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CÁRDENAS–ESPINOSA3 , Norma Marcela LARA–MARTÍNEZ4 , Oscar Eduardo 
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OSPINA–MONTES7 , Andrés Felipe SALAMANCA–SAAVEDRA8 , and Gloria 
PRIETO–RINCÓN9 

Abstract Airborne geophysics is an easy way to increase and complement the geo-
logical knowledge of large areas, especially very remote areas like the Colombian 
Amazonia. For this objective and to identify areas of interest for mineral resources, 
the Colombian government has made extensive efforts to fly the Andean and eastern 
parts of the country, collecting more than 400 000 linear km of magnetic and gamma 
spectrometric information over the Colombian Amazonia. This document focuses on 
describing the potential of these data to increase the geological knowledge of the 
Amazonian region. It presents a methodology to interpret the geophysical data and its 
application over a specific area in the eastern Guainía Department. It was possible to 
identify Paleoproterozoic to Mesoproterozoic igneous and metamorphic rocks of the 
Guiana Shield (Mitú Complex, Parguaza Granite) and several lineaments and structural 
trends that have not been previously reported. These crystalline basement rocks are 
partially covered by Miocene sedimentary rocks, recent alluvial deposits, and dense 
rainforest coverage, which make geological mapping very difficult. The results increase 
the relevance of this type of geophysical interpretation to the geoscientific knowledge 
about Colombia. This paper also highlights the training of Colombian geoscientists in 
modern geophysical interpretation techniques.
Keywords: geophysical interpretation, magnetics, gamma spectrometry, Colombian Amazonia.

Resumen Usar la geofísica aerotransportada es una forma sencilla de aumentar y 
complementar el conocimiento geológico de grandes áreas, especialmente si son muy 
remotas como la Amazonia colombiana. Para lograr este objetivo y además identificar 
áreas de interés para recursos minerales, el Gobierno colombiano realizó esfuerzos 
para sobrevolar las zonas andina y oriental del país y adquirió más de 400 000 km 
lineales de información magnetométrica y gamma espectrométrica sobre la Amazonia 
colombiana. Este documento se centra en describir el potencial de estos datos geofí-
sicos para aumentar el conocimiento geológico sobre la región Amazónica. Presenta la 
metodología que se utilizó para la interpretación de los datos geofísicos adquiridos y 
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su aplicación en un área específica ubicada al oriente del departamento de Guainía, 
donde la interpretación geofísica permitió diferenciar las rocas ígneas y metamórfi-
cas paleoproterozoicas a mesoproterozoicas del Escudo de Guayana (Complejo Mitú y 
Granito de Parguaza) y varios lineamientos y tendencias estructurales que no han sido 
reportados anteriormente. Estas rocas cristalinas del basamento se encuentran par-
cialmente cubiertas por rocas sedimentarias del Mioceno, algunos depósitos aluviales 
recientes y una densa cobertura vegetal, la cual hace muy difícil el mapeo geológico. 
Los resultados aumentan la relevancia de este tipo de interpretaciones geofísicas 
para el conocimiento geocientífico de Colombia. Adicionalmente, en este trabajo se 
resalta el entrenamiento de geocientíficos colombianos en las técnicas modernas de 
interpretación geofísica.
Palabras clave: interpretación geofísica, magnetometría, gamma espectrometría, Amazonia 
colombiana.

1. Introduction

Modern geophysical techniques are commonly used by geolog-
ical surveys, academia, and industry around the world to aid in 
geological mapping, provide basic information about mining 
prospects, and strategic information to geological surveys even 
in areas where mining is restricted or prohibited (Dods et al., 
1989; Geological Survey of Ireland, 2017; Nakamura, 2015; 
Oliveira, 2014a; Oliveira, 2014b; Silva, 2014).

For these objectives, the easiest and most inexpensive way 
to cover large areas with geophysical data at regional to semi–
detailed resolutions is the use of fixed wing aircraft equipped 
with specific geophysical sensors suitable for the purposes of 
the survey (Table 1; Dentith & Mudge, 2014; Reeves, 2005), 
such as magnetic and gravimetric sensors over sedimentary ba-
sins and offshore regions for hydrocarbon exploration (Graterol 
& Vargas, 2010a, 2010b) and magnetic and gamma spectro-
metric sensors for mineral resource and geological mapping 
(Oliveira, 2014a; Oliveira, 2014b; Silva, 2014).

To increase the geological knowledge of the country and 
identify areas of interest for mineral resources, the Servicio 
Geológico Colombiano, in collaboration with external experts 
of the World Bank, selected areas of the country where geo-
logical, geochemical, and metallogenical information could 
be integrated with geophysical data to evaluate the miner-
al resource potential of these areas (Andean region) and  
other ones where the lack of geoscientific information could 
be complemented with the same geophysical information, 
such as the Orinoquia and Amazonian regions of eastern Co-
lombia (Moyano et al., 2016).

Airborne magnetometry and gamma spectrometry data ac-
quisition surveys were designed for selected areas. The surveys 
were distributed in parallel lines at 500 to 1000 meter spac-
ings to attain a good resolution for the areal coverage (Reeves, 
2005) and to acquire multi–purpose geophysical data (Olivei-
ra, 2014a; Oliveira, 2014b; Silva, 2014). This survey design 
represents more than 1 million line kilometers of geophysical 

information, of which nearly 400 000 line kilometers are in the 
Amazonian region (Figure 1).

Regionally, the geological basement in eastern Colombia 
(Orinoquia and Amazonian regions; Figure 2) is composed 
of rocks of the Amazonian Craton (Tassinari & Macambira, 
1999) and within Colombia corresponds to the Mitú Migma-
titic Complex (PP–Mmg1 sensu Gómez et al., 2015) or the 
Mitú Complex (Celada et al., 2006; López & Cramer, 2012; 
López et al., 2007; Rodríguez et al., 2011). These rocks include  
gneisses and amphibolites with migmatites, granitoids of differ-
ent compositions and alkaline and calc–alkaline affinities, and 
doleritic dikes (Bruneton et al., 1982; Celada et al., 2006; Gal-
vis et al., 1979; López & Cramer, 2012; Rodríguez et al., 2011). 
The rocks of this complex outcrop in the Guainía, Vaupés, and 
Caquetá Departments. The U–Pb SHRIMP and Sm–Nd ages for 

Source: Data modified from Dentith & Mudge (2014).

Note: M—geological mapping of prospective terrains; D—detection/delineation 
of the mineral environment.

Deposit type Gravimetry Magnetometry Resistivity Radioactivity

Iron formation M D M D D M

Coal M D

IOCG M D M D D D

Magmatic M D M D D

Primary diamonds M M

Uranium M M M D

Porphyry Cu, Mo M M D D D

SEDEX Pb–Zn M M D

Placer deposits M M

Skarns M M D

Groundwater M D

Petroleum M M M

Table 1. Geophysical methods commonly used in the exploration 
of several important types of mineral deposits.
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the rocks of the Mitú Complex range from 2.2 Ga to 1520 Ma 
(Cordani et al., 2016; Tassinari et al., 1996).

The Roraima and Pedrera Formations (MP–Mvlg1 sensu 
Gómez et al., 2015), which were introduced by Gansser (1954), 
are a sequence of oligomictic conglomerates with alternating 
shales and ferruginous conglomerate sandstones that uncon-
formably overlies the Mitú Complex. It has been identified 
in the Naquén and Caracanoa mountain ranges (Santos et al., 
2003) and along the Vaupés and Guaviare Rivers (Julivert, 
1968). Galvis et al. (1979) identified outcrops in the central 
and southeastern areas of the Guainía Department (Ingeomi-

nas, 1988). Acid subvolcanic dikes in the Roraima Formation 
metasedimentites have a 1496 ± 30 Ma Rb–Sr whole–rock age 
and an age of 1045 ± 19 Ma – 1293 ± 18 Ma K–Ar for several 
muscovite schists (Pinheiro et al., 1976). A maximum age of 
1895 ± 15 Ma was derived from U–Pb SHRIMP dating (Santos 
et al., 2000).

The Parguaza Granite (MP–Pf1) is characterized as a granite 
with alkaline affinity (González & Pinto, 1990) that outcrops 
as isolated bodies in the plains in the eastern parts of the Vi-
chada and Guainía Departments (Celada et al., 2006) and along 
the western margin of the Orinoco River. Numerous dikes with 

Figure 1. Location and line spacing of the airborne geophysical surveys.
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lenticular and tabular shapes, irregular bodies of microgranites, 
quartz and K–feldspar pegmatites, and quartz dikes intrude the 
Parguaza Granite (Celada et al., 2006). The geochronological 
data of Priem et al. (1982) suggest an age of 1575–1450 Ma for 
the emplacement of the Parguaza Granite (López & Cramer, 
2012), whereas U–Pb ages of zircons by LA–ICP–MS give an 
age of 1401 ± 2 Ma (Bonilla–Pérez et al., 2013).

The Piraparaná Formation (NP–VCc) is composed of rhy-
odacitic lava flows toward the base with pyroclastic deposits 
mixed with polymictic conglomerates and arkosic sandstones 

that grade into quartz sandstones toward the top (Celada et al., 
2006). It is represented by a folded sedimentary to metasedimen-
tary sequence that outcrops at Yaca–Yaca on the Vaupés River 
and on the Piraparaná River to the south (Galvis et al., 1979). 
Preliminary Rb/Sr whole–rock isotopic dating results give the 
Piraparaná Formation an age of 1200 Ma (Priem et al., 1982).

The sedimentary rocks (O–Sm) form non–continuous pla-
teaus that trend north–south and include a sequence of marine 
siltstones, shales, limonites, metasiltstones, feldspar metasand-
stones, and fine–grained metasandstones with marble lenses. 

Figure 2. Geological framework of eastern Colombia (simplified from Gómez et al., 2015).
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Thery (1982) and Bogotá (1982) proposed an Ordovician age 
for this unit. Finally, several Cenozoic and Quaternary depos-
its (N1–Sc, Q–t, Q–d, Q–al) composed of eolian sandstones, 
lateritic terraces, and recent alluvial sediments cover the area.

The Quaternary deposits and dense vegetation coverage 
of the area make it difficult to identify structural features, 
but regional lineaments that affect the sedimentary cover 
and control the drainage can be identified in the area (Figure 
3). The faults in the Naquén mountain range affect the Mitú 
Complex and can be related to regional structural features 

(Ingeominas, 1989). The Carurú Lineament (Gómez et al., 
2015) strikes approximately N30°W and was described by 
De Boorder (1980) as a lineament drawn from scarps in the 
Roraima and Pedrera Formations that also controls the chan-
nels of the Inírida and Vaupés Rivers in some areas (Celada 
et al., 2006). To the south of this area, other lineaments that 
strike approximately N30°W control the upper portions of the 
Caquetá and Apaporis Rivers. Furthermore, a lineament that 
strikes N40°E between the Caquetá and Apaporis Rivers also 
controls portions of their channels.
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The Mitú Fault is described by Galvis et al. (1979) as 
part of a fault system that strikes N40°E to N60°E (Celada 
et al., 2006) and was identified as a lineament by Gómez et 
al. (2015). Another fault of this system that affects the Mitú 
Complex is the Caño Chaquita Fault, which extends to the 
SW and may be a continuation of the Mitú Fault (Celada et 
al., 2006). The Naquén Fault is described by De Boorder 
(1980) as a fault with a dip–slip component where the rocks 
associated with the Roraima and Pedrera Formations are in 
contact with the Mitú Complex. This fault was later called the 
“Maimachi Fault System” by Ingeominas (1989) (Celada et 
al., 2006). The Río Aque Fault is located on the eastern side 
of the Naquén mountain range and is considered to be a fault 
with a dip–slip component that was reactivated from the Pre-
cambrian to the Cenozoic (Ingeominas, 1989). The Río Aque 

and Naquén Faults define the wedge that is composed of the 
Naquén mountain range (Galvis et al., 1979).

2. Geophysical Methods Used

2.1. Gamma Ray Spectrometry

Gamma ray spectrometry is a geophysical method used to 
measure the energy spectrum and intensity of the radiation 
emitted from the materials at the earth’s surface. Radioactive 
isotopes of the elements potassium (40K), uranium (231U, 238U, 
and their daughters), and thorium (232Th and its daughter) are 
the only ones that produce sufficient intensities to be used in 
radiometric mapping (International Atomic Energy Agency, 
1991).

Figure 4. K, U, and Th isotope concentrations in different types of rocks (modified from Dickson & Scott, 1997).
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Figure 5. Magnetic susceptibilities of common rock types (modified from Hunt et al., 1995).

Gamma ray spectrometry is a passive method, which means 
that no external signal is necessary to generate a response from 
the source. Its applications include geological mapping (Na-
kamura, 2015; Oliveira, 2014a; Oliveira, 2014b; Silva, 2014), 
taking into account the variation on the concentrations of K, 
U, and Th isotopes according to the type of rock (Figure 4), 
detection of zones with hydrothermal alteration (Fueg, 2010), 
particularly in the identification of potassic alteration related to 
porphyry–type, silver and hydrothermal gold deposits and in 
volcanic massive sulfides (Shives et al., 1997).

The acquisition equipment includes a gamma ray spectrom-
eter, which is composed of crystal detectors of NaI (thallium 
activated) that are sensitive to gamma radiation and generate 
pulses that pass through a photomultiplier that convert them 
into an electrical signal that can be counted, discriminated, and 

compiled into an energy spectrum (California State University, 
2014). This energy corresponds to isotopes from many sources, 
so it is necessary to perform pre–processing to remove noise 
from the raw data. The reduction process involves several pa-
rameters and coefficients that must be calculated in a calibration 
range (International Atomic Energy Agency, 1991) using cali-
bration pads of known K, U, Th and background concentrations 
and also by test lines performed before and after every data 
acquisition flight.

From the raw database of the counts per unit time of each 
element (whose energy levels are known), several corrections 
must be applied, including the dead time (small gaps of time 
when the equipment registers the number of counts and does 
not measure data), aircraft and cosmic radiation background 
removal, radon removal, Compton scattering (influence of de-
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caying isotopes from higher energy isotopes into lower ener-
gy isotopes), and atmospheric attenuation related to the flight 
height above the ground. Finally, these corrected counts per unit 
time are transformed into grids of the relative concentrations of 
K (%), U (ppm), and Th (ppm) (International Atomic Energy 
Agency, 2003).

2.2. Magnetometry

Magnetometry is a potential field method (Telford et al., 1990) 
that measures the variations of the Earth’s magnetic field. The 

variations from the International Geomagnetic Reference Field 
(IGRF) (National Oceanic & Atmospheric Administration, 
2018) are considered “anomalies” that are responses to changes 
in the magnetic properties (magnetic susceptibility) of the rocks 
(Figure 5) and materials of the Earth’s crust. This total magnetic 
field anomaly (TFA) map is the basis of the processing and 
interpretation of magnetometry data.

The acquisition equipment for aeromagnetic surveys con-
sists of a magnetometer that measures the intensity of the mag-
netic field along each flight line. Before calculating the TFA, 
the raw data must be compensated for and reduced from noise 
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and variations related to the acquisition itself, including lag cor-
rection, heading, diurnal variations, levelling, and micro–level-
ling (Reeves, 2005). After these corrections are performed, the 
resulting measured magnetic field grid is subtracted from the 
IGRF to obtain the TFA.

Aeromagnetic surveys provide magnetic anomaly maps 
(Corrêa et al., 2017; Dentith & Mudge, 2014; De Sousa–Moro 
et al., 2018). Large areas can be mapped quickly, without inter-
pretation bias, irrespective of surface cover and with minimal 
terrain restrictions (Reeves, 2005). Most importantly, the geo-
logic and structural information that can be gleaned from aero-

magnetic data (Dentith & Mudge, 2014; Reeves, 2005) make 
magnetometry a unique tool for earth scientists.

The main applications of magnetometry are (Table 1) geo-
logical mapping (Oliveira, 2014a; Oliveira, 2014b; Silva, 2014), 
delineation of geological structures (De Sousa–Moro et al., 2018; 
Ramos et al., 2014), studies of porphyry copper/gold deposits 
and related hydrothermal alteration/mineralization (Heithersay & 
Walshe, 1995; Jhon et al., 2010), direct searches for iron oxide 
copper–gold (IOCG) systems, alkaline bodies containing dia-
monds and iron deposits (Nannini et al., 2017), and studies on con-
tinental–scale geotectonic trends (Kronenberg & Reeves, 2011).
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3. Processing the Geophysical Datasets

The principal objective of these airborne surveys was to eva- 
luate the potential for mineral resources in Colombia using 
high–resolution geophysical data processing for target selection 
and characterization over selected areas of the country. In ad-
dition, the acquisition of this type of broad coverage geophys-
ical information for the first time in the history of the country 
provides data with a resolution that was not previously avail-
able (Graterol & Vargas, 2010a, 2010b; Kronenberg & Reeves, 

2011). The data provide a tool to enhance the geological knowl-
edge about areas of limited accessibility and dense vegetation 
and soil coverage, like the Amazonian region.

This gamma spectrometric and magnetometric information 
(Figures 6, 7) provides the Colombian government with high 
quality geophysical data suitable for surface geological map-
ping and mineral resource exploration and also for the research 
of the geology and evolution of the Amazonian Craton because 
the magnetometry method is more sensitive to the higher mag-
netic susceptibilities of the metamorphic and igneous rocks of 

6° 00'  N

2° 00' N

0°

2° 00' S

4° 00' S

72
° 

00
' W

70
° 

00
' W

68
° 

00
' W

4° 00' N

Venezuela

Brasil

Perú

Puerto
Carreño

Inírida

Mitú

Inírida

Mitú

LeticiaLeticia

Tunja
Yopal

Villavicencio

San José
del Guaviare

0 65 130 km

1.25 dz 1.5 dz

1 dz

Figure 8. Ternary image of partial derivatives (1 dz, 1.25 dz, 1.5 dz) of the TFA for eastern Colombia.



27 P
ro

te
ro

zo
ic

Contribution of New Airborne Geophysical Information to the Geological Knowledge of Eastern Colombia

the basement than to the low–magnetic susceptibility of the 
sedimentary rocks and soil in the study area (Graterol, 2006, 
2009; Graterol & Vargas 2007).

A procedure was developed to process the airborne geo-
physical data to generate information that will help geoscien-
tists increase the geological knowledge and to select areas of 
interest for mineral resource exploration over remote areas. The 
steps of this procedure are:

Construct a ternary image (International Atomic Energy 
Agency, 2003) that represents the surface distribution of 

radioactive isotopes over the survey area as a combination 
of the relative concentrations of K (red), Th (green), and 
U (blue). Qualitative regional to semi–detailed litho–geo-
physical maps can be constructed that show different radio-
metric domains based on the variability on the proportions 
of the three isotopes, which provide information to improve 
the geological cartography (Dentith & Mudge, 2014; Ford 
et al., 2008; International Atomic Energy Agency, 2003; 
Martelet et al., 2006; Minty, 1997; Oliveira, 2014a; Olivei-
ra 2014b; Ramos et al., 2014) as shown in Figure 6.
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Figure 10. Regional geology of the study area. (a) Modified from Bruneton et al. (1982). (b) Simplified from Gómez et al. (2015).

Calculate the vertical derivatives (1 dz, 1.25 dz, and 1.50 
dz) of the TFA (Dentith & Mudge, 2014) and display it on 
a ternary image (Figure 8). This representation provides 
a coverage suitable for delineating magnetic domains 
(Dentith & Mudge, 2014) because it enhances the high 
frequency attributes of the magnetometric data and their 
lateral variations, which allows the interpreter to separate 
different textures that could be related to variations in the 
magnetic susceptibility of the basement rocks and hence 
to possibly discriminate different lithologies.
Calculate the tilt angle derivative (Salem et al., 2015) and 
display it on a grid (Figure 9). The tilt image results from 
the arctangent of the vertical derivative divided by the total 
horizontal derivatives (x, y) of the reduction to magnetic 
pole (RTP) (Baranov & Naudy, 1964) of the TFA. Tilt de-
rivative calculation provides an image that enhances the 
borders and linear features of magnetic data that are useful 
for identifying magnetic lineaments of geological interest, 
such as fractures, faults, and dikes (Curto et al., 2013; Fair-
head et al., 2004).

4. Results

To illustrate the potential of the geophysical data and the inter-
pretation procedure for geological interpretation, an area of the 
Guainía Department near the Venezuela and Brasil border was se-
lected due to the regional geology (Bruneton et al., 1982, Celada 
et al., 2006; López et al., 2007; López & Cramer, 2012; Gómez et 
al., 2015), which can be correlated with the geophysical features 
to extend the geological/geophysical interpretation (Figure 10).

Figure 11 shows the ternary image of the gamma spectro-
metric data for the east Guainía area. The northern part of this 
area contains low values of the relative concentrations of radio-
active elements (domain 3; see Figure 11b), which are reflected 
by the darker colors on the ternary image (Figure 11a). In the 
central and southern parts of the area, the relative concentrations 
of the radioactive elements increase (light colors; see Figure 
11a). From these gamma spectrometric domains, it is possible 
to differentiate a group of domains with relatively high counts 
of radioactive isotopes (e.g., 1, 4, 6, 7, 10; see Figure 11b) and 
others with lower radioactive element contents (e.g., 3, 8, 9; 
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see Figure 11b). A comparison with the geological information 
(Figure 10a; Bruneton et al., 1982) shows a correlation between 
the groups with high radioisotope contents and areas with more 
igneous rocks and between the groups with lower radioisotopes 
contents and areas with more metamorphic lithologies.

Figure 12 shows the ternary image for the magnetometry 
data. The qualitative contrasts in the texture and intensity of 
the magnetic responses over the area indicate several magnetic 
domains (Figure 12b) that can be grouped into high magnetic 
responses (e.g., 1, 2; see Figure 12b) and low magnetic respons-
es (e.g., 3, 4; see Figure12b). Based on the average magnetic 
susceptibilities of common rock types (Figure 5), the magnetic 
response of igneous rocks will be higher than that of metamor-
phic rocks. Furthermore, a comparison of the magnetic domains 
with the available geological information (Bruneton et al., 
1982) shows an association between high to medium magnetic 
domains and igneous lithologies and between low to medium 
magnetic domains and metamorphic lithologies.

The magnetic lineaments extracted from the tilt derivative 
image (Figure 13b) show three different patterns. The first in-
cludes N50°E to N60°E lineaments that affect the structure at a 

large scale and are parallel to the Caño Chaquita Lineament to 
the north of the study area and that were also identified in Bra-
sil to the south (Almeida et al., 2004). The N50°E lineaments 
are closely related to another group of major lineaments that 
strike N40°W to form a nearly orthogonal family that is present 
over the entire area. Several dike– or pegmatite–like lineaments 
along the southeastern border of the Guainía Department are 
similar to the N40°W trends (Figure 13). Finally, an incipient 
pattern with trends of N10°E to N15°E was delineated from the 
magnetic and radiometric images (Figure 14).

5. Discussion

Based on the available geological data, in the eastern part of the 
Guainía region, approximately 80% of the total area corresponds 
to granitoids (Bruneton et al., 1982). The area also contains met-
amorphic rocks of high amphibolite facies, such as orthogneisses 
and paragneisses with high potassium contents due to metasoma-
tism (Bruneton et al., 1982; Galvis et al., 1979). However, the 
absence of outcrops in the region did not allow the boundaries 
between the granitoids and the metamorphic rocks to be estab-
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Figure 11. (a) Ternary gamma spectrometric image of the Guainía area. (b) Delineated radiometric domains of the Guainía area.
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lished accurately. For this reason, the geological mapping can be 
improved by the use of the geophysical domains and lineaments 
obtained in this study, which were interpreted as variations in 
the physical properties of the different types of rocks identified 
in the area. Using the new geophysical data, the magnetic and 
radiometric domains, and magnetic lineaments defined here are 
linked with some of the lithologies of the Mitú Complex, Pargua-
za Granite, and other igneous rocks (Figure 14).

The geophysical signatures of the localities in which Par-
guaza–type granitoids have been described include polygonal 
areas with low magnetism and sharp magnetic borders. In ad-
dition, relatively high K, Th, and U contents (Figure 4) are 
commonly related to this type of granitoid. Consequently, low 
magnetic and high gamma spectrometric domains with these 
polygonal shapes were mapped in the southwestern Guainía 
area as Parguaza–type granitoids (Figure 14).

The San Felipe–type porphyroblast granite and the biotite 
granite, mapped by Bruneton et al. (1982) as porphyroblastic 
granite and two micas granite, respectively (Figure 10a), are 
correlated with high magnetic responses (Figure 12a), medium 
K contents and medium to high Th–U contents (Figure 11a). 
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Figure 12. (a) Ternary image of the magnetic derivatives for the Guainía area. (b) Delineated magnetometric domains for the Guainía area.

For that reason, the geophysical domains with the same char-
acteristics were mapped as San Felipe–type and biotite gran-
ites. For example, in the northern part of the study area, several 
highly magnetic bodies are associated with biotite granites, 
although they do not have the same gamma signature. Also in 
the north, an intrusive body was mapped based on its circular 
shape, high K content, and high magnetic response.

Several low magnetic responses with low to medium K–U 
contents and low Th contents are correlated with metamorphic 
rocks mapped by Bruneton et al. (1982). These metamorphic 
rocks continue into Brasil as the “Complexo Cumati, Fácies 
Tonu” (Almeida et al., 2004) as a sequence of locally migmatit-
ic biotite orthogneisses. These rock types also contain magnetic 
lineaments (Figure 13) with prevalent E–W and N70°E–N80°E 
strikes, which could be related to foliations and/or fractures that 
also bend in some locations.

6. Conclusions

The Servicio Geológico Colombiano, in collaboration with 
external experts from the World Bank, designed an airborne 
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Figure 13. (a) Tilt derivatives of the RTP of the TFA. (b) Delineated magnetic lineaments and geological structures.

magnetometry and gamma spectrometry data acquisition sur-
vey to collect multi–purpose geophysical data to evaluate the 
mineral resource potential of the country and to increase the 
geoscientific knowledge of remote areas like the Amazonian 
region. For this purpose, a methodology for processing geo-
physical information to generate datasets and images with an 
emphasis on geological mapping was presented.

To illustrate the applicability of the methodology, the pro-
cedure was applied to an area in the Guainía Department. 
The geophysical domains and lineaments were compared and 
integrated with the available geological information, which 
allowed these domains to be classified into geological units 
and also allowed new units with similar geophysical signa-
tures to be delineated. All of these data were incorporated 
into a litho–geophysical map of the study area (Figure 14).

The lineaments and faults identified on the available geo-
logical maps were also identified in the magnetic images. For 
example, the Caño Chaquita Lineament and the lineament 
near the town of San Felipe are clearly identifiable in the 
tilt derivative image and the ternary diagram of the deriva-

tives. The Río Aque Fault is also easily recognizable to the 
southwest of the study area. In addition, several other linear 
features share the same orientation with lineaments mapped  
in Brasil.

This example demonstrates that this methodology of in-
terpreting gamma spectrometric and magnetometric data is 
a good complement for early stage geological mapping in 
remote areas like the Amazonian region, where the collection 
of regional scale cartography will require several decades. 
Using the data collected in this survey, costs and time can be 
optimized by distinguishing prominent control localities to 
identify and map geological contacts and structural elements, 
which will have a significant effect on further mapping.
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Figure 14. Map showing the integration of geophysical and geological information of the Guainía area.
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