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Key indicators: single-crystal X-ray study; T = 293 K; mean �(Si–O) = 0.001 Å; some

non-H atoms missing; disorder in main residue; R factor = 0.023; wR factor = 0.067;

data-to-parameter ratio = 17.8.

The crystal structure of kôzulite, an Mn-rich alkali amphibole

with the ideal formula NaNa2[Mn4
2+(Fe3+,Al)]Si8O22(OH)2,

trisodium tetramanganese iron/aluminium octasilicate dihydr-

oxide, was refined from a natural specimen with composition

(K0.20Na0.80)(Na1.60Ca0.18Mn2+0.22)(Mn2+2.14Mn3+0.25Mg2.20-

Fe3+0.27Al0.14)(Si7.92Al0.06Ti0.02)O22[(OH)1.86F0.14]. The site

occupancies determined from the refinements are M1 =

0.453 (1) Mn + 0.547 (1) Mg, M2 = 0.766 (1) Mn + 0.234 (1)

Mg, and M3 = 0.257 (1) Mn + 0.743 (1) Mg, where Mn and Mg

represent (Mn+Fe) and (Mg+Al), respectively. The average

M—O bond lengths are 2.064 (1), 2.139 (1), and 2.060 (1) Å

for the M1, M2, and M3 sites, respectively, indicating the

preference of large Mn2+ for the M2 site. Four partially

occupied amphibole A sites were revealed from the refine-

ment, with A(m) = 0.101 (4) K, A(m)0 = 0.187 (14) Na, A(2) =

0.073 (6) Na, and A(1) = 0.056 (18) Na, in accord with the

result derived from microprobe analysis (0.20 K + 0.80 Na),

considering experimental uncertainties.

Related literature

For more information on the geologic occurrence of kôzulite,

see: Ashley (1986); Banno (1997); Hirtopanu (2006); Kawachi

& Coombs (1993); Matsubara et al. (2002); Nambu et al. (1969,

1970, 1981); Watanabe et al. (1976). For the initial structural

refinement of kôzulite, see: Fleischer & Nickel (1970); Kita-

mura & Morimoto (1972). For general background to the

amphibole group, see: Hawthorne (1983); Hawthorne et al.

(1995, 1996); Hawthorne & Harlow (2008). For background

information on the amphibole group and nomenclature, see:

Leake (1978); Leake et al. (1997, 2003); Mogessie et al. (2004).

Experimental

Crystal data

Na3[Mn4(FeAl)]Si8O22(OH)2
Mr = 897.29
Monoclinic, C2=m
a = 9.9024 (7) Å

b = 18.1117 (12) Å
c = 5.2992 (4) Å
� = 104.034 (4)�

V = 922.04 (11) Å3

Z = 2
Mo K� radiation
� = 2.87 mm�1

T = 293 K
0.06 � 0.05 � 0.04 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2008a)
Tmin = 0.847, Tmax = 0.894

7829 measured reflections
1977 independent reflections
1656 reflections with I > 2�(I)
Rint = 0.019

Refinement

R[F 2 > 2�(F 2)] = 0.023
wR(F 2) = 0.067
S = 1.08
1977 reflections
111 parameters

1 restraint
H-atom parameters not refined
��max = 0.58 e Å�3

��min = �0.59 e Å�3

Data collection: APEX2 (Bruker, 2003); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 2008b); program(s) used to refine

structure: SHELXL97 (Sheldrick, 2008b); molecular graphics: Xtal-

Draw (Downs & Hall-Wallace, 2003); software used to prepare

material for publication: SHELXTL (Sheldrick, 2008b).
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