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Abstract

In this study, we show a new gravimetric-isostatic crustal thickness model via the recent combined
satellite only GOCOO03S and ETOPO1 topographic models using the Vening Meinesz-Moritz hypothesis
in South America and the surrounding ocean basins. Accordingly, in order to solve the gravimetric
problem of isostasy for finding the Moho parameters, we present a new method which primarily filters
the disturbing gravity disturbance signals from the topography and density heterogeneities related to
bathymetry, ice, sediments and masses below crust. As less appreciated are the effects of the lithospheric
thermal state on continental or oceanic areas. Hence we develop this method by which thermal
contribution from the gravity data may be removed. We find that thermal effect, which varies 0 to -274
with standard deviation 71 mGal, has a significant contribution on gravimetric crustal thickness
determination. Ignoring the thermal effect and other disturbing signals from deeper mantle masses
provide large bias in determination of the crust boundary. The bias will be reached up to 4 km in rms.
Key words: Crust, Gravity inversion, Moho, Non-isostatic effects, Thermal compensation, Upper

mantle.



1. Introduction

The Earth’s crustal thickness can be determined using seismic and gravimetric methods (cf.
Bagherbandi 2011). Gravity data are recently more applicable for the crustal thickness
determination because of their global coverage. Assuming that the Earth’s topographic masses
are isostatically compensated by the masses in lower layers, combination of isostatic hypotheses
with gravity data can be one of the methods to model the Earth’s crust (Sjoberg 2009). Among
isostatic models Vening Meinesz’ (1931) model is closer to the real form of crust because
Vening Meinesz’ approach considers a regional isostatic compensation. The main problems
with the gravimetric-isostatic models are some disturbing gravity signals (cf. Bagherbandi and
Sjoberg 2013) from lower layers of the Earth and assuming uniform density (for topography,
sediments, ice and water). Therefore, the gravity data should be corrected by additional
corrections. In this study we use the corrections to filter the disturbing signals in the gravity
disturbances in the Vening Meinesz-Moritz (VMM) inverse problem (cf. Sjoberg 2009) of
isostasy for finding the Moho depths (cf. Bagherbandi et al. 2013 and Tenzer et al. 2014)
following the latest development in isostatic theory, we address here some major aspects related
to isostatic gravity disturbances. The computation of these types of gravity data to model the
crustal thickness requires the application of the stripping gravity correction (Tenzer et al. 2009,
2012) due to sediments which represent a significant amount of gravitational signal over the
oceans. The sediment density structures under continents are very important to consider for
improving the gravimetric-isostatic model. The other significant gravity signals are the signals
due to the density structure of ice and topography and thermal effect (cf. Bai et al. 2014 and
Wang et al. 2011). These density variations are implicitly in the gravity data. We evaluate the
methodology by application to the South America where there are many basins and their
sedimentary fill is large. Here we go one step further to filter the thermal and pressure effects
from the gravity data to model the crust. Affected by thermal expansion and pressure
compression effect, the lithospheric mantle density is not constant but changing according to
the temperature and pressure fields (Chapman and Pollack, 1977; Kimbell et al., 2004), and
some applications demonstrate that the Moho topography inversion accuracy could be
improved by considering thermal and or pressure effects on gravity field (Afonso et al., 2008;
Chappell and Kusznir, 2008). In this paper will add similar corrections for mapping Moho
topography by gravity inversion.

2. Gravity inversion using the VMM



One of the fundamental challenges of geophysical study is to determine the geometry of
subsurface structure (density interfaces) using gravity disturbance data. One such important
application is to depict crust-mantle boundary (Moho) from surface gravity disturbance. The
solution of this problem can be categorized into two main modelling techniques: forward and

inverse (Ebbing et al., 2001), which the latter is only regarded in this study.

2.1 Vening Meinesz-Moritz’ method

Based on Sjoberg (2009) we now start the basic isostatic condition for gravity disturbance,

5g,(P)=6g; (P)+4.(P)=0, (1)

Here Sgp (P) is the Bouguer gravity disturbance corrected for the gravitational contributions

of topography/bathymetry and density contrasts of the oceans, ice and sediments and 4. is the

gravitational attraction of isostatic compensation masses (Moritz 1990 Chapter 8, Sjoberg
2009). The VMM problem, based on formula above, can be formulated by the non-linear

integral equation

RIIUK(w,S)dG=—[5g§(P)+Aco(P)]/GA/” 2)

where K (1//, s) is kernel function of the integral, R is the mean Earth radius, o is the unit sphere,

w is the geocentric angle, s is the a simple function of the Moho depth D, which is the unknown

of the integral equation, G is Newton’s gravitational constant, Ap is the Moho density contrast,

and A, (P) is the nominal compensation attraction with D, as the nominal Moho depth.

2.2 Corrections to gravity disturbances

At this stage, our objective is to compute the gravity disturbances corrected due to the
gravitational contributions of topography, and density variation of ocean (bathymetry), ice and
the crustal residual density. Accordingly, Tenzer et al. (2012a) and Tenzer et al., (2014)
developed and applied the uniform mathematical formalism for computing the gravity
corrections of density variation within the Earth’s crust, such as topographic, bathymetric, ice,
sediment with a spherical resolution complete to degree » of spherical harmonics and up to the

third-order terms of a binomial. In order to simplify the computation, the spherical harmonic



analysis and synthesis for determination of the effects of major known crustal density structures
are given below:

1 NG q
L. —4—nj;j(denszty) (thickness)'Y,, (Q)do, (7)

Here g denotes the topography, bathymetry, ice and sediment

GM .
%" =" 2 (n+1) 2L L, (P) ®)

The computation of the gravity disturbances is performed here in spectral domain using
methods for a spherical harmonic analysis and synthesis of gravity field (cf. Tenzer et al. 2009a

and 2009b; Bagherbandi et al. 2013).

Sgr=0g+0g +6g"+5g' +5g° 9)
where 8g', 5g”,5g", and 5g’ are the gravity disturbance corrections due to the gravitational

contributions of topography and density variations of ocean (bathymetry), ice and sediments

(cf. Bagherbandi et al. 2013).

2.3 Thermal effect due to lithosphere mantle density

Several methods have been proposed for oceanic lithospheric mantle temperature calculation
and consequently lithosphere thermal gravity anomaly, for example, by McKenzie (1978),
Parsons and Richter (1980), Bouhifd et al. (1996), McKenzie et al. (2005), Afonso et al. (2008)
and Bai et al. (2014). Thermal isostasy is the geodynamic process whereby regional variations
in the lithospheric thermal regime cause changes in elevation. Elevation changes result from
variations in rock density in response to thermal expansion. Therefore the lithospheric mantle
density is not constant, the density variation should be taken into account for gravity study.
The density of lithospheric mantle in the thermal regime would be reduced by the effect of
thermal expansion, on the other hand, the density also could be increased affected the pressure-
driven compression due to the loading martials. When the buried depth of target lithospheric

mantle unit for density modeling is z, the density of lithospheric mantle could be evaluated by
p. = pl-a(T.-T,)+B_(P.-R)] (10)
where, p, (=3.3 g/cm?®) is the lithospheric mantle density with normal temperature 7, (=273

K) and normal pressure £, (101 KPa, the standard atmospheric pressure), & is the thermal



expansion coefficients and we set its value is3.28x107° K" constantly according to former

studies (Bai et al, 2014; Chappell and Kusznir, 2008), B is the pressure-driven

compressibility coefficient whose value is relevant to temperature, 7, and P, is the temperature

and pressure at depth z , respectively.

—Temperature field
According to the pure shear model (McKenzie, 1978), the temperature at depth z could be
derived by
_ ] _ n+l _ 2 _
T :Tl(l——(a Z)+EZ—( D {Lsinﬂ}exp{ " Z}sin nr(a Z)] (11)
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where 7, (= 1060 K) is the boundary temperature of lithosphere and asthenosphere, a (= 125
km) is equilibrium lithosphere (plate) thickness, 7 (=62.8 Myr) is the lithosphere cooling
thermal decay constant, ¢ is crustal age, y is lithosphere stretching factor (McKenzie, 1978;
McKenzie et al., 2005). The oceanic crustal age could be estimated based on magnetic lineation
and the continental crustal age is set constantly as 300 Ma in this study. The lithospheric
stretching factor could be approximated by crustal stretching factor and 7 = * for the oceanic
lithosphere (Chappell and Kusznir, 2008). The initial values of continental crustal stretching
factors which are necessary for thermal modelling are based on crustal thickness mapped by
gravity inversion without considering thermal expansion and pressure compression effects; and

thus the thermal expansion effect can be calculated iteratively.

— Pressure-driven compressibility coefficient
The bulk modulus (K) could be simulated by a function of temperature, T, and it given by
(Kroll et al., 2012):

K, =127.97-0.0232x(T -300), (12a)

Assuming this relation the pressure-driven compressibility coefficient (5 ) could be derived

based on temperature value according to the inverse relationship between pressure-driven

compressibility coefficient £ and the bulk modulus (K7 )
B =1/K,. (12b)

— Pressure field



Pressure value at depth z could be calculated based on the definition of lithospheric pressure

P:

z

P.=[p(z)dz (13)
0
In space domain, the gravity disturbance due to thermal and pressure effects could be calculated
by
T (p.—por
g™ (P)=G[[ | ‘)21—3”0drda (14)
o R-z P

Therefore, the gravity disturbance Sg'”, at point P on the earth surface, of lithospheric mantle

density variations by thermal expansion effect and pressure-driven compression effect can be

calculated by Eq. (14).

2.4 The non-isostatic effects

It is almost impossible to distinguish the crustal and mantle gravity field and geothermal
modelling without additional data on the crustal structure (e.g., Kaban et al., 2004; Artiemeva,
2006; Artiemeva et al., 2006, Tesauro et al. 2008). In reality, Moho is not only formed by
isostasy, but there are other causes, which affect the crustal thickness estimation. Using the
isostatic hypothesis for determining the depth of crust causes some disturbing signals, non-
isostatic effects (NIEs), which influence the crustal thickness determination. It is the effect of
the masses beneath of the crust. Hence the NIEs are the gravitational effects that are caused by
the deviation of Moho geometry from its isostatic model. Major parts of the long-wavelengths
of the geopotential are caused by density variations in the Earth’s mantle and core/mantle
topography variations (Martinec, 1994). According to Bagherbandi and Sjoberg (2013) the
isostatic assumption for compensating the topographic potential is inadequate, and other effects
should be considered. Therefore the considered assumption Moritz (1990) and Sjoberg (2009)
for Vening Meinesz’ inverse problem in isostasy should be corrected by these effects.

Bagherbandi and Sjoberg (2013) presented a solution to overcome to this problem. The

correction of 5g™"*

is given by subtracting the compensation potential obtained from seismic
based Moho (e.g. CRUST1.0) and that obtained from gravity inversion (i.e. VMM), an estimate

of the NIEs harmonic coefficients are obtained by:

nm nm nm

NIE __ CRUSTLO _ VMM (153)



where spherical harmonic coefficients ¢/ (7=VMM , CRUST1.0) are given by:

(n+2)(Ap(D; - D}))

+ nm 1 5b
nm 2R ( )

b

¢~ W (Ap(Dj —DO))

and p, ~5.5 g/cm? is the mean density of the Earth’s mass. The spherical harmonic coefficients

of Ap(Dj—DO) , Ap(Doz—D_f) and Ap(D_?—DS) are shown by (Ap(Dj.—DO))n ,

m

(Ap (D; _DJZ')) and (AP(DJB- -D, )) . Now using the harmonic coefficients of ¢)* , the

b
nm nm nm

NIEs on gravity can be found by:

n+2
PP =G]2—Aff;(n+1)[ﬂ 3 My, (P) (16)
n= P m=—n

NIE

This implies that 6g™ should be corrected on the isostatic gravity disturbance (Jg, ), yielding

the pure isostatic gravity disturbance. Finally, using the gravity corrections of density contrast

NIE

within the Earth’s crust (8g’, 8g”, dg’and Sg'), the non-isostatic (5g""* ) and thermal

effects (Sg"™ ) and, the isostatic gravity disturbance is given by:

5g,(P)= 08" (P)+ A (P)+5g" (P)+5¢™ (P)=0 (17)

3 Numerical study

3.1 Description of the data

The refined Bouguer gravity disturbances were generated for South American region from the
recent combined satellite only model GOCOO03S (Mayer-Giirr, et al. 2012), and the spherical
harmonics of the normal gravitational field according to the parameters of the reference system
GRS-80 (Moritz, 1980), complete to degree and order 180 of spherical harmonics. It deserves
to be mentioned that by removing the gravitational contributions of topography and density
variations of the oceans, ice sheets, sediment basins and also NIEs and thermal effects, the

resulting Bouguer disturbance describes better the subsurface density effects including the



Moho boundary. In this context, firstly the generated gravity disturbances were corrected for
the gravitational contributions of topography and density variations of the oceans, ice sheets
and sediment basins which these corrections were provided by the ESCM 180 Earth’s spectral
crustal model (see Tenzer et al., 2014) and thermal effects (Bai et al., 2014) and later on they
were corrected for NIEs (see Bagherbandi and Sjoberg 2013).

The thermal correction was calculated using the oceanic crustal age grid (Miiller et al., 2008;
Seton et al., 2012), solid earth topographical heights from ETOPO1 data, total sediment
thickness of the world’s oceans and marginal seas by Divins (2003) and the global sediment
thickness grid onshore by Dziewonski and Anderson (1981); the bathymetry and sediment

thickness grids are used for Moho surface estimation.

To validate our estimated Moho depths, point-wise seismic data (obtained from Assumpcao et
al. 2013) and seismic Moho model (CRUST1.0) in this region were used, respectively. Figure
1 shows the distribution of the point-wise seismic data and the solid Earth topography.

60 W 40

W2OOW

Profile #1
Profile #2 10
Profile #3 _2

o
}0 S Solid Earth Topography (km)

Figure 1. Point-wise seismic data presented by Assumpcao et al. (2013) and solid Earth topographical
heights of South America generated from ETOPO1 data to degree and order of 180 corresponding to
1x1 arc-degree. Unit: km

3.2 Moho estimation of the South American region



In order to estimate the Moho depth, the selected region is bounded by latitude and longitude
—60° <p<12" and —90° < 1 <-20° respectively. Accordingly, we used the VMM method
together with CRUST1.0 data to model the Moho depth, for the South American region. The
reasons of using this area are: (a) this region contains reasonably accurate seismic Moho depths
that can be used to validate our method and (b) also this region comprises both continental and
marine regions and containing rough topography. From this numerical study, we illustrate that
our inversion procedure would be suitable for local Moho depth estimations. The statistics of

the numerical studies are given in Tables 1 and 2.

Table 1. Statistics of the effect of sediment, thermal compensation and NIE on the Moho depth and the

gravity disturbances in South America. STD is the standard deviation of the estimated quantities.

Units | Quantities | Max. | Mean | Min. | STD
5 peediment |03 | 20 | 8.0 | 13
= sediment
o | og 168.1 | 429 | 63 | 27.6
!

5 D'E 13.1 | 3.7 0.0 3.4
= TE

G} og 0.0 |[-78.7|-2743| 71.8
!

5 DME 232 | 33 | -138 | 5.1
5 ogMt 2902 | -68.5 | -487.9 | 107.6
=

sediment TE NIE
,08

As can be seen from table above, g and 0g"™" are the sediment effect, thermal

effects and NIEs on gravity and D**™™, D™ and D" are the sediment effect, thermal effects

and NIEs on Moho depth, respectively.

Table 2. Statistics of the Moho depths estimated from Gravimetric-isostatic and seismic CRUST1.0
models in South America. STD is the standard deviation of the estimated quantities. RMS is the Root
Mean Square.

Unit Quantities Max. Mean Min. STD RMS

v D" 76.33 23.44 10.46 13.9




DERUSTIO 69.51 21.75 9 12.98
D)V CRUSTLO 14.90 -0.5 -15.7 2.7 2.8
D CRUSTLO 16.2 3.2 -14.5 3.4 4.7
Dl s 11.9 -0.8 -12.2 4 42
D s> 11.6 15 -12.9 42 45

As seen in the table, the VMM Moho depth varies between 10 and 76 km with a global average
and standard deviation of 23 km and 14 km and corresponding Moho depths of the CRUST1.0
for this area varies between 9 and 69 km with a global average and standard deviation of 22 km
and 13 km, respectively. In order to assess our results, first the estimated gravimetric-isostatic
Moho depths (before and after applying the thermal effect) were compared with CRUST1.0
model and then with seismic-refraction data. The RMS of these differences between the VMM
and CRUST1.0 Moho depths and the point-wise seismic data (PWSD) are of the order of 4.7
and 4.5 km and of 2.8 and 4.2 km before and after applying the thermal effect, respectively. A
possible explanation for such improvement could be attributed to the applying the thermal effect

which truncates the long-wavelength character more.

4 Analysis of the results

4.1 General analysis

As emphasized, the gravity inversion can be used to obtain local Moho depths that have better
resolution and accuracy than global Moho depths. Accordingly, we apply the VMM method
discussed in the previous section for determining Moho depths in the South American region.

The detailed analyses of the results are plotted in this section.
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Figure 2. The corrected gravity disturbance (due to the gravitational contributions of topography and

density variation of ocean, ice and sediments) with resolution 1x1 arc-degree. Unit: mGal

Figure 2 maps Bouguer gravity disturbances corrected due to the gravitational contributions of
topography and density variation of ocean, ice and sediments. As mentioned, the refined gravity
disturbances used as the input gravity data for finding the Moho depths should comprise only
the gravitational signal of the Moho geometry. In this context, at the first step, we removed the
topographic, bathymetry, ice and sediment gravity effects from the Bouguer disturbances
compiled from GOCOO03S and ETOPOI1 global models. Also in Fig. 2 one can observe that the
refined spherical Bouguer gravity disturbances are negative along the continental margin with
extreme values of less than -200 mGal in high mountains, while oceanic areas are mostly
changed to positive gravity values. The figure implies that the topographic masses are generally

isostatically compensated by mass anomalies in the lithosphere (Watts 2001).

4.2 Moho depths vs sediment, thermal and non-isostatic effects

As we explained already, we firstly remove the topographic, bathymetry, ice and sediment
gravity effects from the Bouguer disturbances but it should be noted that always after correcting
the intra-crustal density anomalies such as those for water, ice and sediment there are still some
density anomalies left in the upper and lower mantle that we call non-isostatic (NIEs) and
thermal effects. Thereby these effects should be corrected on the isostatic gravity disturbance
to have a relatively pure isostatic gravity disturbance. In this section, two latter effects (i.e. NIEs
and thermal effects) are investigated how much can affect gravity disturbance and subsequently

Moho depth, respectively.



—Moho depths vs. sediment effects

The Earth’s crust is the most heterogeneous layer which completely masks the effects of deep
seated heterogeneities, especially in the observed gravity field (Tesauro et al. 2008). A problem
with the isostatic Moho modelling is the uncertainty in topographic/crust density, and therefore
other geophysical data are needed to constrain the density structure to overcome this problem
(Tenzer et al., 2009). Ice and sediment layers (e.g., from CRUST1.0) are important data that
should be considered for estimating the crustal thickness properly. For instance the effect of the
sediment layers on the gravity data and crustal thickness can be observed through Figure 3. In
average the sediment effects on gravity and crust estimation are 43+£27.6 mGal and -2+1.3 km,

respectively.

a) b)

Sediment effect on gravity disturbance (mGal) Sediment effect on crustal thickness (km)

Figure 3. The effect of sediments on a) gravity disturbance (Unit: mGal) and b) crustal thickness (Unit:
km) obtained from CRUST1.0 with resolution 1x1 arc-degree.

Figure 4 depicts a simple comparison with the main geological provinces of South America.
The figure illustrates that the maximum sediment effects happen in Argentine Basin and East
Venezuela Basin (Shelf). The minimum sediment effects located in old cratons such as Guyana,
Brazilian Shields and Luis Alves cratons (2.5 to 3.8 Ga age) and belong to Archaean time. In
fact they are the old and stable part of the continental lithosphere and are generally found in the
interiors of tectonic plates. They are characteristically composed of ancient crystalline basement
rock, which may be covered by younger sedimentary rock. Also these regions are different from

that are more geologically active and unstable. The next significant of sediment effects are



observed in Famatinian Orogen and then Amazonas Basin. Generally Precambrian South
American is predominantly Proterozoic in age (Cordani and Sato, 1999), and has suffered

several phases of continental collision and subsequent breakup (Lioyd et al. 2010).
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Figure 4. Main geological provinces of South America (after Chulick et al. 2013 and Gurbanov and
Mooney 2012).

—Moho depths vs. thermal effects

As we know the outer portion of the Earth is divided into an upper, lithosphere layer, and a
lower, asthenosphere layer. The lithosphere layer is composed of two parts, an upper, the crustal
lithosphere and lower, the mantle lithosphere. The crustal lithosphere is in unstable mechanical
equilibrium. The lithosphere layer is composed of two parts, an upper, the crustal lithosphere
and lower, the mantle lithosphere. As described in Egs. (10) and (11), the mantle density
variations shallower than 125 km due to thermal expansion and pressure compression effects
have been estimated, the effect on gravity disturbances has been shown in Figure 5a and the
effect on crustal thickness has been shown in Figure 5b. The part deeper than 125 km has more
evenly distributed density and also due to the gravity upper continuation effect, this deep part

could only create very long-wavelength gravity anomalies. Therefore, we did not estimate the



density variations deeper than 125 km. The maximum values are in Mid-oceans where there is

correlation between the NIE and thermal effect.

Thermal compensation (mGal) Thermal compensation (km)

Figure 5. The effect of thermal compensation on a) the gravity disturbances, Unit: mGal and b) the
crustal thickness, Unit: km, (The oceanic crustal age grid (Miiller et al., 2008; Seton et al., 2012) is
used for this calculation).
— Moho depths vs. non-isostatic effects

The contribution of the NIEs (the effect of mantle and lower masses gravity fields) on the
gravity data is large as it varies between 290 to -488 with a standard deviation of 107 mGal.
Understanding the NIE processes defining the mantle activity and the current state of cratons
are keys for unraveling Earth’s interior. The mantle and lower masses gravity field offer a
starting point for numerical modeling of deeper Earth’s structures and the main tool to
investigate the structure of the mantle (cf. Tesauro et al. 2008). In order to investigate the
reasons of significant NIE values, Fig. 4 is considered as a reference model in order to compare
with the estimated NIEs in Fig. 6. The comparison shows significant NIEs values are observed
in Mid-ocean ridges and transform faults in north-east and south-west of the study region (in
Atlantic and Pacific Oceans). In the mid-oceans because of mantle activities the magma rising
from a chamber below, forming new ocean plate which spreads away from ridge. Therefore the
density of crust is higher than the other parts and this can be a good indication that the gravity
field of mantle is governed in the gravity inversion for the crustal thickness determination. The
next largest NIEs can be seen in Andean Province where there is a Paleozoic structure with the

age of 250 and 400 Ma. Franz et al. (2006) studied evolution of the continental crust at the

14



central Andes. Their studies shows that growth of the continental crust is closely linked to the
phenomenon of subduction (still it is ongoing process), and active continental margins (Franz
et al. 2006). Therefore, the NIEs can be also used to study this phenomenon in geodynamics
and behavior of entire geological systems. Generally, the positive NIE values are in oceans and
the negative ones in the continental. For example, it shows that before considering the NIEs
there is over-compensation (Vening Meinesz and Heiskanen, 1958) in the Andes region but the
NIEs helps to reach to the isostasy assumption. The explanation and potential mechanism for
over-compensation of continental crust is that the roots of over thickened crust into the mantle

are larger than the topography masses.
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Figure 6. Non-isostatic effects after removing thermal compensation on gravity disturbance Unit:

mGal.

Comparing the results presented by Kaban (2015) and the NIEs (in this study) shows that both
techniques for determining mantle gravity field are consistent. The studies illustrate the impact
of the masses below crust on the observed gravity field. The aim was to separate the
contributions due to shallow density variations (below crust) to those related to the deep mantle
from the gravity data. We know that adding the contributions of crust, lithosphere and mantle
sources the resulting gravity field is correlated at more than 99% with the observed gravity
(Ricard et al. 2006). Also it is important to mention that the most significant sources of the
Earth’s gravity field are related to the density heterogeneities associated with the topography
and the Moho undulation. However one major structure of Earth’s topography, the oceanic

ridges, is not related to the crust but to the cooling and contraction of the oceanic lithosphere,



i.e. upper mantle (e.g. Turcotte and Schubert, 1982 and Ricard et al. 2006). Therefore the NIEs
correction is very important correction in gravity inversion for Moho boundary determination.
However, it is difficult to find the 3D structure of the mantle to detect the large scale density
heterogeneities, but using the method presented in this study the NIEs are applicable to correct

the gravity data.

—Moho depth map corrected for NIEs and thermal effects

60 S Crustal thickness (km)

Figure 7. Gravimetric-Isostatic crustal thickness in South America with resolution of 1x1 arc-degree

(corrected by the non-isostatic and thermal compensation effects). Unit: km

Figure 7 depicts the crustal thickness of South America estimated from the VMM method. The
figure indicates the thicker crust along the Andes (more than 50 km) and thinner crust west of
the thick craton. Average crustal thickness of the South American continent is 43.5 km which
is comparable with the result presented by Chulick et al. 2013 ( i.e. 45.7 km). In Figure 9 the
estimated Moho depths are compared to those obtained from the CRUST1.0 model. Based on
this comparison, one can see that most notable discrepancies are along the coastal zones which
it could be due to the wrong initial values used and remained sediment effects in our
computations for these areas. There is correlation between Figures 3 and 8 in shorelines which
it shows that sediment effects were not corrected completely. One can also observe in Fig. 8
that small discrepancies are generally in mid-ocean areas which it could be attributed to the

applying the NIEs and thermal effects.
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Figure 8. The difference between obtained gravimetric-isostatic and CRUST1.0 crustal thickness

models with resolution of 1x1 arc-degree. Unit: km.

We used some seismic profiles for further comparison that most of them are located at the west
of study region. The profiles have been reported in Assumpcao et al. (2013). Our comparison
shows that the difference between the VMM model and the point-wise seismic data are less

than 2 km in 70% of the points.
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Figure 9. The difference between obtained gravimetric-isostatic and point-wise seismic data (PWSD)

in three profiles presented in Figure 1.



Figure 9 illustrates the resulting three profile maps of our estimated crustal thickness compared
with the point-wise seismic data in west of study region. It also shows the rms fit to the 190, 54
and 24 seismic points are 7.1, 7.6 and 5.47 km in profilesl, 2 and 3, respectively. Taking a
closer look at the figure, one can observe that in profile #3 where there are good seismic data
the discrepancies are relatively small, suggesting that the VMM Moho model works fairly well.
However, one can also observe that the discrepancies are notable in profiles #1 and #2 with
respect to profile #3, which might on one hand be due to using erroneous initial values in these

areas, and on the other hand due to low quality of the seismic points in this part of the areas.

Conclusion

We have estimated crustal thickness of South America and the surrounding ocean basins using
the VMM method. In addition, we firstly validated the estimated VMM Moho depths before
and after applying the thermal effect and non-isostatic effects with the seismic based CRUST1.0
model. The RMS fit of the VMM Moho depths with CRUST1.0 after applying the thermal
effect and non-isostatic effects was found to be 2.8 km. This RMS fit is about 40 % better than
the corresponding RMS fit of 4.7 km obtained before applying the thermal effect. We then
compared the VMM crustal thickness with a large number of point-wise seismic measurements.
This comparison revealed that the RMS fit of the VMM Moho depths with seismic points before
and after applying the thermal effect were found to be 4.5 and 4.2 km. Probable reason for this
rather poor result could on one hand be attributed to using bad initial values in these areas, and

on the other hand due to low quality of the seismic points in this part of the areas.
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