
Fig.2. a) Residual velocities for this method b) Slip Rate deficit along MMF

Model Results

Three Approaches to Interseismic Slip Rates on the Main Marmara Fault and
Their Tensorial Correlations with the Kostrov-‐Based Strain Rates

The interseismic slip distribution in the Marmara fault system represents
both observational and modelling challenges. The observational challenge is
obvious: the faults are under water and to understand their interseismic
behavior (creeping versus locked) requires expensive and logistically difficult
underwater geodetic measurements, alongside those on land. Up to now,
two such underwater studies have been conducted and they suggest that
the segment to the south of Istanbul zone (so-‐called Central segment) is
locked while some creep is probably going on along the neighboring
segment to the west. Given these two important findings, the slip
distribution problem is still non-‐trivial due to the fact that our experiments
so far demonstrate that the block-‐based slip inversions and those that only
consider a single fault (with the same geometry as one of the boundaries of
the blocks) give significantly different results. In this study we approach the
problem using three methodologies: block models with spatially non-‐varying
strains within individual blocks, a boundary element approach and a
continuum kinematic approach. Although the block model does not give
spatially varying strains, the inversion results from the block model can be
used as an input to model strain field in the vicinity of the fault. We
construct a formulation to correlate the results from these with the strain
rates obtained using focal mechanism summations.

Volkan Özbey1, M.Sinan Özeren2, Pierre Henry3, Elliot Klein4, Gerald Galgana5, Dietrich Lange6, Jean-‐Yves Royer7, Valerie Ballu8, Ziyadin Çakır9

Introduction

a) Continuum Model

Fig.1. Velocities derived from Beaven and Haines method

Grids of
Continuum Model

b) Boundary Element Method c) Block Model

Fig.3. a)residual velocities and seismicity on the Main Marmara Fault
yellow circles is represent Izmit segment, browns are show seismicity
of segments within the sea and greys are Ganos segment seismicty b)
Slip Deficit Along MMF – In this model only MMF is defined as fault
(1st case)
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Fig.4. c) residual velocities and seismicty (Legend is same as Fig
3. d) Locking ratio along fault MMF -‐ In this model SMF also
defined as a fault (2nd Case) and impose slip rate coming from
Hegert and Heidbach (2010)

The models in the study were basically produced through
two different scenarios.

1st Case
Southern Marmara Fault
(SMF) is not included in the
model.

2nd Case
SMF is entered into models and
various constraints are imposed
on it. (fully locked, freely slip,
partial lock)

Slip	  Rates	  Coming	  from	  
Different	  Studies
-‐ Hegert and Heidbach (2010)
-‐ Yamamoto_etal_(2019)
-‐ Lange_etal_(2019)
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General aim of this method is minimize the following penalty
function:

where Vαβ,λμ and Vα,β are the data variance-‐covariance matrices
for the average strain rates and the geodetic velocity
measurements respectively, and the subscripts α, β, λ, μ range
over longitude φ and latitude θ

In this approach we used grid system, at the knotpoints of
which, rotation functions 𝑊(8)	  are defined. A suitable spatial
distribution of these 𝑊(8) will correspond to the best-‐fitting
strain rate field satisfying the GPS observations.

The approach uses the boundary element model that employs
planar triangular elements of constant displacement to model
fault surfaces. In this approach, a damped least squares method
is used to minimize the functional

where b represents the slip distribution on the faults, C the
influence coefficient matrix and d the observed deformation data.
D is a discrete Laplacian operator for triangulated 2-‐manifolds.

𝐶 ∗ 𝑏	   − 𝑑 C + 𝑒	   ∗ 	   𝐷. 𝑏 C�

26˚

26˚

27˚

27˚

28˚

28˚

29˚

29˚

30˚

30˚

31˚

31˚

39˚ 39˚

40˚ 40˚

41˚ 41˚

42˚ 42˚

26˚

26˚

27˚

27˚

28˚

28˚

29˚

29˚

30˚

30˚

31˚

31˚

39˚ 39˚

40˚ 40˚

41˚ 41˚

42˚ 42˚
5 mm/a

Residual Velocity

−25

−20

−15

−10

−5

0

D
e

p
th

[k
m

]

26.0 26.5 27.0 27.5 28.0 28.5 29.0 29.5 30.0 30.5 31.0

Slip Deficit Along MMF

0

4

8

12

16

20

m
m

/y
r

1Istanbul Technical University, Civil Faculty, Geomatics Engineering
Department, Turkey (ozbeyv@itu.edu.tr)
2Istanbul Technical University, Eurasia Institute of Earth Sciences, Maslak,
Istanbul, Turkey
3Aix Marseille Univ, CNRS, IRD, INRAE, Coll France, CEREGE, Aix-‐en-‐Provence,
France
4Structures and Natural Hazards Research FM Global, Research Division
Norwood, MA USA
5Department of Physics and Earth Science, Fremingham State University,
Framingham, USA
6GEOMAR Helmholtz Centre For Ocean Research Kiel, Kiel, Germany
7Laboratoire Géosciences Océan, Université deBrest and CNRS, Plouzané,
France
8Laboratoire LIENSs, Université de la Rochelle and CNRS, La Rochelle, France
9Istanbul Technical University, Geological Engineering Dept., Maslak, Istanbul,
Turkey

Authors

This approach is tried to ensure that make minimum
the penalty function given below.

Xn2 = [ SUM r2/(sF)2] /dof

where r is the residual, s is the standard deviation, F
is the scaling factor just described, and dof is the
degrees of freedom. The SUM is over all data.
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