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RESUMEN

El Terreno Cuicateco se ubica entre la margen oriental del Terreno Precimbrico Zapoteco y parte de la margen
noroccidental del Batolito Pérmico de Chiapas. Se define como un cinturén orientado N-NW de 235 km de lon-
gitud y 20 km de anchura, formado por una secuencia volcanosedimentaria metamorfoseada en grado bajo. El
drea en estudio cubre 800 km cuadrados, ubicados en el extremo noroccidental del terreno.

La asociacién de lavas y tobas de composicién andesftica con rocas sedimentarias que varfan hacia el oriente
de grauvacas feldespaticas a grauvacas calcdreas y calizas se compara con un arco de islas que incluye pequefias
cuencas interiores. Las “rafces” de la provincia magm4tica afloran en el lado oeste del terreno y estin formadas
por rocas granodioritico-monzonfticas, con segregaciones ultraméficas de piroxenitas y anfibolitas. Los cuerpos
intrusivos presentan una deformacién milonitica que dectece hacia las partes internas, donde dichos intrusivos
son casi isotrépicos. En ausencia de intrusivos, la margen oeste del terreno estd ocupada por metaandesitas con
la misma textura milonitica. En la secuencia de metatobas estd tectonicamente emplazado un gran cuerpo de
serpentinitas y leucodioritas. En concordancia con el agua metedrica actual, el valor promedio de D/H del agua
estructural de lizarditas y crisotilos es de -59 por mil, lo que atestigua su formacién asociada con emplazamiento
tectonico. Estructuralmente, la secuencia sedimentaria define un cinturén de pliegues y cabalgaduras con débil
metamorfismo cuya vergencia 8 hacia el oriente.

Se considera que la zona de contacto entre los terrenos més antiguos, los cuales muestran una diferencia en
espesor de aproximadamente 20 km, es un factor principal de litostitica, responsable de la localizacién de la pro-
vincia magmdtica cuicateca.

* Instituto de Geologia, UNAM, Ciudad Universitaria, 04510, Coyoacdn, D, F., MEXICO. .

Present address: CICESE, Av. Espinoza No. 843, 22800, Ensenada, Baja California.
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ABSTRACT

The 235 km long and 20 km wide Cuicateco Terrane is located between the eastern margin of the Precambrian
Zapoteco Terrane and the northwestern margin of the Permian Batholith of Chiapas. The study area is about
800 sq. km, located in the northwestern limit of the terrane,

The association of andesitic lavas and tuffs with sedimentary rocks which grade eastward from feldspatic
wackes, calcareous wackes to limestones is comparable to an island arc which includes small internal basins. The
“roots” of the magmatic province are exposed in the western side of the terrane corresponding to granodioritic-
monzonitic rocks showing ultramafic segregations (pyroxenites and amphibolites). The crystalline rocks show a
strong mylonitic solid-state ductile flow fabric decreasing toward inner zones, where the intrusives are almost iso-
tropic. Where the intrusives are absent, the western side of the magmatic belt is occupied by metaandesites
showing the same metamorphic fabric. A large wedge of serpentinized ultramafics and leucodiorites are tectonic-
ally emplaced in the sequence of metatuffs. In accordance with the present-day meteoric water, chrysotile and
lizardite structural water shows a D/H average ratio of -59 per mil, indicating its tectonically related formation.
Structurally, the sedimentary sequence defines a thrust-faulted, folded and weakly metamorphosed belt verging
eastward.

1t is considered that the contact zone between the older terranes, which have a difference in thickness of
about 20 km, is a major factor of lithostatics on the location of the Cuicateco magmatic province.

INTRODUCTION

The tectonic history of southern México is highly complicated by the apparent small
scale of the different terranes and wide evolution time span. Some insights have
been given from the tectonic point of view by using tectonostratigraphic terrane
concepts (Ortega-Gutiérrez, 1981; Campa and Coney, 1983); however, they give
little information about important structural and petrological aspects.

The Cuicateco Terrane (called Judrez by Campa and Coney, 1983), exposes a
varied Jurassic-Cretaceous lithology which includes mylonitized crystalline rocks, a
weakly metamorphosed volcanosedimentary sequence and a broad exposition of
limestones and wackes (Mena-Rojas, 1960; Carfantan, 1981 (1984) and 1983; Delga-
do-Argote, in press).

The terrane is about 240 km long and 20 km wide. The area selected in this study
comprises a 60 km long portion located on its northwestern extreme. Emphasis was
given to the Cuicatldn-Concepcién Pdpalo and Teotitldn-Huautla sections, where the
access is possible and the exposed geology is considered more representative.

The initial objective of this study was to define the tectonic setting and petrologic
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base data taken from INEGI (map scale 1:250 000), Mena-Rojas, 1960, and this study.
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character of the ultramafic rocks of Concepcién Pdpalo (Delgado-Argote, in press) to
follow with the structural and tectonic study of the northern part of the volcanosed-
imentary complex.

Following the criterium of Ortega-Gutiérrez (1981), the Cuicateco Complex is an
epimetamorphic terrane which lies between the Precambrian Zapoteco Terrane and
partially the Permian Batholith of Chiapas. This fact led Carfantan (1983) to pro-
pose an intercratonic volcanic arc where the ultramafics of Concepcién Pédpalo and a
series of diabases, gabbros, etc. define a process of oceanization exposed as an ophio-
lite. A brief discussion on the ophiolite affinity of Concepcioén Pipalo is presented
in Delgado-Argote (in press). Besides, the Cuicateco Terrane is particularly inter-
esting with respect to the concept of accretionary tectonics of the southern cor-
dillera, inasmuch as it lies between two older “suspect” terranes and it seems to be
“native” (Gray, 1986). Following the same criterium, some facts suggesting a man-
tle uprising process in the limit of the two pre-Mesozoic terranes were presented in
previous works (Delgado-Argote, in press; Delgado-Argote and Carballido-Sdnchez,
1987). This study represents an advance in the understanding of the Cuicateco Com-
plex due to the scarcity of both, published detailed geology and geochronologic data.
Therefore, this study starts with a lithologic description and their stratigraphic rela-
tions within the Cuicateco basin.

LITHOLOGIC UNITS AND STRATIGRAPHIC RELATIONS

The lithology of the Cuicateco Terrane includes metamorphic igneous and sedimen-
tary rocks which have been recognized to cover a time span ranging from Precambrian
to Late Tertiary. The oldest rocks are graphitic paragneisses of the Zapoteco Terrane
which are considered part of the local basement. Eastward, out of the mapped area,
granitic and sedimentary rocks of probable Paleozoic-Jurassic age belonging to the
Maya Terrane crop out (Campa and Coney, 1983; Grajales-N. et al., 1985). The vol-
canosedimentary sequence of the Cuicateco Terrane crops out between these terranes
and it is partially covered on its western margin by Oligocene red beds.

Because of their complex internal relations, the lithologic units, in decreasing or-
der of-apparent age, crystallinity and depth of emplacement (Figs. 1 and 2) are de-
scribed as follows. .
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Basement rocks

Rocks belonging to the metamorphic basement are observed as 15 cm long frag-
ments included in a polymictic conglomerate near Vigastepec (Figs. 2 and 3); smaller
fragments are also found in a conglomeratic sandstone underlying the Orizaba For-
mation (?), near San Antonio La Cafiada (Fig. 1). On the way to Pala (north of Teo-
titldn, Fig. 1), its proximity is also inferred from the presence of grossular garnet and
white mica found in peripheric granitoids which grade to granodiorites and diorites
showing an original mineralogy low in alumina content. The high alumina is inter-
preted to result from the partial assimilation of the Precambrian gneissic basement
just in the periphery of the intermediate intrusives which, on the western portion of
the Sierra Mazateca, show an intense cataclastic deformation. In Vigastepec, in a
minor scale, partially assimilated gneissic xenoliths are observed in subvolcanic an-
desitic rocks. Under the microscope, the gneissic rocks show triple junctions of
quartz, Na-plagioclase and K-feldspar with ondulatory extinction. As in the para-
gneisses of the Zapoteco Complex, thin bands of graphite are clearly observed in
hand specimen in both the conglomerate fragments and xenoliths.

Crystalline intrusive rocks

This group encloses all the phaneritic crystalline rocks located on the western
margin of the Sierra Mazateca. Outcrops are continuous from San Juan Tilapa to
Tecomavaca (Fig. 2). Also included in this section are the serpentinized masses of
ultramafic rocks from Concepcién Pdpalo which, for a long time, caught the atten-
tion of miners because of their high chrysotile content of economic interest (Rami-
rez-Lozano, 1981; Garcfa-Calder6n, 1978).

Serpentinites - The ultramafic unit of Concepcién Pépalo is better defined as a
completely serpentinized sill-like body 300 m thick. Its structural arrangement is
concordant with the eastward verging regional structures. The body is only enclosed
by metatuffs which show plastic deformation along the contacts. Internally, the
flowage planes develop long fiber asbestos (chrysotile) and sporadically, blocks of
peridotites as large as one meter long are rotated following the sense of deformation.
The magnetic response associated with the generation of secondary magnetite after
serpentinization of olivine tends to be low. In part, this permits to infer that the
peridotitic protolith was probably olivine-poor (Wicks and Whittaker, 1977). Delga-
do-Argote (in press) pointed out that the ultramafic mass experienced at least two
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processes of general serpentinization. Firstly, the formation of lizardite under hy-
drothermal conditions allowed the mass to move up and be emplaced at shallower
levels. Later, a second process of serpentinization took place during a general com-
pressive disruption and chrysotile was formed under conditions of shearing stress at
relatively constant temperature. A local heating effect associated to the Tertiary
emplacement of basaltic dikes induced a partial loose of structural water from lizar-
dite-chrysotile and subsequent formation of antigorite. Additional evidences for dif-
ferent processes of serpentinization are given by a cross-cutting geometry of veinlets
of secondary magnetite (Delgado-Argote, in press). The general composition of the
mass is inferred to be close to a harzburgitic or olivine pyroxenitic protolith, based
on the absence of amphiboles after clinopyroxenes, the presence of bastites (after
orthopyroxenes) as well as the poor magnetism shown by most of the serpentinites.

A synthesis of qualitative petrographic analyses on seven serpentinites is given in
Table 1. The correlation between serpentinites, processes of serpentinization and
isotopic behaviour is presented in a separate section.

Leucodiorites - Although leucocratic diorites are found all along the granitoid
body, they are discussed separately, because, in Concepcién Pdpalo, they are invar-
iably located on the upper part of the serpentinitic mass. Such position is interpreted
to be associated to a dragging effect during the emplacement of the serpentinites,
and are thought to be genetically related. Their internal structure is characterized
by penetrative shearing which can derivate to a protomylonite or mylonite. Near
San Juan Coyula, where the intrusive is less deformed, it shows schlieren-like textures.

Under the microscope, mineralogy is dominated by uralitized clinopyroxene
(augite?), hypersthene (partially bastites), deformed and fractured plagioclase (oligo-
clase), and a matrix of shadowy quartz. Small proportion of talc, sericite and other
hydrous silicates are also included in the matrix (samples OX-18 and OX-22, Table 1).

Metagranitoids - This unit includes a wide compositional range of-intrusive rocks
located on the western margin of the Cuicateco Terrane (Table 1, figure 2). Its ex-
posure is continuous from Tilapa to Tecomavaca and, in Vigastepec, some outcrops
are restricted to structural windows associated to subvolcanic dikes of andesitic com-
position, indicating a genetic relationship. Internally, the intrusive complex shows a
strong primary anisotropy and, along its western margin, a penetrative, shearing de-
formation defines a wide zone of mylonites and protomylonites. Both structural
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features coincide with an eastward vergence but, toward the central portions (SW
San Bernardino), the intrusives tend to be isotropic and deformational features tend
to be subvertical.

Petrographic and chemical data indicate a compositional range varying from mon-
zonites to granodiorites (Table 1 and figure 4). Locally, large and comntinuous segreg-
ations (larger than several meters long) of hornblendites and other mafic rocks are
important. Their mineralogy is mainly controlled by hornblende, clinopyroxene
(diopside-augite), minor plagioclase and sometimes biotite. Matrix is commonly
formed by serpentine and poor secondary magnetite when present, which partially
indicates an origin after orthopyroxene. Details and petrographic classifications are

" given in Table 1.
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Crystalline extrusive rocks

Metavolcanic flows are spatially associated with granitoids. They are restricted to
the western side of the Sierra Mazateca (Figs. 2 and 3). The thickness of the unit,
between Cuicatldn and Concepcién P4palo has been estimated to be of about 500 m,
but it can be thicker along the section between Coxcatlin and Zoquitdn (north of
the mapped area). Locally, where tectonic disruption is less accentuated, andesitic
flows are interstratified with tuffs and tuffaceous sandstones. Also, in Vigastepec,
andesites are present as sills and dikes intruding pellitic and calcareous rocks. Within
strongly deformed zones, tuffaceous and sedimentary units are mechanically intruded
by andesitic rocks making depositional features extremely difficult to distinguish.

In Coxcatlin, where deformation is less severe, andesites have a pillowed fabric,
while near Concepcién Pépalo they are massive. Here, leucocratic banding characteris-

tic of zones of strong deformation and mylonitization is observed. Texturally they
vary from equigranular to porphyritic when foliation is not penetrative. Subparallel
microshearing is also a widespread texture and evolves to a mylonitic to protomylon-
itic texture. Near Vigastepec (Fig. 2) dikes of andesite intrude polimictic conglom-
erates and tuffaceous to calcareous sandstones. Locally they grade to porphyritic
diorites showing close spatial, temporal and genetic relationships with respect to the
granitoids.

Within this unit two small outcrops of metafelsites located on the road Cuicatlén-
San Juan Coyula are considered. These rocks are intensely tectonized and they
could correspond to late felsitic domes because of their apparent intrusive character
with respect to mesocratic metalavas. These metafelsites show abundant secondary
limonite after hydrothermal veins of Fe-Cu sulfides, and minor specularite, calcite
and quartz. One chemical analysis of this leucocratic rock suggests a strong meta-
somatic effect (sample I1I-OX-5).

Under the microscope, most of the metalavas show a more mafic composition
than the intrusives. All of them can broadly be classified as mafic schists, but the
chemical analyses indicate a range of composition between basalt and basaltic andes-
ite (Fig: 4). In general, metamorphism is considered to be isochemical.
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Fig. 4. a) Normative classification of volcanic and intrusive rocks after Le Maitre (1976). Points A and B re-
present average compositions of andesites and diorites, respectively.

b) Chemical classification of volcanic and intrusive rocks after Cox ef al (1979). Alkaline-subalkaline dividing
line after Irvine and Baragar (1971). Rock fields are: A = basanite, B= basalt, C= basaltic andesite, D= andesite,
E= dacite, F= rhyolite, G= hawaiite, H= traquiandesite, I= mugearite.
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Volcanosedimentary sequence

Toward the western side of the complex the volcanosedimentary sequence is in-
terstratified with the metalavic sequence, while clastic and calcareous rocks are
widely distributed eastward. The last rocks gradually change to a volcaniclastic se-
quence closely associated to the metalavic unit. The association of metalavas and
volcaniclastics seems to define volcanic edifices under regimes of intense erosion. In-
cluded into this ambit it is located the polimictic conglomerate which contains frag-
ments of the Zapoteco complex. This association apparently corresponds to a foot-
hill deposit related to a volcanic constructional zone under uplifting.

Metalavas, volcaniclastics, and part of the sedimentary sequences have been named
Chivillas Formation since Pano (in Barrientos-Reyna, 1985). He assigned to Chivi-
llas a Valanginian-Barremian age; that age is assumed as correct in this paper and
temporarily correlated to the Tuxpanguillo Formation in the Tepexilotla area (Mena-
Rojas, 1960).

The serpentinitic bodies of Concepcién Papalo and San Juan Coyula are enclosed
in a thick metapyroclastic sequence overlying the metalavas. In the geologic map
(Fig. 2 and 6) the volcanic rocks are arbitraryly named Chivillas Formation because
of their stratigraphic position. Following the same criterium, the sequence of sand-
stones (greywackes) and shales, calcareous shales, and the local sequence of con-
glomerates and conglomeratic sandstones of Vigastepec are considered in the same
stratigraphic order in spite of the absence of a detailed facies study. All these litho-
logic units gradually change to the more calcareous Tuxpanguillo Formation located
eastward (Fig. 6 and Table 2). Compositional differences are attributed to local to-
pographic changes and spatial distribution with respect to the volcanic edifices. It is
considered that between each of the topographically elevated volcanic centers, local
and small (about 10 km wide) basins developed, defining qualitatively distinct sedi-
mentary regimes. An actual example of this situation is found in the Tonga Arc,
wheré internal basins in the order of 30 to 10 km wide show complex sedimentary
conditions (Lehner et al, 1983). These types of sedimentary regimes have been doc-
umented in almost undisturbed cretaceous areas in Palmar Chico and San Pedro Li-
mon, Estado de México (Delgado-Argote et al, 1988). In Vigastepec and eastward,
one of.these basins shows little volcanic influence. However, interstratified flows are
common in wackes showing high lithic and feldspatic content (samples X-86-3,
X-86-7, X86-17, Table 2 and Fig. 2). Within this area, the large volume of clastics
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954 GEOFISICA INTERNACIONAL

permits to infer that the dimensions of paleobasins were considerably larger than at
other places, as in Concepcion Pipalo or Pala, where smaller basins were severely de-
formed. The environment of deposition is inferred to be closed and restricted to
water supply as indicated by the presence of carbonaceous material associated with
anomalous concentrations of volcanogenic sulfides (Delgado-Argote, in press). Ex-
halative horizons are made of chalcopyrite, pyrite and minor sphalerite (?) in tuf-
faceous rocks. Petrographic analyses of tuffaceous and volcanosedimentary rocks
are summarized in Table 2.

Sedimentary sequences

This section deals with all the sedimentary units, which are mostly limestones,
ranging from Neocomian to Maestrichtian, and are located out of the volcanic do-
main, east of the Cuicateco Terrane. From bottom to top, this sequence comprises
the Neocomian Tuxpanguillo Formation which can be partially correlated to the
Chivillas Formation, the Aptian Capolucan Formation, the Albian Orizaba Forma-
tion, and the Late Cretaceous Maltrata and Necoxtla Formations (Mena-Rojas, 1960;
Barrientos-Reyna, 1985, and figure 6).

In order to show the regional distribution of lithology (a detailed revision on the
stratigraphy of the region goes beyond the objectives of this work), the Cretaceous
sedimentary units are schematized in figures 6 and 7. In that sense, Mordn-Zenteno
(1987) and Mossman and Viniegra (1976) are in good agreement with respect to the
general paleogeography of the north and northwestern Cuicateco Terrane. The first
author mentions a marine transgression on the Tehuacdn-Orizaba region since Valan-
ginian time, corresponding to the sedimentary portion of the lower part of the Chi-
villas Formation. During Barremian-Aptian time, Mordn-Zenteno (1987) reports
subaerial volcanism westward the Cuicateco region (Petlalcingo-Tlaxiaco), correlative
in time to the Chivillas Formation, although this last formation is better defined as
a reef-like unit. In both, the Mixteco and Cuicateco terranes, the same sedimentary
regime was established since Albian time, related to an extensive transgressive event,
which is evidenced by the San Juan Raya Formation in the Mixteco Terrane (Morin-
Zenteno, 1987), and the Capolucan and Orizaba Formations, north and northeast
of the Cuicateco Terrane (Barrientos-Reyna, 1985; Mossman and Viniegra, 1976).
Finally, Mossman and Viniegra (1976) recognized in the states of Oaxaca and Vera-
cruz a Middle Eocene structural disturbance which is correlated to the Tertiary red
conglomerates exposed on the foothills of the Tehuacdn Basin, mainly from Tehua-
c4n toward San Juan Tilapa.
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Eocene (?) - Oligocene red conglomerates

This unit is restricted to the western foothills (Oaxaca Fault) between San José
Tilapa and Cuicatldn. In Cuicatldn, the conglomerates have their thickest expression
(about 300 m). The unit is tilted due to continuous uplifting since Oligocene to
probably Early Miocene time. It is formed by large subrounded to rounded boul-
ders dominated by metaandesites corresponding to the underlying andesitic unit.
As schematized in Fig. 7, its deposition is associated to the Eocene-Oligocene struc-
tural disruption which provoked the uplift of the western margin of the Cuicateco
Terrane. It is important to notice that this kind of deposits, as well as the intense
folding of the Mazateca region are absent in the Mixteco Terrane (Mordn-Zenteno,
1987). Centeno-Garcia and co-workers (1987) mention movements in the region of
Cuicatldn as young as 100 000 y.b.p., evidenced by morphometric analyses.

Miocene - Pliocene sedimentary cover

The exposure of this cover is restricted to the Tehuacdn Valley. It partially over-
lies the red conglomerates and, in San Gabriel Chilar (south of Tehuac4n) it is locally
intruded and interfingered by olivine basalts. In this paper, the whole sedimentary
* material filling the Tehuacédn Basin is called Tehuacdn Formation. Its age is assumed
to range from Miocene to Pleistocene. During the deposition of the Tehuacdn For-
mation along the so-called Oaxaca Fault, various restricted centers of volcanism de-
veloped and a series of celadonite-rich horizons are widespread.

DESCRIPTION OF STRUCTURES

The general structure of the Cuicateco Terrane follows a N20OW broad orientation.
Both the Eocene compressive deformation as well as the Oligocene distensive disrup-
tion follow such tendency. During Eocene time the whole complex was overthrusted
eastward, and deformation is particularly intense along the apparent core or nucleus
of thé magmatic arc. Crystalline units (both intrusive and volcanic rocks) locally
show a pervasive cataclastic deformation and were uplifted with respect to the softer
sedimentary cover located eastward. The last sequence is in turn partially overthrusted
over the easternmost cretaceous platform. Geometrically an “alpha-like” structure
(Link, 1949) is developed along the boundary of the main crystalline and sedimen-
tary soft rocks. This structure is interpreted as shown in the cross sections of figure
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3, where the intrusive and subvolcanic rocks are better exposed. The uplift process
is clearly observed in a 7 km wide area located between San José Tilapa and San
Juan Los Cles (Fig. 2), where a pervasive deformation indicated by secondary min-
eral anisotropy, strong shearing and yuxtaposed crystalline units change eastward,
from almost horizontal to subvertical.

The most prominent structures in the Cuicateco Terrane are reverse faulting and
foliation. They vary from subhorizontal showing wedge-like structures in soft sedi-
mentary rocks to high angle reverse faults in crystalline rocks (figure 3). From Po-
chotepec to Concepcion Pdpalo the orientation of these features broadly change
from N20°W to N10CE. The solution of 60 poles of foliation in Concepcién Pépalo
(Delgado-Argote, in press) indicates that deformation parallels the N10CE regional
structures. Associated to the Eocene disruption short strike-slip displacements,
oriented in the sense of maximum stress, were developed in the northernmost por-
tion of the mapped area.

In Vigastepec, uplifting and high angle reverse faulting favored the exposure of a
structural window composed of basal conglomerates showing fragments of the Zapo-
teco metamorphic complex. Also during the compressive event, serpentinites were
plastically emplaced into the metatuffs along bedding planes (Delgado-Argote, in
press); they follow the same structural style of the enclosing metavolcanosedimentary
sequence, dipping about 300W. Shearing and foliation are the most prominent fea-
tures along which long-fiber asbestos develop. Nicolas and co-workers (1973) have
shown through experimental observations that such structures follow the general
trend of deformation that, for this area, is congruent with the observed regional style.
Some exceptions to this tendency are observed where local crystalline barriers are
identified. As it will be discussed later, the emplacement of serpentinites requires
the ultramafic mass to be uprised to a certain level, mainly by a diapiric mechanism
during the initial phase.

A regional normal faulting event is registered during Oligocene time corresponding
to the deposition of the red conglomerates unit of the western margin. This defor-
mation does not have an important expression in the interior of the Sierra Mazateca;
however, some normal and local transcurrent faults are observed, and apparently,
some fractures were later or contemporarily filled by basaltic dikes which decrease
in abundance toward inner zones. .
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Fig. 7. Schematic correlation between eastern and western Cuicateco Terrane. See Barrientos-Reyna (1985) and
MenaRojas (1960) for additional data.

As mentioned earlier, normal faulting and general uplift caused deformation of
the Tehuacan Basin, which marks the boundary between the Cuicateco and Mixteco
terranes (Figs. 2 and 7). The magnitude of this structure can be estimated from the
presence of Pliocene-Pleistocene olivine basaltic flows interfingered with lake depos-
its. A correlation of main geologic events between the Mix teco, Cuicateco and Maya
terranes is given in Table 5.

CHEMISTRY AND D/H ISOTOPIC DATA OF THE CRYSTALLINE SEQUENCE

Bulk chemistry analyses of ten samples on both intrusive and extrusive rocks indi-

-
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cate a wide dispersion in the chemical behaviour of this igneous suite. Chemical data
and CIPW norms are given in Table 3; chemical classification of rocks and major
oxides behaviour are presented in figures 4 and 5, respectively. A good agreement
between chemical (Cox et al, 1979) and petrographic-mineralogic classifications is
observed. In the Cox and co-workers (1979) diagram (Fig. 4.b) the alkaline-subal-
kaline dividing line of Irvine and Baragar (1971) is included. Here four samples are
plotted in the alkaline field (sample 3 represents a highly hydrothermally altered
rhyolite). By using normative minerals and Le Maitre’s (1976) classification dia-
grams (01-Di-Hy/Q/Or-Ab-An) it can also be observed that the rocks of this suite
fall close to the average values of andesites and diorites (Fig. 4a). The lack of ex-
treme composition rocks is a singular characteristic of the volcanic suite with the
exception of the tuffaceous portion. In contrast, intrusives show a compositional
range varying from granodiorite to diorite. Intrusives showing a high mica and/or
garnet content were not included for chemical analyses because they probably in-
volve a strong assimilation from the precambrian country rocks; the ultramafics were
studied separately. It should be noted the impoverishment of MgO and normative
quartz of this suite when compared with the chemical average andesites and diorites
of Le Maitre’s (1976).

Several diagrams were tested to define a chemical trend; however, no one was par-
ticularly informative to characterize the suite. A typical AFM diagram shows a wide
dispersion with a slight tendency toward the tholeiitic field. This tendency is also
observed in the FeO/MgO vs. SiO, diagram (Miyashiro, 1974). This characterization
is considered inconclusive until a broader spectrum of analyses can be obtained. A
Larsen Index-variation diagram proved to be more illustrative to show the chemical
tendency of the crystalline rocks, with the exception of the volcanic rocks because
of their poor compositional variety. In general, a decreasing tendency is observed
for MgO, CaO and TiO, toward more positive indexes, while Na,0+K,0 and
FeO+ Fe,0; show a disperse character. Although the low-grade greenschist meta-
morphism can be considered isochemical, local hydrothermal alteration and/or inter-
action with marine water can explain the observed lack of chemical regularity, es-
pecially for the volcanic rocks.

D/H Isotopic data of serpentinites

Isotopic studies of structural water of chrysotile and lizardite made by Wenner
and Taylor, Jr. (1973 and 1974) in North America, have shown a good correlation



Table 3

Whole rock chemistry of the crystalline sequence.

(Wet analyses were performed at the Instituto de Geologia, UNAM)

SAMPLE 1 2 3 4 5 6 1 8 9 10
SITE X-86-9a X-86-9 II-OX-5 II-OX-7 08-10 X-86-11 II-0X-13 X-86-1 II1-0X-7 0X-8-22
ROCK TYPE DIOR. MONZ.D. ALT.RHY. ANDES. ANDES. ANDES. BASALY. DIOR. DIOR. DIOR.
BASALT
810, 54.43 61.95 43.79 51.69 50.83 52.68 48.45 52.13  55.59 66.52
Ti0; 0.65 0.42 0.60 0.82 1.32 0.60 0.85 0.62 0.43 0.60
Al903 18.00 17.62 14.23 18.67 16.47 12.00 17.49 19.08 19.98 15.77
Fe303 1.85 0.90 4.52 2.07 5.43 3.18 6.42 3.37 1.54 3.56
Fe0 4.73 2.85 4.42 7.14 7.64 6.30 6.00 5.48 2.717 2.65
Mgo0 5.40 2.88 5.48 4.30 3.08 6.99 4.49 3.90 4.08 0.59
Ca0o 8.60 4.62 5.17 7.64 7.04 12.16 8.36 6.85 7.84 1.85
NaZ0 3.10 3.60. 3.60 3.30 4.80 2.70 2.70 4.60 3.20 2.87
K0, 1.10 2.20 0.80 0.60 0.65 0.65 1.50 1.60 2.54 2.30
Hy0_ 2.07 2.36  16.72 3.49 2.59 2.53 3.62 2.26 1.99 3.15
H0 0.00 0.10 0.14 0.03 - - -- - -- --
TOTAL 99.93 99.50 99.47 99.75 99.85 99.79 99.88 99.89  99.96 99.86
CIl1PW NORM
Q 5.60 17.38 0.16 3.99 0.31 3.44 2.78 0.0 4.50 34.31
c 0.0 1.91 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.97
OR 6.927 13.54 5.07 3.92 4.02 3.9 9.26 9.50 15.64 13.02
AB 27.93 31.73  32.65 30.85 42.49 23.22 23.88 39.12 28.22 23.28
AN 34.03 23.87 21.76 37.96 22.47 19.01 32.58 26.82 34.04 8.80
D1 9.85 0.0 3.01 3.3 11.89 36.53 9.33 6.27 5.67 0.0
HY 9.3¢ 6.42 9.70 11.16 5.20 5.29 6.98 2.09 6.72 1.27
oL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.72 0.0 0.0
MNT 2.86 1.36 7.04 3.32 8.26 4.70 9.75 4.92 2.33 4.96
1L 1.32 0.83 1.22 1.72 2.63 1.1 1.69 1.19 0.85 1.10
TOTAL 97.86 97.04 82.61 96.23 97.26 97.26 96.26 97.63 97.97 96.71
LARSEN I. 0.51 12.50 0.29 -1.25 -0.16 -7.07 -1.20 2.74 6.38 19.38

aod1y-opedeq 'V 1

196
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diagram of Magaritz and Taylor, Jr. (1974).

between D/H ratios and latitude. By contrast, the same authors indicate that anti-
gorite seems to show a closer association with metamorphic water at temperatures
below the metamorphic climax. The association lizardite-chrysotile develops under
relatively shallow environments at pressures of about 4 Kbars and temperatures less
than 200°C (Wenner and Taylor, Jr., 1973). In general, such conditions are in good
agreement with the mineralogical and textural criteria given by Wicks and Wittaker
(1977) for processes of serpentinization. As mentioned, serpentinites in Concepcién
Pépalo are constituted mostly of chrysotile and lizardite and local and minor anti-
gorite. It has been reported from structural and mineralogical data (Delgado-Argote,
in press) that, to explain the abundance of asbestos, the main serpentinization
process in Concepcién Pédpalo occurred under conditions of shearing stress at rela-
tively constant temperature.

In a preliminary report by Casar-Aldrete ef al. (1986) a series of analyses were
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Fig. 8.b) Correlation between latitude and D/H ratios in North America and Caribbean regions, after Wenner
and Taylor, J1. (1974) and Casar-Aldrete et al. (1986).

presented showing that lizardite and chrysotile from Concepcion Pépalo correlates
well with the D/H ratios expected for the latitude of Oaxaca by Wenner and Taylor,
Jr. (1974). The isotopic data is shown in Table 4 and figures 8a and b, and sampling
sites are located in figure 2. It can be seen that serpentinites yield D/H ratios of
-67 to -53 per mil relative to one or two events of serpentinization, while antigorite-
rich serpentines show a narrower range (-44.6 to -38 per mil) apparently related to a
dehydration event involving water loss of about 25% of total water contgnt. Details
of the experimental analytical conditions are included elsewhere in a progress report.
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It is considered that the first generation of serpentines was formed by introduc-
tion of meteoric water into the geothermal system and/or during the compressive de-
formation correlative to the serpentinitic emplacement, in such a way that an early
serpentinization and diapirism (involving shearing stress) took place. The whole
process overprinted the ratios of the meteoric water that, at the latitude of Oaxaca,
ranges between -30 and -50 per mil (Wenner and Taylor, Jr., 1974). The partial
water loss involved during formation of antigorite correlates to a Tertiary regional
thermal event and basaltic dike emplacement. The results are in agreement with the
assumption that during recrystallization to antigorite, water fractionation by expul-
sion of light hydrogen with respect to deuterium is expected (Coleman, 1971).

Attending only to the isotopic data, formation of antigorite can be associated to
metamorphic water (Fig. 8) at temperatures of about 300°C and, as well as meta-
morphic chlorites, D/H ratios have a restricted range between -39 and -66 per mil
(Wenner and Taylor, Jr., 1974). In a preliminar manner, and coincident with textur-
al analyses, hydrogen isotopic data indicate that at least two periods of serpentiniza-
tion occurred in Concepcién Pipalo, and meteoric water played an important role in

the serpentinization process during the tectonic emplacement of the ultramafic mass
(Casar-Aldrete et al., 1986).

DISCUSSION AND REGIONAL TECTONIC RELATIONS

The tectonic significance of a complex as the Cuicateco Terrane can be discussed in
terms of lithologic associations and paleogeography as indicators of the type of ter-
rane we are dealing with (Table 5). It was mentioned that the Jurassic-Cretaceous
Cuicateco Terrane is located between two older crystalline massifs. To the East
there are the Maya Terrane and the Permo-Triassic Chiapas Batholith; the western
side is dominated by the Precambrian Zapoteco Terrane. Its limits with the Zapote-
co are defined by the Tertiary N-S Oaxaca Fault; its Mesozoic cover (Mixteco Ter-
rane; Mordn-Zenteno, 1987) shows a substantially different tectonic and sedimen-
tary history with respect to the Cuicateco. The eastern limits are not fully known
because of its Upper Cretaceous-Tertiary sedimentary cover. In figure 7, the differ-
ent rocks of the basement observed in the Cuicateco Terrane, as well as the relative
masses of both crystalline and sedimentary rocks are schematically indicated. It is
important to observe that the upper limit in the western side of the Cuicateco is
drastically marked by the Oaxaca Fault, while its eastern side is interpreted to result
from facies changes during Upper Cretaceous. Previous workers have considered
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Table 4

Hydrogen isotope analyses and mineralogy of serpentinites from Concepcidn Pépalo.

(Analyses were performed at the Instituto de Fisica, UNAM)

965

Sample Mineralogy Time Weight T°C D/H

(1) (2) (mg) (3)
I 0X-8-25 L+C 60 250 - 878 -53.49
" 200 880 -58.10
II 0X-8-33 L+C 60 150 1017 -53.52
111 OX-8-36 L+C 60 200 980 -55.02
Iv PAP-16 L+C 60 150 936 ~-66.29
" " 100 967 -67.41
v 0X-8-43 L+C+A 60 100 837 ~41.18
" " " 916 -44.62
VI pap-14 L+C+A 60 150 967 -40.27
" " 100 9306 ~-47.23
VII PAP-5 L+C+A 60 150 941 -38.24
" " 100 1044 -38.01

(1) Mineralogy: L-lizardite, C-chrysotile, A-antigorite

{2) Time: minutes of dehydration

(3) vValues given in per mil relative to SMOW

Roman numerals referred in geologic map
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that the Cuicateco Terrane is tectonically overposed on the Maya and Gulf Coastal
Plain (Campa and Coney, 1983), but no evidences were observed to support such
idea. By contrast, the result of our mapping indicates that the more severe de-
formation is strictly located close to the Zapoteco Terrane and diminishes consider-
ably eastward.

A reconstruction of the “native” Cuicateco Terrane should start with a major up-
lifting event during Triassic time of both the Mixteco (Mordn-Zenteno, 1987) and
Maya (Damon and Montesinos, 1974) terranes. Such event leads to a continental
sedimentation on the eastern portion of the Cuicateco, and minor magmatism (an-
desitic to rhyolitic) in the eastern portion of the Mixteco. During Jurassic time, dis-
tinct geological regional events were experienced in the Maya and Mixteco terranes,
at the same time that initial magmatism was taking place in the actual location of
the Cuicateco. Ages of magmatism are supported from unpublished K-Ar data ob-
tained in the Instituto Mexicano del Petréleo (C. Pacheco, personal communication,
1987). Homnblendes of both lava flows and different granitoids from areas close to
Pala yield cooling ages ranging from Late Jurassic to Early Cretaceous. At that time,

‘shallow marine sedimentation was taking place, associated to a general marine trans-
gression which continued in several places until Early Cretaceous. During this epoch,
general uplifting is reported for the Maya Terrane (Mossman and Viniegra, 1976), as
well as a tensional disturbance in the Mixteco (Mordn-Zenteno, 1987). Similar con-
ditions were observed in the Sierra Mazateca, particularly in Vigastepec area, where
during the construction of volcanic piles, normal faulting incorporated fragments of
limestones of the Jurassic Tepexilotla Formation mixed with local volcanic debris
and large blocks of graphitic pargneisses of the Zapoteco Terrane. This melange is
interpreted to be formed in the borders of an andesitic edifice which was raised at
the time of deposition of platform calcareous rocks. The uplifting process can also
be inferred from the large size of pillow-like structures in association with marine
sediments croping out in Pala, indicating low hydrostatic pressure. Moreover, many
andesitic flows of the northern area, as well as the thick deposits of tuffs distributed

in the southern portions of the mapped area are interpreted to occur in subaerial en-
vironments.

The presence of paragneisses and fragments of the Tepexilotla Formation indi-
cates that the arc-like megastructure of the Cuicateco developed in the limits of the
Zapoteco-Mixteco and Maya terranes. This condition defines the Cuicateco as a nat-
ive terrane (Gray, 1986) and guides to infer the existence of a large cortical discon-
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tinuity. In this respect, preliminar gravimetric data (M. Mena, personal communica-
tion, 1987), clearly indicate an important basement slope oriented parallel with res-
pect to the Cuicateco Terrane and at the same time, marking the juncture between
the Mixteco and Maya terranes. Crust thickness in the western Mixteco area aver-
ages 45 km, and the Maya Terrane, on the eastern part, is about 20 km thick. This
west dipping slope is interpreted as a weakness zone where intraplate magmatism
took place defining an arc-like system. Although the opening of the Gulf of Mexico
had been playing an important role in the development of a wider fracturing zone in
the brittle crust, large movements between terranes are not required to induce the
diapiric penetration of magma through the lithosphere.

Two important problems to solve are the regional geometry of the Cuicateco mag-
matic belt and the evolution of a magma chamber capable of permitting differentia-
tion of ultramafic products. In a previous study (Delgado-Argote, in press), it was
assumed that the ultramafic rocks of Concepcion Pdpalo were “roots’ of a magmatic
arc. In a similar way, it is considered here that these rocks are differentiation prod-
ucts of a parental basaltic magma. Differentiation had to have taken place into the
magma chamber and feeder conduits large enough to permit convection. The fact
of having ultramafic rocks of deep origin in contact with superficial volcanic rocks,
requires of a diapiric mechanism previous to the tectonic emplacement to rise the
ultramafic mass to relatively high levels. Such mechanism has been documented in
the ultramafic complexes of Guerrero (Delgado-Argote et al., 1986; Delgado-Argote,
1986) where lizardite is the initial product of serpentinization, involving a density
loss of about 25% and volume increase of about 30%, with respect to the original
ultramafic mass. The depth and dimensions of magma reservoirs associated to an-
desitic volcanoes of Kamchatka and Alaska have been documented by Gill (1981).
He mentions that detailed geophysical studies indicate the presence of magma cham-
bers as large as 30 to 10 km diameter located at 8 to 30 km depth. According to
Elder (1981) this type of reservoirs, which operates close to lithostatic equilibrium,
can experiment fractional crystallization and conform a geothermal system where
serpentinization at relatively high temperature can occur. After the diapiric move-
ment, during the Eocene compressive disturbance, the serpentinitic body was em-
placed following the NE structural grain, incorporating regional meteoric water in
the structure of serpentinites of second generation (chrysotiles). Dealing with the
formation of the ultramafic rocks, Wadge (1982) mentions that a great deal of evid-
ences favor the injection and accumulation of hot basic magma inta the bases of
large, cooler and more siliceous magma bodies (granitoids). Such bodies are better
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defined as interconnected dendritic structures which develop a densely fractured
permeable medium and, along the boundaries between both contrasting materials,
the crystalline phases are deposited, favoring the formation of ultramafic rocks.
Wadge (1982) remarks that the mentioned condition is controlled by properties of
the whole crust, instead of particular volcanic regimes or local tectonics.

There is an additional problem in the interpretation of the Cuicateco Terrane: its
oblique geometry with respect to both a Pacific convergent margin and other mag-
matic provinces (i.e. the Permian Batholith of Chiapas). This problem can be visual-
ized as one of intraplate magmatism, where a process of lithospheric thinning plays
an important role (Bonin, 1986). In Oaxaca, it is not easy to demonstrate such situa-
tion; however, the distribution of older terranes and the gravimetric slope they prod-
uce, seem to define an important lithospheric discontinuity. In addition, stress var-
iations in the lithosphere must play an important role during the evolution of the
different volcanic phases in Oaxaca. At this respect, Cloetingh (1986) has shown
that major reorganization of plate boundaries (as the experienced in the southern
portion of the North America Plate during Upper Jurassic-Lower Cretaceous time,
evidenced from sea level fluctuations) can produce changes in stress level of more
than 1 kbar, inducing the generation of a deep fracturing system.

In conclusion, it is considered that the processes of magmatism and formation of
a series of basins in the Cuicateco Terrane is the result of lithospheric discontinuities
instead of a direct subduction mechanism, or a process of oceanization. However,
this conclusion remains as a working hypothesis because more chemical detail must
be done for the crystalline sequence. Yet, a mechanism associated to subduction
cannot be eliminated as a possible generator of a continental magmatic belt.

CONCLUSIONS

The Jurassic-Cretaceous Cuicateco Terrane, centered between Cuicatldn and Teoti-
tlan is defined as a native terrane which developed almost parallel to the boundary
between the two older Zapoteco-Mixteco and Maya terranes. The fact that the basal
conglomerates of the Cuicateco contains graphitic paragneisses of the Zapoteco, tes-
tify their close association. Relationships with respect to the Maya Terrane are ob-
literated by a common cover of transgressive marine deposits.

Gravimetric data indicate a major cortical discontinuity along the boundary between

-
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the Zapoteco and Maya terranes, almost in the same site as for the Cuicateco. This
terrane was considerably shortened during the Eocene compressive disturbance. The
limits between different terranes are considered a major factor of lithostatics on the
location of the magmatic province by a probable process of mantle uprising. The
Precambrian terrane is about 40 km thick, in contrast with the Paleozoic Maya Ter-
rane which is only about 20 km thick. An approximate separation of the terranes,
prior to the compressive deformation, could be 20 km, equivalent to the width of
the zone of vigorous magmatism in the Cuicateco Terrane.

During and after the diapiric ascent of original basaltic magmas, differentiation of
ultramafic material took place in the base of magma chambers and along large feeder
conduits. The ultramafic mass of Concepcién Pdpalo rose to upper levels as a con-
sequence of serpentinization, to be tectonically emplaced later, during the Eocene
fold and thrust disturbance.

The “roots” of the magmatic province are represented in the western portion of
the Cuicateco Terrane by granodioritic to monzonitic rocks which include pyroxen-
itic to amphibolitic segregations. Almost the entire crystalline rocks show a mylon-
itic deformation which decreases eastward, indicating a more vigorous uplift along
this western margin.

The association of andesitic lavas, tuffaceous and sedimentary rocks (feldspathic
wackes grading eastward to calcareous wackes and limestones) defines an environ-
ment similar to an island arc with associated small basins (Tonga-like arc). The se-
quence of tuffs contains a large wedge of serpentinites which show a D/H average
ratio of -59, in concordance with present-day meteoric water, indicating its tectonic
related formation.
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