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Segment structure of the surface ruptures associated with the 1999 | zmit
earthquake, North Anatolian fault system, Turkey
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Abstract: The Mw 7.4 1zmit earthquake of August 17, 1999, Turkey ruptured a 140-km-long
right-lateral-slip surface faults along the North Anatolian fault system. We mapped the
surface ruptures on a set of 1:25,000 topographic maps and measured the displacements at
approximately 300 points to reveal the segment structures and evaluate the occurrence of
multi-segments earthquake. The ground surface ruptures extended for 90 km eastward from
Izmit to the Eften Lake. To the west of 1zmit, the rupture might run under the 1zmit Bay for
over 50 km. These ruptures are subdivided into five main segments based on geometry and
dip characteristics: the Golcuk, Tepetarla, Arifiye, Karadere and Aksu segments from west
to east. Each segment is 15 to 35 km long with maximum displacement of 1.7 to 4.9 m, and
separated by jogs longer than a few kilometers. Along the central (body) section of a
segment, the displacement is relatively uniform or shows gradual change. On the other hand,
the displacement changed suddenly at the both ends of body section, and only a small
amount of displacement was measured aong the marginal (tail) sections. Segment
boundaries composed of tail sections are mostly releasing jogs 3 to 10 km long, except for
the 15-km-long restraining jog between the Arifiye and Karadere segments. The dimensions
and scaling laws of the segments in the 1999 Izmit ruptures are comparable with those of
other tectonic settings, such as behavioral segments of the Japanese surface ruptures and
structural segments of the western United States in the extensional field. Size and type of
jogs seem to be a key to understanding the rupture propagation during a multi-segment
earthquake.

Key words: 1999 Izmit earthquake, North Anatolian fault system, segment, multi-segment
earthquake
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Fig. 5. Strip map of the surface rupture of the 1999 Izmit carthquake (part 3).
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Fig. 6. Segment structures and jogs of the 1999 [zmit surface mpture,
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Name Length (km) . Displacement (m) LerTgth of
Total Body Tail Max. Mode Section (km)

Hersek
Golcuk ca.25 >=17 427 407
Tepetarla ca.30 >=19 <=1 3.4 2.8 1.5-7
Arifiye ca.35 >=21 <=14 4.9 2-45 3-6
Karadere 12 10 2 21 1-2 3-7
Aksu 21 5 16 1.8 1.6

Bk 19954 X3y MRICHESHBHBO LT A 2 O

Table 1. Characteristics of the segments in the 1999 Izmit surface rupture.

Name _ Size ikm) Bend Type
Length Width L*W Step Gap (deg.)
1 Hersek - Golcuk ? <=4 ? 0 ? <5 ?
2 Golcuk - Tepetarla 8 3 24 1 2-3 <5 Releasing
3 Tepetarla - Arifiye  <<16 <4 <<64 0 <<14 <5 Releasing
4 Arifiye - Karadere 14 5 70 6 30 Restraining
5 Karadere - Aksu 3 0.6 1.8 0 0.6 <5 Releasing
6 Aksu - Eften 8 9 72 0 30 Releasing
F2k. 1999F 4 X2 w MUEICHSHEMED S 3 7 OHFH.
Table 2. Characteristics of the jogs in the 1999 Izmit surface rupture.
Earthquake Segment Fault Segment
Region M Length Displace. =~ Nomber Length Displace.

(km) Max. (m)  >=5km (km)  Max. (m)

Japan (inland) 6.8-80 12-80 1.7-7.4 1-3  9-36 12-74

[“Ba’;meggange) 6.8-77+ 34-110 35-11.0 2-4 6-50 1.5-11.0
N. Anatolian 74-74 43-145 49-53  2-6 10-35 1.8-53
Fault (1999) -7 - 9-5. - - 8-5.
N. Anatolian

Fault (1939-99) 70-78 30-360 1.6-7.5

B3R, A7 FUTHESR - BARREE - LREHICH T HHEMBORKLDLLE.
Table 3. Comparison of length and displacement among the surface ruptures in North Anatolia fault system,

inland Japan and western North America. 14-





