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Speleoseismological markers

The stalactite-stalagmite
oscillatory system
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Stalattife ol focary 3

Bedrock-speleothem rigid
displacement
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STEP 1: Cave data co

Selection of required features (concretion
of speleothem shapes).

the dirty work...)

ar-surface rooms, wide range

r of both broken and
(Grotta Cola)

‘Recording of speleothem geometry (length
unbroken speleothems). N ~200 (Pollino cav

*Collection of samples for (N~30) radiometric dating -> paleoseismological frame




STEP 2. Speleothem geqmechanics

-Static tests on a representative speleothem poj

Output. failure tensile stress and sample meqh

density) (
f

. 2T :
i

STATIC TESTS AV.RESULTS

fion (~30) from individual caves.
broperties (Young modulus,

!JD@

dl
Ak

> Young modulus = 10.000 Mpa
> Density = 2450 g/cm3
> Tensile Failure stress = 0,8 Mpa

ALL VALUES IN AGREEMENT WITH
PUBLISHED RESULTS USED FOR
ANALITYCAL MODELS

Ultrasound analysis




STEP 3: Numerical modelling'of PGA thresholds and sources

Finite element method (FEM), SAP2000 sof‘rware
Input.

-Speleothem shape (length, diameter); ->MEASURERD

- Speleothem mechanical properties (density, \/oung dulis) tensile stress); -> FROM
STATIC TESTS |

- Seismic input (seismogenic source distance, Mom ifude, ground motion prediction
equations)

Output.- Moment (M) and tensile failure stress (oT)}Iong speleothem axis; fundamental
frequency (£, -

-
6
'R
£ ’ Moment computed
|

Sample Cola-1

Sample Cola-1
Modeled geometry

Observed geometry

16—

20 am

14—

12— along spelethem axis

08—

Differently from the analytical model
approach, speleothems have been treated
with a quasi-real geometry!

02—
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Central Apenni

Tha cave is full of fallen speleothems




Grotta Cola - Structural analysis

Falling azimuth of

claeies Fall azimuth is

¥ predominantly to NNW.

|

10 20 30 40 50

AW . Y
The falling azimuth of stalagmites is thought to lie within the
plane of the radiating energy.
*At Grotta Cola, observations are consistent with a “\NNW-SSE

striking causative source
v PR .5 o N




Grotta Cola - Seis

The seismic input has been compu g'

n
1 )
Ll

;c input_1

i TORY/ seismogenic sources
Fucino (SF), Velino-Magnola (SVM), Campo Felice- : CFO), Valle del Salto (SVDS), Liri
(SL), Fuciho-Magnola (SEMYie Velino (SV).
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Grotta Cola - Seismic input_2

v}
- Weighted set of four ground motion prediction ei/ufﬂions (SHARE project: Akkar and

Bommer, (2013); Cauzzi e Faccioli, (2008); Chiou_c‘_m‘d ouhgs, (2008). Zaho et al., (2006)

it

Spettro Pesato, M,

= Fucino

== \/elino-Magnola

1,2 — (_Felice-Ovindoli
1,0 ==/, del Salto
08 s 1]

I = Fucino-Magnola
06 1 _

Velino

04

reached for Velino-Magnola,
® Fucino-Magnola, and Liri
M faults
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Results:

The 3 sources (Velino-Magnola, Liri, Fucino-Magnola) out
of 7 were found capable of exceeding the 0.8 Mpa
minimum tensile failure stress for sample Cola-1 at the
exact rupture point (~20 cm; speleothem neck)

o, (MPa)
1,2

Velino-Magnola
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™. Liri

Predicted pattern of oalong the axis of
Cola-1 produced by slip on the Magnola, Liri,
-y Fucino-Magnola
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Grotta Cola - Paleoseismological events

o U-th ages >5817¢177 . coLa1 gD O <10800
e 14C ages >4892+80 —  OIT o o044 Penultimate event-1
Penultimate event-1 % f oo

~

>4347+103
Penultimate event-2

O
CRLL

Penultimate event >12500

<8000
>1500
© TRAP-1
| TRAP-2
<8000 ‘
COLA-20

C@cora-21
<1787%77
Ultimate event

Two fall events:

- Penultimate (maybe two distinct events) at ~(8-)5.8 & ~4.9-4.3 ka;

- Ultimate just after ~1.8 ka;

- No evidence for 1915 -> vulnerable speleothems were not available after ultimate?




Grotta Cola - Paleosersmological correlation
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*Speleoseismological events broadly consistent with timing of earthquakes documented by

cosmogenic and trench data for the Magnola fault
Oy O
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~—1— av. Stretching direction observed in cave
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Pollino-Castrovillari fault system
Serra del Gufo, Damale, Ruah, S. Angelo caves: footwall

*S. Paolo-Ramo del Fiume (Morano) cave: hanging-wall
T B




; Hanging-wall cave: S. Paol

Ramo Fiumer (Morano)

Active speleothem growth
‘Few speleothems breakage observed

Slender (vulnerable) speleothems
unbroken

18
| ”, ootwall caves:
Serra del Gufo

y active speleothem growth
allen and tilted speleothems




Pollino - Paleoseismological results

0 Ramo fiume/San Paolo S. Angelo Ruah Serra del Gufo Damale
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Summing the evidence from FW & HW caves we have four fall
events in the last ~30 ka). Tilt of growth axes are older (45-45 ka)



@8 Damale-Serra del
Gufo (FOOTWALL)

PGA (Mmax) S.d.Gufo PGA(Mmax) S.Paolo M
Pollino 0.19 0.66 6.3 0.2
Castrovillari 0.22 0.34 6.2 = 0.2
T - ~ Pollino+Castrovillari 0.28 0.63 6.5 + 0.2

REAScompUied for the Serra del Gufo and Damale caves (foo’chﬁT’,"y W 3;‘;«;;1) and

o5 anPaslo - Ramo dellfiume cave (hanging-wall, blue star)



Pollino - FEM moc

results

a(g)
0,80
: - Not vulnerable to seismic
o0 Stalagmites (N=96) nput from PF, CF, PF+CF Serra del Gufo and
Damale Caves
G Pollino+Castrovillari ( FOTWALL )
0,50

0,40

0,30 .
Vulnerable to seismic input

0,20 from PF, CF, PF+CF

0 25

a(g)

Collapsed stalagmite at o6
Serra del Gufo cave (~10 0,70
ka)

0,60
*The vulnerable group of 0,50
speleothems effectively 0.0
includes a collapsed s‘ral

0,30

0,20

0,10

0,00

Castrovillari

*A large number of speleothem

Pollino

has geometry resulting ina
spectral acceleration below

0 K

the treshold predicted for the
three faults.

T(s)

na

Stalactites (N=100)

Pollino+Castrovillari Not vulnerable to seismic

input from PF, CF, PF+CF

0,05

Castrovillari
\
Pollino
Vulnerable to seismic input
from PF, CF, PF+CF
0.1 0,15 0.2 0,25 0.3 0,35 04



S.Paolo-Ramo Fiume (HW"cave) - event constraints
0 Ramo fiume/San Paolo vents

_ n
Unshacked
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|
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| - Cal 14C age
20 1. | ® (2-sigma) ) Urlhiage
[}
0 |
" - O A
Web : : Slender
25 concretion Stalagmite  Stalactite  Column stalactite
i tT n >

Two fall events in the last ~20 ka (23-13 and 7 ka). Ipor"ran‘rly,

ho breaking evidence since ~ 7 ka
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Pollino - FEM modellir r'esul’rs

! I6ING-WALL

1.

San Paolo - Ramo del fiume Cave

il

Pollino+Castrovillari

ik

2,0

Speleothems (N=48)

Not vulnerable to seismic
input from PF, CF, PF+CF

Sa (9)

4
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18 =3
®
*
%

16 —

o _0 AU \
R /
: ‘ / \
A
1,0 —
4 /
0,8

Unbroken
stalactite

1(0.7-
SPL(0.7-0 -7 Castrovillari ——
06 — -z . —
: /| Vulnerable to seismic input
Unbroken s from PF, CF, PF+CF
stalactite 04 —= Il

SP3 (2.3-0
ka)

| ‘Few speleothems are vulnherable to seismic npu‘r from CF. More of
them are vulnerable from PF & PF-CF
Slender (and vulnerable) spelethems are unbroken since ~ 2.3 ka




*First semi-quantitative & integrate spelet
Apennines for detecting seismogenic sources frm size of past events;

a, consistent with
¢ with Fucino faults and even

orlgma‘red on the
Ta*fau]‘r?



Pretty hard
way to do
seismic hazard
analysis




