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Ground Failures Caused by Kocaeli Earthquake of August 18, 1999 in Turkey
— Relationship between Ground Condition and Damages —
by
Haruo SHUZUI and Hideaki MARUI

(Abstract)

This article deals with results of field investigations about the damages caused by Kocaeli
Earthquake with an emphasis of ground failures. The field investigations were carried out
from 25 September to 1 October, 1999. At first, the geology, tectonics and seismotectonics
of the target area are briefly outlined. Then evaluation of the findings from the field
investigations is presented and discussed.

A big earthquake, registering magnitude 7.4 on the Richter scale, struck the northwestern
area of Turkey at 03 : 02 on August 18,1999. According to preliminary reports, the earthquake
caused loss of more than 15,000 lives and injury of more than 24,000 people. The epicenter
was 18km beneath and near to the town of Bahcecik which locates at the eastern end of
Izmit gulf. The highest value of horizontal acceleration was measured to be 0.42G at Sakarya.
The earthquake caused severe damages in Bahcecik, Derince, Gélciik, Sakarya(Adapazari)
and Yalova. The most heavily damaged areas concentrated along the North Anatolian Fault.
The North Anatolian Fault is one of the most active fault in the world, along which big
earthquakes have occurred repeatedly and quite frequently.

The findings are summarized as follows:
1)Severe damages are observed just on the surface fault lines which were newly transformed

by the Kocaeli Earthquake in the vicinity of the epicenter (inside of 20km distance).

2) Damages are apparently decreased in the areas a certain distance away from the surface
fault lines.

3)Severe damages are observed in the area of alluvium and/or artificial embankment in spite
of the distance from the surface fault lines and/or from the epicenter.

4) Possibility of the occurrence of big submarine landslide is to be referred in the vicinity of
the epicenter especially in the area of delta and/or alluvial fan where groundwater level

locates at high position.
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5) The degree of damages is dependent not only on the distance from the epicenter and from

the surface fault lines but also densely on the ground conditions (alluvium or artificial

embankment) .

Keywords : Turkey, Kocaeli Earthquake, North Anatolian Fault, active fault, surface fault,
liquefaction, submarine landslide, ground classification, alluvium
F—I—F:Ibra, avr)WE, b7 M) TR, SR, WERETR, BER1E,
MEECHL XY, HoARAER, IR

I 3 L ¥

8 A17THIZ MV b THRA LAM7.40MBIZ X o TH AR HEEIFE L, FEHEZI NS
BA25108 1 HIZA CHMAZ TV, & CICHFRL LT (L) KRR L oMEIC>WTHE
L7z BT, N Y - #Fra+ K (RATE, 74 SHE) 2XRTL, RS ToMENH M
HETVEASPA LA, WAL DNfBREATTE L,

BV iEe#36° ~42°, W26 ~45" IS L, ELRiAHI78/ ki T, 62505 AD A% ATT %,
e Bl RS SR OHP RIS T, WG TET L TESADILRAE 2> TED, Wy
nHEZRoZILRI IR 2 S >@MUIRTH D, W rSYIImH» ) iZoh, EEFEL ZoTw
5. BEOKREZRZNOBZNT ST REBOIEE T M) TRHERMASRWEIZETTE D, BRI
BLUBBEOKEWIEIRBEL TV, SHOMBORERK - 1IIRTLIE, AT I7 00
ROV < Tz > 2R TRAEL TV 5.

AR, BARL L2 b LI, Rt oMz [LbIiz, A MV I REOHEIRR
RENFLD, SHOBHETIMPVTERELLLDTH S,

(100 km

BLACK SEA

------- SRR

- 2o ok

Y v - hws SR Nt il A — 199817 AR
RN < e Y o —— 1999.8.17 YAAMFRIO WINEHE
; oS b=~ i
S O el 0 T
7 ‘*f;_'_:\ E.,;:'_:\-(-.(__::;'__'f Er i N e IEWRID (BN
“okm s
O B 5O
® 1-30 Rfite
(] 50km @ mase



I # 8 0o B =

o WIRHZI ¢ AL 40. 74BE, HUER 29, 89ME, IREE18kmD A X I v M IHWIGIC19994E 8 H18H 3ME2 4
\HE

o MWEBH : v =F 12— F7.4, WHEROGHTNERER, KPR AIMEE D KIZSAKARYA
(ADAPAZARI) ®0.42 G

o JURIRE  MTADFR—AR—=T V12K 5 L, BRTERSN TV 2ER3 MRS & Fo R
W, &7+ MY 7HIRICH - T, GOLCUKIENKARAMURSELA %, SAKARYADH,
AKYAZI%iY), GOLYAKAZ TOEEH160knTHD 5N, GOLCUKDE & SAPANCA
TR Q) SR LTY 5,

I FLIOKEKEEHTR - EHRE

Mg, JefniEsdE, NIc -y, mllEzhiEL=5EFRICHENATEY, EORMELH
BILL» LR REoTwSE, M- 21247 M) 7TIHRBfHEOSRERIZRA L, HROKAMBER L
LTH7e PVIRHFEEHEMNTILALFULT, &7 F M) THRAEORBIC OV TIIHF L[
HTHaboo, BREEIENLY, JGUICHXTHR )42 L, 172~1/3BIEDORHETH 5,

MvaoiiEid, b E FEEIZE A, Bk CIEEE S IR Gl EGE LR Tl iS4, 000
m, B b2 R IR Tl ES A3, 800m) D3FFEL T B0 RIS T 5467+ b ) 7 &
ERAE RN MRES, BRI IR A S B R LA L TV B,

PrvaolbBik, TAVTR =IOz T A 0N, AR X D & BEMA,
1K, BLORINEHERCGREIL D 20, W HHOMERICKE KR SN, Bl 2Bk 26
HTwbd, HERD 2 F-EM» ST - Iz & b 2w, M PTG (BRI S
¥l (A74FF4F) PPh LTHA LTV BH0H 5,

BLACK SEA
28" . N North Anatolian
g fault F

—

- e | R Az, 5
R L <L 4 .
Py -
" _ N
'

Eons ; East Anatolian
Aty P . 5 fault
. R . £ &7
‘ R !
|
(R4
) kg 30 R Emm)
20
- e
P T
S ‘\ g \- / \
/ \ P /
(- y y \
Wl i 350 ,"/ 3
i 6 12 1 6 12 1 [ 12U
Bursa Ankara R
(7324mm/fE) (359.3mm/SE} (1563.0m m/4r)
— Rk
-t}
() ENRKE

E—2 <A=Zi#E (Bursa), 773 MU 7EEMLE (Ankara) & 30T E DAUEILER



V R E Mt o

AR L /g2 K — 1SR Lz, ARRIEL T cIafiL 7.

9 F25H (1) (AR YT—NIZAY, NFr - FUF R RENAASOFRITAEE2TT),

9 A26H (H) {4ARA%7—NOWTIE, i—#¥E%T/CAVCILIACEKMECE®# BE#EL, &
5 (2P HCEKMECE, SIRIVRI% 7,

9 A27H (H) :GEBSE 2% 5MARMARA %t >~ & —OMERB M 2 /i, HTHUNE = 17
. #M#, HEREKE, YCVACHIE, BAHCECLK, DEGIRMENDERE,
ULASIT, KARAMURURSEL, ALTINOVA, NALISOY, YALOVA, CINARCIK
EVvio 7z, R ORI FHE QR %2 h0ICiT ).

9 A28H (k) :SAPANCA, AKAYAZI, KARAPURCEK, SAKARYA (ADAPAZARD),
IZMIT, DERINCE & \»- 7= R U O 1 Wi K AHE o B e % p 0 1247 9 5

9 H29H (k) : AM3 @008, M4.8DORETHILWD, Rk b ¥,
GOLCUKIE, Wrouifl & il THERRA R - TEH, 2a ) OMMER
LIS L7zo 0, 20~30kmPJ7 CHUZERTIF IS AT L CHVE 1S5dbe 3 5 16T
R O BER 2 #®~UZ, [ZNIK, NARLICA, SOLOZ, ORHANGAZI% B
e

9 H30H (K) :ISTANBULWHN®#EHRE,

10818 (&) : RE@§Zdicie, 28I TREKRICO VTR

B, THIbRE, & IZFFMICELZRTH 5,

V BEBEOHRE

YiROMEIE, PAERY 2 IROBE, GKE, HEMEHL, &7 F F) 7THFOILE,
ELIZA RS 7= AN, K, B8, BaleoliEMAas@mc@osohs, —J, db
7+ MU TEHRESICE, SRS SARKOBE, BE, S0 MEARNIERE L, BN L
KEDHLND,
FNOHEBELERALT, KWili, HLVIRII/MRASGEL, ik, W, DMREDOHMICE,
i~ SEH H OHBULEY S - JRE R, R, WA L Tw B, Db, LT MY T
R, BXUWETHHHRKITVCICE, 6N, EUEEEL, &S, HA Y TIIOBKIZ X K
FeA A+ HSAKARYAfHE, 4 X3 v b#iYROGOLCUK, IZMITHHEIZW, #itM AL < 4
LTS, 2, 4 X3y MFYHRISE, Bl RO & 2 BRLHER I R =M, A1
M (Rt) WRBMICZDLh5,

BB AOE, FLHEAETH->TH, BRERDOMOIZE - THBRRISERD D Y, P4V
FROWE, AKREEFHRE LR, BXOWNESRONKE, BEE Ede Lo, 2UiRt
FZBRLTV S, —), HREEHoUE, BRARBEMNETr2EYEILLTEY, Wb BIRAET,
WML MO L NB/er R REMTIFBR LTV VLo EEZE L, WAL
() KREE-3DEHICLNFLHTAL, K- 31k, MTAIKKBMAAR' 2 #H &iZH
W Z TV, HHOIER (i) KoLl boThs,



BLACK SEA

L "'/'z,
S A-T% Omeri Bi— ~——r] |
x YT | ¥
T 1
 —

e, MERE
....... sesvan 2 [ZA (KRume muin
— 1999.8.17 It Y. HED
i o sosyr wammomen P (Fiil pe. wez
R s [T (2 hems
° JUSs—7 {71 - P01 ¢ ¢ (m@.a GRYEK
50km

R Y L T ]
mm ¢ ! DilisR

B—3 MEHRAEMLAER o) K5E MTABAK (1999) © #EICEE GLE) X4LE)

Vi % & B %

K- 1CATMEOBELR L, K- 113, RENASOEBECI Y, SEHFELANo. 1 ~30
WHREESLDOT, -1 00AICEL TS

CITHKRDHDIE, WEDK - A¥»L5F LS, BiHDOOMMES, WiE L OEBEKTEL
TVWI b Thbo R, S OHEEA 2 kmBANICHIIE$ 2BAHCECIK (No. 1364) 12d 55
ABENKE VDS, B, S OEEA 5 kmANOE L Y b, 10kmi2{Z{E+ 5 DERINCE (No. 4
#x0) %, GOLCUK (No. 5#18) OFFHENEKTH S, R, DEGIRMENDERE (No. 84
&), SAKARYA (ADAPAZARID) (No.16#24), YALOVA (No.22#hs%) THENUKTH S,
T, BEBHA 5100kmEh LREN 72 ISTANBUL (No. 27Hs) TRALSEENLZWVIZL2HD ST,
ZThkb, B, HEER/ZAVCILACEKMECE (No. 28354%) ThH %) OBENEL TV 2, Fh
LOFMEIZOWT, K- 3 TERLAER (WK) RaRESEICL, BHE, BEEOME AT
MEOREEHIIERT S,

DT, #ENFBETH - 72 AHE %2 PO BRI 2 b4 2,

A. GOLCUK (No. 5%, 2- 12H, LUFRH)
A-1. K
B — 4 IZAKIRAEPHEE 2R L 7z (R#9550m, BT & BK1S0mABREAKIZEL, 205 LiE#H300m
BHRELH 2mAR LI IORETHS (BH- 1), MELTRDICLE 2L TOTEMEAS 2.
T, B- 400N (G- 2) Tk, BITEHBmETEEYIDS 5 v 7 H100mBAB L, &
MOMEHTDIC X BUL T, h7oy 7L, #T<Y (BE) L7-WEESH L. W



NHELEE S L EHNHIN T,

o,

AR BN &R

A VWIRIRICH o Z EHTRHERS,

A (

.

%

R—1 WK OBRE—Tik

NEEEEN L RN = %
1 |BAHCECIK © oMt R | R T Rilfiih 2 km LLA
2 |YCVACHIE O | skmBiP1| i #t & | GREE L LAY N B ]2 kel
3 |IZMIT O i MO | MREBIEH Skm | SRR A K ARG ST <y b
4 |DERINCE © i iR " w0, YEERih
5 |GoLcuk © |5~10km| # M W |MfMmEL BE, SR, BTAER |
6 |IZMITH 7 Km O o | RN Skm | By v 2 iR
7 |1ZMIT 4L 7 Km o4 B | MRERILNI0km | B E VYL THEF
5 |DEGIRMENDERE | © | | % # & |miimiir T 5 2 R
9 |ULASIT Wk R | IEWTREE (B O &R < B
10 | KARAMURSEL O i R ” AR AP ERGIZT /8 b
11 [HEREKE 20~40km| - HEF | EWEENOkn | BRCARSH
12 |SAPANCA o oM R | RNEAE KA., ST L
13 [1ZNIK a i mom | REMEEAO g
14 |ALTINOVA i Bt OB | WS E R
15 |GEBZE a BZRE~ SR | IEWELWISkm | MARMARABIZ > 9 —# %
5 | A O e T w | EEERER R | ORI
17 | NARLICA wok B | BEEY f’f‘” m;maw«m
18 [soL0Z o o | REERWEO | ammaemic7co b
19 | NALISOY C i Bt K| EERAE GRRBABZRBIST <y b
20 | KARAPURCEK a i B | REEEETO | e s ongihs
21 |KARAPURCEK B#ifiBl( & | 60~80km| i Mt K | HRIETEIEM S km | MEILREIZHER
22 |YALOVA e W om R | HELOIRE A
23 |ORHANGAZI R | EEECRIACHE | FENTOONERYERES
24 |YALOVA B=ZRKB |EERHE #E40m, RITE0mMIET <D
25 |AKYAZI C i oft B |BREEEL [HREME, BTRAK
26 |CINARCIK C 180~100km| i Mt K& | IEWRG IR G A EZRRIT 8 b
27 |ISTANBUL # o4 g |EEEEELN ) g o110k
28 |AVCILACEKMECE | O %= R 2 RICEE, R 5 10kn
20 | COKMECE R — B D RZRAIT < b
30 |SILIVRI BRI - AR I TR

*1 |- 1of5—#

*2 O MIEGERSOOAML), O K, &k

H-3), BLNOMTK



AKi% MAFRARI50mERE, (RF300mAKEE 2 m), BT~ ) DTk H 5.

T3/ m MR T
@ 11k 4 e s N
f KFEE0GEFo6h3)

\
|~ \\7 v 7 100mE ML

B—4 GOLCUK HMMIRARMHE 75 v 7 0t (3 BHEEFT)

BEE—2 GOLCUK X
7 5 v 7 100malifE

FH—3 GOLCUK WML AKEifEkAGY



- 2. PfHR

B- 5 (CHERREE FICB 2 EVBIRIKRSE LR L7z 1BH100mT 1 kmBh Lalis: (R~
BHE) L, EAFEBLTYS (BIi- 4). BIEMICSIROBOMEISMERG AL < R (B -
5) LTwaEIATHEKMBIEEL, HEFE{INTVS,

WRRHEL > €
(Fh‘w‘nmm‘) 1 kmElE25<)

X Il
~200m ’
/' X " e AAXAxxxx |

2N
il

!
IIHiﬂTﬁ
f
4
{
i
{1
0 z?um
?
1ZMIT «= BT — YALOVA

LA GOLCUK ist & B &,
ROMINZEMMARICHHE AR L 2o fHE e U
Mo 2eWrRiA*SEE, AT 100mAT 1 kA bR L €L 3R,

B—5 GOLCUK vafiibi®, Wi i) 5 ©IVERg

=i R - ENES
L AL

X et

A enl



w6 938

e

BE—4 GOLCUK w4l EH—-5 GOLCUK
o ZERT G 1D ¥ LB ECIRS

RO ATIE

B. SAKARYA (ADAPAZARI) (No. 16tz57)

ADAPAZARNZ, ML CSAKARYANDILEBRMRM TR BbITEY, MTFARMEIEZ T ~
3m&Eve HHAE, 19674:DMudurnudliE (M7.1) THIRLBEE 2RI TS, FREIL, £
NERT L) BB RMHETE Ldh ol BEH- 6 TIRT LI ICIHIMELZEESES L) REM
M7 BB OE NS, ERHS500mEL LIChzoTHRL TV 3EALTHBELABOL ST
bbb, SHORYHEETIHALTEZAIETHED, BLALDUELT 1 REEHGFFRBL TS,
F7:, RBWICERSEEL WA b#ED 6N, BN S IX10kmBBBATIXW2500,
WAL ) Wi o 221D hAbh S,

¥ -4 5 h o

HEEH—6 SAKARYA(ADAPAZARID BEH—7 SAKARYA(ADAPAZARI
HEMN 2 BRI O ¥ LR YOUBEIRIR

C. DEGIRMENDERE (No. 8 34

R- 675y 7 OMBHER L7 Bt@uRiE, B SHmL TR, F¥avy
Z v ZHFI00miiHE L (BL- 8), SOcmPEBERT Y (T RY) 24 ULAWTEENDS (BEH-
9 - 10), HIBATOMEMRIE, »LVBEIMIHMELTVWAL) THb, Rb@iikiz, G Gh
KM #3364l 5d, MPholimE (a—a") IRTEHE, 22 THEBILTVWAHir28t
(1) LTWAE)ThHhs. QHERIE, 25 7L TEY (BE-11), ERMIT—#it
TL, ZBEFHEL TS (G -12), #ERTX)OWiEtE»H 5, BRFTBELETHH L,
BEU, BWTFAEMEL, MEMETITELTOVAI EAEHLZAELLAEbDEEZLRS,



En

ﬁml‘ - \

AL
® ?{ﬂlozm
elsg by
SRS
Zlgk | @
250y

AOTUd a-a” WlITRT &I
89 \  iEeh o AL, R A
\ O-irdL.

¥

® it
BRI (RIRG) T 5 78+ (% +)

#120m

D, BRIRL LS0cmBEDATBIHEMES . WRIT-HILTL,
ZRAN S BRI T ) DEREEASH A,

X—6 DEGIRMENDEREMISZIZEIFTS 2 7 v 7 Otk

FH—8 DEGIRMENDERE B5H—9 DEGIRMENDERE

FriarsIy rAH100milis B®HIRA SOHIE R T, K4 DEUH)



FH—10 DEGIRMENDERE
O3 S AR B

EH-—11 DEGIRMENDERE
25 & HYlif

EH—12 DEGIRMENDERE
L )

D. DERINCE (No. 4 i)
N A, IZMITHILMSET, HAEOSHRL% VSO0, HAERO RBIZATLRIC/MR

HAY AL, WMHEAHT Sy b LT REARRERL TS E0LHESHIE, B, 4)
WEAACERLTE), WILEE (FH-13), UBESFBOTLIELEAMEIC & 2 HREHIEEE

FOmT (BHE-14) THEIZ W,




E. BAHCECIK (No. 1)
Mih i, REGMICHELOE LT, 2kmBNICEET 2, 20700, MERBMATICAMEL,
RO AI$THEIADEYIE, PR YOWHEEZITITVE (BEEH-15),

F. YALOVA (No.22}ix%)

B UL AEWTRT & HES L 72T TR O LI 5o I
BN, HILMODNRDRELTE Y, 2IhbiiEshict
WL, HEMEIEIICEN (ZAM) 2HERIL T2,
ZDH, BH-16IIA 5 LI, HI0mMUS T, EHHEEE
LTOBEFTAVO»RBD LN, BHEFKEVE)ITH D,

\\\ N
N e

EH—15 BAHCECLK
BRI A S 2 LA DT

BEH—16 YALOVA 20m X 30m®iitifi< v 455l

G. AKYAZI (No. 254)

S P MR S 0 0
AL, WE R L, WA
WEHD) . Z0RD, 20L&
DRI BI - 17I2HA B L3, DRt
FUCHBL TV 20 AR, ALA
BT TRETHIILTE 7 A~ F A
< 5B LRI AR B, 0
AR, ADBETHIL, FHONE i
BELTOL S EATREND. 3 F A B IRFIERE D € L B

H. AVCILACEMLE (No. 283 1)

Ll TR S 140kmBER TH Y, LA D HEEGERIGILH0kmOMBICH 5. AL, —#
TR OE I AL H DA, &AM, HERBLVHEREIh TV,

BH-18ICHERRER L. IRWIBIZEL L TWAETC, Lad, BREA i can
WHEEE R LTV AEITCHENKREY (H-7), 7/, 20L5 BYEEORE, BENHE=
WRTH-TH, MO HET, BPIFRELTVWE (BR-19), REO&E» LR L00,
WEAC AR L DR SN TV ABISTANBULTIE, BB LAEZITThaRn,



X O

(’Jﬁ_—t)\”\r ‘_2 m

R100%5

O ##HEFv
X EAfR
E—7 AVCILAGEKMECE Ot ibfic il A B g cak (K x )

BEH—19 AVCILACEMCE
P IL A TRGE W s DY

5H—-18 AVCILACEMCE
IR TR 8 8 - £

| . 1ZMIT, KARAMURSEL, NALISOY, CINARCIK (No. 3, No.10, No.19, No.263fx%)

oM, RN (R, AR, BERF) K728y PLTERLTY 28T,
Ao, IZMITZER S #3A0E, WERNBOERIME T 2 EHRHEICMEBL T2, &b, 1ZMIT
DHELL, WEMFA»OG 5N TV Db 00, A S 5 kmBARICHELTEY, o 3
12 HRT, RDRERICIEY. S ORI AYIEHBNEG IS & 2 REIEIRFEFIC L D, WE
b DEEZX LN D, F7o CINARCIKIZHEH A 5 #90kmiE L TV B0 FRHIEA S 100km 4
hTwTH, HEHRAETHIIL, ToL) LME (L) MHEERETLILENDHL I LAbH
b

J . ULASIT, NARLICA (No. 9, No.17#5%)

ShoDHE, PENOWAETREEZELTWS, WIFhLERRBfE~E LR LTS,
SROBBIZEZTNVIEL T 2VLOD, REOHPETERT Y ZLELTE), HHFE
OPEREE S ) 2 AREIIWEL T LB DD,



W SHEOBETFAICONVT

-8zl - 3 %MK BDADTHERLbDTHD, WAIHKELEN (i) »Rdo
e, B- 91, #RICHBENAEL RN EZHTIZIDTHL, TLOHTLRLALIIIZ, K-9&3%-
12 WRBZEIED, PVIHREOHEIINE (L) KREFRICBHELTE I bR,
SHOME (i) REHAEPKRYTHLILIHBMTE S,

B —10i24b7 4 VU 7R CHLAERAE L7 (Ms=6.5) I22W TR L7243, 19394FE 7 & 10[m] LA
LR (Ms=6.5) AL THEY, 19674248 L2z b2 0B W 100kn ML 0 T G iV T4
DHBEHREL TV S, SAOHEDOHI0knFEICIE, FAY X T—APMBL TS, fAF VT —
WIEHBOREIIFEATH L 00, ERUTHMEREH LT (F:) L, SBELVERELTVS
BHLHAHEIICHITOEN (IR EN-ENOIERET, LT L OBERICR o Thin),

V2B BB, 17250000 TERIEBEEXRAL, k) KEROKE S EHEOFT
M7 EICATFNESLD, BN~NOFHLEELOATWE L) THE. S, ThoHERAS
AFTE LD o72H, Y IZ1/10000 8 EDHIERIT, & <IH - IHOWMBR EHHRAZELHO DO
L, BRI 0) PAFETENE, FhiiL THRIMEST I EICXy, B Gb#) KX
FTAIKRZZBL 22, HimZESO2MWBHIKABEE LTS LATE, RO, EEBELDK
ETPHEFN (NF—FvvT7) OERPFTEEEZEZS. HHRAH, ERENF—T-FELoTw
545 H, BEBRMICBNTD, RGN EERD,

BLACK SEA

— 199817 WAGD ] amm

A — — 199817 RO DI L on. B
—— R ZZ (iilﬁl‘tiﬂ‘:‘, RHEE
- DB

¢ SCkm

M-8 WANAERLOWREESE (i) XI5
(MT AR (1999) V&l EM GBE) KaL72)



BLACK SEA

: Rives 5 o
& nitan nnw © o mmueo
- Al ——— 1999817 J&BTRE ®H, VS8
l — e omerr egimoume /A (amicos. s © M
0 50km ——— iR
e RO TR

EH—9 HENAFMLOPIAR Ghig) KoL il s OlRK
(MT ASBEIR (1999) V" #FIZESE QLD KoL)

BLACK SEA
2 9932 % North Anatolia:
: . fault
1942 . '
40 o
Y
einxara | ~
1958 82 1966
3, | 1 ==
) | I‘//I
o
% irii East Anatolian
Ao 0 o fault
3’ ( 2 !

=10 {67+ M) 7RG CHAESRA: L7e, Ms26. 5% R+ M o B2idh & SA 4R 6 & iR

I ¥ & &
K- 1BLY, SHOMEAEMRTRLALIIE, BEOADIHY (L8 Riks X UHT AR
EEBICMBRL T B S LA L 72
B A S 20kmEAN D, HIRITREE LICBWTIE, #EEFYUETH 2500, WEBTF»S P08
hae, BEMIGES TOHENERL TS, 2LEL, 20BETH, MBFHBIOGRILIBICE
ELTOADTHLEHENKRE V. T, ZAMPERLIERN, &5 IZELAVEMPEICHA LT



WAL, HFARMEAE L, ED7-0, FERMA S20kmANDZE D k9 SRR T, ABEL R
WA ZECTREEYRH S LAV L 72

T, FHRME b)) HRT, 22 FRMEA Ik, B S80knfREEN TWTH,
KELGEEZAEL TS (ENICEBHE), G, KFRAMEEORAMEZILFHEL, LB
TdH->7:SAKARYA (ADAPAZARID) I, il S3#60md N TS0, SAKARYAJ
OLEIFHER AL HBA S HERT L, T ARSI T - 720

—J, BiRD 5 140kmh LR TWTh, BMEAS SRR T, RBEBELL TW AT,
A ORBREENF TR TR CBEWVICER L TO SRS T, KX2#EXH-TWa, 4ol
BT, ThE ) EHRISEWISTANBULM L TR A S 2 HE RO S hidho25%, ISTANBULT
i, ERFNAEREATHLL00, FHIBHSEML (%) L, EVERELTVWAEFIALIEL
D HN D, §k, BETHEIRLE LAYWECIEEREOTEELG S 2,

7F b)) TERI, RTH-LHFRICTHEML TOLMHO—2TH S, SEMAL LR,
BEEOKRDIHE b)) KRB LU, HEKMREEERICMRELTEY, HiliHE0H D HIZH
ShHHILdbhoTEL, Ld>T, EHELIT, FELBE b)) 442, RN
KMDOFHEREL, BWERICBIANF—FTy 7ORENEELEEIZ OGNS, T, KBBLIE
B XY FAECLERICBV T, AL, FhCEISCRAL MR R LRE) AU
Thb:

2 2 X B

1) MTA, GENEL MUDURLUGU, www. mta. gov. tr, 1999
2) MTA, Geological Map of Turkey, 1 : 2,000,000, 1989
3) 7. 4, Ichindekiler, Bilim ve Tekmik, vol. 32, no.382, pp.4-7, 1999



