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Last year, in late 2011, the global population surpassed 7 billion, 
more than double the number of people living just 50 years ego.

The increasing demand for non-renewable resources is staggering, 
in a world that is more interconnected than ever before. The free market 
economy for raw materials knows no political nor geographical boundaries. 

Colombia´s participation in the global resource marketplace is 
unexceptional, although mineral and hydrocarbon productions are 
significant contributors to the country’s Gross Domestic Product. Major 
commodities of economic impact in Colombia’s natural resource sector 
include gold, ferro-nickel, coal, oil and natural gas.

Geoscientists in Colombia are presently faced with many challenges, 
brought-on by technical exploration for conventional hydrocarbon resources, 
and exploration for non-conventional reservoirs, such as shale-gas, coal-bed 
methane and mud diapir. An increased understanding of the fundamental 
geology of Colombia’s productive basins, as well as its frontier basins, could 
lead to a new and stable economic era. Then, challenges related to poverty 
and environmental conservation must be addressed by us all.

PREAMBLE



The Petroleum Geology of Colombia project has provided a unique 
opportunity to unite a select, multi-disciplinary team of mature exploration 
geoscientists, in order to summarize their scientific achievements, and 
expose new insights into the hydrocarbon potential of Colombia. The 
resulting volumes of information represent decades of experience; focused 
upon and dedicated to, solving the complex and often controversial 
problems which underlie the Colombian and northern Andean geological 
framework. The contributions represented herein come from the most 
fundamental and valuable of exploration activities and disciplines: 
geological field mapping, geophysical interpretation, geochemical 
evaluation, basin analysis and regional tectonic analysis. The professional 
experience of the contributing team is reaffirmed by numerous oil, gas, 
coal and mineral discoveries, as well as by published research studies and 
academic theses, completed as faculty members in Colombian universities 
and academic institutions abroad.

A total of 23 authors and co-authors worked without restriction in 
these volumes, aiming to produce a technical and scientific synthesis, 
founded upon the cornerstones of verifiable empirical data and well 
documented, factual cases. We have avoided exploration paradigms 
or regional generalizations that do not include these fundamental 
parameters.

No attempt has been made to reconcile differing or contradictory 
geological, geophysical or geochemical interpretations. The Editor is aware 
of, and any alert reader will detect, apparent inconsistencies in some 
interpretations of the geological record. These discrepancies should point to 
the fact that, in some cases, the quality or density of the available data or 
differing data sources, affect the nature and validity of the resulting conclusions.

Regional geological syntheses, contain, by nature, a certain degree 
of geological “guesstimation”. Such works cannot conceal or ignore, and 
in fact tend to highlight, the significant lack of fundamental geological 
information for extensive areas of Colombia. Notwithstanding, a certain 
degree of geological speculation, based upon empirical observation, at the 
regional level, is necessary from time-to-time. Such inference can in fact 
provide a kind of inventory with which to qualify the state of geological 
knowledge for specific areas and for a region as a whole. It is hoped that 
such presentations would encourage new concepts, debates and syntheses 
applicable to the search for our non-renewable resources.

FOREWORD



Fabio Cediel and César Mora

The geological understanding of the Inter-Andean and Sub-Andean 
basins of the Northern Andean Block (NAB) has increased substantially 
over the past few decades. 

This understanding has been critical in deciphering the evolution of 
Phanerozoic basins throughout the region, many of which host the prolific 
hydrocarbon reservoirs of the northern Andes. In Colombia, these poly-
deformed basins are characterized by a complex facies architecture, the 
result of a series of significant, discrete tectonic events. The most important 
events include;

Grenvillian Event (Orinoquiense ~1.0 Ga, Orogeny): collision and 
subsequent rift-drift phase which created the structural framework for 
Late Proterozoic to Cambrian basins,

Early Paleozoic Event (Quetame/Caparonensis ~0.47 Ga Orogeny): 
characterized by arc accretion and extensive deposition of Ordovician 
transgressive marine sequences, Late Paleozoic to Early Cretaceous phase, 
characterized by the development of failed rifts (Bolivar Aulacogen) and a 
collisional orogeny(?) in the Permo-Triassic,The Late Cretaceous to Recent, 
Andean Orogeny, which generated marine and terrestrial basins within 
two spatially independent domains: 

a Cordilleran, subduction and accretion-type domain, to the west, 
and

a tectonic migration and accretion-type domain involving ‘orogenic-
float’, to the north (within the Maracaibo Sub-Plate).

The recognized petroleum occurrences of the NAB are commonly 
associated with Cretaceous to Cenozoic basins. Regardless, identified 
hydrocarbon seeps and manifestations linked to Paleozoic and Early 
Mesozoic stratigraphy, challenge the established exploration paradigms. 

In Colombia, more than 90% of established oil reserves are located 
within Sub-Andean basins, and are associated with geological processes 
recorded in two main phases:

1. A thermal subsidence phase (Early Aptian to Late Campanian) and 

2. A flexural subsidence phase, related to tectonic inversion of the 
Andean cordilleras (Maastrichtian to Recent). 

The evaluation of petroleum systems within the Sub-Andean basins of 
the NAB permits the definition of at least three main chrono-stratigraphic 
groups, defined herein as: 

PS1, Albian – Aptian (!), 

PS2, Turonian/Santonian - Eocene/Oligocene (!)

PS3, Paleocene – Eocene (?)

The principal source rocks in these petroleum systems include marls 
and shales deposited during transgressive events, which coincide with 
global anoxic periods during the Middle Albian, Late Cenomanian to Early 
Turonian and Late Coniacian to Early Santonian. These rocks were subject 
to progressive burial and transformation of organic matter, leading to 
hydrocarbon expulsion and migration during the Late Paleocene, Late 
Oligocene to Early Miocene and Late Miocene to Early Pliocene. 

Tectonic inversion during the progressive phases of Andean 
deformation, led to three main periods in the formation of structural-
stratigraphic traps: 

1. Middle Eocene

2. Middle Miocene

3. Late Miocene-Pliocene

The net result of the above combination of tectono-thermal 
processes, was the formation of a complex system of hydrocarbon 
generation, migration and accumulation. These processes included 
early biodegradation of organic material and the generation 
of a mixture of hydrocarbon qualities. The greatest volume of 
hydrocarbon reserves discovered to date, is associated with PS2, 
within giant fields such as La Cira-Infantas, Cusiana-Cupiagua and 
Caño Limon (about 10 billion BBLS of OOIP). The integration of 
geological and geochemical information indicates that, on a mass 
balance basis within these same basins, there remains real potential 
for the discovery of additional conventional and non-conventional 
petroleum resources. 

 Of the twelve known hydrocarbon-bearing basins within the 
NAB, seven are located in Colombian territory, whilst two are shared 
with Venezuela and Ecuador (Maracaibo and Napo, respectively).

OVERVIEW 



Of the ten frontier basins located within Colombia, three are of 
particular interest, and deserve further geological, geophysical and 
geochemical exploration. These include:

1. The Eastern Cordillera Basin (ECB): a Cretaceous extensional 
marine basin, partially inverted during the Cenozoic. The Llanos and Middle 
Magdalena basins presently flank the axial portion of the ECB. These are the 
most prolific hydrocarbon basins in Colombia, lending potential to the ECB. 

2. Sinú and San Jacinto (SIB and SJAB) Caribbean Basins: consisting 
of two distinct Cenozoic depocenters, floored by Cretaceous peri-cratonic 
oceanic basement and bound by two wrench fault systems, the Sinú and San 
Jacinto faults. Numerous surface hydrocarbon seeps, associated with mud 
diapirs, attest to the generation of abundant oil and gas in these basins.

3. San Juán Basin (SJUB), within the Panama-Choco Arc: comprising a 
Paleogene to Holocene deltaic sequence that includes some of the richest 
source rock in the NAB. 

 The acquisition of new geological data, beginning with geological 
field mapping, supported by further basic research, should improve our 
understanding of basin development in the NAB, for direct application to 
the search for non-conventional hydrocarbon reservoirs.

The geological knowledge summarized herein for each basin, is the 
result of decades of hydrocarbon exploration in Colombia. This historic 
information, when placed within the context of new and on-going 
exploration and research, will constitute a firm basis for the formulation 
of new hydrocarbon exploration strategies, and development policies with 
which to govern the exploration process.
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Foreword

This is an initial attempt to summarize, in a graphical format, 
the most relevant tectono-sedimentary events related to basin 
formation in the Phanerozoic of Colombia. The selected format 
includes a series of unrestored paleogeographic maps which depict 
the regional sedimentalogical framework, organized in sequential 
time slices.

Many of the accompanying “figure captions” are composed of excerpts 
from works pertaining to the geology of Colombia, published over the last 
decade. In assembling diverse sources of information, otherwise distant in 
time and space, two goals are accomplished:

1. To compile and present a coherent regional overview, at the same time 
preserving the original sources of information, and

2. To facilitate the rapid visualization of synthesized data, interpretations 
and proposed geological models.

Our understanding of Pre-Cretaceous sedimentary basins in the northern 
Andes is still at an adolescent stage. Relatively recently, “somebody” in the 
industry “discovered” that Paleozoic rocks of the NAB provide potentially 
viable explorations targets. Today, the need for basic geological mapping 
of diagnostic Pre-Cretaceous outcrops, and stratigraphic, geochemical 
and petrophysical studies which will permit the integrated analysis of Pre-
Cretaceous basins, are overshadowed by the apparent urgency to offer new 
hydrocarbon plays, based upon proven exploration paradigms in younger 
basins, within contracted exploration blocks in Colombia. Nevertheless, the 
limited available data, compiled and viewed at a regional scale, permit a 
preliminary assessment of exploration potential. The data highlight various 
potential exploration targets within Pre-Cretaceous time-rock sequences. 
These targets include:

         - Ordovician epicontinental marine deposits

         - Pennsylvanian(?) or Middle to Late Permian marine deposits 

         - Late Triassic marine deposits

         - Middle to Late Jurassic marine deposits 

Some of the concepts presented in the present summary were refined, 
through energetic and productive discussions, with the contributing 
authors of the various works pertaining to individual basins, within 
the context of the editorial process of the Petroleum Geology of 
Colombia.

Major Tecto-Sedimentological Events and Basin Development in the 
Phanerozoic of Colombia
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Guiana Shield Realm, GSR

This lithotectonic realm is comprised of the autochthonous mass 
of the Precambrian Guiana Shield . The western edge of the GSR extends 
throughout the subsurface of the Llanos, Guarico, and Barinas-Apure 
basins of northeastern Colombia and northwestern Venezuela. To the 
south, the GSR extends beneath the eastern foreland front of Colombia’s 
Eastern Cordillera, through to the Garzón massif, and under the Putumayo 
basin. In Ecuador, the GSR underlies the Putumayo-Napo basin, the eastern 
margin of the Cordillera Real, and extends eastwards into the Amazon 
basin of both Colombia and Ecuador.

The Guiana Shield formed the backstop for the progressive 
continental growth of northwestern South America from the middle to 
upper Proterozoic through to the Holocene. Outcrops of 1300–900 Ma 
granulite document continental collision, penetrative deformation, and 
high-grade metamorphism during the Grenville orogeny. 

The Central Continental Sub-Plate, CCSP

The CCSP is a composite, temporally and compositionally 
heterogeneous lithotectonic realm. The Precambrian and Paleozoic 
constituents of the CCSP are allochthonous to parautochthonous with 
respect to the Guiana Shield autochthon, while the Mesozoic to Recent 
components are considered to be parautochthonous to autochthonous 
with respect to the CCSP. 

The CCSP has played host to a plethora of complex geological 
events from the Paleozoic right up to the present. These events include a 
middle Ordovician–Silurian Cordilleran-type orogeny followed by a period 
of prolonged taphrogenesis, which began in the Mississippian (?) and 
continued to the middle Mesozoic. The Mesozoic-Cenozoic transition to 
transpressional regimes, collisions, and magmatism during the Northern 
Andean orogeny defines the present tectonic character of the CCSP. 

The oldest constituent of the CCSP is the exotic Chicamocha terrane. 
This Precambrian allochthon, a possible relict of the North American plate, 
was welded to the Guiana Shield during the Grenville orogeny. 

It is represented by fragmented granulite grade bodies of migmatite 
and quartz-feldspar gneiss.

Maracaibo Sub-Plate, MSP, (Tectonic Float ), MTF

The MTF hosts numerous composite lithotectonic provinces and 
morphostructural features, including the Sierra Nevada de Santa Marta 
(SM), the Sierra de Mérida (ME, the ‘‘Venezuelan Andes’’), the Serranía 

2003 - Cediel, F., R. P. Shaw, and C. Cáceres. Tectonic assembly of the 
Northern Andean Block, in C. Bartolini, R. T. Buffler, and J. Blickwede, eds., 
The Circum-Gulf of Mexico and the Caribbean: Hydrocarbon habitats, basin 
formation, and plate tectonics: AAPG Memoir 79, p. 815– 848.

Figure 1- The North Andean Block. Geological setting

Figure 2- Major tectonic realms
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MAJOR TECTO-SEDIMENTARY EVENTS AND BASIN DEVELOPMENT IN THE PHANEROZOIC OF COLOMBIA

de Perijá and Santander massif (SP), and the Cesar-Ranchería and 
Maracaibo basins. The MTF is characterized as the northwesternmost 
disrupted portion of the Guiana Shield, overlain in this region by extensive 
Phanerozoic supracrustal sequences. In the late Cretaceous, the MTF 
began to migrate northwestward along the Santa Marta–Bucaramanga 
and Oca–El Pilar fault systems, in the process forming the Sierra de Mérida, 
the Santander-Perijá belt, and the Sierra Nevada de Santa Marta. Although 
technically a part of the Guiana Shield, the MTF is distinguished from the 
GSR by a unique and regionally constrained style of deformation brought 
about by the evolving Mesozoic-Cenozoic, through Recent interaction 
between the Pacific (Nazca), Caribbean, and continental South American 
plates. The possible causes, timing, and mechanisms behind this migration 
is still a matter of debate. 

Western Tectonic Realm, WTR

Despite important local data, complete characterization of individual 
terranes in the WTR, including the definition of their boundaries and time(s) 
of collision with the continent, remains deficient. Regardless, it is certain 
that all lithotectonic units in the WTR contain fragments of Pacific oceanic 
plateaus, aseismic ridges, intraoceanic island arcs, and/or ophiolite. 
All developed in and/or on oceanic basement and, as demonstrated by 
paleomagnetic data and paleogeographic reconstructions.

This lithotectonic realm consists of two composite terrane 
assemblages:

1. The Pacific (PAT) assemblage, which contains the Romeral (RO), 
Dagua (DAP), and Gorgona (GOR) terranes. The Dagua terrane is correlated 
with the Piñón and Macuchi terranes of western Ecuador.

2. To the north, the WTR contains the Caribbean terranes (CAT), 
including San Jacinto (SJ) and Sinú (SN). 

- Pacific Terranes (Romeral, Dagua-Piñón, Gorgona) 

The Romeral terrane contains mafic-ultramafic complexes, ophiolite 
sequences, and oceanic sediments of probable (late Jurassic?) early 
Cretaceous age. The Romeral terrane may be traced southward into 
Ecuador where sporadic exposures of the lithologically and temporally 
equivalent Peltetec, El Toro, and Raspas units indicate that it underlies 
the western margin of the Cordillera Real and probably much of the Inter-
Andean depression (where exposure is limited because of thick Miocene 
and Pliocene to Recent volcanic cover).

To the west of the Romeral, the Dagua-Piñón terrane is dominated by 
basaltic rocks of tholeiitic MORB (mid-oceanic-ridge basalt)-type affinity, 

and important thicknesses of flyschoid siliciclastic sediments, including 
chert, siltstone, and graywacke. The chemical characteristics of the 
Dagua-Piñón basalts are ‘‘totally unlike those of island arc or marginal 
basin basalts’’ (Kerr et al. 1996a, p. 111). Thus, these basalts appear to 
represent accreted fragments of oceanic crust, aseismic ridges, and/or 
oceanic plateaus. Broad lithotectonic (lithologic, petrochemical, and 
sedimentological) correlation between the Dagua and the Piñón terrane 
of western Ecuador is observed; the Piñón terrane is included in our 
Dagua terrane designation and nomenclature.  Middle to late Cretaceous 
K-Ar age for low-K basalts of the Dagua terrane, correlates well with 
numerous middle to late Cretaceous paleontological dates from both 
Colombia and Ecuador. Also included along the westernmost portion of 
the Dagua-Piñón terrane are the petrochemically distinct volcanic rocks 
of the San Lorenzo and Macuchi assemblages of northwestern Ecuador 
and the Ricaurte-Altaquer section of southwestern Colombia; these show 
a tholeiitic to calc-alkaline affinity that is more akin to oceanic island-arc 
compositions and clearly dissimilar to the typical Dagua terrane basalts. 
So far, oceanic terrane correlation in general between Ecuador and 
Colombia is not so easily resolved. 

Generally, small metaluminous (approximately I-type) calc-alkaline 
plutons ranging from tonalitic to granodioritic in composition and 
Paleocene to Miocene in age intrude the Dagua-Piñón terrane along 
its entire length. Farther west, the Gorgona terrane is located on the 
westernmost margin of northwestern South America; however, it is 
located mostly offshore. It also appears to represent an accreted oceanic 
plateau. It contains massive basaltic flows, pillow lavas, komatiitic lava 
flows, and a peridotite-gabbro complex; it has been assigned a Late 
Cretaceous age.

- The Caribbean Terranes (San Jacinto, Sinú)

With respect to the Caribbean assemblage, petrochemical and 
paleomagnetic data for contained oceanic-volcanic rocks indicate that 
they are allochthonous. Paleomagnetic data for the Coniacian Finca 
Vieja Formation in the San Jacinto terrane indicate a provenance to the 
southwest. This is supported by  petrochemical analyses which suggest 
that the volcanic sequences of the Pacific Dagua-Piñón terrane and the 
‘‘southern Caribbean’’ basalts in general, belong to the same volcanic 
province. To the northwest of the San Jacinto terrane, the magnetic 
basement of the Sinu´ terrane presents a unique, northwest-oriented, 
strike-slip-dominated structural pattern. This pattern is reflected in 
surface mapping and is clearly distinct from the generally northeast 
structural trend of the San Jacinto. The oldest recognized sedimentary 
rocks in the Sinu´ terrane are Oligocene in age, and those of the San 
Jacinto are Paleocene.
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Figure 1. The North Andean Block. Regional Geological setting
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MAJOR TECTO-SEDIMENTARY EVENTS AND BASIN DEVELOPMENT IN THE PHANEROZOIC OF COLOMBIA

Guajira-Falcon and Caribbean Mountain Terranes, GU-FA 

Farther to the east, along the Caribbean coast, the Guajira-Falcon 
(GU-FA) and Caribbean Mountain (CAM) terranes appear to represent 
tectonically translated segments of the WTR. 

Based on similarities in age, composition, and tectonic setting, we 
consider the Guajira-Falcon and Caribbean Mountain terranes to represent 
a disrupted, northeast-translated segment of the WTR, presently situated 
in the Caribbean along the coast of western Venezuela, and physically 
separate from the main Pacific-Caribbean-Choco´ assemblages . The 
composite Guajira-Falcon terrane is comprised of a collection of fragments 
of Proterozoic and Paleozoic continental crust, Jurassic sedimentary 
sequences,and Cretaceous oceanic crust accumulated during the process 
of emplacement of the Caribbean plate.  The composite character of 
the Guajira-Falcon terrane was produced when, following the middle 
Cretaceous accretion of the Romeral terrane , the passage of the GU-FA 
assembled slivers of Pacific oceanic crust and continental remnants of the 
separation of the North and South American plates.

Based on facies associations and contained fossil record, the Jurassic 
sequences of the GU-FA appear to correlate with contemporaneous 
deposits presently exposed in the Yucatán Peninsula. 

Paleomagnetic studies indicate that volcanic outcrops of the GU-
FA from their Guajira and Greater Antilles sites occupied latitudes about 
108 south of their present positions, and possibly off northwestern South 
America in the Cretaceous. Detailed petrographic studies of the Margarita 
Complex portion of the GU-FA terrane, demonstrate an accretionary-
metamorphic history and migratory path beginning in the Albian for 
this heterogeneous association of rocks from the Pacific to their present 
position.

The Caribbean Mountain terrane is dominated by Cretaceous oceanic 
lithologies. Recent studies of the CAM, in particular those involving the 
petrographic characterization and origin of the Villa de Cura klippe indicate 
marked lithologic similarities between this klippe and the Romeral terrane 
and between the Cordillera de la Costa and the Romeral melange. The 
Caribbean Mountain terrane was obducted onto the Maracaibo subplate 
during the Eocene. 

Figure 1. The North Andean Block. Regional Geological setting
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TECTONIC REALMS

1. GUYANA SHIELD, GS
2. MARACAIBO SUB-PLATE, MSP
3. CENTRAL CONTINENTAL SUB-PLATE, CCSP
4. PACIFIC TERRANES, PAT
5. CARIBBEAN TERRANES, CAT
6. CHOCO (PANAMA) ARC, CHO
7. GUAJIRA TERRANE, GU-FA
8. CARIBBEAN PLATE
9. NAZCA PLATE
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Figure 2. Major tectonic realms in the North Andean Block
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The Chocó-Panamá Arc, CHO 

The composite Chocó Arc assemblage represents the south-eastern 
segment of the Panama´ Double Arc (the western segment of which is 
the Central American Chorotega Arc). The Chocó Arc maintains a radius 
and vergence oriented northeast, and the Chorotega Arc maintains an 
approximately north directed vergence. 

Two terranes  comprise the Chocó Arc:  Cañas Gordas and Baudó; 
Cañas Gordas is comprised of a bipartite oceanic volcano-sedimentary 
sequence of middle to Late Cretaceous age, the basaltic to andesitic-
dominated portion of which exhibits clear volcanic-arc to continental-
margin affinity. On the western margin, it is intruded by the approximately 
53 Ma Mandé-Acandí magmatic arc. These elongate composite calc-alkaline 
batholiths of tonalitic to quartz dioritic and granodioritic composition are 
the products of volcanic-arc magmatism generated on oceanic crust. They 
were intruded into the Cañas Gordas terrane prior to its accretion to the 
continental block. The Baudó segment of the Chocó Arc is dominated by 
upper Cretaceous to Paleogene-aged sequences of tholeiitic basalt with 
minor interbedded pyroclastic and siliciclastic strata, including turbidites 
and cherts. MORB affinity, suggesting oceanic plateau provenance, is 
clearly demonstrated for the volcanic rocks of this terrane. 





2. PROTEROZOIC
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Figure 3- Unrestored paleogeographic distribution of Proterozoic 
lithotectonic units in the North Andean Block

Differential uplift and denudation resulting from superposed orogenic 
events and Andean (Meso-Cenozoic) tectonics has left sparse basement 
exposures in the northern Andes. Basement rocks in northern South America 
crop out in the eastern Orinoquian foreland basin and in the western Andean 
domain. The term basement here is understood as the assemblage of rocks 
which make up the craton or metamorphic units underlying Paleozoic 
sediments in the Andean realm. The latter definition is dependent on well 
constrained field relationships together with good quality geochronological 
data. No single locality in the northern Andes has such robust data. 

Despite numerous geochronological data recently acquired, late 
Proterozoic - early Paleozoic paleogeographical reconstructions of northern 
South America remain elusive. That is to say, a better understanding of the 
geological evolution of the distinct mappable units is still to be accomplished.

However, the lithotectonic units depicted in Figure 3 reveal a 
coherent geological history, enough and able to produce a first unrestored 
paleogeographic scheme.

From the several questions and statements to be read in this 
geological scheme, let´s mention the following outstanding features:

• Geological and geochronological data from this region indicate that the 
metamorphic basement consolidated during the Orinoquiense (~1.0 Ga) 
and Caparonensis (~0.47 Ga) orogenies.

• The Grenvillian, continent-continent collision, is registered by the 
granulitic belt, GB, and the intra-cratonic impactogens, Arauca and Guejar.

• Isolated Proterozoic bodies, outcroping today as exotic relicts within 
Lower Paleozoic (CA-VA) sequences, are interpreted as tectonic rafts.

• Relic structures of Proterozoic – early Paleozoic age have been reactivated 
in Mesozoic and Cenozoic tectonic episodes; likewise, radiometric dates 
have been reseted.
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Figure 3. Unrestored paleogeographic distribution of Proterozoic lithotectonic units in the North Andean Block





3. EARLY  PALEOZOIC 
(Cambrian, Ordovician, Silurian) 
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Figure 4 - Unrestored paleogeographic distribution of Lower Paleozoic 
deposits in the North Andean Block

Figure 5- Sequential basin development, Edicaran to Silurian

Figure 6- Chronostratigraphic Chart, Proterozoic to Silurian

Figure 7a- Type - tectono-stratigraphic-  section of the Lower 
Paleozoic accreted Island Arc (Cajamarca – Valdivia, Ca-Va)

Figure 7b- Gravimetric model for the Cajamarca-Valdivia 
Section

The Cajamarca-Valdivia Island Arc

During the early Paleozoic, the continental wedge of the Chicamocha 
terrane and the western margin of the Guiana Shield comprised the subsiding 
basement for extensive sequences of marine and epicontinental sediments 
deposited during the Ordovician and Silurian. These supracrustal sequences 
underwent Cordilleran-type orogenic deformation and regional metamorphism 
during an event variably recorded as the Quetame orogeny in Colombia, the 
Caparonensis orogeny in Venezuela, and the Ocloy orogeny in Ecuador and 
Peru. In Colombia and Ecuador, evidence for this extensive event includes 
the fragments of ophiolite and accretionary prism exposed in the Cajamarca-
Valdivia, Loja, and El Oro terranes. These lithotectonic units were intruded by 
subduction-related granitoids and metamorphosed to lower amphibolite facies. 
The Cajamarca-Valdivia terrane was sutured to continental South America along 
a paleomargin that followed the approximate trace of the paleo-Palestina fault 
system and its southern extension in Ecuador, approximated by the Cosanga 
fault (note that the modified trace of the Palestina system reflects reactivation 
during the Mesozoic). The continuation of this suture into southern Ecuador can 
be inferred based on occurrence of the pre-Jurassic Zumba ophiolite.

Farther east (inland), this orogeny is recorded by a lower - to 
subgreenschist-grade metamorphic event that affected the thick psammitic 
and pelitic Ordovician-Silurian supracrustal sequences. These metamorphosed 
sequences outcrop in the Eastern Cordillera (Quetame group), the Santander-
Perijá belt (Silgará group), the Sierra Nevada de Santa Marta, the Sierra de 
Mérida, and in the Cordillera Real (Chiguinda unit). They are correlated with 
penecontemporaneous strata that form the basal portion of the onlapping 
Paleozoic supracrustal sequences of the Maracaibo, Llanos, Barinas-Apure, and 
Putumayo-Napo basins.

The low-grade, subgreenschist nature of the metamorphism outlined 
above has led to problems in correlating this regional event and, in some 
instances, the interpretation of multiple, more localized events (see 
discussion and references in Restrepo-Pace, 1995). We feel that this apparent 
provinciality with respect to Ordovician-Silurian regional metamorphism in 
northwestern South America is unfounded and is more an artifact of the 
mechanisms behind regional metamorphism in general than a reflection 
of the existence of multiple events. For example, in the Eastern Cordillera, 
weakly to nonmetamorphosed windows of Ordovician-Silurian strata are 
observed. These rocks preserve diagnostic marine fauna for identification 
and dating, and they can be correlated with lower greenschist rocks of the 
same age that exhibit the imprint of regional metamorphism without having 
to evoke any major difference in overall tectonic history.

The concept of ‘‘igneous-related low pressure metamorphism’’ 
recognized by Restrepo-Pace (1995, p. 27–28) in the Santander massif 
during the Late Triassic–Early Jurassic may be applied with equal validity 
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to help explain the provincial nature of Paleozoic regional metamorphism. 

A similar, although contrary, form of protolith preservation is 
observed in the amphibolite-grade Cajamarca-Valdivia terrane to the 
west. Here, regional metamorphism of the accretionary prism assemblage 
has left relicts of Orinoco (Grenville)-aged granulite basement lodged and 
preserved in the amphibolite-grade metamorphic assemblages of the 
Cajamarca and Valdivia, CA-VA group (tectonic rafts). 

The Cajamarca-Valdivia Group, CA-VA, is a Lower Paleozoic 
metavolcanoclastic-metapelitic belt that extends fron the Central Andes 
of Colombia to northern Peru. On a section across the Central Cordillera of 
Colombia, the terrane consists mainly of amphibolitic schists and graphitic 
schists that range from greenschist facies to epidote-amphibolite facies. 
The mineral assemblages depict one prograde metamorphic event. Schists 
are isoclinally folded and, toward the western margin of the terrane 
foliation is transposed.

Major and trace element geochemistry reveals two distinct sources for 
the terrane´s protolith: an intra-oceanic island arc, and a continental margin. 
Accretion and metamorphism of the terrane took place in Late Silurian- Early 
Devonian time. Base on current continental Paleozoic reconstructions, two 
models could explain the origin and tectonic evolution of the CA-VA, both 
involving closure of a back-arc basin. The first model is within an Andean-
type margin setting and the second a continental collition setting. 

Within this framework (i.e. in any of the two tectonic models), it 
seems likely that an oceanic island arc must have been standing proximal 
to the continental margin of Northwestern South America.
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Figure 4.Unrestored paleogeographic distribution of Lower Paleozoic deposits in the North Andean Block
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Figure 5. Sequential basin development, Edicaran to Silurian in the North Andean Block
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Figure 6. Chronostratigraphic 
chart, Proterozoic to Silurian
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Figure 7b. Gravimetric model for the Cajamarca-Valdivia Section (Central Cordillera)

Figure 7a. Type tectono-stratigraphic section of the Lower Paleozoic accreted Island Arc (Cajamarca – Valdivia, Ca-Va)





4. LATE  PALEOZOIC 
(Devonian, Carboniferous, Permian) 
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Figure 8 - Unrestored Paleogeographic interpretation of the Upper 
Paleozoic deposits (Devonian, Carboniferous, Permian)

Figure 9- Geological Map of the Northern Quetame Massif

Figure 10- Stratigraphic SW-NE cross-section of the  Quetame Massif

Figure 11- Schematic Chrono-stratigraphic S-N section along the 
Sumapaz basin

We understand as Late Paleozoic (Upper Paleozoic) the sedimentary 
sequence biostratigraphically dated from Middle Devonian to Late Permian.

-   Devonian fossiliferous, marine sediments are rather abundant along 
the Eastern Cordillera, but are absent in the Sierra Nevada of Santa Marta 
or Mérida Andes of Venezuela. The best exposures are found in the Perijá 
Range, Santander, Floresta and Quetame Massifs, and the southeastern 
foothills of the Central Cordillera. Most of the sections begin with a basal 
conglomerate overlying methamorphic rocks, and consist of interlayered 
marine sandstones, siltstones and shales with few minor limestones. 

Thicknesses vary from a couple of hundred meters up to approximately 
eight hundred meters. The upper contact depicts a paraconformable 
relationship with Carboniferous red-beds in some of the localities and in 
others, for example in Manaure (Perijá Range) and northern Santander 
Massif, an angular and/ or discordant relationship is well documented.

-  Mississippian sedimentary rocks – mostly red-beds - could rarely 
be accounted for, since very few fauna has been collected representing 
this period. For the most part it is considered to be a stratigraphic hiatus in 
the North Andean Block.

-  Pennsylvanian to Middle Permian sedimentary rocks are generally 
exposed in the same localities where Devonian sections have been 
measured, with the exception of the Floresta Massif. Red-beds lay at base 
of known Pennsylvanian rocks which gradually turn into marine deposits 
consisting of interlayered sandstones, marls, shales and limestones. 
Conformable on top continues an Early- Middle Permian marine limestone 
sequence that locally may attain significant thickness.

- The Devonian deposits are regarded as a single, broad transgressive 
event. 

- The Carboniferous to Permian deposits are structural restricted 
local basins, built along with  numerous unconformities.

The Bolivar Aulacogen

The Bolivar Aulacogen is the name proposed in reference to the 
prolonged period of continental taphrogenesis surrounding northwestern 
South America and mostly affecting our Central and Maracaibo subplates 
during the late Paleozoic to middle Cretaceous. Figure 14 depicts tectonic 
reconstructions for the Bolivar Aulacogen through Late Paleozoic to Early 
Cretaceous. 

This extensional regime was initiated with the development of an 
intra-continental rift and deposition of marine strata in the Pennsylvanian-



41
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

• REGIONAL GEOLOGY OF COLOMBIA

Permian (Sierra de Mérida, Eastern Cordillera). The extensional regime 
changed briefly to transpressive at the end of the Permian, as recorded 
by tight folds associated with strike-slip faulting observed in the Sierra de 
Mérida.

The Sumapaz Basin

(Prototype of an Upper Paleozoic basin)

Most of the Upper Paleozoic outcrops are linked to exposures of the 
Garzón, Quetame, Sumapaz, Floresta, Santander, Santa Marta Massifs and 
the Serranía de Perijá. Perhaps the best preserved sedimentary sequences 
and the area where the stratigraphic relationships from Devonian to 
Permian are better understood, is the northern portion of the Quetame 
Massif, also known as the Sumapaz Massif. Figures 9, 10 and 11 illustrate 
one of those Upper Paleozoic transtensional basins, as member of the 
Bolivar Aulacogen. 
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Figure 8. Unrestored Paleogeographic interpretation of the 

Upper Paleozoic deposits (Devonian, Carboniferous, Permian)
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Figure 8. UPPER PALEOZOIC, 405.5 - 245 Ma 

STRATIGRAPHY

Documented time: Middle-Late Devonian.

Late Carboniferous (Pennsylvanian) Early-(Middle) Late 
Permian.

A regional unconformity points out to a stratigraphic gap at 
the transition late Silurian-early Devonian.

Sedimentary rocks

During Late Carboniferous-Permian time, delta and delta 
associated enviroments developed along the eastern margin of a 
shallow marine Devonian basin.

Igneous rocks

Granodiorite to quartzdiorite plutonism marks the western 
margin of the continental plate.

Large scale felsic plutonic bodies (with reset rediometric ages), 
like the Antioquian batholith and San Lucas granites belong to this 
magmatic event.

Metamorphic rocks

Thermal and dynamic metamorphism appears restricted to the 
western and northern continental plate margin.

PLATE TECTONIC SETTING

Structural features
Normal, NE-trending faults discontinously control marine basin margins.

Plate margins

Further converghence motion results in a tectonic two fold response 
along the previous continental margin:

Westward step of the sudduction zone (early Devonian), pltutonism 
and continent - continent collision from middle Devonian until late Permian 
in the northem half of the new continental margin.

A southward oblique slip trnsform fault cuts through and removes 
early Paleozoic composite crust.

Intraplate tectonics

On the interior continental plate, block tilting and low sea level stand, 
lead to shallow marine basin.

HYDROCARBON POTENTIAL

Probably anoxic conditions in the Devonian basin favored organic 
material accumulation and later hydrocarbon generation.

Few, scattered oil seeps are known in the Permian limestones.
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Figure 9. Geological Map of the Northern 
Quetame Massif
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Figure 10. Stratigraphic SW-NE cross-section of the  Quetame Massif

Figure 11. Schematic chrono-stratigraphic S-N section along the Sumapaz basin (Quetame Massif)





5. TRIASSIC AND JURASSIC 
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Figure 12 - Unrestored paleogeographic map and facies distribution of the

              Triassic and Jurassic deposits

Figure 13 – The Bolivar Aulacogen

Figure 14 – Tectono-Stratigraphic model for the Bolivar Aulacogen rift arms  

The Bolivar Aulacogen (continuation)

Rifting resumed during the Triassic (Payandé Formation), and 
continued into the Early Jurassic (Morrocoyal rift) and the Middle Jurassic 
(Siquisique rift). In the Late Jurassic, extensive rifting is marked by 
deposition of the continental and volcaniclastic deposits of the Girón, La 
Quinta, Jordán, and Noreán Formations. 

The Jurassic Salado terrane of the Cordillera Real, is interpreted  
also as have been formed in an extensional basin setting, over modified 
continental basement.  

Important metaluminous (I-type) calc-alkaline magmatism of 
Triassic-Jurassic age also was emplaced in the taphrogenic context of the 
Bolivar Aulacogen. This igneous activity is recorded in the Sierra Nevada 
de Santa Marta and Santander massif  and in the Segovia, Norosí, Sonsón, 
Ibagué, Mocoa, Abitagua, and Zamora Batholiths. 

Petrochemical modeling of some of these intrusives show that, 
although they appeared to represent (modified) continental arc magmatism, 
it is ‘‘impossible,’’ based on preliminary trace element analyses, to assign 
them to a specific petrogenetic environment. Some data also indicate 
clearly transitional island arc continental arc geochemistry. We interpret 
this transitional data to reflect arc construction on the modified continental 
margin of our heterogeneous Central Continental subplate (including the 
Chicamocha and Cajamarca-Valdivia (Loja) terranes). The CCSP presents 
a continental margin wielding petrochemical and geo-mechanical 
characteristics very different from those of a typical Proterozoic-aged 
autochthon.

We envision a complex distribution of temporally and geographically 
limited extensional (forearc and back-arc?) basins with localized, 
modified, continental-margin magmatic arcs coexisting in a broadly (and 
ultimately) taphrogenic environment and forming on a markedly thinned, 
heterogeneous, Proterozoic-Paleozoic metamorphic basement. 

The Bolivar Aulacogen commenced in the Mississippian (?) and 
culminated in the Early Cretaceous with the opening of the Valle Alto rift. 
This last event was marked by deep continental rifting, as evidenced by the 
emplacement of bimodal alkalic-tholeiitic mafic magmatism and possibly 
the local formation of oceanic lithosphere. The opening of the Valle Alto 
rift facilitated the invasion of the Cretaceous epicontinental seaway, which 
resulted in deposition of marine and epicontinental sequences of variable 
thicknesses over extensive areas of the CCSP (including the Cajamarca-
Valdivia terrane), the Maracaibo subplate, and the continental platform of 
the Guiana Shield. This culminant rifting event did not extend south into 
Ecuador. Regional extension terminated in the middle Cretaceous with the 
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shift of tectonic regime to compressional, as registered by the regional 
erosional gap observed in stratigraphy of the lower Aptian.

The complexity of the Bolivar Aulacogen and the late Paleozoic 
through Mesozoic tectonic history surrounding the Northern Andean Block 
is evident. However, the regional distribution of late Paleozoic, Triassic, and 
Jurassic volcanic-sedimentary rocks is increasingly better understood, and 
reinterpretation of the tectono- sedimentary significance of these deposits 
has been initiated. For example the Girón “molasse” is now considered a 
syn-rift sequence. Similar revision of the ‘‘flysch’’ deposits of the Sierra 
de Mérida is in order, as is substantial investigation regarding the tectonic 
setting and timing of the Triassic-Jurassic calc-alkaline intrusives for which 
data is lacking, and large areas (e.g., San Lucas block (sl), ) remain, in 
general,very poorly documented.

Beginning in the Early Cretaceous, the Farallón and South American 
plates reorganized and changed their drift direction and velocity. The 
resulting Mesozoic-Cenozoic oblique collisions, subduction, the birth 
of new oceanic plates (Caribbean and Nazca-Cocos system), and the 
detachment of the continental Maracaibo subplate are but some of the 
features that evolved from this reorganization and that characterize what 
is referred to today as the Northern Andean orogeny.



50
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 5 - TRIASSIC AND JURASSIC 

Figure 12. Unrestored paleogeographic map and facies distribution of the Triassic and Jurassic deposits
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Figure 12.  TRIASSIC-JURASSIC, 245 - 145.5 Ma.

STRATIGRAPHY

Documented time:

- In the northern half: Jurassic (Girón-La Quinta Fms. and Cheterló 
Fm.) and Early Jurassic (Morrocoyal-Bocas Fms.).

- In the southerrn half:  Triassic marine deposits .

Sedimentary rocks

Contineltal fault basins dominate in the Jurassic along with abundant 
explosive volcanism and pyroclastic desposits.

Igneous rocks

Widespread felsic plutonic and bimodal volcanic rocks.

Chain of continental volcanoes parallels the southern continental 
edge.

PLATE TECTONIC SETTING

Structural features

Conspicuous northeast trending normal faulting in the northern half 
of Colombia.

A northwest trending shear zone separates north and south halves 
of Colombia.

Plate margins

The Yaquí Block, previously welded to the Colombia northeastern 
continental margin, became rifted away from latest Triassic time onwards.

Intraplate tectonics

An intraplate graben system developed in the northern half of 
Colombia, away from the rifting margin from late Jurassic onwards.

In the South, a back-arc regime dominated since the Triassic.

HYDROCARBON POTENTIAL

Early continental lacustrine-fresh water swamp deposits (Bocas Fm.) 

are marginal source rock. Late Triassic Payandé Fm. contains oil seeps in 
limestones.
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Figure 13.  The Bolivar Aulacogen, North Andean Block
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Figure 14.  Tectono-Stratigraphic model for the 
Bolivar Aulacogen rift arms  





6. CRETACEOUS
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Cretaceous basins developed under two distinct tectonic regimes: 
Transtensional, from the Berriasian to the Aptian-Albian, followed by 
Transpressional from the Cenomanian to the Maastrichtian.

- The Lower Cretaceous transtensional regime represents the final 
stages of the extensional environment which dominated the Bolivar 
Aulacogen. This final phase culminates in deep rifting and epicontinental 
marine transgression. The crustal architecture inherited from Jurassic and 
earlier times is clearly reflected in early Cretaceous basin geometry.

The Upper Cretaceous transpressional regime is recorded 
simultaneously in two distinct tectonic realms:

1. In the WTR, linked to subduction of Pacific oceanic lithosphere, the accretion 
of allochthonous terranes, and the inicial stages of Cordilleran-type orogeny, and

2. In the MTF, linked to the tectonic migration of the Maracaibo Sub-Plate.

A - TRANSTENSIONAL REGIME
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Figure 15. Unrestored Paleogeographic Map, Berriasian – Valanginian
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Figure 15 - Berriasian – Valanginian, Figure 16 - Hauterivian – 
Barremian, Figure 17 - Aptian – Lower Albian, 

Figure 15 -  BERRIASIAN – VALANGINIAN, 145.5 - 136.0 Ma.

STRATIGRAPHY

Documented time: 

Valanginian, Berriasian

Sedimentary rocks

Diachronic facies development (from continental to outer shelf) in 
north-south direction.

Igneous rocks

Fading out the felsic plutonism from Bucaramanga to Santa Marta.

Mafic to felsic intraplate volcanism paralleling the southern 
continental margin.

PLATE TECTONIC SETTING

Structural features

Facies boundaries coincide with both old tectonic alignments 
(north trend) and new fracture zones (NW trend), which seem to be the 
continental extension of the oceanic transform faults.

Plate margins

“Bimodal” development:

1. From 5º N  to the south oblique-slip (transform) continental 
margin.

2. To the north divergent (passive) continental margin.

Intraplate tectonics

Related with the late stages of the breakup of the Yaquí Block (i.e. of 
the separation of North and South America), a stage of rapid subsidence 
and submergence is recorded by the basal Cretaceous sedimentary infilling 
(Berriasian), that is confined to the NW trending “Cundinamarca Through”, 
an aulacogen-like depression in central Colombia.

A normal, orthogonal fault system controlling the through shape is 
documented by marine conglomerates and coarser clastics as well as basic 
igneous activity restricted to the through and connected to old zones of 
weakness within the basement.

HYDROCARBON POTENTIAL

Coastal swamp intertidal facies contains oil source rocks. Organic 
material in middle and outer shelf shales are overcooked by mafic 
magmatism.
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Figure 16. Unrestored Paleogeographic Map, Hauterivian – Barremian
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Figure 16 -  HAUTERIVIAN – BARREMIAN, 136.0 - 124.6 Ma.

STRATIGRAPHY

Documented time: 

Ammonite zonation gives good time resolution to the sequence 
in the north half of Colombia; to the south paleontological evidence is 
substituted by lithofacies order.

Sedimentary rocks

The first and only large intracratonic Mesozoic delta with rivers 
having their headwaters in the present upper Magdalena Valley, developed 
during this time interval.

On mainland Colombia sedimentary facies become younger trending 
to the northeast.

Igneous rocks

The extensional episode that resulted in the northwest rifting activity 
stretched into central Colombia as marked by mafic plutonism, which 
suggests an attenuated continental basement.

PLATE TECTONIC SETTING

Structural features

Two distinctive structural regions are indicated by the sedimentary 
pattern:

1. Dominantly downward vertical  displacements on the north half 
of Colombia and, 

2. Upward steep-angle displacements behind the continent transform margin.

Plate margins

From 5º N to the south, and along the present eastern side of 
the Cauca valley, a subtle change in relative motion occurred from an 
oblique-slip transform fault to a left lateral strike-slip fault. To the north as 
consequence of persistent extensional motion, the oceanic crust continued 
growing on the outboard side of mainland Colombia.

Intraplate tectonics

In the north block of continental crust the arrangement of discrete, 
adjacent, sedimentary facies produces a mosaic pattern that reflects the 
structural frame which as persisted, unchanged from early Mesozoic ages. 
In the south a strip of continental basement subsided flanked by block faults.

HYDROCARBON POTENTIAL

Potential source and reservoir rocks might have developed in the 
northern Upper Magdalena Basin (deltaic facies). In the central and north-
central Colombia, organic material was overcooked by mafic plutonism.
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Figure 17. Unrestored Paleogeographic Map, Aptian – Lower Albian 
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Figure 17 -  APTIAN – LOWER ALBIAN, 124.6 - 107.5 Ma.

STRATIGRAPHY

Documented time:

Rich ammonite succession allows good Aptian-Albian time definition.

Sedimentary rocks

Overlapping facies changing from continental to marine advanced 
from north to south along the narrow basin that matches the present day 
Upper Magdalena Valley.

The sea became deeper in the central part of Colombia.

Igneous rocks 

Mafic tholeitic to alcalic intrusive rock bodies are known in the central 
part of Colombia, suggesting that a thinned continental crust evolved in 
this region.

PLATE TECTONIC SETTING

Probable dynamic metamorphism affecting marginal composite 
crust in southwest Colombia.

Structural features

The largest structural features in the continental crust are the welts 
that tend parallel to the passive and transform margins.

Plate margins

K-Ar uplift ages of exhumated high-pressure metamorphic 
rocks along the western margin of the southern half of the present 
day Central Cordillera, provide evidence that a switch occurred from 
an older southeastern subduction regime to a northeastern strike-
slip fault model regime, giving the so-called Romeral fault system a 
mega shear character. On the contrary, the north half of the western 
margin of the present day Central Cordillera, continues acting as a 
passive continental margin.

Intraplate tectonics

The configuration of pre-existing intraplate structures continues 
controlling the location of two main depositional domains: 

1. A narrow and elongated basin trending to the southwest (today 
Upper Magdalena Valley) and,

 2. To the north a diamond-shaped complex basin, that stretches 
from the western inboard passive margin to the eastern shield.

HYDROCARBON POTENTIAL

Good reservoir units and source rock facies developed in the 
southwestern basin. In central Colombia shales containing organic material 
were overheated by mafic plutonism.
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Figure 18. The Romeral Blueschist Belt
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B - Transpressional Regime

Figure 18 to Figure 21

The Romeral Blueschist Belt 

McCourt, W.J. and Feininger, T.,1984. High-Pressure Metamorphic 
Rocks in the Central Cordillera of Colombia. Rep. Br. Geol. Surv., No. 84/1, 
pp.28-35 (Excerps page 30-33). 

The metamorphic rocks can be subdivided into three broad units 
from west to east: the Bugalagrande Group; meta-igneous rocks of the 
Rosario and Bolo Azul Complexes; and the Cajamarca Group. 

1. The Bugalagrande Group is made up of a graphite schists, local 
psammites-quartzites and rare ampliibolites. The meta-igneous suite 
comprises garnet amphibolites, amphibolites, amphibolite schists, meta-
gabbros and hornblende gneises. Lawsonite-glaucophane schists and 
eclogite have been found within Paleozoic schists of the Bugalagrande 
Group. Petrographic and microprobe studies have revealed the mineral 
asssociation lawsoniteglaucophane-pumpellyite-albite-sericite-quartz 
in the schists. Lawsonite is by far the dominant high-pressure mineral 
and typically occurs as stumpy euhedral grains that average 0.2 mm in 
length and can account for 25-30 % of the sample. In some specimens 
glaucophane accounts for 8-10 % of the mode, with an associated 
decreased in the percentage of lawsonite, but generally forms less than 
5 % by volume of the rock. The abundance of pumpellyite in some schists 
is very impressive. 

The eclogites are fine-to medium-grained foliated dark green black 
rocks speckled with conspicuous coarse garnets. TypicaIly in outcrop the 
eclogites are massIve but highly sheared and several thin sections were 
sliced by numerous veins of mylonite, about 1 mm thick. Omphacite, its 
composition confirmed by microprobe analysis, occurs in ragged grains 
partly destroyed by retrograde metamorphism surrounded by kelyphytic 
rims of high relief composed of epidote, amphibole, chlorite and (?) 
plagioclase. Garnets arc weaklyzoned almandines with more than 25% 
grossular; relative to cores, rims are enriched in pyrope and depleted 
in spessartine. Amphiboles are subcalcic alumino-edenitic hornblendes 
with 3.2-3.4 % Na2 O. 

Such high pressure metamorphic rocks have been found in a 
narrow (1.2 -2.0 km) discontinuous belt extending some 40 km NNE 
from Barragan to Pijao. The belt of high pressure rocks is bounded on 
both sides by major N-S faults and the “blue-schists” and eclogites 
are intimately associated with higly tectonised and serpentinised 
ultrabasic rocks. 

González, H., 1997. Metagabros y Eclogitas Asociadas en el area de 
Barragan, Departamento del Valle, Colombia. Geol. Colombiana, No.22. 
pag.151-170 

The body of metabasites located near Barragán, contains troctolite 
gabros, where the texture and mineralogy of the original igneous rock 
is conserved, as well as partially amphibolitizised gabros, garnetiferous 
metagabros and eclogites. With the textural and mineralogical changes, 
regular geochemical changes are observed: MgO decreases from 24% to 
11% while CaO and Na2O increases trom 7% to 11% and from 2% to 3% 
respectively; furthermore, the content of some trace elements like Sr, Y, 
Nb, Zr, and Sc increases while Ni and Gr decrease from the troctolitic gabro 
to the eclogite and the amphibolitizised gabro shows disperse values near 
those ot tre troctolitic gabro. These geochemical variations are inherent 
to the differences in the protolith: a fractionated gabro that varies from 
olivinic to clinopiroxenic. Sorne metasomatic effects were observed, 
but they do not modity the general tendency of the major elements. 
Petrographic and chemical changes in the mineral phases are the result 
of synmetamorphic fluid circulation probably combined with deformation 
by shearing, conserving the protolith texture and chemistry when the fluid 
circulation and / or shearing were not significant. On the contrary, when 
both events were effective, the formation of eclogite ocurred. Later, the 
entire body underwent a retrogressive amphibolitic stage under greenshist 
facies conditions, responsible for the formation of amphibolitized gabro 
and for the retrogression of the eclogite. 

Orrego, A., Cepeda, H., Rodriguez, G., 1980. Esquistos Glaucofanicos 
en el area de Jambaló, Cauca, Colombia. Geologia Norandina No. 5, Pag. 5-10 

Three baric-metamorphic low-temperature / high pressure facies 
units crop out in the Jambalo area: 1.The Jambalo Glaucofane Schist 
Unit, composed of glaucophane, chlorite, amphibolic schists, mica 
schists that grade to foliated quartzites, and foliated marbles; 2. The la 
Mina Greenschist Unit, with metadiabases, metabasalts, metagabros and 
metasediments; and 3. The San Antonio Amphibolite Unit, comprises 
metagabros, metadiabases, metabasalts and metasediments. 

The three units form tectonic blocks within a “melange zone” 
with an approximately north-south orientation. These rocks, which 
have an ophiolithic affinity, may have formed in early Cretaceous time 
and subsequently, in late Cretaceous time, may have been subjected to 
metamorphic conditions.

Maresch, W.V., B. Stöckhert, A. Baumann, C. Kaiser, R. Kluge, G. 
Krückhans-Lueder, M.R. Brix & S. Thomson, 2000. Crustal History and Plate 
Tectonic Development in Southern Caribbean. Zeitschrift für Angewandte 
Geologie. Sonderheft SH1, p. 283-289
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Figure 19.  Composite reconstruction of Jurassic granitoid magmatism within the context of the Bolivar Aulacogen 
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Bustamante, A. 2008. Geotermobarometria, Geoquimica, 
Geocronologia e Evolucaco Tectonica das Rochas da Facies Xisto Azul nas 
Areas de Jambaló (Cauca) e Barragan (Valle del Cauca), Colombia. Tese de 
Doutoramento, Universidade de Sao Paulo.

At Jambaló, tectonic lenses of blueschist out crop in an area 
underlain predominantly by greenschist facies rocks. The Jambaló out 
crops are interpreted to represent cores of preserved blueschist, hosted 
within a retrograde greenschist facies domain that has overprinted 
the high pressure rocks during tectonic exhumation. Geochemical 
data obtained from the Jambaló blueschists indicate the presence of 
volcanic protholiths varying from intermediate to basic in composition, 
generated in oceanic island arc and MORB settings. Applying TWQ 1.02 
software, P and T data indicate strong decompression (8.2 to 6.6 kbar) 
followed by a slight temperature increase (463 to 500ºC), possibly due 
to the juxtaposition of hot, imbricated tectonic slabs within zones of 
thrusting. The 40 Ar/ 39 Ar data indicate that the Jambaló blueschists 
record a predominant age of metamorphism close to 63 Ma, with some 
indications of ages older than 71 Ma. The best interval is estimated 
to be between 66 and 61 Ma (Maastritchtian-Danian). This age would 
correspond to the exhumation of blueschist facies rocks, given that the 
dated micas (paragonite and phengite) were crystallized during the 
development of the mylonitic foliation.

In the Barragán area, geochemical data suggest that blueschist 
and amphibolite facies rocks were derived from N-MORB protoliths. 
Geothermobarometrical data indicate that the amphibolite facies 
samples were affected by strong decompression (~15 to 9.2 kbar), 
followed by a slight increase in temperature (639 to 665 º). This 
suggests that the amphibolites may have attained eclogite facies. The 
blueschist facies samples revealed a slight pressure decrease (9.5 to 
9.3 kbar) and a slight temperature drop (399 to 397 ºC), associated 
with the transition from blueschist to greenschist facies. 40Ar/39Ar 
geochronology on blueschist facies metapelite, returned an age of ca. 
120 Ma, which suggests that metamorphism to blueschist facies is older 
somewhat (125 to 150 Ma?). A more accurate age evaluation would be 
dependent upon the chosen model for generation and exhumation of 
these rocks.

Consideration of the entire data set highlights two important 
features; firstly, that there appears to be no temporal relationship 
between the Barragán and Jambaló blueschist events, and secondly, 
that the generative model for the northern Andean blueschists appears 
fundamentally different with respect to proposed for Franciscan and 
Alpine comparatives.

Maresch, W.V., R. Kluge, A. Baumann, J. Pindell, G. Krückhans-

Lueder & K. Stanek, 2009. The occurrence and timing of high-pressure 
metamorphism on Margarita Island, Venezuela: a constraint on 
Caribbean-South America interaction. In K.H. James, M.A. Lorente, J.L. 
Pindell (Eds.). The Origin and Evolution of the Caribbean Plate. Geol. 
Soc. London, Special Publ. 328, p. 705-741
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Figure 20.  Pacific-Caribbean Tectonic 
Migration of Cretaceous Terranes
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Figure 21. Isla Margarita Tecto-History and Migration around NW South America
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Figure 22. Unrestored Paleogeographic Map, Middle – Upper Albian
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Figure 22 -  MIDDLE – UPPER ALBIAN, 107.5 - 97.0 Ma.

STRATIGRAPHY

Documented time

Albian sections in the fine clastic facies domain can be dated using 
ammonites. The middle Albian is the lowest level in the Creataceous strata 
where mixed shallow-water and pelagic elements, indicating influence of 
rapid sea level rose, are recognized.

Sedimentary rocks

The map surface can be roughly divided into two facial domains:

1. A sandy rim that extends along the west side of the Llanos, 
approximately from the southern end of the Gulf of Maracaibo to the 
northern end of the Garzón massif (3º N), with a tounge penetrating 
platformward along an old structural low area at the site of the present 
day Macarena range.

2. Westward from the sandy rim the sedimentary facies is 
predominantly black-shale, with the presence of carbon-rich platy 
limestone, commonly cherty, on the inboard side of the continental margin.

PLATE TECTONIC SETTING

Structural features

Thickness and sedimentary facies distribution give evidence of 
penecontemporaneous fault blocks and basement involved structural 
movements.

Plate margins

Change in relative movement between the Pacific and South 
American lithospheric plates caused a northeast right strike-slip translation 
along the ensimatic parallel fractures, under deep water of west Colombia.

Intraplate tectonics

In the north half of Colombia contemporaneous sandy to black-shale 
facies transition, westward from the Llanos platform, suggests internal 
plate deformation subjected to rapid eastward subsidence and basin 
infilling. In the south, facies distribution is related to an embayed east 
coast, controlled by rising blocks.

HYDROCARBON POTENTIAL

Black-shale layers and associated coeval bituminous limestone 
indicate the development of anoxic environments and potential source 
rocks.
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Figure 23. Unrestored Paleogeographic Map, Cenomanian
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Figure 23 -  CENOMANIAN, 97.0 - 90.4 Ma.

STRATIGRAPHY

Documented time

1. Scant planktonic paleontologic record. 

2. Benthonic mollusks and palynological elements are the basis for 
biostratigraphic division of this stage.

Sedimentary rocks

By early Cenomanian time Colombia had undergone a transgressive 
maximum that extended the marine waters eastward beyond the west side 
of the Llanos platform (area). Subsequent abundant record of benthonic 
life points to a relative sea-level fall through most of the Cenomanian. 
However, during the latest Cenomanian, a rapid sea-level rise influenced 
the epicontinental portion of Colombia.

Igneous rocks

Last recorded episode of intracratonic mafic plutonic activity.

PLATE TECTONIC SETTING

Structural features

Thickness and sedimentary facies distribution give evidence of 
penecontemporaneous fault blocks and basement involved structural 
movements.

Plate margins

Along the continental-oceanic plates boundary zone, accommodation 
of NE trending right-lateral strike-slip continual motion produced ensimatic 
borderland basins and ensialic marginal doming.

Intraplate tectonics

As indicated by facies variation across the continental plate, internal 
plate deformation seems to have undergone some reactivation, probably 
due to the contemporaneous straining along the lithospheric plates 
margins.

HYDROCARBON POTENTIAL

The shale-dominated and sand-dominated facies correlate with 
source-rock and reservoir-rock.
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Figure 24. Unrestored Paleogeographic Map, Turonian
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Figure 24 -  TURONIAN, 90.4 - 88.5 Ma.

STRATIGRAPHY

Documented time

The Turonian ammonite assemblages contain Mediterranean 
components, which are mixed with Afro- American components, both in 
western and eastern Colombia.

Sedimentary rocks

Sedimentary facies indicate a high sea level and low bottom oxygen 
distribution, both on the eastern continental plate and on the western 
oceanic plate.

Upwelling probably contributed to the formation of bituminous 
carbonates and shales.

Igneous rocks

Magmatic activity was dominated by emissions of large amounts of 
basaltic magma in the site of the present Western Cordillera; the volcanic 
centers were the sources of ashes found as laminae intercalated in Turonian 
sedimentary rocks outcropping in present Eastern Cordillera.

Metamorphic rocks

Slabs of serpentinized ultramafic rocks (rodingites) and high pressure 
glaucophane schists are upthrusted along the eastern margin of the “Cauca 
Valley Furrow”. An early phase of penetrative deformation affected the 
Dagua and Diabase Groups.

PLATE TECTONIC SETTING

Structural features

Strike-slip faulting dominates the structural framework.

Plate margins

Continued strike-slip movement along the margins of the southern 
half of the present Cauca Valley created a furrow of “composite crust” that 
differs from the simatic western and sialic central domains of Colombia 
in having wedges of sea floor rocks, deformed deep marine sedimentary 
cover with a much greater degree of felsic basement involvement.

Further to the north, in the Antioquian region, and to the west 
in the Pacific region, only wedges of purely mafic oceanic and bathyal 
sedimentary rocks are present.

Intraplate tectonics

Due to stress transmitted tangentially from the Pacific oceanic plate, 
the continental margin was flexed into a welt stretching from 3º N up to 
11º N latitude. Eastward through the continental basement, subsidence 
was the tendency.

HYDROCARBON POTENTIAL

The La Luna and equivalent formations are a widespread source rock.
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Figure 25. Unrestored Paleogeographic Map, Coniacian
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Figure 25 -  CONIACIAN, 88.5 - 85.6 Ma.

STRATIGRAPHY

Documented time

1. Planktonic foraminiferal assemblage and ammonite succession 
document a Coniacian age for the middle and outer shelf facies.

2. Palynology helps in dating sandy facies.

Sedimentary rocks

Continuing sea-level rise and subsidence influence deposition of 
organic-rich dark shales and laminated limestones and siliceous siltstones 
in epicontinental Colombia; a movement of the shoreline towards the 
Llanos produced an embayed coast. In western Colombia borderland 
basins deposition resulted from a combination of slumping, debris flow, 
turbidity and traction currents, and minor tuffaceous sediments.

Igneous rocks

Magmatic activity was dominated by emissions of large amounts of 
basaltic magma in the site of the present Western Cordillera.

Metamorphic rocks

Dynamic metamorphism present in rocks of the Western Cordillera 
can be attributed to continuous deformation at the active margin of the 
Farallón Colombia borderland interaction.

PLATE TECTONIC SETTING

Structural features

Strike-slip faulting dominates the structural framework.

Plate margins

A northeast-trending fault system, possibly with major right-slip 
displacement, developed along peripheral western Colombia. Through 
this mechanism diverse oceanic sequences became partly accreted to the 
continental margin.

Intraplate tectonics

Strike-slip faulting dominates the structural style affecting subsidence 
and sedimentation.

HYDROCARBON POTENTIAL

The La Luna and equivalent formations are a widespread source rock.



78
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 6 - CRETACEOUS

Figure 26. Unrestored Paleogeographic Map, Santonian – Campanian – Lower Maastrichtian
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Figure 26 -  SANTONIAN – CAMPANIAN – LOWER MAASTRICHTIAN, 
85.6 - 70.5 Ma.

STRATIGRAPHY

Documented time

Late Campanian – early Maastrichtian turbidites with interposed 
basalts troughout western Colombia. Campanian to early Maastrichtian 
outer shelf facies in the Colombian part of the Maracaibo Basin. Santonian 
to early Maastrichtian middle to inner shelf facies in central Colombia

Sedimentary rocks

Development of delta fans on both sides of the central part of the 
Central Cordillera.

Northwestward prograding delta system draining from the eastern 
shield, located along the frontal foothills hinge line.

Igneous rocks

Submarine basaltic volcanism punctuated by mafic to ultramafic 
plutons along the western oceanic margin.

Metamorphic rocks

Probable initiation of penetrative HP low T metamorphism, actually 
present along the contact zone between the western oceanic margin and 
the eastern cratonic margin.

PLATE TECTONIC SETTING

Structural features

A step fault margin develops along the continental oceanic plate 
boundary, deepening into the western bathyal environment.

Plate margins

Shortening of the continental plate due to the continuing 
northeastward movement of the western oceanic plate, resulted in slicing 
of the sliding plates through huge strike-slip faults, such as the paleo- 
Palestina dextral fault.

Intraplate tectonics

The observed over-all tilting of the sedimentary domain, dipping 
from southwest to northeast is the result of the progressing (SW-NE) 
movement on the plates.

HYDROCARBON POTENTIAL

In northeast Colombia La Luna facies is a widespread source rock. 
Deltaic and delta fan sandstones provide good reservoirs.





7. CENOZOIC
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1994 - Cediel, F., F. Etayo, and C. Cáceres.  Facies Distribution and Tectonic 
Setting through the Phanerozoic of Colombia: INGEOMINAS, ed., Geotec 
Ltd., Bogotá (17 time-slices/maps in scale 1:2,000.000).

2000 - Cediel, F., and C. Cáceres. Geological Map of Colombia, Third Edition: 
Geotec Ltd., Bogotá, digital format with legend and tectonostratigraphic 
chart.

2003 - Cediel, F., R. P. Shaw, and C. Cáceres. Tectonic assembly of the 
Northern Andean Block, in C. Bartolini, R. T. Buffler, and J. Blickwede, eds., 
The Circum-Gulf of Mexico and the Caribbean: Hydrocarbon habitats, basin 
formation, and plate tectonics: AAPG Memoir 79, p. 815– 848.

Orogenesis in the northern Andes is a multistage process that is best 
recorded at the transition from Cretaceous to Paleogene time. The partial 
exhumation of the proto-cordilleras and lesser mountain ranges is well 
documented by a nearly complete Cenozoic sedimentary record. This record, 
in turn, progressively delineates the location and evolution of intra-cratonic 
as well as peri-cratonic basins.

The age and facies distribution documented within northern Andean 
sedimentary basins, reflect not only particular tectonic regimes, but also record the 
asynchronous or trans-temporal character of structural deformation throughout 
the region. The reactivation of ancient deep-seated fault systems and sutures, and 
the inversion of normal faults within transcurrent regimes, became the dominant 
kinematic styles. These tectonic styles remain important, even today.
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Figure 27. Unrestored Paleogeographic Map, Upper Maastrichtian – Paleocene
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Figure 27 -  UPPER MAASTRICHTIAN – PALEOCENE, 70.5 - 56.6 Ma.

STRATIGRAPHY

Documented time

1. In bathyal sediments by forams.

2. In shelf deposits by mollusks.

3. In continental deposits by palynology.

Sedimentary rocks

Incipient continental relief controlled sediment distribution. Turbidites 
(submarine fans) derived from the elevated continental margin in the 
northwest. Dominant argillaceous sediments proceeded from the vegetation 
covered low relief Central Cordillera (Guaduas-Lisama Fms.).

The Eastern belt of arenaceous clastics was derived from the 
weathered Guyana shield.

Igneous rocks

First evidence of plutonism intruding the continental plate in late Cretaceous.

Metamorphic rocks

Incipient metamorphism at the convergent corner (Sierra Nevada de 
Santa Marta) of the Paleo-Santa Marta and Paleo-Oca faults.

PLATE TECTONIC SETTING

Structural features

Conjugated fault zones delineate a braided pattern of up-lifted and 
depressed blocks tilted toward the east on the continental plate.

Plate margins

Convergent collision between a slab of the Farallón plate and 
the Colombian continental plate from approx. 5º N to the north, 
led to off-scraping of oceanic deposits and sea floor subduction.

Intraplate tectonics

The development of horizontal compressional stresses resulted in 
depression of the NE deep marine “basin” and elevation of its continental margin.

HYDROCARBON POTENTIAL

Submarine fans sandstones as well as alluvial sandstones provide 
good reservoirs.
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Figure 28. Unrestored Paleogeographic Map, Eocene
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Figure 28 -  EOCENE, 56.6 - 35.4 Ma.

STRATIGRAPHY

Documented time
1. Late Eocene accumulation of continental deposits.
2. Late Eocene in the Caribbean coast.
3. Early to late Eocene from 3º N, to the south.

Sedimentary rocks

Alluvial fan systems related to initial thrusting

Igneous rocks

A magmatic arc is developed in the accreted slab of the Farallón plate.

Isolated felsic plutons along the margin of the continental plate.

Metamorphic rocks

Low grade metamorphic rocks (dynamic?) at the Santa Marta-Oca 
faults convergency corner.

PLATE TECTONIC SETTING

Structural features

Factual record of a wrench-thrusting mechanism.

Plate margins

Sliding of opposite margins (western allochton and continental margin).

With the fragmentation of the Farallón plate during the Eocene a 
rapid northwestward motion of the remaining Farallón plate (incipient 
Caribbean plate), took place.

The subduction of the Nazca plate is accompanied by the development 
of the Baudó mafic volcanic arc.

Intraplate tectonics

Further development of the basin and range faulting pattern.

HYDROCARBON POTENTIAL

Extensive development of reservoir rocks.
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Figure 29. Unrestored Paleogeographic Map, Oligocene
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Figure 29 -  OLIGOCENE, 35.4 - 23.3 Ma.

TRATIGRAPHY

Documented time

From a regional point of view, the Upper Oligocene palynological 
zonation equals the lower Miocene foraminiferal zonation.

Sedimentary rocks

Marginal and deep marine environment is restricted to the 
continental borderland. First development of a delta complex in the 
Caribbean coast of Colombia. In mainland Colombia, continental basins 
dominate; however, a rapid marine ingression from SW Maracaibo lake 
up to the south Neiva area (Gigante) is paleontologically recorded in the 
Cascajal-1 well.

Igneous rocks

Magmatic activity appears only in southwestern Colombia.

PLATE TECTONIC SETTING

Structural features

Tectonic activity, particularly the thrusting mechanism, is less 
accentuated than in the preceding Eocene time.

Plate margins

Along the western margin of Colombia a two fold differentiation is 
observed:

1. From Urabá to Buenaventura, the Atrato-San Juan basin 
was being filled with slump type deposits concealing down to basin 
stacking of slices of plutonic rocks, submarine basalts and hemipelagic 
sediments.

2. Farther south, to the Patía River, terrigenous turbidites covered 
the oceanic basement.

Intraplate tectonics

The preceding transpressional tectonic regime appears to 
undergo a quiescence phase, notwithstanding, the deformational 
pattern persists.

HYDROCARBON POTENTIAL

Different continental clastic facies favored the development of 
important reservoirs:

Lower Cauca Valley deltaic, Middle Magdalena Valley lacustrine, and 
Llanos basin alluvial facies.
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Figure 30. Unrestored Paleogeographic Map, Miocene



91
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

• REGIONAL GEOLOGY OF COLOMBIA

Figure 30 -  MIOCENE, 23.3 - 5.2 Ma.

STRATIGRAPHY

Documented time

Middle and late Miocene are documented by radiometric and 
paleontological evidence.

Sedimentary rocks

The continental interior appears dominated by fluviatil accumulations, 
whereas deep marine basins are confined chiefly to the continental 
margins.

Igneous rocks

Andesitic and dacitic volcanism developed from approx. 5º N, to the 
south. 

Tephra are recorded at the base of the Honda Fm. To the north there 
is a noticeable geographic gap in volcanic activity.

PLATE TECTONIC SETTING

Structural features

Onset of a transpressional regime that embraces and shapes the 
embryonal Andean belt.

Movement along strike-slip faults with large thrust or reverse-slip 
components are understood as convergent wrenching.

Plate margins

The suture zone depicted on the Pacific northwestern edge of 
Colombia marks the end of the collision oceanic-continental plates in 
the late Miocene. A new subduction zone develops on the Nazca plate. 
The Caribbean-South America plate boundary acts as an oblique-slip 
transform margin. During the Miocene, the Guajira allochton terrane 
migrated from west to east along the strike slip Oca fault to its present 
position.

Intraplate tectonics

Tectonism north of the Ibagué fault is manifested by two 
geomorphic features: the ancestral Cauca and Magdalena 

Valleys that are bordered either by large thrusts or strike-slip 
faults.

South of the Ibagué fault a volcanic arc (central range) 
separates a western marginal marine domain from an eastern 
continental one.

HYDROCARBON POTENTIAL

Both continental and marine deposits contain prolif ic oil 
producer horizons.





8. THE NORTHERN ANDEAN OROGENY
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2003 - Cediel, F., R. P. Shaw, and C. Cáceres. Tectonic assembly of the 
Northern Andean Block, in C. Bartolini, R. T. Buffler, and J. Blickwede, eds., 
The Circum-Gulf of Mexico and the Caribbean: Hydrocarbon habitats, basin 
formation, and plate tectonics: AAPG Memoir 79, p. 815– 848.

Figure 31 – Cretaceous-Neogene tectonic development of 
northwestern South America, shown in four relevant time slices

Figure 32 – Tectonic evolution of the Eastern Cordillera

The tectonic assembly of the Northern Andean Block is characterized 
by a prolonged,

heterogeneous, regionally versus temporally punctuated series of 
orogenic events. These events record the interaction of no fewer than 
three distinct tectonic plates: the South American, the Pacific (Farallon-
Nazca), and the Caribbean, the oceanic components of which have acted 
to a large degree independently over time on their corresponding South 
American continental margin.

Given that all of the orogenic events since the transition from 
a generally extensional regime during the Bolivar Aulacogen to a 
compressive (transpressive) regime beginning in the Aptian-Albian and 
up to the Holocene have been formulative in the present configuration 
of the Northern Andean Block, we refer to all of these temporally and 
geographically isolated and disparate events as the Northern Andean 
orogeny. In doing so, we emphasize:

a. The complex, prolonged, and progressive regionally punctuated 
nature of Northern Andean Block tectonic evolution, and 

b. The imperative need to approach the tectonic history of 
northwestern South America from an integrated perspective. We are 
treating the region as a whole and integrating all of the components 
of the ‘‘Northern Andes’’ from Ecuador to Venezuela into an internally 
coherent framework. 

The overall picture demonstrates how the WTR and MSP act 
simultaneously, each one by distinct tectonic mechanisms, generating 
their own individual deformational style and, in the process, exerting 
enormous transpression upon the CCSP trapped in between. In response 
to this dynamic bidirectional stress, the CCSP has responded with its own 
distinct structural pattern:

1. The exhumation and uplift of the former Cajamarca-Valdivia 
terrane, that host the Cenozoic subduction volcanic arc, today Central 
Cordillera, and

2. The tectonic inversion, exhumation and uplift, of most of the 
Cretaceous basin, today Eastern Cordillera (see Figure 32)

Our scheme for the Mesozoic-Cenozoic tectonic assembly of 
northwestern South America in essence proposes a critical re-evaluation 
of the typical application of ‘‘Andeantype orogenesis’’ to the geotectonic 
evolution of the Northern Andean Block. 

During construction of our geotectonic framework, we have favored 
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the use of existing (although incomplete) biostratigraphic and radiometric 
information and the application of field observations and geochemical 
investigations regarding the various lithotectonic components of the region. 
We have found that these data provide a good basis for interpretation 
of the interaction between the numerous allochthonous lithotectonic 
components of the tectonic mosaic (PAT, CAT, and CHO, etc.) as defined in 
Figure 2, and the South American (CCSP-MSPGS) continental autochthon. 
We now illustrate how each of these four distinct tectonic realms in the 
Northern Andean Block has participated in and/or responded to the 
tectonic assembly of northwestern South America during the Northern 
Andean orogeny. A schematic synthesis of the time-space evolution of the 
Northern Andean Block during the Northern Andean orogeny is presented 
in four time slices in Figure 31. 
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Figure 31. Cretaceous-Neogene tectonic development of the North Andean Block, shown in four relevant time slices
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Figure 31 -  Cretaceous-Neogene tectonic development of 
northwestern South America shown in four relevant time slices: 

(31a) Aptian-Albian; arrival and accretion of the Romeral 
terrane (Farallón Plate) and first appearance of the Mérida Arch 
(blue) in the MSP.  RO = Romeral terrane; MSP = Maracaibo 
subplate. 

(31b) Paleocene–lower Eocene; oblique subduction and accretion 
of the Dagua-Piñón (DAP) and San Jacinto (SJ) terranes and metamorphic 
deformation (green lines) of the leading edge of the Maracaibo subplate 
along the Santa Marta thrust front; red crosses = magmatism.

(31c) Eocene–lower Miocene; oblique subduction and accretion of 
the Gorgona terrane. Eocene magmatism (red crosses) punctuates the 
metamorphic front of the Maracaibo subplate. Magmatism along the Oca–
El Pilar fault system and emplacement of the Guajira-Falcon and Caribbean 
Mountain terranes. Moderate uplift of the Santander-Perijá block and 
the Sierra de Mérida. GU-FA = Guajira-Falcon terrane; CAM = Caribbean 
Mountain terrane; Other abbreviations as for 11a and 11b. 

(31d) Miocene oblique collision of the Sinú terrane and tangential 
collision of the Cañas Gordas and later Baudó terranes. Subduction of 
the Nazca plate south of the Panamá- Chocó Arc (CG-BAU). Further uplift 
of the Sierra de Mérida, Serranía de Perijá , and Sierra Nevada de Santa 
Marta (SM). Late Miocene-Pliocene pop-up of the Eastern Cordillera (EC). 
Dextral-oblique thrusting in the Garzón massif (GA). 

Continued northwest migration of the Maracaibo subplate. Near 
complete modern configuration. BAU = Baudó terrane; CG = Cañas Gordas 
terrane; PA = Panamá terrane; SN = Sinú terrane; other abbreviations as for 
11c. Grey shaded areas in all time slices represent paleotopographic swells, 
elevated and/or emergent areas. Red crosses represent magmatism.
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Figure 32. Tectonic evolution of the Eastern Cordillera
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2003 - Cediel, F., R. P. Shaw, and C. Cáceres. Tectonic assembly of the 
Northern Andean Block, in C. Bartolini, R. T. Buffler, and J. Blickwede, eds., 
The Circum-Gulf of Mexico and the Caribbean: Hydrocarbon habitats, basin 
formation, and plate tectonics: AAPG Memoir 79, p. 815– 848.

Figure 33 Lithotectonic - morphostructural units and Cenozoic basins 
of northwestern South America 

By defining various lithotectonic and morphostructural domains, we 
derive a synthesis in terms of tectonic plates, subplates, terranes, composite 
terranes and basins. This analysis contrasts with the general custom 
observed in Northern Andean literature of using major physiographic 
features such as cordilleras, serranías, valleys, or depressions as geologic 
reference points, thereby incurring the false notion that, for example, a 
certain cordillera or depression today corresponds to a single lithotectonic 
unit or represents a single geotectonic event.

Figure 33 outlines more than 30 individual lithotectonic and 
morphostructural entities contained in the Northern Andean Block, as 
derived from analysis of the petrochemical, geophysical, stratigraphic, 
paleontological, radiometric, dynamostructural, and geomorphologic 
database for the region.

COROLLARY

Perhaps the most pertinent observation that can be made regarding 
Northern Andean Block evolution with respect to typical ‘‘Andean-type’’ orogenesis 
is that its history has been anything but typical. Numerous features, from the 
Proterozoic through to the present, exemplify the atypical nature of Northern 
Andean tectonics, and it is precisely these features that provide critical insight into 
Northern Andean assembly. Each one certainly will provide an avenue for further 
multidisciplinary investigation and understanding of the tectonic evolution of the 
region as a whole. 

Some of the most important conclusions of our study have been derived 
through analysis of the punctuated assembly of the Western Tectonic Realm, 
which in itself provides various examples of atypical Andean tectonics. First, the 
WTR provides clear testimony to the importance of allochthonous terranes in the 
Northern Andes, not only in terms of their constituency in the cordilleran region, 
but also regarding their role as a driving mechanism behind Mesozoic-Cenozoic 
deformation, magmatism, uplift, and sedimentation patterns in the South 
American continental block. Additionally, the WTR provides clear paleomagnetic, 
petrochemical, lithologic, and structural evidence linked to the origin and migration 
of the Caribbean plate. All WTR terranes, including those presently located in 
the Caribbean basin, have Pacific provenance, and their present configuration 
reveals a migratory path leading from southwest to northeast, along the western 
and northern margins of the South American continental block, and into the 
Caribbean. Thus, an intimate relationship between the tectonic assembly of the 
Northern Andean Block and the passage of the Caribbean plate is illustrated. 
This relationship is further documented by analysis of the evolutionary history 
of the Romeral-Peltetec, San Jacinto, and Oca–El Pilar fault systems (see Figure 
20), which facilitated emplacement of the Caribbean plate. In parallel with this 
emplacement, the dominantly dextral component of these faults was formative in 
the transpressive structural styling of much of the Northern Andean Block. 

As a tectonic realm, the Maracaibo subplate is another clear 
testament to the complexity of the regional stress fields associated with 
the tectonic evolution of northwestern South America. The detachment 
and northwest migration of the MSP (MTF) is a unique aspect of  Northern 
Andean development. Although much remains to be deciphered with 
respect to mechanisms behind this migration, no analog for the MSP is 
found in present Cordilleran type or Collision-type orogenic models.

The same may be said of Colombia’s Eastern Cordillera. The doubly 
vergent pop-up of this lithotectonic domain and its relationship to the 
evolving bidirectional transpressive stresses of the WTR and the MSP is 
only just beginning to be understood fully (see Figure 32). As with the 
MSP, no geologic analog is found in the entire Andean region that provides 
a basis for modeling of the Eastern Cordillera uplift, complete with the 
penecontemporaneous development of dual foreland thrust fronts 
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exhibiting opposing vergence directions and two separate accompanying 
foreland basins (Eastern and Western). Eastern Cordilleran uplift provides 
an excellent example of how atypical is Northern Andean evolution, 
and highlights the need to update past concepts about the underlying 
structure of the Northern Andean Block.

Finally, we emphasize the importance of understanding the 
ancient tectonic history of northwestern South America with respect 
to deciphering Mesozoic-Cenozoic developments during the Northern 
Andean orogeny. The Precambrian and Paleozoic tectonic record of 
the Northern Andean Block has had a major influence on even the 
most recent of lithotectonic expressions in the region, including the 
development of structural style, the facilitation of uplift and control of 
sedimentation patterns, and the localization of magmatic and volcanic 
activity. An excellent example of this long-lived influence is the continued 
reactivation and use of the Grenvillian Bucaramanga–Santa Marta and 
Suaza fault system.

From a Proterozoic continent-continent suture to a Holocene 
focus of Andean magmatism, this veteran of Northern Andean evolution 
scarcely has been allowed a moment’s rest during the tectonic assembly 
of the Northern Andean Block.
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Figure 33. Lithotectonic and.morphostructural units and Cenozoic basins of the North Andean 
Block
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ANNEXES



ANNEX OIL, NATURAL GAS AND COAL
RESERVES
PRODUCTION
CONSUMTION

COLOMBIA, CENTRAL AND SOUTH AMERICA
Sources: ACIPET
BP Statistical Review of World Energy, June 2010
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OIL: PROVED RESERVES BP Statistical Review of World Energy, June 2010.

Thousand million barrels 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Argentina 2,5 2,2 1,9 2,4 2,3 2,2 2,2 2,2 2,3 2,2 1,6 1,7 2,0 2,2 2,3
Brazil 1,3 1,5 1,7 1,8 2,0 2,2 2,4 2,6 2,8 2,8 4,5 4,8 5,0 5,0 5,4
Colombia 0,6 0,5 0,6 0,6 1,1 1,2 1,7 1,9 2,1 2,0 2,0 1,9 3,2 3,2 3,1
Ecuador 1,0 0,9 0,9 0,9 1,1 1,1 1,2 1,6 1,5 1,4 1,4 1,5 3,2 3,7 3,5
Peru 0,6 0,9 0,8 0,7 0,7 0,6 0,5 0,5 0,9 0,8 0,8 0,8 0,8 0,8 0,8
Trinidad & Tobago 0,6 0,6 0,6 0,5 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,5 0,6 0,6
Venezuela 19,5 19,9 24,9 25,9 28,0 54,5 55,5 58,1 58,5 59,0 60,1 62,6 63,3 64,4 64,9
Other S. & Cent. America 0,7 0,8 0,8 0,5 0,4 0,4 0,4 0,6 0,6 0,6 0,6 0,6 0,6 0,9 1,0
Total S. & Cent. America 26,7 27,2 32,3 33,4 36,3 62,9 64,6 68,1 69,2 69,5 71,5 74,6 78,8 80,7 81,5

Thousand million barrels 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Argentina 2,4 2,6 2,6 2,8 3,1 3,0 2,9 2,8 2,7 2,5 2,2 2,6 2,6 2,5 2,5 2,5
Brazil 6,2 6,7 7,1 7,4 8,2 8,5 8,5 9,8 10,6 11,2 11,8 12,2 12,6 12,8 12,9 14,2
Colombia 3,0 2,8 2,6 2,5 2,3 2,0 1,8 1,6 1,5 1,5 1,5 1,5 1,5 1,4 1,4 1,9
Ecuador 3,4 3,5 3,7 4,1 4,4 4,6 4,6 5,1 5,1 5,1 4,9 4,5 4,0 6,5 6,3 6,2
Peru 0,8 0,8 0,8 0,9 0,9 0,9 1,0 1,0 0,9 1,1 1,1 1,1 1,1 1,1 1,1 1,2
Trinidad & Tobago 0,7 0,7 0,7 0,7 0,8 0,9 1,0 1,1 0,9 0,8 0,8 0,8 0,9 0,8 0,8 0,8
Venezuela 66,3 72,7 74,9 76,1 76,8 76,8 77,7 77,3 77,2 79,7 80,0 87,3 99,4 172,3 211,2 211,2
Other S. & Cent. America 1,0 1,0 1,1 1,1 1,3 1,3 1,4 1,4 1,3 1,3 1,3 1,4 1,4 1,4 1,4 1,4
Total S. & Cent. America 83,7 90,7 93,4 95,6 97,8 97,9 98,8 100,1 100,2 103,2 103,4 111,4 123,5 198,9 237,6 239,4

OIL: PRODUCTION *

Thousand barrels daily 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Argentina 276 293 319 348 362 399 432 444 434 423 406 408 442 466 487 506 519 517 520 509 491 465 459
Brazil 96 117 147 161 176 167 175 171 174 181 178 173 167 166 172 188 220 268 340 473 560 591 589
Colombia 203 199 192 176 214 226 224 203 192 175 164 153 144 137 129 131 140 147 158 173 183 307 388
Ecuador 8 7 6 5 4 4 4 78 209 177 161 188 184 204 216 206 213 213 240 261 286 298 176
Peru 66 66 74 77 75 75 64 67 73 79 73 77 92 152 193 196 194 196 171 185 189 179 165
Trinidad & Tobago 135 153 179 191 157 140 129 141 166 187 216 212 229 230 214 212 189 177 160 170 176 169 155
Venezuela 3503 3402 3576 3639 3631 3754 3615 3301 3455 3060 2422 2371 2314 2227 2425 2228 2163 1954 1852 1853 1744 1886 1910
Other S. & Cent. America 47 54 78 85 84 64 80 89 90 86 78 78 68 66 66 80 87 99 98 95 91 89 86
Total S. & Cent. America 4334 4291 4571 4682 4702 4829 4723 4494 4792 4368 3698 3660 3640 3648 3903 3747 3725 3571 3539 3719 3720 3984 3928

Thousand barrels daily 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Argentina 481 492 517 526 587 630 695 758 823 877 890 847 819 830 818 806 754 725 716 699 682 676 651
Brazil 573 613 650 643 652 664 693 718 807 868 1003 1133 1268 1337 1499 1555 1542 1716 1809 1833 1899 2029 2137
Colombia 380 407 446 430 442 458 460 591 635 667 775 838 711 627 601 564 551 554 559 561 616 685 801
Ecuador 309 286 292 307 328 353 388 395 393 397 385 383 409 416 401 427 535 541 545 520 514 495 495
Peru 142 131 130 116 117 127 128 123 121 120 116 107 100 98 98 92 94 111 116 114 120 145 157
Trinidad & Tobago 151 149 150 149 144 134 141 142 141 135 134 141 138 135 155 164 152 171 174 154 149 151 146
Venezuela 1998 2012 2244 2501 2499 2592 2752 2959 3137 3321 3480 3126 3239 3142 2895 2554 2907 2937 2808 2613 2558 2438 2471
Other S. & Cent. America 77 76 77 77 76 83 90 96 102 108 125 124 130 137 152 153 144 142 139 141 139 133 131
Total S. & Cent. America 4111 4166 4507 4749 4845 5040 5347 5782 6159 6493 6908 6699 6813 6722 6619 6314 6680 6898 6865 6635 6676 6753 6989

OIL: CONSUMPTION *

Thousand barrels daily 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

Argentina 431 446 459 468 491 445 478 471 474 470 448 465 487 479 516 467 444 430 436 433 394 435 460
Brazil 307 336 347 415 461 522 581 667 822 887 918 983 1015 1123 1194 1155 1117 1151 1133 1160 1213 1355 1395
Chile 68,06 75,54 79,96 84,77 91,44 96 108 112 107 104 91 94 98 104 108 107 108 106 102 101 98 103 108
Colombia 73 83 84 94 91 106 115 129 127 141 141 149 150 153 162 152 156 160 172 171 179 178 187
Ecuador 13,49 14,07 15,21 18,13 19,07 22 24 25 28 32 31 35 44 45 48 62 69 75 69 69 85 86 88
Peru 72 92 93 93 91 95 96 82 96 113 118 119 119 117 122 132 136 134 117 120 116 124 137
Trinidad & Tobago 36,78 37,04 38,77 39,46 41,63 43 44 70 71 70 54 61 59 54 42 35 35 37 32 28 29 31 21
Venezuela 182 185 187 196 198 206 211 238 257 263 281 278 357 374 382 427 435 433 423 394 407 427 409
Other S. & Cent. America 424,6 458 481,3 481,1 518,8 547 563 599 641 629 632 643 664 693 705 784 772 730 702 721 655 644 679
Total S. & Cent. America 1606 1727 1784 1890 2003 2082 2220 2394 2622 2709 2714 2827 2993 3143 3280 3322 3272 3257 3186 3199 3175 3384 3485

Thousand barrels daily 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Argentina 459 421 393 416 425 425 422 423 440 456 472 452 434 431 391 403 423 447 468 528 553 521 557
Brazil 1434 1472 1432 1461 1516 1570 1668 1744 1853 1968 2036 2089 2018 2047 2030 2010 2020 2078 2094 2234 2382 2399 2604
Chile 119,6 133,7 140,8 145,7 156,6 171 187 206 225 238 244 246 233 227 225 225 238 251 261 343 353 335 314
Colombia 197 202 204 209 228 242 249 261 268 274 269 239 235 219 214 214 218 232 241 233 230 228 238
Ecuador 88,81 93,57 92,01 103,4 100,2 105 114 112 124 141 144 131 128 131 130 136 140 166 179 193 203 216 226
Peru 135 119 120 111 116 122 132 148 153 152 153 157 153 146 146 139 152 152 147 153 172 176 184
Trinidad & Tobago 19,87 16,82 25,38 24,08 33,2 30 23 22 22 19 20 36 36 28 33 31 36 41 46 47 43 41 43
Venezuela 423 411 417 401 473 439 480 472 391 437 479 559 559 622 660 535 582 628 661 682 712 729 765
Other S. & Cent. America 686 751 798,6 798,6 797,4 810 867 900 925 976 1026 1042 1060 1106 1112 1132 1138 1149 1173 1210 1186 1182 1174
Total S. & Cent. America 3562 3621 3623 3670 3846 3912 4142 4287 4401 4662 4843 4950 4855 4956 4941 4825 4946 5144 5271 5622 5835 5827 6104
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NATURAL GAS: PROVED RESERVES BP Statistica Review of World Energy, June 2010.

Trillion cubic metres 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Argentina 0,6 0,6 0,7 0,7 0,7 0,7 0,7 0,7 0,8 0,7 0,7 0,6 0,5 0,5 0,5
Bolivia 0,1 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Brazil 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Colombia 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,2 0,2 0,2
Peru 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3
Trinidad & Tobago 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,2 0,2 0,2 0,3
Venezuela 1,3 1,4 1,5 1,6 1,7 1,7 2,6 2,8 2,9 3,0 3,4 3,6 3,7 3,7 4,0
Other S. & Cent. America 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,1 0,2 0,2 0,2 0,2 0,2 0,2
Total S. & Cent. America 2,7 2,9 3,0 3,1 3,1 3,2 4,2 4,7 4,8 4,8 5,2 5,3 5,4 5,4 5,7

Trillion cubic metres 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Argentina 0,6 0,6 0,7 0,7 0,7 0,8 0,8 0,7 0,6 0,5 0,4 0,4 0,4 0,4 0,4 0,3
Bolivia 0,1 0,1 0,1 0,2 0,5 0,7 0,8 0,8 0,8 0,8 0,7 0,7 0,7 0,7 0,7 0,3
Brazil 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,4 0,4 0,4 0,4
Colombia 0,2 0,2 0,2 0,2 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Peru 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,3 0,3 0,4 0,4
Trinidad & Tobago 0,3 0,5 0,5 0,6 0,6 0,6 0,6 0,6 0,5 0,5 0,5 0,5 0,5 0,4 0,4 0,4
Venezuela 4,1 4,1 4,1 4,1 4,2 4,2 4,2 4,2 4,2 4,3 4,3 4,7 4,8 5,0 5,1 5,5
Other S. & Cent. America 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Total S. & Cent. America 5,9 6,0 6,2 6,4 6,8 6,9 7,0 7,0 6,8 7,0 6,8 7,2 7,4 7,4 7,5 7,4

NATURAL GAS: PRODUCTION *

Billion cubic metres 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Argentina 8,4 8,7 9,8 13,1 13,5 13,9 15,5 15,2 18,0 19,0 17,8 19,9 20,1 21,5 22,3
Bolivia 2,4 2,6 2,7 2,6 2,5 2,5 2,5 2,6 2,8 2,9 3,0 3,0 2,9 2,9 3,2
Brazil 1,0 0,9 1,3 1,7 2,0 2,5 2,9 3,3 3,3 3,4 3,1 3,2 3,6 4,2 4,6
Colombia 3,2 3,4 3,6 3,8 3,9 4,0 4,1 4,2 4,3 4,0 4,1 4,1 4,0 4,2 4,2
Peru 0,7 0,8 0,8 0,5 0,7 0,6 0,6 0,6 0,5 0,5 0,4 0,4 0,4 0,4 0,4
Trinidad & Tobago 2,8 2,9 3,5 4,0 4,1 4,1 4,3 4,5 5,1 5,1 5,3 5,7 5,5 6,2 7,1
Venezuela 14,8 14,9 15,9 15,6 17,3 17,3 19,1 18,6 19,0 19,5 22,0 21,9 21,6 23,3 24,7
Other S. & Cent. America 0,8 0,8 0,9 0,9 1,0 1,0 1,0 0,9 1,3 1,8 2,4 2,1 2,4 2,4 2,6
Total S. & Cent. America 34,0 35,0 38,4 42,3 45,0 45,9 50,0 49,8 54,2 56,1 58,1 60,3 60,5 65,2 68,9

Billion cubic metres 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Argentina 25,0 28,9 27,4 29,6 34,6 37,4 37,1 36,1 41,0 44,9 45,6 46,1 44,8 44,1 41,4 40,1
Bolivia 3,2 3,2 2,7 2,8 2,3 3,2 4,7 4,9 6,4 9,8 11,9 12,9 13,8 14,3 12,3 14,4
Brazil 5,1 5,6 6,0 6,3 7,4 7,5 7,7 9,2 10,0 11,0 11,0 11,3 11,2 13,7 11,7 14,4
Colombia 4,4 4,7 5,9 6,3 5,2 5,9 6,1 6,2 6,1 6,4 6,7 7,0 7,5 9,1 10,5 11,3
Peru 0,4 0,4 0,2 0,4 0,4 0,3 0,4 0,4 0,5 0,9 1,5 1,8 2,7 3,4 3,5 7,2
Trinidad & Tobago 7,6 8,6 9,3 9,3 11,7 14,5 15,5 18,0 26,3 27,3 31,0 36,4 39,0 39,3 40,6 42,4
Venezuela 27,5 29,7 30,8 32,3 27,4 27,9 29,6 28,4 25,2 28,4 27,4 31,5 29,5 30,0 28,7 28,5
Other S. & Cent. America 2,5 2,5 2,6 2,5 3,0 3,4 3,5 3,4 3,1 3,1 3,4 4,1 3,9 3,7 3,2 2,9
Total S. & Cent. America 75,6 83,6 85,0 89,5 92,0 100,2 104,5 106,7 118,7 131,7 138,6 151,1 152,5 157,6 151,9 161,2

NATURAL GAS: CONSUMPTION

Billion cubic metres 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Argentina 11,5 12,1 13,7 14,7 15,7 16,0 17,3 17,3 20,2 21,2 20,3 20,7 22,3 23,6 24,3
Brazil 1,0 0,9 1,3 1,7 2,0 2,5 2,9 3,3 3,3 3,4 3,1 3,2 3,6 4,2 4,6
Chile 0,7 0,7 0,7 0,8 0,8 0,8 0,7 0,7 1,0 1,6 1,7 1,5 1,7 1,6 1,7
Colombia 3,2 3,4 3,6 3,8 3,9 4,0 4,1 4,2 4,3 4,0 4,1 4,1 4,0 4,2 4,2
Ecuador ^ 0,1 0,1 0,1 0,2 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,4 0,3
Peru 0,7 0,8 0,8 0,5 0,7 0,6 0,6 0,6 0,5 0,5 0,4 0,4 0,4 0,4 0,4
Trinidad & Tobago 2,8 2,9 3,5 4,0 4,1 4,1 4,3 4,5 5,1 5,1 5,3 5,7 5,5 6,2 7,1
Venezuela 14,8 14,9 15,9 15,6 17,3 17,3 19,1 18,6 19,0 19,5 22,0 21,9 21,6 23,3 24,7
Other S. & Cent. America 0,3 0,4 0,4 0,4 0,4 0,4 0,4 0,5 0,5 0,7 0,7 0,8 0,9 0,9 1,0
Total S. & Cent. America 35,0 36,0 40,0 41,7 45,0 45,9 49,7 49,8 54,2 56,1 57,8 58,5 60,3 64,8 68,2

Billion cubic metres 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Argentina 27,0 31,0 28,5 30,5 32,4 33,2 31,1 30,3 34,6 37,9 40,4 41,8 43,9 44,4 43,2
Brazil 5,1 5,6 6,1 6,4 7,6 9,4 11,9 14,1 15,8 18,8 19,7 20,8 21,1 24,6 19,8
Chile 1,6 1,7 2,6 3,7 5,0 6,5 7,3 7,4 8,0 8,7 8,4 7,8 4,6 2,7 3,1
Colombia 4,4 4,7 5,9 6,2 5,2 5,9 6,1 6,1 6,0 6,3 6,7 7,0 7,4 7,6 8,7
Ecuador 0,3 0,3 0,3 0,3 0,3 0,3 0,3 0,2 0,3 0,3 0,4 0,7 0,5 0,5 0,5
Peru 0,4 0,4 0,2 0,4 0,4 0,3 0,4 0,4 0,5 0,9 1,5 1,8 2,7 3,4 3,5
Trinidad & Tobago 7,6 8,6 9,3 9,3 9,5 10,6 11,6 12,7 14,4 13,4 15,1 20,2 20,3 21,9 20,9
Venezuela 27,5 29,7 30,8 32,3 27,4 27,9 29,6 28,4 25,2 28,4 27,4 31,5 29,6 31,5 30,5
Other S. & Cent. America 1,1 1,2 1,1 1,4 1,8 1,8 2,3 2,4 3,1 2,9 3,3 3,9 4,5 4,7 5,1
Total S. & Cent. America 75,1 83,1 84,9 90,5 89,5 96,0 100,7 102,1 107,9 117,5 122,9 135,5 134,6 141,3 135,1



115
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

ANNEXE•

COAL: PROVED RESERVES AT END 2010 BP Statistica Review of World Energy, June 2010

Million tonnes
Anthracite 

and 
bituminus

Sub-
bituminous 
and lignite 

Total

Brazil - 4559 4559
Colombia 6366 380 6746
Venezuela 479 - 479
Other S. & Cent. America 45 679 724
Total S. & Cent. America 6890 5618 12508

Source of reserves data: Survey of Energy Resources, World Energy Council 2010.

COAL: PRODUCTION *

Million tonnes 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

Brazil 5,7 6,4 6,7 7,5 7,7 7,4 6,9 7,3 6,7 4,6 5,2 4,7 4,6 5,1 5,2
Colombia 4,0 4,4 5,1 6,6 9,0 10,7 14,6 15,8 19,9 20,5 21,2 23,5 21,7 22,7 25,7
Venezuela ^ ^ ^ ^ ^ 0,1 0,2 1,1 2,1 2,2 2,4 2,5 4,0 4,4 4,4
Other S. & Cent. America 1,7 1,6 1,6 1,8 1,8 2,1 2,1 2,6 2,6 2,5 2,6 1,9 1,6 1,5 1,4
Total S. & Cent. America 11,4 12,4 13,4 16,0 18,5 20,3 23,8 26,8 31,3 29,8 31,3 32,6 31,9 33,8 36,7

Million tonnes 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Brazil 4,8 5,7 5,5 5,7 6,8 5,7 5,1 4,7 5,4 6,3 5,9 6,0 6,6 5,1 5,5
Colombia 30,1 32,3 33,8 32,8 38,2 43,9 39,5 50,0 53,7 59,1 65,6 69,9 73,5 72,8 74,4
Venezuela 4,2 5,3 6,5 6,6 7,9 7,7 8,1 7,0 8,1 7,2 7,3 7,6 6,2 3,7 4,0
Other S. & Cent. America 1,3 1,3 1,2 0,8 0,6 0,8 0,5 0,7 0,3 0,5 0,9 0,5 0,6 0,8 0,7
Total S. & Cent. America 40,4 44,6 47,0 45,8 53,6 58,0 53,3 62,4 67,5 73,0 79,7 84,0 86,9 82,3 84,5

COAL: CONSUMPTION *

Million tonnes oil equivalent 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Argentina 0,9 0,9 1,0 0,7 0,7 0,9 1,0 1,0 1,1 1,1 1,0 0,8 0,8 0,7 1,0
Brazil 5,5 5,7 5,9 6,6 8,3 9,9 10,1 10,1 10,0 9,9 9,5 10,2 9,9 10,3 10,3
Chile 1,1 1,1 0,7 0,9 1,2 1,2 1,1 1,1 1,6 2,2 2,4 2,0 1,8 1,8 2,2
Colombia 2,3 2,3 2,6 3,0 3,0 2,9 2,9 3,2 3,1 3,3 3,5 3,7 3,6 3,7 3,6
Ecuador - - - - - - - - - - - - - - -
Peru 0,1 0,1 0,1 0,1 0,1 0,2 0,2 0,2 0,1 0,2 0,2 0,3 0,3 0,4 0,4
Trinidad & Tobago - - - - - - - - - - - - - - -
Venezuela ^ ^ ^ ^ ^ ^ ^ ^ ^ 0,3 0,2 - ^ ^ 0,1
Other S. & Cent. America 0,1 0,1 0,1 0,2 0,1 0,4 0,2 0,4 0,4 0,3 0,4 0,4 0,5 0,5 0,4
Total S. & Cent. America 10,1 10,3 10,5 11,5 13,5 15,4 15,5 16,1 16,5 17,2 17,2 17,5 16,9 17,5 17,9

Million tonnes oil equivalent 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Argentina 0,927 0,9 0,8 0,8 0,9 0,8 0,6 0,5 0,7 0,8 0,9 0,3 0,4 1,1 1,2 1,2
Brazil 10,796 11,3 11,5 11,4 11,9 12,5 12,2 11,5 11,8 12,8 12,7 12,5 13,4 13,5 11,7 12,4
Chile 2,35 3,2 4,2 3,7 3,9 3,0 2,3 2,4 2,3 2,6 2,6 3,2 3,8 4,1 3,7 3,7
Colombia 3,379 2,9 3,0 2,8 2,4 2,7 2,7 2,2 2,4 2,0 2,7 2,4 2,4 2,8 3,7 3,8
Ecuador - - - - - - - - - - - - - - - -
Peru 0,385 0,3 0,4 0,4 0,5 0,5 0,4 0,4 0,4 0,5 0,5 0,4 0,5 0,5 0,5 0,5
Trinidad & Tobago - - - - - - - - - - - - - - - -
Venezuela ^ ^ ^ ^ 0,1 ^ ^ ^ ^ - ^ ^ ^ ^ ^ ^
Other S. & Cent. America 0,406425 0,4 0,4 0,5 0,6 0,6 0,7 1,0 2,1 1,9 1,8 2,1 2,1 2,2 2,0 2,1
Total S. & Cent. America 18,2 19,1 20,3 19,7 20,1 20,1 19,0 18,0 19,6 20,5 21,2 21,0 22,6 24,2 22,9 23,8
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PHANEROZOIC GRANITOID MAGMATISM IN COLOMBIA AND THE TECTONO-MAGMATIC EVOLUTION OF THE COLOMBIAN ANDES •

Granitoid magmatic rocks form an integral component of the 
Phanerozoic record of the Colombian Andes. From the viewpoint of 
modern-day geological exposure, granitoids manifest as volumetrically 
abundant plutonic, hypabyssal and volcanic rocks, occurring as major 
batholiths, stocks, dyke swarms and extensive volcanic sequences. During 
both “pre-Andean” and “Andean” times, these granitoid expressions form 
an integral component of the temporal-tectonic evolution of both the 
Colombian Andes and northwestern South America as a whole.

The relationships between global tectonic settings and granitoid 
magmatism in general, have become increasingly well established over the 
last 30 years (e.g. Wilson, 1989; Barbarin, 1999). In this context an integral 
analysis of the distribution, age, petrochemistry, and magma-genesis 
of Phanerozoic-aged granitoid rocks in the Colombian Andes will in due 
process shed light upon the nature, timing and framework of Colombian 
tectonic development during the Phanerozoic era.

Phanerozoic granitoid magmatism in the Colombian Andes includes 
a petrochemically and texturally diverse suite of holocrystalline phaneritic 
plutonic, hypabyssal porphyritic and volcanic rocks, and occasionally their 
metamorphosed equivalents, which with respect to age, span the entire 
Phanerozoic. Although the cartographic limits of most plutons and volcanic 
units have been proposed, and many have been studied and described 
on an individual basis, there are few works which assess the regional 
distribution and temporal development of Colombian Phanerozoic-aged 
granitoid magmatism as a whole. In recent times, this is certainly due to 
the fact that there are no works which apply modern-day (post-1995) 
combined petrochemical, radiometric, petrographic and isotopic studies 
to multiple intrusives of various ages on a regional level, in an attempt to 
specifically trace the tectono-magmatic evolution of the entire region over 
the breadth Phanerozoic.

From a literature-based perspective, many historic works (e.g. 
Radelli, 1962; Perez, 1967) are dated, and based upon field observations, 
with little combined petrochemical or geochronological control. Historic 
petrochemical studies, for example, by Alvarez (1983), although important 
at the time, did not include important batholiths in the eastern portion 
of the Colombian cordilleran system (the Sierra Nevada de Santa Marta, 
the Santander massif and Mocoa), or in the Serrania de San Lucas or 
Segovia. In past works, most of the trace elements, including the rare 
earth elements, were not analysed. Results were generally not placed into 
a modern tectonic framework.

Aspden et al. (1987) presented a well conceived synthesis of 
subduction-related Meso-Cenozoic magmatism in Colombia using 
available radiometric age data compiled from numerous sources. They did 
not present any new data however, and, notably, the database consisted 

almost exclusively of K-Ar ages, which have been proven in many cases, in 
Colombia and elsewhere, to be imprecise, erratic and of poor repeatability.

Regardless, Aspden et al. (1987) identified five magmatic “episodes” 
(Triassic, Jurassic, Cretaceous, Paleogene and Neogene), and conceived a 
tectonic framework for the evolution of subduction-related magmatism, 
in which they identified some of the key factors affecting arc development 
in the northern Andes. These factors include oblique plate convergence 
and subduction, low angle subduction and changes in the angle of the 
subducting plate, and the role of aseismic features in the development of, 
and hiatuses in, the subduction process.

Other important works regarding magmatism in Colombia are 
focused upon specific plutons or regions, and, again, generally do not 
combine integrated petrographic, petrochemical and geological studies. 
Some are dated with respect to modern analytical techniques, with only 
the more recent works (post ca. 1995) presenting limited high quality U-Pb 
(zircon) studies which permit an accurate assessment of the crystallization 
and inheritance age(s) and of the intrusive rocks.

From an historical standpoint important works include those 
presented by Tschanz et al. (1974) for the Sierra Nevada de Santa Marta, 
Feininger and Botero (1982) for the Antioquia Batholith, and Sillitoe et al. 
(1982) for various Meso-Cenozoic hypabyssal porphyritic stocks.

A compilation of historic radiometric age dating in Colombia from all 
sources was presented by Maya (1992). More recent studies which contain 
precise U-Pb zircon crystallization and Ar-Ar ages, some combined with 
Sr, Nd and Pb isotopic data and petrochemical analyses applied at a local 
level, include; Dörr et al. (1995) for the Jurassic batholiths of the Santander 
massif; Ordoñez et al. (2001) for the Sonsón Batholith; Altenberger and 
Concha (2005) for the northern Ibague Batholith; Ibañez-Mejía et al. (2007) 
and Restrepo-Moreno et al. (2007) for the Antioquia Batholith; Ordoñez-
Carmona et al. (2007a,b) for the Antioquia, Segovia and Sabanalarga 
batholiths; Mejía et al. (2008) and Cardona et al. (2011) for the late 
Cretaceous – Paleocene intrusives of the Sierra Nevada de Santa Marta 
(i.e. Santa Marta Batholith); Correa et al. (2006) for the Altavista and San 
Diego Stocks (satellites to the Antioquia Batholith), and Villagómez (2010) 
for the Ibague, Antioquia and Buga Batholiths. With some exceptions (e.g. 
Mejía et al., 2008; Villagómez, 2010, Cardona et al., 2011), most of these 
works have only been presented in limited conference-related abstracts. 
They represent incomplete or in-process studies, based upon a limited 
number of samples per intrusive body. The limited background information 
presented in the abstracts does not permit the full geological evaluation of 
the published numerical data or the derived conclusions.

One important exception to the above is the work of Vinasco (2004) 
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 • PHANEROZOIC GRANITOID MAGMATISM IN COLOMBIA AND THE TECTONO-MAGMATIC EVOLUTION OF THE COLOMBIAN ANDES

who provides a complete analysis of the age and petrogenesis of Permo-
Triassic granitoids throughout the northern Andes. Vinasco et al. (2006) 
proposed a regional tectonic framework for the genesis of these granitoids.

Most recently, Leal-Mejía (2011) presented an integrated study of 
Phanerozoic granitoid magmatism in the Colombian Andes. This temporal, 
petrochemical and tectono-magmatic study is based upon a review and 
compilation of all the historic to recent data cited above, in addition to the 
presentation of 107 new high precision U-Pb (zircon) dates for intrusive 
and volcanic rocks, supported by new K-Ar, Ar-Ar, Re-Os, Sr, Pb-Pb data, and 
282 research-quality whole-rock major–minor–trace-REE petrochemical 
analyses. The study includes new data from many previously unstudied 
or under-studied Phanerozoic granitoids of the Colombian Andes such as 
the Pueblo Bello, Norosi – San Martin de Loba, Segovia, Ibague (north and 
south), Mariquita and Antioquia, Buga, Sonson-Narino, Mande, Piedrancha 
– La Llanada and Farallones batholiths. Additionally, many smaller 
holocrystalline stocks such as El Carmen, Mocoa, Irra, Jejenes, Frontino 
and Tamesis, and numerous clusters of Neogene hypabyssal porphyry 
stocks observed along the margins of the Central and Western Cordilleras 
and in the Santander massif were analysed. The present volume draws 
heavily on the data and conclusions presented by Leal-Mejía (2011).





2. NATURE AND TEMPORAL – SPATIAL 
EVOLUTION OF GRANITOID MAGMATISM
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CHAPTER 2 -  NATURE AND TEMPORAL – SPATIAL EVOLUTION OF GRANITOID MAGMATISM

Figure 1 depicts, in histogram format, age determinations for 
Phanerozoic granitoids from throughout the Colombian Andes. Two 
radiometric age data sets are shown for comparison. The first data set 
includes historic K-Ar (whole rock, mineral) dates as compiled from Maya 
(1992), filtered to include only data pertaining to Colombian granitoid 
magmatic rocks. This is essentially the information used in the analysis 
of Colombian granitoid magmatism presented by Aspden et al. (1987). 
Approximately 190 individual data points are shown. The second data set 
includes U-Pb (zircon) data, used in the analysis presented by Leal-Mejía 
(2011). Approximately 106 individual data points are shown. Revision of 
Figure 1 rapidly reveals a clear shift to older values (i.e shift to the left), 
in the peaks of the major periods of Colombian Phanerozoic granitoid 
magmatism, when the age grouping based upon the U-Pb (zircon) analyses 
are compared to the age groupings revealed via the K-Ar ages.

On the basis of the U-Pb (zircon) crystallization ages summarized in 
Figure 1, six distinct periods of Phanerozoic granitoid magmatism were 
defined by Leal-Mejía (2011) including: early Paleozoic (ca. 485-460 Ma), 
Carboniferous (ca. 333-310 Ma), Permo-Triassic (ca. 288-235 Ma), Jurassic 
(ca. 210-149 Ma), late Cretaceous to Paleogene (ca. 96-44 Ma) and Miocene 
to Pliocene (ca. 23–1.2 Ma). A seventh period, from the Pleistocene to 
the Recent, encompassing the modern-day Colombian (northern Andean) 
volcanic arc, is evident, but will not be reviewed in detail within the context 
of the present work.

Within most of the broad time periods depicted in Figure 1, the 
resolution of the available U-Pb (zircon) data permit the definition of 
additional “sub-periods” of magmatic activity. This resolution when 
combined with available petrochemical and isotopic data, permits a 
detailed analysis of the temporal migration of Phanerozoic granitoid 
magmatism over time. Individual sub-periods or pulses can be interpreted 
to coincide with or denote magmatic responses to tectonic developments 
throughout the region. These sub-periods and their tectonic significance 
will be discussed in detail in the following sections of this presentation.

Figure 2 depicts the distribution of all major occurrences of 
Phanerozoic granitoid plutonic, hypabyssal and volcanic rocks throughout 
the Colombian Andes, based upon available regional cartographic data 
(Cediel and Cáceres, 2000; Gomez et al., 2007) The granitoids depicted in 
Figure 2 have been colour coded with respect to age, based upon the U-Pb 
(zircon) data presented in Figure 1.

For presentation purposes, our discussion of Phanerozoic granitoid 
magmatism in the Colombian Andes is presented under five major 
headings. The distribution and nature of the granitoids is discussed with 
respect to age under four headings; Pre-Jurassic, Jurassic, Cretaceous 
to Paleogene and Miocene to Pliocene. Each of these sections contains 

detailed information with respect to the age, classification, petrochemisty 
and isotope geochemistry of the respective granitoids. A tectono-magmatic 
analysis of Phanerozoic granitoids in Colombia is presented in the final 
section of this report.

2.1 PRE-JURASSIC GRANITOID MAGMATISM: DISTRIBUTION, AGE 
AND NATURE

2.1.1 INTRODUCTION

Pre-Jurassic magmatism in Colombia is observed in the Santander, 
Floresta and Quetame Massifs, along the margins of the Central Cordillera, 
in the lower Magdalena basin, the Sierra Nevada de Santa Marta and 
the Guajira Peninsula (Figure 3). Granitoid magmatism is represented 
by rocks ranging from lower Paleozoic through Triassic age. The nature, 
distribution and genesis of pre-Jurassic granitoid rocks in the Colombian 
Andes is relatively poorly understood and, in general, controversial. 
Detailed structural studies pertaining to these granitoids are limited. An 
understanding of their complex structural geometries is inhibited by poor 
exposure and extensive surficial weathering. The present day configuration 
of these rocks has been influenced by various post-Triassic tectonic events 
(e.g. Cediel et al., 2003). Thus, tectonic models for pre-Jurassic granitoid 
magmatism are in weakly constrained.

The gneissic texture of many pre-Triassic granitoids, especially 
those from the Permo-Triassic, has led to additional confusion with 
respect to their abundance and distribution. In various instances such 
rocks are mapped as representatives of Precambrian basement, based 
upon the erroneous assumption that the “gneissic textured” granitoids 
are necessarily older than their surrounding host rocks. This assumption 
has been recently disproven using high-precision U-Pb (zircon) dating 
techniques, which illustrate that in various instances, granitoids previously 
recorded as “Precambrian” in age, in fact belong to the Permo-Triassic suite 
hosted within a Paleozoic or Permo-Triassic-aged basement (Vinasco et 
al., 2006; Leal-Mejía, 2011). It is suspected that the abundance of Permo-
Triassic granitoids will increase in future studies, at the expense of the 
“Precambrian” suite. It would appear that modern U-Pb dating techniques 
will form the best means for the differentiation of the Precambrian vs. 
Permo-Triassic suites.

2.1.2 AGE CONSTRAINTS ON PRE-JURASSIC GRANITOID MAGMATISM

The U-Pb (zircon) age distribution of Phanerozoic granitoids of pre-
Jurassic age in the Colombian Andes is presented in histogram format 
in Figure 4. A time-space analysis depicting the location of pre-Jurassic 
granitoids with respect to the litho-tectonic domains of the Colombian 
Andes is presented in Figure 5. With respect to age, Phanerozoic magmatism 
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Figure 1. Six principal periods of Phanerozoic granitoid magmatism in the Colombian Andes as derived from LA-MC-ICP-MS U-Pb (zircon) age data presented by 
Leal-Mejía (2011).
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Figure 2. Distribution of the principal granitoid 
magmatic rocks in the Colombian Andes, compiled and 
adapted from Cediel and Cáceres (2000) and Gomez et 

al. (2007).
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Figure 3. Distribution of Phanerozoic granitoid magmatic 
rocks of pre-Jurassic age in the Colombian Andes.
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Figure 4. U-Pb (zircon) age distribution of Phanerozoic granitoids of pre-Jurassic age in the Colombian Andes after Leal-Mejía (2011).
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Figure 5. Time-space chart for Phanerozoic granitoids of pre-Jurassic age in the Colombian Andes (modified after Leal-Mejía, 2011). 
Major litho-tectonic and morpho-structural units modified after the tectonic analysis of Cediel et al. (2003) and Cediel et al. (2009).
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of pre-Jurassic age in the Colombian Andes has been previously well 
recognized in two specific periods, including the early Paleozoic (i.e. early 
to middle Ordovician) and the Permo-Triassic (Goldsmith, 1971; Boinet et 
al., 1985; Ordoñez, 2001; Cediel et al., 2003; Vinasco et al., 2006; Ordoñez-
Carmona et al., 2006; Ibañez-Mejía et al., 2008; Villagómez, 2010; Cardona 
et al., 2010b; Horton et al., 2010; Montes et al., 2010; Weber et al., 2010). 
During the Permo-Triassic, Vinasco et al. (2006), based upon high precision 
U-Pb, (zircon) dates, concluded that the Colombian suite can be considered 
in terms of three sub-periods, including early Permian, early Triassic and late 
Triassic.

Most recently, Leal-Mejía (2011) recognized previously 
undocumented, petrochemically distinct magamatism of Carboniferous 
age, at El Carmen – El Cordero near El Bagre (northeastern Antioquia 
Department). Based upon this new data, and compiling all other available 
published pre-Jurassic U-Pb dates, Leal-Mejía (2011) describes three 
general periods of Phanerozoic pre-Jurassic granitoid magmatism in 
Colombia, including early Paleozoic (Ordovician), Carboniferous, and 
Permo-Triassic. Data for the Permo-Triassic presented by Leal-Mejía (2011) 
tends to difuse the sub-periods for Permo-Triassic granitoid magmatism 
presented by Vinasco et al. (2006).

2.1.3 PETROGRAPHIC AND PETROCHEMICAL CHARACTERISTICS OF 
PRE-JURASSIC GRANITOIDS

• Early-middle Paleozoic granitoids

Granitoid intrusives of early to mid Paleozoic age have been long 
recognized in the Santander Massif (Goldsmith, 1971; Boinet et al., 1985; 
Restrepo-Pace, 1995; Ordoñez-Carmona et al., 2006). Recent U-Pb (zircon) 
magmatic crystallization ages published by Horton et al. (2010) reveal the 
presence of Cambro-Ordovician intrusives in other localities of Colombia’s 
eastern cordilleran system including the Quetame and Floresta massifs 
(Figure 3). In general, little petrographic or petrochemical information is 
available for these rocks.

Leal-Mejía (2011) produced zircon concentrates from hydrothermally 
altered drill core samples at Angostura in the Santander massif. Additional 
zircons were collected from saprolitized granodiorite near Zaragoza 
along the western contact of the Segovia batholith. Both these zircon 
concentrates produced Ordovician U-Pb magmatic crystallization ages. The 
Angostura granitoids were previously mapped as part of the Precambrian 
gneisses of the Santander massif, whilst of the Zaragoza granodiorite was 
previously regarded as part of the Jurassic Segovia batholith.

The early Paleozoic granitoids from Angostura exhibit strong 
hydrothermal alteration evidenced by anomalous major elements 

contents (depletion of MgO, Na2O, CaO, and enrichments of Al2O3 and 
K2O). However, trace element data suggest a calc-alkaline affinity and arc-
related (subduction-related) origin (Leal-Mejía, 2011). These rocks are 
considered coeval with other magmatic rocks reported to the south, in the 
Floresta and Quetame massifs (Horton et al., 2010). 

• Carboniferous granitoids

A Carboniferous magmatic event (ca. 330-310Ma) represented by the 
El Carmen – El Cordero stock near El Bagre, was recognized by Leal-Mejía 
(2011). At El Carmen – El Cordero, granitoid rocks cut lower Paleozoic and 
possible older metamorphic rocks, within the broad structural corridor 
of the Palestina fault system and associated reactivation structures (Otú 
fault). 

Leal-Mejía (2011) recognized two granitoid facies at El Carmen – El 
Cordero, including a leucotonalite represented by the El Carmen stock, and 
a diorite facies observed to the north at El Cordero. No detailed information 
has previously been published for Carboniferous intrusives in Colombia, as 
such, detailed descriptions are provided below.

The El Carmen stock is a biotite leucotonalite. Texture is coarse-
grained phaneritic and holocrystalline. The mineral composition is very 
simple, consisting of quartz, plagioclase and minor K-feldspar. Accessory 
biotite is the only mafic mineral.

Quartz is anhedral and crystal size ranges between 5 and 10 mm. 
The modal content is close to 25%. Plagioclase tends to develop prismatic 
euhedral crystals, ranging in size 6 mm to 1 cm. Modal plagioclase content 
is up to 65%. Strong sericitization is often observed mainly in the crystal 
cores, whereas the crystal borders are generally unaltered. Microcline 
occurs as a few anhedral grains less than 5 mm in diameter. They occupy 
interstitial positions among the euhedral plagioclase crystals. Modal 
content is less than 5 %.

Accessory biotite forms subhedral tabular crystals, between 1 mm 
to 6 mm in diameter, modally comprising on the order of 5% of the rock. 
Biotite crystals are often bent or kinked. Chlorite alteration may occur along 
grain borders and cleavages, acompanied with fine-grained secondary 
epidote, magnetite and titanite.

Additional trace mineral phases include euhedral zircon crystals, 
observed as inclusions in quartz and biotite, and subhedral stout prismatic 
apatite crystals both occurring as trace minerals. Apatite is commonly 
replaced along grain borders and cleavages by late titanite.

Other secondary minerals include small amounts of epidote, allanite, 
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chlorite, quartz and pyrite. These phases appear to represent localized 
hydrothermal replacement of the original intrusive rock.

Based upon data generated by Leal-Mejía (2011), the El Carmen Stock 
leucotonalite exhibits a clear Na-rich calc-alkaline affinity characterized by 
high Na2O values (>3.5%) and low K2O values (<1.3%). The Sr-Nd isotope 
data indicate a mantle-derived source for the magmas with minor crustal 
contamination with initial 87Sr/86Sr ratios between 0.70441 and 0.70516, 
and weakly to moderately high eNd values (+0.58 to +3.79). The El Cordero 
diorite samples plot in the tholeiite field of the AFM triangle. Leal-Mejía 
(2011) observes that low-K values are a notable characteristic of all of the 
samples including diorites and leucotonalites. To date, there is no record 
of other magmatic rocks of Carboniferous age in the Colombian Andes.

• Permo-Triassic granitoids

Permo-Triassic magmatic rocks have been widely recognized in 
Colombia and in the northern Andes in general (Figure 3). In Colombia 
these rocks occur discontinuously within the southern to northern Central 
Cordillera (Vinasco et al., 2006; Ibañez-Mejía, 2008; Villagómez, 2010; 
Leal-Mejía, 2011), along middle and lower Magadalena and Cauca valleys  
(Montes  et  al.,  2010; Leal-Mejía, 2011),  within the  Sierra Nevada  de  
Santa  Marta  (Cardona  et  al., 2010), and on the Guajira Peninsula (Weber 
et al., 2010).

Vinasco (2004) produced a most detailed study of Permo-Triassic 
granitoids extending throughout much of the northern Andes. This 
important work included petrographic and petrochemical characterization, 
radiometric age dating and additional isotopic geochemical studies of the 
most prominent granitoids and gneisses of Colombia’s geographic Central 
Cordillera.

In recent work by Leal-Mejía (2011), Permo-Triassic U-Pb (zircon) 
magmatic crystallization ages were produced for numerous additional 
graintoid and gneissic granitoid bodies along the Central Cordillera, 
including for the southern sector of the Sonsón Batholith (herein referred 
to as the ‘Nariño Batholith’), the La Plata orthogneiss, in the southern 
Central Cordillera, and for granitoid rocks distributed along to the Palestina 
Fault System close to the Puerto Nare, Remedios and Guamoco townsites. 
Additional Permo-Triassic gneiss was dated near the town of Nechí to the 
north of El Bagre. 

Based upon the available regional geologic mapping, units such as the 
La Plata orthogneiss and the Puerto Nare and Guamoco granitoids, were 
thought to represent Precambrian or Paleozoic metamorphic basement. 
Others, such as the Remedios occurrences, the Nariño (southern Sonsón) 
batholith and Nechí occurrences are mapped as Jurassic-aged intrusives.

The net effect of the work of Leal-Mejía (2011) has been to expand 
the number of documented occurrences of Permo-Triassic granitoid and 
gneissic granitoid in the Colombian Andes, beyond the work of Vinasco 
(2004), and to reveal the need to precisely date other granitoid gneissic 
units of inferred “Precambrian” age throughout the region.

With respect to age, the Permo-Triassic suite spans a range of over 
60 million years. Vinasco et al. (2006) indicated ages for Permo-Triassic 
granitoids tend to cluster within three distinct sub-ranges, including peaks 
at ca. 280 Ma, 250 Ma and 230 Ma (Figure 4). A tectonic explanation for 
this distribution of ages was presented by Vinasco et al. (2006) and is 
reviewed below in Section 3.2.3. Additional U-Pb (zircon) data presented 
by Leal-Mejía (2011) falls within the broad Permo-Triassic (290 to 230 Ma) 
range, however the data tend to difuse the sub-ranges defined by Vinasco 
et al. (2006).

As mentioned above, the Permo-Triassic suite in general was well 
documented in the petrographic and mineralogic descriptions of Vinasco 
(2004) and Vinasco et al. (2006). However, since this time, various new 
occurrences of granitoids and gneissic granitoids have been discovered 
(Leal-Mejía, 2011). Given that information regarding these new occurrences 
has not previously been published, descriptions of some important 
occurrences, including at Nechí, Caracolí and Nariño, are provided below.

NECHÍ META-TONALITE (ca. 281 Ma; Leal-Mejía, 2011)

This rock-type occurs in numerous out crops in the Nechí area. It 
consists of a phaneritic, holocrystalline intrusive rock, affected by a 
penetrative foliation. This metamorphic foliation produces an ocelar 
texture, with micas contouring plagioclase eyes. Essential minerals are 
quartz, plagioclase and minor K-feldspar, with accessory biotite and 
amphibole.The relative amount of these minerals influences foliation 
development, with mafic minerals concentrated in selected bands, 
producing changes in the foliated aspect of the rock. Titanite, apatite and 
zircon occur in traces.

Quartz is anhedral and fine-grained, suggesting cataclastic processes. 
Grain size ranges 200 microns to 1 mm. The modal content is close to 25%.

Plagioclase tends to develop prismatic subhedral crystals, averaging 
6 mm in length, and its modal content may achieve up to 65%. The crystals 
tend to be rounded and arranged following the foliation. All the crystals are 
twinned following complex pericline plus albite laws, and the crystals show 
undulatory zoning. In many cases, plagioclase crystals have been bent, and 
in other cases, it is possible to identify in them a cataclastic texture. High 
modal proportions are observed, in places exceeding 35%.
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Microcline occurs as a few anhedral grains, less than 5 mm in diameter, 
mostly observed under the microscope. Modal content is less than 5%. 
Myrmekitic intergrowths with quartz can be observed when K-feldspar is 
in contact with plagioclase. They have scarce patchy microperthites and it 
is not zoned; tartan twin is well identified.

Biotite occurs as platelets ranging from 100 microns to 1 mm in 
length. It defines the foliation of the rock, in many cases surrounding 
feldspar and amphibole crystals. Chlorite alteration occurs locally along 
grain borders and cleavages. Modal content is on the order of 15%.

Amphibole occurs as stout prismatic subhedral to anhedral crystals, 
arranged with the c-axes parallel to the foliation. The crystals are dark 
emerald to olive green in colour, and are not zoned or twinned. Inclusions 
of biotite are not uncommon, suggesting amphibole forms post-kinematic 
poikiloblasts.

Titanite is common, with modal abundance approaching 1%. It 
occurs primarily in association with biotite. It tends to be euhedral, with 
the typical diamond-shaped sections, with a maximum dimension of on 
the order of 500 microns. In thin section, crystals are almost colorless. 
They are not zoned, but many crystals have poly-synthetic twinning. The 
abundance of titanite can explain the absence of additional Fe-Ti oxides. 
In many cases, titanite crystals are preferentially concentrated within small 
bands.

Other trace minerals observed in thin section include zircon, apatite 
and allanite. Euhedral zircon crystals are observed as inclusions in quartz 
and biotite grains. Size is less than 100 microns. Metamictic aureoles are 
poorly developed on the contact with biotite, but zircon is not metamict. 
Some crystals contain inclusions of inherited zircon. Apatite is subhedral, 
and tends to be concentrated in the biotite bands. Grain size is small, less 
than100 microns. Allanite is not rare, although it is only a trace mineral. 
It occurs as euhedral short prismatic crystals, less than 1 mm in length.  
Color is pale brown and crystals are zoned. In many cases, allanite exhibits 
epidote rims Allanite produces metamictic aureoles when included in 
biotite.

CARACOLÍ PERALUMINOUS GRANITE (Permo-Triassic?)

The Caracolí granites provide an excellent example of the 
peraluminous nature of some phases of the Permo-Triassic suite. These 
granites are holocrystalline, phaneritic and medium-grained. They mainly 
consist of plagioclase, K-feldspar, quartz and biotite, with accessory 
minerals including muscovite, almandine and cordierite which can be 
considered typical of peraluminous environments. 

Plagioclase occurs as subhedral to anhedral crystals, in a modal 
proportion of around 25 percent. The habit is short prismatic, with a 
maximum length of 6 mm. Twinning is complex, on the albite and pericline 
laws; in addition, simple twinning on Karlsbad and other less common laws 
is conspicuous. Optical zoning is concentric, often with sericitized cores.

K-feldspar (microcline) is one of the dominant minerals in the 
Carocolí granites, attaining up to 30 modal percent. Crystals are anhedral 
to subhedral prismatic. Crystal size is in the order of 4 to 8 mm. Tartan 
twinning, although poorly developed, suggests the degree of triclinicity is 
high. In addition, many crystals have simple twins. Microperthites are of 
the distinct patchy type.

Anhedral quartz is another dominant mineral (about 35 modal 
percent). It exhibits wavy extinction. Grain size is in the range of 2 to 5 
mm. It locally replaces feldspars, suggesting that some part of the quartz 
was deposited during subsolidus processes.

Biotite is a common accessory mineral, averaging on the order of 5 
modal percent of the rock. It occurs as subhedral plates. The pleochroism 
is in reddish- brown hues, and the size of these crystals is in the range 
2-3 mm. Biotite can be partly replaced by greenish chlorite and epidote 
following grain borders and cleavages.

Muscovite is also a common accessory mineral, averaging up to 5 
modal percent of the rock. It occurs as subhedral platelets. It is colorless in 
thin section with crystals on the order of 2 to 5 mm in length.

The peraluminous assemblage of the Carocolí granites is mostly 
distributed within the rock as intergrowths or “knots” containing almandine, 
cordierite, biotite, quartz and muscovite. Such knots may be partly altered 
to dark green chlorite along irregular fractures. Almandine crystals are 
anhedral and skeletal and not poikiloblastic. They are devoid of mineral 
inclusions. They form trapezoedrons and display a pale rose color. Grain 
size ranges from 200 microns to1 mm. Within the same knots, cordierite 
occurs in trace proportions as subhedral colorless pseudohexagonal 
twinned crystals of short prismatic habit. Grains average about 3 mm in 
length. Cordierite crystals are rich in inclusions of quartz and muscovite. 
Basal sections of cordierite display typical cyclical twinning. Crystals tend 
to be partly altered to Fe- rich dark green chlorite, especially along brain 
boundaries.

Other trace minerals at Caracolí include zircon and apatite. Apatite 
crystals are rare, but some euhedral prismatic grains, less than 100 
microns in length, are observed. The crystal habit is hexagonal prismatic 
and hexagonal bypyramidal.
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Zircon is common in the Caracolí granite, although its abundance is 
at trace levels. Several zircon populations (labelled as A, B and C) can be 
established according with the shape and size of the crystals, and attest to 
the complex magmatic history of the Permo-Triassic suite in general. Leal-
Mejía (2011) described various zircon types at Caracolí, as follows.

Type A zircon is largely prismatic, almost acicular, composed of 
tetragonal prism and bypyramids of less than 150 microns in length by 10 
microns in width.

Type B zircon is also euhedral and short prismatic in habit, and it is 
about 200 microns in length and 100 microns in width. It has inclusions of 
other generations of zircon (particularly Type C).

Type C zircons are small (less than 30 microns in size) and subhedral, 
rounded and short prismatic.

All of these zircon populations are strongly radioactive, with high 
contents of Th and U. When included in biotite, all produce dark, pleochroic 
metamictic aureoles in the surrounding biotite crystal.

NARIÑO PERALUMINOUS GRANITE (“NARIÑO” BATHOLITH; ca. 245 
-234 Ma)

Based upon new U-Pb (zircon) age dates and petrochemical and 
petrographic data, Leal-Mejía (2011) recognized the Sonsón Batholith 
(Gonzalez, 2001) consists of at least two composite plutonic bodies, 
both of batholithic proportions, but of distinct age and petrochemistry. 
The geologic limits between these two plutons have not been formally 
mapped. Leal-Mejía (2011) infers a broadly NW-SE striking contact and 
informally refers to the two plutons as the “Sonsón” Batholith in the north 
and the “Nariño” Batholith in the south (Figure 2).

Based upon K-Ar dating, the original Sonsón Batholith was assigned 
to the Jurassic by Gonzalez (2001). Recent work however has shown 
it to be of Paleocene age (Ordoñez et al., 2001; Leal-Mejía, 2011) and 
metaluminous calc-alkaline chemistry (see Section 2.3.3, below).

The “Nariño” Batholith referred to by Leal-Mejía (2011), and herein, 
is of early Triassic age and peraluminous chemistry. It is considered to 
belong to the Permo-Triassic suite as defined by Vinasco (2004). The ca. 
235 Ma pluton, out cropping around the town of Nariño (Antioquia; Leal-
Mejía, 2011), is homogeneous and holocrystalline. Regional transects 
across  the eastern margin of the pluton to the south of the town of 
Nariño reveal it is in contact with hornfelsed paragneiss containing early 
Permian-aged zircons (Leal-Mejía, 2011), similar to rocks intercalated in 
the early Permian Rio Verde gneiss complex to the NE of Sonsón (Vinasco, 

et al., 2006). The SW flank of the batholith near San Felix is unconformably 
overlain by Aptian-Albian siliciclastic rocks of the Abejorral Fm.

Near Nariño, the major mineral composition (quartz, plagioclase, 
microcline) and modal proportions observed in thin section point to 
a granitic composition. Unfortunately, these rocks have been strongly 
altered by a succession of hydrothermal and supergene fluids, and the 
primary characteristics of the pluton have been overprinted by the growth 
of various subsolidus minerals. In particular, it is difficult to define if the 
muscovite is of primary magmatic or secondary hydrothermal origin. It may 
represent the alteration of abundant biotite seen in some localities. This 
is critical in the classification of these rocks, because a primary muscovite 
(+biotite) suggests a two-mica peraluminous composition. Additionally, 
part of the modal quartz is likely related to subsolidus silicification. Further 
study is necessary to characterize the composition of these rocks. The 
present mineralogical description serves as a first approximation.

Plagioclase occurs as subhedral to anhedral crystals, averaging around 
30 modal percent of the rock. The habit is short prismatic, with a maximum 
length of 6 mm. Zoning has not been observed. The internal textures of 
the grains have been almost completely erased by the development of a 
coarse-grained sericite and, in some cases, by potassic alteration.

K-feldspar (microcline) may be found as anhedral or subhedral roughly 
prismatic crystals, averaging 30 modal percent of the rock. The prescence 
of tartan twinning suggests that K-feldspar is triclinic and produced by slow 
cooling. This twinning is not however observed in all K-feldspar crystals. On 
the other hand, microperthites are found in many crystals. The presence of 
both K-feldspar polymorphs indicates that part of the K-feldspar may have 
been produced by subsolidus alteration processeses.

Quartz is extremely abundant attaining up to 40 modal percent. 
However, as indicated, some quartz is subsolidus and cannot be used as 
classification criteria.

Muscovite may appear, in addition to the subsolidus sericite, as 
subhedral platy crystals, around 0.5-1 mm in diameter. The shape of these 
crystals suggests magmatic crystallization. They may however represent 
the pseudomorphic alteration of biotite. Minor chlorite occurs as porosity 
infillings, as a secondary mineral, in euhedral tabular crystals, less than 
300 microns in length.

In general, with respect to the “Nariño Batholith” portion of 
the original Sonsón batholith, the ca. 235 Ma age and peraluminous 
nature coincides well with the peraluminous Permo-Triassic granitoids 
documented elsewhere in the Central Cordillera by Vinasco et al. (2006); 
Figures 2 and 3). Based upon new field reconnaissance, regional geological 
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trends, and presently available mapping, and U-Pb age and petrochemical 
information, we suggest that the paragneiss along the eastern margin of 
the Nariño Batholith represents the southern continuation of the Rio Verde 
granitic gneiss, truncated by the intervening Paleocene Sonson batholith. 
The western sector of the Narino batholith (e.g. San Felix sector), appears 
to represent the southern continuation of Permo-Triassic orthogneiss, 
granitic gneiss and “post-tectonic granite” (including the La Miel, La Honda, 
El Buey and Abejorral intrusions), along the western margin of the Central 
Cordillera, as illustrated by Vinasco et al. (2006).

With respect to the general Permo-Triassic suite, petrographic study 
(backed by whole-rock geochemical analyses) of Permo-Triassic granitoids 
and granitoid greisses in general show a strong peraluminous character 
(e.g. Vinasco et al., 2006; Cardona et al., 2010b; Leal-Mejía, 2011). Isotope 
geochemical data show high initial 87Sr/86Sr ratios between 0.7484 and 
0.71389, and remarkable negative eNd values (-0.76 to -4.74), indicating 
crustal sources for the magmas as previously indicated for Permo-Triassic 
rocks by Vinasco et al. (2006). Thus the Permo-Triassic granitoids, in 
general, most likely represent the partial fusion of continental crust with 
limited or no mantle-derived imput. Various authors (e.g. Vinasco et al., 
2006; Cardona et al., 2010b; Horton et al., 2010) associate these granitoids 
with collisional and post-collisional tectonics during assembly and break-
up of the Pangea supercontinent from ca. 280-230 Ma (see Section 3.2.3, 
below).

2.2 JURASSIC GRANITOID MAGMATISM: DISTRIBUTION, AGE 
AND NATURE

2.2.1 INTRODUCTION

Jurassic (latest Triassic to late Jurassic) granitoid magmatism 
represents the most extensive period of volcano-plutonic activity recorded 
within the present-day geological exposure of the Colombian Andes. In 
Colombia, the Jurassic volcano-plutonic “belt” extends in a discontinuous 
SSW-NNE trending array from the southern border with Ecuador to 
the Sierra Nevada de Santa Marta on the Caribbean Coast. It forms the 
northern extensions of a more extensive volcano-plutonic event which 
extends throughout the northern Andes into southern-most Ecuador and 
northern Peru (Cediel et al., 2003).

Within the Colombian Andes, volcano-plutonic rocks of Jurassic age 
crop out in the Garzon and Santander Massifs, the Sierra Nevada de Santa 
Marta and within the Central Cordillera and the Serrania de San Lucas. 
Major batholiths and associated stocks within the Jurassic belt include, 
from south-and-east to north-and-west, the Mocoa Batholith in the 
Garzón Massif (Alfonso, 2000), the Santa Barbara - Rionegro - Mogotes 
batholiths and the Pescadero, La Corcova and Paramo Rico plutons in the 

Santander Massif (the ‘Santander Plutonic Group’ of Ward et al., 1973; also 
described by Royero and Clavijo, 2001), the Ibagué Batholith (Altenberger 
and Concha, 2005), the Norosí (Guamocó) - San  Martin batholiths of the 
Serrania de San Lucas (the “San Lucas granitoids” described by Clavijo et 
al., 2008), the Segovia Batholith (Feininger et al., 1972), and the Aracataca, 
Central, Pueblo Bello, and Patillal batholiths of the Sierra Nevada de Santa 
Marta (Tschanz et al., 1974).

In addition to the major suites of plutonic rocks, important deposits 
of associated volcanic and volcano-sedimentary strata are preserved. 
These deposits include those related to the Mocoa and Ibagué batholiths 
(e.g. Saldaña Formation), those bordering the Santander massif (Jordan 
Formation), those associated with the Norosí Batholith of the Serrania 
de San Lucas (Norean Formation), and those observed along the south-
eastern flank of the Sierra Nevada de Santa Marta (Guatapurí Formation). 
In all cases these sequences are considered to be penecontemporanous 
with their neighbouring batholiths. The location and distribution of major 
Jurassic batholiths and stocks and associated volcanic sequences within 
the Colombian Andes is shown in Figure 6. Notably, despite it’s importance 
within the Colombian geological record, the regional context of Jurassic 
magmatism, has remained, until recently, essentially unstudied since the 
regional work of Alvarez (1983) y Aspden et al. (1987).

2.2.2 AGE CONSTRAINTS ON JURASSIC GRANITOID MAGMATISM

With respect to the age constraints for Jurassic plutonic rocks and 
associated volcano-sedimentary sequences in the Colombian Andes, as a 
whole this magmatism has been historically studied and well documented 
(see radiometric dates compiled by Maya, 1992). Regardless, due to the 
lack of precision and resolution of the historic radiometric techniques 
(dominated by K-Ar whole rock or mineral separate analyses) and the paucity 
of regionally-oriented empirical studies, the entire “Jurassic” plutonic 
suite has in the past been assigned to the broad time period spanning 
the late Triassic to late Jurassic, and even today, appears undifferentiated 
on regional geologic maps (e.g. Cediel and Cáceres, 2000; Gómez et al., 
2007). The most complete regional historic analysis of this magmatism, 
compiled by Aspden et al. (1987), was undertaken using data compiled 
in a previous version of the Maya (1992). Aspden et al. (1987) recognized 
“eastern” and “western” plutonic belts of Jurassic age and noted that the 
existing data suggested that the eastern (Mocoa-Santander) belt may be 
older than the western (Ibagué – Sonsón - Santa Marta) belt. Conclusions 
drawn by Aspden et al. (1987), in many respects remain valid today. In 
detail however, the overall lack of data, and the imprecise nature of historic 
K-Ar age dates, did not permit the precision of analysis facilitated by the 
present U-Pb (zircon) database.

Recent work by Leal-Mejía (2011), addressed Jurassic magmatism 
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from a regional perspective, producing thirty-one new high precision U-Pb 
(zircon) dates (in addition to detailed petrochemical and isotopic analyses). 
These analyses dated various plutons previously undated by the U-Pb 
technique, such as the Norosí and San Martín batholiths of the San Lucas 
region, the southern Ibagué Batolith, the Segovia Batholith, the southern 
Sonsón (“Nariño”) Batholith, the Pueblo Bello Batholith of the Sierra Nevada 
de Santa Marta, and porphyritic stocks of the Mocoa region. In addition, 
Leal-Mejía (2011) dated zircons derived from penecontemporaneos 
volcanic sequences, including the Norean (eastern San Lucas) and Guatapurí 
(southeastern Sierra Nevada de Santa Marta) Formations.

The resulting data set permits a reasonably detailed time-space 
analysis of Jurassic magmatism throughout the Colombian Andes. Figure 
7 outlines the U-Pb (zircon) age distribution of Jurassic granitoids in the 
Colombian Andes as depicted in histogram format. Figure 8 is a time-space 
analysis outlining the location of Jurassic granitoids with respect to the 
litho-tectonic domains of the Colombian Andes.

The U-Pb (zircon) data indicate that Jurassic magmatism in the 
Colombian Andes spans latest Triassic to latest Jurassic time, with ages 
ranging from ca. 210 to 149 Ma. The data permit interpretation of at least 
three and possibly four spatially – temporally important pulses of Jurassic 
granitoid magmatism (Figure 7). As previously suggested by Aspden et 
al. (1987) the first two events took place in the latest Triassic and early 
Jurassic.

The oldest ca. 210 to 200 Ma phase includes deep seated plutonic 
rocks of the batholiths of the Santander Massif (Dorr et al. 1995). However, 
the ca. 210 Ma age of the Mocoa Batholith (K-Ar, Sillitoe et al., 1982) 
remains unconfirmed.

To the west, extensive early Jurassic magmatism is recorded in 
plutonic rocks of the southern Ibagué Batholith, the major batholiths of 
the Serranía de San Lucas, and the Pueblo Bello Batholith (Sierra Nevada 
de Santa Marta). In all cases, U-Pb (zircon) ages for the volumetrically 
extensive major batholith-related plutonic phase, range from ca. 190-180 
Ma (Leal-Mejía, 2011). The extensive volcanic and volcanoclastic sequences 
observed along the eastern flanks of the Norosí Batholith (Norean 
Formation) at the southeastern flank of the Sierra Nevada de Santa Marta 
(Guatapurí Formation) produced U-Pb (zircon) ages penecontemporous 
with spatially related plutonism.

During the middle to late Jurassic, a third magmatic event is recorded 
in granitoids of the northen segment of the Ibagué Batholith (ca. 165 to 158 
Ma; Villagómez, 2010), and further north and west throughout the Segovia 
Batholith (ca. 167 to 158 Ma; Leal-Mejía, 2011). In addition, porphyritic 
stocks of the Mocoa region also indicate a Middle Jurassic magmatic 

crystallization age (ca. 170 Ma; Leal-Mejíia, 2011). Interestingly, a 184 Ma 
inheritance age is observed within Mocoa porphyry, suggesting that the 
main phase Mocoa batholith belongs to the early Jurassic plutonic suite.

Finally, Leal-Mejía (2011) dated hypabyssal porphyry from the Rovira 
area of the northern Ibagué Batholith. U-Pb (zircon) data record latest 
Jurassic ages ranging from 152 to 149 Ma, potentially defining a fourth phase 
of granitoid magmatism in the late Jurassic. The U-Pb (zircon) population 
for this phase is presently limited in both number and geographic coverage. 
Regardless, numerous undated hypabyssal stocks are observed along the 
northeastern margin of the Ibague batholith, extending from Rovira south 
to beyond Chaparral, and east at least as far as Dolores. Both these areas 
have produced late Jurassic K-Ar dates in early studies by Sillitoe et al. 
(1982), suggesting that latest Jurassic hypabyssal magmatism could have 
been extensive in this region of pre-Andean Colombia.

In general terms, with respect to the historic radiometric age 
database for the Jurassic (Maya, 1992; Figure 1), the available U-Pb (zircon) 
database provides better resolution and age constraints with respect to the 
latest Triassic and early Jurassic magmatic events. It expands the regional 
extent of the early Jurassic (ca. 190 to 180 Ma) event by better defining 
the age of Jurassic magmatism in the Sierra Nevada de Santa Marta, and 
by including the previously undated batholiths of the Serrania de San 
Lucas, the southern Ibagué Batholith, and potentially the Mocoa Batholith. 
Based upon this data, it is possible to identify at least three well-defined 
magmatic events which contribute to the composite Ibague Matholith, 
including in the early Jurassic (189-182Ma), and in the late Jurassic (165 
to 158 Ma, and 152 to 148 Ma). The 165 to 158 Ma event is also well 
recorded in the Segovia Batholith. Additionally, with respect to previously 
published information, the data confirm that the Sonsón Batholith is in 
fact not Jurassic in age, as recorded in the literature and on recent regional 
geological maps (e.g. Cediel and Cáceres, 2000; Gonzalez, 2001; Gómez et 
al., 2007), but a composite body formed during two separate magmatic 
events dating from the Permo-Triassic and Paleocene.

2.2.3 PETROCHEMICAL CHARACTERISTICS OF JURASSIC GRANITOIDS

With respect to overall aspect and petrochemistry, the Jurassic 
granitoids contrast markedly to the generally peraluminous nature and 
commonly gneissic or foliated texture of the pre-Jurassic graintoids. The 
major main phase Jurassic batholiths are holocrystalline and medium- to 
course-grained phaneritic in texture. Although the original geometry of the 
batholiths as a whole may be structurally displaced or modified (e.g. the 
Mocoa Batholith, the northern Ibagué Batholith, the Segovia Batholith), the 
Jurassic age plutons including their coeval volcano-sedimentary sequences 
are not regionally metamorphosed nor have they been subjected to 
regional-scale ductile or penetrative deformation.
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Figure 6. Distribution of granitoid magmatic rocks of 
Jurassic age in the Colombian Andes.
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Figure 7. U-Pb (zircon) age distribution of granitoids of Jurassic age in the Colombian Andes after Leal-Mejía (2011).
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Figure 8. Time-space chart for granitoids of Jurassic age in the Colombian Andes (modified after Leal-Mejía, 2011). Major litho-tectonic and morpho-structural units 
modified after the tectonic analysis of Cediel et al. (2003) and Cediel et al. (2009).
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Modern petrochemical data is not yet available for all of the major 
Jurassic intrusives and associated volcanic rocks. For example, whole-
rock (major-minor-trace element) and isotope geochemical data are not 
available for some sectors of the Santander Massif, Sierra Nevada de Santa 
Marta and the Mocoa Batholith. Regardless, based upon their granitoid 
nature, mineralogical composition and limited analytical data, previous 
workers have concluded that they are calc-alkaline in composition (Aspden 
et al., 1987; Dorr et al., 1995).

In other sectors however, a suite of high-quality whole-rock major-
minor-trace and rare earth element analyses, is now available. In his 
regional study of granitoid magmatism in the Colombian Andes, Leal-Mejía 
(2011) analyzed samples of Jurassic batholiths and hypabyssal stocks and 
their coeval volcanic sequences, including in the northern and southern 
Ibagué Batholith, the batholiths of the Serrania de San Lucas, and along 
the entire trend of the Segovia Batholith. The resulting data confirm the 
variable calc-alkaline nature of all of the Jurassic batholiths studied, and 
permit the petrochemical differentiation of Jurassic magmatism based 
upon criteria such as age, the nature of the hosting basement rocks and 
the tectonic position of the magmatism with respect to the location of the 
northern Andean paleo-cratonic margin.

The early Jurassic Serrania de San Lucas – southern Ibagué Batholith 
plutonic suite for example is distinguishable from the late Jurassic Segovia 
Batholith – northern Ibagué suite. The Serranía de San Lucas - southern 
Ibagué Batholith suite exhibits a clear high-K calc-alkaline character, 
commonly recording a strong negative Eu anomaly in REE patterns, whereas 
the Segovia – northern Ibagué mBatholith suite is of variable medium- to 
high-K calc-alkaline affinity with a greatly reduced to flat Eu anomaly (Leal-
Mejía, 2011).

Penecontemporaneous volcanic sequences from both the Serranía 
de San Lucas (Norean Formation) and the southern Ibagué Batholith area 
(Saldaña Formation) exhibit similar K-rich signatures. The Norean Formation 
has a high-K calc-alkaline character whilst the Saldaña Formation exhibits 
a shoshonitic character (Leal-Mejía, 2011). Conversely, coeval volcanic 
sequences are not recorded in proximity to neither the Segovia Batholith nor 
the northern Ibague Batholith (Cediel and Cacares, 2000; Gómez et al., 2007).

Leal-Mejía (2011) indicates that Sr-Nd isotope data for the Jurassic 
intrusive suite indicates mantle-derived sources for the magmas with 
variable contribution of crustal sources, which would reflect the nature 
of the basement they intrude and the degree of interaction with upper 
crustal materials during magma ascent and emplacement. The highest 
contribution of crustal material is observed in the early Jurassic intrusives 
of the Serranía de San Lucas, characterized by high initial 87Sr/86Sr ratios 
(>0.705) with negative eNd values (-0.53 to -6.90). Similar crustal-derived 

sources are recorded in the Mocoa Batholith porphyries with high initial 
87Sr/86Sr ratios (>0.706) and negative eNd values (-3.32 to -5.60). Similar 
behavior can be inferred for the Jurassic bathoilths of the Santander 
Massif, which intrude thick, continentally-derived metamorphic 
basement.

The southern Ibagué Batholith samples and the volcanic rocks of the 
Norean and Saldaña Formations yielded mixed 87Sr/86Sr ratios around the Bulk 
Earth composition (87Sr/86Sr(i)= 0.69950 to 0.70556; eNd = -0.96 to -4.83).

Conversely, samples from the Segovia Batholith exhibit lower 
initial 87Sr/86Sr ratios (0.70385-0.70434) and positive eNd values (+1.04 to 
+6.52), indicating mostly mantle-derived source for the magmas with little 
contribution from crustal sources (Leal-Mejía, 2011).

Lead isotope analyses for the Jurassic intrusive and associated 
volcanic rocks presented by Leal-Mejía (2011) reveal radiogenic values 
(207Pb/204Pb>15.55), plotting mostly over the orogene lead isotope curve of 
the Plumbotectonic model by Zartman and Doe (1981). These data indicate 
mixed sources for the lead. The samples from the Segovia Batholith plot 
between the orogene and the upper crust lead isotope curves, suggesting 
a higher contribution of radiogenic lead, perhaps sourced from the 
continentally-derived meta-argillaceous rocks which host the batholith.

In conclusion, the presence and assimilation, or absence, of sialic 
continental (cratonic) basement in proximity to Jurassic magmatic rocks 
of the Colombian Andes is reflected in the geochemical data presented by 
Leal-Mejía (2011). In empirical agreement with these data, sialic basement 
is observed in various areas throughout the Serrania de San Lucas and in 
the Garzón Massif (which hosts the Mocoa Batholith). No such basement 
can be inferred nor has been recorded along the Segovia Batholith trend.

Notably, lead isotope results from the analyzed regions cluster on a 
per-region basis, in narrow, well-defined ranges, from the less radiogenic 
volcanoclastic rocks of the Norean Formation (Norosí Batholith) to the 
more radiogenic intrusive rocks of the Segovia Batholith (Leal-Mejía, 2011).

2.2.4 PETROGRAPHIC CHARACTERISTICS OF SOME JURASSIC 
GRANITOIDS

The studies of Leal-Mejía (2011) produced important empirical 
information pertaining to various Jurassic plutonic and volcanic rocks 
for which published data are absent, sparse, or difficult to access. These 
studies include major batholiths such as the southern Ibagué, Segovia 
and Norosí – San Martín de Loba (in the Serrania de San Lucas). In this 
context, in the following sections information is provided for each of these 
important members of the Colombian Jurassic granitoid suite.
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It should be noted that the nomenclature for Jurassic intrusives in 
the northern Central Cordillera is nowadays a debatable and confused 
subject in the geological literature. Early geological studies of the Serranía 
de San Lucas (Bogotá and Aluja, 1981) recognized two independent N-S 
trending batholiths in the region: the ‘Western batholith’ (Segovia trend) 
and the ‘Eastern or Norosí batholith’. Alvarez (1983), proposed the name 
of Segovia batholith to group all the Jurassic intrusives cropping out in the 
northern Central Cordillera to the east of the Otú Fault, including both, the 
Eastern and Western batholiths previously described by Bogotá and Aluja 
(1981). Ballesteros (1983) distinguished the Segovia and Norosí batholiths 
as independent units. The geological map of the Antioquia Department by 
González (2001) however groups all the Jurassic intrusives under the name 
of ‘Segovia Batholith’.

Notwithstanding, based upon petrographic, mineralogic, whole rock 
petrochemical observations, and U-Pb (zircon) geochronology and isotope 
geochemical results presented by Leal-Mejía (2011), the batholiths of the 
Serrania de San Lucas (including the Norosí Batholith) and the Segovia 
Batholith trend, are clearly very distinct units. Leal-Mejía (2011) preferred 
the term ‘Segovia Batholith’ to refer to the the N-S trend of middle to late 
Jurassic intrusives cropping out along the Palestina and Otú fault systems 
to the west of the main topographic relief of the Serrania de San Lucas 
(essentially the Western batholith trend of Bogotá and Aluja, 1981).

Intrusive Rocks of the Serrania de San Lucas

The main phase batholiths of the Serrania de San Lucas include 
the San Martin Batholith in the north and the Norosí Batholith in the 
south. Geological reconnaissance permits the inference that these two 
batholiths are in fact the same intrusion, as relatively continuous out 
crop of intrusive rock with similar mineralogical, textural, petrochemical 
and age characteristics can be observed extending from the northern 
extension of the Norosí batholith at Cerro El Oso, northwards through 
Culo Alzado, Monte Carmelo and into San Martín de Loba, and further 
north past Juana Sanchez.

The San Martín – Norosí Batholith is typically hornblende-biotite 
granodiorite in composition. It is remarkably homogenous in terms of its 
petrographic and petrochemical characteristics. Texturally the batholith 
is of a medium grained phaneritic holocrystalline nature. All the grains 
tend to have similar dimensions, around 2-5 mm. These rocks are 
enriched in amphibole, but biotite is the dominant mafic mineral. The 
amphibole contains scarce pyroxene relicts.

Mineralogically, quartz is observed in 25 to 35 modal percent. It 
occurs as an interstitial mineral between plagioclase crystals, and tends 
to occur as anhedral grains very rich in inclusions of corroded plagioclase. 

It is intergrown with K-feldspar, and the textures among these minerals 
(triple points, curved contacts) indicate textural equilibrium. Grain size 
is tends to be in the order of 2-3 mm. Weak undulatory extinction is 
observed. 

Plagioclase contents ranges between 40 and 60 modal percent. 
Several generations of crystals can be distinguished. A first generation is 
found as inclusions in other minerals, mainly plagioclase or K-feldspar. 
These crystals tend to be strongly corroded, and may correspond to relicts 
of plagioclase from a previous rock, partly assimilated by the granodiorites. 
A second population of crystals is dominant, and consists of euhedral 
prismatic crystals with polysynthetic twinning on the albite law, and 
distinct concentric zoning. The core is more calcic, as can be envisaged by 
the higher alteration degree to sericite in the central part of the crystals. In 
many cases sericitization is extensive. Grain size is highly variable and range 
between few hundredths of microns up to few millimeters. Plagioclase 
euhedral grains are surrounded by anhedral intergrowths of quartz and 
K-feldspar, and also amphibole. Plagioclase is thus considered to have 
formed early in the crystallization sequence. 

K-feldspear has been optically identified as orthoclase, owing to the 
lack of tartan twins and the scarce development of perthites. It constitutes 
between 10 and 15% modal of the rock. It forms anhedral grains, in textural 
equilibria with quartz. Crystal size in most of the samples is 3 - 6 mm. 
K-feldspar contains inclusions of plagioclase and other mineral phases. 
Orthoclase is cloudy owing to the occurrence of micro-inclusions of many 
minerals (mainly plagioclase). Simple twinning is absent.

Biotite is a common accesssory mineral, its modal occurrence 
being from 5-10 modal percent. It predominates over amphibole. Biotite 
develops subhedral tabular to anhedral crystals with dark reddish brown 
pleochroism. Partial alteration to mixtures of clinochlore, prehnite, titanite, 
magnetite and ilmenite following grain boundaries and cleavages is quite 
common. The pseudomorphic clinochlore produced after this Fe-rich 
biotite is also enriched in Fe and, hence, has a strong greenish pleochroism.

Amphibole is present in lesser quantities than biotite, perhaps, 
up to 5 modal percent. It develops subhedral to anhedral crystals, but 
tends to be hemihedral. It is only slightly zoned, with some color changes 
at the boundaries of the grains, which are lighter. Crystal cores contain 
relict inclusions of corroded pyroxene crystals. These pyroxenes are often 
replaced by a late uralitic fibrous amphibole, which is coloured, in pale 
green hues (corresponding to a member of the tremolite-actinolite series).

A late generation of amphibole, similar in composition to the uralitic 
amphibole, is also observed. It demonstrates both polysynthetic and 
simple twining and contains inclusions of biotite, plagioclase, magnetite 
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and zircon. It may be locally partly replaced along grain boundaries and 
cleavages by fine-grained aggregates of clinochlore and epidote.

Clinopyroxene content is highly variable. In some cases it may 
largely dominate over amphiboles, and attain up to 5 modal percent. In 
other cases, it is absent or strongly replaced by amphibole. Clinopyroxene 
composition is close to diopside as seen by the optical properties, in 
particular the high extinction angles. It is almost colorless to very pale 
green, and may be concentrically zoned. When fresh, clinopyroxene 
grains contain orthopyroxene as fine exsolutionlamellae. Development of 
amphibole over pyroxene is pseudomorphic, and they have similar optical 
orientation.

Orthopyroxene is more rare than clinopyroxene (less than 1 modal 
percent), and it is strongly corroded and replaced by late green amphibole. 
Crystal size is in the millimeter range. It is colorless, and hence it is close to 
the enstatite end-member.

With respect to trace mineralogy, the most commonly observed 
phases include apatite, zircon, magnetite, ilmenite, sphene and epidote. 
Zircon crystals are common.They are small, generally less than 100 microns 
in size. They are euhedral, with a short prismatic habit.

Fe-rich epidote is a typical replacement product of different primary 
minerals in the San Martín – Norosí granodiorites. It occurs as fine-grained 
anhedral grains along grain borders and cleavages in plagioclase and the 
above mentioned ferromagnesian minerals, in particular, biotite.

• Segovia Batholith

The exposed area of the Segovia Batholith is structurally controlled 
by two important regional faults: the Otú Fault to the west and El Bagre 
Fault to the east. Out crops of the batholith are observed to extend from 
Nechí townsite in the north through to the towns of Segovia and Remedios 
and Santa Isabel in the south. Additional structurally-controlled slices 
extend southwards along the Palestina fault as far as Puerto Nare in the 
Magdalena valley.

The main mass of the Segovia Batholith is composed of massive 
medium- to coarse-grained phaneritic hornblende biotite diorite to 
granodiorite. In some areas the rocks are strongly foliated reflecting the 
structural nature of the present-day contacts.There is no detailed geological 
mapping of the different lithological facies within the Segovia Batholith, 
and as noted above, in various instances, early Paleozoic, Permo-Triassic, 
Carboniferous and even Cretaceous-aged intrusives have been erroneously 
grouped-in with the Segovia Batholith.

The type-locality of the Segovia Batholith suite, at Segovia, is 
dominated by phaneritic, holocrystalline fine- to medium-grained 
granodiorite, mineralogically consisting of quartz, K-feldspar and 
plagioclase, with amphibole and biotite as the main accessory 
minerals.

Quartz is interstitial between plagioclase, intergrown with K-feldspar. 
The modal content can be in the order of 30%. It is anhedral, and the 
grain size is in the range 5-8 mm. All the quartz crystals exhibit undulatory 
extinction. 

Plagioclase is dominant (around 35 modal %) as euhedral crystals 
with a short prismatic habit. Grain size is in the range 4-10 mm. Crystals 
are not always zoned, however, when present, zoning is concentric. 
Polysynthetic twinning is on the albite law. Crystals are strongly sericitized, 
in particular, in the more calcic cores.

K-feldspar is dominated by microcline as identified on the basis of its 
optical properties. It is found in association with quartz interstitial between 
plagioclase. Microcline is found in lower proportions with respect to the 
above minerals, in the order of 20 modal percent. Crystals are anhedral 
and are larger than the aforementioned minerals, in the range 6-15 mm. 
Patchy microperthites are very abundant and in some crystals may occupy 
about 4% in volume of the crystal.

Amphibole content can exceed 10 modal percent. Different types 
of amphibole are observed. It may occur as euhedral pismatic crystals 
with the typical crystal form but it also can be present as a pseudomorph 
after pyroxene. The euhedral prisms are dominant, with crystal size on 
the order of 1-2 cm. These crystals are greenish and strongly zoned, with 
changes in the shades of green. A first generation of prismatic crystals 
is brownish-green, whilst a second, green. Polysynthetic twinning is 
common. Some of these crystals may contain corroded inclusions of 
restitic clinopyroxene. Small aureoles of pale green amphibole surround 
the restitic pyroxene. The aureoles are near colorless, indicating a lower 
Fe content.

Pseudomorphic amphibole, when formed after pyroxene, is fibrous, 
of the uralitic variety, or may appear as small crystals pseudomorphic of 
a larger crystal. It tends to be strongly zoned, with colorless cores (a third 
generation of amphibole) and dark green borders (a fourth amphibole 
generation). Amphibole composition corresponds to changes in the series 
tremolite-actiolite.  Late replacement of amphibole produces mixtures of 
clinochlore with fine-grained titanite, calcite and epidote.  

Biotite is found in accessory quantities, up to 5 modal percent. 
Crystal size is in the 4-6 mm range. It occurs as subhedral tabular crystals 
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showing moderate reddish-brown pleochroism. Biotite crystals tend to be 
altered to greenish clinochlore aggregates, associated with minor titanite, 
epidote and calcite.

Unaltered orthopyroxene is very rare, but is found as small relicts 
in amphibole. These restites are highly corroded and, hence, it is not 
possible to evaluate the primary shape of these grains. They are colorless 
and reveal a very low interference colors. They could therefore correspond 
to enstatite. No exsolutions are seen. Clinopyroxene is very rare, and is 
found only as small strongly corroded relicts in amphibole. The relicts are 
colorless, and do not have exsolutions, twinning or zoning.

Trace minerals in the Segovia granodiorite include apatite, zircon, 
clinozoisite, epidote and ilmenite. Apatite is rare. The habit is typically as 
long prismatic crystals, hexagonal prisms and pinacoids, all less than 150 
microns in length.

Zircon crystals are also quite rare (in distinct contrast to the San 
Martin – Norosi trend). They tend to be euhedral, occurring in at least 
2 generations: a) short prismatic crystals, and b) bi-pyramidal crystals. 
Crystals of the first generation are found enclosed by the second. All of 
them are less than 50 microns in length. Zircon crystals are common as 
inclusions in biotite and amphibole, and, occasionally, in quartz crystals. 
They are not metamictic, but they produce small pleochroic aureoles when 
included into biotite.

Epidote and Clinozoisite crystals occur as a replacement products of 
biotite.  Clinozoisite is found as subhedral prismatic crystals, up to 2 mm in 
length, locally associated with clinochlore. Epidote tends to be anhedral. 
The iron content is low and, therefore, the color is pale yellow.

Ilmenite is the only oxide mineral found as accessory in these rocks, 
and, again in marked contrast to the San Lucas batholiths, magnetite is 
lacking at Segovia. Ilmenite is found in trace amounts, and it occurs as 
subhedral crystals, up to 250 microns in size. In many cases, the crystal 
form is skeletal, and strongly corroded, commonly encased within an 
envelope of titanite.

• Southern Ibague Batholith

The Ibagué Batholith (Nelson, 1957) is a composite NNE-SSW 
trending Jurassic intrusive extending over ca. 6,000 km2, over the eastern 
flank of the Central Cordillera. It is a heterogeneous pluton, comprised of 
various phaneritic, holocrystalline quartz diorite to granite intrusions. A 
tendancy towards monzonitic compositions is observed.

As a whole, the Ibagué Batholith is intruded by numerous stocks and 

dykes of hypabyssal, porphyritic diorite and granodiorite, especially along 
the northeastern flank to the south of Ibagué townsite. Localized dykes of 
alaskite and granite pegmatite are also recorded (Núñez, 1998).

Most of the contacts of the Ibagué Batholith with hosting Precambrian 
to Paleozoic metamorphic rocks are tectonic. However thermal contact 
metamorphic effects are noted between the batholith and the Triassic 
Payande Formation. Recrystallization of the calcareous Payande Fm., 
resulting in thethe development of skarn, is observed.

Recently published studies of the Ibagué Batholith have been 
focused in the northern sector, around, and to the south of, the town of 
Ibague (e.g. Villagómez, 2010). Little recent information is published for 
the southern extensions. Data presented by Leal-Mejía (2011) however, 
demonstrate that distinctly different ages can be inferred for these two 
sectors of the batholith (i.e ca. 160 Ma in the north vs. ca.184 Ma in the 
south (see Figure 7). In this context, a more detailed description of the less 
documented main phase lithology of the southern sector is offered below.

The southern, ca. 184 Ma, phase of the Ibagué Batholith is dominated 
by holocrystalline, phaneritic and coarse-grained quartz monzonite, 
containing K-feldspar, plagioclase, clinopyroxene, orthopyroxene and 
amphibole.

Plagioclase is the dominant mineral in the rock attaining close to 50 
modal percent. It is rich in the albite component, according to observed 
optical properties. It is subhedral and the habit is bladed. The maximum 
length of the crystals is about 1.5 cm. Crystals are strongly corroded by 
K-feldspar on the boundaries, in many cases, with the development of 
myrmekitic textures. Twinning is on the albite law, and in many cases the 
polysynthetic twinning is bent indicating that the rock has been affected 
by deformation. Optical zoning is poorly developed. Plagioclase crystals 
contain euhedral inclusions of apatite, amphibole and epidote, and may 
be partially altered to sericite. 

Orthoclase of various generations occurs in a lesser proportion to 
plagioclase, comprising around 20 modal percent of the rock. Crystals of 
K-feldspar are anhedral and are found in interstitial positions among the 
plagioclase crystals. The maximum length of the crystals is about 1 cm. 
Twinning is absent. Patchy or vein microperthites are distinctly observable. 
They are very abundant, thus indicating a high proportion of the albite 
component in the original crystal.

Only accessory quantities of quartz are present, in quantities of 
than 5 modal percent.  It is anhedral and is situated in interstitial positions 
among the feldspars, having formed very late in the magmatic sequence. 
It exhibits undulatory extinction.
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Clinopyroxene crystals are common, and may constitute up to 10 
modal percent of the rock. They are colorless, with a maximum extinction 
angle of 45º. These optical properties suggest that they may correspond 
to diopside or augite. The crystals are subhedral, with a long prismatic 
habit. Zoning may be present, with cores enriched in inclusions of opaque 
minerals, and orthopyroxene exsolution lamellae. The size of these 
crystals is on the order of 1 cm. Clinopyroxene is often partly replaced 
by amphibole along grain boundaries and cleavages, during late stages of 
magmatic crystallization. 

Orthopyroxene crystals are less common (up to 4 modal %). They are 
smaller than the clinopyroxenes (well less than 1 cm in length). They are 
colorless, although some have a brownish hue. These optical properties 
suggest that they may correspond to Mg-rich members of the series 
enstatite-ferrosilite. Crystals are subhedral, with a long prismatic habit. 
They contain clinopyroxene exsolution lamellae. The orthopyroxene may 
often be mantled and partly replaced by subhedral amphibole. This type 
of replacement can be considered to be primary magmatic.

Olive-green amphibole is a common accessory mineral, around 
4 modal percent, and occurs in addition to the amphiboles found as 
replacement products of pyroxenes. Olive-green amphibole is subhedral, 
with a long prismatic habit. Crystal length is on the order of 1 cm. Zoning 
may be present and is revealed by slight concentric changes in color.

Biotite is a common accessory mineral, although it does not exceed 
7 modal percent of the rock. It occurs as subhedral prismatic reddish-
brown crystals contain inclusions of ortho- and clinopyroxenes. Complex 
intergrowths with these minerals can be observed along the grain 
boundaries. Biotite can be partly replaced by chlorite and epidote following 
grain margins and cleavages.

Additional accessory minerals include titanite, zircon, apatite, 
magnetite and ilmenite. Titanite is not abundant (less than 1modal %), 
but the crystals are of moderate size (up to 1 cm). In most of the cases the 
crystals are of irregular habit.

Apatite crystals are common, although at trace levels. They occur 
as inclusions in other minerals but some skeletal or fibrous aggregates of 
apatite are also observed.

Zircon crystals are scarce and very small (less than 100 microns). 
They tend to be prismatic and rounded, and are found as inclusions in 
biotite and other minerals.

Magnetite and ilmenite are quite common at the trace mineral 
level. Magnetite crystals are anhedral, rounded grains, around 0.5 mm 

in size. Ilmenite is also common, and is found either as small lamellar 
inclusions in pyroxenes or as discrete larger anhedral grains, up to 0.4 
mm microns in size.

2.3 CRETACEOUS TO PALEOGENE GRANITOID MAGMATISM: 
DISTRIBUTION, AGE AND NATURE

2.3.1 INTRODUCTION

Within the Colombian Andes, volumetrically significant granitoid 
batholiths and stocks of Cretaceous to Paleogene age are concentrated 
in the Northern Central Cordillera. Based upon geological exposure 
throughout the Andean region, it can be concluded that volumetrically, over 
80 pecent of Colombian Cretaceous to Paleogene granitoid magmatism is 
concentrated within two composite intrusions and their satellite plutons, 
including the Antioquia and Sonsón batholiths. Of these, the Antioquia 
Batholith (Feininger and Botero, 1982) and it’s satellites are by far the 
largest, underlying an area exceeding some 7,800 square kilometres, more 
than the combined area represented by all of the remaining Colombian 
Cretaceous to Paleogene granitoids. The distribution of major Cretaceous 
to Paleogene batholiths and stocks and associated volcanic sequences 
within the Colombian Andes is shown in Figure 9.

Unlike the large elongate granitoid batholiths and associated 
volcanic sequences of the Jurassic, which were emplaced within similar 
tectonic environments along the pre-Andean trend, Cretaceous to 
Paleogene magmatism in Colombia manifests in the emplacement of 
a complex distribution of plutons beginning in the early Cretaceous, 
within the tectono-magmatic regime brought on by the Northern 
Andean Orogeny (Cediel et al., 2003, discussed in Section 3.3, below). 
This prolonged and poly-phase event is characterized by oblique 
subduction of buoyant oceanic crust and an aggressive multi-event, 
transpressive accetionary style, during which multiple parautochthonous 
and allochthonous fragments of Pacific oceanic affinity were accreted to 
the northern Andean margin during passage and emplacement of the 
Caribbean Plate in the Meso-Cenozoic (Cediel et al, 2003; Kerr et al., 
2003; Kennan and Pindell, 2009).

In this context, two broad groups of Cretaceous-Paleogene 
granitoids can be recognized in Colombia; an autochthonous “eastern” 
group, which intrudes metamorphic basement comprised of rocks of 
the Cajamarca, Valdivia and Sevilla Groups, which were broadly in situ 
at the time of pluton emplacement, and, a “western” parautochthonous 
to allochthonous group of plutons of peri-cratonic to intra-oceanic 
affinity, contained along and within accreted oceanic volcanic and 
sedimentary rocks of the Romeral tectonic zone and Cauca fault system 
and the allochthounous terranes of oceanic provenence underlying the 
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Figure 9. Distribution of granitoid magmatic 
rocks of late Cretaceous to Paleogene age in the 

Colombian Andes.
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cordilleran regions and coastal plains of western-most Colombia (Cediel 
et al., 2003). The “dividing line” separating the “eastern” and “western 
groups” is approximated by the trace of the Aptian-Albian aged Romeral 
fault and suture system (see Figure 9; Cediel et al., 2003).

The “eastern” group includes the late Cretaceous to Paleocene 
Antioquia Batholith and its satellite plutons (Ovejas Batholith and Altavista, 
La Union and La Culebra stocks), the Paleocene Sonsón Batholith, and other 
smaller Paleocene to Eocene intrusives such as the El Bosque Batholith 
and the Mariquita Stock, Manizales and El Hatillo stocks. The Santa Marta 
Batholith, located on the leading edge of the Sierra Nevada de Santa Marta 
(Tchanz, 1974; Mejía et al., 2008; Cardona et al., 2011), is also included 
within this group. Notable features of these plutons, when compared to 
their Jurassic counterparts, include their generally low length-to-width 
ratios (mostly less than 2:1), and the complete lack (or lack of preservation) 
of a coeval volcanic pile.

Within the “western” group, the Sabanalarga, Buga and Santa 
Bárbara (Valle) batholiths and the Mistrató and Irra stocks, and other 
minor plutons (e.g. Jejenes stock), are hosted within Cretaceous oceanic 
rocks of the Romeral and/or Dagua assemblages. There is little published 
geological or geochemical information regarding these intrusions, and 
precise radiometric age dates and petrochemical information have only 
recently been produced for some (e.g. Buga - Villagómez, 2010; Sabanalarga 
- Ordonez-Carmona et al., 2007b; Jejenes and Irra - Leal-Mejía, 2011). The 
origin and nature of the relationship between these stocks and their host 
rocks is not well understood. Some may represent granitoid magmatism 
in an intra-oceanic environment prior to accretion along the Colombian 
margin while others appear to intrude the Romeral or Dagua terranes 
following accretion. One common characteristic of most of these plutons 
is the presently faulted contacts with respect to their host rocks.

Farther to the west, the Paleocene - Eocene Mandé - Acandí 
batholiths including the coeval La Equis – Santa Cecilia Formation volcanic 
and pyroclastic rocks, are the most significant expression of granitoid 
magmatism within the “western” group. These granitoids were generated 
in an intra-oceanic setting upon Cretaceous oceanic crust which forms the 
basement of the Chocó Arc (Cediel et al., 2003).

2.3.2 AGE CONSTRAINTS ON CRETACEOUS TO PALEOGENE 
GRANITOID MAGMATISM 

Recent U-Pb (zircon) age determinations for Cretaceous to Paleogene 
granitoids in the Colombian Andes, including intrusives from both 
the “eastern” and ”western” groups, have been conducted by various 
authors. These include works dedicated to the Antioquia Batholith and 
it’s surroundings (Correa et al., 2006; Ibañez-Mejía et al., 2007; Ordoñez-

Carmona et al., 2007a; Restrepo-Moreno et al., 2007; Villagómez, 2010; Leal-
Mejía, 2011), the Sonsón Batholith (Ordoñez et al., 2001; Leal-Mejía, 2011), 
the Mariquita Stock (Leal-Mejía, 2011; A. Cardona, personal communication), 
the Manizales and El Hatillo stocks (Bayona et al., in press), the Santa Marta 
Batholith (Mejía et al., 2008; Cardona et al., 2011), the Sabanalarga Batholith 
(Ordoñez-Carmona et al., 2007b), the Buga Batholith (Villagómez, 2010) and 
the Jejenes and Irra stocks and the Mandé - Acandí batholiths (Leal-Mejía, 
2011; A. Cardona, personal communication).

In total, the above works represent over forty high-precision U-Pb 
(zircon) magmatic crystallization ages which can be used to model Cretaceous 
to Paleogene magmatism in Colombia. The data of Leal-Mejia (2011) are 
displayed in histogram format in Figure 10. Integration of composite age 
database within the Colombian litho-tectonic framework permits the 
detailed time-space analysis of Cretaceous to Paleogene magmatism 
presented in Figure 11. In many cases, the new data represent the first well 
constrained age dates when compared to the historic largely K-Ar based 
database depicted in Figure 1. In other cases, the data permit the much 
better definition of the multiple magmatic pulses which comprise large and 
complex intrusions, such as the Antioquia Batholith.

Within the autochthonous “eastern” group of granitoids, the oldest 
pluton is the volumetrically minor Mariquita stock of the Central Cordillera, 
which has produced spurious U-Pb (zircon) ages ranging from ca. 135 to 92 
Ma (Leal-Mejía, 2011; A. Cardona, personal communication). If the 135 Ma 
date of Cardona (op. cit.) is correct, the Mariquita stock would represent the 
only known significant manifestation of authochthonous early Cretaceous 
granitoid magmatism in Colombia.

The Antioquia Batholith, including it’s satellite plutons, represents 
broadly continuous, volumetrically significant autochthonous plutonism 
between ca. 96 and 72 Ma. This event extends into lesser Paleocene 
magmatism at ca. 62 to 58 Ma, recorded in the Antioquia and Sonsón 
batholiths and Manizales stock to the south. 

Based upon the temporal analysis of all available U-Pb (zircon) dates 
for the Antioquia Batholith, including high quality zircon-based conventional, 
ID-TIMS, SHRIMP and LA-MC-ICP-MS U-Pb analyses presented by Correa 
et al. (2006), Ordonez et al. (2007a), Ibanez-Mejia et al. (2007), Restrepo-
Moreno et al. (2007), Villagómez (2010), and  Leal-Mejía (2011), Leal-Mejía 
(op. cit.) demonstrated that the Antioquia Batholith is a composite poly-
phase pluton whose emplacement took place in at least four temporally 
(and petrochemically) definable pulses spanning the late Cretaceous to 
Paleocene (Figure 10). The earliest ca. 96 to 92 Ma phase is associated with 
more mafic to intermediate magmatism as recognized in the Altavista and 
San Diego stocks (Correa et al., 2006) and the mafic-intermediate xenoliths 
commonly embedded within the younger felsic, main-phase members of the 
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Figure 10. U-Pb (zircon) age distribution of granitoids of late Cretaceous to Paleogene age in the Colombian Andes after Leal-Mejía (2011).
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Figure 11. Time-space chart for granitoids of late Cretaceous to Paleogene age in the Colombian Andes (modified after Leal-Mejía, 2011). Major litho-
tectonic and morpho-structural units modified after the tectonic analysis of Cediel et al. (2003) and Cediel et al. (2009).
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batholith. Volumetrically, two distinct phaneritic-equigranular tonalitic to 
granodioritic pulses, from ca. 89 to 82 Ma and from ca. 81 to 72 Ma, account 
for the majority (>90%?) of the main mass of the Antioquia batholith and 
satellite stocks. The Culebra stock near Segovia returned an age of ca. 87.5 
Ma. Granodiorite porphyry dykes extending to the NE into the Segovia area 
returned an age of ca. 86 Ma. The Ovejas batholith returned ages ranging 
from ca. 76 to 72 Ma (Restrepo-Moreno et al., 2007), whilst the La Union 
stock to the south returned ca. 73.5 Ma with inheritance from ca. 82.8 Ma 
(Leal-Mejía, 2011).

Paleocene granitoid magmatism within the “eastern” group is 
recorded in isolated areas within the Antioquia Batholith domain. The 
Caracolí stock on the east-center margin of the main batholith returned 
an ca. 60 Ma age, with inheritance from ca. 79 Ma. Medium-grained 
equigranular tonalite from near Providencia in the Nus River valley 
returned various dates ranging from ca. 60 to 58 Ma, whilst a medium- to 
coarse-grained quartz biotite granite porphyry stock containing distinctive 
euhedral bipyramidal quartz crystals, located west of Santo Domingo, 
revealed an age of ca. 60 Ma (Leal-Mejía, 2011).

Volumetrically more significant Paleocene magmatism within the 
“eastern” group is documented in the Sonsón Batholith, to the south of 
the Antioquia Batholith. As previously indicated (Section 2.1.3, above), 
recent U-Pb (zircon) age dating has revealed that the formerly Jurassic-
aged Sonsón Batholith is a composite body, comprised of granitoid rocks of 
Permo-Triassic age in the south (Leal-Mejía, 2011), and of Paleocene age 
(ca. 61 to 57 Ma) in the north (Ordonez et al. 2001; Leal-Mejía, 2011). The 
Sonsón Batholith is presently interpreted to consist of the approximate 
northern half extending around and to the east of the town of Sonsón 
(Leal-Mejía, 2011; Figure 1 and Figure 9), when compared to the composite 
batholith as depicted on existing regional maps (Cediel and Cáceres, 2000; 
Gonzalez, 2001; Gómez et al., 2007).

In addition, recent Paleocene U-Pb (zircon) dates have been reported 
for the “eastern” group Manizales stock (ca. 59 Ma, Bayona et al., in 
prep.), indicating that autochthonous granitoid magmatism continued 
to the south of Sonsón during this time period. A general southward and 
eastward younging trend can be inferred to continue into the Eocene with 
the emplacement of the El Hatillo stock at ca. 55 Ma (Bayona et al., in 
prep.), and the presence of additional small granitoid plutons, including 
the El Bosque Batholith and the Santa Barbara stock which have historically 
produced Eocene K-Ar mineral dates (Maya, 1992).

Finally, in northern-most Colombia, Cretaceous to Paleogene 
granitoid magmatism is recorded in the lower Guajira basin and in the 
Santa Marta-Buritaca Batholith, located in the northwestern-most corner 
of the Sierra Nevada de Santa Marta (Tschanz et al., 1974). U-Pb (zircon) 

age dates were recently pubished for granitoids from both areas by Mejía 
et al. (2008) and Cardona et al. (2011). Within the lower Guajira basin, the 
authors indicate an oldest phase of intra-oceanic arc-related magmatism 
at ca. 92 Ma, followed by granitoid magmatism with an “adakite-like” 
signature at ca. 70 Ma. Emplacement of the continental margin Santa 
Marta batholith followed with magmatic ages extending from between 65 
and 50 Ma. Inherited zircons of different host domains were observed.

In summary, based upon the foregoing, “eastern” group or 
autochthonous Cretaceous to Paleogene granitoid magmatism is vastly 
dominated by two major pulses at ca. 89 to 82 Ma and ca. 79 to 72 Ma, 
generating the main mass of the Antioquian batholith and it’s satellite 
plutons. Magmatism is rather abruptly shut down after ca. 72 Ma but 
re-initiates at ca. 62 to 58 Ma with the emplacement of various smaller 
plutons, the largest of which is the Sonsón batholith. The available U-Pb 
(and K-Ar) data demonstrate the general southward and eastward migration 
of autochthonous magmatic centers of the “eastern” group during post 
main-phase Antioquian batholith time, from the Paleocene and into the 
Eocene. The Paleocene – Eocene granitoid centers can be traced from the 
61 to 58 Ma Sonsón and Manizales intrusives in the north through the El 
Hatillo, El Bosque and Santa Barbara plutons to the south and east, all of 
which produce Eocene U-Pb (Bayona et al., in prep.) and K-Ar (Maya, 1992) 
radiometric age dates.

With respect to the “western”, parautochthonous to allochthonous 
group of granitoids of Cretaceous to Paleogene age, intrusions extend 
discontinuously over the length of accreted oceanic basement within and 
to the west of the Romeral fault and suture system (Figure 9). The oldest 
of these plutons is the Buga batholith, at ca. 92 Ma (Villagómez, 2010), 
emplaced within Romeral oceanic basement to the north and east of Cali.
The westen margin at least of the batholith has been tectonically modified.

To the north, U-Pb (zircon) dating of the Sabanalarga batholith 
returned ca. 85 Ma (Ordoñez-Carmona et al., 2007b). According to 
available regional mapping (Cediel and Cáceres, 2000; Gómez et al., 2007), 
the Sabanalarga batholith cuts early Paleozoic Valdivia metamorphic 
basement to the east of the Romeral fault, transects the fault south and 
westward, cutting Romeral oceanic basement, and extends further south 
and west, cutting the leading edge of Cañas Gordas Group in the Choco Arc 
(Figure 9). Some of the contacts appear intrusive whilst others are clearly 
structural in nature. Further detailed mapping and additional age dates and 
pertrochemical data are required to better define the geological, age and 
petrochemical relationships between the various sectors of the batholith, 
and it’s potential affinity with other plutons including the Antioquia 
Batholith. Based upon the ca. 85 Ma date published by Ordoñez-Carmona 
et al., 2007b, the northeastern portion of the Sabanalarga batholith at least, 
could be a structurally offset satellite pluton to the Antioquia Batholith.
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To the south, the previously undated Jejenes stock of the Western 
Cordillera returned a U-Pb age of ca. 84 Ma (Leal-Mejía, 2011). The contacts 
appear intrusive with respect to the hosting oceanic Diabasico Group 
basement. The Cordoba pluton, intruded into Romeral oceanic basement 
south of Armenia was dated at ca. 79 Ma by Villagómez (2010). To the 
north and west, the Irra stock (ca. 70 to 72 Ma, Leal-Mejía, 2011) is also 
hosted within Romeral basement. The nature of the contacts are obscured 
by a general lack of exposure. To the west of the Irra stock, the Mistrato 
batholith appears within strongly tectonised Romeral basement, in 
structural contact with Cañas Gordas terrane of the Chocó Arc immediately 
to the west.

The youngest and by far largest intrusion of the “western” group 
is the Mandé batholith, hosted within the Chocó Arc assemblage of 
northwestern-most Colombia (Cediel et al., 2009). Surprisingly little 
information is available for this unit primarily due to it’s poorly exposed and 
tropically weathered surface expression. Regardless, field observations and 
regional magnetic data (Cediel et al., 2009) indicate the Mandé batholith is 
a composite body comprised of holocrystalline phaneritic and porphyritic 
phases ranging from diorite to granodiorite and granite. 

It is flanked to the east and west by the penecontemporaneous 
Santa Cecilia – La Equis volcanic sequence, of Paleogene age (Cediel et 
al., 2009). A thermal aureole is recorded within the volcanic sequence 
indicating the Mandé batholith intrudes the volcanic pile. Leal-Mejía 
(2011) provided U-Pb (zircon) dates of ca. 46 to 44 Ma for quartz diorite 
porphyry which cuts phaneritic granodiorite within the north central sector 
of the batholith at Pantanos. A Paleocene inheritance age (ca. 62 Ma), 
interpreted to have been donated by the volcanic pile or main batholith, 
was returned for these samples. Elsewhere within the Mandé batholiths, 
zircons from phaneritic quartz-diorite returned U-Pb ages of ca. 43 Ma 
(A. Cardona, personal communication) confirming the composite nature 
of the batholith. The northern-most extension of the Mandé magmatic 
arc, the Acandí Batholith, returned a U-Pb (zircon) age of ca. 49 Ma (A. 
Cardona, personal communication).

In summary, again, with respect to the historic K-Ar dominated 
radiometric age database (Maya, 1992), U-Pb (zircon) data for the 
Cretaceous to Paleogene granitoid suite, mostly generated since 2006, 
provide much greater temporal resolution upon which to analyse the time-
space distribution of these rocks. This is particularly significant given the 
complexities of tectonic assembly during the Northern Andean Orogeny 
(Cediel et al., 2003). With respect to the “eastern” group of granitoids, 
perhaps most important is the observation that the combined U-Pb 
(zircon) data for the Antioquia Batholith help unravel a complex temporal 
history comprised of at least four magmatic pulses. The data also trace the 
migration of autochthonous granitoid magmatism in central Colombia to 

the south and east during the Paleocene and Eocene.

With respect to the “western” group, the disparate age relationships 
between the numerous small plutons of the region are highlighted. When 
integrated with petrochemical data and a litho-tectonic framework, the 
allochthonous to parautochthonous affinity of these granitoids becomes 
evident.

2.3.3 PETROCHEMICAL CHARACTERIZATION OF CRETACEOUS TO 
PALEOGENE GRANITOID MAGMATISM

Historically, little whole-rock petrochemical or isotopic data has 
been available for the Colombian Cretaceous to Paleogene granitoid suite. 
Older works or compilations such as Alvarez (1983), Feininger and Botero 
(1982) or Gonzalez (2001) contain some basic major element oxide data, 
but include only limited or no minor, trace and rare earth element data, 
and virtually no Pb, Sr, or Nd isotopic data, thus limiting the interpretation 
of petrogenetic and tectonic constraints for these rocks.

In recent years however, with the increased use of commercial, 
high-quality and inexpensive ICP-based analytical techniques, studies 
which apply combined whole-rock major-minor-trace-rare earth element 
studies and isotopic analyses to the Cretaceous – Paleogene granitoid suite 
are becoming available. Important contributions which analyse multiple 
plutons at a regional scale include Villagómez (2010) and Leal-Mejía (2011). 
Additional recent studies involving specific intrusions include: Ordonez-
Carmona (2001) for the Sonsón Batholith; Ibañez-Mejía (2007), Ordoñez-
Carmona (2007a) and Restrepo-Moreno (2007) for the Antioquia Batholith; 
A. Cardona (personal communication) for the Mandé -Acandí batholiths and 
Bayona et al. (in prep.) for the Manizales and El Hatillo stocks.

Leal-Mejía (2011) provided an overview of some of the most salient 
petrochemical and isotopic features of the Cretaceous to Paleogene 
granitoid suite. The below summary is based upon his review.

The dominant granitoids of the “eastern” or autochthonous group 
remain those of the Antioquia Batholith magmatic suite. It is important 
to recognize that, in contrast with the conclusions of historic petrographic 
and/or major element petrochemical studies (e.g. Feininger and Botero, 
1982; Alvarez, 1983; Gonzalez, 2001) which depict the batholith as a 
temporally and petrochemically homogeneous body, the Antioquia 
Batholith is a temporally, lithologically and petrochemically diverse 
magmatic system. Although the ca. 88 to 82 Ma and 79 to72 Ma phases 
are volumetrically dominant, the prolonged ca. 97 through 58 Ma history 
of the composite batholith is detailed in numerous lesser phases, including 
multiple generations of textually and petrochemically diverse stocks and 
dykes which range from gabbro-diorite to granite in composition and 
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aphanitic to phaneritic, porphyritic and pegmatitic in texture.

Considering the entire Antioquia Batholith suite, all of the 
magmatic pulses show similar broad-scale geochemical features such 
as a metaluminous nature and calc-alkaline differentiation trend. The 
composition of individual samples however, is highly variable. Leal-Mejía 
(2011) demonstrated petrochemical differences which vary in parallel 
with the age groups. The earliest phases of the batholith range from 
metaluminous hornblende gabbro to high-K diorite in composition. The 
main phase ca. 89 to 82 Ma and 81 to 72 Ma pulses tend to be medium 
to high-K quartz dioritic to granodioritic in composition, containing both 
hornblende and biotite as mafic phases. The Paleocene pulse (ca. 62-58 
Ma) is characterized by lower-K biotite-bearing granodiorite to granite 
with compositionally distinct (high-Na) plagioclase, and ‘adakite-like’ 
geochemical features including high SiO2 (≥56 wt%), Al2O3 (≥15 wt%) and 
Na2O (≥3.5 wt%) contents, low K2O (≤3 wt%) contents, and Sr enrichment 
(≥400ppm), accompanied by depletion of Y (≤18ppm) and Yb (≤1.9ppm) 
(Richards and Kerrich, 2007). Notably, the magmatic pulses for the 
Antioquia batholith plot in distinct clusters or trends on standard major 
element petrochemical diagrams (e.g. AFM, K2O vs. SiO2, Na2O+K2O vs. 
SiO2, An-Ab-Or). 

With respect to REE geochemistry, the early gabbro-diorite phases 
of the Antioquia Batholith return relatively low REE contents (ΣREE=48.51-
57.98). Samples outline gently decreasing REE patterns ((La/ Lu)N=3.12-
4.15) with a positive Eu anomaly (Eu/Eu*=1.16-1.50). Conversely, the 
ca. 98 to 82 Ma and 81 to 72 Ma quartz-diorite to granodiorite facies 
show REE patterns with decreasing slopes ((La/Lu)N =2.46-7.14). The Eu 
anomaly for the phaneritic phases is strongly negative whilst in the finer-
grained or porphyritic phases it is weak to absent (range Eu/Eu*=0.52-
1.04). A generally flat pattern for the LREE (Ho-Lu) close to 10x normalized 
chondrite values is observed for all of these phases. Regarding the ca. 62-
58 Ma Na-rich phase, a greater degree of fractionation is observed ((La/
Lu)N=9.84-13.69) with no or a slight positive Eu anomaly (Eu/Eu*=1.00-
1.18). Samples exhibit a flat pattern for the LREE, with a clear depletion 
of the LREE with respect to the other phases of the batholiths. Chondrite-
normalized values for Paleocene samples are closer to 3x chondrite (Leal-
Mejía, 2011).

Lithologically, the Paleocene Sonsón Batholith is comprised of at least 
three rock types. The most widespread is a hornblende/biotite-bearing 
quartz-diorite to granodiorite. Lesser leucogranite and minor diorite 
porphyry dykes are also observed. Both the quartz diorite and leucogranite 
phases returned Paleocene U-Pb (zircon) age dates (Leal-Mejía, 2011). The 
diorite porphyry dykes are undated.

Petrochemically, samples from the Sonsón Batholith follow a 

calc -alkaline trend. The diorite porphyry dikes and phaneritic quartz-
diorite are of medium to high-K affinity whilst the leucogranites 
fall in the high to very high-K field. All samples are metaluminous 
in nature (A/CNK<1.1), although the leucogranites plot marginally 
peraluminous due to the partial metasomatic replacement of biotite 
by muscovite.

The quartz-diorite and leucogranite show similar trace element 
patterns, but some notable anomalies are observed in the leucogranite. 
U and Th contents are unusually high (12-16 and 21 25 ppm, respectively), 
and enrichment of K, Th, U, Ta generates positive anomalies with respect 
to the quartz-diorite pattern. In addition, moderate to strong negative Ba, 
Sr, Zr, and Ti anomalies are observed in the leucogranite. Such enrichment 
in incompatible elements, and depletion in compatible elements confirm 
the more evolved character of leucogranite rocks with respect to the 
quartz-diorite.

REE contents and patterns for the Sonsón Batholith indicate REE 
contents are much higher in the quartz-diorite (ΣREE=142.79 ppm) than 
in the leucogranite (ΣREE = 68 to 90 ppm). The enrichment in REE in the 
quartz-diorite can be explained by the crystallization of allanite (Leal-
Mejía, 2011). All of the Sonsón samples returned moderately fractionated 
patterns with gentle decreasing slopes. The quartz-diorite reveals a slightly 
steeper overall slope ((La/Lu)

N
= 11.93), with a slight negative Eu anomaly 

(Eu/Eu*=0.73). By comparison, the leucogranite reveals a strong negative 
Eu anomaly (Eu/Eu*=0.23-0.34) and relative depletion of the Heavy Rare 
Earth Elements (HREE; La-Sm). Relatively flat Light Rare Earth elements 
(LREE) patterns are observed for all samples from the Sonsón Batholith 
suite ((Gd/Lu)

N
=1.10-1.64) (Leal-Mejía, 2011).

Although of similar age, none of the rock types of the Sonsón 
Batholith show the Na-rich ‘adakite-like’ geochemical signature observed 
in the Paleocene granodiorites of the Antioquia Batholith.

Leal-Mejía (2011) presented petrochemical data for additional 
Paleocene to Eocene granitoids of the “eastern” or autochthonous group, 
including the Manizales Stock and El Bosque Batholith. Samples from these 
plutons exhibit metaluminous, medium to marginally high-K calc-alkaline 
character, with similar major oxide content, and SiO

2
 ranging from 65-67%. 

ΣREE contents range from 107 to 133 ppm. The Manizales stock exhibits 
a fractionated pattern ((La/ Lu)

N
=9.2) with no Eu anomaly and a relatively 

flat Heavy Rare Earth Element trend. The El Bosque batholith shows a 
similar slope for Light Rare Earth elements (La-Eu) as the Manizales Stock 
and no Eu anomaly, but records strong depletion of the Heavy Rare Earth 
elements (Gd-Lu). A concave upward pattern for the Heavy Rare Earths is 
observed at El Bosque Batholith.
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In contrast to the “eastern group” of Cretaceous to Paleogene 
granitoids, the petrochemistry of many of the “western” group plutons, 
emplaced within or to the west of the Romeral fault and suture system, 
demonstrate a remarkable low-K character (K

2
O content <1%). This 

feature is observed in major element geochemical data published for 
plutons intruding the Romeral basement assemblage (e.g. Sabanalarga 
batholith and El Tambor stock and Vijes felsite (Aspden and McCourt, 
1986; Calle and Correa, 1988). Leal-Mejía (2011) observed the same 
behavior for dioritic phases of the Buga batholith, the Jejenes stock and 
for the Mandé batholith in the Chocó Arc, and noted that, due to their 
low-K character, samples from the Jejenes stock, and Mistrató, Buga and 
Mandé batholiths samples plot in the tholeiite field on the Peccerillo 
and Taylor (1976) diagram. Exceptions to this general trend include 
some dioritic to granodioritic samples of the Buga Batholith which 
returned K2O contents >2%, and monzonite from the Irra stock, which 
return a high-K to shoshonitic geochemical signature, as recognizable 
by the enhanced K-feldspar contents observed in thin section (Leal-
Mejía, 2011).

Most of the “western” group granitoids are metaluminous in 
character although select samples, from the Jejenes stock and the 
Mandé Batholith suite plot in the peraluminous field. Leal-Mejía (2011) 
interprets this behavior as a result of petrographically observable 
hydrothermal alteration (saussuritization) in the analysed samples.

With respect to “western group” REE contents, the Buga Batholith 
shows variable behavior as implied by observed compositional variations. 
Data presented by Leal-Mejía (2011) indicates some phases contain 
relatively low REE contents (ΣREE=24-41ppm) and show flat chondrite-
normalized patterns with ten times the chondrite value ((La/Lu)N=0.8-
1.8). Other phases show higher REE contents (ΣREE=229- 241ppm) 
and exhibit more fractionated patterns ((La/Lu)N=22-33.2), with no 
Eu anomaly (Eu/Eu*=1.00-1.04). A third phase, with intermediate REE 
contents (ΣREE=104.5ppm) moderate fractionation ((La/Lu)N=2.5) and 
negative Eu anomaly (Eu/Eu*=0.53) is also observed.

Mistrato Batholith samples show relatively lower REE contents 
(ΣREE=2.6 to 42.5 ppm) with a slight decreasing slope pattern ((La/Lu)
N=2.1) and slight negative Eu anomaly (Eu/Eu*=0.95) when compared to 
Buga Batholith samples. Felsic phases of the Mistrató Batholith reveal a 
moderate decreasing slope fractionated chondrite-normalized pattern 
((La/Lu)N=10) and no Eu anomaly (Eu/Eu*=1.02), whilst diorites of the 
same intrusive show relatively flat REE patterns ((La/Lu)N=0.7-1.4).

The Jejenes Stock returned relatively low concentrations of REE 
(ΣREE=34.8ppm) and show a slight fractionated pattern ((La/Lu)N=3.7). 
A moderate positive Eu anomaly is observed (Eu/ Eu*=1.46). 

The Irra Stock returned higher REE contents (ΣREE=216.5ppm) 
with moderate fractionated chondrite-normalized patterns (La/Lu)
N=18-22). No Eu anomaly is observed in the Irra stock samples.

Finally, in the Mandé Batholith, diorite from the Pantanos area 
returns low to moderate rare earth elements contents (ΣREE=42.8ppm), 
with slight decreasing slope patterns ((La/Lu)N=3.0) and no negative 
Eu anomaly (Eu/Eu*=1.04). Felsic porphyry from north of the Pantanos 
area has low REE contents (ΣREE=23 -26ppm), moderate negative 
fractionated slopes ((La/Lu)N=4.9) and no Eu anomaly. In the southern 
sector of the Mandé Batholith, close to Bagadó, felsic tonalite porphyry 
returns low rare earth elements contents (ΣREE=27.1). Similar light rare 
earth elements patterns (La-Sm) to those of the felsic tonalite porphyry 
samples from the ‘Pantanos’ area are observed, but the patterns clearly 
differ in the heavy rare earth elements (Eu-Lu).

Overall, the petrochemistry and REE geochemistry of the 
“western” group of intrusives indicates that the larger batholiths within 
and to the west of the Romeral fault and suture system, including 
Buga, Mistrató and Mandé, are polyphase, composite bodies. A certain 
degree of tectonic disruption and intercalation of originally disparate 
bodies may be implied for Buga and Mistrató.

Considering the entire Cretaceous to Paleogene suite, Sr-Nd 
isotope geochemistry indicates a mantle-derived source for most of 
the intrusives (Leal-Mejía, 2011). In the “eastern” group, the Antioquia 
Batholith magmatic suite demonstrates a vertical array with similar 
initial 87Sr/86Sr ratios (0.70398-0.70455) and increasing eNd values, from 
older late Cretaceous facies to younger Paleocene facies (eNd =+1.74 to 
+4.77). 

Other intrusives of the “eastern” group also plot within the 
mantle array field indicating a mantle-derived source (Leal-Mejía, 
2011). Crustal contamination becomes evident only in the Cretaceous 
Mariquita stock, which, based upon regional geologic mapping, can 
be inferred to have interacted with disrupted continental basement of 
Mesoproterozoic age, and in the Paleocene-Eocene Manizales and El 
Bosque plutons, which were introduced into the tectonically-thickened 
continental margin.

With respect to the low-K calc-alkaline intrusives to the “western” 
group, all of the intrusives analysed for Sr-Nd by Leal-Mejía (2011) (i.e. 
Jejenes, Buga, Mandé), plot within the mantle source region, reflecting 
their ubiquitous emplacement into oceanic crust. Samples from the 
Mandé Batholith yielded clearly mantelic Sr and Nd isotope values 
(87Sr/86Sr(i) = 0.70315 to 0.70434 and eNd = +6.12 to +15.26).
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Lead isotope geochemistry of the “eastern group” Cretaceous 
to Paleogene intrusive bodies presented by Leal-Mejía (2011) cluster 
in narrow ranges (206Pb/204Pb = 18.74-19.21; 207Pb/204Pb = 15.58-
15.67 and 208Pb/204Pb = 38.48-39.05). 

Conversely, lead isotope results for the western group of intrusives, 
hosted within or marginal to the Romeral fault and suture, exhibit consistently 
more radiogenic values (206Pb/204Pb = 19.08-19.44; 207Pb/204Pb = 
15.67-15.70 and 208Pb/204Pb = 38.77-38.91). Farther west, the lead 
isotope values of samples from the Mande batholith, however indicate 
similar values to those of the eastern group (206Pb/204Pb = 18.92-18.96; 
207Pb/204Pb = 15.61-15.64 and 208Pb/204Pb = 38.56-38.60). This feature 
can be interpreted to reflect to intra-oceanic environment in which the 
Mandé Batholith was formed, beyond the influence of significant volumes 
of radiogenic, continentally-derived sediments.

2.3.4 PETROGRAPHIC CHARACTERISTICS OF SOME CRETACEOUS 
AND PALEOGENE GRANITOIDS

• Antioquia Batholith

As outlined herein, Leal-Mejía (2011) presented an updated 
interpretation of the genesis and emplacement of the Antioquia batholith, 
spanning the period ca. 96 to 58 Ma. He demonstrated at least four overall 
phases of magmatism, backed by new U-Pb (zircon), petrochemical, 
isotope geochemical and petrographic data. In this context, detailed 
petrographic descriptions of the various phases of the Antioquia Batholith 
are presented below.

GABBRO-DIORITE-DOMINATED PHASES (ca. 95 Ma)

Relicts of the early mafic phases of the Antioquia Batholith manifest in 
the abundant xenoliths of gabbro-diorite composition which are observed 
floating within the younger main phase felsic members. Typical of these 
bodies is a large xenolith of gabbro-diorite, outcropping over the Alto de 
Santiago (or La Quiebra), located some 60 km to the north and west of 
Medellín (Gonzalez, 2001). The La Quiebra gabbro-diorite is composed of 
numerous large blocks and smaller fragments of gabbro-diorite intruded 
by granodiorite.

The gabbro-diorite has a bimodal grain size, with plagioclase, 
enstatite and augite in a fine-grained mesosthase of crystals of 1-2 mm in 
length, arranged in a cumulate texture. Larger scattered amphibole grains 
(up to 2 cm) with poikiloblastic texture are also observed. Accessory and 
trace minerals include zircon, apatite, ilmenite and magnetite.

Plagioclase tends to develop tabular-bladed euhedral crystals, less 

than 2 mm in size. It comprises around 45 modal percent of the rock. 
Convolute zoning in early plagioclase crystals may be present, but is 
very rare. More abundant later phase plagioclase exhibit twinning is on 
the albite law. Concentric zoning is not well developed. Early plagioclase 
crystals include later phase ones.

Orthopyroxene tends to develop short prismatic subhedral crystals, 
about 1mm in length, which comprise about the 20 modal percent of 
the rock. It has only a very pale rose color in thin section. Fine exsolution 
lamellae of clinopyroxene are commonly developed.

Clinopyroxene occurs as short prismatic subhedral crystals. Augite 
crystals are slightly larger than those of orthopyroxene, up to 4 mm in 
lengh. They may comprise up to 25 modal percent of the rock. Polysynthetic 
twinning is common, and zoning may be developed. Orthopyroxene 
exsolution lamellae are common.

Amphibole develops anhedral to rounded poikiloblastic crystals, 
up to 2 cm in diameter, which include pyroxenes and plagioclases. The 
pyroxene and plagioclase crystals which are included in amphibole are 
strongly corroded. Despite the amphibole is widely scattered in the rock, it 
does not surpass 10 modal percent. The crystals are zoned, with corroded 
cores of greenish color, and the outer parts are of brownish color. Twinning 
has not been observed. Amphibole can be partly replaced by greenish 
clinochlore, accompanied with minor amounts of titanite and epidote, 
both as small anhedral grains. 

 Accessory minerals to the La Quiebra gabbro-diorite include 
apatite, magnetite, ilmenite and zircon. Apatite crystals occur only in trace 
amounts. They tend to be euhedral crystals with short prismatic or often 
rounded habit.

Zircon grains are rare and found scattered in the rock. They are 
subhedral, short prismatic in habit and rounded.

Magnetite crystals are found in modal quantities of less than 3 
percent. They are formed in diferent stages in the crystallization sequence. 
Some small euhedral grains crystallized early, as evidenced by their presence 
as inclusions in pyroxenes and plagioclase. Larger anhedral grains formed 
late products in the crystallization sequence, occuring as interstitial grains 
between pyroxenes. In many cases they have inclusions of pyroxenes 
and plagioclase. Many magnetite grains are intergrown with the late 
amphibole, and tend to have equilibria textures with this mineral (curved 
borders, triple points). Magnetite grains have exsolutions of ilmenite 
platelets, which exhibit equilibria contacts with the host magnetite.

LA FLORESTA HORNBLENDE BIOTITE GRANODIORITE (ca. 80 Ma)
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The type locality for this phase of the Antioquia Batholith is at La 
Floresta de Yalí in the northeastern sector of the batholith.

In terms of texture, the La Floresta intrusions are holocrystalline 
and phaneritic medium-grained, similar to the other main phasesof 
the batholith. La Floresta differs however, with respect to it’s enhanced 
amount of K-feldspar. At La Floresta, quartz, orthoclase and plagioclase 
are essential minerals; the main accessory minerals are hornblende and 
biotite.

Quartz is observed in 25 to 30 percent modal proportions. Quartz 
occurs in all the cases as rounded anhedral crystals, in textural equilibrium 
with K-feldspar; both minerals are interstitial among euhedral plagioclase 
crystals. Quartz grain size is relatively homogenous, at about 2-5 mm in 
diameter. Weak undulatory extinction is observed. It is not as strong as 
that observed in other phases of the batholiths.

Plagioclase crystals constitute about 40 modal percent of the rock. 
They are euhedral to subhedral in shape with a short prismatic habit. Grain 
size is usually less than 1 cm. There are at least two textural populations of 
plagioclase. An early population is not well zoned, and the crystals show 
polysynthetic twinning on the abite law. Later plagioclase has complex 
twinning, showing combinations of the albite and pericline laws and, in 
some cases, Karlsbad type is also present. In addition, concentric zoning is 
quite frequent.

K-Feldspar has been classified optically as orthoclase, based on the 
absence of tartan twinning and the small size of perthites. Orthoclase 
constitutes around 25 modal percent of the granodiorite. It is anhedral 
in shape, and usually surrounds early euhedral plagioclase and anhedral 
quartz crystals. The crystal size is larger than the above mentioned 
minerals, in the range of 1-2 cm. The cloudy aspect of orthoclase can be 
related to microscopic fluid inclusions. Microperthites are scarce and fine-
grained; they are of the patchy type. Orthoclase replaces both plagioclase 
and biotite, producing the development of myrmekitic textures.

Biotite is present to around 5 modal percent. It develops small 
(1-3 mm) subhedral tabular crystals with brownish pleochroism. Partial 
alteration following grain boundaries, and exfoliation to greenish 
clinochlore is quite common. Occassional symplectitic biotite-quartz 
intergrowths are observed. A late phase generation of biotite, with smaller 
euhedral platy crystals, and stronger pleochroism, is present in places. 
These cystals correspond to a metasomatic generation of biotite replacing 
earlier biotite and amphibole.

Amphibole is present in a higher quantity than biotite, up to 10 modal 
percent.  It develops subhedral to anhedral crystals, and it is intergrown 

with plagioclase. It is characterized by a highly pleochroic green color. It 
may contain inclusions of earlier generation biotite, thus indicating late 
amphibole formation. Polysynthetic twining in amphibole is frequent, as 
is simple twinning. Concentrical zoning is not evident, but in some grains 
areas of slightly lighter green color is observed.

Trace minerals include clinopyroxene, apatite, zircon and 
magnetite. Clinopyroxene is extremely rare. It is strongly corroded 
and replaced by amphibole. Apatite is present although uncommon. 
Crystals are less than 60 microns in length and colorless both in hand 
sample and under the microscope. They are found as inclusions in 
quartz, biotite, plagioclase and amphibole.

Zircon crystals are euhedral with a short prismatic habit. They are 
less than 50 microns in length. Optical zoning is not present, and they 
do not have metamictic aureoles. Zircon crystals occur as inclusions in 
other minerals, mainly in quartz, biotite, plagioclase and amphibole.

Magnetite is a frequent opaque mineral, although in quantity is 
less than 1 modal percent of the rock. It develops euhedral to subhedral 
crystals, with sizes between 70 and 100 microns. No exolutions or 
zoning is observed, and it is partially replaced by hematite.

SAN ANDRES DE CUERQUIA HORNBLENDE BIOTITE TONALITE (ca. 
74 Ma)

The northwestern sector of the Antioquia Batholith is typified 
by tonalite as seen around San Andres de Cuerquia. The tonalities of 
this sector have a relatively dark colour index, but the mafic content 
is not very high. Texturally the tonalite is medium-grained phaneritic 
holocrystalline, and overall grain size is quite homogeneous, on the 
order of 5-10 mm. Modal mineralogy is dominated by quartz and 
plagioclase whilst K-feldspar is almost absent. Amphibole and biotite 
occur as accessory minerals. The main difference of the San Andrés 
tonalites with those of other the facies of the Antioquia Batholith is the 
absence of pyroxene.

Quartz occurs in modal proportions of close to 30 percent. Quartz 
crystals are anhedral, rounded and occupy interstitial spaces between 
the plagioclase crystals. They exhibit undulatory extinction.

Plagioclase crystals are abundant (up to 60 modal percent). They 
tend to be subhedral and exhibit a short prismatic habit. Borders of the 
grains can be partly corroded by late quartz. Grain size is in the 5-8 mm 
range. Three phases of plagioclase crystals can be established based on 
the type of twinning and zoning. Early plagioclase is not twinned and 
has complex convolute zoning; these crystals are rare. Second phase 
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plagioclase is not zoned and twinning is only on the albite law. 

This type of twinning is more common than the above and it is 
widespread in these rocks. Twin planes can be slightly bent or affected by 
kink-banding. Late phase plagioclase is the most common. It is strongly 
zoned and its twinning is complex, on the albite, pericline and Karlsbad. 

Crystals of the second phase tend to appear as inclusions in 
those of the third. All of the plagioclase types have grain borders 
corroded by quartz, and when embayed in K-feldspar may exhibit 
symplectitic textures. Subsolidus processes, including hydrotermal 
alteration, are developed to different degrees. Some plagioclase 
grains can have partly sericitized cores, and small secondary epidote 
grains can appear therein. 

The modal contents of K-feldspar as orthoclase are very low, not 
more than 1 modal percent. It occurs as anhedral grains, interstitial 
between plagioclase crystals.

Biotite is present in a modal amount of up to 5 percent. Grain size 
is quite homogeneous and normally in the range 4-6 mm. Subhedral 
tabular crystals have strong pleochroism in dark brown hues, thus 
suggesting a high-Fe content. In many cases, biotite crystals display 
evidence of deformation, as microscopic kink bands. Partial alteration 
to associations of pale green clinochlore, epidote, titanite and 
secondary magnetite are quite common. Local replacement by quartz 
is observed.

Amphibole is present in similar modal proportions to biotite, 
up to 5 percent. Grain size is in the range 5-15 mm. It tends to be 
subhedral, with corroded borders. Crystals have a long prismatic habit 
and show a strong pleochroism in dark green hues. Zoning is rare, 
but a slight concentric zoning is occasionally observed, consisting of 
a euhedral core with brownish green color, mantled by boundaries 
of darker green color. Polysynthetic twinning is found in all of these 
crystals. Inclusions of biotite and plagioclase are common, and 
indicate that amphibole formed later than these minerals. Amphibole 
crystals of this tonalite facies do not have pyroxene relicts.

Trace minerals in the San Andres de Cuerquia facies include 
apatite, zircon, epidote and magnetite. Apatite is a common trace 
mineral, found as inclusions in the major phase minerals. It tends to 
be subhedral, with a short prismatic habit.

Zircon crystals tend to be euhedral, as short prismatic crystals. 
Crystal size is less than 50 microns in length. They do not exhibit 
zoning when examinated with optical microscope, and do not produce 

metamictic aureolas in the hosting biotite or amphibole.

Magnetite is found in small quantities, less than 1 modal %. 
Crystals are anhedral and rounded, and crystal size ranges between 50 
and 100 microns. Epidote has been found in a few cases as a secondary 
mineral. It may fill veinlets with chlorite, or form pseudomorphs after 
biotite or amphibole.

PROVIDENCIA HORNBLENDE BIOTITE TONALITE (ca. 60 Ma)

Tonalites of this type were found out cropping at Gramalote hill, near 
Providencia in the Nus River valley. They are important as they represent 
Palocene-aged magmatism within the Antioquia Batholith. They have a 
massive appearance in outcrop. They present a grayish white color with 
a characteristic “salt and pepper” aspect. The Providencia tonalite is fine- 
to medium-grained phaneritic and holocrystalline. Mineral composition is 
dominated by quartz, plagioclase and K-feldspar. Mafic minerals include 
biotite, slightly dominant over amphibole.

Quartz is observed in a proportion close to 30 modal percent. 
Quartz crystals tend to be anhedral, filling interstitial spaces between 
euhedral plagioclase crystals. Grain size is highly variable, ranging from few 
hundredths of a micron up to few millimeters. Undulatory extinction is 
common. Frequent intergrowths of vermicular quartz along the boundaries 
of plagioclase crystals result the development of symplectite textures 
(myrmekites). 

Plagioclase crystals are abundant (up to 60%). They tend to be 
euhedral to subhedral in shape and present a short prismatic habit. Grain 
size is highly variable, and, in the same way as quartz, ranges from few 
hundredths of a micron up to few millimeters. Up to four plagioclase 
types have been differentiated petrographically. Earliest crystals are not 
zoned or have only a slight zoning at grains boundaries, and have distinct 
polysynthetic twinning on the albite law. A second type may be zoned, 
and has distinct polysinthetic twinning on the albite and pericline laws. 
Simple twinning on Karlsbad law can also be present. A third type exhibits 
undulatory zoning and does not have polysynthetic twinning of any type, 
although simple Karlsbad twinning may be present. Finally, a fourth type 
exhibits undulatory zoning and polysynthetic twinning on the albite law.

Na-richer margins in plagioclase crystals may develop myrmekitic-
type textures with vermicular quartz intergrowths. Alteration of plagioclase 
crystals is selective, limited to certain zones and especially to the crystal 
cores. Fine grained muscovite (sericite) is the main alteration mineral, 
although it may be accompanied in some cases by fine-grained epidote 
and calcite.
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K-feldspar is anhedral and occupies spaces among plagioclase 
crystals. It is present in small quantities, less than 5 modal percent. Crystal 
size is less than 1 mm. These crystals show a cloudy aspect, probably 
related to fluid inclusions. Partial alteration to sericite is locally observed. 
Slightly undulatory extinction is frequent, but less evident than in quartz.

Biotite is present in quantities of about 5 modal percent. Grains are 
less than 5 mm in size. Usually biotite is observed as subhedral tabular 
crystals with brownish pleochroism, suggesting a high-Fe content. Partial 
alteration to secondary associations of clinochlore, magnetite and epidote 
is common, following grain boundaries and cleavages. Symplectitic biotite-
quartz intergrowths are common, represented by round-shaped quartz 
inclusions in biotite crystals. Slightly wavy extinction and evidence of 
deformation, such as bent cleavage, are observed in some biotite crystals. 
Inclusions of euhedral crystals of magnetite, apatite and zircon are quite 
common.

Amphibole is present in less quantity than biotite, regardless, it 
locally attains up to 5 modal percent. It develops subhedral to anhedral 
crystals, less than 4 mm in size. It is slightly pleochroic in shades of green. 
Crystals are not zoned. Polysynthetic twining can occasionally be observed. 
Crystals may contain inclusions of biotite, zircon and magnetite, and may 
be partially replaced by chlorite.

Trace minerals in the Providencia tonalite include apatite, zircon, 
titanite, epidote and magnetite. Apatite is a common, developing euhedral 
crystals of long prismatic habit, less than 60 microns in length, included in 
particular in biotite and amphibole.

Zircon crystals are common. They are short and prismatic, less than 
70 microns in length. They are not zoned, and do not have metamictic 
aureoles. Zircon crystals are common as inclusions in biotite and amphibole, 
and, occasionally, in quartz.

Titanite is a common accesory mineral, developing euhedral to 
subhedral crystals, up to 0.3 mm in diameter. It is colorless without twining 
or zoning. Euhedral titanite grains are considered to be primary, however 
some titanite is a product of alteration of Ti-rich biotite, where it appears 
along cleavages, or may replace Ti-rich magnetite around grain boundaries.

Epidote is observed as anhedral to subhedral crystals produced by 
alteration of calcic amphiboles, biotite and plagioclases. It is observed as 
well filling fine veinlet. Magnetite is the most common opaque mineral. 
It develops euhedral crystals, with sizes between 50 and 100 microns. No 
exsolutions or zoning is observed. It is partially replaced by hematite and 
titanite along the grain boundaries, indicating high-Ti contents in original 
magnetite crystals.

Sonsón Batholith

As outlined above in Section 2.1.3, U-Pb (zircon) determinations 
presented by Leal-Mejía (2011) suggest the historic “Sonsón” batholith is 
in fact a composite body consisting of a northern Paleocene sector (herein 
termed the Sonsón Batholith) and a southern Permo-Triassic sector (herein 
the ‘Nariño’ batholith). As with the Nariño Batholith in Section 2.1.3, 
detailed descriptions of the principal granitoids of the Sonsón Batholith 
are supplied below.

SONSÓN HORNBLENDE BIOTITE GRANODIORITE

The most representative facies of the Sonsón granodiorites are 
holocrystalline, phaneritic and coarse-grained. They mainly consist of 
plagioclase and quartz, with minor amounts of K-feldspar (microcline). The 
rocks are enriched in mafic accessory minerals including amphibole and 
biotite and hence they have a relatively dark colour index.

Plagioclase is the dominant mineral, with a proportion around 35 
modal percent. It is euhedral, although it shows evidences of corrosion 
when included in K-feldspar. The habit of the plagioclase crystals is short 
prismatic, with a maximum length of 1 cm. Twinning is complex, on the 
albite and pericline laws. Optical zoning is concentric. Zoning may also 
be marked by slight sericite alterations on the zoning surfaces. Corroded 
crystals of older plagioclase generations may occur as inclusions, as may 
apatite, amphibole and biotite. 

K-feldspar as microcline can be easily distinguished by the presence of 
tartan twinning. Microcline may attain up to 15 modal percent. The crystals 
of K-feldspar are anhedral, and have a larger size than the plagioclase 
crystals: the maximum dimensions of the crystals can reach about 2 cm. 
Thus, K-feldspar often includes plagioclase crystals or mafic minerals and 
is intergrown with quartz. In some cases, the contact between plagioclase 
and K-feldspar has conspicuous myrmekite.

Quartz is common, although in lesser amounts than plagioclase 
(about 30 modal %). It is anhedral and shows undulatory extinction.

Biotite is a common accessory mineral occurring in proportions close 
to 5 modal percent. The pleochroism is in reddish-brown hues. The size 
of the crystals is in the range of 2-3 mm. Biotite can be partly replaced by 
chlorite and epidote following grain boundaries and cleavages. Biotite may 
be found as corroded inclusions in amphibole crystals, thus suggesting the 
early formation of biotite predates amphibole.

Green amphibole is also a common accessory mineral, in a very similar 
proportion to biotite. It occurs as euhedral, prismatic, olive-green crystals, 
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which are in the range 3-10 mm in length. Zoning pattern is complex, and 
cores tend to be brownish and margins dark green. In some cases, a late 
generation of uralitic pale-green amphibole is found, especially along 
crystal boundaries. 

Since this uralitic amphibole may also occur replacing a previous 
material at the core of the crystals, and may be distributed in a patchy array 
into the amphibole crystal, uralite is interpreted to have been produced 
by replacement of pyroxene relicts. However, no pyroxene relicts have 
been observed. Polysynthetic or symple twinning may be present in the 
early generations of amphibole. Amphibole crystals have inclusions of 
large biotite crystals, indicating that biotite paragenetically predates the 
amphibole.

Trace minerals in the Sonsón granodiorite include allanite, apatite, 
zircon and ilmenite. Allanite crystals are rare. However, they are very 
distinct, and appear as euhedral crystals of short prismatic habit with 
rounded sections, measuring up to 250 microns across. They are brownish, 
and have concentric zoning in plane-polarized light. They are radioactive 
and produce metamictic aureoles in host biotite or hornblende, suggesting 
high-Th contents. Allanite itself is not metamict, and has interference 
colors masked by the strong absorption colors.

Apatite crystals occur as euhedral prismatic grains, less than 100 
microns in length. They can be identified as inclusions in other minerals, 
mainly biotite.

Zircon is common in these rocks, although as a trace mineral. It is 
redily identified as inclusions in the biotite, where it produces metamictic 
aureoles. Zircon crystals are subhedral, roughly prismatic and exhibit 
bypyramidal faces. Crystal size is variable, ranging from some tens of 
microns in length to up to 0.5 mm. No older cores are observed.

Ilmenite is the only opaque mineral present. It occurs as small 
anhedral grains less than 250 microns in size).

SONSÓN LEUCOGRANITE

The Sonsón leucogranites are holocrystalline, phaneritic and fine-
grained. They mainly consist of similar amounts of K-feldspar, plagioclase 
and quartz. These minerals have similar grain size, all on the order of 2-3 
mm. Many are rounded and display evidence of textural equilibrium (e.g. 
rounded borders, triple points). The leucogranites are extremely poor in 
mafic minerals.

K-feldspar as anhedral microcline grains can be easily recognized 
by optical properties, including distinct tartan twinning and abundant 

microperthites. It may contain inclusions of plagioclase, which can be 
corroded.

Plagioclase is the only mineral that tends to be subhedral. It 
develops short prismatic crystals. Two generations are observed. One has 
concentric zoning and does not have polysynthetic twinning; the other 
has polysynthetic twinning on the albite law and is not zoned. Incipient 
sericitiazation can be observed in some cores, particularly in those 
corresponding to zoned plagioclase.  Myrmekitic replacements along the 
contacts with K-feldspar are well developed.

Quartz is other common mineral, and exhibiting undulatory 
extinction. 

Biotite is only a trace mineral in these rocks. It is observed as platy 
crystals whose length is less than 250 microns. Most of the biotite crystals 
have been totally replaced by chlorite, magnetite and rutile along grain 
borders and cleavages. Some fresh grains have a pale brown biotite reveal 
low Fe contents.

Additional trace minerals in the Sonsón leucogranite include apatite, 
zircon and ilmenite. Apatite crystals are relatively common, as euhedral 
hexagonal prismatic grains with pinnacoidal terminations. They are less 
than 100 microns in length, normally occurring as inclusions in other 
minerals.

Zircon is found as subhedral, rounded grains, included mainly in trace 
biotite. The zircons produce conspicuous metamictic aureoles, although 
the mineral itself is not metamictic. The grain size is very small, less tha 50 
microns.

Ilmenite is the only opaque phase present, and it is very rare. It 
occurs as small anhedral grains less than 250 microns in size.

2.4 MIOCENE TO PLIOCENE AND PLEISTOCENE TO RECENT 
GRANITOID MAGMATISM: DISTRIBUTION, AGE AND NATURE

2.4.1 INTRODUCTION

Miocene to Pliocene granitoid magmatism is widely but irregularly 
distributed throughout the Colombian Andes. As with the Cretaceous 
to Paleogene, Miocene to Pliocene magmatism manifests as a complex 
distribution of plutonic and hypabyssal intrusive and volcanic rocks. 

Unlike the Cretaceous to Paleocene intrusions however, all Miocene 
to Pliocene magmatic rocks are considered to have been emplaced 
broadly in situ, into continental margin metamorphic and accreted oceanic 
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basement rocks juxtaposed  prior to and during the various phases of the 
Northern Andean Orogeny (see Section 3.3., below). Miocene to Pliocene 
magmatism in Colombia merges into the modern-day Pleistocene to 
Recent volcanic arc of the Northern Andes. 

The distribution, nature and constraints upon Pleistocene to Recent 
magmatism are well documented in various geological compilations (e.g. 
Cediel and Cáceres, 2000; Cediel et al, 2003; Gómez et al., 2007), and will 
not be discussed in detail in the present compilation.

Based primarily upon textural characteristics, three broad catagories 
of Miocene to Pliocene granitoid rocks can be distinguished. These include, 
1) holocrystalline, phaneritic granitoids forming stocks and small-scale 
batholiths, 2) high-level hypabyssal porphyritic rocks occurring as clusters 
of small-scale stocks and dykes, and 3) volcanic rocks, including flows and 
pyroclastic sequences. As will be discussed in more detail below, spatially- 
and genetically-related volcanic sequences are generally absent in the 
vicinity of the deeper-level phaneritic intrusive suites, whilst the hypabyssal 
porphyry stocks may at least locally intrude a penecontemporaneous 
volcanic edifice. Erosional factors may account for the lack of a volcanic 
component in the deeper-level plutons, although in some instances it is 
possible that a volcanic component was never developed.

The distribution of Miocene holocrystalline plutons is primarily 
observed in the western cordilleras of Colombia, where numerous small 
batholiths and stocks are observed (Figure 2 and Figure 12). In the southwest 
these include the Piedrancha and Cuembi batholiths and associated minor 
stocks observed at El Vergel, La Llanada and Cumbitara, all of which intrude 
oceanic volcanic and sedimentary rocks of the Dagua and Diabasico Groups 
(Arango and Ponce, 1982). Regional mapping suggests that this trend of 
plutons extends northward into the region to the west of Cali, where little 
modern radiometric age or petrochemical data are available.

Farther to the north, the holocrystalline Farallones Batholith, the 
Urrao Pluton and the El Cerro Igneous Complex are observed to intrude 
Cañas Gordas Group basement to the west of the middle Cauca River 
valley. The northern extension of this trend can only be inferred based 
upon the appearance of small plutons within the regional mapping 
database (Gonzalez, 2001; Gómez et al., 2007).

With respect to the hypabyssal granitoid stocks and dikes and 
associated volcanic rocks, these clusters are particularly well exposed along 
the eastern margins of the western cordilleras and the western margin of 
the Central Cordillera, within/along the physiographic depressions of the 
Patia and upper Cauca drainage basins (Figure 2 and Figure 12). Additional, 
Miocene and Pliocene hypabyssal porphyry clusters are observed within 
the Central Cordillera, the Santander Massif and the Eastern Cordillera 

(including the Quetame Massif).

In the south, along the Patia and upper Cauca drainage, a ca. 200 
km long SW-NE trending series of Miocene hypabyssal porphyry clusters 
extends from Arboledas (Berruecos) into the area of Cerro Bolívar, 
Almaguer – La Vega (Betulia Igneous Complex), and northwards through 
Altamira, Dominical, Piedrasentada and La Sierra. It is possible that this 
belt continues farther north beneath Plio-Pliestocene to Recent volcanic 
cover around Popayan. Another cluster of hypabyssal stocks appears in 
the upper Cauca basin to the north of Popayan, at Santander de Quilichao-
Buenos Aires-Suarez (París and Marín, 1979)

Farther north, along both the eastern and western margins of the 
middle Cauca river valley to the north of Pereira, numerous clusters of 
hypabyssal granitoid porphyritic stocks and dykes are observed over an ca. 
100 km long N-S trending magmatic belt (González, 1990, 1993 and 2001). 

Along this belt (Figure 2 and Figure 12), porphyry intrusives are 
commonly observed, either as isolated plugs or volumetrically more 
significant clusters of stocks and dykes. From south to north, some of the 
more important clusters of stocks out crop near Marsella, at Manizales – 
Villa María, from Anzerma through Quinchía, and from Río Sucio to Supía, 
La Felisa, Marmato and Valparaiso-Caramanta, at Tamesis, around Jericó 
(the Quebradona cluster), and from Venecia-Fredonia north to Titiribi, 
where the belt abruptly ends. Spatially coincident with the middle Cauca 
river valley trend are the thick volcanic, pyroclastic and volcanoclastic 
sequences of the late Miocene Combia Formation, which also out crop in 
the middle Cauca river region, primarily to the west of the river between 
Anserma in the south and Jericó – Tarzo in the north. Combia Formation is 
also noted around Venecia – Fredonia and Titiribí. The Combia Formation 
is considered to be, in part at least, the extrusive expression of the late 
Miocene porphyry centers.

Some 75 km farther to the north and west, a small, isolated cluster 
of Miocene hypabyssal porphyritic granitoid is observed at Buriticá (Figure 
12).

Within the Central Cordillera, a significant cluster of Miocene 
porphyritic granitoids is observed at Cajamarca-Salento, including the 
Colosa porphyry (Lodder et al., 2010) and other surrounding hypabyssal 
intrusives (Figure 12). This cluster may extend to the north where it would 
be covered by volcanic and pyroclastic rocks of the modern-day northern 
Andean volcanic arc.

Farther to the north, within the Central Cordillera, an additional 
cluster of hypabyssal granitoids and associated pyroclastic rocks appears 
in the Manzanares – Samaná – Nariño (Antioquia) region. This cluster was 



158
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 2 -  NATURE AND TEMPORAL – SPATIAL EVOLUTION OF GRANITOID MAGMATISM

Figure 12. Distribution of granitoid magmatic rocks of 
Miocene to Pliocene age in the Colombian Andes.
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referred to as the Río Dulce suite (Figure 2 and Figure 12) by Leal-Mejía 
(2011).

Farther east, within the eastern Colombian cordilleran system, 
magmatic rocks of Miocene to Pliocene age are scarce and only punctually 
developed. A localized cluster of hypabyssal granitoids is located in the the 
Vetas – California area of the Santander Massif (Figure 2 and Figure 12 - 
Mantilla et al., 2009; Leal-Mejía, 2011). To the south, high level porphyritic 
granitoids and associated volcanic flows and pyroclastic rocks are observed 
in the Eastern Cordillera at Paipa and Iza (Garzon, 2003; Pardo et al., 2005a,b; 
Vesga and Jaramillo, 2009), and a similar occurrence is observed to the south 
of Bogotá at Quetame (Ujueta et al., 1990).

The distribution and nature of Pleistocene to Recent magmatism in 
Colombia in well documented and readily observed on regional geological 
compilations such as those presented by Cediel and Cáceres (2000) and 
Gómez et al. (2007).  This well-defined volcanic chain and its extension to 
the south into Ecuador is comprised of ca. 75 active volcanoes which are 
recognized within the Andean geological literature as the Northern Volcanic 
Zone (NVZ; e.g. Stern, 2004). 

In Colombia, this magmatism is primarily manifest along the Central 
Cordillera and the Patía - upper Cauca river physiographic depression (Figure 
13), where extensive volcanic and pyroclastic deposits are related to active 
volcanic edifices. Volcanism is dominated by lavas and pyroclastic rocks of 
bas-andesitic, andesitic, dacitic and lessor basaltic composition.

Stern (2004) distinguished three separate segments in the active 
Colombian volcanic arc including; the northern (Cerro Bravo, Santa Isabel, 
Nevado del Ruiz, Nevado del Tolima, Cerro Machín volcanoes), central 
(Nevado del Huila, Puracé, Sotará volcanoes), and southern (Cumbal, 
Azufral, Galeras, Doña Juana volcanoes) segments. The northern and central 
segments are located in the Central Cordillera, whereas the southern 
segment is located in the Patía – upper Cauca river depression and along the 
eastern margin of the southern Western Cordillera.

Cediel et al. (2003) recognized that the regional-scale structural 
architecture of the northern Andes plays a fundamental role in the distribution 
and localization of volcanic edifices in Colombia. They documented the 
coincidence of volcanic cone and sub-chain locations, with the trace of the 
various paleo-suture systems active in the tectonic assembly of the northern 
Andean region since the mid-Proterozoic. In Colombia five sub-chains were 
defined, including, from west to east, the Cauca-Pujilí sub-chain (Chiles-
Cumbal-Azufral-Olaya volcanoes), the Inter-Andean sub-chain (Galeras-
Morazurco volcanoes), the Romeral-Peltetec sub-chain (La Victoria-Chimbo-
Bordoncillo-Doña Juana Sotará-Puracé volcanoes), the Palestina Sub-Chain 
(La Horqueta-Paletará-Huila-Tolima-Ruiz-Herveo volcanoes), and the Suaza 

Sub-Chain (Guamués-Acevedo volcanoes).

2.4.2 AGE CONSTRAINTS ON MIOCENE TO PLIOCENE GRANITOID 
MAGMATISM 

Published U-Pb (zircon) data or information regarding the precise age 
of Miocene – Pliocene magmatism in the Colombia Andes is exceedingly 
limited (e.g. Maya, 1992; Frantz et al., 2003; Tassinari et al., 2008; Mantilla 
et al., 2009). Based primarily upon older K-Ar (whole rock or mineral 
separate) analyses, previous work and published geological maps in 
general, refer to interpreted Miocene to Pliocene-aged magmatic rocks as 
being ‘Neogene’ in age, thus historically precluding any detailed analysis 
of the spatial appearance and migration of Miocene to Pliocene magmatic 
rocks with time.

More recently, Leal-Mejía (2011) presented a study containing 
twenty-four new U-Pb (zircon) age determinations for Miocene – 
Pliocene holocrystalline granitoid intrusions and hypabyssal porphyritic 
stocks, backed by various new K-Ar mineral separate and whole-rock 
dates. This work permits a more precise time-space analysis and 
understanding of the evolution of Miocene and Pliocene granitoid 
magmatism throughout the Colombian Andes. A histogram depicting 
the age distribution of Miocene to Pliocene magmatic rocks based 
upon recent U-Pb (zircon) age determinations is presented in Figure 
14. A detailed time-space analysis of Miocene to Pliocene magmatism 
throughout the Colombian Andes is presented in Figure 15. 

With respect to the holocrystalline, phaneritic plutons, the 
U-Pb (zircon) data of Leal-Mejía (2011) indicates the oldest magmatic 
rocks of the time are located in southwest Colombia, extending from 
the Piedrancha Batholith north through El Vergel, La Llanada and 
Cumbitara (Cuembi) plutons. These plutons record a latest Oligocene 
to early Miocene magmatic event spanning the ca. 24 to 21 Ma 
interval. Analysis of the Piedrancha Batholith near Piedrancha yielded 
an Oligo-Miocene magmatic crystallization age of ca. 23.4 Ma. To 
the north the El Vergel Stock returned an early Miocene magmatic 
crystallization age of ca. 21.9 Ma. The Cumbitara Stock returned a 
crystallization age of ca. 23.1 Ma. No inheritance ages were observed 
in any of the samples. As noted above, based upon available mapping, 
sporadic plutons of similar age could extend northwards along the 
trend of the Western Cordillera into the region to the west of Cali.

Farther to the north, for the holocrystalline, phaneritic 
intrusives including the Farallones batholith and the Urrao pluton, no 
new U-Pb (zircon) dates are available. These units have historically 
been dated by the K-Ar (hornblende) method, and have returned ages 
including 11±2Ma (Calle et al., 1980) and 11 to 12 Ma (Botero, 1975), 
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Figure 13. Distribution of granitoid magmatic rocks of 
Pleistocene to present age in the Colombian Andes.
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Figure 14. U-Pb (zircon) age distribution of granitoids of Miocene-Pliocene age in the Colombian Andes after 
Leal-Mejía (2011).
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Figure 15. Time-space chart for granitoids of Miocene-Pliocene age in the Colombian Andes (modified after Leal-Mejía, 2011). Major 
litho-tectonic and morpho-structural units modified after the tectonic analysis of Cediel et al. (2003) and Cediel et al. (2009).
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respectively. To the north of Urrao, along the same N-S axis, Leal-
Mejía (2011) produced a K-Ar (biotite) date of ca. 11.8 Ma for the El 
Cerro Igneous Complex. Farther to the north at Buriticá, hornblende-
bearing diorite porphyry also returned a K-Ar (hornblende) age of ca. 
11.8 Ma (Leal-Mejía, 2011). Regional mapping suggests this trend of 
plutons may extend further northwards into the region to the north 
of Dabeiba.

With respect to the hypabyssal porphritic granitoid suites of Miocene to 
Pliocene age, the U-Pb data of Leal-Mejía (2011) reveals a complex time-space 
distribution, as demonstrated in the time-space analysis revealed in Figure 15.

In the south, along the Patia and upper Cauca drainage, the trend of 
porphyritic stocks and dykes, extending from Arboledas (Berruecos) in the 
south, through Almaguer – La Vega (Betulia Complex), and Piedrasentada 
and La Sierra returned ages spanning the ca. 17 to 9 Ma interval. The oldest 
magmatic crystallization age was obtained from the sample at Dominical, 
which returned an age of ca. 17 Ma. The Cerro Gordo porphyry returned a 
magmatic crystallization age of ca. 14 Ma. A phaneritic hornblende biotite 
tonalite sample from La Dorada and the tonalite porphyry sample from 
Altamira returned similar ages of ca. 11.8 Ma and 11.6 Ma, respectively, 
whilst a hornblende diorite porphyry from La Dorada returned a magmatic 
age of ca. 9.2 Ma.

To the north of Popayan, the northern Cauca Department hypabyssal 
porphyry cluster at Santander de Quilichao- Buenos Aires-Suarez was 
also dated by Leal-Mejía (2011). A sample from near Suarez returned a 
magmatic crystallization age of ca. 17.7 Ma, which compares well with the 
age of similar porphyries from the Dominical area.

Within the Patía – upper Cauca porphyry suite U-Pb data, inheritance 
ages of ca. 30 Ma, 50 Ma, 80 Ma and 90 Ma were obtained in some zircon 
crystals. Leal-Mejía (2011) suggests this data would indicate assimilation 
of pre-existing rocks within the Romeral mélange basement assemblage 
which is exposed in this area.

With respect to the middle Cauca valley hypabyssal granitoid porphyry 
trend, extending from La Marsella in the south to Titiribí in the north, 
available U-Pb (zircon) data span the range between ca. 8.0 and 7.2 Ma 
(Leal-Mejía, 2011), suggesting that the middle Cauca valley trend is distinctly 
younger than the Patí a – upper Cauca suite. Quartz diorite porphyry from 
Quinchía (Dos Quebradas) returned a U-Pb (zircon) age of ca. 8.0 Ma. Diorite 
porphyry from the Marmato area returned a ca. 6.5 Ma age (Frantz et al., 
2003). Granodiorite of the Tamesis Stock sampled near Tamesis returned a 
U-Pb age of ca. 7.2 Ma (Leal-Mejía, 2011), in marked contrast to historic K-Ar 
age data which suggested a Cretaceous age (Maya, 1992). Diorite porphyry 
at La Aurora within the Jericó (Quebradona) porphyry cluster, 8 km to the SE 

of the Jericó townsite, yielded a U-Pb (zircon) age of ca. 8 Ma. The La Mina 
diorite porphyry, located about 5 km to the south of Venecia, produced 
an age of ca. 7.6 Ma. Finally, hornblende granodiorite porphyry from the 
El Medio creek, located a few hundred meters to the SW from the Titiribí 
townsite, yielded an ca. 7.6 Ma U-Pb (zircon) age.

The volcanic and pyroclastic sequences of the Combia Formation are 
exposed throughout the middle Cauca river valley region, and many of the 
middle Cauca river valley hypabyssal porphyry intrusives are hosted within 
the Combia Formation. Historic K-Ar dating places this unit at ca. 9.1 Ma 
K-AR (Restrepo et al., 1981 in Toro et al., 1999). Leal-Mejía (2011) dated an 
andesite of the Combia Formation out cropping near Tamesis, revealing an 
ca. 6.1 Ma K-Ar (whole-rock) date. This number is in broad agreement with 
the ca. 6 Ma age of ‘Combia volcanism’ suggested by Ramirez et al. (2006). 
In reality, the Combia Fomation is an extensive volcano-sedimentary unit 
locally exceeding 1000 meters in statigraphic thickness. It is cut by many of 
the hypabyssal granitoids listed above indicating that volcanism initiated 
before 8 Ma, as suggested by the 9.1 Ma date of Restrepo et al. (1981).

In the Central Cordillera, the Cajamarca – Salento hypabyssal 
porphyry cluster was dated by Leal-Mejía (2011). In general, results span 
the ca. 8.3 to 6.3 Ma range, similar to the magmatic activity recorded in the 
middle Cauca River valley region. Leal-Mejía (2011) dated various granitoid 
porphyry bodies including near Cajamarca (La Colosa), Tierradentro, 
Montecristo and Salento. Magmatic crystallization ages for the hypabyssal 
intrusive suite at La Colosa yielded ages spanning the ca. 8.3 to 7.3 Ma 
interval. Three early diorite porphyries returned U-Pb (zircon) ages between 
ca. 8.3 and 7.9 Ma. Paragenetically later granodiorite porphyries yielded 
slightly younger ages of ca. 7.6 Ma and 7.5 Ma. A latest phase of quartz 
porphyry returned a 7.3 Ma magmatic crystallization age. Inheritance ages 
obtained from zircon crystals from the La Colosa porphyries span a wide 
range between ca. 1060 and 13 Ma.

Elsewhere in the Cajamarca – Salento area, hypabyssal granitoid 
porphyry from La Morena and Tierradentro, returned ages of ca. 8.4 Ma 
and 8.1 Ma, respectively. A quartz-diorite porphyry from the Montecristo 
area returned a ca. 7.6 Ma U-Pb (zircon) age. Finally, granodiorite porphyry 
collected near Salento returned a ca. 6.3 Ma age.

In the Río Dulce region of the Central Cordillera, (Figure 2 and Figure 
12), Leal-Mejía (2011) produced eight U-Pb (zircon) analyses for the suite 
of hypabyssal granitoids and associated pyroclastic rocks. Based upon this 
data, a magmatic event spanning the 2.4 Ma to 0.4 Ma interval is recorded 
in at least three distinct magmatic pulses during the Pliocene and extending 
into the Pleistocene, including at 2.4 to 2.3 Ma, 1.2 to1.0 Ma and 0.4 Ma.

The oldest magmatic ages at Rio Dulce are revealed in two 
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granodiorite porphyry samples collected to the SSE from the Nariño 
(Antioquia) townsite. Both returned the same age of ca. 2.4 Ma. A porphyry 
fragment from a nearby intrusive breccia returned an age of ca. 2.3 Ma. 
Diorite porphyry which seems to cut the breccia also returned a ca. 2.3 Ma 
age.

A second magmatic pulse was recognized in the Espiritu Santo - Santa 
Barbara porphyry, located about 5 km to the SE of the Nariño townsite. 
Quartz diorite porphyry from Espiritu Santo hill returned an age of ca. 1.0 
Ma. In addition, two samples collected along the Espiritu Santo creek, 
about 3 km to the east returned similar ages of ca. 1.2 Ma and 1.0 Ma.

Finally, in the northern Rio Dulce area, diorite porphyry collected at 
La Cabaña Hill, about 12 km to the east of the Nariño townsite, returned 
the youngest magmatic age of ca. 0.4 Ma. The ages for the hypabyssal 
intrusive rocks of the Río Dulce area porphyry suite obtained by Leal-Mejía 
(2011), compare well with the Pliocene to Pleistocene K-Ar ages reported 
for the nearby Ruiz-Tolima Complex (see compilation in Maya, 1992).

In Colombia’s eastern cordilleran system, the localized cluster of 
hypabyssal granitoids of the Vetas – California (Santander massif) was 
recently dated by Mantilla et al. (2009) and Leal-Mejía (2011). Mantilla 
et al. (2009) presented U-Pb (zircon) data for two samples of granitoid 
porphyry from near the Vetas and California townsites. Results yielded 
magmatic crystallization ages of ca. 9.0 Ma and 8.4 Ma, respectively. Leal-
Mejía (2011) dated hypabyssal Granodiorite porphyry cropping at the San 
Celestino Mine near California, yielding a ca. 10.2 Ma U-Pb (zircon) age. 
Both the above cited studies noted various inheritance ages reflected in 
zircon grains, including at ca. 30 Ma, 50 Ma, 180 Ma and 200 Ma. Mantilla 
et al. (2009) related the older ages to inherited zircons from older magmatic 
rocks in the area, including the granitoid rocks of the Santander Plutonic 
Group. They explained the younger inheritance ages as possible age mixing 
in zircon grains with more complex internal structure, or inherited zircon 
grains from younger unidentified magmatic pulses in the area.

Within the Eastern Cordillera (sensu stricto) localized occurrences of 
high-level porphyritic granitoids and associated flows and pyroclastic rocks 
are known at Paipa-Iza and Quetame. Radiometric dates at Paipa span the 
range between ca. 2 and 1.9 Ma, however field evidence indicates volcanic 
activity continued into more recent times (Pardo et al., 2005a). Similar 
granitoids observed at Quetame yielded a radiometric K-Ar age of ca. 5.6 
Ma (Ujueta et al., 1990).

2.4.3 PETROCHEMICAL CHARACTERIZATION OF MIOCENE TO 
PLIOCENE GRANITOID MAGMATISM

Little detailed petrochemical information is readily available for the 

Colombian Miocene-Pliocene granitoid suite. Some basic major element 
data from various localities was presented in the work of Alvarez (1983). 
Marriner and Millward (1984) and Tejada et al. (2007) provided a general 
petrochemical characterization of the the Combia Formation. Most recently, 
Leal-Mejía (2011) carried out a detailed analysis of the petrochemistry of 
Miocene and Pliocene granitoids throughout the Colombian cordilleras. 
Over 80 research-quality whole-rock major-minor-trace-REE analyses 
were presented, including for the Piedrancha-La Llanada intrusives, the 
Farallones Batholith, the El Cerro and Buritica Stocks, the Patia – Upper 
Cauca porphyries and the Betulia Igneous Complex, the middle Cauca 
River valley porphyries including the Combia Formation, the Cajamarca-
Salento porphyry cluster, the Río Dulce porphyry cluster and hypabyssal 
porphyritic granitoid from the Vetas-California area, among other more 
isolated localities. Leal-Mejía (2011) backed many of these localities with 
Pb-Pb, Rb-Sr and Nd-Sm isotopic studies. General comments regarding this 
extensive data set are recorded below.

The basic whole-rock petrochemical data for the entire Miocene-
Pliocene magmatic suite indicates that the great majority of granitoids, 
including holocrystalline and porphyritic intrusions and coeval volcanic 
rocks from the Western and Central Cordilleras, along the Patia – upper 
Cauca river and middle Cauca river valley drainages, are of metaluminous 
(I-type), medium- to high-K calc-alkaline affinity. Regardless, where 
sufficient data is available, the various clusters or trends of plutons 
and/or volcanic rocks, form distinct, identifiable trends or clusters on 
standard petrochemical diagrams (AFM - Irvine and Baragar, 1971; K2O 
vs. SiO2 - Peccerillo and Taylor, 1976; A/NK vs. A/CNK - Shand et al., 1943). 
Additionally, chondrite normalized Rare Earth Element (RRE) and trace 
element trends and patterns are commonly distinct and identifiable.

With respect to the holocrystalline, phaneritic plutons, the 
Piedrancha – La Llanada and Farallones intrusives are metaluminous 
medium-K biotite-hornblende tonalities to granodiorites. The El Cerro 
stock however, is particularly distinct due to its nepheline alkalic nature. 
The rock is very rich in magmatic biotite.

Whole-rock petrochemical data for the Miocene to Pliocene 
hypabyssal porphyry suite of western Colombia and the Central 
Cordillera, including the Patía – upper Cauca and middle Cauca River 
valley trends, and the Cajamarca-Salento and Río Dulce clusters, are 
typically metaluminous (I-type), medium-K calc-alkaline granitoids. 
Distinct clusters and trends for each area are observed in the major, trace 
and REE data.

Within the Colombia eastern cordilleran system, the limited available 
data indicate petrochemical changes with respect to the porphyritic rocks 
contained in the cordilleras to the west. Analyses presented by Leal-Mejía 
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(2011) for the La Araña and Barbacoas – Mongora Creek porphyries of the 
Vetas-California area, for example, suggest enrichments in Al2O3 and K2O. 
These samples plot both peraluminous and per-potasic on petrochemical 
discrimination diagrams. In fact, various porphyry stocks out cropping in 
the Vetas-California area display a per-potassic nature. Examples of these 
rocks include samples dated by Mantilla et al. (2009) from the Mongora 
Creek section, which are rich in centimeter-scale euhedral potassium 
feldspar phenocrysts of magmatic affinity.

With respect to the Pliocene granitoid suite at Paipa-Iza, a high-K calc-
alkaline petrochemistry was indicated by (Pardo et al., 2005b). The per-potassic, 
silica undersaturated nature of the Paipa volcanic rocks is supported by the 
observed abundance of potassium feldspar and the common presence of 
phenocrysts of leucite, indicating a certain degree of silica undersaturation in 
the Paipa magmas.

The isolated and clustered, as opposed to belt-like nature of the Miocene 
to Pliocene granitoid occurrences of Colombia’s eastern Cordilleran system, 
including at Vetas-California, Paipa-Iza and Quetame, combined with evidence of 
a per-potassic affinity, suggest these rocks may be considered “alkaline outliers” 
with respect to, the general trends in Miocene to Pliocene (and Pleistocene to 
Recent) calc-alkaline granitoid magmatism in the Colombian Andes. Cediel et 
al. (2003) observed that the deep crustal structure of the Bucaramanga – Santa 
Marta and Suaza Fault and Suture System has likely facilitated the emplacement 
of these magmatic centers through the thick continental basement which 
underlies the Santander Massif and Eastern Cordillera.

Sr-Nd isotope geochemical data for Miocene to Pliocene intrusives and 
volcanic rocks throughout the Western and Central Cordillera regions show a 
clear mantle-derived source for all magmas with only minor crustal contribution 
(Leal-Mejía, 2011). Similarly, data for recent volcanic rocks of the Central 
Cordillera published by Ordoñez and Pimentel (2001), plot within the Mantle 
Array field.

Lead isotope analyses of the Miocene-Pliocene granitoid intrusive of the 
Western and Central cordilleran regions return radiogenic values clustering in 
distinct, narrow ranges. Most of the samples plot between the Orogene and 
Upper Crust lead evolution curves of the Plumbotectonics model by Zartman 
and Doe (1981), indicating mixing between two distinct Pb sources including a 
less radiogenic (mantle-derived?) source and a more radiogenic (upper crust or 
continent-derived pelitic sediment??) source.

2.4.4 PETROGRAPHIC CHARACTERISTICS OF SOME MIOCENE 
GRANITOIDS

Little petrographic documentation for Miocene-aged Colombian 
granitoids is available in the published literature. Below, detailed 

descriptions for representative members of the ca. 23 Ma phaneritic 
holocrystalline and ca. 8 Ma hypabyssal porphyritic suites, are provided, 
based upon the petrographic work completed by Leal-Mejía (2011).

• Hornblende Biotite Tonalite of the Early Miocene Piedrancha – 
Cumbitara Trend

The Piedrancha-Cumbitara tonalites are holocrystalline and 
medium-fine grained phaneritic. They mainly consist of plagioclase and 
quartz. K-feldspar is very scarce. These rocks are rich in mafic accessory 
minerals, mainly hornblende and biotite, and hence they have a 
relatively dark colour index. These tonalites can be found fresh in out 
crop, but hydrothermal alteration may be intensive in some areas. In 
particular, these rocks can be affected by different levels of potassic 
alteration. Sericitization and chloritization may be also present to some 
degree.

Plagioclase is the dominant mineral, with a proportion of around 
35 modal percent. Crystals are subhedral and the habit is short 
prismatic, with a maximum length of 1 cm. Twinning is on the albite 
law; optical zoning is complex. Cores may show convolute zoning whilst 
boundaries exhibit concentric zoning.

Plagioclase crystals contain corroded crystals of older plagioclase 
generations, as well as inclusions of apatite, amphibole and biotite. 
Plagioclase crystals can be partially altered to sericite and K-feldspar. 

K-feldspar is extremely rare in these rocks, less than 5% modal. 
When present, crystals are identified as orthoclase. They are anhedral and 
are found in interstitial spaces between plagioclase grains, intergrown. The 
maximum length of the crystals is about 1 cm. Twinning is lacking.

Quartz is a common mineral, although in lesser amounts than 
plagioclase (about 30 modal %). It exhibits undulatory extinction.

Green amphibole is a common accessory in these rocks, and may 
attain up to 10 modal percent. It occurs as euhedral, prismatic, olive-
green crystals, in the range of 3-10 mm in length. Zoning is absent, 
although twinning may be present. Amphibole may be altered by fine-
grained secondary biotite; these altered amphiboles tend to be more 
brownish in colour.

Primary biotite is a common accessory in these rocks, and the 
proportion is variable, but it averaging about 5 modal percent. The size 
of the crystals is in the range of 2-3 mm. Pleochroism is in brownish 
hues. Biotite can be partially replaced by chlorite and epidote, along 
grain boundaries and cleavages.
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A second generation of biotite is fine grained (only some tens 
of microns in lenght). Pleochrosim is reddish. Secondary biotite is 
associated with potassic alteration. 

Trace minerals in the Piedrancha-Cumbitara suite include apatite, 
zircon and ilmenite. Apatite crystals are relatively common, as euhedral 
prismatic grains less than 100 microns in length, normally as inclusions in 
other minerals.

Zircon is rare. It is observed as subhedral, rounded grains, mainly 
included in biotite. Zircon produces conspicuous metamictic aureoles 
when included in biotite or amphibole, although the mineral itself 
is not metamictic. It does not exhibit older cores, or obvious optical 
zoning.

Ilmenite is the only opaque mineral and it may be relatively 
common, although less than 1 modal percent. It occurs as small 
anhedral grains (less than 250 microns in size). In the altered areas, 
ilmenite is replaced by pyrrhotite.

• Porphyritic Hornblende Diorite of the late Miocene Cajamarca-
Salento (La Colosa) Porphyry Cluster

Porphyritic diorite of the La Colosa cluster are petrographically 
similar to diorite porphyry other late Miocene porphyry clusters in 
Colombia. The ratio matrix/phenocrysts is also highly variable, but in 
general the matrix predominates over the phenocrysts. The crystal 
size in the matrix is generally extremelly fine, and therefore it is very 
difficult to identify the mineral components using optical microscope. 
Moreover, potassic and sericitic hydrothermal alterations overprint in 
many cases the primary mineral associations.

Plagioclase is the dominant phenocryst phase (up to 50 modal 
%). Crystals are euhedral, with a short prismatic habit; the maximum 
length of the crystals is about 8 mm. Complex combinations of 
Karlsbad, Baveno, albite and pericline laws are the most common twin 
patterns.  Crystals have concentric zoning of the normal type, and 
have inclusions of many minerals, among them amphibole and older 
generations of plagioclase. Secondary potassic alteration and strong 
sericitization can be observed in some crystals. Some crystals may 
be completely pseudomorphed by secondary hydrothermal phases, 
including K-feldspar, sericite or secondary epidote and calcite.

In the matrix, the plagioclase crystals are almost 
cryptocrystalline, and are probably the most important constituent, 
comprising about 85 modal percent of the rock. They are subhedral, 
short prismatic, and do not exhibit polysynthetic twinning. Zoning 

is concentric. 

Quartz phenocrysts are rare in these rocks (less than 5 modal 
%). Modified subhedral beta-quartz crystals may exist, but when 
present, they are strongly corroded and embayed. These crystals do 
not surpass 4 mm in diameter. Undulatory extinction is not observed. 
Quartz is also scarce in the aphanitic matrix. It tends to be euhedral 
with the typical beta forms. The diameter of these crystals does not 
surpass 20 microns.

Amphibole is an essential mineral in these rocks, comprising about 
45 modal percent of the phenocrysts. Crystals may be defined as micro-
phenocrysts owing to their small size (ranging from 300 microns to 2 mm 
in length). Crystals are euhedral, and have a prismatic habit. Oscillatory 
zoning is very well defined in the fresh crystals, producing concentric 
variations in color, from pale green to dark green. Polysynthetic or simple 
twinning is common. In the altered areas, the amphibole grains are 
pseudomorphosed by secondary fine-grained biotite. In other cases they 
may be replaced by mixtures of clinochlore, epidote and sericite. In rare 
cases tremolitic uralite is observed.

Epidote occurs as a rare primary magmatic accessory mineral in 
the La Colosa diorites. It occurs as euhedral inclusions in fresh, unaltered 
plagioclase crystals. The crystals are short prismatic in habit and 
concentrically zoned. The crystal size is variable, but it tends to be in the 
order of 250 microns. 

Additional accessory minerals include apatite, zircon, magnetite and 
ilmenite. Zircon is a trace mineral, which is found as euhedral crystals with 
short prismatic habit, terminated by first and second order bi-pyramids. 
The length of the crystals does never surpass 50 microns. Zircon crystals 
are not metamict, and do not contain older cores.

Magnetite is a trace mineral occurring on the order of 1 modal 
percent. Crystals are euhedral octahedrons less than 10 microns in size, 
and are found disseminated in the phanitic matrix. They can also mantle 
ilmenite crystals, thus indicating the late formation of magnetite. Ilmenite 
is rarer than magnetite, but has been found as subhedral tabular skeletal 
crystals up to 100 microns in length. It is partly replaced by titanite, along 
cleavages and grain borders.

• Porphyritic Biotite Hornblende Granodiorite of the late Miocene 
Cajamarca-Salento (La Colosa) Porphyry Cluster

The La Colosa cluster porphyritic granodiorites paragenetically 
post-date the dioritic phases. This tendency to more felsic compositions 
over time is typical of many of the late Miocene porphyryclusters 
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and trends in Colombia. At La Colosa, these rocks exhibit a typical 
porphyrytic texture, consisting of phenocrysts of quartz, plagioclase, 
amphibole, biotite hosted within an aphanitic matrix. The ratio matrix/
phenocrysts is highly variable, but in general the matrix predominates 
over the phenocrysts. At La Colosa, these rocks have been affected 
by different grades of hydrothermal alteration, mainly potassic and 
sericitic.

Plagioclase is the dominant phenocryst phase comprising up to 
50 modal percent of the phenocrysts. Plagioclase crystals are euhedral, 
with a short prismatic habit. Maximum crystal length is about 8 mm, 
with most of the crystals exceeding 4 mm. Twinning is complex, and 
combinations of albite and pericline laws are distinguished. Conspicuous 
concentric zoning of the normal or complex types is widespread.

Mineral inclusions in plagioclase crystals comprise quartz, 
amphibole, biotite and strongly corroded earlier generation of 
plagioclase. In addition, some crystals have inclusions of volcanic glass 
arranged within concentric zones. Some secondary potassic alteration 
can be observed in different crystals, in the form of small veinlets 
of K-feldspar. Secondary epidote can be found along the boundaries 
of some grains, in many instances associated with zones of potassic 
alteration.

In the matrix, the plagioclase crystals are very fine-grained. They 
probably represent the most important constituent, at about 60 modal 
percent. Microliths are subhedral, short prismatic, and do not exhibit 
polysynthetic twinning. Zoning is concentric.

Quartz phenocrysts are very common in these rocks, constituting 
up to 20 modal percent. They modified modified beta-quartz with 
subhedral to euhedral bi-pyramidal crystal habit. They are very common 
as micro-phenocrysts. Many of the crystals are rounded, showing 
symptoms of resorption by the matrix, and embayment textures are 
very frequent. The maximum size of the crystals is close to 8 mm. Micro-
phenocrysts are on the order of 1 mm or less. The quartz phenocrysts 
do not show undulatory extinction.

Quartz is also a common constituent of the aphanitic matrix, 
although its small size complicates detailed study. It is euhedral and 
has similar shapes and sections as in the phenocrysts but do not show 
embayments, and occupies interstitial positions among the plagioclase 
crystals. Crystal size is on the order of 30 microns.

K-feldspar may constitute less than 10 modal percent of the matrix. 
Doubt remains however, due to crystal size and some potential degree 
of potassic alteration. K-feldspar grains are anhedral and interstitial 

between quatz and plagioclase. They do not present microperthite or 
twinning.

Amphibole is abundant in these rocks comprising about 16 modal 
percent. Fresh amphibole phenocrysts are euhedral, and have a prismatic 
habit.  A progressive change in crystal size from the matrix to the 
phenocrysts, from 300 microns to 3 mm, is observed. Many hornblende 
crystals may be better described as micro-phenocrysts. Micro-phenocrysts 
have similar characteristics to those of the phenocrysts. The amphiboles 
are concentrically zoned, with oscillitory color changes in various dark 
green hues, indicating generally high Fe contents. Polysynthetic or simple 
twinning is present in some crystals.

Most of the crystals are affected by hydrothermal alteration to 
some degree. Typically, the amphibole grains are altered to secondary 
fine-grained biotite or pseudomorphed by clinochlore and/or by 
uralite-type fibrous poor-Fe amphibole, as indicated by the pale green 
color.

Biotite is found as micro-phenocrysts, comprising up to 4 modal 
percent of the rock. It can be easily distinguished from amphibole by 
its brownish pleochroism. Primary biotite is euhedral and has a flat 
tabular habit. The crystal size is in the same range of the amphibole 
crystals. 

Biotite seems to be more stable than amphibole in the post-
crystallization environment. Regardless, it is locally altered to 
secondary biotite or clinochlore. Additional secondary biotite occurs 
as minute crystals, in many cases, only some microns in length. It is 
found as a replacement product of amphibole and may also replace 
volcanic glass in the matrix. Fe-poor clinochlore also replaces biotite 
along grain borders and cleavages. In some cases, clinochore is 
associated with fine-grained epidote and titanite.

Additional secondary and trace minerals include epidote, 
apatite, zircon, magnetite and ilmenite. Most of the epidote crystals 
are secondary, and occur as radial aggregates pseudomorphing 
plagioclase, biotite or amphibole. However, some crystals are found 
as inclusions in unaltered plagioclase and could be primary.

Apatite crystals attain a moderate size, up to 500 microns in 
length. The habit is prismatic with slightly rounded crystal faces. Zircon 
is found as euhedral crystals with short prismatic habit, terminated by 
first and second order by-pyramids. It is generally found as inclusions 
in phenocrysts. The length of the crystals does not exceed 50 microns. 
Zircon crystals are not metamict, nor do contain older cores
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Magnetite is a trace mineral comprising on the order of 1 modal 
percent of the rock. Crystals are subhedral rounded octahedrons 
less than 100 microns in size. Replacement to hematite is common 
along the grain boundaries and cleavages. Ilmenite is rarer than 
magnetite, but has been found as subhedral tabular skeletal crystals 
up to 100 microns in length. It is also partially replaced by titanite, 
along cleavages and grain boundaries. Hematite occurs as subhedral 
platelets, less than 100 microns in length. These platelets can be 
grouped in radial aggregates, and are often associated with altered 
zones. 







3. PHANEROZOIC TECTONO-MAGMATIC 
EVOLUTION OF THE COLOMBIAN ANDES



172
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 3 -  PHANEROZOIC TECTONO-MAGMATIC EVOLUTION OF THE COLOMBIAN ANDES

3.1 REGIONAL TECTONIC FRAMEWORK

From a geotectonic standpoint the Colombian Andes are 
contained within a region including the entire northwestern corner of 
South America, which is generally referred to the North Andes (Bird, 
2003) or Northern Andean Block (Cediel et al., 2003; Figure 16).

The evolution of the region and its modern day geologic, tectonic 
and physiographic expression is the result of the complex interaction 
between numerous large tectonic plates, beginning in the Proterozoic. 
Since the Meso-Cenozoic, no less than four plates, including the 
Farallon (now extinct), Nazca, South American and Caribbean have 
been involved (Figure 16).

The Northern Andean Block is considered by Bird (2003) 
as a microplate comprised of numerous parautochthonous and 
allochthonous plate fragments and tectonic slivers of continental, peri-
cratonic and oceanic affinity, which have been accumulated tectonically 
along the northwest margin of South America, broadly bound by the 
Guiana Shield (South American Plate) to the east, the Pacific (Nazca) 
plate to the west and the Caribbean plate to the north (Cediel et al., 
2003).

From an historical viewpoint, various tectonic models for the 
development of the Colombian Andes and adjacent Caribbean region 
have been proposed (e.g. Burke et al., 1984; Kellogg et al., 1985; Restrepo 
and Toussaint, 1988; Pindell et al., 1988; Taboada et al., 2000). It was 
recognized that the present northern Andean configuration is the result 
of a complex history including collision and accretion of allochthonous 
terranes and the development of subduction-related arcs along the 
northwestern South American margin (Restrepo and Toussaint, 1988). 
Although emphasizing locally important features regarding Colombian 
tectonic development however, early works suffered from a variety of 
spatial (geo-political) and/or temporal limitations, and in some cases 
the conclusions are now known to be invalid.

More recent regional tectonic models recognize the fact that an 
accurate account of Colombian tectonic evolution cannot be obtained 
through the imposition of geo-political limits upon model construction. 
The understanding of Colombian tectonics involves an understanding 
of the integrated geological evolution of the entire northern Andean 
region, from northern Peru through Venezuela. In this context, two 
recent publications are noteworthy, including Cediel et al. (2003) 
and Kennan and Pindell (2009). From a regional standpoint, both of 
these papers recognize the critical importance of the Meso-Cenozoic 
evolution and emplacement of the Caribbean Plate in the tectono-
magmatic development of the Northern Andes. 

In an analysis spanning the Proterozoic to the present, Cediel et al. 
(2003) describe more than 30 litho-tectonic and morpho-structural units 
(terranes, terrane assemblages, physiographic and morpho-structural 
domains etc.), contained within four major tectonic realms. Each realm 
records distinct and in some cases unique internal deformation styles as a 
response to progressive westward accretionary continental growth along 
the Guiana Shield margin. Terrane assemblages are delimited by important 
regional-scale sutures and fault systems (Figure 17).

The Kennan and Pindell (2009) analysis contains recent information 
and updated concepts regarding large-scale aspects of northen Andean 
tectonic evolution, and northern Andean-Caribbean Plate interaction. 
Their analysis focuses primarily upon the nature and evolution of the 
Caribbean Plate.

With respect to tectonic development, Cediel et al. (2003) describe 
Colombian tectonic configurations and orogenic events during the mid-late 
Proterozoic, the early- to middle-Paleozoic, the late Paleozoic-Mesozoic 
and during the Meso-Cenozoic to recent (coincident with the Northern 
Andean Orogeny - Bürgl, 1967; Campbell, 1974; Irving, 1975; Cediel et 
al., 2003). They note that the geotectonic evolution of the region can be 
separated in pre-Northern Andean Orogeny events (that is, events prior to 
approximately the Aptian) and Northern Andean (syn-Aptian and onwards) 
orogenic events.

Aspden et al. (1987) presented a temporal – spatial analysis of 
granitoid magmatism in the Colombian Andes based upon the compilation 
of published K-Ar and Rb-Sr radiometric age dates for Colombian intrusive 
rocks (ca. Figure 1). They defined five episodes of arc-related magmatism, 
including during the Triassic, Jurassic, Cretaceous, Paleogene and Neogene, 
and offered an interpretation of the tectonic framework for each period.

The present synthesis of granitoid magmatism throughout the 
Colombian Andes is based primarily upon U-Pb (zircon) age dates, 
major-minor-trace element petrochemical analyses and geochemical - 
isotopic studies for granitoid intrusive and volcanic rocks, generated by 
various authors since ca. 1995. The majority of the new data has been 
published since ca. 2006. The composite data set provides a more precise 
framework upon which to reconstruct the temporal-spatial development 
of Phanerozoic granitoid magmatism in Colombia.

In this context, detailed time-space analyses of magmatism, within the 
tectonic framework of the Colombian Andes, have been presented above 
(Figures 5, 8, 11 and 15). On the basis of the U-Pb (zircon) crystallization 
ages summarized in Figure 1, six major periods of Phanerozoic granitoid 
magmatism have been defined, including: early Paleozoic (ca. 485-460 
Ma), Carboniferous (ca. 333-310 Ma), Permo-Triassic (ca. 288 - 235 Ma), 
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Figure 16. Northwestern South America plate tectonic collage. Relative movement vectors and velocities in mm/a after 
Bird (2003). Panama (PM) and North Andes (ND) microplates are also shown. Northern Andean Block as defined by 
Cediel et al. (2003) is shown in blue for comparison.



174
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A
CHAPTER 3 -  PHANEROZOIC TECTONO-MAGMATIC EVOLUTION OF THE COLOMBIAN ANDES

Figure 17. Litho-tectonic and morpho-structural map of the Northern Andean Block after Cediel et al. (2003). Inset map shows the major 
tectonic realms as defined by these authors.
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Jurassic (ca. 210-149 Ma), late Cretaceous to Paleogene (ca. 96-44 Ma) 
and Miocene to Pliocene (ca. 23 – 1.2 Ma). Moreover, within these major 
periods of granitoid magmatism, the resolution of the U-Pb (zircon) age 
dates, and additional petrochemical and isotopic data geochemical data, 
permit the definition of various magmatic pulses within each of the 
major periods of granitoid magmatism. This resolution permits a detailed 
analysis of the spatial migration of Phanerozoic granitoid magmatism over 
time. When this information is integrated with recent kinematic tectonic 
models for the evolution of the Colombian Andes such as those presented 
by Cediel et al. (2003) and Kennan and Pindell (2009), refined conclusions 
can be drawn about the nature and timing of the tectonic assembly of the 
Colombian Andes.

In the following sections the time-space analysis of Phanerozoic 
granitoid magmatism presented above is integrated into the kinematic 
models for the tectonic development of the region as presented by Cediel 
et al. (2003). Herein, tectono-magmatic development is considered in 
terms of two broad time periods; 1) Pre-Northern Andean Orogeny 
(ca. early Paleozoic through early Cretaceous), and 2) Northern Andean 
Orogeny-related (ca. early Cretaceous through Pliocene).

3.2 PRE-NORTHERN ANDEAN OROGENY TECTONO-MAGMATIC 
DEVELOPMENT

Three major pre-Northern Andean Orogeny tectonic events are 
recognized in the Colombian Andes, including 1) the mid-Proterozoic 
Orinoco Orogeny (Cediel and Cáceres, 2000; the early Paleozoic Quetame 
Orogeny (Cediel and Cáceres, 2000; Cediel et al., 2003), and 3) a prolonged 
period of crustal taphrogenesis punctuated by Permo-Triassic tectonism, 
referred to as the Bolivar Aulocogen Cediel and Cáceres (2000) and Cediel 
et al. (2003). 

3.2.1 ORINOCO OROGENY

This orogeny was described by Cediel and Cáceres (2000), as the 
result of the collision of the North American continental block with the 
Guiana Shield region of continental South America, broadly during the 
‘Grenvillian’ (ca. 1300 to 800 Ma). Recent studies by Cordani et al. (2005) 
and Cardona et al. (2010a) on several Precambrian (Grenvillian) inliers 
exposed in the Eastern and Central Colombian Cordilleran Systems, suggest 
that such remnants were emplaced along the northwestern border of the 
Amazonian Craton during the meso- Proterozoic (1.25 to 1.08 Ga), through 
direct interaction with Baltica, as the supercontinent Rodinia was being 
assembled. In either case, the collision is recorded in the exhumed portions 
of a granulite-grade metamorphic belt presently exposed in the Garzón 
Massif, the Santander Massif and the Sierra Nevada de Santa Marta, for 

which combined K-Ar and Rb-Sr metamorphic age dates range from 1200 
to 800 Ma (Tschanz et al., 1974; Kroonenberg, 1982; Restrepo- Pace et al., 
1997; Cordani et al., 2005; Cardona et al., 2010a).

The embedded allochthonous fragment, sutured to the South 
American plate along the Santa Marta-Bucaramanga-Suaza Faults System, 
was designated the Chicamocha Terrane by Cediel and Cáceres (2000) 
and Cediel et al. (2003). This paleo-allochthonous wedge underlies the 
Eastern Cordillera, the Magdalena basin, the Serrania de San Lucas and 
eastern portion of the Central Cordillera. It is broadly bound to the west 
by the Palestina fault and suture system.

A discussion of the development of granitoid magmatism 
associated with the Proterozoic Orinoco Orogeny is beyond the scope 
of this presentation. Regardless, the recognition of this event, due to 
its fundamental influence upon Phanerozoic granitoid magmatism in 
Colombia, is essential. The faults and suture systems which border the 
Chicamocha terrane, including Bucaramanga-Santa Marta-Suaza to 
the east and Palestina to the west, became crustal-scale conduits for 
the localization of significant calc-alkaline and per-alkaline magmatism 
during the Phanerozoic. Additionally, the continental affinity of the 
metamorphic basement comprising the Chicamocha Terrane has had a 
distinct influence on major, minor and trace element petrochemistry, 
and Rb-Sr, Nd-Sm, Pb-Pb isotope geochemistry of granitoid magmas 
emplaced within this domain vs. those granitoids emplaced to the west 
of the Palestina suture (Leal-Mejía, (2011). Finally, reactivation of the 
bounding fault and suture systems to the Chicamocha Terrane (i.e. 
Bucaramanga-Santa Marta-Suaza and Palestina) has provided a major 
control on the tectonic development and modern-day physiographic 
expression of the Colombian Andes, as a result of the events related 
Northern Andean Orogeny during the Mezo-Cenozoic.

3.2.2 QUETAME OROGENY

During the latest Proterozoic and early Paleozoic the Grenvillian 
basement (Chicamocha Terrane) and the western margin of the 
Amazon Craton (Guiana Shield) comprised the subsiding basement to 
thick deposits of marine and epicontinental sediments of Ordovician 
and Silurian age. In Colombia, these autochthonous supracrustal 
sequences underwent Cordilleran-type deformation and regional 
sub-greenschist to amphibolite grade metamorphism, and were 
intruded by subduction-related granitoids (Restrepo-Pace, 1995). 
In the Colombian Andes, this orogenic activity was referred to as 
the Quetame Orogeny by Cediel and Cáceres, (2000) and Cediel et 
al., (2003). At a regional scale this orogeny may be compared with 
the Ocloy Orogeny in Ecuador and Peru and the Ocloyic Orogeny of 
northern Argentina (Ramos, 2000).
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In the eastern Colombian cordilleras, this orogeny is recorded in the 
Quetame Group (Quetame Massif), the Silgará Group (Santander Massif), 
and in rocks exposed in the Sierra Nevada de Santa Marta.

To the west, the Cajamarca, Valdivia and Montebello Groups 
formed a peri-cratonic assemblage of marine affinity which was sutured 
to the Grenvillian (Chicamocha) paleo-margin of South America, along 
the approximate trace of the paleo-Palestina Fault and Suture System 
(Figure 18). Based upon available (albeit limited) radiometric age data 
(Maya, 1992) and paleo-geographic reconstructions (Cediel et al., 
2003), peak metamorphism during the Quetame Orogeny is inferred to 
have been attained in the late Ordovician to Silurian. 

Within the context of this early Paleozoic tectonic framework, 
granitoid magmatism is recorded from ca. 485 to 460 Ma. Magmatism 
is, for the most part, spatially restricted to the Santander, Quetame 
and Floresta massifs of the eastern Colombian Andes. In the northern 
Central Cordillera, a single early Paleozoic U-Pb (zircon) date was 
returned from granitoid rocks out cropping along the Otú fault near 
Zaragoza (Leal-Mejía, 2011). Although highly altered, the trace element 
geochemistry of granitoids from the Santander massif (Leal-Mejía, 
2011), indicate they are of calc-alkaline, subduction-related origin. In 
general, occurrences of early Paleozoic granitoids appear to have been 
volumetrically minor and/or are poorly preserved, attesting to the 
aggressive tectonics, leading to exhumation and deep levels of erosion, 
brought on by post-Paleozoic tectonic events in the Northern Andes.

A composite paleo-tectonic reconstruction of the early Paleozoic 
was presented by Cediel and Cáceres (2000) and Cediel et al. (2003). 
This reconstruction was based upon regional geological mapping, 
the analysis of the spatial distribution of early Paleozoic volcano-
sedimentary lithofacies, and radiometric age dating available for 
intrusive rocks of this time period. It is redrawn herein in Figure 18. This 
reconstruction depicts an “Andean-style” continental margin, with the 
development of a subduction-related magmatic arc between ca. 485 to 
460 Ma. The arc axis was localized along the crustal-scale weakness of 
the Bucaramanga-Santa Marta-Suaza fault system.

With respect to the 473 Ma quartz diorite exposed along the Otú 
fault near Zaragoza, this expression of granitoid magmatisn is located 
significantly to the west of occurrences recorded in the Santander, 
Floresta and Quetame massifs. Present levels of paleo-tectonic 
understanding do not permit direct correlation between the Zaragoza 
and eastern Colombia occurrences, although they are of similar overall 
age. The data serve as an indication of the complexity and weak overall 
understanding of the distribution of early Paleozoic magmatism in the 
Colombian Andes.

During the Carboniferous, ca. 330 - 310 Ma granitoid magmatism 
represented by the El Carmen - El Cordero stocks near El Bagre (Leal-
Mejía, 2011), represents a previously undocumented period of Colombian 
magmatic activity, which falls outside the context of the Quetame Orogeny. 
The data related to the El Carmen stock at El Bagre, both in terms of age 
and petrochemistry, presently stand unique, not only for the Colombian 
Andes, but for the entire northern Andean region.

In Colombia, the ca. 333 to 310 Ma time period (late Mississippian - 
early Pennsylvanian) is considered a time of flysch-type sedimentation and of 
general magmatic hiatus in northwestern South America (Cediel et al., 2003). 
Notwithstanding, the El Carmen - El Cordero stock is of a metaluminous calc-
alkaline, and hence active margin, subduction-related nature.

The age of these intrusives significantly pre-date the age of the 
well documented gneissic granitoids of the Permo-Triassic (Vinasco et al., 
2006), and we are not aware of any published U-Pb ages in Colombia with 
which to compare our El Carmen – El Cordero data. Petrographically and 
petrochemically, the El Carmen samples conform to a suite of mantle-
derived, tholeiitic granitoids which, although not common, are generally 
the result of leading-edge plutonism in calc-alkaline volcanic island arcs 
constructed upon oceanic crust (Barbarin, 1999). Speculation on the 
nature, size and origin of Mississippian magmatic arcs in Colombia, based 
upon a single sample set, is premature.

Within the Andean region in general, the nearest calc-alkaline 
granitoids of Carboniferous age are found in the ca. 329 Ma Pataz Batholith, 
located in the upper Marañon River valley of the northern Eastern Cordillera 
of Peru. Pataz forms part of a more extensive belt of Mississippian age calc-
alkaline I-type subduction-related granitoids (ca. 347-321 Ma) flanking the 
Eastern Peruvian Cordillera north of 11oS (Haeberlin et al., 2004).

Mišković et al. (2005) proposed a geodynamic model for the Pataz 
Batholith, in which the eastward subduction of Pacific crust beneath the 
western Gondwana margin during the late Devonian to early Carboniferous 
generated a unimodal suite of metaluminous calc-alkaline granitoids. 
They suggest this granitoid magmatism denotes the position of an active 
lithospheric boundary between western Gondwana (western Amazon 
Craton) and variable Paleozoic terranes, during the final assembly and 
ultimate break-up of Pangea.

3.2.3 BOLIVAR AULACOGEN

This name, proposed by Cediel and Cáceres (2000) and Cediel 
et al. (2003), refers to a prolonged period of continental taphrogenesis 
surrounding northwestern South America from the late Paleozoic to the 
middle Cretaceous (Figure 19).
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Figure 18. Tectono-stratigraphic reconstruction of the early Paleozoic after Cediel and Cáceres (2000). Granitoid 
magmatism was focused along the mid-Proterozoic Bucaramanga-Santa Marta-Suaza suture.
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Figure 19. Composite reconstruction of the late Paleozoic through early Cretaceous Bolivar Aulacogen (modified 
after Cediel and Cáceres, 2000; Cediel et al., 2003 and Pindell and Kennan, 2009).
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This extensional regime initiated with the development of an 
intracontinental rift and the deposition of continental and shallow marine 
volcanic and sedimentary strata of Mississippian and Pennsylvanian-
Permian age in the Sierra de Merida and the Eastern Cordillera of Colombia 
(e.g. Sumapaz Range). Rift-related deposits are also interpreted for the 
Triassic (Payandé Formation), early Jurassic (Morrocoyal) and middle 
Jurassic (Siquisique). In the late Jurassic extensive rifting is marked by 
deposition of the continental and volcano-clastic deposits of the Girón, La 
Quinta and Jordán Formations.

The Bolivar Aulacogen culminated in the early Cretaceous with 
the opening of the Valle Alto rift, which facilitated the invasion of the 
Cretaceous seaway and the deposition of marine and epicontinental 
sequences of variable thicknesses over extensive areas of northwestern 
Colombia. Regional extension terminated in the early Cretaceous with the 
shift of tectonic regime to compressional (transpressional), marking the 
onset of the Northern Andean Orogeny.

From a magmatic standpoint, two major periods of granitoid 
emplacement are recorded within the context of the Bolivar Aulacogen: 
in the Permo-Triassic and in the Jurassic. The tectonic framework of these 
magmatic events is now outlined.

• Permo-Triassic Granitoid and Granitoid Gneiss

Vinasco (2004) and Vinasco et al. (2006), produced detailed U-Pb 
and Ar-Ar dates and petrochemical analyses for Permo-Triassic granitoids 
and gneissic granitoids from numerous locations in Colombia‘s Central 
Cordillera. They concluded that, although zircons from the gneissic 
granitoids produced various inheritance ages, dating from as old as 
the mid-Proterozoic, the overall suite was emplaced in three phases, 
at ca. 280 Ma, ca. 250 Ma, and ca. 230 Ma. They documented that, 
both mineralogically and petrochemically, the suite is consistently 
peraluminous (S-type). Samples plot as medium- to high-K calc-alkaline 
magmas, however in all cases; isotope geochemical data indicate a 
large degree of interaction with, or derivation of magma from, crustal 
sources.

Vinasco et al. (2006) suggest that that the granitoids and 
gneisses are the products of regional Permo-Triassic tectono-thermal 
orogenesis associated with the assembly and break-up of the Pangea 
supercontinent. Based upon the genetic model presented by Vinasco 
et al. (2006) the Permo-Triassic suite documents collision-related 
metamorphism at ca. 280 Ma, followed by the emplacement of 
(foliated) peraluminous syn-kinematic granitoids at ca. 250 Ma, and 
orogenic collapse accompanied by late tectonic, unfoliated granitoid 
intrusions at ca. 230 Ma.

A degree of controvery surrounds the nature and extent of the Permo-
Triassic tectono-thermal event, and it is difficult to reconcile continental 
collision and associated magmatism and (regional?) metamorphism within 
the context of the Bolivar Aulacogen. For example, there is little evidence 
of Permo-Triassic metamorphism or deformation recorded within the 
autochthonous volcano-sedimentary strata of early through late Paleozoic 
and early Mesozoic age in the region. These rocks should, in concept, be 
affected by a minimum greenschist to amphibolite grade metamorphism 
and penetrative deformation brought on by such a regional tectono-
thermal event.

The El Carmen – El Cordero granitoid suite provides a case-in-point 
example of this geological quandary. Documentation provided by Leal-
Mejía (2011) indicates it is of Mississippian age (ca. 333 to 310 Ma), 
predating the Permo-Triassic tectono-thermal event by about 30 million 
years. Regardless, detailed petrographic study of the El Carmen - El Cordero 
suite by Leal-Mejía (2011) failed to reveal significant post-crystallization 
penetrative deformation or regional metamorphism.

It is noteworthy that, in addition to documenting the age and nature 
of Permo-Triassic granitoids in central Colombia, Vinasco et al. (2006) also 
document the consistent close spatial and temporal relationship between 
peraluminous granitoids and amphibolite, on both the eastern flank (e.g. 
Padua amphibolite) and western flank (e.g. El Retiro amphibolite) of the 
Central Cordillera. Whole-rock anaysis of the El Retiro amphibolite by Leal-
Mejía (2011) reveal it is basaltic in composition with borderline tholeiitic-
alkaline chemistry. Thus, a certain degree of bimodality (granite vs. basalt) 
is recorded in the Permo – Triassic suite.

Elsewhere in the Andes, in the Eastern Cordillera of Peru, 
contemporaneous bimodal magmatism involving S- (and A-) type 
granitoids and alkaline basaltic magmas is interpreted to reflect rift-related 
magmatism within an extensional environment (Mišković et al., 2005). 
This observation suggests an alternative interpretation for the genesis and 
spatial–temporal relationship between Colombian peraluminous (S-type) 
granitoids and amphibolites, which does not involve a major collisional 
and tectono-thermal event. A rift-related interpretation would be much 
more in line with the overall taphrogenic context of the Bolivar Aulocogen, 
and would explain the general lack of Permo-Triassic deformation and 
metamorphism in the middle and late Paleozoic statigraphy of the 
Colombian Andes.

• Jurassic Granitoids

Detailed petrochemical data for all Jurassic-aged plutonic and 
volcanic granitoids studied to date reveal a clear metaluminous 
(I-type), medium- to high-K calc-alkaline geochemistry, and permit 
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the conclusion that these granitoids are, without exception, 
subduction-related.

U-Pb (zircon) dates presented herein permit the recognition of at 
least three magmatic episodes during the Jurassic: 1) ca. 210 to 200 Ma, 
dominating the Mocoa batholith (Garzon Massif) and the ‘Santander 
Plutonic Group’ in the Santander Massif of the eastern Colombian Andes, 
2) ca.194 to 182 Ma, observed in the Sierra Nevada de Santa Marta, 
Serranía de San Lucas and southern Ibagué batholith, and 3) ca. 167 to 149 
Ma, in the Segovia batholith and northern Ibagué batholiths (Figure 7). 

Temporal-spatial analysis of Jurassic magmatism thus reveals a broad 
westward migration of the magmatic arc axis between the period ca. 210 to 
149 Ma, from the Garzon-Santander Massifs, through the Sierra Nevada de 
Santa Marta – Serrania de San Lucas – southern Ibague batholiths, and into 
the Segovia and northern Ibague batholiths. The development of initial 
rifting and associated tectonic basins, and subduction-related batholiths 
and their back-arc basins, was favored by the location of pre-existing fault 
and suture systems such as Bucaramanga-Santa Marta-Suaza and Palestina 
(Aspden et al., 1987; Cediel et al., 2003; Pindell and Kennan, 2009). 

A complex distribution of rifts and fore arc and back arc basins, with 
subduction-related continental-margin magmatic arcs, coexisting within a 
regionally extensional environment is visualized in Figure 19.

In all cases, east-dipping subduction of oceanic lithosphere beneath 
the northern Andean margin, from a subduction zone located to the west, 
is indicated. Hamilton (1995) notes that in general, continental margin 
magmatic arcs are extensional in nature (hence the development of back-arc 
basins and arc-axial grabens). He cites slab-pull (roll-back) due to the sinking 
of dense fore-arc oceanic lithosphere into the mantle as the major factor in 
the development of extension across a magmatic arc (see Figure 20).

Based upon the significant volume of coeval volcanic rocks observed 
in the Santander Massif (Jordan Fm.), the southern Sierra Nevada de 
Santa Marta (Guatapurí Fm.), the Serrania de San Lucas (Norean Fm.) 
and southern Ibague Batholith (Saldaña Fm.) (Figure 6) the early phase 
of subduction-related Jurassic arc evolution, from ca. 210 to 182 Ma, was 
highly extensional, and developed in an environment permissive to the 
generation and preservation of large quantities of extrusive rocks.

Jurassic arc-related granitoid magmatism in the Colombian Andes 
terminates at ca. 150 Ma. Regional extension however continues into the 
early Cretaceous, with the opening of the Valle Alto rift and the invasion 
of the Cretaceous seaway (Cediel et al., 2003; Cáceres et al., 2003). This 
generally extensional regime gives way to the aggressive accretionary 
tectonics of Northern Andean Orogeny beginning in the Aptian-Albian.

3.3 THE NORTHERN ANDEAN OROGENY

From an historical context, in Colombia, the Northern Andean Orogeny 
has been referred to by various authors (e.g. Bürgl, 1967; Campbell, 1974; 
Irving, 1975). However, general disagreement is observed in the literature 
with respect to the timing and spatial distribution of events, especially 
deformation and magmatism.

Based upon integrated time and space analysis and considering 
the nature of the pre- Andean tectonic framework, Cediel et al. (2003) 
redefined the Northern Andean Orogeny to include the orogenic events 
occurring since the transition from the generally extensional regime of 
the late Triassic through earliest Cretaceous (Bolívar Aulacogen) to the 
compressive and transpressive (accretionary) regimes beginning in the 
Aptian-Albian and continuing up to the present.

The Northern Andean Orogeny is highly influenced by the interaction 
between allochthonous litho-tectonic components of Pacific provenance 
and the South American continental autochthon, which at the time included 
the Guiana Shield and paleo- allochthonous rocks of mid-Proterozoic and 
Paleozoic age.

Recent works demonstrate the integral relationship between the 
evolution, migration and emplacement of the Caribbean Plate and the 
tectonic development of the Northern Andean Block (e.g. Cediel et al., 
2003; Kerr et al., 2003; Kennan and Pindell, 2009). Models demonstrating 
the sequential tectonic assembly of the Northern Andean Block, leading to 
the modern-day tectonic and morpho-structural expression of the region, 
were proposed. Herein these models are summarized in three kinematic 
reconstructions (Figures 21, 22 and 24). In principal the magmato-tectonic 
assembly process involves the emplacement of subduction-related 
granitoid magmatism followed by terrane collision and accretion. A 
magmatic hiatus is recorded prior to the re-establishment of subduction 
and the resumption of metaluminous calc-alkaline magmatism. This 
process is observed to be repeated in the Romeral, Dagua, Gorgona and 
Chocó Arc events, as detailed below.

3.3.1 ROMERAL EVENT

The Romeral event (Figure 21) is the first event which marks the 
onset of the Northern Andean Orogeny. In contrast to the generally 
extensional, magmatic arc-related regime of the Jurassic, the Romeral event 
is characterized by the general absence of granitoid magmatism throughout 
the Colombian Andes during the latest Jurassic and early Cretaceous. 
Products of Romeral tectonism include the formation of the Romeral Fault 
and Suture System, and the development/emplacement of the Romeral 
mélange (Romeral terrane; Cediel et al., 2003). The Romeral event is marked 
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Figure 20 A - B. Schematic sections denoting salient features of mid-
Jurassic subduction and granitoid magmatism within the context of the 

Bolivar Aulacogen (modified after Leal-Mejía, 2011).
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Figure 21. Paucity of granitoid magmatism 
within the context of the perdominanty dextral 
transcurrent, early Cretaceous Romeral event, 
after Cediel et al. (2003).
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by the formation of high-pressure/low-temperature metamorphic rocks 
contained within the eastern Romeral Fault and Suture System and mélange. 
K-Ar analyses of glaucophane schists at Jambaló returned ages of ca. 132 
to 125 Ma (McCourt and Feininger, 1984). Recent research by Bustamante 
(2008) recorded a minimum Ar-Ar age for exhumation of ca. 120 Ma.

Cediel et al. (2003) note that the allochthonous vs. in situ nature 
of the Romeral mélange/terrane remains unclear, but current information 
suggests the presence of both allochthonous components and components 
of a peri-cratonic nature formed in a continental margin basin (Nivia et 
al., 2006; Kennan and Pindell, 2009). Additionally, the mélange contains 
tectonic floats of older continentally-derived materials of Proterozoic and 
Paleozoic age (Arquia complex?).

Detailed study of the Romeral fault documents highly oblique 
dextral compression, suggesting that movement/interaction between 
the Colombian margin and Pacific regime was mostly dextral transcurrent 
during this time period.

As noted, granitoid magmatism during the Romeral period is scarce. 
Minor intrusions associated with the early magmatic phases of the 
composite Mariquita Stock have returned U-Pb (zircon) ages as old as ca. 
135Ma range (Agustin Cardona, personal  communication). The generally 
transcurrent nature of the Colombian-Pacific margin during Romeral time 
accounts for the paucity of subduction-related granitoid magmatism 
associated with the Romeral event.

3.3.2 DAGUA EVENT

The Dagua event (Figure 22) refers to the approach, collision and 
accretion of the oceanic Dagua-Diabasico assemblage (DaguaTerrane; 
Cediel et al., 2003) along the Cauca Fault and Suture System during 
the late Cretaceous - Paleogene. The Dagua assemblage is comprised 
primarily of E- and N-MORB diabase and oceanic sediments including 
greywacke, siltstone and chert. The assemblage is interpreted to 
represent an oceanic plateau or aseismic ridge of late Cretaceous age 
developed upon/within the Caribbean oceanic plate. The Cauca Fault 
and Suture System is characterized by north-east verging thrust faults 
with a distinct dextral-oblique component. Dagua-Diabasico accretion 
results in reactivation and deformation of the previously developed 
Romeral and Palestina fault and suture systems systems farther east. 
Timing of accretion of the Dagua assemblage is marked by a well 
defined uplift-related regional unconformity in the Paleocene-Eocene 
(Cediel and Cáceres, 2000).

Following the ca. 50 million year hiatus in granitoid magmatism, 
broadly coincident with the Romeral event, volumetrically significant 

metaluminous calc-alkaline, subduction-related magmatism reappears 
in the Colombian Andes within the context of the Dagua event. 
This magmatism is recorded in the “eastern” group of intrusives of 
Cretaceous to Paleogene age, emplaced along the continental margin 
to the east of the Romeral Fault and Suture System. 

These subduction-related granitoids include the Antioquia 
Batholith and satellite plutons, and the Sonsón Batholith, and 
the lesser plutons of the Central Cordillera to the south and east, 
including the Mariquita, Manizales and El Hatillo stocks and the El 
Bosque Batholith, among others. Subduction-related magmatism 
in the context of the Dagua event is considered to reflect the NE-
directed subduction/consumption of Caribbean oceanic crust prior 
to the collision of the Dagua assemblage with the northern Andean 
continental margin.

The dextral oblique nature of the subduction regime along 
the Colombian margin during the Dagua event is invoked to explain 
the generally equant geometry of the “eastern” group Cretacous to 
Paleogene plutons, in contrast to the elongate batholiths developed 
under more “typical” Andean-style subduction regimes, for example 
within the Central Andes, during this time period.

The timing of Dagua accretion is indicated by changes in the 
volume and petrochemistry of the “eastern” group of subduction-
related granitoids. The main phase emplacement of the Antioquia 
Batholith took place in two pulses, from ca. 89 to 82 Ma and from ca. 
81 to 72 Ma, accounting for greater than 80% of batholith volume. 
This period would coincide with a period of maximum consumption of 
Caribbean crust beneath northwestern South America. Following a ca. 
8 to 10 million year hiatus, the final Paleogene phase of the Antioquia 
batholith is volumetrically minor (e.g. the ‘Providencia tonalite’) and 
demonstrates Na-rich “adakite-like” characteristics.

Within the Jurassic to Cretaceous Coastal batholith of Chile, 
Parada et al. (1999) suggested that adakitic magmatism formed the 
final product of a magmatic series initially involving the emplacement 
of non-adakitic, mantled-derived (metaluminous) calc-alkaline 
magmas as the products of subduction-related arc magmatism. These 
authors explain the magmatic transition using a model of lithospheric 
delamination following the collision of an oceanic ridge with the 
continental margin. This process led to the upwelling of asthenospheric 
mantle and extensional deformation in the overlying continental 
crust, with associated ‘adakite-like’ magmatism when subduction 
resumed.  They note that Nd values within the Coastal Batholith show 
a vertical increasing trend coincident with the transition to adakitic 
compositions.



185
»»

PE
TR

O
LE

U
M

 G
EO

LO
GY

 O
F 

CO
LO

M
BI

A

• REGIONAL GEOLOGY OF COLOMBIA

Figure 22.  Late Cretaceous to Paleogene 
subduction-related magmatism during the 
Dagua event (modified after Cediel et al., 
2003).
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A similar model can be proposed for the genesis, magmatic evolution 
and shutdown of the Antioquia Batholith. The late Cretaceous magmatic 
phases of the Antioquia Batholith record mantle-derived, subduction-
related magmatism. A magmatic hiatus of on the order of ca. 10 million 
years, between ca. 72 Ma and 62 Ma is recorded, representing collision/
accretion of the Dagua assemblage with the northern Andean margin, 
followed by resumption of magmatism at ca. 62 Ma. This renewed phase 
of magmatisn included emplacement of the ‘adakite-like’ Providencia 
tonalite. Notably, the Antioquia Batholith produces a vertical increasing Nd 
array, very similar to that observed for the middle Jurassic to Cretaceous 
magmatism of the Chilean Coastal Batholith (Leal-Mejía, 2011). In 
conclusion, shutdown of the Antioquia Batholith magma chamber can 
be related to the hiatus in subduction of Caribbean crust, caused by the 
oblique collision and accretion of the Dagua Terrane.

Calc-alkaline granitoid magmatism, at a greatly reduced rate, 
continued in the Central Cordillera to the south of the Antioquia Batholith 
(e.g. Sonsón, Manizales, El Hatillo, El Bosque plutons). This magmatism 
demonstrates a general southward and eastward migration of magmatic 
centers within the ‘autochthonous’ Colombian arc during the Paleocene 
and early Eocene. Notably the El Hatillo Stock also records ‘adakite-like’ 
petrochemistry. These lesser plutons confirm a significant reduction in 
magma volume following Dagua terrane accretion, which ultimately leads 
to the final shutdown of the “eastern” or autochthonous Cretaceous to 
Paleogene granitoid arc.

A scematic illustration of the late Cretaceous to Paleogene 
emplacement and magmatic evolution of “eastern” group subduction-
related granitoids in Colombia’s Central Cordillera is presented in 
Figure 23.

With respect to the “western” group of parautochthonous to 
allochthonous Cretaceous to Eocene granitoids, again, all are metaluminous 
and calc-alkaline. Petrochemical data indicate they represent subduction-
related magmatism within or to the west of the Romeral Fault and 
Suture zone during this time period. The Buga Batholith appears to have 
intruded the post-accretion Romeral assemblage at ca. 92 Ma, and hence 
is considered to be relatively in situ and associated with the subduction 
of Caribbean crust. The Mistrató Batholith and Jejenes pluton mark arc-
related calc-alkaline magmatism generated in peri-cratonic to continental 
margin environments. The same may be said for the Irra stock, although the 
per-alkaline nature of this intrusion is somewhat enigmatic. It is contained 
within Romeral terrane basement, emphasizing the mélange-like nature of 
the Romeral assemblage.

The Mandé-Acandí batholiths and associated Santa Cecilia – La Equis 
volcanics represent the largest expression of metaluminous, calc-alkaline, 

subduction-related magmatism of late Paleocene-Eocene age in western 
Colombia. Magmatism was developed in an intra-oceanic environment 
and constructed upon the trailing edge of the Caribbean oceanic plateau 
due to the east-directed subduction of the Farallones plate beneath the 
western Caribbean Plate margin (Kennan and Pindell, 2009). The Mandé-
Acandí granitoids followed the northward and eastward migration of the 
Caribbean Plate. The final assembly and accretion of the Choco Arc took 
place along the northwestern-most Colombian margin beginning in the 
Miocene. 

The appearance of the “western” group of granitoid plutons within 
Colombia’s western cordilleran system during the Cretaceous and Paleogene 
is primarily the result of the tectonic modification of granitoids generated 
and emplaced in a peri-cratonic environment. The “western” group 
plutons, especially the Mande-Acandi arc, are considered generatively 
distinct from the “eastern” group. They do not reflect the sudden, rapid 
or erratic westward migration of Cretaceous to Paleogene granitoid 
magmatism in western Colombia. Their formation appears independent of 
the subduction responsible for generation of the autochthonous “eastern” 
group granitoids.

3.3.3  Gorgona Event and Assembly and Accretion of the Chocó Arc

The Gorgona event (Figure 24) refers to the approach, collision and 
accretion of the Gorgona Terrane along the southwestern Colombian 
margin during the Oligo-Miocene (Cediel et al., 2003). As with the Dagua 
Terrane, the Gorgona assemblage represents an aseismic oceanic plateau. 
Gorgona contains massive basaltic flows, pillow lavas, komatiitic lava flows, 
and a peridotite-gabbro complex (see references in Cediel et al., 2003), 
and has been assigned an Upper Cretaceous to Paleocene age.

Gorgona was sutured to the Colombian margin along the Buenventura Fault 
and Suture System. Oblique right-lateral approach and accretion of Gorgona have 
been suggested by reactivation structures in the Cauca Fault and Suture System.

Closely following the approach of the Gorgona suite, approach/
assembly of the composite Chocó Arc was initiated (Figure 24). The Chocó 
Arc is comprised of three distinct litho-tectonic units: the Cañas Gordas 
volcano-sedimentary terrane, the El Paso mafic oceanic terrane, and the 
Baudó assemblage, also of mafic oceanic affinity (Cediel et al., 2009). All of 
these components are of early to late Cretaceous - Paleocene age.

The composite Chocó Arc assemblage was accreted to the 
Northern Andean margin (i.e. tectonized Romeral and Dagua 
terranes?), along the Garrapatas – Dabeiba Fault and Suture 
System. Accretion-related faults on the leading edge of the Chocó 
Arc truncate and deform earlier formed structures including those 
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Figure 23. Schematic illustration of the late Cretaceous to Paleogene emplacement and tectonic evolution of “eastern” and 
“western” group subduction-related granitoids in central and western Colombia (modified after Leal-Mejía, 2011).
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associated with both the Romeral and Cauca fault and suture 
systems.

The approach of the Gorgona Terrane and Chocó Arc assemblage 
along the Colombian margin took place during the Oligocene to early 
Miocene. Sequential accretion of first the Gorgona terrane and then the 
Chocó Arc took place during the Miocene.

Within the magmatic record, a general hiatus in significant arc-related 
granitoid magmatism is observed along the entire Colombian Pacific margin 
(consisting of the recently accreted Romeral and Dagua terranes) from the 
Eocene through the end of the Oligocene.

Subduction-related metalumious, calc-alkaline granitoids reappear in 
the Piedrancha – Cumbitara trend of holocrystalline plutons in southwestern 
Colombia at ca. 24 to 21 Ma. In northwestern Colombia magmatism reinitiates 
at ca. 12 to 11 Ma with the emplacement of holocrystalline batholiths and 
stocks at Farallones, Urrao and El Cerro (Morrogacho). The Piedrancha – 
Cumbitara trend intrudes Dagua Terrane basement. The Farallones – Urrao - 
El Cerro (and Buritica) trend intrudes the Cañas Gordas terrane (the eastern 
segment of the composite Chocó Arc), which is interpreted to have been 
nearly in place at the time of emplacement of the holocrystalline intrusions 
(ca. 12 Ma). It is unclear whether the holocrystalline plutons in either case 
represent pre-accretion approach records for the Gorgona and Baudó 
assemblages, or whether they were generated as a result of the subduction 
of Farallones – Nazca Plate crust along the early Miocene configuration of the 
Ecuador-Colombia trench, following accretion of the terrane assemblages. 
Based upon the degree of arc exhumation to plutonic levels in both the 
Piedrancha – Cumbitara and Farallones – El Cerro trends, the first option 
seems most plausible. In such case, arc emplacement would be followed 
by terrane collision and accretion, followed by uplift and erosion in order to 
remove any vestiges of a penecontemporanous arc-axial volcanic pile, and 
to expose the arc at holocrystalline plutonic levels. 

Following emplacement of the Piedrancha – Cumbitara and Farallones 
– El Cerro trends of holocrystalline plutons, the emplacement of porphyritic 
stocks to the east of the holocrystalline arcs took place, first in the southwest 
at ca. 17 to 12 Ma (Patía - upper Cauca River basin) and then in the northwest 
at ca. 8 to 6 Ma. (middle Cauca River valley). Shallowing of the subduction 
angle of the Nazca Plate following terrane accretion is considered to have 
caused the eastward migration of the magmatic arc axis. In either case 
porphyritic magmatism intruded the Romeral basement, the lithological and 
structural architecture of which provided a first-order structural control on 
the emplacement hypabyssal porphyry bodies. 

The thick and slightly bimodal nature of the volcanic and pyroclastic 
sequences of the Combia Formation (see petrochemical data presented 

by Leal-Mejía, 2011) indicate that middle Cauca river valley granitoid 
magmatism was deposited under broadly extensional conditions. In fact, 
the lower Combia Formation may have initially been deposited in a back-
arc basin to the ca. 12 to 11 Ma Farallones – Urrao – El Cerro trend. The 
Combia back-arc was subsequently invaded by hypabyssal granitoids as 
the arc axis migrated eastward during the ca. 8 to 6 Ma period.

Migration of the magmatic arc axis associated with subduction 
of the Nazca Plate continued eastward during the late Miocene with 
the emplacement of porphyritic granitoids in the Central Cordillera. At 
Cajamarca-Salento, the poly-phase cluster of ca. 8.3 to 6.3 Ma porphyritic 
diorite and granodiorite is contained within a broad circular structure 
interpreted to extend over an area of ca. 100 square kilometers, extending 
as far east as the Toche River valley. The full extent and orientation of 
the cluster is difficult to define due to a general lack of age dates and the 
presence of Pleistocene to Recent volcanic cover, especially to the north. 
The porphyries intrude low-grade metamorphic rocks of the Cajamarca 
Group. Unlike the porphyries of the Middle Cauca, no coeval Miocene 
volcanic rocks are observed at Cajamarca – Salento.

In the Santander Massif, well to the north and east of the Cajamarca 
– Salento porphyries, the Vetas-California cluster of porphyritic stocks 
also dates from the late Miocene (ca. 10.4 to 8.2 Ma). Mineralogical and 
petrochemical data (Mantilla et al., 2009; Leal-Mejía, 2011), indicate these 
granitoids are of a per-alkaline nature. The same may be said for Miocene-
Pliocene-Pleistocene per-alkaline granitoid magmatism at Paipa-Iza and 
Quetame. The structural control emplaced upon these manifestations by 
the deep-seated Bucaramanga-Santa-Marta Suaza fault is demonstrated in 
Figure 12 and Figure 24.

The relationship of the per-alkaline granitoid occurrences of 
Colombia’s eastern cordilleran system, to subduction of the Nazca Plate 
along the Colombian pacific margin has yet to be fully established. The 
present geographic position of these occurrences locates them within 
the “back-arc” with respect to the principal late Miocene to Recent calc-
alkaline arc axis manifest to the west (Figure 13 and Figure 24). The per-
alkaline composition of eastern cordilleran magmatism suggests these 
occurrences could even represent the first indications of extension or rift-
related volcanism within the back arc of the northern Andean volcanic 
zone.

Following the Miocene, consolidation of the calc-alkaline axis 
of granitoid magmatism into the generally NNE-oriented present day 
Northern Andean volcanic trend, is observed. In the Pliocene, 2.4 Ma 
and 0.4 Ma porphyritic granitoid magmatism with coeval volcanism was 
emplaced in the Río Dulce area, whilst volcanic sequences are recorded 
elsewhere in the Central Cordillera and in the Colombian Massif to the 
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Figure 24. Miocene to Pliocene subduction-
related granitoid magmatism during tectonic 
approach and accretion of the Gorgona Terrane 
and assembly and accretion of the Choco Arc 
(modified after Cediel et al., 2003).
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southwest (e.g. Galeon Formation in the Patia – upper Cauca river 
trend). Petrochemical data for the Río Dulce porphyries indicate they are 
metaluminous medium-K calc-alkaline in nature. Broad alignment of the 
calc-alkaline arc axis with the modern-day northern Andean volcanic arc is 
observed from this time.

Based upon the time-space analysis of Miocene to Pliocene 
magmatism in the present study, the complexities of the nature, geometry 
and timing of Miocene to Recent magmatic arc development and granitoid 
magmatism in Colombia are demonstrated. It can now be observed that 
the extensive, composite ‘Neogene’ magmatic arc of Colombia is in fact 
composed of a series of more spatially limited arc segments, including per-
alkaline outliers in the back-arc region. Manifestations of magmatism within 
the composite arc are observed to migrate in time and space, in both a 
south-to-north and west-to-east sense. The emplacement, localization and 
petrochemistry of the numerous arc and outlier segments were influenced 
by the nature and composition of various basement complexes, and the 
location and reactivation of paleo-fault and suture systems throughout the 
Colombian Andes.
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NORTHERN SOUTH AMERICA BASEMENT TECTONICS 
Pedro A. Restrepo-Pace

Abstract
Introduction

Basement Geology
Colombian Basement and the Proto Andean Orogen

Northern Andean Basement Geology in a Greater Context



Geological and geochronological data from basement massifs in 
the Eastern Cordillera of Colombia indicate that the Andean basement 
rocks consolidated in two discrete deformational episodes dated ~1.0 
(Orinoquienese orogeny) and 0.47 Ga (Caparonensis orogeny). The 
earlier event was characterized by regional metamorphism attaining 
high amphibolite -granulite conditions, whereas the later reached 
high greenschist -low amphibolite pressure-temperature conditions 
accompanied by the intrusion of calc-alkaline plutons. The isotopic 
signature of the basement rocks in the Colombian Andes together with 
its Paleozoic deformational history, could be traced along other Andean 
basement cored uplifts and into southern Mexico. 

The Colombian Andean basement is part of a larger proto-Andean 
orogen which from Venezuela to northern Argentina - making up the ‘back 
bone’ of the present day Andes. Geological, geochronological, isotopic 
tracer data together with faunal affinities of the sedimentary sequences 
overlying the basement complex indicates that Laurentia and the peri-
Amazonian proto-Andes interacted during Late Proterozoic-Paleozoic times. 
This interaction may have been characterized by terrane transfer between 
Laurentia and Amazonia e.g. southern Mexico (OaxaquiaTerrane), which has 
distinctive northern South America geological fingerprinting. The transfer of 
Oaxaquia from the northern termination of the proto-Andesin late Paleozoic, 
set the foundations for the formation of the Present-day northern Andes.

ABSTRACT 
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1. INTRODUCTION

The Pre-Jurassic geological history of the northern Andes is built 
on limited geological data from sparse and widely-spaced basement 
outcrops. The highly deformed basements rocks are clearly pre 
Mesozoic in age as determined from field relationships, but have been 
pervasively over-printed by Mesozoic plutonism and Cenozoic Andean 
tectonics masking older geological events. Notwithstanding, the overall 
basement tectonic framework  was established   nearly a century ago 
thanks to pioneering field-work by Gansser (1955) , Trumpy (1949) and 
others . This framework still prevails and is now punctuated by detailed 
geochemical studies initiated largely by Kroonenberg in the 1980’s. 
Basement ages, deformational history and geochemical signatures have 
been determined e.g. Restrepo-Pace (1995), Restrepo-Pace et al (1997); 
Ruiz et. al. (1999); Cordani et al (2005); Jimenez-Mejia et al. (2006), 
Ordoñez-Cardona, (2006), Cardona-Molina (2006), Chew et al. (2007) 
and results vetted against multiple paleo-continental reconstructions 
(Bond et al., 1984; Kent et al., 1990; Hoffman, 1991; Keppie et al., 1991; 
Keppie, 1993; Dalla- Salda et al., 1992a,b; Park 1992; Dalziel, 1994 and 
others). The latter has proven contentious as it became evident that some 
researchers did not include the new data  into their regional models, 
either due to limited access to local information, or because the data 
conflicted with ad hoc interpretations. Hoffman (1991) comprehensively 
summarized worldwide basement tectonics and depicted a proto-
Andean orogen fringing the Amazonian craton. Most of the recently 
acquired isotopic data from the northern Andes supports Hoffman’s 
depiction of a proto-Andean orogenic system and its consolidation 
during the Grenvillian-Sunsas (~1.0 Ga) and Famatinian (~0.47 Ga) 
orogenic cycles. Furthermore, the data indicates that the rocks involved 
in this proto- Andean belt were largely authochtonous i.e. pericratonic 
sequences. The data also indicates that a portion of this orogenic belt 

continues into southern Mexico, as initially suggested by Yañez et al., 
1991, Restrepo-Pace et al, 1995 and Ruiz et al., 1999. Despite the recent 
advances in the understanding of the spatial and temporal distribution 
of basement rocks in northern South America, there are abundant 
knowledge gaps pertaining to their structural history and fabrics. These 
basement discontinuities appear to have exerted fundamental controls 
of basin formation and subsequent Andean deformation. Future work 
may need to focus in the latter aspects to better constrain the Mesozoic 
and Cenozoic tectonics in the region.
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BASEMENT GEOLOGY COLOMBIAN ANDESTOID MAGMATISM

Basement rocks comprise the craton sensu strictu or metamorphic 
units underlying Paleozoic sediments in the Andean realm (Etayo-Serna 
et al, 1983; Cediel et al., 1988; Cediel et al., 2000). In northern South 
America such rocks crop out in the Orinoquian region and in the western 
Andean domain (Figure 1).Two isolated basement uplifts exist between the 
cratonic and the Andean domains: El Baúl in Venezuela and the Macarena 
Range in Colombia.  Within the Andean domain, the basement is exposed 
in the core of the Mérida Andes inversion anticlinoria in the (Venezuela), 
Santander and Garzón massifs. The present limit between the Andean 
domain to the west and the cratonic domain to the east (known as the 
Borde LLanero fault system) is a long-standing fundamental structural 
boundary. This fundamental structure exerted controls on sedimentation 
through its existence. It presently consists of an inversion fault with 
oblique component slip accounting for the present relief along the Eastern 
Andes.   Paleozoic metamorphic units exist to the west of this structural 
boundary (Cediel et al., 2000). East of the Borde Llanero fault system, the 
lower Paleozoic rocks consist of marine sedimentary sequences which 
repose unconformably over Precambrian basement. The northernmost 
exposure of Andean basement units is found in the southern portion of 
the Sierra Nevada of Santa Marta (Tschantz et al., 1974; Restrepo-Pace, 
1995). The Santa Marta massif  is a pyramid-shaped fault bounded block 
with an impressive relief, rising to almost 5.8 Km merely 35 km from the 
coast. Of all exposures, the Santander massif yields the most complete 
pre-Mesozoic record (Figure 2.)

In the cratonic domain (Orinoquian foreland region), Amazonian 
basement rocks yielding  2.5-1.5 Ga (Priem et al.,1982) are unconformably 
overlain by Upper Cambrian to Upper Ordovician marine sedimentary 
rocks (in Macarena-El Baúl localities and in the subsurface encountered 
by wells). Grenville-age (~1.2-1.0 Ga) high- grade metamorphic rocks are 
exposed in the Andean domain at the Garzón, Santander and Santa Marta 
massifs (Tschantz et al., 1974; Alvarez, 1981; Kroonenberg, 1982; Priem 
et al., 1989, Restrepo-Pace, 1995 and others) and the Colorado Massif in 
eastern Mérida Andes ( Sierra Nevada Formation, Gonzalez de Juana, 1980; 
Marechal, 1983). These consist of granulitic charnokites, garnetiferous 
charnockitic-enderbitic granulites, metacalcsilicate rocks and hornblende-
biotite augen gneisses (Kroonenberg, 1982; Jimenez-Mejia el. al., 2006) 
and rare anorthosites (in the Santa Marta Massif, Tschantz et al., 1974). 
The rock assemblages are dominantly of pelitic-psamitic protolith, with 
subordinate volcanics. U-Pb zircon ages, Rb-Sr and Ar-Ar ages indicate a 
Grenvillian-Orinoquienese (~1.0 Ga) tectonothermal event (Kroonenberg, 
1982; Restrepo-Pace, 1995). Metapelitic rocks of green schist-amphibolite 
metamorphic grade overlie the Grenvillian basement (Goldsmith, et al., 
1971). At the Santander Massif the metapelites of the Silgará Formation 
are intruded by calk-alkaline granites exhibiting a strong fabric (Figure. 
3). Foliation of both the granites and the host metapelites is concordant, 
implying a syntectonic origin for the former. A 477 ± 16 Ma U/Pb zircon 

age for the foliated granites indicates indirectly the age of metamorphism 
of the Silgará Formation ( Restrepo-Pace, 1995). The Silgará Fm of the 
Colombian Andes correlates with the Tostós and Bella Vista Formations in 
the Colorado Massif -Mérida Andes dated between 500 to 475 Ma U/Pb 
(Burkley, 1976 in Gonzalez de Juana, 1980) . Closure of the metamorphic 
event involving the above mentioned units i.e. Silgara- Tostós and Bella 
Vista Formations is maked by an unconformity at the base of the Upper 
Ordovician (Caradocian) Caparo Fm and Silurian (Llandovery-Wenlok ) 
Horno Fm sedimentary rocks (González de Juana, 1980). The latter event is 
referred to as the Caparonensisorogenic event (sensu González de Juana, 
1980) or the Quetame event (sensuCáceres and Cediel, 2000).  

Units overlying or cross-cutting the metamorphic basement in the 
Eastern Andes and in Mérida place constraints for the timing of discrete 
deformational events that occurred after the consolidation of the 
metamorphic basement in early-mid Ordovician times. These units include 
a suite Paleozoic granites and for -the most part-marine sedimentary 
sequences. The granites-in contrast to the early Paleozoic granites above 
mentioned, are non-foliated calc-alkaline intrusives with ages between 
470 Ma to 360 Ma (Goldsmith et al., 1971; Etayo-Serna et al., 1983; Boinet 
et al., 1985; Maya, 1992; Restrepo-Pace et al., 1995)(Figure 3). They can be 
traced into the Mérida Andes of Venezuela yielding two distinct magmatic 
events here: from 460 Ma - 430 Ma and from 400 Ma - 390 Ma ( Burkley, 
1976; Shagam, 1977; Benedetto, 1982; Benedetto et al., 1985). The 
sedimentary units overlying the metamorphic basement consist of Middle 
to Late Devonian and Pennsylvanian to Permian marine sequences.  

Colombian Basement and the Proto Andean Orogen

Grenvillian age (~1.0 Ga) basement of the Andes of northern South 
America, could be traced further south into Peru, Bolivia-Sunsas orogen 
and northern Argentina (Ramos, 1988; Westeneys, 1994, Litherland et al, 
1989; Restrepo-Pace, 1995; Restrepo-Pace et al, 1997; Chew et al., 2007). 
Lower Ordovician syntectonic granites with ages ranging from 500-475 Ma, 
date the climax of the Caparonesis orogenic episode in northern South 
America. Rocks involved in this tectonothermal event can be traced into 
central and southern Andes as the FamatinianOrogen (Guandacol phase 
Rapela et al., 1990) of the Puna of northern Argentina - southern Bolivian 
Andes. In the latter, the orogenic eventis dated by numerous syntectonic 
intrusions with ages ranging from 480 to 460 Ma and characterized by 
low to medium pressure high - temperature metamorphism of the host 
rocks (Aceñolaza, 1982; Rapela et al, 1990 and others). Closure of the 
Caparonensis event in northern South America is constrained by the 
presence of (unmetamorphosed) Upper Ordovician (Caradocian) Caparo 
Fm and Silurian (Llandovery-Wenlok ) Horno Fm sedimentary rocks 
(Gonzalez de Juana, 1980) overlying the metamorphic basement.Ages of 
syntectonic granites further constrains the closure of the Caparonensis 
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Figure 1. Basement Mssifs and structural elements of the northern termination of the South American Andes . The Andean domain is separated from the Orinoquian 
foreland by the Borde Llanero fault system. Exposure of cratonic basement rocks from Amazonia occurs to the east at the border with Venezuela and Brazil.
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Figure 2. Geologic summary of basement exposures from the northern Andes. Age constraints derived from field relationships, 
geochronologic data and fauna are indicated on the columns. For location refer to index map.
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Figure 3.  Distinctive rock fabric and age data for basement rocks of the Colombian Andes. a) Non-foliated mid Paleozoic post orogenic granites vs. b) syn-orogenic 
Caparonensis granites with a strong foliation. In c) Grenvillian age migmatites. For analytical methods and raw data refer to Restrepo-Pace, 1995. 
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event (Restrepo-Pace, 1995). A regional unconformity at the base of the 
upper Ordovician marine clastic sequences is observed in the San Juan 
region Argentina, which marks the closure of the corresponding Famatinian 
event in the southern Andes (Baldis et al, 1992  p.348). 

Silurian sedimentary rocks are notoriously scarce in Colombia only 
reported at restricted localities in the Eastern Cordillera of Colombia 
(yielding Ludlovian palynomorphs as reported by Grosser et al, 1991 and 
containing poorly preserved macro-fauna at the Santander Massif recorded 
by Forero, 1989). In contrast, the Silurian system is well documented in 
the Venezuelan Mérida Andes with abundant and well preserved fauna 
(Boucot et al., 1972). The opposite occurs for Devonian sediments i.e. 
abundant in the Colombian Andes and mostly absent in the Venezuelan 
side, suggesting differential uplift/denudation and/or subsidence following 
the Caparonensis Orogenic episode. A younger- Late Carboniferous-Early 
Permian deformational event is reported to have involved basement rocks 
in the Mérida Andes. 

This event is characterized by local development of low-grade 
metamorphism accompanied by plutonism (Marechal, 1983). Upper 
Mississippian (?) - Lower Carboniferous clastics comprising a ‘molassic-
facies’ made up of conglomeratic and tectonic breccia deposits (Mérida 
facies - Sabaneta Fm of Shagam et al, 1970 ) represent the closure of the 
late Paleozoic orogenic event. Such an episode is not clear from the rock 
record in the Colombian Andes. Intracontinental back- arc extension within 
north to northwest trending structures occurred during Pennsylvanian to 
Permian time (Cediel, et. al., 2003). Permian granitoids along the Central 
Cordillera of Colombia have been interpreted to indicate here the closure 
of Pangea (Vinasco, 2004).

Northern Andean Basement Geology in a Greater Context

Many details of the of late Proterozoic - early Paleozoic paleocontinental 
reconstructions of northern South America remain elusive,despite the 
multitude of geochronological data recently acquired (Restrepo-Pace, 1995 
,Restrepo-Pace et al, 1997; Ruiz et. al., 1999; Cordani et al, 2005; Jimenez-
Mejia et al., 2006, Ordoñez-Cardona, 2006, Cardona-Molina, 2006; Chew 
et al., 2007),. Notwithstanding a picture of the proto-Andean orogeny and 
the relative positions of the Americas begins to emerge. Geohronological 
data together with faunal affinities from sequences covering the basement 
massifs, subsidence curves, facies-polarity of sedimentary sequences, 
magmatic events and regional unconformities have been variously invoked 
to refine paleo-tectonic models (Restrepo-Pace, 1995, Ramos et al., 2000, 
Keppie et al. 2001, Benedetto, 2004 and many others). 

The controls exerted by the paleo-environment on faunal provinciality 
or cosmopolitanism of a given species or assemblage is still a matter of 

debate (Fortey et al., 2003), but has been used in conjunction with paleo-
magnetism to constrain continental positions. In the case of northern 
South America during Paleozoic time, the first order conclusion is that early 
Cambro-Ordovician fauna is dominantly Gondwanan and Acado-Baltic 
affinity whereas Siluro-Devonian fauna is distinctively Appalachian. The 
Middle Cambrian limestones from the Macarena uplift contain trilobites 
of the genus Ehmania (Harrington, et al., 1951) and Paradoxides ( Rushton, 
1962). The former is represented by two species of the Amecephalina ( 
Harrington, et al., 1951; Rushton, 1962; Borello, 1971; Forero-Suárez, 1990 
) or Balthyuriscus - Elrathina Zones ( Borello, 1971) from the Precordillera 
of northwestern Argentina. The latter, an Acado-Baltic trilobite, can be 
found within the Carolina Slate belt ( Secor et al., 1983) , in the Paradoxides  
zone of eastern New England ( Devine, 1985), eastern New Foundland  , 
New Brunswick and Avalon Peninsula ( North, 1971; Palmer, 1973 ). Recent 
reviews point out that the Cambrian fauna reported from Colombia is 
typical ‘Atlantic Realm’ affinity (Benedetto, 2004). The Cambrian fauna of 
southen Mexico containing peri-Gondwanan Trilobites are akin to northern 
South American faunas (Cocks and Torsvik, 2002) whereas the Cambrian 
fauna of the Precordillera of Argentina is of Laurentian affinity (Benedetto, 
2004).

Marine sedimentary rocks from El Baúl are marked by the presence 
of  Parabolina Argentina , a Baltic Province trilobite originally considered 
a zonal index for the Lower Tremadoc in northwestern Argentina ( 
Frederikson, 1948; Aceñolaza, 1982 ) now latest Cambrian (Tortello et al., 
2008) .  The Clarenville Fm. in Random Island-Eastern New Foundland also 
yields Parabolina Argentina together with Angelina ( Dean, 1985 ).  In the 
Cambro-Ordovician sequences at the Macarena uplift, Colombia, fauna 
also relate to northern Argentina-southern Bolivia :Geragnostustilcuyensis, 
KaianellaColombiana, Pseudokaianellamaracanae, and parabolinopsis sp. 
together with Lingulella desiderata, Acrotretaaequatorialis, Nanortis sp. 
and Obollus  sp. recall the Kaianella fauna of Argentina-Bolivia ( Harrington 
et al., 1951).The dominantly Gondwanic character of Lower Paleozoic 
fauna in northwestern South America changes to Appalachian-affinity by 
early Devonian time (i.e. not related to the Malvinokaffric Realm) .Emsian 
to Siegenian (~394-374 Ma) sedimentary rocks in the Andes of Colombia 
contain associations of benthic brachiopods identical to those found in the 
Appalachian Province ( Harrington,  1967; Forero-Suárez, 1991; Barret, 
1988a,b). Genera such as Cyrtina, Elytha, Atrypa, Nucleospira, Meristella, 
Megastrophia, Cymostrophia, Stropheodonta, Chonostrophia, Leptocoelia, 
Anphigenia, Platyorthys and others are closely related to Appalachian taxa. 
Late Devonian fauna of Frasnian to Famenian age (~374- 360 Ma ), belong to 
the Old World Province of North America ( Forero-Suárez, 1990). The latter 
include Schizophoriaamanaensis,Carinifellaalleni, Laminatialaminata, 
Devonoproductus  and Strophopleuranotabilis. The similarity of the 
above benthic fauna between eastern Laurentia and northwestern South 
America suggests proximity of these continental margins in Devonian time. 
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Moreover, peak similarities occur here in Emsiam time when the greatest 
degree of Devonian provinciality was reached for marine fauna as a whole 
(Johnson et al., 1973). 

A variety of paleogeographic models have suggested a close link 
between the Appalachian orogen and the proto-Andes.  Some models 
depict opposing orogens separated by active subduction and/or shear 
boundaries throughout Late Proterozoic-Paleozoic times (e.g. Bond et al., 
1984; Van der Voo, 1988; Kent et al., 1990; Hoffman, 1991 and others). 
Other researchers have taken these models further to suggest that 
transfer of continental terranes from either side had occurred ( e.g. Dalla-
Salda et al., 1992a,b; Dalziel et al, 1994; Keppie et al., 1991 and others). 
These models when considered collectively, require transferring multiple 
fragments from various points of origin simultaneously, a very complex 
scenario. Regardless, most researchers seem to converge on Hoffman’s 
(1991) Rondinia reconstruction as the preferred tectonic template for 
late Proterozoic-Early Paleozoic reconstructions of the Americas. Here, 
the proto-Andean orogen is depicted as a collisional and contiguous belt 
comprised of remobilized peri-Amazonian rocks. Modifications to this 
model include the addition of two allochtons: the Precordillera of northern 
Argentina (e.g. Dalla- Salda et al., 1992a,b) and Oaxaquia located presently 
in southern Mexico (e.g. Keppie et al., 2001). The first suggestions of a 
possible geological continuity between southern Mexico and northern 
South America in late Proterozoic-early Paleozoic time were presented by 
Yañez et al., 1991.  Geochronological and isotopic tracer data where then 
used to constrain the Mexican-northern Andean connection (Restrepo-
Pace, 1995 , Restrepo-Pace et al, 1994; Restrepo-Pace et al, 1997; Ruiz 
et. al., 1999).  Overlapping Pb isotopic signatures of the Grenville-age 
basement of Colombia and southern Mexico imply continuity of these 
widely spaced basement terranes (Ruiz et. al., 1999) (Figure 4). Nd model 
(TDM) ages for the Colombian basement rocks range from 1.9 to 1.6 Ga 
point to an Orinoquian-Amazonian provenance for the basement protolith 
(Restrepo-Pace, et. al. 1997, Cordani et. al., 2005). The presence of rare 
anorthosites in Oaxaquia and the Santa Marta Massif may indicate further 
affinity between these terranes. Geological continuity of these terranes in 
the past is further constrained by Cambrian-Tremadocian faunal affinities 
from southern Mexico, northwestern South America and northern 
Argentina (Frederikson, 1948; Robison et al, 1968; Aceñolaza, 1982; Moya et 
al, 1993; Landing, 2007). Detailed constraints on the deformational history 
of the Acatlán complex-southern Mexico which at present is juxtaposed 
to the Oxaca Grenvillian basement, indicates that this terrane underwent 
an early Paleozoic orogenic cycle which initiated in early Ordovician time 
(ca. 490-477 Ma) (Vega-Carrillo et.al., 2007). The timing and nature of 
this tectono thermal event is akin to the Caparonensis-Famatinian cycle. 
Following a Siluro-Devonian hiatus, a Pennsylvanian-Permian sequence 
overlaps the Oaxaca-Acatlán terranes signaling the docking of Oaxaquia.

Two discrete tectonothermal events appear to be traceable along 
the Eastern Andes of South America and southern Mexico: a Grenvillian-
Orinoquiense event (~1.0 Ga) and a Caparonensis-Famatinian event 
(~0.47 Ga) (Figure 5) . By Devonian time the northern proto-Andes faced 
the Appalachian region as evidenced by their faunal affinities. A Permian 
magmatic arc developed along the central Andes of Colombiawhich has 
been interpreted as the result of crustal thickening following collision 
and amalgamation of Pangea (Vinasco, 2004). In Mexico the Permian arc 
is subduction related (Dickinson et. al., 2001, Vega-Carrillo et al., 2007). 
The transfer of Chortis, Oaxaquia and Mixteco blocks to southern Mexico 
from northern South America most likely took place in late Paleozoic 
time. These were then attached to N. America as Pangea disaggregated in 
Permo-Triassic time (as suggested by Yañez, et al., 1991). 
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Figure 4. a) Pb isotopic signatures of Colombian and Southern Mexico Grenville age basement. Their very close affinities indicate their shared origin (modified from 
Ruiz et al., 1999). b) Nd crustal residence ages for selected Grenvillian-Orinoquiense rocks of Colombia in relation to the Amazonian craton. Nd ages are interpreted 

to be the result of mixed cratonic and Grenvillian crustal rocks indicating their genetic link.
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Figure 5. Possible paleogeographic scenario from Late Proterozoic-Early Paleozoic as derived from the data presented in this paper 
(modified from Van der Voo, 1988 and Hoffman, 1991).
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Photo 1. Garzón Massif; +- 1.1 Ga age gneiss displaying interferente folds. Taken 
at Pescado creek, near the town of Guadalupe, Huila Province.

Photo 2. Garzón Group; +- 1.1 Ga age gneiss with boudinage structure. Taken in 
El Hígado creek, near the town of Tarqui, Serranía de Las Minas, Huila Province.

Photo 3. Orthogneiss with isoclinally folded amphibolitic layers. Taken along the 
road Berlin-Pamplona, Santander del Sur Province.

Photo 4. Santa Marta Massif; +- 1.0 Ga gneiss along the Guatapurí River, north of 
Valledupar, Cesar Province.



Photo 5. Santa Marta Massif; Orthogneis with amphibolitic layers (Los Mangos 
Granulite). Outcrops along the Jerez River (F. Colmenares). 






