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Segment structure of the surface ruptures associated with the 1999 Izmit
earthquake, North Anatolian fault system, Turkey
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Abstract: The Mw 7.4 Izmit 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 Izmit, the rupture might run under the Izmit Bay for
over 50 km. These ruptures are subdivided into five main segments based on geometry and
slip 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 along 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

1. XL®HIZ

FEEETIE, BExOEBES AV MPRFAHRKR (BRE - ZME) OFEBHZ2RVIETLELED
W2, BEOw T2y FPHREEI L THEETAI LR HSD (WGCEP, 1995). Li=dioT, HEE
BObRATAIHBOFAITIE, HLOES AL FOBKELBIZ, /AL FEOKED
HEMRK A BAT I EBRARTHS. T, MIBEHETNVOFEICHIZ->Tit, BX
REMBRICBODTEHEOZEE A MIBREZ o TWAZ 0, xS AV
OEHBRELZEMICET T I ENFRELREFIZIRY LIP3 4EXHB.

ZOEIBRHARFEFE LT, T F FITHBRBFET NS, k7 M) TERBRITE
FERA 1500km IZH R ESRRKPOBBNREHBTHY, BEEFRIZBWT, BIBEOKXE
SO REAESEANCRET A2 KRBV A 7 L2 BEERVIRELTE TS, &< 121939~
1967 £ DRIZ, BIERORHHEIZAD>T 6 DORMBIEHFHIICREL TEZ L2

! EWTERFSEt o # — (Active Fault Research Center)
2 Mg BIERRAE (Mineral Research and Exploration of Turkey) 9R10R2H, 9H27 AZHE
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BRTW3B (Bl %iE Barka, 1996). & LT 1999 EiTi, KHIBORENRGES SN TR
BRIEHOEAMO—EFIZIBNT, 8 A 17 BIZ Izmit #HFE M74) 2%, ¥4+ 11 A 12 BIZ
i% Duzce H#1fE (M7.1) BHEERWTRAELKE. Zhb 2 >OXHER, TN EBEEIED
PTRELTEY, ZEEI A MIBOEKEZMEHAT 3 L THEDTEERTESRZTL W
z5.

ULDBRDS, BEBHRE S Z— Tk, Mo ERAEFHEFER L EFRLT,
1999 £ Izmit #FIS K ' Duzce HIR DHIBME %2 P ols & Lz HSHEZA - HHEX0H
ENREEIT>TE TS (Awata et al., 2000; Emre ef al., 2000; ERIZAH, EIRIF ; HBIEH,
2001). A#E T, EFRFROMRRE & LTEME Iz 1999 £E [zmit HFEIZ £ S HBE O3
EWERRED D> L, HMBMBOSHTIEL EMNBHFP OIS A MEBEORKFRIZ >V
Tik~3.

2. HEFE

Izmit #5% THE Lo BB IS\ T, HHEAES KO EE O/ IC L Y BB OS5
EZRHMCBHAT A L L b, MIBEMERZ —EHRESICERI OBBICHAILT, 2057
LM L.

MG ERRETOKERERER - EI ) 740 =THBE L ¥ — (US.G.S., 1999)
REDOREME - INV—TIC L 3PMERBROFEREZSEICLT, HBMENRBRELELINS
Rt D 90km X% .0, BBICBEN BB ST HE 140km ORXBIEZMEL, HER 2.5
40 1 BB EMRKIEER L. BRHAER L CSEMAROERIZBWTIE, MEEEIC
BESNBRIO 15 THO1LOEHER2BE|IC L. $-BMNEHFRIZOVWTIE, #HE
BRMOEHLEMNEZ Im BEL EINTWEILND, 20 100 ZO0RSORBEITLIC
HEZTOZ L LA, ZhiX, A (1999) ORIERND, EMEDO 1 FERECR S
ETFRENABELDOET A ML, FEHAREMESFOBRAZ BB LI 22X 3.

TREDHER, #9300 RICBWTHBMEREXNEWEBEMEZAITE. Z0d b,
FEHFOVWTHBESRRIZL > TEMORRERGE LIZIED, P—FVRTF—var k3
EAXERBOCEBERHOLEN Y Z ERMICHIE L. E5i2, HIBWE L 70BN
BT, KBHHEOHIRL - R FFHER EIE B LZREL M TIT, HEEE L Zhil

DT RL—T A MK BMEOHBEE T 2 BAREIZX R L.

3. MEBHEOSMBREEMELN

Izmit MBI S HIBWIE L, L7 MY TEBOIBEROMBEAK L B ShTWizliE
KRD— (Barka, 1996) (Z#3- T, HAEHK 140km ORXEICHERLE (B1K). BAERK
X HBUTEIL, BADTEHFH 20km 12H 7= 3 Goleuk TfHEDHEREIZ R > THRNIEN, B
ROFIF O Izmit TTEF A6, £ DK 90km 5D Eften BUZH 1) TIRIFEGERNICE N, —
R RERIIEATDHY, ATHH 1~5Sm OEMZE -7, BiEHRIE, —iRICE30m LT
BOEEIEHHFL L TRDLN, —HTREREOIEN 100m U EZHENR->TWE, F
T-WBMOTRERICHE-T, BRE - BE BIZ km A—F—D T N7 — MEERTERE N,
T T TIXR KR 2.5m O LTRSS %2 5 BERTHhESBEREN:.

3. 1 ELipEBEEORIT AV

FEiz 01T B BT IX, MIBROSHIE &L BN BOFHOERBHEIZESNT, 5 »0Ox
BERESAVMIESTES (82,3K). N bHIEED 5, Goleuk - Tepetalra - Arifye - Karadere
BLBAksuEBZ AL FTHB. HET AV MI, BAERPY Im P EE RKEWEERE, AT
B2 0.5m AT DORMBER & I243) b, PAEDOERHETIY lkm L TOEWRKEIZBWTE
MEBRSELTWDEIZ ENEB.
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1) Golcuk EZ A >

Golcuk £ 7 2 > b i, Goleuk Hi{HEDEEFIZ B VTR &4 8.5km 12z o> THREBETE -
3XA). TOBRFERIIRELREMBZR-7-2FF, Izmit BIZ® L TW3. Goleuk HilEH
T, EWEERNT, BURIIETH 4.0~42m Thot. RFES T, £RZEILE-FREIC
BRUTCTIEEDLOEMBRSZMHEI X210y, BRIEM» > TRECEMEZH LKL, =
DIEBBRS 4L > KT, &K 2.5mbRELO L TRAONFHBIEhE. EWBRS DI
Wiz, Kazikli )| OFFRHME S A TIRBE R 3~4dmBEOILENRE L, BEBRO—IERAKEL
7.

DT AV DS LEHOEMBRS 45 REITIX, MBRHBICR->TREEDH S
ERBENRBDLN,, TOLREIX, SEOEMEFEDHTS5~10m THolz.

Tzmit 75 COBNARRE T HIEEIC LT, Goleuk £2 2 Y FOBEFIEREE CIE, #920km i
bico THEICHBMB RN (AFE2, EIRIF). LaL, E6IZEHD Hersek £
AV MR- T, BE (AFIE», BRP) BLUOESRORFIZBWT, BRELHEYE
BENL2PoZ LAERENTVWS. Golcuk D 30km FBEHITIE, dbimicERELZHEX
Helsek S AMMKRE < Izmit BIZEH L TW3. #E#E (Emreeral, 1998) 251, Hersek
AL MIERBOEZEEETD I LN TFREINER, I TIIHBRERHE R Rk
TENIBREB TEahode. 2L, HERER - AT —ZIc X hiX, #HEOBBREIROEH
1 Izmit BOHFRIZIA > T, Goleuk DFEFHH 50~60km iIZF TRAE L EhTw3 (Ito et al.,
2000). ‘

2) Tepetarlatz5 A > b

Tepetarla & 7" A > b, Izmit B EH & Sapanca M FE E TO 19km KE CHRRRICRD b
-, 1EIFEEENT, TARIIATHh 28102m ((SHEEDOE 27 HIADEY & EHFEE)
LIFIE—HTHY, BKEX34m Thotz (F3MA,B). ZoEITAV MR- TiE, #
1.5~7km BIFRBEIZ, B X 300mLA T O/NRRR AT R— MEEDN 5 ETICEN .

DT AV R, %m;ﬁmaffﬁﬁﬁéné“ﬁ”%&fm’ DO#E (Emre et al., 1998; Ikeda, 1998)
IZHh-oTW3.

3) ArifivetzF A+

Arifiye £ 2 > M, Sapanca WA Sakarya £ EPH&“B’E@]E: LT, Mudurnu )I|
BEETO27km REICERNE (54K C, D). ETHALAE-EEETHS. E7AV D
BN TIIEMNENETIH 4mPl EE KE L, BREMEE LT, Arifiye OEDORT T I
BT 49mMBEHI & 7. Sakarya JIILIRDE S AV b - BETIE, WEEMEEEICH
Mo THLIZ, HDWITBEERIZED L, Mudurnu JI P 5 T3 2m & 22 - 7. i@ 1 Mudurnu
JHETAICEMBEZR L, FIBEHD 6.5km REOEMEITR 0.5m THoT-.

ZDET Ay NHEOK 10km KT, 0.3~0.5m OEE LD L TR DN, SEO
BEEOTHE Im BEREOCRFEOH ZEMBEENBEO LN, HEDERDIESIC &
T, Z DX T 1967 £ Mudurnu HIFE QBRI b /MR R BRI E A BNt D L TH B.
¥z, ZORBOEMTE, EIFCEOCIE-FRERTERELO, INRBRIEREH
Hhi-.

4) Karadere 24 A >~

Karadere 2" 2 > b X, Sakarya MO TEERH S Almacik Miﬁitﬁﬁﬂlublﬁ’c FEREE-IR
JEFRIZEYRS, EX 15km OHBETETHS (F4ED, FS5E). FEOK 10km XED 5
B, HETIIATH 1.5~2.0m, BEEHTIXE ImSBTHY, WTFRIZBWTHLEHED 0.5m LA
THOLETFTEMZHESTZ. BT AL FAMORERIZBANTIE, BAEIX0SmATERY, B
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SHET L FE L ORI TIIMTERMR 7 S U7 RICEBILTWS. Z0ET AV FOKXEBLITH
ROBHEIZR-TEY, EDITET AL METICBWTIEREARE*EM I EIHERE
ALH Iz - THEI=. '

5) AksutF A2k

Aksu ¥ 2’ A > M, Almacik LD ALBERA> B Duzee ZMMOBEREICNIT T, £EL LT
BEEE-REILRICECSE S 15km OHBIHETHS (BSK). 7 A2 FAKO LA
WTiE, AksuJlIBVOEBKROBIZH > TR E 6km DEHARN, BHABMEIE 1.7m T,
0.6m UL FTOREELD L TR E o7, EI-HIMOKIBER 6km i, Duzce 21D R HIZER
DOIH E AHOEFIZBNT, ZARRREZEI RELRHBETICR»THRAKL. EMER
RIMEORE T, BIBBRAZ o 7RICERBLTWS. 7 AV FREAIOERERIL, B
BiehE@AER TMNMIACEH LEIRERL, %D 03m UTOEBBRKRS L, 03m L
ToOEEThEEoT.

7233, Aksut S AL FOFRERD 6km KR, Izmit RO 3 » ARICHKEL11 A 128
@ Duzce HBOHBEIE (& X 43km ; Emre et al., 2000) & —#A4—1_"—F v 7L TW5B. =
72 L, Duzce HiEIZ S M EIE, Z0A4A—1—5 v 7REORBTIEEXRILEHH 3m, A
T 2m & KE M7= (Emre et al., 2000).

3. 2 BIRMGHhERERE

FROFERES AV FOARBICS, BEH km AT T, BACEE 10cm LA T O/ R
BEEMSI L TR (B 1K).

Duzce 221D FFERTid, Aksu &2 2 > b DAL 10km (2, ALR-BIEEM, &S 1.5km,
HEFhBIUOEEEDLOEMENVTRS 02m UTOHMBEENRNZ. ZOEHFH 2km
OHATH, EEERORE ICILHE-FEEEROEEBENRENE.

Sakarya Z#iILEEO EREHHE TIX, HRETE O EWEROF9 10km JEH2H7-2 Hendek
BRI BT, BE4no Hendek Bi/@ (Emre et al., 1998) (25, & X dkm OHUEETEAS
R TE. HMBMNBIIERE-FILRER TEMRIIZERTETN 03m THo .

Sapanca i @ Sapanca I TiX, LAE-FRERTHThEMH D ESERN 2 £Hhic.
ENEIZETNE cm DT, dbRZELEHEK 0.6m Th-o7z. Sapanca R D =MD FEim{TI
Tit, BB TRIOHIEAREKR 1m BEKELE. I 2 TR OBIR{LIZH > MRERR
NED LI, WRBICERT 3 FAOMBOKEBERIIIMBELFOLTKRE L, &R
{LITfE > HiAE DRI S RBNLEE Tldehote. 2B, ZOHBBO—E TIX, 1967 4
Mudurnu HiIFE QBT & /N2 HIRETE A H N 7= (Ambraseys and Zatopec, 1969) .

BECIIEER BB NER XMool Hesek E 7 AV FOBEHICHTY, BROBE
5% 50km IZfTfBF B Catal WFHETIX, EEEROETIRS &M D EWE BN, AL
BiIIAEThE om, EELHEK 20em Thote. T OHIFEEIBIZIR > TiX, #HEREARFIC
BRESN-FBERLECEmBEOLELOBRMENRREEL TV 5.

INLHOBEIEEEED S L, HERMBNENHEIIRE 140km &725.

4. HBIZHESBEBOKE

Izmit HFE TIX, Izmit FEIRED Goleuk fHEA> B Karamursel {13EIZ 22 F TDHEF & Sapanca
MOBEAICBWT, BIFTCIREERAKE L. 2D 55 Goleuk {HiIT & Sapanca #iFE DKE
2, PR LS ICEMBOFESIZER LEZbDTHS. LiL, Goleuk 35D Degirmendere ¢
Urasru + Karamursel {35 Ok HitE = B ORI CTE Uieki&i, 1) P~ERORYDMTL
WWAPIETAIEEHBOBRBENKRE NI L, 2) kb0 B fs ke %2 Rd
BEVITRERREDONRE Z b, TL LT, HEBRFES-TIFV FRTA FBRRBEI o

-4.
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LICERT S LT L.

5. B AV MEDaTDRH

5. 1 ITAVIFOEMBERSOEHH

Izmit HIEWBOE 4 DE S A > F T, %oi%kkwrk@%-%&%ﬁémﬁnt
B4 ARIR 72 BiX Tepatarlaz 27" 2 > M TH Y, BRI iz 19km KEIZ IV THEIHEN E 2.8m,
BHEEZ 02m Thote. HEBRRENFHEMIZE0.Im BERRIATNDIZILE2BETS L,
ZO—EEIIBHTEVEWVR D, Arifiye 7 AV MZBWTIX, BAER—HETIXRL],
HICEM> THERBLTWS EDICRAD. LALZZTY, kE-FERFAOBIEEHICL -
TEMEPRBIZIHB LTV A=A b 2ZRBTHIE, BRREZRITHEHFR2E TOEN
BOEITHEA/NSWATREERH .

Izmit BB OEMBESAIL, tho®FE S V—7 (Barka et al., 2000; U.S.G.S., 1999) 2 X
STHHABINTWS. BELOHARBRL KT L, MOBEIN—TRRE LB
i, B TAHALHAINESUT L/AIVHAL V. ZOHAEOEWE, I,
W B A W BWTIEAR RO Z o TV BRI BWT, BARS 2 +HICHRTE
EMNEINCRETILDLEXLND.

AV MERFORILENBZERTI L, RERRVEIT AV MEERKREMERN
KEWVERBBDLNDE B1R). &bIT, BEF7AVMEORE (L) i 15~35km, &KX
FHrE (Dmax) 1 1.7~4.9m OFEFEIICH T, ZDRT—V 7RI,

L (km) =ca.8XDmax (m)

LEand. 20 L D7 zmit HIBEOHMBUMBICRD NI AV VORBELRF—V 7
Hiix, AAOESICET 2HBMBOERES XA (BH, 1999) <, dLKRKEBREHON—
Ry« TV R LYy UHIRIC BT B BETB OREiEE 7 A b (dePolo et al., 1991) DFRHELP
FUORF—Y R BRRELY (B3R). L7 NI TEHIBROMEBERETIZ, BE
DEEtHRIE R K ED BB & T, ZFREMEOSHEEITBIBLRRE L TH S, i
FITR 2 F I HRTHBWBENR W EBEB SRS, ZORIZHOWTIE, @40k A
v NOBEIIHIRIC L L TRICTHE, BIBOBRIMERNTHZIET T I THIERT
1%, FIEZL O AV PREBLCHBTAEAXH L DDLEXOND.

5. 2 wIAVIMERELGRT D3 TR ‘

Izmit HEWIB TiE, ERMOICERS TS AV bOXTROMICIE, FREAOICHEMESHO
ATHLREER T, RBHESLB3Ya /BB ohD BE6E). YVa FOoHEE, S
3~16km, 1§ 0.6~%km T, WHEMIZIZR T v 7 - F— 53—, RREE, Bdiov3hd B 7HD),
HINEEDORHEDENDARD (B2FR). Axnk s 2y FMARKED bh b/ MR RRE
SHEITE S 300m ULTThY, BHEORAIIBWT, Zhbotl Ay MNEOTERBIEL
IXBAREICXBITE 5.

AV MNERER RT3 S, TORIE, REOBRE, ISH¥A47 (HE - B of
%44 (Barka and Kadinsky-Cade, 1988) IC X > THET B LN TED FE2R). HED
A TIX, Arifiye-Karadere Y3 77 &, 11 AIREALE LK Duzce HIBWIB L OERICHED
Aksu-Eften ¥ a3 ZRKEW. EHIZ, Zh b2 00KERTa VX, LHITH30° LBRER
BlizfEoTWS. ZD5H, Izmit HEWEOFEEIINIIES S Arifiye-Karadere ¥ 3 71
EfEHECHADIIH LT, FIRICNIET D Aksu-Eften ¥ a Z IR L 2> TV 5.

—fgic, HBREORRICBVY CREREEE 2T Y s JORKIE, REE km UTTH
3T LA b TV (Barka and Kadinsky-Cade, 1988; #AH, 1990; dePolo et al., 1991). 7z,
HIBETB OFRIEIE, BEA 10km SAET, 30° ULDOBEZMHS HREDOa S/ THDHZ L
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MIRERAYIZEN BTV B (Barka and Kadinsky-Cade, 1988). — > DI 33\ Tl BHAYIC R ES
EEETDHVa L, MBEERELIVNDIZ Vs JORE - R - ¥4 ORI, 4 EOD Izmit
HEICBWTHERINE. A

5. 38 AV MEELBRBEOLE

HIROHBEIEOE 7 AV MEEIX, HTORENEOMBABRICHLEEL 5L TWA L
EZbhD. Izmit S OEMERE OB DHEE SN BIRAR L, MBUWEOEN
BT L ORI X iE, MENER - EEMIZEANTH B & Eh T3 (Pinar ef al., 2000) .
Ibiz, #EINEEFRARE (Pinar ef al., 2000) & HIROMBUIB 2 LB+ 3 &, BEKE
DFEFHIX Tepetarla €7 AV FOBERMOLEBBRSFMICETEL, =05 bEAITIL,
Arifiye-Karadere ¥ 2 2/ C¥ 10 P RITIENR —FRHELL L, Z D% & HIZHRIZIEIE L T Aksu-Eften
ValCREBLELEZLIZRD. Fi-, 8 A 17 B Izmit MBOKITIZTZFORBET 11 A
12 BIZ Duzce HIENRAE L7z Z 55, Aksu-Efien ¥ 3 ZI2BWTI3H 3 » ADR, ED
BEMEIELTW=Z LIZRD. Thbb, RERAEL, BELRBMEES P a /' ClE
DEEPEHEMELETZ2EMEH Y, ILIEREOY a 7L b BEEDY a Iz T
EIEBBRE o Z LIz B.

DX, VaZoRE - BBt AV MNEOBBEEHMICEEL 5272 LiT,
BEARENBRIZIBITIZ3SERS AV MIBOBFRAR* FRATALTEETHS. 4%,
DOMBICHITIEFZHLLBRIETI L EBHIC, 7—u BB AETAR YL T
WEGEBONFMR A=A LERTEILERD S,

S
BHAEICH o TiX, HKBZEEFRMERMFOMBE—K, M aHBRAETFO
Ismail Kuscu 33 & U Terfik Erkar K I AWETEWE, S ZIREBLTESR L EITET.
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Fig. 3. Strip map of the surface rupture of the 1999 Izmit earthquake (part 1).
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3.

Numerals show the displacement in centimeter. R: right-lateral, H: horizontal-dip, N: north-side-up and S: south-side-up.
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Fig. 6. Segment structures and jogs of the 1999 Izmit surface rupture.
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Fig. 7. Type of jogs in strike-slip fault.
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Name Length (km) . Displacement (m) Ler?gth of
Total Body Tail Max. Mode Section (km)

Hersek ~
Golcuk ca.25 >=7 427 407
Tepetarla ca.30 >=19 <=11 34 2.8 1.5-7
Arifiye ca.35 >=21 <=14 49 2-45  3-6
Karadere 12 10 2 21 1-2 3-7
Aksu 21 5 16 1.8 1.6

F1&. 199954 X3 v MBRICHSHBIRBO RS A ¥ FOKH.

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

N Size (km) Bend T
ame Length Width L*W Step Gap (deg.) ype
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 06 <5 Releasing
6 Aksu - Eften 8 9 72 0 30 Releasing

gk, 1999F A X2y MEBICHES HEBHRBO Y 3 7 04
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) 6.8-8.0 12 - 80 1.7-74 1-3 9-36 12-74

(“'E;;;;:‘,egjc;ange) 68-7.7+ 34-110 35-110 2-4 6-50 1.5-11.0
Faicio6s  71-74 43-145 49-53 2.6 10-35 18-53
N Anatollan = 70.78 30-360 1.6-7.5

Fault (1939-99)

IR, 7T M)TEHER - BARE - LREBICE T 20BHBORED LS.
Table 3. Comparison of length and displacement among the surface ruptures in North Anatolia fault system,
inland Japan and western North America.




