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Abstract: In this paper, the characteristics of underground fluid anomalies in Yunnan Province before the M¢5.0
earthquake in Mangshi on December 2", 2023 were summarized in terms of space, time, shape, and
synchronism. There were 18 anomalies in underground f{luids in Yunnan. Spatially, it was mainly distributed on
active structures and adjacent areas within 350 km from the epicenter, with focal precursors and near precursors as
the main ones. The dynamic development process of anomaly space was that the focal precursor appeared first, and
then the focal precursor, near precursor, and field precursor coexisted. One month before the earthquake, the
anomaly measurement term shrank to the focal region. The anomaly time lasted mainly from July 10" to August 9",

during which 13 items reached the anomaly index. Temporally, there were synchronous anomalies in both focal and
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near precursors, and the synchronous anomalies shrank to the focal region on November 9%, 2023. The time
course of anomalies was divided into three stages: middle-term, short-term, and impending, with four short-
term anomalies and three impending earthquake anomalies in focal precursors, five middle-term anomalies and
five short-term anomalies in near precursors, and one middle—term anomaly in field precursors. There were two
kinds of anomaly forms: persistent anomaly and sudden anomaly. The anomaly process was characterized by

steady—unsteady—steady development, which reflected the dynamic process of earthquake preparation from a

steady state to an unsteady state, and then earthquakes occurred.
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Table 1 Statistics of earthquakes with 1/;>5.0 since 1966
within 70 km of the M 5.0 Earthquake in Mangshi ,

Yunnan in 2023

FE 4 A %
1 1966-09-19 23°48’ 97°54’ 54
2 1966-09-21 23°48’ 97°54’ 54
3 1966-09-21 24°00 97°48’ 5.0
4 1976-05-29 24°22' 98°38’ 7.3
5 1976-05-29 24°33’ 98°45’ 74
6 2000-10-06 24°23’ 97°32 5.8
7 2008-03-21 24°36’ 97°40’ 53
8 2011-03-10 24°43’ 97°55’ 5.8
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11 2023 4E75T M.5.0 HiRE K 1966 4E LI 70 km N M7
R
Fig.1  Distribution of M5.0 earthquake in Mangshi in 2023 and
earthquakes with M>7 within 70 km of the Mangshi

earthquake since 1966

2 HEREAARIEIR R

BIRBEEBRLIBREE"ENREFR, EH
Wb S b th MR 2 S5 R AR, RIS
b5 TN 0 1 A A R IR Y SR AR A5 ]
FIERISRE AR MR X I, HEEE A R
B, —BOANEILTHE EARMGRNE |, 7Emt
) RO 5 bR B A B R 20 v . B
55 258, IREFTA AT RER I S S R R T
PR e my, RS, RS SE HRE 5,
JEER PN

SC A IR 7 R d<150 km 78 FB) P 039 HS BN
By S H o 2023 4E 5T M(5.0 HIFZHT 150 km 78 FE P Hb
TARTEIE S I A 7, 37 SO A
TN e bR KA B KR . ARIDEAR . AR
A RILATR . I i =OR Rt fa) 7K Ok (] 2a ~
g)o S e Tt A I I B K A N S i AR A e
SE I IR LR IR IR . 11 A5 S i
FAGR AR LA I R AR X

A SORE IR S 0 [ BE E SRy s S [ 0
30 K N [l i) 35 3 S PR AR e b K A e B 7k
2023 4F7 A 13 H kB2 8 450, RIDE
AR AR L 2023 4F 11 H 9 H k3 [ 4
PSR A, e B AR LI S A (R0 AN )
T[] PR S . s ASOR R R 1L AOK 2023 4F 6 H
28 H ik B [0 M 5 S5, AR AEASTR) I A ] ) 3
W20 M S o URJR R0 1 S5 o Bl 1) S o B, B
20234F6 H28 HZE7H 13 HFI20234E11 H9H.,

2.1 EMEAEURESERE

(1) Je g A5 ) 201 S o e e K 0 H #fE <
100 Bq/L, X3 100 km 75 Bl N Me=5.0 (& 2a) o
20234E3 A 13 H 28 A 29 HEF L RMEF % . #H
S E BB 3.0 42 H &4 2023 4212 H 2 H MS.0
%, RT3 km(#£2).

T B KR H #{E>90 °C, XTI 100 km 3 Fl P
M5.0(F 2b), 202347 H 13 H & 11 A 4 H#r4:
FEERE . ARG 1A H kA 2023 4F 12
H2HMS.0%Z, B 73km(#£2), KSR
e B KR 2023457 A 13 H kB[R w4

)P L SR . RIL &R H By
SEE (H B IR(E S F, XN 500 km 3 BBl Mg=>4.9 (&
2¢). 202349 H 29 HE 10 H 9 H FFLLMEH T .
S A AU IR 1.8 A K42 2023 4E 12 H 2 H M5.0
72, P 147 km(F2),



W25 2023 4E = FI P T M5.0 HEFZRTHE R JR AR 53 R AiE

69

=

=
=2

@

ng/L

ng/L

696. 000

B57. 908

419.8:

§ 281. 724
143.632

5.540

‘c
91.80

87.72

75.48

71.40

20. 55699 l #
16. 468154
12.37931
8.290470
4.201627

0.112784

98. 70011

80. 02409

61.34806

42.67204

23. 99602

5.32000

10. 71510

8.57264

6.43018

4.28772

2.14526

0.00280

0.2477104 1] } }

0. 198220¢

0.14873

0. 099241

0. 049752

0.000263§

172.20

137.76

103.32

68.88

34.44

0.00

)

i
o
wi
L]

(=

L)

i

16

"00 o102 "03 0405 06 07 08'09 101112 ' 13'14 15 '{6 ' 17 ' 18 ' 19 '20 ' 21 ' 22 ' 23|

0
T/ (h)
(a) JEBZ KA

07 '08 09 10 11 ' 12

L)
(b)JEB K]

K b7 3 za
49 5.0 g

B
oal

- i

2 4 6 8 10 2 4 6 8 10
2019 2020

] /4F-H

6 -] 6 6 6
2018 2019 2020 2021 2022

e il /4F- 1
(DRI
za
6.4
' ' }

2 4 6 8 10 2 4 6 8 10
2019 2020 2021 2022

L /4F- A
(e) Rl
£ % L3

oal

- rh

1

2019 2020 2021

o3

3

2019 2020 2021

i) 4F- A
(g) it frl 7K ok
B2 MR ERIE H

Fig.2  Daily mean value of underground fluid focal precursors
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Fig.3 Daily mean value of underground fluid near precursors
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Table 2 Statistics of underground fluid precurs abnormalities before the /5.0 earthquake in Mangshi, Yunnan in 2023
; . i BT aNUS o - S I,
5% WL WL 3 S B Wi S SR SERS WuR RSP
N - = . " N N N
5 58 BB FabrlE RYUM, B kmE/(I-H) R W km
m
Jekz kA, 24°39 R
1 > . <100 Bg/L <100 5.0 03-13 ~ 08-29 55 3.1 73
H¥E 98740 ' R fE
2 HEOKR 2430 =90 C <100 =5.0 N 07-13 ~ 11-04 3.7 1.0 73
H 98°40 > < >5. - . .
3 B PR 25702 >0.06 ng/L. <380 =5.0 it 06-09 ~ 10-10 4.0 1.8 96
20.06 ng < 2). . —-09 ~ 10- . .
H 81 98°31 ' ° i fE
it f K 5k 24°46 =)
4 5 =15 ng/LL <370 =50 11-11~11-20 0.3 0.4 123
HEgf 99°10 S8k
TRINES 25°08 ! Frek m R
5 . ™ <500 =49 09-29 ~ 10-09 0.3 1.8 147
H 21 99°11 R fH &M

(Fe T 32)



74 oM M E 444
($E3R2)
) N Ak, 1’513]?59% =54 =R = R s 4 == =
¥ WL PURIIPSS S — S S SERS: R P
. =3 ., N N N
= W5 e e H FEPR1E oM, JES IkRHE/(H-H)  BHE/A BHEZA km
m
S 25°08 ok
6 R . 292 Bg/L <150 50 11-09 ~ 12-18 1.3 0.8 147
H¥MH 99°10 ' e
LA, 25°08 e
7 RILAR i >3 ng/L, 350 49 06-28 ~ 11-21 4.8 0.4 147
H ¥4 99°10 =2 (e
KoK 25°36 gk
8 TR i <6.5 Bq/L <300 350 05-19 ~ 10-11 4.7 1.7 264
H¥5(E 100°15 LH(ED
KA 25°36 RN
9 PR . 225 EL <300 249 07-02.07-20 0.6 4.8 264
H 41 100°15 ' sk
AR 25°36 ik
10 TR . >0.003ng/L. <300 =49 N 05-30 ~ 07-10 1.4 4.8 264
H 218 100°15 =
TR R .
- 25°36 fRAH
11 &bk H Y ) 23055 %%k <300 249 07-17 0.03 45 264
i 100°15 ! Sk
L=y 25°36 ' FRERE L gk
12 Taé =k . bl <300 350 08-28 ~11-18 2.7 2.0 264
I HBE 100°15 ' {1 (S
RS 2520 F e
13 HEAT . >1.5 BqL <300 =49 : 08-08 0.03 3.8 265
H¥{E 100°26 g
HFEDEK 26707 FpLk
14 {%ﬁmg & . SRR A= <300 350 05-03 ~ 11-30 10.1 2.0 279
iR H ¥ 99°57 I8
BIKE 22°45 " EREoR
15 FAR i 350 Bq/L <400 250 06-15 ~ 10-29 45 1.1 346
EET 101°03 e
EESRA 22745 Bl
16 K i >0.08 <350 =50 08-03 ~ 12-12 43 4.0 346
¥iH 101°03 ' Rk
ERAR 26°47 " Frok
17 AT ; 1% <350 249 . 08-07-~09-14 12 26 349
H (4 100°10 ' =
PRI 24°25 el
g B i >0.01, <550 25.0 J 05-01 ~ 06-29 1.9 5.1 539
H 2514 103°24 Bk

R IR N UE JE AR AFAE [RII AN [T [] 25 e S
AN )00 o TR0 ] 25 1 S i R (6 3) . IRJE e
B2 K AURIK IR 2023 4E 7 A 13 H ik 8 ) 21 5 8 4
o RIDAES . RERAK20234 11 H 9 Hik %
R A0 PE S8 45 o R L RN RS wh 00K 2023 4F- 6 H 28
HB BRI S50 2. IR R KA, AAE K
SRANE R — Ak 2023 47 H 2 H kB[ AE 5%
ZA . BRI R 2023 4F 8 A 3 H ik B [m 21k
SH A TR AN 2K 2023 458 H 28 H

KB [F 20 S 0 A5, FRELARE =5 M 10 H 46
[l 2812 [ T R AN B R AR 20234E 8 H 8 Hik
B[PV R A R S A v AR 3 A4
Bt, HP20234F6 H28 HESH8H . 8 H28 HAl 11
A9 RS o ] R R AR B oy i .
WSR3 OB, EIRIEE 55 A 5w
= 5, A IR R0 A U S RN S
o [P IR 2 5 (R RE A B et b gt A i
IS5 1] R X4



5541 W358 . 2023 4F 25 B 15T MLS.0 MR RiTHb R A4 S 4 A 75

R3 ZETH22023FEMSOMENAZE TREEASERERITR
Table 3 Statistics of synchronization anomalies of underground fluid precursors
before the M (5.0 earthquake in Mangshi, Yunnan in 2023
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Fig.5 Distribution of underground fluid precursor anomalies in Yunnan before the M5.0 earthquake in Mangshi in 2023
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