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Abstract: The western part of Ecuador is made from several oceanic terranes, which comprise two
oceanic plateaus, of Early (c. 120 Ma) and Late Cretaceous age (c. 90 Ma), respectively. The older
oceanic plateau was accreted to the Andean margin in the Late Campanian (c. 75 Ma). Fragments
of the Turonian—Coniacian plateau were accreted to the Ecuadorian margin in the Late Maastrich-
tian (c. 68 Ma, Guaranda terrane) and Late Paleocene (c. 58 Ma, Pifion—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 Pinén—Naranjal terrane recorded a comparable history, completed 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 oceanic 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 Cam-
panian, giving way to a well-developed Mid Campanian—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 accretion occurred in the Late Paleocene.

Although the Andes of South America form a con-
tinuous mountain belt and result from processes
related to oceanic subduction, the geological evol-
ution varies latitudinally along the chain. The north-
ern Andes differ from the central Andes, by the lack
of manifestations of oceanic subduction between
latest Jurassic and Eocene times (c. 140-40 Ma),
and by the presence of magmatic material of
oceanic origin in their western part (Gansser 1973;
Goossens & Rose 1973). These oceanic units pre-
sently constitute the Coastal and Western Cordillera
of Ecuador and Colombia and are separated from the
continental margin by depressions (Inter Andean
valley of Ecuador), usually filled with Cenozoic to
Recent deposits, which obscure their geometric
relations with the Andean margin (Fig. 1).

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 &
Bristow 1980; Lebrat er 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 the recognition of
oceanic floor basalts, and island arc basalts and
andesites (Kehrer & Van Der Kaaden 1979; Egiiez
1986; Lebrat et al. 1987; Wallrabe-Adams 1990).
In the same way, early workers proposed that accre-
tions 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 er al. 1998; Boland
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 radiometric
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Fig. 1. Geological map of western Ecuador (simplified from Litherland ez al. 1994; McCourt et al. 1998; Hughes et al.

1998; Boland et al. 2000; Kerr et al. 2002).
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dating (Spikings et al. 2001, 2005; Vallejo et al.
2006) and stratigraphic and sedimentological
studies (Jaillard et al. 2004, 2005, 2008; Toro &
Jaillard 2005) allowed the recognition of several
tectonic units and refinement of their Late Cretac-
eous and Palaeogene, pre- to post-accretion, evol-
ution. Two oceanic plateaus have been identified,
each one overlain by more differentiated lavas and
volcaniclastic deposits of island arc affinity
(Fig. 1). Stratigraphic studies enabled us to recon-
struct stratigraphic series for each terrane, and to
determine accretionary events in the Late Campa-
nian, Late Maastrichtian and latest Paleocene.

The aim of this paper is to present an overview of
the nature, age, stratigraphy and tectonic setting
of the oceanic tectonic units accreted in Ecuador,
to describe their Late Cretaceous and Palacogene
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 terrane of McCourt
et al. 1998; Kerr er al. 2002), which crops out
along a narrow belt in the western part of the Inter
Andean valley, and at the eastern border of the
Western Cordillera (Fig. 1). It yielded an Sm/Nd
isochron of 123 + 13 Ma (Lapierre et al. 2000)
and a poor Ar/Ar integrated age of 105 Ma (Mam-
berti et al. 2004). These dates may reflect either the
age of the oceanic crust, through which the plateau
was poured out, or the age of the oceanic plateau
itself. The latter interpretation has been preferred
until now (Mamberti et al. 2004).
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Oceanic rocks. Detailed petrographic and geochem-
ical analysis of the San Juan magmatic rocks has
been presented by Mamberti er al. (2004). Along
the San Juan section (20 km SW of Quito), it com-
prises mainly ultramafic rocks: peridotites, layered
cumulates and layered and isotropic gabbros. The
gabbros and peridotites of the San Juan suite exhibit
nearly flat rare earth elements (REE) patterns, but
light rare earth elements (LREE) are slightly
enriched in the gabbros, and slightly depleted in
the peridotites. Moreover, the latter present very
low concentrations (0.07-3 chondrites). On the
basis of the REE pattern, mineralogy, and lithologi-
cal 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 Inter Andean
Valley of Central (Quillan) and Northern Ecuador
(Chota, Fig. 1) suggest that the San Juan terrane
extends eastward below the Inter Andean valley
(Samper & Mollex 2001; fig. 2).

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 crystal-
line areas (Toro & Jaillard 2005). Although their
geometric relations with the San Juan terrane are
not visible, these deposits are interpreted as postdat-
ing the accretion of the San Juan terrane to the
Andean margin, which occurred, therefore, in Late
Campanian times (Hughes & Pilatasig 2002; Kerr
et al. 2002; Jaillard et al. 2004, 2008). This tectonic
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 conglomerates of
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Fig. 2. Multi-element diagram (Sun & McDonough 1989) for the San Juan (?) oceanic plateau of the Inter Andean
Valley of central (Quillan) and northern (Chota) Ecuador (from Samper & Mollex 2001). Location shown in Figure 1.
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Late Campanian age, unconformably overlain by
transgressive marine shales of Early Maastrichtian
age (Taipe et al. 2004; Jaillard et al. 1999, 2005;
Fig. 5).

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. 3, 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 Cordillera (Fig. 1).
Although not directly dated, it is overlain by
pelagic cherts bearing Santonian to Maastrichtian
radiolaria (Boland er al. 2000), thus supporting a
Late Cretaceous, pre-Campanian age.

Oceanic evolution. Detailed description of the
petrography and geochemistry of the magmatic
basement can be found in Mamberti et al. (2003).
Besides the hyaloclastites, pillow basalts, dolerites
and gabbros that are common to all magmatic base-
ment units, the Guaranda terrane is marked by

Biostratigraphic data:

E. JAILLARD ET AL.

the frequent occurrence of high-Mg basalts, ankara-
mites (8—17% MgO) with large clinopyroxene
phenocrysts, and picrites (21-27% MgO) (Mam-
berti 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 ankaramites
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 belonging to the Caribbean
Plate and therefore to have been formed in the
Turonian—Coniacian (c. 92—86 Ma, Sinton et al.
1998), although magmatism in the Caribbean Plate
lasted at least until the Campanian (c. 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 ef al. 2000; Fig. 4c) are thought
to grade laterally into Campanian—Maastrichtian
volcaniclastic deposits (Natividad unit, Hughes
et al. 1998; Boland et al. 2000; Kerr et al. 2002).
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Fig. 3. Stratigraphic successions of the San Juan (right) and Guaranda (left) terranes along the Riobamba—Guaranda
section (from Jaillard et al. 2004). Location shown in Figure 1. Qz, appearance of detrital quartz.
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Samper & Mollex 2001; Vanmelle 2004).

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 associated with sub-
ordinate 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). Therefore, the outpouring of the
Guaranda oceanic plateau is followed either by
island arc development (Rio Cala and Naranjal
formations, Boland et al. 2000; Fig. 4c) and
local back-arc extension (northern Ecuador), or by
deposition of autochthonous, siliceous pelagic

mudstones without significant volcanic

(central and southern Ecuador).

input

Syn-accretion deposits. In central Ecuador, the
latest Cretaceous oceanic cherts are unconformably
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 inter-
preted as due to the accretion of the Guaranda
terrane, which occurred in the Middle to Late
Maastrichtian (Jaillard et al. 2004). The Paleocene
succession follows with coarsening-upward con-
glomerates ascribed to the Late Paleocene (Gallo
Rumi Mb), deposited in shallow fan deltas in the
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Figure 1; caption as in Figure 3.

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 transgres-
sive litharenites, of shallow shelf to turbiditic
environment, dated as Middle Eocene (Apagua Fm,
Egiiez 1986; Santos & Ramirez 1986).

In the Western Cordillera of northern Ecuador,
the accretion of the Cretaceous igneous units is post-
dated by a sharp unconformity at the base of coarse
conglomerates of Eocene age, or below transgres-
sive limestones and sandstones of probable Middle
Eocene age (Boland et al. 2000). The age of accre-
tion is assumed to be the same as in central Ecuador.

Farther south, on the continental margin of
northern Peru and southern Ecuador, this tectonic
event is recorded by a disconformity between
Early to Middle Maastrichtian marine shales and
sandstones, and Paleocene sandstones (Fig. 3),
associated with a well marked hiatus (Taipe et al.
2004; Jaillard ez al. 1999, 2005, 2008).

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, belong to the Pifién
Formation. We ascribe also the western part of the
Western Cordillera of northern Ecuador (part of
Naranjal unit of Boland ez al. 2000; Naranjal
plateau of Kerr er al. 2002) to the Pifion Formation.

Oceanic evolution. The Pifion basement was classi-
cally 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 radio-
larians and foraminifers (Vanmelle et al. 2008;
Fig. 7, right).

The Pifion Formation consists mainly of basalts,
pillow basalts, dolerites and small gabbroic intru-
sions. Basalts are usually marked by low Si
(<50%) and Al,0O3 (13.5-15.8%) contents, moder-
ate MgO (5-9%) and high CaO (9-13%) and TiO,
(1-2%) values. Rare earth elements plots exhibit a
flat pattern, with slight depletion in light REE,
typical of Oceanic Plateaux basalts (Reynaud ef al.
1999; Pourtier 2001; Fig. 6). Multi-element dia-
grams exhibit depletion either in high field strength
(HFS) elements (Guayaquil area), or in large ionic
lithophile elements (LILE) (Manta and Pedernales
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Location shown in Figure 1.

areas, Fig. 6b, c). From the Pedernales area, Mam-
berti (2001) described a Mg-rich (21.2%) picrite,
depleted in Al,O3 (10.6%) and TiO, (0.25%), exhi-
biting 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.

Near Guayaquil, the Pifién basement is overlain
by a 30-200 m thick series of andesitic breccias,
tuffs, and basaltic lavas (Las Orquideas Mb,
Reynaud et al. 1999; Fig. 4a). Although its geo-
chemical 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 (c. 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 (Vanmelle et al.
2008).

This volcanic layer is overlain (Calentura Fm;
Fig. 7) first by black siliceous limestones of Conia-
cian age, and then by undated radiolarian-rich, red
siliceous mudstones, probably equivalent to the
Santonian—Campanian red mudstones of the Gua-
randa terrane of northern Ecuador. These are in
turn overlain by welded tuffs and marls of Middle
Campanian age (top of Calentura Fm), which
grade upward into a thick, coarsening-upward
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series of volcaniclastic turbidites (Cayo Fm, Fig. 7),
the base of which yielded Middle Campanian micro-
fauna (Vanmelle er al. 2008). These Campanian
tuffs and volcaniclastic products exhibit a typical
island arc geochemical affinity, more evolved than
those of the Las Orquideas Mb (Fig. 4a). 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. 4b), 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 volcaniclas-
tic products of island arc affinity (Naranjal arc,
Fig. 4c), which are stratigraphically associated with
pelagic oceanic purple-grey siliceous mudstones of

Late Campanian—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 sili-
ceous cherts of Middle Maastrichtian to Late Paleo-
cene age (Guayaquil Fm, Jaillard et al. 1995a;
Keller et al. 1997, Fig. 7, 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
(Aziucar Gp, Jaillard et al. 1995a; Fig. 7, left).
This unconformity that emphasizes the arrival of
continent-deriving detritism, is interpreted as
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sealing the accretion of the Pifion terrane to the con-
tinental margin. Farther north (Manabi Basin;
Fig. 1), Paleocene quartz-rich deposits identified in
subsurface data, and resting on Cretaceous mag-
matic basement (Deniaud 2000), are interpreted in
the same way. In the Western Cordillera of northern
Ecuador, cherts grading upward into massive sand-
stones of Late Paleocene age (La Cubera Fm,
Boland et al. 2000) are regarded as announcing the
Eocene accretion (Kerr et al. 2002). We propose that
this succession reflects the accretion 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 coar-
sening upward sequence of high density turbidites
(Gallo Rumi Mb, Jaillard et al. 2004).

West of Guayaquil, the Azdcar Gp is in turn
folded and unconformably overlain by a classical
Middle Eocene forearc sedimentary sequence. The
latter comprises from base to top (Fig. 7): dia-
chronic transgressive shelf limestones of latest
Early Eocene to Early Middle Eocene age, sand-
stones 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 ef 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; Fig. 1). Although
classically ascribed to the Eocene (Egiiez 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 vol-
caniclastic deposits (greywackes, lithic siltstones,
volcanic clast-bearing breccias, cherts etc.) with
intercalations of pillow basalts, andesites, hyalo-
clastites 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 & Fontboté 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’ mentioned by
Lebrat ef al. (1987) from the western part of the
Macuchi arc probably correspond to rocks from
the Guaranda and/or San Juan Oceanic Plateaus.

Syn-accretion deposits. The Macuchi magmatic
suite is associated with a forearc sedimentary
sequence of Middle to Late Eocene age, which com-
prises from base to top: transgressive shelf lime-
stones (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 sedi-
ments and the Macuchi arc are often tectonized,
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 Pifion, Naranjal, Macuchi
and Guaranda terranes underwent a similar evo-
lution 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 Paleo-
cene age. Furthermore, the Macuchi lavas contain
xenoliths of red siliceous cherts similar to those
deposited in the Santonian—Campanian on the
Guaranda and Pifién terranes. This indicates on
one hand, that the Macuchi island arc is younger
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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
interpretation is supported by the lead isotopic com-
positions of the Macuchi island arc lavas, which
suggest contamination by a Pb-rich basement,
possibly the Caribbean oceanic plateau (Chiaradia
& Fontboté 2002; Chiaradia et al. 2004).

Because major changes in the sedimentation
(regional disconformities, abrupt appearance of
coarse clastics and of lithic component in the detrital
input) occurred at the Middle to Late Eocene tran-
sition, the Macuchi terrane has been interpreted as
accreted at that time (Egiiez 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 plateau 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 Maastrichtian to the east, and in the Late
Paleocene to the west. As a consequence, unless
the western Pifion terrane migrated hundreds of
kilometres 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 Paleocene. In this interpre-
tation, the Macuchi island arc is not a distinct,
individualized terrane. It would be coeval with,
and would represent a northward extension of, the
Maastrichtian—Paleocene Sacapalca arc of southern
Ecuador (Jaillard et al. 1996; Hungerbiihler et al.
2002; Figs 1 & 5).

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 interpretation is consis-
tent with petrographic, geochemical and radiometric
data, as well as with the new stratigraphic data
(Luzieux et al. 2006; Vanmelle er al. 2008).
However, the Caribbean Plate is not restricted 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
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structure of the Caribbean Plate is mainly known
by means of field studies of its highly tectonized
margins, and little is known on the stratigraphy
and palaeogeography of the plate as a whole. There-
fore, the evolution of the Late Cretaceous oceanic
plateau accreted in Ecuador does not necessarily
reflect the evolution of the whole Caribbean Plate,
and cannot be generalized to the latter.

No magmatic arc is known on the Ecuadorian—
Colombian continental margin between the Late
Jurassic and the Late Eocene (c. 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 emphasized. First, this implies that the accretion
of oceanic terranes was not preceded by subduction,
and therefore, that the oceanic terranes were not sep-
arated from the Andean margin by wide oceanic
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 direction during most of the Cretaceous,
and that the Ecuadorian—Colombian margin acted
mainly as a dextral transform margin. Although
speculative, most plate tectonic reconstructions of
the Farall6n plate motion (Pilger 1984; Pardo-Casas
& Molnar 1987) support the latter intrepretation,
since they assume that the Farallon plate shifted
northward during latest Cretaceous times at a velo-
city of between 5 and 10 cm//year, and progressively
turned clockwise, until shifting in an easterly
direction.

Finally, most of the accreted terranes of Ecuador
underwent clockwise rotations after the Late Creta-
ceous, 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 counter-
clockwise rotation.

Birth place of the COP

The COP is of Turonian—Coniacian age (c. 90 Ma)
and is overlain by a Mid Campanian—Mid Maas-
trichtian island arc (c. 80—70 Ma), well developed
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, between 90 and
80 Ma, the COP was erupted through, and belonged
to, the Farallon Oceanic Plate. The onset of subduc-
tion related magmatism in the Middle Campanian
(c. 80 Ma) implies that, from then on, the COP
was separated from the Farallon Plate by a sub-
duction zone, and constituted an individualized
tectonic plate.
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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—1000 km south of
the latitude of Ecuador as suggested by palacomag-
netic data (Luzieux et al. 2006). Moreover, since no
subduction related magmatism was recorded on the
Ecuadorian margin before the Late Cretaceous and
Paleocene accretions, 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—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—

1000 km shift in a NNW to NE direction, before
being stabilized by the creation of a subduction
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zone at its southern tip (Fig. 10). At that time, the
Farallon plate (and COP) was bounded to the
north by a SW-ward subduction zone evidenced
by the Late Cretaceous Great Antilles Arc (Pindell
et al. 2005). The north- to NE-trending latest Creta-
ceous 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 originally
orientated NW-SE to east—west, and most likely
located at the southern edge of the Pifién terrane
(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 con-
tinental 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,
c. 75 Ma, Jaillard et al. 2008). It was associated
with a significant clockwise rotation (Roperch
et al. 1987; Luzieux et al. 2006).

The accretion of the Guaranda terrane occurred
in the Late Maastrichtian (c. 68 Ma; Fig. 11). As

Caribbean Plateau:

/’ at ./ at

90 Ma

80 Ma

Fig. 10. Proposed evolution of the Late Cretaceous oceanic plateau of Ecuador during Late Cretaceous—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.
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3 Terranes:
V\Sg;j St San Juan
G: Guaranda
P: Pifién
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Late Cretaceous arcs:
SL: San Lorenzo

Active Nar: Naranjo

‘ arc RC: Rio Cala
'
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Fig. 11. A possible scenario for successive accretions in Ecuador. Late Campanian (80—75 Ma): collision of the COP
with Central America creates a subduction zone and the 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 Palacogene
arc. Late Paleocene (58 Ma): accretion of Pifién terrane, dextral movements along the sutures. Neogene (c. 30—0 Ma):
Ongoing dextral movements, development of a Neogene arc (not drawn) superimposed on former ones.

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). As for the Late Campanian tectonic
event, this accretionary event seems to have
been followed by a re-organization of the sub-
duction zones. We propose that the resumption of
arc magmatism on the continental margin of
southern Ecuador (Sacapalca Arc, Hungerbiihler
et al. 2002; Figs 1 & 5) was coeval with the
development of the Macuchi island arc, on the
not yet accreted Pindn—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, Palaeogene arc is oblique to the Late

Cretaceous island arc (Fig. 11). This suggests that
subduction, which was already occurring in north-
ern Peru, became possible farther north, possibly
because of the NE-ward shift of the COP (Pindell
et al. 2005).

The Pifién terrane, last fragment of the COP,
was accreted to the Ecuadorian margin in the Late
Paleocene (c. 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 (c. 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 had
already occurred beneath the palaco-Ecuadorian
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margin, and therefore, that the COP shifted farther
north (Fig. 11).

In a second interpretation, the formerly accreted
COP fragment has been split into an eastern (Gua-
randa) terrane, and a western (Pindn) terrane, the
latter being underthrust beneath the former; this
implies that the COP had been torn into several
tectonic slices, probably bounded by NNE- to
NE-trending dextral faults (Fig. 11). The Guayaquil,
Manta—Naranjal, and Pedernales—Esmeraldas areas
may represent such tectonic slices, since they are
separated 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 to be related
to the Incaic phase, known 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
(c. 75 Ma). (2) The Guaranda terrane is made from
a Coniacian oceanic plateau (c. 90 Ma), overlain
by either Campanian—Maastrichtian island arc pro-
ducts or Santonian—Maastrichtian pelagic cherts,
which was accreted in the Late Maastrichtian (c.
68 Ma). (3) The Pifion—Naranjal terrane also com-
prises a Late Cretaceous oceanic plateau overlain
by Late Cretaceous island arc suites, and accreted
in the Late Paleocene (c. 58 Ma). We propose that
the Macuchi island arc rests on the Piidon—
Naranjal oceanic plateau, is of Late Maastrichtian—
Late Paleocene 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—-1000 km northward before being separated
from the Farallon Plate by a north-dipping subduc-
tion zone in the Middle Campanian. Then, a frag-
ment of this newly formed oceanic plate collided
with the Ecuadorian margin in the Late Maastrich-
tian, inducing a re-organization of the subduction
zones and the development of a new arc system
(Sacapalca—Macuchi). New fragments of the COP
were accreted to the Ecuadorian margin in the
Late Paleocene. This scenario is compatible with

E. JAILLARD ET AL.

the idea according to which the Late Cretaceous
oceanic plateau of Ecuador belonged to the Carib-
bean Plate, provided that this plate was rather
large (c. 3000 km), and split into several fragments
during its accretionary history.

This paper is dedicated to Professor Henriette Lapierre,
who died abruptly in January 2006, after having worked
on magmatic rocks of Ecuador for more than 10 years.
We are indebted to A. Dhondt, P. Bengtson, N. Jiménez
and J. Sudrez for numerous palaeontological determi-
nations. Most of the results presented here were obtained
thanks to the financial support of the Institut de Recherche
pour le Développement and the Dyeti funding programme.
Thanks are due to Jorge Ferrer M. and Berend van Hoorn
for their helpful reviews.
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