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Abstract

The western part of Ecuador is made of several oceanic terranes, which comprise two
oceanic plateaus, of Early (= 120 Ma), and Late Cretaceous age (= 90 Ma), respectively. The
older oceanic plateau was accreted to the andean margin in the Late Campanian (= 75 Ma).
Fragments of the Turonian-Coniacian plateau were accreted to the ecuadorian margin in the
Late Maastrichtian (= 68 Ma, Guaranda terrane) and Late Paleocene (= 58 Ma, Pirion-
Naranjal terrane). The Guaranda terrane received either fine-grained oceanic sediments of
Coniacian-Maastrichtian age, or island arc / back-arc volcanic suites of Middle Campanian-
Middle Maastrichtian age. The Pifion-Naranjal terrane recorded a comparable history, com-
pleted in the Maastrichtian-Paleocene, either by pelagic cherts, or by island arc products
(Macuchi arc).

The Late Cretaceous plateau of Ecuador is interpreted as part of the Caribbean ocean-
ic plateau (COP), because their evolutions are comparable. If so, the COP was not formed by
the Galapagos hotspot, but on the Farallon oceanic plate, south of Ecuador and close to the
South American margin. The COP belonged to the Farallon plate, until a subduction zone
separated both plates in the Middle Campanian, giving way to a well developed Mid Cam-
panian-Mid Maastrichtian island arc. Accretion in the Late Maastrichtian triggered a change
in the subduction system, and the development of a new arc system of Late Maastrichtian-
Late Paleocene age, which crosscut the South America-COP plate boundary. The last accre-
tion occurred in the Late Paleocene.

Although the Andes of South America form a continuous mountain belt and result from
processes related to oceanic subduction, the geological evolution varies latitudinally along the
chain. The northern Andes differ from the Central Andes, by the lack of manifestations of
oceanic subduction between latest Jurassic and Eocene times (= 140-40 Ma), and by the pres-
ence of magmatic material of oceanic origin in their western part (Gansser 1973; Goossens
and Rose 1973). These oceanic units presently constitute the Coast and western Cordillera of
Ecuador and Colombia, and are separated from the continental margin by depressions (inter
Andean valley of Ecuador), usually filled with Tertiary to Recent deposits, which obscure
their geometric relations with the Andean margin (Fig. 1).
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Fig. 1: Geological map of western Ecuador (simplified from Litherland et al. 1994; McCourt et
al. 1998; Hughes et al. 1998; Boland et al. 2000; Kerr et al. 2002).



This oceanic material is widely accepted as representing Cretaceous oceanic terranes,
accreted to the Andean continental margin between Late Cretaceous and Eocene times (e.g.
Feininger and Bristow 1980; Lebrat et al. 1987; Reynaud et al. 1999; Kerr et al. 2002; Jaillard
et al. 2004; Luzieux et al. 2006). Early petrographic and geochemical works on the magmatic
basement of western Ecuador allowed to recognise oceanic floor basalts, and island arc
basalts and andesites (Kehrer and Van der Kaaden 1979; Egiiez 1986; Lebrat et al. 1987;
Wallrabe-Adams 1990). In the same way, early workers proposed that accretions occurred in
the Campanian, Paleocene, and Eocene (Feininger & Bristow 1980; Lebrat et al. 1987; Daly
1989; Bourgois et al. 1990).

More recently, detailed geological survey (McCourt et al. 1998; Hughes et al. 1998; Bo-
land et al. 2000; Fig. 1), systematic sampling and analysis of magmatic rocks (Reynaud et al.
1999; Lapierre et al. 2000; Kerr et al. 2002; Mamberti et al. 2003, 2004), associated with ra-
diometric dating (Spikings et al. 2001, 2005; Vallejo et al. 2006) and stratigraphic and sedi-
mentological studies (Jaillard et al. 2004; 2005; Toro & Jaillard 2005) allowed to recognise
several tectonic units and to refine their Late Cretaceous and Paleogene, pre- to post-accre-
tion, evolution. Two oceanic plateaus have been identified, each one overlain by more differ-
enciated lavas and volcaniclastic deposits of island arc affinity (Fig. 1). Stratigraphic studies
made us able to reconstruct stratigraphic series for each terrane, and to determine accretionary
events in the Late Campanian, Late Maastrichtian, and latest Paleocene.

The aim of this paper is to present an overview of the nature, age, stratigraphy and tec-
tonic setting of the oceanic tectonic units accreted in Ecuador, to describe their Late Creta-
ceous and Paleogene accretion and tectonic evolution, and to examine the implications of
these data on the geodynamic evolution of the eastern Pacific area and the Caribbean Plate.

Oceanic terranes
San Juan terrane

The San Juan terrane is the easternmost oceanic unit (eastern part of the Pallatanga ter-
rane of McCourt et al. 1998; Kerr et al. 2002), which crops out along a narrow belt in the
western part of the InterAndean valley, and at the eastern border of the Western Cordillera. It
yielded a Sm/Nd isochron of 123 + 13 Ma (Lapierre et al. 2000) and a poor Ar/Ar integrated
age of 105 Ma (Mamberti et al. 2004). These dates may reflect either the age of the oceanic
crust, through which the plateau was poored out, or the age of the oceanic plateau itself. The
latter interpretation has been preferred until now (Mamberti et al. 2004).

Oceanic rocks. Detailed petrographic and geochemical analysis of the San Juan mag-
matic rocks has been presented by Mamberti et al. (2004). Along the San Juan section (20 km
SW of Quito), it comprises mainly ultramafic rocks: peridotites, layered cumulates, and
layered and isotropic gabbros. The gabbros and peridotites of the San Juan suite exhibit nearly
flat REE patterns, but LREE are slightly enriched in the gabbros, and slightly depleted in the
peridotites. Moreover, the latter present very low concentrations (0,07 to 3 chondrites). On the
basis of the REE pattern, mineralogy, and lithological assemblage of the San Juan section,
these rocks have been interpreted as formed in deep magma chambers of an Oceanic plateau
(Mamberti et al. 2004). Isolated outcrops along the Interandean Valley of Central (Quillan)
and Northern Eciador (Chota) suggest that the San Juan terrane extends eastward below the
Interandean valley (Samper and Mollex 2001; Fig. 5).
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Fig. 5: Multi-element diagram (Sun & McDonough 1989) for the San Juan (?) oceanic plateau of
the Interandean Valley of central (Quillan) and northern (Chota) Ecuador (from Samper and Mollex
2001). Location Fig. 1.

Syn-accretion deposits. The San Juan terrane is tectonically associated with a fine- to
medium-grained turbiditic series of a lithic and feldspathic arenites of Early Maastrichtian age
(Yunguilla Fm, Bristow & Hoffstetter 1977; Jaillard et al. 2004; Fig. 2, right), sourced both
by volcanic and crystalline areas (Toro & Jaillard 2005). Although their geometric relations
with the San Juan terrane are not visible, these deposits are interpreted as postdating the ac-
cretion of the San Juan terrane to the Andean margin, which occurred therefore, in Late Cam-
panian times (Hughes & Pilatasig 2002; Kerr et al. 2002; Jaillard et al. 2004; 2005). This tec-
tonic event is further documented on the continental margin of southern Ecuador and northern
Peru, by the widespread deposition of a coarsening and shallowing upward sequence of con-
glomerates of Late Campanian age, unconformably overlain by transgressive marine shales of
Early Maastrichtian age (Taipe et al. 2004; Jaillard et al. 1999; 2005; Fig. 3).

The Yunguilla Fm is in turn unconformably overlain by a succession of shales and
quartz-rich micaceous sandstones of Early to Middle Paleocene age (Saquisili Fm, Hughes et
al. 1998; Toro & Jaillard 2005; Fig. 2, right).

Guaranda terrane

The Guaranda terrane (Mamberti et al. 2003; western part of the Pallatanga terrane of
McCourt et al. 1998; Kerr et al. 2002) is separated from the San Juan terrane by a major fault
(Pujili Mélange of Hughes & Pilatasig 2002), and forms the eastern part of the western Cor-
dillera. Although not directly dated, it is overlain by pelagic cherts bearing Santonian to
Maastrichtian radiolarians (Boland et al. 2000), thus supporting a Late Cretaceous, pre-Cam-
panian age.
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Fig. 2. Sratigraphic successions of the San Juan (right) and Guaranda (left) terranes along the
Riobamba-Guaranda section (from Jaillard et al. 2004). Location Fig. 1. Qz : appearance of detrital
quartz.

Oceanic evolution. Detailed description of the petrography and geochemistry of the
magmatic basement has been made by Mamberti et al. (2003). Besides the hyaloclastites, pil-
low basalts, dolerites and gabbros that are common to all magmatic basement units, the Guar-
anda terrane is marked by the frequent occurrence of high-Mg basalts, ankaramites (8-17%
MgO) with large clinopyroxene phenocrysts, and picrites (21-27% MgO) (Mamberti et al.
2003). Basalts exhibit nearly flat REE plots, while ankaramites are slightly enriched in LREE,
and picrites are highly depleted in LREE. All these rocks are interpreted as oceanic plateau
basalts originated by a mantle plume (Kerr et al. 2002; Mamberti et al. 2003). Picrites would
have been extracted from a depleted mantle source located in the hot plume tail, whereas ank-
aramites and Mg-rich basalts would have ascended from the less hot edges of the plume
(Mamberti et al. 2003).

Since petrographic and geochemical signatures are similar to those of the Caribbean
Plate (Kerr et al. 2002; Mamberti et al. 2003), the Guaranda terrane is interpreted as belong-
ing to the Caribbean plate and therefore to have been formed in the Turonian-Coniacian (=
92-86 Ma, Sinton et al. 1998), although magmatism in the Caribbean plate lasted at least until
the Campanian (= 75 Ma, Mauffret et al. 2001).

The overlying rocks differ in northern and central Ecuador (Fig. 1).

In the Western Cordillera of northern Ecuador, lavas and volcaniclastic products of the
Rio Cala island arc (Boland et al. 2000; Fig. 6C) are thought to grade laterally into Campani-
an-Maastrichtian volcaniclastic deposits (Natividad unit, Hughes et al. 1998; Boland et al.
2000; Kerr et al. 2002). Some pillow basalts, associated with red cherts dated by Santonian to
Campanian radiolarians, suggest a back-arc basin setting (La Portada unit, Kerr et al. 2002).

In central Ecuador, the oceanic plateau basement is overlain first by red cherts associ-
ated with subordinate black bituminous limestones, and then by fine-grained, radiolarian-rich
black cherts of Mid Campanian to Maastrichtian age (Jaillard et al. 2004; Fig. 3, left). There-



fore, the outpouring of the Guaranda oceanic plateau is followed either by island arc develop-
ment (Rio Cala and Naranjal formations, Boland et al. 2000; Fig. 6C) and local back-arc ex-
tension (northern Ecuador), or by deposition of autochtonous, siliceous pelagic mudstones
without significant volcanic input (central and southern Ecuador).
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Fig. 6. Rare Earth Element (left) and multi-element (right) diagrams (Sun & McDonough 1989)
for the Calentura Formation of the Guayaquil area (A), the San Lorenzo island arc of the Manta and
Pedernales areas (B), and the Rio Cala and Naranjal formations of northwestern Ecuador (C) (from
Reynaud et al. 1999, Pourtier 2001; Mamberti 2001, Samper and Mollex 2001; Van Melle 2004).

Syn-accretion deposits. In central Ecuador, the latest Cretaceous oceanic cherts are un-
conformably overlain by micaceous quartz-sandstones of Early and Middle Paleocene age
(Saquisili Fm, Hughes et al. 1998). The abrupt and massive arrival of detrital quartz on an
oceanic succession is interpreted as due to the accretion of the Guaranda terrane, which oc-
curred in the Middle to Late Maastrichtian (Jaillard et al. 2004). The Paleocene succession
follows with coarsening-upward conglomerates ascribed to the Late Paleocene (Gallo Rumi
Mb), deposited in shallow fan deltas in the East or deeper turbidite fans in the West (Toro,
2006). It ends up with fine-grained shales and sandstones of latest Paleocene or Early Eocene



age (Fig. 3, left). This series is unconformably overlain by transgressive litharenites, of shal-
low shelf to turbiditic environment, dated as Middle Eocene (Apagua Fm, Egliez 1986; Santos
& Ramirez 1986).

In the Western Cordillera of northern Ecuador, the accretion of the Cretaceous igneous
units is postdated by a sharp unconformity at the base of coarse conglomerates of Eocene age,

or below transgressive limestones and sandstones of probable Middle Eocene age (Boland et
al. 2000). The age of accretion is assumed to be the same as in central Ecuador.
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Fig. 3: Sratigraphic successions of the Cuenca and Lancones areas (from Jaillard et al. 1999;
2005). Location Fig. 1; caption Fig. 2; Qz: appearance of detrital quartz.

Farther south, on the continental margin of northern Peru and southern Ecuador, this tec-
tonic event is recorded by a disconformity between Early to Middle Maastrichtian marine
shales and sandtones, and Paleocene sandstones (Fig. 3), associated with a well marked hiatus
(Taipe et al. 2004; Jaillard et al. 1999; 2005).

Pifion terrane

In this paper, we will consider that all magmatic outcrops located in the coastal area
(Guayaquil, Manta, Pedernales and Esmeraldas areas, Fig. 1) that are not island-arc lavas, be-
long to the Pifion Formation. We ascribe also the western part of the Western Cordillera of
northern Ecuador (part of Naranjal unit of Boland et al. 2000; Naranjal plateau of Kerr et al.
2002) to the Pinidén Formation.

Oceanic evolution. The Pinidn basement was classically ascribed to the Early Cretaceous
(Goossens & Rose 1973; Jaillard et al. 1995a). It has been recently dated west of Guayaquil,



where interpillow sediments yielded Coniacian-Campanian radiolarians and foraminifers
(Vanmelle et al. in press; Fig. 4, right).
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Fig. 7. Rare Earth Element (left) and multi-element (right) diagrams (Sun & McDonough 1989)
for the Pifion oceanic plateau of southern (A), central (B) and northern (C) coastal Ecuador (from
Ethien 1999; Pourtier 2001; Van Melle 2004). Location Fig. 1.

The Pifién Formation consists mainly of basalts, pillow basalts, dolerites and small gab-
broic intrusions. Basalts are usually marked by low Si (< 50%) and ALOs (13,5-15,8%) con-
tents, moderate MgO (5-9%), and high CaO (9-13%) and TiO, (1-2%) values. Rare Earth Ele-
ments plots exhibit a flat pattern, with slight depletion in light REE, typical of Oceanic Plat-
eaux basalts (Reynaud et al. 1999; Pourtier 2001; Fig. 7). Multi-element diagrams exhibit de-
pletion either in HFS (Guayaquil area), or in Large Ionic Lithophile Elements (LILE) (Manta
and Pedernales areas, Fig. 7B, 7C). From the Pedernales area, Mamberti (2001) described a
Mg-rich (21.2%) picrite, depleted in Al,Os; (10.6%) and TiO, (0.25%), exhibiting spectacular
quenched olivine textures. This rock is geochemically very similar to Gorgona picrites (strong
depletion in LREE, very low Nb and Ta content), thus supporting the idea that some of the
Colombian and Ecuadorian terranes belong to the same oceanic plateau.
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Fig. 4: Sratigraphic successions of the Pifion terrane in southwestern Ecuador (from Jaillard et
al. 1995a, Vanmelle et al. in press). Location Fig. 1; caption Fig. 2.

Near Guayaquil, the Pifion basement is overlain by a 30 to 200 m thick series of andesit-
ic breccias, tuffs, and basaltic lavas (Las Orquideas Mb, Reynaud et al. 1999; Fig. 6A). Al-
though its geochemical signature is that of a primitive island arc, such a geodynamic setting is
unlikely for two main reasons. On one hand, it is difficult to imagine that subduction-related
magmatism immediately followed the formation of the Pifion oceanic plateau, since 1 or 2 Ma
are necessary before the downgoing slab reaches the magma generation depth. On the other
hand, since the overlying deposits do not bear any evidence of arc activity, subduction-related
magmatism would have ceased for about 10 Ma, before to resume with the development of
the Mid Campanian-Maastrichtian island arc (= 80-68 Ma, see below). We propose that the
Las Orquideas lavas and breccias might have an origin comparable to that of the arc-like lava
quoted by Haase et al. (2005) on the East-Pacific ridge.

This volcanic layer is overlain (Calentura Fm; Fig. 4) first by black siliceous limestones
of Coniacian age, and then by undated radiolarian-rich, red siliceous mudstones, probably
equivalent to the Santonian-Campanian red mudstones of the Guaranda terrane of northern
Ecuador. These are in turn overlain by weldded tuffs and marls of Middle Campanian age (top
of Calentura Fm), which grade upward into a thick, coarsening-upward series of volcaniclast-
ic turbidites (Cayo Fm, Fig. 4), the base of which yielded Middle Campanian microfauna



(Vanmelle et al. in press). These Campanian tuffs and volcaniclastic products exhibit a typical
island arc geochemical affinity, more evolved than those of the Las Orquideas Mb. Farther
west, the thick volcaniclastic series grades laterally into pillow basalts, andesites and volcanic
breccias of island arc signature (San Lorenzo Fm, Lebrat et al. 1987; Fig. 6B), associated with
limestones of Middle Campanian to Middle Maastrichtian age (Jaillard et al. 1995a; Reynaud
et al. 1999).

In northern Ecuador, the western part of the Western Cordillera exhibits a magmatic
basement with oceanic plateau affinity (Naranjal plateau, Kerr et al. 2002), overlain by lavas
and volcaniclastic products of island arc affinity (Naranjal arc, Fig. 6C), which are strati-
graphically associated with pelagic oceanic purple-grey siliceous mudstones of Late Campan-
ian-Maastrichtian age (Boland et al. 2000). The Naranjal arc is correlatable with the San
Lorenzo Fm of southwestern Ecuador, and with the Ricaurte island arc of southern Colombia
(Spadea & Espinoza 1996).

In the Guayaquil area and west of it, the oceanic sedimentation ends up with fine-
grained black siliceous cherts of Middle Maastrichtian to Late Paleocene age (Guayaquil Fm,
Jaillard et al. 1995a; Keller et al. 1997, Fig. 4, right).

Syn-accretion deposits. Southwest of Guayaquil, the Paleocene pelagic cherts are highly
deformed (Santa Elena Fm), and unconformably overlain by a thick succession of coarse-
grained, quartz-rich high density turbidites of latest Paleocene age (Azucar Gp, Jaillard et al.
1995a; Fig. 4, left). This unconformity that emphasizes the arrival of continent-deriving de-
tritism, is interpreted as sealing the accretion of the Pifion terrane to the continental margin.
Farther north (Manabi Basin; Fig. 1), Paleocene quartz-rich deposits identified in subsurface
data, and resting on Cretaceous magmatic basement (Deniaud 2000), are interpreted in the
same way. In the western Cordillera of northern Ecuador, cherts grading upward into massive
sandstones of Late Paleocene age (La Cubera Fm, Boland et al. 2000) are regarded as announ-
cing the Eocene accretion (Kerr et al. 2002). We propose that this succession reflects the ac-
cretion of the Pifidn terrane in the Late Paleocene, as for the whole coastal terrane. On the
Guaranda terrane, the Late Paleocene accretionary event is marked by a coarsening upward
sequence of high density turbidites (Gallo Rumi Mb, Jaillard et al. 2004).

West of Guayaquil, the Azticar Gp is in turn folded and unconformably overlain by a
classical Middle Eocene forearc sedimentary sequence. The latter comprises from base to top
(Fig. 4): diachronic transgressive shelf limestones of latest Early Eocene to early Middle Eo-
cene age, sandstones and turbidites, outer shelf marls of Middle Eocene age, and coarse lithic
sandstones of late Middle Eocene (Bartonian) to Late Eocene age (Whittaker 1988; Jaillard et
al. 1995a).

Macuchi island arc

The Macuchi terrane constitutes the western side of the Western Cordillera of central
Ecuador (McCourt et al. 1998; Kerr et al. 2002). Although classically ascribed to the Eocene
(Egliez 1986; Henderson 1981), it might be older (McCourt et al. 1998; Kerr et al. 2002). The
Macuchi terrane remains a poorly understood unit of the Western Cordillera of Ecuador.

Oceanic evolution. This unit consists mainly of volcaniclastic deposits (greywackes,
lithic siltstones, volcanic clast-bearing breccias, cherts,...) with intercalations of pillow
basalts, andesites, hyaloclastites and tuffs, and intrusions of dolerites and andesites (Egiiez
1986; Kerr et al. 2002). Most samples exhibit geochemical signatures of an island arc, with
typical Nb, Ta and Ti negative anomalies (Kehrer & Van der Kaaden 1979; Kerr et al. 2002;
Chiaradia et al. 2002; Fig. 8). Some Mg-rich samples may be interpreted either as primitive
arc products (Kerr et al. 2002), or as back-arc basin lavas (Hughes et al. 1998). Samples with



“MORB affinities” mentionned by Lebrat et al. (1987) from the western part of the Macuchi
arc probably correspond to rocks from the Guaranda and/or San Juan Oceanic Plateaux.
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Fig. 8: Rare Earth Element (left) and multi-element (right) diagrams form the Macuchi island arc
(from Cosma et al. 1998; Pourtier 2001).

Syn-accretion deposits. The Macuchi magmatic suite is associated with a forearc sedi-
mentary sequence of Middle to Late Eocene age, which comprises from base to top: trans-
gressive shelf limestones (Unacota unit), turbiditic litharenites (Apagua Fm) and fan delta
conglomerates (Rumi Cruz Mb; Egiiez 1986; Hughes et al. 1998; Toro 2006). Although the
contact between these sediments and the Macuchi arc are often tectonised, we consider that
the former are the stratigraphic cover of the latter. A comparable sequence is known in the
central and northern parts of the Western Cordillera and throughout the coastal area (Fig. 9).
Therefore, the Pifidon, Naranjal, Macuchi and Guaranda terranes underwent a similar evolution
in the Middle Eocene (Santos et al. 1986), indicating that accretions in Ecuador were achieved
by Middle Eocene times.

An Eocene age for the Macuchi island arc is therefore unlikely. The Macuchi volcanic
arc rocks are overlain by a forearc sedimentary sequence of Middle Eocene age, and yielded a
latest Cretaceous FT age (68 + 11 Ma, Spikings et al. 2005). They are, therefore, of pre-
Middle Eocene age, probably of Late Cretaceous to Paleocene age. Furthermore, the Macuchi
lavas contain xenoliths of red siliceous cherts similar to those deposited in the Santonian-
Campanian on the Guaranda and Pifion terranes. This indicates on one hand, that the Macuchi
island arc is younger than Early Campanian, and on the other hand, that it overlies a series
comparable to that of the Late Cretaceous oceanic plateau of Ecuador. The latter interpreta-
tion is supported by the Lead isotopic compositions of the Macuchi island arc lavas, which
suggest contamination by a Pb-rich basement, possibly the Caribbean oceanic plateau
(Chiaradia et al. 2002; 2004).

Because major changes in the sedimentation (regional disconformities, abrupt appear-
ance of coarse clastics and of lithic component in the detrital input) occurred at the Middle to
Late Eocene transition, the Macuchi terrane has been interpreted as accreted at that time
(Egtiez 1986; Bourgois et al. 1990; Hughes & Pilatasig 2002). However, the fact that the
Middle Eocene transgressive facies are common to all Late Cretaceous accreted oceanic plat-
eau fragments (Santos et al. 1986; Fig. 9), indicates that the accretions were achieved by
Middle Eocene times. Moreover, the Macuchi terrane is located between terranes accreted in
the Late Mastrichtian to the East, and in the Late Paleocene to the West. As a consequence,
unless the western Pifidn terrane migrated hundreds of kilometers northward since the Eocene,
the Macuchi terrane was necessarily accreted before the latest Paleocene. Note that this would
imply that its oceanic evolution had ceased by that times, supporting a pre-Late Paleocene age
for the Macuchi island arc.

Therefore, we propose that the Macuchi island arc is of Late Cretaceous to Paleocene
age, overlies the Late Cretaceous oceanic plateau, and has been accreted in the Late Paleo-



cene. In this interpretation, the Macuchi island arc is not a distinct, individualized terrane. It
would be coeval with, and would represent a northward extension of, the Maastrichtian-Paleo-
cene Sacapalca arc of southern Ecuador (Jaillard et al. 1996; Hungerbiihler et al. 2002; Fig. 1
and 3).
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Fig. 9: Distribution of Middle Eocene, trangressive shelf limestones on the accreted terranes (ad-
apted from Santos et al. 1986).

Geodynamic implications
Preliminary remarks

The Late Cretaceous oceanic plateau of Ecuador is usually considered as belonging to
the Caribbean Oceanic Plateau (COP) (Kerr et al. 1996; 2002; Lapierre et al. 2000). This in-
terpretation is consistent with petrographic, geochemical and radiometric data, as well as with
the new stratigraphic data exposed in this paper. However, the Caribbean plate is not restric-
ted to the Caribbean plateau, since the former comprises different magmatic suites of distinct
ages (e.g. Donnelly et al. 1990a; Mauffret et al. 2001) and exhibits highly variable crustal
structure (Mauffret & Leroy 1997). Moreover, the nature, age and structure of the Caribbean
plate is mainly known by means of field studies of its highly tectonised margins, and few is



known on the stratigraphy and palacogeography of the plate as a whole. Therefore, the evolu-
tion of the Late Cretaceous oceanic plateau accreted in Ecuador do not necessarily reflects the
evolution of the whole Caribbean plate, and cannot be generalised to the latter.

No magmatic arc is known on the Ecuadorian-Colombian continental margin between
the Late Jurassic and the Late Eocene (= 140-40 Ma; Aspden et al. 1987; Jaillard et al.
1995b). This suggests that no oceanic plate was subducting beneath the NNE-trending margin
of the northern Andes during the Cretaceous and Paleocene. Two consequences must be em-
phasized. First, this implies that the accretion of oceanic terranes was not preceded by subduc-
tion, and therefore, that the oceanic terranes were not separated from the Andean margin by
wide ocanic basins. Second, since subduction did occur beneath the Chilean and Peruvian
margins, it can be inferred that the Farallon oceanic plate shifted in a north- to NNE-ward dir-
ection during most of the Cretaceous, and that the Ecuadorian-Colombian margin acted
mainly as a dextral transform margin. Although speculative, most plate tectonic reconstruc-
tions of the Farallon plate motion (Pilger 1984; Pardo-Casas & Molnar 1987) support the lat-
ter intrepretation, since they assume that the Farallon plate shifted northward during latest
Cretaceous times at a velocity comprised between 5 and 10 cm/year, and progressively turned
clockwise, until deriving presently in an easterly direction.

Finally, most of the accreted terranes of Ecuador underwent clockwise rotations since
the Late Cretaceous, the amount of which varies from 20 to 120° (Roperch et al. 1987;
Luzieux et al. 2006). Therefore, the Cretaceous orientation of the island arcs must be restored
through a significant counterclockwise rotation.

Birth place of the COP

The COP is of Turonian-Coniacian age (= 90 Ma) and is overlain by a Mid Campanian-
Mid Maastrichtian island arc (= 80-70 Ma), well developped in the coastal area (Cayo-San
Lorenzo Fms), and in the northern Western Cordillera (Rio Cala, Naranjal arcs). If we accept
that the Las Orquideas volcanics do not represent subduction related magmatism, this means
that beween 90 and 80 Ma, the COP was erupted through, and belonged to, the Farallon
oceanic Plate. The onset of subduction related magmatism in the Middle Campanian (= 80
Ma) implies that from then on, the COP was separated from the Farallon Plate by a subduc-
tion zone, and constituted an individualized tectonic plate.

This, together with the fact that the COP first accreted to the Ecuadorian-Colombian
margin in Late Maastrichtian times, implies that the COP was born in the Pacific realm. If we
accept that the Farallon plate moved northward before 80 Ma, the COP must have formed 500
to 1000 km south of the latitude of Ecuador. Moreover, since no subduction related magmat-
ism was recorded on the ecuadorian margin before the Late Cretaceous and Paleocene accre-
tions, the COP was located close to the continental margin (Fig. 10).

As a consequence, the COP is likely not to have been originated by the Galapagos hot-
spot, since the latter was located 2500 to 3000 km west of Ecuador in the Late Cretaceous
(e.g. Scotese et al. 1988; Pindell & Kennan 2001).

Late Cretaceous — Paleocene evolution of the COP and Ecuadorian margin

Between 90 and 80 Ma, the COP underwent a 500 to 1000 km shift in a NNW to NE
direction, before to be stabilized by the creation of a subduction zone at its southern tip (Fig.
10). At that time, the Farallon plate (and COP) was bounded to the north by a SW-ward sub-
duction zone evidenced by the Late Cretaceous Great Antilles Arc (Pindell et al. 2005). The
North- to NE-trending latest Cretaceous San Lorenzo volcanic arc grades eastward into the
volcaniclastic turbidites of the Cayo Fm, interpreted as backarc deposits. Taking into account



the subsequent clockwise rotations, the island arc and associated subduction zone were origin-
ally orientated NW-SE to E-W, and most likely located at the southern edge of the Pifion ter-
rane (Fig. 11). The creation of this southern subduction zone may be related to the collision of
the northern edge of the COP against the Central American continental blocks (Donnelly et al.
1990b; Iturralde-Vinente 1998; Pindell & Kennan 2001), and appears grossly coeval with the
accretion of the San Juan terrane in Ecuador (Late Campanian, = 75 Ma). It was associated
with a significant colckwise rotation (Roperch et al. 1987; Luzieux et al. 2006).
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Fig. 10: Proposed evolution of the Late Cretaceous oceanic plateau of Ecuador during Late Creta-
ceous-Paleocene times. Reconstructed maps are simplified from Scotese et al. (1988). Geometry and
age of the oceanic floor correspond to the 59 Ma map.

90 Ma : Formation of the COP SW of Ecuador; 80 Ma : Creation of a subduction zone south of the
COP, probably due to collision with Central America, allowing development of the Campanian-
Maastrichtian island arcs; 66 and 59 Ma: ongoing collision/accretion of the COP to northern South
America.

The accretion of the Guaranda terrane occurred in the Late Maastrichtian (= 68 Ma; Fig.
11). As for the Late Campanian accretionary event, the Late Maastrichtian tectonic event is
known all around the Caribbean area, and is coeval with the collision of the COP in Central
America (Maya block; Donnelly et al. 1990b) and Cuba (Iturralde-Vinente 1998). Like for the
Late Campanian tectonic event, this accretionary event seems to have been followed by a re-
organization of the subduction zones. We propose that the resumption of arc magmatism on
the continental margin of southern Ecuador (Sacapalca Arc, Hungerbiihler et al. 2002; Fig. 1
and 3) was coeval with the development of the Macuchi island arc, on the not yet accreted
Pifion-Naranjal oceanic terrane, and reflects a new subduction geometry. Since accretion was
associated with clockwise rotation (Roperch et al. 1987; Luzieux et al. 2006), the new, Paleo-
gene arc is oblique to the Late Creaceous island arc (Fig. 11). This suggests that subduction,



which was already occurring in northern Peru, became possible farther north, possibly be-
cause of the NE-ward shift of the COP (Pindell et al. 2005).

80-75 Ma

58 Ma
‘ . . Terranes: Late Cretaceous arcs: Paleogene arcs:
Subduction Accretion Active Extinct SJ: San Juan SL: San Lorenzo Sac: Sacapalca
\arc arc G: Guaranda Nar: Naranjo Mac: Macuchi
- P: Pifién RC: Rio Cala

Fig. 11: A possible scenario for successive accretions in Ecuador.

Late Campanian (80-75 Ma): Collision of the COP with Mexico creates a subduction and related
arc south of the COP; accretion of San Juan terrane against the Andean margin.

Late Maastrichtian (68 Ma): Accretion of Guaranda terrane, development of a Paleogene arc.

Late Paleocene (58 Ma): Accretion of Pifidn terrane, dextral movements along the sutures.

Neogene (= 30-0 Ma): Ongoing dextral movements, development of a Neogene arc (not drawn) su-
perimposed to former ones.

The Pifndn terrane, last fragment of the COP, was accreted to the Ecuadorian margin in
the Late Paleocene (= 58 Ma; Fig. 11). Two interpretations must be discussed.

First, part of the COP was still located at 3° lat. S at that time, or even 5° lat. S (Pécora
et al. 1999), and accreted to the margin. As the COP is assumed to have collided with the
north American plate in Cuba (= 23° lat. N.) in the Late Maastrichtian, this would imply that
the COP was about 3000 km long. However, the presence of an arc as early as the Late
Maastrichtian in southern and central Ecuador implies that subduction already occurred be-
neath the paleo-ecuadorian margin, and therefore, that the COP shifted farther north (Fig. 11).

In a second interpretation, the formerly accreted COP fragment has been splitted into an
eastern (Guaranda) terrane, and a western (Pindn) terrane, the latter being underthrusted be-
neath the former; this implies that the COP had been teared into several tectonic slices, prob-
ably bounded by NNE- to NE-trending dextral faults (Fig. 11). The Guayaquil, Manta-Naran-
jal, and Pedernales-Esmeraldas areas may represent such tectonic slices, since they are separ-
ated from each other by important NE-trending faults (Fig. 1), their magmatic basement
present distinct petrographic features, their deformation styles differ, and their stratigraphic
successions are comparable but slightly different.

In our interpretation, no accretion occurred in Ecuador during the Middle to Late Eocene
time-span. The compressional deformations recorded at that time in Ecuador are more likely
related to the Incaic phase, kown at this time in the whole Andean domain (Steinmann 1929;
Mégard 1984; Jaillard et al. 2000).



Summary and conclusions

Three main oceanic terranes can be identified in Ecuador, which were accreted between
Late Campanian and Late Paleocene times. (1) The San Juan terrane is made of an Early
Cretaceous oceanic plateau, accreted in the Late Campanian (= 75 Ma). (2) The Guaranda ter-
rane is made a Coniacian oceanic plateau (= 90 Ma), overlain by either Campanian-
Maastrichtian island arc products, or Santonian-Maastrichtian pelagic cherts, which was ac-
creted in the Late Maastrichtian (= 68 Ma). (3) The Pifion-Naranjal terrane also comprises a
Late Cretaceous oceanic plateau overlain by Late Cretaceous island arc suites, and accreted in
the Late Paleocene (= 58 Ma). We propose that the Macuchi island arc rests on the Pifion-
Naranjal oceanic plateau, is of Late Maastrichtian-Late Palaleocene age, and was accreted to
the composite Andean margin in the Late Paleocene.

The Late Cretaceous oceanic plateau of Ecuador was formed on the Farallon Plate, south
of Ecuador and close to the South American plate. It shifted 500 to 1000 km northward before
to be separated from the Farallon Plate by a north-dipping subduction zone in the Middle
Campanian. Then, a fragment of this newly formed oceanic plate collided to the Ecuadorian
margin in the Late Maastrichtian, inducing a re-organisation of the subduction zones and the
development of a new arc system (Sacapalca-Macuchi). New fragments of the COP were ac-
creted to the ecuadorian margin in the Late Paleocene. This scenario is compatible with the
idea according to which the Late Cretaceous oceanic plateau of Ecuador belonged to the
Caribbean plate, provided that this plate was rather large (= 3000 km), and splitted into sever-
al fragments during its accretionary history.
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