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3D trenching survey at Demir Tepe site on the 1944 earthquake rupture,
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Abstract: We excavated three-dimensional trenches to clarify both the timing and offset of paleo-
earthquakes at Demir Tepe site, 12 km east of Gerede, on the 1944 Bolu-Gerede earthquake ruptures of
the North Anatolian fault system. At this site, right-stepping fault traces form a linear depression and
fault scarplet on an alluvial fan surface. Fault-crossing trenches excavated into the depression and the fan
surface show evidence of four faulting events. We obtained 25 radiocarbon ages and quantitatively
calculated probability distribution of each event age. The most recent event identified in a soil horizon is
correlated to the 1944 event. The penultimate event occurred after AD 1640 and corresponds to the great
1668 earthquake in historical records. The two events prior to the 1668 event occurred between AD 1210
and 1460 and between AD 840 and 960, respectively. Considering historic records and results from
previous trenching studies, these events are possibly correlated to the 11" to 13" centuries event and the
AD 1035 historical earthquake. According to our slip measurement, the 1944 event accompanied an
offset of 4.0-5.0 m, reconstructed using the offset line of trees. Two shallow gullies incising the alluvial
fan surface exhibit cumulative offsets of 9.2+1.3 m and 9.7+1.2 m. The 1668 event horizon lies above the
channel deposits of these gullies. Furthermore, distinctively older buried channels exposed in the fault-
parallel trenches provide cumulative offsets of 14.5+0.8 m and 19.3+0.3 m. Based on the offset
measurements and relation to the event horizons, we can resolve three discrete slips per event; 4.0-5.0 m
(AD 1944), 4.8+1.5 m (AD 1668), 5.3+2.3 m (the 11-13" century), and possibly another 4.7+0.9 m (AD
1035). These data suggest that the similar amount of slip was repeated at this site during the four
earthquakes since AD 1035.
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T-AREME B D GIRIZD>, 2003).

LovL, ZO#EER, HERHANCEES < BREAEAL
BN 1944 BN BEOBERETHDH Z LITEKILL Tk
v, WrlETEE A N b ORAEFNR L DOEN BB
BRI T S 720 TlidZau.

2T, W EEEN O W fE s B R & 28L& A (R
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U TR RS OB E X NSO°E DA M TE
BRIIZEE DY, FAEHVEIHL THAT v 7 2ES (B2
). Wrg oA I E AL O Bk e By i 23578 otk
WAL, 2R ERE L CTERNALO R P B i 23
Wrig oAz o925 (G2 X). RALE: i,
Wrigdt o4 AT > ZIES IR E Y, K5 m,
E S 50m ofEHEOMAER SN TEBY, 20
M % SRS 2 MR HERE S b 7 v 7S Tnd =
ERTREINT. MBHEREY L WE L& ORRE b &
W ETREh S A L2 EA R E L, WO fiERET
FEERRAE T T N TE D LI,

A HPEE O AL 4.0~5.0 m DL T AR
L, X 1944 FEMEICHEI B EALND (GITfE
Ey, 2003). —J5, ARMLBR IS 2 RO H U —n
HFEN, WEBEEIZ9.2+1.3 m, 9.7+1.2 m OLET
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EENEOR2MHETH D20, &iIT2EIOHMEIC
VENETHDZ ENTHREENT.

MU UFHEITE, ETHY —HE1BEDOER L,
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E&X3m, & 1m, 1§07m) ZHEIL7- (2X).
BT, MHNETOH U —DRBAL, 434k L O
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L7=. &DI, Fv RVHERY & ikE & ot %3
HNNCT D7, WiEIZERT 5 DTE LT (E
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MU YTFREEIZIE N L FIEAITICER L2 R
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5 EOHERE, 6 BOHERE - BIRICHI St Tt X 7=
EHBND.

68 HEOT ¥ R NVHREMIC LV RSN D
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8 J& W T/ kL F (DTA,DTD kL v F)
TORRDHLNDHF v RV HEREY. 10~20 cm KD
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9@ :DTC2 F L > T DIRIZDHFRD HILHRIHE)E.
R 2 em D/ A RN THERR &, vV bR E
RE Uiz ~Hm o B I E T,

10/& : AR LY VL NE., 2To LTI
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Eﬁ4m/%n@%$% A UMM A T 5 &
INCHERE L= B2 oD, bk, A1
4 BHERELARE, 2 JEHERERTICHAE LT 2 & 3
ThDH. B, 3BEANy M OBEREER RS
FEHIIG O TUVZeu,

A NI 6b g2 YT 5 WrkE2s 5b gz Lo
TEbND (B4 -E5K). £/, 6 @RERL
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5b JEHERERT CTH 5.

AR NIV TEZUIWT 5WED 6b I L V&
bnsd (FESK). kigiX10aE, 9B LR 7ET
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TARPABRIZZ2 5728, 6bBORER XL OWNE D=L
TIEENINAE L TVRNWZ ENRFEETH D, LIz -
T, A2 NIV LT EHERELIR:, 6b EHERERTICH
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4.2 HIBEBAANY FOEREER
L7450 A4 R NOBRAEFENEHRHT ST
B, 25 ELO AMSIECHERBEE B Z 2o 72,
WERRZEH 1 RITRT.

SHICAXRY NOBFEREZRET 5720, OxCal
3 5 (Ramsey, 2000) % HW\WT, F1=v h& A

X DB ORISR E iR L2, RO
m,ﬁ$%% IFIET D CHEMRERTHRE S N A
XTSRRI, B O F 3% T, Biasi and
Weldon (1994) ¥ X (¥ Biasi et al. (2002) 72342% L
728921, FFHEcx0RE 2 EIC2=y MEIZTEY
b U7t Ai 23R, WRICE - & S B D%
EWRSGMEL LT, A AHRICESS HitEE2 B
ol WREAZESMITRT. BFTIE, HEE
L7=%A X2 FOBHENR (o) &I, BHHES
L O 2 km B 7D Ardicli #5 (55 2 [¥] : Okumura et
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MOFFE T, 41X F1 % AD19444E L L CTHy
WA Z 7.

A X b OFRAFERIT, AD1640 FLIEICIRE
TEL (B1HR). ZoFEMRITESTHE, 41X 1
I1E 1668 F=DHIE (Ambraseys and Finkel, 1988) (2%}
T ARTREME S E V. LT TIE, A X b II 7 1668
FEOHBEICHIGT D EE X, HERIMOFFEDH
WMz (-8 X).

A X2 M OA U AR, ADI210 4E LLRE,
AD1460 4ELIRT L RESND (GF1 %, FHIX). A
Ny N OEREEES 5ENHIL2 A (DTC2-W115
B IO DTC2-E100) OB 255728, W d
BRFHIICH LI FET D70, MRSAOEFE
IIMAZTWiWn., ZD=8, A X2 hOBFENE
1 13~15 skt SRRV, —TF, A XV D FIRER
9 6a JB O LT HEECOEBINEO b D Z
5, A2 N DOFRARHIT 6a B DK b WVER 1
~I3 ATV EEBEZLND. DXkl A
kL%, Ardicli #i 5512 B 1T 5 11~13 {4 & EV3
(Okumura et al., 2004) (Z %59 5 AIREME2S BV, 7233,
Z OIS T DR HERIT I STV,

A4 X NIV O R A F R IE, AD840 4 L R,
ADIGO FLUHT &R Bz (F1FE, FHEIX). 7=
2L, AV MO ETFRERTESIOTEED
W2, HWVAERE R TREINSE L, BHEMEDEWE
RIS 1R OARELNTWS, LEEn-T, A
R RMIVOEOEMRITEIVH LL 2D ATREMEN B
L. ZDOEIIE, A NIV X 1035 FED L HE
(Ambraseys, 1970) 35 & O Ardicli #1700 EV4 (10~
13 42 ; Okumura et al., 2004) |2kt % AT HEME D
H5.

5. BIBESHAANY FMIFESETHEMEDORKRE

F Lo FHERS T, BEOWRIIROH Y —,
T v RVHERE ) 2 JLUE L L C, MU - WE M
mﬁfh%m%%%ﬁfézeﬁf%t. Z

, BAHEMEL A X NEHE L ORI G, 4 1H]
03/1“\/ rDOZENZFIAAE D BTN EMERS L
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ﬁﬁF&MEﬁﬁmﬁf%@mbt%®%%9l
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51 1944 FHE (AR KR IZHESTRE
mﬁmﬁ%@iﬁﬂﬁ4m40mmgﬁfn%f

T2, WE L WASIPERAE TRZELTND
T2, RALEORE, FEEILTLLH&E R,

Lﬂ L, FfAHEZO 10 km AN TEHAI & 072 1944
EEMEELOND A 7Yy MIWWTNE 4.5~
55mThbd GEREIFD, 2003). L= -T, 2D
A ARFN DSR2 4.0~5.0m [T 1944 FEHIEEIZ L 5
HLOL L TRYRMEEEZEZOND. LTFTOEMNED
BT Z OfE & -,
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5.2 1668 FEHE (A N2 K I) [TESEHME

Bebm BICRETDH2ARON Y —NENEI 9.2+
1.3 m, 9.7+1.2 m DT EZRT (652 X). A
THRA_7= XKD, HVU =X, Wiz 2 mzi)i-
LEDEETHLABEREL TS, T —DFE
NS 1944 FEHGE 1 [MOE R LV AEICKRE WD
D, AN HE D AR Bo CTHERE L 721
WCH Y =N S, F D% 1668 AEHE NI LT
EEZLND (9.

Z OB, HWELENCA Y —2NERAIZHE T LT
TENEIDNEMEORELVICE > THETHD.
AR N NS TR S U7 M, 5 g ofs 1.
VIVENE, E5IC4BICLo TSR TWD (5

4E,%9EL L7=MoC, BV —Haaizi, M
HDMEIEFE IR S W TV ATREMEDS <, 7 U —

@(;ILEM:MHHJ CEEINTERY RO JEEE LTy
LIEE <.

L7=N->T, 92413 m, 9.7+1.2 m OB =1L, #ix
T2 RIOWETEENC L D RFE L e 2 LN TE S,
ZOENEE 1944 FEOENE40~5.0m &b LT
1668 FEHIRITAE D AT AN &EIT 4.8+1.5 m L&
HTE5.

5.3 ARYUKIIZHESEMNE

BEEL DI T R VHEREW) D> HRERL S 41D 6b B
14.540.8 m DR TNE & E2RT.

6b JEIIHIRTEOHEREY & v, F LU F A
MOH NIZIAFIC AT 5D (BE9X). DTA2 b L
FOPWEE L DTAL L > FOPEE L i, DTC kL
»F, DTD1 b Lo FTIL 480 10 g% EEE - T
B0, 6bEITIHAMALTWARW. 22T, DTAI B X
U'DTDI1 kL > F O FRATIT T, 6b 8O 4250 (B
) ooHEITHAECcHY, DTC kL F T 6bE
DRDONRVWREBETIIL WMEIBEL E—
WX TholztAHBND (BEIX).

F7=, Wi T/ L F (DTD1-4 F L > F)
T, %Ei?ﬁ@?k?w%ﬁ%f%éSE®E
S RN 2ERLCRY, WEOBEIIITIEE
B “ﬁ#é(%9l)6b%%%m#é%«z
WA AR L, L rFHITTRET S 2 b ik
LWA, —EOF ¥ R/UDNEMRICH FL T8 g%
BE LIRS B 2 b,

*+Z7T, DTAlBXO'DTD1 bL > FTHHNLD
6b J& DL S Aif% & 6b + 8 J& D DA AR A M

ﬁmﬁﬁ%ﬁ% YEL, INEEEHETIESY
FHIL72. Ak DEK « /D :E’f%zhéﬁug
IZOWTHY R A Z RO TR, BfL&E
Mi&ﬁm%ﬁ@élkﬁ?%é.:@@#%ﬁU*
UL Uil 2B A Ry Mk D BN B
LBl iz kn, 40k ULICPES BT 5.3+
23m EREL LS.
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WriEc 1795 h L F (DTAL1-4, DTE1-4 ~ L
UF) TIE, W T 7 RoWmEE R OT v r L
WM THD8ENBEDOOLND. 8BITREEY A X
OHEAEETHER SN, oM =y MIiXRVEE
BB Z D, & ML FBTORERES T
5.

Lo FREmICERH U7 8 8O An 21 e
HL, SEAMHBISELF v RIIWBICIFITER
L, WiEZ5RICATNEMNEZITTWDZ ENH
LEMTHD (BEIX). 512, MHONETILSE
NRWEEn2py (#FlxlE, DTC2 L) Z &
MBS, TOF v RIVITMM O B 5 1 B
WWIHFLTWE EHEE SN S.

MU T RER TCTHEE S D 8 8 DK IET5 1A e
PIZE ST T vy 2 L0E (FIK) #REL, Z
NIRRT EZFHI L2, 12IER T FEA
(BRI DAL, EALO 6b BICEE SN TNASTZ0,
FEM (FERD o Z RN W, §HTH,
WrjeE bl oo F ¥ RS R E R TRy &, Tl
AW Oy Z Wi g HEE L T T o 72, £ ORER,
8 BOLA TN &1L 193203 m LEHAITX 5.
ZOfEIE, 3EOA R MIEEZEMNELY VAR
WCREL, 4L EDAR NI BRELEEZ D
5. 88D BRI &N /N O W 8 IE B [R5 T
BENT LE 2T, 1944 FHIEIZ 3 D074 5 A
N2 NIV ITED BT AN &1 4.7£0.9 m EHEE &
ns.

6. F&H

1944 4£ Bolu-Gerede HiFZ W& Demir Tepe #1123
W, W oiEEN R Ll RO MBI E D B E A
Wi - MU FMICE LT A2 E2HME LT, =K
TR R U T IREIRE AT o 7.

TRAHUIC Y, B MR B i & ) 2 3 ) & (KT
B, Wi o SRS RE S M AR S, Mok
mifxZ R AW 2 b L o TREmIZEEH LT-.

W & MRS OBIMRICE S &, 4 o0l TEE
BA X MRBDOOEND. KHDOA N2 MIHEE
TERL I T4 L TH Y, 1944 4 Bolu-Gerede HiZE 1T
SIGT D EHLND. FHA Xy NMIHITT DA
VML, AERHIERS BN S AD1640 BLFE IR AE LT
EHEE XL, JESFLERICRIEL S T 1668 IR %)
IS D AREMENEV. S HICH WV 2 DOW EIEE)A
Ry M OFBERIL, i 13~15 i, 9~10
Al L RO ENTZ. ZORBELEMEROMEIZ L DIE
BERE, BRsERETDHE, 2004 ME
fo ot 11~13 fitfd, 1035 4= Hi 5B (Ambraseys, 1970)
\ZXFIGT 2 ATREME DS V.

A H PG O ARSI 4.0~5.0 m DA T AR
L, FRAHEL D 1944 LN B0 S 1ZE—FKT D
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T ED, PHEHICIHIT D 1944 EREICAE O ARET
NENEIZ40~50m & A5,

W g W3 2 AL RG22 Koo U —IZ, 9.2+
1.3m, 9.7£1.2 m DT NEMEN A LND.
D RFEEM EIX 1944 FEMEOK 25T, TV —E
FA%IT 1668 4F & 1944 [EHIEE D 2 S D Wi fE1EE) I X
VIR SNI- e b5, Lo T, 1668 FEHIE
WZPE S ARE TN 21T 48415 m E B TX 5.

Wi EEh 3 By OB &2, HEOF v F LT
RERL 5 BRI HERE D I > W RS 2 T L,
IhaL EITHThEESHE L. Zoofmks ik
YL LT, 14.550.8 m O RFEEN &4 FHH L7z, 1944
EMFRIZ 2 DT DA R MMOE D BT 5.3+
23m EHEHEIND.

HUW T 7RO W E & RO T v < VHEREY) D
VAR EE T L, WIEIIZIEEAR T 5 ERN 2T
FEAMG A FEME I CRET NN B A FHAI L. Z OfEE,
T NAEN &1L 193203 m EEHAIE NS, F v RL
HEFREMIT D72 E b A XU P33 RIDOENZZIT D
s, ZOENEIZA N NEGSOBRETHD
AREMEN B D, LTI - T, 1944 4E10 3 D71 5
AR MIEI BT NEMEIZ47509 m TH - 7=
FHEMER B B .

Z DX 91T, Demir Tepe #1512 31T 5 it 3 [BlD
Wi TG A = MIPE D BALEE, FRRE (85 m)
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BiEE AWML, [PEEHINR AW HVE AR S
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1. R FE RN AR ORER S, FRIELibbylc £ 555684, JIE T2 CMEREESITFHIC LS.
JEFERIELE, #81E~7 1 7' F A0xCal 3.5 (Ramsey, 2000)33 & (’Stuiver ef al. (199812 X 55— % & v b & .
Labo. code; B- Beta Analyticft, L- Lawrence Livermore National Laboratory. #E#MT OFEMMEIL, BFFERIICF
JET 2R AR, OxCal 3505 (FE8IK) TIXkRAL7=.

Table 1. Results of radiocarbon.dating. Dating was carried out by accelerator mass spectrometry dating method. Calibrated ages
are based on a calibration program of OxCal 3.5 (Ramsey, 2000) and data set of Stuiver et al. (1998). Labo. Code: B-;
Beta Analytic Co. Ltd., L-; Lawrence Livermore National Laboratory. Shaded ages indicate apparent stratigraphic
contradiction and they are excluded from re-calculation of probability distribution of calendar ages shown in Fig. 8.

Unit Sample Name Labo. Code Material "C Conv. “C Calibrated Age Event Modeled Cal. Historical
(%0) (yBP) (1sigma) Year (I1sigma) Earthquake
1 1994
02 DTC2 W113  B-188778  humicsilt -26.9 160 + 40 AD 1675 - 1950
02 DTC E 02  B-180990  charcoal  -27.6 200 + 40 AD 1656 - 1947 11 1640< 1668
04 mid DTE2 S 42 L-105565  charcoal  -25.0 80 = 35 AD 1695 - 1953
04 mid DTC N 01 B-192589  charcoal  -25.5 170 + 40 AD 1660 - 1950
04 mid DTE2 S 42  B-192588  charcoal  -24.4 200 + 50 AD 1650 - 1950
04 lower DTC E 05 B-180991 charcoal -23.5 370 + 40 AD 1452 - 1627
04 lower DTA3 N 01 B-180987  charcoal = -25.4 410 + 40 AD 1440 - 1487 111 1210-1460 unknown
05a DTC2 W115 L-105559  charcoal  -25.0 120 + 35 AD 1680 - 1951
05b DTC2 E 100 L-105560  charcoal  -25.0 1145 + 35 AD 785 - 963
06a DTC2 W110  B-192590  wood -26.6 880 + 40 AD 1060 - 1210
06a DTC2 E106  B-192591  wood -28.1 920 + 40 AD 1030 - 1180
06a DTC2 W109  B-188780  charcoal  -26.1 1070 + 40 AD 980 - 1020
06a DTC2 W1l11 L-105561  charcoal  -25.0 1560 + 35 AD 431 - 541
06bupper DTE2 S 41 L-105566  charcoal ~ -25.0 1055 + 35 AD 978 - 1019
06blower DTA3 N 04  B-180989  charcoal — -25.9 1320 + 40 AD 661 - 765
06b DTC2 E104  B-192592  plant -27.1 1350 + 40 AD 650 - 690
06b bottom DTC2 W119  L-105562  charcoal  -25.0 1360 + 35 AD 653 - 683 I\ 840-960 1035 ?
07 DTC2 W120 L-105563  charcoal  -25.0 1200 + 35 AD 777 - 889
07 DTC2 E 101 B-191844  charcoal — -24.7 1700 + 40 AD 240 - 370
07 DTC2 E103  B-192593  humicsilt -25.3 1770 + 40 AD 230 - 330
08 DTA2 N 15 L-105558  charcoal  -25.0 1270 + 35 AD 687 - 777
09 DTC2 W121 L-105564  wood -25.0 1290 + 35 AD 675 - 774
10aupper DTA3 N 03  B-1809838  charcoal  -23.5 1510 + 40 AD 535 - 603
10aupper DTE2 S 39 L-105567  charcoal  -25.0 1530 + 35 AD 443 - 598
11 lower DTF E 67 B-188781  charcoal  -25.7 2480 + 40 BC 770 - 425
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Fig. 1. Locality maps of study area. (A) Geometry of the North Anatolian fault system and surface ruptures associated with large
earthquakes in the 20th century. The base map is prepared using GMT4.3 (Wessel and Smith, 1991) (B) Geometry of the 1944
Bolu-Gerede earthquake rupture and location of the Demir Tepe trench site. The base map is Landsat TM mosaic image and the
source for this dataset was the Global Land Cover Facility, http://www.landcover.org.
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Fig. 2. Map showing tectonic geomorphic features and trenches of three-dimensional excavation. Contour interval is 0.2 m.
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Fig. 3. Composite stratigraphic section at the Demir Tepe site.
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Fig. 4. Log of west wall of DTC2 trench. The number for units is the same as Fig. 3. Red line is
fault and chain line means inferred. Black triangular marks indicate the faulting events.

5. DTC2 b Lo FHREEEH D A7 v F. BEMIEA N2 MEEZ R
Fig. 5. Log of east wall of DTC2 trench. The number for units is the same as Fig. 3. Red line is
fault and chain line means inferred. Black triangular marks indicate the faulting events.
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Hol. DTAL b Lo FABEF DA 7 v F.
Fig. 6. Log of north wall of DTA1 trench. The number of units is the same as Fig. 3. Note that a gully is incising into unit 4 and
two distinct buried channels (units 6b and 8) are recognized.
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Fig. 7. Log of north wall of DTDI1 trench. The number for units is the same as Fig. 3.
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Fig. 8. Probability distribution of geological units and paleo-earthquake events
constrained by Bayesian model and OxCal 3.5 (Ramsey, 2000). Outlines
indicate probability distributions of calibrated radiocarbon ages prior to
running the model. Colored areas represent posterior limits placed upon
the distributions by the other age constraints including historical informa-
tion of the 1944 and 1668 earthquakes. Black areas show probability
distributions inferred for the paleo-earthquakes.
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Fig. 9. Slip history through the recent four paleo-earthquake events.
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