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TECTSWIC EVOLUTION OF THE OQUTER RASGIN OF THE APERNIRES EHD  RELATED
( TYGTEM

porder biock abruptly transformed from an active

margin lrte & pastive one. raradoxally, orustal shorterting continued at

- Peolo Scandone. Dipasribimento & Zcienze delle Terva. . . xs N . . ‘e .

. ¢he esstern margin of the Apennines during the opening of the Tyrrhenian
Tie S. Merizm, B3, BGL00 PISA . " : . S 3

‘ Ses, with a time-space migration of Tthe compressicn fronts towards the

‘ Po-fdriatic-lonfan forelend, closely pursusd by the distension fronis.

3

tf the csume of the Tyrrhenian rifting was s divergencs of the Adristic

history of the Apennines may e roughly divided i .. - e
promontory from Corsica-Jardinie, en we should expect givge sreas louated

fn twoe parts, sepsrated by the esrly rift-proccsses of the Tyrrhenian . e i R o . . R PR N > p .
a% the ouber margin of the woving block, thet is aiong the front of the

es = good model for interprebing the firat
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Dinarides and of the Esstern Southern Alpw. Perhaps uome recent COmMprese

|
|
sart of this history, which 38 enti dominated by plate-convergencs : §
! i : B £ sional festures recopnized in these mreas might be related to a late
from middle Cretaceous. te ' late Glipocens times, with continent-continent s . R . e e L . . R
Tertisry counterclockwise rotailon of the Adrietic Prowont put what
seliision at the Rocene end censeguent subduction of the weslern margin R | s . . ; .
iz really surprising is thatl the mosl mevere CORpIressic n ectually oscurred
of the Adrimtic Promontory beneath the Iberian microplate. The suscession s . PN P - » BTt A
ziong the innec margin of ihe adristic Prumoniory, {rom ihe Po Plain %o
of theme events je described by the Cretacecus-Falepgens bul iding up of . P ot \ o N
> e & v the tonian Sea. No svailable wmodel of the pust-Tortonian Apamine evalu=
the Ligurien, Calebrisn and Silicide nappes, @s well a5 by the Qligocens L. s b e
tion provides a convincing explenztion of this fact.
cale-sikeline megmatism of Westersm Serdinia. AL the 0L ocene-Miocene s . - s . PR
PEEN - * ae Ui Gim of our research was Tirst of #ll to obtain = good geometrical defini=
bowndary Corsica-Sardinis began counterclockwise rotation and the Frovence s .
w ) g - tion of the precent-@ay structursl erraagement of the thrust belt-fores
| basin opened kit he weke, Subduction of the western margin of the Ade cigtic . . - P - P : . ‘

desp-foreland system; in the second place cur fnvestigaltion wse zddresgsed
) ~

Promonkory beneath the Corsice-Sardinis block stiil contirmed during and

R

o esztabiish the timing of the deformation and the spsce distribution

after this rotation, producing severe compression in the Apennines ang of the compressional frents; iastly we opersted palinspastic regtorations

widespresd cale-alkeline voleanic aetivity in gestern Sardinia. Re lanal . . : " ;
P = aeh o8 by filtering the different compressive events. 4fter the geowstrical end

metemorphism snd piling up of pappes with considerable crustel shortenin, . < - " .
el End p & up PR * & kinematicel analysis we tried, of coursze, some speculations on the deep

end orogenic trameport towards the Adriatic foreland wainly eccurred
gent P = i acurces of the recognized deformationsl processss. & tentative model was

during Burdigali d Tor @ imes. : \
= igalian and Tortenian times finally eleborsted, which interprets the folding and the thrusting slong

& tl g k t .
drastic change in the history happened in late Tortonian times, the outer mergin of the wountain chalnm, the time-space migrstion of the

whe 1fE: rre 1 H i ¥ 2 aine )
n rifting occurred along the western margia of the Tuscen Apenaines thrust belt-foredeep-foreland system and the rif fting of the Tyrr‘henian

snd in the present Northern and Westerm Tyrrhenian Sea. The nappe bullding e e N . . : .
area as different products of & unique, major geodynamiC process.-

was dissected by tension faults; zubsiding basins strictly controlled . s . . .
¥ o & ¥ : Figure 1 shows the main structural elements of the f—wlxa; Perrinsuis

by synmedimentary tectoni L i 3 ad ents of i= . : . : ; :
¥ BY ary tectonics developed on foundered segment of the Apenn and surrounding areas, with major emphasis for the Pliocene-Quaternary

nic mountain chain; the lest calc-alkeline activity ceased &t all In features. Surface structures (fold axes, thrusts ang faults), o5 well

Western Sardinis. The Tyrrhenian basin started opening. ¥We can express

as the base-of-Pliocene surface clearly draw two major Apemdnic arces,

enly hypotheses on the causes of such a drastic change when the eastern

]
+

convex towards the foreland, wnderlined too by the trend of the negative

Bouguer anomalies. The two ares are linked by a major tranversal accident,

7




fmown in the peclogieal Iiterature as “Matella-Roecmmonfinea Ling®. Cross
sing thie feult zone the strikes of the tectonic structures abrugtly chans=
ge from the H-§ to thr E-¥ direction. In details, che northern Appenninic
e consizkn of szversl scoondeorder sro-shaped zegments (Monferrata,
Emilim, Ferprars, Rowagna-farche and Adclatic folds) wiich mostiy developed
by counterciockeise rotetion of the advaseing thrust sheets and dextral
sizplacement at the eastern sdges by N-5 trending bear favlite. Sisc the
southern Apennipic sce consisis of peverasl miner Dsgmenis {Molise~Saonic.
Irpinis-Lucenis sns Celebris-Peloritani gegments] showing differsn
furel paitern snd, senetines, different ages and smounts of deforwmalicit.
ft im iwporben o uwnderiime that such a compliex structirsl srrangement
i the result of several compressive events which did not produce & oy iine=
dricsl defermeticn. The main rescgrized compressionsl evenls happened
in iste Meesimisn fimes (efter the malinity crisis), during the early
Fliccsne (near the bowndary between the §. mergaritse and the G, ¥ puncticus
iats gones), curing the oiddle Pliocens {(within the &. ar. eragsaformis
zone}, during the iste Plicceme {within the &, inflats zone) and fimaliiy
Suring Pleistocene times. We believe thet compressional precegses are
atill scting today.

The Meseinisz btectomic phase is well described in Romegna, where
uppermost  Messinfmn  continenmtal  deposite conformably overiefim by
lowermost Fliocene wmarine depusits strabigraphically cover the Hessinlen
evaporites in angular unconformity. Messiniao compresgion is alse well

krown in the Latius—fbruzzi region whers Hesoxele carbonates averthrust

deap-ses Lerrigencus sediments of eurly Meseinisn sge and are vnconforags
iy overlsin by kate Hessinian lacustrine deponits. [t iz not yet cleri=
£ied whether the Bessinian or the lower Pliocene tectonics was regponzible
for the main thrust of ithe Sibillini mountains {“Anzio-Ancona linety.
‘An- impressive exsmple of the Messinten orogenic transport is im HWolige,

where milochthonous sheets, alresdy piled up in the Tortonian Apenninic

chain, %tectonicaily overiie lower Wessinian sediments of the Mollze units

snd are unconforeably overlain by upper Messinian terrigenous deposits.

The &bruzzi-Marche region, fimally, offer a wonderful resding of the Mess

aipian tectoniem, with an evidefit time—space migration of the foredeep

pesin system fros cerly Hessinien times before the salinkty gig {Lagal
jeszinian times befere (Civivella d2l Tront ~Vomeno) end after

the cale-mlkaline

trwer Pliccene bechoniec shase is well documented by surfscs and

subsuriEee date in the whole northern fApenuiniz erc. The lowernost Flioa

sene deponite {which sre alweys conformablie, when they ave present: wit

E<

the uppermesh Hesginien ones) sare often izcking end G. puncticulata sedis

ments overiie oldec units in anguler wncenformity. The most zpectacular
exempie of the lower Pliocene cowpremeion is represented in the Abruzel
rugion by the fromi of the Southern Graa Saspo-orrong-Forrars nountains
gverthruating the ¥eieila unit. & thick sequence of Hessinlan-lower FPlios
n-per tervipenous sediments was involved 1& the deformation. Un=
conforsable deposits of lower Pliccene age (§. puncticulate zone) allow
i Gate precisely the main compressional event. in the southern Apenninic
src the lower Pliccene tectonic phase wes responsible for the {irst oroges -
mic tremeport of the Molise units which overr sde amd oveprtook Lhe Horrene—
SBorrars unmit, reaching Heislla. Alsc in the southern Apentiinic arc this
compresgional phase is well dated by ihe age of the youngest involved
deposltz (B. margaritae 2one} smd of the oldest unconformavle deposits
(8. puncticulata zone) -

ome “middle Fliccene transgresaion” is s widespread, well gescribed
event in the whole 4penninea. In effects, this “eransgression” {S. crassas
formis subzome)} everywhere {ollowed a szevere sompressional phage which
gocurred in the upper part of the G. zemiliane subzone. In the northern
Aperminic arc, this phase wag responsible for the major struc%:g_ral get=
ting of the mimor arce along the outer border of the Northern Zpexminves
snd for the generation of the Adriatic folda from Romagha to Abruzzi.
This compression was also respongible for the implacement of the Maiella
end Casoli units. In the southern Apeoninic are, this tectonic event,
documented by angular unconformity at the base of the G. crasgaformis
gepesits, produced z considerable displacement of the gllochthonous sheets

towards the foreland. »

Subsurface exploration clearly demonstrates in the whole Apennines




@ gquite severs iabte Pliccene comprassional phese which occcurred within.

o

tote zorne, In the northern arc, this event iz well documented

e front of the Aponnines (e.g. Busseto, Collecchio! snd in

& folds. In the Adristic Sea, the upper Fliocens
structures already formed in the middle Pliccens

snd created the moet externel Adriatic foldw. From Abruzzl o the Terunto

chisz tectonic phase is well documented in subsurfece by the oveps

e

&

theust of the sllochthonous sheets on the H. i te deposiis ztrabigrss=

phically covering the Apulla forelsnd. as well as by folding of the Apulia

i
“

carbmuxtesy 8¢ the scerface this compression is witnessed by emerging rumps

aicng the owter mergin of the Southern hpennimes with the upper Flioccene

leposity of the "intre-fpemninic basins” involved in the orogenic trans=
port. Thizm deformation iz sutured by unconformebles upper Pliccens snd,
more often, lower Fleiztocens deposits.

Finelly. evidences of younger compression, scting at lesgt vp %o
middie Pleistocene times, have Deen found azlong the Padan margin of ths
northery e and slong the Ionilan margin of the southern one.

The total amount of the post~Tortonian shortening exceeds, according
the wost compervative estimates, 100 kilomsires. ¥nere iz the sowrce srea
and where is, todey, the original bagement of the thin-skinned thrust
sheeta? Deep-focus carthquekes in the Southern Tyrrhenisn sres reveslb
the existence of a peculiar Benioff-zone which has been related to & rolic
slak of the Adriatic-Ionien subducted litosphere. In effects, the smiab
measures more tham 650 kilometers inm Iength, and 1f we assume a subduction
rate of about 2 cm/y ss averspe, we reslize that the subduction process
ha¢ te start et least 30 WY ago, that is long time before the opening
of the Trrrhenizn Sea. e camn, therefore, reasonably assume that the deep
portion of the slab represents the lithosphere remnant from which
were detsched the Apenninic nappes piled up before late Tortonisn times,
zné the shallow portion represents the lithosphere remnant of the post-
~Tortonian thrust sheets. No deep-focus earthguakes have been recorded
in the Horthern Apennines, but enalysisz of seismic~-wave propagation in=

dicates the existence of deep-seated lithospheric roots zlsmo in this

- rPeglone Aecepting the subduction-as. the-most. nelisble. process for.shortes

pd mantle upwelling, for The thin-skinned tectonics along

the dewn-going iithospiere and for the tine-space migration

peli~foredecp-foreland aysten. Following such & model, the
twe Agenminde arce (Fig. 27 origimsbed by differential sloking of She
Badan-pdristic, Apwlisn and Iondsn {orelend segments. with naXimel convesm
whity of the srcs and maoimal ‘oropenic transport in correspondence to Fhe

maxinal reireat of the foundering lithesphere. '
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Tigure 1. Ssjor structural elsments of the Italisn Peninsula and surs
rounding avens

i Foredesn basinal sresz whoere the Pliccsne-fQualternary depoplie overs

Lying Ghe Pe-hdristic crusit exceed 4.000 metres in thickiess

2 Bajor overthruste in the Apenmines; soapression fronts in the Alps,

Seuvthern Alps and Dinsrides

]

Front of the “plestic neopes™ im the scuthern Apenninlic are

& Upper Pliccene-Quaternsry folds in the Adriatic Toreiand
Feulis {mainly strike-slip feultel

& Worasl faults

7 Gueternary subserial volcancwes

& Iscbrthe of the subducted Iovnian iithosphers

9 Meximal {positive end negstive) Bouguer gravity anumalies

Figwre 2. Differential sinking of the Fo-fdristic~Ionian lithosphers.
white srrows indicate the present-day direction of the ocrogenic Tramn=
sport =t shellow depths. Swmall arrows describe the sinking of the
Iithesphere in the northern and southern, Aperminic mres. In the Sous
thern fPyrrhenian Sea, the Icnian lithosphere dips neerly wvertical

to & depth of about 250 kilometers
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