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Abstract: [ Objective | The North China Plain (NCP) is one of the most populated and economically developed
areas in China and is a region with a high level of seismic hazards. Studying the Quaternary activity of the faults
and the seismogenic mechanism of the large earthquakes in NCP is conducive to exploring the seismogenic pattern of
intraplate earthquakes and reducing the damage caused by seismic hazards. The Liaocheng—Lankao fault (LLF) is
an important buried deep major fault in the south-central part of the NCP. The activity of the LLF and its
relationship with the 1937 Heze M 7.0 earthquake is still highly controversial. [ Methods ] In this study, the
activity of the Liaocheng—Liaokao fault is finely studied by combining shallow seismic exploration, drilling, and
Quaternary dating methods. [ Results] Shallow seismic reflection profile ZF-2 reveals that the strata below 145 m
are obviously displaced, and the strata above 145 m are disturbed. The Bachengsi drilling profile reveals 16 sets of

marker layers and three west-dipping normal faults Fa, Fb, and Fc; they form a “compound Y” structure in the
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profile, of which Fa displaces the bottom boundary of the Holocene ( burial depth of approximately 38.9 m) and is
an early Holocene active fault. It also reveals four paleoseismic events since the Late Pleistocene, with vertical
displacement of 1.2+0.2 to 3. 7+0. 2 m for a single event. Based on the stratigraphic offsets in the boreholes, the
average vertical slip rate of this fault is calculated to be about 0. 1+0. 05 mm/a for the early Late Pleistocene and
0.35+0. 04 mm/a for the late Late Pleistocene—middle Holocene. The fitted age-depth curves by the test results of
seven 14C samples and four OSL samples can be divided into two segments. Within the depth range of 0 to 86. 0 m
(approximately 21 to O ka), the age and depth of the strata conform to the formula y= (253.69+16.56) x+
(924.72+681.36) , from which the average deposition rate of this section is calculated to be 3. 94+0.26 mm/a.
Within the depth range of 102. 9 to 145.4 m (approximately 128 to 59 ka) , the age and depth of the strata conform
to the formula y= (1470.67£259.91) x+ (-95061.92+30190.73), from which the average deposition rate of
this section is calculated to be 0. 68+0. 12 mm/a. The vertical slip rate of the LLF and the sedimentation rate of the
Dongpu Sag have increased significantly since the late Late Pleistocene. The intensity lines of the Heze M 7.0
earthquake show an asymmetric butterfly shape. [ Conclusion] The 1937 Heze M 7.0 and M 634 earthquakes
formed “Z”-shaped ground fissure zones, which can be divided into three sections: the southeastern section
(section A), the middle section ( section B), and the northwestern section (section C). The long axis of the
intensity lines and the distribution of the surface rupture of the 1937 Heze M 7.0 coincide with the NNE-striking
Xiaoliu—Xieyuanjie and NWW -striking Dongming — Chengwu faults in location and striking. The analysis of the
intensity lines, surface rupture distribution, focal mechanism solution of the 1937 Heze M 7.0 earthquake and
M 6%4 earthquakes, and regional stress implies that the Xiaoliu—Xieyuanji fault and the Dongming—Chengwu fault
are the seismogenic faults of the 1937 Heze M 7.0 earthquake. The LLF, as the deep major fault in the region,
controlled the accumulation of stress, stimulated the earthquake with its deep movement, and reduced the effect of
the seismic energy westward, acting as the regional seismic controlling fault of the 1937 Heze M 7.0 earthquake.
[ Significance ] This article proposes a method for fine detection of the localization, structure, latest activity age,
sliding rate, and paleoseismic sequences of the buried fault and also proposes a pattern of seismicity in which
seismogenic faults do not coincide with the regional seismic controlling fault. It provides new insights into the
characterization of seismicity within the NCP and can provide the geological basis for urban and rural planning,
high-speed railway design, and earthquake prevention and disaster reduction project construction in this region.
Keywords: North China Plain; Liaocheng — Lankao fault; shallow seismic detection profile; composite drilling
geological profile; 1937 Heze M 7.0 earthquake
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Fig. 1 Regional seismotectonic map

(a) Seismotectonic map of the North China block and its adjacent areas (Fault and seismic data are from Deng, 2007, black arrows
are GPS-derived rates of block motion, movements relative to the stable Western European and Siberian shields are modified from
Zhang et al. , 2003) ; (b) Seismic map of the south-central part of the North China Plain (Seismic and fault data are modified from
Deng et al. , 2007, and Quaternary isobaths from Xiang et al. , 2000); (c¢) Distribution of drilling profiles and shallow seismic

detection lines (Deep seismic reflection profile from Xu, 2018)
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Fig. 2

Interpretation results of shallow seismic reflection profile and borehole layout at Bachengsi

(a) Interpreted results of shallow seismic reflection profile at Bachengsi; (b) Plan distribution of boreholes at Bachengsi (ZK1-ZK5)

T1-T6 represent effective wave groups; ZK1-ZK4 represent boreholes; The red line represents interpreted Fault F, and the green

dashed line represents the disturbed line L. The surface projection of the upper breakpoint on Fault F is located at 984 m. The

projection of the top point of L on the surface is located at 1060 m.
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Fig. 4 Combined cross-section of boreholes in Bachengsi

B1-B16 represent marker layers, with the depth of the strata indicated on the left side of the core column, and the vertical

displacement of the fault is indicated by the red numbers.
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(a) Photograph of marker layer B1;

)2 B3; d—FRd)E B4 e—hRid

2 BS; (—HRiJZE B6; g—HRik

P2 B7; h—riE )2 BS

(b) Photograph of marker layer B2; (c¢) Photograph of marker layer B3; (d) Photograph of

marker layer B4; (e) Photograph of marker layer B5; (f) Photograph of marker layer B6; (g) Photograph of marker layer B7; (h)

Photograph of marker layer B8

JEN17.5~20.5 m, JE#) 3.0 m; FEENFL ZK4 i
FE R 17.3~20.5 m, JEZ) 3.2 m; fEEEFL ZK3 g
FER 17.40~20.75 m, JE%y 3.35 m; 7E4NfL ZK5
PIRE N 17.0~21. 1 m, JEZ 4.1 m; 7E5G{L ZK1
HREE R 17.3~22.0 m, JEZ) 4.7 m, %2755
rh NV B AR R RS ARG, R & B )2 B e, 7
ZK4 1y 16. 8 m AbBUAS A9 C BE 5L BTN AE 8 R 4110+
30 a, Y% )2 DOBAREES Ry 4t b

(3) bR )2 B3. NHIH N Rl —&FH K —K 8
OEJEMERIE S E (K4, K 5c), ZH0 2
TEELFL ZK2 T FE } 20.5~38.9 m, JEZ) 18.9 m;
TEEEFL ZK4 FIREE N 20.50~38.45 m, JEZ) 17.95 m;
TEEFL ZK3 HIEE N 20.75~37.00 m, JEZ) 16.25 m;
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TEAGFL ZK1 FIRE N 22.00~36.85 m, JEZ 14.85 m,
%2R B TR A L ZK2 . ZK4 AT 38.9 m Al
38.45 m WBE, TEALFL ZK3 . ZK5 1 ZK1 th4 56
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MIFETE 1.2520.2 m WEE V% 2, 7E ZK4 19 38.4 m
AEEAY N CORE S T AR AR IR R 12270440 a, UL A
14 RG0S 1 G A AT

(4) FRaEJZ B4 )i Py — 2 K B R T
LR (K4, B5d, &3), ZEESSL ZK2 |
R 53.30~53.65 m, JE250.35 m; {E4fL ZK4
FYREE N 53.60~54.65 m, JEZ) 1.05 m; 1E451L
ZK3 IR K 52.9~53.6 m, JEZ 0.7 m; 1E4L
ZK5 IR E H 52.0~52.2 m, JE#) 0.2 m; 1E4LAL
ZK1 RN 51.55~52.00 m, /&2 0.45 m, %
JiE AR W2 Fa W00 ) 3 575 220 1.0520. 20 m,
TE ZK4 HiZJZ2 2 F 0 38,4 m AL BUAS 0 C RE L F
M AE A 14500440 a,

(5) #rikJ2 BS: NHIE AN —ERaOEH +
2 (K4, K Se, £3), ZETEMSL 2K2 HIRE
$57.0~58.3m, JEZ 1.3 m; 7EENFL ZK4 IR EE
4 57.70~58.35 m, JE#0.65 m; TE4;FL ZK3 T
W R 56.50~57.15 m, JE2)0.65 m; 7£ ZK5
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RIE R 55.6~57.3m, JEZ4 1.7 m; 7EENFL ZK1
REN 55.6~56.5 m, JEZ0.9 m, %I, JIEA1H
FEWT)Z Fa PIMAY 75 220 1.2£0. 1 m,

(6) trRi&i)zE B6: I A B — & K B —IF K
R E (K4, B S5, £3), ZZHEH L
ZK2 IR N 64.2~65.1 m, JEZ 0.9 m; 7E4
fL ZK4 PR EE R 65.00~65.55 m, JEZ 0.55 m;
TEEG L ZK3 WA E } 63.4~63.9 m, JEZ10. 5 m;
TEEGFL ZKS TR N 64.0~64.4 m, JE25 0.4 m;
TEEFL ZK1 R EE N 62.8~63.2 m, JE%7 0.4 m,
IS A BT E Fa B AR LIS 25N 1,65+
0.10 m, 7EWT)Z Fb MMM TE 75250 1.220. 1 m,

(7) Fri&iJ2 BT AW KGOF 2 (K 4,
Kl 5g, % 3), ZIZTERFL ZK2 HIREE R 71.75 ~
72.05 m, JE250.3 m; TEEFLANFL ZK4 FIRE R
72.55~73.20 m, JE£50.65 m; ZJEH TWZE3)
W T R m A, EAREJE B6 5 BT Z M, &L
ZK4 14 69. 6 m AbHUAR 9" C FE T AR I 4 18800+
60 a,

(8) tr&)ZE B8: MM K—B K AR L)ZE, &
JEEE Rk (K 4, 5h, % 3)., 784 1L
ZK4 R E K 73.50~73.85 m, JEZ5 0.35 m; fF
Bl ZK3 IR R 72.0~72.6 m, JEZ 0.6 m; 1E
B L ZK5 HPIREE N 72.60~73.25 m, JEZ10.65 m; %
ZET, R A AEW)ZE Fa B E B 2240 1.5+
0.2 m,

(9) #ra&JE BY: HIHE N A —ERKGER T2
(K 4, Bl 6a, £ 3), ZZMEFL ZK4, ZK3,
ZK5 . ZK1 Wiy EE 43 i R 80. 65 ~81.50 m, 78.4~
79.0 m, 76.7~77.8 m f176.9~77.6, JERE/354
}90.85m, 0.6 m, 1.1 m M O0.7m, ZW, JER
If 76 W7 )2 Fa PG00 (9 3 B 9% 228 2.25+0.20 m, 7F
Wr= Fb PRI AY I B V% 228 1.2+0.2 m, 7E 4 1L
ZKS 19 77. 4 m ALBUAS A CORR BT I AR I A 19980+
70 a,

(10) #r&)ZE B10: HIHE NN —~ELL O+
2 (4, El6b, £ 3). ZEHEHFL ZK2, ZK4,
ZK3 F1 ZK5 "R TRE 43 51k 88.65~89.55 m, 89.25~
90.50 m, 87.20~88.25 m Fll 85.85~86.25 m, J&
M2 0.9m, 1.25m, 0.95 m M 0.4 m; 7F
L ZK1 IR BE R BE N 85.7 m, %2 AR
P, s ar A PRI 2 A
TOURC A TH o T, IS S AE BT 2 Fa P A0 Y 3 7%

220 2.25+0.20 m, TEWZE Fb WM B 7% 28
1.35£0.20 m, 7E&5FL ZK4 v, %22 119 86.0 m
b TAS 1 CORE R IT AR R 21150£70 a,

(11) #r&)2 B11. MAENSL ZKS5 FI ZK1 h—%&
KEEmE, 2L, TRRNELZ, TEREHE
FeE W (E4), FERFL ZKS RN 87.8 ~
88.5 m, JEZ 0.7 m; FEENL ZK1 FIRE R 88. 10~
88.55 m, JEZ0.45 m, ZJZTE 2 NEFL IR —
e, WA W Z A

(12) b2 B12: MEFL ZK5 1 ZK1 h—£&
IREF O SR L2 (K4, R3), Z2H6E
BRER . B TR, AEENFL ZKS IR B 90. 7 ~
93.0 m, J£2y 2.3 m; 7EENFL ZK1 I E N 90.9 ~
92.6 m, JEZ 1.7 m, ZZKRYWIZ Fe F5Hr,

(13) #Ra&)2E B13: HlH NN —~ERA AT E
IREMEFE+)E (F 4, B 6c, %3), LA
L ZK2, ZK4 ., ZK3. ZK5 Fl ZK1 i %8 B 43 0
100.50 ~ 103.15 m, 102.3 ~ 105.9 m, 101.3 ~
103.9 m, 100.0 ~102.8 m #1 98.55~100.7 0 m,
JERE YN 2.65 m, 3.6 m, 2.6 m, 2.8 m Al
2.15 m, ZZEBWIZE Fa, Fb Al Fe Hilr, T, KA
T 7E W J22 A0 A 2 9% 22 9 0 R 2.0+0.2 m, 1. 2=
0.1 mMf12.1£0.2 m, 7EHFL ZKS W, ZEZ FHY
102.9 m ZbHUASY OSL A it Iri A% 2 5922043370 a,

(14) Fr&JE B14. AENFL ZK3 . ZKS F1 ZK1
hi—EREOR TR (K4, £3), mZ2EIAND
L LA T BE 2 9 R 122,00 ~ 122,65 m, 120. 05 ~
121.00 m Ml 119.4 ~ 120.0 m, J5& & 75 9 24 K
0.65m, 0.95m M1 0.6 m, %JZ¥ Wi )2 Fe Wi,
00, 3 I A T J2 PR A0 %) 2 Y5 250 1. 95£0. 20 m,

(15) Fri&)z B15. & NN — &K ¥ 6 40 5
(KB4, Eled, £3), =ML ZK2, ZK4,
ZK3., ZK5 Fl ZK1 "R EE 435k 128.55~131.75 m,
128.7 ~ 132.7 m, 127.0 ~ 129.0 m. 124.10 ~
126.15 m F1 123.6 ~ 125.8 m, J& /> 5 4 K
3.2m, 4.0m, 2.0m, 2.05 m F1 2.2 m, %Z#
WrZ Fa, Fb #l Fe 5 Wr, T, Ji§ 500 LW 2 Fa,
Fb Pl Y E 75220 3.7+0.2 m, FEWFZE Fe il
M IEE V5250 2.940.2 m, 7EESFL ZK4 1 131.8 m
A0 BRAR %) OSL FE & BT il 4E 3% 2 920905910 a.

(16) #rd)2 Bl6: HH N I —EEKa AR+
2 (K4, K 6e, £3), ZETEMAI ZK2, 7ZK4,
ZK3 . ZK5 Ml ZK1 "R EE 45 137.2~139.2 m,
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(a) Photograph of marker layer B9; (b) Photograph of marker layer B10; (c¢) Photograph of marker layer B13; (d) Photograph of

marker layer B15; (e) Photograph of marker layer B16

x3 HEEHEEHALE

Table 3 The displacement information of the mark layers

Rk ZE FONRRE PR/ m Fa 7 F%/m Fb i #%/m Fe i #/m BALFS/m
Bl TR e TR R 7.2 / / / /

B2 it 21 0, — 17 ¥ o by 4 0 )23 20.5 / / / /

B3 TR — K A F R ANRD 2 (9 IS A 1 38.9 1.25+0. 20 / / 1.25+0. 20
B4 TR I R )R 54.65 1. 05+0. 20 / / 1.05+0. 10
B5 b SARCR T o 58.35 1.2+0. 1 / / 1.2£0. 1
B6 RB—BIR AR TRE 2 65.55 1.650. 10 1.2£0. 1 / 2.8+0.2
B8 WIKR—EIROE )2 73.5 1.5£0.2 / / /

B9 K FE )2 81.5 2.25+0.20 1.2£0.2 / 3.95+0.20
B10 EFARCRCR 90.5 2.25+0.20 1.35+0. 20 / 4.25+0. 20
B13 S AR R )R T o 105.9 2.0+0.2 1.2£0.2 2.1+0.2 6.2+0.3
B14 ek e+ )2 124.5 / / 1.95+0. 20 /
B15 KR 132.7 3.7+0.2 3.7+0.2 2.9+0.2 6.6+0.3
B16 KA+ 2 141.2 3.4%0.3 3.420.3 6.6=0.2 10. 0=0. 4
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139.0~141.2 m, 136.0~137.8 m, 129.6~131.1 m
F1128.6~129.7 m, JEERMZA R 2.0 m, 2.2 m,
1.8 m, I.5m Al 1.1 m, ZZPWZ Fa, Fb Al Fe
FEWE, T, A AEWTZ Fa, Fb PO IR 195 22
9 3.4£0.3 m, 7EWTZE Fe Pl HY TR 575 25N 6.6+
0.2 m, 7EENFL ZK4 1, Z)2 145.5 m b HUAR 1Y
OSL K& 5 BT 4E 5 4 128730+6840 a, 16 W% 2 42
b L TR iR T

4 it

4.1 B -ZEHAFE, FHESTRBD

ERITE

I3 <7 16 A B L) I A R R Y 3 AT )Z Fa
Fb Fl Fe & 1) V4 0 E W7 )2 (&1 4), Ho W
2 Fa {3 T4 4L ZK4 5 ZK3 Z 6, §iff KT 75°,
RLTE 130 m 247 0k T 1006 55 22 () BT )2 Fb |
(iR A 540), —FHHRT —4 “Y” FHIE
Gk, [RIEF, WT)E Fe M f 2492 45°, HEWHAL T
150m RELIT, ¥ 55IFFMWZE Fb Mg, —
HRIE R —A Y FRIPLEH, HIL, WRSF R
FLIB /RN -2 H Wi AR AL “BA Y F
UTER (a8

W2 Fa #5107 7T ARG Z B3 RH LT HZE, H
bR i 2 B3—B5 16 Fa Wil 1Y 36 B 9% 2250 0 M
1.25£0.20 m, 1.05+0.10 m F 1.220.1 m; A&
JZ B6 Ml B8 7E Fa Wil (9 T 75 2% 0 A 1.65+
0.10 m Fl 1.5+£0.2 m; #ra&Jz2 B9, B10, B13 7
Fa Wil () 6 B 7% 22 70 58 2.25+0.20 m, 2.25+
0.20 m F12.0£0.2 m; #5di)z B15, B16 7E W)= Fa
WU Y o V% 22 B9 4 3.7+0.2 m M1 3.420.3 m, #§
BIEBIZEAN—EREEA RN 18 m MEEHD)Z,
Wiz Fa 50 TiZ20EA (RE R 38.9m), 1
102 T L 1 b 2 B2 R T AR A A K L
RAFMAELE R, G2 B3 KA M &Ha s -
BURTGE A S, X UL BT JZE Fa O 4 R 0E
hrE, memt LR EE 2 REIC
LT

bR )2 B4 FibRE )2 B5S 7E4G L ZK5 #l ZK1 2
)37 A, A T2 Fb I K 45 i b 3 2 B4
bR R BS, Wiks&)2 B6 KDL F#)Z, Byl
2 Fb &5, Hodrii)Z B6, B9, B10, B13 7EMT
JZ Fb Wi E Y% 2253 50 1.240. 1 m, 1.2+0.2 m,

1.35+0.20 m A1 1.2+0.1 m; #piiJZ B15, Bl6 1E
W2 Fb PN Y 3E B 75 22 03 58 3.7+0.2 m I 3. 4+
0.3 m, %flL ZKS fERIE 75.7 m 4b 48 5 Wi 2 Fb,
Brizm b Eaasgit)z, THAKEOER -
2, WA W, TR WA 29 35° (B Ta)
BifL ZK3 FEWRFE 109. 4 m 4bZEad Fb W2 1, Wi)2
FHEREAERE LR, TEIKEOFLZ, W
M ZAEB A LA R M2 (B 7b), W2 i
290 60°, )20 2B i, T S iR Y
b, #4068 5REAF LW S EZ R 30%H
0%, 5L WZ T, BIEW, Bl ZK4 7R3
145.5 m &b %5 Fb Wi20E, bk H —RHE, L&
HRBE KR, TRNKREER 2, JFE
SURBOL 3 Wil ) = [ R 1T - = AR G
e, WiRMmifiese, 2135° (K 7c), W2 Fb gk
THr& )= B6, A Witr & )2 BS, ULUIWTZ Fb
B F WAL T 56.5~62.8 m 2] AR, FRaE)E
B6 [k Z T A ZE W2 A 1.1 m 7%
%, Wik, W2 Fb il b R ik — 2 2 R F)
56.5~58.2 m, 7E4HFL ZK4 YRE 69. 6 m HUIG (R kE
R COMNAR 45 R 1880060 a, K, I bt Br 2
Fb Ay i BT 6 1 3% 20 D )22

Fri&EJZ B10, B11, BI2 745 L ZKS fil ZK1 2
)& R A A, RABEWIZE Fe FrasWr, imibs &
2 B13 R LITH)ZHE Fe FrEEWr, Hd, &2
BI13—BI15 #EWT)Z Fe WA B 258 2.120.2 m |
1.95+0.20 m f12.9+0.2 m, F5i&JZE B16 EWZ Fe
P75 2N 6.5+0.2 m, 44 9L ZK5 72 ¥
108. 8 m b EEWZ Fe, ¥z E SV, AILLE
PN EELL ARG+ 2 R K G )2 Y 4 AR
Wi, FH (F7d), Bl ZK3 7ERE 137. 8 m 4b 45
FEWiZE Fe, W2 FRAEaaFEZ, MRERIK
WEME, WA T WM 2 55° 0 #H #5%
(El 7e) . W)z Fe 45 W0 7 F5 &2 B13, Midibr& )2
B12 A5G, HigtHEWr, W2 Fe 09 bW s 38R
92.6~98.55 m, FHTIE SIE R 2155070 ~ 59220+
3370 a, AW HE h— 6 DI TR S T2

Wi Fa (93 ELTE 22 KRBT R 3 BB 45
HJZ B3, B4, B5 ¥ 1.25£0.20 m, 1.05+0.10 m,
1.2£0. 1m (¥JHH 1.220.2 m), #5i)2 B6. BS
M 1.65+¢0.10 m, 1.5+£0.2m (¥{H N 1.6+0.2 m)
MR )= B9, B10, BI13 £ 2.25+0.20 m, 2.25+
0.20m, 2.0£0.2 m (¥ H 2.220.2 m), HL¥
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Fig. 7 The outcrops of the Liaocheng—Lankao fault revealed by the Bachengsi boreholes
(a) ZK5 reveals fault Fb at 75.7 m; (b) ZK3 reveals fault Fb at 109. 4 m; (c¢) ZK4 reveals fault Fb at 145.5 m; (d) ZK5 reveals

fault Fc at 108. 8 m; (e) ZK3 reveals fault Fc at 137. 8 m

Wi)Z Fa ATRER AT 3 il MR Fi 44, W2 Fb E@ﬁ
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MR E B13 FEWZ Fa Ml Fb BiMN 7% 22 2 F1,
BTN R B2 Fa F Fb FEIZAL & 0T — Wi 2, Wi 2
Fe fEFR & 2 B13. Bl4 Ml B1S iR HE 2 N
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2 B16 T K2 HN 6.6+0.2 m, D] 68 K b
J2 Fe 51k Z R MR sk pr sk, Bk, SCE 300
W3R — == 25 W R g B At R AR i 4 R MR A

(1) Ffh—. AWZE Fe iG3h, EAfFERER
B16 VM2 )5, FR&)E B15 DA Z AT, S T kR
2 Bl6, FEFEIZ N 3.740.2 m, 3514 & 4 0 [A]
HHE A 128736840 ~92090+5910 a, i 57 i
W1, ATREH 1~2 Wb RTEL,

(2) FHMF=. RWiJE Fe Ml Fa 630, Wi)2 Fe
HEW ThREZ BI3 NHDITFTHZE, EEHEEN2. 1+
0.2~2.9+0.2 m, WijZ Faifigh, $5W THiEZ B9
KIEVITH)ZE, TEHAAEA R 0.6£0.2 m, HIL,
WY S R A 1 B ) B 7R B R )2 B DLRRZ S, AR
A2 B8 YL Z T, RI 18800+60~19980+70 a,

(3) M=, K2 Fb Al Fa 153, 550075
BZB6 LH LI HL)ZE, W)= Fb | EAIE N 1.2+
0.2 m, WijZ Fa LN 0.420.2 m, HKH
1 & = I E] Ry 1880060 ~ 14500440 a, Ay I B 5 i
W s

(4) FOFE. W2 Fadfish, $5W0 7 4RE)2 B3
MHLVITH)Z, EEE2ZERN 1.2£0.2 m, FHLE
I IE] A 12270440 ~4110+30 a, 2@t

LEA UL LA HrIA R, B - 2% 2 W e By
Wr SRR 200 38.5~20.5 m, Hfy Fa, Fb Ml Fe 3t
3AWRALA; MR R, WiR IS B R P
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A ACZE ) Fe W)z b, MR TR HEmE 0], W7 )23 30
A {5 £ EBERYTZ Fb Il Fa 5 8%, BAIR M E FTIE A
I ZEA N 1.2£0.2~3.70.2 m, WU SF 4G
FLEC A M8 88 A 4 o R g b oA 1 Ik
PR R A A T BT R (85 ~120 ka), T VK 22
3.7£0.2 m, HHICTFEE A T2 G T R0 A P
Y W shE R4 N 0.1+0.05 mm/a, 3 KMLEH
1 A T W SRt — B e ) (4~21 ka)
e E YK 22 MM 5.9540. 30 m, Hi LI W2 G
ST T B 0 — 4t B T I S R R 0,35+«
0.04 mm/a, HHULATIL, BREE LIk, ZRIEMEA
A TTRRAE FH 5 000 388 — == 2% Wy 24 7 B 9 1% 2l 1k 47 7E ¢
LSNPS Fa S

4.2 1937 F£5F 7.0 RME

1937 4FEf KA 7.0 R AR, H 5%
SEMERE R, BRI (1991) 24 Z 0y i 8 &
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MTHE7.09 (K8 hatl) 6349 hZ
bR ERIEL (K8 hiktmdk) ., Wik 7.0%
Hi R AR X FU R Ry IXRE, M AR XS OR 6 BR IR
A0 74 1) F AL AR 1) P e B0 il 22 A5 07 T AR o oo 4R Y
U, PR R 2R 20 km, TH AL R 140 km?;
7.0 R VIR X IR IX BE X o A, HIRR ) R X
PRI, AEAR M AI 2928 32 km, JE7E ] KAl
2520 36 km, FZN 440 km®, 634 I EM =2 X
FURE VRS, Wi X — 6 R 1) AS B0 000 ) < B
Jb 75 i K K 29 22 km, b P [ SE K 2R
9 km, MWMZIN 135 km®; % FUE X N W] REFETE 2
UM % B B AL

R Ml 5 i 2 Bk S 1 43 A % S b AR 1Y) K R
JEA BRI ERAER (WA R i, 20215
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