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Crystal chemistry and structure refinements of barian muscovites
from the Berisal Complex, Simplon region, Switzerland

by Thomas Armbruster’, Peter Berlepsch!, Edwin Gnos’® and Callum J. Hetherington®

Abstract

‘The structures of seven muscovite-2M, crystals from the Berisal Complex, with Ba between 0.04 and 0.35 pfu, were
refined from  single-crystal X-ray data. The crystal with the highest Ba content has the composition
(K 1Ba,;sNa, 4)(Al, ~Mg, _‘FL”“(,TI()(J\ [ShmAll 18 l..](OH) space group C2/c, Z =2,a=5.198(1),b =9.017(3),c =
19.895(5) A, B =95.79(2)°, V = 927.7 A%. Ba is incorporated into dioctahedral micas mainly by the substitution Ba +
VAl & K + [VISi and to a lesser extent by Ba + V(Mg Fe?) &> K + VAL Both types of substitution cause a lateral
cxpansion of the sheets, observed as an increase of the a and b cell dimensions. The distortions of tetrahedral and
octahedral sheets are very similar to ordinary muscovites leading to tetrahedral rotations of « = 10.6-11.5° for both
Ba poor and barian muscovites. Because of the similar ionic radii of Ba** and K, all crystals investigated have
= Ojnner average distances of 2.83 A that is achieved by a reduction of the interlayer separation with increasing Ba
u)nlt.nt Thus the lateral expansion, which would increase I — Oy, 18 counterbalanced by decreasing the interlayer
separation. Extrapolation to the hypothetical Ba end-member yields an interlayer separation of about 3.1 A, very
similar to paragonite, whereas muscovite has an interlayer separation of about 3.45 A. The reduced interlayer sepa-
ration in barian muscovites is also reflected in the lattice spacing perpendicular to (001), expressed by ¢ X sinf, if a
correction for the paragonite content (Na on I) is applied.

Keywords: Muscovite, crystal structure, Ba substitution, crystal chemistry.

Introduction [VISi and Ba + VI(Mg,Fe?*) <> K + [VIIAI as re-
sponsible for Ba incorporation in dioctahedral

Complete Ba substitution for K (Ba + ['VIAl <> K micas. Recently HETHERINGTON et al. (2000) pub-

+ VISi) in trioctahedral micas-1M (BRIGATTI and
Porpi, 1993) leads to kinoshitalite BaMg;,
[ALSi,O,](OH), (e.g., GNOS and ARMBRUSTER,
2000). However, a corresponding complete Ba
substituted end-member in dioctahedral micas-
2M is unknown. To our knowledge the highest Ba
concentration (12.9 wt% BaO) in dioctahedral
micas was reported by DEvARAJU et al. (1999)
from an Archean barite deposit in India leading
to the formula K, sBa,Nag ;(Al;7sMg 1, Tig s
Crop3)[Al 1551, 50,0](OH),. Additional studies
on barian muscovites and phengites were re-
viewed by HARLOW (1995). HARLOW (1995) de-
fined the Ba exchange reactions Ba + 'VIAl < K +
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lished an abstract on the first barium-dominant
muscovite type mica-2M, of average composition
By 44K 26Nag 25(Aly Mgy 05F€0, 04 T 03) [Al 1455 66010]
(OH), from the Berisal Complex. Petrography
and petrology of the corresponding barium-rich
rocks have been discussed by FRANK (1979) and
HETHERINGTON et al. (1999, 2000).

Chernykhite (ANKINOVICH et al., 1972; ROzH-
DESTVENSKAYA, 1979) with the simplified formula
(Ba,Na,[1)(V3,Al,V#),[Al, 58i,,0,0](OH), is an-
other barium dominant dioctahedral mica-2M,,
although the interlayer position is only partially
occupied (commonly less than 50%).
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This paper reports on crystal structure refrements
of barian muscovites from the same rock

samples Of the Berisal Complex from which also
Ba-dominant muscoviteM, was described (He-
therlngton et al., 2000). The highest Ba concentration
In our dioctahedral micas, suitable for
single-crystal  Structure analysis, was 0.35 Ba pfu,
though considerably less than found for the Ba-
dominant muscovite-2/V/| (Hetherington et ah,
2000). All formula units stated in this paper are

Table 1

T. ARMBRUSTER. p. BERLEPSCH. E.GNOS AND c.J. HETHERINGTON

normalized to 22 negative charges (11 oxygen
atoms). Crystal structure refinements of barian
muscovites have hitherto not been reported.

Experimental
SAMPLE DESCRIPTIONS

Seven (1+3+3) muscovite crystals were extracted
from three different rock samples originating

Electron microprobe analyses on seven Ba bearing muscovites for which also single-crystal X-ray data

were collected. Analyses were normalized on 22 negative charges.

4 5 6 7
5 5 5 5
5.34(59) 8.86(19) 8.63(9) 8.72(17)
12.48(93) 1.49(17) 1.70(23) 1.79(31)
1.03(18) 1.54(13) 1.57(13) 1.50(13)
0.01(1) 0.01(1) 0.04(6) 0.03(3)
30.51(65)  46.46(22)  46.44(27)  45.22(41)
35.08(17)  36.10(18)  36.19(37)  35.74(14)
0.85(9) 0.36(5) 0.31(7) 0.33(6)
1.15(7) 0.52(6) 0.51(4) 0.54(5)
1.28(6) 0.98(8) 1.00(5) 0.90(10)
0.01(3) 0.03(1) 0.02(2) 0.02(2)
0.18(4) 0.08(3) 0.10(4) 0.12(7)
0.00(0) 0.00(0) 0.01(1) 0.01(1)
96.90(58)  96.44(36)  96.52(58)  94.93(29)
0.49(5) 0.75(1) 0.73(1) 0.75(1)
0.35(3) 0.04(1) 0.04(1) 0.05(1)
0.14(3) 0.20(2) 0.20(1) 0.20(2)
0.00(0) 0.00(0) 0.00(0) 0.00(0)
2.82(3) 3.06(1) 3.06(2) 3.04(2)
2.95(2) 2.81(1) 2.81(2) 2.84(2)
0.14(1) 0.10(1) 0.10(1) 0.09(1)
0.06(1) 0.03(1) 0.03(0) 0.03(0)
0.05(1) 0.02(0) 0.02(1) 0.02(1)
0.00(0) 0.00(0) 0.00(0) 0.00(0)
0.04( " 0.02(1) 0.02(1) 0.03(2)
0.00(0) 0.00(0) 0.00(0) 0.00(0)
11 11 11 11
0.98(2) 0.99(1) 0.97(2) 0.99(1)
4 4 4 4
2.02(1) 2.02(2) 2.02(1) 2.01(1)

Crystal # : 2 3
Analyses 4 4 5
K,0 7.15(8) 5.89(50) 6.08(58)
BaO 8.12(10) 11.46(1.15)  9.94(1.79)
Na,0 0.98(4) 0.95(4) 1.00(12)
Cab 0.01(1) 0.01(1) 0.01(1)
Sicb 42.29(41) 41.20(59) 37.51(82)
ALO, 33.82(24) 35.30(36) 35.07(1.10)
TiO2 0.79(3) 0.93(12) 0.68(19)
Fe,O, 1.55(7) 1.28(9) 0.84(17)
MgO 1.59(1) 1.38(7) 0.77(25)
MnO 0.02(3) 0.02(3) 0.03(2)
F 0.14(11) 0.20(8) 0.08(8)
Cl 0.01(0) 0.00(0) 0.00(0)
Sum 96.47(56) 98.63(62) 92.01(42)
K 0.64(0) 0.53(4) 0.57(5)
Ba 0.22(0) 0.31(4) 0.29(6)
Na 0.13(0) 0.13(1) 0.14(2)
Ca 0.00(0) 0.00(0) 0.00(0)
Si 2.95(1) 2.87(3) 2.78(2)
Al 2.78(2) 2.90(4) 3.06(6)
Mg 0.17(1) 0.14(1) 0.08(3)
Fe 0.08(0) 0.07(1) 0.05(1)
Ti 0.04(0) 0.05(0) 0.04(1)
Mn 0.00(0) 0.00(0) 0.00(0)
F 0.03(2) 0.05(2) 0.02(2)
Cl 0.00(0) 0.00(0) 0.00(0)
O 11 11 11
Ba+Na+K 0.99(1) 0.97(1) 1.01(2)
(Si+ANIV 4 4 4
(Al+Mg+Fe+Ti)VI 2.02(2) 2.02(1) 2.01(1)
Table 2 Selected structure refinement results and lattice parameters.
Sample Dimensions Ant

[mm] /> 2Xcr; X 100 X o X 100
1 30 X .30 X .05 781 6.84 6.33 6.16
2 .15 X .05 X .05 807 1.70 290 311
3 15 X .15 X .03 832 510 3.60 5.41
4 20 X .10 X .03 769 485 1377 4.14
5 .30 X .25 X .05 1050 1.53 1.85 2.44
6 .35 X .20 X .05 1108 1.35 224 211
7 25X .18 X .05 883 236 4.34 280

a b ¢ 8 v
[A] [A] (Al [] [A3]
5.198(1) 9.018(3) 19.925(5) 95.78(2) 929.2
5.202(1) 9.025(3) 19.925(7) 95.81(2) 930.6
5.201(1) 9.023(3) 19.910(5) 95.84(2) 929.7
5.198(1) 9.017(3) 19.895(5) 95.79(2) 927.7
5.178(1) 8.987(4) 19.946(5) 95.71(2) 923.7
5.1811(9)  8.987(1) 19.959(3) 95.71(1) 92438
5.1821(6)  8.993(1) 19.960(3) 95.74(1) 9255






























