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A B S T R A C T

Global Sediment Thickness 1 (GST-1) is a high-resolution sedimentary thickness model calculated on a 0.125◦ x 
0.125◦ grid. It modifies the sediment thickness of the 1◦ x 1◦ Earth Crustal Model 1 (ECM1) by means of 3D 
inversions of free air gravity anomalies. GST-1 is calculated by performing structural inversions on high-density 
contrasts across two crustal boundaries: the sediment – basement interface and the crystalline crust – upper 
mantle interface. The inversions are calculated in each of ten overlapping 3D models that span the globe. These 
ten models are merged to obtain the GST-1 global model, providing an eight-fold increase in lateral spatial 
resolution in comparison with ECM1 and CRUST 1.0. Our sediment thickness model exploits the nearly 
continuous sampling of gravity data when compared to the irregular, sparse sampling of seismic refraction data. 
Sediment thickness values in GST-1 are in excellent agreement with independently derived cross sections from 
well-studied sedimentary basins, and within expected resolution limits of seismic refraction data. GST-1 offers a 
robust, high resolution global model of sedimentary thickness to support studies of sedimentary basins.

1. Introduction

Sedimentary basins cover substantial portions of the Earth's surface 
and preserve evidence for the geologic, tectonic, biological, and climate 
history of the planet (Busby and Azor, 2012; Cloetingh and Negendank, 
2010; Foote and Miller, 2006; Grozinger and Jordan, 2020; Hyman, 
2017). Diverse natural resources are derived from sedimentary basins, 
such as hydrocarbons, minerals, geothermal energy, water, and arable 
soil (Marshak, 2022; Miall, 2000, 2010). The abundance and distribu
tion of these natural resources are influenced by factors that include the 
basin's depositional and structural history (Bally et al., 2020; Busby and 
Azor, 2012). Basin analyses are used to decode this record via the study 
of sedimentary host strata to document subsidence history, stratigraphic 
architecture, and paleogeographic evolution (Miall, 2000, 2010). Given 
the importance of sedimentary basins, a high-resolution global sedi
mentary thickness model is a valuable contribution to support analyses 
of basin formation and resource potential.

An early version of a global crust model is CRUST 5.1 (Mooney et al., 
1998), which is provided on 5◦ x 5◦ grids with eight layers: ice, water, 
low velocity sediment, high velocity sediment, upper crystalline crust, 
middle crystalline crust, lower crystalline crust, and upper mantle. Rock 
properties in each layer are P-wave velocities, S-wave velocities, and 

density. Spatial sampling of this model was decreased to 2 degrees by 
Bassin et al. (2000), and then to 1 degree by Laske et al. (2012). 
Recently, after integrating additional seismic velocity measurements 
(19,200 total), Earth Crust Model 1 (ECM1) has been introduced 
(Mooney et al., 2023), however spatial sampling remains at 1 degree. In 
marine only regions, a global sediment thickness model (GlobSEd) was 
introduced on a 5 min grid (Straume et al., 2019). ECM1 adopts GlobSed 
as the primary source of sediment thickness values in marine areas, and 
the sedimentary thickness models of Laske et al. (2012) and Molinari 
and Morelli (2011) for terrestrial areas. Many global crust and litho
sphere models incorporate elements of CRUST 1.0 and CRUST 2.0 
(Afonso et al., 2019; Fullea et al., 2021; Kaban et al., 1999; Pasyamos 
et al., 2014; Reguzzoni and Sampietro, 2015).

Here we present the Global Sediment Thickness 1 (GST-1) model, an 
updated representation of the sedimentary layer of ECM1 (Mooney 
et al., 2023), provided on 0.125◦ x 0.125◦ grid cells. We use continuous 
gravity data (Fig. 1) to modify the basement horizon at the base of the 
sediment layer, via 3D gravity inversions. In this way, we calculate a 
global sediment thickness with greater detail on basin geometries than 
available models.

For computational accuracy, we calculate ten overlapping regional 
3D models that span the globe (Fig. 2). The 3D models consist of five 
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horizons: ice (polar regions only), topography and sea surface, ba
thymetry, top of crystalline crust (basement), and base of crust. Single 
layer densities are applied except for sediment and upper mantle layers, 
which vary as functions of thickness and lithospheric age, respectively. 
Two sets of 3D structural inversions of gravity data are performed on the 
models: 1) base of crust inversion, guided primarily by the long wave
length gravity anomalies, and 2) basement inversion, which is guided 
primarily by shorter wavelength anomalies. We compare our results 
with cross sections through well studied basins, and with established 
global models.

2. Gravity data

Most of the Earth is covered by the EGM2008 free air gravity grid 
(Pavlis et al., 2012). The EGM2008 data compilation includes gravity 
values over land by incorporating GRACE satellite gravity data and 
digital elevation models, and over marine areas using gravity data 
derived from satellite altimetry (Anderson et al., 2010; Forsberg, 1984; 

Lemoine et al., 1998; Mayer-Gürr, 2007; Rapp, 1997; Sandwell and 
Smith, 2009). However, EGM2008 polar data is inadequate for this 
study due to limited satellite coverage, therefore, EGM2008 data are 
merged with Arctic and Antarctic free air anomalies (Fig. 1) (Kenyon 
et al., 2008; Scheinert et al., 2016). Data compiled in the Arctic Gravity 
Project from land, marine, and airborne sources are updated by Kenyon 
et al. (2008). Similarly, gravity data are compiled over Antarctica to 
include land, marine, airborne, and satellite surveys (Scheinert et al., 
2016). Reported gravity data resolutions range from ±3.6 mGal over the 
southern polar region (Scheinert et al., 2016), to ±6 mGal over the 
northern polar region (Forsberg and Skourup, 2005), to ±34 mGal for 
EGM2008 (Pavlis et al., 2012). The broad range for EGM2008 is pri
marily due to the lack of data over mountainous regions (Pavlis et al., 
2012). This deficiency was addressed by Liang et al. (2020) by inte
grating GOCE and GRACE satellite data over terrestrial areas, as well as 
updated gravity derived from satellite altimetry (Sandwell et al., 2014), 
in the SGG-UGM-2 gravity model. We found that differences between 
EGM3008 and SGG-UGM-2 over three large regions of North America, 

Fig. 1. Merged free air gravity anomalies (Kenyon et al., 2008; Pavlis et al., 2012; Scheinert et al., 2016). The lateral continuity of these gravity data makes possible 
the refinement of the sediment thickness estimates based on unevenly distributed seismic control. Figs. 8–13 locations are outlined by heavy black polygons.

Fig. 2. Locations of regional inversion models: a) ten 3D model areas (map boundaries: latitude, 0◦ and ± 60◦; longitude, 0◦, ±90◦, and ± 180◦), and cross section 
location (red line); b) cross section and free air gravity profile (red) through west Africa, regional 3D model NW (also mapped in Fig. 6), each of the ten regional 3D 
models are composed of five or six layers, separated by four or five horizons (blue): surface, top of ice (polar models only), topography, basement, and base of crust. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Africa and Asia are small, ranging between 0.73% and 1.33%. We pro
vide a thorough analysis in Supplementary Information, Section SI-1.

3. Methods

Recognizing that a significant density contrast exists at the base of 
most sedimentary basins (i.e., at the top of the crystalline crust, also 
referred to as the basement surface), we seek to isolate gravity anomalies 
produced by this surface. We perform 3D gravity inversions of these 
isolated anomalies to modify the depth of the basement surface, thus 
reshaping the sedimentary layer thickness between the topography and 
basement. Regarding these inversions, the inherent ambiguity in gravity 
models can be reduced by implementing a priori conditions to gravity 
inversions (Barbosa and Silva, 1994; Li and Oldenburg, 1998; Pedersen, 
1979). The accuracy of the a priori information is important to avoid 
inversion artifacts (e.g., local minima). Our ten a priori regional crustal 
models (Fig. 2a) include a base of crust that is based on well-established 
principles of isostasy (Blakely, 1995). While simple isostatic crustal 
models are generally accurate globally, we acknowledge that inaccur
acies may exist in some regions.

Density and P-wave velocity variations in the upper mantle are 
associated with temperature variations (Fowler, 2005; Perry et al., 2006; 
Prodehl and Mooney, 2012). A sufficient increase in upper mantle 
temperature will cause partial melting, thus decreasing density and 
velocity. Regional high temperature anomalies are correlated with 
thinned crust and reduced upper mantle density; for example, the Afar 
Depression and Great Basin of the western USA (Ebinger et al., 2010; 
Mooney and Kaban, 2010). Conversely, regional low temperatures are 
correlated with thicker crust and cooler, higher density upper mantle, 
such as the Canadian Shield and eastern Europe (Mooney and Kaban, 
2010; Tesauro et al., 2009). In these examples, heat flow anomalies and 
correlated crustal thickness variations are well controlled by global data 
sets described by Mooney et al. (2023) and the Global Heat Flow Data 
Assessment Group (2024). However, the global coverage of these data
bases is not uniform, and large gaps exist over the Earth's oceans and 
remote terrestrial regions. Yet, evolution of oceanic lithosphere over 
time is well understood (Dick et al., 2010; Heirtzler, 1969; Heirtzler 
et al., 1968; Moores and Twiss, 1995; Müller et al., 2016; Reid and 
Jackson, 1981), including variations of upper mantle temperature and 
crustal subsidence as functions of lithospheric age (McKenzie, 1967; 
Sclater et al., 1980; Stein and Stein, 1992; Zhou et al., 2020). We 

therefore incorporate these oceanic temperature and subsidence varia
tions in our models (Stein and Stein, 1992).

Density variations that exist in the sedimentary and crystalline layers 
of the Earth's crust have been tabulated by several authors (Carmichael, 
1989; Christensen and Mooney, 1995; Dobrin and Savit, 1988; Hinze 
et al., 2013; Sharma, 1976; Telford et al., 1976; Turcotte and Schubert, 
2002). Sedimentary rock compositions can vary from low density salt 
(~1.8 to 2.2 g/cm3), to clastic rocks such as sandstone, siltstone, 
mudstone and shale (~2.0 to 2.7 g/cm3), to carbonate rocks, such as 
limestone and dolomite, which may have a broad range of densities 
(~1.6 to 2.9 g/cm3). Density ranges from ~2.6 to 2.9 g/cm3 in the upper 
crystalline oceanic and continental crusts (e.g., basalt, granite and 
gneiss), and from ~2.8 to 3.0 g/cm3 in lower crystalline crust (e.g., 
gabbro, amphibolite, and granulite). Given the complexity associated 
with these ranges of crystalline crust density, we adopt a single density 
of 2.825 g/cm3 for the entire crystalline crust layer in all of our 3D 
models, which is consistent with an extensive analysis of 48 crystalline 
rock types at depths ranging from 5 to 50 km, and temperatures ranging 
from 20◦ to 925 ◦C (Christensen and Mooney, 1995).

Table 1 lists density variations within layers (sediment, crystalline 
crust, and upper mantle) from seven global models: GST-1 (this study), 
ECM1 (Mooney et al., 2023), WINTERC-G (Fullea et al., 2021), Lith
oRef18 (Afonso et al., 2019), CRUST 1.0 (Laske et al., 2012), CRUST 2.0 
(Bassin et al., 2000), and CRUST 5.1 (Mooney et al., 1998). Key density 
contrasts are listed as well: the basement surface, and the base of crust 
(the crust-mantle boundary). Table 1 also includes horizontal 
gradients,√(ρx⋅ρ x + ρy⋅ρ y), within layers and along the basement and 
base of crust surfaces to illustrate how density varies laterally in the 
models. Units in Table 1 are g/cm3 per degree. Converting to g/cm3 per 
km: 1 g/cm3 per degree ≈ 0.009 g/cm3 per km. Converting the total 
range of all layer density variations in Table 1 (0.003 to 0.047 g/cm3 per 
degree), yields 0.000027 to 0.000423 g/cm3 per km, which is a 
vanishingly small density gradient for all model layers. At the basement 
and base crust horizons however, density contrasts are significant, 
ranging from 0.603 to 0.799 g/cm3 and 0.471 to 0.512 g/cm3, respec
tively. Horizontal density gradients along basement and base crust 
surfaces, like layer density gradients, are also small: 0.004 to 0.050 g/ 
cm3 per degree, or 0.000035 to 0.00045 g/cm3 per km. We conclude 
that the gravity inversions will be primarily driven by density contrasts 
at the basement surface, and secondarily by density contrasts at the base 
of crust. This is especially important for the basement surface because it 

Table 1 
Global crust model layer densities, and density contrasts. Density range, mean and standard deviation (std) are listed for sediment, crystalline crust, and upper mantle 
layers, as well as horizontal density gradient, √(ρx⋅ρ x 

+ ρy⋅ρ y), for each layer. Mean and standard deviation of density contrasts at basement and base crust surface 
(crust-mantle boundary) are listed, as well as horizontal density gradients along these boundaries. Units in Table 1 are g/cm3 per degree, which means 1 g/cm3 per 
degree ≈ 0.009 g/cm3 per km. Models include GST-1 (this study), ECM1 (Mooney et al., 2023), WINTERC-G (Fullea et al., 2021), LithoRef18 (Afonso et al., 2019), 
CRUST 1.0 (Laske et al., 2012), CRUST 2.0 (Bassin et al., 2000), and CRUST 5.1 (Mooney et al., 1998). GST-1 uses a single density for its crystalline crust layer. 
LithoRef18 and WINTERC-G models do not include a separate sediment layer.

GST-1 ECM1 WINTERC-G LithoRef18 CRUST 1.0 CRUST 2.0 CRUST 5.1

Sediment layer, range 2.150–2.600 1.740–2.562 n/a n/a 1.596–2.484 1.949–2.419 1.963–2.555
Sediment layer, mean ± std 2.222 ± 0.088 2.078 ± 0.142 n/a n/a 2.020 ± 0.184 2.173 ± 0.130 2.176 ± 0.132
Sediment layer gradient, mean ± std 0.029 ± 0.039 0.047 ± 0.045 n/a n/a 0.046 ± 0.053 0.014 ± 0.017 0.010 ± 0.009
Crust layer, range 2.825 2.734–2.870 2.650–3.050 2.580–3.056 2.690–2.953 2.805–3.004 2.807–3.026
Crust layer, mean ± std n/a 2.793 ± 0.036 2.861 ± 0.068 2.844 ± 0.076 2.820 ± 0.030 2.870 ± 0.028 2.870 ± 0.029
Crust layer gradient, mean ± std n/a 0.006 ± 0.009 0.043 ± 0.042 0.019 ± 0.014 0.012 ± 0.017 0.005 ± 0.006 0.003 ± 0.004
Mantle, range 3.000–3.300 3.181–3.384 3.213–3.400 3.210–3.387 3.015–3.461 3.237–3.460 3.220–3.437
Mantle, mean 3.296 ± 0.014 3.305 ± 0.018 3.339 ± 0.021 3.325 ± 0.029 3.332 ± 0.047 3.365 ± 0.029 3.364 ± 0.028
Mantle gradient, mean ± std 0.006 ± 0.040 0.006 ± 0.011 0.014 ± 0.026 0.006 ± 0.006 0.013 ± 0.019 0.006 ± 0.008 0.004 ± 0.004
Basement contrast, mean 0.603 ± 0.088 0.715 ± 0.124 n/a n/a 0.799 ± 0.183 0.696 ± 0.118 0.695 ± 0.118
Basement contrast gradient, mean ± std 0.029 ± 0.039 0.047 ± 0.045 n/a n/a 0.050 ± 0.054 0.016 ± 0.017 0.010 ± 0.009
Base crust contrast, mean ± std 0.471 ± 0.014 0.511 ± 0.028 0.478 ± 0.074 0.481 ± 0.078 0.512 ± 0.052 0.496 ± 0.028 0.493 ± 0.032
Base crust contrast gradient, mean ± std 0.006 ± 0.040 0.009 ± 0.013 0.047 ± 0.049 0.019 ± 0.014 0.018 ± 0.021 0.005 ± 0.008 0.004 ± 0.004
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is relatively shallow and will be subject to the greatest modification by 
inverse modeling.

Global models that incorporate density variations in crystalline crust 
and mantle layers, such as LithoRef18 (Afonso et al., 2019), WINTERC-G 
(Fullea et al., 2021), and ECM1 (Mooney et al., 2023) include elements 
of CRUST 1.0 and CRUST 2.0 and have similar regional density trends 
and distributions that can be correlated with the CRUST models, but 
there are also conflicting density patterns between models. In light of 
these varied crustal layer density schemes, we build first-order 3D 
models with six layers separated by five global horizons, respectively: 1) 
ETOPO1 is a 1′ x 1′ grid of topography (Amante and Eakins, 2009); 2) 
ETOPO1 top of ice (polar models only); 3) a zero-elevation ocean surface 
(note that software requirements dictate that all horizons must span 
entire modeled areas, therefore the top of ice and ocean surfaces are 
draped over topography such that the ice layer is zero thickness every
where except over large portions in the Arctic and Antarctic, and the 
water layer thickness is zero above sea level); 4) base of sedimentary 
rock layer, or basement, which is created by subtracting ECM1 total 
sedimentary thickness from topography in the initial models (Mooney 
et al., 2023); and 5) estimated base of crust, which is calculated from 
Airy isostatic principles in the initial models (Blakely, 1995; Watts, 
2001).

Our two-step gravity inversion method has been successfully applied 
in the west Texas Permian Basin (Zhang et al., 2021), in the Gulf of 
Mexico (Lin, 2018; Lin et al., 2019; Liu, 2021), on both flanks of the 
Central Atlantic Ocean (Dowla, 2019), for the conjugate eastern Africa 
and Antarctica continental margins (Nguyen, 2015; Nguyen et al., 
2016), and in six passive margin basins along the east coast of Brazil: 
Barreirinhas, Ceara, Sergipe-Alagoas, Camumu-Almeda, Campos, and 
Santos Basins (Loureiro, 2017; Lunn, 2019; Romito, 2021; Zhang, 2021). 
The first structural inversion adjusts the base of crust by inverse 
modeling of long wavelength regional gravity anomalies. The second 
structural inversion adjusts basement depths that produce shorter 
gravity anomaly wavelengths.

To illustrate anomaly wavelengths produced by the inversions, we 
apply our workflow to a test area that covers most of North America 
(Mexico and contiguous USA). Details of this test are included in Sup
plementary Information (SI-2). Three gravity fields are calculated: 1) 
initial, before inversions, 2) after the first inversion of the base crust 
surface, and 3) after the second inversion of the basement. When the 
second calculated field (first inversion results) is subtracted from the 
initial field (before inversion), we obtain the gravity field produced by 
inverting the base of crust. And, when we subtract the third calculated 
field (second inversion results) from the second calculated field (first 
inversion results), we obtain the gravity field produced by inverting the 

basement. Fig. 3 is a power spectrum plot of gravity fields produced by 
base crust (red) and basement inversions (blue). The base crust inversion 
is dominated by longest wavelengths, and the basement inversion is 
dominated by shorter wavelengths.

Our objective is to produce a reliable sediment thickness layer, and 
we accept inaccuracies in estimated base of crust caused by upper 
mantle density anomalies, because this deep horizon is modeled in 
service of our objective.

3.1. Isostatic base of crust estimates

The grid cell spacings in models CRUST 1.0 (one degree) or CRUST 
2.0 (two degrees) models are too large to effectively capture many 
sedimentary basins. Therefore, a high-resolution, idealized base of crust 
(or “isostatic base of crust”) is calculated for the initial regional models 
derived from ETOPO1 elevations, a standard density contrast of 0.4 g/ 
cm3 at the base of the crust, and beneath a load of two or three layers: 
two layers above sea level (sedimentary and crystalline crust rocks), and 
three layers below sea level (water over sedimentary and crystalline 
crust rocks). The base of crust in the initial models is calculated 
following an Airy isostatic equation (Blakely, 1995; Watts, 2001): 

diso = h
(ρav

Δρ

)
+dbar (1) 

where diso is isostatic base of crust (km), h is elevation (km), Δρ is the 
density contrast at the base of the crust (0.4 g/cm3), and dbar is the 
isobaric crustal depth beneath the coastline (32 km assumed here); ρav is 
the average crustal density, or the load (g/cm3); which is calculated as 
the sum of individual water, sediment, and crust thicknesses each 
multiplied by their respective densities, then divided by the total crust 
thickness.

Note that Eq. (1) would create crustal roots beneath seafloor 
spreading centers because they are topographically elevated by hot and 
buoyant mantle upwellings; that is, the crust has not yet reached 
isostatic equilibrium. We solve this problem by associating isostatic 
compensation with seafloor subsidence, and by adjusting our isostatic 
crustal thickness calculation using Stein and Stein's (1992) ocean floor 
subsidence formula, Eq. (2), as a proxy to scale the base of crust (diso) as 
a function of lithospheric age (Müller et al., 2008). For example, ages 
between 100 (t2) and 0 Ma (t1) correspond to 5.5 and 2.6 km depths, 
respectively: 

dsf = 2600 + 365t1/2t < 20 Ma
= 5651 − 2473e− 0.0278t t ≥ 20 Ma

(2) 

where dsf is depth of the sea floor (meters below sea level), and t is age 
(Ma).

Theoretically, lithospheric thickness at oceanic spreading centers is 
zero as new lithosphere is being created at that location. However, 
measured ridge segment crust thicknesses range from 6 km to over 7 km 
in the Central Atlantic and East Pacific Rise (Grevemeyer et al., 1998; 
Hooft et al., 2000). We compromise by adding 1.4 km to the zero-age 
depth of 2.6 km (t1 above), setting an initial base crust depth of 4 km 
beneath seafloor spreading centers for our scaling calculations (d0). An 
examination of global seismic refraction measurements from oceanic 
abyssal depths (> 3 km), and older than 100 Ma, indicates a mean Moho 
depth of 12.8 km (Mooney, 2015; Mooney et al., 2023). For our initial 
regional models, Eq. (3) linearly interpolates scaled base of crust as a 
function of lithospheric age (t),for example: 

diso(t2) − dsiso(t)
dsf (t2) − dsf (t)

=
diso(t2) − d0(t1)

dsf (t2) − dsf (t1)
(3) 

Where d0 is the base of crust depth at seafloor spreading centers (4 km), 
diso is the initial base of crust from Eq. (1), dsiso is depth to scaled crustal 
base at time t, dsf is depth to the sea floor from Eq. (2), t1 is 0 Ma, and t2 

Fig. 3. Power spectrum plots from 3D calculated anomalies over North 
America created by the base crust inversion (red profile), and anomalies created 
by the basement inversion (blue profile). (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of 
this article.)
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Fig. 4. Base of crust above sea level (asl) for the NW model (located in Fig. 2a); a) Initial base of crust from isostatic calculations; b) final 3D base of crust inversion 
from free air gravity data. The colour scale applies to both maps. The 3D base of crust inversion is used to isolate the short wavelength gravity anomalies produced by 
thickness variations in sedimentary basins. Inaccuracies in the base of crust correspond to regions underlain by regional upper mantle density variations. The thick 
latitude-longitude boundary outlines the merged overlap region of the model.
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is 100 Ma.

3.2. Model densities

Four of the layers in our 3D models have constant densities: air, ice, 
water, and crystalline crust (0.0, 0.91, 1.026, and 2.825 g/cm3, 
respectively) (Fig. 2b). Laterally varying densities are applied to sedi
mentary and oceanic upper mantle layers. Grid cells in modeled layer 
surfaces form the top and bottom of vertical prisms, each with a single 
density, such that adjustments during gravity inversions involve moving 
the boundaries of these prisms within the model.

3.2.1. Sedimentary rock layer density
Sediment layer densities are calculated from an exponential decay 

function that approximates sediment compaction (ranging from 2.15 to 
2.7 g/cm3) such that larger values correspond to the deeper parts of the 
sediment layer (Chakravarthi et al., 2013; Chakravarthi and Sundarar
ajan, 2007; Cordell, 1973). Densities are calculated from integrations of 
Eq. (4) at each grid node in the models. These values are then used to 
create a new grid that represents density as a function of layer thickness: 

ρ(z) = 2.7 − 0.55e− 2z (4) 

where ρ(z) is the bulk sedimentary layer density (ranges between 2.15 
and 2.7 g/cm3) and z is sediment layer thickness (km).

3.2.2. Upper mantle density
Upper mantle density beneath continents and oceanic regions older 

than ~100 Ma are 3.3 g/cm3, but near sea floor spreading centers upper 
mantle densities decrease due to higher heat flow. We apply Stein and 
Stein's (1992) heat flow formula to scale upper mantle densities as a 
function of lithospheric age (Müller et al., 2008): 

q(t) = 510t− 1/2t ≤ 55 My
= 48 + 96e− 0.0278tt > 55 My

(5) 

where q is heat flow (mW/m2) and t is age (My).
We configure a linear interpolation, similar to Eq. (3) above, where 

t1 = 1 Ma and t2 = 100 Ma: ρmin = 2.9 g/cm3, ρmax = 3.3 g/cm3, q(t1) =
510 mW/m2, q(t2) = 48 mW/m2. Eq. (6) is used to calculate scaled 
upper mantle density ρm(t) for lithospheric age (t), between t1 and t2, 
based on minimum (ρmin) and maximum (ρmax) upper mantle densities: 

ρmax − ρm(t)
ρmax − ρmin

=
q(t2) − q(t)
q(t2) − q(t1)

(6) 

3.3. 3D gravity inversions

Our method of gravity inversion, like many, requires data projected 
to a regular X-Y coordinate system (Blakely, 1995). Hence, the Earth is 
divided into ten regional 3D crustal models: four each around the 
northern and southern hemispheres, and two over polar regions 
(Fig. 2a). Final sediment layer thickness grids of the ten regional models 
are merged to create the global GST-1 model. The models are therefore 
constructed to overlap one another by at least 20 degrees on all sides. An 
examination of the north-south overlapping zone between maps NWW 
and NW (Fig. 2a), along longitude − 90◦ from the equator to 60◦N, in
dicates merge differences between 0.69% and 0.70% (Cheesman et al., 
1998). Details of this analysis are included in Supplementary Informa
tion (SI-3).

Our gravity inversion method is based on the methodology of Parker 
(1973) and Oldenburg (1974). Inversion equations are based on Parker's 
(1973) landmark paper, in which he described a forward calculation 
method of potential fields by sums of Fourier transforms. Following this 
work, Oldenburg (1974) describes an iterative approach to determine 
geometries of potential field sources. Parker and Huestis (1974) mod
ifies Parker's (1973) transform equations to calculate model layer 
thicknesses. This early work establishes a computational basis for 3D 
potential field modeling that is adapted into Seequent's Oasis Montaj 
algorithms.

Fig. 5. Global Sediment Thickness 1 (GST-1) model calculated on a 0.125◦ x 0.125◦ grid. GST-1 modifies the total sediment thickness layer of the 1◦ x 1◦ Earth 
Crustal Model 1 (ECM1; Mooney et al., 2023) in 3D inversions of free air gravity anomalies. The thickest sedimentary basins are located along continental margins; 
deep ocean basins may have up to 300 m of sediments. Continental interiors include rift, foreland, and platform basins (see text, Section 4.1, for discussion).
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Free air gravity anomaly wavelengths are transformed into spatial 
frequencies that can be associated with varying anomaly source depths. 
In our models, we consider that long wavelengths (i.e., low frequencies) 
correspond to lateral variations in crustal thickness and deeper (upper 
mantle) density variations, and that short wavelengths (i.e., high fre
quencies) correspond to shallow crustal features. Parker (1973) pro
posed a frequency-domain gravity expression: 

F[A(φ, λ) ] = − 2πGe− kz0
∑∞

n=1

kn− 1

n!
F[hn

] (7) 

Where A(φ,λ) is the long-wavelength gravity field, G is the universal 
gravitational constant, ρ is the crust-mantle density contrast (0.4 g/ 
cm3), h is the crustal-mantle interface depth, k is the modulus of the 
wave number field, zo is the average crust-mantle interface depth and F 
[A(φ,λ)] is the two-dimensional Fourier transform.

From Eq. (7), Oldenburg (1974) proposed the iterative inversion 
formula (8): 

h = F− 1

[
F[A(φ, λ) ]ekz0

2πGρ +
∑n− 1

n=2

kn− 1

n!
F[hn

]

]

(8) 

Where F¡1 is the two-dimensional Fourier inverse transform. The 
interface depth, base of crust or basement, controls the range of gravity 
wavelengths that drive the inversions, where density contrasts are 0.4 g/ 
cm3 or at least 0.2 g/cm3, respectively.

The inversion algorithm we employ allows convergence limits to be 
set prior to model calculations (Parker, 1973). Convergence limit values 
(mGal) are based on comparisons of RMS differences between grids of 

measured gravity data versus the grids of calculated gravity data from 
the models. We set the convergence limit at 5 mGal in our first structural 
base of crust inversion. This relatively large limit is easily achieved when 
modeled, because incipient adjustments of the crustal base will produce 
RMS anomaly differences that tend to fall below the 5 mGal limit. Thus, 
we accomplish our goal in this first inversion to make base of crust ad
justments related primarily to long wavelength gravity anomalies. 
Regional Model NW is an example of our base of crust inversions (Fig. 4). 
Our inverted crustal base for all ten regional models is consistent with 
ECM1 Moho depths with an average difference that ranges from +3.3 to 
− 4.2 km. We set the convergence limit for the basement inversion at 1 
mGal. This smaller limit requires greater adjustments of the shallower 
basement surface to produce RMS anomaly differences that fall within 
the 1 mGal limit. Therefore, basin geometries are improved.

4. Results

The maximum sediment thickness in model GST-1 is 20 km (Fig. 5). 
GST-1 basin boundaries correlate well with independently defined 
outlines of Earth's sedimentary basins (Fig. 6; Evenick, 2021). However, 
GST-1 sediment thickness values greater than 2 km extend outboard of 
Atlantic Ocean passive margins, such that some marginal basins in 
model GST-1 are larger than suggested by Evenick (2021) (Fig. 6). 
Excluding areas where the GST-1 sediment layer thickness is thin (~1 
km) to zero (Fig. 6, colors green to blue), basin outlines over land areas 
follow sedimentary basin extents well (Evenick, 2021) (Fig. 6, colors 
yellow to magenta). For example, basin edges accurately track around 
the Appalachian, Michigan, and Illinois basins in North America; 

Fig. 6. Global Sediment Thickness 1 (GST-1), NW model (located in Fig. 2a). Thin black lines outline sedimentary basins (Evenick, 2021), further delimited by white 
semi-transparent overlays. The location of the cross section in Fig. 2b is the heavy west-east black line in western Africa. The thick latitude-longitude boundary 
outlines the merged overlap region of the model. Identified sedimentary basins: Appalachian (Ap), Chad (Ch), Illinois (Is), Llanos (Ll), Maranon (Ma), Michigan (Mi), 
Parnaiba (Pa), and Taoudeni (Ta).
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Fig. 7. Sediment thickness and basement cross plots. a) cross plot of GST-1 and ECM1 sediment thickness models; b) histogram of the difference between sediment 
thickness models, respective mean and standard deviation are 0.03 km and 0.26 km (1.2% of total ECM1 sediment thickness range of 20.82 km); c) and e) respective 
cross plots of inverted GST-1 and ECM1 basement grids and seismic refraction basement depths; and d) and f) are corresponding histograms of the basement cross 
plots. Respective means and standard deviations of differences between the models and seismic refraction basement are 0.88 km and 2.95 km (GST-1), and 0.93 km 
and 3.00 km (ECM1), which are 10.2% and 10.4% of the total seismic basement range, respectively. Red lines track one-to-one correlations. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.)
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Maranon, Llanos, Amazon, and Parnaiba basins in South America; and 
the Taoudeni and Chad basins in Africa (Fig. 6).

We evaluate the accuracy of our results by direct comparisons of 
GST-1 with the ECM1 sediment thickness models, and by comparing 
basement identified from seismic refraction data (Mooney, 2015; 
Mooney et al., 2023) with GST-1 and ECM1 basement horizons (Fig. 7). 
Cross plots illustrate correlations between the sedimentary thickness 
models, and modeled basement with basement identified from seismic 
refraction data (Fig. 7a, c, and e). P-wave velocities in continental and 
oceanic basement are selected from seismic refraction data (Mooney, 
2015; Mooney et al., 2023) with velocity for continental and oceanic 
basement ranging from 5.6 to 6.4 km/s and from 4.6 to 5.3 km/s, 
respectively (Christensen and Mooney, 1995; Mooney, 2015; White 
et al., 1992). A histogram graph of the difference between GST-1 and 
ECM1 sediment thickness models (Fig. 6b) reveals a small overall dif
ference between the models (1.2%). We interpret GST-1 thickness 
variability about the one-to-one correlation line to reflect improved 
basin geometries produced by the basement inversions. Our modeling 
scheme, data coverage, and grid sampling generate more accurate and 
refined basement configurations, especially in smaller and shallower 
basins. Histograms of the difference between basement models and 
seismic refraction basement indicate 10.2% to 10.4% accuracy for both 
GST-1 and ECM1 basement models, which are within the expected ac
curacy of refraction data (Christensen and Mooney, 1995).

A side-by-side comparison of sediment thicknesses in eastern Africa 
reveals a probable limit to thickness calculations (Fig. 8). GST-1 sedi
ment thicknesses in narrow East African rift basins align accurately with 
their outlines as mapped by Evenick (2021) from Lake Albert southward 
to Lake Malawi and the Luanga rift valley (Fig. 8), however sediment 
thickness in these narrow rifts is only slightly greater than the light-to- 
dark blue, patchy pattern that blankets GST-1. Although this subtle 
pattern may indeed represent individual sediment accumulations, 
overall sediment thicknesses due to this effect are only slightly smaller 
than those in the narrow East African rifts, albeit rift geometries are 
more coherent in this example. We further note that the patchy wave
lengths are similar to the narrow rift wavelengths, indicating that an 
attempt to remove this effect by wavelength filtering would also remove 
the narrow rift basins.

4.1. Basin Types

Classifications of sedimentary basins predate the general acceptance 
of plate tectonic theory (Weeks, 1952). However, since the advent of 
plate tectonics most sedimentary basins have been categorized in terms 
of their tectonic setting (Bally and Snelson, 1980; Dickinson, 1974; 
Evenick, 2021; Frisch et al., 2011; Ingersoll, 2012; Kingston et al., 1983; 
Stüwe, 2007). From these proposed classifications, and considering 
tectonic forces that create sedimentary basins, we adapt five primary 
types of basins for our analysis: 1) platform basins (also called cratonic, 
intra-cratonic, or crustal sag basins), 2) rift basins, 3) passive margin 
basins, 4) forearc basins, and 5) foreland basins.

Geometrically and stratigraphically, platform basins are relatively 
uncomplicated. They typically form in stable continental interiors and 
are circular to oval shaped with diameters of about 300 to 600 km 
(Armitage and Allen, 2010). Platform basins are commonly filled with 
up to ~3 km of nearly horizontal depositional layers. Post deposition 
structuring and deformation may occur such as in the platform basin 
example below (Fig. 9) (Peterson and MacCary, 1987). However, there is 
no consensus for the origin and evolution of platform basins (Hartley 
and Allen, 1994). Klein and deV. (1995) reports that eleven hypotheses 
have been proposed for their origin. These hypotheses fall into groups 
that require continental stretching or buckling, thermal anomalies, in
trusions of dense rocks into the crust, or phase changes in deep crust and 
upper mantle rocks (Allen and Armitage, 2012; Klein and deV., 1995).

Rift basins are endmember basins of the supercontinent cycle, also 
called the Wilson Cycle, that are produced by divergent tectonic forces 
(Bradley, 2011; Burke, 2011; Evans et al., 2016; Grenholm and Schers
ten, 2015; Murphy and Nance, 2013; Nance et al., 2014). The two phases 
of the supercontinent cycle are driven by divergent and convergent 
geodynamic forces. Rift basins are commonly several hundred km in 
length and tens of km in width, and they may be filled with up to eight 
km of sedimentary rocks (Chorowicz, 2005; Grauch and Connell, 2013; 
Peters and van Balen, 2007; Rüpke et al., 2008; Withjack et al., 2002). 
Structurally, rift basins are dominated by one or two large basin- 
bounding faults on either side of the rift. Volcanism, particularly 
mafic, is often associated with rift basins. Passive margin basins form 
along continental margins, after divergent forces have produced an 
ocean basin, where thick sediment layers are typically draped over 
continental to oceanic crustal boundaries, (O'Grady et al., 2000; 

Fig. 8. East Africa topography and sediment thickness grids overlain by Evenick (2021) sedimentary basin outlines (stippled areas): a) topography, b) ECM1, and c) 
GST-1. Sediment thickness maps use the same colour scale. The white box is the mapped area in Fig. 15. Map outline in Fig. 1.

D.E. Bird and W.D. Mooney                                                                                                                                                                                                                  Tectonophysics 929 (2026) 231175 

9 



Osmundsen and Redfield, 2011; Watts, 2012). These basins contain the 
thickest accumulations of sedimentary rocks, ranging from about 10 km 
to over 18 km, and they may extend for thousands of kilometers along 
continental margins (Alvey et al., 2008; Bird et al., 2005; France-Lanord 
et al., 1993). Passive margin basins can develop over crust that has been 
thickened by mantle plume sources (magmatic margins) or regions that 
are magma starved (amagmatic margins); and, depending on climate 
and basin geometry, they may be dominated by salt or carbonate 
deposition (Buck, 2017; Chen et al., 2013; Galloway, 2008; Harris et al., 
1985; Kusznir and Karner, 2007; Scheck-Wenderoth et al., 2008; Sutra 
and Manatschal, 2012; Tugend et al., 2020).

Convergent forces during the second phase of the supercontinent 
cycle produce basins along oceanic-continental subduction zones, or 
collision zones between two continents, such as forearc and foreland 

basins (DeCelles, 2012; Roure, 2014; Watts, 1992). Forearc basins 
develop seaward of continental arcs over subducting oceanic litho
sphere, but landward of accretionary prisms and subduction trench 
sediments (Noda, 2016). That is, they sit on the seaward edge of con
tinental crust overriding subducting oceanic crust. They are generally 
shallow basins (a few km), but their depths and extents are controlled by 
relationships between tectonic plate convergence velocity and the vol
ume of sedimentary rocks eroded from the continent and deposited into 
the forearc (Noda, 2016). Foreland basins, also called retro-foreland 
basins, develop landward of continental arcs. They are typically asym
metrical in shape, where the deepest part of the basin, sometimes 
exceeding seven km, is close to the arc with the basin then gradually 
thinning away from the arc (Allen et al., 1986; Calderon, 2018; DeCelles 
and Giles, 1996; Fritz and Mitchell, 2021; Pratsch, 1986; Tufano and 

Fig. 9. Williston platform basin and cross section location: a) sediment thickness model ECM1, b) sediment thickness model GST-1. Sediment thickness maps use the 
same colour scale. (c) topography; and d) geologic cross section A-A', y-axis is elevations in kft above sea level (modified after Peterson and MacCary, 1987). Model 
ECM1 sediment thickness values are projected onto cross section A-A' with blue dots; model GST-1 sediment thickness values are indicated with red dots. The mean 
difference between the geologic cross section and GST-1 is − 42 m with a standard deviation (SD) of 720 m (see text, Section 4.2.1, for discussion). Map area outline in 
Fig. 1. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Pietras, 2017).
To further evaluate the validity of model GST-1, we compare depth 

plots of inverted GST-1 basement (beneath GST-1 sediment thickness) 
and ECM1 top of upper crystalline crust layer (basement. Beneath ECM1 
sediment thickness) on published cross sections. We select sedimentary 
basins corresponding to the five basin types described above (Allen 
et al., 2015; Bally and Snelson, 1980; Dickinson, 1974; Ingersoll, 2012; 
Kingston et al., 1983): platform basins, rift basins, passive margin ba
sins, forearc basins, and foreland basins. Plotted basement depth values 
of models GST-1 and ECM1 illustrate the increased resolution of model 
GST-1.

4.2. Basin geometry comparisons

Side-by-side comparisons (Figs. 9–14) reveal the relatively smooth 
ECM1 total sediment thickness layer compared to the more detailed 
GST-1 model, which is due to the differing grid cells spacings of ECM1 
and GST-1(1.0◦ and 0.125◦, respectively). Note also that these different 
grid cell increments are also the computational increments used to build 
the sediment thickness models. For each example of a basin cross section 
displayed below, the nearest grid node values from each sedimentary 
thickness model are converted to basement depths and projected onto 
the cross section. That is, any model grid node that falls within 1.0◦ or 
0.125◦ along an example cross section is projected into the cross section 
from ECM1 and GST-1 models, respectively. Thus, modeled values of 
sedimentary thickness (as basement depths) are compared directly to 
published basin cross sections.

4.2.1. Williston platform basin, United States and Canada
The Williston Basin is a platform basin that straddles the border 

between the United States and Canada, spanning parts of Montana, 
North Dakota, Saskatchewan, and Manitoba (Fig. 9). It is oval shaped 
and contains more than 10 kft (~3 km) of Cambrian to Tertiary sediment 
thickness that exceeds 10 kft (Peterson and MacCary, 1987). The size 
and shape of the Williston basin is clear by comparing sedimentary 
thickness models (Fig. 9a and b). The basin was mildly deformed by 
Laramide-age (ca. 70–40 Ma) compressional forces, indicated by recent 
anticlines evident in the cross section (Fig. 9d). ECM1 grid nodes 
(sediment thickness values) within 1◦ distance from the cross section are 
projected onto the cross section and plotted as large blue dots. GST-1 
grid nodes within 0.125◦ distance from the cross section are projected 
onto the cross section and plotted as smaller red dots. Both sets of pro
jected grid nodes are consistent with the shape of the basin, however 
GST-1 grid nodes show more detail and correlate with interpreted cross 
section structuring.

4.2.2. Rio Grande rift basin, United States
The Rio Grande basin is a north-south oriented rift basin in New 

Mexico and Colorado, southwest United States (Fig. 10). It is filled with 
Oligocene through Pleistocene sediments with a maximum thickness of 
just over 4270 m (Grauch and Connell, 2013). Grauch and Connell 
(2013) generated 2D and 3D models of the Rio Grande rift basin to test 
conflicting interpretations of its structure and evolution. ECM1 shows no 
expression of the basin, while GST-1 depicts an elongated shaped sedi
mentary thickness that coincides with the basin topography (Fig. 10a-c). 
ECM1 and GST-1 grid node values are projected onto cross section C-C′ 

Fig. 10. Rio Grande rift basin and cross section location. a) sediment thickness model ECM1, b) sediment thickness model GST-1. Sediment thickness maps use the 
same colour scale. (c) topography; and d) geologic cross section (modified after Grauch and Connell, 2013). Projected ECM1 grid nodes are large blue dots and GST-1 
grid nodes are small red dots. Cross section density and depth units are kg/m3 and km asl, respectively. The mean difference between the top of the high-density 
sedimentary layer in the cross section and GST-1 is 937 m, with a SD of 796 m (see text, Section 4.2.2, for discussion). Map area outline in Fig. 1. (For interpre
tation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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(Fig. 10d) (Grauch and Connell, 2013). Due to the location of the cross 
section, only two grid nodes from ECM1 can be plotted (from 35◦N, 
107◦W and 34◦N, 107◦W, north and south of the cross section). ECM1 
grid nodes plot above sea level while GST-1 grid nodes plot at greater 
depths, however GST-1 depths do not coincide with the basement depth 
modeled by Grauch and Connell (2013) (Fig. 10d). The density of the 
deepest sedimentary layer in their model is 2.62 g/cm3, which is rela
tively high for sedimentary rocks and nearly as high as the modeled 
crystalline crust density below (2.67 g/cm3). This small density contrast 
may have contributed to the shallower GST-1 calculated basement 
inversion depths.

4.2.3. Cape passive margin basin, Namibia
The Cape Basin is a segment of the western Africa sub-Saharan 

passive margin located on the central coast of Namibia (Fig. 11) 
(Bauer et al., 2000). It is bounded on the north by the Walvis Ridge, a 
volcanic edifice produced by the Tristan da Cunha mantle plume as the 
South Atlantic opened (~130 Ma) (Bird and Hall, 2016). ECM1 in
corporates the GlobSed model (Straume et al., 2019), which is an 
updated sediment thickness model of the world's oceans, and the accu
racy of this model may explain the close correlation between ECM1 and 
GST-1 maps (Fig. 11a and b). Grid nodes from the sedimentary thickness 
models along Transect 2, a crustal-scale geologic cross section inter
preted from wide-angle seismic reflection and refraction data (Bauer 

et al., 2000), track the general seaward slope of the basin (Fig. 11d). 
However, a large mismatch between projected GST-1 depths and a deep 
sub-basin or trough, located between − 240 to − 150 km along the cross 
section, has biased the average difference between GST-1 and the cross 
section (mean = − 2589.6 m). We note that GST-1 has successfully 
modeled this trough, located subparallel to the coast roughly between 
24◦S and 27◦S, but that the cross section is located slightly north of the 
modeled trough (Fig. 11b).

4.2.4. Valparaíso forearc basin, Chile
The western margin of South America has experienced four orogenic 

events since the Neoproterozoic Era: Pampean (545–520 Ma), Famati
nian (616–385 Ma), Gondwanian (348–259 Ma), and Andean (190–0 
Ma) (Charrier et al., 2015). Deposition in the Valparaiso Basin began 
during the hiatus between the Gondwaninan and Andean orogenies and 
continues today (Laursen et al., 2002). The difference between sedi
mentary models GST-1 and ECM1 is striking (Fig. 12a and b). GST-1 
displays a pair of relatively thin, subparallel sedimentary subbasins 
that follow the coast, but ECM1 sedimentary thickness is broad and 
discontinuous. However, the sedimentary layer in the Valparaiso Basin 
is relatively thin (< 3 km) (Fig. 12d). Two ECM1 grid nodes project into 
the cross section, but one of them projects above the water bottom 
because it coincides with the southern grid node at 33◦S, 77◦W, and the 
other grid node projects in from the north at 32◦S, 77◦W. Although GST- 

Fig. 11. Cape passive margin basin and cross section location. (a) Sediment thickness model ECM1, (b) sediment thickness model GST-1. Sediment thickness maps 
use the same colour scale. (c) topography; and (d) geologic cross section (modified after Bauer et al., 2000). Model ECM1 sediment thickness values are projected 
onto cross section A-A' with blue dots; model GST-1 sediment thickness values are indicated with red dots. The mean difference between the geologic cross section 
and GST-1 is − 2590 m with a SD of 2373 m (see text, Section 4.2.3, for discussion). Map area outline in Fig. 1. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)
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1 grid nodes do not project to the deepest part of the basin (~63 km 
along the profile), they are largely consistent with the shape of the basin.

4.2.5. Maturin foreland basin, Venezuela
The Maturin foreland basin formed by oblique convergence between 

the Caribbean and South American Plates, southeast of the Serrania and 
Monagas thrust belts (Fig. 13) (Jacome et al., 2003). Kinematically, 
northeastern South America is riding over the southeastern edge of the 
Caribbean Plate, where the Caribbean Plate is moving due east at about 
2 cm/a with respect to South America (Masy et al., 2015; Schmitz et al., 
2008; Weber et al., 2001). Schmitz et al. (2008) report that the basin is 
filled with 8–12 km of Neogene sediments sourced from the west by the 
Serrania del Interior thrust belt and from the south by the Guyana Shield 
(outcropping Precambrian crystalline basement). GST-1 and ECM1 
sediment thickness models are similar (Fig. 13a and b) with both sets of 
projected grid node depths tracking the shape of the Maturin Basin 
reasonably well southeast of basement thrusts, but they plot above the 
thrusts to the northwest, possibly due to higher density deep sedimen
tary layers (Fig. 13d-f).

5. Discussion

Our analysis includes comparisons of GST-1 results with other global 
models, along with caveats and limitations, that are addressed in the 
Supplementary Information.

5.1. GST-1 in comparison with global models

We quantify computed sediment thickness differences between GST- 
1 and three global models: 1) SGG-UGM-2 gravity models (Liang et al., 
2020); 2) ECM1 crystalline crust and upper mantle layer densities 
(Mooney et al., 2023), and 3) LithoRef18 crystalline crust, upper mantle, 

and sub-450 km asthenospheric layer densities (Afonso et al., 2019). In 
their comparison of SGG-UGM-2 with EGM2008, Liang et al. (2020) note 
that large differences exist between the gravity models where measured 
gravity data are sparse or do not exist, such as Antarctica, the Tibetan 
Plateau and parts of South America and Africa. They also note that 
discrepancies exist along coastlines. We therefore select three large test 
areas to compare SGG-UGM-2 and EGM2008 gravity models, 1) North 
America, 2) central Africa, and 3) central and south Asia (Supplemen
tary Information, SI-1 & SI-4).

5.1.1. Gravity model SGG-UGM-2
The SGG-UGM-2 global gravity grid (Liang et al., 2020) integrates 

GOCE, GRACE, and updated Satellite Altimetry gravity data with 
EGM2008 (Drinkwater et al., 2003; Sandwell et al., 2014; Tapley et al., 
2004). First, we compare the two gravity models by subtracting SGG- 
UGM-2 from EGM2008 gravity anomalies. Differences between the 
two models for North America, central Africa, and central and south Asia 
are 0.73%, 1.26%, and 1.33%, respectively (Supplementary Informa
tion, SI-1). Next, we replace EGM2008 with SGG-UGM-2 gravity models 
in the test models and apply GST-1 workflow: invert base of crust, invert 
basement, calculated sediment thickness. Differences between GST-1 
and test area sediment thicknesses for North America, Africa, and Asia 
are 0.56%, 0.66%, and 0.48%, respectively (Supplementary Informa
tion, SI-1).

Local differences are computed as a ratio of the calculated difference 
over the sum of thicknesses at each grid node, where the average sum
med thickness is greater than 500 m. As the summed thickness ap
proaches zero, the local difference grows to meaningless values, 
therefore we limit summed thickness at 500 m. Local differences be
tween GST-1 and test areas are − 0.029%, 0.047%, and 0.516% for North 
America, Africa, and Asia, respectively. Local differences for summed 
thickness greater than 1000 m are − 0.024%, − 0.014%, and 0.363%, 

Fig. 12. Valparaiso forearc basin and cross section location. (a) Sediment thickness for model ECM1; (b) sediment thickness for model GST-1. Sediment thickness 
maps use the same colour scale. (c) topography; and (d) geologic cross section (modified after Laursen et al., 2002). Projected ECM1 sedimentary thickness values are 
large blue dots and GST-1 sediment thickness values are small red dots. The mean difference between the geologic cross section and GST-1 is 253 m with a standard 
deviation of 640 m (see text, Section 4.2.4, for discussion). Map area outline in Fig. 1. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.)
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respectively (Supplementary Information, SI-1).

5.1.2. Crust and lithospheric models: ECM1 and LithoRef18
Global crust and lithospheric models, ECM1(Mooney et al., 2023) 

and LiithoRef18 (Afonso et al., 2019), include lateral density variations. 
ECM1 has three crystalline crust layers and an upper mantle layer. 
LithoRef18 has a single crust layer and two sub-crustal layers: litho
sphere and upper asthenosphere. We replace the constant GST-1 layer 
density (2.825 g/cm3) with ECM1 varying crystalline crust densities 
(averaging three layers) and replace GST-1 with ECM1 upper mantle 
densities in each of the test models. We again employ the GST-1 work
flow and calculate sediment thickness differences between these test 
models.

Differences between GST-1 and ECM1 sediment thickness models in 
the three test areas are 0.71%, 0.61%, and 0.48% for North America, 
Africa, and Asia, respectively. Local differences for summed thickness 
greater than 500 m are − 0.081%, 1.272%, and − 2.915% for North 
America, Africa, and Asia, respectively. Local differences for summed 

thickness greater than 1000 m are − 0.082%, − 0.999%, and − 2.071%, 
respectively (Supplementary Information, SI-4).

We test LithoRef18 (Afonso et al., 2019) with the same workflow and 
the respective differences between GST-1 for North America, Africa, and 
Asia are 1.52%, 0.61%, and 0.48%. Local differences for summed 
thickness greater than 500 m are 0.986%, − 2.180%, and 2.129% for 
North America, Africa, and Asia, respectively. Local differences for 
summed thickness greater than 1000 m are 0.739%, − 1.871%, and 
1.166%, respectively (Supplementary Information, SI-4).

5.1.3. Density layers and density contrasts
The test results are quite similar for the two gravity models 

(EGM2008 and SGG-UGM-2) because the maximum difference between 
gravity fields is less than 1.4%. In addition, although it may seem 
intuitive that adding laterally varying densities to crust and lithospheric 
layers should produce results different from GST-1, we see that the GST- 
1 workflow produced nearly the same results for all three test areas, 
including varying densities in crystalline crust and upper mantle layers 

Fig. 13. Maturin foreland basin and cross section location. (a) Sediment thickness for model ECM1; (b) sediment thickness for model GST-1. Sediment thickness 
maps use the same colour scale. (c) topography; and d-f) geologic cross sections (modified after Jacome et al., 2003). Projected ECM1 grid nodes are large blue dots 
and GST-1 grid nodes are small red dots. The mean difference between the geologic cross section and GST-1 are (d) -23 m with a standard deviation (SD) of 1142 m; 
(e) 451 m, SD 2369 m; (f) 1062 m, SD 1633 m (see text, Section 4.2.5, for discussion). Map area outline in Fig. 1. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)
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(Supplementary Information, SI-1). Computed sediment thickness dif
ferences range less than 1.0% with one exception (1.52%).

Over the North American test area ECM1 average crystalline crust 
densities (2.746 to 2.865 g/cm3) and upper mantle densities (3.183 to 
3.352 g/cm3) have respective ranges of 0.119 and 0.169 g/cm3 (Sup
plementary Information, SI-5). Over this large region (~17.5 million 
km2) the average lateral density gradients in crystalline crust and upper 
mantle layers are small (0.07 and 0.06 g/cm3, respectively). Therefore, 
density variations within layers, tied to 1◦ x 1◦ grid cells, vary far too 
gently to impact GST-1 gravity inversions. However, density contrasts at 
layer boundaries do impact gravity inversions. Respective base of crust 
density contrasts, at the crust-mantle boundary, for GST-1 and ECM1 
models are 0.451 to 0.479 g/cm3 and 0.448 to 0.546 g/cm3; and 
respective basement density contrasts for GST-1 and ECM1 models are 
even larger: 0.268 to 0.682 g/cm3 and 0.244 to 0.706 g/cm3. Thus, GST- 

1 gravity inversions are driven by density contrasts at basement and base 
of crust layer boundaries, where density contrasts span similar ranges 
between both GST-1 and ECM1 models.

In the Supplementary Information section (SI-6), we map four global 
model crystalline crust and upper mantle densities for comparison: 
LithoRef18 (Afonso et al., 2019), WINTERC-G (Fullea et al., 2021), 
ECM1 (Mooney et al., 2023), and GST-1. Although some variations are 
consistent across all models, such as major seafloor spreading centers, 
other parts show dramatic differences. For example ECM1 and Lith
oRef18 show low densities in northern Africa and higher densities in 
southern Africa, but WINTERC-G has these trends reversed. ECM1 has an 
imprint of interpreted crustal types in the crust and mantle, but less so in 
LithoRef18 and WINTERC-G.

Fig. 14. Two of 21 seismic reflection sections (thick and thin black lines respectively) through Lake Tanganyika, a rift basin within the East African rift zone 
(Rosendahl et al., 1986). a) Sediment thickness for model ECM1; (b) sediment thickness for model GST-1. Sediment thickness maps use the same colour scale. (c) 
topography; and d, e) seismic section imagess. Projected ECM1 grid nodes are large blue dots and GST-1 grid nodes are small red dots. The mean difference between 
the base of coherent reflections in the seismic images and GST-1 are (d) 654 m, standard deviation (SD) 442 m and (e) 1864 m, SD 796 m. Map area outline in Fig. 8. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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5.2. Dynamic topography and lithospheric flexure

In addition to density variations in crustal and mantle layers, gravity 
anomalies can also be produced by dynamic topography and litho
spheric flexure. Flow in the mantle may cause uncompensated surface 
deformations known as dynamic topography (Flament et al., 2013), and 
the lateral strength of the lithosphere may also support uncompensated 
topographic relief, a process known as lithospheric flexure (Watts, 
2001). Both dynamic topography and lithospheric flexure may yield 
topography at wavelengths on the order of 2000 km to 5000 km, and our 
inversion of the base of crust will be biased by these processes at long 
wavelengths. However, these long wavelength disturbances have a 
negligible effect on our modeling of sedimentary basin thickness (Colli 
et al., 2016).

5.3. GST-1 caveats and limitations

The ECM1 sediment thickness model (Mooney et al., 2023) is derived 
from seismic measurements, whereas the GST-1 model is based on 
seismic measurements and 3D gravity inversions. Caveats exist for both 
models: ECM1 velocity measurements were made over a period of de
cades, and they are variable in quality as well as areal sampling (Mooney 
et al., 2023). GST-1 inversion results are dependent on data vintage, 
quality, and areal sampling of the data sets that underpin the grids used 
in the inversions, specifically topography and gravity (Amante and 
Eakins, 2009; Kenyon et al., 2008; Pavlis et al., 2012; Scheinert et al., 
2016).

A reasonable regional correlation exists between the ECM1 sediment 
thickness layer and GST-1 models, including their correlations with the 
geologic/geophysical cross sections (Figs. 9–13). Yet, some examples, 
such as the rift and forearc basins presented above (Figs. 10 and 12) 
illustrate that basin size may be a limiting factor in the GST-1model 
thickness. To further test this idea, we examine one of the narrow rift 
basins in the larger East African Rift zone discussed above (Fig. 8). In 
Lake Tanganyika (Fig. 14) we see that GST-1 solutions barely plot 
beneath the water bottom (Rosendahl et al., 1986), which suggests a 
limitation of our approach when modeling narrow rift basins.

GST-1 represents a significant improvement over existing sediment 
thickness maps, however local density anomalies in the sedimentary 
section or in the crust or upper mantle may produce artifacts. Thick salt 
accumulations within sedimentary layers, such as in the Gulf of Mexico 
or on the flanks of the Central and South Atlantic Oceans, can produce 
gravity anomalies on the order of tens of mGals. Our 0.125◦ grid reso
lution is generally too coarse to identify individual salt features however 
the aggregate effect of thick, low-density salt layers may produce gravity 
minima that have the effect of deepening sedimentary basins during the 
basement inversions. Conversely, high-density carbonate-dominated 
basins may result in shallower inverted basement depths. Thermal 
anomalies exist beneath continents in the upper mantle, such as the Afar 
mantle plume at the intersection of the Red Sea and the Gulf of Aden and 
beneath the Great Basin in western North America (Ebinger et al., 2010; 
Mooney and Kaban, 2010). High-temperature thermal anomalies pro
duce low density upper mantle rocks that can approach densities of some 
lower crust (3.0–3.2 g/cm3). In these cases, inversions of crust depth will 
compute depths that are too deep. We acknowledge the limitations of 
resolving narrow (<50 km) basins thicknesses, and artifacts due to local 
density variations within basins, crust, and upper mantle. Nevertheless, 
the examples presented above demonstrate a significant improvement in 
GST-1 over existing sedimentary thickness models.

6. Conclusions

Global Sedimentary Thickness 1 (GST-1) is a high-resolution model 
of the Earth's sedimentary layer defined on a 0.125◦ x 0.125◦ grid (~14 
km at the equator). This model represents an eight-fold improvement in 
spatial resolution over the total sedimentary thickness layer in the 1◦ X 

1◦ Earth Crustal Model (ECM1; Mooney et al., 2023). A cross plot of GST- 
1with ECM1 shows a strong correlation. Grid node values of GST-1 are in 
good agreement with geologic cross sections through five types of 
sedimentary basins: platform, rift, passive margin, forearc, and foreland.

There are limitations to the modeling approach presented here. 
Regarding inverse gravity models, basin depths can be refined with 
additional gravity data measured at closer intervals. Local density 
anomalies in the crust and upper mantle also present modeling chal
lenges. Despite these limitations, model GST-1 provides significantly 
improved resolution of basin geometries in comparison with model 
ECM1. GST-1 may be used to anchor a diverse range of global, regional, 
or local studies where additional geological and geophysical data are 
available such as wells, seismic (reflection and refraction), magnetic, 
and higher resolution gravity. This utility spans a broad range of ap
plications related to hydrocarbon and mineral exploration, geothermal 
resource evaluation, and sedimentary basin formation and evolution 
studies.
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