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Inesite, a hydrated calcium manganese silicate with five-tetrahedral-repeat double chains

CHE'NG WAN AND SUBRATA GHOSE

Department of Geological Sciences
University of W.ishington
Searttle, Washington 98915

Abstract

{nesite, Ca;Mn;Si;0055(OH);- SH,O, from th

Le Hale Creek Mine, Trinity County, California,

is triclinic, space group P7, with cell dimensions a = 8.889(2), b = 9.247(2), ¢ = 11.975(3)A: &

= 88.15(2), 8 = 132.07(2) and y = 96.64(2)*: zZ =

1. The crystal structure has been

determined through a combination of the three-dimensional Patterson and the symbolic
addition methods. The structure has been refined by the method of least squares to an R factor

of 0.032 for 4243 reflections.

The crystal structure of inesite consists of two components: (a) a polyhedral band, con-
sisting of a sequence of seven edge-sharing Mn octahedra and two Ca pentagonal bipyramids,
connected to two similar sequences on either side by edge-sharing: and (b) double silicate
chains with a five-tetrahedral-repeat period, which contain alternating six- and eight-mem-
bered rings. These silicate double chains knit the adjacent Ca.Mn polyhedral bands into a
three-dimensional framework. The average Ca-O distance is 2.431A. The average Mn-O
distances within the four different Mn octahedra are 2.243,2.217,2.218 and 2.210A. The three
crustallographically independent water molecules serve as apical ligands to the Ca and Mn
atoms. The si*< of one of the water molecules is statistically occupied half the time, accounting
for five water moiecules in the unit cell. All seven hydrogen atoms are involved in hydrogen
bonding. The recipient of a hydrogen bond is cither 2 water molecule or a bridging oxygen
atom bonded to two siticon only. The average Si-O bond lengths within the five different Si
tetrahedra are 1.621, 1.626, 1.623, 1.627 and 1.630A. The Si-O-Si angles range from 130.0° to
143.5°. the smaller Si-O-Si angies being associated with longer Si-O bonds and vice versa.
The six- and eight-membered silicate rings are nearly planar.

The oriented thermal transformation of inesite to a high-calcimin rhodonite at ~800°C
involves considerable cation migration and breakage of Si-O bonds and is far from a simpie

~ dehydration reaction, as has been postulated.

Introduction

Single silicate chains with two-, three-, four-, five-,
six-, seven-, nine-, and twelve-tetrahedral repeat are
known (Liebau, 1972). These single chains can po-
lymerize further to form double chains. A common

example is the polymerization of pyroxene-type (two-.

tetrahedral repeat) chains into amphibole-type dou-
ble chains. Likewise, wcllastonite-type (three-tet-
rahedral repeat) single chains can polymerize into
xonotlite-type double chains. However, silicate
double chains with periodicities of five and seven
tetrahedra have not been reported. The crystal struc-
ture of inesite provides the first example of doubie
silicate chains with a periodicity of five tetrahedra
(Fiinfer-Doppelketten) (Wan and Ghose, 1975).
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Previous work

Inesite, a hydrated calcium manganese silicate, is
triclinic, crystal class 7. From chemical analysis of
inesite from Quinault, Washington, Glass and Schal-
ler (1939) suggested the chemical formula
3Ca0- 11MnO- 155i0,- 10H,0. Richmond (1942) de-
termir=d the correct chemical composition as
Ca,Mn;Si;0:(OH),- SH;O, and assigned inesite to
the rhodonite group of pyrexenoids on the basis of its
cleavage characteristics and unit-cell dimensions. The
similarity of the ¢ cell dimensions (~12.20A) between
rhodonite and inesite led Liebau (1956) to postulate
the presence of a silicate chain with five-tetrahedral
repeat in inesite by analogy with rhodonite; Liebau
further speculated that since inesite is hydrated (¢f.
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-4 10 1 10,93 10.21 -10.21 .36 063996 72 led6 183 &
-4 111 18671 18,92 =1%5.91 =639 «69319 -.20 -.57 182
-3 =12 1 2443 W41 .37 -.17 55650 2.02 1.1% 205
-3 ~11 1 12.49 12,51 =12.51 <00 260216 -e02 =04 179 (5]
-3 -10 1 20.13 20,13  =20.13 =36 54822 «N5 W16 182

~3 -5 1 694590 69,72 69,67 2.69 049483 -e22 -.42 2 :
-3 -8 1 L 2.15 $34 -22 .10 044216 1,82 1,27 162 )
-3 -7 1 17.85 17,12 17.12 -.02 «39054 .73 3.11 0

-3 -6 1 11,97 12.69 =12.69 «30 «34041 ~e7? -2,73 178
-3 -5 1 172417 171457  171.50 4,85 429256 .60 1.17 1 &
=3 <4 1 42,57 41,91 =41,89  =1,18 «24831 L 65 1.90 182
-3 -3 1 18,73 19.61 =~19,61 ~.05 220994 ~oBO 4,44 181 .
-3 =2 1 42443 42,03 =42.03 W11 -18124 o 45 1.10 175 @
-3 -1 1 69,35 69.06 =69.05 -.78 16724 .22 +83 181
-3 0 1 156438 161,14 161.11 3.21 17159 “4,76 =12.57 1
-3 11 15,92 17.28 =17.25 =1.05 .19305 =1.35 -8,54 184 ®
-3 2 1 21.86 19.563 19+63 ~.28 022682 2423 10,79 )
-3 3 1 54685 55,33 55651 1.26 $26828 =48 =97 1
-3 4 1 123432 127.67  127.59 44,62 «31442 =4,35 -8.16 2 e
-3 5 1 30.67 3189 =31.87 -1.00 « 36344 -1.21 ~4,30 182
-3 6 1 L 3.4 222 2419 035 041434 QOH 1.05 9
-3 7 1 27,02 26,91 26,90 084 045649 .10 $42 1 ©
-3 € 1 NmomN Nmoow INmoow lnou. -WHOmN IQHN (a&.w ..—mm
-3 9 1 13,49 13,46 13,27 2626 .57319 .03 .08 9
-3 10 1 45,24 44,46 =44,42 =1,76 262733 .79 1.98 183 @
-3 11 1 2,42 ET 64 ~-.20 +68183 1.75 1.01 344
-2 =13 H W0.0N NO.NO .lNOaNO lowo oOONmm lowN loOw H@V
-2 =12 w 21,33 20,73  =20.73 022 064239 .60 1.91 179 )

231 ; 0.  .56706 : 189




INESTT PAGE 12

] W GRP or

_ , L Gap en £C 5 R STNTH/LM nr WADE ANGLE ANGLE ®

1 -2 =10 1 21.94 21,92 21.97 -429 453195 a5 20 CaLE T

T =2 -9 1 100,31 199.29 190.17 .82 ¢ . s .

Poio-To 29,66 30,22 30.22 17 .3eRa7 -neh ”w.ww i

T S S 70,02 71,28 T1.27 .90 431509 - 2.2 5

1 -2 -6 1 12,15  19.91 =-13.91 a1 21526 - g ;

1 -2 -3 1 31,97 33.4 3%, 53 19 17067 B SRR v

1 a3 =z 53,18 51,64 ~=51,66 —ihd a13f19 O : °

1 -2 -1 1 55,63 43,54 =£3,53 —Eh .11735 2 vt ial

1 =2 0 1 130.45 131,05 130,95 5,15 .12496 -.59 m.wm v @

1 -2 11 13,69 15,28 =15.25 B9 15436 “1.30 —e.sa :

v -2 2 1 10,31 10.33  10.33 .33 .19591 g Taige e

1 -2 31 54,03  53.98 53,97 1,37 .24349 .05 e ! ®

1 =2 « 83,30  94.66 34464 1.89 26417 -1.2 g :

1 -2 5 1 10,63  10.88  10.87 51 34663 -.mm Big FE-

1 -2 6 1 36.34 35,73 =35,73 ~445 40015 5 1 ; ®

1. . =2 7 1 33,13 32,99 =32,98 - 63 45435 o e 4 M
! «m e 1 17.83  17.51  17.51 -.05  .50902 “Mw H.Mw e |
T - 1 18,04 35,79 2,6 .8 -,75 1 ; |
1 -2 10 1 40,21  39.75 nwo.wm -w ww .MMMWM - o S+ ; °1
bo-z 1o 13.78  12.96  12.95 149 .67450 .Lw w.ww wa

1 -1 =13 1 37425 . 36,73 . 6 o5 1o 3

1 -1 =11 1 17.01 -.22 57674 e oo :
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