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Towards a Eurasia-scale stress model: updates of the gravitational potential energy forces
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Introduction

The sources of stress may be summarized as follows (Kusznir, 1982): (1) lateral density and topography contrasts (e.g. passive continental margins or subduction
zones); (2) thermal stresses (e.g. cooling stress within oceanic lithosphere); (3) asthenosphere flow drag on lithosphere; (4) lithosphere bending and flexure; (5)

membrane stresses.

We focus on the horizontal gravitational stresses/Gravitational buoyancy forces resulting from lateral variations in gravitational potential energy, which are

particularly relevant in the context of the Eurasian plate because there are no major slabs attached to it (i.e., no slab pull force).

In the work of Warners-Ruckstuhl et al., 2013, the misfit between observations and numerically obtained stresses and velocities is shown.

A)

60"

30" -

e 50 MPa

, observed Synax

———

0 20 40

60 80

Sumax Misfit angle (degree)

w >
sss0see® @
L Y b ® 58 ersee
¢ / / wme -
00 sezeceer @ °
P ® e o0
LY sos8 ® PPN
4 ' ’ e Tere
et il
= SLLL ¢5¢r. o0 000
® 00 SN N ‘:t os ©5 o0e
:.“ e "'”" se  sc0ee
oy )
™ "i_‘* - e oes
20 ®
o2 0 o %0
®
e o S
o Yoo\
{ '!&i' 0 :{"
38 o *{
\I'+ -+ '
0! o6 208
882 00 00885387

— 60"

- 30° 30" -

e

~

5

a

A’A‘)Q v @
".. d

4
L, ) 4 S ’ o A
W "'f . * » i * A x - . \
NS k P - + Cdspian |,

. X0

AFRICA

2 "PE‘ZQ Jw{i‘.éﬁ_-
\ ,.:"{f. “;

ARABIA .\

[T T M

0

& o

-
s
.
)

Misfit (%)

25 50 75 100

AUSTRALIA

T
330°

1

0

—a
N ]
<Q

150°

T
=30

T
30°

Figure 1: A) stresses field for boundary forces model of Warners-Ruckstuhl et al., 2013 (black axes), B) Comparison of stress results (stress axes) for force model with observations (red stripes). Colours represent local

misfit angles. C) misfit between velocity results with observations from Candela et al., 2014
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Figure 2: Horizontal gravitational stresses (HGS) arrows and GPE contour from: A) Warners-Ruckstuhl et al., 2012, B) Gutierrez et al., 2024 (in preparation)

Horizontal gravitational stresses (HGS)

Horizontal gravitational stresses (HGS) arise from lateral variations in geopotential energy (GPE) of the lithosphere, which is caused by lateral variations in the
topography and (vertical) density structure of the lithosphere. The net horizontal force (HGS) generated by lateral density variations is the horizontal gradient of the

GPE.

In Figure 3, Horizontal gravitational stresses (HGS) from the lithospheric model of WINTERC-G (Fullea et al., 2021) are shown for schools of thought assuming

compensation depths of: A) LAB model (300 km), B) Crustal model (68 km), C) 100 km.

Histograms of the Horizontal gravitational stresses (HGS) magnitude and directions are shown in Figure 4. As can be inferred, models with compensation depths of
68 km and 100 km are underestimating HGS magnitudes. Additionally, Directions are slightly difference.
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Figure 3: Horizontal gravitational stresses (HGS) for schools of thought assuming compensation depths of: A) LAB model (300 km), B) Crustal model (68 km), C) 100 km

Figure 4: Histograms of Horizontal gravitational stress (HGS) magnitudes and directions for schools of thought assuming compensation depths of: A) LAB model (300 km), B) Crustal model (68 km), C) 100 km
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Lithorefl8 and Wintercg lithospheric models

Lithoref1l8 from Afonso et al. (2019) is a new global model for the Earth’s lithosphere and upper mantle (LithoRef18) obtained through a formal
joint inversion of 3-D gravity anomalies, geoid height, satellite-derived gravity gradients and absolute elevation complemented with seismic,
thermal and petrological prior information. WINTERC-G from Fullea et al. (2019) is a Waveform tomography and Gravity (geoid and gravity
anomalies and gradiometric measurements from ESA’s GOCE mission) INversion for the TEmpeRature and Composition of the lithosphere and
upper mantle at global scale. Figure 5 shows Horizontal gravitational stresses (HGS) for: A) Lithorefl8, B) Wintercg

Horizontal Gravitational Stress [MPa]
0 20 40 60

Figure 5: Horizontal gravitational stresses (HGS) for: A) Lithoref18, B) Wintercg

Figure 6 shows Horizontal gravitational stresses (HGS) for relevant regions in Eurasia.
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Figure 6: Horizontal gravitational stresses (HGS) for schools of thought assuming compensation depths of: A) LAB model (300 km), B) Crustal model (68 km), C) 100 km

Deformation zones, faults, and plate boundaries of Eurasia
The next step is to model the tectonic forces being applied by neighboring plates and mantle tractions with the finite element method to include
other sources of stresses and compare them with observations. Figure 7 shows the update of the mechanical model starting with Hasterok et al.,

2022 deformation zones, faults, and plate boundaries of Eurasia
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Figure 7: A) Deformation zones, faults, and plate boundaries of Eurasia. B) High and low deformation zones for our Eurasian model

Conclusions

 GPE and Horizontal gravitational stresses (HGS) are underestimated in the work of Warners-Ruckstuhl et al., 2012 and 2013.

« Horizontal gravitational stresses (HGS) are underestimated for schools of thought assuming compensation depths at the Moho or 100km
depth as shown in Figures 3 and 4.

« Figure 5 shows that LITHOREF18 provides lower Horizontal gravitational stresses compare to WINTERCG, specially in the Tibetan region.
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