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Crystal Structure of Joaquinite
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Abstract
The crystal structure of monoclinic joaquinite, ideal formula NaFe™ Ba,RE,Ti,Siy
0,,0H-H,C, has been determined by the Patterson method from 2630 diffractometer
data, and refined by least-squares to a weighted R of 0.075. The space group is €2, and LL“

“parameters are ¢ = 10.516 + 0.003 A b =968 +0.003A, ¢=11.833 £ 0.004 A, and 5 =
109.67 4+ 0.003°, with Z = 2. The new independent determination largely confirms a previous

one by Cannillo, Mazzi, and Rosst (1972), but there are important differences, including the

* space group and several additional atoms found in the present study (Na, OH, H, .0). The

principal structural unit is a four-membered $i,0,, silicate ring. Lqundlcnts of which are
linked by TiO, octahedra to form sheets parallel to (001) Sheets are stacked facing alternately
up and down in the ¢ direction: Ba atoms and water molecules occur midway between sheets
on one level, and Na, Fe, and RE atoms on the alternate levels. The Ti octahedra are
somewhat out of the plane of the sheets on the Ba-H,0 side, and they share an edge with each

other to link sheets in the ¢ direction. The Fe and Na polyhedra, which also link sheets, are-
. very irreguldr: Fe is 5 5-coordinated; and Na is 6-coordinated. Th&. orthorhombic form of joa-

quinite is cv1dcmlv related to the monoclinic form by a type of Cunit-cell twinning ounan (001)
pseudo-mirror plane through Ba and H,O. Macroscopic twinning of the monoclinic form on

‘this plane and disordered stacking of monoclinic and orthorhombic forms also occur.

intimately ‘intergrown in the material

from - San

' Infroduction :

Joaquinite occurs as small (~1 mm) honey-brown
crystals associated with benitoite, neptunite, and
natrolite in San Benito County, California (Louder-
back and Blasdale, 1909; Palache and Foshag, 1932).
and aiso in Quebec (Beli, 1963) and South Greenland

- (Semenov et al, 1967). Satisfactory analyses have

been obtained only recently, as the presence of rare-

earth elements (RE) and strontium had not been
~recognized earlier. The composition of material from

California. and Greenland is somewhat different:
Semenov - er al (1967) suggested the formula
NaBa,Fe?*Ce,Ti,51:0,0H for joaquinite from

" Greenland, and Laird and Albee (1972) suggested the

formula Baa.i('srx.7REe.sTho,1 )s.s (CagaNaysFes Lios

- ng&1)7.5Ti8.x5.i32.0095.7(0 H)is: for material from
Californta. However, the formulas are very similar in

the ratios of the cations.

The existence of monoclinic as well as orthorhom-
bic crystals of joaquinite has also been noted only
recently (Laird and Albee, 1972: Cannillo, Mazzi,
and Rossi. 1972). No chemical differences were

Benito County. The | mm sized crystals show
orthorhombic external morphology (Palache and
Foshag, 1932), but X-ray studies by Laird and Albee
(1972) and Cannillo er a/ (1972) have disclosed that
these usually consist of finely twinned or disordered
monoclinic joaquinite iniermixed sometimes with
orthorhombic joaquinite, the whole simulating -
orthorhombic symmetry.

A recent structural study of monoclinic joaquinite

by Canniilo et al (1972) was unfortunately

detected between the two modifications, which occur

872

overlooked until the present study was entirely com-
picted. Most of the important aspects of the structure
proposed by them have been confirmed in the present
study: however, it szems that they were unable to
resolve oil the atoms, largely due to the fact that they
were forced to use intensity data from precession
photographs of a twinned crystal. They also assumed
that the space group was C2/m, instead of T2, as
found in this study. A lower residual, more
reasonable bond lengths, and better agreement with
formulas proposed on the basis of microprobe data
demonstrate that the present determination is a
significant improvement over that of Cannillo, Mazzi,
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