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The average density of 3300 kg m�3 is often attributed for the asthenosphere. In this study, we inspect
this value by estimating the average value of the (upper) asthenosphere based on applying the gravi-
metric forward modelling of major known lithospheric density structures. The LITHO1.0 global seismic
model of the lithospheric density structure is used for this purpose, while considering that the
lithosphere-asthenosphere boundary (LAB) is rheological, conventionally taken at the 1300 �C isotherm,
above which the mantle behaves in a rigid fashion and below which it behaves in a ductile fashion.
According to our result, the average density of the upper asthenosphere is roughly 3400 kg m�3. This
density value closely agrees with the corresponding average value 3371 kg m�3 computed based on an
empirical density model provided in the Preliminary Reference Earth Model (PREM), while using the
LITHO1.0 LAB depth data. We also demonstrate that the sub-lithospheric mantle gravity map exhibits
mainly a thermal signature. The most prominent features in this gravity map are mid-oceanic spearing
ridges marked by gravity lows, while oceanic subductions in the West Pacific are characterized by the
most pronounced gravity highs.
© 2019 Institute of Seismology, China Earthquake Administration, etc. Production and hosting by Elsevier
B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Seismic data are primarily used to model the Earth's inner
density structure based on a conversion of seismic velocities to
mass densities [1e15]. Dziewonski and Anderson [8] used this
conversion to compile the Preliminary Reference Earth Model
(PREM) that provides the information about seismic velocities and
density structures within the whole Earth's interior by means of
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spherically homogenous layers. Later, a number of global and
regional seismic velocity and density models have been prepared,
for instance, by Kennett and Engdahl [16], Kennett et al. [17],
Montagner and Kennett [18], van der Lee and Nolet [19], Grand
et al. [20], Megnin and Romanowicz [21], Grand [22], Gung and
Romanowicz [23], van der Lee and Frederiksen [24], Panning and
Romanowicz [25], Houser et al. [26], Kustowski et al. [27,28], Bedle
and van der Lee [29], Panning et al. [30], Obrebski et al. [31,32],
Porritt et al. [33], James et al. [34], Lekic and Romanowicz [35],
Ritsema et al. [36], Simmons et al. [13,37e39], Trabant et al. [40],
French and Romanowicz [41], or Auer et al. [42].

The seismic velocity datasets were also used to compile more
detailed density models of the lithosphere. Nataf and Ricard [43]
prepared the crustal model based on the analysis of seismic data
and additional constraints, involving the heat flow and the chem-
ical composition. Mooney et al. [44] compiled the global crustal
model CRUST5.0 with a 5� � 5� spatial resolution. The updated
model CRUST2.0 was compiled with a 2� � 2� resolution [45]. The
CRUST1.0 is the most recent version, complied globally on a 1� � 1�

grid [46]. It consists of the ice, seawater (upper, middle, and lower)
tion and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is
nses/by-nc-nd/4.0/).
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sediments, and (upper, middle, and lower) crystalline crustal layers,
while including also a lateral density structure of the lithospheric
mantle. Globally averaged data from active seismic methods and
deep drilling profiles were used to predict sediment and crustal
structures where no seismic measurements were available (most
parts of Africa, South America, Greenland, and large oceanic areas)
by a generalization to similar geological and tectonic settings.
Pasyanos et al. [47] compiled the LITHO1.0 global seismic model of
the lithosphere. This model was prepared in order to fit the high-
resolution (Love and Rayleigh) surface wave dispersion maps us-
ing the CRUST1.0 crust data and the LLNL-G3D upper mantle model
[38] as the a priori information. Compared to similar 3-D density
and velocity models, this model provides also the information
about the lithosphere-asthenosphere boundary (LAB).

Alternative methods for a recovery of the Earth's density
structure involve the gravity information. The Nettleton-Parasnis
technique [48,49] is often applied to estimate the near-subsurface
density structure, particularly in regions without exposed out-
crops, or where outcrops occurrence do not adequately represent
subsurface rock densities [50,51]. The principle of this method is to
find the density value in the Bouguer (topographic) gravity
correction that yields zero gravity anomalies. This method works
reasonably well in local applications, but cannot be applied in
global studies. The main reason is that gravity disturbances reflect
not only the terrain geometry, but also the lithospheric density
composition. Moreover, long-wavelength variations in the free-air
gravity data reflect mainly the deep mantle structure that could
not be removed by applying any type of topographic gravity
correction (typically involving only a simple planar Bouguer gravity
reduction). Theoretically, better methods for modelling the inner
density structure are based on a gravity data inversion. Several
different techniques have been developed and applied for the
gravity-to-density inversion. The most commonly used is the
Parker-Oldenburg technique [52,53]. We could also mention more
recent studies by Bear et al. [54], Camacho et al. [55], Yang H [56],
Boulanger and Chouteau [57], Silva et al. [58], Mauriello et al. [59],
Sichler and H�ekinian [60], Silva and Barbosa [61], Montesinos, et al.
[62], van Zon and Roy-Chowdhury [63], Zon et al. [64], Schiavone
and Loddo [65], Fernando et al. [66], Farquharson and Mosher [67],
Sun et al. [68], Toushmalani and Saibi [69], Liu et al. [70], Bijani et al.
[71], Ye et al. [72] or Tian et al. [73]. Some authors applied the
combined gravity and magnetic data inversion to reconstruct
geologic bodies [74,75].

Techniques for the gravity data inversionwork relativelywell for
a recovery of near-subsurface geological features, but often require
the application of a gravimetric forward modelling of known den-
sity structures in order to reveal a deeper density structure or
interface. These methods facilitate solutions to Newton's integral in
the spatial or spectral domains. For global applications, spectral
methods are preferably used [76e82]. Spectral forward and inverse
modelling techniques have been applied in global studies. Sj€oberg
and Bagherbandi [83] and Tenzer et al. [84] applied such methods
to estimate the Moho density contrast.

As mentioned above, the LITHO1.0 model provides a relatively
detailed information about the 3-D density distribution within the
lithosphere. Except for some regional studies, the density information
below theLAB is oftenprovidedonly in termsof a densitychangewith
depth. Even more remarkably, the information in available literature
about the average density of the asthenosphere is somehow obscure,
whilemostly referring to density values of the uppermantle between
3300 and 3400 kg m�3. In this study, we inspected this aspect more
carefully by trying to estimate the average density of the upper
asthenosphere. For thispurpose,weapplied themethoddevelopedby
Tenzer et al. [84]. This method utilizes a gravimetric forward model-
ling of major known lithospheric density structures followed by a
trial-and-error technique that minimizes the gravitational signature
of the LAB geometry in the gravity data. In this way, the average
densityof theupperasthenosphere couldbe identifiedas thevalue for
which the spatial correlation between the LAB geometry and the
gravity data corrected for the gravitational contribution of the litho-
spheric density heterogeneities and particularly for the gravitational
signature of the LAB geometry. After estimating this average density,
we also present the global gravity map, which comprises mainly the
gravitational signatureof theasthenosphere. Basedonourknowledge
about the asthenosphere, we expect that this gravity map should
manifestsmainly a thermal signature of upwellingmantle alongmid-
oceanic spreading ridges andpossiblyalso a thermal or compositional
signature of deep oceanic subductions.

In the subsequent part of the article, we first summarize the
expressions for the gravimetric forwardmodelling used to compute
the gravity corrections due to the topography, lithospheric density
heterogeneities and the LAB geometry. We then apply these cor-
rections to observed (free-air) gravity data in order to reveal the
gravitational signature of the asthenosphere.We also estimated the
average density of the asthenosphere. Themethodology we applied
for this purpose is briefly reviewed in section 3. Results are pre-
sented in section 4 and major findings discussed in section 5. The
study is concluded in section 6.
2. Gravimetric forward modelling

Methods for a spherical harmonic analysis and synthesis of
gravitational and lithospheric structure models were applied to
remove the gravitational contributions of the topography and
lithospheric density heterogeneities from the (observed) free-air
gravity data in order to reveal the gravitational signature of the
sub-lithospheric mantle structure. The spectral expressions applied
in the gravimetric forward modelling are briefly recapitulated next.
2.1. Free-air gravity disturbance

For the external convergence domain r � R, the free-air
gravity disturbance dgFA at a location ðr;UÞ was computed
from the coefficients Tn;m of the disturbing potential T (i.e.,
difference between the actual and normal gravity potentials W
and U respectively; T ¼ W � U) using the following expression
(e.g. [85])

dgFAðr;UÞ ¼ GM

R2

Xn
n¼0

Xn
m¼�n

�
R
r

�nþ2

ðnþ 1Þ Tn;m Yn;mðUÞ (1)

where GM ¼ 3986005� 108 m3 s�2 is the geocentric gravitational
constant, R ¼ 6371� 103 m is the Earth's mean radius, Yn;m are the
surface spherical functions of degree n and order m, and n is the
upper summation index of spherical harmonics. The 3-D position in
Eq. (1) and thereafter is defined in the spherical coordinate system
ðr;UÞ; where r is the radius, and U ¼ ð4; lÞ is the spherical direction
with the spherical latitude 4 and longitude l.
2.2. Bouguer gravity disturbance

The Bouguer gravity disturbances dgB were obtained from the
free-air gravity disturbances dgFA after applying the topographic gT,
ice gI, and bathymetric gB gravity corrections (cf. [77])

dgB ¼ dgFA � gT � gB � gI (2)

The topographic gravity correction is defined for a uniform
topographic density by the following expression
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gTðr;UÞ ¼ GM
2

Xn Xn �
R
�nþ2

ðnþ 1ÞVT
n;m Yn;mðUÞ (3)
R n¼0 m¼�n r

The potential coefficients VT
n;m in Eq. (3) read

Vn;m ¼ 3
2nþ 1

rT

rEarth

Xnþ2

k¼0

�
nþ 2
k

� ð�1Þk
kþ 1þ i

Hðkþ1Þ
n;m

Rkþ1
(4)

where rEarth ¼ 5500 kg m�3 is the Earth's mean mass density, and
rT is the (constant) topographic density. The topographic co-
efficients {Hðkþ1Þ

n;m : k ¼ 0; 1; ::: } are given by

Hðkþ1Þ
n ðUÞ ¼ 2nþ 1

4p
∬
F

Hkþ1
U

�
U0�PnðtÞ dU0 ¼

Xn
m¼�n

Hðkþ1Þ
n;m Yn;mðUÞ

(5)

where Pn are the Legendre polynomials for the argument t of cosine
of the spherical angle j between two points ðr;UÞ and ðr0;U0Þ; i.e.,
t ¼ cos j. The infinitesimal surface element on the unit sphere is
denoted as dU0 ¼ cos 40 d40 dl0, and F is the full spatial angle.

The ice and bathymetric gravity corrections in Eq. (2) were
computed based on applying themethod developed by Tenzer et al.
[77] that utilizes the information about a 3-D density distribution
within a particular geological unit, such as sedimentary basins. The
generic expression for a spherical harmonic synthesis reads
Lðkþ1þiÞ
n ðUÞ ¼

8>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>:
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The potential coefficients Vn;m of each volumetric mass layer are
defined by

Vn;m ¼ 3
2nþ 1

1

rEarth

XI
i¼0

�
FlðiÞn;m � FuðiÞ

n;m

�
(7)

where the coefficients {FlðiÞn;m;Fu
ðiÞ
n;m : i ¼ 0; 1; :::; I} are given by

FlðiÞn;m ¼
Xnþ2

k¼0

�
nþ 2
k
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(8)

The coefficients {Lðkþ1þiÞ
n;m ;Uðkþ1þiÞ

n;m : k ¼ 0; 1; ::: ; i ¼ 1; 2; :::;
I} in Eq. (8) describe the geometry and density contrast distri-
bution within a particular volumetric mass layer. These co-
efficients are generated from discrete data (of depth, thickness
and density) using the following expressions for a spherical
harmonic analysis [78].
I

(9)
and
I

(10)
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The 3-D density contrast with respect to the reference crustal
density rref in Eqs. (9) and (10) reads
drðr;UÞ ¼ rðr;UÞ � rref ¼ rðDU ;UÞ � rref þ bðUÞ
XI

i¼1

aiðUÞ ðR � rÞi for R � DUðUÞ � r>R � DLðUÞ (11)
where rðDU ;UÞ is a (nominal) value of the lateral density at a
location U and a depth DU .
2.3. Crust-stripped gravity disturbance

The crust-stripped gravity disturbances dgC were obtained from
the Bouguer gravity disturbances dgB after applying the sediment
gS and underlying (crystalline) crust gC gravity corrections

dgC ¼ dgB � gS � gC (12)

Thesedimentandcrustgravitycorrectionswerecomputedaccordingto
theexpressionsgiven inEqs. (6e11).Thesegravitydatahavetheoreticallya
maximum spatial correlationwith theMoho geometry (cf. [86]).
2.4. Lithosphere-stripped gravity disturbance

The lithosphere-stripped gravity disturbancesdgL were obtained
from the crust-stripped gravity disturbances dgC after applying the
lithospheric-mantle gravity correction gLM , i.e.

dgL ¼ dgC � gLM (13)

For a lateral density distribution function, the lithospheric-
mantle gravity correction is defined by (cf. [87]).

gLMðr;UÞ ¼ 3
GM

R2rEarth

Xn
n¼0

nþ 1
2nþ 1

�
R
r

�nþ2

�
Xnþ2

k¼0

�
nþ 2
k

� ð�1Þk
Rkþ1ðkþ 1Þ

Xn
m¼�n

�
Lðkþ1Þ
n;m

�Mðkþ1Þ
n;m

�
Yn;mðUÞ (14)

where Mðkþ1Þ
n;m denote the Moho coefficients, and Lðkþ1Þ

n;m are the LAB
coefficients.

The Moho coefficients Mðkþ1Þ
n;m in Eq. (14) were computed ac-

cording to the following integral convolution

Xn
m¼�n

MðkÞ
n;m Yn;mðUÞ ¼ 2nþ 1

4p
∬
F

drLM
�
U0�Mk�U0� PnðtÞ dU0

(15)

where M is the Moho depth, drLMðU0Þ ¼ rLMðU0Þ � rLM is a lateral
density contrast rLM (within the lithospheric mantle) with respect
to the adopted reference density rLM.

By analogy with Eq. (15), the LAB coefficients Lðkþ1Þ
n;m in Eq. (14)

were computed from

Xn
m¼�n

LðkÞn;m Yn;mðUÞ ¼ 2nþ 1
4p

∬
F

drUM
�
U0�Lk�U0� PnðtÞ dU0 (16)
where L is the LAB depth. It is worth mentioning that all in-
dividual lithospheric density structures, such as polar glaciers,
sediments, the crust, or the sub-crustal lithosphere, are
mathematically treated as (non-uniform) volumetric mass
density layers, instead of using a simplistic single-layer
description.
2.5. Sub-lithosphere mantle gravity disturbance

The lithosphere-stripped gravity disturbances dgL should theo-
retically comprise mainly the gravitational signature of the LAB
geometry. To enhance a gravitational signature of the astheno-
sphere, the gravitational signal of the LAB geometry has to be
removed from these gravity data. This procedure is realized by
applying the LAB gravity correction gLAB to the lithosphere-stripped
gravity disturbances dgL. The result of this numerical step yields the
sub-lithosphere mantle gravity disturbances dgA. Hence, we write

dgA ¼ dgL � gLAB (17)

The LAB gravity correction gLAB in Eq. (17) was computed as.

gLABðr;UÞ ¼ 3
GM

R2rEarth

Xn
n¼0

nþ 1
2nþ 1

�
R
r

�nþ2

�
Xnþ2

k¼0

�
nþ 2
k

� ð�1Þk
Rkþ1ðkþ 1Þ

Xn
m¼�n

bLðkþ1Þ
n;m Yn;mðUÞ

(18)

The coefficients bLðkþ1Þ
n;m in Eq. (18) are defined by

Xn
m¼�n

bLðkÞn;m Yn;mðUÞ ¼ 2nþ 1
4p

DrL=A∬
F

Lk
�
U0� PnðtÞ dU0 (19)

where L is the LAB depth, and DrL=A ¼ rA � rLM is defined as the
difference between the density of the (upper) asthenosphere rA

and the reference density of the lithospheric mantle rLM.
3. Methodology

The gravity corrections and the corrected gravity distur-
bances (as described in section 2) were computed with a
spectral resolution complete to the spherical harmonic degree
2160 (corresponding to a 50 � 50 spatial resolution in terms of a
half-wavelength), except for the gravity corrections due to
density contrasts of continental sediments, the crystalline crust
and the lithospheric mantle. These three gravity corrections
were computed with a limited spectral resolution only up de-
gree 180 that corresponds to a 1� � 1� spatial resolution of the
LITHO1.0 model. In this way, the sediment gravity correction
was computed individually for the contributions of marine and
continental sediments. The former was computed with a 50 � 50

spatial resolution from the total sediment thickness data for the
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world's oceans and marginal seas [88], while the latter only
with a 1� � 1� resolution using the LITHO1.0 continental sedi-
ment data.

The free-air gravity disturbances were computed from the
EIGEN-6C4 [89] gravitational coefficients corrected for the
GRS80 [90] normal gravity component. The topographic and ice
gravity corrections were computed using the Earth2014 [91]
datasets of topography and glacial bedrock relief. The value
2670 kg m�3 [92] was adopted to represent a uniform topo-
graphic density. The glacial density 917 kg m�3 (cf. [88]) was
adopted to define the ice density contrast. The ice density
contrast with respect to the value 2670 kg m�3 was used for
glacier volumes above the sea level. For the glacier volumes
below the sea level, the ice density contrast was taken with
respect to the reference density 2900 kg m�3. The LITHO1.0
sediment data, updated for sediment layers of the Antarctic
continental crust according to Baranov et al. [93], were used to
compute the continental sediment gravity correction. The
bathymetric gravity correction was computed using the
Earth2014 bathymetric depths. A depth-dependent seawater
density model was utilized in the definition of the ocean density
contrast. For the reference crustal density 2900 kg m�3 and the
surface seawater density 1027.91 kg m�3 (cf. [94e96]), the
nominal ocean density contrast (at zero depth) equals
1872.09 kg m�3. The depth-dependent seawater density model
was according to Eq. (11) defined by the following parameters
(up to the second-order density term): b ¼ 0:00637 kg m�3,
a1 ¼ 0:7595 m�1 and a2 ¼ �4:3984� 10�6 m�2 (cf. [97]).

The marine sediment thickness data [98] combined with the
density model of marine sediments [99] were used to compute the
marine sediment gravity correction. According to Gu et al. [100],
the marine sediment density model rs (in kg m�3) reads

rsðTs;DwÞy1660:0� 5:1� 10�2Dw þ 3:7 T0:766s (20)

where Dw denotes the ocean-floor depth (in m), and Ts is the
sediment thickness (in m). The value 1660 kg m�3 in Eq. (17) rep-
resents the sediment density beneath a thin sedimentary cover (for
Ts/0) closely below the sea level (Dw/0). The second constituent
describes the decreasing density with the ocean-floor depth
(reflecting the fact that coarse particles are transported at shorter
distances from the coast). The third constituent describes the
increasing density with the depth within marine sediment layers
(due to the compaction and further lithification); see also Chen
et al. [101]. The expression in Eq. (20) was converted into a
generalized form given in Eq. (11).

The LITHO1.0 data of crystalline crust density and thickness
were used to compute the crust gravity correction. The
lithospheric-mantle gravity correction was computed using the
LITHO1.0 Moho depth, lithospheric mantle density and LAB
datasets. The lithospheric mantle density contrast was defined as
the LITHO1.0 lithospheric mantle density with respect to the
reference density 2900 kg m�3. It is important to clarify, that the
density value 3200 kg m�3 (or 3300e3400 kg m�3 based on
petrological evidences; e.g. [102]) is typically attributed to the
lithospheric mantle. Moreover, according to the LITHO1.0 model,
the lateral density within the lithospheric mantle varies from
3010 to 3460 kg m�3. Nonetheless, the stripping procedure
applied in this study for estimating the average density within the
upper asthenosphere requires that density variations within the
whole lithosphere be taken with respect to the same reference
density.
Finally, we computed the LAB gravity correction. In the absence
of reliable information about a lateral density distribution within
the asthenosphere this computation was realized based on the
principle of minimizing a spatial correlation between the sub-
lithosphere mantle gravity disturbances and the LAB geometry.
Practically, this computation was done so that the LAB gravity
correction (Eq. (18)) was computed for different values of the
density rA in Eq. (19). The value rA which provided a minimum
spatial correlation between the sub-lithosphere mantle gravity
disturbances and the LAB geometry was then selected as the
average density of the upper asthenosphere.
4. Results

All gravity computations were realized globally on a 1� � 1�

spherical grid of surface points. Global maps of the free-air,
Bouguer, crust-stripped and lithosphere-stripped gravity distur-
bances are shown in Fig. 1, and their statistics are summarized in
Table 1.

The application of the topographic, lake, ice and bathymetric
gravity corrections to the free-air gravity disturbances (Fig. 1a)
revealed mainly the isostatic signature of large orogens and the
gravitational signature of the ocean-floor relief in the Bouguer
gravity map (Fig. 1b). Additional modifications were attributed to
stripping gravity corrections due to sediments and underlying
crystalline crust. The crust-stripped gravity disturbances (Fig. 1c)
revealed mainly the gravitational signature of the Moho geome-
try. For a more detailed interpretation of intermediate results
after applying these gravity corrections, we refer readers to Tenzer
et al. [77,81]. The application of the lithospheric-mantle gravity
correction revealed the gravitational signature of the LAB geom-
etry in the map of the lithosphere-stripped gravity disturbances
(Fig. 1d).

The average density of the upper asthenosphere was estimated
based on the principle of minimizing the spatial correlation be-
tween the sub-lithospheremantle gravity disturbances and the LAB
geometry. The results of this procedure are plotted in Fig. 2. The
minimum correlationwas attained when using the density value of
approximately 3400 kgm�3. We note that the application of a more
refined density step for this estimation is irrelevant due to large
uncertainties of used LITHO1.0 lithospheric density model that
locally could reach or even exceed ±300 kg m�3.

The value of 3400 kg m�3 was adopted as the average density of
the upper asthenosphere and consequently used to compute the
LAB gravity correction and the sub-lithosphere mantle gravity
disturbances. To validate the result, we repeated the computation
by using the lateral densitymodel of the asthenosphere given in the
definition of PREM for the LID and LVZ layers (cf. [8]; Table 1). The
expression reads

rAðUÞ ¼ 2:691þ 0:6924
R � LðUÞ

R
(21)

where R ¼ 6371� 103 m and the values of the LAB depth L were
taken from LITHO1.0. The lateral density model of the upper
asthenosphere is shown in Fig. 3. The density values vary from
3354 to 3382 kg m�3, with the mean of 3371 kg m�3. This mean
value quite closely agrees with our rough estimate 3400 kg m�3.

The lateral density values of the upper asthenosphere (shown in
Fig. 3) were used to compute the LAB gravity correction and
consequently the sub-lithosphere mantle gravity disturbances. For
the lateral density model, the expression in Eq. (19) used for



Fig. 1. Global maps of: (a) the free-air dgFA, (b) Bouguer dgB, (c) crust-stripped dgC, and (d) lithosphere-stripped dgL gravity disturbances.
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Table 1
Statistics of the free-air dgFA, Bouguer dgB, crust-stripped dgC, and lithosphere-
stripped dgL gravity disturbances.

Gravity disturbances Min [mGal] Max [mGal] Mean [mGal] STD [mGal]

dgFA �310 287 �1 30

dgB �492 743 329 225

dgC �994 712 189 316

dgL �7024 �949 �3216 1262

Fig. 2. Spatial correlation between the sub-lithosphere mantle gravity disturbances
and the LAB geometry for different values of the average density of the upper
asthenosphere.
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computing the coefficients bLðkþ1Þ
n;m was generalized into the

following form

Xn
m¼�n

bLðkÞn;m Yn;mðUÞ ¼ 2nþ 1
4p

∬
F

DrL=A
�
U0�Lk�U0� PnðtÞ dU0

(22)

where the difference DrL=AðUÞ ¼ rAðUÞ � rLM is now computed
between the lateral density of the (upper) asthenosphere rA and
the reference density rLM.
Fig. 3. The lateral density model of the upper asthenosphere accor
The results of the LAB gravity correction and the sub-
lithosphere mantle gravity disturbances for the constant
(average) and lateral density models of the upper asthenosphere
are shown in Figs. 4 and 5 respectively; for statistics of results
see Table 2.

As seen from the statistical summaries of results in Tables 1 and
2, the lithosphere-stripped gravity disturbances and the LAB
gravity correction have similar spatial patterns that (more or less)
closely correlate with the LAB geometry. Furthermore, both these
gravity field quantities have large values of the standard deviation.
Consequently, the resulting sub-lithosphere mantle gravity distur-
bances, obtained from the lithosphere-stripped gravity distur-
bances after subtracting the LAB gravity correction, are
characterized by a relatively small value of the standard deviation
(Table 2) due to removing the gravitational signature of the LAB
geometry.
5. Discussion of results

Maps of the sub-lithosphere mantle gravity disturbances
(Fig. 5) computed for the constant and lateral density models of
the upper asthenosphere exhibit a very similar spatial pattern.
Gravity lows detected along the mid-oceanic spreading ridges
reflect a thermal signature of the upwelling mantle flow. Gravity
values have an increasing trend on both size of spearing ridges
that likely reflect a thermal cooling of the oceanic lithosphere
and partially also the underlying upper asthenosphere. This
prevailing trend of the increasing gravity with the age of the
oceanic lithosphere is also clearly manifested by gravity highs
over oceanic subductions in the West Pacific, and to some extent
in the West Caribbean.

A surprising finding of a pronounced thermal signature under
some cratons supports the hypothesis that in the thickest cratonic
portions of a very fast seismic velocity (e.g. [103,104]) the cold and
dense layers within the cratonic crust or the lithospheric mantle are
isostatically compensated and neutrally buoyant due to the positive
buoyancy of depleted cratonic mantle peridotites (cf. [105]). This
signature is particularly exhibited in the gravity map computed for
the PREM variable density model of the asthenosphere that is ex-
pected to be more realistic than corresponding gravity map
computed for the uniform density model.
ding to the PREM density model and the LITHO1.0 LAB depth.



Fig. 5. Global maps of the sub-lithosphere mantle gravity disturbances computed for: (a) the constant (3400 kg m�3) and (b) lateral (PREM) density models of the upper
asthenosphere. Yellow lines indicate a global configuration of the mid-oceanic spreading ridges and the oceanic subduction zones.

Fig. 4. Global maps of the LAB gravity correction computed for: (a) the constant (3400 kg m�3) and (b) lateral (PREM) density models of the upper asthenosphere.
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Table 2
Statistics of the LAB gravity correction and the sub-lithosphere mantle gravity dis-
turbances dgA computed for the constant (3400 kg m�3) and lateral (PREM) density
models of the upper asthenosphere.

Gravity field quantity Min [mGal] Max [mGal] Mean [mGal] STD [mGal]

gLAB for constant rA 2170 8276 4764 1265
gLAB for variable rA 2045 7595 4462 1147
dgA for constant rA 754 4611 1548 196
dgA for variable rA 155 4083 1246 220
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6. Concluding remarks

We have estimated the average density of the upper astheno-
sphere based on applying the gravimetric forward modelling of
major known lithospheric density structures down to the LAB
boundary. Our rough estimate 3400 kg m�3 closely agrees with the
average density value 3371 kg m�3 computed according the PREM
density equation (for the LID and LVZ layers). Both density values
are larger than themean value of 3300 kgm�3 typically adopted for
the whole asthenosphere.

Our results of the gravimetric forwardmodelling also reveal that
a thermal or compositional structure within the asthenosphere
varies quite considerably. The sub-lithosphere mantle gravity map
(compiled using either the uniform or laterally varying density
models of the upper asthenosphere) exhibits a thermal state of the
asthenosphere under the oceanic lithosphere, characterized by
gravity lows along mid-oceanic spreading ridges and gravity highs
along oceanic subductions particularly in the West Pacific. A posi-
tive buoyancy of depleted cratonic mantle peridotites could prob-
ably explain a surprising finding of a pronounced thermal signature
under certain cratons.
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