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The magnitude of the earthquakes in the figure is mainly moment magnitude. The earthquakes in China are represented by gray solid circles. Except

for the Wenchuan earthquake, they are all Ms magnitude. The black dotted line represents the largest earthquake magnitude and the gray dotted line

represents the smallest earthquake magnitude
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Fig. 5 Typical mixed layer in Miocene lacustrine sediments from Elche de la Sierra basin, Spain( Rodriguez-Pascua et al. ,2003)
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Fig. 6 Summarized the different soft sediment deformation types with the relationship of the rank of

earthquake magnitudes( Modified from Rodriguez-Pascua et al. ,2000)
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£ 1995 AF 1Y I W 7 (5 B i B9 S0 I ), M. 3
(Klinger et al. ,1999) 1 1927 4EZAS R BFHL A Mw6. 2
(Shapira et al. ,1993) , Marco Fll Agnon(1995) 7EHF
FELACIN A Z2 ] (FLIEF ) T 16 3k B 3 A A, B39 1
=AINDORRET U BAT B RE S B IR AR B Z T
PEIAHSUZ N FE I A I FR AR, X SRR
MBUZIEAL T BT RIS BUZ Z 18] 1 52 [ A8 1 )2
(Kl 8a) ,fURE —URAM MR FH M (M=5.5)
Tk E FIRTRIRZE T IC SR T R RR 4
FATRM L3k 6 FERTURY 2L 1 5 R fE 9/
SRIEITETIAE ., B G, B S BOR LB L1
FHRHRE W M>5. 0, BFSEEITH AL T 5 5% 3K 14 A
TIBUE ST 255 (<5) AT AL S e e R e S
MR (B 3) BRI HR M M5.2~7.0, HIK,
W sh 2B 24 13 om, KM HEEE S
MR TG AR (B 4)  FAs = ZUR S VI~ XT, 2 2K
REAE M5.0~7.0 9 @A) — 2R LN 9
em, TR —Z5 MBI R (M=T/3+
3.83) IRTHAYRESH R M6. 83, TR, FIH UL

I G MR R MK FR (K 6) , AR FT i IR
IZ (AR G2 ) X R RR N M5.5~6.5,
& AREATE)Z L 2 em A KFEREZE R
HUTRID R IR SR FR (B Th) BRI R
N MA.2~6.6, 45t [k 6 Fif e iR iR g/ i
Ji 1 Bt X LA 51 ) 3% 380 I % 35 B 30T 06 SR 1
Jd = AT s TR 2 2 AR 1Y Tl M R R )
AN M5.5~6.5,
2.2 URIT EiFE b MR
TREREER

MR T. = ¥ b Ak < i b 1) A i Al Be g b
HER , SZUR VLIBT3 AN I W 28 PR 2F W B e T
Ll 395 o 4k 25 44 3 7 B9 52 ) ( Wang Ping et al. |
2011) DX BHb R A0 &, B8 & AR 2017 4E JLEEN
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SRABEHEBR B 77 7128 ( Moretti and Sabato, 2007 ) Fl1
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Table 1 Earthquake magnitudes inferred from LakeLisan and Luobozhai soft~ sediment deformation structures

iy KA | ERRE LA | B | R TR SR
AL E Al 8 | pes E iy i e M
- h T IEEL B e | Ry Ry,
(km) (cm) (cm) (cm)
DI | BALEEmiEZE | >5  [5~10]5.2~6.8 | 13 | VI~XI 9 6.83 | 5.5~6.5 2 4.2~6.6 | 5.5~6.5
 hgE WAL B >5 |5~10]|5.2~6.8 | 10 | I~XI 6.5~8.0 5 5.2~7.6 6~7
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Fig. 8(a)Typical mixed layer in late Pleistocene of fan delta sediments which overlying laminated layers shows gradual upward
transition from folded strata of Masada near Lisan lake Formation in Israel, through fragment-supported texture, to matrix-supported
texture at top. Underlying folds are asymmetrical and recumbent, and in places they have box shapes. Undisturbed, postseismic
layers overlie mixed layer ( Marco and Agnon, 1995). (b) Typical liquefied diapir which was induced by earthquake in late
Quaternary of Luobozhai lacustrine sediment, upper reaches of Minjiang River, east Qinghai—Xizang ( Tibetan ) Plateau ( This

study)
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Fig. 9 Typical load and flame structure (a); micro fault (b), flame structure and micro fault (¢), and ball-and-pillow

deformation structure (d) which was induced by earthquake in late Quaternary of Luobozhai lacustrine sediment, upper reaches of

Minjiang River, east Qinghai—Xizang( Tibetan ) Plateau( This study)
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Objectives: Quantifying the magnitude of an earthquake is very important for long-term and medium-term
earthquake prediction, post-earthquake emergency rescue and seismic hazard assessment. Paleoseismology is the
investigation of past earthquakes in the geological record, in particular their location, timing and size. Uncertainties
remain in the paleoearthquake magnitudes determined by traditional surface rupture parameters, especially because
most seismic events do not result in surface ruptures. This study is in order to address the problem of magnitudes
evaluation of earthquakes that did not reveal major dislocations.

Methods; This paper deals with the methods used to determine the seismic shaking based on the types and
forms of soft-sediment deformation structures, including, maximum liquefaction distance, thickness of disturbed
layer, empirical formulae, and thickness of rapidly-deposited sand layer. Then discuss and analyze these methods
in terms of their theoretical basis, advantages and disadvantages, accuracy, applicability and problems. We chose
two case studies: first, a typical seismics-related deposit ( liquefied layer and dsirupted layer) represented by a
seismite in the late-Pleistocene Lake Lisan section near Masada in the Dead Sea Basin; and second, the liquefied
diapir triggered by an earthquake in the Luobozhai late-Quaternary lacustrine sediments in the upper reaches of the
Minjiang River, east Tibet.

Results: The six methods listed above are employed to determine earthquake magnitudes associated with the
seismics-related deposit and liquefied diapir, yielding magnitudes of M 5.5~6.5 and M 6.0~7.0, respectively.

Conclusions: The combination of the six methods, provided a new and relatively convenient method for
determining seismic shaking, especially in lacustrine sediments. This study can serves as a valid reference for
comparing methods of calculating the magnitude of a paleoearthquake based on surface rupture parameters, and

provides a better understanding of the long-term seismic activity and risk in tectonically active regions.
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