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PREFACE 

H ighly metamorphosed iron-formations contain iron- and manganese-rich 

varieties of amphibole and pyroxene minerals that are uncommon in other meta­

morphic rocks. The mode of occurrence. composition , and properties of these minerals 

are of special significance in studies of the amphibo!e group of minerals as a whole, 

in understanding the primary nature and metamorphic history of iron-formation , and 

in the bcneficiation and processing of iron ore mined frcm the metamorphosed iron­

formations. 

Dr. K. L. Chakraborty, a post-doctorate fellow of the National Research Council 

from Jadavpur University , Jndia , was attached to the Geological Survey of Canada 

from November 1961 tc January 1963. His study of the composition, optical proper­
ties, and X-ray determinations of ferromagnesian silicate minerals from the Wabush 

Lake area in Labrador, Newfoundland , is reported in this bulletin. 

J. M. HARRISON, 

Director, Geological Survey of Canada 

O TTA WA, D ecember 2, 1963 
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FERROMAGNESIAN SILICATE MINERALS IN 

THE METAMORPHOSED IRON-FORMATION OF 

W ABUSH LAKE AND ADJACENT AREAS, 

NEWFOUNDLAND AND QUEBEC 

Abstract 

The Wabush iron-formation is a metamorphosed Precambrian ferruginous 
sed iment in the southern part of the Labrador geosyncline. The whole forma­
tion is divided into three main lithological units (oxide iron-formation, si licate 
iron-formation , and carbonate iron-formation) on the basis of mineral assem­
blage. A large number of ferromagnesian and lime si licate minerals, such as 
anthophyllite, cu mmingtonite, manga noan-cummingtonite, hypersthene, diop­
side, actinolite, and garnet have been formed in these rocks by metamorphic 
reactions. The chemical and optica l properties and modes of occurrence of 
these minerals have been studied, and their identifications confirmed by X-ray 
studies. 

Siderite and dolomite are the predominant types of ca rbonate in these 
rocks. Variations in chemica l composi tion of cu mmingtonites in different iron­
formations apparently indicate differences in primary chemical com position of 
the sed iments. The relationship of the anthoph ylli te, cummingtonite, and man­
ganoan-cummi ngtonite minerals is established. Anthophyllite and cumming­
tonite are proven to be two different series with limited isomorphism. Man­
ga noan-cu mmingtonite has monoclinic symmetry, but its chemical composition 
and optical properties are more si milar to anthophyllite with orthorhombic 
symmetry than to the cummingtonite- gruner ite ser ies. Paragenesis of the silicate 
minera ls was deduced from their chemical composition and textural relation­
ship . 

Results of this study suggest that the iron-formation was metamorphosed 
isochemica ll y with a minimum possible migration of mater ial , a nd has reached 
the epidote-amphibolite facies or garnet-staurolite zone of metamorphism. 
Manganese-bearing anthoph yllite and manganoan-cu mmingtonite are evidently 
the source of secondary manganese in the iron ores of this region . 

Resume 
La formation fer rifere Wabush est un sed iment ferrugineux metamor-

phise du Precambrien, de la partie sud du geosynclin al du Labrador. L'en­
emble de la formation se divise en trois principales unites lithologiques 

(formation a oxyde de fer , formation ferrifere a silicate et formation ferri­
fere a carbonate). Un grand nombre de mineraux ferromagnesiens et de 
mineraux a chaux et a silicate comme l'anthophyllite, la cummi ngtonite, la 
manganoan-cummingtonite , l'hypersth ene, le diopside, l'actinolite et le grenat 
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se sont fo rmes da ns Jes roches par reactions meta morphiques. On a etudie 
les proprietes chimiques et optiques et les modes de venues de ces mineraux 
et o n a confirm e leur identifica tion par l'examen aux rayons X . 

La siderite et la dolomi e sont les principa ux genres de carbon ates cl ans 
ces roches. Les va riat ions de la composition cbimique des cummingtonites 
cl ans les diverses form ations ferriferes indiquent apparemment des differences 
clans la compositio n cbimique primaire des sedim ents. On a etabli les ra pports 
entre l'a othopb ylli te , la cummington ite et Jes minera ux a maoganoa n-cum­
mingto nite. Il es t etabli que l'anthopb yllite et la cummjngtonite sont deux 
series differentes a isomorphi sme limite. La manga noan-cummingtonite pre­
sente un e sy metrie monoclinique, m a is sa compos iti on chimiqu e et ses 
proprietes o ptiqu es ressemblent plus a l'a nthophyllite 1a symetrie ortho rhom­
bique qu 'a la serie a cummingtonite-grunerite. On a deduit la paragenese 
des mineraux a sili cate de leur composition chimique et de Jeurs rappo rts 
texturaux. 

Les res ultats de la presente etude portent a supposer que la fo rm ati on 
fe rrifere a ete metamorphi see isochimiquement avec une mi gration possible 
de materi aux redu ite a u minimum et qu 'elle est parvenue au fac ies a epidote­
ampbibolite OU a l'etat de meta morphi sme au grenat-s taurolite. L'a ntho­
phyllite a manga nese et la manganoan-cummingtonite so nt evidemme nt les 
sources du ma nga nese second aire cla ns les minerais de fer de la reg io n. 



INTRODUCTION 

The iron-formation of Wabush Lake a nd surrounding areas forms the southern 
part of the metamorphosed Precambrian ferr ugi nous sedimentary se ri es of the 
Labrador geosyncline . Since the end of the J 9th century parts of thi s formation have 
been investigated by various Canadian geologists. A recent review of these investiga­
tions with detailed description of the geology , stratigraphy, structure, a nd economic 
aspect of the areas has been given by Gross (in preparation). 

The Wa bush iron-formation has been divided into two stratigraphic uni ts: the 
lower Wabush iron-formation, consisting of quartz- carbonate- silicate rocks ; and the 
upper Wabush iron-formation , composed of quartz- specularite- magnetite rocks or 
the potential orebod ies. The whole formation is intricately folded and faulted. The 
speci mens were collected for co mparative study by G . A . Gross and the writer from 
both lower and upper Wabu sh iron-formation near Wabush Lake, and from the 
Mount Wright and Boulder La ke areas. The di stribution of rocks in these areas is 
shown on Figure J. Talc, anthophyllite, cummingtonite- grunerite, manganoan­
cu mmingto nite, hypersthene, diopside, tremo lite, actinolite, ga rnet, and a few other 
secondary min erals are the important ferromagnesian si licates of this meta morphosed 
iron-formation. 

Previous Work 

Cummingtonite- grunerite, hypersthene, diopside, and actinolite are the most 
abundant and widespread metamorphic silicate mineral s of all iron-formations. These 
minerals, along with q uartz, magnetite, and carbo nates, have been described by Gross 
(1955)1 , Mueller (1960), Klein (1960), and Kranck (1961) from different parts of the 
Labrador geosyncline. Mueller and Kranck investigated the eq uilibrium relations in 
the natural hydrous ferromagnesian silicates on the basis of the distribution of different 
elements in them . The phase chemistry of different hydrous iron silicates has been 
briefly di scussed by Yoder ( 1957). Experimental studies on the system FeO-Si0rH20 
have been carried out by Flaschen and Osborn (1957) and by Smith (1957). Sundius 
(1931), Rich a rz (1927 a, b), and Gruner (J946) described the mineralogy of the 
cummingtonite-grunerite series from the iron-formations of Sweden and the Mesabi 
Range. A few manganiferous cummingtonites were described by Sundius ( 1924) from 
the iron-formations and eulysi tic rocks of Sweden. Richarz (J 927) and Sundius (1931) 
later tried to compare the optical properties and chemical composition of the man­
ganiferous and non-rnanganiferous cummingtonites. The crystal st ructures of the 
monoclinic amphiboles have been worked out by Warren (1930) and Ghose (1961) ; 
Rabbitt (1948) has published results of a detailed study on the anthophyllite se ries. 

I Names and / or dates in parentheses are those of References li sted at end of report. 



Ferroma gnesian Silicate Minerals 

Study of various aspects of the ferromagnesian amphibo les by different workers 
raised new problems concerning the cu mmingtonite and anthophy llite series. The 
relationship between anthophy ll ite and cummingtonite has been discussed since 1930, 
when Johansson made a comparative study of these minerals and tremolite. Sundius 
(I 931) and Richarz ( l 927b) brought forward their arguments regarding the relation­
ship of manganese-rich and manganese-poor cummingto nite. Recently Jaffe, Meijer, 
and Selchow (1961 ) desc ribed one manga noan-cummingtonite from manga ne e 
carbonate rocks of suta , Ghana. 

Scope of Investigation 

An examination of the literature cited above indicated that more detailed inve ti­
gations were needed on the optica l and chemical properties, structural patterns, and 
paragenesis of the ferromagnesian silicate mineral s. Accordingly, with the metamor­
phosed Wabush iron-formation as material , the author has: (1) studied and descri bed 
the mineral assemblage in each sedimentary facies present ; (2) determined variations 
in optical properties, chemical composition, and X -ray powder patterns of various 
ferromagnesian si li cates present ; (3) made precise and accurate determinations of 
the carbonate mineral s in the iron-formation by mea ns of X-ray diffraction , semi­
quantitative spectrographic analyses, differential thermal ana lyses, and thermogravi­
metric analyses ; ( 4) inferred the grade a nd nature of metamorphism of the rocks ; 
(5) estab li shed a new correlation of the relationship of anthophyllite, cummingtonite, 
and manga noan-cummingtonite ; (6) establ ished the paragenes is of the silicate minerals 
from their textural re lationship, chemical composition, and mode of occurrence; and 
(7) indicated the source of secondary manganese in the iron ores of the Wabush Lake 
area. 

Acknowledgm.ents 

The writer carried o ut this work at the Geological Survey of Canada as a post­
doctorate research fellow sponsored by the National Resea rch Counci l of Canada. 
The X-ray determinations a nd chem ical a nal yses of si licate minera ls were done by 
J. L. Jambor a nd S. Courville, respectively. A generous grant from the Survey and the 
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encouragement during the progress of the work. Thanks are also due to Dr. K. R . 
Dawson for his constructive suggestions . 
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PETROGRAPHY OF THE IRON-FORMATION 
The ferruginous rocks of the Wabush Lake and surrounding areas are classified 

in three main lithological groups, including the oxide, silicate, and carbonate facies. 
Gross (in preparation) has discussed in detail the various kinds of iron-formations, their 
classification , a nd their di stribution in the Labrador geosyncline. The a uthor's clas­
sification based on mineralogy follows that of Gross. Short descriptions of each of 
these three groups a re given. 

The three mineral facies occur as distinct lithological units, interfingering with 
each other or in places showing transition both along and across the strike directions. 
Although from the existing mineralogy it is not possible to decipher the primary 
nature of these rocks, there is little doubt that the Wabush iron-formation is a meta­
morphosed equivalent of sedimentary iron-formation like that in the Knob Lake 
Group farther north , where primary facies are preserved . The environment under 
which these facies may be deposited has been outlined by Krumbei n and Garrels 
(1952), James (1954), a nd others. The transition or abrupt local changes in different 
facies is believed to be brought about by slight change in pH and Eh or irregularities 
in the sedimentary bas in s. Interfinge ring, on the other hand , may be caused by re­
gressive and transgressive changes in sea-level. 

Oxide Facies 

The oxide facies is represented by a thinly banded iron-formation consisting 
predominantly of quartz, specularite, and magnetite. A little talc, anthophyllite, and 
cummingtonite also occur as primary constituents in thi s association , but do not 
exceed 5 per cent of the total bulk of the rock. Ferrimuscovite was identified with 
quartz and specularite in the Mount Wright area . The mineral assemblages charac­
teristic of thi s facies are: 

a. quartz- specularite (with talc, anthophyllite, and very little magnetite); 

b. quartz- specularite- magnetite (specularite a nd magnetite roughly in equal 
proportion) ; 

c. quartz-magnetite- cummingtonite (with very little specularite). 

The oxide facies forms most of the upper Wabush iron-formation . The lithological 
similarity of these rocks to the itabirite formation of Minas Gerais, Brazil (Guild , 
1953) is readily apparent. Quartz and iron oxides occur together forming a mosaic­
like texture, but there is no sign of reaction between the two. The effect of metamor­
phism on these rocks is mainly recrystallization of the minerals and increase of grain 
size. The average quartz gra in size in the Wabush and Boulder Lakes areas ranges from 
0.15 mm to 0.2 mm , but in the Mount Wright area it is consistently above 0.2 mm. 

3 



Ferromagnesian Si licate Minerals 

Silicate Facies 
The iron-formation characteristic of the silicate facies consists mainly of cum­

mingtonite with quartz, magnetite, a nd ga rnet. Ferrohypersthene is a common con­
stituent of thi s mineral assemblage in the Mount Wright a rea. Cummingtonite grains 
show two habits, coa rse prismatic grains or fine acicular needles. The acic ul a r forms 
a ppear to have been completely recrystalli zed to the coarse for ms. Although a schi stose 
fa bric is commo n in these rocks, ma ny of the sili cate gra in s are rando ml y di stributed , 
for ming a coarse felted mass, wh ich tra nsects the crudely defined ba nding. The ili cate 
facies i the leas t abundant in thi s regio n. 

Carbonate Facies 

T he iron-formation rep re entin g the carbonate facies is more heterogeneo us than 
the o ther two facies. lt grades from coarse ly ba nded quartz- ca rbonate rock to car­
bonate- quartz- cummingtonite- magnetite rock, with a num ber of other sil icate 
minerals like diopside, act inolite, tremolite, phlogopite, etc. , ap pearing in places. 
Carbona te is predominant and cummi ngtonite forms JO to 15 per cent of the rocks . 
Acti noli te, tremolite, and phlogopite a re ev id entl y seco nda ry. The fo llowi ng mineral 
assemblages a re represented : 

a. carbo nate- qua rtz ; 

b. carbo nate- tremolite- q ua rtz ; 

c. carbonate- quartz- cum mi ngtoni te- magneti te ; 
d. dio psi de- cum mi ngton i te- acti noli te- ca rbo nate. 

Ferrohype rsthene is close ly associated with asse mblage d in the M o unt Wright 
a rea. The carbo nate fac ies rocks a lternate with thin ba nd s o f silicate iron-formation 
in so me parts of the strati gra phic success ion . 

Sma ll a mo unts of carbonate, bluish green hornblende, a nd tourmaline are 
present as minor constituents in most specimens exa mined. Biotite a nd ch lorite a re 
a lso present, but are clearly o f re trograde metamo rphic o ri gin . 

4 



MINERALOGY OF THE IRON-FORMATION 

The metamorphosed iro n-fo rmat io n of Wab ush Lake a nd surrounding areas is 

composed of a la rge number of iro n oxide a nd fe rromag nesian silicate mineral s. Some 

secondary Mn-oxides have a lso been reported from these rocks. Th e oxide mineral s 

were studied by Gross (1955), Knowles a nd Gastil (1959), and others. Klein (1960) 

examined the mi neralogical properties of the amph ibo les , especia ll y cummingtonites. 

A mentioned ea rli er, an th ophyllite, cumm ingtonite- grunerite, co mmon hornblendes, 

and a few pyroxenes (hypersthene a nd diopside). a nd garne t fo rm the most important 

ferromagnesian silicates in the Wabush iron-formation . A variety of manganoan­

cummingtonite occurs with anthophy lli te in the oxide iron-formation in the Wabush 

No. 6 and No. 7 depos its, a nd al o to the so uth of Littl e Wabu sh Lake ( Fi g. I). The 

writer has confined his discussion to th e im porta nt sili cate minera ls encountered in 

these rocks. With the exception of some accesso ry minerals, a ll identificat ions have 

been confirmed by X-ray powder pattern and chemical analyses. 

The highest and the lowest refractive indices of the mineral s we re determined by 

liquid immers ion methods in sodi um li ght. Optic axial angles were measured directl y 

on a four-axis uni versal stage and the extinction a ngies were a lso checked. The inter­

mediate index of all the samples has been calcu lated. T he accuracy for ind ices below 

1.70 is ± 0.002 a nd above 1.70 is ± 0.005. 

Separation of Minerals 

Separation of amphibo les was done using a Fra ntz isodynamic separator, with 

the sa mpl es cru hed to - 100 + 150 mesh . Magnetite and grains containing magnetite 

inclusions were separated usi ng a strong hand magnet. Carbonate~ were leached out 

by hot dilute HCI. A drift ti lt of 25 degrees with a cross tilt of 18 degrees and 0.4 to 

0.5 ampere current was the most satisfactory se tting for the isodynamic separator for 

separating cummingtonites from quartz. Separation of cummi ngtonite was easy as 

it does not occur with anthophyllite or manga noan-cummingtonite. A little higher 

ampere setting was needed to separate manga noan-cummingtonite from quartz a nd 

anthophy ll ite. Specu larite was separated very easi ly at a lower current (0.25 ampere) 

at this setting. After treatment in the Frantz separator, impurities were a lmost negli ­

gi ble, and those that remained were detected under the binocular microscope and easily 

removed by hand picking. The co ncentrates from the Frantz separator had very few 

imp urities and were sufficiently clean for refractive index studies. The coarse grai n 

size of the si licate mineral s a nd lack of i ntergrowth made the separation relatively 

5 
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Ferromagnesian Silicate Minerals 

easy. Anthophyllite occurs in pure bands or in clusters in these rocks. Samples were 
taken from ba nd s free of manganoan-cummingtonites, and it was not difficult to 
obtain a stock of mineral that was free of impurities by hand picking under the binoc­
ular microscope. Diopside occurs a coarse to very coarse grains and pure crystals of 
diopside were readily available for chemical and X-ray analyses. After hand picking, 
portions of the final products were mounted a nd examined under the petrographic 
microscope. Inclusion s of iron oxide were present in Jess than one per cent of the 
silicate grai ns, and the stock obtained for chemical ana lys is, X-ray, and optical ex­
ami nations was better than 99 per cent pure. 

The Amphiboles 

Classification 

The amphibole group of mineral s are silicates that have either orthorhombic or 
monoclinic symmetry, and have similar internal structure and external habit. The 
silicon-oxygen tetrahedra are arranged in such a way as to produce a doubl e chain 
"inosilicate" structure in which the Si-0 ratio is 4:11 (Warren , 1930). The general 
formula for this gro up as given by Berman (1937, p. 354) is 

(W, X, Yh-s (Z40 11)2 (0 , OH, F)2 

where W = Ca ; Na, K , and Li in minor a mount ; 
X = Mg, Fe++, Mn++; and Al in part ; 
Y = Al a nd Fe+++ primarily, a nd sometimes Ti ; 
Z = Si mainly and Al in part. 

It has been generall y accepted that there a re three ma in species co mpri si ng the 
amphi bole gro up. The species a re: 

tion . 

6 

1. Anthophyllite: X7 (Z40 11)i (H0)2; orthorhombic ; 
with X = Mg a nd Fe and very littl e Ca ; 

Z = almost entirely Si ; Al sometimes in small amo unt. 

2. Cummingto nite- grunerite : X7 (Z40 11) 2 (OH)2; monocli nic ; 
X = M g, Fe++ and Mn ; Zn is subordinate ; Al in minor quantity ; 
Z = Si predominantly ; Al sometimes in ve ry small a mou nt . 

3. Hornblende : W3 (X, Y)5 (Z40 11)i (OH, F)2; monoclinic; 
W = Ca ; Na a nd Kin subordin ate amounts ; Li rare ; 
X = M g, Fe++ ; Mn is rare; 
Y = Al , Fe+++; Ti is rare ; 

Z = Si mainly ; Al in small part. 

The amphiboles of the Wabush iron-formation fit into thi s three-fold classifica-
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Map 9 -1960, Shabogamo Lake, by W. H. Fahrig. 1960; Geol. Surv. of Canada; 
records of che Iron Ore Co. of Canada. 
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Figure 1. Distribution of iron-formation in the southern part of the Labrador geosyncline. 





Mineralogy of the Iron-Formati on 

Anthophyllite Series 

In the Wabush iron-formation anthophylljte was found in two places. In the 

Smallwood mine (Fig. 1) it occurs with specularite a nd quartz with a sma ll amount 

of talc, and in the Wabu sh No. 6 and No. 7 deposits it is associated with quartz, 

magnetite, specularite, and a greenish a mphibole that has been identified as manga­

noa n-cummingtonite. Both occurrences are restricted to the upper Wab ush iron­

formation . Anthophyllite, ma inly a fibrou s variety, occurs as very lea n, di sco ntinuous 

bands parallel to the regional foljation. Acicular, elongated prismatic gra ins are also 

present but rare. The anthophyllite looks grey, greeni sh, or pale yellowi sh brown. Jn 
thin sections it is colourless, greenish , or pa le brown . The fibrous variety is often 

fo und in stellate groups . Talc in fairly coarse grains is a constant associate of a ntho­

phyllite and specularite in the Smallwood mine. Anthophyllite has evidently crystal­

lized la ter than talc in these rocks a nd large grain s of talc show transfo rmation to 

anthophyllite (Pl. I). The stability field of talc and anthophyllite has recently been 

experimentally establi shed by Fyfe (1962), who found that over a limited range of 

conditions between 670° and 800°C at 2,000 bars, talc would convert to a nthophyllite 

a nd quartz in the presence of water. The texture described here is possibly an example 

of this reaction that has ta ken place under natural circumstances. 

PLATE I. Prismatic groins of onthophyllite (An) formed al the centre of a b ig groin of tole (x200 
crossed nico ls) 

Optical Properties and Chemical Composition 

The optical properties a nd partial chemical analyses of two samples of anthophyl­

lite from Wabush iron-formation are given in Table I. The optical properties were 

determined from relatively coarse prismatic gra ins under high magnification. 

7 
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Ferromagnesian Silicate Minerals 

Table I 

Optical and Chemical Data on Three Anthophyllites 
(All analyses are given in weight per cent ) 

Sp. 60-G F-55 Sp . 62-G FC-74 
Anthophyllite, 
Edwa rds , N .Y. No. 6 Wa bush Smallwood (Rabbit t, 1948, Deposi t Mine Table 2, No. 43) 

Si02 55.79 59.29 
Al20 3 4 .01 0 .59 
Fe20 3 2.2 1 0.29 
FeO 7.69 8.57 0.06 
Cao 0. 10 1.26 
MgO 23.20 24.84 30 .98 
MnO 2.25 2.29 2.77 
Na20 0.37 
K10 0.19 
Ti02 0.03 
H10 3.80 
F 0.20 

x J .6 10 J .6 14 
N y J .6 18 1.622 
N z 1.624 J .626 1.62 
Nz-N~ 0.014 0.012 
2V - 86° - 74° 

-- --
(Analys t: S. Courville) 

R a bbitt (1948) , after an extensive stud y of th e a nthoph yllite se ries, came to the 
conclusion that ide ntification of anthophyllite, especia ll y the fibrou s variety, is not 
co mplete without X-ray ve rification . The writer had the identification of the first 
sa mple (Sp. 60-G F-55) co nfirmed by X-ray powder patterns. The d-spacings and 
observed inten ities are given in the ap pendi x a nd approxi mate the spacings li sted on 
the ASTM card 9-455. The diagnostic X-ray diffraction lines of a nthophyll ite a re 
3.24 and 3.05. 

Rabbitt esta blished th a t the a nthophyllite se ries is a 3-co mponent one with limited 
isomorphism in which mag nesium , iron , and aluminum a re the principal constituents 
i nvolved . Tron or (Fe++ + Mn++) can substitute for magnesium from a bou t 5 per 
cent to a bout 50 per cent. a nd a luminum replaces silicon up to 2 atoms in the unit 
cell. Besides the oxides of these three essential cati ons, a nthophyllites of the Wabush 
iron-forma ti o n contain a pprecia ble a mounts of MnO. M a nga nese has a lso been 
reported in the chemical a na lys is of a nthophyllite from Edwards, N .Y ., which R abbitt 
described as o ne of the purest va rieti es known. The analysis has been cited in Table I 
of this paper for co mparison . Ghose ( 1962) recently described the di stribution of 
M g++ a nd Fe++ in so me of the ferromagnesian si li cates including cummingtonite and 
anthoph yllite. Simil a r work on the di stribution of Mn in the latt ice positions of these 
minerals is sti ll lack ing. Co nsidering that manga nese is not a n essential co nstituent 
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Mineralogy of the Iron-Formation 

of a nthophyllite the writer sugges ts two a lternati ves as to why it may be present : 
(1) the high ma nganese content is normal for a n a nthophyll ite tha t is in equi librium 
with manga noa n-cummingtonite ; or (2) the manganese-bearing a nth ophyll ite is in a 
metastable state in these rocks. 

C ummingtonite-Grunerite Series 

Members of the cummingto nite- gru nerite eri es are the most ab undant sili ca tes in 
the meta morphosed iro n-form ation of Wab ush La ke a nd surrounding areas. Although 
their stability field could not be definitely estab li shed (Flaschen a nd Osborn , 1957), 
these a re minerals widely known from the meta mo rphosed iron-formations a ll over 
the wor ld . Jn the Wabush iron-formatio n they occur in a ll three facies (ox ide, sili cate, 
and carbonate), but in different proportions. The opti cal an d chemical properties of 
the Wabush cum mingto nites a nd their modes of occurrence differ markedl y in the 
three facies. Jn the ox id e facies of iron-formation cummingtonite occurs with quartz 
a nd magnetite as small prismatic grai ns, which are generally elo ngated parallel to 
the ba nding. Jn the silicate fac ies cum mingtonite occurs in two varieties, as coarse 
prismatic grai ns and as fine elongated needle . Cummingtonite in the carbonate­
quartz mineral assemblage is very coarse gra ined, poikilitic, and is di stributed in the 
rock without a ny preferred orienta tion. Evidence for reacti on between ca rbo nate and 
quartz is not conclusive, but in places small grains of cummingto nite occur at the 
contact of carbonate a nd quartz ba nds or sur rounding the ca rbonate grai ns. 

Optical Properties 

Cummingtonites from the three mineral facies of iron-formation differ in colour, 
from brown (in the oxide facies) , pa le brown or a mber (in the silica te facies) , to colour­
less (in the carbonate fac ies). The colours are eas ily differentiated under the binocular 
microscope a nd even with the naked eye in mineral co ncentrate. All three varieties 
seemed to be nonpleochroic. The prismatic cleavages and lame llar twinning are well 
developed . The (001) parting was seen in a few gra ins of cummingtonite assoc ia ted 
with carbonate. Optica l data of these minera ls from three widely separated localities 
were determined for co mparative stud y (Tables II, HJ, IV). 

Table II 

Optical Data on Ciimmingtonites from W abush Lake Area 

Oxide 
Silicate Facies Ca rbo nate Facies Facies 

Sp. 62- Sp . 57- Sp. 57- 60-GF-65 60-G F-59 60-GF-W4 62-G F-18 62-GF- 16 
GFC-5 1 GF-86 GF-84C 

(12)1 ( I 0) (9) (5) (6) (2) (3) (4) 

N x ......... I .675 I .673 I .670 I .662 I .664 I .655 I . 657 I .66 1 
N , .. I .696 l. 692 I .689 I .680 I. 683 I .670 I .673 I .679 
Nz .. l. 715 I . 708 I . 707 I .696 I .698 I .687 I .69 1 I .694 
N z-Nx ... 0.040 0.035 0 .037 0 .034 0.034 0 .032 0.034 0.033 
Z /\ C .. 14° 15° 15° 17° 16° 200 18° 17° 
2V .. - 86° - 84° -88° - 89° - 85° + 86° +88° - 87° 

I Numbers in brackets refer to positions o f po ints plotted on Fig. 2. 



F errom ag nesian S ilica te Mineral s 

Table III 

Optical Data on Cummingtonites from Mount Wright A r ea 

Oxide I 
Facies Sili cate Facies Carbonate Facies 

54- 19 548 54-8A 54-148 54-9-2A 54-8 8 M-6-E 
( 14)1 (7) 

N x ...... l . 677 j .671 I . 666 I .671 I .665 I .663 I .662 
N y .... ...... I .699 I .686 1.677 I .684 I . 678 I .679 I . 680 
N, ... ... .. . I . 7 18 1 .699 I .689 I .696 I . 690 I . 694 l .696 

z-N x ...... 0. 028 0.028 0.023 0.025 0 .025 0. 031 0.034 
Z /\ C. .. 14° l 5° 17° j 70 l 7° 19° J 7° 
2V ...... - S4° - S6° - SS0 - S5° - S5° - S9° - 8S0 

1 N umbers in bracke ts refe r to pos itio ns of po ints plo tted on Fig. 2. 

Table IV 

Optical Data on Cummingtonites fr om Boulder L ak e A r ea 

x N y N , 

Sp. 60-GF-54F I .676 I .6992 I . 717 
(13)1 I .695 

Oxide Facies Sp. 60-G F-54 K I . 674 I .6952 I. 7 12 
( II ) I . 692 

Si licate Facics Sp. 60-G F-54A (S) I . 66S I. 6S82 l . 705 
1 .685 

I Numbers in brackets refer to positions of points plot ted on Fig. 2. 
2 Calculated y values. 

N z-N x Z /\ C 

0.04 1 14° 

0 .038 15° 

0.037 17° 

54.9.3 
( I) 

1 .650 
I . 662 
I . 6SO 
0.030 

20° 
+ so0 

2V 

- S3° 

---
- 84° 

---
- 86° 

Tables II, Ill, a nd lY show tha t the cummingtonites fro m the oxide facies have 
the h ighest refractive indices, a nd those fro m ca rbo na te fac ies have the lowest. T he 
cu mmi ngton ites in the silicate facies have intermedia te values . T he o ptica l propertie 
of 14 sa mples, showing the max imum ra nge of co mpos itio na l varia ti on, have been 
plotted in Winchell 's di agra m (Fig. 2). T he sa mples were numeri ca ll y numbered fo r 
convenience o f re ference. C ummingto nites fro m different fac ies show clea rl y defined 
gro upings. T hose in the ca rbona te fac ies ra nge in co mpos itio n fro m Fe55 to Fe70, 

those in the si licate fac ies fro m Fe74 to Fes2. a nd those in the oxide facies from Fes5 
to Fess · T hese gro upings indicate tha t the compositions of cum mingto nites differ in 
the three facies , but are a li ke in im ilar facies in d ifferent regio ns. 

To deter mine whether t hi s interpretation is a lso true in a limited a rea , t he writer 
collected sa mples of cumm ingtonite systematica lly fro m two well-exposed sections. 
At Wabush Signa l (Fig. 1), 40 samples were co ll ected from an approxi mate area of 
200 squa re feet where a lternate ba nds of carbo nate- rich a nd sil icate-rich iron­
fo rmat ion were exposed. T he ba nds are thin . sha rply defi ned , a nd co nti nuous (Pl. 11). 
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Mineralogy of the Iron-Formation 

ZAC------------~--~--~--~--~---.-~ l 
20· 1--_JL__--f--:::==f=-"~-t~~=j=~O--f'==crotili:::;;:::::L:±:---=-1 ~ FeO:MgO 

io01---~,,,-_::-_-__ )__ __ -J-----1e----4-----1----1-----1 1.0 

0 ·1----L---l----l----e-----1-----1-- ---' 6.0 

1----'-----L,---+----1----t-----!--~~----
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· S1Jica!e facies . . . . .x "----·-- -

I n--. Oxide facies . . .... ·• ___ 1 ~ _ _,_ __ _ 

Note: Numbers refer to -'-----l 
specimens listed -_j 
on Tables II. Ill, & IV 

1 

__ 

--~ 5.0 

-1----l 4.0 

---- ·--

-1-1-
1. 70 

1.69 

1. 68 · 

1. 67 . 
i=I-

1.66 - -

1.65 

1.64 . 

1.63 . 

1.60 -

1.59 -

1.58 

10 20 30 40 50 60 70 80 90 

Mg7(Si 4011)2 (0H)2 MoL 3 
CUMMINGTONITE 

Fe 7(Si 40 11) 2(0H \ 

GRUNERITE 

FIGURE 2. Optica l data and ind ica ted chemical campasitian af 14 members of the cu mmingtonite-grunerite 

series from the Wabush iron-formation. Chemical ana lyses of five sa mples are a lso plotted. (Dia­

g ram after Winchell, 1951, p . 428 ) 

Samples were collected from each band at a n interval of 7 feet. Another suite con­

sisting of 16 samples was co llected on the so uth end of Wab ush No. 6 deposit at 

interval s of 5 feet across a section extending from oxide to carbonate facies with a 

trans itional si licate fac ies . The highest refracti ve index (Nz) of cummingtonites from 

these samples was meas ured (Tables V a nd Yl). The values of N z obta ined are fair ly 

close a nd indicate the sa me ra nge of co mpos itio na l variat ion in cummingto nites from 

closely alternating band s of carbonate and sil icate iron-form ations as is found in 

widely separa ted a reas. 
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Ferromagnesian Silicate Minerals 

PLATE II. Alterna te bands of silica te carbonate (dark ) and quartz-rich iron - forma­
tion . Typical sect ion al Wabush Signal. 

Table V 

R e fractive I ndex ( N ,) of Cummingtonites from Wabush Signal 

Silica te Bands Carbona 1e Bands 

I 2 3 4 5 6 7 IA 2A 3A 4A SA 6A 
------------------------

1s t Linel I . 700 I. 705 I . 705 I . 707 1.700 I. 7 10 I. 705 1. 693 1.694 1.692 I .695 1. 694 1.692 
----------------- - ------

2nd Line 1.698 l . 705 1 . 705 l. 7 10 l. 705 - I . 710 1.693 1.696 1. 694 1.695 I .692 -------------------------
3rd Line I . 700 I. 702 I . 7 10 I . 705 I . 700 I . 707 I. 710 I .693 I .694 I .692 I . 695 I .692 1.694 

I Lines were chosen ac ross th e bands of iron-formation . 

Table VI 

7A 
--
1. 69 1 
--
1. 692 
--
1.692 

R efractive Index ( N ,) of Cummin!!fonites from Wabush No. 6 D e posit 
(Erery al!ernate sample was examined) 

Silicate Facies Carbo nate Facies 

Sample 
OS. 11 / I 11 / 3 11 / 5 11 / 7 11 /9 11 / 11 I I /1 3 11 / 16 

N ,. I .698 I . 699 I . 705 I . 7 10 I. 700 I .694 1.696 I .694 

Chemical Composition 
Table VII lists partial chemica l analyses of five selected sa mples of cumming­

tonites from different members of the Wabush iron-formation. These are recalculated 
in mole per cent and plotted on Figure 2. 
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Sample No. and 
Location 

60-G F-54F ( 13)2 
(Boulder Lake) 

57-GF-84C (9) 
(White Lake) 

57-GF-86 ( 10) 
(Caro l Lake) 

60-GF-65 (5) 
(Wa bush Lake) 

60-GF-W4 (2) 
(Luce Lake) 

Mineral ogy of the Iron-Form ation 

Table VII 

Chemical Analyses of Five Cummingtonitest 

(Analyses g iven in weight per cent) 

Si02 Al20 3 Fe20 3 FeO Cao M!!O MnO 

------ ---------------

F 

5J .60 0. 62 I .37 38 .09 0.00 6 . 10 0. 66 0.02 
------------------

46.54 7. 64 3 .75 30.62 0.14 8. 06 0 .34 
------------------

51 .45 0.00 2.18 35. JI 0.00 8 .00 0.83 
---------------------

47.64 4.46 3.22 34.10 0.04 7. 1 I 0.36 
--- - --------------

51 .46 0. 61 0 .40 33.0 1 J. 14 J0. 93 0 .58 

Facies 

Oxide 

Si lica te 

Silicate 

Ca rbonate 

Ca rbonate 

1 Ti , V, Ba, Sr, Cr, Ni etc. content were checked by spectrochemica l method and were fou nd a bsent or 
neg li gible. (Analyst: S. Co urvill e.) 

2 Numbers in brackets refer to sa mple number used on Figure 2. 

The cummingtonites are predominantly ferromagnesian silicates and are very 
similar to those described by Mueller (1960), Klein (1960) , and Kranck (1961) from 
different parts of the Labrador geosyncline. None of them approaches the iron end­
member of the cummingtonite- grunerite se ries in its optical properties or chemical 
composition (Fig. 2). Though the compositions of the cummingtonites a re similar, it 
is apparent that the cummingtonites from the oxide facies have the highest iron con­
tent, with Jess iron than those from the silicate facies. Cummingtonites from the 
carbonate facies have lower iron content and higher lime and magnesia content. This 
va ri a tion in iron content may be due to limitations in the availability of iron in 
different horizons during the formation of cummingtonite. From James' a nalyses 
(1954) the writer extrapolated the average chemical composition of different prima ry 
sedimentary facies of iron-formation, which supports thi s idea. The average iron 
content in the oxide facies is about 40 per cent, that in the carbonate facies is 25 per 
cent, and that in the silicate facies varies from 25 to 30 per cent. 

Two samples of cummingtonite shown on Table VU contain appreciable a mounts 
of aluminum. Thi s appears exceptional , since Sundius ( 1933), R abbitt (1948), Layton 
and Phillips (1960) believed that aluminum was present in quantity in some a ntho­
phyllites, but was rare in cum mi ngtonites. Some of the mineral s from Strathy, Suther­
land , described by Collins (1942) as cummingtonites are relatively high in aluminum, 
and are similar to the high a luminum cummingtonites from the Wabush iron­
formation. The MnO content is very low. The fluorine content was checked in one 
sample and was found negligible (0.023 ). The chemica l analysis of the sa mple 
60-GF-65 seems inconsistent with the optical and X-ray data. 
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Ferromagnesia n Silicate Minerals 

All cummingtonite samples a nal yzed have been co nfirmed by X-ray powder 
patterns. The intensiti es, d-va lues, and indices of one sample (57-GF-84C) with high 
al umina are give n in the appendix. The lines from other samples were com pared with 
thi s and we re found a lmost identical. For the purpose of co mpos ition determination , 
a line in the back reflection has been appropriately marked with an 'x' on Plate III. 
The sample with highest iron co ntent (60-G F-54F) has the largest ce ll dimension, and 
that with lowest iron a nd highest magnes ium co ntent (60-G F-W4) has the smallest cell . 
This phenomenon can be explai ned by the substitution of fe++ (0.74A) by Mg++ 
(0.66A) in this series. The FeO : M gO curve on Figure 2, if extended, may be a guide 
to determine the optical properties and chemical composition of the cummingtonite­
grunerite minerals. 

PLATE Ill. Contact prints of X-ray powder photographs of two cum mingtonites show variation in cell dimension. 
a = sp. 60-GF-54F with high iron. 
b = sp. 60-GF-W 4 wi th high magnesium. 

Manganoan- C ummingtonite 

Manganoan-cummingto nite occurs o nl y in the quartz-specularite- magnetite 
member of the upper Wabu h iro n-fo rmatio n. It is fo und in the qua rtz- specularite­
magnetite schi sts of the Wabus h No. 6 and No . 7 depos its a nd a lso in a simila r band 
so uth of Little Wabush Lake. T n the northern parts of these deposits the ma nga noan­
cummingtonite-bearing band s grade a long strike into quartz-specularite-a nthophyl­
Jite schists. The distributio n of thi s pa le greyish to light green a mphibole g ives the 
rocks a disti nctly banded appeara nce. Klein ( 1960) recently st udi ed the optical a nd 
chemical properties of thi s minera l in the Wabush No. 7 depo it. M a nga noa n­
cummi ngton ite is di sti nctly fine grained , acicu la r or prismatic. Some needles form 
stell ate gro up . Because of the close similari ty between these amph iboles and members 
of the tremolite- act inolite se ries, it is very d ifficu lt to identify them in hand specimen. 
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Mineralogy of the Iron-Formation 

Optical Properties and Chemical Composition 

In thin section manganoan-cummingtonite is seen to be colourless or pale green. 

The lamellar twinning is not common, but the (001) parting is found in most of the 

grains. The optical properties and partial chemical analyses of two of these amphiboles 

are given in Table VIII, along with a few others from the literature for comparison. The 

analyses show that the manganoan-cummingtonites are in general higher in MgO and 

MnO content than the common ferromagnesian cummingtonites. The refractive indi­

ces and birefringence are remarkably low in these am phi boles. The extinction angles in 

the first four samples a re much higher than those found in the manganese-poor 

cummingtonites. Optic axial angles are high and the optic sign is a lways negative. 

Richa rz (1927a) and Sundius (1931) compared the optical properties of manganese­

rich and manganese-poor cummingtonites, and reported lower refractive indices in 

the former, but they did not put forward an explanation for thi s unusual phenomenon. 

Table VIII 

Ch emical Analyses and Optical Properties of Manganoan-Cummingtonites 

(A nalyses given in weight per cent ) 

A B c D E F G 

Si02 53. 00 53 .70 57. I 51 .96 52.98 50 .74 
Al20 3 5.8 1 0 .75 0.44 0. 26 0 .88 
Ti Oz 0.005 0 .06 
Fe20 3 5 . 72 2. 16 0 .39 0 .60 J. 80 
MgO 17 .39 19.98 19. I 19. I 9.87 13.58 10 .57 
FeO 5 .44 9.64 3. 63 1.2 22 .51 2 1 .93 24 . . 13 
MnO 7 .29 5.22 16.8 19.2 7.65 8. 03 7 .38 
Na20 0 .22 0 .22 
Cao 1. 50 1. 12 l. 5 4.98 0 .29 2 .00 
KzO O.Ot 0 .08 
H20 2. 21 J. 9 2. 17 2 .36 1. 94 
PzO) 0 .04 
COz 0 . 14 0 .09 
F 0 .07 

99 .79 JOO 100 . 1 l 100 . 12 99.87 

N x 1. 632 I .628 1.630 1 .628 I .650 1 .650 1 . 655 
N y 1 .643 1. 641 1.644 1.642 l .670 I .665 1 .67 1 
N z I .655 1 .65 1 1.654 l .650 I .685 I . 679 1 .685 
N z-N x 0 .023 0 .023 0 .024 0 .022 0 .035 0. 029 0 .030 
Z /\ C 21° 21° 21° 22° 15° 16° 15 .4° 
2V -87° - 83° -82° - 74° - 81° - 87° - 85 .3° 

--
A. Sp . 57-GF-W lC l Sout h of Lit tl e Wab ush Lake. Wabus h iron-fo rmat io n. (Ana lys t : S. Cou rville.) 

B. Sp. 62-GFC-26A Wab ush deposit No. 6. Wa bush iro n- fo rma tio n. (Ana lys t : S. Co urvill e.) 

C. Klein (1960, p. 53) . Wabus h deposit No. 7. Wabush iro n-formation. 

D. Jaffe, et al. ( 196 1, p. 650) . Nsu ta , G hana. 

E. Sundius ( 1924, p. 157) . B_runsj ogruva n, Sweden. 

F. Sundius ( 1924, p. 157). O . Silvergruvan , Sweden. 

G . Sundius ( 193 1, p. 334). Uttersv ik , Sweden. 
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Ferromagnesian Silicate Minerals 

One sample of manganoan-cummingtonite (A , in Table VJJ I) was verified by 
X-ray powder patterns. The measured and calculated d-spaci ngs, observed intensities, 
and indices are given in the appendi x. The magnitude of the ce ll dimensions was deter­
mined by the Weissenberg Camera a nd data were adjusted to match the X-ray powder 
pattern. The pattern shows monoclinic symmetry a nd agrees well with the data of 
manga niferous cummingtonites described by Klein (1960) and Jaffe (1961). It is seen 
from Tab le Ylll that the refractive indices of the manganiferous cummingtonites 
do not show app reciab le changes with increase or decrease of Mn . 

Other Silicates 
A large number of ferromagnesian a nd lime si licates were formed alo ng wi th 

a nthophyllite a nd cummingtonites in the Wabush iron-formation. Among these the 
commo n hornblendes, pyroxenes, a nd ga rnets a re important. 

Common Hornblendes 

Actinolite 

Actinolite occurs with the cummingto nite- diopside- carbonate asse mblage in the 
lower Wabush iron-formation. The mineral was easily identified by its pale green col­
our. Jn thin ection it is seen to be pale greenish or yellowish and distinctly pleochroic. 
Actinolite formed coarse prisms and has undoubtedly replaced cummingtonite in these 
rocks. Unreplaced colourless relicts of cummingtonite are fairly plentiful in the 
centres of green actinolite grain s. Lamellar twinning and (001) partings are not co m­
mon , but are present in so me grains, perhaps as relict forms prese rved from cumming­
tonites. Optical properties of two samples of actinolite are given in Table JX. The 
optical data indicate that the minerals are "ferroactinolites" and rich in iron. 

Table IX 

Optical Data on Actinolites 

I 

Specimen No. Colo ur and 
N x N z N z-Nx z c 2V and Loca li ty Pleochroism " 

62-GF-19 x =colourless I .6581 
Wabush Lake ,. = pa le green l .650 I .666 0.016 15° -88° 

z=green 1.660 

54 A x =colourless 
Mount Wright o r pa le 

ye llow 
,.= yellowish I .638 J .650 1.662 0 .024 16° -87° 

green 
z= green 

-
1 Calcu lated N ,. value. 
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Tremo!ite 

Thi s min eral is present in the lower Wabush iron-formation associated wi th 
carbonate a nd quartz a nd ra rel y with cumm ingtonite. Both coarse pr isms a nd as besti­
form va ri e ti e ca n be identifi ed. The crystals a re genera ll y white or pale greenish , a nd 
co lo url ess in thin section . Lamellar twinning was seen in a few grains. Tremolite is 
closely intergrown with carbo nates a nd a ppears to have formed from them. The 
optical pro perti es of one sa mple (60-G F-62) from Wa bu sh La ke a rea were determined 
as follows : 

N x = l. 612 

N )' = l.621' 
1. 6 19 

N z = 1. 629 

1Calcul ated N y va lue 

Hornblende 

N z - N x = 0.01 7 
z /\ c = 20° 
2V = -88° 

Blue-green ho rnblende is a co mmon a mphibole in meta morpho ed iron-forma­
tions a nd has been described by Richa rz ( 1927b) , Miles ( 1943), a nd others from 
different parts of the world . This va ri ety of hornblende is present as ve ry small grains 
in most members of the Wa bu sh iron-forma tion , but its pa ragenetic relat ionship with 
other sili cate mineral s is not clear. Jn o nl y one place in Wa bush No. 6 deposit was it 
fo und as a thin band in quartz- specularite schi st. There it is coarse ly crysta lline, dark 
green, and is c losely associated with quartz. Tts optica l properties are as follows: 

Pfeochroism 

x = pale greeni sh ye ll ow 
y = oli ve-green 
z = deep bluish green 

Nx = 1.642 
N y= l.655 

z = 1.661 

Pyroxene Group 

N z - N x = 0.019 
z /\ c = 20° 
2V = -66° 

Pyroxe nes a re an importa nt gro up of mineral s in the lower Wabush iron-forma­
ti on. Two varieties of pyroxe nes, diopside a nd hype rsthene, cou ld be identifi ed in 
these rocks. Diopsid e is present both in the Wabush Lake a nd Mount Wright area , 
but hypersthene is found only in the la tter. 

Diopside 

This minera l occurs as conspicuo us coa rse, green porphyroblasti c cry ta l , 
associated with c ummingtonite, act inolite, a nd carbonates. The cry ta ls have grown 
across the c ummingtonite prisms and ra rely co nta in rotated a nhedral inclusions of 
that minera l. The formation of diopsid e, therefore, a pparentl y followed the crystalli ­
zation of cummi ngtonite. As there is no ev idence of replacement between diopside 
a nd cummington ite or diopsid e and carbonates, the pa ragenesis of di o pside ca n on ly 
be guessed . 

The diopside in the Wa bush iron-formation is gree n a nd non-pleochroic in thin 
section . Grain s are large, prisma ti c, a nd show poikilitic texture. Pri smati c cleavages 

17 



Ferromagnesian Si li cate Minera ls 

at right angles a re well developed and easily detected in the basal sections. The opti ca l 
properties of two samples a nd the chemical a nalyses of o ne a re given in Table X . Both 
sa mples are rich in iron and nea rer to hedenbergite (Ca Fe Si20 6) in compositio n. 

Table X 

Optical Properties and Chemical Analyses of T wo D io psides 
(A nalyses given in weight per cent) 

Sample 
No . and 
Location Si Oz Al20 3 Fe203 

----
60-GF-
W4 
Luce 
Lake 51. 56 0 .32 I .69 

----
54-6-E 
Mount 
Wright 

(A nalys t : S. Courville) 
' Calcu lated N y value 

Hypersthene 

FeO MgO Cao 
------

19.23 8.89 16 .94 
------

MnO N , N y N z Nz-Nx Z /\ C 
------------

1. 721' 
0.34 1. 715 I. 725 I. 740 0.025 44° 
------------

I. 712 1.7 17 11. 732 0 .020 43° 

2V 
--

+ 60° 
--

+ 59° 

H ypersthene occurs as small , elongated crysta ls closely associated with cu mming­
to nite, garnet, a nd quartz in the si licate facies of the Wab ush iron-formation. It is 
a lso fo und with the cummingtonite- diopside- actinolite- carbo nate as emblage in the 
carbonate fac ies. 

H ypersthene is intergrown with cummingto nite along di rection of crystal elo nga­
tion. The intergrowth is so complica ted that minera l separation for chemical analysi 
was practically imposs ible. H ypersthene is identified in thin secti o n by its parallel 
extinction , pleochroism, a nd other optica l properties. Table XI shows the opt ical 
data of two hypersthene a mples. 

Table X I 

Optical Data on T wo Hypersthenes 

Specimen 
Facies No. Pleochroism Nx N z N z-Nx 2V N y 

Silicate 38 x = pa le ye llowish I . 735 I . 755 0.020 -66° I . 749 
brown 

y= pa le greenish 
brown 

Mo unt Wright z = pale green 

Carbo nate 54-9-3 Pale brown J . 723 I . 740 0.017 - 52° J. 736 
East of Very weakly 
Mount Wright pleochroic 

18 



Mineralogy of the Iron-Formation 

The approximate composition of the hypersthenes was ascertained by plotting the 
optical properties on Winchell' s enstatite- ferrosilite di agra m (Winchell , 1951 , p. 406). 
The composition of hypersthene from the silicate facies was Mg25 Fe75, a nd that from 
the carbonate facies was Mg37 Fe63. Both the samples have a high iron content a nd 
fall in the ferrohypersthene region of Winchell' s diagram. 

The weak a nd varying intensity of pleochroism of ferroh ypersth enes in these 
rocks is peculiar and needs so me explanation. The explanation offered in so me older 
text books indicating that intensity of pleochroism increases with increase in iron 
content in the enstatite- hypersthene series o bviously does not hold, according to the 
writer's observations, for the se ri es as a whole. lt does not seem poss ible as yet to 
ascribe strong pl eochroism to high content of Fe, Mn , or Ti . Perhaps more quanti­
tative measurements of pleochroic properties might lead to some possible chemical 
expla nation of its intensity. 

Garnet Group 

G a rnet is rare in the Wabush iron-formation. Only one va ri ety, intermedia te in 
composition between spessa rtite a nd almandite, is present in th e silicate facies of the 
iron-formation . 

Garnet occurs as coarse porphyroblastic gra in s with cummingtonite, quartz, and 
magnetite. Both in ha nd specimen and in thin section the minera l is ye llowish pink, 
the pink being more prominent. The gra ins a re coarse, euhedra l, and poikilitic. Like 
diopside, ga rnet a ppears to have pushed as id e ea rli er formed cummingtonite crystals 
during crystal growth. Reli ct microbanding was see n in so me of the grains . A sampl e 
of garnet from the Bo ulder Lake a rea had a refractive index of l .820, and a ce ll 
dimension of 11.559 ± 0.005 A. 

Carbonate Minerals 

The carbonate minerals occur with quartz, cummingtonite, and mag netite in a 
major lithologic unit of the Wa bu sh iron-formation. As previous wo rkers have not 
reported the co mposition of these carbonates, the author undertook accurate determi­
nations of the co mposition and proportion of the carbonate minerals in this formatio n. 
Such a n investigation was needed in order to und ersta nd the paragenesis a nd stability 
fields of different carbonate and silicate minerals. As the temperatures of formation 
of the carbonate mineral s a re well known (Kulp, et al. , 1951), their identifica tio n helps 
to evaluate the metamorphic condition of these rocks. 

Seven samples with minimum quartz, magnetite, and silicate minerals were 
selected from the Wabush Lake area. The samples we re crushed to -100 + 150 mesh . 
M agnetite was separated by using a strong hand magnet. Bromoform separation was 
used successfull y to remove part of the quartz. The samples were then run in the 
Frantz isodyna mic separator to remove the siljcate minerals, as described previously. 
A co mplete separation of quartz from the carbonates seemed impossible. 
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As a prelimina ry step the co ncentrated carbonate stock was exam ined under the 
microscope, and was found to be a complex mixture of different carbonate of varying 
refractive indices a nd colours. Because it is not a lways poss ible to distingui h the mem­
bers of the carbonate fam il y under the ordinary petrographic microscope, and also 
beca use there is considerable overlapp ing in refractive indices owing to large-sca le 
elemental substitution in these mineral s, the a uthor d id not depend on the optical 
data for their conclusive identification. The techniques used for the specifi c identifi­
cation of these mineral s included differenti a l thermal a nalysis, thermogravimetric 
analysis, X-ray diffraction , and semiquantitative em iss ion spectroscopy. The investi­
gation was carried out in the Mine Branch, Department of Mines and Technical 
Surveys, Ottawa, under the d irection of Dr. N . F. H . Bright (Bri ght, 1962). The 
results a re shown on Table XII. 

Specimen No. 

60-GF-55 

60-GF-62 

60-GF-65 

60-GF-66A 

60-GF-66B 

60-GF-W5 

60-GF-W6 

Table XII 

R esults of Carbonate Investigation 

Minera l Assemblage 
Before Concentration 

Quartz, specularite magnetite, 
a nthophyllite, ca rbonate, little 
chlorite, and talc 

Carbo na te , quartz, tremolitc, 
magnetite, chlorite 

Ca rbonate, cummington ite, 
quartz 

Carbo nate, quartz, magnetite. 
ch lo rite , ph logopite 

Ca rbonate, quartz, magnetite, 
cummingtonite, chlorite, and 
tourmali ne 

Carbonate, cum mingtonitc, 
quartz, wit h little tremolite 

Ca rbona te, quartz, with little 
phlogopite 

Mi nerals After Concentration 
(A ll app roximate va lues) 

Siderite (Fe, Mn) Co3, 603 ; 
Mn is s ignificant 
Ankerite (Ca, Fe (C03)2), 353 ; 
and quartz 

Siderite, 85 3 ; rest is quartz 

Calcite (Ca C03), 45 3 ; dolomite 
(Ca, Mg (C03)z), 403 ; and 
quartz 

Ankerite, 203 ; dolomite, 10% ; 
siderite (with signi fica nt Mn), 
53 ; and quartz 

Quartz is predominant; 
anker ite } IOo/t 
dolomite 0 

Siderite (Mn quite low), 40% ; 
dolomite and quartz, I 03 

Ankerite, 353 ; sideri tc , 25 3 ; 
magnesite (Mi;C03) and 
quartz, 103 

As shown by Table X TJ , siderite, dolomite and ankerite are the most abundant 
carbonate minerals of the Wabush iron-formation. Calcite a nd magnesite are rare 
or insignificant in qua ntity. 
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Anthophy llite- Cummingtonite-Manganoan­

Curnmingronite Relationship 

Anthophyllite- cummingtonite-grunerite can be rega rded as phases in the system 

Mg0-Fe0-Si02-H20. Because of the similarity in composition of these three minerals, 

earlier workers cons idered the two series as isodimorphous. Eskola ( l936) cited the 

occurrence of anthophyllite and cummingtonite in the ame rocks of the Orijarvi 

region and sta ted they were polymorphic, but it is interesting to note that Eskola 's 

cummingtonite contains 3.96 per cent a lkali s, whereas the equivalent anthophyllite 

contains a negli gible quantity. Johansson (l930) showed the difference between the 

orthorhombic anthophyllite and monoclinic cummingtonite lattice. Sundius (1933) 

denied that the two minerals are isod imorphous and showed that a nthophyllites 

contain 6 to 9 per cent more a lumina and ferric oxide than the simil ar cumming­

tonites. R abbitt (1948), and Layton and Phillips (1960) di cussed this problem in 

great deta il and came to the conclusion that a nthophyllite is essentially a three­

component system involving magnesium, iron , and aluminum, whereas cumming­

tonites are ferromagnesian silicates in which manganese a nd calcium are usually 

present in significant quantities. Boyd (1959) investigated the system Mg7Si s0 22 

(O H)i-Fe7Si 80 22(0H)2 and tried to synthesize both orthorhombic a nd monocli ni c 

amphiboles. No amphibole richer in iron than about M g40 Fe60 could be synthesized. 

Although both anthophyllite a nd cummingtonite can be represented by the general 

formula ( Mg, Fe)? Si 80 22 (OH)i, the commonly occurring a nthophyllites are magnesia­

rich , wherea most cummingtonites are iron rich . Natural a nthoph yllites are restricted 

to the range from a pure Mg end-member to a compo ition of about Mg40 Fe60· 

Natural cummingtonites extend from the pure Fe end-member to about Fe25 Mg75. 

It seems, therefore, that a gap exists in the isomorphous se ri es at the Fe end of 

anthophyllites a nd at the M g end of cummingtonites. The writer investigated a large 

number of sa mples from the Wabu sh iron-formation, but could not find any cu mming­

tonite richer in magnesium than Fe55 M g45. 

Manganiferous cummingtonites were reported by Sundius (1924) from the 

Swedish iron-formations and from eulysitic rocks. The sa me mineral gro up has since 

been restudied by Sundius (1931) and by Richarz (1927b). These manganiferous cum­

mingtonites are a ll rich in iron. R ecentl y Jaffe, Meijer, a nd Selchow (1961) reported 

one manganoan-curnmingtonite from manganese carbonate rocks of Nsuta , Ghana. 

which contains as much as 19.2 per cent of MnO. These workers regarded these 

mmerals as members of the cummingtonite- grunerite eries, and indicated that they 

are formed by the substitution of fe rrous iron by manganese. The manga noan­

cummingtonites reported by the writer and Klein (see Table VITI) from the Wabush 

iron-formation are interesting in that they occur with anthophyllites in the same beds. 

In thin sections the two min erals form intergrowths and can be di stingui shed by their 

extinction angles , slight differences in refractive indices, birefringence, and colour. 

Chemical analyses of the manga niferous cummingtonites in Table VJII show that they 

are rich in magnesium, which is rather unusua l for natural cummingtonites. The lower 

refractive indices in these minerals is also remarkable. Both Richarz (l927a) a nd 

Sundius (1931) tried to correlate the optical properties of the h igh and low manganese 
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cummingto ni tes a nd came to the co nclusion tha t there is a d ifference between the 
Mn-poor a nd Mn-rich members of the series. The X- ray da ta of manganoa n-cumming­
toni tes fi t best with those of cumm ingto nite, but a re not a n exact match . Ce ll d imen-
ions a re a lso a little smaller. 

A nthophyllites fro m Wabush iro n- for matio n (Table l ) co ntain so me M n. T he 
ana lyses of ma nga noan-cummingto nite (A a nd B in Ta ble YllJ) a re similar to the 
a na lyses of these a ntho phyllites , with the possible substitutio n of Mg by Mn , which 
suggests that these ma nga noa n-cummingtonites may be rela ted to the a nthophyll ites, 
ra ther tha n to the cummingto nites. Tn o rder to ve ri fy thi s interpretatio n, a nd a lso to 
fu rni sh a more co mplete picture of the MnO : FeO : M gO ra ti os in so me of these 
a mp hi boles, F igure 3 was prepared , using the fo llowing a na lyses : a nthophyllites from 
Ta ble I , a nd Ra bb itt ( 1948, Ta ble lf, N os. 29 a nd 45); cummingto nites fro m Ta ble 

1003 
MgO 

+ 

I 

+· 

I 
I 

f 

FeO 

l\ / 13\/ \ 

! /\;\/\ 
OB 

OA 

I 

I 

I I \I 
/\\/ .\ .\I 

ogo; \/ .\; . ;· 

Cummingtonite-grunerite ... .... . • 
Anthophyllite . . . . . . . . . .. . . + 
Manganoan-cummingtonite . . .. .. o 

1003 
MnO 

Note: Numbers and letters refer to sample indentifica tion on Tables I, VII, & VIII 

FIGURE 3. Diagram sho wing re lative amounts of MgO, FeO, and MnO in cummingtonite-grunerite, onthophy l· 
lite, and manganoan-cummingtonite . Numbers and le tters refer to sample identifications on Tables I, 
VII, and VIII. 
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VII, Klein (1960, p. 42), Mueller (1960, Table II, No. DH-3), and from Kranck (1961 , 
p. 179) ; a nd manganoan-cummingtonites from Table YIU. The groupings of the 
points on Figure 3 seem to be significant. Cummingtonites show up as Fe-Mg amphi­
bole with little MnO, the anthophy ll ites fall to the Mg corner, and the manganoan­
cummingtonites approach the ideal M g-Mn amphibole. Anthophyllites a nd manga­
noan-cummingtonites from the Wabu sh iron-formation a re closely spaced in the 
diagram . It a ppears that as Mn enters into a nthophyllite it tends toward s maoganoa n­
cummio gtonite composition and apparently there ex ists a linear relationship. 

To be more precise about thi s re lationship, the writer plotted MnO aga in st FeO 
content of anthophyllites, cummingtonite-grunerites and manganoan-cummingtonites 
(Fig. 4) . D ata were taken from all publi shed litera ture (Sundius, 1924, 1931 ; Bowen 
a nd Schairer, 1935 ; Collins. 1942 ; Miles, 1943 ; Rabbitt, 1948 ; Mueller, 1960 ; Klein , 
1960 ; and Kranck, 1961 ) a nd also from Tables I, VU, a nd YIU of thi s paper, showing 
maximum va ri ation in composition. All samples contai ning more than 3 per cent 
MnO were plotted as ma nga noa n-cummingtonites. Next, the coefficient of correl a tion 
(r) for a ll these points was calculated , following the procedure of Di xon a nd Massey 
(1957, p . 201) ; this ca me to -0.27. 

1 
0 
c 
~ 
~ 

c 
Q) 
u 
..... 
Q) 

0. 

2 0 

0 

0 

15 -

10 

0 

5 0 

0 

Anthophylliie . . . . . . . . . . . . + 
Cummingtonite-grunerite . . . . . • 
Manganoan-cummingtoniw. . . . . . o 

0 0 

0 

0 

r=-0.27 

0 

0 

• 
• 

• • • • • • 
• • • • •• • • •~IL • • 

• +l ++ + + :· 

+ + + ++ + • •• • ••• •i• ••••• 
0 +-+-+~~+---+~+~---·--·~,·-·-·-·--·--~-~·~--~ 

0 10 20 30 4 0 50 

Pe rcent FeO - - --+ 

FIGURE 4 . Diagram showing the weight per cent of MnO and FeO in anthophylli tes, cumminglonite-grunerite 
and mangonoan-cummingtonites from Wabush lake samples and analyses reported in literature. 
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T a kin g o nl y a ntho phyllites a nd ma nga noa n-cummingto nites o n Figure 5. the 

coefficient of co rrela tion was ca lc ul a ted , whi ch gave the va lue of r = 0.50. All but 
two samples lie ve ry nea r th e mean line o f co rrela ti on . The sa me a mo un t of co rre­

lation betwee n these two groups of mineral s was obta ined with a negative inclination 

o f t he line when MnO was plo tted aga in st M gO. The value of r is much reduced as 
the fe rro magnesia n cummingtoni tes a re take n in to consideratio n. Therefore t he 

ma nganoan-cummingto nites, a t least th e high magnes ia n o nes, have a higher degree 
of co rrelati o n wi th th e a nthophyllites. As t here is no ev idence of repl ace ment between 
a ntho phylli te and manga noa n-cummingto nite in the Wab ush iro n- for matio n, the 

writer suggests that manganoan-cummingtoni te is a ma nga nifero us ana log of a ntho­
phylli te. A si mila r rela ti onship ex ists betwee n hypersthene a nd pigeo nite (Bowen a nd 

Schairer, 1935; Ku no a nd Nagashima, 1952), where Ca plays t he cri t ical ro le. As 
po in ted o ut by Layto n a nd Phillips ( 1960), both Mn a nd Ca, beca use of t heir la rger 

a tomic radii (0. 83A a nd l.03A) co mpa red to Fe++ (0.74A) a nd M g++ (0.66A) , p refer 
a monocl inic symmetry. T herefo re gradual sub titutio n of M g++ by Mn in th e a nth o­
phy lli te la tt ice may, a t a ce rta in stage, be acco m pa ni ed by a change fro m orth orho mbic 

symmetry to mo noclinic. The peculi a r refracti ve indices a nd high magnes ia co ntent 
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o f manga noa n-cumrningtonites can a lso be better ex pla ined in thi s way. Instead of 
beco ming lower, the refracti ve indices in fac t ri se with the increase of Mn in the 
a nthophylli te co mpositi o n. 

Paragen esis of Silicate Minerals 

The origin o f silica te minera ls in i ron- fo rma ti on is a diffi c ult p ro bl em. Variou s 
suggestions have been made by prev io us worke rs as to the mecha ni sm of for ma tio n 
of cummingto nites. Th e Wa bu sh iron- fo rma tio n is ge nerall y con sidered to be the 
meta morphosed equiva lent o f a cherty sili ca te i ro n-fo rma tio n such as tha t in the 
Kno b La ke a rea. At Kno b La ke, siderite, qua rtz, minneso ta ite, hematite, magnetite, 
and talc a re present in a bunda nce, which may be ass umed to be the prima ry minera ls 
in t hese rocks. In the W a bush iro n-fo rmatio n a la rge number of high temperature. 
sili cate minerals like antho phyllite, cummingto nite, hypersthene, d iopside, actinoJite, 
etc., have been fo rmed by meta mo rphic reactio ns. Although there is still insufficient 
in fo rmation to reconstruct accura tely the meta mo rphic hi sto ry of these rocks, the 
wri te r has fo rmed the foll owing conclusio ns a bout the pa rage nesis of the minera ls, 
based o n the mode of occurrence, tex tu ra l relati o ns, a nd chemical co mposition. 

Anthophyllite occurs with specul a rite, qua rtL, a nd ta lc. F rom its rela ti o n with 
ta lc (Pl. I), there is no doubt th at it is formed by the breakd own of talc. The necessa ry 
reacti on was suggested by Fy fe (1962) fro m hi s experimenta l stud y: 

7 M g3Si40 10 (OH)2 = 3 Mg7Sis0 22 (OH)2 + 4Si02 + 4H20 

T alc Antho phyllite 

Cummingto nites a re present in all three facies of th e Wabush iro n- fo rmat io n, 
and can fo rm by meta morphi sm of prima ry iron sili cates, o r by reactio n between 
siderite a nd qu a rtz o r q ua rtz a nd magnetite. Jn the s ili ca te fac ies of iro n- fo rma tion, 
c ummingto nite occurs as sha rp continuo us band s witho ut a ny ev idence o f re pl acement 
o r grada ti onal margins. W ithin these ba nd s the cummingto nite is we ll crys ta lli zed . 
These ba nd s o r laye rs may be considered as stra ti gra phic ho rizo ns. Jn the tra nsitio na l 
oxide facies sma ll cummingto nite crysta ls occur with quartz and m agnetite aligned 
with the regio nal fo li a ti o n. o sign of reacti on betwee n qua rtz a nd magnetite has been 
o bserved . C ummingtonites in these rocks a re therefore beli eved to be deri ved fro m 
prima ry sili ca tes (minneso ta ite) by simple rec rystalli zat ion. In the carbo na te facies of 
iron-forma ti o n coa rse ly crysta lline cummingto nites a re a rra nged in a ra nd o m fas hion 
They a re also fo und between ca rbo na te a nd qua rtz band s or a round the ca rbona te 
m inera ls. O ptica l da ta (Fig. 2) a nd chemi ca l ana lyses (T a ble VU) show th at these 
c ummingto nites are co m para tively poor in iron and rich in li me a nd magnesia . 
A ltho ugh there is no direct ev idence of siderite-q uartz reactio n, it seems that ca rbo na tes 
played so me pa rt in t he for ma tio n ofcummingtonites in th ese rocks. The meta mo rp hic 
destructio n of ca rbona tes a nd co mbinatio n o f the ca tio ns with sil ica is stri ctly co m­
para ble to the development of tremolite a nd d iops ide in meta morphosed limesto ne 
a nd do lo mite, a nd is refe rred to as sil icatio n. 

H ype rsthene is fo und closely intergrown with cumm ingto ni te in bo th t he sili ca te 
a nd carbo na te fac ies of the iro n-fo rmatio ns in t he M o un t Wr ight area (Gross, 1955) 

25 



Ferromagnesian Silicate Minerals 

The chemical composition of hypersthene, as indicated by optical data, agrees ve ry 
well with the composition of cummingtonites from corresponding facies. H ypersthene 
is therefore be(jeved to have formed by the structural reconstitution of cummingtonite 
wi thout any appreciable addition or subtraction of iron . In the carbonate bands where 
enough Ca is available, diopside and actinolite crystallized simultaneously with 
hypersthene. 
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SUMMARY AND CONCLUSION 

The Wabush iron-formation is a metamorphic banded ferruginous rock of 
sedimentary origin. In this report it has been divided into lithological facies on the 
basis of characteristic mineral assemblages that are derived from primary sedimentary 
minerals. The mineralogical compositions of the rocks show that the grade of meta­
morphism in the Wabush and Boulder Lakes areas has reached the epidote-amphi­
bolite facies or garnet- staurolite zone. Farther south, however, in the Mount Wright 
area, metamorphism is of slightly higher intensity, as revealed by the coarseness of 
quartz grai ns and silicate minerals, and the presence of hypersthene. On the basis of 
the present investigation, the writer concludes that the iron-formation was meta­
morphosed isochemically with a mjnimum possible mi gration of elements. Each layer, 
however thin it mjght be, acted as a closed system during progressive metamorphi sm, 
in the manner suggested by Yoder (1957), and retained its bulk chemical composition 
practically unaltered . These layers mostly show evidence of recrystallization, with 
cummingtonite, anthophyllite, hypersthene, diopside, etc. , appearing in areas that 
reflect gradual increase of pressure and temperature. The difference in composition 
of cummingtonites in different types of iron-formations indicates a variation in 
primary chemical composition . A similar interpretation for compositional variations 
of stilpnomelane was reached by James (1954). 

This study has also contributed some new evidence on the paragenesis of the 
si licate mineral s. The abundance of siderite in the Wabush iron-formation suggests 
that it may be stable up to the epidote- amphibolite facies of metamorphism. It is 
hoped that the talc- anthophyllite, and anthophyllite- cummingtonite- manganoan­
cummingtonite relationship will suggest new channels of investigation regarding their 
stability fields. The di stribution and role of Mn in the formation of these minerals is 
of further interest. 

Secondary manganese oxides are reported from the iron orebodies south of 
Little Wabush Lake, which are situated at a lower elevation than the Smallwood mine 
and Wabush 6 and 7 deposits. The average Mn content in the orebodies of Wabush 
Lake and surrounding areas according to surface samples does not exceed 1 per cent, 
except in Wabush deposits No. 6 and No. 7, where manga nese content may vary 
locally from 2 to 8 per cent. These deposits, as mentioned before, contain abundant 
manganoan- cummingtonites and manganese-bearing anthophyllites. Itis possible that 
these minerals are also the source of manganese in the orebodies to the sou th . 

27 



REFERENCES 

Berman, H. 
1937 : Constitu tion a nd class ifica tion of th e natural sili cates; Am. Min eraloRist, vol. 22, 

pp. 342-409. 

Bowen, L. and Schairer, J.F. 
1935a: The system MgO-FeO-Si02; Am. J. Sci., ser. 5, vol. 29, pp. 15 1-2 17. 
l 935b: Grunerite from Rockport, Massac husetts ; Am. Mineralogist, vol. 20, pp. 543-551. 

Boyd, F. R. 
1959: H ydroth erma l inves tiga tions of a mphi boles; in '" Researches in geochemistry"'; 

Abelson, P. H. (Editor), New York, Wil ey, pp. 377-396 . 

Bright, F . H . and Lake, R . H. 
1962: T he stud y of carbon ate minerals from the Wabush Lake area, Labrador; Canada, 

Dept. Mines and T ec/1. Surv ., Mines Br. In vestigation Rept. JR. 62-80. 

Collins, R . S. 
1942 : Cu mmingtonite a nd gedrite from Su th er la nd; Mines MaRazine , vo l. 26, pp. 254-259 . 

Dixon, W. J. a nd Massey, F. J. Jr. 
l 957 : Int roduction to stat istica l a nalyses; 2nd ed., New York, McG raw Hi ll, pp. 20 l -204 . 

Eskola, P. 

1936 : A paragenesis of ged rite a nd cummingto nite from Tsopaa in Kalvola , Finland; 
Bull. K omm. Ceo/. Finlande, vol. 19, o. I J 5, pp. 47 5-487. 

Flaschen, S. S. and Osborn , E. F . 
J 957: Studies of the system iron oxide-sili ca-water at low oxygen pa rti a l pressure; Econ. 

Ceo/., vol. 52, pp. 923-943. 

Fyfe, W. S. 

1962 : On the relative stabi lity of talc, anth ophyllite, and enstatite; A 111. J. Sci., vol. 260. 
pp. 460-466. 

Ghose, S. 

1961 : T he crystal structure of cummin gto nite ; Acta Cryst., vol. 14, pp. 622-627. 
1962: T he nature of Mg2•-Fe2• distribution in some fe rromagnesian s ilicate mineral 

A 111. MineraloRist, vol. 47, pp. 388-394. 

Gross, G. A. 

1955: The metamorphic rocks of the Mount Wright and Matonipi Lake areas of Quebec: 
Univ. Wisconsin , unpub. Ph .D. th esis. 

In preparation: Geology of iron deposits in Ca nada , Vol. Ill ; The Labrador Geosyn­
cline ; Ceo/. Surv. Can ., Econ . Geo l. Rept. 22 . 

Gruner, J. W . 

28 

1946: Mi nera logy and geo logy of the !aco nites and iron ores of the Mesabi Range; Iron 
Range R esources and R ehabilitation Comm ., Minneso ta. 



Guild, P . W . 
1953 : Iron deposits of the Congonhas di strict, Minas Gerais, Brazil; Econ. C eo /., vol. 

48, p. 645. 

G und ersen, J . N. and Schwartz, G. M. 
J 962: The geology of the metamorphosed Biwab ik iron-formation. eas te rn Mesa bi Dis­

trict, Minnesota; Minnesota Ceo /. Sun'. , Bull. 43 . 

Jaffe, H. W., Meijer, W. 0. J. G .. and Selchow, D. H. 
1961: Manganoan-cummingtonite fro m Nsuta, Gha na; Am. Mineraloi::ist, vol. .+6 , pp. 

642-653. 

James, H . L. 
1954 : Sed imentary facies of iron-formation ; Econ. Ceo/., vol. 49, pp. 235-293. 

1955: Zones of regional metamorphism in the Precambr ian o( Northern Michigan; Bui/. 
Ceo/. Soc. An1er., vol. 66, pp. 1455-1488. 

Johansson, K. 
1930: Vcrgleichende Untcrsuchung an Anthophyllit , Gammatit, und Cummingtonit; 

Zeitschr. Krist ., vol. 73, pp. 31-51. 

K lein, C . 
1960: Detailed study of the a mphiboles and associated mineral s of the Wabush iron­

formation. Labrado r; McGill Uni1'., unpub. M.A. thesis. 

Knowles, D.M. and Gastil, R. G. 
1959: Metamorphosed iron-form ation in southweste rn Labrador: Trans. Can. Inst. Mi11. 

Met., vol. 62 , pp. 267-274. 

Kranck , S. H . 
1961: A study of phase equ ilibri a in a metamorphic iro n-forma tion; J. Petrol., vol. 2, 

pt. 2, pp. 137-184. 

Krumbein. W. C. and Garrels. R . M . 
1952: Origi n and class ifi ca tion of chemical sediments in te rm s of pH and ox idatio n­

redu ct ion potenti a ls ; J . G eol., vo l. 60, pp. 1-33. 

Kulp , J . L. , K ent , P . and Kerr, P . F. 
1951: Thermal stud y of the Ca-Mg-Fe carbonate mine ra ls; A111. Mineralogist, vol. 36, 

pp. 643-670. 

Kuno , H . and Nagashima , K. 
1952: C hemical compos iti on of hypersthene and pi geonite in equi lib ri um in magma; Am. 

M inera /of?ist, vo l. 3 7, pp. l 000-1006 . 

Layton , W . and Phillips, R . 

1960: The cum min gtonite problem ; Mines Mar?azin e, vol. 32, pp. 659-663 . 

Miles, K. R . 

1943: Gruneri te in Western A ustra li a; Am. Min eralor::ist, vo l. 28, pp . 25-38. 

Muel le r, R . F. 
1960: Co mpositional characteris ti cs and equi librium relat ions in m ineral assembl ages of 

a metamorphosed iro n-formation; Am . J. Sci., vol. 258, pp. 449-497. 

Rabbitt, J. C. 
1948: A new study of th e anthophy lli te ser ies; Am . M ineralor::ist , vol. 33, pp. 263-323 . 

Rich a rz, S. 
J927a : The amphibo le gruner ite of the Lake Superior region ; Am. J. S ci., vol. 14, pp . 

150- 154. 

1927b: T he relation of French and American grunerites to si mi lar ferroman ga nese amph i­
bol es of Swede n; Am. Min era logist, vol. 12, pp. 35 1-353. 

29 



Smith, J . R . 
1957: Reco nnaissa nce in the system FeO-Fe,O:i-SiO~-H~O; Ann. R ept. of the Director 

of the Geophys. Lab .. Washington, 1956-5 7, pp. 230-231. 

Sundius, N. 

1924: Zur K enntni s der monok lincn Ca-a rm en A mph ibo le (G r[inerit-Cum mington it­
Rc ih e): Ceo/. Fore11 . FiJrhandl., vo l. 46, pp. 154-167. 

1931: T he opt ical properties o f ma nga nese-poo r grunerites and cu mmin gtonites co mpa red 
with those of manganiferous members; A 111. J. Sc i. , vol. 2 1, pp. 330-344. 

1933: Uber d ie Mischungsl[icken zw ischen Anthophy ll it-Ged rit, C ummin gton it-Grunerit. 
und Tremo lit -Akti no lit: .1!i11. 1111d Petrol. Mill ., vol. 43. pp. 422-440. 

T yler. S. A . 

1949: Development of Lake Supe rior so ft iron ores from metamorphosed iron-formation: 
8111/. G eol. Soc. A 111er .. vo l. 60, pp. 1101-112-+. 

W arre n. B. E. 

1930: The crystal structure and chemica l composition of the monoclinic amphiboles; 
Zl'it.1Chr. Kri.11 ., vol. 7'2. pp. 493-5 16. 

Winchell, A. B. and Winchell. H. 
1951: E lements of Optical Minera logy, Pt. 2; New York , Wiley. 

Yoder, H. S. 

30 

1957: lsograd problems in met amorphosed iron-rich sediments: An n. Repl. of the Direc tor 
of the Geophys. Lab ., Washington, 1956-57 . pp . 232-237 . 



APPENDIX 

The d-spacings, intensities and cel l dimensions of the amphibolcs were measured 

from X-ray powder pattern using Fe radiation , Mn filter, and camera diameter = 

57.3 mm. 

Anthophy ll ite Anthophyllite 

(Sp. 60-GF-55. No. 6 Wabush Deposit) <ASTM Card 9-455) 

I (est.) d (mcas.) cl 

10 9. 32 9 .3 25 
7 8.26 8 .9 30 
~ B 5.06 8 .26 55 

4.80 7.48 7 
5 4.54 5.04 13 
5 4. J 3 4 .90 9 
4 3.84 4.62 13 
4 3 .41 4.50 25 
6 3.23 4. 13 20 

5 3. 18 3.90 13 
8 3.04 3.65 35 
2 2.96 3.36 30 
6 2.725 3.24 60 
3 2.595 3.05 100 
5 2.493 2.87 20 

2.350 2.84 40 
2 2.281 2.74 20 

2.232 2.68 30 
3 2. 169 2. 59 30 

2. 125 2 .54 40 
2.076 2.434 13 
2 .020 2.318 20 
J . 939 2.290 20 

~1 I .858 2 .252 13 
I .839 2 .1 74 9 

2.142 30 
2.074 9 
2.060 9 
1.99 1 JS 

1 .875 11 
1 .839 20 
1. 734 30 
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Cu mmingtoni te 
(Sp. 57-G F-84C. West of White Lake) 

I (est.) d (meas .) hkl. I (est.) d (meas.) hkl. 

2 9. 15 020 4 1.660 461 
JO 8.33 J 10 2 J .634 480 , 1.11.0 

t 5. 17 001 2 J . 596 153 
t 4.84 11 J I I. 581 402 
J 4.62 l I. 553 600 
I 4. 55 040 3 I. 521 0. 12.0 
4 4. 13 220 I 1.509 551 1: 

3 3 .86 131 t 1 .496 372 
3 3 .46 131 I I .475 502 2-

4 3.26 240 I I .466 3 . I J.O 

7 3.06 310 I .434 4.10. I 
I 2.99 221 4 J .403 642, 661 
7 2.756 330 2 I . 38 1 5 12 
4 2.628 061 I I .366 1.11 . 2 
4 2.503 202 J. 353 

2. 395 261 I . 333 

1 2. 369 350 I .328 662 
I 2.309 I .315 004 2 

2 2.292 351 3 1. 300 2.12.2 
I 2.240 421 1.274 T 

3 2 .2 15 312 I .251 
5 2. 189 261 J. 232 
2 2.096 202 I . 184 
I 2.071 400, 081 I. 156 -2-

2 2.029 35 1 I .066 
1 1.996 190 I .0415 

1.980 I .0395 
2 I .949 402 I .0147 

J .906 422 0. 9983 
I I .881 19 1 l 

t 1.852 460 
1 J . 826 19 1 

I . 790 37 1 
1 I . 716 082 

t .1. 705 372 
I J .685 512 1: 

Manganoan- cummiogtonite 
(Sp. 57-GF-W.I.C.J. South of Lit tle Wabush Lake) 

I (es t.) d (meas.) d (ca lc.) hkl. 

MS 9.02 9.03 020 
s 8 . 32 8.26 110 
w 4 .83 4 .84 J 11 
M 4 .5 1 4 .51 040 
M 4. 13 4. 13 220 
M 3.85 3.86 131 
M 3 .42 3.42 131 
M 3 .24 3.24 240 
s 3 .07 3.05 310 
M 2.96 2 .957 221 
s 2.72 2. 723 151 
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Manganoan- cumm ingtonite- Continued 

I (est.) d (mcas.) d (calc.) hkl. 

vw 2.65 2.659 33 1 
MW 2.60 2.60 1 061 

M 2.51 2. 5 11 202 
vw 2. 36 2.35 1 350 

MW 2.286 2 .294 171 

w 2 . 249 2 .248 421 

w 2 .231 2.230 3 12 
w 2. 183 2. 190 17 1 
M 2. 170 2.169 26 1 
w 2 .076 2.074 202 
w 2.019 2.02 1 222 
vw I .980 I .982 370 

w I .958 I . 959 402 

vvw I .9 11 l .908 352 

w 1. 860 I .863 19 1 
vw I . 8 15 1.806 19 1 
w I . 797 I . 79 1 3 12 
vvw I . 782 I . 776 530 

vvw I. 749 I . 750 203 

MW 1.694 l .692 5 12 

vw l .673 I .673 55 1 
M 1. 648 l .644 461 
w I .616 J .6 16 1.11 .0 

MW I. 587 l .588 153 
vw I .569 I .565 402 

vw I. 554 I .549 600 
vvw 1.541 I .542 422 
vvw I . 53 1 I .526 620 
w I. 51 1 I. 508 570 
w I .503 1.504 0.12.0 

w I .483 I .482 602 

w I .453 l .450 3. 11 .0 

vw 1.426 I .425 4.10. l 

M 1.404 1.401 66 1 
W / MW l .372 1 .368 5 12 
W / YWB I .347 l .348 I. 11 .2 

VWB l .330 1. 329 662 

W / YW I .300 l . 301 0. 12.2 
MW l .290 l . 290 2.12.2 

W / VW I . 276 l .273 75 1 
vvw I .262 1.263 4.12.0 

vw l . 255 1.255 404 
vw J . 2 19 .l .2 15 602 
vvw 1 . 198 
vvw l . 19 1 
MW 1. 182 
vvw l.l 15 
w 1.1 11 
w l .087 
vvw I .080 
vvw l .075 
w 1.057 
MW 1.036 

33 



J (est.) 

MW 
w 
w 
w 
MW 
MW 
w 

Manganoan- cummingtonite- Conc/uded 

d (rneas.) 

1.030 
1.022 
1.012 
1.001 
0.989 
0 . 982 
0.978 

d (calc.) 

S =strong 
W = weak 
M = medium 
VW = very weak 
B = broad 

hkl. 

Cell dimensio ns of thi s manga noan- cummingtonite have been calculated: 

ao = 9.53 A. 
bo = l8.05 i-\ {3 = 102. 83° 

Co = 5.31 r\ 
Ca lc ulated spacings are in har mo ny with monoclinic sy mmet ry, pace gro up = C2 / m. 
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