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Abstract

In 1966 crystals ofhydrochlorborite were found in the Salar Carcote, Antofagasta Province,
Chile. This is the second reported occurrence of the mineral. -

Hydrochlorborite is monoclinic,2/m; space group I2/a or Ia: a=22.383' b:8'745,
c=17.066A,0:96.42"; a:b:c--2.605:l:1.952; unit cell volume 3376.94s; Z:4; cell content
3CaO.CaCL.4B2Os,22HrO. Well-formed, colorless crystals with a maximum length of l3

mm show the forms: {001}, {l l0}, {013}, l l l2l, '1112:l,12111,l2ll}. The strongest l ines in the X-

ray powder photograph are in A: 8.474(100), 6.005(24), 3'605(9), 2.798(8)' 2.825(7).
Hydrochlorbor i te  is  opt ica l ly  (+) ;  a :1.499,  P:1.502,  t :1 .521(Na l ight) ;  2V--45";  r lu i

Y=b; ZAc=25o. Good {001} cleavage. Hardness 272. Specific gravity 1.852 (meas), 1.876
(calc).

Hydrochlorborite appears to be a seasonal mineral. Near-surface crystals formed during the

dry season are dissolved with rising water table during the wet season.

Introduction

Hydrochlorborite was described as a new mineral
from China by Ch'ien and Chen (1965) and later by
the same authors jointly with Ma and Liu (1965). The
locality is not given. Quoting Michael Fleischer's
translation from the Russian (1965), the occurrence is
stated briefly as follows: "Tertiary boron-containing
clayey rocks are widely distributed in some regions of
China. During their study we found a new hydrous
calcium chlor-borate, named hydrochlorborite from
the composition. . . . often accompanied by ulexite,
halite and a little gypsum, [it] occurs in saline crusts
which coat the boron-continuing clayey rocks." The
present paper describes the second occurrence of the
mineral.

Occurrence

The hydrochlorborite used in this study was col-
lected by Dr. K. R. Greenleaves in 1966 during his

investigation oI ulexite deposits of northern Chile for
Borax Consolidated Ltd. of London, England. The
mineral was found in the Salar Carcote in northeast
Antofagasta Province, about 20 km from the town of
Ollague on the Bolivian border. The approximate
latitude and longitude are 21o20'S and 68"10'W.

The hydrochlorborite, according to Greenleaves
(written communication, 1969), was found near the
northwest edge of the salar as euhedral crystals
loosely included in a nearly continuous but irregular
bed 15 cm thick. The crystal-containing layer was
overlain by 20 cm of reddish, silty clay, with a thin
surface coating ofhalite and underlain by a dark'gray
to black organic clay. In 1966 the water table was 30
cm below the surface.

In April 1974 two of us (Aristarain and Hurlbut)
visited the area with the hope of collecting additional
material. Near the northwest shore, numerous ,pits
made eight years earlier by Greenleaves were still
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FIc. l .  Hydrochlorborite crystal shown in a nonconventional
orientation to bring out the typical habit; c axis is vertical, b axis is
essentially front-back, a axis is essentially right-left.

Frc. 2. Optical orientation of hydrochlorborite projected on
(0r0).

TlsI-n l. Angle table for hydrochlorborite from Chile
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TlsI-s 2. Unit-cell data for hydrochlorborite, 3CaO. CaCL
48"O, 22H"O, from Antofagasta, Chile

visible, and new pits revealed the same succession of
beds reported by him. However, no crystals of hydro-
chlorborite were found.

Undoubtedly the explanation for the lack of crys-
tals is that in 1974 the water table stood only 15 cm
below the surface, saturating the crystal-containing
layer and dissolving the crystals. Ch'ien and Chen
(1965) report that hydrochlorborite is insolublc in
cold water; however, we found that it dissolves slowly
in both pure water and in saline solutions. At room
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Test-e 3. X-ray powder diffraction data for hydrochlorborite
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temperature a 2 mm crystal dissolves completely in a
saturated sodium chloride solution (similar to salar
brine) in approximately four hours. These observa-
tions and the association with ulexite and halite sug-
gest that hydrochlorborite is a seasonal mineral pres-
ent in ulexite playa deposits only in the dry season. It
must be looked for near the fringes of salars at the
shorelines of the temporary wet-season ponds. It is
here that boron and calcium are most freouentlv
found and where chlorine is always present.

Crystallography
Morphology

In the description of hydrochlorborite from China,
it is stated that the mineral usuallv is in dense masses

P l u s  a d d i t i o n a l  l i n e s  a l l  N i t h  I

and that the development of crystal forms is poor.
Since neither single-crystal X-ray data nor the crystal
system were given, the description presumably was
made from fine-grained mineral. In contrast, the min-
eral from Chile is in well-formed, untwinned crystals
all of the same habit (Fig. I ). The maximum length of
the crystals available for this study is 9 mm, but the
largest crystals found were l3 mm long. Many crys-
tals were etched and dull, but a few have faces of
sufficient quality to give reasonably good reflections
on the optical goniometer. Although there is good
agreement between the crystallographic constants
calculated from the morphology with those derived
from unit-cell measurements. the latter are consid-
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Tlst-r 4. Optical properties of hydrochlorborite

HYDROCHLORBORITE

TrsLr 5. Chemical analyses of hydrochlorborite
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ered better and were used in calculatine the aneles
given in Table l .

X-ray data

Unit-cell dimensions were determined from pre-
cession photographs (Mo radiation, Zr filter) with a
and b precession axes for zero-, first-, and second-
layer photographs. The extinctions in these photo-
graphs (hkl for hl-k*l:2n only; hDl, h and l:2n; and
0k0, k:2n) lead to space groups 12/a or Ia. However,
the form development argues in favor of I2/a. The
cell dimensions, given in Table 2, were refined by
least-squares analysis of the X-ray powder data using
the digital computer program of Appleman and
Evans (1973). The X-ray powder data are given in
Table 3.

Physical and optical properties

Hydrochlorborite is brittle with a single good
cleavage {001}; elsewhere it breaks with a conchoidal
fracture. It is colorless with a vitreous luster and is
nonfluorescent. Many crystals, free from inclusions,
are transparent, but some contain small amounts of
clay from the bed in which they grew. The hardness is
2t/2. The specific gravity at 25oC, measured both by
suspension in bromoform-acetone and by the Ber-
man balance, is 1.852(5).  Ch' ien and Chen (1965)
report a specific gravity of L83 for the Chinese ma-
terial.

The optical properties and the optical orientation
are summarized in Table 4.

Chemical composition

For the present study 300 mg of transparent crys-
tals were used for a chemical analysis performed by

"Jun I to,  Harvard Universi ty,  analAst.  A spectrographic analysis
i n d i c a t e s  t r a c e s  o f  s r , M n , V , A 1 ,  a n d  S i ,

**Corresponding 
to the f  ornu 1a 3. I  2CaO. O. 97 CaCl 2'  4R2O 3. 21, 97H20,

+chang-t ' le i  Chang, anaLg et.
- - F o r  

3 C a 0 ' C a C 1  2 .  4 8 2 0 3 .  2 2 H 2 0  -

Dr. Jun lto of Harvard University. The results are
given in Table 5 with the analysis made by Ch'ien and
Chen (1965) on massive material for comparison.
Based on eight boron atoms, the oxide formula ob-
tained from the analysis closely approximates
3CaO. CaCl2. 4BzOs. 22HzO, thus confirming the re-
sults of the original description.
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