GEOCHEMISTRY OF NOBLE GASES AND CO, IN MANTLE
XENOLITHS AND ARC LAVAS FROM CENTRAL MEXICO

Andres Libardo Sandoval Velasquez!, Alessandro Aiuppal, Andrea Luca Rizzo?2, Maria
L.uce Frezzotti®, Susanne Straub?, Arturo Gomez-Tuena®, and Ramon Espinasa-Perena®

1. Department of Earth and Marine Sciences, Universita degli Studi di Palermo, Italy (alsandovalv@unal.edu.co;
alessandro.aiuppa@unipa.it)

2. Istituto Nazionale di Geofisica e Vulcanologia (INGV), Palermo, Italy (andrea.rizzo(@ingu.it)

3. Dipartimento Scienze dell'Ambiente e della Terra, Universita di Milano - Bicocca, Milan, Italy (maria.frezzotti(unimib.it)

4. Earth Institute, Columbia University, New York, USA (smstraub@ldeo.columbia.edu)

5. Centro de Geociencias, Universidad Nacional Auténoma de México, Querétaro, México (Luena(wgeociencias.unani.mx)

6. Centro Nacional de Prevencion de Desastres, Secretaria de Gobernacion, Av. Delfin Madrigal 665, Col. Pedregal de Santo Domingo

C.P04360, Delegacién Coyoacdn, México D.E México (respinasa(@cenapred.unam.mx).

)
Tl
)
=
v
—~
el
<

%, UNIVERSITA
Z DEGLI STUDI
24 DI PALERMO

THE EARTH

ﬁv@ Y ISTITUTO NAZIONALE

? DI GEOFISICA E VULCANOLOGIA

Sezione di Palermo

INSTITUTE CENTRO MACIONAL DE

COLUMBMA UNIVERSITY PREVENCION DE DESASTRES

©9 UNIVERSITA

== ONVTIN Id


mailto:alsandovalv@unal.edu.co
mailto:alessandro.aiuppa@unipa.it
mailto:andrea.rizzo@ingv.it
mailto:maria.frezzotti@unimib.it
mailto:smstraub@ldeo.columbia.edu
mailto:tuena@geociencias.unam.mx
mailto:respinasa@cenapred.unam.mx

LOCATION AND
GEODYNAMICS OF THE

AREA: Joya Honda maar (JHm) and Sy
Sierra Chichinautzin Volcanic Field Area '
S CVF 22°25'0" N

© [ 22024'30"N

o 0.2 0.4 0.6 0.8 1
Kilometers

100°48'0" W 100°48'30" W 100°47°'0" W 100°47'30" W

i Iztaccihuatt™

150 | Pacific N LT i
Plate b ) ¢ Popocatepet|

106° 104°

N Left: Location of Joya Honda maar (JHm) and Sierra Chichinautzin (SCVF). Doted lines (and numbers in km)

‘@ ® \ represent the depth of the subducted slab. Adapted from Pardo and Suarez (1995) and Schaff et al. (2005). Samples

from SCVF were taken from Guespalapa Volcano.




SAMPLES AND METHODS

= JHm: Thirteen fresh nodules (with diameters between 5 and 10 cm) were selected
from the eastern part of the JHm; generally, these are dispersed in pyroclastic fall
and flow deposits or hosted in basanitic lavas. Eight nodules were selected for
petrographic analysis on thin and polished thin sections. Noble gas and CO,
isotopic analysis in fluid inclusions were performed in olivine, orthopyroxene and
clinopyroxenes in all samples.

CVF: Two lava samples from the Guastapalapa Complex (located in the central
part of the SCVF) were analyzed. Samples were crushed with the aim of hand-
picking olivine crystals with diameters >0.25 mm. These lavas were previously
classified as calc-alkaline basaltic andesites.

» Petrographic analysis was performed at University of Milano-Bicocca based on the
textural classification proposed by Mercier and Nicolas (1975); the modal
composition was carried out by point counting (from 4000 to 7000 points per
section). Noble gas and CO, isotopic determinations were performed at Palermo
INGV laboratories (Italy) following the preparation methods and analytical
procedures described in Gennaro et al. (2017), Rizzo et al. (2018), Faccini et al.
(2020).




PETROGRAPHIC
ANALYSIS

» Paragenesis: Olivine> Opx> Cpx >>
Spinel.

» Samples are classified as Spinel-
Lherzolites and Harzburgites.

All samples are plagioclase-free.
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Noble Gases and 8!3C Analysis
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» The 3He/*He (Rc/Ra values): Ol: 7.13 - 7.68 Ra, Opx: 6.94 - 7.54 Ra, Cpx: 7.06-7.59 Ra,
1SCVIF: 7.1-7.3. Xenoliths from JHm indicate a less radiogenic mantle compared to other
ocalities.

= Values comparable to the *He/*He ratio for a MORB-like mantle.

@ ® » ] If{Ir{n mantle xenoliths exhibit a decrease in Rc/Ra and “He values likely linked to a diffusive loss
L -H of He.
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Compared to other worldwide SCLM localities, JHm mantle xenoliths and SCVF olivines exhibit a lower extent of crustal recycling and their composition does not exhibit the
influence of a mantle plume component (top left image; adapted from Halldorsson et al. (2014)). On the other hand, He/Ar* values tend to be high and vary between 0.14 and 3.11
and could reflect a partial melting process affecting Opx and Cpx crystals (top right image).

®  The d!3C in the olivine phenocrysts from SCVF is around -6.2%o with CO,/°He ratios of 3.3x109, comparable to MORB-like range (-8< d!3C<-4).

=  JHm mantle xenoliths exhibit more positive d!3C signatures between -1.0 and -2.7%o0 d'3C, suggesting a crustal recycling in the local upper mantle as a consequence of subduction.



PRELIMINARY CONCLUSIONS

JHm mantle xenoliths are classified as Spinel-Lherzolites and Harzburgites.

Both the boundaries and the fractures of the crystals in the JHm nodules develop veins composed of
yellowish glass and possible tiny crystals of carbonates and could be associated with deep fluid-
metasomatism events.

The presence of nodules with Opx contents greater than 25% is associated with the consumption of
olivine; this could be related to different degrees of partial melting which agrees with the presence of
sporigy rims and the variability of He/Ar* ratios.

m xenoliths and SCVF olivines present values of Rc/Ra (6.9 — 7.7Ra) comparable to the MORB-
ike mantle and their composition do not exhibit a plume-like component; compared to other
worldwide SCLM localities, mantle xenoliths suggest a low extent of crustal recycling.

The effect produced by carbonate recycling during the subduction process cannot be ruled out as
evidenced by the 6'3C values in JHm nodules which vary between -1.6 and -2.3% and tend to adjust
over the mixing line MORB-Limestone. Converselyy, SCVF olivines exhibit a more pristine
composition which suggest a less contaminated mantle under Sierra Chichinautzin, or they result
from the magmatic degassing of a mantle with a signature similar to JHm nodules.

[t is necessary to perform analysis of mineral chemistry and fluid inclusions to corroborate the idea
of a process of partial melting and metasomatism due to the interaction of xenoliths with fluids from
the subducting slab.



