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Tectonostratigraphic Terranes
in Colombia: An Update
Second Part: Oceanic Terranes

Jean-Frangois TOUSSAINT' ' and Jorge Julian RESTREPO?**

Abstract In Colombia, several oceanic, allochthonous terranes exist west of the San
Jeronimo Fault, which is the western limit of large continental terranes. The main ter-
ranes are the Calima and Cuna in the Western Cordillera, the Tumaco Suspect Terrane in
the southern Western Cordillera and the Tairona Terrane in the Sierra Nevada de Santa
Marta. All of them are oceanic terranes that formed in the Pacific Ocean and moved
northward to their present positions, where they were emplaced from Late Cretaceous
to Miocene times. At least the Calima and Cuna are believed to be part of the Caribbean
Plateau. Smaller oceanic terranes are found in the Cauca—Romeral Fault Zone (CRFZ).
Keywords: Colombian tectonostratigraphic terranes, oceanic terranes, allochthonous terranes,
Caribbean Plateau, transpressional collisional metamorphism.

Resumen En Colombia existen varios terrenos oceanicos aloctonos al oeste de la Falla
de San Jeronimo, limite occidental de los grandes terrenos continentales. Los princi-
pales son el Calima y Cuna en la cordillera Occidental, el presunto Terreno Tumaco
en la parte sur de la cordillera Occidental y el Terreno Tairona en la Sierra Nevada de
Santa Marta. Todos son terrenos oceanicos que se formaron en el océano Pacifico y
migraron hacia el norte hasta sus posiciones actuales desde el Cretacico Tardio al
Mioceno. Se cree que por lo menos los terrenos Calima y Cuna son parte del Plateau
del Caribe. Pequenos terrenos oceanicos se encuentran dentro del Sistema de Fallas
Cauca-Romeral.

Palabras clave: terrenos tectonoestratigraficos colombianos, terrenos oceanicos, terrenos
aloctonos, Plateau del Caribe, metamorfismo colisional transpresional.
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1. Introduction

Oceanic basement terranes (Figure 1) exist west of the San
Jerénimo Fault, which marks the eastern edge of the Cauca—
Romeral Fault Zone (CRFZ) (Figure 2). These terranes include
the Calima and Cuna Terranes (Toussaint & Restrepo, 1989).
Similarly, several oceanic terranes are mixed with continental
terranes in the CRFZ located on the western flank of the Central
Cordillera and on the eastern flank of the Western Cordillera.

These terranes include the Ebéjico (Quebradagrande) and Pozo
(Arquia) Terranes, among others. The newly defined Tairona
Terrane, composed of oceanic basement, occurs in the Sierra
Nevada de Santa Marta (SNSM) and on La Guajira Peninsula.

In this chapter, the boundaries and characteristics of the
known oceanic terranes are determined, and new terranes are
defined. Some of the names have been changed to comply with
the recommendation of the initiators of the terranes tectonics
(i.e., Coney et al., 1980; Howell, 1989) that the names of strati-

Citation: Toussaint, J.F. & Restrepo, J.J. 2020. Tectonostratigraphic terranes in Colombia: An up-
date. Second part: Oceanic terranes. In: Gomez, . & Pinilla-Pachon, A.O. (editors), The Geology
of Colombia, Volume 2 Mesozoic. Servicio Geologico Colombiano, Publicaciones Geolégicas
Especiales 36, p. 237-260. Bogota. https://doi.org/10.32685/pub.esp.36.2019.07

237

Paleogene Neogene

Cretaceous


mailto:jftoussaint@hotmail.com
mailto:jjrestrepoa@gmail.com
https://orcid.org/0000-0003-4219-8329
https://orcid.org/0000-0002-1358-4549

TOUSSAINT & RESTREPO

—_—

Figure 1. Schematic map of the tectonostratigraphic terranes in Colombia: (An) Andaqui Terrane; (Ch) Chibcha Terrane; (Y) Yalcon Ter-
rane; (Ta) Tahami Terrane; (K) Kogi Terrane; (Ca) Calima Terrane; (Tu) Tumaco Terrane; (Tai) Tairona Terrane; (Cu) Cuna Terrane; (CRUT)
Cauca-Romeral Undifferentiated Terranes: strips formed by smaller continental and oceanic terranes, such as the Pozo (Arquia), Ebéjico

(Quebradagrande) and Sinifana-Amaga Terranes, among others.

graphic units not be used to name terranes. Following the com-
mon usage for naming terranes, we use names from the first
indigenous cultures of America. The discussion of the conti-
nental terranes is presented in a different chapter of this book
(see Restrepo & Toussaint, 2020).

2. The Calima Terrane
2.1. Introduction

The Calima Terrane is located in the Western Cordillera and
probably also forms the basement of El Plato depression to
the north of the Central Cordillera. The review by Etayo—Ser-
na et al. (1983) suggests that several terranes named Buri-
tica, Sind, and San Jacinto form this zone in the north and that
the Dagua Terrane occurs in the south. Restrepo & Toussaint
(1988) initially grouped all units with oceanic affinity into the
Western Andean Terrane, and then Toussaint & Restrepo (1989)
renamed it the Calima Terrane after a pre—Columbian culture
of the Cisneros region in the Valle del Cauca. In Gémez et
al. (2015a) practically all regions with oceanic basement were
grouped into a single megaterrane called the Caribbean Ter-
rane. The smaller oceanic terranes, such as the Pozo (Arquia)
and Ebéjico (Quebradagrande) Terranes, which occur in a strip
between the oceanic and continental terranes, were initially in-
cluded in the Calima Terrane and were later separated from it
(Restrepo et al., 2009a). Two smaller oceanic areas that are
newly defined here, the Bocand and Aburrd Terranes within the
Tahami Terrane, are also discussed.

The northern and southern parts of the Calima Terrane
are composed of basement rocks with oceanic affinity (Case
et al., 1971). The difference between the regions is that the
southern part was affected by an important tectono—meta-
morphic event in the Late Cretaceous, but in the north, this
event is featured only on the eastern border with the Quiri-
mard Terrane (newly defined here), which includes the Sa-
baletas Schists (see below). Apparently, the transition from
one area to another is progressive (Parra, 1983). The west-
ernmost faults of the CRFZ mark the eastern boundary of
the extensive oceanic terranes that are composed mainly of
mafic rocks and deep—water sedimentites (Case et al., 1971;
Irving, 1971).

Because the nomenclature, and possibly the nature of the
rocks, is different in the northern and southern parts, with a
transition at approximately latitude 4° 40’ N, we describe the
two areas separately.
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2.2. Distinguishing Features of the Northern
Part of the Calima Terrane

The most important unit of the Calima Terrane, forming the
basement, is the Canasgordas Group, which comprises a basal
basaltic unit called the Barroso Formation and a sedimentary
unit called the Penderisco Formation that seems to be on top of
and intercalated with the basalts (Alvarez & Gonzilez, 1978;
Irving, 1971; Gonzdlez, 2001). The original Barroso Formation
included pillow lavas, flows, tuffs, and breccias but, as dis-
cussed below, has been subdivided into two units.

Since the work of Case et al. (1971), it has been known
that the westernmost faults of the CRFZ are the eastern bound-
ary of the large oceanic terranes that are composed mainly of
mafic rocks and deep—water sedimentites. These authors also
hypothesized that the oceanic basement of western Colombia
was allochthonous and related to the Caribbean basement.

Based on the petrological and geochronological charac-
teristics, Restrepo & Toussaint (1976) proposed that the basic
volcanic rocks, mostly pillow lavas assigned to the Barroso
Formation that are intruded by the Altamira Gabbro and the
Sabanalarga Batholith, presently called the Santa Fé Batholith,
represent an island arc that developed on top of oceanic crust.

Recently, it was proposed that the basic rocks that have
been termed “Barroso” actually belong to two different units:
the mainly pyroclastic Barroso Formation considered to repre-
sent a basic volcanic arc, and the San José de Urama Diabases,
which are interpreted as part of an oceanic plateau (Rodriguez
& Arango, 2013).

Although pillow lavas that are indicative of submarine erup-
tions are quite common, subaerial eruptions composed of red
and green tuffs and breccias have been found near Altamira,
Antioquia. For these rocks, geochemical analyses indicate an
oceanic—crustal origin followed by gabbroic intrusions associ-
ated with an incipient arc (Zapata et al., 2017a).

The age of the volcanic rocks has been determined by sever-
al methods as Cretaceous, but dating with the K—Ar and Ar—Ar
systems has been somewhat erratic. Ages from these systems
range from 105 to 73 Ma (Gonzilez, 2010; Sinton et al., 1998;
Toussaint & Restrepo, 1981), and an abnormally old Ar—Ar age
of 155 Ma was obtained for the San José de Urama Diabases
(Rodriguez & Arango, 2013). Some of these ages, specifically
the age from San José de Urama Diabases, could be unreliable
due to the very low K content in the analyzed minerals. A better
indicator of the minimum age of the Barroso Formation is the
ages of the stocks that intrude the sequence, as discussed below.
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The sedimentary succession contained within the Cafas-
gordas Group, named the Penderisco Formation, has been di-
vided into a clastic sequence (the Urrao Member) and a mainly
cherty sequence (the Nutibara Member), Alvarez & Gonzilez
(1978).

The Urrao Member is composed of several meter—thick
turbiditic successions that are repeated for hundreds of me-
ters, whereas the Nutibara Member is composed of cherts and
lithographic limestones. The Urrao Member is predominant on
the eastern side of the range, while the Nutibara Member is
predominant on the western side. However, the relationships
between them are not clear.

In Dabeiba, near the Calima—Cuna suture marked by the
Dabeiba—Uramita Fault, Paleocene to Eocene fauna have been
discovered in the Rio Verde Unit, which is composed of ba-
salts, radiolarites, calcareous cherts, and limestones (Bourgois
et al., 1982a). This finding suggests that at least a portion of
the Nutibara Member would not be Calima but rather would be
related to a Paleocene — Eocene magmatism event of the Cuna
Terrane, which accreted in the Miocene. It is currently unclear
whether all the calcareous cherts that are attributed to the Nuti-
bara Member in this area are Paleocene and belong to the Cuna
Terrane or whether a Cretaceous portion remains in the Calima
Terrane. Additionally, the only zone in the north where slates
have been found is close to Dabeiba (Restrepo et al., 1979).
This low—grade metamorphism was probably produced by the
collision of the Cuna with the Calima Terrane.

The Paleocene siliceous limestones and cherts were highly
deformed by Miocene tectogenesis, which is responsible for the
main deformation of the sedimentary rocks of the Penderisco
Formation. However, the presence of a Late Cretaceous to Pa-
leocene event is not discarded.

Fossils are not very common, but those found have yielded
ages that range from Albian to Maastrichtian (Etayo—Serna et
al., 1980; Gonzalez, 2001 and references therein). Ammonites
near Buriticd are assigned to the mid—Albian (Etayo—Serna et
al., 1980), and they likely represent interstratified cherts and
fine clastic rocks within the Barroso Formation rather than the
Penderisco Formation as previously thought (Gonzdlez, 2001).
This age is confirmed by the intrusion of the Buriticd Stock
into the sequence, forming a contact aureole (Feininger in Eta-
yo—Serna et al., 1980); this stock has been dated at 100.5 Ma
(Weber et al., 2015) and 93.9 Ma (Giraldo—Ramirez, 2017) by
U-Pb in zircons. These ages agree well with a K—Ar date of
105 = 10 Ma obtained from the Barroso Formation (Restrepo
et al., 1991). If all of the basic volcanic rocks of the Barroso
Formation formed in a short time, it is probable that they were
completely established by the beginning of deposition associ-
ated with the Penderisco Formation. For this unit, Etayo—Serna
(1989) reports Campanian to Maastrichtian fossils in turbidites
near Peque on the western side of the sequence; recently, Turo-
nian to Maastrichtian fossils have also been found at Ciudad

Bolivar and Carmen de Atrato (Etayo—Serna cited by Rodriguez
& Arango, 2013). The Cafasgordas Group was intruded by sev-
eral plutons. On the eastern side, these plutons include the Bu-
riticd Stock and the Santa Fé Gabbro (formerly the Sabanalarga
Batholith); the Caicedo Gabbro and Altamira Gabbro mostly
intrude the Barroso Formation. These plutons have been dated
between 110.5 Ma and 71.6 Ma by U-Pb in zircons (Correa et
al., 2017; Giraldo-Ramirez, 2017; Zapata et al., 2017b).

2.3. Features of the Southern Part of the Calima
Terrane

To the east of the southern part of the Calima Terrane are the
Bolivar and the Riofrio Complexes, which consist of dunites,
peridotites, banded pyroxenites, and gabbros cut by several
hornblende pegmatites that have been dated between 112 and
95 Ma using Ar—Ar and U-Pb (Kerr et al., 2004; Villagémez,
2010). According to Bourgois et al. (1982b), the Bolivar Com-
plex forms the base of the Diabasic Group and represents a por-
tion of the proto—Caribbean basin that was overthrust onto the
continent. Likewise, Nivia (1993, 1996) interpreted that these
complexes represent the base of an obducted plateau.

Most of the southern part of the Calima Terrane is composed
of basic volcanic rocks of the Diabasic Group or Volcanic For-
mation and by sedimentary and metasedimentary rocks of the
Dagua Group, which has been divided into two formations:
the Cisneros Formation, which is composed of metamorphic
rocks, mainly phyllites and slates, and the Espinal Formation,
which is composed of marine sedimentites, mostly mudrocks
and turbiditic sandstones (Nelson, 1962). Several authors have
proposed changing this nomenclature (Parra, 1983; Aspden,
1984) without reaching a consensus.

The Diabasic Group consists of spilitized diabase, K—poor
tholeiitic basalts, and tuffs with interspersed cherts, siltstones,
graywackes, and limestones. Trace element and REE analyses
indicate a T-MORB that represents an oceanic plateau or a rift
disturbed by a hotspot (Desmet, 1994; Kerr et al., 1997). The
sedimentites that are interspersed with the basic rocks contain a
few fossils from the Aptian — Campanian range (Etayo—Serna et
al., 1982). Some small gabbro stocks associated with volcanic
rocks have been dated at 99.7 Ma by U-Pb in El Palmar (Vi-
llagémez et al., 2011) and 94 + 17 Ma by Rb—Sr isochron in El
Tambor (Brook, 1984).

The Amaime Formation (McCourt, 1984), located on the
western border of the Central Cordillera near Sevilla, is similar
in composition and age to the Diabasic Group (Nivia, 1989).
However, this formation could be an independent unit because
it is separated from the Diabasic Group by an important fault
network (Aspden & McCourt, 1986; Moreno—Sanchez & Par-
do—Trujillo, 2003). According to the paleomagnetic studies of
Estrada (1995), the Amaime Formation was probably generated
in the Pacific at an equatorial paleolatitude.
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The Cisneros Formation consists of siliceous phyllites and
carbonaceous slates interspersed with metacherts, metagray-
wackes, and metalimestones that formed from low—grade meta-
morphism of pelagic sedimentites, particularly distal turbidites
(Barrero, 1979). In the phyllites, Zoophycus ichnofossils are
abundant. Bivalve molds indicate a Turonian — Maastrichtian
age (Etayo—Serna et al., 1982). Some authors consider that the
metamorphism was exclusively dynamic and that the phyllites
are cataclasites (McCourt et al., 1984). The presence of schisto-
sity affected by isoclinal folding that is associated with a second
schistosity shows that large portions of the phyllites were pro-
duced by low—grade regional metamorphism, even though the
presence of superimposed cataclasis is certain in several areas
(Bourgois et al., 1982b).

The Espinal Formation is composed of siliceous shales,
siltstones, and graywacke with rare cherts and limestones. For-
aminifera and Inoceramus fossils suggest Campanian — Maas-
trichtian ages (Etayo—Serna, 1989).

However, the present apparent stratigraphy may be tecton-
ically induced. Etayo—Serna et al. (1982) suggested that the
Dagua Group can be divided into three segments with different
textures and compositions, which were deposited contempora-
neously and later tectonically stacked.

An important Late Cretaceous tectono—metamorphic event
was caused by the oblique collision between plateau material
of the Caribbean Plate and continental basement of the South
American continent. At first, the collision was quite frontal,
but later, major dextral movements occurred. Indeed, initial-
ly, the collision produced tectonic phases marked mainly by
isoclinal folding, overthrust faults associated with schistosity
and regional metamorphism, but the convergence then became
more oblique, producing the great strike—slip faults that cut the
previous structures (Toussaint, 1996).

Barrero (1979) assumed that the main tectonic phase that
affected this region was Late Cretaceous and noted that phyllite
of the Cisneros Formation dips mainly to the east, suggesting
this observation as evidence of eastward subduction. Subse-
quent work by Bourgois et al. (1982b) indicated that the cen-
ter of the Western Cordillera is formed by tectonic stacking of
overthrust units based on the presence of folds that affect a first
schistosity associated with isoclinal folds. The second schis-
tosity, with a dip generally less than 30 degrees, is associated
with folds dipping to the east. McCourt et al. (1984) placed a
special emphasis on the large NNE faults that crosscut the pre-
vious structures. These authors attributed the faulting to Late
Cretaceous tectonogenesis, but Toussaint (1996) argued that the
inverse direction movements are subsequent to the Late Creta-
ceous regional metamorphism and are responsible for dynamic
metamorphism that produced the cataclasites in the region. In
the north, it is difficult to separate the Late Cretaceous tectonic
event from the collision between the Cuna and Calima Terranes,
which occurred during the Miocene.
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The final accretion of the Calima Terrane to the continent
appears to have occurred close to the Late Cretaceous — Paleo-
gene boundary, beginning at approximately 70 Ma (the age of
the youngest igneous zircons found in the Sabaletas Schists)
and concluding before 58 Ma (the age of a dike that intrudes
the schists; Zapata & Cardona, 2017). This age agrees well with
the age determined in the southern part of the terrane, where
Paleocene and Eocene sedimentary units partially cover the ter-
rane borders with little to no deformation (see Geologic Map of
Colombia by Gémez et al., 2015b).

2.4. Extent and Boundaries of the Calima
Terrane

Broadly speaking, the transition between the oceanic basement
of the Calima Terrane and continental crust occurs along what
is presently the CRFZ. However, it is important to note that the
area has been subject to diverse tectonic phases with compres-
sional, extensional, and especially large horizontal movements
due to dextral-inverse transpression. The right—lateral faults
were active during most of the Cenozoic. Thus, the limit is
presently represented by the Cauca—Almaguer Fault (the west-
ernmost fault of the CRFZ), but this fault is not necessarily the
original boundary. This fault separates the Calima and Pozo
(Arquia) Terranes.

The origin of the Caribbean Plateau has generally been
attributed to the paleo—Galdpagos hotspot, south of its pres-
ent position (for a discussion regarding the paleo—Galdpagos
hotspot, see Nerlich et al., 2014, and references therein). The
latitude of formation of the basic rocks was determined from
paleomagnetic data to be nearly equatorial (Estrada, 1995) or
between 2° S and 4° S (Hincapié—Godmez et al., 2018). Since
its formation at that southerly location, there has been a north-
easterly drift of the plateau that has resulted in the accretion of
oceanic crust to the continental borders of the northern Andes
and the Caribbean margin of South America (i.e., Kennan &
Pindell, 2009). The interaction of the oceanic and continental
terranes has produced slivers of both types of crust, dispersing
large and small terranes that were accreted to the north. An
example of these accretions is observed west of Medellin. The
San Jerénimo Fault runs in a N-NE direction from Ecuador to
an approximate latitude of 4° 40’ N, where it turns to a N-NW
direction. After the change in direction, many microterranes,
such as the Anacona, Quirimard, and Ebéjico Terranes, were
left stranded in this area. Additionally, at the flexure point,
extensive mylonites occur that were mapped as regional met-
amorphic rocks (Gonzélez, 1980).

In the northernmost part of Colombia, the Calima Terrane
is limited by an inverse fault that dips toward the south and
confines the folded belt of the Caribbean within the Caribbe-
an Plate (Toussaint & Restrepo, 1989). The location of the
Calima Terrane in the Sinu region and EI Plato depression is



unclear. Research prior to Mora—Bohoérquez et al. (2017) as-
sumed that the Cauca—Almaguer Fault, also called the Romer-
al Fault in this region (Grosse, 1926), represents the boundary
between the continental and oceanic materials to the E and
W, respectively. However, geophysical research by Mora—
Bohérquez et al. (2017) showed that between the Romeral or
Cauca—Almaguer Fault and the San Jerénimo Fault with a NE
direction in this region, the basement is composed of oceanic
material. These authors consider that such basement may be
associated with the Quebradagrande Complex, but we propose
that it is more likely associated with the Calima Terrane; quite
clearly, this basement is not from the Tahamf{ Terrane.

2.5. Post-Accretion Events in the Calima-
Continental Terranes Supraterrane

An Oligocene to early Miocene magmatic belt including the
Piedrancha Granodioritic Batholith (23 Ma; Alvarez & Lin-
ares, 1981), the Anchicayd Batholith (18 Ma; Brook, 1984),
the Cumbitara Stock, El Vergel Stock (23 Ma to 22 Ma; Leal—
Mejia, 2011) and the Tatama Pluton (19 to 17 Ma; Brook,
1984) intrudes the previous rock associations. It is feasible that
the final magmatic event of this belt is represented by the Ta-
tama Pluton, intruded shortly prior to the collision of the Cuna
and Calima Terranes, which would have changed the position
of the subduction zone.

Marine sediments were deposited during the Cenozoic in
the Cauca River valley, for example, the Campanian — Paleo-
cene Nogales Formation and the Eocene Chimborazo Forma-
tion (Pardo-Trujillo et al., 2003) on the western edge of the
southern part of the Western Cordillera, and are similar to the
sediments of the Pacific Group (van der Hammen, 1958) north
of the Western Cordillera in the Sind and San Jacinto regions,
such as the Paleocene — Eocene San Cayetano Formation
(Duque—Caro, 1984).

An important deformed belt developed in the northernmost
part of the Calima Terrane, related to the Cenozoic subduction
of the Caribbean Plate beneath the Northern Andes. Some of the
sediments associated with this belt are exposed on the Carib-
bean Colombian coast, in Sindi, where they rest on the Calima
Terrane units (see B&G Unién Temporal, 2006).

3. The Tumaco Suspect Terrane
(Gorgona Terrane and Western Flank
of the Southern Region of the Western
Cordillera)

3.1. Introduction

A set of dunites, wehrlites, gabbros, and basalt flows that are
covered by basic tuffs with Inoceramus in the Gorgona and

Tectonostratigraphic Terranes in Colombia: An Update Second Part: Oceanic Terranes

Gorgonilla Islands were denominated the Igneous Complex of
Gorgona by Gansser (1973). Etayo—Serna et al. (1983) consid-
ered that this assemblage represents the Gorgona Terrane.

The Guapi Ultramafic Complex, associated with a volca-
no—sedimentary sequence located to the west of the Western
Cordillera (in a sparsely studied area), raises the question of
whether the complex is associated with the Calima Terrane,
with a southern extension of the Cuna Terrane, or with a new
terrane that remains undefined. Due to a lack of thorough geo-
logical knowledge in this region, it is difficult to select among
the hypotheses. In this article, these various units are included
in the Tumaco Suspect Terrane, named after an important pre—
Columbian culture.

3.2. Features of the Tumaco Terrane

The Igneous Complex of Gorgona includes mafic and ultramaf-
ic rocks with dunites, wehrlites, poikilitic or troctolitic gabbros,
komatiites, basalt flows, volcanic breccias, and basic tuffs that
contain Inoceramus (Gansser, 1973). Echeverria (1982) docu-
mented komatiites with spinifex textures, which are character-
istic of the partial fusion of the mantle at a temperature of more
than 1400 °C. Ages between 86 and 66 Ma reflect a seemingly
continuous magmatic episode of ca. 20 Ma, with dates similar
to those of the Caribbean Plateau (Espinosa—Baquero et al.,
1982; Serrano et al., 2011; Walker et al., 1999). According to
Estrada (1995), basalts with K—Ar dates of 86 + 3 Ma had a
paleolatitude of 25° S to 35° S. On the other hand, Serrano et
al. (2011) considered that the Gorgona magmatism was due to
the mixing of asthenospheric mantle material that was metaso-
matized by the subducted material of the proto—Caribbean Plate
beneath the Antilles Arc. These authors discarded the hypothe-
sis of magmatism related to the Galdpagos Hotspot, considering
that the continuity of Gorgona magmatism over 20 Ma was
inconsistent with a moving plate passing over a hotspot.

The Guapi Ultramafic Complex includes harzburgites, lher-
zolites, serpentinized dunites, wehrlites, and gabbros associated
with volcano—sedimentary formations that include basalts, brec-
cias, and tuffs interbedded with cherts, siltstones, and Paleocene
— Eocene limestones of the Timbiqui Formation (McCourt et
al., 1990; Agencia Nacional de Hidrocarburos & Geologia Re-
gional y Prospeccidn, 2011). Their presence on the west flank of
the Western Cordillera prompts questions regarding which ter-
rane these rocks belong to. This complex is intruded by smaller
plutons, such as the Balsitas and El Salto Plutons, which are
composed of hornblendic gabbro, quartz diorites, andesite por-
phyries, and tonalites for which McCourt et al. (1990) obtained
ten K—Ar ages between 53 and 41 Ma. A more robust age of
53.25 +£0.27 was obtained by U-Pb in zircons from a dike that
crosscuts the complex (Agencia Nacional de Hidrocarburos &
Geologia Regional y Prospeccién, 2011), so a minimum Eocene
age is indicated. The magmatism of the complex seems to be
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representative of oceanic arc activity developed on an oceanic
basement, possibly disturbed by a high heat flow.

The Late Cretaceous to early Eocene age of the Gorgona Ig-
neous Complex and the Guapi Ultramafic Complex (associated
with volcano—sedimentary units) suggests that they constitute a
different terrane from the Calima and Cuna Terranes. A similar
hypothesis was suggested in a map presented by Guiral-Vega et
al. (2015). However, until new data are available, the temporal
relationships between the location of these ultramafic complex-
es and the accretion of the Calima Terrane remain unknown.
Although the Calima Terrane includes the Miocene Alto Con-
doto Ultramafic Complex (Salinas & Tistl, 1992; Tistl et al.,
1994), the Late Cretaceous to Eocene age excludes a similar
origin between the two.

3.3. Accretion and Extent of the Tumaco Terrane

An approximately N—S—oriented fault network separates the
Tumaco Terrane from the Calima Terrane. These faults have
no specific names in the most recent map published by the
Servicio Geolégico Colombiano (Gémez et al., 2015b). The
faults are covered by recent sediments south of Buenaventu-
ra, continue south in Narifio near the town of El Charco, then
extend near Ricaurte and finally end in Ecuador at the limit
between the Pifion and Pifion—Macuchi Terranes (Litherland
et al., 1993). Currently, it is difficult to specify the age and
type of suture; however, an undated pluton attributed to the
Piedrancha Batholith appears to crosscut the border. Although
K—Ar ages ranging from 62 to 21 Ma have been reported from
this batholith (Gonzélez et al., 2002), the U-Pb age of 22.53
+ 0.18 Ma (Agencia Nacional de Hidrocarburos & Geologia
Regional y Prospeccion, 2011) would place the age of accre-
tion as pre-Miocene. According to McGeary & Ben—Avraham
(1985), the accretion of the Gorgona Terrane occurred before
the early Miocene. The accretion of the Tumaco Suspect Ter-
rane occurred after the mid—Eocene based on the age of 41 Ma
of the youngest pluton mentioned above and before the early
Miocene accretion of the Cuna Terrane.

The boundary between this terrane and the Cuna Terrane
is represented by a NNE fault that crosses Buenaventura bay
and extends offshore to the west of Gorgona Island. This fault
was identified using seismology by McGeary & Ben—Avra-
ham (1985), who assumed it represents a suture between two
terranes.

3.4. Other Possibilities

The existence of a Tumaco Terrane is feasible, but the hypoth-
esis that these geological assemblages represent a southern ex-
tension of the Cuna Terrane (which is described later) cannot be
discarded. Similarly, we cannot completely eliminate the possi-
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bility that the Guapi Ultramafic Complex is associated with the
Calima Terrane, although it would be difficult to explain the in
situ generation of the Guapi Ultramafic Complex.

4, The Cuna Terrane
4.1. Introduction

The Cuna Terrane is located in the western part of Colombia,
cropping out on the western flank of the Western Cordillera
and in the Serrania de Baudd. It forms the basement of the
Atrato River and Chucunaque Basins in Colombia and Pana-
md, respectively. This terrane extends to the Isthmus of Pan-
ama.

For this area, the Ingeominas review by Etayo—Serna et al.
(1983) considered that the west flank of the Western Cordillera
is part of the Cafnasgordas Terrane, that the Atrato River valley
belongs to the Atrato—San Juan Terrane and that the Serrania
de Baudé is associated with the Baudé Terrane. Restrepo &
Toussaint (1988) initially named it the Panamd—Baud6—Mandé
Terrane, and later, Toussaint & Restrepo (1989) defined it as the
Cuna Terrane. Duque—Caro (1990) called it the Panam4—Choc6
Block or Chocé Block. Gémez et al. (2015a) did not separate
this area as a distinct terrane but associated it with a Caribbean
Megaterrane that includes all terranes that contain oceanic base-
ment. The Gorgona Terrane defined by Estrada (1995) may be
a small terrane between the Calima and Cuna Terranes or may
belong either to the Tumaco Suspect Terrane or to the Cuna
Terrane. This research considers the Gorgona Terrane to be part
of the Tumaco Suspect Terrane.

4.2. Features of the Cuna Terrane

The Cuna Terrane includes a Cretaceous oceanic basement
that was intruded in the NE by a magmatic arc of interme-
diate to acidic composition. It is represented by the Mandé
Batholith with tuffs and breccias of the Santa Cecilia—La
Equis Formation, the Acandi Batholith, and the Eocene Rio
Pito Pluton in Panamad. A thick succession of marine sedimen-
tites was deposited in the Atrato River Basin, mainly between
the Eocene and Miocene.

Bourgois et al. (1982a) argued that the oldest units in the
Baudo6 Range are massive basalts, some with amygdules, and
pillow lavas, diabases, and gabbros, dated at 70 Ma by K—Ar.
Using Ar—Ar dating, Kerr et al. (1997) obtained ages between
77.9 Ma for a gabbro and 71.8 Ma for a basalt near Bahia So-
lano. These authors consider the rocks to be plateau basalts
similar to those of the Caribbean Plateau. Planktonic foramin-
ifera that were detected in sedimentary rocks interlayered with
basalts suggest Coniacian to Maastrichtian ages (Bandy, 1970).
These units are covered by chaotic volcano—sedimentary se-



Tectonostratigraphic Terranes in Colombia: An Update Second Part: Oceanic Terranes

quences characterized by basalts interspersed with limestones,
radiolarites, and graywackes. Faunal ages range from Paleocene
to lower Miocene (Bourgois et al., 1982a).

In the east and northeast region, volcanic rocks including
basalts, andesites, latites, breccias, and tuffs are associated
with cherts, siltstones, mudstone, and limestones that contain
Paleocene — Eocene fossils, such as the Rio Verde Forma-
tion (Bourgois et al., 1982a), the Santa Cecilia Formation,
and La Equis Formation (Calle & Salinas, 1986). The Santa
Cecilia-La Equis Complex, defined by Salazar et al. (1991),
is composed of interlayered basic to intermediate lava flows
and pyroclastic sequences. These authors initially included the
Mandé Batholith in this complex, but the name was later limit-
ed to the volcanic portion. Near Dabeiba, a trachyandesite was
dated at 41.5 Ma using K—Ar (Restrepo et al., 1991), whereas
rocks of this unit dated with Ar—Ar produced ages between
55 and 37 Ma (Buchely et al., 2009). This magmatism also
features the quartz diorite porphyries of Murindé and Panta-
nos, dated between 54.7 and 42.7 Ma by K—Ar, which con-
tain important copper deposits (Sillitoe et al., 1982). Intense
granodioritic to quartz monzonitic plutonism, which occurred
during the Eocene, is represented mainly by the Mandé and
Acand{ Batholiths. The Mandé Batholith was dated by U-Pb
in zircons at 45.3 + 1.2 and 44.6 + 0.9 Ma (Leal-Mejia, 2011),
while other methods such as Ar—Ar and K—Ar produced ages
between 55 and 45 Ma (Sillitoe et al., 1982; Buchely et al.,
2009). This entire complex represents an island arc that devel-
oped over the Caribbean Plate, which was displaced dextrally
compared to the NW corner of South America. In the northern
part of the Cuna Terrane between the magmatic arc and the
border of the Cuna Terrane with the Caribbean Plateau, the
north Panama deformed belt developed. This belt is composed
of thick sequences of marine sedimentites deformed during
the subduction of the Caribbean Plate beneath the Cuna Ter-
rane. According to Montes et al. (2012), the emergence of the
Panamd Arc, transported by the Caribbean Plate, commenced
in the Eocene, although the arc collided with the NW corner
of South America in the early Miocene (Toussaint & Restrepo,
1989). A younger age of collision is proposed by Restrepo—
Moreno et al. (2017).

More than 6000 meters of marine sedimentary sequences
were deposited in the Atrato River Basin between the Eocene
and middle Miocene. The deposits include the Clavo, Salaqui,
Uva, Napipi, and Sierra Formations (Haffer, 1967).

The Alto Condoto Ultramafic Complex, Viravira Complex,
the Mumbu Ultramafic Complex, the Mutatd Ultramafic Com-
plex, and La Cristalina Complex occur to the east of the Cuna
Terrane and are composed of platinum-rich dunites, harzbur-
gites, and lherzolites. They are Ural-Alaska—type complexes,
products of the partial melting of an oceanic crust in a volcanic
arc environment (Tistl et al., 1994). K—Ar isotopic dating of

hornblende ranges from 21 to 18 Ma, or late Oligocene to early
Miocene (Tistl et al., 1994). In the Viravira Complex, a few ki-
lometers south of the Alto Condoto Ultramafic Complex, upper
Eocene — lower Miocene cherts and limestones are intercalated
with basalts.

The northeastern part of the Cuna Terrane features two
important gravimetric highs of 90 mgal in the Serrania de
Baudé and 130 mgal in the eastern region of the Cuna Terrane.
These highs were interpreted to be the result of tectonic uplift
in this region during collision with the Northern Andes (Case
etal., 1971).

4.3. Extent and Boundaries of the Cuna Terrane

The Cuna Terrane is separated from the Caribbean Plate by
a fault where the north Panama deformed belt overrides the
Caribbean Plate. This situation corresponds to the convergence
between the Caribbean Plate and the Cuna Terrane that makes
part of the Panama Plate (Case & Holcombe, 1980; Bird, 2003).
The border with the Calima Terrane features inverse faults with
eastern and western dips, such as those of Dabeiba—Pueblo Rico
and Uramita Faults (Restrepo & Toussaint, 1988). This fault
system was generated during the collision of the Cuna Terrane
with the NW corner of South America, when the Cuna Terrane
attempted to subduct under the NW corner of South America.
However, in some regions, such as around Dabeiba and along
El Toro River on the road between Medellin and Quibdd, the
most superficial area of the Cuna Terrane overthrust onto the
Calima Terrane units (Bourgois et al., 1982a; Toussaint, 1999).
In the Gulf of Urab4 and around Buenaventura bay, the bound-
ary is covered by late Miocene and Quaternary sediments. The
boundary in the southern part of the Cuna Terrane, oriented N—
NE, is marked by a nameless inverse dextral fault (see Gémez
et al., 2015b) that segments the original suture.

The western boundary of the Cuna Terrane includes the
subduction zone associated with subduction of the Nazca Plate
beneath the Northern Andes and, in the northernmost region, a
transform fault that borders the south Panama deformed belt.

4.4, Accretion of the Cuna Terrane

The collision of the Cuna Terrane with the Northern Andes ap-
parently occurred in the early Miocene both because the intense
Eocene magmatism affected only the eastern edge of the Cuna
Terrane but not the Calima Terrane and because the Miocene
— Pliocene sedimentites cover the border in the Gulf of Uraba.
In addition, the late Miocene — Pliocene Quibdé Formation dis-
cordantly overlies the early to middle Miocene Sierra Forma-
tion. Near Dabeiba, the Guineales Formation (Botero, 1936),
deposited on the 9.3 Ma basalt of El Botén (Restrepo et al.,
1991; Zapata & Rodriguez, 2011), appears to cover the border.
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Duque—Caro (1985) and Montes et al. (2012) suggested
that deep—water circulation between the Caribbean Sea and
the Pacific Ocean was interrupted during the early Miocene,
although O’Dea et al. (2016) argued that the interruption of
marine exchange between the Caribbean Sea and the Pacific
Ocean occurred only 2.8 Ma ago. In addition, Toussaint & Re-
strepo (1989) and Toussaint (1996) suggested that the collision
of the Cuna Terrane with the Andean Block not only was re-
sponsible for the folding of the Cretaceous sedimentites of the
Calima Terrane but also was a major cause of Miocene — Plio-
cene tectonogenesis that affected the entirety of the Colombian
Andes, unlike the previous tectonogenesis that affected only
specific terranes. Gomez—Vargas et al. (2017) suggested that the
Penderisco Formation, associated with the Calima Terrane, was
detached from its oceanic basement and was obducted during
the collision.

Additionally, an important late Miocene to Pliocene mag-
matic event affected the whole Western Cordillera, at that
moment already constituted by the accreted Cuna Terrane
and the Calima Terrane. A shoshonitic belt that includes El
Botén Trachybasalt, dated at 9.3 Ma by K—Ar (Restrepo et
al., 1991) and at 11 + 0.3 Ma by Ar—Ar (Rodriguez & Zapata,
2012), and several intrusives dated between 12 and 9 Ma by
K-Ar and Ar—Ar (Rodriguez & Zapata, 2012 and references
therein), mostly of monzonitic composition, extends between
latitudes 5° 30’ N and 7° 15’ N. The magmatic belt migrat-
ed to the east and affected the Cauca River valley during
the Combia magmatism between 10 and 6 Ma, which was
responsible for the Au—Cu porphyries of the well-known
“Middle—Cauca belt”.

The late Miocene to Pliocene belt in the central and southern
parts of the Calima Terrane is different from the early Oligo-
cene — Miocene belt described above. The former includes the
Piedrancha and Anchicaya Batholiths and El Pital and Tatamd
Plutons, which are intrusions into the Calima Terrane prior to
collision with the Cuna Terrane. Presumably, the two magmatic
events were associated with different subduction zones.

The age range of the accretion of the Cuna Terrane to the
Calima Terrane can be restricted because this event seems to
have occurred after the intrusion of the Tatam4 Pluton, dated
at 17 Ma (Brook, 1984), and before the intrusion of El Boton
Trachybasalt, dated at 11 Ma (Rodriguez & Zapata, 2012).

The Cuna Terrane represents an island arc generated on top
of the Caribbean Plate farther south of its current position (Ken-
nan & Pindell, 2009), which entered as a wedge between North
and South America. The dextral movement in the Colombian
west was blocked when the arc collided, allowing accretion of
the Cuna Terrane to the Northern Andes. It is possible that the
collision changed the direction of the fault displacement in the
boundary zone between the Cuna and Calima Terranes. The for-
mation of a bridge between North and South America allowed
terrestrial faunal exchange between the two continents and
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implied an evolutionary mismatch between the Pacific Ocean
marine faunas and those of the Caribbean Sea (Duque—Caro,
1985; Montes et al., 2012).

5. The Oceanic Terranes in the Cauca-
Romeral Strip

5.1. Introduction

As stated in the continental terranes chapter, the Cauca—Rome-
ral strip is composed of continental and oceanic microterranes
(Figure 3) resulting from the rupture of the collision zone be-
tween these domains. All of the recognized terranes form long
N-S oriented strips, some only a few kilometers long and others
several tens of kilometers. Within this strip, continental slivers
correlatable with the Taham{ Terrane may be present as well as
ultramafic bodies that have not yet been classified as terranes.

5.2. Ebéjico Terrane (Quebradagrande)

We propose using the name Ebéjico Terrane instead of
Quebradagrande Terrane to avoid confusion with the Que-
bradagrande Formation (Botero, 1963) or the Quebradagrande
Complex (Maya & Gonzélez, 1995). An additional reason for
the change is to use a name related to pre~Columbian tribes or
places, as has been common in past works.

The boundaries of the terrane are two faults of the CRFZ.
To the east, the San Jer6nimo Fault separates Quebradagrande
from continental terranes such as the Tahami, Anacona, and
Yalcén Terranes, and to the west, the Silvia—Pijao Fault sepa-
rates it from the Pozo (Arquia) Terrane south of the Arma Fault.
North of this area, the Romeral Fault (sensu Grosse, 1926) sep-
arates the Ebéjico Terrane from the Amagd—Sinifana Terrane
(Restrepo et al., 2009a).

The lithology of the Ebéjico Terrane corresponds complete-
ly to the Quebradagrande Complex (Maya & Gonzélez, 1995).
It is composed of flows, pillow lavas, breccias, and tuffs of
basaltic to andesitic composition interbedded with sedimentary
rocks, including shales, arkoses, and cherts (Gonzdlez, 2001;
Jaramillo et al., 2017; Rodriguez & Cetina, 2016). Manganese
minerals that presumably formed on the ocean floor occur near
Santa Barbara, Antioquia (Durango, 1978). The basic rocks
have undergone strong spilitization, forming abundant pumpel-
lyite and chlorite that impart a green color to the greenstones
(Restrepo & Toussaint, 1984). The unit forms a narrow and
discontinuous belt with a maximum width of approximately 15
km that extends from Ecuador, where it is known as the Alao
Terrane (Litherland et al., 1993), to the town of Liborina, An-
tioquia (Gomez et al., 2015a). The continuation of the terrane
to the north of the Central Cordillera is not completely clear.
Some authors (Mora—Bohorquez et al., 2017) have suggested
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Figure 3. Schematic map of the small terranes in the Cauca-Rome-
ral Fault Zone.

that it extends northward under the sedimentary cover of the
Caribbean lowlands, but this continuity has not been proven.
Cardona et al. (2012) seem to imply that the Quebradagrande
Complex is not present in this area. On the surface, this ter-

rane has not been mapped north of Liborina in the northern
part of the Central Cordillera (Gémez et al., 2015a; Hall et al.,
1972). However, recent unpublished mapping in the Libori-
na—Sabanalarga area has demonstrated the presence of low— to
medium-grade metamorphic rocks that could be the northward
continuation of the Quebradagrande Complex, although the
nature of the metamorphism as dynamothermal or dynamic is
debated. Guiral-Vega et al. (2015) and Jaramillo et al. (2017)
suggest that metamorphism is dynamic in character and is as-
sociated with the important wrench faults that are present in
the area. However, a close examination of thin sections shows
that the mineralogy and microstructures of greenschists and
muscovite—quartz schists correspond to dynamothermal meta-
morphism, followed by shearing and mylonitization along
these faults. The San Jerénimo Fault proper also ends at Li-
borina. This truncation is probably because the Tahami has a
prong (the Liborina prong proposed here), the most wester-
ly occurrence of the terrane, that seems to have squeezed the
several CRFZ faults so that here they are separated by only
a few kilometers. The possibility exists that a metamorphic
Quebradagrande has been included in the Cajamarca Complex
in previous mapping efforts. In fact, in the detailed mapping
by Grosse (1926), this part of the diabases was considered to
be a metamorphic variant, but this feature was apparently for-
gotten by subsequent field geologists. In a somewhat similar
way, extensive mylonitic rocks produced by the shearing of the
Quebradagrande Complex along the CRFZ, at an approximate
latitude of 5° N, were mapped as regional metamorphic rocks
equivalent to the Cajamarca Complex (Gonzalez, 1980). De-
tailed mapping and petrological and geochronological studies
are necessary to clarify this possibility.

The age of the Quebradagrande Complex based on fossils is
Aptian — Albian (Gonzalez, 1980) or Hauterivian — Albian (Bo-
tero et al., 1974). The unit has been difficult to date using K—Ar
and Ar—Ar methods due to the alteration and very—low—grade
metamorphism that is present almost everywhere, as well as the
scarcity of zircons that has extensively hampered U-Pb dating.
However, a U-Pb zircon date from a metatuff yielded an age of
114.3 + 3.8 Ma (Villagémez et al., 2011), and a dioritic dike that
is thought to be associated with Quebradagrande yielded a sim-
ilar age of 112.6 + 3.1 Ma (Cochrane et al., 2014). As such, an
Early Cretaceous age is indicated for the unit. This age is valid
both for the sedimentary rocks and for the volcanics because in
the Arma fossiliferous locality, the authors collected volcanic
rocks with Trigonia imprints and samples of volcanic rocks
intercalated with sedimentary rocks; photos of these two sam-
ples were published by Gonzalez (1980; see Figure 18). Some
Late Cretaceous ages have also been reported. Botero (1963)
considered the algal remains of the genus Archeolithothamnion
to be indicative of a Late Cretaceous age, but in fact, the range
of this genus extends from Late Jurassic to Neogene (Johnson,
1963). An age of 93.41 £ 0.51 Ma was obtained from a gabbroic
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intrusion supposedly related to the Quebradagrande volcanics,
indicating a probable continuation of the magmatism to the Late
Cretaceous (Jaramillo et al., 2017).

The origin of the Quebradagrande Complex is still debat-
ed. Although an island arc magmatic origin with possible rem-
nants of a basal oceanic crust is recognized by most authors,
the environment where the arc was formed is unclear. Nivia
et al. (2006) suggested that the continental margin of South
America was rifted in the Early Cretaceous, forming a marginal
basin and a suprasubduction zone arc with Neoproterozoic (?)
metamorphic rocks on both sides of the basin, followed by a
final compressional event that closed the basin. This model was
criticized for several reasons by Restrepo et al. (2009b), one of
the reasons being the presence of belts exclusively composed of
Quebradagrande or Arquia Complexes and completely limited
by faults, with no intermingling between them. This condition
is easily explained by a terrane model but is quite difficult to
explain in an autochthonous model. On the other hand, models
such as the one proposed by Villagémez & Spikings (2013)
suggest that the arc was intraoceanic and related to a subduc-
tion zone that formed the Arquia Complex and that after the
formation of these rocks, they were accreted to the continental
border. Jaramillo et al. (2017) also argued for an oceanic arc but
with a thickened crust; a major variation in this model is that the
age of the arc is considered Late Cretaceous based on dating of
granitoid rocks intruding the basic rocks.

The name of the terrane is taken from the present munici-
pality of Ebéjico, Antioquia, where good exposures of the Que-
bradagrande Complex are found. This word is an indigenous
term that was originally applied to a valley in the Western Cor-
dillera where the city of Antioquia was first founded in 1541
(Aguilar-Rodas, 2001; Duque, 1967).

5.3. Pozo Terrane (Arquia)

The name of the Pozo Terrane is proposed for the terrane known
by some authors as the Arquia Terrane because the names Ar-
quia Group (Restrepo & Toussaint, 1976) and Arquia Complex
already exist in the literature (Maya & Gonzélez, 1995). Pozo
is the name of an ethnic group that lived near the Arquia area,
on the border between the Antioquia and Caldas Departments.

The Arquia Group (Restrepo & Toussaint, 1976) is a nar-
row belt of metamorphic rocks that include garnet amphibo-
lites, serpentinites, greenschists, graphite—-muscovite schists and
quartzites. The units are crosscut by several faults and thus form
discrete blocks. Some authors have called it a mélange (i.e.,
Gonzilez, 2001; Rodriguez & Arango, 2013), but this term is
not an adequate name since the definition of mélange requires a
fine matrix that surrounds the blocks (Festa et al., 2010), which
is not present in the area.

For the most part, the K—Ar and Ar—Ar ages of the Arquia
garnet amphibolites yield Early Cretaceous ages (Restrepo et
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al.,2008; Villagomez & Spikings, 2013; Ruiz—Jiménez, 2014).
The unit has been considered allochthonous, with the rocks
formed in a subduction zone (Restrepo & Toussaint, 1976;
Villagémez et al., 2011). However, P-T measurements by
Garcia—Casco et al. (2011) have shown that the temperature
gradient that formed these rocks is higher than those found in
subduction zones, so a collisional origin has been proposed by
these authors. Nonetheless, the association of metamorphic ser-
pentinites with garnet amphibolites favors a subduction zone
environment. In this same sense, Rios—Reyes et al. (2017) pro-
posed that the garnet amphibolites are retrograded eclogites
similar to those found at Pijao and Barragdn. An alternative
autochthonous origin was proposed by Nivia et al. (2006), as
discussed above for the Ebéjico Terrane, where the metamor-
phic Arquia rocks are considered Neoproterozoic rocks that
formed part of the continental margin that was rifted during the
Cretaceous. A similar autochthonous model was proposed by
Cochrane et al. (2014).

The name of the group was extended by Maya & Gonzélez
(1995) to cover a complex that includes this unit, as well as
several other metamorphic and even basic igneous rocks. The
complex is located close to the Cauca River, extending along
the western side of the Central Cordillera and the Cauca val-
ley. Units such as the Bugalagrande Schists, the Sabaletas
Schists, the Palestina—Balboa Schists, the Sucre Amphibo-
lites, the Bolo Azul Complex, the Buesaco Schists, and the
Complejo Rio Rosario have been included in the complex.
In Ecuador, its equivalent is the Alao Terrane (Litherland et
al., 1994). In the original definition, high—P rocks such as the
Pijao eclogites and Barragdn blueschists and eclogites were
not included, but modern usage has incorporated them within
the complex.

Lithogeochemical analyses indicate that tholeiitic basalts
with a MORB origin were the predominant protoliths of the ba-
sic rocks (Villagémez et al., 2011; Garcia—Ramirez et al., 2017),
although a small negative Nb anomaly indicates some affinity
with IAT (Ruiz—Jiménez, 2014; Ruiz—Jiménez et al., 2012).

Due to the application of the name Arquia to different rank
units, specifying in any article whether it is related to the Ar-
quia “Group” (using the original definition and name given
by Restrepo & Toussaint, 1976) or to the Arquia Complex is
necessary. For example, the Sabaletas Schists (Toussaint et
al., 1981) are considered part of the Arquia Complex, but in
our opinion, they would not be part of the Arquia “Group”.
A similar situation is found for the newly defined Quimbaya
Terrane (Chinchind Gneiss) near Manizales (Restrepo & Tous-
saint, 2020). It may be part of the Arquia Complex but not of
the Arquia “Group”.

The terrane is separated from the Ebéjico Terrane to the
east by the Silvia—Pijao Fault and to the west from the Calima
Terrane by the Cauca—Almaguer Fault (Figure 4); both faults
are part of the CRFZ (Maya & Gonzélez, 1995).
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Figure 4. Schematic map of terranes and faults in the Ibagué area.
5.4. Bocana Suspect Terrane

This suspect terrane occurs on the eastern side of the Aburra
valley (Medellin) and is composed mainly by amphibolites.

The main unit is the Santa Elena Amphibolite, which is
composed of amphibolites, some of which are garnetiferous,
and interbedded with quartz—biotite—graphite schists and some
of which are associated ultramafic rocks (Restrepo, 2008). Ac-
cording to recent U-Pb zircon ages, metamorphism occurred
in the mid—Cretaceous (Restrepo et al., 2012). This age is in
contrast with the Triassic age of the contiguous La Espade-
ra—Chupadero Amphibolites that compose part of the Triassic
Aburra Terrane (see below). The Santa Elena Amphibolites are
geochemically different from La Espadera—Chupadero Amphib-
olites and are richer in incompatible elements (Restrepo, 2008).
The age and composition are similar to those of the garnet am-
phibolites of the Arquia Complex, so perhaps they could be
related in origin. The limits of the terrane are denoted by an in-
ferred thrust fault that occurs at the base of the unit. The eastern
side of the terrane was intruded by the Antioquefio Batholith,
and on the western side, the Rodas Fault separates it from the
Aburra Terrane.

Bocana was the name of Santa Elena Creek, which crosses
the city of Medellin from east to west, in the indigenous lan-
guage and means brackish water (Figure 5).

5.5. Aburra Terrane

A dismembered ophiolite crops out along the Aburré valley,
composed of a large ultramafic body, El Picacho Metagabbros,

and La Espadera—Chupadero Amphibolite. The ultramafic rock
is composed mainly of olivine, in part serpentinized, chromi-
um spinel and variable amounts of tremolite, talc, and chlorite.
The presence of these three minerals is interpreted as the re-
placement of ortho— and clinopyroxenes during metamorphism
(Correa—Martinez, 2007; Restrepo, 2008). Hence, the name
Medellin metaharzburgitic unit is proposed for this unit (Gar-
cia—Casco et al., 2020).

The metagabbros occur mostly on the western side of the
valley, with Picacho Peak hosting the best exposure. They also
appear as boulders in the extensive mass—movement deposits
that are found on the western side of the Medellin valley. Met-
amorphic plagioclase and amphibole are the main minerals,
with reddish—brown hornblende as a probable relict igneous
mineral. The microstructures vary from granular gabbroic relict
structures to well—foliated rocks that are practically lineated
amphibolites. The unit is named the Picacho Metagabbros (Co-
rrea—Martinez et al., 2005). Hornblende—plagioclase metapeg-
matites are found in several places.

Fine—grained amphibolites underlie the ultramafic body,
although the outcrops are difficult to observe due to the geom-
etry of the ultramafic body and the abundant mass—movement
deposits that cover the slopes of the Medellin valley. Lithogeo-
chemical analyses of La Espadera—Chupadero Amphibolites
show that these are of incipient island arc affinity (Restrepo,
2008), whereas the Santa Elena Amphibolites are richer in
incompatible elements, representing a probable MORB ori-
gin. U-Pb analyses of La Espadera Amphibolite, metagabbros
and metapegmatites yield Triassic ages (Restrepo et al., 2007;
Restrepo et al., 2012). Apparently, the ages of approximately
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Figure 5. Schematic map of the terranes in the Medellin valley
area.

228 Ma indicate the igneous formation of the mafic materials.
The complex was named the Aburrd Ophiolitic Complex (Co-
rrea—Martinez et al., 2005).

Aburrd was the name of the natives that lived in the Me-
dellin valley when the spaniards arrived. It is also the name of
the valley where the city of Medellin and neighboring towns
are located.

5.6. Quirimara Terrane (Sabaletas Schists)
This thin belt of intercalated greenschists and “blackschists”,
located between latitudes 6° 00° N and 6° 35’ N, has been gen-

erally included in the Arquia Complex (i.e., Maya & Gonzélez,
1995; Gémez et al., 2015a). The rocks in this belt are com-

250

posed of albite—epidote—chlorite—actinolite schists intercalated
with graphite-muscovite—quartz schists; according to Grosse
(1926), garnet may also occur. They compose the wallrock of
the famous Zancudo gold mines in Titiribi. In this unit, we also
include the schists found at the western margin of the Cauca
River near Santa Fé de Antioquia that were recently named the
“Santa Fé de Antioquia Mylonites” (Correa et al., 2017).

The unit was named the Sabaletas Schists by Toussaint et
al. (1981), who obtained Early Cretaceous ages (127 + 5 Ma)
from a greenschist using K—Ar dating; an age of 104 + 5 Ma was
also obtained using this method from actinolite in a metagabbro
(Restrepo et al., 1991), and a younger age of 71 + 3 Ma was
obtained from actinolite (K—Ar) in a retrograded amphibolite
(Ruiz—Jiménez, 2014). Vinasco & Cordani (2012) obtained an
age of 127.5 = 2 Ma by Ar—Ar dating. However, the real age of
the unit has been debated. Rodriguez—Jiménez (2010) argued that
the schists are intruded by dikes related to the Pueblito Diorite,
dated at 233 Ma, whereas Giraldo—Arroyave (2010) dated by U—
Pb zircons obtained from the greenschists at 72 Ma, which she
considered a magmatic age. Similar Cretaceous ages were ob-
tained using the same method by Correa et al. (2017) and Zapata
& Cardona (2017). These apparently incompatible ages can be
reconciled when it is observed that the Pueblito dioritic body
and some schists lie to the east of the important Quirimard Fault,
which is part of the CRFZ, whereas the Sabaletas Schists are on
the western side of the fault. In this sense, the schists intruded
by the Pueblito Dike would have no relation with the Sabaletas
Schists; we propose that they would belong to different terranes,
so the ages of the schists cannot be compared. As discussed in
Restrepo & Toussaint (2020), the Pueblito Diorite and its sur-
rounding schists are included in a new terrane named Guaca.

The age of metamorphism is post—70 Ma, but an exact age
is unknown. However, it is quite likely close to the Cretaceous —
Paleocene boundary, as discussed in the chapter on terranes with
continental basement, for the accretion of the Cuna Terrane to the
Tahami Terrane (Restrepo & Toussaint, 2020). The Early Creta-
ceous K—Ar and Ar—Ar ages obtained from this unit remain unex-
plained; a possibility is that rocks with different ages but similar
compositions were mingled during the accretion processes.

The unit has been considered to be composed mainly of my-
lonitic rocks (i.e., Correa et al., 2017; Zapata & Cardona, 2017),
but a close petrographic inspection shows that they are actual-
ly dynamothermal schists affected locally by intense shearing
and mylonitization (i.e., see Grosse’s classic study, 1926, for
petrographic descriptions). A shearing-related origin for the
unit that would be associated with the accretion of the Calima
Terrane to the western side of South America has been attribut-
ed by these authors. The dynamothermal nature of the schists
probably implies a more complicated scenario, where the rocks
underwent heating within the greenschist facies and even the
epidote—amphibolite facies in addition to deformation produced
by the accretion. Ruiz—Jiménez (2014) measured pressure con-



ditions for an amphibolite found within the schists, finding a
pressure between 6.7 and 7.0 kbar; under these conditions, the
metamorphic rocks would have formed at depths on the order
of 22-23 km. To explain this deep burial and subsequent exhu-
mation, it is hypothesized here that these materials could have
penetrated into the subduction zone that existed during the Late
Cretaceous on the western side of the Tahami{ Terrane. This sub-
duction zone accommodated transpressional stress with strong
right-lateral horizontal movement. Thus, this metamorphism
could be called a transpressional collisional metamorphism,
limited to a small area as opposed to normal collisional meta-
morphism. Subsequently, the right-lateral movement that had
a vertical component could have exhumed the sliver. In this
way, schists with mineralogic and microstructural dynamother-
mal characteristics would have been formed in a small area but
with characteristics similar to those of regional metamorphism.
Near the bordering faults, local mylonitization would have been
intense. Presently, the nature of the protoliths is unknown. Al-
though the mineralogical compositions of the rocks point to
an ocean floor, rocks from this environment of approximately
70 Ma are unknown in the area. The limits of the sliver are the
Quirimara Fault to the east, which separates it from the Gua-
ca Terrane, and the Cauca—Almaguer Fault to the west, which
separates it from the Calima Terrane. It should be noted that the
Cauca—Almaguer Fault is considered the fault that places the
oceanic rocks of the Calima Terrane in contact with other units
of the Cauca—Romeral Terranes or even the Tahami Terrane.
Quirimaré is an indigenous name applied to a hill formed by the
schists west of the town of Ebéjico (Rodriguez—Pulgarin, 2011).

5.7. Nutabe Terrane (Sucre Amphibolite)

These amphibolites or metagabbros are strongly lineated rocks
associated with serpentinized ultramafic rocks. The name Nu-
tabe corresponds to a pre—Spanish tribe.

A hornblende K—Ar age of 284 + 30 Ma has been reported
(Restrepo et al., 1991), and more recently, ages of 260.7 £ 16.3
and 267.5 + 16.2 Ma were obtained by U-Pb in magmatic zir-
cons from these amphibolites (Correa et al., 2017). The body
extends to the western margin of the Cauca River, where it is
in fault contact with the northern extension of the Sabaletas
Schists (also called the Santa Fé de Antioquia Mylonites) along
one of the Cauca Faults. The history of metamorphism and ac-
cretion of this block has not yet been determined. The age is
similar but somewhat older than the age of metamorphic rocks
of the Taham{ Terrane.

5.8. Ultramafic Slivers
Several ultramafic slivers bounded by faults occur in this area,

with the larger ones being the Heliconia and Sucre bodies. No
special name is assigned for these very small terranes.

Tectonostratigraphic Terranes in Colombia: An Update Second Part: Oceanic Terranes

The Heliconia body is spatially associated with gabbros
and the Pueblito Diorite. Several different origins have been
proposed for ultramafic rocks. Rodriguez—Jiménez (2010) pro-
posed that the three units are the components of a zoned body
related to a suprasubduction zone, whereas according to Mon-
toya & Peldez (1993), only the gabbro and the ultramafics are
related, as parts of an ophiolite. Recently, the ultramafic unit
was studied by Gonzalez—Ospina (2016), who considered that
it is an ophiolitic body related to the Medellin Metaharzburgitic
Unit (Garcia—Casco et al., 2020). Neither the age of formation
nor the age of emplacement have been defined for these rocks,
although the fact that the Sucre body is spatially related to the
Permian Sucre Amphibolites suggests a probable similar age.

In the CRFZ, several other similar slivers exist, such as the
Planeta Rica Peridotites in the Cérdoba Department (Duefias &
Duque—Caro, 1981), where an important nickel mine is located,
and the Ginebra, Venus, La Tetilla, and Los Azules Ophiolitic
Complexes (De Souza et al., 1984; Espinosa—Baquero, 1985;
Nivia, 1987, 1991, 2001; Spadea et al., 1987) in the Cauca and
Valle del Cauca Departments.

5.9. Nechi Terrane (Campamento)

Etayo—Serna et al. (1983) defined the Campamento Terrane to
include these rocks. The name Nechi Suspect Terrane (Figure
6) seems to be a better name because it is based on the term
“Nechi”, an indigenous name; it is also the name that was used
originally for the basic—ultrabasic complex by Estrada (1967).

The terrane is composed of an ophiolitic complex located
in the northern part of the Tahami Terrane near the Nechi River
between the towns of Yarumal and Campamento. It crops out
along the axis of the Central Cordillera, on the northern side
of the Antioquefio Batholith, and it is not part of the Cauca—
Romeral Terranes.

This terrane is composed of serpentinized ultramafic rocks,
gabbros, and basalts that are covered by flysch sedimentites
known as the San Pablo Formation. All of the rocks are af-
fected by very low— to low—grade metamorphism. The exact
age is unknown. The age is pre-Late Cretaceous because the
Antioquefio Batholith intrudes these rocks, but a maximum age
is uncertain (Hall et al., 1972). The sequence was interpreted by
Estrada (1967) as the Nechi Mafic—Ultramafic Complex, where-
as Restrepo & Toussaint (1973) considered that it was part of a
large obduction complex that emplaced ophiolitic bodies over
the Taham{ Terrane during the Cretaceous. Presently, a portion
of these bodies are included in the Aburrd Terrane. Mejia et
al. (2017) considered that a marginal basin was formed in the
area in Early Cretaceous before the intrusion of the Antioquefio
Batholith; however, the details were not described.

According to Etayo—Serna et al. (1983), the eastern limit
of the terrane is the San Lorencito—Corrales Fault, the western
limit is the San Juan—Nechi Fault and the southern limit is de-
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Figure 6. Schematic map of the Nechi Terrane.

fined by the Antioquefio Batholith. More field work is needed
to determine whether the mafic—ultramafic complex is in situ
or allochthonous.

6. The Tairona Terrane in the SNSM and
La Guajira Peninsula

In a review by Etayo—Serna et al., (1983), the terranes with
oceanic basement in northern Colombia are Santa Marta in the
SNSM and Ruma in the LGP. Restrepo & Toussaint (1988) ar-
gued that these terranes are associated with the Calima Terrane,
and Gémez et al. (2015a) suggested that they are associated
with the Caribbean Megaterrane. This work groups them as a
single Tairona Terrane, named after an important pre—Colum-
bian culture in the SNSM (Figure 1).

The NW part of the SNSM corresponds to the Tairo-
na Terrane formed mainly of muscovite and chlorite quartz
schists, phyllites, slates, and some marbles. These rocks have
been given several local names, such as La Gaira Schists, the
Taganga Phyllites, and the San Lorenzo Schists. They were
grouped as the Santa Marta Schists, whose magmatic age was
dated by U-Pb in zircons between 91 and 80 Ma (Cardona et
al., 2010). This metamorphism has been geochronologically
difficult to determine, but these authors believe that meta-
morphism had already ended at 65 Ma. The granodioritic to
quartz—monzonitic Santa Marta Batholith intrudes the previ-
ous metamorphic set and was dated by U-Pb between 56 and
50 Ma (Mejia—Herrera et al., 2008; Duque, 2010). Another

252

stock, the Toribio Pluton, is also considered Paleocene. In the
SNSM, the Tairona Terrane is linked to the Kogi Terrane (see
Restrepo & Toussaint, 2020) by the inverse Guachaca Fault
System. Several of these faults are oblique relative to the orig-
inal boundary. The Buritaca Pluton, dated by U-Pb as 50 + 1.5
Ma (Duque, 2010), appears to intrude the boundary between
the terranes, which suggests their accretion in the early Pa-
leocene—-Eocene. In the LGP, the Tairona Terrane, limited to
the SE by the Simarua—Osorio Fault that produced a strong
mylonitization, overrides the Kogi Terrane. According to the
Geological Map of Colombia (Gémez et al., 2015b), reef
limestones associated with marls, mudstone, and sandstone
of the Eocene Uitpa Formation cover the border, which sug-
gests that the suturing between the Tairona and Kogi Terranes
occurred in the Late Cretaceous — Paleocene.

In LGP, the Tairona Terrane includes the presumably Late
Cretaceous Etpana Metamorphic Complex and is intruded by
the Parashi Granodioritic Pluton that has been dated by U-Pb at
49 + 1 Ma (Cardona et al., 2014). The presence of serpentinites
with rodingite dikes is noted in the Etpana Complex and in the
Cabo de la Vela. Schists, amphibolites, and phyllites from the
Jarara and Carpintero Ranges are also found in this area. Car-
dona et al. (2014) hypothesized that an intraoceanic island arc
environment developed in an allochthonous position during the
Cretaceous and was accreted before the Eocene intrusion of the
Parashi Pluton. Piraquive et al. (2017) suggested that units with
oceanic affinity such as the Jarara Formation from the Tairona
Terrane override continental units similar to the Macuira Gneiss
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Figure 7. Timing of accretions of Colombian Terranes.

from the Kogi Terrane. These authors proposed that accretion
occurred between the Late Cretaceous and the Paleocene.

The Tairona Terrane has certain similarities to the Calima
and Tumaco Terranes. All have Cretaceous oceanic basements,
but until more information is available, it seems more appro-
priate to treat them as different terranes.

7. Conclusions

With few exceptions, all the terranes west of the San Jerénimo
Fault have oceanic crust. They probably formed south of their
present positions and then moved northward to collide with
the Taham{ Terrane in Late Cretaceous time or later (Figure
7). The accretion of the Calima Terrane occurred close to the
Cretaceous — Paleogene boundary. Then, between the mid—
Eocene and early Miocene, the Tumaco Suspect Terrane was
accreted. Finally, the Cuna Terrane collided with the rest of
the terranes during the Miocene (17-11 Ma), causing import-
ant changes in the geology of Colombia (Figure 7). Most of
the terranes are part of the Caribbean Plateau. A special type
of metamorphism is described here as collisional transpres-

sional metamorphism, which produces dynamothermal meta-
morphism in small areas.
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