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fNrnolucrtoN

Recent studies of the older pre-Cambrian banded iron formations or

banded ironstones, banded. hematite quartzites, jaspilites or "jasper

bars," as they are variously called in western Australia, have revealed

that where these have been subjected to high grade metamorphism, re-

crystallization is characterized by the development of the iron-rich

amphibole, grunerite. This mineral has been found in many places

throughout the State, and a description by the writer of its associated

minerals and of the petrology of the rocks in which it occurs' will, it is

hoped, be published shortly.
These metamorphosed banded iron formations in Western Australia

show close affinities with the grunerite-bearing rocks of the Lake Superior

Region in the united States. In the following pages is given brief de-

scriptions of the occurrence of grunerite in several localities in Western

Australia, together with an account of its mineralogy and chemical

composition, and of its associated minerals.

DBscnrPrroN ol' Occunnnrqcos

AII Specimens of grunerite so far recorded in Western Australia come

from metamorphosed. banded iron formations. Minerals with which it

has been found most commonly associated are magnetite, quartz, blue-

green hornblende, hedenbergite or iron-rich hypersthene, garnet, and to

a much lesser extent, fayalite. The form, struclure and mineral associa-

tions of the grunerite-bearing rocks of Western Australia usually indicate

recrystallizalion of original band.ed ferruginous sedimentary material

at high temperatures with little or no directed pressure, characteristic

of contact thermal metamorphism (Fig. 3). However, some occurrences

show evidence that recrystallization took place under fairly high directed

pressures, indicative of regional metamorphic conditions (Fig' a)'

R. T. Prider (1)t has described the occurrence of a grunerite having

optical properties indicating a composition near cummingtonite, from

banded ironstone xenoliths in granite gneiss near Toodyay (Fig' 1)' In

another xenolith in this vicinity the place of grunerite is taken by iron-

rich hypersthene.

* Extracted from a portion of a thesis accepted in part fulfillment of the requirements

for the degree of Doctor of science in the university of western Austraiia.

t Numbers in parentheses relate to references collected at the end of the paper'
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At Bolgart, some 22 miles north of Toodyay, a very similar grunerite
in banded magnetite-grunerite quartzite is also found occasionally inter-
grown with iron-rich hypersthene.

At Clackline ,12-13 miles to the south of Toodyay, is a series of meta-
morphosed banded ferruginous quartzites interbedded with garnetiferous
and sillimanite-bearing mica schists. These ferruginous quartzites con-
tain interbanded layers alternately rich in qu.artz and in cummingtonitic
grunerite associated with magnetite, garnet (almandine), and a strongly
pleochroic blue-green hornblende, which will be mentioned later.

Frc.  1.  Local i ty  map.

Banded iron formations or "jasper bars" are very abundant in the gold-
bearing Older Greenstone Series in the Central Goldfields of Western
Australia, and grunerite-bearing rocks are characteristic of the more
highly metamorphosed regions. The best exposures of these rocks so far
located are in the Mt. Palmer district of the Yilgarn Goldfield (Fig. 1).
Here the beds of metamorphosed banded ironstone (meta-jaspil ites)
consist of banded magnetite-grunerite quartzites containing layers
locally rich in hedenbergite and fayalite. These rocks are interbedded
with recrystallized basic lavas and tufis (amphibolite schists), ultra
basic rocks (anthophyll ite schists), and thin bands of argil laceous sedi-
ments (garnetiferous and andalusite-bearing mica schists), and intruded
by numerous bodies of biotite granite and later qvartz and pegmatite
reefs. The rocks in this vicinity are for the most part comparatively fresh
and unweathered and they provide excellent material for petrological
investigations.
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GnuNBnrrB lRoM MErER's FrND, Mr. ParuBn

Material for analysis was selected from outcrops of banded magnetite-
grunerite quartzite from the vicinity of Meier's Find,3 miles south of
Mt. Palmer. The geology of this area is illustrated in Fig. 2. The granite
has completely engulfed portions of the banded ferruginous sediments
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and associated basic amphibolite schists, leaving here and lhere small
remnants or xenoliths of the older rocks.

The amphibole in these metamorphosed iron formations usually occurs
in surface specimens as narrow bands of golden-brown to almost straw-
colored silky lustred flakes and short prismatic crystals, associated with
layers of black metallic iron ore. Occasionally fresher specimens are found,
however, in which the arnphibole is in masses of clear, rather grayish-
green to light olive-green crystals.

Frc. 3. Grunerite in banded magnetite grunerite quartzite, Meier's Find, Western
Australia (Spec. 211740).,4. Slice cut normal to banding. Note random orientation of the
amphibole crystals. The original bedding is indicated by the parallel strings of magnetite
crystals. B. Portion of a coarser grained grunerite-rich layer. Larger tabular plates of gru-
nerite cut approximately parallel to (010) show well developed prismatic cleavage and char-
acteristic fine cross striation parallel to (001).

The specimen from which grunerite for analysis was obtained came
from a small outcrop partly enclosed by granite in the south west corner
of the area, i l lustrated in Fig. 2. This rock is well banded, consisting of
alternating layers of interlocking finely crystalline amphibole ranging
from less than 1.5 mm. up to fairly coarsely crystall ine bands over 20
mm. thick, enclosing thin bands of tiny black magnetite crystals and set
in layers of glassy, clear to gray or brownish, fine grained quartz up to
almost 5 mm. thick.

In thin section the rock appears granoblastic gneissic and the banded
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structure is well pronounced. The intercalated quartz bands form a clear

mosaic often sprinkled with minute dust-like aggregates of iron ore. These

alternate with bands rich in almost colorless grunerite, often associated

with very minor quantities of a blue-green strongly pleochroic amphibole,

and magnetite. The iron ore usually occurs in irregular parallel strings of

loosely connected crystals passing evenly through the amphibole-rich

bands (Fig. 3,4) and also as narrow layers of grains ranging in sizefrom

minute particles up to idioblastic aggregates averaging .t-'2 mm. in

diameter, enclosed in the quartz-rich bands. The iron ore grains in the

difierent bands are more or less graded, the most coarsely crystalline

masses usually being associated with the amphibole-rich layers.

The grunerite usually occurs in aggregates of interlocking short pris-

matic laths and diamond shaped basal sections, very light grayish-brown

to colorless, lying in random orientation. The grain size of this amphibole

varies somewhat in the different bands. For bands up to 1'5 mm. thick

individual laths average.2-.3 mm. long, but in the coarser bands crystals

may reach a length of over 2 mm. The typical random orientation of the

crystals (decussate structure) and their characteristic form and cleavage

are illustrated in Fig. 3.B, which shows a portion of a coarse amphibole-

rich band. Prism faces are usually well developed but the terminations of

individual crystals are generally irregular. They show very good (110)

cleavage and very characteristic well developed cross striations, which

on sections cut approximately parallel to (010) make an angle of about

73o with the intersection of (110), and on sections parallel to (100) are

approximately normal to (110). Thus these striations are apparently

parallel to (001). Basal sections are characteristically diamond shaped

with the perfect (110) cleavages intersecting at 56" anrl,124". In no in-

stance was any development of (010) faces seen. Prismatic sections fre-

quently show irregular cross fractures.
The mineral is very weakly colored and feebly pleochroic with X: col-

orless to pale yellow; y:pale yellow-brown to yellowish-gray; 7:pale

yellow to pale green. Absorption Y ) Z ) X.
Many of the larger crystals show a grayish-brown cloudiness indicative

of incipient oxidation, particularly along the cross fractures.
Twinning, both simple and multiple, on (100) as twin plane is very

common, and very characteristrc.
The refractive indices of this mineral were determined by the immer-

sion method using mixtures of a-monobromnaphthalene and methylene

iodide, with a sodium light. The indices of the mixtures were determined

with the use of a tested Herbert Smith refractometer. These are:
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a : 1 . 6 7 3 + . 0 0 2
13:7 .694-*

,-:='tr1,;
Y:b;  ZAc:r3L-14"

2Y large (about 85'). Optical character -. Optical axial plane is parallel
to (010). Dispersion is weak, r slightly)0.

Without a universal stage the writer was unable to determine the optic
axial angle directly. From the refractive indices, however, using the ap-
proximate formula: cosV" : V'p- otn - d, we find that 2V: approximately
940.

The above data indicate grunerite with a small amount of the cum-
mingtonite molecule-probably containing about 83/6 of FeSiOr. This
conclusion is borne out by the chemical analysis (Tables 1 and 3).

In its optical properties this mineral appears to be intermediate in
character between a specimen from Mt. Humbolt, Lake Superior, Michi-
gan, described by S. Richarz in 7927 (2) and a mineral from La Mallibre
near Collobribres, France, ana"lyzed by S. Kreutz in 1908 (3). It is very
close optically to grunerite from Pierrefitte, Hautes-Pyr6n6es, France,
described by H. V. Warren in 19J1 (a) (Table 3).

The grunerite from the Meier's Find rock was isolated for analysis by
crushing to pass a 150 mesh sieve, and by treatment with a strong hand-
magnet to remove the bulk of the magnetic iron ore, and finally it was
freed from the light minerals by repeated separations in bromoform
(G.:2.9). The remaining material was cleaned by boil ing in a fairly
strong hydrochloric acid solution. rnspection revealed that there still
remained about 5 per cent impurity in the form of grains of a dark blue-
green amphibole. These were removed by hand picking under a fairly
high power lens. The analysis of the resulting pure sample of grunerite
(Table 1 ) was made f or the writer in the Western Australian Governmen t
Chemical Laboratory.

No fluorine estimation was made on this analysis but a subsequent
determination by Mr. G. L. Miles in the Department of Chemistry, Uni-
versity of Western Australia, indicated F <0.0570.It being assumed then
that the fluorine content was sufficiently low to be neglected, the analysis
of this grunerite was arranged so that the constituents were in order of
increasing effective radius and the structural formula calculated on a
basis of 24 (O, OH, F) (Table 1). This gave the formula (OH)z.so(Fe,,,
Mg, Fe"',A1, Ca,Mn)6.76(Si, Al)sO22 which agrees fairly well with the ideal
Warren formula for a monoclinic amphibole low in alkalies (5).

+ Orving to the difficulty of obtaining a perfectly oriented section there is some doubt
as to the true value of 6.
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This gives the structural formula:

(OH)r .s6(Fe",  Mg,  Mn,  Fe" ' ,  Ca,  Al )G.?5(Si '  A l ,  P)aOzz'

The chief points of difierence are the slightly high (oH) value and the

very slight deficiency in (Fe", Mg, etc.). Possibly the slight excess of

H2O may represent an incipient hydration of the mineral whilst most of

the small FezOr content shown in the analysis has probably been formed

due to oxidation, as it is impossible to avoid a slight cloudiness in even

the freshest material analyzed.

Tasln 1. ANer,vsrs eNl CarCur,arroN or GnuNrnrrE IRoM l\{nrrn's Frrqo

X[olecular
Proportions

Metal atoms on

basis of

24 (O, OH, F)

Metal Groups

Sio:
PzOs

ALOs

5 0 . 3 7
.02

.54

4 . 4 7
40.08

1 . 0 7
. 8 3

2 . 2 4
. 2 0

.005

.003

. 1 1 0

.015

.014

.124

7 .969
.004

.095

.057
1.046
5 .306

.142

. 1 3 3
2 . 8 5 8

|  .ozt
\ .oos

FezOr
Mgo
l'eO
MnO

CaO
HzO*
HrO-

100.38

In Table 2 the analysis of the Meier's Find mineral is compared with

those of grunerite from different localities in North America and France,

and one from Sweden. The essential characteristics of grunerite are the

very low alkali content, the low alumina and ferric iron oxide, and the

high ferrous iron oxide and sil ica contents. MgO replaces FeO in varying

degrees while AIzOr sometimes replaces a little of the silica' but always in

very minor amounts. The analysis of Meier's Find grunerite demon-

strates all these features clearly. The Swedish mineral (Table 2, No' 7)

differs most from normal grunerite in that MnO and MgO have replaced

a considerable quantity of the ferrous iron. This mineral should thus

probably be called manganiferous cummingtonile or dannemorite' The

grunerite from Rockport, Mass. (Table 2, No. 5) consists of almost pure

ferrous silicate and approaches very close to the theoretical formula

H2Fe?(SiOB)8 or (OH)zFez SiaOzz.
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GnuNnnrrr lnou WnsrnnN AusrRALrA, Nonrrr Alrnnrca,
FnlNcn ,lno SwnnnN

7 .6 .5 .4 .3 .2 .1

sio,
Al203
Fe:Os
FeO
NInO
Mgo

CaO
NazO
KrO
HzO*
HrO-
TiOz
PzOs

COs
t.
Fz

5 0 . 3 7
. 5 4
. 5 6

40.08
1 .07
A  i a

.83
Nil
Nil
2 . 2 4

. 2 0
Nit

.02
Nil

Nit

48  .53
t . 0 2
1 1 4

39.20
.66

4 .06
I  . . ) r

1 .06
. 1 9

1 . 7 r

A 1  1 a

1 . 0 0
1 . 1 2

43.40
.08

2 . 6 r
1 9 0
.47
.07

2 . 2 2

.07

46 42  17 .54
. 2 5  . 2 0
. 0 9  . 7  |

42 ffi 47 .25
2 . 2 3  2 . 1 4
3 . 1 2  . 0 4
1 . 5 1  N i t

. 7 0  . 2 9

. 4 3  . 1 1
1 . 7 8  1 . 5 5

. 1 4

. 1 5

.65
. 0 1

50.79  50 .74
.34  .88
.89 1 80

3 8 . 4 3  2 4 . 1 3
1 . 1 2  7 . 3 8
6 . 5 0  1 0 . 5 7
Ni l  2 .00
Tr  .22
Nil  .08
2 . 0 0  1 . 9 4

. 0 7

100.38 98 88  100.11 100.07  99 .84  100.07  99 .87

Sp .  G r .  3 .45  3 .M  3  518  3 .597  3  M3  3 .337
Analyst C. R. Le S. S. Il. G. Bowen & A. K.

X{esurier Richarz Kreutz Radley Schairer Bygden Johansson

1. Grunerite from 1 mile south of $est corner Peg. G.X{.L. 3647, Meier's Fird, Yilgarn
Goldfield, Western Australia.

2. Grunerite from ] mile south of R.R. Station at Mt. Humbolt, Michigan (2, p. 151).
3. Grunerite from La Mallidre near Collobridres, France (3, p. 910).
4. Grunerite (from schist). Pierrefitte, Hautes Pyr6n6es, France (4).
5. Grunerite from Rockport, Massachusetts (6, p. 545).
6. Grunerite from Cummington, Massachusetts (7).
7. Grunerite (dannemorite) from Uttersvik, Ndvekvarn, Sweden (7).

The chemical and optical data for the Meier's Find grunerite agree
fairly well with the results of previous work, and fit without serious dis-
crepancy into the curves for iron-rich hydroxy-amphiboles of the gruner-
ite series of Bowen and Schairer (6, Fig. 1), and for the manganese-poor
grunerites and cummingtonites plotted by Sundius (7, Fig. 1).

Table 3 summarizes the optical data for the minerals whose analyses
are given in Table 2. The molecular percentages of the principal constitu-
ents FeSiOr, MgSiOa, MnSiOa and CaSiO3, neglecting the small percent-
ages of other constituents, have also been added in this Table. These
figures do not take into account the regular and definite quantities of
combined water shown in the analyses of Table 1. Bowen and Sehairerr
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in discussing this point recognized the hydroxyl as an essential con-

stituent in these amphiboles (6, p. 54S) and they have calculated the

composition of the Rockport grunerite, etc., in terms of the two mole-

cules (OH)z(Fe, Mn)r(SiaOu)z and (OH)rMgz(SirOrr)2. It may be noted

that neither of these writers nor N. Sundius, who in 1931 compared the

optical and chemical properties of the Mn-poor grunerites and cum-

mingtonites with those of the Swedish manganiferous members (7), have

considered liine as holding an essential place in the molecular structure of

the grunerites.
The Pierrefitte and Mt. Humbolt minerals appear to be closest in both

optical and chemical properties to the Meier's Find grunerite, the rather

higher birefringence of the last probably being due to the slight increase

of FeSiOa at the expense of MnSiO3 compared with the former.

l\{eier's
Fihd

Mt. Hum-
bolt

Collo-
bridres

Pierre-
fltte

Rock-
port

9 5  . 4
. 1

L <

Nil
1  . 686
| 706
1 . 7 2 9
.043
86'
10'

Cum-
mington

Utters-
vik

FeSiOs
NIgSiOs
MnSiOs
CaSiOr
4

p

"v
' f - q

2V
c : n

79.9
1 6 . 0
2 . 0
2 . 1
r . 6 7 3
1.694-
1  . 7 1 1

8 0 . 4
1 4 . 8
1 . 4
3 . 4
| 666
1 .684
1 . 7 0 0

.034
85'

14-15"

8 5  . 8
9 . 2

. L

4 . 8
1 . 6 7 2
| 697
| 7r7

.045
80-84'
10-11'

8 1  . 4
1 0 .  6
4 . 3
J I

| . 6 7 6
1 . 6 9 3
r .707
.031

85'15',
13"22',

/ 5 . U
2 2 . 8
2 . 2
Nil

r .666
1 .684
t . 7 0 4

.038
90'
140

43.s
34.1
1 8 . 0
4 . 6
1  .655
t . 6 7 2
1 . 6 8 6

.030
85 .3"
15  .4"

.038
" (Calc')
13+14"

Gnur.tn'nrrB Fnou Mr. WrNoanne

Near Mt. Windarra, about 14 miles north west of Laverton (Fig. 1) in

the Mt. Margaret Goldfield, grunerite has been found in several beds of

banded magnetite-grunerite quartzite enclosed in granitic gneiss.

The amphibole in slightly weathered surface specimens of this rock has

a golden brown color, due apparently to a surface oxidation and hydra-

tion to limonite, since the powdered mineral, on treatment with hot HCI

changes to a pale green, the surface stain being completely dissolved
away. The grunerite occurs in narrow bands associated with granular

magnetite intercalated between layers of quartzite. It is occasionally in-

tergrown with a little blue-green pleochroic amphibole. Individual crys-
tals of grunerite in these bands show a high degree of parallel alignment
or orientation, indicative of growth under regional directed pressure
(Fig. a). The general form of the mineral is very similar to the Meier's

Tnsm 3. Conrposrrron eNo Orrrclr, Pnopnntrns oI TrrE GnuNnnrms or T,qsr,a 2
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Find grunerite. Prismatic plates show perfect (110) cleavage and the
characteristic (001) cross striation. An irregular cross fracture is also
fairly common. Sections cut normal to the c axis (Fig. 4,4 ) show the (110)
cleavages intersecting at 56o, also occasionally a perfect (010) parting.
Polysynthetic twinning on (100) is very common. Under the microscope
it was noticed that the mineral here and there varied somewhat in its in-
tensity of coloring from an almost colorless to a pale green, and in places
it appeared that the colorless mineral was intergrown (sometimes in op-
tical continuitv) with the colored mineral.

tr'rc. 4. Grunerite in banded magnetite grunerite quartzite, Mt. Windarra, Western
Australia (Spec. L 180). Shows the form, structure and strongly oriented nature of the
xenoblastic grunerite, indicative of growth under directed pressure (regional metamor-
phism). ,4. Slice cut normal to strike and dip of the banding (original bedding planes).
Basal sections of grunerite predominate. Note the abundant twin planes on (100). B. Slice
cut approximately parallel to strike and dip of bedding showing broad plates of grunerite
cut parallel to (100). C. Slice cut approximately normal to the directions A and, B, showing
elongated ragged sections cut parallel to (010).

An attempt was made to separate these minerals for chemical analysis
and after crushing to pass 150 mesh, extraction of magnetite with a hand
magnet and removal of the light minerals by repeated bromoform separa-
tions, it was found that the resulting powder could be divided into two
fractions by treatment with a strong electromagnet.

The magnetic fraction was a l ight straw color (gravity approx. 3.35).
The non-magnetic powder was a pale green color (gravity about 3.25)
and in the ratio non-magnetic to magnetic of about 8:3.

The lighter colored mineral was very weakly pleochroic with X: color-
less; Y:pale yellowish; Z:very pale greenish. Absorption X(Y:2.
Optics are:
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a : 1 . 6 6 3 + . 0 0 2
0 : 1 ' 6 8 0
Y : l ' 6 9 6

? _ d : . 0 3 3
Z/\c:15 15|'; Y:0. Optical character negativel

2V large (about 85'). Optic axial plane parallel to (010).
Dispersion not noticeable.

The above data indicate a grunerite near cummingtonite and prob-

ably containing approxim ately 65/6 FeSiOa. Its optical properties appear

fair ly close to those of the Mt. Humbolt grunerite of Richarz and of the

Cummington grunerite (Table 3), the principal difference being a slightly

weaker birefr ingence.

A part ial  chemical analysis by G. L. Miles of the Department of Chem-

istry, University of Western Australia, gave the following:

FezOs: 1.8 7o
F e O : 2 9 . 5 1
M n O :  1 . 6
MgO :  9 .7
C a O  :  1 . 7
SiOz about 51%

Recalculated in terms of the molecular percentages of the four princi-

pal meta si l icates-i .e. of Fe, Mn, Mg and Ca, this analysis gives:

FeSiOr 58 .2
MnSiOr 3.2
MgSiOr 34.4
CaSiOr 4.2 (compare Table J)

This indicates a grunerite very close to cummingtonite (i.e., 600/0

FeSiOs) in which an appreciable amount of ferrous iron has been re-

placed by magnesium (compare with Tables 2 and 3). The Mt. Windarra

mineral is dist inct ly higher in magnesia than the Meier 's Find grunerite

and in this respect more nearly approaches the Swedish Uttersvik min-

eraI.

The darker green colored amphibole from l\{t. Windarra difiers from

the lighter colored magnetic mineral principally in slightly stronger

pleochroism and absorption colors, and in weaker refringence and bire-

fr ingence. Approximate refract ive indices determined were:

a : 1 . 6 5 3 + . 0 0 2 .
t : 1 . 6 7 3 - l

7-q: .02O; optical character negativel
ZAc: l5L- t6 ' ;  Y :b .

These optical propert ies suggest an iron-r ich actinol i te, the principal

discrepancy being a rather low value for the birefringence.
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A part ial analysis by G. L. Miles gave:

FezOs
FeO
X{nO
Meo
CaO

r . 0  %
19.  10
0 . 6 3
7 . 3 8
5 .95

This analysis bears out the optics and indicates an actinolite in which
ferrous iron has replaced a portion of both the l ime and the magnesia. As
with the associated grunerite, the ferric iron content is low.

TnB Br,uo-GREEN AMPITTBoLE

Frequent mention has been made in the foregoing pages of the presence
of a blue-green, strongly pleochroic amphibole associated with the gruner-
ite in metamorphosed banded iron formations. This dark colored mineral
is occasionally found moulded upon or growing in optical continuity with
crystals of grunerite, though it more frequently occurs as small xeno-
blastic interstitial grains. fn garnetiferous phases of the banded magnetite
grunerite quartzites found at Clackline and near Mt. Palmer at Meier's
Find and Heaney's Find (3 miles N.N.E. of Mt. Palmer), narrow bands
rich in dark colored amphibole usually enclose clusters of dark red gar-
net, probably almandine. These bands probably represent thin clayey
(aluminous) layers in the original ferruginous sediment.

This amphibole is jet black colored in mass. fn thin sections it appears
to have a form similar to the grunerite and usually occurs in subhedral
plates showing perfect (110) cleavages, which in basal sections intersect
at about 56o and I24". Terminations on prismatic laths are usually ir-
regular. The cross striation (001) on prismatic plates, so characteristic of
the grunerite, is seldom seen. Simple twinning on (100) is uncommon and
polysynthetic twinning is very rare.

Pleochroism is very strongl X:l ight green to yellowish-green;
Y:dark olive green; Z:intense blue-green. The strong absorption
masks interference colors, Z>Y>X. Refractive indices of the mineral
from Clackline gave:

a : \ . 673 I  002

,-'r::t ]rZL
Z Ac:21-22"; Y:b.

Optical character negativel 2Y larye (about 80').

The strong blue-green color in amphiboles has been attr ibuted to the
presence of either appreciable quanti t ies of iron in the ferr ic condit ion
(8) (9) and (10), or of a considerable soda content.
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To test these possibil i t ies an attempt was made to isolate a small quan-

tity of the blue-green amphibole from the heavy fraction of the Meier's

Find grunerite described above. With the aid of a strong electromagnet

it was found possible to remove most of the grunerite and magnetite

leaving a fairly pure concentrate of blue-green amphibole. A micrometric

analysis of the final product gave the following composition:
Blue-green amphibole 87.87o, grunerite l l /6, magnetite (about) 0'5%,

other minerals<0.5/6. Other minerals consisted of a few grains of quattz

and z i rcon.
About .8 gram of the dark colored amphibole was so obtained' A par-

tial analysis by G. L. Miles gave the following figures, after the necessary

corrections for the impurit ies present had been made:

FezO: 8.7%
FeO 25.0
Naro+KrO

The notable quantity of ferric iron and the almost total absence of

soda confirm the opinion that the ferric iron is responsible for the strong

blue-green coloration in this amphibole.
Finally, it may be of interest to note here that S. Richarz in 1927 re-

corded the presence of a variety of blue-green amphibole often found in

parallel intergrowth with grunerite, in banded ferruginous amphibole-

quartz rocks in the Lake Superior.Region at Michigamme and Republic,

Michigan (2, p. 154), and also from similar rocks in the Marquette Dis-

trict. According to Richa ru this Lake Superior amphibole is strongly pleo-

chroic with )(:yellowish; Y:olive-green;and Z:blue-green' and has a

birefringence about equal to that of common hornblende.

SuuuanY

In the foregoing pages a number of occurrences of the mineral grunerite

in Western Australia have been described for the first time. Grunerite has

been found only amongst the metamorphosed banded iron formations

of the Older Greenstone Series of Western Australia. It has been formed

as a result of the interaction of iron and silica during recrystallization of

these rocks under conditions of both regional and contact thermal

metamorphism. These metamorphosed banded iron formations in West-

ern Australia appear very similar in mineralogical and chemical compo-

sition (and probably in origin) to the grunerite-bearing rocks of the Lake

Superior Region.
The mineralogy, optical properties and chemical composition of sev-

eral grunerites in Western Australia have been discussed in some detail,

and a complete analysis and several partial analyses given. A brief de-



KDITII R. MILES

scription of a blue-green hornblende often associated with the grunerite
in these rocks has also been added. The strong blrre-g.."tr interference
color displayed by this latter amphibole is shown to be due to a fairly high
ferric iron content.
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