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Veatchite-A, a new modification of veatchite
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Abstract

A third modification of veatchite occurs in Emet colemanite deposit, K0tahya, Turkey, as
white cauliflower-shaped nodules associated with colemanite, hydroboracite, realgar, orpi-
ment and montmoril lonite. The new mineral is tricl inic, space group Al or Al; a : 20.80, b =
11 .72 ,  c :6 .63A  (a l l  *0 .3  pe rcen t ) ,  a  =  90o ,0  =  90 '48 ' ,  ̂y  : 91o57 ' (a l l  +05 ' ) ;  a ' . b ' . c :
1.774: l :0 .565;  ce l l  vo lume 1615,4 '3;  Z :  4 .  Densi ty  (meas)  2.73,  (ca lc)  2.77 g/cm' .  The
strongest lines in the X-ray powder photograph and their estimated intensities are: 10.40,100;
3.32,7 0; 2.59,50; 2.84,20; 3.45, 1 5.

Crystals are transparent, colorless, and well developed and show plate form with rhombic
shape.  Common forms are {100} ,  {011} ,  and {0 l l } .  Twin lamel lae are paral le l  to  {100} .
Cleavage {100} periect and parallel to dominant plate form, {01 I } and {01 I } good; (01 I )A(01 I )
-60 ' .  Opt ica l ly  b iax ia l (+) ,  o  :  1 .549,P = 1.551 (calc) ,  "y  :  1 .621+0.002 (Na l ight) ,2Z:
25"*1"; Z = b, X : c; r < u strong.

The chemical analysis is (weight percent): SrO 30.88, CaO 0.25, MgO 0.04, B,Oa 58.15,
H,O(+)  9.63,  H,O(-)  0.15 ( tota l99.2) .

DTA analysis shows endothermic peaks at 455",630', 940'C. Two different phases form at
455o and 630'C.

The new modification is named veatchite-A accordine to the recommended nomenclature
system of polytypes.

Introduction
Veatchite-A was collected from Killik (Emet Borax

Company) and Hisarcrk (Etibank) colemanite mines
in Emet, Kiitahya, Turkey. Crystal habit, optical
properties, chemical composition, and X-ray powder
pattern are similar to those found for veatchite and p-
veatchite within the l imits of observational errors.
Only single-crystal studies show that the mineral has
a different space group and crystal class. It is named
veatchite-A in order to correspond to the recom-
mended nomenclature system of polytypes (Bailey,
1977). The name has been approved by the IMA
Commission on New Minerals and New Mineral
Names.

The type material (-2kg) is deposited in Istanbul
Technical University Mining Faculty.

Occurrence

The Emet borate deposits have been formed in the
sediments of playa lakes during the Neogene accord-
ing to Ozpeker (1969), and during the Middle Oligo-
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cene according to Helvacr and Firman (1976). Borate
formations are interbedded with clays, marls and vol-
canic tuffs, and are related to volcanic activity.

The principal mineral o[ Emet borate deposits is
colemanite. In Kill ik mine, it is associated with hy-
droboracite, ulexite, veatchite-A, tunellite (Helvacr
and Firman, 1976), meyerhofferite (Helvacr and
Firman, 1976), cahnite (Helvacr and Firman,1976),
realgar, orpiment, calcite, and aragonite; in Hisarcrk
area with hydroboracite, ulexite, terruggite, cahnite
(Helvacr and Firman, 1976), veatchite-A, celestite,
gypsum, native sulphur, realgar, orpiment, and cal-
cite.

Veatchite-A occurs in cauliflower-shaped nodules
(Fig. 1) ranging from 0.5 to lOcm in diameter. Nod-
ules are rarely composed of countless minute eu-
hedral crystals, but are commonly compact with eu-
hedral crystals on the surface forming radiating
aggregates. Realgar, orpiment, and montmorillonite
occur among the crystals and in small veinlets. The
nodules are found in clays, on colemanite nodules,
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Table l. Optical properties of veatchite, p-veatchite and
veatchite-A
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Fig. L Veatchite-A nodule showing characteristic cauliflower
shape.

and on hydroboracite occurrences. Replacement of
colemanite by veatchite-A is seen in thin sections and
also on the macroscopical samples. The formation of
veatchite-A is later than hydroboracite and coleman-
ite where hydroboracite is an alteration product of
colemanite. Veatchite-A is not associated with tunel-
lite.

Physical and optical properties

Crystals are platy on {100}. Most common forms
are  {100} ,  {0 l l }  and {0 lT} ;  (0 l t )A(0 lT) -60" .  The
length of the crystals varies up to 2mm. The general
length-to-thickness ratio is about l0:l (Fig. 2).

Under the polarizing microscope, polysynthetic
twin lamellae parallel to {100} are seen. Twinning was
also observed on an ftkO precession photograph of
one of the crystals. For veatchite and p-veatchite
twinning has not been reported.

The mineral is colorless, with pearly luster on per-
fect cleavage faces. Optical properties are summa-
rized in Table l. Pale pink and green polarization
colors are seen on sections parallel to {100}, the optic
plane.

*Th" 
indi."" of refraction and 2V are from Kranet and

Al len  (1956)  and ap t jca l  o r ienxax ion  is  f ton  C lark

+ r a n d  
M L o s e  ( 1 9 6 A ) .

rhe  ind ices  o f  re f racX ian  and 2V are  f ron  O.Bra i tsch
/ l a a q t  , . d  ^ n t  : . - t  a r i F n t . X t o n  i s  f r a n  C l a r k  d n d

M r o s e  ( 1 9 6 0 ) .

y . e s e n E  s r u d q .

Calculated density obtained with the Gladstone
and Dale relationship is 2.77 t0.05 g/cm3. This
agrees with the calculated density, 2.77 g/cm', ob-
tained by using the unit-cell dimensions and chemical
formula. The specific gravity measured by suspension
in bromoform-acetone at 23"C is 2.73+0.02. Veat-
chite-A crystals are platy and generally composed of
stacked cleavage plates, probably containing en-
trapped air. Larger crystals (about I mm) float on the
liquid surface, presumably held there by surface ten-
slon.

X-ray data

Unit-cell dimensions were determined using pre-
cession photographs (Cu radiation, Ni filter) with a,
b, and c as precession axes for zero-level photographs
and with 4 as precession axis for first- and second-
level photographs. The crystals were colorless, trans-
parent, platy with rhornbic shape: a representative
one was 0.5 X 0.3 X 0.006 mm in size. The short
reciprocal axis is normal to the dominant plate form,
as in veatchite and p-veatchite. Unit-cell dimensions
are similar to those of veatchite, but the angles differ
slightly and the intensities of equivalent reflections
are not compatible with monoclinic symmetry. Sys-
tematic extinctions indicate the space group I I or
I I . There are reflections only for hkl, k + I : 2n. The
cond i t ions  fo r  h0 l ,h :2n( l :  2n)  and 0k0,k :  2n  do
not exist. The resulting data are given in Table 2. The
dimensions of the primitive unit cell obtained by
transforming the A-centered unit cell with the matrix
l0O/01 - i/001 are i a : 20.80, b : 6.73, c : 6.63A.
a :  1 1 9 " 2 7 ' , 0  : 9 0 " 4 8 ' , I  : 9 l o  l 7 ' ( s p a c e g r o u p P l
or  P l  ) .Fig. 2. Crystals of veatchite-A ( l  division : 0. lmm).
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Table2. Crystallographic data for veatchite-A and veatchite Table 4. Chemical analysis of veatchite-A (weight percent)
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cefT dirensi@s were measured fron precession phoxographs
and cortected for t i fn shr inkaqe.

X-ray powder patterns were taken with a
I l4.59mm diameter powder camera using Ni-fi l tered
Cu radiation, and the measurements were corrected
for f i lm shrinkage. Observed and calculated, d(hkl)
and intensities of the observed powder l ines are l isted
in Table 3. The powder pattern of veatchite-A is
similar to those of veatchite and p-veatchite.

Table 3. X-ray powder diffraction data for veatchite-A*

Tota l  99 . I97

Chemical composition

About 29 of euhedral crystals were selected under a
binocular microscope for chemical analysis. Wet-
chemical analyses were carried out by Dr. K. Inan,
Technical University of Istanbul. Ca, Mg, and trace
elements were determined by the atomic absorption
technique. The results are given in Table 4.

Chemical composition of veatchite-A is similar to
those of veatchite and p-veatchite (Table 5), and
is compatible with the chemical formula (4SrO.
llB2Oa.TH,O) found by structural analysis of veat-
chite (Clark and Christ, l97l; Rumanova et al.,
t97 r).

Veatchite-A is not soluble or only slightly soluble
in hot water (80"C).

Differential thermal analysis

A differential thermal analysis of veatchite-A was
made in air at one atmosphere from room temper-

Table 5. Chemical data for veatchite, p-veatchite and veatchite-A
(weight percent)

veatchite P-veatchite
L a n g , C a l i f o m i a  U . s . s . R .
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Fig. 3. DTA curve for veatchite-A. Rate of heating l0"C/min; thermocouple ptlpt+Rh; reference material : AlrOs.
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ature to 1000'C. The resulting pattern is shown in
Figure 3.

Endothermic reaction starts immediately because
of adsorbed water. There are large endothermic
peaks at 455o, 630o, 940" and small endothermic
peaks at 300o, 360o and 880'C. A small exothermic
peak is seen at 660o, and an exothermic reaction
beginning at 7l0o continues slightly til l 840". The
thermogravimetric curve shows loss of weight at
100o, 400o, 450", and 630'C. The amount of weight
loss at each step found from the thermogravimetric
curve is about 0.83 percent at 100o, 7.10 percent at
400"-450" and l.9l percent at 630oC.

The mineral was heated at 50o, 100", 200",400..
500o, 700", 800", and 900"C and diffractometer runs
were made on the resulting products. There are no
distinct differences on the patterns ofthe products for
50o, 100o, 200o, and 400"C and they are similar to
those of veatchite-A. The products of 500o and

700"C give different patterns. The d values and rela-
tive intensities (in parentheses) are: for the phase
formed at 630oC: 10.84(20), 7.28(10), 5.48(20),
3.65( l 00), 3.34(25), 2. 887( l0), 2.7 38(90), 2. I 87(50);
for the phase formed at 455oC: 10.06(90), 8.82(70),
4.37(40), 3.46(70), 3.31(100), 3.20(25), 3.02(30),
2.9 r(40), 2. 858(40), 2.603(60), 2. 508(35), 2.442(3 5),
2.r13(40).

Microscopic examination of these products shows
that the euhedral shape ofthe crystals is not lost. The
products after 455"C are biaxial with negative sign
and show low birefrinsence.
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