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Ferri-annite from the Dales Gorge Member iron-formations, Wittenoom area,
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Abstract

Ferri-annite, a new, naturally occurring mica with a representative composition of K1.s2
(Mg1 s3Fe42|) (Fe?.teAlg zesio.oz)Ozo(OH)a, probably expressed by the quadrilateral compo-
nents annite, phlogopite, ferri-annite (K2Fea+Fd+Si6O20(OH)4), and ferri-phlogopite
(KzMgoFei*Si6O2o(OH)4), is described from the Wittenoom area, Western Australia. The
mineral occurs as flaky to tabular grains or as massive aggregates of fine acicular grains
near or within a riebeckite-rich zone of banded iron-formation, the Dales Gorge Member of
the Hamersley Group. It coexists with hematite, magnetite, quartz, ankerite, stilpnome-
lane, and riebeckite. The ferri-annite can be chemically subdivided into two groups, A and
B. The group A variety contains 4to7 wt.Vo AlzOr and has light reddish brown (:X) to pale
yellow green (: Y,Z) pleochroism, and the B variety, with the lowest Al2O3 content (l to 2
wt.Vo), has brownish red (:X) to pale greenish brown (: Y,Z) pleochroic colors. The latter
variety generally contains about l0 wt.Vo morc Fe than the former. (001) cleavage is
perfect. Twinning is frequent. Cell parameters (a, b, c, B, V) of the mica (group B) were
calculated as 5.402(6), 9.237(4), 10.306(7)A, 99'16'(10), and 507.54(6fA3 using X-ray
powder diffraction analysis. Formation of much of the ferri-annite appears to be the result
of potassium enrichment in stilpnomelane concomittant with the formation of associated
riebeckite.

Introduction

Veres et al. (1955) and Wones (1963a) have
described the synthetic iron mica (ferri-annite),
K2Fe3"(Fe3+Si3)Or0(OH)2, and the phase equilibria
of ferri-annite have been examined by Wones
(1963a). The crystal structure of this mica was
determined to be a trioctahedral one-layer mica
(1M) by Donnay et al. (1964). The mica synthesized
by Wones (1963a) was formed at conditions of
oxygen fugacity between those of the HM and WI
buffers, at 400-850"C. and at 1035 and 2070 bars
(:Pn,o + Pn). He suggested that mica with a
composition such as ferri-annite might be found in
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iron-formations resulting from magmatic condi-
tions. However. such a mica has not been found in
iron-formations of magmatic origin. Foster (1960)
showed that biotites containing tetrahedral ferric
iron are frequently found in alkaline rocks and
pegmatites. Such biotites, however, contain 6 to 15
wt.Vo mote Al2O3 than the ferri-annite of this study.

Naturally Fe-rich and Al-poor mica (hereafter
referred to as ferri-annite) occurs in the very low-
grade iron-formation of the Dales Gorge Member,
Hamersley Group, Western Australia. Mineral as-
semblages involving ferri-annite (Fe-rich mica)
have been described and their petrologic signifi-
cance has been discussed by Miyano (1982).

The purpose of this paper is to describe the
mineralogy, chemical composition, and cell param-
eters of the ferri-annite.
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Occurrence, paragenesis, and optical properties

Flaky to tabular mica grains with a diameter of l0
to 40 g,m are dispersed in chert-rich mesobands that
are close to or within a riebeckite-rich band or zone
(Fig. 1A). They coexist with quartz, hematite, mag-
netite, stilpnomelane, riebeckite, and ankerite, and
are oriented nearly parallel to the sedimentary
structure. Massive aggregates of fine-grained ferri-
annite commonly form thin, lenticular and discon-
tinuous bands up to about 0.2 mm thick, alternating
with iron-oxide microbands (Fig. 1B). Stilpnome-
lane is commonly replaced by ferri-annite where
they coexist (Fig. 1C). Textures suggest that the
bands now occupied by ferri-annite may originally
have been stilpnomelane bands. In some occur-
rences. however. the mica is found as veinlets in
chert (Fig. lD); such veinlets originate in stilpnome-
lane bands.

The mica appears to be later in formation than the
other silicates except riebeckite. Textural relations
between ferri-annite and riebeckite are complex.
Both minerals occur in a similar manner around or
along magnetite grains or bands (Fig. 1E, F), where
the mica is flaky and coarser than the needle-like
(fibrous) riebeckite. It may be that Al released from
stilpnomelane during replacement by riebeckite has
been reprecipitated as ferri-annite close to riebeck-
ite bands (Miyano, 1982). However, prismatic
grains of riebeckite commonly cut across both ferri-
annite and fibrous riebeckite bands. Fibrous rie-
beckite (also crocidolite) is much more abundant
than prismatic riebeckite. If there were two stages
of formation for riebeckite, the mica may well be
contemporaneous with the first stage of fibrous
riebeckite formation.

Ferri-annite occurs in two colored varieties under
the microscope, one with light reddish brown (:4
to pale yellow green (: Y,Z) pleochroism, and the
other with brownish red (:;1 to pale greenish
brown (:Y,Z) pleochroic colors, which are very
similar to those of synthetic ferri-annite of Wones
(1963a, p. 583). The latter variety is generally fine-
grained and constitutes massive aggregates which
may resemble ferristilpnomelane. The former (with
light reddish brown to pale yellow green color)
often occurs as flaky to tabular grains or aggregates.
In the flaky grains, (001) cleavage is perfect but not
as well-developed as in biotite. Twinning is fre-
quent. Because of the limited amount of material,
only approximate refractive indices could be ob-
tained. There are:
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light reddish brown (:X)

a : 1.653 -'- 0.005
v :  1.691- '-  0.005

'ya :0.038 - 0.044
2 V *  : 0 o  -  1 0 "

brownish red (:X)

a : 1.677 -f 0.005
Y : 1.721 -r 0.005

Td :0 .045 -  0 .052
2V* : small

Chemical composition

The chemical composition of the ferri-annite was
obtained by electron microprobe, and is shown in
Tables 1,2, and 3. Table I shows chemical compo-
sitions of flaky to tabular grains of ferri-annite
(Sample Z, anal. I to 3 ; DE, anal. 4 to 6 ; GE, anal. 7
to 9) and fibrous to acicular grains which form
massive aggregates (Sample MA, anal. l0 to 12), in
various assemblages. Table 2 represents chemical
analyses of fibrous to acicular grains, forming mas-
sive aggregates, of mica with the lowest Al2O3
contents (Sample MB). Both mica types (samples
MA and MB) commonly form lenticular and discon-
tinuous bands, but the MB type is more coarsely
crystallized and makes thicker bands than type MA.
Table 3 represents average chemical compositions
of the mica in both occurrences.

The composition of the mica can be described by
K2O, MgO, FeO, Fe2O3, Al2O3, and SiO2 (other
components are minor and total less than one
percent) and can be chemically subdivided into two
groups, A and B. Group A contains 4 to 7 wt.Vo
Al2O3 and 28 to 33 wt.Vo FeO (total Fe), and group
B 1 to 2 wt.Vo Al2O3 and 38 to 43 wt.Vo FeO (total
Fe) (Tables 1 to 3). The former shows light reddish
brown to pale yellow green pleochroism and the
latter brownish red to pale greenish brown pleo-
chroic colors. The chemical difierences between
ferri-annite and other micas such as biotite and
phlogopite, are depicted in Figures 2 and 3, with
total iron of all micas recalculated as FeO. The
ferri-annites contain much less AlzOg than biotite
and phlogopite. The ideal compositions of micas on
the join annite (KzFe?*Alrsi6o20(oH)4)-ferri-an-
nite (K2Fe?*Fel*Si6O2o(OH)a) show that the K2O
content offerri-annite is usually less than that of the
ideal formula (Fig. 2). Associated stilpnomelane, an
Fe-rich phyllosilicate can also be divided into two
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Fig. l. Some occurrences offerri-annite. (A) Aggregates offlaky to tabular grains offerri-annite in a chert-rich band. Grey to dark
colored portions with high index, showing twinning, are ferri-annite. Sample GE. Polarized light. (B) Massive aggregates of fine,
acicular grains of ferri-annite (mica, grey). Black parts are hematite and magnetite. Sample MB. Polarized light. (C) Ferri-annite
(mica) in a massive stilpnomelane band. Black portions are hematite and magnetite. This stilpnomelane is enriched in potassium.
Sample GE. Polarized light. (D) Veinlet of ferri-annite in chert. Black euhedral grains are magnetite. Flaky grains are disseminated
along the veinlet. Sample GE. Polarized light. (E) Needlelike riebeckite and flaky ferri-annite (grey) around euhedral magnetite grains
(black) in a chert-rich band. Black irregular grains are hematite. Sample DE. Polarized light. (F) Needlelike (fibrous) riebeckite and
flaky to tabular ferri-annite (mica) are intergrown with quartz along a magnetite band. Small black dots in the lower right corner are
hematite. Samole Z. Polarized lieht.
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Table l. Representative electron microprobe analyses of ferri-annite from the Dales Gorge Member iron-formations

wt .  t
3

2 2 7  I
5

DEI  8
l 2

z l 15  z I3 I
4

D E 3
6 7 8 9

D E 2 O  G E 3 2 8  G E 3 4 O  G E 3 5 2
1 0  1 1  1 2

MA368 MA373 MA379

s io2

AI2O 3

TrO2

C r 2 0 3

FeO*

MnO

NiO

M9o

Cao

Na2O

Kzo

Tota l

F e . O . * *

FeO

Tota I

e i

A1

F e  3 +

t

T i

C r

F e - '

Mn

N i

Mg

I

N a

K

I

so2i 1po2*a6n

3 8 . 9  3  3 9  . 6 9

4 . 7 r  5 . 0 4

0 . 0 0  0 . 0 0

3 . 0 2 4  3 .  I 4 6  3 . 0 7 9

0 . 0 0 3  0 . o L 2  0 . 0 0 4

3 0 . 5 2  2 9 . 7 9  3 0 . 4 3

0 , 0 9  0 . 0 3  0 . 0 0

L 2 . t 7  t 2 . 5 5  1 I . 7 0

o . 0 2  0 . 0 0  0 . 0 I

0 . 0 4  0 . 0 2  0 . 0 9

8 . 3 2  8 . 5 7  8 . 3 8

9 4 . 8 0  9 5 . 6 9  9 4 . 5 7

7  . 6 6  7 . 0 5  6 . 7 7

2 3 . 6 2  2 3 . 4 4  2 4 . 3 4

9 5 . 5 6  9 6 . 3 9  9 5 . 2 5

3 9 . r 3  3 ' 7 . 7 t  3 6 . 4 9

5 . 8 6  6 . 3 7  I . 8 9

0 . 0 2  0 . 0 0  0 . 0 0

3 r .  3 3  3 0 . 3 4  4 0 . 2 9

0 . 0 5  0 . 0 0  0 . 0 0

1 0 . 8 1  L 2 . 4 8  
' 1  

. 3 - 7

0 . 0 1  0 . 0 1  0 . 0 1

0 . 0 0  0 .  3 6  0 . 0  I

8 . 3 5  8 . 3 0  7 . 8 0

9 5 . 5 6  9 5 . 5 7  9 3 . 9 3

5 . ' t 6  7  . 0 7  r t . 5 7

2 6 . L 5  2 3 . 9 8  2 9 . 8 8

9 6 . r 4  9 6 , 2 8  9 5 . 0 9

3 5 . 7  6  3 6 . 2 0

L , 7 9  1 . 9 2

0 . 0 1  0 . 0 0

4 0 . 8 0  3 9 .  8 0

0 . 0 1  0 . 0 3

7 . 5 0  7 . 8 5

0 . 0 2  0 .  0 1

0 . 0 1  0 . 0 4

7 . 7 3  7 . 5 6

9 3 . 6 3  9 3 . 4 r

1 2 . 3 0  t I . 7 6

2 9  . 7  3  2 9  . 2 2

9 4 . 8 6  9 4 . 5 9

3 8 . 0 1  3 9 . 0 2  3 5 . 7 9  3 9 .  3 3

0 . 0 5  0 . 0 0  0 . 0 0  0 . 0 4

0 .  0 1  0 . 0 0  0 .  0 I

2 9 . 6 8  2 9 . r r  3 3 . 8 0  2 8 . 9 5

0 . o 2  0 . 0 0  0 . 0 1  0 . o 2

0 . 0 7  0 . 0 4  0 . 0 0

1 2 . 0 3  1 2 . 5 0  1 1 . 7 0  L 2 . 7 2

0 . 0 4  0 . 0 0  0 . 0 1  0 . 0 3

0 . 0 6  0 , 0 9  0 . 0 0  0 . 0 4

8 . 2 r  1 . 4 9  8 . 3 0  8 . 5 3

9 4 . 3 7  9 3 . 8 3  9 4 , 9 3  9 5 . 0 3

6 . 2 8  6 . L 4  9 . 6 7  6 .  ? 1

2 4 . 0 3  2 3 . 5 9  2 s . 1 0  2 2 . 9 2

9 5 . 0 0  9 4 . 4 5  9 5 . 9 0  9 5 . 7 L

0 . 0 0 6  0 . 0 0 0  0 . 0 0 0

0 . 0 0 1  0 . 0 0 0  0 . 0 0 1

3 . 2 L 4  3 . 1 4  3  3 . 4 0 5

0 . 0 0 3  0 . 0 0 0  0 . 0 0 r

0 . 0 0 9  0 . 0 0 5  0 . 0 0 0

2 . 8 6 8  2 . 9 6 9  2 . 8 2 9

6 . 1 0 1  6 . t t 7  6 . 2 3 6

0 . 0 0 7  0 . 0 0 0  0 . 0 0 2

0 . 0 r 9  0 . 0 2 8  0 .  0 0 0

r . o / 5  L . ) z z  L .  t L t

I . 7 0 1  1 . 5 s 0  L . 7 I 9

0 . 5 2 8  0 . s r 4  0 . 5 4 6

2 . 9 9 2  2 . A 8 9  2 . 9 3 8  2 . 7 9 0  2 . 5 6 0  2 . 9 4 5

6 . 0 2 4  6 . 0 4 7  6 . O 2 L  6 . 0 4 6  6 . 0 4 3  6 . L 2 0

0 . 0 0 s  0 . 0 0 3  0 . 0 0 0  0 . 0 0 2  0 . 0 0 2  0 . 0 0 2

0 . 0 I 2  0 . 0 1 2  0 . 0 0 6  0 . 0 2 8  0 . 0 0 0  0 . 1 1 0

L . 7 ) , 7  1 . 6 9 0  I . 7 L 7  1 . 7 1 0  L . 6 9 2  L . 6 1 6

I . ' 1 3 4  1 . 7 0 5  L . 7 2 3  L . 7 4 0  L . 6 9 4  1 . 7 8 8

0 . 5 0 3  0 . 5 2 L  0 . 5 I 2  0 . 5 3 9  0 . s 7 6  0 . 5 1 9

3 8 . 5 6

5 . 4 0

0 . 0 0

cat ions  on  the  bas is  o f  22  oxygens

6 . 0 ' 7 8  6 . 2 1 6  5 . 8 0 s  6 . 2 0 5  6 . 1 9 8  6 . 2 3 4  6 . L 6 7  6 . 2 L 5  5 . 9 ' 7 0  6 . 1 s 5  6 . 0 7 0  6 . I 2 L

I . 1 6 7  I . 0 4 8  1 . 0 1 5  0 . 9 9 9  0 . 8 8 4  0 , 9 3 2  I . 0 I 8  1 . 0 9 7  I . 1 8 8  0 . 3 7 6  0 . 3 5 8  0 . 3 8 3

0 . 7 5 5  0 . 7 3 6  I . 1 8 0  0 . 7 9 6  0 . 9 1 8  0 . 8 3 4  0 . 8 1 5  0 . 6 8 8  0 . 8 4 2  L . 4 6 9  L . 5 7 2  L . 4 9 6

8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0

0 . 0 0 5  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 2  0 . 0 0 0  0 . 0 0 0  0 .  0 0 1  0 , 0 0 0

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

0 . 0 0 0  0 . 0 0 7  0 . 0 0 0

4 . 2 1 s  4 . 2 2 1  4 . L 3 2

0 . 0 0 0  0 . 0 0 r  0 . 0 0 4

r . 8 5 3  1 . 8 9 8  L . 9 7 9

6 . 0 6 8  6 . L 2 L  6 . I 1 5

0 . 0 0 2  0 . 0 0 4  0 . 0 0 2

0 . 0 2 6  0 . 0 0 3  0 . 0 1 3

L . 6 7 9  L . 6 7 4  1 . 6 3 I

r . 7 0 7  1 . 6 8 r  L . 6 4 6

0 . 6 9 5  0 . 6 9 0  0 . 6 7 6

*A l l  Fe  as  Feo.  * *es t imated  f rom te t rahedra l  fe r r i c  i ron  (see tex t ) .  The ra t io  te2+11re2++ug)  in  the
bot tom l ine '  the  same as  in  Tab les  2  and 3 ,  i s  ca lcu la ted  a f te r  sub t rac t ion  o f  te t rahedra l  fe r r i c  i ron  f rom
to ta l  FeO.  Samples  Z ,  DE,  and cE:  f laky  to  tabu la r  g ra ins  (g roup A) ,  sample  l4A:  mass ive  aggregates  o f
ac icu la r  g ra ins  (g roup B) .  Sample  DE was ana lyzed a t  the  Geo log ica l  Survey  o f  Japan (G.S.J . ) ,  and the  o thers
a t  the  AnaLyt ica l  Center  o f  the  Un ivers i ty  o f  Tsukuba (A .C.U.T . ) .  1 .  Mt - t ln -Qt -Mica .  2 .  Hm-Mt-Mica .  3 .  Rk-
Mi -ca=St i l *Mt -Hn.  4 .  Rk-e t -Mica-Mt -Hm1An.  5 .  e t -Mica-An-Hm-Mt .  6 .  M ica-e t -Mt -Hm1Rk.  7 ,  M ica-e t -Mt (mica
ve in le t ,  F ig .  lD) .  8 .  Qt -Mica-Mt -An.  9 .  M ica-e t -s t i t -Mt -Hm.  I0 .  M ica-Rk-Hm.  t l .  Rk-Hm-Mica-e t jMt .
L2 .  An-Qt -Mica-Hm1Mt .

Minera l  abbrev ia t ions  ( th rough the  tex t ) r  An=anker i te ,  Hm=hemat i te ,  Ho-hornb lende,  K- fe I=K- fe ldspar ,
Mica=fer r i -ann i te ,  Mt=magnet i te ,  Qt=quar tz ,  Po=pyr rho t i te ,  Py=pyr i te ,  S t i l=s t i lpnomelane.
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Table 2. Representative electron microprobe analyses of ferri-annite with the lowest Al2O3 content from the Dales Gorge Member

wt .  t
T 2

M8479 r ' r8480
3 4 5

MB484 I r tB485 M8487
6 7 8

MB488 M8491 y tB492

s io2

A I 2 0 3

T i O 2

cr20 3

FeO*

Iltno

Nio

M9o

CaO

Na2O

K2o

Tota l

Fe2O 3*  
*

FeO

Total

s i

AI

Fe3+

T

T i

C r

F e 2 +

N i

M9

E

Na

K

I

1 2 . 8 3  1 3 . 4 0  L 2 . 7 L

2 9 . 9 0  3 0 . 0 3  2 9 . 9 9

9 5 . 4 5  9 5 . 4 1  9 ' 1 . 2 9

3 5 . 8 I  3 5 . 2 8

L . 4 6  r . 3 I

0 . 0 0  0 . 0 4

0 . 0 0  0 . 0 3

4 L . 4 5  4 2 . 0 9

0 . 0 0  0 . 0 0

0 . 0 3  0 . 1 1

7 . 2 5  7 . 0 I

0 . 0 5  0 . 0 3

0 . 0 0  0 . 0 r

8 .  I r  8 . 1 6

9 4 . 1 7  9 4 . 0 7

6 . 0 7 1  6 . 0 I 7

0 . 2 9 2  0 . 2 6 3

l . a J t  L .  t z v

8 . 0 0 0  8 . 0 0 0

0 . 0 0 0  0 . 0 0 5

0 . 0 0 0  0 . 0 0 4

4 . 2 4 0  4 . 2 A 3

0 . 0 0 0  0 . 0 0 0

0 . 0 0 4  0 . 0 1 5

1 . 8 3 2  t . 7 8 2

6 . 0 7 6  6 . 0 8 9

0 . 0 1 1  0 . 0 0 5

0 . 0 0 0  0 . 0 0 3

! :E_4 r .775

L . 7 6 5  I . 7 8 3

Cations on the basis of 22 oxygens

3 5 . 0 8  3 5 . 4 1  3 5 . 5 7

1 . 3 3  1 . 3 8  1 . 3 6

0 . 0 1  0 . 0 3  0 . 0 3

0 . 0 7  0 . 0 0  0 . 0 0

4 2 . 4 t  4 2 . 0 3  4 L . 6 9

0 . 0 0  0 ' . 0 7  0 . 0 9

0 . 0 9  0 . 0 8  0 . 0 0

7  . 2 L  7 - . 2 L  7 . L 6

0 . r 0  0 . 0 6  0 . 0 7

0 . 0 3  0 . 0 2  0 . 0 4

7 . 7 6  7 . 8 7  7 . 9 1

9 4 . 0 9  9 4 . L 5  9 3 . 9 2

t 3 . 2 3  1 3 . 7 0  r 3 . 3 4  1 3 . 0 8

2 9 . 9 L  3 0 . 0 8  3 0 . 0 3  2 9 . 9 2

9 5 . 2 0  9 5 . 4 6  9 5 . 5 0  9 5 . 2 3

6 . 0 1 8  6 . 0 5 3

0 . 2 7 6  0 . 2 7 3

1 . 7 0 6  L . 6 7 4

8 . 0 0 0  8 . 0 0 0

a <  o ?  a <  o ?  a <  1 <

1 . 3 6  1 . 1 9  L . 4 6

0 . 0 0  0 . 0 3  0 . 0 1

0 . 0 5  0 . 0 2  0 . 0 0

4 L . 4 3  4 L . 6 5  4 L . 8 2

0 . 0 0  0 . 0 3  0 . 0 1

0 . 0 5  0 . 0 0  0 . 0 0

7 . 0 5  7 . 3 8  7 . L 4

0 . 0 2  0 . 0 4  0 . 0 0

0 . o 2  0 . 0 0  0 . 0 0

8 .  r r  8 . L 2  8 . 2 8

9 4 . 0 2  9 4 . 4 3  9 3 . 8 8

L3 .24

z 9 .  t J

6 . 1 0 3  6 . O 7 9  6 . 0 0 5  5 . 9 7 6

0 . 2 7 2  0 . 2 3 7  0 . 2 9 4  0 . 2 6 7

L . 6 2 5  1 . 6 8 4  r . 7 0 1  L . 7 5 7

8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0

0 . 0 0 0  0 . 0 0 4

0 . 0 0 7  0 . 0 0 3

4 . 2 6 L  4 . 2 0 3

0 . 0 0 0  0 . 0 0 4

0 . 0 0 7  0 . 0 0 0

1 . 7 8 5  1 . 8 s 9

6 . 0 6 0  6 . 0 7 3

0 . 0 0 1  0 . 0 0 1  0 . 0 0 4  0 . 0 0 4

0 . 0 0 0  0 . 0 0 9  0 . 0 0 0  0 .  0 0 0

4 . 2 7 3  4 . 2 8 5  4 . 2 6 8  4 . 2 5 9

0 . 0 0 r  0 . 0 0 0  0 . 0 1 0  0 . 0 r 3

0 . 0 0 0  0 . o L 2  0 . 0 1 r  0 .  0 0 0

I . 8 r 8  1 . 8 3 I  L . A 2 7  1 . 8 1 6

6 . 0 9 3  6 .  r 3 8  6 . L 2 0  6 . 0 9 2

0 . 0 r 8  0 . 0 r 1  0 . 0 1 3

0 . 0 I 0  0 . 0 0 7  0 . 0 1 3

L . 6 8 7  r . 7 0 6  L . 7 L 7

1 . 7 r s  L . 7 2 4  L . 7 4 3

o .  7 0 1  0  .  7 0 0  0 .  7 0 1te2+1Fe2++ug  0 .698  0 .706

0 . 0 0 4  0 . 0 0 7  0 . 0 0 0

0 .  0 0 7  0 . 0 0 0  0 . 0 0 0

L . 7 5 7  1 .  7 5 1  r . 8 0 4

1 . 7 6 8  1 . 7 5 8  1 . 8 0 4

0 . 7 0 5  0 . 6 9 3  0 . 7 0 2

*AI I  Fe  as  Peo.  * *es t imated  f rom te t rahedra l  fe r r i c  i ron .  Ana lyzed
at  A .C.U.T .  Mass ive  aggregates  o f  fe r r i -ann i te '  coex is t ing  main ly  w i th
nagnetite and hematite, and a small amount of quartz, ankerite, and
r i e b e c k i t e  ( s e e  F i g .  l B ) .
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Table 3. Average electron microprobe analyses offerri-annite

wt .  8

I

( r 8 )  s . D .

2
DE

( r 8 )  s . D .
GE MA

( 2 4 L  s . D .  O s I

5
MB

s . D .  t 1 5 )  S . D .

s io2

AI2O 3

T iO2

Cr2O3

Fe203*

FeO

MnO

Nio

Mgo

CaO

Na2O

K2o

Total

s i

At

- ? +
I e -

I

T i

C r

) L

F e ' '

Mn

N i

Mg

t

K

I

F"2+ yFe2++Mg

3 8 . 5 0  0 . 7  7  3 8 . 4 7  0  . 6  3  3 8 .  4 4  0  . 7 7  3 5 . 2 3  0 .  3 1  3 5 . 4 9  0 .  2  8  3 3 .  3 3

5 . 4 3  0 . 4 8  5 . 0 0  0 . 5 9  5 . 8 4  0 . 4 9  1 . 8 3  0 . r r  r . 4 2  0 . 1 5

0 . 0 2  0 . 0 2  0 . 0 3  0 . 0 4  0 . 0 2  0 . 0 2  0 . 0 1  0 . 0 1  0 . 0 1  0 . 4 2
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0 . 0 3  0 . 0 4  0 . 0 4  0 . 0 3  0 . 0 3  0 . 0 4  0 . 0 2  0 . o 2  0 . 0 3  0 . 0 3

0 . 0 2  0 . 0 4  0 . 0 4  0 . 0 4

1 2 .  0 5  0 . 4 4  1 2 . 4 5  0 .  3 9  r r . 5 0  0 . 6 6  7  . 5 6  0 .  3 1  7  . 2 4  0 .  1 8

0 . 0 4  0 . 0 4  0 . 0 3  0 . 0 3  0 . 0 1  0 . o 2  0 . 0 2  0 . o 2  0 . 0 5  0 . 0 3

0 . 0 6  0 .  f 0  0 . 0 6  0 . 0 4  0 . 1 5  0 . 1 8  0 . 0 6  0 .  r 0  0 . 0 2  0 . 0 2

8 . 4 6  0 . 4 5  8 . 2 8  0 . 4 3  8 . 3 0  0 . 1 3  7 . 8 7  0 . 2 r  8 . 3 3  0 . 2 7  8 . 7 1

9 5 . 0 9  0 . 7 2  9 5 . 3 2  0 . 5 6  9 6 . 0 9  0 . 3 9  9 5 . 1 5  0 . 7 0  9 5 . 6 7  0 . 7 2  9 6 . 6 7

cat ions on the basis of  22 oxygens

6 . 1 5 4  6 . 1 3 6  6 . 1 1 1  5 .  r 1 5  6 . 0 2 4  6 .  0 0 0

1 . 0 2 3  0 . 9 4 0  r . 0 9 4  0 . 3 5 4  0 . 2 8 4

0 . 8 2 3  0 . 9 2 4  0 . 7 9 5  r . 5 2 1  L . 6 9 2  2 . 0 0 0

8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0

0 . 0 0 2

0 . 0 0 3

a  1 E ?

0 . 0 0 4

0 . 0 0 3

2 . 8 7 2

6  . 0 4 r

0 . 0 0 7

0 .  0 r 9

L .  I  Z )

;

0 . 5 2 4

0 . 0 0 4

3 . 1 0 2

0 . 0 0 5

z - t o v

o . u / r

0 . 0 0 5

0 . 0 1 9

1 . 5 8 5

L . 7 0 9

v .  ) L z

0 . 0 0 2

3 . 3 4 4

0 . 0 0 4

2 . 7 2 5

6 . 0 7 5

0 . 0 0 2

0 . 0 4 6

1 . 5 8 3

L . 7 3 L

u .  f  f , r

0 . 0 0 1

4 . L 7  4

0 . 0 0 3

1  q n ,

5 . 0 8 0

0 . 0 0 4

0 . 0 2 0

L . 7 1 9

0 . 6 8 7

0 . 0 0 1

0 . 0 0 3

4  . 2 2 5

0 . 0 0 4

0 . 0 0 5

L . 8 3 2

6 . 0 7 r

0 . 0 0 9

0 . 0 0 7

r .  8 0 4

1 .  8 2 0

0 . 6  9 8

5 . 0 0 0

5 . 0 0 0

2 . 0 0 0

2 . 0 0 0

1 . 0 0 0

*est imated f rom tetrahedral  ferr ic  i ron.
ana l y t i ca l  po in t s .  S .D .  s t anda rd  dev ia t i on
in Tab1es I  and 2.  6z Ideal  composi t ion of

Number in parentheses is the number of
(1o) .  Inc luding chemical  composi t ions l is ted

fe r r i - ann i t e  .
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60 70 80
CoO - l  No2O * K2O

90 t00
FeO'+ MnO + MgO

Fig. 2. Graphical representation of chemical analyses of
biotite, phlogopite, and ferri-annite. Micas A and B refer to ferri-
annites of group A and B, respectively. The data for biotite and
phlogopite are taken from Deer et al. (1962). The area enclosed
by a dashed line represents trioctahedral micas with tetrahedral
ferric iron of Foster (1960). FeOx indicates all Fe in micas
recalculated as FeO. Solid line with An markings shows the ideal
composition along the annite (An 100)-ferri-annite (An 0) join.

groups, A and B, by using the ratio Fe*/(Fex + Mg)
where Fe* indicates total Fe. Such ratios for ferri-
annite in groups A and B are nearly the same as
those for stilpnomelane in the respective groups as
shown in Figure 3. According to Miyano (1982), the
Fe/(Fe+Mg) ratio increases with decreasing /e,,
which implies that stilpnomelane in group A may
reflect higher,fo, conditions than that in group B.
This same ratio in ferri-annite, however, seems to
be independent of variations of fo,, as judged from
its occurrence with both hematite and/or magnetite.

The number of ions per formula unit, recalculated
on the basis of 22 oxygens and assuming no tetrahe-
dral Fe, shows a cation of deficiency in the tetrahe-
dral sites (less than 8 by 1 to 2 cations) and a cation
excess in the octahedral sites (greater than 6 by I to
2 cations). This means that the tetrahedral Al-
position is in part filled by ferric iron. Such a
substitution has been proposed for some natural
biotites by Foster (1960). Her micas, with tetrahe-
dral ferric iron, are plotted in Figure l. Steinfink
(1962) determined the crystal structure of a natural
iron-rich phlogopite (ferri-phlogopite) with some
ferric iron located in the tetrahedral sites. Synthetic
ferri-annite with tetraheral iron also has been re-

ported by Veres et al. (1955) and Wones (1963a).
Fe2* and Fe3* cannot, however, be distinguished
by electron microprobe analysis. Assuming that all
Fe3*, Al, and Si of the mica are located in tetrahe-
dral sites totalling 8 cations, the minimum amount
of Fe2O3 can be estimated as shown in Tables I to 3.
As a result, the number of octahedral cations ranges
from 6.0 to 6.2 (close to ideal) and the Fe2*/(Fe2* +
Mg) ratios of the micas are a relatively constant
value. The number of silicons is usually greater than
6.0 and the number of cations in the interlayer
positions commonly less than 2.0. The Si values
greater than 6.0 and the sum of the octahedral
cations may be related to the general deficiency of
cations (K,Na,Ca) in the interlayer positions. This
deficiency, however, is unlikely to have much effect
on either the ratio of Fe2*/(Fet"+Mg) in the octa-
hedral sites or on Fe3*/(Fe3*+Al) in the tetrahedral
site s.

The compositional variations of the ferri-annites
of this study may be expressed by four end-mem-
bers: annite (K2Fee*Al2Si6O2o(OH)4), ferri-annite
(K2Fee*Fel*Si6O20(OH)4), phlogopite (KzMgo
AI2Si6O20(OH)4), and ferri-phlogopite (KzMgo
Fel*Si6O20(OH)+), in terms of the ratios of Fe2*/
(Fe2++Mg; and Fe3+/(Fe3*+Al; as shown in Figure
4. The variations are generally limited within rela-
tively narrow ranges of the ratios of Fez* l1Fe2n +
Mg) and Fe3*/1Fe3*+Al). The one exception is the
Fe3*/1Fe3*+Al) ratio of mica sample DE, which
ranges from about 0.4 to 0.7. As seen in Figure 4,

70 80 90

FeO'* MnO

Fig. 3. Graphical representation of chemical compositions of
biotite, phlogopite, ferri-annite, and stilpnomelane. FeO*
indicates all Fe in micas recalculated as FeO. Groups A and B of
ferri-annite and stilpnomelane show the distinctive ratios of Fe/
(Fe+Mg).

A1203
a40

40 50

Mgo

of mico olong onni le-
' ferr ionni te '  jo in

st i lpnbmelone B
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Table 4. Representative electron microprobe analyses of stilpnomelane (group A) coexisting with ferri-annite and/or riebeckite

w t .  E
I

2 2 6 2
2

2 2 6 5
J 4

2 2 5 9  2 2 6 8
f , o t

z258 8447 8423
9 r 0

8424 8426
8

8432

s io2

AI203

T iO2

Cr2O3

FeO*

MnO

Nio

Mgo

Na2O

K2a

Total

si,

A I

I

' fa

Cr

F"2 *

Mn

N i

Mg

IA

K

L D

'A+TB

Fe*/Fe*+Mg

4 7 . 6 1  4 6 . 3 0

4 . 1 9  4 .  5  3

0 . 0 2  0 . 0 2

0 . 0 0  0 . 0 r

2 6 . 4 5  2 6 . 9 2

0 . I 0  0 . I 2

0 . 0 0  0 .  0 0

9 . 4 3  9 .  8 5

0 . 0 I  0 . 0 3

0 . 0 4  0 . 0 0

L .  t )  J . I )

; ;

7  . 4 7 7  7  . 2 7 6

0 . 5 2 3  0 . 7 2 4

8 . 0 0 0  8 . 0 0 0

0 . 2 5 3  0 . t - L 5

0 .  0 0 2  0 . 0 0 2

0 . 0 0 0  0 . 0 0 1

3 . 4 7 4  3 . 5 3 8

0 . 0 1 3  0 . 0 1 6

0 . 0 0 0  0 . 0 0 0

2 . 2 0 8  2 .  3 0 8

5 . 9 5 0  s . 9 8 0

4 9 . 4 5  4 8 . 7 9

4 . 4 4  4 . 2 5

0 . 0 0  0 . 0 1

0 .  0 0  0 . 0 0

2 4 . 2 7  2 4 . 6 7

0 . 0 0  0 . 0 0

0 .  0 0  0 .  0 0

9 . 6 7  9 . 7 0

0 . 0 3  0 . 0 4

0 . 5 4  I . 4 9

5 . 4 6  7 . 2 0

9  3 .  8 6  9 6 .  I s

7  . 4 7 7  7 .  3 3 8

0 . 5 2 3  0 . 6 6 2

8 . 0 0 0  8 . 0 0 0

0 . 2 6 8  0 . 0 9 1

0 .  0 0 0  0 .  0 0 1

0 . 0 0 0  0 . 0 0 0

3 . 0 6 9  3 . 1 0 3

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 .  0 0 0

z . L 6 U  Z . L t >

- -
f . l I /  ) . J / u

0 , 0 0 5  0 .  0 0 5

0 . 1 5 8  0 . 4 3 4

I . U ) J  I .  J U I

t r *  , *^

6 . 7  3 3  7  . t g L

4 7  . 2 8  4 5 . 8 2  4 6 . 3 2  4 9 . 8 3  4 7  . 8 7  4 9 . 6 2

4 . 3 4  5 . 0 5  5  . 2 5  4 .  3 t  4  .  5 1  4 . 3 9

0 . 0 0  0 . 0 I  0 . 0 0  0 . 0 0  0 . 0 3  0 . 0 2

0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 1  0 . 0 0

2 5 . 8 8  2 5 . 9 I  2 4 . 6 0  2 4 . I 0  2 5 . I 5  2 5 . 4 5

0 . 0 9  0 . 0 8  0 . 2 5  0 . 0 0  0 . 0 3  0 . 0 1

0 . 0 1  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 1  0 . 0 5

r 0 . 8 7  1 0 . 8 7  1 1 . 0 5  9 . 5 0  9 . 6 5  9 . 5 4

0 . 0 2  0 . 0 1  0 . 0 1  0 . 0 4  0 . 0 5  0 . 0 1

0 . 1 5  0 . 0 0  0 .  I I  0 . 0 0  0 . 5 1  0 .  1 3

4 . 9 4  5 . 8 2  7 . 0 3  2 . I 5  2 . 8 8  3 . 8 1

9 3 . 5 8  9 3 . s 8  9 4 . 6 2  8 9 . 9 3  9 0 . 7 0  9 3 . 1 3

cat ions on the basis of  22 oxygens

7 . 2 4 9  7 . 0 8 6  7 . 0 8 7  7 . 6 6 6  7 . 4 3 7  7 . 5 1 3

0 . 7 5 I  0 . 9 r 4  0 . 9 1 3  0 . 3 3 4  0 . 5 6 3  0 . 4 8 7

8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0  8 . 0 0 0

0 . 0 3 3  0 . 0 0 8

0 . 0 0 0  0 . 0 0 0

0 .  0 0 0  0 . 0 0 0

3 . 3 I 9  3 . 3 s 1

0 .  0 1 2  0 .  0 1 0

0 . 0 0 r  0 . 0 0 0

1 . + 6 )  Z . ) U b

- - -
l . d f , u  ) . 6 / )

0 . 0  3 4  0  . 4 4 7

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

3 . 1 4 8  3 . I 0 I

0 . 0 3 2  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

z . a z L  z . ! t 9

- - - _
) .  / J )  5 -  t Z t

0 . 2 6 3  0 . 2 9 5

0 . 0 0 4  0 . 0 0 2

0 . 0 0 1  0 . 0 0 0

3 . 2 5 8  3 . 2 2 3

0 . 0 0 4  0 . 0 0 1

0 . 0 0 1  0 .  0 0 6

z . z 5 a  z . L t o

5 . 7 7 6  5 . 7 0 4

0 . 0 0 2  0 . 0 0 5  0 . 0 0 3

0 . 0 1 2  0 . 0 0 0  0 . 0 4 5

0 ,  3 5 t  0 . 6 3 2  0 . 9 6 6

0 . 3 5 s  0 . 6 3 7  1 . 0 1 4

6 .  3 1 5  6 . 6 ] - 7  6 . 8 6 4

0 . 0 0 2  0 . 0 0 2

0 . 0 0 0  0 . 0 3 3

1 . 1 4 8  I . 3 7 2

I . 1 5 0  L . 4 0 7

7  . 0 2 5  7  . L 4 2  5 . 1 5 5

o . 5 7 2  0 . s 5 5  0 . 5 8 7

0 . 0 0 7  0 . 0 0 8  0 . 0 0 2

0 . 0 0 0  0 . 1 5 4  0 .  0 3 8

0 . 4 2 2  0 . 5 7 1  0 . 7 3 e

0 . 4 2 9  0 .  7 3 3  0 . 7 7 6

6 . 5 0 9  5 . 4 8 0

0 . 5 1 1  0 .  6 0 5  0 . 5 7 2 0 . 5 9 4  0 . 5 9 7  0 . 5 8 5  0 . 5 8 8

*A l -1  Fe  as  FeO.  Ana l yzed  a t  A .C .U .T .  Samp le  Z  O  Eo  5 ) :S t i I ( b rown ) -M ica -M t -Rk (+Ho) -e t .
r t  is  possib le that  some composi t ions are a mixture of  st i lpnomelane and ferr i -anni te (see
text) .  Sampte B (6 to I0) :  St i l (pale green)-Hm-Qt-An-Rk-M-t .  Note var iable K2o contents.
1:  From Miyano (1982) .
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Table 5. Representative electron microprobe analyses of stilpnomelane (group B) coexisting with neither ferri-annite nor riebeckite

w t .  t
I

J 2  8 8
2

J299
3

J295
6

FH3
7

FH4
I

FH5J286  J298

5t-

A1

T

sio2

A120 3

T io2

FeO*

MnO

Mgo

CaO

Na2O

K2o

AI

T i

Fe2+
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Ca

N a

K

X B

EA+'B

Fe*/Fe*+Mg

4 5 . 0 2  4 5 . 4 2  4 5 . 3 6  4 4 . 9 r  4 4 . 7 5

4 . O 2  4 . 5 9  4 . 7 7  4 . 6 5  4 . 9 L
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0 . 2 r  0 . 0 5  0 . 0 4  0 . 0 6  0 . 0 3
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2 . 3 2  3 . 0 2  3 . 6 6  4 . 6 4  5 . r 3

9 0 . 0 5  9 0 . 8 6  9 r . 6 7  9 4 . 0 2  9 3 . 6 r

4 6  .  0 8  4 5  . 7 6  4 6 . 3 4

5 . 1 6  5 . 1 7  5 .  7 r
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0 . 0 0  0 . r 3  0 . 1 0
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cations on the basis of 22 o:<Ygens
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0 . 2 1 6  0 . 0 5 2
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0 . 6 2 9  0 . 4 4 4
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0 . 0 0 5  0 . 0 0 3  0 . 0 1 2
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0 . 2 9 8  0 . 2 8 9  0 . 3 0 5

0 .  3 7 5  0 .  3 6 5  0 . 3 7 6
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0 . 8 0 7  0 . 7 9 4  0 . 7 8 4  0 . 7 9 6  0 . 7 8 3  0 . 8 3 0  0 . 8 2 0  0 . 8 2 3

*AI1 Fe as FeO. Sample J
s a m p l e  F H  ( 6  t o  8 )  a t  G . S . J .
St i l -An-K-Fel-Py-Po.

( 1  t o  5 )  w a s  a n a l y z e d  a t  A . C . U . T .  a n d
Sample J:  St i l -An-Mt-PY. SamPIe FH:
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Fig. 4. Quadrilateral representation of ferri-annite.

one may identify one group of the ferri-annites as
annite and the other as ferri-annite, because the
Fe2* l(Fe2* +Mg) ratios of both groups are grearer
than 0.5.

After having subtracted the calculated ferric iron
content from total FeO, the ferri-annite composi-
tions may be depicted in terms of cations in the
interlayer (CaO + Na2O * KzO), octahedral ((FeO)
+ MnO + MgO), and tetrahedral (Al2O3) positions,
as shown in Figure 5 (A, B). If any iron is present in

K2 Mg5Fe!+s i6o2o(oH)4
' fer r i -  ph logopi te '

the octahedral sites, it is treated as ferrous. Figure 5
shows a more realistic representation of the chemi-
cal composition of the ferri-annites than does Fig-
ure 2 and also plots not only all ferri-annites but
stilpnomelane as well.

X-ray crystallography

Because of fine grain size of the massive aggre-
gates and the limited amount of material, neither

oz
E D E

A G E
. M A

X M B
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Fig. 5. Graphical representation ofchemical variations offerri-
annite and stilpnomelane. (FeO) means that FeO for mica does
not include ferric iron estimated from the tetrahedral site
occupancy, but all Fe in stilpnomelane is expressed as FeO.
Figure A shows the variations of the two minerals in several
occurrences of the Dales Gorge Member. Figure B depicts the
variation of stilpnomelane in other iron formations (dashed lines)
for comparison. Note the wide variation of K2O content of
stilpnomelane.

single crystals nor concentrates offerri-annite could
be separated for X-ray investigation. Accordingly, a
band relatively rich in ferri-annite within banded
iron-formation was used for this purpose. Such a
layer usually contains small amounts of impurities
such as hematite, magnetite, quartz, ankerite, and
riebeckite. Magnetite was removed by a hand mag-

net. Three samples, GE, MA, and MB, taken from
this type of layer, were carefully separated under
the microscope. Samples GE and MB include very
small amounts of magnetite, ankerite, and riebeck-
ite. A small amount of ankerite is present in sample
MA. However, hematite and quartz could not be
completely removed from samples MA and MB
because small grains of both minerals are present
within the layers.

The samples were analyzed by X-ray powder
techniques (FeKa). Using silicon (a : 5.4307A) as
an internal standard, five to eight d-spacings were
measured on a diffractometer. The X-ray powder
data are given in Table 6, and were indexed with a
monoclinic setting. The following unit-cell parame-
ters were determined on sample MB: a : 5.402(6),
b : 9.237(4), c : 10.306(7)A, F : 99'16'(10), and
507.54(6T43, by means of a least squares method
(program uNlcs RsLc-3) using all reflections except
1 13) listed in Table 6. These parameters are compa-
rable with those of annite (Eugster and Wones,
1962), ferri-phlogopite (Steinfink, 1962), and ferri-
annite (Morimoto and Donnay, 196l; Wones,
1963a) (see Table 7). Table 7 shows, however, that
the b dimension of the ferri-annite is remarkably
smaller than that of other Fe-rich micas. The pa-
rameters of b and p are rather similar to those of

80 85
CoO*No20*K2O

90 95 r00
FeO'* MnO+MgO

-- Doles Gorge Member (this study)
- - - - -  Mor ro  l v lombo l ron  Formot ion  (K le in  E  Go le ,19Bl )

Sokomon lron Formotion (Klein, 1974; Klein I Fink,1976)
-  Archoeon i ron- fo rmot ions  (Go le ,  t98O)
-  -  -  Gunf l in i  l ron  Formol ion  (F lo .on  I  Pop ike ,1975,  1978)

Fig. 6. Graphical comparison of chemical variations of
stilpnomelane from various iron-formations.

80
CoOtNo2OtK2O

95 100
(FeO)  +MnO+MgO
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(FeO)+MnO+ MqO

At203
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. . \  ^  \ - - r

s i l t A  i  \ .

n ./--)
sl i i  (oiher

iron - formotions)

Al2O3
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Table 6. X-ray powder data for ferri-annite (FeKa)

GE MA MB Ferr i -anni te ( l l

hk l  d (R )  r *  d (R )  r *  d (R )  r *  d (R )  r * *

Ferr i -anni te '  (  2 )

d  (A )  r * * *  I  (  INT )

0 0 1  1 0 . 1 3 9  V S  1 0 . 1 6 3  I t t  1 0 . 1 5 9  V S

Lr2  3 .686 Vw

0 0 3  3 . 3 7 9  M

f r3

2 0 0  2 . 6 4 6  V W

1 3 3
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20nun , /m in ;  T .C .  2 ;  s ca le  800  cps ) .

( I ) :  Wones  (1963 ) ,  powde r  da ta .
( 2 ) :  Mo r imo to  4nd  Donnay  (1961 ) ,  Donnay  e t  a I .  ( 1954 ) ,  Bo rg  and  sm i t h  ( 1969 )  s i ng te  c r ys ta l -

r* :  rerat ive intensi ty:  vs=very strong,  s=strong,  M=mediumt w=weak, vw=very weak.
I * * :  I / To  on  a rb i t r a r y  sca1e .
I*** '  peak intensi ty f rom the s imulated di f f ractometer t race.
r ( INT ) :  r e l a t i ve  i n t eg ra ted  i n t ens i t y  no rma l i zed  t o  a  max imum va lue  o f  I 00 .

Table 7. Cell parameters and refractive indices offerri-annite and related micas
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a (A)

b (8)
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r 0 .  3 0 6
( 1 0 . 0 0  7 )
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( 1 1 0  '  )
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I .  / U J
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I . 7 4 8
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I . 6 7 7
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L . 7  2 L
( 1 0 . 0 0 s )

1. Eugster and Wones (f962), AnFe6, por^'der data.
2 .  S t e i n f i n k  ( L 9 6 2 )  ,  ( K 9 . 9 M n g . f l u d g ( F e s i 3 ) o 1 g  ( o H ) 2 ,
3 .  Mor imoto  and Donnay (1961t ,  x re3(Fes ia )o i6 (or la ,
t .  Wones (1963) ,  KFe3(Fes i3 )o1g(oHi2 ,  po iae i -aa ta l
5. This study, sample ttB, powder daEa.-

s ing le - c r ys taL  da ta .
s i ng le - c r ys ta l  da ta .
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b i o t i t e  ( a : 5 . 3 0 ,  b : 9 . 2 1 ,  c :  1 0 . 1 6 A , a n d  p :
99o18'; Donnay and Ondik, 1973).

According to Wones (1963b), the b dimension of
synthetic biotite on the phlogopite-annite join de-
creases with decreasing Fe/(Fe+Mg) ratio, and with
increasing oxygen fugacity. Synthetic ferri-annite
used for the determination of cell parameters was
formed in the stability field of wtistite and fayalite
(probably between the MW and WI buffers; Wones,
1963a; Donnay et al., 1964). Because ferri-annite
usually coexists with hematite and magnetite and
commonly contains MgO (Fe*/(Fe* + Mg) : 0.75-
0.78, group B), the b dimension may be shortened
more than that of pure ferri-annite. On the other
hand, Donnay et al. (1964) show in their structural
model that the length of the K-O bond of ferri-
annite restricts the length of b more severely than
either d, (tetrahedral metal-oxygen distance) of do
(octahedral metal-anion distance), and that the K-
O distance of the mica is surprisingly large
(:3.05A). If we assume that the same values for d
and do as those of Donnay et al . (1964) for the ferri-
annite, our b dimensionl:9.237A) gives the normal
K-O bond length of 2.83A.

Origin of ferri-annite

Because of the intimate association of ferri-annite
and stilpnomelane, the chemical composition of the
mica may well be related to that of the stilpnome-
lane. Especially, the similarity of the ratio of Fe*/
(Fe* + Mg) between the two minerals is remarkable
as already mentioned.

In one sample (Z) a feni-annite layer grades
transitionally into a stilpnomelane layer, and thin
fibrous riebeckite and magnetite bands (0.2 to 0.3
mm thick) are present between the two layers.
Magnetite occurs in both layers but hematite only in
the mica layer. The stilpnomelane layer consists
mainly of aggregates of interlocking laths of stilpno-
melane and partly of Fe-rich mica as judged from
the X-ray powder diffraction pattern (Fig. 7). How-
ever, the chemical analyses of the laths do not show
the typical composition of either stilpnomelane or
ferri-annite because they contain a higher K2O
content than "normal" stilpnomelane whereas the
other oxide contents are similar to those of stilpno-
melane (Table 4, sample Z, anal. 2 to 5). Because of
the presence of X-ray reflections for mica, it ap-
pears that the composition may be equivalent to a
mixture of stilpnomelane and ferri-annite. As
shown in Table 4, the K2O content ranges from 1.8
to 7.0 wt.Vo. Such a range in K2O content is also

6 7 8 9

Degrees 2 I

Fig. 7. X-ray reflections (d-, in A) of stilpnomelane and ferri-
annite (CuKa).

found in stilpnomelanes close to a fibrous riebeckite
band (Table 1, sample B), where the X-ray powder
diffraction pattern shows no extra peak for mica.
Generally, stilpnomelanes with high K2O contents
(>3 wt.%) have commonly been reported from iron-
formations with a large amount of riebeckite (La-
Berge, l966a,b; Trendall and Blockley, 1970:'
Ayres, 1972;Klein and Gole, 1981; Miyano, 1982;
also see Tables 4 and 5). The variation of the KzO
content of stilpnomelane in the Dales Gorge Mem-
ber is shown in Figure 5,{. Comparison with those
of other iron-formations is made in Figures 58 and
6. These figures show that stilpnomelane of the
Dales Gorge Member is more alkali-rich than that of
other iron-formations. A similar tendency is found
in riebeckite-containing assemblages in the Marra
Mamba Iron Formation (Klein and Gole, 1981)'
Miyano (1982) proposed that ferri-annite (and also
some riebeckite) may replace stilpnomelane as a'

St i lpnomelone
(deo' = 11.99a,
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result of interaction with alkali-bearing solutions,
which may also have been responsible for the
formation of riebeckite. This interaction appears to
accompany enrichment of alkalies in stilpnomelane
prior to replacement by ferri-annite. However,
some parts of the Dales Gorge Member rocks seem
not to have been affected by such alkali-bearing
solutions, because the K2O content of stilpnome-
lane in such rocks is "normal" as shown in Table 5
(sample FH, anal. 6 to 8). Using chemical analyses
listed in Tables l, 2, 4, and 5 and preliminary
analytical data on stilpnomelane and ferri-annite,
this feature can be illustrated as a function of (KzO
+ Na2O) mole percent against the variation of Fe*/
(Fe* + Mg) as in Figure 8. In the case of sample Z
(group A), the KzO(+NazO) content of stilpnome-
lane increases continuously toward that of ferri-
annite at a constant ratio of Fex/(Fex + Mg). Figure
8 also shows mica and stilpnomelane in other occur-
rences, including those in group B. No stilpnome-
lane with a high ratio of Fe*/(Fe* + Mg) was found
to be associated with ferri-annite in this study.
However, sample J contains stilpnomelane of group
B and it has a wide variation of K2O content as
shown in Table 5, probably as a result of action of
alkali-bearing solutions. The X-ray powder diffrac-
tion pattern of this stilpnomelane shows only stilp-
nomelane peaks. This stilpnomelane may be regard-
ed as a precursor of the ferri-annite of group B
(samples MA and MB), because the variation in
K2O content from stilpnomelane to mica is similar
to that demonstrated for sample Z (Figure 8). It is of
interest that the stilpnomelane of samples B (group
A) and J (group B) which contain little ferri-annite,
shows a relatively higher Na2O content than stilp-
nomelane that coexist with ferri-annite. It appears
that much of the ferri-annite may have formed from
stilpnomelane by secondary enrichment of potassi-
um at a fixed Fe*/(Fe**Mg) ratio, and that Fe2*
may have been oxidized to Fe3+ in order to fill the
cation deficiency in the tetrahedral sites. It is proba-
ble that such potassium enrichment and oxidation
may have been brought about by alkali-bearing
solutions, but the presence of "normal" stilpnome-
lane shows that such enrichment has not been
uniform throughout the entire member.

Conclusions \
Ferri-annite, from a very low-graile metamorphic

iron-formation, the Dales Gorge Member of West-
ern Australia, is defined on the basis of mineralogi-
cal, chemical, and X-ray powder data. Much of this
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mica may have formed from stilpnomelane by en-
richment of potassium during metamorphism. Be-
cause of cation deficiency in the tetrahedral sites if
tetral Fe is excluded, the mica composition may be
expressed by quadrilateral components: annite,
phlogopite, ferri-annite (K2Fe?*Fe]*Si6Oz0(OH)4)
and ferri-phlogopite (KzMgoFel* Si6O20(OH)4). Cell
parameters of the mica are, however, somewhat
different from those predicted from the quadrilater-
al components. The diferences may be due to the
conditions of formation of the mica. Further refine-
ment and characterization of this mica must wait
until pure, crystalline material is available in suffi-
cient amounts.
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