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Summary 

 
Low resolution regional magnetic and satellite gravity datasets were used to conduct an interpretation 

of the crustal structure along the Equatorial Margin of Brazil. Unique potential field interpretation 

techniques were used to map basement with a resolution of 10x10km and Moho with a resolution of 

approx. 30x30km. The crustal structure, including major faults, troughs and crustal highs were 

mapped along the 2000km long Equatorial Margin. The depth to basement derived from the potential 

field data shows good correspondence to the available well and seismic data. 

Introduction 

A basement and Moho discontinuity study has been undertaken using potential field data covering 

areas of 700,000km
2
 for basement and 900,000km

2
 for Moho, across the Equatorial Margin of Brazil 

(Figure 1). The main aim of this study was mapping depth to the basement and Moho. These 

objectives were achieved by the application of the spectral analysis technique to the publically 

available aeromagnetic and satellite gravity data. The primary tools employed in this project were 

unique horizon mapping techniques that were used in two stages: Energy Spectral Analysis 'Multi 

Window Test' (ESA-MWT) to detect basement and Moho surfaces and the 'Moving Window' (ESA-

MW) to refine the horizon mapping in greater detail. 

First, to identify magnetic or density interfaces, ESA-MWT was conducted at stations located on a 

regular mesh of ~28km by 28km over the whole project area. Magnetic data was restricted to 

surveyed areas concentrated along the coastline, whilst satellite gravity data had a greater offshore 

coverage. MWT was used to compute the approximate depths to the targeted horizons and to 

construct the regional horizon skeleton maps. MWT was instrumental in overcoming commonly 

known limitations of the spectral method. This was done by detecting, at every MWT station, the 

optimal window size required for spectra computation to determine the correct depths in the second, 

detailed mapping stage of the project. 

Detailed horizon mapping involved an application of the ESA-MW technique where spectra were 

computed and interpreted, using the optimal window size determined from the MWT ‘depth-

plateaus’, over a dense 10 by 10km mesh for the basement. 2.5D forward modelling of selected 

magnetic and gravity profiles was undertaken to QC and validate the interpreted basement 

configuration. 
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Figure 1. Location of the study area 

Methodology  

Energy Spectral Analysis (ESA) is a well established technique for estimating the depth to a 

sedimentary horizon or crustal interface distinguished by a magnetic susceptibility or density contrast. 

Such interface is modelled as a statistical ensemble of multi-prisms (Spector and Grant, 1970). An 

energy spectrum is computed from the gravity or magnetic data and the logarithm of the radial 

averaged amplitude is plotted versus the radial frequency. This produces a graph of a spectral function 

with a decay that is proportional to the depth to the top of a mapped sedimentary horizon or crustal 

interface such as basement or Moho discontinuity. In order to obtain estimates of depths in a localized 

area, ESA is applied to a windowed sub-region of the potential field data. Applied at multiple 

locations, depth maps of sedimentary horizons or other crustal interfaces can be produced (Kivior et 

al. 1993). 

 

Multi-Window Test (MWT) is used to determine the correct window size over which spectra are 

computed as this is critical for correct depth estimates. If the window is too small, a depth will be too 

shallow, as it will not cover enough of the anomaly(s) arising from the causative sources. If the 

window is too large, the low frequency spectral decay will be dominated by the frequencies generated 

by deeper sources. The Multi Window Test (ESA-MWT) procedure is used to estimate the depth over 

a span of multiple-window sizes centred over a point of interest (MWT station). Ranges of window 

sizes where the derived depth values are nearly constant form depth-plateaus, indicating both an 

optimal window size for performing detailed mapping in the vicinity of the MWT station, and the 

approximate depth to the causative interface. The MWT process is applied over a study area on a 

regular mesh. Multiple depth-plateaus can be detected at each MWT station, and these are correlated 

with distinct magnetic susceptibility or density interfaces.  

A detailed mapping process is undertaken once a coarse map for a horizon has been completed. The 

ESA-MW interpretation process is undertaken over the study area on a denser mesh than that used for 

initial horizon detection, using the optimal window sizes determined from the depth-plateaus found at 

nearby ESA-MWT stations. The spectra at the optimal window size are re-interpreted at this denser 

mesh producing a higher resolution depth map of the detected horizon. 

 

Results 

Basement was mapped by applying ESA-MWT to magnetic and gravity datasets across the study area 

at stations located on a regular mesh of ~28 x 28km. The MWT procedure was conducted to detect 

laterally correlatable density and magnetic susceptibility contrasts indicated by depth-plateaus.  
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Window size versus depth graphs were used to identify depth plateaus at well locations as well as on 

the regular mesh. Approximate average depths from the plateaus were used to construct a coarse, 

skeleton map of the basement horizon. This was done for both magnetic and gravity datasets. 

Due to limitations in the magnetic data coverage, the magnetic data was used to detect basement at 

depths of less than 6km, while basement depths of greater than 6km were derived from the satellite 

gravity data. The depths from magnetic data were corrected to mean sea level (MSL) before being 

merged with the gravity results. The juncture between the magnetic and gravity results occurred 

predominantly where faulting is associated with the continental slope. The exception is an area in the 

vicinity of the Amazon mouth, where two grabens were mapped from the gravity dataset. The 

skeleton map of basement is shown in Figure 2.  

The detailed mapping was undertaken using the ESA-MW technique. At each MWT station, for both 

datasets, the optimal window size was determined from the depth-plateaus and used to construct the 

combined basement detailed map. For both magnetic and gravity datasets, spectra of different window 

sizes were interpreted on a regular mesh of 10 by 10km to map basement at a higher resolution than 

the skeleton map. 

The depth of the basement ranges from approximately 1 to 6km along the shelf area. Several of the 

known basins, Foz do Amazonas, Pará-Maranhão, Barreirinhas, Caerá and Potiguar, are defined on 

the basement map, with the maximum depth reaching almost 15km.  

 

 
Figure 2. Basement (3D view) with seamounts cropped. 

 

The Moho discontinuity was mapped using the gravity dataset. The MWT depth-plateaus indicating 

the deepest density contrasts were selected to delineate this interface. The MWT stations were located 

on a regular mesh of the same density as that used for the basement, ~28 x 28km. The resultant low-

resolution map of the Moho interface is shown in Figure 3. 

The depths depicted in the Moho image range from 10km to 45km. Notably, the depth increases from 

the north-east to the south–west indicating the transition from oceanic to continental crust. 

 

 

 

Figure 3. Moho (3D view) mapped from satellite gravity data. 
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Comparisons 

 

Seismic lines acquired from BDEP were used to indicate major structural trends. Figures 4a and 4b 

show a comparison of the seismic line FOZ-AMAZONAS-4A.0239-0123 (TWT) with the basement 

derived from the potential field data. There is a good correlation between the two. 

Geological information obtained from the well data, also acquired from BDEP, assisted in providing 

control for the determination of basement depths. The basement depth at Well 1-CES-97-CE ties with 

the plateau depth, with an 8% difference in values.  

 

 

Figure 4a.Seismic line FOZ-AMAZONAS-4A.0239-012. 

 

Figure 4b.Seismic line FOZ-AMAZONAS-4A.0239-0123 with basement from 

 potential field data (converted toTWT). 

 

Conclusions 

The basement configuration and Moho discontinuity were successfully mapped from the potential 

field data across the 2000km long Equatorial Margin of Brazil. The publically available low-

resolution magnetic and gravity data was interpreted using a horizon mapping tool based on the 

spectral technique, ESA-MWT. The results show good correlation with seismic and well data and 

were also confirmed by forward modelling of the magnetic and gravity field along several profiles. 
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