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ABSTRACT

Ferrokinoshitalite, ideally BaFe?*3(SixAly)O14(OH),, is the iron-rich analogue of kinoshitalite, and thus a new species of the
brittle mica group. Samples commonly have considerable chemical substitutions, with large cations (e.g., K, Na) for Ba, medium-
size cations (e.g., Mg, Mn, Ti, Al, Fe?*) in octahedral sites, and F for OH. The color is dark green, the luster is vitreous, thin grains
are translucent, the streak is green, the Mohs hardness is 3, the density is 3.69(8) g/cm? (measured) and 3.59 g/cm? (calculated),
and it has perfect (001) cleavage. From single-crystal determinations, ferrokinoshitalite is monoclinic, space group C2/m, with
unit-cell parameters a 5.389(1), b 9.337(2), ¢ 10.054(2) A, B 100.53(2)°. The polytype is 1M, and Z is equal to 2. The strongest
five powder X-ray diffraction lines [d in A(I)] are: 2.651(100), 2.176(40), 1.551(30), 1.659(25), and 1.529(25). The mean index
of refraction, as determined from the Gladstone—Dale relationship, is 1.6939. The mineral is biaxial negative, and strongly pleo-
chroic. Thermal gravimetric analysis shows a net gain in weight of ~2.4 wt% from 400 to 1000°C, after a small loss in weight of
~0.2% from 24 to 400°C. The weight gain is attributed to iron oxidation, which produces hematite. The crystal structure of
ferrokinoshitatite was refined to an agreement factor R = 0.032 and wR = 0.036 using 750 unique observed reflections on a sample
with a structural formula of (Bag 47K 33Nag o4) (Fe2+1_72Mg0 74Mng 08F63+0|15Ti0 17) (Siz 44Al; 56)010(OHy 35F 65). The two inde-
pendent octahedral sites are marginally different in size (M1: 2.120 versus M2: 2.106 A). The effect of Fe content on the structures
of Ba-rich micas is discussed. The tetrahedral rotation angle, «, is small at 3.95°, owing to the relatively large size of Fe?* and Ba.
Ferrokinoshitalite occurs in massive Pb~Zn—Cu—Ag sulfide orebodies at the Broken Hill mine, northern Cape Province, South
Africa, in a mineral assemblage containing quartz + magnetite + spessartine-rich garnet + apatite * sillimanite * ferroan gahnite
* sulfides, with Mn-rich grunerite (in places, manganogrunerite), manganoan fayalite and Mn-rich pyroxferroite also present in
amphibole-rich layers. On the basis of previous studies, ferrokinoshitalite is believed to have formed at or near the peak of
metamorphism (at 670 + 20°C and 4.5 + 1.0 kbar).

Keywords: banded iron-formation, brittle mica, ferrokinoshitalite, new mineral species, structure determination, sulfide deposits,
Broken Hill mine, Cape Province, South Africa.

SOMMAIRE

La ferrokinoshitalite, de composition idéale BaFe*3(SiyAly)O1o(OH),, ést Fariafogue riche en fer de la kinoshitalite, et ainsi
une nouvelle espece minérale du groupe des micas cassants. Les échantillons’ for€pretivé de substitutions importantes dans les
sites, impliquant des cations assez gros, par exemple K et Na, dans le site du Ba, deg ¢atidns de taille moyenne, par exemple Mg,
Mn, Ti, Al et Fe**, dans les sites octaédriques, et F pour OH dans les sites anioniques. C’est un minéral vert foncé a éclat vitreux;
les grains les plus minces sont translucides, la rayure est verte, la dureté (échelle de Mohs), 3, la densité, 3.69(8) (mesurée) et
3.59 g/cm? (calculée), et le clivage (001), parfait. A la lumiére des déterminations sur cristaux uniques, la ferrokinoshitalite est
monoclinique, groupe spatial C2/m, avec paramétres réticulaires a 5.389(1), b 9.337(2), ¢ 10.054(2) A, et B 100.53(2)°. Le
polytype est 1M, et Zest égal 4 2. Les cinq raies les plus intenses du spectre de diffraction (méthode des poudres) [d en A(I)] sont:
2.651(100), 2.176(40), 1.551(30), 1.659(25), et 1.529(25). L.’ indice de réfraction moyen, déterminé selon la relation de Gladstone
et Dale, est 1.6939. La ferrokinoshitalite est biaxe négative, et fortement pléochroique. Une analyse thermogravimétrique révele
un gain en poids d’environ 2.4% de 400 a 1000°C, suite A une légere perte en poids d’environ 0.2% de 24 2 400°C. Le gain serait
dii 4 'oxydation du fer, qui mene 4 la formation de I"hématite. La structure cristalline a été affinée jusqu’a un résidu R de 0.032
(WR = 0.036) en utilisant 750 réflexions uniques observées sur un échantillon dont la formule structurale est (Bag 47Ko.33Nag 04)
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(Fe™; 7oMgg 74Mng 0sFe>*g 15Tig 17) (Siz a4l 56)010 (OH| 35Fg65). Les deux sites octaédriques indépendants different trés
légerement dans leurs dimensions: (M1: 2.120 versus M2:2.106 A). Nous évaluons I’effet de la teneur en fer sur les structures des
micas riches en Ba. L’angle de rotation des anneaux de tétraddres, a, est petit, 3.95°, vue la dimension relativement importante
des ions Fe?* et Ba. On trouve la ferrokinoshitalite dans des amas de sulfures Pb~Zn-Cu—Ag massifs 4 la mine Broken Hill,
secteur nord de la province du Cap, en Afrique du Sud, dans un assemblage contenant quartz + magnétite + grenat riche en
spessartine + apatite * sillimanite + gahnite ferreuse + sulfures, avec grunerite manganifere (localement, manganogrunerite),
fayalite et pyroxferroite manganiféres aussi présentes dans des niveaux riches en amphibole. D’aprés les résultats d’études
antérieures, la ferrokinoshitalite se serait formée aux conditions du paroxysme métamorphique, 670 + 20°C, 4.5 + 1.0 kbar, ou

pres de celles-ci.

(Traduit par la Rédaction)

Mots-clés: formation de fer rubanée, mica cassant, ferrokinoshitalite, nouvelle espéce minérale, détermination de la structure,
amas de sulfures, mine de Broken Hill, province du Cap, Afrique du Sud.

INTRODUCTION

Kinoshitalite, found as both 1M and 2M, polytypes,
was defined by Yoshii ef al. (1973) as the Ba- and Mg-
rich brittle mica. Kinoshitalite differs from the Ba mica,
anandite, primarily because anandite is S-rich and en-
riched in Fe and Si relative to kinoshitalite (Table 2 of
Rieder et al. 1998). Initially, the kinoshitalite-1M
polytype was refined structurally by Kato ef al. (1979)
in space group C2/m, and refined further and examined
in subgroup symmetries by Guggenheim & Kato (1984).
The latter study showed that kinoshitalite does not show
additional order of cations either in the tetrahedral or
octahedral sites in subgroup symmetries; the material is
properly described in space group C2/#. Unfortunately,
the poor precision of the data, attributed to the inferior
quality of the material, left the possibility open that twin-
ning could account for the apparent disorder of cations
in the higher-order space group (Guggenheim & Kato
1984).

Ba-bearing trioctahedral micas occur in metamor-
phic and igneous rocks; references to many petrologi-
cal studies are given in Brigatti & Poppi (1993) and
Guggenheim (1984). Bigi et al. (1993) examined Ba-
bearing biotite from layered gabbroic and calc-alkaline
rocks and related the observed variations in crystal
chemistry to the genesis of the rocks. By single-crystal
X-ray study, Brigatti & Poppi (1993) studied ten Ba-
bearing igneous and metamorphic micas to determine
the exchange vectors (cation substitutions) that balance
the excess positive charge caused by the substitution of
Ba for K in the mica structure. They also presented sev-
eral graphs to show the relationships among chemical
and structural parameters.

An Fe-rich analogue of kinoshitalite was first iden-
tified by Frimmel et al. (1995) from high-grade meta-
morphosed banded iron-formations enclosing massive
sulfide orebodies at the Broken Hill mine near
Aggeneys, northern Cape Province, South Africa. This
Fe-analogue of kinoshitalite constitutes a new mineral,
named ferrokinoshitalite. In this paper, we examine in
detail the crystal chemistry of this mineral and discuss

its relationship to the trends established by Brigatti &
Poppi (1993) for the more Mg-rich, Ba-bearing micas.
The mineral species and its name were approved by the
IMA Commission on New Minerals and Mineral Names
(no. 99-026). Cotype material is preserved in the col-
lection of the Department of Geological Sciences, Uni-
versity of Cape Town, South Africa.

DESCRIPTION AND OCCURRENCE

The massive Pb—Zn—-Cu-Ag sulfide orebodies at the
Broken Hill mine near Aggeneys in the northern Cape
Province of South Africa (latitude 29°14'S, longitude
18°48'E) consist of pyrrhotite, galena, sphalerite, chal-
copyrite, and pyrite, and they are interpreted as repre-
senting sedex-type deposits of Mid-Proterozoic age
(Ryan et al. 1986). They are enclosed in a banded iron-
formation in which a magnetite-rich oxide facies is
distinguished from a garnet- and amphibole-rich
manganiferous silicate facies. Within the latter facies,
ferrokinoshitalite occurs in the form of very small, tabu-
lar, individual crystals to 0.2 mm across. The mineral
assemblages containing the ferrokinoshitalite are quartz
+ magnetite + spessartine-rich garnet + apatite * silli-
manite * ferroan gahnite + sulfides, with Mn-rich
grunerite (in places, manganogrunerite), manganoan
fayalite and Mn-rich pyroxferroite also present in am-
phibole-rich layers. Despite high-grade metamorphism,
reaching the upper-amphibolite-facies pressure—tem-
perature (P-T) conditions, constrained at 670 £ 20°C
and 4.5 + 1.0 kbar (Frimmel et al. 1995, Waters 1989),
steep geochemical gradients are preserved on a milli-
meter scale between the iron formation and sulfide
bands (Frimmel er al. 1993), suggesting little post-
depositional modification of the compositions. Deriva-
tion of the silicate-rich bands from chemical precipitates
near hydrothermal vents on the seafloor was suggested
by Hoffmann (1994).

Textural equilibrium between the ferrokinoshitalite
and the associated minerals indicates mica formation at
or near the peak of metamorphism. The age of the mica
is indirectly constrained by Ar—Ar data obtained on less
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Ba-rich biotite in associated metapelites (Frimmel &
Frank 1998); that age, 1006 = 4 Ma, suggests cooling
below ~300°C by then.

PHYsICAL AND OPTICAL PROPERTIES

The color of ferrokinoshitalite is dark green, its lus-
ter is vitreous, and the Mohs hardness is 3. Crushed
material (streak) is green. Even very small and thin crys-
tals are not transparent, but are translucent, which pre-
vented a complete detailed determination of the optical
properties. Ferrokinoshitalite is brittle, displays no frac-
ture, and has a perfect (001) cleavage. No fluorescence
is observed in either long- or short-wave ultraviolet ra-
diation, and no cathodoluminescence is observed.
Ferrokinoshitalite is soluble in sulfuric acid and hydro-
fluoric acid, but not in hydrochloric acid. The density
could not be determined accurately because of lack of
material, but preliminary results [3.69(8) g/cm?] using
very little material and employing heavy-liquid tech-
niques are in reasonable agreement with the calculated
density, 3.59 g/cm®.

Grain samples immersed in index of refraction
(Cargille) oils were not sufficiently transparent to de-
termine the indices, but B was estimated to be 1.680.
The mean index of refraction calculated from the
Gladstone—Dale relationship is 1.6939. Ferrokinoshi-
talite is biaxial negative, with 2V, estimated to be ~20°
(from extinction curves). The mineral is strongly pleo-
chroic (X = grass green, ¥ = dark brown green, Z = dark
greenish gray-brown); absorption is X << Z < Y.
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F1G. 1. Thermal analytical data for ferrokinoshitalite: (a)

DTA and (b) TG. See text for details.
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THERMAL ANALYSIS

A Perkin—Elmer 7 series thermal analysis system
was used to obtain a differential thermal analysis (DTA)
and thermal gravimetric (TG) analysis (Fig. 1). Alumi-
num crucibles with a Pt/Pt13%Rh thermal couple were
used. To try to maintain non-oxidizing conditions, Nj
gas with a flow rate of 20 cm?/min was maintained. A
heating rate of 10°C/min was applied, and the DTA
experiment used a-alumina powder as a reference. The
DTA curves show no evidence of a reaction, and the
TG curve indicates that weight loss was ~0.2 wt% from
24 to 400°C and a weight gain of ~2.4 wt% occurred
from 400 to 1000°C. The product after heating sample
HFN43 was dark brown in color, and X-ray analysis
indicated that hematite was present, as well as unidenti-
fied product phases. Thus, oxidation of the iron in
ferrokinoshitalite had occurred, although the amount of
weight gain, which is less than expected for oxidation
to hematite, may indicate that some weight loss by
dehydroxylation had occurred also.

CHEMICAL COMPOSITION

An electron microprobe (Cameca CAMEBAX, 15
kV, 40 nA, beam diameter of 5 wm) was employed for
chemical analyses. The standards used were Kakahui
homblende (Si, Al, Fe, Mg, Na, K), rutile (T1), rhodo-
nite (Mn), fluorite (F) and synthetic Ba silicate (Ba, Sr).
The composition of seven grains from sample HFN43,
on which all physical, thermal, optical and crystallo-
graphic data were obtained, is given in Table 1. The
standard deviation of the mean composition reported in
Table 1 does not necessarily reflect analytical uncertain-
ties. The small amount of material available prohibited
direct determination of H,O. Furthermore, the thermo-
gravimetric analysis cannot be used to determine H,O
content (see above).

A ZAF procedure was used for data reduction. This
procedure, based on our experience, consistently yields
totals that are 1-2 wt% high for samples with >18 wt%
FeO, probably because of an imperfect absorption coef-
ficient for Fe used by the ZAF program, which leads to
an overestimation of the SiO, and Al,O3 contents. This
overestimation prevents the approximation of H,O by
difference, which would produce low values for H,O.
Thus, the amount of OH in the formulae was obtained
by taking the difference of F from two atoms per for-
mula unit (apfu), the amount of F,OH present in the ideal
formula.

The chemical formula of ferrokinoshitalite was cal-
culated on the basis of 11 atoms of oxygen. The for-
mula involves a correction for the oxygen equivalent
for the fluorine atoms present. The tetrahedral sites are
assumed to be completely filled with Si and Al and, in
some cases, very small amounts of Fe3*. The bulk of
Fe*, as well as all the Ti, Fe?*, Mg, and Mn, were as-
signed to the octahedral sites. These sites are never com-
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pletely filled, but occupancy of the octahedral sites is,
on average, 2.87 £ 0.03 apfu. Similarly, the sum of the
interlayer cations (Ba, Sr, K, Na) is less than ideal, on
average 0.85 + 0.01 apfu. Substitution of OH by F oc-
curs, with some samples containing up to 4.0 wt% F
(Frimmel ez al. 1995). The structural formula thus de-
rived from results of seven analyses is written as
(Bag 49K 34Nag 04)s085 (Fe*172Mgo 74Mng osFe g 15
Tig 17)32.87 (Si244Al1 56)54.00 O10(0H135F65)32.00 OF,
ideally, BaFe?*3ALSi,019(OH),. On the basis of struc-
tural data obtained (see below) and the mean chemical
composition, a molecular weight of 537.72 was calcu-
lated.

Ferrokinoshitalite is characterized by high Ba con-
tents (up to 17.1 wt% BaO), with a ratio Ba/(Ba + K +

TABLE 1. REPRESENTATIVE COMPOSITIONS OF
FERROKINOSHITALITE FROM AGGENEYS, SOUTH AFRICA,

AND RESULTING FORMULAE

Sample HFN43 mean sd
Si0, wt.% 2872 2837 28.77 28.65 2868 28.88 2998 2886 0.52
TiO, 243 267 28 237 268 344 234 268 038
ALO, 1532 1585 1599 16.28 1609 1585 1524 1580 039
Fe, 0, 232 232 235 240 234 239 231 235 004
FeO' 23.96 2401 2434 2479 2423 2472 2386 2427 037
MnO 109 108 118 113 118 118 116 114 004
MgO 634 589 560 527 582 535 659 584 049
BaO 1373 1546 1482 1413 1459 1358 1266 1414 0952
SrO 000 000 017 016 016 000 000 007 009
Na,0 023 028 032 027 025 030 020 026 004
K,0 345 271 283 309 293 340 387 318 041
F 219 294 232 242 233 233 245 243 024
Total** 98 86 10034 10057 99,94 10030 10044 9963 10001  0.60

Formula based on 11 oxygen atoms

Si apfu 245 241 243 243 242 242 251 244 003
Al 154 159 157 157 158 157 149 156 004
Fe* 001 000 000 000 000 001 000 000 000
Tetrahedral site 400 400 400 400 400 460 400 400 000
Al 000 000 002 006 002 000 001 001 000
Ti** 016 017 018 015 017 022 015 017 002
Fe** 014 015 015 015 015 014 015 015 000
Fe? 171 171 172 176 171 173 167 172 002
Mn 008 008 008 008 008 008 008 008 000
Mg 081 075 070 067 073 067 082 074 006

Octahedral site 290 286 285 286 28 284 288 287 0.03

Ba 046 052 049 047 048 045 042 047 003
Sr 000 000 001 061 001 000 000 000 000
K 038 029 030 033 032 036 041 034 004
Na 004 005 005 004 004 005 003 004 001
Interlayer site 088 086 085 085 085 08 08 085 001
F 059 079 062 065 062 062 065 065 006

* Fe**/Fe** derived from high-performance ion chromatography (Frimmel et af.
1995). ** Totals corrected for F = O equivaient sd : standard deviation

The compositions were derived from electron-microprobe data. The amounts of Ca
and Cl are below detection limits
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Na) as high as 0.73, which is similar to that found in
kinoshitalite (Yoshii et al. 1973). In contrast to
kinoshitalite, the Fe/(Fe + Mg) value is >0.5, with re-
corded values to 0.72 (Frimmel et al. 1995). As revealed
by high-performance ion-chromatography analyses of
the same study, on average, 8% of the total Fe is present
as Fe3*. Ferrokinoshitalite is not only more enriched in
ferrous iron, but with AlL:Si = 0.6, it is also less alumi-
nous than kinoshitalite (Al:Si = 1.0). Thus it also re-
sembles the essentially Al-free, Ba,Fe-rich silicate
anandite (Pattiaratchi ef al. 1967)

X-RaY DIFFRACTION

The ferrokinoshitalite studied is specimen number
HFN43. The crystal chosen for the structural determi-
nation was 0.35 X 0.35 X 0.05 mm in size and showed
sharp reflections with little mosaic spread, on the basis
of Buerger precession photographs. Examination of
zero- and upper-level photographs indicated the pres-
ence of reflections of type & + k = 2n, which define a C-
centered cell. On the basis of an apparent two-fold axis
and m plane and cell geometry, space group C2/m was
assumed. This is consistent with the 1M polytype.

Cell parameters were refined (MoKa; = 0.70930 A)
from 12 high-angle (47 < 28 < 55°) reflections, each
measured in eight octants, to produce 96 independent
measurements to yield a 5.389(1), b 9.337(2), ¢
10.054(2) A, B 100.53(2)°. Approximately 1,630 reflec-
tions were measured over the 26 range 4-60° in the 20:0
scan mode at a scan rate of 1°/min, a background time
equal to the scan time for the reflection, and with a 2.0°
scan window adjusted by adding the increment of
0.75tan0. Reflections were measured in one-half of the
limiting sphere, with indices varying along 8 < & < 8,
0 <k < 14, and T5 < [ < 15. Three standard reflections
were measured every 50 reflections to check for crystal
and electronic stability. If T was greater than 3o, then
reflections were considered observed, where (I) = [CT
+ 0.25(t/t,)2(B, + By) + (pI)?]¥2, and CT is the total
integrated count in time t., B and B; are the background
counts in time tp, and p (the estimate of the standard
error) is equal to 0.03.

After Lorentz—polarization corrections, absorption
corrections were made empirically on the basis of the
040 reflection taken at psi increments of 10°. Reflec-
tions were symmetry-averaged according to Laue group
2/m. This resulted in 773 unique nonzero reflections.
Twenty-three reflections were removed from the dataset
near the final stages of refinement according to the equa-
tion [Fo — Fe| > 2[(F, — F)>M — N]'2, where M repre-
sents the number of reflections, and N, the number of
parameters.

The crystallographic least-squares program SDPWIN
(Frenz 1995) was used with initial values for the scat-
tering factors from Cromer & Mann (1968), based on
the site occupancies derived from the structural formula.
All atoms were considered half-ionized, and reflections
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TABLE 2, ATOMIC COORDINATES AND DISPLACEMENT PARAMETERS
FOR FERROKINOSHITALITE

Atom x ¥ =z "Bu

B= B Br Bis Bz

0.0 0.5 0.0
00 0.0 05
00 03331(1) 05

2§88’

0.0333(9) 0.0

OH 0.1229(7) 0.5

~0.0140(2) 0.00386(6) 0.00671(7) 0.00
0.0070(3) 0.0013(1) 0.0034(1) 0.00
0.0055(2) 0.00202(8) 0.00324(7) 0.00

0.0745(2) 0.1664(1) 0.2199(1) 0.0076(3) 0.00193(9) 0.00303(8) —0.0000(3) 0.0017(2) —0.0002(2)

0.1578(4) 0.027(2) 0.0034(4)

o2 0.3134(6) 0.2400(4) 0.1586(3) 0.0160(9) 0.0064(3)

o3 01319(5) 0.1659(3) 0.3883(3) 0.0099(7) 0.0030(2)

0,3871(4) 0.010(1) 0.0028(3)

0.0038(2) 000
0.0028(3) 0,00
0.0012(2) 0.00

0.0027(3) 0.00 0.001(1) 0.00
0.0039(2) -0.008(1) 0.0028(7) —0.0010(5)
0.0036(2) —00000(8) 0.0026(6) —0.0005(4)
0.0063(4) 0,00 0.004(1)  0.00

* The form of the anisotropic displacement parameter is:

exp[—0.25{/a*B(1,1) + Fb*P(2,2) + Fc*P(3,3) + 2hka*b*P(1,2) + 2hla*c*P(1,3) + 2kib*c"B(2,3)}]

** Values in parentheses represent estimated standard deviations (esd) in terms of the least units cited for the values
to the immediate left, thus 0.0140(2) indicates an esd of 0,0002

TABLE 3. SELECTED INTERATOMIC DISTANCES AND BOND ANGLES
IN FERROKINOSHITALITE

Bond Distance Bond Distance Linkage  Angle

Octahedra

M1 site
M1-03 x4 2,111(3)
—OH x 2 2.139(3)

0-0 shared (M1 and M2)  O3-M1-03’ x 2 944(1)
03-03" x 2 2.869(4) ~037 x 2 85 6(1)
—OH x4 2.856(4) —OH x4 9558(9)

Mean 2,120 0-O unshared (triads) ~OH’ x 4 84 42(9)
03-03’ x 2 3.098(4) Mean 90.00
—OH x 4 3.148(4)
Mean O-O0 2996
M2 site O-O shared (M1 and M2) 03-M2-03’ 852(1)
M2-03 x2 2093(2) 03-03°  23869(4) —03” x 2 84 9(1)
—03’ x 2 2,120(3) —OH x2 23856(4) -03’x2 95.5(1)
—OH x 2 2,105(3)  0-O shared (M2 and M2) -OH x2 85.7(1)
Mean 2,106 03-03’ x 2 2.844(4) ~-OH’ x 2 952(1)
OH-OH’  2830(5) —~OH” x 293 9(1)
0-0 unshared (triads) OH-M2-OH’ 84 5(1)
03-03" x 2 3.119(3) Mesan 0.0
-OH x2 3.120(3)
O3’-0H x 2 3 068(4)
Mean O-0 2976
Tetrahedron
7-01 1.674(2) 01-02 2701(4) 01-7-02 107.6(2)
-02 1,673(3) 02 2702(4) -0 107.6(2)
-02’ 1.675(3) -03 2757(4) -03 111 4(2)
~03* 1.665(3) 02-02° 2.701(4) 02-1-02’ 107 5(2)
Mean 1.672 03 2.756(4) 03 111 3(1)
02’-03 2757(4) 02’-7-03 111.3(1)
Mean 2729 Mean 1095
Interlayer
Inner Outer
Ba—01x2 3018(4) 3.210(4)
02 x4 3027(3) 3.210(3)
Mean 3024 3210

Notes: *, ” indi symmetry-equivalent; * indi apical oxygen atom,

were assigned unit weights with a single scale-factor.
The scale factor was initially varied, followed by atomic
coordinates and isotropic temperature-factors in suc-
ceeding cycles. Site-occupancy factors were allowed to
vary at this stage to check for variations in assigned
occupancy, but adjustments were not necessary. Site-
occupancy factors were then fixed. The R factors for
the isotropic refinement along with an extinction
correction were R = 0.069 and wR = 0.070, where
WwR = [w(|F,| - |Fc))*w|F,[?] /2. Anisotropic temperature-
factors were then allowed to vary. Final R factors are
R = 0.032 and wR = 0.036. There were a total of 59
varied parameters. Final atomic coordinates and dis-
placement parameters are given in Table 2, Table 3
gives bond lengths and angles, and Table 4 gives calcu-
lated structural parameters. Reflection data and struc-
ture factors are on deposit at the Depository of
Unpublished Data, Canada Institute for Scientific and
Technical Information, National Research Council, Ot-
tawa, Ontario K1A 0S2, Canada.

TABLE 4, CALCULATED STRUCTURAL PARAMETERS

FOR FERROKINOSHITALITE

Parameter Value Parameter Value
(°)* 395 Sheet thickness”
POy M1, 5849 Octahedral (A) 2216

M2 5826 Tetrahedral () 2270
T ") 1113 Interlayer separation (A) 3.129
Az, (A) 0.008
Bigeus () 10029

*  Tetrahedral rotation angle, & = %[120° — mean O, — O, — O, angle]
** 4 = cos[oct. thickness/2(M—0,0H)]

** c=mean 0,-T-O,

9  Tetrahedral thickness includes OH

+ Az, = corrugation of plane of basal oxygen atoms

1 Bue=180° — cos[a/3c]
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Powder X-ray-diffraction data (Table 5) were ob-
tained with a Gandolfi camera (FeKa = 1.93736 A, di-
ameter = 114.6 mm) using multiple crystals of
near-equal size of about 0.07 X 0.07 X 0.002 mm,
which were obtained by lightly crushing several larger
crystals. Diffraction lines were measured using an
optical scanner and programs FilmScan and Jade (MDI,
Livermore, CA). The resulting digitized data allowed
nearly superposed lines to be distinguished. Thus, Table
5 includes d-values as observed from the digitized data.
However, nearly superposed lines that cannot be re-
solved visually are grouped together. Intensities were
determined visually. Least-squares refinement was per-
formed using LCLSQ (Burnham 1991). Within the esti-
mated errors, the resultant unit-cell parameters are
consistent with the derived parameters from the single-
crystal data.

Discussion
Chemical composition

The DTA curve suggests that no apparent reactions
occur in ferrokinoshitalite upon heating to 1000°C, but
DTA requires a dynamic thermal response, and weight
changes by TG analysis take place over a range of
600°C, from 400 to 1000°C. The weight gain as indi-
cated by the TG curves and the presence of hematite in
the product after thermal analysis indicates oxidation.
Dehydroxylation involving weight loss at these elevated
temperatures, however, may be masked by the oxida-
tion reaction. These results highlight the dangers in-
volved in attributing weight loss to dehydroxylation

TABLE 5. POWDER X-RAY-DIFFRACTION DATA
FOR FERROKINOSHITALITE

hid  dicale) A dlobsiA 1 ikl
001 9.886 9.95 10 133

dical)A  dobs)A 1
2181

2.182 } 40
002 4,943 4.95 § 202 2167 2.170
i1t 3.931 3.95 5 204 1998 2.001
112 3.673 3.655 15 133 1.989 1.993 } 10
022 3.392 3.408 10 005 1977 1.982
003 3.295 3278 10 133 1667 1.669
112 3.123 3121 10 313 1.661 1.665
113 2.909 2.914 10 204 1.657 1.659 25
023 2.691 2,693 10 311 1.653 1.653
13T 2.649 2.662} 100% 006 1,648 1.648
200 2.639 2.640 060 1.554 1.554
004 2472 2.465 12 33T 1552 1.547 } 30
132 2,454 2.453} 15 206 1531 1.529 25
201 2.440 2.440 135 1.524 1.520 15
040 2.331 2,331 2
22T 2321 2313 2
220 2.297 2.297 2

* Intensities referring to more than one d(obs) value indicate that these peaks
cannot be resolved visually (see text). Thus this line visually has a d(obs)
value (average) of 2,651 A at 100% intensity, Other average values and
associated intensities are: 2,447 A (15),2 176 A (40), 1.992 A (10), 1.659 A
(25), and 1,551 A (30)

Refined parameters: a 5 372(5), b 9325(9), ¢ 10,060(8) A, B 100.67(8)°,
FeKa radiation, 193736 A; Gandolfi camera, 114.6 mm,
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alone when obtaining thermal analytical data for iron-
bearing phases.

Thus, obtaining the amount of OH present in the
sample is problematic. Determining OH by difference
assumes that associated errors in the analysis of each
component cancel, which is highly unlikely, especially
for minerals containing high amounts of iron. We have
obtained the amount of OH by taking the difference of
F from 2 apfu, the amount of F,OH present in the ideal
formula. This approach is also not precise because it
assumes that the quantities of associated elements (e.g.,
fluorine) are accurately known.

X-ray diffraction

The low R value resulting from refinement in C2/m
symmetry suggests that the space group is correct. This
is consistent with the results of Guggenheim & Kato
(1984), in which they examined possible schemes of
cation ordering in kinoshitalite in subgroup symmetry
involving C2. In the latter study, kinoshitalite was found
to show disorder of octahedrally coordinated cations of
M2, and M3 (the site related by mirror symmetry in the
parent space-group) became equivalent as the refine-
ment process proceeded to completion in C2 symmetry,
even after the two sites were initially modeled as un-
equal. Twinning, which is both difficult to detect in
single-crystal X-ray experiments and comunon in many
phyllosilicates, and the poor precision of the data, can
account for the apparent disorder. However, the high
precision of the ferrokinoshitalite refinement and low R
value (0.032) suggest that twinning is very unlikely, and
that the mirror plane truly exists (and thus C2/m is ap-
propriate). Note, however, in Table 3 that bond lengths
M1-0 differs slightly in size from M2-O (M1: 2.120 A,
M?2: 2.106 A), suggesting that either small differences
in occupancy may exist between these two octahedral
sites or that the occupancies of M1 and M2 are identical
and that the different site-geometries affect these aver-
age bond-lengths.

The ferrokinoshitalite sample studied here departs
significantly from end-member ferrokinoshitalite of
composition BaFe;AlSi,019(OH),, with considerable
substitution of K for Ba and of Si for Al. The lower-
than-ideal Si/Al ratio of 1:1 would suggest that disorder
of tetrahedral cations occurs, as indicated also by the
successful refinement in C2/m symmetry. Complete
order of tetrahedral cations in subgroup symmetry C1
was also considered earlier (Guggenheim & Kato 1984),
but no order was observed. Guggenheim (1984, p. 81)
attributed lack of order among tetrahedral cations in
kinoshitalite to the large interlayer separation caused by
the Ba cation propping the layers apart, thereby reduc-
ing any T-T electrostatic interactions between the lay-
ers. Ferrokinoshitalite, which has considerable
substitution of K for Ba in the sample studied here, has
an interlayer separation of 3.129 A, which is smaller
than that in kinoshitalite (3.328 A, Guggenheim & Kato
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1984), synthetic Ba-rich fluormica (3.172 A, McCauley
& Newnham 1973), Ba-rich phlogopite (3.380 A,
Guggenheim & Kato 1984), and all the Ba-bearing
micas reported by Brigatti & Poppi (1993) [3.281-3.427
Al, but larger than Ba micas that show tetrahedral order
[e.g., anandite, 3.078 A (Filut et al. 1985); 3.041 A,
Giuseppetti & Tadini (1972)].

Brigatti & Poppi (1993) used a series of plots to de-
fine exchange reactions of the Ba-rich micas they stud-
ied. Ferrokinoshitalite has an interlayer-cation site
containing (Bag 47K 34Nag 04), very close to that of their
sample #26 (Bag48Kq41Nagp4Cag o). Although very
iron-rich micas were not included in their analyses, it is
nonetheless useful to compare how iron content may
affect the trends established previously, especially since
Ba content is not a variable.

The most notable deviations from established trends
in Brigatti & Poppi (1993) are associated with plots in-
volving the tetrahedral rotation angle, o. The tetrahe-
dral rotation angle is a measure of the rotation of
adjacent tetrahedra in opposite directions in the (001)
plane. A deviation from 0° is an indication primarily of
the amount of misfit between the octahedral and tetra-
hedral sheets. In ferrrokinoshitalite, the relatively large
size of Fe in the octahedra allows a better fit to the Al-
rich tetrahedral sheet, which accounts for the small tet-
rahedral rotation angle (o = 3.95°). In contrast, the
samples of Brigatti & Poppi (1993) have smaller aver-
age octahedra (containing Mg, Al, Ti) and various com-
positions of the tetrahedral sheet. Consequently, a varies
from 4.8 to 11.5°, with sample #26 at 11.5°. Less rota-
tion of the tetrahedra implies a larger size of the silicate
ring, which allows the Ba to fit well within the ring.
Thus, the interlayer separation of ferrokinoshitalite is
smaller (3.129 A) than for sample #26 (3.285 A, al-
though the Ba content of the two samples is similar. As
noted by Brigatti & Poppi (1993), deviations in chemis-
try from an Mg-rich octahedral sheet cannot be ignored,
and contribute at least in part to the scatter on the plots
involving o (Figs. 4 and 7 of Brigatti & Poppi).

Guidotti et al. (1975) showed the dangers of infer-
ring crystallochemical relations in solid solutions using
data from samples from too diverse a group of rocks.
For example, biotite saturated in Al at the time of for-
mation will produce little variation of VAl or VIAl oc-
cupancy owing to differences in bulk composition. In
contrast, Al-undersaturated biotite will show much dif-
ferent results. Much of the scatter in the diagrams of
Brigatti & Poppi (1993) may also be related to the di-
versity of the metamorphic and igneous rocks sampled,
where there is little or no control over the bulk compo-
sition.
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