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Two extraordinary intraslab earthquakes
In Sep 2017 in Mexico A —"48

8 Sep 2017 (Mw8.2), offshore Tehuantepec, ~700
km from Mexico City (largest recorded
earthquake in Mexico ever)

19 Sep 2017 (Mw7.1), Morelos-Puebla, 133 km
from Mexico City (most damaging intraslab
earthquake ever)
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« Historically intraslab earthquakes have caused
damage to cities in Mexican altiplano (e.g., 1858,
1931, 1973, 1980).




Sismos destructor en Oaxaca:
1931, M~8.0. 14 de enero
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8 Sep 2017, Mw8.2
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Strong directivity towards Salina Cruz @
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Cumulative BB Energy [J]

Cumulative HF Energy [J]
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And the seismic gap?
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Sismo de 19 de septiembre de 2017 (Mw7.1)
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Mw7.1, R=127 km
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19 Sep 2017 (Mw7.1) intraslab earthquake
produced highest PGA recorded at CU in Mexico
City, twice that recorded during the interplate
1985 (Mw8.0) Michoacan earthquake.

These two earthquakes are extreme examples of
their type, so far, in terms of ground motion and
destruction to the city.




Table 1. Twenty earthquakes with largest recorded A,,," at CU in the period 1964-2012,
listed 1n descending order . Local earthquakes are excluded

Lat. Long. H R Ay A HF¥
Date ©) ©) km) M,  (km)  (gal) (gal) Typet m— RN
19/09/1985  18.14  —102.71 22 80 395 298 54 T
24/10/1980  18.03 _9827 65 70 184 244 17.6 IS
/122011 17.82 9994 57 64 194 19 17.0 IS
14/03/1979 1746  —101.46 25 74 319 183 5.6 r 2017/09/19
06/07/1964 1803  —100.77 55 73 21 171 13.6 S H~51 km
21/09/1985 1762  —101.82 22 75 338 139 59 T
02/08/1968 1625 —98.08 16 73 360 130 35 T R=133km
210072000 1811 9897 50 58 145 128 8.4 IS
200032012 1625 _98.53 20 73 348 120 34 T AL =59 cm/s?
25/04/1989 1658 ~99.48 17 69 307 119 22 T
15/06/1999  18.13 _97.54 60 69 25 116 83 IS
07/06/1976 1741  —100.68 57 64 265 107 4.1 IS
14/09/1995 1648 _98.76 22 73 319 103 33 T
07/06/1982 1625 —98.34 6 69 352 9.9 44 T
07/06/1982 1632 —98.45 19 69 342 9.7 23 T
22/05/2009  18.10 _9843 46 58 160 8.6 59 IS
03/02/1968 1637 _9840 33 56 339 8.6 3.1 T
30/09/1999 1600 _97.02 40 74 433 7.8 6.6 IS
20/11/1978  16.03 ~96.67 23 78 452 6.4 14 T
23/08/1965 1628 —96.02 12 75 475 6.1 1.9 T

A = [an i Aez}f?-]”z-

“Intraslab earthquake of 28 August 1973 (M,,7.0, R = 311 km) is not listed because it was not recorded at CU, probably c

due to instrumental malfunction. The estimated A, is 9.3 gal (see text). Slngh et al., 2014
“AMA.”F : high-frequency A,,,, computed from the two band-pass filtered (2.5-8.5 Hz) horizontal components.

5T Interplate, IS: Intraslab normal fault.



Table 2
Ten Intraslab Earthquakes with Largest Recorded A,., at CU in the Period 1964-2013, Listed in Descending Order*

Event Number Date (yyyy/mm/dd) Latitude (°) Longitude (°) H(km) my, M, R (km) A (gal)’ V. (cm/s)'

1 1980/10/24 18.03 -98.27 65 63 7.0 184 244 3.24
2 2013/06/16 18.09 —99.26 56 59 59 148 195 2.21
3 2011712/ 17.82 —-99.94 57 6.2 6.5 194 19.2 1.40
4 1964/07/06 18.03 —100.74 55 65 7.3 221 171 1.82
5 2000/07/21 18.11 -98.97 50 54 538 145 12.8 0.82
6 1999/06/15 18.13 —-97.54 60 6.4 6.9 225 11.6 1.84
7 2009/05/22 18.10 —98.43 46 58 5.6 160 8.6 0.66
8 1999/09/30 16.00 —-97.02 47 65 74 433 1.8 2.32
9 1994/12/10 17.98 —-100.52 50 65 64 212 5.8 0.91
10 1997/01/11 18.34 —102.58 40 65 7.1 378 5.1 1.99

*The intraslab earthquake of 28 August 1973 (M,, 7.0, R = 311 km) is not listed because it was not recorded at CU, probably due
to instrumental malfunction. The estimated A.,, is 9.3 gal (Singh et al, 2013). Local earthquakes are excluded.
"Anax = [(A% + A2/ 2%, Vigay = [(V5 + VE)/2]2

2017/09/19 H~51 km R =133 km A .=59cm/s? V . =8.9cm/s

max

Singh et al., 2014
T



Sismos Intraslab vs Interplaca

Intraslab Interplaca
H = 40 km ~15-25 km
Ao 30 Mpa 7/ Mpa
RaCU =120 km 2300 km

— el espectro enriguecido en CU en altas
frecuencias durante sismos intraslab
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cMw, R esperado?

¢, SiIsmo AnOmalamente energético?




Mw7.1, R=127 km

=R
-102° -101° -100° -99° -98° -97° -96°
21 ° i .A. I I I I 21 e
’ — 30°

MEXICO

- 20°
20°

T | T 10

P -110°  -100°  -80"
19°

19°
-
18° M 18°
17 I17°
1
100 km A I
16° I ) 16
L L1 1 1 1 1 1 -

-102° -101° -100° -99° -98° -97° -96°




M

Acceleration Spectra, cm/s

—i~d

5 Spectra at CU 5 Spectra at CU reduced to R=133 km
102 10
F (0) F (b)
E 19/09/17 (7.1,133km) E
- 16/06/13 (5.9.150km &
1 o 1 =
vz ) :
(6.5.194km) i
100 E 100}
F | 15/11/12 (6.1,196KM) F
o * 22/05/09 (5.6.160km) g
U H
L. ¥
-1 L L L 1 1. 11 1 1 Ll 1 1 11 10..] N
10! 100 10! 10! 100 10!
Hz Hz




Spectra at CU reduced to R=133 km

10!

o
4 O
=N
0 -
N 1
L1 1 o
o~ o
o o
- °
......... ¢ Ck
)\Iml
- o~
T8E3
L I IS
m NN O
- o N
Zen
5 cec
<
o n«"wm
o I ~
-— N k.
5 2859 |e
o /S/mlo
s e 8817
L !
Mw MMhWI
nw C%Mw.
L
O
A —
L1 1l
o~
o

‘DJ}28dg UO1}DJ3|922Y

Hz

Hz




=R

Prediction of ground motion at CU for Mw7 intraslab
earthquake at 150 km.

EGF: 21/07/2000, Mw5.8
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Conclusions
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Chiapas Mw8.2 intraslab earthquake

Nearly vertical normal fault, severing the subducting Cocos plate
Large slip (upto 15 m) about 60 km from the hypocenter

Directivity towards Salina Cruz (probably the cause of damage in
Juchitan area)

Large number of aftershocks

Can similar large intraslab earthquake occur near the coast
elsewhere along the Mexican subduction zone?

Implication for Tehuantepec seismic gap? Strongly or weakly coupled
Interface?



Conclusions
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Morelos-Puebla Mw7.1 intraslab earthquake

Mw and R expected (more or less)
Largest PGA at CU ( twice that recorded in 1985)

At CU the earthquake seems unusually energetic (0.4<f<1.0), Directivity?
(No clear eveidence from modelling), Er/Mo ~ 1.3X 10e-5 is not unusual

Fourier spectra of intraslab and interplate earthquakes at CU differ and,
hence, also the damage pattern in Mexico City

How close to Mexico City can such earthquakes occur?



Gracias




