn.cea of m.usnetite in pods Cooformable to the en­

closing gneiss. Th1 1no.gnet1te, L. r .. Smith (1933) believes, was torro.ed 

by mplaoemcnt y end-ph o aq eo...ign ·ou.s differentia.tes. 

'l'hi t h ory requires au port by m.pla.comen relations or airr..il~ 

22 
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evidence. uch textures mi ' t include brecciation of w--t.Ull·ock, sl l!'p 

contacts batw en IllfJ.Gnotita and ·; lrock~ fr1l{;mer.tn o:t wal.lrock in the 

mae e·Ut ~ und cross-cutting rol tiom h:tp of mu,znotite. High temper=... 

tUl~e n.ltai'ation would be probable . 1 ona ~ th.eco i'e•tturas h~::.ve boon 

observed in tho Bosse er deposit; hence ·the tho ry of injection ie un... 

likely tor thia deposit . 

Metasomatic Repl acement 

tletasonnt ie ropl ·oement or pyro.metasomat:.tsm involves t he "re­

pl<.: ceroent of the enclosing rock \' ith addition of subst ance . They (the 

deposits ) at•e f r~d at hi gh tmnperuture by enanations issuing from t he 

1ntru"ive'* (L1ndgr n; 1933, P• 696) . The intru"ive is enerally ot acid. 

to intermod i to coltiposition; while the host rook must ba one f avourable 

for repl- ca ent, ·· uch as un imnur limestone. Kx>.op.f (1933} stuteo that 

the "distinBQishing feature of pyrometusomat ic deposits is the association 

of motolliferou.s mineruls with tho ca.lc1c silientas of the ao- eallot'l. con­

tact-metamorphic cluss of mineral " (p. ·538}. The calcie silicates in­

elude andrud1te- rich ga~net, pyroxene, ~hibole, and epidote. 

The eneral par·' enos1o or these ''"ner~lls fo1•mulated by v. .. 

Goldschmidt in tho Oslo region ohott;ed that magnet ite ru'!.d iron sulphides 

• re partly oldor and partly younger than the skarn silicates (Y.no:pf, 

193$). Moat later ·JJ.•i tere (l30b.re, Osborn and Rainl'Tater, 1936; Schmidt • 

1939; and Holser s, 1950} found that the sllieutes were developed before 

. l the deposition of magnet:te . Kihlstodt (1948 ) , however , found th t the. 

skarn silico:tes ttW"ere f'orroad atrter deposition ot the iron and sulphur . 

The nature of the v. • llrock is of e;reat i mportance in the ; roooss 

of metasomatism. u. Schmi dt {1.939) found that epidote invariably aoleets 
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aluminous :rocks, shale, and shaly limestone; garnet avoids th~ igneous 

rock e.nd shale and sel(;)Ots limestona or sli@rbly shaty limestone; the 

ooat ore favours the purer linleatone, 

The problem. oi' origin or the. iron is a dif'ticult one. Skarn 

develop~nt is caused al,m.ost entirely by acid to interm.ediate i ntrusives . 

Yet richness in iron i s not oho.rauteristic ot gJ."a:nite liqtd.ds (Reynolds ~ 

1946)., Neither Niiller {1921} nor !Iolso11 (1950) :tound any tru.-J.gnstit.e 1n 

'the intrus ives near magnetite bodies in the Adirondack region and Menta... 

na respeQtively. ct:t"ou'b (1923} , however, found what he considered priln.ery 

magnetite to the extent o:t" ten percent i n ot hertase nor.HWJ. Vel."milion gra... 

nite in Minnoaota, E4'1d granite pegmatites containing conaideraol:r mre 

magnetite. 'l'he:re is some doubt as t o Wllether this magnetite is of pr1l:l.lal!y 

origin (Millar, 1923), some Wl'iters have obviated this diffitrulty by 

postulating the "leaching"' ot iron from il'on- rich rook by i gneous emana­

tions and .its eono<llntratton and redeposition by repl.aoa:rJ:~.ent t'al'tller along 

(:Miller . 1919 and Mey:d, 1949). This is supported in part by obsEilrvattona 

or &oklund. (1938} • Curr1er (1~3.6. ) and Reynolds {1 94-6 } who di.soerned e. . 

tt'bas1c frontn development of matie u.J..nerals sonw distamc.e in front of ad... 

vanotn€5 8l"m\it ic magt!JA.• But t his theoey is aii'fioult to pl'ove in the case 

of a speoif'ic iron deposit tmless d.e:finite evidence or i mpovel'isbment in 

iron :tn the n,ea:rby area is eata.bliahed. 

Many ot the ruU.:vo:ndack non- t1te.nifa1i'Que magnettte de!>oaits have 

been attributed to a pyl~omet~oma:Ue origin {G~lasher, 1937; Ooloey, 

1921; and Allillc!ih 1959) . To dat~, no 1rrt'>\)nsive study of the non .. tita.n-­

1ferous ntagn(lltite depos it s of southeastern Ontru:io bas been made, but 

t ha eonseoous of opinion favours :pyrometa.-.,om.atio replacement ('l'homsont 
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1 943; R. 11 . o eo-personal col'J!"..unioat ian--1950; and L. cyd--po~sonW. 

oon unie<tian--1951) . 

~~~~motic Ori ;.in 

'fho b -sic DSUIDJltion of this theory is that tha i:ron was prcoont 

in some fo , in tho rock before meta::nor_phiom, and tha:t t he· e:ltistinc ore­

body is this mute:ria.J.. in its original or :rooonot1tuted ~rta.te . l .ason 

(1922) belie~ a that the r.:ognotite deposita in f:l"UY Gneisses in tho 

diron:.lack region ar(.l oontf~Zl1.PO:r"l:U eous in origin with their host roclre 

wh ich he considers metomorphosed sco.i.ments* Other ,-.:rit r ... f however~ 

are opposed to this theory (Mill r , 1922; and iew1ond . 1925) • ,raQ;Ousson 

(1936) found skurn iron eras showins a trar aition to banded r.oatite 

ores o:t sedil:;Janta:r;v orie;in in central. Stroden J nnd oonaidera that Granite 

omen t ions fonnad the ok n minerals o..."1Cl. el te:rea the pr~·exiating iron 

ores by "'regional thermo-metam:n•ph1SJ.ll, through reaction between al­

ready existing sul:lsta.'lC€HJ s uch as oXide, hydro::r.i(le. end carbo te or 

iron (and mal"..._,ancsa), silica, fud ca rbonates of calcium. and · ae;neoiU:"n•" 

Geochemical trace element n,nulyaos of' Hwl~dish iron orea by I.a.ndergren 

(1948) ~:~llowed that tooro was cloaew gonetiQ rol. ~ tionship bet 1een the 

sb:trn magnet1te ~.d the aurrow1.diug wal.lrock than between it and the 

granitie intl."l siooo . ~ · L. Eruee (1922) has dGscribed lenoes ot magne­

tite and hematite interbedded · th 'neissos . ne consider., t hat the 

irQn 'IllS deposited an hydrated oxides o:t• as curbon, e 1 und altered to 

magnet tte d hel!l<:it i te through recionAl. disturb~"'lces • Rambel\~ (1948) 

sut:,geat .s that t .e tormE tion of n gra1ulite f rom a hor blond.o-biotite­

augite rock results in tha ;release o iron and titanium, f orming titan­

i:feroua magnetite from b <oie rocks" The s e !):t'inei:pl.e could conceivably 
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bo ~plied to non~titaniferous doposits . 

Xf the iron h bean deposited as ferric oXide, regional meta~ 

mo ~ hism can a toot the ch r ge to me.gllat ite , for when deposit of hy­

dr~:~.·too ferric oxide undergoes .crotarnorphism, there is a: reJuetion of li­

monite to homa ·:ite, anil t hon of hematite to m.agnotite (Il rker , 1939, p . 

84). uddington {1939} found a distinct inQrease of ferrous iron at t e 

exnensa of ferric in p ssing .., rom Z?ne a ot lower to hi .her metamorphism 

in the Adi:rondc.c~ region . Ku.ll l.' , e:Jl;:;p6ri , nting on th hydrotha.rm 

:proeipito.tion of ~ctite and hem ·tite t'ollnd hat t1 ;Jnetite is formed 

r ,1927, .P• 16'7) . ' hus either 

i'erric oxides or ferrou., carbonrJ.te could Pe ch ngoo to l1aBUoti to through 

ree,ional ntet norphism. 

Discussion of Origin of the BessemDr Magnotite Deposit 

Any theory or group of thoories taken to explain the or gin of 

the Bessc"hler 1nagneti te depooit should. be able to ccount .~.or nl.l of tho 

faatarea include : 

Relationshi p th tlte tld joining rocks 
Shape of tho ma". tit.e body 
Vari lbi11ty of tho .iron content 
Internal · structl,l1.'e of t orebody 
Felationehi) of skarn and m~otite 
Comp aition oi' tho oro Zl'.h 

Evi.dence of hydrot ermal activity 
Late-stage mo.~.rwt ite 

rh~ masnatite is confonn blo tith t ta~rphoood scdi nta 

on eit er side. Cor..J:ormability wo 1l d be eXpected in the ontJo of oyn.. 

ronetic) re:pl ~cernent , or injection depos its . t:f the iron .era present 
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~ s a aedimontary bund. it would. b e :mi'om-bla. on th othe r hand , the 

oon:f'or.m. :bility might repl:OOIHmt u. bod espooially favour· ble, ohet1:10ally 

or physi c · ly, for replacement . Or t if injected. the ore vould tend to 

:f'ollo.i' the previou:;;: :toliution• 

.mother structural f e ture is the position of the m~.:,gnetite band 

raL.:ttive to the otb.or rocks~ t hat is , between gneiss and limestone .. 

This may repro ent a oh n~ tn sodimentntion, perhaps duo to a different 

source or · change t n eondition..q of deposit i on. In the <H se of he 
.~ 

Be~semor area, the order would prob bly be limestone, follo ~<l by fer-

r..t•·(.nous c ·u-bon o, sueooeded in tu:rn. b era ck(l , re lectin,g s _ 1 -.~-

inf? of tbe basin of' depooition; 11" the bedn ure overturned~ the order 

v.rould b.e ro'!l'o .•r.Gd , sttggesting deeponin,~ of t h e basin. 

Since the skei-n zone is at tho aontr.urb betvman t wo d:t:t'i'erent 

r oo.k typea, there i s possib lit y thut this cont "'.ct .f"fordad en y !JO.S­

a age to e1ltering solutions . Jtowevor, this \.R)U.ld not ex:-_.1 in the po... 

c.ition of the mue:netite , as the m, gnotit one is not ai j cent to the 

eo.storn ond. IJ.'bio slight divergence is oosi'ble when considering -u 

aodim.antary origi n or the :.tron, as thio .might re:tres rmt t hickening 

of' a sedimenta.I'Y ·od e between the iron b tnd and the limostone. 

'!"he long , sinuous shape of the m:. ::;nati te deposit eun be attributed either 

to replacement or to acdi.n'.entation. This shape is oomnon in the case 

of banded iron t•om· t l one, yet a favour able hot'izon oi~ t his shape~ .men 

;replaced, ;ould huva tho same form. ·rue dopoeit nidens t f lexures, 

which again could bo oqunll y noll explained by eithor hypothesis . 

'lhe iron coutont is axt remoly variable O:croos th ontiro zone 
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{i?igllrC 5). . a SJm_,enetic t:>tcory oxpla..ns this as sodir.:ont . ~~ var · ...t 1on; 

the epi ge:netic , e.a diftorontial re:placo.:nen~~ 

'.i'he:t-c is a rough ban<11!!g th:roUS}loLtt the r:1agnotito deposit ''•nieh 

is phl'allel to tho rn reins . rr tho skarn minerals und the ill t"ne·ti e 

1ero i'or.tred f:rom }J:r -existing s dim ntary cons.titu...uts, it would be 

c.,..~ eoted that tho ori ~ihal sedinentnry foliation ~.K)Uld be p·rcaervcd , 

as tho formation of oaeh minez•al baud ·would depend o the c mposition 

of the original aaseribl~e., Hov~ever , the banding in the orebo y is t oo 

irregular to repx•e:; nt a tr!~ns:format ion in situ of o. bedded sedbent . 

r more planeible cxpl£roa.t toP is tha~ materi;ol ~ms added end that this 

proeoss resulted in the :partial obscurir~..:.. o:t the origintl.l foliation., 

'rb.e zooo of maJlletite concentration is enti:rcl y 1i thin tho okarn 

oone , susgesting a close eenetic relationship bet-u:i.en tho rna ...)'ne·tito and 

okarn tl.inorll s. It is altogetl er 1 ikely that an iron. .. rich b-md , un­

stable ~nd.er conditions of metur....'1rpb.isn, m1c;1:1t be roadily trlit e d by 

el&ering solu·b:if.ms . A . .1ore likely poenlbtlit i s t ho rover, hat the 

mot&.,.,;.lrphic proce!,l~os instrumental in the d.eveloprn~nt of tlie skarn could 

conceivt'tbly have been those i nvolved in the intr-oducrtion £ the iron if, 

irldeed, tb e iron bas been int1•oducod. 

Host of tho nt·'@letite apponrs to be contempora.11oous ·ith the 

Cell ne nine l.•ala . Fne e;rains are commonly ouhedral, arld only .rarely do 

tho magneti.te •ra).ns ox..ltibit ropl eoment ·t;extures against tho gan~rue .. 

1'his suggosts that the iron w~:.'l prosont as :pr:luaal»y mi uo:r·ul ot• that , 

if the iron as added , recrystall1z tion ol' th ... i neral a3 ce."llbl 30 took 

pla ce artel' udditicn Of the i r o:.1 . B th e:tplanatiOD.$ GGCI:l <HiU . ly pl S ­

iblO o 
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monJ d:t•Ul hole no. 9) vm cbtnil"!.ed by eotiroo.tin, the racentases of.' the 

m.url.ous minorale obsor ed in tl e t'l!!.in-seetiono an.d recalcul- t1nr:1 the;::'l 

to e:;'i.vc · ul' es i'or -tlto oxi e perctHltngeB . The miner ls cod in ·tm c,:ll .. 

cul....:Uons include heti· bereite, epidote, g:u.onot • hornblende • ea:l.ctte, 

quartz, trcmolite, and. magnetite. Other minerals, present in s Oller 

Q.UC.l'ltit ies ··ere not used in the ce.lcuL...ti ns beeu,t\s they \:oo.ld not p ­

preeiaoly affect the over-all omn:po ... tion. The margin l)l error pro 

ably docs not oxcood fL teen .,arce::-.:t . !n 'l'abla 3 t column 1 ,...,iveo the 

values or tlu co:m:nositton across tm orel:ody, ~;.~hil~ column n e;ivea 

the values rlitb.out oonsider:i.ng tho nnc~ctite . 

B 0 D E F 

fjiQ2 22 57 23. 90 34. 80 42. 09 42.14 
IJaO tf) 27 ~r~ .25 10 .. 02 .15 17.80 
Il'oO 
i?e203 
col) 
'\1~0~3 

'-)53 
. . 5 

3 

12 
8 
8 
4 

10. 72 
0.44 

32 !42 
o.o? 

19.70 
18.• 0 

3 . 82 

1 .4.5 
.• 03 

19. 20 
0 . 12 

13 . 29 
1 . 47 
5.08 

' ... . ?2 
gO 1 2 8 . 52 4 ~ ~ 7.07 0 . 72 

R20 0.4 0 . 7 0 . 99 0 ..1,0 L45 2.!JO 

.''nO 0 . 28 7 •. 50 0 . 25 0.4:6 
t.~Q3 0.1'7 
Tto2 
P205 
.~o·J 

0 .. 20 
0 4' 78 o.ot:>9 

o.l.., 

0 . 54 
HhOl 

H 20 0.6 l -100. 0 99 .? 9~.76 100~16 ·-~99 .?09 101.13 

Tublo 2. Approxi mate aompo ition of a noction <.H~ros· the Besso-aer 
m :n tite d osit coopered )ith u.:ta.lys n o. other fe.rru inou.s bodioa .. 
A. \:pproxi.nnte oow:positton or section alon"' D.D.H• no .- 9 <lc:ros Boaso­

mor deposit; B. Compooition. of oer.o.e section without con.silering ma,gnc ­

tito ; c. Iron oarbono.to , liUfl.:t'lint Lal"..e , Gnnada (Olarket 192•_, p . 583); 

D· H.ee:enoorgito-r.;urnet --mat. etite l"'Oak, D-ruideig LcJd o, :t.ook Duich 11 


Roen..ohiro (Tilley, l'J36 , p . 338} ; .E . ·were ~o Gun:J l:l.nt:f erru:;inous c r ­

bonate ( Zapfto, 19U~. P • 162) ; and F . !>m'iling rock in ·; baa.a i:ron ore 

formation {H ... yes , 1915 , P • 52} . 


ll'hen the aruil.yees 1n columns C e:nd E &l'Q recalcu.l tad to eqtull.ize 
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tho co2 content l.rith th:...t of tho neo<>ewor ere$ . moro ju...ti:t~ic" c.; pa.­

- ison etm ~10 iJ.:J.de, a.s c arbon dioxide • tlld be dri von off' under :mota:z.1r... 

phimn.. Tho~o alues are ~ho.m in Table 3. 

A D B cl El F 

' . .:1.02 22 34.80 37 :33.6 50. 5 42. 14 
ca.o 15 . O.D2 27 :31 . 5 9 . 58 17. 80 
..,'eO 
Fezo~ 
(;02 

) .~ 
5 

19. 70 
18. 60 

12 
8 
a 

15..1 
0.62 
5*0 

21 . '7 
2 .. 4{) 

5 ..00 

13.29 
1 ..4? 
5.cs 

Al205 3 !3 . 82 4 o.n 0.14 3.72 
,gO 

H20 
l 
0.4 

4 . 54 
0. 40 

2 
o.1 

12. 0 
1. 39 

8. 53 
l , ?l 

0 . 72 
2. 90 

110 7. 50 0 . 40 0 . 30 - 0 . 46 
so3 0 . 24 
Ti02 
Pf;Ot 

o. eo 
0 , '78 o.ol 

0 . 54 
13.01 

i!'e..• Oo.l ~'" 

t~!l£0 0 . 6 
100.0 lC0.16 lt.\0 . 7 99 . 86 99. 82 101 ..13 

·;; 'bl a. Oomparioon of "1>roximato cornposition ',ross lles emer ma.. .. 
neti.te deposit with nnal:ysee of other fer ruginous bodies . Col;,mm hoad-­
in<:}3 c.re the sa.roo as used in · bla 2 , with tho oxcopt ion ot o1 und -:21 
mich COl'l'ospond to C und ~ res ectively , reclllcuu ted to roduco the 

OOz content to five percent . 

':'he analyses or i'orruginous aarbonates { col u.m.na and E1} ar-..dc1 

the mbnna po. 'ting rock {col umn ll') re aimU r to the Boaser..ter a:;,senb­

) is $i. le.r to the hedcr,.ber,3ite-e""' not-mnenetite rock Ill'Uyzed by 

Tilley ( coluun D) . Ec COl'~OiderG tl::l.&t l'OCk as u metamorphosed. i r on oar­

bono:tc sed imont o out suggests that ..,o::u.a ad<U t ionul iron n~l:;/ have bean 

:tdad. 1 rrJm e:x:tomal aouro s. A ecnoideration of these results sue.eests 

t hat ix•on in so n.e fo:r:n has been ddad t.., be Bessemer akorn zone to 

ace unt for ·the magnetite, thou.gh 1t need no·t necossnrily be the case . 

'l'he pyroxe.na ; epidote, and go.rnet or pert i ouJ.urly iron- rich . 

It is t his i1•on which lare;el:,r accounts for the twenty percent iron 
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oxide::; 1n addition to 'the magnetite rouxtd tn tlm mineralized ~one. The 

iron of' the gangue may have b~en a p1•imary constituent of the mr.e, or 

it may have been added la:te;r, 

The quantitative distribution of the minerals in the or0 zone 

is of interest. A study of :figul'e 4 shows that hornblende und p~o:x:ene 

are generally prer;>ent in i:r:nrorse J'll'Ol'>OJ.~ions •. und tha.'l; magnetite and 

:pyroxene are presen'~ in direet pro:pol'tions -- 'l'he f'omer relutio.nship 

suggesto th..~t one f'onorr.t:J.gntllsian minel'al has been formed at the eA):lense 

ot the other, 'l"he oom:parati vel;r high deg:r.•ee of mErf;amorphi&m :tn t'l:le 

skax-n zone :favours a hign..temperatu.re ass~ble.e;e; t hus )i)yro~ene has 

formed instead at hornblend.e . :?yro~erne is found :re:placine hornblende , 

e.1:tl'1.0ugh later ndjuat.men.ts have probably ca:ua·ed the formation of sam~ 

hornblende tro:m. py1>¢XelH!h It seams, then, that the pyrQxene oonatitu­

ents ware present bef'o~ :metamo;t~phism. '!'he direct quantitative relat1on.. ­

ahip between ln0f:$netite a.11d pyroxer.v:') .n1a.y be accidental. ITotJever, the 

introduction of' ma. netite might bo <:toeompanled by increased metamor.­

phis:m, henoe a high...9 rad.e a ssemblage i ncluding pyroxene would develop. 

T'nere is no doubt that there has been some .hydrothermal a.ctivi ­

ty in the urea;, as the presence of m~nerals such as chlorite and epidote. 

and tllo alteration of biotite sttg(5tH3t hydrothermal ootion, but whether 

t his yroeess ¢· n be ascribed t o tha origin oi' the mae;noti te is ques­

tionnble. It ia probable tbat the ~ulphides ~.rare introduced hydrotW.,r.. 

mally. I:t th~ sulphides mn magnoti t.e were introduced by the same ;pro­

cess, it is to be e:x;pec·ted that they would have a similar distribution 

throU{;];hou·t the skorn eone. This is not the case (Figure 5}, vmieh aug.;< 

gasts tl~t they w~ve different ori~ins. On the other hand . it .may be 
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thu.t the magnetite ••ms introduced bctore the sul~Jhidea, ar thut re ... 

crystallization of the skarn asaam.blac;e before in-troduction of the sul ­

phide.o resultod in now ch~"lnel s be :in$ opened for tho sulphides . 

'I'he 1· te- stage m~~etite and tbe enricil~nt of iron in the garnet 

is evidence for the dd:ttion of ron to tho: zo 'l'his u_':lpoars to be 

tbe final at · of minera.liza.tion , and the nnterial may have been in­

tl.'oduced h,ydrot"tel'1'!1nll:lr"• However, it may be· eygu.ed. that lo.te-stago 

re-solution o£' exioting magnetite may have iven riSe to tho veinlets 

of mngnetito and the e1Wichl'oont of iron in the arnot ~ 

~ary and Conclusions 

Fl'Om the fore~~oing discussion it can be seen tb.a.t the origin of 

the Beesernar magneti.te deposit can be a~Jcribed to ouo o:t' t1 caus(;}s- ­

aetaxoorphiom. of a s~dil:.rmto:.."y- ferru~inouo bed, or metasomatic ad.dition 

of i r on to a calcareous sediment • 

Oonsiderine t :fit"St po ibility, the requirements can be 

briefly sU!llmurized: !~ bed of erru ~inoua ca:!"bonate; with perhaps e.a.... 

ditione.l iron oxi des •tJas laid (town be tween gra, •Jaeke and limestone . 

The o.rea was r ogiontuly metanprphosod,, eau:Oing def'orr.at ion und upturn­

1 ·; of the strut , s 1ell chon in t~ mine:ral assembl~os. 'I'he 

·eyt.va.cke w s converted to a. hornblende...pla.gioclaso gr 1.Hs.:. , dlld the 

lL stone recr. telli7~d. The rc:tucins c nditions p:rodnced by the ra­

tional :mett:mJOrphism caused the conversion of fe:rric oxides ~nd ferrous 

carbonates to magnetite~ 'The presence of iron made ·chis band p rtiou­

lurly s-..tsceptiblo to metrurorphism and to the entrance o:t solutions from 

· n ,arby ir..,neous body; resulting in the semblee;e of ake.rn minerals 
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and the raplaco ent of t! c sul-phides . Re-aolution of a. ar-rul part of 

phase of igneous a ,t i vity l"Osulted in the il1trusion of d.:.orito dikes . 

Consideril\q tM r;ocond :poaslbility, rr:.ete.aoca.tio introduction of 

the iron~ the :re _.tirements are as o~lo;,s: A b l"'~d· of rock f· vourable 

as rich in liir!.t'O and ll111lY h vc h d s.::>, iron p1-erHmt~ Durin"' meta'!lVr­., 
phism of the area, the adjoining rocks 11' re region ly met~morphosed , 

from a nearby igr'leous body. 1ll1o present posit ion of this intr1.1sion ia 

in doubt , but it mcy have been tho intermediate acid Gneiss to the nr:>rth­

1 oB eman·tians t~ro rich in iron 

u.nd ·;robably de-posited thio mot 1 as :t"epluoement of ca1•bon .. oo or ot er 

-
mineroJ.s . 'fuose conditions resultef~ in the !o~.:mation o;. th.e skarn rdno.. 

ral. and rare :follo ·:.nd by rec:r:vnt . ...ll ization of t o magnetite . ,....,'ulphidos 

were then introdueod in fractures and. as :replaoorw::mts ~ The final nolu­

tionG carried ao11e masnetite m1ie' filled late veinlots . The finul otabe 

· \faS the intrusion o· diorite dikea ;JfiS.idorably 1 tor than t!J.e rainorali­

zation. The d i orite dikos ure ooruJiderad ,~ ooa:rini5 no grmotio rol 

tionshi > to t ma&IH:-rliito bod • ' 11s i considered to be the cu.se bo .. 

cause 'btto dio:ri"l;e intrusion!.\ ;:.u•G rich 'in t ita.niuw, v ich ic '?l'O.Ctiaally 

ab;:;ent in th r:w.gnetite dy, and bee;.o 1.00 the diorite dikeo are obvious­

ly much you:tlf;,"el' than tho sk n zone . 

"'roo the O'ltidanee availublc, both tho syn .... aetic and ta.so tic1 

theories have muoh to reco., Jen(1 tllem, m1.. it ~ ooms ilnpoosibJ.e definitoJ.:y· to 

a.ecrlbe either origin to tl e BeGaomer magnetite deposit , 
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Desortpt ions o:f' Plates 

"'igure 1 . Bessomer ;p1 t lookin~ northeast • 

.'igure 2 . Limostone outcrop near c stern corner of pit . 

PlA'r£ I! 

:Figure 3. Rornbl&nde- pla.gioclase aneisa {crossed niools). :ii:72 

l~'1gu:r<a 4 . ll'ine- grnin.ed gneiss raembe:r. xloO 
Black minerals are Ut~l«lnlto grains . liota th~ sub-
pi.ll'al.lel 1:.crraneement of sericite lakes • 

.;. igure D. I/a¢netite {black) with ealc:i.tc am hadenbereite 

PL.i\TE !II 

Ji'i,su_re 7. H.orl:iblonde graine .in ctlloi·tt · • 
This was found. at tho contact between cr;.fsto.llilie li.n:lCstone 
and diorite exposed in the tronch nartb.vrost of tllO ..,.J it • 

.Fito"tn:re s . s~ ci n of ore sl:towine irreGUlar ba..'"tding. 
Garnet (G), epi(loto {Ep), ung.netite (M) . 

FigtU:'O 9 .. Scat t ered M~liotite grains ith hedenbergite and rna 
ealcit~ 

Fi cure 10 ~ r,:agnettte veinlots (liGht gray} outtinz ga,ngua x150 
{derk gruy) and ~artly surrounding chalco~yrit e gr~ins 
(wh1te). 

Figure 11. Triant,'U.l l' pyrite er· in (11 ~ht and pitted) partly x72 
sur:r unded by mo__~etite {light y) • 

Figure ua. Cllal.copyrito grai ns (~hi to) entirely .surrounded by x'72 
t llin roll!'t:;ins o:r magnetite {l icht crey) • 

Figure 1:3. Veinlet ~iith borders of :maf~i:le·tite (light gray) und X72 
core of chalcopyrite {white ) cutting ganguo(do.rl gray) . 

3'7 

http:ganguo(do.rl


'.?1_, l e lA~ -'Yrito vcinlatc {w~ite) along rn 
, ,ir.~.oral gr in {t;rqy) • 

;r::;in of' gar;. ~u.a 192 

" ~U'o 15. Pyrite rer:;n1,;nts (.t-'r) sur~uundetl by pyrrhotite 
which is in turn sur:t' unrlcd and cut by chalcooyrite 

(Ph) 
(Ch) . 

x72 

f' igure 16. Fyr .. otito (?h) roplnccd b"~ chalcopyrito {Cll) 35 

PL rl'E VI 

Figura 1'7 .. :Pyrrhotito (:Ph ) BlJ:rroundod 11.d eJ:tbayed by :pentlan;.. Jd50 
dite {Pn) 

1- lre 18. Vein.tot of chalcopyrite (white) eros ins gangue x?2 
{ bre:'J} . 

Figtu~ HI. Romnanta or "lllls,ue minerol. {$1.'3¥) in ohalcopyrito x?2 
(·alto). 

Fieure 21.. 
{H) 

Garnet (G) V('Jined by oalcit~ (Ct) and heaenbergite 

..~1 re L2. ]'ino-0r&in ery1dote-calcite vein (left to l'ie;ht} 
crossing an Of".,Cregate of magnetite o.nd 't'..edenbergite . 

x:35 

F iguro 23. La.rso hedo11 e gitc .masa {whi to) replaced ·around i t.s 
margins by hol"!iblo:nde {dark) . 

x35 

:lne,-ure d,. Hornblende (;reins (bll.'lck} ~i.mtned by hedenbe:rgito 
(gray). {hite mineral is calcite 

x49Q 

'PE VIII 

Ficuro 25 . Hornblende {dark) 
co.loite (white). 

cont ining rounded inclusions of' x35 

·'iGUrO 26 . Chlorite {Cl} with cW.cite {Ct) and hol'llblt>n e (Iin :tt'72 

Fic_:;ure 27 • Biotite (vrrlite) 
green mica . 

nlterod t:.round !U<'ll'c;ins to ... <lark x35 



39 


PLA*l'E I 


Figure l 



lfi r 6 
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:PLATE III 
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PL .T;.. IV 


Fi@l1'Q 9 Fi ro 10 


Fi{;Ure l l 



Fisuro 13 Fi tJ%'0 14 

Fi re 15 Figura 16 
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l?Lli.TE VI 


ll'igu:te 18 
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PL .'l'E VII 


Figura 22 

Figure 23 FiGUre 24 




46 

J?L TE VIII 


Fi&ure 26 


Figure 27 
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