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EXECUTIVE SUMMARY

The Vaupés-Amazonas Basin in the southeasternmost part of 
Colombia is separated from the petroliferous Llanos basin in the north 
by the Vaupés swell and from the equally petroliferous subandean 
Putumayo basin by the Araracuara uplift in the west, and shares a small 
part of its sedimentary history with the Brazilian Solimões basin in the 
south. Most of the basin consists of a shallow sedimentary cover over 
a crystalline Precambrian basement, and in some areas the basement 
forms larger continuous outcrops. The basement itself consists mainly of 
Paleoproterozoic gneisses, intruded by Mesoproterozoic granitoid bodies. 
The available gravimetric,  aeromagnetic  and seismic data are of very low 
quality, but the tentative interpretation shows it to be unlikely that larger 
basins or rifts underlie the sedimentary cover.

The oldest sedimentary formations are the Mesoproterozoic gold-
bearing Tunuí metasandstones up to 2000 m thick, which form prominent 
ridges protruding from the surrounding dissected lowlands. Because 
of the low-grade metamorphism, these rocks do not offer prospectivity 
for hydrocarbons. A second sedimentary sequence, the probably late 
Precambrian Piraparaná formation, consists mainly of unmetamorphosed 
continental reddish polymict conglomerates up to 80 m thick, and in spite 
of being very poorly studied, also shows little perspective of containing 
hydrocarbons. 

The unmetamorphosed Ordovician Araracuara sandstones, which 
form impressive table mountains, cover the Precambrian basement 
unconformably. They have been dated as Floian (Arenigian) on the basis of 
acritarchs, and may attain thicknesses up to 1500m, as has been recorded 
in the only well that was drilled in the basin, Vaupés-1. In principle these 
coastal to shallow marine sandstones could be excellent reservoirs, 

however, there are no source rocks anywhere in the basin that could 
have charged them. In former reports the occurrence of Paleozoic or 
Mesozoic  limestones was described from the area, and on that basis the 
well Vaupés-1 was drilled. However, these reports have appeared to be 
incorrect, this limestone does not exist. Therefore it is no surprise that the 
sandstone in well Vaupés-1 directly overlies the Precambrian basement. 

In the 3800 m deep Paleozoic Solimões Basin in Brazil, just southeast 
of the Vaupés-Amazonas basin several oil and gas fields are producing. 
Source rocks are Upper Devonian black shales, the main reservoirs are in 
Upper Carboniferous and Permian coastal sandstones, and the seals are 
formed by Permian evaporites. Maturation is the result of the intrusion 
of Permotriassic diabase sills and dykes. The southernmost tip of the 
Vaupés-Amazonas basin near the town of Leticia is situated just within 
the Solimões  basin, and this is therefore the only area which holds some 
promises for hydrocarbons. 

In large parts of the area Neogene fluvial and lacustrine sediments up 
to 300 m in thickness rest unconformably upon the crystalline basement. 
A lower Early-Middle Miocene sandy unit and an upper Middle to Late 
Miocene lacustrine unit were distinguished on the basis of palynological 
data. Within these sequences the birth of the present-day Amazon river 
by Andean uplift is recorded. Both units contain lignite horizons, but for 
hydrocarbons these formations are of no interest. 

Flights of Pleistocene river terraces consisting of gravel, sand, clays 
and organic horizons are found along the major rivers, indicating tectonic 
uplift driven by Andean orogeny is still going on, as is also evident from 
recent changes in the drainage patterns.
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1 - INTRODUCTION

1.1. LOCATION

The Vaupés-Amazonas Basin covers an area of approximately 155 
000 sq. km in the southeastern corner of Colombia bordering with Brazil 
and Perú, and constitutes one of the least explored areas of the country. 
The area is essentially a dissected lowland  covered by rain forest, and 
drained by the Caquetá, Putumayo and Amazonas rivers of Andean origin, 
and the Vaupés river of Amazonian origin. The area is sparsely settled, 
Mitú and Leticia are the major settlements. 

Figure 1. The Vaupés-Amazonas basin (23) in Colombia, Vargas Jiménez, 2009

1.2. EXPLORATION HISTORY

A good review of previous geological studies in the Colombian 
Amazones is given by Celada et al., (2006). Specific exploration for 
hydrocarbons has been carried out by AMOCO and Robertson Research in 
1988, including seismics and drilling a single well, Vaupés-1 (see Aleman, 
1988 and Franks, 1988). 







2. GEOLOGICAL  FRAMEWORK
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CHAPTER 2 - GEOLOGICAL FRAMEWORK

2.1. TECTONIC SETTING 

The Vaupés-Amazonas basin is bounded in the north and east by a 
prominent uplift, the Vaupés swell, which separates the Amazon basin s.l. 
from that of the petroliferous  Llanos Orientales basin and also forms the 
divide between the drainage basins of the Amazon and the Orinoco rivers 
(Fig. 2).  Uplift here started in the Miocene and seems to be going on up to 
the present day.   On its western side it is separated from the petroliferous 
subandean Putumayo basin by the N-S stretching Chiribiquete, Araracuara 
or Florencia uplift (Fig. 3). To the south it continues into Brazil and Perú.

The extreme southeasternmost tip of the so-called Colombian 
“trapecio amazónico”, the narrow corridor from the Putumayo river to the 
Amazon river, belongs to the  intracratonic, WSW-ENE striking Paleozoic 
Solimões basin situated largely in Brazil (Fig. 4). The Solimões basin itself is 
in this area about 300-400 km wide and over 3800 m deep, and is bounded 
by two prominent NNW-SSE striking uplifts, the Iquitos Arch in the west 
and the Purús Arch in the east. A third uplift in the middle of the basin, 
the Carauarí Arch subdivides it in two parts, the western Jandiatuba and 
eastern Juruá subbasins  (Caputo, 1991; Wanderley Filho, Eiras, da C. 
Cunha & van der Ven, 2010).  The northern boundary of the Jandiatuba 
subbasin passes just north of the town of Leticia. 1993).

The whole area is underlain by the Paleo- to Mesoproterozoic  
crystalline basement of the Guiana shield, which crops out especially in 
the area around Mitú along the Vaupés river and locally in cataracts in 
the Caquetá and other rivers. The basement is locally overlain by folded 
and metamorphosed Precambrian sandstones and associated volcanics, 
forming prominent N-S oriented fold ridges.  These represent the 
remnants of Meso- to Neoproterozoic basins, probably of different ages. 
Folding and metamorphism probably occurred during the Neoproterozoic 
Grenvillian orogeny along the western margin of the Amazonian Craton. 
Further westwards unmetamorphosed Paleozoic sandstones form 
impressive plateaus in two N-S oriented belts, testifying of a shortlived 
Lower Ordovician transgression in an epicontinental basin. All outcrops 
of Precambrian and Paleozoic rocks are considered to form part of the 
Vaupés uplift.

The dissected lowlands between basement, ridges and plateaus are underlain 
by unconsolidated Neogene and Quaternary sediments, which according to seismic 
and well data do not exceed 200-300 m in thickness. In seismic profiles they are 
interpreted to be underlain by 100-400 metres of Paleozoic sandstones, and the top 
of the basement is present at 500-800 m depth.    A single well drilled in 1988 in 
the depocentre of the Vaupés basin, at a site surrounded by Paleozoic sandstone 
plateaus, passed through about 1500 m of unmetamorphosed,  presumably 
Paleozoic sandstones, followed by about 50 m of (?)metamorphosed sandstone, 
and gabbroic Precambrian basement until the bottom at 1606 m depth. 

Figure 2. Location of the Vaupés-Amazonas basin in the Andean-
Amazonian context (Macellari & Hermoza, 2009)
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Figure 3. Location of the Neogene Vaupés-Amazonas Basin (Hoorn,  1994)
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CHAPTER 2 - GEOLOGICAL FRAMEWORK

Figure 4.The northern boundary of the Solimões basin passes just north of Leticia (Caputo, 1991)
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2.2. SURFACE STRUCTURAL EXPRESSION

2.2.1. DRAINAGE PATTERNS 

Present-day drainage patterns reflect partly structural control by 
the subsurface, but also actual tectonic movements. While the Guaviare, 
Caquetá, Putumayo and Amazonas rivers originate in the Andes, the source 
rivers of the Inírida, Vaupés and Apaporis rivers all originate in a small area 
near the San José del Guaviare syenite uplift, at the northwestern extension 
of the Vaupés swell.  Another indication of recent tectonics is the fact that 
the rivers south of the Río Guaviare have long left tributaries and very short 
right tributaries, and that prominent river captures have occurred such as 
the capture of the Río Guainía by the Río Negro, and that of the Río Caguán 
by the Caquetá. All this suggests the whole basin is actively being tilted 
southwards towards the Amazon (Khobzi, Kroonenberg, Faivre & Weeda, 
1980), probably as a result of continuing uplift of the Vaupés swell which 
started in the Late Miocene (Mora et al., 2010). 

2.2.2. RADAR LINEAMENTS AND STRUCTURAL CONTROL

As a part of the PRORADAM project, an extensive study of lineaments 
from 1:200,000  radar imagery was undertaken by De Boorder (1980, 
1981). At that time no geophysical information was available, and even 
up to now it is the only structural information that appears on national 
geological maps. De Boorder distinguishes larger regional lineaments 
100-300 km long, such as the WNW Carurú lineament more or less 
parallel to the Vaupés river, which is based on the parallel alineation of 
scarps of the Paleozoic sandstone plateaus. It runs more or less parallel 
to the grain of the Vaupés swell. Similar lineaments occur parallel to the 
Apaporis and Caquetá river. Furthermore, there are six major lineaments 
with orientations between NNE-SSW and ENE-WSW (Fig. 5). Surprisingly 
the prominent NNW-SSE alignment of the elongate sandstone plateaus of 
Araracuara and Chiribiquete has not been indicated as a lineament.  

A major feature is the La Trampa (The Trap) wedge, a curved 
segment between prominent NE-SW lineaments running from the Vaupes 
southwards to the Putumayo river, and identified on the basis of lineaments 
a.o. along the Pirá river, the large southwards bends in the Putumayo river, 
and the occurrence of several deep earthquake foci  in this area (Fig. 5). 
According to De Boorder this could represent a possible rift structure which 
might be prospective for hydrocarbons. However, the aeromagnetic data 
do not support the presence of a rift structure (see below).The distribution 
of smaller lineaments in the area could give clues to important tectonic 
or lithological discontinuities below the cover of younger sediments (De 
Boorder, 1980, 1981). The southward bends of Putumayo and Amazonas 
rivers were interpreted by Wesselingh (2006) to form part of a very gentle 
fold structure on the basis of the distribution of mollusc horizons (Fig. 6).

  

Figure 5. Major lineaments derived from radar imagery (De Boorder, 1980, 
1981). Legend: a: tectonic lineament, mainly from radar imagery; b: lineament 
deduced from alignment epicentres deep earthquakes; c: epicentres deep 
earthquakes; d: major outcrop of Araracuara Formation;  e: major outcrop of 
Piraparaná Formation; f: major outcrops of Tunuí Formation; g: outline of area 
for microlineament studies.
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2.3. STRUCTURAL CROSS-SECTIONS

There exist several conceptual structural cross-sections of the Vaupés-
Amazonas basin (ANH, 2009; García-González et al., 2009, Fig. 7). The 
profiles suggest  that the Paleozoic sandstone plateaus are the remnants 
of gently  downfolded and partly faulted shallow basins. However, there 
is no evidence for any Cretaceous in the basin, as erroneously suggested 
by the sections, and Paleogene should be labeled Neogene. The extreme 
scarcity of information render these cross-sections entirely conjectural.

2.4. GRAVIMETRIC AND MAGNETOMETRIC INTERPRETATION.

Available geophysical data for the area are sparse and mostly of 
low quality for the purpose of extending geological mapping into areas 
covered by younger formations. The main block of aeromagnetic survey, 
flown for Amoco in 1987, has a line spacing of 20 km at a high altitude 
(1370 m), affording only a few per cent of the resolution obtainable with 
surveys typical for this purpose at the present day. Other data sets used 
were even more regional in nature, namely the DNSC08 gravity anomaly 
map of the world and a local map for SE Colombia and crude images of the 
(incomplete) aeromagnetic coverage of all Brazil and of South America as 
a whole. These data were only available as images, so no digital processing 
of numerical data was possible to enhance the possible expression of 
geological features. 

A major regional feature in the aeromagnetic data is an arcuate 
magnetic positive ([A] Fig. 9 ), E-W trending, concave to the north, lying 
immediately south of the Amazon River and therefore south of the area 
of present interest. It is of a size and orientation that suggests it may 
mark the SW extremity of the cratonic areas of the Guiana Shield north of 
the Amazon. It resembles in scale and shape other gravity and magnetic 
features further east that mark other parts of that boundary. 

Its direct tectonic and lithological interpretation is not immediately 
evident. The eastern termination of the structure tapers out near the 
Carauarí arch within the Solimões basin, so the first thought might be 
that it represents the Triassic diabase sills found intercalated in the basin 
(Wanderley Filho et al., 2010). However, further west it straddles the 
northern boundary fault of the basin and continues under the Putumayo 
basin in a northwestern direction to abut against the Andean chain. 
Moreover, the feature is much too prominent to be correlated with a diabase 
sill, and must represent a deeper crustal structure in the basement below 
the Solimões basin. A recent compilation of the geology of the Amazon 
Craton (Kroonenberg and De Roever, 2010, Fig. 10) supposes the presence 
of a Grenvillian orogenic belt at the western margin of the Amazonian 
Craton, connecting the Andean high-grade rocks of the Garzón Massif with 

the Grenvillian rocks in the southwestern part of the Amazonian Craton. 
The western part of their Grenvillian belt coincides with the anomalous 
structure. This is supported by new Grenvillian ages obtained from 
crystalline rocks recovered from deep drill holes by oil companies in the 
Putumayo basin (Ibáñez Mejía, 2010, Fig. 11)

There is no evidence in either regional gravity or magnetic data 
to suggest that any other major discontinuity lies between the areas of 
Precambrian outcrop to the N and E of the study area (i.e. the Guiana 
Shield)and the arcuate feature [A]. The most conservative assumption is 
therefore that crystalline rocks similar to those of the Guiana shield extend 
SW, at depth, below the area of interest and the Paleozoic cover rocks, and 
terminate against [A] before the Andean belt is reached. This interpretation 
is shown overlain on the regional gravity data in Fig. 8 and on the Brazilian 
aeromagnetic data in Fig. 9. 

 Other areas of higher resolution aeromagnetic data [B] immediately 
NE of the study area have been interpreted in some detail by others (Celada 
et al., 2006; Graterol & Rey, 2009) and the line-work has been digitized and 
is shown in dark blue in Fig. 13.

Typical features are the NW-SE oriented positive anomalies around 
the Vaupés swell, transected by NE-SW dextral faults (Fig. 12, 13). This rather 
informal interpretation of the 20-km spaced data agrees with earlier work 
further north  where the main features also appear to be regional scale 
faults with dextral offset striking NE-SW (Celada et al., 2006). These NW-
SE structures are evident in the gravity coverage and also in the regional 
satellite magnetic coverage (Fig. 14, Hernández, 2006).

At the geomagnetic inclination that exists in the region, any large 
body of non-magnetic rock, such the sedimentary fill of a rift, would be 
expected to produce a magnetic anomaly that was predominantly positive. 
Such an anomaly, striking NW-SE, is interpreted by Hernandez, and has a 
width of about 80 km. No such clear structure is evident in the local gravity 
data nor in the Amoco aeromagnetic data, though the latter do indicate 
subdued anomalies with the same trend. The SW flank of the ‘rift’ of 
Hernandez coincides with the NE flank of the pair of parallel faults shown 
by García-González (2009).
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Figure 6. River courses run parallel to mollusc isochrons (in red), anticlinal axis in green 
(Wesselingh, 2006) see par 3.6. 
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Figure 7. Conceptual structural cross secions of the Vaupés-Amazonas basin. Modified after García-González et al., 2009.   A: N-S 
profile;  B: SW-NE profile  C: location of profile A; D: location of profile B. See text for comments. 
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Figure 8. Gravity Image map of northern South 
America from the DNSC08 world gravity model with 
drainage pattern shown. Interpreted outline of the 
Guiana Shield, cut by a large shear zone, shown in 
black. Structures in present study area from García-
González (2009) in green, and the rift interpreted 
by Hernández (2006) in yellow. Outlines of South 
American Map sheets NA19 and SA 19 shown in blue.  

Figure 9. Aeromagnetic image of NW Brazil with 
international borders shown; same area as Fig. 8. Interpreted 
outline of the Guiana Shield, cut by a large shear zone 
(grey), shown in black. Structures in present study area from 
García-González (2009) in green, and the rift interpreted by 
Hernández (2006) in yellow. Outlines of South American 
Map sheets NA19 and SA 19 shown in blue.  Aeromagnetic 
features interpreted in this study shown in magenta, 
including the large arcuate feature A seen also in a low 
resolution aeromagnetic image of South America. This is 
interpreted as the SW margin of the Guiana Shield.
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Figure 10. Interpretation shown in Fig. 9 shown in relation to the Geological Map of the 
Amazonian Craton of Kroonenberg and De Roever (2010). Same colour scheme as in Fig. 8.

    
Figure 11. Basement samples from drill holes in the Putumayo 

basin show Grenvillian ages (Ibáñez Mejía, 2010)
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The two features individualised with bold blue lines [E1] and [E2] in 
Fig. 13 lack the short-wavelength patterns that characterise the areas south 
and north of them.   They may represent either a thicker sedimentary cover 
or even larger granite bodies within the basement. They were targeted 
for drilling (Vaupés-1) because they were  supposed to be areas of thicker 
sediment development in rifts, but they are not clearly evident in any set 
of geophysical data and are only vaguely evident as areas of ‘less focused’ 
magnetic anomalies in the present interpretation.  The delineation of 
the real extent of any such features would require a much higher level 
of resolution in geophysical survey than is available in any of the data 
sets seen by the present writer (CVR). No gravity evidence for a rift is to 
be found, for example, on the DNSC08 world gravity data set, while rift 
features that cross the Sahel in Africa (for example) are clearly revealed 
even by such insensitive measurements. 

The SSW third of the area [C] appears more uniformly shallow with 
predominantly E-W striking basement lithology in Fig. 13. Large positive 
magnetic anomalies [D] predominate in the Trapecio Amazónico that 
extends south to the city of Leticia and the Amazon River. These may 
correlate with similar features further east in Brazil. Precambrian and 
Paleozoic sandstone plateaus are not expressed in the aeromagnetic maps.

The possibility of interpreting lithology and structure within the study 
area is limited by the resolution of the available data. The interpretation of 
faults by García-González (2009) shows a predominance of NE-SW linears 
interpreted by the present writer (Fig. 15). It is not clear what information 
the earlier work is based on, but it agrees in general with the present work. 
A gravity coverage of the same area (Fig. 16) is of uncertain origin and 
does not show the location of observation points (either on the ground 
or the flight-lines of an airborne gravity survey). The result may be simply 
the crude contouring of a small number of observational values and 
therefore of limited value. The unusually low level of detail over such a 
large area suggests that the number of observation points is minimal. The 
gravity expression is, however, typical of an area underlain by Precambrian 
geology with only a veneer of younger cover rocks.

Some of these conclusions could be refined if more information on 
the quality parameters of the existing data sets were available but, unless 
extensive new geophysical data coverage becomes available, the input of 
geophysical data to the geological mapping of this area will remain limited.

Figure 12. Aeromagnetic map of SE Colombia (Graterol 2009)
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Figure 13.  Best available aeromagnetic image of 
SE Colombia with interpretation from this study. 

A: magnetic   feature shown in Fig.s 9 and 10. 
B: interpretation of more detailed survey to the 
NE of the area (Celada et al., 2006). C: area of 

shallow Precambrian basement. D: strong magnetic 
anomalies, probably linked to similar ones in 

Brazil. E1 and E2: areas of possible more deeply 
buried Precambrian basement.
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Figure 14. Total magnetic field anomalies at 
20 km altitude for the North Andes; Block with 
interpreted crustal discontinuities superposed 
(blue lines). This map was produced in 
Cartesian coordinates with the origin 
(1’000.000 N, 1’000.000 E) at the National 
Observatory of Bogota (from Hernández, 
2006).
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Figure 15. Lineament interpretation from all radar (pink) and gravity and magnetic 
data (blue, grey, black) Labeled features as defined in caption Fig. 13. 



33
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

• VAUPÉS AND AMAZONAS BASINS

Figure 16. Best available gravity anomaly image 
of SE Colombia from ANH with interpretation 
from this study. Lettered features as in Fig. 13. 
Features from aeromagnetic interpretation (this 
study) shown in black. Lineaments from a more 
detailed study to the NE (Celada et al., 2006) in 
blue. Radar image interpretation (De Boorder, 
1980, 1981) shown in pink. 





3. STRATIGRAPHY AND FACIES
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The chronostratigraphy of the Vaupés-Amazonas basin is given in Fig. 17. 

Figure 17.  Chronostratigraphic table of the Vaupés-Amazonas basin
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3.1. PRECAMBRIAN COMPLEJO MITÚ 

The Precambrian crystalline basement of the Vaupés-Amazonas 
basin has been subdivided in the past into several units, the most 
widespread of which has been called the Complejo Migmatítico de Mitú, 
during the PRORADAM project (Huguett, Galvis & Ruge, 1979; Galvis, 
Huguett, & Ruge, 1979). This unit consists of a great variety of gneissic 
and granitic rocks which have been described under various headings in 
the PRORADAM reports, but  were not mapped separately. Many rocks in 
the field indeed show  ´migmatitic´ characteristics in a purely descriptive 
sense, i.e. showing a clear separation in darker (melanosome) and lighter 
(leucosome)  bands (Fig. 18). 

However, the denomination migmatítico has been used by the 
PRORADAM authors in a genetic sense, implying that all rocks of granitoid 
aspect, whether ´igneous-looking´ or gneissic, are the result of solid-state 
replacement of pre-existing rocks by potassic metasomatism: in essence 
the old granitization concept which excluded a magmatic origin of granite. 
The evidence for metasomatism presented in the PRORADAM reports is 
essentially petrographic: all potassium feldspar is thought to be formed by 
blastesis, i.e. replacement of preexisting minerals.  Now we know that such 
petrographic textures do not unambiguously point to either a metasomatic 
or magmatic origin, and laboratory work since the 1960´s has convinced 
modern geologists that granites are essentially of magmatic origin. The 
modern interpretation of migmatitic melanosome-leucosome banding  
structures is that they are evidencing partial melting of preexisting rocks  
instead of solid-state potassic metasomatism. 

  Compositional banding, including gneisses with metasedimentary 
textures, aluminous gneisses with sillimanite, andalusite and cordierite 
(Kroonenberg, 1980, 1985; Bruneton et al., 1982) and amphibolites, 
testify of a supracrustal origin of part of the sequences. Field data and a 
survey of all thin sections from PRORADAM by the present first author in 
1980 and previous work by Bruneton et al., (1982) for COGEMA show that 
especially around the Atabapo River there are also large areas underlain by 
metarhyolitic rocks, which show typical structures of ignimbrites such as 
fiamme, and have bipyramidal quartz phenocrysts with embayments (Fig. 
19, 20), and their associated subvolcanic granites (Fig. 21).

    Furthermore, there are also homogeneous megacryst granites in 
the Colombian Amazonian basement  that are evidently not migmatitic at 
all (Fig. 22), such as the granites near Mitú with up to 15 cm long K-feldspar 
megacrysts, and along large stretches of the Inírida and Guainía rivers. The 
authors apparently did not want to distinguish obviously intrusive granite 
bodies and rocks with evident anatectic features, because that would go 
against the grain of their argument for metasomatism.  Without wanting 

Figure 18. Migmatitic metasedimentary gneisses, El Chorro, Araracuara. 
Photo Kroonenberg

to discuss their evidence in detail, the granitization theory was therefore 
already severy outdated during the preparation of the PRORADAM 
report,  and by  adhering to obsolete theories the authors have missed the 
opportunity to introduce a further subdivision of the crystalline basement 
in smaller, but mappable lithological units, as has been done e.g. by 
Bruneton et al., (1982) in the Vichada-Guainía area (see Fig. 23).  

Many subsequent authors have been uneasy with the denomination 
Complejo Migmatítico de Mitú. Already H. de Boorder, PRORADAM team 
member but not a coauthor of the PRORADAM reports,  suggests in an 
unpublished report (De Boorder, 1978) that the megacryst granites near 
Mitú could be intrusive into the older gneissic rocks, an opinion that 
obviously is at variance with a metasomatic origin. Botero (1999) have 
revised and supplemented the existing information and produced a new 
map in which they individualised  several intrusive granitoid bodies as a 
separate unit, including the megacryst granites at Mitú and the Guainía 
occurrences on the basis of their morphological characteristics (Fig. 20), 
though according to De Boorder (pers. comm. 1981) the Serranía de Mitú 
does not coincide with the outlines of the megacryst granite intrusion.  In 
a very thorough review of the mineral potential of northeastern Colombia 
Celada et al., (2006) refer to this unit as the Complejo Mitú, omitting 
´migmatitic´ with the argument that not all rocks in this units are migmatitic. 
We support this denomination and retain their terminology.  
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Figure 19. Metaignimbrite with fiamme, Río Orinoco-
Caño Guachapana, Venezuela, just E of Río Atabapo. 

Photo Kroonenberg. 

Figure 20. Acid metavolcanic gneiss with deformed 
bipiramidal quartz phenocryst with embayments. 

Araracuara, IGM130464. Photo Kroonenberg.
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Figure 21. Subvolcanic biotite granite, La Campana, río Yarí 
near Araracuara. Photo Kroonenberg
           

Figure 22. Non-migmatitic megacryst granite, 
Acaricuara, Río Paca, Mitú area. Photo Kroonenberg .
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Figure 23. Part of geological map of Vichada, showing detailed 
subdivision of  Complejo Mitú along río Guainía and Negro 
including  metavolcanic gneisses along Atabapo river (after 

Bruneton et al., 1982).
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Figure 24. Detail of geological map by Botero, (1999), note red intrusive bodies within Complejo Mitú
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  There are also geochronological arguments to separate intrusive 
granitoid bodies from the surrounding gneissic basement. The first 
geochronological data from the basement on granitoid samples obtained 
by Pinson, Hurley, Mencher and Fairbairn (1962) from the westernmost 
outcrops of the Complejo Mitú in the Guaviare river gave K-Ar ages on 
biotite of 1205±60 Ma, but it is now known that these ages represent a 
Grenvillian (Nickerie) overprint (Priem et al., 1982). Priem´s Rb-Sr data 
suggest that all rocks from the Complejo Mitú can be constrained within an 
envelope  of 1450 and 1780 Ma, which is interpreted by them as evidence 
for the presence of an older Trans-Amazonian basement intruded by 
younger granitoid bodies. 

At present Rb-Sr isochrons are no longer considered as a reliable 
geochronological tool, but U-Pb zircon data from gneisses from Corocoro 
Cataract in Guainía obtained by Priem et al., (1982) suggest ages up to 1850 
Ma, and new data from Araracuara syenogranites show U-Pb zircon ages of 
1732±24 Ma and 1756±18 Ma (Ibáñez Mejía, 2010). These data support  the 
concept  that they indeed constitute an older Paleoproterozoic basement 
as suggested  by the Rb-Sr data.  The Mitú granite, on the other hand, shows 
U-Pb zircon and monazite ages of 1552±34 Ma (Priem et al., 1982), and 
new zircon U-Pb data by Ibáñez Mejía (2010) show crystallization ages of 
1574±16 and 1578±30 Ma which is in good harmony with the old 1561±90 
Ma Rb-Sr isochron of the same rocks. Another  undeformed intrusive 
exposed along the Caquetá river, individualised by the PRORADAM authors 
as Granófiro de Tijereto,  of intermediate and slightly alkaline composition 
(with magnesioriebeckite), shows a model age of 1495 Ma according to 
Priem et al. (1982), and therefore fits in the same category of younger, 
Mesoproterozoic intrusives.  The Taraira granitoid gave U-Pb zircon 
crystallisation ages of 1588±21 and 1530±24 Ma, and granites along the Río 
Apaporis also give ages between 1530 and 1588 Ma (Ibáñez Mejía, 2010).  
Further north, the large Parguaza Rapakivi Granite intrusion along the 
Orinoco (1545 Ma, Gaudette & Olszewski, 1985) straddling the Colombian-
Venezuelan border belongs to the same age category. Unfortunately, even 
in studying the clearly intrusive Parguaza rapakivi granite, González and 
Pinto (1990)  are still invoking a metasomatic origin.

The concept of younger granites intruding an older basement also fits 
very well with more modern data obtained from the adjacent Venezuelan 
and Brazilian basements. In the older , Paleoproterozoic basement 
across the Colombian border, the Brazilians distinguish metagranites and 
orthogneisses with amphibolites and migmatites from with U-Pb ages on 
zircon (TIMS or SHRIMP of 1703±7 Ma, 1740±2 Ma,  1789±6 Ma and 1810±9 
Ma, as well as syenogranites, monzogranites and leucomonzogranites all 
with zircon U-Pb ages  between 1746 and 1756 Ma (Tassinari et al., 1996, 
Santos et al., 2000, Almeida et al, 2006). These units are being intruded 
by Mesoproterozoic granites (Fig. 25), including the Içana Intrusive Suite 
aluminous muscovite- biotite granite, sampled along the Colombian-

Brazilian border rivers Papurí and Vaupés with zircon ages of 1521±13 and 
1521±21Ma respectively, and the Uaupés Intrusive Suite dated at 1518±25 
Ma (Santos, 2000, Almeida et al., 2006). In the Venezuelan basement, 
the Minicia and  Macabana gneisses also show U-Pb zircon ages between 
1823 and 1859 Ma (Barrios, Rivas,  Cordani, & Kawashita, 1985; Gaudette  
& Olszewski, 1985), while the intrusive Parguaza and San Carlos granites 
show Mesoproterozoic ages.
      
All these data fit well in the new concept of a huge Paleoproterozoic, 
essentially anorogenic granitoid-acid volcanic magmatic belt stretching 
across the whole Amazonian Craton from east to west, intruded especially 
in the west by a series of well-constrained Mesoproterozoic plutons 
(Kroonenberg and De Roever, 2010), and plead against the old Brazilian 
subdivision of the craton into westward younging geochronological 
provinces formed by continental accretion as previously postulated 
by Tassinari and Macambira (1999). Therefore we do not use the 
geochronological province concept in this report. 

In boreholes in the Putumayo basin reaching into the basement 
Grenvillian rocks have been found, apparently an extension of the Andean 
granulite belt (Ibáñez Mejía, 2010) and expressed in the geomagnetics  as 
postulated above, but these rocks do not crop out in the Vaupés-Amazonas 
area.

3.2. THE TUNUÍ METASANDSTONE

In the eastern part of the Colombian Amazones  area prominent 
N-S to NW-SE oriented ridges of folded metasandstones arise above the 
lowlands, the Naquén (Caparro in Brazil) and Caracanoa (or Raudal Alto)  
ridges in the Guainía Department, and the Libertad (La Pedrera) and 
Machado (Taraíra)  ridges in the Vaupés Department, and some smaller 
occurrences. The metasediments are strongly tilted, faulted and folded, and 
form impressive escarpments.  Such ridges were first identified in Brazil as 
Tunuí formation (Pinheiro et al., 1976; Renzoni, 1989a), the name of a ridge 
in the continuation of the Naquén ridge into Brazil, and we will continue 
to use this name for the ensemble of the metasandstone formations  
(with the exclusion of the Piraparaná formation, which will be discussed 
later). Unfortunately, at the Tunuí  type locality in Brazil also higher-grade 
metamorphic rocks such as migmatitic gneisses and amphibolites have 
been included (Almeida et al., 2006), which in our opinion would rather 
belong to the crystalline basement.  In this report we restrict the use of the 
name Tunuí formation to the low-grade metamorphic metasandstones. 
Galvis et al., (1979) and Huguett et al., (1979) call the northern occurrences 
Roraima formation, which is unfortunate because the Roraima Formation 
in Brazil, Venezuela, Guyana and Suriname is unmetamorphosed, though 
older (Santos et al., 2003). The southern occurrences in Colombia have 
received the name La Pedrera Formation because of slightly different 



43
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

• VAUPÉS AND AMAZONAS BASINS

Figure 25. Detail of as yet unpublished 1: 1 000 000 Geological map of South America Sheet NA19, showing how younger  intrusives in 
Brazil (MP1y3, east and south of the broken red line indicating the frontier between Brazil and Colombia) have no equivalent in Colombia. 

lithologies, though the same authors admit that they offer great similarity 
with the northern occurrences. We include this formation into the Tunuí 
group.  All metasandstone formations rest with unconformable and 
sheared contacts on top of the Complejo Mitú.  Detailed stratigraphical 
and sedimentological studies have been made since then because of the 
discovery of gold in the conglomeratic sections of these formations.

The Naquén section (Renzoni, 1989 a, b, Fig. 27, 28) has a cumulative 
thickness of about 2000 m, and consists of a non-fossiliferous series 
of ten fining-upwards sequences of quartz-rich metaconglomerates, 
metaquartzarenites and  metamudstones, the latter often black and locally 
containing pyrite.
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Figure 26. Location of metasandstone ridges in SE Colombia and adjacent Brazil (after Carrillo, 1995).
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Figure. 27. Northern extremity of Sierra de Naquén. Source: Google Earth
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Figure 28. Stratigraphy of the Tunuí Formation in the Naquén ridge, after Renzoni (1989)
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These sequences have been interpreted by Renzoni  (1989b) as 
having been deposited in a fluvial environment by meandering rivers, 
possibly close to the sea, as some lenticular flaser-like sandstone laminae 
may point to tidal influence.  Some of the coarse conglomerates may have 
been deposited in braided patterns in an alluvial fan environment. Based 
on the prograding character of the series, provenance of the sediments 
is probably from the north or northeast, though no paleocurrent data 
are available. The combination of fluvial with tidal characteristics leads 
Renzoni to infer a deltaic environment, though from the description of 
his sections the fluvial character is largely predominant. Gold is usually 
concentrated in the conglomerates and conglomeratic sandstones, but 
also locally occurs in organic-rich mudstones close to unconformities, and 
is not only detrital but also remobilized by hydrothermal and supergene 
processes. Low-grade metamorphism is expressed in the lower parts of 
the sequence by complete welding of detrital grains in the sandstones and 
the development of coarse muscovite, though a preferred orientation is 
not evident. In the higher parts metamorphism is less well expressed or 
not at all, and the grains are not welded (Galvis et al., 1979). 

The Caracanoa or Raudal Alto Ridge equally consists of at least 1000 
metres of whitish quartz conglomerates  and cross-bedded quartzites with 
phyllites at the base which rest unconformably upon the Complejo Mitú. 
The series is intruded by undated  ´Campoalegre´ diabase dykes  (Carrillo, 
1995). 

The La Libertad range north of the Apaporis river and close to La 
Pedrera has been studied in detail by Coronado and Tibocha (2000), also 
because of its gold potential (Fig. 29). The ridge is a southeast-plunging 
anticlinal-synclinal fold structure. They studied an 88 m sequence in 
which  two major units are distinguished, a lower one consisting of 
monotonous metaquartzarenites (cf. Fig. 30), and an upper one consisting 
of metaquartzarenites with phyllite intercalations.  The quartzarenites 
often show trough crossbedding and are transected by quartz veins and 
locally sheared. Phyllites consist mainly of muscovite.The sediments are 
thought to have been deposited in a fluvial to tidal environment (Fig. 31). 
Low grade metamorphism is evidenced by muscovite growth and locally 
andalusite blastesis in the finer sediments, especially in the lower parts 
of the sequence. Gold is mainly present in disseminated form and in 
narrow quartz veins in the lower part of the sequence. The contact with 
the underlying Complejo Mitú was observed by Galvis et al., (1979) as 
containing detachment folds due to shearing.                 

The Machado ridge in the Taraíra area forms a ca. 1000 m-thick 
moderately SW-dipping monoclinal sequence (Fig. 32, 33). It differs in 
several aspects from the three ridges described before. It has been explored 
for gold extensively by several companies, including Mineralco, Minercol, 
Cosigo, HorseShoe (Ashley, 2011), and small-scale mining is active. The 

sequence starts with up to 250 m of rhyolitic tuff (Mirador member of 
Carrillo, 1995, Complejo Volcánico deTaraira de Cuéllar, Orozco & Castro, 
2003), and only on top of them the sequence of quartzconglomerates 
and quartz arenites starts. Two major members have been distinguished, 
a lower Peladero member with volcanic intercalations and horizons with 
silica enrichment, and an upper Cerro Rojo member, the latter called this 
way because of strong red coloration with hematite and other iron oxides, 
a feature not observed in the other metasandstone ridges. The base of 
the Cerro Rojo member is a polymict alluvial fan conglomerate, with apart 
from quartz also volcanic clasts. This member shows a fining upwards 
sequence, terminating with finely laminated sandstone and mudstone 
beds, interpreted as subtidal to intertidal deposits. On top of the sequence 
another sandstone formation has been distinguished, the Machado 
Formation, equally with strong concentrations of specular hematite 
(Cuéllar et al., 2003; Ashley, 2011), though the designation as banded iron 
formation by Galvis and Gómez (1998) seems not  justified (Cuéllar et al., 
2003). Diabase dykes up to 10 m thick intrude into the series.
 
Geochronology 

The age of the Tunuí metasediments has long been a controversial 
issue, mainly due its untimely association with the Roraima sandstones by 
Galvis et al., (1979) and Huguett et al., (1979). Age data come from four 
different sources: the age of the basement underlying the sandstones, the 
age of detrital grains within  the sandstones, the age of younger dykes 
intruding the sandstones, and the age of metamorphism, as analysed by 
Santos et al., (2003). 

Recent data show that the granitic basement on which the Taraira 
metasediments have been deposited have a U-Pb zircon crystallization age 
of 1588±21 Ma (Ibáñez Mejía,  2010), showing that the metasediments 
are at least 300 Ma younger than the Roraima, now dated at 1873±3 Ma 
(Santos et al., 2003).  

The youngest detrital zircon grains found in the Tunuí-like Aracá 
sandstone further to the east in Brazil show ages around 1.81 Ga, also 
younger than the age of the Roraima sandstones (Santos et al., 2003). In 
Brazil recently three detrital zircons populations from the Brazilian part of 
the Naquén (Caparro) have been dated at  1720±11, 1780±8 and 1916±57 
Ma, suggesting that the metasandstones are at least younger than the 
youngest of these ages (Almeida et al., in press). No geochronological data 
are available from the  Caracanoa and La Libertad metasandstone ridges. 
Fernandes et al., (1977), established the age of unmetamorphosed felsic 
subvolcanic rocks with quartz pebble xenoliths from the Traira (Taraira) 
river, associated with the Tunuí Group at 1427 ± 29 Ma (whole-rock Rb-
Sr isochron). This is apparently the same age as 1498±20 Ma cited by 
Santos et al (2003) using modern decay constants. Fernandes et al., (1977)  
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Figure 29. Geological map La Libertad Ridge (La Pedrera formation), after Coronado & Tibocha (2000).
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Figure 30. Interlocking detrital quartz grains 
in La Pedrera metaquartzarenite, Quinché, río 
Caquetá. Photo Kroonenberg

Figure 31. Sedimentary environment of the La 
Pedrera Formation as interpreted by Coronado 
& Tibocha (2000).
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Figure 32. Geological map of the Machado ridge, Ashley, 2011.
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Figure 33. Geological column of the Machado 
Ridge, after Cuéllar et al., 2003.



52
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 3 -STRATIGRAPHY AND FACIES 

consider the volcanites to be younger than the metasediments because of 
the quarzite xenoliths, an observation confirmed by Bogotá-Ruiz (1981), 
but as discussed above there are also acid volcanics at the base of the 
metasediments. A mafic dyke intruding into the metasandstones in the 
Raudal Tente in the Taraira river fits in a 1225 Ma Rb-Sr isochron (Priem 
et al, 1982), whereas whole-rock K-Ar ages of 941±14 and 984±12 Ma 
(Cujubim diabase) have been obtained by Fernandes et al., (1977).  

Muscovites from the Tunuí sediments have been K-Ar dated at 
1293±18 and 1045± 19 Ma by  Fernandes et al., (1977), and modern Ar-Ar 
datings on muscovites from the Aracá sandstonesin Brazil  by Santos et al 
(2003) give 1334 ±2 Ma. These ages, including the mica ages from other 
rocks by Pinson et al., (1962) and Priem et al (1982) are now all attributed 
to later metamorphism related with the K´Mudku-Nickerie Metamorphic 
Episode (Priem et al., 1982; Kroonenberg, 1982; Santos et al., 2003; 
Cordani et al, 2005, Kroonenberg and De Roever, 2010).  

So while the field relations are not entirely clear in all cases, it is 
evident that the Tunuí metasediments have been deposited in the 
Mesoproterozoic somewhere in the interval between 1580 and 1350 Ma, 
and if the old Brazilian field data of Fernandes et al., (1977) on crosscutting 
unmetamorphosed volcanics are correct, even between 1580 and 1480 
Ma.  In spite of its different , partly volcanic and volcaniclastic facies, 
the Machado-Taraira metasandstones seem to be coeval with the other 
metasandstones. The fact that all these metasandstone occurrences show 
gold mineralisation also pleads for a common origin as molassic deposits 
in a Mesoproterozoic basin following the intrusion of the younger granites, 
and metamorphosed during the Grenvillian orogeny. 

3.3. PRECAMBRIAN (?) PIRAPARANÁ FORMATION

The Piraparaná formation has been defined by Galvis et al., (1979) 
and Huguett et al., (1979) in the course of the PRORADAM project, as a 
folded series of westwards-dipping reddish volcanosedimentary rocks, 
cropping out in a wide arc from the Yaca-Yacá cataract in the Vaupés river 
along the Piraparaná river to the south, including a few outcrops along 
the river Caquetá (Fig. 34). Along the Apaporis river the formation has 
been seen to unconformably overlie the Complejo Mitú, and at the Raudal 
Jirijirimo in the same river it is unconformably overlain by the Paleozoic 
Araracuara Formation.  At the type locality a thickness of 80 m has been 
established.

In contrast to the Tunuí rocks, the Piraparaná sediments are 
unmetamorphosed. They consist of polymict conglomerates (Fig. 35) and 
arkosic sands (Fig. 36, 37, 38), mixed with pyroclastic material. In some 
levels the clasts consist largely of granite, elsewhere they also contain 
volcanites, quartzites, sandstones. At one site Galvis et al., 1979 claim to 

have observed carbonate cement and carbonate clasts, though the first 
author of the present report only has seen secondary replacement by calcite 
in thin section. The sandstones contain feldspars, diminishing in abundance 
towards the top. No detailed sedimentological nor stratigraphical studies 
have been made, but the PRORADAM authors suppose a continental 
depositional environment on the base of the red coloration.

At the Raudal Yacá-Yacá in the Vaupés river a reddish rhyodacitic lava 
crops out that has been included by Galvis et al., (1979) and Huguett et 
al., (1979) in the Piraparaná Formation on the basis of its similar colour, 
though no contact relations with the sediments themselves have been 
observed in the field. From this rock a crude six-point Rb-Sr isochron of 
920±90 Ma has been obtained by Priem et al., (1982). Whether this age 
indeed refers to the formation as a whole therefore remains uncertain. 
Also the relations of the Yaca-yacá lavas and Piraparaná sediments with 
rhyodacitic volcanics in the Machado ridge and volcaniclastic sediments in 
the Macayá formation (see below) remain to be established.

Ibáñez Mejía (2010) proposes “that the Piraparana formation 
could represent either 1) foreland basin deposits related to Putumayo 
[i.e. Grenvillian] orogenic development inboard in Amazonia, or 2) 
Neoproterozoic syn-rift sedimentation and volcanism associated with 
early extensional  events of the Neoproterozoic Güejar-Apaporis graben 
preceding the collapse of the Putumayo orogen and related Grenville-age 
belts. Only detailed sedimentary provenance studies in the Piraparana 
formation will allow us to test these hypotheses”. 

3.4. BASIC INTRUSIVES

During the PRORADAM reconnaissance at least 15 unmetamorphosed 
diabase (dolerite) dykes have been found to intrude the Complejo Mitú 
and the Tunuí metasediments. Petrographically they are usually pigeonite 
dolerites without orthopyroxene, while locally (Caño Tí) coarser, olivine-
bearing granophyric gabbros occur. Priem et al., (1982) obtained a crude 
Rb-Sr isochron from five of them between 1225 and 1180 Ma.  At the 
bottom of boring Vaupés-1 (see below) a two-pyroxene olivine-bearing 
granophyric gabbro was encountered which was K-Ar dated at 826±41 Ma 
(Franks, 1988). The significance of this isolated age cannot be evaluated 
without additional data using other analytical methods, but could fit in the 
same age group as the  ~900 Ma diabase dykes found in the Taraira area 
and the 920 Ma Yacá-Yacá lavas. 

3.5. PALEOZOIC ARARACUARA FORMATION

Impressive sandstone plateaus project from the dissected lowlands 
in two narrow discontinuous NNW-SSE stretching belts, a western one (Fig. 
39) that starts from the Macarena mountains in the Andean footslopes, 
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through the Chiribiquete mountains southwards to the Araracuara 
settlement, where the Caquetá river cuts a deep gorge through it. At 
the bottom of the gorge the contact between the sandstones and the 
underlying Complejo Mitú is exposed (Fig. 40). The eastern belt stretches 
from the Guaviare river southwards to the Apaporis river, west of the 
Piraparaná Formation arc and parallel to it.

The western belt  has been studied in most detail.   A generalized 
section of 203 m from the type locality was published by the PRORADAM  
authors (Huguett et al., 1979). Whitish, well-sorted medium-grained 
quartzarenites (Fig. 41), commonly with crossbedding, wave ripples and 
bioturbation  largely predominate . Greenish or reddish mudstones are 
subordinate (Fig. 42) , and only locally microconglomerates with small 
well-rounded milky quartz pebbles have been found at the base of the 
sequence. Herrera and Velázquez (1978) suggest a coastal-shallow marine 
depositional environment for this unit, and derive a Paleozoic age from the 
presence of trilobite moulds.  

Much more detailed logs, the longest of which covers over 300 m, 
have been published by Bogotá-Ruiz (1982), as part of an exploration 
campaign for radioactive minerals by COGEMA. Apart from the Araracuara 
Formation proper described above, they distinguish two additional 
formations:  the Huitoto Formation and the Macaya Formation (Fig. 39). 
The former, which occurs in a strip west from the Araracuara plateau, 
consists of at least 180 m of coarse, massive, poorly to moderately sorted  
reddish and yellowish arkoses with up to 35% feldspar and a violaceous 
clayey matrix. Microcline, plagioclase and granophyre clasts outsize the 
quartz grains, and may come from a local source.  In the middle part of 
the sequence there is an alternation with breccious conglomeratic channel  
fills with quartz and quartzite clasts up to 20 cm.  The Huitoto Formation 
might be either younger than the Araracuara formation on the basis of its 
field occurrence, or a different but coeval facies.

The Macaya Formation, which crops out along the northwestern end 
of the ridge of sandstone plateaus is at least 300m thick, and consists of 
cyclical sequences 2-10 m thick of conglomerates passing upwards into 
coarse violaceous sandstones with cross-bedded sets up to 70 cm thick, 
considered to have been deposited by braided streams. The conglomerates 
are characterised by abundant volcanic clasts, as well as rare gneissic 
and schistose fragments. The Macaya Formation overlies the Araracuara 
Formation (Bogotá-Ruiz, 1982), but the description resembles that of the 
Piraparaná formation as well. 

Of the three formations only the Araracuara formation is fossiliferous. 
Théry, Peniguel and Haye (1986) discovered acritarchs in some of the beds 
from the type locality, pointing at at Arenig (Lower Ordovician) age (now 
called Floian, 478-471 Ma, ISC 2009). The age is also constrained by the 
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fact that further west  near San José de Guaviare, outside the Vaupés-
Amazonas basin, the same formation is intruded by a nepheline syenite 
body dated at about 420 Ma (Pinson et al., 1962, Priem et al., 1982). 

         The eastern belt (Fig. 43)  is much less well studied but a > 235 m 
long log is given by Bogotá-Ruiz (1982). He subdivides the formation in three 
parts: a lowermost part that starts with 20 m of quartzite conglomerates 
resting on top of the Piraparaná formation at the Raudal Jirijirimo (Fig. 
44),  and is followed by 100 m of reddish, locally microconglomeratic, 
poorly to moderately sorted quartzofeldspathic sandstones. The middle 
part consists of better sorted medium to coarse grey, greenish and locally 
reddish sandstones, and the upper 75 m consists of the same whitish 
bioturbated  sandstones as at the Araracuara type locality. Paleocurrents 
data point to flow directions towards the NW. It must be remarked that 
Bogotá’s description of the basal conglomerates resembles the description 
of the Piraparaná conglomerates.

The eastern belt was the target of exploration for hydrocarbons by 
AMOCO in 1988 (see also below). The stratigraphy was studied again by 
Acosta and Galvis (1987). They distinguished the following stratigraphic 
column (Fig. 45, from Aleman, 1988, as the original publication was not 
available to us).

This stratigraphy considerably deviates from that of Bogotá-Ruiz 
(1982), and especially the presence of the Caliza de Berlín limestone would 
have been interesting, as it would be the first indication that more fully 
marine conditions could have prevailed in the basin during the Lower 
Paleozoic. In fact, this limestone has loomed large in previous assessment 
of the hydrocarbon potential of the basin (see below). The present authors 
had no access to the original Acosta and Galvis paper, unfortunately, but its 
second author, Dr Jaime Galvis wrote upon our inquiry in an e-mail of July 
4, 2011, that no such limestone exists. Furthermore, the so-called Superior 
(?) formation, as  described by Alemán (1988) at the Mandi, Yuruparí and 
Cananarí sites perfectly resembles the Araracuara Formation of the type 
location, and has also been mapped as Araracuara Formation by Galvis et 
al (1979) at that sites.  Alemán (1988) concludes that there ‘seems to be 
no clear lithologic change to distinguish the Superior (?) formation from 
the Araracuara formation as previously mapped in the area’.  Therefore we 
believe that the stratigraphy as described by Bogotá-Ruiz (1982) for this 
area is still valid. Alemán (1988) interprets the sedimentary environment 
as high-energy shallow-marine environment. 

On the basis of results of seismic and field exploration for 
hydrocarbons AMOCO drilled the well Vaupes-1 in the eastern belt 
of Paleozoic sandstones, in the upper course of Caño Paraná Pichuna 
(lat. 01°09’45”N, long. 71°00’30”W, Fig. 47). The well transected 5053 
feet of sandstone, of which the lowermost ~ 150 ft  showed low-grade 
metamorphism [?], and drilled further into gabbroic basement until the 
final  depth of 5254 ft (Franks, 1988). K-Ar dating of detrital components 
of the sandstones by this author gave Late Precambrian ages, which of 
course does not gives clues to the time of sedimentation. The K-Ar age of 
the gabbro of 846 Ma cannot be evaluated without radiometric data by 
other methods (see above). 
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Figure 34. Distribution of Piraparaná formation between Vaupés and Apaporis. 
Red crosses: Complejo Mitú; dark grey: Araracuara formation; light grey: 
Neogene and Quaternary (after  Gómez et al., 2007)
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Figure 35. Piraparaná conglomerate, Raudal Carurú, Río 
Piraparaná. Photo De Boorder, 1978.

       



57
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

• VAUPÉS AND AMAZONAS BASINS

Figure 36. Piraparaná sandstone, quartz-cemented,  río Caquetá, 1N. 
Photo Kroonenberg

Figure 38. Piraparaná  sandstone, granophyre clast, río Caquetá. 
Photo Kroonenberg

                 
Figure 37. Piraparaná sandstone, note quartz outgrowth around 
detrital grain, río Caquetá. Photo Kroonenberg
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Paleogeography 

The shallow marine sandstones of Araracuara formation in the 
Vaupés-Amazonas basin have no equivalent elsewhere in Colombia. There 
is no Paleozoic at all in the adjacent subandean Putumayo basin, and the 
Paleozoic strata in the Eastern Cordillera (Grupo Güéjar in the Quetame 
massif and the Sierra de la Macarena; Cediel, Shaw & Cáceres, 2003) 
are completely different sediments, though the distance between the 
northernmost Araracuara outcrops in the Chiribiquete Sierra and the Sierra 
de la Macarena is small. 

However, very similar fine-grained  coastal sandstones of Arenigian 
(Floian) age have been encountered in two PETROBRAS drill holes:  in 
2-BT-1-AM between 1075-1178 m depth near Benjamin Constant, on the 
right bank of the Amazon river  in the Solimões basin (Fig. 48), just 20 km 
south of Leticia, Colombia and in 1-JD-1-AM near Jandiatuba, both in the 
subbasin of that latter name (De Quadros, 1988; Eiras et al., 1994). These 
rocks are associated with carbonaceous shales with fine-grained micas 
and pyrite, and some silty layers, interpreted by de Quadros to represent 
a marine transgression. Their Arenigian age was established on the base 
of the acritarchs Arkonia virgata, Striatotheca tríangulata, Striatotheca 
quieta and Stríatotheca rarírrugulata, (see also Grahn, Loboziak, & de 
Melo, 2003), species not registered by Théry et al., (1986) from Araracuara. 
These Ordovician sediments lie unconformably on top of the crystalline 
basement, and are separated by an erosional  hiatus of at least 100 Ma 
from the overlying Silurian or Devonian  formations. The drill holes were 
dry (De Quadros, 1988). 

According to Wanderley Filho, Eiras and Vaz  (2007) and Wanderley 
Filho et al. (2010) the Juruá subbasin, the eastern half of the present 
Solimões basin, was a stable platform during Ordovician times, while the 
western half, the Jandiatuba subbasin, was subsiding, and received the 
first marine transgression (Fig. 49, see also section on Petroleum geology). 
This transgression came from the west, and deposited the sands of the 
Benjamin Constant in a high-energy wave- dominated environment, such 
as a beach or shallow shelf, onlapping onto the Carauari arc that separates 
the two subbasins. On the basis of these data we consider the Araracuara 
sandstones as belonging to the Ordovician Solimões basin. Arenigian 
subsidence hence was not restricted to the present-day Solimões basin, 
but extended over a major part of the Colombian Amazonas area. Middle-
to Late Ordovician orogeny ended sedimentation.

3.6. NEOGENE MARIÑAME AND PEBAS FORMATIONS

There is no evidence so far of any sediments preserved between the 
Arenigian and the Neogene in the Vaupés-Amazonas basin. Neogene and 
Quaternary sediments cover the greater part of the lowlands surrounding 
the basement and sandstone outcrops, but the frequent occurrence of 
bedrock cataracts (raudales) in the lowlands show that they do not reach 
great thicknesses. In most cases the Miocene sediments directly overlie 
the basement. They crop out in the steeper river banks along the Caquetá 
and Amazonas river up to 70 m above the water level. Numerous borings 
drilled in the 1970’s for lignite exploration (Projeto Carvão)  in the Brazilian 
lowlands east of the Trapecio Amazónico, between Caquetá (in Brazil 
Japurá) and Amazonas river,  show Neogene and Quaternary sediments 
generally 250-300 m in thickness, overlying directly the basement (see 
below). Only south and southeast of the Trapecio Amazónico the borings 
ended at about 300 m within the Neogene without reaching the basement 
(Fernandes et al., 1977).  

The outcrops along the Caquetá and Amazonas rivers as well as 
several of the Brazilian wells have been studied sedimentologically and 
palynologically in great detail by Hoorn (1990, 1993, 1994a,b; Hoorn, 
Guerrero, Sarmiento & Lorente 1995; Hoorn et al., 2010a; Hoorn, 
Wesselingh, Hovikoski, Guerrero 2010b), and malacologically by Wesselingh 
(2006, 2010).  

The lower part of the Neogene sequence crops out east of the 
Araracuara Plateau along the Caquetá river, and has been named 
informally Mariñame Sand Unit by Hoorn (1994a,b,c; Fig. 50). Similar or 
slighty younger deposits are exposed along the Apaporis river (Hoorn, 
2006). They are characterised by poorly sorted, subangular, medium- to 
very coarse-grained quartz sands with fine gravel in minor proportions, 
alternating with light coloured clays and dark-coloured organic-rich clay 
and lignite beds in fining-upwards sequences (Fig. 51, 52). Pyrite nodules 
and iron pans are common diagenetic features (Fig. 53). These sequences 
represent sand bars, crevasse splay and floodbasin deposits formed in 
a low-sinuosity  to anastomosing river system. Paleocurrents suggest 
transport towards the northwest and heavy mineral composition points 
to a cratonic provenance of the sands. Eastwards along the Caquetá river 
the sand units diminish in thickness and clayey deposits become more 
abundant. The age of this sand unit was established palynologically as 
Early to Middle Miocene, (Retitricolporites/Psiladiporites/Crototricolpites 
Zone, Hoorn, 1994a, 1994b). Grey clays in the uppermost part of the 
Mariñame section contain foraminifera and mangrove pollen, suggesting 
some marine influence. 
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Figure 39. The western belt of Paleozoic sandstone plateaus between 
Araracuara and Dos Ríos (after Bogotá-Ruiz, 1982)
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Figure 40. Araracuara sandstones at the type locality, and Precambrian 
Complejo Mitú at the bottom. The Caquetá River antecedently breaches the 

sandstone plateau. Photo Kroonenberg

The upper part of the Neogene sequence is represented by very 
characteristic fossiliferous bluish lacustrine clays alternating with greyish 
yellowish sands and lignites, known in Colombia and Perú as Pebas 
Formation (see Hoorn, 1994a for a discussion on terminology; Fig. 54, 
55). They conformably overlie the Mariñame Sand Unit, though the 
precise transition is not well exposed. The sand mineralogy now records 
also material of Andean provenance, and paleocurrents now point to 
eastwards transport. The Pebas Formation ridges in age from the Early and 
Middle Miocene to early Late Miocene on the basis of pollen stratigraphy 
(Crassoretitriletes and Grimsdalea zones; Hoorn, 1994, Hoorn et al., 
2010c) and malacofauna (Wesselingh, 2006). In Brazil and Perú these 
sediments are overlain by still younger, Late Miocene and Pliocene coarse 
fluvial deposits (Latrubesse, Bocquentin, Santos & Ramonnell, 1997, 2007; 
Cozzuol, 2006; da Silva-Caminha, Jaramillo, & Absy, 2010).

The numerous borings carried out by Petrobras and CPRM in the 
1970’s permitted Fernandes et al., (1977) to draw a profile just south of 
the Colombian border, showing that the thickness of the Neogene (but 
including the underlying Cretaceous Alter do Chao formation)  increases 
rapidly from 200-380 m east of the border to at least 1274 m west of 
Benjamim Constant (Fig. 56, 57). Seismic data (see chapter 4) suggest that 
the thickness of the Neogene averages 200-250 metres in the Caquetá, 
Putumayo and Amazonas rivers and hence does  not essentially increase 
towards the south. Further south in Brazil and Perú maximum thicknesses 
of 800 m are reached (Hoorn et al., 2010c).

Unfortunately the PRORADAM geologists Galvis et al., (1979) and 
Huguett et al., (1979) misunderstood the age relations between these 
two units, and called the older unit Terciario Superior Amazónico and the 
younger one Terciario Inferior Amazónico. The unit called Hierro Oolítico 
de Mitú by these authors is probably an oxidized horizon related to these 
Neogene deposits, also in view of the Tertiary age of pollen associated 
with these deposits (Alemán, 1988). In Brazil, the lower sandy deposits 
and upper clays are taken together in the Solimões Formation.
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Figure 41. Araracuara sandstone, from the airstrip. Photo Kroonenberg.

Figure 42. Araracuara Siltstone. Photo Kroonenberg. 

Figure 43. Distribution of Paleozoic Araracuara  Formation (Eastern belt)
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Figure 44. Raudal Jirijirimo, Apaporis river, basal conglomerates of Paleozoic 
Araracuara Formation (or Piraparaná?) on foreground, sandstones on 

background. Photo ©William Sánchez on Panoramio, Google Earth

Figure 45. Crossbedding in Araracuara sandstone, meseta near caño Ti, 
upstream from Puerto Cerro, Vaupés, eastern belt. Photo De Boorder, 1978
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Number Top Neogene Top basement Bottom core Rock type

1 0 169,80 169,80  Granite
2 40 213,35 216,85  Mica schist
3 26,10 188,60 206,90 Sand, > weath 

granite
4 39,20 170 192,35  Sand, >weath 

basement
5 15 172,70 172,70 Complexo 

Guianense
6 4,5 185,35 227,05  Coarse sand > 

basement
7 0 206,70 288,35  Sand>Pegmatite
8 21,35 181,60 181,60
9 3 288,35
12 0 212 251,20  Sandy depoits
13 0 225,95
24 0 252,80
26 0 283
27 0 366,40

Depth of borings east and south of the Trapecio Amazónico in Brazil

The Mariñame and Pebas Formation record important pages in the 
history of the Andes and the Amazon drainage basin (Fig. 58). During the 
Early-Middle Miocene the rivers that deposited the Mariñame formation 
and its equivalents in Brazil and Perú northwards to a proto-Orinoco 
towards the Caribbean Sea (Hoorn et al., 1995, 2010a). Increasing uplift 
of the Andes, the Cordillera de la Costa in Venezuela, and especially 
the Vaupés swell (Mora et el., 2010), in the Miocene blocked the outlet 
towards the Caribbean, leading to the formation of  the huge long-lived 
intracratonic Pebas wetland between ~ 16 and 11.3 Ma (Wesselingh, 2006; 
Hoorn et al., 1995, 2010b). Short-lived marine incursions sporadically 
managed to intrude in the lake from the north (Hovikoski, Wesselingh, 
Räsänen, Gingras & Vonhof, 2010). In the Late Miocene, continuing Andean 
uplift and overfilling of the foreland basin eventually led to the connection 
between the Amazon river and its headwaters around 11 Ma (Figueiredo, 
Hoorn, van der Ven, & Soares, 2009; Roddaz et al., 2010), the Pebas Lake 
drained towards the present Amazon mouth, and fluvial conditions were 
reestablished.

3.7. QUATERNARY

The main rivers in the area formed terraces at several levels along 
their courses, testifying of continuous uplift and variations in fluvial 
activity leading to alternating periods of accumulation and dissection 
(Fig. 59, Galvis et al., 1979, Eden, McGregor & Morelo, 1982; Khobzi et 
al., 1980, Hoorn, 1990, Van der Hammen, Duivenvoorden, Lips, Urrego, 
& Espejo, 1992; Duivenvoorden & Lips, 1995). Along the Caquetá river 
the highest terrace levels at 70 m above river level are only recognisable 
as residual gravel on top of Neogene deposits, in which the presence of 
chert testifies to its Andean origin. The lower terrace levels between 55-
50 m, 45-40m and 20-15 m above river level show usually a few metres of 
sandy and gravelly deposits in various states of weathering (Kroonenberg 
& Hoorn, 1990), and are of undated Pleistocene age (Fig. 59). In general 
the Pleistocene deposits are much more gravelly than the Neogene ones 
(Fig. 60). The low terrace of 10-12 m above river level (Fig. 61) has been 
studied in more detail by Van der Hammen et al., (1994) and shows a 
fining-upwards sequence up to 10 m thick, with gravels and sand at the 
bottom and clay and peat at the top, with organic matter dating from the 
Last Glacial. This suggests that climate change and simultaneous uplift 
play a role in alternating accumulation and dissection phases of the river. 

Figure 46. Incorrect stratigraphy of the eastern belt as given by 
Acosta and Galvis (1987) and Alemán (1988).
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Figure 47. Location of well Vaupés-1 in Paleozoic sandstones; green signature is 
for Araracuara Formation (modified after Gómez et al., 2007).

Figure 48. Lower Ordovician interval in boring 2-BT-1-AM, Benjamin 
Constant Formation, Brazil (after Eiras et al., 1994).
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Figure 49. Location of drill holes with Arenigian Benjamin Constant Formation in the Jandiatuba Subbasin (after Grahn et al., 2003).
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Figure 50. Stratigraphy of the Mariñame sand Unit (Hoorn et al., 2010b)
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3.8. A GEOLOGICAL MODEL FOR THE VAUPÉS-AMAZONAS BASIN

The Vaupés-Amazonas basin is contained between the Vaupés 
uplift in the north and the Chiribiquete-Araracuara-Florencia arc in the 
west, and passes into the Brazilian Solimões or Upper Amazon basin 
to the south. Its Precambrian history is marked by Paleoproterozoic 
magmatism and metamorphism around 1.8 Ga in the Complejo Mitú, 
and by Mesoproterozoic, well individualised intrusions around 1.5 Ga, 
such as the Parguaza and Tijereto bodies. Molassic conglomerates and 
sandstones and intercalated volcaniclastics in the Tunuí ridges testify of 
a first phase of postorogenic sedimentation not longer than 1.5 Ga ago, 
and they have been subjected themselves to folding, faulting and low-
grade metamorphism during the 1.1-1.0 Ga Grenvillian orogeny upon the 
collision of Laurentia and Gondwana. The folded but non-metamorphic, 
partly volcaniclastic Piraparaná formation might evidence a later, 0.9 Ga 
post-Grenvillian molassic basin. It is not known whether these ridges are 
erosional remnants of a once continuous cover, or originally downfaulted 
molasse basins that underwent relief inversion. There is no geophysical 
evidence for rifting events in the basin during its whole history. 

There are only two major, but shortlived transgressions discernable 
in the thin sedimentary cover of the Precambrian basement. The first one 
took place in the Arenigian (Floian) in the Lower Ordovician and deposited 
up to 1500 m of sandstones and subordinate shales and conglomerates of 

Figure 51. Formación Mariñame at type locality. Upper part of 
hammer head for scale lower left corner

Figure 52. Lignite channel fill, Mariñame Formation, Caquetá.



68
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 3 -STRATIGRAPHY AND FACIES 

Figure 53. Pyrite concretions in lignite, Mariñame Formation, Caquetá

the Araracuara Formation on top of the basement, generally in a fluvial 
to near-coastal environment. Also these horizontal sandstone plateaus 
may be either remnants of a once continuous cover, or inverted basin fills. 
Similar and coeval sediments occur at 1000 m depth in the Jandiatuba 
subbasin of the present Solimões basin in Brazil just south of the Vaupés-
Amazonas basin, suggesting that both basins share a common Ordovician 
history. Late Ordovician orogeny as evidenced e.g. in the Quetame 
massif in the Cordillera Oriental (Cediel et al., 2003) probably ended the 
sedimentation, and there are no indications that sedimentation resumed 
before the Neogene, except perhaps in the extreme southeastern corner of 
the basin near Leticia, just south of the northern boundary of the Paleozoic 
transpressional Solimões basin proper (see below under Petroleum 
geology). 

The second phase of sedimentation, though not a full-fledged marine 
transgression, took place in the Miocene, when first fluvial sediments of 
the Mariñame formation were deposited by westward flowing cratonic 
rivers on top of the basement and around the (meta)sandstone plateaus. 
Blocking of the outlet towards the Caribbean due to Andean uplift  led 
to the formation of the huge long-lived Pebas-lake, in which fossiliferous 
fluviolacustrine clays, sands and minor lignites were deposited, in which 
occasionally weak marine signals can be discerned. After the lake drained 
towards the Atlantic, the Amazon river system developed to its full length 
and fluvial deposition resumed, now from the Andes to the east. The 
total thickness of Neogene sediments does not surpass 300 m in the 
Vaupés-Amazonas basin. Uplift in the Andes as well as in the Vaupés swell 
continues up to the present day, so that the major rivers are incising and 
leave Quaternary terraces in their valley.
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Figure 54. Formación Pebas, Solarte, río Caquetá: flaser and ripple structure 
possibly pointing to tidal influence.
   

   
Figure 55. Bone bed, lag deposit in lignite filled channel in blue clay of Pebas 
formation, Los Chorros, Amazonas River
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Figure 56. Borings for lignite, (after Fernandes et al., 1977).
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Figure 57. Profile A-A’ just south of Leticia, from figure above, both after Fernandes et al., 1977
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Figure 58. Miocene drainage changes in the Upper 
Amazon basin (after Hoorn et al., 2010c).
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Figure 59. Terrace levels along the middle Caquetá river, Duivenvoorden & Lips, 1995
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Figure 60. Pleistocene terrace gravel on top of weathered Neogene Mariñame 
Sand Unit. Dos Islas, Caquetá River. Photo Kroonenberg
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Figure 61. Late Pleistocene and Holocene terraces in the Caquetá river (after Van der Hammen et al., 1994)





4. SEISMIC INTERPRETATION  
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Figure 62. Location of seismic surveys in the Vaupés-
Amazon basin (after García-González, 2009).

Seismic data come from two sources: surveys along the Amazonas, 
Putumayo and Caquetá rivers,  and a few land-base surveys around 
the Vaupés-1 well (Fig. 62, 63, 64, 65). The Caquetá survey was taken 
upstream from the Araracuara plateau, and hence rather refers to the 
Putumayo basin, not to the Vaupés-Amazonas. The most outstanding 
feature of all seismic surveys along the rivers is the eminent horizontality 
of all seismic units. When passing from the Putumayo to the Amazonas 
profiles the interpreted top basement is gradually deepening from 500 
to 800 m depth, and the inferred Paleozoic is thickening from 200 m in 
the north to 300 m in the south, possibly reflecting the flexural north 
shoulder of the Solimões basin. However, from the Brazilian borings 
east of the Trapecio Amazónico we know that there is no Paleozoic 
between the Neogene and the basement (see par 3.6), at least in the 

first 300 m.  The Neogene remains at a fairly constant thickness of 200 
- 250 m.

Faulting is subordinate, and usually restricted to a few horizons. 
There is no trace of a  northern boundary fault of the Solimões basin, which 
would cross the Amazonas/Solimões-river just west of Leticia according 
to the Brazilian data,  either because the river runs parallel to it, or the 
boundary is rather flexural than faulted. 

On the basis of gravity and seismic data a depth basement map was 
prepared by García-González (2009; Fig. 66), which show a > 2500 m deep 
depocentre near Mitú, indeed the site of the Vaupés-1 well, which only 
traversed 1500 m of Araracuara Formation sandstone (par 3.5). 
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Figure 63. RA-91-01 Seismic profile along Amazonas river (after García-González, 2009)
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Figure 64.  RP-91-08, Seismic line along Putumayo river (after García-González, 2009)
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Figure 65. RC-91-02, seismic profile along Caquetá river (after García-González, 2009)
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Figure 66. Depth basement map on the basis
of gravity and seismic data (García-González, 2009).







5. PETROLEUM GEOLOGY
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All data obtained so far indicate that the Precambrian formations 
show little perspective for hydrocarbons. There are some organic-rich 
horizons in shales intercalated in the Tunuí metasandstones, probably 
floodplain and intertidal deposits, but the organic material is usually 
described as graphitic. Though real crystalline graphite only starts to form 
at higher metamorphic grade, even at this low grade of metamorphism 
this material cannot be considered as a source rock. 

The Araracuara sandstone would qualify as an excellent reservoir rock, 
and Alemán (1988) describes its diagenetic features, including secondary 
porosity  through dissolution,  in detail on the basis of a thorough study of 
its petrography (Fig. 67). 

Figure 67. Diagenetic history of Araracuara sandstone (after Alemán, 1988).

However, nowhere in the Vaupés-Amazonas basin any source rock has 
been found so far that could charge the Araracuara sandstone. The Berlín 
Limestone that figures in earlier reviews appears to be non-existent, and so 
in the Vaupés-Amazonas basin the Arenigian transgression never became 
deep enough to develop source rocks, and remained limited to near-
coastal environments. Possibly there are younger Paleozoic source rocks 
in the Solimões basin (see below) that could have migrated northwards to 
charge the Araracuara sandstones, but in view of the fragmentary nature 
of the outcrops and the irregularity of the underlying basement this is not 
very probable. 

The only area that deserves further attention is the area around 
Leticia, because it is situated just across the northern boundary of the 
Solimões basin. 

The Solimões or Upper Amazon basin is an intracratonic basin of 
uncertain origin, that forms the westward continuation of the Amazonas 
basin splitting the Amazonian Craton in the Guiana shield and the Brazilian 
Shield (Fig. 68). The Solimões and Amazonas  basins are separated by the 
Purús arch, an inverted rift in which the oldest deformed sediments are 
already of Late Proterozoic age.  The Solimões basin covers an area of over 
400 000 km2 and the depth to the basement is in its deepest part over 
3800 m.  It is in its turn subdivided by the Carauari arch into the Jandiatuba 
and Juruá subbasins (Fig. 69).

The Juruá basin (Fig. 70)contains several producing fields, the Juruá 
gas field (6 million m3/day)  and Urucú oil field (57000 barrels-day, STOIIP 
900 mln barrels).  No hydrocarbon discoveries exist in the Jandiatuba basin 
of which the extreme tip of the Colombian Trapecio Amazónico forms part. 
This subbasin is underexplored because of the presence of the Vale do 
Javarí indigenous reserve and forest reserves in the area.  

The stratigraphy of the Solimões basin starts with the Lower Ordovician 
Benjamin Constant formation, the equivalent of the Araracuara Formation 
as stated above (Fig. 71). This formation only occurs in the Jandatuba basin. 
After an erosional interval, a Silurian marine transgression coming from 
the west deposited the Jutaí shales in both subbasins. A third trangression 
deposited the Middle Devonian to Early Carboniferous Marimari Group in 
the Juruá subbasin and beyond,  a thick sequence of partly anoxic shales, 
which especially in the Frasnien-Famennian contain the highest carbon 
percentages in the basin. These are the source rocks for the oil and gas 
fields. The sequence is capped by glacial deposits. The fourth and last 
transgression in the Late Carboniferous to Early Permian deposited the 
Tefé Group in a hot and arid climate. The tidal bar and coastal dunes of this 
sequence form the main reservoir rocks of the basin. The seal is provided 
by thick evaporites higher up in the same sequence (Fig. 72). Maturation 
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of the oil was largely the result of the intrusion of Permotriassic diabase 
sills of the Penatecaua magmatism into the sequence, a result of the initial 
breakup of Pangea   (Fig. 73; Eiras et al., 1994; Wanderley Filho et al., 2007, 
2010; Barata & Caputo, 2007;  Avila & Nascimento, 2009).

Eiras et al., (1994, see Fig. 48, 49 of this report) show that in the 
2-BT-1-AM well near Benjamin Constant, 20 km south from Leticia, the 
Silurian Jutaí shales overlie the Ordovician Benjamin Constant Formation. 
According to the map by Lima and De Ros (2003, Fig. 74), there is also 
Devonian present under Leticia, and Fernandes et al., (1977; Fig. 57) show 
diabase on top on the Paleozoic in the same well at Benjamin Constant. 
Although the complete stratigraphy of this well has not been published to 
our knowledge, it is plausible that in the small part of the Solimões basin 
that belongs to Colombia the full hydrocarbon-generating stratigraphy 
might be present. This seems to be the best target for exploration in the 
Vaupés-Amazonas basin. 
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Figure 68. The Solimões and Amazonas basins (Wanderley et al., 2010)
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Figure 69. Structure of the Solimões basin, and location of the main oil- and gas fields (Barata & Caputo, 2007)
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Figure 70. Oil and gas fields in the Juruá subbasin 
(http://www.hrt.com.br/hrt/web/conteudo_en.asp?idioma=1&conta=44&tipo=32083)
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Figure 71. Stratigraphy of the Solimões basin (Wanderley Filho et al., 2010)



92
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 5-PETROLEUM GEOLOGY

Figure 72. Hydrocarbon scheme of Juruá basin (Avila & Nascimento, 2009)
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Figure 73. Structural section of the Jandiatuba and Juruá basins, Eiras & Wanderley Filho (1994).
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Figure 74. Extent of the Devonian in the Solimões basin (Lima and De Ros, 2003)
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