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MAIN MESSINIAN DEPOCENTRES

VdGB	-	Vena del Gesso basin
GCS	 -	Giaggiolo-Cella syncline
SS	 -	Sapigno syncline
TS	 -	Teodorano syncline
PPS	 -	Peglio-Pietrarubbia syncline
MFS	 -	Montecalvo in Foglia syncline
AS	 - 	Aliforni syncline
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CL	 -	Chienti Line
SML	 -	Sibillini Mountains line
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GEOLOGICAL AND STRATIGRAPHIC 
SETTING
The Messinian Salinity Crisis was accompanied 
by an intense phase of geodynamic re-
organisation affecting the Mediterranean area 
that produced the fragmentation of the Miocene 
Apennine foredeep basin (Fig. 1, 2).
During this event the deposition of primary 
evaporites occurred within growing semi-closed 
thrust-top basins whereas, in the adjacent 
deeper and more subsident parts of the 
foredeep, only organic-rich shales were 
deposited (Fig. 2 and 3; Roveri and Manzi, in 
press). The progressive tectonic uplift affecting 
the evaporitic basins, e.g. the Vena del Gesso 
basin (Roveri et al., 2003), caused first the stop 
of the shallow-water evaporite deposition and 
then the development of a wide-spread phase of 
collapse leading to the resedimentation of the 
evaporites into the evolving deeper parts of the 
Apennine foredeep, that never underwent 
desiccation.
According to Roveri et al., 2003 (fig. 1, 3), the 
Tortonian to early Pliocene succession can be 
subdivided into two main synthems recording 
regional-scale phases of tectonic deformation: 
T2 synthem (Ricci Lucchi 1986) and MP 
synthem. In the basinal areas the post-
evaporitic synthem has been subdivided into 
two minor units (pev-1 and pev-2) floored by 

Cusercoli  Fm

fluvio-deltaic systems

west Romagna east Romagna

Pliocene

LM2

paleokarst
"Colombacci"  limestones

deep sand-rich turbidite systems

northern Marche

not to scale

M
ar

no
so

-a
re

na
ce

a 
Fm

.

T2 M
P

M
P

T2

pr
im

ar
y 

ev
ap

or
ite

s

southern Marche-Abruzzi
piggy-back basins foredeep

ash layer

p-
ev

2
p-

ev
1

p-
ev

2

Laga Fm

Pliocene

M/P

lm

S. Donato Fm 

Laga Fm 

Marnoso-arenacea Fm

Gessoso-Solfifera 
Fm.

(Vena del Gesso)

Gessoso-Solfifera Fm.
deep water mbeuxinic shales

lm1

INTRODUCTION
A new facies model for resedimented evaporites is proposed in 
order to:
1) explain the production process of evaporitic detritus;
2) describe their genetic relationships with the primary evaporites;
3) provide a useful tool to "remove" the diagenetic effects 
characterizing ancient sulphatic evaporitic rocks. 
This facies model, derived from the Adriatic foredeep succession, 
pointing out to the existence of clastic evaporites in deep-water 
settings, may have strong implications in more general studies 
concerning the salinity crisis on a broader Mediterranean-wide 
scale.

CONCLUSIONS
1. A new genetic model for resedimented sulphate evaporites derived from 
siliciclastic models, is here presented, showing the down-current ideal transition 
of a gypsum-bearing flow. A complete transition from slides, slumps and high- to 
low-density gravity-driven deposits represents the tectonically-induced 
dismantlement of primary evaporites from shallower thrust-top basins toward 
deeper and more subsident areas.

2. Almost all the "balatino" gypsum previously considered as a deep-water 
primary gypsum deposit, should be completely re-interpreted as the fine-grained 

product of high to low-density gravitational flows.
3. Although the presence of gravity-driven deposits indicate rapid depositional 
events, the evaporites resedimentation could have been occurred within 
sulphate ions saturated water column in order to prevent the clasts dissolution 
during the transport.

4. The scarce occurrence of coarse and medium sandstone terms could be 
related either to the original grain population of the primary evaporites, or to 
their depositional settings. Alternatively, coarser-grained divisions could have 

trapped in the central parts of the basins that commonly still remains buried.

5. Evaporites resedimentation occurred in two phases related to the subsequent 
erosion and resedimentation of different kinds of primary evaporites resulting in 
an inverted stratigraphy.

6. The wide distribution of the resedimented evaporites confirm the absence of 
desiccation in the Adraitic foredeep. This evidence ought to be taken into 
consideration in the study of the other Mediterranean areas, especially in the 
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Fig. 2. Geological map of the Adriatic foredeep. In red the 
main Messinian depocentres (mod. after Roveri et al., 2003).

Fig. 1. Physical-stratigraphic scheme modified after Roveri 
et al., 2003. 

FACIES ANALYSIS
A great variety of gravity-driven deposits,recognised within the 
Gessoso-Solfifera Fm of the northern Apennines, has been grouped 
in 3 main facies associations ranging from debris flow to low-density 
gravity flows deposits (fig. 4, 5):

i) chaotic units - they represent the "proximal" poorly evolved 
gypsum-shale-bearing flow deposits, mainly consisting of chaotic 
complexes that include primary evaporites slabs, boulders and 
blocks (facies R0), debris flow and hyper-concentrated flow deposits 
(facies R1, R2, R3).

ii) lobe - consist of medium to fine-grained gypsarenites, silt and 
shales (facies R4, R5 and R6) forming tabular or lenticular bodies 
interbedded with thin-bedded fine-grained gypsarenites. These 
deposits, commonly called "balatino gypsum, are interpreted as the 
product of high to lows density gravity flows, .

iii) drape - consist of bituminous shales interbedded by thin parallel 
gypsum laminae (R7) representing the ultimate products of flow 
evolution. These deposits, often improperly called "balatino 
gypsum", consist of the finer-grained portion of the low-density 
turbiditic flows and by hemipelagic sediments.

R5

R4

R4
B

R2

R1

R3A D

R7

Fig. 6. a) Contact between an anhydrite nodule consisting of felted crystals (right) and a cloudy amoeboid gypsum rock (left). The 
boundary between the two lithotypes is a sharp hydration front. Sapigno. X polars. b) Anhydrite patches into a cloudy amoeboid gypsum 
rock representing remnants of a massive anhydrite rock which has been almost completely hydrated to form cloudy amoeboid gypsum. 
Plane polars. c) Polygonal shapes (white), outlined and draped by mud laminae (black), representing former clasts of gypsum (selenite) 
which were dehydrated into felted anhydrite and then rehydrated back to form cloudy amoeboid gypsum. R6. Plane polars. d) Irregular 
vein filled with cloudy amoeboid gypsum (white) cutting trough the same rock illustrated in figure a). Note that the polygonal domains of 
cloudy amoeboid gypsum outlined by the mud show soft deformation in the area adjacent to the vein. R6. Plane polars. e) Hexagonal 
shapes aggregates of cloudy amoeboid gypsum  after anhydrite.(white) irregularly scattered into a mud rock. R6. Plane polars. f) 
Hexagonal and prismatic shapes of cloudy amoeboid gypsum (white) after anhydrite  grew (by dehydration of gypsum at burial 

C

R6

Fig. 8. Three-dimensional paleoreconstruction of the Romagna sector of the Adriatic foredeep during Messinian, between the Sillaro (to the 
northwest) and the Marecchia (to the southeast) structural alignments.

Fig. 7. Schematic distribution of the main clastic evaporite facies in the northern Apennines. Coarser-grained deposits accumulate close to 
the main structural highs, whereas finer-grained deposits were wide distributed. The main facies association have been also indicated: i) inner 
basin, c) central basin; u) uplifted and starved intrabasinal areas. S stand for source areas.

Fig. 9. Panoramic view of the resedimented evaporites cropping out in the Sapigno syncline (northern Marche). Here, lying on a thin-
bedded turbidites succession (unit a) a barren horizon (unit b), corresponding to the basinal time-equivalent of the primary evaporites 
(Roveri and Manzi, in press), has been detected in the topmost part of the Messinian euxinic shales. It is abruptly overlay by a thick 
(units 1 and 2; total thickness exceeding 150 m) resedimented evaporites and shale unit informally defined as the deep water member 
of the Gessoso-solfifera Fm (Roveri et al., 1998, Roveri et al., 2001). Modified after Manzi, 2001.

NOTE. The use of a siliciclastic depositional model to describe 
clastic evaporites needs some considerations about the different 
properties of clasts and flows involved in the resedimentation 
process. Among others, brine sinking or flowing from shallow 
water evaporitic environments to topographic lows, could have 
increased the density of the water column during the evaporitic 
and early post-evaporitic stage. An increased salinity could have 
played an important role in the preservation of these deposits. 
Furthermore, higher fluid density could have increased the flow 
inertial strenght, promoting the formation of turbulent flows and 
leading to the development of larger bedforms.

DIAGENETIC EFFECTS ON EVAPORITES
Due to the burial re-crystallisation affecting the resedimented evaporites of the 
Apennines, their study is not an easy task. The application of a siliciclastic-
approach to field recognition, together with microscope analysis (fig. 6) and 
geochemistry has been utilised to define a more accurate interpretation of the 
resedimented evaporites 
The evaporites of the Gessoso-solfifera Fm were deposited in different 
depositional settings (shallower-water primary evaporites were deposited in thrust 
top basins whereas resedimented ones were deposited in subsident structural 
depressions). Consequently, the first ones original texture is quite well preserved, 
whilst resedimented evaporites underwent a gypsum-anhydrite-gypsum diagenetic 
cycle caused by the post-evaporitic burial duiring late Messinian - early Pliocene 
followed by exhumation. 
During the past, the alternation of microcristalline gypsum (secondary) and euxinic 
shales, the so-called "balatino" gypsum was considered of primary deep-water 
deposition. Observations to the macro and micro scale permit us to re-interpret 

0.2 mm 0.2 mm

0.2 mm

0.2 mm

0.2 mm

0.2 mm

a b

c d

e f

LIGURIDS

?

P

G

T

IF

PM

Pe

CS

??

foreland

foredeep

L

ML

FL

CL

SG

EF

TF

3

?

TECTONIC FEATURES

EF	 Emilian Ligurids Front
SL	 Sillaro Line
RA	Riolo Anticline
FL	 Forlì Line
CH	Cesena High
ML	Marecchia Line
CL	Chienti Line
TF	 Tuscan Front
SG	Sibillini Mountains -
	 Gran Sasso Front
MF	Maiella Front

Thrusts

Ramps

Present coastline

Entry points

Flows directions

Detachment zones

Primary evaporites (mainly selenitic 
gypsum)

DISTRIBUTION OF THE MESSINIAN 
EVAPORITIC DEPOSITS

Slabs of eradicated primary 
evaporites (glides)

Cohesive Debris flows and 
hyperconcentrated flows

High-density turbiditic flows

Low-density turbiditic flows

Euxinic shales with low density 
turbiditic flows

High-density "gypsiferous" turbiditic 
sandstones (Laga basin)

S

B
CH

RA

SL

MFSibillini Mts. - Gran Sasso Massif

?

MAIN DEPOCENTRES
Primary evaporites

1	Levizzano basin
2	Bologna
3	Vena del Gesso
4	Val Marecchia
5	Tuscany
?	Hypotetic

Resedimented evaportites
PM	Piacenza-Modena
B	Bologna
IF	Imola-Faenza
S	Sapigno syncline
G	Giaggiolo-Cella syncline
T	Teodorano syncline
P	Pietrarubbia syncline
Pe	 Peglio syncline
E	Esino valley
Pt	Potenza valley
CS	Ca' Sasso
L	Laga basin

2

?

1

4

5

?

?

FACIES DISTRIBUTION
Moving southeast from the Vena 
del Gesso high toward the 
Eastern Romagna and Marche 
regions, i.e. from the intrabasinal 
highs to the deeper part of the 
basin, a complete facies 
transition can be recognised from 
chaotic deposits, lobe deposits to 
drape deposits.
Based on the position with 
respect the general structural 
setting of the northern Apennine 
foredeep and on the 
resedimented evaporites facies 
distribution, three main 
depositional settings or system 
tracts can be detected

The inner basin - Is the part of 
the basin closest to the source 
areas, i.e. the evaporitic thrust-
top basin, from which received a 
large amount of detritus. Here the 
sedimentary products mainly 
consist of chaotic deposit that 
due to the short transit distance 
from the source area are not able 
to evolve through to the finer-
grained sediments. The chaotic 
deposits generally form thick 
wedged bodies confined close to 
the structural highs or enclosed 
within erosional depressions 
(Roveri et al., 2003). The chaotic 
unit cropping out in the Sapigno 
syncline contains slabs of the 
proximal equivalent of the 
gypsarenitic lobes (fig 5a).

The central basin - Is the deeper 
portion of the foredeep. The 
relatively greater distance from 
the source areas with respect to 
the inner basin permitted the 
turbiditic flows to evolve down 
current through high to low 
density turbidity current. Lobe 
deposits are the main 
depositional products, widely 
distributed within the main 
structural lows of the Romagna-
Marche Apennines.

The uplifted and starved 
intrabasinal areas - can be 
located both on top of structural 
intrabasinal high (core of 
anticlines) within the central basin 
or in the more external part of the 
main basin (uplifted or foreland 
areas) where the sedimentary 
input is particularly low. In these 
areas the most common 
sedimentary products consist of 
the finer-grained portion of the 
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Fig. 3 - Chronology of Messinian events in the Apennine 
foredeep. Modified from Roveri and Manzi (in press).

Fig. 4. Main facies recognised in the gypsumclastites of the northern Apennines. Facies have been genetically organised following a theoretical down-current evolution of a hypothetical gypsumclastites-bearing flow. We adopt here 
a siliciclastic-approach according to modern turbidites genetic models (Mutti, 1992; Mutti et al. 1999). 

Fig. 5. (A) Composite graded bed. The basal portion 
organic-rich shaly matrix-supported gypsrudite (R1) 
contains either fragments or preserved gypsum 
crystals (see enlargement). A sharp surface separates 
this "parent flow" deposit from an overlaying clay chips 
rich massive coarse gypsarenite (R2), in turn abruptly 
capped by a thick plane-bedded to low angle cross-

bedded gypsarenite interval (R3).
(B) Alternation of plane laminated (facies R4) and 
cross bedded (R5) thin bedded fine-grained 
gypsarenites and pelite. 
Note the megaripple (facies R5) abruptly capped by 
dark euxinic shales. These deposits were often 
indicated as "balatino" gypsum.

(C) Facies R6 (fine-grained gypsarenites, 
gypsumsiltites and shales), coarser-grained lower 
portion of a 4 m thick composite "base-missing" graded 
bed (see bed I of the Fanantello section, fig. 14) made 
up by plane laminated, cross-laminated and convolute 

fine gypsarenites and gypsum siltites.

(D) Facies R7 (gypsum siltites and limestone), large 
lenticular gypsum crystals that grew within grey 
massive or lightly laminated marls. The crystal was 
transformed into anhydrite and rehydrated back into 

VERTICAL ARRANGEMENT
The resedimented evaporite unit (figs. 7 and 8) is characterised by an overall 
coarsening-upward stacking pattern: the chaotic deposits of inner basin overlay the 
finer-grained deposits of central basin. This facies sequence (fig. 9) represents a 
common feature in the apenninic Messinian post-evaporitic deposits: a lower stratified 
unit made up by high to low-density turbiditic gypsarenites (central basin deposits) is 
overlain by an upper chaotic units made up by debris flows, slumps and olistostromes 
(inner basin deposits).

TWO STEP MODEL FOR EVAPORITES RESEDIMENTATION
This double partition can be regarded as the result of the outward (toward northeast) 
migration of the tectonic deformation, but an alternative explanation can be 
recognised in the character of the primary evaporites that underwent erosion and 
resedimentation (fig. 10).
The Vena del Gesso evaporites can be divided in two units (Vai and Ricci Lucchi, 
1976, 1977; Vai, 1988): 
i) a lower unit with tens meter thick beds of massive large primary selenite crystals, 
that ought to have been well cemented, interbedded with thin euxinic shales horizons; 
ii) an upper unit with thinner beds (a few meters thick) made up mainly by reworked 
small selenite crystals and by a white micritic carbonate or euxinic shaly matrix. Within 
these beds in situ selenite forms only thin intervals at the base of the beds. Generally 
these kinds of beds must have been cemented more slowly than those of the lower 
unit.
The different degree of cementation and internal texture could have controlled the 
final resedimentation products. The bi-partition of the resedimented evaporites should 
have been related to two phases of primary evaporites dismantlement (fig. 8). 
In the first phase, the erosion of still unlithified upper cycles could have promoted the 
formation of high to low-density gravity currents. 
In the second phase, the erosion of the early-cemented thick beds of coarse-grained 
evaporites must have been linked to a generalised phase of gravitational collapses 

Fig. 10. The two phases of the resedimentation of the primary evaporites related to the progressive exhumation 
and erosion of the Vena del Gesso basin (marginal areas) and resedimentation in the Romagna-Marche basins.
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