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ABSTRACT 

The Azuero peninsula located on the southern part of Panamá has a complex 

geological history dominated by oceanic floor subduction and accretion of 

seamounts from Galapagos. The peninsula has three tectonic boundaries, with the 

Azuero-Soná regional fault as major structure that separates the main lithologies, 

Cenozoic sediments and limestones, Late Creataceous carbonates, and igneous 

rocks and intrusions with ultramafic, mafic and intermediate compositions. 

In 2014, a gravimetric survey was made along the western side of the Azuero 

peninsula, along with a geologic map with 1:25000 scale. The survey had 142 

stations with gravity reading and exact coordinates and elevation. 

During this semester reductions for drift, tides and elevation were made on the 

acquired data, also the selection of relevant samples and the measurement of their 

density, in order to create a final model that resembles a schematic cross-section 

(Fig. 16) on the geologic map. The Azuero-Soná fault zone divides the model 

created, and within it, all the lithologies are represented by blocks or polygons and 

it shows three main boundaries. Each side of fault zone suggested by the geologic 

map (Fig. 2) has different gravity affinity, the model creates a hypothesis of the 

implications of this difference in the geology of the peninsula and it defines a new 

main structure creating the change in signatures. 

 

RESUMEN 

La peninsula de Azuero está localizada en la parte sur de Panamá. Esta tiene una 

historia geológica muy compleja, dominada por la subducción de corteza oceánica 

y acreción de islas oceánicas de Galápagos. La peninsula contiene tres límites 

tectónicos, el principal siendo la falla regional de Azuero-Soná, Estos separan las 

litologías encontradas: sedimentarias y calizas del Cenozoico, carbonatos del 

Cretácico tardío y rocas magmáticas de composición ultramáfica, máfica e 

intermedia. 
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En el 2014, una transecta gravimétrica fue realizada en el lado occidental de la 

peninsula de Azuero, junto con un mapa geológico hecho a escala 1:25000. La 

transecta contiene 142 estaciones con lecturas de gravedad y, coordenadas y 

elevación exactas. 

Durante este semestre se hicieron correcciones a estos datos para deriva 

instrumental, mareas y elevación. Además se escogieron muestras 

representativas de cada litología y la medición de su densidad, para así crear un 

modelo final que se asemeje a la hipótesis propuesta por un corte esquemático 

(Fig. 16) del mapa geológico. El modelo creado está dividido por la zona de falla 

de Azuero-Soná, en donde las litologías están representadas como bloques o 

polígonos y espacios que representan los límites tectónicos más importantes. 

Cada lado de la zona de falla sugerida por el mapa geológico (Fig. 2), tiene una 

afinidad gravimétrica diferente. El modelo crea una hipótesis de las implicaciones 

geológicas en la peninsula para esta diferencia y propone una nueva estructura 

principal, la cual ocasiona el campo de afinidades. 
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1. INTRODUCTION 
 

There are several models and geological interpretations of the Azuero Peninsula 

(Panama). All of them indicate that the main structure is the Azuero-Soná fault 

zone, which is a regional left-lateral strike-slip fault that has been studied and 

supported with geological data. According to Corral et. al. (2013), the Azuero 

peninsula is a region where intra-oceanic subduction has occurred for a long time. 

Volcanism is associated with the subduction of the ancient Farallon plate (now 

divided into Cocos and Nazca plates) leaving a complete section of volcanic arc 

with arc basement rocks. The subduction started in the Late Cretaceous and 

continued during the breakup of the Farallon plate, in the Miocene. Along with this 

subduction, an accretion of island arcs and oceanic plateau occurred until Middle 

Eocene. The collision of the Panamanian arc with Colombia, produced a NW 

lateral escape accommodating by a left-lateral strike-slip faults such as the Azuero- 

Soná fault zone, consequently the subduction changed its angle, causing a 

movement of the volcanic arc to the north. Buchs et. al (2010) proposes that the 

Azuero-Soná fault is a main boundary that separates the Azuero Plateau to the 

north, from the two accreted ocean islands to the south. In 1974, Case performed a 

gravimetric survey on the eastern part of the Panamanian Isthmus. He found that 

the basement has a pre-Eocene age with more than +100mgal anomaly that 

indicates that eastern Panama is made of oceanic crust, showing tholeiitic pillow 

basalts and diabases overlain by abyssal cherts and siliceous sedimentary rocks. 

  

In this study, I generated a model of the basement of Azuero Peninsula, its 

geometry and principal structures, localizing contacts and changes in densities. 

Using this model I determined the mass contrasts as indicated by gravity 

anomalies, and modeled them according to density measurements from samples 

taken along the gravimetric survey. In June 2014, the Universidad de los Andes 

generated a detailed geologic map of the Azuero-Soná fault zone near the town of 

Torio at a scale of 1:25000 (Fig. 2). Samples collected in this field camp were used 
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to constrain profile densities (n=67). The geologic map and schematic cross- 

section, along with measured densities were used to constrain the model.  

 

The model results indicate that the Azuero-Soná fault has a modest gravimetric 

signature, most likely related to sedimentary packages trapped as wedges within 

the fault zone. The gravimetric profile and its interpretation suggest that the main 

tectonic boundary must be located to the south of the currently mapped trace of the 

Azuero-Soná fault zone.  

1.1. Location 

 

 

Fig. 1.  Location of Panama, between Costa Rica (W) and Colombia (S-E). Isostatic residual-gravity 
anomaly map taken from Mickus, 2003, pp 645. Square indicates area from Fig. 2. 
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Fig. 2. Geologic map of the western part of the Azuero península (Uniandes Field Camp 2014-1) 
Location of the stations within the geologic map. A-A’ cross section. In set shows a detail map where 

the stations were collected in a closer interval. 

A’ 

A 
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2. CONCEPTUAL FRAMEWORK 
 

Gravity is a potential field, meaning that is force acting by distance. The gravimetric 

method uses measurements involving variations of Earth’s gravitational field at 

specific locations, because it depends on the attraction the Earth is causing on 

them. The gravitational field is proportional to the mass; therefore, the irregularities 

depend on the different materials on Earth that have various densities that change 

horizontally. This change in densities of rocks near the surface cause changes in 

gravity field and that is what the readings give. With this it is easy to determine 

geometry, depth and density of the bodies causing the variation and with it make a 

geologic interpretation of their distribution. (Telford, 1990).   

The magnitude of gravity depends on latitude, elevation, topography, tides and 

density variations. Gravity surveys focuse on anomalies due to changes in rock 

density, although these anomalies are smaller in magnitude than the ones created 

by latitude and elevation. Latitude is usually used to calculate the theoretical 

gravity on a specific zone. The use of equations, just like Eq.1, help determine the 

anomaly due to this. Since each variable has different effect on the gravity field, 

bigger or smaller than density, we need to do some reductions, in order to remove 

the influences of all the factors and leave just density. (Telford, 1990) 

Gravity changes in: 

 Latitude: because of the spheroidal shape of the Earth, since the gravity 

force is less due to the centrifugal force, aparent gravity will increase closer 

to the poles. (Telford, 1990) 

 Elevation: this is a significant factor because theoretically gravity is inverse 

to the square of distance, so changes in elevation will be distances 

between stations. (Telford, 1990) 

 Topography: normally hills, valleys or rock bodies situated around and at 

different levels than the station, will exert an upward or downward pull, 

which can cause diffusion of the real gravity at that point. (Telford, 1990) 
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 Density: this is taken into account with the Bouguer correction that corrects 

for the topography mass. This factor causes an attraction to objects 

according to changes in bulk density that can show a variety of masses with 

distinctive geometries in the subsurface. 

The reason to use gravimetry, or to be more exact the Bouguer anomaly, is that it 

subtracts the effect of all the adjacent masses and only reflects the effect of 

irregular distribution of densities in the subsurface. Free-air does not do that, in 

consequence, there is no geological interpretation for this anomaly. But with the 

correlation it has with topography it can help to determine topographic masses 

(Götze, 2006). When we apply corrections and calculate the anomaly, this 

represents the changes in density of the basement and the changes of thickness in 

the Earth’s crust (Hofmann-Wellenhof, 2005). 

The interpretation for Bouguer anomalies can go from searching for changes on 

gravity field looking at profiles, to a model method, which separates the objects 

changing the field into rock bodies. (Mariita, 2007) 

The corrections are: 

 Latitude: this correction is made to remove the influence of rotation and the 

shape of the earth as we move away from the equator. Taking into account 

this variation, there are calculations of gravity field develop by the Geodetic 

Reference System in 1980 that lead to the WGS84. The formula for a 

theoretical gravity due to latitude is: (Ahern, 2009) 

gcalc= 9.7803267714(
1+0.00193185138639 𝑠𝑠𝑠2𝑠

√1−0.00669437999013 𝑠𝑠𝑠2𝑠 
) Eq. 1.  

 Drift: this correction is due to natural drift that the gravimeter has: movement 

of the instruments, elastic creep within the springs and change in 

temperature, factors that remove the effect of tides in the gravity. The 

gravity force created by the Moon upon the Earth, and in reverse, creates a 

common gravitational center, center of mass. This disrupts the normal 

balance of forces in Earth generating a different gravity pull inward. 
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 Topography: initially this correction is made due to the gravitational effects 

that rock masses (around the measurement) have over each station. Their 

effects are simplified by a Bouguer sheet (spherical or flat made of rock) that 

represents the masses situated between the station and the reference point 

of datum, and the effect of the masses around the station (Camacho, 1988). 

 Free-Air: this correction is performed to remove the effects that change in 

elevation causes on gravity. The changes are measured by elevation of the 

stations with respect of the datum. It is assumed that between that datum 

and the station there is just air and it uses the following formula: 

FAC = 0.3086*h mGal  (Telford, 1990) Eq. 2.  

h (elevation) is given by the DGPS with respect to the base station. 

 Bouguer: this correction takes into account the amount of rock that is 

situated in between the datum and the station at a certain h. It assumes that 

there is a uniform and horizontal sheet, without topographic changes, which 

is infinite and has h as its elevation. The following equation is used: 

BC = 2***G*h mGal (Telford, 1990) Eq. 3. 

With the data obtained there are two types of anomalies that can be calculated, 

Free-air anomaly and Bouguer Anomaly. The Free-air correction is made to correct 

the elevation of the measurement by adjusting it to a mean level; free-air anomaly 

compares the difference between the gravity readings and the gravity corrected for 

elevation. For Free-air the equation is: 

FAA = gobs – gcalc + FAC (Telford, 1990) Eq. 4. 

This anomaly only takes into account the variation of gravity with height (Eq. 1 and 

Eq. 2). 

At the end, the calculations for the simple Bouguer Anomaly are done with the 

following equation: 

 BA = FAA – BC (Telford, 1990) (modified) Eq. 5. 
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The Bouguer correction is subtracted from the Free-air anomaly because they 

correct each other, that is to say, Bouguer considers the real masses that in free-

air are assumed as just air, and the last one determines which pieces from the 

Bouguer sheet exist.  

3. GEOLOGICAL SETTING 

 

Panama is situated in Central America, a region located in a convergent boundary 

between Cocos and Caribbean plates; also it involves the Nazca, North America 

and South American plates, which mean is a very active zone.  

 

The geological history of Azuero Peninsula begins with the formation of the CLIP 

(Caribbean Large Igneous Providence) event, also called the “Sill event”, with a 

series of intrusions and volcanism that helped thicken the Caribbean plate until it 

became oceanic plateau between 95 and 75 Ma (Hoernle, 2002). This crust is 

oceanic in nature, but modified by large sills, so that now it is abnormally thick and 

buoyant, with thickness up to 20 km (Burke, 1978).  

 

During the late Oligocene, between 27-25 Ma, the Farallon plate was divided into 

Cocos and Nazca, creating the Galapagos rift zone. In consequence, there was an 

increase in the magmatic activity and the volcanoclastic sedimentation. During the 

Miocene/Eocene the arc moved 120 km north. The change and move of the arc is 

often attributed to erosion in the subduction: because the new sea floor lacked of 

sediment making it difficult for the overriding plate; or a change in angle caused by 

a younger oceanic lithosphere subducting (Alvarado, 2007). Later, due to the 

subduction of Cocos ridge and uplift of the arc with big erosive events, there was 

an extinction of the arc (3.5 Ma). Through the history of the arc there where three 

major volcanic events, they have different compositions due to differentiation in the 

magma or different melting material.  
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Central America has been divided into two main regions by Schucher (1939). The 

north part named “Nuclear Central America” that is also split into Maya and Chortis 

Blocks. The south part (where Panama is located) called “South Central American  

Orogen” (Schuchert, 1935), which is composed by Chorotega and Chocó Blocks. 

(Fig. 2.)  

 

 

Fig. 3. Regional geology of Central America. Taken from Alvarado, 2007. Pp. 3 

Mann and Corrigan (1990) described the peninsula de Azuero:  

“The mountains of the Soná and Azuero peninsulas are both cut by the northwest- 

trending Soná-Azuero fault. This major left-lateral strike-slip fault forms a prominent 

lineament that cuts across the peninsulas along a series of aligned river valleys. 

Deformation along the Soná-Azuero fault affects a 40-km-wide zone marked by 
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steep fault scarps and prominent linear valleys. This fault separates two distinct 

suites of basement rocks common to both peninsulas. South of the fault, the 

basement is comprised of homogenous Cretaceous seafloor basalts, while to the 

north it consists of a heterogeneous Late Cretaceous–Eocene volcanic arc 

complex of basalts and intrusive rocks overlain by intermediate lavas. [...]” (Mann, 

1990). Mann’s (1990) descriptions are upgraded by Buchs (2010) by geochemical 

analysis and maps (Fig. 4), which are in turn based on del Guidice (1969).  

  

x  

Fig. 4. Simplified geological map of Azuero Peninsula. Taken from Buchs, 2010.  
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In Fig. 4 is clear that the peninsula is mostly composed by volcanic and some 

sedimentary rocks with magmatic intrusions, not older than Late Cretaceous.  

 

Azuero is divided in two major complexes, Azuero Marginal Complex and Azuero 

Accetionary Complex, situated at the SW corner. Is defined as a set of exposures 

from the CLIP, accreted oceanic islands and sequences related to the Central 

American arc. (Denyer, 2006). This was subdivided into four lithostratigraphyc 

units:  

 

1. Azuero Plateau: dominated by pillowed, massive and sheeted basaltic 

lava flows of plateau affinities interbedded, sometimes, with radiolirite. 

Plateau age Conician- early Santonian (Buchs, 2010).  

2. Ocú formation: Campanian-Maastrichtian hemipelagic foraminifera-

bearing limestones. Sometimes contain benthic foraminifera in big 

fragments, which evidence shallow water environments. It probably rests 

over the plateau; it is also interbedded with basaltic lava flows and crosscut 

by dykes form the Azuero protoarc group. (del Giudice, 1969)  

3. Azuero protoarc group: these rocks are similar in composition to the CLIP. 

They are mafic dikes (crosscutting plateau, Ocú Fm. and the arc group) and 

lava flows intercalated with Ocú Fm. (Buchs, 2010)  

4. Azuero arc group: dominated by intermediate to silicic lavas and related 

instrusives. They show suprasubduction signature and represents an extinct 

volcanic arc. Are usually associated with volcanic, calcareous and tuffaceus 

sediments. They vary composition from basaltic to dacitic. (del Giudice, 

1969)  

 

All of these units are shown in Fig. 4, which is a chart that shows a correlation of 

compositions between several complexes on some of the peninsulas and islands 

from Costa Rica and Panama on the Pacific coast. It shows their ages, types of 

complexes and their stratigraphic location.  
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Fig. 5. Synthetic tectonostratigraphic chart showing the igneous complexes exposed along the south 

Costa Rican–west Panamanian fore arc. Taken from Buchs, 2010.  

 

Apart from the four units already mention, Azuero also contains some overlapping 

sediments known as Tonosí Formation and the Azuero Acretionary complex 

(ACC).  

Tonosí Fm. is composed by 2000 thick sediments of siliciclastic composition 

divided into two major units: the lower unit (LTF) age Middle Eocene to Early 

Oligocene and the upper unit (UTF) age Late Oligocene to Early Miocene 

(Kolarsky, 1995).  

The LTF is composed by conglomerates and sandstones intercalated with little 

parts of coal and limestones from reefs, these lithologies are considered to be 

shallow water facies. The UTF consist in siltstones, sandstones, shales and 

calcarenite interbedded, also there is some occurrence of turbidites, debris flows 

and slumps that shows slope depositional environment. (Krawinkel, 1999)  
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Fig. 6 show the different compositions in the AAC (Corral et. al., 2013). With 

geochemical analysis they suggested that there are three magmatic groups, Hoya, 

Quebro y Punta Blanca, each one of them present a distinctive OIB signature. 

Quebro being submarine volcanic sequences and, Hoya and Punta Blanca, 

intrusive, submarine and sub aerial rocks. Each group is represented as I, II, or III 

in the map and also in the cross section.  

 

 

Fig. 6. Accretionary complex composition. Taken from Buchs, 2011. Pp. 336 
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They concluded the presence two oceanic islands compose the Azuero 

accretionary complex, which process occurred in the Early- Middle Miocene. The 

islands are “Isla de Hoya” and an island in the Punta Blanca sector. The first one 

presents 3 volcanic stages that allow the reconstruction of the magmatic evolution, 

showing intra-plate oceanic volcanoes.  

 

The peninsula is divided, as said earlier, by the Azuero-Soná fault zone, which is 

proposed by Buchs (2010) as the Azuero mélange. This mélange divides 

compositions of the four mention units to the ACC and the presence of some 

sedimentary basins of Tonosí Fm. located to the SW side of Azuero.  

 

Alvarado (2007) suggests that the two blocks that compose the south part have 

oceanic basements from the Caribbean plate of Mesozoic-Cenozoic age. The 

subduction of seafloor thickened by hotspots produced by the Galapagos 

spreading, conducts uplift and some crustal shortening. Most of the geology 

consists in a volcanic belt overlying this basement.  

 

The Chorotega and Chocó Blocks are located in a center of active collision 

between the plates already mentioned. In consequence, the margins are now 

“fault-bounded microplates” These blocks have overlying the basement some 

Cenozoic deposits, with igneous rocks, both volcanic and plutonic (Alvarado, 

2007).  
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Fig. 7. Location of Azuero peninsula and the Chorotega forearc. Taken from Alvarado, 2007. Pp. 107 

 

Alvarado (2007) shows that the north part of the Azuero peninsula is composed by 

the Chorotega forearc, which has a large extension. There are a series of 

peninsulas that show oceanic basement rocks and belong to this province, those 

are Santa Elena, Nicoya, Herradura, Quepos, Osa, Burica, Soná and, as said 

before, Azuero (Fig. 7).  

 

As can be seen, a variety of authors agree with a significant difference of lithology 

and signature of the rocks on each side of the Azuero-Soná fault. They suggests 

an igneous basement, it could be from the CLIP or as a part of the Chorotega 

forearc. And to the south the suggestion is basement of accreted oceanic islands.  
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4. METHODOLOGY 
 

4.1 Field work 
 

For the field phase, geological and geophysical data were collected. The 

cartography was made at 1:25000 scale, where important structures and structural 

and stratigraphic contacts where located and characterized, with their respective 

samples. With this map and with some reconnaissance of the area, we were able 

to determine the location of the fault zone; therefore, the best plan to trace the 

survey.  

 

It was decided to make the profile perpendicular to the fault zone in order to 

identify it in the data and compare affinities on each side of it. There is only one 

road that crosses the entire western side of the Peninsula from north to south; 

hence, it was suitable to conduct the gravity survey. (Shown in Fig. 2)  

 

The gravimetry data was collected between June 17 to 21, 2014, working daily 

from 7 a.m to 5 p.m. A total of 142 stations were measured, with offsets of 1km in 

localities far from the mapped trace of the fault, and 200 to 300 m in localities 

closer to the trace.  

 

The gravity meter was a Worden gravimeter, which is analog and the 

measurements, must be taken manually. For the station coordinates we used a 

differential GPS, Trimble, which gave the data in decimal degrees with ellipsoid 

WGS84, east, north and elevation (Fig. 8). Before the beginning of the field camp 

the instruments were calibrated with fixed station in the Instituto Geográfico 

Nacional Tommy Guardia, in Panama City. For gravimetry we took a station with 

absolute gravity (ga), this was used as reference for the gravity changes along the 

profile in Azuero. For the GPS we used a fixed station as our base, this station is 

part of the geodesic network in Panama, this mean the data is available for 
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everyone. With the base data we could correct the rover data we used in order to 

have our differential position.  

 

 

Fig. 8. Instruments used on the field. David Farris, PhD with the gravimeter (left) and Gary Fowler with 

the DGPS (right). 

In the field, a new base station was created in order to correct data from normal 

drift of the instrument. This station was a local station in Torio, near a cafeteria in 

order to ensure that the measurements were taken at the same time, in the same 

place, each day, for these to be relevant at the time of the processing. The times 

were 7 am, at the beginning of the day, and 5 pm, at the end of the day.  

 

For each station we took:  

 Gravity data in mGal.  

 Exact coordinates.  

 Photographic record and detail description, for future references.  

 Rock samples (if needed).  
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Fig. 9. Gravimeter and leveling plate (left) and example of a station in the data collection (right) 

 

4.2 Data processing 

 

Data collected in the field were corrected for drift, tides, topography, free-air and 

Bouguer, as described above. With this processed data the free-air and Bouguer 

anomalies were calculated, which were used to create the model using the 

program GravMag. In this program you can introduce the anomaly data and 

densities from the samples, in order to find a profile that matches the field data the 

best.  

For the absolute gravity we used 978226.963 mGal for the entire project. This 

reading was taken as a station in Panama City and then compared to the local 

station to get the absolute value for Azuero.  

 

The corrections were calculated on an Excel sheet, “AzueroGravity” (electronic 

appendix 1), which contains:  

 Drift correction: For this correction we took the data from the local base, at 

the same time for each day, take the mean value and subtract it from the 

gravity reading for that same day. Then, the dial constant for the gravimeter, 

which is 0.0844-mGal/dial units, multiplied these values; this is used to 

convert dial units into mGal (calibration). After, we took the first gravity 

reading and subtract it from the reading in Panama City and then add the 
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absolute value; this was made to get the absolute gravity for Azuero. Finally, 

we added the drift to the absolute value, to get the real gravity for each 

station.  

 Topography correction: the correction made by Raster TC did not show any 

big changes because the variation in topographic relief is less than 150 m, 

which means the correction only changes in few mGal, not relevant to be 

used for this profile.  

 Free-air correction: we used sea level as datum.  

 Bouguer correction: we took a general density of 2675 kg/m3, h being the  

station’s elevation and the gravitational constant G as 6.6743 x 10-11 

Nm2/kg2.  

 

Once the corrections were made, we calculated the Free- Air and Bouguer 

anomaly, with gobs as values with tidal and drift corrections. Since we take the 

variation of gravity values from one station to a base with absolute gravity, we took 

the corrected data, which will be the “real” data, in order to make them comparable 

with that absolute.  

 

The minimal variations in topography were not enough to make significant changes 

in the anomalies.  

4.3. Samples 

 

Density is a factor of great importance because the gravitational field is directly 

proportional to the mass, therefore, is proportional to density. Changes in this 

factor represent irregularities in the field and it is useful to determine contacts 

between rocks types, principal structures, and an idea of the basement geometry in 

the area of study.  

 

We obtained 67 fresh rock samples located near the gravity profile. These samples 

were situated along the location of the survey, north and south of the fault zone, 

and they correspond to each one of the main lithologies found in the Peninsula; 
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sandstone, mudstone, limestone, basalt, phyllonite, gabbro, peridotite and 

serpentinite.  

For all of these samples, a density measurement was taken by two methods with 

the same basis:  

 Big samples: for the samples bigger than a hand size the measurement was 

simpler, using Archimedes Principle. Measuring its mass with a digital scale 

and then the volume according to the volume of water displaced on a test 

tube, this displaced volume is the volume of an irregular shape object.  

 Small samples: for the samples that fit on a hand, same principle, but in this 

case a densitometer was used. This instrument takes the mass and the 

displaced volume of an object in suspension. (Fig. 10)  

 

 
(a) (b) 
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Fig. 10. Small sample method. (a) Mass measurement with sample on suspension for calibration of the 
instrument. (b) Adjustment of the instrument for solid objects, with automatic water density of 0.9984 
g/ml. (c) Mass measurement to be saved for the final calculation of the density. (d) Submerged sample 
on the water, the instrument calculates the displacement and gives a final value of the density in g/ml.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) (d) 
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5. RESULTS 

5.1 Corrections 
 

The following figures represent the different stages in data processing; each one 

represents a step of section 4.2 of this document, in order. All of the calculations 

can be seen in the electronic appendix. The first one (Fig. 11) shows all the gravity 

readings in the field, plotted against their positions on the profile.  

 

 

Fig. 11. Plot of gravity readings without corrections. 

Fig. 12 shows the range of the absolute gravity calculated for Azuero. It includes 

latitude and drift correction. We could observe from previous studies performed by 

Farris on 2012, that the normal drift for Azuero is 0.3 mGal, being the absolute 

error in gravity. This means that the different factors that affect the drift in the 

instrument are likely to give an error in gravity of 0.3 mGal every time a survey is 

made in this part of Panamá. 
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Fig. 12. Absolute gravity for Azuero after drift correction. 

 

Fig. 13. Plot of the free air anomaly. 
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Figures 13-14 represent the calculated anomalies with all corrections. The first one 

represents the free air, which is only correcting the difference in altitude of the stations. 

Fig. 14 shows the simple Bouguer Anomaly against station location, in order to correlate 

main structures and differences in anomaly. This is the final profile to use in the model.  

 

 

Fig. 14. Final plot with the simple Bouguer anomaly. Red lines represent the location of the fault zone 
according to the geologic map, Fig. 2 

 
In Fig. 2, it is important to see that towards the southern end of the map, the survey 

changes direction from N-S to W-E progressively. This means that the entire 

analysis cannot be done by the latitude because is not the only factor changing, 

although the change is little, the Simple Bouguer Anomaly depending on the 

distances of the stations to stretch the profile. The coordinates were converted to 

meters in UTM coordinates, zone 17N, and then a calculation of distance between 

points to find the distance of the stations in meters (Fig. 15).  
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Fig. 15. Final profile in distance of the Bouguer anomaly. Red lines represent the location of the fault 
zone according to the geologic map, Fig. 2. 

 

5.2 Structural model 
 

In Fig. 2 a cross-line is indicated as A-A’, this line crosses the entire western side 

of the Azuero peninsula and also is an approximation to the path of the gravimetric 

survey. Since the geologic map is not complete for the whole area, a data 

extrapolation was made with the help of the maps by Buchs (2010 and 2011) in 

figures 4 and 6.  

 

This schematic cross-section was created in order to have a hypothesis to follow in 

the gravimetric model. In Fig. 16, I present a schematic cross section for the 

geologic map with scale.  
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Fig. 16. Schematic cross section of the western side of the Azuero peninsula.



5.3 Densities 
  

The densities for all chosen samples are listed in table 1. There were a total of 67 

samples; since not all of them were used, the table only contains the information 

from the chosen ones. The samples are color coded according to the colors used 

in the model corresponding to a determined block. For the complete table refer to 

the electronic appendix “AzueroDensities”. 

Table 1. Results of density with both methods. Identified by sample ID. *Represents contact 

Sample ID Coordinates Density (g/ml) Lithology 

  Latitude Longitude     

38646 7,4574449 -80,90648 2,88 Peridotite 

38731 7,4581 -80,8697 2,75 Peridotite 

38654 7,4585 -80,8878 2,75 Basalt 

38562 7,616130 -80.983978 2,39 Limestone 

38691 7,4603 -80,8943 3,13 Basalt 

38616 7,4655 -80,8346 2,60 Peridotite 

38618 7,4684 -80,8362 2,69 Gabro 

38723 7,5478 -80,9493 2,15 
Conglomerate 

sandstone 

38721 7,54813 -80,94949 2.11 Sandstone 

38582 7,5548 -80,9032 3,03 Basalt 

38577 7,5548 -80,9032 2,92 Basalt 

38588 7,5548 -80,9032 2,92 Vesicular basalt 

38640 7,5556 -80,9064 3,10 Gabbro 

38647 7,5568 -80,9115 2,58 Gabbro 

38566 7,59261 -80,93338 2,44 Sandstone 

38726 7,60058 -80,97485 2,27 Calcareous sanstone 

38727 7,60431 -80,97571 2.23 Chert 

40282 7,61957 -80,93813 2.35 Chert (Ocu Fm.) 

38737 7,62444 -80,94027 2,17 Sandstone 

38823 7,63081652 -80,931793 2,66 Dacite 

38733 7,6397761 -80,9065768 2,64 Andesite 

38735 7,64245525 -80,914419 3,13 Microgabbro-basalt 
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38756 7,66412969 -80,919411 2,75 Andesite with pirite 

38763 7,6652341 -80,924008 2,63 Andesite alteration 

38766 7,67050569 -80,91318 2,62 Pophyritic dacite 

38759 7,68229321 -80,918265 2,57 Andesite* 

38760 7,68229321 -80,918265 2,81 Dacite* 

 

5.4 Gravimetric profile 
 

In order to interpret the gravity data a geological cross-section must be drawn 

based on the geologic map (Fig. 16). This cross-section serves as a guide to 

generate the model to run the gravity profile and match it to the observed data. 

  

For this purpose I used GravMag, which is based on the technique proposed by 

Talwani on 1959 and Cady on 1980, and develop by Craig H. Jones an Associate 

professor of CU Boulder. The program allows the creation of a 2.5-D model, which 

means that the polygons included do not necessary go to infinity, instead you can 

give shape to the principal anomalous bodies in the profile.  

 

The basement can be divided in block, adding as many as you need. There is a 

table where the blocks are added with determined densities and geometries that 

can be changed.  

 

For the density I do not introduce the total bulk density of each block determined by 

the geologic map. I enter the difference of each block’s density according to the 

density used in processing the Bouguer correction, 2675 kg/m3. In the model this 

base density is represented by the white areas, they do not have a specific block 

because is made of unknown rock with density probably closer to the value I gave. 

 

Table 1, shows densities used, lithology of the 7 blocks used and their representing 

color in the model.  
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Block id Block lithology Density (g/ml) Color code 

1 Gabbro, peridotite, 

serpertine 

2,77   

2 Basalt 2,98  

3 Cenozoic 

limestone 

2,39  

4 Cenozoic 

sandstone 

2,22  

5 Hemipelagic 

limestone (Ocú 

Fm.) 

2,35  

6 Intrusive 2,66  

7 Ultramafic 5,00  

 

Table 2. Blocks used in the model. Colors and lithology taken from the geologic map. 

 

The density for the ultramafic block was taken from literature in similar cases for 

gravimetric profiles with high values of anomaly. The value was selected because it 

represented the best fit between the field data and the literature. 

 

Next step is to upload to a table in the program, the Bouguer anomaly, along with 

the distance between stations and their elevation. For this case elevation can be 

overlooked because the model uses a factor on 103 for depth in the process and 

our changes in elevation are minimal. Also in this step, there is a column for 

calculated gravity, is the theoretical gravity that the program computes according to 

the densities, distances and block geometry.  

 

Finally, a manual iteration process fits the observed and calculated curves. In this 

process, the geological cross section is simplified into polygons with given density, 
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and their shapes and depths are modified until the RMS error is minimal and the 

curves match.  

 

Once the two curves are similar, the arrangement of the blocks on the bottom part 

represents the image of the subsurface according to change in the gravity field.  

 

 

 

 

 

 

 

 

 

 

 



 

 

Fig. 17. Final model of the subsurface, max. depth of 16 km. Curves with observed and calculated gravity (top) and model (bottom). 

       Ultramafic 



6. DISCUSSION 
 

The simple bouguer anomaly profile plots in figures 13 and 14, have the same data 

but they differ in what they are plotted against. In latitude, gives the chance to 

locate the main structures and lithologies in relation to the geologic map. In 

distance, we have a real profile with a notable difference in gravity affinity. Since 

the transect is mostly N-S, the differences between figures are minimal and they 

both show the fault zone (between red lines, according to the geologic map Fig. 2) 

as a boundary where gravity signatures are different.  

 

There was no filter other than the corrections for drift, tides, latitude and elevation 

(presented in this document), those corrections helped remove all the other factors 

that change gravity in the subsurface leaving just the density factor. After the 

corrections the tendency of the curve was enhanced and that plotting the data 

against the latitude helps to find the fault zone proposed in the field. From Fig. 14 it 

is clear that the fault mapped in the field represent an inflection point probably 

related to the presence of low-density Cenozoic sedimentary sequences, however 

there is an additional inflection point north of it. In this case it is not totally due to 

composition of rocks (densities), because there are basalts or basalt-like rocks 

composing most of the basement, the difference in affinity is mostly due to 

structure and size of the rock blocks. The second, bigger, inflection point 

represents an intrusion of intermediate to felsic igneous rocks, intruding the 

plateau. This body of rock has a dacitic composition, which has smaller density 

than the medium where is located, that creates the big anomaly with large 

wavelength.  

 

In the density measurement, I found that although there are rocks with peridotite 

composition they did not have high densities like the basalts did, this could be 

because the surface rock go through a process of weathering, which can give, 

among others, water into the composition of the rock, lowering their density. Also 

all of the values found are in between the theoretical ranges for all of the rocks. 
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The samples used in the model were located near the gravimetric survey, and for 

lithologies with more than one sample I used the mean value of them in order to 

have one density per polygon.  

 

Section 5.2 shows a schematic cross section for the peninsula S-N, with the 

different lithologies found by the gravity survey. Since there is no geologic 

information made in 2014 for all the peninsula, I took Buchs (2010 and 2011) maps 

to complete the cross section. In Fig. 4, the compiled map for all of the regions 

suggested by Buchs (2010), he locates Cenozoic sediments overlying the 

basement on most of the NW side of the peninsula, there was an extrapolation of 

the data between the cross-section A-A’ and the location of the stations. Also he 

suggests a portion of Ocú Fm. in this area. For the south, I used Fig. 6, where, also 

Buchs (2011), describes the ACC and the location of basalts and location of the 

accreted islands.  

 

Fig. 15 shows that in the northern side of the peninsula, the gravity profile is nearly 

flat and has a big reduction in comparison to the south side. This drop in the gravity 

values usually shows a thicker crust beneath the surface. In this case, the 

thickening of the crust was created by the subduction of Cocos under the 

Caribbean plate, and it may represent the arc built on CLIP (Burke, 1978), also 

called Azuero plateau (Buchs, 2010). Also these gravity readings are very steady 

and uniform, taking into account that this side of the profile is mostly in N-S 

direction. The model shows a depth up to 16 km and according to Mickus (2003) 

the oceanic crust of Panama can go until 22 km in depth. This can be called a 

regional trend because of the characteristics I just mention. Sometimes the 

tendency of data with large wavelength means that this side is isostatically 

compensated. According to gravity theory the attraction of the Earth toward a 

mountain or a rock body has to be proportional to its size, but actually is less than 

expected because the mass of that body is match by an equal mass deficiency 

beneath. In consequence, this tends not to create an abrupt change in gravity 

leaving an anomaly with large wavelength, a gradual change is observed by this. 
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The compensation due by isostasy can be corrected but in this project it was not 

made. 

 

Smaller wavelength changes located north of the Azuero-Soná fault zone, 

represent small sedimentary wedges and basins filled with Cenozoic sediments 

and Late Cretaceous carbonates of the Ocú Fm.  

 

In the southern end of the gravity profile (Fig. 17), the large positive gravity 

anomaly could not be explained by rocks with measured densities (Table 2). It was 

needed to assume the presence of denser rocks (mantle with 5 gr/cc) in the south 

to be able to match the observed gravity anomaly.  

 

In the geological map (Fig. 2) there is a fault, but in this case this fault separates 

gabbros, peridotites and serpentinites from normal basalts and their sedimentary 

cover (Ocú Fm.). This seems to be a much more significant tectonic boundary than 

the Azuero-Soná fault. South of this major tectonic boundary there is one of the 

accreted oceanic islands, whose main composition is basaltic, but with high-density 

root that has not reached the surface. This part represents the deflexion created on 

the mantle by the seamount emplaced. The high density root was modeled in order 

to match the observed gravity of 160 mgal at the beginning of the profile. In Central 

American gravity models, made by Mickus (2003), also include high density blocks 

to match the observed data, blocks that where not taken into account because they 

have not reached the surface.  

 

These characteristics create the rapid change in anomalies to the south with 

variations from 80 mGals to 160 mGals that are showing uncompesated 

seamounts and crust with high density roots, that has ultramafic composition. A 

broad gravity positive along the southern part of the profile is related to features of 

the deep crust and upper mantle (high density).  

 

There are several sources of error to this model; first, the precision of the GPS in 

the moment of the measurement, sometimes at the beginning of the day the 
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humidity made it very difficult to take an exact coordinate and there is an error of 

about >10 cm in the position of the measurement. Second, the lack of topography 

correction, since the difference in elevation was between 100-150 m for this project 

was not take into account but it could change the final curve in some mGals. Third, 

the isostasy correction, which was also not performed here, could have change the 

north part of the model because the wavelength of the anomaly would have been 

smaller. Finally, there is something to take into account and to notice, all this 

sources of error can lead to a different model demonstrating the non-uniqueness of 

the models for gravimetry and each person can interpreted differently. The model 

presented here is one of the many interpretations, is the hypothesis that best 

matches the structural hypothesis (Fig.16) made in the field and later with help of 

the geological map (Fig. 2) 

7. CONCLUSIONS 
 

 All of the gravity anomalies where positive in the peninsula.  

 Although the Azuero-Soná fault is a prominent structure it does not 

represent the major tectonic boundary in the Azuero peninsula. Another 

structure to the south represents the main tectonic boundary.  

 Basement of both sides of the main tectonic boundary is composed by 

basalt but is clear that they are from different types, oceanic plateau against 

oceanic island.  

 The anomaly giving the arrangement of the basement rocks is bigger than 

the one created by the other lithologies, except for the intermediate 

instrusive body about 2 km from the surface.  

 The gravity model found a thickened crust north of the fault with depth to 16 

km aprox. And to the south, uncompensated seamounts with depth to 8 km 

and, with the thicker crust underneath, to 12 km.  

 The layer of sediment overlying the basement is thin and to the north it is a 

large structure horizontally.  
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 The profile found 3 main faults: to the south, the main tectonic boundary of 

Azuero is the fault helping the ultramafic rocks outcrop generating a regional 

anomaly with high values; at the center, Azuero-Soná fault zone, with 

different lithologies, but inspite of its size it only showed a small anomaly; 

and at the north, the Ocú-Parita fault which only showed the Ocú Fm. 

outcropping and a little anomaly.  

 Ocú Fm. was found on 3 parts in the profile, all of them with a max. depth of 

1 km.  

 To the north, a big intrusion of dacitic composition was found, 2 km from the 

surface.  
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Madrid.  

 

Case, J. (1974). Oceanic crust forms basement of eastern Panamá. U.S.  
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Panama). Bulletin de la Société Géologique de France, 184, 35-45.  

 

Cross, T. &. (1982). Controls of subduction geometry, location of magmatic arc,  



 42 

and tectonics of arc and back-arc regions. . Geological Society of America 
Bulletin, 545-562.  

 

del Giudice, D. R. (1969). Geología del área del projecto minero de Azuero.  
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