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ABSTRACT: The present work concerns the geochemical characterization of the water circulating in the
Bossea karst system. In the cavity were sampled, in different hydrodynamic conditions, the waters of the main
collector (Mora torrent) and numerous water supplies from drainage network of the unsaturated zone above
the cavity and that flow into the main collector. Some seepages are located at the tectonic contact between the
rocks of the metamorphic basement (metavolcanic) and carbonate coverage, others come directly from the
network of cracks in the limestone and dolomite. The flow of these seepages generally is very low, less than 1
L-s™. The characterization of the individual contributions and the main collector was performed through com-
parison of the major elements concentration using the Schieller diagram and have also considered other pa-
rameters such as the lanthanides content, the calcite and dolomite saturation index. The data related to the lan-
thanides (REE - Rare Earth Elements) content normalized using the PAAS (Post-Archean Australian Shale
contribute to diversify the individual contributions that have different anomalies (especially cerium and euro-
pium) and/or trends in relation to the sampling period. Finally particularly interesting data have emerged from
the correlation between the saturation indices of calcite and dolomite. For all the individual seepages is ob-
served good correlation between the two indices, correlation is less marked when you consider all the values
of the karst system under consideration. The data obtained shows, therefore, further differentiation between
the individual seepages. From the overall analysis of the geochemical data obtained emerging a substantial
complexity of the Bossea Karst system already highlighted by the monitoring data of flow rate, temperature
and specific electrical conductivity of the water coming from the individual seepages and from the main col-
lector.
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1 STUDY AREA geologically independent, sometimes interconnected

with each other in a particularly complex (figure 1).

The Bossea Karst system is located in the southern The Bossea system is characterized by limestone
Piedmont, in the Ligurian Alps, at an altitude be-  and dolomitic limestone, laterally confined by the
tween 800 and 1700 m above sea level. The main  rocks of the metamorphic basement, metavulcanics
absorption area is located between the Corsaglia  and quartzites, through a series of sub-vertical tec-
Valley and the Maudagna Valley. tonic contacts.

The carbenate aquifer is characterized by a rela-
tively high permeability, with an underground circu-

1.1 Geological and hydrogeological layout lationset to a main collector that receives the contri-

The area is characterized by a complex tectonic his-
tory that brought the carbonate sediments, originally
have built up over an ancient substrate of permo-
carboniferous age (represented by metavulcanics
and quartzites characterized by a very low perme-
ability), to instead be interspesed in large outcrops
separated from each other by important surfaces of
dislocation which border compartments hydro-

butions coming from limestone-dolomitic storage
and from rocks of the metamorphic basement. These
rocks form a secondary aquifer, set along the discon-
tinuity that border the carbonate structure and which.
through a series of underground transfers, feeds the
main aquifer (Peano et al. 2011; Banzato et al. 2011:
Vigna & Doleatto 2008).
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Fizure 1. Study area.

"2 Groundwater flow desc

The Bossea cave is a cavit
collector, Mora Torrent, the
z2d springs in proximity o:
sazlia Torrent. The collect
=umerous secondary contril
= the circulation in the ca
150 by the surface water
=2 rocks of the metamorph

zter contributions are abs
ceatrated infiltration in rive
zontact (figure 1).

The seepages more impe
composed of contributions
—en and karstified, usuoall
~=tween the carbonate aq
~asement (Polla delle Ana
“ollerta). The secondary
“sillicidi” and distributed 1
czvity, are located on the ¢
ved from fractures ma:
“=oosits (Stillicidio Milane

Zio Sacrestia). They havi
=an 0.008 L-s’l, with var
=wz=mal weather conditio:
=¥ in particular situations

Near the catchment aree
—rmgs with moderate flov
—her constant in time, recl
=ztamorphic basement. Or
“orzente dei Matti, was t
—=presentative of the under
meztavolcanic rocks (figures

Z HYDROCHEMISTRY ¢
OF INDIVIDUAL CON

Tz water of Bossea Karst
2=z mineralization betwse
==L in terms of 7DS. Tk
= the waters of the main
=2 those circulating in oy




o mim 2V cocrentaeatoundary W concentated infiration

Figure 1. Study area.

1.2 Groundwater flow description

The Bossea cave is a cavity crossed by a mainkarst
collector, Mora Torrent, that feeds a series of local-
ized springs in proximity of the riverbed of the Cor-
saglia Torrent. The collector receives the waters by
numerous secondary contributions and is fed in part
by the circulation in the carbonate rocks and in part
also by the surface water contributions flowing in
the rocks of the metamorphic basement. The surface
water contributions are absorbed by a series of con-
centrated infiltration in riverbed in proximity of the
contact (figure 1).

The seepages more important, called “polle”, are
composed of contributions from fractures relatively
open and karstified, usually present at the contact
between the carbonate aquifer and the underlying
basement (Polla delle Anatre, Polla dell’Orso and
Polletta). The secondary seepages, denominated
“stillicidi” and distributed in different sections of the
cavity, are located on the cave vault and are usually
derived from fractures masked by abundant calcite
deposits (Stillicidio Milano, Stillicidio Torre, Stilli-
cidio Sacrestia). They have a very low flow, lower
than 0.008 L-s”', with variations closely related to
external weather conditions and become inactive
only in particular situations of drought.

Near the catchment area are present a number of
springs with moderate flow, around 0.5-2 L-s™, but
rather constant in time, recharged by the rocks of the
metamorphic basement. One of these sources, called
Sorgente dei Matti, was taken as “sample spring”
representative of the underground circulation set in
metavolcanic rocks (figures 2, 3).

2 HYDROCHEMISTRY CHARACTERIZATION
OF INDIVIDUAL CONTRIBUTIONS

The water of Bossea Karst system presents an aver-
age mineralization between 162.23 and 409.51
mg-L in terms of 7DS. The lowest values are found
in the waters of the main collector (Torrente Mora)
and those circulating in metavulcaniti (Sorgente dei

Matti) while the higher ones belong to the individual
seepages.
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Figure 2. Collector flow and electrical conductivity.
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Figure 3. Stillicidio Milano level and electrical conductivity.

The hydrochemical facies found in several sam-
ples remain essentially constant over time but are
substantial differences between the different sam-
pling points (figure 4). Bicarbonate-calcium-
magnesium facies are observed in the seepages
called Milano and Polletta and bicarbonate-calcium
facies in other seepages, in the main collector and in
water circulating in the metavulcanic rocks. In the
bicarbonate-calcium facies can be seen, however,
differences in the Ca® /Mg™" ratio ranging from
4.11 (Polla Anatre — mean value) to 41.49 (Sacrestia
— mean value). This ratio report presents average
values of 6.99 in main collector and 21.96 in the wa-
ters circulating in metavulcanic rocks. The wide
variability of the Ca® /Mg®" ratio is due to the dif-
ferent contents of the ion Mg which is the only pa-
rameter, including the main ones, to differentiate the
different seepages. The parameters with concentra-
tions lower than 0.1 meq-L™ (alkali, chlorides and
sulfates) are subject to greater variations in time.

Sorgente dei Matti and Polla delle Anatre are
characterized by alkali concentrations greater than
those of the chlorides. This fact shows the presence
of water coming mainly from metavulcanic rocks.

3 LANTHANIDES FOOTPRINT

The lanthanides are a family of 15 chemical ele-
ments with chemical properties very similar to each
other that in the hydrogeological field can be used
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for the characterization of the aquifers. The concen-
trations and distributions depend spe(nﬁcally by the
different rocks with which the water came in con-
tact, and despite the low concentrations present spe-
cific trends for different waters (Biddau et al. 2009;
Banks et al. 1999; Fiorucci & Moitre 2012). Morc~
over, at present, do not have a full-blown human
footprint, and for this reason can be used for the
study of the natural geochemical fund.
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Figure 4. Schéeller diagrams,

The rare earth elements concentration in the basal
complex spring remains almost constant in the dif-
ferent sampling and seemns quite high (average value
equal to 765 ng'L'). The seepages, instead, are

characterized by a different behavior and highlight
remarkable changes in the course of the sampling.

The concentrations ranges of the seepages are
quite large. Polla delle 4natre is the one with major
variations, betwecn 21 ng-L™" (high flow condmon)
to 1481 ng- L™ (low flow condition). The minimum
and maximum concentrations are found in the same
periods for Stillicidio Milano, the difference is in the
values (40 and 180 ng-L™"). High values, above 400
ng-L"', are found in two samples in the Stillicidio
Sacristia and in a sampling of the main collector
(570 ng-L- )

The concentrations of the REE were normalized
with the Post-Archean Australian Shale — PAAS
(McLennan 1989), to highlight the changes in time
and the differences between the main collector, sec-
ondary seepages and the basal complex springs (fig-
ures 5-12).

Unlike Schoeller diagrams, the diagrams which
characterize the relationship between the REE and
PAAS not remain constant in time but show differ-
ences between the different sampling periods. The
only exception isSorgenre dei Matti, whose trend
remains unchanged in time. These differences may
indicatc that the Bossea Karst system is a complex
system, in which is possible to highlight different
catchment circuits between the various seepages and
the main collector. Furthermore, important quantita-
tiveand trend changes are observed in the same seep-
ages, in different hydrodynamic conditions.
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Figure 5. Torrente Mora REE/PAAS concentration.
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Figure 6. Stillicidio Milano REE/PAAS concentration.
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Figure 7. Sorgente dei Marti REE/PAAS concentration.
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Figure 8. Torre REE/PAAS concentration.
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Figure 9. Polla Orso REE/PAAS concentration.
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Figure 10. Polletta REE/PAAS concentration.
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Figure 11. Sacrestia REE/PAAS concentration.
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Figure 12. Polla Anatre REE/PAAS concentration.
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4 SATURATION INDICES

The calcite and dolomite saturation index were cal-
culated using the ratio between the product of ionic
activity (with the single ion activity determined with
the equation of Debye-Hiickel) and the solubility
product.

The waters in almost all samples are to be super-
saturated in respect of calcite, while recording a con-
siderable number of cases in which they are under-
saturated in respect of dolomite.

Considering all the samples there is a fairly good
correlation (figure 13) between the two indices (+*
equal to 0.7738), evaluating the correlation for each
contribution is noted that these have values of corre-
lation coefficient always greater than 96 % and an-
gular coefficients of the correlation lines are very
similar, varying from a minimum of 0.4330
(Sorgente dei Matti) to a maximum of 0.5036 (Polla
delle Anatre).

5 CONCLUSIONS

The geochemical data show a substantial complexity
of the Bossea Karst system already highlighted by
the monitoring data of flow rate, temperature and
specific electrical conductivity of the water of seep-
ages and main collector.
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Figure 13. Correlation calcite and dolomite saturation index.

The analysis of facies, performed considering
only the major elements, highlights the differences
between the individual contributions due substan-
tially to the Ca*"/ Mg2+ ratio and, in some cases,
(Na” + K"/ CI' ratio. This last, when it assumes
values much greater than 1 indicates a water circula-
tion that involves the parts not carbonate of the sys-
tem (Polla delle Anatre, Sorgente dei Matti and oc-
casionally also the other seepages).

A clearer distinction between the individual seep-
ages emerges from the data on the lanthanides con-
tent, which also seems to show the differences, rela-
tive to cach seepages, linked to the different
sampling periods.
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The saturation indices calculated indicate waters
almost always supersaturated in respect of calcite
and also largely for the dolomite. The correlation be-
tween the two indices show high values when con-
sidering the individual seepages, while it is lower
when comparing the overall data. This aspect seems
to further highlight the complexity of the Bossea
Karst system as already shown by other geochemical
indices. Every circuit is independent of the others,
but instead the collector receives the waters of all
the karst and non-karst networks.
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Openbypecruti HayuHblil YeHmp

AHHOTAITHSA: Mogenmbs KapeToctara
ciepso-MaHTHiiHOH cpeaol. I
EWIBHOM BOMBL B acTeHoc(eps = o0
CKUMH TOpPOJaMy 3eMHOH KODE =
DacTBOPHMOCTH KPHCTA/LIHHEE :
JIHKATHOTO KapeTa U paspaboTsy =mma

KITFOYEBBIE CIIOBA: kapcmoctamd

T A. MakCUMOBUY BBIIENHT B D
CKOTO (yHJaMeHTa IUIaTdopy 0=
33, OnMpasch HA TEPMHMHOICIES
(MaxcumMosud, 1964). Cooc
HEIX HE[p PAacTBOPATL O&KE B
37Ol 30HE OH OTMETHJI, AHATH
MbI B PA3Pe3ax caMpIX TIyOox:
ro 30m0Ta FOKHOH AQPHKEH.
vkasa] Ha HANHUYMe TaM CHIHED
MagcuvoBuy, 1969). Kpucr
=nle [MOPOABL 3aHUMAIOT B Pasps
HOCTH COTHH KMIOMETPOB B 32
WAHTHH. DTO HECOU3IMEPHMO. X
% 0 00BEMY C 0camo9HOH 00 1
coM3MepHMa I10 MacmTabay 0072
EATHOTO Kapcera.

OpHaKo, TPAAWIMOHHO Kapo

MM CHMTAKTCH TONBKO HM3BECTEEEE

TeITH, TEPPHUTEeHHO-KapOOHATHEIS
THIPHTEL M COTH, KOTOPEHIE 32
CKMX paspe3’ax KOHTHHEHTOB He
2Ma 0CAJOYHOTO YeXJIa M TOIBKO
va 3eMHo0i Kopet. Cpeln KapeT;
obragaoT kapboHarel, COCTA
1.7 % oT Beca 3eMHOH KOpEBL
rayGur nopamka S5 kM. [lporeccs
rIy0Ke, [TOUTH HE H3YIEHEL,
IKCIIEPMMEHTB CO «CBEPXBOITG
MaxcoM Bumbke ¢ KOINCraMiu, :
ISHMA O TIOpPOIAX, TIOABCPKEHE
=0MOMHAIMOHHOTO PEHTTEHOBCE
HCCTIENOBATENH TTOABEPIIH MaTe:




