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Differences in Effective Elastic Thickness Over the Arabian Plate Utilizing the Spherical 
Wavelet Analysis of Gravity and Topography 

 
Abstract   
Understanding the mechanical behavior (brittle or elastic) of the lithosphere is key to studying the 
geologic and tectonic evolution of the upper crust and identifying the maturity within the 
sedimentary basins and hydrocarbon critical temperatures. In this study, the estimation of the 
effective elastic thickness (Te) of the Arabian Plate lithosphere is achieved by using the wavelet 
transform and calculating the joint spectra (admittance and/or coherency) of gravity anomalies 
and topography, the spectra then inverting based on a loading model of an infinite elastic plate. 
Following the statistical approach that was recently presented by Audet (2019), the Te and the 
Loading Ration (F) with the uncertainty parameters and Reduced chi-square are estimated for the 
Plate. The results suggest the capability of dividing the Plate into three distinctive zones of 
different elastic properties based on Te estimates. The central and northeastern parts of the Plate 
display high Te   (⁓80km) that may coincide with the thick, cold and brittle lithospheric property. 
Keywords:  Te, Elastic Thickness, Spherical Wavelet Analysis, flexure, Arabian Plate lithosphere. 
1. Introduction 
1.1 Estimation of Effective Elastic Thickness (Te)  
The effective elastic thickness of the lithosphere (Te) resembles the equivalent thickness of an 
elastic layer that bends as a plate when vertical loading is applied. Te, which depends on the 
thermal gradient, the composition of the rocks involved (Burov and Diament, 1996), the flexure 
rigidity, and the elastic properties, images the regional compensation response due to isostasy. A 
weak continental lithosphere is associated with low Te and high Te often characterized by large 
Curie point depth and low heat flow (Lu et al., 2020).  
The spatial variations of Te could be estimated from topography and Bouguer gravity data using a 
spectral method. For this purpose, Audet (2014) firstly calculates the joint spectra (admittance 
and/or coherency) of gravity anomalies and topography, then inverting the spectra based on a 
loading model of an infinite elastic plate or shell.   
The spectral admittance and coherence functions are respectively defined by 

 Z(k) = ‹G(k)H*(k)›/‹H(k)H*(k)›                                          (1) 

γ2=|‹G(k)H*(k)›|2/‹G(k)G*(k)› ‹H(k)H*(k)›                        (2) 

Where: k is the two-dimensional wavenumber, and k= |k| = √ k2x+k2y, in which kx, ky are 
wavenumbers in x and y directions, G(k) and H(k) are the gravity spectrum and topography 
spectrum, the brackets indicate an averaging procedure, and the asterisk indicates complex 
conjugation.  

Continues planner wavelet transform using Morlet wavelets, which is widely used in Te estimates 
because they almost produce the same shape of Fourier spectra of gravity and topography (Lu et 
al., 2020 and the references therein). Thus admittance and coherence curves can be calculated at 
every point of the grid and the non-linear least-squares method (best-fit) to get model parameters 
over the two grids (Audet 2014; Lu et al., 2020). 

The calculated (inverted) model estimates Te and the loading ration (F) as independent variables 
using gravity and topography data in the wavenumber domain. F is surface to subsurface loading 
ratio, where the surface loading represents the contribution of most surface masses, such as 
atmosphere, lands, oceans, inland seas, lakes, ice caps, and ice shelves, and the subsurface 
loading is placed at the crust-mantle boundary (Moho). The results of F for the modeled power-
spectral density show whether the surface loading is dominant; when F =0 or the subsurface 
loading is dominant when F=1. 
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For Te and F estimates, an open-source PlateFlex Software for mapping the elastic thickness of 
the lithosphere (Audet, 2019), is utilized. This software is a Jupyter Notebooks package, available 
in Zenodo repositories at (https://zenodo.org/record/3576803#.YIsmP5AzZPY). 

The misfit, between the observed and the jointly analytical functions of admittance and 
coherence, is calculated by the reduced chi-squared (χv2) criterion (Audet, 2014).  

1.2 Data 
In this study, the topography data (Fig. 1a) and the Bouguer gravity anomaly data (Fig. 1b) are 
from the WGM2012 model developed by BGI for the World Gravity Map (WGM2012) project 
(http://bgi.obs-mip.fr/data-products/grids-and-models/wgm2012-global-model/) with a 1′×1′ 
resolution. WGM2012 is the first release of a high-resolution grids and maps of the Earth’s 
gravity anomalies (Bouguer, Isostatic and surface free-air), computed at a global scale in 
spherical geometry. WGM2012 gravity anomalies are derived from the available Earth global 
gravity models EGM2008 and DTU10 and include 1′×1′ resolution terrain corrections derived 
from the ETOPO1 model that consider the contribution of most surface masses (atmosphere, 
land, oceans, inland seas, lakes, ice caps, and ice shelves). These products have been computed 
by means of a spherical harmonic approach using theoretical developments carried out to achieve 
accurate computations at a global scale (Bonvalot et al., 2012; Balmino et al., 2012). The 
subsurface loading is placed at the crust-mantle boundary (Moho), with the density contrast 
between crust and upper mantle, and we fix the mantle density to ρm = 3200 kg m−3. The study 
area is located between 5o-40o Latitude and 25o-60o Longitude. To avoid boundary effects, we 
select an area 5° larger than the target study area along each side. All geographical grids are 
transformed to UTM coordinates using the WGS84 projection, and are then gridded at a constant 
7.38 × 9.26 km2 cell size, this transforms the study area to 526×526 grid size. We also make a 
mask with 500m depth over sea boundary. Such a mask will determine the flexural analysis is not 
performed over those grid cells and ensure that the flexural analysis is performed only over 
continental crust. Observed admittance and coherence functions (and their 1-sigma error) are 
calculated using the continuous planar wavelet transform at every point of the grid. Uncertainties 
in Te and F are obtained from the diagonal elements of the error covariance matrix. 

a  
b  

Fig. 1. a) Topography map. b) Bouguer anomaly map for the study area. The two maps 
consisted of 526×526 grid size with a constant 7.38 × 9.26 km2 cell size. 

 
 
 
2. Results and Conclusions 
The results of Te estimates over the Arabian Plate (Fig. 2) indicate three distinctive zones; the low 
Te (<20km) mostly traces the Plate boundary, an intermediate zone of Te (40km to 45km) 
specifies the area between western Iraq and the Red Sea, and a distinct NE – SW zone of high Te 
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(⁓80km) crosses over the Zagros Belt and mostly accordance with high sedimentary cover. This 
could reflect different geothermal states and elastic properties of the lithosphere. The plate 
boundary coincides well with a high geothermal gradient within the lithosphere that, in turn, may 
accelerate the maturity of the overlying sedimentary basins and the hydrocarbons occurrences at 
the plate margin. However, the thick, strong, brittle, and cold zone is associated with high Te 
estimates. This may interpret the relatively high clustering of seismic events in the region. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: 
Effective 
elastic thickness (Te) estimates over the Arabian Plate and surroundings, zone of high Te estimates 
reflects thick, brittle and more rigid lithosphere and vice versa, areas in gray assigned as areas of 
no (masked) data.  
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