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Veatchite-2M

Veatchite-2M is non-centrosymmetric. Similar to veatchite-
1A, the layering is perpendicular to [001] (Fig. 1c), but the A and 
B layers alternating along [001]: i.e., ... A+B- A+B- A+B- ... are 
like those of veatchite-1M. The consistent directional orientation 
of each layer-type yields a polar structure. As in veatchite-1M, 
the two Sr atom sites are between A+B- pairs of layers. The 
relationship between the unit cells of the monoclinic polytypes 
veatchite-2M and veatchite-1M is: a2M = c1M; b2M = 2[a1M × cos 
(γ – 90°)]; and c2M = b1M. The transformation 2M� � � :� � � �M is: 
100/001/–½½0.

Discussion

Polytypic relationships in veatchite and a comparison with 
other layered borate structures

The polytypes of veatchite each have two types of layer. Layer 
A with FBB = 3∆2�†:<∆2�†>-<2∆�†> and layer B with FBB = 
3∆2�† ,1∆:<∆2�†>-<2∆�†>,∆. To compare the topologies of the 
veatchite polytypes and related to similar borate structures, a 
diagram is constructed ignoring oxygen atoms and using just the 
large, low-valence cations and the boron atoms. In this simplified 
topology diagram, the nodes represent boron in tetrahedral or 
triangular coordination with oxygen. These representations are 

TABLE 3c. Selected bond lengths for veatchite-2M
Sr1-O1 2.528(1)  Sr2-OW22 2.351(2) 
Sr1-O10 2.542(1)  Sr2-O12 2.551(1) 
Sr1-O2 2.560(1)  Sr2-O7 2.554(1) 
Sr1-OH5 2.671(2)  Sr2-O8 2.558(1) 
Sr1-OH4 2.695(2)  Sr2-O21 2.649(1) 
Sr1-O21 2.727(1)  Sr2-O3 2.668(1) 
Sr1-O11 2.752(1)  Sr2-O20 2.698(1) 
Sr1-O20 2.797(1)  Sr2-O13 2.746(1) 
Sr1-O3 2.880(1)  Sr2-O11 2.880(1) 
Sr1-O9 2.881(1)  Sr2-O9 2.898(1) 
Sr1-O13 3.024(2)    
<Sr1-O> <2.7328>  <Sr2-O> <2.6552> 
B1-O3 1.357(2)  B7 –OH19 1.363(3) 
B1-O1 1.360(2)  B7-O17 1.365(3) 
B1-O2 1.378(2)  B7-O18 1.370(3) 
B2-OH5 1.347(3)  B8-O21 1.458(2) 
B2-OH6 1.360(3)  B8-O18 1.457(2) 
B2-OH4 1.359(3)  B8-O11 1.487(2) 
   B8-O3 1.488(2) 
B3-O8 1.358(2)    
B3-O9 1.367(2)  B9-O20 1.462(3) 
B3-O7 1.385(2)  B9-O9 1.469(3) 
   B9-O14 1.473(3) 
B4-O10 1.357(2)  B9-O13 1.500(2) 
B4-O11 1.358(2)    
B4-O2 1.402(2)  B10-O21 1.447(2) 
   B10-O17 1.482(2) 
B5-O13 1.351(2)  B10-O1 1.486(2) 
B5-O12 1.361(2)  B10-O10 1.486(2) 
B5-O7 1.403(2)    
   B11-O20 1.446(2) 
B6-O14 1.364(3)  B11-O16 1.465(2) 
B6-O16 1.366(2)  B11-O8 1.491(2) 
B6-OH15 1.369(3)  B11-O12 1.504(2) 
D-H d(D-H) d(H···A) <DHA d(D···A) A
OH4-H4 0.851 1.850 153.7 2.640 O18
OH5-H5 1.093 1.538 175.1 2.628 OH15
OH6-H6 0.898 1.875 156.9 2.724 O16
OH15-H15 0.663 2.084 162.5 2.724 O17
OH19-H19 0.798 2.039 157.3 2.792 O14
OW22-H22a 0.843 1.840 168.6 2.671 OH19
OW22-H22b 0.793 2.044 158.5 2.796 OH6

clearer, thus leading to a cleaner determination of the net topology.
Veatchite-1A polytype is quite distinct from either veatchite-

1M or veatchite-2M polytypes in having double A and double B 
layers alternating vs. single A and B layers alternating. The dif-
ferences between polytypes-1M and -2M are much more subtle. 
Although both monoclinic polytypes are non-centrosymmetric 
they belong to different crystal classes; veatchite-1M is in the 
sphenoidal class, 2, and veatchite-2M is in the domatic class, m. 
It is of note that the unique axis, b, changes in the two structures. 
One might expect that these major changes in crystallography 
would in fact bring about major changes in the crystal structure, 
but the difference between polytypes 1M and 2M is due to a slight 
shift between layers.

In layered borate structures, there are two species with only 
A-type layers, biringuccite and nasinite (Fig. 2). In biringuccite, 
the layers have a polar component and they alter in stacking (Fig. 
2a), ...A+A- A+A- A+A-..., while in nasinite there is no polar 

fiGure 2. Net topology diagram for (a) biringuccite and (b) nasinite. 
The layer type, A, is indicated as is the directional aspect if there is one, 
+ for up and – for down.
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fiGure 4. Net topology 
diagram for (a) volkovskite 
and (b) veatchite-1A. The 
layer type, A or B, is indicated 
as is the directional aspect, + 
for up and – for down.

fiGure 3. Net topology diagram for gowerite. The layer type, B, is 
indicated but there is no directional aspect.

component to the layers as the layer is twisted (Fig. 2b). Gowerite 
is the only borate species that is entirely built with B-type layers 
(Fig. 3). Like nasinite, there is no polar component to the layer 
as it is twisted giving equal numbers of triangular coordination 
up and down. The borate layer arrangement in volkovskite (Fig. 
4a) is isostructural with that observed in veatchite-1A (Fig. 4b) 
(Grice et al. 1999) but, unlike veatchite-1A, volkovskite is non-
centrosymmetric due to the asymmetric arrangement of Ca atoms.

Occurrences of veatchite polytypes and their origin
Polytypes of veatchite do not coexist at a single deposit and 

are therefore expected to be unique to a particular environment. 

To date there is only one occurrence of veatchite-1A: Emet, 
Turkey. Here the borate minerals are intercalated with lacustrine 
playa lake sediments (Helvaci and Alfonso 2000). Veatchite-1A 
partially replaced colemanite by low-temperature, diagenetic 
alteration. Veatchite-1M occurs at Reyershausen, Germany, and 
Yorkshire, England (Garrett 1998). Both of these are marine 
potash deposits and they have undergone high-temperature meta-
morphism. Veatchite-2M occurs in sediment buried playa lakes 
at Lang, Four Corners, and Billie, California. It also occurs in 
the marine evaporates of Inder, Kazakhstan, Russia, and Sussex, 
New Brunswick, Canada. All five of these deposits have been 
subjected to moderate temperatures and folded under pressure 
(Garrett 1998). From these observations, it appears temperature 
and pressure control the occurrence of each polytype, but precise 
parameters are not known.
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