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Keywords: ABSTRACT
Earthquakes, Instrumental and historical earthquake catalogues have to be examined and evaluated to understand
Paleoseismological

the long-term seismic behaviour of active faults. Although the instrumental records have been
determined from the national and international observatories, the historical seismic catalogues
are very limited in Turkey. For the reason, we aimed to compile paleoseismological trench studies
carried out before 2012 in the areas of onshore and offshore sections of Turkey. In terms of a Turkey
Paleoseismological Project (TURKPAP) posted by General Directorate of Mineral Research and
Exploration (MTA) in the 2012 year, a number of paleoseismological investigations have been
initiated and documented for archiving at a standardized data layout. In this study, we compiled all
paleoseismological trench surveys with the definite dates of past strong seismic events occurred in
Received Date: 14.10.2017 Turkey before that date. By using this compilation, not only the historical earthquakes but also many
Accepted Date: 06.05.2019  paleoseismologic parameters of the studies have been listed clearly.

catalogue, Trenches,
Active faults, Turkey.

1. Introduction

The areas, experienced strong seismic events,
have been the target for paleoseismological studies.
In this manner, historical earthquakes could be
determined. It could allow us to obtain detailed
data about spatial and temporal attitudes of active
faults, and assessment of paleo-earthquake records.
The catalogues of destructive earthquakes in the
European Archive of Historical Earthquake Data
(AHEAD) system are updated continuously. But
this system is not going to solve the problem of
lack of proper historical catalogue in Turkey. For
this reason, Turkey needs a historical earthquake
archive. Without information about the past seismic
events sourced from active faults, it is impossible to
achieve assessment and planning the hazard and risk
studies. In this paper, all paleoseismological trench
surveys compiled in Turkey to be the foundation

for future studies. All studies completed up to 2012
years were examined regarding the national boundary
of Turkey that has paleoseismological data on land,
sea and lake studies including definite dating results
about the past seismological events. After 2012, a
systematic catalogue started to organize in the content
of paleoseismology project (TURKPAP) prepared
by General Directorate of Mineral Research and
Exploration.Because of that, the investigations in the
content of TURKPAP and the other papers have not
been included in this catalogue.

In this paper, we exploited and compiled all
paleoseismological trench studies that discovered and
confirmed the presence of historical and pre-historical
earthquakes. Only the definite trench locations were
issued in this catalogue. Geographically unknown
locations could not be included. All used data have
been collected, selected, listed and inserted into
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a new paleoseismological catalogue of Turkey.
Another focus of our work is the development of long
earthquake records that are critical for determining the
distribution of earthquake recurrence intervals along
the active faults. Electronic supplementary material
in this paper gives a chance to readers for comparing
the recurrence interval and source of devastating
earthquakes.

2. Active Faults in Turkey

Turkey has very complex tectonic features
because of the Arabian, African and Eurasian plate
motions. This situation creates a number of single
active faults and fault systems. They generated
devastating earthquakes in the past, and are capable
to produce many of them in the future. Taking their
various characteristics and locations into account, we
grouped them to represent their paleoseismological
outcomes. They are handled in the given order;
1) North Anatolian Fault System; 2) East Anatolian
Fault System; 3) Horst-graben system in western
Anatolia, 4) Central Anatolia, and 5) A part of Dead
Sea Fault System inside the border of Turkey.

North Anatolian Fault System (NAFS) is the
subject of several studies to understand the long-term
behaviour of its different segments. In fact, it is one

of the most active strike-slip structures in the world
comprising the plate boundary between Eurasia and
Anatolia. The NAFS is a 1500 km long right-lateral
strike-slip fault system running convex to the Black
Sea coast. It is located between Karliova in the east
and the Aegean Sea in the west (Figure 1). Most of
the paleoseismologic studies were performed along
the NAFS in Turkey. Some of the events occurred
in adjacent segments could be correlated with each
other. Because different recurrence intervals for
the same segments have been suggested owing to
suspicious dating results. It is not surprising outcomes
regarding the various characteristics of each segment.
This catalogue provides the comparison of previous
carthquakes dated by paleoseismological researches.

Another important megastructure in Turkey is
the East Anatolian Fault System (EAFS). It is the
580 km long and NE-SW-trending sinistral zone
of deformation located between Karliova in the NE
and Antakya in the southwest (Arpat and Saroglu,
1972; Lovelock, 1984; Saroglu et al., 1992; Sengor
et al., 1985) (Figure 1). The last known devastating
earthquakes sourced from the EAFS are the 1874
Lake Hazar and the 1971 Bingdl earthquakes that
created surface ruptures (Jackson and McKenzie,
1984; Ambraseys and Jackson, 1998). Thus, all the
geological studies in literature evidently indicate the
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Figure 1- Active fault map of Turkey. Different coloured circles represent the locations of paleoseismological trench surveys on land (blue) and
core surveys on lake-marine (red). Active faults are compiled from Emre et al., 2013 and 2018.
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activeness of EAFS. Even if the historical seismicity
and field observation indicate the high activeness of
the EAFS, its seismicity is relatively lower than the
NAFS. For this quiescence, the EAFS may be locked
and accumulating the energy (Dewey et al., 1986;
Yonli et al., 2017). Therewithal, paleoseismological
trench surveys are very limited along the EAFS (Y 6nlii
et al., 2017). We added the paleoseismological studies
along both the DSFS and the EAFS in this paper.

Horst-graben system in western Anatolia is very
famous active continental extensional province
in the world. Margin-boundary active faults have
created moderate to large earthquakes recently (Tan
et al., 2008). In terms of paleoseismological studies
carried out along these active normal faults, reliable
conclusions were obtained.

All the NAFS, EAFS, and the western and central
Anatolian graben-horst systems were taken into
account to classify the trench studies along the active
faults. In each research, different active fault maps and
references have been used to define fault segments,
thus, more than one names came up for the same fault
and segment. To produce uniformity, active fault map
prepared by Emre et al. (2013 and 2018) are used as a
base map in this paper (Figure 1). The term segment
preferred by authors of this manuscript means that
it is a section of a single fault separated from the
adjacent fault parts by the intervening variations such
as bending, bifurcation, and jumping. Moreover, main
attributes of this catalogue are seen in table 1.

2.1. Paleoseismological Studies Along The North
Anatolian Fault System

The total length of the NAFS was examined under
three parts (Figure 2). These are the eastern NAFS
(Figure 3 and table 2), the central NAFS (Figure 4 and
table 3), and the western NAFS (Figure 5 and table 4).
The locations of the paleoseismological trenches are
illustrated from the east towards the west regarding
the segments in the relevant tables.

Paleoseismology studies the core samples to
provide reliable dating results. The water-saturated

core sediments make materials suitable for radiocarbon
dating. Both the marine and lacustrine core samples
were taken from Sea of Marmara and small lakes
along the NAFS and they produced a well correlated
data. As the attributes are listed in table 5, their results
are given in the red circles in figures 1, 2.

2.2. Paleoseismological Studies Along the East
Anatolian Fault System

There is no common agreement on the segmentation
of the EAFS as is those on the NAFS. The number
of segments varies between 2 and 14 according to
different authors (Barka and Kadinsky-Cade, 1988;
Peringek and Cemen, 1990; Saroglu et al., 1992;
Hempton and Dewey 1981; Muehlberger and Gordon
1987; Westaway, 1994; Duman and Emre, 2013;
Yonlii et al., 2017). To be consistent, the segmentation
prepared by Emre et al., (2013 and 2018) is on this
catalogue. Red and blue circles define the offshore
and onshore paleoseismological surveys, respectively
(Figure 6 and table 6-7).

2.3. Paleoseismological Studies on the Central
Anatolia

Paleoseismological investigations are very limited
in Central Anatolia. Only one trenching was performed
along the Lake Salt Fault Zone by Kiircer (2012). The
locations and results are in figure 7 and table 8.

2.4. Paleoseismological Studies on the Area of Horst-
Graben System in Western Anatolia

Western Turkey is one of the most important
areas experiencing the intracontinental extension in
the world. The extensional regime yields a number
of horst-graben structures bounded by the normal
faults. The recent earthquake activity indicates the
carthquake potential of the area (Tan et al., 2008;
Kalafat et al., 2011; Kadirioglu et al., 2018). Even
though paleoseismological researches are more
important for such seismically active areas, we have
23 studies with radiometric dating results (Figure 8
and table 9).
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Figure 3- The map shows the east NAFS (Emre et al., 2013 and 2018), and trench locations on the digital elevation model.
Their attributes are in table 2. The colouring makes a distinction among fault segmentations.
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Figure 4- The map shows the central NAFS (Emre et al., 2013 and 2018) and the trench locations on the digital elevation
model. The attributes are in table 3. The colouring makes a distinction among fault segmentations.
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Figure 6- Paleoseismological trench (blue) and an offshore core sample from lake sediments (red) points along the EAFS. Their attributes are
in tables 6 and 7. Colouring makes a distinction among fault segmentations.

Table 6- The paleoseismological catalogue of onshore core samples along the EAFS.

Eq_ | Eq_ .
Name_ | Name_ | Name_ | Code_ Event Rptr | Rptr | Slip | Rec_ | Last_
No of F of S of Tr T Lon Lat T dat'e_ date_ | Corr Ll M| R Int | rup Ref
min | max
w42 1874
w43 1789
wa4 1513
w45 T 1284 Hubert
EAFS P"If“{ge Pll;‘kz‘“ Hal 3933695 3?;‘;8 8 300 Ferrari et
w46 au € 995 al., 2005
w47 602
w48 440 1
w49 -650 | -300
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A WP T | s o el el - i % A B T
Figure 7- The map shows paleoseismological trench locations along active faults (Emre et al., 2013 and 2018) in central Anatolia. The attributes
are in table 8. Colouring is for fault segmentation.

Table 8- The list of attributes for paleoseismological catalogue of the central Turkey.

Eq_ Eq_ .
Name_| Name_ | Name_ | Code Event Rptr | Rptr | Slip | Rec_ | Last_
No of F of S of Tr T Lon Lat T dat.e_ date_ | Corr Ll oM™ R Int | rup Ref
min max
219 2130 | -1660
220 29630 | -4940
— Tuzgdlii | Acl |33,64574|38,78449 | 4 0,05
221 21980 | -16580
222 Acipinar -32590 | -25410
223 7190 | -1990 Kiirger et
24| Tuz Altinkaya | Ac2 |33,76614 | 38,63866 | 3 | -11310 | -7190 0,05 al,, 2011
225 | Goli 24540 | -16010
226 -1360 | 1950
227 Duru | Hel | 34,1696 |38,23969 | 3 |[-10550 | -3600 0,03 | 4664
228 Helvadere 27640 | -14710
229 Slar 3710 | -580 i
| Baglar- | o (34,17042| 3823503 | 2 0,03 | 4664 Kirger et
230 kayasi 8460 | -7700 al., 2011
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3. Discussion

In agreement with historical and instrumental
information, all previous researches confirm that
NAFS reactivated during destructive earthquakes in
the past centuries (Tan et al., 2008; Kalafat et al., 2011;
Kadirioglu et al., 2018). For this reason, we focused on
the NAFS and analyzed its seismic activity segment
by segment for the first usage of this catalogue. As
is known from literature (Barka and KadinskyCade,
1988; Crone and Hailer, 1991; Knuepfer et al., 1989;
Wheeler, 1987; dePolo et al., 1989; Crone and Hailer,
1991), the seismic and geometric segments of faults
are still under discussion.

If any geometric segment or some part of it
reactivates and creates a noteworthy earthquake, it
is called a seismic segment. Such description creates
some hesitations about the existence of huge past
events on different segments. Similar controversial
segmentations are present along the NAFS for
destructive earthquakes. For this reason, we use the
geometric segmentation suggested by Emre et al.
(2013 and 2018) in our paper. Thus, the compilation

of earthquakes and their usage in catalogues are very
efficient for the scientific applications. Radiocarbon
dating results from the palacoseismological researches
may not allow accessing a reliable data about certain
strong earthquake all the time. However, most of them
could be achieved by systematic trenching along the
active faults, and the results enable to reach the certain
data in this way. For instance, the 1688 earthquake was
a very destructive event. It was identified and dated by
the researchers along the NAFS. But the question is
that which segments were reactivated. The catalogue
evaluation could help us to answer of the question.
The Erbaa, Destek, Ilgaz and Gerede segments are the
sources of the 1688 earthquake according to previous
works. On the other hand, the trenches along the Havza
and Kamil segments located between Destek and Ilgaz
do not record the 1688 earthquake (Figure 9). In this
frame, were there two events happened along the
different segments in 1688 or the 1688 event could
not be determined along Destek and Ilgaz segments?
Obviously, this catalogue will provide important data
when it is necessary to make such a discussion and try
to solve them in scientific ways.

MID_NAFS
Eq_date_mi Eq_date_ma  ® Correlated
- v < H < Bl < v “ v
1900
1700
* - v v
1688
1500
1300 |
1100 ‘ ’
900 l
@
2
3
00 A |
=
3
z |
s00 8
=
(=]
300
100 Name of
Trenches |
100 Ge2 Gel n Kal Ha2 Hal Del Erl Ni2 Nil
300 Gerede Ilgaz Kamil Havza Destek Erbaa Niksar
-500 Name of S | I

Figure 9- The chart shows comparison of the historical earthquakes from trenches in the central part of the NAFS. Red lines are the boundary
of segments. The 1688 earthquake is an example for the problematic situations occurred along the central NAFS.
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4. Conclusion

Totally 250 events obtained from the trenches on
land, and 49 offshore data sets from core samples
evaluated in paleoseismological studies published
in both the national and international publications
before 2012 were used for this catalogue. Only the
studies that have definite locations, dating results
and recurrence intervals are in it. The locations of all
trenches are in the format of WGS84 system regarding
given coordinate information in the source papers.

Excluding some parts of the NAFS,
paleoseismological studies are scarce, locations of
trenches and recurrence intervals in some researches
are not clear along the active faults. Although some
missing information is present in this catalogue due
to the incomplete data in references, it is the first
compiled catalogue including paleoseismological
results covering whole Turkey. We believe that this
compilation is to be very helpful for the researchers
who would like to apply more paleoseismological
works or seismic risk analyses.

Comparison results of trench studies along the
NAFS, EASF, Western Turkey, and central Anatolia
indicate that paleoseismological researches are very
limited in central Anatolia (Tan et al., 2008). This
is associated to very long recurrence interval of
carthquakes in this area. If the trenching surveys are
being increased in the future, this evaluation will come
closer to the truth. The other comparison between
segments and destructive earthquakes is done by using
the Electronic Supplementary Material in this paper.
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