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We use new on-land and offshore structural data and
scaled analogue models to analyse the structural pattern
and evolution of Nisyros volcano (Greece). This volcano is
characterised by the presence of a caldera structure and a
complicated network of intracaldera and extracaldera faults,
fractures and volcano-tectonic structures. We measured 157
faults that show dominant dip-slip normal motions along planes
mainly striking NE-SW, NNE-SSW, and NNW-SSE. Inside
the caldera, dykes, necks and morphometric parameters of
volcanic domes, explosion craters and fumarole pits indicate
the control by NE-striking discontinuities on magma and gas
paths. The NNW- and NE-striking faults bound a major block
that underwent repeated downthrow and uplift movements during
the late Pleistocene-Holocene. Experiments with scaled models
of caldera and two magma chambers indicate the formation of
a hourglass-shaped fault pattern, as seen in plan view, with an
asymmetric increase in the fault offset and a widening of the fault
divergence towards the volcano flank. All these data suggest that
regional fault tectonics and stress state strongly guided magma
upwelling and the emplacement of volcanic centres, whereas
periodical bulging due to the overpressure of a second magma
chamber located northwest of the caldera combined with faulting
due to tectonic stresses, can account for the overall deformation
field. Moreover, our data demonstrate that a huge lateral collapse
involved the SE flank of this volcano and also the submarine
portion of the slope, producing a large debris avalanche deposit
with a volume of about 1 km3. The magma-feeding system
in the volcano, pre-dating and following the collapse, was
influenced by the dominant NE-SW tectonic structures, which
are perpendicular to the newly-recognised sector collapse. We
suggest that the lateral magma pressure produced by repeated
magma injections along tectonic discontinuities contributed to
destabilise the volcano flanks. The occurrence of a pyroclastic
deposit that mantled the scar left by the collapse suggests that
a magma batch might have been injected inside the volcano
and triggered the collapse. The lavas of the pre-collapse edifice
have been deposited in alternating submarine and subaerial
environments, suggesting that vertical movements might also be
a major triggering mechanism for large lateral collapses.
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Although the development of volcanic systems is generally
acknowledged as one of the most meaningful consequences of
lithospheric evolution, information on volcanism is still frequently
omitted from regional geodynamic reconstructions and modeling.
The present-day picture of active volcanism is a snapshot
reflecting actual state of lithosphere and ongoing geodynamic
processes of its respective occurrence areas. The volcanic history
of a particular region may thus be viewed as a succession of
such snapshots covering significant time intervals. The type,
style and space-time distribution pattern of volcanism closely
follows lithosphere evolution of geodynamically active areas.
Individual long-lived composite volcanoes record intervals of
lithospheric evolution in the order of 0.5-3 Ma. The accuracy
of volcano history reconstruction depends on the resolution of
dating techniques which is decreasing for progressively older
volcanism, thus the suitability of individual volcano histories as
recorders of lithospheric processes is apparently restricted to
active or recent volcanoes. Major events – both constructive
and destructive – of volcano evolution are well preserved in
the geologic record and can be dated with convenient reliability
so that a geodynamically significant “master-event- history” can
be obtained. As a consequence, the applicability of long-lived
individual volcano evolution in lithosphere process investigations
can be extended back in time as far as current dating techniques
are able to resolve their master-event-histories. Larger volcanic
systems, including volcano fields, ranges/arc segments/arcs or
entire arc – back-arc systems are suitable for longer times-span
(in the order of up to x10 Ma) reconstructions of larger-scale
lithosphere evolution in the light of volcanic evolution. Regional
shifts of style, composition and petrogenesis of volcanism, as well
as space-time migration of volcanic foci are relevant processes
which can be interpreted in terms of lithospheric evolution.

The Carpathian-Pannonian Region (CPR) in Eastern Europe
is a particularly suitable area to investigate and understand
processes of lithospheric evolution recorded by products of
volcanic activity at different time-scales. The large Calimani
volcanic edifice (10.5-7 Ma) in the East Carpathians, with its
complex history including edifice building and failure, shift of
the focus of activity, caldera formation and post-caldera stage
activity is a relevant example of long-term individual volcano
evolution influenced by ongoing lithospheric processes related
to lithosphere shortening, thickening, uplift and faulting. The
ca. 160 km long Calimani-Gurghiu-Harghita segment of the
Carpathian volcanic arc records a ca. 10 Ma long history
(10.5-0.01 Ma) of unusual along-arc migration and gradual
decrease in erupted magma volumes along with significant
compositional changes at its south-eastern terminal sub-segment
which makes it unique within the broader Carpathian-Pannonian
system as a reflection of the particular geodynamic evolution
of its related lithosphere segment. Finally, the ca. 21 Ma long
story of volcanism (including felsic and intermediate calc-alkaline
and alkaline volcanism) of the whole Carpathian-Pannonian
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Region, as revealed by a radiometric age database of more
than 2000 entries, displays a picture of four different space-time
evolution patterns of volcanism reflecting a wide range of specific
asthenosphere-lithosphere interaction processes such as a larger
stationary mantle plume, episodic finger-like “baby plumes”, slab
delamination, slab rollback and tearing.
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The Eastern Mexican Volcanic Belt is characterized by the
Citlaltépetl-Cofre de Perote volcanic chain, which forms an
important topographic barrier separating the Altiplano (2,300
masl) from the Gulf Coastal Plain (1,300 masl). This high
relief difference favors unstable conditions and the gravitational
collapse of large volcanic edifices. The irregular configuration
of the basement rocks, which slope towards the coast, is a
dominant factor controlling the distribution of collapse events in
all major volcanoes in the region, which collapsed preferentially
towards the East. Catastrophic collapses from Citlaltépetl, Las
Cumbres and, Cofre de Perote volcanoes produced voluminous
debris avalanches and lahars that inundated the well-developed
drainage that characterize the Coastal Plain, reaching up to more
than 120 km from source. However, we have not found direct
evidence of a magmatic component associated with the origin of
these flank-collapses. Unstable conditions on the large volcanic
edifices has been strongly favored by very intense hydrothermal
alteration, abrupt topography and, intense fracturing. In addition
to the highly irregular orientation of the sloping substrate, the
reactivation of structures affecting the pre-volcanic basement
during the Late Tertiary and, regional stress regime (principal
horizontal stress is E-W at the southern part of the chain, and
turning NE-SW to the north) may have played an important role
in the preferential distribution of the avalanches. Non-magmatic
factors such as: intense rain precipitation in the area and
seismic activity (which has occurred in historical times) can be
considered as the principal triggering mechanisms that caused
flank collapse of large volcanic edifices in the Eastern Mexican
Volcanic Belt. Assuming that non-magmatic unstable conditions of
major volcanic edifices of the Eastern Mexican Volcanic Belt have
been associated with catastrophic sector collapses in the past,
recurrence of these events is very likely and can occur without
warning.

S06-4

THE CALDERA DE MALPASO AND THE EL
OCOTE IGNIMBRITE, AGUASCALIENTES, MÉXICO

Nieto Obregón Jorge1 y Aguirre Díaz Gerardo de Jesús2

1Facultad de Ingeniería, UNAM
2Centro de Geociencias, UNAM

nieto@servidor.unam.mx

A new caldera is reported, west of the city of Aguascalientes,
Mexico, where a voluminous pyroclastic volcanic sequence was
deposited over a mesozoic basement, on a highly fractured and
faulted volcano tectonic depression. This depression is truncated
by younger normal faults of the Calvillo and Aguascalientes
grabens. In the intracaldera facies, the El Ocote Ignimbrite
fills the caldera depression, and consists of a very high grade
reomorphic ignimbrite with lava-like features. The pyroclastic
nature of this unit is demonstrated by the presence of a
eutaxitic fabric with abundant mesoscopic elongated fiammes,
and centimer-size lithics rotated within the foliation. Devitrified
glass shards and axiolites of collapsed pumices are observed
under the microscope. The glass shard matrix is deformed by flow
around rigid phenocrysts. Over the mesozoic basement, red beds
intercalated with pyroclastic surge deposits and unwelded dense
ash flows, poured over the area during a rapid sedimentation.

These units are covered by the tightly folded reomorphic
ignimbrite. Younger rhyolitic domes occur in the center of the
caldera, from which a sequence of unwelded ignimbrites of white
yellowish color was generated. Finally to the west of the area
andesitic feeder dykes produced flows that locally intrude and
cover the older units. Normal faulting associated with Calvillo and
Aguascalientes grabens facilitated the extrusion of these lavas.

The El Ocote Ignimbrite is reomorphic, i.e. it presents ductile
deformation of hot pyroclastic material, forming folds of different
styles (gentle, open, close, tight, isoclinal and sheath folds).
Open folds are often formed from refolded foliation folds. Planar
and linear features, such as foliation, axial planes, fold axis
and elongation lineations, suggests deposition over an irregular
surface, flowing in different directions, from various sources within
and in the borders of the caldera.

The reomorphic ignimbrite is mainly distributed in the central
portion of the caldera and although its thickness has not been
quantified, it has more than 300 m in the southern border of the
caldera in Sierra El Laurel. The extra caldera facies of this unit has
thinner thicknesses, from 20 to 150 m, observed in the Mesa San
José de Gracia, and to the south of Sierra El Laurel.

The area is affected by two types of faults of different
ages: 1) volcano-tectonic faults, produced by caldera subsidence
processes and; 2) tectonic faults of post caldera age, that truncate
its western and eastern borders.

The caldera formed by the chaotic subsidence collapse of
the magma chamber roof, in a piece meal manner, producing a
style of volcano tectonic faulting in several stages and diverse
orientations. The northern and southern borders are almost
parallel, and are truncated by younger faults. This irregular
shape of the volcano tectonic depression is better termed a
Graben-Caldera (sensu: Aguirre-Díaz et al., 2007).
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