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Crystal structure refinement of lawsonite
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Chicago, lllinois 60680

Abstract

Lawsonite. Ca® AL *Si, * O;(OH),- H,O. is found in low-temperature, high-pressure meta-
morphic rocks. It is @ hydrous counterpart of anorthite. A specimen from the type locality.
Tiburon Peninsula, Marin County, California, was used for an X-ray study: a = 8.795(3). b =

S8« =

13 142(60)A. V= 675.8A. Z = 4. Dewre = 3.088 g.cm 2, space group Cemm,

Retinement of 865 F,us cave an R = 0.0256. The structure is based on a three dimensional
framework generated by cross-linking ribbons composed of edge sharing single chuins of Al
coordination octahedra and lateral bridging silicate groups. The openings of the framework

accommodate the Ca atoms and the water molecules. The observed mean distances are Si?
913 and Ca® — O = 2421A. The hvdrogen atoms participate in

O« 1O A" -0

bent and bifurcated hydrogen bonds. Individual cation-anion distances conform well to the

extended electrostatic valence rule.

Introduction

The cervstal structure of lawsonite. CaALSLO;
(OH),- H.,O. was determined by Wickman: (1947)
in space group (222, The Si-O bond lengths in
the S1,O; group as found by Wickman ranged from
.59 to 1.72 A. Subsequently. the structure was re-
fined by Rumanova and Skipetrova (1959). They
found that it could be described in the centric space
group Cenim and that the Si-O distances were lying
in a narrow range: between 1.65 and 1.69A. Recently
Pubst (1977) pointed out that lawsonite is denser than
anorthite. its ankydrous equivalent. The volume per
oxygen atom in lawsonite is 18.74A. while in anor-
thite it is 20.94A. Lawsonite is one of several espe-
cially dense hydrous silicates found in the Franciscan
Formation. Caiifornia. It is typical of a low-temper-
ature, high-pressure metamorphic paragenesis.

Experimental

A clear. almost colorless - specimen of lawsonite
from the type loculity., Tiburon Peninsula, Marin
County, California (USNM R3922) was divided into
two parts: one was ground into a sphere with a diam-
cter of 0.04 cm. the other was used for a microprobe
analysis. Duata were collected on an automatic four-
circle diffractometer (NMAgKa = 0.56083A). using
procedures described by Baur and Khan (1970). The

0CO3-004X 75 0303-0311S02.00

unit cell constants were refined from the setting of 20
reflections measured on a single crystal X-rav diffrac-
tometer. The resulting cell constants agree closely
with those reported by Davis and Pabst (1960). Re-
ciprocal space was searched in a sphere of radius
sinf/\ = 0.84A '. The total number of measured
reflections was 11,268, which were averaged to vield
1.928 unique reflections. Of these 1.063 had an in-
tensity of less than two sigma. and were not used in
the refinement. The systematic absences (hkl only
present with /i + & = 2n:and Ok/ only with | = 2n) are
consistent with space group Cemm as noted by
Rumanova und Skipetrova. The successful refine-
ment confirms this choice. Lorentz-polarization cor-
rections were applied. but because of the small linear
absorption coeflicient and the size of the crystal, an
absorption correction was not necessary. Scattering
fuctors were taken from the International Tables for
X-ray Crystallography (1974 ). The refinement of the
865 observed unique structure factors started with the
parameters reported by Rumanova and Skipetrova
(1959) and refined in a few cyeles to an R (=X || Fo
] /2 Fol) of 0.027 (with anisotropic tem-
perature fuctors). A difference synthesis revealed
likely positions for the hydrogen atoms. Upon fur-
ther refinement including the hvdrogen atoms an
2 0 0.0256 wus achieved. The positional (Table 1)

and the thermal (Table 2) parameters were used to
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