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Boron and strontium isotopes in studying the high boron content
of the alluvial aquifer of the Cecina River valley, Central Italy
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The Cecina River basin extends over 900 km2 in western Tuscany and includes the
northern part of the Larderello geothermal field. The alluvial aquifer along the last 50 km
of the river course, consists initially of conglomerates and gravel, which gradually change
into silts and gravel with clay lenses as the river approaches the sea. The aquifer lies above
an impermeable formation of marine and lacustrine sediments of Upper Miocene to
Pleistocene age. The major source of recharge is the river. The residence time of
groundwater may range from months to some years, as indicated by the tritium content (up
to 10 TU, measured at the Istituto Internazionale per le Ricerche Geotermiche). The
groundwater is actively exploited for domestic, agricultural and industrial use.

The boron content of groundwater in the aquifer upper region reaches the maximum
value in wells near the confluence with Possera creek, a tributary of Cecina River, and is
often of some rng/L, i.e. well above the limit recommended for drinking water. The
Possera creek drains the region of Larderello, where boric acid was extracted from
geothermal steam from the second half of past century till about fifty years ago. The
exhausted geothermal waters with high boron content, derived from the boron treatment
plant and, from the beginning of this century, from the geothermal power plants, was
released into the creek. Nowadays, most of the exhausted geothermal water is reinjected in
the geothermal field and the Larderello boron plant uses imported mineral (colemanite).

In this work, the isotopic composition and concentration of boron and strontium
dissolved in groundwater and surface waters, as well as in well bottom sediments, were
analyzed. The "B/10B and 87Sr/86Sr ratios were measured at the Istituto di Geocronologia e
Geochimica Isotopica by TIMS with standard uncertainties of ±0.5 %o for boron and ±0.01
%o for strontium; the concentrations were determined by colorimetry.

The main reaction producing boron isotope fractionation in nature is B(OH)3 + H2O
<-» B(OH)4" + H+, which is pH dependent. At room temperature, the tetrahedric species
B(OH)4~ is depleted in n B by about 20 %o with respect to B(OH)3. As the tetrahedric
species is fixed by clay minerals, the boron left in solution is enriched in n B. (For this
reason, sea water boron is enriched by about 20 %o in "B with respect to that of marine
sediments). Boron isotopes are therefore an useful tool to investigate boron geochemistry
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in natural waters. The 87Sr/86Sr ratio in natural compounds is not affected by any
geochemical process, except for the 87Sr accretion deriving from 87Rb decay. The isotopic
composition of strontium dissolved in groundwater reflects that of the aquifer matrix.

The boron content of the groundwater of the Cecina alluvial aquifer ranges from
about 7 mg/L at the Cecina-Possera confluence, to about 0.5 mg/L in the plain close to the
sea. In parallel, the 5nB of groundwater ranges from negative values as -25 %o in the high
part of the Cecina valley, to positive values up to +20 %o, similar to those of marine
sediments. First data on clayey sediments and suspended particles collected at well bottom
close to the Cecina-Possera confluence, show a high boron content up to more than 500
ppm, and low 5"B values up to -33 %o.

The boron content of surface waters is still high in Possera creek (3 to 13 mg/L at
the confluence with Cecina river), possibly indicating some boron leak from Larderello
area. The range of the boron isotopic composition in surface waters is -4 to +2 in 5nB %o.

The most negative 5nB values, in the upper part of the Cecina river basin, (which
are still too few for a more elaborated interpretation) can be explained assuming that boron
was adsorbed in by clayey particles either already present the aquifer, or derived from the
colemanitic mud rejected by the boron plant and transported there by the river water during
winter turbulent floods. This process occurred probably when boric acid was released in
the Possera river in large amounts, i.e. till 30 years ago. As the boric acid release in surface
waters was to a large extent stopped, the process of desorption from the clay particles
started, in which n B is desorbed preferentially. As a result, the boric acid trapped by clayey
particles and its 8nB decreased, obeying a Rayleigh type process, and also the boron
concentration and 8"B of groundwater decreased. The process is still on the way.
However, groundwater boron derives in part from mixing with Possera and Cecina waters,
as indicated for some wells by the correlation between 8nB and boron concentration.

The 87Sr/86Sr ratio is relatively uniform in groundwater. Its range is narrow: 0.70887
to 0.70902, indicating re-equilibration with an isotopically homogeneous aquifer matrix.
Only one sample from Possera creek is significantly different (0.70853), and may reflect
that of colemanite used by the Larderello boron plant.

The results reported here are part of a preliminary, reconnaissance investigation, and
are used to formulate working hypotheses and outline the work programme. A more
systematic investigation is being carried out.
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