Detailed Northern Anatolian Fault Zone crustal structure from receiver functions
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1. INTRODUCTION

The Northern Anatolian Fault Zone (NAFZ) is a
major continental strike-slip fault system that is the T e _ s,
main focus of deformation (~20-30 mm/yr) in [EEERSESNWEE 50N R IRV G o
northern Anatolia, Turkey. Twelve large (M>6.7) R L SN
earthquakes occurred along the NAFZ since 1939
and their westward progression poses a future
seismic hazard to Istanbul.

The Faultlab experiment aims to understand how
the lower crust affects the re-occurrence of
earthquakes along the NAFZ by developing a crustal
scale model that is consistent with cumulative
strain derived from surface geology and geodetic
measurements.

We show high resolution crustal structure by
interpreting teleseismic receiver functions recorded - = ™, Regional map of the study area (rectangle) with

by a recent (May 2012-Sept 2013) rectangu[ar NUVEL-1 plate boundaries (blue) and Turkely_ll faults. B)
Topographical map of the study region with the locations

seismometer array spanning the NAFZ with 66 o tem|laoraryl (black/yelclzc))whzI and pderma5n5ent (rﬁd) ’

. - . _ . - seismological stations. agnitude >5.5 earthquake
Stat!O.nS at 7 km inter S.tatlon . spacing and 7/ locations during the DANA deployment (red stars) and
additional stations further afield (Fig. 1).
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permanent station data since 2009 (yellow stars).

2. RECEIVER FUNCTION DATA

Receiver functions (RFs) were calculated with
the extended time multi-taper (ETMTRF,
Helffrich, 2006) methods (F,,,x=1 Hz) using
M>5.5 events (Fig. 1C). 3043 high-quality RFs
were selected for further analyses. Back-
azimuthal coverage is excellent from north to
A = 1 east but sparse elsewhere.
S IIe RF stacks (Fig. 2) show clear Moho P-S and
issa=sa—au i) -~ multiple energy for most stations. High
RO S ] et gt amplitude transverse RF energy (caused by
anisotropy or dipping layers) occurs at P-S
delay times corresponding to the upper crust,
Fig. 2: A) All and station ETMTRF receiver function stacks (if N>20). |ower crust and upper mantle with consistent

B) Back-azimuth stacks of radial (P-SV conversions) & transverse . o
(P-SH) component receiver functions at example stations (Fig. 1). phase polarity reversals at ~NO60E".
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4. COMMON CONVERSION POINT RECEIVER FUNCTION MIGRATION
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Fig. 4: Common conversion point (CCP) migrated 1 Hz ETMTRF receiver functions along three south-north profiles (see Fig. 1)
that span the southern (SF) and northern (NF) branches of the NAFZ. RFs were back-projected along their raypaths using the
IASP91 velocity model, summed into 5x5x1 km voxels then horizontally smoothed over 20 km. Subsets of the full dataset
were used for the transverse RFs according to event back-azimuth. Labels derived from the radial profiles are copied onto
the transverse profiles for comparison. SRTM topography is plotted above each profile and LVL=low-velocity layer.

3. H-x STACKING

Crustal thickness and bulk crustal V,/V¢ were

constrained across the NAFZ by applying single

station H-k stacking (Zhu & Kanamori, 2000) to RFs:

= We find crustal thicknesses and V,/V¢ ratios of
31-35 km and 1.76-1.84, respectively.

= Previous refraction (Bekler et al., 2008) and RF
studies (Vanacore, et. al., 2013) found 32-35 and
34-36 km thick crust in our study region.

= Poisson’s ratios of 0.26-0.29 are consistent with
Sakarya and Istanbul Zone metamorphic crust.

= Preliminary results do not show evidence for a
Moho beneath either of the NAFZ fault strands.
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Fig. 3. H-k stacking result examples (upper panels) and
summary maps showing preliminary crustal thickness and
whole crust V,/V. (lower panels).

5. PRELIMINARY INTERPRETATION

= Abrupt first-order changes in upper and
lower crustal structure occur beneath the
surface locations of the two NAFZ branches.

~—/  Tethyan Sutures

= A clear Moho is imaged beneath the
southern (35-39 km depth) and central (~35 |Mug" -

km depth) crustal blocks cut by the NAFZ. o e o
» The northern block is underlain by a low
amplitude Moho conversion underlain by a
high amplitude conversion at 50-60 km.
= Large amplitude transverse energy indicates

anisotropic crust and/or dipping layer = Upper mantle anisotropy may be

effects that vary south to north, being further evidence of partial melt

strongest beneath the central crustal block. = Three contrasting abutting crustal
= There is evidence for upper mantle blocks is consistent with crustal

anisotropy that is strongest beneath the conductivity variations

central NAFZ and changes in character = Current NAFZ models do not

beneath the northern NAFZ branch. include crustal heterogeneity

Vauchez et. al (2012)

Fig. 5: A) Depth slices from the S-wave tomography
model of Fichtner et al, (2013) at 40 and 100 km. B)
Crustal conductivity profile and interpretation from

an MT study (Tank et al, 2005). C) Strike-slip fault
zone schematic diagrams (Vauchez et al, 2012).
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