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The southern Ecuador-northern Peru region marks the transition between the northern and central Andes. This
study reconstructs the Mesozoic magmatic history of this key region by integrating petrography, U—Pb
geochronology, whole-rock and zircon geochemistry, and eHf(;) and 580 zircon isotopic data from plutonic
rocks. Our results indicate that much of the Mesozoic magmatism occurred in an extensional arc setting, with
magmatic reservoirs progressively incorporating more depleted, mantle material, while crustal contributions
diminished through time. Magmatic reservoirs evolved both spatially and temporally, beginning with an
extensive Triassic arc dominated by granitoids exhibiting strong crustal signatures at least until 220 Ma. This was
followed by mildly enriched signatures associated with a stationary Jurassic to Early Cretaceous arc active be-
tween ~190 and ~ 126 Ma. Somewhere in between 126 and 104 Ma, the arc underwent a significant westward
migration, potentially driven by slab rollback, which coincided with the opening of the Celica-Lancones Basin
and the subsequent emplacement of the Late Cretaceous Celica-Lancones arc onto oceanic basement. This
migration is consistent with westward shifts observed in central Ecuador and Colombia but contrasts with coeval
eastward migration documented in central and southern Peru. In addition, new U—Pb ages challenge current
interpretations of a missing Jurassic arc in northern Peru by providing clear evidence that Jurassic magmatism
extended at least as far south as 6°S.

1. Introduction surface expression of such changes in subduction geometry. Doc-

umenting these shifts through time is therefore fundamental for recon-

The evolution of arc magmatism at convergent margins is governed
by complex interactions between subduction dynamics, mantle flow,
and tectonic processes. Variations in slab geometry, including changes
in dip, rollback, and flat-slab development, strongly influence mantle
wedge circulation, melt generation, and the thermal structure of the
overriding lithosphere (Ducea et al., 2015). These processes exert con-
trol over the spatial and temporal distribution of magmatic arcs. For
instance, observed trenchward or landward arc migration, as well as
intervals of magmatic quiescence, are commonly interpreted as the

structing the tectonomagmatic evolution of long-lived subduction
systems.

The Andean belt developed above the subduction margin of the
oceanic Nazca Plate (formerly part of the Farallon Plate) beneath the
South American continent (DeCelles et al., 2009). Its northern segment
records a particularly intricate evolution, shaped by the accretion of
oceanic terranes, changes in subduction direction, episodic magmatism,
and multiple exhumation events (Iglesias et al., 2025; Jaillard, 2025;
Spikings et al., 2010; Spikings et al., 2015; Vallejo et al., 2009; Witt
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et al., 2023). Despite recent advances in reconstructing the long-term
magmatic and tectonic evolution of the Northern Andes (Boekhout
etal., 2012; Carrasco et al., 2023; Chavarria et al., 2022; Cochrane et al.,
2014; Duan et al., 2022; Jaillard, 2022; Pratt et al., 2005; Riel et al.,
2014; Sandoval-Espinel et al., 2025; Vallejo et al., 2009; Winter et al.,
2010; Witt et al., 2017), the southernmost part, encompassing southern
Ecuador and northern Peru, remains poorly understood and is still
subject to contrasting interpretations (see Bustamante et al., 2016;
Cochrane et al., 2014; Spikings et al., 2015).

These uncertainties primarily reflect the limited availability of high-
precision geochronological datasets. Most of the existing age constraints
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in this region are derived from the “°Ar—2°Ar and K—Ar analyses of
minerals such as muscovite, hornblende, and biotite (e.g., Baldock,
1977; Cochrane et al., 2014; Feininger & Silberman, 1982; Hama, 1990;
Litherland, 1994; Spikings et al., 2010; Winter, 2008; Table S1; Fig. S1).
While these datasets have provided valuable temporal references, they
are often affected by thermal resetting and may not accurately reflect
magmatic crystallization ages. In contrast, zircon U—Pb dating offers a
more robust chronometer, as zircon is a refractory and chemically
resistant mineral that usually retains the composition of its parent
magma during subsequent metamorphic or hydrothermal processes.
Furthermore, when zircon U—Pb ages are combined with zircon
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Fig. 1. Geological sketch of northern Peru and Ecuador, showing major units, the study area, and sample locations. CA: Central Andes. HD: Huancabamba Deflection.

NA: Northern Andes. SA: Southern Andes.
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geochemistry and Hf—O isotopic data, both the timing of magmatism
and the nature of magma sources can be constrained simultaneously.
However, such high-precision and integrated datasets remain extremely
scarce in southern Ecuador and northern Peru, limiting our ability to test
competing Mesozoic evolutionary models for this region (e.g., Duan
et al.,, 2022; Spikings et al., 2015), and to accurately constrain the
spatiotemporal evolution of magmatism and its sources in this segment
of the Andes.

This study integrates U—Pb zircon geochronology, petrographic
analysis, and whole-rock and zircon geochemistry for plutonic rocks
from the southernmost Northern Andes (~4-6°S). Our new data refine
the temporal and geochemical evolution of Mesozoic magmatism in
southern Ecuador and northern Peru between 240 and 90 Ma. These
results allow us to reassess the timing of arc migration and to propose an
updated tectonomagmatic model linked to changes in magmatic
reservoirs.

2. Geotectonic framework
2.1. Tectonic background

The Northern Andes spans from Venezuela to northern Peru (Jaillard
et al.,, 1990). The region is separated from the Central Andes by the
Huancabamba Deflection, located at approximately 6°S. This zone
marks a change in the orientation of the Andean chain from N20°E in the
north to N20°W in the south (Fig. 1). Magmatic activity along the
Northern Andes is driven by the interaction between the South American
Plate with a series of oceanic plate systems, producing a long-lived
subduction system characterized by episodic magmatism from the
Carboniferous to the Holocene (Horton, 2018; Jaillard et al., 2000).

During the early Mesozoic, the western South American margin was
subjected to an extensional regime contemporaneous with voluminous
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magmatic activity between ~265 and ~ 215 Ma (Leal-Mejia et al., 2019;
and references therein). This magmatism was driven by prolonged high
mantle heat flow and crustal anatexis (e.g., Cochrane et al., 2014; Riel
et al., 2018). Models proposed for this Triassic magmatic event during
the breakup of Pangea can be broadly classified into: (i) those that
interpret magmatism as arising from non-subduction processes (Fig. 2;
Carrillo et al., 2021; Cochrane et al., 2014; Spikings et al., 2015) and (ii)
those invoking active subduction (e.g., Riel et al., 2018; Villares et al.,
2020). Regardless of the model, studies have shown that crustal
reworking during this period resulted in the formation of S-type Triassic
granitoids emplaced along the Real Cordillera (including the Sub-
Andean zone) and the Amotape-Tahuin block (ATB) in Ecuador
(Fig. 1; Aspen et al., 1992; Litherland, 1994; Riel et al., 2014; Sandoval-
Espinel et al., 2025; Spikings et al., 2015) as well as in the southern and
central segments of the Peruvian Eastern Cordillera (Miskovic et al.,
2009).

Subsequently, two competing hypotheses have been proposed for the
Jurassic evolution of the margin. In the first scenario, subduction was re-
established between ~209 and ~ 190 Ma (Cochrane et al., 2014),
marking the onset of a new continental arc along the South American
margin. Alternatively, in the second scenario, oceanic subduction may
have continued uninterrupted since the Triassic (Villares et al., 2020).

From both hypotheses, it is agreed that during the Jurassic, the
Northern Andes experienced an extensional regime. This setting has
been attributed to either (i) highly oblique convergence (Bustamante
et al., 2016; Jaillard et al., 1990), or (ii) slab rollback, which drove the
westward migration of the arc between 189 and 141 Ma from the
present-day Cordillera Real to the Western Cordillera (Fig. 1; Cochrane
etal., 2014; Spikings et al., 2015). The Jurassic arc extends across much
of the Northern Andes, with older crystallization ages (209-196 Ma)
recorded in northern Colombia (e.g., Santander and Santa Marta mas-
sifs; Van der Lelij, 2013; Villagomez et al., 2011), while younger ages
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Fig. 2. (A) Overview of the Spatiotemporal distribution of Mesozoic magmatism in Ecuador and northern Peru, along with key tectonic and geodynamic events. The
figure is based on data from CGS-INGEMMET (2017), Cochrane et al. (2014), Feininger and Silberman (1982), Hama (1990), Litherland et al. (1994), Noble et al.
(1997), Schutte et al. (2010), Spikings et al. (2010), Ulrich (2005), Winter (2008), Sandoval- Espinel et al. (2025), and this study.
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(180-132 Ma) are reported in Ecuador (e.g., Ambitagua and Zamora
batholiths; Chiaradia, 2009; Cochrane et al., 2014). This distribution has
been interpreted as a general southward-younging magmatic trend from
northern Colombia to southern Ecuador (e.g., Spikings et al., 2015). In
addition, Jurassic magmatism appears to be absent between 5°S and
12°S, either because an arc never formed in this region or because it was
removed by subduction or erosion (Boekhout et al., 2012; Spikings et al.,
2015).

The extensional regime persisted until the Early Cretaceous,
contemporaneous with emplacement of the Peruvian Coastal Batholith
within the Western Cordillera of Peru (Boekhout et al., 2012; Cochrane
et al., 2014; Miskovic et al., 2009) as well as the formation of the Salado
and Alao arcs in Ecuador (Fig. 3; Carrasco et al., 2023). The Salado Arc is
located in northern and central Ecuador and consists of scattered met-
aluminous granitoids, such as the Azafran Batholith (~145-140 Ma;
Cochrane et al., 2014) and the Chingual Pluton (~125 Ma; Spikings
et al., 2015). The Alao Arc, located west of the Salado Arc, is composed
of two distinct rock assemblages: (i) metaluminous volcanic rocks,
formed between ~140 and 110 Ma (Carrasco et al., 2023), and (ii) the E-
MORB-like basalts of the Peltetec Complex (130-134 Ma; Gabriele,
2002; Spikings et al., 2015). Notably, rocks with lithological similarities
to these E-MORB-like basalts have been identified in the ophiolitic
succession of the Raspas Complex in southern Ecuador (130-120 Ma),
which has undergone metamorphism under blueschist to eclogite facies
conditions (Gabriele, 2002; Riel et al., 2014). It should be noted, how-
ever, that recent U—Pb dating suggests that some units previously
identified as Early Cretaceous in central Ecuador (west of the older arcs),
such as the Peltetec Complex, may instead be Triassic in age (~228 Ma;
Villares et al., 2020).

It is likely that the continuation of the extensional setting promoted
the opening of the NE-SW Celica-Lancones Basin, situated between the
Early Cretaceous volcanic arc and the ATB, as evidenced by rift-related
volcanism within the basin (Jaillard et al., 1999; Mourier, 1988; Winter
et al., 2010). Basalt-dominated volcanism dated at 104.8 4 1.3 to 100.2
+ 0.5 Ma (Winter et al., 2010) marked the deep rifting stage of the basin
and suggests that its onset is at least middle Albian in age.

Around ~100 Ma, active seafloor spreading in the South Atlantic and
the resulting westward drift of the South American Plate triggered a
tectonic shift from extension to compression (Jaillard, 2025; and refer-
ences therein). This transition led to the development of the Early to Late
Cretaceous Celica-Lancones Arc (~110-78 Ma; Schiitte et al., 2010;
Soler, 1991; Winter, 2008), which extends across southern Ecuador and
northern Peru (Figs. 1 and 3). This arc is mainly composed of andesitic
lavas, pyroclastic deposits, and intrusive bodies, including the Tangula
pluton in southern Ecuador and the Pena Blanca, Lomas, and Mallingas
plutons in northern Peru (Fig. 2; Schiitte et al., 2010; Winter, 2008). Due
to the limited geochemical and geochronological constraints in this re-
gion, the Celica—Lancones Arc has been tentatively genetically linked to
the subduction system that formed the Alao Arc (Jaillard et al., 1999;
Spikings et al., 2015). Further south, in central and southern Peru, ev-
idence of this compressional regime is recorded by localized folding and
faulting, the cessation of marine sedimentation, and the widespread
emplacement of large intrusive bodies that contributed to the final
stages of the formation of the Peruvian Coastal Batholith (Martinez-
Ardila et al., 2023; and references therein).

3. Analytical methods

Nineteen samples were obtained from igneous outcrops located be-
tween 3.5 and 6°S in southern Ecuador and northern Peru. Sample lo-
cations and their corresponding nomenclature are provided in Table S2
and illustrated in Fig. 3.

3.1. Petrographic analyses

Twelve samples were selected for petrographic analyses. Hence,
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rocks were cut using a diamond saw and then ground and polished until
they reached a thickness of about 30 pm, employing progressively finer
abrasives. Posteriorly, thin sections were examined at 50-500x magni-
fication using a Leica petrographic microscope and photographed under
plane and cross-polarized transmitted light at Padova University. Results
are shown in Table S3 and Fig. 4.

3.2. LA-ICP-MS zircon U—Pb dating

Zircons were separated by crushing, sieving, magnetic and heavy
liquid concentration at the laboratory of thermochronology in the Uni-
versidad Pedagdgica y Tecnoldgica de Colombia, UPTC. Subsequently,
hand-picked and mounted in epoxy blocks and polished on a lap wheel
with a 9 pm, 6 pm and 3 pm diamond suspension successively, until revel
crystal surfaces.

Cathodoluminescence (CL) imaging was performed in order to
recognize different micro-area compositional heterogenies within a
crystal before analysis (Fig. S2). Imaging acquisition was performed
using a cold cathodoluminescence model 8200 MKII equipment moun-
ted in an Olympus BX41 microscope at Lille university.

Zircon U—Pb dating was conducted using a LA-ICP-MS at the GeO-
HeLiS analytical platform (OSUR, Univ. Rennes) using an ESI
NWR193UC Excimer laser coupled to a quadrupole Agilent 7700x ICP-
MS equipped with a dual pumping system to enhance sensitivity. The
instrumental setup is presented in Table S4. Additional information can
be found in Witt et al. (2017).

Data was analyzed using the ISOPLOT package program; 2°°pb/238U
dates were used since zircons are younger than 1Ga. We only report
concordant ages (90 % to 110 % concordance), while, errors are re-
ported at 2 sigma level. U—Pb data and calculated ages can be found in
table S5, while quality control reference materials data (PleSovice and
GJ1) are on Tables S6 and S7, respectively. Representative concordia
and weighted diagrams are presented in Fig. 5.

3.3. ICP-AES whole rock geochemistry

Samples were washed with distilled water to remove impurities.
Fresh, unaltered portions were then selected and crushed at Lille uni-
versity using an agate mortar pulverizer to obtain a < 50 mesh size
fraction. This portion was further pulverized using an agate ball mill to
achieve a particle size of <10 pm.

Whole-rock major and trace elements were determined for fifteen
samples at the Institut Universitaire Européen de la Mer, Université de
Bretagne Occidentale (Brest, France) using a Jobin Yvon Ultima 2
inductively coupled plasma atomic emission spectrometer (ICP-AES).
Sample preparation followed the procedure outlined by Cotten et al.
(1995), which included digestion with HF and HNOs, neutralization
with boric acid, and subsequent dilution in nitric acid. Calibration was
performed using international standards (AC-E, BEN, JB-2, PM-S, and
WS-E) along with internal standards (MORB-E, CB2, CB15, and CB18),
ensuring reliable external reproducibility. Relative standard deviations
are <2 %, except for low values (< 0.50 wt%), for which the absolute
standard deviation is +0.01 wt%.

The geochemical data were processed using the IgRoCS computer
program (Verma and Rivera-Gomez, 2013). This software accurately
partitions total iron into its two oxidation states (FeO and Fe-0s) and
normalizes the sum of major oxides to 100 % on an anhydrous basis.
Major and trace element concentrations are listed in Table S8.

3.4. Hafnium analysis

Hafnium isotopic compositions of zircon are largely controlled by the
time elapsed since a melt is removed from the mantle, whereby recently
removed melts display more juvenile isotopic signatures than rocks with
longer crustal residence time.

Lu—HTf isotopes analysis were performed at Géosciences Montpellier
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Laboratory, University of Montpellier, France (AETE-ISO regional fa-
cility of the OSU OREME) using a ThermoFinnigan Neptune-+
MC-ICP-MS (multicollector-inductively coupled plasma-mass spec-
trometer) coupled with a Photon-Machine Analyte G2 Excimer laser
(193 nm wavelength); where ablation was performed using a 50 pm spot
size, the laser frequency was 6 Hz and a fluence of 4.5 J/m?. During the
measurements, three zircon standards (91,500, GJ1 and PleSovice) with

reference values taken from Blichert-Toft (2008); Morel et al. (2008);
and Slama et al. (2008); were treated as unknown in order to check the
quality and the reproducibility of the data. All values were found to be in
agreement with their references: 91,500 (7SHf/Y7Hf = 0.282305 +
0.000020, n = 31), GJ1 (*7°Hf/!77Hf = 0.282005 + 0.000036, n = 23),
and Plesovice (17°Hf/Y77Hf = 0.282486 + 0.00001, n = 21).

Hafnium isotopic data are expressed with the epsilon notation
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(eHf(yy), representing the deviation of 17®Hf/!””Hf measured in a sample through time and intracrustal recycling. This record is especially sensi-

from the chondritic uniform reservoir (CHUR; Vervoort and Blichert- tive because oxygen isotope ratios of igneous rocks are highly affected

Toft, 1999), and presented in Table S9 within errors at 2 sigma level. by the incorporation of supracrustal materials into melts, which usually
have 580 values higher than primitive mantle magmas (Valley et al.,
2005).

3.5. 5'°0 analysis Oxygen isotopic compositions in zircon were measured using a

Cameca IMS 1270 E7 ion microprobe at the Centre de Recherches
Analysis of 880 in zircons are able to trace crust-mantle interaction
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Pétrographiques et Géochimiques (CRPG, CNRS), Université de Lor-
raine, Nancy (France) using a Cs + primary ion beam accelerated at 10
kV with an intensity of 2.5 nA. The detection mode was FC/FC (Faraday
cup) multicollection. Instrumental mass fractionation from 4.41 %o to
6.418 %o using BrF5 extraction and a gas source mass spectrometer.

Measured '80/1°0 ratios were normalized using Vienna Standard
Mean Ocean Water compositions (VSMOW, 180,/160 = 0.0020052;
Gonfiantini et al., 1995), then corrected for the instrumental mass
fractionation factor (IMF), and reported within 1 sigma error
(Table S10); further technical information can be found in Witt et al.
(2023).

3.6. Trace elements analysis in Zircon

Zircon is a robust mineral known for its capacity to incorporate trace
elements into its crystal lattice (Belousova et al., 2002; Grimes et al.,
2007). This mineral demonstrates a remarkable resistance to chemical
alteration, making it a powerful geochemical tracer for studying
geological processes (Belousova et al., 2002). Rare Earth Elements found
in zircons can provide insights into the conditions during which zircon
crystallized, revealing information about the composition of parental
magmas (Grimes et al., 2007; and references therein).

Zircon trace-element concentrations were measured at Géosciences
Montpellier (University of Montpellier, AETE-ISO regional facility of the
OSU OREME) using LA-ICP-MS, whose analytical platform includes a
193 nm ArF excimer laser (Teledyne G2) coupled to a Thermofinnigan
Element XR mass spectrometer modified by the addition of an 80 m%/h
Edwards primary pump in the interface to enhance sensitivity. The laser
was operated at a repetition rate of 6 Hz, using a 50 pm spot size and a
fluence of 4.5 J/m2. The total analysis time was 120 s with the first 80 s
used for background measurement prior to sample ablation. NIST 612
was used for external calibration with reference values from Pearce et al.
(2007). The accuracy and long-term reproducibility of the measure-
ments were ensured by analyzing three zircon standards (91,500 n = 20;
GJ1 n = 11 and Plesovice n = 11). Finally, data reduction was carried
out with the software package Glitter (van Achterberg et al., 2001), and
is presented in Table S11.

Data was further filtered to exclude measurements that may have
been influenced by the presence of inclusions, following the criteria
proposed by Attia et al. (2020), which involve excluding analyses with
high counts of Y (>5000 ppm), and LREE ([Ce] > 200 ppm; [Sm] > 300
ppm; [Eu] > 15 ppm and [Gd] > 150 ppm).

4. Results
4.1. Petrographic analyses

Twelve thin sections from monzogranite, quartz diorite, and quartz-
monzodiorite samples were examined for petrographic characterization
(Table S3). All samples displayed phaneritic textures (Figs. 4 and S3),
with crystal sizes ranging from 0.8 to 2.7 mm (Fig. 4). The primary
mineral assemblage was composed of quartz, orthoclase, microcline,
plagioclase, muscovite, and biotite phenocrysts, accompanied by minor
amounts of hornblende, apatite, and opaque minerals. The rocks are
relatively pristine, with well-preserved grain boundaries and limited
evidence of alteration. This is supported by their loss on ignition (LOI)
values, which range from 0.85 to 1.94 (Table S8). However, minor
plagioclase sericitization and slight biotite chloritization were observed
locally.

The rocks are predominantly felsic in composition. Jurassic samples
plot in the quartz monzodiorite field, while Early Cretaceous rocks fell
into the monzogranite and quartz monzodiorite fields. In contrast, Late
Cretaceous rocks exhibited a wider compositional range, with samples
falling into the quartz diorite, quartz monzodiorite, and monzogranite
fields (Fig. 4D; The geochronological framework for these age groups is
presented in Section 4.2).
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4.2. Zircon U—Pb geochronology

Nineteen new zircon U—Pb ages were obtained in this study, sup-
plemented by two previously published Triassic ages from Sandoval-
Espinel et al. (2025): samples CT013 (222.8 + 1.2 Ma) and CZ105
(229.2 £+ 1.4 Ma).

Sample 1G22-53 (Fig. 5E) clearly exhibits two distinct age pop-
ulations. Given the magmatic nature of the rock, the best estimate for its
maximum crystallization age was based on the youngest coherent pop-
ulation (n = 3), yielding a weighted mean age of 230.4 + 4 Ma.

The Mesozoic ages obtained in this study were distributed as follows:
i) one Triassic sample (230.4 + 4) from the ATB; ii) five Jurassic samples
from the eastern Ecuadorian and western Peruvian Cordilleras, with
ages ranging from 191.4 + 5.3 Ma (IG22-23) to 157.7 + 4.2 Ma
(IG22-32); iii) four Early Cretaceous samples (also from the Cordilleras),
with ages ranging from 139.8 + 1.8 Ma (SAN18) to 126.1 + 3.6 Ma
(IG22-30); and iv) nine Late Cretaceous samples from the Cel-
ica-Lancones arc, ranging from 100.8 + 1.8 Ma (IG22-51B) to 87.8 +
1.7 Ma (1G22-49).

4.3. Whole rock geochemistry

Fifteen samples were selected for whole-rock geochemical analysis
(Table S8). Only one Triassic sample was analyzed in this study due to
the extensive geochemical data available in the literature for this period
(e.g., Cochrane et al., 2014; Miskovic et al., 2009). In the total alkali
versus silica (TAS) classification scheme (Fig. 6A), Triassic sam-
ples—both published data and those analyzed in this study—plot within
the granite, granodiorite, and quartz monzonite fields. Jurassic samples
fall predominantly within the granodiorite field, while Early Cretaceous
samples are classified as granite, granodiorite, and quartz monzonite. In
contrast, Late Cretaceous samples exhibit greater compositional di-
versity, ranging from granites and granodiorites to diorites and gabbros.
In general, most samples analyzed were felsic in composition, with only
a few exhibiting intermediate to mafic characteristics.

In general, the felsic rocks possessed compositions that ranged be-
tween 63.4 and 75.1 wt% SiO2, 13.5-17.1 wt% Al.0s, 0.24-3.9 wt%
MgO, and 0.62-7.98 wt% CaO, while the intermediate to mafic rocks
possessed composition ranges between 49.1 and 59.9 wt% SiO,
18.1-19.5 wt% Al:0s, 1.7-7.8 wt% MgO, and 7.2-14.1 wt% CaO (all
values recalculated to an anhydrous basis; Table S8).

The La/Yb and Sr/Y ratios, which are commonly used as proxies for
crustal thickness (Chapman et al., 2015; Profeta et al., 2015), show a
consistent trend from the Triassic to the Cretaceous (Fig. 7).

4.4. Zircon isotopic data

A total of 130 eHf(y) analyses are presented in Table S9, with results
illustrated in Fig. 8A. The eHf(y) values in the Triassic samples range
between —12.8 and 1.2, while the Jurassic samples range between 4.5
and 7.5, with an outlier at —17.8. Early Cretaceous eHf() values vary
from 4.4 to 11.8, while samples from the Late Cretaceous exhibit the
highest eHf(y) values, fluctuating between 8.5 and 14.8, with three out-
liers at —10.1, —1.9, and 3.1. In general, the eHf(;) values are indicative
of long-term depletion from about 200 to about 85 Ma (Fig. 8A). It
should be note that the samples reach their maximum values in the Late
Cretaceous (~100 Ma), with values approaching depleted mantle sig-
natures before slightly decreasing toward ca. 85 Ma, although this trend
is subtle.

A total of 44 5'80 measurements are reported in Table S10, with
results illustrated in Fig. 8B. The §'80 values for the Triassic samples
show supracrustal signatures ranging from 8.3 to 11 %o, with an outlier
at 4.7 %o. Samples from the Jurassic exhibit relatively uniform §'%0
values (5.3-6.2 %o), which are close to mantellic compositions, with one
higher outlier at 9.5 %o. Early Cretaceous 5'0 values range between 3.9
and 6.5 %o, while Late Cretaceous samples exhibit ranges from 3.3 to 5
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Fig. 6. Whole rock classification diagrams. (A) Total alkali versus silica plot (Middlemost, 1994). (B) Chondrite-normalized rare element plot, normalizing values are
from Sun and McDonough (1989). (C) Plot of alkalinity index (AI) vs feldspathoid silica-saturation index (FSSI). (D) Molar A/CNK versus molar A/NK plot. (E) Na,O
+ K50-CaO as a function of SiO,, fields are from Frost and Frost, 2008. (F) Fe* versus SiO2 plot (Frost et al. 2001).

%o, with two outliers exceeding 7 %o. There is a clear decrease in 580
values over time, with values trending toward mantle-like signatures
(Fig. 8B).

4.5. Zircon geochemistry

The zircon geochemical dataset comprises 121 measurements that
exhibit considerable variability in several trace elements, including Dy
(25-864 ppm), Gd (3-231 ppm), U (42-8130 ppm), and Y (285-9140
ppm) (Table S11). The chondrite-normalized trace element patterns
exhibited trends that were typical of continental arc samples (Fig. 9A;
Hoskin and Schaltegger, 2003) with significant enrichment in HREE
relative to LREE (Yb/Sm)cy = 44-118; (Yb/Gd)cy = 13-39) and nega-
tive Eu anomalies (Eu/Eu* = 0.20-0.31).

The zircons exhibited Th/U ratios ranging from 0.03 to 2.5 (Fig. 9B),
indicative of magmatic origins. However, some crystals from the Triassic
exhibited low Th/U values (0.03-0.06), which can be indicative of
metamorphic environments (Th/U < 0.1; Grimes et al., 2007). The
majority of zircon grains are derived from felsic rocks (Th/U > 0.1;
Grimes et al., 2015; Teipel et al., 2004), with the exception of some Early
Cretaceous crystals that suggest a more mafic source (Th/U = 1.9-2.5).
In addition, most of the zircon grains possess characteristics that are
consistent with continental arc formation, while a subset of the Late
Cretaceous grains exhibit signatures that are consistent with a mid-
ocean ridge environment (Fig. 9C and Fig. 9D).

The Triassic zircon crystals exhibit S-type to “hybrid” S-type signa-
tures although a few plot in the I types, based on the classification
scheme proposed by Roberts et al. (2024); these are consistent with the
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findings of Aspen et al. (1992) and Riel et al. (2014). In contrast, the
Jurassic and Late Cretaceous zircon grains exhibit signatures typical of I-
type granitoids (Fig. 9E), while Early Cretaceous grains possess features
that are characteristic of both I-type and S-type granitoids.

U/YD ratios are used to distinguish continental and oceanic zircons
and assess crustal contributions in magmas, as this ratio often reflects
depletion or enrichment as well as the extent of crustal assimilation
(Grimes et al., 2007; Grimes et al., 2015). There was a gradual increase
in U/YD ratios from the Triassic to the Early Cretaceous, indicative of
progressive enrichment (Fig. 10A). However, this trend was disrupted in
the Late Cretaceous, where zircons exhibit both high and low U/Yb
values, indicating that they were derived from a mixed source. Notably,
the high observed Th/U values were primarily associated with sample
1G22-19, which also exhibits anomalously high U concentrations. It
should be noted that IG22-19 was the most inland sample of the Late
Cretaceous group.

Ratios such as Yb/Gd, Nb/Ta, and LREE/HREE can be used as in-
dicators of melting depth, as they reflect pressure-dependent mineral
fractionation in key mineral phases (e.g., garnet, amphibole, clinopyr-
oxene, and plagioclase). Consequently, they are often used as proxies for
crustal thickness (Drabon et al., 2024; Grimes et al., 2015). There is a
progressive increase in Nb/Ta, LREE/HREE, and Eu/Eu ratios from the
Triassic to the Early-Middle Cretaceous, though this trend is less evident
in Late Cretaceous zircon grains. Dy/Yb decreases over the same inter-
val, while Yb/Gd exhibits no distinct trends (Fig. 10).

10

5. Discussion
5.1. Triassic crustal reworking

Triassic magmatism, recorded between 247.2 + 4.3 Ma and 203 +
1.4 Ma, is associated with the Moromoro, Sabanilla, and Tres Lagunas
units along the western flank of the Ecuadorian Eastern Cordillera as
well as the Marcabeli, La Victoria, and La Florida granitoids of the ATB
(e.g., Cochrane et al., 2014; Feininger & Silberman, 1982; Litherland,
1994; Sandoval-Espinel et al., 2025). Triassic magmatism has also been
identified further east in the Chinchind unit, located at ~75.5°W (e.g.,
Cochrane et al., 2014; Litherland, 1994; Table S1), indicative of the
existence of a broad magmatic arc. The U—Pb zircon data presented in
this study support and refine these observations, with documented
crystallization ages ranging from 230.4 + 4 to 222.8 + 1.2 Ma, which
are consistent with previous ages reported for the ATB (Figs. 2, 3 and
11).

Triassic magmatism along the western margin of the Northern Andes
is attributed to mantle upwelling resulting from lithospheric thinning
and extension, processes interpreted to result from either continental
rifting during Pangea fragmentation or changes in subduction dynamics
(e.g., Riel et al., 2018; Spikings et al., 2015; Villares et al., 2020). Our
dataset refines these interpretations by constraining the degree and
timing of crustal involvement during this magmatic episode. The
Triassic granitoids investigated in this study exhibit strong crustal
assimilation as shown by high 5180 values (up to 11 %o) and low eHf(y
values (—12 to +2), indicating that prolonged crustal reworking



L.C. Sandoval Espinel et al.

LITHOS 522-523 (2026) 108389

20
B
15 F
Depleted
10 ¢
5 L
Y
I
w 0]
0 KCHUR e
-5 +
10 | Enriched o
. ‘ ‘ ‘ ©
(A) 87 92 o7 102 (o]
_15 I L L |
50 100 150 200 250
Age (Ma)
12 ¢
e
10 ¢ 8
Evolved @) g
crust @ o
I - - B
g Mildly evolved
o crust a
6 o o e e e D
Mantle zirco 0
4 | ' O Late Cretaceous
'e) @ Early Cretaceous
B O Jurassic
( ) @ Triassic
2 1 1 1 J
50 100 150 200 250
Age (Ma)

Fig. 8. Isotopic data for the study area. (A) eHf vs. Age, including published eHf isotopic data from detrital zircons by Belousova et al. (2010) and Pepper et al.

(2016). (B) 5'%0 vs. Age. Limits are from Valley et al. (2005).

persisted until at least ~220 Ma (Fig. 8). This is consistent with models
proposed by Riel et al. (2018) and Villares et al. (2020), which docu-
mented S- and A-type magmatism along the western Gondwana margin
during the same period. Our dataset also reveals a trend from S-type to
hybrid S-type, and to I-type granites signature (235-222 Ma; Fig. 9E),
emphasizing the significant contribution of supracrustal materials to
magmatic reservoirs and providing further evidence of extensive crustal
reworking.

The Triassic granitoids exhibit magnesian and calc-alkalic
geochemical signatures (Fig. 6E and F) that are characteristic of arc
environments (Frost and Frost, 2023; and references therein). The high
Dy/Yb (Fig. 10B) and low Yb/Gd (Fig. 10C) ratios in the Triassic zircons
are indicative of garnet stability in the source residue, consistent with
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deep crustal melting in a thickened crust (Drabon et al., 2024; and ref-
erences therein). Some Triassic samples also display elevated whole-
rock La/YDb ratios (Fig. 7A and C), which are compatible with magma
derivation from a thick crust. In contrast, whole-rock Sr/Y ratios (Fig. 7B
and D) do not show high values typically interpreted as evidence of
crustal thickening. Recent studies, however, have shown that crustal
thickness estimates based on Sr/Y can deviate substantially from
geophysically determined values due to the strong influence of frac-
tionation processes (Guo and Yang, 2023). Consequently, we suggest
that Triassic magmatism was generated in an active subduction setting
through partial melting and reworking of a previously thickened con-
tinental crust (Fig. 12A).
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5.2. Jurassic magmatism: From strong crustal reworking to predominantly
mantle inputs

Jurassic magmatic activity in northwestern South America is recor-
ded by Lower-Middle Jurassic batholiths in Colombia and by the Abi-
tagua and Zamora batholiths in Ecuador (Fig. 2; Bayona et al., 2020;
Bustamante et al., 2016; Cochrane et al., 2014; Leal-Mejia et al., 2019;
Spikings et al., 2015).

In southern Ecuador, specifically, Jurassic magmatism is primarily
represented by the Zamora Batholith. The crystallization ages for the
batholith have been constrained by various geochronological tech-
niques, including K—Ar dating on hornblendes and biotites (201-151
Ma; Gendall et al., 2000; Litherland, 1994), U—Pb dating on zircons
(180-145 Ma; Chiaradia et al., 2009; Cochrane et al., 2014; Drobe et al.,
2013), and 40ar—39Ar dating on hornblendes (160-150 Ma; Chiaradia
etal., 2009; Coder, 2003). The U—Pb zircon ages presented in this study
range from 191 + 5 Ma to 157 + 4.2 Ma, extending the previously
known magmatic interval and suggesting that the onset of Jurassic
magmatism occurred significantly earlier than previously reported. Our
data also provide the first direct evidence of Jurassic magmatism in
northern Peru, with samples 1G22-32 and 1G22-34 yielding crystalli-
zation ages of 157.7 + 4.2 Ma and 187.8 + 3.2 Ma, respectively. These
results show that the Jurassic magmatic arc extended further south into
northern Peru, at least as far as 6°S, indicating that Jurassic magmatic
activity was more widespread than previously recognized.

Furthermore, samples 1G22-22, 1G22-23, 1G22-26, and 1G22-34
have Early Jurassic crystallization ages ranging from ca. 191 to 179 Ma,
overlapping with the crystallization ages of the Norosi and San Martin
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batholiths (189-182 Ma) as well as the Mocoa-Garzon batholith
(180-172 Ma) in Colombia (e.g., Leal-Mejia et al., 2019; and references
therein). These results call for a re-evaluation of the southward-
younging model of magmatism proposed by Spikings et al. (2015),
which was based on data available at that time.

Jurassic isotope data reveal intermediate eHf() values (4.2-7.5;
Fig. 8A) and a shift from >8 %o to 5.3-6.5 %o 5180 values (Fig. 8B). This
trend indicates a transition toward more juvenile compositions as well
as increasing mantle contribution over time. Jurassic magmatism ex-
hibits a compositional change from peraluminous to metaluminous
(Fig. 6C and D) as well as magnesian and calcic geochemical signatures
(Fig. 6E and F) indicative of less evolved magma sources (e.g., Frost and
Frost, 2008). This geochemical evolution is also expressed as a shift from
S-type to I-type granitoids (Fig. 9E), accompanied by decreasing Dy/Yb
zircon ratios (Fig. 10B and F), indicating melting in a garnet-free,
plagioclase-stable source at relatively shallow crustal levels (Drabon
etal., 2024; Grimes et al., 2015). We interpret Jurassic magmatism (191
+ 5 Ma to 157 + 4.2 Ma) as the product of lithospheric thinning asso-
ciated with intra-arc extension, which facilitated mantle-derived mag-
matism with limited crustal recycling (Fig. 12B). Furthermore, our data
do not support a thick Jurassic crust (190-180 Ma) proposed by Cha-
varria et al. (2022), given the geochemical evidence for crustal thinning
and shallow-level melting.

Jurassic extensional tectonics have already been documented in the
Northern Andes (e.g., Bustamante et al., 2016; Cochrane et al., 2014;
Spikings et al., 2015). For instance, Spikings et al. (2015) and Cochrane
et al. (2014) investigated Jurassic magmatism in the Ecuadorian Andes
and suggested that, based on older arc-related rocks dated between 209
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and 194 Ma in the Santander Massif of Colombia, the arc axis migrated
oceanward between 194 and 189 Ma (Van der Lelij, 2013). Slab rollback
induced a westward arc migration from the Cordillera Real to the
Western Cordillera (Fig. 1), resulting in the emplacement and
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development of a long-lived magmatic arc that persisted until ~140 Ma.
This arc migration is attributed to crustal extension above a retreating
subduction zone, leading to the progressively reduced continental
contamination of mantle-derived magmas. While we agree with an
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Fig. 11. (A) Sketch of the area showing arc position during Mesozoic. (B) Latitude vs age of the Mesozoic samples.

overall decrease in crustal input, our U—Pb zircon ages do not support
such an early timing for arc migration (see Section 5.3).

The petrological characterization of Jurassic magmatism in the
Colombian Andes by Bustamante et al. (2016) concluded that oblique
convergence of the Farallon Plate (~170-130 Ma) limited the incorpo-
ration of fusible sediments into the mantle, resulting in a more refractory
mantle with a primitive isotopic signature, consistent with the isotopic
signatures observed in this study (Fig. 8). This allow us to suggest that,
during the Jurassic, the southernmost Northern Andes was subject to
similar geodynamic conditions and mantle source characteristics as the
Colombian Andes.

5.3. Early-Middle cretaceous dynamics: Westward magmatic migration
and the evolution of the Celica-Lancones basin

Early Cretaceous magmatism in the Peruvian Western Cordillera has
primarily been dated by whole-rock K—Ar, yielding ages ranging from
122 4+ 6 Ma to 102 + 5 Ma (Hama, 1990), while limited U—Pb dating in
the region reveals ages ranging from 140 Ma to 130 Ma
(CGS_INGEMMET, 2017). Similarly, Early Cretaceous magmatism in
southern Ecuador has primarily been constrained by whole-rock K—Ar
dating (119 + 6 to 106 + 5 Ma; Hama, 1990), “°Ar/*°Ar dating on
hornblende (126 + 4 to 122 + 1 Ma; Urlich, 2005), and a few U—Pb
zircon ages ranging from 131 + 1 Ma to 104 + 2 Ma (Cochrane, 2013;
Winter, 2008). Our study supplements this information with new U—Pb
zircon ages ranging from 140 + 2 Ma to 126 + 4 Ma.

Early Cretaceous magmatism coincided with a major change in
subduction direction from WSW to NNE around 145-140 Ma (Riel et al.,
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2014), followed by basal accretion of the Raspas Ophiolitic Complex
between 130 and 120 Ma (Gabriele, 2002; Riel et al., 2014). During this
process, oceanic lithosphere (MORB crust 4+ seamount/oceanic plateau
fragments) was subducted, metamorphosed at high pressure, and sub-
sequently underplated to the lower crust before being exhumed in the
ATB during the Late Cretaceous (Riel et al., 2014; and references
therein).

Early Cretaceous magmatic reservoirs (140-126 Ma) are character-
ized by zircon 8'80 values within and near the mantle array and mid-
enriched to depleted eHf(;) values (+4.4 to +11.8), indicating a pre-
dominantly mantle-derived source. Additionally, their trace-element
compositions, including low Dy/Yb ratios, elevated LREE/HREE ra-
tios, and low Yb/Gd values (Fig. 10), suggest that differentiation
occurred under upper amphibolite-facies conditions (Drabon et al.,
2024; and references therein). We suggest that the Early Cretaceous
magmatism developed in an extensional subduction setting, where
progressive crustal thinning enhanced the influx of mantle-derived melts
into the magmatic system. A minor contribution from the underplated
oceanic materials at the base of the crust remains possible and cannot be
excluded (Fig. 12C; Riel et al., 2014). The proposed extensional regime
is reflected in the regional stratigraphy, with a widespread Early
Cretaceous angular unconformity as well as the development of deep
sedimentary basins such as the Chicama Basin in northern Peru (Jaillard
and Soler, 1996), and the Celica-Lancones in southern Ecuador north
Peru (Jaillard et al., 1999).

Intrusive bodies dated between 100 and 88 Ma are systematically
located to the west of intrusions dated as late as ~126 Ma (see former
section). This distribution supports the interpretation of a westward
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migration of magmatism during the Middle to Late Cretaceous. We
constrain the younger limit of this migration to ~104 Ma based on the
oldest age reported by Winter et al. (2010) in the Celica-Lancones arc,
located to the east. The westward shift marks the relocation of a previ-
ously stationary arc set at ~79°W (present-day coordinates) that was
active between ~190 and ~ 126 Ma (Fig. 11). This migration is coeval
with the opening of the NE-SW trending Celica-Lancones Basin
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(~110-100 Ma; Fig. 12D; Jaillard et al., 1999; Mourier, 1988; Winter,
2008). During this rifting setting, the ATB block detached from the
South American margin and underwent a ~ 65° clockwise rotation
(Mourier, 1988; Riel et al., 2014).

Given the accentuated extensional deformation in the basin, and
considering the relatively old age of the subducting slab (~60 Ma;
Maloney et al., 2013), we propose that slab rollback, occurring at the
same time as the formation of the Celica-Lancones Basin around 110
Ma, was the main cause of arc migration. Rollback-related processes
likely also contributed to within-plate alkaline magmatism (110-82 Ma)
in the Ecuadorian Oriente Basin, consistent with our interpretation
(Barragan et al., 2005).

A westward arc migration has also been documented in Colombia,
Ecuador, and northern Peru (Cochrane et al., 2014; Duan et al., 2022;
Leal-Mejia et al., 2019; Ramos, 2009; Spikings et al., 2015). Some
studies suggest that this magmatic shift began in northern Peru at
around ~145 Ma (Duan et al., 2022), while studies in northern-Central
Ecuador have settled on a broader time frame (e.g., Cochrane et al.,
2014; Spikings et al., 2015), with migration thought to have occurred
between the Jurassic and Early Cretaceous (see Section 4.2). These in-
terpretations are based on the presence of Early Cretaceous magmatic
units located west of older arc remnants. For example, the Peltetec
Complex, which has traditionally be interpreted as Early Cretaceous
(~134 Ma) based on “°Ar/3°Ar dating on hornblende, muscovite, and
biotite (Gabriele, 2002; Spikings et al., 2015), is emplaced to the west of
Jurassic batholiths. However, Villares et al. (2020) proposed a Triassic
age of 228.1 + 1.7 Ma for the Complex using U—Pb dating and sug-
gested that the “°Ar/3Ar ages reflect a Cretaceous thermal overprint
associated with high-pressure metamorphism (~130 Ma; Gabriele,
2002; Riel et al., 2014), challenging the previously proposed Jurassic
timing (~194 Ma) for arc migration.

Further south (8°-18.4°S), Martinez-Ardila et al. (2023) identified a
progressive eastward migration of the Mesozoic arc through central and
southern Peru (see Fig. 3C). The ages of Mesozoic rocks became
increasingly younger toward the foreland between 200 and 66 Ma. This
trend, in opposition to the westward migration observed in our study
area, highlights the complex geodynamic evolution of the Andean arc as
well as the regional variability in subduction processes during the
Mesozoic.

5.4. Middle-late cretaceous evolution: The formation of a distinct arc

During the Albian (~100 Ma), active seafloor spreading in the South
Atlantic Ocean and the westward drift of the South American Plate
marked a shift from a predominantly extensional regime toward a
compressional, Andean-type subduction system. This change in plate
dynamics promoted the establishment of a new continental arc
(Fig. 12E; Jaillard et al., 2000). This interpretation is supported by our
U—Pb data (Fig. 3; Table 5), which records ages (100.8-87.8 Ma) that
are consistent with those reported by Winter (2008) (U—Pb in zircon;
100.2 £ 0.5 to 78.6 + 1.9 Ma).

Late Cretaceous magmatism produced rocks with a broad range of
SiO: contents (Table S8), ranging from metaluminous to peraluminous
rocks (Fig. 6D) from diorite to granite as well as minor occurrences of
silica-undersaturated gabbros (Fig. 6A). Notably, the gabbro sample
(IG22-18), one of the easternmost samples in the Late Cretaceous
dataset, stands out due to its primitive character. Despite its juvenile
isotopic signature (¢eHf > +10; Table S9), zircon analyses reveal very
high U/Yb ratios (~5-7), typical of crustal assimilation and fluid-
enriched mantle sources. These paradox results suggest that this gab-
bro is an enigmatic product of hydrous mantle melting in a continental
arc setting, akin to tholeiitic gabbros in the Eastern Pontides Orogenic
Belt (NE Turkey), where similar primitive but high-U/Yb magmas are
attributed to bimodal arc magmatism (Temizel et al., 2022). Alterna-
tively, the combination of high eHf and elevated U/Yb in this gabbro
may reflect a juvenile parental magma generated under garnet- or
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amphibole-controlled melting conditions that suppressed Yb.

The whole-rock compositions of these samples are characteristic of
calc-alkaline and calcic signatures (Fig. 6E), with magnesian affinities
(Fig. 6F). This marks a change from the Early Cretaceous, when com-
positions ranged from magnesian to ferroan. These geochemical trends
may reflect the influence of the newly established compressional setting,
which likely contributed to increased crustal thickening and differenti-
ation, thus favoring magnesian, calcic-alkalic compositions (e.g., Frost
and Frost, 2008). However, Dy/Yb ratios in zircon remain consistently
low, while LREE/HREE ratios remain highly variable, with samples
exhibiting particularly high values, indicative of a magmatic source
formed under conditions where garnet was absent (Fig. 10B). Never-
theless, the Dy/Yb ratios increase around 93 Ma, suggesting higher-
pressure melting conditions consistent with the stabilization of garnet
in the residue, and therefore with magma generation at greater crustal
depths. This combination may reflect progressive crustal thickening and
differentiation under a developing compressional regime. While these
geochemical shifts are potential evidence of a tectonic transition, addi-
tional data are required to determine whether significant crustal thick-
ening occurred during this period.

Zircon Th/U ratios (Fig. 9B) can be categorized into two distinct
groups: (i) an intermediate group (Th/U ratios of 0.3-1) associated with
felsic compositions, and (ii) a high-Th/U group (Th/U ratios >1.5),
typically associated with more mafic magmatism. This distribution is
consistent with the zircon Nb/Ta ratios (Fig. 10D), which possess values
that are more characteristic of mafic sources, highlighting the significant
influence of such components in the Late Cretaceous magmatic system.
The broad distribution of U/Yb ratios (Fig. 10A) is indicative of con-
tributions from both MORB sources and enriched mantle or crustal in-
puts. The coexistence of oceanic and continental zircon signatures
(Fig. 9C and D), as well as I-type and hybrid S-type granitoid affinities,
provides further support for a mixed-source model. This is also evi-
denced by zircon isotopic data: highly depleted eHf(y, values, in some
cases approaching the depleted mantle (DM) field (Fig. 8A), occur
together with predominantly mantle-like 5'80 signatures, while a few
low 5'80 values (<4.4 %o) are present as outliers. These features are best
explained by mantle input combined with limited assimilation or partial
melting of gabbroic photoliths (Valley et al., 2005), mixing model,
consistent with a mixing scenario.

Consequently, our data indicate that the Late Cretaceous arc was
constructed on an oceanic basement. Potential origins for this basement
include: (i) the underplated Early Cretaceous Raspas Ophiolitic Complex
(Riel et al., 2014); (ii) inherited Paleozoic-Triassic oceanic crust, pre-
served as fragments of lithosphere generated during the Late Per-
mian-Triassic breakup of Pangea, consistent with models proposed for
the Western Peruvian Trough (ca. 9-12°S; Polliand et al., 2005); or (iii)
new oceanic crust formed through mantle upwelling and melting during
the opening of the Celica-Lancones Basin. The third scenario is
considered less likely, as the Celica-Lancones arc occupies a forearc
position where basaltic magmatism is typically linked to incipient sub-
duction, an interpretation that conflicts with the evidence presented
here for continuous subduction since the Triassic. Ultimately, the spatial
distribution of our dataset remains insufficient to unambiguously
resolve the precise origin of this oceanic basement.

Regardless of mechanism, the Celica-Lancones arc spans the Late
Albian to Turonian (100-88 Ma) and could be considered to be the
northern counterpart of the Aptian—-Albian volcanic arc of Peru due to
their coeval magmatism. However, these arcs differ in terms of their
basement characteristics: the central-southern Peruvian arc was
emplaced on continental crust (Martinez-Ardila et al., 2023; Soler,
1991), while it is clear that the Celica-Lancones Arc is emplaced on
oceanic crust. Despite their similar timing, these differences suggest that
the two arcs evolved under distinct tectonic conditions, highlighting the
complexity of magmatic arcs along the same subduction margin.

This work shows that the integration of U—Pb geochronology,
whole-rock geochemistry, and zircon ¢Hf and 580 isotopic data is a
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powerful tool for reconstructing the spatial and temporal evolution of
magmatic arcs. The analyses presented here demonstrate that this
approach is particularly effective in highly dynamic subduction systems,
where the formation of distinct crustal domains can strongly influence
arc geochemistry.

6. Conclusions

The U—Pb zircon data presented in this study refine the existing
geochronological framework of Mesozoic magmatism in southern
Ecuador and northern Peru, providing new insights into the spatiotem-
poral evolution of the arc. Triassic magmatism occurred in an active
subduction setting. Between 240 and 220 Ma, magmatism was charac-
terized by significant crustal recycling and the formation of S-type
granitoids as indicated by zircon Hf—O isotopic data that indicate sus-
tained crustal assimilation until at least 220 Ma. Post-Triassic magma-
tism marked a transition to voluminous I-type granitoids emplacement,
while Jurassic magmatism (201-157 Ma) occurred under an extensional
arc system, characterized by a shift toward less radiogenic isotopic
compositions, reflecting an increasing contribution from juvenile mantle
sources. In addition, the new Jurassic ages obtained in this study chal-
lenge the interpretation of a missing Jurassic arc in northern Peru,
suggesting that magmatic activity may have been more widespread than
previously thought. Furthermore, the synchronous nature of the Jurassic
magmatism in southern Ecuador, northern Peru, and Colombia chal-
lenges the previously proposed southward-younging trend for the
region.

Changes in subduction geometry in the Early Cretaceous had an in-
fluence on magmatic activity during this period, favoring the melting of
primarily mantle sources. The magmatic arc remained stationary and
active between ~190 and ~ 126 Ma, but by the Middle Cretaceous, the
arc had migrated westward, likely due to slab rollback. This coincided
with the formation of the Celica-Lancones Basin, contradicting previous
interpretations of Jurassic-Early Cretaceous arc migration.

During the Late Cretaceous (~100 to ~88 Ma), magmatism evolved
within a compressional regime and involved contributions from oceanic-
like components. This oceanic signature may have been derived from (i)
the melting of a lower crustal material, possibly linked to the under-
plated Early Cretaceous Raspas Ophiolitic Complex; (ii) direct input
from an upwelling depleted mantle, forming an oceanic-like basement
during the opening of the Celica-Lancones Basin; or (iii) melting of
preserved fragments of lithosphere generated during the Late Per-
mian-Triassic breakup of Pangea.

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.lithos.2025.108389.
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