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Earth Structure

Doubtful Hypothesis !

But bizarrely it is still persists to this day



The Earth
from scientific data



Emil Wiechert, 1896 - an iron core and stony shell
R. D. Oldham, 1096 - a discontinuity between core and shell (mantle)
Beno Gutenberg, - established the depth of this boundary as 2900 km
Harold Jeffreys, 1926 - the core is liquid
Inge Lehmann, 1936 – the inner core (S-?)
He et al., 2022 – the IC is superionic iron alloys ???????????



P wave velocities drop suddenly at 2900 km depth, and S
waves cannot pass through this layer (the liquid outer core)







https://sideshow.jpl.nasa.gov/post/series.html



















Marina Manea, 2004. Data from:
ftp://topex.ucsd.edu/pub/global_topo_2min/



Subduction zone structure
in Mexico

Subduction zone structure
in Mexico

Kostoglodov V. and J.F. Pacheco, CIEN AÑOS DE SISMICIDAD EN MEXICO, poster, 
IGF UNAM, 1999.

¿Where are erthquakes happening?



Blatter&Hammersley, 2010



Manea&Manea, Pure Appl. Geophys. 2011, 168, 1475–1487.

Thermal structure model

Seismogenic Zone

Locked seismogenic zone: T´= 150 – 250 C°

Partially locked transition zone: T´= 250 – 450 C°

Aseismic stable sliding : T´= 100 – 150 C°, > 450 C°,



Perez-Campos et al., GRL 2008

Continental crust from the receiver function



Ferrari et al., 2012

Thickness of the crust in southern Mexico (km). 



Stubailo et al., 2012





Acabay area of
Nov.29,1912, M6.9 EQ

Rodríguez-Pascua et al., 2017



Melgar et al., 2018

8 September 2017, Mw 8.2 
Tehuantepec earthquake
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Schematic seismic cycle and plate 
margin deformation

http://www.pgc.nrcan.gc.ca/geodyn/eq_cycle.htm





Coseismic uplift September 19, 1985 

~80 cm

Balanus



https://www.volcanoesandearthquakes.com/region/Mexico

Latest earthquakes in or near Mexico



http://www2.ssn.unam.mx:8080/sismos-fuertes/



http://sismoshistoricos.org/panel/web/

Catálogo de sismos históricos

Suárez, G. (2021). Catálogo de Sismos Históricos de México, 
http://www.sismoshistoricos.org/



San Sixto earthquake March 28, 1787, ~Mw8.6

Suárez and Paola Albini, 2009

Núñez-Cornú et al., 2008



2006 LT SSE area, 
joint inversion of InSAR and GPS data  

Cavalié et al., EPSL 2013



Kostoglodov et. al, 2003

SSE October 2001 ΔT- 9 months

Average slip of 10 cm has
produces a measurable surface
displacement D of 550x250 km2.

Equivalent magnitude is of Mw 7.5





Cerca et al., 2009, Solari et al., 2007; 



Slip partitioning model

McCaffrey, 1992

𝑠𝑙 = 𝑐 (sin − )



96 CMT of subduction thrust EQ Mw>5 
are used From the Global CMT catalog

15° ≤ Latitude ≤ 18°
-101.5° ≤ Longitude ≤  -95.5°
0 ≤ Depth ≤ 60         
0 ≤ Mw ≤ 10
45° ≤ tension plunge ≤ 90°
0° ≤ null plunge ≤ 45°
Strike1 > 200 °E
Dip1 < 45°
Double couple component (DC) ≥ 80%

CMT slip vectors (subduction thrust EQs)  



Kazachkina et al., 2020

Analysis of slip partitioning

Vsl ~ 5.4 - 6.3 mm/year

𝑉𝑠𝑙 = 𝑉𝑐 sin(𝛾) − cos(𝛾) 𝑡𝑎𝑛(𝛹)



Kazachkina et al., 2020



Large long-term subduction sSSEs reduce
normal stress on the creeping LVC shear
zone. This effectivly drops the friction
resistence on it, and the LVC slip velocity
and displacement increase.



Inter-SSE displacement

Vc

cSSE displacement

+

Inter-SSE vs secular displacements on the LVC



Boettcher & Marone, 2003

Phase lag (Df) between the normal and along the MAT
displacements 

Average Df ~ 4 month

Normal stress oscillates on the creeping fault



Critical period (Tc* ) of normal stress oscillations

Tc* = 16.6 / V

Boettcher & Marone, 2003

In Guerrero and Oaxaca, 
V ~ 5 mm/year

Tc* ~ 3.3 year 

The largest Df were 
observed near Tc* 

G-GAP  T = 3-4 year
Average Df ~ 4 month



Spatiotemporal Variations in Slow Earthquakes Along 
the Mexican Subduction Zone

Maury et al., 2018

Df ~ 1.3 month

Oaxaca  T = 1-2 year
Df ~ 1.3 month

T = 1-2 year

Df

Tc* ~ 3.3 year 



Unexpected (Df)



Absolute gravimeter

GNSS – GPS

Seimological records 



Amplitude spectra of SG data at Canberra (240 hours)

Superconducting Gravimeter data 
for analysis of the seismic normal modes 

five singlets of 0S2 at Bad-Homburg using 528 hours 
of data after the 2004 Sumatraevent.

Rosat et al., 2005



Mro. Alfredo Esparza

FG5X-252 gravimeter

Centro Nacional de Metrología (CENAM)



UNAM









Earth’s free oscillations from GPS records

Chu et al., 2021



CAYA 30 sec daily GPS records 



Daejeon seismic station record of the 2011
Tohoku earthquake (up-down velocity component)

Chung et al., 2017

Amplitudes on the order of nGal (1011 sm-2)
can now be observed by modern seismometers






