Hydrogeological modelling of mineral groundwater of Castrocaro (Northern ltaly):

Insights from aqueous geochemistry and isotopic composition of sulphate and sulphide
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Brines and salty waters associated to gas reservoirs in Northern Italy (Po Valley) were studied by many authors in an attempt to understand the relationship between deep circulation of salty groundwaters, gas and oil
genesis (1, 2,3 and ref. therein ). The Castrocaro area was selected in this study as a snapshot to investigate the origin of sulphur in local saline water, togheter with other geochemical and isotopic tracers (ref.4). sulphur
isotopes (03*S and 6120 of SO, and 63%S of H,S) appear crucial to highlight different hydrological circuits, i.e. water flowing through flysch and/or evaporite rocks
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PLIOCENE-QUATERNARY CONTINENTAL DEPOSITS
I:] Terraced alluvial deposits (Q2)
Pleistocene - Holocene

POST MESOALPINE PHASE EPISUTURAL SUCCESSIONS
MIDDLE EOCENE - PLEISTOCENE
Littoral and marine lagoonal sands, gravels and clays
Sabbie gialle di Imola Fm. (Pt). Middle Pleistocene

OLIGOCENE-MIOCENE FOREDEEP EXTERNAL UNITS

Falterona Unit - Varicoloured marls (Fa1)
Upper Priabonian - Upper Chattian

Acquerino Unit - Turbidite sandstones (Aq2)
Upper Chattian - Lower Aquitanian

Cervarola/Marnoso-Arenacea Unit - Clays and calcilutites, sandstones and
polymict conglomerates, Colombacci Fm. (Co2). Middle Messinian - Lower Pliocene

Cervarola/Marnoso-Arenacea Unit - Marls and clays - Cella Marl and Riolo Terme
Argille Azzurre Fm. p.p. (Co3). Middle Messinian - Lower Pliocene

aporites - Gypsum and evaporitic lime
essoso-solfifera Fm. (Ge). Messinian

stones; gypsum arenites

om

iogenic limeston
Middle Pliocene - Lower Pleistocene

e evaporitic Succession - Turbidite sandstones and mudstones, marlstones
rugnello Shale, Civago Marl, Schlier Fm. (Ce1). Chattian - Lower Messinian
andsts
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e evaporitic Succession - Turbidite sandstones and marls - Mt. Cervarola
one, Marnoso-Arenacea Fm. (Ce2). Burdigalian - Lower Messinian
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MAP AND GEOLOGICAL CROSS-SECTION
FIELD GEOLOGY IN SCALE 1:5.000

Geological Context: N- Apennines
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Foredeep
a) Flysch Marnoso-Arenacea Fm.
(Langhian-Tortonian; 16-10 Ma),

arenaceous-pelitic torbidite sequence
with a thickness averaging 3000 m.

b) Evaporitic Gessoso-Solfifera Fm.
(Upper Messinian)

c) Pelitic deposits of Lower Pliocene to
Lower Pleistocene (Argille Azzurre)
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d) Bio-calcarenite (Spungone) Lower-
Middle Pliocene.
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i [ Formations a, ¢, outcrop with a spotty

distribution over about 1.5 km?in the
Castrocaro district

What is added to the story by sulphur isotopes?

Sulphate 634S signature is systematically higher than paired sulphide suggesting bacterial reduction of sulphate in an anaerobic, low temperature
environment according to: SO,% + 2(CH,0) = H,S + 2HCO;" . The basic factor controlling the bacterial activity is organic matter, which undergoes oxidation

providing carbonate species to the solution.

In contrast with chemistry and with O, H, (and Sr) isotopic tracers, the 63*S values of the SO,- H,S system, when plotted against sulphate, clearly identify two
groups that point to different sources of sulphate in groundwaters. The 634S values of sulphide in group 1 shows an excellent inverse correlation with
sulphate concentration, this testifying for sulphide accumulation in groundwater during the reduction of sulphate.

Messinian Gypsum
8345504 =+ 23 %o
8180504 = +16 %o
(Ref, 3,4,5)

Static level of water wells of Terme di Castrocaro
Measured from ground level (m)
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Groundwater is sampled from
wells drilled in a Calcarenite
Fm. (Spungone) at depth from
25 to 124 m. In most wells

Supergene sulphate (sulphate from
oxidation of pyrite and organic sulphur

534S %0 V-CDT

Group 1

groundwater is under pressure
(artesian) and is confined in the

reservoir rock by the
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Argille Azzurre Fm. (Blue Clays)
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Physico-chemical features of

investigated waters:

Fresh — brackish - saline

EC: 1.8 to 84.2 mS/cm

Main chemical facies: Na-Cl;
(HCO;-CI-Na: 1 sample)
Temperature: 13 to 18 °C

pH: nearly neutral (6.8 to 7.4)

Na (mg/L)

TOC: 10 to > 80 mg/L

oD %oo

Eh: -130 to +30 mV

Sulphide ((H,S= S(ll)tot)): 1 to 118 mg/L
Ammonium: 0.5 to 85.4 mg/L.
Sulphate: 0.9 to 77 mg/L

Associated gases:
CH,: 5.1 t0 93.2%
CO,:1.4t0 29.0 %
C,H,: 0.015 to 0.42%

H,S: 0.03 to 2.4 %
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Water geochemistry identifies binary mixing involving meteoric and saline waters. Accordingly, modern meteoric recharge enters the

torbiditic sequence of the Marnoso-Arenacea Fm. and mixes with the saline component, represented by fossil seawater (traced by 62H-6120,

Na/Cl and CI/Br ratios, B and Sr isotopes). Isotopic and biochemical reactions took place at depth (ref.4) Groundwater then rises into a bio-
calcarenite unit (Spungone) which acts as a non-reactive reservoir (Ref. 4)

(Tortonian Flysch Units):

03484 = -5 %o (from this study)
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The initial 63*S,, values of the analysed sulphates calculated by mass balance reveal that the involved sources/processes can be:
1) oxidation of sulphide (pyrite) widespread in the rock matrix of the Flysch Units (group 1 waters; 5S¢, = -5 to 1.3%o), and
2) Messinian evaporite dissolution (group 2 waters; 534S, = + 24 +25%o)

Sulphate produced from both sources underwent microbial reduction under closed conditions, thus producing H,S with the sulphur isotopic signature
(8%4S,,,5) from -32.7 to -2%o. (group 1) and + +22. 6 %o + 0.2 (group 2)
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Conclusion

Chemical and isotopic data provides clear evidence about the origin of the sulphate-sulphide system
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Oxidation of reduced sulphur (pyrite) in the Marnoso
Arenacea Fm. by meteoric water and dissolution of
gypsum in the Gessoso-Solfifera Fm., followed by
bacterial reduction of sulphate in organic-rich
deposits, are responsible for the production of H,S
occurring in the Castrocaro groundwater

These results found application in the substainable
exploitation of the resource for therapeutic purpose
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