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Discussion on the magnitude or intensity limitation of paleoearthquake events

Abstract; The magnitude is an important parameter that characterizes the size of earthquakes. However, in
paleoearthquake studies, it is difficult to precisely determine the rupture parameters closely related to seismic
moment, making it challenging to directly calculate the magnitude of events. Researchers often assume that event
sequences consist of characteristic earthquakes with similar magnitudes or use empirical relationships based on
known magnitudes of historical earthquakes to estimate magnitudes. However, previous studies have shown that the
assumption of characteristic earthquakes is overly simplistic, and magnitude estimation based on empirical
relationships is limited by various errors. Therefore, there is a pressing need to explore new methods to improve the
reliability of magnitude assessments for ancient earthquake events. In recent years, the successful application of
three-dimensional combination trenches has demonstrated that these trenches contain rich deformation information
about events, confirming the feasibility of assessing event sizes within trenches. Using the example of the Copper
Mine trench on the Altyn Tagh fault, this article utilizes the deformation intensity revealed within the trench,
including vertical displacement, deformation zone width, and total tensile strain, to estimate the scale of the event
sequence. Data analysis results indicate that the deformation intensity parameters have a certain positive correlation
with the relative magnitude, and there is also some correlation among these parameters. Therefore, the information
on deformation intensity within the trench can be used to assess the relative magnitude of events, and fully exploring
the deformation information within trenches can provide valuable insights and references for the reasonable
evaluation of the magnitude of paleoearthquake events. This underscores the importance of considering such
information in paleoearthquake research.
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Fig. 1 The empirical relationship between moment magnitude (M ) and surface rupture length ( SRL), maximum displacement
(MD), and average displacement (AD)

(a) The empirical relationship between moment magnitude (M ) and surface rupture length (adapted from Wells and Coppersmith,
1994); (b) The empirical relationship between moment magnitude (M, ) and maximum displacement ( adapted from Wells and
Coppersmith, 1994); (c¢) The empirical relationship between moment magnitude (M ) and surface rupture length of strike-slip
earthquakes with known historical seismicity; (d) The empirical relationship between moment magnitude (M, ) and average

displacement of strike-slip earthquakes with known historical seismicity
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Fig.2 Comparison of event sequences in the middle part of the Altyn Taugh fault (modified from Yuan et al. , 2020)

The letter numbers represent different periods of paleoearthquake events in different trenches.
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Fig.3 The coseismic displacement revealed by the trench of the Wallace Creek area in California ( modified from Liu et al. , 2004)

(a) Map views of buried channels at site ( Colors indicate correlations across fault, and Gray and black dot lines are channels with no

known correlatives across fault. ) ; (b) Multiple incised channels exposed on the northeastern side of the fault block; (¢) Horizontal

and vertical offsets revealed by the incised channels ( Letter-number pairs in boxes are correlated channels. )
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A RFFRBIAL T E, FIRFE (2018) %

FIFRRER (R 1), NP A R 8 E RN

TOLEE Y A R L B AN R, ML ALY T4 RAMMIRREME TSE

®1 AVRESFHHNREGHEXD

Table 1  Estimation of magnitude for each event in the copper mine trench
R A B C D E F G H 1
[Fi] 7% A7 45/ m ~5 ~5 ~7 ~6.5 - - _ _ _
WK/ km >350 >350 ~300 ~200 ~200 ~200 ~300 ~200 ~300
HER (My) 7.8~8.1 7.8~8.1 7.8~7.9 7.7 7.7 7.7 7.9 7.7 7.9

. 5l B RJE, 2018
3.2 BREHHTHEE

AR TEXS ST PR 9 IR AR T 5 B 1 AH G
SHRIATE R, RAS T R 2—3K 4 I R4S
Horb, FfF AL B G 2B SR B AR SC S B ]
H WG4, T AR 6 W AR IE 1R A AH S B
TEAN [ A BE iU IR AR e 4

x2 TRAHREEREGENUBEE
Table 2 Vertical displacement values for each events on

different trench wall

A 1 S A 2 B
W - -
TINE TISW T2NE T2SW
A 28.6 11.1 6.3 18.7
B 26. 4 25.8 10. 3 19. 4
C
42.6 59.6
D 18.2 22
e ) v % 4/ cm E 0.4 -
F - - - -
G - 56.7 39.4 21.9
H 4.5 3.6 7.2 7.9

I — — _ _
W “ASHET 8 IR R R
3 FAAREEEEGTETRELE
Table 3

Width of the deformation zone for each event on

different trench walls

B 250
M 0 a ——
TINE  TISW  T2NE  T2SW
A 13.0 13.0 11.7 1.2
B 24.1 24.8 15.0 11.2
C 7.0 5.7 - -
s 2.6 1.6 - -
It E 1.3 1.4 1.9 2.4
5 [/ m
F - 2.5 2.7 2.3
¢ 16.3 18.0 1.5 11.9
H 2.7 0.5 - 2.9
1 0.9 1.5 - -
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Table 4  Total fracture tension tensor for each event on different

trench walls

1S 2SR

R
TINE T1SW T2NE T2SW
A 2.20+0.12 2.12+0.10 0.42+0.31 0.97+0.11
B 2.59+0.12 2.12+0.11 1.02+0.80 2.03+0.76
C 0.49+0.08 0.95+0.07 - -
W i B i B
Wl /m E 0.13+£0.006 - 0.18+0.02 -
F - 0.19+0.01 - -
G 0.90+£0.07 0.25+0.08 0.03+0.03 1.15+0.10
H — — — —
1 - 1.56+0. 10 - -
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0.12m (K 6a) F1 TISW [ 2.12£0.10 m, £ T2
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FifF B, G R LSRRI R 2—FK 4,
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Fig. 6 Tensional fractures of the Copper Mine Trench (modified from Yuan et al. , 2018)

(a) Tensional fractures caused by Event A in TISW; (b) Tensional fractures caused by Event B in TISW; (c¢) Tensional fractures

caused by Event I in TISW
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Fig. 7 Vertical displacement comparison diagram of events A, B, G, and H on different trench walls
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Fig. 8 Comparison diagram of the width range of deformation zones for each event on different trench walls
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Fig. 9 Comparison diagram of total tensional displacement of cracks for each event on different trench walls
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Fig. 10  Correlation analysis diagram of deformation intensity parameters based on Events A, B, and G
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