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Generel Comments

During the summer of 1950 while in the employment of the Ontario
Department of lMnes the writer spent some time in the examination of the
Begsemer property. Using as & gulde a base mep kindly furnished by the
Frobisher Ixplorstion Company, Limited, the surfsce geoclogy was closely
studled, old information checked, and supplementery information added.
Diamond drill core was examined and swmmples taken for lsboratory study.

The laboratory work consisted of the compilation of information
gained during the course of the field work, and an intensive microscopis
gtudy of thin and polished seetions of ore, wallrock, and associated
rocks. The Federov universal stage was used for the determination of
the opties of a number of minerdls.

History of the Bessemer Nine

The Bessemer property includes lots 8, 3, 4, and 5, concession
VI; and lot 1, concession VII im Mayo Township, Hastings County, Ontsrio.
A number of ore lenses of different sizes m kmown, bubt mining operations
have been confined to four. This study is concerned with the largest and
richest of these deposits, the Dessemer No. 4, situated on lots 4 and 5,
concession VI.

This deposit, as well as others in the lecality has been exploited
intermittently since 1902 by a number of companies. The labtest shipments
from this mine were reported in 1914 when the total amount of ore shipped
to that time was reported to be 92,413 toms (Lindeman and Bolton, 1917,
ps 50). The deposit has been developed by a pit 275 feet in length (Plate

i
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I figure 1) and averaging 50 feet in width, as well as by a shaft and
three levels. During 1941 and 19482 the Frovisher Exploration Company
Limited carried out an extensive surface and underground exploration
programme including dismond drilling: Based on this work, the ore re-
serves were estimated to be 757,500 gross tons before dilution, averaging
42.18% iron, 0.86% sulphur, 0.,018% phosphorus, and 15.9% silica: Ine
cluding ten percent dilution from walls the tonnage is 833,200, averaging
39% iron and 0,783 sulphur (Dadson, 1942, ps 3). |

At the present time the open pit and the underground workings

are flooded and are inaccessibles
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REGIONAL GEOLOGY

The Bessemer iron deposit lies within the Grenville sube-province
of the Cansdian Precambrien Shield. The rocks form part of the Grenville
series underlying a large part of southeastern Ontario and extending into
the Adirondack region of the United States of /imerica.

The Grenville series consists of a highly altered complex of
sediments, voleoanics, and intrusives., The sediments include limestones
and dolomites ranging from pure msﬁé&lzm types to highly impure cal~-
careous gneisses and amphibolites; paragneisses characterized by an abune
dance of secondary mineralsjand small areas of conglomerate., Voleanics
include bagsie flows and tuff beds, locally considerably altered to horne
blende-chlorite schists. The sediments and volcanics are highly deformed
and folded, and dips are commonly vertical or mar-—véx*&iaal. A large
part of the area is underlain by granite gnelss, pegmatite and hybrid
acid gnelss. Other intrusives include numerous gebbro and diorite svocks
and dikes. Of particular interest to geologists have been the nepheline

syenites and pegmatites occurring in the area.
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SESSEMER NO. 4 DEPOSIT
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GROLOGY OF THD BECSHEMER AR

The rocks of the ares vary in strike from N30°E to W60°E end dip
to the southeast at an average of seventy-five degrees. The rock types
of the area consist of hormblende-plagicclase and bilotite~plagioclase
guneiss, orystalline limestone, & mineralized skarn zmone, and diorite.
The gneisses, limestone, and skarn zone are conformable, whereas the
diorite dikes cubt across these rocks. The field relationships sre shown

on the map page 4.

Hornblende~Plagioclase Gneiss

The hornblende-plagioclase gneiss forms & band from 500 to 400
feet wide and is bounded by erystalline limestone to the southeast and
by the skarn to the northwest. The gneiss is strongly foliated parallel
to its contacts.

The bulk of this gneiss is eoarsely crystelline with e grain
size averaging about 0,05 em. in diameter and consists mainly of plagio=
clase, quartz, caleite, and hormblende. (Plate II, figure 3). The plaw-
gloclase is cleor and unaltered; twinning is present in some grains, but
lacking in others. Optical determinations indicated a (=)2V of eightye
eight degrees and an extinction angle (between Z and 010) of fifty-nine
degrees, corresponding %o Abggingg. uartz 7M calcite are present in
varying amounts throughout the gneiss. The hornblende is dark in colour
and shows strong pleochroism from light yellowegreen to dark blue-green.
It has variable optieal properties with 2V ranging from (») sixty-seven
degrees to (») seventy-seven degrees, and the extinetion angle from ten

to twenty-nine degrees. This corresponds roughly to an amphibole ana-
" MCMASTER UNIVERSITY. LIBRARY
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lyzed by A. M. Billings (1988, pp. 290, 201) which he terms "Femaghastinge
site"and which has a composition of:

CalssssoesnelBedlf

HEgDesssnsonee?e@B

POgOmssesreseboll

PelessereneslieB5

NagOesssesssebell

Other minerals in the gneiss ineclude a pale m diopside,
gsome strongly pleochroic blotite, orthoclase and mierocline, and scabe
tered grains of pyrite and magnetite.

There are a few narrow limestone members in the hormblende-
plagioclase gneise which are entirely conformable and which exhibit
sharp boundaries against the gneiss. An outerop of one of these bands
observed near the eastern corner of the large pit is shown in (Plate I,
figure 8), |

There is a fine-grained band near the center of the coarse
40508}« This is composed

gneiss.exposed in the railroad cut (23575:;
largely of a fine-grained equigranuler aggregate of mineral grains about
0,006 ems in diameter. The minerals include quartsz, plagioclese, seri-
eite, and a dark opaque minersl believed to be ilmenite. (Plate II, f‘igw
ure 4}« It is prismatie in outline and has a dense white alteration.
Thege ilmenite grains ere distributed fairly evenly among the other mine-
rals, and have a common orientation. Small sericite flukes with the -
same orientation bhave developed a folietion in the fine~grained rock.
Veinlets of quartz and plagioclase oross this fine-grained material.

I% is believed from the evidence available that this gnelss is
of sedimentary origin, hence a paragneiss. It lies conformably between

limestone members of sedimentery origin. The banding caused by the ar-
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rangement of light and dark minerals is parsllel to the contacts and
may be relie bedding.
The original rock is believed to have been a graywacke with a

fine~grained silt member and several thin limestone members.

Biotite~Flagloclase Gnelss

In the northwestern part of the map sheet is gneissie rock that
has been mapped as granite by Lindemsn and Bolton (1917) and by geologists
of the Frobisher ¥xploration Company. Ilderoscopie exemination of agmai
specimens, however, showed that the rock is composed largely of quarts,
untwinned plagioclase feldspar of similar composition to the plagloclase
in the paragneiss to the southeast, and biotite, with a few caleite and
magnetite grains. The roek is quite aquimnuz.m‘ and exhibits some
folliation due to the arrangement of the biotite. The contaet betweon
this gnelss and the limesione is nowhere exposed, but the general field
relations show that it is roughly conformable. m' gneissosity is paral=-
lel to the regional structure. This is obviously not a normal granite,
but may be a contaminated phase of granite. Unfortunstely, because of
lack of informabion regarding the rock to the northwest, h is not kmown

whether this gneiss grades into a normel granite.

Crystalline Limestone
The limestone is present inm two bands: a wide belt occupying the
southeastern part of the area mapped, and & belt less than 100 feet wide
just to the northwest of the skarn zone, All of the limestone is coarse-
ly erystalline and is gemerally quite massive. Iiost has been converted
to a pure white marble, but there are some dark impure bands consisting
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mogtly of lime silicates. Some of the limestone ad jacent to the skarn
zone has been silicated, with the formation of tremolite, but in several
places along the contact the limestons is simply recrystallized. The
limestone is cut in a nunber of places by small veinlets of pure white
quartsz; asround these has been developed a zone of tremolite from one to
two inches in width.

Diorite

A large nuber 6&‘ diorite dikes are found in the area, snd these
cut at an angle all the rocks previously mentioned. The margins against
the intruded roek are in general quite sharp, and almost without ezcepbion
fine-grained. However, one contaot exposed by a trench asbout 100 feet
northwest of the maln pit shows dark hormblende grains lmpregacting the
ad joining orystalline limestone for a width of sbout cne foot (Plate IIX,
figare 7)s The dikes are quite irreguler in shape, frequently bifurcating
and ehanging in strike. Hence it is not possidle to obtaln a clear idea
of their over-all orientation. The diorite exhibits a slight foliation
parallel with the walls of the dikes.

The diorite is made up chiefly of untwimmed plagioclese and a
highly coloured, plecchroic hornblende. Accessory minerals include brown
biotite, guartz, titanite, magnetite, and rare pyrite. Oome of the bio=
tite is evidently secondary after hornblende. The magnetite 1s closely
associated with the titanite, grains of the former in & number of cases
being enclosed in the latter mineral. This is rather suggestive of ilme-

nite or titeniferous magnetite breaking down to form titanite and magneg.

i

tite.
The diorite appears %o represent the last stage of igneous ac-
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tivity in the area, and mmst have been intruded considerably later than
the metamorphism of the other rocks in the srea. This is inferred by in
Jection of the dioritic magma elong fractuves cubtting the foliation of
the other rock as well as the skern zone.
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Structure

The ore zone is here considered as the zone of skarn devel~
opment. Most of the skern zome conbains sbundant magnetite, although
in some cases the skarn extends up to twenlye-five feet beyond the map-
gins of the magnetite. The skurn zone is sinucus in shape and lies
conformably between orystalline limestone to the sorthwest and paras
gneiss to the southeast. It dips to the southeast dab sevenbty-three to
eighty-one degrees (see figure 2). Ividence of interbed movement was
observed along the southeasbern margin of the body. Although it has
been exposed at the surface for only sbout B500ieet, the entire zone,
as shown by Mwm drilling and magnetometer survey has a totel longth
of about 4200 feet. The width varies from about ten %o ninety feet.

There is an irregular banding in the skarn zone produced by the
arrengenment of the minerals (Plate III, figure B). This is more or less
parallel to the walls of the skarn zone and may be a relic bedding.
The magnetite itself is irregular in distribution both in horizontal and
vertical section (Jee figure B). At the southwestern end of the skern
zone the magnetite is immedistely adjacent to the limestone lying to the
northwest. At the noﬂhmstm end, however, the megnetite is separated
from the limestone by a twenty-five foot width of skarn.

Vineralogy
The distribution of minerals in the skern zone i-a very irregu-
lar. This is shown in part by figare 4 which represents a crosg-section
of the skarn zore baken along diamond drill hole number 9. The percens
11
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FIGURE 3
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tages are approximate as they were estimated from thin sections mede from
apicimens of the core taken at intervals, but they serve to illunatrate

the irregular distribution of the minerals.

M&b;ﬁe
As stated previously, magnetite is not found across the entire

width of the skarn zone. Where the magnetite is rather spar#aly dig=
seminated it ccours as secattered gruing commonly subhedral to euhodral
(Plate IV, figure 9). Where it is more sbundant, it oceurs &s ragged
Mae:s s.n’t;rica;‘;aly intergrown with gangue minerals (Flate IV, figures §
and 6). vhere hornblende and pyroxene sre both present the megnetite is
found largely with the latter. Wsssive magunetite deviod of gengne miner-

als was nowhere found, The megnetite, in large part, at least, seems o

be contemporaneous with the gangue minerals.
ptite, present only in microscopic

There is a late stage mag
quantities, whiech occurs as tiny replacement veinlets cutting and re-
placing gangue minerals as well as sulphides {Plate IV, figure 10).

Some sulphide grains ave entirely surrounded by magnetive. (Plate IV,
figures 11 and 18). A number of magnetite veinlets aonﬁatn blebs of
chalcopyrite ana pyrrhotite, and one veinlet was observed having a mer-
gin of magnetite and a core of chaleopyrite (Plate V, figure 13). I%
appears, then, that the late magnetite is mostly later than the sulphides,
but that some of 1% is contemporeneous with and even somewhat earlier than
chalcopyrite. B. 2. Butler (19287) suggests that the appearance of labe
magnetite represents a reversal of the normal order of deposition and is

the result of a temporary or local increase in tempersture (p. 2385).
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Sulphides
The mmma constitute a minor part of the mineral assemblage
of the skarn zone. The sulphur content of the ore is in most cases less

s it inerease o over

" than one percent, and only rarely and locall,
two percent.

Figure 5 sttenpts $o show the quantitative relationship between
iron and sulphur along several diamond drill holess kost of the iron is
present in magnetite and probably all the sulphur in sulphides, so that
thie chart may well be taken as representing the quantitative relation-
ship of magnetite and sulphides, mem values were obtained from ore
aﬁm mede for the ¥Frobisher Exploration Company, and make it evident
that there is no uniform quantitabtive relationship between magnetite and
sulphide.

Pyrite. This mineral is of common oceurrence in the orebody, and
ie generally present as irregular grains. In most cases there is little
evidence to suggest replacement by this mineral. ilowever, in a few cuses
tiny pyrite velnlets cut acrosg gengue minerals and oecasionally surround
them or embay them (Flate V, figure 14). Several veinlets were found cut-
ting magnetite, OSome rounded and engular grains of magnetite are in a nume
ber of places found entirely enclosed in large grains of pyrite.

vyribe is commonly replaced by other sulphides, notably chaleopy=-
rite and pyrrhotite, and the pyrite is observed to be veined by these
sulphides and is frequently left as partly replaced remmants in them

(rlate Vv, fizure 15).

Pyrrhotite. Pyrrhotite is quite common in the ore zoms and is

present in irrvepgular masses. It replaces gongue minerals, but its re-
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lationship to magnetite is more difficult to determine. The contacts
bstwaen' the two are gemerally smooth and rounded, sugzesting contems
poranecus depositions Ome section, however, shows an euhedral erystal
of magnetite almost entirely surrounded by pyrrhotite. Also, where mage
netite and gangue are ad jucent, tongues of pyrrhotite are commomly found
injected at the contact, suggam&ng replagement by Wrxha&iﬁa along the
margins of the greins. Although the evidence is not conclusive, it ap=
pears that pyrrhotite is later than magnetites This is shown indirectly
by its relation to pyrite whieh it replaces (Plate V, figure 15), and
which in turn cuts across masmetite. Fyrrhotite is mg;ﬁ.am by later
chaleopyrite (Plate V, figure 18).

Pentlandite. This mineral has not been positively identified,
es 1% is only present in very small quantities, and is found in only one
soction. It is believed to be pentlandite because of its hardness, ¢olour
and etoh test results. It is found only in very close assoelation with
prrrhotite. It ocours as replacoment rims sround pyrrhotite and econtains
renments of this mineral (Plate VI, figure 17)s It is in turn cut and
replaced by aha:!.eawriﬁe.

Chaleopyrite. Chalooprrite is present in velns and magses. Ree
placement veinlets of this mineral cut and replace gangue minerals (Plate
VI, figuves 18 and 19), magnetite (Plate VI, figuve 20), pyrite, pyrrho~
tite and pentlaniites Chaleopyrite is move closely assoeiasted with pyire
hotite than with any other mineral and frequently surrounds and veins i%
(Plate Vv, figure 16}s It commonly contains pyrrhotite remmants.

Chaleopyrite is the latest of the sulphides and the latest metal~
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lic mineral with the exception of late stage magnetite.

Garpet, GCernet is by no means found throughout the ore zone,
but is restricted to a number of lenses. Henc¢e in quantity it is a
minor constituent of the skern zonel

The garm is dark and massive in hand specimen; red-brown in
thin section, and completely lw&wpm in polarized light., It is darker
in eclour along some fractures, suggesting addition of iror..The gar-
net belongs to the ugrandite group (Winchell, 1933, p. 180}, paﬂimzm
1y rich in endredite. This wag established by the high refractive index
of the gurnet, considerably above 1.83, and its magnetism. Blow-pipe
tests showed that the gernet fuses easily to a black magnetic globule,
characteristic of andradite.

The garnet is irregularly fractursd and some of the fractures

are in part filled by epidote and hedembergite (Plate VII, figure 21).

In some instaneces, however, veins of garnet cross a {ine-grained aggre-
gate of epidote and hedenbergite. This indicates more or less contem~

porenecus orystallimation of these minerals. In a number of cases the

garnet is cut by numerous csleite veinlets (Plate VII, figure 21).

Ipidote, This mineral is, with few exceptions, found seross the
entire width of the skarn zone. It is usually present as small grains,
but one section shows large recrystallized grains. Epidote is very fresh
in appearance, bright yellow in eolour, and quite pleocchroic in thin se¢~
tion. m«m stege determinations show that it has a (=)2V of seven=
ty~two degrees, and the angle between © and O0L cleavege is twenty-nine
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degrees, These opbies correspond to an epldete containing about four-
teen percent iron by weight (Winchell, 1933, p. 513), hence quite iron-
rich.

The minerals most closely associasted with epidote are caleite
and hedenbergite; in fact, this association is almost universal in the
wm zone. These minerals show mutual boundaries. One seetion, how-
ever, shows & Tine-grained veinlet of epidote and caleite cubtting an
ageregate of magnetite, hedenmbergite, caleite, and epidote grains (Plate
VII, Tigure 28)s This suggests an epidote of slightly later uge.

Pyroxene., Pyroxene is found across the entire skern zone. It
is commonly bright green in colour and in some cases faintly pleochroic.
Universal stage determinations show that 1t has a 2V of fifty-nine de~
grees, and the direction 7 makes an angle of fifty-two degrees with .
1t is thus established as almost pure hedenbergite {Wimehell, 1933).

It is uvsually present as small scattered grainz, although several sec~
tions show quite massive pyroxene sggregates.

In some e&cs the pyroxene has been partly replaced by a pleo-
chroic hornblende (Plate VII, figuwre £3), but one section shows definite
evidence of hoynblende ba&ng replaced by pyroxene (Plate VII, figure 24).
This indicates a reversal of the normsl order of alteration.

The pyroxene of the skarn zome is distinguished from that outside
the zone by its green colour and by its larger extinction angle.

sphibele, The amphibole is a-highly colodred, extremely pleo=
chroic hornblende quite similar to that found in tue adjolaning parcgnelss.

It is not very common in the skarn wzome, and its most common occurrences
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is an alteretion product of pyroxene. Some of the hornblende contains
numercus round inclusions of caicite (Plate VIII, figure 25).

Light green amphibole is uncommon, but locally found. It lacks
the bright colour of the common hornblende, but shows slight plecehroism.
Its opties, (-)2V of seventy-seven degrees, and extinetion angle of sbout
twenty degrees designate it as a member of the tremolite~sctinclite se~

ries. There appears to be & characteristic lack of magnetite associated
with this amphibole; adjacent pyroxene rock conbeins sbundant magnetite.

fuartz. Queartz is common as scattered grains throughout most
parts of the skarn zcne. It is fresh and unaltered in appearande.

Caleites Caleite is present in all parts of the skurn zone. The
grains are commonly large and exhibit glide twinning. Caleite is inter=
stitial %o all other minerals in the zone, and in a few cases cceurs in
veinlets cutting the silicates (Plate VIII, figure 21). 1In some sections
it is present as rounded inclusions in hornblende (Flate VIII, figure 25).
 This suggests either partial replecement of caleite by hormblende, or the
separation of caleite from hormblende.

Chlorite. Chlorite was found in only one section. I% is rather
fibrous, and the fibres are arrenged more of less normal $o the veinlet
walls {(Plate VIII, rigure 28)s The chlorite is commonly found at the
boundary between hormblende and calcite grains, is not found in the
sbsence of either of these minerals. This suggests that the chlorite has

been formed by resction bebtween calcite and hornblendes

Titanite. This mineral is rare in the skern zone and was observed
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only in one thin section. Tt ocours Ain irregular masses and is altered
in part Yo caleite and a yellow-brown alteration.

Bictite. This minerel is also quite rare in the skarn zones The
blotite is light green and pleochroic, but is altered around the margins
of grains to a dark greem pleochroic mica (Plate VIII, figure 27). This
may be due to hydrothermal alteration (Winchell, 1953, pe 275).

Summary of Ore Minoralization

The gengue minerals are charasterized by richness in iron end
celelums Oornet and, to some extent, hedenbergite show enrichment in
iron along fractures. Caleite and quartz have been recrystallized ae
shown by their large grain size and fresh appearance. They are interw

grown with the ferromagnesian minerals, suggesting a contemporanecus

relationship. Two ages of magnetite are present. The earlier magnetite
appears %o be largely conbemporaneous with the gangue minerals, while
the later magnetilte occurs in veinlets cutting gengue and sulphidess

The sulphides include pyrite, pyrrhotite, chaleopyrite, and possibly
pentlandite. They are present as replacement masses and in veinlets
eutting zangue and early W#ﬁ%a The following table illustrates the
sequence of motallie minorals.

TABLE 1
Gangne minerals sesspesaen
lagmetite o «To wnawns see
Pyrite seee
Pyerhotite T
pentiandite (7) “w
Chaleopyrite carrané

The formation of the skurn and agcompanying mineralization re-



a2
sulted in the cbscuring of original bedding, if any was present, and the
development of an irregulay bending roughly parallel %o the long dimens~
sions of the body. (Plate III, fim 8)« This, and the presence of gar-
net veinlets cutting pyroxens and epidote; and epidote, pyroxene, :mﬂ @il

eite veinlets cutting garnet, sugsests that physical read justment was take
ing place during development of the skarn body.
The sulphides were deposited after the mryﬁtmumﬁﬁn of gangue

minerals and magnetite, The late-stuge magnetite may heve been intro-

duced by iromerich solutions, or by re-sclution of pre-existing magnes
‘tite. This aetion is probably closely related to the alteration of gare
net and hedenbergite along fractures by iron-rich solutions.



Possibly Hypotheses Reviewed

There is, in genersl, a sharp division between titanifercus and
non~titaniferous magnetite deposits. The former are associated with
bagie intrusives; the latter, more commonly with processes of metamor=
phisn or metesomatism caused by aeid or intermediste intrusives. The
Bmmr iron deposit contains no appreciable titanium, so in the dis-
oussion which follows, it will be compared with deposits of mon-titan- -
iferous magnetite.

A number of different causes have been aseribded $o the non=
titaniferous magnetite deposite whieh heave been studied to date., The
most important theories are the injection, metasomatie replacement, and
syngenetic theories.

The proponents of this theory for the origin of non-titaniferous
magnetite ores dbelieve that the ore is a late differentiate of an igneous
body. Geijer (19%1) attridutes this origin to the Kiruna iron ores, con-
necting them with igneous rocks of an intermediate or moderately siliceous
charaeter. Javaritsky (1927) found fragments of wallrock suspended in
the magnetite of some Ural Mounteln deposits, In northern New Jersy there
are & pumber of cecurrences of magnetite in pods eonformzble to the en=-
closing gneiss. This magnetite, L. L. Smith (1933) believes, was Pormed
by emplacement dy end-phase agueo~igmeous differentietes.

‘i‘hiﬂ theory requires ﬁuppéw by m;ﬁacmén% relotions or similar
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evidence. Sueh textures might include brecciation of wallrock, sharp
contacts between magnetite and wellrock, fragments of wallrock in the
magnetite, and cross-cutting relationship of magnetites High tenperae
ture alteration would be probable. Hone of these festures have been
observed in the Bessemer deposit; héma the theory of injection is une
likely for this deposit. ‘

Metusomatie replacement or pyrometasomatism involves the "re-
placement of ﬁm enclosing roek with addition of substance. They (the
deposits) are formed at high temperature by emanations issulng from the
intrusive™ (Lindgren, 1983, p., 696). The intrusive is ggme:":al}.y of aecid
to intermediate composition, while the host rock muet be one favourable
for replacement, such as an impure limestone. Knopf (1933) states that
the "distinguishing feature of pyromebtasomatic deposits is the assoeiation
of metallifercus minerals with the calcic silicates of the so-called cone
tact-metamorphie class of minerals” (p. 538). The caleie silicates ine
clude andredite-rich guornet, pyroxene, amphibole, and epidote.

The general paragenesis of these minerals formilated by V. M
%Mammﬁ in the Oslo reglon showed that magnetite and iron sulphides
were partly older amd partly younger than the skarn silicates (Kuopf,
1958) . Most later writers (Behre, Osborn and Rainwater, 1936; Schmids,
1939; and Holser, 1960) found that the silicates were developed before
the deposition of magnetite. Kihlstedt (1948), however, found that the
skarn silicates were formed after deposition of the irom and sulphur.

The nature of the wallroeck is of reat importance in the process
of metasomatism. H. Schmidt (1939) found that epidote invariably selects


http:fr1l{;mer.tn

%4
aluminous rocks, shale, and shaly limestone; garnet avoids the igneous
rock and shale and selects limestone or slightly shaly limestone; the
best ore favours the purer limestone.

The problem of origin of the iron is a &:i;?fieun one. Skarn
development is caused almost entirely by acid to intermediate intrusives.
Yet ﬂahmaé in iron is not characteristic of granite liquids (Reynolds,
1946), Neither ¥iller (1921) nor Holser (1950) found any magnetite in
the intrusives near magnetite bodies in the Adirondack reglon and Montae
ne respectively. Urout (1923), nowever, found what he considered primery
magnetite to the extent of ten percent in otherwise noymsl Vermilion gra=-
nite in Minnesota, and granite pegmatites conbtaining é@ﬁsmambw nore
magnetite. There is some doubt a8 to whether this magnetite is of primavy
origin (Miller, 1923). Some writers have obviated this difficulty by
postulating the "leaching® of iron from iron-rich rock by igneous emana=
tions ond its concentration and redepcsition by replacement farther along
{Miller, 1919 and Mopd, 1949). This is supported in part by observations
of Backlund (1936), Currier (1938) and Reynolds (1948) who discerned a
"bagie front" development of maf'ic minerals some distamece in front of ad-
vancing granitie magsa, Bub this theory is difficult %o prove in the case
of a specific iron deposit unless definite evidence of impoverishment in
iron in the nearby avea is established.

Many of the Adirondack non-titaniferous magnetite deposits have
been attributed to a pyrometasometic erigin (Callagher, 1937; Colony,
19213 and Alling, 1%‘9)’ To date no intensive study of the non-titan-
iferous magnetite deposits of southeastern Onterio has been made, but

the consensus of opinion favours pyrometasomatic replacement (Thomson,
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1943; B Be Jonesge-personal commnication=-1980; and L. licyd--perscnal

gommunication--1981) .

Syngenetic Origin
The basic assumption of this theory is that the iron was present

in some form in the rock tefore metamorphism, and that the- existing ore-
body is this materiel in its original or reconsbtituted state, lNason
(1928) believes that the mmgnetite deposits in gray gneisses in the
Adirondaek region are contemporansous in origin with their host rocks
whieh he considers metamorphosed sedimenta. Other writers, however,

are opposed to this theory (Miller, 1922; and Newland, 1923), Maguusson
(1986) found skarn iron omes showing @ transition to banded hemabite
ores of sedimentary origin in centrel Sweden, and considers that granite
emanations fommed the skarn minerals and azltered the pre-existing iron
ores by a "regional thermp-metamorphism, through reaction between ale
ready existing substances such as oxide, hydroxide, and carbonate of
iron (and menganese), silies, and carbonates of caleium and magnesium.”
Geochemical trace element analyses of Swedlsh iron ores by Landergren
{1948) showed that there was a closer genebie relationship between the
slkarn magnetite and the surrounding wallroek than ﬁatma it and the
granitie intmusions. ¥+ L. Bruce (1922) has deseribed lenses of magnes
tite and hematite interbedded with greisses. He considers that the
iron was depousited as hydrated oxides or as carbonate, and altered to
magnetite and hematite thiwah regionnl disturbances. Ramberg (1948)
suggests that the formabion of a granulite from a hornblende-biotite-
augite rock results in the release of iron and titanium, forming titans

iferous magnetite from b:usiec rocks. The same prineiple could conceivably
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be applied to non-titaniferous deposits.

If the iron has been deposited ss ferric oxide, regional metew
morphism can effeet the change to magnetite, for when a deposit of hye
drated ferric oxide undergoes metamprphisn, there is a reduetion of li-
monite to hematite, and then of hematite to megnetite (Harker, 1939, p.
64). Buddington {1989) found a distinet inerease of ferrous iron at the
expense of ferrie in passing {rom zones of lower to higher mebamorphism
in the aAdirondeck reglon. KXuhara, experimenting on the hydrothermal
precipitation of megnetite and hematite found that magnetite is formed
when siderite or other ferrous minerals are present either in the sedi-
ment or the ignecus body. (Behrend and Derg,l1927, pe. 167}« Thus either
ferrie oxides or ferrous carbonate ocould be changed to magnetite through

regional metaworphism.

Discussion of Origin of the Bessemer NMagnetite Deposit
Any theory or group of theories taken %o explain the origin of
the Bessemer magnetite deposit should be able to account for all of the
structural and mineralogical features which characterize it. These
features include:
Relutionship with the ad joining rocks
Zhape of the magpetite body
Variability of the iron content
Internal struchure of the orsbody
Relationship of skarn and magnetite
Composition of the ore zone
Brvidence of hydrothermal setivity
Late-stage maguetite
The magnetite is confommeble with the metamorphosed sediments
on elther side, Conformability would be expected in the case of syn~

senetic, replacement, oy injection depositse. If the iron were present
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as a sedimentary band it would be conformeble. On the other hand, the
conformability might represent a @gd especially favourable, chemically
oy physieally, for raplaasma;t, ér} 1: injected; the ore would tend %o
follow the previous foliation.

inother strmetural feature is the position of the magnetite band
relative to the other rocks, that is, between gneiss and limestone.
This may represent a change in sedimentation, perhaps due tova different
source or a change in conditions of deposition. In the case of the
Besbemer area, the order would §rnbah1y be liméétaaa, followed by fer-
zugéna&s carbonate, succeeded in turn by graywacke, reflecting shallow-
ing of the basin of depositiom; if the beds are 9?pmtﬁrnad; the order
would be reversed, suggesting deepening of the basin. ‘

Since the skarn zone is at the contaet between two different
rock types, there is a possibility that this contact arrbrdaﬂ ougy page
gage to altering solutions, FHowever, this would not explain the po-
sition of the magnetite, as the magnetite zone is not adjacent %0 the
limestone along ite whole length, but diverges somewhat at @tm‘nmrfhw
eastern end. This slight divergzence is possible when considering a
sedimentary origin for the iron, as this might represent a thickening
of a sedimentary wedge between the iron band and the limestone.

The long, sinucus shape of the magnetite deposit can be abtributed either
to replacement or to gedimentation. This shape is common in the case

of banded iron formations, yet a favourable horizon of this shape, when
replaced, would have the same form. The deposit widens at flexures,
which again could be equally well explained by either hypothesis.

The iron content is extremely variable across the entire zone
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(Figare 8). The syngenetic theory explains this as sedimentary variation;
the epigenetie, as differential replacement.

There is @ rough banding throughout the magnetite deposit whiech
. ig parallel to the margings If the skarn minerals and the magnetite
were formed from pre~existing sedimentary constituents, it would be
expected that the original sedimentary foliation would be preserved,
as the formation of each mineral bend would depend on the composition

of the original assemblege. However, the banding in the orebody is too

irrepular to repredsent a transformation in situ of e bedded sediment.
A move plausgible explanation is that meterisl wes added and that this
process resulted in the partial obscuring of the original folistione

The zone of magnetite concentration is entirely within the skarn
wone, suggesting a ¢lose genetie relabicnship between the magnetite and
skarn minerals. It is albogether likely that an ironerich band, un-
steble under conditions of metamorphism, might be readily abttecked by
eltering soclutions., & wore likely possibility is, however, that the
motemorphie processes instrumental in the development of the skarn could
conceivebly have been those involved in the introduction of the irem if,
indeed, the iron has been introduced.

Host of the magnetite sppears to be contemporanecus with the
gangue minerals. The graeins are commenly euhedral, and only rarely do

ﬁm ;m&gmmm greains uthm replacoment textures against the gangue.

%m suggests that the imm wag present as a primary mineral or that,
if the iron was added, recrvstallization of tho mineral ascemblage took
place after addition of the iron. Bobth explanations seem equally plang-

ible.
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The approximate composition across one part of the orebody (dia-
mond drill hole mo« 9) was obteined by estimating the precentages of the
marious minerals observed in the thin-sections and recaloulating them
%o give velues for the oxide percentages. The mnaraié aged in the cale
culabions ineclude hedenbergite, epidote, garnet, hornblende, caleite,
quartz, tremwlite, and magnetite. Other miverals, present in smaller
quantities mm not used in the celeulastions becanse Vthay would not ape
preciably affect the over-all compositions The margin of error probe
ably does not exceed fifteen gerfmnt. In Table 2, column A gives the
values for the composition agross the orebody, while eoluan B gives

the values without counsidering the mgnetite.

A B ¢ D E r

5i0g £a 37 23.90 34.80 45.89 42414
Qal R 1 ¢ 27 £22.85 10,08  8.16 17.80
el }5$ . i 10.72 18.70 18.48 13.898
Feol) g B \ Oedtd ¢ l&-@@ ﬁwﬁﬁ 1»‘&’7
wfa 5 & 3248 19.20 5,08
Hgd i 4 2 8,52 &-M ?t@" D478
Vim0 | 0.88 ?*m O 046
S0g ML < "%

740y 0.80 0454
Pa0s i 0.78 0.009  13.01
?03 ' 0.13 :

Table 2. Approximote composition of & seebion seross the Bessomer
magnetite dposit corpered with analyses of other ferruginous bodies.
As Approximmte cowposition of section along DeDeHe no. 9 aeross Besse-
mer deposity B. Composition of same section without considering msgnew~
tite; Ce Iron earbonuate, Cunflint Lake, Canada (Clarke, 1924, p. 588);
De Hedenbergite~garnet-magnetite roeck, Druideig Lodge, Look Dulch,
Ross=shire (Tilley, 1986, p. 3B8); Z. Average Gunflintf erruginous car-
bonate (Zapffe, 1912, p. 168); and ¥, Payting rock in Webana !.mn ore
formation (Hayes, 1915, p. B2).

When the analyses in columns ¢ end B are recalculated to equalize
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the 00y eontent with that of the Dessemer cre, & more justified compa~
rison can be made, as carbon dioxide would be driven off under metemorw

phism. These values are shown in Table 3.

A D B 1 i} »

540g 28 34.80 37 58,6 50,8 42,14

18 10,08 2¢ 8le3 9,50 17.80
3’30 } 55 19,70 12 18.1 2147 15.29
F&sﬂa ; ' 1& w 8 Qs ﬁ@ m«w lu*’f
GCa 5 8 5.0 5.00 5.08
ﬁlﬁ@g 3 50&3 4 9:11 Qui‘ﬁ Bs ‘rﬁ
Mgl 1 e B4 B 18.0 B8, 33 0.3
Hs0 0.4 0,40 0.7  1.89 1.7 2.9
50 0.24
Ti0g ‘ 0s 20 ‘ 054
Polp 0478 0.01 13,01
Pes ' 0418

HapO 08 ' , ' e
160,00 106.16 166.7 99,86 99.88 101.13
Table 3. Comparison of approximate composition aeross Bessemer muge
netite deposit with emalyses of other ferruginous bodiess Colusn head-
ings are the same as used in Teble 2, with the exception of O and Wy
whieh corvespond to C and X raapactiﬂly, recaleulated to reduce the
€Oy content to five percemt. .

The analyses of ferruginous carbonstes (columns 0y and Ey)and
the Wabana parting rock (eolwmn ) ave similar to the Bessemer assemb-
lage when the magnetite is not considered. The Bessomer ore (ecolumn
A} ie similar %o the hadenhergitmg%tmmﬂts rock analyzed by
Tilley (eclumn D). He econsiders that rock as a mebamorphosed iron care
bonate sediment, but suggests that some additional iron may have been
added from external sources. A consideration of these results suggests
that irvon in some form hes been added to the Bessemer skarn mone %o
account for the megnetite, although it need not necessarily be the case.

The pyrozene, epidote, and gernet are particularly iron-rich.

It is this iron which largely accounts for the twenty percent iron
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oxides in addition $o the magnetite found in the mineralized zome. The
iron of the gangue may have been a primary constituent of the mwe, or
it mey have besn added laber.
The quantitabtive distribution of the minerals in the ore zowe
is of interest. 4 sbudy of Tigure 4 shows that hornblende and pyroxene

are generally present in inverse proportions, and that megnetite and

pyroxene are present in direct proportions. The fommer relationship
suggests that one ferromagnesian mineral has been formed 8t the expense
of the other. 'The comparatively hish degree of metamorphism in the
skarn gone favours & high-temperature assemblage; thus pyroxene has
formed instesd of hornblende. Pyroxene is found replacing }mm&&m&a "
although later adjustments have probably caused the formation of some
hornblende from pyroxens. It seems, then, that the pyroxeve constitue
ents were present before metamorphism. The direet gquantitative relationw
ship between magnetite and pyroxene may be aceldental, Hovever, the
introduction of magnetite might be accompanied by increased metamor-
phism, hence a highegrade sssemblage ineluding pyroxzene would develop.
There is no doubt that %hm has been scme hydrothermal activie
ty in the ares, as the presence of minerals such as chlorite and epidote,
and the alteration of bioctite suggest hydrothermal action, dbut whether
this process ¢an be aseribed o the origin of the magnetite is ques~
tionable. It is probaeble that the sulphides were introduced hydrothere
mally. If the sulphides wd magnetite were introduced by the same DI
coss, it is *L*a‘ be expected that they would have & similer distribution
throughout the skarm zone. This is not the case (Figure 8), whieh sug-
gests that they have different origins. ©n the other hand, it may be
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that the magnetite was introduced before the sulrshides, and that re-
erystallization of the skarn assemblage before introduction of the sule
phides resulted in new channels being opened for the sulphides.

The late-stage magnetite and the enrichment of iron in the garnet
is evidence for the addition of iron to the zome. This appears to be
the final stage of mineralization, and the material may have been in-
troduced hydrothermally. However, it may be argued that late-stage

re-golution of existing magunetite mey have given rise to the veinlets

of megnetite and the enrichment of ivon in the garnet.
Sunmary and Conc¢lusions

From the foregeing discussion it can be seen that the origin of
the Bessemer magnetite depusit can be aseribed to one of two causesw-
metamorphism of a sedimentary ferruginous bed, or metasomatic addition
of iron fo a caleareous sediment .

Considering the first possibility, the reqirements can be
briefly sumarized: A bed of ferruginous carbonate, with perhaps ad-
ditional iron oxides was lald down betwsen greywacke and limestone.

The area was regionally metamorphosed, causing deformation and upturn=~
ing of the strata, as well as a change in the mineral agsemblages. The
graywacke was converted te & horanblende-plagioelase gneiss, and the
limestone recrystallized. The reducing econditions produced by the re~
tional metamorphism caused the conversion of ferrie oxides and ferrous
carbonates %o magnetite. The presence of iron made this band particus
larly susceptible to metamorphism and to the entrance of solutions from

a nearby igneous body, resulting in the asssenblage of skarn minerals
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and the emplacoment of the sulphides. Re-solution of a amell pard of
the magnetite produced the late-stage megnetite veinlets. The final
phase of igneous actividty resulted in the intrusion of diorite dikes.

Considering the second mmibﬂiky; metasoratie introduction of
the iron, the requirements are as follows: A band of roek faveurable
for replacepent was present between graywacke and limestone. This rook
was 'rifm in lime and *’?" have had some iron present. During metamor-
- phism of the avea, the adjoining rocks were regionally metamorphosed,
while the ecalcareous band provided a suiteble channelway for emanations
from a nearby ignecus body. The present position of this intmueion is
in doubt, but it may have been the intermediate acid gneiss to the northe
west, or a more basie body at depth. These emanations were rich in iron
gnd probably depcsited this metal as replagsement of carbonstes or other
minerals. These conditions resulted in the formation of the skarn mine-
ralg and were followed by recrrystallization of the mapnetite. Sulphides
were then introduced in fractures and as replacements. The finel solue
tions carried some magnetite which filled late veinlets. The final stage
was the iﬂtméian of diorite dikes considerably later than the minereli-
zation. The diorite dikes are considered as bearing no genetic relam
tionship o the magnetite body. This is considered to be the case bee
smuse the diorite intrusions ave riech in titaniuw, which ie practieally
abgent in the magnetite body, and becsuse the diorite dikes are obvicuse
ly mch younger than the skarn zZongs

From the evidence available, both the syngenetic and metasomtie
theories have much to recommend them, and it seems impossible definitely to

aseribe gither origin to the Begsemer magnetite deposit.
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Dﬁsgﬂyﬁ ions of Plates

PLATR I
Figure 1. Begoemer pit looking northeast.

Pigure 2+ Limestone outcrop near eastern cormer of pit.

PLATE IX
Figure 5. Hormblende-plagicclase gneiss (crossed nicols). =72
Figure 4. Fine-grained gueiss member. X150

Blaek minerals are ilmenite greins. Note the sube
parallel arrangement of sericite flakes.

Pigure D. Uagnetite (black] with caleite and hedenbergite x78
Figure 6. Intergrowth of magpetite and hedenbergite x78
PLATE III

Pigore 7« Hornblende grains in calcites
This was found at the contuct between ervetalline limestone
and diorite exposed in the treneh northweet of the pit.

Figure 8+ Specimen of ore showing irregulsr banding,
Garnet (G), epidote (Ep), mapgmetite (M).

PLATE IV
Figure 9. Secabtered mognetite graine with hedenbergite and x72
caleite
Figure 10. lagnetite veinlets (light gray) cutting gangue 150
"~ f{derk gray) and partly surrounding chaleopyrite grains
(ﬂit')t
Figure 11, Triengular pyrite grain (light end pitted) partly x78

surrounded by magnetite (light gray).

Figure 18, Chaleopyrite greins {white) entirely surrounded by x78
4hin marging of magnetite (light gray).

PLATE ¥V

Pigure 13, Veinlet with borders of magnebite (light grey) and X782
core of chaleopyrite (white) cubtting gengue(dark gray).
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Pigure 14. Pyrite veinlets (white) along margin of gangue R
mineral grain (grey).

Figure 15, Pyrite remmante (Pr) surmounded by pyrrhotite (¥h) x72
which is in turn surrounded and eut by chaleopyrite (Ch).

Figure 16, Pyrrhotite (Ph} replaced by chaleopyrite (Ch) x35
PLATE VI
Figure 17, Pyrrhotite (Ph) surrounded and embayed by pentlane x150
dite (Pn)
Figure 18, Veinlet of chalcopyrite (white) crossing gangue %72
Figure 19. Remnants of gangue mineral (grey) in chaleopyrite x72
(white).
Pigure 20. COhaleopyrite veinmlete (Ch) crossing mognetite (M) %78
PLATE VII
Figure ﬂ%.) Garnet (0} veined by ealeibte (Ct) and hedembergite x17%
Figure 28. Fine-grained epidcte~caleite vein (left to right) x58

crossing an aggregate of magnetite and hedenbergite.

Vigure 23. Large hedenbergite mass (white) replaced around its x35
marging by hornblende (dark).

Pigure 24, Hornblende graine (black) rimmed by hedenbergite =49%
(gray)« ihite mineral is calecite

Figure 25. Hornmblende {dark) conteining rounded inclusions of x385
caleite (white).

Pigure 26, COhlorite (C1) with caleite (Ct) and hormblende (Hb) x78

Pigure 27. Biotite {white) altered around maprgins to a dark x35
green mica.
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PLATE 1

Pigure 1
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Figure 6



Pilgore ¥

Figure 8




Figure 9 Figare 10







PLATE VI
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FLATE VII
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PLATE VIIX

Figure 2D
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