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A STUDY 0F PRECAiYjBP.IAIü BA]_VDED ïROX] FtPJi,{-ATI0irTS

by Rad.e Calich

A review of the liieraiure shorn¡s thât most
r¡,'Ti-i;ers agree that the Precambrian ba.nded iron
for::rations are of sedimentar¡r origin,,

Separate h¡rpotheses are n.ot necessary to
ex;¡J-ain differences in iron formations from dífferent
local-ities. All- íron f orma-r,ions vúere alilie in their
early hÍstory, having begu-n io be formed by the sarne
age:írcies. The earliest stage of recognizabl-e iron
f orna'bion r,i¡as a preci-pita be consisting of iron ùxid_e
ancl silica.. Present-day differences in iron for¡ratiorrs
resuli;ed. from various r?accid.en_t,slt v¿hich s-dd.ed_ ne1^r
components or changed. the coafrcsi'uj.ons of i,he existì ng
ones, namel¡r, míxi.4g of clastic sedinents with the
iron and silica comlonents du::ing d.eposition, ad_d"ition
cf material- from igneous sources, and metamorlrhism
of the i-ron fornia.ì;ion, inc-l uci"ing alteration.

A c¡ualit.e,tive spectrogra_5;hic stud-y of magnetite
grains from va::icrus iron-f,ornation specimens proved
ncn-d-ia.gnostic, bu-t shov¡ed, that e. quantitativo stucly
r,\rould- be in ord-er.

A study of mountecl and 'polished, gra_iris of the
sarre nagnei;ite shov'¡ed r1o intergrov,¡ths of ilmenite or
any ol,her: mineral with the ma.gnetite. This might be ta.ten
as one evidence tirat the magnetite crystals did not
grovr' from an igneous mel-t. .
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the iron rocks of various l-ocali'bies to demand" a particular
hypo'uhesis for each- one" I{ovv'ever, it would. probaì:ly be rnore

coruect to say that, for oaeh particular type of j-ron forination,

there is required not a particular hypoiiresis, l¡ut ra'bher a

particular ¡rinor variaiion of 'bhe salre general h¡rpothesis; for
in spite of t'he specific d-ifferences between the iron forrnations

of various localities, so nany properi;ies are conmon to all- of

them that the operation of some ma jor facl,or nust be aùnií-bted,

Al1 of them are striicingf)'banoed-; al-l of thern contaj-n i-¡:on and

silica domínantly; and. all of them occur on-ly j-n v¡al-l-rock of

Frecaml¡rian age" Surel]' there nust be soroetiring in coinmon among

the cond.itions vrrhi-ch favored" the formation of then all"
The i,wi'uer ca.onot hope to uncover this great truth; that

task ¡¡rrill reo.uire a profound" insigh'b into the pri.ncÍ-ples of

geology such as can be d.eveloped. on-ly through years of erqperi-

ence coupled- v,¡ith cleliberate uirpre jud.iced reasoning. Th-is

problem might even be one 'whose solution must await the time

lvhen 1,he science of geology is more mature" But in the m.eanti-me,

íf tlds dissertation contri-outes in any wa)r, hov,¡ever small, to a

]ater solutj-on of the problen, its presentariion vrill be consid.-

ered- to have been fully justifiecl.

Defiuitions
The term llPrecambrian banded. iron formationtl is d.escrip-

tive though c',rnbersome, and- in thj-s thesis it is replaced. by

the shorter term ttiron formationrf " In the literature, however,
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one encounters a Yarieiy of ïr.Fìnles. In the ir,íesabi riistrict, the

Íroa rock is cal-ted-baconite; in the res-b of ihe Lake Superior
region it goes by -r,he name of jaspili'ben ferrugínous chert, and.

si-lieeous i-ronstone; i-n Brazil- Ít ìs knor,',¡n as itabribe; and in
f ndia and. Australia it has tire ]ithot ogic names henatii;e quartz_
ite, hematite jasper, magnetiie quartzite, jasper bars, and

oihers" rn FinLand they are eall-ed jasper-quartzites" The tena
ironstone is solaetimes used (.FettÍ johr, l-94g, pp. 334 and. 3s7)

in connection v¡ith certain iron format,ions. Occasionally jasper
has been used synon;rfi.ously i¡,¡ith jaspilite; this is erroneous in
mod-ern terminology" lvlos.b of these naÍIes are but local terrns,

and. are confusirlg to read.ers not fa¡niliar r,,øith them; it is here

suggestecl, i;herefore, that arl preca:nbrian banded. iron fo:saa_

tions be groupecl together as iron formation, as this term. is
beeoming more r'rrid-ely accepËed. year by year. Further, the ,riersn

eould be incorporated into the development of descriptive con-
venüional roclc-narnes, for exarnple magnetite-grunerite-quartz
iron formationo .tnematite-siderite iron formation, and. so or1.

one distÍnction, which is noi al-r,r¡ays fully e:qrressed

in the 1i'bera.iure, but which must be recognized, is ihat iron
formation, no matter under what other narlre it is kaowno j-s not
necessarily iron ore; v,¡ith a fel¡ exceptions, the iron formatisns
of the world are too lean in iron to be classed as ore, The

actual ore \.'¡as derived- by concentratÍon of the iron froin the
iron forrnation rvhich served. as ihe proûorei the processes of
concentration are d,ifferent frorr t.trose n¡hich prod.uced the Íron
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formationu and- accord.ingly ihey are not d.iscussed. here.

Australia is one place r,¡here the iron formati.on i-'bsel-f is rich
enough irithout second-ar;r ccncentration to be regard.ed as ore

(t¡ites u 1946, p. i-19 ) .

Previous liiork on the ir{anitoba fron Fo:ruraiion

Manitoba iron formations have not been stud.ied hi-therto
because of their insignificant size and. contnercial unimportance.

Sources of gpegimej[g

Sevenfy-four specimens of iron formation and- associated_

lvall roclc were coll-ected in Southeastern lvîanitoba during the

srmmler of 1950" LocalitÍtÍes of these are shown on the index
nap in the baclc cover of the thesis" rn ad"d_ition, ereven spec-

imens tvere receíved from AustralÍa; seven fro:l tr'Í.nlad; two from
the I'[arqueite range of îvlichigan; one from the cuyuna range of
Mir:.nesota; one from Great Bear Lake in the Northvue,st Terri.tori_es;
and. one fro¡r the Black tlil_ls of South Dakota.

i\ine-by-two thin sectíons were made of these specimens"

rn additÍon, fifty-nine polished sections and. twelve grain
mounts in bakelj-te were made of certain representative specimens

of ]/Ianitoba i-ron formation.



CHAPTER II

REI/IEW OF T}TE L]TERATURE

Ii'ü-IRODUCTIOl'{

The volur¿e of l-Íterature on the origin of iron for¡na-b-

ion is prod-igious. The lVinchells (l-891) fisi; nearly a thousand

references to lii;era1,ure d-írectly or ind"irectly connected. with
the origin of iron ores, published- before 1891; tir-is is
regard-ed. by them to be an i-nconplete bibliography.

In this 'bhesis, various theories are presented., nuch

cond.ensed., in tr,vo d.ivisions" The first division includ.es the

eighteen earl¡r theories which are synopsized. by A. ¿\" Julien
(1882) and. lis1,ed- by the V'lincirells.l Some of the con¡ments made

by the lVinchell-s on rûany of these iheories are includ_ed_, The

second d.ivision eonsist's of the most i.mportant theori-es proposed

slnce tirat time¡ ofl vririch literatrre was avail-able" The early
theories are l-isted. according to the kind of theory , tor tÌús
is the vrray in which they are l-isted- by Professor Ju]ien; the

mod.ern ùheoríes are enr¡mera'r;ecl in approximately ebronol-ogical

order, to show the grov.rbh of modern concepts of origin of iron
formation. Figure l- shows the main l-oealÍties to lvbich refer-
ence is made in the l-iterature"

l'R"f u"ul'c6 are
and. H" V" lVinchel-l

not gi-ven hereu but are o.uotecl by i'[" H. I,Vinehe]_l
(1891) 

"
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LocRrloNS oF lntpoRTAh¡T

L¡rc SuprRrÖR lRoN Drpos¡rs

FTGURE 1



- EAR],TER T}MORTES

T hg gt t-" g._ p_{ _S¿!fe ne ou s_9r i g i g

Meteoric falL. CertaÍn iron foriua.iions \4/ere thought to

be of cele,stial origin, haviirg d.roi¡ped. to earth as meteorites.

Later, hovtever, these have coüe to be eonsidered- to be bf berres-

trial origin,

EruBt ign_ag*{lhge.,_*gI_in_gggegs _3c ggpp.gry1¡e_la s a}'b i g

Iþwg. Cracks in the earth have been fill-ed and- overfl-or¡¡ed by

molten iron from a large bod-y of i-ron situated. at a great

d.epth below the sutface"

W, Wo Mather, in 1859, spoke of îtinjected_ veinsi? of

iron ore *oenei;rating the gneÍ-ss of Nevr¡ York; these, he said,
Ìiar¡e melted the gneiss but rnaintained a sharp contact r¡ith it
instead. of f-l-or¡ring together"

Sir Iì. I,/Iurchison saj.d that certain magnetitee in the

Ural mouniains had. fl-owed. oul, of the a-d.jacenb hillside into the

d.epressions they notlr occlrpy.

Foster and Whitney proposed- in l8b] tha.t the iron ore

d.eposlts of Lake Superior had. been erupted. in the met,al-lic state,
ihen rearranged by oceanic action and covered. by succeeding sed.-

i-tuents

Dr, E, Emmons ad,vocat,ed. an igneous origin for the j.ron

ores, âs v¡ell as for qua-rtz and. calcÍt,e veins and. beds of l_ime-

stone,

Tn 1858, H" Ð" Rogers reeogaized other mod.es of origin



for some íron oresu but, said. that magneÙic iron ore occurs as

true injection veíns"

B, Von Cott,a, in 1864, accepted the erup'b{ve hypothesis

f or rnagnetite, hematite, and. even carbonai,e iron ores.

In 1878, J" W" Ðarn¡son d.escribed a veín of iron ore

associated. with carbonates of calcium and. nagnesium; he sai-d

that the vein rr¡as injected. as ¡nolierl or sublimed, carbonate of

iron, calcíum and- magneslum, and l-ater roasted by heat, r¡hereupon

some of the síderite vras oxid-ized. to for¡r red oxid.e of iron. He

neglected. to eþt.in hovr, if the original melting did not oxid.ize

the carbonate, the subsequent roasting r,vould-.

Dr. M, E. V'Iadsworth also believed j.n an eru¡rtive origin
for the Lake Superior iron deposits" The main argrxnent against

this is that in the oresu both granular o.uartz and- magnetite exist

ín a state of high purlty; in a magna they would. have combined. to
produce silicates, by the sâme process as is used. by the i-ron

welders¡ who sprinkle sancl on the ends of the iron to be weld.ed"

ln ord-er th^at the silica may forn an iron silicate slag r¡¡Íih the

magnetic iron oxide, which slag can tlren be knocked off . Winchel-I

and Winchell (f891) state many excol--l-ent argi:ments, too nurnerous

to mention here, agaÍ-nst an igneous origin for the Lake SuperÍ.or

d.eposits. Magnetíc iron ore anrl even metall-ic iron ore of mag-

¡ratic origLn, they sâL d.o occur ín Europe and. Green-land, but

these are not of the sane type as the Lake Superior iron ore,s.

Sublimati-on into fissures qsg_æ,gqous gocks. Ever sj-nce

s¡na.}l deposi-ts of hematite and. magnetite were seen subliming from
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h-ot volcanic vapors, i;here have been ad"vocates of the f oi:nation

of large d-eposit's of iron ore j-n fissures conrlected. r'ith reser-
vollrs of molten matier in ihe interior of the earth" Th.is theory

cannot be applied to regions without volcanic action, and. ever.

if volcanic action is present, the a¡rount of iron d.eposited froru

large volcanoos in great period.s of time is negligible"

rhegiee_gÍJnÈjgelggs oT:Lei n

g.glg.9.Ilggligg-.{Igp-.{ea.ri.Ierous rgqEE-gT lean ores, by

solutigg_ggg_ggrûoyat gl-.l'þe._o-!þeg_plgdgilrinqnt gogstitueéts " rhis
theory r,vas first put forth by G" Bischof Ln L847" It accounts

for subaerial concentra'bíon of iron ores, but not for the form-

ation of subaqueous ores, nor the lean protores, whieh contain

too many solubJ.e mineraLs.

saÐfetlo n :{, p gg_o,gs .s t rat e__Þf,_i€fl!re!!n€_e oI uti o qg .

First proposed by 1,, Vanunem in l-858, this theory aright account

for some lean ores, but not for the pure hematite and magnetite

ores "

Infiltration into subterranean chambers and. channels"

Small recent irregular d.e'oosits of limonite may bave forno.ed in
this wâÍ, but ca-¡íties a mile or two long and from fift¡' to a

hundred feet lvid-e probably did not exj-st in rocks sueh as now

contain the iron ores " This theory v,ias ad.vanced as early as

LA47 and. perhaps much earl-i-er"

Pec.gg!,csiti o n o f_p.E¿tg, The pyrite and other iron min-
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erals of decaying schists \¡'¡ere d.ecomposed., and. the iron v'¡as

transferred- as ferrous sulphate in solu'i;ion, to be precipitated"

as carboriate or oxid-e. C" U" Shepard., the first advocate of

thj.s theory as early as L837, was far ahead. of his time¡ âs he

recognÍ-zed. that the ironstones of Connecticut v'¡ere not veins

lrut beds. He applied. the theory only to linonite deposits.

Depgsi__t LggjTl_j,þ9._ggs . Ferrio oxid-e and- ferrous carbon-

ate r¡rere laid d.own in a d-eep sea, either by mechanical or chem-

ieal. deposition, and. l-ater d.ehydrated. to form hematite, or red--

uced- by further heating to fon:r magnel,ite, E" Ilitchcock, in
18õ5, seens to have been the first to ad.vance this viei'r"

C, U. Shepard., in L837, and- J. W" Foster, in l-849, sugg-

ested. that the iron ores had. an origin simil-ar to that of their
enclosing strata.

J, D" Vrlhitney, in 1855, presented. the hypothesis that
the ores of Pilot Knob, Missouri, may have been iatroduced ttby a

precipitation from a ferriferous sol-ution, in whieh the stratif-
ied rocks were in process of formatíontî" Thís is very close to

some of the rrost rr,ridely accepted mod-er-atheories"

Van Cotta likevrise believed. that I'there can be no d.oubt

thåt all true ore-bed.s \ilere originall]. formed- by mechani-oal or

shemical precipitation from waterll.

J. P" Lesley and. B" S. Lyrnan both believed that the iron
or:es found in sed.imentary sirata v\rere precipitated. as iron carb-

onate. R. D. Irving applied- this method. of for=nation to the Lalce

Superior iron ores, and Van l{ise did. likevr¡ise for the Penolcee-
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Gogebic ores of l/iichigan and. hrisconsin.

i'11. E" l¡ladsr,vorth cl-aimed tha-t the iron ores of Lake

Su-perior are ttchj-efly erupti-ve, partly intruslve, partly in
overfloir¡s; also formed- in part by decompositÍon of the jaspiJ--

ite and- ore in gitg, and. in part by mechanical- and chemical

d-epositiontr.

li/inchell ancl Winchett present their theory und-er this

same head.in¿5" They say that molten material caJne in contac'b

with ocean lyater, which ôissolved. ou'b the iron; currents formed

by -r,he volcarric ejections and lry the sarne causer$ as produce cutrr-

ents torìay, and carried. the v'rarm saturated, solutions to cool-er

parts of the sea, vrhere precipitates of sil-1ca anC. j-ron oxide

formed. The iron for¡rations are linited- to Precambrian time

because the earthns crust was thinner then, ancl more molten Íragna.

came to surface. The lenticular form and laminated s.bructure of

all iron formations are typically nrarine"

Ðggogit._Ifgp_-Þg.gjÆ9. Bisehof sugsested that spring-d ep-

osited iron oxide night aid. in the formatì on of iron beds. The

alnount of iron o.isgorged. by springs, holvever, is negligible"

Alteration of d"Íffused feruic oxide into feruous car'bona

a!e" Iron oxid.e is red.uced. to carbonate by organic matter in place

in the iron roclç itself " W" B, Rogers rva.s the onJ.y geologisi v,¡ho

advocated this theory; iÎ there r,r'as no orga.nic l-ife at the tíme

of formation of the iron ores, R.ogers e hypothesis could- not apply"
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Melgg_qgp"lrisn-qf ancient bgg_ores. Robert Baker,vel-l in
re33 suggesi;ed that ironstone rnay have been rlthe prod.u-ce of
deeomposed. vegetation as bog or peat-iron is supposerl to have

beerrtt.

A nr.mber of eminent, authorities supported this bog-

m.etarnorpirism hytrlothesis, alrong the¡e being T, S, IIunt, J" S" IIev¿-

berry, J. D. Dana, Jos. l-e conte, a.nd. A" Geikie. such a theory
v¿ould require the presence of l-ife on the earth early in the

Precambrian -- a conclusion apparently jud-tifi-ed by the presence

of a little graphi'be in sorne of the Archaean otres; but graphite
is not necessarily an evid.ence of ]j-fe; it is found al-so in
meteorites, and- may also have been a primary const-ituent of the
earth. some rri'riters, berieving that j-ron ore can. form CIl1ry with
the help of organic life, accepteö it as axio¡,ratic that the pres-

ence of iron o::e ind"ica'bes l-ife,

li¡Ie ! q+nggp-I*9r,1_-g{_-e_qgåe q!_lgkg-.qgegåi t s. " Limo ni r e o f i h.e

lake ores night be metamorphosed. to hernaiite ore resembting; the

fossiliferous ool-itic ore of the ctinton" Hov¡ever, true rake
ores contain phosohorus and. sulphur, and are formed by the action
of organic matter; these things are not true for the Keerval,ín

and- Ifuronia.n iron Í'olrnations 
"

viorent' glrasíon end tralgpg_s!. J. D, lyhitney in alrou_t

1855 Þroposed that in Precambrìan tine there lva.s withou-t doubt

Iong-continued" and- viol-ent action wirife the d.eposition of strat-
ifÍed" sed.iinents \\ras goi-ng on, Irvolcanic a_gencÍes cotilbined r,,¡ith
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poï\rerrful currents In-al¡ h.a"ve abrad-ed. and. swept away portions of

the erupted., ferriferous nasses, re-arranging their pariicles

and de-positi'ng thei¡. again in the d.epressions of the stratatt.

This theory of V',Ilr-itneyss is merely supplementary to his main

eruptive theory; tire objeciion to it is that such d-eposits wouLd

contain native iron and- would- be conglomeratie, wbich is not so.

@9 e n! re!i:e-e$-g9!cp- 9rg E! qq-gl- lr o g s -qrge .

B" J. I{arrington ín 1875 was the flrst to propose this mod.e of

origin" Crystall-ine rocks, on d.isintegration, yiel-d- magnetite

and ilmenÍ:te which are concentrated in the same maTrner as in the

Gulf of St" T,a'lvrence a'b present; crnfy some iron ores are fonned.

in this \,riây¡ the majorÍ-i¡r having originated a-s bog or lake ores,

Julien elaborated ihis vieu', saying t'hat both magnetite and. quartz

were deposited in af i;ernating band.s,

Julien further observed. that no titanic acid. is found in
bog ores; therefore the presence or absence of titanic aeid can

be used. in d"iagnosing r,r¡hether an iron fo::rra-tion orig.i-r:ated. from

the m.etamorphism of a black sand. or a bog oreü

The ïVinchel-ls object to the blaclc-sand theory on the

ground.s that it does not accounl, for the crigin of the irsn-rich
rock from whici:. the blaclc sancl was d.erived,.

Bu_e-*Tg.i-IS.*{9ru_e-_4_"Þ¿_Sþern'tge}-.-g9g59ga!"i99_eL-qecreti_og"

Probably no profita-ol-e deposit oÍ iron originateo in tlús way"

Though veinl-ets of iron ore do occu-tr Ín the fornt of limoni-r,e,

sideriie, or hematite, the theorl. is mainl-y a relic of the early

d-a;rs r,¡hen all- ore d.eposiis \''rere su-pposed- io be in veins connecùed

wi-r,h the centre of the earth,
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Electro-+"e11uric actÍon" fron ores formed_ a.s a re.su-ft

of the reaetions and decornposiiions prod-uced by electro-magnetíe

currents in the earth, R, I¡i. Fox spent rian¡' years rnaintaining
the valicl"ity of tTús theor¡ro but a-t; that tlne', (L9Z?,)-the^v,iorkjngs of
electrical forces were not too v¡ell understood "

Substitution of ferrous oxide and cha to peroxide.

Lime of the original rock r¡¡as replaeed. b]'feryous oxicle, and.

this was then eonverted to ferric oxid.e" T]ris,m&y apply to more

receat ores lryhose envlror¡nents ind.icate the forr-ner presence of
ca.rbonate in the rock; but limestones are nol, found_ or
bel-íeved. to have existed al¡undantly in the Laurentian an¿ Kee-

r'vatin rocks themselves, and such l-i-mestones as are present show

no transition to i-ron ores"

Decomposiiiqn of _basic Jse,ks. Eruptive or meta¡:.orphi_c

basic rocks a-re decomposed-, and the resurting iroa is concen-

tra'bec. in drainage basins as oxÍcle. J. p, Kimball_ in lgg4 gave

the clearest statement of this; he described the exact eb.emÍcal

proeesses by which he believes iron is removed. from basic rocks.
The il'linchells clisagree; the theory d-oes no'rl apply, they sâyr to
the ores of l'[ielrigan, vfisconsin and ivlinnesota, The Keev,¡atin

rocks d-o not decay repaid.ly enough, ancl 1,he iron ore bodi,es are so

related to theix' enclosj-ng sedimentary roclcs as to appear d.efin-

itely contemnoraneous. The I^Iinchell-s concl-u-de that, though

Kimball?s descri-piion of ihe processes of removal- of Íron is gooc1,

the cleposition l.'üas not in epicontinental drainage basins, but in
the ocea¡.; and. the or:e is noi a sepai'ate product, âs d.esceibed.
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by }iirnirall, -r:ut is one oí' the cor:.-beüiporaneou-s constituents of

the rock in which it occu-us.

iriODERll TIIilORIES

Even -nefore Va-n l{ise and- LeiÌ;h (f911-) publ-ished. their

monograph on the Lake Superior regionu most geologists accepted.

a seclimentar]¡ hypothesis for the origi-n of iron formation" To

this da-y fev,r have d.isagreed. v'¡j-th such a theory, though many var-

iatÍons of it have been proposed-.

Any sed.imen.tary hyirothesis for the origin of iron form-

ation must ansii.ier a number of questj-ons: (f ) t¡¡hat v¡as the source

of the j-ron and- silica ? (2) I{ov¡ lvere these transported. ? (5) Flolr¡

rì,¡ete they d-eposited. ? (L) Vühere were th.ey d"e1>osited- ? (5) til']ry

are they so reg';!-¿s] y and si;ríki ngly 'banded- ? ( e') lVhy v'rere

band-ed irorr formati.ons formed- all over i;he vu'orl-d only in Fre-

carnbrian time ? ( 7) V'jhat v\rere th.e origina.l mj-nerals lvhen they

l/vere d.epositecl, before metamorphi-sm converted them to u¡hat they

are now ?

No hypothesis can be sonsidered. acceptable u-nl-ess all- of

tirese ;oroblems are resolved.; But a satj-sfactory resolution of
'i;h.em all- is llo simple task" As a resuJ-t, some nlod.ern v,rriters

have been forced to revert to an igneous theory, lrí-r,h the hope

that it can answer the qu-estions motre satisfactori-J-y.

Spurr (f eg+) ¡ Fine d.etrital sil-t from subaerial eros-

ion v,ias reconst,ructed- j-n mod.era-tely deep seas by marine orgaTr-

isnls to a sediment consisting of glauconite grai-ns ancl sorre

cal-careous and- silíceous matie::. The bed-s v,rere elevated to

the atmosphere; surface v,¡ater
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removed, the calcareous material and decomposed the glauconite

into sil-j-ca- and. iron oxíoe, Final-Iy the sil-ica and iron trlrere

separated into bands or bodies the iron r¡ras concentrated.

Ín regions of greatest oxÍd.ation, the sitica in regÍ-ons of
l-east oxidation. The areas of great oxid-ation v'¡ere formed. by

regional d.isturbance of the strata.
l\'" H" Winchell (1899) accepts Spurrts hy¡roth.esis that

the iron fomoation iuas originalfy a glauconÍ-te-like formation,

bui later (1900) proposes that tÌre greenalite resuli;ed from a
vol-can-ic sand. "

van llise and- Leíth (l-911)l Arl- the Lake superior ores

are similar in origin" rron and. silica ca¡re from the weather-

ing of hot or coLd. basic igneous rocks, fron direct conbrib-
utions of magmatic v'¡ai;ers from the magmas, and fron d.irect

reactions of the sea water on tbe hot lavas. The iron \¡,,'âs !ro-
cipitated. fro¡r these solutioris on ccntact vuith eold. sea l'¡aters

as oxid.e, carilonate and siiicate.
Leith and HarcÌer {}9I1) : The precambrian ores of the

lvlinas Geraes district of Brazil- are very slmilar to the Lake

superi-or ores" They were formed by norual processes of sed-

imentatíon; iron v¡as c.eposited, as ferrÍc hyd.rate, silica.
occurs as sand. grains, not as chort"

Harder and Clramberlin (tg1Sr pp. 599-401): The iron
fornration, or itabrite, of Minas Geraes ís an iron-oxide-bear-
ing sand.stone or c.uar:tzLte" The quartz grains are the resuLt

of ord.inary clasti-e disintegration cf crystal-line rocl<s" The

origin of the iron coul-d. not have been ctastic because the iron
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oxid.es occur almost pure in great masses, and. a clastÍc ¿sigin
d.oes not account for this segrega'uion of iron and sirica" prob-

ably the iron i,iras d-eposited from solutions in which it was in
the forrn of carborr.ate, becomÍng oxid.ized- on d-eposition. The

precipitatíon may have been purely chemical, but w-as more likely
d.ue to bacterial action. fron v¡as d.eposited. vrrhenever the con-

d.ii;ions v\¡ere fa.vorable for precipitation ra-bhen than for cl-astic
d eposition"

Grout (1919): Sil-ica is best d.issol-ved by alkal-j-ne sol-
utions, iron by aeids" The best solvent for both iron and sil-
ica together would therefore be an alkaline bicarbonate solution"
The iron nay have come from t,he v¡eathering of basj-c roeks, or as

magmatic emanations" Deposition occurred. on the broad bottom of
a sha]Iow sea. Organisas rrere res;oonsible for the precipitation.
The band-Íng resulted from the recurrent dying off of the organ-

Ísns 'n¡henever too much iron accunulated " The original mineral-s

were chert and ferrj-c oxid.e. Metarnorphism produced magnetite

anci recrystallìzed coarse grainecl chert.

Grout and Ei¡.od.erick (fgfB) maintai-n the salne theory as

the above, but say thai the origÍnal rock u¡as chert coniaining
siderite, ferric oxide and. greenalite"

Gruner (L922,L92+): The Bilvabik for"mation originated. dur-
ing Upper ltrrronian timeo lrrhen large area.s of North Amerj-ca rffere

co\rered- by greenstones and" basalts. Iron and. silica i¡¡ere dissotved
by ord.inary surface v,raters, and carried to the sea by rÍvers rich
i-n organic matter, whÍ-ch kept them from being precipitated. prem-

aturely. This may have been a large inJ-and. sea or the ocean.
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The precipi'bation of sÍl ica and iron .¡ras caused- chiefly by algae

and bacterj-a, but also partty by inorganic reactions, A small

part of these colloi-d.s partly uni'oed. to form indefin-ite amorph-

ous iron sí'licates, but most of the freshly-precipitated mater-

ial n¡as in the forrn of silica, and carbonates a.nd oxides of iron.

Hot submari-ne lava flov¡s or s¡rin€js may have eontributed- a small

part of the sil-ica, but little or no iron. iúet,amorphi-sm prod--

uced" taconil,e, or ferruginous chert.

Leith (tgZ+) aclrnits th.at the source of the iron is stil-l-

not certainly knovrn" Today, iron is being removed. by ordinary

weathering to a lesser extent than any other el ement except

alumimrm; thus iron formations cannot be the re:sul t of nonnal

rn.eatheríng as we knov¡ it tod-ay. For som.e iron formations, vol-
canism may have su-pplied the iron, but in most of the iron fo::m-

ations of the i,vorld- no sucl:. agency can be noted "

l/lacgregor (1925) replies to Leith 1ry stating the essence

of his theor¡r, whicli. he published in ful-l- two years l-atero on the

Precambrian atmosphere. IIe ind.icates tlra-t if the Precambrian

atmosphere consisted. al-most entirely of carbon d.ioxicle and. nit-
rogen, the difficul-ties in ex¡plaining the source of j-ron r¡rould

become negligible; lûIater rieh in carbon clioxid"e very easi-Iy

d-issolves the ferrous carbonate of basic rocks, a-nd also enhances

the removal of silica froi.n si-licate mi-nerals.

Quirke (l-925) cond-emns lvlacgregorts hypothesis on the

ground-s thaÌ; it tttransgresses the lav¡ of u¡if o::rritarianisrrll?.

Col-lins, O.uirke, and Thorr:.son (I926): The Michipieoten

iron forr:rations were formed. by ascend.iTl€ hot solutions contain-
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ing C02, Fe, Si0Z and. S compounds at lea.st. The solu-tions con-

verted- the volcan-ic tu-ffs, through r,r¡hich they were ascend-ing, to
carbonates and. sulphid"es of iron, lr,Ihen the¡r reached. the srrface,

they spread- out in depressi-ons and by evaporation and. cocling
precipitated. their content of silica and- any remaining caybon-

ate "

GiIl (L92'7) : The iron and. silica of the Gunflint iron
formation calne from the nor:¡ral weatherir€ of country of 1ov¡

rel-ief during teml''s¡¿trt or tropi-ca] climate" The iron and. sil-
ica v,'ere transported. to sea by rivers in wtrieh they were stabit-
j-zed. by orgaaic colloids" Precipltatíon was affected. not by

organisms, but probably by uríxing of solutio-¡rs" The final prod-

uct vras hydrated. femous sil-j-cateo hyd-rated ferric oxid-en and.

silj-ca" Locall¡r c¿l siun carbonate was precipitated, reacted rvåih

the ferrotrs compouncls, and- fonned ferrous carbonaie. Thick banded.

íron formatiorrs were prod.uced. only i.n Precambrian time because

onfy then l¡'rere J-otr'¡ relief and. a tem;oerate climate maintainecl for
the lroper I ength of tj.me,

Macg::egor (L927) z The Precarnbrian atrnosphere vras nearly

devoid- of oxygen, and- ::ich in carbon d.ioxide. Fer::ous carbonate,

abundant as a decoraposi't'ion produc1, in ea.r1y lavas and- sedinents,
i/ì/as readily d-issolved- out by r,vater rich in carbon dioxicle" The

presence of carbon dioxid.e also increased. the solubílity of silica
from silicate ni-nerals" The iron -ivas transported in sol-ution and

depositeô by bacterj-a; Iron-cleposi'bing bacì;eria canllrecipi-bate

iron in the fe::ric si,ate in the absence of ox¡igen; xloreoríer, if
algae v'rith chlorophyl-l- were presen'b in micldle Precami:rj.an tine,
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the oxygen which the¡' prod.ueed" '¡'¡ould- serve to preciirita-te ferric
iron from ferrous salts in sol-ution" By this hyuoi;hesls, 'bhe

lvorld.-wi-d.e distribution of iron fo:¡ration and its }initation to.
tire ?reeaml¡rÌ an eon is self-explana'uory"

Al<Lrich (l-929 ) : The iron ar:d. sj.l-ica oÍ the ironv,¡ood

ranEe of Wisconsin are of magmatic origin; they i/vere 'bransferued.

from d.epth to surface in one of tlvo ways: Eitlrer they were emitted.

from magmas a-u d.epth ancl brought up in aqueous solution; or the

mol-ten lavas themselves came up to surfaee and. gave up iron and

sil-ica sol-utions to sea -wa'bers or meteoric waters " Deposi-bion

lvas by repetition of the sane process: Tmmecliate gel deposi'bìon

of j"he s j-lica, , then more leisurely precipi.bation of ferrous

carbonate. The carbonal,e remaired unoxid-iz-ed irecause it rr,ras deep

und.er water, away from free air"
Stark (1929): The Agav'ra iron formation of noriheastera

l,finnesota is an lm.pure clastic sed-iment" There is no evj-clence

that j-ron and. silica were ever precipitai;ed chenically, nor is
there any replacemen-r, by carbonate¡ âs there is in the I'ilichipicoten

range" In l{usonian tine, the sea \\¡as agitatecl by int,errnittent

vol-canic ejections, as shov¡n by the series of tuffaceous sedirnen.bs;

but during i;he quiescent periods 'betlyeen explosi-ve ejections,
finely-sorted iron-rich quartzose band.s irere laid clown by float-
ing and leaching a\rvay of ihe lighter and more read-ily solubl e

feldspar and hornblende, by v,'ave action, leaving i:ðirina an iron-
rich o-uartzose residue. With renelvals of rapid- additions of

volcanic material to the sea, the iron-rich rocks v\rere sooJl cov-

ered. by coarser 1,uffs"
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ivloore and- l,{ayræ-rd- (}929): Iron is d-issolved by cokL

v,¡ater from rocks, and. carri-ed as ferric oxj.de hyd-rosol; silíca:
is carried as col-Ioid-al silica; and. both are stabilized by oegan-

ic matter" l,Vhen carried. into the seae silica and ferric oxid.e

are precipitated- by the electrol]'tes there present" Banding is
d-ue to diff erential rat,es of precipitati on of these substances,

combined- with the infl-uence of seasonal changes oh thè type of
naterial bronght in at d.ifferent peri-ods throughout the year..

If abunctant orgaaic matier lvas present, iron carbonate could-

form i.nstead. of iron oxid.e. Hot waters (from therrnal- springs)

i:ray have played. a more irrportan'o part than i-s conmonly thought.

Dunn (1955): The iron for¡ratÍons of India were origÍnally
fíne-bed.cled ferruginou-s tuffs; as these were d-epositecl under sub-

aeriaL conditions, the cirlorite and. n:.agnetite of the tuffs \,vere

oxid.ized to hema'bi'be both by the atmosphere and by magmatic so]-
utions produced during contemporaneeus vorcanic activit¡r. The

safie solutions silicifÍed- the tuffs at the ,surface during d-epos-

j-tion" The band-i-ng of tire j-ron formations is therefore a retent-
ion of the fine bedd.ing of the tuffs.

Dunn (f g¿f ) again states the sarle theory for the origÍ-n

of the iron forruaiions of fnd.ia,

Gruner (1941r pp,1616-L 7) ¡ So¡re of the Agawa foniration

vùas definitely formed by replacenent, A shear zone cuts across

bed.s of a syncli-ne and rei:laces the¡n v¡ith iron carbor¡ate" In
other places, gre¡nrrackes and slates grade int,o chert; these in
turn become replaced by iron oxid.e and. jasner bands as a green-

stone contact is approached " Even the greenstone is re;olaced. by
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iron carbonate afong d.efinite shear zones.

Woolnough (fg4J.): It has been recognized. tlråt there

are three types of sed.imentary iron d-eposits: The older Pre-

cembrian iron fo.rnaticns, whieh are irighly siLíceous and. marked.ly

banded; the later Precambrian, obviously sed.irnentary iron form-

ations which are less strongry band.ed. and less sÍliceous; and

the Paleozoic and- I'/lesozoi-c form.ations, u¡hich a.re of :narj.ne

origin, only slightly siliceous, and. not band.ed."

The reason for this difference is that the earl¡r Pre-

cambrian fo-rmatioris were d.eposi'bed. on l-and., 'øhereas the later
ones were d"eposibed- in the sea"

When a coll-oid.a} soluiion of iron and si-lica enters the

sea, the iron is precipitated. in¡aed-Íately, but the silica ís
carried away by tidal and river currents, and- taid. d-own elser,rrhere;

the resul-r,ing feruuginous sedj-ments are therefore not banded-.

The well-band.ed Precaui¡rian f o::mations, on the other hand ,

IJvere fortned- as fo}lows: The continent vras very welL peneplained.o

and. rai-nfal-] was seasonal. st,reams \,^/ere sluggish" During the

d.ry season, sal-j-ne d.eposits formed. in the depressions; at the

salne tÍme, hyd.rosols of iron oxide, alum:ina and. silica, stabllized.

by organic colloid-s, roso from the sub-soil- to the sirrface by

capillarity, and. were precipitated. by evaporaiion. During the

next rainy season, the iron and- sitica were red.issolved. by the

extremely slov'l-mcving sireams, and camied down to the basirrs,

where tlrey were precipi'bai;ed. by contact with the erectrolytes;
the iron rl,'as precÍpÍtated- inmediately, the sili-ca next; thus a

band. of sil-ica formed. above a band- of iron oxide, The soLuble
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sal'bs r(íere eventually red-issolved. d.uring the sa¡re rai-ny season,

and carríed. 41,\ray from the site of d-eirosition and. d.or¡rrn into ihe

subsoil-. Alternation of dry and. rainy seasoTls thus prod.uced a

strongJ-y-lrand.ed. iron f ormation" The special conditions required,

t,hen, are widespread. peneplaination combined. v¡ith seasonal- rain-
fa}}.

Taliaferuo (L943, p"152): Hot-springs supplied the iron,
silica a-nd. manganese for the Jurassic Franciscan fornnation of

Californj-a.

Bruce (fg+S): Both the Hurorrj-an and. Kee.lq¡atin iron forn-
ations seem io have been subao.ueous in origin, because their
overlying rocks iÂ¡ere rreposited und.er water" ft is not necessary

to assume widespread- operation of a single type of process, since

iron form.ations d-iffer in the d-etails of their compositionu and

have evid.ently been formed. und.er d-j-ffereni cond"itions" I¡loreovet,

Preca:nbrian Íron formations are so similar to sed-i-ments of later
epoc'hs that it seems ímpossible that the processes und.er which

they formed were unique and. occurred. onJ.y in Precambrìan i;ime"

It j-s more likely that accumul-ation and. precipitation took place

uncler some specially favorable combination of circr.ras'bances that
occu.rs seld-on, but that is not restricted to any age"

lVlil-es (19a6): The iron and silica i¡¡ere d.erived. froro the

chemical weathering and. erosion of an originally proba-bly basíc

terrain" These lirere transported- as ferric oxi-d.es and. silÍca
hyclrosol stabílized. by earbonaceous matter. They were brought to
the continentaL shelf by rivers, and. there grreci-pitated , by in-
organic chemical- processes, as carbonate, or hyd_roxie, or both;
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in the presulrably carbon d.j-oxid.e-rich atmosphere, the hydroxide

would- be rapid.ly converted to carbonate, Frecipitation lvas

brougbt about by the electrol;rtes alread.y present in the sea

-water"

This iron hyd-roxid.e and carbonate later became d-e-

hydrated. and oxid-ized to magnetite" Some sid-erÍte still reinaine

where mel,a$orphism vras not too intense.

inon of

silica

ri-se to

In areas of higher fei'npera'bure and. pressure, some of the

the original hydroxicle or carbonate has reac'bed. r,vith

to foru. gruneri-te, hedenbergite, and. fayalÍte"
Various impurities present in the origirral rock gave

several other ty¡les of ruetamorphic mi.nerals.

IVliles al-so si,ates the older theory whieh v¡as held in
Australia by many workers, but v¿ith r,vhieh he d-isagrees; namety,

thåt the wjasper barser are sil-icified. shear zoßeso

Tyler (]-948) found it hard. to agree r¡¡ith the statements

of Leith and. Ilarder (1911) and of Hard-er and chamberlin (191b)

thât quartzose components oÍ the Minas Geraes iron formation

lvere, because of their sand.;r appearall.ce, necessarily of clastic
origin. He d-id. a laboratory stud.y of a nuurber of specimens fro¡r
that locality and found. that the BrazilÍan itabirite does not

sontain clasti-c heavy accessory mineral-s, such as should roe

found, in most truty cl-astic rocks, Moreorrer¡ he found. the quartz

of t'he itabirite to have a mosaic texture. He concludes that the

quartzose phase of tlre Ítal:iri'be is a -reerystal.l-ized. chert, and

not a clastic o,uartzite" No heav-y accessory minerals occur in t¡e
Lake Superior iron formati-ons either; thus the Minas Geraes iron
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fosnation is very similar to the metamoephosed recrystal-lized.

phase of the Lake Superior iron fonnaiionu and probalrly has

the same origi-n.

Kaitaro (fg+g): The jasper-quartzÍtes of Finnish Lap-

land are very simil-ar to the iron formations of the Lake Super-

ior region' They vrere consid.ered- by v" IÏaclcman in rgzS to be

nornal sed-iments, oLd-er than the surround-ing greenstones. In
1941, E" Mikkola proposed- that they are sinter deposits on the

contìnent, related- to movements of basic nagmas.

Accord.Í-ng to the trace-eLement researcl.Les of Th" G"

sahema in 1945, the elements zj-rccni-rim and titanium, typíear of
residual quartzites, are rare or absent in the jasper-quartzites,

inclÍcating that the jasper-quartzites are not resiclual mate¿-ial-.

Germaniu¡r and- galliua., al¡unclant in recent hot-spring deposits,

a.re absent, in the jasper-quartzites; this signifies tha'b if the

jasper-quartzites olve their origin -bo magmatic exhalai;iotls, these

e>rhalations must have taken place unC.er the ocean, inasmuch as

gernanÍ-um and. ga.llium, accord-ing to their geochemical behavior,

tend. to remain in sea rn¡ater instead of being precipitated" along

v'¡ith the rest of the hot-spring maierial" Iron-rich solutions
al'bernating wÍth sílicic acid. exhalations passed into the sea,

and" Íron in the form of Ïtyd.roxide or perhaps carbonate '/'¡as prec-

ipitaied." Whether the precipitation was accomplished. by organic

or inorganic agenci-es cannot be d-etermined. The solul,ions of iron
and silica vüere a by-prod"uct of the extrusion of spílitic flo'¡¡s

which are abunaant in the area"

Tanton (1950): Iron range rocks are fomred by liquid.
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inmrj-scibillt}r j-n ore-fo:raÍng magmas. They are not of sed.Íment-

ary origin. The ba-nd-ing is clue to flov,rage of mo}ten inmiscibl-e

iron-bearingsand. sil-iceou.s rnaterial-" Tanton agrees with lÁlad-s-

vrorth (v" page 9), and. holds that the igneous interpretatÍon

accounts for all the Lake Superior i.ron ores"

Jarnes (1951): The i-ron-rich rocks of the Iron River

d.istrict of Michigan anÖ lVi-sconsin viere forued during huroid-

iropical or hunid sub-tropical conditions, whenever these con-

d.itions arose, regardless of exten'sive changes in physical

environ¡nent. ÐepositÍoï1. I,^ras in closed basins¡ âs d"escribed

iry VilooLnough" The rocks are products of an era of iron-rich
sed-imentation d.uring which the t]'pe of iron mineral for:rned. d-epended

on the immed.iate d.epositional- environment.



CTTAPTER IfÏ

PETts.TGRAPI{C STTIDY

IiVTRODUCTf ON

The purposes of a petrographie stud-y vrere (]) to learn

the constitution of the various iron foruations; (2) to show

vu'het]:er there are enough. direct or indj.rect sinil-arities Ëunong

them; if iron formations from various l-ocalitities are simil-ar

or identlca.l mineralogically aad tex'turally, it should. be rea.s-

onable to suppose thÊ.t they alt had. a similar orlgin; (3) to see

whether tbe data so obtained cont,ribute any evid-ence in support

of one or another ffilothesis on the origin of i.ron foimation'

Although most of the irrfo::mation was obtained. from the

exa¡únation of thin sections of iron fo¡:rnations and. tbeir en-

closing wal} rock, sucb an examination would- bot show the exact

nature of the opaque mineralse such as magnetite, hematlte and'

o'6hers v,¡hieh might be present but whj-eh. aould- roe missed- in a

thin-section stuily. Therefore the tiún-seetíon stud.y r'rias supp-

le¡nented- with a stuiLy of pollshed. sectionso enough of which vrrere

made for eacb locality to afford. a fair representation of the

opaqu.e minerals. The polished-section evid.eace is too meagre to

wamant a separate descriptÍon, and. for this reason it is pres-

enteal" Ín conjunctj-on r''¡ith the thin-section da'ca'

PETROGRJ\PItrC DESCRIPTION OT IROT{ FORT,ÍATTOT']S

Lake SuP-erior-Be€qlog

The orfy specimens of Lake Superioa: iron fo::nation
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stud-ied in thin sectioa l'Íere ibe three from the T{larquette and.

Cuyuna ranges; these speeimens are d-escribe,l at the end of th-ls

ehapter. A general ,lescripüion of the Lake Superior roc]<s is
necessary in addÍ'tion, in order that the rocks which 'r{ere

actually stud-led during the present invesüigation night be

compared. wlth them, especially as, due to their large sLze, and.

to the amount of work already done on them, the Lake Superior

rochs havo become stanilard.s of conparlson for other iron fonß-

at;lons of the world,

E. T," Bruce (1945, p.595) nas adequatety summarized the

lmportant characterisi;ics of bandod lron forrnations of the Lake

Superior regÍ.on" The iron fomations of the Vennilion, Gunflint
and. Miehipleoten ranges are of Keev¡atln age; tbose of the Mesabl,

Cuyrna, Penokee-Gogebic, Marquette, Tron River, l.{enonineo and.

Baraboo ¡¿nges are Huronlan, [he iron fo:rurations are flnely band.eil,

composed. of alterna.be band.s of quartz and, some variety of iron
oxiite and. often arFhibol-e. Most of them d.o not contain clastie
mineralso though son.e eon-t,ai.n layers of ehlorite ano actinolite
schists, which represent '.fi.:h.e¡+gralneit mucld.y sediments. In many

lron foru.atj.ons carbonates are present in the form of siderÍt,e,

sometimes as ferro-dolomite or calci'be; lf oarbonate is absenÈ

ao\[r, there is often evLil.ence testifyLng to its forrnor existence.

In the iron forro.ations of ffirronlan age, greeüallte -- a granuLar

sa.r'rorphouste ferrous siLieate ls an ímportant constltuent of

certaln beds. Most of the Lron fo:riatlo¡r"s occur in sedimontarry

roelcsu but others occur in tuffs; some occur with chlorlte sohists

whieh xûay be voleanie rocksø or lron:råch sed.iments. Keov¡atin
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íron ,or*urio* tru usually but aot always d.irectly on basie ,u11".

The miaeralogf.c eonstltution of the Lake Superior iron
forrnati.ons Le d.escribed. 1n more or l-ess d.etall by Bruce

(1945¡ þp"590-591)" Below i.s a surunary of his d.eseriptions"

Soudan foruqllon of ths Ygrmilfon.range: Flve ty¡rëe' have

been recognizeil:

(1) Sliehtly femuglnous welL-baad.ecl ehert.
( e) Dark grey sr þlack eherty band.s lnt'erlemi nated. urith

bands of magnetite aad some arnphibole,

(6) Red layers of quartz with månute hematLte flakes

interbandeü with layers rich in hematite, wlth magnetite j.n places"

( 4) ïIhite quartzose bancls altornating with Lron*rioh

layers of brown hematite ì,rith llmonite ln plaees"

(5) Grey banded roek, the light-eolored bancls of wT¡Lch

are maltrly si.d.erLte.

Birvablk form*lion of-tåe, Mesgrbå sqlgg; Yellowu brown or

green femuglnous cherts w5.th somé amphi.bole aad. siderlte. Some

bed.s are largely greenaliËe ln a eherty matrls.

Negaqnqg fggEation of thg l.farqggüte ranee-: 0herty lron
carbonptes, siderltie slates and" jaspilites; the jaspllåtes oon-

sist of brigbt red- quartz layers al'bernating rrlth ilark red band.s

rieh in lron oxi-cles" Femuglnous cberte assoeiated with the

Jaspllite aro less brightly coLored. and contain ssme earthy oxid.es.

Penokge egd G_ogeQic qan€eg: Slaty aniL cherty iron carbon-

ates as in the I{arquette forrsations anü ferruginous cherts as Ln

the }lesa'oi; the oarbonates are feruo-'Lolomite as rqell as slðsrite.



Sout heastern Mani tobal

Ia the fi.eltl, the iroa foruation bands are easily reeogn-

ized. by thelr strlking banding, d.ark color, and" resistance Ëo

eroslon whieh makes them stand. out ln rellef above their wall-
rooks. The thlekness of the band.s of i.ron fornration seenin

southeastern Manltoba rangecl fron about an lnch. to a hund.recl feeÈ

or perþþ.s nore -- the tb-tcker bauds were not usually orposed

across thetr whole outcro¡r width. The appearanco of a typleal

foldeil band of iron foim.ation ís showu, ln Figure 2"

L"qIg lgke_ and_Bt-*gu Lake. -4. serles of paral1e1 iron
fo:ro.atlon band.so each no nore than two inehes wíil.e, fg lnterbecld.ecl

with tuff. In the tuff, parallel to the Íron lrand-s on elther sicle,

Ls a basLo sltl eonsistíng essenÈially of greenlsh-bLue amphilrole.

Two varietiee of tuff s/ere seone grading into eaeh other,

One is a oour.se-greined. arkosio tuffs cortposecl of or.¡rstals sf
plagloclase (and.esine), fragmeats of rbyollüe, and grairi,s of

chLoritie material, possibly pseud.omorjhie after sorne nailc mat-

oriaL" The matrix trs mad.e up chlefly of eubed.ral erystals of epl-
dote and. some ehlorite" Tho othor tuff is a fine-grained., fine-
be,åded eherty variety, consistitrg of a flne-grained quartz matri.x,

in r,vhich are mln¿te flakes of chlorlte and" srrall lentloular epi-

C.ote aggregates allgned parallel to the beclitlng" Tigure õ shol,rrs

coarse-graLned tuff overlying fine-grainecl tiff" Cross-'oeddlng

and. grain gradatlon'are seen here on a mìeroscoplc scale"

l.For localitles of ManåËoba speclmens see the indox
map in bask"
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FIGURE Z

Appearance of two parallel thirr bands of
iron format,ion (d.ark grey) in the field,

near Gunna-r mine
Photo by Derek Featherstonhaugh
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FIGÜRE 3

Grain gradaticn
SPecim.en

in
73

tuff
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Nearer the s111 the cherty tuff is rj.eher in epidote and.

chl-ori.te (though these may be part of the original tuff ), and. i.s

cut by veinlets of bluè amphibole; near the veinlets in the tuff
are a few minute dark blue tourrraline crystals'

The iron formation bands f.artlher fron the intrusive con-

eist sÍnrFly of a fine-gra-i-ned mosaic quartz natrix i-n whlch small

magnetite crystals are concentrai:ed. in bands (T'igures 4 and. 5) "

Radiating clusters of mlnuie needles and flakes of stilpnomelane

are regì¡Larly d-lsseminaied. throughirut"

OJ.oser to the intruslve, craciis in the iron formation

are fiJ-led r¡rith coarse-grained mosaic quartz and. occasiorral

aeed.les or even iarge, irregular grains of bl-ue amphlbole tFigure 6)"

StilpnomeLane oecurs in these velnl ets in larger grains than in
tbe matrix of the iron forrne.tion band.. The veins also contain

large euhedral pyri'ue crystals, and. some chalcopyrite"

In places the blue amFhlbole velr¡s are domlnant; the rock

resembles a breccia in whích the fragments are magnetite*chertu

and the matrix is blue arnphlbole" The fragments are no longer

meroly magnetlte and quartz, but eonslst of magnetite, stilpnomel-

ane, l-imonite, and. sone quartz; the magnetite grairæ are not eu-

hed.ra-l as in the fresh lron fonnatlonu brrt rounded " ÐisBlacement

of tlie fragm.ents ls very smal-l

Gu!¡lqs- 44ng," Two band.s vrere examined. from the Gunnar mine.

The band west of the shaft appears to be an offset eontinuation

of the banù north of Bid.ou Lake; it is Llkewise enelosed in tuff,
and. consists of quartz anå magnetite; however, lt aontains

chlorite to the extent of about flfteen pereent, and no stllpnom-
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TIGURE 4

Pure quartz-magnetite- smalt Patelres
SPecirren

iron f o::rnation r¡rrith
of carbonate
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