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ABSTRACT

The crystal structure of potassic-ferrisadanagaitgsd¥ao 39)s0.08 (Car.73Nag2MNg.09)32.00 (MJo.565F€ 2. 1MNg 26- €1 11
A|0,78Tio.19)25,00(si5_3ﬁ| 2_57)2300022 [(OH)1v21F0v4100,3d§2_00 69.9309(1)b 18.0949(3)C 5.3681(1) AB 105.19(2’, \Y% 9309(1)
A3, C2/m, Z = 2,D(calc) = 3.36 g/crh) has been refined using the Rietveld method to the following vaRyes3.5,Rg = 2.6%.
Mossbauer spectroscopy was used to characterizerigheg” + F€*) value, and site populations were assigned on the basis of
the refined site-scattering values at #heB -, andC-group sites, the unit formula calculated from the results of the chemical
analysis, and the observed mean bond-lengthsT{esite is approximately half-occupied BlAI (2.15 apfu atoms per for-
mula unit) and tha@(2) site is significantly occupied BJAIl (0.66 apfuaccording to the ®2)-O> distance). This distribution is
in accord with ndAl-O-TAl linkages in the structure (in accord with the absence of Ca &t site). In the presence of large
amounts of Al (>> 2 apfu), linkage between the octahedron strip and the double-chain of tetrahedra is maintained by incorpora-
tion of large cations at thi(1), M(2) andM(3) sites (F& — Mg, F€* — Al) and maximal kinking of the double-chain of
tetrahedra (the latter being facilitated by-KNa at theA site).

Keywords potassic-ferrisadanagaite, amphibole, crystal structure, Rietveld, Mdssbauer spectroscopy, chemical composition.
SOMMAIRE

Nous avons affiné la structure cristalline de la potassic-ferrisadanagajt@Nés32)s0.9s (Car.7dNag 29MN0.04)32.00
(MJo.56€*2 1Mo 29~€%*1.11A 0.78Ti0.19)35.00 (Sks.39Al 2.67)3.8.00 022 [(OH)1.21F0.4100.3d 32,00 29.9309(1)b 18.0949(3)¢ 5.3681(1)
A, B 105.19(23, V 930.9(1) B, C2/m, Z = 2,D(calc) = 3.36 g/c) en utilisant la méthode de Rietveld, ce qui a mené aux résidus
suivantsR, = 3.5,Rs = 2.6%. Nous nous sommes servis de la spectroscopie de Mdssbauer pour déterminer la valeur du rapport
Fe¥'/(Fe* + F&™). Les occupants des sites ont été assignés a la lumiére de valeurs affinées de la dispersion associée aux sites
B etC, la formule chimique dérivée des résultats de I'analyse chimique, et les longueurs de liaison moyennes observées. Le site
T(1) est environ & moitié rempli p&FAl (2.15 atomes par unité formulaire) “8Al se trouve aussi en proportion importante au
siteT(2) (0.66 atomes par unité formulaire), d’apres la distafi¢2)<O>. Cette distribution concorde avec I'absence de liaisons
TAI-O-TAl dans la structure (et avec I'absence de Ca adkiten présence d'une telle proportion'dé (>> 2 atomes par unité
formulaire), I'articulation du ruban d’octaédres avec la chaine double de tétraédres est assurée par 'incorporationade cations
gros rayon aux sitéd(1), M(2) etM(3) (F&* — Mg, F€"* — Al) et une contraction maximum dans la chaine double de tétraédres,
facilitée par I'incorporation de K au lieu de Na au site

(Traduit par la Rédaction)

Mots-clés potassic-ferrisadanagaite, amphibole, structure cristalline, affinement de Rietveld, spectroscopie de Mdssbauer, com-
position chimique.
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INTRODUCTION relative areas are 38 and 30%, respectively. Ff, Fe
the center shift is 0.38(9) mm/s (relativecteFe), the

The first occurrence of a Si-poor amphibole (Si quadrupole splitting is 0.75(18) mm/s, Gaussian stan-
5.5 apfu atoms per formula unit) with Si = 5.2ipfu  dard deviation is 0.164(2) mm/s, and the relative area is
from alkaline rocks at Wolfe, Ontario, Canada, was r&2%.
ported by Appleyard (1975). Sadanagaite, ideal end-
member Na Ga(Fe3Al,) (SisAls)g O25 (OH), and its  Powder diffraction
Mg-rich analogue, magnesiosadanagaite, were de-
scribed from two localities in Japan (Shimazekal. Powder-diffraction data were collected on a focus-
1984, Sawaki 1989). The same authors reported timg STOE-STADIP diffractometer equipped with a
occurrence of a new Si-poor amphibole witA*BdIAl  curved Ge (111) primary monochromator producing
but did not submit a proposal to the CNMMN of thenonochromatic MK« radiation § = 0.70926 A) with
IMA. The silica-poor (<5.5 Sapfu) calcic amphibole a minimum FWHM of 0.08according to the procedure
potassic-ferrisadanagaite, ideal end-member K Caf Wolfel (1981). The sample, contained in a quartz
(FE*3Fe*) (SisAl3) O, (OH),, has been found recently capillary, was rotated during exposure to minimize pre-
in a contact zone of the llmen alkaline massif, lImeferred orientation. Diffracted intensities were collected
Mountains, southern Urals, Russia (Bazherbwal. in stepwise overlapping mode of a linear position-sen-
1999; a complete description of the mineral and its gesitive detector with aboutf@cceptance angle and (?02
logical environment are given in that paper). The bg@er channel (Wdlfel 1983); 2600 data points were col-
havior of monoclinic amphiboles rich Al has been lected in the range 2.00 € 2 54.98 (Table 1).
most recently examined by Obeeti al. (1995b) and Rietveld refinement of the potassic-ferrisadanagaite
Hawthorne (1997), who showed that Al-O—Al linkagestructure using the atom coordinates of a subsilicic
tend to be avoided except whé@a links to the bridg- hastingsite (Hawthorne & Grundy 1977) as a starting
ing O atom. Here, we present results of a crystal-strumtodel was done with the Wyriet 3.3 program (Schneider
ture investigation of potassic-ferrisadanagaite from tH989). The Pearson VII reflection-profile function was
limen massif by means of Rietveld refinement from Xused with reflection profiles considered over a range of
ray powder-diffraction data and Mdssbauer spectrosix full-width-at-half-maximum (FWHM) and graphi-

copy. cal modeling of background. Asymmetry was refined
for reflections with 2 less than 30 Occupancies of the
ExPERIMENTAL DETAILS A andM sites were refined.
A separate of potassic-ferrisadanagaite from the REsuLTs

limen alkali massif was available for this work. The

grain size of the amphibole was too small for conveModssbauer spectroscopy

tional single-crystal four-circle diffractometry, thus we

used powder-diffraction to characterize its structure.  The Fé&* absorption in the spectrum of potassic-
ferrisadanagaite consists of strongly overlapped dou-

Mdéssbauer spectroscopy blets (Fig. 1), and the parameters cannot be determined
unambiguously. They are typical for¥eccupying one

A sample of potassic-ferrisadanagaite from the limesr more of theMi(1), M(2) andM(3) sites in the amphi-

massif was gently ground in an agate mortar with abele structure, but specific site-populations fo¥*fean-

etone and mixed with benzophenone to reduce the post be determined owing to excessive line-overlap.

sibility of preferred orientation of the crystallites.

Mossbauer-absorber thickness for the sample was 5 mg

Fe/cn?. The spectrum was collected at room tempera- TABLE 1 CRYSTALLOGRAPHIC DATA FOR

ture (293 K) on a conventional transmission Méssbauer POTASSIC-FERRISADANAGAITE
spectrometer.

P The spectrum of potassic-ferrisadanagaite is typic?q’u‘) 9.9309(1) Bragg reflections 1160

. . . 18.0949(3) Refined parameters 74

of spectra for amphiboles, and was fitted to two Voigt 5.3681(1) R, (%) 3.49
doublets corresponding to #eand one Voigt doublet g 105.19(2) R,, (%) 484
corresponding to F& Component areas and widths of (% 930.9(1) Ry (%) 214
high- and low-velocity components of each were cor#- 2 Ry (%) 256
strained to be equal, and the Lorentzian linewidth of trj&ee & . R 08 o
Voigt lineshape was fixed at the natural value of 0.1 ”“fg_/;':g)e 2.00-5498 p— 0.52
mm/s. For F&' (1) and (I1),the center shifts are 1.134(5) Asymmetry, 260 (%) <30 0,** 2.099

and 1.11(10) mm/s (relative to-Fe), the quadrupole i ‘
splittings are 2.67(1) and 2.22(22) mm/s, Gaussian stat; gf;xggfggétjgge;g;;i}ge(;fl{‘;;M Jo87)

dard deviations are 0.107(6) and 0.17(2) mm/s, and tkes,: multiplier for the E.S.D.’s (Bérar & Lelann 1991)
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1.02 TABLE 3. SELECTED INTERATOMIC DISTANCES (A)
IN POTASSIC-FERRISADANAGAITE
T(1)-0(1) 1.709(3) M(2)-0(1) 2.05(1)
- T(1)-0(5) 1.69(1) M(2)-0(2) 2.057(3)
O T(1)-0(6) 1.657(8) M(2)-0(4) 1.93(1)
0 T(1)-0(7) 1.69(1) M(2)-0> 2.01
2 0.98 <T(1)-0> 1.69
& M@)-0(1) x4  2.13(1)
@ T(2)-0(2) 1.642(2) M@)-0(3)  x2 2.106(2)
© T(2)-0(4) 1.61(1) #(3)-0> 2.12
= T(2)-0(5) 1.688(9)
) T(2)-0(6) 1.66(1) M@)-0(2)  x2 2.44(2)
.E 0.94 <T(2)-0> 1.65 M(4)-0@)  x2 2.356(6)
© : M@)-0()  x2 2.60(1)
) M(1)-O(1) x2 2.074(2) M@)-0®6)  x2 2.55(1)
o M(1)-0(2) %2 2.14(1) M(4)-0> 2.49
= L[ . M(1)-0(3) x2 2.09(1)
<M(1)-0> 2.10 A-O(5) x4 3.08(1)
A-O(6) x4 3.11(1)
0.90 ‘ 0(5)-0(6)-0(5)  162.7(1) A-O(7) %2 2512(2)
-4.0 0.0 4.0 <A-0> 2.98

Velocity (mm/s)

Isted In Table 3, and the refined site-scattering values
(Hawthorneet al. 1995) are given in Table 4. The re-
fined powder pattern is shown in Figure 2.

Fic. 1. Room-temperature Mdssbauer spectrum of potass
ferrisadanagaite, showing two #edoublets (unshaded)
and one F¥ doublet (shaded black).

. ) ) Chemical composition
There is no detectable evidence fof‘ra theM(4) site.

The Fé* absorption was fitted to a single quadrupole The chemical composition, taken from Bazheabv
doublet. An F&/>Fe ratio of 32% was determined fromg). (1999), is shown in Table 5, with the FeO angze

the refined area-ratios. contents modified to reflect the #e (F&* + Fé*) ra-
) ) tio determined here by Mdssbauer spectroscopy. The
Rietveld refinement unit formula was calculated on the basis of 24(0,0H,F)

) ] under two assumptions: (1) OH + F afu (2) OH +
Final refinement converged Ry, = 0.048, s Ry F = 2 — 2Tiapfu the latter calculation assumes that Ti
! Rexp (goodness of fit) of 2.26, Durbin—Watsdrsta-  enters thdvi(1) sitevia the substitutioM®Ti4+ + 20G)02-
tistic (Hill & Flack 1987) DWD of 0.52; all estimated _, MU)(Mg + Fe&*) + 2C@)0OH (Obertiet al. 1992,
standard deviations have been multipliedroy 2.099  Hawthorneet al. 1998). Inspection of thel(1)-O bond
to correct for serial correlation (Bérar & Lelann 1991)engths in most amphiboles with low Ti and OH «F
Atom coordinates and isotropic-displacement factors apeapfu (e.g, Appendix B4 of Hawthorne 1983) shows
given in Table 2, selected interatomic distances afigat M(1)-O(3)> <M(1)-O>. However, in dehydrox-
ylated amphiboles with OH + F <a&pfu and signifi-
cant T#* and Fé&* atM(1) [andM(3)], M(1)-O(3) <<
TABLE 2. ATOM COORDINATESOANSDF g}gTROPIC- <M(1)-O>. Inspection of Table 3 shows tW{L)-O(3)
DISPLACEMENT FACTOR! f . . .
S A ANAGAITE (2.09 A) is less thanM(1)-0> (2.10 A), indicating that
potassic-ferrisadanagaite is dehydroxylated and Has Ti

Site x ¥y z B, (A)

(1) 0.2813(2) 0.087(1) 0.3117(1) 0.8(2)

n2) 0.2897(3) 0.174(1) 0.8144(1) 0.7(1) TABLE 4. REFINED SITE-SCATTERING VALUES AND ASSIGNED
M(1) 0 0.091(1) 12 0.1(2) SITE-POPULATIONS FOR POTASSIC-FERRISADANAGAITE

M) 0 0.180(1) 0 0.2(1) . Site Normalized . .

M) 0 0 0 0.2(1) Site  cattering site scattering® 1 POPulations (apfi)

M) 0 0.283(1) 172 0.1(1) N -

A 0 172 0 5.5(6) M1 431 441 130 Fe? +0.19 Ti*" +0.51 Mg 441
oQ1) 0.1035(3) 0.093(1) 0.2108(1) 02(2) M@2) 416 426 0.78 Al + 1.11 Fe + 0.1 Fe** 419
0@ 0.1184(4) 0.176(1) 0.7380(2) 0.7(3) M3) 239 245 070 Fe*" +0.21 Mn™ + 0.09 Mg 243
0(3) 0.1034(3) 0 0.7038(2) 0.52) M) 35 358 0.04 Mo® + 1.73 Ca + 0.23 Na 38.1
o) 0.3708(3) 0.250(1) 0.7939(1) 0.1(2) p

0(5) 0.3500(4) 0.140(1) 0.1161(2) LI 16 164 032Na+0.66K 16.1
o(6) 0.3414(3) 0.118(1) 0.6109(1) 0.4(2)

* Normalized to the total number of electrons of the A-, B- and C-group cations
o) 0.3404(3) 0 0.2940(1) 0.6(4) in unit formula (2), Table 5.
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Fic. 2. The refined powder pattern for potassic-ferrisadanagaite; the observed pattern is shown by small circles, the calculated
pattern is the continuous line through the small circles, the vertical lines below the pattern show the positionshdf hll the
lines, and at the bottom is the difference pattern (observed minus calculated).

at theM(1) site. Thus unit formula (2) of Table 5 is tothis procedure are given by Hawthorne (1983) and

be preferred over unit formula (1). Obertiet al. (1995a). There is a check on the accuracy
of the sum of th&Al site-populations, as this value is

Discussion derived also by calculating the unit formula from the

chemical composition of amphibole. Table 6 lists the

Assignment of site populations predicted site-populations, together with the predicted

and observe#f!Al values for potassic-ferrisadanagaite

The total scattering from th&, B- andA-group sites and amphibole (58) of Hawthorne [1983; §N# .30
is 159.6epfu(electrons per formula unit), and the cor{Ca, 74Nag 19-e .10 (Mg1.17€"21Mng oAl g 580,70
responding number of electrons calculated from unftip 39 (Sis.27Al2.79 O.2 (OH),]. The latter amphibole
formulae (1) and (2) (Table 5) are 163.6 and 16pfd was initially described as subsilicic hastingsite by
respectively; thus the Rietveld results are slightly utdawthorne & Grundy (1977), then as subsilicic titanian
derestimating the scattering of the cations. However, weagnesian hastingsite by Hawthorne (1983); according
can overcome this problem by renormalizing the refined the current amphibole-nomenclature scheme (Leake
site-scattering values to the numberepfucalculated et al. 1997), it is a potassian ferrian sadanagaite. Note
from the electron-microprobe analysis. The site popul#hat the scheme indicated by Hawthorne (1997) is
tions were assigned using unit-formula (2) of Table 4obeyed approximately: there is a limit of a2fuon the

The T sitesAs Al (Z = 13) and SiZ = 14) have very site populations of Al af(1) in order to avoidAl-O-
close scattering factors for X-rays, Al and Si can onlJAl linkages in the absence of Ca at thsite.
be assigned to thE1) andT(2) sites on the basis of the  The M(1,2,3) sitesThe total scattering from these
<T(1)-O> and ¥(2)-O> bond-lengths. Equations forsites is 108.6epfu (electrons per formula unit:
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TABLE 5. CHEMICAL COMPOSITION (wt.%)* AND TABLE 6. ASSIGNED SITE-POPULATIONS FOR “A! IN
FORMULA UNIT {apfu) FOR POTASSIC-FERRISADANAGAITE (KSAD)
POTASSIC-FERRISADANAGAITE AND AMPHIBOLE (58)
m** @ KSAD 58
si0, 1324 si 53 513 H(1983)*  O(19952)** H(1983) 0(19952)
ALO, 18.25 WAl 27 267 LN 215 226 1.96 207
T, 18 Er8 s AL 0.66 0.53 0.74 0.64
'Fe,0, 925 : : :
FeO 16.13 WAl 07 0.78 TAl 2381 2.79 2.7 2.71
MnO 1.83 Ti 02 0.19 AR 267 2.67 2.73 273
MgO 231 Fe* 1.1 111
Ca0 10.04 Fe* 22 2.16 * equations from Hawthorne (1983)
Na,0 1.78 Mn 03 025 wx TOA| = <[(2)-O><1(2)-0>, / 0.02836, modified after
K,0 32 Mg 06 0.55 Oberti et al. (1995b)
H,0 13 IC 5 5.04
F 038
-;’Et’;l ﬁ ECC’S o ‘1)73 M(1) site, but the observedk1)-O> distance, 2.103 A
[ . a . . S "
Na 03 2 (Table 3), indicates that the amount must be quite small.
B 2 2 . . .
N 03 01 Articulation of the octahedron strip
a . N .
X S and the double-chain of tetrahedra
4 09 098 .
oH 16 . Hawthorne & Grundy (1973, 1977) and Robingbn
F 04 041 al. (1973) proposed that the amount of kinking of an
o 038 amphibole double-chain is a function of &l con-
tent of the structure. Hawthorne (1979, 1983) introduced
* Taken from Bazhenov ¢t al. (1999) a simple model for examining dimensional aspects of
;* gl%iOHﬁ’;lL:é aplffll}va;l-So wt.%; (2) OH + F = linkage between the octahedron strip and the double-
- apju, =1 .70 . . .
t &omMgssbau’er spectroscopy chain of tetrahedra in th€2/m amphibole structure.

Obviously, the details of the linkage between the octa-

hedron strip and the chain of tetrahedra are dependent

on the lateral dimensions of the octahedron strip (which
Hawthorneet al. 1995); the corresponding number ofis controlled primarily by the mean size of Beroup
electrons calculated from the unit formula (Table 5) ieations) and the double-chain of tetrahedra (which is
111.2. This is reasonable agreemeht=(2.4%) for controlled primarily by the amount 81Al occupancy
Rietveld data, and the difference between the two vaif theT sites). As the repeat distance of the double-chain
ues is also in accord with the fact that the isotropic-di¢f tetrahedra increases, linkage may be maintained by
placement factors for tHd(1), M(2) andM(3) sites are increasing the size of t@group cations and by kink-
anomalously low when compared to analogous singlig of the double chain [which may be measured by the
crystal values. Presuming that the relative scattering@¢5)—O(6)—-O(5) angle]. In this regard, it is notable that
theM(1), M(2) andM(3) sites is more accurately deteroth potassic-ferrisadanagaite and amphibole (58),
mined than the actual values, we have renormalized twbich have the most aluminous double-chains, also are
refined site-scattering values (Table 4) such that thdie-rich (and K-rich). Hawthorne (1983) showed that the
sum is concordant with unit formula (2) of Table 5. relative sizes of the octahedron strip and the chain of

The M(1) andM(3) sites are presumed to be occutetrahedra, as measured by the rativM3©> / 47—

pied by Mg, Fé&", F&* and T#*. The Ti#* is assigned to O>, is positively correlated with the O(5)-0(6)-O(5)
theM(1) site (Obertet al.1992, Hawthornet al. 1998) angle of the double chain (represented as sin[O(5)-
as it participates in the substitution discussed abov@(6)—-O(5)]/2). This relation is shown in Figure 3, with
This leaves Mg and Fe* (= Fe+ M?*), which can be potassic-ferrisadanagaite and amphibole (58) identified
assigned directly from the renormalized site-scatterirgpecifically. The latter two amphiboles plot at the bot-
values; we also assign ¥frcompletely to thé/(3) site  tom end of the trend, in accord with their highl
because of the long(3)-0> bond-length, but empha-values, and show the importance of articulation require-
size that this assignment is somewhat speculative. Thients in affecting details of both stereochemistry and
leaves the remaining-group cations from the formula chemical composition.
unit (Table 5) to be assigned to H€2) site; the result-
ant number of electrons at thK2) site is in close agree- ACKNOWLEDGEMENTS
ment (41.9versus42.6epfu Table 4) with the refined
site-scattering value. The shdvi(1)-O(3) distance We thank A.G. Bazhenov for supplying us with the
(Table 3) also suggests the presence of sortieaFthe sample of potassic-ferrisadanagaite, and Giancarlo Della
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