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Geomorphology of active faulting and seismic hazard assessment:
New tools and future challenges

O CrossMark

Reywords: the proximity to human habitation rather than the activated struc-
Morphotedonics ture, thus seriously misplacing the epicentre localities, ii) partial
ESl 2007 . o . o

Earthquake environmental effects or full destruction of hl?[ﬂl’lﬂl chronicles, iii) [hE"lD‘If"l! reliability of
LDAR hypocentral depth estimates for old events (Tinti et al., 1986;
CIR Albarelloetal, 1995). However, large uncertainties are also evident-

ly portrayed in most countries even for instrumentally recorded
epicentres. For example, Fig. 1 shows the epicentre localities re-
trieved from the historical catalogues and recent papers of the recent
1999 Athens Mw 5.9 earthquake and the 1938 Mw 6.0 Oropos event
40 km north from Athens. Itis surprising to note that the uncertainty
of the 1999 moderate and well-
Adition, for the 1938 event the
able earthquake catalogues are

1. Geomorphology of active faults and seismic hazard assessment

Geomorphology is a principal
Geology and Paleoseismology. Ho
seismic hazard assessment. There is an eme




Ot evopyovolr oAAG Kol Ol 10TOPIKOL  KOTAAOYOL
GEICUIKOTNTOC EIVOL OVETOPKEIC Yoo plo TANPN Kot
ACLOTIOTN OTEWKOVION TNG YOPIKNG GAAQ KOl YPOVIKNC
KOTAVOUNC TMV GEIGUOV.

Me Atya AOy1o 01 KOTAAOYOL OEV Elval TANPELS Y1oTl

KOAVTTTOVV £VOl LIKPO
YPOVIKO OLAGTNUO GE
GYECT UE TO YPOVO
EMOVOANYNC TOV
GEICUOV OTA
TEPIGCOTEPU PIYLLOTOL



Distinguish between the time frame covered by the historical record
with the completeness period where no events are expected to be
missing. The completeness period is a small fraction of the period
covered by the historical record, but Is important since it Is used as
Input data in the probabilistic seismic hazard assessment

18° 20° 22° 24° 26° 28° 30°
Magnitude Scale

@ so
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Seismicity of Greece

42°

Despite the long
catalogue since 550BC,
It is considered complete
for events M>7.3 since
1500 and for M>6.5 only
since 1845

Completeness

8.3>M > 8.0, 550BC-1995| e
8.0 >M > 7.3. 1500 -1995
.3>M> 6.5, 1845 -1

5.5>M > 5.0, 1950 -1995
. § 5:0>M=>4.5,1970 -1995




Classification of tectonic earthquakes (after Scholz, 2002)

midplate

Slip-rate in Recurrence time
Type mm/yr In years
|. Interplate v>10 ~ 100
|1.Intraplate, 0.1<v <10 100 - 10000
plate boundary related
[11. Intraplate, v<0.1 > 10000




Ot 1oT0pikol KaTdAoyol 6tov EAL0O1KO yopo Bempovvton TANpELS Yia
M>6.5 an6 to 1845 ko yio peyédn M>7.3 and to 1500 (Papazachos
et al. 2000)

Aaupdvoviog vn” Oy Ot Tto prypaTo.  Exouvv  YPOVOUG
EMOVAOPAGTNPLOTOINGNC NG TAENC TOV OPKETOV EKATOVIAO®V UEYPL
LEPIKAOV YIAIWO®V YpOVOV, &ivol cogec OTL 1 TAEWOYNOIN  TOV
pnyudtev oev Ba. Exel evepyomonbel 6TO TOPATAVE® YPOVIKO OAGTN U
OV _KOAVTTTETOL Ot TOVS KOTUAOYOUC IGTOPIKNG  ZEIGUIKOTNTOS, AP0,
00 0ToVo1Lal0VY 00 TO GTUTIOTIKO OELY LD




Magnitude Completeness Observation
period since period where data
are considered
complete
(in years)
Greece M>=80 550BC 2564
M=>73 1500 514
M=65 1845 169
M=55 1911 103
M=50 1950 64
M=>45 1970 44
Australia M>=60 1901 113
M=50 193 51
M=40 1975 39
Central Europe Mw =58 1500 514
(Gemmany, Austna,
The Netherlands, Belgium)
USA (San Frandisco Bay) M=55 1850 164
Italy (Central) Mw >68 1200 814
Mw >58 1500 514
Italy (southern) Mw >68 1450 564
Mw >58 1650 364
Central America “Ms=70 1820 Rojas 194
(Costa Rica, El Salvador et al. (1993)
Panama, Nicaragua, Ms>60 1910 Ambraseys 104
Honduras, Guatemala) and Adams
(2001)
Ms>50 1920 Ambraseys 94
and Adams
(2001)
Iberia (Portugal, Western, Mw >68 1300 714
Central and Northem Spain) Mw =58 1800 214
Central & Northern Balkans Mw =68 1650 364
(Romania, Bulgaria, Serbia) Mw =58 1850 164
UK Mw =58 1500 514
ML=45 1720 294

ML =40

1830

MINAKAZ TAHPOTHTAZ
AEAOMENQN I'IA AIA®OPEZ XQPEZX

IXTOPIKQN

Classification of tectonic earthquakes
and recurrence intervals of faults

Slip-rate in Recurrence time

Type mm/yr in years
[. Interplate v>10 ~ 100
II.Intraplate, 0.1<v <10 100 - 10000

plate boundary related
[II. Intraplate, v<0.1 > 10000
midplate
Scholz (2002)

Historic earthquake catalogues are
generally too short compared to the
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Marine Geology
Volume 407, January 2019, Pages 94-110

Active tectonics and seismic hazard in Skyros Basin, North
Aegean Sea, Greece

D. Papanikolaou 2 2 & P Momikou 3, |. Papanikolaou &, D. Lampridou 3, G. Rousakis ¢, M. Alexandri ©

B Show more

hitps:/fdoi.orgM0.1016/.margeo.2013.10.001 Get rights and contant
Highlights
. Mew bathymetric and seismic data in Skyros Basin, North Aegean Sea

Oblique opening of the Skyros Basin similar to the North Aegean Basin

19 maicrr active faults that can generate M = 6.0 have been maEEd for the
lsllime.

Seismic hazard underestimatedi CII'IIE 3 active faults within the seismic
catgmgues

Subsidence of the North Aegean Sea is accelerated since Middle
Pleistocene.
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I Table 1 _
Active faults and their seismic potential in Skyros Basin.

Fault no Length (km) Strike SS (Mw) SS (Mw) NS (Mw) NS (Mw)
WC Wen wC PC
1 435 NW-SE  7.00 6.99 7.02 6.95
2 46.7 NW-SE  7.03 7.01 7.06 6.98
3 45.7 NW-SE  7.02 7.00 7.05 6.97 . Lt
4 445 NW-SE  7.01 6.99 7.04 6.96 it mapped for the first time
5 20.3 WSW.ENE  6.62 6.70 6.50 6.66 19 active faults that can
3 17.0 E-W 6.54 6.63 6.48 6.59
; - o i > ; ; generate earthquakes stronger
7a 31.5 ENE-WSW  6.84 6.86 6.84 6.83 than M=6.0 (8 of them M>7.0).
7b 30.5 ESE-WNW  6.95 6.95 6.97 6.92
8 7.8 NNW-SSE  6.16 - 6.04 6.28
9 12.2 NW-SE 638 - 6.29 6.46 * Only 3 of these faults have
10 1.2 ENEWSW 745 734 - - been ruptured and recorded in
10a 66.4 ENE-WSW  7.20 7.15 - - L
10b 44.8 NE-SW 701 700 _ _ the earthquake historical
11 17.7 ENE-WSW  6.56 6.65 6.51 6.60 records.
12 11.4 NW-SE 634 6.48 6.26 6.43
13 8.0 NWSE 617 - 6.05 6.29
14 9.1 NW-SE  6.23 - 6.13 6.34 * As a result, seismic hazard is
15 8.4 NNW-SSE  6.20 - 6.08 6.31
16 6.5 NW-SE 607 - 5.93 6.21
17 48.0 ENE-WSW  7.04 7.02 - -
18 435 ENE-WSW  7.00 6.99 - -

19 38.8 WSW-ENE 6.94 6.94

Notes: 55: predominant strike slip rupture, NS: predominant normal slip rup-
ture, WC: Wells and Coppersmith (1994), Wen: Wesnousky (2008} (only for
ruptures > 15 km). PC: Pavlides and Caputo (2004).
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Ot evopyovolr oAAG Kol Ol 10TOPIKOL  KOTAAOYOL
GEICUIKOTNTOC EIVOL OVETOPKEIC Yoo plo TANPN Kot
ACLOTIOTN OTEWKOVION TNG YOPIKNG GAAQ KOl YPOVIKNC
KOTAVOUNC TMV GEIGUOV.

Me Atya AOy1o 01 KOTAAOYOL OEV Elval TANPELS Y1oTl

KOAVTTTOVV £VOl LIKPO
YPOVIKO OLAGTNUO GE
GYECT UE TO YPOVO
EMOVAANYNC TOV GEIGULAOV
GTNV UEYAAN TTAEIOYMQla
TOV PNYUATOV

XapoaktnpiCovron amod pueyaAeC
afefotOTNTEC GYETIKA LE TO
EMIKEVTPO OAAQ KOl TOL LLEYEDM
IGTOPTIKOV GEIGULOV



Uncertainty regarding the epicenter of historical earthquakes
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Uncertainty regarding the estimated Magnitude Mw of historical events
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Uncertainty about 0.5+ 0.2 of a
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Keep in mind the Mw scale Is logarithmic
a M=7 is ~32 more powerful than a M=6
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Slip-rates and Recurrence Intervals
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LIiDAR

Create a DEM and high- spatial resolution maps,

Visualize bare earth by extracting vegetation with filters

Measuring tectonic features (e.g. striations, postglacial scarps)
Monitoring (e.g. afterslip, landslides),

Trace paleoshorelines/notches

Roughness analysis on fault planes for searching paleoearthquakes!
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(d) Post 15 +3 ka throw vs distance along fault
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(a) Two-channel composition

ruction
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(b) 3D recons

~_ LiDAR multispectral analysis shows
| thatdistinct layers can be identified
In a trench

Combining LIDAR and GPR for 3-D
visualisation of palaeoseismic trench
stratigraphy




LIDAR notches
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Tide: Posidonia Station, September 2015
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Bedrock fault scarps

4 1.7 km E' Pisia, ) ) )
| view towards Colli Alti e Bassi normal fault,

west M,,6.5 on 30.10.2016
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Cosmogenic 3¢Cl| exposure dating







Indicators of past slip events
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EQ horizon mapping along strike
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Quaternary International

journal homepage: www.elsevier.com/locate/quaint

Uncertainty in intensity assignment and attenuation relationships: How seismic

hazard maps can benefit from the implementation of the Environmental Seismic
Intensity scale (ESI 2007)

loannis D. Papanikolaou ®*

uatermary Intermational 451 (2017) 3/-33

Coments lists available at ScienceDirect

Quaternary International

journal homeapage: www.alsevier.com/locate/quaint

The Environmental Seismic Intensity Scale (ESI 2007) in Greece, @HWM
addition of new events and its relationship with magnitude in Greece
and the Mediterranean; preliminary attenuation relationships

I loannis Papanikolaou *°, Maria Melaki " .
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Earthqguake CAT Risk model for the
Region of Attica, Greece, based on a
fault specific hazard module
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(2) Department of Statistics, Athens University of Economics and Business
(3) Prudential Actuarial Solutions Ltd
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Synthetic stochastic model description

Hazard module

Future seismic events

Surface Geology
stochastic simulation

ault Specific - Amplification —

modeling attenuation of seismic
« Historic Earthquake intensity
Catalogues « Detailed geological
maps

* 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 - 27 June, 2018, Possidi, Greece



Synthetic stochastic model description

Instrumental and historical earthquakes record modeling

400000 425000 450100() 4?51006 500000

» Different earthquake .
catalogues (NOA-UOA post
1900 and AUTH in pre-1900)

4250000

* Events with M>6.0 laying on
the active faults hanging
walls are rejected

4225000

* Only 4 faults can be related
to historic or recent events

420?000

* Combination with the fault
specific model results

417?000

* Final catalogue with
historic, instrumental and NOA Catalogue 1900200 AD. &F °
fault specific epicenters

® 411-540
® 541-6.00
® 6.01-6.50

415?000
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Synthetic stochastic model description

Stochastic earthquake modeling

» Stochastic simulation of the future events based on the new epicenters
database.
* Atticaissplitina 1 kmx Tkm grid

Inside each cell the 2 parameters of the random variable of
the epicenters number per year are calculated (Poisson
distribution)

42
41
40
39
38
37
36
35
34
33

Latitude

18
0,15
0,01
0,00
0,08
0,00
0,00
0,00
0,00
0,00
0,00

19
0,57
1,07
0,97
0,21
0,17
0,50
0,03
0,00
0,00
0,00

20
0,10
1,06
0,59
1,55
4,32
3,66
0,14
0,05
0,02
0,00

21
0,10
0,08
1,13
0,79
2,01
2,39
1,65
0,67
0,04
0,01

Longitude
22 23 24 25 26 27 28 29 30
0,02 0.08 0.09 0.11 0.06 0.00 0.01 0.00 0.00
0.1 Longitude
of 20 20,1 20,2 20,3 20,4 20,5
'S 38 0,030 0,045 0,032 0,008 0,008 0,015
1,1 381 0,019 0,070 0,038 0,034 0,006 0,008
2,0 38,2 0,002 0,028 0,028 0,017 0,019 0,015
0,6 , 38,3 0,004 0,006 0,008 0,032 0,017 0,006
0,75 384 0,004 0,000 0,006 0,025 0,008 0,002
1.8 385 0,000 0,000 0,002 0,015 0,004 0,017
0. — 38,6 0,000 0,002 0,006 0,004 0,021 0,002
0. 387 0,000 0,002 0,002 0,006 0,015 0,017
'~ 38,8 0,000 0,000 0,000 0,004 0,008 0,017
38,9 0,000 0,000 0,004 0,006 0,004 0,028

20,6
0,006
0,015
0,011
0,000
0,002
0,002
0,002
0,002
0,017
0,000

20,7 20,8 20,9

0,002
0,008
0,013
0,006
0,000
0,000
0,000
0,004
0,004
0,002

0,015
0,008
0,006
0,068
0,006
0,002
0,000
0,006
0,015
0,004

0,008
0,002
0,004
0,004
0,000
0,002
0,002
0,004
0,006
0,004

Each cell is attributed

to a percentage, 2
representing the
probability of
earthquake
occurrence, following
a two-dimensional
beta and polynomial
distribution

9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 - 27 June, 2018, Possidi, Greece

2018



Synthetic stochastic model description

Stochastic earthquake modeling

» Stochastic simulation of the future events based on the new epicenters

database.

* Atticaissplitina 1 kmx Tkm grid

» Focal depth:

Bivariate variable distribution

« Magnitude:

Beta distribution (commonly used by vendors)

20

38 0,030
38,1 0,019
38,2 0,002
38,3 0,004
38,4 0,004
38,5 0,000
38,6 0,000
38,7 0,000
38,8 0,000
38,9 0,000

Latitude
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0,000 0,000
0,000

Longitude
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0,017 0,019
0,032 0,017
0,025 0,008
0,015 0,004
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0,006
0,002
0,017
0,002
0,017
0,017

0,004 0,006 0,004 0,028

0,006
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0,011
0,000
0,002
0,002
0,002
0,002
0,017
0,000

20,7 20,8
0,002 0,015
0,008 0,008
0,013 0,006
0,006 0,068
0,000 0,006
0,000 0,002
0,000 0,000
0,004 0,006
0,004 0,015
0,002 0,004

20,9
0,008
0,002
0,004
0,004
0,000
0,002
0,002
0,004
0,006
0,004

Each cell is attributed
to a percentage,
representing the
probability of
earthquake
occurrence, following
a two-dimensional
beta and polynomial
distribution
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Synthetic stochastic model description

Hazard module

Future seismic events

Surface Geology
stochastic simulation

« Fault Specific

deli « AmplifiCa

Modeting attenuation of seismi

« Historic Earthquake intensity
Catalogues

« Detailed geological
maps
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Synthetic stochastic model description

Hazard module
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Synthetic stochastic model description
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Synthetic stochastic model description
Vulnerability module

Vulnerability tables - Vulnerability curves
« Building and building contents
* Average value of the expected damage

* They depend on:
» Seismic intensity (hazard module)
» Building characteristics (exposure data)

 Based on seismic intensity scales (e.g. MMI) or ground motion
characteristics (e.g. PGA, SA, etc)

‘ 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece T\
2018



Synthetic stochastic model description

Vulnerability module

) EXIStIﬂg tabIeS (e.g. Sa uter & Construction type in relation to average damage

100

Adobe

Shah, 1978; Degg, 1992), 0 ) 7

—Non seismic design
80

unreinforced masonry

mOdlfled by already 70 | / Reinforced concrete frames

non seismic design

X 60 / / _ —Reinforced concrete frames
0 o T a4 ismic desi
pu bI'Shed VU|ﬂerabl|lty g " / Zfilesg;lifaﬁssltgrlctures seismic
240 design o
curves and tableS (e.g. géﬂ & ;/\;c;?gien structures seismic
j>; 20 —Steel frames seismic design
KappOS et al., 1 998; Ka ppOS 10 * - —Reinforced masonry high
" v|<| Uil . g quality seismic design
et al., 2006; Kappos & Intensity (MM1)

Panagopoulos, 2009).
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Exposure data

Building Characteristics

Policy Construction| Insured |Construction| Building Number Use of
) Postal Code
Serial No. Property




Financial Module

I nSU_ra_n ce Expected amount
policies ofloss

Re | nS_U r_an Ce Own retained
policies 105565

Total loss for insured portfolio




Synthetic stochastic model description

Financial module
Objective

To specify the required capital K, in order to ensure that the insurance company will be able to
meet its obligations over the following year, with a probability of at least 99.5%.

Resolving method

Portfolio: we assume n buildings and that X; is a random variable, representing the amount of
the annual own retained loss for the iy, building, where i=1,2,...,n.

then
The total annual own retained loss amount: S

S= X1+X2+Xn

The Solvency Il requirement is typically described by the following equation:
Pr(S < K] =99.5%

* 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 -27 June, 2018, Possidi, Greece T\
2018



Synthetic stochastic model description

Financial module

Simulation techniques for the random variable S distribution:

We develop a synthetic stochastic model that reproduces a large number (e.g. N, where
N=10,000) of different values for the random variable S (e.g. S;, S,,...Sg 999, S10 000)

|

| Events tablel

15t option / \ 2"d option

- Sorting of 5(1), S(2)- $(9.999), $(10.000) - A theoretical distribution is fitted to
in descending order the initial sample of the random
- Select the number w arranged value, variable S, (S, S, ... S9.999 S10,000)
where - We calculate the capital K using the

w=NXx0.05 mathematical formula of the
- calculate capital K based on the corresponding cumulative distribution
corresponding value from the sorted or cumulative probabilities tables, so
random variables S, that is, that:

K= S Pr(S < K] =99.5%

* 9th International INQUA Meeting on Paleoseismology, Active Tectonics and Archeoseismology (PATA) PATA

25 - 27 June, 2018, Possidi, Greece
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Synthetic stochastic model description

Overall process per event

*

Total loss ~

(S)

Reinsurance
policies

Insurance

Stochastic
model for
future
earthquake
events

Attenuation
relationships

Vulnerabilit
y tables (or

policies ‘ 2 curves)

25 - 27 June, 2018, Possidi, Greece
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Data input (Active
faults+ Catalogues)

Loss calculation

% Creste Intensities using Euclidesn Distance

Create Intensities
using Euclidean
Distance

Creates intensity rastor
coverages around each
epicenter, using Eucidean
Distance, among the
epicenters of 8
geodatabase. f then sums
the intensities to 8 final
recurence raster.t also

(using the Con scrigtin

71269113 Raster Calculator). This
outgut can be used in
combination with geology
for the amplifcation -

w097107,69113%8 attenuation ofthe modeled
intensities.

Modelling on GIS
environment

building cost + aditional Deductible *  payable (buiding Deductibl payable [content ‘payable {content
costs. value cost} content cost. e*value cost) ‘Commerdial cost+Commerdial)

0,00€ - € 881,62€ 705,0085 176,61 € 881,6201754. 176,6115754
218,91€ 8,85€ 0,00€ 0 0,00€ 0
2.287,33€ 1.886,65€ 0,00€ ] 0,00€ o
1803,63€  3.813,%0€ ) 0,00€ 0 0,00€ 0
2,68€ o8¢ 1,32€ 0,492879 0,83€ 1,322046612 0,520167788
129,28€ 128,83 € 64,64€ 6441483 0,23€ 54,64141375 0,226781715
82,07€ 163,66€ 31,03€ 51,62760 0,00€ 31,03446945 0

3.59845€  2.877,59€ 0,00€ 0,00€ 0 0

1.23884€ a10,53€ 615,47€ 205,3126 £18,4520734 414,1564734

163622€  161674€ 654,49€ 645,6955 654,489847 7,704246981
2,45€ 1,18€ 0,00€ o o
21,11€ 154,60€ X 0,00€ ° 0
58,30€ 186,30€ 0,00€ 0 0

2852,50€  1.232,58€ 513 0,00€

Vulnerability +

Exposure



Discussion
Test with EIOPA's Standard Formula

« Test conducted for each CRESTA zone of Attica (first 2 Postal Code digits)

» Comparison of SCR calculations for both methods

105,001,002.52 € 87,906,833.19 € -19%
88,814,524.13 € 113,844,132.52 € 22%
60,514,798.39 € 67,062,518.50 € 10%
98,882,903.62 € 165,027,418.95 € 40%
133,530,321.75 € 311,892,996.11 € S1%
183,199,273.47 € 188,617,594.92 € 3%

65,528,377.75 € 43,926,033.97 € -49%
106,461,433.82 € 129,274,302.00 € 18%
164,988,844.74 € 207,146,262.87 € 20%
306,192,171.01 € 251,562,112.28 € -22%

25 - 27 June, 2018, Possidi, Greece
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Multidisciplinary Studies

3D visualization and paleoenvironmental interpretation

Kalamaki-Isthmia fault r
Bh-6 N

terrestri:lf:rr:a}tionand (O] coarsesand and gravels [T7] sand || sea (Corinth Canal
man made dedris

~ 8 m water depth
[ ] finesandto clay I brown clay/sand (with paleosoil horizons within)
GA-5 Bh-1 : : :
d J Crosssectionsof figure60 1,2 3,4,5 mayine sedimentation
FEr=r 1= periods

3D sketch of the
study area based
on the boreholes
description.
Numbers 1-5 show
the correlation
among the
sediments
described at the 3-
D sketch with the
borehole Bh-3

Pallikarakis et al. (2018)
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Westward view of the 221m long trench.



Photogrammetry combined with a Base and Rover GPS

......

* [nstallation of grid (1X1m)
« 430 images, with at least 70% side overlap and nearly 90% vertical overlap.
« 72 evenly distributed points on the preinstalled grid were used as ground
control points (GCPs) and were accurately measured by a Base & Rover GPS
« The image dataset was then photogrammetrically processed in order to create a
sparse point cloud, a dense point cloud, a mesh and a texture for the entire trench wall
model.
» The final products were 2 high resolution orthomosaics,

« one for the whole length of the trench with 3mm pixel size and

 one for the 18m long active fault area with 1mm pixel size
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(5620 + 30 years BP

Interpretation on the photomosaic depicting all major boundaries and trench
stratigraphy



Initial stage

© Erosion of “cs” and “cls” on hanging wall
Deposition of “s", “cs” fragments and “gs”

*Note: The 1.5m wide bench artificialy disturbs the continuity of the stratigraphy, thus ob-
structing its correlation on either side of the bench

Event 1 (66cm vertical displacement)

Legend

“eee.Faults T~ Fractures  ~— Presenceof organics .- Geological limit, definite and
transitional / indefinite

- Upper Topsoil : Brown / dark brown sandy clay and secondarily clayey sand, with occasional fine
gravels. Sand fine to coarse, mainly of calcitic origin (limestone / marble and hard marl). Pres-
ence of some organics and root remnants. Soft.

The topsoil was almost totally stripped off from the whole area of work before the excavation of
the trench. The mapped topsoil was the remnant of this removal, in places where its total thick-
ness was more than ~40cm.

Lower Topsoil : Brown clayey sand to sandy clay, with gravels and some lenses rich in coarse
sand and gravels. Sand is fine to coarse, gravels mainly fine. Sand and gravels are of calcitic
origin (limestone / marble and hard marl). Loose / Soft to firm.

m Brown sand : Light brown medium to coarse sand with some fine gravels and little clay. Lens-like
horizon within the lower topsoil formation ts2. Loose,

|'gs | Green silt: Green silt, sandy silt. Soft to firm.

Ii's | Sand : Greenish grey, reddish brown and orange sand with ranging proportion of silt (pure sand
to silty sand). Presence of organics in thin (2mm-2cm) layers. The sand is mainly fine to medium,
with some coarser pockets containing coarse sand and fine gravels. In the formation can be also
found lenses or vein-like forms of calcium carb |, often mapped ly as “cs”

(see below). The formation is often lens shaped. Layering and foreset structures are sometimes

visible. Very loose to medium dense.

Clay - Calcitic Mi 3 of brown to g h brown silt and clay with some sand and

whitish, rich in calcium carbonate / marly soil. Presence of very dark manganese and / or organ-

ics. The whitish material often forms vertical vein-like network. Firm to very stiff,

Clayey - gravelly lenses : Non-uniform mixtures of reddish brown silt and clay, whitish marl with

ranging proportion of calcitic gravels. Presence of manganese and iron oxides. The gravels are

mainly of hardened calcium carb ial, very weak in strength, angular to sub-angular,

ranging in size from coarse sand to coarse gravels.
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1.5m wide bench

Upper Topsoil : Brown / dark brown sandy clay and secondarily clayey sand, with occasional fine gravels. Sand fine to coarse, mainly of calcitic
origin (limestone / marble and hard marl). Presence of some organics and root remnants. Soft.

The topsoil was almost totally stripped off from the whole area of work before the excavation of the trench.The mapped topsoil was the remnant
of this removal, in places where its total thickness was more than ~40cm.

Lower Topsoil : Brown clayey sand to sandy clay, with gravels and some lenses rich in coarse sand and gravels. Sand is fine to coarse, gravels mainly
fine.Sand and gravels are of calcitic origin (limestone / marble and hard marl). Loose / Soft to firm.

Brown sand : Light brown medium to coarse sand with some fine gravels and little clay. Lens-like horizon within the lower topsoil formation ts2.
Loose.

- §

Green silt : Green silt, sandy silt. Soft to firm

(o}
@*

Sand : Greenish grey, reddish brown and orange sand with ranging proportion of silt (pure sand to silty sand). Presence of organics in thin
(2mm-2cm) layers. The sand is mainly fine to medium, with some coarser pockets containing coarse sand and fine gravels. In the formation can be
also found lenses or vein-like forms of calcium carbonate material, often mapped separately as “cs” (see below). The formation is often lens
shaped. Layering and foreset structures are sometimes visible. Very loose to medium dense.

|

Clay - Calcitic Mixtures : Mixtures of brown to greenish brown silt and clay with some sand and whitish, rich in calcium carbonate / marly soil. Pres-
ence of very dark manganese and / or organics. The whitish material often forms vertical vein-like network. Firm to very stiff.

Clayey - gravelly lenses : Non-uniform mixtures of reddish brown silt and clay, whitish marl with ranging proportion of calcitic gravels. Presence of
manganese and iron oxides. The gravels are mainly of hardened calcium carbonate material, very weak in strength, angular to sub-angular, rang-
ing in size from coarse sand to coarse gravels.

[ |
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Final Trench
mapping and
legend

The preferred displacement
scenario suggests two events
with vertical displacements
of 66 cm (penultimate event
11350+40 BP) and 75 cm
(most recent event ~5620 +
30 years ago), implying an
approximate 0.12 mm/yr




Conclusions

- The Symvoli — Fotolivos Fault Zone (SFFZ) has a segment length of
32 km, impacts on the landscape and has been traced in the trench.

* The preferred displacement scenario suggests two events with
vertical displacements of 66 cm (penultimate event 11350+40 yrs BP)
and 75 cm (most recent event ~5620 + 30 yrs BP), implying a 0.12
mm/yr throw-rate and 0.14 mm/yr slip-rate, respectively, with
earthquake recurrence intervals on the order of 5700 yrs.

* No major historical or instrumental earthquakes can be
correlated with this fault and this might be due to its long recurrence
Interval



International Union for Quaternary Science (INQUA)
Awebviig Evoon yio tnv Epgvva tov Tetaptoyevoig
(established in 1928)

encourage, facilitate and coordinate the research of Quaternary
scientists in all disciplines
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International Union For Quaternary Research

Promoting Research On Quaternary Science

Established in 1928, INQUA is committed to facilitating collaborations among scientists around the world.

It places special emphasis on assisting the involvement of early career & developing country researchers in

international projects. INQUA continues to encourage Quaternary assaciations around the waorld to join its
44 national & regional Members in an on-going bid to be all-inclusive.
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International Focus Group
Earthquake Geology and Seismic Hazards
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INQUA IFG 1618F EGSHaz (Earthquake Geology and Seismic Hazards)

The main scope of the EGSHaz IFG is the understanding of past earthquakes and future seismic risks using

g Quaternary geology. This includes multiple disciplines that contribute to understanding Quaternary earthquake

Latest News activity, such as palasoseismology, active tectonics and neotectonic studies, tectonic geomorphology,

archaeoseismology, and seismology. IFG EGSHaz promotes interdisciplinary approaches and multi-proxy studies to
comprehensively understand the effects that seismic events have on society and on the envirenment and to improve
seismic hazard assessment. This is done in part by co-operation with other IFGs, especially those that work on
Quaternary dating methods, Quaternary stratigraphy and soil science, and liaisons with a broader spectrum of
Quaternary researchers. The activity of the [FG is focused on the study of coseismic environmental effects and their
integral expression in the Quaternary record. Recent progresses in the field of paleoseismology have clearly shown
that earthquake effects on natural environment are mere strictly related to the earthauake maagnitude than effects on
humans and manmade structures.

Leaders: loannis Papanikolaou (Greece); Petra Stépancikova (Czech Republic); Christoph Gritzner (Germany)
Contact: Dr | Papanikclacu (i pap@aua.gr)

Website link: (4" http:/fwww earthguakegeology.com
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INQUA summer school on active tectonics and
tectonic geomorphology,

24 September - 27 September 2019
Prague, Czech Academy of Sciences

The summer school mainly MSc./PhD students



