
8120003–004X/97/0708–0812$05.00

American Mineralogist, Volume 82, pages 812–819, 1997

A hydrous Ca-bearing magnesium carbonate from playa lake sediments,
Salines Lake, Spain
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ABSTRACT

Sediments of playa Lake Salines, SE, Spain, contain a carbonate mineral characterized
by X-ray diffraction peaks very similar to, but systematically shifted from those of pure
magnesite. Analyses (SEM, IR and Raman spectroscopy, DTA, TGA, and ICP) indicate
the mineral is a hydrous Ca-bearing magnesium carbonate with the chemical formula
(Mg0.92,Ca0.08)CO3·3H2O. Thermal characteristics of the mineral are similar to those of other
known hydrated magnesium carbonates. X-ray and electron diffraction data suggests a
monoclinic system (P21/n space group) with unit-cell parameters of a 5 6.063(6), b 5
10.668(5), and c 5 6.014(4) Å and b 5 107.288.

INTRODUCTION

Although much rarer than the various forms of CaCO3,
magnesium carbonates have been reported in sediments
of several saline lake systems (Alderman and Skinner
1957; Hardie 1987; Gunatilaka 1987; De Deckker and
Last 1988; Last 1993). The difficulties involved in sepa-
rating pure phases from fine-grained polymineralic sedi-
ments, however, have discouraged detailed studies of
these minerals. We report here on the occurrence and
paragenesis of a hydrous Ca-rich magnesium carbonate
(abbreviated hereafter as HCMC) recently recovered from
two saline lakes in eastern Spain. This part of the Iberian
Peninsula contains one the most extensive areas of saline
lakes in Europe.

GEOLOGICAL SETTING

Salines is a playa lake that occupies a hydrographically
closed basin at the foot of the southeastern escarpment of
the Sierra de Salines. The lake basin is bounded by the
Salines and Cabrera ranges, the eastern terminus of the
Alpine Betic Chain of the Iberian Peninsula (Fig. 1). Bed-
rock of these ranges is primarily Mesozoic marine lime-
stone, dolostone, and gypsum, overlain by Paleogene and
Neogene continental and marine sedimentary rocks. Ex-
tensive alluvial fans span the area between the ranges and
the playa surface, which itself covers an area of 1.6 km2

at an elevation of 475 m. The catchment area includes
about 71.2 km2 and extends to an elevation of 1047 m.
With a mean annual precipitation of 350 mm, annual tem-
peratures of about 14 8C, and an evapotranspiration rate
of about 1500 mm, the area is characterized as having a
xeric Mediterranean climate.

Historical data (archives of the city of Salines) reveal
that the lake level and salinity have undergone wide fluc-
tuations because of human activity during the last 400
years. These activities include brine extraction and graz-

ing and farming of the surrounding area. The most drastic
change in the water balance culminated between 1940
and 1950 when five wells were drilled to extract 12 000
m3/day. Since that time, the lake has refilled only occa-
sionally and is now mostly dry but temporarily contains
water during the rainy season.

OCCURRENCE AND SAMPLING

The HCMC was first detected in several different sed-
imentary horizons within the top two meters of a 40 m
drill core in Salines Lake (Fig. 2) and was also later iden-
tified in surface sediments of Gallocanta Playa in the cen-
tral part of Spain. This present study focuses on samples
from Salines Lake drill core. The first recognition of this
mineral probably was made by Graf et al. (1961), who
detected a mineral with nearly identical properties in sed-
iments of Lake Bonneville but did not investigate its com-
position, structure, and paragenesis.

The drill core consist of well-bedded and fine-grained
mixtures of calcite, Mg-calcite, aragonite, dolomite,
HCMC, quartz, halite, illite, gypsum, and celestine. In
several places, large diagenetic gypsum crystals cut
across the primary sedimentary structures. Samples of the
sediments were taken every 3 cm along the length of the
core and were air-dried. A radiocarbon date of 8570 6
70 yr. B.P. (measured at the radiocarbon laboratory of
Beta Analytic Inc. Miami, Florida, Beta-62417, CAMS-
6513) taken from 2.7 m depth indicates that all HCMC
occurrences are younger than this.

LABORATORY PROCEDURES

Bulk samples were first analyzed by X-ray diffraction
(XRD). HCMC was found to be most abundant between
1.4 and 1.7 m (Fig. 2) where it makes up as much as 20
wt% of the sediment, coexisting with dolomite (40–75
wt%), quartz (2–6 wt%), halite (9–16 wt%), illite (1–5


