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Introduction

Central and Northern Asia (figure 1) is a key
natural laboratory for the study of active intracontinental deformation in response to the ongoing far-field collision of India and Eurasia.
The induced tectonic processes strongly depend on the thermo-mechanical and compositional (density and thickness) structure of the
lithosphere. Density heterogeneities within the
crust and upper mantle are important factors
in the control of the dynamics of Earth deformation at shallow and deep levels.
The main aim of this research project is to
construct new high-resolution 3D models of the
compositional, thermal and rheological structure of the intra-continental lithosphere of the
study area. The 3D models will be constructed
by combining and jointly analysing satellite
gravity data with terrestrial data (seismic velocity distributions, seismic tomography, GPS
derived surface deformations, heat flow measurements and terrestrial gravity).
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order to (1) obtain a detailed crustal strength
map for the region, (2) separate the gravity signal of the crust and the mantle and (3) improve
the thermal model for the study area.

The first part of this project is to develop a
In this abstract we present a new method
new Asian Crustal Model (ACruM) as well as developed to obtain a crustal seismic velocity
an improved model for the Moho depth in the model, and discuss the preliminary results of
same area. These crustal models are needed in this method.
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Figure 3: Location of observation points in
GCS-gamma6 database

Figure 2: Project overview
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Data

Method

The distribution of data is highly inhomogeneous, see figure 3. Along profiles the amount
of observation locations is high, but perpendicular to profiles observation locations might be
scarse. This means that, even besides uncertainties in the data themselves, there is also a
need for a method that takes into account this
inhomogeneous data spread. Such a method is
presented in this section.

GCS-gamma6 database

The GCS-gamma6 database is a worldwide
database that contains digitizations of seismic
profiles and single data points. Acces to this
database has been kindly provided by Dr. W.D
Mooney of the USGS. The observation locations for the current research area are shown
in figure 3.
Each observation location may consist of
one or more data points, located below this
observation location. A data point consists
of a depth, layer thickness, P-wave velocity
and S-wave velocity and possibly an indication
whether this layer is sediment, crust, mantle
or other. The quality of the database has been
checked by comparing a number of the profiles
in the database with independend digitizations
of the same data. No significant differences
where found between the independent digitizations. Performing a quality check on all data
and their origins remains for future work.

3.1

Data point selection

For the area of interest a regular grid is created,
λmin to λmax with stepsize ∆λ in longitudinal
direction and φmin to φmax with stepsize ∆φ
in latitudinal direction. At each grid point a
model describing the relation between velocity
and depth (see section 3.2) is fitted through
a number of data points that surround this
grid point using a weighted least squares adjustment. Which data points are taken into
account and what weight is given to them depends on the distance over a sphere (see equa2

The second model is a two layer model which
tion 2) between the data point (observation
location) and the grid point. The weight de- assumes two distinct layers of constant velocity
creases with distance according to a Gaussian and is expressed by a step function:
function (see equation 1).
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The velocity in the upper layer is given by d,
the velocity difference between the upper and
lower layer is given by c, hence the velocity
RE
in the lower layer equals c + d. The depth
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layer is given by dtrans . Finally, k is simply
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2 a large number (i.e. 10 ). Free parameters c,
(2) d and dtrans are determined by the weighted
least squares adjustment.
Figure 4 shows an example of the the
in which:
weighted least squares adjustment for a single
w
= weight given to data point
s
= distance between data point and grid point. The data points are plotted and
colored according to their respective weights
grid point
(equation 1). The red line indicates the best
a
= 1
fit in a least squares sense of the linear model
b
= 0
c
= half width of Gaussian function (equation 3) and the black line indicated the
best fit of the two layer model (equation 4).
(w (s) ≈ 0.6065)
This analysis is done for each grid point in the
RE = radius of the Earth (6371km)
∆φ = latitudinal difference between grid, and the result is an estimate of the seismic
velocities in the crust. The two models can be
data point and grid point
combined to create a wide variety of possible
φdata = lattitude of data point
models that can be fitted to the data.
φgrid = lattitude of grid point
∆λ = longitudinal difference between
data point and grid point

3.2

Velocity-depth models

Two simple velocity depth models can be constructed. A linear model with one layer in
which velocity v increases linearly with depth
z:
v = az + b

(3)

The gradient of the velocity with depth is
given by a, while b denotes the velocity at z = Figure 4: Example of model fitting for a single
0. Free parameters a and b are determined by grid point (60W,40N), color indicates weight
given to data points
the weighted least squares adjustment.
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3.3

5

R2 quality check

The least squares adjustment searches for a
solution to the free parameters in the chosen
model (section 3.2), which has the least resid2 . To compare solutions of
ual squared error σerr
difference functions, the coefficient of determination (R2 ) can be used, see equation 5, which
indicates how much of the data is explained by
the fitted function.
R2 = 1 −

2
σerr
σ02

The work presented in this abstract is part a
joint analysis of terrestrial and satellite gravity data to assess intraplate continental deformation in Eurasia, a project funded by
the Netherlands Organisation for Scientific Research (NWO).

(5)

in which σ02 is the original standard deviation
of the data.
This measure is however biased by the number of free parameters used in the fitted function. More free parameters allow for a better fitting of the function. Also, if less data is
available, a fit is sometimes much better (i.e.
higher R2 ) than expected. For example, if only
two data points are available, a linear fit will
be perfect (R2 = 1). Hence some restraint in
using the R2 as a measure for quality of the
fitted function is required.
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Results and conclusions

First results show that using a linear model
generally leads to a higher coefficient of determination, except in areas where there is little
data available. This is contrary to the usual
crustal models which consist of two or three
layers of constant velocity. Combinations of
both models show yet a higher R2 but this
might be, at least partially, attributed to the
use of more parameters in fitting the function.
Future work should include a closer analysis
of the data and its uncertainties. Also mineralogical knowledge of the area should be extended. Finaly the implications of using a linear model for crustal models should be investigated, before a conclusion on this subject can
be drawn.
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