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ABSTRACT

The Guerrero terrane of western Mexico includes arc sequences, particularly the Mexican Late
Jurassic-Early Cretaceous Alisitos-Teloloapan arc. It could extend to the Colombian Andes, passing
through the Greater Antilles. New geological, petrological and geochemical data from central and
southern Mexico led the authors to propose a new model for the building of the Alisitos-Teloloapan arc.
This arc, partly built on Pacific oceanic lithosphere and partly on a continental fragment, could be related
to a southwestward dipping subduction of an oceanic basin—the Arperos basin—under the paleo-Pacific

plate.
At the beginning of the magmatic activity in the oceanic segment of this arc, LREE-depleted

tholeiitic basalt was emitted in a submarine environment below the carbonate compensation depth. While
the subduction process was going on, the arc magmatism evolved from depleted tholelite to mature
tholeiite, and then to calc-alkalic basalt and andesite. Concurrently, the arc sedimentary environment
changed from deep oceanic to neritic with the deposition of Aptian-Albian reefal limestones, at the end
of the arc building. In the continent-based segment, the arc magmas are exclusively high field strength
elements (HFSE)-enriched calc-alkalic differentiated suites with predominantly silicic lavas and pyroclas-
tic rocks, emitted in a subaerial or shallow marine environment.

Thus, the Cretaceous volcanic series accreted to the margins of cratonal America in Colombia,
Venezuela, Greater Antilles and Mexico, could be related to the same west-southwest dipping subduction
of oceanic basins, fringing the North and South American continental cratons, and connected directly
with the inter-American Tethys. While the subduction was going on, this magmatic arc drifted towards
the North and South American cratons and, finally, collided the continental margins at different times
during the Cretaceous.

Key words: tectonics, geochemistry, arc magmas, suspect terranes, Tethys, Pacific, Mexico.

RESUMEN

El terreno Guerrero del occidente de México incluye secuencias de arco, en particular, el arco
volcanico-pluténico Alisitos-Teloloapan del Jurasico Tardio-Cretacico Temprano. Con caracteristicas
similares, este terreno se extiende hacia los Andes colombianos y las Antillas Mayores. Datos
geoldgicos, petrologicos y geoquimicos recientes de las regiones central y meridional permiten
proponer un modelo geodinamico nuevo para la génesis del arco Alisitos-Teloloapan y, finalmente, del
terreno Guerrero. La formacion de este arco, en parte edificado sobre litosfera oceanica pacifica y, en
parte, sobre fragmentos continentales, esta relacionada con la subduccion hacia el sudoeste de una
cuenca oceanica—la cuenca de Arperos—bajo la antigua placa paciffica. |

Al inicio de la actividad magmatica en la parte ocednica del arco, fueron emitidos basaltos
toleiticos empobrecidos en tierras raras ligeras, en un ambiente submarino profundo, debajo del nivel

de compensacion de los carbonatos. Durante el desarrollo de la subduccion, los productos magmaticos -

del arco evolucionaron hacia basaltos toleiticos, ligeramente enriquecidos en tierras raras ligeras vy,
finalmente, hacia basaltos y andesitas calcialcalinos. Al mismo tiempo, el ambiente sedimentario
cambid, pasando de un ambiente oceanico profundo a condiciones neriticas con el deposito de calizas
arrecifales durante el Aptiano-Albiano, al final de la edificacion del arco. En la parte del arco con
basamento continental, las emisiones magmaticas fueron exclusivamente secuencias calcialcalinas
diferenciadas, enriquecidas en elementos con carga idnica elevada (HFSE), con lavas predominante-
mente silicicas y rocas piroclasticas emitidas en ambientes subaéreos 0 marinos someros.

Asi tomando en cuenta el modelo mencionado, las secuencias volcanicas jurasico-cretacicas
acrecionadas al borde continental americano en México, las Antillas Mayores, Venezuela y Colombia,
pueden ser relacionadas con la misma subduccién hacia el oestesudoeste de cuencas oceanicas, a
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lo largo de América del Norte y del Sur, estando estas cuencas relacionadas con el Tethys. Durante
la subduccion, este arco volcanico-pluténico se acercaba al margen norte- y sudamericano, hasta

chocar con €l en varias etapas del Cretacico.

Palabras clave: tecténica, geoquimica, arcos magmaticos, terrenos sospechosos, Tethys, Paciffico,

Meéxico.
INTRODUCTION

The cordilleran ranges, fringing the western margin of the
North American craton and the northwestern margin of the South
American craton—Venezuela, Colombia and Ecuador—consist of
two structural domains (Figure 1). The eastern domain comprises
para-autochthonous units, built during the Mesozoic-Tertiary tec-
tonic events that have affected the margins of cratonic Americas.
The western domain includes various lithostratigraphic and
lithodemic sequences, collectively known as “suspect terranes”
(Coney et al., 1980; Coney, 1989; Howell and Jones, 1989;
Megard, 1989), which successively collided with the American
cratons during the Mesozoic and Cenozoic.

One of these terranes—named Guerrero terrane in Mexico
(Campa and Coney, 1983; Coney, 1989)—Ilikely extends from
Mexico to the Colombian Andes, passing through the Greater
Antilles. The Guerrero and equivalent terranes include volcano-
plutonic and volcano-sedimentary arc sequences that yielded a
Late Jurassic-Cretaceous fauna; in Mexico, these arc sequences
are collectively called the Alisitos-Teloloapan arc (Campa et al.,

. 02

PACIFIC
PLATE

COCOS PLATE

1-“‘
i
il
* u
“--
e,

1974; Tardy et al., 1986). The collision of the Guerrero terrane with
the North American borderland—with subsequent overthrusting
on the latter—occurred at different times during the Cretaceous:
toward the end of the Early Cretaceous in Mexico (Campa et al.,
1976; Tardy, 1980) and Late Cretaceous in the Colombian seg-
ment of South America and in the Greater Antilles (Stephan et al.,
1990). In the Greater Antilles, this collision took place when the
Late Jurassic-Cretaceous arc was brought in front of the Tethys
ocean during its northeastward drift (Stephan et al., 1990).

The geographic outset and the genesis processes of this
Late Jurassic-Cretaceous arc are still little known. Until nowadays,
it was classically admitted (Figure 2) that the Mexican segment of
this arc was a continental magmatic arc linked to an east-north-
eastward dipping subduction of the Pacific lithosphere under the
western margin of the North American craton (Cordoba et al.,
1980; Tardy, 1980; Rangin, 1985; Stephan et al., 1990). For other
authors (Campa and Ramirez, 1979; Campa and Coney, 1983;
Coney and Campa, 1987; Servais et al., 1986), these arc sequen-
ces belonged to a complex set of back-arc basins dividing oceanic

Figure 1.- Structural schematic map of the North and South American Cordilleras from both sides of the Caribbean Ranges showing the location of the
suspect terranes accreted to the cratonic margins during the Mesozoic and Tertiary and, more distinctively, the Cordillera and Greater Antilles exposures
of the Late Jurassic-Early Cretaceous magmatic arc. Among these terranes, the Guerrero terrane (GT) of Mexico represents a significant component.
1—North and South American cratons; 2—continental margins deformed during the Mesozoic and Tertiary; 3—undifferentiated suspect terranes; 4—Late

Jurassic-Early Cretaceous magmatic arc; CP—Colorado Plateau.
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Figure 2.- Simplified palinspastic map (after Stephan et al., 1990)
illustrating a plausible model for the Tethyan-Pacific relationships during
the Aptian. As it is currently admitted, the Alisitos-Teloloapan (ATA)
magmatic arc is considered here as built on the North American margin
and generated by an east-northeastward subduction of the Pacific. lts
 southwesternmost extension (GAA: Greater Antilles arc) is linked to the
west-southwestward subduction of the Tethys under the Pacific.
1—African (AF), North American (NAM) and South American (SAM)
cratons: 2—Late Jurassic-Early Cretaceous magmatic arc; 3—Central
Colombia volcanism (CoCC); 4—oceanic crust; 5—normal fault;
- 6—spreading ndge; 7—subduction zone; Ch B—Chortis block; Co
" cC—Colombia Central Cordillera; Cu B—Cuicatec basin; GM—Gulf of

Mexico.

arcs, fringing the North American craton, and continental arcs,
built on its margin.

Recently, new stratigraphic, petrological and geochemical
data allowed us (1) to evince that, at least, some of the volcano-
plutonic arc sequences of the Guerrero terrane belong to a single
intraoceanic arc built partly on oceanic crust and partly on con-
tinental blocks; and (2) to propose a new geodynamic model for
this Late Jurassic-Cretaceous arc. Additional data allow us 1o
precise the proposed model, which sets anew insightin the Pacific
and western Tethys relationship during the Early Cretaceous.

PETROLOGY AND GEOCHEMISTRY OF THE
ALISITOS-TELOLOAPAN ARC IN CENTRAL AND SOUTHERN

MEXICO

| Beneath the Cenozoic volcanic cover, the rocks of the
Mexican arc, exposed from Baja California to Zihuatanejo (Fig-
ure 3), consist of allochthonous voicano-plutonic assemblages
that underwent deformation and greenschist facies metamor-
phism during the late part of the Early Cretaceous, whenthey were
thrusted eastward onto the Tethys carbonate platforms. In north-
ern and northwestern Mexico, the arc lavas and sediments rest
unconformably on a Paleozoic basement (Bonneau, 1972; Pubel-
lier and Rangin, 1987), whereas in the southern and central areas,
the arc basement rocks are unknown.

The stratigraphic succession of the Late Jurassic-Early
Cretaceous Alisitos-Teloloapan arc shows significant variations
from north to south. In northern Mexico (Sinaloa, Sonora and Baja
‘California States), it consists of tuff and calc-alkalic andesite and
silicic lavas (Mullan, 1978; Almazan-Vazquez, 1988a), Inter-
bedded with Aptian-Albian reefal limestones (Santillan and Ba-

rrera, 1930; Bonneau, 1972; Gastil et al., 1975; Campa and
Coney, 1983; Almazan-Vazquez, 1988b). In central Mexico, the

lowermost levels of the arc consist of an Early Cretaceous
(Guanajuato and Zacatecas States) thoieiitic volcano-plutonic

submarine assemblage interbedded with radiolarian mudstone
and micritic limestone (Guanajuato and Zacatecas sequéences;
Figure 4; Monod et al., 1990; Yta et al., 1990; Ortiz-Hernandez et
al., 1991: Lapierre etal., 1992, in press), while its uppermost strata
(Teloloapan sequence, Guerrero State; Figure 4) are composed
of predominantly calc-alkalic pillowed basalt and andesite inter-
layered with a thick (~1,000 m) volcaniclastic sedimentary pile that
includes lenses of Aptian-Albian reefal limestone (Campa and
Ramirez, 1979; Talavera-Mendoza et al., 1990; Guerrero-
Suastegui, 1990). Locally, calc-alkalic mafic plutons, dated as
110-100 Ma (Stein et al., submitted) intrude Guanajuato tholeiitic
ultramafic rocks, and likely represent the plutonic roots of the
calc-alkalic extrusive rocks. The top of the arc is capped by
Aptian-Albian reefal limestones. The age of the arc sequences
could possibly be slightly older (Jurassic? Elias-Herrera and
Sanchez-Zavala, 1990). In southern Mexico, arc lithostratigraphic

succession- displays differences in the lava types and their

sedimentary interlayers. Near Colima (Figure 3), the arcis formed
by submarine unpillowed basalt and basic tuff interbedded with
limestone breccia bearing volcanic clasts, which are overlain by
limestone and marl yielding upper Aptian-Albian radiolaria and
foraminifera (Tecoman sequence; Figure 4; Michaud etal., 1 989).
Between Colima and Zihuatanejo (Figure 3), the arc sequence
(Playa Azu! sequence; Figure 4) is made up of subaerial welded—
or not—tuff, volcanic coarse-grained breccia, acidic andesite and
rhyolite, interlayered with red iImmature phyllovolcanic sandstone
and silt—yielding Early Cretaceous dinosaur footprints—and lo-
cally shallow-marine biomicrite (Ferrusquia-Villafranca et al.,
1978).

The arc volcanic rocks show significant differences in their
petrology and geochemistry between the central and southern
exposures. One hundred samples of igneous rocks, in Colima,
Michoacan, Guanajuato, Zacatecas, and Guerrero States (Fig-
ure 3), were analyzed for major, trace, and rare earth elements
(REE) by ICP at the Centre de Recherches Pétrographiques et
Géochimiques of Nancy, and at the Laboratoire de Pétrologie
Magmatique—URA-CNRS 1277—of Aix-Marseille 1l University
(Table 1). The analytical errors are 0.5 ppm for contents < 10 ppm,
and less than 5% for contents > 10 ppm. In some samples, Nb
and Ce have been deleted because of the inaccuracy of the
analyses. Representative rocks, including their mineralogy, are
also listed in Table 1.

In central Mexico, the late Mesozoic arc assemblage shows
a magmatic evolution with time. The lowermost pillow basalt and
their feeder dykes, which display LREE-depleted tholeiitic af-
finities (Guanajuato-Zacatecas; Table 1, Figures 5 and 6; Monod
et al., 1990; Ortiz-Hernandez et al., 1991; Lapierre et al., 1992)
are followed first by mature tholeiitic basalt with flat REE patterns
(Saucito-Arcelia; Table 1, Figures 5 and 6), and then by calc-
alkalic Aptian-Albian mafic plutonic rocks, and porphyritic
plagioclase-orthopyroxene-clinopyroxene pillow basalt, and an-
desite (Teloloapan; Table 1, Figures 5 and 6; Talavera-Mendoza
et al., 1990; Ortiz-Hernandez et al., 1991; Tardy et al., submitted)
characterized by (1) a depletion in high field strength elements
(HFSE); (b) LREE-enriched patterns (3.7 < [La/Yb]n < 9.3); and
(c) Zr/Y ratios ranging between 4.17 and 7.31. Both depleted
tholeiitic and calc-alkalic magmas show high and homogeneous
(+9 < eNd(T) < +6; Ruiz et al., 1991; Lapierre etal., 1992; Stein et
al.. submitted) which are typical of oceanic magmatic arcs (De-
Paolo, 1988).

In contrast, Albian-Aptian (Colima State) porphyritic olivine
pseudomorph-clinopyroxene basalt exhibits shoshonitic affinities
(sample 91-15; Table 1; Basaltic Volcanism Study Project, 1981,
Morrison, 1980; Gill, 1981, 1987), marked by trachytic texture,
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Figure 3.- Structural sketch map of Mexico showing the location of the Late Jurassic-Early Cretaceous Alisitos-Teloloapan arc. The Cenozoic volcanic
cover has been omitted. 1 and 2—Eastern Tethyan domain, with (1) toward the end of the Early Cretaceous basin, (2) upper part of the Early Cretaceous
carbonate platforms; 3 and 4—western domain or Alisitos-Teloloapan arc (Guerrero terrane), with (3) Late Jurassic-Early Cretaceous inferred
continent-based arc volcano-plutonic assemblages; 5—Late Jurassic-Early Cretaceous arc volcano-plutonic assemblages, the basement of which is
unknown, but likely built on a continental basement or intermediate type crust; 6—Early Cretaceous oceanic alkalic basalts and deep basin sedimentary
rocks (Arperos Formation); 7—387Sr/86Sr = 0.706 line (after Cochemé, 1985); 8—main faults; 2—main thrusts; 10—present day subduction. A.—Acapuico;
A.P.—Aldama platform; Ar.—Arcelia; B.B.—Bisbee basin; C.—Colima; C.B.—Cuicatec basin; C.P.—Coahuila platform; Ch.B.—Chihuahua basin;
Cu.—Culiacan; E.P.—EI| Paso; F.—Fresnillo; Gto.—Guanajuato; H.—Hermosillo; L.A.—Los Angeles; M.—Mazatlan; Mex.—Mexico City; O.B.—Oaxaca
block; Pl.LAz.—Playa Azul; S—Saucito; T.—Teloloapan; Tc.—Tecoman; V.S.L.P.P—Valles-San Luis Potosi platform; Z.-—Zacatecas; Zi.—Zihuatanejo.

presence of K-feldspar in the groundmass, high Al2O3, Fe203, Zr,
and Y contents (Zr/Y = 4.72; Table 1), and significant LREE
enrichments ([La/Yb]n = 6.56; Table 1, Figures 5 and 6). While
southwest of Tecoman, clinopyroxene-phyric basalt shows
medium HFSE enriched calc-alkalic affinities, with lower Nb con-
tents and lesser LREE enrichment (sample 91-25; [La/Yb]N =
3.41; Table 1, Figures 5 and 6; Basaltic Volcanism Study Project,
1981; Gill, 1981, 1987), rather similar to the Teloloapan basalit.
The Playa Azul predominantly acidic andesite (sample 91-
45: Table 1) and rhyolite (samples 91-2 and 91-6; Table 1),
including preserved brown hornblende and biotite phenocrysts,
belong to a high-K (2.43 < KoO% < 4.10; Table 1) calc-alkalic suite
with low TiO2 (< 0.65%) and Fe203 (< 5%) contents and high Y,
Zr (Table 1, Figure 5) and LREE (14.58 < [La/Yb]n < 26-63;
Figures 5 and 6) abundances (Table 1). Some rhyolite rocks
(sample 91-6; Figure 5) differ by: (1) a marked Eu negative
anomaly; (2) lower LREE contents; and (3) greater HREE enrich-
ment ([La/Yb]n = 1.27; Table 1), due to the presence of zircon,
mineral known to concentrate the HREE (Nagasawa et al., 1979).
Locally, alkalic acidic (SiO2 = 66%; Na20 + KoO = 7.72%;
NaoO/K20 = 0.75) aegirine-augite and green to blue Na-rich

amphibole-phyric lava flows are interbedded in the Playa Azul arc
sequence (Table 1, Figures 5 and 6).

So, with respect to the sedimentary environment, according
to the petrology and the geochemistry of its igneous rocks, the
Teloloapan-Alisitos arc, during Aptian-Albian time, shows three
main lithostratigraphic and magmatic successions. The first type,
represented by the Teloloapan succession, follows the depleted
to mature low-K tholeiitic suites exposed in central Mexico. It
consists of predominantly mafic low-K calc-alkalic pillow lavas with
very rare silicic tuff and lavas erupted in a submarine environment.
The second type, represented by the Tecoman succession, is
formed of submerged massive shoshonitic olivine basalt flows.
The third type, exposed near Playa Azul, shows the predominance
of SiO2-saturated lavas, with abundant pyroclastic rocks in a
subaerial to shallow-water environment.

A NEW MODEL PROPOSED FOR THE DEVELOPMENT OF THE
ALISITOS-TELOLOAPAN ARC

The geological, petrological and geochemical data allow us
to propose a new model for the building of the Alisitos-Teloloapan
magmatic arc. lts development began during the Late Jurassic. It
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Figure 4.- Simplified lithostratigraphic sections of the Alisitos-Teloloapan arc exposed in the central and southern parts of Mexico. 1—Aptian-Albian reefal
limestones: 2—volcaniclastic sandstones and mudstones; 3—marls; 4—volcaniclastic breccia, 5—mafic (a) and silicic lavas (b), 6—red sandstones;
7—red siltstones: 8—silicic welded or not tuffs; 9—silicic volcanic breccias; 10—basaltic and andesitic volcanic breccia; 12—basaltic and andesitic pillow
basalts; 13—dike complex; 14—silicic plutonic rocks; 15—Mg-hornblende diorites; 16—Ilayered cumulate gabbros; 17—cumuliate ultramafic rocks.

“was built partly on oceanic crust and partly on continental crust.
The remnants of the oceanic segment of this arc occur now in
central Mexico, between Guanajuato and Teloloapan, while the
remnants of its continental segments are exposed elsewhere in
Mexico—Baja California, Sonora and Sinaloa.

At the beginning of the magmatic activity of the oceanic arc
segment, LREE-depleted tholeiitic basalt flows were emitted in a
submarine environment under the carbonate compensation depth
(CCD). Their eNd(T) ratios fall within the range found commonly
for oceanic magmatic arcs (DePaolo, 1988). The lack of any
continental derived sediments interbedded with the predominantly
pillowed basaltic flows suggests that the arc was separated and/or
far from the North American craton.

As the subduction process was going on, the arc magmatic
activity evolved. The LREE and lithophile elements increased In
the tholeiitic basaltic magma, because of the increasing part of the
subducted sediments and oceanic crust involved in the subduc-
tion process. The arc volcanic pile was thickening. The deposition
of micritic limestones, which are found interbedded within the

volcanic rocks of the Saucito and Francisco |. Madero sections,
suggests that, at this time, the basalt and andesite erupted above
the CCD. Finally, during Aptian-Albian times, the arc magmatism -
became low-K calc-alkalic—Fresnillo and Teloloapan sections—
predominantly with the eruption of basalt and mafic andesite, and
scarce silicic lavas and pyroclastic rocks. The arc was still sub-
merged but its sedimentary environment has changed. The
presence of limestones, including an Aptian-Albian reefal fauna,
shows that this environment was neritic.

In the continent-based segment of the arc, the magmatism
is restricted to K-rich orogenic volcanic rocks. The latter are either
shoshonitic basalt greatly enriched in LREE, Zr and Y or high-K
calc-alkalic silicic andesite and rhyolite showing high contents in
Zr, Y and lithophile elements. In contrast with the oceanic arc
segment, andesitic and rhyolitic tuffs, silicic pyroclastic breccias
and tuffs prevail on the lava flows. The associated sediments with
the extrusive rocks indicate that the latter were emitted generally
in a subaerial or shallow-marine environment, excepting the
shoshonitic basalt, which poured under the sea.




123

‘J3YH pue S1UaLUS|d 9081] 10} °%.8'2-G' | PUE ‘S1UaWaIS Jolew 10} o,E-| ale 49| 10} SUOIIPUOD [edlAjeue 9y

‘uondiosge ouOe AQ pasAieue aiam QY PUB Y ‘BN ‘UN "...lll 9|leSIeN

X1y D enbnewbew 8160|01184 2p 2401210087 9y} Ul pue ‘. AOUBN $8| 81AN30pUBA-enbiwIy209L) )8 anbiydelboliad ayaiayossy ap anuad ayl ul 491 Ag pue ‘ uonpnjip 21dojosi Ag N0 palIed ai1om sasAjeur jeoiwayo0ab ay|
"SIOQUIAS [BDILLIBYD [BUOHIUBAUOD 8] 8Je 84 puk BN ‘M ‘BN ‘1L ‘“en ‘49 'sydiowopnasd :'sd (sjoqiyduwie :ydwy :auuibae 18y Ledsple) BN-Y SIEN-Y ‘2liJ|e gy ‘SulpIues Bg (9)|es |es 91uspa :p3

;mcmxot&octo :xdQ ‘asepoyuo 0 ‘esepolbeld |4 ‘epuaiquuioy (g 81oIq 1g B1aied jjen elopeIqe (qe :emeubew [Bewy ‘episdoip g ‘eubne :bBny alo|yo Yo ‘eyopide :d3 ‘jeulds 1|dg ‘auaxoiAdoulo :xd) ‘Buiailo IO

INTRAOCEANIC SETTING OF WESTERN MEXICO GUERRERO TERRANE

ﬂmﬂ_w SJeN-H qy qy ‘eg Id Yol-eN id-eD 10 ‘id e e 1]ds-10
e4-eN 18 19 qe Id-BD ‘leg-6ny ‘I19H-P3 ‘Bny ‘l9H-BW ‘Ids-10 bew-11 qe] d3 1yo-d3 ~ ‘xdQ
g1} “aH-BIN '19H-BIN 'xdp you-p  ‘xdQyou-ed “sd |0 “sd xdo  “'sd xdO-10 19-6 “sd 10 ‘Bny ‘10 19-bny 'xdD yol-enH 10 ABojelauiy
onuAydiod  osnuAydiod  onuAydiod  onuAydiod  anuwAydiod onuAydiod  onuAydaod onAydiod paiuslQ dIHaAYdiod EVELIENT] oinydo onydo EEREI LI ERENY ainixe|
- 99°¢ 09'¢ T Al - - - - — = ~ 060 aN/eT
€9'92 8S ¥l L€ 0G'9 GZZ'6 0/'6 __wo.h 9L L .02 €11 820 £8°0 N{gA/eT)
8€0 L0°0 010 2c'0 61°0 92’0 G20 9’0 _f.o Ly 0 910 910 120 pu n7
€01 €e’0 150 ev'0 b1 £0'1 04’2 ol - el A Z2y'e Ll Ot | 25 LS| GA
pu pu pu pu pu pu 622 62°C 891 oy L 0S¢ TN 29’1 A 181 13
181 89°0 09°1 8G°| L9°E 19°€ 18°E €LY 18°2 L9°2 v v 26} 118 922 602 AQ
1S L0 961 AR 09'¢ 69°2 1€ ¥ 82°'G A GE'E v6' v 1172 £1°¢ €12 L8| PO
.60 2e0 €80 901 ce'l 98’0 Gb' L YA L1 SLL 0%l 250 980 8G0 650 n3
681 2E | Gl 88t 8€°¢ 06°¢ 02'S €19 02'¥ 29'¢ 009 v6 1 1S°2 £69°1 LG} wg
06V | €L L 0811 YA L2l 92l 06°'v2 1612 l9°91 0S vl 88 1| 19°S A LLE 00'S PN
0e'8¢ 01L°€2 0G'€¢ 06'6 88l 02'E2 pu pu pu pu pu pu pu pu 219 8D
0L2¢ 00°€cl 00 LI AL 181 0001 0.°82 00°82 102} €92l €9 g1'c ge'¢ 950 L1E2 A
= - 086 * 820l 2l'¥ 8.°S 1€/ LL'p ¢l'8 £8°¢ €22 AN L1 LL'E A/Z
— - G6°LE . 80v 0602 00°LS 00'S¥ 02'69 6299 69°1L. 82 ¥6 00°69% 00°66¢ 20 0¢El 1Z/L
pu 00'v2 00°Gl Ol 00"/ 00°¢l 00°801 00°'62 . 92 02 Vi Gl - Gt ) 0t AT - qy
6.¢€ . 00°686 00°02S 62S 00 v2v 00 6€9 00°029 00'S99 FA%S vel 982 662 162 000¢2< L8 IS
6001 00°Z1l¢C 00" LGS V12 00°89 00'81e 00°'8S¢E 00'9¥v . 1 0S - €81 06¢ €02 121 by 68 eg
G 002 00°¢ 1/ 00°¢ 00°'8 pu pu pu pu pu pu pu | pu 9y aN
Sl 0089 00°86 cl 00°0Ll 00° 0L 00'¥vLL bO1 7 vel 8Ll 82 4! 9l t'9¢ Az
8 002 000l Vi 00'€e 0061 8L'€2 682 2’61 vl 82°0€ GG'2l 62 91 L ¥t G'Ll A
8y 00 ¥ 00221 89 00061 00°8G1 00221 6.1 __ 89| A% R 2 802 ¢8e 141! A
N 00°G 00°9 vl 00°69 0082 00'6 €ee €97 9/ 62 /1€ LEY L€V 10
61 00'8 00°9 8¢ 00'+v9 00°Sv 00°9 G6 191 L2 £6 2ol vie OLLL wdd IN
1166 LE°001 L1400} LE 001 pPE°001 S0'00} £2°66 1566 /966 12°66 €001 /786 L0O'66 €.°'66 LL'00L jejo]
61'C AN Cl'v VA Ly'S 2e' v 89°2 ZL's 691 28’6 6 L1 0.'€ I ZAS 62°C 0L} 1 107
Z2L0 200 12°0 610 610 .80 ve 0 9S50 0 Ly 0 620 020 - $20 020 2+0 f0%d
Ov'v OL'¥ 20’1 g€2'L €60 GO ¢ gL'E 18| Gl 96°0 060 96°0 €10 AAY cL'0 O
2E'E 8Y' ¥ 2L'S 06V 62°S €6°G 00'E 861 622 AR ST 40 XA 28’1 99°2 O%eN
$G2 85°0 2e'S 80 ¥ 08°S 16°2 86'G Gg8'8 SLLL G 01 16711 8e'8 167 L1 8L L1 AR O®ed
G9'0 020 GGl €LY 9€'9 0E'S Gl'1 v2'9 1001 v.v T A €16 V'8 86/ 96°Z1 OB
¥0'0 100 900 800 GL°0 070 800 €10 .10 800 G1°0 710 L0 910 710 QUIN
£6°¢ G.0 GL'V 2L'9 9¢e'8 6601 G/L'9 GG'8 GZ'6 b L {5 26'8 €£2'8 0£'6 vS'8 eQ%o
09°€El T xA" 1691 26° 12 80°91 29 L1 021 8y L1 Gg L1 LO'EL 8e el 92'¢l GZ'Sl CELEL 6V Cl EOCIV
8¢€°0 0L0 290 6v°0 ok G6'0 18°0 TN ¥9°0 | Al Py 0 090 .89°0 S0 delll
86°89 06°'G. SrARe ¥G 2S L6 06 680G G9°/G XA 4 190§ L9V 26 vv 0€' 1§ 20'8t /S 08 9SG 2P 2018
Ajuiye
olleXy oley[e-ole)  JleNe-O|B)  Olejye-Ofed  OlRM[e-0[BD  QNUOYsOUS  JIeje-OBD  OneMe-ded  Jieye-oleD)  oyeyle-oeD  IMainjely 1M einjely  1ypsieideq Iy pelideg [ypeeideq  onewbep
ajjoAyy ajljoAyY ajisepue ploy  alsepuy eseg Jlesegq alisepuy Jleseq moj|id suoIN|d4 Jeseq mOjlld  WBSeq MOllld  leseq mojlild  8xAp aseqelq leseqmojjid  HeSEqQMmOjld  adAjooy
Op-16 g6 Gh-16 9¢€-18 GZ-16 GL-16 9E-X 1 90¢-1 GSS 92-AZ G8-SAWN 26X14 80AZ 06 AZ 06 WH 'ON 8jdwes
N2V BABId ... N2y BABld ... N2y eAeld ...InZy BAeld . Bwiuenp . uewods] . uedeojojpl . uedeojole] ,,.0lenleuent) < O|usalid L0loneg < Bl|801Yy LSEOOIROR/ LSEJ91EOR7Z | .0lenleuenn Uuolea0]
‘SeAE| 0l uedeo|old | -SONSI|Y Y] JO SaSAjeur J3H Puk JUBWa|e adel]} K04 ajoym Jusws|e Jole -'| a|qe |



124 TARDY, LAPIERRE, BOURDIER, COULON, ORTIZ-HERNANDEZ AND YTA

1000 _
Guanajuato calc-alkaline plutons

Guanajuato & Zacatecas tholeiitic lavas

3
§ 100 3
¥ £
-
3 3
o v

% 10

[~ 4

tieeefrres. HM 90 bas.
——— ZY 17 bas. —— 7Y 10 bas.

La Ce Nd Sm Eu Gd Dy Er Yb Lu la Ce Nd Sm Eu Gd Dy Er Yb Lu

Rock/Chondrite

——8—272Y 14 diab.
—6— MC(191 diab.

la Ce Nd Sm Fu Gd Dy Er Yb Lu La Ce Nd Sm Fu Gd Dy Er Yb Lu

100
Tecoman shoshonitic mafic lavas

o e Pl e ——r -+~ _ '-..r
-E ‘ | | \v 12 . _ T....__ —
£ 0 \.‘ s '
7 ~ - » |
- o __ o ——a—  91-11 (bas)
. ' . ) o o 8 91-15 (bas)
—p—— 7Y49 bag, ——@—— TXO2 and. —— 01-13 (andé)
- MYS8S bas. & 7Y 50 bas. . —¥=—  91-12 (and)
1 I —Tr— T 1 Y T T T T T I l
s  Ce Nd Sm Eu Gd Dy Br Yb Lu la Ce Nd Sm Eu Gd Dy Er Yb Lu

Colima calc-alkaline mafic lavas

"/

—DO—  91-25 bas
—f— 91-1 bas

=@ 91-36bas

Rock/Chondrite
Rock/Chondrite

‘La  Ce Nd Sm FEu Gd Dy Er Yo Lu La Ce Nd Sm Fu Gd Dy Er Yb Lu

Rock/Chondrite

La Ce Nd Sm Eu Gd Dy Er Yb Lu

Figure 5.- REE patterns normalized to chondrites (after Evensen et al., 1978) of the Alisitos-Teloloapan arc volcanic rocks.
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It is important to notice that the eastern part of the arc, which
nowadays is thrusted onto the margin of Cretaceous North
America, was completely built on oceanic crust. This implies that,
during the arc magmatic activity, an oceanic domain was present
between Cretaceous North America and the Alisitos-Teloloapan
arc. The remnants of this arc domain, named Arperos basin (Tardy
etal.,, 1991, submitted), consist of intraoceanic, within-plate alkalic
pillow basalt and dolerite (Monod et al., 1990) overlain by Lower
Cretaceous siliceous sediments (Arperos Formation; Davila-Al-
cocer and Mantinez-Reyes, 1987). They are exposed now as
tectonic slices under the Guanajuato magmatic sequence, which
represents the nascent stage of the Alisitos-Teloloapan arc
(Lapierre et al., 1992, in press).

Two assumptions can be proposed for the vergence of the
subduction related to the arc development:

1—The subduction had an eastward vergence and the
island arc development was linked to the subduction of the Pacific
plate. In this case, the Arperos basin would represent the back-arc
basin.

2—The subduction had a westward vergence; the arc
development was related to the subduction of the Arperos basin
under the Pacific plate. In this second case (Figure 7), this
subduction led to the closure of the Arperos oceanic basin while
the arc was drifting towards the margin of North America, before
its collision with this continent.

The second assumption Is preferred, because of the north-
east vergence of the thrust sheets, folds and cleavages observed
in the arc rocks (Tardy, 1980; Elias-Herrera and Sanchez-Zavala,
1990). These tectonic markers are linked to the mid-Cretaceous
compressive event that occurred when the Guerrero terrane col-
lided with North America.

According to this model, the Alisitos-Teloloapan volcano-
plutonic arc, built partly on Pacific oceanic lithosphere and partly
on continental blocks, is exotic with respect to North America. lts
drifting towards North America is related to the destruction of the
Arperos basin oceanic crust while it subducted under the Pacific
plate. Thus, this intraoceanic arc, responding to the terrane defini-
tion (Guerrero terrane), collided the western margin of the North
American continent at the end of the Early Cretaceous (Tardy,
1980; Rangin, 1985; Pubellier and Rangin, 1987).

CONCLUSIONS

This geodynamic model, which illustrates the origin and the
development of the Guerrero terrane and its related Late Juras-
sic-Cretaceous magmatic arc, can be easily extended to the
eastern circum-Pacific and peri-Caribbean terranes, including
contemporaneous arc volcano-plutonic sequences that were
thrusted onto the margins of the North and South American
cratons during the Cretaceous.

The palinspastic maps, illustrated in Figure 7, give an alter-
native model to those proposed for the evolution of the far western
Tethys and its neighboring Pacific (Calais et al., 1989; Stephan et
al., 1990). The Cretaceous volcanic series, accreted to the mar-
gins of cratonic America, in Colombia, Venezuela, Greater Antilles
and Mexico, belong to the same intra-Pacific arc. The develop-
ment of these Cretaceous arc suites is linked to a west-south-
westward subduction of the oceanic basins—Arperos basin—
fringing the North and South American continental margins and
connecting directly with the inter-American Tethys. While this
subduction was going on, the magmatic arc drifted and was getting
closer to the North and South American cratons and then, finally,
collided their continental margins at different times. The northern
arc segment—Alisitos-Teloloapan arc—collided against the
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Figure 7.- Simplified palinspastic maps (modified after Stephan et al.,
1990), showing (A) the intra-Pacific environment for the Late
Jurassic-Early Cretaceous magmatic arc during the Aptian, and (B} its
remnants along the North and South American margins aiter its collision
with the cratons (Arc Alisitos-Teloloapan at the end of the Early
Cretaceous = Guerrero terrane; other arc exposures during the Late
Cretaceous in Colombia and in the Greater Antilles). 1—North American
and South American cratons; 2—Late Jurassic-Early Cretaceous
magmatic arc; 3—active continental margin volcanism; 4—accreted
segments of the Late Jurassic-Early Cretaceous arc along the American
continental margins; 5—thrust, 6—subduction zone; AB—Arperos basin;

SCA—South Central American arc; YB—Yucatan basin.

Mexican during the late part of the Early Cretaceous, while the
collision of the southern segment with the Colombian margin
began since the Albian and lasted until the Coniacian-early Cam-
panian. As for the central segment of this arc, it migrated towards
the Caribbean-Tethys ocean, before its collision with the Greater
Antilles-Florida margin during the Campanian.
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