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suggest otherwise. Most knowledge of Shatsky Rise tec-
tonics comes from magnetic lineations mapped around
and within the rise. They show that the rise sits along
the track of the Pacific-Farallon-Izanagi (PFI) triple
junction from M21 to M3 time (147-125 Ma) and con-
sists of three large volcanoes, separated by minimally-
disturbed lithosphere, and a linear volcanic ridge. All
volcanic edifices appear to be the same age as the
lithosphere upon which they sit, implying progressive
volcanism becoming younger to the northeast. The
largest volcanic edifice, with a volume of 2.7 x 106 kms,
erupted rapidly, as shown by its consistent reversed
magnetic polarity and the near coincidence of dates
from basalts cored on its upper flanks with the age
of the lithosphere. Shallow water fossils from the up-
per reaches of this volcano imply its summit was above
sea level. Magnetic lineations indicate that the triple
junction jumped at least nine times, with larger jumps
taking it to positions at the edges of the volcanic edi-
fices and implying a connection between volcanism and
ridge jumps. Furthermore, the triple junction migrated
in a direction and with a velocity inconsistent with a
single, stable configuration, as if its behavior were per-
turbed by factors other than plate velocities. These
observations fit reasonably well with predictions of the
plume or plume head hypothesis: (1) rapid and volumi-
nous initial eruptions, (2) the volcano grew above sea
level (dynamic uplift), (3) massive plume head erup-
tions transitioned to lesser-flux plume tail, and (4) ex-
tra heat and uplift from the plume caused the triple
junction to jump repeatedly to the plume site. In ad-
dition, the trends of Shatsky and Hess rises are simi-
lar to that of the Mid-Pacific Mountains, implying all
were formed by motion of the Pacific plate over mantle
hotspots. Other observations fit the plume hypothesis
less well. Geochemical and isotopic data mostly show
MORB-like signatures, arguing against a plume source
unless it was diluted or swamped by sub-ridge melting.
More troublesome, however, is the affinity of Pacific
plate plateaus for triple junctions. Shatsky Rise formed
at a triple junction, beginning at the time of a plate re-
organization that formed one or two microplates. Hess
Rise and another microplate probably formed at the
location of a later PFI triple junction jump. Further-
more, the Mid-Pacific Mountains, Magellan Rise, Mani-
hiki Rise, and two additional microplates seem to have
formed along the track of the Pacific-Farallon-Phoenix
triple junction and the tracks of the two triple junc-
tions have different trends (i.e., cannot be explained by
motion over fixed hotspots). This coincidence of ridges
and triple junctions only makes sense if plate boundary
processes give rise to the plateau volcanism. In sum-
mary, Shatsky Rise has characteristics that fit forma-
tion either by plume or plate boundary processes, but
new data are required to decide which. What’s more,
the connection between plumes, microplates, and triple
junctions is unclear and seems fertile ground for further
study.
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A Cenozoic Alkaline Magmatic Province
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A large-scale, long-lived (ca. 55 Ma) alkaline mag-
matic province occupies discontinuous portions of the
SW Pacific region including eastern Australia, New
Zealand, west Antarctica and the oceanic plates be-
tween. Although this province, here named Pacific SW
Alkaline Province (PSWAP), is aerially extensive, esti-
mates of the total volume of upper crustal igneous rocks
and the magma production rates are rather low. Com-
parison of the location of magmatic centers and seismic
shear wave perturbation models shows that the PSWAP
is largely limited to lithosphere less than 80 km thick
underlain by distinct low seismic velocity anomalies ex-
tending to 200 km depth. Geochemical studies show
that the magmatism is largely a result of small degrees
of melting of a source enriched in incompatible elements
relative to primitive upper mantle. Metasomatic en-
richment of the upper mantle, including infiltration of
volatile-rich fluids and melts into the overlying litho-
sphere, may explain the regional geochemical as well
as low seismic velocity signatures. Metasomatism most
likely occurred during Paleozoic-Mesozoic subduction
along the Pacific margin of Gondwana and Jurassic
plume-related activity. Models to explain the magma-
tism in separate parts of PSWAP include adiabatic de-
compressive melting due to rifting and strike-slip fault-
ing, mantle plumes, or hundreds of hot spots, but all of
these associations have flaws. Hot spot formation and
associated magmatism have also been linked to faults
and propagating fractures in geodynamic models of ex-
tending lithosphere above regions where upper mantle
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has been shielded from the cooling effects of subduct-
ing slabs. In addition, boundaries between thick cra-
tons and thin lithosphere (such as in eastern Australia
and West Antarctica) may drive small-scale convection,
bringing hot sub-cratonic mantle toward thinner litho-
sphere with eruption occurring during extension- often
during major plate reorganizations. But the Cretaceous
break-up of Gondwana that rifted Australia and the
New Zealand-Campbell Plateau region from Antarctica,
regional extension of lithosphere over metasomatized
mantle did not cause widespread magmatism as pre-
dicted by these models. Although the PSWAP mag-
matism has been linked broadly to tensional stress-
fields, these are not requirements as evidenced by Aus-
tralian volcanism under mildly compressional stress-
fields. Therefore, extension probably did not trigger
Cenozoic magmatism in PSWAP. A regional Cenozoic
heating event may be more likely. We propose a new
model that links sudden detachment and sinking of sub-
ducted slabs into the lower mantle beneath the PSWAP
in the early Cenozoic, with vertical and lateral flow
that triggered melting of metasomatized upper man-
tle. Small batches of magma leak through pre-existing
faults and fractures in most regions, but larger volumes
erupt in areas with moderate extension.
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Could Low Thermal Diffusivity Provide
Runaway Melting in The Upper
Mantle?
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Melting in the mantle has been attributed to ther-
mal feedback associated with the temperature depen-
dence of viscosity during deformation (Shaw, 1969, J.
Petrol.). Visco-elastic heating has been explored in var-
ious geodynamics studies. In particular, Branlund et
al. (2000, EPSL) found that a non-linear decrease of
thermal diffusivity (D) with temperature (T) would en-
hance shear zone thinning and speed-up instabilities.
Their result suggests that thermal feedback enhances
melting in the uppermost mantle, without viscous heat-
ing, if considerable non-linearities exist in D(T) at the
onset of melting. In fact, extreme non-linearities are
indicated by theory and measurements. (1) Measure-
ments of D of volcanic olivine-melilitite (Buettner et
al. 1998, J. Volc. Geotherm. Res.) show large non-
linearities in D(T) due to pre-melting effects, and a
discontinuous decrease in D upon melting. This be-
havior should be general, because increasing disorder
reduces D (e.g., Giesting and Hofmeister, 2002, Phys.
Rev. B). (2) Our laser-flash measurements of various
glasses show that D depends non-linearly on T. Melts
will behave similarly. To quantify the functionality we
are applying the melting experiments of Buettner et
al. to Icelandic lavas and other relevant materials. In
our runaway model, melting under ridges or hotspots
does not define a magma chamber, but rather occurs on
grain boundaries of the solid phases. A small amount of
melting decreases D precipitously and raises the tem-
perature which induces more melting. This phenom-
ena is confined to low pressures (since D increases with
P) and T below 2000 K (wherein radiative effects are
unimportant), and can occur in a low temperature gra-
dient. Thus, production of magmas at hot spots need
not require a deep-seated mantle plume.
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Seismic observations of low-frequency earthquake
swarms on Montserrat point to a non-destructive, re-
peatable source mechanism in a confined area inside
or near the conduit. While the seismic wave prop-
agation pattern of the subsequent resonance in and
around the conduit is well studied, the trigger mecha-
nism has remained elusive. In this contribution we sug-
gest a trigger mechanism based on new field evidence
for fracture and healing of magma in volcanic con-
duits, together with seismic observations from Montser-
rat and finite element modelling of magma deforma-
tion during conduit flow. As a seismic trigger we sug-
gest a stick-slip motion of highly-viscous magma in the
glass transition, that periodically generates networks
of seismogenic shear fractures a few metres in length.
These fractures are rapidly filled by fine-grained mate-
rial [cataclasite] that is generated by friction processes
on the fracture surfaces, such as corner abrasion, and
is locally redeposited by gas flowing within the frac-
ture system. Filled fractures are then swiftly healed
as reloading leads to annealing and a return to cohe-
sive viscous deformation. Such a fast healing process,
probably on the order of tens of seconds, leads to a
repeatable trigger mechanism. Due to a strong lateral
viscosity gradient in the conduit, highly-viscous magma
near the conduit walls, which can exhibit brittle be-
haviour, co-exists with low-viscosity, fluid magma in
the conduit centre; such that brittle failure provides
the seismic trigger mechanism while the fluid part can
still act as a seismic resonator.

V31B-02 0815h

Magmatic Dike Resonances Inferred
From Very-Long-Period Signals

Hiroyuki Kumagail (kumagai@bosai.go.jp); Koji

Miyakawal (miyakawa@bosai.go.jp); Hiroaki
Negishil (negishi@bosai.go.jp); Hiroshi Inouel
(inoue@bosai.go.jp); Kazushige Obaral

(obara@bosai.go.jp); Daisuke Suetsugu2
(dai@jamstec.go.jp)

1National Research Institute for Barth Sciece and Dis-
aster Prevention, 3-1 Tennodai, Tsukuba, IBA 305-
0006, Japan

2Institute for Frontier Research on Earth Evolution,
Japan Marine Science and Technology Center, 2-15
Natsushima, Yokosuka, KNA 237-0061, Japan

Hachijo Island is a volcanic island located 280 km
south of Tokyo. Renewed activity began on 13 Au-
gust 2002, when a swarm of volcano-tectonic (VT)
earthquakes accompanied by deformation of the vol-
cano was detected. On 20 August, when the VT seis-
micity was almost waned, a swarm of very-long-period
(VLP) events began beneath the island. The VLP sig-
nals show simple decaying harmonic oscillations with
periods near 10 seconds and lasting for about 300 sec-
onds. We analyze the waveforms of the VLP signals on
4 September. These were observed by two permanent
and three temporary broadband seismic stations on this
island. Spectral analysis of the decaying harmonic os-
cillations in the tail of the VLP waveforms identifies
two clear peaks at the periods of 7.3 and 11.4 s with
quality factors (Q) of about 30. The source mechanism
analysis of the VLP signals shows that the moment-
tensor solution is dominated by volumetric change com-
ponents with oscillatory signatures, indicating the res-
onance of a vertical crack at a depth of 5 km below the
northern flank of Mt. Hachijo Fuji. We perform nu-
merical simulations based on a fluid-filled crack model,
and find that the basalt-steam mixture with gas-volume
fraction around 20 % produces the crack resonance with
Q around 30. We further find that the frequency ra-
tio for two longitudinal modes with the wavelengths of
2L/7 and 2L/9, where L is the length of the crack,
is similar to the observed frequency ratio. We cal-
culate the synthetic waveform generated by the exci-
tation of a vertical crack containing the basalt-steam
mixture, which reproduces the feature of the observed
VLP waveform. We may therefore reasonably interpret
that the VLP signals originate in the resonance of a
dike filled with a basalt-gas mixture, which may be the
result of magma intrusion beneath this island as evi-
denced by the VT earthquake swarm and deformation
of the island. The VLP activity continued for about
8 months between August, 2002 and April, 2003. The
observed two peaks at around 7 and 11 s were stably
observed during this period, although the frequencies
showed a slight increasing trend within 5 % change
since January, 2003. This suggests that the dike system
stably existed beneath Hachijo Island during this inter-
val. The stable existence of the dike system may not
be explained by a simple magma cooling process, and
implies the magma circulation between the dike and a
possible magma chamber beneath the Island.
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A new seismic network,
period stations, Okmok volcano,
Alaska, in summer 2002. Continuous data began to
be recorded in April 2003. Eventually, this array will
be expanded to include four additional 3-component
broadband stations and four co-located continuous GPS
stations. The most recent eruption occurred in Febru-
ary - April 1997 and, like most historical eruptions, is-
sued from Cone A - which is still steaming as of this
writing. INSAR measurements of post eruptional de-
formation show that the volcano is inflating at a rate
of ~10 cm/yr (Mann and Freymueller, 2002). Seismi-
cally, there are very few local earthquakes; however,
there has been nearly continuous low level tremor with
stronger amplitude bursts occurring at a rate of about 2
per hour (2.2 & 0.8). These bursts have durations gen-
erally in the range of 5-8 minutes. Most bursts begin
abruptly, reach a maximum amplitude within 3 min-
utes, then decline gradually over the next several min-
utes. Many bursts resemble each other quite closely,
suggesting that there is a single main process or source
location. No systematic trends have yet been observed
between duration and either amplitude or the length
of the preceding interval. The tremor is composed of
irregular waves with a broad range of frequencies be-
tween ~1 and ~20 Hz, with main peaks at ~2.2 and
~6.2 Hz, and with a lesser peak at ~5.5 Hz. Okmok
is the only volcano out of 25 monitored Aleutian volca-
noes to display this type of tremor. This activity may
be linked to magma transport and the observed high
rate of deformation.
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Earthquake activity at volcanoes can offer insight
into the nature of the transport and storage of magma
beneath active volcanoes. Understanding the relation
between volcano seismicity and the magmatic system
is important in long and short-term forecasting of vol-
canic activity. Guagua Pichincha, a dacitic volcano lo-
cated in the western cordillera of the Ecuadorian An-
des, showed two years of progressive reactivation that
culminated with a dome extrusion and several dome
collapses and eruptions in 1999. During the reactiva-
tion period, the volcano was continuously monitored
using a network of 13 seismic stations. Guagua Pich-
incha showed three main types of seismic precursors.
First, persistent occurrence of long-period earthquakes
located 2-10 km S of the volcano (3-15 km depth)
preceding the eruption by at least 20 months. Sec-
ond, swarms of tectonic high-frequency events beneath
the city of Quito, 10-15 km NE of the volcano (12-20
km depth), preceding the onsets of volcanic activity
by 2-3 months. And third, swarms of high-frequency
and long-period events, occurring below the crater (1-
4 km depth), days before and during the extrusion of
the lava dome. These events suggest the existence of
a magmatic reservoir beneath the crater at 4-5 km
depth. The deeper long-period events S of the vol-
cano are evidence of magma being transported from
mid-crustal levels to this shallower magmatic reservoir.
The earthquakes of the Quito swarm may be the re-
sult of changes in the local stress regime caused by
these deep magma movements. Few days before the
first eruption, a rupture event manifested as swarms
of high-frequency earthquakes below the crater opened
the magmatic reservoir. The swarms of long-period
events that followed could indicate rising magma and
its interaction with the hydrothermal system. This se-
quence of events shows that the movement of magma
and magmatic fluids through the plumbing system of
a volcano could be revealed by the different types of
seismicity it generates. And more importantly, that
volcano seismicity can constraint the nature and time
scale of these processes.
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The Norris Geyser Basin in north-central Yellow-
stone National Park (YNP) experienced a series of no-
table changes during 2003, including formation of new
hot springs and fumaroles, renewed activity of dormant
geysers and elevated ground temperatures. This ab-
stract provides a short synopsis of the new hydrother-
mal activity. In 2000, Yellowstone’s tallest geyser,
Steamboat, erupted after a dormant period of nearly
9 years. It erupted twice in 2002 and then again on
26 March and 27 April 2003. Surges in flux of thermal
water preceding the eruptions (preplay) were recorded
by a couplet of temperature data loggers placed in the
outlet stream. The data indicated pulses of water flow
with 1 and 3 day intervals. On 10 July 2003, a new
thermal feature was reported just west of Nymph Lake,
3.5 km northwest of the Norris Museum. A linear series
of vigorous fumaroles, about 75 m long had formed in
a forested area, 200 m up a hill on the lake’s west
Fine particles of rock and mineral fragments
coated nearby vegetation. Fumarole temperatures were
around the local boiling temperature of water (92°C).
After two months, somewhat reduced steam emission
was accompanied by discharge of 3-10 gallons per
minute of near-neutral thermal water. Trees within
4 meters of the lineament were dead and were being
slowly combusted. Porkchop Geyser in Norris’ Back
Basin had been dormant since it exploded in 1989, lit-
tering the nearby area with boulders up to over 1 m
in diameter. Since that time, its water had remained
well below the boiling temperature of water. From 1
April through 1 July 03, the temperature of waters
in Porkchop’s vent increased continuously from 67° to
88°C. Each Summer, Norris’ Back Basin experiences
an ”annual disturbance” where individual hot springs
and geysers typically show anomalous boiling, and have
measurable increases in turbidity, acidity and SO4/Cl
ratios. The disturbance has been linked to depressur-
ization of the hydrothermal system as the hydrostatic
pressure of the snowmelt-fed groundwater table wanes
each summer. This year, the ”Norris disturbance” is
estimated to have begun on 11 July 2003,when pro-
nounced changes were noted, including thermal pools
that were boiled to dryness (e.g., Pearl Geyser), creat-
ing fumaroles. Porkchop Geyser erupted for the first
time since 1989 on 16 July. New mud pots formed
along the Back Basin Trail and increased ground tem-
peratures were noted over an 500 x 300 m area. Park
staff noted temperatures up to 94°C at 1 cm beneath
the ground surface in areas that were previously cool.
Vegetation in the area immediately died and began to
break down due to the high temperatures. Yellowstone
National Park closed the Back Basin Trail to all vis-
itor travel on 22 July 2003. During the first week of
August 2003, the Yellowstone Volcano Observatory in-
stalled a temporary monitoring network in the Norris
Geyser Basin. University of Utah staff, with equipment
and personnel made available by TRIS, UNAVCO, USGS
and YNP, installed seven broadband seismometers and
five continuous GPS receivers. In addition, YNP de-
ployed a series of temperature data-loggers to record
changes in flow from thermal features within the Nor-
ris Back Basin. The network is intended to identify
ground motions associated with fluid flow within the
geyser basin that may accompany eruptions of geysers,
boiling episodes or events precursory to hydrothermal
explosions. The monitoring network will remain oper-
ational for between four and twelve weeks.

shore.
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Norris geyser basin experienced an unexpected
change in normal geyser and hot spring activity begin-
ning July 2003. This disturbance included an increase
in ground temperatures of up to 94°C over a 0.1 km
2 area killing vegetation along a 200 m long zone and
prompted closure of the area to visitors. In response to
these changes, a temporary seismic and geodetic mon-
itoring network was deployed by the Yellowstone Vol-
cano Observatory with the assistance of UNAVCO and
IRIS. Data collection began in August 2003, with a
dense, 0.75 km 2, array of 7 broadband seismographs
and 5 precision GPS stations across the disturbed area.
Results from the seismic monitoring should allow us
to track the presence and movement of hydrothermal
fluids, while the GPS data should indicate if ground
deformation accompanied seismic or hydrothermal ac-
tivity. Together with ancillary temperature and fluid
flow data by the NPS, this information will help iden-
tify the size and location of the source of hydrothermal
related deformation. We hope to track the progress of
the disturbance to better understand the hydrothermal
and tectonic processes involved and to capture any hy-
drothermal eruption, should one occur.
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Until few years ago, the volcanoes were usually con-
sidered systems without significant interactions with
the surrounding regions. This paradigm was recently
put in doubt by the finding of a coupling between large
explosive volcanic eruptions and tectonic earthquakes
occurring from years to few decades before and at dis-
tances up to hundreds of kilometers. This coupling
has been explained theoretically by modeling the co-
and post-seismic stress variations induced by the re-
gional earthquakes on the volcanoes at the onset of
the eruptions. The stress variation consists of the
elastic response of the lithosphere, and the viscoelas-
tic relaxation of the asthenosphere and mantle, com-
puted through a spherical, stratified, self-gravitating,
viscoelastic earth model. Here, we apply this model
to two recent large tectonic earthquakes occurred in
Sumatra (June 2000) and Alaska (Denali earthquake,
November 2002), in order to estimate the stress pertur-
bation (dilatation/compression and shear) on the In-
donesia and Alaska volcanic chains. Then, we estimate
the effects of such seismic stress perturbations on the
future volcanic hazard in Indonesia and Alaska.
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The San Francisco volcanic field is a Quaternary
field in northern Arizona, the age and size of which
suggests there is a high possibility for an associated ex-
ploitable high temperature geothermal resource. Sun-
set Crater, the youngest dated feature in the field,
erupted less than 1000 years ago. The youngest felsic
volcanism in the area, located near Strawberry Crater,
has been dated at about 51,000 years b.p. Felsic mag-
mas are viscous, and therefore felsic magmatism is gen-
erally associated with upper crustal plutons, whereas
mafic magmas commonly form surface flows. Heat
from felsic magmatism tends to remain near subsurface
ponds of the magma. Felsic magmatic systems can sus-
tain substantial geothermal heat for tens to hundreds
of thousands of years after emplacement. Knowledge
of the quantity and distribution of felsic magmatism is
therefore paramount to understanding the geothermal
potential of the field. Surface heat flow in the study
area ranges from ~20 to ~50 mW/m?, anomalously
low for the region. Hydrological characteristics of the
San Francisco volcanic field are thought to mask in-
creased surface heat flow from the magmatic system.
The deep water table (>300m) and a 2-level hydraulic
system prevent characteristic surface manifestations of
hydrothermal potential, such as hot springs and ele-
vated surface heat flow. Lack of these thermal features
at the surface precludes analysis of the resource based
solely on surficial mapping and measurements. For-
ward modeling of the gravity field of a 50 km x 45 km
area covering the eastern San Francisco volcanic field
has been completed. Results suggest that a large felsic
body (~-0.15 g/cc contrast) trends northeastward un-
der the Sugarloaf Mountain-O’Leary Peak-Strawberry
Crater magmatic trend. This trend parallels a regional
basement fabric, likely of early- to middle-Proterozoic
origin. These results are being correlated with new sur-
face geologic mapping and radiometric dating of young
felsic volcanic rocks to guide an exploratory drilling
program.
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This study is part of a larger oxygen isotope inves-
tigation to sort out the role of assimilation and crustal
melting in the formation of abundant, large-volume sili-
cic ignimbrites in Central America. The 0.33 Ma Tirib{
Tuff of Valle Central Costa Rica is a large-volume,
compositionally heterogeneous ash flow sheet (25 km3
dense rock equivalent) that did not form in the pres-
ence of evolved continental crust. Glassy pumices, from
the dominant ash flow sheet within the Tiribi, have
been sub-divided into three groups based on their tex-
tures and whole rock compositions: a low-silica group
(55.1-65.6 wt% SiOs), a mingled group (58.6-67.7 wt%
Si09), and a silicic group (66.2-69.2 wt% SiOgy). Vari-
ations in major and trace elements within the low-silica
group are best explained by fractional crystallization.
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However, differences in trace element data between the
low and silicic groups cannot be explained by this same
process. The mingled group has been interpreted as
mingling of the low-silica and silicic magmas based on
petrographic evidence and trace element data. Oxy-
gen isotopes can provide an excellent test for the pro-
posed origin of the magma groups in the Tiribi Tuff. If
crustal material has been incorporated into a primitive
magma, the 5180 (WR) of the whole rock will typically
vary with increasing SiOo(WR). The 5180 of 10 Tirib{
samples range from 3.27° /50 to 3.90° /5, for magnetite
and 5.15° /50 to 5.63°/5, for clinopyroxene. These
data suggest 5180 (WR) values consistent with deriva-
tion from mantle melts or melting of primitive crustal
rocks. Likewise, fractional crystallization in the ab-
sence of contamination causes a predictable correlation
of 5180 to wt% SiOg. Oxygen isotope thermometry of
magnetite and clinopyroxene demonstrates that these
phenocrysts have preserved magmatic §-°0O values and
further divides the low-silica from the silicic group, sug-
gesting formation of these magmas at 1200°C and be-
low 1100°C, respectively. These 5180 data of mag-
netite and clinopyroxene are not consistent with frac-
tional crystallization of the low-silica magma to pro-
duce the silicic magma. The §180 data better support
a model where the low-silica and silicic magmas were
two separately generated magma batches that, in part,
mingled shortly before or during eruption.
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Arenal is a small stratovolcano located in north-

western Costa Rica, along the Central American vol-
canic front. It is the youngest and most active vol-
cano in Costa Rica. Field studies by Soto et al. (1996)
have discovered over twenty distinct tephra layers and
several lavas. This sequence spans approximately 7000
years. The geochemistry of these tephras and lavas
show many variations in La/Yb, Zr/Hf, and Nb/Ta in-
dicating changes in percent melting over time. Specifi-
cally, the percent of melting appears to increase for the
first 4000 years, then decrease for the last 3000 years.
Trace element ratios that track the subducted slab sig-
nal, such as Ba/La, U/Th and Pb/Ce correlate posi-
tively with the apparent percent of melting. These slab
signal indicators increase during the first 4000 years of
Arenal’s history and then decrease for the last 3000
years. Because of Arenal’s high rate of eruption and
the comprehensive sampling of major units, it is pos-
sible to show small temporal changes in the amount of
flux melting in the mantle wedge beneath Arenal.
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Within the Zitdcuaro-Valle de Bravo region of the
central Mexican Volcanic Belt, three series of lava have
erupted during the Quaternary period. These lava se-
ries are defined based on their major and trace el-
ement compositions to be: 1.) Shoshonitic (high-
K90), 2.) Medium potassium (med-K9O) basaltic an-
desites through dacites, and 3.) High-TiOo basalts and
basaltic andesites. The distribution of these distinct
compositions is systematic; with the high-KoO volcan-
ism at the arc front, the med-KoO volcanism concen-
trated along the central axis of the arc, and the high-
TiOg volcanism at the middle to back portion of the

Fos.

arc. The high-KoO compositions are extremely en-
riched in large ion lithophile elements (LILE’s) and
light rare earth elements (LREE’s),
range of distinctly enriched 87Sr/865r values from
0.704245 to 0.704507 and € ;4 values ranging from 4.27
to 5.63. The med-KoO compositions are only mod-
erately enriched in the LILE’s and LREE’s and have
the largest range of 87Sr/868r values from 0.703227 to
0.704287 and €4 values ranging from 3.39 to 6.03. In
contrast, the high-TiOg compositions have no enrich-
ments in LILE’s or LREE’s and instead are enriched
in the high field strength elements (HFSE’s). The
high-TiOy lavas have 87Sr/86Sr values ranging from
0.703549 to 0.704095 and a narrow range of epgy val-
ues from 2.98 to 3.47. The isotopic compositions of
the Zitdcuaro-Valle de Bravo lavas correlate with their
major and trace element characteristics, as well as the
spatial distribution of the lavas within the arc. The
systematic spatial distribution of these distinct lava
types is similar to that of the Quaternary lavas in the
Michoacan-Guanajuato Volcanic Field, directly to the
west. However, in distinct contrast, the Quaternary
lavas in the Sierra Chichinautzin Volcanic Field, to the
east, are not spatially distributed according to compo-
sition. Instead, their distribution appears to be pre-
dominantly controlled by several conspicuous faults.

with a narrow
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Popocatepetl volcano is one of the most famous and
most active stratovolcanoes of the Trans-Mexican Vol-
canic Belt (TMVB). It is located 60 km south-east of
Mexico-City and 40 km west of the city of Puebla, both
cities have more than 30 million inhabitants. In this
contribution we present a study of Late Pleistocene to
Recent products of Popocatépetl (Popo) volcano and
surrounding scoria cones to better establish their ge-
Popo and
flanking vents are located within the central portion
of the Trans Mexican Volcanic Belt, which is related to
oblique subduction of young oceanic lithosphere. Cur-
rent activity of Popo can be understood in the context
of its past eruptions and those from surrounding sco-
ria cones. The latest cycle of eruption began Dec. 21,
1994 with continuous to pulsating emission of phreatic
ash.

netic relationship and magmatic history.

The last important event happened on July 19,
2003, covering Mexico-City with a thin ash-layer. Both
Popo and surrounding scoria cones produced moderate-
K, calc-alkaline rocks, with the two groups differing
mainly in degree of differentiation, water content, and
oxidation state. Some vent samples on the immediate
flanks of Popo and have phenocryst assemblages and
compositions transitional between typical flanking vent
and stratovolcano samples. Monogenetic vents pro-
duced mainly basaltic andesites to andesites, primar-
ily by crystal fractionation of Ol (Fo80-90)+chromite,
2Pyx+O0l, and 2Pyx+Plag+Hb assemblages, with mi-
nor assimilation of crustal debris. The andesitic to
dacitic rocks of Popo are dominated by Plag-2Pyx-
20xide+Hbl assemblages, with variable amounts of Ol
(Fo70-90)4chromite xenocrysts. A few Popo samples
contain locally abundant xenolithic debris of cognate-
granitoid intrusions and their metasedimentary wall-
rocks. The two suites share parental Mg-rich basaltic
andesite magmas, with the Popo magmas reflecting
longer residence in the crust, and enhanced hydration
and oxidation due to the resulting processes of crystal-
lization, recycling, assimilation, and degassing in rel-
The 1996 and 1997
dome eruptions confirm that dacitic magma currently

atively evolved magma chambers.

resides beneath Popo and is episodically recharged by
more mafic magma, fostering eruption and excess de-
gassing. Two-oxide thermometry and the presence
of FeCu sulfide globules confirm that these magmas
erupted at T = 930° C and fO2 = -10.2 log, below anhy-
drite stability. 87Sr/86Sr, e-Nd and 206Pb/204Pb ra-
tios are between 0.70365 and 0.70463, +6.4 and +3.0,
and 18.618 and 18.781, respectively. Andesitic to
dacitic rocks of Popo formed by mafic recharge, frac-
tionation, and mixing of dacitic to basaltic magmas
in mature crustal chambers. Plagioclase accumulation
and recycling related to protracted fractionation and
assimilation of earlier emplaced magmas and their wall-
rocks was also important.
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