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INTRODUCTION

Tuzlaite, NaCa[B5O8(OH)2]◊3H2O, is a type of sheet
pentaborate found in the Tušanj salt mine at Tuzla, Bosnia and
Herzegovina (Bermanec et al. 1994). The evaporite deposit at
Tuzla is the largest rock-salt deposit in the Balkan peninsula.
The more or less stratified salt-dome type deposit is of mid-
Miocene age, hosted in a sedimentary series of banded halite
and anhydrite. Anhydrous and hydrated salts were deposited
on tertiary dolomites and marls. The geochemistry of coexist-
ing brines and their saturation states imply that the formation
environment may be interpreted in terms of the mixing-zone
model, rather than end-member type marine or salt lake depos-
its (Kniewald et al. 1995). On the other hand, the close rela-
tionship of the evaporite series with the associated dolomitic
limestones as well as evidence of progressive dolomitization, may
reflect their possible formation under evaporative, non-evapora-
tive, or seepage-reflux conditions (Hardie and Eugster 1971).

The major mineral assemblage of the Tuzla rock-salt series
consists of halite, thenardite, and anhydrite. The activity of
water [a(H2O)] indicator couple is thenardite-mirabilite. Sev-
eral accessory minerals, including northupite, are present in
varying amounts. The assemblage, as well as possible lithotype
indicator minerals, has been studied in detail (Kniewald et al.
1986; Bermanec et al. 1992). Tuzlaite, approved as a new min-
eral and named to honor the occurrence, was discovered as an
accessory mineral of the assemblage (Bermanec et al. 1994).
The conditions of its formation and thermodynamic stability
are still not fully clear, but there are indications that diagenetic
changes could have affected the nucleation kinetics of the nor-
mal succession of borate minerals in the sequence, resulting in
the precipitation of tuzlaite. Searlesite is the only other boron
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ABSTRACT

Tuzlaite, a hydrated pentaborate from the Tuzla evaporite deposit in Bosnia and Herzegovina,
was analyzed for water content and loss upon heating using thermal analysis methods and vibra-
tional spectroscopy. The resulting phases were identified by X-ray diffraction. The heating of tuzlaite
results in a gradual loss of water over several dehydration steps. Two coordinated H2O molecules
escape at 191 ∞C. Between 248 and 298 ∞C two hydroxyl groups are eliminated, with an associated
structural transformation. A continuous escape of the third water molecule occurs above 300 ∞C. A
phase relationship model for different hydrated borate minerals implies the possible formation path-
way of tuzlaite by sequential polymerization of the borate polyanion.

containing mineral in the same deposit. The main argument in
favor of diagenetic tuzlaite formation is the lack of other pre-
cursor borate minerals (i.e., colemanite, kernite, ulexite) and
characteristic textures observed in the host sediment (Bermanec
et al. 2001). The sequence of borate minerals is highly depen-
dent on the chemical characteristics of the depositional envi-
ronment. In addition to the primary gypsum (gypsarenite) and
syndepositional anhydrite, the formation of borate minerals is
largely controlled by the activities of Na, Ca, B, Cl, and water.
Different borate minerals often accumulate at the margins and
in central areas of evaporite basins (Warren 1999). In this re-
spect, the chemistry of tuzlaite, associated minerals and saline
formation waters in the area of the Tuzla evaporite deposit may
reflect the water/evaporite interaction during burial.

The aqueous and crystal chemistries of hydrated borate
minerals are closely related. Most polyanions that are present
in the structures of crystallized hydrated borate minerals also
exist in aqueous solution (Ingri 1963; Burns et al. 1995). Pri-
mary borate minerals precipitate from solutions saturated with
their components, but tuzlaite does not seem to be associated
with the primary assemblage. Such a situation is commonly
observed in deposits of Neogene age where diagenetic borates
appear in mineral assemblages as a result of thermal diagen-
esis, usually followed by reaction diagenesis (Smith and
Medrano 1996). Some transformations of borate minerals, in-
volving a change in the water content of the mineral, are con-
sidered to be an effect of reaction diagenesis. They can take
place isothermally, and do not require the breaking of O-H or
O-B bonds, an initial step in polymerization.

The aim of the present investigation was to clarify the role
of water in the crystal structure of tuzlaite and its thermal sta-
bility, since water is incorporated in its crystal structure both
as interlayer water molecules and as bridging OH groups. A
model for the phase relationships of hydrated borate minerals


