The catastrophic 1456 multiple earthquake: CFF test of interaction among
deep oblique strike-slip faults in southern Italy

1456 multinl

1 December 1456-January 1457 a major earthquake
the centrsland Aperines
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Hlﬂﬂuldmnﬂ:anmufalmfwum nic sources,
responsible for the main sub-events of the mull!we 1458
¢uﬂhqulk£ (Frﬂsﬂ and Valensise, subm,
m; and tectonic
(mmdrm Illese causative faults are thought to exhibit an
oblique rgft-ateral mation along fault segménts roughly E-
W oriented, Such segments are portions of well-known
inheritad regsonal E-W trending shear zones (ke the Molise:
Gondola shear zone), at various latitudes between (from
north to south) tha Malella M. and the Vulture volcanic
complex, This system would therefore imply the cascade
reactivation of such shear zones favorably oriented with
respact to prosent stress flekd, with
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More than one catastrophic historical earthquake that ocourred
In southern Ttaly suggests the nearly simultaneous
activation of multiple sources across widaly spaced (+/+ 30
km) portions mnaufmm E-W faults, Being the

(by magnitude and damage ares) among these major
earthquakes, the 1456 seguence can be considered 25 2
temiplate for such mechanism of activation of distant
Sourcies yet within & short time window.

The objective: to test fault interaction

Ater a thorough starlographic review (Guidabonl and
Ferrarl, 2004; Guidobonl and Comastri, 2005) on which
Fracassi and Valensise (subm,) based the revision of the
macroselsmic pattemn, we were able to reconstruct the
absolute chronology of the activation of tha various sources
that eotid explain such 8 damage pattern and catastrophic
Intensity distribution, Our attempt & to test (o) the possibiity
that the selsmogenic faults we devised can (nteract due to
stress transfer, and () the refative ehrenclagy in the activation
dus to triggering amang faults.

The seismotectonic model
Our hypathests imvokes siress intaraction between multipke
souirces falling within neighboring domains, We investigated
Coulomb stress changes related to the main sub-events of
the miltiphe 1456 sarthquake to analyza fault interaction and
stress transfer mechanisms, An evident positive correlation
between the calulated Coulomb stress increase and thrie
major sesmogenic sources s found. Tharefore, the spatial
[gmﬂ:utlon and enhancement of static m:?ﬁm\w
Its may promete rupture o0 ts
that are o the fillu threshold. A mone general case
may be considered imposing a pre-existing stress field or
assyming HW&IEM values for the friction coefficient,
To the extents of present knowledge and Investigation,

Historical (M > 4) and main instrumantal earthquakes
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these E-W trending SOUTEES are
ca. 10 and 20 km at depth In the sector of the southem
Amnmm mt of the chain axs, that |s to say in the
satsmogen mm& o bounded u‘rmemmsmut(loﬂ\e
wrst}ﬂﬂdbvw’a lan foreland (to the east). The
ﬂm&rmusedbfmfwuamwwtm hﬁ
[W-5E trendlng pure extensional sources found along
southern Apennines s,

The methodology
The method used to analyse stress transfer and fault
interaction mechanisms s 10 compute the static stress due

ta the dislocation

The costismic stress changes caused by a disiocation on
the master fault are expressed I shear and normal stress
pmumﬁnns profecting the computed sireds ténsar on

s e et e o s
equnmsur ng in an elastic homogeneous hall

space (Okada, 1985; Nostro et al,, 1997}, meu Cwmh
Fallure Criterion fs assumed to estimate the s patten

ﬁs kes i account the pore pressure as wel

avallability of information about géometry and Wpﬂlm

ofﬂwmmpmwbuwwulw the changis of
the geometry and faulting machanism of recelver

raumum It Is possible to calculate the Coulomb stress

changes due 10 an Earthquake on the nearby fault,

& appma(h can be different for aftershocks stress
analyses, where Lplme:'. associated with these events
are unknwm, ﬂww(uﬂm Is found searching the best planes
for failure lopﬂmalw oriented’ fault msnes). where It is
examined the Coulomb Stress (King et al,, 1994),
In the first section, we two modets. They consist
%:W)Mﬂm&m%m

Ing presented s Changes
calculated uiiﬂl; the fault plane solutions and the rupture
qmmmyoml by M1 and M2 models.

The statie stress changes are eomputed at Earth surface
on a horizontal plane and on a vertical cross section oriented
approximately nerth-south, parpendicular to the strike of the
hﬂdm:ﬂfwmwr(mmmmmng}
‘Thee source on which the interaction caused by stress tron
Is projected is shown in thick red.

LSl SO0 i evised intensity fied of the 1456 aarthauake

Model M1
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5) Proposed selsmogenic sources (In ed htlhe!a 1456 evenits.

m’n«mm tone of al, (2004), Natice , W wﬁmmmum
ones, |.&, B and D) are constrained meposrllnnlm dﬂu SEEMOQENIC SOUMTES

mw}mmwm storical and Instrumental kes {years next to faults),
-5W trending extensional mumnﬂmmmwms,wmewmm
s R e e )
o =
account for the transition from a purely extensional damain In the
us.memnmmeamm 0 a strik thhmﬂmmga memma«;e
aqm).m\.mmedel wmmtmomnu. 004) s  tem
for such transition, Notice: the ~ E-W structurés knawn In the subsurface {show nlnqm
Sella et al,, 1988; Bruno et al, l'}‘JB Sa\wer. zmn NI mnwmrc e
Jummarized in ipper inset; Bssigned chionology ra (WkBaMCﬂVu

Our 5 selsmogenic sources to explain the 1456 earthquakes Contemporaneous www(mnms.wmmml

Maodal M1, 5 soiirces

(aLCuu\omJb strass changes caused by source A and
caleulated on fault plane B; (b) Coulomb stress chan;

caused bv mulcﬂ Aand B and calculsted on fault plane
€; {c} Coulamb stress changes caused by sources A Band gy
C and nlmlamd on fault plane D; {d) Coulomb siress
changes caused by sources A, B, C and D and calculated
on fwlt plang E,

Modal M2, 4 sources

(oLCuu\umb stress changes caused by source B and
ulated on fault plane C; (b} Coulomb stress changes
calrsed by sources B o

Model M2

Results Soure
The calculated stress pattern caused by the ruptures of on fault ﬂummmﬂ Impmlng & pre- udﬁ\nq mguonal
previous events In both models (ABC for M1 and BC for M2) stress fleld (with a nearly vertical compressive ais (a1), an

9€5  produced @ Coulomb Streds incriase in the area of sources D extensional siress -l ot MHIEHNE-SW,;S

s sut-harlzontal (n3)
and E. mam Ln both cases \M results suggest that an a magnitude of 15 bars, which s similar to the static stress
Eraction exi W‘E\e for fault . This of the major events of 1456 earthquake),

I‘-'MEME alloiws us to explain !HH"W CVO'IMN af As 3 [ast test, we Im'l.'sllgahm the pnsslbll to invert the
these avunl:. provided the axclusion of sources A and C. order of rupture of sources A & B, The positive Coulomb stress

In the second part we focussed our attention on sources changes caused by source B in tie A source area suppart thls
A and C that had a different behaviour In previous simulaions.  ypolhests.
W assumad different values of the friction coefficient, the
results showing no important siress varlations in the A and C

ind C and ealculated on l'ml{gl Conclusions Heterances. e o
D; () Coulomb stress changes coused by sources B, Cand  The hiypathesis of multiple mmsumr\nrmﬂ uy I et i e S o B A s
0'an calculated o0 Fauk plane . nwmufwbwﬂ)would detral slip ....h o 1150 0 it 4 S L) i, et

on &~ EW trending fault plane and (b}chmmngymme oyt .,,,.;".m",,;“"'
mmm This resul 8 vald wmﬂ m nh g ”W b I"PWLM 031503 06 TLI 008 (ORAYS
gm"ﬂggﬂw m’wm (and Wﬁﬂ)‘ five) are llwm ___‘\ > i, Bl hg‘.nlw s g 4 ba et et

A pre-gxisti lonal stress field with a nearly vertical r....wm Ll Sowpa K, m. l.«u.c...u 15, ), W

m:nmu\vewnﬁt«l). an extensional stress ;,,.1, sub-  dutomatic methads from the revised intensity paltem and (b) =R ”ﬁ. %’ 5

horlzantal {n3) oriented NE-5W, and o magnitude of 35 the temporal sequence of the “cascade” activation inferred from ": :nr-'n':.mc"abu "%&" e

bars have been considered. (a) Coulomb stress chan
caused by source A and calculated on fault plane B; (b)
Coulomb stress changes caused by source B and calculated
on fault plane A

Model R2 with regional input (sources A, B and C)

A pre-efating reglonal stress field with & nearly veitical
compressive axis (o1), an extensional stress axls sub-
horizontal (o3) oriented NE-SW, and a magnitude of 35
bars have been considered, (a) Coulomb stress chan
caused by source B and calculated on fault plane C; (b)
Coulomb stress changes caused by sources A and B and
calculated on fault plane C

the historical constraints, Therefore, both the tectonic model 1§ Hes 54 s & , T2 e 30, 13250
compatible with m stress lrmler :\mulauun and the mmt‘r: reecs ey ol

reconstruction of the earthquake

Winl th CFF smidaion doss not susport that souce A "f"ym
could actvate source B, the countrary eould have happened If | el |
regional gtriss fleld 15 taken Inta account. However, historical wm 7
s0urces to constraln the fll chronology of the very first days (s -f rﬁ
of the sequence are nat entirely dlear, thus leaving room for “5Eos t_,,,,‘,"“
mmNumwmnwnrdmfwmnbmwnmm e

souirees, Thaeefore, ou may provide with  physically =
more realistic i bondbwthelanqtmmeﬂwme
comparativily ler sourte A have Interacted,
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