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True or not true?

Can an earthquake be predicted?

Can a tectonic plate boundary be proposed?

2nd International Conference and
- i 2
July 21-23, 2016, Berlin Exhibition on Satellite & Space Missions



General Characteristic of the Van
Earthquake

"\, REPUBLIC OF TURKEY
b Prime Ministry
' Disaster And Emergency Management Presidency,

Earthquake Department, Ankara — TURKEY

Report-on_October 23 2011 Van_ Earthquake Mw?7.0.pdf

‘ Eur. J. Geosal

Cent. Eur. J. Geoscl,
/ DOI: 10.2478/s13533-012-0141-8

Central European Journal of Geosciences

Mustafa Toker'*

On 23.10.2011 at 10:41:00 (UTC);
moment magnitude (Mw) 7.0;
focal depth 19,07 km

(using SEISAN from Jens Havskov)
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Visible effects

No apparent faulting, but some ruptures

Journal of Structaral Geology 46 (2013) 99-114

Contents lists ilable at Sci i Direct

Journal of Structural Geology

ELSEVIER journal h ge: www.alsevier. f eljsg

REPUBLIC OF TURKEY

Geometry of co-seismic surface ruptures and tectonic meaning of the 23 October

Prime Ministry 2011 My, 7.1 Van earthquake (East Anatolian Region, Turkey)
//, Disaster And Emergency Management Presidency,
Earthquake Department, Ankara - TURKEY / Biilent Dogan®, Ahmet Karakas '
University of Kocoelt, Faculty, of Geological Umuttepe Campus, 41380 Kocoeli, Turkey

Journal of Geophysical Research, Volume 118, Issue 4,
April 2013, Pages 1619-1637

The 2011 Mw 7.1 Van (Eastern Turkey) Earthquake
J.R. Elliott,! A.C. Copley,? R. Holley,® K. Scharer,* and B. Parsons,’

. 2nd International Conference and
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- K
km "T’Eﬂ@
[
0 50 100 - . .
40° Data with 30 s interval only
S —#
0 S e
g
’ o W
40 \ ¢
—
[ P AGRIL\; . 2 \\\
_HINI 2] i) ThgL
E MALZ | MJ X,:
uUs ; # N
1 AN ) oZAL
38° o K )
\! -,
Data span of _siRN i T
l1hand24h i, Y 9
N . \\ 7 ~\V .s
e T' o 2
7 A
j ! \

a0’

July 21-23, 2016, Berlin

A4’

4

38°

GPS data available within
the CORS-TR network

Daily data of 14 stations
at 30 s interval (00:00 to 23:59)

One-hour data of 11 stations
at 1 s interval (10:00 to 11:00)

2nd International Conference and

Exhibition on Satellite & Space Missions



At one-second epoch (10:00 to 11:00)
using PPP method,;

Software: RTNet (GPS Solution, Inc.,)

On daily basis (one value for each day)
processing of 30 s data;

Software: BSW from the Univ. of Bern.

Data evaluation

Co-seismic motions

Pre- and post-seismic motions



Precise Point Positioning
(PPP)

Perturbed motions:

 orbit corrections in radial, along-
track, and cross-track directions of
an ECEB-Frame.

With a single receiver using
satellite orbit and clock corrections.

2nd International Conference and
21-23, 2016, Berli
July 3, 2016, Berlin Exhibition on Satellite & Space Missions /



MURA ~ 43 km
to the epicenter
Orbit and clock
from the IGS

RTNet from the
GPS Solution

July 21-23, 2016, Berlin
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Occurence time using propagation of
P-waves

http://earthquake.usgs.gov/
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Accuracy of estimated dislocations

Daily solutions from GPS
data (30 s) with BSW
DoY: 289 — 307 (19)

Stations far away from the
epicenter, not affected
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DoY = 296,
23.10.2011

Accuracy from 19
daily solutions

] Doy =295

No signal

July 21-23, 2016, Berlin

Precursor signal before the EQ?
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Source models: Teleseismic vs.
Geodetic

Same fault plane location and geometry, same moment magnitude of M, 7.1

Finit fault model by Gavin Hayes (USGS) Rongjang Wang (GFZ — Potsdam)
No. of sta. : 159 No. of sta. : 14
along strike [km] along strike [km]
0 0 0 10 20 30 40 50 60 70
0
10 L
“E_ 20— ~ UE =

40 -
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Warning or not warning?

* Reliable prediction of a quake in location, time, and magnitude?

A wrong alert may create more conflicts!

Plate tectonics: ~ 99% of EQ energy

at plate boundaries; ~ 90% of wich at > L Anticipation or Prediction?J

convergence plate boundaries.

2nd International Conference and

21-23, 2016, Berli
July 3, 2016, Berlin Exhibition on Satellite & Space Missions
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Tectonic features in the central

Adria, a microplate or a block of
continental lithosphere covering

eastern Italy and the Po Plain, and
the Adriatic Sea, west of Dinarides,

which behaved as a tectonic
indender during convergence
between the Africa and Eurasia

plates (Channel and Horvath, 1976)
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(After Mantovani et al., 2005)
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Statements about the Adriatic block

{ geological studies:

A promontory of the Africa plate (Argand, 1924)

Based on

geological and seismological studies:
A distinct microplate
(Dewey et al., 1973; Manzoni and Vandenberg, 1982; ...)

A rigid, almost aseismic block
(Anderson and Jackson, 1987; Mantovani et al., 2005; ...) /

NG

geodetic studies (GNSS data):
A single block
(Altiner et al., 1999; Battaglia et al., 2004, Hollenstein et al., 2005;
Weber et al., 2005, Hefty, 2007; Caporali et al., 2009; ...)

Divided into subblocks (Oldow et al., 2002; ...) )
N

2nd International Conference and
21-23, 2016, Berli 1
July 3, 2016, Berlin Exhibition on Satellite & Space Missions >



Recorded earthquake

epicenters
ANSS (Northern California ig'_sm_'c[ty CFQdSSGS t?e central
Earthquake Data Center) riatic IS evidence ftor

a southwest-northeast-oriented
decoupled zone between the African
plate and Adria (Westaway, 1990)

46°N—|

| a tectonic boundary separating
Adria into north and south blocks

(Favali et al., 1993)

al
42°N

a proof of an active tectonic region,
but not of a tectonic boundary
(Mantovani et al., 2005)

Magnitude
40°N- &

0
L

T
10°E

2nd | i f
July 21-23, 2016, Berlin nd International Conference and
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GPS measurement in and around
Adria

GPS
measurements Data evaluation using

in 1994, 1996, BSW; Velocities in
and 1998 ITRF1996 / ITRF2005

Gl al Sexacey of Asxcace

Specand Pager 400
2008

Present-day tectonics in and around the Adria plate

Present-d ay tectonics in inferred from GPS measurements

and around Adria
inferred from GPS
measurements

Geological Society
Yaksel Aluner*

Of A m e r I Ca ) Bundesams fitr Kartographie und Geodasie, Frankfurt am Main, Germany
Zaljko Bali

S ec i a | apers State Geodetic Administration, Zagred, Croatia
p p p Tomisdav Badié
University of Zagreb, Crogtia
409. 2006 Alberto Cotlcchia
’ Mibitary Geographical Instisute. Firence, Italy
Mathia Medved
State Geodetic Adavinistration, Ljutijona, Slovents
Mediida Muli€
Universaly of Sargjevo, Bomia and Herzegoving
Bitbil Nerge

Universaty of Tirana, Atbania

2nd International Conference and
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Checking of local movements
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Significant velocities at 0.95
confidence level - excepting the
five stations encircled in green

July 21-23, 2016, Berlin

Annual horizontal velocities
with a probability of 95%
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Annual vertical movements
and their error bars with a
probability of 95%
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Annual horizontal model
velocities

Interpolation of annual
velocities by the spline method

12°E 14°E 16°E 18°E 20°E
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Why applying ASDT?

Rigid body motion causes no deformation!

Ellipsoidal height - reference ellipsoid
Orthometric height - mean see level as reference surface

Change of mean and principal curvatures
- area-wise change, slope direction of external changes

Analytical
Yiiksel Altmer Surfa(e

Defomation HRETHNEL
)

S(t)

S (1) = Surface at epoch t
S (t) = Surface at epoch t

AR FER/F
BEE WFEF /&

8h = h@-h@ # 0
| SH=0

P(A,d ,H)

H

/ QA ) \em%
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July 21-23, 2016, Berlin

Principal strain rates

46° N -

<» SLOVENIA
4 .
« O [jubljana éagreb
\ 2 Karlovac
Kopeg e~ (o] x

jeka‘ 7

N\ /7
( -
Veli Vrh

Pula @ ‘ SERBIA
@ AN f‘ ¥
/ )
// Zada
NN f
o o 1 !‘. ;
Ancona @ { SIn: / M;sihovina SiSigvo
U v :‘ P ,v o
A P /(
Hv
» Vis Hum & "y’ -
f g
. ADRIATIC
SEA

HUNGARY
-~
: ’i P
CROATIA

Q Vieste
L
X ‘f‘*
<
0.2 pstrain/yr 0.2 pstrain/yr 2 %
. ..‘ 3 m
Compression Extension Vitee é
w¥
2 Lok
T T T T T
12°E 14° E 16°E 18°E 20°E
2nd International Conference and 73

Exhibition on Satellite & Space Missions



Changes of the principle

46°N-|

44°N— 3

42N+

40°N—

curvatures

Change of slop direction
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Conclusion

Adria is a dlstlnct microplate

R = S Ty TR S B L/ R T . e\ et i s ] i i et — e

The domalgn(between the Gargano zone and the
central Dinarides Is the most active tectonic region

T — e 4 i 1, A $En S R e s e T T o | B o e ST

The changes of principle curvatures suggest a
fragmentatlon of Adria |nto subblocks

40°N | Motion of the Africa relatlve to the Eurasia (not to scale) :

12°E 14°E 16°E 18°E 20°E
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The last sentence

Adria is not a promontory of the Africa plate now, but may
have been in the past (Jackson and McKenzie, 1988)

2nd International Conference and

21-23, 2016, Berli
July 3, 2016, Berlin Exhibition on Satellite & Space Missions
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