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: JITE : QUATERNARY COMPLEXES 1l PALEOGENE CARBONATE SERIES COMPLEXES e (Map Il - Murge - Salento - Jonian Arc)
= \ & i - BEMENE AHMHAE
1 = "}D N g - b Alluvial-coastal complex: Transitional calcarenitic-marly complex:
“ S H > i Iy Mainly incoherent clastic deposits comprising all grain size classes, but with prevailing sandy terms. Different grain sizes lie in lateral and 7 % 7 Series comprising mainly calcarenites and calcilutites, with marly intercalations, related to a marine transgression that involved the carbonate g ? % Scale 1:300.000
2 0‘— & " vertical juxtaposition according to the spatial variation of hydraulic energy that controlled their deposition. These deposits form heterogeneous é é é platform palaeo-geographic units (Trentinara and Cerchiara Formations, "scaglia” of the Bulgheria-Verbicaro Unit, Cusano and Longano é % é
i _— r 4 and anisotropic porous aquifers in which a groundwater flow occurs, unique at the large scale and partitioned at the local one. Groundwater 7 |z Formations, Punta Lagno Formation, "Pietra Leccese", Adrano calcarenites, Gravina calcarenites, Salento calcarenites). The marly 7 A2 0 5 10 15 20 km
Irchio ) ¢ { flow can have hydraulic interchanges with freshwater bodies and/or with groundwater of the adjoining hydrogeological units. intercalations reduce locally the permeability grade of this hydrogeological complex relatively to the underlying terms of the series. =—r= : : : |
\ s
q ol - o acustrine compl 7 7 MESOZOIC CARBONATE PLATFORM SERIES COMPLEXES
| o ) 2 Mainly silty-clayey deposits of the lacustrine basins developed during the Pleistocene in the southern Apennine chain. Where these deposits é é
Bag = 7 R N are interbedded and/or laterally juxtaposed to the alluvial complex, they can form defined or undefined permeability boundaries. é é
. / h 4, I, 7 .
I~ . o doposted o the Jarees - - DE VITA P.}, ALLOCCA V.}, CELICO F.2, FABBROCINO S.}, MATTIA C.2, MONACELLI G.*
‘I : %07 Epiclasti i I I Carbonate series, deposited from the Jurassic to Upper Cretaceous, with coral reef (Gargano) and back-reef facies (Murge and Salento), g ? Z .y .y .y .y -y .y
= ¢ ) . |asti : ce itv-dri ; i . acti i , 17 comprising limestones and dolomitic limestones with different grades of jointing and development of the karst phenomena. A residual clay | |/ / 5 6 4 7 4 1
\ di Campi - Clastic deposits, frequently cemented, formed by gravity-driven and/or short-range hydraulic transport sediments: active and relict slope talus [y 7 - 1 ; o J . oNé i ] M LLIT.>, Pl PO V. ALISE A.R. MMA G.". TRANFAGLIA G. ELI P.
o = = - cm- l:| and fan deposits. Notwithstanding its general heterogeneity and anisotropy, this complex forms aquifers with moderate hydraulic é é é level, formed dun_ng a contln_ental stage of the Upper Cretaceous ("Terra Rossa’ )_, behaves_ as aquiclude at the Iocgl scale. The permeability é 7 7 USU ’ SCO O y SC S y SU G ) G G y C CO
o . o o \\A T/ ) e fm o Gz transmissivity in which a high groundwater yield can exist if a recharge from adjoining hydrogeological units occurs (i.e. Conglomerates of 7 20 grade varies spatially according to the development of the karst phenomena, resulting lower in the Murge and higher in the Salento sectors.
) g ?‘O ) N N Eboli). Carbonat plex of the M: Mount Maggiore and Mount Alpi Unit:
3 T - . ! : C/ Torle 6i Pugnochiuso fango Carbonate series deposited between the Jurassic and Upper Cretaceous, comprising limestones, dolomitic limestones and subordinately % g / 1 . . ) ) ) ) .
2 . ™ ~ 600 (@, g sabbis fango dolomites, with a different grade of jointing and development of the karst phenomena. In correspondence of the Middle Cretaceous % % % Department of Earth, Environment and Resources Sciences (DISTAR). University of Naples Federico Il. Largo San Marcellino, 10, 80138,
2 05 S . ORI p PLIOCENE-QUATERNARY MARINE COMPLEXES ) : h . gl ; . A%

N . unconformity, a level of residual bauxite clays behaves as a local aquiclude due to its limited lateral persistence and frequent faulting. Naples (Italy).

50 SANT' . s 2 Department of Chemistry, Life Sciences and Environmental Sustainability. University of Parma. Parco Area delle Scienze, 157/A, 43124,

o ; )

QN andy gravel clastic complex: . P
- Zzarone - & Sy o (-\ Sandy gravel clastic deposits, from loose to scarcely cemented, formed during the marine regression of the Lower Pleistocene (Bradano 7 7 7 garsonatte co:_nple); oTttI:e Mount Marfza'_m a:d M@tdza{]er:vavMou::]tan'\rﬂs_ dlcllrltj' . d U Cret d i d b I it 7y % 3Pzrma (Ilt\j{y ) . li D'ltalia S.0.A. (Norda-S ini-Gaudi llo). Via | . 2 20151, Mil Ital
b=t N - E Trough sedimentary cycle: Mount Marano sands, Mount Castiglione calcarenites, Irsina conglomerates). Sometimes these deposits can form é é é - a}r_lopf\e ser(;es Obpatorm msl_rgln tau_(le_i er?OdSI e Ie _etlen e | i fe urassflc ::m b pper_f ref e_xttlz_lemtls an tI)rmet hydca car:em_esl, % é é . cgue mera., alia S.p.A. ( orda- angem,n,_ au' ianello). Via nve.r,go’. 3 B ,a,:,o (Italy).
( N s &, B aquifers with relevant transmissivity, but feeding small springs due to spatial variability of the permeability boundary to the underlying clayey 7, A7 calcllutites and carbonate resediments. This hydrogeological complex forms a fractured aquiter without any relevant hydrogeologica % 7 Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA). Via Vitaliano Brancati, 48, 00144, Roma (ltaly).
L \D g che ) 7 complex, which determines groundwater flow partitioning. discontinuity in the series. 5 Acqua e Terme Fiuggi S.p.A. Localita Spelagato, 03014, Fiuggi FR (Italy).
h(A()S.f o s ) e fzaine” Clayey complex: Dolomit lex of the Maddalena M ins Unit: jDepartment of Ecological and Biological Sciences (DEB). University of La Tuscia. Loc. Riello, S.n.c., 01100, Viterbo (ltaly).
| D 3 . Deposits comprising marine clays, silty clays and sandy clays, related to the marine transgression occurred during the Upper Pliocene and % ? Series fOrmedrby crystalline to saccharoidal dolomite deposited between the Triassic and Upper Cretaceous, generated by intense g ? Z Agenzia Regionale per la Protezione dell’Ambiente della Basilicata (ARPAB). Via dell'Industria, zona PAIP, 75100, Matera (lItaly). =
. 1 0 e © Lower Pleistocene (Bradano Trough sedimentary cycle). These deposits generate permeability boundaries at the contact with the é é 2 dolomitization processes up to the Cretaceous interval. Notwithstanding its moderate grade of permeability, this hydrogeological complex can é g % s
> 7 sanf::y-conglomeratic complex, to which they stratigraphically underlie, or in contact with the other vertically and/or laterally juxtaposed Z) Z host relevant aquifers according to the great expanse of the outcrops. 21z Z 2
o aquifers.
T ko
50— = ; .
N\ B - Carbonate complex of the Alburno-Cervati-Pollino Unit: A2 7
. . t/ - O LATE-OROGENIC SERIES COMPLEXES - Series comprising dolomitic limestones, calcarenites and back-reef calcilutites, deposited between the Jurassic and Upper Cretaceous. This é é g
. hydrogeological complex constitutes a fractured aquifer without relevant hydrogeological discontinuities. A Zi
| Molasse complex: ol .
»ﬁu Molasse deposits, from continental to marine environments, constituted by clays, sandstones and scarcely cemented conglomerates; very g g g
& thick intercalations of calcareous puddingstones occur in the upper part (Altavilla Unit). These deposits constitute heterogeneous and é é é Dolomite complex of the Alburno-Cervati-Pollino Unit: 7 7
anisotropic aquifers with a generally scarce groundwater yield. They are usually partitioned in minor groundwater bodies outflowing in N2 - Series formed by dolomite deposited between the Lower and Upper Triassic. This series, in contact with the above standing carbonate é é g
springs of local relevance only. complex, forms an undefined permeability boundary, which can control the basal groundwater outflow of the carbonate hydrogeological é é é
nate ) jongo units, depending on the local tectonic settings.
) roccy SYN-OROGENIC TURBIDITE SERIES COMPLEXES Carbonate complex of the Bulgheria-Verbicaro Unit:
) b - ) . . - . | SKETCH OF ITALY
. Series of carbonate platform margin and fore-reef facies deposited between the Jurassic and Upper Cretaceous comprising calcarenites, % g % % %
O g " - - - - calcirudites, calcilutites and cherty limestones, dolomitic limestones and subordinately Liassic marly intercalations. This series forms an é % g é é Germany
'/' G 0 L F 0 D 1 ahih i N L X ) . X 3 ) aquifer in which marly intercalations behave as permeability boundaries, from defined to undefined, controlling the basal groundwater A2\ |alA2 SKETCH MAP
Proximal turbidite series, coarsening _upward, Iogally with wildflysch ) _fa(_nes, ma|_n|y gonstltuted by sandstones_ and congl_omerates ? % % outflow of the carbonate hydrogeological units.
. . (Castelvetere, Mount Sacro and Gorgoglione Formations). The lack of pelitic intercalations in the upper part of the sedimentary series allows % g é .
. g - a basal groundwater flow outflow in springs of local relevance (Mount Sacro, Mount della Stella a Mount Centaurino hydrogeological 27 Z Dolomite complex of the Bulgheria-Verbicaro Unit: - _ !
A\ structures, in the southern Campania). Series of stromatolithic dolomite deposited during the Upper Triassic. This hydrogeological complex, where in contact with the above z ? z !
\ o Arenaceous-calcarenitic-pelitic series complex: standing carbonate complex, can form an undefined permeability boundary controlling the basal groundwater outflow of the carbonate é g é France !
e : o ), - Turbidite series, from distal to proximal facies, formed by rhythmic bedding of sandstone-pelitic, calcarenite-pelitic and, subordinately, gg 7 g hydrogeological units. A i
. . rocci conglomerate and calcarenite-marl terms (Cilento Group, Numidian Flysch, partly Irpines, Frosolone and Stilo Capo d'Orlando Units). In / 7 / 2 — ” - - — NagoLI !
> \ést‘ '\ igna Balsamo M A N F R E D O N ] A stratigraphic intervals with abundant pelitic component, an active groundwater flow can occur in the surficial, weathered and more permeable, é é é é Car N phic plex of the San Donato Unit: X . L ) i
o~ part of the flysch rock-mass. Instead, where the pelitic component is negligible a deeper and more significant groundwater flow can exist. Hydrogeological complex formed by sedimentary rocks deposited between the Middle Triassic and Cretaceous that subsequently 7 ? i
5 O { 5 — - - undergone metamorphism. This complex comprises metalimestones, metadolomites and phyllites outcropping from some inliers, under the g % |
b L ) /‘ Pellt_lc_-calcal_' eous series °‘?"'P’e"- » X . . . Hercynian units of the Calabrian Arc. This complex forms fractured aquifers whose groundwater circulation outflows in springs, locally 7 7 !
BONIF] o0 wa: / . ) Turbldlte_ series formed mainly by pelitic-marly tgrms and subqrdlnat_ely by calcgrenlte_s and sa_ndstones, dep_osned after the tectonic ? z ? g relevant, at the border between the Calabria and Basilicata regions. }
. . deformation of the carbonate platform palaeo-sedimentary domains (Bifurto and Pietraroja Formations). Depending on the abundance of / % % g |

= . - pelitic terms and to the topographic location, often at the base of the carbonate massifs due to tectonic and gravitational mobilisation, in many |2 2 |2\ Map. Il

oy N 2 T cases this complex behaves as a relatively impermeable belt around the carbonate hydrogeological units. OUTER BASINS SERIES COMPLEXES

— p N T " fango ( CALABRIA

o ; ‘A)/ N N . & .
T Colne T iendale - s Yy : Sili ly complex of the Lagonegro | and Il Units:
1 _Giorjlano-Ramatola ' I . Hydrogeological complex formed by the Mount Facito Formation, deposited in the Middle Triassic, the Siliceous Schists Formation and the g g g ?
o Yo - - Galestrino Flysch, deposited between the Jurassic and Upper Cretaceous. From the bottom: sandstones and shales; jaspers, radiolarites and % é g é
.o - Zapponeta siliceous shales; calcilutites, marls and siltstones. The recurrent presence of the pelitic and marly intercalations permits a scarce groundwater 2\ 4@
Ichiare U 4 flow only, which is limited to the surficial weathered and more permeable zone of the rock-mass.
: / 5.45 1 Cherty-calcareous plex of the Lagonegro I and Il Units: T —
nter: Series including the "limestones with chert" formation, deposited in the Upper Triassic, and comprising calcilutites with chert nodules and rare 7 7 -
4 g ies including the "li ith chert" f ion, d ited in th iassi d isi ciluti ith ch dul d 7 7 P
Perafye * % 2% 1 \ - intercalations of marls and shales. This hydrogeological complex forms fractured aquifers being locally very relevant (hydrogeological units of é g
g, YQ\x\ﬁ‘f 9 ¢ 3 SINT S the Mounts Sirino and Volturino in the Basilicata region). The main groundwater flow is confined, at the top and bottom, by the less permeable 7 7
- cote “/ ‘ 3 W . = r; terms of the Lagonegro Units series.
Lo .C(';;/;i | Carapell0!0 | Giordino
Borgo Trestpnti . ) INNER BASINS SERIES COMPLEXES
e -
A 9 nigltino
) d . . Metapelitis 1 bonat plex of the Frido Unit: 3
28, < 544 Hydrogeological complex comprising metapelites, metalimestones and subordinately quartzites. The continuous occurrence of pelitic terms, g z ? g g
E55 \ 9 as well as the high tectonization grade, prevents the formation of a unitary and significant groundwater flow and permits a scarce é g é é )
fia Noove - ) oD ) i San Lovenzo groundwater flow only, which is limited to the more permeable surficial weathered zone of the rock-mass. Only in some metalimestone Ziamiaz
p %~ C\\ © . JIff - intervals, a more relevant groundwater flow can exist.
Ar'm NG d:" M:z‘ / Ophiolitic complex of the Frido Unit:
. %’ This hydrogeological complex represents the lower part of the Frido Unit, formed by a melange containing olistoliths of basic and ultrabasic g g g

3 N A4l . ' &S i - » rocks, occasionally of relevant size, garnet gneiss, amphibolites, which can locally constitute little fractured discontinuous aquifers of a local é é é
= o 5 e wissre oz /] 7 4 ARLETTA relevance only. . i SPRINGS
5 o ] Y . s s o PORSL +
= 9 L iy ! > g = i "\:‘O 7 Left Colector "W Calcareous-pelitic complex of the North-Calabrian Unit:

B Hob ¥ ! & S\ Right Collecfor * N - .
16)’ = ey 545 9 _ . 0 - ‘ =7 )\ a Iy O \ 3 OAeC o . Turbidite series, mainly of distal facies, comprising rhythmic calcareous-pelitic (Saraceno Formation) and mainly shale and quartzitic (black 7 % 7 g UNTAPPED TAPPED
SN > F M o B fango - shales formation) beddings. The occurrence of pelitic terms and folded structural setting, prevents the formation of a unitary groundwater g % é g
z _ / . o =4 D% 2Py 9 o G A X fato flow, generally permitting only the formation of a scarce groundwater flow in the surficial and more permeable weathered zone of the flysch A |4z
7 < | 9 : 0s - 16. v . . g /\_fm,/\ , 3 TR . rock-mass. More relevant groundwater flow can occur only in intervals with prevailing calcarenite terms and in some quartzitic intervals. ° Qave,age <0.10 m3 s-l =
A . : 5 0 RS : 4 hAN .
f % i O-urlo b = 4 9 q e g < Jranis bagin .m' Clayey-calcareous complex of the Sicilian Units:
. 0 R N o) = Q0 ol bt ; g iataro 5 : Comvento TN Hydrogeological complex consisting mainly of varicoloured shales and clays including chaotically calcareous and calcareous-marly olistoliths 7 7 ? o) 0.10 3 -1 < Quawersge < 1.00 3 -1 U
ERI PN Tearice NN\ - N (4 X \ Carratoio - (Varicoloured Clays). Similar terms are comprised in the less deformed Red Flysch series. Depending on its high gravitational mobility, this % é é 10 m” 57 < Quwerao Lum-s
e \e L ~5 N ) 5 = - o % complex generally lies in topographic depressions, where it can form the basal impervious belt of the carbonate hydrogeological units, if in 22 2
e \ 9 - 9/ u = S &2 lateral contact with them. [ ) 1.00m3st< Quwense < 5.00 m3st
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