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ABSTRACT
Melanocratic clinopyroxene-rich dikes intruding ultramafic cumulate rocks at the base of the
Guanajuato magmatic sequence, in central Mexico, are classified as ankaramites.
They are high Mg, Cr and Ni basic rocks that have slightly enriched LREE-patterns, and Epsilon Nd
(T=110 Ma) = +7.22 , which is consistent with their derivation from a high-field strength elements (HFSE)
depleted source, within an island-arc setting. These magnesian rocks may have been parental to the mature
tholeiitic and calc-alkaline series of this segment of the Guerrero terrane.
Key words: Ankaramite, dikes, arc magmatism, Guanajuato, central Mexico
RESUMEN
Los diques melanocráticos ricos en cristales de clinopiroxeno que intrusionan a rocas ultramáficas
cumulíticas de la base de la secuencia magmática de Guanajuato son clasificados como ankaramitas. Estas
rocas tienen altos valores de MgO, Cr y Ni, están ligeramente enriquecidas en tierras raras ligeras y un valor
del Epsilon Nd (T=110 m a) = +7.22, lo que es congruente con su origen a partir de una fuente mantélica
empobrecida en elementos con fuerte carga iónica (HFSE), en un contexto de arco magmático. Estas rocas
magnesianas pueden ser el magma madre de las series toleítica madura y calcialcalina para este segmento del
terreno Guerrero.
Palabras clave: Ankaramita, diques, magmatismo de arco, Guanajuato, México central.

INTRODUCTION
After the IUGS definition (Le Maitre et al., 1989),
ankaramite is a porphyritic melanocratic basanite with
abundant phenocrysts of pyroxene and olivine. These rocks
were firstly defined by Lacroix (1916), in their type locality of
Ankaramy, at Ampasindava, Madagascar.
Ocurrences of ankaramitic rocks and picrites have been
reported in island arc settings in recent years (Bardsell and
Berry, 1990; Foden, 1983; Ramsay et al., 1984).
Bardsell and Berry (1990) proposed the terms arc
ankaramites and arc picrites for primitive, clinopyroxene or
olivine phenocryst-rich, basaltic arc rocks, independent of their
degree of SiO2 saturation and alkali content. I have adopted the
Bardsell and Berry definition for to the mafic, clinopyroxenerich dikes intruding the ultramafic cumulates at the base of the
Guanajuato magmatic sequence, exposed in central Mexico.
Field relationships, petrographic and geochemical data of
these high-magnesium rocks are presented here, in order to
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correlate them with the magmatic evolution of this segment of
the Guerrero terrane.
ANALYTICAL METHODS
Chemical analyses of ferromagnesian minerals,
plagioclase, spinels and secondary minerals of the ankaramitic
dikes were performed with a CAMEBAX automatized electron
microprobe at the Grenoble University, France, with natural
and synthetic mineral standards. Only analyses of the primary
minerals are reported. Instrument operating conditions were
15 kV accelerating voltage, 10 nA beam current and 6 seconds
counting time.
Core and rim analyses were made to check for zoning
and overall homogeneity. Underthese analytical conditions
concentrations less than 0.2 wt% are not considered as
representative. Raw data were corrected by the on-line ZAF
correction program of CAMEBAX (Hénoc and Tong, 1978).
Structural formulae presented in Tables 2 and 3 were
calculated by stoichiometry to 8 oxygens for the plagioclases,
32 oxygens for the spinels, 6 oxygens for the clinopyroxenes,
and 23 oxygens (anhydrous) for the case of the amphiboles,
according to the method described by Robinson and
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intruding the base and the top of the Guanajuato Magmatic
Sequence, and with basic volcanic rocks with similar
undifferentiated character.
Additional evidence supporting contemporaneity
between the ankaramite dikes, the magmatic breccias, and the
high-magnesian volcanic rocks, is that they are affected by a
low-grade metamorphism (prehnite-pumpellyite facies), that is
different than greenschist facies affecting the Guanajuato
Magmatic Sequence.
The petrological and geochemical constraints suggest
that the ankaramite magma was formed:
- By a little-fractionated mantle-derived primary melt
(refractory mantle source), without evidence of crustal
contamination, consistent with a HFSE-depleted arc-magma
source.
- Under hydrous conditions as evidenced by the
amphibole occurrence and by a dominant ferromagnesian
fractionation.
- By a primitive magma, suggested by high MgO, Cr,
and Ni values, and ferromagnesian dominated fractionation.
High MgO lavas (MgO > 9 wt%) ranging in composition
from basaltic to low-Si dacite occur in simple and complex
arcs of the Circum-Pacific region. The origin of these rocks
has been interpreted by hydrous melting of undepleted upper
mantle, or subduction-modified mantle in a tectonic
environment transitional to rifting. Ankaramitic magmatism is
uncommon and typically occurs in deep-fractured or rifted
intra-oceanic island-arcs (Beard, 1986), where a tectonic
regime of extension and uplift favors that primary,
unfractionated high-MgO, Cr and Ni magmas may rise rapidly
to the surface retaining their primitive character.
The ankaramitic magmatism of Guanajuato might
represent the parental magma of the calc-alkaline and mature
tholeiitic magmatic series represented by dioritic to
monzodioritic magmatic breccias. Clinopyroxenes and
amphiboles similar to those in the ankaramites occur in both the
mature tholeiitic and the calc-alkaline magmatic series, both of
which also lack orthopyroxene. The salitic trend present in
clinopyroxenes of the ankaramitic rocks is similar to that of
other island arc basalts and result from concomitant fractionation
of Mg-rich minerals and increase of fO2 in the magma, as a
consequence of an increase in water activity in the melts. This
Fe-enrichment trend to salitic clinopyroxene is also a function of
lower silica activity in the magma, and suggests crystallization
of successive assemblages from progressively more hydrous
melts (Marcelot et al., 1988). The high water content of the
ankaramitic magma is suggested by amphibole occurrence and
by the retardation in the crystallization of plagioclase.
Occurrence of ankaramitic dikes in fractures near the
base of the arc suggests that an extensional regime has affected
the arc crust. Scarcity of this magmatism may reflect a transient
regime. Ankaramite dikes of Guanajuato are considered the
feeder dikes of MgO (12 wt%), Cr and Ni rich basalts reported
at the top of the La Luz tholeiitic sequence (sample HM-90
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dated at 108.4± 6.2 m y (±2 sigma); Lapierre et al., 1992), and
suggest that undifferentiated magma reached the surface.
These ankaramitic rocks stem from clinopyroxenesaturated primary magmas melting of the mantle source. They
provide evidence of primitive magmatic liquid.
The fluids involucrated were derived directly from the
subducting slab inducing hydration of the peridotitic mantle
wedge.
For the Guanajuato segment, the change from an older
tholeiitic to calc-alkaline and mature tholeiitic magmatism is
similar to that seen in ancient and modern intra-oceanic island
arcs reported in the geological literature.
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