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Southern Mexico presents a unique volcano-tectonic
situation on earth where the Mexican Volcanic Belt
(MVB) —a Miocene to Recent volcanic province — is
located. Its origin has been highly controversial be-
cause a diversity of opposing hypotheses, varying from
a conventional subduction-relationship, through hy-
brid models, to the other extreme of extensional-rela-
tionship or rifting, has been proposed. I present results
of the partial melting inversion model for geochemical
data of basic rocks from the eastern to west-central
MVB, which constrain its origin in terms of a pure
extensional-relationship from a mantle source unaffec-
ted by the subduction of the Cocos plate beneath the
North American plate. If the Cocos plate does contri-
bute to the magma genesis in this area, the rocks from
the ‘front-arc’, i.e. from closer to the trench, should
show a clearer geochemical subduction signal than
those from the ‘back-arc’ region, i.e. farther from the
trench, which is clearly not observed, confirming a
mantle origin for the MVB.

A rather unique and surprising geological situation has been
recently discovered in southern Mexico' where, in spite
of ongoing subduction of the Cocos plate into the Middle
America Trench (MAT) beneath the Pacific coast of Mexico
(Figure 1), the subducting slab does not seem to give rise
to any volcanism on-land in the Mexican region. Instead,
this south Mexican volcanism is interpreted to be related
to the ongoing extension'. For Central American volcanoes,
on the other hand, a clear subduction-relationship has been
established between the same subducting Cocos plate and
the Caribbean plate (Figure 1)*°

There are two major Miocene to Recent volcanic pro-
vinces in this area: Mexican Volcanic Belt (MVB) in sou-
thern Mexico and Central American Volcanic Arc (CAVA)
in Central America (Figure 1). Although the CAVA is
subparallel to the trench, the MVB makes an angle of about
20° with it (Figure 1), so that the ‘volcanic front’ in the
eastern part of the MVB, corresponding to the subduction
of the Cocos plate, is about 480 km from the MAT and in
the west-central part, it is only about 220 km from it. The
seismicity, gravity, thermal, geological and geochemical
data are all anomalous (‘rift-like’ instead of ‘arc-like’)
beneath the MVB"* ',
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Besides the uniqueness of south Mexican volcanism, this
trench is also unique in its morphology: north of the Tehu-
antepec Ridge system (see Te-Ri in Figure 1), the conti-
nental shelf is narrow and much of the continental margin
is a steep continental slope, whereas, south of this ridge, the
continental shelf is underlain by a wide fore-arc basin'®

At least in the western part of the MVB (Figure 1), there
exists a well-developed rift system consisting of three major
rifts: north-west-trending Tepic—Zacoalco Rift, north-south-
trending Colima Rift, and east-west-trending Chapala
Rift''®. The latter extends into the west-central part of
the MVB and probably beyond this area into its east-
central and eastern parts, because graben or extensional
structures have been mapped throughout the belt'>'*!,
Besides this triple rift system, a small oceanic plate — the
Rivera plate — has been subducting beneath the western
MVB, which may also exert an influence on the origin of
volcanism in this region®**** (Figure 1).

The origin of the MVB, being a major belt of volca-
nism in southern Mexico (Figure 1), has been controver-
sial; the models vary from the conventional relationship
of subduction of the Cocos and Rivera plates under the
North American plate'>****, to hybrid models involving
both mantle and slab sources®*?, to the trace of passage
of the North American plate over a mantle plume’, and
more recently, to the ongoing extensional processes thro-
ughout the belt"*?".

These diverse varieties of hypotheses contrast with the
conventional subduction-relationship of the volcanism in
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Figure 1. Location and present tectonic setting of the Mexican Vol-
canic Belt (MVB) and the Central American Volcanic Arc (CAVA),
modified after Verma'. The plate tectonic relationship of the subduct-
ing Cocos plate with the North American and Caribbean plates is also
shown. RI, Rivera plate (a small oceanic plate, north of the Cocos
plate); MAT, Middle America Trench; EPR, East Pacific Rise; Riv-
FZ, Rivera Fracture Zone; Oroz-FZ, Orozco Fracture Zone; Clip-
FZ, Clipperton Fracture Zone; Siq-FZ, Siqueiro Fracture Zone; Te-
Ri, Tehuantepec Ridge; Co-Ri, Cocos Ridge; QSC, Quesada Sharp
Contortion; TZR, NW-SE-oriented Tepic-Zacoalco Rift system;
CR, N-S-oriented Colima Rift system; ChR, E-W-oriented Chapala
Rift system; SCN, Sierra de Chichinautzin monogenetic volcanic field;
MC, Mexico City. The box marked ‘Figure 2’ is the area shown in
Figure 2. The countries in Central America shown on this map are:
G, Guatemala; B, Belize; S, El Salvador; H, Honduras; N, Nicaragua;
C, Costa Rica.

713



RESEARCH COMMUNICATIONS

Central America from Guatemala to north-western Costa
Rica™ (CAVA —north of QSC —in Figure 1). The con-
troversies related to the origin of the MVB have now
grown to such an extent that some authors are even modi-
fying the long accepted name of this volcanic belt (Mexi-
can Volcanic Belt), calling it ‘Mexican Volcanic Arc’zs,
or denominating the extension within the belt as ‘intra-arc
extension’B, or referring to the area of some local studies
as ‘behind-the-arc’, with no indication of where the corres-
ponding arc is located’"”*, whereas others'?~1%142130:33-33
are relating its origin to purely extensional or rift-related
processes, probably implying a new name ‘Mexican Vol-
canic Rift’ for this belt.

New constraints are, therefore, still required to resolve
this controversy. I present here the first partial melting
inversion model for the eastern to west-central MVB, based
on an exhaustive collection of geochemical data on basic
rocks (Si0, < 52%) from this area. Although on a rela-
tively local basis, an inversion model has recently been

Table 1.
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Figure 2. Simplified map showing sample locations. Symbols based
on an ‘assumed arc system’ highlight the distribution of basic rocks in
the MVB. Filled symbols are used for ‘volcanic front’ or ‘front-arc’
rocks, whereas open symbols are used for the ‘behind the volcanic
front’ or ‘back-arc’ region. MC (Mexico city) shows the largest (high-
est population) city of the world. Approximate division of the area of
study in shown by dotted lines as eastern MVB, east-central MVB, and

west-central MVB.

Linear regression coefficients for trace-element inverse-modelling results for all basic rock samples (SiO; < 52%) from the

west-central to eastern Mexican Volcanic Belt, using Rb as a reference element (the most highly incompatible element)

(C*-CYg diagram

(CR—C®*/CY diagram

Element

(l) n mi SC i Ii S€r; r Pc(,ﬁ) mi SC i Ii S€r; r Pc(,ﬁ)
La 77 0.62 0.07 15.6 2.9 0.704 < 0.0001 0.0096 0.0022 0.64 0.09 0.454 < 0.0001
Ce 76 0.47 0.06 14.8 2.4 0.678 < 0.0001 0.0132 0.0024 0.68 0.09 0.546 < 0.0001
Pr 53 0.38 0.05 11.5 2.1 0.717 < 0.0001 0.0161 0.0035 0.87 0.14 0.545 <0.0001
Nd 69 0.305 0.040 11.0 1.6 0.679 < 0.0001 0.0210 0.0033 0.89 0.13 0.618 < 0.0001
Sm 69 0.187 0.025 8.4 1.0 0.671 < 0.0001 0.033 0.005 1.16 0.18 0.666 < 0.0001
Eu 70 0.121 0.020 8.2 0.8 0.595 < 0.0001 0.049 0.005 1.10 0.22 0.736 < 0.0001
Gd 53 0.098 0.023 7.3 0.9 0.515 < 0.0001 0.059 0.008 1.25 0.31 0.731 < 0.0001
Tb 70 0.065 0.016 6.7 0.6 0.441 0.0001 0.080 0.008 1.18 0.31 0.778 < 0.0001
Dy 40 0.029 0.009 6.54 0.43  0.453 0.0034 0.06 0.10 0.94 0.33 0.922 <0.0001
Ho 53 0.032 0.016 5.6 0.6 0.275 0.0460* 0.130 0.013 0.9 0.5 0.824 < 0.0001
Er 53 0.023 0.015 5.4 0.6 0.216 0.1205* 0.154 0.013 0.6 0.5 0.863 < 0.0001
Tm 38 0.076 0.024 3.4 0.8 0.465 0.0033 0.149 0.028 1.2 0.8 0.668 < 0.0001
Yb 69 0.019 0.011 4.80 0.43 0.215 0.0766* 0.181 0.012 0.39 0.48 0.879 < 0.0001
Lu 69 0.017 0.010 4.75 0.39  0.207 0.0873* 0.185 0.012 0.39 0.46 0.890 < 0.0001
B 14 0.06 0.08 16 4 0.205 0.4831* 0.032 0.006 0.97 0.28 0.846 0.0001
Ba 164 0.82 0.12 37 5 0.485 < 0.0001 0.0062 0.0007 0.366 0.033  0.561 <0.0001
Be 24 0.24 0.08 17.0 3.7 0.564 0.0041 0.019 0.006 0.82 0.27 0.590 0.0024
Cs 45 1.02 0.10 -5.7 4.3 0.848 < 0.0001 -0.001 0.005 1.41 0.20 0.025 0.8715%
Ga 57 0.017 0.005 4.45 0.22  0.408 < 0.0001 0.173 0.009 0.85 0.38 0.937 < 0.0001
Hf 49 0.129 0.023 11.7 1.0 0.624 < 0.0001 0.0384 0.0037 0.78 0.16 0.836 < 0.0001
Nb 155 0.34 0.06 15.3 2.7 0.428 < 0.0001 0.020 0.005 0.93 0.22 0.331 < 0.0001
Pb 115 0.17 0.07 32.0 3.3 0.235 0.0114 0.0213 0.0029 0.37 0.14 0.566 < 0.0001
Sr 167 0.149 0.041 26.1 1.9 0.271 0.0004 0.0492 0.0014 0.39 0.07 0.775 < 0.0001
Ta 43 0.28 0.09 20.0 4.0 0.430 0.0040 0.021 0.005 0.58 0.24 0.516 0.0004
Th 92 0.66 0.10 17 5 0.563 < 0.0001 0.0059 0.0028 0.92 0.15 0.215 0.0400
U 43 1.03 0.09 7.3 3.8 0.871 < 0.0001 0.0022 0.0014 0.76 0.06 0.222 0.1295*
Y 162 0.027 0.006 5.66 0.28 0.331 < 0.0001 0.127 0.005 0.89 0.21 0911 <0.0001
Zr 166 0.118 0.021 13.6 0.9 0.403 < 0.0001 0.042 0.003 0.61 0.14 0.739 < 0.0001
Ti 168 0.030 0.009 7.89 0.41  0.250 0.0011 0.100 0.005 0.62 0.22 0.842 < 0.0001
P 168 0.274 0.038 13.2 1.7 0.493 < 0.0001 0.0215 0.0022 0.89 0.10 0.609 < 0.0001
K 170 0.42 0.05 26.6 2.1 0.576 < 0.0001 0.0193 0.0015 0.17 0.07 0.701 < 0.0001

n, Number of data pairs considered in the trace-element diagrams; mi, Slope of the linear model; Ii, Intercept value of the linear model; r, Correla-
tion coefficient of the linear model; P ., Probability that the variables are not correlated (i.e. [1-P,] is the probability that the two variables are
correlated); se,;, Standard error for slope in (CRb—Ci)E or (CRb—CRb/Ci)E diagram; se;;, Standard error for intercept in (CRb—Ci)E or (CRb—CRb/Ci)E
diagram; subscript E refers to normalization with respect to silicate earth values. All concentration data are normalized against silicate earth values
(in ppm) by McDonough and Sun*’: La = 0.648; Ce = 1.675; Pr = 0.254: Nd = 1.250; Sm = 0.406; Eu = 0.154; Gd = 0.544: Tb = 0.099; Dy =0.674;
Ho =0.149; Er = 0.438; Tm = 0.068; Yb = 0.441; Lu = 0.0675; B = 0.30; Ba = 6.600; Be = 0.068; Cs =0.021; Ga = 4.0; Hf = 0.283; Nb = 0.658;
Rb =0.600; Sr = 19.9; Ta = 0.037; Th =0.0795; U = 0.0203; Y = 4.30; Zr = 10.5; Ti = 1205; P = 90; K = 240. *denotes statistically invalid correla-
tions even at the 95% confidence level (italicized P ., values).
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presented for the Sierra de Chichinautzin (SCN) area
supporting a rift-related origin'®, this is an inversion study
for the entire region of the eastern to west-central MVB.

The database includes geochemical and radiogenic iso-
tope data on 196 samples of basic rocks, presented by
several workers!!'12142227:293141 “The present database
is much more extensive than the one used recently by
Verma'. Basic rocks are used for this purpose to mini-
mize the effects of differentiation processes such as frac-
tional crystallization and crustal contamination. Sample
locations summarized in Figure 2 show the distribution of
these rocks as ‘volcanic front” (front-arc) or ‘behind the
volcanic front” (back-arc) rocks. This nomenclature and
subdivision is used to test from inverse modelling, a con-
ventional subduction-related origin of the MVB.

Figure 3. Diagrams of C*C’ against C® (i being an incompatible
trace element) for the MVB basic magmas. @, REE plots; b, LILE (Ba,
K, and Sr) and HFSE (Th, Ta, Nb, Zr, Hf, Ti, and P), Y (a REE), and
Ga plots. All concentration data were normalized against silicate earth
values proposed by McDonough and Sun?. These values are: La =
0.648; Ce =1.675; Pr=0.254; Nd = 1.250; Sm = 0.406; Eu =0.154;
Gd = 0.544; Tb =0.099; Dy =0.674; Ho = 0.149; Er=0.438; Tm =
0.068; Yb =0.441; Lu=0.0675; Rb =0.600; Ba = 6.600; Sr=19.9;
Cs =0.021; K =240; Nb =0.658; Ta=0.037; Zr=10.5; Hf =0.283;
Th =0.0795; U =0.0203; Ti=1205; P=90; Y = 4.30; and Ga =4.0.
Parameters of the least-squares linear regressions (slopes ', intercepts
I', correlation coefficients r and probability estimates Pe(rn)) are
summarized in Table 1.
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When a series of near-primary basic magmas are avail-
able, inverse modelling could be useful for inferring source
characteristics from the variations in trace element con-
centrations of a suite of rocks produced by different de-
grees of melting***®. The method of inverse modelling is
the same as that proposed by Hofmann and Feigenson®’
and was used by Ormerod et al.*’ for the Big Pine vol-
canic field, California and by Velasco-Tapia and Verma'*
for the SCN area (Figure 1). The relevant equations have
already been discussed, and the reader is referred to any
of these papers.

The isotopic compositions of the MVB basic magmas,
although not totally uniform, show relatively narrow
rangesl, and therefore, can be used for inverse modelling.
For the basic rocks compiled in this database, some frac-
tionation of olivine must have taken place from the mantle
en route to the surface, but this is not likely to signifi-
cantly change the trace element ratios of highly incom-
patible elements, on which inverse modelling is based.
Further, the magmas should strictly be cogenetic and re-
lated to different degrees of melting of the same source,
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Figure 4. Diagrams of m'—I for all basic magmas from the eastern to
west-central MVB. a, REE (La to Lu) and b, LILE (Ba, K, and Sr),
HFSE (Nb, Ta, Th, Zr, Hf, Ti, and P), Y (a REE), B, Be, and Ga. The
size of each rectangle (dotted lines) represents one standard error on
the regression parameters, derived from the C**~C*/C’ diagrams (Fig-
ure 3). For comparison, in addition to the rest of the trace-elements,
REE data are also represented in b.
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which probably requires that the data be inverted inde-
pendently for each local area. Unfortunately, this ‘local
inversion’ is not possible at present because only gene-
rally incomplete datasets are available for a limited num-
ber of basic rock samples from a given locality, resulting
in ‘statistical samples’ of inappropriately small size, un-
suitable for an inverse modelling. In spite of these diffi-
culties, it is useful to invert the data as a whole for inferring
average source characteristics for this province and for
examining if any contribution from the subducted Cocos
plate can be seen in the eastern to west-central MVB.

Rb is used here as the most incompatible element, in-
stead of La as employed by Velasco-Tapia and Verma'?,
simply because Rb data by XRF (X-ray fluorescence) are
considered more precise than La values by the same ana-
lytical method and, in the database, more Rb-trace ele-
ment paired data are available than La-trace element pairs.
The results of linear regression element—element (CR Pt )
and element-element ratio (CR Ry )g equations (where
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Figure 5. Diagrams of m'—I' for basic magmas from the eastern to
west-central MVB. a, REE, LILE, HFSE and Y for the ‘volcanic front’
or ‘front-arc’ magmas (locations shown by filled symbols in Figure 2).
b, REE (La to Lu) and LILE, HFSE and Y for the ‘behind the volcanic
front’ or ‘back-arc’ magmas (locations shown by open symbols in
Figure 2). For the size of each rectangle (dotted lines), see explanation
in Figure 4.
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superscript i refers to a trace element other than Rb and
subscript E refers to normalization with respect to silicate
earth — concentration values used were those estimated
by McDonough and Sun*’) for all MVB data are presen-
ted in Table 1 and Figure 3. For rare-earth elements (REE)
with statistically valid correlations (CX—CR"/C')g at the
99% confidence level, the incompatibility decreases in
the sequence from La (light-REE) to Lu (heavy-REE); for
other trace elements, the incompatibility sequence is
Rb>Ba~Th > K>Ta~ Sr~Pb~Nb~P>Hf~Zr>Ti>
Y > Ga (Table 1, Figure 3). The slope m' — intercept I' plots
(Figure 4) show that all high-field strength elements
(HFSE), viz. Nb, Zr, Ta, Hf, Pb, Th, Ti, and P fall close
to the REE trend represented by the solid line. The HFSE
also fall close to the large ion lithophile elements (LILE:
Ba, K, and Sr). The similarity of HFSE with REE and LILE
in Figure 4 implies that the source of the MVB magmas
is not depleted in any of the HFSE compared to the REE
and LILE. For comparison, it is interesting to point out
that Ormerod et al.*’ observed in the Big Pine volcanic
field of California that the HFSE (Nb, Ta, Zr, and Hf)
plotted well above their REE curve, in the region of low
to moderate slope combined with a high intercept (i.e. in
the upper left corner of m'—I' diagram, Figure 4 b). From
partial melting equations it can be shown that for a
source depleted in the HFSE compared to the REE and
LILE, this would be the case, i.e. the HFSE would fall in
the upper left part of the diagram (Figure 4), away from
the LILE and REE. Ormerod er al.*’ interpreted their re-
sults as consistent with low source abundance of these
HFSE compared to the REE and LILE in their study area.

If there is any contribution of the subducted slab in the
genesis of MVB basic magmas, it should be observable
more easily in rocks from the ‘front-arc’ compared to those
from the ‘back-arc’ region, for which two tests were used:
(i) to carry out inversion of data for rocks from the ‘front-
arc’ and ‘back-arc’ areas separately in order to check if the
former shows a clearer slab signature than the latter and
(ii) to compute statistical parameters of rock chemistry
from different areas of the MVB, distinguishing the ‘front-
arc’ and ‘back-arc’ rocks from each region, and to compare
the results among different segments as well as with the
subduction-related CAVA.

The results for the MVB rocks (Figure 2) are syn-
thesized in Figure 5 a for ‘front-arc’ magmas and Figure
5 b for ‘back-arc’ magmas (tabulated data are not shown
here). It is clear that there is no significant fractionation
of the HFSE from the REE and LILE, because the HFSE
lie close to the REE curve and LILE data. If there were
any significant contribution from the subducted Cocos
plate, at least the ‘front-arc’ magmas would have shown a
depletion of the HFSE in the source with respect to the
REE and LILE, i.e. the HFSE should fall in the upper left
corner of the diagram, which is clearly not observed in
Figure 5 a and b (for an example of such a depletion, see
Ormerod e al.*™).
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It is possible to go a step further and estimate, under
certain assumptions, the actual composition of the mantle
source region. However, it would not be worthwhile to do
so until more complete datasets become available for most
of these magmas (see widely different ‘n values’ in Tables
1 and 2 for different elements or element pairs) and for a
larger number of geological samples from any given loca-
lity (see the actual distribution of samples in Figure 2).

An alternative way is to examine the statistical infor-

base separately for three segments (Figure 2) and for the
entire MVB (Table 2) as well as to compare the results
with those for the CAVA. (8i0,),q; values were included
to simply show that the rocks compiled in the database
are all basic rocks and this parameter does not vary signi-
ficantly in the compiled rocks. There are no statistically
significant differences in the MVB for key trace element
ratios (La/Yb, Ba/La, Ba/Zr and Ba/Nb), particularly for
two new parameters (LILEZ/LREEg showing LILE enrich-

mation on selected geochemical parameters from our data-  ment with respect to light-REE, and LILE/HFSEg show-

Table 2.  Statistical information of selected chemical parameters for basic magmas from the eastern to west-central
Mexican Volcanic Belt and comparison with the Central American Volcanic Arc
Volcanic front or front-arc Behind the volcanic front or back-arc
Element n x*s 99%CL Range n x£s 99%CL Range
Eastern segment
(SiO2)aqj 63 49.8+ 1.6 49.3-50.4 44.7-52.0 50 48.5+1.5 47.9-49.0 45.1-51.7
La/Yb 29 9.6 £3.8 7.6-11.6 3.4-20 16 12+7 7-17 3-24
Ba/La 53 17+£8 14-20 7-50 40 16+£5 14-18 7-28
Ba/Zr 54 2.5+2.3 1.7-3.4 1.1-15.9 41 3.0+£2.6 1.9-4.1 0.7-17.3
Ba/Nb 54 29+19 22-36 10-131 41 26+ 14 20-32 7-62
LILE/LREEg 28 1.5+0.5 1.3-1.7 1.1-3.3 11 1.34 +0.29 1.06-1.61 0.95-1.89
LILE/HFSEg 54 26+1.0 2.2-2.9 1.5-6.3 39 25+1.0 2.1-2.9 1.1-5.2
East-central segment
(SiO2)aq; 27 51.0+£ 0.6 50.6-51.3 50.1-52.0 17 50.9+£0.8 50.3-51.5 49.1-52.0
La/Yb 12 7.9+1.0 7.0-8.8 6.6-10.1 14 6.9+1.2 5.9-7.9 5.2-9.3
Ba/La 22 16+£5 13-19 11-31 17 24+ 10 17-31 11-49
Ba/Zr 23 2.0+1.5 1.1-2.9 1.1-7.0 17 2.1+1.0 1.4-2.7 0.9-4.0
Ba/Nb 14 80 + 150 —44-197 12-540 15 39+£21 22-55 17-88
LILE:/LREEg 10 1.41 +0.41 0.99-1.85 1.08-2.55 16 1.53+£0.34 1.28-1.78 0.82-2.13
LILE/HFSEg 13 26+1.6 1.2-4.0 1.6-6.6 15 2.2+0.5 1.8-2.6 1.2-3.1
West-central segment
(Si0;) agj 22 51.2+0.6 50.8-51.6 49.2-51.9 17 50.2+1.1 49.4-51.0 47.8-51.8
La/Yb 3 11+9 —40-63 4-21 3 11.9+ 3.9 -10.4-34.2 7.6-15.1
Ba/lLa 19 20+ 8 15-25 12-39 13 15.4+2.4 13.4-17.4 13-21
Ba/Zr 19 3.4+1.6 2.4-4.4 1.7-6.3 13 2.15+£0.22 1.96-2.34 1.84-2.50
Ba/Nb 16 46 +21 31-62 18-82 13 18+11 9-27 11-53
LILE/LREEg 16 1.57 £ 0.34 1.31-1.82 1.12-2.30 13 1.30£0.13 1.16-1.39 1.07-1.61
LILE-/HFSEg 16 3.4+0.8 2.9-4.0 2.2-52 13 1.78 £ 0.41 1.42-2.12 1.43-3.02
All segments
(SiO2)aqj 112 50.4+1.4 50.0-50.7 44.7-52.0 84 493+ 1.7 48.8-49.8 45.1-52.0
La/Yb 44 9.3+£38 7.7-10.8 3.4-21.3 33 10£5 7-12 3.4-23.6
Ba/lLa 94 17+7 15-19 7-50 70 18+7 15-20 7-49
Ba/Zr 96 2.6+£2.0 2.0-3.1 1.1-15.9 71 26+2.1 2.0-3.3 0.7-17.3
Ba/Nb 84 40 + 64 22-59 10-540 69 27 £ 17 22-32 7-88
LILE/LREEg 54 1.50 £ 0.42 1.35-1.65 1.08-3.32 40 1.39 £ 0.29 1.27-1.52 0.82-2.13
LILE/HFSEg 83 2.7+1.1 2.4-3.1 1.5-6.6 67 2.3+0.8 2.0-2.6 1.1-5.2
Central American Volcanic Arc

(Si0;) agj 209 50.4+1.1 50.2-50.6 46.4-52.0 20 50.2+1.3 49.4-51.0 48.7-52.0
La/Yb 58 3.4+1.0 3.1-3.8 1.9-6.3 20 7.2+£20 5.9-8.4 3.2-11.6
Ba/lLa 90 62 +28 54-70 20-130 20 26 +20 13-39 9-75
Ba/Zr 131 6.0+2.9 5.4-6.7 1.0-14.5 19 3.6+3.1 1.5-5.6 0.9-10.6
Ba/Nb 55 150 + 140 102-203 11-620 16 45 + 60 3-88 5-150
LILE/LREEg 57 3.7+£1.2 3.3-4.1 1.5-6.0 20 1.9+0.8 1.4-2.5 1.2-3.9
LILE-/HFSEg 54 52+2.1 4.5-6.0 1.3-9.1 16 2.7+£20 1.2-4.2 1.1-6.0

n, Number of datapairs considered in the statistical calculations; x, Arithmetic mean value; s, Sample standard deviation value; 99% CL, Confidence
limits of the mean value for the 99% confidence level; Range, Total range of values observed in a given segment or region. For the definition of
segments, see Figure 2. CAV A data were compiled from the M. J. Carr’s website (http://www-rci.rutgers.edu/~carr).

LILEg = (Kg + Rbg + Bag + Srg)/4 refers to the silicate earth-normalized value for selected alkali (K and Rb) and alkaline earth (Ba and Sr) elements.
LREEg = (Lag + Ceg + Ndg)/3 refers to the silicate earth-normalized value for three light rare-earth elements (La, Ce and Nd).

HFSEg = (Nbg + Zrg + Tig + Pg)/4 refers to the silicate earth-normalized value for selected high field strength elements (Nb, Zr, Ti and P).

The subscript E refers to normalization with respect to silicate earth values, for which all concentration data are normalized against silicate earth
values given by McDonough and Sun*’; K = 240; Rb = 0.600; Ba = 6.600; Sr = 19.9; La = 0.648; Ce = 1.675; Nd = 1.250; Nb = 0.658; Zr = 10.5;
Ti =1205; P =90.
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ing LILE enrichment with respect to HFSE) proposed in
this work, because similar and overlapping 99%CL ranges
(confidence limits at the 99% confidence level) are obser-
ved for ‘front-arc’ and ‘back-arc’ rocks (Table 2). If there
were a significant contribution from the subduction pro-
cess (Cocos plate), the ‘front-arc® MVB magmas should
show significantly lower values of La/Yb and higher val-
ues of all other key parameters than the ‘back-arc’ magmas,
which is clearly not observed for this volcanic province
(Table 2).

Further evidence against the subduction scenario
comes from: (a) the significant differences between the
MVB magmas (irrespective of whether from the ‘front-
arc’ or ‘back-arc’) and the ‘front-arc> CAVA magmas (Table
2) — all MVB magmas are, in fact, generally similar to the
‘back-arc CAVA magmas, which could be taken as an
evidence for the MVB being situated in a ‘back-arc’ tec-
tonic setting. However, such an affirmation would be
meaningless because the nomenclature ‘back-arc’ neces-
sarily requires an ‘arc’, which is shown to be absent in
southern Mexico, i.e. there are no Miocene to Recent
volcanoes between the MVB and the trench (Figure 1) that
could be called an arc; (b) the similarities of the MVB
magmas to those from several well-known modern rifts
(for a synthesis of geochemical key parameters for rifts,
see Verma') — many of these compiled rifts, particularly
the African rifts, have not been influenced by the subduc-
tion process throughout their geological history.

I, therefore, conclude that the origin of magmas in the
MVB is related to ongoing extensional or rifting proces-
ses throughout the belt. Such a tectonic setting is possible
because the MVB is sited along an ancient suture*®* and,
according to Sheth e al.’, mantle metasomatism was pro-
bably triggered passively by the formation of the lesion
in the overlying plate and the development of a shallow,
metasomatized, enriched mantle (inferred from the pre-
sent inversion study) below the MVB, due to volatiles in
a large region being drained through this narrow crack in
the plate. This study further supports the conclusion by
Verma' that there is no arc in southern Mexico related to
the subduction of the Cocos plate.

Inverse modelling of geochemistry of basic rocks is a
useful exercise to infer average source characteristics for
magmas from the eastern to west-central MVB. An ex-
tensional or rift-related origin is confirmed by this meth-
odology, rendering arc-related claims for the origin of the
MVB magmas totally unsupported by results presented in
this work.
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Additional information on palyno-
logical dating of Chhongtash
Formation in eastern Karakoram and
its palaeogeographical significance
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Palynological studies were carried out on additional
samples of marine sedimentary succession of Chhong-
tash Formation, in eastern Karakoram, India. The pre-
sent study revealed the presence of Lower Gondwana
(Early Permian Asselian—-Sakmarian) palynomorphs.
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