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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.
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RESUMEN

Los diques melanocraticos ricos en cristales de clinopiroxeno que intrusionan a rocas ultramaficas
cumuliticas de la base de la secuencia magmatica de Guanajuato son clasificados como ankaramitas. Estas
rocas tienen altos valores de MgO, Cr y Ni, estan 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 ionica (HFSE), en un contexto de arco magmatico. Estas rocas
magnesianas pueden ser el magma madre de las series toleitica madura y calcialcalina para este segmento del

terreno Guerrero.

Palabras clave: Ankaramita, diques, magmatismo de arco, Guanajuato, México central.

INTRODUCTION

After the ITUGS 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 SiO, saturation and alkali content. I have adopted the
Bardsell and Berry definition for to the mafic, clinopyroxene-
rich 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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collaborators (1982). Ferric iron of the ferromagnesians was
calculated usirig the charge balance equation described by
Papike et al. (1974).

Whole-rock analyses and trace elements, including the
REE elernents, were carried by X-ray Fluorescence
Spectromietry and by Inductively Coupled Plasma-Atomic
Emissi©on Spectrometry at the Centre des Recherches
Pétro.graphiques et Géochimiques (C.R.P.G.) of Nancy,
Frarice, with SIEMENS SR1, SIEMENS SRS 200 and Jovin-
Y-von AJY48P 20 spectrometers, with analytical errors of 0.5
jopm for contents < 10 ppm and 5% for contents > 10 ppm,
after the analytical method of Govindaraju and Mevell (1987).

Nd/Sm and Rb/Sr isotopic data were analysed by
isotopic dilution at the Saint Etienne University’s Geology
Laboratory using a CAMECA TSN 206 mass spectrometer.
Standards values are: .

Standard E&A : 0.70799 + 0.00004 normalized to
86Qr/%8Sr = 0.1194

Standard BCR 1: 0.512638 + 0.00003 normalized to
146N d/144Nd = 0.7219

Initial ratios were calculated with the decay constants:

ARb=1.42 x 101! years'! for the 3’Rb

A Sm = 6.54 x 10"12 years™! for the '47Sm

The Epsilon Sr was calculated with respect to an uniform
reservoir of #7Sr/%Sr = 0.7045 and ®’Rb/3¢Sr = 0.0827. The
Epsilon Nd was calculated respect to a chondritic uniform
reservoir of 3Nd/4Nd = 0.512638 and 47Sm/!4Nd = 0.1967
(De Paolo, 1988).

K/Ar radiometric age of amphibole from one ankaramitic
sample was carried out in a THN205E mass spectrometer at
(C.R.P.G.) of Nancy, France. K was determined by atomic
absorption and Ar by isotopic dilution using 33Ar as spike.
Decay constants used were (Zimmermann et al., 1985):

AP =4.962 x 10710 years™!
Ay =0.581 x 10"10 years'!
4Ar=0.01167 % K

GEOLOGICAL SETTING

The Sierra de Guanajuato is a segment of the
tectonostratigraphic Guerrero terrane, exposed in central
Mexico (Figure 1), which consist of accreted Late Jurassic-
Early Cretaceous island arc volcano-sedimentary sequences
(Campa and Coney, 1983; Campa, 1985).

Monod et al. (1990), Lapierre et al. (1992), and Ortiz et
al. (1992) have proposed that the Mesozoic stratigraphy of the
Sierra de Guanajuato is formed by a Late Jurassic-Early
Cretaceous comagmatic volcano-plutonic sequence named the
Guanajuato Magmatic Sequence. It is formed by tholeiitic
ultramafic-mafic cumulate rocks, diorites, tonalites, a dike
complex and basaltic pillow-lavas, belonging to an intra-
oceanic island arc. The arc was thrusted over the Arperos
Formation, a contemporaneous volcano-sedimentary sequence
formed by greywackes, quartzites, micritic limestones,

Figure 1. Tectonostratigraphic terranes of Mexico (after Campa, 1985), and
location of the Guanajuato segment (GTO).

1. Cenozoic volcanic rocks; 2. Southwestern end of the North American
Craton; 3. Eastern Appalachian basements and Gulf of Mexico Mesozoic
transgressive overlap sequence; 4. Continental allochtonous blocks immersed
in western collage; 5. Western Cordillera collage of island arc and other
fragments of igneous oceanic crust and melange; 6. Late Jurassic-Early
Cretaceous turbidite belt; 7. Mexican Thrust Belt.

Terranes: G: Guerrero; J: Juarez; M: Mixteca; O: Oaxaca; CH: Chihuahua;
MY: Maya; XO: Xolapa; CAB: Caborca; COA: Coahuila.

radiolarian cherts, black shales and conglomerates with basalts,
diabases and rare volcaniclastic rocks at the base.

This volcano-sedimentary sequence is a remnant of intra-
plate seamounts and basinal facies of an oceanic basin that has
suffered a hot-spot magmatism during Early Cretaceous age
(Ortiz-Hernandez, submitted). Metamorphic parageneses of the
Guanajuato magmatic sequence and the Arperos Formation are
typical of low-grade metamorphic terranes, ranging from
greenschist to prehnite-pumpellyite facies. Morever, magmatic
textures are generally preserved, except at tectonic contacts.

For the geological descriptions, petrographic and
geochemical characteristics of the two sequences forming the
framework of the Sierra de Guanajuato, see Monod et al.
(1990), Lapierre et al. (1992), and Ortiz et al. (1992).

Ankaramites occur at the base of the Guanajuato
Magmatic Sequence, intruding the ultramafic cumulate rocks
(Figure 2), at the San Juan de Otates stream. The geological
cross-section accross the El Maguey tungsten mine and the San
Juan de Otates stream show tectonic sheets of serpentinized
wherlites, olivine-clinopyroxenites and cumulate gabros that
are crosscut by a great variety of lithologies including mafic,
acidic and rodingitic dikes, by small bodies of dioritic to
monzonitic rocks, and also by intrusive magmatic breccias.
This sequence is thrusted to the NE over the Arperos
Formation (Figure 3) that shows the imprint of a polyphase
penetrative deformation.

Ankaramites are present as massive, scarce, undeformed
dark dikes (= 1 m in tickness), without chilled margins,
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Figure 2. Guanajuato magmatic sequence reconstructed lithostratigraphy
showing the ankaramite dikes occurrence.
¢ = Tectonic contact

emplaced into fractures with orientation N 170° E; 60° W in
the ultramafic rocks (Figure 4).

A potassium-argon date on amphibole from one
ankaramite sample yield a Pliensbachian age of 195 Ma
(Table 1), that is not representative of their crystallization age,
because it cuts Early Cretaceous rocks. Whole-rock K-Ar
radiometric ages of mafic and ultramafic cumulate rocks of the
Guanajuato magmatic sequence were reported by Lapierre et
al. (1992) and yield 112.8 + 6.8 Ma for a gabbro and 113 £ 7
Ma for a clinopyroxenite.

On the other hand, K-Ar dates of K-bearing minerals in
regionally metamorphosed rocks form a metamorphic veil that
obscures the time of original crystallization of such rocks
(Faure, 1977). An Early Cretaceous age of ankaramites is
considered as probably.

PETROGRAPHIC CHARACTERISTICS AND CHEMICAL
COMPOSITION OF MINERALS

The Guanajuato ankaramites are melanocratic rocks with
abundant clinopyroxene (40 modal %), and subordinated
olivine crystals (8 modal %). In thin section (Figure 5), these

Figure 3. Simplified geological map of the Sierra de Guanajuato (central
Mexico) between San Juan de Otates town and Guanajuato city.

1. Quaternary sediments; 2. Tertiary and Plio-Quaternary volcanic rocks; 3.
Guanajuato red conglomerate; 4. Tertiary granite; 5. Arperos Formation; 6. La
Luz volcanic unit; 7. Santa Ana dike complex; 8. Cerro Pelon tonalite; 9.
Tunamansa diorite; 10. San Juan de Otates ultramafic-mafic cumulate rocks;
11. Normal fault; 12. Thrust.

rocks display subhedral, zoned clinopyroxene phenocrysts
ranging in composition from diopside (Wo,s ¢ 450 Enggus0
Fs,g.4) in the core, through salite (W03 475 Engg 3455 Fs)g
13.4) in the rim. Endiopside (Wo,,, En,, Fs, ) and augite
(Woyy 4 Engy, Fsy,,) are rare (Table 2). Analyses of
clinopyroxene population (n = 45) show that 45% are salites,
42% diopsides, 9% augites and only 4% are endiopsides. The
range of #Mg=(100Mg(Mg/Fe*)) of the clinopyroxenes
decreases from diopsides (91-82) and endiopsides (84) to salite
(82-76) and augite (80), suggesting a process of mineral
fractionation. The clinopyroxene rims display a slightly iron
enrichment, represented by a salitic trend (Figure 6). Anhedral
olivine crystal are replaced by aggregates of pumpellyite,
smectites or chlorite. The oxides, present as inclusions in the
olivine, are magnesiochromites (Mg > Fe?*; Cr > Al)

Figure 4. Ankaramitic dike intruding ultramafic cumulate rocks at the San
Juan de Otates stream. Handle as scale.
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Table 1. K/Ar isotopic data from one ankaramite dike.

SAMPLE

MA-7 Amphibole

with #Cr= (Cr/(Cr+Al) = 0.80) (Table 3), that suggest a highly
refractory source, different to MORB sources, that have
#Cr = <0.65 (Dick and Bullen, 1986). These spinels are similar
to spinels type 111 of Dick and Bullen (1986), restricted to
boninites, stratiform complex, zoned Alaskan complex and
oceanic plateau basalts. Small quantities (5 modal %) of low-
silica (6.27 < Si < 6.29), aluminous, calcic amphibole
phenocrysts ((Ca+Na)g > 1.34; Nag < 0.67) occur. These range
in composition from pargasite in the cores to pargasitic
hornblende in the rims (0.72 < Mg/(Mg+Fe?*< (.73), or from
magnesio-hastingsite to magnesio-hastingsitic hornblende
(6.10 wt% < Si < 6.30 wt% and 0.80 < Mg/(Mg+Fe*") < 0.81);
(Leake, 1978; Table 3 and Figure 7). The groundmass of the
rocks is formed by subhedral to euhedral microphenocrysts of
calcic-amphibole ranging in composition from pargasitic
hornblende to pargasite (Leake, 1978; Table 3), rare albile
(Ab,,), and minor interstitial prehnite and chlorite. Both, the
amphibole phenocrysts and the microphenocrysts show a
ferromagnesian normal trend in the Ca-Mg-Fe diagram
(Figure 6), characterized by an increase of Mg-Fe as a function
of Ca contents. Petrographic characteristics preclude a
cumulate origin for these rocks.

Crystallization order of the ankaramite dikes is chromian
spinel—>olivine—>clinopyroxene—>amphibole—>plagioclase.
The primitive nature of the rocks is reflected by the
magnesiochromite inclusions in the olivine and by the high
#Mg of the clinopyroxenes. Amphiboles were formed probably

' &

4l 4

,'.n_
o

Figure 5. Photomicrograph of ankaramite rock showing zoned clinopyroxene
and amphibole phenoerysts in a groundmass of albite, amphibole and
magnesiochromites.

ANALYSED MATERIAL K
(%)

0.40

WAr rad. H0Ar atm. AGE
(10%m¥/g) (%) (+20 Ma)
3.193 66.60 194.7+7.5

by replacement of clinopyroxene during an early stage of
hydration of the ankaramitic magma. Albitic composition of
the plagioclase resulted from the low-grade metamorphic event
(prehnite-pumpellyite facies) affecting the dikes.

Clinopyroxenes of Guanajuato ankaramites have
relatively high TiO, and Al,O, contents. They are rich in SiO,,
MgO, and CaO, but they are Na,O-poor (Table 2), which is a
typical feature of orogenic magma series (Marcelot er al.,
1988). Diopsides are more Cr,0,-rich than the other
clinopyroxenes. They show a decrease in Cr,0, as a function
of Al,O4 and TiO, (Figure 8). that suggests the role of the
salitic trend and mineral fractionation. Other non-quadrilateral
components (Papike et al., 1974) for these clinopyroxenes are
the Ca-Tschermak molecule (CaAl,Si0), indicating an
important role of coupled AlYI-Al'Y substitutions (Figure 9).
This type of substitution is typical of orogenic series and is
favored by the lowering of silica activity in the melt (Marcelot
et al., 1988). AI'V/AIV! ratios range from 0.70-4.62 for the
diopsides, 0.87-2.13 for the salites, 1.17-1.54 for the augites,
and 0.82-1.92 for the endiopsides, indicating that they are not
mantle relicts. AU/Ti ratio of these ferromagnesians range from

Amphiboles in the ankaramites are appreciably more
aluminous (1.69 < AI'Y < 1.89) than those hornblendes of island
arc volcanic rocks (AlI'V> 1.5-1.6). A NaM,-A-Al'Y temary plot
shows that other components for these amphiboles are the
pargasite-hastingsite molecule (NaCa,Mg,AlSi Al,-
NaCa,MgFe'*Si;Al,) (Figure 10). The change from pargasitic
to hastingsitic composition is represented by an increase of
NaM, and Fe?*, and by a decrease of Ti and Al'"Y in the
structural formulae. This transition is interpreted in terms of
variations of fO, in the magma during the evolution of a
hydrous melt.

WHOLE-ROCK GEOCHEMISTRY

Only two whole-rock analyses of ankaramitic rocks of
Guanajuato were carried out. They are low-silica, high MgO
(8 wt% < MgO < 10 wt% at 47-49 wt% of SiO,), Cr, Ni and V
rocks (Table 4), with high Cr/Ni (5-6), and Sc/Ni (0.73-0.92)
ratios, characteristic of ankaramitic arc suites (Bardsell and
Berry, 1990). They are relatively poor in Al,O,, but rich in
Ca0, Na,0, Sr, K, Rb and Ba (Table 4). These relatively high
values for alkaline elements are linked to rock alteration
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(especially the case of DM-11 sample). Mg number
(100Mg/(Mg+Fe*)) for the ankaramites range from 52 to 55,
decreasing inversely with the silica content. Zr/Y ratios (>3)
and Ti/V ratios (< 20) are in the range reported for volcanic

Figure 6. Di-Hd-En-Fs diagram showing the clinopyroxene and amphibole
composition from the Guanajuato ankaramites. Field from the Western Epi
ankaramites, after Bardsell and Berry (1990).

Full circle: clinopyroxene core

circle: clinopyroxene rim

cross: amphibole phenocryst

triangle: amphibole microphenocryst.

rocks from modern and ancient island arcs. Their REE
chondritic-normalized patterns (Evensen et al., 1978) are
slightly enriched in LREE (Figure 11A), with (La/Yb)y ratios
not exceeding 3 (Table 4) and have a small negative Eu
anomaly (0.88 < Eu/Eu* < 0.93). Western Epi ankaramites
have similar 2.8 < (La/Yb)y < 3.3 ratios, with relatively
unfractionated patterns (Bardsell and Berry, 1990). This
relatively unfractionated REE abundance pattern of the
Guanajuato ankaramites (10x < REE < 40x) suggests that these
rocks are primitive melts.

Table 3. Microprobe analyses of amphibole phenocrysts and microphenocrysts (1 to 9), plagioclase microlite (10), and Cr-spinel inclusions in olivine (11 and 12)
from the Guanajuato ankaramites (sample MA-7). Structural formulae of amphiboles calculated using the method of Robinson e al. (1982). Fe part™ion calculated
using the charge balance equation of Papike ef al. (1974). Structural formulae of plagioclase and spinel calculated by stoichiometry to 8 oxygen: and 4 cations,

and 32 oxygens and 24 cations, respectively.

1 ] 3 4 5§ © 6 7 8 9 10 11 13
s{o‘z 414 4273 4212 42.17 41.59 4323 4224 41.46 4187 68.53
TiO, 1.89 1.77 1.48 143 1.94 0.47 1.73 1.73 1.94 0.57 0.53
ALO, 133 12.44 12.69 13.25 13.27 13.32 1243 13.37 12.38 20.31 7.73 7.82
Cr,0, 4684  47.02
FeO 10.88 11.06 10.94 10.5 9.85 11.6 10.74 13.01 12.05 0.27 30.47 29.79
MnO 0.12 0.13 0.1 0.1 0.1 0.21 0.04 0.44 0.23 0.55 0.18
MgO 14.04 14.35 13.92 13.15 14.23 13.34 14.76 1233 13.79 10.31 10.53
CaO 11.64 11.52 11.55 11.73 11.75 11.62 11.75 10.54 1048 0.27
Na,0 2.27 242 2.32 2.19 24 2 233 2.5 2.56 10.77
K,0 0.47 0.46 0.63 0.61 0.58 0.4 0.48 0.24 0.31 0.28
TOTAL 96.01 96.88 95.75 95.13 95.71 96.19 96.7 95.6 95.61 10043  96.47 95.87
Si 6.14 6.293 6.277 6.277 6.128 6.309 6.241 6.108 6.281 2.978 -
Ti 0.211 0.196 0.166 0.16 0.215 0.052 0.191 0.192 0.219 0.117 0.109
Al 1.04 2.488 2.527
AV 1.86 1.707 1.723 1.723 1.872 1.691 1.759 1.892 1.719
AV 0.466 0.453 0.507 0.602 0.433 0.601 0.396 0.431 0.471
Cr 10.11 10.188
Fe 0.01
FeZ* 0.989 1.113 1.127 0.997 0.711 0.708 0.951 0.625 1.221 - 3.792 3.764
Fe3* 0.226 0.084 0.094 0.31 0.503 0.708 0.226 0.978 0.006 3.169 3.066
Mn 0.015 0.016 0.013 0.013 0.012 0.026 0.005 0.055 0.029 0.127 0.042
Mg 3.104 3.15 3.092 2.918 3.125 2.902 3.235 2.708 3.084 4.197 4303
Ca 1.85 1.818 1.845 1.871 1.855 1.817 1.852 1.664 1.685 0.013
Na 0.653 0.691 0.67 - 0.632 0.686 0.566 0.664 0.714 0.745 0.907
K 0.089 0.086 0.12 0.116 0.109 0.074 0.09 0.045 0.059 0.016
Na, 0 0 0 0.129 0.145 0.183 0 0.336 0
TOTAL 4.964 24 23.999
%An 1.3
%Ab 97
%O0r 1.7
%Magn 20.1 194
%Herc 158 16
%Chrom 64.1 64.6
#Cr 0.8 0.8
Mg/(Mg + Fe?*) 0.52 0.53
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Figure 7. Si-Mg/(Mg + Fe2*) diagram (after Leake, 1978) showing the
ankaramite amphibole composition.

MORB-normalized spidergrams (Pearce, 1983) show an
enrichment in large-ion lithophile elements (LILE= Sr, K, Rb,
Ba), and a depletion in high-field strength elements (HFSE =
Ti, Zr, Y) (Figure 11B). This pattern is characteristic of
subalkaline magmas formed in convergent margins settings
(Pearce, 1983).

Preliminary Nd/Sm and Rb/Sr isotopic studies on one
ankaramitic dike show an initial 143Nd/!44Nd ratio of
0.513009+16 (Table 5) that corresponds to an Epsilon Nd
(T=110 Ma)=+7.22, which precludes significant crustal
contamination and is consistent with a HFSE-depleted arc-
magma source, where fluids derived from a subducting slab
induce further melting in an overlying peridotitic source. This

TiO;

ALy

Figure 8. Ti0,-Al,0,-Cr,0; ternary plot showing the evolution of the
ankaramite clinopyroxenes. Arrow shows the fractional trend of these
ferromagnesians.
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Figure 9. Ti-NaM-Al"Y temary plot (after Papike ez al., 1974) showing the
ankaramite clinopyroxene classification.

NAT = NaT,;; R¥Si,05 NATAL = NaTiSiAlOg; TAL = CaTiALOg;
CATS = CaAl,SiO,, and CAFeAlSiOg; AC = NaFeSi,O4; JD = NaAlSiOg;
UR =NaCrS$i,0q.

e

value is in the range of values reported for the Upper Jurassic-
Early Cretaceous tholeiitic magmatic sequence (+7 < &gy
(T=122 Ma) < +9; Lapierre et al., 1992), and for the Aptian-
Albian calc-alkaline monzonitic rocks (Ey4(T= 100 Ma)=
+6.44) (Stein et al., 1994), intruding the above mentioned
sequence. On the other hand, the 87Sr/%Sr ratio is 0.703545 %
30 that correspond to an Epsilon Sr (T=110 Ma)= -11.78
(Table 5), which is consistent with a slight enrichment in
radiogenic Sr of the rock.

DISCUSSION AND CONCLUSIONS

At the Guanajuato segment two contrasting arc magma
series of Early Cretaceous age exist: the pristine tholeiitic
magmatic sequence of Guanajuato and the calc-alkaline and
mature tholeiitic magmatic breccias (Ortiz-Herndndez,
submitted). The calc-alkaline series is represented by small
dioritic to monzodioritic bodies and magmatic breccias intruding
the ultramafic cumulate rocks considered as the lower member of
this sequence, and the tholeiitic mature series occurs mainly as

A

/ \

N NaCaRSiAl
£0 \ N
PARG '
“° HAST \ NaCaR R il
AER >
Na(NaCa)iCRSi-Al
‘#
+ -\ B
T
G, RB TSCH, GED
-
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AY 10 20 30 40 50 60 70 80 soz E
Na R 3Sis EIRRSAI,

Figure 10. NaM,-A-Al"V ternary plot (after Papike ef al., 1974) showing the
classification of ankaramite amphibole end-members. RICH = Richterite; ED
= Edenite; ARF-ECK = Arfvendsonite-Eckermanite; KATO = Katophorite;
PARG-HAST-KAER = Pargasite-Hastingsite-Kaersutite; GL-RB =
Glaucophane-Riebeckite; TSCH-GED = Tschermakite-Gedrite.

cross = amphibole phenocryst

triangle = amphibole microphenocryst.
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Table 4. Chemical analyses for the ankaramite dikes of
Guanajuato. Major ele’ :nts in wt% and trace elements in ppm.

MA-7  “<=ii DM-11
Si0, \ 47.14 . 49.59
TiO, : 079 . . 0.8
ALO; 13.01 : 13.78
Fe,0, 10.73 10.89
MnO 0.17 0.17
MgO - =+ 9.55 8.35
Ca0 10.58 8.71
Na,0 3 3.27 e 4
K,0 0.12 0.76
P,05 : 0.35 0.25
Pl 3.24 2.64
TOTAL 98.95 99.94
Mg number R 55 52
Rb 8 : 14
Sr _ o 540 855
Ba : 134 545
Cr o 309 274
Ni .51 52
\Y , To247 ) 252 )
Sc 47 : 38 S
Zr - 63 : 73
Y : : ) 21 - ' 20
La 788 - 7.96
Ce P ' 25.48 22.79
Nd S 13.59 14.17
Sm T e 367 : 4.02
Eu o TR 106 ; 121
Gd . : 3.57 3.88
Dy i X 327 3.46
Er R i 202 7 1.75
Yb 3 1.75 1.95
Lu iy : 0.21 0.34
(La/YD)N 3 2.75

disrupted dikes into the dike complex, at the top of the magmatic
succession.

On the other hand, field evidence shows that the
ankaramitic magmatism is:

100

°MA-7

ROCK/CHONDRITE

2 Co 1id Sm Bu Gd By & Vb Lu

Yoo
°MA-7
- +DM-11

gg 104

@]

=

2
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9: 1 Y W
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r K F'ibE'SadeF" Z'r ém‘h \rt \}bS'ccl)r

Figure 11. A. Rare earth patterns normalized to chondrites (Evensen et al.,
1978 ) for the Guanajuato ankaramites. B. Diagramas normalized to MORB
(Pearce, 1983) for the Guanajuato ankaramites.

- Late in the arc evolution because they intrude the basal
ultramafic cumulate pile of the tholeiitic Guanajuato Magmatic
Sequence. PRy
- Probably coeval with Aptian-Albian mature tholeiitic
and calc-alkaline dioritic to monzodioritic magmatic breccias

Table 5.- Nd and Sr isotope composition of the Guanajuato ankaramite. Decay constants 3Nd/!#/Nd=0.512638, 47Sm/!*‘Nd=0.1967, 87Sr/86Sr=0.7045, and

87Rb/%6Sr = 0.0827.

i"Sﬁﬂ‘“Nd

Sample Sm / : g :Nd

MA-7 ) 3.89 15.08 4 0.1569
S7Rb/E6SE (87Sr/%6Sr)T
0.02629 0.70355

- (oNaMNay

£ (T=110M)  Rb &
0.51288 +1.22 S X 565
€S(T=110 Ma)

-11.78
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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 f0, 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

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 clinopyroxene-
saturated 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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