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Extended abstract

Introduction

Exploration of oil is an increasing activity along the Pacific coast of Central America. A 

prerequisite for a successful exploration is a good knowledge of the geology. This work 

is a first attempt to characterize geological structures and sedimentary basins in the Gulf 

of Panama and adjacent areas by the use of potential field data. 

Magnetic and gravity data have been compiled from a number of surveys and integrated 

into regional maps. From the analysis of these regional maps faults pattern and principal 

sources parameters like magnetic contacts and depths to the sources in the marine and 

onshore sedimentary basins have been defined.     

The main goal of this study is to define the topography of the crystalline basement in 

the Gulf of Panama that runs from the western coast at the Azuero-Veraguas region, to 

the San Miguel- Darien region in the east.  

Another objective of the study is to test the existence and extension of some inferred 

marine faults that appear in several geological maps. These faults have been mapped on 

basis of simple extrapolations of faults observed onshore, without support from   

geophysical data, or other data that may contribute to the knowledge of the   

morphology of the basement rock, its geometry, the location of magnetic contacts, 

sedimentary thickness and the interconnection between sedimentary basins.  This work 

is an attempt to fill this gap of knowledge 

Geology

The study area is located within the Panama Block (PB), which is considerated as a 

rigid microplate, (Mann P., 1990). This block is limited in the north by the North 
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Panama Deformed Belt (CDNP), (Fig. 1), which extends offshore with an arcuate shape 

from the Gulf of Uraba in the Panama-Colombia border to the shoreline northwest of 

the town Puerto Limon in Costa Rica.   

Fig. 1. Plate tectonic configuration of Central America 

This overthrust boundary, characterized by a wide shallow belt of folds and thrust 

faults, has originated from the convergence between the Caribbean Plate and the 

Panama Block. 

The Azuero-Veraguas area is located west of the Gulf of Panama (Fig. 2).  It  is 

characterized by late Cretaceous -early Tertiary sedimentary basins like the Santiago 

and Tonosi basins and a series of volcanic chains building a high topography aligned in 

a west-east direction. Volcanic rocks, lava flow, dikes, intrusive and extrusive igneous 
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rocks are the product of an intense volcanic  activity that  began in the  late Cretaceous  

and continued into the Quaternary.  The volcanism is related with the interaction of the  

tectonic plates and the development of volcanic arcs.   

Fig. 2. Geology of surroundings of the Gulf of Panama. 

Cretaceous-Tertiary basement rocks and sedimentary rocks outcrop in the Rey Island, 

which is considered as an anticlinal uplift. Tertiary intrusive rocks are present in the 

Rey and San Jose Island where the basement consists mainly of Cretaceous basalts.  

Also outcrops of Ologocene-Miocene interbedded sandstone and shale are identified 

here.

The knowledge of the geology in the Gulf of Panama is restricted to reconnaissance 

studies in the coastal areas, and in the islands,  and to core samples collected in two 

deep wells, the Corvus-1 well (2,653.8 m,) and the Plaris-1 well (2,894.8 m; Fig. 2).  In 

non of the wells the crystalline basement is reached. The deepest part of the well include 

rocks of  lower Miocene. 
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Volcanic materials are more frequent in the core collected in the Corvus-1 well, than in 

the Plaris-1 well in the east.  This suggests that volcanic activity was less developed in 

eastern part. The sudden change in the thickness and lithology of the different 

stratigraphic units in all Tertiary deposits, suggest that the deposition did occur in 

separate basins.  

The Darien region, east of the Gulf of Panama (Figs. 2), is represented by late 

Creataceous rocks of the San Blas Complex, that form a series of topographic massifs 

running along the northeastern and southwestern margins of the Darien province. 

Theses massifs form part of a submarine volcanic arc, that developed in the Pacific 

during the upper Cretaceous before the collision with the South America Plate America, 

(Coates, A.G., and Others 2004). 

The largest onshore sedimentary basins in the Darien Province are the Chucunaque-

Tuira, the Bayano and the Sambu basins.  The development of sedimentary basins all 

took place during the all Tertiary, this was linked with the development of submarine 

volcanic magmatic arc  and followed the same process of formation as for others basins 

in the Gulf of Panama,  the Limon basin  in  Costa Rica and the Atrato basin in 

Colombia. 

Previous Geophysical Studies 

Between 1968 and 1987 several marine seismic reflection surveys were carried out by  

oil prospecting companies in the Gulf of Panama and the Gulf of San Miguel, however 

the data  were never published.  

Gravity data on land have been collected from 1960 up to day by the National 

Geographic Institute “Tommy Guardia” (IGNTG) and until 1970 by the Inter American 

Geodesic Service U. S. (IAGS). Case (1974) collected gravity data on the shoreline near 
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the Gulf of San Miguel and the San Blas coast in the eastern part of the country. 

Briceño (1978) created a 2D crustal model from gravity data and a model that gave 

some information about the thickness of the sedimentary rocks in the Gulf of Panama.  

Several oil companies like Western Geophysical Company and Mobil from 1968 to 

1972 also studied the Gulf of Panama with marine gravity and magnetic surveys in 

order to define sedimentary basins for oil prospecting.  The results of the studies are still 

not available.  

Five regional aeromagnetic surveys have been carried out from 1965 to 1971. These 

aeromagnetic surveys were made for various purposes, like geological mapping, mineral 

and oil prospecting. 

Methods

By means of three automatic processing techniques the depths to the sources have been 

defined from filtered and processed aeromagnetic data (e.g. Fig. 3): (1) the horizontal 

gradient magnitude method, (2) the 3D analytic signal or total gradient method and (3) 

the local wave number method. 
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Fig. 3.     Magnetic data uplifted to an altitude of 1.5 km and reduced to the pole. Note 

                the dislocation of the positive anomalies running from the Azuero and  

                the Veraguas regions into the Gulf of Panama.  

The depth to the basement has also been estimated by the use of automatic 3D gravity 

data modeling with density contrasts varying quadratic with depth. The gravity models 

of the depth to the basement have been created using a technique of fitting the 

calculated gravity field from vertical prisms to the observed gravity data. The densities 

of these prisms, representing the sediments, have been calculated from an empirical 

relation between seismic velocity and density. The seismic velocities have been 

obtained from previous well studies. 

Results

The depths to the basement have been well estimated from the magnitude of the 

horizontal gradients and it is expressed in a contour map (Fig. 4). The depths range from 

ca 0 to 6.5 km and five depressions in the basement/sedimentary basins can be defined. 
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The basins in the western and eastern parts of the Gulf of Panama are separated by a 

basement uplift.  

Fig. 4. Depths estimated from the magnitude of the horizontal gradient calculated  

               from magnetic data reduced to the pole and interpolated into a contour map. 

               Note the basement uplift trending from southwest to northeast in the central 

               part of the Gulf of Panama.  

The horizontal gradient method has also been applied to pseudogravity data. The 

locations and depths are obtained with a standard error of 15% or better.  The locations 

of contacts are superimposed along the crests that represent local gradient maxima (Fig. 

5). In the Gulf of Panama the location of contacts nicely outline the uplift of the 

basement and the contours of sedimentary basins.  In the Azuero and Darien regions, 

the locations of the contacts are aligned with regional faults and different lithologic 

units.
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Fig. 5. Horizontal gradients of pseudogravity data in color scale. Magnetic contacts 

              are marked by the open squares. Note the different trends of contacts when  

              going from the Azuero region onshore in the west to the Gulf of Panama and 

              the Darien region in the east. 

In the western part of Gulf of Panama, parallel to the Azuero peninsula, it is possible to 

identify a linear feature cutting the magnetic anomalies and trending northwest (Figs. 3 

and 6).  A fault zone trending in this direction, the Azuero fault, has been suggested on 

basis of onshore data and the geophysical data thus support the existence of such a fault. 

In the east coast, near to the Gulf of San Miguel, the suggested prolongation of the 

Jaque and Sambu faults into the sea, is also supported by the geophysical data. 

A compiled map of interpreted geological structures is presented in figure 7. 
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Fig. 6.    Sun shading aeromagnetic map, with an illumination from the northeast.  

               Note the linear structures close to the western and eastern coasts of the  

               Gulf of Panama. 

Fig. 7.   The interpreted topography of the crystalline basement in the Gulf of Panama 

              and the Darien region. Five basins are identified from the horizontal gradient 

              analyses of magnetic data and outlined here from the depth contour of 3 km.  

              Relative basement uplift areas are outlined from the contour of 2.5 km depth. 

              Note also the regional fault zones in the western and eastern part of the gulf. 
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This work is the first analysis of potential field data from this region that has been 

performed in Panama. It has resulted in a better knowledge of geologic framework from 

the Azuero Peninsula, the Gulf of Panama and the Darien region and it also forms the 

basis for further geological interpretations.   
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Three Dimensional Analysis of Aeromagnetic and Gravity Data from Sedimentary

Basins of Panama, Central America 

Introduction

The area of this study is located in the Panama Isthmus and it is defined by the 

geographic coordinates 7º 00´ and 8º 50´ north latitudes and 81º 20´ and 76º 30´ west 

longitudes.  Panama country is limited to north by the Caribbean Sea, to south by the 

Pacific Ocean, to east and west by the countries Colombia and Costa Rica, respectively.   

The study area coverage of aeromagnetic and gravity data is approximately 63,000      

Km2  and includes 52,930 line  kilometers of aeromagnetic data and 1,858 land and 

marine gravity stations.  

For this work we use aeromagnetic and gravity data, which have proven useful for   

structural mapping of large areas like sedimentary basins and for obtaining an image of 

source parameters and the regional geological framework. 

This work is the first comprehensive study of sedimentary basins and adjacent areas in 

Panama country using only regional potential field data together with information of 

rock sucesceptibilities and seismic velocities given from logging of two deep wells. 

Regional aeromagnetic maps and gravity data have been compiled from several sources 

and integrated. On basis of these data several anomaly maps have been constructed. 

Analysis of these regional maps  allow us to define faults pattern and principal sources 

parameters like magnetic contacts and depht to the sources in the marine and onshore  

sedimentary basins.     
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The main goal of this study is to define the depths to the crystalline basement in the 

Panama basin that runs from the western coast at the Azuero-Santiago, crossing the 

Gulf of Panama offshore to San Miguel- Darien in the east. By means of three 

automatic processing techniques the depth to the sources have been defined using 

methods likes (1)  horizontal gradient magnitude of aeromagnetic data, (2) 3D analytic 

signal or total gradient from aeromagnetic data, (3) local wavenumber of aeromagnetic 

data , (4) and automatic 3D gravity data modeling with density constrast varying 

quadratic with depth. 

Another objective of the study is to test the existence and extension of some inferred 

marine faults that appear in several geological maps. These faults have been mapped on 

basis of simple extrapolations of faults observed onshore, without  support from any  

geophysical data,  or other data that may contribute to the knowledge of the   

morphology of the basement rock, its geometry, the location of magnetic contacts, 

structural dips direction, sedimentary thickness and the interconnection between 

sedimentary basins.  This work is an attempt to fill this gap of knowlegde  

The depth estimates obtained from each method of interpretation are compared and the 

indicated magnetic contacts are combined into a map. The 3D gravity inversion models 

are integrated with the depth estimates from aeromagnetic data in order to get a 

consistent model.  
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Chapter 1 

Geological Setting 

The study area is located within the Panama Block (PB), which is considerated as a 

rigid microplate, (Mann P., 1990). This block is limited in the north by the North 

Panama Deformed Belt (NPDB), (Fig. 1), which extends offshore with an arcuate shape 

from the Gulf of Uraba in the Panama-Colombia border to the shoreline northwest of 

the town Puerto Limon in Costa Rica.   

Fig. 1. Plate tectonic configuration of Central America.

This overthrust boundary, characterized by a wide shallow belt of folds and thrust 

faults, has originated from the convergence between the Caribbean Plate and the 

Panama Block. Silver et al., (1990) has proposed that the deformation of the Panama 
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Block that resulted in this wide belt of folds and thrusts is not associated with 

subduction.

The western edge of the North Panama Deformed Belt (CDNP) coincides with a 

northeasterly trending gravity lineament and a zone of diffuse faulting that extends from 

the Pacific coast, northwest of the aseismic Cocos ridge, across central Costa Rica, to 

the Caribbean coast near the town Puerto Limon.  Barrit and Berrange (1987) have 

proposed that this structure constitutes the western boundary of the Panama Block. 

In the south the Cocos plate (CP) and the Cocos Ridge subduct the southern part of 

Costa Rica in the southern Middle American trench.  The Panama Fracture Zone (Z.F.P) 

is a dextral N-S trending oceanic transform fault zone and constitutes the plate boundary 

between the Cocos and Nazca plates. This fracture zone extends between 82º and 83º W 

and from close to the Equator up to 6º N.  The Panama Fracture Zone region shows a 

high seismic activity. 

The South Panama Deformed Belt (CDSP) region extends south of the Isthmus of 

Panama bordering its Pacific continental margin. The Nazca plate (NP) aseismically 

underplates the the southern part of Central America in a oblique way and with a very 

shallow angle below the Panama Block, (Silver et al., 1990). This tectonic 

interpretation, based on geological data, would explain the active volcanism at the Baru 

and La Yeguada volcanic complexes in western Panama, (de Boer et al., 1988). 
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Geology of Azuero-Veraguas region

The Azuero-Veraguas area is located west of the Gulf of Panama (Fig. 2).  It  is 

characterized by late Cretaceous -early Terciary sedimentary basins like the Santiago 

and Tonosi basins, a serie of volcanic chains building a high topography alligned in a 

west-east direction. Volcanic rocks, lava flow, dikes, intrusive and extrusive igneous 

rocks are the product of an intense volcanic activity that began in the late Cretaceous  

and continued into the Quaternary.  The volcanism is related with the interaction of the  

tectonic plates and the development of volcanic arcs.  Some studies indicate that the 

volcanism continued  in history time. (de Boer and Others 1988). 

Fig. 2. Geology of the Azuero and the Veraguas regions. Note the suggested fault  

           running parallel to the eastern coast of the Azuero Peninsula. 

Del Giudice and Rechi (1969), studied the Cretaceous basement rocks that outcrop in 

the Azuero Peninsula. They found metamorphic rock, greenschist, basic igneous 
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complex, diabase piroxenite and basaltic rocks.  Others igneous rock are andesite, tuff, 

ignimbrites, gabro, granodiorite and dacites. 

 De Boer and others, (1988) identified the two latest period of volcanic activity that 

begun in middle Miocene and continued into the Pleistocene.  This volcanism is 

represented by the Yeguada Volcanic Complex and the Valle Volcan.  Both periods of 

volcanism are related to the subduction of fragments of the Coco Ridges. The middle to 

late Miocene Cañazas and late Miocene La Yeguada formations and Tertiary 

undifferentiated rocks are products of this volcanism.   

During the Tertiary sedimentary basins Developed in the central and southern part of 

the Azuero Peninsula, the Tonosi and Santiago basins.  The sedimentary rocks in the 

basins are silt, sandstone, limonite, conglomerates, marine calizas, and alluvium 

deposits.

Structural patterns are defined by regional left lateral slip faults, striking northwest – 

southeast, e.g, the Azuero-Sona Fault, west-east, e. g, the Ocu  Fault, the Tonosi Fault 

striking northwest-southeast, and others local faults that strike in north-south, and west-

east directions. 

Geology the Gulf of Panama  

The depth of water in the Gulf of Panama does not exceed 200 m.  The bathymetry is 

regular and does not present abrupt changes (Fig. 3).   
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Fig. 3. Topography and bathymetry of Panama and the surrounding sea. 

The knowledge of the geology is restricted to reconnaissance studies in the coastal 

areas, and in the Perlas Islands,  and to core samples collected in two deep wells, the 

Corvus-1 well (2,653.8 m,) and the Plaris-1 well (2,894.8 m; Fig. 4).  In non of the 

wells the crystalline basement is reached  and the  deepest parts of the drill cores include 

rocks of  the lower Miocene. 

Fig. 4 Geology of surroundings of the Gulf of Panama. 
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Cretaceous-Tertiary basement rocks and sedimentary rocks outcrop in the Rey Island, 

which is considered as an anticlinal uplift. Tertiary intrusive rocks are present in the 

Rey and San Jose Island where the basement consists mainly of Cretaceous basalts.  

Also outcrops of Ologocene-Miocene interbedded sandstone and shale are identified 

here.    The sedimentary rocks obtained as core samples consist of a sequence sandstone 

and shale, limestone, volcanic rocks, pyroclastic materials, and quarzart-arenite 

characterized by high carbonate content rare pyrite concretions. There is a prominent  

unconformity separating the Middle Eocene igneous and sedimentary section from the 

Pliocene section. 

Volcanic materials are more frequent in the core collected in the Corvus-1 well, than in 

the Plaris-1 well in the east.  This suggests that volcanic activity was less developed in 

eastern part.  Seismic lines and aeromagnetic data confirm it.  The sudden change in the 

thickness and lithology of the differents stratigraphic units in all Tertiary deposits,  

suggests that the deposition did occur in separate basins.  

Seismic data reveal that normal faulting is present in the western and central part of the 

Panama Gulf and thrust faulting in the eastern part, paralell to the Darien Province, 

(Mann P., and Kolarsky A.F. 1995).

Geology of Darien region

The Darien region, east of the Gulf of Panama (Figs. 4 and 5), is represented by late 

Creataceous rocks of the San Blas Complex, that form a series of topographic massifs 

running along the northeastern and southwestern margins of the Darien province. The 

San Blas Complex is represented by the San Blas, Darien, Mahe, Bagre, and Sapo 
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Massifs. These massifs form part of a submarine volcanic arc, that developed in the 

Pacific during the upper Cretaceous before the collision with the South America Plate 

America, (Coates, A.G., and Others 2004). 

The rocks north of the San Blas Complex are intrusive igneous, granodiorite, quartz, 

diorite, basaltic andesite, dacite, and rhyolite. These rocks are present in the San Blas 

and Darien massifs and correspond to the basement rocks.  Bandy and Case (1973), 

studied the basement rocks around the San Miguel Gulf, and suggested a deposition at 

abyssal depths during the Campanian.  The basement rocks are here composed of  

diabases and pillow basalts associated with radiolarian chert. 

The largest onshore sedimentary basins in the Darien Province are the Chucunaque-

Tuira, the Bayano and the Sambu basins.  The development of sedimentary basins all 

took place during the all Tertiary, this was linked with the development of submarine 

volcanic magmatic arc  and followed the same process of formation as for others basins 

in the Gulf of Panama,  the Limon basin  in  Costa Rica and the Atrato basin in 

Colombia. 

The sedimentary rocks that overly the Cretaceous basement consist of calcareous, 

mudstone, micritic calcarenite, shale, sand, limestone, volcaniclastics, fine to medium 

tuff and sandstone.   The dominant strutural trending is northwest-southeast with left 

lateral strip fault like the Sanson hills fault, the Jaque river fault, and the Sambu fault.  

There are also thrust fault like the Pierre fault and the Ungia fault.  Both thrust faults are 

located in the south, close to the Colombian border.     
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Fig. 5. Geology of the Darien region (from Coates et al., 2004). 

Chapter 2 

Previous Geophysical Studies 

Seismic Reflection Surveys 

Between 1968 and 1987 several marine seismic reflection surveys were carried out by 

the oil prospecting industry in the Gulf of Panama and San Miguel, however the data  

were never published. Some non migrated seismic reflection section have been 
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published, but only as pictures showing the sedimentary cover and faults (Mann P., 

Kolarsky R, 1995).  The reflections that migth identify the crystalline basement are still 

poorly defined due to poor resolution of the deeper time seismic sections.   

Gravity and Magnetic Surveys

Gravity data on land have been collected from 1960 up to day by the National 

Geographic Institute “Tommy Guardia” (IGNTG) and until 1970 by the Inter American 

Geodesic Service U. S.  (IAGS).  The purpose of these measurements was to map the 

gravity field in Panama Republic.   Case (1974) collected gravity data on the shoreline 

near the Gulf of San Miguel and the San Blas coast in the eastern part of the country. 

The objective was to test the existence of an oceanic type of crust in that part of the 

country.  Briceño (1978) created a 2D crustal model from gravity data and a model that 

gave some information about the thickness of the sedimentary rocks in the Gulf of 

Panama.  Several oil companies like Western Geophysical Company and Mobil from 

1968 to 1972 also studied the Gulf of Panama with marine gravity and magnetic surveys 

in order to define sedimentary basins for oil prospecting.  The results of the studies are 

still not available.  

Various foreign universities and scientific institutions collected gravity and magnetic 

data in the Gulf of Panama when they traveled through Panama Canal and later they put 

all data acquired in public domain. 
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Aeromagnetic Surveys

Five regional aeromagnetic surveys have been carrried out from 1965 to 1971. Theses 

aeromagnetic surveys were made for variuos purposes, as geological mapping, mineral 

prospecting, and oil prospecting. 

Chapter 3 

Aeromagnetic Data 

The five independent aeromagnetic surveys were conducted at different times, with 

varying elevations, different line spacings and purposes. (Table 1, Fig. 7)  A final 

merged of the regional aeromagnetic data set have been done in this thesis work using a 

combination of different procedures.

Letter
Code

Survey Name Year
Flown

Line
Spacing (km)

Elevation
(Km)

Line
distance
(km)

Data Reference

A Azuero-
Veraguas

1966 1.0 0.1501 41,226 Lockwood Survey 
Corporation Ltd.

B Panama Gulf 1971 4.0 0.457 4,300 Geoterrex (A)

C San Miguel Gulf 1971 4.0 1.500 1,275 Geoterrex(B)

D San Miguel-
Darien

1966 4.0 1.500 4,545 U.S. Naval 
Oceanographic
Office

F Darien-Uraba 1965 16.1 2.956 1,983 U.S Naval 
Oceanographic
Office

Table 1. Specifications of the different Aeromagnetics Surveys 

 The surveys cover an area of approximate of 63,000 km2. (Fig. 7).  In the process of 

merging aeromagnetic maps it is necessary to take a fixed reference level of analytic 

continuation and then to make the corrections for the incompatibilities that might appear 

in overlapping zones for each individual survey (Bhattacharyya et. at. 1979; Olayo, 
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1985).  These incompatibilities are caused by several factors such as: an inappropriate 

application of International Geomagnetic Reference Field (IGRF), error in the 

interpolated data, orientation of flight lines, shift in leveling, gradient changes, and   

field curvature. 

Our strategy for creating a digital gridded map was first to digitize all total magnetic 

intensity maps.  The values were digitized at the intersections of the flight lines and the 

contour curves.  After that each individual survey was gridded in size of 1.0 km x 1.0 

km by means of a minimum curvature algorithm (Brigg, 1974; Webring, 1981). This 

way of interpolation is not very accurate in comparation with others, but it is faster and 

presents good results when the data come from regional potential field surveys like 

aeromagnetic and gravity surveys, and when the data are not very scattered. 

Fig. 6 The areas of the different generations of aeromagnetic surveys. For

explanation of   the codes (see Table 1).
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For each survey the International Geomagnetic Reference Field (IGRF) was used to 

create an aeromagnetic anomaly map. In our case we used two fixed reference levels: 

1.5 km and 3.0 km above the ground for the anomaly map and the total aeromagnetic 

map, respectivel.  The reason for choosing these altitudes was the instability in the 

analytic process of downward continuation for one of the gridded maps, the Darien-

Aruba map, which is based on data collected from the highest flight altitude of 2.956 

km.

 Only one aeromagnetic survey (the Azuero survey) was flown with a constant terrain 

clearing of 150 m above the ground. For the merging these data were processed with an 

upward continuation. For this survey a different process of upward analytic continuation 

was used Chessboard Method (Cordell, 1985) was used for the analytic continuation of 

data from an irregular surface to a horizontal plane.  For the other surveys in the Gulf of 

Panama,  the Gulf of San Miguel, the San Miguel-Darien and the Darien-Uraba areas a  

conventional upward continuation from one horizontal plane to another was applied by 

the use of the standard Fast Fourier Technique (FFT),  (Hildenbrand, 1983). 

Incompatibilities in the overlapping zones were adjusted by means of a quadratic 

surfaces process, and in some cases adding a constant value for some individual surveys 

(Bhattacharyya et al., 1979). This procedure resulted in a very good fit of data. Olayo 

(1985) pointed out that the procedure to link aeromagnetic surveys must result in good 

numerical fits and in smooth continues contours curves in the joining areas.   

The final products of the digitalization and merging are two gridded regional 

aeromagnetic maps; the anomaly map with a reference altitude of 1.5 km., (Fig. 7) and 
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the total field aeromagnetic map with a reference altitude at 3.0 km (Fig. 8). Both data 

set have here been used and processed for regional qualitative and quantitative 

interpretations to obtain a model of geological structures, sedimentary thickness etc. 

Fig. 7 Aeromagnetic map of the Gulf of Panama and adjacent areas with a reference 

          altitude of 1.5 km. 

Fig. 8 Total intensity magnetic map of part of the Gulf of Panama and adjacent areas,  

           with a reference altitude of 3 km.
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Gravity Data 

In the process of compiling all available marine and land gravity data, several sources 

have been used, and the data are merged into a common image-contour map.  A key 

problem for the merging is that all gravity stations do not have the same pre-processing  

gravity corrections. For the construction of a homogeneous gravity data set this has to 

be corrected for and the data have then to be adjusted to fit in the intersection lines for 

all tracks. 

Many factors affect the accuracy of data the in the marine gravity survey, which are 

generally of the vessel type, e.g. different navigation systems, ocean conditions, type of 

marine gravity meter and incorrect computation of eotvos effect (Wessel 1987). 

Like in all aeromagnetic, topographic and gravity surveys there will be some 

discrepancies in the values in the intersection lines, called  crossover error, which must 

be corrected for before applying the gridding process.      

The available gravity data for this work were collected by Scientifics Institutions, 

Universities and oil prospecting companies (figure 9), and in this work were used about 

1850 gravity stations.  The data do generally not come in the form of contour maps with 

its marine track lines plotted, but they are rather in lists with gravity values together 

with the water depth,  geographic coordinates, and others field parameters. 
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Fig. 9. The distribution of marine and land gravity data used in this work 

The gravity data collected by Western Geophysical Company in 1971 and processed by 

the Oceanic Exploration Company (EDCON) comes in two forms, in contour maps at 

scale of 1:100,000 with bouguer density correction  of 2230 Kg/m3 and in a strip chart 

record with all marine tracks information as times, eotvos correction, intersection lines, 

free air gravity, water depth, and unadjusted bouguer gravity.  From this strip chart 

record we recovered the free air anomaly values, the water depths and then we 

calculated the simple Bouguer anomaly. All the geographic coordinates were 

transformed into the Universal Transform Mercator (UTM) system.   

For all the marine stations we used a density of 1030 Kg/m3 for the water column and 

two bouguer densities 2670Kg/m3 and 2300Kg/m3. Adjustments were performed for all 

intersection lines, and the crossover error was reduced to zero by applying the Mittal 

Method (Mittal P.K. 1984).  The gridding process was done by the minimum curvature 
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algorithm (Brigg, 1974; Webring 1981), and maps were generated with a grid size of 

2.0 km x 2.0 km. Two gravity maps have been produced, a simple Bouguer anomaly 

map using a Bouguer density of 2670 kg/m3 (Fig. 10 ), and a marine gravity anomaly 

 map using a Bouguer density correction of 2230 kg/m3 (Fig. 11 ). 

Fig. 10. Bouguer anomaly map using a density of 2670 kg/m
3
 for correction.
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Chapter 4 

Qualitative interpretation of processed maps 

Total Intensity Aeromagnetic Map

Analytic continuation to an altitude of 3.0 km will reflect geologic structures at depths 

down to 3.0 km., and supress the magnetic effects from shallow structures.  This 

processing produces a map with smooth contours and where the long wavelengths are 

dominant.  The reason for construction of a total intensity map at this level was mainly 

the inestability in the downward continuation of the data collected at the altitude of 

2956 m. 

Fig.11 marine gravity map based on a Bouguer density of 2300 kg/m
3
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The merged total intensity map (Fig. 8) shows a very complex pattern of magnetic 

anomalies. In all the study area the anomalies have a regional gradient with an 

increasing field intensity from south to north, with values ranging from 37100 to 38400 

nT. In the western part, in the Azuero-Veraguas region, the anomalies striking 

northwest-southeast and east-west are associated with large faults and contacts between 

different rocks.  These anomalies are of long wavelength and come from deeper 

sources.  To the north, in the central part of Veraguas region  there is a closed 

minimum, which dominants the area and is associated with lava flow produced by the 

La Yeguada volcanic complex trending east-west.  

North of the Veraguas region the total intensity values are increasing with the altitude, 

indicating a positive topographic correlation with the terrain and probably no correlation 

with geology.

A big fault or dislocation with strike northwest-southeast run paralell to the coast line 

between Azuero region and Gulf of Panama, this fault cut the maxima trends that form a 

chain of anomalies that are alignmented in west-east direction into Gulf of Panama 

which are associated with a broad basement uplift.  To the southern of Gulf of Panama 

the minimun values of intensity magnetic field dominant which are related with 

sedimentary basins. 

Further to the east, the trend of maxima that are found in the Gulf of Panama continues   

into the Darien region, but now strinking northwestward. Here it is possible to 

distinguish three feature, a broad maxima strinking northwest with a positive correlation 

with the topography and igneous rocks.  This great maximum is in reality a serie of 

small chains disconnected hence the line spacing in the survey was broader (Case, 

(1971).   On the Caribbean sea side and the Gulf of Uraba, Colombia, there is a  large 
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elongated minimum striking in the same direction, northwest- southeast, which is 

associated with a large sedimentary basin. Another minimum in amplitudes in the field 

intensity is found in the extreme west of the country.  It is associated with the San 

Miguel basin in the sea and the Sambu basins on land. 

Aeromagnetic anomaly map (1.5 km altitude) 

Azuero-Veraguas region 

The magnetic anomaly map (Fig. 11) is the product of the magnetized geological 

structure in the crust. The normal field was removed using the International 

Geomagnetic Rerence Field (IGRF).  This map (Fig. 11) shows more anomalies of 

shorter wavelengths than in the total intensity map and the pattern is more complex.  In 

the Azuero-Veraguas region, five regional anomaly patterns are clearing defined: (1) in 

the south, two major direction of faulting is east-west and northwest-southeast in the 

Azuero-Veraguas region.  (2) the Rio Torio-Guanico and Tonosi faults are strinking in 

northwest-southeast direction and (3) the Ocu-Parita fault with strike west-east 

direction.  (4) two parallel alignments strinking northwest-southeast, which are 

associated with intrusive and volcanic rocks.  (5) two zones or regions with low value 

amplitudes and smother contour curves that implies a thick non magnetic rock that 

overlies a magnetic rock, e.g. the Santiago and Tonosi basins. 
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Fig. 11. The magnetic anomaly map of the Azuero and Veraguas regions 

Gulf of Panama 

The magnetic anomaly map of the Gulf of Panama (Fig. 12) is dominated by three wide 

negative magnetic anomalies, which are interpreted to reflect three main basin areas.  In 

the Gulf of Panama high frequency anomaly pattern dominate on the western shore and 
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go along the egde by a chain of maxima anomalies. In the Parita Bay, there is a well 

defined trend of closed maxima that form a chain of anomalies, which extends in an 

approximate east-western trend until they reach the San Jose Island.  This trend is 

dislocated and superimposed on a broader anomaly with a steep gradient to the north.  

The trends of chain anomalies continue down to southern and go back to the Azuero 

Peninsula.  This chain of maxima is associated with a basement uplift. 

º
Fig. 12.  The magnetic anomaly map of the Gulf of Panama. Note the circular pattern in 

               the magnetic anomalies in the central part of the Gulf. 

A big fault or dislocation that run approximate parallel to the shore line of Azuero 

Peninsula with strinking northwest-southeast and cuts the trend of maxima anomalies in 
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the northern and southern part.  This interruption or dislocation of the positive 

anoamlies suggests that the minimum is an expresion of a fault zone   coordinates (ca: 

905000/620000)

In the eastern part of the Gulf of Panama there is a large area with a magnetic minimum 

that indicates a sedimentary basin, which is delineated by faults striking northeast-

southwest on both sides. The anomaly pattern suggests that it is a geologically 

homogeneous area with few igneous rocks in comparison to the area on the western 

shore line. 

Darien region 

In the central part of the Darien central region, again we have magnetic maximum 

anomalies with amplitudes of about 850 nT (Fig. 13).  The anomalies are dominated by 

a series of disconnected positive anomalies linked in a chain like pattern and trending in 

the northwest-southeast.  The anomalies correlate with topographic crests and in the 

coast of the Gulf of San Miguel with outcropping basement rocks. Linear patterns of 

negative anomalies interpreted as faults and are striking southeast-northwest, and can be 

seen running across land and sea in the same direction.  The elongated and wide 

minimum anomaly is of (90 0000/79 0000) here associated with Tertiary sedimentary 

basins in the Gulf of San Miguel and Chuqunaque and Sambu basins. 
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Fig. 13. The magnetic anomaly map of the Darien region.  

Upward Continuation

The data were processed using upward continuation to 3.0 km (Fig. 14a), 6.0 Km (Fig. 

14b ) and 8.0 km (Fig 14c) Altitude.  This was done for all magnetic data using fast 

fourier transform (FFT), (Hildenbrand T.G. 1983) and three regional maps were 

produced. In spite of the upward continuation certain short wavelength anomalies were 

preserved, superimposed on regional anomalies (Fig. 14a). These anomalies have their 

origin in shallow geological structures.  
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Fig. 14a. Magnetic data uplifted to an altitude of 3 km. Note the change in anomaly  

                trends when moving from the Azuero and Veraguas regions to the eastern 

                part of the Gulf of Panama. 

Fig. 14b. Magnetic data uplifted to an altitude of 6 km. Here the long wavelengths are 

                dominating the anomalies. 
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Fig. 14c. The magnetic anomaly map based on magnetic data uplifted to an altitude of  

                8 km. Note the difference between the anomalies in this map and that of 

                figure 14a. Here the long wavelengths are totally dominating. 

In the western part of the country, in the Azuero-Veraguas region, there are many high  

frequency anomalies that may be associated with shallow sources like volcanic rocks. 

There are also well defined long wavelength anomalies trending southeast-northwest  

and east-west, which are  related to deeper sources like regional big fault zones and 

contacts between rock complexes defined from the differences in magnetic 

susceptibilities.  This map uplifted to 3.0 Km (Fig. 14a) is very similar to the data 

uplifted to 1.5 Km (Fig. 7).  This suggests that the sources are located at depths more 

than 3.0 Km. 

The situation change with the upward continuation from 3 km to 6.0 and 8.0 Km. Now 

long anomalies wavelength dominate, which have their origin in deep seated sources.      

From the trend of anomalies it seems that the crust of the Azuero-Veraguas region on 

41



land continues into the western and central part of the Gulf of Panama.  In the eastern 

part the structural patterns change.            

Reduction  to the pole  

The reduction to the pole of magnetic data is an auxiliar method of qualitative analysis 

intoduced and improved by Baranov W, (1957, 1964, 1975).  This allows us to have a 

pseudo magnetic map where the magnetization vector of the rocks and the measured 

total field both are in vertical direction. The contribution of remanent magnetization is 

supposed to be insignificant.   This map can be compared with a gravity map, since the 

gravity attraction is vertical. 

The maps of data reduced to the pole (Fig. 15a) and (Fig. 15b) were obtained by means 

of fast fourier transform method (FFT), (Hildenbrand T.G. 1983).

    

Fig. 15a. Magnetic data uplifted to an altitude of 1.5 km and reduced to the pole. Note 

                the dislocation of the positive anomalies running from the Azuero and  

                the Veraguas regions into the Gulf of Panama.  
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In these maps the geological structures are more clearly expressed, i.e, the distribution 

of the marine sedimentary basins, the distribution of intrusive igneous rocks and the 

uplift of the basement rock.

Fig. 15b. Magnetic anomaly map based on data uplifted to an altitude of 6 km and  

                reduced to the pole. Note the ring shaped anomaly in the central/western part 

                of the Gulf of Panama. 

The pseudogravity

The pseudogravity transformation was introduced by Baranov W., (1957) with this 

process a gravity potential can be calculated from any given magnetic anomaly.  The 

map obtained does not represent a true gravity anomaly map, but helps in determining 

the possible common sources of observed magnetic and gravity anomalies  

The maps of pseudogravity anomaly in figure 16a  and 16b were computed  by  (FFT), 

Hildenbrand T.G. (1983). We can see that short wavelengths have been filtered out and 
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this map is very similar to the magnetic map with data reduced to the pole.  In the 

pseudo gravity map the asymmetry that characterize magnetic anomalies are eliminated. 

Fig. 16a. Pseudo gravity data as calculated from the aeromagnetic data collected at an 

                altitude of 1.5 km.

Fig. 16b. Pseudo gravity data as calculated from the aeromagnetic data collected at an 

                altitude of 6 km.
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Shaded relief map 

Sun shading relief is now a standard technique that has the objective to enhance  linear 

factures in images. Given the azimuth and elevation of a source of ilumination it 

calculates the relfectance from a surface.  This surface contain the data to be interpreted, 

thus linear factures lying at 900  to the ilumination azimuth will be enhanced, whiles 

those that lie parallel to the ilumination become less apparent.  With this technique 

similar effects in the maps are obtained to those obtained by traditional directional 

digital filter technique, however this techinique is less complicated. 

We use the sun shading technique in order to test some suggested marine faults and to 

enhance those indicated in land (Fig. 17a – 17d).  In the figure 17a the source of 

illumination is coming from to northeast, which enhance linear features that trend 

northwest-southest.  In the Azuero-Veraguas region this fault pattern turns up to be 

predominant. 

In the western part of Gulf of Panama, parallel to the Azuero peninsula, it is possible to 

identify a linear feature trending northwest.  A fault zone trending in this direction has 

been suggested, the geophysical data thus support the existence of such a fault. In the 

east coast, near of the Gulf of San Miguel, we test the prolongation of the Jaque and 

Sambu faults  into the sea, which were suggested on basic of extrapolated data from 

land.
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Fig. 17a. Sun shading aeromagnetic map, with an illumination from the northeast.  

               Note the linear structures close to the western and eastern coasts of the  

               Gulf of Panama. 

Fig 17b. Sun shading aeromagnetic map with illumination from the west. 
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Fig. 17c. Sun shading anomaly map with illumination from the north. 

Fig. 17c. Sun shading anomaly map with illumination from the southwest.. 
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Chapter 5 

Quantitative Analysis 

Depth to the source 

Several methods have been developed and improved in order to automatically estimate  

the location of  magnetic contacts and depths to the source from gridded magnetic data  

(Blakely and Simpson 1986;  Grauch and Cordell,1987; Roest et al., 1992; Roest and 

Pilkington,1993; Thurston and Smith, 1997; Smith et al., 1998).  These methods like the 

horizontal gradient magnitude (HGM), the 3D analytic signal (AS) or total gradient 

(TG) and the local wavenumber (LW) method, all has a common approach to 

automatically determine the horizontal locations of the magnetic contacts. The depths 

can only be determined where the contacts have been defined and the methods do not 

give solutions for all the position of the nodes of a grid. The methods differ in their 

accuracy , sensitivity to noise and from the influence of neighbouring anomalies. 

 All the methods are based on the transform of the potential field anomalies into special 

functions that form gradient peaks and ridges over the sources. These maxima peak 

values are located directly above the magnetic contacts, depending on an assumed 

geometric model.  All the methods can use the same function to locate the contacts and 

estimate the source depths. 

For all methods a 10x10 km2 windows is passed over the grid of data searching for local 

maxima within the window and estimating the strike and horizontal position of the 

contact and other parameters by least squarest fitting the derivative data within the 

window to a theoretical curve. 
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We have applied these automatic techniques on regional grid aeromagnetic data over 

sedimentary basins. Both depths and horizontal locations of the magnetic contacts are   

mainly reflecting the magnetic properties of the basement rocks. 

One of the main target of our analysis is thus the determination of the topography of the 

basement rock beneath the sediments of the Gulf of Panama, San Miguel and 

Chucunaque basins.  The aeromagnetic map was recalculated into a grid of data with a 

grid size of 2.0 Km x 2.0 Km  and thereafter the data were uplift to an altitude of 1.5 

Km. In this way the influence of shallow intrusive rock interbeded with the sedimentary 

layers  has been eliminated from the interpretation.         

Horizontal Gradient Magnitude Method 

The horizonal gradient method requires a transform of the magnetic anomaly map to a 

map with data reduced to the pole or to a pseudogravity anomaly map. For this method 

only the two first-order horizontal derivative are calculated and it does not require the 

calculation of the vertical derivatives, i.e.: 

 (1) 

where M is the magnetic field reduced to the pole. 

It has the advange that it is not very susceptible to noise, but accurate results are 

obtained only when certain criteria are fulfilled e.g. the magnetization has to be an 

induced magnetization, the contacts have to be vertical and the sources should be thick. 

Violations of these criteria can result in displacement of the contacts away from their 

true locations (Grauch and Cordell, 1987). 
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The horizontal gradient magnitude method applied to magnetic data reduced to the pole 

(Fig. 18) show location of contacts and depths estimates with a standard error of 15% or 

better.  The locations of contact are superimposed along the crests that represent local 

gradient maxima.   

Fig. 18 The horizontal gradient method applied to magnetic data reduced to the pole. 

             Note the change in amplitude of the horizontal gradient when moving from  

             onshore to off shore and the low gradient area in the east/ southeast. Locations 

             of magnetic contact are marked by open squares. 

A larger number of location and depth solutions were obtained in the western part of 

Gulf of Panama, where big faulting and basement uplift is present.  In the eastern part of 

Gulf of Panama, the basement is more homogeneous with few fractures or magnetic 

discontinuities.   

The analysis was not performed onshore in the Darien region, with its rough 

topography.
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In figure 19 the magnitude of the horizontal gradient of data reduced to the pole is 

shown with sun shading and illumination coming from the northeast. Depth estimates 

are superimposed on the gradient magnitudes. The greatest depths are estimated in the 

western part of the Gulf of Panama and in the Chucunaque Basin onshore in the east.   

Fig. 19. The magnitude of horizontal gradients of magnetic data reduced to the pole  

               with sun shading. The illumination comes from the northeast. Depths to the 

               crystalline basement estimated from the gradients are superimposed as 

               colored dots. Note that the greatest depths are found in the western and  

               eastern parts of the Gulf of Panama and onshore in the Chucunaque Basin in  

              the east.

In figure 20 the depth to the basement estimated from the magnitude of the horizontal 

gradients has been expressed in a contour map.  The depths range from ca 0 to 6.5 km 

and even if there is a topographic uplift of the basement close to the shore there seem to 

be a connection between the sediments in the Gulf of Panama and the Chucunaque 

basins.
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Fig. 20. Depths estimated from the magnitude of the horizontal gradient calculated  

               from magnetic data reduced to the pole and interpolated into a contour map. 

               Note the basement uplift trending from southwest to northeast in the central 

               part of the Gulf of Panama. Note also that the topography of the basement  

              depth suggest an onshore link between the Chucunaque basin and the Gulf of  

              Panama. 

The horizontal gradient method has also been applied to pseudogravity data. The 

locations and depths are obtained with a standard error of 15% or better.  The locations 

of contacts are superimposed along the crests that represent local gradient maxima (Fig. 

21). Using the pseudogravity data a larger number of contacts are indicated and the 

estimates of depths are greater (Fig. 22) than what was suggested from the gradients 

calculated on the magnetic data reduced to the pole. In the Gulf of Panama the location 

of contacts nicely outline the uplift of the basement and the contours of sedimentary 

basins.  In the Azuero and Darien regions, the locations of the contacts are aligned with 

regional faults and different lithologic units.  
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Fig. 21. Horizontal gradients of pseudogravity data in color scale. Magnetic contacts 

              are marked by the open squares. Note the different trends of contacts when  

              going from the Azuero region onshore in the west to the Gulf of Panama and 

              the Darien region in the east. 

Fig. 22.  Horizontal gradients of pseudogravity data in grey scale and estimated depths  

                marked by colored dots. Note that also in this analysis the greatest depths are 

                shown in the western and eastern parts of the Gulf of Panama and onshore in 

                the Darien region. 
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3D- Analytic Signal Method 

The analytic signal method or total gradient method (Roest et al., 1992; 1993) requires 

the calculation of the first-order horizontal and vertical derivatives of the magnetic field, 

i.e.:

(2)

The locations of the magnetic contacts are generally accurate, however, only for specific 

type of sources, i.e. large vertical contacts and sheet like bodies. This method does not 

require data reduced to the pole as the horizontal gradient method does. 

The 3D analytic signal method was applied to aeromagnetic data uplifted to an 

amplitude of 1.5 km. Similar to what was done in horizontal gradient magnitude 

method, the crests of maxima amplitude of the analytic signal  were obtained by passing 

a 10x10 km2 window over the grid data. The location of the magnetic contacts and the 

depths are also here estimates with a standard error of 15% or better. The locations of 

the contacts are superimposed in the map of gradients (Fig. 23) that represent the 

analyic signal or total gradient and fit well to the crests that represent the local maxima. 

The locations of the magnetic contacts defined by the 3D-analytic signal method are 

very similar to what was obtained with the horizontal gradient method.     
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Fig. 23. The magnitude of total gradient expressed in color and the magnetic contacts 

              marked by open squares. Note the low magnitude in the east/southeastern part  

              of the Gulf of Panama.

Fig. 24. Total gradient map and estimated depths to the crystalline basement marked by  

              colored dots using the 3D-anlytic signal method. Note that the estimated depths 

              are lower than those obtained with the horizontal gradient method.
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The basement depth estimates show in figures 24 and 25 are similar to what was 

obtained from the analysis using horizontal gradients (Fig. 20) with reference to 

geometry of basin and to the outline of basement uplift in the western and central part of 

Gulf of Panama. However, the 3D-analytic signal method indicates more shallow depths 

for the sedimentary basins in the Gulf of Panama.  The depths obtained for the 

Chucunaque Basin, in the Darien region, are very similar in both methods. 

Fig. 25. Interpolated contour map of estimated depths using the 3D-analytic signal 

               method. Note that the depths are generally smaller than those obtained using  

               horizontal gradient analysis, however, the pattern of depth distribution is the  

               same. 

Local Wave Number Method 

The local wave number method or the Source Parameter Imaging (SPI) method was 

introduced by Thurston and Smith, (1997). This method requires the calculation of  the 

first and second-order horizontal and vertical derivatives of the magnetic field, i.e.: 
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(3)

This makes the method more susceptible to noise and influence of adjacent anomalies, 

but if minimizing these problems it gives an accurate horizontal and vertical location of 

an isolated source. 

The local wave number method is here applied on the aeromagnetic data uplifted to an 

altitude of 1.5 km. The location of the magnetic contacts and depths are estimated in the 

same way as for the other methods (Fig. 26). The depths estimated (Figs 27 and 28) are 

with this method generally greater than those obtained with the other methods and 

depths up to 7 km are indicated. All sedimentary basins are here estimated to be deeper 

and the basement uplift in the central part of the Gulf of Panama indicated in the other 

analyses is not shown here.

Fig. 26. Local wave number data with estimated locations of magnetic contacts (open 

               squares). 
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Fig. 27. Local wave number data expressed in gray scale with a sun shading, 

              illumination from the northeast. Depth estimations are expressed as  

              colored dots. 

Fig. 28. Contour map of depths to basement estimated using the local wave number 

                method. Note that the estimated depths are greater than those estimated using  

                other methods. Moreover, the basement uplift in the central part of the Gulf of  

               Panama is not indicated here. 
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Chapter 6 

Qualitative Analysis of Gravity Anomaly Maps 

The regional gravity field in the Gulf of Panama and in adjacent areas is not so much 

complex as the magnetic field.  In the gravity field the anomalies are located directly 

beneath the sources reflecting mass contrasts, which have their origin in regional 

geodynamic processes.   

The Bouguer anomaly maps (Figs. 29 and 30) were made using two density values of 

the Bouguer correction; 22300 kg/m3 and 26700 kg/m3, respectively.  The reason for 

using the density 2300 kg/m3, is that in the Gulf of Panama Gulf is a Tertiary 

sedimentary basin and the density used correspond to an average density of the 

sedimentary rocks as defined by well logging (see chapter on quantitative interpretation 

of gravity data).

Regional qualitative analysis was done on the Bouguer anomalies map based on the 

Bouguer density of 2670 kg/m3 (Fig. 29). This map cover an area of 45,000 km2 and it 

includes the Gulf of Panama and adjacent areas. The gravity stations in the Darien 

region in the eastern part are very sparce and not sufficient for a reliable interpretation.  

The map is dominated by high positive anomalies in the southern part rangin over + 180 

mgals and down to about -5 mgals in the Valle Volcano in the north.  In the central part 

of Gulf of Panama these anomalies are associated with basic rocks in the oceanic crust 

and the relative minimum located in the marine area is caused by low density rocks of  

the Tertiary sedimentary basins (Case, 1974).
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Fig. 29. Bouguer anomaly map based on a Bouguer density of 2670 kg/m
3
. Note the 

              gravity high anomalies elongated in east-west direction, reflecting the shelf  

              contact. The red (blue) colored frame denotes the area of residual map 

              (interpreted residual anomaly) presented in figure 31 (Fig. 33). 

Onshore, in the the Azuero region in the southern part, the anomaly values range over +  

120 mgal. These anomalies are associated with Cretaceos igneous rocks. In this  region  

the oldest rock in the Panama isthmus has been identified.  The amplitude of the 

positive gravity anomalies rapidly decreases towards the north until it reaches a relative 

minimum close to the Yeguada volcanic complex. This minimum is in the order of –20 

mgal and it is associated with acid rocks in the continental crust.  In the northern part of 

the Azuero region (between Chitre and Santiago towns) the anomalies are associated 

with a shallow sedimentary basin and with the a zone that defines the contact between 

two different crustal types (Case, 1984) 

Due to irregularly distributed and sparse gravity data it is not possible to use gravity to 

test the existence of the fault suggested from the magnetic data, a fault located off shore 
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and parallel to the coast off the Azuero Peninsula. However the gravity data support the 

magnetic interpretation of a sedimentary basin near the Parita Bay.  

Closed negative anomalies, with amplitudes in the order of  –10 mgal, can be correlated 

with the Valle volcano  and are  aligned with the Yeguada volcanic complex, which  

strikes east-west.

In the eastern part a relative minimum that corresponds to a Terciary sedimentary 

basin. Unfortunately there is a lack of data onshore, in the Darien region and San 

Miguel Gulf which makes it difficult to link this anomaly to any geological structure.  

The biggest positive anomalies are found in the southern part of the study area and the 

steep gradients reflect the slope of the continental shelf.   

Bouguer anomaly map using a density of 2300 kg/m
3
and a residual anomaly map 

Quantitative interpretation of Bouguer gravity data is only possible where data are 

frequent enough and more or less uniformly distributed. A Bouguer map using a density 

of 2300 kg/m3 has been constructed where this requirement is fulfilled (Fig. 30).  
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Fig. 30. Bouguer gravity map based on a correction density of 2300 kg/m
3
. The map has 

              been constructed where gravity data are frequent and evenly distributed. Note  

              the gravity low dominating the northern part of the Gulf of Panama. 

The construction of a marine Bouguer anomaly map with a correction using the density 

of 2300 Kg/m3 has been done in order to enhance the effect of the sedimentary basins.

As for the Bouguer data using 2670 kg/m3 density, in the southeast there is a gravity 

high that can be linked to the bathymetry. It coincides with the slope of the continental 

shelf. However, the map is dominated by a gravity low located in the northern part of 

the Gulf of Panama.

The variations in the gravity field expressed in this map reflect the distribution of 

different geological structures e.g. volcanic rocks at shallower depths, intrusions in the 

sedimentary rocks and the basement uplift. There are some positive anomalies near to 

the small islands in the northern part, anomalies that are associated with volcanic rocks 

at a shallow depth.  Southwest of the Rey Island there is a clear north-northeast trend in 
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the gravity anomaly, which may be associated with a basement uplift or with a chain of 

intrusive rocks. A similar trend is also present in the aeromagnetic data. 

With the objective to make a quantitative interpretation of a basin structure, located 

where drill hole data can be referred to, a residual gravity map was constructed for a 

limited area (Figs. 30 and 31).  

Fig. 31. Residual gravity map from the central northern part of the Gulf of Panama.

This residual anomaly map (Fig. 31) was obtained by separating a regional trend from 

the gravity field.  The regional trend was removed applying an orthogonal polynomial 

surface of second degree to the Bouguer gravity data. In this residual gravity map the 
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more shallow geological structures are expressed. The appearance of intrusive and 

volcanic rocks is more enhanced, as well as the uplifted basement. Sedimentary basins, 

expressed by gravity lows, located in the eastern part of the map, are indicated to be 

connected with the sedimentary basins located in the central and western parts. 

Chapter 7 

An example of quantitative interpretation of residual gravity data 

Several methods have been developed for 3-dimensional interpretation of gravity 

anomalies related to sedimentary basins (e.g. Talwani, 1960; Bott, 1960; Cordell and 

Henderson, 1968). For the interpretation either a constant density contrast can be 

applied or the density contrast can vary with depth (Granser, 1987; Bhaskara Rao, 

1990).

Negative gravity anomalies can be attributed to sedimentary basins, since the density of 

the sedimentary rocks is generally lower than the density of the basement. If the true 

densities of the sedimentary rocks are given, the residual anomaly can be interpreted in 

a unique model of the sedimentary basin, thus avoiding the ambiguity problem in 

interpretation of potential field data. 

The density of the rocks in the sedimentary basins generally increases with depth. This 

increase depends on many factors and it is more rapid at shallow depths than at greater 

depths. The density contrast between the sediments and the basement rocks trend to 

vary asymptotically with depth and the increase can be approximated by an exponential 

or polynomial function. 
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Bhaskara Rao (1986; 1990; 1991) has simulated the decrease in density contrast with 

depth using a quadratic density function and he developed an algorithm to calculate the 

basement depths. The density contrast function is expressed by a polynomial equation 

of second degree: 

(4) ��(Z) = a0 + a1Z + a2Z2

where �� is the density contrast; Z is the depth, a0 is the density contrast at the surface 

and a1 and a2 are constants. 

The densities of the sedimentary rocks related to the specific anomaly interpreted here 

are estimated from seismic velocities measured in a drill hole (Corvus-1; Fig. 31) 

located ca 15 km southwest of the anomaly. The seismic velocity of the sedimentary 

layers have been converted to density using the empirical relation between seismic 

velocity and density presented by Drake (in Grant and West, 1965). The density contrast 

at each depth of layer have been calculated using a mean density of the basement of 

2670 kg/m3 (Table 2). A graph representing density contrast changes with depth has 

then be constructed using the quadratic function (4) and the coefficients a0, a1 and a2

were obtained by means of a polynomial regression analysis.   

The gravity effect from the sedimentary rocks is calculated from the sum of a number of 

3-dimensional vertical prisms (Bhaskara Rao, 1991) and the depth to the bottom of the 

prism is given by: 

(5)    Z (i,j) = �gobs(i,j)/2�ya0
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where �gobs is the observed gravity anomaly value, y is the gravitational constant and a0

represent the density contrast at the surface. 

LAYER
DEPTH
(m)

VELOCITY
(m/s)

DENSITY
(kg/m

3
)

CONTRAST
(kg/m

3
)

1 100 1567 1660 1010

2 318 1780 1840 830

3 518 1866 1870 800

4 680 1946 1910 760

5 864 3532 2290  380

6 1011 4355 2410  260

7 1079 3314 2270  400

8 1245 4382 2420  250

9 1540 4355 2400  270

10 1755 4782 2490  180

11 2060 4375 2390  280

12 2603 5413 2620    50

Table 2. The density of sedimentary layers estimated from an empirical relation 

              between seismic velocity and density.

A quantitative interpretation is demonstrated here for a negative, basin like residual 

anomaly (Figs. 29 and 31). The anomaly is also reflected in the bathymetry (Fig. 32)  

Fig. 32. The bathymetry related to the negative anomaly interpreted here. 
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and the 3-dimensional model of the basement depths show a structure that extends in 

depths from ca 1000 m down to 3000 m (Fig. 33). The structure is interpreted as a 

basement depression, which is filled and overlaid by up to 3 km of sediments. 

Fig. 33. Contour map of basement depth obtained from interpretation of the residual 

              gravity anomaly shown in figure 31. 

Chapter 8 

Summary and conclusion 

In this investigation data from a number of regional aeromagnetic and gravity surveys 

have been digitized and put into one homogeneous data set, which allow a regional 
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analysis to be performed. The purpose of the study has been to get a better image of the 

basement topography, sedimentary basins and to test the existence of some suggested 

marine faults.

Three methods were used for estimates of the basement depths from magnetic data,  the 

horizontal gradient magnitude method, the 3D analytic signal method and the local 

wave number method. Consistent results were obtained from the first two mentioned 

methods, however, the 3D analytical signal method indicated somewhat greater depths. 

The local wave number method resulted in a significantly deeper basement topography 

image and it failed to detect a basement uplift south of the San Jose Island.   

The aeromagnetic data show that the basement of the south eastern part of the Gulf of 

Panama is more homogeneous than the basement in other parts. This is supported by 

well data, which indicate a more developed volcanic activity in the western part of the 

gulf. Furthermore the geological structures expressed in the magnetic data suggest that 

the basement of the Azuero-Veraguas area continues into the Gulf of Panama. The trend 

of these geological structures is from west-northwest to east-southeast and it is 

significantly different from the trend of geological structures in the Darien region. 

The depth estimations obtained from the analyses of the magnetic data revealed five 

basement depressions or sedimentary basins, four in the Gulf of Panama and one 

onshore in the Darien region (Fig. 34).  
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Fig. 34. The interpreted topography of the crystalline basement in the Gulf of Panama 

              and the Darien region. Five basins are identified from the horizontal gradient 

              analyses of magnetic data and outlined here from the depth contour of 3 km.  

              Relative basement uplift areas are outlined from the contour of 2.5 km depth. 

              Note also the regional fault zones in the western and eastern part of the gulf. 

The maximum depths of these basins are up to 7.5 km. The magnetic data also show 

that the basins are separated by a basement uplift running from south-southwest to 

north-northeast in the central part of the gulf. This regional basement uplift is according 

to aeromagnetic data not a smooth antiform, but is has an irregular morfology.   

The gravity data are more sparse than magnetic data, but it roughly support the image of 

the basement topography obtained from the interpretation of the magnetic data. A 

quantitative interpretation of one negative residual anomaly resulted in a depth 

estimation of the sedimentary rock of at least 3 km. This depth represents a minimum 

thickness of sediments, since the anomaly reflects a local variation in basement depth. 
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Our interpretation of the magnetic data supports the existence of a regional fault (the 

Azuero Fault; Figs. 4 and 34) in the western part of the gulf. However, the aeromagnetic 

data also suggest another regional fault in the same area running in a different direction, 

i.e. a more complex tectonic pattern is here demonstrated. The geological structures 

expressed in the magnetic data and the analyses of magnetic contacts, e.g. in the 

pseudogravity map, also demonstrate a tectonic contact where these structures terminate 

in the western-central part of the Gulf of Panama, expressed by the basins and the 

basement uplift. The magnetic data also suggest fault structures in the eastern part of the 

gulf, structures that may be an extension of a suggested regional fault in the northern 

part of the gulf (Figs. 4 and 34). 

The faults in the western and eastern part of the gulf trend parallel to the movement of 

the Caribbean Plate relative Panama and perpendicular to the movement of the Nazca 

Plate.

This work is the first analysis of potential field data from this region that has been 

performed in Panama. It has resulted in a better knowledge of geologic framework from 

the Azuero Peninsula, the Gulf of Panama and the Darien region and it also forms the 

basis for further geological interpretations.   
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