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The crystal structure of amesite from Mount Sobotka: A nonstandard polytype
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Ansrru.cr

The crystal structure of a violet phyllosilicate from the serpentinite massif of the Sobotka
Mountains, lower Silesia, Poland, identified as amesite by powder diffractometry, wet
chemical analysis, and IR absorption spectrometry, has been determined by single-crystal
X-ray diffraction methods. The mineral has a composition close to that of the ideal end-
member amesite, but with significant amounts of Cr, Fe2*, and Ni. The formula is
tur (Mg. ,oAl, ,rCro rrFeo.orN| ortr' oe)t4l (Si2.,5A1, 85)Oro (OH)8.

Unit-cell dimensions obtained by least-squares refinement of 25 low- to medium-angle
reflections with an automated single-crystal diffractometer gave a triclinic unit cell with
pa rame te rsa :5 .31 ( l )  A ,b :9 .212 (2 )A ,s :14 .401 (7 )A ,o :102 .11 (3 ) " ,  P :90 .2 ( l ) ' ,
r: 90.1(1)', with two serpentine-type layers per unit cell.

The structure has been refined to an agreement factor R : 0.061, demonstrating the
existence of ordering of cations in the tetrahedral sheet, also implying ordering of cations
in the octahedral sheet. Two stacking modes occur in alternate pairs of layers, one due to
a I 80' rotation with no shift of neighboring layers, resulting in a change of the octahedral
cation configuration, and another due to 180'rotation plus translation of -b/3. The struc-
ture does not conform to any ofthe accepted standard or regular polytypes for the serpen-
tine-like minerals.

INrnooucrroN

Amesite occurs with "sheridanite," a variety of chlo-
rite, in vesicles in rock fragments in the soils derived
from a serpentinite at Mount Sobotka, lower Silesia, Po-
land, as violet platy crystals forming hexagonal prisms
elongated parallel to [001]. Crystals cleave in plates to
thicknesses of 0.1 mm and diameters of 0.5-2 mm. Wet
chemical analysis, X-ray powder diffraction patterns and
infrared (IR) spectra showed the mineral to be amesite.

A powder diffraction pattern of Mount Sobotka ames-
ite, recorded in the transmission mode wfih 0,20 coupling
(Wiewi6ra, 1984; Wiewi6ra and Weiss, 1985) showed only
the strongest 001 and 201 diffraction peaks; they could
be indexed with an orthohexagonal unit cell of dimen-
sions a :5.31 A, b:9.21 A, c: 14.07 A, similar to that
of 2Hramesite (e.g., Hall and Bailey, 1979; Anderson and
Bailey, l98l). However, an overexposed powder pattern
obtained with a Gandolfi camera showed three very weak
reflections not observed in the powder diffraction pattern
with d : 4.21 A,4.03 A, and 3.66 A, respectively. These
reflections cannot be indexed with the above unit cell.

* Present address: NATO Scientific Affairs Division, Room
AA313, Brussels Bl I10, Belgium.
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Furthermore, the characteristic reflections of the 2H'
polytype were not observed in the sample from Mount
Sobotka. Thus, the crystal structure appears to differ from
previously reported 2H, amesite (Hall and Bailey, 1979;
Anderson and Bailey, 1981). This paper shows, by single-
crystal X-ray analysis, that this material does not con-
form to any standard serpentine polytype and represents
a two-layer polytype with nonstandard shifts of l: I lay-
ers.

ExpnnrlrBnrll,

On examination with a polarizing microscope, most of
the flakes of the amesite were found to consist of highly
polysynthetic twinned cryslals not suitable for structure
determination by single-crystal methods. Eventually, a
few flakes were found that showed sharp, homogenoous
extinction under crossed nicols. The best of them was
used for the X-ray difraction measurements.

Other flakes of amesite were isolated from the accom-
panyrng sheridanite and were used for wet chemical anal-
ysis (Table l), resulting in a structural formula of
tul(Mgr.roAl, ,rCro rrFeo orNio 02Eo oe)tol(Si2 r 5Al, $)Oro(OH)8.

The composition deviates from the ideal end-member
by having less tehahedral Al and some octahedral vacan-
cies tr, in addition to Cr, Ni, and Fe. The Fe2*/Fe3* ratio
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TABLE 1. Chemical analytical data for amesite from Mount So-
botka

Component

23.00
32.70
3.90

27.30
0.60
0.31
0.007

13.00
100.817

has not been determined, and all Fe is assumed to be
divalent by analogy to amesite from Saranovskoye (An-
derson and Bailey, l98l).

X-n-ly DrFFRAcrroN MEASuREMENTS
A single crystal of amesite was mounted on a CAD4

diffractometer equipped with graphite-monochromated
MoKa radiation. Unit-cell parameters were obtained by
least-squares refinement using 25 reflections (0 to 25)
based on a C-centered lattice, space group Cl. The re-
fined values are a : 5.31(l) A, b : 9.212(2) A, c :
14.401(7)A, o : l02.l l(3)", 0 : 90.2(l) ', y : 90.I(lf.

An a/20 scan mode and a time of 2 min per reflection
(scan speed 5'lmin; receiving slit 2" + 0.34 tan d) were
used to measure 1992 independent reflections in four oc-
tants up to 0:30'. Of these, l9l5 were considered as
observed using the relation I > 3o(I), and they were uti-

Tlsu 2. Atomic parameters tor amesite

lized in subsequent calculations. Two standard reflections
were monitored every 100 measurements, and they
showed no sigrrificant intensity variations. Intensities were
corrected for Lp efects.

Srnucrunn soLUTroN AND REFTNEMENT

The Patterson function was interpreted using the mod-
el of T and M atoms of the first layer in amesite 2H,
(Anderson and Bailey, 1981). Vectors at \u,v,t/z) of types
T-T and M-M between atoms in contiguous layers clearly
indicated a displacement of t/2 of the second layer as the
main diference with respect to the structure of 2Il, ames-
ite. An electron density map using T(1), T(2), M(l), M(2),
and M(3) atoms, as for amesite 2Hr, showed the T and
M atomic positions of the present structure. Successive
electron-density maps revealed the positions of the re-
maining non-H atoms of the structure.

Scattering factors for neutral atoms were taken from
the International Tables for X-ray Crystallography, Yol-
ume 4 (1974). Most calculations were performed using
the XRAY76 system (Stewart et al., 1976) of crystallo-
graphic programs running on a VAX ll/750 computer.
After several cycles of least-squares refinement using unit
weights, the conventional R index was reduced to 150/0.
At this point, an absorption correction was performed
using the method described by Walker and Stuart (1983),
leading to minimum and maximum absorption correc-
tions of 0.635 and 1.490, respectively. An analysis of the
weights showed no significant trends in AFvs. (.F'"0.) and

sio,
Al2o3
Cr.O"
Mgo
FeO
Nio
MnO
HrO*

Total

Thermal pa.ameters as

n": iL?? una;a;aralre
Anisotropic themal parameters a3

r f
erel-2",))upnp,e,lte

u2ueq
r(1)
r(2)
r (11)
r(221
M(1)
M(2)
M(3)
M( l1 )
M(22)
M(33)
o(1)
o(2)
o(3)
o(4)
o(5)
o(11)
0(221
o(33)
o(44)
o(5s)
oH(1)
oH(2)
oH(3)
oH(4)
oH(11)
oH(22)
oH(33)
oH(44)

0
0.011 1(9)
0.5121(6)
0.0267(10)
0.1 667(1 2)
0.6679(12)
0.6661(15)
0.8429(13)
0.841s(13)
0.3397(16)

-0.004602)
-0.0169(13)

0.0665(1 5)
o.7221(161
0.7201(171
0.5058(13)
0.019702)
0.799606)
0.s269(1 6)
0.2951(16)
0.490q12)
0.3170(15)
0.$2q14)
0.81 96(1 5)
0.s099(13)
0.18s1(13)
0.1 91 9(1 3)
0.6850(14)

0
0.3394(5)

-0.000q3)
0.1693(6)
o.2377(71
0.0703(7)
0.406s(9)
0.4034O)
0.0711(7)
0.2360(9)
0.0433(7)
o.3792(7)
0.1 541(8)

-0.0384(9)
0.3841(8)
0.0435(8)
0.2097(7)
0.0326(9)
0.3292(10)
0.0s65(8)
0.2131O)
0.0940(9)
o.4271(8)
0.2636(9)
0.3792(8)
0.4270(8)
0.0983(8)
0.2639(8)

0.0400
0.0361(4)
0.5393(2)
0.5356(4)
0.2341(5)
0.2337(5)
0.2326(6)
0.7326(s)
0.7337(s)
0.7331(6)
0.156q5)
0.1 585(5)
0.0035(6)

-0.0065(6)
0.0027(6)
0.660s(6)
0.6s86(s)
0.5092(7)
0.4978(8)
0.4s48(7)
0.1595(5)
0.3060(6)
0.3040(6)
0.3051(7)
0.6s95(6)
0.8063(6)
0.8057(6)
0.8039(6)

8(1)
10(1)
10(1)
12 (1 )
1 1 ( 1 )
10(1)
1 1(2)
12(1)
13(1)
't7(2)

10(2)
e(2)

20(21
20(2)
24(2)
13(2)
12(2)
24{2)
33(3)
24(2)
1 0(2)
1s(2)
15(2)'t7(2)
1 6(2)
12(21
10(2)
1412)

12(1)
1 8(2)
15(1)
15(2)
19(2)
18\2)
14(3)
13(2)
14(21
11(3)
17(3)
15(3)
30(4)
1s(4)
26(4)
24{41
19(3)
34(5)
58(6)
35(5)
18(3)
25(41
31(4)
29(41
2s(41
22(41
2q4)
25(4)

7(11 6(1)
6(1) 7(1)
8(1) 7(1)

10(2) 10(1)
10(2) 3{21
e(2) 412)
812) 1',t(21

13(2) e(2)
11(21 11(2)
1s(2) 22(2)
5(2) 8(3)
8(3) 6(3)

24(4) s(3)
2814) 15(3)
38(5) 7(3)
7(3) 8(3)
8(3) 8(3)

20(41 16(4)
15(4) 19(4)
27(4) 11(3)
5(2) 5(3)

13(3) 8(3)
8(3) 8(3)

13(3) 8(3)
7(3) 12(3)
8(3) 7(3)
s(3) 5(3)

12(3) 6(3)

3(1) -2(1)
1(1)  1 (1)

-1 (1)  1 (1)
2(11 -2(1)
0(1) -2(21
2(1) 0(21

-2(2) 0(2)
2(21 2(2)
1(21 1(2)

-3(2) 0(2)
-1(2) 1(2)

0(2) -1(2)
5{3) 3(3)

-5(3) -2(3)
14(3) -1(3)
3(2) 3(21
5(2) 3(2)

-5(3) 8(3)
-7(3) 2(4)
-1(3) 2(3)

0(2) 1(2)
0(2) -5(3)
1(21 -2(3)

-1(2) -2(3)
0(2) 412)

-2(21 -1(3)
2(2) -2(3)
0(2) 0(3)

3(1)
4(1)
2(1)
4(1)
s(2)
5(2)
s(21't(21
1(2)

-1(2)
2(21
4(21
8(3)

10(3)
3(3)
3(2)
2(21
0(3)

-4(41
7(3)
3(2)
4(3)
6(3)
4(3)

-3(3)
10(3)
s(3)
7(3)



TABLE 3. Calculated bond lengths (A)

o(1)
o(3)
o(4)
o(5)
Mean

o(1Fo(3)
-o(4)
-o(5)

o(3)-o(4)
-o(s)

o(4)-o(5)
Mean

o(11)-O(33)
-o(44)
-o(5s)

o(33)-o(44)
-o(s5)

o(44)-O(55)
Mean

o0)
o(21
oH(1)
oH(2)
oH(3)
oH(4)
Mean

o(11)
o(22)
oH(11)
oH(221
oH(33)
oH(44)
Mean

oH(2).. .O(ss)
oH(3).. .O(33)
oH(4).. .o(44)

o(1)-o(2)
-oH(1)

o(2)-oH(1)
oH(2)-oH(3)

-oH(4)
oH(3)-oH(4)
Mean unshared
o(1)-oH(2)

-oH(3)
-oH(4)

o(2)-oH(2)
-oH(3)
-oH(4)

oH(1)"OH(2)
-oH(3)
-oH(4)

Mean shared

o(11)-O(22)
-oH( l1 )

o(22FoH(11)
oH(22)-oH(33)

-oH(44)
oH(33)-oH(44)
Mean unshared
o(11!oH(22)

-oH(33)
-oH(44)

o(22)-OH(22)
-oH(33)
-oH(44)

oH(11)-OH(22)
-oH(33)
-oH(44)

Mean shared

to T(2)
1 .73
1.70
1.79
1.69
1.73

o(2)-o(3)
-o(4)
-o(5)

o(3)-o(4)
-o(s)

o(4)-o(5)
Mean

o(22)-o(33)
-o(44)
-o(s5)

o(33)-o(44)
-o(55)

o(44)-O(s5)
Mean

to M(l)
2 . 1 1
2.10
2.02
2.00
2.O2
2.10
2.06

ro M(1 1)
2.01
2.10
2.04
2.09
2.05
1.99
2.05

to T(1 1)
o0 1) 1 .71
o(33) 1.63
o(44) 1.62
o(ss) 1.67
Mean 1.66

in T(2)
2.75
2.93
2.65
2.98
2.81
2.77
2.82

in T(22)
2.68
2.81
2.79
2.85
2.71
2.90
2.79

to M(2)
2.06
2.10
2.08
2.13
2.02
2.O2
2,07

to M(22)
2.06
2.07
2.O7
2.03
2.12
2.03
2.06

to T(1)
1 .64
1.65
1.63
1.60
1.63
in T(1)

2.64
2.72
2.67
2.53
2.62
2.75
2.66

in T(1 1)
2.67
2.76
2.77
2.70
2.76
2.57
2.71

o(22)
o(33)
o(44)
o(5s)
Mean

o(2)
o(3)
o(4)
o(5)
Mean

to T(22)
1 .73
1.73
1.76
1.63
1.71

2.72
2.92
2.77

in  M(1)
3.09
3.05
3.10
3.08
3.07
3.11
3.08
2.70

2.79

2.76
2.70
2.74
2.69

2.73
in  M( l1 )

3.07
3.03
3.13
3.06
3.05
3.08
3.07
2.72
2.64

2.74

2.72

2.76
2.69
2.71

Interlayer contact3
oH(221...o(41
oH(33).. .o(3)
oH(44).. .o(5)

in M(2)
3 ' 1 1
3.10
3.07
3.14
3.09
3.10
3.10

2.72
2.79
2.73
2.76

2.74

2.69
2.74

in M(22)
3 .13
3'07
3.05
3.12
3.11
3.10
3.10
2.72

2.74

ro M(3)
2.05
1.98
2.09
1.99
2.04
2.02
2.03

ro M(33)
2.06
1.99
2.07
2.O3
1.97
2.08
2.03

2.65
2.87
2.8s

in M(3)
3.00
3.05
3.03
2.99
3.04
3.00
3.02
2.70
2.72

2.73

2.70

2.69
2.69
2.7',|

in M(33)
3.01
3.10
3.03
3.03
3.05
3.03
3.04

2.64
2.74
2.74
2.70

2.70

2.69
2.70

2.70
2.72
2.70
2.76

2.72

Note.'All standard deviations : 0.01 A,



650

Tlale 5. Gharacteristics of amesite structures
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Tetrahedral sheet octahedral sheet

Layer {r-O) qO-O) hlcro' o(M-A) 4A-A) ,lf

Upper

Upper

Upper

14.7

13.8

14.0

T1
r2

T 1 1
T22

T1
T2

T 1 1
T22

T1
T2

T11
T22

1.639 2.676
1.729 2.823

1.725 2.816
1.649 2.693

1.629 2.661
1.740 2.U1

1.630 2.662
1.740 2.U1

1.629 2.654
1.727 2.815

1.655 2.704
1.713 2.795

1-036 2.265
1.026

1.003 2.2ti1
1.039

1.019 2.258
0.998

0.082 13.6

0.078 14.5

0.028 14.7

109.4 M1
108.6 M2

M3
109.0  M11
109.2 M22

M33
109.9 Ml
109.2 M2

M3
109.9  M11
109.2 M22

M33
110.2 M1
106.9 M2

M3
109.4 M11
106.8 M22

M33

2.096 2.957
2.047 2.944
1.946 2.749
1.947 2.750
2.096 2.9s6
2.087 2.942
2.056 2.900
2.000 2.823
2.056 2.900
2.085 2.940
1.944 2.746
2.088 2.944
2.059 2.906
2.069 2.919
2.027 2.862
2.047 2.890
2.062 2.910
2.033 2.870

61.1 5.78 2.023
61.0 6.23
58.6 0.45
58.7 0.45 2.023
61 .1  6 .15
61.0 s.69
60.6 2.35 2.016
59.7 0.02
60.6 2.36
61.1 5.92 2.017
58.8 0.11
61.1 5.81
59.8 1.78 2.070
60.0 1.38
s9.3 0.38
59.9 1 .11 2.052
60.2 0.77
59.7 0.37

1.017 2.258 0.074
0.999

1.008 2.228 0.141
1.002

1.043 2.237 0.203
1.014

Note: P: position; {f-O) : average distance between central cation and anions; 4A-A) and qO-O) : average distance between anions; t: layer
thickness;Az:corrugation; d:angleofditrigonalization; r:tetrahedral angle; 'y':octahedral angle; 6:counterrotationangle; 1:Hall andBailey
(1979 ) ;  2 :Ande rsonandBa i l ey (1981 ) ;  3 : t h i swo rk ;  4 :e " -2 , ) 40 , i  L , : ( 2o r -2o .o , l . 4o , iA , z : ( zb4 * t - 4 . " ) . 4o , i a : 0 .5 (12 ( r -meanOb-
O b - O b a n g f e ) ;  { ' : @ s , I A 2 q M - A ) l ;  0 : l ( e , * e 3 * c 5 ) / 3 - 6 0 1  : l ( e 2 * e o + e ) / 3 - 6 0 1  ( W e i s s e t a l . ,  1 9 8 5 ) .

" The a : apical; b: basal.

A.F vs. (sin d/\); therefore, the unit-weighting scheme was
maintained. Anisotropic thermal parameters were intro-
duced, and convergence was achieved at R : 6.10/o and,
R* : 6.60/0. Atomic positions for the H atoms were not
located in the difference map.

The final atomic coordinates, thermal parameters, and
bond lengths are given in Tables 2 and 3. A list of ob-
served and calculated structure amplitudes is in Table 4.'

DrscussroN

Bond lengths (Table 3) reveal evidence of ordering of
cations in tetrahedral and octahedral cation sites. Order-
ing in amesite was previously reported in the structure
refinements of 2H, amesite, i.e., Si and Al alternating in
contiguous tetrahedra and Al preferentially located in one
ofthe three M octahedral sites. In Saranovskoye amesite,
Anderson and Bailey (1981) found the smaller M(2) and
M(22) octahedra of adjacent layers to be Al-rich, whereas
in Antarctica amesite (Hall and Bailey, 1979) Al is con-
centrated in the M(3) and M(l l) sites. In both of these
amesite samples, ordering was found to be substantial but
incomplete, in accord with the bulk composition.

In the case of Mount Sobotka amesite, Al is concen-
trated in sites T(2) andT(22) of adjacent layers. Average
T-O distances (Table 3) indicate Al occupancies of 0.70
for T(2) and 0.67 for T(22), smaller than the occupancies
reported for the Al-rich positions in Saranovskoye ames-
ite (0.86) and in Antarctica amesite (0.74) (Anderson and
Bailey, l98l; Hall and Bailey, 1979). With respect to or-

' Table 4 may be ordered as Document AM-91-454 from the
Business Office, Mineralogical Society of America, 1130 Sev-
enteenth Street NW, Suite 330, Washington, DC 20036, U.S.A.
Please remit $5.00 in advance for the microfiche.

dering of Al in the octahedral sheet, M-O,OH bond dis-
tances in Table 3 indicate less cation ordering than in the
structures of the previously refined 2H, amesile crystals.
For an octahedr.al Al content of 0.875 Al per O5(OH)4,
average M-O,OH distances are 2.03 A for the small, Al-
rich, M(3), and M(33) octahedra, and 2.05-2.02 A for
the large, Mg-rich octahedra. By comparison, distances
reported for Antarctica amesite were 2.09 A for the large
Mg-rich octahedra and 1.95 A for the small Al-rich oc-
tahedra corresponding to an octahedral Al content of0.95 1
Al per O'(OH).. Distances reported for Saranovskoye
amesite were 2.056 A and 2.035 A for the Mg-rich oc-
tahedra and 2.000 A for the Al-rich octahedra, the Al
content being 0.943. Assuming that these variations are
significant, octahedral cation occupancies cannot be de-
termined using M-(O,OH) distances if the AVR,. ratio
departs significantly from the ideal l:2 ratio.

The interlayer H bond lengths are given in Table 3.
They range from 2.62 A to Z.gZ A. ttre values reported
for the structures of Saranovskoye and of Antarctica
amesite are slightly more uniform, ranging between 2.76
and 2.81 A for the former and between 2.72 and,2.83 A
for the latter. However, different pairs of O and OH at-
oms are involved.

Features characteristic of l: I layer structures are given
for Mount Sobotka amesite and compared vrfih 2H,
structures in Table 5. Tetrahedral rotation angles, a, are
similar for the three structures, as is the direction of ro-
tation, i.e., clockwise for T(1) and T(ll), anticlockwise
for T(2) andT(22).In plan view (Fig. l), basal O atoms
are shifted toward the octahedral cations of the same lay-
er, thereby approaching surface OH atoms on the adja-
cent layer, giving rise to shortened interlayer H bonds.
l-arger tetrahedral bond angles, z, in Mount Sobotka
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Fig. l. View down c* of the structure of Mount Sobotka ames-
ite. Layer I is shown on the left. I-ayer 2 is shown on the right,
with the bases of the tetrahedra of layer 3 superimposed.

amesite result in thinner tetrahedral sheets than for the
2H, amesite structures described above. Values in Table
5 assume that the inner OH atoms are part of both the
tetrahedral and the octahedral sheets, so that tetrahedral
sheet thicknesses for the different amesite samples are
directly comparable. In contrast, values of 9, D, and d(A-
A) for the Mount Sobotka amesite indicate smaller dis-
tortions of octahedra and, consequently, thicker octahe-
dral sheets than for the 2H' structures. Finally, the Az
values for the basal O atoms are large, and surface cor-
rugation may affect the junction between layers by some
keying together of the surfaces, as in the 2H, amesite.

In the derivation ofthe l2 standard polytypes of l:l
trioctahedral layer structures, Bailey (1963, 1969) showed
that optimum interlayer H bonds could only be formed
by three possible relative positions ofadjacent layers, in-
volving either a shift of a/3 along the fixed x,, x2, or x3
axes of the lower layer (orthohexagonal frame of refer-
ence), or no shift of the upper layer, or shifts of +b/3
along the hexagonal J, axes, with or without a change of
octahedral cation configuration in alternating layers. It
was assumed that layers had ideal hexagonal geometry
and that the three layer superposition modes cannot be
intermixed within the same crystal structure. For the case
of alternating sets of octahedral cation configuration, only
four standard polytypes with a c repeat unit of 14 A re-
sulted, i.e., 2M, and 2Or if interlayer shifts are along the
x axis, 2H, with no shift, and 2H, with a shift along the
y axis. None of these polytypes has a unit cell compatible
with the unit-cell parameters reported here.

When observed along the triclinic c axis, the layer
stacking sequence ofthe present two-layer polytype is seen
to be determined by the alternation of sets (II - I) of
octahedral cation configuration, as for the 2H' ard 2H,
amesite structures, plus a shift of a/2 for all consecutive
layers. Such a shift is apparent from the atomic coordi-
nates of equivalent cation sites in the top and bottom
layers (Table 2).

On the other hand, if layers are viewed along the di-
rection ofthe c* axis, i.e., perpendicular to the a-b plane

Fig.2. Stacking modes ofpairs ofalternating layers. (a) Bases
of the tetrahedra of layers I and 2; (b) bases of the tetrahedra of
layers 2 and 3.

(Fig. 2), then the actual displacement vector for contig-
uous layers is a/2 - b/6. Such a vector does not corre-
spond to any of the two-layer standard serpentine poly-
types (Bailey, 1988). Two stacking modes result for
alternating pairs oflayers (Fig. 2). For the first pair (layers
l-2), the position oflayer 2 relative to layer I is equiv-
alent to a 180'rotation with no shift, involving a change
for the octahedral cation configuration from set II to set
I and leaving the centers ofthe ditrigonal cavities in the
tetrahedral sheets of the two layers exactly superimposed.
For the second pair (layers 2-3), the displacement vector
again involves a change ofset (I - II) for the octahedral
cation configuration oflayer 3, but the centers ofthe di-
trigonal cavities of layers 2 and 3 are shifted by -b/3,

leaving a tetrahedron of the third layer superimposed on
the center of each ditrigonal ring of the second layer. For
the third pair Qayers 3 and 4), the stacking is identical to
that for the first pair, and so on.

The intermixing of zero shift and y-axis shifts for ser-
pentine-like layers has been studied in some detail by Hall
et al. (1976). They considered all the possible six-layer
stacking sequences that could be formed with these shifts
and designated as the 6R, polytype a model structure
with regular alternation of 0 and -bl3 shifts plus alter-
nation ofthe octahedral cation configuration. This is the
six-layer equivalent ofthe polytype described here. A nat-
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urally occurring six-layer structure with identical stacking
modes (rotation, and rotation plus translation) was first
reported for amesite from Saranovskoye by Steadman and
Nuttall (1962).

CoNcr,usroNs
The relationship between the present structure and those

described as regular (or standard) polytypes by Bailey
(1969, 1988) has been established as a combination of
two standard polytypes. Inthe 2H, polytype the stacking
mode is due to 180'rotation of all consecutive layers,
whereas in the 2H, and 6R polytypes the stacking se-
quence is by +573 translations plus 180'rotations of all
consecutive layers. In the present structure the layer su-
perposition modes of both 2H, and 2I1, polytypes are
intermixed. A displacement vector for consecutive layers
of a/2 - b/6 results in a two-layer structure with a tri-
clinic unit cell (a : l02.ll'), equivalent to a six-layer
structure with an orthohexagonal cell.
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