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Relations volcanolopy-Magmatology-Geodynamic ¢
The transition between andesitic and alkaline volcanisms
in southerrn Mexito
(Trans-Mexican Volcanic Belt and Eastern Alkaline Province)

‘This thesis is subdivided into six. parts @ : :
1 - The definition and the geological survey of the volcanic provinces which
outcrop in south-eastern Mexico The N-S direcied Alkaline Province, wide-
spreading along the. eastern Mexican coastal plain, and the eastern part
of the Mexican Volcanic Belt. On the basis of their age and their spatial
relations, these provinces remain difficult to reconcile - with the cladsical
concept of a Circum-Pacific volcanic zone.

2 - The volcanological ‘study of major andesite composite volcanoes in this
zone. It was hecessary to define the magmatic evolution during the last
2 Ma. The study leads to propose s volcanological model valid for this type
of continental andesitic volcano-complexes.

3 - & @ dn parts 3 and 4 the petrological characteristics and the evolution
(both in time and space) of each province are presented. 500 new analyses
(major and minor clements) and mineralogical data support this study. In
the major volranoes such as Nevado de Toluca, Pico de Orizaba and Popocate-
pet!, the compositional characteristics of the lavas are correlated with the
volcanolopical stages of development.

5 . According to trace-elements gevchemistry (REE, Sr isotopes, LIL Ele-
ments) hypotheses on the genesis of primary magmas are discussed.

& - The compilation of these data, in the light of geophysical results on
the Pacific plate subduction in South Mexivo leads to a new interpretation
of the andesitic province and allows to propose a model which explains the
transition between the two types of magmatism during the last ¥ Ma.

DEFINITION OF THE MAGMATIC PROVINCES

Structural outlines
South-castern Mexico is charactierized by north-south Miocene-Plio-qua-
ternary disiensive faults that separate the coastal plain from the Altiplano.

These jaults constitule the boundary between a region of normal continental
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Fig. 1: Schéma de localisation des provinces volcaniques du Mexique
montrant les limites de la zone d'8tude. Les analyses chimiques nouvel-
les reportées dans ce mémoire (470 pour les majeurs) proviennent toutes
de l'aire encadrée. La zone d'interférences entre la Province Alcaline
Orientale (hachures horizontales) et 1'Axe andésitique trans-mexicain
constitie le centre du sujet et a &té particulidrement étudiée dans les
régions de 1'Hidalgo (partie nord) et Veracruz-Toluca, voleans Pico de
Orizaba-Popocatepetl-Nevado de Toluca (partie sud). Pour plus de détails,
se veporter aux fipures 2 (Province Alceline) et 18 (zone orientale de
1'Axe trans-mexicain).

Trame guadrillée ; Provinee californienne - Croix : Province andésito-
ipgnimbritique de la Sierra Madre Occidentale.

Principaux ceptres de la Province Alcaline Orientale : SC : Sierra de
San Cerlos ; 8T : Sierra de Tumaulipas ; PS : Massif de Palma Solse
SAT : Massif de San Andres Tuxtla.



crust and a thinned crust domain.

The alkaline province in Eastern Mexico @

Alkali lavas were found at the eastern termination of the calc-alkalic
Trans-Mexican Belt (Palma Sola Massif and Sierra de Chiconguiaco). Here,
the faults intersect perpendicularly the andesitic province just east of the
Volcano Pico de Orizaba. Alkaline series also occur to the north, along the
entire Gulf Coast and to the south {San Andres-Tuxtla massif). This province
(1300 x 50-200 km) can be subdivided into two parts, the Gulf Coasta! Plain
series and the trap series, the latter along the faulted zone at the altiplano
border. The Coastal Plain series include a variety of silica undersatuted
lavas : nephelinites, basanites, alkali-basalts, trachytes and phonolites, as
well as alkaline to peralkaline rhyolites. The age of these series varjes from
oligocene to recent. Geological and petrological studies of Sierra de Tamau-
lipas (a ring structure, 40-50 km wide) and of the Palma Sola coimplex are
included. Scattered volcanic edifices of atkali-basalts, trachybasalts, basanites
and nephelinites in the Tampico region are also presented as well as a series
from Tuxtla. .

The traps on the border zone of the altiplano are made of aikali-basalts,
hawalites, mugearites, with some transitional basalts and even some lavas
"of tholeiitic composition. In the Sierra de Chiconquiaco, where the sequence
is thick (> 800 m), the lower part of the series (= & - 3 Ma) is alkaline
in composition whereas the compositional characteristics of the upper volcanic
association (< 3 Maj is transitional to tholeiitic.

The Trans-Mexican Volcanic Belt (M.V.B.) : ‘ » ,

The E-W directed M.V.B. is built upon & widely continuous Miocene
“andesitic belt that rums parallel ‘with the Pacific coast from California to
Guatemala. K-Ar data, petrological studies and {field investigations lead
to divide the Plio-quaternary province into two sections. The northern area
consists of basalts and relatively undifferenciated lavas (plateau .basalts)
~, their petrological characters -are intermediate between alkaline and calc-
alkaline ; they have been emplaced mainly between 2.5 and 1.5 Ma ago.
Some volcanic series which mark a southward extension of this volcanhism
are 1.5 - 1.7 Ma in age and include andesites and basalts with characteristics
similar to those of the northern area.

The active M.V.B., forining the southern area, consists of 10 major
central volcanoes or volcanic systems, and of several thousands simpie mono-
genetic cones. These cones include basalt to acidic andesite compositions
lover 60% Si0;) but are generally of basaltic' andesite composition (52-56%
5i0;) in the western section of the M.V.B, Sanganguey, Ceboruco, Tequila
and Colima volcanoes "are medium-sized, veaching 1000 to 2500 m above
the basemnent. The Nevado de Toluca (4650 m) is located in the central area.
In the east are the two largest volcanic systems .: the Popocaiepet!l (5450
m)-flanked by the eroded volcano lztaccihuatl, and the Pico de Orizaba (5675
m} which forms the southern section of a north-south volcanic range about
&0 km in the length. Just east of the Pico de Orizaba, the eastern alkaline
province exhibits an cast-west pgeochimical break charaterized by the occu-
rence of alkaline lavas. The present M.V.B. terminates near the Pico de
Orizaba, whercas Palma Sola and San Andres volcanoes belong to the alka-
line Province. On the other hand, Volcan Chichon s related 1o an other
subduction extending south of the Tehuantepec Ridge.

Large recent calderas, 10-15 ki in diarnetre, with associated ignimbrites,
occur i the northern part of the M.V.B., in the Guadalajara area and at
the north-western side of the Pico de Orizaba - Cofre de Perote andesitic
chain (Teziutlan-area). Field data, chemical analyses and a structural evolution
of the Los Humeres-Teziutlan complex are presented.
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Relations between the andesitic and alkaline provinces in south-eastern
Mexico :

Cancerning  the andesitic volcanism, the data indicate that the zone
has been submitted to various periods of volcanic activity since the Early
Miocene : the major activities seem 1o have occured about 20-13 Ma and
7-6 Ma. Ages of 3-U Ma correspond to the M.V.B., the southern part more
recent than the northern part. On the other hand, in the eastern alkaline
Province, activity has moved southward from Tamaulipas to the Veracruz
region. The alkaline traps, which occur in the fault zone of the Altiplano
border, show a suniJar shift of the rifting, between 9 and 3 Ma ago, from
northern Hidalgo to Veracruz.

The periods of alkaline magmatism  were  not contemporaneous with
andesitic phases. The two types occur independently, the andesitic one having
an east-west trend and the alkaline one a north-south migration. Such patterns
induce a crossing and inierierence of the two Pliocene and Quaternary {ields
of magmatism. These provinces remain difficult to reconcile with the classical
concept of & circum-Pacific volcanic zone. S.E. Mexico can be understood
as a transition zone between areds affected by subduction of the Cocos
plate, and areas aflected by oklique extension as a result of north-south
rifting in the castern alkaline province and the intracontinental faults of
the M.V.B. Simple models rejating magmatism to a subduction zone are likely
ot valid.

VOLCANOLOGY

In order to follow the magmatic evolution within- the neo-volcanic belt
and the transition from allaling io andesitic magmatism during the last
b Ma, & volcanological study . was underiaken. The alkaline "traps series"
did not need rore investigation whereas a detailed study of the four major
andesitic volcanoromplexes of the area was necessary. These volcanoes are
Nevado de Toluca, Popocatepetl, Malinche and Pica de Orizaba. According
to their duration Gnore than | Mal, the evolution of magmatic unjts and
related primary magma composition appears representative of the magmatic
evolution of the province at & place. -

Nevado de Toluca and Malinche show a simple evolution. On the cohirary
Popocatepet] and Pico de Orizaba display a more complicated model : For
example, the Pico de Orizabz s composed of a primitive strato-volcano
ralsed by recent summit cone ; it has been built by thiee very distinct volca-
nologic and magmatic phases {phuses 1-2 are valid Jor Nevado de Toluca
and Malinche) : ' o
b - The first phase o, probably discontinuous effusive activity, lasted more
than | Ma. It s mainly comnposed of two-pyroxenes andesites with scarce
associaied basaltic and daciuc lava-fiows, Amphibole can appcar as an acces-
sory snineral inomost ditferencigted lavas. Numerous rnassive and auto-brec-
clated lava-flows pass outward into thick conglonjeratic formations. )

2 ~ The second phase s of short duration -about 106G 000 years or less in
cormparison with the [irst stage. 11 begun with the formation of a caldera
(consecutive In Nevado antdt Malinche. to the cruption of important ash and
pumce pyroclastic tlowsk This caldera 15 followed by the exirusion of arnphi-
hole-dacite domes and the overliow of viscous acid (andesite to dacite) Java-
fiows. An intense cxplosive activity develops : pelean "nudes ardentes" are
assoctated to the extension of the domes 3 numerons plinian eruptions leading
Lo wide-spread dacitic arr-fall deposits (ash and pumice), are produced. This
sequence of events s miterpreted as the progressive emplying of a superficial
chamber comtaining differencated magma. :

3 - The age of the recem phase of Pico de Orizaba is better defined. It
staried. 13 GO0 years B.P. wath “the wruption of dacitic ash-ilow containing
pumice and scoria-bombs. This being such an intense event, erasing the 1top



‘{B13axnl sadpuy ueg Ip Jissewm) WIIIRR UBS ULI{Oy g E[05 BUIBL 9P JISSEN /| 02E THLLODTIYD - ap
11815 1591 UTIEIR MSIURITOA 'UBIINIZIL - SOIMNR SO Ip sx3[dwo) 1) I3 BIBARWIAJ ¥ ip| SADIITI0XYY SWSTIUES .
—10a D3AE SE13PIE) -330334 AP 8XJO) f{ EQEZTIQ P ODT4 :7| SyduYIeW :j| 112daaedodog sg| jaenyidoelzl :g. 02,
-snfy :g =Onyol ap opeasN 7 OlPAOf g UIINDYIARY G ewyjoy iy epImbal i oonaoga) iz  AsnBusBues ued(op it
TOJINAR 3P ISIND-PAON 2 PAON NE ITBIVSLA0 31J1ed e suep sagddojeagp INOJANS ‘ednyYdE 19 ODTIUCIOIV.
2d4y ap (VM 9°1-5°Z) 'IuT sareuaazenb-dns auPdo1fd Suoijwwioc; sap UOISUBIX3, | Ip SAaTIEWIX0Adde IITWIT B1.2IUDS -
-33da1 anutjuonstp BTl 21 (961 ‘uIqOY) I[RIUITIC BuIjED]E 2Juta0niag By ap.ajueadpaul a1iied Juelz (g4) SPApuv:
ueg 9p 19 e]o5 ewiej ap amsrjewdewr 3] ‘(Z|) BQEZIIQ IP OIT4 NP NEIATL ng andwo112]UT 1S3 SWITED|E-0ITED 23uTaAnAd
2] anb eianbzemsa ng - suedjon spuea8 say anb 1suye spjaodaa 333 JUO SJUAWPIPUOIII P SPUOZ S$I] JURITWI] SIUSPTIIDE:-
xnedydurad $37 aurEdIXam~sue1) anbIue3]0A-038 IDUTAGIJ BY 8p sa1ji{duns anbyuc3daz-ouedjoa assinbsy .3 ¢ ~6iy.,

S—

hY
b

JERPUR R —




-1()_

of the anterior volcano and building a large crater (B-5 km wide). The pre-
sent-day cone, of 1,400 - 1,500 m elevation, grew in this crater. During
a8 period of 7,000 to &8.000 vears, the new strato-volcano experienced varjous
important pyroclastic eruptions with a cycle in order of 1,000 to 1,500 years.
The pyroclastic flows (ash, pumice and bombs) associated with air-fall deposits
are of "5t. Vincent type". They present an heterogeneous magma, dacitic
and andesitic. The dacitic component is similar to previous differenciated
materials. On the other hand, the andesitic magma appears somewhat similar
to lava-flows from morphologically voung cones erupted outside the central
vent systern. This eruptive cycle can be interpreted as the result ofvarious
injections of deep basic magma within the crustal chamber. Since 5,000
years the activity of the modern Pico de Orizaba appears again essentially
efiusive (andesites) with periodic plinian eruptions.

After a complex evolution, a similar cycle of “nuees S5t Vincent" is
described in Volcan Popocatepetl. A comparative model for these four volca-
noes is given. :

PETROLOGY : PROCESSES SUBSEQUENT
TO GENERATION OF PRIMARY MAGMAS :
FRACTIONAL CRYSTALLIZATION AND MAGMA MIXING

The atkaline magmatism :

Coastal plains : Miocene alkali-rhyolites and peralkaline rhyolites are
associated with a transitional basalt series. They are almost aphyric and
contain sanidine, quartz and acmitic pyroxenes. Feldspathold-bearing syeniies,
pgpaitic or iaskitic varieties are known ; they consist ol sodic amphiboles,
acmite, nepheline. acnigmatite, and alkali-feldspars. Upper Miocene oversatu-
rated trachytes occur together with peratkaline rhyolites whereas recent
(Pliocene-Quaternary) fayalite trachytes and phonolites are associated with
alkali-basalts. Alkali-basalts-trachybasalts sequehces are common  in  the
Tampico Plain and in the Pahma Scola Massif (Pliocene to Quaternary) ; they
constitute the major part of the Quatermary Tuxtla volcanoes.

Traps : These Javes extend in the faulted zone, from northern Hidalgo
{and Tamdultpas) to the crossing area between the two provinces. The lower
units consist of basalts (o] + epx) with plagioclase, Ti-augite and Ti-mt into
the groudmdss During the differenciation process, the crystallization and
parting of pl-phenocrysis s delayed. On the contrary, this mineral appears
a1l liguidus with olivine in the upper transitional series. These sequences

- Schéma montrant I'evolution du Pico de Orizaba.
L. Premiere Peériode (plusieurs centaines de milliers d'annees) : a - Construc- .
tion d'on volcan ;(guher iav;que - coulees, coulees autobrechiess - conglome-
rats - Andésites @ deux pyroxenes (+ amphibole peu rcpreﬁentee au sommet
de la scrie).

2. Deuxieme periode (courte en cornparaison _de la premiere : de }'ordre
de la centaine de rmihers d‘annees) b - Formation d'une caldera j; ¢ - Montee
de ddmes ddrmquvs et rernplnsript’ de la caldera par des (oulees v;squeuses
d'arndmsies a amphiboles. d - Activite dacitique explosive : nuées peléennes
et tmpt}ons p!;nu nnes (re1lombees pong emm) en alternance.

3. Periode_recente (15 0UG ans) : e - Volcanisime basique sur le pourtour
du volcan ¢ cones el coulees ((‘mcad Serdan). - Dans le volcan central :
ennssion  des nuees retombantes St Vincemt a magma hétérogene (basique
el acide) Li ouverture d'un grand cratere (ou petite caldera : 45 km de

dmmmre) - Début de la construction du cbne teriminal dpres les prermeres
éruptions S{ Vincent - P'activite redevient surtout lavigue (coulées d'andes:tes)
- projections episodigues dF cendres et ponces - Nouveaux cones sur la

peripherie,
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present many basalts with ligh Mg/Mg + Fe ratios,. low DI, High Ni, Cr,
Co and low K, Rb concentrations, which are considered as very low differen-
ciated lavas, close from primary magmas compositions.

The_transition zone : northern part of the neo-voicanic Belt :

The Atotonilco Province (= 2,7 - 1,5 Ma) : Normative composition of
most of the basalts show either a little quartz (< 3%) or hyp + ol, or ne
(< 39%). The mineral paragenesis is o - pl - cpx - FeTi oxydes. They contain
high Tilg and relatively low values for basalts from an andesitic province.
The chemical charactersstics of the differenciaied lavas range between alka-
line and sub-alkaline domains ; both K - rich and Na - rich trachy-basaltic
types are observed. : ' ’

Active andesitic province (younger than 1,5 - 1,6 Ma) : :

The carly basali-andesite-dacite suites of the rajor volcanoes : In
the oriental M.V.B, the northern eroded (non-active) volcanoes as Colre
de Ferote and the primitive volcances of the southern cordillera (phase 1
of the development of the major volcano-complexes) consist of basalts-
basaltic-andesites andesites (+ scarce dacites) suites. The chemical charac-
teristics of the basalts are similar to those in the north. However, a ligh
increase of K and Rb is noted. This indicates an inverse corelation with
the distance irom the wench. Early precipitation of the Fe - Ti oxydes with
olivine  causes a silica increase, sufficient to allow appearance of opx in
the mesostasis of the intermediate lavas. The details of differenciation pro-
cesses by fractional crystallization are given jor each sulte, using incompati-
bie elements (Rb, Th) as differentiation jndex.

The andesitic_suites :"basaltic andesites {as primary rmagemas) - andesites
- dacites - rhvodacites @ In complexes such as Pico de Orizaba the end of
the first phase is marked by new andesitic suites cogenetic with basaltic
andesites. These later cannot be chemically correlated (by iractional crystai-
lization or magma-mixing processes) with the preceding basalts. On the other
hand, basalts urc sometimes ubsent : specially {or volcanoes which are not
far from the wench @ e.p. Nevado de Toluca and volcanoes of the western
M.V.B. part. In Nevado de Tojuca, the compositional range covers the interval
57-66 pet cent Sils.
The recent series : summit cones of Pico de Orizaba and Popocatepetl
o recent monogenetic tcones : basalts, andesitic-basalts (51-53 % $i0, ),
basic andesites (53-36 % SiU ) and more seldom andesites occur in the mono-
penetic cones. In the eastern arca the Ni contents (55-185 ppm), Cr contents
{85-285 ppm) and MgO/FeO ratios (= 1,25 with MgO up to 10%) as well
as very low K, Rb or Ba concentrations, for basic andesites containing 54-56
% 510z, suggest that these Javas may be primary or relatively undifferenciated
Javas. Their eruption was associated with Joca!l extension affecting the Valle
de Mexico or Ville de Puebla, :

In the summit cones of Pico de Orizaba and Popocatepetl, the activity
is marked by eruptions of Saint-Vinceni-type followed by a new basic effusive
activity. All mineralogical and chermical data stress the part of magma-mixing
processes in these recent phases. For Pico de Orizaba, the dacitic pole of
the nixt-magma 1s similar to previous difierenciated materials. The basic
pole appears identical 1o lava-flows from the young cones erupted outside
the central vent. For Popocatepetl, the dilference in composition between
the two components of the mixt-tnagma is jess marked. These components
ressernble  the  final materials from two distinct differenciated suites of
Tractional crystallization.

A mineridlogical study of olivirz2, clinopyroxene and plagioclase separates
including caleulation of D solftig for Ni, Mg, Cr, Co, Ba, Rb, Sr... allow
an approach of therinodynamic conditions existing at various levels of irac-
tional erystathvation. The results suggest that each suite has known various
stages of segregation into deep reservoirs (within the upper mantle or lower
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continental crust) or superficial magmatic chambers. The data are summarized
in schematic models showing the magmatic evolution of each major volcano
or suite. The main conclusion which appears from the results is that an andesi-
tic volcano as Popocatepetl or Pico de Orizaba is made of various magmatic
suites of distinct origin, each of these suites following an own magmatic
process based on fractional crystallization and/or magma-mixing.

In the light of field studies and of geochronological data (K-Ar, Cl4),
a vertical tmagmatic zonation (with time) is often well marked, even on
the level of a simple volcano. This explains the Jack of a chemical zonation
throught the andesitic province. The evolutions with time of K/Rb, Ba/Sr,
and Rb/Sr ratios are defined and discussed.

CHEMICAL CARACTERS OF PRIMARY MAGMAS-
PETROGENETIC HYPOTHESES

Alkaline magmatism :

The chemical characteristics of very low differentiated basalts from
two traps units are considered. The {irst one, Ca 300m thick and of 7 Ma
in age, is localed in the north of Hidalgo state outside the Miocene andesitic
province. The subduction has probably no effect oh these alkaline and transi-
tional lavas emplaced during a period of quiescence or slowing subduction.
The second sequence, more than $00 m thick, corresponds to the Sierra de
Chiconquiaco, located on the eastern side of the neovolcanic chain, upon
the same fault-system which affected during recent times the Pico de Orjza-
ba-Cofte de Perote complex. The age of the series varies from & Ma (alkaline)
to Recent (transitional basalts and olivine thoiejites).

On the basis of LREE/HREE ratios, major and minor element concentra-
tions, hypotheses on the origin of primary magmas are discussed. They agree
with a stratified mantle model. In the Chiconquiaco series, the two major
1ypes represent separate parenmt magmas. The data indicate an origin by
partial relting of garnet peridotite jor the lower group (alkalic) whereas
subalkalic upper lavas were the product of more voluminous melting in a
spinel peridotite Jayer. This result can be interpreted as the ascent of the
thermal regime or the progressive melting of a mantle diapir rising through
the upper mantle between = 4 and ? Ma ago.

Fliocene and lower quaternary suites (2.6 - 1.6 Ma) :

87 Sr/86Sr ratios, ranging between 0.7041 and 0.7044, high Ni, Cr con-
tents and Mg/Fe ratios of basalts, REE and LIL Elements concentrations
(Rb, Ba, U, Th) suggest an origin from low degrees of>partial melting of
garnet peridotites ; such hypothesis is consistent with LREE/HREE ratios.
DEIH"q . D?Lﬁ'g and sz}l\fg sugpest  balance tempcra_tures and pressures
that indicate sorme differenciation at depth. The jow K, Rb contents of these
basalts in relation to the basalts of the M.V.R. and comparatively 875¢/865r
ratios tend to minimize any contribution from fluids released by subducted
plate as suggested by various hypotheses. '

Active andesitic provinee {younger than 2 Ma) :

Stoisotopes ratios are all consistent with an origin of magmas from
the mantle and suggest that contribution from the continental crust is nepligi-
ble, in contrast 1o andesites in margins with thick continental crust.

Basalts from the lower proup : correlations belween Rb, Sr, Ba, and
K, as REE and LIL element concentrations are used 1o comment on various
petrogenctic hypotheses. There is a good K-Rb correlation ; within near-
primary magmas, deviations from this correlation correspond 1o lavas with
low K/Rb ratios ‘and with high Ba concentrations. Other basalts have high
K/Rb with high St and low Ba (Sr > Ra). The K/Rb, Ba/Sr and Rb/Sr ratios
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cannot be accounted for either by contamination or by {ractional crystalli-
zation processes. From the stability conditions of the minerals that control
Rb, 5r. K and Ba in the mante and from published Dsol/lig. estimated for
basalts, the following origins are discussed :

' I - Basalts with low K/Rb and high Ba : low degrees of partial melting
of amphibole-bearing peridotites in the upper mantle at less than 75 kttr,
ot at depths exceeding 75 km within stability field of phlogopite alone. For
some basalts in the northern area, low La/Tbh ratios indicate an origin by
partial meltung of amphibole - or spine! peridotite.

2 - Basalts with “normal® K/Rb, Sr, and Ba : most of the basalts ai
the origin of the suites forming the "primitive" siratovolcanoes (age = |
to 1.5 Ma) : Variable degrees of melting of spinel or garnet peridotites,
with no influence of the subducted oceanic plate other than fluid supply
causing the melting.

3 - Basalts, basic_andesites and andesites irom the recent phase ! Basalts,
basic andesites and andesites of the recent association have high K/Rb,
high Sr, and low Ba (high Ni, Cr, Co, and Mg/Fe ratios in relation to Si02
+ the hight K/Rb ratios result from the very Jow Rb values, but K is also
low and these lavas have much in common with series of islands arcs. As
Rb and Ba do not increase in the same way as Sr, contamination by continen-
tal crust may be excluded and this is consistent with the 875r/865r evidence.
H seems . that mices and clinopyroxenes are the only minerals that control
high Sr-and very low Bu/Sr during melting of the mantle or subducied oceafic
lithesphere. Si02 comients are also compatible with the hypothesis of reaction
{und iractional crystallization} of andesic or dacitic fluids from the oceanic
plate within the mantle. Partial melting of new bodies of "enriched mantle"
(pyroxene and garnel rich bodies) would produce these andesitic "primary"”
ragmas tarked by an increase in La/Tb and low Ba/Sr.

CONCLUSIONS

The characteristics of the volcanic suites in southern Mexico dernons-
trate the varied infludnce of subduction over the magma composition. The
subduction has no eflect on alkaline and transitional Javas outcroping along
the plateau. It has very small etfects on Plio-Quaternary suites in the north
of the province, and & few elfects (supply of volatils, K20) on most of the
cale-alkaline  volcanic series of the M.V.B. In the eastern province, only
a small amount of the primary magmas seems 1o have been alfected by
fluids from the oceanic plate. ;

For this region, this {act leads 1o subdivide the gradual transition from
alkahine to cale alkaline series into various periods

Ao A st event without refation with the subduction : alkaline series
from Miocene to Jower Quaternary along the altiplano border. Upper Quater-
nary sequences ovour aiso in the Coast Plains.

2 - The emplacement of the andesitic province , in the northern M.V.B.,
between 2,6 (3) and 1,6 (2} Ma : an imperfectly andesitic province, without
major  sirato-volcanoes developed by differenciation of basaltic magmas

poorly ditferenciated plateaux series, intermediate between alkaline and
cale-alkaline. More recently in the south, a Jew series include andesites
and scarce dacites.

3 - The development _of the andesitic_province in_the southern_ area,
mainly between 2 {1,6) and = 1 Ma ago it Js characiorized by basalts as
prireary magmas originated under "wet" conditions within the mantle (release
of H20 from the subducied plate). This stage corresponds o the primitive
volcanoes of the actual MV.B. In the western part {west of Nevado de Tolura),
hasic andesites can appeusr as primary magas during this period.

& = The maturity of the province (less than | Ma) : characterized by
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a variety .of prinsry mapmas @ basaltic and andesitic | the anddsitic magmas
are more abundant and early generated in the western volcanoes than in
the castern M.V.B. (Pice de Orizaba and Popocatepetl). In the same time,
the part of the {fluids expelied by the subducilion imay increase towards the
. west, where the M.V.B s pearer to the trench ; this may account for the
abundance of monogenetic cvones with "primary® or little differentiated lavas
in the west,

These results are correlated with geophysical data recently obtained
irn the ares. These dats indicate & new arrangement within the subduction
of Covos Piate about 4-5 Ma ago : the subduction was then affected by
a rotation (pivoting subduction). Problems such as (i) the migration of volcan-
sin from the porth 1o the trench, (i} the comemporaneous ernplacement
of the magnmtism all along the province. (iii) the poorly developed province
to the north, during only i Ma.. do not agree with a new system of subduc-
tion where the volcanism s produced when the slab reaches @ sufficient
depth withun the mantle. On the other hand, i1 we consider a subduction
rate of = 7 om/vear, since 4.5 Ma the slab is not able to reach the volcanic
zone. A model ineluding the Miocene slab of anterior subduction is proposed.
© This model tekes account of the different particularities previously discus-
sed and explams the successive types of primary magmas at each point of
the andesitie chain. In o synthetic chapter on volcanological data, it is stres-
sed that such petrological evolution (complicated by magma-mixing phenome-
nous) can be apphed for the develupment of major volcano-complexes.



