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Relations volcanology-Magmatology-Geodynamic.:: 
The transition between andesític and alkaline volcanisms 

in southern Mexico 
(Trans-Mexican Volcanic Belt and Eastern Alkaline Province). 

This thesis is subdivided into six. parts : l 

1 - The definition and the geological survey of the volcanic provinces which 

outcrop in south-eastern Mexico : The N-5 direcied Alkaline Province, wide- 

spreading along the. eastern Mexican coastal plain, and the eastern part 

oí the Mexican Volcanic Belt. On the basis of their age and their spatial 

relations, these provinces remain difficult to reconcile: with the classical 

concept of a Circum-Pacific volcanic: zone. 

2 - The volcanological “study ol major andesite composite volcanoes in this 

zone. lo wes hecessary to define the magmatic evolution during the last 

2 Ma. The study leads to propose a volcanological model valid jor this type 

aj continental andesitic volcano-complexes. 

3-4 :dn parts 3 and 4 ihe petrological characteristics and the evolution 

(both ín time and space) ol each province are presented. 500 new analyses 

(major and minor elements) and mineralogical data support this study. ln 

the major volcanoes such as Nevado de Toluca, Pico de Orizaba and Popocate- 

petl, the comipositional characteristics ol the lavas are cortelated with the 

volcanolopical stages ol development. 

5 - According to trace-elements geochemistry (REE, Sr isotopes, LIL Ele- 

ments) hypotheses on the genesis ol primary magmas are discussed. 

6 - The compilation of these data, in the light ol geophysica] results on 

the Pacific plate subduction in South Mexico leads to a new interpretation 

of the andesitic province and allows to propose a model which explains the 

tansition between the two types of magimatism during the last 4 Ma. 

DEFINITION OF THE MAGMATIC PROVINCES 

Structural cutlines ; 
South-castern Mexico is characterized by north-south Miocene-Plio-qua- 

ternary disiensive faults that separate the coasta] plain Íírom the Altiplano. 
These Jaults constitute 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'étude. Les analyses chimigues nouvel- 
les reportées dens ce mémoire (470 pour les majeurs) proviennent toutes 
de l'aire encadrée. La zone d'interférences entre la Province Alcaline 
Orientale (hachures horizontales) et 1'4xe andésitique trans-mexjcain 
constitue le centre du sujet et a été perticuligrement Étudiés dans les 
régions de 1'Hidalgo (partie nord) et Veracruz- Toluca, voleans Pico de 
Orizaba-Popocatepetl-Revado de Toluca (partie sud). Pour plus de détails, 
se reporter aux figures 2 (Province Alceline) et 18 (20ne orientale de 
1'Axe trans-mexicain). 
Tráme quadrillée ; Province californienne - Croix : Province andésito- 
ignimbritique de la Sierra Madre Occidentale. 
Principaux ceptres de la Province Alcaline Orientale : SC ; Sierra de 
San Cerlos ; ST ; Sierra de Tamaulipas ; PS : Massif de Palma Sola ; 

SAT : Massif de San Andres Tuxtla.



crust and a thinned erust 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 Chiconquiaco). 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 Gulí Coast and to the south (San Andres-Tuxtla massif). This province 
(1300 x 50-200 km) can be subdivided into two parts, the Gulí Coastal Plain 
series and the trap serjes, the latier along the faulted zone at the altiplano 
border. The Coastal Plain series include a variety of silica undersatured 
lavas : nephelinites, basanites, alkali-basalts, trachytes and phonolites, as 
well as alkaline to peralkaline rhyolites. The age of these series varies irom 
oligocene to recent. Geological and petrological studies of Sierra: de Tamau- 
lipas (a ring structure, 40-50 kim wide) and oí the Palma Sola complex are 
included. Scattered volcanic edifices of alkali-basalts, trachybasalts, basanites 
and nephelinites in the Tampico region are also presented as well as a series 
irorm Tuxtla. 

The traps on the, border zone of the altiplano are made of alkali-basalts, 
hawaijtes, mugearites, with sorie transitional basalts and even some lavas 

of tholeiitic composition. ln the Sierra de Chiconquiaco, where the sequence 
is thick (> 800 m), the lower part of the series (= u - 3 Ma) is alkaline 
in composition whereas the compositional characteristics of the upper volcanic 
association [< 3 Ma) is transitional to tholelitic. 

  

The Trans-Mexican Volcanic Belt (M.V.B.) : 
The E-W directed M.V.B., ds built upon a widely continuous Miocene 

candesitic belt thai runs parallel with the Pacific coast Írom 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 0j basalts and relatively undifferenciated lavas (plateau -basalts) 

+ their petrologica) characters are intermediate between alkaline and calc- 
alkaline ; they have been emplaced mainly between 2.5 and 1.5 Ma ago. 
Sorne volcanic series which tmark a southward extension of this volcanism 
are 1.5 - 1,7 Ma in age and include andesítes and basalts with characteristics 
similar to those ol the northern area. 

The active M.V.B,, forining the southern area, consists oj 10 major 
central volcanoes or volcanic systems, and of several thousands simple mono- 
genetic cones. These cones include basalt to acidic andesite compositions 
lover 60% SiO) but are generally of basaltic' andesite composition (52-56% 
5107) in the western section ol the M.V.B, Sanganguey, Cebortuco, Tequila 
and Colima volcanoes are medium-sized, reaching 1000 to 2500 m above 
the basement. The Nevado de Toluca (4650 m) is located in the central area, 
In the east are the two largest volcanie systems .: the Popocaiepetl (5450 
m)-1lanked by the eroded volcana lztaccihuatl, and the Pico de Orizaba (5675 
m) which lorms the southern section of a north-south volcanic range about 
20 kim in the Jength. Just east of the Pico de Orizaba, the eastern alkaline 
province exhibits an cast-west peochimical break charaterized by the occu- 
tence of alkaline lavas. The present M.V.B. terminates near the Pico de 
Orizaba, whereas Palma Sola and San Andres volcanoes helong to the alka- 
line Province. On the other hand, Volcan Chichon is related to an other 
subduction extending south ol the Tehuantepec Ridge. 

Large recent calderas, 10-15 kim in diametre, with associated ignimbrites, 
occur in 1ihe 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 (Te ziutlan-area). Field data, chemical analyses and a structural evolution 
ol the Los Humeros-Teziutlarn complex are presented.
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Fig. 2: La province alcaline orientale. | : séries sous-saturées et sur- 

saturtes des Sierras de San Carjos et Tamaulipas. 2: 
zone des fractures (rebord des plateaux) 
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Relations between _tbe andesitic and alkaline provinces in south-eastern 
Mexico : 

Cancerning the andesitic volcanism, the data indicate that the zone 
has been submitted to various periods ol volcanic. activity since the Early 
Miocene : the major activities seem to have occuted about 20-15 Ma and 
2-6 Ma. Ages of 3-0 Ma correspond to the M.V.B., the southern part more 
recent than the northera part. On the other hand, in the eastern álkaline 
Province, activity has imoved southward rom Tamaulipas to the Veracruz 
regiom The alkeline traps, which occur in the fault Zone of the Altiplano 
border, show a similar shit of the riíting, between 9 and 3 Ma ago, Írom 
northern Hidalgo to Veracruz. 

The periods ol alkaline magratism were not contemporaneous with 
andesitic phases. The two types occur independently, the andesitic one having 
an easi-west trend and the alkaline one a north-south: migration. Such patterns 
induce a crossing and imerierence of the two Pliocene and Quaterrary fields 
ol magmatism. These provinces remain difficult to reconcile with the classica) 
concept ol a circum-Pacific volcanic zone. 5.E. Mexico can be understood 
as a transition zone between areás afiected by subduction of the Cocos 
plate, and areas allerted by oblique extension as a result of north-south 
rifting in the castern alkaline province and the intracontinental feults of 
the M.V.B, Simple models rejating magmatism to a subduction zone are likely 
rot valid. 

  

  

VOLCANOLOG Y 

In order to follow tie magmatic evolution within: the neo-volcanic belt 
and the transition from alkaeline: ie andesitic magmatism during the fast 
4 Ma, a volcavological study. was 'undertaken. The alkaline "traps series" 
did not need more investigatión whereas a detailed study ol the four major 
andesitic volcanocomplexes of the area was necessary. These volcanoes are 
Nevado de Toluca, Popocatepetl, Malinche and Pica de Orizaba. According 
lo their duration Gnore than 1] Ma.), the evolution of magmatic units and 
related primary magma composition appears representative of the magmatic 
evolution ol the province at e place. : 

Nevado de Pojuca and Malinche show a simple evolution. On the contrary 
Popocatepetl and Pico de Orizaba display a imiore complicated model : For 
example, the Pico de Orizaba is composed 0l a primitive strato-volcano 

cFalsed by recent sumenit cohe 5 Jtuhas been built by three very distinct volca- 
nologic and magmatic phases [phases 1-2 are valid Jor Nevado de Toluca 
and Malinche) : o 
lO - The first phase, probably discontinvous effusive activity, lasted mote 
than 1 Ma. Ji is mainly vompesed ol two-pyroxenes andesites with starce 
essocialed besaltic and dácic Jaeva-fiows. Amphiboje can appear as an acces- 
sor iniberal in most differenciated lavas. Numerous massive and auto-brec- 
clated lava-fows pass outward into thick conglomeratic formations. > 
2 - The second phase is of short duration -about J06 006 years or less in 
comparison with the ljest stage. dí began with tbe formation oí a caldera 
(consecutive in Nevado and Malinabe. to the cruptian ef important ash and 
pumite pyroclastic ilows). This caldera is followed by the extrusion of armphi- 
bole-doacihe domes and the overflow ol viscous acid landesite to dacite) Java- 
fows. Án intense explasive activity develops : pelean "nuées ardentes" are 
assoctaicd to the extension of the domes ; numerens plinian eruptions leading 
iy wde-=spreed dacitic air-fall deposits (ash and pumice), are produced. This 
sequence of events js interpreted as the progressive emptying of a superficial 
chamber comaining differenciated magma. : 
3 - The age of the recen phase of Pico de Orizaba is better defined. Ht 
started. 13 000 years B.P. with ihe eroption uf dacític ash-1low containing 
pumice and scoria-bombs. This being such an intense event, erasing the top
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ol the amterjor volcano and building e large crater (4-5 km wide). The pre- 
sent-day cone, 0 1,409 - 1,500 m elevatlon, grew in this crater. During 
a period of 7,000 10 8.5900 vears, the new strato-volcano experienced various 
important pyroclastic eruptions with a cycle in order of 1,000 to 1,500 years. 
The pyroclastic flows lash, pumice and bombs) associated with air-1all deposits 
are ol "St Vincent type". They present an heterogeneous magma, dacitic 
and andesitic. The dacitic component is similar to previous difierenciated 
materials. On the other hand, the andesitic magma appears somewhat similar 
to lava-fiows Írom morphologicaliy young cones erupted outside the central 
vent system. This eruptive cycle can be interpreted as the result ojvarious 
injections of deep basic magma within the crustal chamber. Since 5,000 
years the activity of the modern Pico de Orizaba appears again essentially 
efíusive landesites) with periodic plinian eruptions. 

After a complex evolution, a similar cycle of "nuées 5t Vincent" is 
described in Volcan Popocatepet). A comparative model for these four volca- 
noes is given. ' 

PETROLOGY : PROCESSES SUBSEQUENT 
TO GENERATION OF PRIMARY MAGMAS : 

FRACTIONAL CRYSTALLIZATION AND MAGMA MIXING 

The alkaline magmatism : 
Coastal _plains : Miocene alkali-rhyolites and peralkaline rhyolites are 

associated with a transitional basalt series. They are almost aphyric and 
contain sanidipe, quartz and acmitic pyvroxenes. Feldspathold-bearing syenites, 
egpeltic or miaskitic varieties are known ; they consist ol sodic amphiboles, 
acmite, hepheline. achnigmatite, and alkali-feldspars. Upper Miocene oversatu- 
rated trachytes- occur together with peralkaline rhyolites whereas recent 
(Pliocene-Quaternary) layalite trachytes and phonolites are associated with 
alkeli-basalis. —Alkali-basalts-irachybasalts sequences are common in the 
Tampico Plain and in the Palma Sola Massii (Pliocene to Quaternary) ; they 
constitute the major part of the Quaternary Tuxtla volcanoes. 

Traps : These Javes extend ín the fauted zone, tom northern Hidalgo 
land Tamaulipas) to the crossing area between the two provinces. The Jower 
unjis consist ol basalts loj + epx) with plagiociase, Ti-augite and Ti-mt into 
the groudmass. During the difierenciation process, the crystallization and 
parting ol pl-phenocrysis is delayed. On the contrary, this mineral appears 
at liguidus with olivine in the upper transitional series. These sequences 
  

- Schérma' montrant Pevolution du Pico de Orizaba. 
l. Premiere Periode (plusieurs centaines de milliers d'annees) : a - Construc- . 
tion d'un volcan reguher lavique. - caulees, coulees autobrechiees  - conglome- 
rats - Andesites a deux pyroxenes (4 amphibole peu representés au sommet 
de la serie). 
2. Deuxieme période (courte en comparaison_de la premiere : de l'ordre 
de la centaine de milliers d'annces) : b - Formation d'une caldera ; € - Montee 
de dómes dacitiques et remplissage de la caldera par des coulées Visqueuses 
d'andésites a amphiboles. d - Artivité dacitigue explosive : nutes peleennes 
el eruptions plinie nnes (rerombees pont euses) en alternance. 

3. Periode recente £ 15 000 ans) : e - Volcanisme basique sur le pourtour 
du volcan +: cónes et coulees (Ciudad Serdan). - Dans le volcan central ; 
enmssion des nuees retombantes 51 Vincent a magma heterogene (basique 
et acide) al ouverture d'un grand cratere (ou petite caldera : 4-5 km de 

  

diametre). - Debut de la construction du cóne terminal apres Jes premieres 
éruptions si Vincent - Pactivité redevient surtout favique (coulées d'andésites) 
- projections episodigues de condres et ponces -  Nouveaux cónes sur la 
peripherie.
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present many basalts with high MgíMg + Fe ratios, .Jow DI, High Ni, Cr, 
Co and low K, Rb concentrations, which are considered as very low ditieren- 
ciated lavas, close from primary magmas compositiors. 

The transition zone : northern part 01 the neo-volcanic Belt : 
The Atotonilco Province (= 2,7 - 1,5 Ma) : Normative composition of 

most of the basalts show either a litile quartz (< 3%) or hyp + ol, or ne 
(< 3%). The mineral paragenesis is ol - pl - cpx - FeTi oxydes. They contain 
high TiOg and relatively low values for basalts Írom an andesitic province. 
The chemica) characteristics of the differenciated 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): l 
The_early_ basalt-andesite-dacite suites of the major volcanoes : In 

the omental MV.B, the northern eroded (lnon-active) volcanoes as Colre 
de Perote and the primitive volcanoes of the southern cordillera (phase 1 
of the development ol the major volcano-complexes) consist of basalts- 
basaltic-andesites andesites (+ scarce dacites) suites. The chemical charac- 
terístics of the basalts are similar to those in the north. However, a ligh 
increase oí K and Rb is noted. This indicates an inverse corelation with 
the distance: irom the trench. Early precipitation of the Fe - Ti oxydes with 
olivine causes a sSilica increase, sufficieni to allow appearance of opx in 
the imesostasis of the intermediate lavas. The details of differenciation pro- 
cesses by fractional erystallization are given jor each sulte, using incompati- 
ble etements (Rb, Th) as differentiation index. 

The andesitic_sultes :'basaltic andesites (as primary magmas) - andesites 
7 decites - rhvodacites 3 ln complexes such as Pico de Orizaba the end ol 
the first phase is marked by new andesitic suites cogenetic with basaltic 
andesites. These later cannot be chemically correlated (by iractional crystai- 
lizabon or magma-mixing proceóses) with the preceding basalts. On the other 
hand, basalts ure sornetimes ubsent ; specially for volcanoes which are not 
lar from the trench : €e.g. Nevado de Toluca and volcanoes of the western 
M.V,B. part. In Nevado de Toluca, the compositiona) range covers the interval 
57-66 por cen SiO. : 

The _fecent serjes : summit cones of Pico de Orizaba and Popocatepetl 
and recent tnobogehetic cones : basalts, andesitic-basalts (51-53 % 5107), 
basic andesites (53-36 % Si0 ) and more seldom andesites occur in the mono- 
genetic cones. In the esstern arca the Ni contents (55-185 ppm), Cr contents 
185-285 ppm) and MgO/FeO ratios (Y 1,25 with MgO up to 10%) as well 
as very low K, Rb or Ba concentrations, for basic andesites containing 54-56 
% 5iOz, suggest that these lavas may be primary or relatively undiiferenciated 
lavas. Their eruption was associated with Jocal extension affecting the Valle 
de Mexico or Valle de Puebla, : 

in the suminitocones of Pico de Orizaba and Popocatepetl, the activity 
is marked by eruptions ol Sajm-Vincent-1ype followed by a new basic effusive 
activity. All mineralogical and chemical data stress the part ol magma-mixing 
processes in these recent phases. For Pico de Orizaba, the dacitic pole ol 
the imixtomagíha 15 similar to previóus difierenciated materials. The basic 
pole appears identica] to lava-Tows from 1hé young cones erupted outside 
the central vent. For Popocatepetl, the difference in composition between 
the two components of the imixt-inagma is less marked. These components 
ressemble the final materials drom two distinct dilferenciated suites ol 
Tractional crystallization. 

A mineralogical study of olivira, clinopyroxene and plagioclase separates 
including calculation of D solí/liq for Ni, Mg, Cr, Co, Ba, Rb, Sr... allow 
an approach ol therimodynamic conditions existing al various levels of irac- 
tional ervstallization. The results suggest that each suite has known various 
stages of segregation into decp 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 Írom the results is that an andesi- 
tic volcano as Popocatepetl or Pico de Orizaba is made of various magmatic 
sujtes ol distinci origin, each of these suites lollowing an own magmatic 
process based on fractiona] crystallization and/or magma-mixing. 

in the light of field studies and of geochronological data (K-Ar, C14), 
a vertical tnagmatic 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 magmatistm : 
The chemical characteristics ol very low ditíerentiated basalts from 

two traps units are considered. The first one, Ca 300m thick and ol 7 Ma 
in age, is located 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 800 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 Oriza- 
ba-Colte de Perote complex. The age of the series varies from 4 Ma (alkaline) 
to Recent (transitiona) basalts and olivine tholejites). 

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. lo the Chiconquiaco series, the two tnajor 
lypes represent separate parent magmas. The data indicate an origin by 
partial rmelting ol garnet peridotite Jor the lower group (alkalic) whereas 
subalkalic upper lavas were the product ol 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 2 Ma apo. 

Phiocene and lower quaternary suites (2.6 - 1.6 Ma) : 
87 Sr/8€Sr ratios, ranging between 0.7041 and 0.7044, high Ni, Cr con-. 

tents and Mpg/Fe ratios of basalis, REE and LIL Elements concentrations 
(Rb, Ba, U, Th) suggest an origin from Jow degrees of partial melting of 
garnet  peridotites ; such hypothesis is consistent with LREE/HREE ratios. 
DA , Eme and DM suggest balance temperatures and pressures 
hat indicate some differenciation at depth. The low K, Rb comtents of these basalis ib relation to the basalis of the M.V.B. and comparatively 8751r/865r 
ratios tend to minjmize any contribution from fluids released by subducted plate as suggested by various bypotheses. 

Active andesitic province (younger than 2 Ma) : A 
5r isotopes ratios are all consistent with an origin oí magmas from the Imantle and suggest that contribution from the continental crust is nepligi- ble, in contrast 10 andesites in margins with thick continental crust. 
Basalts_ from the lower _proup : correlations between Rb, Sr, Ba, and K, as REE and LIL element concentrations are used 10 comment on various petrogenetic  hypotheses. There is a good K-Rb correlation 3 within near- primary magrmas, deviations Jirom this correlation corespond dto lavas with low K/Rb ratios and with high Ba concentrations. Other basalts have high K/Rb with high Sr and low Ba (Sr => Ba). The K/Rb, Ba/Sr and Rb/Sr ratios
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cannot be accoumted for ejther by contamination or by iractional crystalli- 
zation processes. From the stability conditions oí the minerals that contro] 
Rb, 5r, K and Ba in the mande and from published Dsol/lig. estimated for 
basalts, the following origins are discussed : 

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

2 - Basalts with "norma" K/Rb, Sr, and Ba : most of the basalts at 
the origin ol the suites lforming the "primitive" stratovolcanoes lage = ] 
to 1.5 Ma) : Variable degrees of melting ol spinel or garnet peridotites, 
with no influence of the subducted oceanic plate other than fluid supply 
causing the relting. 

3 - Basalts, basic _andesites and andesites lrom the recent phase : Basalts, 
basic andesites and andesites of the teceni association have high K/Rb, high Sr, and low Ba (high Ni, Cr, Co, and Mg/Fe ratios in relation to Si02 

s the: hight K/Rb ratios result irom the very Jow Rb values, but K is also low and these Javas' have much in common with series of islands arcs. As 
Rb and Ba do not increase in the same way as 5r, contamination by continen- tal crust may: be excluded and this is consisten with the S/5r/365r evidence. 
seems that micas and clinopyroxenes are the only minerals that control high Sr -and very low Ba/Sr during melting oí the mantle or subducied oceanic lithosphere. $102 coments are also compatible with the hypothesis of reaction land Iractional crystallization) ol endesic or dacitic fluids from the oceanic 

plate within the mante. Partial melting of new bodies of "enriched mantle" (pyroxene and garnet rich bodies) would produce these andesitic "primary" magmas trerked by an increase in La/Tb and low BafSr. 

CONCLUSIONS 

The characteristics ol the volcanic sules in southern Mexico dernons- trate the varied influínce uf subduciion over the magma composition. The 
subduction has no effect on alkaline and transitional Javas vutcroping along the platesu. H has very small elfects on Plio-Quaternary suites ín the north 
of the province, and a Jew ellects (supply of volatils, 420) on most of the 
calc-aJkaline  volcanic series ol the MV.B. ln the eastern province, only 
a small amount ol the primary magmas seems to have been alfected by 
Huids from the oceanic plate. 

For this region, this fact leads to subdivide the gredual transition from alkaline te cale alkaline sesies into various periods :: 
4 + A Sist event without relation with the subduction : alkaline series rom Miocene to Jower Quaternary along the altiplano border. Upper Quater- 

Der y Sequences occur also 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 impertectly andesitic province, without 
major sirato-volcanoes developed by dilferenciation ol basaltic magmas 

poorly  dijferenciated plateaux series, intermediate hetween alkaline and 
calco alkaline. More recently in the south, a Jew series include andesites 
and scarce dacites. 

3 - The developmeni_of the andesític province in the southern_area, majnly between 2 (1,6) and 2 1 Ma ago + dt is characiorized by basalts as 
primary magmas originated under "wet" conditions within the mantle (release 
of +H20 from the subducied plate) This Mage corresponds to the primitive volcanoes of the actual M.V.B. In the western part (west 01 Nevado de Toluca), 
biesic andesilos Can appeur as primary Hagmas during thjs period. 

4 - Fhe maturity of the province (less than 1 Ma) : characterized by 
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a variety -0Í primary magmas + basaltic and andesitic ; the andesitic magmas 

ere more abundant and early generated in the western volcanoes than in 

the eastern MV.B. (Pico de Orizaba and Popocatepetl). In the same time, 

the part ol ibe fuids expelied by the subduction inay increase towards the 

west, where the M.V.B is pearer to the trench ; this may account íor the 

abundance of monogenetic cones with "primary" or little differentiated lavas 

Mm the west. 
These results are correlated with geophysical data recently obtained 

in ihe ares. These data indicate a new arrangement within the subduction 

o! Cocos Plate about 4-5 Ma ago : the subduction was then affected by 

a rotation (pivoting subduction). Problems such as (1) the migration of volcam- 

sin droth the porth to the trench, (ij) the contemporanecus emplacement 

of the magnatsm ali along 1he province. (111) the poorJy developed province 

to the north. during only 1 Ma... do not agree with a new system ol subduc- 

tion where iho velcanism is produced when the sjab'teaches a sufficient 

depth witbin the inantle. On the other hand, ji we consider a subduction 

rate ol o= 7 emfvear, since 4-5 Ma the slab is not able to reach the volcanic 

zone. Á model including the Miocene slab oi anterior subduction is proposed. 

- This model tekes account of the different particularities previously discus- 

sed and explains the successive types of primary magmas at each point of 

the andesite, chain. In a synthetic chapter on volcanological data, 11 is stres- 

scd that such petrologica) evolution (complicated by magma-mixing phenome- 
nous) can be spplicd for the development ol major volcano-complexes.


